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FOREWORD

The detailed, descriptive information in this book is based on U.S. patents issued
since the late 1950s that deal with sewage siudge treatment and disposal.

This book serves a double purpose in that it supplies detailed technica! informa-
tion and can be used as a guide to the U.S. patent literature in this field. By indi-
cating all the information that is significant, and eliminating legal jargon and juris-
tic phraseology, this book presents an advanced, commercially oriented review of
modern sludge treatment as depicted in U.S. patents.

The U.S. patent literature is the largest and most comprehensive collection of
technical information in the world. There is more practical, commercial, timely
process information assembled here than is available from any other source. The
technical information obtained from a patent is extremely reliable and compre
hensive; sufficient information must be included to avoid rejection for "insuffi-
cient disclosure." These patents include practically all of those issued on the sub-
ject in the United States during the period under review; there has been no bias ini
the selection of patents for inclusion

The patent literature covers a substantial amount of information not available in
the journal literature. The patent literature is a prime source of basic commer-
cially useful information. This information is overlooked by those who rely pri-
marily on the periodical journal literature. It is realized that there is a lag between
a patent application on a new process development and the granting of a patent,
but it is felt that this may roughly parallel or even anticipate the lag in putting
that development into commercial practice.

Many of these patents are being ulilized commercially. Whether used or not, they
offer opportunities for technological transfer. Also, a major purpose of this book
is to describe the number of technical possibilities available, which may open up
profitable areas of research and development. The information contained in this
book will allow you to establish a sound background before launching into re-
search in this field.

Advanced composition and production methods developed by Noyes Data are em-
ployed to bring our new durably bound books to you in a minimum of time. Spe-
cial techniques are used to close the gap between "manuscript” and "completed
book." Industrial technology is progressing so rapidly that time-honored, conven-
tional typesetting, binding and shipping methods are no longer suitable. We have
bypassed the delays in the conventional book publishing cycle’and provide the
user wi;h an effective and convenient means of reviewing up-to-date information
in depth.

The Table of Contents is organized in such a way as to serve as a subject index.
Other indexes by company, inventor and patent number help in providing easy ac-
cess to the information contained in this book.
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15 Reasons Why the U.S. Patent Office Literature ls Important to You —

The .S, patent literature is the largest and most comprehensive collection
of technical information in the world. There is more practical commercial
process information assembled here than is available from any other source.

I he technical information obtained from the patent iiterature is extremely
comprehensive; sufficient information must be included to avoid rejection
for “insufficient disclosure."”

The patent literature is a prime source of basic commercially utilizable in-
formation. This information is overlooked by those who rely primarily on
the periodical journal literature.

An important feature of the patent literature is that it can serve to avoid
duplication of research and development.

Patents, unlike periodical literature, are bound by definition to contain new
information, data and ideas.

It can serve as a source of new ideas in a different but related field, and may
be outside the patent protection offered the original invention.

Since claims are narrowly defined, muct valuable information is included
that may be outside the legal protection afforded by the claims.

Patents discuss the difficulties associated with previous research, develop-
ment or production techniques, and offer a specific method of overcoming
problems. This gives clues to current process information that has not been
published in periodicals or books.

Can aid in process design by providing a selection of alternate techniques.
A powerful research and engineering tool.

Obtain licenses — many U.S. chemical patents have not been developed
commercially.

Patents provide an excellent starting point for the next investigator.

Frequently, innovations derived from research are first disclosed in the
patent literature, prior to coverage in the periodical literature.

Patents offer a most valuable method of keeping ab:'east of latest technol-
ogies, serving an individual's own "curren® awareness" program.

Copies of U.S. patents are easily obtained from the U.S. Patent Office at
50¢ a copy.

It is a creative source of ideas for those with imagination.
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INTRODUCTION

To an increasing degree municipalities throughout the world are beset by difficul-
ties in disposing of the ever larger quantities of refuse that are being produced. On
the one hand, the quantity of refuse being produced per capita increases, whereas
on the other hand the requirements made of disposal facilities are becoming more
and more strict. In many instances, particularly in metropolitan areas, it is no
longer possible to merely cart refuse to a designated dump, because space avail-
ability for such dumps is limited and in many instances has been exhausted or
very nearly so.

The per capita production of sewage in the United States varies from less than
100 gallons per day for a residential area to well over 300 gallons per day for a
highly industrialized area. While the original need for sewage-purification plants
stemmed largely from the prevention of disease and the general concern for public
health, the growing shortage of water and the pollution of our lakes, rivers and
streams has greatly accelerated the demand for efficient, low cost treating facili-
ties in all but the smallest rural communities.

Sludge is the major by-product of industrial and domestic water and waste treat-
ing processes. In fact, one of the major problems ina well-run water pollution con-
trol program is the sludge conditioning method used in dewatering sludges. The
term sludge dewatering process as used in the art means any process which re-
duces the water conterii of the sludge from its usual value of 93 to 99 percent by
weight to about 90 percent by weight or less. That is, it concentrates the sludge
solids to about 10 percent by weight or greater.

Wastewater sludge is basically characterized according to three factors which are:
(1) sludge source, (2) sludge processing, and (3) degree of treatment. By sludge
source is meant whether the sludge is from municipal (domestic) wastewater or in-
dustrial wastewater or a combination thereof. The sludge processing characteristic
defines whether the sludge is raw untreated sludge, anaerobic or aerobic digested
sludge, air flotation sludge or digested elutriated sludge.

The degree of treatment indicates whether the sludge is primary sludge, activated
sludge, waste activated sludge, chemically precipitated sludge, trickling filter
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2 Sewage Sludge Treatment and Disposal

humus or a combination of one or more of these such as waste activated sludge
combined with primary sludge. It is generally accepted that each individual sludge
has a different characterization and this sludge character more or less dictates the
dewatering process used.

The various mechanical dewatering processes now commonly used in the art are
gravity filtration, vacuum filtration, centrifugation, flotation, and sedimentation.
However, regardless of the mechanical process used for dewatering, it has become
standard practice in the art to chemically condition the sludge prior to dewater-
ing. This chemical conditioning of the sludge enhances the mechanical dewatering
process dramatically. The water content of the sludge can be reduced from con-
¢ 'ntrations in the neighborhood of 93 to 99 percent water to those of about 60
to 90 percent or less by proper chemical conditioning prior to mechanical de-
»VEitCI’II']g.

A desirable and convenient way of disposing of organic and other combustible
waste materials is by complete combustion of these materials, in such a manner
that the only residue is a relatively lightweight ash, which may be trucked away
and disposed of as landfill and the like. Any particulate materials which would
otherwise exit the incineratioh process through the flue system may be suitably
wet scrubbed with water. THis serves to reduce the temperature and remove en-
trained particles from the ,e"ffluent syream. Alternately these particulates may be
electrostatically precipitated in ordgrr that the gaseous discharge of the incinera-
tiun process does not produce atmospheric pollution.

Since these incineration processes are nonproductive, and do not usually produce
commercially useful by-product, it is most desirable to maintain the construction
cost of incineration systems, and the cost of operating these incineration systems,
as low as possible, in order to achieve optimum economy of operation, while
maintaining optimum efficiency of waste disposal within the limits of air poliu-
tion emission standards established by federal and state agencies.

I some instances, services may be p'rovided for collecting liquid, semiliquid and
solidd organic and othier combustible wastes from plant sites and other waste-pro-
ducing sites at which it is not economical to build incinerators, and for trucking
hese collected wastes to central incinerator facilities at which the wastes from
‘uany industrial plants and/or other waste-producing facilities are incinerated,
with each manufacturing plant and other facility paying a fee for the hauling
awuy and incineration of its wastes.
'

In other instances, large industrial plant complexes produce wide varieties of com-
bustible wastes in large quantities which can economically justify the construction
and operation of on site waste incineration facilities. In these circumstances it is
tesired to achieve optimum combustion efficiency of combustible materials at the
nunimum initial cost for incineration equipment, and minimum operating cost for
tay to-day operation of these incinerator units,

ACTIVATED SLUDGE PROCESS

The activated sludge process uses a heterogeneous microbial population to oxidize
soluble and colloidal organics to carbon dioxide and water in the presence of mo-
lecular oxygen. Turbulent mixing holds the organisms in suspension and also pro-
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vides the necessary oxygen required by the cells for respiration. During the oxida-
tion process a portion of the organic material is synthesized to form new cells
while the other organic material oxidized by the microorganisms is used to pro-
vide energy for synthesis and motility. Part of the synthesized mass undergoes en-
dogenous respiration, and the remainder forms excess sludge. In a continuous
process the excess sludge flows out of the aeration tank and settles under quies-
cent conditions in a final clarifier. A portion of the solids is recycled to the aera-
tion tank, and the remainder must be further treated for final disposal.

Much of the development of the activated sludge process is a result of solving
operational problems rather than applying fundamental concepts. Activated
sludge originated in 1882, when Angus Smith aerated sewage and discovered that
the oxidation of ammonia to nitrate was accompanied by the removal of organic
matter. The basic process was actually developed and named in London by
Ardern and Lockett in 1914,

Initially, the studies were performed on a batch basis using a six-hour retention
time, which is still used as a set design parameter by some engineers today. Ex-
perimentation with mechanical aeration resulted in the design of the first com-
plete mix plant at Bury, England in 1919, However, the advantages of the com
plete mix regime were not apparent at that time. Most of the plants being built
consisted of long, rectangular aeration units which produced a plug flow regime
and what is known as the conventional activated sludge process.

The importance of microbiology to the design and operation of a complete mix
plant was not completely realized by design engineers until the early 1950's. In
1923 a study at the University of |llinois established the microbial population dy-
namics of the activated sludge process as it is known today. Unfortunately, there
was a lack of communication between the biologists and engineers resulting in
omission of the application of biological principles to the design of activated
sludge processes. Even though the importance of microbiology is relatively well
established now, some engineers continue to ignore this truth and prefer to simply
follow what has been done before.

So that one may fully understand the mechanisms involved in an activated sluda
process, a brief description of the micraobiology of the process will be presented.
The stabilization of organic material and the flocculation of the sludge are related
to the growth of microorganisms. Bacteria, which are the primary consumers of
arganics in an activated sludge process, metabolize their food to grow and obtain
energy via a variety of complex cycles and pathways.

To facilitate this conversion, the bacterial cells are equipped with enzymes, or-
ganic catalysts known for their efficiency of conversion and their specificity for a
particular substrate. Enzymatic reactions are affected by environmental condi-
tions such as temperature and pH; therefore, these parameters are important in
operation of an activated sludge process.

In addition to enzymes, bacterial cells require energy for their biochenmical proc-
esses. Energy is released from oxidation of the organic material, and this energy is
stored by the compound adenosine triphosphate (ATP). After this stored energy
is released for cell synthesis, maintenance, and motility, it is reduced to adenosine
diphosphate (ADP). The ADP molecule is then available to accept the energy re-
leased by oxidation of organic matter and is converted to ATP to complete the
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cycle. Thus, energy is obtained by assimilation of the organic material, and this
energy is used for cell synthesis.

Other microorganisms important for the successful operation of activated sludge
are protozoa and rotifers. These animals establish a prey-predator relationship
which ensures good settleability of the activated sludge floc. The protozoa and
rotifers consume bacteria as their food source, reducing the number of bacteria.
However, because of the increase in the food to microorganism ratio, bacterial
yrowth is accelerated, and hence more organic matter is removed from solution.

The growth of microorganisms in an activated sludge system occurs in three
phases: log growth phase, declining growth phase, and endogenous phase. In the
log growth phase there is always an excess of food for the microorganisms, and
the growth rate is at a maximum, limited only by the ability of the microorgan-
isms to process the substrate, When the microorganisms need more food than is
available, their rate of growth decreases, which is the declining growth phase. As
the food concentration reaches a minimum, growth ceases, the microorganisms
metabolize their own protoplasm, and the food €oncentration is slowly decreased.
This is known as endogenous respiration,

The following figure illustrates this relationship between food and mass in an acti-
vated sludge system. Whereas the conventional activated sludge operates some-
what in each of the three phases of growth from the head of the tank to the end
of the tank, complete mix activated sludge operates at a point on the growth
curve, preferably between the log growth and declining growth phases for opti-
mum substrate removal and good sludge characteristics.

Metabolic Relationships of Activated Sludge

ENDOGENOUS
RESPIRATION
DECLINING GROWTH
PHASE
MASS
LOG GROWTH
FOOD |  PHASE FOOD
MASS

TIME —MM
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The activated sludge process has many modifications and flow regimes. The varied
modifications will not be discussed here, but there are two distinct flow regimes,
or mixing models, used in activated sludge processes which are of primary impor-
tance. The first of these mixing models is the plug flow model which is associated
with the conventional activated sludge process. In a plug flow system the indi-
vidual particles of the influent pass through the reaction vessel in the same se-
quence in which they entered, and there is no intermixing or interaction between
the particles. This type of flow regime is difficult if not impossible to actually at-
tain in an activated sludge system, but the long, narrow tanks typical of a conven-
tional activated sludge system have traditionally associated it with plug flow.
There is always some mixing or interaction between the particles because of che
turbulence required for aeration.

On the other hand, the complete mix flow regime, in which the influent particles
are cumpletely mixed with the liquid and suspended matter in the reactor, can be
attained in laboratory as well as field scale systems. A complete mix activated
sludge plant offers many advantages over the conventional process. An under-
standing of the cperation of each process will reveal the advantages of CMAS. It is
important to this study to apply these advantages to possible additional advan-
tages of CMAS units in series.

The conventional process mixes incoming waste with return activated sludge at
the head of the aeration tank creating a high food to microorganism ratio. In the
presence of excess food the bacteria grow rapidly demanding a large amount of
oxygen to complete their metabolism. Providing adequate oxygen transfer at the
beginning of the tank is often difficult or impossible. As the waste moves down
the length of the tank, biodegradation of the organics approaches completion, and
the bacterial mass undergoes endogenous respiration; that is, the cells consume
their own protoplasm.

By the time the sludge reaches the end of the tank it has become inactive. It is
this largely inert mass which is recycled to be inixed with the high strength waste
at the head of the tank. The microbial population never reaches an equilibrium,
but is in a continual cycle of growth and starvation. The resulting imbalance be-
tween the microorganisms and the organic load is the reason for the irregular
operation of the system.

The complete mix activated sludge system alleviates many problemi experienced
by the conventional activated sludge process. The operationai advantages of the
CMAS process are accomplished by equalizing the organic load over the entire
mass of microorganisms in the aeration tank. Complete mix means that the feed
particles and recycled sludge become completely intermixed in the aeration cham-
ber, thereby losing their individual identity.

Attainment of complete mixing is assured when the oxygen uptake rate is uni-
form throughout the aeration volume, provided that there is sufficient mixing to
prevent settling of suspended solids in the aeration tank. An important added ad-
vantage of CMAS is its ability to act as a surge tank when the system is subjected
to shock loads. The increased load is distributed uniformly over the entire con-
tents of the tank, thereby effecting better use of the dissolved oxygen throughout
the tank. In summary, operation of a CMAS system is smoother than the conven-
tional system because of CMAS's stable microbial growth, uniform oxygen de-
mand rate, uniform distribution of food, and reduced sensitivity to shock loadings.
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More information on the efficacy of the complete mix activated sludge process in
modular mode appears in PB 211 156 (July 1972) which is available from the
National Technical Information Service.

The Water Pollution Control Act of 1972 calls for nationwide achievement of the
installation of secondary treating facilities in all communities in the country by
mid-1977. Recent estimates by the Environmental Protection Agency, using a 200
million dollar estimate per plant for conventional equipment, indicate that the
total cost of compliance would amount to 13 billion dollars in the United States.

This book describes over 190 patented processes relating to all phases of industrial
and domestic water purification. These processes include large scale community
systems as well as special compact units which have been developed for remote lo-
cations and watercraft waste disposal.



INCINERATION

FLUIDIZED BED
Nozzle Feed System

L.R. Van Gelder; U.S. Patent 3,709,170, January 9, 1973, assigned to Chicago
Bridge & Iron Co. describes a sludge feed system for a reactor having a nozzle,
and a conduit communicating with the outside of the reactor and the nozzle for
feeding sludge to the nozzle under pressure, the nozzle having a mouth in commu-
nication with the interior of the reactor for forming the sludge into a thin layer
which breaks up in the reactor.

Referring to Figures 1.1a and 1.1b, enclosed reactor 10 has a lower cylindrical
portion 11, a central conical section 12 and an upper cylindrical portion 13.
The described reactor portions comprise an exterior metal shell with a suitable
refractory material lining the interior surface thereof, particularly if the reactor
is to be employed in high-temperature reactions or treatments. The bottom 14
of the reactor and the top 15 are of similar construction to the reactor vertical
walled portions already described. The reactor is typical of the type used in
fluidized bed treatments and particularly in the combustion of waste materials.

A constriction plate 16 spans the horizontal interior area defined by the lower
cylindrical portion of the reactor support. The space between the constriction
plate and the reactor bottom constitutes air box 18. A plurality of vertical tubes
17, in the constriction plate, communicate at their lower ends with the air box.
The upper ends of the tubes, which extend aboveiithe constriction plate, terminate
in horizontally located small tubular sections 19 through which air is expelled
from the air box under pressure to fluidize particulate bed 20 located in the re-
actor. Conduit 21 feeds air or hot gases or whatever gas is appropriate to the air
box. Conduit 22 in the upper part of the reactor is used to withdraw gases and
products of combustion from the reactor.

Nozzle 30 is positioned so that its mouth is in communication with the interior
of the reactor. As shown in Figures 1.1a and 1.1b, the nozzle mouth is so posi-
tioned in the lower portion of the reactor as to be slightly above the top surface

7
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of the fluidized bed 20. However, the nozzle can be so located as to deliver
sludge being fed from the mouth directly into the fluidized bed.

With reference to Figures 1.1c and 1.1d, nozzle 30 has a tubular portion 31
which communicates with conduit 32. The tubular section is circular in cross
section and its inner end joins inlet end 32 of nozzle transition element 33 which
terminates in nozzle transition element mouth 34. The inlet end of the transition
element is circular in cross section and progressively becomes oval and finally
terminates in the mouth which is shaped in the form of an elongated rectangle
which is much wider than it is high.

As shown in Figure 1.1c, the top and bottom walls of the transition element con-
verge towards the nozzle mouth while as shown in Figure 1.1d the opposing side
walls of the transition element diverge towards the nozzle mouth. The smooth
contour of the interior surface of the transition element serves to progressively
shape or form a sludge passing through it into a wider and thinner layer as it
moves forward so that it is ultimately expelled from the nozzle mouth in a thin
disintegratable layer which breaks up into pieces in the reactor. The nozzle
mouth is advisably positioned to be approximately flush with the reactor interior
surface to avoid undue abrasion of it by the dynamic activity of the fluidized
bed.

FIGURE 1.1: SLUDGE FEED SYSTEM

(a) Isometric View, Partially Broken Away, Showing a Reactor
Provided with a Nozzle for Feeding Sludge in a Thin Layer
to the Interior

(b) Vertical Sectional View Through the Lower Part of the
Reactor of Figure 1.1a

(continued)



Incineration 9

FIGURE 1.1: (continued)
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(c) Vertical Sectional View Through the Nozzle and Adjacent
Reactor Wall Taken on the Line 3—3 of Figure 1.1d

(d) Top Sectional View Taken Along the Line 4—4 of the
Nozzle Shown in Figure 1.1¢c

Source: U.S. Patent 3,709,170

It is advisable, although not essential in all cases, to provide means to regulate
the temperature around and in the nozzle. This can be accomplished by suitable
jacket means provided adjacent to the nozzle through which a suitable fluid can
be circulated for temperature control of the nozzle. The nozzle embodiment as
shown in the drawings, with reference to Figures 1.1c and 1.1d in particular, is
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provided with an integral jacket. Interior wall 41 is spaced away from the wall-
defining tubular portion 31 of the nozzle and the wall of transition element 33
to provide a path 43 for inward flow of cooling fluid supplied to the jacket
through inlet opening 44.

Jacket interior dividing wall 41 is surrounded by spaced apart exterior wall 42
thereby defining a path 45 for return flow of cooling fluid to exit opening 46,
The forward end 47 of the innér wall terminates just short of the end of the noz-
zle to provide a pathway for the cooling fluid to flow from the path 43 to path
45, Water is the preferred coolant and in the case of sewage sludge serves to pre-
vent the sludge from drying into a hard cake before it is expelled into the reac-
tor. In addition, the coolant prevents the nozzle from becoming damaged through
contact with high temperatures in the reactor.

To facilitate insertion of the nozzle in the reactor and to aid its removal for servic-
ing and repair, an opening is provided in the reactor wall to receive the nozzle

and suitable attaching means. Thus, as shown in Figures 1.1c and 1.1d, a plate

50 is positioned normal to and joined to the outer wall of the cooling jacket.
Insulation material is positioned around the inner end of the nozzle and is suit-
ably secured thereto and to the plate.

The inner end of insulation 52 is suitably tapered so that when it is placed in the
reactor opening it will fit tightly in contact with the opening surface in the reac-
tor wall. A cooperating flange 53 is provided around the reactor opening for
bolting plate 50 thereto so that the entire nozzle and auxiliary supporting struc-
ture can be securely fixed in a removable arrangement in and to the reactor.

It is considered advisable to dimension the nozzle mouth to have a width at least
five times, and better at least ten times, greater than the mouth height to shape
the sludge into a suitably thin layer. More specifically, it is usually appropriate
to eject the s|udge as a layer of no more than 2" thickness, and advisably of no
more than 1" thickness. For optimum results it presently appears advisable to
have the layer no more than %" thick and about 12" to 15" wide.

A specific nozzle for feeding 1,700 Ib/hr of wet sewage sludge of about 28 to
33% solids in water to a fluidized bed reactor can have a transition element cir-
cular inlet of 3" diameter and a rectangular mouth %" high and 14" wide. The
sludge layer ejected from such a nozzle is not self-supporting and breaks up as
it leaves the nozzle mouth. The scrubbing action of the fluidized bed will break
the sludge pieces into smaller particles which will completely burn.

Pressure-Cooked Sludge as Feed

A process described by R.P. Logan and O.E. Albertson, U.S. Patent 3,580,193,
May 25, 1971, assigned to Dorr-Oliver Inc. relates to disposing by combustion
of sewage or other waste sludges, by first heat-treating the sludge at an elevated
temperature and pressure for an extended period of time as described in British
Patents 1,129,362 and 1,129,361. This treatment results in a sludge which may
be mechanically dewatered to a eake having a much higher solids content and
which is much more friable and easily handled than conventionally thickened
and mechanically dewatered sludge.

By combining the pretreatment of sludge with means by which the sludge is fed
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continuously to dewatering means such as a solid bowl centrifuge or a rotary fil-
ter and with continuous feed to a fluid bed combustion chamber an extremely
compact and efficient thermal disposal system results. This system requires mini-
mum space, no preheating of combustion air, and requires no auxiliary fuel dur-
ing normal operation.

The product of the sludge pressure-cooked as set forth in British Patent 1,129,361
after mechanical dewatering is unlike other dewatered sludges which are plastic
and cohesive. This pressure-cooked sludge after mechanical dewatering, is of a
dry friable nature, substantially free from odor, which readily crumbles into small
pieces which are especially suited to extremely rapid and substantially complete
combustion in a fluidized bed of inert granular material. Such material may de-
spite its high solids content be fed by a screw feed, and due to its crumbly nature
may be also broken up into small pieces and blown into the combustion chamber.

Referring to Figure 1.2a, shown below, the thickened sludge is fed from a thick-
ener 11 through conduit 12 and pump 13 which feeds the sludge under pressure
to a heat exchanger 14. Since a doubling of the solids content of the sludge
without further significant change doubles the capacity of the sludga pressure-
cooking system, it is important that a highly thickened sludge be obtained such
as supplied by the thickening process described in U.S. Patent 2,850,449 in which
a solids content from 5 to 10% or over is secured.

FIGURE 1.2: PRESSURE-COOKING OF SLUDGE PRIOR TO COMBUSTION

RAW SLUDGE IN SO LER ) w18
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EXCHANGER
1 EXCHANGER th?
22 16 r
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(HEAT AND
PRESSURE)

24~ 33

34

XX ITe
\/

36

‘]L. 4L249

TO PRETREATMENT 37

Process Schematic

(continued)
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FIGURE 1.2: (continued)

b.

Feed and Fluidized Bed Chamber

Source: U.S. Patent 3,580,193

This process is characterized by controlling the operation of a clarifier having an
upper body of liquor for effluent and a lower bed of sludge in which (a) the ratio
of sludge volume in the bed compared with the sludge withdrawn in a day is in
the range between O and 3, (b) the depth of the bed is maintained between 1

and 5 feet, (c) the dry weight of solids fed to the clarifier is between 4 and

40 Ib/ft of sludge bed area, (d) the rate of feed is between 250 and 1,500 gal/ft?
of sludge bed area and (e) the dilution of the feed to the clarifier is between
1,000 and 6,000 parts of solids per million parts of liquid.

The heat exchanger 14 heats the thickened incoming sludge by heat exchange
from the hot outgoing sludge coming from the reactor or pressure cooker 16,
The sludge from the heat exchanger is raised in temperature in booster heat ex-
changer 17, heated by boiler 18 to between 300° and 450°F, preferably in the
range of 360° to 400°F, for a period between 20 and 40 minutes, preferably 30
minutes at a corresponding pressure of 15 to 17 atm, sufficient to prevent evap-
oration.

From the reactor the sludge passes through conduit 21 to the heat exchanger
again where much of its heat is given up to the incoming sludge and the temper-
ature is brought down to between 80° and 90°F. From the heat exchanger,
through conduit 22 the sludge goes to a continuous settling and decanting tank
and sludge reservoir 23, from the upper part of which relatively clear liquid freed
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by the pressure-cocking from the biological cells of the sewage sludge is decanted
as overflow and passes to pretreatment or clarification through conduit 24. The
underflow sludge frem the bottom of the decanting tank 23 is pumped by pump
26 through conduit 27 to a mechanical dewatering unit 28 preferably a solid long
bowl! centrifuge, though a conventional rotary drum filter may also be used.

The pressure-cooking system process and apparatus employed is of the continu-
ous feed type described in British Patents 1,129,362 and 1,129,361.

The cake which issues from the combined pressure-cooking and dewatering unit
is, from most sewage sludges, of an entirely different physical character from the
cake resulting from treatment at room temperature and pressure. The sludge
cake resulting from mechanically dewatering most thickened sewage sludge with-
out heat treating results in a cohesive, plastic material having the consistency of
thick semidry mud and a rather low solids content particularly as to secondary
or mixed secondary and primary sludges, on the order of 15 to 25%.

There has been much difficulty in feeding this cake, and after feeding it, getting
it distributed evenly in a fluid bed or other combustion chamber, particularly in
larger installations, resulting in expensive and elaborate combined paddle feeds,

pumps and screw feeds and a multiplication of feed points into the combustion
chamber.

This pressure-cooked sewage sludge, in contrast, after mechanical dewatering as
by a solid bowl centrifuge, has a solids content of 35 to 50% or more, readily
permitting autogenous combustion, without preheating of combustion air as
hitherto common when burning biologically treated sludges. Preheating is trouble-
some and expensive because of corrosion problems and thermal expansion, and
the requirement of a constriction or support plate for the fluidized bed, consist-
ing of refractory material because of the high wind box temperatures resulting
from preheated combustion air.

But the most striking characteristic of the cake resulting from heat-treating most
sewage sludges in accotdance with the process is the friable crumbly nature of the
cake which renders it easily broken into small pieces, somewhat granular in struc-
ture, which greatly aids feeding, and permits a choice of feeding methods such

as milling and air conveying or blowing to the combustion chamber or screw feed-
ing, and which promotes distribution and even burning in the combustion chamber
and is particularly advantageous when fed to a fluidized bed combustion system
because of its rapid and substantially uniform dispersal in the fluidized bed.

Also, because of the greatly increased solids content, approximately double that
of untreated sludge, much smaller combustion chambers are needed, calling for
fewer feed points and reducing capital costs of the thermal reactor. This pres-
sure-cooked sludge has proved in tests to produce particularly favorable results
as to high solids content and high recovery of solids when dewatered by a solid
long bowl centrifuge such as the trademarked MercoBowl.

The results of a series of MercoBowl centrifuge tests on sewage sludge pressure-
cooked as above-described, conducted on a variety of primary and secondary
sludges proved that:

(1)  The centrifuge will dewater all types of primary plus secondary
sewage sludges to concentrations in excess of 40% total solids at
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high recoveries.

(2) The capacity of the centrifuge is doubled by heat treating the
sludge. This doubling capacity of the centrifuge is partly due to
the higher concentration of settled sludge achieved by heating,
and by the elimination of slimes.

(3) Chemical cost, if used to achieve high recoveries at high feed rates,
would be only Y% that currently employed.

(4) Solids concentration achieved from the pressure-cooking and centri-
fuging of raw activated sludge will be sufficient to sustain autogen-
ous conditions in the reactor, that is, will exceed 35% total solids
on activated sludge and 40 to 50% total solids on mixtures of pri-
mary and activated sludge.

As shown in Figure 1.2a, the mechanically dewatered sludge is continuously fed
from the centrifuge 28 into a conduit 29 from which a screw feed 31 delivers
the cake through the sidewall 32 of the combustion chamber 33 directly into
the fluidized bed 34 of incandescent inert granular material such as sand resting
on an air-permeable constriction plate 36.

A blower 37 delivers combustion air at room temperature in a cold wind box
below the constriction plate at a space rate sufficient to fluidize the bed. Due
to the highly mobile nature of the fluidized sand and its grinding effect on the
readily crumbled material particles, distribution and burning are very rapid and
substantially complete in the bed. Because the ash is finely divided and passes
out through an exhaust outlet with the combustion gases to be removed by a
cyclone gas cleaner, there is no ash removal problem.

However, the nature of this pressure-cooked sludge is such that it makes practical
other methods of feeding. In Figure 1.2b, the dewatered sludge issuing from

the filter to hopper 29 is milled by cage mill 42 into small pieces and delivered
into the path of a stream of air from a blower in conduit 44 passing through

the wall 32 of the combustion chamber to flow the sludge into the chamber.

K. Ishii; U.S. Patent 3,559,596, February 2, 1971, assigned to Kurita Water In-
dustries, Ltd., Japan describes a method of incinerating sludge which comprises
the steps of subjecting watery organic sludge to pressure and heating concurrently
and then jetting the thus-treated sludge into a combustion chamber so as to
evaporate most of the water contained in the sludge instantaneously with the
jetting and incinerating the solid matters taking place within the combustion
chamber. The chamber is provided with a packed layer of refractories designed
to catch the solid matters.

Cascade Addition of Sludge

R. Menigat, U.S. Patent 3,736,886, June 5, 1973, assigned to Metallgesellschaft
AG, Germany has found that it is possible to vastly increase the efficiency of a
fluidized bed furnace for the combustion of sludge, especially a furnace operating
with an expanded fluidized bed, in which a distillation of sludge is permitted in
cascade or free fall onto the bed and an afterburning of the volatile components
of the sludge is performed above the inlet of the latter but within the fluidized
bed chamber.
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The clarifier sludge is supplied to a fluidized bed furnace in the form of a liquid,
paste or solid (generally a semisolid or a flowable solid), in which d fluidized bed
is maintained in a burning state with the aid of oxygen-containing fluidizing gases.
At least a portion of the sludge (or other waste to be burnt) is introduced into
the chamber at a point above the highest combustion zone of the expanded fluid-
ized bed (i.e., above the flame at the top of the fluidized bed), the point at
which the sludge is fed to the furnace being disposed below or at a sufficient
spacing from the exhaust gas outlet, that within the fluidized bed chamber, there
is effected an afterburning of volatile constituents of the sludge.

Surprisingly, the simple free fall or cascade of the sludge, or a portion thereof,

to the expanded fluidized bed from above may result in a distillation of volatile
constituents regardless of the original consistency of the sludge, these volatile
constituents interacting with the gases rising from the fluidized bed to provide
the afterburning mentioned earlier. The fact that afterburning is carried out com-
pletely within the fluidized bed chamber and between the inlet for the sludge
and the gas outlet, provides maximum utilizaticn of the heat value of the mate-
rials.

The fluidized bed furnace illustrated In Figure 1.3 comprises a refractory-lined,
steel-encased shaft 1 provided with a grate 2 defining the bottom of a fluidized
bed chamber 1a. Above the grate there is maintained an expanded fluidized bed
3 of inert fluidized solids, e.g., quartz sand, at which combustion of volatile com-
ponents of a sludge and burnable solids is carried out.

Below the grate, there is formed a windowbox 2a into which an oxygen-contain-
ing fluidizing gas stream is introduced from a combustion chamber 5. The latter
may be fed with atmospheric air from a compressor or blower 4 through an inlet
5a when only air is to be introduced or when air is to be supplied to the fluid-
ized bed in combination with combustion gases. A valve 4a controls the pre-
portion of air supplied for this purpose. Another valve 4b controls the air sup-
plied to a burner 6 opening into the combustion chamber and supplied with fuel
at a line 6a. The fuel introduced here may be gas or oil.

It will be apparent that heat can be supplied to the fluidized bed by sustaining
combustion in chamber 5 and introducing a mixture of hot combustion gases

and air to the fluidized bed. At any rate the fluidizing gas must be rich in oxy-
gen or must contain oxygen in a stoichiometric excess over any combustible mate-
rials introduced by the fluidizing gas. Another portion of the fluidizing air, con-
trolled by a valve 4c may be fed at 7a through a heat exchanger 7 and returned
at 7b to the windowbox. The heat exchanger is located above the gas outlet 13
at tl;le upper end of the combustion chamber 1a.

It has been found to be advantageous, from time tq time, to introduce unheated
air or oxygen-enriched air to the combustion chamber above the fluidized bed or
into the fluidized bed by lances represented at 8a, 8b and 8c, the latter lances
serving to supply preheated air to the system. The gases distributed to these
lances via supply lines 8 through valves are represented at 4d, 4e and 4f. Fuel
may be introduced through the lances 8¢ and 8d as well. Spaced above the top
3a of the fluidized bed, which is maintained approximately in line with the pri-
mary sludge inlet 9, by a distance 11, is the secondary sludge inlet 10.

The inlet is located 6 meters above the grate and about 4.5 meters above the
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fluidized bed which may have a high ranging between 1 and 1.5 meters. The
pipe 10, moreover, should be located somewhat above {say 0.5 to 1 meter), the
top of the combustion zone. Above this pipe, at least at its mouth 10a, there

is located the exhaust gas outiet 13 at a spacing of at least 3 meters and repre-
sented by the dimension 12. Within this afterburning zone, the gas velocity is
maintained at or below 3 m/sec. A temperature control 13a at the outlet regu-
lates the operating parameters of the burner and gas feed to maintain the exhaust
gas temperature in the range of 800" to 900°C,

FIGURE 1.3: FLUID BED COMBUSTION PROCESS

Source: U.S. Pstent 3,736,886

The hot exhaust gases discharged through the outlet 13 pass at 15 into the heat
exchanger 7 in which sensible heat is transferred to gases which are used to feed
the bed. Thereafter, the exhaust gases traverse a scrubber 14, e.g., a radial flow
scrubber as shown in Figure 1.3, and then enter a chimney or stack 20 which is
advantageously mounted directly upon the furnace. Water is sprayed into the

scrubber as shown at 17, 18 and 19 and a shield is provided at 16 of the bell

type. The shield cooperates with a cone 16a and an annular gap 18a is provided
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at the scrubber 18 for additional separation of impurities. The shield 16 and the
gas 18a are designed so that the scrubbing water is properly drained at 21 with
the resulting seals acting as an explosion vent. The annular gap is adjusted in re-
sponse to pressure differential to maintain a superatmospheric pressure within
the combustion chamber and insure a constant scrubbing effect even when the
combustion rate and the exhaust gas rate vary. The scrubbing of the exhaust
gas effectively removes sulfur trioxide and hydrogen chloride where alkaline
scrubbing water is employed.

As a specific example of the process, with the outlet 10a located 3 meters below
the gas outlet 15 but 6 meters above the grate 2, with a fluidized bed of quartz
sand maintained at a height of about 1.5 meters and a gap of 1 meter between
the top of the combustion zone and the secondary waste inlet 10a, the tempera-
ture maintained at the gas outlet 15 is about 800° to 900°C. The system is used
to burn refinery sludge consisting of 95% by weight water and 5% oil and indus-
trial solids.

Without a secondary combustion as illustrated, 300 to 500 kg of refinery sludge
could be processed per hour per square meter of the grate area. Using a secon-
dary flow of 30 to 60% of the total flow, it was possible to increase the combus-
tion rate to 600 to 1,000 kg of sludge per hour per square meter of the grate
area. The fluidizing air is heated to a temperature of 450° to 600°C and the tem-
perature can be controlled to maintain a level of 800° to 900°C at outlet 13 by
feeding fuel into the system at the lances 8c and 8d.

Secondary Bed Elutriation Arrestor Labyrinth Construction

R.G. Reese; U.S. Patents 3,882,798 May 13, 1975, and 3,818,846, June 25, 1974,
both assigned to Combustion Power Co., Inc. describes a fluid bed disposal method
and apparatus including a secondary bed/elutriation arrestor obstruction of laby-
rinth construction in the fluid bed reactor having lower and upper vertically
spaced-apart perforate retention plates between which are positioned at least

first and second vertically spaced-apart grates with the grate bars of the grates
staggered with respect to one another. The lower surface of the bars of the lower
perforate plate is described as stepped between at least two horizontal surface lo-
cations. At least two fluid bed/elutriation arrestor labyrinth obstructions spaced
apart above the bed of granular material are used.

While the process is well suited for the pollution-free disposal of solid waste with
the possible additional simultaneous disposal of various liquid materials, one con-
figuration of the process is useful in a municipal solid waste disposal plant where
the solid waste can be used as a fuel to dispose of high water content municipal

sewage sludge from a given population segment. Accordingly, the process will be
described with reference to such a system.

Referring to Figure 1.4a, the combustion system includes three principal assem-
blies, first the waste delivery assembly 10 where solid waste material is collected,
shredded and separated for introduction of the principal consumable portion into
a combustion assembly, second the combustion assembly 50 where the solid waste
is consumed and where the solid waste can also serve as a fuel to dispose of sew-
age sludge and third the combustion gas particle cleanup assembly 90 where en-
trained particles are removed from the combustion gases which are than either
exhausted or conveyed on to perform work.
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FIGURE 1.4: FLUID BED REACTOR FOR LIQUID DISPOSAL
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(a) Side-Elevational Schematic View lllustrating the Process
(b) Enlarged Side-Elevational View of a Combustion Housing Con-
structed in Accordance with the Process with the Waste Material
Feed Deleted for Clarity
(c) Elevational, Sectional View of a Portion of the Structure Shown
in Figure 1.4b, Taken Along Line 3—3 in the Direction of the Arrows
(d) Horizontal, Sectional View of a Portion of the Structure Shown in
Figure 1.4b, Taken Along Line 4—4 in the Direction of the Arrows

Source: U.S. Patent 3,882,798
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In the waste delivery system 10, solid waste 11 is received, typically in refuse or
garbage collection trucks 12 which deliver the waste in either compacted or un-
compacted form into a receiving pit 13 sized to act as a storage area so that the
system can operate continuously while receiving solid waste only over a specified
period of the day. From the pit the waste is delivered first by a pit conveyor 14
and then a shredder feed conveyor 15 into the top of a shredder 16 such as a
belt-driven vertical, rotor, shredder grinder. The waste is gradually reduced in
size and ejected into an exhaust chute 17 where it is conveyed with the aid of

a conveyor 18 to an air classifier 19.

The effluent from the shredder is a homogenous mixture with particle size depend-
ing upon the shredder setting and the feed rate, varying from a very fine to 1"

by 2" and larger. The steel and other ductile metal is in small balls with some
coinage. Wood is toothpick to pencil size. The more flexible material, such as
soft plastic and soft material such as rubber, are the largest particles.

High-density, noncombustible particles coming out of the shredder are removed
from the process by the air classifier. This is done primarily to protect subse-
quent feed processes since the material removed has little heating value and hence
would be little altered in volume or weight by the combustion process. Also, the
air classifier provides a means for separating the reclaimable metal, glass, etc., for
recycling to the appropriate industries for reuse if desired.

In the air classifier a large blower 21 is used to suck the refuse up through an in-
clined treacherous path 22 and out through a tube 23 to a velocity reducer/solid
waste accumulator system in the form of a cyclone inertial separator 24. The
exhaust stack 25 of the inertial separator containing the major portion of the air
used during the air classifying cycle returns this air to the lower inlet of the air
classifier.

The size of the heavy particles that are dropped out by the air classifier can be
regulated by adjustment of the velocity of air going through the system. The air
classifier/solid waste feed subsystem is a completely enclosed system with the re-
sult that all odors, dust and potential pollution problems are completely con-
tained. The heavy noncombustible reject material 26 from the air classifier is
carried via a conveyor 27 to a residue storage bin 28 from which it can be dis-
posed of periodically by landfill or ultimately by further reclamation of some or
all of the materials contained in the residue.

The light particle fraction of the solid waste which has been carried from the air
classifier via conduit 23 to the inertial separator drops preferably into a mulcher
31 which breaks apart any clods, chunks or large pieces that may have passed the
shredder or formed after shredding. This mulcher and mulching process eliminate
possible clogging in pneumatic feed portions of the rest of the system. From the
mulcher the solid waste drops into a storage accumulator 32 which serves as a
reservoir to smooth out the flow of solid waste. From the storage bin the solid
waste is carried such as via a conveyor 33 into a hopper 34 for introduction into
the entrance of an air-lock feed valve 35.

This air-lock feed valve introduces the solid waste into a fluid conduit 36 where
the material is pneumatically conveyed into the fluid bed. A bed additive feed
system 37 is provided for automatically feeding, upon demand, fresh limestone
or other bed additive chemical reactive materials to the fluidized bed during oper-
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ation. These additives react with the corrosive or other pollutant gases or mate-
rials within the bed and reduce or prevent noxious fumes from escaping to the
atmosphere.

Where the combustion system also serves to consume liquid waste from a sewage
treatment plant 41, sludge from sludge storage tanks 42 is removed via one or
more pipes 43 to one or more sludge pumps 44 and via one or more pipes 45
to the combustion chamber where it is injected as a spray on top of the bed of
granular material or injected above or below secondary beds in the combustion

system,

It has been discovered that with the waste delivery assembly 10 the air-volume-
reducing cyclone inertial separator 24 reduces the volume of air frem the air
classifier 19 to the air-lock feed valve 35 so that solid waste is fed through this
valve with minimum turbulance and as dense as possible while the inertial sepa-
rator and storage bin 32 act as a plenum or reservoir to smooth out the flow of
solid waste,

In the combustion assembly 50 a hollow, cylindrical combustion chamber 51 is
provided to contain a bed of granular material 52 which, when not being fluidized,
is supported on a distributor plate 53 which provides even distribution of air
across the bottom of the bed from a plenum chamber 54. Positioned within the
combustion housing 51 above the fluid bed 52 are a lower secondary bed/elutria-
tion arrestor 55 and then upper secondary bed/elutriation arrestor 56 constructed
in @ manner described in greater detail below, each to provide an obstruction of
labyrinth construction.

A return conduit or downcomer 57 is provided open at the top of the lower ar-
restor and extending through the lower arrestor to a position below the surface
of the bed of granular material. A second return conduit or downcomer 58 is
provided open at the top of the upper arrestor and extending through the second
and first arrestors to a position below the surface of the bed of granular material.

Exhaust gases from the combustion chamber are conveyed out of a number of
exhaust ports 59 below a cover over the top of this chamber and passed through
the gas particle cleanup assembly typically incorporating inertial separators for
separation and return of granular material carried out of the bed with the exhaust
gases for later return to the bed. Combustion air is directed to the combustion
chamber from a blower 61, through a housing 62 surrounding 'the inertial separa-
tors for heat exchange to heat up the blower air and delivery via a conduit 63

to the plenum,

When burning or consuming more volatile liquid or solid waste materials which are
difficult to oxidize or thermally break down in a fluid bed without the process, after-
burning, unburned hydrocarbons, incomplete thermal breakdown of toxic materials,
and the like can occut. The addition of multiple secondary bed/elutriation ar-
restors, each forming an obstruction of labyrinth construction reduces or eliminates
these more difficult combustion problems.

The secondary bed/elutriation arrestors are mounted in the housing 51 in 2 hori-
zontal plane or at a slight angle with the downcomers. Other secondary bed/elu-
triation arrestors may be added above arrestor 56 with a downcomer or return
conduit penetrating to within a short distance of the distribution plate. It has
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been discovered that different configurations of the secondary bed/elutriation ar-
restors result in different performances in the disposal of various solid wastes.

One of the more difficult materials to burn in a fluid bed arrestor is aluminum-
laden solid waste with the aluminum in the form of aluminum foil, flip-top can
lids and the like. During combustion of this type of material, molten nodules

of aluminum are formed and upon impact with one another will oxidize resulting
in slagging, clinkering and ash buildup.

The addition of the secondary bed/elutriation arrestor provides a means of break-
ing apart these nodules as they flow through the labyrinth obstruction, depending
upon the configuration of the obstruction. It has been found during tests that

a labyrinth obstruction in the form of a plurality of large spheres such as of ce-
ramic positioned between a pair of spaced-apart perforate plates results in alumi-
num oxide buildup and consequent unacceptable use when burning aluminum-
laden solid waste.

The particular configuration of the preferred labyrinth obstruction is illustrated
in Figures 1.4b through 1.4d. As illustrated there, the secondary bed/elutriation
arrestor includes the lower and upper vertically spaced-apart perforate retention
plates 71 and 72. These plates include a series of parallel bars 73 spaced apart
to provide spaces 74 between the bars for passage of the gases moving upwardly
in the combustion chamber. Between the retention plates at least first and sec-
ond vertically spaced-apart grates 75 and 76 are spaced apart from each other
and from the retention plates by spacer bars 77 extending transversely thereof.

Each of the first and second grates include a plurality of spaced-apart grate bars,
the bars 81 of the lower grate 75 being spaced apart by spaces 82 and the bars
83 of the upper grate 76, being spaced apart by spaces 84. Bars 81 and 83 of grates
75 and 76, respectively are staggered with respect to one another so that grate bars
83 of upper grate 76 are positioned above spacings 82 between bars 81 of lower
grate 75.

Similarly, the bars 81 of lower grate 77 are positioned below the spaces 84 be-
tween the bars 83 of the upper grate. These spaced-apart bars have been found
to effectively prevent the buildup of aluminum oxide in the obstruction of laby-
rinth construction so that strips of aluminum oxide which begin to form are
broken up and eventually reduced to bed material size particles.

It has been found additionally advantageous to prevent the buildup of aluminum
oxide strips on the lower surface of the lower perforate retention plate by step-
ping this lower surface between at least two horizontal surface locations such as
shown in Figures 1.4b and 1.4c where the lower surface of retention plate 71
contains surface segments 85 in one horizontal plane and stepped from surfaces
86 in another horizontal plane by vertical steps 87. It has been discovered that
any aluminum oxide that begins to build up on lower surfaces of a perforate re-
tention plate of the latter configuration will flake off in small pieces and not
lodge within the secondary bed/elutriation arrestor.

The fluidizing air is caused to flow through the bed material particles under care-
fully controlled conditions, chief among these conditions being the requirement
that the air velocity through the bed, and hence the pressure drop, be greater than
the value required to support the bed weight and less.than the value required to
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sweep the particles out of the bed. In addition, the bed must consist of particles
within a suitable range of size, shape and density. When these conditions are all

satisfied, the stationary bed of particles will have expanded and the bed particles
will exist in a fluidized state.

If the movement of one specific particle could be observed, it would be seen to
undergo a contintous, turbulent motion and would wander throughout the bed
in a gandom manner, Viewed as a whole, the dynamic condition of the fluidized
bed resembles a tank of boiling water in the sense that there is considerable tur-
bulence and bursting of bubbles at the surface. It is this dynamic characteristic
which imparts to a fluidized bed its unique advantages.

The inert or chemically reactive bed materials used with the fluid bed combustor
are chosen to withstand the combustion temperatures without melting or slagging.
The.specific bed materials selected can fall within a wide variety of inert particles,
ranging from the inexpensive silica beach sand to the more exotic ceramic mate-
rials (usually alumina or silicon carbide) and to chemically reactive materials such
as ground limestone, dolomite, and others. The bed material is preheated to a
predetermined temperature and then fluidized for injection and combustion of
the solid waste material.

The cross-sectional area of the downcomers 57 and 58, the angle of the support
plates 71 and 72, the thickness, configuration and size of the openings in the
suppor - plates, the configuration of the labyrinth obstruction established by the
grates 75 and 76, and the height relationship of the secondary bed/elutriation ar-
restor assemblies 55 and 56 and their relationship to one another are all chosen
in the particular application to provide and maintain a shallow bed of fluidizing
material on top of the secondary bed/elutriation arrestors.

These shallow bed depths along with the labyrinth obstruction in the arrestors
whose voids are filled with small particles during fluidization of the granular bed
T2, provide a very even flow of gases through the plurality of arrestors, and the
action of the small particles fiiling the voids in the labyrinth obstructions allows
each arrestor to prevent large bubble formations and the associated elutriation
from the top surface of the primary bed and excess elutriation from the top sur-
face of the lower arrestor 55. Each arrestor acts as a separate turbulence gener-
ator providing additional and more thorough mixing of air and fuel and provides
additional high heat transfer zones for complete oxidation, decomposition, de-
struction, etc., of the products beinq consumed in the system.

Distributor Plate Arrangement

C.S. Miller, Jr., H.K. Staffin and R. Staffin; U.S. Patent 3,772,999, November 20,
1973, assigned to AWT Systems Inc. describe an improved fluidized bed appa-
ratus for combusting or reacting mixtures of combustib'e and noncombustible
waste matter. The improvement resides in a distributor plate having sides slop-
ing toward the bottom of the apparatus and having an inlet for solid feed in the

-side of the distributor plate. A pipe extends downwardly from the base of the

Adistributor plate and functions to capture noncombustibles in the solid feed. A

" lock is provided which permits noncombustibles to be removed from the appa-
ratus without interruntion of operation.

P.K. Evans and D.H. Graham, U.S. Patent 3,776,150, December 4, 1973, assigneu
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to AWT Systems, Inc. describe a fluidized bed system for pyrolysis or incinera:
tion of solid wastes. The solids feed is force-fed to a fluidized bed apparatus
having a conically shaped distributor plate and a first internal chamber above the
distributor plate and a smaller second internal chamber connected to the first
chamber and positioned directly below the first chamber.

Solid waste is fed into the apparatus by a feeder which seals the feeder from the
apparatus at a point spaced from hot-zone of the apparatus. The system has
fluidizing gas inlets which are designed so that the fluidized bed in the first internal
chamber is more highly fluidized than the fluidized bed in the second internal
chamber. A lock in the second internal chamber permits removal of nonreacted
materials without interruption in operation of the system.

Multistage Dryer Above Furnace

R. Menigat; U.S. Patent 3,772,998, November 20, 1973, assigned to Metallgesell-
schaft AG, Germany describes a sludge-burning method and apparatus in which
a fluidized bed forms the combustion zone and is surmounted by a multistage
drying and preheating zone such that the exhaust gases of the combustion zone
rise directly through the multistage zone above the fluidized bed.

The multistage drying and preheating zone is in the form of a multiple-hearth furnace
with annular supporting surfaces, each associated with one or more rotary brakes

or agitators which continuously break up the layer on the respective stage and keep
the sludge moving downwardly from stage to stage until a dried, preheated, com-
minuted solid material is distributed over the entire cross section of the fluidized
bed. Hence it is essential that the fluidizing gases contain oxygen to effect a com-
bustion in the bed, that the wastes are comminuted and transformed into a particu-
late or other subdividea form during drying and preheating, and that the commi-
nuted matter is distributed over the grate area of the furnace.

In the multiple-hearth furnace the annular, vertically spaced, axially superposed
hearths are cantilevered from the inner wall of the housing of the drying zone and
define 8 central space in which a shaft is rotatable, this shaft carrying a plurality of
radial arms at each stage, the arms having depending plate-like rake teeth for scrap-
ing the deposit on the annular platform overhung thereby. The teeth may be pro-
vided at various inclinations to the rotation circles defined by the arms, i.e., lie along
tangents or chords to induce a movement of the comminuted waste spirally inwardly
or outwardly depending upon the location of the outlet for each platform.

The platforms are alternately provided with outlets along the inner periphery or
the outer periphery so that, for example, the comminuted drying material may
be induced to flow inwardly at one annular platform, is caused to cascade down-
wardly onto an intercepting inner. peripheral portion of the next lower platform,
is induced to move outwardly along this latter platform by the associated rake
or comminution arms, and is caused to cascgde downwardly along the outer
periphery of this platform onto still another platform underlying it.

In addition, the apparatus comprises a fluidized bed furnace which forms the
combustion zone and is surrounded by the multiple-hearth furnace, while a trans-
fer conduit is provided for recycling the waste gases of the multiple-hearth furnace
into the fluidized bed furnace. The action of the rake teeth produces a commi-
nuted material which is highly combustible and easily strewn across the grate of
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the fluidized bed, or, more specifically, across the full cross section of the fluid-
ized bed furnace with uniform distribution.

Dryer and Heat Exchange System

H.K. Staffin and R. Staffin; U.S. Patent 3,779,181, December 18, 1973, assigned
to AWT Systems, Inc. describe an improved heat exchange system which permits
the economic disposal of a slurry of combustible waste materials by drying the
combustible waste materials prior to reaction (i.e., incineration or pyrolysis),
utilizing off-gases from the reactor in which the combustible materials are reacted
to effect the drying.

The fluid bed dryer comprises a drying chamber and a heating jacket contiguous
with the drying chamber. The drying chamber and the heating jacket are each
adapted to contain a bed of fluidizable particulate heat transfer material posi-
tioned in their lower portions and both the drying chamber and the heating jacket
have a fluid gas inlet and an exhaust gas outlet. The drying chamber also has a
feed inlet and a feed outlet. Preferably, the feed outlet is vertically spaced from
the feed inlet and a conveyor means extends from the feed outlet into the dry-
ing chamber for transferring dried solids from the drying chamber to the feed
outlet.

The heat exchange system comprises in combination: {(a) a fluid bed dryer such
as described above, (b) means for conveying a slurry comprising liquid and com-
bustible waste solids into the drying chamber of the dryer, (c) a reactor or incin-
erator having a feed inlet, a reaction section, and a vapor exhaust port, (d) con-
veyor means for transferring solids from the fluid bed dryer feed outlet to the
feed inlet of the reactor, (e) conduit means connecting the vapor exhaust port

of the reactor to the gas inlet of the heating jacket of the fluid bed dryer, and
(f) means for providing fluidizing gas to both the reactor and the drying chamber
of the fluid bed dryer.

The heat exchange system may include a conduit communicatively connecting
the exhaust gas outlet of the drying chamber of the fluid bed dryer with the re-
actor. The reactor or incinerator is preferably a fluidized bed reactor. The heat
exchange system is more fully described with reference to the following detailed
description and Figure 1.5.

Referring to Figure 1.5a, a slurry feed 10 is held in storage bin 12, The feed is
transferred through bin conveyor 14 to the slurry transfer pump 16. The slurry
feed is pumped through line 18 into dryer manifold 20. The slurry feed passes
from the manifold directly into the base of drying chamber 22 of dryer 21, il-
lustrated in Figures 1.5b and 1.5e. The slurry feed is contacted with hot fluid-
ized solids, such as sand, aluminum oxide, etc., in the drying chamber. Fluidiz-
ing gas, usually air, is forced into the base 24 of the drying chamber by blower
26. As the slurry feed is heated in the drying chamber water and volatile con-
stituents in the feed are vaporized and the solids in the feed are slowly lifted by
the buoyancy forces and the flow of fluidizing gas to the discharge level 28 of
the drying chamber.

The vaporized gas from the drying chamber may be discharged through e:thaust
opening 76 and line 102 into the incinerator 48. Line 102 feeds this vaporized
stream into the top of the incinerator only when the material being dried con-
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tains odorous volatiles. In the incinerator, the vaporized gas is heated to above
1200°F and thereby deodorized. |f the material being dried and incinerated is
not odorous, line 102 may simply go to the atmosphere.

A first solids screw conveyor 30 extends across the diameter of the dryer and
passes through an opening 32 in the side wall 34 of the drying chamber 22 and
through a conduit 36 in heating jacket 38 to the exterior of the heat-exchanger
dryer. A drive means 40 is employed to impart rotation to the solids screw con-
veyor. The dried solids removed from the drying chamber are discharged into a
solids receiver 42. A second conveyor screw 44 extends from the solids receiver
to the inlet 46 of reactor 48. This reactor is principally operated as an inciner-
ator.

The dryer is more completely described with reference to Figures 1.5b, 1.5¢c,

1.5d and 1.5e. As clearly shown in Figure 1.5b, the dryer is comprised of an
inner vertical cylindrical drying chamber 22 which is surrounded throughout a
substantial portion of its length by a cylindrical heating jacket 38. At the base
of the heating jacket is gas manifold 50 which distributes gas to the base of the
heating jacket through inlets 52, 54, 56 and 58 as shown in Figure 1.5d. A gas
distributor plate 121 may extend across the heating jacket at the base of the jacket
and directly above the gas inlets. The distributor plate may be eliminated if de-
sired; the use of a distributor plate provides more efficient fluidizing, but has a
greater chance of plugging.

FIGURE 1.5: FLUID BED DRYER AND HEAT EXCHANGE SYSTEM
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Schematic Diagram lIllustrating the Heat Exchange System in
Which the Reactor Employed Is an Incinerator.

(continued)
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FIGURE 1.5: (continued)

(b) Side View of the Fluidized Bed Heat Exchanger-Dryer |llus-
trated in Figure 1.5a, Partly Broken Away and Partly in Section

(c) View Taken Along Line 3—3 of Figure 1.5b lllustrating Various
Outlets from the Heat Exchanger-Dryer

(d) View Taken Along Line 4—4 of Figure 1.5b lilustrating the Flue
Gas Inlet to the Heating Jacket of the Heat Exchanger-Dryer

(e) View Taken Along Line 5—5 of Figure 1.5b Illustrating the
Slurry Feed Inlet to the Heat Exchanger-Dryer

Source: U.S. Patent 3,779,181

The combustible waste slurry is fed to feed inlets in the sloping side walls 60 of
dryer distributor plate 62 through feed manifold 20. The slurry is distributed
about the distributor plate through feed inlets 64, 66, 68 and 70 as shown in
Figure 1.5e. Instead of the sloping side wall distributor plate shown in Figure
1.5b fed by a plurality of inlets, a flat distributor plate fed by one or more
slurry inlet ports may be used.

The top of inner vertical cylindrical drying chamber 22 is capped with a convex
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head 72 which has a fluidized solids return inlet 74 and an exhaust port 76 com-
municating the drying chamber to the exterior of the dryer, The fluidized solids
returr inlet communicates with a conduit 120 (Figure 1.5a) which extends from
the upper portion of the incinerator 48. A down pipe 78 extends downwardly
from the fluidized solids return inlet into drying chamber 22 to the area of the
chamber below the discharge screw 30. At the upper end of heating jacket 38
are a number of gas outlets 82, The arrangement illustrating the various outlets
and inlets on the upper-end of dryer 21 is further described in Figure 1.5¢c.

Referring again to Figure 1.5a, it is seen that a preferred incinerator is comprised
of a vertical cylindrical incinerator body 84 and an incinerator head 86 extending
directly above the incinerator body. The incinerator is adapted to be operated
as a fluidized bed incinerator. The incinerator head has a larger diameter than
incinerator body 84 to permit reduction in fluid gas velocity thereby providing

a vapor disengagement section for the incinerator.

A gas distributor plate 88 extends across the entire cross-sectional area of the in-
cinerator body near the bottom. The incinerator is equipped with an air blower
90 which pressurizes a plenum chamber 92 directly below the distributor plate.
The pressurized air passes through a multiplicity of openings 94 in the distributor
plate fluidizing the fluid bed medium employed. This air also provides the neces-
sary oxygen for burning of the dried waste material.

The portion of the incinerator body extending from the distributor plate to the
base 96 of the incinerator head is referred to as the incineration or reaction sec-
tion. The portion of the incinerator extending from the base of the incinerator
head to the top 98 of the head is referred to as the vapor disengaging section.
Fluidizable solids may be returned to the drying chamber from the lower portion
of the vapor disengaging section through conduit 120.

In operation, dried combustible waste feed from the dryer is fed into the incin-
erator in which the feed is contacted with the hot fluidized bed particles and air.
The solids in the feed are ignited by burner 100 and are burned. The gases of
combustion pass upwardly into the vapor disengaging section of the incinerator.
Vapors resulting from the drying of the slurry feed in the dryer may be also trans-
ferred through line 102 and gas inlet 104 into the incinerator head. The com-
bined gaseous stream (off-gas) is withdrawn from the incinerator through gas out-
let 106 and into a cyclone type separator 108.

Uncombustible feed solids and a small amount of fluidized bed particles are sepa-
rated from the gas in the separator. The separated off-gases are forced through
line 110 to the inlet of the gas manifold 50 of dryer heating jacket 38. These
hot off-gases are employed to fluidize fluid bed heat transfer material supported
within the heating jacket. The gases pass through the heating jacket and are then
discharged through gas outlet 82 and line 112 to a water scrubber 114 in which
particulates and water-soluble contaminants are removed. Substantially pollutant-
free air is then exhausted to the atmosphere.

In the system described, the hot off-gases resulting from incineration of comnbus-
tible waste solids are used to fluidize heat transfer material in the heating jacket
of the dryer. The cross-sectional area of the heating jacket must be sized so that
the incinerator off-gas is sufficient to form a well-agitated fluidized solids bed.
Typically 0.5 to 1.5 ft/sec superficial velocity of gas in the jacket is suitable.
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A high heat transfer coefficient results between the wall of the fluidized bed
heating jacket and the wall of the fluidized bed drying chamber.

The system can result in a heat transfer coefficient of about 50 Btu/hr-ft2-°F on
each side of the drying chamber wall (assuming the fluidized bed in the dryer is
well agitated). The heat transfer system also eliminates heat exchanger fouling
because of the lower temperature at the heated walls of drying chamber, as a re-
sult of increased heat transfer, and reduced contact of the solids being dried with
the heat exchange wall. Another advantage to the process is that odorous vola-
tiles can be deodorized by afterburning in the vapor-disengaging section of the
incinerator and made substantially odor-free before being discharged into the at-
mosphere.

The operating temperature of the fluidized bed dryer for drying waste feeds con-
taining high water concentrations, i.e., up to about 90% water is 212°F. Air is
provided to the fluid bed dryer from a blower in an amount to maintain a state
of minimum fluidization (about 0.5 ft/sec superficial vapor velocity) in the bed
of the dryer without the presence of waste feed. This fluidization level insures
that the waste feed material can be pumped into the drying chamber without
difficulty. Vaporization of water and volatile constituents in the waste feed pro-
vides additional fluidizing gas and results in a well-agitated fluidized solids bed
(about 2 ft/sec superficial vapor velocity is desirable).

In actual tests performed on drying of a paunch manure feed containing about
82% by weight water, steam, air and other gases are discharged from the dryer
exhaust and piped to the vapor disengagement section of an incinerator, where
these gases are combined with the incinerator combustion gases which are at ele-
vated temperature on the order of about 1500°F. The combined off-gas equili-
brates to a temperature of about 1350°F. The off-gas enters the base of the heat-
ing jacket at about 1350°F and is discharged from the heating jacket at about
700°F. The water content of the slurry is reduced by about 60%. The cooled
off-gas is piped to a water scrubbing system for removal of particulates and solu-
ble contaminants and discharged to the atmosphere.

High-Melting Inert Particles

In a process described by 7. Shirai; U.S. Patent 3,411,465, November 19, 1968
moist waste material is incinerated in fluidized beds of higher-melting inert par-
ticles in an approximately cylindrical vessel where a slow stirring is applied to the
fluidized bed, and if desired, dehydration of feedstock is effected in that vessel
by passing combusted gas upward through a dehydrating bed charged with moist
feed material while applying slow stirring, the gas being flowed upward at a suf-
ficiently high rate relative to that of the particles to prevent downflow of water,
thereby causing free water to become present at the upper end of the vessel, and
withdrawing free water.

In Figure 1.6a on the following page, an example is shown where the apparatus
of the process is applied to the incineration of fowl excretions. The apparatus
comprises an upright cylinder. Air for combustion is supplied, at a temperature
in the vicinity of normal temperature or after being preheated, from the bottom
portion of the apparatus through an inlet 101 and through a perforated plate 102
to the fluidized bed 103 in which solid particles such as sand grains are fluidized.
104 represents the peripheral wall of the incineration furnace. 105 represents an
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ignition burner or fluid inlet which is used to heat the interior of the apparatus
to the combustion temperature.

FIGURE 1.6: FLUIDIZED BED INCINERATOR

b.

Incineration of Fowl Excretions Incineration of Sludge from Pulp Factory

215

Source: U.S. Patent 3,411,465

The fowl excretions which are to be incinerated are fed through a supply inlet
106 into the apparatus. While the excretions descend through the fluidized bed,
they are contacted by the high-temperature combusted gas and by the sand grains
and thus they are heated and dried, eventually combusted to ashes.

The fluidized bed is held at a high combustion temperature by virtue of the com-
bustion temperature which is produced during the foregoing process. In the event
that there is want of calories, a combustion gas may be directly introduced into
the bed through a gas inlet 105 by means of a burner or any other appropriate
means. 107 represents a combusted gas exhaust pipe. 108 represents an after-
burner for depriving the combusted gas of its odor. 109 represents a supply inlet
of sand grains to the fluidized bed.

'
It is preferred that the fowl excretions which constitute the material to be incin-
erated are continuously fed into the apparatus in their dispersed state. Since it
may occur, however, that the excretions are fed into the apparatus in a mass of
considerable size dropping directly on the perforated plate 102 where they may
accumulate to block the openings of the plate, there is provided obstructing
means 110 in the form of a coarse grate while gentle stirring is performed in the
area immediately above this obstructing means by stirring vanes 111" to thereby
disperse the masses and to avoid the occurrence of the aforesaid blocking of the
openings of the perforated plate.
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The masses of excretions which have passed through the spaces in the grate 110
downward and which have not dispersed into smaller clods are dried, destroyed
and dispersed in the highly heated fluidized bed and are eventually combusted
to ashes. The area immediately above the perforated plate 102 is also gently
stirred to avoid adherence of the particles to the plate by the stirring vanes 111
which are similar to those described above, and these vanes are mounted to the
periphery of the common rotary shaft 114.

Depending on the type of the material to be incinerated, the combination of the
grate and the stirring vanes 111" or the meshes of the grate may be appropriately
madified. Furthermore, the combination of the grate and the stirring vanes may
be provided in plural sets, one set being located above the other. In some in-
stances, one or both of them may be omitted as required. The grate, the per-
forated plate, and the stirring vanes are constantly polished by being contacted
by the fluidized particles. Therefore, no blocking of the meshes of the grate
after the particles of waste materials have dropped downward therethrough will
occur.

Such materials as fowl excretions which are to be incinerated, often contain small
shells and small pebbles which would heap up on the preforated plate. These
obstacles are removed together with a part of sand grains through a discharge
outlet 112. This removal of pebbles or the like may be performed jointly through
a withdrawing outlet provided at an appropriate portion of the apparatus such as
the region where the grate is located. The sand grains which have been taken out
from the apparatus are screened to remove the foreign elements, and the segre-
gated sand grains may be mixed with fresh sand grains and supplied to the fluid-
ized bed 103 through the supply inlet 109 of sand grains.

Numeral 115 represents a low-speed motor which is used to rotate the stirrer
shaft 114 at low speed. The vanes 111 and 111" which are fixed to the periph-
ery of this shaft are preferably so angled as to work to take up particles and
send them upward since such shape of the vanes will serve to effect smooth op-
eration of the apparatus continuously for an extended period and to thereby
save the power.

113 and 113’ represent heles for measuring the pressure. Besides these, a plural-
ity of thermocouples for the measuring of temperature are inserted in the wall

of the apparatus at appropriate sites thereof. Those fine powders and ashes which
scatter outside the system from the outlet 107 are collected by a powder separa-
ta¥ such as cyclone. For the sake of recovery of heat, a boiler or other appro-
priate means may be provided.

Figure 1.6b illustrates an example of the apparatus which is applied to the treat-
ment of condensed sludge from the liquid-form waste discharged from a pulp
factory. The reference numerals appearing on this figure whose last two digits
are the same as the last two digits of the reference numerals appearing in Figure
1.6a identify corresponding parts. Such sludge contains small pieces of wood,
barks, wood meal and fibrous materials or organic substances such as dissolved
lignin or inorganic materials.

Inorganic materials are represented by sodium sulfite and sodium carbonate.
This example shows how such inorganic materials are collected as solid particles.
This is effected by feeding condensed sludge into an upright cylindrical apparatus
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in which solid particles of inorganic particles of appropriate size are fluidized and
which has a conically shaped bottom structure, whereby perfect combustion of
all that is combustible takes place.

In case the material to be treated is in the form of suspension in a liquid, it may
be supplied in atomized state into the apparatus through a supply inlet located

at the top, 206, or it may be injected directly into the fluidized bed at the inlet
205 through the peripheral wall 204. Coarse particles are drained from the drain-
ing outlet 212 located at the bottom of the apparatus, while relatively fine par-
ticles are drained from a draining outlet 216 provided near the surface of the
fluidized bed.

In addition to these outlets, there may be provided a particle-draining outlet at
an arbitrary level of the fluidized bed. A part of the sludge introduced into the
apparatus is immediately dried and combusted and reduced to fine particles of
inorganic substances alone, which will either stay in the bed by being involved
in the fluidized bed or will be discharged together with the combusted gas out-
side the system from the outlet 207 and will be collected by cyclone so as to be
returned to the bed again.

These fine particles of inorganic substances will act as cores and collect the sludge
onto their surfaces where the deposited sludge is dried and combusted. Thus, the
particles of inorganic substances will gradually grow into larger particles and they
are discharged locally outside the system from the particle-draining outlets.

By arranging so that a small air current flows near the outlets against the direc-
tion in which the particles are discharged, this air current will serve to cool and
at the same time to classify the particles, so that particles of inorganic substances
having relatively uniform size will be collected easily. 217 is a partition wall to
prevent by-passing of particles around the bed.

At a temperature lower than the melting point of particles, sintering and fusing
of particles are completely avoided by the stirring of the fluidized bed. There-
fore, by employing as high a temperature as possible and by thus holding the '
bed in the state of reducing atmosphere it is possible to collect the inorganic sub-
stances in the form of reclaimed chemical particles for being used again. In some
cases however, consideration and care may have to be given to hold the structural
materials of the apparatus below the permissible temperature by passing water

or the like to cool the stirrer shaft and the inside portions of the vanes.

Fluidized beds are usually of an average density of 1.0 g/cc or more, so that even
when wood pieces or the like, are introduced into the apparatus they are dried
and combusted while they are floating on the surface of the bed. Thus, wood
pieces or like materials will never sink deep into the bed. If small pebbles or
nails, which have a larger specific gravity, are mingled into the apparatus, they
will be taken up by the current produced by the vanes rotating at low speed im-
mediately above the perforated plate 202 located in the bottom portion, and
thus they are transferred to the outlet 212 wherefrom they are discharged to-
gether with coarse particles.

Example: Incineration of Fowl Excretions — Fowl excretions usually contain
80% of water and also pieces of shells, small pebbles and sand grains. It is gen-
erally quite difficult to incinerate them smoothly when they are in such a state.
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The excretions are incinerated in the apparatus of the type shown in Figure 1.6a.
The apparatus comprises a cylinder made of mild steel, with the inner peripheral
wall face being lined with refractory cement. The inner diameter of the cylinder
is 340 mm, and the height is 600 mm.

In the bottom portion is disposed an air-distribution plate which is comprised of

a perforated plate having an appropriate ratio of opening (in this instance, the
ratio is about 1%). Through this perforated plate, air is passed at the rate of

30 to 50 m*/hr STP so that the sand grains are fluidized to the level which is
about the middle of the height of the apparatus. The velocity of starting fluid-
ization (minimum fluidization velocity, Unh¢) of the sand grains used is 14.3 cm/sec
at 28°C, and this velocity decreases with the increase in the temperature of

the fluidized bed.

Into a bed of sand grains already fluidized by air at normal temperature was fed
hot combustion gas of LPG directly from the side of the bed to heat the entire
apparatus. After a predetermined temperature was reached, fowl excretions con-
taining 70 to B5% of water were continuously introduced from the upper portion
of the apparatus for incineration. Checked temperature of the fluidized bed was
tg = 370° to 850°C. Fowl excretions are fed at the average rate of 40 kg/hr.
LPG was supplied at the rate of 0.35 to 0.7 m*/hr STP. The excess air rate was
20 to 40%.

\

Stirring vanes were disposed immediately above the upper face alone of the per-
forated plate, and were 40 mm wide, 320 mm long and 2 mm thick, and were
angled at 45° in the direction in which the particles were taken up and hurled.
In this instance, the omission of the grate 110 and the stirring vanes 111’ in
Figure 1.6a caused no disorder of operation. The motor used in this example
was of the capacity of 5 to 28 rpm on 75 watts.

However, only several watts or less were sufficient for runriing the main shaft of
the apparatus. When the apparatus was operated by suspending the stirring, sin-
tered blocks of sand grains containing small pebbles and pieces of shells were
always noted. These sintered foreign materials grew into a mass of 2 to 5 cm

in thickness and accumulated on the upper face of the perforated plate in several
hours after the operation was started.

It required a considerable amount of labor to dismantle the apparatus and to re-
move the mass from the perforated plate. When the stirrer was rotated even at
a low speed, the materials did not become sintered on the surfaces of the sand
grains into larger masses, provided that the vanes were running. Operation was
conducted intermittently for over 2 months without replacing or substituting the
sand. Thereafter, the sand was drained and screened. It was found that there
were sintered sand particles of several millimeters in size mingled with small peb-
bles and pieces of shells.

These were measured to be only 0.5% of the total volume of the sand. These
small masses were considered to be produced when the sand grains were exposed
directly to the flame and heat from the LPG burner. The formation of these
masses are considered to be reduced further by improving the nozzle portion of
the burner. Masses of the aforesaid size were however, fluidized well together
with sand grains and did not settle on the plate and, therefore, they practically
did not interfere with normal operation. Most of the ashes were carried outside
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the fluidized bed with the combusted gas and were collected by the cyclone-
separator. Hardly any ashes were noted to remain in the apparatus. In case the
temperature of the combusted gas was 700°C or above, no odor was sensed.

Because air was supplied at normal temperature from the bottom of the apparatus,
the temperature of the perforated plate 102, the stirring vanes 111 and the stirrer
shaft 114 was considerably lower than that of the combustion zone 103. Ordi-
nary mild steel materials with which the perforated plate and the stirrer are con-
structed stood the use of over several consecutive months, and still they were
suitable for further use.

The inner wall faces of the apparatus containing the fluidized bed, the surfaces
of the perforated plate and the vanes were clean and no disorder was noted.
Only the wall faces in the upper portion and those portions other than the fluid-
ized bed were slightly covered with soot and with ashes.

P. Foch, U.S. Patent 3,515,381, June 2, 1970; assigned to Charbonnages de
France, France describes a method for burning sludge by introducing the sludge
in dispersed form from the top of the combustion chamber into a fluidized layer
of inert particles traversed by a constant quantity of oxidizing fluidizing agent.

The temperature of the fluidized layer of inert particles is maintained at constant
value to insure the combustion of the product to be treated and the temperature
of the zone above the fluidized layer is maintained at a constant value less than
the sintering temperature of the ash formed by regulating the speed of introduc-
tion of the dispersed sludge. A temperature-controlling fluid is injected into the
system over the whole section of the chamber immediately under the fluidized
layer.

Inert Fluidized Bed

A process described by O.E. Albertson and W.M.H. Kilmer, U.S. Patent 3,319,687,
May 16, 1967, assigned to Dorr-Oliver Incorporated is concerned with direct com-
bustion of organic waste material having a high moisture content, under specially
controlled conditions. The waste matter is fed continuously into a body of hot
inert fluidized granular material having heat-storing and heat-radiating capabilities,
e.g., sand.

The fluidized or teeter state of this granular material is maintained in the com-
bustion chamber by the combustion air being forced upward therethrough. Thus,
the air pressure should be sufficient to keep the sand particles in teeter which in
turn depends upon the inventory of inert particles to be thus maintained in depth.
The devices for introducing the wet waste material into the combustion chamber
should provide an adequate seal against that pressure.

Under the foregoing conditions, and with certain controls of the combustion
process itself, direct and complete combustion of the wet waste is attainable with
the result that the stack gases discharging from the combustion chamber com-
prise only inert and innocuous combustion gases along with water vapor, carrying
with them the residual ash and inert fines.

To this end, the controls of this combustion process should maintain a high
enough combustion temperature in the body of fluidized material, while main-
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taining a low excess of combustion air. However, optimum efficiency of such a
combustion operation further depends upon achieving the combustion of the or-
ganic waste within the confines of the body of hot inert fluidized material, which
presents the problem of minimizing or eliminating the afterburning of waste
material and/or of its distillation gases that might occur in the freeboard space
above the body of the fluidized granular material.

According to the process, under the above conditions afterburning is minimized
by extruding the high moisture waste material tightly compacted into the lower
zone of the body of hot inert fluidized material maintained in the combustion
chamber.

Thus, the waste material is delivered from an extrusion device in the form of
plugs or chunks compacted to a density approximately equal to the density of
or greater than the surrounding body of fluidized material. Gradually these
chunks become more and more fragmented, finally disintegrated, and destroyed
by combustion, with evaporation of the water taking place concurrently within
the confines of the body of inert fluidized material.

In related work O.E. Albertson and W.E. Budd, U.S. Patent 3,319.586; May 16,
1967, assigned to Dorr-Oliver Incorporated describe a process which involves ef-
fecting the combustion of the moist raw sludge in a bed of inert hot granular
material maintained in a state of fluidization which is the formation of a dense
and turbulent suspension of particles in an upflowing steam of treatment gas
termed a "turbulent layer" or fluidized bed.

Combustion thus conducted under the conditions of the process will reduce the
organic solids in the sludge to stable gaseous products, with a large portion of
the heat liberated by the combustion of the sludge fuel used to flash off the
moisture in the sludge while also heating the combustion gases to the bed tem-
peratures ensuring complete odorless combustion.

There is hereby provided a method where a concentrated sludge, for example,

in the range of 25 to 35% solids concentration, is fed directly into a combustion
chamber where, in the presence of the suspended inert particles of hot inert
auxiliary material, a complete and odorless combustion is maintainable and read-
ily controllable so that the combustion gases will be kept odor-free. To that
end, this process provides a combustion chamber wherein a quantity of inert
granular material having high heat storage, as well as high heat-radiating capa-
bility, for example, graded sand, is maintained in a heated fluidized state.

Screen Deliquefier

A process described by O.E. Albertson and W.M.H. Kilmer; U.S. Patent 3,375,794,
April 2, 1968, assigned to Dorr-Oliver Incorporated relates to an internal screen
deliquefier for pressure conduits carrying moist fibrous material, and is particu-
larly useful with screw or progressive .avity feeding of dewatered waste organic
material into an incandescent fluidized inert material bed reactor as described
above in U.S. Patent 3,319,587.

Fluidized Solids Burner

D.L. Campbell; U.S. Patent 3,306,236; February 28, 1967, assigned ¢ Esso Re-
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search and Engineering Company describes an improved burner for waste mate-
rials, i.e., for wastes which may contain gases, solids and/or iiquids. The burner
operates on the fluidized-solids principle. Fine particles of refractory material
are used as heat carriers. A multiple bed arrangement is employed with one
dense fluid solid bed preferably arranged above another. Elastic fluids, which
may be either gases or vapors or both, aré used to keep the dense beds fluidized.

In Figure 1.7 below, there is shown in elevation a single burner structure or vessel
which involves a lower burning zone 11 and an upper burning zone 13. Both of
these zones are fluidized by passing gases, preferably air, upward through them.

A suitable blower for the air, driven by a motor not shown, is indicated at 15.

It supplies compressed air through a line 17. A substantial part of this air flows
upward into a bottom zone 19 of the lower burner and into the fluid solids bed
through a perforated grid 21.

FIGURE 1.7: FLUIDIZED SOLIDS BURNER
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Source: U.S. Patent 3,306,236

The volume and velocity of the air is such as to fluidize and maintain fluidity in
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the solids in the lower burner in a well-known manner. Gases passing through
or generated in the bed continue to rise from the bed through the intersurface
23. The latter defines essentially the top of the dense phase fluid solids in the
lower vessel. The gases, and vapors which may be included, pass on up into the
bottom of the upper burner vessel 13 and through a perforate grid 25, on which
another bed of fluidizable solids is supported. The action of the rising gases of
course fluidizes the latter solids in the same general manner as in the lower bed.

Fluid materials to be burned, which may comprise gases, or liquids, or solid mat-
ter suspended in gas or liquid, etc., will be introduced to the lower zone and
preferably directed into the lower bed through a line 31. As the vapors and
liquids are consumed or vaporized, etc., residual solids such as ash, or carbon in
some cases, will be deposited upon the more refractory solids, which comprise
the major part of the original solids in the lower vessel.

As the total volume of these deposited and original solids increases, the excess
will flow over a downcomer or standpipe 33. This standpipe may be partly under
control of a valve 35. By suitable adjustment of this valve and especially by suit-
able aeration to maintain fluidity in the line 33 above it, which will usually be
desirable, the flow rate of solids down the standpipe can be controlled.

A portion of the air stream from blower 15 also passes into branch line 41. The
descending solids from the interface pass down through the standpipe and are
picked up by the gas or air passing upward and to the right in line 41. By this
means, the solids are carried up into the top of the upper vessel 13. They fall
into and augment the upper dense bed and add their heat to it. A fuel, which
may be either liquid or gas, or a mixture, is introduced into the gas space above
the interface in the lower vessel through a line 51. This line conveys the fuel to
a burner 53 where it is consumed, adding substantial heat to the rising gases from
the interface.

The latter, plus the products of fuel combustion, pass upward through the grid
25 into the upper burning zone. By this means the temperature of the solids

in the upper vessel or compartment may be made substantially higher than that
of the solids in the lower vessel or compartment. These solids form a dense
phase having an interface as indicated at 55. As they build up, they overflow
through the downcomer 57, thus being returned to the lower bed. A branch
withdrawal line 59 is provided in the downcomer, a valve 61 being installed
therein to control the withdrawal of solids from the system. The withdrawal
rate will, of course, depend on the amount of ash and other incombustibles com-
ing into the system from the waste products being burned.

Solids, either waste produdts or replenishment refractory particles, may be intro-
duced into the lower bed from a hopper 71. This is under control of a star wheel
or lock hopper arrangement 73, as will be understood by those skilled in the art.
Several such devices are known and used by which the solids may be added with-
out letting gases escape from the vessels.

These solids may be waste matter which itself contains the needed refractory
materials to replenish those which are removed by attrition or by mixture with
ash which is withdrawn, or they may consist merely of solid waste products to
be consumed in the burner. In the latter case, it may be necessary to add small
amounts of refractories from time to time or even continuously, to keep the bed
composition of desired consistency.
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The vessel may be constructed as a single unit with walls of suitable material,
such as steel, lined with refractory brick or cement, etc. Alternatively, separate
vessels may be superimposed. The temperature T; in the lower bed is sufficiently
high, after the system gets into operation, to insure gasification in some way, e.g.,
at least vaporization or partial cracking, etc., of all the waste products except
their ash or perhaps their carbon content.

For example, a good working temperature is about 1000°F. It may be less, but
preferably will not be below 800°F nor more than 1200°F in most cases. At
these temperatures in the lower fluidized bed, any waste material supplied there-
to, whether in liquid or solid form, will either be vaporized, or cracked or burned,
at least to some extent.

Generally speaking, ash will remain as the chief solid component and it is de-

posited on or mixed with the refractory particles constituting the original bed.
Heat for the lower fluidized bed is supplied primarily by the stream of solids

flowing down the downcomer 57 from the upper level. Gases passing upward
from the interface 23 of the lower bed ordinarily will not be completely con-
sumed or oxidized at this-point. They will contain highly undesirable atmos-

pheric pollutants of at least a nuisance type. They may even be dangerous in
some situations, if they were released in such condition.

They may contain odorous compounds and/or incomplete combustion products
such as carbon monoxide or hydrogen, H,S, etc. The additional fuel injected
through line 51 is intended to burn these materials completely. It is designed
also to heat the rising gases in the vapor zone to a temperature T, substantially
higher than T,, about 2000°F. At this temperature all the gaseous and vapor
products passing to the zone above are essentially completely converted to their
final oxidation products, such as CO,, H,0, SO, or SO;. The hot gases including
the complete combustion products then pass through the upper bed.

They impart some but not all of their heat. Therefore, the upper bed will have
a temperature T; substantially higher than that of the lower bed, though less
than T,. Finally, the gases emerging from the upper bed have a temperature T,
at which they are passed through the solids separating device such as a cyclone
81 with its outlet line 83. Separated solids return to the upper bed through
downspout 85 in the conventional manner. The gases passing out through line
83 are completely innocuous, or substantially so. They preferably go through a
heat exchanger 90 where they are cooled, their heat content being used to gen-
erate steam or for such other useful purposes as may be desired.

The arrangement, in essence, is such that the gases rising from a lower zone
through the upper fluidized bed give up a certain amount of heat, which heat
equals, of course, the sensible heat of the stream of solids circulating back to the
lower bed. The solids which rise through line 41, leaving the lower bed at a tem-
perature T,, for example, of 1000°F will reach the higher temperature T; in the
upper vessel. The difference is essentially the heat applied to vaporization, com-
bustion, cracking, etc., of the waste products fed into the lower bed through line
31.

The primary point of control of the system is the temperature of the lower bed.
It is controlled eventually of course, by firing supplementary fuel above the bed
in suitable quantity, the heat being imparted first and mainly to the solids in the
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bed above, which reach the temperature T;. In many cases the supplementary
fuel added through line 51 need be only very small in quantity. When there is
enough fuel value in the waste products being consumed to substantially meet

all heat requirements, fuel will not be required at all. Generally speaking how-
ever, with waste products such as sewage which contain a great deal of water,
often around 90%, fuel for line 51 will be required. The fuel feed rate through
this line is generally controlled in accordance with the water content of the waste
products being consumed.

The rate of air flow from the pump 15 is generally substantially constant and is
sufficient to insure good fluidization and proper mixing in the two beds as well
as solids circulation between them. The rate of refractory solids cycling between
the two beds also is preferably maintained substantially constant.

Surplus solid materials, if and as they accumulate, may be withdrawn through
line 59. It may be necessary, under some conditions, to supplement or occa-
sionally replenish the solids which constitute the fluidized beds. For this pur-
pose refractory solids of suitable type such as granules of metal oxides, metallic
particles, ceramic particles, etc., and mixtures thereof may be added to the
hopper 71 and its feed wheel 73

Since the temperature in the lower bed is generally rather moderate, the grid or
grate 21 at the bottom usually can be made of relatively inexpensive materials.
Preferably an alloy is used which is reasonably resistant to oxidation at the op-
erating temperatures. |In cases where the waste solids include pieces of metal or
other solids too large to fluidize, these may accumulate on the grate and may
require periodic removal therefrom.

This may be done either through a suitable cleanout or by shutting down the
system and removing the grid, etc. Generally speaking, the upper bed will not require
a grate in the sense of a support for massive solids. Normally, the first dense

fluid solids bed is arranged beneath the second and is at lower temperature, the
temperature between the two beds being higher than either. In some cases the
beds need not be superimposed in this manner. The second bed supplies heat to
the first by solids circulation.

Production of Active Carbon

R.D. Nickerson and H.C. Messman,; U.S. Patent 3,887,461, June 3, 1975, assigned
to Combustion Engineering, Inc. describe a process of removing solids from sewage,
subjecting these solids to pyrolysis, thereby producing active carbon and char,

and using both of these materials as adsorbent agents in the treatment of the
sewage or other wastewater.

Referring to Figure 1.8, 10 is a chamber for incoming raw sewage, where floating
material is screened out, and heavy inert solids are settled out, and additives may
be added to the sewage. The sewage then progresses to the settling tank 12,
where some of the additives along with the absorbed matter and other solids are
allowed to settle out of the sewage water to form a bottom sludge. The sewage
water moves on to a subsequent treatment tank 14, where it can be treated with
further additives, and further settling occurs.



Incineration 39

FIGURE 1.8: PROCESS FLOW SHEET FOR ACTIVE CARBON PRODUCTION
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Source: U.S. Patent 3,887,461

From tank 12, the sludge flows to mechanical dewatering device 13, where it is
substantially dewatered by vacuum filtration or other means. Filtrate water from
13, taken together with weir overflow from the settling tank 12, is commonly
said to have had primary treatment and, as such, is often discharged from a sew-
age treatment plant, even though it is still highly polluted, except where a sub-
stantial amount of active carbon has been used in the primary system.

The solids which are filtered out of the sewage in the form of cake, are conveyed
to a dryer 15, where they are at least partially dried by hot gases. A screw feeder
20 introduces the sludge cake into a fluidized bed reactor 22, where it is flash-
heated and carbonized and where it simultaneously disintegrates into small parti-
cles, most of which will pass through 16 mesh (U.S. Standard Sieve) and some

of which will pass through 325 mesh.

Hot flue gas is supplied to the reactor by means of blower 24 and the velocity
of the gas flowing through the reactor is sufficient to maintain the carbonizing
sludge particles in a fluidized state. Any suitable fuel can be combusted in
burner 25. The temperature within the reactor is held within the range of 500°
to 1000°C, and the gas contains little free oxygen, so that the sludge is subjected
to pyrolysis.

The only oxygen contained in the combustion gases is the excess air supplied to
the burner in order to maintain optimum combustion within this burner (opti-
mum combustion being accomplished with a slight excess of air). Thus the
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amount of free oxygen contained in the combustion gases flowing through the
reactor would be within the range of 0.1 to 2% by volume. Surprisingly, the
sludge particles, after having their residual moisture flashed off and most of their
pyrolitic volatile products driven off, are in the form of active carbon and char,
which does not require further conventional activation (selective oxidation) over
extended periods, typically one to several hours, at elevated temperature, 10 ex-
hibit useful adsorptive capacity.

The gases discharged from the fluidized bed through duct 26 pass through a wet
scrubber 28, (or other dry collector) where the fine carbon particles carried along
in the gas stream are separated out. The separated carbon particles are relatively
pure active carbon, typically having (BET) surface area of 300 m?/g or more.

The carbon slurry from the scrubber is recycled to the sewage system and intro-
duced therein, to adsorb impurities from the sewage and to markedly improve
the quality of primary effluent. The activated carbon can be introduced down-
stream of tank 10, as shown, or can alternatively be introduced upstream of, or
directly into the tank, and still be effective.

An overflow line 34 is used for continuously removing the heavier char solids
that have not gone into dispersed phase above it, from the fluidizing bed 22.
These solids are not recycled to the primary system because they would cause
an undue ash buildup in it. Nevertheless, this high ash char has some useful
adsorbent capacity, typically 100 m?/g. |t may therefore be employed to finish
primary effluent, or as an aid in secondary or tertiary treatment, in various man-
ners readily apparent to those skilled in the art of treating sewage and other
wastewater.

Particularly where lime has been a primary additive, this high ash active char has
useful capacity for chemisorbing phosphates by what appears to be an ion-ex-
change mechanism. As shown, the char is introduced into the secondary treat-
ment tank 14. This char is allowed to settle out of this tank, and is then dis-
posed of. It is not conveyed to the fluidized bed for recycling, because of its

high ash content.

From the above, it can be seen that through the use of a fluidized bed, a separa-
tion of the fines from the heavier char and ash particles is accomplished. The
fine active carbon particles, with a density of 0.3 to 0.6 g/cm?, are entrained in
the gases flowing through the reactor 22, whereas the char and ash particles,
which are of higher density, are removed through overflow line 34.

The amount of fines entrained in the gases leaving reactor 22 will vary, depend-
ing on the original makeup of the sewage. Typically, the fines might comprise
10 to 35% of the dry sludge on an ash-free basis. For example, if a yield from
a sludge is 25% on the above basis and the sludge assays 30% ash, actual yield
of gas entrained fines is 0.25 (1.00 to 0.30) or 17.5%.of the gross dry sludge.

The above applies only to new, first-cycle carbon being made from sludge. Also,
it should be noted that although the majority of the airborne fines are active
carbon, there will be some percentage, typically 10 to 25%, ash content. The
ash-forming ingredients contribute to adsorptive capacity and, to some extent,
constitute a portion of all commercial carbons, the percentage previously men-
tioned being applicable.
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The effluent from subsequent treatment tank 14 is next subjected to chlorine
treatment in chlorination tank 40, prior to its being discharged from the sewage
treatment plant. For the initial start-up of the fluidized bed, fluid coker petro-
leum coke or coal coke breeze may be used as a bed material. After desired bed
temperature and dense-phase fluidization are established, sludge cake may be fed
to the bed. The rate of gas flow, and the rate of sludge feed should thereafter
be adjusted to obtain the optimum yield of powdered active carbon. These rates
will vary, depending on the moisture and the fixed carbon content of the sludge
cake being fed to the fluidized bed, as well as on other factors.

It should be noted that the adsorbent capacity of the powdered active carbon
increases with recycling. While powdered active carbon ioss may amount to 5

to 30% per cycle, there will be a net gain of active carbon in the primary system
with every cycle, until the active carbon loading in the primary system exceeds
sludge filtration capacity. Thus primary effluent of high quality can be achieved.
The abovementioned system can be utilized on any municipal or other sewage
system. [t will also have application for any wastewater cieanup operation, so
long as the wastewater contains combustibles.

Organic Nitrogen Compounds

K. Kishigami, H. Kobayashi, T. Sente and K. Sugiyama, U.S. Patent 3,888,194,
June 10, 1975, assigned to Babcock-Hitachi KK, Japan describe a method for in-
cinerating industrial wastage containing organic nitrogen compounds, by using a
fluidized bed furnace, in which industrial wastage together with materials con-
taining a great amount of carbon, such as pulverized coal, heavy oil or the like

is charged in a furnace to thereby fluidize the wastage and the carbon-abundant
material together with fluidizing medium with air.

The industrial wastage is then burnt, while the interior of the fluidized bed (or
fluidized layer) is maintained in a reductive atmosphere, whereby the nitrogen
oxides (NOy) produced from the organic nitrogen compounds contained in the
wastage are reduced during the combustion of the wastage, to thereby obtain
nitrogen gas (N,) thus preventing the production of nitrogen oxides.

As is known, the fluidized bed is provided by blowing air or gas into a furnace
from its bottom and fluidizing the fluidizing medium in the form of solid parti-
cle layer which is supported on a perforated plate within a furnace. In general,
silica-base particles (primary constituent Si0O,) such as river sand, which is chem-
ically inactive, are used as a fluidizing medium of a solid particle layer, the par-
ticle size thereof being in the range from 0.1 to 2.0 mm. In case sulfur and chlo-
rine are contained in the wastage and desired to be directly fixed and absorbed
within the fluidized bed, it is preferable that chemically active cement clinker
particles be used as a fluidizing medium. The composition of cement clinker
particles is, for instance, 60 to 70% CaO, 6 to 8% Fe,0, and 3 to 6% SiO,.

The fluidized bed incineration furnace utilizes a fluidized bed for incineration.
The temperature of the fluidized bed is normally in the range from 750° to 850°C.
In this respect, such a temperature is extremely lower than the temperature (over
1000°C), at which nitrogen oxides are formed by the reaction of nitrogen with
oxygen contained in air, as is the cases with industrial furnaces of a general type,
such as a boiler. Furthermore, at such a low temperature, the quantity of nitro-
gen oxides produced according to the reaction of nitrogen with oxygen in air is
negligible.
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What is of conseguence in this respect is the production of nitrogen oxides due
to the combustion of organic nitrogen compounds contained in the wastage, be-
cause as has been described earlier, nitrogen oxides may be produced ifi a great
quantity even at a temperature as low as 750° to 850°C.

