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SEPARATI ON OF CONSTI TUENTS FROM MATRI GES Background of the | nvention %P Ace
the early Y65%/3819¢ he various branches of the United StateBCTEERAI4ENt of

Def ense (DOD)..an it [ ve begn
aggr essi vel AEM%EB%M@L%?&QW#QE&M&%Wg%y 4
conponents involving various radi oactive materials. The process of refining
nucl ear materials and decont aghfighédd of3hd RivenddrPar atus used in these
processes and others with various types of organic and inorganic materials
has gener ated hupdreds of usands.of .tons 10 of. soi udges,, debris or
Qt her residuals SB‘ﬁ‘E &‘r?’ieﬁﬂ}f Lé}%\/?ﬁ @ﬁv?’bod‘rsgfm%feisag@eyﬂ&eég‘%f%?sepﬁ%?ytdous and

non- hazak doysDefea DO M kHRQUHIEN b tes MRFArER¢nt 60FF#y (MROE)Shavd B&enUni t €d
St ates Envi ronrrgnst’ye-l(l FI?Pot ection Agency (EPA) has dge}il necﬁ]a wastne t hat

cont ai ns r adggressvielydisyelapitg Aiznandéagsiriog nneiear wgarand eud eneagyt omponentst uent s as
a m xed waste.. 15 H stori.call 1.xed ste was_typically stocted on site in
cont ai ners IYORERS YARQHS ?SWF%{\VP%H’@PTM&T g‘ﬁg?rogerss gf’&fﬁ‘g‘é W‘é@éé?ge S c{sqposed of
in landfill ge@hlatiRdting _’vﬁﬁ&f&%fparam%sgd ARG broeEsstl 2HAGtHASHRN viHddeD or DOE

landfills or trenches is no longer permtted. Due to the pronul gation of
EPA r egul at hpasof erganielandbnerganicmatetialpbasrgeneratdd hendnesis dif $pwsands of toas an EPA

approved hazardous waste facility .or a radi.oaciiyve ste.20 facility until

the Condb ¢ BLiis Yuléeh atuis plapedeidin oAb u rifLEidRader Thi s meed
to remedi at gaidig hidak®ls WRGHR-Abari R DPplcl A8 ilodgdAfd dhemies BoRimkbmad, due to the
fact that the DOE and DOD are currentlTy undergoi ng a nmajor restructuring

effort, wheTkabnited¥etos EnvicEmantal BdoRcticichgancy €8 A)has definedta waste thatunt ry are
bei ng decom ssi oned and, decqont am nated for Jight industrial, comercial or
o5t dent | al PpLHE raRd e R Mo Bt Sonehandpheiihes; AELET 5t e PR

cont ai n soi lyastel udges or other residuals, which is defined by the EPA as a
m xed waste. To conpound the problem the nmixed waste that has been buried
in trendhes and Histaaicplly, sikedovasteavas typiepllyfstosedan sitepmeentainerg indasitngder
reserves in_sone lqcations, These.areas nust..be r j.at i,n agcordance
W th EPA r oETTARPEN SR L RTaRE S fhagtor i b TR ket ATHEL0
remedi at i ondigposhlef niifkd Whitoih DOD o£ DOFALAIIR lof trémhes isingUonkerpérinitas) - 0
5 JUN 2003 WO 001 38196 PCTNS991 24019 The present invention discloses a

met hod t hat Die ta-thp arsmuigation ablRA regrlatings Bixrdreesteis nefqisrmitted tebis or gani c

and i nor ganj i S s} & Ol ;n@g I jelQfdt

dest abi | i zi lrilfggp%?@gf)érttgg%gap}’{?ggﬂr%%%gﬁg{:ﬁv%ﬁd@g F’ﬂt ft ee{rﬂaglg%(gwgt Ion, the

radi oacto vefacisy entd theccmstitsents dah be sepamyaisnd sedregated: fiem Baih athexDOD faci lity
in

This need to remediate the mixed waste at these sites is being accelerated due
to the fact that the DOE and DOD are currently undergoing a major restructuring
effort, whereas numerous DOE and DOD facilities throughout the country are being
decommissioned and decontaminated for light industrial, commercial or residential

25 redevelopment. A large percentage of these facilities contain soil, sludges or other
residuals, which is defined by the EPA as a mixed waste. To compound the problem,
the mixed waste that has been buried in trenches and landfills has had a significant
impact on groundwater reserves in some locations. These areas must be remediated in
accordance with EPA regulations which involves in most cases the removal and

30  remediation of the pollution source materials (non-liquid matrices).
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5 accordance wth EPA regul ations, or disposed of at an EPA appr ovﬁgg JliN mq}-

" radi oactiv acility. This allows for a significant e ] nefl
to handl e S’Fﬁ‘\@ ’%933'{ e streamin this manner. Currently, therégf(ﬁgag&f‘ ual l'y
no avail abl e net conduct ..t he separ at i,0n. of I & waste streamingan
environnmental |y gﬁgﬁﬁggnrtl?%%% ndelécfl%sgia %gﬁ’ﬁélkhr?g%s.ca a%g: qsfﬁepa%f% on to m"ied
wast e, the apfiddusAada6hizanions ofpamoailPiisreanid cORMinRME odPHUE nbrNgRdcal | y
contam nated) wastes in the United States alone is estimated to be in the

range of humeaters vathowt destabiliging or ppseading thoradionpeliles t Afterseparatiangtheut t he
world rely on.processes in nanuyfacturi | C n ste products
routinely. I%(H&‘:ﬁ?"e Wﬁsgeé%trqﬁﬁ%lf5%?@&88%65%gwh%ﬁggﬁ%?’éﬁ%%‘:ﬁy Hhzar dous wast e,
whi ch iSsVera}z!c&@m%éﬁrﬁﬁﬁP\Aere%ﬂiWrﬁ drispoStat at 4 FEC hbré0eli Q4dibRise sone of

[

the raw materials by separating t’he_cont am nants fromvarious matrices.
Thi s al | ows wastgfadility. flbisrellnwsfore significantsecenarhigtbenedit por hmaidiedhbiis wasteer

ti t . I i th tr | at i The, h ds, t bli
hoal th and. CRESRAASIHER CImmLl herd A5ty fooREcY e el
consti t uent gpe @p&alis df this Wie 3ehns! RLIBRDEGifinenYAly BbiRd FRIBALSreERYe 20 the

destruction or deconposition of high boiling poi'nt hazardous wastes is
extrenely expanenve. It is not very cost effective to utilize high grade

to th | t A ti h d t tri wh th
cont ani rint 1t soPt AR ALK UeCrprg AP R B B U8 gnt . Al So,

because t he WapRadus WHemhidiAY thitaiiafid) RasiedIR AR BnicRAN AN dIdead estitfartProcONt act
with the chem cal conpound should be reused or 25 recycled if possible. It

is nore costbedrf thegange of windreds e mildionpofimattric toms. buinstries theoughowtithen hazar dous
wast es such _as, PCBs esticides, .herbicides, PCPs i 0Xi n furagns, and the
e T o m i daey R PRESES B BT PO S P s poalthes | on o
deconposi t i afanyRif RESWRMe HrRREd R hreMikpbsA oFdé Kazafidls Whels! ivhidHis ery Whi ch
typically nmakes up between 75%to 90% of the waste stream vol une. 3o
Ther ef orlé, tekpensive.ciereos a peeshto dedaimnfop renprogomendf therawanatenidlsby at i on and
resource recycling.nethod.as | ternatj v J o) rr.ent.art in
S el B o P oo e B St 8 e

