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SYSTEM This invention relates to the treatnment of volatile
contam nants. The invention is particularly suitable for, but not
limted to, the renoval of contam nants fromsolids and | i%{o g

The cont am N384y i ncl ude, but are not limted to, pet'r'(g#)@ P*duct s
(eg. petrol, oils, greases); phenols; coaltar; cyanide; pesticides;
PCB' s; HCB's, organochlorine pesticides and - arsenics. 10 The
treatnment of ‘contam nated soils and |+guid wastes is a worldw de probl em
O ten, the contam nated soils or liquids are sinply renoved and
transferred to a toxic waste dunp or pond. This does no nore than nove
t he problem For cont anWOLAHLEMATERIRES EFREATMENT SYWTEMnnent al
protection authorities around the world specify strict conditions for their
di sposal in very high tenperature incinerators, eg. found in the vessel
"Wul canus" . This invention relates to the treatment of volatile contaminants. The invention is

particularly suitable for, but not limited to, the removal of contaminants from solids and liquids.

The contaminants may include, but are not limited to, petroleum products (eg. petrol,
oils, greases); phenols; coaltar; cyanide; pesticides; PCB's; HCB's, organochlorine pesticides and

arsenics.

10 The treatment of contaminated soils and liquid wastes is a worldwide problem. Often,
the contaminated soils or liquids are simply removed and transferred to a toxic waste dump or
pond. This does no more than move the problem. For contaminants such as PCB's,: the
environmental protection anthorities around the world specify strict conditions for their disposal
in very high temperature incinerators, eg. found in the vessel "Vulcanus”.

15 '

International Patent Application No. PCT/AU93/00646 (International Publication No.
WO 94/15150) (Robertson) discloses a stationery retort where toxic waste and other
contaminants are removed from soil, the soil being agitated and being brought into contact with
the retort walls to cause the wastes and contaminants to be desorbed. The retort has proved

20 successful in the removal of toxic waste and contaminants from many types of soil.

It is an object of the present invention to provide improved methods and apparatus for

use in removing volatile contaminants from solids or liquids.

25 According to one aspect of the present invention there is providéd a method for the
treatment of volatile material(s) in contaminated material(s) including the steps of:
feeding the contaminated material(s) to a retort assembly which includes a rotatable
retort at least partially disposed within a combustion chamber which is heated by heating
means; | |
30 causing the contaminated material(s) to cbntact the wall(s) of the retort to cause the

volatile material(s) to be given off as gases;
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15 International Patent Application No. PCT/ AU93/ 00646

(International Publication No. =~ WD 94/15150) (Robertson) discloses a
stationery retort where toxic waste and other contam nants are renoved
fromsoil, the soil being agitated and bei ng brought into contact with

the retort wgblowisses cause the wastes and contam nants to berdesosesd. The

retort has proved 20 successful in the renoval of toxic waste and

contami nants from many types ‘of soil. ~ “7I't is an object of the

present invention to provide inproved rﬁet hods and .apparatus for use in
i

removi ng vol atile contam nants from sdol“ds or |iquids. 25

According to one aspect of the present invention there is provided a nethod

for the treatﬂ%ﬂ%ﬁﬁmfg Meoﬁ&gdlﬁaﬁ%g@halbgf it:n contam nated material (s)

i ncl udi ng the stef)s contam nated material (s) to
a retort assenbl yrankferringi the baseked an afteibainabfor combustioi;@hd at | east partially
di sposed within a copbustion chanber which s heated by heatin nmeans;
30 causi ng W’@dﬁﬁ%ﬂﬂ B $ass from, the afterburper 4o the Zetprt @ssembly o pEavider ¢ he

retort to Caiisifaidedn heating ThePdontathiimddnataridIQ) bdify P&l iX A refofr. as gases;
WO 97/ 13594

PCT/ AU96/ 09628 |
According to another aspect of the present invention there is provided apparatus for

the treatment of volatile material(s) in contaminated material(s) including a retort assembly
which includes a rotatable retort disposed at least partially within a combustion chamber with
heating means to indirectly heat the rotatable retort; said rotatable retort include a feed end
10 through which the contaminated material(s) are fed to the retort and a discharge end from
which the materials are discharged from the retort; an afterburner; means to transfer the
volatile material(s) given off as gases to the afterburner for combustion; and means for
passing the combustion gases from the afterburner to the retort assembly to provide additional
heat for use in the heating of contaminated material(s) in the retort.
15
Preferably, the apparatus includes a high temperature filter through which the gaseous

volatile material(s) pass after leaving the retort and prior to entering the afterburner.

According to yet another aspect of the present inivention there is provided a high
20 temperature filter which is suitable for use but not limited to the treatment of volatile gaseous
contaminated material, the filter including a main body having first and second chambers
therein which chambers when the filter is in its operative position include an upper region and
a lower region, an opening providing communication between the chambers, said opening
being at the lower region of the chambers, an inlet for delivering gaseous contaminated
25 material to the first chamber in the upper region thereof, an outlet for discharging the gaseous
material from the second chamber, a solids collection zone adjacent the opening, a solids
discharge outlet for discharging solids from the solids collection zone, a baffle opposite to and
spaced from the inlet upon which incoming gases impinge and filter means for filtering the
gaseous material passing out of the second chamber via the outlet.
30
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- 2- * di scharging the treated material fromthe retort;
transfaerring the gases to an aftecrhurner for cgonbustion; and
returning the conbustion gases fromthe afterburner to the retort assenbly
to provide assistance in heating the contam nated material (s) being
treated in t Accordi ng to another aspect of the
present |nvéﬂ§9@ﬁk¥Lere i s provided apparatus for t he PEFALPGROFR8 of
volatile material (s) in contam nated material (s) including a retort
assenbly whi ch includes a rotatable retort disposed at |east partially
W thin a conbustion chanber with R@ating nmeans to indirectly heat the
rotatable retort; said rotatable retort include a feed end 10 t hrough which

the contam nated material (s) are fed to the retort and a discharge end from
whi ch the mat er i dicsording taanothemaspestioff thepretentinverttion therenis pedvided aLretortrfor weans

af t er bur nor AP TERMSHSGrBRHE A R bl e el AR e oy as s

fromthe af tfer i‘nmimrabblﬁ is Dengitediadltax B S sadd1bddy Having an Wifekd end did dPd\ilet end aheat
for.use in the heatl ontami nated material (s) in the retort.

f
Pref erabl y, RPUSHTLF §'*C Gelndrical hody beingnal &Pﬁr@“ﬁ“l"t'@?ﬂ%ﬂﬁh@hmﬁhl ch

the gaseous combuéﬁ@h Sttaimibr, ADluedlinPd(balls (ARS elRmbi dit wﬁ?ﬂuﬁ B cyRhdichl lﬁﬁﬂer

prior to entering the afterburner ccord 2[? to’yet anot
aspect of tmegs@mrachw@nmmmxmmtﬂr@l whemtheleylindri¢al bd)2is retatingao dreak e

vol at 1 oo i o ok FcabbipisB8 plekif Wi by 14 ol 8GR Rl ot oy

havi ng fi r stthenoyliieicalrsdy.hafhe raort is particularly suitable for use in apparatus of the type

described herein.
10
Preferably the retort includes a cage within the cylinder which retains the balls in the
region of the wall of the cylindrical body. Preferably, the balls are arranged in groups, the
groups being at spaced intervals along the interior of the cylindrical body. The cage includes
spaced apart peripherally extending members which are adapted to assist in retaining the balls
15 in each group at a particular location within the cylindrical body. Preferably, the balls are
made of ceramic material. Preferably, the cage is mounted for rotation in the opposite
direction to the cylindrical body.

-In one embodiment of the invention the combustion gases are passed through the
20 interior of the retort. In another embodiment the combustion gases are passed to the heating

means.

When the contaminated material to be treated is in the form of solids, the solids are

preferably passed through a grizzly or sieve prior to entering the retort to remove oversized

25 material. If desired the solids may in addition to or alternatively to the above be passed
through a mill prior to entering the retort so as to reduce the particle or granule size of the

solids.

When the contaminated material is in the form of liquid, the water content of the
30 liquid is preferably reduced prior to entering the retort. To this end the liquids may be
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t herein which chanbers when the filter is in its operative position include
an upper region and a | ower region, an opening providing comunication
bet ween the chanbers, said opening being at the | ower region of the
chanbers, an inlet for delivering gaseous contam nated 25 naterial to the
first chanbeWQ9v/18%%¢ upper region thereof, an outlet for diEgdvsgbsag t he

gaseous material fromthe second chanber, a solids collection zone

adj acent the opening, a solids di scharge outlet for discharging solids
fromthe solids collection zone, a baf_fJ_e opposite to and spaced from
the inlet upon which incom ng gases inpinge and filter neans for filtering
t he gaseous material passing out of the second chanber via the outlet.
:Ii (C)ZT/ AL96/ 006%l§hm% tg%ﬂ %ﬁq_ﬁe water prior to entering the retort. .3 -

Accordi ng to another aspect of the present invention there is provided a
retort for use treatment of volatile material, the retort

Ln.the L €[
including a cyli n%ffeﬁﬁy’%%l?%i TEYQRt; TOtalfs 3hpwt fn axis inglined 3t aismal anglsue the s

| ongi t udi nal haibsal a isubsbaialiavirogderby I dordEsidR Shantidr & erldblk i eF{\ELF
conbustionschfatg‘ger, said cylindrical bg‘dy bei ng at Iegst partllﬁaéﬁ y %@gat ed
Wi thin the> ©Of the retort.

