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[57] ABSTRACT 
An apparatus and process for dehydrating waste solids 
concentrates including secondary and digested sewage 
sludges and those concentrates prone to form emulsions 
upon the addition of oil are obtained and accomplished 
by mixing the sludge or other concentrate with ?uidiz 
ing oil prior to dehydration by heat evaporation to 
maintain pumpability; recycling a portion of the sub 
stantially anhydrous waste solids and oil evaporator 
output slurry, and admixing it with the ?uidizing oil and 
input sludge or concentrate to regulate the solids con 
tent and viscosity of the steady state feed mixture and 
thereby prevent fouling of the evaporator heat transfer 
surfaces and convert emulsions to suspensions. 

203/25 15 Claims, 1 Drawing Figure 
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PROCESS AND APPARATUS FOR 
DEHYDRATING WASTE SOLIDS 

CONCENTRATES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an apparatus and process for 

dehydrating waste solids concentrates, especially sew 
age sludge. More particularly, it relates to an apparatus 
and process wherein such concentrates, kept pumpable 
by having been mixed with ?uidizing oil, are subjected 
to repeated dehydrations at successively higher concen 
trations. 

2. Discussion of the Prior Art 
The economic disposal of sewage sludge is a recog 

nized problem. Processes and apparatus for dehydrating 
sewage sludges and other waste solids concentrates 
have been developed to deal with problems of disposal, 
avoidance of pollution, hygienic handling, economic 
operation, and the like. In those processes by-products 
are produced which are either valuable in themselves or 
can be utilized to further the process in some way. 

In treating sewage it is customary to settle the raw 
sewage, generating a primary sewage sludge and a sepa 
rated water fraction. That fraction is aerated to provide 
a secondary sewage sludge, usually but not necessarily 
an activated sludge, and clean water of quality suitable 
for discharge into a stream or river. Both primary and 
secondary sludges are discharged into a digester which 
is a closed tank in which the sludge may have a dwell 
time of up to 30 days or longer. There, heating coils 
may maintain the sludge at a somewhat elevated tem 
perature to accelerate anaerobic bacteria] digestion of 
organic constituents and the breakdown of solids, in 
part, into gaseous materials. The gaseous materials have 
a suf?cient methane content to be useful as fuel for 
heating water circulated in the digester coils. The di 
gested material is withdrawn as a stream of sewage 
solids or digested sludge which may have a water con 
tent of about 95%, and is spread out in large drying beds 
for drying by evaporation. The resulting dry solids may 
be burned, either supplying heat to the process or in 
uses as fuel outside the process, or they may be em 
ployed otherwise, for example, as fertilizer. 

This invention is concerned with an improvement in 
an already improved apparatus and process to be used 
instead of the digester, or at least instead of the drying 
beds customarily associated therewith. The basic, 
known equipment needed to carry out the process oper 
ations is far more compact and appreciably less expen 
sive than digester equipment and drying beds, particu 
larly where the drying beds must be enclosed to control 
odors and permit year-round use. 
The apparatus and process of which the present in 

vention provides an improvement related to drying an 
initially water-containing waste solids concentrate, par 
ticularly sewage sludge, by admixing it with a fluidizing 
oil to obtain a mixture which remains fluid and pump 
able even when the water content thereof has been 
removed. The resulting oil-containing mixture is passed 
through a sequence of dehydration steps in which the 
mixture is dehydrated by heat evaporation, becoming 
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2 
increasingly dehydrated. In a generally preferred or at 
least fairly widely practiced embodiment of the known 
art, economies of energy consumption are realized by 
utilizing the evolved vapors from each evaporation step 
in a “backward flow” arrangement to supply a substan 
tial portion of the heat requirements of the preceding 
evaporation step, with the dehydration occurring at 
progressively higher temperatures as described in U.S. 
Pat. No. Re. 26,317. The process of that patent gener 
ates a substantially anhydrous slurry of sewage solids in 
oil which is withdrawn and further treated in a centri 
fuge to provide a substantially oil-free as well as dry 
sewage solids product and recover at least most of the 
?uidizing oil for re-use in the process. Further employ 
ments of the oil-?uidizing of initially water-containing 
waste solids concentrates for dehydration in single 
stage evaporators and multiple-stage, “forward ?ow" 
evaporators are disclosed respectively in U.S. Pat. No. 
Re. 26,352 and U.S. Pat. No. 3,323,575. 
By way of de?nition, with regard to evaporators in 

