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ST CONTAM NANT REMOVAL Thi s
present invention relates to a nethod for the renoval of organic
contam nants, especially oily contam nants, fromsolid particul ate
material and nore particularly to a nmethod for the removal of oil from

~cuttings obtained fromdrilling operations 5 using oil-based drilling
nmuds. ~Drilling nmuds are used to carry rock cuttings out of the
wel | bore and to the surface. Both water-based and oil -based nuds are
used as drilldédag gadscodMt er-based nmuds are general ly cheaper and | ess

toxi c than those based on oil but the latter possess nmany 10 oper at i onal

advant ages,

particularly for the drilling of high angl e, long reach

and high pressure/high tenperature wells. However conventiona
oi | based nuds also suffer froma nunber of undesirable
characteristics. In particular oil may be retained in association with
the drill cuttings resulting in 1 5 adverse environnmental considerations.
It is very.inportant therefore that any oil retai NnegniBheet Has B&H REPI4EEH

shoul d be renoved before disposal, particularly in

of fshore where cuttings may be discharged to theumml
r ,

and cause oil

erati ons
r | akes
J natively

pollution e.g. of the 20 mari ne envi

t hey have to be transported onshore for disposal which can be costly
and time consuni ng. Fut ure |SONTAMINANEREMOVAL 5| so require current

di scharge levels to be reduced. | f the use of oil based
drilling nuds is tfhxontinu
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is preseng’invention relates to a method for the removal
of organic contaminants, especially oily contaminants, from solid
particulate material and more particularly to a method for the
removal of oil from cuttings obtained from drilling operations
using oil-based drilling muds.

Drilling muds- are used to carry rock cuttings out of the
wellbore and to the surface. Both water-based and oil-based muds
are used as drilling muds. Water-based muds are generally cheaper
and less toxic than those based on oil but the latter possess many
operational advantages, particularly for the drilling of high
angle, long reach and high pressure/high temperature wells.

However conventional oil based muds also suffer from a
number of undesirable characteristics. In pagticular cil may be
retained in association with the drill cuttings resulting in
adverse environmental consideratiomns.

It is very important therefore that any oil retained on
cuttings should be removed before disposal, particularly in
drilling operations offshore where cuttings may be discharged to
the sea, rivers or lakes and cause oil pollution e.g. of the
marine environment. Alternatively they have to be transported
onshore for disposal which can be costly and time consuming.
Future legislation will also require current discharge levels to
be reduced.

If the use of oil based drilling muds is to continue,

despite more restrictive discharge legislation, efficient methods



“* 25" despite nore restri ctive di scharge | egi sl ation, effi cient methods

2 of reducing or preventing oil poJlution onpgdkptd AQ gl Seharge Wl
be required. A solution to the problemo ' v i schar ge
into the sea woul d be the use of treatnent fa m ﬂmmrm of fshore 5

platformto renove the oil and allow the discharge cuttings
into the sea. _Several nethods have been used to renove oil from
drill cuttings. In one nmethod the oil based nud is washed fromthe

surface of t cut t.i ngs. by use. of f1 i d Jred) ' RkEe H11P
det ergent . hée%utﬁif‘ %’Srspé?vgn?h%ogllspé’%%lg %ﬁgk‘%ﬁ%{%?{é recgﬁlerled
fromthe wadle réqiigedA major linmitation in this nmethod is that oi |

internal |y absorQedsigtiQnt i tROM Kb biterdRekng 310 AUisbRarge indLRRYEd and
bet ween 30 and 50% of the original oil may ' retained. 15

be" .
Anot her net 5@ VoA bedthe) wamphgtreatiait EacidititashPRER REFSROTe cyttings.
Thi s maysbe giatEb@d t6Ufenldye NBRRNSi10Ena A0bwalle dischafgd bficdleai System using,
for exanple, toluene or t hyl ene chloride as the solvent. Q| may be
extracted T rOHENes dute i‘:gess 2 and then renoved fromthe sol vent and
reused. However tS$uye28l mepbddnhavd bherx asdd aueeyebyil Kuon gixiitl nat are of
the sol vent cuttfi.?é:éleniﬁ:%lné Moﬁaéh%egﬂgggp&ﬁ @ Ol wﬁmdn?{'tgpqhe

Substantially all”the organic contam nants_can be conbuste
toroidal read¥dpce eipFhrlGuEtingst P rae fupstinidi mpdiyms for ¢xagple a
conL am nant sadtRicgsf.e thesRA6AIngE Ndre theh gesctRirgédiaddfitel o25 rapesereions.
We have now found a d.capabl e, of . yenovj ng.suybst anti all.y all the
organi ¢ cont g]i’ﬁ é’%%ﬁh g PHO5i h{i'llt?télzf& or %ﬁﬁﬁ "beet"lhm!l ¥ By to
-produce the silbsthesrnadly \absoxjmdi intfor elte parés olfethd gpclsahenot be di sposal
[nto the SedQlovk@hal bdlvelRUPLhOBx Mche ipfudichi ndf w2PADI € Of

separating organi c val ues Trom the contam nant particul ar we
have al so fotRf¢irgdt heating in a toroidal reactor under inert

conditiams can gi XgothedIRRAYE IS HsCcTMPhE TalBer@Ran washifgOREENSAbl e
gases condensabl e org%g%f;:] conpounds, e.‘g..gegédrocarb ns and water and
then high t efpei88%y e TLHEMAZ (PO FITHEY JFP%(Ur 8 WYRPEh 1 quid
hydr ocar bon estragepsr ayetemonstiags abdre ekygilec atdlaase foramathylene

chloride as the solvent. Oil may be extracted from the cuttings

in a

and then removed from the solvent and reused. However the
20 .potential hazards caused by the toxic nature of the solvent
chemicals has raised doubts about the method.

Substantially all the organic contaminants can be combusted
in a toroidal reactor to produce particles substantially free from
contaminants for safe disposal into the sea or land fill

25 operations.

We have now found a method capable of removing substantially
all the organic contaminants in which a toroidal reactor may be
used to produce the substantially organic free particles for safe
disposal into the sea or land fill operations, while also being

30 capable of separating organic values from the contaminants. In
particular we have also found that heating in a toroidal reactor
under inert conditions can give a gaseous mixture comprising non
condensable gases condensable organic compounds e.g. hydrocarbons
and water and then high temperature contact of the gaseous mixture

35 with liquid hydrocarbon can separate condensable hydrocarbons from
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3 wat er . The present invention provides a nethod for

reduci ng the organic content of solid pgrticles containing at least
one organic cont am nant whi ch nmethod cofmprises 5 — (a)

providing solid particles contam nated with an organic . Heat BREANT tO
a processing chanber having an inert atnosphere, This Sbee ating
a circunferentially directed flow of fluid wthin t cause
the particles to circul ate about an axis of the chal ur bul-ent
conpact band, 10 (c) converting, in said inert atnosphere, at

| east one or Y& contaminant with the particles into a gaseous

mat eri al , and The preserﬁﬂﬁnvétﬂﬂbﬂlp‘rgvtm panethed diorhvaducing theduced

O o a5 BORREE U AL IO cnd o, B i

i nvention al so prov des 27 e etucing the
solid particles c&ntt@ﬁmmgt abitke gasthosheomnrdses c cont am nant, which

net hod conpri sgs (2) Q@idiﬁé%l@ﬂ%ﬁ@éle@ @&Eﬁa&nﬂuﬁ:%dC@i&naHih rb&“'g&ﬁlic
with an organic, con amnant to a pro (b)

RoRBEA Doy e o 1
generating a circGRPEAERENG oya Arreetdns e ¥ %Ia“ n"rﬁn FeRPheTE
chanmber to cause the pawhi clgeaeialﬁgrsutm@fabmﬂam directaii Sloof of HAuid

chanmber | n a tur bu'iﬁﬁ#ﬂ C&ﬂenp lﬁeer Qo cause tfhe artl(:i% %09%%';1&5&9 ab ué %ﬁSt

one organi ¢ contam particFes a gaseous materi
above the band of aséstdifckths,chagber in a tu(ﬂd)lentr@mwm@ap@,rt i cl es havi ng a

reduced organgg Co('lt)amé?,ﬁ%réiﬁ elif Lom EQ&&Q%ﬁere at least ore®)

recycling at least part oOf said gas ous material from above sajid band
to bel ow sai d ban®resrisecentamipattoyith fhe (Pagrigiasyinte a gasgeys mgserial,
Thus in this secongdaspect, the fluid which is circunferentially

directed in the chanber | easy sSeous
material, which passes Ctdﬁro:%l‘? ﬁ@ a%%c?artml s haﬁngl%rﬁd‘ﬁ??r%r%gbect of
the invention, theoptafimanedeyebcron the chambenpri ses both of the first and
second aspectgg W ih ! M gfgsené%nvea&msmr BrdiQEL L e LidaS be AREEIn P RHe

the recycle o t | east
organic content of solid particles containing at least one organic

contaminant, which method comprises

(a) providing solid particles contaminated with an organic
contaminant to a processing chamber,

20 (b) generating a circumferentially directed flow of fluid
within the chamber to cause the particles to circulate about an
axis of the chamber in a turbulent compact band,

{(c) converting at least one organic contaminant with the
particles with a gaseous material above the band of particles,

25 (d) removing particles having a reduced organic
contaminant level from the chamber,

(e) recycling at least part of said gaseous material from
above said band to below said band to become at least part of said
fluid.

30 Thus in this second aspect, the fluid which is
circumferentially directed in the chamber, comprises at least part
of the gaseous material, which passes through the band.

In a third aspect of the invgntion, the preferred process
comprises both of the first and second aspects, with the inert

35 atmosphere from the first aspect and the recycle of at least part
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4 of the gaseous materi al through t he band from t he second-aspect .

In the fourth aspect, the present invention provides,. : S
suitable for reducing the organic contefft of organi-@"saﬁeemas'%g i egd solid
particles, which conprises: 5 (a) a proces m;ﬂﬂj ving an
upper conversion zone and a | ower zone in gaseol ] n wth
sai d upper zone, (b) means for providing solid particles to
sai d upper zone, (c) neans for providing fluid to said

| ower zone, 10 (d) means for generating a circunferentially
directed floRf the géfeq‘ﬁsu’?‘%quﬁaEéﬁhHmtﬁi’pg e PaRe fromcthfs &ee9yefRicticles to
circul ate I N Tmatkkk FPPLth 2P tabend pAssemti BoveAt 5@l @revidebedn i N a

t ur bul ent conpact . e) . nmeans for conv |.ng at | east
some of the SPE&EN csl?lt%gggéntfgﬁi rr?élﬁfitf%t{ée ga %%%s%?rté EFi a'f],o%;ﬁﬂ (f)

means for rerovtaninpted isel&d phroinleai ¢hijelmomprises: (g) neans for

recyclinggat |eastifart, gtoéeasggngéﬁm having T8 Wpb&t bhPdRsidh ddaper zone
to said | ower zone and hence back to sal d upper zone through said

band. 20 - and a lowgrzopepingagequs eIUBieAtdAR WithetaldoPRST0FMes an

apparatus of the f@yrt heagpesohr poviaegOeLid\Paltiples f¥ e81E uppés oM t he
particles with the step (g) optional, but conprising also (h)
means for corft®8€ting said gaseous material wth an organic liquid to

produce a gaseous (sasencand forl pxpildiphddeid 286 said lower(9me, neans for
separat | R sal d gaﬁﬁousmegggsforf é&(@rﬁ@i& a ci.rcld_x\d thPJlfl?edi_rected flow (i)

optional 'y means for recycling portion of sai . qui d phase to said
cont acti ng medh§luid in sgid wpperofpnel Yo cagse said partigles g pigxcpipte
contacting sairfl sga6 WBPSr ROAS bt MandafBL @A0said chambbfUindat urbubshitce a
second gaseoucs(ﬁmghas and a second |liquid phase and (1)
means for seffMREFN$2B%i d second gaseous phase from sai d second

| i qui d phase and of)i onsdany far) comarsidputrbapgc| sang af 3Ihe oypanie¢ on of said

second | hgui d, PRAZE.HP S22 £008L8GHBE dfEans (k).

(£ means for removing particles from said band,

(g) means for recycling at least part of said gaseous
material from said upper zone to said lower zone and hence back to
said upper zone through said band.

20 In a fifth aspect, the present invention provides an
apparatus of the fourth aspect for recovering liquid products from
the particles with the step (g) optional, but comprising also

(h) means for contacting said gaseous material with an
organic liquid to produce a gaseous phase and a liquid phase.

25 (i) means for separating said gaseous phase from said
liquid phase.

&) optionally means for recycling a portion of said
liquid phase to said contacting means.

And optionally,

30 (k) means for contacting said gaseous phase with a second
liquid to produce a second gaseous phase and a second liquid phase
and

(1) means for separating said second gaseous phase from
said second liquid phase and optionally (m) means for recycling a

35 portion of said second liquid phase to said contacting means (k).
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.5 Thus means (b) may be an inlet to the upper zone,—usually
with solid feed nmeans, while neans (c) gay be an inlet to the Iovver
zone for the fluid, either an inlet fromthe upper Funghes Hgs Been Repl
| atter has a generator for the fluid or an inlet |nt ﬁl "‘ zone
fromoutside the chanber when the fluid is generat ed Means
(d) maybe a series of angular blades in an annul us at t he base of said
upper zone, the upper and | ower zones being in gaseous commruni cati on
bet ween said bl ad ). Jmy. b t e a burner
in upper or Iovver’fél(l:)sng{t‘g %Ir']ss ({,? magegida% %éléﬁtdt%hngl%b@rp' eﬁu%(glleh %%.JS;Z% S
communi cat i oWitthepbid fhed wieahe, while means (¢) )mayphe e dmlegute dhef r om sai d

chamber e. g. 15Ur0HGe @br | @RSELARE eitherOfn {ARLIPPSK RO p'g)@Won%OQ% Means
(g) may be a CI r%gl ati ng}érhaa nmeans as descyi gﬁ herel na Means (h) or
r

(k) may be a¥® & JAath a BPBIAEE Yo ihe £luitiore gt (inFoothe 1) nay
be a 15 5grawdryzsnaqo&‘ﬁ:ammutaidd:y:némmambeﬂvbnm the ) flaid (19 gemerateda punp for
punping liquid i.n co cation.w th neans nd or, ( (D
respecti vel y°“t51%e’ Hearls T@é ERGe? S1°5A%S r?f egugﬁr r%‘ahes 3 Reaém‘gh‘i/sy cal
one, comvethiei hgsea of mﬁ;lddumgax ziores etheoupperr ahérl@yenezomeﬂtmnaam ‘with
20  the partielRs &innfodtdon WbewbHil QR HIQAS: IORERUS (A nbPDe a
conversion téenperature (though preferabl y Iiquid at 25ferr] C The

conversi on mh$atarsce e altheEn? PMENER dnewpPey oF oHer Grnetey euktidsne

cont am Mt said Q%&ﬁbdﬁ)bﬁeuhagaé&hQMOmﬁﬁﬁﬁatﬁ&rS theteidkh y vhiiBe means .
conversion i out si gnific u t|on es aII 5 substantla y
in the absenze &aycoenbaﬁls |nt01nt P‘ijg'uaifilrgj,ﬁ tﬁ aq[")leavli?u K azt 0|T fRere is
sonme physi cakfcdweyeppiroand dovew Zooent | Yeamndgk oag be a chtng; However ,
general |y thge MOGESSedoS 1G] tmgfeﬁ%gfﬁé}thl@eans (hySYPStdnhipheahsence of
cracki ng of the organic contam nant. gaseous naterial may al so
conpri se a mSSFURPET 91HH Bentusi ‘H"éﬁ?dwﬁﬂale MGF‘i‘%(élérPraéFbsltﬂY)b%g of average

di anet er1®f %rg&%rﬁhﬁﬂ&ator or cyclone Thearssol(jyi ) %990&?rrmmpseoat Iteast
one cont am nant I . UI nt o eas
0.01% eg. at PPERHEE gqu‘% of® comin Ftlr°é’a’§’f %iL)e?ﬂlJ &E (ﬁﬁ’?”?%aé”éd kc?na? e total

wei ght of sol(Rd respectiyeilyi cl es and organi c contam nants). The total anount

8f 5?{38?/”i C 35  CofL PR SnCERehk Anof way W 4 SRkaM RARtS 1S usually

en

converting a liquid eg. diesel oil or kerosene contaminant with

20 the particles into a gas eg. hydrocarbons gaseous at the
conversion temperature (though preferably liquid at 25°). The
conversion may also be a chemical one eg. cracking of at least one
contaminant to lower molecular weight materials; usually the
conversion is without significant combustion especially

25 substantially in the absence of combustion. Usually, with a heavy
oil, there is some physical conversion ie. evaporation and some
cracking. However, generally the process is performed in the
substantial absence of cracking of the organic contaminant. The
gaseous material may also comprise a mist of droplets of liquid

30 (like an aerosol) eg. of average diameter of 5-200 micron.