Preferably, the combustion gases pass through a scrubber before being released into
the atmosphere after passing through the retort. The gases from the high temperature filter
may be passed through a condenser, where the condensate contains hydrocarbon fractions

10 such as fuel oil and lubrication oil fractions.

In the high temperature filter according to the invention, the baffle is preferably
defined by a wall which separates the said first and second chambers. Preferably, the wall
extends from an upper internal wall of the chambers and terminates at a point spaced from

15 a lower internal wall of the chambers, the space between the free end of the wall and the
lower internal wall of the filter defining the opening. The wall may have fins thereon.

Preferably, the dischérge outlet comprises a plurality of outlet ports in the upper wall
of said second chamber. Preferably, the filter means comprises a plurality of ceramic
20 candles, each ceramic candle being associated with a respect outlet, the ceramic candles

extending into the second chamber.

There may further be provided a gas collecting chamber for receiving the gaseous

material from the outlets and a discharge outlet for discharging the gaseous material from the

25 gas collecting chamber.  Fan suction means may be provided for drawing the gaseous
material from the second chamber through the outlets.

The filter may further include pulsing means for delivering a gas under pressure to the
filter means in the opposite direction of normal flow for cleaning the filter means.

30 Preferably, the gas used in the pulsing means is nitrogen.
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5 conbusti on chanber, a plurality of balls or like elenents disposed wthin
the_cylindrical body .arranged . to interg i ont am nated material
when the cylindrical body is rotating to break - down the material and

di sl odge carbonised material which may formon the internal wall of t he
cylindrical he retort is particularly suitable for use in apparatus
of the type agd#’d?as ri bed herein. 10 Pr ef er abPEFTAYRAQ08E8, ¢

i ncludes a cage within the cylinder which retains the balls in the

region of the wall of the cylindrical body. Preferably, the balls are
arranged in groups, the groups beiafg at spaced intervals along the
interior of the cylindrical body. The cage includes spaced apart

peri pheral |y extendi ng menbers which are adapted to assist in retaining the
balIs 15 in each #&heatjacket iscpreferably puédvdded| witielt atdeasvpattialip studdeundy the mgkin bady

body. Preferﬁﬁhg : the balls are made of ceramic material. Preferably,
the cage is {rgar'for rotation in the opposite direction to the
cylindrical body. I n one enbodi nent of the invention the

conbusti on gasesn‘gre assed _throuPh the 20 interior of the retort. In
anot her enbodi nen® fRrker Wenb AT BigSBYenHPR: isppRstcalprly Suiterh fos cthe fragyment of
means. 5 material conifii bRA8nScARHACHERERES §ih 3k 'DBT, BDR SN 595 Slg viribdd t he

formof solids, the solids are preferably passed through a grizzly or
si eve pri or asenihbased epgponadsy e Sunhtmaterial ésfoynd ipvseil flomecattlesdiprsitesr i al . | f
desired the solids may in addition to or alternatively to the above be
passed through a mll prior to entering the retort so as to reduce the
particle or granuieonding toothis &spect of shd prisent invention there is pkifridied tahmethod for

contam nat ed, iRh &h' & véisitk "mitdTals il Qhatni itk Linatb (o) A GldiSe B SmbchTarisie ©
10 pesticides and arsenic based compounds including the steps of:
feeding the contaminated material(s) to a retort assembly which includes a rotatable
retort at least partially disposed within a combustion cﬁamber which is heated by heating
means;
causing the contaminated materjal(s) to contact the wall(s) of the retort to cause the
15 volatile material(s) to be given off as gases;
discharging the treated material from the retort into a high temperature filter;
thereafter transferring the gases to an afterburner for combustion and at the same time

introducing water vapour into the afterburner.

20 - According to yet another aspect of the present invention there is provided apparatus
for treatment of volatile material(s) in contaminated material(s) including organochlorine
pesticides and arsenic based compounds including

a retort assembly which includes a rotatable retort having an infeed end through which
material is fed to the retort and an outlet, the retort being at least partially disposed within a

25 combustion chamber which is heated by heating means, whereby in use, the contaminated
material(s) is caused to contact the wall(s) of the retort to cause the volatile material(s) to be
given off as gases;

a high temperature filter which receives the material from the retort, an afterburner
for combustion of the gases and means for introducing water vapour into the afterburner.

30
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30 liquid rs preferably reduced prior to entering the retort. To this end
the liquids may be WO 97/ 13594

PCT/ AU96/ 00628 -4 -
preheated to boil off the water prior to entering the retort.

Preferably, woemsmbary retort rotates about an axis incli ppgsgbedemmel |
angle to the - hori zontal and is substantially surrounded by a conbustion
chanber to enable indirect heating 5 of the retort.

Preferably, the conbustion gases pass through a scrubber before being

rel eased into t he at nosphere after “passing through the retort. The
gases fromthe high tenperature filter may be passed through a

condenser. her o e GORAER S cBay S A RS B FredorbEy 05 preiremid o 2
remove water from the material. This may be done by the use of a preheater. The material
is then transferred to a retort where the contaminant compounds are vaporised. The
contaminants in the gas stream so formed are then transferred toa high temperature filter

5 which may be of the type described earlier where further particulate matter is separated from
the gas. The remaining gaseous component is transferred to an afterburner. The
afterburner thermally destructs the organochlorine pesticides to produce simple products of
combustion and hydrogen chloride gas. The arsenic component of the gas will pass through
the afterburner primarily as arsenic trioxide.

10
If desired water vapour which may be conveniently drawn from the preheater is fed
into the afterburner. ‘The introduction of the water vapour causes a water/gas reaction which

assists in the production of hydrogen chloride and arsenates.
15 The gas stream then passes to a condenser wherein the gas is rapidly cooled so as to
condense the arsenates for collection as particulate matter. After the gas stream leaves the

condenser calcium carbonate can be added to the stream to neutralise the hydrogen chloride.

The gas can be finally passed through a dust collector device whereafter the gas can

20 pass to atmosphere.

As mentioned earlier the gases leaving the afterburner are cooled so as sublimate

(condense) the arsenic and arsenic trioxide. Two alternative systems are envisaged
25 1. indirect air cooled; or
2. evaporative cooling through injection of water into the gas stream.

The gas stream leaving the afterburner is cooled to preferably about 110°C in the

30 condenser and then may be dosed with calcium carbonate (CaC0,) (lime). The calcium
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In the high tenperature filter according to the .invention, the baffle is
preferably  defined by a wall which separates the said first and second
chanbers. Preferably, the wall extends from an upper internal wall of
the chanbers and term nates at a point spaced from15 a | ower internal wall
of the chanbers, the space between the free end of the wall and the

| over interrXP%&P4 of the filter defining the opening. TRETMAEPI0SEY have
fins thereon. Preferably, the discharge outlet conprises a
plurality of outlet ports in the upper wall of said second chanber.
Preferably, the filter nmeans conprises-a plurality of ceram c 20 candl es,
each ceram c candl e being associated with a respect outlet, the ceramc
candl es extending into the second chanber. There may
further be ptabondiedesstsyith tiecdohstinichs of hé gasiatéani @eittalisé the My diobiloBEaH® aisd
material fromthe qutlets and a di scharge out]let faor discharging the
gaseous mat ef7SgiD ML in, eg:gs&'agm.cﬁp g@%i@?&%dﬂﬂ@?‘?‘“ﬁﬁﬁ“&ﬁ%?ﬁ% mgOBRARS nay

be provided fiRér yaps \ind dar BiecolleGi@PisS dust dORE@Iohdin.f rom t he second chamber
t hrough the outl ets. The filter may further include pulsing

means for delivering a gas under pressure to the filter means in the

opposi te disr ect i OfyeQfyst fle?%h' Fz&icﬂWl Bk ifthe Rbh fa Mkﬁ?‘ﬁ‘ g{iglgf;]en{m@%'paﬁ%ulate

Preferably, the gas use e pufsing neans Is
arsenic trioxide which condenses below at approximately 120°C and collects on the filter

media. The gas stream will exit the baghouse at approximately 100°C and be vented to
atmosphere. An auxiliary fan on the baghouse will be used in conjunction with the high
temperature filter fan in order to overcome the additional pressure loss in the system. The

10 fans will be balanced using dampers in the system. The contaminated particulate (arsenic
trioxide, spent lime) can be collected in plastic lined 200 L drums for disposal at authorised
landfills.