Vigorous reaction may be achieved in the fluidized bed furnace, because the
fluidizing solid particle layer consists of particles of a size from 0.1 to 2.0 mm
and thus presents extremely large contact surface area at the time when the par-
ticle layer stands still (e.g., the height of the layer is 500 to 1,000 mm). Accord-
ingly, even the wastage such as those having poor combustibility, like a dehydrated
mudcake (water content, 70 to 90%) may be burnt at a very low excessive air
ratio (1.1 to 1.3). In case a dehydrated mudcake having a high water content
and containing materials having a high carbon content is burnt in the fluidized
bed, the following reaction formulas are considered to take place, because the
combustible solid matter in the mud consists essentially of carbon, hydrogen,
sulfur and nitrogen:

C + 0, ——== CO,
4H + O, —== 2H,0
S + 0, —== S0,
2N + 0, ——== 2NO

However, in practice, the wastage particles are maldistributed microscopically to
some extent, despite that muddy wastage has been dried, crushed and placed
within the fluidized bed. Furthermore, the wastage particles are subjected to
combustion at a very small excessive air ratio, such that a reductive atmosphere
short of oxygen encircles around the small particies of crushed wastage.

One example of the fluidized bed muddy wastage incineration apparatus is given
in detail with reference to Figure 1.9. An incineration furnace 1 includes a per-
forated plate 2 and an air chamber 3 in the lower portion thereof, while the de-
hydrated mud, which contains pulverized coal or fine granular coal, is supplied
from the top portion of the incineration furnace therein from a mud supply de-
vice 4.

The air which is required for fluidizing and combustion is supplied through a
blower 8, damper 15 and duct 9 to the air chamber, thereby fluidizing by pass-
ing through the perforated plate the fluidizing medium particles such as cement
clinker and the like as well as the mud which contains pulverized coal and fine
granular coal, the particles and mud being positioned on the perforated plate,
and thus the fluidized*bed is provided.

The operation of the incineration furnace begins with heating the fluidized bed
by using a burner 6a, after which the incineration of the wastage proceeds due
10 the combustion of the pulverized coal (or fine granular coal) mixed with the
muddy wastage. |f the heat accruing frd’m the combustion of the pulverized
coal is insufficient, a burner is used as an auxiliary means. The waste gas is dis-
charged through a duct 7 out of the furnace. When the increase in the quantity
of fluidizing gas is required for forming a fluidized bed 5, the waste gas is intro-
duced from duct 7, to thereby supply the waste gas through a damper 14 and
blower 16 into duct 9.
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FIGURE 1.9: FLUIDIZED BED INCINERATION FURNACE

Source: U.S. Patent 3,888,194

For operation of the incineration furnace 1, it is required to control the quantity
of air and waste gas to be mixed. To this end, a signal 11 which represents the
supplied amount of muddy wastage and is obtained in connection to rpm of a
rotary feeder of the muddy wastage supply device 4, and a temperatur> signal

18 from a thermometer 1 adapted to measure temperatures at the fluidized bed
5, are fed into a control box 10, whereby inlet dampers 15 and 14 of the blow-
ers 8 and 16 are each controlled by means of signals 12a and 12b, while the con-
trol valves 19a and 19b for controlling the amount of oil for burners 6a and 6b
are controlled by means of signals 13a and 13b.

The burner 6a is primarily used for starting a furnace or for an auxiliary purpose,
while the burner 6b is used for supplying combustible materials abundant in car:
bon content, such as heavy oil, to the fluidized bed and.is normally used in case
the muddy wastage to be charged in the furnace 1 contains no pulverized coal

or the like. On the other hand, a damper 22 provided in the secondary air supply
duct 21 is controlled by means of a signal 20.

The features of the process reside in that, for incineration of combustible indus-
trial wastage containing organic nitrogen, particularly muddy industrial wastage
of a high water content, there is used a fluidizing bed which permits the incin-
eration at an extremely low excessive air ratio (1.1 to 1.3); carbon companents
of no iess than 20% by weight, based on the weight of the wastage, are mixed
with the solid matter such as muddy wastage to thereby form a reductive atmos-
phere within the fluidized bed, while the temperature at the fluidized bed is
maintained to be not less than 500°C to incinerate the wastage; nitrogen oxides
produced are reduced by CO, H,, CH, and the like which are thus produced,
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whereby nitrogen oxides may be removed from the waste combustion gas from
the wastage in the form of nitrogen gas.

According to another aspect of the process, there are used, as fluidizing medium,
cement clinker particles containing a great amount of Fe,0;, Cr,0;, MnO, Al,O;,
chrominum ore particles and manganese ore particles for the purpose of accel-
erating the reductive reaction, thereby effectively reducing and removing nitrogen
oxides.

The reactions which take place within the fluidized bed incineration furnace
according to the process are summarized as follows. The following reactions
take place for the combustible matter and the added carbon components, within
the reductive fluidized bed which is maintained at a temperature of not less than

500°C.

2C + 0, —= 2CO
C+ HO —= CO + H,
ChHn —== aCH, + bCyHn

where CyHm represents hydrocarbon groups contained in the combustible mat-
ters, part of which is subjected to dry distillation and decomposition within
the fluidized bed under a reductive atmosphere to thereby produce methane
(CH,) and the like.

Carbon monoxide, hydrogen and methane which are produced from the reac-
tions maintain the fluidized bed in a reductive atmosphere, whereby nitrogen
oxides produced simultaneously with the production of the gases are reduced
according to the following reactions:

e

2NO + CO —= N,0 +CO,

NO + CO —= N, + CO,

2NO + 2H, —= N, + 2H,0

CHy, + 4NO, —== 4NO + CO, + 2H,0
CH, + 4NO —== 2N, + CO, + 2H,0

The quantity of CO produced within the fluidized bed according to the above
reactions is larger than that of nitrogen oxide. Excessive CO, H,, Cy'Hp', CH,
and the like are oxidized by means of the secondary air in a space over the

upper surface of the fluidized bed and are converted into CO, and H,0, harm-

less gases.

When incinerating se'vage mud having a water content of 78%, solid matter of
22% and nitrogen content in solid matter of 5.5%, by using the above fluidized
bed incineration furnace, the concentrations of nitrogen oxides (NQOy) in the
waste gas are as follows:

when pulverized coal is added the concentration of
nitrogen oxides in the waste gas is 65 ppm and

when pulverized coal is not added the concentration
of nitrogen oxides in the waste gas is 1,230 ppm.
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INCINERATION AND FURNACE DESIGN
Multihearth Furnace

J.C. Eck; U.S. Patent 3,777,680, December 11, 1973, assigned to Wilputte Corp.
describes a furnace of the multihearth type, comprising a lower combustion zone
having a plurality of vertically spaced annular hearths and an upper drying zone
having a plurality of vertically spaced annular hearths. The central area of the
drying zone hearths is open and provides a passage for rubbish and garbage to
fall directly from a hopper at the top of the furnace upon the uppermost hearth
in the combustion zone. Rabbling apparatus moves the rubbish and garbage
progressively from hearth to hearth and then in ash form to a removal chute.

The sewage:sludge is deposited on the uppermost of the drying zone hearths and
moved progressively downward by rabbling apparatus in a zigzag path from hearth
to hearth and then falls in a dry state to the uppermost hearth of the combus-
tion zone, where it is incinerated along with the garbage and rubbish, and then
removed in ash form via the removal chute. A forced air system for cooling the
rabbling apparatus is also provided.

Referring to Figure 1.10, the multihearth furnace 10 shown comprises a structure
or tower of essentially circular form. The wulls of the furnace consist of an outer
protective layer 11 of sheet metal and an inner layer 12 of ceramic or refractory
material. Omitted, for simplicity, are the structural support members by which
the walls, roof and floor of the furnace 10 are supported above the surface of

the ground.

The furnace is divided vertically into a combustion zone in the lower part thereof
and a drying zone in the upper part thereof. Structurally supported within the
combustion zone are a plurality of superposed hearths 13, 14 and 15, suitable

oil or gas burners 16 extending into the combustion chambers above each hearth.
Supported above each hearth by a central rotary shaft 17 are a plurality of

radial rabbling arms 18, 19 and 20 respectivelv, the rabbles of which serve, by
rotation of the rabble arms to progressively move the refuse material on the
hearth toward the outer or inner periphery «f the hearth in characteristic manner.

As shown, hearths 13, 14 and 15 have central openings 22, 23 and 24 through
which the rotary shaft 17 extends. Hearth 13 also has openings 25 at the outer
periphery thereof through which the refuse material falls to the I arth 14 im-
mediately below. The central opening 23 of hearth 14 is substantially larger in
diameter than the rotary shaft thereby providing passage via which the refuse
material falls to the hearth 15 immediately below. At the outer periphery of
hearth 15 is opening 26, communicating with a chute 27 through which the ashes
remaining from the combustion of the refuse material are deposited in a vehicle
or on a conveyor for removal.

The furnace walls in the combustion zone are provided with a plurality of open-
ings 28 having damper doors 29 which multiply serve to inspect the operation,
replace or adjust rabbles or rabble arms and to adjust the amount of air admitted
to the combustion zone in consequence of suction created by a blower (not
shown) connected to the exhaust duct or pipe 30 opening out of the top or roof
of the furnace. The arrow adjacent the duct 30 indicates the direction of ex-
haust flow of the combustion gases.
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FIGURE 1.10: MULTIHEARTH FURNACE FOR COMBINED INCINERATION
OF RUBBISH, GARBAGE AND SEWAGE SLUDGE

Source: U.S. Patent 3,777,680

Rotary shaft 17 is rotationally supported by suitable bearing units 31 and 32 in
the roof and floor structure of the furnace 10. The shaft is rotated by a suitable
motor through a gear or chain drive in the manner exemplified in the prior art
(U.S. Patents 2,108,997; 2,121,661; and U.S. Patent Reissue 20,046). Also, the
shaft, which is hollow, communicates at its lower end with a blower which pro-
vides flow of cooling air through the shaft for cooling the rabbling arms 18, 19
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and 20 and other rabbling arms, as later to be described. Structurally supported
in superposed relation within the upper or drying zone are a plurality of hearths
34, 35, 36, 37 and 38. These hearths have central openings 39, 40, 41, 42 and
43 respectively, corresponding substantially in diameter and area to that of the
uppermost hearth 13 in the combustion zone.

The hearths 35 and 37 are provided at the outer periphery with a plurality of
openings 45 and 46, respectively, through which refuse material may drop to the
hearth below. Associated respectively with each of the hearths 34, 35, 36, 37
and 38 are radially extending rabble arms 47, 48, 49, 50 and 51 attached to and
rotated by the shaft 17.

A cooling arrangement is provided for the rabbling arms 18, 19 and 20 in the
combustion zone and for the rabbling arms 47 to 51 of the drying zone. Each
of the rabbling arms is hollow, as illustrated in connection with rabbling arm 20,
and contains a coaxially extending tube (for example, 20°) communicating at its
inner end with the tube 17’ and open at its outer end to the interior of the
rabbling arm.

The flow of cooling air from the lower end of the shaft is closed off at the top
of the shaft. Thus under forced draft, cooling air is supplied into the rabbling

arms and then out through the inner tube in each arm back to the central tube
17’, whence it exits at the upper open end, as indicated by the arrows.

Mounted on the roof structure of the furnace and communicating with openings
in the roof itself are two hoppers 52 and 53. The hopper 52 is substantially
larger in cross-sectional area than hopper 53 and is located within a radius from
the shaft such that rubbish and garbage deposited therein fall gravitationally
through the central openings 39 to 43 of hearths 34 to 38 directly upon the
uppermost hearth 13 of the combustion zone.

Hopper 53 is located at a greater radius from the shaft than hopper 52 and such
that sewage sludge deposited therein falls directly on the uppermost hearth 34

of the drying zone. The diameter of the central opening 39 in hearth 34 is some-
what larger than that of the central opening 40 of the hearth 35 immediately bé-
low. Thus, the sludge material is moved by the rabbles on rabble arms 47 to-
ward the central opening and then falls directly upon the hearth 35 beneath.

The rabbles on rabble arms 48 associated with hearth 35 thus move the sludge
toward the outer periphery of the hearth, whence it falls through the openings
45 directly upon the hearth 36 beneath. Rotation of rabble arms 49 in turn
moves the sludge inwardly over hearth 36 until it drops through opening 41
upon hearth 37 beneath. '

Rotation of rabble arms 50 associated with hearth 37, in turn, causes radially out-
ward movement of the sludge on the hearth 37 from which the sludge falls
through openings 46 directly upon the hearth 38 beneath. The rabbles on rabbie
arms 51, in turn, cause movement of the sludge on hearth 38 toward the central
opening 43, through which the sludge falls upon the hearth 13 beneath or
through openings 25 in hearth 22 upon the intermediate hearth 14. Similarly

to the combustion zone, the drying zone has a plurality of openings 54 in the
furnace wall covered by inspection doors 55, used to inspect the operation and
replace or adjust rabbles or rabble arms.
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The method of operation of the furnace 10 should be apparent in general from
the foregoing description. However, a summary description of the operation will
offer additional clarification. Assuming that the furnace is conditioned for oper
ation, that is with the combustion zone fired by burners 16 and with shaft 17
and the attached rabble arms rotating, garbage and other rubbish may be de-
posited in hopper 52 from which it falls directly upon hearth 13 within the com-
bustion zone. From hearth 13 the waste material is progressively advanced by
operation of the rabbling arms 18, 19 and 20 until it falls, in ash form through
chute 27 and is thence removed.

Sewage sludge, which may have about 75 to 80% water content, may be deposited
in hopper 53 separately or concurrently with deposit of rubbish and garbage in
hopper 52. In either event, the forced current of hot air from the combustion
zone, initially created partly by heat supplied by the burners 16 and partly by
the heat of combustion of the waste material itself, rising in the furnace through
the drying zone and traveling over the hearths 34 to 38, to the exhaust duct 30
effectively evaporates, that is dries, the moisture from the sludge on the hearths
in the drying zone.

By appropriate adjustment of damper doors 29, the moist sludge entering the
drying zone is thoroughly dried, the water evaporated being carried along with
the hot combustion gases out through exhaust duct 30. Accordingly, at the
time the sludge drops from the lowermost hearth 38 in the drying zone upon the
uppermost hearth 13 or hearths 13 and 14 of the combustion zone, the sludge
has attained such a dry condition that quenching of the rubbish and garbage
waste material on the hearths in the combustion zone does not occur.

Consequently, the sludge is incinerated along with the waste material directly de-
posited through hopper 52, and its ash commingled with the ashes forced out
through chute 27. Moreover, since the sludge is introduced into the combustion
zone in a dry state, the residue from the combustion zone is entirely free of
combustible material. Of special importance is the fact that the quenching of
the rubbish and garbage in the combustion zone is avoided, thereby avoiding the
production of noxious odors and air pollution caused by quenching.

In the operation of the furnace, combustion heat must be supplied initially from
the burners 16. However, as the waste material in the combustion zone becomes
fired, the heat of combustion of the waste material is sufficient to continue the
furnace operation without supplementary heat from the burners.

Cyclone Hearth

G. Quesnel; U.S. Paten 3,521,581, July 21, 1970; assigned to Stein & Roubaix,
France describes an installation that permits the performance of drying and in-
cineration of the sludges with a deodorization of the gases, giving residues that
are bacteriologically neutral.

For this purpose, the installation comprises essentially a dryer and a cyclone
hearth, the latter serving to burn the sludges dried in the dryer and giving com-
bustion gases at high temperatures of the order of 1400° to 1600°C, a first cir-
cuit leading the moist gas from the dryer to the outlet of the cyclone hearth
where it mixes with the combustion gases from the hearth, a second circuit lead-
ing the mixture to the inlet of the dryer and having a sufficient length, taking
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into account the temperature of the mixture of gases for the latter to be deodor-
ized at the inlet to the dryer, and a third circuit taking off part of the deodor-
ized gases at the inlet to the dryer in order to discharge it to the atmosphere.

In a preferred practical form, the third circuit comprises a reheater traversed by
the first circuit, for lowering the temperature of the gases intended to be dis-
charged to the atmosphere, while reheating the moist gas from the dryer before
it is mixed with the exhaust gas from the cyclone furnace.

A second reheater may be provided in the third circuit for lowering further the
temperature of the gases intended to be discharged to the atmosphere, while ef-
fecting preheating of the combustion air intended for the cyclone hearth. Com-
plete details of the apparatus are provided.

In related work, C. Maille; U.S. Patent 3,628,473, December 21, 1971, assigned
to Stein Industries, France describes a cyclone furnace for an installation for dry-
ing and incinerating mud or sludge which comprises a vertical cylindrical cham-
ber closed at its upper end and extended downward by an internal frustoconical
wall. The fuel and air for combustion are introduced, optionally with the mate-
rial to be incinerated, tangentially into the cylindrical chamber. The waste gases
are removed by a duct at the lower end of the combustion chamber. The tem-
perature is sufficiently high to enable the ash to drop from the lower end of the
combustion chamber in liquid form.

Rotating Cylindrical Carbonizing Oven

A process described by J. Von Klenck; U.S. Patent 3,859,933 January 14, 1975;
assigned to Mannesmann AG, Germany involves feeding problem waste to a car-
bonizing oven for indirect heating while circulating under exclusion of air, so that
the waste is continuously agitated during progressive carbonization.

Upon removal from the coking facility on a continuous basis acidized sewage
slush is heated to a temperature from 60° to 80°C and mixed with the coke for
draining. The mixture is preferably neutralized with lime, drained and the mix-
ture is then burnt together with the problem free waste. The coke-slush mixture
is drained, that is, partially dehydrated to a solid content of at least 30% prior
to burning.

The gas developed during carbonizing the problem waste contains hydrogen, car-
bon oxide, some carbohydrates, H,S, HC| and, for example, some PVC waste.
Accordingly, this gas is cleaned by washing, whereby watery hydrochloric acid
and either H,S or just sulfur, depending on the mode and manner of washing,

is processed to make sulfuric acid. Alternatively, the sulfur can be burnt to ob-
tain SO, and that oxide, in turn, can be used to decontaminate slush or liquids
containing chromium. After such purification, the coke gas can be used for in-
directly heating the waste in the coking furnace. it
The coke produced upon degassing problem waste is very well suited for draining
the slush developed in sewage treatment plants. The slush is preferably thickened
first to have about 7% dry substance. Draining of the mixture may result simply
by settling and centrifuging continuously the slush-coke mixture so as to remove
moisture until combustion can be sustained. About 30% and up dry substance

is required. The method is preferably practiced in a carbonizing oven constructed
as a turning cylindrical oven chamber, which rotates on its longitudinal axis in
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horizontal or slightly inclined disposition and having an acid proof inner lining.
The front ends of that furnace are closed except for the waste charging opening
and the coke removal opening. The furnace is indirectly heated in that the inner
lining is provided with ducts for passage of fuel gas. These ducts are connected
to receive the cleaned gas developed by the furnace as raw gas. Additionally, the
furnace is provided with discharge openings of the burnt smoke gas.

High Velocity Cyclonic Motion in Reactor

B.R. Ankersen,; U.S. Patent 3,884,161 May 20, 1975, assigned to Ankersen Re-
source Systemns, Inc. has developed a reactor and process for the pollution free
thermal disposal of all types of organic waste materials and for the recovery of
all usable resources from such waste including the metallic and glassy values in
solid form and the latent fuel values as steam energy. The process is based upon
the concept of depositing into the interior of the main reactor, solid waste ma-
terials as typically generated by a modern community.

Liquid organic wastes such as oils, paint thinners, solvents and other combustible
liguids received from industrial sources are stored and injected at selected points
in the reactor. High calorific fuel in liquid form from these sources is preferably
injected and ignited through the first four nozzles at a control end of the reac-
tor, remote from the stacks. Combustion through these first four nozzles will
be preferably maintained at all times serving in effect as a large pilot flame for
the entire reactor system and assuring ignition of all other fuels introduced into
the reactor at a time when such ignition is desired.

Due to the continuously sustained operation of an induced draft exhaust fan at
the discharge end of the return flue, the entire reactor system will at all times
operate under a substantial negative pressure. This negative pressure will cause
the hot products of combustion from the liquid fuel injectors to proceed through,
above and around the still unburned solid waste materials which have been de-
posited in the downstream portion of the main reactor. As these products of
combustion come into intimate contact with the solid waste materials these solids
will dry and their moisture will be drawn out through the hot gas flue exhaust
duct through the air pollution control equipment and thence exhausted by the
induced draft fans through the stacks.

As the moisture content of the solid waste materials is thus gradually removed
the solid waste will approach a condition of complete absence of moisture. Since
the hot products of combustion from the pilot fire are continuing to penetrate
the solid waste materials their temperature will gradually increase to the point
where the entire bulk of solid waste will proceed to pyrolize.

Since heating of the solid waste is being provided entirely by completely com-
busted products of combustion from the pilot fire and since no oxygen is being
supplied at all to the portion of the reactor in which the solid waste is stored

no combustion can take place and only pyrolysis will occur releasing combustible
gases from the solids. These combustible gases, primarily CO and methane, will
travel through and around the stored solid waste and issue through the end of
the pile toward the downstream end of the reactor. At this portion of the reac-
tor where no solid waste is stored a high temperature cyclonic combustion is
maintained by the injection of liquid high calorific fuel through the tangential
air nozzles as described previously.
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This flame, which is of similar nature to thi t maintained in the upstream end of
the reactor for pilot purposes, is maintainec at a much higher temperature of
operation, that is, between 2800° and 300C’F. The combustible gases issuing
from the stored solid wastes into this high iitensity cyclonic combustion chamber
will burn to absolute completion. From this very high temperature cyclonic com-
bustion only completely combusted gases af proaching 3000°F will proceed on
into the return gas duct through the air poli ition control equipment and induced
draft fan and out the stack.

As the pyrolysis process throughout the entire volume of stored solid waste within
the reactor approaches completion and the emission of combustible gases from

its process decreases below a desirable level the high velocity air injection nozzles
at the immediate end of the solid waste volume within the reactor are energized
and simultaneously those nozzles in the downstream section of the reactor farthest
removed from the solid waste are deenergized providing a very violent agitation
and oxidation of the predried pyrolyzed and preignited bulk of solid waste con-
tained within the extreme end of the stored volume.

The combustion reaction resulting from this very high intensity oxidation results
in temperatures approaching 3000°F which will further stabilize very rapid igni-
tion and combustion of the portions of the solid waste volume which wil! suc-
cessively become exposed to this very high intensity reaction. Since the temper-
ature thus maintained within the combustion section of the reactor is far in ex-
cess of the meiting point of any of the noncombustible components of the solid
wastes contained within the reactor these noncombustibles will melt and form a
glassy molten slag.

The air which is injected through the high pressure air nozzles enters the interior
of the reactor at approximately 500 fps and therefore imparts to the gases within
the combUstion zone a very high velocity angular cycionic motion within the
cylindrically shaped reactor chamber. This very high velocity swirling motion of
the combusting gases will lift the solid combustible and noncombustible materials
resting on the bottom of the reactor chamber and carry these pneumatically in
suspension in the hot swirling gases.

As the combustible portions of the solid wastes complete their combustion thus
suspended in the hot gases and surrounded by sufficient oxygen to complete their
combustion and release their heat energy for subsequent use in stream generators
elsewhere in the plant the noncombustible components will melt and remain swirl-
ing in cyclonic fashion in the hot gases. The noncombustibles which are largely
Si0O, and traces of metallic oxides etc., have a density of approximately 5 to 7
times that of the combustible portions.

Due to their high density these molten noncombustible components will form

red hot molten droplets swirling cyclonically in the gases and due to the high
angular velocity these molten droplets will be forced outward in their circular
motion against the hot refractory walls of the reactor. Due to their viscosity

and sticky consistency in their molten state they will adhere to the hot refractory
walls and after having collected in sufficient quantities will proceed to run down
the refractory ‘walls to the bottom and subsequently out through the slag dis-
charge outlet at the bottom of the reactor and into an adjacent water quench
tank. As the molten slag drops into a flowing stream of cold water within the
quench tank the slag will immediately solidify and due to the severe thermal



52 Sewage Sludge Treatment and Disposal

.shock and its glassy nature the slag will shatter upon cooling and form small
crystallized glass granules which will subsequently be hydraulically conveyed by
the quench water to the discharge end of the quench tank where the granulated
slag will be separated from the water in a conventional clarifying system. This
granulated glass material after having been separated from the quench water may
be sold to road building contractors for use as aggregate black top road material,
or to building block manufacturers for use as aggregate in building blocks or the
so-called cinder blocks.

Due to this useful and economically feasible application of the only solid residue
from this operation the process can truly be termed a resource recovery system.
When the granulated glass is conveyed out from the clarifier a magnetic separating
system is employed to separate the small agglomerated iron particles from the
slag bulk. This iron stems from all iron components which were part of the orig-
inal solid waste charged to the reactor such as refrigerators, hot water heater
tanks, and automobile parts of various descriptions.

This iron when melted together with the slag will tend to agglomerate into sep-
arate little iron droplets which are readily separable magnetically from the bulk
of granulated glass as it is conveyed on the loading conveyor to the trucks. This
iron by virtue of the melting process by which it was recovered is generally com-
pletely pure and free of any foreign materials and therefore immediately saleable
and applicable to the steel melting industry as scrap.

It should be pointed out that if for any reason an insufficient quantity of high
calorific fuel should be available for the operation of the pilot fire at the up-
stream end of the reactor as previously described the operation can be maintained
in exactly the same manner as described by igniting and burning the upstream
end of the solid waste pile for purposes of piloting the entire operation.

If in some instances some of the combustible components of the waste materials
be so large and heavy that they will not initially become airborne in the high
velocity injected air they will be subject to an extremely high rate of combustion
while remaining stationary in the bottom of the reactor due to the extremely
high velocity of the oxygen and hot gases passing over them far in excess of that
required for immedizte ignition and providing an overabundance of oxygen right
at the surface of these materials while they are burning.

In order to economically utilize the enormous quantities of thermal energy re-
leased by the combustion of these waste materials a number of high pressure
steam generators are installed in the immediate vicinity of the return gas duct.
Spaced at regular intervals of approximately 40 feet along the length of the re-
turn flue gas duct cross ducts are arranged at right angles to the return flue gas
duct and of similar cross section for the purpose of conveying a proper quantity
of the hot flue gases from the return flue gas duct into the entrance opening of
high pressure steam generators located at these positions for the utilization of the
heat energy contained in the hot flue gases by the generation of high pressure
steam.

Each steam generator is provided with its own gas exhaust fan and high energy
wet scrubber for the purpose of cleaning the thus exhausted flue gases prior to
the emission of these into the surrounding atmosphere. The steam generator ex-
haust fan by creating a negative pressure within the steam generator in excess of
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the negative pressure already present within the hot flue gas exhaust ducts below
will draw a proper quantity of hot flue gases from the reaction process below
through the steam generator and thereby extract the heat energy contained in
these gases by transferring the heat from the hot gases through the boiler tube
walls into the steam and simultaneously cool the hot flue gases and thereby make
them suitable for cleaning by the high energy wet scrubbers for air pollution con-
trol purposes.

Drying and Incineration Furnace

Y. Yamato, K. Terada and B. Nakamura, U.S. Patent 3,824,935; July 23, 1974,
assigned to Yamato Sanko Mfg. Co., Ltd., Japan describe a drying and incinerat-
ing furnace containing means for effecting desiccation and incineration, in a single
process, of a muddy material such as an activated sludge.

The furnace comprises a housing, having a vertical hollow-cylindrical wall and a
circular hearth, the centers of the wall and hearth being aligned with each other.
An inlet port is provided in the wall for introducing the material to be treated
on the peripheral portion of the hearth and the outlet port is located in the cen-
ter of the hearth for removing the treated material from the housing. A device
for treating the material is mounted in the housing and comprises a rotary tube
vertically inserted through the outlet port from the underside of the hearth into
the housing.

An air supply system communicates with the bottom of the rotary tube, and a
drive system is associated with the rotary tube for rotating the tube. The rotary
tube is rotatably supported by the housing. A plurality of nozzles and blades
are provided on the underside of each branch pipe. A burner is provided in the
wall and a gas exhauster is mounted on the top of the housing. A plurality of
radial branch pipes are secured to and communicated with the top of the rotary
tube and are rotatable therewith.

In an example of the process, the nozzle is disposed with a predetermined angle
about the axis of the branch pipe from the vertical plane toward the rotary di-
rection of the branch pipe, so as to blow the material in the direction of rotation
of the branch pipe. The blade is secured to the branch pipe in a manner that

its flat face is inclined with a preselected angle to the direction of rotation of

the branch pipe with respect to the vertical plane passing through the axis of

the branch pipe. As the'rotary tubes rotate, the blades rake and transport the
material centripetally and vortically to the center of the hearth or the outlet port.

Referring to Figures 1.11a through 1.11c, the furnace illustrated comprises a
housing 1 having a vertical, hollow, cylindrical wall 1a and a circular hearth 1b,
the centers of the cylindrical wall and circular hearth being aligned with each
other. The housing has an outlet port 2 provided in the center of hearth 1b for
discharging the treated material from the housing.

A rotary tube 3 has its lower portion rotatably supported by the housing and its
upper portion vertically inserted from the underside of hearth 1b into the inside
of the housing through and concentrically with outlet port 2. A plurality of
branch pipes 4 have their bases fixed to and internally communicated with the
top of the rotary tube, each branch pipe extending radially from the rotary tube.
The rotary tube is operatively connected with a geared motor 20 through a bevel
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FIGURE 1.11: DRYING AND INCINERATING FURNACE
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Source: U.S. Patent 3,824,335
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gear transmission 10, whereby the rotary tube as well as the branch pipes is
rotated in the direction shown by the arrows of Figure 1.11b. The rotary tube
3 has its bottom end internally communicated with a blast tube 11 connected
to the delivery side of a fan 12. A plurality of nozzles 5 and blades 6 are pro-
vided on the underside of each branch pipe 4. The nozzles are preferably dis-
posed with their axis inclined with respect to the vertical plane containing the
axis of the branch pipe, as seen in Figure 1.11c, in order to blow the material
in the direction of rotation of the branch pipe.

As shown in Figures 1.11b and 1.11c, blade 6 is secured to the branch pipe with
its flat face inclined relative to the vertical plane containing the axis of the
branch pipe, so that, while the branch pipe rotates, the blades rake the material
on the hearth in a centripetally vortical way, thereby gathering the material in
the central portion of the hearth. An inlet device 7 including a material supply
tube 22 and a screw conveyor 23 mounted therein is disposed in the cylindrical
wall 1a in a mafner such that the material to be treated is deposited on the
peripheral portion of the hearth 1b.

An exhaust means 9 is mounted on the top of housing 1 for the exhaust of gas
from the housing. A gas or oil burner 8 is provided in the wall 1a. In order to
quickly heat up the temperature in the housing and exhaust the dust-free gas
after separation of the dust, the axis of the burner is preferably arranged to
direct its products tangentially to an imaginary circle spaced a predetermined
distance from the center of the cylindrical wall and the burner is also disposed
in a position slanted to the surface of the hearth.

A water bath 13 is disposed beneath outlet port 2 for chilling the treated mate-

rial or ash that drops through the outlet. A water pipe 14 is connected with the
bath for supplying the water and the ash is removed through a drain pipe 15 to-
gether with the water.

The manner of operation of the furnace is as follows. First, the burner is fired
to flame and heat the inside of the hcusing up to a desired temperature for treat-
ment. Then, the fan is started to cause air to blow out through nozzles 5 against
the surface of hearth 1b, while the rotary tube 3 is rotated. Meanwhile, the ma-
terial to be treated is deposited on hearth 1b through material supply tube 22

by screw conveyor 23.

The material located on the peripheral part of the hearth is gradually and cen-
tripetally and vortically moved toward the central part or the outlet port by
blades 6, while it is heated and dried by the air blowing through the nozzles.
The blades penetrate deeply into the material deposit which serves for quickly
drying and insuring complete combustion of the material.

Until the material is dried to a critical moisture content, it still possesses a wet
bulb temperature. But, after exceeding the critical moisture content, the mate-
rial soon reaches its firing temperature and makes a violent complete combustion
through the help of fresh air supply through the nozzles. Thus, when the mate-
rial arrives in the central part of the hearth, it is completely converted into ash
and drops through outlet port 2 into the bath therebeneath, where the ash is
chilled and then removed from the apparatus through drain pipe 15. Some ash
is rolled up by the rotational air flowing in the housing. However, it is separated
from the exhausting gas by centrifugal motion and returned into the material
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on the hearth along the wall. It is advantageously simple to operate the furnace
because the material to be treated can be easily transported from the inlet or the
peripheral portion of the hearth to the outlet port by the rotation of the rotary
tube 3, as described above. Another advantageous effect of the furnace is that
it is very high in heat-efficiency since the material is burned after being dried to
the proper moisture content.

The nozzles and blades provided on the branch pipes can supply air and heat
energy deep into the material all over the surface of the hearth, so that a com-
plete combustion following the rapid drying of the material is achieved. This
results in neither discharging incompletely burned products nor exhausting in-
jurious gases. The housing as well as other components, for example, the rotary
tube, the branch pipes, and the blades disposed in the high temperature environ-
ment are endurable for many years service, because the fan causes fresh air to
pass through and about these elements thereby protecting them from heat damage.

Pyrolysis of Refuse and Sewage Treatment

In a process described by J. Osterman, U.S. Patent 3,472,186, October 14, 1969,
assigned to Combustion Engineering Inc., refuse is subjected to pyrolysis or de-
composition by the action of heat in an agitated reaction chamber. The com-
bustible volatiles that are driven off during this process can be used as a fuel,

for example, in a steam generator. The remaining softds from the process, in the
form of char, can be conveyed to a sewage treatment plant and used as an ad-
sorbent and filter aid in separating the solids from the effluent.

After the solids, in the form of a sludge, have been concentrated to a sufficiently
high percentage, they are transferred to an incinerator and burned. If an auxiliary
fuel is necessary to maintain ignition of the wet sewage sludge, a portion of the
combustible volatiles driven off from the refuse can be used for this purpose.

The heat released from the combustion of the sewage sludge and char mixture

is used for the pyrolysis of the refuse.

Referring to Figure 1.12, refuse is first introduced into separation device 10,
where large objects which cannot be easily reduced in size, for example, refrig-
erators, are separated from the rest of the refuse. Noncombustible items, such
as cans, can also be separated out at this point. The rest of the refuse moves
onto grinding or shredding apparatus 12, where it is reduced to a size which can
be easily reacted on in the pyrolysis chamber 14.

The shredded or comminuted refuse is then fed into the fluidized bed chamber

14 where it is agitated and subjected to a decomposing atmosphere by the gaseous
fluid flowing upwardly through the bed. The fluidized bed chamber is maintained
at approximately 1200°F and contains an atmosphere with insufficient oxygen to
permit combustion so that pyrolysis drives off the combustible volatiles contained
in the refuse.

These combustible volatiles are exhausted through upper duct 22, flowing to a
dry cyclone separator 26, where any solid particles are separated out and dis-
charged into mixing chamber 30 where water is introduced to form a slurry. The
volatiles exiting from the separator then are conveyed to fractionation and con-
densation apparatus 28. Here the volatiles are broken down, with the gaseous
fuel being discharged through line 27.
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FIGURE 1.12: CGMBINATION REFUSE AND SEWAGE DISPOSAL SYSTEM

Source: U.S. Patent 3,472,186

The liquid fuel is discharged through line 29 and the water through line 33. The
two fuel fractions can then be transferred to a suitable point of use, for example,
to a steam generating power plant. The solids portion which is not carried out
of the fluidized bed chamber 14 by the volatiles can be stripped off through line
24. This char is conveyed to slurry chamber 30, where it is combined with the
char discharged from cyclone separator 26.

The particles 18 making up the fluidized bed are supported on a perforated plate
16. The fluid for the fluidized bed is introduced through line 20 into the bottom
of the chamber. Since a reducing atmosphere containing little or no oxygen is
desired in the chamber, a good fluid to use is the combustible volatiles being dis-
charged from the upper portion of the charr{?er. These volatiles, at a point down-
stream of cyclone separator 26, flow through line 50 to heat exchanger 48, where
they are heated prior to their introduction into the fluidized bed.

In order to insure that no combustion takes place in the fluidized bed chamber
in the event that oxygen somehow enters the chamber, and the temperature
climbs above the ignition temperature of the refuse, a temperature sensing probe
23 is positioned in the fluidized bed. When this probe senses a temperature
above a predetermined maximum, for example, 1300°F, it actuates 7va|ve 25
positioned in a water line, to spray the chamber and reduce the temperature.
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The solids slurry, or char slurry contained in mixing chamber 30 flows to a liquid
cyclone 31. Here any heavy inerts or metallic members can be removed. The
char slurry then flows through line 32 to the sewage treatment apparatus 35.

The sewage treatment apparatus 35 comprises a primary treatment chamber 34,
where gross solids are screened out of the entering raw sewage. The sewage next
flows to a clarification stage, which may be in the form of a settling tank 36,
where additional solids settle out of the effluent.

After removal of the settleable solids the sewage is thereafter transferred to a
mixing chamber 38, into which the char slurry is also introduced. The char or
carbon reacts with the sewage in such a manner as to adsorb the fine particles
of sewage solids and dissolved matter remaining after the primary treatment of
screening and settling.

The treated sewage then flows to a secondary clarification stage 40, which may
be another settling tank where the solids settle out and are separated from the
effluent. The clear effluent is discharged through line 43. The separated solids
from the various stages of the sewage treatment apparatus are conveyed through
line 41.

This sewage sludge may have a liquid content running higher than 95%. Thus

it is advisable to pass this sludge through a dewatering device 45, which may be
a filter, centrifuge or other suitable piece of equipment for removing a sufficient
amount of liquid so that the remaining concentrated sludge is capable of being
burned. This sludge is then conveyed to a combustion chamber, shown in the
figure in the form of a fluidized bed chamber 42, where it is burned.

Air to support combustion of the sewage sludge and to maintain the solids in a
fluidized state is supplied through lower inlet line 44. In the event that the sew-
age sludge contains too much moisture and thus is not capable of maintaining
ignition by itself, some of the combustible volatiles may be transported through
line 52 to the combustion chamber 42. The hot combustion gases leave com-
bustion chamber 42 through exhaust duct 46. After these gases give up heat

to the combustible volatiles in heat exchanger 48, they pass through gas cleanup
apparatus 54, and are then exhausted to atmosphere.

From the above, it can be seen that a system has been provided which will eco-
nomically and efficiently dispose of both refuse and sewage. By subjecting the
refuse to pyrolysis, gaseous and liquid fuels are derived which will be of economic
value as fuels which can be burned in a steam generating plant. The char from
the pyrolysis chamber can be used in place of other costly chemicals for treating
sewage, so as to adsorb and coagulate the solids therein.

The sewage sludge is burned in a combustion chamber, with the heat therefrom
being used for pyrolysis of the refuse. Thus it can be seen that a number of
components have been arranged in a combination where the end products of
each can be utilized to advantage in another portion of the overall system.

B.B. Reilly; U.S. Patent 3,060,869, October 30, 1962 assigned to Drano Corp.
describes an incinerator for the disposition of municipal rubbish. It is character-
ized by the provision of a combined storage hopper and conveyor designed to
receive rubbish from dump trucks and convey it to the incinerator. It is capable
of accepting material at a much higher rate than the material is consumed, so
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that while collection of rubbish may continue over an eight hour day, for ex-
ample, the incinerator may operate perhaps twenty-four hours, or for such longer
period of time as is required to dispose of the day's accumulation.

More specifically, the plant has an elongated pit in which is an elongated bin,

the bottom of which is formed by one or more vibratory or shaking conveyors,
for advancing material from the receiving end of the pit to the incinerator at

the opposite end of the pit. There are high stationary sides for the bin, so that
the material can be stored to a considerable depth, thereby enabling the conveyor
to receive material at a much higher rate than it is consumed, and in slack periods
work off the accumulation. This avoids the objectionable practice of dumping
the refuse into a receiving pit and transferring it with a grab bucket to a furnace
feeding conveyor, and facilitates the rapid and safe dumping of the trucks.

The rubbish is mostly combustible and the shaking conveyor that feeds the rub-
bish shifts and agitates the rubbish as it is advanced from the storage bin to the
incinerator. It has been found that if the sludge cake is dumped onto the rub-
bish as the rubbish is moved along the bin, it is gradually broken up and diffused
through the rubbish, and when it is introduced into the incinerator chamber it

is distributed through the mass of rubbish.

Some of the residual water in the sludge is absorbed into the rubbish so that the
water content of the sludge is lowered and the sludge spread over, and through
the rubbish which is more readily incinerated than in the conventional sludge in-
cinerating plant. At the same time, municipal plant investment is substantially
reduced, since one incinerator and one crew dispose of the two waste materials.
Complete details of the apparatus and process are provided.

Liguid Phase Coking Process

H.V. Hess, R.F. Wilson and E.L. Cole; U.S. Patent 3,652,405; March 28, 1972;
assigned to Texaco Inc. have found that it is possible to purify both raw sewage
and municipal refuse with the following advantageous results: the resulting pro-
cess lends itself to automation and has low investment and operating costs; both
sewage sludge and solid refuse can be converted to commercially valuable prod-
ucts; the water effluent which is obtained is low in chemical and biological oxy-
gen demand as well as in solids content; and valuable metals in the refuse can
be easily salvaged.

The process comprises the steps of: shredding solid refuse from which pard to
reduce or large particulates have previously been removed; slurrying the shredded
material with a recycle stream of water resulting from a subsequent coking step;
removing noncombustible materials from the resulting slurry; mixing the slurry
with sewage sludge; and coking the resulting mixture under a pressure sufficient
to prevent the vaporization of water thereby producing grease, ciean water and
clean coke.

Referring to Figure 1.13, it will be seen that the raw sewage from a domestic
and/or industrial sewage system is discharged from conduit 1 to a bar screen de-
vice 3 and passed through conduits 6 and 9, respectively, into and through com-
minutor 7 and grit chamber 11 to remove large objects and grit therefrom. The-
sewage then passes through conduit 13 into primary settler 15 where the primary
sludge is removed through conduit 33.
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FIGURE 1.13: REFUSE LIQUID PHASE COKING PROCESS
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Source: U.S. Patent 3,652,405

The wastewater now substantially free of solid sewage is sent to an activated
sludge treating chamber 19 via conduit 17. Further removal of sludge takes
place in final settler 23 to which the water sludge accedes through conduit 21.
Settler 23 serves to remove the activated sludge.

The water having a low BOD is discharged through conduit 25 to a receiving
body of water. Conduit 27 is a recycle line for activated sludge. It is important
that a large volume of vigorous activated sludge be maintained in vessel 19. This
is partially achieved by recycling a portion of the activated sludges. The excess
activated sludge from vessel 23 representing that portion of the activated sludge
not recycled to vessel 19 is combined with the sludge from primary settler 15
and the two sludges are mixed in line 30 and pumped to the tubular coking re-
actor 45.

The incoming municipal waste is delivered by trucks and placed on conveyor
line 35 to be shredded in grinder 37. The shredded garbage is advantageously
mixed with a recycle water stream from conduit 59 sufficient to provide a low
viscosity slurry that can be processed in the gravity settler 41. The slurry enters
the settler near the midpoint and the heavier materials such as silt, glass, and
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metal particles sink to the bottom to be withdrawn through outlet 43 while the
lighter combustible particulate materials float to the top. The combustible mu-
nicipal refuse is withdrawn from the top of the settler through conduit 44, mixed
with the sewage sludge from conduit 30 and sent to the tube reactor 45. In the
tube reactor coking occurs at a high temperature and a pressure sufficient to pre-
vent vaporization of the water.

The effluent from the coil is passed to the settler reactor 47 where the reactions
are completed and the gas, oil and grease are separated from the water-coke slurry
through conduit 48. The slurry is sent via conduit 49 and pressure reduced to

a separator 53 where the coke is separated from the water. The water from the
separator, having‘a reduced BOD relative to the charge is discharged through con-
duit 59.

A portion of this water is recycled to provide a workable slurry in vessel 41
while the excess water is directed to the activated sludge treating vessel 19 via
lines 31 and 17 to achieve a further reduction in BOD. The following example
is given to illustrate the process. The example shows how the process can be
used to treat the sewage and municipal refuse for a city with a population of
30,000.

Example: The sewage from the septic sewers has typically 99.95% water and
0.05% solids, a BOD of 150 to 200, and a COD of generally greater than 200.
A typical analysis of the sludge from the primary settler is as follows: solids,
5.0%; COD, 60,000 mg oxygen per liter; residue on evaporation, 50,000 mg/l;
total volatile, 33,300 mg/I; and final residue, 16,700 mg/l. For this city, the
total sewage sludge averages 30.0 tons per day. The municipal refuse for this
city had the following typical analysis on a dry basis.

Weight Percent Dry Constituent Basis*

Constituent With Metal and Glass Without Metal and Glass
Paper 41.0 48.4
Yord Trimmings 1.1 13.1
Wood 7.1 8.4
Rags 2.8 3.3
Rubber 4.1 4.8
Plastic 0.3 0.4
Garbage 1.2 1.4
Metal 6.8 0
Glass 8.5 0
Moisture 17.1 20.2
Total 100.0 100.0

*All water accounted for as % moisture.

The total daily refuse production averages 75 tons per day. The incoming refuse
is dumped by truck into a hopper from which the refuse is continuously removed
onto a conveyor belt. While on the belt large inorganic particulates such as iron
rods, automobile radiators, large stones, gallon bottles, etc., are removed and
segregated by hand before being shredded in a hammer mill type comminutor.
Recycle water amounting to 1,014 tons per day is added to the shredded refuse
and this mixture is pumped to the settler where 11.5 tons of glass and metal are
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removed daily. The glass and metal-free refuse slurry (totaling 1,077.5 tons per
day) is pumped and mixed in line with the 30.0 tons of sewage sludge. This
mixture is then coked in dual reaction coils (each 600’ long x 2" diameter) at
550°F for 1 minute total time with a maximum pressure of 1,100 psig. The
coked mixture is allowed to settle and react in the settler-reactor (40" high x 2.6'
diameter) which has a residence time of slightly less than 30 minutes.

The products obtained from the settler-reactor are gas, grease and coke-water
slurry. The gas represents 1.1 weight percent of the charged solids on a dry basis
(0.6 ton). The grease is a viscous semisolid when cooled representing 2.6 weight
percent of the charged solids (1.4 tons). The grease fraction is a complex mix-
ture of many organic compounds and can be used as a source of fuel. The coke-
water slurry is'sent to a filter where a dense nonputrescible coke is removed from
the clean water. The dense coke represents 96.3 weight percent of the incoming
solids on a dry basis (50.2 tons). This coke zan be used as a fuel or as a mulch-
fertilizer.

The resulting clean water stream represents 95.5 weight percent of the total in-
coming mixture (1,055.3 tons). A recycle stream of 1,014 tons is separated and
pumped to the garbage shredder leaving a clean water effluent stream amounting
to 41.3 tons. All operations take place in a closed system. No pollutants are
exhausted to the air, as when refuse is incinerated. Water which is finally dis-
charged is relatively low in COD and can be disposed of in bodies of water with-
out polluting them.

Unfired Afterburner Apparatus

R.B. Bruns, D.J. Frey, E.J. Huyghebaert and A.B. Mindler; U.S. Patent 3,604,375,
September 14, 1971, assigned to International Hydronics Corporation and Com-
bustion Engineering, Inc. describe a process for achieving complete and relatively
inexpensive combustion of solid, semiliquid, and liquid combustible waste mate-
rials. -

The process involves incompletely burning a combination of such materials in a
first furnace to produce a combustible gaseous exhaust stream, achieving complete
combustion in a second furnace of combustible high heat value waste materials

to produce a noncombustible gaseous stream, intimately mixing the two streams
in an unfired afterburner, without the addition of heat from an auxiliary heat
source, while maintaining a minimum admixture temperature above the temper-
ature required for autoignition of the combustibles in the first stream, whereby
the heat produced by combustion of the high heat value waste materials is uti-
lized for the spontaneous ignition and complete combustion of the incompletely
burned materials.

Liquid wastes of high heat value and of low heat value are separately stored, and
are variously blended for feed to the first furnace and the second furnace in ac-
cordance with the heat requirements of the system to achieve complete combus-
tion of all wastes being burned. The apparatus particularly adapted to perform
the process comprises a pair of furnaces, a refractory-lined afterburner chamber
having no auxiliary heat source, duct means interconnecting the afterburner
chamber and each of the furnaces, and exhaust means defined by the afterburner
for permitting exhaust of the burned gas stream after combustion is completed.
The apparatus preferably includes appropriate draft handling, gas cooling, and
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particle removal means to render the gaseous atmospheric discharge relatively
pollution-free.

Incineration and Calcination in Single Heating Unit

A process described by P.J. Cardinal, Jr. and R.J. Sherwood, U.S. Patent
3,623,975; November 30, 1971, assigned to Envirotech Systems, Inc. involves
the heat treating and recalcining of lime sludge and sewage sludge obtained from
a tertiary treating procedure in which gaseous combustion products, such as car-
bon dioxide, are selectively maintained at a low level adjacent the discharge end
of the heating apparatus to eliminate or obviate the possibility of recarbonation
of the recalcined lime produced in and discharged from the heating apparatus.
Such selective limitation of the carbon dioxide level is achieved by omitting heat
input sources adjacent the discharge end of the heating apparatus.

An important feature of this process resides in the utilization of only a single-
heating unit, such as a multiple-hearth furnace, in which lime sludge and sewage
sludge are simultaneously heat treated to recalcine the lime sludge and to incin-
erate the sewage sludge waste to the fullest extent possible. Advantages of such
a simplified system are its substantial savings in cost due to the elimination of
one furnace from the treating plant, thus reducing substantially the initial capital
cost requirements. Additional operating cost savings are realized due to reduced
fuel consumption by operating a single furnace to attain the same results previ-
ously produced in two separate furnaces.

Simultaneous Incineration of Combustible Waste and Sludge

D.M. Larger; U.S. Patent 3,815,522 June 11, 1974, assigned to Eau Et Assainisse-
ment Socea, France describes a process for simultaneously incinerating combusti-
ble waste and sludge. The process comprises first heating the sludge by heat ex-
change directly with the fumes of combustion from the incineration of the com-
bustible waste, and then burning the sludge wherein, between the heating and

the incineration, the sludge is allowed to bake and is separated from its water,
only the residue of this separation being burnt while the water separated out is
evacuated.

This process and apparatus are advantageous in that the heat of the fumes of in-
cineration of the combustible waste is put to use and the cooling and a separa-
tion are effected outside the heat exchanger whereby it is possible to pass the
sludge rapidly through the exchanger, which considerably reduces accumulation
of the sludge and corrosion of the exchanger surfaces.

The apparatus shown in Figure 1.14 effects the simuitaneous incineration of
combustible waste and sludge in an incinerating furnace 1. The stack 2 or cir-
cuit for evacuating the fumes from the incinerating furnace comprises, starting
from the furnace proper in which the combustible waste is burnt, a vertical con-
duit 3 for the outlet of the fumes, a horizontal chamber 4 for incinerating the
sludge and a vertical conduit 5 for evacuating the fumes.

Placed in the conduit 5 is a heat exchanger 6 having a nest of tubes which is
connected by piping 7 to a sludge supply pump 8 connected to a sludge purify-
ing station 9, and by piping 10 to a level 11 intermediate the base and upper part
of a baking or cooking and decantation vessel 12 which is heat insulated and
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under pressure. The base 13 of this vessel communicates by way of piping 14

and a reducing vaive 15 with the upper part 16 of the sludge combustion cham-
ber 4. The upper part 17 of the vessel is connected to a steam or vapor condenser
18 by way of piping 19 and a reducing valve 20, the vapor thus condensed being
returned to the sludge purifying station 9. The water decanted in the vessel 12
above the sludge is also returned to the sludge purifying station by way of piping
21 which is connected to the vessel above the level 11 and includes a reducing
valve 22.

This apparatus operates in the following manner. The sludge supplied by the
purifying station is fed under pressure by the supply pump 8 to the heat exchanger
6 which is heated by the fumes which come from the furnace 1 for incinerating
the waste and have passed through the sludge incinerating chamber 4. This heat
exchanger heats the sludge to its baking temperature.

The sludge is then fed to the baking and decantation vessel 12 under pressure in
which it stays such time that, while it is maintained at its temperature by the
heat insulation, it bakes and then decants. The thus decanted sludge is expanded
in the valve 15 and then burnt in the chamber 4. The vapor given off in the ves-
sel 12 is expanded in the valve 20 then condensed in the condenser 18 and the
water decanted from the vessel is also returned to the purifying station by way
of the piping 21. In this way the heat given off by the combustion of the com-
bustible waste is employed for heating the sludge to its baking temperature while
the sludge does not stay in the heat exchanger during its baking, which reduces
soiling and corrosion of the heat exchanger.

Moreover, the baking of the sludge is employed for improving its decantation.
Indeed the baking of the sludge brings about a modification in its structure and
a coagulating effect which enhances the decantation.

FIGURE 1.14: SIMULTANEOUS INCINERATION OF COMBUSTIBLE WASTE
AND SLUDGE
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This process permits reducing by two-thirds the amount of sludge to be burnt.
Indeed, for example, for 1 kg of sludge to be treated it is possible to separate
two-thirds thereof constituted by water, that is 660 grams, by employing about
190 kcal, whereas to evaporate 660 grams of the water of the sludge, more than
400 kcal would be required. This process is therefore of high interest from the
point of view of energy consumption and permits starting with sludge having
96% water instead of 92% and thus simplify the siudge purifying station.

Furthermore, it is possible to obtain fumes coming from the incineration of the
dried sludge and the combustible waste at a temperature higher than 700°C; at
which temperature the odorous vapors are destroyed by oxidation which conse-
quently results in no discharge of odors to the atmosphere. Another advantage
of the combustion of the sludge in the fumes of combustion of the combustible
waste resides in the fact that the oxygen of these fumes serves to oxidize this
sludge and thus improve its combustion in the furnace and even permits burning
it in the fumes, this oxygen acting as a comburent.

An advantage of the baking and decantation of the sludge in the same vessel un-
der pressure is that it is possible to have a rather low baking temperature, namely
160° to 190°C. Thus, the decanted water which is returned to the purifying sta-
tion is less charged, since the lower the baking temperature the lower the amount
of impurities dissoived in the water.

Combined Processing of Solid and Comminuted Waste

F.G. McMullen; U.S. Patent 3,769,921, November 6, 1973 describes a waste ma-
terials processing system for combusting solid waste material on grates in com-
bination with comminuted waste material being combusted in suspension within
a combustion zone. Conduits are positioned external to the combustion zone
around which exhaust gases from the combustion zone pass.

Comminuted waste material is driven through the conduits and by pyrolytic ac-
tion emits gases which are collected and passed to a recovery system. Additionally,
predried sludge and sludge vapors derived from sanitary sewage are incorporated
into the combustion zone for burning. The combined waste materials processing
system may be incorporated within a steam generating system in order to increase
the overall efficiency of the boiler.

The combined combustion methods of burning trash in trash form and pulverized
waste in suspension along with sludge derived from sanitary sewage results in the
maintenance of a substantially self-sustaining burning operation. Further, the
combustion of these materials is accelerated over that found when only one or
the other type of burning is used which results in an overall increased efficiency
of a steam generating unit.

Concentration of Sludge Using Incinerator Hot Gas Outflow

According to a process described by J.L. Winther; U.S. Patent 3,702,696,
November 14, 1972 garbage incineration and raw sewage sludge concentration
are combined. The hot gas outflow of an incinerator is used to concentrate by
dehydration raw sludge received from a sewage clarifier. After simultaneously
reducing the moisture content of the raw sludge and scrubbing the exhaust gas,
the gases from the incinerator are again scrubbed, typically with the outflow
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from the clarifier or alternately with raw sewage to remove noxious gases of
combustion and particularly to prevent undesirable high vapor content. Referring
to Figure 1.15a, a garbage incinerator A is shown having a fuel and air inlet B, -
and an ash outl=t C. The gases of combustion are exhausted from the top of the
incinerator to downward exhaust flume D and thence to upward exhaust flume
E. The incingrator and its associated parts are generally of the type described

in U.S. Patent 3,570,422.

Sewage is typically received at a clarifier F. The clarifier separates raw sludge,
a mixture containing approximately 3% solids, from the overflow. This raw

sludge is pipea to baffles G and downflowing flume E. The liquid portion or
overflow from the clarifier is piped to upwardly flowing flume E at baffles H.

Briefly, fuel inlet B conveys garbage into which concentrated sludge has been
formed to a point at the uppermost portion of incinerator A. Thereafter, the
garbage is deposited interior of the incinerator and combusted with a resultant
ash flow outwardly at C and a gas flow outwardly to flumes D and E. At flume
D raw sludge of a 3% solid content is introduced into parallel downflow with
the gases of combustion.

The heat from the gases of combustion are transferred to the sludge. The mois-
ture from the sludge is transferred to the downflowing gases. The resultant gas
at the bottom of flume D has an increased moisture content while the outflowing
sludge has a reduced moisture content. When the gases of combustion pass up-
wardly through flume E, sewage overflow is counterflowed through them. This
counterflowing sewage overflow reduces the temperature of the exhaust gases to
a point where moisture initially acquired in flume D condenses and falls out of
the air.

The result is a fine condensation of the moisture in the air around solid particles
entrained in the air with extremely efficient solid particle scrubbing. Moreover,
the overflow when passed from the stack absorbs most of the noxious gases of
combustion. The result is that a relatively low emission of moisture particles,
and noxious gases occurs.

Fuel inlet B to incinerator A includes an enclosed tunnel 12 having an endless
conveyor 14 placed therein. The lower end of the upper flight of the endless
conveyor defines the surface onto which garbage is placed. Thereafter the gar-
bage mixture is transported upwardly to the end of the conveyor and interior
of the incinerator.

Sludge concentrate is typically sprayed onto the upper surface of the conveyed
garbage from a header 20. This sludge concentrate travels with and is combined
with garbage on the conveyor. It will be therefore understood that the fuel for
the incinerator consists of a garbage mixture sprayed with concentrated sludge.

It should be noted that with the sludge concentrator of this process in the ex-
haust gas outflow from the incinerator, that the treated sludge can be introduced
directly into the primary combustion area of the incinerator. With the low mois-
ture content of the sludge attained, no interference with the combustion of gases
released from the primary incineration will occur. The decision whether to in-
troduce the sludge onto the garbage conveyor in tunnel B or to introduce it di-
rectly into the incinerator will depend upon several factors.
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FIGURE 1.15: INCINERATOR-SLUDGE CONCENTRATOR COMBINATION
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These factors will include the nature of the conveyance equipment, the avail-
ability of steam for preheating, and the relative quantities of garbage and sludge
being processed through the combined unit. A specific example will assist the
understanding of this process. Typically, a commercial unit of the type described
will be designed for the disposal of 3,000 tons of garbage per day. Consequently,
4,167 pounds per minute of the garbage must be introduced interior of inciner-
ator A.

The heat balance is outlined in the following portion of the process. This bal-
ance assumes what are believed to be reasonable approximations for the treat-
ment system. Abbreviations in the balance have been made including consider-
ing only the enthalpy of the air and moisture. Chemical heat, enthalpy of solids
and heat losses are for the most part ignored.

It is an estimate that the average heat value of municipal garbage will be approx-
imately 5,000 Btu/Ib at a moisture content of approximately 30% by weight.
Consequently, 7.5 Ib of dry air will be required for the combustion of each pound
of garbage for a total of 31,253 pounds of air per minute flow.

Assuming that the ambient air is at 70°F and 80% relative humidity the total in-
flow enthalpy of the air-fuel mixture will be approximately 21,788,317 Btu/min.
Referring to the abovementioned U.S. Patent 3,570,422 it will be noted that the
incinerator is designed to have a steam by-product. At least a portion of this
steam by-product is channeled through piping 22 to a coil 25 interior of tunnel 12,
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Coil 25 keeps the inflowing fuel air mixture at a temperature in the range of
200°F. Incinerator A has inlets other than the inlet at tunnel 12. Approximately
10% of the air will enter through the ash outflow and the sidewalls of the incin-
erator construction described in the above referenced patent.

After combustion has occurred interior of incinerator A, it is desired that air en-
tering into the downflowing flume D be at an exhaust temperature of 1600°F.
To achieve this outflow approximately 3,150 Btu/Ib heat energy of the original
5,000 Btu/Ib of fuel energy must be transferred to the exhaust gases. The re-
maining 1,850 Btu/Ib will be consumed in thermal losses through the incinerator
sidewalls, combustion inefficiencies, and the extraction of the heat for the steam.

Raw sludge will be added at the top of downflowing flume B. Typically, this
sludge will pass through a series of baffles G. While Figure 1.15b describes
baffles G in some detail, it should be understood that any number of baffles
may be sufficient for the downflow. Typically, the scrubber should provide an
agitated flow path on the wetted surface of the baffle for the downflowing raw
sludge. The provided fluid flow path should be in fluid interference with but
parallel to and in the same direction as the outflowing gases from the furnace.

The flow from the top of downflowing flume D to the bottom of downflowing
flume D is designed to produce a solid concentration of at least 35% and pref-
erably in the order of 40%. Accordingly, approximately 92% of the entering
volume of 3% solid raw sludge will be vaporized leaving the remaining 8% as
concentrated sludge.

It should be noted that the raw sludge flow rate will be relatively high. Typically,
and assuming the 4,167 Ib/min input of fuel, a raw sludge flow rate of 11,305
pounds per minute or approximately 2.71 Ib of sludge at 3% solids per pound

of garbage can be concentrated. It is significant to point out that this is a higher
sludge to garbage ratio than is normally produced by a given population.

Referring to Figure 1.15b, downflowing flume D and a construction of baffles G
can be illustrated. Typically, sludge is introduced into flume D at manjfold 32.
The sludge is mixed with and falls downwardly with the exhaust gases. The
sludge gas mixture falls onto a series of roof shaped baffles 34 aligned in aiternate
baffle rows 35 and 37. Baffle rows 35 are aligned to intercept the flow path of
the gas sludge mixture not intercepted by baffle rows 37. Similarly baffle rows
37 are aligned to intercept the flow path of the gas sludge mixture not intercepted

by baffle rows 35.

Upon falling through alternate rows 35 and 37 of roof shaped baffles 34 the
sludge passes to a ser. s of collector baffles 38 and to a collector trough 39 at
the bottom of downflowing exhaust flume D. At this point, the sludge is col-
lected and piped for further treatment as a by-product of the system. or prefer-
ably to the incoming fuel mixture to the incinerator. This has already been in-
dicated in the de§cription of Figure 1.15a.

At the bottom of downflowing flume D the temperatures of the exhaust gases
will be reduced to a range approximating 167°F. Typically, 0.39 Ib of moisture
will be suspended in each pound of dry air for a total of 12,189 Ib/min. From
the bottom of downflowing flume D the exhausted gases will pass upwardly
through upflowing flume E. The gases will be detoured upwardly and around
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baffles H. At the same time, sewage overflow from clarifier F will be passed
downwardly from the top of upflowing flume E to the bottom of the upflowing
flume E. The results will be a parallel and counterflowing agitated flow path of
the sewage and air on the wetted surface provided by the baffles. Fluid flow in
interference with the outflowing gases of the furnace will occur.

Again referring to Figure 1.15b, the scrubbing of the exhaust gases and upflow-
ing flume D by baffles H can be conveniently illustrated. Typically, the overflow
is introduced into the flume at a manifold 42. The overflow is mixed with but falls
downwardly and in opposition to the upflowing exhaust gases passing out of the
incinerator.

The overflow gas mixture flow proceeds in the following manner. Typically, the
overflow falls onto a series of roof shaped baffles 44 aligned in alternate baffle
rows 45 and 47. Similar to the baffle rows 35 and 37 in flume D, baffles 45
and 47 of flume E are alternately aligned so that overflow missing one of the
baffles in one row falls upon an alternate baffle in an alternate row.

At the bottom of flume E the overflow is deflected by a series of collection
baffles 48 and into a collection trough 49 where it is collected at a drain and
moved for downstream processing. It will be noted that the distance between
manifolds 42 and collection trough 49 is shorter than the distance between mani-
fold 32 and collection trough 39. This leaves the upper portion of the stack in the
schematic of Figure 1.15b not occupied. In this area additional attachments to
the incinerator may be placed. These attachments can include induced draft fans
for pulling gases through the incinerator, air preheating and chemical deodorizing
attachments if desired.

It should be realized that whereas overflow from a clarifier has been used as the
scrubbing liquid, raw sewage with its relatively low solid content (on the order
of 0.01%] can just as efficiently be used for scrubbing. Using the assumed heat
flow consideration, approximately 761,025 |b of sewage overflow at 70°F will be
entered into the upward portion of baffles H at the upper end of upflowing flume
E. The resultant air temperature of*the outflowing exhaust will be 80°F and the
resultant temperature of the overflow will be 88°F.

In a process described by 7. Jacobivici; U.S. Patent 3,333,556, August 1, 1967;
assigned to Von Roll AG, Switzerland the preliminarily dewatered sludye is par-
tially predried in a first stage in a predrying compartment at least approximately
separated in a gas tight manner from the combustion compartment, such pre-
drying action being carried out by means of a heating medium delivered to the
predrying compartment.

This partially predried sludge is completely dried in a drying zone arranged in the
combustion compartment, the drying being carried out under the action of radi-
ant heat emanating from the combustion compartment, with the thus formed
vapor clouds acting as moderator for the drying operation before their mixture
with the combustion gases developed in the combustion compartment. The ma-
terial now completely dry then arrives in a primary combustion zone and then

in a subsequent so-called burn out or final combustion zone and a supplementary
fuel is fired in the combustion compartment, while the vapors resulting from pre-
drying are being mixed with the combustion gases, at a location which is disposed
at least downstream of the combustion compartment, when referring to the
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direction of flow of the combustion gases. In so doing, predrying of the sludge
can take place by means of flue gases diverted from behind the combustion com-
partment and which are then recycled, with the predrying vapors from the pre-
drying compartment being guided into a furnace flue downstream of the com-
bustion compartment.

Progressive Incineration

According to a process described by H.W. Olsen; U.S. Patent 3,733,271; May 15,
1973 solid waste in garbage, trash and sewage is subjected to progressive inciner-
ation and reduced to inert residue capable of reclamation. Combustion gases are
utilized for generation of steam and electricity, and are freed of sulfur and other
atmospheric pollutants. Liquid sewage effluent is made potable by chemical
treatment.

Referring to Figure 1.16, solid waste such as trash, garbage, and the like is de-
livered into a surge bin or tunnel 10 which is maintained at negative air pressure
to prevent escape of odors into the atmosphere, as for example, by a suction

line 11 of a pump or blower 12. From the bin the waste material is conveyed
to a chopper 13 where it is chopped into suitably sized fragments for delivery
into a drying kiln 14. A suitable air lock is provided between the bin and the
chopper, through which air lock the material passes without materially affecting
the negative air pressure in the surge bin. Similar such air locks are also provided
at other points in the apparatus where their use is desirable or necessary.

Incoming sewage flows by gravity into an odor-tight comminutor 15 where it is
converted into a thin slurry which is pumped to a multiple stage filter station 16.
The latter may be immediately adjacent to or at some considerable distance from
the comminutor 15. Solids filtered from the slurry at the filter station are con-
veyed to drying kiln 14, while the liquid effluent is delivered by a pump 17 to

a vacuum still 18 and also to a bubble tower 19.

The drying kiln is indirectly heated by hot gases conveyed through a line 20,
and after passing through the kiln, these hot gases flow through a line 21 to heat
the vacuum still. The kiln has an internal thread with lugs to distribute and agi-
tate the waste solids for a maximum surface exposure, while vapors and noxious
gases are withdrawn through the suction line 22 of a pump 23, the outlet of
which discharges through a line 24 below the water line of a water containing
char tank 25.

The dried solid waste is conveyed from the kiln to a first char kiln 26 which is
equipped with a gas or oil burner 27 for use in starting up or when the solid
waste input is so erratic that continuous flames in the kiln 26 cannot be main-
tained without such a burner. Like the kiln 14, the kiln 26 also has an internal
thread for agitating and exposing a maximum surface of the waste material to
incineration.

During the incineration process in the kiln 26, some of the combustible solids

are burned completely while some of them merely become charred and are picked
up by the combustion gases. These charred solids become deposited on a travel-
ing screen 28 which takes them out of the flow path of the combustion gases
which leave the kiln through a line 29, and the charred solids are delivered as at
30 into the char tank 25 where they float on the water and may be skimmed off.
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FIGURE 1.16: PROGRESSIVE INCINERATION
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Burning solids and incombustibles are discharged through an air lock from the
char kiln 26 onto a vibrating screen 31 which passes most of small abrasive com-
ponents to the bottom of the char tank 25 and diverts combustibles and larger
incombustible components as at 32 into a second char kiln 33. The latter is
similar to the first char kiln 26 and also has a traveling screen 28a for extracting
charred solids from the flow path of combustion gases passing through the kiln
33, such charred solids also being delivered into the char tank 25 as already ex-
plained in connection with the kiln 26.

The burning waste and incombustibles in the second char kiln are discharged
through an air lock into a high temperature, refractory-lined kiln 34. Such ma-
terials may include heavy blocks of woaod, rubber tires, metal pieces and glass,
and the temperature in the kiln 34 is just under the melting point of glass, being
provided mainly by a gas or oil burner 35 and supplemented by briquette fuel
burning on a traveling grate 36 of the kiln.

Alternatively, the briguette fuel may be the main source of heat, supplemented
by the burner 35, such briquette fuel being obtained by skimming the afore-
mentioned charred solids off the water in the char tank 25, drying the same, com-
pacting them into a briquette form in a press 37, and then delivering them as at
38 to the grate 36 of the kiln 34. Conveniently, odorous gases withdrawn from
the surge bin 10 through line 11 may be delivered by pump 12 to be burned in
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the kiln 34, as indicated. The noxious gdkes passing from the drying kiln 14
through line 24 into the char tank 25 rise through the water therein and are then
assed as at 39 to be burned in the char kiln 33. Ashes, metals, glass and other

Eoncombustibles are dropped from the kiln 34 through an air lock into a water
it 40. This shatters much of the glass or ceramics and cools the metals so that
n inert residue may be recovered from the pit 40 for use as landfill or for metal

reclamation if so desired.

The hot flue gases from the high temperature kiln 34 are conducted as at 29
through the first char kiln 26 and also as at 29a through the second char kiln

33 to the furnace of a water boiler or steam generator 41, from which the gases
then pass as at 20 to heat the drying kiln 14 and as at 21 to vaporize water in
the still 18, The distilled water there produced is fed as at 42 to the boiler 41
and also as at 43 to the first and second stages of the bubble tower 19 as herein-
after described.

The steam generated in the boiler is delivered to the turbine of an electric gen-
erator 44 which produces current for auxiliary equipment of the disposal plant
and also for electric arcs in labyrinth type sparking cells 45 provided in the fur-
nace of the boiler, As the flue gases pass through these cells, their temperature
is locally raised by the electric arcs to a point where nitrogen fixation occurs,
and this allows sulfur dioxide in the gases to oxidize to trioxide.

Since these chemical reactions are very unstable at the high temperature at which
they occur, the flue gases are cooled as rapidly as possible by exposure to the
heat absorbing surfaces of the boiler. The boiler may be equipped with an aux-
iliary oil or gas burner 46 to assure its operation in the event of an interruption
in the supply of hot gases from the kilns 34, 33 and 26.

After leaving the furnace of the boiler as at 20 and passing through the drying
kiln 14 and still 18, the flue gases are cooled further and are delivered as at 47
to the bubble tower. This tower has several stages between which liquid does
not communicate, the first two stages being charged with distilled water delivered
from the still 18 as at 43. The first stage traps fly ash and inert dust particles
present in the flue gases and also absorbs some of the sulfur trioxide to produce

sulfuric acid.

The second stage is designed to absorb practically all of the remaining sulfur tri-
oxide. The third stage is a multilevel or tray stage into which sewage effluent
from the filter 16 is delivered by the pump 17. The effluent flows downwardly
over the successive trays and is treated with acids produced by this process to
oxidize any biotics in the water. After the treated water leaves the bubble tower,
it is given a lime treatment as at 48 to precipitate the phosphates therein and is
then filtered as at 49 to remove any solids, so that potable water is delivered as
at 50.

The apparatus and process facilitate disposal of solid material in both garbage
and sewage by progressive incineration with the result that waste is reduced to
ashes and incombustibles remain as an inert residue for use as landfill or for rec-
lamation of valuable metals. Combustion gases are freed of fly ash, dust and
sulfur, sewage effluent is made potable by chemical treatment, and both chemi-
cal and thermal pollution of the ecology is kept at an acceptable, benign level.
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Vertical Elongated Tubular Combustion Chamber

P.U. Reusser; U.S. Patent 3,369,505, February 20, 1968 describes a method of
burning rubbish and biological sludge in a vertically elongated combustion space.
The process is comprised of the steps of charging a combustible rubbish having
a heating value of between 1,400 to 1,800 kcal/kg and biological sludge having
a water content of about 80% into the combustion space, supplying air to the
body of material to be burned including selectively directing air into the body
material at a number of vertical spaced locations throughout the body of the
material, supporting the charged material within the combustion space, burning
the material, moving the body of material as it is burned, and discharging the
resultant slag from the burned body of material to the bottom of the combus-
tion space.

A furnace for burning biological sludge and combustible rubbish mixed in a ratio
of 1:1 is comprised of a vertically elongated tubular shaft having a combustion
zone in its lower portion and a removable closure at its upper end for charging
the material to be burned into the shaft. An outlet flue is provided from the
shaft near its upper end. A movable grate is located near the lower end of the
shaft for supporting a body of the material to be burned. Air inlet means are
located in the sides of the shaft for directing air laterally inward into the body
of material to be burned.

Additionally, vertically arranged lance means having air passageways therethrough
are vertically mounted in the shaft and extend downward into the bed of mate-
rial; the lance means are vertically positionable within the body of the material
for selectively discharging air throughout the body of the material to be burned.

Further, air may be directed into the body of material to be burned from below
by feeding air in through the grate. The body of the shaft may be circular or
oval in configuration and the means for supplying air laterally into the body of
material may be accomplished by rods extending radially inward into or above
the body of material to be burned.

Moving Grate

T.R. Komline and W.H. Sanderson; U.S. Patent 3,322,079, May 30, 1967, assigned
to Komline-Sanderson Engineering Corp. describe a method and apparatus for in-
cinerating sewage sludge and municipal waste in which an ignited bed of the
municipal waste is supported for continuous movement on a grate.

An upward flow of air through the fuel is produced by suitable means and the
sludge is sprayed in finely divided particles into the upward rising air and com
bustion gases above the solid fuel bed, the upward rising gas and air currents im-
peding the downward movement of the particles to increase their exposure to the
heating and drying action, some of the particles being entrained and subjected

to combustion in the currents and other heavier particles descending onto the
solid fuel for combustion after being subjected to such drying and heating action.

The incinerating apparatus illustrated by Figure 1.17 comprises an incinerator
housing 10 supported on a suitable foundation 11, and defining an enclosed hor-
izontally elongated combustion chamber 12 within which is operatively disposed
a generally conventional traveling or conveying grate structure 14, as diagrammati-
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cally illustrated in Figure 1.17a. The grating 14 may be similar to that described
in U.S. Patent 3,152,562, and is adapted to support for combustion on its upper
surface a bed of solid fuel B which will normally comprise combustible municipal
waste such as trash or trash and garbage intermixed with each other. Such mu-
nicipal waste is delivered onto the forward or charging end of the grating by
means of a charging hopper 16 communicating with the combustion chamber
through an opening 18 in the front wall of the housing at a location above the
forward or charging end of the grating. Material is delivered into the hopper
from a charging floor 17.

The grating is somewhat inclined downward from front to rear and is arranged

in conventional manner to progressively convey the burning bed of the solid

fuel rearward at a rate such that the material comprising the bed will be com-
pletely burned or oxidized upon reaching the rear or discharge end of the grating.
The ashes will be continuously discharged from the rear end of the grating into

a suitable discharge or collection means, such as exemplified by the ash pit 20

in Figure 1.17a, to be disposed of as desired.

As is usual, the grating is constructed to permit the free passage of combustion
air upward through it and through the burning material supported thereon. For
supplying a constant flow of air under forced draft upward through the forward
portion of the grating, there is provided beneath the grate a plenum 22, the open
upper side of which communicates with the grate, and means such as the cen-
trifugal blower 24 communicating with the plenum through a passage 26 for sup-
plying air from the atmosphere into the plenum at superatmospheric pressure.
The air is thus caused to move upward through the burning solid fuel bed to
maintain the combustion of the material at a sufficiently high operating tempera-
ture.

FIGURE 1.17: INCINERATION OF SLUDGE ON MOVING GRATE

Vertical Section of Apparatus (continued)
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FIGURE 1.17: (continued)
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The upward rising air and/or combustion gases after passing from the plenum
through the fuet bed B are guided or deflected rearward above grating 14, by the
inner configration of the combustion chamber, so as to flow longitudinally to-
ward the discharge port or flue 28. From the flue, the exhaust gases pass through
a conventional scrubber 30 for the elimination of fly ash or other entrained ma-
terials, then to and upward through a chimney or stack 32 for discharge into the
atmosphere.

Located above the forward or charging end of the grate and plenum 22 is a cy-
lindrical drying chamber 34, having a conical lower end portion 35 merging and
communicating with the incinerator housing 10. The lower axial end of chamber
34 opens downward into the combustion chamber 12 in spaced relation above
the grate so as to constitute in effect an upward extension of the combustion
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chamber. Wet or liquid sludge is delivered into the drying chamber by means of
the centrifugal sprayer, or atomizer, generally designated 36, supported through
an opening in the closed upper end 38 of the spray drying chamber. The atom-
izer includes a motor 40 which is in driving relation with the rotary distributor
42 to rotate the latter at high speed about a vertical axis which is preferably co-
incident with the cylindrical axis of the chamber 34.

A suitable form of centrifugal atomizer 36 is described in U.S. Patent 2,292,572,
including means for supplying the liquefied sludge to the atomizer as well as air

cooling means for enabling it to withstand better the high temperatures to which
it is necessarily subjected in operation.

Located over approximately the mid-area of the grate in a fore and aft direction,
and at the location of the maximum heat intensity of the ignited bed of solid
fuel B, is the intake or inlet port 44 of a hot gas recirculating blower 46.

The blower is illustrated here as being driven by a rotary electric motor 48 to
deliver the heated gases through a delivery conduit 50 back into the upper por-
tion of the spray drying chamber 34, preferably through an annular duct or
manifold 52 concentrically surrounding the centrifugal atomizer 36, and having
a plurality of discharge orifices, or nozzles 54 directed tangentially in the direc-
tion of rotation of the rotor 42 to contribute to the centrifugal dispersion of
the particles by the distributing rotor and to produce a swirling and gradually
downwardly spiraling movement of the incoming heated gases toward the open
lower end of the spray drying chamber.

The primary function of these heated gases is to dry the particles projected out-
ward from the atomizer. The swirling action of the air currents serves not only
to increase the radially outward dispersion or spreading of the particles by cen-
trifugal force, but also to create sufficient turbulence to slightly retard the down-
ward settling of the particles and thus to increase the length of their stay in the
drying chamber and the thoroughness of the drying action.

The heated gases recirculated through the blower may be at such temperatures
that they will serve not only to dry the sludge particles, but also to wholly or

, bartially oxidize some of them, namely the smaller or lighter particles, while the
latter are suspended in such gases, so that when the swirling gases with such en-
trained oxidized particles emerge downward through the open lower end of the
drying chamber, the particles thus entrained will be carried with the gases to and
through the flue 28 without ever settling upon the solid fuel bed B.

Thus, to the extent that the particles are burned while in suspension, the fuel
bed will be proportionately relieved of such tendency as they might otherwise
have contributed toward clogging or smothering of the fire. The capacity of the
incinerator to handle the sludge will be accordingly increased.

Since the drying chamber 34 constitutes in effect an extension of the combustion
chamber, the sludge particles which settle upon the solid fuel bed move thereon
directly from the drying chamber without any loss of heat, such as would occur
were they separately dried and then transferred to the combustion chamber.

Thus, the sludge particles require but a minimum amount of added heat from

the solid fuel bed to bring them to ignition temperature. Also, it should be noted
that, as the downwardly swiriing heated gases emerge from the lower end of the
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drying chamber 34, they must move beneath the intake 44 of the heat recirculat-
ing blower 46 which is interposed between the drying chamber and the flue 28,
and at the same time will move through and be subjected to heat from the up-
ward moving zone or curtain of superheated gases which moves progressively up-
ward from the intensely hot mid portion of the fire bed B and the intake 44.
Thus, any entrained particles of unburned or partially burned sludge will be sub-
jected to complete oxidation upon passing through this zone enroute to the flue.

In order to avoid the movement of any significant or appreciable amount of such
particles into the intake, the flow of air beneath such intake may be downwardly
deflected by means of a baffle 56 depending from the top wall of the housing,
rearward of the intake 44. Such a baffle serves the further important function
of deflecting the path of movement of the entrained particles downward toward
the fue! bed to thus be exposed to an increased amount of radiated heat.

It will be apparent that, after passing through the flue 28, the exhaust gases with
any entrained particles of burned sludge will pass through the scrubber 30 which
will serve to remove and collect the entrained burnt siudge particles and/or fly
. ash, the bases then being discharged to the atmosphere through the chimney or
stack 32.

Throughout their lateral movement from beneath the drying chamber to the dis-
charge flue 28, the exhaust gases and entrained particles flow immediately above
and in proximity to the ignited fuel bed, so that the heat therefrom will com-
plete combustion of all entrained particles and gases before their discharge.

It is desirable in the operation of the apparatus that the rate of charging of the
solid fuel onto the grating 14, the volume of air through the solid fuel bed B,
and the rate at which the dried sprayed particles are delivered onto the fuel bed
will be so related that the temperature of the exhaust gases discharged through
the flue will be maintained at or above 1400°F so as to destroy all organic odors.
In the operation of the apparatus, which is apparent from the foregoing, the
burning bed of solid material B is supported on and moved continuously rearward
by the grating for discharge of the ashes of the completely consumed material
into the ash pit 20.

The particles of sludge are delivered downward into the combustion chamber
from the drying chamber at a location directly over the upward opening plenum
22 above the burning bed of the solid fuel, and are laterally spread or distributed
across the combustion chamber by the centrifugal action of the atomizer and/or
by the centrifugal forces created by te whirling streams or jets of air emerging
from the nozzles 54. By such distribution, the heavier particles when received
from the solid fuel bed, will avoid smothering same. At the same time, the
lighter particles which are entrained in the gases will be burned while suspended
enroute to the flue 28.

The air which is formed upward through the fire bed B by the blower 24 and
plenum 22 not only accelerates the rate of oxidation and increases the tempera-
ture of the bed, but in addition is itself heated and utilized to provide an up-
ward rising stream or flow of gases above the forward end portion of the bed
and beneath the drying chamber, through which the heavier particles of material
from the drying chamber must descend and be further dried and/or ignited en-
route to the solid fuel bed.
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In addition, by entraining some-of the lighter particles and carrying them later-
ally over the fuel bed to the flue 28 while causing their combustion while thus
entrained, the moving air stream reduces the load on the solid fuel bed and thus
increases the overall capacity of the apparatus accordingly.

Dual Combustion Chambers with Mechanical Grates

R. Tanner, T. Jacobovici and F. Wuthrich; U.S. Patent 3,633,365; October 13,
1970, assigned to Von Roll AG, Switzerland describe a combined furnace for
simultaneously incinerating refuse or garbage and sewage sludge, the furnace in-
corporating two distinct combustion chambers in direct and open connection
having mechanical grates of adequate design and position to suit the specific
requirements for both the refuse and sludge and to allow the final phase of in-
cinération to be completed in common. The furnace further includes means for
the common discharge of both the gaseous products and the residues of inciner-
ation.

Automated Sludge Batchwise Incinerator

In a process which is described by R.P. Farrell, Jr. and J.F. Schulte; U.S. Patent
3,381,637, May 7, 1968, assigned to General Electric Company the sewage sludge
incinerator is operated in a batchwise manner, sewage sludge being charged and
then after removal of water by filtration the sludge is heated and dried and
finally burned. An unusual aspect centers in the combination of control means
for regulating the weight of sludge deposited in the incinerator for disposal by
combustion so that the volume of sludge charged into the incinerator on each
successive cycle will be varied automatically according to the solids content of
the sewage sludge feed.

Furnace Grates

According to a process described by A. Knaak,; U.S. Patent 3,808,989, May 7,
1974, assigned to Koppers-Wistra-Ofenbau GmbH, Germany a mix of household
refuse and sewage sludge is admitted onto a furnace grate over which it travels.
During this travel the mix is dried, ignited and partially combusted. From a dis-
charge end of the grate the partially combusted mix is discharged directly into

a rotary furnace drum where combustion is completed. The combustion gases
developing during partial combustion on the grate and during final combustion
in the furnace drum are separately withdrawn and are thereupon united before
being passed into a gas cooler.

W. Bastgen; U.S. Patent 3,871,285; March 18, 1975, assigned to Albert Klein KG,
Germany describes an incinerator device for burning granulated or otherwise
fractured combustible material. The incinerator comprises a grate to which is
fed combustion air from below. The grate is in the form of a sieve or a sieve in-
sert which is swingably mounted and to which swinging motions are imparted.

There is also described a method for processing residuals in wastewater, liquefied
sewage and liquefied sludge. According to the method, part of the moisture
content of flowable material to be processed is removed and the solids in the
wastewater, sewage or sludge are fractured to desired sizes after partially drying
the same. The thus obtained granulate is then dried by applying heat.
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Finally, if desired, the now dried granulated material is burned preferably by us-
ing a glowing or hot bed continually coacting with an air cushion.

Movable Separation and Filtration Bucket

W.E. Dorn; U.S. Patent 3,714,914, February 6, 1973 describes a sewage disposal
device operative to separate solids from liquids in raw sewage and completely in-
cinerate the solids and treat the fluids to eliminate poliution at the source of
the sewage.

A separation and filtration bucket movable between a settling chamber for con-
taining fluids and a combustion chamber, receives intermittent charges of raw
sewage for filtration and drainage into the fluid separation chamber and for trans-
portation and depositing of the remaining solids into the combustion chamber
for drying out and complete incineration of the solids for subsequent removal
as inert ash. Means is provided for further treatment of the separated liquid
sewage to render it substantially pollution-free effluent. .

Referring"to Figure 1.18, the process equipment comprises outer concrete shell
1, which houses a primary settling chamber 2, also a liquid treating chamber 3,

an access well 4 to allow for access to operating equipment, also equipment hold-
ing chamber 5 is located within the outer concrete shell.

FIGURE 1.18: SEWAGE DISPOSAL DEVICE
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FIGURE 1.18: (continued)
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FIGURE 1.18: (continued)

Horizontal Detailed Section Taken on Line 4-4 of Figure 1.18b

Source: U.S. Patent 3,714,914

Located within equipment holding chamber 5 is a separation and filtration bucket
6 which moves on rails 7, between the primary settling chamber 2 and the equip-
ment holding chamber. A drying and separation plate 8 is located directly below
the separation and filtration bucket when it is in its operating position in the
equipment holding chamber.

A cast iron grate 9 is located at the bottom of combustion chamber 15. Both
the cast iron grate and the combustion chamber are located directly below the
drying and separation plate. Below the cast iron grate is ash pit 10. The ash
pit is made accessable by cleanout door 11 from access well 4. A stoker and
observation port 12 is located in the wall between the cast iron grate and the
access well to allow for stoking and observation of the cast iron grate when re-
quired. '

High pressure gas or oil burner 13 is located in a wall between the cast iron grate
and the access well and fires directly into the cast iron grate to incinerate all dried
sewage solids to a fine'ash. The cast iron grate has a movable ash removal door
9A for the removal of any crystallized ash that might accumulate within the iron
grate.

Oxygen generating unit 14 is located in the wall between the ash pit and the ac-
cess well and leading into space in the ash pit. The oxygen generating unit is re-
quired along with the gas or oil burner to raise the temperature of the combus-
tion chamber up to 1800° to 2000°F which is required to burn all products of
combustion being generated during the incineration period, especially hydrogen
sulfide and sulfur dioxide gases. At the normal operation temperature of the de-
vice all of the gases given off will be burned to an odor-free gas that will be
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discharged into the atmosphere through outlet flue 16, thus eliminating any con-
tamination of the outside air. The separation and filtration bucket 6 is provided
with two swing doors 6A which open downward from the bottom which will al-
low for emptying contents of filtered solids onto drying and separation plate 8.
The separation and filtration bucket is also provided with a specially designed
filter system 17 to allow for the separation of all solids from the liquids as re-
ceived from the raw sewage feed line 18.

All solids are retained in the separation and filtration bucket while the liquid is
filtered into primary settling chamber 2. The separation and filtration bucket is
also equipped with wheels 19 which roll on rails 7. The raw sewage feed line is
located in such a position as to empty any raw sewage into the separation and
filtration bucket when it is located in operating position 6B in the primary settling
chamber.

Heat from the combustion chamber 15 passes through adjustable vents 20 to reg-
ulate the amount of heat supplied to the drying and separation plate 8 and dry
any solids that have been deposited on it by separation and filtration bucket 6
before passing the solids into the combustion chamber and finally into the cast
iron grate 9 for final incineration.

The drying and separation plate is made up as two doors which open downward
at the middle to allow for the emptying of the dried solids into the combustion
chamber. Oxidizing and chtorinating unit 21 is located at the top of liquid treat-
ing chamber 3, with a feed line running to the bottom of and inside side of
liquid treating chamber 3.

The combustion chamber and the ash pit 10 are lined with a super-high-tempera-
ature refractory 22 which is both nonmoisture and nonspalling-proof. A heat
separation block 23 is located at the top of the combustion chamber and is used
for even distribution of heat at the bottom of the drying and separation plate.

The access door 24 is located in the top of the access well 4 to permit entry
into same. The cleanout and access door 25 is located in the top of the pri-
mary settling chamber 2. Outfall pipe 30 is located in the outside wall of the
liquid treating chamber 3 for the purpose of draining treated effluent into drain-
age field or municipal sewer line.

The recirculating gas line 27 is located in the access well 4 and leading from the
top section of the equipment holding chamber 5 to the bottom of the equip-
ment holding chamber and then back into the combustion chamber.

In the combustion chamber the final burning of unburned gases collected from
the top section of the equipment holding chamber 5 takes place before these
gases are passed through the outlet flue 16 to the outside atmosphere.

The observation and stoking port 28 is located in the wall between the equip-
ment holding chamber 5 and the access well 4 and leading into the space just
above the drying and separation plate 8 to allow for observation and cleaning
of excess material that has accumulated on the surface of the drying and sep-
aration plate when required.
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Spray Technique in Reactor

According to a process described by N. Rosler, W.G. Rudat and E. Albrecht;
U.S. Patent 3,922,221; November 25, 1975, assigned to Rheinstahl AG, Germany,
sewage sludge is conditioned and subsequently dehydrated by directing sludge in
the form of a spray into a sludge reactor tower after it has first been treated by
floating surface aerators in a sludge storage tank. The sludge is first treated to
control its pH factor so that it is below 4 and preferably between 2 and 3, and
it is sprayed into droplets in the reaction tower at temperatures ranging from
40° to 100°C. Gases from a turbulent bed furnace into which a dehydrated
sludge is fed are directed into the reaction tower at a level below a sludge bath
in the bottom of the tower and it flows upwardly through the spray droplets

to an outlet and to ash removing devices.

The sludge which is collected in the bottom of the tower is drained off to a
dehydration device, for example a mechanical dehydrator such as a wire press
or centrifuge. The sludge which is removed from the reaction tower is treated
with an alkaline material to maintain its pH from between 6.5 to 7. The appa-
ratus includes a sludge reactor tower having a lower end defining a sludge bath
and with means for spraying a selected quantity of sludge into the tower. A
hot exhaust gas outlet is located above the spray means and means for admit-
ting flue gases into the tower are arranged above the sludge bath at the bottom
of the reaction tower and below the spray means.

According to a process described by J.£. Hanway, Jr.; U.S. Patent 3,738,289;
June 12, 1973, assigned to Chicago Bridge & lron Company, waste-treatment
sludge from which water has been largely removed is dispersed downwardly in
an upwardly flowing atmosphere within a firebox where the temperature is
maintained sufficiently high to dry and burn the sludge while it is in free falling
condition, and ash and other products of combustion escaping upwardly to a
gas scrubber and ash separator, with relatively clean gas being discharged to the
atmosphere.

The firebox is preheated by a burner at the bottom. As necessary to maintain
the required temperature, there is further burning of fuel at this burner or by
addition to the sludge feed. Addition of fuel oil to the sludge before pumping
the sludge facilitates pumping, and achieves mixing. Supplementary air is fed
at the bottom and somewhat tangentially, to impart rotation to the gases within
the firebox.

Feed System

According to a process that is described by M. Ochi and F. Shibata; U.S. Patent
3,877,398, April 15, 1975, assigned to Ataka Construction Co., Ltd., Japan, an
incinerator for sludge or the like is provided with a gravity feed down an in-
clined surface. At least one site along the incline, where the material being fed
is in contact with heated drying gases from the combustion chamber, the incline
has a generally horizontal surface portion, swept by a multiple-, curved-blade ro-
tary agitator which cuts and stirs the material to expose a greater part of the
bulk thereof to the exterior for drying by contact with heated gases from the
combustion chamber. The incineration of sludge means of the process, enables
the fully automatic charging, stirring, drying and incinerating of that material

as one continuous operation.
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The breaking of the clods at the agitating station(s) promotes efficiency of the
device by using heat thrown off the combustion process to prepare the sludge
or the like to be more easily incinerated as dried, pulverized material.

Sludge Supply Manifold

L. Bakker; U.S. Patent 3,678,870; July 25, 1972; assigned to The Air Preheater
Company, Inc. describes an incineration chamber that is especially adapted to burn
liquid or semiliquid fuel in the form of a combustible sludge by increasing the
residence time during which the fuel is in contact with the hot gases of combus-
tion.

In an incinerator of the "starved air" type shown in Figure 1.19, trash or refuse
to be burned is placed in an incinerator housing 10 enclosing a primary combus-
tion chamber 12 that is preferably formed in an ellipsoidal configuration in the
manner shown in U.S. Patent 3,419,700. The incinerator is formed with a load-
ing or access door 14 at one end for the supply of solid material to be burned
and an outlet port 16 at the other end for the exhaust of products of combus-
tion. The inner wall of the incinerator is insulated by a layer of fire resistant
material 18 capable of withstanding temperatures ranging upwards to approxi-
mately 2500°F.

The bottom of the vessel is adapted to receive a series of tubes 20 having open-
ings 22 therein sized to provide adequate air for combustion of a charge placed
therein. As an arrangement that protects the tubes from the corrosion and ero-
sion of the burning waste the tubes may be embedded in the insulating material
so only the exit openings 22 for the air are connected via valve 25 in line 27 to
a suitable outside source of air for combustion whereby sufficient air may at

all times be supplied to the primary combustion chamber.

In the same manner that tubes 20 are embedded in the insulation layer lining
the floor of the incinerator, sludge supply tubes 26 are embedded in the insula-
tion lining the upper portion of the incinerator. Thus liquid waste or sludge
supplied to the upper ends of the tubes 26 may flow downwardly through the
tubes so that it is heated while passing in heat exchange relation with the hot
insulating material which lies in contact with the combustion gases. As the hot
sludge is exhausted from the belled outlets 28 it usually has a low viscosity be-
cause of its high water content, but as it flows downwardly over the walls of
the incinerator it quickly loses moisture by evaporation and is subsequently
burned or subjected to pyrolysis according to a predetermined incineration proc-
ess.

The tubes 26 are attached to a header or manifold 30 that is supplied with
sludge from a source via an inlet pipe 32. The sludge is preferably fed through
* pump 40 and valve 42 whereby the proper amount of sludge may be supplied
to the tubes 26 and exhausted from the belled outlets. While some of the
sludge may be blown from the belled ends 28 of the tubes into the incinerator
chamber, a major portion of it will gravitate downwardly and follow the curva-
ture of the wall as a slowly moving stream flowing to the bottom of the incin-
erator.