The solid particles comprise at least one contaminant which
is liquid at 25°C in amount of at least 0.01% eg. at least 0.1% or
at least 1% by weight (based on the total weight of solid
particles and organic contaminants). The total amount of organic

35 contaminants especially of liquid contaminants is usually 0.5-80%



. 6 e.g. 0.5-50% 1-30% or 1-20% such as 5-15%or - nay—bé—&gg% e.qg.
20-80% all by weight on the sane basi s?l The solid particles
t

conprise at |east 20% of the total weig of  SlisiSHechk BeenRe flam nants but
usually conprise a majority and especially at 5 lﬁﬁl %or 80% of

the total of solid and contam nants. The o |d particles
are usual ly sticky solids. The organi c contam nant Is usually a
li.quid and especially a | i qui d hydrocarbon. The contam nant may be

vol atilizabl e as Oerr C d rbon oil eg.
gas oil, diesér %15#%?)% f036’g 55 2 L‘éﬁh%’ SSIigJaof’ucf"‘asy q%t glosgogd B8 cracki ng
it inthe 20- pﬂz)cesléiblgwehamaen trh&ysm b@dﬂiatl | Theagbidopaxtitclas malyl e as a
m st of Qngpisé e fém 26% %téi\eh‘é@efale&efyhlts Qolf@fa'nﬁ' ng oil or crude
oil. I'n particular the oll 1s one use make oil based drilling
15 nuds suctPrkgminapse by Ps‘&llxméh%e R @adrﬁeaveai%’&s'bet

cont am n&t ed1gdstheoagt p0% 3% 86 bf aghet h@caar Gﬂmﬂlﬁ%ﬁa&r{t&ﬁinﬁis Thehappens
with many drill #Jttlg 16he anount of wat 0.5-50% 1-30% or

1-20% eg. 2-3B¥EBIAS: RASCgRteS 0P e ﬁ‘é“?@tyaf‘tycky s d%at er and solid
particles. The coTfHearrgatiedesaianthansuds lupu@lly achigudd rendaespecdaljoniac
chloride co such as
at | east 1(’/3\%&[‘1%%&8%%}?% fo‘iﬂl ewlntgﬁmﬂ{ant i Lﬁe cgﬁ%lg%ﬁr’lgéte Js“o/&ll
Preferably t¢& esrﬂ%ﬁprﬂt%da%@l hydrocarbapgpil @geseafonpli ddest) olil oy,

| nor ganii@ sokdrdsehe 3@%&& rocﬁmeg%b%med by&ﬁeﬁfﬁngowam ¢héont am nant and
3-30% (e.g. 3- 20%or - ased on the _total weight of the

particles, |?F°t°ﬁ§s’cﬁ¥sé may gﬁ °&FFH“€B£ & PR EADUNE Bt 2aM T nor gani ¢

drilling £l uofl dropleusommneaé risheagsert RALgag. Crafindiyg ol @gemids such as
barytes ofnd/ or densifying agents such as alkali metal or alkaline
earth netal (eg. My, Ca) halides or viscosifiers eg. clays such as 30
bentonite are i nclugedtisnlenethenotlydni enssubed tperakenpiydasedideilling
drillingad | ukghsmBiciflagOdfeaRl adil P KeRogdid, O THA S8 dC Ci\'lEbVl:PeS - Whi ch
may be solid or liquid, such as V|sc%§|f|ers e. xant m or

seal ants sucfoRfemiRied| viihokater as well as $he argepie ﬁ&?‘fa}m&\“@%t 5Fe ones
capabl e of bkappgnsoritchmnargt eilds cuttdngs fishal dnpust adfl @ater hlye beondi tions for

volatilizatigns &gy SL3By&y 1.20% eg. 2-10% or 5-20% by weight of the total
of water and solid particles. The contaminated solid usually
20 contains an inorganic chloride containing compound eg. with at
least 0.01% or 0.1% such as at least l¥wt e.g. 1-40% chloride ion
in the contaminated solid. Preferably the contaminated solid
particles comprise 60 - 92% inorganic solid, 5-302 (e.g. 5-20% or
8-30%) organic contaminant and 3-30% (e.g. 3-20% or 5-30%) of
25 water, based on the total weight of the particles, in the case of
the drill cuttings amounts of any inorganic drilling fluid
components such as inorganic weighting agents, such as barytes
and/or densifying agents such as alkali metal or alkaline earth
metal (eg. Mg, Ca) halides or viscosifiers eg. clays such as
30 bentonite are included in the inorganic solid percentage. The
drilling fluid may alsoc contain up to 20% of organié additives
which may be solid or liquid, such as viscosifiers e.g. xanthan
gum or sealants such as asphaltenes.
The solid particles are ones capable of being contaminated

35 and usually stable to the conditions for volatilization eg. stable
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.7 to at |least 600[err]C or especially at Teast 800rerr'f]—e‘ Fhe solid

LT

particles are usually particles i rrpregn?t ed wt t}h&gﬁeet%ag D

contam nant but nmay conprise adherent ofganic co - are
usual ly inorganic and are preferably of rock, esa iﬂi andst one
(including rotliegendes sandstone), siltstone, s alite. The

I nvention is particularly useful for renoving oil from drill cuttings
or- fromshale, but is also useful for renoving pol lutant oil and oil
resi dues from san pebbl es or soil| _and for reatin ef i nery sl udges,
oi | residuestari® g‘?arﬁtl gqoo\?/a%’t' &sPeidliy at feaptafP §andThe i4"—3“’d| aneter of the

particles i Spﬂ’t&f:lﬂdi@.l&lry Js®a¥ly part:‘tcl’laﬂ ﬁpeagnalmstwmheém abggmlcess than 2

cm such as é:rl ?.?a%tn?t]txé) mag 89 e adhererr{norga?zhc c]pntami. %sgﬁ%kpart icles

in particular Tt 8N oFm of y nmass
conpri sing i ars gamlclyp&mngenm anéfarenplcﬁfezsbly of eocki dspesiaddyr anges, as

well as @ gaﬁéﬁas‘é@ﬁﬁ Qﬁh@ﬁﬂ&n xgtli)ééenéé’!ﬂ sandstofif} €RiVEdtRhe, WhE1é NHaganNi C
particles ,are usual ﬂi‘?l nsul af i poor thermal conductjvity, and

ng th
are often athaldiet t?'S?egF?‘?’béﬁdéartlcularﬁé‘sﬁg‘r‘]t ifOF empEinghgit a fine
conponent coffiyn gril) eleyingd.or from Raalonbhe izndldcakefll0865 remevingor gani c

wat er i nsol upl aI ts. 2 te t he nponent. ha i pg an
aver age partP% e zé“i‘tze ofaq? 91 res (E%m gﬁoomnga%({]c ebb(i °8. %Smhcraé‘ns ‘g"l'he
particl es nayredtiog efénery sludgesarcid mtpmrandcximpilas iwagtesh@ndock, with

an aver aqg p%&ld‘i&esa'iidze The didiecOr %f3%§%Qlé§ & Epé‘fé‘ra 19,9 rse and

fine conponents nay resent ative wel ght anou

10- 90: 90- 10 F‘PPIbér?tha'Pa? pygiecshly legssthang? cm, ngichafs O \?oate?o QBI‘t}bI e salts
eg. alkali netml- 20 mm, al kaline earth rret al hal i des may be present eg.

wi th the rock

d fi angd/ or | rese
In the processi ng%%%ﬁé)g‘ﬁ ptalﬁg&é‘ﬁr"tjrtblpggé’ﬁl“g &\Qﬁéﬁ ﬁ“&ifﬂ‘% are °tf)°?rbr1‘6‘ul ent
conpact bandthke rfouk xif agsta:cbwmhsancmir‘ssmg fivergehtaripertBles, wificeh dfs

usual |y 1gibst t.%iey SYEL LG 9. wath L %rgaﬁ%' Bl aminant Qe%ai’aﬁ g}ﬁof up

to 15[err] or 5[er l el t her de of vertica
processi ng cﬁﬁ?ﬂi’ef"a ar.of The FE?HE&Fll%r%F,l@@ét?@nusually }leﬁfélf\zeﬂﬂtal

orientati on aa&k itheSbill 3bdacBfvidyCYdddngfd G#terd R@PEeast part'l?té)il\i’@é&.n; t he
fluidie. uced fromthe base 35 t hereo t hrough a

intro
| oner zone a i Et‘s"glieisdm‘ﬁagﬂecla §inf, Gepponent comprising clay eg.

bentonite and rock flours and inorganic water insoluble salts e.g.
20 barytes, the fine component having an average particle size of 2-
800microns such as 5-400microns. The particles may also have a
coarse component comprising the rock, with an average particle size
of 0.2-30mm such as 3-20mm. The coarse and fine components may be
present in relative weight amounts of 10-90:90-10 in particular 50-
25 80:50-20. Inorganic water soluble salts eg. alkali metal or
alkaline earth metal halides may be present eg. with the rock
and/ox fines and/or in the water (if present).
In the processing chamber the particles are formed into a
turbulent compact band circulating around an axis of the chamber
30 which is usually substantially vertical e.g. with a possible
deviation of up to 15° or 5° either side of vertical.
Usually the processing chamber is of circular-cross section
in its vertical orientation and is suitably of a cylindrical shape
into which the fluid ie. hot gas, is introduced from the base

35  thereof ie. through a lower zone and the solid particles whose
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8 . organic content is to be reduced can be i-ntroduced elther fromthe
top thereof or via a side feed directly intqg the band. TheMs can

be introduced into the chanber in the formof a Jet/srream WhICh
passes through a series of angular fixed blades arr %i{eétﬂas nﬁl rcul ar

shape corresponding to the internal circunference of si ng
chanber at its wdest internal dianeter. This \\% ses the
hot gas directed at the underside of the bl ades a e parall eI
to the axis of the chanber to be defl ect ed, by, t he bl des and ener g

into the chanber °%Ba%i¢ SPRffRT 1 toRyetish ?ﬂbbﬁxjrrg'rﬁﬁ‘b"et ofBFEE f’ﬁ’g‘
ci rcunference of ﬁobetmeliraabe:rr via a sildee feahdinemils lpwatise beodv offhe Hothot

as causes particles.- d. A e t nd.
g P gas can be £ %e%lc%g 3 lee c{\%% O%é lr@ng Aﬁ 8t ao Q£ CLQ:lreQ@

This effect is accentua e gravi ect ¢h urges the
entrai ned . pashicle [pessed thawghbacs@ripbwévemsulﬁnef%flu‘&aéﬁs tﬁ’{éah&@s ipf

the 15 entrgi neadcﬂﬁé&'a(r"%p@n&hr&tg@po\ﬁ%h Itkycﬁa‘ 1ht a0f citrRambtleng@ofi S SO
sel ected t hat the enable the particles o bed to_.remain in

suspensi on and t eb‘if"“&§§5cﬂ€e of Atailf® |"ﬁ-dﬁs%&5‘§?‘3}ﬂll digmeter.  Thig i gal
shape. By "toroi dﬁhﬁ@ft&ﬁﬁoﬂ %aﬁ&%n'thé’l%e gd¥d difvcteghaiithe undetdidle of the

specification th ases a e | ow.S0 t rticles
nove in a circul }lt’\ ?%%rﬁ oﬁnfa6‘§ argﬁce;il %%a“f*‘uec%‘?“ of Qgﬁo%‘%%ﬁ%? té’hg%e around
t he wi dest i nternkifle¢tregiuby atheniclmdef dndeemerge itantls charberr at pacangle t he

central axis Gf t pfxcb(ﬁle%ﬁé Q&ig rL%ﬁijgvar.aurcls thguéiﬁhﬁf)efeﬁc@ o"fphfi@-lch%@‘l‘

around t he |ntern Yerrcular axis ughnut shape so formed. The
node of entry of Theecemfilngeus PBW%"(S‘ QIEPW °§o‘|'-%’terb?tf &ds (fpuges RaTELclsE spaced

baf fl es or bl adesentvhisdd $4idnabEdow to mok@rin antamu&mmaa tkmwa&eeaf ikhe
chanber, that the creatio

of Qr.o ape faci at e
accent uat ed. The 355€B® ‘ﬁteallbx/vtge grag?tﬁtﬁgn%offg & ?ﬂﬁ’t PHe*%o gf%ﬁ‘ed
chanber is so comgarsli¢bss thaffall backi héloyasemcthe auntio Sfppoy unaﬁgdqfuphé or a

bed of partiqgl at &&giﬁe{d aLréi%les %h%é %Ef(ﬁm;}( a4 eﬂw %@dtﬂé1h§£'3gg§n§é Qg

above the support um rather on t nci p a_"hovercraft".
The toroidal shaptelgfted that H@eﬁaﬁftabé‘ﬂlté\?ep%&ﬁﬁlﬁfaﬁl‘E’ﬂeegechr?ﬂ ¥emeigi ¥ecti on

of flow of the  gugphRlidhand®!therdRUaSfmbNehd RERLNINEn Qp@ﬁmaaaiﬁdgpart icles
to nove in a torqgidal manner and jn e;%iwgl £ subst ntlaIIy oro%%hly

and 35  uni for m $PIRAEH 5R&Prar BY cltEOLH s H@a’tfa gre aRdHherEYEr | y

the specification that the gases are caused to flow so that the

20 particles move in a circular fashion forming a cylindrical
doughnut shape around the widest internal circumference of the
chamber with respect to the central axis of the processing chamber
but also in a spiral flow around the intermnal circular axis of the
doughnut shape so formed. The mode of entry of the hot gas is so

25 controlled by a series of spaced baffles or blades, which suitably
form an annulus at the base of the chamber, that the creation of a
toroidal shape is facilitated and accentuated. The rate of flow
of the hot gas into the processing chamber is so controlled that
the gas acts as a support medium for a bed of particulate material

30 which is kept afloat and in suspension above the support medium
rather on the principle of a "hovercraft”. The toroidal shape of
the particulate band particles and the direction of flow of the
hot gas also causes ‘the incoming contaminated particles to move in
a toroidal manner and intermingle substantially thoroughly and

35 uniformly with the particles already in the band. A particularly
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9 sui tabl e apparatus of this type which can be used i'n the process

of the present invention is clained andgdescri bed in t he published

EP-A-0 068 853, the disclosure of which’is incorpar@lef. el si.n.lY
reference. In this publication, the apparatus des s 5 on
the "hovercraft" principle and uses a nonmentum of m“ B ﬂm I bet ween a
gas stream (the hot gas) and a nmass (the solid By
inverting the flow of the gas stream (conpared to that in a
hovercraft) an channel i n e .gas st.reamthrough a series of

bl ades, the ?lélsﬁpil%rﬁppﬁ%élﬁr°19ézg’gso ﬁa@lﬁgtcaéls E 8Q i, the FOCR i um for a
shal | ow bed ¢&50hg5Sprasent idepntionois pdaines] and descrifeidcin ¢he mblishest ed over
the gas strepps §hGsd)ghs 9ahe UbtiahdshrdaSe which 3sVEhRThbYateld! GHGA1L fig bl ades
of at |east 20m sec e.g. 40- . 100m'sec. The bl ades convert the pressure
head in the ﬁa%ergm%angn thisjpubdigatienedihey2npazatem desenibedi414p| @45 ade
design, frces than"metdraft® X HinehldNahd@1sBAN nbdsiftiuidos lextiudgef t and be
transported hori zont. al |

T h f i, ,one of the
f undanment al beweeﬂi?ﬁ@?eﬁ%@%”‘%@f'ﬁel% g‘)"(? %P‘ ieazgas%gg{‘%sé’&gr and t he

reactor rappaiet)us BY ibFertifg06R 853¢ ofihtlehgas stokah (ndmpareletd r ade
mar k " Tg‘ﬁ{ﬁE el hlioad ' ' ;0L L 0f s RAL LG terial is
20 achi eved. el ve]E(Q:Ia\rj%{‘yt %&dgb sg{\o ';cl FL%ECRBI':%ferr e%iegt](i:r?’(‘)l , the

morment um of €fklega’f bladesyt fhaey meswiianl 1ineasripks| 9f BAe Jntodtict of mass flow

anfl its 10 sMﬁ:loQGiﬁé@i{xﬁoforﬁ_agé#‘ﬁﬂovbﬁgfln@b-?ﬁ il PR Qleb e %!ftﬁﬂtimleﬁ :OW_t
vel ocity gas stream w a hi.gh nass owate, or, by a hi vel ocity
gas stream vvf"}l?’rf’ha"ﬁ‘brbteegjp‘?ﬁ‘fafl ey PSWERRSET P R 'glfee?mt gas gs“azlgiy Hafe
ability teo camtdlokithehpaughnthenbdbiddshefhat lgas: a6m/sec e.glests i bed above

enabl es the Eé&%&% PardL G163 0% 08-d 9%:854% e nead &Ea&%eggé 5&%&2&“ ons.
Thus t he shape fhe partlcFes el ng processed need”not be
spheroi dal ; &ney anuglasdty |hekdsand; | biysuitible bladeudenian, dioroes sahebe

i rregul a5 shap&stedbstt tAE baaCEAlsahE Vitheb 1ift andSBE&drahbjdtcair uct ures such
as netal sha err] reactor, blades are

I ngs. . In the TORBE ]
formed into gﬂﬂ%ﬁ’ﬁﬁﬁ}slyat This exc{nﬁ%gq)ggeetmrgﬁg BR CdsEhe Fuptamentakr eby
enabl i ng maxidtfiferexpas beeveen a flafididedd bk readteri ahd ithe thewacper ti cul at e band

to the area Iagpmltﬁp O%SEP-&-%GOé/Se%gg,i tv\r\éiglfx itshgolgiaagéerali: e %.—aﬁe rlrn%.)f'{cm'lm
"TORBEDR" in which a toroidal bed of particulate material is
20 achieved.