which ?uid mixtures may be dehydrated in a plurality 
of sequential steps as well as those in which all dehydra 
tion takes place in a single stage, the expression “?rst 
stage” refers to that part of the evaporator equipment in 
which the hydrated mixture or wet slurry is subjected 
to the ?rst step of the aforesaid sequential plurality of 
dehydration steps, two or three or more corresponding 
to "?rst stage”, “second stage", “third stage", etc. The 
expression “effect”, on the other hand, as in “multiple 
effect”, “?rst effect”, “second effect”, etc., is related to 
the How and action of the heating material, steam here, 
in the evaporator equipment. Where the flow of the wet 
slurry being progressively heated and dried is counter 
current to that of the heating steam from stage to stage 
or effect to effect, the operation particularly illustrated 
and described in U.S. Pat. No. Re. 26,317 aforesaid and 
in the present case representing the condition of “back 
ward flow", the ?rst stage of a multi-effect of multiple 
effect evaporator is the same as its last effect. Con 
versely, where the flow of wet slurry is cocurrent with 
that of the heating steam from stage to stage or effect to 
effect, the operation particularly illustrated and de 
scribed in U.S. Pat. No. 3,323,575 aforesaid representing 
the condition of “forward ?ow", the ?rst stage and ?rst 
effect are the same as indeed they are in a single-stage or 
single-effect evaporator according to the disclosures of 
U.S. Pat. No. Re. 26,352 aforesaid. It is not especially 
meaningful to describe a single-stage or single-effect 
evaporator as operating in either backward flow or 
forward ?ow. 
Sewage sludge, hereinafter sometimes simply called 

sludge, treated by the cited processes generally com 
prises non-fat solids in an amount of 2 to 50 or more 
weight percent, usually 3 to 35 weight percent; fluid fats 
or oils on a dry basis in an amount of about 1.0 to 30 
weight percent, usually 8 to 20 weight percent, with the 
remainder of the mixture being predominantly water. 
The solids particle size is normally less than about one 
quarter inch, encompassing the normal distribution in 
sewage sludge. Larger particles, such as occur in gar 
bage, should be comminuted prior to being treated ac 
cording to the dehydration process of the invention. 

Oils useful in those processes for admixture with 
sewage sludge to provide the necessary tluidization are 
inert, relatively non-volatile oils or fats, or other non 
volatile oil-like materials or the non-volatile fractions 
thereof. Typical of those oils are tallow, animal fats and 
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vegetable oils, all of which can be derived directly from 
the process, depending upon the particular material or 
materials treated and also petroleum oils, fuel oils, glyc 
erides, glycols and mixtures thereof, including indus 
trial by-products. The quantity of oil used is such that its 
ratio in the system is approximately 2 to 20 times the 
weight of the non-fat solids. That refers to total oil, i.e., 
that added plus that derived from the process for reuse. 
Such an amount of oil is suf?cient, under normal condi 
tions, to give or maintain the condition of a ?uid, pump 
able mixture even when the water content is or has been 
removed from the mixture. 

It has been noted recently that, in the course of con 
centrating certain sludges in a multi-effect evaporator 
system of the type described in US. Pat. No. Re. 26,317 
and here, using a fluidizing oil carrier, there can be an 
increase in the viscosity of the oil slurry in some stage 
which reduces the heat transfer rate and results in a 
reduction in concentration capacity. It has been found 
that in sludges which, prior to ?uidizing, have solid 
contents in the range of 10% to 35% on an oil-free basis, 
and which contain appreciable amounts of secondary 
sludge or digested sludge, there is an increase in viscos 
ity during the concentration process which is sometimes 
accompanied by fouling of the heat transfer surfaces. In 
addition such sludges are dif?cult to fluidize, even with 
the addition of large quantities of ?uidizing oil, often 
resulting in a dif?cult sludge pumping problem between 
the fluidizing tank and the evaporator system or array. 
That appears to be due to insuf?cient wetting of the 
sludge particles by the ?uidizing oil which results in 
agglomeration of the particles, the formation of solid 
clumps in a separate phase from the added oil, and con 
sequent reduction in fluidity of the sludge-oil mixture. 