As the sludge flows down through the tubes 26 and out the belled ends thereof
it is heated and the moisture therein is lost by evaporation leaving a dry residue
or cake.
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FIGURE 1.19: SLUDGE BURNER
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This cake is summarily subjected to a continued pyrolysis according to standard
starved air incineration principles until only an inert ash remains.

To enable the effective burning of all sludge in spite of its varying calorific value,
the flow of sludge to the incinerator chamber may be controlled in accordance
with the temperature in the chamber obtained by the partial combustion of the
waste material. Accordingly, a thermocouple 44 in the primary combustion cham-
ber is adapted to sense the temperature of the heat generated therein and activate
a controller 46 that regulates operation of the sludge supply valve 42 and the air
supply valve 25.

Thus the thermocouple 44 is adapted to sense the heat of the combustion cham-
ber to activate a controller whereby a temperature in excess of a predetermined
amount will move valves 25 and 42 toward a closed position. Similarly insufficient
heat at thermocouple 44 will actuate the controller 46 to move the air and fuel
valves toward an open position to increase the combustion rate in the chamber 14.

Concentrated Sewage Injected into Hot Flue Gas

R. Mutke and P. Steller; U.S. Patent 3,687,488, June 28, 1971, assigned to
Vereinigte Kesselwerke AG, Germany describe a process according to which
rubbish and sewage are simultaneously disposed of while the amount of injected
sewage is controlled so as to maintain a substantially overall effective burning
operation of the disposal apparatus.

Shown in Figure 1.20 is a disposal apparatus for the combined disposal of rub-
bish and sewage and which is seen to comprise a separator unit 1 which, de-
pending on the specific requirements of the apparatus, may be incorporated to
separate or filter solid particles from the sewage disposed in this unit for such
filtering treatment. This separator unit 1 may, for example, be a centrifuge.
Following the filtering process of the sewage, the solids are conveyed to a com-
bustion furnace 2 by means of a duct member 14 and are combusted or burned
in this furnace. Also combusted in the furnace is the rubbish which is directly
disposed there either manually or mechanically, as may be required.

The liquid sewage emanating from the separator unit 1 is subsequently con-
veyed to a heat operated evaporator or flashing installation, generally indicated
at 15, for concentration in the installation. In this installation the liquid sew-
age is initially received in a first evaporating stage in the form of evaporator
chamber 5, via a heat exchanger 3 and a feed pump 4. From this chamber 5,
the partly evaporated liquid sewage is then conveyed to a second heat exchanger
3’ via a feed pump 6 and again conveyed back into the chamber via a pressure
valve 7 for further evaporation.

This recirculation process of the liquid sewage to and from the chamber 5 via
the feed pump 6, the heat exchanger 3’ and the pressure valve 7 is repeated and
the hot vapors resulting from this repeated evaporation process in the chamber
are conveyed therefrom to the heat exchanger 3 via a duct member 8 for heat-
ing the liquid sewage emanating from the separator unit 1. Following heating
the liquid sewage in the heat exchanger 3, the vapors are then disposed of in
the form of a clean condensation product. The liquid sewage is constantly kept
at a certain level by means of the feed pump 4.
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FIGURE 1:20: COMBUSTION PROCESS
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Source: U.S. Patent 3,587,488

The partly concentrated sewage resulting from this repeated recirculation and
evaporation process in the first evaporator chamber 5 is then conducted to a
second evaporating stage in the form of evaporator chamber 5, the feed pump 6,
the heat exchanger 3’ and the pressure valve 7° via a feed pump 4’ for further
recirculating and concentrating the sewage and, upon treatment of the sewage
in the second evaporating stage, the sewage is then further conducted to a third
evaporating stage in the form of evaporator chamber 5", the feed pump 6", the
heat exchanger 9 and the pressure valve 7" via a feed pump 4", for still further
‘concentration treatment of the sewage.

Likewise as regards the heating of the liquid sewage in the heat exchanger 3, the
hot vapors resulting from repeated evaporation of the sewage in the chambers
5" and 5", are used to heat the sewage in the preceding stage, i.e., hot vapors
are conveyed from the chamber 5’ to the heat exchanger 3’ via a duct member
8’ and hot vapors are conveyed from the chamber 5" to the heat exchanger 3"
via a duct member 8. This arrangement is based on the countercurrent prin-
ciple.

The heat necessary for heating the sewage in the third heat exchanger 9 is sup-
plied by a heat exchanger 10 via a duct member 11. The heat exchanger 10, in
this instance, is an air-water type heat exchanger operative for the production of
saturated steam and is arranged in the path of a flue or smoke-duct 16 which is
connected to the combustion furnace 2. The flue 16 is operative to conduct
the stream of hot flue gases resulting from burning the rubbish in the furnace,
into engagement with the heat exchanger 10 to subject the same to heat so as
to convert the water into saturated steam which then is supplied to the heat ex-
changer 9.



88 Sewage Sludge Treatment and Disposal

As regards the three successive stages for concentrating the sewage, it is noted
that, in this instance, the first stage incorporating the chamber 5 has a lower
temperature than the second stage incorporating the chamber 5°, and that the
third stage incorporating the chamber 5" has the highest temperature. In this
manner the degree of evaporation and subsequent concentration of the sewage

is gradually increased such that at the third stage the liquid sewage is completely
concentrated,

The sewage thus fully concentrated in the chamber 5" is then conveyed via a
duct member 17 to the flue 16 and, by means of at least one atomizer 12, is
injected into the stream of hot flue gases passing through the flue. The con-
centrated sewage injected into the hot flue gases serves to cool these gases pref-
erably to a temperature of 700° to 750°C at which temperature it has been ex-
perimentally found that the concentrated sewage is entirely and completely
burned,

Further cooling of the flue gases to a temperature of about 200°C is effected

in the heat exchanger 10 in which, as explained above, the hot flue gases con-
vert the water in the heat exchanger into steam. Arranged intermediate the
heat exchangers 9 and 10 is a thermoregulator 13 which serves to adjustably
requlate the supply of saturated steam from the heat exchanger 10 to the heat
exchanger 9. By regulating this steam supply to the exchanger 9, the degree of
concentration of the sewage in the evaporator installation 15 is varied in that
the rate of evaporatign of the liquid sewage increases or decreases with the rise
or fall of temperature.

In varying the heat and thereby the concentration of the sewage in the evapora-
tor installation 15, also the amount of concentrated sewage is adjusted so that
when the temperature in the heat exchanger rises, the recirculation for evaporat-
ing the liquid sewage in the respective evaporating stages of the installation de-
creases which gives as a result that the sewage thus treated is supplied to the
flue 16 and injected into the flue gases at a faster rate, while when the tempera-
ture in the heat exchanger decreases, recirculation for evaporating the liquid
sewage increases with the result that the sewage thus treated is supplied to the
flue and injected into the flue gases at a slower rate.

Increase in quantity or rate of concentrated sewage is then necessary when the
combustion production in the combustion furnace 2 is increased, as a result of
which also the temperature of the flue gases increases and since it is an object
of the process to maintain the temperature of the flue gases at a preferred tem-
perature of pot less than 700° to 750°C, such increased rate or quantity of con-
centrated sewage injected into the hot flue gases serves to cool and maintain
these gases at such temperatures.

Contrarily, decrease in quantity or rate of concentrated sewage is then neces-
sary when the combustion production in the combustion furnace 2 is decreased,
as a result of which also the temperature of the flue gases decreases, and such
decreased quantity or rate of concentrated sewage injected in the less hot flue
gases serves to cool these gases to a lesser degree thereby maintaining the same
at the desired temperature.

In any event, the quantity or rate of concentrated sewage injected into the
flue gases should be varied dependent upon the temperature of the flue gases
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and maintain the same at 700° to 750°C, at which temperatures it has been ex-
perimentally found that the concentrated sewage is burned in its entirety.

Alternatively, and in order to vary the concentration of the sewage in the evap
orator installation 15, the latter may consist of a great number of individual
evaporating stages, and such variation of concentration of the sewage may be
effected by either connecting or disconnecting a number of these evaporating
stages, in which case the supply of steam supplied to the heat exchanger 9 may
be constant.

For example, in concentrating sewage with a liquid content of about 98%, it is
obvious that with the example, shown, more evaporating stages are to be utilized
than with a sewage having a liquid content of about 95%.

In related work R. Mutke and P. Steller; U.S. Patent 3,592,149, July 13, 1971,
assigned to Vereinigte Kesselwerke AG, Germany describe an apparatus for dry-
ing sewage having a high liquid content of 90% or more. The apparatus accord-
ing to this process comprises a flue duct cooperating with a source of hot flue
gases to conduct these gases along a predetermined path and in which at least
one injecting member is operative to inject substantially liquid sewage into the
hot flue gases passing through the flue duct. Mixing means are provided after
the injecting member to mix the hot flue gav=s with the sewage injected therein
to thereby dry the liquid sewage and simultaneously cool the hot flue gases.
Complete details of the apparatus are provided.

Conveyor Unit

N.F. Pergola; U.S. Patent 3,655,048, April 11, 1972 describes a method and ap
paratus for treating and disposing of sewage which includes introducing raw
sewage into a liquid separator, separating liquid sewage from the solid sewage
and collecting the separated liquid in a collection reservoir. The solid sewage

is passed onto a filtration conveyor where the carry over liquid is filtered by
the conveyor into a filtration reservoir and the solid sewage is transported to an
incinerator. The liquid in the filtration reservoir is recirculated to the collection
reservoir.

An air supply and diffusion device introduces diffused air into the liquid in the
collection reservoir to carry suspended solid sewage to the surface of the liquid
in the collection reservoir. The liquid and solid sewage on the surface of the
collection reservoir is passed over a weir onto the filtration conveyor where the
filtration, transportation, recirculation and incineration steps are repeated.

The diffusion of air into the liquid, the passing of the liquid and the solid
sewage onto the filtration conveyor and the recirculation of the liquid is con-
tinued for a set period of time after the raw sewage has stopped flowing into the
separator. At the termination of the recirculation cycle, the liquid is passed
from the collection chamber through baffles into an effluent reservoir where

the liquid is treated to reduce the bacteria count.

Screw Conveyor

R.B. Burden, Jr.; U.S. Patent 3,472,185, October 14, 1969, assigned to General
Incinerators of California, Inc. describes an apparatus which comprises a screw
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conveyor having a hollow shaft, one end of which terminates centrally within
the base portion of a cylindrical burner tube. The casing of the screw con-
veyor terminates at a conically tapered nozzle end portion which encloses the
open discharge end of theshollow conveyor shaft and projects into the burner
tube centrally of its base.

As the shaft of the conveyor rotates, sludge fed into the input end of the con-
veyor casing from a dewatering means is conveyed to and deposited within the
nozzle end thereof. At the same time air blown through the hollow shaft into
the nczzle end of the casing forces a spray of sludge deposited within the noz-
zle out through nozzle apertures into the burner tube. The discharged sludge is
whirled in a rotary path through the burner tube by blasts of primary combus-
tion air introduced into the tube at its base as fuel is also injected into the tube
and ignited to heat and effect combustion of the whirling sludge particles.
Referring to Figure 1.21, the apparatus includes a cylindrical burner tube 10
having an outer steel shell 12 and an inner refractory liner 14 defining a combus-
tion chamber 16.: An insulating air space 18 between the liner 14 and shell 12
may be filled with noncombustible insulating material such as asbestos if desired.
The burner tube has a cylindrical base constructed as a separate unit, including

a concrete inner base portion 22 and an outer steel jacket 23 joined to the

main shell of the burner tube by annular angle brackets 24. The concrete base
portion has a central opening 26 for receiving the projecting discharge end or
nozzle portion of a screw conveyor 28.

Positioned in the base radially outwardly from the screw conveyor 28 is a burner
ring 30 having orifices 32 through which fuel such as gas or oil is injected into
the combustion chamber. Fuel flows into the ring through a fuel line 34 from
a supply source. Ignition means 35 on the ring ignites fuel injected into the
chamber through the orifices 32. The ring 30 is preferably constructed in seg-
ments of equal size, joined together by close nipple fittings, although a one
piece burner could be used. The diameter of the burner ring is therefore ad-
justable by adding or removing segments as desired according to the require-
ments of a given installation and diameter of the burner tube for which the ring
is intended.

A plurality of annularly arranged tuyeres 36 project tangentially into the com-
bustion chamber 16 from the base portion 22 at a position radially outwardly
of the burner ring 30. The tuyeres are fixed at their inner ends to an annular
metal manifold 38 fastened to the exterior jacket 23 of the base by the angle
brackets 40. A blower 42 connected to an intake opening 44 of the manifold
blows primary combustion air into the manifold from which the air is discharged
into the combustion chamber tangentially of such chamber by the tuyeres 36.

Means are provided for feeding sludge into the burner tube. These means in-
clude the previously mentioned screw conveyor 28 which comprises a casing 50,
a hollow central shaft 52 within the casing and a helix, or blade, 54 extending
about the shaft 52 between the casing and the shaft. The discharge end of the
casing 50 projects into the combustion chamber 16 through the central opening
26 in the base 22 and is enclosed and conically tapered to define a nozzle 56
having discharge orifices 58 in its tapered flanks.
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FIGURE 1.21: COMBUSTION PROCESS

Source:

(a) Side View of Apparatus

(b) Discharge End of Conveyor

(c) View Along Line 2-2 of Figure 1.21b
(d) Complete Disposal System

U.S. Patent 3,472,185

91



92 Sewage Sludge Treatment and Disposal

The shaft 52 and blade 54 of the conveyor terminate at about the position at
which the tapered nozzle portion 56 of the casing commences so that an en-
closed space 59 is provided within the nozzle for receiving sludge from the con-
veyor. A sludge-receiving means, including a hopper 60 adjacent the opposite
input end of the casing 50 enables sludge to be fed into the conveyor.

The hollow conveyor shaft 52 extends horizontally beyond the input end of
the casing 50 and blade 54, and is connected to a power means for rotating the
shaft in a direction to convey sludge into the nozzle 56. The illustrated power
means includes an electric motor 62, the drive shaft 64 of which is operatively
connected to the conveyor shaft 52 to drive the same by a chain 66 and sprocket
68. The conveyor shaft 52 is rotatably mounted near its outer end in a bear-
ing 70 and is also coupled at 72 to a stationary hollow shaft 74, which is con-
nected in turn to a second air blower 76 for blowing air through the hollow
conveyor shaft 52 into the nozzle end 56 of the casing.

In operation, sludge that has been at least partially dehydrated, as, for example,
by being passed through a centrifuge, is fed into the hopper 60 and conveyed
through the casing 50 by the rotating screw conveyor into the interior of the
nozzle 56. Simultaneously air blown through the conveyor shaft 52 by the
blower 76 forces the sludge collected within the nozzle out through the dis-
charge orifices 58 in a spray into the combustion chamber 16. Air entering the
nozzle 56 through the shaft 52 is prevented from backing up between the casing
and shaft by the continuous wall of sludge moved forwardly through the casing
by the blade 54.

Prior to the entry of sludge, the burner tube is preheated to combustion tem-
perature by ignited fuel from the burner ring 30. Within the combustion cham-
ber, the sludge is whirled in a rotary path by a high velocity stream of combus-
tion air introduced into the tube through the tuyeres 36. The whirling particles
of sludge are enveloped in a flame, heated and gradually combusted. By the

time the particles have been moved to the discharge end, all but the unusually
large particles will have been completely consumed. However, those particles

that are not consumed can be subjected to further burning in secondary combus-
tion means, such as, for example, the incinerator system illustrated in Figure 1.21d.

Figure 1.21d illustrates a complete system for destroying sludge and incorporates
a burner tube 10 and screw conveyor 28, similar to the ones previously described,
as its primary elements. The system commences with a sludge feed line 80
through which sludge-bearing sewage is pumped into a centrifuge dryer or other
dewatering means 82, where the sludge is separated from the effluent and then
deposited through a chute 86 into the hopper 60 and then into the screw con-
veyor 28. The effluent is discharged from the centrifuge through the line 84.

A single blower 88 and i 5 associated system ducts 90 supply air to the nozzle
56 of the conveyor through the hollow shaft 52, and to an auxiliary, premix
burner 92 at the base of a secondary combustion chamber, or incinerator 94.

Sludge sprayed into the burner tube 10 from the nozzle 56 is burned and simul-
taneously whirled to the discharge end 96 of the tube and into the incinerator
94, where incompletely burned particles are burned further and ultimately de-
stroyed. For this purpose auxiliary burner 92 at the base of the incinerator in-
jucts premixed fuel and air into the incinerator and ignites the same. Gaseous
products of combustion from the sludge are drawn with the aid of an induced
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draft fan through the incinerator 94 into a gas washer unit 98 where any ash is re-
moved therefrom, before the gases are discharged into the atmosphere through
the stack 102. Summarizing the method by which sludge is conveyed and de-
stroyed in the previously described apparatus, sludge is first at least partially de-
watered and then is fed continuously by a screw conveyor into a partially en-
closed space within the base of a burner tube, which space is defined by the
tapered nozzle end 56 of the casing. A stream of forced air is then blown into
the enclosed space behind the deposited sludge through the hollow conveyor
shaft 52, forcing the sludge out in a spray through orifices in the walls of the
tapered nozzle 56, into the burner tube.

Within the burner tube the sludge particles are whirled in a rotary path gradually
to the discharge end of the burner tube while being destroyed by intense heat
and flame at a temperature which may reach upwards of 2000°F. The gaseous
products of combustion are then scrubbed and exhausted to atmosphere. Auxi-
liary fuel consumption will depend on the amount of water remaining as part

of the sludge after the dewatering step. The method has been found to work
satisfactorily with sludge having a 15 to 20% solids content by weight, although
optimum results are achieved with sludges having a solids content approaching
40% by weight.

Heat from Incinerator Used for Dewatering

A process described by O. Salamon,; U.S. Patent 3,652,333 January 5, 1971;
assigned to Von Roll AG, Switzerland involves the concomitant incineration of
both solid refuse and sewage sludge. The thermal dewatering of the sewage
sludge is carried out in suitable, convenient equipment in a separate manner
from the incineration of the solid refuse together with the dried sludge.

The equipment generally comprises a vaporizer of known construgtion, e.g., a
thin layer vaporizer and a drum vaporizer or volute vaporizer of different con-
struction with its design and function adapted to deal with suspension of par-
ticulate solid matters. The heat required. for the thermal dewatering process is
provided by the incineration of the solid refuse and dried sludge in furnaces
also of known design and function.

Hot flue gases from the incinerator, or alternatively, steam generated in a boiler
heated by the flue gases, are used as an intermediate thermal agent for the
transfer of heat from the incinerator to the vaporizer.

Figure 1.22 illustrates an operational layout for carrying out the process where
the hot flue gases from an incinerator are used as an intermediate thermal
agent to directly provide heat to a one-stage vaporizer for the liquid sewage
sludge. Referring to the figure, an incinerator for solid refuse is designated by
reference numeral 1 and is seen to comprise, in the usual fashion, a charging
pit 2, a combustion grate 3, which generally is of mechanical type, and an un-
cooled combustion chamber 4 having refractory brickwork.

The refuse to be incinerated is charged at 0 and subsequently passes through the
charging pit 2 to form a layer on the grate 3 at which point the refuse is ignited
and burnt out in known manner, the noncombustible residues known as the
clinker being discharged through the opening 5. Hot combustion gases leave
the combustion chamber as illustrated at reference numeral 6 and are led through
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a convenient duct into the primary or heating side 7 of a vaporizer where the
hot combustion gases yield their heat which is eventually expelled by natural or
induced air currents into the atmosphere at reference numeral 8, the tempera-
ture of the combustion gases being not under some 570°F. Liquid sludge having
a 92% water content is fed into the secondary side 10 of the vaporizer, while
the dried sludge is withdrawn at reference number 11 and conveyed by con-
venient means such as the endless belt conveyor 12 into the charging pit 2 of
the incinerator, there to be commingled with the solid refuse. The commingling
of the dried sludge with the solid refuse may, of course, take place elsewhere
than in the charging pit, such as for example, in the refuse bunker.

FIGURE 1.22: PROCESS FOR CONCOMITANT INCINERATION OF SOLID
REFUSE AND SEWAGE SLUDGE
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Source: U.S. Patent 3,552,333

The secondary water vapor which may be malodorous or otherwise affected,
which results from the drying process in the secondary side 10 of the vaporizer
is conducted at 13 into the combustion chamber 4 of the incinerator where the
secondary water vapor is superheated so as to destroy any noxious substances
which it may contain and thus render the incineration process and operation
odorless. The general layout as depicted in the figure may be expanded, for ex-
ample, by providing a two-stage vaporizer which may be advantageous and use-
ful when the amount of sewage sludge is out of proportion to the amount of
solid refuse.

In related work, R. Tanner; U.S. Patent 3,629,588, September 22, 1970; as-
signed to Van Roll AG, Switzerland describes a process for the concomitant in-
cineration of solid refuse and aqueous sewage sludge. The solid refuse is burnt
in a conventional incinerator whereas the aqueous sewage sludge undergoes a
partial thermal dewatering by partially vaporizing the sludge water in a pressurized
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vaporizer. The vaporizer is heated by hot combustion gases effluent from the
incinerator. The resulting sludge slurry is introduced in an atomized state into
the combustion chamber of the incinerator or, alternatively, undergoes a further
mechanical dewatering step to be brought into a semisolid consistency and is
then added to and mixed with the solid refuse prior to its incineration to be
burnt together.

Combustion of Low Solids Suspensions

In a process described by Gustav Bojner and Gosta Bojner; U.S. Patent 3,413,957,
December 3, 1968, assigned to AB Torkapparater, Sweden the waste material from
a purification plant, which is a suspension of a sludge in a liquid, is divided in at
least one liquid phase and one semifluid phase, and the liquid phase is utilized as
a washing liquid for hot gases obtained from a combustion of the waste material

The liquid phase in the washing stage is heated and concentrated by the heat from
the hot combustion gases and then conducted into the heating stage, while the
semifluid phase is conducted directly into the heating stage, where the two phases
again are combined and together heated for drying and combustion.

Referring to Figure 1.23, the equipment comprises substantially a rotary furnace
or drum 1 which is surrounded by two rims or rings 2, each rolling on two sup-
porting rollers 3. The driving means for imparting rotation to the drum may be
of any known type. The drum is slightly inclined. The lower output end (to the
left) which is the hot end and is somewhat enlarged, has a lining of refractory
bricks or the like. In the higher input end of the drum, the washing stage 4 is
formed, supplied with the liquid phase which is kept at a suitable level over the
bottom portion of the drum.

Preferably a heat exchanger 5 is provided in the washing stage. The heating of
the output end in which a combustion space 6 is formed, can be effected by
any suitable burning means 7, for instance an oil burner or a gas burner. Alter-
natively or additionally an inlet 8 can be provided for supplying hot flue gases
from a furnace outside of the drum. The right hand portion of the heating stage
1, immediately to the left of the washing stage 4, constitutes a drying stage 1'.

At the input end of the drum, there is provided am inlet 9 for the sewage waste,
comprising a suspension of sludge and having a very low percentage dry or solid
matter, and the inlet discharges into a concentrating apparatus 10 which has at
least two outlets 11 and 13 and serves to divide the supplied sewage waste or
suspension in at least one thin phase, viz the liquid phase, which has a still lower
percentage of solid or dry matter, for instance, 0.5 to 2%, and is flowing out
through the outlet 11, and one thick phase, viz the semifluid or sludge phase,
which has a corresponding higher content of solid matter and flows out through
the outlet 13.

The liquid phase is conducted through the funnel 12 into the washing stage 4

in order to absorb the foul-smelling matter and the dust in the hot gases obtained
from the combustion, whereby the liquid phase is concentrated or thickened on
account of the evaporation of water, while the hot gases flow through the wash-
ing stage (to the right in Figure 1.23). The semifluid or sludge phase is con
ducted into an especial feeding device, comprising a container 14a, a screw con-
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veyor 14b extending through the same, and an associated driving motor 14c.
The screw conveyor 14b, which is enclosed in a sleeve or tube, constitutes a
feeding channel extending through the washing stage 4 into the drying stage 1,
and does not deliver any material in the washing stage 4. Only when delivered
in the drying stage 1°, the thicker sludge phase is recombined or mixed with the
liquid phase arriving from the washing stage 4 but not being somewhat concen-
trated, the two recombined phases now being dried to the desired final percent-
age of moisture, and eventually combusted, if desired. During the rotation the
charge of the drum is traveling through the same, to the left in the drawing,
whereby the charge is successively dried or burned by the hot flue gases flowing
to the right through the drum.

FIGURE 1.23: COMBUSTION OF LOW SOLIDS SUSPENSION
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Source: U.S. Patent 3,413,937

It is possible to provide the container 14a of the feeding device with an addi-
tional inlet 15 for other materials, such as garbage torn to pieces, or other com-
bustible material. Thereby, the amount of combustible material in the combus-
tion portion of the drum can be increased, if required, The provision of the
additional inlet 15 has also a further advantage. In case the waste material to be
treated would be so concentrated that it cannot be divided in the two different
phases to the outlets 11 and 13, respectively, the waste material can be supplied
to the inlet 15 and be cunveyed directly to the stages 1" and 1 for drying and
combustion, respectively.

In such cases the washing stage 4 should be supplied with water as washing liquid
and should be provided with an outlet for discharging such water in any conven-
ient well-known way. Thus, the arrangement can be-utilized in many different
ways and according to different practical conditions. There is provided both an
oil burner 7 supplying the heat required, and an inlet 8 for hot gases from
another combustion, for instance, flue gases having a temperature of about 800°
to 1000°C. When the sludge material advanced through the drum, if desired
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together with garbage or the like from the inlet 15, has become sufficiently dry,
it is ignited in the output end of the drum, and then it is burnt perfectly during
rotation of the drum. Therefore, in certain cases an especial burner can be omitted,
but it is preferred to provide the oil burner 7 at least for igniting the dry ma-
terial and the gases (methane) developed by the same during the heat treatment.

It should be noted that it is possible to so adjust the supply of combustible ma-
terial through the inlet 15, that the development of heat is sufficient for drying
or coricentrating the waste material, so that the total guantity is burned and only
ashes are left in the combustion stage. It is also possible to provide for a balance
between supply of heat and consumption of heat by regulating the supply of

hot gases through the inlet 8 or by regulating the oil-burning at 7.

The heat exchanger 5 in the washing stage can be a rolling system of cheins and
scooping sheet metal strips or the like, which serve also to keep the internal wall
of the drum free from sticky coatings or depositions which otherwise may be
formed on account of the sticky nature of the sewage wastes. For instance, this
heat exchanger can be of the structure described in U.S. Patent 3,333,837,
where the chains are suspended in the form of loops in a rolling cage. Now,
during the rotation the chains are moving through the washing liquid while be-
ing cooled and wetted, and then they are lifted up into the higher free space,
where the hot gases pass.

The foul-smelling matter and the dust carried by the gases are caught by the
moisture on the chains and are washed away from the same during the rotation
through the body of washing liquid on the bottom of the washing stage, whereby
the concentration of solid matter in the washing liquids is increased on account
of the evaporation of water. The scooping sheet metal strips or the like, when
arranged, ‘'will continuously pour the washing liquid over the chains for effec-
tively wetting the same.

The process makes it possible to dry, in a simple and effective way, sewage
wastes with a very low percentage of solid matter, with or without adding gar-
bage or other combustible material, to any desired final degree of moisture or
to complete dryness or to combustion, by utilization of the heat value of the
solid matter and supplied hot gases from an external source or, and according
to the demand, heat from an oil burner, at the same time as the escaping gases
are effectively washed from dust and foul-smelling matter, where all these oper-
ations can be performed in one single unit.

Mixing with Absorbent Carrier Material

H. Seiler; U.S. Patent 3,410,233, November 12, 1968; assigned to H. Seiler &
Sohn AG, Switzerland describes a method for drying and burning of sewage
sludge which involves mixing an absorbent carrier material to the sludge, drying
the mixture by evaporation, separating the dried carrier material from the dried
sludge, and recycling the dried carrier material to fresh charges of sludge.

The plant illustrated in Figure 1.24a comprises a combustion furnace 1, which
is preferably heated with residue oils and is also capable of burning dry sludge
derived from the plant itself. The hot gases generated by the combustion are
supplied to a rotary drum dryer 2, which at its end adjacent the furnace is sup-
plied by means of a feeder elevator 9 with a mixture of sewage sludge and an
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absorbent carrier material, e.g., sawdust or peat, which is derived from a charging
device 8. From the furnace heated drier drum 2 the dried mixture together with
the hot gases and water vapor passes into a fan 3, which conveys the same through
a pipe 16 to a cyclone separator 4. The latter discharges the separated water vapor
and gases on top, while at the bottom the dried mixture composed of dried sludge
dust and carrier material drops on a vibrator sieve 5. The latter separates the dried
sludge from the carrier material.

FIGURE 1.24: SEWAGE SLUDGE MIXED WITH ABSORBENT CARRIER
MATERIAL
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Source: U.S. Patent 3,410,233

The dried sludge is passed through a pipe 19 into a bag filling device 6, where

it is filled in bags for being used, e.g., as fertilizer. It may alternatively be passed
through a pipe 21a to a fan 3a and hence through a pipe 21b as a fuel to the
combustion furnace 1. The wet sewage sludge is connected in a tank 10 and
passed through a pipe 18 and by the aid of a sludge pump 11 to the mixer 7,
from where it is passed, mixed with the carrier material through a pipe 17 to

the charging device 8.
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The carrier material is accordingly recycled and used all over again. The drier
drum 2 comprises three concentrically telescoped cylinders 12, 13, 14. As
shown in Figure 1.24b, the outer cylinder 14 comprises inwardly directed curved
vanes 15. The walls of the two inner cylinders 12 and 13 are longitudinally
fluted, having a sawtooth-like crosssectional profile. The vanes 15 on the wall
of the outermost cylinder 14 and those wall sections of the cylinders 12 and 13
which extend outwardly have substantially equal directions. The wet mixture of
sludge and carrier material passes together with the hot combustion gases into
the innermost cylinder, through which they flow axially in the direction of the
arrows in Figure 1.24a. :

At the right and end of the cylinder 12 the mixture of carrier material and sludge
together with the combustion gases is deflected 180" and is passed into the space
between the cylinders 12 and 13 through which space they nass in the direction
of the arrows from right to left. At the left hand end of th= space there takes
place a renewed deflection of 180°, and the gases as well as the mixture, which

is then completely dried, are passed by the fan 3 into the separator 4.

The drying in the drum 2 accordingly takes place according to the principle of
specific weight, i.e., the most rapidly dried and consequently weight relieved
particles are continuously aspirated by the fan 3. In the connecting pipe between
the outlet of drum drier and the inlet of the fan, a regulator thermostat 22 is
built in, which on the one hand automatically controls the fuel supply to the
furnace 1, and on the other hand automatically controls the dosage device of

the charging means 8, in order that the plant may always be supplied with hot
gases of the right temperature and with the amount of mixture required.

Combustion in Presence of Carbonate Conditioning Agent

F.N. Kemmer, R.S. Robertson and R.D. Mattix; U.S. Patent 3,640,820, Febru-
ary 8, 1972 assigned to Nalco Chemical Company describe a method for im-
proving the operational efficiency of sewage treatment plants whereby at least

a portion of the sludge produced by such plants is converted into an active sub-
stance. At least a portion of this active substance is then used in these plants

- as a water-treating aid to improve the overall quality of the waste effluent waters
produced by such plants mostly by removing soluble pollutants and the sludges
may be efficiently disposed of without danger of pollution or other sanitation
problems arising.

Referring to Figure 1.25, the plant is composed of a primary clarifier 10 into
which raw sewage is fed through line 12, The primary clarifier sludge is sepa-
rated from the liquid phase of the sewage, with the liquid being passed to an
aeration basin 14 through line 16. After the liquid is aerated in the aeration
basin, it is moved through line 18 to a secondary clarifier 20 where the addi-
tional solids are removed by sedimentation procedures. The supernatant effluent
from clarifier 20 passes through line 22 to an optional tertiary treatment zone
or stage 24, where any remaining insoluble solids are removed to provide a final
effluent which is discharged through line 26.

In the primary clarifier, at least a portion of the soluble organic waste may be
converted into a sludge. An optional step is to include an adsorption column 70
into which the final effluent is discharged through line 26 for removal of soluble
solids. The effluent from column 70 is discharged through line 72,
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FIGURE 1.25: SEWAGE TREATMENT EMPLOYING CARBONATE CONDI-
TIONER IN FURNACE
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Sludge removed in clarifiers 10 and 20 pass from these units through lines 28
and 30 respectively, and in some cases the fill from an exhausted column 70
from the tertiary treatment, could also be fed to a common feed line 34 where
the sludges are combined and then deposited onto vacuum filter 36. The com-
bined sludges are dewatered in vacuum filter 36 and passed into a filter cake
storage unit 38, where they are removed by conveyor 40 to a charring and con-
ditioning furnace 42. A portion of the sludge from line 30 may be recirculated
to line 16.

Sludges entering furnace 42 are subjected to heat treatment in a controlled atmo-
sphere with a conditioning agent present during which the residual moisture of
the cake is removed and it is converted into the active substance of the process.
The active substance is then removed from furnace 42 through line 44 and trans-
ferred through line 46 as a slurry to feeder 48.

The active substance is mixed and fed through one or more of a series of supply
lines 50, 52, 54 and 56 to a choice of lines 12, 16, 18, 22 and 26 where it is
used to improve the clarity and quality of a supernatant effluent leaving any or
each of these units. In some plants a single application point may produce the
desired results, while in other plants a plurality of addition points may be neces-
sary. In particular, the active substance reduces the soluble solids in the super-
natant effluent. The active substance may additionally be used as a filter medium
for line filters 58 and 60 which service line 18 and the filtrate feedline 62 on
the vacuum filter 36, and as the final treatment stage in column 70. The active
substance is made from a variety of sludges entering the vacuum filter 36 from
the primary clarifier 10, the secondary clarifer 20, the tertiary treatment 24, and
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the exhausted adsorption column 70. The heating treatment in the presence of
a conditioning agent produces the active substance of this process. Heating sew-
age in a furnace to high temperatures is known as incineration. Heating sewage
in a furnace without a conditioning agent produces a waste ash which is disposed
of relatively easily, but has no activity in terms of this process.

The furnace must be designed to withstand the fumes generated in the heating
step. The temperature of the furnace can range from 300" to 900°C. Preferably,
the temperature should be from 500° to 700°C. It has been found that at least
3 minutes are needed to achieve any sort of significant activation. The time can
range from 3 to 200 minutes, depending upon the sludges used and the condi-
tioning agents. The time and temperature can be varied to achieve the best
working arrangement. The pressure should be at least one atmosphere absolute.

Conditioning agents can consist of any organic or inorganic compounds that are
acidic and produce acidic by-products under the furnace conditions. By way of
example, carbonate activating agents can be used. These compounds can be bi-
carbonate salts, carbonate salts or even carbon dioxide and carbon monoxide
under appropriate conditions. The dosage of the conditioning agents should be
from 0.1 to 50% by weight based on the dry weight of the sludges. Preferably,
the furnace should contain from 1 to 25% by weight of the conditioning agents
based on the dry weight of the sludges.

The active substance produced is a unique material in that while it usually con-
tains at least 20% by weight inorganic material in the form of their oxides or in
the form of inorganic salts, it may exceed 60% by weight inorganic material. In
most instances the inorganic portion of the active substance produced in accord-
ance with the process will range between 20 and 50% by weight.

Example: To illustrate the fact that the dried sewage sludges are capable of be-
ing converted into a useful active substance, the following is presented by way
of example. Imhoff sludge, a partially digested raw sludge, was obtained from
the Metropolitan Sanitary District of Greater Chicago and conditioned with an
acrylamide coagulant type polymer, filtered and dried. Test results indicate that
the average plant employing a properly running activated sludge process could be
expected to produce sufficient active substance for its own needs. Any excess
active substance may be used elsewhere in the plant. For example, the excess
could be used to purify stack gases. The excess could be sold for industrial and
agricultural uses. The level of recycle of active substance will vary.

Prior to being subjected to the heat treatment portion of the process it is bene-
ficial that the sludge be sufficiently dewatered so that it contains not more than
85% by weight of moisture. The active substances may be used in any or all of
the various clarification treatment operations normally performed in sewage treat-
ment plants. Excess active substances may be sold as a commercial product. Pref-
erably the active substance is added to the effluent from the aeration basin. The
recycled sludge from the secondary clarifier returned to the aeration basin would
then normally contain the active substance as well as the normal sludge. This
may allow the size of the basin needed in the sewage system to be greatly reduced.
The active substance can also be used in a tertiary treatment step as a final polish
on the effluent.

Under some conditions it may be desirable to include a washing step after the
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active substance is discharged from the furnace. This washing step would remove
soluble contaminants from the substance and allow them to be properly con-
trolled in the sewage treatment system. The following tables illustrate some of
the tests that have been run varying the conditioning agents, the amount of con-
ditioning agent, time of conditioning and furnace condition.

Table 1 shows various carbonate compounds being used as conditioning agents.
Carbon dioxide was effective when using a wet sludge. This is probably because
an acidic carbon compound is formed. Sodium bicarbonate was éffective when
followed by an acid wash. In the following table, the temperature of the furnace
was 600°C. The time in the furnace was about 10 minutes at temperature. The
pressure was slightly over 1 atmosphere so as to maintain a positive pressure
within the furnace. The moisture of the sludge was about 40% by weight. TOC
is total organic carbon.

TABLE 1: CO—C0,—CO,

Activating Agent % Removal TOC
co 24
Dry CO;-wet sludge 38
Wet COs-dry sludge 2
NaHCO; (25%) 1
NaHCO; (50%) 1
NaHCO; (50% with acid wash) 67
Na,CO; (25%) 1
Na,CO4 (25% with acid wash) 18
TABLE 2
Sample Temp.
No (°C) Yield % Removal TOC
1 365° 49% —-42%
2 500° 6% 41%
3 600° 311% 41%
4 700° 20% 44%
TABLE 3
Sample Temp.
No. (*C) Time Yield % Removal TOC
1 600° s 6% s1%
2 600" 10 318 41%
3 600° 15 >33% e
4 $00° 5 <44% —155%
5 500° 10 4% 43%
6 500° 0. 6% “%

Table 2 shows the effect of temperature (time was 10 minutes). As can be seen
from the table, increasing the temperature decreases the yield but increases the
removal of total organic carbon. At 365°C, the removal of total organic carbon
was a negative value. This indicates that the soluble organic species’from the
substance added contaminants to the system rather than removing soluble organics
from the system. Table 3 shows the effect of time of activation. As shown in
this table, increasing the time beyond a certain point decreases the yield and the
removal of total organic carbon,
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Compaction and Combustion with Coal

A process described by H. Klesper; U.S. Patent 3,166,032 January 19, 1965;
assigned to Passavant-Werke, Germany is based on the concept of dehydrating
sewage by compacting and of converting the compacted sewage into a thermally
highly efficient and useful fuel. According to this process, the content of liquid
of mud formed in sewage disposal systems is reduced by compacting the mud in
the presence of powdered coal which is used to remove the liquid phase from the
solid phase of the mud, and thereafter the content of coal of the mixture of coal
and mud in cake form resulting from the process of compaction is increased to
convert the mixture into a readily combustible furnace fuel. This fuel is subjected
to useful combustion in a boiler furnace, preferably a boiler furnace forming part
of a thermal power generating station.

An important step in carrying this process into effect is the use of powdered coal
as a medium for removing the liquid phase from the solid phase of sewage which
step may be carried out either by mixing powdered coal to the mud having a
relatively large content of liquid and feeding this mixture of powdered coal and
mud to conventional filtering machines, or by covering the filter surfaces of con-
ventional filtering machines with a layer of powdered coal or by combining both
ways of using powdered coal as a compacting medium.

H.L. Rekate and A.M. Hein; U.S. Patent 3,383,228 May 14, 1968 describe a
process for disposal of garbage and sewage in the form of a solid, hard, cohesive,
odorless and inert block of ashen material having a specific gravity greater than
water. The process comprises the steps of destructive distillation of the waste
material at hich temperature and pressure, mixing with the residual mass a suit-
able binding agent, and compacting the mixture into a block.

OTHER PROCESSES
Shipboard Disposal System

A process described by E.P. Foster, R.J. Kelly and W.L. Sage; U.S. Patent
3,875,357, April 1, 1975, assigned to The Babcock & Wilcox Company involves
a shipboard disposal system which eliminates the practice of overboard discharge
of the shipboard sewage effluent and provides the hygienic alternative of chemi-
cally treating and disposing of the treated sewage in the combustion zone of the
furnace associated with the ship's main propulsion boiler. The system also pro-
vides adequate capacity for storing the liquid-solids sewage mixture when it is
not being injected into the boiler furnace due to low firing rate, or when the
boiler is shut down.

Fresh water is delivered to the ship's galley, laundry and fresh water systems
and according to the process, the effluent therefrom is conveyed for chemi-
cal treatment in a disinfectant contact tank with the exception of a portion which
is filtered out and recycled through the ship's sanitary system before being sepa-
rately conveyed to the disinfectant tank. There is a retention period in the tank
to allow for complete chemical disinfection of the liquid-solids sewage mixture
and use is made of rotary blade type agitators to promote the chemical treat-
ment. The chemically treated sewage mixture is thereafter conveyed to a main
holding tank where it is aerated and then discharged to a sump including a
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grinding apparatus for comminuting the solids contained in the sewage mixture

to a particle size range which will readily burn when injected into the combustion
zone of the ship's boiler furnace. The comminuted sewage leaving the grinding
apparatus is screened through a centrifugal separator or hydroclone for the re-
moval of any particles exceeding the predetermined size range, with these over-
size particles being returned to the main holding tank for eventual regrinding.

The acceptably sized sewage is pumped to an injection nozzle which employs
steam to atomize the sewage before it is injected into the combustion zone of
the furnace associated with the ship's boiler. The combustion zone is maintained
at a high temperature by the ship's fuel oil burners with the firing rate being
regulated by the demands of the ship's propulsion and auxiliary equipment. The
injection of sewage into the furnace combustion zone will only be allowed when
the fuel input to the burner associated with the sewage nozzle exceeds a pre-
determined level. Whenever the fuel input is below this predetermined level,
injection is discontinued and the sewage mixture is recirculated through the main
holding tank with any excess being conveyed to one or more auxiliary holding
tanks and recirculated therein.

Upon resumption of injection, the excess sewage is recycled into the main hold-
ing tank for eventual delivery to the furnace combustion zone. The sewage in-
put to the injection nozzle is regulated to maintain a sewage to fuel input ratio
resulting in substantially complete vaporization and incineration of the liquid-
solids sewage mixture within the furnace chamber.

Sanitary Facility for Remote Locations

D.J. White and D.J. Dion; U.S. Patent 3,782,300, January 1, 1974, assigned to
Mobile Systems International, Inc. describe a system for disposing of human
waste and other sewage by incineration. The process of incineration is accom-
plished in a manner that breaks down the organic contaminants into unobjection-
able and oxidized gaseous exhaust and does so in an efficient manner, that does
not add significant quantities of other contaminants to the atmosphere.

The process utilizes an insulated tank that is capable of storing sufficient quan-
tities of sewage to handle the particular installation. The sewage comprises waste
matter suspended in an aqueous solution; thus, before any incineration can begin,
the water must be driven off and large quantities of heat must be transferred to
the water for this purpose. After the water is driven off, the heat must be effec-
tively transferred to the sludge that remains until the sludge is completely incin-
erated and only a light ash remains. The ash is of such a small quantity that it
need be removed only after long periods of use.

To accomplish the effective transfer of heat to the sewage during both phases of
operation, the process employs a combustor. Air is supplied to the combustor
by a blower that is capable of supplying air of a sufficient pressure to overcome
the pressure head produced by the fluid in the tank and pressure drop through
the piping to the tank. A unique colander design distributes the air from the
blower evenly around an inner-core heat-chamber member by providing a solid
area in the colander member immediately adjacent the input of blower air. This
area deflects the air around the cylindrical colander member to provide substan-
tially equal pressure at all points around an inner core cylindrical member that
has a plurality of openings at one end to inject the combustion air immediately
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adjacent the fuel injection point and thereby provide for ignition of the fuel at
one end of the chamber. Additional injector openings are spaced along the inner
core cylindrical member, and the blower air is directed in such a manner that it
tends to flow along the walls of the inner core member, to cool the walls and
keep the extremely high temperature flame from contacting the walls directly.
This design enables the combustor to be made of relatively unsophisticated and
low-cost materials, while efficiently generating extremely high temperatures.

The high temperature gas generated in the combustor is carried by the injector
means into the tank and injected into the sewage below the initial water level
thereof. The gas bubbling from the end of the injector tube rises, by virtue of
its low density, and is constrained to the vicinity immediately adjacent the injec-
tor tube by a collar surrounding the tube. This combination of a downwardly
flowing gas which is constrained to upward movement in the immediate vicinity
of the injector tube comprises a gas-lift device. The gas-lift device is effective
both to provide a pumping action to circulate the sewage in a highly agitated man-
ner, while it remains in suspension during the vaporizing process, and also serves
the function of providing a long path of contact between the hot gases and the
sewage, to transfer to the sewage substantially all of the heat contained in the
high temperature gas.

After substantially all of the fluid has been boiled off, the process provides for
the heating of the relatively dry material remaining, by direct contact with the
gaseous stream. This stream is deflected from its downward path by a coaxial
deflector. The effect of this deflector is to maintain scouring flow of gas across
the bottom of the tank and up its walls in a swirling manner to continue to agi-
tate the solid material until it is completely oxidized and burned.

The vapor and other exhaust gas exit the tank at the upper portion and enter

a residence chamber. This chamber comprises a plenum chamber, where the air
first flows upwardly and then downwardly to increase the residence time of the
gases in the chamber. The chamber is maintained at an elevated temperature by
direct injection of gas tapped from the gas delivered to the injector tube. The
gas quantity is regulated to maintain the residence chamber at approximately
1600°F. This temperature is sufficiently elevated to oxidize any remaining con-
taminants, comprising organic material that has been carried with the vapor and
other discharges from the tank.

Additional features of the process are incorporated to provide a system that is
safe to use in proximity to people, without elaborate safety precautions. In par-
ticular, the temperature of the exterior of the device is maintained at a safe level
through the use of an annulus surrounding an inner tank member to prevent the
heat from raising the exterior temperature to an unacceptable degree and has the
additional effect of acting as a preheater for the combustor. The air for the com-
bustor is drawn, by the blower, through the annulus surrounding the tank and
the air is heated by the high tank temperatures.

Similarly, the residence chamber is insulated by a dead air space between the
interior residence chamber and the exterior of the exhaust system to provide
insulation and finally, an exhaust pipe extends, vertically from the residence
chamber, a sufficient distance so that the hot gases discharged cannot contact
or cause damage to persons or property in the vicinity.



106 Sewage Sludge Treatment and Disposal

This process provides an improved method of disposing of sewage waste that
would be applicable to use at temporary sites and remote facilities where stand-
ard sewage treatment facilities are not available.

Petroleum Waste from Qil Field Operations

W.J. Davies, B. Hatton, G.C. Boyd and H.E.W. Hanlan; U.S. Patent 3,704,676,
December 5, 1972; assigned to Kenting Oijlfield Services Ltd., Canada describe
an incinerator capable of disposing of a mixture of sludge, water and debris,
which normally collects in an open pit in an oilfield operation, without produc-
ing distasteful bellows of black smoke.

According to the process there is provided an incinerator having an open-topped
chamber defining a combustion zone. Air supply means are arranged for feeding
air into the chamber, the means being disposed for feeding a sheet of high ve-
locity air over the combustion zone in a flow direction which is inclined down-
wardly from the top of one side of the chamber. Below the air supply means
there is located a waste supply means for blowing an air-waste mixture into the
combustion zone in a direction substantially parallel to the direction of travel of
the sheet of air.

In the combustion zone a large ball of fire is established which is fed by the
combustible constituents in the waste, and the ball of fire and the gases produced
thereby are rolled at a very high speed by the high velocity air in the sheet which
passes thereover. Because of the inclination of the sheet, the air, which forms

the sheet, joins the tumbling ball of fire to provide a surplus of oxygen. The
products of combustion cannot readily rise to escape the turbulent combustion
zone since they are turned back by the sheet of moving air. Thus, the tempera-
ture within the combustion zone becomes extremely high, and clean and complete
combustion is ensured.

Plasma Arc Process

A.W. Marr, Jr.; U.S. Patent 3,575,119, April 13, 1971 describes an apparatus for
disintegrating and incinerating a concentrated slurry of solid organic material.
The apparatus has an arcuate tunnel, a series of pairs of arc-forming electrodes
spaced along and mounted within the tunnel and electrical source means con-
nected to each pair of the arc-forming electrodes,

Referring to Figures 1.26a and 1.26b, there is a volute casing 10 which increases
in cross-sectional area from a starting point 12 to an ultimate discharge point 14,
where gaseous products are discharged to a stack 16. The volute casing 10 con-
stitutes an arcuate tunnel and will be referred to as such. A pipeline 18 delivers
the watered sludge to a vertical pipeline 20 which enters and proceeds through
the gas discharge line 16 through a preferably vertical line 22. This, of course,
represents a heat exchanger transferring heat from the discharge gases in the
stack 16 to the incoming sludge in the pipe 22. The showing, of course, is
simplified.

At the center of the volute casing 10 is a rotatable shaft 24 which, as viewed in
Figure 1.26a and quite arbitrarily, rotates counterclockwise in the direction of
the arrow 26. A disc 28 surrounds the shaft 24 and rotates therewith. Peripher-
ally arranged around the disc 28 but mounted in the volute casing 10, are a
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plurality of heating stations, mutually substantially identical, and generally desig-
nated in Figure 1.26a by 30. These heating stations 30 may include a conven-
tional electric arc but preferably are of the plasma jet type. A suitable discus-
sion of this subject will be found in a bulletin entitled Plasma Jet Technology,
available from the Superintendent of Documents, U.S. Government Printing Of-
fice, under the identification number NASA-SP-033.

Figure 1.26¢ shows a cross section which includes part of the valute passageway
10 and cuts diametrically through one of the heating stations 30. Since conven-
tional arcs are old and well known, it is not deemed necessary to provide here

a detailed disclosure of such an arrangement. Figure 1.26¢ therefore, describes
an adaptation of the showing above referred to appearing in the publication
Plasma Jet Technology .

In Figure 1.26¢, the rotor or disc 28 is shown as having adjacent its periphery a
series of ribs 32 which mate with grooves in the body portion 34 of a heating
station 30. The grooves are defined by ribs 36 formed in the body portion 34
which, with the ribs 32, constitute a labyrinth seal against the egress of gases
generated in the volute casing 10. A cap 38 formed of refractory or at least
insulating material is mounted in the body portion 34 and supports a preferably
tungsten electrode 40 which has a conically tapered end 42. A copper electrode
44 is also mounted in the body portion 34 and mates with the refractory cap
38, as shown at 46 in Figure 1.26¢.

FIGURE 1.26: ELECTRICAL ARC PROCESS

a.

Plan View of Apparatus

(continued)
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FIGURE 1.26: (continued)
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Figure 1.26b Showing Plasma Arc
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Side View of Apparatus

Source: _U.S. Patent 3,575,119

The electrode 44 has a central bore 48 topped by a conical aperture 50 register-
ing with but. spaced from the conical end 42 of the tungsten electrode 40. An
electric arc forms in the gap between the conical end and the conical seat 50.
An arcing potential across the gap is suppued to the tungsten electrode 40 by
an insulated connection 52 and to the copper electrode 44 by an insulated con-
nection 54.

In order to constitute the system of electrodes just described—a plasma jet arc
rather than a simple arc—the cap 38 is designed to provide a cavity 56 around
the electrode 40 and above the electrode 44. The cavity 56 is supplied by a
duct 58 with a constant stream of gas, usually air, which enters in the direction
of the arrow 60 and is vented through the gap between the conical tip 42 of
electrode 40 and the conical seat 50 of the electrode 44, then through the pas-
sage 48. This flow of gas in addition to creating the plasma jet effect has the
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incidental effect of acting as a coolant for the electrode 40. The electrode 44
is cooled by the passage of a cooling medium through an intermediate duct 62
in the electrode 44 and supplied with coolant through a duct 64.

Returning to the rotating disc 28, it will be noted that the disc 28 has a circum-
ferential trough 66 which is lined with a refractory 68. At suitable intervals the
trough 66 has formed thereon bosses 70 which support axles 72 on which are
rotatably mounted a series of bearing wheels 74 which ride in a continuous
track 76 provided in the body 34

As best shown in Figure 1.26a, the vertical sludge pipe 22 terminates near the
bottom of the stack 16 in a horizontal line 80 which joins an arcuate section

82 centered on the axis of the shaft 24 and overlying the various heating stations
30. The arcuate section 82 is provided at various points 84 with downward
directed outlet pipes 86 which deposit sludge 88 into the trough 66 for which
see Figure 1.26c.

In passing through the lines 18, 22 and 80, the sludge has become quite highly
compressed and for this reason it is desirable to provide the section 82 at various
points with a venturi section 90 into the throat of which is directed a jet 92.
The venturis 90 and jets 92 preferably are placed slightly in advance of each
heating station 30 so that sludge delivered through an outlet 86 will have its
density reduced, making it more amenable to the rapid evolution of gases and
steam. The increased volume of gas and steam generated by the heating stations
30 is accommodated by the volute form of the casing 10.

As best seen in Figure 1.26b, air is supplied to the line 82 by a header 94. A
second header 96 provides air to the cavities 56 and then to the arc. Coolant,
however, is supplied to the copper electrode 44 through a header 98. |f addi-
tional air is needed for the purpose of consuming carbon formed as a residue of
the decomposition of the organic material, it may be added as desired at various
points around the casing 10.
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AEROBIC PROCESSES
Integrated Oxygen System

J.R. McWhirter; U.S. Patent 3,670,887; June 20, 1972, assigned to Union Carbide
Corporation describes a process which is an improvement in the treatment of BOD-
containing water as widely practiced, where the latter is aerated in contact with
activated sludge, the sludge is separated and at least part is recycled to the aera-
tion zone as the aforementioned activated sludge.

In this improvement, first gas comprising at least 60% oxygen (by volume) is
introduced and mixed as the aeration gas with the BOD-containing water and
recycled sludge. One of these fluids is simultaneously continuously recirculated
against the other fluids in the aeration zone. The liquid-solid contact time in

the aeration zone is between 30 minutes and 24 hours, and the fluids are provided
in sufficient quantity and rate to maintain the dissolved oxygen content (DO) of
the mixed liquor above about 0.5 ppm.

" The mixed liquor is thereafter separated into purified liquid and activated sludge,
and the unconsumed oxygen-containing gas is discharged from the aeration zone.
Second gas is provided having oxygen concentration at least 0.70 times the first
gas oxygen concentration and at least in part comprising the unconsumed oxygen-
containing gas from the aeration zone.

At least 85% by weight (dry basis) of the activated sludge separated from the
mixed liquor is returned to the aeration as the recycled sludge. The fraction
recycled refers to the average fraction recycled over a period of operation and
allows for the fact that the recycle rate may vary from day to day or from hour
to hour, and that the quantity of sludge stored in the separation facility may
vary correspondingly. The second gas and the unreturned activated sludge are
introduced to a digestion zone and mixed for liquid-solid contact time of at least
96 hours while simultaneously continuously recirculating one of the fluids in this
zone against the other fluids. Waste sludge residue and third gas comprising at

110
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least 21% oxygen are thereafter discharged from the digestion zone. Figure 2.1a
is a schematic view of process apparatus where a clarifier is located intermediate
the aeration zone and the digestion zone. Figure 2.1b is a schematic view taken
in cross-sectional elevation of apparatus arranged for series and cocurrent flow of
oxygen gas and liquid-solid through three aeration tanks, a clarifier, and two di-

gestion tanks in the manner of Figurer 2.1a.

FIGURE 2.1: INTEGRATED OXYGEN SYSTEM
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Referring to Figure 2.1a, BOD-containing water, as for example sewage, enters
aeration zone 10 through conduit 11. An oxygen gas source comprising at |east
50% oxygen enters zone 10 through conduit 12. Activated sludge also enters
zone 10 through conduit 13 having pump 14.

The streams are intimately mixed in aeration zone 10 by mechanical agitatian
means 15. The latter may comprise motor-driven impellers located near the
liquid surface or submerged below the surface, and the oxygen gas may be intro-
duced through conduit 12 either above or below the liquid. Such apparatus is
known to those skilled in the art and should be selected to achieve high contact
area between the fluids with minimal work expenditure. |f the oxygen gas is
sparged into the liquid, the bubbles should be small so that their total surface
area is large and their buoyancy is low. Dissolution of oxygen is also aided by
submerging the gas-dispensing means to a depth in the liquid where the hydro-
static effect is significant.

Means are provided for continuously recirculating one fluid against the other
fluids in aeration zone 10. For example pump 16 joined to the gas space by
conduit 17 recirculates aeration gas to the lower portion of the zone for release
as small gas bubbles through sparging. Aerating devices are commonly rated by
the so-called air standard transfer efficiency which identifies the capability of

the device to dissolve oxygen from air into zero DO tap water at 1 atmosphere
pressure and 20°C. Suitable devices are those which have an air standard trans-
fer efficiency of at least 1.5 |b O, per hp-hr. For these purposes the power used
in rating the device is the total power consumed both for agitating the liquor and
for gas-liquor contacting,

Although aeration zone 10 may comprise a single chamber it preferably comprises
a multiplicity of stages 10a, 10b, and 10c, each having mechanical agitation means
15 and fluid recirculation means 16 (but for simplicity not illustrated in each
stage). The unconsumed oxygen-containing gas from each aeration stage is pref-
erably discharged and introduced o the next succeeding stage as the aeration

gas (illustrated by a dotted line). Similarly, oxygenated liquor from each stage

is discharged and preferably introduced to the next succeeding stage in cocurrent
flow relation with the unconsumed oxygen-containing gas for mixing and recir-
culation of one fluid against the other fluids. Stage-to-stage oxygenated liquor
flow is illustrated by solid arrows extending through the stage partitions.

Cocurrent gas-liquor flow through a multiplicity of aeration stages is preferred

to satisfy the inherent variation in BOD of the water to be treated and of the suc-
ceeding partially oxygenated liquor. The feed gas representing the highest purity
oxygen is contacted with the feed water in the first stage. Accordingly, the first
or feed gas stage has the highest oxygen partial pressure and thus the highest oxy-
gen transfer potential. Therefore, the high oxygen demand in this stage can be
supplied without excessive power consumption.

The oxygen gas is introduced through conduit 12 to aeration zone 10 at suffi-
cient rate to maintain the dissolved oxygen content of the mixed liquor above
about 0.5 ppm. Oxygen is consumed at a rapid rate and with conventional air
aeration the dissolved oxygen level in the aeration zone drops to near zero and
cannot be maintained at levels suitable for aerobic microorganisms. This is aver
come in part by using an aerating gas comprising at least 60% oxygen and pref-
erably at least 90% oxygen. Also, the gas must be mixed with the returned
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activated sludge and BOD-containing water in an efficient manner to create a

large interfacial area with minimal work on the fluids. Another feature of the
process contributing to the dissolved oxygen level control is the aforementioned
continuous recirculation of one fluid against the other fluids. The dissolved oxy-
gen content of the aération and digestion zones preferably should not exceed
about 10 ppm because the work expended in achieving higher DO concentrations
would tend to cause excessive attrition of the bacterial floc, reducing its agglom-
erate size and impairing its settling properties. Stated otherwise, the floc particles
would be so small that the effluent becomes turbid and unsuitable for discharge
into receiving waters.

In the activated sludge process, the recycled sludge consists essentially of floccu-
lent agglomerates of aerobic organisms which have the ability, in the presence of
sufficient dissolved oxygen, to first adsorb, then assimilate and oxidize the organic
material of the feed water. This adsorption-assimilation sequence occurs in the
aeration zone of the process and in Figure 2.1a the sequence is substantially com-
pleted upstream of separation zone 18. The liquid-solid contact time in aeration
zone 10 for organic food adsorption-assimilation is between 30 minutes and 24
hours. This time varies depending upon the strength (BOD content) of the waste
water, the type of pollutant, solids level in aeration and temperature. A maximum
retention period of 24 hours will usually provide adequate time to remove BOD
from effluent, activate the sludge, and perform a reasonable degree of auto-oxida-
tion if desired. Where several aeration stages are employed, the retention period
in the aeration zone refers to the total time the biomass solids (the total bacteria
present) together with the BOD of the feed water are held in all aeration stages.

In Figure 2.1a where the aeration zone 10 is entirely upstream of the clarifier

18, the contact time is calculated as the total liquid volume of stages 10a, 10b
and 10c divided by the volumetric flow rate of combined BOD-containing feed
water and activated sludge recycle. |f it is desired to extend oxygen treatment

on the biomass beyond the period required to assimilate and oxidize the waste
water's BOD, then the fraction of the organisms of the sludge which themselves
are destroyed and consumed by biological oxidation can become significant. This
auto-oxidation phenomenon (endogenous respiration) is described more completely
in U.S. Patent 3,547,814. To the extent that auto-oxidation is practiced in the
aeration zone the load on the digestion zone will be reduced.

However, carrying auto-oxidation to an extreme in the aeration zone should be
avoided because it reduces the activity of the biomass to be recycled in the re-
turn sludge and impairs its settleability. Moreover, retaining the treated biomass
under long-term aeration is expensive because the total quantity of biomass un-
dergoing treatment is large relative to the excess sludge stream, and aeration
basins become prohibitively large. If the sole objective is to assimilate and oxi-
dize the BOD of the influent BOD-containing water, then a relatively short con-
tact time will suffice.

Virtually complete assimilation of BOD has been experimentally achieved on
municipal waste after two stages of aeration with 99.5% oxygen feed gas and
cocurrent liquid-solid flow after a contact time of 37'2 minutes in each stage or
75 minutes total. The effluent from the second stage was low in BOD (e.g., 20
to 35 ppm) and the sludge stabilized and settled well. In other tests where some
auto-oxidation occurred, the total contact time was about 2.5 hours for three
stages (50 minutes/stage) of cocurrent flow, followed by clarification after the
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third stage. In another test series with auto-oxidation and four stages of cocur-
rent flow and clarification after the fourth stage, the total contact time was

2.7 hours or 40.5 minutes per stage. BOD determinations made on the super-
natant liquid from each stage indicated that treatment was essentially complete
after two stages (total of 81 minutes' aeration) and furthermore, that the differ-
ences in BOD between the first and second stages was almost wholly accounted
for by the completely mixed character (nonplug flow character) of the individual
stages. It follows that had the first stage (40.5 minutes) been subdivided into
two series stages of 20.25 minutes each, the purification of the water by adsorp-
tion and assimilation of BOD would have been largely complete after the first
of the substages (20.25 minutes' aeration).

It also appears that a total aeration contact time for a six-stage system having
these same characteristics may be 1.5 hours (15 minutes per stage). A total con-
tact time of at least 30 minutes is necessary for oxygen absorption and BOD
-assimilation with the average municipal waste to reduce the BOD of the purified
liquid to an acceptable level. A total contact time of less than 180 minutes
usually provides substantial reduction of sludge production if auto-oxidation is
to be practiced, permits avoidance of settling problems, and still permits a sub-
stantial reduction in aeration chamber capacity as compared with conventional
practice. Present activated sludge plants for municipal wastes employing air aera-
tion are believed to operate with total aeration contact time of 180 to 360 min-
utes.

The contact times are satisfactory for relatively low-strength municipal waste
liquids having up to about 300 ppm BOD. For higher-strength wastes as for ex-
ample those discharged from petrochemical plants, longer contact times on the
order of 5 to 12 hours are necessary to yield an effluent of comparable purity.
In the practice of this process, it is preferred to maintain high suspended solids
concentration in the aeration zone. The BOD-containing water-activated sludge
volatile suspended solids content is preferably at least 3,000 ppm and most de-
sirably 5,000 to 9,000 ppm. One reason for this preference is that the solids
concentration in the aeration zone affects the rates of the biochemical reactions
occurring in the method.

In the treatment of municipal sewage, the suspended solids comprise: (1) biologi-
cally oxidizable organic material; (2) nonbiologically oxidizable organic material;
and, (3) nonoxidizable nonorganic material. The nonorganic material such as
sand and grit, and the nonbiologically oxidizable material such as polyethylene
particles or paper are undesirable but unavoidable components of the BOD-con-
taining water, e.g., sewage, entering the aeration zone. Normally relatively large
particles, e.g., wood chips, are usually removed in a pretreatment step.

The major fraction of the total solids in the mixed liquor, e.g., 70% thereof, con-
sists of bacterial floc (biomass) in the activated sludge recirculated from the clari-
fier to the aeration zone. 7The higher the concentration of bacteria, the more
rapid will be the adsorption and assimilation of BOD, assuming other requirements
are also met such as dissolved oxygen supply.

Returning to Figure 2.1a, the mixed oxygenated liquor is discharged from aeration
zone 10 and passed through conduit 19 to the aforementioned clarifier 18 for
separation into supernatant liquid and activated sludge. The former is drawn off
through. conduit 20 and the activated sludge ‘is discharged from the lower end
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through conduit 21. At least 85% by weight and preferably at least 95% of the
activated sludge separated as stream 21 is returned through conduit 13 to aeration
zone 10 as the source of active bacteria. Where several aeration stages are pro-
vided the activated sludge is recycled to the first stage 10a where the oxygen gas
and the BOD-containing feed water are also introduced. The activated sludge
preferably has 12,000 to 50,000 ppm total suspended solids content (MLSS) and
is preferably recycled to the aeration zone at flow rate relative to the BOD-con-
taining feed water such that the recycling sludge/BOD-containing feed water
volume ratio is 0.1 to 0.5.

The excess unreturned activated sludge not required to sustain the solids level in
zone 10 is withdrawn from the process to the digestion zone 23. The excess
sludge is a small stream relative to the recycle sludge stream. The rate at which
cells are wasted from the ptrocess cannot continuously exceed the rate of net cell
production. If this occurs, the essential microorganisms will be lost and purifica-
tion will cease. Only a fraction of the BOD feed to the system is used for syn-
thesis of new cells and a fraction of cells already existent in the system is de-
stroyed by auto-oxidation.

The excess cells often comprise on the order of 1% of the cells recirculated back
to the aeration zone. It is reported that in high rate activated sludge processes
characterized by low solids level in aeration and rapid cell synthesis, the excess
cells may comprise a fraction on the order of 10% of the cells recycled. If cell
wasting exceeds 15% (and less than 85% by weight of the activated sludge is re-
turned to the aeration zone), the size and operating cost of the digestion equip-
ment become unnecessarily burdensome.

The percentage of the sludge which is wasted to the digestion zone is an average
guantity over a period of operation. In normal operation of an activated sludge
system the schedule of sludge wasting may be variable and/or intermittent, and
the rate at which sludge is recycled to aeration zone 10 may also be varied, e.g.,
in accordance with changes in the rate of feed water introduction. When sludge
flow rates are varied the inventory of separated sludge held in clarifier 18 will

vary correspondingly.

Unconsumed oxygen-containing gas is also discharged into conduit 22 from aera-
tion zone 10, and in particular from the final stage 10c if multiple aeration stages
are employed. Additional oxygen gas may be introduced to the system through
conduit 22a or directly to the digestion zone. The unconsumed oxygen-contain-
ing gas in conduit 22 and any fresh oxygen gas from conduit 22a together com-
prise the second gas having oxygen concentration at least 0.70 times the oxygen
concentration of the first gas introduced to the aeration zone through conduit
12. Even though the .~ xygen consumed from the gas in the aeration zone may
be equal to that consumed in the digestion zone, the oxygen purity change in
the gas across the aeration zone will be far smaller than the change across the

digestion zone.

This is due to the relatively heavy evolution of nitrogen and carbon dioxide from
the small volume of liquid in the digestion zone. In a preferred case, the oxygen
purity of gas fed to the digestion zone should be at least 80% of the oxygen feed
gas purity to the aeration zone. An abrupt drop in oxygen purity occurs in the
digestion zone, and without relatively high oxygen purity gas available to the
digestion; prohibitively low oxygen partial pressure and prohibitively high power
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consumption wili result. The unreturned activated sludge in conduit 21 and the
second gas in conduit 22 are both introduced to digestion zone 23 for mixing
therein for liquid-solid contact time of at least 96 hours. During this extended
period, most of the excess biomass is destroyed by endogenous respiration and
the sludge residue is rendered substantially inert. During this period, one of the
fluids is simultaneously continuously recirculated against the other fluids. Mix-
ing is facilitated by means 24 which can be identical to aeration zone mixer 15
or may be a different type preferred for moving the more dense excess activated
sludage.

The ilfustrated fluid recirculation system comprising withdrawal-return conduit 25,
pump 26 and gas sparger 26a is identical to the aeration zone fluid recirculation
system but this is not essential, By way of illustrating alternative apparatus,
rotating surface-type impellers might be used in the aeration zone 10 to serve
both the mixing and the fluid recirculation functions by throwing relatively mas-
sive sheets or streams of liquid into the gas.

Multiple digestion stages 23a and 23b are preferred for the same reasons as multi-
ple aeration stages 10a, 10b and 10c. Each digestion stage is provided with mix-
ing and fluid recirculation means. The unconsumed oxygen-containing gas and
the further oxygenated sludge preferably flow in cocurrent relation through the
digestion stages. Waste sludge is discharged from the final digestion zone stage
23b through conduit 27, and third gas comprising at least 21% oxygen is also
vented therefrom through conduit 28.

Figure 2.1b illustrates apparatus which may be used to practice the Figure 2.1a
series staged cocurrent gas-liquor flow system. The aeration zone 10 is in the
form of a tank with vertical partitions 45a-b and 45b-c spaced to provide

three compartments 10a, 10b and 10c as the aeration stages. These partitions
extend substantially to the base of tank 10 and are joined thereto in fluid-tight
relation. Oxygenated liquid-solid flow is provided by restricted flow opening 46
in the first-second compartment common partition 45a-b preferably near or be-
neath the bottom thereof, and restricted opening 47 preferably in the upper por-
tion of second-third compartment common partition 45b-c. The unconsumed
oxygen-containing gas flows from compartment tc compartment through restricted
openings 48 near the top of the partition.

The gas space above each compartment is enclosed by a common cover 49 to
which the partition upper means are leak-tight joined. Accordingly, back mix-
ing of oxygen gas from a succeeding compartment to a preceding compartment
is avoided as long as a slight pressure differential is maintained. The mixing
means for each compartment includes blades 15 submerged in the liquor and
joined by a rotatable shaft 50 to suitable drive means such as motor 51. Fluid
recirculation means comprise withdrawal conduit 17 joined to cover 49, pump
16, return conduit 52 in flow communication with the inlet side of hollow shaft
50 driven by motor 51, and sparger 16a positioned at the lower end of shaft 50
beneath blades 15.

The small oxygen gas bubbles discharged from the sparger 16a by the pressure

of pump 16 are distributed through each compartment in intimate contact with
the liquor and rise through the liquor to the surface where the unconsumed por-
tion disengages into the gas space along with the oxidation reaction product gases.
The mixed liquor discharged from the third and final aeration compartrent 10c
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through flow-restricting conduit 19 is introduced to clarifier 18 for separation

into supernatant liquid and activated sludge. Clarifier constructions are well-known
to those skilled in the waste treatment art and may for example include rotatable
scraper 53 at the lower end to prevent coning. The activated sludge is withdrawn
through bottom conduit 21 and at least 85% by weight thereof is recycled through
pump 54 in conduit 13 to first oxygenation compartment 10a for mixing with

the BOD-containing feed water and oxygen-containing feed gas. The purified
liquid is discharged from clarifier 18 through conduit 20.

The unreturned activated sludge is flowed through branch conduit 55 by pump

56 to digestion zone 23 in the form of a tank with lower vertical partition 57a-b
and spaced upper vertical partition 58a-b dividing the tank into two compartments
23a and 23b. This sludge flow to and through digestion zone 23 may be continu-
ous so that when multiple stages are employed, back-mixing of liquid across re-
stricted openings is desirably inhibited. The liquid-solid contact time in cigestion
zone 23 is long compared to the corresponding time in aeration zone 10, for
example, 100-200 hours versus 1-2 hours.

Moreover the volumetric flow rate of liquid introduced to the digestion zone is
very low compared to the liquid introduction rate to the aeration zone, e.g., the
former is often less than 5% of the latter. Consequently, the restricted openings
between stages of a multistaged digestion zone must be very small in order to
develop sufficient pressure difference across the openings to prevent back-mixing.
Small openings are, however, prone to become plugged, and provision should be
made to clean such openings without interrupting operation.

The digestion zone 23 construction of Figure 2.1b avoids possible plugging of
openings for interstage transfer of partially digested sludge. The sludge level in
second stage 23b is lower than the level in first stage 23a, and lower vertical parti-
tion 57a-b acts as a weir over which the sludge must fall in its passage from 23a
to 23b. Gas staging is provided by upper vertical partition 58a-b extending down-
wardly from the gas-tight cover 59 over the tank into the sludge. - Restricted
opening 60 in upper vertical partition 58a-b permits flow of unconsumed oxygen-
containing gas from first compartment 23a to second compartment 23b without
back-mixing.

Instead of separate liquid-solid mixing means and fluid recirculation means as
employed in the aeration tank, rotating surface type impellers 31 are provided

for each compartment in the digestion tank 23. Each impeller is joined by a
shaft to power means as for example an electric motor 26. The rotating impellers
keep the solids in suspension and also throw massive sheets of liquid-solids against
the oxygen gas in the overhead space beneath cover 59. In this manner, the liquid-
solids is continuously recirculated against the gas whereas in the previously described
aeration tank the gas is continuously recirculated against the liquid-solid. It should
be appreciated that two types of mixing and fluid recirculation apparatus are in-
cluded in Figure 2.1b for purposes of illustration, and either type could be used
in both the aeration and digestion tank.

The table below shows data which illustrate the advantage of an integrated oxy-
gen system. The values in the table are computed for a system as described con-
sisting of three oxygen gas stages in the aeration zone and two gas stages in the
digestion zone. In all instances, the feed oxygen is 99.5%, and it is assumed
that the DO level throughout the aeration zone is 6 ppm and throughout the
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digestion zone, 3 ppm. It is further assumed for simplicity that no extensive
auto-oxidation is practiced on the mixed liquor upstream of the clarifier and
that the total oxygen consumptions in the digestion zone and aeration zone are

equal.

O3 absorption for 04 absorption for
scparate O; supplles  integrated O:supplies

Stage 607, 0% 80% 929 600 0% 80 9%
Percent Oy la recirculating gas stream:

1 862 B44 825 800 91.0 90.2 89.4 SIS
ACTBUON . ot e 2 §23 78.7 7.3 67.0 598 E36 B1.5 £5.2
3 8L1 701 @728 470 £2.2 K2 871 T
1 698 651 60.3 548 750 69 ;
Digestion. -.vovoeee e 2 408 309 208 9.0 554 447 322 150

Relative power required for gus recirculation:
103 032 033 034 029 030 0.30 0.2
Aeration. - oo o ieiieieaeiieeeiaas 2027 028 0.30 0.33 0.24 0,26 0,25 0.25
3016 017 019 032 C.14 014 014 Q15
TOLA - o oo e 0.73 0.77 0.82 1.00 0.67 0.63 0.69 0.70
§ 1 0.41 048 052 038 0.41 045 060 0.60
DIgestlon.. .. veseseuzrsnnnadanamansiaracs: i 2 083 117 202 1400 0.58 0.74 L11 350
TDOGERY.. .« o o 55 755 S N SRS DA S S s 12T 1.65 285 14563 0.99 119 160 402
Aeration plus digestlon. . ...o.coeoooooiion .. o 200 241 337 1560 1.66 1.83 229 479

The table gives data for the integrated oxygen system and also for separate oxy-
gen feeds to the aeration zone and to the digestion zone. Comparative values
are shown for four different percentages of the total feed oxygen utilized in the
plant: 60%, 70%, 80% and 92%. The data consist of values of oxygen concen-
tration and values of relative aeration power requirement in each stage of the
aeration zone and the digestion zone. The relative aeration power values are
power requirements referred to a value of unity assigned to the total aeration
power consumed in all three stages of the aeration zone when operated to utilize
92% of the oxygen fed thereto. Power required for holding solids in liquid sus-
pension are not included in these ratios.

The table further shows total relative aeration power required in each zone, and
total relative aeration power required in both zones combined, for each set of
parameters. An inspection of the aeration gas O, purities in the aeration zone
shows a pronounced increase in oxygen purity when the gas system is integrated.
For example, at 80% utilization, the gas purity in the third stage is 67.8% with
separate oxygen feed streams and 87.1% with an integrated oxygen supply.
Higher O, partial pressures are also obtained in the first and second stages of

the aeration zone with the integrated system. The difference in oxygen purities
becomes greater at higher oxygen utilization, and at 92% utilization, the O, pur-
ity in the third stage is nearly doubled when the gas system is integrated.

Considering the oxygen purities in the digestion zone, for separate 99.5% oxygen
supply to the digestion zone, the O, purity in the first stage is far below the
feed gas purity. For example, at 80% utilization, the first stage purity is only
60.3%. A further drop to 20.8% occurs in the second stage. By comparison,
the O, purities in the aeration zone do not decrease nearly as much. This dem-
onstrates the CO, equilibrium effect, and results from the incapacity of the small
liquid volume in the digestion zone to retain the CO, as it is produced.

With the integrated gas system of this process, the same CO, equilibrium effect
is noted but to significantly less degree. The O, purities in the aeration zone
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remain almost steady and at high values due to the high capacity of the liquid
for CO, and due to the much larger volume of oxygen flowing through the aera-
tion zone. The gas fed to the digestion zone is the same gas existent in the third
stage of the aeration zone and its purity is relatively high. Again the oxygen
purity drops abruptly in stages of the digestion zone but not to the low level ob-
served with separate O, supply. For example, at 80% utilization, the second-
stage gas purity in the digestion zone is 32.2% for the integrated system com-
pared to 20.8% for the separate system, an improvement of over 50%.

The following conclusion is drawn for the 80% utilization case, and qualitatively
is typical for all other cases considered in the above table; by integrating the gas
system, the resultant 87.1% O, transfer gas to the digestion zone obtains higher
O, gas purities in the digestion zone than when a separate 99.5% O, supply is
provided therefor. Stated otherwise, integration produces higher oxygen partial
pressures in the digestion zone despite a lower purity of oxygen introduced
thereto.

It will be noted that the foregoing partial pressure advantage extends throughout
the entire range of percentages of O, utilization from 60 to 92%. However, it is
also seen that it is not advisable to attempt to achieve high utilizations on the
order of 92% in the aerobic digestion zone or in an integrated system which in-
cludes the aerobic digestion zone. For 80% utilization, the O, purity in the sec-
ond stage of the digestion zone drops to 20.8% or approximately that of air
when separate oxygen supplies are provided, and to 32.2% when the O, supply
is integrated. For 92% utilization, the O, purity at this point drops below that
of air in either system, and therefore, it would be more advantageous to employ
air for aeration of the second digestion stage.

However, if air were substituted for the oxygen-enriched gas in the second stage,
the burden of obtaining high utilization of oxygen in the digestion zone would
fall solely upon the first stage. The O, purity in the first stage will fall well below
the value shown in the table above. In preferred practice, O, utilization greater
than 80 to 85% should not be attempted when the staged gas system includes

an excess sludge digestion zone according to the process. With respect to the
relative power values of the table, it is seen that a value of 1.0 has been assigned
the power requirement of a three-stage aeration zone achieving 92% O, utilization.
Operating the aeration zone in this manner represents excellent economy as dem-
onstrated in actual operation of the cocurrent, staged aeration system of the
process using municipal wastewater as the BOD-containing feed.

Comparing the power consumed in the digestion zone for the same case, i.e.,
separate O, supplies and 92% O, utilization, the relative power consumed in the
digestion zone is 14 6 times that in the aeration zone, demonstrating dramatically
the adverse effect of .he very low O, partial pressure (9% O,) in the second stage.
By comparison, the integrated oxygen system operated for 92% utilization requires
only 0.7 relative power in the aeration zone and only 4.1 relative power in the
digestion zone.

Again the economy of the integrated system is emphasized: with separate 99.5%
0, feeds to the aeration zone and digestion zone, the total relative power value
is 15.6; but with 99.5% O, fed to the aeration zone only, the total relative power
is reduced 69% to 4.8 despite a gas feed purity of only 85.7% O, to the digestion
zone. The second gas introduced to the digestion zone preferably comprises at
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least 80% oxygen. At least 70% of the oxygen in the first gas is preferably con-
sumed in the aeration and digestion zones. The table below shows the power
reductions obtained with the intergrated O, supply for all oxygen-utilization cases
listed in the previous table.

% 0, Relative Power Separate Relative Power Integrated % Power
Absorption O, Supply O, Supply Reduction
60 20 1.7 17
70 24 19 23
80 34 2:3 32
92 15.6 48 69

In summary, the first table illustrates that the third gas discharged from the di-
gestion zone must comprise at least 21% oxygen. Otherwise the power require-
ment becomes inordinately high for continuous recirculation of one fluid against
the other in this zone in order to achieve the required mass transfer of oxygen
from the aeration gas. As previously stated, the feed (first) gas to the aeration
zone should comprise at least 60% oxygen and preferably at least 90% oxygen
(by volume). The first table is based on an oxygen feed gas purity of 99.5%. If
the purity of the feed oxygen is reduced substantially, the effect on mass trans-
fer of the diluent nitrogen introduced with the feed gas (assuming an O,-N, mix-
ture as this gas) begins to overshadow the effect of nitrogen and carbon dioxide
evolved from the liquor during aeration.

Therefore, reducing the oxygen feed gas purity tends to diminish the relative ad-
vantage of the integrated oxygen system of this process over the separate oxygen
supply systems to the aeration and digestion zones. Moreover, since the effect
of reducing feed gas oxygen purity is to reduce oxygen partial pressures through
the system, it is evident from the trend of data in the first table that the 21%
oxygen vent gas lower limit composition will be reached at lower oxygen absorp-
tion efficiencies when the oxygen feed gas purity to the aeration zone is reduced.

For example, the first table suggests that with the 21% oxygen lower limit on

the digestion zone vent gas, the O, absorption efficiency cannot exceed about 85%
based on 99.5% oxygen feed gas to the aeration zone. However, if the feed gas

is 80% oxygen, the O, absorption efficiency can only be about 75% consistent
with the 21% lower limit on oxygen content of the vent gas. The digestion zone
is much more sensitive to feed gas purity than the aeration zone because of the
more pronounced effect of impurity evolution into the gas space. Accordingly,
the oxygen feed gas purity to the aeration zone must at least be 60% to achieve
reasonable O, absorption efficiency without excessive power consumption.

Warm Sludge Digestion with Oxygen

A process described by N.P. Vahldieck, U.S. Patent 3,926,794, December 16,
1975, assigned to Union Carbide Corporation relates to a method for integrating
aeration of BOD-containing water and warm aerobic digestion of activated sludge
with oxygen. It has been found that when oxygen gas is first introduced to the
warm covered digestion zone and the O, partially depleted gas discharge therefrom
is introduced to the covered wastewater aeration zone as at least the major part
of the required oxygen, all at specified conditions, the oxygen purity of the aera-
tion gas in the last-mentioned zone increases substantially as compared with the
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gas entering from the digestion zone. One of the essential conditions for achiev-
ing this oxygen purity jurap is that the sludge temperature in the digestion zone
be at least 10°C warmer than the liquor temperature in the aeration zone. The
oxygen-purity of the wastewater aeration gas increases above that of the incom-
ing off-gas from the digestion zone because CO, and water vapor are rapidly ab-
sorbed into the liquor. The larger flow of water in the wastewater aeration zone,
as compared to the digestion zone, has a huge capacity for dissolving CO, and
quickly reducing the CO, content of the incoming gas. The lower temperature
of the liquor in the wastewater aeration zone results in a much lower water vapor
pressure than that in the digestion zone and the water content of the incoming
gas is rapidly reduced by condensation.

By way of example, in one instance where the entire O, supply to the wastewater
reactor is furnished by the digester off-gas and contains 61% Q,, the aeration gas
in the overhead space within the enclosed wastewater aeration zone contains 78%
0,. The substantial increase in oxygen purity in the wastewater aeration zone
gas provides a relatively high oxygen partial pressure which in turn allows satis-
faction of the high O, consumption rate required in this zone at very modest
power requirements compared to prior art where either separate oxygen feed gas
streams are fed to the two zones or the oxygen feed gas is first introduced to the
wastewater aeration zone and the off-gas therefrom transferred to a warm diges-
tion zone.

The process offers substantial power savings. By way of example, in one instance
the total dissolution energy for this process, the wastewater aeration-to-digester
gas flow system and the separate oxygen feeds system are respectively 163, 205
and 243 hp. More specifically, this process relates to a method for BOD removal
from wastewater in a covered aeration zone and activated sludge digestion in a
covered digestion zone by aeration with oxygen gas. First gas comprising at |least
40% oxygen (by volume) is introduced into the covered aeration zone where it
forms gas which is mixed with the wastewater and recycled sludge in the covered
aeration zone and one of the fluids in such zone is simultaneously continuously
recirculated against the other fluid in sufficient quantity and rate to maintain
the dissolved oxygen content (DO) of the mixed liquor at least at 0.5 mg/l and
the liquid temperature is maintained at least at 15°C.

The mixed liquor is separated into purified liquid and activated sludge, and un-
consumed oxygen-containing gas is discharged from the aeration zone at a rate such
that its oxygen content is no more than 40% of the total oxygen introduced to
the digestion zone. Part of the activated sludge is then returned to the aeration
zone as the aforementioned recycled sludge.

Second gas comprising at least 80% oxygen (by volume) and sufficient in quantity
to provide part of the aforementioned first gas is introduced along with the un-
returned activated sludge to the enclosed digestion zone. They are mixed therein
and one of the fluids simultaneously recirculated against the other fluid in the
digestion zone in sufficient quantity to maintain the dissolved oxygen content

of sludge at least at 2 mg/l, and the total suspended solids content (MLSS) of
the sludge at least at 15,000 mg/l. During this step, the sludge is maintained at
temperature of at least 256°C and at least 10°C warmer than the wastewater aera-
tion zone liquor temperature, but below 75°C. The digestion zone mixing and
fluid recirculation are continued for sufficient duration to oxidize at least 60%
of the biodegradable volatile suspended solids content of the sludge introduced
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to the digestion zone. Thereafter at least partially oxidized sludge and oxygen-
partially depleted digestion gas of at least 40% oxygen purity are separately dis-
charged at rate such that the oxygen content of the gas is at least 35% of the
oxygen content of the second gas entering the digestion zone. The oxygen-de-
pleted gas discharge from the digestion zone is then provided as at least the major
part of the first gas introduced to the wastewater aeration zone.

Ambient Temperature Process

C.P. Gunson; U.S. Patent 3,151,063 September 29, 1964, assigned to Denver
Equipment Company describes an aerobic process and system for stabilization

of sludge for useful and easy disposition. In the process, the raw sewage or other
waste products are clarified and the settled sludge remov=d. Thereafter, the sludge
is broken up into small discrete particles. In doing this, the surface area of the
particles is greatly increased, thereby lending greater surface activity and remov-
ing previously oxidized matter. During the particle disintegration, air is introduced
under pressure substantially as the solids are being agitated, further enhancing the
scrubbing of oxidized material that may have developed on the particle surfaces
while at the same time forcing oxygen into the pores of and into close associa-
tion with the sludge particles, thereby speeding up the desirable oxidation of the
noxious odor-producing proteins and other compounds present in the sludge.

Relatively simultaneously with the agitation and aeration, a seeding with about 2%
by volume of previously stabilized sludge is accomplished which functions as a
catalyst for the reactions proceeding in the sludge mass. While this is a preferred
percentage, lesser amounts may be used, although this may result in a slower ini-
tial reaction rate. After as much oxygen as possible is forced into the surround-
ing liguid and into close association with the sludge solids, agitation and aeration
are stopped. -The sludge mass is then allowed to remain quiescent for a period
of time normally approximately one hour, the exact time being dependent upon
the temperature.

During the quiescent period the oxidation process proceeds, the oxygen is ex-
hausted, and the sludge solids become oxygen-hungry again. As the above oxida-
tion proceeds, CO, gas is produced and is absorbed by the liquid. Aerobic bac-
teria thrive in a CO,-saturated solution, and, as this type of bacteria develop, the
oxidation processes proceed more rapidly. The above process of supplying oxy-
gen to oxygen-hungry sludge while agitating is repeated until the protein matter
and other compounds in the sludge are oxidized to a desired stable condition,

It has been found that the agitation and aeration need not be simultaneous as
intermittent operation accomplishes the desired results.

After the above has been accomplished, as indicated by bacteria count and de-
sired oxidation of the proteins and other compounds, the resulting stabilized
sludge is passed off to a conventional filtering, surge tank or other apparatus,
and drying and/or sludge beds. It is important to note that no rigid control of
temperature, alkalinity or hydrogen ion concentration is necessary. In fact, it
has been found that if abnormal pH conditions are induced by new sludge -
masses having such characteristics the process is self-sustaining in that the reacting
mass absorbs such condition and, of itself, returns to optimum operating condi-
tions. In actual tests run in a large metropolitan area, sludge was accumulated
for one day and seeded with four-day-old sludge. The agitator-aerator was run
fifteen minutes an hour on the average. Samples were taken twice a week to
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to test for bacteria count and the desired stabilization of protein and other com-
pounds by oxidation. If more air was needed, the agitation time was increased
to approximately twenty minutes out of an hour. When satisfactory stabilization
was obtained, the siudge solids were pumped to a sludge bed for drying. It is,
therefore, apparent from the above that approximately four days are necessary
for a given batch or mass of sludge to be stabilized.

The important features obtained by the process are: drastic reduction in the
time required for desired stabilization of the sludge; reduction in the complexity
and elaborateness of equipment necessary to accomplish the desired stabilization
of sludge; obviation of the necessity of hydrogen ion concentration, and temperas
ture control; the formation of a readily drainable product; and the overcoming
of undesirable foaming.

Complete Mix System

J.D. Walker; U.S. Patent 3,649,529 March 14, 1972, assigned to Chicago Bridge
& Iron Company has found that in an activated sludge sewage aeration system,
aeration, mixing, and uniformity throughout a tank are improved by liberating
air along lines positioned to generate in the contents of the tank rolls having
their axes on a bias, that is, neither parallel to nor perpendicular to the tank
walls or to the general direction of flow of the processed liquid. Preferably using
a tank thus mixed, the known advantages of complete mixing are achieved, and
may be enhanced, by feeding an intimate mixture of raw sewage and return acti-
vated-sludge to the tank at feed points so scattered that no part of the tank is
far from a feed point.

Figures 2.2a through 2.2i illustrate the use of this process in conjunction with a
circular processing system common in package treatment plants. This system in-
cludes a circular tank system, generally 20, having an outer wall 21 and an inner
wall 22, Radial partition walls 23 seal off and divide the outer portion of the
circular system between outer wall 21 and inner wall 22 into discrete compart-
ments or tanks. The general flow of sewage is from inflow line 29, through pre-
mix section 30, through aeration tank 24 to settling tank or clarifier 51.

Clear effluent from that tank flows under skimmer ring 48 and overflows into
trough 49 and is discharged to a stream, perhaps with further treatment. The
sludge settling in tank 51 is drawn off through pipe 31. Some flows through air-
lift unit 34 into aerobic digestion tank 33 where the solids are made relatively
unobjectionable. The remainder of sludge from line 31 has conventionally been
used to seed the raw sewage with useful bacteria and is called return activated
sludge. Thus the process gets its name, the activated sludge process.

According to the process, return activated sludge from line 31 is vigorously mixed
with the raw sewage in premix section 30 and the activated mixture flows through
distribution flume 35 to enter tank 24 at a plurality of feed points 36. These

are located along a long side of tank 24 so that every point of the tank is only

a short distance away from a feed point, although the location of air liberation
prevents any concentrated flow to the outflow without extensive mixing within
tank 24. Thus, raw sewage inlet 29 empties into a premix section generally 30.
Sludge return line 31 permits introduction of a return portion of the activated
sludge, settled in clarifier 51, to be introduced into the premix section 30, If
desired, supernatant liquor drawn by decanting equipment 32 from digestion tank
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33 may also be discharged into mixing section 30. Also chemicals can be fed in
at this point, as for phosphorus removal. Premixed sewage-sludge liquor, an acti-
vated sewage mixture, leaves the premix secticn 30 by way of trough or distribu-
tion flume 35 which extends substantially the entire length of tank 24,

FIGURE 2.2: COMPLETE MIX SEWAGE TREATMENT SYSTEM
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FIGURE 2.2: (continued)
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The activated mixture is discharged from trough 35 into tank 24 at uniform rates
through a plurality of feed gateways 36. The liquid in tank 24 is kept in motion
as described below, with diverse flow directions. A large guantity of air is intro-
duced into the liquid in tank 24 by means of a multiplicity of openings situated
along air headers, generally 38. These air headers are supplied through air supply
pipe 40 and manifold section 41. The configuration and construction of air
headers 38 will be discussed in greater detail below. They are removed for servi-
cing by conventional equipment, not shown, on rotating bridge 42, which rides
track 43. Liquid leaving tank 24 is collected by way of discharge gateways 44
and trough or collection flume 45, and led to inner tank 51 where solids are
settled.

Thus, the overflow or effluent from tank 24 is introduced through conduit 47

to the centrally located inflow distribution structure 50 of inner tank 51. Sludge
is collected at the bottom of inner tank 51, and this may be aided by rotating
collector arms 52. Details of some of the structures generally referred to above
will now be discussed. The supernatant decanting means illustrated in Figure
2.2c includes an adjustable intake section 32’ and lift legs 53. An air injection
means 54 is used to lift the supernatant over radial wall 23 for discharge into
premix section, generally 30.

Vertical air-lift leg 55 for return sludge is fitted with an air pipe 56 having a
sparger at its bottom, to raise return sludge which discharges into box 57 of pre-
mix section 30. Return sludge discharged into box 57 can be diverted directly
to tank 24, if weir gate 58 is provided. Normally, however, the contents of box
57 are discharged into downward leg 60 of premix section 30. Control may be
provided by weir gate 61. Baffle 62 directs the sludge (and supernatant decant
liquor, if supplied) into the bottom region 64 of mix section 30 into which raw
sewage is introduced through influent pipe 29. The resulting mixture is simultane-
ously raised and vigorously stirred in upwardly extending chamber 66 of premix
section 30 by air released from one or more spargers at the foot of air supply
pipe 67.

Enough air is released to achieve a high degree of intimate mixing with resulting
particle-to-particle contact between sewage solids and the activated seed sludge.
To this end violent agitation is desired, e.g., a turbulence equivalent to a velocity
gradient of the order of 200 effective for 30 seconds or 700 for 5 seconds, or
more. The velocity gradient here used is in terms of feet per second per foot.
This is in contrast to mild mixing of sewage and return sludge in inflow channels
sometimes provided heretofore, which was likely to be equivalent to a velocity
gradient of only about 15.

To avoid using much space or energy, a very short detention period is preferred
in premixing chamber 66, not over '2 minute with rated flow rates, although up
to two minutes would probably not be deemed prohibitively wasteful. The flow
of the premixed process material from distribution flume 35 through weir gate
36 is regulated for uniformity by appropriate adjustments of the gates shown in
greater detail in Figures 2.2h and 2.2i. Vertical wall 68 of flume 35 is fitted
with gate-retaining elements 69 which retain vertically movable feed gates 70
against vertical wall 68. The precise vertical position of each movable feed gate
70 is adjustable by means of the screws 71 turning handie 73. The latter struc-
tures are perhaps best illustrated in the schematic presentation of Figures 2.2h
and 2.2i. Air injection header assemblies, generally 38 include three distinct hori-
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zontal sections, namely, two elongated linear header sections 75 and 76 situated
adjacent inner wall 22 and outer wall 21 respectively, and median connector sec-
tion 77, which connects sections 75 and 76. A large number of gas injection
outlets arranged in clusters 78, are situated along headers 75 and 76 and option-
ally along section 77. The header assemblies 38 are secured to the equipment
at one end of each by brackets 80 which are fixed to the inner vertical wall 68,
and positioned by foot bolts 81 which rest on the floor 82 of tank 24.