In the case of the TORBEDF reactor, the momentum of the gas
stream, which is normally the product of mass flow and its
velocity, for a given bed may be sﬁpported either by a low
velocity gas stream with a high mass flowrate, or, by a high

25 velocity gas stream with a correspondingly low mass flowrate.

The ability to control the momentum of the hot gas as
described above enables the use of particles having large-size
range distributions. Thus the shape of the particles being
processed need not be spheroidal; they may be flakes, rings,

30 extrudates or of other irregular shapes, but are preferably not
sheet like structures such as metal shavings.

In the TORBEDR reactor, blades are formed into an amnulus at
the base of the process chamber thereby enabling maximum exposure
of all the material in the particulate band to the area in which

35  the velocity of the gases are at a maximum.



. 10 EP 68853 descri bes apparatus for-processing matter in a
fluidised bed of particulate nateri al Q{Bereby the matter to be '
processed is suspended as a shal |l ow bed abov e"f@%@etgv@wkeplaced med

The bed is annular and a gently rotating bed of an be
contained in a conpact shape with the support ned passed

t hrough the bed. By causing the bed material to ci rcu

a-toroidal bed of particulate material is achieved W|th advant ages
over conventi onal acked Qcesse perally hot
fluid gas is passEel{zlleg%évj\j/ar% 182 éﬁ afBarat&srf:ournPE?%ﬁfuéq Ima§¥eh otugh a nul titude
of inlets e.ffuidisadhbed @lfnvartlcuhfteamatlemgabfwhéretefdtlm awaeser ftocke ed i n an
annul us, ont,g kLol apesusp ndeRALL I Cgﬁm%eoal A sléésct;itr%gor@ref erably
substantlally uni f y round e annul.us. Theé gas supports the
particles arftpdium. Ehﬁslssi thearvlrecppd @ §?’ét1f>’uﬁﬁﬂtéﬁ$ Ibgdi ¢f Ratefidldal band
round thg 15canI sbamaeil@hoyxeat hanpslraal&u@e withetip eapptds BédE ukShetnlgy St an
acute , eto t sai ir atign axis.e.q. 45-80[err] to said axis.
The ci rRATAFSr P‘r‘%‘ tﬁ?dbf%i'n?ﬁ%nﬁa‘ﬁfgf’ﬁo oPst %@tﬁﬁlsafiag%\fé‘]’:f'ﬁ]gatgnnul us is
mai nt ai ned abowbis heybandrefdalabed of eparaiculateondtihgisbisodchipped react or
prior 10 exXifyll abflacHaeSvis Qhldueifal fluidised Ut Pked¥ed S Substantially
i nert under the react t1ons he organi c_cont am nant bei ng
convert ed t@r&cga%@ousceneral%be‘ﬁ|féP1‘ér&}St%s tpﬁés?jias%‘ﬁ@lmf@rl al as well.

The gas 105 circuﬁﬁ@:%h@-ﬂill@r' Lw:ougﬁl amﬁumlzcuag ofEX.ﬂI’SQ:Lseé g)f ifamesSfavy ch are
subst anti aI I free of

g%ﬁ]ﬁ set |hr1cL1 ude 25

hydr ogen, (?g‘éﬁ“g of Hied 8?1 ﬁf)?ﬁddén aé‘a? uﬁr S8 8Ad flue
gases (whi chpama:;icbesmpte sd oy blischarIged; deefnchbdy sudsbantially di oxi de and
optionally | n h t t m Xt ures
t hereof) or g’iﬁ rﬁgﬁ? 8%&1%“% an%ﬁllgéa ?lpﬁ éag Q%Bgrts th? ﬁ??f’%&%b‘%{ products
of the conveeaysen trheacé@§le;¢ultawesttsxbu1enqwexn |aoﬁ°r°1l%1<th§nésrqwldtﬁ@ above

gases g% becnissdr abB(r@f@{eabll\ﬁﬁlus ThL. hepehOlg0ase GRURIIySRE 4 WBu@ases, and
especial ly al s steam and in the recyclg gqrocess co?r:g)rl ses recycl e
a

exit gases afRplEshrdbglfard cireulation axisfrest m&§ 54 #igct ethedirect 1y
into the proeckssinfigrential oeh.epmmn@mtmii b€ CtHey gyd abb¥ie thevaiulandsand

through the Eggk%agne&3 bovéj%ﬁélﬂ%h of particles and into the top of the

reactor prior to exit of the gases from it.

20 The hot gas is substantially inert under the reaction
'cénditions to the organic contaminant being converted to a gaseous
material and to the gaseous material as well. The gas is
substantially non oxidizing. Examples of gases which are
substantially free of molecular oxygen, that may be used, include

25 hydrogen, nitrogen, steam, carbon monoxide, carbon dioxide, and
flue gases (which may comprise carbon monoxide and/or carbon
dioxide and optionally lower alkanes such as methane, ethane,
propane or mixtures thereof) or exit gases which may be at least
part of the by-products of the conversion process of this

30 invention. Mixtures of the above gases may be used. Preferably
the hot gas comprises flue gases, and especially also steam, and
in the recycle process comprises recycle exit gases and especially
also steam. Steam may be injected directly into the processing
chamber or indirectly via the lower zone and through the band of

35 particles.

10



11 The heating for the gas to generate a hot gas may be

provi ded by burners |ocated suitably beneath the annular =~ bafftes/ bl ades
at the base of the processing chanmber o externahhﬁiSheetHaQﬁeeLR@ph% arat us

conprising the chanber. Advantageously the cated in a
central zone to the reactor e.g. in the top gum,m Eﬂmwththe
hot conbusti on products passi ng down t hr ough then into
the | ower zone bel ow t he annul ar baf f | es or blades. In this '

arrangenment the central zon lqt ai ns e buyrner and i.s separated from
the annul ar band, TRthPERtIMEe °‘T FheoBas Hh g&ﬁﬁfﬁtﬁs FuBY RE Rentral zone,
the i nner Wai)i-ovdﬂedrbg Bultmiglre Slocated [sa¥tatg]yabéreach qhasmgéat her et hr ough or

not ext endi t '
products caggn‘éofl\;ggﬁn aﬁé‘% Tt the b%%ogr%gtﬂénﬁéﬁgsgﬁgg C%%mﬂ%g ér%‘é%éfégnd The
i nner wal | o6f tthe apparaﬁtmapm‘riﬁwg dhs cchagbher anAﬁm@Pgwéﬂg@et her et hr ough

or may ng 1§ume%><ﬁ£yﬁ@etfbctah@d tidPa Went Pl 26AE QN thed rahddW alg.| gaSthesONME
gaseous material to be-recycled back intg the central zone

Pref er abl y - hEWWP&r theh &epthoFervi g%@pat@mm%tmpugrogggtq passing gyt o
beneat h, whetkrdugh tltdzéde BAd ttheheintel tHe MéwellEbi) below thpedmilons

especi al 'y b'gnteﬁt h§ h%la nul aif Q:i\ggeasrrgltx etmgrext rt%accentra'.g zony A% %n}. asqeouSI y
the burner iS¥centr® i tHe zone of burners are
symetri cal | yhdlbsrmlb@nédisabmratthé fafemttrlul amulsrd#and whichaliegobe. Steam

i s prefey@bl Y, RQUL G Arbid thd &ehPYE 26R41€ tRS inner WiBK!off Qe Mnkliigs Wi th the
flue gas In a mxing zone in the_ | ower zone bel ow the bl ades. The

m xi ng zone hﬁ‘i/u@o qwet passage therRihrpugh G 19t eReeTdingdCeFhoPathe | over
zone or nay 6€nghel S&Ie‘t zone, s6 R Sdmbik¥Rin ﬁr@iucas sdadr howee bty ithat xer such

as one with a dtht tio of 0. 2:1. The
steam it sel f 2°7¢ andﬁy tlf%‘éour%‘m%re[ & ngli rec% y | o THe %gller z%he or via a
venturi or annulugtiwy abbxdaveidrhuppempassagepehrerethough or mangokenturi with

maxi rmm‘l%) et did b Otﬂeegtgﬂ el Ald Qegto} {:ltpai@ow a%di/@éltta&ﬁﬁugll%eohge steamis

mxed in the [atter mxer with a portion of exit gas which been
recycl ed frofpterdalpirePezirfycled dackiiatathenntn@sl siPoundi ng t he

upper and | ower zo@peferabiy h%tvem Itﬁe uweher abl gedalrsﬂe rthesml@e as is Steam
e oyt A e bbb S AP Log PR g (1o S5
operations especially beneath the annular blades of the reactor.
20 Advantageously the burmer is central in the lower zone or a number
of burners are symmetrically distributed about the central axis of
that zone, Steam is preferably provided into the lower zone as
well for mixing with the flue gas in a mixing zone in the lower
zone below the blades. The mixing zone may comprise a
25 constriction in the diameter of the lower zone or may comprise a
special mixer e.g. a short venturi mixer such as one with a
minimum width to lenmgth ratio of 0.5:1 to 2:1. The steam itself
may be inserted directly into the lower zone or via a venturi or
other mixer with no moving parts, e.g. a long venturi with maximum
30 width to length ratio of 1:10-40. Advantageously the steam is
mixed in the latter mixer with a portion of exit gas which had
been recycled from the upper zone, e.g. via an annulus surrounding
the upper and lower zones. The steam is preferably high pressure
steam and can provide the motive power for the fluid to support

35 the solids in the turbulent compact band; further details of the

11



.12 conditions of the steamare given below . " The organic
contam nant is suitably converted into gaseous —atertal—at—a——

tenperature in the range from 300 - 900[err]C, e.g. a. t alture of
350 - 650[err]C or 500 - 800[err]C. Conversion 5 te 5 a6ed jal |y
bel ow the nelting point of the inorganic parti cl I |I | at

| east 20[err]C or 50[err] C bel ow said point; hen S

conprising halites, tenperatures are usually bel ow 700[ err] C

especially bel ow, 600[ err].C. The tenperature of the fluid 25nm above
the bed may B"e“"\ng‘-’%%Gfe'lrhrej EFeaé‘sB’é%iggT’?fil%ég‘&iYBOO[err]c while 10 the
t enperat ure of thEhgazeanis pentemindnt @s tdvd tajpiyecomentedfinthea gaseouseact or,

and usual |y gleddig) ¢l & Eémg%é?&erﬁa%grrahge Usia! 406 356booc, e.g80PC such as
350-500[err] C or 600-80Q[err|C. The process nmay be operated

subst anti al | fewRerAbie 8hy330r acddong & §90 at 8PS tfpaverSioPerr] C such as
350- 600[ 651 ] Cemptdtiiit Gid/QseXilly bETRECERE webCidgopointeofaheoiorgBhiy i al 15

f th t f 350-450 C, thi ' Jal | ) ited
when the or oAbt 2APFEILLY EegLetainiofi BF cRReisoR Foag pothgde (0 oi
di esel oil oOheksr deepartividst benppdsingchakitas e tempértatouéd iamgsysually so t he
. d oi tall ' WER |kl Th
recovered ol Lfﬂﬁ)’ 7860c gQg%cg.gi%ftbﬁiov; %HE«?&.Q' gltleg-tgééééfg{lge oF Ot_:lé% fy The

process may also be oper crackin . )[err]C, with
exit tenper akbmegabpvr thachesanen ks PRA-8PPH, eeranially 5PR6008Gthdde of

€. 0. 65Q'ﬂ§’0[ %ﬁé]&m&:_@i&uﬁé UFELhRe ig’is@&i%eﬁlu?éﬂi)ilsﬂﬂ trd upper 2006 o _h.ﬁe'Of gani c
contamnant is an oil resi extraction o shal e or

%tlf e.gr. frqu”tn 0||P
coal (or a s&PRCTOFmt3Nf HEtIYWRY FEg RHATE from the reaghex) 1s Isgatiohpr?ses
hi gher boi | i Bgoty dneit aishdsk-50The 025600 -BeGE. Or TN fdreszecnat by dheeapedcessi ng

chanmber may . Of I . 9. steel ' It eramc
i ner, rat helrgg?%%%%f%el yn%&mméh&zi1 (é?acl%% rsléIef'gbea%ggéﬁggég%fégge?a%cg£sa
resul ting i n380140§fi€erand may giex Kbt ;tempéraguret ot Hdwwherseoys matesial are

preferably from thdbsdRRbit & ¥50236°¢; thMphbEedsC @ tdbecB1y suited The
residence tine of the contam nant in the processin chanber is

! 9
sui tably ver yhendhe exgange contamjmant Jdsnaslight hydroggybon oil eeg 888, and is
preferably ofeithalieseEroidf ot ®sBodena atd 6L PpBLGSicles are PN puwfiagaply from
1 - 3 seconds eapeci al Léé Ln.the b during
SO g

passage of cOft &t AT od 619 PR ggg%“%tgg%‘%égny Eﬁgﬁ%de?n?aregd%g?ﬁié‘gentry por t
to the band. fluid. The process may also be operated with cracking el8. at
20 650-800°C, with exit temperatures for the gaseous material from
the reactor of e.g.650-800°C this process is especially suited
when the organic contaminant is an oil residue e.g. from an
extraction of oill shale or coal (or a soil contaminated with such
a residue), and comprises higher boiling hydrocarbons. The
25 reacfor and especially the processing chamber may be made of metal
e.g. steel optionally with a ceramic liner, rather than the
chamber itself being made of ceramic, resulting in a lighter
reactor; refractory chambers or liners are preferably
substantially absent from the reactor.
30 The residence time of the contaminant in the processing
chamber is suitably very short eg. 0.5 - 100 seconds eg. 5 - 30
seconds, and is preferably of the order of less than 20 seconds,
most preferably from 1 - 3 seconds especially in the band and 0.5
- 5 seconds during passage of contaminated solid through the

35 chamber from the entry port to the band.
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The 'brocess of the present invention can be carried out by a bat ch,
sem continuous or a continuous process S pfe%eFabJre————- to-use a
reactor in which particles of at |east plartly reﬁced anl c cont ent

are withdrawn through a central or annular 5 at t he
base of the reactor or a side exit port wher e H
containing the gaseous material are at | east d fromthe
top of the reactor. Advant ageously the particles are w thdraw by

or external qf the pand of hot ids in

falling over a\Ael I nter of
the reactor; ’E*f?e?r%%?ﬁst?%ﬁL?quesﬁ‘bM“‘ée‘btéﬂPr%ﬁ“ g‘? %ﬁh?dal"“ﬁsty Rar ge
facility baa;cg, deniacalitdoirarsger zo0nentinubite precexisor Iir idi pr€etablieo

out si de the ., uef GAGkRLeor F&?»ﬂ&%&% A8N6: TR 0GSERAG S b the

| ower zone o t he reac an 1 nsu
desi red, oNgenks coprente BHYivig %’@:ﬂwindthmﬁsh s cgntralcor |apnelamy be entered

by 15  tige, eaisrchgageequ&msve;ﬂ 2he QLY AL R LSAVENY d1BE SHanbsie or
reactor in or‘g“r to reduce Its solid _content. AIternatlver (or

addi tion), FrPAR ShfaSX e BT SRRFALAT ML She FsBONhERETYaL ate 8k( endi ng
passage in thkaseapgimilySiateverdd fra tbé afo@ramt}aelfba&lﬁor annul ar wal l

near the side an wal bet ween
the wall and ‘%%%ur:ae%gp g}}pQ%ga‘g]aer'& aenst fxe gﬁsﬁgratwﬂgb y iHﬂg ArmoYar aV\v/é‘le is the
outer wal |l of integnah ey elﬂstelrnal/\mfcmﬂ besd tOIfehot solixlendn gfhesvéaatobei ng

treated, 19nd t{i§ exd LenbRIFAASERMSA r@%tn%{'élalor annulbt & sBarlgdCrdQR1 0 this
annul us. The annul ar wall may al so, th the reactor wall, form an

out er. annul us®f&r 1?%#??1%8? Fopasef Zhe regREIGR diFecHD O Pt 1 cthe

di schar ge ZOnﬁeé&bﬁW the diR¥R4rgeOBéne may bleV\B@aQ'a{:&B)fr&fﬁM:h@fEﬂwetrhﬁoﬂé’ eat |9d
solid overflo Lr. _The swir/li ti o] sepus material in
the top of t h\tla\% Irlcgz‘:ic BE3 lf'dé’reperab%%ﬁ’gr 3’1’i16‘ﬁ‘ggaftg?h‘§a i'ne]stggla?’e‘%"?l’y fromthe
top of the rewsrangr for remoRmngf erldl| firtelee rgpastayclmas najy )bea eoterterdaby zone f or
the burnaw angheldxic GSedRARIS A I AO¥ELY NGcOATEM RS hiler( bE) an | nner

annul us surroundi ng the central zohe having a ower zone I N gaseous
comuni cat i onTSASEAT sl grd/mée predivreliltg sHddneentent or Agestaeaively (or  the

fl ow of fluidig Qdamn hmepafﬁdsch@,s bEOrém‘#@dlﬂErBLII@x Banchevapdly t he
upper zone |n ggus communi cati on with t tral Zo ab%)? in grllll) an

outer annul us®T 1 Sorg &2ETHMT B BHRRPT 1F2 8|"(f pp¥r P¥

14 annular wall near the s1de wall; the passage may be in the annular

20 wall or between the wall and the reactor top. Advantageously the
annular wall is the outer wall of the annulus in which lies the
band of solid being treated, and the exit for gaseous material
lies at the top of this anmulus. The annular wall may also, with
the reactor wall, form an outer annulus for the fines to pass