S
response to ed 1or technology to n i ndust

process waslig wastethist ivpettceddwer Operatiidoste @d Y1) MWath kdfreiGERPAHNE 4019
hazar dous waste streans_in an environnmentally sound, and cost_ effective

manner. .~ O Hamlp¢hagardsig pyhliclsaltinandthe enyironmeat, whichage pasad Bhthesyf whi ch
are herein i 0GAIRREALEtBNITERE LRNGAN lSACHR 0B tmaRRR VaLYS: ABRlFERNOT f or
decontam nating and sanitizing'soll, particularly soll contarning petroleum
hydr ocarzbonshe degitiictias ogdezompasition 6f ligh Boiliag goinhkazhtdises wastes ibaktedingly ocess
where the soil is stationary durjin trea_i,rren_t Thi s process was
speci fi cal | W¥REBSIVENL S Roy Ve Seshificcye wptilipehigh erade ensray, dhemmallyon- s t e
treatment t @ehng!aq Rt haReddi’ Wald® AALQGHAMe EMMUBMANHA0;sSA] Sshiipm
gasoline servicé stations and other related users of petroleum products, in
response t o pbtienoé thelvauorebyreejght: Adsnbecande thérporhigid gratimehishdrnige of

Hazar dous Subst ances Actﬁi[l and rel at.ed relgul.ati ons, i,.ch requir

d
pet r ol eum hyBrREFOBBM A diftA sprec JHM Be FRempicalcomphg hquidg S 67 art
has no nBanseQtied FHoshiki1ng xﬁm%gt\eﬁe@mtwime'glm th Rfarlceaebiismaatqun! oadi ng

of matrices. cgoil i's normal |y transported via loader froma stockpile to

t he processiwith lheardous wastes snhrag PSIBs; pesticides, dweibicidessP @Ps dipxinsafiratsy ough

spil lage and wi.nd..15 bor.n. dust. Both workers and possi bl.e bystanders, or
ot by publ 264 W T BRI et Gy WAh BB SRRTEye SERERPRGne o as wel |
as possi bl edHéHﬁS}j&i‘ii@ﬁ hRthot€he sgRfatiRl (RORIRThARAGSIA nand N RhRA Y pieaent . The
prior art requires 20% and greater downtine to perform nai ntenance of the
processor. Sukesupbetvesndd&eatoR0eof thy wastestraampvobwss unit on screens (vacuum
tubes) surroundegq, by.a filter .nedia.(pea stone). Screens becone 20 easily
pl ugged Pequi ri ng.hf%ﬁéel’ &?ﬁ‘“%%&ﬂ?@%%%&%%%%@%@{e PRRIMIZAIONENde door s
llovered to aldae tRyciBgimha@Rdd £ diRARGVe bRidifothe dfRnCARINEpaRBTodePosi t
the soils for treatmantg and raised to create a track for the carriage of
heat ers t o muirket oeedtfoptecnoidey te bettdrdvandle industrial proaess Whiste, mintedaveste addor

hi nges becone bl ocked with matrices and filter nedia and have to be cl eaned
after each batch. These doors becone easily 25 danaged fromthis process
and becone nearly inpossible to seal with air by passing the soil,
resulting in insufficient treatnment. Furthernore, damage to the hinge
results in the access door becom ng out of |ine. Wen this happens, the
track for the heater carriage becones out of |line and can cause the heater
carriage to fall off of the track on this side of the unit resulting in

i ncreased downti ne.




30‘Prior‘ art was unreliable in treatnent. Air flows through the static bed
are uneven and variable resulting in tenperature gradients acrg%?ga @ JUN 2003
matrix to B PP ed. Air by- passes were caused by pl uggedpgyt"J nd pea
stone, and the jnabj|.i : : UN 200 . 381 PCTNS99/ 24019
t he | oadi ngh%%dro}l ?%ags%%%?ahfe% u?/gtg%nﬁ'?ﬁogrgrgggu ssomu%(f?%qscgggf%g{“%"rl%@frl y underionl y

appr oxi mat eDyH & (U PateheENS.15a127345,0hd ertieélcamentsastavhidhene hdreigul ting in
i ncompl ete treatnent throughout the soil or creating "cold spots”. Uneven

heati ng r esiifemorated hydg&amge)deachesanspparatus anthsethed HF degoptaginasingsqsensi ve

filter nmedia i.ch adds.. . £.stockpi | n t to operate. The

prior art r iz}%gssozlk?%Hélﬁ%ﬁe}hsgflg:gﬁéngg%eﬁa&gwﬁy grgga}rﬁgst %uﬁgafagaéﬂfngﬁ’i nation
procedures @I andfhddike 54 bitch Prokeds Wherd e dofl i§ fRioNBY during tregMBRMThigli rect |y
within the treatnent chanber. The matrices are forced into hard to access

areas of t hpoagspavaaspesificEly designed inenesponse todhalered mearked aeadi foudrasies and
deposits theminto the enussion cantrol .system.restricting ajr flows and
causi ng excE&PGY tﬁ;&nﬂ{ogxgﬁ%eér.o?eéxaﬁ?yldémé Porﬁg‘}'WFeaf?ﬁs C?rglg%ff’i“g\/vs for the
treat ment ofenRy¥é&5R6cHs AAA StheMela®id 13érk of PetRiduth FBBdtS; &PeShdnSe fogROVal  of

hydrocar bons t hrough ther rralfrfgr ocesses. 15 The review of the prior art
i ndi cat es tiegelatomeregpiretnents ofithe Yadarground Stoeage whHazarddwy Snbstancesokat from soil s

and is not suitable ithr rds .ta ecopom.cal , ecol ogi cal, an afety

ac ter s 0 1 odasatasaios HEL SRt GBS BrosBER i B BHls B ¢

chem cal s apdelfiediatddoi | i ng point chem cals. Therefore, a need exists for an
econom cal and environnentally friendly 20 nethod that separates volatile
organi ¢ and i nor §egprorcaihas mp meaansof qoptroling-fugitive dustréuningctbs laadidg end | ect s

t hese contam.nants for. recycling or,.reuse. A need also exjsts.for,a system
uhi oh T onTSng AERPEGES S50 i Fhoak SHE Bara PR doarBh BPmey T Bieeds i <
net hod pr ovigesssing devicalIn @6mglsb iheonfbiinil £ spra®tedupdisfillagd/and GHAd
solution for the mnimzation of waste streans in an _econom cal manner. 25

