WD 96/ 36570 ' PCT/ US96/ 06262 - 1-
PROCESS AND APPARATUS FOR LI QUI D SLUDGE STABI LI ZATI ON BACKGROUND OF THE

| NVENTION I n the treatnent of sewage sludge, or any biological sludge, it
is desirable to reuse these sludges for ‘soil 5 anmendment or fertilizing
pur poses. Sl udegw sssesmi Ns many nutrients which are beneficial PCEUSGH6252
growh. It is necessary to stabilize the sludge by destroying pathogenic
organi snms prior to application of material to_{and. Wthout proper
stabilization, diseases such as hepatitis, 10 gastroenteritis, hook worns,
or the like may result through either dlrect or |nd|rect contact W t h

sl udges. The principlg
viruses, protozoa, arg ter K
naterlal in order to raise 15 thelg /i ng bacterla
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evels. This type gheligatBPRhi bR Yodkilsbl roe aﬁaattgmt spudges

whi ch have been dewatered to at | east, 10% sol i ent invention

provi des a means oPe§F§SPFYzFﬂgSF?Q&ﬁ%Fgﬂqﬂﬁyﬁ}qggﬁtQyngﬁﬁt engg,
dry solids content orjanibmst peibnerd applsewagen dfematkriial ate B&m@rated

fromthe | iquid st %i@ﬂbﬁ%é g?@%&ﬁiﬂfﬂtii&ioﬂ“edﬁ' %Qg‘ésggﬂéﬁaié Yh

0.2% to 3% solids concen reat mefdts then_a pol ymer ‘er
f1 occul at es toltohegélﬁﬁa‘@énﬁﬁﬁiﬁ%%at@d% WO d G thepLikg TRY ¥?(%‘1%'bl i ds

concentration up t@gnkoughgeiche?(ddtactt @ dndiveldtdeondependitly shodgdd s
type of sludge and type%hgfprinciple pathogens of concern in these sludges
are bacteria, viruses, protozoa, and helminth worms. The
addition of lime or alkaline material in order to raise
15 the pH is effective in destroying bacteria, wviruses and
protozoa. However, helminth ova are more resistant and
require additional treatment to be destroyed. Heating of
sludges is effective in destroying helminth ova.
The combination of high'pH and heat has been a known
20 method of effectively reducing all pathogenic organisms to
safe levels. This type of treatment has been used in the
past to treat sludges which have been dewatered to at
least 10% dry solids. The present invention provides a
means of stabilizing liquid sludges containing less than
25 10% dry solids content. In the treatment of sewage, the
solids are separated from the liquid stream by gravity
settling. The sludge generally contains 0.2% to 3% solids
.concentration. Many treatments then add polymers or other
flocculaies.to the sludge and dewater the sludge to bring
.30 the solids concentration up to a range of 10% to 60% dry

- ‘80lids, depending upon the type of sludge and types of
dewatering equipment. ' U.S. Patent No. 5,013,458, the
~ - complete disclosure of which is herein incorporated by

reference, teaches a method of stabilizing the dewatered
- 35 sludge. : :
The process of dewatering requires expensive capital



dewat eri ng equi pnent. U.S. Patent No. 5,013,458, the conplete disclosure of
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' SUMMARY OF THE INVENTION
The present invention relates to a process and
apparatus for liquid sludge: stabilization such that the
15 end product of the treatment can be spread by gravity
flow. A preferred embodiment of the process comprises the
steps of providing sludge having a solids content in a
range in excess of 0% but less than 10% such that the 3
sludge is a liguid at ambient temperature and pressire, |
20 and providing an alkaline additive, to a substantially
' - closed reactor vessel. The additive is present in
sufficient quantity to adjust the pH of the sludge mixture
to a level greater than about 12. The preferred process
further comprises mixing the sludge and additive into a
25 sludge mixture, maintaining the pH level at a level
greater than about 12 for a predetermined period of time,
and applying supplemental heat to the sludge mixture in
- the reactor vessel to heat the mixture to a desired
elevated temperature for the predetermined period of time.
30 The process also includes maintaining the sludge mixture
as a free-flowing liquid that is at least 90% liquid, and
then finally discharging the sludge and additive mixture
from the reactor vessel in a sufficiently liquid form such
that it can be further handled by gravity flow.
35 '~ DESCRIPTION
The apparatus and method of the present invention
produce an end product that overcomes many of the problems




further conprises mxing the sludge and additive into a 25 sludge m xture,
mai ntaining the pH level at a | evel greater than about 12 for a
predeterm ned period of time, and applying supplenental heat to the sludge
m xture in the reactor vessel#f:o heat the mxture "4 desired el evated

t enper at ure f okyd dgBsppedet erm ned period of tine. 30 The proaaIFUHEBER62

i n¢l udes maintaining the sludge mxture as a free-flowing liquid that is at
| east 90% liquid, and then finally discharging;the sludge and additive

m xture fromthe reactor vessel ina suff|C|entIy liquid formsuch that it
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The present invention treats sludge in liquid form at
ambient temperature and pressure. The transfer and mixing
- of the material is based on the material flowing as a
liquid. The amount of time necessary to obtain complete
15 pasteurization is reduced as a result of the sludge being
a 1iquid.;'The heat transfers quickly and evenly within
the liquid. The particle size is smaller and, therefore,
will heat consistently and less time is needed to
penetrate through the center of the particle. For these
20 reasons, .the-sludge temperature may be reduced and the
- amount of holding time can also be reduced.

In the present invention, the material, being a
liquid, will fliow by gravity and therefore, mixing is not
required in order to move material through the process.

25 Surface contact between particles is easily obtained with
the liquid material. Mixing may consist of only flash
mixing at the start of the process.

Also, in the present invention, preferably most of
the heat required.to elevate the‘éludge temperature is

30 derived from the supplemental heat source. Thus, the
present invention may utilize any of various caustic

v : compounds such as either calcium oxide (Ca0) (generates
substantial heat when mixed with water), or calcium
- hydroxide - (CaOH,;) (does not create substantial heat when

35  mixed with water) as the alkaline source, because this
invention does not need to derive its heat from the
alkaline. Other caustic compounds that could be used
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substantiaJI;Fql &g HhFOFi? ture in the reactor vessel to a de51red

- elevated temperature for the predetermlned period of time,
maintaining the sludge mixture in a fluid liquid
condition, ‘and discharging the sludge and additive mixture
from the reactor vessel, preferably by gravity. The
15 apparatus provides means to'accompliéh the above process.

This invention relates generally to:a process and ;
apparatus for liquid sludge stabiliZatidn; . E

Accordingly, it is a general object of the present
invention to provide a new and - improved process &nd

‘20 apparatus for the stabilization of liquid sludge. .