While dispersing agents can be added to the slurry 
system, oil-soluble agents are usually required and their 
use results in added operating costs because of the dif? 
culty of recovering them. Attempts to improve the 
mixing operation by intensifying the mixing cause for 
mation of an oil-sludge emulsion which results in fur 
ther thickening. The oil-sludge emulsion can sometimes 
coat the heat transfer surfaces of the evaporator, fouling 
and reducing the heat transfer coefficient of those sur 
faces. Such a condition can lead to plugging of evapora 
tor tubes. Those problems have been found to be partic 
ularly difficult when a petroleum oil, rather than an 
animal or vegetable oil or fatty acid, is used as the ?uid 
izing oil medium or carrier. 

It would be desirable, therefore, to avoid a physical 
change in an oil-sludge or sludge or sewage solids mix 
ture being dehydrated in an evaporator as described 
above, which change manifests itself as and results in 
the presence of a coalesced clump or mass or emulsion 
adversely affecting the viscosity of the system and re 
ducing the heat transfer efficiency or capability of the 
evaporator. 

SUMMARY OF THE INVENTION 

It has been found that by adding back or recycling 
oil-containing solids from the output of a late stage, 
usually the last stage, of the evaporator to the input of 
the concentrating system, the problems noted above are 
reduced materially. Thus, there are avoided an increase 
in viscosity due to clumping, thickening, or the forma 
tion of an emulsion and the accompanying fouling of the 
heat transfer surfaces of the dehydrating evaporator. In 
situations in which the oil-sludge mixture contains sec 
ondary and/or digested sludge varying in concentration 
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4 
from 10% to about 35% solids on an oil-free basis, it has 
been found desirable to raise the solids content of the 
mixture fed to the evaporator between 25% and 60% 
with a preferred range of 30% to 50% on an oil-free 
basis. The fluidity of the oil-sludge mixture is greatly 
improved and so is the heat transfer rate. In fact, it has 
been found that the oil-to-solids ratio, on a water-free or 
dry basis, can be signi?cantly reduced, for example, 
from about 10 to 1 to about 5 or 6 to l, and that in 
creased evaporation rates and improved non-fouling 
properties in the oil-sludge or oil-solids mixture are 
achieved. Where the received sludge has a solids con 
centration less than 10%, preliminary concentration can 
be accomplished by centrifuging, belt pressing, vacuum 
?ltering, or other technique well known in the art. 

It appears that the add-back of the oil-solids slurry 
greatly improves the dispersion of solid particles with 
out forming an emulsion. Also, the solids suspend 
readily in the oil medium rather than forming two im 
miscible phases in which, under similar prior mixing 
conditions, oil separation and solid clumps occurred 
when using the untreated mixture. The ?uidized mix 
ture is readily pumped into the evaporator system and 
the water present, though initially greater in mass than 
the solids, does not form a separate phase, but, rather, 
remains solids-bound. 

It has been found also that where a solids material 
tends to form an emulsion with the oil phase, that emul 
sion can be converted to a suspension by using the same 
technique, i.e., by the addition of solids to raise the 
solids concentration at the evaporator input to 25% to 
60% on an oil-free basis. Thus the present invention has 
bene?ts for the oil-sludge system since it modi?es the 
clumping of solids or breaks or aborts emulsions, bring 
ing about a uniform suspension of the solids in the ?uid 
izing oil. In that condition the solids are said to be com 
patible with the oil. 
The nature of the oil used is important as well. It has 

been found that petroleum oils are more dif?cult media 
in which to form desirable suspensions than are animal 
and vegetable oils and fatty acid derivatives. Conse 
quently the petroleum oils are bene?ted by using this 
technique, particularly the light oils which have boiling 
points in the range 300° F. to 500° F. 
The process of adding back a substantially anhydrous 