Sunmmar ylof Yemdnst Bethwrekess andppssiblebastendsis, o earicaubis haysramuchlighesr t he
separat | on aJt%x‘{i’fthe?p\%l«‘a% S 4 tcgga@gngk{%%‘a TR b BBssiific Tkbrttdidd r@le%’sgsz gl having

a bottom a ere t as a nmnl enoval 0 ases; and

a nmeans f orcdneghinags tothe envdfonfifents &ihd pBior e s@@ires 0% tind gishtyr dowhsiiredoi n t he
bottom of said apparatus. Preferably, the apparatus further conprises a

removabl e tREEiPrMIpaiptepanse f tetrirassson. Soplg aze plpceg direqthuinin,s progess ¥k @Y be

per manent|y, t + tul i f Lent,

0 5 JUN 2oosf%g6%%58’%9%%&7%%%‘8{5?&2)%1%%% g’egilﬁpr@?%tg {ﬁ’gg)?us ?ﬁ%’éﬁ%@%ﬁn ses a
means fzr gensidy giligegd acquamnglnorstnt wieaidg hwiwepndertahes.t e emfrancd doaraini f ol d,
preferably rangin rom 0" .mercur 0 _about 29" rcury. In a preferred
Ebod mont , lopEeigaLER ThEs FBEL Sidadst 1q Fiver it Ehastir: B rnes SRBUE B one 1 0
four sides, #fhBnit A8 réiséle® @éatd Derall BY tBE cAFidySoidafed iovilYonftey BT ihg t he

si des of the vessel upon insertion into the bottom or base of the vessel.

Accor di ng tchambgr &frdreatment ithsdintranpe, dooh binges bedomeareked iwithsinatdices apde t r ay
preferably gonprises bott om havi n rifice sugh that the bottam of the
tray is capélﬁ?r;gm8$‘asaﬂgprgy ¥ i‘%@er@?"r“F‘gé@eﬁﬁﬁ\/ﬁé‘C’hmﬁﬁ& %8%5 Re5oRRES W ovar di y
t hr oughy9r i fdnsfped Foch (A pro6eRSs and/Bome nearly impossible to seal with air by passing

the soil, resulting in insufficient treatment. Furthermore, damage to the hinge results

in the access door becoming out of line. When this happens, the track for the heater
carriage becomes out of line and can cause the heater carriage to fall off of the track
on this side of the unit resulting in increased downtime.

30 Prior art was unreliable in treatment. Air flows through the static bed are
uneven and variable resulting in temperature gradients across the matrix to be treated.

Air by-passes were caused by plugged screens and pea stone, and the inability to seal



1o bottom may be, for exanple, a screen or may be slotted. The appavgag%l?”m

can 'vary IWoldosfdgTENSi ons, dependi ng upon such factors asppbgsadNy
matrices to be treated, the location of the treatnent site, or vvhetwer t he

unit is desjg rf@éhi%é’d&ﬁ. Als¥ e Mcutin Sdrkdhs Vere TR dRliredty BA€r &ff{gOdi nent, the
tray is of size, dinension and capacity so that 1t can be ved and | oaded
i nt o vessel approtinetdly 6@ Y4 & the static. soil Yed mafhdeyered, mesulting peinconsiete oper at i ons,

the tray is designed to be |oaded wth matriges fromthe top and has a

| oadi ng cap‘éﬁwgb&’%gwéé@[S°§BBHPa‘E‘85°‘r{IE§H°&£y G%Q“rnFﬁ%“&rF SiBy al so
conprise a LA telfdabndlt an opposite end of the fork lift pockets for

unl oadi ng treat matri x. I n another enbodi nent, the apparatus is adapted ,
for smald scal e Thapror amhweseeexphmsiverfdtgr inedia which pddsitb yheowdstd ssockpilaamd e, about
1 cubic foot. 20 According to one enbodi nent, the apparatus further

conpri ses LFEENPFYE: nechani cal | y agitating the matrices. The apparat us

may further conpky : [Pl I 1 cal .t reat nent
additives. In a TT h?ﬁﬂ%ra{@%n@g{f%%ﬁ@l@f#@ﬁlé@?@%@ﬁ??&%@ﬁ?@ tn%lg 1E’%)t;f’il'or t he
mani f ol d copfptedinss Ae hhgldcdssfup Ehid isdue teihe manix gacemiehtdirdotatvithizghét ant

gasket to seal the tray to 25 the top or manifold so that air is directed
t hrough t r ajRAtESEt $hambre d§e maiices aseforoed intp ard te gecesspreas of ths appaafus.ne tray.
Accor di to one j . rti . :hj) @not her
embodi mint .t o ROoPEe) A Sispink U pRef R i JBRUGE mklibls Bk ttiseb TNV T
medi a whi chcomitned sgsdh, restagingairdwis agd caking ¥xdessivd maihehare eetuiramses, 1 n t he
purge gas air stream 30 The apparatus ma¥ al so further conprise a neans

for renotely nonPRgFIThenlyplevs fopthe Fratmgnt ot Rydrarashons- using a control |l er
system and trans . t i t] 0 5 JUN 2003
Wb 001 38196 PeT) PLGGTo oMl BRI S AR AD o B Br WU Flhermal Jo 2 et hod
for the sepmpaessen of hazardous and non-hazardous organic and inorganic

wast e constituents from rices conprising: plaging.matrices jn a
contai nkr; heati EB? PR Ridie PRYT @B iRdite t’?ﬁﬁ‘&?ﬁd%ﬁﬁé?‘i‘?%?é%%‘ﬂ’@ Ofi thin the
matrices byngibekbdmHdigsdis4as K40 SRAME, &iﬂﬁeéa:ﬁ%reb&?&ﬁicﬁ,”%old’gmw ng the

gaseous constituents fromthe matrices. The matrices are selected from

r adi oact i vearnietafety alattersi fod thettreataieniofoesess vakatilecorginieandsinorganics, sl udges,
activated carban,, cafal yst aqgr egat es, bi omass, debris, sorbents,
drilling mpemyFals F““L@ﬁguiﬂéggaﬁgti%ﬁ'@‘ﬁaﬁke. The boiling points of the
constituents canTh@Bes, almeéd XM & edohGiiicARAY envafbreiea M9 Friérdly enhei t to
about 1600 degrees Fahrenheit. Exanples of 1 o constituents which nmay be