It is another object of the present invention to
provide a new and improved prbcess'and apparatus for the

- stabilization of liguid sludge such that the federal
regulations are complied with. '

25 It is another object 6f the present invention to
provide a new and improved process and apparatus for the
stabilization of liquid sludge that comprises methods and
means to destroy pathogens by maintaining sludge at a
desired elevated temperature for a prescribed period of

30 time. ' '

Other objects and advantages of the present invention
will become apparent from the following description taken
in conjunction with the accampanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
35 FIG. 1 is a schematic view of a liquid sludge
stabilization apparatus/system and in accordance with a
preferred embodiment of the present invention.
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al kaline additive, preferably to a substéantially ¢l osed reactor vessel,

m xi ng the sludge and additive to ensure-sai:d:pH is greater t han about 12,
mai ntai ning the pH for a predeterniréd period“f time, applying

suppl emental heat 10 to the sludge m xture in the actor vessel to a
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mai ntai ning the sludge m xture in a fluid liquid condition, and discharging

the sludge and additive mxture fromthe reacgor vessel preferably by
gravity. The 15 apparatus prdvi des neans t¢° acconpli sh t he above process.
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appar at us/ syst em and |InatherpmetﬂrmedIembopdeBtueﬂlqubdd$hnﬂge(haWﬂng a
present inventiongglids content above 0% and less than 10% and an alkaline
material are placed in a reactor vessel. The materials
are mixed and heated. Sufficient alkaline material is
.. 15 added in order to raise the pH to 12.0 or higher.:B Heat is
applied to the vessel contents to raise the mixture to a
predetermined temperature. This temperaturenshould be at
least 50°C for at least approximately 12.0 hours, although
_ _higher temperatures for lesser periods of time may also
20 suffice, to meet applicable federal regulations..: The
mixture maintains the temperature for a predetermined
period of time, perhaps 6 hours, sufficient to reduce
- pathogenic organisms to safe levels. Any guideline
mandated by the Environmental Protection Agency in 40
- 25 C.F.R. Part 503 would be applicable. :
In the preferred embodiment, the mixing of the sludge
and alkaline material at atmospheric conditions, leads to
.a hydration reaction:
-Ca0 + H0 = Ca(OH), + Heat
30 Using stoichiometric quantitles in the reaction
gives: : :
.o - 56 1bs. of Ca0 + 18 1bs. HO0 = 74 1bs. of Ca (OH),
as well as releasing 27,500 BTUs per pound mole.
- _ The alkaline material may be any of a number of
35 caustic compounds lncludlng lime (defined here as
substantially pure calcium oxide) or other substances
consisting of or containing calcium oxide or calcium
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IS a perspective view of a reactor vessel as enployed in the apparatus of.
[ of -

Fig. 1. FIG 3 is a side, transverse, sectional view of a reactor vessel
a type preferably enployed in the 5 apparatus of Fig. 1, indicating
optional shearing neans. FIG 4 is a sinplified, partially
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perspective WP 4N al ternate enbodi nent of a reactor veé’géﬁygg%“éﬂ‘pl oyed

in the apparatus of Fig. 1, as utilized in a continuous process.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT | n tére preferred enbodi mant

material are pl ac&f € cHBER A% e mi¥e diBF L

heat ed. Suffi ci edusil kal cﬁmenatlezlzaldus: 15Thedefiore, crhieradditrizesést he pH.

to 12.0 or hi ghersele'éﬁéh E§oﬁpé’ﬁé ‘if{&é@ té&ﬁsiﬁéﬁﬁé &f)reaem Rxjdese the

m xture to a prede er,m

50[err]C for at I 3?83? %1 faffw“hsar’@ £¢h h"} gSodium

t enper at ures fSr Hymexidpeanddpotﬁsa:u\ne hydyoaide. 2(The 1sdliexticnomapebe

appl i cabl e feder t hAN [ e fo
apgredet erm ned ?gp’eﬁ%&hﬁ bﬁ évaﬂ%ﬂty uh ugﬁ fé@é?lsc}:%ée}%tédteg%r%% ug%

pat hogeni ¢ or gani&He F'SmE'ﬁFé P%v&l‘% gLQRP §AYRBPE e etkantdye o paise
Environnental Pr (mmcpﬂonoAghecdestreH) p’i&d@tErR:.néhrIewEéB, V\mdxd

J

|
N

| i qui d
sl udge having a sol ids ontent above 00 and | t hap 10% and an,al kal ne!
1%k fial 1a®

ur.e hi's tenperat ur ul d be at Ieaét .

<

le,
appl veable. 10t 0% RuE! HbkEfled BACH it elepl] %09%0{& Ve 088180
al kaline material_ at atnospheri con L ons ea |on reac |or1'_;
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that level.

In the preferred embodiment, the mixing is
accomplished using injected air at sufficient velocities
to prevent settling of solids during the pasteurization

15 step. However, mixing mayibe'acccmplished'by'any"known

- mixing means in the art. The air also helps to strip or

remove ammonia gas which is released as a result of the
high pH. The ammonia'gas can then be vented to atmosphere
through an ammonia scrubber or recirculated internally.

20 The vessel contains heat elements'which are used to bring

" up the temperature of the material contained within the
tank. - o ' .

Referring now in detail to the drawings, wherein like

reference numerals indicate like elements throughout the
25 several views, there is shown in Fig. 1 a schematic of an
apparatus for the 1iquid sludge stabilization process 10
in accordance with onefprEEerredﬁembodiment of the present
invention. The illustrative apparatus is shown generally
comprising a reactor vessel 20, an air supply 25 (see Fig.
30 2), and an opticnal preheat :chamber 60, together with
associated piping, pumps, and valves.
' As can be seen in Figs. 1 and 2, the reactor vessel
20 compriges a hollow vessel 22 to hold a sludge -
alkaline mixture. The reactor vessel 20 contains an inner
35 shell 24 which is surrounded by insulation 26. The
- insulation 26 may be further covered with a jacket 28 to
prevent the deterioration of the insulation 26. At the



30 - Usi ng stoichionetric quantltles in, the reaction gives: 56 | bs. of
GaO + 18 I bs. Herr]O = 74 | bs. of- Ca(mg”{err} :as well as releasing 27,500
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process. Sludge and alkaline material are provided to the
substantially empty reactor vessel 20. The contents are
then mixed and heated to the desired temperature for the

. required duration. Mixing may be accomplished by a mixing
15 means, such as header 30 described below, which.may be
utilized either only at some portion of the cycle, for
example, the beginning, or continuously throughout the
cycle, so long as. sufficient mixing is obtained at the
~outset of. the .stabilization. process. The stabilized
20 sludge - alkaline mixture is then preferably removed from .
the reactor vessel by gravity flow through conduit 37
shown at its lower end and a new batch may then be
provided to the reactor vessel 20. The stabilized
sludge - alkaline mixture exiting the reactor vessel 20
25 may be stored and/or used for land application, as
desired. : _ _

As can be seen in cross-section in Fig. 1, in the
preferred embodiment, a generally sieve-like header 30,
for example, the sparger type, containing openings or

30 orifices 32 extends inside the reactor vessel 20 for the
1ehgth of the reactor vessel 20} Subsequent to filling