25 through and drop into the discharge zone below the lower zone,
where they may meet the treated solid overflowing the weir. The
swirling motion of gaseous material in the top of the reactor aids
separation of the fines directly from the top of the reactor.
Preferably the reactor has (i) a central zone for the burner and

30 gas means for recycling gaseous material, (ii) an inner ammulus
surrounding the central zone having a lower zone in gaseous
communication with said zone providing the means for generating
the flow of fluid to cause the particles to move in the band, and
the upper zone in gaseous communication with the central zone,

35 (iii) an outer annulus in solid communication with said upper zone
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7

b . . o . . o
cand in solid comunication with a | ower discharge zone, and (iv) ~an

annul ar discharge facility taking solidyfromsaid band and passing it
t hrough (v) an insul ated wall separatlng sai d | ovieils Sheet Has Beci@®eplicg@ zone
fromsaid | ower zone. 5 Advant ageously wh _ has a
central zone for the burner and nmeans for recE‘“uBﬂlgm% mat eri al ,
and said central zone i s beneath the bl ades i ne, then

t he solids renoval is achieved mﬁth a reactor having (a) an inner
annul us r.rou

s n U 1 % Sr 1 ao.l.ower eI%ar I‘é c?nseeoggd Etnd solid 10
conmuni catloﬁnw]tnh thé mﬁ"e?‘ Vi ﬁ‘gna‘f hd 1eans Tor rgErmw iHg®Sol%
fines e.g. aantdrauigt |ddsclmnge facd i théakirepsokid fromesadd rb@lnd and cycl one,
and (b) an I?L@;m!gni@ tﬁ%ﬁgha@oyla%smgmaeéa qafpmmmhg%m lowedi th the
outlet fromthe weir. Thus fines are separated top of the upper
zone (or out $iERharEe Fo8gcHom) s LpURs 2P0 the 15 annul us and drop down
it, nmeeti®ig on th%dVﬁM:a@%dsd& withnl th) re¥efor has al BéntiRlrzohedfsd @ppi Ng i nto
the annul us. . I f des G%ed thef annul us. égl) fotr Eh]e fines gnd theleX|t in
conmuni cat i oR“ERhH 2PhPERRT FOL srecycling, gasqays myterial,, spdsatd fenthal oxi t
gas, opti onalzbye dfst beneaghoshel blades i the nlaser neppep attendthn sahidsut er
annul us, €. 9y ef4ln0¥D U RgedddCy ﬁ&. a +dWAehr SRVL (QS‘”&H Y5ine2RlnPRRS Pel ow or
into the | ower zone and ass Into t m xer to mx wth the steam
in the | ower spb¥punding the upperﬁaﬂ E?fy‘—rrré‘a‘?ﬁ an ceageeisd 1Bpd pyddfded to

rezt ri ct1o][ S:Bﬁrﬁhtﬁ.ﬂhfibn with @he aip'be@rzo(ﬂehﬂ' tRY inblagk NEbrJasmdvith® doed chanmber
an exit o

Foed or proddetens 8- Bet AL, A5LT FEpBoIe, LRy oPh STt o e

chanber . cyé]wneenamht(by atrhenlmamstq e dl \aesumsclinssedlaoq:qmnnm&m rotary
val ve for the Eﬁ 6\%}1%1: &“%n[gat %h‘ysa é%@é% a&&léia,'ddiﬁeéﬁ'e ~ for
t he product, that eco am nat ed pro can In a pi pe

under the surtPac‘ef &he alﬁpreqmoaee(yr paEdde ‘étfcheesstoa) sandeama)ﬁnm) thenpvi ng

water in1g PidRGulis bADKrop down it, meetiRg SBWROHf sb1NBNEIQANPrRAYCES from
the organic contdam nant a, aseous terial_which |eaves the

processi ng clfifpEgic and droppipg inte; the aunyiys. Hydesired theneamHYhe 11 uid
for the toroi@l for the ﬁiaad,anuntmekicuhaéonfmhuecsgﬂsn vl erpeeinlchy al so

steam Al | e3Ql ;3% rae8OMR FIL19ROPRL I%1 OMhaY , S o1l Ge ! %%&%ﬁlca” be

passed to a bur ner
for conbusti @of Efpesasmdyuphss dovn ra burerepasnyusyiadigngsyreaunding the hot gases

to the ppocesshbe oRIPen@lus2Sadd!Ghsd Pe1HPidreittol Che lower zone and

then pass into the mixer to mix with the steam in the lower zome.

Sealing means are usually provided to restrict or stop entry
of air or other oxidizing gas into the chamber and exit of hot
gases from the chamber while the solid particulate feed or product

25 is being moved respectively into or out of the chamber.
Conveniently the means involves a closed hopper and/or rotary
valve for the feed and a heavy duty gate valve and/or liquid seal
for the product, so that the decontaminated product can pass in a
ripe under the surface of a liquid eg. water, such as a stream of

. 30 moving water in a pipe or tank.

The method of invention produces from the organic
contaminant a gaseous material which leaves the processing chamber
in the exit gas which may also contain the fluid for the toroidal
band, in particular flue gas, and especially also steam. At least

35 some and optionally only some of the exit gas can be passed to a
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4

\' generate steam for general use or for event ual return to the processi ng
chamber either directly or indirectly; {§i the indit eu 5 Steamreturn

the steam nay be m xed with recycle gaseous rraterl ShetHas Jaents

t hereof, as further described bel ow

addition, at |east some of the gaseous . mat er| aI b0| i ng
conponents may be condensed with or ~ without se

conponents. Thus liquid oils nay be 10 condensed prlor to use as f.uel for
t he burners gor_faor b0|I tegm gLh as desgrib bove;
when t he ini?\"éﬂ Tohth & aﬁﬁ“n‘ﬁgﬁém 8- ?/\%%uﬁf O g T Phet co g‘%séeld li quid

oil may be reuded gages to thlehvmcpwpusehan@@nmaenﬂe} fory bahtens vhi ch has

al so Condensg aade steamfﬁrr@e@er%@negeaae folr AN eRRSR ebP ot AR Oi | 'S
separated fromthat 15 Any uncondensed gaseous material fromthe

condenser nayreressing %%&Fraéitfhfé'l disethyogetndigeetlyis| & thesingdzest ped

above or §ecyetafl return 8Be GRE&H lnlagrobémhm wivBh |r@c?4£ll}é dasavndenargiand non
conbusti bl e % can, be r&zg Preferably
e e OW

g
nonver at PEATISITEBE o ASoRE R P AT hi gher boi | i ng
corrponent S may beAlecometedly, asr desaddilbbeh, at 1efaat:t¢me dsélthw gaseous In

the second aggealhi 8! ¢ he AME i@ bohSRheS Y5 AL lfonses wASEOUS

material is recycled f pper zone ower zone and t hrough
the band of WFaFRqusl é%vars‘é%@ of ltvﬁecgf%’éew -mattysi 4fquig oilsgpapder ecycl ed

from t het@ppebnddied WriBeUto LEEMNEA U fsﬁrtdxenm&kaes or fof YERVENES

t herefrom The gaseo terial recycled i one that is
gaseous at 306 %"r%]t E’PE aSﬁFréi’ ‘id’g[’@’r’r I”Ee é:g‘ﬁe’c‘%/’éﬁ]y cgptaminanggr op 1
all under appmexa m&ﬁ.ﬂiylgabﬂnspﬁh?l‘cloﬂdepfseﬂslﬁl’qaldei& n&e pel eused faray be
internally 'Qh&h n?{? t.OL%%)e(rren nq:iﬂ canyouE QSteQJ wﬂPchehBE‘ 2189 cfn?i‘e)m,(ano pgondui ts

I n the reactor 'sCentral
core or. via énnamr@ulsemarslm ridgnid m@aﬁhefrpmdz’s@ssﬂngs separgtrthifcen thht recycl e

nmay be exgernahly sef &r{l%n&é%%hogas\ébas @naleépfal from theRdaldLm hieveeact or
wal I s, which plge passes in a | oop er to | ower

Advant ageous[y°t H¥ pak 4ge b “(’fBﬁ’E)%PF 1E)"r"lgﬁs as S%Tfrllgg‘braBW"dé’ﬂ V\‘/’rctyﬁ?ﬁ%ans for
circul ati ng tasedgasebeds bebéwer Whlle any uncondensed and non combustible

16 fromgsaid u Pel; n e circulating neans may be
mechani cal | yg%%erat t%ﬁgnﬁ\\,/\@?\n b gnt,egsuch as a fan or punp, but is

especially one w tPrxeﬁerabémhRyew.t st Ingstvgome ehdhapgaseeus matefiglge f or
circulatpon R.@ViKigHePbod Mingd Rbhpodentd Gy NELEYowd28d, &4- described
| further below.

In the second aspect of the invention, at least some of the
gaseous material is recycled from the upper zone to the lower zone
and through the band of particles. Some of the gaseous material

25 may be recycled from the upper zone without removal of condensible
components therefrom. The gaseous material recycled is usually
one that is gaseous at 300°C, preferably at 100°C, especially at
25°C, all under approximately atmospheric pressure. The recycle
may be internally in the reactor by means of one or more passages

30 or conduits in the reactor from the upper to the lower zone eg.
down its central core or via an annulus surrounding the processing
chamber. The recycle may be externally of the reactor via a pipe
spaced from the reactor walls, which pipe passes in a loop from -
the upper to lower zone. Advantageously the passage, conduit or

35 loop is provided with means for circulating the gaseous material

15



.
.5 I nert gas such as steamor nitrogen, or both; if desi red he

nitrogen stream may provide the energy qjenput and inert gas, and wat er
may be added to the recycle gas to be convertedTthlteetsHaemasnReplacedand provi de

anot her and preferred i nert gas conponent. Thus t e line may
al so conprise one or nore input lines for inert m xer and a
circul ation neans, but preferably the input I|ne hi gh ener gy
gas passes into the m xer to provide the C|rculat|on neans g

Exanpl es of 14‘“ t?‘%ed ré%exre C?wlee,rogoetlse Wl'lthe cL %Xﬂ: Qt% Ré?gntssl_;i_%y be such as
u

venturi, injeéecto Ke mxers In of gas is
passed, usu@é@laatcwhlgmpeaﬁgft@yivh mlevingrpertry sutteam %)ffan or pyaR, resul ti ng

in mxing angleRgr &ipebi AN Ske wibE ol A&HNBI pAIEs, but WEANTHESRREAI | Y the
fans, punps or mxers have internal surfaces inert to the tenperature

condi ti ons i fracrefeocyErE afion providedprp pp, MV o SiBR pEE $88- %R0 the
m >O<Ier W t5|1 NOndFRY fdi) sk tas atea&OEr rﬁhif:$géiﬂ esd bRERS SHT diange'ﬂ)l’tfh‘él de i nﬁrt gﬁs
and circulatign ener cycl e gaseo s terial noving throug
The i xor & hEORRR rttel npy prohifs BRI Eed AR Sliobi e Y 0L
and 110- 250[e¢te]r0nay be zifed180-th20fesyrl<Cgafite bel einvertadeiygtr sgbagases from
the reactor ., d er‘@i&éhaﬁJt%eEe%bféjfetrQe& Hasee %%9%&%€Hedé uflal biye 2001 to
1:1 such 25 15-3 start u e reactor, there may be
enpl oyed therecycle p1r1€F| Phatse §PE®’§’-SGf ong yrpwvu tenws Lnesafemndaetani nat ed

particl 40 gas,!@nd rhempia@aﬁalznglﬁmrib%n &Eﬁﬂ' (:ut )prgemsba&lm @-nput
ci rcunf er ent aII\éadlrectedflowo fluid he .chanb

t he unconta APEi i8S SR B ﬁ?u?ﬁfseesab%r[ﬁ By, HIFE O Fhrdviad’ e
chanber in acimubatrmt megrpact band. The uncont am nat ed
D o} S, B3 A Y BLARL GuibBes are oddiCHE] b1 ddvAAE 1RGN L] NS
and are usual |y i norganic 1'OuS| y treat dnt am nat ed
mat eri al , frewshwiascrenthel sanJe%ﬁfeéﬁCﬁamasldhh#@ pitarsr Enyhéeh vnileh i s

preferr615 Obf Qfal3€is passed usually at right angles with a moving streah/of
material, such as sillca al um na, or inci neratlon pﬁtgl efs Eg JLsand or

cerani ¢ bead§2S WRERLHIRE LhIAF IR AP RPCLER tHARTHS n& i ne powder
and/ or conpr nees hspddielly heofdia; paiperdmdimizers hhve anternamswflayesan i nert

solid, Is pr%@{@?hyth%' Bélurld E:Q%Jlt m%&‘ﬂt?&%sr "B %ﬁya‘i@ f‘:ﬁ-.‘led as required;

at | east sone e very |ne may be entr ai ned
by the exiti Rgefkpxsbiy G#FMésch%ﬁﬂ?éer?dthe mixer with no moving parts at

20 sufficient pressure to provide inert gas and circulation energy to

cause

the recycle gaseous material moving through the mixer; the steam
may be at 1-100 bar for example 5-20 bar pressure and 110-250°C
eg. 180-220°C. The relative weight of gases from the reactor
which are recycled to those separated is usually 20:1 to 1:1 such
25 as 15-3:1
At start up of the reactor, there may be employed the
preliminary steps of (i) providing solid uncontaminated particles
to the processing chamber after (ii) generating a
circumferentially directed flow of fluid within the chamber to
30 cause the uncontaminated particles to circulate about an axis of
the chamber in a turbulent compact band. '
The uncontaminated particles, which are usually stable to
the volatilization conditions and are usually inorganic, may be
previously treated contaminated material, from which the

35 contaminants have been removed which is preferred, or other
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. may be separated therefrom The fluid particles containing the

organi ¢ contam nant are fed into tjhe processi ng chanber elther

batch-wi se, sem 10 continuously or continuously. ThldSheaHbﬁeﬂeelhRep

cont ani nat ed solid, which may be nixed with unc m Hmlt i cI es
on unt|I

may be treated in the processing chanber to cau
vol atilization is conplete. IN a sem continuous process t

added di scontinuously to the chanber, nore being added 15 when the rate
of volatili p t 0] 1186k 3,C lsnuous
process contzrgirﬁegg?%dggaf Saé Qllqgaéhgm%&grrgg@%m tlon pecon‘% nﬁou eed and

reduced conte@fhicasamis peastbuctWhen the Hﬂ?mab‘@tcﬁlate mapielnto¥ery. In all

cases it is piRfpowRE Lt 38 onpBEsdd ﬁsﬁ&@ n@he otherCha¥d18k1 | Qnithe idesired
tenperature eg. wth hot flue as bef starting to feed the

cont ani nat ed* &Ly an inert solid) The Prrég aﬁby JLSP RFeEBRT AMEneHER BB id to the
processi @y, be adaédrserequirady @bl leashbysaneyobftha walyi dinef pedlisr epenta gravity

feeder, . SUchufs a1 URRSLs ANCLALa%S O A5 €1.3PLBE STRL R Reur ang  DOLI

cases With nEANS 9 Ry ent 1y ot her "oXi1 dan gas into
t he procesmwbhasﬁreraeﬁﬂjth@tﬁflrbly exit of hot gases from t he chanber.
In a further aspegfe Qﬁui&%ak%@&'%tz&ﬂﬁng the GPEUAN SHeali SRl Srd S passed

into the chanber in the form of suspension i.n an inert |iquid,
especi al | y i f*¢ f8te d&hmmwassins °ﬁﬂ‘?ﬁ§b?ié;h§¥ (hetgh-wige. \@MEht content of the
sol i d i MG hecésitspensE19NoBRontifRipudBy . 10In 25086ch ﬂ'flﬁ:dsbquiedcbﬁtdhﬂﬂam chis

vol atili zabl e, i r oces condensged out from
t he gaseous 1% na%ecplné g "'éfﬁ‘cﬁ g:ﬁdu?ce"(r:‘ "‘89? Fgﬁcslees"lnhé’ T’qui dis

usual ly a  treateflvianthé¢ mroaesdingsthapher t@f cquse mlgi&nltzad;@m amtihhnt , eg.

cycl ohexane 951291 {Q:SuM &t B&hp1e88d aﬁvmfeag%uﬁmohé ﬁ&%ew&eas 35 at
| east part of the organic contam nant eg. diesel

18 ker o&§2hHe 151‘??é1d§€|s"ééﬁ8‘?‘6ﬁ“ﬂ‘hilyc‘é‘ht%Fnchaﬁbg’bl eterer\’eée&edéﬁdt he

cont am ruemt Swhéh the @itgi dBkvosatii18zadlioaaghaues b;eeﬂe Iseaﬁh%d dbyn ! hBile
sol vent . able slurries are easier .to han ar&g Qe} cont am nat ed
| i“‘y ed byt

sol i d, espec (A% FORTIUPUE EPPYs CORTaEAnaTes § K’ 8614 ds.
Advant ageoustynttibgown feedriandt sriveed icdataninetdt preducsuts wirthdrawn beris| urry

form pass ing éllaampsr Go°oAL 0 OPar. 304, LallichOURRdSe the pHdiSaELlPY! 211 N0

sol i d band. T dire onto
er to the des1red temperature eg. with hot flue gas before

20 starting to feed the contaminated solid.