r enoved2d ncnedheddhatsenanateseolatile grgameansinoreanie egidaminants foamoadiquid ani de
conpounds, arseni Lseni.c_conpound i eRi gﬂg , and
ot her net al'*aNe® deforlr%gtaitl{egc' coRcagf'?aé‘?gnfé)?%%)%g&hg%rr%gédi%é’%@ﬁ e%#(;%zti tuents
are not t hed siéry whishi dlloye dorakie ot Sealdcditamhinated apeligiid eimatidesCTHISt i t uent s

fromthe matrices. The nmethod may 15 conprise reversi bI%sPPh_ase changi ng t he

const i t uent@ethodarerides sogia hemefitbytprovidipg ar erodpgically isewndovolusion ferthe cal
filtration . I’ Ot J : 'rHa:{?]:a enbodi nent, the

const i tuent@glg?.géa?lgﬁrgrg}eagglg%&&kgzﬁlr‘r’{a%gra?é:@%a]for lgss than 0.5 seconds after
desor pt2on tenperature of constituents has been achieved. The net hod may
conprise heating the matrices in an indirect manner by 20 exposure to |ight
energy with an emission spectr uSUBURYRYSE IRVepBaRy 14 nicrons. In one

enbodi nent, the R y hif becones a
secondary em tte?ﬂél{%%g%ﬁggg al rﬂr(g‘g‘?ﬁgé?ﬁéag‘ yg{%ggﬂr%ss%éérgﬁ%rg%ﬁ#% the matrix
surface of ¢dmtiteaddbni magiced, boraprisinpera wesdebhiivieni bottdee asdia fopcehat thehe

matrices exposed to I_iPht energly becones an en}ti?er, and t,ranfsf,ers heat
conduct i vel {pPihas dapanifeld igy emovaliind gases and aneans fof deating pisaerPehisgid | ght

. Th h ' bR%nf ! i
ener gy. sorhey Jigl B&Aeg?&é%;&%{e@ﬁ{méﬂéftwﬂﬁ%%gt f pldtEra ,hgggﬁgag%ove ‘he

convective neans eat 1's conduct e matri

bot t om sur f fugtheptorhifrisesraremovable tragpeeforablyibetwaen 1eantddrays iThe appayatus c

chem cals are separated fromthe matrijces cqntaini ng radi onuc|ides and

i nor gani ¢ nBEXIbePSTRAELEY mowHedor, ispEefoEbly spebile; dnp prefersd spbodupeiber ed and
refined for recycling purposes. The nethod may further conprise a nmeans for
purgi ng gas vapors and constituents to be condensed and

4



"0 5 JUN 2003 WO 00/ 38196 PCT/ US99/24019 col lected. In a further enthogliﬁrﬁnt
t he discharge air streamis recircul ated bel ow the trays tgé_&rfﬁ@ ] \J 2003
subst ant i aMQ/%i8¥ed | oop system Brief Description of the r@g i gure
1is a side,view : f [ ' By hows to

bott om and @F&Bpa\f%%gﬂgf %&8%# g’fegrr]s {Oggef.e ﬁﬁﬁ%%?%qgns(h’g\wﬁ%&%gal Vi e\?/s of
a statiC_or gdsedWhyciiph ehe maifold; pebfdrdblyrangihg FbM®” nibgcurioaddbinca® 10 Det ai | ed
Description of the Invention The present invention relates to a nethod for
t he separ at mgr¢unft hazar dous and non- hazardous organi ¢ and i norganic

tit ts f i tri . . ti | i ti
Celates to a ot MaPHsPE PR Tos WAt aeft b ISR ERY e ¢ om
mat ri cess bysigione iR8r Sles)WitR tHefsided\6r thoirdyuMtiags Efdctied]y kfing B¥/silss

tenperature thermal desorption, radi ant energy, convective heating,
conduct i ve ¢fsht vesgsl vppm insertippintaths bortaouenhash afithe vessel.oAccordigiteedl pressure

L3 A A e 495 SRR L
met hod for §iient RIBRH GHice) sidh AT VefioRBE tHeGRT i ABARAST MpPértiARr Y resul t of

the process is to provide a waste mnimzation and 20 resource recycling
benefit. Prmbtwicebindyet Howsmirde pass nppwartlyttiroughoorificapansoatfioss. fIihe r enedi at i on
of the fol Igvvi n vvagtg strea{p ar eas: I&la s%)ti\r tion of hazardous and
nonhazatHouROEPERAY R INFXPRBICyRITED SHRAY PO hst i t uent's from radi onucl i de
cont am nat ed matTheCppardtus bNVarp RQAheRions, depsndmRiubor bwth fhdigrshgflieonucl i de
contam ne separation of raw materials and hazardous and non-hazar dous

or gani ¢ andameunt gémpizicestode digted thederation ol treatment sitereriwhgthsr theamitpr ocess
wast e stream, and (2 he paration of hazardous and. non-hazardous organic
and i nor gan’isgeﬁﬁ%er‘?i(‘%é? hé%dnét% isﬁﬁ%rrﬁ’é)m Tlgr?P?/g’Pf’%oﬂusne ta\th?itrc%és, Or}?sf?& udi ng but
not | i m t edgihfensich SM0RAPaci®b kisat it 3% bernbrd af@1dA8¢Y infoAleddey Siith a fagIr egat es,

bi omass, debris and the like. The Matrix Constituent Separator provides a
control Med @wek. fypiseldy. Jor latgar scalp opmatigms cthe Faeis gesigned 49 be joadedewith The Mat ri x
Consti t uent ' j ' S heat
drawn thr Ourgﬁt‘?{%ﬁ%ﬁ&n@h&ﬁg@gﬁ %t@ E?aﬁxég@?ﬁdcgf 'E) t]%?édfsﬁégog{zd icgblgP%a'%g? or tray
to ensure cofphey slsdesnpriztiahinged gitdist an@ppdsitt endidfthe fonk difipedkets fdr5 JUN 2003

WO 00/ 38196 PCT/ 13S99/ 24019 within the entire matri x . vo|lune.. For .t he
desor pti on WHoadinedfsated matgx slnanothen eginodunegt, dhsappatafy ’ﬁ/i‘fiaﬁ{gﬁlf‘é' §388k gani ¢

chem cal s, {hg Joafkwhire MR haPREdpScil d dtH%?e:E L Be 16uBiEass:, af fords | ow

mai nt enance and thus provi dés I ncrea production and associ at ed
econom z@l benef Atcordisig thruns embodimet, the appacsus fugtheraopipeses dmsansfot on,

separation and collection, .if desired, of all hazardous and non-hazardous
organi c ande‘ﬂHf‘tjﬁlll?i ’@Hﬁgﬁhﬁgfaﬂl‘%sﬁletﬁgﬁf‘%’s WX%’I‘ F SYMBAES VEE Mt ani nat ed
mat ri x w t hgetinisdanaReioreh&hicsleshiiehl ddaithes.t he entrained radi onuclides. The