’ . the reactor vessel 20 with siudge and alkaline to a level
34 above the level of the header 30, air is passed through

- the header 30 and out the orifices 32 forming bﬁbbles

35 within the liquid. The bubbles cause the 1iquid\to rise
well above the header 30. The motion induced by the
bubbles is controlled to provide proper mixing and




up the tenperature of the material contained wthin the tank. Referring now
in detail to the draw ngs, wherein |ike reference nunerals indicate |ike

el enents throughout the 25 several views, there is shown in Fig. 1 a :
schematic of an apparatus for the |liquid sludge stabilization process 10 in
accordance with one preferred enbodi ment of the present |nv?§.§.,b 10626
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done as a batch pr e and al kaline. material are provided to the .
In the preferred embodiment, heating elements 40 are ;

attached to (inside or outside), or embedded in the walls
of, the reactor vessel 20 such that conduction heating of
the sludge 34 in the reactor vessel 20 to a desired
temperature is accomplisﬁed; The temperature of the

15 heating elements 40 is adjuSted'in order to heat and then
maintain the temperature of the reactor vessel 20
contents. ' :

One or more openings 42 to exhaust air may optionally
be provided. The exhaust a;r can be vented in several
20 ways and may be also provided with exhaust fan (not shown)
or other means for operating the vessel under a partial

vacuum or at a relative pressure below ambient to remove
gases, such as organic or other compounds from the liguid.
The air can be exhausted di:ectly:te-atmosphere, or @
25 optionally, after passing tthugh*a"scrubber degigned to :
remove any offensive odors (not shown) such as ammonia
gas. Optionally, the exhaust air can also be returned to
‘the air supply 25 and recYCIéd'throﬁgh the header 30
through return conduits 18 shown in phantom in Fig. 2. 1In
30 each case, the reactor vessel 20 and air supply 25 is
' designed to operate at or above atmbspheric'pressure.
Increasing the air pressure to operate above ambient
pressure will inhibit the formation of foam or froth
within the reactor vessel 20. B
35 Additioﬁally, one or more temperature probes 43
measure the temperature of the sludge mixture in order to
control the heat and pathogeh destruction process.



substantially enpty reactor vessel 20.  .The contents are then mixed and
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end and a new bat el gEyrdiiors Pl delcbBr VEsb 7SO mitP 9 Al abiews th

stabilized sludge - Ine mxture exiting t may

be stored and/or uERRFTRY SXRARSLAN MEeANSA7 59 HRLiPYY stkessgs Kuessen in
cross-section in Figernal i expdrsioref efindlaghodi stght glamnecr®inay be

si eve-1i ke header : type, [ nj ' or
30" ori 1 ces 30 edioyidia BTN reditcpl ety Y67 1GAHEQ Uil asy, o
reactor vessel B50.asyRediright ©f ithe fgsdredr tevebrof kigmpiddimithe s| udge
and al kaline to a véusdl 34 dhsheck thd prebeef £ile DevdEroBGheivedseipaased

1qui . The bubbi B8t dHecEPh 4D dHeberrin. B0 Rt THE ikkad 150] e
noti on i nduced by phepeiw|eccurringhtrol | ed to provide proper mxing and
WO 96/ 36570 Fig. 1 additionally shows anFSgti&mdl QfFidtion
agitation. Cne, gr poie A YSd Mide TPRNe praferfba ' dibdeiie 30 as shown in
Fig. 1, rather than supplying sludge and lime directly to
the reactor vessel 20 through conduits 27 and 29, the
... sludge and alkaline material may be first provided to
preheat chamber 60 through conduits 27' and 29°*, depending
.15 upon the settings of valves 23. Preheat chamber 60
provides a means to exchange heat from the heated and
pasteurized mixture that has completed the stabilization
process in reactor vessel 20 after the heated mixture
. leaves vessel -20.. S ' _ _

20 As can be seen in Fig:. 1, the:preheat chamber 60 .
provides an inner chamber 62 preferably capable of holding
approximately the same quantity of sludge - alkaline

- mixture that is to be treated 'in the reactor vessel 20.
Provision is made for the addition of other chemicals such
. 25  as iron salts and oxygen through orifice 68 to facilitate
the coagulation of the solids. = After coagulation and
settling of the solids, clear liquid can be decanted from
the inner chamber 62 through decanting conduit 63 by
decant pump 65 providing increased solids concentration
30 and reduced volume of sludge to be heated, if desired.
As can be seen in Fig. 1, outer chamber 64

- substantially surrounds inner chamber 62, providing a
means to transfer heat from the heated, stabilized sludge
- . " that has exited the reactor vessel 20 via line 37' to the

35 incoming unstabilized sludge that is provided to inner
chamber 62. By increasing the incoming sludge temperature
. through this heat exchange process, less energy is



may be provided such that the height of the header 30 can be optim zed for
thorough mxing wwth different levels of 5 sludge - alkaline mxture, as
wel |l as different solids content of sludge. The header 30 is designed and :
| ocated such that an induced rolling action, as sinulated by direction
arrows Ain Fig. 1, maintains uniformtenperature and pH 10 Ln the
pref erred enﬁ@gﬁﬁﬁﬁf, heating el ements 40 are attached to (TOEPHEEs2 -
outside), or enmbedded in the walls of, the reactor vessel 20 such that ;
conduction heating of the sludge 34 in the30eactor vessel 20 to a desired:

tenperature is acconplished. The tenperature of the 15 heat, el.enents 40
i sm;dj usted in d??%’rr:rlprteg HBaFagﬁﬁ ?%np@%r?a% é'rFﬂpFﬁ%"?‘Pé?rper%ff‘{?rrg-%ﬂalﬂ-He '

react or vessel Zthe hetneschange gproae=s widdi hgip4€oodd teheatstbidiizedny

optionally be praiidled ehalagXoR1NG Atle GRACLBEVERBEL b SRUIAIL20 vays

and may be al so provided wth_exhaust fan (not shown) t é% means for . -
operating the v BgEnQEr 1300 ARPHA AR M oMOReO%ET o 1ANRT Ghadbesr 62hel ow
anbi ent to reowiljasdspo provids arxsreEptamleotbehold ndos nelisudge mulche