To enable the invention to be fully understood, preferred embodiments of the
15 invention in its various aspects will now be described with reference to the accompanying

drawings in which:

Figure 1 is a schematic circuit diagram of a first embodiment for the treatment of

contaminated solids:

20
Figure 2 is a schematic view of the retort of the first embodiment;
Figure 3 is a more detailed schematic view of the retort of the first embodiment;
25 Figure 4 is a schematic sectional side view of a high temperature ﬁlter'aocording to

the present invention;
Figure 5 is a schematic side view of an afterburner for use in the present invention;

30 Figure 6 is a schematic view of a second embodiment for the treatment of
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A heat jacket is preferably provided which at |east partially surrounds the
mai n body of the filter. A further enbodi ment of the

i nvention i swparisedl arly suited for the treatnent of 5 pERIATOE/H0s28
cont ai ni ng organochl ori ne pesticides such as DDT, DDE and DDD and vari ous
arseni ¢ based conpounds. Such material is found in soil fromcattle dip
sites. According to thisgaspect of the present invention
there is provided a nethod for treatnment of volatile material (s) in
contam nated material (s) including organochlorine 10 pesticides and
arseni c bas felauslell] d.ncludi ng the steps of: feeding the
contaninateggw%%érlapgéykto a retort assenbly which includes a rotatable
retort at least partially disposed within a conbustion chanber which is
heat ed by heati ng. nmeans; .. . ., ._causin he cont am nated
material (s) to c%ﬁﬁ“&"c'f 'stai‘fghe\’!&f‘? Yigy ot thfrﬂgmsgt?i&egt épb&emeﬂmf contagifated; | o
mat eri al (s) lqRidee gi ven of f as gases; di scharging the treated
mueﬂalfgomthereUNtintoa hi gh tenperature filter;

Figure 8 is a schematic view of a further embodiment particularly suited for the

treatment of organochlorine pesticides and arsenic compounds;

Figure 9 is a schematic side elevation of a part of a high temperature filter according

10 to another form of the invention;

Figure 10 is a side elevation of a manifold as shown in Figure 9;

Figure 11 is a schematic side elevation of one form of condenser which can be used

15 in the embodiment of Figure 8;

Figure 12 is a schematic side elevation of another form of condenser which can be

used in the embodiment of Figure 8;

20 Figure 13 is a sectional view of a retort according to one embodiment of the invention;

Figure 14 is a modified form of the retort shown in Figure 13.
25 Referring to Figures 1-3, the rotary retort 10 has a cylindrical retort wall 11 rotatably
Jjournalled within a combustion chamber 12 heated by a plurality of burners 13 to provide

indirect heating to the interior of the retort 10.

Ceramic seals form an airproof seal between the moving retort wall 11 and the fixed

30 ends of the combustion chamber 12 (or of a support structure for the retort), and also act as
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thereafter "transferring the gases to an afterburner for conmbustion and at
the sape tine _introducing water vapour into the afterburner 20 _
According to yet another aspect of the present invention there is provided
appar at us for treatnment of volatile material (s) in contam nated

material (s) g organochl ori ne pestici des and arsenic based
conpounds | n‘(k:’p(;'cﬁ:gbp a retort assenbly which i ngi‘y&&"@‘?‘ot at abl e

retort having an |nfeed end t hrough which material is fed to the retort
and an outlet, the retort being at |least partially disposed within a 25
conbusti on chanmber which is heated by-Reating nmeans, whereby in use, the
cont am nat ed material (s) is caused to contact the wall (s) of the retort

to cause the volatile material (s) to be gi ven off as gases:
a high temmmmmmmmfcmla@emmmmmn if thermetonte (Preferabty, an

af t er bur ner atrhtroggg gx %g ﬂ?xp&rgdeg gta"%e bR 195‘ eht %doggge%gg\éf%ecmg{nrg grlljg%{'ong ) vat er

vapour into ner
PCT/ AU96/ 00628 - 6-

As shown in Figure 3, fins, blades or the like 14 are provided on the inner face of the

5 retort wall 11 to increase the agitation of materials passing through the retort and to improve
the heat transfer from the retort wall 11 to the materials.

Contaminated solids 20 are transferred via conveyor 21 to a grizzly 22 where

oversized particles are removed. The acceptable particles are fed to the interior of the retort

10 10 via a rotary valve 23. As the contaminated solids move through the retort 10, volatile
contaminants are given off as gases and are transferred via a gas line 15 to a high temperature
filter 30 to be hereinafter described in more detail. The high temperature filter 30 is heated

by the combustion gases from the combustion chamber 12 (being transferred via a line 16).

15 A rotary valve 17 discharges the treated solids to a product in 18 and a conveyor 19
may be provided to transfer the treated solids from the product bin 18 to a dump pile I9A.

Referring now to Figure 4, the high temperature filter 30 is maintained above 500°C

above the combustion gases from the retort being fed via line 16 to a heat jacket 31 to prevent

20 condensation of the volatile gases 32. The volatile gases enter a first chamber 33 and impinge
on a wall 34 which acts as a baffle and separates the first chamber 33 from a second chamber

35. The wall 34 may have fins or plates thereon for the transfer of heat as well as to slow the
gas stream down. As the volatile gases 32 sharply change path when passing from the first
chamber 33 to the second chamber 35, most of the particulates 36 in the volatile gases 32

25 collect at the bottom of the high temperature filter 30 and can be selectively discharged by
a rotary valve 37 and line 38 to the product bin 18. The combustion gases 32 theh pass
through ceramic candles 39 which capture particles down to -1 micron. The interiors of the
ceramic candles 39 are connected to a plenum or chamber 40 and the volatile gases 32 are
drawn from the plenum by a suction fan 41. The suction fan generates a partial vacuum in

30 the high temperature filter 30 (and the retort 10) and assists in causing the ceramic seals to
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In this particular process the contam nated material is preferably firstly
pretreated to renove water fromthe material. This nmay be done by the
use of a preheater. The .nmateri al is then transferred to a retort where
t he contam nant conpounds are vaporised. The contam nants in the gas
stream so foygoshasse then transferred to a high tenperat upgrhiy F 5 V\/mch
may be of the type described earlier where further particu af‘e ma’tae
separated from t he gas. The renmai ni ng gaseous conponent is
transferred to an afterburner. The afterburner thermally destructs the
organochl ori ne pesticides to produce S}Q‘f‘pl e products of conmbusti on and
hydrogen chloride gas. The arsenic conponent of the gas wi Il pass through

the afterburner pri [ S arsenl trioxide. | f desired
wat er vapour % “‘#e/pf &; &F’aﬁ?ﬁﬂ@‘PﬁW’c‘Wb“‘ﬁr"@ﬁbﬁﬂ’eﬁ’W§ Ay

into the af tRrpravided - ‘ﬂkeewhmbmiumter%aﬁo thefg "i@:&ﬁ% R@gﬁ
wat er / gas reacl?:éon m assists in trr1e producti on ﬁf/g*!ogen chalnorl de

and ar senat eplosion. 5 The gas streamthen passes to a condenser wherein
the gas is rapidly cooled so as to condense the arsenates for
collection as particulate matter. After the gas stream | eaves the

condenser £al ci uffiocprevenh dtecoxygen lewelsid dhelhigh td:rhwmureeﬁim 380 renehmgaiahgwoﬁshe
hydr ogen chl,orid he can be .fi ass I hr ou

dust col | ectlg‘?ehsdgeﬂsgre"mr(ggf*%‘ynt'ﬂ%‘g'ﬁﬁg’ecf’éﬁgefde g‘ g%’gﬁ‘f'ﬁésﬂ ﬂ

As nent i onech supply tank 42 icingersdintd thelinen[$ vid)Gnecdriaord nozrivs cofiRcled & @dalﬁ@ms
subl i mat e (condense) the arsenic and arsenic trioxide. Two alternative
systens are envi saged

To remove the particulates 36 which tend to coat the exterior of the ceramic candles

10 39, an air compressor 44 is connected to a manifold 45 via a valve 46. A respective pipe 47
extends from the manifold 45 into the interior of each ceramic candle 39 and sensor means
(not shown) which monitor the gas flow through the ceramic candles, operate the valve 46
so that a blast of air is injected into the interior of the ceramic candles, via the pipes 47 to
cause a countercurrent flow to the flow of the volatile gases 32 to dislodge the particulates

15 from the candles for collection in the bottom of the high temperature filter 30.

Figures 9 and 10 show a modified form of apparatus for introducing nitrogen into the
high temperature filter as well as for removing the particles from the candles. In the
apparatus as shown nitrogen is fed from a manifold 401 having a plurality of outlets 402 to

20 406. Each outlet is connected to a transfer tube 407 which extends into the filter at a
position above the candles 39. The tube has a series of downwardly facing holes 408 each
hole being associated with a respective candle. The arrangement is such that a blast of
nitrogen can be directed downwardly to clear the candles and at the same time deliver
nitrogen to the filter.

25

The volatile gases 32 are conveyed via a line 48 to an afterburner 50 (see Figure 5)
in which combustion air is injected via a number of inclined injection pipes 51 to create a
vortex for efficient combustion of the volatile gases. In one embodiment the combustion gases
52 from the afterburner pass through a plenum 53 to a line 54 which is connected 1o a pipe

30 or conduit 55 extending through the interior of the retort 10. In another embodiment the
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25 ' 1. i ndirect air cool ed; or 2. evaporative
caall Lon o = Lnto he ¢ am The
gas stream|eaving the afterburner is cooled to preferably about 110[err]C
in the 30 condenser and then may be dosed with cal ci um carbonate
(CaCqerr]) %Wﬁsmme cal ci um WD 97/ 13594 PCTIAGPGI0GS

PCT/ AU96/ 006 .
carbonate reacts with the constituents of the gas streamto neutralise the

hydrochl oric acid and absorb noisture in the gas stream The line
assists in mnimsing noisture probl erslen the filter bags, and can be
collected in a dust collection bin.

AL

gases can pass along line 54 and instead of passing through the retort can be fed to the burners
13 as shown by dash line 62 in Figure 1.

The pipe 55 has a plurality of helical flytes 56 to further promote the agitation of the
5 laminated solids 50 in the retort 10, and to promote the transfer of heat from the combustion
gases to the solids. As shown in Figure 1, the flow of the combustion gases 52 from the
afterburner is concurrent with the flow of solids through the retort 10 and the heat from the
combustion gases 52 reduces the heat requirements for the retort provided by the burners 15,
thereby reducing the input energy demand and cost. (This means that the volatile
10 contaminants in the soil are used to provide a portion of the energy demands for the treatment
of the soil and so the volatile materials, which normally have a highly negative economic
value, are given at least a partial positive economic value.) From the pipe 55, a line 57
transfers the combustion gases 52 to a scrubber 58 and thereby to the end stack 59 for release

to the atmosphere.