During installation, foot bolts 81 are adjusted to make the header dead level.
Vertical rod 84, and vertical leg 85 of the air supply system, provide means for
lifting air header assembly 38 from tank 24 for inspection, and for cleaning if
necessary. Either quick-opening couplers or flanges 86 are provided for conveni-
ence in separation of the header assembly 38, and its attached components from
air supply manifold 41. Valves 86’ are preferably situated between flanges 86
and manifold 41. Two-stage hoisting facilities are provided as described in U.S.
Patent 3,339,901, in this instance using two double-winch hoists, one for rod 84
and one for pipe 85.

It is noted that header assembly 38 is situated near but well above floor 82 of
tank 24 to facilitate the movement of water in the tank to the region of header
38. Header sections 75 and 76 are sufficiently elongated to generate a roll. Also,
header assemblies 38 are spaced apart from each other a sufficient distance to
permit development of a double roll extending away from each header 38. The
double roll is formed by the mass of liquor rising'with the stream of injection
air bubbles rising above header 38. This causes a substantial flow of liquid in
both directions away from the region of the headers at the top of the tank con-
tents. When the outwardly moving liquid meets a wall or an on-coming flow, it
moves downward. At the bottom, it is drawn toward the header to replace fluid
moved upward from below header 38, the overall pattern being referred to as a
roll. This is distinguished from patterns in which the liquid is raised and drawn
down in tight regions or columns.

It is particularly noteworthy that the gas injection orifices are arranged in a pat-
tern along lines which are on the bias with respect to the general direction of dis-
placement flow of the liquid being processed. The terms general direction of
displacement flow of liquid being processed means the general direction to which
liquid from the input tends to flow while no air is released in the tank 24, Thus,
the general direction of displacement flow of the liquid being processed in tank
24 is along the radii between outer wall 21 and inner wall 22, Each of the header
sections 75 and 76 are situated on thelbias with respect to the radial lines.
Shorter intermediate sections 77 are also on the bias with respect to the radial
lines. Preferably the air injection orifices are situated only along sections 75 and
76, with section 77 merely forming a connecting means to convey air into sec-
tion 76. In this form two separate sets of double rolls are generated by each of
the headers, generally 38. This causes a region of extreme turbulence between
the rolls and at the surface immediately above section 77.

The pairs of double rolls generated by headers 75 and 76 coact with the walls of
tank 24 as well as with each other to bring about a degree of mixing previously
unavailable in activated sludge processing equipment. It will be appreciated that
a roll formed on the side of header 75 or 76 which is an acute angle formed by
the wall and the header will continuously thrust liquid against the wall with vary-
ing degrees of vigor depending on the distance between the wall and the point
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above the portion of the header section involved. On the other hand, the roll
tormed in the region between the header and the wall which constitutes an
oblique angle tends to move the majority of the water in the roll somewhat out-
wardly from the wall thus enhancing the formation of numerous eddies along

the wall in that region. Moreover, the positioning of the headers 75 and 76 on
the bias with respect to the radius of the circular tank results in the formation

of rolls having axes and lines of thrust which are also on the bias with respect

to the axes and lines of thrust of other rolls formed by the next adjacent headers.

The division of the flow of effluent liquor from tank 24 among its outlets is con-
trollable by adjusting the height of movable gates or weirs 87, after loosening
nuts 88. The slots 89 permit movement to a position higher or lower on vertical
wall 90 of trough 45. It is apparent that by feeding a unified activated sewage
mixture at feed points so scattered along an activated sludge aeration tank, with
high speed rolls, with substantially every zone of the tank being quickly reached
by a portion of the inflow which has undergone turbulent mixing with the tank
contents en route, the practical achieving of throughout-the-tank uniformity in
large tanks is reached. A desired standard of uniformity, attainable when the
process is fully used, is that if a tracer dye or the like is injected simultaneously
at all feed points, there will after five minutes be no points in the tank except
close to the feed points at which the concentration departs from the average
concentration more than 10%.

By briefly subjecting the incoming raw sewage and return activated sludge to vig-
orous mixing, unified activated sewage inflow is provided so that volumetric equal-
izing of the flow among feed points will also achieve qualitative equalization
offered. Additionally, very vigorous premixing yields a head start by quickly
intermixing the raw sewage and the useful organisms in the return activated sludge,
together with copious oxygen. Furthermore the vigor of the premixing accom-
plishes maximum tearing apart of dispersion of the sewage solids and return sludge
flocs for maximum effective contact between them, and for maximum effective
contact of this mixture with the entire body of liquor within the tank when mix-
ing occurs within the tank, even though this latter mixing is not, at least for the
most part, quite so vigorous.

By the disposition of the elongate air-liberation headers at a substantial angle of
bias to the general direction of displacement flow and to the adjacent tank walls,
a diverse flow to all parts of the tank results. With enough air liberation to pro-
duce high-speed rolls, and with offsetting of the ends of the rolls nearest each
other, and preferably some axial spacing thereof, focal points of cyclonic or other
greater than average turbulence are provided ensuring the repeated breaking up

of any flocs and the penetration of oxygen and organisms to particle centers.
Thus the maximum use of the space within the tank that is theoretically possible
is more closely approached than previously in full-scale working tanks.

Aeration Technique

In a process described by B.R. Brown and L.B. Wood, U.S. Patent 3,649,531,
March 14, 1972, assigned to National Research Development Corporation the
dewatering time of a sludge obtained by anaerobic digestion of a primary sewage
sludge is reduced substantially by subjecting the digested sludge to aeration with
air or other suitable oxygen-containing gas. Typically, aeration is carried out for
at least 4 hours, the sludge is allowed to settle, and then dewatered within two
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days. Aeration may be carried out by means of diffused air or, preferably, by
mechanical means using a surface aerator.

Example 1: Anaerobically digested sludge is charged into a cylindrical concrete
tank of dimensions 20 feet high and 6 feet diameter, which is fitted with an
aerator consisting of ceramic tubular diffusers so arranged that they form 6 arms,
each at an angle of 60° from the adjacent one, radiating from a central chamber
into which air is passed. The porosity of the diffusers is such that very fine bub-
bles are produced. The sludge is aerated for periods varying from 6 to 24 hours,
depending on the intensity of aeration, and then allowed to stand without aera-
tion during which time it consolidates and sinks to the bottom, leaving a super-
natant liquor substantially free from suspended solids. Typical results are given
below,

Original
Perlod sludge Sludge solids content,
of soli percent after—

aeration content,
(hrs.) percent 1day 2days 3days

Run No
L. covcsssenssmssavas 24 2.8 ssssasnussrusevass 3.4
bR 24 3.4 . v.... 43 ...
e S 24 4.0 Bl sccvessisevarsnnas
L S, 24 1.9 o iiaeaaa 4.0
B s aenamrsssmmas 24 DK R 3.8
B e eiaeeaeaan 24 2.4 e 5.5

Example 2: Digested sludge is charged into a cylindrical concrete tank of dimen-
sions 40 feet diameter and 10 feet 6 inches working depth equipped with an aera-
tor capable of producing coarse bubble aeration. The base of the tank is in the
form of an inverted hollow cone. The diffuser is constructed from a series of
6-inch-diameter mild steel pipes, branching from both sides of a single pipe across
thé?diameter of the tank and extending to the sides. On the underside of the
pipe, along the whole length, a series of “%-inch-diameter holes are drilled and
spaced regularly at one-inch intervals, totalling 2,056 holes. A connection for
supplying air to the pipes is provided. The volume of digested sludge (approxi-
mately 400 tons) is aerated for 24 hours and then allowed to stand as in Example
1. Typical results are shown below.

Original
Perlod sludge Sludge solids content,
of solids percent after—

aeration  content,
(hrs.) percent 1day 2days 3days

24 b3 S 5.1
% 2.8 .. X
24 2.8 L. i8
% 3.0 LI 48
2% 2.9 ..l 5 s

Modified Imhoff Tank

D.F. Peck and J.C. Troy, U.S. Patent 3,919,086; November 11, 1975; assigned
to NUS Corporation describe a technique for modifying a conventional Imhoff
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tank, which utilizes an anaerobic wastewater treatment process, to obtain an
activated sludge system which is an aerobic process. The modifications comprise:
providing a plurality of air sparges in the lower portion of the digestion chamber
of the Imhoff tank to aerate the wastewater; providing a pump means in the tank
which has its suction end near the apex of the inverted pyramid-bottom of the
tank and its discharge end disposed in the gas vent area of the tank; and, relocat-
ing the feed to the tank into the gas vent areas rather than into the center settling
compartment which is conventional.

Spiral Motion Circular Aeration Chamber

P.H. Huisman; U.S. Patent 3,939,067, February 17, 1976, assigned to Gypsum
Industries Ltd., South Africa describes a method of treating sewage using the
activated sludge process. The process involves imparting to sewage introduced
into a circular aeration chamber a spiral motion about the chamber center, using
the motion imparted to the sewage to cause liquid-borne sludge from the cham-
ber to flow along a canal around the chamber and returning at least part of the
liquid-borne sludge in the canal back into the aeration chamber under the influ-
ence of gravity for recirculation. The apparatus is illustrated in Figure 2.3.

FIGURE 2.3: CIRCULAR AERATION CHAMBER

Sectional Elevation Along Lines Il—Il Sectional Elevation Along Lines I11—1(1

Source: U.S. Patent 3,939,067
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The aerating installation comprises a tank 1 having a central aeration chamber 2,
circular in plan and a canal 3 extending along the periphery of the aeration cham-
ber. At one end the canal 3 has an overflow weir 4 from the aeration chamber
into the canal. The weir 4 is located beneath the normal liquid-sludge level 5 in
the chamber 2 and is so dimensioned as to enable liquid-borne sludge to be di-
verted into and driven along the canal under the action of a spiral motion about
the chamber center of the sludge in the aeration chamber 2.

This motion in the sludge may be created by an aerator 6 mounted centrally in
the aeration chamber and preferably of the conoidal type. The aerator causes
ircular and upward motions of sludge in the chamber and these motions combine
to give a spiral flow which pushes the sludge along the canal 3. To facilitate this
flow, the floor of the chamber 2 is preferably formed as an endless channel 7 of
arcuate cross section. The aerator 6 preferabiy has a stirring mechanism 21
mounted thereon for rotation adjacent the floor of the chamber 2.

The end of the canal opposite the end with the inlet weir 4 has an underflow
weir 8 in the chamber wall for returning to the aeration chamber 2 at least some
of the liquid-borne sludge in the canal 3. This weir 8 is situated adjacent the
inlet weir 4 and has a deflecting wall 9 of the canal located to cooperate there-
with. Adjacent to the deflecting wall 9 and upstream is an outlet from the canal
in the form of another overflow weir 10 preferably adjustable in height. The
floor 11 of the canal slopes downwardly from the deflecting wall 9 to the weir
8 to enable sludge to be returned from the canal 3 to the chamber 2 under the
action of gravity.

As shown, the deflecting wall 9 is displaced progressively towards the aeration
chamber center over the length of that part of the canal having the inclined floor
11. This is to enhance even distribution of sludge into the aeration chamber.

Of the lightweight and heavy sludge passing along the canal 3 the former will
discharge over the outlet weir 10 into a conduit 12 while the latter will pass
through the underflow weir 8 to the chamber 2. The weir 10 will be so adjusted
as to provide an appropriate ratio of sludge returned to and removed from the

tank 1.

Means are provided for regulating the quantum of flow into the canal 3 and may
conveniently be in the form of a swing gate 14 mounted at the inlet to the canal.
A shield 15 is preferably mounted over the inlet weir 4 to prevent turbulence of
liquid entering the canal 3. The conduit 12 leads to a second tank 16 which is
the same as the tank 1 described above. The outlet from the tank 16 is in the
form of an overflow weir 17 which discharges into a conduit 18 leading to a
sludge settling installation. In use, sewage is fed into aeration chamber 2 through
conduit 19 after being passed through the usual screens. The sewage is aerated
in the aeration chamber 2 together with activated sludge from the sludge settling
installation. During aeration nitrification also takes place but the passage of the
sludge along canal 3 is slow and nonturbulent, giving it an opportunity to de-
nitrify.

At the underflow weir 8 at the end of the canal the heavier of the liquid-borne
sludge in the canal is returned to the aeration chamber by sliding down the in-
clined floor 11 of the canal under the action of gravity. In this way the heavier
sludge is recirculated and digestion is enhanced by virtue of the sludge being sub-
jected to more aeration than is usual in these installations. The lighter sludge
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passes over the weir 10 to the second tank 16 where the process is repeated. It
is considered that the microbial life digesting the sludge will be different for the
heavier and lighter sludge and by separating these into two tanks overall digestion
will be improved. It may be necessary to remove sludge periodically from the
bottom of the aeration chamber through a conduit 20 or the like.

It is stressed that the use of the canals 3 in the tanks 1 and 16 allows denitrifica-
tion to take place so that denitrified sludge is passed to the settling installation.
The continuous recirculation of sludge prevents too much sludge being passed to
the settling installation and hence prevents overloading of the latter. Also, recir-
culation increases the siudge concentration in the tanks and hence the bacteria
concentration which improves digestion and conversion to gas.

Pressure Release Used to Break Up Solids Particles

According to a process described by W.J. Bauer; U.S. Patent 3,939,066, Feb. 17,
1976 sewage is caused to flow through a hydraulic system which subjects the
sewage to a sudden substantial drop in pressure, along with an attendant increase
in velocity, and violent turbulence or agitation. By way of example, the pressure
may be decreased on the order of 20 psi in %o second or less, and the sewage
may be subjected to turbulent flow while under a vacuum. The resulting material
evidences a marked increase in the amount of suspended solids and a marked de-
crease in the amount of settleable solids, as compared to the input sewage mate-
rial.

It is believed that the sudden decrease of pressure causes the larger organic solid
particles to disintegrate or explode, perhaps due to expansion of absorbed gases
or gases generated within the particles by anaerobic bacterial digestion. Such
gas-producing phenomena may continue within particles of solid wastes, even
though the exterior surface has been exposed to aerobic conditions. In any event,
the sudden pressure drop and violent turbulence apparently cause comminution

of the solid particles into many smaller particles and thorough mixing, resulting
in apparent homogenization of the particles in the sewage.

The resultant sewage material then may be subjected to bacterial adsorption and
ingestion, or biological treatment as it is called. The production of many smaller
particles results in a greatly increased total surface area of solid particles for ex-
posure to the action of natural bacteria which consume the organic sewage as
food. If such bacteria are brought into intimate contact with such particles, as
can be done during the turbulent flow and agitation, the bacteria will adsorb the
particles of sewage on their surfaces for later consumption as food. This adsorp-
tion can take place in a matter of seconds or minutes.

The bacteria and associated adsorbed particles are then settled or otherwise sepa-

rated from the remainder of the sewage mixture and removed as a sewage sludge.
The remaining effluent has a greatly reduced quantity of organic waste materials

in it, comparable in many instances to the character of effluent from an activated
sludge treatment plant.

The sludge may be kept in an aerobic condition by addition of air or oxygen so
that the metabolism of the bacteria and the associated consumption of the
attached organic wastes by these bacteria will proceed at a rapid rate. A portion
of this sludge, following a time of aeration or oxygenation, may be recycled back
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into the system in the pressure drop and/or agitation zones for adding and mix-
ing bacteria with the small particles of waste materials produced by the passage
of additional sewage through the system to enhance the adsorption and ingestion

- processes.

Pressure-Controlled Oxidation

According to a process described by D.F. Othmer; U.S. Patent 3,772,187;
November 13, 1973 domestic sewage and other polluted waters may be treated
under a pressure of %: to 5 atmospheres gauge or more with dissolved oxygen,
or air, to supply the BOD. The oxygen-containing gas is drawn into the suction
of a feed and recycle pump which agitates the liquid-gas mixture, and increases
gas solubilization as it is being compressed. Simultaneously, any solids which.
are present are comminuted in being pumped to the pressure oxidation tank.
The higher than atmospheric pressure increases oxygen solubility, concentration,
and hence chemical or biochemical reactivity.

Thus, a much smaller residence time and vessel is required, the polluted water

is withdrawn and depressurized to atmospheric pressure at which pressure some
of the dissolved oxygen and other gases are released due to lower solubility, and
vented. Most of the liquid after depressurization is recycled to the influent
stream for repressurization and additional oxygen dissolution. The recycle may
amount to 2 to 50 times, and some sludge o’btained may also be recycled. A
water turbine may recover some of the mechanical energy used by the pump.
The process may be used by itself or as an adjunct to other processes for treat-
ing polluted waters, and also for the oxidation of sludge.

Pump Design for Use in Septic Tank

K.A. Digney and A.P. Gallauresi; U.S. Patent 3,896,027, July 22, 1975 describe
a method for increasing the level of air or other gas entrained or dissolved in a

liquid. The principal application is to enhance aerobic decomposition in sewage
by recirculation through a pump where a high level of dissolved oxygen is main-
tained by mixing atmospheric air into the sewage as it passes through the pump.

The process is described in the context of a domestic-type sewage system, namely,
an enclosed septic tank of conventional design. A centrifugal pump is arranged
with a liquid intake opening below the sewage level within the tank, and an out-
let which may be either above or below sewage level, but which in any case dis-
charges the sewage back into the tank. The pump impeller blades are powered

by a motor, preferably located outside the tank or in a separate chamber thereof,
connected to the blades, or to intermediate support structure, by a rotating shaft.

The pump blades extend in a helical path from the central shaft to their outer
ends and are enclosed in a chamber having inlet and outlet openings. The blades
are essentially hollow, having open ends at their tips communicating with a cen-
tral opening in the shaft. The shaft opening extends axially through the shaft
from an air intake opening above sewage level to the communicating opening
with the hollow interiors of the blades.

The sewage is propelled through the pumping chamber by the centrifugal action
of the blades, passing from the inner to the outer blade ends. As the sewage
passes over the outer tips of the blades at a very high velocity, a stream of air



Sludge Oxidation Processes 135

is injected directly into the sewage due to lower pressure being formed as it
passes over the blade openings at the tips. The blade movement itself also tends
to expel by centrifugal force the air inside the hollow interior, and a fresh supply
of air will be drawn in through the shaft air intake. Thus, the steady flow of air
through the hollow drive shaft and impeller blades is intimately mixed with the
sewage flowing through the pump to maintain a high level of dissolved oxygen,
thereby stimulating aerobic bacterial action and insuring proper sewage treatment.

Compartmented Unit

P. D'Aragon, U.S. Patent 3,888,767, June 10, 1975 describes a sewage treatment
tank for the treatment of sewage from houses, hotels, garages, schools, small in-
dustries, and the like where normal sewage collector systems do not exist. The
sewage tank contains no mechanically moving parts, and is composed of two
adjacent compartments, a first compartment, with a centrally located sewage in-
let having a V-shaped launder, open at the bottom. In this first compartment,
most of the solids in the sewage are separated from the liquids, and are digested
by anaerobes. The liquids are referred to as effluent.

The effluent passes from a first compartment (a) to a second compartment (b)
where it is submitted to the action of aerobes in the presence of injected air. In
each compartment there is a pipe immediately adjacent to the wall separating
the compartments, and preferably centrally located. These pipes contain a plu-
rality of holes in their upper portion, immediately below the roof of the com-
partments, which permits the continuous evacuation of gases produced in both
the compartments. Both pipes also permit the removal of digested sediments
from the compartments through the base of the pipes at predetermined intervals
for cleaning.

The effluent of compartment (a) is fed towards the bottom of compartment (b)
through a suitable slot in the wall separating the compartments, and a pipe con-
nection with the gas exhaust pipe of compartment (b). The products of digestion
of the sewage in compartment (a) by anaerobes, include: methane, carbon diox-
ide, ammonia and amines, hydrogen sulfide and organic sulfur compounds, phos-
phine and organic phosphorus compounds, and some insoluble humus,

The products of digestion of the effluent from compartment (a) in compartment
(b), by aerobes in the presence of injected air include: carbonic gas and carbon-
ates and bicarbonates, some humus, water, nitrites and nitrates, sulfates and phos-
phates. Sufficient air is injected into compartment (b), so that the effluent from
the compartment contains dissolved air and a nil BOD. In compartment (b), com-
pressed air is injected at the bottom end of a slightly inclined inverted tray, the
tray having a series of small open compartments, similar to ice trays for refrigera-
tors, so that the air travelling from the bottom end to the top end of the tray is
in immediate contact with the effluent for a relatively long period of time, the
air then passes under a series of similar trays, which are overlying and mounted
above each other, so that the oxygen contained in the injected air has sufficient
time to effect the biological digestion by aerobes.

In one example a tank having compartments of equal volume, to treat sewage
from a dwelling occupied by eight persons would be about 5 feet wide, 6 feet high
and 8 feet long. This size is determined from the assumption that a single person
produces approximately 60 gallons of sewage per day, and considering the volume
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taken up by digested sediments, sufficient space must remain for easy removal
of the gases. Each compartment is approximately 5 feet wide, 6 feet high and
4 feet long. The tanks may be made of many materials; wood rendered impervi-
ous, or plastics are both satisfactory materials.

For the easy removal of the accumulated sediments in both compartments (a)
and (b) of the process, pipes for evacuating the gases have an internal diameter
of about 4 inches, so that @ hose or a pipe may be easily inserted in pump.
Some sediment should always remain in both compartments, to allow the bio-
logical digestion of both anaerobes and aerobes in their respective compartments
(a) and (b) to continue.

To have good biological digestion by aerobes in compartment (b), an excess of

air is preferably injected. About 2 cubic feet of air per gallon of sewage is the
preferred quantity. In this case, about 1,000 cubic feet of air are required. A
relatively small compressor operating under a head of about 2 pounds gauge pres-
sure is satisfactory and a motor using 12 to 15 watts is required. The motor
should preferably be operated continuously.

The final effluent is practically free of coliforms, microorganisms and other bac-
teria. Soluble salts are contained in the effluent, and some of these salts such as
nitrites, nitrates and phosphates may be objectionable, as they constitute excel-
lent fertilizers, and in reaching either a lake or a river, they promote the growth
of aquatic plants.

Therefore, in a preferred example, a third small compartment is added in which
the effluent of compartment (b) comes in contact with lime, thereby producing
nearly insoluble salts of nitrites, nitrates and phosphates. At other places where
it is feasible, plants and/or trees could be made to grow along the path of the
final effluent, where fertilizing salts contained in the effluent would be mostly
absorbed by the plants and/or trees.

Package Plant

A process described by D.A. King, U.S. Patent 3,917,632, November 4, 1975;
assigned to Davis Water & Waste Industries, Inc. relates to an improved tank
arrangement in the type of system which employs a central sludge settling tank
surrounded by an annular outer tank where aeration and digestion of the sewage
occurs. The apparatus is shown in Figure 2.4,

A package sewage treatment plant adapted to be easily erected in the field is
generally depicted at 10 in Figure 2.4a. The treatment plant includes an outer
cylindrical tank wall 11 and a concentric settling tank wall 42. The space between
these two cylindrical walls is normally divided into contact and reaeration areas

in an aeration section, a digester section and a chlorine contact section.

Sewage to be treated enters the plant 10 at a plant inlet 12. An intermediate
wall, shown generally at 20 and formed of arcuate sections, divides the contact
and reaeration areas of the aeration section into inner and outer arcuate portions
13 and 18 and 14 and 19 respectively. The intermediate wall 20 extends only

as far as vertical radial walls 40 and 41, and does not extend into the digester
section. The sewage enters the contact area 19 of the aeration section of the

tank through opening 15. The sewage activated sludge mixture flows in a counter-
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FIGURE 2.4: PACKAGE SEWAGE TREATMENT PLANT
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FIGURE 2.4: (continued)
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clockwise direction in outer arcuate portion 19 from the influent point 15. Com-
munication is provided between outer section 19 and inner section 18 through
holes 22 formed in end portion 21 of the intermediate wall 20, as shown in
Figure 2.4b. Sewage from the outer arcuate portion 19 is thus allowed to pass
through the end portion 21 of intermediate wall 20 near wall 40, as shown by
the arrows, to reach a settling tank inlet 23.

As long as the sewage and activated sludge remain in the contact or reaeration
areas, air is injected to provide oxygen for the microorganisms that break down
the organic material in the sewage, and also to provide adequate mixing to bring
the microorganisms, organic material and oxygen into intimate contact and to
keep sludge from settling in the aeration areas. As shown in Figures 2.4a and
2.4c, air is supplied from blowers to an air header 25 mounted on the intermedi-
ate wall 20. The air header 25 forms a full circle around the plant providing air
to the digester 77 as well as the contact and reaeration areas. Air flows from
the header 25 through descending pipes 27 to conventional air diffusers 26 hav-
ing spaced injector portions 29.

The air header 25 and air diffusers 26 can be mounted on intermediate wall 20

in any suitable manner. In the preferred embodiment brackets 24 mount diffusers
26 on wall 20 near, but spaced from, the bottom of the tank (usually about 2
feet). The injector portions are so located to prevent clogging thereof while allow-
ing maximum mixing.

As the air bubbles injected through the injector portions 29 rise, they impart
energy to the liquid in the tank causing it to roll from intermediate wall 20 to
the outer wall 11, and from interinediate wall 20 to the settling tank wall 42.
Since the size of the treatment plant, the distance from the settling tank wall
42 to the outer wall 11, is limited by the distance that this rolling or mixing
can be maintained, it is apparent that the provision of the intermediate wall 20
according to this process, makes possible the extension of the size of package
treatment plants since rolling need be maintained only in the distances between
the intermediate wall 20 and the inner and outer walls rather than in the larger
distance from the inner wall to the outer wall.

In addition to providing this advantageous result, the intermediate wall 20 also
provides support for the aeration piping 25, 27 and prevents short-circuiting of
the sewage from the plant inlet 12 to the settling tank inlet 23. In order to ef-
fectively dissipate the froth that is created in the aeration section, a pipe 30
brings liquid from the settling tank to a froth spray pump 31, which supplies
the liquid to froth spray nozzles 36, 37 through pipes 32, 34 and 33, 35, respec-
tively. The settling tank has a skimmer arm 46 cooperating with scum baffle 45
to help prevent scum build-up on the surface of the settling tank.

Scum box 61 communicates through scum return 62 with the contact area of

the aeration section of the p'ant to eject scum from the settling tank. A rotating
scraper mechanism 60 collects settled sludge from the bottom of the settling tank.
Collected sludge is returned from the settling tank to the reaeration section of the
plant via sludge return pipe 64, box 65 and opening 68. Waste sludge from the
settling tank also is distributed to the digester portion of the plant through sludge
return pipe 64, box 65, conduit 66 and opening 67, as shown by the arrows.
Sludge can be removed from the settling tank bottom by any conventional means.
Sludge returned from the settling tank is discharged into the inner reaeration area



140 Sewage Sludge Treatment and Disposal

13 and flows in a clockwise direction from sludge discharge point 68 to the verti-
cal radial division wall 41. Communication is provided between outer section 14
and inner section 13 through holes 79 formed in end portion 78 of the intermedi-
ate wall 20, as shown in Figure 2.4d. Sludge from the inner section 13 is aliowed
to pass through the end portion 78 of intermediate wall 20 near wall 41, as shown
by the arrows, into the outer section 14, The sludge then flows in a counter-
clockwise direction in outer section 14 to the vertical radial division wall 82.

Communication is provided between outer section 19 and outer section 14 through
holes 81 formed in the vertical radial division wall 82, as shown in Figure 2.4e.
Sludge from the outer section 14 is allowed to pass through the vertical radial
division wall 82 into the outer section 19 beginning a new treatment cycle.

Clear effluent from the settling tank flows under a scum baffle 45 and overflows
into a trough 49 for eventual discharge into a chlorine contact tank 70 via a set-
tling tank effluent pipe 52. Chlorine is injected via a pipe 54 into a trough 49
at a point 53, the point of the trough 49 furthest from a duct 56 leading to set-
tling tank effluent pipe 52, in order to provide the greatest time of contact be-
tween the chlorine and the effluent before the effluent is discharged.

The chlorine contact tank 70 is enclosed by an arcuate wall 43 and the outer
plant wall 11. Underflow and splash baffles, 71 and 72, respectively, may be
provided. The relatively unobjectionable liquid in tank 70 is finally discharged
through plant effluent pipe 80. A walkway 75 may be provided for manual in-
spection of all portions of the plant. If the walkway 75 is provided over inter-
mediate wall 20, it may be supported thereby by a bracket, such as bracket 76
in Figure 2.4c.

Cyclic Process

J.S. Earle, E.W. Schoeffel and F.J. Zimmermann,; U.S. Patent 3,272,739;
September 13, 1966, assigned to Sterling Drug, Inc. describe a process for the
treatment of sewage sludge, utilizing heat and air in @ manner which permits
unattended operation.

According to the process, a preheated first portion of sewage sludge is directly
heated at superatmospheric pressure in a heating zone adapted to pressurized
operation with a hot gas to between 100° and 225°C, heating is discontinued,
the sludge is maintained at at least 100°C while gaseous oxygen is passed there
through for at least a portion of time at a rate in excess of which it is absorbed,
thereby achieving a wet air oxidation, until the specific resistance of the sludge
(sec’/g x 107) is 1~duced to less than 250, the pressure in the heating zone is
partially reduced, at least a portion of the heat in the gaseous phase of the thus-
treated sludge is transferred directly to a second portion of sludge to preheat
the second portion, preferably to about 50° to 100°C and preferably at about
atmospheric pressure, the thus-treated first portion of sludge is discharged from
the pressurized zone and the thus-preheated second portion of sludge is also
treated in the thus-described manner.

Sludge obtained from any stage of a sewage treatment process can be used in
the process, including raw, primary, activated, concentrated primary, and digester
sludges. Commercial wastes containing substantial amounts of solids with com-
parable levels of chemical oxygen demand (COD) can also be used, e.g., wastes
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from wool, scouring and desizing operations in textile operation, spent beer in
industrial biological fermentations and effluent from paper and pulp making opera-
tions.

Limited Wet Oxidation Process

According to a process described by G.H. Teletzke and E.M. Pogainis; U.S.
Patent 3,256,179, June 14, 1966, assigned to Sterling Drug, Inc. the digested
sludge from the digester of a gas-producing sewage plant is subjected to a wet
air oxidation at a temperature of at least about 120°C under pressure in the pres-
ence at all times of excess gaseous oxygen so as to reduce by less than 55% the
COD of the sludge, the residual undissolved solids and resulting effluent are sepa-
rated, the former then being concentrated and at least a portion of the latter
.cooled to about 75° to 108°C and the cooled portion returned to the digester,
the amount of cooling being regulated so as to maintain the digester at a sub-
stantially constant temperature between about 30° and 60°C when the effluent is
returned to the digester, the amount of ammoniacal nitrogen returned to the di-
gester by the effluent being regulated so as to maintain the ammoniacal nitrogen
content of the digester at all times below 1.0 g/, preferably between 0.1 to

0.5 g/l

In the process of U.S. Patent 3,060,118 the effluent from a wet air oxidation in
which the COD of sewage sludge is reduced from 60 to 85% is returned as nutri-
ent to a biological treatment. This system works well when the biological treat-
ment is aerobic treatment. However, the effluent obtained from that process is

a relatively poor nutrient medium for digester organisms. However, if the oxida-
tion is conducted under conditions where less than 55% and more preferably 45%
or less of the COD of the sludge is oxidized, the resulting effluent is more accept-
able to the digester organisms. This can result in an increase in gas production.
The digested sludge resulting from such recycling is lower in COD and thus more
inert biologically.

This lower level of oxidation can be achieved by lower oxidation temperatures.
For example, if the oxidation is conducted between 120° and 175°C, less than
10% oxidation is achieved in one hour at 160° and at 8 hours or longer at 120°C.
Some degree of oxidation occurs at 120°C or higher but at the lower limit, it is
often one percent or less. Therefore, the oxidation preferably is conducted at
between 120° and 165°C, e.g., 120°C for 2 to 16 hours, 140°C for 1 to 8 hours,
150°C for up to 4 hours and 160°C for one hour or less.

From the above, it can be seen another way of limiting the degree of oxidation
is to employ temperatures which are capable of producing higher oxidation levels
but limiting the oxidation time so that an oxidation level of less than 55% is
achieved. For example, about 10% oxidation is achieved at about 175°C and
about 45% at 225°C in 60 minutes. Therefore limiting oxidation times to less
than 10 minutes at 120° to 200°C, and less than 5 minutes at 200° to 225°C ordi-
narily will limit the oxidation to less than 55%.

Ordinarily, the oxidation should not be limited by reducing the oxygen gas input

so that the oxygen is completely consumed as the resulting effluent is more toxic
to digester organisms. Therefore, the oxidation should ordinarily be conducted

in the presence at all times of excess gaseous oxygen, preferably an amount which
leaves from 0.5 to 2.5%, e.g., 1 to 2%, gaseous oxygen in the gaseous phase of
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the oxidized mixture. The oxidation is conducted in the manner described in
U.S. Patents 2,665,249, 2,824,058, 2,903,425, 2,932,613 and 3,060,118 but
employing reaction conditions whereby oxidation is lirnited to less than 55%.

In the sewage plant shown in Figure 2.5, sewage enters the primary system by
pipe 1, after passing through the conventional screens, etc., to primary settling
tank 10. The settied solids from tank 10 are pumped through pipe 13 to the
primary thickening tank 14, The primary effluent is pumped through pipe 11
to the aerobic aeration system 20 and then through pipe 21 to the final settling
tank 22 where the now innocuous final effluent is discharged from the plant
through pipe 23 and a portion of the settled activated sludge is returned to the
aeration system by pipes 25 and 27 and the remainder joins the settled solids
from tank 10 by pipe 25.

FIGURE 2.5: LIMITED WET OXIDATION PROCESS

COCULED,
OXIDIZED
SLUDGE

Source: U.S. Patent 3,256,179

The effluent from thickener 14 is pumped through pipes 15 and 3 to the primary
settling tank 10. The sludge obtained from thickening tank 14 is pumped through
pipe 17 to digester tank 30 where a portion of the volatile solids are converted

to methane and carbon dioxide. The digested solids are displaced from digester
tank 30 through pipe 31 to settling tank 32 where the supernatant is separated
from the digested solids.

The digester effluent is pumped thorugh pipes 33, 35 and 3 to primary settling
tank 10 or through pipes 33, 35 and 28 to aeration system 20. The digested
sludge is pumped through pipe 37, mixed with air from pipe 38 and the mixture
pumped through the heat exchange system 40 where its temperature is raised to
an oxidizing temperature. The hot mixture is pumped through pipe 41 to reac-
tor 42 which provides the residence time required to achieve the desired degree
of oxidation. The oxidized mixture is pumped through pipe 43 to the shell of
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the heat exchange system 40 where a portion of its heat is transferred to the in-
coming mixture. The partially cooled oxidized mixture is pumped through pipe
45, where optionally its pH is raised a selected amount by a base supplied by pipe
47, to vapor separator 50 where the pressure of the mixture is dropped to about
atmospheric and the vapor phase discharged from the system. The energy dissi-
pated in so doing can be used to run turbines for power and the heat energy
captured by heat exchangers for use in the system.

The liquid phase with suspended solids is displaced through pipe 51 to solids
separator 52 where the oxidized sludge solids are separated from the effluent.

The effluent is pumped through pipes 53 and 17 to digester 30. The now innocu-
ous separated solids are discharged through pipe 55 to sand bed 60 or other filter-
ing system where, e.g., the final dried solids are separated from the residual liquid,
which is returned to the primary settling tank 10 through pipes 61 and 3. Pri-
mary sludge can be passed directly to the heat exchange system through by-pass
pipe 19. Digested sludge can be recycled to digester 30 through pipes 37, 19

and 17. Effluent from the digester settling tank 32 is passed to the heat exchange
system when desired by pipes 39 and 37. Effluent from solids separator 52 is
passed to primary settling tank 10 by by-pass pipe 57.

In a typical operation, 10 million gallons per day (mgd) of raw sewage contain-
ing 10.4 tons of suspended solids having 8.35 tons of biological oxygen demand
(BOD) is pumped to tank 10, where effluent containing 4.16 tons of suspended
solids with a BOD of 5.42 tons is separated from the remainder of the suspended
solids. The aeration system 20 reduces to negligible values the BOD of this efflu-
ent, which is discharged from the plant as final effluent after separation from the
resulting activated sludge in settling tank 22.

The thickener tank 14 produces a primary sludge at a rate of 45,000 gallons per
day (gpd) containing 9.5 tons of suspended solids, of which 6.34 tons are volatile
(organic) solids. This sludge, along with 19,950 gpd of effluent from solids sepa-
rator 52 containing 0.7 ton volatile solids, is pumped to digester tank 30 where
the mixture is converted to gas, leaving a digested sludge which is separated from
43,500 gpd of digested effluent in settling tank 32, the effluent being returned
to the primary system.

The 25,000 gpd of digested sludge containng 3.16 tons each of ash and volatile
solids is mixed with sufficient air to reduce the COD of the sludge by about 50%.
The sludge-air mixture is passed through the heat exchange system 40 where its
temperature is raised to 140°C. The hot mixture is then passed to reactor 42
where the mixture is maintained at an gverage temperature of 205°C in the reactor
42 until half the COD of the mixture is eliminated by oxidation. The sludge-air
ratio of the incoming mixture is continually adjusted so that the vapor phase of
the oxidized mixture contains from 0.5 to 2.5% oxygen.

The hot oxidized mixture is passed thorugh the shell of the heat gkchange system
40 where its temperature is lowered a regulated amount such that the effluent
obtained from solids separator 52 has a temperature within the range of 75° to
105°C, depending upon whether the operation is summer or winter. The tempera-
ture of the hot effluent is regulated so that the digester is maintained at a con-
stant 32°C. The hot mixture obtained from the heat exchange system 40 is re-
duced to about atmospheric pressure in vapor separator 50 by venting the vapor
phase. The hot effluent obtained from solids separator 52, at a temperature
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which when mixed with the contents of the digester 30 maintains the mixture
at 32°C, is recycled to the digester 30. The wet separated solids obtained from
solids separator 52 containing 40% solids and 6.32 tons solids are spread on a
conventional sand bed where they rapidly drain dry to a friable cake at a rate
many times faster than conventional digester sludge.

In a variation of the above process, the separated effluent from the oxidized mix-
ture, having a pH of 4.3, is mixed with 2 to 8 grams of Ca(OH), per liter of mix-
ttre or equivalent amount of other base, and 10 to 20% of the water is then
evaporated, thereby permitting from 85 to 98% of the ammoniacal nitrogen to
escape with the vapors in vapor separator 50, which increases gas production of
the digester in addition to increasing percent COD reduction, the result regularly
achieved by the process. In a continuous run, the ammoniacal nitrogen level of
the contents of the digester is measured at daily intervals and the amount of base
added to the hot oxidized mixture is varied in direct response to variations of
the level,

When the ammoniacal nitrogen level approaches 1.0 g/l, enough base is added to
raise the pH from 7 to 11 or even higher. When the level drops to below 0.8 g/I,
the addition of the base is stopped. In another variation, the sludge-air mixture
Is oxidized at a temperature between 120° and 150°C with the heat necessary to
maintain that temperature being provided by steam, added directly or indirectly
to the hot sludge-air mixture just prior to entering the reactor. The separated
effluent, containing about 5 g/l or less volatile solids when the oxidation tempera-
ture is 120°C and about 17 g/l or more when the oxidation temperature is 150°C,
or above, contains from 0.2 ta 0.5 g/| ammoniacal nitrogen and is a substantially
superior nutrient for the digester than effluent resulting from oxidations at above
150°C.

In related work which is described by W.B. Gitchel, C.A. Hoffman and E.W.
Schoeffel: U.S. Patent 3,272,740, September 13, 1966, assigned to Sterling Drug,
/nc. an innocuous cured organic sewage sludge having optimum processing charac-
teristics is produced by the wet air oxidation of a continuous stream of sewage
sludge in the presence of a continuous stream of a substantially constant volume
of gaseous oxygen under conditions of temperature and pressure which reduce
by b to 45% the COD of the sludge while adjusting at least one of the tempera-
tures to which the mixture is heated, the sludge flow and the COD of the incom:
ing sludge in a manner directly proportional to variations in the gaseous oxygen
content of the gaseous phase of the oxidized mixture so as to maintain the sludge
at all times in the presence of gaseous oxygen during the wet air oxidation.

It was found that an innocuous organic cured sewage sludge having optimum proc-
2ssing characteristics ar. whose suspended solids are useful as a soil conditioner,
composting ingredient and fill is obtained if the COD of the sewage sludge is re-
duced by wet air oxidation from 5 to 45%. An even superior product is obtained
if the COD reduction is from 10 to 35%, desirably about 10 or 15% up to 30%.
Its specific resistance to filtration and water holding capacity is lower than sew-
age sludge treated by the Porteous process (U.S. Patent 2,075,224) and its proc-
ecsability in solids separation systems is superior to the ash obtained from sewage
sludge oxidized by the procedure of U.S. Patents 2,665,249 or 3,060,118. The
solids obtained by filtration of the cured sludges are useful as a component of
soil conditioners and fertilizers because of their fiber and insoluble humic acid

content.
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W.B. Gitchel, C.A. Hoffman and E.W. Schoeffel; U.S. Patent 3,359,200,
December 19, 1967 assigned to Sterling Drug, Inc. describe a process for the
oxidation of sewage sludge, more particularly to a continuous partial wet air
oxidation of sewage sludge and other oxidizable aqueous suspensions.

In the process, a continuous stream of sewage sludge is oxidized by a nonauto-
genetic partial wet air oxidation with a continuous stream of an oxygen-contain-
ing gas. The stream of sludge is preheated to a temperature not exceeding about
150°C, which is below the desired reaction temperature, by indirect heat exchange.
The preheated sludge is then heated to the desired reaction temperature by di-
rectly injecting steam into the heated sludge to the temperature at which the
oxidation is to be conducted. The reaction temperature is maintained substan-
tially constant by varying the heat energy supplied to the preheated sludge by

the steam in response to variations in reaction temperature.

This process reduces and virtually eliminates fouling and scaling of heat exchange
surfaces; provides a precise yet simple, inexpensive and reliable means for regulat-
ing reaction temperature; simplifies start-up procedure and thus lends itself to
short, e.g., one shift, runs; and permits use of low COD sludges because reaction
temperature can readily be reached.

Oxidation of Acidified Sludge to Improve Filterability

W. Schotte; U.S. Patent 3,649,534, March 14, 1972; assigned to E.l. du Pont de
Nemours and Company describes a procedure for improving the filterability of
the activated sludge by, in sequence, (1) adjusting the pH of the sludge to a value
in the range of about 2.0 to 5.0 (preferably about 3.5), (2) heating the sludge to
a temperature in the range of about 120° to 170°C (preferably about 150°C) while
maintaining a preselected pressure below which the water content of the sludge
remains primarily liquid and (3) oxidizing the sludge by contact with an oxygen-
containing gas (preferably air) for a period of time (typically 2 hours) sufficient
to reduce the chemical oxygen demand of the sludge by about 5 to 20%.

Specific filtration resistance is evaluated by a standard Buchner funntl filtra-
tion test described by P. Coackley in Biological Treatment of Sewage and
Industrial Wastes, volume 11, pp 270 to 291, Reinhold Co., N.Y. (1958). The
procedure involves the use of a size 1A Coors porcelain Buchner funnel with an
internal area of 38.5 cm®. This is mounted on a graduate through the intermedi-
ary of an adapter connected to a manometer and a vacuum system. A Moore
vacuum regulator maintains a constant vacuum of about '2 atmosphere. All tests
are made with three pieces of filter paper, of which two pieces are No. 41
Whatman paper disposed on the bottom, with either a Whatman No. 42 (fine)
or a Whatman No. 4 (coarse) on top. The time required to collect a given vol-
ume V, of the filtrate is expressed by the equation:

§= ,"‘TC,.‘.’2+!‘BAAV
2P A2 PA
f = time, sec P = filtration pressure, g/cm>
U = viscosity of the filtrate, poise A = filter area, cm?
r = specific filtration resistance, secz/g V = volume of filtrate, ml
¢ = suspended solids concentration in R = resistance of the filter

initial slurry, g/ml medium sec/cm~
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Strictly speaking, the equation shown above should also contain the dimensional
constant, gc = 981 (mass-g) (cm) (force-G) (sec)?, where r and R should be multi-
plied by g.. However, very few investigators have included ge and, for ease of
comparing results, the constant has also been omitted here. Measurements were
made by recording the volume of filtrate collected as a function of time. The
stopwatch was started when about 10 to 20% of the filtrate was collected in
order to allow some time for the formation of a thin layer of cake. The teble
below affords a comparison of filtration resistance for typical ordinary materials,
[e.g., carbon, CaCO, and Fe(OH);] and for prior art sewage sludge processes
with this process:

Comparison of Filtration Resistances

Filtration Resistance sec?/g x 107

Powdered activated carbon 0.3
Precipitated CaCO, 2.0
Gelatinous Fe(OH)4 300.0
Activated sludge, untreated *)
Teletazke report supra-activated

sludge, partial oxidation 14.0
Activated sludge, acidified heated 62.3
Activated sludge, heated 7,750.0
This process 1.0-2.0

"From 30.0 to 6,000.0
Process Conducted in Sunken Shaft

According to the process described by W.J. Bauer; U.S. Patent 3,449,247,

June 10, 1969 wet oxidation of a mixture of combustible refuse and fluid sewage
is carried out in the lower portion of a shaft extending into the earth a sufficient
distance to provide the desired pressure by the head of fluid material in the shaft.

In carrying out this process, a first vertical shaft is sunk in the earth to a depth
on the order of one mile. This shaft will preferably extend into an impervious
rock strata and the shaft may be lined as necessary to form a continuous outer
conduit. A second conduit which may be within the outer conduit, communi-
cates with the lower portion of the shaft. The depth of the shaft is sufficient

to produce the pressures required for wet oxidation through the action of gravity.

An appropriate mixture of air, water and combustible material, which may com-
prise sewage sludge or sewage liquids enriched by combustible refuse to obtain
the requisite proportions of combustible material, or other oxidizable wastes, is
directed into the shaft. Air may be introduced into the mixture through the use
of blowers at or near the surface entrance to the shaft, whereby the air is intro-
duced under relatively low pressure, The relationship of conduit size and flow
rates is such that the velocity of the water mixture downward in the shaft is of
sufficient magnitude to carry this air, which may be in the form of bubbles,
against the influence of gravity.

The entrained air is thus compressed continuously as the mixture of air, water
and combustible materials flows downward in the shaft, until sufficient pressure
is obtained at the requisite temperature in the lower portion of the shaft for oxi-
dation of the combustible materials to take place. Additional air for the wet oxi-
dation process is initially compressed by a compressor on the surface, at the top
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of the shaft and is directed downward through a second shaft to the oxidation
zone. The weight of the vertical column of compressed air in the second shaft
raises the pressure of this air to the pressure of the oxidation zone at the level
of introduction of this additional air.

Powdered Activated Carbon

L.A. Pradt and J.A. ‘Meidl; U.S. Patent 3,876,536, April 8, 1975, assigned to
Steriing Drug Inc. describe a process of treating sewage sludge or night soil by
wet air oxidation, followed by biological oxidation of the liquid phase by aera-
tion in the presence of biomass and powdered activated carbon. In the system
set forth in Figure 2.6, the sewage sludge or night soil is supplied to a storage
tank 1 where it is transported in admixture with air through a heat exchanger

2 to a reactor 3 where the sludge or night soil is subjected to wet air oxidation.
The wet air oxidation takes place between a temperature of 150° and 375°C and
at a pressure sufficient to maintain most of the water present in the liquid phase,
i.e., between 150 and 4,000 psig.

The extent of oxidation preferably ranges between 30 and 70% reduction in COD.
The reactor contents after oxidation are returned through the heat exchanger 2
and then passed to a separator 4 where the gas and liquid phases are separated.
The liquid phase contains suspended solids such as sand, described as ash. The
ash is removed by settling and decanting the liquid, or by filtration, and the li-
quid sent on to an aeration contact tank 5 containing a biogrowth or biomass
suitable to effect biological oxidation of the organic solutes present in the waste
liquor. Powdered activated carbon in aqueous slurry is maintained in the aeration
tank to the extent that the concentration of carbon is at least 500 ppm and pref-
erably in the range of 10,000 to 20,000 ppm by weight.

After a period of 10 to 150 hours of aeration contacting, preferably about 50
hours, the liquid and biomass-carbon pass to a clarifier 6 where the mixture of
powdered activated carbon and biomass settles to the bottom of the clarifier.

A flocculating agent, preferably a cationic organic polymer may be added between
the aeration tank and the final clarifier to enhance the settling characterisitics of
the stream. The biomass-carbon mixture collected in the clarifier is recycled back
to the aeration tank 5 via the return sludge line 7. The addition of the powdered
activated carbon to the aeration vessel enhances the bio-oxidation taking place
there and substantially reduces the odor and color of the waste liquors, the color
being reduced to about 20 APHA units.

During operation of the process, excess biomass builds up in the system and the
carbon becomes spent after its capacity for adsorption of influent COD-BOD has
been reached. A further aspect of this process resides in the concept of remov-
ing excess biomass and spent carbon from the clarifier 6 and transporting it
through the excess sludge line 8 to the storage tank 1 where it is mixed with
fresh sewage sludge or night soil and transported therewith to the wet air oxida-
tion reactor. In this way the excess biomass is disposed of by oxidation and the
spent carbon is regenerated. In this system where the carbon is recycled. and
regenerated, the liquid phase in separator 4 will contain a suspension of regener-
ated carbon and ash.

The ash is preferably removed before the liquor containing the regenerated car-
bon is returned to the aeration tank. The ash removal can be accomplished by



148 Sewage Sludge Treatment and Disposal

a centrifugal device which makes use of the difference in specific gravity between
the ash and the regenerated carbon. |f the amount of carbon added to the system

is small, the carbon in the excess sludge can be oxidized completely or removed with
the ash. Virgin carbon is added to make up the original weight as needed.

Example: 78 m? of raw night soil having a COD of 35 g/| is collected and transferred
to storage tank 1 of Figure 2.6. The night soil is then oxidized in reactor 3, thereby
reducing the COD to 15 g/I. The associated BOD of the oxidized night soil is

8.5 g/l and the ammonia nitrogen content is 3.5 g/l. The reactor contents are
passed to separator 4, and the ash is selectively removed from the oxidized night
soil. The liquid phase is passed to contact-aeration tank 5 containing a biomass
and 630 kg of powdered activated carbon is added to the tank. The treated li-
quor and suspended solids are passed to clarifier 6 and the solids which settle
there are recycled through sludge line 7 back to the aeration tank. Dué€ to the
biological nature of the treatment system 163 kg of excess biomass is produced.

After the carbon is spent, an amount of solid equivalent to the increased weight
in the system (carbon plus excess biomass, 793 kg) is removed from the clarifier
6 and transferred to storage tank 1 (Figure 2.6). These combined solids are
treated in oxidation reactor 3 with additional night soil (Figure 2.6). The regen-
erated carbon and the solubilized excess biomass are transferred to aeration tank 5
to begin another cycle. The system effluent has a COD of 200 mg/l, a BOD; of
100 mg/I, an ammonia nitrogen content of 300 mg/l, and a color value of about
20 APHA units. Without the addition of activated carbon in the flow schemes,
the effluent COD, BOD and ammonia nitrogen would be about 2,000, 350, and
1,000 mg/l, respectively, and the color value about 500 APHA units.

FIGURE 2.6: WASTE OXIDATION PROCESS USING ACTIVATED CARBON
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Source: U.S. Patent 3,876,536
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Digestion of Fibrous Material

In a process described by E.J.M. Berg, H.C. Deubner and L.8. Nelson; U.S.
Patent 3,025,151 March 13, 1962, the solids separated in the initial primary
settling stage are placed in any suitable tank or container. A biological culture
is placed in the container which culture will accomplish the desired digestion or
decomposition of the fibrous cellulose (or other material which generally tends
to interfere with subsequent filtration treatments of the solids) while the solids
are aerated.

The aeration is by any suitable means and for a suitable period of time, while
maintaining the temperature of the solids within a desired range so as to en-
courage the growth and activity of the biological culture so as to destroy carbo-
hydrates such as those in the form of fibrous cellulose and other constituents
of the solid matter which is of a particle size that normally interferes with fil-
tration of the solids.

The aeration of the solids accomplishes two functions; namely, it supplies the
needed oxygen for the proper functioning of the microorganisms and it also
intimately mixes all freshly added solids with those presently in the container.
The temperature of the solids may be controtled by preheating the air used. for
aeration, or, if desired, the solids may be subjected to external heating while
being aerated.

The sludge in the treatment tank of a sewage treatment plant, which is about
2.25% solids and consists of the solids settled out of about 60,000 galions of
primary sludge and 275,000 gallons of waste activated sludge and about 5,000
gallons of settled activated sludge from the final settling tanks of a sewage treat-
ment plant, were placed in a container so that the depth of the sludge in the
container was appproximately ten feet. In pounds of dry matter, the initial
loading of the container was about 12,500 pounds of primary siudge, 9,300
pounds of activated sludge, and 400 pounds of settled activated sludge.

Air at the rate of 1,500,000 ft*/day was blown through this mixture and the
temperature of the sludge in the container was maintained by preheating the
air to approximately 176°F prior to diffusing it in the container. The tempera-
ture of the sludge was maintained between 70° and 102°F. To determine readi-
ness for processing, a sample of the sludge was brought to the pH best adapted
for filtration, which in the above example was 4.5, and the sample was filtered
through a Buchner funnel.

The filter cake was broken so as to expose any fibrous cellulose or other visible
constituents deleterious to filtration in the filter cake and this filtration procedure
and visual examination was repeated until the particle size of the constituents
such as the fibrous cellulose in the sludge was reduced so as to not interfere with
filtration. In the above example, the sludge was treated for a period of approxi-
mately three days prior to rendering the carbohydrates, including those present

in the form of fibrous cellulose and other deleterious materials innocuous or
reducing them to a particle size suitable for filtration.

Denitrification Using Raw Sewage in Oxygen-Poor Environment

P.1. Rongved, U.S. Patent 3,900,394, August 19, 1975, assigned to Activox, Inc.
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describes an effftient purification and denitrification process which substantially
eliminates the pollutant effect of the effluent waters resulting from the process.
The denitrification step of the process comprises adding fresh raw sewage to
sewage liquid in the reservoir which has undergone aerobic decomposition and
is substantially devoid of oxygen.

The bacteria in the activated sludge-containing liquid thus have additional organic
matter with which to react but are starved for oxygen. In order to satisfy their
oxygen requirement, they act upon the nitrate compounds dissolved in the liquid
and consume the oxygen resulting from the decomposition thereof. Continuous
operation of the process and removal of the solid matter in the liquid provides
an effluent which generally contains no more than about 10% of the nitrate com-
pounds produced by aerobic decomposition of ammonia in the liquid.

The apparatus provided for the operation of the process comprises an aeration
reservoir fitted with inlet means, at |least one agitating means, and outlet means.
In constructing the apparatus, it is essential that the inlet means be positioned
sufficiently far from the agitating means so as to allow sufficient time for the
aerobic decomposition of the sewage liquid and for the substantial depletion of
the oxygen content thereof. Likewise, the inlet means should be positioned suf-
ficiently far from the point of next aeration to allow for significant denitrification
of the sewage liquid before renewed aeration of that liquid.

Matrix Filter Formed from Waste Solids

H.B. Trussell: U.S. Patent 3,655,046; April 11, 1972; assigned to Fermbionics, Inc.
describes a system for disposing of municipal waste including garbage and sewage
which converts the garbage portion into a matrix filter which is used to separate
the liquids and solids in the sewage. The liquids are purified in a normal manner,
for example by aeration, and the solids are converted into a food material suit-
able for livestock consumption.

In the municipal disposal system the garbage portion of the waste is pressed into
a filter matrix against the surface of a screen-type conveyor belt. As tRe belt is
moved, sewage is poured onto the matrix and solids are carried away and mixed
with additional garbage. The liquid portion, which passes through the filter
matrix is purified in a normal manner. The garbage and sewage solids are mixed
together, pasteurized and sent to a digester, where bacteria are added to speed
dissolution of solids and orient the resultant nutrients, carbohydrates, proteins,
fats, vitamins and minerals. Then, the digested product may be fed directly in
liguid form or the solids may be separated out and fed as meal or in pellet form.

Conditioning of Alum Sludge

J.D. Stauffer; U.S. Patent 3,720,608, March 13, 1973, assigned to Bonham, Grant
& Brundage Limited describes a process and apparatus for pollution abatement
by the transfer, conditioning and disposing of alum sludge. An apparatus is
described which consists of (1) a holding tank which receives solids from the
clarification settling tanks of a water or a wastewater purification plant; (2) a
system of heat exchangers, for heat recovery and auxiliary heat application to
raise the temperature of the incoming sludge; (3) a detention vessel to provide
for a reaction timé; (4) a decant tank; and (5) a dewatering unit for separation
of the solids from the conditioned sludge.
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The method comprises the subjecting of the alum sludge to a temperature of
about 212°F for a period of about 30 minutes and the separation of the solids
from the liquid fraction to produce a low moisture content sludge cake suitable
for ultimate disposal or for use as an industrial raw material. Following are some
examples of the process of conditioning alum sludge prior to dewatering.

Example 7: Heat treatment as a conditioning aid was made on an alum sludge
having 5.92% total solids content. The sludge was heated at 250°F (15 psi) for

30 minutes. The sludge was allowed to cool to room temperature. The sludge
was then thoroughly mixed and a test was made on a 100 ml portion to determine
specific resistance. The time required to collect 70 ml of filtrate from the 100 ml
was reduced to less than ‘& of that required without treatment and the specific
resistance was reduced from 13.24 x 10® sec’/g without treatment to a value of
1.52 x 10° sec’/g.

Example 2: Heat treatment as a conditioning aid was made on an alum sludge
having 6.43% total solids content. The sludge was heated at 212°F at atmos-
pheric pressure for 30 minutes. The sludge was allowed to cool to room tem-
perature. The sludge was then thoroughly mixed and a test was made on a

100 m| portion to determine specific resistance which was 0.97 x 10® sec?/g as
compared with 24.57 x 10® sec?/g without treatment. The time required to
collect 30 ml of filtrate from the 100 ml was reduced from 766 seconds without
treatment to 28 seconds.

pH Adjustment for Coagulant Recovery

According to a process described by M. Ohuchi, T. Kitahori, T. Maitoko and K.
Mizuguchi; U.S. Patent 3,901,804, August 26, 1975, assigned to Kanzaki Paper
Manufacturing Co. and Niigata-Zimpro Ltd., Japan the pH of the sludge resulting
from coagulation-separation treatment of wastewater utilizing a coagulant con-
sisting of a water-soluble aluminum compound is adjusted before subjecting the
sludge to a wet air oxidation treatment so that the pH of the sludge obtained
after the wet air oxidation treatment is either below 1.5 or above 9.0, whereby
the coagulant can be recovered in the form of a soluble aluminum compound.
Examples of this process follow.

Example 1. Aluminum sulfate was added by 50 ppm as aluminum oxide into
the wastewater of unbleached hardwood kraft pulp (CODg,, 800 ppm). By ad-
justing the pH to 4.5, the resultant coagulated flocs were sedimented and sep-
arated as sludge. Polyacrylamide was added to the obtained sludge by 1 ppm
as dry solid on the wastewater, Thereafter the sludge was partially concentrated
by rotary screen (100 mesh wire) and the sludge concentration was adjusted to
5.0%. At this stage, pH of the sludge was 4.5, and COD;, was 52,270 ppm.

By adding H,SO; in an amount of 2 weight percent on the basis of the total
weight of sludge to the sludge, pH was adjusted to 1.2, The 500 ml| sample of
sludge adjusted to pH 1.20 was subjected to wet air oxidation treatment in a
vibrating lab autoclave (capacity 800 ml) in the condition of initial pressure (air)
of 30 kg/cm? and temperature of 175°C for 60 minutes. The obtained oxidized
sludge was brown and the pH was 1.20. CODg, of the oxidized liqguor was de-
termined to examine the effectiveness of oxidation.

After the oxidized sludge was separated into filtrate and residue by filtration, the
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quantity of aluminum in the filtrate (A) was determined by atomic absorption
photometry. After AI{OH); in the residue was dissolved in HCI, the quantity
of aluminum therein (B) was determined by atomic absorption photometry.
The results are shown in the table.

Example 2: This example was similar to Example 1 except that NaOH was
added in an amount of 6 weight percent on the basis of the total weight of
sludge to adjust the pH of sludge to 13.8, and that the wet air oxidation treat-
ment was carried out under the condition of initial pressure of 50 kg/cm? and
temperature of 250°C. The results are shown in the table.

Example 3: This example was similar to Example 1 except that NaOH was
added in an amount of 7.5 weight percent on the basis of the total weight of
sludge to adjust the pH of sludge to 13.9, and that the wet air oxidation treat-
ment was carried out under the condition of initial pressure of 50 kg/cm? and
temperature of 250°C. The results are shown in the table.

Control 1: The concentrated sludge (5%) in Example 1 was subjected to wet
air oxidation treatment without preliminary pH adjustment under the condition
of initial pressure of 50 kg/cm? and temperature of 200°C. The pH of resultant
oxidized sludge was 2.03. COD and aluminum were determined in the same
manner as in Example 1.

Control 2; Sulfuric acid was added to the concentrated siudge (5%) to adjust
the pH to 13.4. This sludge was subjected to wet air oxidation treatinent under
the condition of initial pressure of 50 kg/cm?® and temperature of 250°C for 60
minutes. The pH of resultant oxidized sludge was 7.40. COD and aluminum in
the sludge were determined in the same manner as in Example 1. The results
are shown in the table.

Most aluminums are dissolved as aluminum sulfate in oxidized sludge with pH
below 1.5. At pH 1.5 to 9.0 aluminum precipitates in the form of a-boehmite
which is only slightly soluble in acid and alkali and thus impossible to recover
and reuse. At pH 9.0 to 10.5 aluminum precipitates as aluminum hydroxide
which can be dissolved easily and recovered. At pH above 10.5, aluminum is
again dissolved as sodium aluminate. Aluminum compounds thus recovered can
be reused as coagulants.

Culturing Microorganisms for Decomposition of Poisons

A. Mimura, T. Kawano and K. Yamaga, U.S. Patent 3,660,278, May 2, 1972,
assigned to Asahi Kasei Kogyo KK, Japan describe the preparation of an activated
sludge capable of use in biological treatment of wastewaters containing poisonous
substances. The process comprises culturing in liquid medium screened micro-
organisms that can decompose the poisonous substances in the wastewaters and
blending the cultured liquid of the microorganisms with an agueous suspension

of the usual activated sludge used in the treatment of the wastewaters.

The agueous solution containing the poisonous substances is flowed continuously
into the resulting blended liquid under aerobic conditions to force the micro-
organisms to combine with the usual activated sludge in commensal state. For
example, among the poisons to be decomposed or assimilated are the follow-



154 Sewage Sludge Treatment and Disposal

ing: hydrogen cyanide, nitrile compounds, phenols, aldehydes, petroleum oil,

and other synthetic organic compounds. Microorganisms having the properties

of decomposing or assimilating the poisonous substances can be obtained accord-
ing to usual procedures, that is, by screening microorganisms which multiply in
the culture media containing the poisonous substances as the sole carbon. or
nitrogen source. For instance, the microorganisms belonging to the genus Alter-
naria, Aspergillus, Cephalosporium, Fusarium, Trichoderma, Pseudomonas, Coryne-
bacterium and the like are used as hydrogen-cyanide-decomposing organisms.

On the other hand, the microorganisms belonging to the genus Pseudomonas,
Corynebacterium, Brevibacterium, Bacillus, Mycobacterium, Flavobacterium,
and the like are used as organisms for decomposing the nitrile compounds such
as acrylonitrile, acetonitrile, propionitrile, butyronitrile, succinonitrile, adipo-
nitrile, lactonitrile and the like.

For the treatment of wastewaters containing the phenol compounds, micro-
organisms belonging to the genus Corynebacterium, Achromobacter, Pseudomonas,
etc. are employed, and for the treatment of wastewaters containing the petroleum
oils, micororganisms belonging to the genus Corynebacterium, Pseudomonas,
Nocardia, Candida, etc. are employed. Furthermore microorganisms belonging
to the genus Pseudomonas can be employed for the treatment of wastewater of
sewage containing the synthetic cleanser ABS (sodium alkylbenzenesulfonate).
The following examples illustrate the process.

Example 1: A medium consisting of 1.0% of glucose, 0.2% of peptone, 0.2% of
potassium nitrate, 0.1% of monobasic potassium phosphate and 0.005% of mag-
nesium sulfate (with its pH adjusted to 4.5) was inocuiated with Fusarium solani
and the organism was cultured at 30°C for 24 hours while aerating and stirring.

1 kg of the usual activated sludge obtained in the treatment of beer plant waste-
water was suspended in water in such a way that the precipitated volume after
an hour's standing of the resulting suspension liquid amounted to 50%. 1 liter
of the above cultured liquid of the Fusarium solani was added to 10 liters of

the above usual activated sludge suspension and homogeneous blending was
carried out.

This blended liquid was placed in a reaction vessel having aeration equipment,
and artificial wastewater containing potassium cyanide corresponding to 120 ppm
of hydrogen cyanide, 0.025% of monobasic potassium phosphate and 0.0025% of
magnesium sulfate (with its pH adjusted to 7.0) was continuously flowed into
the blended liquid while overflowing out the liquid therefrom, under the con-
dition of aerating, so as to acclimate and combine the microorganism cells with
the usual activated sludge in commensal state, at 30°C for 8 days. Thereby, the
specially activated sludge amounting to 5.6 liters was obtained, which is the
volume precipitated after an hour's standing of the acclimation liquid.

1 liter of this specially activated sludge was mixed with 1 liter of artificial waste-
water containing potassium cyanide corresponding to 499 ppm of hydrogen
cyanide, 0.05% of monobasic potassium phosphate and 0.005% of magnesium
sulfate (with its pH adjusted to 7.0}, and then 500 m|/min of air were passed
through the resulting liquid mixture at 30°C for 6 hours to bring about reaction,
and thereby 200 ppm (initial concentration) of hydrogen cyanide in the liquid
mixture were reduced to 5 ppm.
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No decomposition and no removal of cyanic acid were effected in a similar
treatment but using the usual activated sludge which was obtained in the
treatment of beer plant wastewater.

On the other hand, placing the usual activated sludge suspension in the Teaction
vessel, and flowing continuously artificial wastewater which contained 0.025%
monobasic potassium phosphate, 0.0025% of magnesium sulfate and potassium
cyanide corresponding to 20 to 100 ppm of hydrogen cyanide (the concentra-
tion of this hydrogen cyanide being gradually increased as time goes by) and
whose pH was adjusted to 7.0, into the usual activated sludge suspension while
overflowing out the liquid therefrom, under the condition of aerating at 30°C,
the property of decomposing hydrogen cyanide in the resulting liquid mixture
appeared gradually from the 47th day and the hydrogen-cyanide-decomposing
activity corresponding to that brought about in the method of this process de-
scribed as above, was achieved barely on the 63rd day after the beginning of
this acclimation reaction.

This result shows that an extremely long period is needed in the conventional
process to acclimate and convert the usual activated sludge into the specially
activated sludge capable of being utilized to the treatment of the chemical plant
wastewaters,

Example 2: Trichoderma viride and Cephalosparium mycophilum were sepa-
rately cultured in a medium having the same composition as that of Example
1, at 30°C for 24 hours. 1 kg of the usual activated sludge obtained at a sewage
disposal plant was suspended in water in such a way that the precipitated vol-
ume after an hour's standing of the resulting suspension liquid amounted to 50%.

1 liter of each cultured liquid of the Trichoderma viride and Cephalosporium
mycophilum was added respectively to 10 liters of the above usual activated
sludge suspension and homogeneous blending was carried out. The artificial
wastewater similar to that of Example 1 was continuously flowed into the above
blended liquid while overflowing out the liquid therefrom, under the condition
of aerating, so as to acclimate and combine with the cells of the microorganisms
with the usual activated sludge in commensal state, at 30°C for 10 days. Thereby
the specially activated sludge amounting to 5.2 liters was obtained, which is the
volume precipitated after an hour's standing of the acclimation liquid.

1 liter of this specially activated sludge was mixed with 1 liter of the artificial
wastewater similar to that of Example 1, the resulting liquid mixture was aerated
for 6 hours to bring about reaction, and thereby 200 ppm of hydrogen cyanide
contained in the liquid mixture were reduced to 8 ppm. No decomposition and
no removal of hydrogen cyanide were effected in a similar treatment but using the
usual activated sludge which was obtained at a sewage disposal plant,

Thermophilic Microorganisms
H.K.E. Fuchs; U.S. Patent 3,864,247; February 4, 1975, assigned to The.De
Laval Separator Company describes a method for biological decomposition which

is operable at varying outdoor temperatures.

According to the process, a treatment vessel is supplied with an aqueous liquid
containing organic material and having a biologic oxygen demand during five days
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of at least 1,500 mg, preferably at least 5,000 mg, of oxygen gas per liter of
liquid. In the treatment vessel, the liquid is brought into intimate contact with
oxygen in a quantity corresponding to at least 1.1 times and at most six times,
preferably at most four times, the quantity of oxygen which theoretically can
be consumed by the organic material by means of the microorganisms, the liquid
being kept heat-insulated and without heat addition, being kept heated by the
activity of the microorganisms to a temperature of at least 42°C, preferably

50° to 58°C.

Experiments have shown that this method makes it possible to destroy, with

the help of the thermophilic microorganisms, the pathogenic bacteria and various
kinds of virus, worm ova and weed seeds and in addition decompose such ma-
terials as mineral oils, washing agents, hair and feathers. Furthermore, the quan-
tity of organic material is reduced to a fraction of the starting quantity. This
latter circumstance depends on the oxidation of the organic material which
takes place.

Furthermore, the treated liquid is odorless and the decomposition process proper
takes a time of only 6 to 10 days as compared with 30 days in prior common
methods. The oxygen may be supplied by intimately contacting the liquid with
air, oxygen-enriched air or pure oxygen; and the degree of utilization of the sup-
plied oxygen is normally 50 to 70%. Thus, the oxygen percentage in the liquid
during the decomposition treatment is advantageously kept at a value of only

0 to 0.5 mg O,/liter. The specified biologic oxygen demand of the liquid is
necessary to provide the heat development for maintaining the liquid at a tem-
perature of at least 42°C.

At the start of the process, the heat development which is effected by the ac-
tivity of the mesophilic microorganisms can be used for the heating of the liquid
to the temperature where the thermophilic organisms are active. When the tem-
perature rises substantially above 42°C, the activity of the mesophilic organisms
decreases appreciably, and the heat development necessary in the continued pro-
cess is then generated by the thermophilic organisms. If the liquid to be treated
does not contain the microorganisms necessary for the process, the liquid can be
inoculated with such organisms. The intimate contact between the supplied
oxygen-containing gas and the liquid is preferably effected by revolving the
liquid in the treatment vessel.

In those cases where a foam is developed by the liquid in the decomposition of
its content of organic material, the foam can be allowed to form a heat insula-
tion for the liquid surface. Since the foam layer has a tendency to increase in
thickness, it is desirable to withdraw foam after the foam layer has reached a
thickness of at least 10 cm. The foam layer thickness can be kept limited in a
conventional manner, for example, mechanically by means for breaking down
the foam.

The revolution of the liquid in the treatment vessel advantageously takes place
in a vertical plane, in that air introduced into the liquid in the form of fine
bubbles has a tendency to rise and thereby promote such revolution of the
liquid. Foam formed in the biologic decomposition can be discharged from the
vessel for separate use, such as the recovery of the protein content of the foam
for feeding purposes.
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Example 1: 10 m* of whey with 0.21% decomposable organic substance (=0.12%
carbon) from a dairy were supplied per 24 hours to a continuously operating

plant for biologic decomposition, the plant being equipped with a well heat-
insulated treatment vessel. The whey had a temperature of 42°C and a BOD;

(= biologic or biochemical oxygen demand during five days) of 1,500 mg/liter.
1,500 m?® of air at a temperature of +10°C (winter temperature) were blown per

24 hours into the treatment vessel. The temperature in the treatment vessel
remained at 42°C. The whey content of organic material was decomposed to 98°C.
The oxygen efficiency (the utilization degree of the oxygen in the supplied air)
was 16.5%

Example 2: 10 m? of pig's manure with 5.6% of decomposable organic substance
(=3.0% carbon) at a temperature of +18°C were supplied per 24 hours directly
from a pig's shed, where a room temperature of +22°C prevailed, to a plant similar
to that in the preceding example. The BOD; of the pig's manure was 21,000 mg
per liter. 31,000 m? of air at an average day temperature of -15°C were blown
per 24 hours into the treatment vessel during a cold period. The temperature

in the treatment vessel remained at 43°C. The manure content of organic ma-
terial was decomposed to 95 to 98%. The oxygen efficiency was 20%.

Biotreatment of Thermally Dewatered Sludge

According to a process described by A.H. Erickson, E.M. Pogainis and G.H.
Teletzke; U.S. Patent 3,824,186, July 16, assigned to Sterling Drug Inc. the lig-
uors obtained by dewatering thermally conditioned organic sludge are subjected
to separate biotreatment in undiluted form, thereby removing more than 90% of
the biological oxygen demand from the liquors. The biotreatment is carried out
in an aeration vessel containing biological sludge. The process involves carrying
out the following steps:

(a) feeding the liquors to an aeration vessel containing a previously ac-
climated biological sludge, the loading rate of the liquors to the
aeration vessel being between 1.0 and 5.0 kg of biological oxygen
demand per kg of mixed liquor volatile suspended solids;

(b) agitating the mixture in the vessel for a period in excess of two hours
with an oxygen-containing gas while there is maintained a dissolved
oxygen content sufficient to support aerobic biological growth;

(c) passing the mixture to a settling tank to separate accumulated bio-
logical sludge;
(d) recycling the settled biological sludge to the aeration tank; and

(e) removing from the aeration tank biological sludge at a rate approxi-
mately equivalent to the rate of accumulation of the biological sludge.

Example 1: Biotreatment of Low Pressure Oxidation Liquors — A mixture of
primary and biological activated sludge was subjected to wet air oxidation at
22.1 kg/cm? pressure and 177°C for a period of 55 minutes, such that 16.1% of
the organic matter was oxidized. After allowing the mixture to cool and settle
for 4 hours, decantate was drawn off having the following analysis: BOD.,
5,580 mg/I; COD (chemical oxygen demand), 11,430 mg/l.

The decantate 'iquors were pumped continuously at a constant rate of 605 liters
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per day to a temperature-controlled 190 liter reactor held at 36.1°C. Residence
time in the reactor was 7.5 hours. The reactor was equipped with a submerged
agitator and a pipe which dispersed compressed air immediately below the agitator.
The reactor was previously seeded with activated sludge and acclimated to sludge
liquors, developing a viable biological mass. Air was continuously added at 31
liters per minute, and 26% of the oxygen in the air was absorbed by the biological
solids. The resulting oxygen transfer coefficient K a was 139 mg oxygen trans-
ferred per hour per liter per mg/l dissolved oxygen deficit.

The biological sludge and liquors were conveyed continuously from the reactor
to a settling tank where the sludge sblids settled out and were recycled to the
aerated reactor. By removing a portion of the biological solids daily, the con-
centration of solids in the reactor (mixed liquor volatile suspended solids) was
maintained at 4,400 mg/l. The loading rate was 4.06 kg BOD; per day per kg
mixed liquor volatile suspended solids. The treated and settled liquors were
continuously removed from the settling tank, flowing over a weir. The analysis
of the liquors was: BODg, 276 mg/l; and COD, 3,870 mg/l. The reduction in
liquor BODs was 95.1%, and in COD, 66.2%. The new biological sludge which
was produced amounted to 0.743 kg/kg of BODs removed from the liquors.

Example 2: Biotreatment of Heat Treatment Liquors — A mixture of primary
and biological activated sludge was subjected to heat treatment (no oxidation)
at 22.1 kg/cm? pressure and 177°C for a period of 50 minutes. After allowing
the mixture to cool and settle for 4 hours, decantate was drawn off having the
following analysis: BODs, 3,200 mg/l; and COD, 7,070 mg/l. The decantate lig-
uors were pumped continuously at a constant rate of 269 liters/day to the re-
actor of Example 1, which had been previously seeded and acclimated to sludge
liquors, and held at 31.8°C. The residence time in the reactor was 16.9 hours.

Air was continuously added at 6.8 liters/minute; 31% of the oxygen in the air
was absorbed by the biological solids. The resulting oxygen transfer coefficient
KiLa was 37.3 mg oxygen transferred per hour per liter per mg/I dissolved oxygen
deficit. The biological sludge and liquors were conveyed continuously from the
reactor to a settling tank where the sludge solids settled out and were recycled
to the reactor. A portion of the blslogical solids was removed daily, thus main-
taining the mixed liquor volatile suspended solids concentration in the reactor at
2,500 mg/l. The loading rate was 1.82 kg BODs per day per kg mixed liquor
volatile suspended solids. The treated and settled liquors which were continu-
ously removed from the settling tank had the following analysis: BODs, 73 ma/l;
and COD, 1,010 mg/l. The reduction in liguor BODs was 97.7% and in COD,
85.7%. Biological solids production was 0.479 kg/kg of EODs removed from the
liquors.

Removal of Heavy Metal lons

A process described by E. Luck; U.S. Patent 3,915,853 October 28, 1975,
relates to a method for treating sewage so as to remove from it various organic
and inorganic contaminants. The process is of a sequence of operations in which
the sewage is treated to remove various impurities and to convert organic ma-
terials tc «aseous or inoffensive products by biological methods.

The process comprises treating sewage before biological degradation and fermenta-
tion thereof by adding to liquid sewage an alkaline compound, such as sodium
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hydroxide, to precipitate out metals as insoluble carbonates, bicarbonates, hy-
droxides or oxides, raising the pH thereof to over 11 to destroy pathogenic bac-
teria and to release enzymes from bacteria in the sewage into solution, removing
the insoluble metal compounds from the rest of the liquid sewage and lowering
the pH of the sewage to from 3.5 to 6.5, as by addition of hydrochloric acid.

A preferred method of treating liquid sewage containing inorganic and organic
components comprises adding to the liquid sewage an alkaline compound or a
mixture of alkaline compounds, selected from the group consisting of sodium
carbonate, sodium bicarbonate and sodium hydroxide, to precipitate out metals
as insoluble carbonates, bicarbonates, hydroxides or oxides, and removing the
precipitated materials from the rest of the liquid sewage.

Next is added sufficient alkaline material to the sewage to raise the pH thereof
to over 11 to destroy pathogenic and other bacteria in the sewage and release
enzyrnes from the bacteria into solution. Then the pH of the sewage is lowered
to from 3.5 to 6.5 by the addition of acid, enzymatically digesting a material or
materials selected from the group consisting of starches, proteins, glycerides and
sugars with the enzymes released from the bacteria, adding seed bacterial, fungal
or yeast organisms or a mixture thereof to the sewage to assist in decomposing
organic components thereof, acidifying the sewage after substantial decomposition
thereof to kill the organisms developed from those seeded, removing the dead
organisms and other insoluble materials which may be present and neutralizing
the liquid remaining.

The heart of the process is the concept that various sewages can be prepared for
treatment by removing heavy metal ions and other precipitatable metals from
them, sterilizing the sewage by treatment with alkali to raise the pH to a high
level, which sterilization also results in rupturing plant and animal cells which

may be present to release useful enzymes from them, and enzymatically reacting
with other organic constituents of the aqueous sewage solution (or partial suspen-
sion) to furthier prepare such materials for bacterial, yeast or fungal decomposition
reactions of known types. Additionally, after decomposition, preferably by oxida-
tion, the remaining sewage is neutralized and ions may be removed with ion ex-
change resins or similarly functioning substances. The following example illustrates
the process. Unless otherwise mentioned, all parts are by weight and all tempera-
tures are in degrees centigrade.

Example: One thousand parts of municipal sewage containing about 50% normal
domestic sewage, having a solids content of 0.05% of organic material after re-
moval of large waste materials and grit, and containing about half-soluble and
half-dispersed components in an aqueous medium, has a major part of the dis-
persed portion separated from it by settling for about a day in a quiescent lagoon
or tank.

The liquid medium, containing soluble organic and inorganic materials and very
finely divided organic substances, has a biological oxygen demand of about 300
ppm. It contains over 5 ppm of copper and other metal salts in similar quantities;
except for greater proportions of iron and zinc salts. The organic components
include the usual lipids, proteinaceous and amylaceous components, cellulosics
and bacteria, many of which are pathogenic, fungi and sugars.

To the sewage is added enough sodium carbonate to increase the molarity in the
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sewage to 0.1, provided that none had reacted with metal ions to form inscluble
salts. Instead of sodium carbonate, in some experiments equimolar parts of
sodium bicarbonate and sodium carbonate are used. The pH of the sewage is
raised to about 11 and heavy metal ions, including copper and alkaline earth
ions, including calcium, are precipitated out, settled out and separated from the
liquid medium by passing the liquid on to a subsequent treating stage. Treat-
ment takes less than an hour with the sewage temperature at 37°C.

Settling takes about 10 hours. Subsequent to removal of the metal ions {copper
concentration is decreased to less than 0.5 ppm) the liquid is treated at the same
temperature with enough of an aqueous solution of sodium hydroxide to raise
the pH of the sewage liquid to about 13. The caustic used is an impure material
not marketable as pure sodium hydroxide. The caustic and hydrochloric acid

to be used subsequently are both impure, to lower the cost of treatment. The
amount of caustic used is about enough to make the sewage 0.1 molar in OH™
concentration. In about 2.5 hours substantially all the pathogenic bacteria
present, including Staphylococcus aureus and Escherichia coli, are destroyed and
cell structures of other organic materials present, such as cellulosics, starches and
fatty materials are weakened or broken.

As a result of the caustic treatment enzymes are released from the bacteria and
other microorganisms and other organic materials present in the sewage. Because
of the removal of debilitating amounts of metal ions, which might inhibit en-
zymatic action otherwise, the enzymes are active and ready to decompose starches,
cellulosics, sugars and proteins at the proper pH.

Instead of employing separate steps to treat the sewage with carbonate(s) and
caustic the steps are preferably combined, with the caustic being added with the
carbonate or within an hour after its addition. In some cases settling times of
as little as an hour will remove almost all of the precipitated metal salts, plus a
substantial proportion of the dead bacteria and other materials attacked by the
hydroxyl ions present. Sometimes caustic may be used instead of carbonates.

Because the enzymes are not active at the high pH's of the sewage after caustic
addition, enough hydrochloric acid is added to neutralize the caustic and car-
bonate alkalinity and produce a pH of 5.2, Generally about enough HCI to
make the sewage 0.1 molar will be sufficient to neutralize the caustic but be-
cause of the desire to make the medium acidic and because of the presence

of hydroxyl ion from the excess carbonate reagent, additional HCI is employed,
enough to make the molarity of CI™ from the HCI about 0.15. This concentra-
tion, together with HCI or CI™ in the sewage, helps the enzymatic and micro-
organism actions on the organic components of the sewage liquid.

After 10 to 12 hours of enzymatic action almost all of the sewage organics

are converted to a form suitable for ultimate biological conversion to com-
pounds such as carbon dioxide, water, nitrogen, ammonia, nitrates, sulfates and, in
in some cases, oxygen. |n some variations of the experiment an Amberlite (Rohm
and Haas) mixed anion-cation exchange agent of the 10% DVB type, containing
unsatisfied SO;H™ and quaternary ammonium groups, is used to remove harmful
ions before enzymatic or microorganism action commences.

This may be effected by merely mixing the ion exchange resins of the appropriate
type with the liquid sewage or by passing the sewage through a relatively loosely
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packed bed of the agent. Usually, however, such treatment is not required (and
the treated sewage liquid remaining may be discharged to streams or lakes in
neutral or substantially neutral state) because most of the potentially interfering
jons are removed in the alkaline treating step, with carbonate and/or caustic.

After completion of the enzymatic treatment step, during which, if so desired,
additional enzymes may be added to the liquid sewage, such as diastase, urease,
papain and other amylases, proteases, lipases, oxidoreductases and hydrolases,
the sewage is ready for controlled biological treatment with usefully reactive
but substantially nonpathogenic organisms. The organisms added are bacteria
but fungi, yeasts, viruses, algae, protozoa, etc. are also used. In this case the
bacteria used include Proteus vulgaris, Streptomyces, Clostridium butyricum,
Nitrobacter, Bacillus casel and Streptococcus lactis but various others may also
be present.

The weight of bacteria present at the start of bacterial action may be from 0.01
to 1% and in this case is about 0.05% of the solids content of the organic com-
ponent of the sewage being treated. |n addition a-similar proportion of fungi
and yeasts is used, being mainly cémposed of Aspergillus niger, Saccharomyces
cerevisiae and Penicillium chrysogenum, or the amounts may be halved so that
the bacteria and yeasts present total 0.5% on the basis described above.

The temperature of microorganism action on the sewage is maintained at 35° to
40°C and the pH is about 6. The pH may be lower, e.g., from 3.5 to 6.5 and even
lower, to 2.5 when yeasts exclusively are used as the microorganism. Instead of
charging fresh bacterial cultures these may be from previous batches of treated
sewage, before killing of the bacteria and other organisms used to digest the
sewage. The digestion continues for 24 hours, at which time the original sewage
contaminants are almost completely converted to innocuous substances, mostly

in gaseous form. Then the microorganisms are killed.

Killing of the bacteria and other nonpathogenic organisms used to decompose
the sewage is effected by the use of acid, again preferably HCI, and enough is
employed to produce a sufficiently low pH to completely destroy the organisms.
This pH will usually be lower than 4.5 and is preferably about 3 or less. Killing
may be aided by the use of elevated temperatures and in this case the sewage
liquid is heated to about 50°C and is held at that temperature for 4 hours. Then,
the killed organisms, now less objectionable pollutants, are either settled out,

as in a 48 hour settling operation used, or they may be enzymatically destroyed,
in the manner previously described.. Before killing of the organisms a portion
thereof, about 2%, is removed for use as the inoculum for further sewage treat-
ments.

When settling is complete and the dead microorganisms are removed or recycled
back to earlier stages of enzymatic operations in other sewage treatments, the
water will usually be clear, and it is so in this operation. To make sure that
there are no organisms left, the water is filtered through a sand bed and the
resulting clarified liquid, containing no organic biological contaminants, is neu-
tralized to a pH of 7 with NaOH solution and is treated with a Rohm and Haas
Amberlite anion-cation exchange resin of the 10% DVB(SO;H-quaternary) type.

The ion exchange results in a water produced which is of drinking water quality,
with only a few parts per million (1 to 10) of innocuous dissolved salts, having
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had over 99.5% of the inorganic ions removed. The water contains no live bac-
teria or other harmful organisms, is sparkling clear in appearance, and can be
drunk with safety. After about an hour's operation the ion exchanger is regener-
ated and it is found that the effluent is of increased salt concentration over that
originally charged in the beginning of sewage treatment. The salt is recovered
from the ion exchange effluent and is employed to generate acids and bases for
use in the process. The other products of the reactions are also salvaged, with
dead organisms and organic materials settled out being used for fertilizer, the
metal oxides, etc. as a source of heavy metals and in some cases the gases are
also recovered.

Culture Prepared from Separated Primary Sludge

A process by N.K.G. Westberg, U.S. Patent 3,652,406, March 28, 1972; assigned
to AB Vallenbyggnadsbyran, Sweden describes biological treatment of sewage
characterized by the addition of a high-activated sludge containing a culture of
heterotrophic bacteria to the sewage as an inoculum, before or after the inlet
of a biological oxidizing means. The high-activated sludge is produced from at
least a portion of the separated primary sludge by aeration in a separate culti-
vating basin.

In the process, the sewage enters a pretreating part of the plant which may, for
example, consist of a strainer and sand trap of conventional design. The pre-
treated water is then fed to a primary basin from which separated sludge passes
via a homogenizing means to a separate cultivating tank where a high-activated
sludge is produced. The high-activated sludge thus obtained, containing a culture
of heterotrophic bacteria, i.e., bacteria adapted to high concentrations of organic
matter, is then supplied to the sewage as an inoculum to one or more points
before or after the inlet to the biological oxidizing means.

From the biological oxidizing means the sewage containing sludge is fed to
coagulating tanks, preferably after the addition of coagulants. From the coagu-
lating tanks the suspension is led to a sludge-separating means where the sludge
is removed by sedimentation, flotation or filtration in equipment that is of
conventional design, and the purified sewage is allowed to pass on. A minor
amount of the suspension leaving the biological oxidizing means may be used
in order to start up the cultivation of the bacteria culture in the cultivation
tank. .

The sludge separated in the primary sedimentation basin is used to prepare a
bacteria culture which is designated as a superactive or high-activated sludge.

This sludge is used according to the process instead of the return sludge used in
earlier processes for inoculation of the activated sludge process. The primary
sludge may suitably be homogenized before it is fed to the separate cultivating
tank where the high-activated sludge is produced. The quantity of primary sludge
which has not been used for this cultivation can suitably be led to a separate
means for some other treatment.

Biological Treatment
H. Sontheimer and D. Heinicke; U.S. Patent 3,300,401, January 24, 1967 have

found that the detrimental effects of the fined and colloidal siudge solids remain-
ing in the sludge-water mixture after partial separation of solids from wastewater
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sludges can be eliminated in a simple manner by subjecting this sludge-water
mixture to a biological treatment. Such a biological treatment can be carried
out in the same manner as in the activated sludge process and is applicable to
sludge-water mixtures from raw and digested sludges. In all cases certain micro-
organisms accumulate due to the biological treatment, which are able to act
biologically on the colloidal and fine organic substances in the sludge-water mix-
ture and to partially remove them by endogenous respiration.

The process for treating organic sludges from the wastewater purification by
partial separation of the solids with centrifuges or strainina apparatus followed
by treatment of the resulting sludge water is characterized by subjecting the
sludge water to aerobic biological digestion.

The treatment of organic raw or digested wastewater sludges by partial mechanical
separation of solids followed by biological treatment of the sludge water has the
advantage over the known direct aerobic treatment of the entire sludge in that with
the mechanically separated organic substance those materials are separated in

solid form which are difficult to attack by biological means, so that in the remain-
ing sludge-water mixture those substances are contained which can readily be
treated biologically. Consequently, the biological conditions can be controlled
much better than with direct treatment of the entire sludge, particularly when

the latter is carried out in combination with the biological treatment of the
wastewater. Furthermore, since less organic substance is introduced into the
aeration basin, the cost of operation of the biological process is lower.

The partial separation of solids from the organic sludge prior to the biological
treatment can be carried out by means of any suitable apparatus, particularly
decanting centrifuges of known construction or straining devices which may be
followed by presses. By means of such apparatus a solids portion with very

low water content is separated from the organic sludge. With decanting, a cen-
trifuge solids contents in the centrifuged sludge of 40 to 50% can be reached
without difficulty; this is entirely sufficient for subsequent preparation of compost.
The sludge water originating from the centrifuge, strainer or the like containing
preferably the finest and colloidal solids, is treated aerobically by aeration until

it is no longer putrescible.

It has been found that the centrate of raw sludge which has been biologically
treated, can be further treated by centrifuging or can be dewatered on a drying
bed in a relatively short time and without any odor nuisance. For this biological
treatment only about half the energy is required which is used up by direct
aerobic treatment and subsequent dewatering on drying beds of the entire raw
sludge.

For the aerobic oxidation of such sludge waters the aeration space is proportioned
so that 3 to 7 kg solids are introduced per cubic meter of aeration space per day.

By introducing oxygen in an amount of about 0.6 to 1.0 kg/kg of introduced solids,
about 15 to 50% of the solids are aerobically oxidized with the above load.
Sometimes oxidation of 5 to 10% is sufficient. The flocculating characteristics

of the sludge are thereby so much improved, that further treatment is possible
without difficulties. The oxidized solids which are removed from the process by
the biological treatment are particularly those which make subsequent treatment
so difficult.
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The efficiency of filtration, which was with an original centrate only 10 liters
per square meter per hour, when adding 0.2 gram of lime per gram of solids,
could be increased to 100 liters per square meter per hour by the aerobic treat-
ment of the centrate according to the process. The settleability was also con-
siderably increased by the aerobic treatment. With a sludge water from sludge
centrifuging a substantial degree of separation could be obtained after the bio-
logical treatment. While the centrate from a decanting centrifuge has scarcely
any tendency to settle even after prolonged standing, after the biological treat-
ment about 50% of the water with a relatively low degree of turbidity can be
decanted by simple sedimentation.

In a municipal clarification plant 256 m® of thickened raw sludge with a solids
content of 6% by weight are produced per day by the mechanical and biological
wastewater treatment. This sludge is treated on a conventional decanting cen-
trifuge with an output of 5 m3/hr, whereby 60% of the solids with a solids con-
tent of 40 to 50% are separated. There remain about 23 m? centrate with a
solids content of 2.5% which is not suitable for further thickening by sedimenta-
tion and can be filtered only with great expense. A direct return to a point up-
stream of the centrifuge leads to a rapid deterioration of the efficiency of separa-
tion due to the buildup of the fine and colloidal solids in the circulation.

In accordance with the process the centrate is treated in an aeration basin having
a volume of about 125 m? and a retention time of about 5 days. In the aeration
basin aerating devices are provided which are capable of thorough mixing and

of introducing about 600 kg oxygen per day under standard conditions. About

200 kg per day of the suspended substance are destroyed by aerobic decomposi-
tion.

The aerobically treated centrate which contains about 1.75% solids, can be added
to the fresh sludge going to the centrifuge, after thickening it to a solids con-
centration of about 3 to 6%. From the thickener a portion of the thickened
sludge can be returned to the aeration basin, whereby the sludge concentration

is increased and the treating period shortened.

By returning the biologically treated thickened centrate to a point upstream of
the centrifuge, all sludge materials can ultimately be separated on the centrifuge
in solid form. This involves a circulation of solids which, in their original state,
cannot be centrifuged. Due to the aerobic treatment a buildup of such solids
in the circulation is prevented. With a total of 256 m? of raw sludge containing
1,600 kg solids, about 36 m? of sludge with a total of about 2,165 kg solids
must be treated in the centrifuge after the circulation has become balanced.
1,300 kg thereof with a solids content of 45% are separated in solid form.

865 kg are passed as centrate to the aerobic treatment according to the process,
whereby 200 kg are eliniinated and only 665 kg are returned from the aeration
step to the raw sludge and pass again through the centrifuge.

The centrifuge can treat the entire quantity within 7 hours per day. With an
energy consumption of 13 kw for the centrifuge, and with an efficiency of the
aeration of 2.5 kg O,/kwh, an energy consumption for the entire plant of about
350 kwh per day results, which corresponds to 14 kwh/m?® raw sludge. This low
energy consumption attains a dewatering to a 40 to 50% sludge which can readily
be composted.
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Activated Sludge for Removal of Polyvinyl Alcohol Res'in

A process described by Y. Fujita, I. Kawasaki and H. Nishikawa, U.S. Patent
3,926,796, December 16, 1975, assigned to Nippon Gohsei Kagaku Kohyo KK,
Japan involves the preparation of an activated sludge capable of assimilating
polyvinyl alcohol resins included in wastewater by subjecting an crdinary activated
sludge to acclimation in an agueous solution in the presence of a specific amount
of polyvinyl alcohol resin and a specific kind of nutrient.

in acclimation, the amount of the polyviny! alcohol resin is increased stepwise
from a lesser amount to a greater amount every 85% or more drop of the chem-
ical oxygen demand of the aqueous solution. The acclimation can be completed
in a short period such as 4 to 20 days. The wastewater effluent containing poly-
vinyl alcohol resin can be treated by passing it through the activated sludge with
high efficiency. The following examples illustrate the process.