solids-in-oil slurry according to the present invention 
has particular utility for treatment of activated second 
ary sludges in which there are dead aerobic organisms 
which tend to produce clumping in the solids. The 
technique is also applicable to digested sludge contain 
ing dead anaerobic organisms which have been pro 
duced from a primary and activated sludge mixture. 
Digested primary sludge also is suitable for processing 
according to the invention, but undigested or raw pri 
mary sludge is not. However, a mixture of raw primary 
sludge and activated sludge does require or at least is 
suitable for the concerned treatment because of the 
activated, broadly secondary, sludge content of the 
mixture. In the latter case, however, the solids addition 
need not be as great. 
According to the invention, the preferred method is 

to recycle substantially anhydrous solids back to the 
?uidizing tank as a solids-in-oil slurry produced in the 
dehydration process, such as a solids-in-oil slurry ob 
tained from the ?nal dehydrating stage. The substance 
added back may be taken from an intermediate concen 
trating evaporator stage, as well, but the preferred way 
is to add back from the drying or ?nal stage. While 
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water-free and oil-free solids from a number of sources, 
including dry solids produced as an end product of the 
process, could be added back, it has been found that 
from the point of view of required handling apparatus, 
simplicity of control and conservation of energy the 
feeding or adding back of a slurry is most effective. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE is a schematic representation of an 
apparatus useful in practicing the teachings of the in 
vention in the backward ?ow mode of operation of a 
multi-stage or multi-effect evaporator. 

DETAILED DESCRIPTION OF THE DRAWING 

As shown in the drawing, sewage sludge enters the 
apparatus through input line 2 at the left, and is fed to 
?uidizing tank 4 for mixing with ?uidizing oil supplied 
through line 6 and substantially anhydrous slurry of 
sewage solids and oil recycled through line 8. Pump 10 
moves the resulting mixture of oil and sewage sludge 
high in solids content from tank 4, through connecting 
line or conduit 12 and throttle valve 14, to the tube 
bundle or evaporating region of ?rst stage 16 of a three 
stage or triple effect evaporator. Each stage of the evap 
orator removes about one third of the water from the 
oil-sludge mixture supplied at 16. The input sludge re 
ceived through line 2 may typically be in the range of 
from 10 to 35 or somewhat higher weight percent solids 
and fats, with the balance being water. Of the solids and 
fats perhaps l% to 5% is fat referred to the entire input 
sludge, and the balance is nonfat solids. At start-up, 
suf?cient ?uidizing oil is added through line 6 to insure 
that, after evaporation of the water content, the system 
or mixture of sewage solids and oil and/or fluid fats 
remains pumpable. 

In ?rst evaporator stage 16 about I of the water is 
boiled off at a reduced pressure of approximately 2 
inches Hg absolute, and the temperature of the partially 
dehydrated product in that evaporator stage sump or 
bottom is maintained at approximately 110° F. Heating 
vapor enters ?rst evaporator stage 16 from second stage 
vapor chamber 19 through connecting line 20 at a tem 
perature in the neighborhood of 145° F. Vapor is re 
moved from ?rst evaporator stage vapor chamber 17 
via connecting line 22 which passes it into a condenser 
24. There, cooling water condenses the vapor and the 
recovered water is discharged through line 26 to hot 
well 28. A slurry of partially dehydrated sewage solids 
in ?uidizing oil is removed continuously from evapora 
tor 16 through line 30 and fed to the evaporating region 
of second evaporator stage 18. 

In second evaporator stage 18 a procedure is fol 
lowed similar to that in the ?rst stage, except that the 
sump or product temperature is maintained in the neigh 
borhood of 150° F. by vapor coming at approximately 
190° F. from vapor chamber 21 of the following stage 
through connecting line or conduit 32. About one-half 
of the water remaining in the ?uidized sludge is re 
moved in the second stage. A further partially dehy 
drated sewage solids and oil slurry is withdrawn from 
second evaporator stage 18 via connecting line 36, and 
charged to the evaporating region of the third evapora 
tor stage 34 in the manner used for slurry transfer be 
tween the ?rst and second stages. 