15

Referring now to a second embodiment of Figure 6, liquid contaminants from a pond
120 are fed to a concentrator 121 where the water content of the liquids is minimised and the
concentrated contaminated liquid is transferred to a tank 122. The contaminated liquid is
pumped via a pump 122a to spray nozzles 123 which inject the contaminated liquid into the
20 retort 10. The contaminated liquid comes into contact with the interior of the retort wall 11
and the conduit 55 to cause the volatile contaminants to be given off as gases as hereinbefore
described and any non-volatile solids are discharged via rotary valve 17 to the product bin 18.

It will be noted that line 54 connects the afterburner 50 to the conduit 55 so that the
25 flow of combustion gases 52 from the afterburner is countercurrent to the flow of the

contaminated liquids through the retort 10.
In the embodiment of Figure 7, which is particularly suitable for the treatment of

refimery tank bottoms, the contaminated refinery products containing, eg. 50-80% water, is
30 pumped from a refinery tank 220 to a preheater 222 where the water and light hydrocarbon
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5 The dust collector which may be in the formof a baghouse w |
renove.the particul ate arseni c trioxide which condenses bel ow at
~approximately 120[err]C and collects on the filter medi a. The gas
streamw || exit the baghouse at approximately 100[err]C and be vented to
atmosphere. Wwooemsssd i ary fan on the baghouse will be usedpif/agodiosact i On
with the high terrperature filter fan in order ‘to overcone the
additional pressure loss in the system The 10 fans will be bal anced usi ng
danpers in the system The contam nated, particulate (arsenic trioxide,
spent line) can be collected in plastic“lTined 200 L druns for disposal at
aut hori sed Iandfills To enable the invention to be fully

under st ood, r\r.ed i aventiaon i.n its variQu
nepects wi | | EuRBERa SE af ) FarPEaiiashded o ik As0e 1 ey 56. K hot
drawi ngs in ﬂlurtﬂg device 261 removes partiGilites frointh@ waef/pd¥Bitresm Ghd fdslis theindeagm of
a first enbodl ment for é reat ment of contani nated solids; 20

Figure 2 is Hetemesm £ IOlREY Yable 6. The eaneentrated diquidiftam the preheater
Figure 3 is mrmﬁaﬁﬂﬁtd @d:&&h@@rﬁ; héteivibeéi¥feUescriBed. 19 Prdn e{tl& r 1Ss fléartéitlgf .

enbodi nment ; g}e is a schematic section e View
hi gh tenpeﬁa@qmllﬂsﬂqq&aéqs feome dFtﬁg 10¢yia linet223. pr esent i nventi on;

From the retort, the non-volatile solids are discharged via rotary vaive 17 to the bin
18, and the volatile gases are transferred to the high temperature filter 30. The volatile gases

PRSI ey Sy B Tyl R o) PIRDERE. T4 JIPUSGRNIE—a ~en L &4 L T K] s . . .



Figure 5 i$ a schematic side view of an afterburner for use in the present

I nvention; 30 Figure 6 is a schematic view of a second enbodi nent
for the treatnent of WD 97/ 13594

PCT/ AU96/ 00628 - 8-

contam nated | i quids; Figure 7 is a schematic view of a third
enbodi nent for the treatnent of contam nated liquids; 5

Figure 8 is a schematic view of a further enbodi nent particularly suited
for the treatment of organochlorine pesticides and arseni c conmpounds;

are ransierrea Irom e ILIEr 3V 10 4 Conaenser Z/u via line Z/1 at a iemperature o1, eg.
10 500°C. The gases are cooled and the condensate is collected as fuel oil, which is drawn off
to tank 272 via line 273. By arranging the Condenser 270 as a "fractionai distillation unit",
the condensate may be separated into a lubrication oil component (drawn off at, eg.
300-500°C) to tank 274 via line 275, and a diesel substitute component (at, eg. 200-300°C)
via line 273 to tank 272. '
15
The remaining volatiles from the condenser 270 are fed to the afterburner 50 via line
48. These volatiles, and the 222 water/light HC fraction from the preheater, may be burnt at,
eg. 1200°C with a residence time of, eg. 20 seconds. The energy from the afterburner 50
is recycled to heat the preheater 223 and the high temperature filter 30. The high temperature
20 filter and pre-treatment feed and product lines are surrounded by a heating jacket to maintain

temperature and the heat is sourced from the combustion chamber excess gases.

This method markedly reduces the costs of treating the refinery tank bottoms, and the
costs are offset by the recovery of the valuable condensates(s).
25
Figure 8 shows a further embodiment of the invention which is particularly suited for
the treatment of material containing organochlorine pesticides such as DDT, DDE and DDD

and various arsenic based compounds. Such material is found in soil from cattle dip sites.

30 In this particular arrangement the contaminated mater:.: is preferably firstly pretreated
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Figure 9 is a schematic side elevation of a part of a high tenperature
flJ_t_e.Ld.a.c.c.n.r.d.L_n.g._’LO_t_o another formaof the invention:; Elgure
10 is a side elevation of a manifold as shown in Figure 9; _
Figure 11 is a schematic side elevation of one form of condenser whi ch can

be used 15 | sgp‘oodi ment of Figure 8§; re 12 is a
schematic si de I’e} evation of another form of condenser whi gﬁ T/ALPP/08028 used
in the enbodi nent of Figure 8 20 Figure 137is a sectional view of
a retort according to one enbodi nent of the invention; and

Figure 14 is a nodified formof the reBBort shown in Fi gure 13. 25
Referring to Figures 1-3, the rotary retort 10 has a cylindrical retort
wal | 11 rotatably journalled within a conbustion chanber 12 heated by a
plurality oftomemovewatet fomghematerisle This imayibedone byethe usecoftacprelieater 60k iThe of

the retort ]l'gaterial is then transferred to retort 503 where the contaminant compounds are vaporised.
The contaminants in the gas stream so formed are then transferred to high temperature ﬁlter
504 which may be which may be of the type described earlier where further particulate matter
5 is separated from the gas. The remaining gaseous component is transferred to afterburner
506. The afterburner thermally destructs the organochlorine pesticides to produce simple
products of combustion and hydrogen chloride gas. The arsenic cbmponent of the gas will

pass through the after burner primarily as arsenic trioxide.

10 If desired water vapour which may be conveniently drawn from the preheater 501 is
fed into the afterburner 506 via line 510. The introduction of the water vapour causes a

water/gas reaction which assists in the production of hydrogen chiloride and arsenates.

The gas stream then passes to condenser 512 wherein the gas is rapidly cooled so as
15 to condense the arsenates for collection as particulate matter at vessel 514. After the gas
stream leaves the condenser 512 calcium carbonate can be added to the stream via hopper 516

to neutralise the hydrogen chloride.

The gas can be finally passed through a dust collector device 518 whereafter the gas

20 can pass to atmosphere. The dust collector 518 which may be in the form of a baghouse will
remove the particulate arsenic trioxide which condenses below at approximately 120°C and
collects on the filter media. The gas stream will exit the baghouse at approximately 100°C
and be vented to atmosphere.  An auxiliary fan on the baghouse will be used in conjunction

. with the high temperature filter fan in order to overcome the additional pressure loss in the
25 system. The fans will be balanced using dampers in the system. The contaminated
particulate (arsenic trioxide, spent lime) will be collected in plastic lined 200 L drums for

disposal at authorised landfills.

Two examples of condensers which can be used are shown in Figures 11 and 12.

30 Figure 11 shows an evaporate cooling arrangement wherein the gases leave the afterburner
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Ceram c seals forman airproof seal between the noving retort wall 11 and
the fixed 30 ends of-the-conbusti on chanber 12 (or of a support structure

for the retort),
PCT/ AU96/ 00628

and al so act as WD 97/ 13594
-9- an

expl osi on vewbsetmasspase of a volatile m x rel ease caused b*&mﬂg@&n t he
retort. (Preferably, a nitrogen purge is provided for the retort to

prevent the oxygen | evels becom ng dangerous.) As shown in

Figure 3, fins,

bl ades or the like 14 are provided on the inner face of the

5 retort wall 11 to increase the agité”‘on of materials passing through the
retort and to inprove the heat transfer fromthe retort wall 11 to the

materials.

CO 1
conveyor 21 37g Tavgl algng gn ?Z%ﬂaﬁﬁjé" ov

nat ed..solids 20 are transferred via
e b &%‘?’z‘@@yﬁafﬂ fromgEssesyir FEi9SPERY The

accept abl e [ads 60385y puinf) 604%0'a8 td RABidlyéodl ihegaPbesbra 9t IeK/e®tHe condenser.

Figure 12 shows an indirect air cooled arrangement where gases enter the top of the

5 condenser 700. A series of fans 701 create an air flow across the condenser thereby cooling

the gases before they exit at the bottom.

Figures 13 and 14 show two arrangements of a retort which is suitable for use in

various forms of apparatus described herein. Referring to the drawings the retort 800

10 includes a cylindrical body 801 which is mounted for rotation about its central axis for

example on shaft 810. The retort 800 is disposed within a combustion chamber (not shown)

the ends being sealed by ceramic seals (not shown). The retort has an infeed end 802

through contaminated material is fed into the retort and an outlet 803. A plurality of flytes

808 are formed on the internal wall of the cylindrical body 801 the flytes preferably having
15 a 5° pitch.