Example 1: A 40 liter aeration tank of a treatment apparatus equipped with the
aeration tank and a 5 liter settling tank was charged with 25 liters of an aqueous
solution including 1,000 ppm of sodium acetate (of which BOD loading was
0.21 kg/kg MLSS/day), 69 ppm of urea, 26 ppm of potassium dihydrogen phos-
phate and 50 ppm of polyvinyl alcohol (degree of polymerization: 1,700; degree
of hydrolysis: 87% by mol of which BOD loading was 0.01 kg/kg MLSS/day)
and 5,000 ppm of activated sludge from industrial wastewater treatment.

Then the aeration was carried out at a rate of 225 |iters/hour at a normal tem-
perature, while the agueous solution was continuously supplied to the aeration
tank at a rate of 1.1 liters/hour. The residence time in the aeration tank was
8 hours. The COD of the aqueous solution after three days from the beginning
of the first acclimation decreased to 2 ppm from 42 ppm of initial COD.

Then, the second acclimation was successively carried out under the same con-
dition as the above except that the polyvinyl alcohol concentration of the aqueous
solution was 100 ppm, of which COD was 84 ppm. After three days, the COD

of the aqueous solution in the settling tank dropped to 4 ppm. Further, the

third acclimation was carried out under the polyvinyl alcohol concentration of
300 ppm. The COD of the aqueous solution supplied was 252 ppm. After four
days, the COD of the aqueous solution in the settling tank dropped tc 4 ppm.

Finally, the fourth acclimation was carried out under the polyvinyl alcohol con-

centration of 500 ppm. The COD of the aqueous solution was 420 ppm. After

three days, the COD of the aqueous solution in the settling tank dropped to

5 ppm and also the polyvinyl alcohol concentration was 6 ppm. The acclimation
was finished, and the activated sludge was recovered in the settling tank.

Then an aqueous solution including 500 ppm of polyvinyl alcohol (degree of
polymerization: 1,700; degree of hydrolysis: 87% by mol), 1,000 ppm of sodium
acetate, 70 ppm of urea and 26 ppm of potassium dihydrogen phosphate was
treated in the presence of 5,000 ppm of the above activated sludge at a tem-
perature of about 20°C for one month in the same manner as in the acclimation.
The polyvinyl alcohol concentration of the treated liquid was maintained 5 to
10 ppm and the COD of the treated liquid decreased to 3 to 7% of the initial
COD.
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Example 2: A wastewater including polyvinyl alcohol from a polystyrene manu-
facturing plant (of which COD was 500 ppm and polyvinyl alcohol content was
400 ppm and in which polyvinyl alcohol was used as an emulsifier) was diluted
four times, and thereto sodium acetate, calcium acetate, urea and potassium
dihydrogen phosphate Were added in concentrations of 250 ppm, 250 ppm,

70 ppm and 25 ppm respectively. The COD of the wastewater so prepared was
84 ppm,

The first acclimation was carried out in the same manner as in Example 1 except
that the above wastewater was employed instead of the aqueous solution and

the activated sludge was added to the aeration tank in a concentration of

3,000 ppm. After three days, the COD of the wastewater dropped to 10 ppm
and the polyvinyl alcohol concentration was 10 ppm.

The further two stage acclimations were successively carried out with supplying
into the aeration tank the wastewaters prepared by the same manner as in the
above except that the wastewater was diluted to 200 ppm and 400 ppm of poly-
vinyl alcohol concentration, respectively. In the former stage, namely the sec-
ond acclimation, the initial COD 170 ppm dropped to 5 ppm two days after
and the polyvinyl alcohol concentration was 6 ppm. In the latter stage, namely
the third acclimation, the initial COD 340 ppm dropped to 7 ppm three days
after and the polyvinyl alcohol concentration was 8 ppm. At his stage, it was
regarded that the activated sludge had been acclimated.

Successively, the wastewater was treated by supplying it to the aeration tank at
a rate of 0.9 liter/hour. The residence time in the aeration tank was 9 hours.
The treatment was continued for two months. During the treatment, the poly-
vinyl alcohol concentration in the treated wastewater was within the range of
30 to 10 ppm. .

ANAEROBIC DIGESTION
High Rate Digestion

W.N. Torpey,; U.S. Patent 3,259,566, July 5, 1966 describes the treatment of
raw sewage sludges by anaerobic digestion to convert putrescible sewage matter
into gas, while producing an inoffensive residue calied digested sludge.

The process involves eliminating the digester supernatant liquor problem, while
impaosing extraordinarily high solids loading rates upon the digester continuously.
The process revolves about the discovery that the digestion or conversion of
solids to gas is operationally attainable and sustainable in only a small frac-
tion of the time commonly found to be necessary and required for conventional
digestion.

This process involves the discovery that extraordinarily high speeds of bacterial
conversion of solids to gas can be effected and be maintained in continuous
operation in a digester, far beyond the apparent conversion speeds that must be
accepted in a conventional two-stage digestion system.

This process utilizes the discovery of high rates of solids conversion by signficantly
increasing the solids loading rates on the digester far beyond the conventional
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limits imposed by the requirement of producing a sludge thickened to the extent
that potentially releasable supernatant liquor does not enter the digester. At

the same time, provision is made for continuously maintaining the gasifiable
sewage solids substantially uniform throughout the contents of the digester, so
that the digested sludge being continuously displaced is substantially representative
of the contents of the tank. .

In order to provide the required high raw sludge concentration to the digester
continuously or at high frequencies there is functionally interposed between the
clarification and the digestion systems, a raw sludge thickening stage, the opera-
tion of which is conducted in the manner described in U.S. Patent 2,850,449,
Suffice it to say that the thickening operation is conducted so that a sludge bed
is formed and maintained in a manner to provide a reservoir from which to with-
draw continuously a raw sludge of the solids concentration required as well as
providing an operational cushion between the preceeding clarification station

and the subsequent digestion station.

Since for the purpose of such thickening clarifier sludge is drawn extraordinarily
dilute, primary effluent is improved with consequent improvement of treatment
plant overall efficiency. This contributes importantly to improving overall plant
performance since by this thickening operation the supernatant problem is elim-
inated.

In the absence of the prior limitations imposed by the necessity of having to
release supernatant liquor it becomes possible to increase the solids loading
rates in direct relation to the rate of speed of biochemical conversion. That is
to say, the loading rate can now be increased, limited only by the gas loss in
curred in the displaced sludge and by that extreme loading rate of which bio-
logical failure takes place. The control of this process of sludge digestion thus
is oriented towards such loading rate limits and not towards the production of
supernatant liquor.

Under such conditions of sustained high efficiency digestion there is producible

a concentrated digested sludge which is disposable inasmuch as a high proportion
of its gasifiable matter has been converted to gas. This process also efficiently
reduces the residual gasifiable matter present in the concentrated partially digested
sludge being continuously displaced from the digester.

In such instance relatively greater gas losses can be accepted from the high rate
digester at a further saving in digester tank volume by providing a separate cham-
ber or residual gas extractor wherein residual gasifiable matter is converted under
high efficiency. That is to say, as the sludge passes through such a supplemental
chamber, the contents are maintained in a state of agitation and substantial
uniform distribution, in order that such residual digestion may also proceed at
the highest efficiency.

In this way, there is established a new digestion system in which the digester

is operated so as to continuously sustain high rates of conversion, whereas the
residual gasifiable matter is converted in the residual gas extractor under con-
ditions of agitation and uniform distribution so that residual matter will be con-
verted continuously in a minimum of tank volume.

In related work, W.N. Torpey, U.S. Patent 3,220,945, November 30, 1965
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describes a process where raw sewage sludge derived from a clarification opera-
tion is dewatered or thickened while having incorporated in the mass of thickened
raw solids substantial quantities of digested solids derived from recirculated digested
sludge. When this dewatered sludge mixture is fed to the digester, therc will
result a digested sludge of higher concentration than was heretofore attainable,
and the sludge volume going to disposal is greatly reduced.

The process involves the following combination of operations or operating steps.
First, the raw sewage is subjected to a clarification operation producing effluent
and raw waste sludge containing raw putrescible solids and liquid. This raw waste
sludge is subjected to further dewatering preferably in a sedimentation thickening
zone to form a bed of thickened sludge in the presence of a substantial quantity
of digested solids. This thickening operation is controlled to yield a sludge mix-
ture preferably thickened to a gel state where substantially no freely releasable
liquor is present in the sludge.

A body of this sludge mixture is maintained in a state of anaerobic digestion, and
has the thickened sludge mixture supplied, while discharging digested sludge.
Usually, this is a volumetric displacement operation in the sense that normally a
volume of sludge entering the digester displaces an equal volume of digested
sludge. A substantial proportion of the discharging digested sludge is diverted

for recirculation, while the undiverted portion is going to disposal. The digested
solids thus diverted are added to the raw sludge to form mixed sludge to be
subjected to the above dewatering or thickening operation, thus effecting a
marked reduction in the volume of the digested sludge going to disposal.

Methane Obtained from Coal and Sewage

G.E. Johnson, U.S. Patent 3,640,846, February 8, 1972, assigned to the U.S.
Secretary of the Interior has found that a mixture of sewage and coal substan-
tially increases the production of methane by anaerobic digestion,

In the process, a sewage sludge containing methane-producing anaerobic bacteria
is mixed with particulate coal in a vessel from which air is excluded. Since
sewage solids decomposition for methane production is best attained at about
95° to 100°F, the vessel is preferably maintained at this temperature, although

a wider temperature range (e.g., about 50° to 150°F) can be employed.

Any methane-producing anaerobic bacteria commonly employed to produce
methane from sewage can be employed in the process. A discussion of such
digestion appears in Biological Waste Treatment by W.W. Eckenfelder, Jr. and
D.J. O'Connor, MacMillan Co., N.Y. (1961) pp 248-269. Exemplary bacteria
are found in the gene 3 Methanobacterium, Methanococcus and Methanosarcina.
Suitable coal-to-sludge weight ratios are about 1:100 to about 1:2. Generally,
there is no limitation as to the maximum amount of coal that can be added.

The lower ranking coals such as lignite and subbituminous A, B and C are pref-
erably employed because they contain more celluloselike material upon which the
hacteria may feed. However, higher ranking coals such as low volatile bituniinous
(LVB) and high volatile A bituminous (HVAB) can be employed. Whatever coal
is employed, at the termination of gas production the residual coal can be em-
vloyed as fuel. A coal particle size of about -60 mesh is suitable although finer
particulate coal (e.g., -325 mesh) is preferred since more coal surface is exposed.
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The following examples illustrate the effect of coal on anaerobic digestion.

Example 1: Three 2,000 ml samples of activated sewage sludge which contained
anaerobic methane-producing organisms were placed in separate glass flasks,

from which air had previously been flushed from each flask system with an inert
gas (helium or nitrogen). To one of the flasks was added an individual 100 gram
sample of LVB coal (-325 mesh); to another, 100 grams of HVAB (-325 mesh)
coal was added. The third flask contained no coal. The contents of each flask
were slowly stirred. The product gas produced during digestion (at 95° to 100°F)
in each flask was periodically quantitatively and qualitatively analyzed. The
results were as follows:

, Test Results with Sludge Only Test Results with LVB Coal Test Resuits with HVAB Coal
Gas Analysis, vol % Cumulative Gas Analysis, vol % Cumulative Gas Analysis, vol % Cumulative

Hours of Carbon Gas Vol- Carbon Gas Vol- Carbon Gas Vol-
Operation Methane Dioxide ume, liters Methane Dioxide ume, liters Methane Dioxide ume, liters
300 - - - 82 18 3.9 - - =
400 77 23 2.4 84 16 7.3 72 28 26
600 - - - 87 13 12.8 83 17 6.5
650 82 18 a5 83 17 135 78 22 7.2
800 - - - 86 14 146 80 20 11.0
1,100 79 21 5.7 - - - - - -
1,300 82 18 7.7 87 13 15.7 83 17 12.6

Example 2: Two 2,000 ml samples of activated sewage sludge which contained
anaerobic methane-producing organisms were placed in separate glass flasks from
which air had previously been flushed with an inert gas (helium or nitrogen).
Initially, no coal was added to either flask. Lignite was later added to both

flasks at the times shown below. The contents of each flask were slowly stirred.
The product gas produced during digestion (at 95° to 100°F) in each flask was
periodically quantitatively and qualitatively analyzed. The results were as follows:

------------- Test A -------noonn cmeiccciaac-TestB-co-vnlon

Hoursof Gas Analysis, vol % C(l;:;u\l/aot:-va Gas Analysis, vol % C(t;:;u‘;x::lu-ve

Operation Methane CcO, ume, liters Methane co, ume, liters
100 28 72 06" - - 0.8
200 44 56 1.3 88 12 1.6
250 52 48 22 90 10 26
325 70 30 3.2 95 5 35
400 74 26 4.0 95 5 41
500 74 26 5.3 95 5 45
750 78 22 6.3 - - 4.8

900 69 3 78 - - 4.9*"

1,030 56 44 84" 91 10 5.4
1,100 - - 86 - - 8.5

*200 g lignite (-325 mesh) added in Test A at the end of 100 hr and 1,030 hr.
**Gas production in Test B ceased after 900 hr; 100 g lignite (-325 mesh) added at
the end of 900 hr which reinitiated gas production within minutes.

As can be seen from the data, the addition of coal has a pronounced effect on
total gas production. The LVB coal more than doubled gas production while
the HVAB coal almost achieved the same result.

At sewage facilities internal combustion engines are generally used to drive aux-
iliary equipment such as sewage pumps or blowers which provide air for the
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aeration tanks, etc. Previously, the generation of sewage gas (CO, + CH,) at such
facilities has generally been insufficient to completely operate those engines on
sewage gas, and the fuel has to be supplemented with natural gas. The process
provides a method of generating sufficient gas at such facilities to completely
fuel all these auxiliary engines.

Continuous Mixing of Sludge Exterior to Digester Unit

A.L. Genter, R.R. Kennedy and R.M. Kennedy,; U.S. Patent 3,105,041, September
24, 1963 describe a process and system for anaerobic sewage digestion particu-
larly adapted to handle the waste materials of communities having a population
of approximately 10,000 persons or less.

To facilitate treatment of sewage, it is common to deliver the sewage initially

to a settling tank where the sewage solids are generally separated from the sewage
liquids. As a result, one obtains (a) a fresh sludge, comprising the sewage solids
and some liquids, which is to be processed, and (b) some comparatively clear
liguid which is delivered to the settling tank with the untreated sewage, but
which can be drained off to a suitable field. As shown in Figure 2.7, untreated
sewage is passed through a conduit 2 into a settling tank 4.

Preferably, the settling tank 4 is of a circular configuration, and is provided with
a centrally-disposed influent well 6 provided with a series of T-shaped inlet heads

8 which cancel the velocity of streams issuing from such inlet heads as explained
in U.S. Patent 3,067,878.

FIGURE 2.7: ANAEROBIC DIGESTION PROCESS

80

[l.

28

Source: U.S. Patent 3,105,041

The settling tank 4 is also provided with a sludge collector or sweeper 10 having
veins extending adjacent the bottom of tapered wall 12 of the tank 4 to move
settled sludge toward the tank outlet 14. Normally the sludge settles to the
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bottom of the tank, and the clear sewage liquids overflow into a launder such as
that designated by numeral 16 in Figure 1.3, and are then drained off for desired
disposition through a conduit such as that designated by numeral 18.

The fresh sludge which is delivered to the outlet 14 of the settling tank 4 passes
into a conduit 20 having a valve 22 therein which serves to direct the fresh sludge
into either conduit 24 leading directly into the processing area 26, or to the
conduit 28 which leads directly to the input of a sludge mixer 30. Preferably,
the conduit 24 includes a valve 23 which is normally maintained closed, and
preferably the valve 22 is normally maintained open so that fresh sludge is passed
directly to the sludge mixer 30.

The sludge mixer 30, or as it may be termed, the sludge receiving and distributing
unit, contains partially processed sludge with anaerobic bacteria therein, and
serves to mix such processed sludge with the fresh sludge entering through con-
duit 28 to provide a fresh sludge mixture. Preferably, two parts of fresh sludge
are mixed with one part of at least partially digested sludge in the mixer 30, and
the mixture is maintained with an alkaline pH. To maintain the alkalinity of

the mixture, milk of lime or any other suitable alkaline substitute may be added
through the conduit 32 leading into the mixer 30.

The fresh sludge and the partially processed sludge pass through an outlet con-
duit 34 and a pump inlet conduit 36 to a circulating pump 38 which pumps the
mixture through a conduit 40, heater 42, and inlet line 44 into the enclosed
processing area or digesting unit 26. For such operation, the valve 46 in conduit
34, the valve 48 in conduit 44’, and the valve 50 in conduit 44 are maintained
open, and the valve 52 in conduit 54 and the valve 56 in conduit 58 are main-
tained in closed position.

After the processing area of digesting unit 26 has been filled to a suitable level,
the valve 46 in the outlet conduit of the mixer 30 is closed and the valve 52
in the outlet conduit 54 of the digesting unit 26 is opened. During all of the
aforementioned operations, the valve 60 on the drain-off conduit 62 is closed
and the valve 64 in the drain-off conduit 66 is closed.

After the inoculated fresh sludge mixture, or a suitable amount has been placed
in the digestion unit 26, and after valve 46 and valve 52 have been closed and
opened respectively, then circulating pump 38 serves to continudusly circulate the
inoculated fresh sludge mixture through the process area or digesting unit 26

and also serves thereby to agitate such mixture. It will be noted that, as sug-
gested above, a heating unit 42 is provided in the circulating path extending
through conduit 54, conduit 36, circulating pump 38, conduit 40, conduit 44’,
and conduit 44. The heating unit serves to maintain the temperature of the
inoculated fresh sludge mixture at a suitable level for anaerobic bacteriological
action, i.e., at a temperature from about 20° to 60°C.

Although the recirculating pump 38 provides for some severe agitation of the
inoculated fresh sludge mixture, preferably agitation of such mixture is further
stimulated by introducing compressed gas into the enclosed processing area or
digestion unit 26 through a variable-speed gas blower 68, disposed centrally of,
and near the bottom 70 of the enclosed area of digestion tank 26. Compressed
gas is fed to the blower 68 through a conduit 72 extending from a com-
pressed gas source 74.
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A floating gas dome 76 is provided at the upper end of the processing area of
digesting unit 26 and a gas outlet conduit 78 extends to the compressed gas
source 74 to feed gases exiting from the top of the unit 26 to the compression
source. A valve 80 is provided in the conduit 78, and by adjustment of the
valve 80 the flow of compressed gas through the digestion unit, and thereby the
degree of agitation of the sludge mixture within the unit, can be controlled.

It has been found that in most instances during violent agitation of the mixture

a froth collects at the top of the sludge mixture undergoing treatment in the
processing area or digesting unit 26 due to the active digestion. Such froth may
be dispersed and forced to yield its floated solids by means of water sprays
issuing from nozzles such as those schematically presented in Figure 2.7 and
designated by numerals 82 and 84. A suitable water line 86 leads to such nozzles,
and is provided with a valve 90 so that the sprays may be cut on or off as desired.

During recirculation and processing of the sludge mixture, alkaline conditions
should be maintained at all times. For this purpose, as suggested above, a suitable
alkaline chemical solution may be introduced into the mixer through the conduit
32, and the valve 46 can be opened to allow the solution so introduced to pass
into the mixture circulating through conduit 54 by virtue of the pumping action
of the recirculating pump 38.

After the sludge has been at least partially processed by continuous recirculation
as described above, then the same is diluted by passing water into the mixture
through the conduit 86 and spray nozzles 82 and 84. The mixture which is
partially treated sludge, consists of a sludge liquor and sludge solids, and the
water which is introduced is purer than the sludge liquor and serves to dilute
the partially-treated sludge mixture.

After the mixture has been sufficiently diluted, the valve 90 in the water line
86 is closed, and either then, or preferably previously, the recirculation pump
38 is stopped and the partially-treated and diluted sludge mixture is allowed to
remain quiescent in the enclosed processing area or digestion unit 26 whereby
the sludge solids of the mixture separate from the diluted sludge liquor, and

a processed sludge mixture exists in the processing area or dlgestlon unit 26
which is suitable for delivery to sludge beds.

When the sludge mixture undergoing treatment has remained quiescent for sep-
aration as desired, then valve 48 in conduit 44’, and valve 56 in conduit 58 are
closed, and valve 60 in drain-off line 62 is opened. The valve 50 having pre-
viously been opened does not interfere with drain-off of the processed sludge
liquors through conuit 62 and thus by virtue of the valve operation described
immediately abcve, the processed sludge liquors are passed to a suitable drain field.

Either simultaneously, or after the sludge liquor has been drained off, the valve
64 in the drain-off line 66 is opened, and the valve 46 in conduit 34 and valve
48 in conduit 44’ are closed, and the sludge solids are drained out of the pro-
cessing area or digestion unit 26 through conduit 66. If necessary, the circulating
pump 38 can be used to pump the solids out of the digestion unit 26. It is im-
portant to understand that all of the processed sludge is not drained off according
to the process. Instead, at least a portion of the processed sludge is stored for
subsequent mixing with fresh sludge to be treated.
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In the system shown in Figure 2.7, a liquid portion of the processed sludge

may be stored in the mixer 30 by closing valves 60 and 48 and opening valves

50 and 56 whereby the processed sludge liguor drains into the mixer. To store

a portion of the solid processed sludge, the valve 50 is closed and the valve 46

is closed, but the valves 52, 48 and 56 are opened so that the circulating pump
38 can be activated to pump the processed solid sludge into the mixer 30 through
the inlet conduit 58. Preferably the mixer 30 is provided with an overflow con-
duit 92 so that if too much liquid enters the mixer, the same will overflow in
much the same manner as liquid overflows from the launder 16 of the settling
tank 4 described initially in connection with Figure 2.7.

By again referring to Figure 2.7, it will be noted that while the processing of
the sludge is carried out in the processing area or digestion unit 26, untreated
sewage can be conducted to the settling tank 4 and allowed to settle therein, so
that after processing of one batch of sludge is compieted in the area or unit 26,
another batch of sludge can be immediately passed thereto for processing. Of
course, for this purpose, the valves 22 and 23 are maintained closed during the
time that some sewage is settling in the tank 4 and other sewage is being treated
in the unit 26.

While it has been assumed that the process is initiated by conducting the fresh
sewage through the conduit 28 to the inlet of the mixer 30, it should be under-
stood that the provision of a mixer 30, although preferred, can be eliminated.
More specifically, in instances where cost is a primary factor due to the small
population, the mixer 30 can be replaced or eliminated, and fresh sewage can be
fed directly from a suitable settling tank such as that designated by numeral 4,
through an inlet conduit extending directly into the digestion unit or processing
area 26.

More particularly, a conduit such as that designated by numeral 24 and provided
with a valve 23 can be used for this purpose. A certain predetermined or con-
trolled amount of processed sludge can be left in the bottom of the processing
area or digestion unit 26, and if the mixer 30 is eliminated, then mixing of the
partially-processed sludge takes place during circulation of the mixture as described
above and during agitation of the same,

Still another modified form of the process provides for replacing the mixer 30
by a storage tank or other storing means whereby a portion of the processed
sludge can be maintained separate from the digesting unit or processing area 26.
According to this modification, fresh sludge is conducted directly into the diges-
tion unit or processing area 26, and as the sludge is being passed into such area
or unit, the circulating pump 38 serves to gradually pump processed sludge from
the storage means provided into the digestion unit or area 26. This system is
somewhat more efficient than merely leaving part of the processed sludge in the
digestion unit and then passing fresh sludge therein, but, of course, is not as ef-
ficient as using a mixer 30.

From the above discussion it should be apparent that the sludge being processed
is mixed more or less on a continuous basis exterior of the digestion unit or
processing area and is maintained active within the digestion unit or area during
violent agitation. This process accomplishes three principal activities, all of which
contribute to keeping the biological factors operating at peak capacity at all
times. First, the activeserganisms are kept continuously in contact with the food
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supply; second, the food supply is uniformly distributed and made available to
all of the active digestion organisms possible; and third, the concentration of the
inhibitory biological intermediates and end products is maintained at a min-
imum level. All of thgse factors keep the working population of active organisms
and their food supply cooperating at peak efficiency.

A process described by R.G. Knibb; U.S. Patent 3,493,494, February 3, 1970,
assigned to Simon-Hartley Ltd., England is for a sewage sludge treatment apparatus
comprising one or more units mounted externally of a sludge digester tank for
heating and circulating sludge. Each unit comprises piping surrounded by heating
means and having a sludge inlet at its lower end and a sludge outlet at its upper
end. A conduit is provided for passing a pressurized gas into the piping at or
near the lower end for escape at or near the upper end whereby the sludge is
caused to circulate from the bottom to the top of the tank through the piping.

In the process, therefore, complete circulation of sludge in the tank is achieved
by circulation of sludge from the bottom to the top of the tank through the
external sludge carrying tubes or piping, and by circulation of sludge at the
sludge level. At the same time, the external units provide for efficient operation
of the system.



SLUDGE DEWATERING PROCESSES

FILTRATION

Filter Beit

A. Bahr; U.S. Patent 3,896,030, July 22, 1975 describes a filter press which is
comparatively inexpensive to construct and occupies comparatively little space
but which nevertheless provides a high and yet controllable filtering efficiency,
the press being suitable in particular for processing sewage sludge. In order to
achieve this one starts out from a filter press of the known kind with two end-
less filter belts which contain the sludge between them, the two belts circulating
together, guided in concentric paths, around a rotary drum against which they
are pressed by adjustable pressure rollers, so that the liquid phase is squeezed
out of the sludge.

The process is characterized essentially in that the two filter belts travel, before
reaching the rotary drum, along horizontal sections situated above the drum, the
sludge being pretreated in these sections, retained between the two filter beits,
before passing around the drum. Of these horizontal sections, the first can take
the form of a horizontal filter belt onto which sludge is deposited by a distrib-
utor, the filter belt acting as a strainer for removing a first fraction of the liquid
phase under gravity. Just downstream of this section the filter belt can, according
to the process, pass over a vibrator which applies adjustable oscillations to the
filter belt.

Downstream of the vibrator the two filter belts from a wedge-shaped feed inlet
and just downstream of this the two filter belts, containing the siudge between
them, pass along a horizontal pressure section between pressure rollers.

Downstream of the horizontal pressure section the two filter belts, containing

the sludge between them, circulate together around the rotary drum, the belts
preferably running onto the drum at the highest point thereof. On leaving the
drum the two filter belts preferably rise over a certain distance, so as to allow
the liquid which has last been squeezed out of the material to run off downwardly.

175
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A particularly effective dewatering action is obtained by constructing the drum
as a rotary roller cage. This has the advantage, in a filter press according to the -
process, that the sludge circulating between the filter belts around the rotary
drum is worked or "kneaded" by squeezing thrusts applied sequentially in dif-
ferent directions between the rollers of the rotary roller cage and the external
pressure rollers, producing a particularly good dewatering effect.

In the filter press the dewatering therefore takes place in a sequence of five
stages, the material being worked in each stage in a manner suited to its con-
dition on leaving the previous stage. The five stages are essentially as follows.
In the first stage, the material spread out over the surface of the first filter belt
is allowed to drain under gravity without the application of pressure. This is
followed by a vibration stage, after which the material enters the wedge-shaped
feed inlet and then passes along the horizontal pressure section.

Finally, the material is kneaded and pressed, between the filter belts, on its

way around the asynchronous rotary roller cage. The raw material is assumed
to be a watery sludge capable of flowing very easily. On its way through the
press the material gradually loses water and becomes stiffer. Finally it is pressed
to form a hard filter cake and kneaded to remove residual water.

The more intense the kneading action the less water remains in the final hard
filter cake. A particularly important proposal according to the process is to
support each filter belt by means of a supporting belt of greater mechanical
strength, so that a higher squeezing pressure can be applied. It is assumed that
the filter belts are made of a fine-mesh fabric consisting of very thin threads in
order to obtain a high filtering effect.

The mesh width may be, for example, 10 to 100 microns, depending on the
nature of the sludge. For example a Perlon fabric can be used, or a combina-
tion fabric made of Perlon threads and V4a wire, or it can be a purely wire
fabric made of V4a wire. When a high pressure combined with a kneading
action is applied to a filter belt of this kind this can involve a high rate of
abrasion and a risk of rupturing the fabric.

The high applied stresses are taken by the support belts, which for example can
consist of chain wires spaced 5 mm apart with woven-in steel crossbars of 1.5 to
2.5 mm diameter spaced apart so as to leave mesh openings approximately

5 x 15 mm in area.

It is preferable to drive only the two supporting belts, the filter belts themselves
not being directly driven but merely entrained by the supporting belts. In regard
to the amount of space occupied by the press, the five sequential process stages
between them require of course a considerable length of filter belt. But the filter
press is nevertheless compact in construction, because the three first sections,
that is to say the dewatering by draining section, the vibrator section and the
horizontal pressure section, are all situated over the rotary drum,

Furthermore, the sludge distributor which spreads the sludge rapidly right across
the filter belt immediately produces a layer of siudge of even thickness extending
over the full width of the filter belt. The entire available filtering surface is
therefore fully utilized, giving the highest possible performance. The technical
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advance provided by the process is demonstrated by the fact that compared to
known filter presses occupying the same amount of space the filter press accord-
ing to the process provides a 50% greater effective filtering surface.

Screen and Capillary Type Belts

C.D. Beristain, B.K. Nixon and R.J. Kiefer; U.S. Patent 3,774,760, November 27,
1973, assigned to Westinghouse Electric Corporation describe a process and ap-
paratus for sludge dewatering including gravity screening and capillary dewater-
ing where an endless belt of screen-like material and an endless belt of a capillary
material are selectively functionally utilized separately and in close proximity to
effectuate the steps of the process including a repetitive dewatering of the belt
as it becomes saturated.

The repetitive dewatering step proceeds with the screen-like belt supporting the
sludge while the capillary belt is separately compressed, or otherwise dewatered.
The process and apparatus further include a final sludge dewatering section
where the screen-like belt and the capillary belt are similarly separated.

Initially the sludge which is rather dilute and contains much free water is fed

to the screen-like belt alone. It has been found that with an hydraulic head of
approximately 2 inches that 20 to 45% of the free water can be drained from ,
the sludge in 20 to 30 seconds. The partially dewatered sludge is then carried
by this screen-like belt to a location where the screen-like belt and the capillary
belt are placed in sufficiently close proximity that the capillary belt and aqueous
liquid produce a capillary force which removes further water from the sludge.

As the capillary belt becomes saturated the screen-like belt is separated there-
from and the capillary belt is treated either by compression or by the applica-
tion of a vacuum to draw a substantial quantity of water therefrom. The screen-
like belt and the capillary belts are then once again brought into close proximity
so that the capillary force may remove still further water from the siudge.

These steps are repeated a sufficient number of times to remove a high percent-
age of the water from the sludge. At the end of this repetitive process the screen-
like member is once again separated from the capillary belt and the capillary

belt is again treated to remove water therefrom.

The screen-like belt wraps around its return rollers a foot or so along the machine
length. A compression roller is associated with the return roller to further dry
the sludge. The surface of the compression roller is such that the now partially
dry sludge preferentially sticks to the roller surface and may be scraped therefrom
into a receptacle via the usual knife-edge.

The belt and screen then proceed to cleaning locations where water under pres-
sure is sprayed on the surface of the capillary belt and the screen-like belt, re-

spectively, from which locations the belts are conveyeéd to the inlet side of the
apparatus and the process is repeated.

Continuous Porous Sheet Belts

M. Adamski and D.S. Schover; U.S. Patent 3,613,564, October 19, 1971, assigned
to General American Transportation Corporation describes an apparatus for
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removing aqueous liquid from a flowable material, containing aqueous liquid as
a continuous phase and suspended solids as a discontinuous phase, to obtain a
dewatered product. The apparatus has two endless, driven belts of elongated
porous sheets. The belts are supported so that one belt has its path of travel
inside that of the other belt and with an upper horizontal run of the outer belt
overlying and abutting that of the inner belt moving in the same direction.

The sheet of the inner belt is resilient, compressible and made of cellular mate-
rial capable of absorbing aqueous liquid by a wicking action, whereas the sheet
of the outer belt is a fine mesh sheet with pores providing passage of the liquid
through the sheet by a wicking action of the abutting-cellular sheet while retain-
ing most of the saolids on the outer belt.

A feeder for delivering the flowable material onto the outer belt is mounted ad-
jacent the beginning of the dewatering zone where there is the wicking action

due to the abutment of the two belts along that zone. A device for removing
dewatered product is mounted downstream of that zone. A device to compress
the inner belt downstream of the upper horizontal run of that belt includes a

pair of opposed rolls. Another compression device may be at the upper hori-
zontal run but downstream of the dewatering zone at which initial wicking occurs.

L. von Reppert, W. Teske and E. Hilscher; U.S. Patent 3,627,698 September 8,
1970; assigned to Chemische Werke Albert, Germany describe an apparatus for
removing water from sewage sludge including a container having a porous bottom,
and either having a fabric or synthetic fiber underneath the container whereby water
flowing out of the container passes through the fabric, means for tensioning the
fabric and for displacing it laterally underneath the container, and a spray device

for cleaning the fabric, or the container has the form of a sack or a tube or a
part of it has the form of a sack and another part has that of a tube of synthetic
fabric which is suspended in a tiltable support frame or in a housing open at the
bottom and which may be provided with a movably mounted perforated bottom
member. The apparatus also has a reservoir for collecting water flowing from the
container, and means for discharging liquid at the top of the container. )

Capillary Action

Y. Hanami; U.S. Patent 3,371,785; March 5, 1968; assigned to Kurita Industrial
Company, Limited, Japan describes a method for rapidly dehydrating sludge by
inserting into a layer of sludge containing fur or highly hygroscopic, colloidal
solids formed during water-treatment procedures, a strip made of a liquid-pervious
material having numerous fine passageways and spacer means with one end of

the strip protruding below the Bottom of the sludge layer, or with both ends
protruding above and below the upper and lower surfaces of the sludge layer.

Example 1: Sludge specimens comprising aggregated sediments of mud with a
moisture content of 86% collected at a water purifying plant were placed into
columns having an inner diameter of 66 mm and a length of 160 mm to a depth
of 140 mm. Into each of these specimens was inserted a strip of cardboard of

a size of 3 mm (thickness) x 50 mm (width) internally having hollow portions
each portion being of a size of 1 mm x 2 mm.

The lower end of the strip was made to protrude about 5 cm outside of the
column through a slit of 3 mm x 50 mm formed at the bottom of the column.



Sludge Dewatering Processes 179

Under these conditions, the relations between the lapse of time and the changes
in the moisture content of the sludge (A) when the upper end of the strip of
cardboard protruded upwardly beyond the upper surface of the layer of the
sludge and (B) when the upper end of the strip was located at the surface level
of the layer of sludge, are shown in the following table. For the sake of com-
parison, the result (C) obtained when a strip of cardboard was not inserted and
the result (D) when only the upper end of a strip protruded upwardly beyond
the edge of the column are also shown in the same table.

Moisture Content (percent)

Column In 2 Hours In 24 Hours
A 80.5 71.6
B 80.5 75.8
C 85.9 85.0
D 85.6 83.1

Example 2: This experiment was conducted under substantially the same con-
ditions as those for Example 1, excepting that the upper end of the strip protruded
upwardly about 6 cm beyond the upper surface of the layer of sludge, that the
lower end of the strip protruded downwardly 5 cm fram the slit of 3 mm x 50 mm
provided at the bottom of the column and also that air was passed onto the up-
per portion of the column at the rate of 4 meters per second.

Dehydration of the specimens was conducted under these conditions (A). For
comparison, the results (B) where no strip was inserted and the result (C) where
a strip of cardboard was inserted with only the upper end protruding upwardly
from the upper surface of the layer of sludge and the result (D) where only the
lower end of the inserted strip of cardboard protruded downwardly outside the
column were also obtained. The relations between the lapse of time and the
changes in the moisture content are shown in the following table.

Moisture Content (percent)

Column In 2 Hours In 24 Hours In 72 Hours
A 80.5 71.6 53.2
B 85.9 85.0 82.6
C 85.6 83.1 69.3
D 80.5 75.8 74.2

Eddy Flow Separator

V.R. Sparham, U.S. Patent 3,925,205, December 9, 1975 describes a method of
separating colloidal or gelatinous suspended solids in a liquid phase that com-
prises passing the liquid through a labyrinth of eddy-forming surfaces in series
with a sheet perforate member. These surfaces may be made from, for example,
polyvinyl chloride, resin-bonded fibrous materials, suitably prepared metals,
linoleum, timber, asbestos sheets, rubber, cork and ceramics.
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The eddy-forming surfaces may in general be the surfaces of elements arranged
to form the labyrinth, the arrangement being such that the liquid passes through
passages formed between the elements. The passages preferably form zig-zag or
nonlinear paths through the labyrinth. The direction of flow in relation to grav-
itational forces can be arranged to suit the type of solids in suspension to be
separated from the liquid phase.

The process includes apparatus for reducing the solids content of a liguid phase
containing colloidal or gelatinous suspended solids which comprises a vessel, such
as a sedimentation tank, having an inlet and an outlet for the liquid, and a laby-
rinth having eddy-forming surfaces arranged in the vessel so that when liquid
flows through the vessel from the inlet to the outlet it must pass through the
passages in the labyrinth,

The labyrinth may be formed from closely spaced plate-like or tube-like members
or elements which may be metallic or nonmetallic, e.g., they may be made from
any of the materials mentioned above. The plate-like or tube-like members may
have an undulating cross section and may also have ribbed walls. The plate-like
or tube-like members of the labyrinth may be secured tugether to form made-up
units having a plurality of passages therein for the liquid.

The passages may be inclined to one another and/or to the walls of the vessel
and may be of constant or variable cross section. Preferably, the labyrinth is
arranged so that when liquid flows through the vessgl from the inlet to the out-
let, it passes through the labyrinth in a generally upward direction.

As indicated above, a sheet perforate member is arranged in series with the lab-
yrinth so that when liquid flows from the inlet to the outlet, it also passes
through the sheet perforate member. Preferably the labyrinth is on the down-
stream side of the sheet perforate member, that is to say liquid flowing through
the vessel from the inlet to the outlet flows first through the sheet perforate
member and then through the labyrinth.

A sedimentation tank may be provided having a compartment positioned close

to the top of the tank in such a way that liquid fed into the tank must pass
upwardly through the compartment before it can pass out of the tank. By filling
the compartment with the labyrinth, e.g., the assembly of elements, the liquid
can be clarified and a large proportion of the small particles can be retained on
the walls and among the cavities in the labyrinth. In addition, the labyrinth may
be arranged in a tank separate from a sedimentation tank.

Filled Concrete Blocks as Filter Media

G. Spohr; U.S. Patent 3,847,808, November 12, 1974 describes a filtration system
which will permit sludge removal more economically. The sludge bed is con-
structed such that heavy equipment can be moved thereover without disturbing
the filter material regardless of the moisture content in the sludge.

In one form of the process a series of partitioned blocks are provided with
cartridges filled with filter material such as sand, carbon or other appropriate
chemicals. The cartridges can be removed from time to time and the filter mate-
rial cleaned or replaced. Slots are provided in the edges of the peripheral blocks
at various intervals so that the bound water can be drained off.
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In another example tracks are provided for accomodating the wheels of a front-
loader which can move along the bed to scrape off the sludge. Also, a scraper
can be pulled by a winch or the like over the bed to remove the dried sludge.

Basically, the filter bed is composed of a plurality of blocks having circular open-
ings. The blocks are composed of material such as concrete which is designed
and engineered to withstand the anticipated load of motorized loading and trans-
porting equipment having the ability to move around freely on the total area of
the sludge bed.

Use of Ferrous Chloride

T.H. Oster and J.E. Cooper; U.S. Patent 3,173,863 March 16, 1965 describe a
process for the preparation of sludges for dewatering by filtration to a water
content sufficiently low to permit incineration without the addition of extran-
eous fuel. These sludges have been treated for many years by the addition of
a solution of ferric chloride and lime followed by agitation. The action of this
combination of chemicals on the sludge is obscure, but it does permit the mix-
ture of sludge, lime and ferric chloride to be satisfactorily dewatered, usually
upon a rotary vacuum filter.

This process is predicated upon the discovery that many sludges containing at
least 3% of solids can be conditioned for filtration more satisfactorily and
economically if ferrous chloride is substituted for part or all of the ferric
chloride formerly used. A pressure differential of ‘at least 3 inches of mercury
should be maintained across the filtering medium. = Other than the substitu-
tion of ferrous chloride for part or all of the ferric chloride the remainder of. -
the process, that is, the addition of lime, the agitation and the filtration remains
the same. ;

As a demonstration of this process, a sample of primary sludge containing 0.68
pound of solids per gallon was used. A solution of ferric chloride was prepared
by dissolving 10 grams of FeCly:6H,0 in water and making the volume up to
100 cc. A solution of ferrous chloride was prepared by dissolving 17.3 grams
of FeCl,-4H,0 in water and making the volume up to 100 cc. A slurry of 10
grams of calcium hydroxide in 100 cc of water was prepared.

An arbitrary test of sludge conditioning efficiency consists of treating a 100 cc
sample of sludge with ferrous chloride or ferric chloride or a mixture thereof, then
adding 7.5 cc of lime slurry followed by 1 minute of gentle hand stirring. This
mixture was poured quickly into an 11 cc Buechner funnel connected to a
vacuum system.

The times noted extend from pouring of the sludge into the funnel until the
vacuum in the system dropped from the maximum value of 28 inches Hg to an
arbitary value of 15 inches Hg. Here, a satisfactorily dry cake resulted. The
results obtained are summarized in the following table. In each test where both
ferric and ferrous chloride were used in the same test they were added separately
except in Test No. 7 where the chlorides were premixed. The 2.60 cc of FeCl;
solution contains 0.156 gram of FeCl;, anhydrous basis; the 1.11 cc of FeCl,
solution contains 0.123 gram of FeCl,, anhydrous basis.
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FaCly  Ferric lron Fa, FeCly FeCl2 Ferrous lron Fe, FeCly Fe, Tahl' Time,

Tost (cc) % Dry Solid % Dry Solid (cc) % Dry Solid % Dry Solid % Dry Solid Seconds
1 2.40 0.66 1.92 None None None 0.66 41
2 None None Naone . 0.66 1.49 0.66 3%
3 1.30 0,33 0.98 0.55 0.33 0.75 0.66 36
4 0.%0 0.23 0.66 0.50 0.30 0.66 0.56 34
5 0.60 0.15 0.44 0.50 0.30 0.66 0.59 37
& 0.30 0.08 0.22 0.50 0.30 0.66 0,30 40
7 0.90 0.23 0.66 0.50 0.30 0.66 0.53 38
8 0.90 0.23 0.66 0.50 0.30 0.66 0.53 3
9 1.30 0,33 0.9 0.30 0.18 0.40 0.51 38
10 2.60 0.46 1.92 None None None 0.66 38
" None Nane None .10 0.66 1.49 0.66 35

Sewage disposal plants purchase ferric chloride in a 40% water solution. Oper-
ators may effect a reduction in chemical costs by contacting this solution with
scrap iron or steel for a time to permit a portion or all of the ferric chloride to
be reduced with concomitant dissolution of the scrap iron. This reaction pro-
ceeds more smoothly if the solution is strongly diluted with water prior to con-
tacting with the scrap iron, cast iron, steel borings or tin cans.

Mixtures of Polyacrylamides and Ferric Salts

R.A. Lo Sasso and E.G. Rausch; U.S. Patent 3,642,619; February 15, 1972;
assigned to Calgon Corporation have found that the dewatering of waste sludges
is greatly enhanced if the sludge is treated prior to dewatering with a mixture
of a water-soluble high-molecular weight nonionic polyacrylamide and a water-
soluble salt containing ferric ions. The waste sludge treated according to this
process dewaters better than sludge treated using prior art methods.

Chemical conditioning with a mixture of the polymer and ferric-containing salt
yields a sludge which dewaters better than a sludge treated with the ferric-con-
taining salt alone or the polymer alone. It is also better than a sludge treated
with the polymer followed by the ferric salt or the ferric salt followed by the
polymer. It has been found that the use of the mixture gives an unexpected
synergistic result compared to the other methods of addition.

The method of conditioning the sludges comprises adding to the sludge prior
to dewatering from 300 to 3,000 ppm of a mixture of the polymer/ferric salt.
The mixture is comprised of from 0.05% by weight to about 5.0% by weight

of the polymer and the remainder is the ferriccontaining salt.

Addition of Ash and Lime to Sludge

G.P. Baumann and G.E.J. Thomas,; U.S. Patent 3,342,731, September 19, 1967
describe a method of dewatering fresh or digested sludges or centrate resulting
from centrifuging fresh or digested sludge.

Sludges may also be dewatered by filtering, centrifuging, or by a combination

of the two methods. A centrifyge and filter can be arranged so that centrate
resulting from centrifuging sludge is thereafter filtered. Dewatered sludge is
incinerated. In this method diatomaceous earths may be added in the mechanical
and biological clarification step, during sludge thickening, ahead of the sludge
filtration or centrifugation, or ahead of filtration of the centrate to aid in dewater-
ing the sludge.
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Diatomaceous earths can be replaced with ash from the incineration of the centri-
fuge and filter cakes.

In a further development of this method it has been proposed to add ash result-
ing from the incineration of sludge to digested sludge or fresh sludge or to cen-
trate resulting from centrifuging raw or digested sludge as a filter aid. In this
way no additional chemicals are necessary. The filter and centrifuge cakes may
be incinerated, either separately or together, depending on the particular instal-
lation, to provide the ash necessary.

Advantages of this method are that operation is inexpensive and costly supple-
mentary chemicals are not necessary. There are certain disadvantages, however,
for when it becomes necessary to add large quantities of ash (4 to 8 grams of
ash per gram solids), a large quantity of heat is required to incinerate the filter
and centrifuge cakes because the ash added to the sludge absorbs moisture which
must be evaporated.

* This method using the filter-centrifuge combination is economically feasible for
sludge quantities above 50 tons per day, such as occurs from a city with 100,000
inhabitants. For smaller sludge quantities the digested sludge or the fresh sludge
may be subjected directly to the ash treatment and then filtered.

It has been found in this process that the amount of ash required can be lowered
substantially if lime is added, in addition to the ash, prior to vacuum or pressure
filtration of the sludge or the centrate. Small line quantities can, at the same
filterability, replace large quantities of ash; up to 50 to 75% of the ash require-
ment may be replaced by lime. These high filterabilities are not attainable
through the addition of small quarntities of lime alone.

For example, when filtering sludge with addition of only ash, it is necessary to
add 4 to 8 grams of ash per gram of solid matter. When lime is added, less than
1 gram is required along with 1 to 4 grams of ash in order to obtain the same
filterability. The ash acts as a filter aid in two ways: one, it forms a supporting
porous matrix for the amorphous sludge solids, and, two, it provides reactive
lime for flocculation of the sludge. Lime is generally required in amounts of

20 to 50% of the weight of the dry sludge solids for the formation of a support-
ing matrix.

Simultaneous use of ash and lime lessens the water quantity retained by the
filter cake and lowers operational costs. With this process sludge filtration can
be carried out economically even in small clarification installations. The process
differs from sludge filtration using only ash in that the lime causes a flocculation
reaction which is-supported by finely divided ash. The ash aids in this reaction
as well as aiding in development of this supporting matrix.

According to the process, employment of lime and ash for improving filterability
is suitable for dewatering both fresh and digested sludges. The ash required may
be provided by incinerating the solids residue from the centrifuge and the filter
or can be obtained from an outside source, About 65 to 123 pounds of lime
along with ash are required to treat 1,000 galions of sludge, the sludge being ap-
proximately 10% dry solids.
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During incineration of the centrifuge or filter cake after treatment with ash and
lime a part of the lime in the cake remains or again becomes active; this part
may be reused by mixing it with fresh lime and ash to be added to the sludge.
In this way, the additional lime required in a continuous operation is less than
during initial start-up of the installation.

Example 1: A digested sjudge, after the addition of lime and ash obtained from
incineration of digested sludge, was filtered. The quantitative ratio of lime and
ash added was varied. The weight data relate to 1 g of dry solids in the digested
sludge. The filter yield is stated in gallons per square foot per hour.

Addition Filter Output
4 g. osh and 0.4 g, lime 28.8 gal./sq. ft./hr.
2 g. ash and 0.8 g. lime 28.8 gal./sq. ft./hr.

Example 2: A digested sludge was in each case filtered after the addition of
ash or lime and finally after the addition of ash and lime. The weight data
again relate to 1 g of dry solids in the digested sludge. The filter output is
defined as in Example 1.

Addition Filter Output
8 g. ash 16.9 gal./sq. ft./hr.
1.6 g. lime 1.18 gal./sq. ft./hr.
4 g. osh and 0.4 g. lime 19.5 gal./sq. ft./hr.

It should be observed that when the ash and lime were both added, the ash
required was reduced to one-half with a corresponding change in filter output.

Amino Condensation Resins and Acrylamide Polymers

S. Mogelnicki and E.M. Gatza,; U.S. Patent 3,409,546; November 5, 1968, assigned
to The Dow Chemical Company have found that a mixture of a water-soluble
resinous amino-condensation polymer and a small amount of a high molecular
weight, cationic vinyl-addition polymer, the two polymers being present in a
limited range of relative proportions, is unexpectedly efficient, especially as
applied from relatively concentrated applicating solutions, for conditioning raw
sewage sludges for dewatering. For best results from 0.02 to 0.3 part of the
cationic vinyl-addition polymer, preferably from 0.1 to 0.2 part, are used with
each part by weight of amine-condensation polymer.

Application of the polymeric blend to siudges to be dewatered is accomplished
by first preparing an applicating solution of the polymeric blend which may
contain from as little as 0.01% by weight up to as much as 5% by weight dis-
solved polymeric solids. Since large amounts of dilution water are not required,
the polymer applicating solution preferably contains from 0.1 to 1.5% by weight
dissolved polymer solids. The higher concentrations of polymer permitted in
applicating solutions keep to a minimum the amount of dilution water required
for a successful dewatering.

The aqueous suspension of organic solids, i.e., sludge, is treated with a small
amount of the polymer applicating solution to provide a predetermined, desired
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polymer dosage, based on the weight of suspended solids. Normally, suitable
conditioning of the sludges is achieved with doses of from 2 to 6 pounds of the
polymer mixture per ton of sludge solids treated.

With the application of the polymer solution, the sludge is simultaneously sub-
jected to mild agitation. Such agitation is accomplished by any convenient means
such as large slowly rotating paddles, effervescing gases, cascading streams and/or
turbulent flow in conduits. The agitation is designed to provide homogeneous
distribution of the applicating solution throughout the aqueous sludge. After
achieving suitable distribution of the solution throughout the sludge it is subjected
to dewatering which may involve compaction, filtration, flotation or centrifugation.
The overall process enables dewatering of the agueous suspension with substan-
tially reduced doses of amino-condensation polymers.

Example: A raw sewage sludge containing 7.3% by weight solids was dewatered

by filtration. The raw sludge was a composite of sludge produced as a result of
the primary settling of raw sewage to which was added a large proportion of
aerobic trickling filter humus. The filtration was performed ‘in a 12.5 cm Buechner
funnel containing two layers of No. 1 Whatman filter paper. The funnel was
seated in a vacuum flask to which was applied a standard vacuum.

Aliguots in the amount of 200 mm of the sewage sludge were treated with given
amounts of a cationic polymer composition, in the form of a dilute agueous solu-
tion, containing 0.5% by weight polymer solids. The treated sludge was then
agitated by pouring the sludge from container to container 8 times. The result-
ing conditioned sludge was then poured into the funnel and the vacuum applied.
The volume of filtrate was measured at 10, 20, 30, 60 and 120 second intervals
after application of the vacuum. After 2 minutes the vacuum was discontinued
and the appearance of the filter cake qualitatively determined. The results of
*his experiment utilizing polymer mixtures of the process as well as the poly-
mers individually are reported on the following page.

The low molecular weight, cationic, amino-condensation resin used was a reaction
product of a polyalkylene polyamine and ethylene dichloride, in the form of an
aqueous solution, termed polymer A. |t was characterized by a viscosity in 37%
by weight aqueous solution of 2 x 10* cp at 25°C.

The high molecular weight vinyl-addition polymer used was a water-soluble homo-
polymer of acrylamide having a molecular weight of 2 million, in which 35% of
the amide groups were substituted on the nitrogen atom with the dimethylamino-
methyl moiety. This polymer is termed polymer B. A 0.5% by weight aqueous
solution of this polymer was characterized by a viscosity of 16 cp as measured
with an Ostwald viscosimeter at 25°C.

From the data on the following page, best conditioning of the sludge was
achieved in Runs 8, 9 and 12. . Considering these runs, it is evident that a dose
of 0.75 part by weight of the high molecular weight, vinyl-addition polymer in
a mixture with only 4.17 parts by weight of the condensation polymer was as
effective as 9.3 parts by weight of the latter polymer used alone.

The addition polymer was ineffective as applied from a 0.5% aqueous solution.
It will be noted that as more of the high molecular polymer was added beyond
a certain point, the dewatering rate decreased significantly due to overdosing.
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Gravity Filtration Process

In a process described by B.L. Goodman, R.M. Appleberry, J.W. Struewing and
F.G. Wejs; U.S. Patent 3,631,404; September 29, 1970; assigned to Union Tank
Car Company sludge is first flocculated with a coagulant and then gravity fed
onto a primary, large mesh, moving screen, which is flexed intermediate its ends.
Water drains from the sludges through the screen, its flow enhanced by flexing
of the sludge cake. which is forming.

Partially dewatered sludge is then scraped onto a secondary large mesh, moving
screen, which carries the sludge between a series of pairs of compression rollers,
providing successively greater compression, to further dewater the sludge.

Cationic Polyalkylenepolyamines with Gravity Dewatering

A process described by S. Kelman and C.P. Priesing; U.S. Patent 3,252,900,
May 24, 1966, assigned to The Dow Chemical Company concerns dewatering
séwage sludges over filtering substrata utilizing the pressure as the result of in-
creased sludge depth as a dewatering aid.

The process is based upon the discoveries that sewage sludqes, suitably treated
with a water-soluble, cationic, organic polymer containing a plurality of hydro-
philic nitrogenous groups, can be rapidly dewatered with the aid of gravity over
a filtering substrate and that the filter yield, whiie initially undergoing a decrease
with increases in the depth of loading of the treated sludge, is surprisingly re-
versed at a critical loading which occurs at a depth of greater than two feet.

The method for dewatering a sewage sludge comprises the steps of treating the
sewage sludge with a water-soluble, cationic, organic polymer containing a plurality
of hydrophilic cationic groups, preferably hydrophilic nitrogenous groups, and
loading the polymer-treated sludge on a filtering substrate, readily permeable to
the passage of water at a depth greater than about two feet and at least the

depth at which a continuous plot of the filter yield of the sludge solids on the
filtering substrate against the depth to which the treated sludge is originally

loaded thereon first achieves a slope of zero.

As used here, the terminology "filter yield" refers to the pounds of dried sludge
solids obtained per square foot of the filtering substrate per hour. The dry solids
content of a sludge is determined by procuring a weighed aliquot of a homogene-
ous sample of the polymer-treated sludge, drying the aliquot of the polymer-
treated sludge at 110°C for four hours and thereafter weighing the residual solids.
This weight that is obtained is taken to be the dry solids content of the initial
aliquot.

A preferred class of cationic polymeric flocculants is represented by water-soluble
polyethyleneimines of high molecular weight, N-alky! substituted polyethylene-
imines and the mineral acid and guaternary ammonium salts thereof. Some
polyethyleneimines suitable for use in the process can be represented by the

formula
A
HNCHchzN HzCHzN H
n



188 Sewage Sludge Treatment and Disposal

where R is hydrogen or methyl and n has a value of at least 400, preferably of
at least 2,000. Desirable polyethyleneimines can be characterized by the viscosity
of aqueous solutions. Thus, water-soluble polyethyleneimines having solution
viscosities of at least 0.8 cs, and preferably at least 2 cs, for one percent by
weight solutions in water, are preferred cationic polymers.

In a preferred mode of operation, which is illustrative of the process, a series of
drying beds were prepared, the filtering substrate consisting of a layer of sand
approximately 9 inches deep underlain with approximately 2 feet of gravel. A
digested raw sewage sludge obtained from the sewage plant of a small midwestern
city was treated with a flocculant grade, water-soluble, cationic polyalkylenepoly-
amine.

To treat the sewage, a solution containing 0.15% by weight of the active polymer
solids was prepared. This polymer solution was added to a running cement
mixer containing a given volume of the digested sewage sludge to provide a poly-
mer dose based on dry sludge solids of 15 pounds per ton. Mixing was com-
pleted by operating the cement mixer for an additional 30 seconds after the
addition of the polymer solution. Thereafter, the polymer-treated sewage sludge
is poured into a partitioned segment of the above described drying bed in an
amount sufficient to provide a layer of the treated sludge at a predetermined
depth.

Subsequently, the loaded filtering beds were sampled several times during the
first day of operation and thereafter once a day until effectively dewatered,

i.e., having 30% by weight dry solids. The percent dry solids in the sample,
which were uniform composite samples taken from a representative cross section
of the sludge layer, were plotted against the depth to which the treated sludge
was initially loaded on the filtering bed.

This plot is shown in Figure 3.1a. It will be observed that after a depth of 3 feet,
the drying rate at the end of two days was no longer decreasing as the loading
depth was increased. This was a surprising result inasmuch as one would ordinarily
expect continuous decreases in the drying rate with increasing loading depths due
to the likely propensity of the sludge to blind the filter in proportion to the total
mass above the filtering substrate.

Upon further evaluation of the experimental data, a comparison was obtained
between conventional static dewatering rates of an untreated sludge and a poly-
mer-treated sludge in accordance with the process. The filter yield was computed
in pounds of dry solids per square foot per hour.

These results are pi ~tted in Figure 3.1b. While essentially straight lines have
been used to delineate the plot, a few more points in the middle region of the
plot would have defined a rounding of the curve where the downturn on filter
yield was reversed toward increasing filter yields at the critical loading depth.

For the particular sludge involved in these experiments, as treated with the
cationic polymer described above, the critical depth at which a reversal in filter
yield occurs, i.e., the point of tangency and zero slope, will be observed to be
at about 3 feet.
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FIGURE 3.1: DEWATERING SEWAGE SLUDGE BY GRAVITY
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Interrupted Flow
K.S. Arvanitakis; U.S. Patent 3,705,649, Detember 12, 1972 describes a method
of and apparatus for collecting and removing contaminants from a filtration

system. It involves passing unclarified contaminant bearing a liquid through a
filter apparatus to collect the contaminants and discharge the clarified liquid.
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At a predetermined time, the discharge from the filtration system to the filter
apparatus is interrupted and the contaminants removed from the filter apparatus
to the unclarified liquid where they are collected and conveyed out of the ap-
paratus. The collected centaminants are partially solidified by exposure to héeat
and conveyed from the system for disposal.

CENTRIFUGAL
Solid Bowl Centrifuge

A process described by O.E. Albertson,; U.S. Patent 3,248,323, April 26, 1966,
assigned to Dorr-Oliver Incorporated provides a treatment system where dilute
raw sludge, for example sludge supplied from a clarifier operation, is subjected

to a continuous sedimentation thickening operation in a thickener tank, so con-
trolled that a bed of substantial depth of thickened sludge is maintainable there-
in providing a reservoir of thickened sludge to be supplied to the digester contents
which latter preferably is kept in a state of mechanically induced mixing and
agitation,

The loading of the digester is such that incompletely digested sludge is withdrawn
from the body of digesting sludge. This sludge from the digester is subjected to a
treatment in a solid bowl type centrifugal machine capable of effecting the separa-
tion into a moist cake fraction and a liquid overflow fraction.

In the operation of this machine, the cake material discharging at the narrow
end of the bowl contains substantially none of the undigested matter and is
therefore readily disposable, while the overflow liquor containing substantially

all of the digestible organic or gasifiable matter including the fats discharges from
the wide end of the bowl. This latter overflow fraction from the centrifuge is
then subjected to a dewatering operation, and the undigested solids along with
the residual water are then returned to the body of digesting sludge for conver-
sion into gas.

This dewatering operation is carried out preferably by way of feeding the un-
digested solids directly into the sludge bed in the thickening tank, causing the
solids to be entrapped in the thickened sludge while separated liquor from those
solids reaches the thickener overflow together with the separated liquor result-
ing from the thickening operation.

\
>The undigested solids contained in the centrifuge overflow are thus recirculated
into.the digester through the thickener whereby the digester loading and the
digestion efficiency are correspondingly increased to a point where the optimum
balanced condition in the digester operation is attainable. Hence, in this digester
circuit (that is the digester operating in circuit with the centrifuge and the sludge
bed in a settling tank) the gas-producing efficiency of the available digester
volume is thus substantially increased, even as a fully digested as well as highly
concentrated sludge is delivered for disposal from the centrifuge, while a safe
degree of alkalinity concentration is maintained in the digester.

In this way, higher digester efficiency and utilization of the available digester
tank volume, are attainable at practically no extra cost by way of operating the
digester circuit in the manner above set forth. As in Figure 3.2a the process
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may be used in a sewage treatment plant comprising a conventional clarification
treatment system for producing raw sludge which may contain primary and
secondary clarification sludge in mixture, adapted for treatment in an anaerobic
digestion system.

FIGURE 3.2: TREATMENT PROCESS EMPLOYING SOLID BOWL
CENTRIFUGE
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FIGURE 3.2: (continued)
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Accordingly, the clarification treatment system in this example comprises a
primary clarifier tank unit 10 supplied with raw sewage as indicated by a supply
conduit 11, and equipped with the familiar rotary sediment raking structure 12
for conveying primary sludge or sediment to a bottom outlet 13 connected to a
sludge discharge conduit 14 provided with control valve 15.

The overflow launder 16 of this tank receives primary effluent containing sus-
pended solids that will not settle in the primary tank, but may be subject to
further clarification treatment. The primary effluent may be treated biologically,
that is by aeration for example in an aeration tank 17 having a controlled air
supply indicated at 18.

The resulting so-called activated sludge containing the previously nonsettleable
solids that are converted into settleable biologic floc structures, is transferred
from the aeration tank to a secondary clarifier tank 19 which is equipped sub-
stantially the same as the primary clarifier tank, and delivering the secondary
purified effluent 20 from the overflow, while secondary sludge is being with-
drawn from the bottom zone as through a discharge conduit 21 leading to a
juncture J.

From juncture J a branch conduit 22 provided with control valve 23 allows for
recirculation of secondary sludge into the aeration tank at a controlled rate.
Another branch conduit 24 provided with control valve 25 leading from juncture
J 1s operable to divert a portion of the secondary sludge back into the primary
clarifier tank by way of the raw sludge influent conduit 11.

Another branch conduit 26 leading from juncture J provided with control valve
26a joins the primary sludge discharge conduit 14 downstream of valve 15, where
by mixed primary and secondary sludge may be delivered into a tank 27 which
may be in the nature of a thickening tank operated in accordance with U.S.
Patent 2,850,449,

The thickened sludge passes to a digestion system including a digester 31. Another
branch conduit 28 from line 24 having a control valve 29 is shown to join the
primary sludge discharge conduit 14 upstream of valve 15 whereby. a portion of
the mixture of primary and secondary sludge may bypass the thickening tank 27
via conduit 30 for delivery to the digestion system or via line 44a to the solid
bowl machine. Effluent liguor from the thickening tank 27 may be disposed of
as by conduit 32 leading back into the primary clarifier tank.

A deep sludge bed of controlled depth maintained in the thickener tank 27 and
controlled in accordance with U.S. Patent 2,850,449 may serve as a reservoir for
supplying the feeding sludge to the digester 31 through underflow discharge con-
nection 33 having a control valve 33a.

This underflow connection joins the aforementioned conduit 30 at a point
between control valves 34 and 35. The raw sludge fed to the digester 31 may
be a mixture of primary and secondary clarifier sludge, which may have been
subjected to a concentrating or thickening treatment such as above indicated in
tank 27.

The thickener sludge mixture is supplied preferably continuously or at short
intervals to the digester 31 which in turn is operated in the special manner of this
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process affording significantly increased volatile solids loading rates and greatly
improved digester tank utilization as will be furthermore set forth. The body
of digesting sludge in the digester is kept in a state of enforced agitation as in-
dicated by the agitator 36. The digester 31 operates in circuit with a solid bowl
type centrifugal machine 37 described below as shown in Figure 3.2e.

The digester 31 has a sludge discharge conduit 39 provided with control valve 40
and has a pump 41 operable to supply incompletely digested sludge to the solid
bowl machine 37 at a rate controlled in relation to the rate of sludge feed into
the digester tank. The operation of the solid bowl! centrifugal machine 37 is con-
ducted so as to selectively deliver a largely inert or undigestible solids fraction in
the nature of a highly concentrated cake material having a solids concentration

in the order of 40%, and a dilute fraction or suspension carrying most of the un-
digested gasifiable solids present in the incompletely digested sludge.

The concentrate or cake fraction representing well digested sludge discharging at
43 may be disposed of in any suitable manner for example as indicated by the
conveyor 44. A conduit 44a having a control valve 44b bypasses the digester
enabling excess raw sludge to be supplied directly to the solid bowl machine 37.
The overflowing dilute suspension of undigested matter, however, is transferred
from the solid bowl machine for further separation treatment to the thickener
27 via a transfer conduit 45 and control valves 45a and 45b by a pump 46.

It will be noted that this transfer conduit delivers into the bottom zone or sludge
bed B-1 of the thickener where the solids thus become trapped, while liquor
separating from these solids reaches the thickener overflow together with the
overflow resulting from the thickener operation.

A bypass flow connection 46a leads from line 45 to the digester via a control
valve 46b, whereby a portion of the centrifuge overflow may be diverted from
the thickener for delivery directly into the digester for purposes to be described
below. At juncture J the line 45 has a branch line 48 leading through a control
valve 49 into a sludge bed B-2 maintainable in the cone bottom of primary
clarifier 10. In this instance the clarifier is utilized for getting the transferred
undigested solids trapped and retained in the bed of sludge while liquor separates
therefrom and reaches the clarifier overflow.

A controllable supply of flocculating chemical 47 is shown for the purpose of
introducing such a conditioning agent into the digester sludge entering the centri-
fuge. This will cause extremely fine digested matter which may be present in
excess to form agglomerates or flocs large enough to be contained in the cake
material leaving the centrifuge for disposal.-

Escape of such fine material into the overflow of the machine, if not prevented
may produce undue build-up of such fines in the digester circuit, which in turn
may reduce digestion efficiency, and also by escaping with the thickener overflow
reduce the effectiveness of the clarification operation.

The so-called solid bow! centrifugal machine schematically illustrated in Figure
3.2e, has a rotor structure 52 rotating in a housing 53. The housing has a dis-
charge neck 54 located at the wide end of the rotor structure and connected
to the transfer conduit 45 for delivering the overflow fraction containing the
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undigested gasifiable matter to be subjected to fi'rther separation treatment. The
separated solids or stabilized cake fraction 43 (see Figure 3.2a) containing mostly
undigestible solids leaves the machine through a discharge neck for further
disposal in any suitable manner such as indicated by the conveyor 44.

The rotor structure 52 comprises a bowl 55 provided with an end closure plate
56 at the narrow end and an end closure plate 57 at the opposite or wide end
thereof. The separated solids or cake fraction representing the digested sludge
discharges centrifugally from the bowl through openings 58 provided adjacent

to the narrow end of the bowl.

The opposite end closure plate 57 has overflow openings 59 associated with
adjustable weir plates 60 determining the overflow level of the annular or pool
body O of liquid centrifugal separation in the bowl. Arrows D at the wide end
indicate delivery over these wier plates of the liquid fraction or suspension
carrying the undigested matter to be further subjected to concentration in the
thickener. A part or all of this liquid fraction may be returned directly to the
digester through bypass line 46a and control valve 46b.

Within the rotor bowl of this machine there is rotatably mounted a conveyor
element 61 conforming to the inner contour of the bow! and adapted to be
rotated at a differential speed relative to the rotation of the bowl, so that the
spirally shaped flights 62 thereof will move the centrifugally separated solids
comprising most of the digested organics, out of the liquid body or pool O to
emergence onto the narrow end portion, the so-called beach portion H of the
bowl, finally causing the material to discharge centrifugally through the openings
58 for disposal in the form of relatively dry cake material.

The sludge from the digester enters this machine through an axially arranged
stationary feed tube 63 introducing feed sludge, for example, into receiving

chambers 64 and 65 formed in the hollow hub portion 66 of the flight con-
veyor element, and then through openings 67 and 68 into the annular liquid
body O undergoing centrifugal separation in the bowl.

As applied in the digester operating cycle of.this process, the operation of the
solid bow! centrifugal machine receiving the incompletely digested sludge from
the digester, may be controlled so as to remove varying amounts of the digestible
solids fraction from the incompletely digested sludge. This can be done by ad-
justing the rate of sludge feed into the machine, as by adjusting the pumping
rate from the digester., As the feed rate is increased the percentage of heavy
undigestible matter increases in the discharging cake, while displacing the'more
digestible volatile matter into the overflow for return into the digester.

Such selective displacement is effected since the undigestible volatile matter, for
example, cellulose fibers, has a high specific gravity facilitating centrifugal separa-
tion, whereas the digestible fats and greases being attached to or occluded in
other substances have resulting specific gravities slightly heavier than water.

Therefore, substantially all of these fats and greases may be caused to appear

in the overflow of this solid bowl machine, the overflow then to be subjected
to the above described dewatering operation through the sludge bed in a settling
tank.
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It is these greases that have the most objectionable characteristics in the digested
sludge, and their potential loss account for a large loss of digester gas of high
quality, since one pound of grease in digestion will produce 23 cubic feet of gas
at 72% CH,. Moreover, this material normally retards the digestion process as a
whole because its destruction or gasification proceeds so much slower than that
of the other main components, the carbohydrates and the proteins, yet will pro-
duce the bulk of the gas developing after the initial 6 to 10 days of digester
detention time. But in the digester operating cycle of this process, when properly
balanced, the required length of grease digestion time can be selectively increased.

The process provides for controlling the amount of suspended fines that tend to
recycle with the centrifuge overflow into the thickener and into the digester. If
uncontrolled the amount of fines may build up in the digester circyit so that
eventually they would affect the overall treatment plant efficiency when escap-
ing through the thickener overflow and reaching the clarifier overflow. Such
buildup of fines in the circuit also would impair the digestion efficiency.

Even though the solid bowl centrifugal machine has available such control variables
as regulating the pool volume in the bow! by the location of the overflow, the
bowl speed, and the configuration of the bowl, there are types of feed sludges
where none of the foregoing variables will provide sufficient control of the
quantity of recycling fines.

In such cases, even the most significant and most effective factor available for
controlling the solids fractionation between cake material and overflow, that is
varying or lowering the rate of feed sludge entering the centrifuge, may be in-
adequate or uneconomical in view of the design capacity of the machine.

In such cases of potential fines buildup the process provides for the addition of
coagulating chemicals, for example alum or organic polyelectrolytes to the feed
sludge entering the centrifuge, as indicated by the supply line 70 including control
means 71. The resulting coagulation of the digested fines into larger and heavier
floc-structures will cause them to be incorporated centrifugally into the cake
material even with sludge feed rates corresponding to design capacity.

In this way the recovery of such solids or fines in the cake material may be in-
creased to any extent desired. The chemical dosing may be applied intermittently
or continuously, depending upon the characteristics of the treatment plant. Inter-
mittent application of the dosing chemical means that dosing is applied only
when the amount of solids in the centrifuge overflow exceeds an acceptable
amount which in turn is dependent upon the design and operating characteristics
of the respective treatment system as a whole. The process further provides for
delivering at least a portion of the centrifuge overflow directly to the digester at
a controllable rate, bypassing the thickener.

This controllable bypass arrangement makes it possible to operate the centrifuge
intermittently, for example only 1, 2 or 3 days per week, even though the digester
may operate on a 6 day or 7 day schedule. Hence, the volume of digester sludge
to be handled by the centrifuge during its operating period may greatly exceed
the volume of raw sludge normally pumped to the digester. However, that dif-
ferential is compensated for through the bypass arrangement 462 and 46b by
causing the excess of overflow volume from the centrifuge to be returned directly
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to the digester, thereby maintaining the sludge level in the digester at its required
elevation. During the interim periods between operations of the centrifuge, over-
flow 72 from the digester may be returned via lines 45 and 48 to the raw sludge
clarification station. The gas resulting from the operation of the digester is in-
dicated at 73.

Furthermore, such a bypass connection between the centrifuge and the digester,
allows for a mode of operation whereby the digester contents may be purged
quickly of an undesirable accumulation of relatively coarser undigested or un-
digestible material such as crude cellulose or the like occurring in substantial
quantity in the raw sludge fed to the digester.

This purging of the digester contents is accomplished by operating the centrifuge
alternatively for long periods in circuit with the thickener and with the digester,

and for short periods in circuit only with the digester. During the long operat-

ing periods when nondigestible cellulosic matter or the like may accumulate in

the digester contents, the centrifuge is operated in the normal manner, that is

with a feed rate as close as practical to its design capacity, whereby a major
portion of the feed solids substantially free of digestible matter is recovered in

the dischar§ing cake material, while the remainder comprising largely the undigested
matter in the overflow is recycled into the sludge bed of the thickener.

The aforementioned coagulating treatment with a chemical may or may not be
required during these periods of normal operation. However, during the inter-
vening short periods the centrifuge is operated at a feed rate which greatly ex-
ceeds the rate necessary for removing the organic solids. Accordingly, with
quantities of the fines digested or inert matter thus being displaced into the
overflow of the centrifuge, the solids recovery in the cake material will be only
about 20 to 50% of normal, with the cake material containing mainly the solids
of relatively high specific gravity, namely those of high ash content and of cel-
lulosic character.

Such periodical removal or purging in the digestion process, is effected without

impairing the required degree of alkalinity in the digester contents. During the
relatively short purging periods, the supply of raw sludge from the thickener to
the digester may be continued, or it may be discontinued while allowing thick-

ened sludge to be stored in the thickener,

Furthermore, by thus temporarily recycling the additional fines from the centri-
fuge directly into the digester, the thickener and/or the clarification station are
protected against loads that might be detrimental to their efficiency. Figures
3.2b to 3.2d illustrate a practical manner of introducing the centrifuge overflow
suspension into the sludge bed of a sedimentation tank or thickener for effecting
the entrapment and retention of the solids, by way of induction conduit means
incorporated in the rotary rake structure.

In Figure 3.2b, such induction means are embodied in a type of settling tank
which may be the thickener 27 (see Figure 3.2a) where a rotary rake structure
71 has a vertical hollow shaft 72 and rake arms 73 connected therewith. The
top end portion 74 of the shaft is mounted for rotation upon a horizontal beam
construction 75 extending transversely of a tank 76 which has a feedwell 77 sup-
plied by a feed conduit 78 (corresponding to conduit 14 in Figure 3.2a). The
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vertical shaft is connected to a conventional drive head 79 whereby it is supported
from the beam construction. The hollow shaft has an upper exposed end 80 into
which a supply or transfer pipe 81 delivers the overflow suspension from the
centrifuge for discharge at points 82 and 83, for example, sufficiently deep in

the sludge bed 84 for which there is a discharge 85 provided in the low point of
the conical tank bottom 86. In this way the solids of the suspension get entrapped
in the sludge while liquid therefrom finds its way upwardly to the overflow 87.

According to Figure 3.2c, a rotary rake structure 71a which may be similar to
the one in Figure 3.2a, is provided with induction means for the centrifuge over-
flow suspension, comprising a special feedbox 88 surrounding the shaft 72a and
located below the transverse beam construction 75a. A transfer pipe 81a delivers
the suspension from the centrifuge into this feedbox for discharge through down
pipes 89 terminating at a suitable depth within the sludge bed 84a. A stationary
feedwell cylinder 90 or the like surrounds the rotating feedwell 88, and is sup-
plied by a feed conduit 91 (corresponding to feed conduit 14 in Figure 3.2a).

According to Figure 3.2d, the induction means are embodied in a type of set-
tling tank which may be the clarifier 10 (see Figure 3.2a), where a rotary rake
structure 92 has a central cage construction 93 surrounding a pier 94 and mounted
for rotation of the rake structure on the pier. A conventional drive mechanism is
also mounted on the pier, indicated at 95 for rotating the rake structure on the
pier.

The regular feed supply to this settling tank is shown to be by way of a supply
duct underneath the tank bottom and up through the hollow pier for discharge
through passages 96 for delivery into a feed well 97 surrounding the cage con-
struction and unitary with the rake structure to rotate.

Surrounding this feedwell 97 and in turn unitary therewith is an annular feed
trough 98 to which a transfer pipe 99 (corresponding to line 48 in Figure 3.2a)
supported upon a stationary radial bridge construction 100, delivers the centri-
fuge overflow suspension for discharge through a down pipe or pipes 101 terminat-
ing sufficiently deep within the sludge bed 102. In this way, the solids of the
suspension become entrapped in the sludge while liquid separates finding its way
upwardly to the overflow 103.

In summary, it will be seen that the digester operating circuit as a net result
delivers a well digested sludge, even tiiough only incompletely digested sludge
is discharged from the highly loaded digester itself, and that these results are
attainable by selectively increasing the solids detention time relative to the
liquor detention time in the digester.

More in particular, this is accomplished by having the digester operating in cir-
cuit with the solid bowl centrifuge and with the thickener or settling tank, whereby
- the centrifuge discriminates between the digested sludge solids contained in a
disposable cake material and the undigested matter contained in the overflow
suspension returning to the thickener, and whereby the sludge bed in the thick-
ener traps and retains the solids from the centrifuge overflow suspension for
return into the digester together with the thickened sludge for conversion into

gas.
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Among the advantages resulting from the foregoing improvements are increased
utilization of the available digester tank volume relative to the conventional,
lower heat requirements for the digester contents, lower construction costs, re-
duction of labor and space requirements along with the ehmmatlon of sludge
filters and/or sludge drying beds for digester sludge.

In related work O.E. Alberston,; U.S. Patent 3,226,317, December 28, 1965,
assigned to Dorr-Oliver Incorporated describes a digestion system, the operation
of which is so controlled that the effective detention time in the digester of the
gasifiable organic substance is greatly increased relative to the detention of the
liquor, that is, the solids detention time is rendered independent of the liquid
detention time.

More particularly, the slow digesting raw sludge components, such as the grease

and fats, are thus selectively given a longer detention time needed for their

eventual digestion and conversion into gas. The net result is that a significantly

higher organics loading rate with greater bacterial feed concentration and greater

bacterial density is maintainable in the digesting mass along with an adequate

alkalinity concentration in the liquor necessary for digestion. At the same time
“there is a maximum recovery of gas in a minimum of digestion space.

C.L. Amero,; U.S. Patent 3,468,794, September 23, 1969, assigned to Bird
Machine Company describes a process for improving sludge digestion in anaerobic
digesters. Sludge is withdrawn from a digester, centrifuged to remove a fraction
of the mother liquor low in solids and acidic, the remainder being returned for
further digestion usually to the same digester. By replacing the removed liquor
with less acid liquor and by suitably regulating the process undesired acid build-
up in the digester is minimized.

By selectively utilizing as the source of replacement water raw sludge or water
essentially free of solids, the solids consistency in the digester is increased or
maintained as desired. By a like centrifuging operation the scum layer which
forms at the top of the digester contents is broken down and returned as a
manageable slurry.

Centrifugal Separation Combined with Lagooning

J.M. Valdespino, U.S. Patent 3,625,883, December 7, 1971 describes a method
for the advanced treatment of liquid waste. The liquid waste is first fed to a
comminutor for chopping and mixing the solid waste with the liquid to give a
more homogeneous liquid waste which is then fed to a surging tank for provid-
ing an intermittent flow into a centrifuging step for centrifuging the waste
through a filter medium such as sand, or diatomaceous earth for separating the
solids from the liquid effluent.

Burning of the separated solids may take place within or without the centrifug-
ing filter and the separated effluent fed to an oxidation lagoon for aerobic bio-
logical degradation of solids in the waste which reduces the biological oxygen
demand of the effluent, The generation of algae through photosynthesis or
plant growth may also be provided in the lagoon to remove phosphates, nitrates
and other nutrients.  Effluent containing algae, microbiological agents, and the
like, from the lagoon is fed to a second centrifuge filter for filtering the effluent
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through a filter medium to separate the remaining solids from the effluent, and
the remaining solids are burned and the separated effluent discharged. The ef-
fluent may then be sterilized, such as by chlorination, and the ash in each cen-
trifuge removed.

Grease Handling and Disposal

In a process described by O.£. Albertson,; U.S. Patent 3,252,896, May 24, 1966,
assigned to Dorr-Oliver Incotporated the problem of grease handling and disposal
is met in an extremely simple and effective manner by introducing the previously
separated and collected scum or the grease fraction directly into the sludge strata
in a respective settling tank.

This operation is conducted in such a manner that the scum or grease fraction
becomes dispersingly incorporated or entrapped in a relatively large volume of
the sludge containing the settled combustible organic matter. Thereby, the
slugging effects and upsets are dissipated and eliminated, allowing the actual
destruction of the organic sewage matter including 'the grease and fats to pro-
ceed under desirable and uniform conditions, with the sludge volume acting as
a buffer or an equalizer or a cushion.

Taking sewage treatment, for example, this process may be practiced by the
operation of a single sedimentation unit, as exemplified in Figure 3.3, or by
the operation of one or more clarifier tanks delivering their underflow sludge
to a sedimenting thickener.

FIGURE 3.3: SOLID BOWL CENTRIFUGAL PROCESS—GREASE
HANDLING AND DISPOSAL

Source: U.S. Patent 3,252,896

The process is concerned with special arrangements whereby previously separated
floating scum material or the grease fraction is introduced into the sludge bed
in a respective sedimentation tank in such a manner that the grease becomes
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dissipated and entrapped in a relatively large volume of sewage sludge. Such dis-
semination of the high caloric grease into a large volume of sludge of relatively
low caloric value, provides a cushion or buffer against the load shocks or the like
in the subsequent disposal operation whereby both the organic matter and the
grease are subjected jointly to destruction.

In the single tank example of Figure 3.3, there is shown a continuous sedimenta-
tion tank 10 having a feedwell 11 supplied with waste liquid or sewage 11a, an
overflow launder 12, a scum baffle 13 concentric with and spaced inwardly from
the launder, and a scum skimming device 14 rotating together with a rotary sludge
raking structure 15. A scum trap 16 located adjacent to the scum baffle receives
the floating scum moved by the skimmer, for delivery into a scum pit 16a pro-
vided marginally of the tank. An example of a scum skimming device and trap

is found in U.S. Patent 2,611,489.

The settling tank has a conically shaped bottom where the sewage sludge may
undergo a degree of thickening as indicated by sludge bed B-1, while being
kneaded by the blades of the raking structure, and there is a centrally disposed
bottom outlet means 17 for sludge discharge. The separated overflowing sewage
liguor discharging at 18 may be sent to waste or it may be subjected to any of
the forms of conventional secondary aerobic biologic treatment and part or all
of the resulting secondary sludge may be supplied to the tank 10 as indicated
at 19.

A main pump 20 has a first intake connection 21 with the sludge outlet means
17, and a second intake connection 22 with the bottom of scum pit 16a. Con-
trol valve means are provided at the intake side of the pump as exemplified by
control valves 23 and 24 in the respective intake connections of the pump. These
valves may be manipulated in such a manner that the pump will normally draw
underflow sludge along from the tank until such time that the scum pit will be
full or will have accumulated a substantial inventory stratified into a volume of
water and sludge subjacent to a top layer of zone of grease.

At that time the valves may be set so that the pump will temporarily draw water
alone from the pit, or so that underflow sludge and the subjacent volume of scum
material are drawn simultaneously. After the nongrease fraction has thus been
drawn down in the pit, the initial valve positions may be restored so the pump
will again draw underflow sludge alone.

But then, the remaining grease fraction is pumped separately from the scum
collecting pit into the body of sludge bed in the tank. For that purpose there
is provided an auxiliary pump 25 of relatively small capacity as compared with
pump 20. This auxiliary pump has an intake connection 26 with the bottom of
the pit, provided with control valve 27.

A discharge connection 28 provided with control valve 29 leads from the auxiliary
pump to the tank bottom for delivery of the grease fraction in a region spaced
from the sludge outlet means of the tank. With valve 24 closed, and valves 27
and 29 open, the pump 25 will introduce the grease fraction from the pit relatively
slowly into the body of sludge, causing the grease to be dispersed, even as main
pump 20 may continue drawing sludge through valve 23. Then, after the auxiliary
pump is stopped and valves 27 and 29 are closed, the pit will again start refilling
with scum supplied thereto by the skimming device.
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The auxiliary pump 25 is shown to have an altemative discharge connection 30
provided with a control valve 31, leading directly to the sludge outlet means of
the tank. Such a connection may be operated by the manipulation of the respec-
tive valves. The main pump 20 in this example delivers the underflow sludge
interspersed with the grease, through a control valve 32 to a dewatering station
33 schematically indicated by a centrifugal machine of the solid bowl! type,
although for instance a continuous vacuum filter unit or rotary drum filter may
also be emplgyed in lieu of the centrifuge.

These machines are capable of dewatering the underflow sludge to a solids con-
centration of from about 25 to 35% which is the consistency of a moist cake
material. In the. instance of the centrifuge, the conically shaped centrifuge rotor
bowl delivers from its wide end the separated sewage liquor here shown to return
through a control valve 33a to the feed inlet of the tank.

The moist cake material is delivered from the narrow end of the rotor impelled

by a conically shaped conveyor screw rotating at a differential speed within and
relative to the solid rotor bowl, which cake material is then sent to a combustion
station 34. A combustion system for moist cake material is exemplified in U.S.
Patent 2,171,335 where the cake material is subjected to a drying operation before
being subjected to incineration proper.

An alternative connection 35 shown in dotted line indicates that the destructive
disposal of the sludge with the grease dispersed, may also be effected by way of
anaerobic digestion in a digester tank. A further discharge connection 36 with
control valve 37 from pump 20 bypassing the centrifuge, allows the pump delivery
to be shunted directly into the settling tank while pump 20 is drawing down the
nongrease or water fraction from the pit.

This can be arranged by closing valves 32 and 33a, and opening valve 37. The
process may also be advantageously employed in a sewage treatment operation
where dilute underflow sludge from a primary clarifier tank is pumped to a much
smaller but highly loaded sedimentation thickener to effect further substantial
solids concentration by applying thickening controls such as described in U.S.
Patent 2,850,449.

Batch Dewatering with Continuous Feed to Incinerator

P.J. Cardinal, Jr.; U.S. Patent 3,623,438, November 30, 1971, assigned to BSP
Corporation describes a process for dewatering sewage sludge obtained from a
raw sewage tertiary treating procedure. The apparatus includes a batch type
dewatering device for sewage sludge, a collector for accumulating successive
batches of sludge discharged from the dewatering device, and means for feeding
a continuous stream of dewatered sludge from the collector into an incinerator,
such as a multiple hearth furnace.

Figure 3.4 is a schematic view of the apparatus combination utilized in effecting
dewatering and incinerating of sewage sludge by the process. As shown, a quantity
of sewage sludge, obtained from a tertiary or like raw sewage treating procedure,

is introduced through conduit 1 into a dewatering device 2. Preferably, the de
watering device is a centrifuge unit designed to operate upon successive batches

of sewage sludge, each of predetermined quantity, introduced thereinto in
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sequence from the sludge supply. The successive batches of sludge are fed into,
processed in, and discharged from the dewaterer 2 in a series of successive steps
dependent upon the capabilities and incinerating requirements of the sludge de-
watering and incinerating system.

FIGURE 3.4: DEWATERING OF SEWAGE SLUDGE
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-
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Source: U.S. Patent 3,623,438

The liquid centrate separated from the sludge solids in the dewaterer is discharged
through conduit 3, for reintroduction into the tertiary treating system or for
disposal as may be desired. The dewatered siudge solids are discharged as a cake
through conduit 4 for subsequent handling. Upon discharge of each batch of
dewatered sludge solids from the dewaterer, a subsequent batch of sludge is
introduced into the dewaterer for treatment.

Each batch of sludge dewatered in centrifuge 2 is introduced into a bin or like
collector 6 from which the dewatered sludge may be selectively withdrawn and
transferred for subsequent incineration. In that connection, the collector is
utilized in conjunction with means for continuously withdrawing sludge cake
from the collector and introducing the same as a continuous stream into the
incinerator.

The continuous feed means utilized includes a mechanism for withdrawing
dewatered sludge from the collector 6 and for thereafter transferring the with-
drawn sludge into the incinerator. To that end, a screw conveyor 7 is positioned
to extend along the bottom of the collector for withdrawing a continuous stream
of sludge therefrom in selective quantities as desired. Alternatively, ather mech-
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anisms for withdrawing sludge from the collector may be utilized, such as a
reciprocating piston feeding device.

Sludge withdrawn from the collector by the illustrated screw conveyor is trans-
ferred by a continuous belt conveyor 8 and is discharged from the belt conveyor
into the incinerator 9 in which the sludge is burned. After sludge is burned in
the furnace, the exhaust gases produced during such burning are carried from the
incinerator through conduit 11 for subsequent treatment, disposal or selective
reuse, in known fashion. The incinerated ash produced in the furnace is dis-
charged through conduit 12 for disposal or selective treatment and reuse.

The simplified dewatering and incinerating procedure described, depending upon
the capacity of the furnace 9 utilized, may be employed in conjunction with
second and third or more dewatering devices of the batch type described. Each
such dewaterer may be positioned to discharge its dewatered product directly
into a single collector 6, or additional collectors may be utilized in conjunction
with the additional dewatering devices employed.

If the incinerating system utilizes a furnace of large size, it may oe desirable

to utilize two or more dewatering devices in sequence as noted to insure that

a continuous stream of dewatered sludge is available for feeding into the incinera-
tion furnace in a continuous burning operation.

The batch type centrifuge utilized has been found td produce a drier sludge cake
than a continuous centrifuge, thus permitting a smaller and less expensive incin-
erator furnace 9 to be utilized which operates with less fuel consumption or no
fuel consumption at all depending upon the nature and moisture content of the
dewatered sludge.

Previously, continuous centrifuge and continuous vacuum filter operations carried
out on sewage sludge resulted in a sludge cake containing about 16 to 22% solids.
With the improved apparatus and process, utilizing a batch type dewatering pro-
cedure, a sludge cake containing about 22 to 35% solids is producible, with the
exact solid percentage obtained depending upon the nature and origin of the
sewage sludge introduced into the dewatering device.

It should be noted that sludges from the primary treating step and the secondary
treating step of a tertiary raw sewage treating procedure will vary substantially
in their moisture content, thereby resulting in dewatered sludge cakes of varying
moisture contents.

By way of specific comparative example, previously sludge dewatered in a con-
tinuous operation contained typically 17% solids. At a continuous centrifuge

rate producing 1,000 pounds of dewatered sludge per hour, the furnace infeed
rate required is 5,800 pounds per hour. However, using a batch type centrifuge,

a drier dewatered product containing 25% solids may be readily produced, thereby
requiring only 4,000 pounds per hour furnace infeed rate from the same dewater-
ing rate of 1,000 pounds per hour.

As a result, for the same dewatered sludge centrifuge outflow rate, an incinerator
30% smaller than that required for treating sludge from continuous vacuum
and/or centrifuge filtration may be utilized. The drier dewatered product pro-
duced results in a substantial savings in fuel costs in the furnace due to the lower



Sludge Dewatering Processes 205

moisture content in the sludge. Such fuel costs may even be eliminated entirely
in certain cases due to the self-burning characteristics of the drier sludge pro-
duced in the batch process described.

Lime and Carbon Dioxide Treatment of Centrifuged Sludge

H. Sontheimer; U.S. Patent 3,345,288, October 3, 1967 describes a process for
improving the dewaterability of organic sludges from wastewater treatment. In
the process raw sludge to be dewatered is first thickened by simple sedimenta-
tion or flotation. The water removed is returned to a clarification basin. Thick-
ened raw sludge is fed to a decanting centrifuge. The centrifuge usually removes
50 to 80% of the solids content of the raw sludge with a cake moisture of 40

to 60%. The centrate contains 20 to 50% of the solids content of the raw sludge
and has a solids content of about 15 to 45 grams per liter.

The centrate containing 20 to 50% of the original solids contained in the raw
sludge is mixed with a guantity of either dry or aqueous Ca(OH), slurry of at
least 20% concentration. After good mixing the lime-containing centrate is
treated in a reactor with carbon dioxide-containing gas and mechanically agitated
until the pH value is below 10, in the range of 9.0 to 8.0.

The mixture is then thickened by sedimentation, flotation, or by other known
methods. The resulting sludge has a solids content of about twice that of the
centrate. This sludge is then mixed with incoming raw sludge to be dewatered
and centrifuged to remove the suspended solids. Thickening of centrate treated
with lime and carbon dioxide and thickening of the raw sludge to be dewatered
may be carried out together.

The dewaterability of industrial sludge is particularly improved when both the
raw sludge and centrate are treated with lime and CO,. The thickener in such

an arrangement must be sized correspondingly. Raw sludges consisting of primary
sludge or mixed sludges containing a relatively high proportion of primary sludges
are difficult to centrifuge with efficiency; therefore, a large recycle or a relatively
great lime addition is necessary in order to obtain good solids recovery in the
centrifuge. Raw sludges when treated in this manner with hot off-gases for
neutralization are heated from 60° to 80°C, whereby some sterilization of the

raw sludge is achieved. The dewatered sludge may be composted with no health
objections and digestion in the thickening process will be prevented.

It was found that the gas necessary to neutralize the lime treated centrate could
be any gas containing carbon dioxide, for instance, combustion off-gases, It was
also found that the carbon dioxide necessary to neutralize the lime treated cen-
trate could in some systems be produced within the system itself. It is known
that carbon dioxide is produced in the aerobic or anaerabic digestion of sludge.

This carbon dioxide, present in statu nascendi, can be used as a neutralizer. |f
the process is carried out in conjunction with an aerobic sludge treatment, lime
can be added to the centrate and after a sufficient holding time, which depends
on the characteristics of the sludge, introduced into the digester. The carbon
dioxide-containing digester gas not yet combined in statu nascendi with the lime-
containing centrate can be further utilized by recirculating the digester gas to
the digester so that the contact time is increased. Most standard sludge digesters
are equipped for such an operation.
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EVAPORATIVE
Rotating Contactor Drum Containing Preheated Aggregate

According to a process described by H.H. Neukamm, U.S. Patent 3,909,410;
September 30, 1975 sludge in the form of a slurry is continuously distributed
onto preheated aggregate pieces which are continuously fed into a lower region
of a rotating contactor drum. A portion of the slurry substantially instanta-
neously adheres to the heated aggregate and the nonadhering slurry passes through
perforations in the drum for recycle.

The aggregate with adhering sludge is carried upwardly by means of baffles in
the drum and is dumped into a collector trough in an upper region of the drum.
This coated aggregate is subjected to further heating as it travels down an in-
clined path to dry the coating into a hard encrustation and enters a tumbler
drum which breaks the sludge coating away from the aggregate and pulverizes
the sludge into a dust or powder. This dust is collected as product and the
decoated aggregate is recycled.

The general layout of the system can best be seen from Figure 3.5 with sludge
slurry § being received from a sewage treatment plant through pipeline 11 for
collection in a holding tank 10. In the bottom of tank 10 is an agitator 12 and
the slurry is pumped from holding tank 10 via pump 13 through line 14 into a
rotating tumbler drum 15.

This tumbler drum is the main feature of the process and has a cylindrical por-
tion 16 with the ends being partially closed by means of the truncated conical
end walls 18 and 19 leaving axial end openings 20 and 21 respectively. A por-
tion of the cylindrical wall 16 contains perforations 17 and this perforated
region is surrounded by a truncated conical skirt 22 leaving an annular space
between the skirt and the cylindrical wall 16.

A pair of steel rings 23 and 24 are mounted on the drum and these rest upon
support wheels 25 and 26 respectively to support the tumbler drum for free
rotation. An electric motor is utilized for rotating the drum at a slow speed.