The feeding of the contaminated solid to the processing
chamber is normally by way of a solids feeder eg. a gravity
feeder, such as a hopper, and/or a solids displacement pump, in
both cases with means of inhibiting entry of air or other oxidant

25 gas into the processing chamber and usually exit of hot gases from
the chamber. In a further aspect of the invention the
contaminated solid is passed into the chamber in the form of a
suspension in an inert liquid, especially in the form of a
pumpable slurry; the weight content of the solid in the suspension

30 may be 10 - 50%. The liquid is one which is volatilizable in the
processing chamber and can be condensed out from the gaseous
material produced and recycled for reuse. The liquid is usually a
solvent for at least part of the organic contaminant, eg.
cyclohexane or petroleum ether, and advantageously is the same as

35 at least part of the organic contaminant eg. diesel oil or
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or may pass through the upper zone first or may paés onto a’'10
distributor e.g. a rotating distributor ﬁpd hence through-satd-———=zone,

with or without contact with a conical distributor extendi n out war dl y
downwar ds and beyond the internal edge of the band fﬁ“SShee g. t he
bl ades) . The process of the invention red

cont am nant 15 |l evel to a | evel |ower than that of ed solid
preferably to Iess than 50% 10% or 2% of the origi naI IeveI thus . the
oi | content OL osene cutt ﬁq be tredulcego#ol%gos OPrthe | ess.
The process wWith an i ner susge’é B EHe FE AR L PRI O8N conpri si ng

st eam enabl esora:astmritsrlﬂl|tght@¢g1nehaodnd twhitke havedeen 1eaclﬁhql dyi shef great

benefit on a dgidening pnhrgtﬁlgr gidté}%@ a%QVémarOJo handleBhdkn@nd space are
I nportant. The reactor | so greater nobility, so_that for

exanpl e, it nRgRUSE@iRgkAd: édhdn aspeﬂalltw feid Lapertinge vbish (478 @su2d1lBf t he
cont am natgd seidwg g@idsol I or 25 sand cont am nated with petrol eum

products. The progess Wit rec Jaseous mat eri al al so
results in S|gn|f|§§ ntagews&ﬁe’f}ﬁy 'g ﬁ ted °q'q'd ethefrnafh%uc b of

contacting théngdseoySomimsisainte the tplnecessing dhiagbed ahgrd?radd:acdmnds t he
hydr ocar bon cept S:ri%(e:lglfatt.l.a% 328 YPga 30 Themr?g[ a8 P£Per&i£ ont‘éa&l%r %Aéd

substantially re aseous erra i'se (by weight)
5- 90% hydr ocaPbdtay, p&%@%w&%ethe upper zape ﬁQW/wﬁonaxand%mablae gases, such

as nitrogry agds@nbhesidlely. a rotaﬁagbﬁ@cmmf%d RBOHHeOth AR gposnnq' oxi de.
Preferably the l(?gas mat eri al gtﬁ” ses, at | east. 40% or preferably

€0
at | east a mafBPst §71§5 or tholg "r?Bﬁa‘é‘bHd S pPRicgisEstribptor o9 ne 50- 909%

such as 40- 60%utwardly downwards and beyond the internal edge of the bandl8f or

60-80% and u 0:-3 and 10-40% hydr ocar bons such as
20-40% The h%g?{odc%r(%cﬁt Qr@"éﬁ%&é dseous material nmay conprise ones of
1-4 carbons whi ch 8§ Ryeceskafetheqfnyantion Kedueese the organirechmtaminanthane,

propane argl etlbyheme,am&eﬁrl%w@f &fh8h addla¥ 5f the UWdskt afiiragbl Y02kl Ones of 5-20
carbons prefera as_ones_liquid at 25C and

at nospheric pPE%éE{frag 1y goy %ess tha’béﬂt‘artg’z 5 Spett dhe oTdgirals daERYiic thitskanes

oct anes and dehandd, content UsUall yaribhe duydimpeandons tddukbe 1@as6®PppmNart er i al
are substantiglly the sane as that which may be the original liquid
organi c

The process with an inert gas atmosphexe, especially one

20 comprising steam, enables a smaller lighter reactor to be used.
This is of great benefit dn a drilling platform where savings of
weight and space are important. The reactor may also be of
greater mobility, so that for example, it may be mounted on a
truck and taken to the site of the contaminated solid eg. soil or

25 sand contaminated with petroleum products. The process with
recycle of product gaseous material also results in significant
energy savings.

In the step of contacting the gaseous material with the
liquid hydrocarbon, the hydrocarbon content of the gaseous

30 material from the reactor is substantially reduced. The gaseous
material méy comprise (by weight) 5-90% hydrocarbons, 5-90% water
and 5-90%Z non condensable gases, such as nitrogen and optionally
carbon monoxide, and/or carbon dioxide. Preferably the gaseous -
material comprises at least 40% or preferably at least a majority

35 of the non condensable gases e.g. 40-90% or 50-90% such as 40-60%

18



|

.10 cont ani nant eg. inthe drill cuttings. - The gaseous Wi/‘l?
usual |y at 200-700C when it | eaves the 1 oroi dal reacter—such as \aced
300-500[ err] C or 450-650[err]C, and advantageously it i

NSee as e ature
in these ranges e.g. substantially the same tenperat®® i :
contacts the |iquid hydrocarbon. The higher the tenpe t he
material |eaving the reactor the greater the degree of racking in the

react or and the higher the percentage of |ower . hydr ocarbons eg. of 1-4

carbons in the rial The i quj rocarbon i s usyal'ly at

90- 150[ er r | C% 8§ 8% 003 b genally 103704 Vatteﬁo%l%ag?ls%ghgy ggglgqp *nBt%rial. The

l'iquid hydr ova2Befd%rayTHR0hyddreacbdns20n chebgarsoanchabertal sk aospriseef er ably

as described.AROYL 1.4 carbBhs RATSH Bla§ SOURRARA' Sndor! MkefBsRys material;
sly t ydr

advant ageou he 11 qui carbon conprises a portion of the
| i qui d phasenethane peghiiReadPTePars| andcehiydene nfustane, pygfiedRbas been

recycl eds Théubstantia@lptdllConddi ghts5-200ddibo pbferablyisd 1bYelirBeas bon to the
gaseous 25 terial ils, us&ual I¥ “a({ Igast 2.1 e. %;FZ-SO:'l such as.5-30:1,
5-15:1 or 155 §s ones liquid at 237G prd ATRPSRNSTLG PYPEFTe) ®t¥ the nethod of
recovering pentahydriecperivane f apth ideaecianheaxareat extanes i shdgdsames, nat er i al
neets the L U L ch .l abl y i of
droplets 30 usug-h%}-ql{!gg 159/0‘%%%'8%9%”%} %é g%i‘bsgﬁglégﬁg? eér/r.e s Je]:%ﬁlgg{llr{kg may be
cocurrent, ceensere ger et whick nayn bgnthee osiginal 75 quigcariganie 45- 135

and in AY Ui &Hdhinatiebst 20hi @l drMAr BReindhe GRE WAsBBis materiaGOfd act may be
inthe formof a falling filmor a s&)ray of liquid directed

downwar dl y WHYHLAREY AP 70ReC yher ot Leates, thy toraldal zpagtor sugh g,
scrubber. Pef-soaid wriBeRGE0OC,t Al aaRdAREedudN Y| MEIsPAS S Bfuperature

20 the gageous material into and ]B,rgg‘?h a constriction resulting in
he

a pressure decr eace ang 1 ek isr‘fc?%aé‘é:é? isﬁﬂ‘? dteggfﬁ%;tuﬁgs% 1Bl §/t added

downst r eam ofontiaete dhet kiguid dydroearbpnef &haldiighen the temperaturesepgci al |y

upstreamef ife mdBEriRASEARIENDTndORERYST TRECEdeller The ddPrREUY t he
constriction maéabe smooth with conti nuous decrease and t hen

conti nuous i 8% ingthe, geagtorsand the JHghen tbg Rircenkage of 1oyALtricti on.
Thi s appr oachydfoBhrBomeSed.NOf Pr-assatbonsr P th€ mAserial. the constriction;

exanpl es of such gontacto re venturi deyjces, . such .
ej ector - educt or s g?\eda\%%‘%\’t%?'?'grs(’é’?ﬁ%‘ﬁ‘eﬁg.usuﬂ?q}éra%a?(?'\}gpy(‘stehﬁ'i@o'%%gsage of
t he gaseous vireit adonthetughe tdaseaensatemitl on Thayligeid hydrodmrbenoetyh, whi ch

Wi T i neigeasgadehS- A @ashi gﬁc@@ea&( %S.Lﬁar{ehepreferably as described above
for possible components of the gaseous material; advantageously
the liquid hydrocarbon comprises a portion of the liquid phase
produced in this contacting step, which has been recycled. The
relative weight amount of the liquid hydrocarbon to the gaseous

25 material is usually at least 2:1 e.g. 2-50:1 such as 5-30:1,
5-15:1 or 15-25:1.

In the contacting step (c¢) of the method of recovering'
hydrocarbon from the contaminated solid gaseous material meets the
liquid hydrocarbon, which is preferably in the form of droplets

30 e.g. of 100-1000 micron average diameter. The meeting may be
cocurrent, countercurrent or at an angle of 5-175° especially 45-
135° and in particular, substantially normal. The cocurrent
contact may be in the form of a falling film or a spray of liquid
directed downwardly with and into the gaseous material, as in a

35 column scrubber. Preferably however, the contact involves passing
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.constriction, but also increase the degree of_ m xing downstream of t he
constriction. The output frogythe contactor is a gaseous phase
which is of 15 | ower organi c content conpar ais SeetHieBGAREMMESd MAL eri al

e.g. less t han 50% (by wei ght) such as 10- @6of t he val ue
of t he gaseous material and a liquid phas [ e liquid-
hydr ocarbon-contacting |iquid and hydrocarbon t

m t he
gaseous material; it is usually substantlally free of water. The 20
output is us at a tenperature o t ast 10 err. ch. as.
above 105[er#& %ase"uié“oa L sake esﬁ-’g%méﬁ'l & grgr e(‘fﬁﬁgldl%r m

at nospheric a preqauessie!ceeasﬁhenvblmputhyas% t:hye émqwﬂs bhm&dos@myat or,
e.g. a ta%aéa &ﬁg&aﬁ%l BV \eﬁn& moheé;m%mpr it %efgl&\mgeﬁ e & d

separation I'l qui d phase 1| 's separated fromthe gaseous
phase. 25 esPe“*‘FHé ‘FRS&H'P‘H“ ghakte pastagfotie #2atrrsamyteddrl ds therein

e.g. 51| mo@gkr rthechoaueﬁcfcmmniayaaer eas&tsp.r wﬂﬁy cbﬂtﬁﬂﬁ&.‘f aateeﬁleasrehe l'i qui d
phase is subﬂg allgé‘reeo g ng ep1 1 %( . burnt as
fuel or a por oFF'er’?ay ‘bé‘“’r“%‘fﬁ)\}gﬁreﬁa Vhé F tafhdse-ronet ¢ ecaySF % or use as
the |iquid fowonstritcionngThiesppyeecbouinidises the epressurecdpmciratdss af t er

cooling e.g. é‘ﬂ 8&151:%9&9."05 Cexid éﬂfgﬁ%h contactc;]rLoLPJ rngtur-Ehﬁew;l%Q_)!Cl e

rati o of recyc ed hase to reno ase may 10-100: 1
such as 15- 8Gugh as ejector- ed“qt%?nacnﬁe"%ﬁé-? eﬁcé\‘bbecrﬁe %éﬁtﬁziﬁfﬂé’séh%tl Il at

105- 150[ ¢0r | Gassage oS |g¥sé‘d&lt@éﬁ1$1ém&ﬁ9&i’g&t ek doaPtatsidd nhi Gléitd, which
are 35 advant a eo%sly sgparqt in a dem ster, such as a c%ndl e deni ster.
REPL ACEVENT %QEE% hi 11 increase the pressute drop acro%sl The

gaseous phaseqon\amticudmnwbhhoaltsormhrehse)rtheruegraeohfopiﬂng downscoedmenf, can
then be treat f:és'r(s@%‘i‘ﬁb cf@. recover its residual hydr ocar bon content.
The gaseous phase can bé sinply passed to a condenser operated at
20-90[err] C e.g. SHhegspenut] frqusbiecontaniophis cgasyous phass whdyhist RE

sepﬁr ati qg oflt@ze]g:lsugaqz.@f&%eer&r w@aarhx O ERE |g§'s@<g.ts mateoﬁga%g/é g?ngehg;pt ional l'y
with an anmount o ocar,bo 0 Q e

hydr ocar bon c‘g’r'?f‘eﬁ(?i/ggyt"f?&gb g'% aﬁaf%r‘% or 0.01- 1??0?1? &he SalHe AT gaseous
phase conpri StHegghéubuammueendEmﬁau @iquid p@@ﬁeaommdmgszhdwalqumunt s of

wat er _and/ or ﬁrl{d%oé’gﬁr Qoé‘o%&aé&ng E’{cﬁi 18" AR X ‘é"3¥§ n t ahnesth \A%e&g%?n?‘{i gPhase

at 105- 150[ er a secdnd contac contacts
a liquid e.g.sasspes mgterial; bt Heruduadly @Ubemtnslhg fm& of varepr odihee a

liquid pb@se, output £SRSGABY ¥t A PingRdath@UbE RNBsH 808P hsudhegh dual
gaseous phaseabove 105°C e.g. 105-150°C especially 105-120°C under atmospheric
pressure. The output passes to an insulated separator, e.g. a
tank, especially with baffles or other devices to aid separation
in which the liquid phase is separated from the gaseous phase.
25 The liquid phase may be removed and any solids therein e.g.
fines carried over from the reactor may be separated; the liquid
phase is substantially free of water. The liquid phase may be
burnt as fuel or a portion may be removed and the remainder
recycled for use as the liquid for contacting fresh gaseous
30 material, especially after cooling e.g. to 90-120°C such as 100-
110°C. The recycle ratio of recycled phase to removed phase may
be 5-200:1 e.g. 10-100:1 such as 15-80:1.
From the séparator, the gaseous phase still at 105-150°C
usually contains unseparated droplets of liquid, which are