The retort 800 further includes a cage 815 which is mounted within the cylindrical

body 801. The cage 815 comprises a series of horizontal elements or rods 816 and a series

of circumferential elements 817 connected together to form a unitary structure.  The

20 circumferential elements 817 are arranged in pairs on the region of the space between adjacent

flytes 808. The cross-sectional diameter of the cage 815 is less than that of the internal

cross-sectional diameter of cylindrical body 801 thereby forming an annular space 818
between the cylindrical body 801 and the cage 815.

25

The cage 815 is mounted for rotation and preferably is arranged to rotate in the

opposite direction to that of the cylindrical body.

A plurality of balls 806 or like elements are disposed in the space 818 and are

arranged to interact with contaminated material when the parts are rotating to break down the

30 material and dislodge carbonised material which may form on the internal wall of the
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10 10 via a rotary valve 23. As the contam nated solids nove through the
retort 10, _volatile = contamnants_ are given off as gases and are
transferred via a gas line 15 to a high tenperature filter 30 to be
herei nafter described in nore detail. The high tenperature filter 30 is
heat ed by t he conbustion gases fromthe conbustion chanber 12 (being
transferred WP2"43%4 ne 16). 15 A rotary val ve 17 @CEAV6628  he
treated solids to a product in 18 and a conveyor 19 may be provided to
transfer the treated solids fromthe product bin 18 to a dunp pile 19A
Referring now to Figure 4, the high temgerature filter 30 i s maintai ned
above 500[err]C above the conbustion gases fromthe retort being fed
via line 16 to a heat jacket 31 to prevent 20 condensation of the volatile
gases 32. Thgliuddical bbdy 8IS eSThebaly 866 drk afrhnged i gRtupsSdisposed htsphiedantervalsOn a
wal | 34 which acts as.a baffle and separates the first chanber 33 froma
second chantflgng the cygwwdmpﬂ arg fetgined position Ry respectye,pais of igizewmaferential  he
transfer of digmdnsdi7wel |l as to slow the gas stream down. As the

vol ati|l e gases 32 sharply change path when passing fromthe first

chanber 33 to the second chanber 35, nost of the particulates 36 in the

vol atil e gases 3 EB“ e f. L ah. re fd.hter
30 and cangbe sel%éé&?ieve yﬁgllgtsc ailggdaﬁéigme%am?%ﬁggé Vg#@g?%&?éﬁmsl 38
to the produdiiclcan akfst il movingrthe balls darisgproesion 2f the partg a The arms 820rcan gither

' dl 3 ich t ticl down. -1 mi .. The interi
of the. < duPE N 8 piat 6 et B Ban hE sra e HF il RS IRl Y ot
the vol atil e80gases 32 are drawn fromthe plenumby a suction fan 41.

The suction fan generates a partial vacuumin 30 the high tenperature
filter 30 (and the retort 10) and assists in causing the ceramc seals to

10 The balls are arranged in groups each group which are held in place by the cage 815

and more particularly by the element 817 projecting into space 818. The groups of balls are
being disposed at spaced intervals along the cylindrical body.

NB: For both contaminated solids or liquids, the flow of the combustion gases 52
15 through the retort may be either concurrent or countercurrent to the flow of the contaminated

materials.

The recycling of the afterburner gases back into the retort 10 via the tube, pipe or
conduit 55 minimises the energy input to the retort by the burners.
20
The provision of the heat fins or flytes 56 on the pipe or conduit 55 not only increases
the radiant surface area of the retort, but aiso assists in breaking up any large particles. In
addition, the recycling pipe or conduit also helps create a convection environment with
improves the volatile removal process, the convection improvement being created by the

25 moving retort wall and by rotation of the pipe or conduit 55.

The energy sources for the burners 13 may include liquid petroleum gas, propane,

natural gas, recycled hydrocarbons or other readily available energy sources.

30 The volatiles which may be treated by the method and apparatus of the present
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agai nst the ends of the retort wall 11. An explosion vent in the formof a
door 63 may be provided in the wall of the filter the door being

arranged to a@aAnsdst he event of an expl osi on.

the oxygen level in the high tenperature filter 30 reachl r?d"b‘ﬁﬁ&g‘fﬁ
| evel s, sensor neans (not shown) nonitor the oxygen levels and if reqU|red,
nitrogen from a supply tank 42 is |61ected into the line 15 via one or
nore nozzl es connected to a val ve 43. To renove the

particul ates 36 which tend to coat the exterior of the ceramc candles 10
39, an air ressor é nectedtoamamfold 45 via a valve 46. A
respective pfr%mlpf inclu ‘BnP’Eﬂ#@'ﬁ'ﬂﬂWeél arsepirs; hydsogenated ydnocarbonst
each ceram CPQ:grgjlceajﬁpsﬂﬁqhésmor means (not shown) which nmonitor the
gas flow through the ceram c candles, operate the valve 46 so that a

bl ast of air is |nj ected into the interior of the ceram c candles, via the

pi pes 47 to flow f the volatile

gases 32 to di sI o ge 't eﬁ%%ril cu| alﬁ '%R}%ﬂ&éﬁg oty %v?lﬁqeﬁ?ﬂ%‘%n in

t he bot t omSobeing ¢reitediland thepetostt may bé bj)eraed afdifferent temperatures to enable different
volatiles to be treated on a fractional basis.

revent

Various changes and modifications may be made to the embodiments described
without departing from the present invention.
10
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Figures 9 and 10 show a nodified form of apparatus for introducing nitrogen
I nto _the high tenperature filter.as well as. for renovi ng t he particles
fromthe candles. 1In the apparatus as shown nitrogen is fed froma
mani fold 401 having a plurality of outlets 402 to 20 406. Each outlet is
connected tq a transfer tube 407 which extends into the filter at a
position abo¥@21¥% andl es 39. The tube has a series of dBGHAHIMG28 aci ng

hol es 408 each hol e being associated with a respective candle. The
arrangenment is such that a blast of nitrogen can_he directed downwardly
to clear the candl es and at the sane-tl7fae deliver ' nitrogen to

filter. 25 The volatile gases 32 are conveHﬂﬂ
an afterburner 50 (see Figure 5) i n which conbust mﬂm,"#”ll!ﬂﬁf
via a nunbeCLAIMSclined injection pipes 51 to create™ ¢ tvont
efficient conbustion of the volatile gases. I n one enbodi nent- the

combustion gases 52 fromthe afterburner pass through a plenum53 to a

line 54 whigh i sAppatamstie theo traatibiof3Golatile GRisHAlE) ﬁﬁcaﬁﬁ@mdwwéﬁwh the
interior of the retort 10. In_another enbodi nent the
97/ 13594 including a retort assembly which includes a rotatable retort disposed at least partially within
PCT/ AU96/ 30§ 28mbustion chamber with heating means to indirectly heat the rotatable retort; feeding
means to feed the contaminated material(s) to the retort; discharge means to discharge the
treated material(s) from the retort; an afterburner; means to transfer the volatile material(s)
given off as gases to the afterburner for combustion; and means for passing the combustion
gases from the afterburner to the retort assembly to provide additional heat for use in the

10 heating of contaminated material(s) in the retort.

2. Apparatus according to claim 1 including means for passing the combustion gases
through the retort. |
15 3. Apparatus according to claim 1 including means for passing the combustion gases to

the heating means.

4, Apparatus according to any preceding claim wherein the rotary retort is rotatable about
an axis at a small angle to the horizontal.

20
5. Apparatus according to any one of claims 1 to 4 further including ceramic end seals
to seal the ends of the retort to the combustion chamber surrounding the retort.

6. Apparatus according to any one of claims 1 to 5 wherein said heating means includes

25 one or more burners for indirect heating of the retort.

7. Apparatus according to any preceding claim, wherein when the contaminated materials
are solid material(s) said feeding means includes grizzly or sieve means to remove oversized
articles or granules and rotary valve means to selectively feed the contaminated solids to the

30 retort. _ S

e
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gases can pass along |line 54 and—Tnstead of—passing through the retort can

be fed.to the burners 13 as oFt: lne 62 in Figure 1.
The pipe 55 has a plurality of ;ht[i wnll Bmto further pronote the
agitation of the 5 lamnated.s o «rtetort 10, and to pronote

the transferwodrissst fromthe conbustion gases to thecsRlbéipss”S Shown
in Figure 1, the flow of the conbustion gases 52 fromthe af t er bur ner
is concurrent with the flow of solids through the retort 10 and the heat
fromthe conmbusti on gases 52 regltllg_es the heat requirements for the
retort provided by the burners 15, t her eby reducing the input energy
demand and cost. (This neans that the volatile 10 contamnants in the soil

of “the soi | “and e ASh o Hagh / fylf uShaht B en Bt v

negati ve eccomtarhinated solidslané theagrivzlyi o Sfeve inehBaw ireduce @etsiza! of RS tdnkadBing&PNOM C

val ue.) From.the pipe 55, a |line 57 transfers the conbustion gases 52
to a scrubb®¥%g ang thereby to the end stack 59 for rel ease to the

at nosphere. 15 Referring now to a second enbodi ment of Figure
6, liquid_contam nants froma pond 120 are fed to a concentrator 121

wher e t heSwkt er ARPATagIS according e apy engiof slaims 1#p §iwhersirgwhen said material comprises
concentr at n ik Gidars! iftitidSs 4 f 0k . e

Cont arm nat a8 Heligh ftats (s A Splrkh 3 chitdily  Bafi W foibigie, WiSvaser,

whi ch i nj ectontentol:tbe contaminated liquidsiamd sprayaneane tfeed the eoticefittatedliquids to the

cont am natelgHJk_' quid cones into contact wwth the interior of the retort wall
11 and the conduit 55 to cause the volatile contam nants to be given
of f as gases as hereinbefore descri bed and any non-vol atile solids are

00, e € B8 e e, 1
the 25 f1 ova miarg QN sefidtitely iclarze/thOiRkdidiemabihifd DU Pi6duct Bincount er current
to the flow of the _
11.  Apparatus according to any one of claims 1 to 10 further including a high temperature
filter to remove particulates. |
15
12. A high temperature filter for use in the treatment of volatile gaseous contaminated
material, the filter including a main body having first and second chambers therein which
chambers when the filter is in its operative position include an upper region and a lower
region, an opening providing communication between the chambers, said opening being at
20 the lower region of the chambers, an inlet for delivering the gaseous contaminated material
to the first chamber in the upper region thereof, an outlet for discharging the gaseous material
from the second chamber, a solids collection, collection zone adjacent the opening, a solids
discharge outlet for discharging solids from the solids collection one, a baffle opposite to and
spaced form the inlet upon which incoming gases impinge and filter means for filtering the

25 gaseous material passing out of the second chamber via the outlet.