The sludge slurry arriving in line 14 is distributed downwardly in the drum
through a distributing head 27. This slurry in a lower region of the drum comes
into contact with previously heated aggregate pieces A which enter the drum
through chute 28. These aggregate pieces are at a temperature of about 212°

to 325°F. The slurry in coming into contact with this hot aggregate immediately
adheres to the aggregate forming a coating C thereon.

The drum contains a series of longitudinal baffles 30, which may be angularly
mounted with respect to the longitudinal axis of the drum, and these baffles
divide the periphery of the interior of the drum into a series of compartments,
which carry the aggregate upwardly as the drum rotates. This means that im-
mediately after being contacted by the downwardly falling sludge slurry, the
hot aggregate is carried away from contact with the slurry and up into an up-
ward region. The slurry which does not adhere to the aggregate during its con-
tact time passes through the perforations 17 and into the surrounding skirt 22
for collection.
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C. O/

FIGURE 3.5: (continued)

e. 0/

(b) Perspective view showing details of the
contactor drum.

(c) View of an aggregate piece before being
subjected to the slurry.

(d) Cross-sectional view of the aggregate piece
encrusted with slurry.

(e) View showing the aggregate pieces after
the encrustation has been removed.

Source: U.S. Patent 3,909,410

In the upper region within the drum cavity is mounted a collecting trough 29

so that the coated aggregate pieces in each peripheral compartment as they reach
a certain point during the rotation of the drum are dumped from the compart-
ment into the trough 29. From there they travel down an inclined chute 51.

The preheated aggregate particles which enter the drum 16 through chute 28 are
heated in an inclined rotating drum 31. Angled ribs 32 are mounted within the
drum to cause a tumbling action of tigg contents as the drum rotates. The drum
is mounted on rollers 33 for free rotation and is rotated by means of an electric
motor.

The drum is heated by means of a burner 34 mounted at the lower end thereof
and a fan 35 is provided at the upper end and for drawing the air heated by
burner 34 through the drum in counter-current flow to aggregate particles enter-
ing the drum through inlet hopper 37. The aggregate particles arrive in hopper
37 from a large hopper 39 through chute 38.

The excesé slurry which is collected at the bottom of drum 15 by means of skirt
22 flows into a collecting hopper 40 having a vibrator 41 at the bottom thereof
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and this slurry is recycled through line 42 and pump 43 back into collection tank
10 for mixing with fresh sludge from the treatment plant. Some small pieces

of broken aggregate pass through the perforations 17 and can be screened out of
the sludge being recycled, The coated aggregate collected in trough 29 as it
moves down chute 51 passes through a heater 44 which dries the coating on

the pieces. The coating is simultaneously dried from the interior by the heat
previously applied to the pieces in heating drum 31. To aid movement of the
coated pieces down the chute a vibrator 45 is connected to the chute.

The dry coated particles from chute 51 enter a second inclined heating drum 31
similar in design to heating drum 37. It also has a burner 34’ in the lower end
and a fan 35’ in the upper end for drawing hot air through the drum in counter-
current flow to the coated pieces. This hot air is passed through conduit 36
into the lower end of drum 31 to assist in heating drum 31", It completely
dries the coating on the pieces. Rotation of the drum with the continual tum-
bling action caused by the ribs 32’ breaks the coating (a hard encrustation) away
from the particles in the form of a dust or powder.

This dust is entrained in the emerging hot air stream whereby it is separated from

the aggregate and carried from the upper end of drum 31’ through conduit 46

into collector tank 47. The dlist or powder can be withdrawn from the hopper
47 through outlets 48 for further use. The complete drying and pulverizing in

drum 317 also aids in disintegrating any particulate material in the sludae, e.g.,

seeds, etc.

The decoated aggregate pieces A’ collected in a hopper 49 in the lower end of
drum 31 are transferred by means of a conveyor 50 back into hopper 39 for
collecting aggregate pieces to start the cycle once again. The entire sysiem is
operated with all of the chutes, etc., being closed from the atmosphere to con
serve heat. Thus, even the decoated aggregate pieces being collected in hopper
49 still retain a considerable amount of heat and all of this partially heated
decoated aggregate is reused in the system.

Only sufficient fresh aggregate is added into hopper 39 to make up any losses
from pulverization. Also, no unnecessary heat losses take place in drum 16 since
the only heat applied to that drum is within the aggregate pieces themselves and
entirely transferred to the sludge forming the coating, The sludge which does
not form any coating is quickly out of the influence of these heated pieces so
that the recycled sludge picks up very little heat from. the heated pieces. In
other words, all of the stored heat in the aggregate pieces is used to form the
sludge coating thereon without any wasted in needless heating of large amounts
of sludge.

A material must be selected as aggregate which will withstand the tumbling action
without disintegration. The aggregate pieces typically have a major dimension of

% to 1 inch and may be granite gravel, raw agricultural limestone, steel baiis ar
fragments, open-hearth furnace slag or combinations thereof. Since the sludge pow-
der is for use as an agricultural fertilizer, the aggregate material can advantageous!y
be selected to compensate for soil deficiencies. For instance, if the particular soil
being treated has a lime deficiency, limestone aggregate is advantageously used;

if phosphates are deficient, then certain forms of slug aggregates are preferred.
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Fluid Bed Heating and Off-Gas Incineration

According to a process described by F.R. Keller; U.S. Patent 3,805,715, April 23,
1974 assigned to the U.S. Atomic Energy Commission sludge is dried at ex-
tremely high thermal efficiencies and the odor bodies emanating from the sludge
during drying are eliminated by incineration. Both the drying of the sludge and
the incineration of the odor bodies are carried out in fluidized beds.

Referring to Figure 3.6, there is shown a fluidized bed dryer indicated generally
at 10 and a fluidized bed incinerator indicated generally at 11. A blower 12
takes in air and forces an air stream through line 13 to the fluidized bed dryer
10 where the air stream from line 13 serves as the fluidizing air for the fluidized
bed dryer 10. A section of line 13 lies in the upper portion of the fluidized bed
incinerator 11 above the bed media level so that this section of line 13 lies in
the stream of hot exit gases 16 from the incinerator 11.

The fluidizing air stream for the dryer 10 passing from the blower 12 to the
dryer 10 through line 13 is preheated in this section of line 13 by the stream of
hot exit gases 16 from the incinerator 11. Sewage sludge to be concentrated and
dried in the dryer 10 is fed by pump 14 through line 15 to the fluidized bed
dryer 10. Similar to line 13, a section of line 15 lies in the upper portion of the
fluidized bed incinerator 11 above the bed media level of the incinerator. The
sewage sludge feed being fed to the dryer 10 by the pump 14 is preheated by the
hot exit gases 16 of the incinerator 11 as the sludge passes through this section of
line 15.

FIGURE 3.6: FLUID BED/INCINERATION PROCESS FOR REMOVAL
OF ODOR BODIES
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As the sludge is dried in the fluidized bed dryer, various volatiles and gases in-
cluding noxious and obnoxious odor bodies emanate from the sludge. The stream
of off-gases from the dryer including these odor bodies passes through line 17 to
the incinerator 11, this stream of air and gases acting as the fluidizing air stream
for the fluidized bed of the incinerator. The fluidizing stream of off-gases from
the dryer can be supplemented as is necessary with an air stream from an auxil-
iary blower 18 to insure proper fluidization of the bed media of the fluidized
bed incinerator 11.

The odor bodies are eliminated by incineration in the fluidized bed prior to vent-
ing the exit gases 16 from the incinerator 11 to the atmosphere. While the fuel
values of the off-gases and odor bodies are effectively used for producing heat in
the incinerator 11, an auxiliary fuel source 19 provides such auxiliary conven-
tional fuel as is necessary to produce high temperatures and insure complete com-
bustion of the odor bodies in the incinerator 11. After the odor bodies have
been eliminated by incineration, the hot exit gases 16 from the incinerator pass
over sections of line 13 and line 15 before they are vented to the atmosphere,
thereby preheating the sewage sludge feed and fluidizing air for the dryer as de-
scribed previously.

Concentrated and dried sludge can be removed from the fluidized bed dryer 10
by conventional means, means for removing the dried sludge being represented in
the drawing by a tap 20. The concentrated and dried sludge can then be disposed
of in a more acceptable manner and with less harm to the environment or put to
some beneficial use.

Heat to promote the drying of the sludge is derived from steam passing through
a heat exchanger 21 submerged in the bed of the fluidized bed dryer. The steam
is generated in a heat exchanger 22 submerged in the bed of the fluidized bed
incinerator, the condensate and exhaust from the heat exchanger in the dryer
being recycled through line 23 to the second heat exchanger 22 in the incinerator
for regeneration of steam. Both generation of steam in a heat exchanger sub-
merged in a fluidized bed and the liberation of heat from a heat exchanger sub-
merged in a fluidized bed are known and practiced in the art.

In the preferred case, high-pressure steam is generated in the incinerator heat ex-
changer 22, and after passing through line 24 to an extraction turbine 25, the
high-pressure steam is employed to drive the turbine. The low-pressure exhaust
steam from the turbine 25 passes through line 26 to the heat exchanger 21 in
the dryer where the low-pressure exhaust steam provides the heat for drying the
sludge. The output of the turbine 25 can be used to drive the blower 12 and
the auxiliary blower 18 for the fluidizing air for the two fluidized beds, turbine
25 being appropriately connected to the blowers 12 and 18 as represented in the
drawing by dotted lines 28 and 27 respectively.

Heat Treatment

According to a process described by G.H. Teletzke, P.V. Knopp and A.H. Erick-
son; U.S. Patent 3,697,417, October 10, 1972; assigned to Sterling Drug Inc.
sewage sludge is briefly heated in a continuous process to a temperature between
190" and about 230°C for a period of time, up to about 240 seconds, which is
inversely proportional to the temperature to which the sludge is heated and which
is just sufficient to substantially improve the dewatering characteristics of the
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sludge. The sludge is immediately cooled thereby reducing color and BOD (bio-
logical oxygen demand) formation in the supernatant liquid.

Heat Transfer Process Utilizing a Carrier Substance

R. Rummel: U5 Patent 3,619,422 November 9, 1971, assigned to Von Roll AG,
Switzerland describes a process for the transfer of heat and/or matter between
two or more gaseous or liquid agents, the process utilizing a carrier substance
continuously circulated in closed cycle successively through at least two working
spaces where heat and/or matter is respectively taken up and yielded. The car-
rier substance is present in a thin layer and the agents are caused to flow across
the layer of carrier substance at both working spaces.

Referring to Figure 3.7, the simplest form of the process is shown, with an upper
working space 1 and a lower working space 2, both shaped as narrow pits in
vertical arrangement. The sidewalls 3 and 4 of both working spaces are permeable
to the streams of receiving and yielding agents, which flow through the working
spaces 1 and 2, entering and leaving in the direction of the arrows, through the
ducts 5 and 6 and, respectively, 7 and 8. [n both working spaces 1 and 2, the
carrier substance is present as a thin layer from a hopper 9 and through a chan-
nel 10, and moves downwardly through the two warking spaces in succession,

the channel 11 serving as connection.

The channel 12 leads into a cellular rotating block 13, serving for the control

of the rate of recirculation, while a conveyor 14 ensures the recirculation as
indicated by the arrow, the carrier substance being brought back into the hopper
9, thereby completing its closed circuit.

From the a?rovgs in Figure 3.7a, it is apparent that both agents are flowing
through the thin layer of carrier substance, crosswise to the vertical moving direc-
tion of the latter. When using the assembly described above for preheating air,
hot combustion gases are led through the duct 5 into the working space 1, to
heat up the carrier substance by yielding at least part of their sensible heat, and
then to leave through duct 7.

The hot carrier substance then moves through the channel 11 into the lower work-
ing space 2, wherein fresh air is fed through duct 6. By flowing through the hot
carrier substance, this air is preheated and leaves as such through duct 8. The
rate of movement of the carrier substance through the working spaces 1 and 2,
which is that of its recirculation, is governed by the speed of rotation of the cel-
lular lock 13. A possible passage of air from the working space 2 into the work-
ing space 1 is prevented by the length of the connecting channel 11, which is
filled with the carrier 1bstance. Even at high air pressures in the working space
2. only very small amounts of air may surmount the resistance of the column

of carrier substance in the channel 11. The same is also true for the channels
10 and 12.

I Fiqure 3.7a, the channels 10, 11 and 12 are shaped as vertical pits, coaxial
with the working spaces 1 and 2. At higher working pressures, for instance in
i working space 2, the cross section of the channels 10, 11 and 12 may be
rluced by means of internal partitions, equally spaced, thereby opposing a
huaiher resistance to the possible overflow of an agent from one working space
mto another,
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FIGURE 3.7: HEAT TRANSFER PROCESS UTILIZING A CARRIER
SUBSTANCE
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(a)-(g) Heat Transfer Surfaces and Assembly
(h) Refuse Incinerator Plant

(continued)
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FIGURE 3.7: (continued)
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(i)  Sludge Drying Unit with Stationary Dryer Space
(j) Sludge Drying Unit with Rotating Dryer Space

Source: U.S. Patent 3,619,422

In Figure 3.7b, another form is shown, also having two working spaces 1 and 2

in vertical arrangement, the working spaces, however, being divided each into
three sections 21, 22, 23 and respectively, 24, 25, 26. The agent entering through
the duct 27 into the working space 1, as indicated by the arrow, flows across the
section 21 and is then led through the duct 28 across the section 22 and through
the duct 29 across the section 23, to leave eventually through the duct 30. The
other agent follows an analogous path through the three ducts 31, 32 and 33,

to cross in three steps the lower working space 2 and leave eventually through

the duct 34.

The carrier substance is recirculated by means of a conveyor 35, into the work-
ina space 1 through a hopper 36 and a channel 37 and moves successively through
the upper working space 1, then channels 38 and 39, the lower working space

2 and the channel 40 to a discharging device. This device essentially comprises

a horizontal channel 41, wherein a plunger 42 is moved to-and-fro by a hydraulic
drive, thereby propulsing the carrier substance through the channel 43 into the
recirculating conveyor 35. To prevent the overflow of any agent from one work-
ing space into the other, an occluding agent is led through the duct 44 into a
chamber 45, between the channels 38 and 39.

The permeable sidewalls of the working spaces in Figures 3.7a and 3.7b, sym-
bolized by detted lines, may be of various structures and configuratidhs to best
ensure the free passaege of the agents and the free movement of the carrier sub-
stance. Figure 3.7c depicts an enlarged section of a pitlike working space, with
two sidewalls 51 of porous structure, permeable to clean gases, and between the
sidewalls a thin layer 52 of a coarse-grained carrier substance, for instance ceramic
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pebbles or metallic balls, easily sliding downwards and offering little resistance
to the agent's through-flow.

Figure 3.7d depicts a vertical section of a pitlike working space with sidewalls
consisting of metallic trellis, convenient for a coarse carrier substance 54 Ac
cording to the operating temperatures and to possible chemical influences, suit-
able materials are used, for both the trellis 53 and the carrier substance 54. In
Figure 3.7e, a vertical section through a pitlike working space is partially repre-
sented.

Here, the working space is limited by sidewalls consisting of oblique steel plates
55, arranged as in Venetian blinds. For greater rigidity and for cooling, tubes
56 are welded to the plates 55. In the two opposed sidewalls the plates 55 are
displaced with regard to each other, thereby ensuring a homogeneous layer 57
of carrier substance between them. The tubes 56 and the plates 55 may be
incorporated in the heating surface of a steam boiler, for instancs, as a vaporizer
or as a superheater. In this form with the sidewalls as described, both fine and
coarse carrier substances may be used.

Similarly to Figure 3.7e, Figure 3.7f shows an enlarged vertical section of a work-
ing space with sidewalls consisting of ceramic plates 58, supported by tubes 593,
as is the case with roof tiles. Lateral ncses 60 protruding at the lower ends of

the plates 58 ensure equal spacing between consecutive plates. Here again, the
tubes 59 may be used as a heating surface in a steam boiler. The form with
ceramic plates 58 has been found particularly suitable and is recommended for
operation at higher temperatures.

In Figure 3.7g, a form similar to that of Figure 3.7f is described, with the tubes

61 having longitudinal fins 62, fitting into corresponding grooves of the plates

63, for higher rigidity of the assembly. At very high operating temperatures, the
sidewalls may consist entirely of ceramic material, especially when heat transmission
through the supporting tubes is not possible or not desirable. Figure 3.7h is a
schematic representation of a refuse incinerating plant with a steam boiler for the
recovery of heat, where the combustion air is preheated by means of an assembly
according to the process, serving as a heat exchanger, the assembly being in-
corporated in the steam boiler.

Combustion gases effluent from the combustion chamber 131 pass into a first
flue duct 132, the right-hand sidewall of which constitutes the working space
133 of the heat exchanger. The two permeable sidewalls 134, defining the work-
ing space 133, are of the kind represented in Figures 3.7c, 3.7d and 3.7e and
described above. Through the tubes carrying the plates steam would be flowing
for superheating. Above the working space 133, a bunker 135 is provided for
the carrier substance.

A narrow channel connects the first working space 133 to a second one 137,
placed coaxially under the first, with- sidewalls 138 similar to 134, permeable
to the stream of air to be preheated. A fan 139 drives the air through a duct
140 into a chamber 141, from where it flows across the carrier substance in the
working space 137 and then into a chamber 142, to be ducted through 143
below the grates, as underblast for the burning of refuse. The carrier substance
passes from the lower working space through a channel 144 into an intermediate
bunker 145, from where it is recirculated by an elevator 146 into the bunker 135.
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When flowing across the carrier substance in the upper working space 133, the
combustion gases yield a part of their sensible heat to the carrier substance, and
pass into a second flue duct 147, where their residual sensible heat is transmitted
to the heating surfaces 148 of the steam boiler. Eventually, the combustion gases
pass through the dedusting equipment 149 and the fan 150 to be expelled through

the stack 151.

In this example, molten and granulated slag resulting from the incinerating pro-
cess, in sizes of 3 to 6 mm may be used as the carrier substance. At practically
no cost, this material is resistant to high temperatures and to chemical action by
the combustion gases as well as to superheating which may occur during a stand-
still of the circulation, due to some disturbance. A further important advantage
lies in the fact that, in the case of dust-loaded combustion gases, the performance
of the carrier substance is not hindered, and the dust retained in the carrier sub-

stance may easily be separated by sieving.

A further important advantage is that, because of the large cross section for the
flow of the combustion gases in the upper working space, the thickness of the
layer therein may be kept at some 30 to 40 mm, with a drop of pressure head

of only a few millimeters of water column for the stream of combustion gases.
The arrangement described above may also be used when aggressive or poisonous
substances have to be removed from combustion or other gases. In such cases,
carrier substances are used which are able to bind chemically such noxious sub-
stances as nitrous gas or combinations containing chlorine, fluorine or phosphorus.

For the drying of sewage sludge, metallic balls such as steel balls of about 25 mm
in diameter are used as the carrier substance. In this case also, the working space
for the heating up of the steel balls may be incorporated in a steam boiler as
already described with respect to Figure 3.7h.

Figure 3.7i depicts a schematic representation of a drying plant for sewage sludge.
The first working space 133 for the heating up of the steel balls used as the car-
rier substance is located between the flue ducts 132 and 147 of the boiler, and
are defined by the permeable sidewalls 134. The hot carrier substance moves
from the working space 133 and through the cellular lock 161 into the second
working space 162. Here, the carrier substance slowly slides over an inclined
chute 163, while the liquid siudge is being sprayed over it by means of the noz-
zles 164 fed through the pipes 165.

In contact with the hot carrier substance, the sewage sludge is dried, leaving the
working space 162 through the cellular lock 166 together with the carrier sub-
stance from which it is separated by means of a vibrating sieve 167. The dry
sludge is collected in a receptacle 168 from which it is pneumatically conveyed
into the furnace. The water vapor resulting from the drying process is drawn
from the working space 162 through a duct 169 and caused to commingle with
hot combustion gases for deodorization. A stream of exhaust gases from the
boiler is led into the working space 162 through duct 170 for continuous scav-
enging of the working space.

From the vibrating sieve 167, the carrier substance is directed into an elevator
171, to be brought back into the working space 133 and thus complete the cycle.
With some sewage sludges, solid crusts may adhere to the steel balls during dry-
ing which, however, peel off as small shells dispersed in the carrier substance and
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are gradually crumbled and ground into fine dust and eventually separated in the
vibrating sieve 167 during the following cycle, all without hindering the normal
operation. When such shells are very hard and subsist as such in normal opera-
tion, it is recommended that another form of the process be used as will be de-
scribed below with reference to Figure 3.7j.

In Figure 3.7, the hot carrier substance issuing from the cellular lock 161 is led
through the channel 181 into a revolving cylinder 182, where the liquid sludge

is sprayed by a nozzle 184, fed through the pipe 183. By means of helicoidal
ledges 185 internally welded in the cylinder, the carrier substance is caused to
travel along its axis. During this travel and because of the tumbling and recipro-
cal friction of the steel balls, the adhering crusts are detached and ground into
fine dust, which is thereupon separated in the usual way. Scavenging gas may be
blown into the cylinder through duct 186, to accelerate the effluence of the water
vapor resulting from drying.

A refuse incinerating plant as represented in Figure 3.7h and equipped with an
assembly according to Figure 3.7i for the drying of sewage sludge, is presumably
built for a town of, for instance, 140,000 inhabitants. The assumable daily amount
of sludge for this town is about 19 tons of dry substance, corresponding to some
95 m? of liquid sludge with 80% water contents. For drying this sludge down to
water contents of only a few percent, some 2.2 x 10° kilocalories of heat are
necessary, which according to the process, have to be supplied by the hot carrier
substance. The carrier substance consisting of steel balls of 25 mm diameter is
heated in a first working space, incorporated in the refuse incinerator, up to some
450°C.

During drying, the carrier substance yields part of its heat contents, leaving the
drying space at a temperature of about 150°C, together with some 800 kg/hr of
solid, dry sludge. For this some 5.3 tons of carrier substance must be recirculated
10 times per hour. The dried sludge is separated from the carrier substance by
sieving and then conveyed into the furnace, there to be incinerated.

The water vapor resulting during drying is led into the stream of hot gases issuing
from the combustion chamber. A volume of effluent gas of some 23,000 m?/hr
consisting of combustion gases from the burning of refuse and of dry sludge com-
mingled with the water vapor from the drying process is then led through the
upper working space, to flow across the layer of carrier substance therein at a
velocity of about 1 m/sec. Through this, the temperature of the gaseous mixture

is reduced from 750° down to about 500°C. With a thickness of 50 mm for the
layer of carrier substance, the drop of pressure head for the gas stream is only

2 mm of water column. The residual heat contents of the effluent gases is re-
covered by means of the heating surface of the boiler.

Addition of Nonvolatile Oil in Multieffect Evaporation Process

C. Greenfield; U.S. Patent 3,323,575, June 6, 1967 describes a waste solids con-
centrate dehydration process which comprises the steps of mixing sewage sludge
with an oil to obtain a mixture which will remain fluid and pumpable even after
the removal of essentially its entire water content; subjecting the resulting mix-
ture of sewage solids, water, and oil to a plurality of sequential dehydration steps
by heat evaporation where each of the successive dehydration steps is at a suc-
cessively lower temperature and the resulting oil-containing mixtures are of
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successively higher concentration because of increasing dehydration, the evolved
vapors from each heat evaporation step except the last one supplying a substan-
tial portion of the heat requirements of the following heat evaporation step; and
withdrawing a substantially anhydrous slurry of sewage sludge, or sewage solids,
and oil.

Thereafter, mechanical pressure of either a static or dynamic variety or both is
exerted upon this anhydrous slurry to express the substantially greater part of

its oil content to leave the sewage solids in a largely dry and oil-free or fat-free
condition. Initially the solids particle size should not be in excess of "4 inch,
and a grinding step may be necessary for particle reduction to make sure that the
later formed mixture or slurry of sewage sludge and oil will flow through pipe-
lines and pipe fittings without impediment.

Sewage sludge itself usually contains an appreciable amount of oil independent
of oil which may be added to it in the above mixing step. This oil will be car-
ried through the dehydration steps along with the sewage solids and the added
oil, and be subjected to being pressed out of the dehydrated slurry along with
the added oil. |If the dry or substantially water-free slurry is pressed sufficiently
vigorously it can thus be made to yield oil in a quantity or at a rate equal to
or in excess of that in or at which oil was previously added to the sewage sludge
in the mixing step.

Generally it is desirable that the pressing step yield enough oil for the mixing
step so that the process will be self-sufficient in respect to oil requirements. More
desirably in most cases the pressing step will provide somewhat more oil than is
needed for the mixing or pumpability maintenance step so that the process wili
provide a net oil yield or product.

The dry sewage solids left after the pressing operation can be utilized as fertilizer
or possibly as animal feed or for other purposes outside the process itself, and
thus constitute a process product. Further, being burnable, they can be used as
fuel for the generation of steam needed to run the evaporator component of the
apparatus for the dehydration steps, and also the steam needed to run auxiliary
equipment such as pumps, either directly if they be steam driven pumps or
indirectly if they be motor driven pumps and the steam is used to run a turbo-
generator directly. The process can thus be self-sufficient in respect to fuel re-
quirements.

With sewage oil being cycled back for the mixing step, sewage solids being burned
for process fuel, and water evaporated from the sewage sludge being discharged
after condensation at sufficient purity to enter a natural stream or river, the
process thus provides useful, compact and complete disposal of all of the com-
ponents of sewage sludge except to the extent that some net quantities of com-
mercially useful products such as dry sewage solids and sewage or sewage-like

oil may be generated, and further that there may be some disposable ash left
after the burning of pressed sewage solids for steam generation purposes.

The oils which are utilized with the sewage sludge are inert, relatively nonvolatile
oils or fats, or other oil-like materials. Typical of these are tallow, other animal
fats, and vegetable oils all of which often can be derived directly from the pro-
cess operation; fatty acids; petroleum oils and their fractions and derivatives in-
cluding fuel oils, glycerins, glycols, and mixtures thereof, and miscellaneous
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liquid wastes from industrial plants, generally wastes of an organic nature. It is
desirable to employ an oil that imparts process credits, i.e., one that can add
value to the sewage product, such as waste oils normally found in sewage or in-
dustrial waste, or fuel oils, or, as suggested above, utilized oils derived in the
practice of the process itself so as to minimize cost factors. The guantity of ail
is such that its ratio in the system is in the range of 2 to 20 parts by weight, based
on the nonfat solids. This refers to total oil, i.e., that added plus that derived from
the process for reuse. This amount of oil gives a fluid pumpable mixture even

in the absence of sewage water, indeed a mixture of even improved fluidity and
pumpability.

In related work C. Greenfield, U.S. Patent 3,251,398, May 17, 1966 also describes
a multistage, multieffect process which comprises mixing the sewage sludge with
an oil to obtain a mixture which will remain fluid and pumpable after the re-
moval of the water content therefrom; subjecting the resultart oil-containing mix-
ture to a plurality of sequential dehydration steps by heat e aporation wherein
each of the successive dehydration steps is at a successively “igher temperature
and the resulting oil-containing mixtures are of successively higher concentration
because of increasing dehydration, the evolved vapors from each heat evaporation
step supplying a substantial portion of the heat requirements of the preceding
heat evaporation step; and withdrawing a substantially anhydrous sewage sludge
oil slurry.

Additionally, the oil can be separated from the sewage slurry to provide a sub-
stantially oil-free sewage solids product. The latter can be utilized for fertilizer,
possibly animal feed products, or as fuel for the process.

C. Greenfield; U.S. Patent 3,304,991, February 21, 1967 describes a waste solids
concentrate dehydration process which comprises the steps of mixing sewage sludge
with an oil to obtain a mixture which will remain fluid and pumpable even after
the removal of essentially its entire water content; subjecting the resulting mix-
ture of sewage solids, water, and oil to one dehydration step by heat evaporation,
and withdrawing a substantially anhydrous slurry of sewage sludge, or sewage
solids, and oil.

As described in U.S. Patent 3,323,575 above, mechanical pressure of either a
static or dynamic variety or both is exerted upon this anhydrous slurry to ex-
press the substantially greater part of its oil content to leave the sewage solids
in a largely dry and oil-free or fat-free condition. Initially the solids particle
size should not be greater than % inch, and a grinding step may be necessary
for particle size reduction to make sure that the later formed mixture or slurry
of sewage sludge and oil will flow freely through pipelines and pipe fittings.

In comparison with the multieffect evaporator process described in U.S. Patent
3,251,398 as described above, this process is generally at a disadvantage with re-
spect to fuel consumption whether or not the process is capable of generating some
or even all of its own fuel. The outstanding advantages of this process and apparatus
are their comparative simplicity which makes for low first cost of installation and
their amenability to reduction to small scale or package installation and operation

in cases where lack of complication and small space requirements for equipment
may be more important for the sake of convenience and indeed of more economic *
benefit than the lower fuel requirement of a multieffect evaporator installation.
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Multieffect Evaporator Installation

A.P. Aldridge; U.S Patent 3,650,403; March 21, 1972; assigned to Simon-Carves,
Limited, England describes a method of treating an aqueous biological slurry
comprising the steps of feeding the slurry through an evaporator plant where it
is subjected to heat treatment and where a part of its water content is removed
by evaporation, filtering the slurry which has passed through the evaporation
plant and recycling the aqueous filtrate for further treatment with the slurry in
the evaporator plapt.

Referring to Figure 3.8, it will be seen that the installation includes a processing
retort or evaporator generally indicated at 10. The sludge to be treated is passed
into the evaporator by a line 11 and emerges from the evaporator through a line
12. The temperature in the evaporator should be not less than 350°F in order
to ensure that the biological content of the sludge is suitably conditioned to per-
mit ready filtration. The sludge emerging from the evaporator 10 is passed by
the line 12 to a filter plant generally indicated at 13, which may conveniently

be comprised by ajrotary vacuum filter, or filter press, for example.

The aqueous filtrate from the filter plant is recycled by a line 14 and mixed with
the feed of sludge in line 11 passing into the evaporator. The filtered solids from
the filter plant in the form of filter cake are passed to a furnace 15 which fires

a waste heat boiler 16 which provides at least a portion of the heat requirement
for the evaporator. Steam is drawn off from the ewaporator through a line 17
and may be condensed by heat exchange with the ingoing sludge in line 11. The
condensate may be returned to the inlet of the sewage plant and will not cause
deterioration of the quality of the final effluent because it is readily biodegradable.

Typical operating conditions for an installation such as described above and fed
with sludge at 5% suspended solids may- be as follows. One pound of sludge at
5% suspended solids entering the evaporator through the line 11 will be combined
with 0.4 pound of filtrate from the filter making a total feed to the evaporator

of 1.4 pounds. In the evaporator 0.9 pound of water is evaporated and discharged
through line 17 and 0.5 pound of blowdown at 10% suspended solids is discharged
to the filter. Part or all of the evaporator operates at 350° to 400°F, thus heat
conditioning the sludge and making it pumpable and filterable at 10% suspended
solids.

It should be noted, however, that heat treated sludges are pumpable with a solids
content of up to as much as 18%. The blowdown passing through the filter
produces 0.4 pound of filtrate which is recycled as has been described, and 0.1
pounds of filter cake at 50% solids. The step of recycling the filtrate ensures
that those compounds in solution and colloidal suspension are retained in the
system and are eventually rejected with the filter cake. Such compounds are not
readily biodegradable and the filtrate should not therefore be discharged to the
inlet of the sewage works.

Characteristically the 0.1 pound of filter cake may be incinerated with 100%
excess air to produce approximately 0.75 pound of waste gas at 1500°F, Thus
the waste heat recovery is of the order of 200 to 224 Btu per pound of original
sludge intake and thus comprises an important heat source for the evaporator.
Obviously additional fuel is required to fire the boiler to provide sufficient heat
for the evaporator to operate as here described.
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FIGURE 3.8: EVAPORATION TREATMENT OF BIOLOGICAL SLUDGE

17 _10
16
a.
1
_l.1
151
14| l
2 <4
|
13 |
— — —
Single Evaporative Unit
27
22,
20 23 24 25 2
@1E]bsFSHis
b.
> )]
& 29, 30 | 31 32 33
oo 7 A
I | a 4 N
| %
I ; -
28
e = = et B
35
L —

T
A
et

Horizontal Cross Section of Retort :
(continued)



222 Sewage Sludge Treatment and Disposal

FIGURE 3.8: (continued)

d.

Cross Section of Retort Along Line IV—IV of Figure 3.8¢

Source: U.S. Patent 3,650,403

Referring to Figure 3.8b it will be seen that a typical i~stallation having a multi-
effect evaporator plant comprises as before, a waste neat boiler 20 fired by a
furnace 21. The evaporator plant comprises a processing retort 22 which also
forms the first effect of the evaporating plant, and four further evaporator vessels
23, 24, 25 and 26 forming the second, third, fourth, and fifth effects of the
multieffect evaporator plant, respectively. The processing retort or first effect
vessel is heated by steam from the waste heat boiler. Steam produced in the
processing retort is discharged through a line 27 which divides to supply the steam
after it has been condensed to a line 28 via a vapor heat exchanger 29 and the
second cffect vessel 23, respectively.

Likewise, the steam produced in each of the vessels 23 to 25 inclusive is supplied
to the line 28 via heat exchangers 30, 31 and 32 and the vessels 24, 25 and
26, respectively.

Steam produced in the vessel 26 is supplied to the line 28 via a final vapor heat
exchange unit 33. !t will be noted that each of the vessels 23 to 26 inclusive is
heated by a portion of the steam produced by the preceding vessel in the multi-
effect evaporator plant, and that each of the evaporator vessels operates at suc-
cessively lower temperatures and pressures. The incoming sludge enters the ap-
paratus through a line 34 and passes to the processing retort via all of the vapor
heat exchange units 29 to 33 inclusive. The sludge is passed successively through
the vessels 22 to 26 inclusive and the blowdown from the vessel 26 is passed
through a filter 35, the aqueous filtrate being passed through the vapor heat ex-
changers 30 to 33 inclusive before entering the second effect vessel 23 there tc
mix with the sludge which has been pretreated in the processing retort.

The filter cake from the filter 35 is incinerated in the furnace 21 to fire the
waste heat boiler 20. The condensate from the line 28 may be returned to the
inlet of a sewage works with which the installation is associated as with the
installation described with reference to Figure 3.8a. Typical operating conditions
may be similar to those described above with reference to the installation of Fig-
ure 3.8a, but in this example the waste heat alone produced will be sufficient to
cause the required evaporation without additional fuel due to the multieffect
cperation.
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To ensure that the sludge is properly heat conditioned in the processing retort

or first effect vessel 22, such vessel is preferably designed as a horizontal cylin-
drical pressure vessel with rounded end caps as shown in Figures 3.8c and 3.8d.
Within the vessel there is a spiral partition 50 to give an extended flow path for
the sludge which enters through a line 51 at the periphery of the vessel and is
discharged through a line 52 at the far end of the spiral path. The partition 50
extends about half way up the height of the vessel leaving a free space at the top
of the vessel allowing steam to escape through the line 53. The partition 50 is
preferably comprised by heat exchanger plates which are heated by steam from
the waste heat boiler.

The sludge is pumped into the vessel at a controlled rate to maintain a retention
time in the retort of 15 minutes to 1 hour depending upon the heat conditioning
requirements for a particular sludge. The sludge moving around the spiral path
in the vessel is heat conditioned and partially evaporated, the steam bubbles pro-
duced maintaining a clean heat exchanger surface.

At the end of the spiral the sludge is pumped into the second effect vessel where
it is joined by the filtrate. As far as possible the filtrate is kept out of the
processing retort to avoid secondary breakdown of the organics in solution which
would impair the condensate quality. Over a range of inputs, the correct reten-
tion time in the processing retort can be maintained by varying the height of the
sludge within the vessel. The processing retort described with reference to Fig-
ures 3.8¢ and 3.8d is also suitable for use as the evaporator vessel in the installa-
tion of Figure 3.8a.

Rotary Type Filter-Dryer

N.D. Hazzard; U.S. Patent 3,287,819; November 29, 1966, assigned to The Air
Preheater Company, Inc. describes a method for effectively minimizing the mois-
ture content in a supply of sludge that is being supplied to a reactor whereby it
will readily support combustion.

Figure 3.9 illustrates a system in which a quantity of sludge or waste entrained
slurry is continuously supplied through an inlet duct 20 to a rotary type filter-
dryer having a cylindrical drum type filter 24 in the housing 26. The drum 24
is moved continuously about its axis 28 by drive means. The level of the slurry
maintained in the housing 26 is such that it submerges only the lower portion
of the filter 24.

As the drum filter rotates through the slurry it becomes coated with a layer of

the slurry which is carried with the drum 24 to the upper portion of the housing
26 and over to the outlet duct 44 for removal from the filter. An inlet 30 open-
ing into the housing admits hot exhaust gases from duct 32 which originate in

a reactor 34. The hot gases which enter the housing 26 are supplied thereto under
a slight positive pressure sufficient to force them through the filter drum and its
coating of slurry to outlet openings 36 which lead to outlet duct 38.

As the hot gases from reactor 34 pass through the coating of slurry on the filter
drum 24, the moisture in the wet slurry is evaporated and the temperature of
the dried sludge is raised before it is scraped off the drum and returned via duct
44 to the reactor 34 where it is then subjected to conditions that support its
combustion.
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FIGURE 3.9: ROTARY TYPE FILTER-DRYER

Source: U.S. Patent 3,287,819

As the liquid in the slurry is being removed by the action of the perforate filter
drum 24, the filtered solids on the drum 24 simultaneously serve as a continuously
renewable filter bed that removes particulate matter from the gases exhausting
from reactor 34 before the gas is exhausted to the atmosphere through duct -38
and stack 64. |f excessive amounts of particulate material are given off by the
combustion process in the reactor, it may be desirable to utilize an additional

gas cleaning apparatus 46 in advance of the filter-dryer to remove the bulk of

the large particles from the exhaust gas in order that the particle buildup of the
drum 24 will not be excessive and thus interfere with the drying of solids in the
slurry.

In the event that gas being exhausted from the reactor 34 is in excess of that
required to satisfactorily dry the slurry being supplied by the filter-dryer to the
reactor, the excess exhaust gases may be directed through branch duct 48 and
a heat exchanger 52 where such exhaust gases will give up their heat to air for
combustion being supplied to the reactor 34 through duct 54.

Fluid flow through ducts 32 and 48 may be proportioned in accordance with
the demands of the system by means of the damper valves 56. Hot exhaust gas
which has traversed the filter-dryer 20 and/or the heat exchanger 52 is preferably
directed through a scrubber 62 before it is exhausted to the atmosphere through
a stack 64. Valve means 66 in duct 68 that connects the heat exchanger to ex-
haust duct 38 is adapted to preclude back flow through the heat exchanger due
to any variations in pressure. Filtered liquid that collects inside the drum 24
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of the filter-dryer is drawn off through an outlet pipe 72 and discarded through
any suitably disposed drain or it is otherwise utilized as deemed appropriate.
Dried waste products are scraped off the rotary drum 24 and are directed through
outlet duct 44 and a positive feeding apparatus 74 to the reactor 34. The form
of the feeding apparatus may vary from system to system inasmuch as variable
factors such as the physical consistency of the solids, quantity of solids, distance
of the filter from the reactor and their relative position are all factors that influ-
ence the final selection.

R.B. Burden, Jr. and E.J. O’Giebiyn; U.S. Patent 3,491,708; January 27, 1970;
assigned to General Incinerators of California, Inc. describe a system for destroy-
ing by burning wet waste materials such as sewage sludge, garbage, wood chips,
paper, and general refuse. Central to the entire system is a rotary dryer which
predries the material to be burned. The dryer includes a circular horizontal con-
veyor table which rotates at slow speed on a central shaft and an annular gas
chamber which is stationarily mounted over an outer peripheral portion of the
table so that the table forms the bottom wall of the chamber.

Wet material to be burned is conveyed continuously from a dewatering station
onto the table where it is conveyed at slow speed through a circular path to a
discharge screw conveyor which moves the dried material continuously to a
sludge burner. As the wet material rotates, warm furnace gases from the sludge
burner pass through the gas chamber and thus over the surface of the material
to dry the same. Plow devices within the chamber slowly stir the material as it
moves to promote drying of the entire mass. After the furnace gases pass through
the gas chamber, they are led into a gas scrubber and then to an afterburner,
after which they are discharged to the atmosphere. Dried wastes may be led
from the dryer to a hammer mill or other comminuting device before they pass
to the burner.

Papermaking Machine Used for Drying Oxidized Slurry

A.S. Goldberg,; U.S. Patent 3,561,598 February 9, 1971 describes an economical
process for instantly disposing of sludge from sewage and industrial wastes and
manufacturing a useful product. The process comprises reducing suspended solids
in the sludge and wastes to a concentration of less than 1% by dilution to form

a slurry, oxidizing the slurry, rapidly filtering the oxidized slurry and drying it
on a papermaking machine which rolls the dried residue onto a roller. The
method eliminates odors and produces a product useful as a synthetic top soil

or soil conditioner or as a paperlike product, useful for packing carton liners.

In the process, grit sedimentation, screening and grinding to produce ground rag
sludge, settling to produce raw primary sludge, and biological treatment of pri-
mary supernatant liquid to form activated sludge may all be accomplished by
known methods. Primary sludge, having been scraped from the bottom of settling
basins, is pumped to dilution tanks where it is reduced to a total solids content
of 1% (10,000 mg/l) to form a sludge slurry.

The dilution may be accomplished by the addition of ordinary tap water in

proper amounts to the primary sludge to be diluted. The sludge slurry is pumped
into an open mixing or reacting tank through a mixing pipe wherein a suitable
oxidant is added to the sludge slurry. The oxidizing material may consist of
commercially available hypochlorite solutions (5 to 15% by weight) or any suitable
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oxidant in dissolved form which will intimately mix with the sludge. Among
those oxidizing materials found to be satisfactory is sodium hypochlorite (NaOCI)
which may be introduced to the sludge slurry in any suitable manner, one method
being to form the oxidant in situ by introducing appropriate quantities of caustic
soda (NaOH) and chlorine (Cl,) into the mixing pipe as it is being pumped into
the open mixing or reacting tank. The caustic soda and chlorine react to form
sodium hypochlorite which, when added in quantities ranging from 100 to

1,000 mg/l of the chlorine equivalent of the oxidant (or 500 mg/I for each 1%

of total solids), provides sufficient oxidant to completely oxidize the sludge.

in the open mixing or reacting tank, high speed mixing apparatus as well as
piped recirculation equipment will ordinarily enable completion of the oxidation
of the sludge in less than 10 minutes. In this regard, complete oxidation is ordi-
narily characterized by a change of color from black to tan or gray. After the
oxidation is complete in the reacting tank, the oxidized slurry may be analyzed
to. determine if further dilution is required, e.g., by dilution to 0.5 to 0.9% sus-
pended solids, and thereafter diluted as required, or if not required, then pumped
as a slurry to the feed box of a papermaking machine of known type for filtra-
tion, drying and rolling. The filtration may be accomplished through a screen of
virtually any mesh size that will accommodate rapid filtration. It has been found,
however, that a 40 by 50 mesh screen is recommended.

Upon completion of filtration, a solid sheet of residue is formed which is paper-
like and fibrous in composition. The solid sheet, which is quite thin, is rapidly
fed through the heated drying rolls of the papermaking machine and wound on
receiving rolls to obtain suitable units, e.g., 1 ton dry rolls. The resulting prod-
uct is a stable, sterile and odor-free rolletd sheet which, when viewed through the
microscope, has the appearance of paper fibers.

Example 1: This example involves the treatment of sludge from purely domestic
sewage. A primary sludge comprising combined raw primary sludge and activated
sludge with a fairly consistent 4 to 4.5% suspended solids content was diluted-
to 25% by taking a 250 ml sample and diluting to 1 liter with tap water to form
a sludge slurry.

The sludge slurry was then treated for 5 minutes with 10 ml of 5% sodium hypo-
chlorite (NaOCI) (500 mg Cl,) which turned the slurry from odorous black to

a nonodorous pearl gray. The oxidized slurry was filtered through a 40 mesh
screen with vacuum, An analysis of the filtrate showed that 70.3% of the solids
were retained as residue by the screen, most of the passed solids being activated
sludge. The residue was dried and compacted to form a paperlike product which
exhibited a nitrogen content of 3.2% total nitrogen.

Example 2: This example involves the treatment of sludge from a combination

of domestic sewage and industrial wastes in an unknown ratio. Primary sludge
was diluted to approximately 1% suspended solids by the addition of tap water
and thereafter treated with 500 mg/l chlorine {10 ml NaOCI). The oxidized
slurry was filtered through a 40 mesh screen and an analysis of the filtrate showed
that 81.1% of the solids were retained as residue by the screen.

The residue was dried and compacted to form a paper-like product which ex-
hibited a nitrogen content of 2.1% total nitrogen. With papermaking machines
of known types, e.g., those which roll at speeds of 1,800 to 2,500 ft/min and
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produce approximately 5 to 7 tons per hour depending on the sheet thickness,
width of sheet and the specific gravity of the solids, it is possible to produce
120 to 160 tons of dried sludge product with one machine in a 24 hour period.

Distillation and Oxidation Using Molten Salt Bath

A process described by J. Greenberg and D.C. Whitaker; U.S. Patent 3,642,683
February 15, 1972, assigned to Anti-Pollution Systems, Inc. involves a one-step
process for distillation of water and catalytic oxidation of residues in sewage and
other contaminated liquids. “
The process comprises the step of introducing wet pollutants onto the surface

of a molten salt bath, which bath is characterized by a relatively low melting tem-
perature and high stability with respect to the wet pollutants and air, and which
acts both as an efficient heat transfer mechanism, thereby causing evaporation

of the water contained in the wet poliutant, and as a catalyst, thereby inducing
oxidation of remaining organic residues. Air is forced across the surface of the
bath in order to provide oxygen for combustien, to carry away water vapor, and
to promote agitation of the bath and resultant intermixture of the salt with the
wet pollutants.

Referring to Figure 3.10, a sewage system is shown comprising a storage tank
50 containing the wet pollutant, in the form of sewage or other contaminated
liquid, a conventional pump 51 for controlling the feed of the liquid out of the
tank, and a trough 52 having a plurality of outlets through which the contaminated
liquid is gravity fed onto the surface 53 of a molten salt bath 54. The molten
salt is housed in a container 55 constructed of a suitably noncorrosive material,
the container having within it a main chamber 56 where evaporation and com-
bustion of the wet poliutant take place, and an additional baffled chamber 57
where the gases of combustion produced in the main chamber are again brought
into contact with the salt in order to further oxidize any incompletely oxidized
products.

FIGURE 3.10: MOLTEN SALT BATH PROCESS
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Source: U.S. Patent 3,642,583
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The baffles 68 also prevent salt carryover from the lifting of the bath when the
water flash evaporates in chamber 56. A conventional blower mechanism 60

and a negative pressure fan 61 provide a continuous flow of air through the cham-
ber for discharge of all products out of exit channel 62. The capacities of blower
60 and fan 61 are engineering parameters which are determined in accordance
with the air flow rate required, which in turn will depend upon the rate of sewage
treatment for the unit.

Heater units 65 are shown positioned external to the container 55, and are utilized
to maintain the salt bath at a desired operating temperature. The heaters may

be conventional open flame heaters or electrical heaters, with the heat being trans-
ferred through the container 55 to the salt. Alternately, electric or fuel fired
immersion heaters, typically 6" to 12" in diameter, may be immersed within the
liquid in order to provide more efficient heat transfer to the bath. The method

is for the efficient treatment of sewage, wet human wastes, wet animal wastes,

and other liquids containing wastes composed of acrylics, other hydrocarbons,
organics and carbonaceous materials,

Example 1: In the purification of textile manufacturing wastes having a residue
of acrylics, apparatus shown in Figure 3.10 is utilized. The waste, in liquid form,
is fed at a rate of 500 gal/hr and gravity fed onto the surface of a bath composed
of 62 mol percent KNO,, 38 mol percent Ca(NO,),. The bath has a melting tem-
perature of 140°C and is maintained at an operating temperature 'of 450°C (850°F)
to accomplish flash evaporation of the water contained in the waste; no water
remains in the bath under these operating conditions.

The bath has a contact surface of about 5' x 20', sufficient to accommodate the
feed rate. The bath is maintained at a 2" depth, and heated by external open
gas flame. Air is provided, at a flow rate of 50 to 100 cfm, a steady flow being
maintained by a blower at the input and a pump at the output. The output, in
addition to air, contains water vapor and CQ,, there being no measurable hydro-
carbons or CO in the output.

Example 2: Wet cow, chicken and human wastes, at dilutions from 1 to over
50% by weight, have been burned in oxidizing baths. The following baths, ex-
pressed in mol percent, have been used: 50 Ca(NO;),-50 NaNJj, 50 Ca(NO,),-50
KNO;, 34 Ca(NO;),-33 KNO;-33 NaNQ;, 25 NaNO,-25 KNO,-25 NaNO;-25 KNO;.

The baths have melting temperatures of about 275°F and were operated within
the range of 750° to 850°F. The waste was introduced from a trough as in

Figure 3.10 into a main bath chamber, and the resulting smoke and vapor passed
through an end baffle chamber for further purification of the smoke, particularly
to eliminate any residual odors, All other operating conditions were as in Exam-
ple 1. The resulting output was comprised of water vapor and CO,, with no
measurable CO. No detectable residue remained in the bath, there being complete
elimination of the wet wastes.

FLOTATION
Fuming Hydrochloric Acid
W. Thorn; U.S. Patent 3,772,191; November 13, 1973 describes a method of
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treating sewage where the sludge is acidified with a mineral acid to a pH value
just below 5 and then the pH value is adjusted to the isoelectrical range of the
high molecular sludge substances by addition of hydrochloric acid. The floated
hydrophobic substances are removed from the surface and the precipitated sludge
substances are separated from the supernatant liquid. The precipitated sludge is
mixed with calcium hydroxide or calcium oxide and dehydrated in a filter press
to a water content of 50 to 30% by weight.

It has been found that by adding mineral acids to the fresh sludges and sapropels
in such an extent that the pH value is reduced to a level of below 5 the hydro-
phobic substances, i.e., lipids, fatty acids, higher hydrocarbons and the like may
be separated from the mixture by floating quantitatively and may be gathered

at the surface of the liquid charge. Among the hydrophilic components the high-
molecular substances having basic groups comprising proteins, proteides such as
nucleo-, glyco-, phosphoproteides, and furthermore nucleic acids etc., are precipi-
tated simultaneously and will sink to the vessel bottom together with other sludge
components. This process step is designated as digestion and thickening.

Apart from this, it has been found that especially by the addition of fuming
hydrochloric acid the isoelectric range of the most protein particles is adjusted
and at the same time the metabolism of the microorganisms is stopped by means
of the hydrogen chloride and gaseous chlorine dissolved in this acid by killing
the microorganisms. The acidification of the sludges for separating the mixture
may be performed with any mineral acid. What is decisive for successful pre-
cipitation, especially for the killing of the microorganisms and thus for the diges-
tion of the sludge is the addition of fuming hydrochloric acid.

A combination of fuming hydrochloric acid with crude sulfuric acid has proved

to be most economical. Crude concentrated sulfuric acid is added to the sapropels
for the purpose of eliminating the buffer capacity of the high molecular substances,
predominantly the proteins, and then the fuming hydrochloric acid is added to
adjust the pH value in order to obtain a complete elimination and a precipitation

of the proteins.

Using the above described process all the samples of sapropel from a large variety
of towns of the Federal Republic of Germany have been thickened to a solids con-
tent of 20 to 24% within a few days. It was possible to remove 66 to 83%
maximum of the charged volume in the form of a relatively clear supernatant
liquid from the residual thickened solids material.

Aeration-Flotation Cell

J.A. W. Kaeding and W.A. Grunert; U.S. Patent 3,625,437, August 25, 1970,
assigned to Institut fur Wasserwirtschaft, Germany describe a flotation process
and apparatus for separating solids from liquids and for thickening sludges.

Referring to Figure 3.11, the liquid which is to be treated and which has a small
amount of solids is introduced into a resting chamber before being fed into a
flotation cell, so that in this way the speed of flow of the liquid is sharply re-
duced. In the flotation cell, the flotation process is carried out by way of verti-
cal aeration, and the floating solids are thickened in an upper portion of the
flotation cell. These solids which are thus separated and thickened are removed by
way of a suitable structure which carries them away and the clear water is directed
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to a discharge chamber having a clear water outlet. By the addition of chemi-
cals, for instance polyamide or polyacrylate, before or in the resting chamber,

the liquid which is to be treated can be activated, and in this way the flotation
in the flotation cell is improved.

The liquid which is to be treated is introduced into the flotation cell 4 beneath
the surface of the body of liquid. By way of a regulated vertical aeration, which
can take place in some cases over only a part of the cross section of the flotation
chamber, it is possible to achieve a circulation of the liquid around a partition

5 which is built into the flotation cell.

FIGURE 3.11: AERATION-FLOTATION CELL

rrsa RIS

Source: U.S. Patent 3,525,437
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With the structure of the process the flotation cell 4 has the resting chamber 1
situated at the inlet side of the flotation cell and at the outlet side is the dis-
charge chamber 6 for the clear water, these chambers 1 and 6 communicating
directly with the flotation cell. The flotation cell, the resting chamber, and the
discharge chamber form a single constructive unit of very small size.

The flotation cell is provided in a lower region with a pressurized water inlet 12
as with a mesh structure 13 situated thereover so as to reduce turbulence result-
ing from the introduction of the pressurized water, this mesh structure extending
over the entire cross section of the cell. In the ground of the cell is an outlet.

The flotation cell is of a tapered configuration at its upper region, preferably by
having its side walls upwardly inclined toward each other, to form in this way

a tapered hood which brings about a further thickening of the floating solids.
These side walls of the flotation cells are respectively formed with an inlet open-
ing 3a for the liquid which is to be treated, as required by the operations, as
well as with a discharge opening 3b for the discharge of the clear water, and
these openings 3a and 3b extend for the most part over the entire width of the
flotation cell. Within the flotation cell there may be a partition 5 which is cen-
trally mounted in the cell, and at the region of the pressurized water feed 12
there is a partition plate 11 for controlling the feed over the entire cross-sectional
area or over only a part.

In order to remove the thickened floating solids, a removing means 14 is mounted

on the flotation cell. The resting chamber and the discharge chamber can both be

of the same configuration and size and are arranged in the mirror-image fashion with
respect to the central axis of the flotation cell.

The resting chamber as well as the discharge chamber have in cross section a trape-
zoida! configuration and are elongated at their lower portions by way of inclined
walls which extend into the side walls of the flotation cell through the inlet 3a in
the case of chamber 1 and the outlet 3b in the case of chamber 6.

In order to regulate the elevation of the surface of the liquid there is situated either
within the discharge chamber or outside at the clear water outlet 9 an interchange-
able and adjustable weir 8.

The flotation cell can be formed by a pair of identical constructive bodies or of
bodies which are stepped in cross section, in such a way that a return flow of
the treated liquid either into the inlet or into the outlet is not possible.

With the process several advantages are achieved. Thus, there is a reliable floating
separation and enriching of the suspended solids, particularly solids of flock prop-
erties accompanied by the smallest speeds of flow within the flotation cell. With
the structure it is possible for larger aggregations of fine suspended solids to form.
Also, a high flotation output is achieved by way of the manner in which the lig-
uid flows through by the feeding of the pressurized water. Also, the additional
thickening effect achieved for the floating solids before removal thereof is of con-
siderable advantage.

Biological Process

J.F. Laboon, U.S. Patent 2,975,122; March 14, 1967 has found that raw sludge
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can be concentrated biologically by flotation without use of chemicals and the
concentrate can be incinerated without further mechanical dewatering or chemi-
cal treatment.

In the method raw sewage as received at the treating plant is screened to remove
inclusions and then passed through a suitable grit tank where grit and silt are re-
moved. The sewage may be aerated in the grit tank or this step can be omitted.
The sewage is then passed into settling tanks where the sludge settles and super-
natant water is removed. The remaining raw or primary sludge is then transferred
to concentration tanks where it is held for the required period for concentration
biologically by flotation at optimum temperatures.

The flotation process is aided by heating the primary sludge to controlled tem-
peratures. Flotation of the primary sludge is obtainable at temperatures from
20° to 55°C. The sludge at such temperatures will stratify in varying periods of
time. At the lower temperatures flotation and concentration are effected in 5 days.
Temperature of 35°C provides optimum results. At 35°C the formation of gases,
mainly CO,, proceeds with sufficient rapidity to effect complete flotation in less
than 2 days. Flotation should not proceed too rapidly since concentration or
compaction is necessary to prevent uhdue escape of gas through the floating
sludge. Once the gas has escaped the sludge again settles to the bottom of the
tank and can not rise again. The addition of heat to the upper surface of the
flotation material aids in preventing escape of the gases by encrusting the surface.

Daily temperatures and seasons of the year make necessary the provision of suit-
able controls to maintain optimum temperatures. Heating of the raw sludge does
not take place until after removal from the settling tanks. As the sludge is re-
moved from the settling tank, it should be heated until the body of sludge in
the concentrating tanks is at the desired temperature and is maintained during
the flotation period. The nature of the sewage may also affect the time of flo-
tation and the optimum temperature, thus necessitating frequent supervision of
temperatures.

The time of congentration or compacting of the sludge is also of major importance.
The maximum period of concentration appears to be about 5 days. After this
period the sludge again begins to settle. For this reason it is preferable to sepa-
rate the subnatant water as soon as desired flotation and stratification occurs

and removal of the water does not carry off undue quantities of solids. The

water so withdrawn may be advantageously returned to the grit tank instead of
being discharged from the system.

The manner in which flotation and concentration of the sludge is obtained has
not been exactly determined. After the heated raw sludge from the settling tanks
is placed in the concentration tanks bacteritic and physical reactions occur in the
sludge resulting in generation of gases and agglomeration of the solid components
of the sludge. The gases in the agglomerate displace the water therein causing

the agglomerate to float. The flotation material concentrates at the surface of
the water and such concentrate has a moisture content of 80 to 90%.

After the subnatant water is removed from the concentrating tanks, the remain-
ing flotation sludge may be disposed of in various ways. Such sludge when mixed
to a uniform consistency with the water content the same throughout its mass
may be economically burned in an incinerator. Where desired, the flotation
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sludge may be passed directly to a suitable vacuum filter and dewatered to form
sludge cake. If it should be desired to make further use of the sludge by passing
it through a suitable digester, the high percentage of solids in the flotation sludge
permits a reduction in size of the digester and thus provides for greater economies
in operation of this type of apparatus. The patent describes a complete process-
ing plant in detail.

Agglomeration Through Air Bubble Release

In a process described by T.R. Komline; U.S. Patent 3,622,508, November 23,
1971, assigned to Komline-Sanderson Engineering Corporation the sewage is sub-
jected to sequential treatments, including at least conventional primary and sec-
ondary treatments, to derive by the primary treatment a primary slutige consist-
ing of heavijer solids and to derive by the secondary treatment a secondary sludge
consisting of relatively lighter solids. The primary sludge with its heavier solids:
is concentrated by dewatering on a filter unit to form a solid filter cake of rela-
tively low moisture content, while the secondary sludge is concentrated by flota-
tion, the concentrated sludges then being blended into a liquid slurry which is
discharged as a fine spray for drying and incineration.

In the preferred form of the process, the concentrated secondary sludge, with its
relatively high moisture content, is employed as a vehicle for the relatively drier
filter cake, the proportions of filter cake and secondary sludge being chosen to
produce a liquid slurry of a consistency for formation of a finely divided spray,
without the addition of liquid, such as would detract from the speed of the dry-
ing and incineration.

The primary sludge is subjected to treatment by a suitable flocculating agent,
while the secondary sludge, following removal of the primary sludge, is separately
subjected to treatment by a different flocculating agent adapted for efficient
action on the secondary sludge.

In a modification of the process, the filtering of the primary sludge is eliminated
and such sludge with its comparatively heavy concentration of solids is directly
blended with the sludge derived by secondary and any subsequent treatments,
to form a slurry which is then subjected to spray drying and incineration as in
the preferred mode of practicing the process.

Referring to Figure 3.12, the raw sewage is first subjected to a primary treatment
or clarification of a conventional nature in which it passes sequentially through

a grit chamber 10, a comminuter 12 and then into a primary settling tank 14.

It will be understood that certain of the heavier solids contained within the raw
sewage will have been eliminated at the grit chamber in accordance with usual
practice, while the remaining solids are finely shredded by passage through the
comminuter and are carried along into the settling tank, where the larger and
heavier sludge particles settle to the bottom of the tank in the form of a sludge,
hereinafter referred to for purposes of convenience as a primary sludge.

The primary tank effluent minus the primary sludge then is subjected to sec-
ondary treatment or clarification in.which it is passed through a conventional
oxygenation tank 16 in which oxygen is blown through the sewage. The sewage
is then passed into a secondary settling tank 18 in which the finer, lighter par-
ticles of sludge settle to the bottom, such sludge being hereinafter referred to
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as secondary sludge. The effluent from the secondary settling tank is then dis-
charged into receiving waters or if desired, may be subjected to still further
treatment or clarification.

The settled primary sludge, which normally includes about 5% of solids, is sub-
jected to a dewatering process as by subjecting it to the action of a conventional
rotary drum-type vacuum filter 20 to concentrate the primary sludge into a sub-
stantially solid filter cake of approximately 65% moisture content, which filter
cake is progressively discharged into a blender 22. Before its delivery to the filter
unit 20, there may be added to the primary sludge a suitable chemical flocculat-
ing agent, as indicated at 23, and as described in U.S. Patent 2,852,584.

The filter unit may be constructed as described in U.S. Patent 3,090,488. Pref-
erably, the filtrate from the filter unit is returned back to the grit chamber for
recycling with the inflowing raw sewage. Secondary sludge from the settling tank
will consist of lighter and finer flocculent solid particles having a substantially
higher water content than the primary sludge and having an appreciably higher
water retention capability than the primary sludge. Because of this, the secondary
sludge, if concentrated by filtering on the unit 20, will greatly reduce the rate

of filtration gnd capacity of that unit and of the entire process.

However, it has been found that such secondary sludge may be rapidly and
efficiently concentrated by a conventional flotation process such as is described,
for instance in U.S. Patent 3,175,687. Thus, the secondary sludge from the sec-
ondary settling tank is delivered into a flotation tank 24 at a location near the
bottom and thus substantially beneath the surface of the body of liquid within
the tank.

FIGURE 3.12: FLOW DIAGRAM FOR SEWAGE DISPOSAL PROCESS

PRIMARY TREATMENT

RAW
SENAGE "
| va SECONDARY TYREATMENT
[<l-ing
CHAMBER COMMINUTOR
e /o 8
PRIMARY » SECONDARY | eeriugNT
SETTUNG PRRC M SeTTunG TS
TANK TANK
FILIRATE
PRMARY
FLOCLULATING FZ . sluoee LIQUOR RETURM 1% S0L0S
| The™m
1 S — "
FLOAT
FILTER MK A FAOTATION
—{ UNAT 2 BLENDER TANK
) TT
"~° w | FLOCCULATING
a AGENT
30_1__1___ ( 7
; 18 N
SPRAY DRIER- PRESSURE ™
INCINERATOR TANK e AR
)

Source: U.S. Patent 3,622,508



Sludge Dewatering Processes 235

A pressurized solution of air in water is continuously delivered from a pressure
tank 26 into the flotation tank together with the secondary sludge. A flocculat-
ing agent preferably is delivered into the air-water solution at 28, as indicated
to assist in agglomerating the solid particles of secondary sludge within the flo-
tation tank,

As the air-water solution is released from pressure incident to its introduction
into the flotation tank, the air is caused to come out of the solution and form
fine bubbles which attach themselves to the particles of secondary sludge to float
the agglomerated particles to the surface of the body of water within the tank

to form a floating blanket of sludge which is removed by usual skimming means.

These floated solids are then transferred to the blender 22 which may be of a
conventional type functioning to break up the filter cake from the filter unit so
that this cake may be intermixed and blended with the floated secondary sludge
to form a generally homogeneous suspension or slurry of the mixed sludges:
floated secondary sludge with its relatively high moisture content thus is employed
as a vehicle for the relatively dry filter cake. The filter cake and the secondary
sludge are delivered into the blender in such proportions as to produce a liquid
slurry of a consistency for efficient spray drying and incineration as hereinafter
described, without the addition of further liquid or the consequent necessity for
removing the same in further processing.

From the blender the slurry is transferred to a spray dryer furnace or sludge
incinerator 30 which may be of the type described in U.S. Patent 3,322,079,

In such a furnace, the liquid slurry is discharged as a fine spray through a centri
fugal atomizer into a current of hot gases in a spray-drying chamber, the spray-
drying chamber preferably being located above an ignited bed of solid fuel onto
which the heavier particles of sludge may fall to complete their oxidation.

The sizes and capacities of the filtering unit and the flotation unit will be so
related as to supply filter cake and floated solids to the blender in such propor-
tions as to provide a liquid slurry of the proper consistency.

With the various components of apparatus for carrying out the process so selected
and interrelated, it will be apparent that the primary and secondary solids are
separately concentrated by filtering and by flotation, respectively, which modes
of concentration are especially adapted to and afford substantially maximum
efficiency and capacity for the respective concentrating steps. Since such steps
are carried out separately, neither will interfere with or detract from the other.
Moreover, moisture contents of concentrated sludges from the respective treat-
ments are so related as to supplement each other when delivered in proper pro-
portions into the blender 22 to form a blended, substantially homogeneous lig-
uid slurry adapted for treatment in a sludge incinerator such as disclosed in U.S.
Patent 3,322,079.

It is thus possible to obtain a quite high capacity of both primary and secondary
treatment of the raw sewage solids with substantial economies in the apparatus re-
quired. By elimination of the conventional digesting steps or stages, there are
eliminated the potential deteriorating effects upon the receiving waters commonly
associated with digestion.

S.J. Dea; U.S. Patent 3,397,140, August 13, 1968 describes a method for rapidly



236 Sewage Sludge Treatment and Disposal

and efficiently dewatering sewage sludge by maintaining a batch of sludge in a
closed space and by permitting gas to be generated by the sludge, or by introduc-
ing gas into the space, for floating solids to the top of the batch and for produc-
ing a high pressure which compresses the floated solids into a relatively compact
cake.

Continuous Separation Using Liquids Discriminator Unit

A treatment process described by M.G. Talon and M.R. Stasse; U.S. Patent
3.224 963; December 21, 1965, assigned to Equipements Techniques Industriels,
France does not make use of the common step of allowing sludges to settle, but
is characterized by a continuous method of operation which does not comprise
at any moment the total or partial settiement of all or part of the constituent
substances of the sludges. The stages constituting the method according to the
process are as follows.

(1) A sieving operation to eliminate large particles from the
sludge, whether these are floating or not, such particles
being collected to determine whether they will be re-
jected or recovered. The filtrate resulting from the siev-
ing operations is collected in a reservoir or appropriate
receptacle suitably designated as a primary tank.

(2) A dilution of the filtrate collected in the primary tank
with both pure water and a fluid substante derived from
a subsequent stage, wherein the latter fluid substance has
acquired at that subsequent stage appropriate physico-
chemical properties and/or biological properties.

(3) Transfer by an appropriate means of the diluted filtrate con-
taining both floating and nonfloating portions, to a dis-
criminator which is an apparatus which delivers two
fluid substances essentially discriminated, one com-
prising water and the floating portion and the other com-
prising water and the nonfloating portion.

(4) Simultaneous transfer, both of the aqueous fluid substance
containing the floating portion to a precipitation and de-
cantation device, and the aqueous fluid substance contain-
ing only the nonfloating portion to a separator. The sepa-
rator separates the latter fluid material into an aqueous
magma having a consistency such that it can then be
handled by simple shovelling and collected in an appro-
priate means with a view to its rejection or retention, and
an aqueous filtrate which is sent into the precipitation
and decantation device at the same time as is the aqueous
fluid material which contains the floating portion.

(5) The stay, due to slow continuous circulation of the fluid ma-
terizl ¢ 1taining a mixture of the floating portion and the
aqueous filtrate, in the precipitation and decantation device
for a predetermined period having a duration such that the
phenomena of precipitation and decantation have sufficient
time to take place with a satisfactory efficiency, the latter
phenomena terminating first in a yield of purified water and
secondly in the production of an aqueous precipitate which
has acquired appropriate physico-chemical properties, and in
some cases biological properties during the course of its for-
mation. The smaller portion of the aqueous precipitate
is then directed into the primary tank, in which it is
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mixed with the first filtrate while the major portion

of the precipitate is fed into the upstream side of the
precipitation and decantation device, the latter device
thus operating simultaneously in a continuous closed
loop cycle, the cycle including the preceding stages
starting from the primary tank, and as a continuous
delivery device for pure water, the purified water being
discharged into an appropriate means.

Immersion Electrodes

J.W. Abson, E.Il. Clark and I.M. Gray,; U.S. Patent 3,543,936, December 1, 1970,
assigned to Simon-Carves Limited, England describe a method of treating sludge
which comprises steps of immersing electrodes in effluent sludge, applying a po-
tential difference across the electrodes at a low current density sufficient to cause
gassing, maintaining the current flow so that a layer of thickened sludge is formed,
and removing the layer of thickened sludge from the remainder of the liquor.

Advantageously, the effluent sludge is treated for an average period of from 1 to
2% hours, preferably 1% to 2 hours and maore preferably 1.85 hours. The cur-
rent density during treatment may be between 0.003 amp/in® of cathode
(0.00046 amp/cm? of cathode) and 0.02 amp/in? of cathode (0.0031 amp/cm?
of cathode).

Referring to Figure 3.13 the apparatus comprises a tank 12 in which is mounted
along a base 14 thereof a horizontal planar aluminum cathode 16. A plurality

of vertical, parallel, planar, evenly spaced, shallow, mild steel anodes 18 are also
mounted in the tank. The anodes are suspended above the cathode by electrically
conductive rods 20 which are mounted in two spaced insulated support members
22.

FIGURE 3.13: IMMERSION ELECTRODE PROCESS
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Source: U.S. Patent 3,543,936
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In the operation of the apparatus an effluent sludge of high organic content is
pumped continuously into the tank along a line 24 and a potential difference
at a low current density applied between the anodes and the cathode causes
separation of sludge and aqueous liquor; the sludge rises to the liquid surface
and forms a layer which is removed by removal means (not shown); the clear
liquor is pumped out of the tank along a line 26. The liquid level in the tank
is near the top of the tank well above the anodes.

The apparatus may also be used under batch conditions instead of continuous

flow conditions. The space between adjacent anodes is preferably between 0.5"
(1.27 cm) and 2" (5.08 cm) and the distance between the cathode and the bot-
tom edges of the anodes is preferably between 0.25" (0.635 cm) and 1" (2.54 cm).

It is believed that the action of the potential difference involves flocculation
promoted by hydroxyl ions, the flocs being carried to the liquid surface by gas
bubbles produced by electrolysis.

Example 1: The apparatus described with reference to Figure 3.13 was used
with the following parameters:

Cathode: 22.5 inches (57.2 cm) x 11.38 inches (28.9 cm) =
256 in? (1,653 cm?)

Anodes: each 11.375 inches x 1.5 inches =
17 in? (110 cm?)

Distance between cathode and bottom edges of anodes:
0.75 inch (1.9 cm)

Voltage: 8.6 volts
Current: 4 amp

Current density: 0.016 amp per square inch of cathode
(0.0024 amp/cm? cathode)

Capacity of tank: 8 gallons (36 liters).

An activated sludge derived from the treatment of municipal sewage was treated
in the apparatus under batch conditions for 2 hours. The initial solids content
of the sludge before treatment in the apparatus was 0.81% by weight and the
final solids content after treatment was 4.23% by weight.

Example 2: The apparatus described with reference to Figure 3.13 was used with
the same parameters as in Example 1. An activated sludge similar to that of Ex-
ample 1 was treated in the apparatus under continuous flow conditions with an
average residence time of 2 hours. Clear liquor was pumped from the tank at

Y% of the flow rate of sludge into the tank. The initial solids content of the
sludge was 1.45% by weight and the final solids content was 5.25% by weight.

Bubble Flotation

According to a process described by E.H. Brink and W.G. Palmer; U.S. Patent
3,787,316; January 22, 1974, assigned to FMC Corporation a suspension of
activated sludge from a secondary settling tank is concentrated by a bubble flo-
tation process. Air is forced through a mixture of water and a surfactant in a
shear type foamer at low pressure to produce a stable foam of small air bubbles
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in water. The foam is pumped into the suspension entering the concentrator
and the bubbles attach to the solids in the suspension. The mixture of foam
and suspension is released within a baffle in the concentrator tank, causing the
surfactant shielded air bubbles to lift the solids to which they have become at-
tached and form a blanket of concentrated sludge. A rotating skimmer head re-
moves an upper layer of the sludge blanket whereas the clarified effluent flows
under the baffle and out over an annular weir for discharge. The concentrated
sludge removed from the concentrator is introduced into an anaerobic digester,
along with primary sludge from the primary settling tank of the system. One
overall effect is to reduce the size required for the digester.

OTHER PROCESSES
Cryogenic Freezing

D.W. Stout; U.S. Patent 3,892,662; July 1, 1975 describes a process and apparatus
for water purification, recycling and conservation combined with waste reduction
and disposal. Household sewage or commercial and industrial waste is collected,
homogenized and solid waste particle size reduced, following which the sewage

is atomized into a cryogenic environment where it is instantly frozen into crystal-
line form. The crystals are homogenized and further reduced in size until the
mass of crystals takes on the characteristics of a liquid.

Separation of the water crystals from the light and heavy solid waste crystals is
accomplished in a centrifugal separator and the water crystals are converted to
steam. Alternatively, water vapor is removed from the atomized sewage prior to
freezing whereupon only the solid waste freezes into crystalline form. The water
vapor is converted to steam. The steam is all condensed and recycled to the
household, commercial or industrial plant and in small part utilized as a heat
source for the condensed steam to furnish hot water. The solid waste crystals
are incinerated and the combustion gas and ash separated and disposed of by
venting and collection, respectively.

Turning to Figure 3.14 the sewage purification, waste reduction and water purifica
tion and recycling system is shown generally at 10. A represents the influent to
the system which consists generally of all household waste products, including
waste water and recharging water, human waste, detergents, soap, oils, household
chemicals, and the like. All influent is collected in storage influent tank 12 where
it is continually agitated by a szrew type circulator 14 operated from a central
shaft 16 suitably journaled on bearings and powered by a conventional electric
motor 18.

The constant agitation imparted by the screw type circulator is necessary to pre-
vent the settling out of heavy and light solids in the influent. At the same time
the screw serves to reduce the bulk size of solids in the influent to a smal! - and
more uniform size.

Influent A is fed from the influent tank to a unit 20 which further reduces influent
particle size and which injects the influent under pressure into the influent ho-
mogenizer, size reducer and pressure injection portions of the system. Preferably,
unit 20 is a screw-type cutter-injector which operates from shaft 16. A screw-
type unit is particularly suited for use herein because, at equa! speeds, two such
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cutter-injectors of different diameters will produce a differential pressure which
promotes efficiency of operation. Moreover, this type cutter-injector provides
automatic overpressure relief. The primary function of unit 20 is to produce
solid particles of uniform size which, upon proceeding through the system, will
promote smooth and steady operation of subsequent units. Of course, the
smaller the particles expelled by unit 20 the less work demand on subsequent
size reduction units.

Influent A under pressure from the unit is forced through thesprimary particle
size reduction and homogenization unit 22 wherein the solid particles in the

waste are reduced to atomizable size., The waste particles must be as small as
possible at this time in order that they can pass freely through the spray-fog noz-
zle or atomizer 26 without risk of plugging or malfunctioning the atomizer. Maore-
over for subsequent solid waste water separation to be most effective, the solid
waste particles must be very small.

FIGURE 3.14: CLOSED RECYCLING SYSTEM EMPLOYING CRYOGENIC
FREEZING
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Homogenizer 22 should preferably be a multipass unit which is capable of produc-
ing a uniform mixture of the influent (small waste particles and water) intermixed
with air bubbles to aid the homogenization. It has been noted that single pass

units are of greatly reduced effectiveness for this purpose and are not recommended.

The homogenized influent is next forced into an injection unit 24 which injects

it through nozzle unit 26. As previously indicated nozzle unit 26 may be an atomiz-
ing spray fog nozzle. The fogged or atomized influent upon leaving the nozzle

is sprayed into a cryogenic crystallization chamber 28 where it is exposed to tem-
peratures of about -120°C. The particulate influent is instantly frozen in crystal-
line form. Due to the differences in freezing points, at least three identifiable
categories of crystals appear to form, water, light crystals of solid waste and heavy
crystals of solid waste.

Instantaneous freezing as occurs at cryogenic temperatures produces a number of
desired and necessary results. First, the cryogenic temperature maintains the
influent in permanent solid state which is required for subsequent separation.
Higher temperature freezing would permit particles to return to the liquid state
when subsequently subjected to mechanical or electronic energy incident to the
production of extremely fine particle crystals and during centrifugal separation.

Also, the influent must remain in the solid state in order that the purity of the
crystals be maintained and to prevent undesirable mixing of water and other por-
tions of the influent. Further, cryogenic freezing creates individual crystals as

it acts upon the fogged influent material and thus becomes a first stage in the
waste separation process.

The cryogenically frozen crystalline particles are next processed to further ho-
mogenize the crystal mixture and to finally reduce the particle size to the criti-
cal size for effective centrifugal separation. In homogenizer-reducer 30 the crys-
tals are subjected to a blending to prevent the collection of multiple crystals
into individual large crystals which may trap impurities and create nonuniform
crystal sizes.

In addition, the individual crystal size is reduced to produce solid material that

is of extremely fine texture, approximating the particle size of fine flour particles
or smaller, which material takes on and exhibits the flow characteristics of a lig-
uid. While it is not desired to limit the process to a specific crystalline size, since
the precise size will depend upon the design of the centrifugal separator and
associated equipment, it is necessary that the frozen crystalline particles be suf-
ficiently small that the mass takes on the characteristics of a liquid.

The frozen, properly sized crystals are introduced into the cryogenic centrifugal
gravity separator 32, preferably a multiple stage separator, which separates water

in crystal form from the light and heavy solids of the influent. Separator 32 acts
upon the crystals in much the same manner as conventional centrifugal separators
effect liquid-liquid density separations. The water crystals are metered from
separator 32 via line 34 through a crystal injector 36 into a high temperature steam
chamber 38. The light and heavy solid waste crystals are directed from separator
32 via lines 40 and 42 through crystal injector 44 into an incinerator or combus
tion chamber 46.
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Freeze-Thaw Process

C.J. Raineri, Z.P. Mandy, M. Lesczynski, J.S. Styron and G. Akerhielm,; U.S.
Patent 3,880,756; April 29, 1975, assigned to Carrier Corporation describe a
system for sequentially freezing and thawing raw sludge to effect the separation
of the sludge into concentrated and dilute parts. The system comprises a revers-
ible refrigeration circuit including a pair of heat exchangers adapted to receive
and discharge sludge, a compressor, and appropriate valves and pumps for con-
trolling the circulation of refrigerant through the circuit.

The heat exchangers serve alternate and opposite functions as evaporators and

as condensers. The evaporator receives raw sludge which is cooled and frozen
by virtue of the heat transferred from the sludge to the evaporating refrigerant.
The condenser operates to thaw previously frozen sludge by virtue of the trans-
fer of heat from the condensing refrigerant to the sludge. Melted sludge or cool
water can also be circulated through the condenser to aid in the thawing process.

The system further includes a raw sludge tank for supplying raw sludge to the
evaporator, and for receiving for recirculation liquid raw sludge discharged from
the evaporator. A melted sludge tank receives sludge discharged by the con-
denser, and acts as a supply for recirculated melted sludge. Dampers associated
with each of the heat exchangers direct sludge discharged by the exchangers to
the appropriate tanks.

The direction of refrigerant flow is regulated by a series of valves disposed in the
various refrigerant lines, these valves and other mechanical devices in the system
being automatically controlled by various electrical switches and timers whose
functioning can be regulated by the levels of sludge in the respective tanks. The
system and the method for treating the sludge have been found to be very ef-
fective and efficient, and are quite capable of operating on a continuous basis

to treat large quantities of sludge.

Freezing Technigque

In a process described by C.J. Regan, R.J. Stephenson and G.S. Clements; U.S.
Patent 2,703,782; March 8, 1955, assigned to London County Council, England
sewage sludges are completely frozen and then permitted to thaw and are then
settled and/or filtered. The apparatus for carrying out the process utilizes the
latent heat of fusion of ice to effect the alternate refrigeration and thawing of
the sludge under treatment. .

Experiments show that the filterability of the sludges without the addition of
chemicals, is as a result of the process, greatly enhanced, filtration occupying
only 's of the time generally required for untreated sludges or sludges treated
according to well known processes. With the addition of suitable amounts of
selected chemicals, singly or in a mixture, to the sludge before freezing, the rate
of vacuum filtration may be very greatly increased as compared with the rates
obtained by normal good practice in the use of sludges treated according to pro-
cesses generally used. Examples of suitable chemicals for this purpose are ferric
compounds, chlorinated ferrous sulfate, aluminum compounds and chlorine.

It has been found that filtration of digested sludge, chemically treated and frozen
according to the process, consistently gave, on vacuum filtration through a flannel
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filter cloth, filter cakes containing well over 20% solids, and in some cases, at
rates higher than 300 pounds per square foot per hour dry solids.

Experiments were carried out on the filterability of digested sludges treated ac-
cording to the process with chemicals on a gravity sand filter of Y4 sq ft area

and made up of 1" of builders' sand over 1" of granite road chippings. In one
experiment the filter cake produced could easily have been removed after 20 min-
utes representing an output of 9 Ib/sq ft/hr, but it was actually removed as a
cake of 24.8% solids after 30 minutes, that is, at 6 pounds per square foot per
hour.

Similarly it has been found that activated sludge after chemical treatment and
freezing according to the process filters more easily. Experiments carried out
with the activated sludge treated with 1,000 parts of ferric iron per million parts
of wet sludge in the process resulted in the production of dry solids at rates up

to 52 Ib/sq ft/hr by vacuum filtration. In a typical case using vacuum filtration
80% of the liquid was extracted from a sludge previously settled to 40% by freez-
ing, in one minute.

Conical Screw Compaction Device

E. Condolios and M. Merle; U.S. Patent 3,923,652; December 2, 1975, assigned
to Societe Generale de Constructions Electriques et Mecaniques (ALSTHOM),
France describe a method for compacting fluid sludges which involves slowly stir-
ring the sludges by means of perforated blades rotating at low speed in a tank
and extracting them from the tank by pressing by means of a perforated conical
screw rotating slowly in a conical housing.

The controlled stirring of the sludge is effected mechanically, slowly, at all points,
by inclined blades placed judiciously in the tank containing the sludges and formed
with holes which are well determined for obtaining the sett'ing of the flakes of
sludge, the sludges thus settled being extracted through the bottom of the tank,
by a perforated conical screw rotating slowly in a conical recess whose point,
constituting the sludge outlet orifice, is directed downwards, so that the discharge
of sludge decreases as the extraction orifice of .the device is approached, so as

to send the interstitial liquid which is between the flakes back towards the top
and to make the latter come out in a compact mass towards the orifice.

The tank may comprise one or several conical screws for extracting and the drive
of the conical screws for extracting may be common to that of the mechanical
stirring blades or distinct therefrom.

With reference to Figure 3.15, the sludges. after a preliminary primary and sec-
ondary flocculation treatment by the known methods, are inserted into a device
according to the process by a tube 1.

The large flakes which have been formed during primary and secondary floccula-
tion operations are partly destroyed by the passing in the tube 1 due to-the speed
required for the transfer of the sludge into the device. To enable the reconstitut-
ing of the flakes and to speed up the settling thereof, a flocculation agent which
is generally a synthesizing polymer, called a settling flocculation agent, is inserted
at a point 2 on the tube.
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FIGURE 3.15: SLUDGE COMPACTION DEVICE
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Source; U.S. Patent 3,923,652

At the inlet of the tube 3, the settling flocculaticn agent gathers together the
flakes which are more or less broken by their hydraulic transfer in the tube 1 to
form again large flakes which go down the tube 3 towards a distribution deflector
4 placed at the bottem of that tube. The deflector separates the clear liquid from
the large flakes which it contains in a tank 5. The large flakes are then deposited
on the bottom of the tank and the liquid and the water which are practically
clear rise towards spillway 10 of the tank 5 and are decanted in a regular way by
V-shaped channels placed on the spillway to be discharged by the scavenging
spout 11,

The flakes which have been deposited on the bottom of the tank are then pushed
by a series of blades 7 rotating slowly in the tank. These blades are driven by
a shaft 8 and a speed reducing motor 9 enabling the required speed to be obtained.

The flakes which have thus been enlarged and have settled in the central zone of
the tank 5 move down towards the cylindro-conical zone placed at the bottom

of that tank. The flakes are then taken up again by a conical screw 12 compris-
ing holes 12" which push them slowly towards the orifice 13 placed at the bottom
of the conical part of the tank 5. That conical screw 12 may be controlled by
the same shaft 8 and the same speed reducing motor unit 9 such as shown in
Figure 3.15, either by another shaft concentric with the first, driven by the same



Sludge Dewatering Processes 245

gear speed reducing motor 9, or by another drive unit. The latter arrangement
enables a rotation speed of the conical screw different from that of the pre-
settling blades 7 to be obtained.

The arrangement is one of the important points of the process, for it is neces-
sary to give the conical screw a rate such that the discharge of the sludge dis-
charged by the screw decreases as progress is made towards the orifice 13. This
particular arrangement enables the flakes to settle completely and the water or
liquid still contained between the flakes to be discharged towards the top of the
conical screw. It is also necessary to place on the conical screw holes having
dimensions close to those of the blades 7 so as to enable the water or liquid to
rise more easily towards the top of the tank 5 and to obtain a low conical screw
speed which never exceeds that of the presettling blades 7.

The flakes which have completely settled at the bottom of the screw obstruct
completely the orifice 13 and prevent any pouring out of liquid towards the bot-
tom. Under the mechanical action of the screw 12, these settled flakes have
gathered together to form a very compact mass which pours out through the
orifice 13 to be removed by classical means 15 (conveyor belt, lorry, wagon).

The orifice 13 is provided with a grill 14 having hole dimensions chosen accord-
ing to the sludges and comprises a variable cross section adjusted by the height
of the sludge in the tank 5. A plate 19 which may be adjusted for heignt by
means of a control device 20 is placed beneath the orifice 13 in order to main-
tain a continuous mass of sludge at the outlet of the extraction orifice to avoid
the driving out of water through cracks which may exist in the sludges,

To obtain a normal operation of the device described, taking into account the
fact that the discharge of the sludge inserted in the tube 1 is generally variable,
a minimum sludge level detector 16 and a maximum sludge level detector 6 will
be placed on the tank 5. If the level of sludge is found to be below the detector
16, it is necessary either to reduce the speed of the conical screw 12 or to even
stop that screw for a more or less long time so that the level may rise above the
detector, or to reduce the cross section of the orifice 13 by suitable means, such
as closing device 13' controlled by the detector.

If the sludge level increases too much and exceeds the detector 6 which is gen-
erally placed at the height of the deflector 4, it is necessary to increase either
the speed of the conical screw 12 without ever exceeding the maximum permis-
sible speeds, or to increase the dimension of the orifice 13 or both. If, at the
limit of the speed possibilities of the conical screw 12 and of the diameter of
the orifice 13 the level of the sludge exceeds the level 6, it is then necessary to
reduce the discharge of the sludge to be treated which is admitted in the tube
1.

Conversion to Carbonate Form

P.J. Cardinal, Jr.; U.S. Patent 3,947,350; March 30, 1976, assigned to Envirotech
Corporation describes a process for preparing sludge for dewatering in a tertiary
line precipitation treating system in which raw sewage has been dosed with calcium
hydroxide to remove phosphates. A source of carbon dioxide is introduced into
the treating system to convert calcium hydroxide salts and other salts to the

more readily dewatered carbonate form, and to convert magnesium hydroxide
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salts to the bicarbonate form to facilitate removal of magnesium from the system.
Carbon dioxide may be’ introduced in gaseous form, an available source of which
is the exhaust gases from sludge incineration following dewatering. Alternatively,
sulfuric acid or hydrochloric acid or other suitable chemical reactant may be
introduced into the system to neutralize the higher pH of the sludge.

Conversion of the sludge to the carbonate form is effected in conjunction with
the production of carbon dioxide during the neutralization reaction effected by
the chemical reactants introduced into the system. Desirably, the carbon dioxide
is utilized in the system in a molar ratio of approximately 1 to 1 with the cal-
cium hydroxide dosed into the system.

Referring to Figure 3.16, a system utilizing the treating process is shown. The
process is illustrated in conjunction with a standard raw sewage line precipitation
tertiary treating procedure with the improved concepts of this process incorpo-
rated. In such a orocedure, raw sewage influent is introduced through conduit

1 into a primary clarifier 2 for clarification in known fashion. A predetermined
quantity of calcium hydroxide is introduced through conduit 3 into the primary
clarifier for phosphorous removal from the sewage in the primary clarifier in
known fashion.

After primary clarification, the clarified mixture is subjected to a secondary treat-
ment in an activated sludge system, summarized by reference numeral 4, in
which aeration or like treatment of the sludge is effected. Sludge from the primary
clarifier is introduced through conduit 6 in the activated sludge system.

The sewage effluent from the activated sludge system passes through conduit 7
into a secondary clarifier 8. Following secondary clarification, in known fashion,
the effluent passes through conduit 9 into a flash mixer 11 from which the ef-
fluent passes ghrough conduit 12 into a chemical clarifier 13. From the chemi-
cal clarifier a suitable conduit 14 carries the clarified sewage to subsequent treat-
ment, in separation beds and the like. Procedures effected within the activated
sludge system, secondary clarifier, flash mixer and chemical clarifer are conven-
tional and known in the tertiary treating art.

Waste activated sludge from the sludge system is transferred through conduit 16
into a sludge thickener 17 of known construction. In known fashion, a prede-
termined portion of the activated sludge is returned through conduit 18 into the
tertiary system in advance of the activated sludge system for retreatment for
most effective results.

Sludge from primary clarifier 2 is transferred through conduit 19 into a treating
tank 21 in which the primary sludge is subjected to the recarbonation effects
of carbon dioxide which transforms the hydroxide salts and the other salts in
the sludge to the carbonate or bicarbonate form, in which form they may more
readily be dewatered.

Following carbon dioxide treatment in tank 21, the recarbonated sludge is intro-
duced through conduit 22 into tne aforementioned sludge thickener 17 in which
settling is allowed to take place. The fluid overflow from the thickener passes
from the thickener in known fashion and the solids are transferred through con-
duit 23 into a dewatering apparatus 24. Such dewaterer may be of any type known
and used in tertiary systems, such as a centrifuge, or vacuum filter.
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FIGURE 3.16: SLUDGE TREATING PROCESS WITH TERTIARY SEWAGE
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Source: U.S. Patent 3,947,350

The dewatered sludge thereafter preferably is transferred through conduit 26 into

a furnace apparatus 27, which may be of any known type, such as a multiple hearth
incinerator, a lime recalcining kiln, or a combination incinerator-kiln, as described
in U.S. Patent 3,623,975. The dried solid products of combustion are removed
from the furnace through suitable conduit means 28 for subsequent treatment and
handling in known fashion,

In one form of this process, the gaseous products of combustion of furnace 27 are
utilized as a readily available and relatively inexpensive source of carbon dioxide
which can be employed to recarbonate the sludge in the treating tank 21. Such ex-
haust gases resulting from incineration or recalcination of the sludge in the furnace
are discharged from the furnace and preferably are passed through a gas scrubber
of known construction to cleanse and concentrate the carbon dioxide therein for
subsequent reuse. As thus concentrated, the carbon dioxide may be selectively
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reintroduced through suitable conduit means 29 into the aforementioned treating
tank 21. Such carbon dioxide gas thus bubbles through the mixture in tank 21 to
produce the recarbonating results desired.

As an alternative to utilization of gaseous carbon dioxide from the stack gases of
furnace 27, suitable chemical reactants or compositions which provide a source of
carbon dioxide may be introduced into the treating tank 21 to effect transforma-
tion of the hydroxide salts therein to the carbonate or bicarbonate form. That is,
by introducing a suitable chemical reactant or reactants into the system, the pH

of the lime dosed sludge is reduced from its normal range of approximately 8.0

to 11.0 to approximately 7.0 pH, thereby converting the calcium compounds in
the sludge to calcium carbonate and the magnesium compounds in the sludge to
magnesium bicarbonate.

Various known chemical reactants may be employed for that purpose, the
criterion for their use being their ability to produce carbon dioxide when mixed
with the salts contained in the sludge introduced into treating tank 21. |In that
connection, various acids known to be reactive with the sludge to produce or
liberate carbon dioxide therefrom during the chemical reaction therebetween

may be employed. Sulfuric acid and hydrochloric acid are typical and exemplary
of the type of chemicals which may be employed to reduce the solubility of the
hydroxide salts to convert the same to the carbonate or bicarbonate form.

The amount of carbon dioxide introduced into the various systems described
herein to react with the calcium hydroxide of the system will be selected in
accordance with the requirements of particular treating installations. Generally,
effective recarbonation requires approximately one mol of carbon dioxide for
each mol of calcium hydroxide introduced into the system. That is, a molar
ratio of approximately 1:1 CO,:Ca(OH), has been found to produce effective re-
sults. However, in those systems in which magnesium hydroxide is formed in
appreciable amounts, the molar ratio noted should be modified to increase the
amount of carbon dioxide, for example to 1.5 or 2:1, to insure desired conver-
sion of the magnesium hydroxide to magnesium bicarbonate.

By way of example, a tertiary sewage treating plant having 1 million gallons -
per day capacity, using 1 ton (240 ppm) of calcium hydroxide per day requires
about 0.8 tons of carbon dioxide for complete and effective conversion of the
calcium hydroxide salts to the calcium carbonate form.

In such an arrangement the sludge constituency is altered so that the calcium hy-
droxide is converted to the carbonate form. The other materials in the sludge,
such as primary solids and waste secondary sludge solids, remain essentially the
same as in a conventional tertiary treating procedure. The introduction of car-
bon dioxide into the system subsequent to lime dosing produces the carbonic.
acid employed to produce recarbonation in the manner described.

It should be understood that the calcium hydroxide quantities dosed into the
system to attain a minimum acceptable phosphorus removal level of approxi-
mately 70% are a direct function of the alkalinity of the sewage and its phos-
phorus content. Thus, alkalinity and phosphorus content should be carefully
monitored in the system.

Therefore, it should also be noted that, for effective results, the raw sewage
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should be dosed with calcium hydroxide in amounts sufficient to insure that

the pH of the sewage is increased to or maintained at 7.0 or above. |In preferred
operating systems, such pH is increased to within the range of approximately
8.5 to 12.0, to effect minimum acceptable phosphorus removal of approxi-
mately 70%.

However, if the pH level is controlled to fall within the range of 9.5 and above,
magnesium hydroxide precipitation results. Such precipitation, unless counter-
acted, produces two undesirable results: (1) dewatering with mechanical devices
is rendered more difficult, and (2) particulate buildup of magnesium hydroxide
within the system increases. Thus to counteract such precipitation, carbon
dioxide is utilized in the system to convert the magnesium hydroxide to mag-
n€sium bicarbonate, as noted, which is discharged from the system with other
soluble effluents.



USE OF FLOCCULANTS, PHOSPHATE
AND NITRATE REMOVAL

FLOCCULATING AGENTS
Condensation Products of Polyalkylene Polyamines, Ketones and Aldehydes

W.T. Grundner; U.S. Patent 3,849,307, November 19, 1974, assigned to Sybron
Corporation has found that reacting a polyalkylene polyamine, an aldehyde and
a ketone in molar ratios of about 0.9 to 1.1 polyalkylene polyamine to about
0.9 to 1.1 ketone to about 1.8 to 3.0 aldehyde produces a viscous, water-soluble,
condensation product which has utility as a flocculant, a dewatering aid and a
retention aid. |t is essential to avoid water-insoluble resin in preparing the con-
densation product, and therefore, it is critical to add the polyalkylene polyamine,
the aldehyde and the ketone within the specified ranges.