liquid. The air 5an hegog%hays ﬁdm%ké d g‘a?tggs[mée,%ﬂ%gn%re@t i onal | y

after passing through a scrubber designed to rfenbve an Ve ‘odors !
(not shown) such as 3PeBnheagiRg objihe fdudge mixture imiinner chambezo be |
returned to the e, thieppliMage midrures\id &dtherop@fipédeoyantdgy 6¥] dir ough
return condui ts Al aRQMBekN BRETLONHL, Hillo Enel Pedllof Adbdii® G0 Vg
reactor vessel and“air supp 1's’ dle5| neﬁ_ 0 Operate At 61 above )
at mospheri ¢ 3 estapduity ﬁé‘r'eagﬁﬂ tioraliiheay g§s§¥*§ﬂt%’9@%‘%¢%tt@ &h&/e anbi ent:
pressure will i nfdddtort brastal e i vy mdadsodh heating helémdnids t4e v deliang
vessel 20. 35 iy fi99LILOPE! tie PRS- RlrdTRli ek CERApA N Frd! OGS 673
temperature is maintained for the ;‘équired period of time.
At the completion of this time, the siudge mixture flows
15 from the reactor vessel 20 to the ‘outer chamber 64 of the
preheat chainber 60 to preheat a new volume of sludge
‘mixture in inner chamber 62. - S
_The present invention is based on keeping the sludge
in a liquid form, such that the material will behave and '! '
20 flow as a liquid. As siudge apprda_dhe-s -golids
concentrations in excess of 3% and moves above 10%, the
sludge becomes more viscous and will not flow as easily.
As the solids content of the sludge reaches above 10%, :
there can be problems in handling the sludge without
- 25 impelling it in some manner. For eﬁ:ample, ‘thicker sludge |
(10% or more) will not easily flow by gravity from a
tanker truck, often resulting in difficulty in unloading
the material from the truck. The thicker viscosity sludge
also does not work very well with conventional ligquid
30 manure gpreaders used extensively by the agricultural

community. _

As shown in Fig. 3, the present invention may : Doa
optionally be equipped with a shearing type mixer, which
utilizes, for example, blender blades 71, auger blades -

35 (not shown), or the like. The added shearing step will
cause a change in the viscosity of the sludge allowing the
material to £flow more readily. Shearing will allow the




nmeasure the tenperature of the sludge mxture in order to control the heat
and pat hogen destruction process. ... \AB-96/- 36570 '

PCT/ US96/ 06262 -9- Supports 15 for the reactor vessel 20 may be provi ded
wi th thermal expansion neans 17 to relieve stresses due to thernal

expansi on. Fi ng{d ¥s36870Si ght gl ass 19 may be provided in the repctossswessel
20; located approximately 5 at the.height of the desired level of liquid in
the vessel, to check the proper fill level of.jgbe. vessel as well as for

vi sual i nspectlon to ensure- tlﬁe m xing is properly ecurri ng. Fig. 1

addi tional | y showspgtces i o aborfod ittdidker 3Quifes ahy Pehdsie dnftemt

preferred enbodi mept | r F t I NG, S udg and
lime directly to tﬁe ?ﬁgﬁgfﬂg%és%é%’gdq ﬁr aﬁ&'rlgijé%ngﬁl tsi%g 0‘9“2155{ %

sl udge and al kal i nexagpbe i afo resalid ifde S, Oﬁﬂoppﬂédstefpﬁbﬁm %¢ﬂeﬂrﬁﬁerpe@0

t hrough conduits Zia aae 29% @m}fﬂf&i& wiﬁﬁauﬁhﬁhéﬂ'i ?,gswﬂfl\/ﬁ Te?3.

Preheat chamber rovi des n eat he heate nd
past euri zed ni xtgurﬁrB poFiRke ﬁé’eg“fﬁ’@% gg????atl ?lw?)Y%’E:'ES% i%h ¥eact or
vessel 20 after theoheenemmionurtehémmaggepoaﬂdszef sludge\scagnibebe

seen in Fig. 1, thSt?Bfi"fféd GRA&n180 a @rookwdﬁéaénsirgﬂé‘lﬁ ;éﬁ%r%d is

preferably capable o

hol d g k?e?mx' mately the sane %antlt
al kal i ne mixture tHEed|comi¥tLhe sludas., Howeyere:r e%%‘é?%d“alpr‘('ﬂ%rﬁn
is madée for the addifivibomdl oslnenr iy nieglonds that 2Ghichi oormsal is thed

oxygen t 253?’3?. 81 4he8e P20 01l A0hd Id3ind UpetaRIBHE! 1RNoRded o W 1 dS-

processed using conventional equipment. This shearing
step may occur prior to, during, or after the
stabilization step.

_ In an alternate embodiment, the mixing process in the

15 vessel 20 of the present invention can be accomplished
continuocusly. As can be seen in the cutaway view of Fig.
4, the reactor vessel 20' of this alternate embodiment
conta;ns a. serles of compartments separated by a series of

. progresslvely reduced height vertical separations 69, 69°*,

20 69'*, 69''', for example, the five compartments 71 - 75
shown in Fig. 4. These compartments provide means to
ensure that each particle of sludge remains within the
reactor vessel 20' for the desired period of time. In

_ this alternate embodiment, sludge is continuously metered

25 through inlet 21' at one end of the reactor vessel 20!
into the first compartment 71. At the same metered rate,
after all compartments 71-75 are filled, sludge flows from
the first compartment 71 to the second compartment 72 and
so on through to the last compartment 75, then finally is

30 discharged from the vessel 20' at the opposite end, below
compartment 75 (not shown). Mixing occurs continuously
such that no particles travel straight through the entire
reactor vessel 20°'.

Continuous mixing and heating of the sludge -

35 additive can also be effected by delivering the sludge
additive, at ambient pressure or elevated pressure,
through a boiler tube type of heat exchanger comprised of



settling of the solids, clear liquid can be decanted fromthe inner chanber
62 t hrough decanting conduit 63 by decant punp 65 providing increased

solids concentration 30 and reduced vol une of sludge to be heated, if .
desired. As can be seen in Fig. 1, outer chanber 64 substantially surrounds

I nner chanb oviding a neans to transfer heat fromt |
stabilized gﬁﬂgégﬁ?%at has exited the reactor vessel 20 viénﬁ?ﬁgﬁéﬁﬁhto t he:
35 incom ng unstabilized sludge that is provided to inner chanber 62. By |

i ncreasing the incom ng sludge tenperaturél?ﬁrough this heat exchange

process, |ess engr I . 70 . .
PCT/ USo6/ 06262 PG, OFcliore e%%’%‘goﬁ%é BEERIPRG T (LRNSUR fFbes, with or

Addi tional l'y, tMWithent bwehbing qf adas $hererhrenghc atherstagbuleage
sl udge that has caxisiag hikefsast arariRfecinedfspri-or to storage or |and

fo hol d the sl udge SEERSTHEY: S HrsHeating. of the NIhdY 5: By RabRreP! ol €
desired. Upor® h nyeotan ke #ikRpted viar 8 bailemnduhsh hipe beat t he sl udge

m xture is eitheycbuRBes DY DLED &6 ¥ cladbbiYed ShHdWl ishewd) . into the
react or vessel égP%La_lo_ conduit 31. Additional heat is then applied to;

the reactor ves By means of heating elements 40 to bring the mixture.
to the pre-detern neEnvinpenentale Pritiectionpagency ceégnladilons medufive t he |

required peri od inichgR11 fhed N CUBIEY, Oinbr | Pttty Ror tlfgjl,slkcutqgetﬁéxthurite
TR LR o M MR - AR LN
treatment process of the current invention preferably used :
facilitates compliance with the certifications required
under 40 C.F.R. Part 503. h
The present process and apparatus provide for a
15 1liguid "A" Process that produces a’'Class A end product
- through a combination of heat and lime stabilization.
Typically, the process will require up to six hours to
reach the Environmental Protection Agency mandated
pasteurization temperature. The sludge is held for a
20 predetermined time as detailed in 40 ‘'C.F.R., Part 503.
© After this is accomplished, the sludge - alkaline mixture
qualifies as a class A biosolid without further
processing. ' L i
The above description and the figures depicted are
25 for purposes of illustration only and are not intended to
be, and should not be construed as limitations on the
invention. R |
‘Moreover, certain modifications or alternatives may
suggest themselves to those skilled .in the art upon
30 reading of this specification, all of which are intended
to be within the spirit and scope of the present invention
as defined in the appended claims.