35 advantageously separated in a demister, such as a candle demister.
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. The liquid for the contact may be at 10-60[err]C e.g. 10-40[err]C, and is
15 preferably at |east a portion of the-|i-gurd—phaseproduct fromthe
contactor; if desired a 2 phase m xed |i qui dee;gha e rpﬁe%guet recycl ed

fromthe contact may be used for the con ce vant ageously it is
t he agueous phase, obtained after separati “ Lﬂtm he hydrocarbon. The
| i quid phase (whether or not any is 20 ycling) may, if
required, be separated into a water and a hydrocarbon phase in a

| i qui d separat or, tati.on - rQc

necessary or desi ?@%%Qa%;lsﬁ?éée%’%%% a ““hl"gﬂggg& nghﬂll ge%agﬂg%%ési on may
be treated tecrehk dehethembeitggated fupdiesr o geoEEpAFAIISSidualy. by

addi tion of Rydl@ec8MBUnSkédtRht. THBe 2onseoli@ipBhsS RRAIBE @8npMWhpbaEsdmYo GONt Al N

| ess than 100ppm hydrocar bagn £g. le han, 40ppm hydr ocar bon, nmay be
used for genBYRfePAGE OPELFhed at 20-30 %Fs%‘ari’aéés &r ('ﬂ‘é‘% 3losRRe TGNt act

i quid. e pyeisoee)y kdes separatisepaf at tihjutdypHasebpiriniar DYy wbied shg h ot her
hydrocar b°-”%£&%°¥§é %gti 11y, witR S2588uld QP AE,CORAENSEr §ro1365pNd
contactor are Substan |a7rfay A hydrocarbon Tree and cort'al n

non- condensabt @ .§as¥s of udte hydregablean contentnef dhe dgaseons atiexiadxi de and

nitrogen. Any¥r&PRAbHSIildRhE g3QBous phase BRI MY heasks coMenkspesed as fuel
for burners or boilers as descri bed above or recycl ed as descri bed

bel ow, whi| e8aFRF. and regifuglampunts A WatHT eRisEshdRcs2 R8s eg. nitrogen,
can be Vit eBrefe¥ably howeverlr efchabl gaseble pasecaus10mip0icals fgaaaed he
reactor is . . I 22

sel ectively S ﬁpg?folnﬁ Tt w%%rreutl)BecronS?Ctgt 2 1ela utldae 'ﬁér‘fﬁter or
preferably aothdrsiignidatoqpaisingoatepdei podyce whdianid phase.al | of its
l'i quid condegmiglpﬁgr Bﬁ?erdbﬁ?ﬂqxﬁgn e, Md 'Ei?é“reﬁﬁ?déa‘ip@é@etohgnphase. of

water, and then in t'he second Scrubber is stripped of I'ts water 5  content
usual |y t ogefherligprid foRethecgentgetiRay e df aotﬁﬁﬂeﬁsﬁabi‘%“‘o C. anddidcar bon
cont ent .15 By ptéffieiabBfiat Pedsl gpoaiDeiilof Othe MEquid phd¥edposdmichofromathde
cleanly I‘ECO\égII‘“g_':‘aq:,t Wi tit% 89["-3(.35‘ a;srialtll amunt, ;<N ea%ien SER ration from
wat er . The S nVehtTon i*sPHH st et't'h YiE conpanyi ng draw ngs
in 10  whi clreg¥qled1frogpties enhtact] nay deagyednfof theraamthor, Wuth recycl e
lines, Fig. %d§m\g§e&ﬁ9”ﬁ§ 'iga'!:l{é/ a&%u@eﬁgsgt tgatt%ﬂnid ag*:%?] gegal?a!%QOn 4

represent cross sections of other reactors, and F gs. ]
represent fl &RPHithgrfdrostbRrng Threl FevddtRiiesanabgtheerEnpot any igepar ati on

trains. 20 removed ASr YBOWLihp) Mag, {f kbEuIARAANA! Yepdiated IRACL Fatdr an

and a hydrocarbon phase in a liquid separator, such as a flotation

tank or hydrocyclone. If necessary or desired, any mixed liquid
phase which is an emulsion may be treated to break the emulsion
before the separator, e.g. by addition of a de-emulsifier. The
25 water separated, which may contain less than 100ppm hydrocarbon
eg. less than 40ppm hydrocarbon, may be used for generating steam,
or discarded or used as the contact liquid. The hydrocarbons
separated may be burnt or mixed with other hydrocarbons recovered.
The gases from the condenser or second contactor are substantially
30 hydrocarbon free and contain non-condensable gases such as carbon
monoxide, carbon dioxide and nitrogen. Aﬁy combustible non
condensable gases may be used as fuel for burners or boilers as
described above or recycled as described below, while any
uncondensed and non combustable gases eg. nitrogen, can be vented.

35 Preferably, the gaseous material from the reactor is
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ej ector/eductor 2 and a steam boiler 3. Gas |ine—4teads- f—r'om..._...._ react or
1 but divides into line 5 and |ine 6, t | atter .of whic connects

with ejector/eductor 2. Line 5 itself d| Vi des i nt'8s HaSBeen ltred 7 and a
line 8 connecting to boiler 3. Steaminl et I|ne9 , mm, |l er 3 and

ej ector/eductor 2, which is itself connected to y recycle
line 10. Reactor 1 is also fitted with solids inlet I|ne 15 and solids
exit line 16. A hot gas line 11 from burners (not shown) connects with

[ne 10 near NG 686} Qrdbipea n oRL LR LB bESCLEIY gl 10 L0

reactor 1 (no nuse cont am nated SO ‘#gassed from
a hopper (nopreferabkh@naybataptiglnpants aphiespeekadiyrsubshprtially alde®® a hot
inert gas  jits atigRSPRSHEedsaB Ihbraeo&aQb&ormaté{mgwmrouea&eaep&taeumg vi a

line 11 and recycl e gases from ejector/eductor The neetin roduces
at | easCE Ay Ac BRRDA AT idee fe <0 VRS TSI %‘:&’\?BP‘F%Q& s {fag?lg line
30 - 16 aid ¢ohedtl uaedlgasgetteRith ithe dHsicCoE IleaVHslum aoniamsable Sone

of the gaseo mat ey i al es line i_n t he eject educt or 2
for recyclé, %"%é‘ré%“n?gg%"ss‘es IgL/?'p THhée m?/vheiaer eoarrnéodé‘% 5 \4/1I a line 7
(for recoveryxydwadbma;tandw c&wﬂwstemywemﬂj with omnlelaysmall amewmtt i ng) whil e
the remai ndet,.0pMES s8d2981dd B0 waPeOi | €1 3, Wnere 35 it is burnt to

rai se high pressure steam Thi s _steam passes

23 line 9 arf®ei ’rﬂ"G“E}‘@c{l%riiléHﬂ%Fd Any Bh?)raﬁﬁ?%“mg Fzayinesein or
recycl i ngot hehgets Fsgand rbﬁrdﬂeiﬁty\ﬂﬂbwt&i&ggﬁsei a HeactaThi it degpalRS . are

recycled in lLine 1Q.bacgk react or S to Fig.
2 whi ch showd Be¥re &1 ?aﬂt“ % R& e"??tlcac}&?' | e ©8 °t°r%3§EgR%%§act3rorgn§\hl chis
based on that4 repHeBeht cross s(éeﬁﬂBEBﬁ withér ineketoxs|, nendl Bigor S5i aplib gases

| eadi t r swirl chanber
eading to an gRL@r ey Low :;H Wl 480 élhé%%&g §¥.&‘ (ﬁl\‘%ﬁ%ﬁ%l W )

and whi ch Surroung . ustoconl uct 1 y decreasing
di aneter | ea(fleﬁgr&t"é%o‘}rlaégsem t line 16. I n gaseous comrunication 10 wth

said zongsl7 is amsamnuanflgblﬁd:as APpaddt@dNhad Gl eeac&o&hp an horizontal

whi ch aIIowsthe ass therethr but p Wi th a
ci rcunferent i’ Fcﬁ‘g’ \ﬁ&‘f“?m% Etfﬁ\ﬂ/a? cftﬁﬁ’{}g’i?gﬂ?r E: a(%’(fsi 4 1ead5n5r°£bove t hem a
vol atilizati Cmactttmﬂelbut?ﬂiﬁtbsl tntaanlirppérambnenezs, the lattezabfl whdabt or

which is fitt%qflg\ggs %&%Z&ddcﬁ? 2L5 ﬁﬂ{l 35 tseﬂﬁsﬁwga{fﬂnko 'e'g%Dl rectly

Spaced between [1 ne annul ar
bel ow sol i d lliigne ?L@nﬂsa d—ﬂnF iy eppRafting tOCb?ﬂleﬁl 3di §teampdplat 2ingydi ch

out war dl 20extRafds HRYONd andRijbceft/eductor 2, which is itself connected to
reactor 1 by recycle line 10. Reactor 1 is also fitted with
solids inlet line 15 and solids exit line 16. A hot gaé line 11
from burners (not shown) conmects with line 10 near the reactor 1;
alternatively line 11 may be fitted to reactor 1 (mot shown).

25 In use contaminated solid is passed from a hopper (not
shown) via line 15 into reactor 1 where it meets a hot inert gas
atmosphere from line 10 comprising hot gases entering via line 11
and recycle gases from ejector/eductor 2. The meeting produces at
least partly decontaminated solids which leave reactor 1 via line

30 16 and volatilized gaseous material which leaves via line 4. Some
of the gaseous material passes via line 6 into the ejector/eductor
2 for recycle, while some passes up line 5 where some exits via
line 7 (for recovery, condensation, combustion and ultimately
venting) while the remainder moves along line 8 to boiler 3, where

35 it is burnt to raise high pressure steam. This steam passes down
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which is inside the annulus of blades 20. The weir 24 |eads to t he
frustoconi cal duct 18. Means (not shown),q s prvwﬁed*fm*?ﬁ— ~heating the
gas in annular zone 17. In use a toroi aI band 1

mai nt ai ned above the blades 20 and circunfer entl heetHaSﬁeen!R ¢ cfher eon by
t he upward gas flow fromzone 17. Organic ids are fed
through line 15 fromthe hopper (not shown) of gas such
as-air onto distributor 23, which 25 spr eads them onto the band of solids
over the bla 2 ere t eat ed b t he hot fJl ow causi ng
vol atilizati giﬁisngng A e, ﬁi HRr RIS ftméhz %geporlffé' %P@F?‘éﬂ , cflﬁ | eaves
chanber 21 r oteegrcling tbafa‘alses 2ndatal nharme:hl thee gdseand &s&bmb.hr@dcmaam nat ed

residue eg. are rSMRILAM ak,!my 1@I i,acfkr e él’ébk&r guttings which fall over weir
24 and 30 pass vi‘a duct [ine 16 withoutf entry of any external gas

eg. ai r backRefsrensfe iiG“ﬁdﬁt@ 8- L?pﬁbicfkéh%wszzc ematically the Referri ng
now toI Fi §., SoutleAetod alTdRBSDR Rrehttor GRIH0iA based orpeﬂitfifihnﬁ-%gzsm I dsd
entry line, 15 rner, 31 in a ntral zone ext endi ng
downwar ds t hr %ggs?hé’??léa‘@bﬁ OD%WF ipgut gfﬁﬁf)e]tfafl?&ﬁlltat%‘li appylarsg,

I nsi de cent ralov@unzsarﬁzmr(arhddmi\saad{oy: gas swirl chamber) and which

24 but CaBlbahde ol AAldeBEhLED dot 19 38" Sowtita fA bl 1), DUt sPaced
from steam nozzl es he react or urroundr ng cen At al zone
32 is an i nne‘?laWSF?r C}Gadjq%i Eo spligs szFiéLﬂtl@F el | I3 Bagesusnegumunicagioannul us
38. A pad9agewiid beidveshe i1MNEE aWahhnulfs Wbl&fe‘él 86 &4 ar angl@ldo 8Re al | ows
zone 17. Above | ower

gas to nove fromce 32 to annul ar
zone 17 in antit ﬁgn@% ﬁl"ecé‘ f‘ﬁ]ewﬁl B 837 1 B%ss \Qﬁer%m‘ﬁﬁbyét Wre¥td&nnul us
20 is the vol &t witsat corcwifandiaiallasanell as upiape maeneént2? Bludles 020 ds entry

comunt cat orei ehoendls vofydifracion (3B 10k IRCAL CRBATERGE 42 o1\
24 | eadi ng t ot% s§df iwegctrit which is fititpd with W"hléhlté;ettelvd@ ivandar dl y

through tiige | gyRbug Q@ eliiNg. Spacé/@uatv%%n' T 2 Eﬁéani'sflhfaL(sgﬁl zone 42
of frustoconical | eadi n%lto solids exit line I nes passage

sh :
43 lies betweEpular ai’palfgﬁ%tzér tgesblyahglaueetiddine 37 isygncknvgreed r eact or
wal | 44 15  eeficabsiiatiiviesr @iwhith 45thid$ﬁ|éxdeWBUiHrﬁahlw%irV\Q4h sol i ds

di scharge zo oduces N the central
zone 32 heat n‘g.r}%% 1s ingide 5Bt a&’ﬁmg‘éss °fbbuié ef)a Ses - §e1n2475%5%: F9 C t hr ough

passage 39 i ntke frustqcnelqadvmctzéhe Mgamn dnop _sthhwmhgla previbBeadierannul us 20
on whi ch2iohe heating the gas in annular zone 17. In use a toroidal band of

solids is maintained above the blades 20 and circumferentially
moved thereon by the upward gas flow from zone 17. Organic
contaminated solids are fed through line 15 from the hopper (not
shown) without entry of gas such as air onto distributor 23, which
25 spreads them onto the band of solids over the blades 20 where they
are heated by the hot gas flow causing volatilization and
generation of a gaseous material, which leaves chamber 21 round
baffle 25 and hence line 4 and a solid decontaminated residue eg.
substantially oil free drill cuttings which fall over weir 24 and
30 pass via duct 18 and line 16 without entry of any external gas eg.
air back up line 16 into the upper zone 22,
Referring now to Fig. 3, reactor 1 has in its top 30 a
contaminated solids entry line 15 and a central burner 31 in a
central zone 32 extending downwards through the reactor to a bowl

35 shaped insulated wall 33. Inside central zone 32 are downwardly
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. 20 i solids to be treated nbve as an annular band and onto mhlch

contanmi nated solids are fed via line 15, The @ gases produced—in t he

vol atilisation zone 21 pass upwardly e.qg. atm&ﬂéﬁﬁa{sb&mﬁacegt urn to
the central zone via passage 40 through ventu result
of high pressure steamfrom nozzle 35 inject eg!llﬂﬂmgm'mj 'r Fi nes
carried upward with the gases pass through pas and down annul us
45 and into solids di scharge zone 42. Treated solids fromthe bl ade

annul us 20 fﬁ‘l c%vg{altlaa:}r}c 1ne vgntuorl mi:?eig:s &u%o‘%ti élwft%d ll.tEl t azgg' e 42.

Conti nuousl y or con om zone are rop out of the
react or throfixgm lstean D@zzl@@ 35 in the Refeyori tep 30w tSerFeupding raentrdk 1 has

inits bottoma4bia is an uﬁl%'i't&a'ﬂl'l Bylr %ict?‘lutl{‘ a% &%Hrr@&llzgﬁedé’f%n%t endi ng
upwar ds t hrough he reactor to_a angul ar shaped i nsul at ed wal |

33. Inside an annulyg r3§+ FoRsspge?d bFB‘I’F@“uH%”dVﬁleﬁfeﬁ"f@l heswWatet nwar dl y

inclineds . wameataurMowmgeﬁr So ?n&veoaabmaéezwrhh @heam IﬁGZzi‘r{rﬁSaBioeéii ending in
from 35 ,out sid ébr ea(‘lt or. i xer 34 as 1‘[am' 7.n ts base
25 f or ?’éc?g §%%. °ﬂ5’6\fé’nﬁ néP FPUaNT e}1 9 afe apaulyss 5

m xi ng throal048Apove dligdd anguitusr RO niisx elng vnﬁ.&hlasdti\mwahaaﬂbyrleaaad

portion 49, tﬁ?&ee;n%ﬁé 28044d QP1Rf) 8Rd-20s4pyar dl tQéLth‘@{.ﬁUrywau[ 3684£Nndi ng

portion 51 attached to a transverse annular [edge 52 5 itself attached to
an upwardly &2 SQdifg Feeandopdifiasal 4G dnrgommgnication pidihithe witer ki1 33 a

grogrezsnlcvgl !nmalrdﬂ:bwdepaﬁﬁ@g@ Mlis we1r| eadicagitd tgnatsoaidblogdﬁic 20. If

esired | edg y annu ate at ed to y struts
53, the passz éga Whlchbeé’ftﬁﬁdﬁ Chi g% ﬁ'arvﬁaﬂ“\lleﬂg% ortion 49

- of the throawalD 33 #HBo 8 @dlhashﬁdchar@nzcarenatadf fmoporebnixamloshapey be

scoarated | ool LB el 800l 5,0 o, 39 WA on

t hus being a wa Vi a unne stant from
burner 31 onresetogt Her 38 rd ewntegarplB37; sz\?-Gha'thhl veaciten weRanifer 21, .

whi ch i sigboverieadesridds deRbiualbyideenEdomiGBarhey w2 is81dds a coni cal
di stributor §3 ut wardl y E{tendi ng beyond an annul ar weir 24 inward of
bl ades 20 bufATYiEF 3MEn*t'hemto define with i nner wall 37 (to
chanber 21) a zondnfade,abi@@droll mbdxidebem the centnilerzonali2 Beaexhends

downwar d and | %1 th%g ‘gl}oicﬁu ALt 55 ang 739 %tﬂ%u @Infassomgr”zqn 17 bel ow

bl ades 20, the 0 zone & 34 and bur ner
31 passing t I*Fheulgwertzqnsvthmn}v throuzanthet héﬂleOénm@rU@I 90 et wimictibn ghelownwar d

from V\BiZO 24 s.b§i(§sOlt.bCi§a %féﬁted move as an ammular band and onto which

contaminated solids are fed via line 15. The gases produced in

the volatilisation zone 21 pass upwardly e.g. at 400°C and return
to the central zone via passage 40 through venturi 34, drawn as a
result of high pressure steam from nozzle 35 injected into venturi

25 34. Fines carried upward with the gases pass through passage 43
and down annulus 45 and into solids discharge zone 42. Treated

- solids from the blade annulus 20 fall over the weir 24, down
outlet 41 and into zone 42. Continuously or continually solids
from zone 42 are dropped out of the reactor through line 16.