In general, an aqueous solution of a polyalkylene polyamine cooled to ambient
temperature is mixed with a ketone and an aldehyde and heated at 75° to 100°C
until the viscous product forms. The aldehyde and ketone are added to the poly-
alkylene polyamine solution over a period of time to prevent excessive heating
due to the reaction exotherm. Subsequent to the final addition of ketone and
aldehyde heat is externally applied. The following examples illustrate the process.

Example 1: Preparation of Condensate — Into a sealed 10-gallon stainless steel

reactor equipped with stirrer, thermometer, reflux condenser and addition port

were placed 11.93 kg of water and 5.805 kg (30.66 mols) of tetraethylene pen-
tamine (TEP). The resulting solution was cooled to 25°C and a mixture of 1.78
kilograms (30.65 mols) of acetone and 5.971 kg (73.49 mols) of a 37% formal-

dehyde solution was added over a period of 1.75 hours.

The first two-thirds of the acetone-formaldehyde mixture was added over 0.75
hour. The temperature reached 65°C as a result of reaction exotherm and ex-
ternally applied heat. The balance of the mixture was added over a period of

1 hour while maintaining a temperature in the range of 65° to 70°C. The reaction
was allowed to continue for 16 hours at 93° to 95°C after the addition was com-
plete. The heating was discontinued and 6.812 kg of cold water was added to
the viscous material. The resulting mixture was filtered through a single layer

250



Use of Flocculants, Phosphate and Nitrate Removal 251

of cheesecloth and cooled. The product, 32.75 kg, contained 24.8% solids. Upon
dilution to a solids concentration of 20%, the viscosity of the resulting solution
was found to be 33 cp at 22°C. The reactants were added at a molar ratio of
2.4 formaldehyde to 1.0 of acetone to 1.0 of tetraethylene pentamine (2.4:1:1).
Test results are shown in the table below.

Example 2: Several reactions using various polyalkylene polyamines were carried
out in accordance with the method disclosed in Example 1. The polyalkylene
polyamines utilized in various experiments were ethylene diamine (ED), imino-
bispropylamine (IBP) and diethylene triamine (DET). Molar ratios, temperature
and other reaction conditions were identical with Example 1 above, unless shown
otherwise in the table. The viscous condensate products obtained from each re-
action were diluted to working concentration of 0.1% for use in testing and are
recorded in the table.

Another set of reactions, in which reaction temperature and formaldehyde, ace-
tone, and tetraethylene pentamine concentrations were varied, were conducted in
accordance with the method described in Example 1. Test results and variables
are shown in the table.

Example 3: Measurement of Flocculation — Into a 1,000-ml graduated cylinder
was placed 1,000 m! of tap water. A sample of each condensate prepared in
Examples 1 and 2 was diluted to a working concentration of 0.1%. A sufficient
amount of the 0.1% condensate solution was added to the 1,000 ml of water in
order to provide a concentration of 1 part per million of condensate in the water.
The pH was adjusted to about 6.7. Fifteen grams of a finely divided kaolinite
was added to the graduate and dispersed through the liquid by vigorously shaking
and inverting the covered graduate, '

The graduate was placed on a flat surface and illuminated from behind. The
fine clay (kaolinite) particles were found to agglomerate and settle to the bottom
of the graduate. The rate at which the particles settled was determined by ob-
serving the length of time required for the interface between the relatively clear
supernatant liquid and the zone of settling particles to fall to a level representing
20% of the original liquid depth.

The test was repeated without the addition of the condensate, and the ratio of
settling times with and without polymer addition was determined. This value
of time with polymer addition divided by time without polymer addition is des-
ignated as the settling ratio. Settling ratios using 1.0 ppm of the condensate are
shown in the table. The settling ratio is calculated from the following formula:

Settling Time With Polymer Addition
Settling Time Without Polymer Addition

The table shows the settling ratio (settling improvement factor) for the conden-
sates tested. The lower settling ratios are an indication of superior flocculation.
The condensates having the lowest settling ratios, and therefore, the ones which
demonstrate superior flocculation, are those made with tetraethylene pentamine
(TEP). The table points out various other polyalkylene polyamines (polyamines)
which produce condensates having flocculating characteristics, but they are infe-
rior to condensates made with TEP. Condensates made without acetone have
very high (0.90 and 0.75) settling ratios, and are therefore, not suited to floccu-
lation. Condensates having formaldehyde molar ratios of 3.5 or above are insol-
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uble in water, and therefore, are not suitable as flocculants.

Ratio of Polyumine  Reaction Water Setthing
Formaldchyde: Temp Solubility Ratio
Acetonc Poly- °C 1.0 ppm

aminc Conden-
sate
1:0:1 *TEP 75 Soluble 090

2.2.0.1 TEP 100 Soluble 0.75

2.2:141 TEP 100 Soluble 01X

2311 TEP 100 Suluble 01y

2411 TEP 95 Soluble 015

2511 TEP 75 Soluble 032

31 TEP 75 Soluble 0.23
30 TEP 100 Soluble | 0.2%
3511 TEP 78 Insoluble —

411 TEP 75 infoluble —

2,310 *DET 100 Soluhle 041
2.3:1: *IBP 100 Soluble 0s]
2200 *ED 100 Soluble 0 S0

*TEP = tctracthylene pentamine
*DET = Dicthylene triamine
*IBP = iminobhupropylamine
*ED = cthylene diamine

Acid Treated Cationic Starch

W.G. Hunt and R.J. Belz; U.S. Patent 3,901,878, August 26, 1975, assigned to
Anheuser-Busch, Incorporated describe the use of an acid treated, high fluidity,
high degree of substitution, waxy maize cationic starch in the flocculation and
dewatering of municipal raw primary sludge. From 0.007 to 0.200% (based on
the dry weight of the sludge) of the treated starch of about 30 to 50 fluidity is
added to raw primary municipal sludge and contacted with the sewage before

the mixture is dewatered to a moisture content below about 70% moisture, which
is the moisture level at which the solids will adequately sustain combustion. The
starch has from about 0.15 to 0.25 degree of substitution of an amine butene
halide, specifically, 4-chloro-2-butenyl-trimethylammonium chloride.

Oxidized Cationic Starch

W.G. Hunt and R.J. Belz; U.S. Patent 3,875,054, April 1, 1975; assigned to
Anheuser-Busch Incorporated describe the use of a cationic oxidized starch in
the flocculation and dewatering of municipal raw primary sludge. From 0.016
to 0.1895% (based on the dry weight of the sludge) of the treated starch of 35
to 60 fluidity and 1.75 to 2.25% oxidation is added to the municipal sludge and
contacted with the sewage for a period of 3 to 5 minutes before being dewatered
to a moisture content below about 70% moisture, which is the moisture level at
which the solids will adequately sustain combustion. The starch has from 0.15
to 0.25 degree substitution of an amine butene halide, specifically, 1-chloro-4-
butenyl-trimethylammonium chloride.

The dent corn starch is oxidized to an available chlorine content of about 1.75
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to 2.25%. This oxidation treatment can be carried on by any suitable method,
but should be carried to the extent that it is equivalent to a sodium hypochlorite
treated corn starch of this available chlorine content. Preferably, the available
chlorine content is about 2.2%. The fluidity of the oxidized starch is about 35
to 60.

In reacting sodium hypochlorite with dent corn starch, from about 2.0 to 2.25%
by weight (based on the dry weight of the starch) available chlorine is reacted

at 80° to 85°F with about 42 to 50% by weight starch (dry basis) based on the
combined water and starch which has been adjusted to pH 9.0 with a 2.0% NaOH
solution. The sodium hypochlorite is added dropwise so as not to allow the pH
to exceed 11.0. The reaction is then allowed to proceed for 1'2 to 2'2 hours
after addition is complete or until the desired fluidity is achieved.

The excess chlorine is removed with minimal amounts of solid sodium bisulfite
by a spot plate test using o-tolidine {complete removal of excess chlérine indi-
cated by no color change). The starch is then adjusted to pH 6.5 to 5.0 with
1:1 HCI and diluted with excess water to 15°Be, filtered on a Buchner funnel,
reslurried to 15°Be, filtered again and dried.

In reacting the amine butene halide (particularly 1-chloro-4-butenyltrimethylam-
monium chloride) with starch, from about 50 to 55% by weight (based on the
dry weight of the starch) of the amine alkene halide is reacted with oxidized
gelatinized starch for 4 to 5 hours at a temperature of about 65° to 75°C using
a technique of Example 1. The final produet has a carboxyl number of about
0.1 to 0.3% which corresponds to a degree of substitution (DS) of about 0.0036
to 0.0108. The average molecular weight is about 89,000.

Example 1: |In preparing the cationic starch, sodium hypochlorite treated dent
starch of 53 fluidity and 2.2% chlorine is added to water in the proportion of
108 g of starch (dry basis) to 400 ml of water. From about 20 to 25% by weight
starch (dry basis) based on the combined water and starch can be used. The
oxidized starch is prepared as described above. This mixture is gelatinized with
live steam while stirring. Specifically, the starch is treated with steam at a tem-
perature of 212° to 220°F for a period of 5 to 10 minutes while being stirred.

The temperature is adjusted to 70°C and the stirring is continued. At this point
32 g of a 50% NaOH solution is added to the mixture of gelatinized starch and
water with continued stirring. The NaOH is added as a catalyst and not as a
gelatinizing agent. From about 12 to 18% by weight NaOH (based or, the dry
weight of the starch) can be added. The temperature can be 65° to 75°C.

At this point, 111 g of a 50% TAC solution (1-chloro-4-butenyltrimethylammo-
nium chloride) is added. This reagent is prepared as hereinbefore described.

This solution is allowed to react for 4 hours with stirring at 70°C before it is
diluted to 25% solids by weight with water to product a gelatinized oxidized
cationic starch. From about 50 to 55% by weight (based on the dry weight of
starch) of the amine butene halide can be used. This reaction between the amine
butene halide and the starch can continue for 4 to 5 hours at a temperature of
65° to 75°C. Following are examples of treating raw primary sewage with the
cationic oxidized starch of this process.

Example 2: A mixture of 108 g (dry basis) 7303 (lightly oxidized dent starch)
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in 300 m! water is gelatinized with steam and diluted with 300 ml water. The
dent starch had a chlorine content of 2.20%. The gelatinized starch is trans-
ferred to a 70°C water bath and 32 g of 50% NaOH solution and 111 g 50%
TAC solution are added. This mixture is reacted for 4 hours at 70°C. The
resultant product is 21% solids by weight and has a DS of 0.25.

Composite samples of primary sludge were picked up from a municipal sewage
treatment plant. Cationic starch at a concentration of 0.5% was examined using
the following method: A predetermined amount (based on the dry weight of

the sludge) of a 0.05% by weight aqueous solution of an anionic polyelectrolyte

is added to 200 ml of raw primary sludge and mixed back and forth 10 times
between two beakers. This anionic polyelectrolyte is a very high molecular weight
synthetic water-soluble hydrolyzed polyacrylamide (Purifloc A-23).

A§pecific weight (based on the dry weight of the sludge) of a 0.5% by weight
aqueous solution of cationic polyelectrolyte prepared according to Example 3

is then added, mixed back and forth at 76°F ten times between two beakers,
and transferred to a Buchner funnel fitted with Whatman No. 1 filter paper.
The pressure in the filtrate receiver was reduced to 13 inches Hg and the filtrate
collected after 30, 60, 90 and 120 seconds determined. Results are as follows:

Amount of Amount of Cationic Amount of Filtrate

Anionic Oxidized per Unit Time % Solids
Sludge Polyelectrolyte Starch (ml/sec) After

Run (ml) % Solids Added (%)* Added (%)* 30 60 90 120 Filtration
1 200 5.0 0.025 0.100 130 167 173 175 40.0
2 200 6.4 0.035 0.097 95 142 160 168 400
3 200 5.4 0.037 0.097 112 150 160 167 327
4 200 1.4 0.022 0.098 60 97 120 130 326
5 200 35 0.011 0.100 70 125 170 183 41.2
6 200 96 0.017 0.047 83 123 147 158 45.7
7 200 2.0 0.025 0.100 85 125 155 172 143

8 200 9.5 0.025 0.092 137 160 163 165 §5.9**
9 200 5.0 0.015 0.100 112 158 172 177 435

10 200 5.2 0.029 0.096 150 175 178 178 443"
11 200 99 0.025 0.101 115 130 135 137 314
12 200 5.2 0.012 0.096 115 160 172 175 416
13 200 5.2 0.024 0.096 123 168 174 176 433
14 200 36 0.024 0.097 92 137 158 170 240
15 200 9.4 0.027 0.098 73 100 114 123 244
16 200 6.0 0.025 0.100 102 140 153 160 300

*Based on dry weight of sludge. **Average.

In all tests, the minimal quantities of polyelectrolytes required to increase solids
to approximately 30% in 120 seconds was used as criteria for adequate floccula-
tion and dewatering. The 30% solids level after filtration is an adequate solids
content for sustaining combustion when the filter cake is later incinerated.

Example 3: A predetermined amount (based on the dry weight of the sludge)
of a 0.05% by weight aqueous solution of an anionic polyelectrolyte (Purifloc
A-23) is added to 2000 ml of raw primary sludge and mixed. Then a specific
amount of a 0.5% by weight aqueous solution of cationic polyelectrolyte (based
on the dry weight of the sludge) prepared according to Example 1 is added and
mixed, being sure not to deflocculate the sludge with the agitation. A filter leaf
with a reduced pressure of 13 inches Hg is then lowered into the conditioned
sludge. Filtrate is collected for 60 seconds and the filter leaf is removed and
allowed to dry under reduced pressure for another 180 seconds. The filter cake
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is then removed and percent solids and total dry solids are determined. Results
are as follows: }

Amuunt of

Cuanomic Amount of

Oxidized Anmomc % Solds
Sludgs % Starch Polymer After

Run (ml) Solids Added (%)'  Added (%)' Filtration
1 2000 65 045 032 238
2 2000 70 045 032 ‘278
3 2000 60 045 032 294
E) 2000 74 045 032 249

TBased on dry weight of sludge.

In this example, the test procedure for determining adequate flocculation and
dewatering by the polyelectrolyte has been changed from the Buchner funnel

test that was used in Example 2. This is due primarily to the small percentage
polyelectrolyte (dry basis) by weight used based on the dry weight of the sludge.
In all tests, approximately 30% solids after 4 minutes vacuum filtration on a filter
leaf was used as criteria for adequate flocculation and dewatering.

Example 4: Following is a plant-size run using oxidized dent cationic starch in
which the starch is 2.2% oxidized and has a degree of substitution of 0.25 for
the amine butene halide. The sewage treatment plant is a commercial operation
and the sludge had an initial solids content of 10.8% by weight. The starch is
added to the sewage as a 0.5% by weight solution at a 0.04785% by weight basis
(based on the dry weight of the sewage).

The amine polyelectrolyte (Purifloc A-23) is added as a 0.056% by weight aqueous
solution at a 0.0275% by weight basis (based on the dry weight of the sludge).
The treated sludge is filtered on a rotary filter at a rate of 277.5 wet pounds

per minute. The treated sludge has a solids content of 31.95%. On a dry solids
basis, 0.975 pound of starch reactant is added per ton of dry sludge recovered.
This is a very satisfactory performance both from a cost and a technical view-
point.

Cationic Polyelectrolyte Polymers

R.D. Lees; U.S. Patent 3,472,767; October 14, 1969, assigned to Hercules Incor-
porated describes a process for facilitating the dewatering of waste having sus-
pended solids by contacting the waste with a cationic polyelectrolyte polymer
in the presence of an acid salt containing polyvalent metal ions. The following
examples illustrate the process.

Examples 1 and 2: Sewage Plant Runs — Runs were carried out to determine
the effect on the filtration characteristics of unctuous sewage slurry of polymer
alone as contrasted with the same polymer together with acid salt containing
polyvalent metal ions as dewatering aid. The dewatering aid was added to the
sewage treatment plant by mixing the dewatering aid with sewage sludge after
the digestion step and pumping the resulting mixture directly into the filter pan
of the rotary vacuum filter employed in the vacuum filtration step, i.e., the plant
was not employing an elutriation step. Further details appear below in the table.
As will be seen from this table, the process increased by more than 40% the ef-
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ficiency of a sewage treatment plant, efficiency being reported as customary in
dry solids yields in a given operating period.

Sewage Plant Runs

Percent
. ) Solids in  Dry
""""" Dewatering Aid- - - - - - - "7 Influent  Solids
---Amount - - - Sewage Yields, Time,
Example No. Name Polymer Salt Sludge  Ib/hr hr
1 Polymer A only 131 None 14 1,960 19.0°
2 Polymer A plus Salt A 64 6,000 14 2920 2053

]Ppm dry weight basis by weight of total dry solids in sewage treated. Polymer added
as 0.1% aqueous solution and salt added as 1.0% aqueous solution,
Had to be shut down 42% of this time for unclogging the filter.
No shut-down was necessary—gave continuous good filtration.
Polymer A = 83% acrylamide, 17% MTMMS copolymer.
Salt A - AICI ;.
MTMMS = Beta-methacrylyloxyethyltrimethylammonium methyl sulfate.

Preferred polymers include the copolymers of acrylamide monomers ("acrylamide"
being used to designate acrylamide per se as well as acrylamide substituted on

the alpha carbon atom as well as on the nitrogen atom) with other ethylenically
unsaturated monomers such as for example (1) vinyl quaternary ammonium salts
including those derived from dialkylaminoalkyl methacrylate (e.g., beta-methacryl-
yloxyethyltrimethylammonium methy! sulfate), dialkylaminoalkyl acrylate, di-
alkylaminoalky! vinyl ether, (2) vinyl pyridinium salts including those derived
from 2-vinyl pyridine, 4-vinyl pyridine, 2-methy!-5-vinyl pyridine (e.g., 1,2-di-
methyl-5-viny| pyridinium methylsulfate), 2-vinyl-5-ethyl pyridine.

Salts applicable herein, in combination with the polyelectrolytes, as dewatering
aids comprise substantially water-soluble inorganic acid salts containing polyvalent
metal ions and preferably trivalent metal ions such as Al*** or Fe*** or both.
Particularly good results have been obtained with, for instance, AICl; and Al,(SO,)s.

F.C. Buh! and R.D. Lees; U.S. Patent 3,414,513, December 3, 1968, assigned to
Hercules Incorporated found that carrying out the elutriation step in the presence
of a small amount of a certain acrylamide-beta-methacrylyloxyethyltrimethylam-
monium methyl sulfate (acrylamide-MTMMS) copolymer provides a highly effec-
tive and economical means of increasing the solids recovery and decreasing the
"hold" time of this step. The particular copolymer effects these substantial im-
provements by increasing the flocculation rate, floc size and floc density which

in turn gives not only a substantially faster sedimentation rate but also gives an
appreciable increase in percent total solids recovered.

F.C. Buhl; U.S, Patent 3,414,514, December 3, 1968, assigned to Hercules Incor-
porated has f&md that contacting sewage with a small amount of a certain acryl-
amide-beta-methacrylyloxyethyltrimethylammonium methyl sulfate (acrylamide-
MTMMS) copolymer and vacuum filtering provides a highly effective and econom-
ical means of dewatering sewage. The copolymer flocculates the sewage particles
and substantially facilitates dewatering by vacuum filtration to give the desired
relatively thick and dry sludge cakes in a short period of time as contrasted with
much thinner and wetter sludge cakes requiring substantially longer periods of
time with prior art flocculants. In general, somewhat smaller amounts are required
of the copolymer flocculant of the process than with prior art flocculants. The
following examples illustrate the process.
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Examples 1 through 4: These sewage plant runs were carried out in order to
determine the effect of various flocculating agents on the filtration characteristics
of sewage sludge. The flocculating agent was added to the sewage treatment
plant stream by mixing the flocculating agent with sewage sludge after the elutri-
ation step and pumping the resulting mixture into the filter pan of the rotary
vacuum filter employed in the vacuum filtration step. As noted below, the par-
ticular copolymer of the process gave substantially higher production rates at

far lower concentrations than the conventional FeCl;-CaO flocculating agent.

Sewage Plant Runs—Filtration
Effect of Various Flocculating Agents on the
Filtration Characteristics of Sewage Sludge

Flocculating Agent Percent Dry Solids Total

A > Solids in Yield Dry Solids

mount Influent Ibs./sq. ft.  Produced

Example Name Lbs, Percent Sludge filter/hr., lbs.

1 FeCl3-CaO 3,189 10 18,336 1,60 t0 9,2 10.8 3.80 199,300

2 FeCl3-CaO 2,892 to 17,930 1.50 to 9.3 11.0 3.71 192,800

3 Acrylamide-MTMMS 13.9 o.n 10.7 5.08 12,700

4 Acrylamide-MTMMS 28.9 0.11 n.7z 4.79 26,300

* Dry weight basis by weight total dry solids in sewage treated, odded os 1.0% oq solution. Exompl

3 and 4 used 83% acrylomide-17% MTMMS copolymer.

The copolymer flocculating agent of the process consists by weight essentially
of 99 to 20% acrylamide and 1 to 80% MTMMS, preferably 97 to 50% acryl-
amide and 3 to 50% MTMMS, 95 to 60% acrylamide and 5 to 40% MTMMS
being specifically preferred.

Sodium Polystyrene Sulfonate

A method described by C.P. Priesing and S. Mogelnicki; U.S. Patent 3,247,102,
April 19, 1966, assigned to The Dow Chemical Company involves the elutriation
process. This process comprises the steps of feeding a digested sewage sludge to
a liquid mixing zone concomitantly with an aqueous washing medium and there-
after settling the washed sewage solids and withdrawing the wash water elutriate
as an overhead stream.

The process particularly involves the improvement in the foregoing process which
consists in conjunctively (1) feeding a controlled amount of an additive nondi-
gested sewage sludge into the mixing zone and (2) incorporating a sufficient
amount of an anionic organic polymeric flocculant into the mixing zone to en-
hance the rate of solids-liquid separation. The adjective "additive" is applied

to the specified nondigested sewage siudges inasmuch as such sludges are not
normally in the feed to the mixing zone.

The amounts of the additive sewage sludge and anionic polymeric flocculant
blended with the digested sludge and aqueous washing medium will vary for op-
timum results between relatively narrow limits. To enhance the settling rate of
solids in the resulting blend, the amount of the additive sewage sludge used
should be controlled to provide from about 5 to 50% by weight additional solids
based on the weight of the digested sewage sludge solids, with 10 to 30% addi-
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tional solids being preferred. The amount of the organic polymer flocculant
utilized is within the range from about 0.01 to 10 Ib/ton of the total sewage
sludge solids fed to the mixing zone, with from about 0.1 to 1 Ib being preferred.
The term "solids" refers o the mass of solid materials determined by filtering

a given aliquot of the sludge and drying the filter cake at 110°C for 2 hours.

The weight of such dry solids is taken as the solids content of the given aliquot.

Specific polymeric flocculants for use in the process include the high molecular
weight, anionic, water-soluble polyalkanes obtained by the vinyl polymerization
of one or more monoethylenically unsaturated monomers bearing a carboxylic
or sulfonic acid group, including alkali metal and ammonium salts with the op-
tional inclusion of other monoethylenically unsaturated monomers to provide a
water-soluble polymer. A preferred class of anionic polymeric flocculants is
the polymers of an alkali metal or ammonium salt of vinyl aromatic sulfonic
acid having a weight average molecular weight of about 6 million or more.

Such polyrmers correspond to water-soluble homopolymeérs of the sulfonate mon-
omers and copolymers prepared by the vinyl polymerization of a major propor-
tion of the vinyl aromatic sulfonate with a minor proportion of a monomer such
as acrylamide, methacrylamide, acrylonitrile, styrene, vinyltoluene, and methyl
acrylate. Such polymers are also obtained by the direct sulfonation of a poly-
(vinyl aromatic) backbone polymer. A suitable method is described in U.S. Patent
3,172,618. In general, the vinyl aromatic nuclei of the sulfonated polymers are
derived from styrene, vinyltoluene and a-methyl styrene. The following examples
illustrate the process.

The following operations were carried out on a laboratory scale. As a conseduence,
the elutriation process was conducted as a batch process. The digested sewage
sludge to be elutriated was obtained from the sewage treatment plant of a small
Midwestern city. The solids content of this sludge was 117,698 parts by weight
per million parts by weight of sludge. The solids contents of individual sludges
and blends are determined for the purposes herein by filtering a known aliquot
of the sludge or blend of interest, in a Biichner funnel vacuum filter and weighing
the filter cake after drying it at 110°C for 2 hours.

The additive nondigested sewage sludge to be mixed with the digested sewage
sludge was obtained from a second sewage processing plant in the form cf an
activated sludge containing 8,300 parts of solids per million parts by weight of
sludge. Normally, large sewage processing plants have both types of sewage
sludges available at a given location.

The agueous washing medium was obtained from the overhead effluent stream
of a primary settling clarifier for raw sewage. The polymeric flocculant utilized
was a high molecular weight, water-soluble anionic polymer in the form of a so-
dium polystyrene sulfonate having a weight average molecular weight of about
6.2 million. The polymer was applied to the system to be flocculated as a 0.05%
by weight solution in water.

To carry out the elutriation of the digested sludge, the aqueous washing medium
was premixed with the additive nondigested sewage sludge. Particularly, this
blend was prépared by mixing together 2,118 ml of the activated sludge with
1,382 ml of the primary effluent. The solids content of the blended mixture
was measured and found to be 5,763 parts of solids per million parts by weight
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of the mixture. 3,500 ml of the above mixture were added to 700 ml of the
aforementioned digested sewage sludge. This gave a liquid dilution ratio of 5

to 1. The additive nondigested sewage sludge solids comprised 20% of the total
sludge solids. The resulting mixture was mildly agitated by stirring to accomplish
blending of the suspended sewage solids.

Subsequently, the blend was divided into four 1-liter aliquots. Each of three
aliquots was treated with a different dosage of the aforementioned polymer so-
lution. Each polymer treated mixture was then stirred with a paddle stirrer at

50 rpm for one minute to accomplish complete dispersion of the polymer through-
out the suspension. Thereafter the paddie was rotated at 25 rpm for 30 minutes
to promote efficient flocculation of the suspended solids.

At this point the stirring was stopped and settling allowed to occur for 30 min-
utes after which a 100-ml sample was taken from the supernatant (overhead elu-
triate) to ascertain residual suspended solids. It is to be noted that in conven-
tional elutriation operations, which are operated on a continuous process basis,
there would be need but for one mixing step to achieve both blending of the
sludges and distribution of the polymer.

The results of the batch elutriation operations with regard to the purity of the
overhead elutriate are reported in the following table as Run 1 along with results
of a second run involving a similar operation, except that the dilution ratio was
doubled. Also included for the purposes of comparison are two runs according
to the above general procedure utilizing the same feed streams except that no
additive nondigested sludge solids were used.

These operations designated Runs 3 and 4 show that, at roughly comparable di-
Jution ratios, the residual suspended solids, both with and without the anionic
flocculant treatment, is substantially greater than in the instance when additional
nondigested sludge solids were incorporated into the digested sludge to be elutri-
ated. In addition, it is apparent that the polymer dosage to achieve effective re-
sults is substantially reduced when the additive nondigested sludge is used con-
junctively with the anionic polymeric flocculant.

Blended Sludge Polymer Overhead Solids
Solids Conc, Dilution Dose, Cone,
Run Number ppm’ Ratio?  Ib/ton’ ppm'!
1 21,252 5/1 0.05 603
21,252 5/1 0.1 399
21,252 5/1 0.25 197
2 4,500 101 0.25 214
4,500 10/1 0.5 191
4,500 101 1.25 234
3 (compare with Run 1) 15,000 an 0 2,607
15,000 an 0.5 795
15,000 4.1 1.0 840
4 (compare with Run 2) 6,100 121 1.37 663
6,100 121 3.30 700

lParls by weight of solids per million parts by weight of blend.

This equals the total volume of aqueous liquid represented by the aqueous washing medium
and activated sewage sludge divided by the volume of digested sewage sludge. The amount
of water added with the polymer was omitted from this ratio. Due to the small amount of
polymer used, its effect on the dilution ratio is negligible.

The polymer dosage is specified in terms of pounds per unit weight (ton) of suspended solids.
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J.G. Sak,; U.S. Patent 3,397,139, August 13, 1968, assigned to The Dow Chemical
Co. describes an improved secondary waste treatment process. Such processes
normally comprise the unit operations of primary settling, biological oxidation,
secondary settling and dewatering of a mixed sludge from the primary and sec-
ondary settling operations. These operations are modified with the use of a high
molecular weight organic anionic polymer flocculant in the primary settling op-
eration and the use of cationic reagents, especially cationic organic polymers, to
condition the mixed sludge for dewat’ering.

Preferably, the cationic polymeric conditioning agent is a cationic, water-soluble
organic polymer containing nitrogen in and along the polymer chain in the re-
duced form. A large number of examples of such polymers are described in
U.S. Patents 3,014,896 and 3,259,570.

The polymers used in the primary settling operation are high molecular weight,
synthetic polymers obtained by the polymerization of:ethylenically unsaturated
monomers. Preferably such polymer chains are characterized by substitution
with a plurality of carboxylate and/or sulfonate groups. |llustratively, such poly-
mers can be prepared from sodium acrylate, potassium styrene sulfonate, potas-
sium vinylbenzyl sulfonate, sodium ethylene sulfonate, sodium maleate, and am-
monium methacrylate.

Usually, a minimum of at least about 50 mol percent of the combined monomer
moieties should bear water-solubilizing groups to ensure that the resulting polymer
is properly water-soluble. It is also essential that a minimum of about 4 mol
percent of the monomer moieties combined in the finished polymer bear an ani-
onic substituent.

C.P. Priesing and S. Mogelnicki; U.S. Patent 3,259,570, July 5, 1966 and U.S.
Patent 3,300,407; January 24, 1967, both assigned to The Dow Chemical Com-
pany also describe the use of anionic polyelectrolytes such as sodium polystyrene
sulfonate in combination with cationic polyelectrolytes as well as with primary
inorganic coagulants such as ferric chloride.

Modified Acrylamide-Diallylamine Copolymers

R.J. Schaper; U.S. Patent 3,514,398, May 26, 1970, assigned to Calgon Corpora-
tion describes a method of flocculating suspended matter in an aqueous medium
by adding a small amount of a copolymer of acrylamide and diallylamine or
quaternary ammonium compound having condensed on the nitrogen through a
Michael addition reaction a compound having an activated double bond and an
electron-withdrawing (ac-ivating) group. A copolymer of acrylamide and diallyl
methy! (B-propionamido) ammonium halide is preferred for sewage flocculation
and filtration and general use in solids-liquid separation processes.

A municipal sewage plant was filtering an 8'4% solids content sewage sludge over
a coil spring filter under a 13 vacuum. The 2% ferric chloride-7% lime filter aid
being used produced a 's-inch to 'a2-inch filter cake. Use of this filter aid was
terminated and 335 to 350 ppm of a copolymer of 50% acrylamide and 50%
methyl (B-propionamido) diallyl ammonium chloride was maintained in the fiiter
sludge. A 'L-inch to %-inch filter cake having 17% solids content was produced
which was dry enough to handle. Only a very small percentage of the solids
content of this cake consisted of copolymer; under previous treatment about 5%
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of the solids content consisted of ferric chloride and lime. Most important, the
amount of sewage sludge which could be filtered in a given period of time was
double that filtered using the ferric chloride-lime filter aid.

While a minute amount of copolymer will flocculate some suspended particulate
matter, the amount of polymer needed to clarify a specific water sample depends
on many factors, such as particle concentration, particle size, particle charge, the
presence of other interfering chemicals, etc. Without these factors, it is difficult
to predict the exact amount of copolymer necessary to clarify a given water sys-
tem without adding excess polymer. Ordinary river water would usually not re-
quire more than about 10 ppm, while sewage water might require as much as
500 ppm and industrial waste as much as 2,000 ppm.

The most one can say is that sufficient copolymer should be added to clarify

the water, without adding so much as to waste copolymer, this amount being
dependent upoen the various characteristics of the medium being clarified. How-
ever, it may be said that sewage flocculation usually requires a much lower con-
centration than does sewage fiitration; a range of about 0.1 to 2,000 ppm is gen-
erally suitable for sewage applications, and about 100 to 500 ppm is the preferred
range.

Calcium Chloride and Sodium Hydroxide Added Sequentially

N.S. Davis and O.J. Foust; U.S. Patent 3,431,200, March 4, 1969, assigned to
North American Rockwell Corporation describe a process for treating waste ma-
terial for reducing the organic content and recovering reusable water. Algae are
photosynthetically grown in the wastes and the algae is recovered from the slurry
as an economically valuable product. In order to remove the algae from the
slurry it is flocculated by sequential additions of calcium chloride and sodium
hydroxide for producing calcium hydroxide in the suspension in a concentration
below the solubility limit of calcium hydroxide. Such sequential additions induce
instantaneous flocculation of the algae and permit ready settling and filtering
without introducing potentially toxic flocculating agents in the resultant product.

Example: Flocculation and settling tests were made on aqueous suspensions of
algae grown in liquid raw sewage. The growing conditions were such that the
algae comprises principally Scenedesmus dimorphous with a somewhat smaller
proportion of Chlorella and other species of algae. A typical suspension com-
prised about 0.2% by weight of algae. In each of“the tests set forth below, 20
liters of algae suspension was flocculated by adding a weighed quantity of calcium
chloride dissolved in water to the algae suspension and the mixture was stirred
for about 30 seconds.

Thereafter, a measured quantity of 12 normal sodium hydroxide was added and
the mixture stirred for an additional 30 seconds. At this point, 250 m! of slurry
was placed in a graduated cylinder for determination of the settling rate as indi-
cated by the volume of settled algae after a selected time interval. The balance
of the 20-liter algae suspension was permitted to settle from 2 to 4 hours after
which time about 16 liters of the supernatant ||qu1d was removed by suction
leaving 4 liters of concentrated algae.

A conventional 0.1-square-foot filter leaf was then placed face downward in the
suspension with about one-inch clearance between the bottom of the leaf and
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the bottom of the container. Suction at about three inches of mercury was ap-
plied to the filter leaf with the rate of vacuum buildup controlled by a relatively
small orifice. The slow buildup of suction permits an algae cake to form on the
filter cloth with minimized plugging of the filter. After about 45 seconds, suction
of about 17 inches of mercury is applied for a total filtering time of exactly

three minutes. At the end of three minutes the filter leaf was carefully lifted
vertically out of the container and held for exactly 30 seconds, with the lower
face of the filter horizontal to permit most of the water in the wet cake to be
sucked through the filter cloth. The filter leaf was then inverted and held in

a horizontal position for a total vacuum drying time of exactly three minutes.

The settling rate was determined by noting the depth of settled algae in the bot-
tom of the 250-ml graduated cylinder. In most instances a clear interface could
be seen between the settled algae and the supernatant. The settling time was
noted at about 20 minutes and after 24 hours. The data obtained in a series of
such tests with various quantities of addition agents are set forth in the following
table.

- -Additives - - Filter Cake
CaCl,, NaOH,  Yield, Solids, Filtrate  Settled Volume, mi/250 mi

g/l g/l g/ft? % Volume, ml 20 min 24 hr
2.0 0.09 41.8 242 - - 13
15 0.18 31.0 24.0 - (=) 19
0.5 0.18 375 255 - («) =
1.0 0.36 375 244 - (=) -
1.5 0.36 67.6 20.2 - 50" 19
2.0 0.36 25.0 219 1,950 50 21
0.5 0.54 314 249 600 (») -
1.0 0.54 47.3 229 - 50" 18
1.5 0.54 35.7 22.3 1,310 50 18
2.0 0.54 35.6 20.6 875 50 23
1.0 0.72 76.1 20.6 - 50 19
20 0.72 428 204 2,450 62 26
0 0 7.6 211 1,500 - -

*Secondary flock of small algae remained in suspension.
Carbon Dioxide and Hydrated Calcium Oxide Added Sequentially

N.S. Davis and O.J. Foust; U.S. Patent 3,440,166, April 22, 1969, assigned to
North American Rockwell Corporation describe a process for treatment of sewage
where activated sludge is produced which may be treated directly or may be di-
gested for further treatment. The sludge is flocculated by sequential additions

of carbon dioxide and hydrated calcium oxide. The flocculated sludge is filtered
to remove water from the solids‘and the filter cake is incinerated. Flue gas from
the incinerator is recycled to the sludge for providing carbon dioxide and calcium
oxide in the solid product of the incinerator is ground and recycled to provide
hydrated calcium oxide for inducing flocculation.

In related work, N.S. Davis, O.J. Foust and T.W. Withers, U.S. Patent 3,440,165,
April 22, 1969, assigned to North American Rockwell Corporation describe a
process for treatment of sewage wherein activated sludge is produced which may
be treated directly or may be digested before further treatment. The sludge is
flocculated by sequential additions of calcium chloride and hydrated calcium ox-
ide. The flocculated sludge is filtered to remove water from the solids and the
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filter cake is incinerated at a temperature sufficient to calcine the calcium com-
pounds therein to calcium oxide. Calcium oxide in the solid product of the in-
cinerator is ground and recycled to provide hydrated calcium oxide for inducing
flocculation thereby substantially reducing the cost of operation.

Magnesium and Zinc Hydroxide

In a process described by E.D. Cann; U.S. Patent 3,377,271, April 9, 1968 waste-
containing waters are treated for purification, disposal, or reuse with a regenerable
floc of magnesium or zinc hydroxide. Procedures are described for recovering
and recycling the magnesium and/or zinc. Thus, the effectiveness of waste-con-
taining water treatment techniques is enhanced by introducing, as a flocculating
agent, a soluble sulfur oxide salt of magnesium and/or zinc (e.g., zinc or magne-
sium sulfate, zinc or magnesium bisulfite, or zinc or magnesium bisulfate), which
is alkalized to form a magnesium or zinc floc.

The resultant floc coalesces suspended solid wastes which are then collected and
contacted with an aqueous sulfur oxide (SO, and/or SO;) to dissolve and thereby
recover the magnesium and/or zinc as a soluble sulfur oxide salt. The resultant
salt is then available for cycling back to the initial flocculation step or steps.

In one form of the process, a stream of the magnesium or zinc floc and coalesced
wastes is burned under combustion conditions (dry combustion) to burn off the
waste and to form magnesium or zinc oxide as part of the furnace ash. The ash
is then contacted with water and with sulfur oxide to dissolve or extract the
magnesium or zinc as the soluble sulfur oxide salt, which is then in a form suit-
able for recycling.

In a second form, the stream of magnesium or zinc floc and coalesced wastes

is first contacted with sulfur oxide (or a sulfur oxide affording substance such

as elemental sulfur) to form the sulfur oxide salt, and the wastes and salt burned
under combustion conditions (dry combustion) to burn off the wastes and pro-
vide a furnace ash containing the magnesium or zinc as a soluble sulfur oxide
salt. This salt is extracted with water and is used to provide recycle flocculating
agent.

FLOCCULATING PROCEDURES
Recovery of Precipitating Agent in Protein Removal Process

A process described by P. Nettli; U.S. Patent 3,936,375; February 3, 1976, as-
signed to A/S Apothekernes Laboratorium for Specialpraeparater, Norway pro-
vides a method for treating a proteinaceous sludge and comprises a chemical-
thermal combination method yielding a concentrated proteinaceous sludge with

a high content of solids simultaneously with the utilized precipitating agent going
into solution in the separated aqueous phase and thus renders it possible to re-
cover the precipitating agents.

In the process, an alkaline earth compound is added to the protein sludge and,

if necessary, an alkali metal hydroxide or alkaline earth metal hydroxide is added
until a pH of about 7 to 9 is obtained, followed by heating, during which the
protein complex formed from the precipitating agents and proteins splits, the
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proteins coagulate as an alkaline earth proteinate and the precipitating agent dis-
solves in the separated hydrous phase. By washing the coagulated material, it

is moreover possible to recover the precipitating agents almost quantitatively.

If alkaline earth hydroxide, e.g., Ca(OH),, is used alone before the protein sludge
is heated, a smaller proportion of the precipitating agent is dissolved and conse-
quently less precipitating agent is recovered, probably because the calcium salts
of the precipitating agents are less soluble. One advantage of calcium alone is,
however, that the coagulated material has a firmer consistency and separates
better; it is, for example, easier to filter.

By using an alkaline earth salt in a quantity sufficient to form an alkaline earth
proteinate and alkali hydroxide adequate for neutralization, the precipitating
agent will dissolve as an alkali salt that is highly soluble and thus makes it possi-
ble to recover the precipitating agent almost quantitatively. In the process, the
proteinaceous material is also supplied with heat-coagulable protein; whereafter
the mixture is agitated and heated to a temperature of at least 60°C, preferably
by the aid of steam supplied directly to the pretreated sludge, and the separated
water is removed, preferably in a centrifuge or a desludger.

Thus blood, which is a heat-coagulable protein, is added to this proteinaceous
sludge. The mixture is slowly heated with thorough agitation until coagulation
begins. A continuous flow of the mixture is then rapidly heated to 70° to 100°C,
whereupon the separated water is removed in a manner known per se. In this
manner a good separation of concentrated proteinaceous material is achieved with
a content of solids of approximately 40%. The addition of a heat-coagulable
protein also contributes to a better coagulation and dewatering but best results
are achieved with a combination of heat-coagulable protein and alkaline earth
compounds at a pH of about 7 to 9.

Flocculant and Sewage Mixing Module

According to a process described by A.P. Briltz; U.S. Patent 3,886,073; May 27,
1975 effluent is pumped from the primary sewage treatment location through

a module at which time a flocculating agent is introduced into the sewage. The
sewage and flocculent are agitated and thoroughly mixed in this module and it
then passes to a retention of flocculent module at which time the majority of
the flocculated material is separated out by baffles. The deflocculated effluent
then passes to conventional first and second stage filtering tanks. Means are pro-
vided to back-flow the modules to remove the flocculated material and cleanse

the modules when necessary.

Figure 4.1a is a schematic view of the treatment system in the form of a process
and flow diagram. Figure 4.1b is an enlarged fragmentary top view of one of

the conduits of the ngitating module with the casing broken away in part to show
the interior. Figure 4.1c is a longitudinal section substantially along the line 3—3
of Figure 4.1b. Figure 4.1d is a cross-sectional view substantially along the line
44 of Figure 4.1c. Figure 4.1e is an end view of Figure 4.1c along the line
5-5 of Figure 4.1c.

Figure 4.1f is a longitudinal section of one of the conduits of the flocculent
module substantially along the.line 6—6 of Figure 4.1g. Figure 4.1g is a cross-
sectional view substantially along the line 7—7 of Figure 4.1f. Figure 4.1h is
an enlarged end view of the agitating module per se along the line 8—8 of Fig-
ure 4.1a.
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FIGURE 4.1: (continued)
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FIGURE 4.1: (continued)

8.

Source: U.S. Patent 3,886,073

Referring to the figure, a secondary sewage treatment apparatus includes means
11 to add a flocculation chemical to sewage after it has been treated in the pri-
mary sewage area 12. Means 13 are provided to agitate the sewage and the floc-
culating chemicals and further means 14 are provided to separate the flocculated
material from the liquid effluent which then passes to conventional filtering tanks
14A. In Figure 4.1a, 12 illustrates schematically a holding unit for primary
treated sewage. This holding unit may be a reservoir or tanks as desired. A
pump 15 pumps sewage from the holding area 12 via conduit 16 and a conduit
16A extends between the pump and the means to agitate collectively designated
13.

Reference character 17 illustrates a container which holds flocculating chemicals
and a pump 18 injects metered amounts of these chemicals into the line or con-
duit 16A. The flocculating chemical utilized will of course depend upon the
contaminants held in solution within this sewage being treated. However, there
are many well-known flocculents which could be used such as soda ash, silicates,
polyelectrolytes and liquid alum.

The means to agitate the chemical and sewage indicated by reference character
13 consists of a module which in turn is connected to a further module compris-
ing the means to separate the flocculated material indicated by reference charac-
ter 14. The module 13 consists of a cylindrical casing 19 having a flange 20 at
either end and an intake header 21 is secured by a similar flange to the intake
end 22 of the casing. Conduit 16A connects centrally into this intake header
and a perforated dispersal cone 23 is situated immediately in front of the con-
nection of the conduit 16A with the header so that the mixture of sewage and
flocculating chemicals are evenly distributed through the agitating module 13.

End plates 24 are provided at each end of the casing and a plurality of conduits
25 extend through the casing between end plates 24 and communicate with the
intake header 21 at one end of the casing and an outlet baffle chamber 26 se-
cured to the other end of the casing by similar flanges 20. Each of the conduits
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25 is shown in detail in Figure 4.1b to Figure 4.1e inclusive. The conduits are
preferably cylindrical and made of a noncorrosive material such as stainless steel.
Each conduit is provided with a horizontally situated perforated partition baffle
27 which spans the conduit and extends from end to end. This perforated par-
tition baffle separates the conduit into a normal flow agitation portion 28 above
the partition baffle 27 and a reverse flow cleaning portion 29 below the partition
baffle 27, it being understood that portion 28 is considerably larger in volume
than portion 29 due to the positioning of the partition baffle 27.

Situated within the normal flow agitating portion 28 is a plurality of baffles which
include a first baffle 30 which is substantially triangular in front elevation and

is secured by the lower edge thereof to the partition baffle 27 and by the curved
side 31 to the wall of the portion 28. The diagonal edge 32 extends between

one side of the partition baffle 27 diagonally upwardly to the upper end of the
curved edge 31. This baffle is inclined towards the intake header end of the con-
duits 256. That is to say they are inclined at an angle towards the normal direction
of flow of sewage therethrough whiich is indicated by arrow 33.

A similar baffle 30A is also situated within the portion 28 of the conduit which
is similar in configuration to baffle 30 but is oppositely handed or reversed with
respect to baffle 30. However, this baffle also inclines in the same direction as
baffle 30, namely, at an angle towards the normal sewage flow. Situated between
baffles 30 and 30A is a vertical baffle 34 which forms part of a segment of the
cylindrical conduit 25. This baffle is secured by the curved edge thereof to the
upper wall of a portion 28 of the conduit and terminates spaced from the parti-
tion baffle 27 as indicated by reference character 35.

The provision of these baffles causes severe agitation or turbulence of the sewage
passing therethrough thus thoroughly mixing the flocculating chemicals and en-
suring or assisting in the flocculating action thereof. The length of the conduits
and the volume thereof is such that when the sewage reaches the outlet baffle
chamber 26, flocculation has commenced. A flap valve 36 is hinged as at 37 to
the upper edge of the portion 28 of the conduit at the discharge end thereof and
this flap valve normally rests against the separating or dividing partition baffle
27 as shown in Figure 4.1e. However, the hinging is such that sewage passing

in the normal direction, namely in the direction of arrow 33, opens this flap valve
whereas any back pressure or movement of effluent in the opposite direction
closes off the portion 28.

Finally, it should be observed that the intake end of the reverse flow cleaning
portion 29 of the conduits is closed as illustrated in Figure 4.1h by reference
character 38. The conduits and various baffles are preferably designed so that
they can be readily dismantled for replacement if desired.

Dealing next with the flocculent module 14, this also consists of a cylindrical
casing 39 having 2 flange 40 at either end thereof and a baffle chamber 26, being
similarly flanged, bolts to this flange as clearly shown in Figure 4.1a, it being
understood that the baffle chamber 26 acts as a connecting portion between
modules 13 and 14. Module 14 is also provided with a plurality of conduits 41
extending therethrough between end plates which are similar to end plates 19.
Details of these conduits 41 are shown in Figure 4.1f and Figure 4.1g. A
perforated horizontally situated partition baffle 42 spans the conduits in a
position similar to the position of the partition baffle 27 and separates the con-
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duits into a normal flow flocculent-trapping portion 43 above the partition baffle
42 and a reverse flow cleaning portion 44 below the partition baffle 42. Each
conduit includes a plurality of baffles 45 which are perforated and which are
secured by the lower edges thereof to the partition baffle 42 and extend into

the portion 43 of the conduits. These baffles extend or span the conduits but
terminate spaced from the upper wall as indicated by reference character 46 and
shown in Figure 4.1g. The baffles 45 are in spaced and paraliel relationship one
with the other and are inclined at an angle in a direction against the normal flow
of effluent therethrough indicated by reference character 33.

A hinged effluent-flow-operated flap valve 47 is provided at the outlet end 48

of each of the conduits 41, and this covers the normal flow flocculent trapping
portion 43 resting against the end of the partition baffle 42 by gravity. The con-
struction is similar to flap valves 36 and they operate in a similar manner. An
outlet header 49 is secured to flange 40 by a corresponding flange 50 and an
outlet conduit 51 connects to the settling or filtering tanks collectively designated
14A which are conventional in construction and operation. A perforated baffle
52 spans the baffle chamber 26 and the arrangement of apertures in the baffle
assures an even flow of the effluent from the agitating module 13 to the floccu-
lent module 14.

In operation, the treated sewage is pumped by pump 15 to the inlet header 21
and the necessary flocculent chemical is added in a metered amount just prior
to entry to the header 21. The cone 23 distributes the sewage evenly to the
conduits 25 and as it passes through these conduits it is completely agitated thus
initiating the flocculating action. It then passes to the baffle chamber 26 and
through the perforated screen 52 into the module 14. At this point, due to the
time factor which can be controlled by dimensions and by the capacity of pump
15, the flocculating action starts and the flocculated material is trapped by the
baffles 45 within the angle dzfined by these baffles and the partition baffle 42.
Such trapped flocculent is illustrated by 53 in Figure 4.1f.

It should be understood that the perforations within the partition baffle 42 are
small enough to prevent the flocculated material from passing through. The upper
edges 46 of baffles 45 act as a dam or weir and permit clear effluent to pass over
the upper edges thereof within the space indicated in Figure 4.1g and identified
by reference character 54. This clear effluent which may contain some small par-
ticles of flocculent, then passes to the filter tanks shown in 14A which eliminates
any solids which may be held in suspension within the effluent. The clear efflu-
ent is then held within reservoir 55 for disposal into the aquifers as necessary.

When it is desired to clean the modules 13 and 14, a pump 56 pumps clear ef-
fluent from the reservoir 55 through a conduit 56' and into the module 14 via

a conduit 57. In this connection a gate valve 58, normally used for the distribu-
tion of the clear effluent from reservoir 55, is closed, and a gate valve 59 nor-
mally routing the effluent from module 14 to the tanks 14A js also set so that
clear effluent passing through conduit 57 enters the outlet header 49 and does
not enter tanks 14A.

As soon as this back flow commences, the flap valves 36 and 47 close so that
the effluent under pressure has to pass through the conduits 41 and 25, via the
reverse flow cleaning portions 44 and 29 respectively. As both of these portions
are closed at the one end as shown at 38, the clear effluent under pressure is
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forced upwardly through the perforated separator baffles 42 and 27 thus remov-
ing any flocculated material 53 which has been collected by baffles 45 and any
flocculated material which may have lodged within the agitating baffles 30 and
30A. This washed away flocculated material discharges via conduits 60 and 61
to a common conduit 62. Conduit 60 is connected to the baffle chamber 26
and conduit 61 to the inlet header 21.

A gate valve 63 is open under these conditions so that this effluent carrying the
flocculated material flows via conduit 64 back to the primary treatment area 12
where it settles out by gravity. This means that the modules 13 and 14 can be
cleaned on a regular basis depending upon the amount of flocculated material
collected thereby. The collection of solids, of course, is conventional and these
are more readily disposed of than highly contaminated sewage effluent normally
remaining after conventional treatments.

Reference character 65, in Figure 4.1a, illustrates schematically a chlorination
unit for post-treatment of effluent prior to passing to the reservoir 55. Also
shown in Figure 4.1a is an air line 66 to aerate the chamber 26 if required, line
66 being connected to a source of compressed air which, of course, is conventional.
Finally it should be noted that the system will reduce lagoon holding require-
ments by one-half or better by having the system on a continuous flow, due to
the fact that over 80% of sewage is liquid. With the present system it would
not be necessary to hold this liquid for long periods as is the case with present
lagoons thus giving a reduction in land costs, reduction in lagoon construction
costs and, of course, a reduction of unsightly ponds and oddrs.

NITRATE REMOVAL
Using Nitrosomonas Bacteria

G.V. Levin and G.J. Topol,; U.S. Patent 3,654,147, April 4, 1972; assigned to
Biospherics Incorporated describe a process for treating raw or treated sewage
to obtain an effluent substantially free of nitrogen-containing compounds which
is returned to natural water resources. The process comprises mixing influent
sewage material with activated sludge to provide a mixed liquor. The mixed
liquor is passed to an aeration zone where it is aerated at a rate sufficient to re-
duce the BOD content and to convert ammonia present in the sewage to nitrate.
Under conditions of sufficiently high aeration, e.g., at least about 2 cubic feet
of air per gallon of mixed liquor, Nitrosornonas bacteria present in the mixed
liquor convert ammonia in the raw sewage to nitrite and Nitrobacter bacteria
convert nitrite to nitrate.

The mixed liquor is then passed to a zone where it is maintained under conditions
in which there is insufficient oxygen present to satisfy the metabolic needs of

the microorganisms in the mixed liquor, i.e., under anaerobic or semiaerobic con-
ditions. This induces denitrifying microorganisms present to break down the ni-
trate content. These microorganisms present in the sludge obtain oxygen by the
reduction of the nitrate content. Nitrogen gas is formed in the process and is
evolved from the system. Nitrate-depleted sludge is separated from this zone

to provide a substantially nitrate-free effluent. The sludge is then recycled for
mixing with influent sewage material.
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Referring to Figure 4.2, a raw sewage influent stream 1 is passed through conven-
tional screening and grit-removing units and is optionally subjected to primary
settling in a tank 2 from which primary sludge is removed in line 3. The primary
settled sewage is mixed with recycled activated siudge to form a mixed liquor
and is passed by line 4 to the aeration tank 5. In the aeration tank 5, the mixed
liquor is aerated at a rate sufficient to convert ammonia present in the sewage

to nitrate. During aeration, the bacteria present take up phosphate and consume
organic matter present in the sewage. A high degree of BOD removal is obtained
during aeration.

FIGURE 4.2: NITRATE REMOVAL FROM SEWAGE
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Source: U.S. Patent 3,654,147

After the aeration, the mixed liguor is fed into a tank 6 wherein it is maintained
under conditions in which there is insufficient oxygen present to satisfy the needs
of the microorganisms in the mixed liquor. This induces the microorganisms to
consume the nitrate content of the sewage. After depletion of the nitrates and
release of the nitrogen as nitrogen gas, the mixed liquor is passed to the aeration
tank 7 in which it is again aerated. In this tank, the microorganisms in the sludge
take up any phosphate which has leaked out during the period the mixed liquor
was in the tank 6. This step, and the phosphate stripping operation hereinafter
described, may be omitted if it is only desired to remove nitrogen in the sewage,
i.e., wherein phosphate removal is not required.

After aeration in the tank 7, the mixed liquor is fed into a secondary settling
tank 8. In the secondary settling tank 8, phosphate-enriched sludge settles and
thereby separates from the mixed liquor. The sludge contains a substantial por-
tion of the phosphate present in the sewage. The substantially phosphate-free
and nitrate-free effluent is discharged for disposal in a conventional manner by
line 9. The phosphate-enriched sludge is removed from the settling tank by line
10. A portion of the sludge may be delivered to waste and the remainder is
passed to the phosphate stripper 11. In the phosphate stripper 11, the phosphate-
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enriched sludge is treated to cause the microorganisms in the sludge to release
phosphate. This treatment may be accomplished by holding the mixture under
anaerobic conditions as described in U.S. Patent 3,236,766; by aerating as de-
scribed in U.S. Patent 3,654,146; or by appropriate pH adjustment, i.e., adjusting
the pH to less than 6.5 and maintaining it at this pH for at least 10 minutes.

This treatment causes the organisms in the sludge to release the phosphate which
they have taken up in the aeration tank 5. The phosphate leaks out of the sludge
into the liquid phase.

A phosphate-enriched supernatant liquor is produced upon settling of the sludge.
After settling, the sludge is passed by line 15 for mixing with the raw sewage
which is being fed to the aeration tank 5. A phosphate-enriched supernatant
liquor is produced by the phosphate stripper 11 and is passed by line 12 to the
phosphate precipitator 13. A phosphate precipitant, such as aluminum or iron
salts or lime, is mixed with the phosphate-enriched supernatant liquor in the
phosphate precipitator 13 to precipitate phosphate.

The phosphate precipitate may be combined with any waste phosphate-enriched
sludge removed from the secondary settling tank 8 and converted into a fertilizer
or otherwise disposed of by conventional methods. A phosphate-free supernatant
liquor is withdrawn from the phosphate precipitator 13 and passed by line 14

to line 9 where it is combined with the phosphate-free effluent from the secon-
dary settling tank 8. The following example illustrates the process.

Example: The pH of influent raw sewage is adjusted to 7 to 8 and is passed
through conventional screening and grit removal units. The raw sewage is mixed
with recycled activated sludge having a low phosphate content in an amount suf-
ficient to provide about 15% by volume of return sludge in the mixed liquor.

The mixed liquor is then fed at the rate of 15 gallons per hour to an aeration
zone wherein it is aerated at a rate of 0.1 liter of air per 'minute per liter of mixed
liquor for 6 hours.

The mixed liquor is then passed to a denitrification tank wherein it is held under
aerobic conditions for 4 hours. During this time, the microorganisms break down
the soluble nitrate content of the mixed liquor formed in the aeration tank and
nitrogen gas is evolved. The mixed liquor is then again aerated at a rate of 0.1
liter of air per minute per liter of mixed liquor for 2 hours to cause the sludge
to take up any phosphate which leaks out during the anaerobic treatment.

The aerated mixed liquor is passed to a secondary settling tank. Clarified efflu-
ent which is substantially free of phosphate, nitrate and ammonia is discharged

to the effluent outflow after chlorination. The phosphate-enriched sludge is
passed to a phosphate stripper and sludge thickener where it is held under anae-
robic conditions for several hours. The conditions existing in the stripper induce
considerable quantities of intracellular phosphate to leak out into the liquid phase.
The phosphate-depleted sludge is recycled for mixing with incoming raw sewage.

The phosphate-enriched supernatant liquid is withdrawn from the settling tank
and is fed into a chemical precipitation tank where alum is added and mixed to
form a phosphate precipitate. The phosphate precipitate is wasted and the phos-
phate-depleted effluent is discharged to the effluent outflow along with the clari-
fied effluent from the secondary settling tank. This process removes about 95%
of the phosphate and 90% of the ammonia contained in the original raw sewage.-
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PHOSPHATE REMOVAL
Internal Precipitation of Phosphate

G.J. Topol,; U.S. Patent 3,681,235, August 1, 1972, assigned to Biospherics
Incorporated describes an activated sludge sewage treatment process in which in-
fluent sewage material is mixed with activated sludge containing precipitated
phosphate particles to provide a mixed liquor. The mixed liquor is aerated to
cause the microorganisms present in the sludge to take up phosphate. Phosphate-
enriched sludge is separated from the mixed liquor to provide a substantially
phosphate-free effluent. The phosphate-enriched sludge is treated to cause the
microorganisms in the sludge to release phosphate to the liquid phase and a phos-
phate precipitant is added to precipitate the water-soluble phosphate content.
The sludge containing the precipitated phosphate particles is recycled for. mixing
with influent sewage material.

Example: The pH of influent raw sewage is adjusted to 7 to 8 and is passed
through conventional screening and grit-removing units. The raw sewage (about
1,000,000 gallons per day—gpd) containing about 100 parts per million (ppm)

of solids is mixed with recycled activated sludge (about 190,000 gpd) containing
about 500 ppm of phosphate precipitate. The mixed liquor is fed to an aeration
zone and is aBrated at a rate of 5 cubic feet of air per gallon of sewage for six
hours. The effluent mixed liquor from the aeration zone is fed to a secondary
settling tank. Clarified waste liquid which is substantially free of phosphate is
discharged to the effluent outflow after chlorination at a rate of about 1,000,000
gallons per day.

The settled mixture of phosphate-enriched sludge and particles of precipitated
phosphate is withdrawn from the secondary settling tank at a rate of about
200,000 gpd. A portion (about 10,000 gpd) is passed to waste sludge and the
remainder is passed to an anaerobic phosphate stripper wherein it is held under
anaerobi= conditions for several hours. The conditions existing in the stripper
induce considerable quantities of intracellular phosphate to leak out into the
liquid phase. An approximate stoichiometric amount of alum required to pre-
cipitate the soluble phosphate present is added to the sludge and the mixture of
sludge and precipitated phosphate is recycled for mixing with incoming raw sew-

age.

In related work, G.V. Levin.amd G.J. Topol,; U.S. Patents 3,730,882, May 1, 1973
and 3,756,946, September 4 1973 hoth assigned to Biospherics Incorporated
describe an activated sludge sewsge treatment process which comprises mixing
influent sewage material with activated sludge to provide a mixed liquor. The
mixed liquor is passed to an aeration zone wherein it is aerated to reduce the
BOD content thereof and to cause the microorganisms present to take up phos-
phate. The mixed liquor is then passed to a settling zone containing an anaerobic
layer of sludge. In the settling zone, phosphate-enriched sludge, in which the
phosphate is present in the cells of the organisms, settles into the anaerobic layer
of sludge and a substantially phosphate-free effluent is removed from above the
layer of sludge.

The sludge is maintained under anaerobic conditions in the sludge layer of the
settling zone for a time sufficient to cause the organisms in the sludge to release
phosphate to the liquid phase of the sludge. A phosphate precipitant is added
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to the sludge to precipitate the soluble phosphate in the phase thereof, resulting
in a mixture of phosphate-depleted sludge and precipitated phosphate particles.
This mixture is recycled for mixing with influent sewage material in the activated
sludge sewage treatment process.

In related work, G.V. Levin and G.J. Topol; U.S. Patent 3,654,146, April 4,
1972; assigned to Biospherics Incorporated describe an activated sludge sewage
treatment process in which phosphates are removed from phosphate-enriched
sludge by aerating the phosphate-enriched sludge with an oxygen-containing gas.
During aeration, the organisms in the sludge after consuming the available food
substrate, go into endogenous respiration, consuming much of their own cellular
material. Thus, the aeration serves to reduce the volume of sludge as well as to
cause the organisms in the sludge to release phosphate.

A phosphate-enriched supernatant liquor is formed on settling. The sludge, hav-
ing a reduced phosphate content, is separated from the phosphate-enriched super-
natant liquor and at least a portion is recycled for mixing with influent sewage
material in an activated sludge sewage treatment process. The mixed liquor is
aerated to reduce the BOD content and to cause the organisms present to take
up phosphate and phosphate-enriched sludge is separated from the mixed liquor
to provide a substantially phosphate-free effluent.

By gontrolled Additions of Sodium Aluminate and a Flocculant

According to a process described by R.D. Sawyer and J.D. Tinsley; U.S. Patent
3,673,083, June 27, 1972, assigned to Nalco Chemical Company soluble phos-
phates are removed from a sewage effluent by controlled additions of sodium
aluminate, NaAlQ,, and a flocculant introduced into the sewage effluent at some
point after secondary (aeration) treatment and prior to discharging the effluent
to a receiving body of water, thereby reducing considerably the amount of phos-
phates responsible for proliferation of primitive aquatic plant life deemed ecolog-
ically inimical.

The preferred flocculants are anionic water-soluble polymeric flocculants. The
most readily prepared polymers that give the best results are the copolymers

and homopolymers of acrylic acid which contain at least 10% by weight of acrylic
acid or acrylic acid salts. A particularly useful group are those which contain 20

to 60 weight percent acrylic acid and 40 to 80 weight percent acrylamide with such
polymers having a preferred molecular weight range of 1,000,000 to 3,000,000.

By Acidification

A process described by M. Spiegel and M.F. Hobbs; U.S. Patent 3,522,171,
July 28, 1970; assigned to FMC Corporation involves a method of treating sludge
to reduce the phosphate content prior to recycling the sludge as seed material

to the aeration zone of an activated sludge sewage treatment system. The method
involves subjecting the first sludge concentrate produced in the separator succes-
sively to acidification followed by separation of a second sludge concentrate and
then to dilution with a low phosphate content aqueous medium followed by sep-
aration of the third sludge concentrate which is the reduced phosphate content
concentrate of microorganisms to be recycled.

In one mode of operation, the process of removing, for example, orthophosphates



Use of Flocculants, Phosphate and Nitrate Removal 275

from sludge to be recycled as seed material comprises removing mixed liquor
from the aeration tank to sludge separation apparatus, removing a sludge concen-
trate of a solids content of about 4% from the settling tank in a liquid volume
of about 10 to 15% of the volume of influent sewage, i.e., 100 gpm influent
sewage, and 14 gpm of sludge concentrate, and having a phosphate content of,
for example, 175 to 250 mg/liter.

The process continues by acidifying with H,SO, to a pH of about 5, passing the
acidified sludge through a second separation step where the sludge is removed
from the liquor as a concentrate at a rate of about 5 gallons per minute having
about 8 to 10% solids content and a phosphate content of about 175 to 250 mg
per liter, mixing the flotation concentrate with an approximately equal volume
of effluent from the settling tank and passing the diluted sludge through a third
separation unit to produce a sludge recycle medium of 10% solids concentration,
containing approximately 110 mg/liter phosphate content, at a rate of 5 gallons
per minute. This concentration amounts to about 1.1 mg of desorbable phosphate
per gram of activated sludge compared to the mixed liquor content of about

6 mg of desorbable phosphate per gram of activated sludge.

Example: An aeration tank which may be 22-foot square and having a liquid
operating depth of 14 feet 6 inches, may be arranged with an influent channel
along the top of one wall of the tank with a weir arranged to provide relatively
uniform distribution of influent flow along the wall. The opposite wall may be
provided with five equally spaced ports for discharge of mixed liquor. Air dis-
persion equipment consists of one header positioned 2 feet from:the tank floor
and 3 feet from the wall topped by the influent channel and a second header
similarly positioned adjacent the wall provided with spaced ports. The header
may support a series of horizontally projecting cord wound air disperser units
each capable of introducing 5 to 8 cubic feet of air per minute.

The aeration tank is provided with about 53,000 gallons of mixed liquor having
a mixed liquor sludge solids content of 5,000 mg/liter. Influent sewage having

a phosphate content of approximately 30 mg/liter is introduced into the tank

at a rate of about 295 gpm into which is also introduced about 15 gpm of re-
cycle sludge. After about 3 hours' detention, mixed liquor is delivered to a set-
tling tank which produces approximately 272 gpm of effluent having a phosphate
content of about 3.2 mg/liter and 38 gpm of sludge concentrate having a phos-
phate content of approximately 220 mg/liter.

The 38 gpm of sludge concentrate is mixed with approximately 33 cc per minute
of 66°Bé sulfuric acid and delivered to a sludge flotation tank. In this tank, the
acidified liquor, after an appropriate holding time, is separated into approximately
23 gpm of effluent containing approximately 220 mg/liter of phosphate and

15 gpm of approximately 10% solids content sludge containing approximately
220 mg/liter of phosphate. The 10% solids content sludge is mixed with 30 gpm
of effluent from the settling tank containing 3.2 mg/liter of phosphate and the
diluted sludge concentrate is subjected to a second flotation operation.

The products of the second flotation can be 30 gpm of a clarified liquor con-
taining approximately 75 mg/liter of phosphate and 15 gpm of approximately
10% solids content recycle sludge of approximately 75 mg/liter. This content
of phosphorus amounts to about 0.8 mg of desorbable phosphate per gram of
return activated siudge whereas the mixed liquor activated sludge contains about
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6 mg of desorbable phosphate per gram of sludge. From the above example,

it will be apparent that the volume of desorbed phosphate-containing aqueous
medium which must be treated to precipitate phosphates before such an aqueous
medium is discharged from the system, is 53 gpm having an average phosphate
content of about 140 mg/liter, which is to be compared to other systems where
sludge washing operations will produce a representative dilute solution totaling
100 to 200 gpm of liquor having a phosphate content of only 10 to 15 mag/liter.

O.E. Albertson, U.S. Patent 3,409,545; November 5, 1968, assigned to Dorr-
Oliver Incorporated describes a process for decreasing the phosphorus and nitro-
gen content of organic waste material which comprises mixing the waste with a
chemical precipitant; settling and removing precipitated phosphorus-bearing sol-
ids; stripping the ammonia; aerating the effluent to biologically remove phospho-
rus and settling and removing precipitated phosphorus-bearing solids. The solids
from the first sedimentation are then thermally oxidized in a reactor and the
solids product of the reactor is run through a recovery system to recover reusable
chemical precipitant for the first step.

Dispersed Culture Reactor with Carbon Enrichment

J.H. Bruemmer; U.S. Patent 3,356,609, December 5, 1967, assigned to Union
Carbide Corporation describes a sewage treatment process which is capable of
returning a water effluent to resources substantially free of carbon, nitrogen
and phosphorus. In essence, the process comprises sukjecting a sewage stream
to a primary clarification to remove as much as practical of the solids content,
delivering the clarified effluent to a dispersed culture aerobic reactor, and the
solids, i.e., the primary or raw sludge, to a sludge aerobic reactor.

The effluent from the primary clarifier is enriched with a suitable source of carbon
and is subjected to adequate aerobic biological treatment in the dispersed culture
aerobic reactor, after which the entire mass is transferred to a flocculation tank
and chemically and/or mechanically treated to cause an agglomeration of the céll
mass grown in the dispersed culture aerobic reactor, and from this flocculation
tank is sent to a secondary clarifier where the agglomerated cell masses are
mechanically removed.

The effluent from the secondary clarifier being free of at least 99% of the original
N and P content can safely be returned to the water resources after chlorination
or similar disinfection. The raw sludge from the primary clarifier is fed to a sludge
aerobic reactor in which the oxygen tension is maintained at a high level by cir-
culating gas containing more than 30% oxygen and the carbon content is enriched
as in the dispersed culture aerobic reactor. In addition, any part or all of the
bacterial sludge from the secondary clarifier can be combined with the sludge

from the primary clarifier in the sludge aerobic reactor. Or if desired, the sec-
ondary sludge can by-pass the aerobic reactor by going directly into centrifuge

or filter.

This solid product may be further processed as supplement for animal feed.
Moreover, any part or all of the sludge from the secondary clarifier can be fed
back to the stream going into the primary clarifier to aid in clarification of in-
coming sewage, and/or to the dispersed culture aerobic reactor where it provides
inoculum for the incoming settled sewage from the primary clarifier. After suit-
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able treatment in the sludge aerobic reactor, the combined sludges from the pri-
mary and secondary clarifiers are centrifuged or filtered or otherwise separated
into liquid and solid fractions and the solids disposed of. The liquid fraction
can be recycled if desired, or returned to the natural water resources.

The dispersed nature of the microorganisms in the dispersed culture aerobic re-
actor renders the operation of the process step carried out in this reactor quite
different from that which occurs in an activated sludge operation of conventional
treatment procedures. In the latter operation, the bacterial culture present is in
its declining phase of growth in which the bacteria use much of the available
carbon to produce a flocculating substance, and therefore, has less carbon avail-
able for incorporation of nitrogen and phosphorus into cell mass, and in which
their facility for consuming organic material is relatively low. Also, the types

of bacteria which are capable of producing the flocculating substance are limited.
Thus, the number of different kinds of organic pollutants which can suitably be
treated by the activated sludge process is also limited.

In contrast, the dispersed culture aerobic reactor of this process contains the
microorganisms in a highly-dispersed state, existing as individuals or as small
clusters of no more than about twenty or so bacteria. In this dispersed condi-
tion, the bacteria are in their most active state of growth and utilize nutrient
material for cell mass at a much more rapid rate than do the microorganisms of
a conventional activated sludge system.

The dispersed condition of the bacteria is maintained in the dispersed culture
aerobic reactor by rapid mixing and by insuring that the nutrients in the sewage
stream are introduced at a sufficiently high rate and that the balance of carbon,
nitrogen, and phosphorus in nutrient form is appropriate for protoplasm produc-
tion. Maintenance of the proper CNP ratio is vital if the phosphorus and nitro-
gen values of the raw sewage are to be removed chemically combined in cell pro-
toplasm.

Accordingly and in view of the general deficiency of usable carbon in the sewage
streams treated in the process, a carbon source is added to the sewage in the dis-
persed culture aerobic reactor to maintain a weight ratio of carbon to phosphorus
in the sewage of from about 150:1 to 100:1. The carbon source can be any of
a vast variety of substances, including organic compounds (preferably free of ni-
trogen and/or phosphorus) such as monosaccharides and industrial wastes such

as molasses, food processing, pulp, pharmaceutical and fermentation by-products,
and inorganic carbonates such as sodium carbonate.

Example: Domestic raw sewage containing 250 parts per million by weight
(anhydrous) suspended solids, 540 ppm Biological Oxygen Demand (BOD),

180 ppm nitrogen, 10 ppm phosphorus and having a CNP ratio of 54:18:1 is

fed continuously into a 50,000-gallon primary clarifier at the rate of 600,000
gallons per day. To the primary clarifier is added daily 60 Ib lime to adjust the
pH to 7.4, 10 Ib of asbestos to aid clarification and 1,800 gallons’ bacterial sludge
from the secondary clarifier containing inoculum and polyelectrolyte coagulant
from the flocculator.

Residence time in the primary clarifier is about 2 hours. The effluent from
the primary clarifier (essentially free of organic nonbacterial suspended solids)
is fed continuously to the dispersed culture aerobic reactor, a 100,000-gallon
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closed cylinder at a rate of 25,000 gallons per hour, where gas containing 90%
0, and 10% CO, is circulated through the liquid at a rate of 0.1 volume of gas
per volume of liquid per minute.

A temperature of 30°C is maintained and the pH is adjusted to 7.2 with 5 Ib
lime per day. Asbestos is added at the rate of 10 |b per day to aid bacterial
growth. The contents of the reactor is vigorously mixed by conventional fermen-
tation impellers to achieve a "complete mixed" condition. A daily inoculum of
1,200 Ib bacterial sludge from the secondary clarifier (20% of secondary sludge
production) maintains the required bacteria concentration.

The daily throughput of the reactor, on the 4-hour detention time basis, is

600 Ib N, 45 |Ib P and 6,000 Ib suspended solids plus 1,200 Ib bacterial sludge
from the secondary clarifier. The contents of the dispersed culture reactor flows
out at a rate of 25,000 gallons per hour to the 2,500-gallon flocculator tank
where a solution of UCC Polymer X150 is added at the rate of 5 Ib per day and
alum at the rate of 20 |b per day.

Residence time in the flocculator is 6 minutes. The flow from the flocculator
goes to the secondary clarifier, a 25,000-gallon cylinder, where in 1-hour resi-
dence time, the bacterial sludge settles out at the rate of 600 Ib of N, 45 |Ib P,
and 6,000 |b suspended solids per day. The bacterial sludge settles to bottom
where it is distributed intermittently as follows: 300 Ib return per day to the
primary clarifier to aid coagulation of incoming sewage; 1,200 Ib go to the dis-
persed culture aerobic reactor as inoculum and to maintain high cell concentra-
tion, 10 to 10" cells/ml; 4,500 Ib are dewatered by centrifugation and processed
for animal feed. The sedimented sludge from the primary clarifier is transferred
to the sludge aerobic reactor, having a 20,000-gallon capacity, twice a day at
the rate of 3,000 gallons per day of 5% solids.

The daily inflow is 290 Ib nitrogen, 7.2 |b phosphorus, and 1,250 Ib suspended
solids. The contents of the sludge aerobic reactor are stirred slowly (impellers
150 rpm) so as not to disturb flocculated growth. A gas mixture of 90% O, and
10% CO, is circulated through the mixture by bubbles at a rate of 0.1 volume of
gas per volume of liquid. Temperature is maintained at 30°C and the pH remained
at 7.2. The separation of the liquid from the treated sludge by centrifugation pro-
vides a filtrate that is less than 7 ppm with respect to N, less than 2 ppm with re-
spect to P and BOD of less than 25 ppm O,.

This liquid volume of 3,000 gallons was recirculated through the liquid stream
to effectively remove all of the N and P. The packed solids from the treated
sludge is dried for high nitrogen-containing fertilizer., Daily yieids of 2,000 Ib
of dried solids contained 290 Ib of nitrogen and 7.2 Ib of phosphorus. The
treated water returned to the water resources contains less than 1 ppm nitrogen
and phosphorus, and less than 10 ppm BOD and suspended solids.
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COMPOSTING
Aerobic Composting

J.R. Snel- U.S. Patent 3,357,812; December 12, 1967 describes a process for
composting organic waste materials to yield a product suitable for use as a fer-
tilizer or soil conditioner. In the process oxygen-containing gas is uniformly di-
rected through the waste materials while agitating certain zones of the material
without lifting the material.

The apparatus comprises a generally rectangular open-top tank having a bottom
and upstanding side walls, means for introducing organic waste material at one
end of the tank and for discharging finished compost from the opposite end,
means communicating with the interior of the tank for selectively effecting air
circulation upwardly and downwardly, and means for agitating and loosening
successive increments of the mass during treatment without substantial vertical
displadéement of material from any portion of the mass.

Continuous Drying Through Aerobic Precomposting

H. Gujer; U.S. Patent 3,553,844, January 12, 1971 describes a method for dry-
ing wet organic waste matter, particularly fresh sludge, through aerobic precom-
posting. In the method wet organic waste matter is continuously added to a bed
of precomposting decaying matter in such proportions that the moisture balance
is not effected to the point of halting the process.

Constant recirculation of the material in the bed is conducted in order to keep
the bed relatively loosely arranged so that sufficient air is available throughout
the bed. The preferred apparatus includes an annular shaped receptacle with a
work platform suspended above on which are mounted a circulating device, a
feeding device, and a removal device. In the preferred forms, either the annular
receptacle revolves or, alternatively, the annular receptacle remains stationary
while the work platform revolves around the same. The drying device is depicted
in Figures 5.1a through 541c.
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FIGURE 5.1: CONTINUOUS DRYING ORGANIC WASTE THROUGH
AEROBIC PRECOMPOSTING

Top View of Drying Device

Z
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Ao

Sectional View Along Line -1l of Figure 5.1a
Source: U.S. Patent 3,653,844
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The drying device for performing the precomposting process includes an annular
receptacle 1 which is supported on two rollers 2 and rotates about its axis in the
direction represented by the arrow C. The floor and side walls forming the pre-
compost chamber of the annular receptacle are insulated so that the entire self-
induced temperature which develops during the aerobic decomposition, can be
utilized to the greatest extent possible, for the evaporation of liquid.

A working platform 3, preferably having a roof, is provided for on a stationary
support above the annular receptacle, and serves to carry certain other compo-

nents of the precomposting device. The working platform covers at least a por-
tion of the area of the annular receptacle and could, if desired, cover the entire
receptacle.

A turning or circulating device 4 is provided at the working platform, such turn-
ing device extending over the entire width of the annular cross section and, pref-
erably, being mounted at an adjustable angle o to the radtus of the annular re-
ceptacie so that the turned, or circulated, matter is conveyed by a certain amount
in the direction-of the exterior edge of the receptacle. Thus, as the decaying
matter is worked over each time, it is being conveyed, or circulated, from the in-
side toward the outside by means of the inclined position of the turning, or cir- .
culating, device 4 relative to the tangent of the conveying direction.

Bz adjusting the angle, the transverse conveying can be increased or reduced.
The circulating device may consist of a vertically mounted conveyor belt equipped
with teeth, although other suitable circulating devices can be used.

A depositing device 5 is mounted on the work platforrn and is used to distribute
the fresh waste matter at the inner annular region in the direction of the circulat-
ing device, as viewed in the direction of advance of the circulating device. The
depositing device is equipped with a conveyor belt 6 whigh is preferably adjust-
able in its speed. The fresh waste matter is finely fragmented and evenly dis-
tributed, and is deposited at 8 onto the conveyor beit.

The drying device is further equipped with a conveyor device 9, preferably a
worm conveyor, which is also secured to the work platform support and runs es-
sentially horizontally. The cunveyor device B extends over the width of the an-
nular receptacie and is mounted such that it conveys back to the interior an-
nular area the decaying matter accumulating in the exterior area of the receptacle.

The conveyor device 9 provides an intensive transverse circulating effect and at
the same time a constant feedback of the decaying matter into the mixing area
of the raw matter. The inclined position of the circulating device and the feed-
back through the conveyor device 9 causes an intensive mixing and homogeniza-
tion of the entire contents of the receptacle so that, in spite of local addition of
the raw matter, the same is continuously mixed into the entire contents of the
decaying matter.

The removal device 10, which is advantageously also mounted at the working
platform, has a sifting device 11 connected thereto which has associated there-
with a discharge device 12 for the precomposted decaying matter and is also
coupled with the depositing device for disposal of the sifted material. With this
arrangement it is possible to free the precomposted decaying matter of coarse
components and at the same time add those coarse components back to the bed
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via the depositing device 5. This helps to loosen the decaying matter further.
The coarse matter which has been sifted from the precomposted matter in sifting
device 11 is preferably dried prior to adding it to the bed. This drying permits
the coarse matter to absorb a part of the moisture as well as to loosen the de-
caying matter.

The drying devices are suitable for all organic waste matter having a water con-
tent exceeding that suitable for precomposting using ordinary methods. in par-
ticular, fresh sludges belong in this category. |If it is desired that the drying de-
vices also process refuse, it is mecessary to preliminarily prepare the same accord-
ing to conventional -methods, that is, segregating coarse ¢components from the
raw refuse and crushing the same if necessary. Further, the raw refuse must be
freed of metallic particles.

Peat Moss Used as Filter Medium

In a process described by C.J. Geraghty and R.R. Kennedy,; U.S. Patent
2,861,877; November 25, 1958, assigned to Modoc Peat Moss Company sludge
is filtered into a layer of loose porous (and preferably fibrousj cellulosic mate-
rial (preferably peat moss) and thus partially dewaters the sludge. When the.
moisture content of the resulting mass of sludge and porous cellulosic material
is in the range of 50 to 70% the mass is subjected to a tilling operation which
breaks it up into a product which is ready for market.

Fertilizer Mixture

d
A process described by F.T7. Nielsson and A.J. Soday; U.S. Patent 3,073,693,
January 15, 1963, assigned to International Minerals & Chemical Corporation in-
volves the composition and preparation of a nitrogenous fertilizer material com-
prised of sewage sludge, peat moss, urea-formaldehyde, and an ammonium salt
of a strong mineral acid.

In the preparation of the fertilizer, sewage sludge, peat moss, and solid urea are
mixed with an agueous solution of urea-formaldehyde and an aqueous solution
of a strong mineral acid. The reactants are mixed for between % and 2 minutes,
whereby polymerization and condensation of the urea-formaldehyde is effected.
The resulting mixture is then mixed with an aqueous solution of ammonia
whereby further condensation and polymerization of the urea-formaldehyde is
inhibited.

The reactants are mixed for between % and 2 minutes to produce a substantially
homogenous mixture. The resulting solids mixture, after curing, is a substantially
dust-free nitrogenous fertilizer which will not burn the plants and which does
not have an offensive odor when contacted with water. The following example
illustrates the process. Raw materials used to prepare nitrogenous fertilizer mate-
rials in the following example are as follows:

(1) Activated sewage sludge containing 6.2% P,0;, 8.2% water, and
5% nitrogen, 90% of the nitrogen being insoluble in cold water,

(2) Peat moss, a commercially available product of the partial natural
carbonization of vegetable and wood, the average nitrogen content
being 0.5% and the average water content being 50%.
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(3) Solid urea, fertilizer grade, containing 45% nitrogen.

(4) Agqueous urea-formaldehyde solution E:ontaining 26% urea,
59% formaldehyde, and 15% water.

(5) Sulfuric acid, 60°Be.

(6) Agueous ammonia solution containing 25% ammonia, 35.3%
urea, 11.9% formaldehyd®, 3.0% carbon dioxide, and 24.8%
water.

Example: Activated sewage sludge (520 parts), peat moss (5620 parts), and solid
urea (553 parts) were mixed in a paddle mixer for 1 minute. Aqueous urea-
formaldehyde solution (368 parts) and sulfuric acid (139 parts) were mixed with
the solid materials for 30 seconds. Aqueous ammonia-containing solution (150
parts) was then mixed with the reagents for 30 seconds. The resulting mixture
was divided into three equal portions designated as Portions A, B and C, respec-
tively.

Portion A was stored in a closed corigainer at room temperature for one week.
Portion B was stored in a closed container at a temperature of 150°F for one
week in order to simulate the temperature conditions which prevail in storage
of large quantities of fertilizer materials. Portion C was heated in a rotary dryer
having an_inlet gas temperature of 500°F, the temperature of the solids being
maintained below 160°F. The ratio of various components in the fertilizer and
chemical analysis of the fertilizer are set forth in the table below.

Portion
Compopent A _B C
Urea, formaldehyde molar
ratio 1.46 1.46 1.46
Ammonia, sulfuric ocid
molor ratio 2.0 2.0 2.0
Synthetic orgonic N,
natural orgenic N
molar ratio 1.1 1.1 11,1
* Solid urea, ureo in solu= )
tion weight rotio : 3.6 3.6 3.6
Urea, ammonia weight
ratio 18.2 18.2 18.2
Organic nitrogen, in-
organic nitrogen weight
ratio 11.3 11.3 11,3
Total nitrogen, percent 19.0 20,14 21,73
Cold-water-insoluble N, ,
percent ¢.0 12.0 9.73
Hot-water-insoluble N,
percent 5,38 6.66 6.58
Activity index 40,2 44.5 . 32,37
Moisture, percent 13.14 5.14 9.15

For purposes of comparison, activated sewage sludge (1,040 parts) and solid urea
(180 parts) were mixed in a paddle mixer for one minute, no peat moss being
added to the mixture. The resulting mixture was treated with an -aqueous solu-
tion of urea-formaldehyde, sulfuric acid, and an aqueous ammonia solution in the
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same proportions and in accordance with the same procedure as set forth above.
Upon =uring this mixture at either room temperature or at a temperature of
150°F for 1 week in accordance with the above procedure, the mixture in gach
instance, set up into a hard, solid mass which required grinding before the mate-
rial could be used as a fertilizer. Eliminating peat moss as one of the components
of the fertilizer material, adversely affected both the process and the product.
Portions A, B and. C, which contained peat moss, were frigble mixtures and easy
to handle.

Separation of Inorganic Impurities

J.R. Liljegren,; U.S. Patent 3,476,683; November 4, 1969 describes a method of
separating imorganic impurities from sewage and of making a soil-improving com-
position from the separated impurities. The process comprises adding to the
sewage, on the basis of the measured quantity of the sewage and the degree of
pollution, a precipitating agent in the form of lime, hydrate of lime or slaked lime,
leading the water and lime into pools in which the heavy precipitates sink to the
bottom as sludge and the lightweight precipitates assisted by the gas formation
resulting from the reaction in the water rise to the surface, and removing the
sludge and floating precipitates from the water and dewatering the sludge and the
precipitates. )

For the preparation of the soil-improving composition the dewatered sludge is
mixed with sludge obtained from a purification plant cperating biologically with
active sludge, treated in the same way and preferably dewatered together with
the first mentioned sludge, and during mixing a suitable quantity of unslaked
lime, calcium oxide, is added to the dewatered sladge mixture to effect both
sterilization and drying.

Treatment with Halogenated Hydrocarbon Solvent

A process described by D. McDonald; U.S. Patent 3,365,395, January 23, 1968,
assigned to Science Progress, Incorporated relates to the solvent traatment of sew-
age and waste material. The term "solvent" is meant to include halogenated hy-
drocarbon solvents of which the following class of solvents is representative: per-
chloroethylene (tetrachloroethylene), trichloroethylene, tetrachloroethane, chloro-
form and carbon tetrachloride.

The preferred solvent, however, is perchloroethylene, which has a boiling point
of 250°F, an azeotropic boiling point with water of between 190° and 195°F, and
a specific gravity of 1.62. The solvent in the method serves a dual purpose in
that it not only dissolves the solvent solubles (fats and the like), but also serves
as an effective dehydrant.

In the process, it is the objective to so treat sewage that all products or by-prod-
ucts will be free of contaminating properties while simultaneously providing a
self-sustaining sewage treatment. When the end product is intended to be a dry
sterile fertilizer, the sewage is preferably ground in the presence of an excess of
solvent so as to comminute the larger particles of sewage material. The resulting
comminuted material (sludge) is allowed to settle for a predetermined pericd of
time (relatively short, that is, about 15 to 60 minutes, or shorter). Due to the
presence of the solvent, the sludge wili settle rather rapidly and separate itself
from a majority of the effluent water present.
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The effluent water is continuously removed and further treated, in numerdus
ways, to be thoroughly decontaminated and then discarded. The sludge, mean-
while, will also be continually removed and passed to a surge tank where it is
further exposed to solvent, thereby allowing the solvent to thoroughlry remove
from the sludge, all solvent-soluble materials.

There will be formed in the surge tank two major layers, the lower or heavier
layer containing the heavier materials like solvent and heavy inorganic material,
while the light layer will contain sludge, solvent containing solvent-soluble ma-
terial and entrained effluent which is still present from the preceding step. The
lower or heavier layer will be withdrawn and passed through suitable apparatus
to separate the inorganic material from the solvent

The lighter layer will be passed through a centrifuge which will remove therefrom
any remaining effluent and the residual solvent and sludge will then pass to the
extraction chamber. The sludge will separate into meal and solvent, and the
meal having a specific gravity less than the solvent will float on the surface
thereof and be continuously removed and dried and readied for consumer use.

High Paper Content Waste

In a process described by V. Brown, U.S. Patent 3,633,775; October 13, 1970;
assigned to Metropolitan Waste Conversion Corporation sewage sludge and munic-
ipal waste, the latter comprising at least 50% paper, are processed by removing
the salvageable scrap and inert materials from the municipal waste, comminuting
the remaining waste, removing a part of the combustible materials, comprising a
portion of paper content, from the comminuted waste, mixing dewatered sewage
sludge with the remaining waste and composting the mixture by aerobic digestion.
The composted material is dried by hot air obtained by burning the removed
combustible materials.

In the process, the salvageable materials are manually, pneumatically, mechanically
or electromagnetically removed and sold as scrap and the inert materials are re-
moved and sent to landfill disposal tracts. The remaining waste is comminuted
and a substantial quantity of the paper and film plastic is removed and burned

to suppy heat for evaporating water from the sewage sludge, for drying the com-
posted organic waste, or for other energy needs.

In a city of approximately one million population, the town and house waste
amounts to about 2,000 tons per day, about 75% of which is paper. One ton

of paper provides the same quantity of heat as one barrel of oil or approximately
5,000 Btu per cubic foot. This feature gives flexibility to the composting process.
In seasons when compost demand is light, a proportionately larger quantity of
paper may be removed and burned. When compost demand is heavy, the mini-
mum amount of paper necessary to provide fuel may be removed and the re-
mainder composted.

It has also been found that aerobic digestion of the comminuted waste and sludge
is accelerated by enriching with oxygen the air fed to the composting tank. A
preferred apparatus for carrying out the composting with agitation and in the
presence of air is shown and described in U.S. Patent 3,294,491 and inciudes a
false bottom or the like through which air may be intimately diffused into the
organic mass being composted.
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The air surrounding the organic waste particles must have a minimum of 6%
oxygen for efficient composting and preferably the oxygen content should be
maintained at 20 to 35%. Below the 6% minimum, the digestion is so slow as
to increase the cost of the process beyond economic feasibility. Atmospheric
air, of course, contains approximately 20% oxygen, but this oxygen is quickly
utilized in the aerobic digestion process and the proportion of oxygen in the air
within the mass is likely to fall below 6% if the incoming air isfiot enriched.

The presence of raw primary or activated sewage solids in the digesting mass
greatly increases the biochemical oxygen demand and makes the addition of
oxygen of greater value and importance than in composting town waste only.
Figure 5.2 is a flow sheet showing the essential apparatus and the flow of mate-
rials.

FIGURE 5.2: PROCESS UTILIZING COMPOSTING STEP TO PROVIDE
FERTILIZER
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Source: U.S. Patent 3,633,775
Granular Sludge for Fertjlizer
J.W. Hudson and G.D. Ferguson, U.S. Patent 3,451,800, June 24, 1969, assigned

to USS Agri-Chemicals, Incorporated have found that the woolly fiber problem
in dried sewage sludge can be solved by grinding all of the sludge in a hammer
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mill or similar equipment until approximately 95% will pass a 50 mesh screen,
and then by mixing with the ground material a dry blend of about 0.5% starch
and heating the same to a temperature at least as high as 185°F, the blended
material can be granulated in a fertilizer granulator to obtain the maximum num-
ber of particles in the desired -8+20 mesh screen range. The granulated prod-
ucts may then be dried in any suitable apparatus, such as, for example, a rotary
gas fired dryer.

Apparently, by grinding all of the sludge until 95% will pass a 50 mesh screen,
the fiber difficulty is overcome, and with the high temperatures of heat, a rela-
tively small amount of starch is effective in producing the uniform, strong, non-
dusting, granular product. The dried granulated particles in the -8+20 mesh
screen range are smooth granules with well-rounded exteriors and are uniformly
sized, strong and nondusting granules. Such a product permits evenly controlled
application to lawns and other uses, employing the usual fertilizer applicators.

Example 1: A dried sewage sludge sample was first ground in a hammer mill
until 95% passed a 50 mesh screen. The ground material was then dry blended
with 0.5% cornstarch (No. 3005 starch, Corn Products Refining Co.). The
blended material was then fed to a TVA-type granulator, water and steam being
added to give a moisture content of 10 to 14% of dry weight of sludge and to
maintain a temperature in the range of 185° to 195°F. At this temperature, the
cooked starch produced the maximum number of particles in the desired -8+20

mesh screen range.

The granulated particles were drieds in a rotary gas fired dryer and the material
in the -8+20 mesh range was screened out as product. The oversize was finely
ground and mixed with the fines and recycled to the granulator. The product
consisted of relatively uniform granules which were strong and nondusting and
which had smooth and well rounded exteriors.

Example 2: The process was carried out as described in Example 1 except that
the dry mixture of ground sludge and starch was heated in the granulator to the
temperature range of 190° to 200°F. The cornstarch in the proportion of slightly
less than 0.5% was found to be effective in forming thé granulated particles in
the desired range of -8+20 mesh.

In a related process by J.W. Hudson and G.D. Ferguson; U.S. Patent 3,442,637,
May 6, 1969, assigned to USS Agri-Chemicals, Inc. fertilizer ingredients including
sewage and bran fibers are mixed with nitrogen solution, ammonia and steam,
and the blended mixture granulated to form hot granules. The granules while
hot and wet are mixed with cottonseed meal and starch whereby the oil-rich
particles of the meal coat the granules to provide an attrition-resistant fertilizer.

COMPACTION
Surface Soil Manufacture

K.H.R. Wikstrom and P.E. Ericson; U.S. Patent 3,824,092, July 16, 1974 de-
scribe a method of manufacturing a surface soil where sludge from sedimentation
tanks having a dry solids content of approximately 10 to 90% is mixed with a
sandy material and then compacted by pressing.
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Alternatively this surface soil may contain peat soil in addition to the sandy ma-
terial. The surface soil is produced in two stages, the purpose of the first stage
being to produce a premix, in which the starting materials are present in the in-
tended proportions, while in the second stage the premix formed in the first
stage is homogenized so as to transform the same to a product in which the
particles of sand are enveloped by an organic substance.

This effect is obtained by subjecting the premix from the first stage to a pressing
operation, it having been discovered that the dry product enters into intimate
contact with the hydrophilic sandy material in spite of its hydrophobic nature.

It would appear that one necessary condition is that the sludge has a dry solids
content within the given limits and that the formed premix is subjected to a
pressing operation which is suitably extended to comprise a series of such pressing
operations at a progressively increasing pressure, similar to the case in conventional
metal rolling operations.