The' present invention is based on keep n t he sl udge a liquid form such
that the material will behave and 20 B!II I" E“i As sl udge

approaches solids concentratlpns in exce s above 10% the
sl udge becones nore viscous~afid wi || not flow as ea8| ly. As the solids

content of thaygbsiskan reaches above 10% there can be pr obl-empcrosdsmezER i Ng
the sludge without 25 inpelling it in sone nmanner. For exanple, thicker
sl udge (10%or nmore) will not easily flow bysgravity froma tanker truck,
often resulting in difficculty in unl oading the material fromthe truck.

The thicker viscosity sludge al so does not guarmsvery well with conventional

liquid 30 mnure&Spreﬁd%£§cé§$df€f(tt%{E%! erel:% % %{gﬁdggrg&#ét%ﬂ &9

As shown in Fig t hé present Tnvention equi pped h a
shearing type mi xBrodwatcef ukhe i Gxentment mnb%spsee@ %I‘%M%%Y 7Alovuger
bl ades 35 (not shembngi_nghe | i ke. The added shearing step w |l cause a

change in the viscosit f the. s ud oW .t he to flow Moy e
readiJ y. Shearing will ¥3f| R T e :.ngq "éi?ﬁg@@% ng & SOfJ‘aB content in
PCT/ US96/ 06262 - 11 - pr ocevang® iwrexanss (O 0&r bututiges than rboficsucthe

amount of energy necessary g&ﬁt&{glglzlfa@qssgugg&@el 4€SambPénexanpl e, to
stabilize 1,000 pounds of S'%gge sol i dsf{p?z at a 19 oconc§€ ratlon

wi t hout shearing, will requf JTe s 13R%W PESY
Howeveér, at a 5% concentratadn‘hq.tive Svio)e:} htﬁ@tapbmaﬂlyoélebedgsemme

stabilized with only a 20 KWidsét, Sé’ﬂnf@déit%.%aﬁbﬂﬂg'é Y2681l Sdnfpdutfa

sl udge. However, a 5%sl urry nmay require
Selected from the group consisting of calcium

hydroxide, calcium oxide, calcium carbonate,
soda ash, sodium hydroxide and potassium
hydroxide, with said additive present in
sufficient quantity to adjust the pH of the
sludge mixture to a level greater than about 12;

{(b) mixing the sludge and additive into.a sludge

~mixture to:ensure said pH is greater than about

_ 12; . o

- (¢) maintaining the pH level at .a level greater than
about 12 for a predetermined period.of time;

(d) controlling the pressure in the reactor vessel
relative to the ambient pressure, to facilitate
control of the reaction;

(e) maintaining the sludge mixture as a free-flowing

~liquid that is at least 90% liquid; and

(f) discharging the sludge and additive mixture from
the reactor vessel in a sufficiently liquid form
such that it can be further handled by gravity
flow. :

- 2. The process of claim 1, including the step of
applying supplemental heat to the sludge mixture in the

-~ reactor vessel to heat the mixture to a desired elevated
temperature for a predetermined period of time.

3. The process of claim 1, wherein the step of



addi tional shearing, beyond that which occurs—na—ttre” 10 vessel 20 in the
m Xxi ng operation, in order to be processed ﬁi

venti onal equi pnent.
Thi s shearing step may occur. prior LM\“““ “ﬁ\ﬂmter the stabilization: -
step. In an alter nate enbodiment, t ess in the 15 vessel 20 of .

t he present %wﬂ can "be accorrpl *shéd cont| nuously. As Cﬁ?ﬂggaﬁ&(g
ig

t he cut away v ‘the reactor vessel 20" of this dlternate
enbodi ment contains a serl es of conpartments separated by a series of
progressively reduced height vertical separ3fr ons 69 69 20 69'', 69"’

for exanple, the fi r s h Z
conpar t ment s prow e?‘on%g%gét%ﬁ%%%r rﬁag'g Qﬁ o g, ; g%%@ﬁ%l ns -
within the react dn $Bgsteackor rwasasic abeyver é@@@h@ﬁ%@ﬂeﬁﬁﬁreb ntPhl s '

al ternate enmbodi ABAibiE! B CandutOWS FoamSby PFPbEH efbrifed AhowaB 8k8E121'
at one end of the reactor vessel 20" into the first conpartnment 71. At the

same netered rate, after all conpartnents 71-75 are filled, sludge flows
fromthe first cénparE'hEnPrqquS) afheladgond whepein e stepand so on

through to the | aghrealpahd ERY ﬂz%ssh%nlhbmaaéy hSint@ idisghar gedssned he
vessel 20' at the oggosﬂe end, be E’F artpent .75 (not shown). Mxin

ng
occurs conti nuous SCReRRYCT 5 w; ptResPheTin Bressire bR t he .
entire reactor vmnetrezgases:ohtonnmhesnthung and heating of the sludge - 35
addi ti ve can al so be effected by delivering the sludge additive, at anbient

ressure or elevated ressure, through . a b0| er_tupe e of heat exchanger.,
20rrpri sed of 35§§ocess of c% i, :li.nc uélil.)ng t%% step o g
PCT/ US96/ 06262 combining iron salts and oxygen with the additive to pre-

thicken the sludge in amounts that maintain the sludge in
a free-flowing liquid state.

6. The process of claim 1, including the step of

-~ preheating at least some of the sludge in a preheat -
chamber prior the step of mixing the sludge and additive
by using heat from newly stabilized sludge mixture '
discharged from the reactor vessel ‘at an elevated:. -
temperature relative to ambient temperature as a heat
gource for the preheat chamber.