13. A high temperature filter according to claim 12 wherein said baffle is defined by a
wall which separates said first and second chambers.

[0
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contam natéd |iquids through the retort 10. I n the enbodi ment
of Figure 7, which is particutarly suitable for the treatnment _of
refinery tank bottons, the cont—am—ﬁat—eﬁl—kef—hﬂepy—pr oducts cont ai ni ng, eg.

50- 80% wat er, is 30 punped ?ﬁ t ank preheater 222
snere the vaferang FIohi nyorb IIPﬁHHIH Ilill [ |l| 0 515K

fraction(s) are boiled off at,eg. 120[err]C pl Us and fed by line 260 to
the afterburner 50. A hot filteri ng device 261 renoves particulates from
the water/gas stream and feeds them tojd.he hi gh tenperature filter 30 via
a rotary valve 262. The concentrated liquid fromthe preheater 222 is
sprayed into the retort 10 as herei nbefore descri bed. The preheater 122 is

heated by 5 mONbUShighRefiReftre (R udcoRlingcio®ldimL3 Whereih 5418 wall 2xtends from an
upper internal wall of the chambers and terminates at a point spaced from a lower internal
wall of said chambers, the space between the wall and the lower internal wall defining said

opening.

15. A high temperature filter according to claim any one of claims 12 to 14 wherein said
discharge outlet comprises a plurality of outlet ports in the upper wall of said second
chamber.

10 16. A high temperature filter according to claim 15 wherein said filter means comprises
a plurality of ceramic candles, each ceramic candle being associated with a respect outlet, said
ceramic candles extending into said second chamber.

17. A high temperature filter according to claim any one of claims 12 to 16 including a
15 gas collecting chamber for receiving the gaseous material from the outlets and a discharge
outlet for discharging the gaseous material from the gas collecting chamber.

18. A high temperature filter according to claim any one of claims 12 to 17 further
including a fan suction means for drawing the gaseous material from the second chamber
20 through the outlets.

19. A high temperature filter according to claim any one of claims 12 to 18 further
including pulsing means for delivering a gas pressure to the filter means in the opposite
direction of normal flow for cleaning the filter means.

25 |
20. A high temperature filter according to claim any one of claims 12 to 19 wherein the
gas used in the pulsing means is nitrogen.

21 A high temperature filter according to claim any one of claims 12 to 20 further
30 including a heat jacket which at least partially surrounds the main body of the filter.

This Sheet Has Been R laceﬂ
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22.  Apparatus for treatment of volatile material(s) in contaminated material(s) including
organochlorine pesticides and arsenic based compounds including

a retort assembly which includes a rotatable retort having an infeed end through which
material is fed to the retort and an outlet, the retort being at least partially disposed within a
combustion chamber which is heated by heating means, whereby in use, the contaminated
material(s) is caused to contact the wall(s) of the retort to cause the volatile material(s) to be
given off as gases;

a high temperature filter which receives the material from the retort, an afterburner

for combustion of the gases and means for introducing water vapour into the afterburner.

23.  Apparatus according to claim 22 including a heater for preheating the material prior
to it entering the retort and the water vapour being transferred from the heater into the
afterburner.

24. A retort for use in the treatment of volatile material, the retort including a cylindrical
body which is mounted for rotation about its longitudinal axis, said body having an infeed end
and an outlet, a combustion chamber, said cylindrical body being at least partiaily located
within the combustion chamber, a plurality of balls or like elements disposed within the
cylindrical body arranged to interact with contaminated material when the cylindrical body
is rotating to break down the material and dislodge carbonised material which may form on

‘the internal wall of the cylindrical body.

25. A retort according to claim 24 further including a cage within said cylindrical body,
said balls being located in a space between said cage and the internal surface of said
cylindrical body.

26. A retort according to claim 25 wherein said balls are arranged in groups, the groups
being disposed at spaced intervals along the cylindrical body.

27. A retort according to claim 26 wherein said cage is mounted for rotation in the

the non-volatile solids are discharged via rotary valve 17
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are transferred fromthe inter 30 to a condenser 2/1 via line 2/1 at a
tenperature of . eqg. 10 500[err]C__The gases are cooled and the—condensate
is collected as fuel oil, which.is drawn off to tank 272 via line 273.
By arrangi ng the Condenser 270 as stlllatlon unit", t he
condensate nmay be separated into Hm" mllﬂmJH corrponent (dravvn of f at,
eg. 300-%0@Ma¥P4 C) to tank 274*via a di BEPAUR/MEE t ut e
conponent (at, eg. 200- 300[err]C3 via line 273 to tank 272. 15

The remaining volatiles fromthe condenser 270 are fed to the afterburner
50 via line 48. These vol atiles, apg.the 222 water/light HC fraction
fromthe preheater, nmay be burnt at, eg. 1200C with a residence tine
of, eg. 20 seconds. The energy fromthe afterburner 50 is recycled to
heat the pr eggﬁkﬁrdl?e%ﬁo@ﬁ%aidf@hﬁurﬁﬂﬁ erature filter 30. The high
tenperature filter and pre-treatnent feed and product lines are
suriounded by a heating jacket to maintain tenperature and the heat is
sourced fromthe conbustion chanmber excess gases. Thi s met hod
mar kedly reduces the costs of treating the refinery tank bottons, and the
costs are offset by the recovery of the val uabl e condensates(s). 25

Figure 8 shows a further enbodi nent of the invention which is particularly

suited for the treatnment of material containing organochl orine
pestici des such as DDT, DDE and DDD and various arseni c based
conmpounds. Such material is found in soil fromcattle dip sites. 30

In this particular arrangenent the contam nated material is preferably
firstly pretreated

_\__
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renove water fromthe nmaterial. This nmay be done by the use of a preheater
501. The material is then transferred to retort 503 where the

cont am nant conpounds are vapori sed. The contam nants_in the gas stream
so formed ar‘gog]f)faq”[ransferred to high tenperature fil ter"CT'AUW?’\ﬂhi ch may
be which nay be of the type described earlier where further particul ate
matter 5 is separated fromthe gas. 169 r emai ni ng gaseous conponent is
transferred to afterburner 506. The afterburner thermally destructs the
organochl ori ne pesticides to produce sinple roglucts of conbustion and
hydrogen chl ori de gas. The arseni ¢ conponent of «¢hedgas w || pass

t hrough the after burner prirrarilﬁas arsenic tri de. 10 | f
desired water vapour which may _b_e_}mnyeni ent fromthe preheater 501
is ’ fed into the afterburner] 506 vila |ine %10. e introduction of the
wat er vapour causes a wat er]/ gas rgaction i chNassists in the
production of hydrogen chloridg and arjsenat es. The gas stream
then passes to condenser, 512-ufjerein tlhe gas isyrapjdly cooled so as
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15 to condénse the arsenates for collection as particulate matter at vessel

514. After. the agas stream |l eaves .t he caondenser 512 cal ci um-carbonate
can be added to the stream via hopper 516 to neutralise the hydrogen
chl ori de. The gas can be finally passed through a dust

col l ector device 518 whereafter the gas 20 can pass to atnD%phere. The dust
col l ector S5MORIBM nay be in the formof a baghouse wil| PCTAD} e the
particul ate arsenic trioxide which condenses bel ow at approxi mately

120[ err] C and collects on the filtéfthedia. The gas streamwili exit
t he baghouse at approximately 100[err]C and be vented to atnosphere. An
auxiliary fan on the baghouse will be used in conjunction - with the high

tenperature filter fan in order to overcone the additional pressure loss in
the 25 system The fans will be bal anced using danpers in the system The

cont am nat ed particulate (arsenic trioxide, spent line) wll be
collected in plastic lined 200 L druns for di sposal at authorised
| andfills. Two exanpl es of condensers which can be used are
shown in Figures 11 and 12. 30 Figure &1 shows an evaporate cooling
arrangenment wherein the gases | eave t af t er bur ner WO 97/ 13594
PCT/ AU96/ 00628
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- 14 - " and travel along an inverted U-tube 601. Water spray a fed
fromreservoir 602 to spray heads 603 hy pump 604 so as torapidly cool
the gas before it | eaves the condenser. Figure 12 shows an
indirect air cool ed arrangenent where gases enter the top of the 5
condenser 700. A series of fans 701 create an air flow across_the condenser
t her eby coolWRg7135% { he gases before they exit at the botP 28
Figures 13 and 14 show two arrangenents of a retort which is suitable for

use in various forms of apparatus 3&¥cribed herein. Referring to the
drawings the retort 800 10 includes a cylindrical body 801 which is nounted
for rotation about its central axis for exanpl e on shaft 810. The
retort 800 is disposed within a conbustion chanber (not shown) t he ends

bei ng. seal ed by ceram c seals (not shown). The retort has an infeed end 802
t hrough contami nated material is fed into the retort and an outlet 803. A
plurality of flytes 808 are fornmed on the internal wall of the
cylindrical body 801 the flytes preferably having 15 a 5[err] pitch.