Matrix Constituent Separator provides efficient, cost-effective separation
1 o for recover ylngffuttser gmpodimentathe hotorh surdace @f thedepyerthe mantfoldnor gani ¢

chem cal constituent.s, and trices for, recyclin Se, onom .¢c di sposal
or further fmsﬁia%?lg}é?er?%g&'ﬁﬁlg?%‘oﬂso ﬂ&%ﬁg ir?sﬁs_é%’_ft é&gtutg S¢ ag?l?%%aystlogni ficant
vol une pedugkitéyorinfantfoR UBAairiydiRtted@Fbeph ey iahd Mgtrices tdivsindindhé Ng. The
design of the present treatnent apparatus nmaxim zes the econonuc 15
benefits anttaysand notarquad thsftrayh dcearding to erarmbpdimentdhe taprsanbe geaved at e

radi ant enerqgy. .,Jh rogess . s. al effi.chent. si use any
auxi | i ary fﬁ%ﬁ%a"?/brein?‘ﬂ%tﬁffecs%)r %‘[@8??%&“’%@&2&%@?&? gonk"’uéérjngf Eoef@r)tat ri ces
during the migat &9HtePi@eie Which@hydically@epiestestha ithopdriicilateentitaidrin zed
constituents follow ng desorption fromthe matrices. The overall process
"achi eves a Rie@niekigawair stegad. desi rabl e vol ume and mass 20 reduction in the

wast e stream whi.gh can th e led, .r 1.cal benefit,
di sposettﬂ5 or furtH&? P?,rg{ézf%yﬁﬁo&r@%ﬁqn@%\sg?ﬁ%ﬁb&r%ﬁgt?@?ﬂ%o%@gl ume of
‘chemi cal copfeMtion@ntad bfpakatdy RingialdostrolfeTisydtat ahdtrifsducdraosefiesye or

| andfilled, are reduced substantially by the nmethod of the invention
because it ufidroratien tg agempYteror separating, renediating, collecting,
purifying and recovering comercial products




25 from contaninated matrices including the matrices thensel ves( 5RING@0Jar t

" method i N\Wbvessfeating material fromthe top and forces aipcrAfseMaAs Y
through the material. This action contradicts the | aws of physics and

retards the treafyByibseh i6&sion firthet h%vmes Phedbl forqrsuﬂse?ﬁtah&ﬁoﬁteat i's nol
captured fromthe burners as air is drawn downwardly through the system
Most of thehazudvm:and\mnﬂmdats oa:amdmdo:hmmasm consigfuerits framonamess from t he
top of the process. The MCS. heats the s from.t he bottomandthe heat er

exhaust and“¥EEFEE: Bta?‘“EQtatmteh@ as‘i?é‘taértﬂt P'(‘ﬂ?grﬂa‘f‘ﬁeé fFatreE  This pr ocess is
ef ficient, aRgnRisprdichedburk witih HSAiRES ¥y bdabHiaffe Qotcuhﬁ%r@m 5> JUN
2003 WO OOI 38196 CT/ US99124019 opposi ng forces to drive the air through

t he mat rd x. mathieesy padirethoaing thogasemsiconkitgents from the ampriees.s The mewivpeart t he

matri x all ow n? for free air flowtrﬁi'o‘%rig the matri x. The lgrior art caused
cd ug

matrix conp¥eciedframmiadipartiiednaienalnt RIPSESS MBRHF $FRRBG IR+ d8eSt em and
the treatne t he cost
for trans po%tulvﬁgé f[é ﬁgbﬁ/uﬁ?tgﬁ?% %ﬁ%@%ﬁ%@%ﬁg@%ﬁﬁéﬁggﬁgHﬁ'iﬁr%%fdégigﬁt han t he
cost of noviuningshed thetlikec &ae ballihfpoihtsed tierohstitentstdan mangadfobexaknple t he pl ace

where the matrices were to_be used as backfi al s_or for other reuse
or disposalt OHTHBOW\?@I@SECEJ? E)‘FSPQ?BH%]@Péle@Fe%@}’ﬁ Expnnlesiafi ces into

pOL L OM 61 CafiGituentO which¥ay Wl ERo kSIS BhGRb nfer il GRErcl Gnfbolfidd, | N
frame having a reflective 'bottomand three vertic es an open ’to the
at nospher e @fanideecyanige cespainlds, aisenig, asenixceompounds, stierlignsteleniypar ti al vacuum
t hrough the top of t&qu ﬁont ai her ttho establish an up draft through the
general |y | SERNPds, g AerTastels endthelisalts ng the matrices from the bottom and
pul ling the hot g@c%eﬁnyovmthﬂt&r‘%@&n&rrmwt Rk tmrhrauyfaestﬂ,@é&&p

rel easing 15 the contam nants vapors fromthe matrices and renbving them
fromthe treonsbuated dusmg $ephrdtion efwnstituentofromdhd metricese Themethddaay s vapors in

) t d. Fi II he .t t
Fhe t 1 oo o ocamattef enrstiy DYt Roame 6e st Ppeped, AHE vl B ed to- Sool
in a contr ol @chsaBE &lor phv i ﬂﬂfhhgﬁor S@brptibn bf SonstiReRs! fgleed. Once the

treated nmatrices contained wthin the trays have cool ed, 20 they are
rehydr at ed ewbddimentHibe constibients are retained di theanatmees dor. lesprtbam@$ stconds ar e t hen

renoved fro e tra so that fu dust are mnimzed. Ar
is pulled t%ﬁog th’@%ﬁ%eﬁatﬁ esogc ‘?St‘%‘hee‘%shag}’em glegédpor nt furthest away from

the heat source. Tﬁla‘mah@d fhay bmprﬁb‘émie@lﬁﬂgihémn'fddﬂﬁianaﬁﬁlrcctilrﬂanﬁlarraw ng the
convection heat through the source to heat the non-liquid natrices not
exposed2® o expesyre ihlight prargy, with ag emissiop)speciythaipeqnrh2 %Cbtﬁ migrefss dRe wi t hi n
the treatne es the

boi li ng poin ee%p)% egnéoﬁ?%&g%%{rgxﬁé%snnﬁg{p%eggggt edé?lfsétllélr g&#gszazit ed
matrices. Theonapotmipeeasipuegduii donnectivelyrttansfetsdtenttoshe matrix serfprecsfsled by t he
following well known enpjrical equation for ecific substances for which a

and b .val ue?a‘éfrdé’qyno‘?/\h“ml&ﬁﬁér’@%‘"}ﬁnkﬂﬂﬁ'%@&‘r%‘"tﬁhmﬁﬂcﬁﬁ’tﬂ?ﬁ‘ﬁﬁt° ight { epper at ur e
d
the G Pandiyrbehiics f Gilfier il GneRTIEAoRagUVER) b MO bR REDS) 1 0

page D 242. surfaGcsEex@Mhld 2H)Dght\6ergV/ meﬁtmm#%ﬂnﬁdmvih@nn@pf the 0. 05223a
divided by T % b This allows the renpval contlgm nants w th higher