7. The process of claim 6, wherein the step of using
heat from newly stabilized sludge as a heat source for the
'preheat chamber includes delivering sludge mixture from
the reactor vessel to a zone of liguid conductive contact
with the preheat chamber. |

8. The process of any one of claims 1-7, wherein the
step of maintaining the sludge mixture as a free-flowing
liguid includes shearing the mixture using a shearing
means to change the viscosity of the sludge mixture,
allowing the material to flow more readily. -

9. The process of any one of claims 1-7, wherein the
step of mixing the sludge and additive includes delivering
air through the sludge and additive mixture while it is in



-12- one or nore continuous, straight-or_sinuous tubes, with or without
bubbling of air therethrough or other turbul ence causing m xers of various
means. Likew se, the preheating of . t}rﬂlﬂ"ﬂﬂ ﬂl’”m””" ve 5 m xture can be
effected via a boiler tube type heat L of the chanber 64,
shown in the cwawsséde Envi r onoent al Prot ecti ch Ageitcy regul atricansosesass 1 e
muni cipalities to certify, under penalty of law, that the 10 treated sl udge
conplies with all regul ations:i:The sludge tregfment:sprocess of the current

i nvention preferably used facilitates conpl i ance with the certifications
requi red under 40theFrBacPaftvésgel The present process and apparatus
provide for a 15 liquid "A" Process that produces a Cass A end product

t hrough a conbi nati on of heat and lire stabilization. Typically, the
process will requil0e upheopzosess ot tlaimdch whereinythensbepal ofewt em ion
Agency nandat ed p%gbgghhggglggsignperature The sludge is held for a 20
predetermned tine as detailedin 40 CF. R, Part 503. After this is
acconpl i shed, the sludge - alkaline mxture qualifies as a class A biosolid
wi t hout further pndcesThegprdeessbof eclieinrrd ,pwheredndbbbk thegustsdge@mi ed
are 25 for purpo I t I ﬁgﬁg d to be, and
shoul d not be con???lg v§s£¥éﬁé?%%€%%§§6%1t e ?ﬁ%g%?%on ggover certain
nodi fications or alternatives may suggest thenselves to those skilled in
the art upon 30 razdi nghef prbtesspefidny adneoof dlaims MR7chwheseintetsled to

ggp‘é"'ngghnclt 2? ngp' bt REQPfgOfnd h&&&geéea{ﬁd AR A S A8 | DEdhddled NE
. shearing the mixture using a shearing the mixture using a
shearing blade means.

13. The process of claim 2, wherein the step of applying
supplemental heat includes delivering heat to the reactor
vessel walls for transmission of heat to the vessel
dinterior.

14. - A process for treatment of sludge such that the end
product of the treatment can be spread by gravity flow
comprising: '

(a) providing sludge having a solids content in a
range excess of 0% but less than 10% such that
it is a liquid at ambient temperature and
pressure, and an providing an ambient
temperature and pressure, and an providing an
additive, to a substantially closed reactor
vessel, said additive being a caustic compound
selected from the group consisting of calcium
hydroxide, calcium oxide, calcium carbonate,
soda ash, sodium hydroxide and potassium
hydroxide, with said additive present in
sufficient quantity to adjust the pH of the

v sludge mixture to a level greater than about 12;

(b) preheating at least some of the sludge and
additive in a preheat chamber by using heat from
newly stabilized sludge mixture discharged from
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A process for treatnent of sludge d product of the '
treatment can be spread by gravitLﬂﬂ mm ’mﬁ (a) providing sludge
having a solids content in a range*int excess %o but | ess than 10% such:

that the sludge is a liquid at anbient tenperature and pres :
provi di ng an WisWe, to a substantially closed reactor ve?gbﬁsmgggﬁ

additive being a caustic conpound sel ected fromthe group consisting of
cal ci um hydroxi de, cal ci um oxi de, cal ci um@&bonate, soda ash, sodium

Quantity to ad ust the priBP FRECEPLARETRL A An L B b o
about 12; (b) mixing the Q-ﬁlé&évan’ép ampiente tempgrature e aiheal souyce
ensure said PH i's greater sohaghaberdhdad dhéhﬁ@ﬁ ntaining the pHlevel at:a

| evel greater than aboyt 12_for e L.od f time

controlling the press Fﬂ'xtiﬁg elégcﬁe"g‘?é gﬁ&lﬂ’ee B ﬁ‘ned]é% Sent :
pressure, to facilitate cunmtureotot¢nsuxau§ai@an(e? gréatter rihan @oud] udge
mxture as a free-flow-ngsbi.quid that is-at |east 90%Iliquid; and (f) ?

A E Nty I LA TRT B AP AL AR T LML
about 12 for a predetermined period of tlme,
(e) maintaining the'éludge mixture as a free-flowing
liquid that is at least 90% liquid; and
(€) discharging the sludge and additive mixture from
the reactor veseel-in a sufficiently liquid form
that it can be further handled by gravity flow.
'15. The process of claim 14, including the step of
" applying supplemental heat to the sludge mixture in the
- reactor vessel to- heat the ‘mixture to a desired elevated
temperature for the predetermined period of time by
delivering heat to the reactor vessel walls for
transmission of heatfto the vessel interior.

i
i
i

16. The process of'claim 14, including the step of
combining iron salts and oxygen with the additive to pre-
thicken the sludge. -

17. The process of claim 14, wherein the step of
maintaining the sludge mixture in a substantially fluid
liquid condition includes:shearing the mixture using a
shearing means to change the viscosity of the sludge
mixture allowing the material to flow more readily.

18. The process of claim 14, wherein the steps occur on a
batch basis. ' '

19. The process of claim 14, wherein the steps occur on a
continuous basis. - '

20. The process of claim 14, including the step of



&
i

flow 2. The process of claim1,_including the step of applying
suppl emental heat to the sludge mxture -i:n theTr vessel to heat the

mxture to a desired el evated terrp'é_dm m - term ned period of
time. 3. The process of claiml1, W# m;,fn “mmu” E

m f WO 96/ 36570
PCT/ US96/ 0626 3y ddsesfont rol 1 i ng the preSsuke ¥ nal uGes mai nt ai peHBsRHI06262

pressure in the reactor vessel above atnospheric pressure, to inhibit the
amount of foamor froth forned in the vessel,,4. ..The process of claim1,
wherein the step of controll*#¥iig the pressure™includes maintaining a

]press% ein the- r@&?&fm%ﬁ@se!he B%gfgpé%@ﬁp‘c;ﬁéiﬁeaf&tgﬁs,urﬁlaitmxsf gases
- fromthe mxture._85.. e process, of _cla i ncl.udin st ep of,

conbi ni ng iron saﬁ"ﬁ%"% %&F)F&é‘ﬁew ER Fﬁglgg{'ﬁ'l&?v‘émf?% g’ft [ﬁi}eugg%cezﬁ n.

sl udge in anmounts that maintain the sludge in a free-flowng liquid state.