The retort 800 further includes_a_cage 815 which is nounted within the

cyl indrical body 801. The cpge 3liéconprises a series of horizontal
el enents or rods 816 and a serifs [~ '0f circunferential elenents 817
connected together to forma un+p+y structure. The 20 circunferenti al
el ements 817 are arranged in pai on the region of the space between
adj acent flytes 808. The cros ec&éonal di aneter of the cage 815 is
| ess than that of the internal 30
442
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cross-sectional diameter of cylindrical body 801 thereby form ng an annul ar
space 818 hetween the cylindrical bhody 801 and the cage 815 25

The cage 815 is nmounted for rotation and preferably is arranged to rotate
in the opposite direction to that of the cylindrical body.

A plurality of balls 806 or |ike elenents are disposed in_the space 818 and
are arr an§@37¥?t nteract with contami nated material whERATANEON988; 5 5r e
rotating to break down the 30 material and di sl odge carboni sed nateri al

which may formon the internal wall of Lig : WD 97/ 13594
PCT/ AU96/ 00628 - 15 -
cylindrical body 801. The balls 806 are arranged in groups disposed at
spaced intervals along the cylindrical body and are retained in

position by respective pairs of circunferenti al

54

- 52
— 53

FIGURE 5
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el ements 817 5 In the enbodi ment shown in Figure 14 there is
further provided a series of _arns 820 which can assist i n-novi-ag—the -
balls during rotation of the parts. The arns 820 can either rotate with
the cage on shaft 810 or can be fixed to the internal wall of the
cylindrical bod¥ 801. 10 The balls are arranged in groups each
group whi ch ¥WP&"K8M4 in place by the cage 815 and nor BCHAP/%9¢8ar | y by
the el ement - 817 projecting into space 818. The groups of balls are

bei ng di sposed at spaced intervals al on®¥he cylindrical body.

NB: For both contam nated solids or liquids, the flow of the conbustion
gases 52 15 through the retort nmay be either concurrent or countercurrent
to the flow of the contam nated materials. <« The recycling
of the afterburner gases back into the retort 1& via the tube, pipe or
conduit 55 minimses the energy igput to the refor{ by the burners. 20

The provision of the heat fins orflytes 56 on t pi pe or conduit 55 not

only increases the radi ant surfage area of th etort, but also assists
in breaking up any large particl s | fdqT the recycling pipe or
conduit also hel ps create a convgction|en¥roRnmenk w th i nproves the

vol atil e renpoval process, the cofvecti ¢gn\ifnproyenept being created by the -
25 noving retort wall and by rotation gf Y he pijpe pr conduit 55.
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The energy sources for the burners 13 may include |iquid petrol eum gas,
patural gas, recycled bydrocarbons or other readily—available

propane
ener gy sources. 30 The vol atiles which may be treated by the nethod
and apparatus of the present WO 97/ 13594
PCT/ AU96/ 00628 - 16-
i nvention i n¥PJ¥%dr ocar bons, organo-chl ori des, arseni c ¥CTHAWEBnat ed
hydr ocar bons, PCB s, coaltars and the like. The operating

5

tenperature in the retort will be depen &8t on the vol atile contaninants
being treated and the retort nay be operated at different tenperatures to

enabl e di fferent volatiles to be treated on a 3? ctional basis.
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Various changes and nodifications may be nade to the enbodi ments descri bed

-17- CLAI M5 1. Appar at us for t he treatnent of volatile
material (s) in contam nated material (s) including a retort assenbly
whi ch inclu tatabl e retort disposed at |east parti wi t hin
conbusti on Sﬁgﬁ%‘é’?ﬁw th heating rreanspt o indirectly Iﬁeat ?{{}é(x?’(ﬂ“gﬁzgm e
retort; feeding nmeans to feed the 9?ﬂ§aninated material (s) to the
retort; said feeding neans including a pretreat nent means which in the
case where the materials are solids renoves oversized rticles or
granules and in the case where the materials are |iquids genoves or

m ni m ses the water co@ent within the I|qU|d¢d| schax, nmeans to

di scharge the treated mateflal (s) frcnntﬁ& 10 ret@rt; a hi tenperature
filter which recelves mate(Tpl fromthe —pn \af t€r er; means

to transfer vol l e material (s) glven ff apl|dases toghe afterburner
for conmbusti o a :
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means for passing the conmbustion gases fromthe afterburner to the retort
assenbly to provide additiopal heat for unse in the heatingof

contam nated material (s) in the retort. 15 2. Appar atus according to
claim11 including means for passing the conmbustion gases t hrough t he
retort. . aratus according to claim1 including nmeans for
passi ng the "Y:%ﬁ%‘é’t‘i éﬁpgases to thg heat i ng neans. ZOPCﬁAﬂ?"%“m
Appar at us according to any precedi ng q&qin1mherein the rotary retort is

r ot at abl e about an axis at a snall n8le to the horizontal. 5.
ing to any one of claims 1 to 4 further including ceramc
seal the end the retort to the conbustion chanber

Appar at us accor
end seals 25

surroundi ng ffhe tort. 6. Appar atus according to any one of clains
1 to 5 wher i d hea means i ncl udes one or nore burners for
I ndirect he of #ne|r 30 7. Appar atus according to any
preceding c wher ei he contam nated materials
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- 18- -are solid material (s) said pretreatnent neans includes grizzly
or sieye neans and rotary valve —neans to selectively feed_the

contam nated solids to the retort. 8. Appar atus according to claim
7 further including mll neans between the source of the 5 contam nated
solids and the %glzzly or sieve nmeans to reduce the size of the

cont ami nat ed" i ds. 9. Appar at us accor di ng PETAHS8628 o
claimse 1 to 5 mhereln when said naterlgl conpri ses | i quids, the
pretreatment neans includes a separato preheater to renove, or

m nimse, the 10 water content of the contam nated |iquids and spray neans
to feed the concentrated |iquids to the retort. 10. Appar at us
according to any one of claims 1 to 9 wherein the discharge neans i ncl udes
a rotary valve to selectively discharge the treated materials to a product

bin. 15 11. Appar atus according to claim9 wherein theNheated wat er
vapour is transferred from the preheater to the high tenperature filter
or of the afterburner. Lo

o

=

=
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FIGURE 11
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12. A high tenperature filter for use in the treatnment of volatile
gaseous_contaminated 20 material the filter including a mai n—body having
an internal space therein, when the filter is in its operative position
i ncl udes an upper region and a | ower region, said internal space being
separated into first and second chanmbers, an openin rovy di

colr?’rmni cati P& Men the chanbers, said oBeni ng Bei @M’ﬂ%"f ower
region of the internal space, an inlet for delivering t he gaseous
contam nated material to the first chd@dHy in the upper region of the

I nternal 25 space, an outlet for discharging the gaseous material fromthe

second chanber in the upper region of the internal space, a solids
col l ection zone adjacent the opening, a solids discharge outlet for

di scharging solids fromthe solids collection zone, a baffle opposite to
and spaced fromthe inlet upon which incom ng gases inpinge and filter
nmeans for filtering the gaseous mat eri al passing out of the second
chanmber via the outlet. 30

-19- 13. A hi gh
said baffle is defined
chambers.

henpgrature filter according to claim 12 wherein
wal | which separate saiggfirst and second
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5 14. A high tenperature filter according to claim lBCWm@rﬁs,él? Q\B:&“} 0
extends from an upper internal. wall of .the chanbers and terminate$ at~a"
doi nt spacedhcorssacisowercr-mater nal - wal'l' of said chaRgess)y space-,
between the wall and the lower internal wall defining said - “g(’)%eni’ng_*? 1397
10 15. A high tenperature filter according to claimany one of clainms 12
to 14 wherein said di scharge outlet conprises a ptorafTty of outlet

ports in the upper wall of said second 17- chanber. i
tenperature filter according to claim 15 wherein said H“'“ ﬁ!!h““ﬁgﬂ'ﬂ“‘
conprises 15 a-plurality of ceram c candles, each ceramc candl & bei ng

associ at ed Gl respective outl et port, said ceram c candl es extending
i nto said second chanber. 17. A high tenperature filter according to
claimany one of clains 12 to 16 including a gas col |l ecting chanber for

receiving the ga ripal ‘Rﬁl%t t . d . (| Cgﬂ
outlet for i(}i schgﬁgﬁb‘ﬁ?ﬁ’:’ glgsg%@%n%'?grl a h?r%%g lﬂgs)gfzglscco@emgtelﬁn "ie(}ﬁl(s)
chanber.  includihg a reto’ assepibly eitjchrimdiludes af iotdtable eet6ie dibpbsed! £ 1€dsepartially withén
of clainms_12 to, 17 further i ncluding a fan suction nmeans for draw.n

the gaseous? ROMBRStQN chasmher ith; beasing meansyerindirectiy-hestithe rotasablaretert; ;foecgmg
25 19 mefhd Vool P ShAbMGud fihfekiaREF R Kok P hoRmOlS Rl 4

pretreatment means which in the case where the materials are solids removes oversized

particles or granules and in the case where the materials are liquids removes or minimises the

water content within the liquid; discharge means to discharge the treated material(s) from the

10 retort; a high temperature filter which receives material from the retort; an afterburner; means

to transfer the volatile material(s) given off as gases to the afterburner for combustion; and

means for passing the combustion gases from the afterburner to the retort assembly to provide

additional heat for use in the heating of contaminated material(s) in the retort.