The sandy material may be chosen from a large number of different materials
of an inorganic character, containing no, or preferably minor quantities of or-
ganic substances; the essential thing being that the material is not of uniform
particle size. Thus, the size of the various particles may vary from close to zero
to 20 mm, preferably from 0.5 to 8 mm. The material should have a density of
1,000 to 2,500 kg/m®. Mo-clay, common sand and gravel are examples of the
types of material envisaged as the sandy material used in the method.

The pressing operation to which the premix is subjected is of particular impor-
tance, since it is this which causes a satisfactory, homogeneous mixture of the
sludge with the sandy material. The material can be pressed together, for ex-
ample, in a tapering annular slot, in which it is progressively compressed while
being subjected to a series of blows, which causes the coarser sand particles to

be crushed to smaller sizes, these particles then being forced into the liquid phase
of the sludge having a relatively high dry solids content.

Subsequent to being pressed together, the premix can be suitably subjected to a
loosening or expanding process, wherein the material is caused to fall freely onto
a receiving surface preferably comprising a treated material, where it is broken up
into a porous, very loose product suitable for use as a surface soil and which can
be readily spread on grassland or similar surfaces such as lawns for example.

Because of the nature of the starting materials, one great advantage afforded by
the product produced in accordance with the process is that the product is free
of seeds liable to produce weeds, thereby reducing to a very large extent the
task of removing weeds from ground employing the surface soil of the process.
It has also been found that a lawn built on a surface comprising a top soil pro-
duced according to this process is surprisingly durable. The reason for this is
that the roots of the grass become embedded in the surface of the surface soil

in a manner whereby the surface is reinforced with the roots in a very effective
manner. Furthermore, the ability of the surface soil to retain water is extremely
high.

Example 1: Sedimentation sludge having dry solids content of approximately
10% was dewatered to a dry solids content of 256%. One hundred kilograms of
the dewatered sedimentation sludge were mixed with 100 kg of sand, having a
specific gravity of 1.4 and a screen analysis of O to 6 mm, to form a premix.
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The premix was then subjected to a series of rapid pressing operations. The re-
sulting product was then lifted and allowed to fall freely onto a receiving surface
and then placed in storage.

Example 2: Sedimentation sludge having a dry solids content of approximately
10% was dewatered to a dry solids content of 30%. Thirty-five kilograms of the
dewatered sludge were mixed with 35 kg of a clay material (fraction 0 to 2 mm),
28 kg of peat soil and 2 kg of a fertilizer, containing nitrogen, phosphorus and
potassium, calcium and magnesium in the form of compounds, to form a
premix. The premix was stored for two months and then subjected to a series
of rapid press operations.

The resultant product was found to be an excellent surface soil for lawn layinyg
purposes. A better result was obtained with a product produced according to
the process above but which had been caused to fall freely onto a receiving sur-
face and then stored for a short period. In both cases, the soil was found to be
extremely durable and the surface layer, subsequent to being sown with grass
seed, was found to be well reinforced with the grass roots.

Using Agglomerants

In a process described by J. Schick; U.S. Patent 3,226,319, December 28, 1965
weighting agents are added to the sludge before or during or after the addition
of the agglomerants, become associated with the solids, increase their specific
weight and cause them to drop, and the resulting solid flakes are given a further
addition of agglomerant to become a sediment which has a high concentration
of solids and which can be separated from the purified water merely by decant-
ing without needing filtration.

The solids contained in the voluminous sludges, which often have water contents
of 98%, are therefore, combined by adsorption of the agglomerants, because of
electrostatic interaction, to form a solid sediment from which so much clarified
water has been separated that such water can be decanted in a very simple way,
for instance, by overspill. The resulting inspissated sludge has a pudding-like con-
sistency, is compact, water-repellent and water-insoluble; it can therefore be
easily handled.

The precipitants of natural origin are extracts from plants, fruits or animal prod-
ucts, such as starch flour, ground carob bean, resins or the equivalent; albumi-
nous substances made particularly suitable natural agglomerants. Synthetic high
molecular carboxylic-group-containing polymers are employed as synthetic ag-
glomerants.

The synthetic agglomerants are commercially available substances including those
having the commercial names Separan NP10 (a high molecular weight synthetic
polymer containing both amide and carboxylic groupings), Surosolan (an agent
on the basis of polyacrylamide), Sedipur (high molecular organic substances de-
rived from polyacrylic acid), and others. A distinction is made with these syn-
thetic agents between mainly anionic and mainly cationic agglomerants. Prefer-
ably, anionic precipitants are used for the alkaline range and cationic precipitants
for the acid range. When adding precipitants as well as when adding weighting
agents an intensive oxidation of the sludge takes place simultaneously by aeration
or chlorination since this aids also in reducing the sludge volume.
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Advantageously, the agglomerant is used in the form of an aqueous solution, in
which event the solution can have a concentration of from 0.5 to 5 g/l, prefer-
ably from 1 to 2 g/l. The concentration of the agglomerants can readily be de-
termined individually for each case and depends upon the nature, origin and pro-
portion of solids of the sludges. Conveniently, the agglomerant solution is used
in proportion to the quantity and nature of the solid to be precipitated, prefer-
ably from 1 to 200 grams of agglomerant being used per metric ton of dry solid
substance. Usually, 2 to 5 grams of agglomerant per metric ton of dry solid sub-
stance are sufficient. !

In Situ Polymerization of Acrylic Monomers

A process described by J. Schick; U.S. Patent 3,226,318 December 28, 1965
relates to a process for consolidating aqueous sludge having high solids contents
and low water contents. According to the process, water-soluble polymerizable

or condensable monomers are added to the sludge, then polymerized or condensed,
the solids and water constituents of the sludge being locked into the polymeriza-
tion or condensation product and the sludge being permanently consolidated.

This process takes much less time than the conventional drying processes, with

the result that the area required for final preparation of the sludge yielded is re-
duced correspondingly. Another advantage of the process is that the consolidated
sludges have a number of possible uses, for instance, as an insulating material or
sealant or as a building material.

In a preferred form of the process, the timing of the polymerization or conden-
sation is controlled in a manner known per se by an addition of accelerating or
retarding compounds. Advantageously, water-soluble derivatives of acrylic acid

or low molecular weight aldehydes together with benzene derivatives, for instance,
phenol, are used as polymerizable or condensable monomers.

The polymerizable or condensable water-soluble or water-dispersable compounds,
preferably while in the monomeric state, are added to the agueous sludge in so-
lutions or dispersions of varying concentration, with or without foaming agents.
The mixture is allowed to freeze, possibly in molds, with an addition of sub-
stances which initiate the consolidation process and which are known as starters,
and with an addition of substances (usually accelerators) which control the timing
of the process; the organic and inorganic solids contained in the sludge and the
water contained therein are locked into the polymerization or condensation
product.

Shaped or unshaped compositions in the form of frozen structures or foams are
yielded, the cavities of tiie structures or foams being full of water while the
cavity or cell walls have the solids polymerized or condensed into them. These
solid compositions are reversible systems, yielding water by evaporation and ab-
sorbing water.

The cell walls take the form of synthetic resin gels if a two-component aqueous
solution of monomeric derivatives of acrylic acid, for instance, a mixture of
acrylamide, and N,N'-methylenebisacrylamide, the commercial product known as
AM-9 (American Cyanamid Co.) is used. To start polymerization, there are added
to these solutions or dispersions in known manner catalysts, such as -dimethyl
amino propionitrile which forms free radicals, accelerators such as peroxides or



Fertilizers from Sludge 291

per-salts, and inhibitors, such as ferricyano compounds, which control the timing
of polymerization. Of course, only monomers which lead to nonadhesive poly-
mers are used for polymerization. The polymers used, together with the poly-
merized sludge ingredients and the water present in the sludge, should lead to

at least compact compositions which can be transported without returning to a
thixotropic condition.

To produce consolidation by condensation, for instance, a phenol-formaldehyde
solution can be added to the aqueous sludges, and condensation can be started
by a further addition of formaldehyde or of some suitable curing agent. Pref-
erably, the resins used for these condensations are of the kind which can receive
a very wide variety of fillers.

Foaming agents or foamable resins can also be added as in the preparation of
foamed substances; the solids contents of the sludge are, in this application
locked into the foam upon the completion of condensation. However, these
condensation processes require longer reaction times than do polymerization
processes. Also, heat may occasionally be required to start the condensation
process. It is therefore more economical to use polymerizable substances for

this application instead of expensive chemicals for the consolidation of sludges

in respect of which the only need is, as a rule, removal with maximum efficiency.

Example 1. Fifteen kilograms of 20% aqueous solution of AM-9, to which 120
grams of catalyst and 40 cc of a 10% ferricyano-potassium solution had been
mixed, were added to 100 kg of a sludge containing 62% water. Also, a solution
of 150 grams of ammonium persulfate dissolved in 1 liter of water was added to
the sludge with thorough mixing. At the end of 1 hour the mixture had frozen
to a compact composition which could readily be transported.

If instead of 15 kg of a 20% solution, 15 kg of a 25% solution of AM-9 contain-
ing 150 grams of catalyst and 10 cc of a 10% ferricyano-potassium solution were
added and a solution of 188 grams of ammonium persulfate dissolved in 1 liter
of water was simultaneously added, the resulting composition was already solid.

This example shows that a quantity of at least 4% of AM-9 is necessary to con-
solidate a sludge having 62% aqueous content. [If the quantity of AM-9 added
is increased to above 5%, for instance, to 15%, the resulting products are solid
but, although they are very hard at the completion of polymerization they are
shattered by slight vibrations and then look like powdered glass. The sludges
may be of organic or inorganic origin.

Example 2: |nstead of the polymerizable AM-9 used in Example 1, 20 kg of a
40% phenol-formaldehyde solution were added to 100 kg of the same sludge,
whereafter 2 kg of a 40% formalin solution were added. At the end of 8 hours
a condensation product was yielded of a consistency adequate for transportation
to a dump.

Compacting and Granulating

In a process described by J.H. McLellan; U.S. Patent 2,977,214, March 28, 1961,
assigned to H.J. Baker & Bro., a system is provided for the compacting and gran-
ulating of highly pulverous dried sewage sludge whereby the powdered material
can be compacted into useable granules of increased density for economic handling
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and shipment, with decreased loss due to the pulverous nature of the starting
material, and in a manner which both enhances the utility of the dried sludge
as by-product fertilizer or soil conditioner material and reduces the dangers in-
cident to spontaneous combustion and continued putrefaction during bulk stor-
age or handling.

Referring to Figure 5.3, a source of pulverous dried sewage sludge is indicated

at 10, purely diagrammatically indicating a source of pulverous dried sludge
material of, perhaps 5 to 15% moisture content, more or less, conventionally
produced by heat drying, as in rotary or flash dryers. The source of dried pul-
verous sewage sludge is shown as discharging a mass 11 of such dried sludge into
a hopper 12 of the illustrated apparatus, with the outlet to the hopper controlled
by a gate valve 13 with associated operating mechanism 14 for introduction of
the mass of pulverous material 11 to the compacting rolls to be described, pref-
erably sufficiently to flood the roll nip.

Compacting apparatus 15 is illustrated as including a main frame member 20
mounted on a base or floor 21 and supporting compacting rolls 22, 23 in suit-
able bearings and journals not shown. Compacting rolls 21, 23 are driven for
rotation as indicated by the arrows thereon by conventional motor means, not
shown, and are urged toward each other to provide a high nip pressure therebe-_
tween as by a hydraulic mechanism indicated at 24 as including a hydraulic cyI
inder and piston arrangement including bearing piston 25 actuated by hydraulic
lines 26, all in known manner.

Upon passage of the highly pulverous dried organic and fibrous or cellular sewage
sludge material through the high pressure nip of the compacting rolls 22, 23, the
pulverous material is compacted into a more or less continuous sheet 30 to as-
sume a rigid and highly frangible character. As sheet 30 emerges in compacted
form from the nip between compacting rolls 22, 23, it is subjected to a breaking
or fracturing action, as by rotating breaker 35 having breaking fingers 36 there-
around which break or fractionate compacted sheet 30 into rather gross flakes
or chunks or fragments which flow by gravity out of the outlet 37 from the
compacting and breaking apparatus and into the inlet 38 of granulating appara-
tus 40.

The granulating apparatus is illustrated as having a main frame 45 supported on
a base or floor 46 and comprising two sets of corrugated granulating rolls 47, 48
and 49, 50. Nip or contact or meshing adjustment means are indicated, gener-
ally, by the handle and screw arrangements 51, 52, respectively, and, as will be
understood, as the broken flakes or chunks of the sheet pass into inlet 38 of
the granulating mechanism and through the nips between rows 47, 48 and 49,
50, the flakes are granulated or further fractionated or broken up into smali
particles or chunks of the desired size.

As illustrated in the figure, the corrugations of rows 47, 48 are substantially ax-
ial, although it may be preferred that the corrugations be at a slight angle to the
roll axis, whereas the corrugations on rolls 49, 50 conform to the so-called Lepage
arrangement for roller mills in which substantially axial corrugations are arranged
on roll 50 while roll 49 has substantially circumferential corrugations. In any
case, as will be understood, the several rolis are driven by motor means and, in-
deed, preferably at differential speeds as between the two rolls of each pair, and
the large fractions or chips broken by breaker 35 from the sheet are further
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granulated by the interaction of the corrugations on rolls 47, 48 and 49, 50 to
produce granulations or particles of the desired compacted form. The granulated
particles leave the final pair of rolls 49, 50 and emerge from granulating mech-
anism 40 through the outlet 55 to drop onto screening mechanism 60, which is
illustrated as having a fine screen portion 61, and accepting coarser screen por-
tion 62, and an oversize reject discharge 63. Also indicated at 64 is means for
oscillating or shaking screen mechanism 60.

FIGURE 5.3: COMPACTING AND GRANULATING PROCESS
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Source: U.S. Patent 2,977,214

The material emerging from outlet 55 of granulating unit 40 will include unac-
ceptable pulverous fines, granules of an acceptable size, and oversize granules.
Initially the fines will drop through the fine screen area 61 onto a conveying
mechanism indicated at 70 to be recycled, as indicated by the arrows 71 back
up to hopper 12 for mixture with the material 11 to be compacted.

The granules of acceptable size will fall through or pass the acceptance area 62
of the screening mechanism and fall through chute 72 to be received on convey-
ing mechanism indicated at 73 for conveying to the ultimate storage or bagging
or shipment facilities, while oversize granules will pass the acceptance area 62

of screen 60 and emerge at the oversize discharge 63 onto conveying mechanism
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indicated at 74 to be recycled, as indicated by arrow 75 to the ii*let 38 of gran-
ulating mechanism 40. As will be seen from the foregoing, highly pulverous ma-
terial is interjected from a source 10 into hopper 12 and passes continuously
through the apparatus until compacted, fractionated, and granulated to a speci-
fied or desired granule size for discharge of final conveyor for use as desired.

It may be noted that satisfactory results were achieved using, in compacting unit
15, compacting rolls 22, 23 in the form of smooth rolls 18 inches in diameter
by 6 inch face operating at 2 rpm. With a dried pulverous free flowing sludge
having approximately 5% moisture, and with the nip pressure unit 24 set for a
face-to-face initial pressure of 1,700 Ib per linear inch, a satisfactorily hard sheet
30 was produced with a thickness of 0.055 inch at a rate of 1.8 |b of material
per minute, although, during operation, the nip pressure actually went up to
3,170 Ib per linear inch.

With pulverous material having a moisture content of approximately 10.6%, how-
ever, the sheet 30 produced under the foregoing conditions was somewhat softer
and more crumbly than optimally desired. By increasing the initial setting of
nip pressure between rolls 22 and 23 to approximately 2,500 |b a satisfactory
compacted and frangible sheet 30 was produced from the higher moisture con-
tent material at a thickness of approximately 0.045 inch and at the rate of 1.8
pounds per minute, during which operation the recorded nip pressure rose to
4,800 Ib per linear inch.

After formation >f the compacted sheet, it was broken as by breaker 35, and
the large flakes or chunks fed through the granulating rolls in granulating unit
40. Satisfactory results were obtained with granulating unit 40 when the first
set of granulating rolls, 47 and 48, consisted of one roll with four corrugations
per inch and one rol! with five corrugations per inch, both axial corrugations,
and operating at somewhat differential speeds. The second set of rolls were of
the Lepage type as illustrated at rolls 49, 50, roll 50 having axial corrugations
at ten to the inch, und roll 49 having circumferential corrugations at 8 to the
inch.

The granulated product emerging from outlet 55 of corrugating unit 40 was
screened on an 8 mesh and 30 mesh screen in a mechanism such as 60, with the
production of 80% of the original feed within the size range of -8+20 mesh.
About 5% was retained on the 8 mesh screen and 15% went through the 30
mesh screen, with both these rejects being subject to recirculation through the
appropriate steps, as noted, if desired.

Whereas the original density of the pulverous material 11 ran from approximately
25 to 28 pcf as poured loosely into a container, the 8 to 30 mesh granules pro-
cuced as the acceptahl. fraction ran approximately 35 pcf, and even the 30 mesh
fines were increased in density to from 30 to 35 pcf.

Microscopic examination of the interior of sheet 30 (or granules produced) re-
veals the inherent fibrous and cellular character of the initial dried sewage sludge
starting material and that the compacted substance appears to have a texture
similar to, for example, plug tobacco, with the microscopically visible cellular or
fibrous particles being closely compressed and flattened parallel to the sheet sur
face and with both sheet surfaces coated with a thin, glossy black glaze, pre-
sumably, resulting from momentary liguefaction of tar-like organic components
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of the dried raw material under the influence of heat and pressure at the nip of
the compacting rolls. It is believed, however, that the strength and frangibility
of the formed sheet is a characteristic important for the ultimate granulation (as
opposed to merely crumbling or pulverizing) and results mainly from the matting
or felting or intertwining of the fibrous and lamellar fragments in the main body
portion of the compressed sheets.

OTHER PROCESSES
Heat Conversion Using Magnesium Oxide and Sulfuric Acid

According to a process described by H.P. Scheel; U.S. Patent 3,758,287 Sept. 11
1973; assigned to Western Minerals, Inc. conversion of organic waste into organic
plant food is carried out by subjecting the waste to heat sufficient to sterilize,
deodorize, and dewater the waste, the heat being generated by the chemical re
action of a mixture principally of magnesium oxide and sulfuric acid.

Although commercial magnesium oxide may be used, a preferable source is finely
arounu olivine, a less highly refined and less expensive material containing a large
percentage of magnesium oxide. Olivine is a mineral composed essentially of the
oxides of magnesium and iron but also containing aluminum, nickel, and other
trace elements. When the olivine is mixed with concentrated sulfuric acid, a
paste is formed which is then mixed with the waste. The exothermic reaction
which takes place produces a compost-like material which is valuable as a plant
food.

Example 1: Powdered olivine (200 mesh) was mixed with an equal amount, by
weight, of 98% sulfuric acid, utilizing a gasoline powered Essick motor mixer of

5 cubic feet capacity. After being mixed for 2 to 3 minutes, the paste was al
lowed to set up for about 15 minutes. Sewage sludge was then added in the ratio
of 3 parts, by weight, of sludge to 1 part, by weight, of paste. After being mixer!
an additional 5 minutes, the material was transferred to 55 gallon steel drums.
When the drums were full, covers were placed on them equipped with % inch
pipes for taking temperature readings.

Mercury thermometers were suspended in the pipes and blanket insulation packed
about the steel drums. Two different types of sewage sludge were used: (1) di-
gested, dewatered sewage sludge was obtained from the West Point treatment
plant of the municipality of metropolitan Seattle (Metro); and (2) raw, dewatered
sewage sludge was obtained from the treatment plant of Lynnwood, Washington.
Analysis of the two sludge materials is shown in Table 1.

Temperature readings in the steel drums were taken at two locations, near the
edge and in the center. A typical temperature versus time curve is shown in
Figure 5.4.

Sawdust or sander dust was added to some of the batches to reduce moisture and
quick or powdered limestone added to other batches to correct the pH. The re-
sults of bacteriological tests of the plant food end product from both the Metro
and Lynnwood sewage are shown in Table 2.
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FIGURE 5.4: OLIVINE-SULFURIC ACID TREATMENT OF ORGANIC WASTE
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Source: U.S. Patent 3,758,287

TABLE 1: COMPOSITION OF SLUDGE MATERIALS

Metro Lynnwood
Moisture, percent 52.1 -
Protein (N x 6.25), percent 29 -
Bacteriological gnalysis:
Std. plate count per gram' 120,000,000 240,000,000
Coliform count, MPN per gram? >>11,000 110,000,000
Fecal strep, MPN per gram? >>11,000 15,000,000
pH3 8.2 -

! Standard plate counts were reported in 1,000 as lowest dilution run
was 1,000.

2Presumptive tests run on coliform counts and fecal strep.
3Run on a 10% solution.

TABLE 2: BACTERIOLOGICAL TESTS OF PLANT FOOD END PRODUCT

Metro Lynnwood
Standard plate count per gram' <1,000 <10
Coliform count, MPN per gram' <2 <2
Fecal strep, MPN per gram’ <2 <2
pH 3,52 2.8°

!'Same as in Table 1.
2Run on a 10% solution.
3Before addition of limestone. Run on a 50% solution.
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The results show that, after treatment of the sewage, the standard plate count
of bacteria was reduced to less than 1,000, which means essentially that no col-
onies of bacteria were observed. The coliform count was reduced to less than 2
and the fecal strep reduced to less than 2.

Example 2: Dead-burned magnesite (flue dust) was used in place of olivine. An
analysis of the dead-burned magnesite was as follows:

Percent
Silica 12.5
F9203 29
Al,03 4.8
Ca0 3.0
MgO 63.4

Twelve hundred grams of damp magnesite was mixed with 900 grams sulfuric
acid in a 2 to 3 gallon iron reaction vessel. Thirty-six hundred grams of sewage
sludge was added. After reaction, the resulting plant food was submitted for
bacteriological analysis. The results are given below.

Standard plate count <10/g
Coliform count Negative
Fecal coliform Negative
Fecal strep Negative

The plant food derived from the dewatered, digested sewage sludge of Metro
(identified as A) and the plant food derived frgm the dewatered raw sewage
sludge of Lynnwood, Washington (identified as B) were submitted for quantita-
tive analysis to determine the percent by weight of nitrogen, phosphorus, potas-
sium, and magnesium, with determination of other elements by semiquantitative
spectrographic analysis of the ash. The results were as follows.

Percent by Weight

A B
Analysis on dry sample basis:
Ash, residue on ignition 62.02 50.80
Total nitrogen (N) 0.49 0.97
Total phosphorus (P) 0.27 017
Total potassium (K) 0.04 0.06
Total magnesium (Mg) 5.7 6.3
Semiquantitative spectrographic analysis of ash:

Silicon (Si) 23.0 24.0
Aluminum (Al) 5.2 2.1
Iron (Fe) 4.0 3.3
Strontium (Sr) 0.01 0.009
Sodium (Na) 1.9 Trace
Calcium (Ca) ' 4.3 6.6
Magnesium (Mg) 11.0 13.0
Titanium (Ti) 0.45 0.10
Lead (Pb) 0.06 0.05
Phosphorus (P) 0.41 0.44
Boron (B) 0.002 Nil
Manganese (Mn) 0.15 0.21
Chromium (Cr) 0.17 0.18
Nickel (Ni) 0.13 0.16

(continued)
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Percent by Weight

A B
Semiquantitative spectrographic analysis of ash:

Tin (Sn) 0.02 0.03
Vanadium (V) 0.004 Nil
Copper (Cu) 0.03 0.04
Silver (Ag) 0.002 0.001
Zinc (Zn) 0.18 0.22
Zirconium {Zr) 0.007 Nil
Cobalt (Co) 0.01 0.02
Potassium (K) Trace Nil
Other elements Nil Nil

Some of the plant food material was applied to a patch of lawn; after 3 to 4
weeks the treated patch acquired a definitely greener color than the surrounding
nontreated areas. Plant food produced by this method is particularly valuable
because no gas or elements are lost in preparation of the plant food as is the
case both when sewage is processed in digesters and when garbage is composted.
Instead,’a valuable plant food material including trace elements is added to the
soil.

Using Brown Coal

G. Nettesheim, E. Petzold and H. Pruckner; U.S. Patent 3,607,212 Sept. 21,
1971, assigned to Union Rheinische Braunkohlen Kraftstoff AG, Germany have
found that an agent for improving the fertility of soil can_be obtained by adding
to brown coal a small amount of a material which is capable of being decom-
posed by bacteria. Similar to peat, these materials provide better harvests.

Materials which are capable of being decomposed by bacteria are waste products
of the cellulose industry containing «-cellulose, for example, so-called filter resi-
dues; sugar-containing waste products of the sugar industry, for example, lime
residue; and public wastewaters, for example, mud of those waters or sewage
sludge. In general, mixtures containing up to 15% by weight are sufficient to
obtain an agent which is equal to and frequently even more effective than a cor-
responding mixture of peat. However, higher percentages of the material are
sometimes useful. '

Example: Pot tests with wheat as the experimental growing plant have been car-
ried out in two test series, under different rates of irrigation. In these tests, a
dry climate (Series A) was simulated by sprinkling to a water capacity of about
60% (sandy soil). By sprinkling to a water capacity of 70% and additionally

by sprinkling during the period of growth once a week to a water capacity of
120%, a damp climate was simulated (Series B).

Except for the experiments with a lower rate of brown coal and with sewage
sludge only, the amount of agent for improving fertility of soil, related to the
dry substance was equal in all test series. In all series the following components
served as fertilizer: 1.2 grams N, 1.2 grams P,O¢ and 2 grams K,O per pot.

The fertility-improving agents tested are shown on the following page.
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waler contsnis

Rhenish brown coal (RBK) 58.6%
Peat 74.8%
Cellulose-containing residue T7.6%
Sugar-containing lime residue 27.8%
Sawdust of spruces 16.4%
Sewage sludge 94.0%

As can be seen from Series A compared with the experiment carried out with-
out adding an agent for improving soil fertility, peat delivers an increase in yield
of about 5%, whereas the use of brown coal and sewage sludge, each added sep-
arately, results in distinctly less improvement. The combination according to this
process, however, shows improvement in all cases.

Series B, fundamentally, shows the same results. Peat provides an increase in
yield of about 15%; brown coal alone brought only about 4%. When employ-
ing the combination according to this process, the result is almost equal to the
effect of peat. Only when adding sawdust was the improvement somewhat in-
ferior.

AGENT YIELD OF WHEAT GRAIN
(dry basis)
8. per pot % weight
SERIES A
e
without 43.1 1000
163 g. of peat 45.0 104.5
100 g. of brown coal 41.8 97.0
95 g. of brown coal + 2.2 g. of
a-cellulose-residue 456 106 0
81 g. of brown coal + 11 g, of lime
residue 442 1028
5 g. of sewage sludge 420 978§
95 g. of brown coal + 2 g. of .,
sewage sludge* 449 104 0
88 g. of brown coal + § g. of
sewage sludge® 46.0 10790

76 g. of brown coal + 10 g. of
sewage sludge

*(dry basis) 454 10585

(continued)
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AGENT ‘ YIELD OF WHEAT GRAIN
(dry basis)
g- per pot % weight
SERIES B
without 39.7 100.0
163 g. of peat 458 1155
100 g. of brown coal 41.4 104.5
95 g. of brown coal + 2.2 g. of
a-cellulose-residue 46.3 116.5
81 g. of brown coal + 11 g of lime
residue 46.9 1180
60 g. of brown coal + 23 g. of lime
residue 458 1155
95 g. of brown coal + 2.4 g. of
sawdust 437 1100
95 g. of brown coal + 2 g. of
sewage sludge® 457 1150
88 g. of brown coal + 5 g. of
sewage sludge*® 443 1115
76 g. of brown coal + 10 g. of sewage
sludge *
®(dry basis) 44.6 1128

Treatment with N-Methylol Urea

J.M. O'Donnell; U.S. Patent 3,942,970, March 9, 1976; assigned to Orgonics, Inc.
has found that acid-condensable, prepolymer solutions which contain a methylol
monomer which sterilizes the sludge material may be reacted with the sludge ma-
terial while being condensed, or polymerized under such conditions as to produce
a solid compound of such moisture content as to produce granulation of the
solid particles. The resulting granular product under such process conditions is
particularly useful as a fertilizer or animal feed supplement. The preferred com-
ponents of the process are domestic sewage sludge, commercially available urea
(45 to 46% N) and formaldehyde (37%).

In the process the condensable methyiol-urea solutions are preferred as prepared
by the reaction of urea and formaldehyde to form a prepolymer N-methylol-urea
solution, and the reaction of such solution with the sludge within a particular
time period after the reaction, so as to provide a product with controlled decom-
position or dissolution characteristics. Typically, the prepolymer solution con-
tains a mixture of mono- and di-N-methylol urea.

While commercially available urea containing 45 to 46% nitrogen is the preferred
reactant, it may be replaced by casein, melamine, phenol, or the water-soluble
polymeric constituents thereof. Concentrated solutions of urea can be used with
a corresponding increase in the concentration of formaldehyde. In place of form-
aldehyde (37%), so-called urea-formaldehyde concentrates can be used. These
commercially available products usually contain about 60% formaldehyde, 25%
urea and 15% moisture. In addition, other aldehydes, such as paraformaldehyde,
crotonaldehyde, acetaldehyde, propionaldehyde and/or formaldehyde-generating
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agents, can be used. It has been found that a hydrogen ion is required to con-
vert the HCOH to methylene (CH,) groups in the resulting polymer linkage in the
polymerization step. It is usually necessary to add this ion in the form of a
strong mineral acid, such as sulfuric, hydrochloric or phosphoric acid, but organic
acids, such as acetic, formic, or lactic acid or mixtures thereof, may be used.

Another and preferred way of controlling hydrogen-ion-concentration is to add
an ammonium-acid salt to the solid materials prior to the addition of the pre-
polymer methylol-urea solution. Again a choice of such salts is available, such
as ammonium nitrate, sulfate, borate, chloride or others. However, the preferred
salts would be ammonium sulfate, phosphate (mono- or dibasic), since any

of these will enhance the fertilizer value of the end product.

The use of ammonium salts to control pH has the dual effect of supplying suffi-
cient hydrogen ion for the reactions and forming hexamethylenetetramine which
greatly enhances the stability of the resulting polymer once formed. Using am-
monium sulfate as a typical example, the reaction would be as follows:

6CH,0 (aq) + 2(NH,;),SO, —== C H,,N, + 2H,S0, + 6H,0
(H* donor) .

In previously described procedures for adding urea-formaldehyde to sewage sludge
or other carriers, pH control during polymerization has typically been maintained
between one and three for the best results. The resulting mixtures were then
neutralized in order to prevent cross-polymerization of the polymer. For this
process the pH of the reactants in the polymerization step should be maintained
at between 3.0 and 5.0, and preferably between 4.0 and 4.5. The maintaining

of such pH limits makes it unnecessary to neutralize the end product; thus avoid-
ing an additional step and the use of a neutralizer. The physical and chemical
natures of the prepolymers to be added to the sludge cake material are impor-
tant, and are as follows:

They must be in a soluble or dispersed form so that they can be easily
sprayed or sparged into the sludge.

They must be easily polymerizable at relatively low temperatures, for
example, 40° to 70°C, and high pH's (4.0 to 4.5).

After polymerization, they must have the appearance of solids and
have a solids-to-moisture ratio considerably higher than the sludge
being treated. For example, if the solids-to-water ratio in the sludge
cake is between 1 to 3 and 1 to 1, the solids-to-water ratio of the
polymerizable material must be at least 3 to 2.

The resulting polymers must be of relatively low molecular weight, for
example, not greater than 300, and preferably essentially a straight
chain polymer notwithstanding the possibility of co-, branch- or graft-
type polymerization with the constituents of the sludge. In any case,
the number of CH, groups should not exceed 5, and preferably is 3 to
4, and a CH, radical should not be present as a terminal group.

In general, it has been found that the best method of preparing a prepolymer
with the above properties is one in which 1 part of commercially available 37%
formaldehyde is neutralized with triethanolamine to a pH of 8.0, and to this
mixture is added 1 part of commercially available prilied urea containing 46%
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nitrogen. A negative heat of solution ensues which will lower the temperature
to 5°C. The solution is then gently heated to 30°C, at which point the urea is
in solution with the formaldehyde. After 10 minutes, the temperature of the

solution will rise to 60°C, at which point it is considered suitable for reaction

with the sludge.

Activated Sludge Process

C.H. Carothers; U.S. Patent 3,728,254, April 17, 1973 describes a method and
apparatus for ecologically recycling household organic waste, yard and garden
trimmings and prunings, and storm sewerage along with sanitary sewage. An ac-
tivated sludge treatment process is modified to increase its aeration efficiency
while eliminating the need for preliminary sedimentation tanks, final sludge di-
gester tanks and the utilization of the communities' natural water resources for
the stabilization and the purification of the final effluent discharge by effecting
on site utilization of the final effluent discharge.

This is accomplished by a separation of the sludge compenent and the nutrient-
rich liquid component for respectively forming dried commercial fertilizer and/or
commercially saleable compost and reducing the nutrient-rich liquor to nutrient-
free water by conveying it as a feeder liquor through a suitably formed hydro-
ponic garden containing commercially saleable plants arranged to extract the
nutrients. The apparatus, in addition to the conventionally fitted activated sludge
aeration tanks and a final sedimentation tank, provides a grinding unit for grind-
ing the household organic waste and yard and garden trimmings and introducing
them at suitable strategic points into the sanitary sewer lines to be conveyed by
the sewage effluent to the plant site and delivered, after passage through a mixer
to provide thorough mixing, to the aeration sludge tank fitted with a supplemen-
tal aeration system which adds to the conventional activated-sludge process a
trickling filter effect substantially enhancing the aeration and bacterial growth
ability of the aeration tank.

The process also requires a sludge removal pump having an outlet alternately
adapted to deliver excess sludge to a dryer for conversion as an end product to
commercial fertilizer or to a spray means for spraying the sludge as a compost-
ing catalyst over a chip bed produced by passing yard and garden prunings
through a conventional chipper to produce as an end product a rich commercial
compost. A hydroponic garden is used for extracting the nutrients from the sep-
arated nutrient-rich liquor to produce as an end product nutrient-free water.
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IN SITU ELECTROLYTIC PRODUCTION OF TREATMENT AGENTS FOR
USE ON BOATS

R.W. Fenn, 11l and K.J. O’Leary, U.S. Patent 3,943,044, March 9, 1976, assigned
to Diamond Shamrock Corporation describe a system and apparatus for disin-
fecting sewage water and removing suspended solids by in situ treatment with
chemical agents and gases, each produced electrolytically. The process comprises
a treatment chamber, disinfecting and solids conveying means including at least
one pair of electrodes disposed in the chamber, solids removal means associated
with the chamber, a source of aqueous alkali metal halide solution and optionally
an ultraviolet light ray source and solids collection means.

Referring to Figure 6.1, the sewage water treatment apparatus is shown generally
at 10. The apparatus includes treatment chamber 11, having top walls 6, up-
wardly inclined from the top edges of the side walls to form a pyramidally-
shaped chamber top, dimensionally stable anode 12a, cathode 12b, power lead
connections 12, a motor 13 having stirrer and disintegrator blades 15, attached
to the shaft 14 thereof, effluent pump 16, salt bed 19, water inlet 18, brine
conduit 20, and sewage water inlet conduit 9. The treatment chamber may be
constructed of any material which is inert or not substantially affected by the
environment of the treating chamber, for example, it may be constructed of a
polymorphic material such as rubber or plastic, e.g., polyvinyl chloride and the
like.

The structure material of the other elements of the apparatus should be selected
so that they are also unaffected by the environment of the treatment chamber.

The motor is a conventional motor and may be selected in accordance with the
size of the treatment chamber and required rotation adequate for disintegrating

the solids contained in the sewage water mixture. Optionaily, the disintegrator

may be used externally of the chamber for macerating the solids of the sewage

water mixture prior to the introduction of the mixture to the chamber.

The electrode pair comprise at least one dimensionally stable anode and a cathode
and power connections to leads, not shown. A source of current, not shown, is

303
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supplied to the anode for electrolysis of the halide solution of the sewage water
mixture.

FIGURE 6.1: ELECTROLYTIC SEWAGE TREATMENT PROCESS

Source: U.S. Patent 3,943,044

The dimensionally stable anode 12a comprises a valve metal electrically conduc-
tive substrate with a surface coating thereon of a solid solution of precious metal
oxide and valve metal oxide. In these solid solutions an atom of valve metal in
the characteristic rutile valve metal oxide crystal lattice is replacad with an atom
of precious metal. This distinguishes them from mere physical mixtures of the ox-
ides, pure valve metal oxides in fact being insulators. Such solid solutions are hoth
electrically conductive and electrocatalytically active.

In the solid solutions the valve metals include titanium, tantalum, niobium and
zirconium while the precious metals encompass platinum, ruthenium, palladium,
iridium, rhodium and osmium. Titanium dioxide-ruthenium dioxide solid solu-
tions are preferred. The mol ratio of valve metal:precious metal varies between
0.2 to 5:1, approximately 2:1 being presently preferred. The valve metals of the
electrically conductive substrate are those defined above as included in the solid
solutions.
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|f desired, these solid solutions may be modified by the addition of other com-
ponents which may either enter into the solid solution itself or-mix with the
same to achieve a desired result. For instance, it is known that a portion of the
precious metal oxide, up to 50%, may be replaced with tin dioxide without sub-
stantial detrimental effect on the overvoltage. Likewise, the solid solution may
be modified by the addition of cobalt compounds particularly cobalt titanate.

It has been found that when the particularly preferred type of dimensionally
stable anode is employed in the apparatus of this process gas bubbles develop at
the anode and combine in a manner such that they cause.rapid flotation of the
suspended solids of the sewage water-mixture to the surface of the vessel. While
this phenomenon is not completely understood it has been found to be effective
in providing rapid flotation of the solids. )

The cathode, positioned in close relationship to the dimensionally stable anode
should be constructed of a metal resistant to the cell environment, e.g., titanium.
It is important that the anode and cathode be positioned as closely as practicably
possible to provide maximum power efficiency since the larger the gap between
celi electrodes the more voltage is required in overcoming the resistance of the
electrolyte solution flowing between the electrodes. While only one pair of elec-
trodes is shown, as many pairs may be utilized as are necessary in accordance
with the size of the treatment vessel and the volume of sewage water mixture
being treated.

The electrodes are preferably disposed in horizontal parallel position to facilitate
the rapid ascent of the gas bubbles and concurrent conveyance of the solids to
the surface of the mixture. The effluent pump 16, disintegrator motor 13 and
electrode leads 12 are preferably positioned externally of the treating chamber.
Conduit 17 is positioned at the bottom of the chamber in order that sewage
water mixture from which the suspended solids have been removed by flotation
may be discharged from the treating chamber to a desired disposal site.

When the incoming sewage water mixture contains a saline solution from any
source prior to being introduced into the chamber water inlet 18, salt bed 19,
and conduit 20, extending through wall or partition 21, of brine supply tank 8
and wall 7 of chamber 11 and one-way valve 4, are inoperative. However, when
the entering sewage water mixture does not contain saline solution, fresh water
is introduced through the inlet.

The inlet may be located in the top or upper sidewall of the treating chamber
and salt bed 19 disposed at a position intermediate the top and bottom walls of
the treating chamber. Conduit 20 extending from a point adjacent the bottom
of the treating chamber through an opening in the partition is operative for de-
livering solution to chamber 11 only when the sewage water mixture introduced
into the treating chamber at inlet 9 does not contain saline solution.

During operation of the apparatus a sewage water mixture, generally containing
a saline solution, is introduced into the treating chamber, the disintegrator is
operated for a short interval, generally from less than one minute to about ten
minutes, preferably about two minutes and turned off. Suspended solids con-
tained in the mixture are disintegrated by the stirrer and macerator blade 15,
connected to the shaft of pump 14 which blades have shapes and sharp edges
designed to disintegrate the solid materials. Current is then supplied to the pair
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of electrodes. The sewage water mixture flowing through the gap between the
dimensionally stable anode and cathode is electrolyzed. The chemical agents
such as sodium hypochlorite provided by the reaction of a mixture of the chlo-
rine, formed at the anode and sodium hydroxide formed at the cathode, perme-
ate the sewage water mixture and sterilize or disinfect the liquid portion thereof.

The gas bubbles formed at the anode rise rapidly throughout the mixture causing
the suspended solids to rise to the surface of the mixture. The solids conveyed
to the surface are in the form of a foam-like substance which may readily be re-
moved by various means such as skimming or scraping devices or a weir arrange-
ment whereby the solids may be caused to flow from the chamber by influent
sewage water and may be collected for convenient disposal. A solids collector
which may be optionally utilized in combination with the other apparatus of the
process is also shown in Figure 6.1.

The collector 30, includes vessel 31, with a disposable filter bag 32, positioned
therein for receiving solids from conduit 5. The solids remain on the filter bag
and the liquid filtrate which passes through the bag into the lower portion of
vessel 31, may be returned for further treatment to chamber 11 through conduit
32 and one-way valve 4. A fan 34 may be arranged to assist the drying of the
solids retained by the filter bag. The filter bag may be any material suitable for
retaining the solids and preferably is made from material readily disposable along
with the contained solids in any convenient and practical manner.

An especially convenient and preferred manner of disposing of the filter bag and
collected solids is by burning after the materials are substantially dry. As col-
lected about 90% of the water has been separated from the waste material and
the residue has a high concentration of carbonaceous matter. After the water
retained by the carbonaceous matter has been removed by flame contact or
other drying means the residue may be completely converted to a small quantity
of ash by flame contact or other heating means,

It should be understood that although halide solution tank 8, chamber 11 and
vesse|l 31 are shown as separate structures a unitary structure may be formed
by combining the three units with the adjacent side walls then forming in com-
bination compartments of a unitary structure.

One of the outstanding features of the process is the structure of the top portion
of the chamber of Figure 6.1. The upwardly tapered sidewall, pyramidal and
inverted cone designs have been found to greatly facilitate the removal of the
solids from the chamber after the solids have been conveyed to the surface of .
the mixture. This particular design structure surprisingly and very unexpectedly
provides removal of solids from the treatment chamber with no required auxili-
ary apparatus such as scrapers, skimmers and the like. In fact, the design ma\
be considered to provide self-removal of the solids as movement of the solids
proceeds rapid'Iy and efficiently upwardly to the aperture at the apex of the
upwardly tapered sidewall structure, pyramid or inverted cone and into the con-
duit connected to the aperture for convenient disposal.

Such designs provide substantially maintenance-free operation of the apparatus
as all moving parts may be eliminated from the treatment chamber if the solids
contained in the sewage water mixture are disintegrated prior to introduction of
the mixture into the treatment chamber. Although the solids may be removed
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by overflow methods such as weir or baffle arrangements and the like, such tech-
niques cause buildup and resultant delayed removal of the solids and interference
with the other components of the apparatus. Consequently most available treat-
ment devices necessarily utilize some type of mechanically operated means for
solid removal.

Another very important and practical advantage of the above-described upwardly
tapered sidewall, pyramidal and inverted cone top portion results when the proc-
ess is utilized in combination with a marine toilet. Because of erratic movement
of boats caused by water and wind conditions, sewage treatment devices installed
on boats are subject to spillage and other disturbance or overflow of the contents.
Such erratic movement also may result in interference with mechanically oper-
ated solids removal equipment.

The chamber top structural configuration of Figure 6.1 avoids such disadvantages
in that if the chamber is tilted by erratic motion any resultant overflow will be
contained by the closed top and discharged through the conduit connected at
the chamber aperture for the usual normal removal of solids, Such beneficial
operation is made possible-not only by the structural design but also by the
absence of any mechanically operated solids removal means at the surface of

the mixture.

The effluent pump 16, as noted above, is positioned on or proximate to the bot-
tom wall of the treatment chamber for discharging the disinfected liquid. Since
the liquid portion of the sewage water mixture being treated is substantially free
of solid matter which has been conveyed by flotation to the surface of the cham-
ber during treatment, the liquid portion may be discharged through effluent
pump 16, and conduit 17 which extends outside the treatment chamber. The
effluent disinfected is sufficiently light in color, low in solid content and odor

so that it may be disposed of without creating a health hazard or pollution prob-
lem, thus being in conformance with existing and probable future statutes in-
tended to regulate the disposal of such materials.

When the sewage water mixture introduced into the treating chamber does not
contain saline solution such solution may be added to the mixture through con-
duit 20, positioned in tank 8. Fresh water may be introduced through the inlet
18 so that it flows over the salt bed which may contain salt in the form of fine
crystals, granules, blocks, or pellets. The water passes over the salt bed to form
a saline solution which because of its high density flows to the bottom of the
tank and forms a saline solution reserve.

When additional fresh water is added through inlet 18, saline solution from the
reserve at the bottom of the tank is forced upwardly by hydrostatic pressure
through conduit 20, into treatment chamber 11 where it is mixed with the sefv-
age water mixture and subjected to electrolysis. Water is added through inlet 18
in predetermined amounts to provide a saline solution having a sodium chloride
content of about 1.0 g/l to about 100 g/I, preferably from about 5.0 to about
30.0 g/l

In the examples presented in the table below the sewage water treatment was
carried out batchwise by placing the wastewater in a treatment chamber of the
type shown and described in Figure 6.1. In Example: 4 to 6, inclusive, water
was added to the chamber to provide sufficient volume in the treatment chamber
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for suitable operation of the equipment. The sodium chloride content of the
mixture in the chamber was 10 g/l for all the examples except Example 2 which
was 2 g/l. The sewage water mixture containing saline solution was subjected to
disintegration after being placed in the treatment chamber by operation of the
disintegrator for about one-half of a minute. After the disintegrator motor was
turned off the mixture was electrolyzed for the time periods set forth in the
table. i

It will be readily observed from the examples in the table that the coliform bac-
teria are completely eliminated and the biological and chemical oxygen demand
and total suspended solids significantly reduced in an extremely rapid treatment
interval. The advantages of the apparatus and process over prior techniques are
thus evidenced by the rapid and efficient cleaning of wastewater to meet dis-

posal regulatory standard requirements. The large reduction in total suspended
solids is particularly surprising and unexpected as extended periods have previously
been required to accomplish such reduction.

Not only the lengthy time but also the expense and size of the equipment re-
quired to accomplish such results make known processes and apparatus unsatis-
factory for wastewater treatment generally, and particularly for treatment at
intermittent intervals and/or where small volumes must be treated. Where the
influent of sewage-water mixture is continuous the solids are caused to overflow
chamber 11 and enter conduit 5 for convenient disposal by influent displacement
of the mixture being treated. Where operation ‘and flow of the mixture into the
treatment chamber is intermittent, the solids may be caused to overflow and

exit through conduit 5, by introducing water or an inflatable displacement device
into the chamber.

COMPACT MECHANICAL TREATMENT FOR SMALL SHIPS

A process described by J.J. Pizzo and M.F. McNeil; U.S. Patent 3,622,511,
November 23, 1971, assigned to FMC Corporation provides a simple and com-
pact mechanical sewage treatment system for use in small ships while in harbors
and inland waters to prevent pollution. One of the features of the process is to
completely treat the sewage so that the end products are inactive and nonpollut-
ing. This is achieved by concentrating the sewage in an evaporator to drive off
water in the form of steam from which substantially pure water is recovered and
can be reused in the sewage and boiler systems found on ships.

In the sewage treatment of the process as shown in Figure 6.2a, raw sewage com-
ing from sanitary facilities, kitchen refuse, bilge water and other waste sources
upon a ship are fed to a macerator pump 20 which reduces the size of the incom-
ing refuse to a maximum of 5 mm. The sewage is then fed into a holding tank
22 which is provided to accommodate surges of raw sewage greater than the con-
stant operating capacity of the system. From the holding tank the raw sewage

is fed into an evaporator 24, This evaporator includes a submersible burner 26
that is supplied externally by air at approximately 200 psi and by fuel such as
diesel oil,

The submersed burner is effective to burn all combustibles in the raw sewage
while raising the internal temperature in the evaporator to apnroximately 400°F
at 15 psig. The evaporator is effective to concentrate the raw sewage such that
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the sludge reaches the level of 5% solids while water in the form of steam and
other gases are driven off, as will be explained presently. The concentrated
sludge leaves the evaporator 24 through line 28 and is supplied to a sludge in-
cinerator 30 by means of a pump 32. The incinerator may be of any well-known
type and is supplied by fuel such as diesel oil by a pump 34. This burner de-
velops a temperature in the order of 1600°F at O psig and reduces the concen-
trated sludge to water vapor, carbon dioxide and a small amount of ash which
exits the burner. .

A water spray scrubber 37 is installed in line 36 to remove ash particles prior to
discharging the incinerator exhaust from an exhaust stack or funnel via line 36.
The gases and water vapor driven off by the submersed burning in the evaporator
pass through a demister 38 which causes some recondensation of the steam and
prevents passage of solids. This demister may be made of such material as stain-
less steelwool or the like.

FIGURE 6.2: COMPACT MECHANICAL SEWAGE TREATMENT SYSTEM
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FIGURE 6.2: (continued)
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Source: U.S. Patent 3,622,511

The gases then pass out of the evaporator via line 40 into a condenser 42. Here
the steam and gases are condensed and if desired supplied to a chemical treat-
ment tank 44 via a line 47 by means of a pump 46. The employment of such
chemical treatment tank in which the recovered gases now in the form of water
may be treated with chlorine is optional and the condensed v:ater may be di-
rectly reused as fresh water 48 or boiler water 50 in either the sanitary system
or the steam generating boilers normally found on board ships.

Noncondensing gases are withdrawn from the condenser through line 51 by means
of an air ejector 52. The air ejector may be driven by a 150 to 200 psig source
of steam. From the air ejector the noncondensing gases are routed to the sludge
incinerator via line 54 where they are consumed in conjunction with the concen-
trated sludge. Some of these gases such as methane also assist in the burning of
the sludge.

In order to improve the operating efficiency of the system ‘and reduce heat loss,
heat recovered from the gases in the condenser is returned to the evaporator 24,
by any well-known means such as indicated by line 56. It is important, however,
that such heat transfer means does not directly contact the raw sewage in the
evaporator in order to prevent the buildup of organic deposits or scale which
could eventually plug up the evaporator or seriously reduce its operating effi-
ciency. The sewage treatment system may also be used with salt water instead
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of fresh. The efficiency is reduced somewhat because the salt is also removed
with the sewage.

The evaporator 24 best seen in Figure 6.2b comprises a sealed tank 58 having a
smooth interior to prevent the buildup of scale or sludge. Near the upper end
of the tank, the steam and gases released are removed through line 40 while the
concentrated sludge exits at the bottom via line 28. A removable cover plate
60 at the top of the tank permits installation and removal of the submersible
burner assembly 26 and the demister 38.

As can be seen in Figure 6.2b, the submersible burner assembly extends beneath
the surface of the liquid sewage in the tank and the combustion bubble 62 pro-
duced at its lower end transmits heat directly to the liquid sewage. The con-
struction of the submersible burner assembly is best shown in Figure 6.2c. Here
it can be seen that the burner is comprised of three concentric tubes 64, 66 and
68. The innermost tube 64 serves to conduct fuel from an external supply ling
70 through a cap 71 to the lower'portion of the burner. At the bottom end of
the tube 64, a nozzle 72 serves to spray and distribute the fuel.

Tube 66 is mounted in the cap concentrically with the inner fuel supply tube
forming an air passage 74 which communicates with an external air supply line
76 through a chamber 77. A vortex generator 78 is positioned in the air passage
between tubes 64 and 66 near their lower ends and includes multiple inclined
vanes 80. This vortex generator causes the combustion air to swirl as indicated
by arrow 82, thereby improving the mixing of fuel and air and improving the
efficiency of combustion.

The outer tube 68 is supperted in-the cap concentrically with tube 66 forming

a sewage supply passage 84. A second annular chamber 85 in the cap formed
between the cap and tube 66 connects the raw sewage line and the sewage supply
passage. An ignitor 86, positioned in the lower portion of the outer tube, is em-
ployed to ignite the air and fuel mixture. Formed at the end of the outer tube,
is a circumferential lip 88. This lip insures that the raw sewage passing through
the passage is positively directed through the combustion bubble to insure con-
sumption of all readily combustible matter (such as oil, paper and the like).

REFINERY WASTE SLUDGE TREATMENT

W.K. Lorenz, E.C. Sebesta and C.L. McClellan; U.S. Patent 3,835,021, Sept. 10,
1974, assigned to Sun Qil Company of Pennsylvania have found that refinery
waste sludge materials may be efficiently disposed without pollution by dewater-
ing and deoiling refinery sludges through a filter press at a temperature of from
about 100° to about 200°F, washing the filter cake with hot water, recovering
the oii removed from the sludge, and applying the solid filter cake to soil for
biodegradation.

The process is particularly advantageous in several aspects. First of all, it permits
high recovery of oil from waste materials. This efficient oil recovery is attributed
to the combination of the filtration step which breaks the oil-in-water emulsions
in the sludge materials and to carrying out the filtration at a temperature of
from about 100° to about 200°F which tends to remove the maximum amount
of oil from the solid materials. In addition, the step of washing the filter cake
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with hot water removes additional oil which is retained on the cake.after the fil-
tration and thereby permits maximum oil recovery and results in a filter cake
Iow in oil content.

It is surprising that this hot water wash effectively removes additional oil from
the filter cake, firstly, because the filtration at elevated temperatures would be
expected to have removed essentially all of the oil that could be removed, and
secondly, because the oil insolubility and immiscibility in water suggests that
the water would flow through the filter cake without carrying any oil. Further-
more, since the filter cake obtained by the process is low in water and oil con-
tent, its transportation cost tu the land spreading area is reduced, and incorpora-
tion ir the soil requires no preliminary evaporation or other operations. Further-
more, since the solid filter cake is compact and low in oil content, a relatively
small land area can accommodate the solid waste and storm water runoff does
not carry off oil and cause stream pollution.

Example 1: To a water emulsion refinery oily sludge consisting by volume of
28% contaminated API separator sludge, 36% siudge decant pit material, and
36% tank bottoms, spent clay is added in an amount of 0.6 Ib/Ib of dry solids
and lime is added in an amount of 0.12 Ib/gal, thereby providing a waste com-
position at pH 11 of 12% total solids and 8.5% oil. This composition is fed to
a Beloit-Passavant filter press precoated with diatomaceous earth having 3 plates
of 24" diameter at a feed temperature of 175°F and fijtration is completed in
two hours.

The filter cake contains 49.7% solids and 17.5% cil, the balance being water.
The filtrate exits from the press at 100°F and is observed to be no longer emul-
sified and oil and water form two layers after standing. Separation of the oil

is readily accomplished by mechanical skimming. The filter cake is transported
to a land farm where it is mixed into the soil. After weathering for 10 months,
examination of the soil indicates essentially complete disappearance of the oil.
When the above filtration is carried out at 58°F, the filter cake contains over 15%
more oil, thus indicating the importance of filtering at the elevated temperature.

Example 2: A refinery oil sludge as used in Example 1 is similarly treated with
0.56 Ib of clay per pound of dry-solids and 0.07 ib of lime per pound of dry
solids and is fed to a filter at 180°F. After one hour, the filter cake is washed
with water under pressure at a temperature of 180°F for one hour, the maxi-
roum pressure reaching 220 psig. The filter cake after this treatment contains
60.5% total solids and 4.9% oil and the filtrate shows a sharp separation of oil
and water which is readily separated. The solid filter cake is plowed into soil
and results in essentially complete oil elimination after 12 months, at which time
Bermuda grass seed previously sown on the soil germinated readily and matured
to a good grass crop. )

ORGANIC SOLVENT REMOVAL FROM ORGANIC SOLVENT-CONTAINING
SLUDGE

G. Slikkers, Jr.; U.S. Patent 3,929,586, December 30, 1975, assigned to Organic
Chemicals Company, Inc. describes a process for removing organic solvents from
organic soivent-containing waste sludges such ss organic solvent-containing zludges
of various paints and resins which renders such siudges suitable for disposal in
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landfills and the like without a contaminating effect on our environment.

The process comprises subjecting a mixture of the organic solvent-containing waste
sludge, water, and a source of alkali or alkaline earth metal ion to distillation, with
the pH of the mixture being greater than 7. Preferably, a stoichiometric excess of
the metal ion source is provided based on the nonorganic solvent constituents of
thé sludge, and preferably, about from 2 to 4 gallons of water are employed for
every gallon of the sludge. The preferred metal ion sources are the hydroxides of
potassium, sodium, calcium, and magnesium, with calcium hydroxide being espe-
cially preferred. For most efficient solvent removal, the mixture should be sub-
jected to continuous agitation during the distillation and the pH should preferably
be above about 12.

Exampie 1: 150 gsllons of industrial waste siudge consisting of about 10% epoxy
resin, 25% acetone, and 65% toluol are transferred to a mixing tank, to which 200
pounds of calcium hydroxide are added. This mixture is added over a 60-minute
period to 400 gallons of boiling water in an agitated still and then cooked an addi-
tional 60 minutes, during which time the sludge changes to a granular form. Dur-
ing the addition period, the temperature drops to approximately 96°C and then re-
turns to 100°C during the cooking period.

The vapors are passed through a heat exchanger, condensed, and the distillate col-
lected in a storage tank. The lower aqueous layer is separated and can be used as
part of the water required for a subsequent run. The upper layer (65 gal) is a mix-
ture of toluol, acetone, and a very small quantity of water, and may be reserved

as is or dried as by passing across a tower packed with a dehydrating agent, such as
calcium chloride. The granular solids(250 Ib on a dry basis) remaining in the dis-
tilland are filtered and discarded to a landfill and the aqueous filtrate is discarded.

Example 2: 150 gallons of industrial waste siudge consisting of about 1% ink pig-
ments, 25% ethyl acetate, 39% toluol, and 35% propyl! acetate are transferred to

a mixing tank, to which 150 pounds of calcium hydroxide are added. This mix-

ture is added over a 45-minute period to 400 gallons of boiling water in an agitated
still and then cobked an additional 45 minutes, during which time the sludge changes
to a granular form. During the addition period, the temperature drops to approxi-
mately 94°C and then returns to 100°C during the cooking period.

The vapors are passcd through a heat exchanger, condensed, and the distillate col-
lected in a storage tank. The lower aqueous layer is separated and can be used as
part of the water required for a subsequent run. The upper layer (75 gal) is a mix-
ture of ethyl acetate, toluol, propy!| acetate, and a very small quantity of water, and
may be reserved as is or dried as by passing across a tower packed with a dehydrating
agent, such as calcium chloride. The granular solids (200 Ib on a dry basis) remain-
ing in the distilland are filtered and discarded tc a landfill and the aqueous filtrate

is discarded.

Example 3: 150 galions of industrial waste sludge consisting of about 1% acrylic
resin, 20% acetone, 20% methyl ethyl ketone, and 59% toluol are transferred to a
mixing tank, to which 100 pounds of calcium hydroxide are added. This mixture
is added over a 45-minute period to 500 gallons of boiling water in an agitated stili
and'then cooked an additionai 30 minutes, during which time the sludge changes
to a granular form. During the addition period, the temperature drops te approxi-
mately 91°C and then returns to 100°C during the cooking peiiod.
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The vapors are passed through a heat exchanger, condensed, and the distillate col-
lected in a storage tank. The lower aqueous layer is separated and can be used as
part of the water required for a subsequent run. The upper layer (60 gal) is a mix-
ture of acetone, methy! ethyl ketone, toluol, and a small quantity of water, and
may be reserved as is or dried as by passing across a tower packed with a dehydrat-
ing agent, such as calcium chloride. The granular solids (175 Ib on a dry basis) re-
maining in the distilland are filtered and discarded to a landfill and the aquecus
filtrate is discarded.

CONVERSION OF SLUDGE TO SYNTHESIS GAS

According to a process described by A. Brent and C.F. Teichmann, U.S. Patent
3,687,646, August 29, 1972, assigned to Texaco Development Corporation sewage
is converted into a useful nonpolluting product gas, e.g., synthesis gas or fuel gas
by dewatering municipal sanitary sewage, producing a thickened sludge. The thick-
ened sludge is mixed with a fluid selected from the group consisting of H,0, liquid
hydrocarbon fuel, particulate carbon slurries in water or in a liquid hydrocarbon
fuel as produced subsequently in the process, and mixtures to produce a feed mix-
ture stream.

Preferably the feed mixture is heated to a temperature in the range of about 212°
to B00°F to vaporize volatile constituents in the feed mixture and to produce a
feed dispersion stream. The feed dispersion is then reacted by partial oxidation
with an oxygen-rich gas in an unpacked free-flow noncatalytic synthesis das gen-
erator, at a temperature in the range of about 1500° to 3000°F and at a pressure
in the range of about 1 to 250 atm to produce synthesis gas. Water separated
from the sewage is purified and used for industrial applications or converted into
by-product steam by indirect heat exchange with the product gas.

PAUNCH MANURE AND HUMUS DISPOSAL

J.W. Hatchel and J.C. Roberts; U.S. Patent 3,329,107, July 4, 1967; assigned to
Pollution Eliminators, Inc. describe a sewage disposal plant and process in which
moisture is removed from the sewage in successive steps followed by the pressing,
compacting and comminuting of the sewage to a final drying step after which the
sewage is combusted and the heat of combustion efficiently and effectively em-
ployed in the drying process.

Referring to Figure 6.3, the numeral 10 indicates an inlet conductor through
which raw sewage may be admitted as indicated at 11. The inlet conductor
opens through one end of a water screen assembly 12 into the interior thereof,
the assembly being mounted for rotation around a horizontal axis by a driving
motor or other rotating means 13.

As shown in Figure 6.3f, the water screen assembly is formed of a pair of con-
centric cylindrical screens 14 and 15, the screens being spaced apart from one
another and confining in the annulus between the screens a body of relatively
loosely packed filtering material 16 which may be any suitable type of inorganic
filter media. The loose packing of the filter material allows some movement of
the particles so that the filter is substantially seif-cleansing.
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FIGURE 6.3: PAUNCH MANURE AND HUMUS DISPOSAL PROCESS
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(continued)
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FIGURE 6.3: (continued)

Cross-Sectional View Along Line Horizontal Cross-Sectional View Along
6—6 of Figure 6.3a Line 7—7 of Figure 6.3a

Source: U.S. Patent 3,329,107

The filter screen assembly operates through gravity, excess water being filtered
from the raw sewage through the lower half of the filter and being received in
a storage tank 17 underlying the screen assembly and having a discharge con-
ductor 18 leading from its lower end through which separated water and liquids
may be removed for subsequent use or disposal.

The end of the water screen assembly opposite the inlet end is open and overlies
a discharge chute 18’ into which partially dewatered raw sewage passes from the
screen assembly downwardly to a dewatering press 19. The pres% includes an
elongated, horizontal, cylindrical housing 20 having mounted therein for revolving
about the horizontal axis of the housing, a tubular perforated shaft 21 driven by
a motor or other motive means 22. A screw conveyor 23 is carried upon the
shaft, having its periphery extending nearly to the inner wall of the housing, the
convolutions of which may be progressively more closely spaced from the inlet
end of the press to the outlet end.

Chute 18’ opens into one end of the housing, the opposite end of the housing
being open and overlying a discharge bin 24, As shown in Figure 6.3¢c, the tubu-
lar shaft 21 is provided with a multiplicity of radial perforations 25, the end of the
shaft adjoining the outlet end of the housing being plugged. The opposite end
of the shaft is open, extending from the housing and overlying the open upper
end of a discharge flume 26 which leads downwardly into a storage vessel 27
having a valved outlet conductor 28 at its lower end.

Thus, as the partially dewatered raw sewage passes through the press, it is squeezed
or compressed and compacted by the revolving screw conveyor, quantities of
water being extracted therefrom and removed through the perforations for de-
livery through the tubular shaft into the vessel 27.

The housing carries in its outlet end a plurality of fixed, circular, concentric
knife blades 29, as shown in Figure 6.3e, through which the discharged solids
from the raw sewage are forced and which cut and break up the solids into dis-
crete particles. For further cutting and breaking up the solids, the shaft carries
immediately adjacent the knife blades or in close proximity to the knife blades
a plurality of radial, angular knife or cutting blades 30 which revolve with the
shaft and, being in close proximity to the blades 29, cause a very effective chop-
ping and cutting action to take place. In this manner, the semidried solids from
the raw sewage are discharged as discrete particles into the bin for further proc-
essing.
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Vertical conveyor enclosure 31 extends upwardly from bin 24, terminating at
its upper end in a laterally directed branch 32 which opens downwardly and lat-
erally into the upper end of drying tower 33. Vertical bucket conveyor 34 is
housed in 31 and extends from the bottom of the bin adjacent with 32 for lift-
ing and conveying the comminuted raw sewage solids from 24 into 32 and then
into the upper end of the drying tower. For distributing the solids uniformly
across the width of the drying tower, the branch opens within the tower into a
horizontal, perforated tube 35 extending transversely of the tower and enclosing
a screw conveyor 36 revolved by a motor or other suitable driving means 37.
Obviously, the screw conveyor functions to spread the solids uniformly through
the length of the tube so that they may pass downwardly therefrom through the
perforations of the tube.

The drying tower is provided below the distributor tube with a plurality of
spaced, staggered, downwardly inclined baffles 38 over which the comminuted
solids are spread and cascaded for relatively complete drying. A plurality of
heating tubes 39 are positioned beneath the baffles, these tubes being connected
in series and receiving a fluid heating medium for drying the solids. The bottom
wall 40 of the tower is inclined and adjoins a lateral discharge passage 41 having
a suitably driven blower 42 for blowing the dried solids upwardly through a con-
duit 43 into the apex of a Y-shaped distributor conduit having one branch 44
depending into the upper end of a first storage tank 45 and a second branch 46
depending into a second storage tank 47. A conventional flapper vane 48 de-
termines into which storage tank the solids are directed.

The tanks 45 and 47 have discharge valves 49 and 50, respectively, at their
lower ends which communicate with a feed pipe 51 depending into a solids
burner tube 52. The feed pipe may enclose suitable feed means such as a screw
conveyor, and a blower 53 at the inlet end of the burner supplies combustion
air, and possibly some additional gaseous or vaporous fuel to the burner.

In the heating of the solids in the drying tower, certain combustible vapors and
gases will be evolved, and these are withdrawn from the upper end of the tower
through a conduit 54 for suitable discharge as indicated at 55 or for conveyance
to the blower as additional fuel to that provided by the dried sewage solids.
Further, additional supplementary fuel, such as natural gas, may be supplied to
the blower and the burner as indicated at 56.

Burner 52 opens into a combustion chamber 57 of generally rectangular config-
uration having an ash discharge outlet 58 at its end remote from the burner with
a vertical transverse baffle 59 between the burner and the outlet for causing the
burning or combusting solids to be blown upwardly and over the baffle so as to
travel in a circuitous path. The hot flue gases or vapors from the combustion
chamber are withdrawn therefrom through a flue 60 and are passed in series
fashion through the heating tubes 39 of the drying tower, being ultimately dis-
charged at 61. If desired, and since most flue gases still retain some combustible
materials, a portion of the flue gases may be diverted through a branch flue 62
and conducted to the blower as supplemental fuel.

In the treatment of paunch manure, it is found that some fats and oils will be
present, and it is desirable to separate these initially both to facilitate the sub-
sequent treatment of the sewage material as well as to recover the fats and oils
which may be further processed for the recovery of by-products having commer-
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cial value. For this purpose, there is provided an initial fat separator tank 63
having at its upper end an inlet conductor 64 terminating within the tank in a
downwardly facing diverter baffle 656 for diverting the incoming material down-
wardly into the interior of the tank. The tank has a hopper bottom 66 opening
through a double slide valve 67 into the inlet conduit 10. A plurality of screen-
ing plates or grids 68 open upwardly through one wide wall of 63 above water
outlet conductor 69 through which some water may be extracted from the sew-
age,present in the tank.

A water-operated jet apparatus is provided in the upper end of 63 above the baf-
fle and includes a water inlet jet nozzle 70 openihg into a deflector enclosure

71 provided with an air inlet conductor 72. This directs a high velocity jet of
aerated water across the surface of the sewage in 63 to aerate and float the fats
and oils and drive them across the tank to an outlet conductor 73 positioned
above the screens 68 and discharging into a stratification vessel 74 from which
the fats and oils may be withdrawn through an upper outlet 75, and the strat-
ified water withdrawn through a lower or bottom outlet 76.

The water discharge conductor 69 extends downwardly into the outlet conductor
18 of the vessel 17 and liquids from both may be discharged through a valved
outlet conductor 77, and by means of a suitable pump 78, a portion of these
liguids may be, and desirably are, driven upwardly through a conductor 79 to
furnish a water supply for the jet nozzle.

In the operation of the plant, the paunch manure enters the vessel 63 and under-
goes some degree of stratification and water separation, the fats and oils, together
with some water, passing to the vessel 74 for stratification into fatty and aqueous
layers. As previgusly noted, some, portion of water is drawn off through the
screens or grids, the remainder of the material, in more or less agueous dispersion,
passing downwardly to the inlet conductor 10 at a rate governed by the setting
of the valve plates 67.

The material is additionally dewatered in' the screen assembly 12, compressed
and further dried in the press 19, dried in the tower 33 and stored in the tanks
45 and 47 for regulated supply to the burner 52 and combustion chamber 57,
in which the now relatively dry material is combusted and discharged as ash
material.

In the event humus is to be treated rather than paunch manure, the vessel 67 is
not utilized, but the raw sewage is instead admitted directly to the inlet conduc-
tor 10, the subsequent steps remaining as previously described. Experimentation
has shown that the dried solids from the sewage have a heating value of approxi-
mately 10,000 Btu/lb, and hence, one pound of this material would furnish suf-
ficient heat to evaporate at atmospheric pressure approximately ten pounds of
water. Thus, adequate heat is provided for final drying of dewatered solids or
sludge materials from the raw sewage, and there are possibilities of using the
dried solids as a fuel.

It is contemplated that the dried solids, supplemented by the gases and vapors
withdrawn from the upper end of the tower through the conductor 54, will furn-
ish the sole fuel required in the process, but this, of course, is subject to varia-
tion. If necessary or desirable, additional fuel of any nature can be supplied as
needed or desired through the conductor 56 and/or conductor 62.
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CEMENT MADE FROM SLUDGE

In a process described by N.S. Davis; U.S. Patent 3,442,498; May 6, 1969, as-
signed to North American Rockwell Corporation act'vated sludge sewage treat-
ment is combined With a cement making process for making cement economic-
ally from normally waste materials. Activated sludge is flocculated with sequen-
tial additions of carbon dioxide and calcium oxide, filtered, and fed to a cement
kiln. The organics in the sludge reduce fuel requirements in the kiln and the re-
sultant clinker is in the Portland cement composition range.

Referring to Figure 6.4, raw sewage has primary sludge separated in a primary
settler 10 and the effluentris converted to activated sludge by microorganisms in
a tank 11, Settled and concentrated sludge has carbon dioxide and calcium oxide
sequentially mixed in a tank 14 to cause flocculation. After composition blend-
ing the sludge is filtered in a filter 16 and the filter cake is burned in a cement
kiln 17, thereby producing cement clinker which is ground with gypsum in a
grinder 19 to produce Portland cement,

FIGURE 6.4: COMBINED WASTE TREATMENT AND CEMENT MAKING
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One of ahe substantial costs in a cement manufacturing operation comprises the
fuel required for firing the kiln to the elevated temperatures required. Since the
filter cake fed to the cement kiln comprises a substantial amount of combustible
organic materials a substantial fuel economy results since less fuel is required in
the kiln. Thus, by combining activated sludge treatment with cement production,
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otherwise wasted organic materials are burned to produce heat for making cement
and simultaneously are reduced in volume to avoid disposal problems.

BOD REDUCTION USING IONIZING RADIATION IN PRESSURIZED
OXYGEN ATMOSPHERE

A process as described by F.N. Case and D.E. Smiley; U.S. Patent 3,650,926,
March 21, 1972 assigned to U.S. Atomic Energy Commission relates to a method
of increasing the light transparency and reducing the biological oxygen demand
of organic-containing waste solutions. The process comprises the step of expos-
ing such solutions to penetrating ionizing radiation under pressure of an oxygen-
containing atmosphere of at least 1,000 psi until the desirzd degree of optical
and ultraviolet transmittancy as well as biological oxygen demand have been
reached. The following examples illustrate the process.

Example 1: This example is designed to demonstrate the effects achieved by ir
radiating lignin-bearing wastes and textile plant waste to a pressure of at least
1,000 psi in an oxygen-containing atmosphere, Effluent from the sewage dis-
posal plant of the city of Knoxville, Tenn., having color introduced from lignin,
and textile plant effluent were irradiated at a gamma flux of 1.2 x 107 r/hr.

For purposes of comparison, a first set of samples of 125 ml each were irradiated
in air at atmospheric pressure for periods of 10 to 120 minutes, one sample be-
ing set aside as an unirradiated control sample. The samples were analyzed for
BOD, pH and percent light transmission. The results are shown below.

Light transmission, percent, at—

Exposed

dose, ¥y PpH BOD 625mu b500mu 400 mu 280 mu
0 7.0 202 58 48 22 1]

2x10¢ 7.1 128 52 43 15 0
4X10¢ 6.8 101 51 41 12 0
6108 6.7 85 41 26 5 0
1.2X107 6.4 76 48 36 8 0
2.4X107 6.1 53 37 26 5 0

A second set of 15-ml samples were irradiated in air at 2,000 psi. The samples

were analyzed for BOD', pH, and percent light transmission. The results are
shown below.

Light transmission, percent, at—

Exposed
dose;, v pH BOD 625mp 500mp 400me 280 mp
0 7.0 202 58 48 22 0
2.3X10% 6.6 166 54 4] 26 0
4.6X10¢ 6.1 140 62 62 38 1
7X10%8 6.0 122 65 68 b4 8
1.4X10% 4.3 100 71 74 66 26
2.8X100 3.4 28 87 88 83 58

Several major points of difference can be noted by comparing runs 1 through 6,
irradiated at atmospheric pressure, with runs 7 through 12, which were irradiated
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at 2,000 psi air pressure. Although the samples irradiated at atmospheric pressure
were exposed to a higher gamma intensity, the drop in BOD and pH was rela-
tively small compared to the samples irradiated at 2,000 psi air pressure. Irradia-
tion at 2,000 psi pressure, in addition, yielded an essentially optically clear solu-
tion within 30 minutes with increasing ultraviolet transparency. In marked con-
trast, irradiations conducted at atmospheric pressure in air actually reduced light
transmission in the optical region and had no effect in improving light transmis-
sion in the ultraviolet region, even at total dosages of nearly an order of magni-
tude higher as compared to samples irradiated under pressure.

Example 2: An opaque paper mill effluent was irradiated to a dose of 2.4 x 107r
under 2,000 psi oxygen. The opaque solution was converted tc a pale yellow
solution containing a white fibrous material. Apparently, the white fibrous mate-
rial was pulp contained in the waste, which was also bleached by the process.

Example 3: An aqueous slurry of raw sulfite, wood pulp, brown in color, was
irradiated in the presence of sodium hypochlorite under an oxygen pressure of
1,600 psi for 2 hours. The dose rate was 2 x 107 r/hr. The brown fibrous mate-
rial was converted to white fibrous material. The combination ‘of radiation, hy-
pochlorite, and high pressure oxygen gave better decolorization than did hypo-
chlorite alone or irradiation and hypochlorite in the absence of high pressure
oxygen. The benefits of the oxidizing power of hypochlorite ion to the high-
pressure radiolysis can be achieved with any water-soluble hypochlorite salt.

ADDITION OF POWDERED COAL TO CONTROL ODOR

A.J. Kehoe; U.S. Patent 3,300,403, January 24, 1967 has found that if powdered
coal, the major portion of which is rice size or smaller, is added to sewage so as
to be substantially uniformly distributed in the sludge, the sludge remains fresh
for an extended period of time. Rather than deteriorating within several hours,
such sludge has been held for periods of time that exceed 48 hours without giv-
ing off undue odors. Additionally, when the sludge so treated commences to be-
come acid or septic (due to acid digestion) from remaining static for too long a
period of time, it is possible to recirculate this sludge and add it to the incoming
sewége to allow it to resettle with the fresh solids and such treatment freshens
the deteriorating sludge so that it will keep for an additional extended period of

time.

The addition of powered coal enhances the sedimentation or settling of the sew-
age solids, so that the need for using thickener tanks or holding tanks is largely
eliminated. However, where such use is necessary, the resistance of powdered-
coal-treated sludge to septic action or acid digestion makes it possible to employ
these devices while reducing the offensive odors. Further, it has been found that
by adding powdered coal to the sludge, the sludge itself exhibits considerably
more body and is of greater porosity than the nontreated sludge so that it is
more readily and completely chemically reacted with flocculating agents. As a
consequence, this sludge filters far more efficiently than the nontreated sludge,
and the vyield of filter cake, or siudge cake per gallon of sewage treated is greatly
increased.
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CHLORINATION

In a process described by E.R. Grich and J.W. Hood; U.S. Patent 3,300,402,
January 24, 1967, assigned to Purifax, Inc. chlorine, preferably in the gaseous
form, is introduced through a conventional metering device into the sludge and
waste in a zone undergoing rapid agitation. The object is to provide for ready
access of the chlorine to all particles of the sludge or waste. As is well known,

in the presence of readily oxidizable matter chlorine also reacts directly with water
releasing nascent oxygen and hypochlorous acid, both of which are powerful oxi-
dants.

Introduction of the chlorine may be made into the inlet side of a suitable cen-
trifugal pump. An alternative is to introduce the chlorine adjacent a high-speed
impeller disposed to agitate the material.

In the'process, immediately following introduction of the chlorine and subsequent
to being thoroughly mixed, the sludge or waste is caused to undergo rapid circu-
lation in an unobstructed vessel or vessels, the rate of circulation being sufficient
to maintain in suspension in the waste insoluble or nitrogenous matter, carbona-
ceous matter, sand or bits of ground bone in the case of sewage, and titanium
dioxide and clay or other filler in the case of industrial waste from a plant con-
verting waste paper into paperboard.

In addition it has been found that continuance of the centrifugal action after ox-
idation has taken place causes the fine air bubbles attached to the solid particles
to separate from the solid particles and coalesce. The air or gas bubbles upon
leaving the reactors and progressing into a zone where the pressure is lower, ex-
pand and separate from the sludge mass. As a result, sedimentation of the solid
particles can take place in the receiving clarifier. Of further importance it has
been found that in such instances where dewatering of the sludge from the re-
actors is desirable on mechanical dewatering equipment or sand beds, removal of
the fine air bubbles attached to the solid particles increases the rate of separation
of the solids from the liquids by threefold or more.

In the case of sanitary sewage the improved chemical oxidation process may be
utilized in a number of ways. One arrangement would be in combination with
a conventional aerobic-anaerobic sewage treatment installation, whereby the
chemical oxidation operation would be carried out on the supernatant liquor
from the anaerobic digester.

AERATION AND FLOCCULATION TREATMENT OF A POLLUTED BODY
OF WATER

W.E. Budd and T.J. Powers; U.S. Patent 3,470,091, September 30, 1969, assigned
to Dorr-Oliver Incorporated and The Dow Chemical Company describe a method
for combating the pollution of streams or rivers or canals, by treating the pol-
luted water collectively in the flowing stream itself, instead of separately treatipg
the individual contributing sources of pollution in order that the construction of
numerous shore-located individual expensive sewage treatment plants may be
forestalled or avoided.

This system provides for applying aeration and flocculation treatment to a pre-
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determined length of the stream itself, so that the resulting floc structures from
that treatment, weighted by entrapped inert solids, will settle in a downstream
adjoining sedimentation zone as sludge which may be removed or pumped away
periodically.

With the flowing stream carrying the polluting matter to a treatment station lo-
cated in the stream channel itself, the treatment preferably comprises the steps
of oxygenating the polluted stream by either pure oxygen or air to convert the
pollutants into biologic floc structures, or increasing the settleability of the floc
structures by the introduction to the stream of an agglomerating flocculating
material preferably of the polymeric class, causing the thus-conditioned organic
solids weighted by sand, silt, or clay particles present in the stream, to settle on
the bottorn of the stream bed as sludge, and of removing the resulting sludge
from the settling zone in the stream.

A portion of the sludge thus removed may be recirculated to the oxygenation
zone and/or to the flocculation zone in the stream for seeding, while waste sludge
is subjected to solids concentrating treatment for disposal. The weighting particles
are present in the polluted stream from naturally occuring dust or run-off reach-
ing the stream.

Preferably, the oxygenating medium or fluid is introduced in a first conditioning
zone or station as by means of diffuser tubes located at or near the bottom of
the stream, thus taking advantage of the depth of the.stream or river to attain
optimum absorption or dissolution and maximum utilization of the oxygen supply
in the formation of the relatively fragile biologic floc structures. The flocculation
agent in solution is similarly introduced into the stream, for instance in a second
conditioning zone or station which may be located downstream from the floccu-
lation zone. The floc structures are thus further coalesced or agglomerated as
well as weighted by trapped particles of inorganic particles, so they will settle on
the stream bottom in the third or settling zone downstream from the treatment
zone.

The sludge is allowed to drift into this sedimentation zone, and may collect for
instance, in a depression or pocket of the river bottom, and which may overlap
with the preceding flocculation zone. The sludge is pumped up from the pocket
of the settling zone, and is subjected to solids concentration preferably to the
extent of producing a wet cake material which may be subjected directly to in-
cineration producing but a mixture of sand, silt and ash suitable for use as fill.

Features of this process are concerned with various ways of introduction into

the stream of the oxygenating fluid and of the flocculating agent, as well as with
various rhodes of sludge withdrawal, all depending more or less upon the nature
of the stream and the degree of its pollution, and particularly also upon the depth
and width of the stream and upon the profile of the river bed.

For example, in the case of a relatively narrow (nonnavigable) stream one way
of introducing the oxygenating fluid is by way of a gas pump or compressor
forcing pure oxygen or air through diffuser pipes or the like located at the bot-
tom of the stream. Flocculating solution is then introduced by a similar distrib-
uting pipe arrangement in the next downstream treatment zone. Subsequent
sludge withdrawal downstream from the flocculating zone may be carried out
through a stationary sludge withdrawal pipe system located at the bottom of the
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stream, or a bridge structure across the stream may carry a depending gludge
withdrawal pipe movable thereon back -and forth across the stream, while the
bridge structure itself may be movable parallel to itself.

In the case of wide navigable streams or rivers oxygenation may be provided
through the diffuser pipes at the river bottom more economically by the supply
of previously dissolved oxygen. That is to say, a relatively small auxiliary stream
of water preferably derived from the rivet itself is passed through a shore-based
oxygen absorption column. This provides a supply of water highly saturated with
dissolved oxyaen, to be forced through the diffuser pipes or the like into the
stream.

Inasmuch as this mode of oxygen introduction is characterized by a relative ab-
sence of turbulence as compared with the direct introduction of a gaseous ox-
idizing medium, the introduction of the flocculating agent or solution may be
effected within the oxygenation zone or even in a zone preceding it, since undue
turbulence would not interfere with the initial formation of the fragile biologic
floc structures.

OXIDATION USING PHOTOSYNTHESIS OF ALGAE

P.J. Gresham; U.S. Patent 3,665,797, February 23, 1971 describes apparatus and
a process for the treatment of sewage by oxidation and by contacting the sewage
with living filamentous algae affixed to a suitable supporting framework. Several
stages of treatment may be used, but a single stage of treatment through moving
contact of the sewage with an algae bed or screen of sufficient size will provide
complete or almost complete removal of suspended solids, and the biochemical
oxygen demand of the effluent water can be reduced to acceptable levels for dis-
posal in streams and lakes.

The algae utilized in this process grow rapidly, trapping suspended solids and re-
moving dissolved organic matter to utilize both types of materials as food.
Through photosynthesis the organic material is converted to new compounds

by the algae and oxygen released. The oxygen released by the algae oxidizes
sewage solids. One aspect of this process is the discovery that oxidation of sew-
age solids causes sludge separation arnd compaction.

Moreover, the coagulating effect of algae filaments together with the effect of
oxidation produces a heavy. dense sludge which can be readily compacted by

the compression created by scraping mechanisms moving such sludge up an in-
cline to a point above the water line. The compacted sludge can be further com-
pressed to remove a substantial portion of its water content, producing a rela-
tively dry sludge which is in a form suitable for incineration or other disposition.

BENZYL BROMOACETATE TO CONTROL PAPER MILL SLIME

A process described by S.J. Lederer; U.S. Patent 3,658,700, April 25, 1972, as-
signed to Merck & Co., Inc. relates to a method for inhibiting the formation

and growth of slime in paper mill white water systems by introducing into paper
mill water systems an antibacterial and antifungal quantity of benzyl bromo-
acetate.
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In general, effective control and inhibition of the formation of slime is achieved
by adding to the paper mill water system sufficient behzyl bromoacetate to pro-
vide a concentration of from about 0.1 to 25.0 ppm based on the total system
volume with concentrations between 0.1 to 10.0 ppm being generally preferred.
In mills having severe slime formation problems, much higher concentrations
(i.e., as high as 1,000 ppm) can be employed.

The benzyl bromoacetate in appropriate concentrations may be added to the mill
water at any point in the system from the pump preparation stages up to machine
head box. It will be preferred usually to add the benzyl bromoacetate at the
point or points of greatest slime accumulation. In general, areas of maximum
slime accumulation will be found at, or just before, the paper-making machine.
Conveniently, therefore, the benzyl bromoacetate may be added at the fan pump
where good mixing is assured, or into the tray white water. The toxicant then

is distributed throughout the system by recirculation of the white water to ear-
lier stages. The toxicant may be added either continuously or by intermittent
slugging techniques.

Benzyl bromoacetate, being liquid, may be incorporated neat into paper mill
water systems by any simple mixing technique which will insure good distribu-
tion. Alternatively, however, the benzyl bromoacetate may be added in the
form of an adsorbate of benzyl bromoacetate on finely powdered solid disper-
sants. Typical dispersants which may be employed for this purpose will include,
for example, calcium magnesium silicate, silicon dioxide, clays and talcs. From
10 to 50% by weight of benzyl bromoacetate may be adsorbed on such disper-
sants by thoroughly blending the benzyl bromoacetate and the powdered disper-
sant in the suitable mill. The adsorbate then may be added to the paper mill
water system at any desired point in sufficient quantity to give the desired final
concentration of benzyl bromoacetate in the total mill system.

PRESSURE SEWAGE SYSTEM AND MACERATOR

J. Burkholder,; U.S. Patent 3,897,600, August 5, 1975, assigned to Robintech,
Incoporated describes a method of directing sewage from a holding tank, septic
tank, or the like, into a pressure sewage system. The process comprises provid-
ing a receptacle or storage area for receiving sewage by gravity from a residential
or similar source, which receptacle has a downwardly converging or conical bot-
tom region, whereby heavier solid matter in the sewage fluids will be directed
into a relatively confined area at the bottom of the reservoir.

A sewage-treating unit comprising a macerator and pump is disposed in the apex
portion of the bottom ¥ the receptacle or storage area for comminuting the
solids, agitating the sewage mixture and transferring the effluent into a relatively
small discharge conduit and moving the fluid through the conduit for discharge
under a predetermined hydraulic head into the pressure sewage system.

Referring to Figure 6.5, a fluid receiving tank 10 has outer sidewalls 12 which
may be of substantially any configuration, such as cylindrical, square, rectanguliar,
or the like, which tank is normally at least partially buried beneath the surface

of the earth. The upper end 14 of the tank is open and may be provided with

a suitable manhole extension member complementary to the configuration of the
sidewalls and extending upwardly therefrom for receiving a suitable manhole cover
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member and lid, thus providing access to the interior of the buried tank 10
from the surface of the ground, as is known. The bottom 14 of the tank pref-
erably is downwardly and inwardly tapered as particularly shown in Figure 6.5a,
and preferably is provided with a relatively flat or horizontal floor portion 16
at the central converging point of the bottom.

An inlet pipe or conduit 18 of conventional size (typically 4" nominal diameter)

is provided in the upper portion of the tank spaced downwardly from the open
upper end thereof, and extends through an aperture in the sidewall 12 to an elbow
or angled conduit 20 for directing effluent into the tank and discharging the

fluid in a downward direction therein. An overflow conduit 22 extends through

a second aperture provided in the sidewalls to provide communication between

the interior of the tank and the exterior.

The overflow conduit is spaced below the inlet conduit in order to permit emer-
gency discharge of any accumulating fluids in the tank and to forestall any in-
advertent back-up of the fluids through the inlet conduit, as will be hereinafter
set forth. In addition, a discharge conduit or line 24, which as shown is quite
small in diameter relative to the size of the inlet pipe, extends through the side-
walls in any well-known manner for providing communication between the in-
terior of the tank and the main sewer system 106 (Figure 6.5c¢).

FIGURE 6.5: PRESSURE SEWAGE SYSTEM
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Elevational View Partly.in Section of a Holding Tank and Pump Unit
{continued)
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FIGURE 6.5: (continued)
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Sectional Schematic View of a Pressure Sewage System

Source: U.S. Patent 3,897,600
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The discharge line 24 is provided with a plurality of suitable valves, such as schemati-
cally shown check valve 28, and a suitable compression end valve 30, as is well known,
which may be threaded or otherwise attached to a vertically disposed portion 32 ex-
tending downwardly into the proximity of the bottom 16 of the tank 10, as partic-
ularly shown in Figure 6.5a. As small as practicable diameter discharge pipes may
be employed. In practice 1" diameter discharge conduits 24 and 32 have been found
entirely satisfactory for use with this system. The ecor.omic advantages in furnishing
and burying such a small pipe in preference to the much larger tile or cast-iron pipe
of conventional size are manifest.

f
A macerator-type impeller pump generally indicated at 34 is disposed in the prox-
imity of the lower portion 16 of the tank and as shown in Figure 6.5a ‘s secured
to the lower end of the immediately adjoining, generally centrally located and
vertically disposed pipe portion 32. As best seen in Figure 6.5b, the pump 34
comprises a body portion 36 having an interiorly disposed convulate-type recess
38 terminating in a discharge port 40, as is well known. A centrally disposed
boss 42 extends axially from the body and is provided with a central bore 44
for journaling one end of a hub 46 of an impeller 48.

The impeller comprises a substantially circular plate 50 intergral with or secured
around the hub and axially spaced from one end thereof, A plurality of circum-
ferentially spaced fins or blades 52 are secured to or integral with the plate and
are disposed substantially perpendicular with respect thereto. The blades are
preferably of a substantially spiral configuration and are integral with or secured
around the hub and extend radially outwardly. The hub is rotatably disposed
or journaled in the bore, and a shim member 54 is preferably disposed between
the plate and the body for facilitating rotation of the impeller member with re-
spect to the body.

A central bore 56 extends through the hub for receiving a shaft 58. The shaft
may be keyed or otherwise secured within the bore for transmitting rotation to
the impeller, and an annular groove 60 is provided on the outer end of the shaft
for receiving a retainer ring 62 for locking the shaft against longitudinal move-
ment in one direction with respect to the hub. [n addition, it is preferable to
interpose an annular shim member 64 between the retainer ring and the body
for facilitating rotation of the shaft,

A stationary grinder plate or disc 66 is suitably secured around the shaft and is
disposed on the upper surface of the blades. It is preferable however to provide
a suitable annular shim member 68 between the plate 66 and the fins. The
grinder plate may be of any suitable type, such as perforate plate, or the like
which screens the sewage material that flows through the holes of the plate en-
route to the pump, as is known.

In addition, a grinder blade 70 is secured around the shaft in any suitable manner
for rotation therewith and is spaced from the grinder plate by a suitable annular
shim member 72. The grinder blade may be of any suitable type, and comprises one
or more radially extending blades 74 (preferably three) integral with or secured
to a central disc member 76 which in turn is secured to the shaft in any known
manner. An annular retainer ring 78 may be suitably secured to the shaft for
cooperating with the shim 72 to retain the grinder blade. A plurality of suitable
macerator blades 80 are secured on the shaft in any known manner for rotation
simultaneously therewith and are spaced longitudinally by suitable retainer rings
82,
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The upper end of the shaft 58 is adapted to connection preferably through suit-
able flexible-type coupling 86 to the drive shaft 88 of an electric motor 90.
The drive shaft of the motor is suitably keyed or otherwise connected with the
coupling for transmitting rotation. The outer housing or casing 91 of the
motor is reciprocally supported on the motor for limited vertical movement.

The motor housing is secured to the pump 34 by means of an arcuate arm 92
which has one end thereof secured to the body 36 by a bolt 94 and locknut
96. The opposite end of the arm is provided with a flared sleeve member 98
adapted for receiving and supporting the mounting hub and associated parts of
the motor. The motor is provided with a float switch whereby the motor is in-
operative while the housing is in a lowered position, and operative when the
housing becomes buoyant and assumes a raised position.

In addition, the port 40 of the pump is secured to the lower end of the pipe
portion 32 by a suitable fitting member 100 in such a manner as to secure the
body to the pipe, and provide open communication between the port and the
interior of the pipe. A suitable handle member 102 is provided on the upper-
most end of the motor for facilitating installation in and removal from the in-
terior of the tank 10.

In a pressure sewer system, such as schematically depicted in Figure 6.5¢, the
main sewer conduit 26 is normally buried beneath the surface of the ground 104
at a substantially uniform depth, so it generally follows the contour of the ground
or earth, The individual buildings 106, or the like, feed sewage into their respec-
tive tanks and are independently connected with the main sewer conduit by the
lines 24, and the pump of each tank provides adequate pressure for operation

of the main sewer system.

The line 24 is provided with the valves 30 and 28 in order that fluid may be
pumped from line 24 into the line 26, but back-flow of the fluids from line 26
into the pipe portion 32 is precluded. Raw sewage from the building is directed
to the tank by gravity through the usual tile conduit or pipe 18, and is discharged
into the interior of the tank through the elbow member 20 for accumulation in
the lower portion.

Assuming the motor and pump are in a nonoperative condition following a pump-
ing cycle, sewage fluid routinely accumulates in the tank, and the motor casing
floats or rises slightly to actuate the float switch, thereby activating the entire
sewage treating and pumping unit, comprising motor 90, macerator blades 80,
grinder blades 74, and impeller 48.

When the pump is operating, the agitated sewage is swirled into a vortex, as
might be expected, particularly when the adjoining tank walls are conical and
convergent, and the exposed macerator blades above the pump apparently assist
in producing a substantial degree of aeration indicated by extensive bubbling
when viewed through an observation window in test units, which undoubtedly
encourages chemical action through oxidation. This reduces odor, and in fact
field reports consistently indicated that the unit is odorless.

The solids in the sewage are accumulated in the proximity of the bottom 16 of
the tank by gravity, and are thus efficiently directed to the pump and macerator
blades and grinding blades thereof; thus, the solids are efficiently macerated and
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mixed with the liquids as they descend and are drawn into the pump cavity 38.
The pump action forces the mixture centrifugally upward through the discharge
pipe 32, valves 30 and 28, and the relatively small line 24 replacing the usual
large tile conduit and leading up and down with the terrain into the main sewer
conduit 26, under sufficient hydraulic head to pressurize the main sewer conduit.
After a predetermined quantity of the sewage has been pumped from the tank
10, the motor casing 91 will have moved dowrwardly to its lowermost position,
and the operation of the motor 90 and pump ceases, so the liquid level in the
tank is maintained within predetermined limits.

In the event of any pump or motor failure, the sewage accumulating in the tank
will flow through the discharge pipe 22 prior to any back-up of the sewage into
the pipe 18 since the discharge pipe is disposed at a lower elevation than the
inlet pipe 18. Of course, if desired, a suitable alarm system may be provided
for indicating any pump failure in order to preclude damage from overflow of
the sewage.

Removal of the entire treating and pumping unit for servicing or cleaning is
readily accomplished by disconnecting a union, conventional ground joint, or
similar threaded connection normally associated with valves of the type of valve
30, whereby, if the handle 102 is submerged, the pipe 32 may serve as a conven-
ient handle means located well above any normal fluid level for lifting the entire
operating assembly from the tank. Likewise on reassembly, the unit may be
lowered by gravity to its operating position, the pump being automatically lo-
cated and concentrically aligned by the convergent side walls of the tank, and
the unit resting on the frustoconical floor section, all as shown in Figure 6.5a.
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