6. "The process pf clgi rparatflsi#oR0LrBRLALAD OF PIRIMAHME Frovideb aa"e
of the sludge in a preheat chamber prior the step o X1 ng the_ sl udge , and
addi t,i ve by usi ndf® aRr?qa‘{ﬁﬁ r?%\Mtsestg‘ﬁﬁP‘FF‘EﬁEl %@g%‘qn Lﬁ‘g’eﬁds?ﬁaﬂé' E¥om
the reactor vesseflaw commtimimged tenperature relative to anbi ent
tenperature as a heat ur f e 1 C %F%ﬁ : I ss of
claim6, wherein the step O%%al% E&thgtﬁ’???gﬁn?ng sthdaéﬁnfgz-egg%sﬂq& ge as a

heat source for the preheatCebedn AcFaREe 1R $4%895 P55 dMtileBS e from
the reactor vessel to a zorshasf 10&0suehcehdtcthe cshniyendis a liquid at

ambient temperature and pressure, including
means providing an additive, to a substantially
closed reactor vessel, said additive being a
caustic compound selected from the group
consisting of calcium hydroxide, calcium oxide,
calcium carbonate, soda ash, sodium hydroxide

- and potassium hydroxide, with said additive
present in sufficient quantity to adjust the pH
of the sludge mixture to a level greater than

. about 12;. _ .

{b) means for mixing the sludge and additive into a
sludge mixture to ensure said pH is greater than
about 12; _ .

(c) means for controlling the pressure in the
reactor
relative to ambient pressure to facilitate
controlling the reaction. :

(d) means for maintaining the sludge mixture as a
free-flowing liquid that is at least 90% liquid;

(e) means for discharging the sludge and additive
mixture from the reactor vessel in a

» sufficiently liquid form such that it can be
. further handled by gravity flow.

22. The apparatus of claim 21, including means for
addition of supplemental heat to the sludge mixture in the
reactor vessel to heat the mixture to a desired elevated



wi th the preheat chanber. 8. . TWe of claims 1-7,

wherein the step of maintaining the slud as a free-flowing liquid
i ncl udes shearing the m xture usi. ng“mmgh ‘ to change the _

viscosity of the sludge m xture, lal to flow nore

readily. 9. cess of any one* of cIa| ms 1-7, wherein 3 f
m xi ng the sl Schge and additive includes delivering air throu Eﬁ"%;e&gf'ﬁdge

and additive mxture while it is.in t he reactor vessel. 10 The process
of claim1, wherein the steps occur on a comfimnuous basis. y Thehpr ocess
of claim#6, wheregi e u @F]éh Le&;iR5e te In the
preheat chanber. 1 %&ﬁlréoge%gsgg ny one &fn\é(alg m’§8"11 9€ %ein the step
of m xing the sl udge and additive mixture includes shearing the mxture

using a shearing 2he rithe wpgaufatug Of SdiRsim ml bliadguagﬁgsmeén% lf'gdygspr ocess'
of claim2, whergj . enenta inclu

del i veri ng heat to Lﬂﬁn? g?'g?l 3222%@&9 qgé’%%& wggg g ‘%%‘rF’o‘f e ke PTEs the
vessel interior. MCk%Q $hec 849dgerin ramaunsis tbatsmadgeam&he leitudgiee imnd

product of the tredrgflowingelsqufBdtatelr avity flow conprising: (a)
providing sludge having a solids content in a range excess of 0% but |ess

than 10% such that it is a liquid at anbient tenperature and pressure, andf i

an provi di ng an @foi efine; apparates cofirrlaine &dur dnciuding meams dicry an
preheating at least some of the sludge in a preheat

chamber by using heat from newly stabilized sludge mixture
discharged from the reactor vessel at an elevated
temperature relative to ambient temperature as a heat
source for the preheat chamber.

25. The apparatus of claim 24, wherein means for
preheating 'ﬁsing heat from newly stabilized sludge as a
heat source for the prehe.a_t'-' chamber includes means for
delivering sludge mixture: from the reactor vessel to a
zone of 1iqu1d conductrve contact with the preheat
chamber. Co

26. The apparatus of claim 21, wherein the means for
maintaining the sludge mixture as a free-flowing liquid
includes means for shearing'the mixture to change the
viscosity of the sludge mixture, allow1ng the material to
flow more readlly. o

27. The apparatus of claim 21, wherein the means for
mixing the sludge and additive includes means for
delivering air through the sludge and additive mixture
while it is in the reactor vessel.

28. The apparatus of claim 21, wherein all means have
capability to operate continuously.

29. The apparatus of claim 24, wherein the means for
preheating at least some of the sludge in a preheat



additive, to a substantially cl-ose@x or _vessel, said additive being a
causti c conpound sel ected fromthe; group consisti - cal ci um hydr oxi de,
cal.ci um oxi de, cal ci um car bonat e, SS,B"I Iﬂﬂ’rﬂﬂm dr oxi de and potassi um
hydroxide, with said additive present’y A n‘ul uantity to adjust the
pHof the sludseoséneswre to a |level greater tMansabeut 12; (b)Ppressasiag
at | east sone of the sludge and additive in a preheat chanber by using heat
fromnewy stabilized sludge m xture dischargeg.from, WO 96/36570"

PCT/ US96/ 06262 -16- the reackgnt vessel at an el evatigd.tenperature relative
tﬁ amlai Snt tegpeéa@me@ By Nediines tieate £irom t hewhyestabithrathasludg® M Xxi ng
t he sludge and a 0 ' re

than about 12 (dyBiisERre i dhateted ot v sbacEpE bieat i MIURESH
12 for a predet er nteRBEIRERER XAlatilve tocpmbignkt bemPerpture singlydes maans
as a ftee-flow ng tbOpiehédiboth ¥ludges and0¥akigive; innthd fprenlipchar gi ng
t he sl udge and addi;iYF m xture fromthe reactor vessel in a sufficiently
l'i qui dgformthat i bz further handl ed by gravity flow. 15. The process
of claim 14, including the step of applying supplenental heat to the sludge
mxture in the reaghor ¥heSgppdiatitAbf! Malin by, Cwherdinamd erbafils ¥ired

tenperature For thgigiggeégéq;13%&?%&bpgdgatabgemEXture includes a shearing

blade means.

31. The apparatus of claim 27, wherein the means for
applying supplemental heat includes means for delivering
heat to the reactor vessel walls for transmission of heat
to the vessel interior.