15 2. Apparatus according to claim 1 including means for passing the combustion gases
through the retort.
3. Apparatus according to claim 1 including means for passing the combustion gases to

the heating means.
20

4, Apparatus according to any preceding claim wherein the rotary retort is rotatable about
an axis at a small angle to the horizontal.

5. Apparatus according to any one of claims 1 to 4 further including ceramic end seals
25 to seal the ends of the retort to the combustion chamber surrounding the retort.

6. Apparatus according to 'any one of claims 1 to 5 wherein said heating means includes

one or more burners for indirect heating of the retort.
30 7. 'Apparatus according to any preceding claim, wherein when the contaminated materials
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] ncI udi ng pul sing nmeans for delivering a gas pressur@qrtﬁ*ft& 8ift @r{}rreaﬁs”

I n the opposite direction of normal flow for cIeanE the filter rreans
30 "20. A HPERFTETTRFEENT *Fi | t er accor di ng to claim R:SC‘@MEB elains 41297
to 19 wherein the \-20
- gas used in the pulsing neans is nitrogen. A hig
tenperature filter according to claim afy_one of cI Jnﬂlﬂﬂ,ﬂmmm her

i ncluding a heat Jacket which at |east partially sur ody of
the filter. A high tenperature filter accordi f o%tny*one of

claims 12 tg I ns or on sajd bafflefor t he
transfer of" ﬁé‘i‘td %‘%@%?pm%m%mﬁ&?s‘ﬁ‘gﬁd"ﬁfgf iZply of picvg means apd sotary valweun
through thembarsSh sEIREHRAY feed the contaminated solids to the retort.

8. -Apparatus according to claim 7 further including mill means between the source of the
5 contaminated solids and the grizzly or sieve means to reduce the size of the contaminated

solids.

9. Apparatus according to any one of claims 1 to 5 wherein when said material comprises
liquids, the pretreatment means includes a separator or preheater to remove, or minimise, the

10 water content of the contaminated liquids and spray mieans to feed the concentrated liquids
to the retort.

10.  Apparatus according to any one of claims 1 to 9 wherein the discharge means includes
a rotary valve to selectively discharge the treated materials to a product bin.

15 | |
11.  Apparatus according to claim 9 wherein the heated water vapour is transferred from
the preheater to the high temperature filter or of the afterburner.

12. A high temperature filter for use in the treatment ef volatile gaseous contaminated

20 material, the filter includ_ing a main body having an internal space therein, when the filter is
in its operative position includes an upper region and a lower region, said internal space being
separated into first and second chambers, an opening providing communication between the
chambers, said opening being at the lower region of the internal space, an inlet for delivering
the gaseous contaminated material to the ﬁrst chamber in the upper region of the internal

25 space, an outlet for discharging the gaseous material from the second chamber in the upper
region of the internal space, a solids collectlon zone adjacent the opening, a solids dlscharge
outlet for discharging solids from the sollds collection zone, a baffle opposite to and spaced
from the inlet upon which incoming gases impinge and filter means for filtering the gaseous
material passing out of the second chamber via the outlet.

30
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10 23." Apparatus for treatnment of volatile materigl(s)..in contam nated
mat eri al (s) incl udi ng - organochl ori ne pestici des ard™ar serii ¢ based -
donmpounds i REPHATgEcmesssc.rer-21 a retort assenbly which includes a rotatable
retort having an infeed end through which mat ertal—is fed to the retort
and an outlet, the retort being at |east partially  disposed w thita-
conbustion chanmber which is heated by hggting mea_mig’ ﬁ;’ : e, the
contam nated 15 material (s) is caused to contact |t F ”W’W?ﬂ retort
to cause the volatile material (s) to be - gi venh of f as 'gades;s = 'y

a heater fo reheating the material prjor to.it _entering.the retort and
t he wat er vi?)‘gur A\ ﬁlglhbtgm?&ra[tqrgr@feé ,apggdlfngc}%chlpg #?e‘é{%@?m Wﬂ‘i)b%fﬂ@ ip,dgfined by a

t enper at ur ewhillWigeh Sépagd fiR&and second ch: hi gh tenperature filter
whi ch receives the tertlésgfalyr Omt%e rogt gr-?[?b%rg' af terburner 20 for

conbustion of the gases and neans for introducing water vapour into the
af t er bur ner. 24. A retort for use in the treatnent of volatile

material, the retort including a cylindrical body which is nounted for

rotati on gbeout its ' i) ' ' ving..an.infeed, end

and an out§ I gz%: asbtclcl)%gtr}g[kl P%@%g@?émggﬁékgﬁﬁﬁ%}ﬁg%w B’é‘ﬁﬁé"‘é’?g from an
partial |y | opperdtterial wallhofithé itBaibets 4ad terihifdieyRE poift §PabécPirbinya fwe?ahiefnad"
| i ke el ements_di sposed within the cylindrical 'body ‘arranged to I nteract

wi t h cont anWaHof gaigechambers, Whecipaccbetwpen therwalhandothe Jower intesnalowalt defiping said

break down the.material and disl odge carbonised material which may form on

the internatPRYt& of the cylindrical body; a cage within said cylindrical

body, said balls being | ocated in a space between said cage and the

i nternal surface of said cylindrical body. 30 -
10 15. A high temperature filter according to claim any one of claims 12 to 14 wherein said

discharge outlet comprises a plurality of outlet ports in the upper wall of said second
chamber. |

16. A high temperature filter according to claim 15 wherein said filter means comprises
15 a plurality of ceramic candles, each ceramic candle being associated with a respective outlet

- port, said ceramic candles extending into said second chamber.

17. A high temperature filter according to claim any one of claims 12 to 16 including a
gas collecting chamber for receiving the gaseous material from the outlet ports and a
- 20 discharge outlet for discharging the gaseous material from the gas collecting chamber.

18. A high temperature filter according to claim any one of claims 12 to 17 further
~ including a fan suction means for drawing the gaseous material from the second chamber
through the outlet ports. |
25
19. A’ high temperature filter according to claim any one of claims 12 to 18 further
including pulsing means for delivering a gas pressure to the filter means in the opposite

direction of normal flow for cleaning the filter means.
30 20. A high temperature filter according to claim any one of claims 12 to 19 wherein the
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21- 25.. Aretort according to claim24 wher ermaaift 6) g $re ol
arranged in groups, the groups bei ng di sposed at spaced inter

s 'at-o

the cyl i ndriEr=obyHfRas=crT-267 A retort according t oREIGE i 24) wher i S&Tj
cage is nmounted for rotation in the 5 opposite direction to said ~

cylindrical

10

15

20

body

-20- -\ :

gas used in thé pulsing means is nitrogen. ‘ .'; H,"I,!I ”I,!I "!” ”’!’ IH!TI

21. A high temperature filter according to claim any one of claims 12 to 20 further
including a heat jacket which at least partially surrounds the main body of the filter.

22. A hlgh temperature filter accordlng to any one of claims 12 to 21 including fins or
plates on said baffle for the transfer of heat and for slowing the passage of the gaseous stream
down through the first chamber.

23.  Apparatus for treatment of volatile material(s) in contaminated material(s) including
organochlorine pesticides and arsenic based compounds including .

a retort assembly which includes a rotatable retort having an infeed end through which
material is fed to the retort and an outlet, the retort being at least partially disposed within a
combustion chamber which is heated by heating means, whereby in use, the contaminated
material(s) is caused to contact the Wall(s) of the retort to cause the volatile material(s) to be
given off as gases; ' |

a heater for preheating the material prior to it entering the retort and the water vapour
being transferred from the heater into the high temperature filter or afterburner;

a high temperature filter which receives the material from the rétort, an afterburner

for combustion of the gases and means for introducing water vapour into the afterburner.

24. A retort for use in the treatment of volatile material, the retort including a cylindrical
body which is mounted for rotation about its longitudinal axis, said body having an infeed end

| | and an outlet, a combustion chamber, said cylindrical body being at least partiaily located

25

within the combustion chamber, a p_luré.lity of balls or like elements disposed within the
cylindric;.i body arranged to interact with contaminated material when the cylindrical body
is rotating to break down the material and dislodge carbomsed material which may form on
the internal wall of the cylindrical body; a cage within said cylindrical body, said balls bemg
located in a space between said cage and the internal surface of said cylindrical body.

30 .
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25. A retort according to claim 24 wherein said balls are arranged in groups, the groups
being disposed at spaced intervals along the cylindrical body.

26. A retort according to claim 24 wherein said cage is mounted for rotation in the

5 opposite direction to said cylindrical body.
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(57) Abstract
A for the treatment of volatile material(s) in contaminated material(s) including a retort assembly (10) which includes a

rotatable retort (11) disposcd at least partiaily within a combustion chamber (12) with heating means (13) to indirectly heat the contents of
the rotatable retort; feeding means (21, 22, 23) to feed the contaminated material(s) (20) to the retort. The apparatus further includes means
(54) for passing the contaminated material(s) (20) to the retort. The apparatus further includes means (54) for passing the combustion gases
from an after bumer (50) to the retort assembly to provide additional heat for use in the heating of the contaminated material in the retort,
The apparatus fusther includes a high temperature filter (30) which can filter the volatiles before entering the after bumer.