In the third stage the product temperature is at about 
250' F., maintained by steam supplied at about 300° F. 
by boiler-furnace 38 and transmitted through line 40. 
The substantially dehydrated slurry withdrawn from 
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6 
third evaporator stage 34 through line 42 contains ap 
proximately Q% to 3% water and about 15% solids, the 
remainder being oil. That slurry is in a substantially 
anhydrous or dry condition. 

Level control in the several stages of the evaporator 
equipment is maintained by a level sensing element in 
the slurry sump of each stage which transmits signals to 
a throttle valve following the pump which supplies that 
stage. As shown, level sensing elements in the slurry 
sumps of ?rst, second and third evaporator stages 16, 18 
and 34 control pump discharge throttle valves in slurry 
feedlines 12, 30 and 36, respectively. The evaporator 
level control system illustrated and described is of a 
conventional nature. 
The substantially dehydrated oil and solids mixture 

maintained at an appropriate level in the sump of third 
evaporator stage 34 and withdrawn continuously there 
from through line 42 is separated into two streams, one 
of which is delivered to centrifuge 44 and the other of 
which is recycled back to ?uidizing tank 4, as further 
discussed hereinafter. The dry oil-solids slurry stream 
?owing to the centrifuge is separated there into process 
oil and a solids phase having a reduced oil content. The 
process oil is withdrawn through line 50 and delivered 
to centrifuge oil tank 52 for recycling through oil sup 
ply line 6 to ?uidizing tank 4. If there be an excess of 
process oil so far as ?uidizing needs are concerned, oil 
becomes available as a net product of the process. 
The solids phase centrifuge output contains substan 

tially all of the through-?owing sewage solids, and also 
has about 30 weight percent oil content. It is withdrawn 
from centrifuge 44 via connecting line 54 and further 
deoiled in mechanical press or expeller 56. The resulting 
substantially deoiled anhydrous sewage solids are deliv 
ered from press 56 via line or conveyor 58 to grinder 60, 
and then, in the illustrative embodiment, blown through 
line 62 to boiler-furnace 38 for burning in the combus 
tion region thereof. In the alternative, the blown solids 
can be delivered through line 64 for withdrawal for 
external use, for example, as fertilizer. When the with 
drawn expelled solids are utilized for fuel purposes or 
credits in boiler-furnace 38, they produce live steam 
required for operation of the process and usually can 
provide a thermally self-sustaining operation or even 
excess steam for other purposes. That is a most impor 
tant feature in sewage sludge drying, since it represents 
great economy by reducing or eliminating fuel purchase 
requirements. In such a case, the only by-product is the 
mineral matter of the dried sewage solids burned to 
generate steam which can be recovered by well known 
dust collection procedures. Removal of that matter as 
ash from the boiler-fumace is by way of connecting line 
66. 

Besides the stream of deoiled solids flowing through 
or along line 58, a stream of oil is withdrawn from press 
56 through line 68. That represents the oil pressed out of 
the stream of substantially anhydrous but still oil-con 
taining material delivered to the press through line 54 
from centrifuge 44. As shown, line 68 connects into line 
42 so that oil ?owing through line 68 mixes with and 
further fluidizes the dry slurry of sewage solids and oil 
?owing from the sump of third evaporator stage 34 to 
the centrifuge. That is not the only way in which the oil 
from press 56 could be handled. Such oil might, for 
instance, be sent directly to centrifuge oil tank 52 for 
prompt recycling to ?uidizing tank 4. 