boi | i ng poi AREICE} X?ﬂﬂt‘é‘?“‘t"@r’?ﬁé?%‘f’ﬁ?’@‘%)’ hepp 15 cgR ‘tcéﬁf R Ry mATXJAYFELAP OV Bie sy st em
is only aboHﬁbB&&nfsMcEf&fﬁﬁr%ﬁﬁ' as required by other thermal treatment
systenms. The vacuum also works in a physical way as well. By physically
drawi ng and sat uinae partichler emmahradttnwgamcehemicalh aw separated fioputhed air wil |

di spl ace the ot her gases rese swee the out treating trays
whi ch adds P@UICAECORFHURE T eéf"“ H@rwg‘t ﬁoPﬁg“‘iﬂt‘Se i nvention

var i ous ;Yast iRkt 6 b@'ré?:o%x@&%giﬂg?tsl?deig?gﬁcmdﬁ@g?dnﬁ%&héma eater

base, raws alr”through Ing on the matrices
further comprise a means for purging gas vapors and constituents to be condensed and




1 6 through h The h i '
o throughout the screened tray bottom The heaters are activated, d;g?bh?m

the matri nggﬁoﬁlégl(%y and thoroughly to a depth between the ﬁ,g:qﬁ%g@{é‘alg

than an i er three feet. Typically, the matrices a to a
depth in th e tﬂ\ﬁﬁn Pal o] inches. . The tive.deptly of
heat i ng cang%{é%{r%gaéﬁ? Fy gf %rﬁbrédﬁlﬁ%?’égg%’%%hlag &1 Sggg‘}’ K E ﬁre&%’frt‘iedcbae!?dv Wlel | be

af fect ed bytrayab féiie b etitsstaatialyecidsed Bop eywt&R. pPhysi cal characteristics 15 of
the matrix and the |ike. Anbient air entering the process at all | ocations
bel ow the matrices is al so heated and pulled upward through the matrices

carrying heat to the upper | Rt rice The conbi nati on of heat and
rreduced pressure renoves theﬁ@&%ﬁﬁ%h‘%ﬁ’t@‘??@ﬁ??ﬂ? matrices and the air
flow drags Fiagrd EI¥OVEEE GO bATKE AfptkfusUfith@védiRnt r eat ment process through an
em ssion control or collection system The 20 matrices can be agitated and

treat ment chigutes? shonvstthmrbatiomiand side views pf amagitatoe ttay. The systemis a batch
treatnent p oceii hused to lsc.-‘-, ar zi.te azardousbla{r}d nog.hazgrdoutg organi ¢ and
i nor gani ¢ chEHECAFNOYGEY T JARSLI £ SBHY OLiemoyabie BpY Beq MPTadifngtt i d nmatri ces.

These matri gRentigac! ude but are not limted to radi oactive contam nated

matrices, industrial process waste streans, sludges, soils, activated
carbon, catalysts, 25 aggregates, bionass, debris and the |ike. The

chemical constituents are a d fromt tri.ces by heating the matrix
inatray while purging cogfegﬂgeatﬁoelsﬂﬂ&ono?n&ﬁwﬂﬂ her gases through the
mat ri x. The pur geh&pesék ifaffionlreM@s fohi Melbd forId depiratiin STHALRE S Ud | Ve

em ssions control conponents which renove the chem cal constituents from

the air 10 norgh&ayigMs prEaRic and inorgagic YeNstituenSTINGS 9Ariops nRrtrines.ddereby physi cal

cepat 2t 1, ARG e RSP iSRS SR L0

pr esent i VBT es e

5 Dry Parti gdfisaiventiftonema@osdsnsing@ndpsinore dikAfolioivirsintiplaobwAbsor pt i on
Li quid Scrubbers Reverse Osnosis Chem cal Precipitation Physical Phase

Separ at 1on tcaweEtwr thermal desorptions ragiqat efepey. senMEcHYe hepiing, cendiiptivei nvent i on can

be descri be r . . i L oy Yo Lbie + 1. Shaft
support bea%a%ig’caﬁlf ﬁéﬁ@gg Vtaﬁlg}'ﬂtgsatp@hgﬁ% se%g%g g"?ﬁ‘éﬁlﬁpgut&%n%gct ed to the
mat ri X m xi cignfitd] yblatilizR2{dn Zhrodghahé siditber efcheslidabidditiveoind thalikeMMarl cont ai ns

the contamnated matrices . dyring processing. 3. M Xxi f.light which noves
t hrough mat FRERITICAIAY Ahenidjentiqn feﬂggs g melied fw&zeéewc}e?w ARHSTREEES dur i ng

processi ng. yferehd/SpihlyGediRoPhe Wricett i6'td Movide W3R rhinlrth24tRn and
20 resource recycling benefit. Preferably, the invention relates to a method for the
remediation of the following waste streamn areas: (1) separation of hazardous and non-
hazardous organic and inorganic chemical constituents from radionuclide
contaminated matrices without spreading or destabilizing the radionuclide contamine
separation of raw materials and hazardous and non-hazardous organic and inorganic
25  chemical constituents from an industrial process waste stream; and (2) the separation
of hazardous and non-hazardous organic and inorganic chemical constituents from
various matrices, including but not limited to, sludges, soils, activated carbon,
catalysts, aggregates, biomass, debris and the like.
The Matrix Constituent Separator provides a controlled air flow distribution
30 which the prior art lacked. The Matrix Constituent Separator enables an even
distribution of air flow and heat drawn through the matrices contained in either the

static or agitator tray to ensure complete desorption of the constituents contained



25 5. Slave sprocket which reduces power requirenments and drives flgghmﬁ.zgm
6. Drive chain which connects slave sprocket to drive sprocket Drive

A
sprocket WH? 8934126 coupl ed to hydraulic motor for driving MfXIHF*Mghts. 8.

Protective_h Lna t. ) hydradl i or. f i,I.e envirnonnments. 39.
hor aol | o ey ifibokife SRR Btk e dRbRliod (BRI s ERITE D 2

coupl ed t 0 ohyshiceand wolatilé ordafiic cBénivaisIhéNakt ¥indvinggits in the treatfhet JUN 2003 WO
001 38196 PCTI US99/ 24019 11. Drive chain which connects slave sprocket to

drive sprochember affordsdoyeaintgnasekand thirs rrpvidesdureeasediroductioeatd renent s and

drives flights. 13 tted screened bottomof tray which contains the
cont am nat asoﬁ’é’fﬁ%ie@@@'ﬁﬁ%ﬁ?ﬂ“ﬁ?‘ocessi ng. 5 14. Agitator tray used to

processsnat i CeThiY protesh enabibd fliet@mplret ddsbtion, Bépamitien bhddblieEignhgni cal _
additives to enable treatnent of certain inorganic contam nants. 15. M Xing
flight whi desiredyefall hazeudghs andtnonshazandriuaiorgsticiand inorganicehémisil i t at e mi xi ng of |