30 Referring now to Fig.4, reactor 1 has in its bottom 46 a
central burner 31 in a central zone 32 extending upwards through
the reactor to a angular bowl shaped insulated wall 33. Inside
central zone 32 are long upwardly extending but inwardly inclined
venturi mixers 34 coaxial with steam nozzles 35 extending in from

35 outside the reactor. Each mixer 34 has an entry 47 in its base
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.line 41 (usually more than 1 in nunber e.g.-8 and preferably regularly
di stributed around the periphery of mel 24) aSS|ng through mall 33
and funnel 53 (or passing between strut h H%fkﬂﬂkphwﬂ | nner
wal | 37 at the top 22 of chanber 21 has an tendlng
section 57 which with inner top 58 to chanber .an outmardly
constricting passage 43 for fines, |eadi I nes annul us

ext endi ng outside inner wall 37, neetlng SO|IdS exit line 41 and
| eadi ng via u 0 r- £top 58 has a
central ori f?%e ggy%%g %L%Sw \Aﬁ%botv% 5l Bglxtaré‘rilg}&hg{ [ g‘sx?rn Emehle%)es)w bel ow

whi ch but cenixizg| 9hqse§|ltﬁ dpeshort vensuey mizemi with @i demverdlor £2areds a

pl ate distri patQon o Wai &dheoRY portion BE R M iRdarddy bh&ard Is bounded by
a short axial cylindrical | e 25. Above inner to |gtop 30 to

reactor 1. B@’E‘iﬁé‘éﬁ“@?“tﬁi‘pélﬁ%ﬁ%ﬁ % tLansysrst I";’/‘n%&%re assage 63

| eadi ng t8r ofigdelf attached to an upwardly extending frustoconical funné2653

reactor 1 .to_.vapour t ne assage 63 dJline 4 ar also open
to an annul arfoca’“FtWl aen[ 55 ﬁ’m%regﬁhv |ﬁ°ens&gh%tue1d Sﬁﬁnsaéess 59 and

steam | i ne 6&eadingi tcy a@nubgehbadeﬁtzp - alf alestrad dyd@7 SErmay be gwseous

comuni cat i ognyibl SiceYattbchéa %Xﬂll?’ﬁ? by struts 53 | ft‘:hé'%fasQQéE 3 nat ed
solids enter_reactor 1 via line 15, fall di stributor 61 and pass

t hrough zoneP2ing fhemPatigamvwatl 33 a“dv\k"iﬂnloa? c@ﬁf’é’c"t’ﬁ Ay afi she ithyear 23 on
the way 1®@wangsisiabtdched to andmdesr 20ppsrt BHidnhy ba bamiaeéd solid. The

band of solid . is up rted by a hot r dl nDV|ng

gaseous mi xt GPEEETE® BX %ﬁlﬁlaasn“b‘ ‘E’h gﬁﬁdg"’%wa}mw??nwlzg‘ &f {H %onpl etely
conmbust ed beirg aeta}a:edftcomabljrﬁew.aBIumad ar ratrtits &30f Dusghntprfew_ur e steam
and rec%ﬁif-r?eq 9SO ¥Re TRLEF cfﬁhefJf)%iﬁ.e'gg vH‘l r1§z§é%he angagam ¢

contam nants of the contam nate l1ds on an ove . ar e
formed into ghsdatdsh it abeve bizdeshaPeFentradhy mﬁv@%ﬁmfeab% 2L &3] with
a spinnitg mat teHicas cﬁsltemdtbrois pa&mgey QixtbhEin@aSeyond arVaxhwlla® t hrough

the blades 20..T spi 0 t he ous terial, causes
fines therei B°to Ge T I Ptbgoﬂgelrsdgo%ﬂ% F %X}%FI fhpn” then tgnq&fgggswﬁtﬁrough
passage 43 andnck)wallifiﬂe(% chafiere2t hey zempefor a bededopastiiches ed sol i ds
2aving over LY wafy 49'Bxldulf dimfith 2 1o QOGLREN L Gp)288s b OuL | !

65. The gaseous nater nprising gaseous or an| pl eted of
some fines, pgafines lower gommid qu Hadsa . cthe aﬁat%§§ qfeav% ZPeact or 1

via out|20 417 having mixers 34 and burner 31 passing through it Downwardly

and then Outwardly extending downward from weir 24 is solids exit
line 41 (usually more than 1 in number e.g. 8 and preferably
regularly distributed around the periphery of weir 24) passing
through wall 33 and funnel 53 (or passing between struts 53) and

25 inmer wall 37. Inner wall 37 at the top 22 of chamber 21 has an
outwardly extending section 57 which with inner top 58 to chamber
21 forms an outwardly constricting passage 43 for fines, leading
to a fines annulus 45 extending outside inner wall 37, meeting
solids exit line 41 and leading via solids annulus 59 to solid

30 outlet 65. Innér top 58 has a central orifice 60 through which
extends solids inlet pipe 15, below which but centrally positioned
above conical distributor 23 is a plate distributor 61 which may
be spimming. Orifice 60 is bounded by a short axial cylindrical -
baffle 25. Above inner top 58 is top 30 to reactor 1. Between

35 tops 58 and 30 is a radially extending passage 63 leading through

25



. while the remainder is recycled via cavi ty 64_and steam|ine 66 into
m xer 34. The gaseous material in outlejs4 may if “desired 25———not shown)
have its fines content further reduced y passaYe Sheet Has pARYGN, @ filter or

cyclone attached to the reactor, with return, °51% into the
react or and down annul us 45. In Fi g. ’Him ine 4 from
reactor 1 leads to a venturi scrubber 70 i | eads a

recycle line 71. Scrubber 70 30 is in comunication with separ ator t ank

72 to separate d eo s has Al i l.in
di vi des int O%TI %&Ldﬂ i {oPour 0“{j{"lrietal CUE] B oragfita\ldain1 rgeicafgl & °| ne 71.
Bet ween | i neofel &ncdan annulasccubb&r“?@xam;lmg raxoyed Einpn@anpali dS5aatdat

exchanger 7559 A@35team 1ind 68€ E§v1§ad§ é eﬂ@f&@krgﬁaioca%@?rﬁﬁiﬁr 76, from
which a liquid 35 recover){llne s to exit_line 74.

27 BAFROY S SCRLCAS P’i‘dﬁtﬁe"rﬂtﬂe‘f 8 MFdfi-cates with a venturi
scrubber 80, int OIWrusCehca:hﬁmﬂxﬁﬂdSsaiﬁecgt&be tdadeoS 1L vﬂ:rluhbelrs 86€al1

conmuni cat es V\Aftr&ist]%%gg tsfir ﬁiéfs?%:hro separ agg a, I| mt nd an

agueous phase rom a ‘gas hase &% /eS8 ges it o l'iquid
exit line 84waﬂd>urtewmaetinmélwlbu®act A&em thmera84tmdds annubay ubber 80

al ong recycl Slédé&ezﬁl ohswl?icﬁeiié e%&ﬂf"&@%oﬁﬁ And35and of doh D& 136 | eads from
tank 82 to waste. \% exit line 84 feeds into a hydrocycl one 87,
N

whi ch has ansammt% mRetaaPYaydly | gndypefwardly paubiy gesedusnBlafyreor wat er .

10 10 | GhiGEhhhbRat mLl by g;a&iﬁg Qi £HiRat &AC toMipletOIP rdoﬁ'&Sst\éat er,
hydr ocar bons _.and usug | 1 y car bo oxi ge cargg_glggl oxi de a ni trogen.

The gas in | Fﬁ‘ée £ St TP ERPE 55‘ b HEEEE B ﬁe\ﬁﬁ'é’?e JEoan P reet s
- recycl e |i quirdeyplgdogsebon mreneetalnfron sehturd wikeats HOO0[Buea p€ganic  the

rel ative mas %Sﬁta%n b@?dth%e(?é(&éa@lﬂé’c%OQ&HQQ”orpﬁh&‘ﬂaragﬂ’we ke baha20. ~The

outflow fro e Sscr passes directl arator tank 72
which is fit®e&g mrtnhd date | gaseaps] magerial gy ghamber leFe'F?‘]eCuP‘E#r&ﬂl d

hydr ocar{®ns st omy be agaEnsﬁa@nﬁkqon RASE AWt |dfNPassage IBthd gArtion is

recycled in |ine 71 via he anger (5 and the e asses in |line
74 %/o oi | st BHEGEe THrevg %ﬁugfﬁésgol nTRs FRIBRYINE mefion %Eéf‘gcﬁals%‘r‘ﬁ t he

liquidin tamhtgﬁauscaiemssﬂmdslthedem gbebe thrown tovardsebtmesr waldr 871 i qui d
whi ch passes i.n lsa08, a0d I sted gas
a\lnthgss ﬂn?oz.éﬁ g:e ssg% Zé ;n%r do liﬁé A er 88{(5'} v\ﬂg&m

inline 79 is passed to venturi crub ere it neets
recycl e |iquiddcemiepinatiedgsolids lgavéng oxad Wedbal4 yiomdriaedrlbend at 20[err]C

in line 2. together they leave via outlet 65. The gaseous material

comprising gaseous organics and depleted of some fines, passes
upward into passage 63, and most leaves reactor 1 via outlet 4
while the remainder is recycled via cavity 64 and steam line 66
into mixer 34. The gaseous material in outlet 4 may if desired

25 (not shown) have its fines content further reduced by passage
through a filter or cyclone attached to the reactor, with return
of fines back into the reactor and down annulus 45.

In Fig. 5, gas exit line 4 from reactor 1 leads to a wventuri

scrubber 70 into which also leads a recycle line 71. Scrubber 70

30 is in communication with separator tank 72 to separate a liquid
and an aqueous phase. A liquid 1iﬁe 73 divides into liquid exit
line 74 to oil storage and recycle line 71. Between line 74 and
scrubber 70 along recycle line 71 is a heat exchanger 75. A gas
line 78 leads from tank 72 to a demister 76, from which a liquid

35  recovery line 77 leads to exit line 74.

26



.25 The scrubber output at 80[err]C is separated in tank 82 to give
a gas, which leaves as waste in |ine 86,predomnantly nit rogen and
car bon nonoxi de and di oxi de, and ni xed ?i qui d whitsbhéceHasBRenRed]ace i ne

I
83, along which a portion is recycled via exchang 50[err] C
into line 81 and hence scrubber 80 and the rest i %Hﬂ
hydr ocycl one 87 whi ch produces an oil overflow in I'ine wat er
underflow in |line 89. Fig. 6 represents a nodification of the
apparatus of Fig.,5 . LN=wWhi ch .t he ng ur i r.ubb 7 ecycl e
line 71 are as i nA gas'h?i 5b %r,mbu?masft?]é\rl’%t %%mm 3%8%#%&% gh%%g‘ééli n line
79 i s passeds@Sibbedidlacinte which ebsnidrads adtegyclg(limer 31G t Beypbbeduc® wast e
gas in line 88mini i k 82 t € 1iquid&nd and a
m xed |iquid which passes | h TTRE B4 to & hydr ochelone 87 =i Th
under f | ow 8924¢RPUS\VRRAEEoTFoBGga| §ageBhase i f piguidline 83 dividegpntpr esent
] nventiorsi,smd#]ﬁa E*iﬁlii{xeﬁ'@ﬁd%ﬂd’lrEEbQ:#EOHrQ\r/]\/BDQ BetlzweeEEBif}}cﬂl 85.and Exanple 1
Appar atus .as s i Fig. 2 bu 1 £ hoyt the .annul ar. ba 25 was
1Sed 1o decoRtEHPAED 8HFa FPPIle iRengb 15 BHeANIPRNNBReN &5 A B%nt wi th a
di esel oil bades 8drldddsnfirdd vamk &R st westeni nLiypidadxditubine 84 iHeldsri de and
barytes. The; ti G I.n ' % & h1C 5911 d,
10. 3% vol ati fl{ew%ra ggcl&(? gino?igmgﬂ’aﬁgy%%h%%/g ggkf%gwa]%g? : Co% Sgtli 31?1 of
propane W t hUp PY ii@at 8%hifpr i%etext er nal burners supplied through

| :c ne 10_’rt|0t flue gasese tRé HobBCedfiltUisk from thdSEdde@ot Nicomgiiskboydteipi dal band
(6] part I Cl es

he t erature 5 mm abqgve the blade rin s varied in
di ff erent exB@J’F%@ﬁ?gPslgn "fsfﬁlrflly57§r2h°“6§ff[°é‘3¥‘]”c.°ar on disxide exit gas
conpri si ng t nétfdgee. gahesgamndn ghne ok atiTBIGICi phsses to fscoublelre7®ivheaend sol i d
fines was passe r 0 e t] eave a
gas, which \/\/32 ngeggPeP@r%l?ilgﬁlﬁ%&%‘;dhcﬁr ??rbgeég%\é%s%%arl ?{‘%e’} %Q\C/ivgp e€’ and
or gani ¢ mat ethal zelagive pagsps of @egr inyb degircddohirdranatbeny beimgeakaitdi esel oi |,

from nontendans@bl @he outfDAS E8om THE N AILEA BRLsJWAPXARy into the The
results showed that with a 6,0kg/hr feed of oil_drill cuttings, coarse

decont ami nat 8GPFRAPCE Gk o PdFt daf Yerepi prhibrffles apdr ts AtofRR%d i n anount
of 2.89 - 3.060k@/ hLiquid hydresartons fiRaothiaghsaepdritd,t pAgS dbiDMihbie
cyc! one were 7@': Oéi#,%gglc! ni?‘%%?fctzled in li%fe 'PJ. %%g Heag' g)&:ﬁahgérhssvgt}dhtﬁ‘e total
solids recovery o il

rest passes in line 74 to oil storage. The gaseous phase in line

20 78 separated from the liquid in tank 72 is demisted in demister 76
to recover more liquid which passes via line 77 to line 74 for
storage and the demisted gas in line 79 is passed to a second
venturi scrubber 80, where it meets recycle liquid comprising
water, and usually hydrocarbon, at 20°C in line 81.