It is a feature of the present invention that a portion of 
the substantially dehydrated or anhydrous sewage 
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solids and oil mixture derived from third evaporator 
stage 34 is recycled through feedline 8, via pump 46 and 
throttle valve 48, to ?uidizing tank 4 for mixture with 
the incoming sewage sludge. It has been found in tests 
run on activated sludge and on primary digested and 
activated sludges that recycling of solids has bene?cial 
effects on the viscosity of the sludge-oil mixture, and 
insures the maintenance of high evaporation rates, 
while and on account of avoiding fouling of the evapo 
rator tube surfaces. Thus, when the system is in opera 
tion and dehydrated solids are still being carried in an 
oil slurry at the product output of the third evaporator 
stage, a portion of that slurry stream is recycled to the 
?uidizing tank under control of throttle valve 48 in line 
8 branched off of line or conduit 42. 
As noted hereinbefore, the amount of solids recycled 

is such as to raise the solids content of the mixture in 
?uidizing tank 4 into the range about 25 to about 60 
percent, preferably 30 to 50 percent, on an oil-free basis. 
In addition, the amount of oil recycled through line 6 is 
adjusted to ensure that a pumpable slurry is obtained 
throughout the process. 

It is an advantage of the recycle or add-back of slur 
ried solids in accordance with this invention, that the 
oil/solids ratio in the stream of material ?owing from 
the ?uidizing tank to the ?rst evaporator stage can be 
reduced by as much as 50 percent. The quantity fed 
back is preferably controlled, in response to viscosity 
measurements made by a viscometer having a sensor 70 
located in ?uidizing tank 4, to optimize the viscosity of 
the sewage sludge and oil fed to ?rst evaporator stage 
16. The viscometer can be a viscosity analyzer of well 
known character. In the preferred embodiment of this 
invention throttle valve 48 is power operated, as will be 
understood by those skilled in the art, and responds to a 
viscosity proportional electrical signal from sensor 70 in 
such a way that when the viscosity of the mixture in 
tank 4 equals or exceeds a certain upper level the throt 
tle valve 48 is actuated to permit recycled slurry to flow 
to tank 4 at a greater rate. Similarly, when the viscosity 
in tank 4 falls to or below a predetermined lower limit 
the servo link responds to a signal from the viscometer 
or its sensor and reduces the add-back rate of substan 
tially anhydrous slurry. 

It will be apparent that there is substantial advantage 
to be gained from the point of view of energy conserva 
tion in feeding back solids in the form of the slurry 
derived from the output of the last evaporation stage, 
since less energy need be expanded in the subsequent 
deoiling of the dry solids. It is to be noted, too, that in 
the cases of sewage sludge or waste solids concentrate 
inputs containing emulsions such as those having a high 
quantity of iron-fatty acid soaps derived from packing 
industry wastes, and materials such as animal manures, 
which tend to produce emulsions with the added oil, the 
recycling of solids as herein described is important to 
improve suspension properties, as well as avoid fouling 
of evaporator surfaces. 

CONCLUSION 

While the invention has been illustrated in the context 
of a three-stage or triple effect, backward flow evapora 
tor, it can be used with other evaporators as well. It 
will, for example, be understood by those skilled in the 
pertinent art that product material may be sufficiently 
dry at the output of the third stage of a four-stage unit 
to be useful, when recycled, for regulating evaporator 
feed material viscosity as disclosed above. Further, 
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recycling may be done advantageously from a late stage 
of a multi-stage, forward ?ow evaporator. 

Protection by Letters Patent of this invention in all its 
aspects as the same are set forth in the appended claims 
is sought to the broadest extent that the prior art allows. 
We claim as our invention: 
1. In a process for dehydrating initially water-con 

taining waste solids concentrates chosen from the group 
consisting of secondary sewage sludge, digested sewage 
sludge, mixtures of primary and secondary sewage 
sludges, those having relatively high quantities of iron 
fatty acid soaps, those derived from packing industry 
wastes, and those containing animal manure, said con 
centrates having a non-fat solids concentration in the 
range 10% to 35% by weight on an oil-free basis, that 
process comprising the steps of (l) admixing such a 
waste solids concentrates with [a relatively non 
volatile] an oil to obtain a mixture which will remain 
?uid and pumpable after the removal of its water con 
tent by heat evaporation; (2) dehydrating the resultant 
oil-containing mixture by heat evaporation in a multi 
stage evaporator in a sequence of steps so ordered that 
the vapors evolved from each such step except the ?rst 
are used as a heating medium in the preceding step, and 
(3) withdrawing a substantially anhydrous waste solids 
and oil slurry from a late stage of said evaporator, the 
improvement which comprises recycling at least a por 
tion of the slurry so withdrawn and admixing it with the 
waste solids concentrate and oil in step (l) to form a 
mixture constituting a steady state feed material to said 
multi-stage evaporator having a non-fat solids content 
of from 25% to 60% on an oil-free basis. 