- 32. An apparatus for treatment of sludge such that the
end product of the treatment can be spread by gravity flow
;domprising: . S

~(a) means for providing sludge having a solids
content in a range excess of 0% but less than
10% such that it is a liquid at ambient
temperature and pressure, and including means
for providing an additive, to a substantially
closed reactor vessel, said additive being a
caustic compound consisting of calcium
hydroxide, calcium oxide, calcium carbonate,
soda ash, sodium hydroxide and potassium
- hydroxide, with said additive present in
sufficient quantity to adjust the pH of the
sludge mixture to a level greater than about 12;
(b) means for preheating at least some of the sludge
and additive in a preheat chamber by using heat
from newly stabilized sludge mixture discharged
» , from the reactor vessel at an elevated
temperature relative to ambient temperature as a
heat source for the preheat chamber;
(c) means for mixing the sludge and additive into a



delivering heat to the reactor ves:pJ walls for transm ssion of heat to the
vessel interior. 16. The process of claim 14, including the step of

conmbining iron salts and oxygen qullmﬂ i"ﬂ"l’lumto pre- thicken the '
sl udge. 17. The process of claim i ep of maintaining the

sl udge m xtu substantial ly f|UId I qui d@ condition | aring*
the m xture ﬁ'g)lgﬁ}éﬁsgoshearl ng neans to change the viscosity o%gm‘}%dge o
m xture allowing the material ‘to flow nore readily. 18. The process of :
claim 14, wherein the steps occur on a bat@R-basis. 19. The process of

claim 14, wherein the steps, %gq&?&grgwg %%gﬁg% s£§§' ngQreIQSrpEBQSSS%

of claim 14, including the"s
PCT/ US96/ 06262 -17- contr%PPW?mF%he pressure in the reactor, relative to

anbi ent pressure, to(ﬁaCIheaﬁéef@pmtari@h:aahihbetneaﬂudyb mdktur@nagpgar at us
Can be spread by oravity FRon EOMR A ROrBAEHE 0 ahE RTR S Lage
having a solids content ihi@ui@dndgnd n excess of 0@6but | ess than 10% such °
that the sludge is a(boquméaﬁé o1 iEFchhegRAgat Hé €3 PRTS HEai cive! udi ng
nggnf progldlng an ad?|t| Yﬁﬁé?Ssz%Fn%EgFgﬁfﬁhége rea%;or vsssel fsalgd
additive being a caustic nsisting o ,
cal ci um hydr oxi de, caIC|uﬂubﬁ1QE§nt1y liquid form that 1t can be further :
) handled by gravity flow.

33. The apparatus of claim 32, including means for
applying supplemental heat to the'sludge mixture in the
reactor vessel to heat the mixture to a desired elevated
temperature for the predetermined period of time by
delivering heat to the reactor vessel walls for

~ transmission of heat to thé vessel interior;

34. The apparatus of claim 37, including means for
combining iron salts and oxygen wzth the additive to pre-
thicken the sludge.

35. The apparatus of claim 32, wherein the means for
maintaining the sludge mixture in a substantially fluid
liquid condition includes shearing means to change the
viscosity of the sludge mixture allowing the material to
flow more readlly.' o

36. The apparatus of claim 32, wherein all means have
capability to operate on a batch basis.

37. The apparatus of claim 32, wherein all means have
capability to operate on a continuous basis.




cal ci'um carbonate, soda ash, sodi um hydroxi de and potassi um hydroxi de, with
said additive present in sufficient quantity to adjust the pH of the sl udge
mxture to a | evel greater than about 12; (b) neans for m xing the sludge
and, additive into a sludge m xture to ensure said pHis greater than about
12;" (c) means fwoemsseol | ing the pressure in the reactor rel apdveseke26z
anbl ent pressure to facilitate controllingqype reaction. (d) neans for

mai ntai ning the sludge mxture as a free-flowing liquid that is at |east
90% liquid; - and (e) neans for discharging the sludge and additive.m xture
fromthe reactor vessel in ++etent Hy—t+gui-e—for-rrsaeh—jhat it can be
further handl ed by gravity fj ow. 22. The apparatus of claim?21, including
means for addition of suppl dnmental heat to the sludge m xtygge i
reactor vessel tB<eat the rfixture to'a desired el evated
PCT/ US96/ 06262 -léﬁ\KenperaturE_isu_JJuLJu_

The apparatus of clartm 21, ijncjudi ng neans
oxygen.with the additive to pre- thicken the

mai ntain the sludge in a free-{I @fing liquid
claim 21, including neans fgr |
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preheating at | east sonme of the sludge in a preheat chanber by using heat-
fromnewy stabilized sludge m xture di scharged fromthe reactor vessel at
an el evated tenperature relative to anbient tenperature as a heat source =
for the preheat chanber. 25. The apparatus of claim 24, wherein neans for
reheati ng usi heat fromnewy stabilized sludge as a he for the
Breheat cgaﬁﬁg udes neans ?or del i vering slgdge nlxtuﬁéniggég%ﬁ ¢
reactor vessel to a zone of liquid condlftive contact with the pr eheat :
chanber. 26. The apparatus of claim 21, wherein the neans for naintaining
the sludge mxture as a free-flowng liquid includes nmeans for shearing the
m xture to change the viscosity of the sludg§ m xture, allow ng the
material to flow nore readily. 27. The appa atus of claim 21, wherein the
nmeans for mixing the sludge and additive incfpudes neans for delivering air
' it is in the reactor vessel .

28. The apparat us of cIa|n121 i 4Bgns have capability to _
operate continuously. 29. The \ wherein the nmeans for
prefleating at | east some of ¢4 WO 9@/ 36570 -19- |
chanber by using heat fron NN e “di schar ged from

the reactor vessel at an : g X0 anbi ent

pr eheat




chanber .

slkudge and additive m xture includes a shearing bl ade N E (1)

apparatus of claim 27, wherein the nmeans for applying suppl enentg
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(57) Abstract

A process and apparatus (10) for teatment of
sludge is provided. The process includes providing
sludge (34) in a substantially liquid form and an
alkaline additive (29) to a preferably substantially -
closed reactor vessel (20), mixing the sludge and
additive to ensure that the pH is gieater than about
12, maintaining the pH for a period of time, option-
ally supplying supplemental heat through heating
elements (40) to the sludge mixture (34) in the re-
actor vessel fo achieve an elevated temperature for
a period of time, maintaining the sludge mixture
(34) in a substantially fluid liquid condition, and
discharging the siudge and additive mixture (34)
from the reactor vessel (20) in a substantially lig-
uid form suchthatitlends:tselftohehandledby
gravity ﬁow

(54) Tille: PROCESS AND APPARATUS FOR LIQUID SLUDGE STABILIZATION




WD 96/ 36570 PCT/ US96/ 06262 - 20- sl udge
m xture to ensure said-pH is greater than about 12; (d) neans for s
mai ntai ning the sludge mxture as a free-flowing liquid that is at |east 90
%liquid; and (e) neans for discharging the sludge and additive m xture
fromthe reactor vessel in a sufficiently liquid formthat it can be

further handled by gravity flow 33. The apparatus of claim 32, |nclud|ng
means for applying suppl enental heat to the sludge mixture in t he reactor
vessel to heat the m xture to a desired el evated tenperature for the _
predet ermined period of tinme by delivering heat to the reactor vessel malﬁs
for transm ssion of heat to the vessel interior; 34. The apparatus of claim
37, including nmeans for conbining iron salts and oxygen with the additive
to pre- thicken the sludge. 35. The apparatus of claim32, wherein the |
means for maintaining the sludge mixture in a substantially fluid liquid ; =
condi tion includes shearing neans to change the viscosity of the sludge

m xture allowing the material to flow nore readily. 36. The apparatus of i
claim32, wherein all means have capability to operate on a batch basis. |
37. The apparatus of cIa|n132 wherein all means have capability to operate
on a continuous basis. .
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