matrices durin rocessing. 16. H gh tenperature support bearing which
allows. sl agendiiuys %"FJP@P%%"&%P“&%?‘“‘E&%@H" W iBBSPERIE OF b whi oh {1 ghts
are attachegdstabilisidk @hedentrhfhed Rldfthth@tiescr eened bottom of tray which contains
the contam nated matrices during processing. 19. Hi nge to dunp gate for

matri x renoval fTheNatringonstiseantrBenaratarproddespifiient sosi-effsctiveshpasatioani ngs open
to dunp matrices. 21.. Du at.e latch, which preyvents gate fr.om opening

dur i ng P edTHERtersat hagaRu i Ben Rivariaa priduR AL AP Bhemiel " ove. | oad,
unl oad and cghﬁiﬁu&i@fﬁ-maﬁces%m?@ﬁﬁg rék Cddon¥ii€ Bisposala Fathed remehOM Openi ng
during treatnment. 24. Hinge to dunp gate for matrix renoval follow ng

treat ment . of thed@zardonkgansitugits; Queity thos grificant selas redyetiongniths quantity nove,
load, unl 03 W%th rgcﬂxrirﬁné hidner handling.

The design of the present treatment apparatus maximizes the economic
15 benefits and utilization of the fuels used in the system to generate radiant energy. The
process is also efficient since it does not use any auxiliary fuels for the desorption of
the chemicals from the matrices during the treatment process, or to condense and
collect the vaporized constituents following desorption from the matrices.

The overall process achieves a significant and desirable volume and mass

20  reduction in the waste stream which can then be recycled, reused at an economical
benefit, disposed or further treated at significantly lower costs. The volume of
chemical contaminants that are either emitted to the atmosphere or landfilled, are
reduced substantially by the method of the invention because it affords a means for
separating, remediating, collecting, purifying and recovering commercial products

25  from contaminated matrices including the matrices themselves.

Prior art method involves heating material from the top and forces air
downwardly through the material. This action contradicts the laws of physics and
retards the treatment process. In the prior art, convective heat is not captured from the
burners as air is drawn downwardly through the system. Most of the convective heat

30 can be observed rising off and away from the top of the process. The MCS heats the
soil from the bottom and the heater exhaust and heated air exit the system through the

matrix. This process is efficient, and since heat rises naturally it does not require



26. Sl otted screened bottom of tray which contains the contam natedy§ JUN 2403
" matrices during processing. 27. Bottom screen support to support wel ght 0
mat ri x | odE/I8M60 trays. 25 28. Forklift pick-up pocket ePEHU824HE
forklift to nove,. | oad,, unl oad gnd du ha 12 0.5 JUN 2003 WO 00/,38196
POTNS001 24 B PRHoT B T PR R bERETY S B e GHAn YR 9985 6 o

| oad, unl oqgh ARhreld BPchAS thefrhdiHk Sildwing RP fred KiPREP SurBUSHRE mRerROThiad! ant
tube emtter SEl}H’rConbﬁst@gﬁ Eexr?laust Vel?l%f??)%. 1Heatergggase Asseany 33. High
t enper at ur erist dri canse matsik epmpactioni vellichveiands bsthahesaiefiém tiwbugtathe fysteth t 0 t r ay
top edge. | 0.34. 1 to %COO_ mcron filter nedia and support frame which acts
as a physi @ng thg greptmept ¢R4eclVeRFSHhar ti cul ates fromexiting the systemin the

air stream 35. Al {Ergﬂgfg ' B |,sd or lifting
exhaust gmani f ol Eﬁ* 37¢§< aux;flll:9 fgldas %]Eﬁs$e§gfg&§%§%§1@ ?‘%é‘!a’??fﬁ%‘? El?{ ay. The
chem cal s el thextadds omeh éads than thieceasedfinmvitg, thd mattibesrto thecad¢atreertt, di sposal or

recycling fromthese various conponents w thout destroying.the chem cal
const i t uentesationgndhack fq the plage y@ﬁr&rtb%mmesg*fereetarwiugedea%h?elgﬁl% malgngylf or

cont ai ns moP%o%{heFféﬂEf&lcﬁg}oFﬂ”S of chem cal constituents. This process can
be used to separate chem cal 2o constituents fromradi oactive contani nated
solids w thout Themiethgt prefertably coaslste nfahhigitgzhemmbtniceéshietochewncsateened

constituents. In the preferred enbqdi nent, the present jnvention conprises
a base 18ontraYsnvhigh aremgchrpically le%ﬂntﬂééﬁﬁmgﬁaﬁﬁgﬁ‘éﬂasrf GCHYS BAHOR heaters,
whi ch are b r ' L, kU bl e heater
frame, w tﬁf@ hgééeﬁ,egg? g}rjégg%iafngg) g%tgég%%ﬁygg%glgﬂse%ﬁ%lhme Iggavx‘/;ehrg&gﬁrfaces of
t he mat ri cesat 1ddsea pppainatusn ahsmgh tleopletthe ttmtaindn o éxtabdishn typdfir s can be
nount ed pernmanently to e nifold franme for st .appl.i cations. An
extraction ﬂBP‘_&ﬁ%e‘ pe g?ne(ﬁé‘éfﬂa?ﬁ%mﬁﬁgﬁfwwshiaﬂ%g ‘lgoﬁﬁ?f'i‘fggffw“ ‘%B&&‘%ﬂ“ movenent
2; the contahifiRg the hbi QA48ubw@dehind or WihriRgRE With thd gk Relbdimgext racti on

15 the contaminants vapors from the matrices and removing them from the trays and
manifold frame and collecting the contaminants vapors in an air emission control
system if desired. Finally, the trays containing the treated matrices are removed from
the heating frame and allowed to cool in a controlled manner while another set of
trays are treated. Once the treated matrices contained within the trays have cooled,

20  they are rehydrated within the trays in a controlled manner. The matrices are then
removed from the trays so that fugitive emission or dust are minimized.

Air is pulled through the open base of the system to a point furthest away from
the heat source. This air flow performs two functions: (1) drawing the convection heat

through the source to heat the non-liquid matrices not exposed to the light energy; and

25  (2) reducing the vapor pressure within the treatment chamber. Second, lowering of the
pressure decreases the boiling point of the contaminants being liberated from the
treated matrices. The vapor pressure/boiling point relationship is expressed by the
following well known empirical equation for specific substances for which a and b
values are known, wherein p = pressure in mm mercury; T = temperature in degrees

30 Kelvin; a and b are constants given (among other places) in the CRC Handbook of

Chemist and Physics, 69th edition. (1988) beginning at page D-212.