2. The improvement of claim 1 in which the steady 
state evaporator feed material has a non-fat solids con 
tent of from 30% to 50% on an oil-free basis. 

3. The improvement of claim 1 in which the [rela 
tively non-volatile] oil is a petroleum oil having a boil 
ing point in the range 300° F. to 500" F. 

4. The improvement of claim 1 in which the amount 
of recycled slurry is continuously controlled to opti 
mize the viscosity of the resultant feed material to the 
evaporator to a level which substantially prevents foul 
ing of heat transfer surfaces in any stage of the evapora 
tor. 

5. The improvement of claim 4 in which the viscosity 
of the evaporator feed material is measured during mix 
ing of the recycled slurry. 

6. The improvement of claim 1 in which the initially 
water-containing waste solids concentrate is chosen 
from the group consisting of secondary sewage sludge, 
digested sewage sludge and mixtures of primary and 
secondary sewage sludges. 

7. The improvement of claim 1 in which the recycled 
slurry is withdrawn from the last evaporator stage. 

8. The improvement of claim 1 wherein the concen 
trate being dehydrated is of a nature tending to form an 
emulsion with added oil, and wherein the amount of 
recycled slurry is continuously controlled such that said 
evaporator feed material is in the nature of a suspension 
and not an emulsion. 

9. The improvement of claim 8 wherein the amount 
of recycled slurry is controlled in response to a viscos 
ity measurement of the evaporator feed material. 

II). An apparatus for dehydrating an initially water 
containing waste solids concentrate, that apparatus 
comprising (1) a tank having means for receiving a 
stream of waste solids concentrate, means for receiving 
a stream of ?uidizing oil and means for effecting mixing 
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of those streams and having an outlet whereat a mixture 
so fonned may be withdrawn from it; (2) a multi-stage 
evaporator having means for heating and dehydrating 
continuously a mixture of waste solids concentrate and 
oil formed in said tank and means for discharging water 
driven off therefrom as vapor, said evaporator having 
an inlet in its ?rst stage whereat it may be supplied with 
material to be heated and dehydrated and an outlet in a 
late stage whereat substantially dehydrated material 
may be withdrawn from it; (3) conduit means extending 
from said outlet of said tank to said inlet of said evapora 
tor wherethrough a mixture of waste solids concentrate 
and ?uidizing oil may be supplied from said tank to said 
evaporator as feed material therefor; (4) means extend 
ing from said outlet of said evaporator for withdrawing 
a substantially anhydrous waste solids and oil slurry 
therefrom, and (5) means connected to said slurry with 
drawing means and extending to said tank for recycling 
at least a portion of the slurry so withdrawn to said tank 
for mixing therein with said initially water-containing 
waste solids concentrate and said fluidizing oil. 
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11. The apparatus of claim 10 in which said multi 

stage evaporator is a backward ?ow evaporator dis 
posed to have ?uid material to be heated and dehy 
drated in it and vaporous material to effect that heating 
and dehydrating flow through it countercurrently. 

12. The apparatus of claim 10 or claim 11 further 
comprising control means for optimizing the viscosity 
of the mixed material fed to the evaporator for dehydra 
tion therein by controlling the rate at which substan 
tially anhydrous waste solids and oil slurry is recycled 
to said tank. 

13. The apparatus of claim 12 in which said control 
means is responsive to the viscosity of the contents of 
said tank. 

14. The apparatus of claim 10 or claim 11 in which the 
outlet in said evaporator whereat substantially dehy 
drated material may be withdrawn from it is in the last 
stage thereof. 

15. The improvement of claim I in which the oil is a 
relatively non-volatile oil. 
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