25 The scrubber output at 80°C is separated in tank 82 to give
a gas, vwhich leaves as waste in line 86 predominantly nitrogen and
carbon monoxide and dioxide, and mixed liquid which leaves via
line 83, along which a portion is recycled via exchanger 85 at
20°C into line 81 and hence scrubber 80 and the rest is fed into

30 hydrocyclone 87 which produces an oil overflow in line 88 and a
water underflow in line 89,

Fig. 6 represents a modification of the apparatus of Fig. 5,
in which the venturi scrubber 70 and recycle line 71 are as in
Fig. 5, but after the demister 76 the gas in line 79 is passed

35 directly to a condenser 90 at 80°C to produce waste gas in line 86
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. 60.1% At 650[err]c the anobunts of coarse and fine cuttings were 2.90

and 0.564 kg/hr respectively and their jggptal ongaditsgpganLent
<10 and 24 ng/dnferr] respectively according to T _
m ﬁ ﬁ s as shown in
: to | ower zone

(USA) FR 3601 (1990). Exanpl e 2
Figs. 1 and 2 with added burners to feed

17 is used to decontam nate the oil drill cuttings used as in Exanple
1.-In the apparatus, 35 the tenperature of fluid passing through the
toroi dal ban f, s : 5

particles i sgr%g[ gﬁe]dc.hql"ﬁg ‘g}iicpl PEutt inngﬁ%téeeo?l}i 1[:10 Iai.ﬁ}édrfgy%%oné:'Sgg kg/ hr
sol i ds, 800 ¥iffthpndesifdey|&2sanhevsoblowgbhrlinet & i Fdgnvert ed into a
decont am nat ed sofrhdl pirBsdrdth envht@bn G208 4604 DMTusttaddD i BT thleCfoUloking  Oi |
content less_than 10 ppm Details of the flows and 5 tenperatures in
various |ine¥*#P&eSs shown in the Table bel ow.

re
®dof EPA 30

FLOW KG HR, Example 1 LI NE STEAM VOLATI LES PRODUCTS OF
TEMPERATURE e s . TI ON
O[err] - A%Paratus as sherfgbn Fig. 2 buté%tfgout the annul%éiggﬁkgi

400 25 gvas used to depggtaminate oil dig{dd cuttings from dmdrew shale, 4QQ
275 %d Yith a dieselldi? based drilli&ggguid also conﬁ’eg.ging calcium 2394
1212 chlgyjde and barytesgy fhe cuttings gApfaingd (by Weig?‘t) 8hd*exi t gases
froma rHExct ahotpzaic anlia, Eoasplelacilet brganid contawmidia@t amiddé \Wegpour
tenperature of about, BOOLErT Lf oSG I Ssurgic éﬁc%ﬁﬁiﬂg ekferddlf Process
of the invention’'in an apparattius as FELCT %e W Th respe(':ntEl to and

i | lustrated burmeirguswpp3iedygbreugh line 1P|l Fhuegases tfhe ther Ebugl | ines (in
kg/'hr) are agafOinsOWsrough the toroidal band of particles. The temperature

25 mm above the blade ring was varied in different experiments
15 from 575 - 650°c.

The exit gas comprising the flue gases and gaseous material
from the oil and solid fines was passed through a cyclone to
remove the fines and leave a gas, which was cooled in liquid
nitrogen to separate all water and organic materials, which

20 comprised predominantly recovered diesel oil, from noncondensable
gases, such as carbon monoxide.

The results showed that with a 6.0kg/hr feed of oil drill
cuttings, coarse decontaminated cuttings from discharge pipe 16
were produced in amount of 2.89 - 3.06 kg/hr and fines

25 decontaminated cuttings from the cyclone were produced in amount
of 0.538 - 0.564 kg/hr with a total solids recovery of 57.1 -
60.1%. At 650% the amounts of coarse and fine cuttings were 2.90
and 0.564 kg/hr respectively and their total organic contents were
<10 and 24 mg/dm3 respectively according to the leach test of EPA

30 (UsA) FR 3601 (1990).

Examﬁle 2

The apparatus as shown in Figs. 1 and 2 with added burners
to feed hot flue gas into lower zone 17 is used to decontaminate -
the oil drill cuttings used as in Example 1. 1In the apparatus,

35 the temperature of fluid passing through the toroidal band of
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i

. 30 Li ne Nat ur e Mass Fl ow Rate ' Total Mass

Gas Wat er Ql Fl ow Rat g9 4 | nput to 550
220 330 1100 first scrubber
71 Recycl e 0 0 22000 22000

first scr ubber 74 Li quid 0 0

264 264 exit from _ first

scrubber | oop 78 I nput to 550 220 66
336 1%E§c1essgg%§§c. The dfé_]lﬁocutt:ls. [ $RDE"n 1ind 15 Sof 6500 Recycl e

scr ubber kg/By solids, 80Pkg/Br volagiles and 500 2lgyhr water Eﬁ;conwerted 286

exit from jnto a decontamiff&¥dolid in 11ne 16 o2 CE30RLR /hr at 2020018 oh
In anot her process simlar to that of the reac vapour gases

are at 400[ étll] eontens kesshthapa i@ Pomy |1?%$é111s ofTthe £1 °W%IPPPI ing fluid
conpri sed ancempbradtred UPstinki Pirey atd abadtHotm in thalmwee bAperr] C and i s

not significantly cracked at 400[err]C so that - essentially all the
oi | conden ' hr
flow only oil), leaving only about 1%FDOW KG/HRthe oil input fromljne 4
in the inp in ge 78 to secon scru mass
. . S cﬁ#ﬁ ﬂgﬁﬁ' QQE

flowin [|i Lo* 773 kh/ h%ﬁgm ¥ € secon ngub gﬁEﬁe recyc g
liquidin I'ne 81 and liaquid eX|t in line SOMBYSTIONg DILaIJC\Lmeer
(wi th about} 1% of, oil) | the,gq 2012 5026 400

5 1661 800 1999 400

6 2519 1212 3027 400

9 875 - - 200

10 3394 1212 3027 374

Example 3

The exit gases from a reactor used as in Example 2 with a
10 reactor and vapour temperature of about 600°C are purified
according to the process of the invention in an apparatus as
described with respect to and illustrated in Figure 5. Typical

flow rates in the various lines (in kg/hr) are as follows.

This Sheet Has Been Replaced

i I
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.31 liquid in line 81 has a total mass flow of 7730 kg/ hr.
Essentially all the rest of the oil is ggenoved in the se secgnd/"
scrubber. The liquid in line 84 is separated i-n—hydrocycl one
into water in line 89 containing 40ppmoil , and qgg edt

R

Line Nature Mass Flow Rate- Total Mass
’ Gas Water 0il Flow Rate

4 Input to | 550 220 330 1100
first

scrubber

71 Recycle 0 0 22000 22000
first

scrubber

74 Liquid 0 0 264 264
exit from
first
scrubber

loop

78 Input to 550 220 66 836
second

scrubber

81 Recycle 0 15048 1672 16720
second

scrubber

84 Liquid 0 220 66 286
exit from
second

scrubber

Exawple 4
In another process similar to that of Ex 3, the reactor
vapour gases are at 400°C as are the gases in line 4. The
5 drilling f1uid'comprises an oil which substantially éll boils
above 110°C and is not significantly cracked at 400°C, so that
essentially all the oil condenses in the first scrubber (exit line
74 having 327 kg/hr flow only of oil), leaving only about 1% of
the oil input from line 4 in the input in line 78 to the second
10  scrubber, making a total mass flow in line 78 of 773 kh/hr. In
the second scrubber the recycle liquid in line 81 and liquid exit

in line 84 are essentially water (with about 1% of o0il), the
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307 35

W daim 1. A nmethod for reducing the org&m—e—eeﬂt—em—‘of—gol id
particles contai ning at | east one organic cont am n met hod
conpri ses: (a) providing solid partlyl“ 8V\Ilth an
organic 5 contam nant to a processing chanber h1 at nospher e,
(b) generating a circunferentially directed fl ow vmthi n the
chanber to cause the particles to circulate about an aX| s of the
chanber in EH{JP%G LOIMAGL 2 DA mass £low of #790 K aﬁ?ﬂg"e”' ng, in said
inert at rmsp east one 1 organic contamnaht with the particles
into a gasec¥l§§ehf‘e?taéﬂ-}'aﬁll the regppf the 011 is rempvedr EdbegpceRe particl es
Raw nﬁ 3 rfety&gsb&r gaﬂiecllquld gQNLiag 228k %@!@%teglr Qmﬂyhe?@mab@rw 2.
method of f educarad £'S: 3 Bt ogim 521 ' ¢ B8 LS Y ane 88,

5 ’

10 .
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N - K] "
.15 containing at | east one organic contam nant, which method

conpri ses: (a) providing solid particles contam nated with an
organic contam nant to a processing chamber, (b)
generating a circunferentially directed flow of fluid 20 wthin the
chanber to cause the particles to circul ate about an axis of the
chanber in a turbul ent conpact band. (c) converting at |east
one organi ¢ contam nant with the particles into a gaseous nateri al
above the band of particles, (d) renoving particles having a
reduced organic 25 contam nant | evel fromthe chanber, .

33 Case(®)12r esyycl ing at | east part of said gaseous/@LMm

above said band to bel ow said band to becone at |east -part of sai eptaced

fluid. 3. A nmet hod according to claim1 which c%gpgﬂeae’ss

recycling 5 at | east part of said gaseous material fr \“\\ nd
[\ngive

to pass through the band and becone at |east part o

4, A ret hod accordi ng-t-o_any _one of the preceding cl ailth wherein
the organic contamnant is a |iquid at 25ferr]C 5. A et hod
according to any one of | clains 10 wherein said solid
particles contain 1-20% U’ﬂlﬁ”ﬂf@ifw@ﬁ cont am nant . 6. A
met hod according to clainth arcly particles al so conpri se

wat er . 7. A nmet hod according to claim6 wherein said particles are
15 drill cud Glays: 8. A nmet hod according to any one of the

precedi ng clains, yhet.el r I dositddl §6t KT 1k ¥ e
chanber . £ 9. A_n}ftﬁgt hog %{h@%&xﬁ?%@t%&%hg gr?rgto _tﬁe prle(r};ea itng cl ai s
wher ei n sai deqitgivingonstlaagt canegprgande  coatapeEr ohdab weghpdi ses 20 flue
gas and steafdmprises:10. A method according to claim?9 wherein steamis
injected into a m xer, th po. novi arts to effect. mxing wth
gaseous mat ef#h| P5°‘Hrdgn%(?8[ﬂb‘i plaéﬁgctqega‘i"t“tﬁ?u?éfﬁ Fithi 3 °rgam°11. A
net hod adcor dentgminerd abn Proceskingivhngher bavihgf bueingas dtso@fheregener at ed
by @ burner at the,pasg. ol $ A4l PLASCHILAGEIATP Bl rectea £10356F T1EIN OUON &

| ower zone to sai d chaftber w sal
within the chamber to cause the particles to circulate about an

axis of the chamber in a turbulent compact band,
(c) converting, in said inert atmosphere, at least one
10 organic contaminant with the particles into a gaseous material,
and
(d) removing the particles having a reduced organic
contaminant level from the chamber.
2. A method of reducing the organic content of solid particles
15 containing at least one organic contaminant, which method
comprises:
(a) providing solid particles contaminated with an organic
contaminant to a processing chamber,
(b) generating a circumferentially directed flow of fluid
20 within the chamber to cause the particles to circulate about an
axis of the chamber in a turbulent compact band. |
(c) converting at least one organic contaminant with the
particles into a gaseous material above the band of particles,
(d) removing particles having a reduced organic

25 contaminant level from the chamber,
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_ then passes through—sai-d-band.to format |east- part---oi—said_ti.w_d. 12.
A nethod according to any one of the pggceding clains V\/nerei n at | east

part of sai dmﬂ"ﬁ"“nﬂﬂ i's condensed to 3@hisS ¢pldcenst one

organic |iqutg* ﬂ”umet hod accordi ng tom(jIJH ﬁ | conpri ses

contacting ° Sai dasdous material, which co bl e

hydr ocar bons and water, with a Ilqui d hydrocarbon to produce a liquid

phase substantial ly free of water and a gaseous phase of reduced

organi c 35 content . 34

14. A nethod accordi nrge ¢ 011 aﬁnlfisma]rrgorf gglldd ggso%otugc'tnaﬁes? 13} afrgm

Venturi mi xeabove Saldl‘?ﬁnd-w r’?ﬁi?i‘b(faaéd?ﬁﬂél ¥y beeone arrhepst partsofyseidi n sai d

gaseous ﬂgh@se is cooled to formliquid conprising water and

condensable hydr ocarbon and a secon aseous ase, and separating

said liquid? A mgthag aecrding a‘éje%ﬂ‘sgd&”rglé comprisefy(e) rﬁ\ﬁy &r at us

sui t abl e5f oratr eelam pgrt b€ ﬁi@agaseooerﬁaatuﬂf from aboveyaaid bawdtim nat ed

sol id parti Gleg. MALeD RIS pecome at 1easkParcBPIREELEG, Chamber

havi ng an ugper conversi on zone g a I zone | n gaseous

comruni cat i dh wi th methefl aperuding ke, any one °f the (Aypcedimgnelaids, provi di ng

said solid pajelbfh %ﬁet&ﬁiﬁi& cBHQﬁtﬁnant 1sZ®MQquid at 25°c. (C) means for
providing fluid to said | ower ( ns, for generating a

ci rcunf erenti-al | y» deFhed é&“‘fqddﬁﬁ 1‘?5’ anyyone| of ghe rP%&'F%F“&pf)]esrl‘“fone to cause
sai d pafOi clwteréin GaléBodlié particles eaitditi[ip@0% 2gneendhrubf aaidxis in said

chanber in a tur bul ept conpact band, (e) neans for

O aminan . :
converting at 1 east 'some of the organi c contam nant to a gaseous
material, 206. A metli¢d accomsiing fooelaianbvitiegeparseid|mrticknn abiad band,
(9) nmeans fopkesyGhidly at |east part of said gaseous material from
sai d upper zone to said | ower zone and hence back to sai d upper zone

through sai o band® method ppcording ipatatné Gifreih @it Rartéeffs AEF t he organic
cont ent 18f 2&-il110&@Ahgs. cont am nated solid particles and recovering liquid

| E;\??ﬁ;t Znt BS 21;ro ﬁxbgpgcfg coTC élgst?os any one of the pr(ecldl gigicmgs,Si ng chamber

~ wherein steam or water is injected into said chamber.
9. A method according to any one of the preceding claims
wherein said fluid constitutes an inert atmosphere and comprises
20 flue gas and steam.
10. A method according to claim 9 wherein steam is injected into
"a mixer with no moving parts to effect mixing with gaseous
material to produce at least part of said fluid.
11. A method according to claim 9 or 10 wherein said flue gas is
25 generated by a burner at the base of said processirg chamber,
passes through a lower zone to said chamber below said band and
then passes through said band to form at least part of said fluid.
12. A method according to any one of the preceding claims
wherein at least part of said gaseous material is condensed to
30 produce at least one organic liquid.
13. A method according to claim 12, which comprises contacting
said gaseous material, which comprises condensable hydrocarbons
and water, with a liquid hydrocarbon to produce a liquid phase

substantially free of water and a gaseous phase of reduced organic
35 content.
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15 of fluid in said upper zone to cause said particles to circulate
in said upper zone about an axis in said chamber in a turbulent
compact band,

(e) means for converting at least some of the organic
contaminant to a gaseous material,

20 (f) means for removing particles from said band,

{g) means for recycling at least part of said gaseous
material from said upper zone to said lower zone and hence back to
said upper zone through said band.

17. An apparatus suitable for reducing the organic content of

25 organic contaminated solid particles and recovering liquid
products therefrom, which comprises:

(a) a processing chamber having an upper conversion zone
and a lower zone in gaseous communication with said upper zone,

(b) means for providing said solid particles to said upper

30 zone,

(c) means for providing fluid to said lower zone,

(d) means for generating a circumferentially directed flow
of fluid in said upper zone to cause said particles to circulate
in said upper zone about an axis in said chamber in a turbulent

35 compact band,
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'. 30 T 20, Appar-at-ts—aecordimTig t0 any one of  clains 16-21 whi ch

conpri ses neans for in ‘gR&) gam i nt3g a m xer-w-theut—moving - parts
in said chanber tgh‘mﬁ gaseous materi al . 23. Appar at us
according to any o -22 which rner at the
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component,
(£) means for removing particles from said band,

5 ) (h) means for contacting said gaseous material with an
organic liquid to produce a gaseous phase and a liquid phase
comprising at least some of said organic component and

(i) means for separating said gaseous phase from said
liquid phase.

10 18. Apparatus according to claim 17 which comprises

(g) means for recycling at least part of said gaseous
material from éaid upper zone to said lower zone and hence back to
said upper zone through said band.

19. Apparatus according to any one of claims 16-18 which

15 comprises

(j) means for recycling a portion of said liquid phase to
said contacting means.

20. Apparatus according to any one of claims 16-19 which
comprises

20 (k) means for contacting said gaseous phase with a second
liquid to produce a second gaseous phase and a second liquid phase
and

- (1) means for separating said second gaseous phase from
said second liquid phase.

25 21. Apparatus according to any one of claims 16-20 wherein said
means (d) comprises a series of angular blades arranged in an
annulus at the base of said upper conversion zone, said upper and
lower zones being in gaseous communication through said series of
blades.

30 22. Apparatus according to any one of claims 16-21 which
comprises means for injecting steam inté a mixer without moving
parts in said chamber to mix with said gaseous material.

23. Apparatus according to any one of claims 16-22 which
comprises a burner at the base of said chamber to produce flue

35 gas, for use as at least part of said fluid.
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24, Apparatus according to claim 22 or 23, which comprises in
said chamber said steam injection means, an inlet for recycled
gaseous material to mix with said steam, said burner for flue gas
and a mixing zone for mixing said steam, gaseous material and flue

gas.
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