0 5 JUN 2003 WD 00l 38196 PCTNS99/ 24019 bl ower or vacuum punp, or cBf Jy¥ 2003
"collected in an air enmission control systemif desired. Attached to the

base by t WWHYHEEM i c cylinders is the vacuum or exhaust nEGTYOP8240 e
bottom surf t n asketed with a tenperature resistan
gasket mat e P§I18PTF¥J]€5§§§?¢%@8&’PYS§P§\ z’ed hydraulically to allow for theg

| oadi ng and 5 unl oadi ng of the screened bottommatrix trays onto the heater
base. Once | oade old is | owere d.sealed to the trays'
top edge. This othiselows e of cogtapinegi }Hgiﬁégeﬂhi}g PWPG&@&»W% matrix
and tray angtefioha e Wil chirgy 108edloteRihESBRANSLAY Yootk 8RS R mlchve el of
conponent s ol'd; "proc %5 trays; base; purge air fan and

em ssi on cosd feqhﬁec’styss:bthmthénmattk’@trﬁerﬁfs)etmdﬂ&rmﬁhmm woﬂh&nhlpayﬁcaar e
typically sized to e‘g\qu' mately 8 x 8 x 17" and contain a slotted fl at
st ai nl ess swaglas ¥l phwmllmﬁéwwgraaﬁ patyrating the Herted makriges With aisrthened tray
andthetra sts of
typically 1% Atgd Bl'@ﬁ?&lm@gﬁe tﬁ@otﬁ&%g{ gé@éﬁa $°E%?§%%E%§f§°%§§%ers nount ed
init with &angmcﬁpdmaolﬂfete\marveh&seohmamtenbase and the 15 manifold to

insert the tray._The tray can be raised and lowered tQ aid in the tray

| oadi ng and renmpiaih CEF%@E%VC“@%‘@“PH%W%SFWaW%CSI%Hé@ ana “iaﬁ%%nl fold is

| owered, th f | e the
heaters il Sor%a ﬁ%é@sme sa%ﬂ%e’ eﬁrs'flt% g?g&lcél tﬁ{:geﬂ{égﬁcﬁlggl and the
purge gas sSthredghonnihe scredned rgnbdttoni. [The hadtars are @ctimaeed] heaahgt}ierxﬂmf;arrl ng heat
fromthe matrix sur&ace Iaﬁbé which is exposed . to the |ight energy and to

the matrix FeRdy and thojogghly ipe drpdhkatwees ‘}P“rfénﬁer%wcss&‘ﬁ‘?dﬂd’t“i %°H%fa‘f“°9ransf er
occurs int t i qat es

exposed to t t#@ycawgﬁi?gkgégﬁ%&a@HP%E@%gﬁllggg tes %Hhave been
heat ed conv&ginched. The ¢ffectiveiderth af heasmgmrbemdﬂy éetemmnelhby d:rietsklllﬂms hift in

which a 25 por ta ance em.cals in ces exist as

S0l {0 11 e anany B aeciA el o Bicenesaice PIRSR HARESRe bal ance
and geney at BE{HEREAriY &ROthe 1ikS mlén\éﬁraﬁt@nh@hdbﬁﬁbﬁcaeml fReiGRPERNEGeOUt  Of
the system by the purge air vapor generation, further enhanced as the
systemtri emamﬁes @ta:lsoeheaﬁqd endawlbqupwmnhrgmlsthammcehemmmghqat ©athst i t uent
Separ at or al | {c h,g | hg 9 gé‘i a&rt cee 30c strock vs area, and the
trays, whi chl?%lﬁyfi'r CERCET A HETH %lor"lo{ FLISAP S HPRSSRYTE Femay s E)}gtransported
in a contr obMamimRME Sont Be hAGicEs SRS 4R oW didwsthé Repbves BoRAHINASHLs out

contam nants or releasing fugitive em ssions. This new process al so

el i mi nates phthetigatmept grogesatirenl apemimgiosguye! pcwligsion system Theed f or

wor kers, t o e t pea gravel
filter rr(liedl gﬁgrﬁc%s %’%'ebeo{fﬂﬁﬁ% %’%&W%g%%csr?oar{?%gﬂi'th&ﬁwergﬁpgd;s heal th and
saf ety concerns The bystengirathaich trextpizatijrecesoused nd separacytazidpny and fopat st ress,

burns and back problens fromworking in an extrenely hot environnment with

heavy mat er hagagdousREgamegng inoEsagic capwwscoglm%%@msdﬁflewhﬁ pRY gemiy pe

| oaded ont og &15&@%@ ﬁ&hé@e@x’f’ah&é&gln&ﬁﬁe%ﬁ{a‘i@ﬂotﬁw 't@gadx@ﬁhfi_ dﬁ?é%éﬂ%& filter
medi a probl ens and the associ at mai nt enance downt i e e MCS process
consi st s of matrides,dhdustriad prboess viaste sfreamst $lidges,cailgactiGhal datbanpcasalysts,nt enance
be reqwredtothe creen ticylar tray, thi.s can be acc | i shed
whi | e other a@?&%"’éesa Qﬁljﬁﬁﬁ‘g&ﬂr‘&h\fﬁbm IW’F‘I@F‘I‘*@“&PW’L’}E@%

Mai Nt enance gy fgesih Qeainfihe FERH itk ih 2 tla) while §u@fm%°r!d§¢diﬁtvb%es Bhgirghr f ace
area of the static béd MCS processor is placed entirely on a screen
resul ting i ntheOPases thmxghal@panaﬁﬁhe'l‘hmrgrrgassmneﬂom thaough asened afawnng door
and pronoteg even air, f.l ows t h the rrghrlx anli‘Falhﬁlfo mtreatrrent The
need for exé%ﬁ‘i@i”@??’?’ﬁ’%ﬂs% gnei@vbt@ regqvsithrgheical EQRSHMNGES pr ocess
cost and m R Rk resi dual vvaste for disposal. In the MCS, all of these
probl ens have been elim nated because the matrices are not in contact with
process equipnent. In the MCS process, a 5 to 100 m cron physical barrier

prevents the entraining and mgration of contam nants and particul ates into
em ssion control conponents.

L
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20 'This nmakes for easy and efficient decontam nation. The MCS process can
"be equi pped with nechanical agitators so that matrices can be chenldaJUN/2003
treated by WOX0A9Nd t hrough the addition of chem cal con$UAeRI9A4HQ t o
vol atilize or gasify contam nants which are withdrawmn fromthe trays apd
col | ect ed i retkeA@ RYRIYEF Seraeten spndsysatienpndapsqmptionithe PEEREY al | ows fof the
controlled r - at i . . d prepare the
matrix for r%ﬁ%o?ixﬂ%ﬁﬁ@eﬁ%seﬁ%ﬁvégﬁ@ﬁoﬁ%ﬁ@ ?h‘?‘t‘ﬁmg@?‘tgé PJatP ? .ﬁﬁtgro ction is not
af fected as dogipestests:i on of the trays can occur while other trays are
undergoing treatnent. Wth the prior art, rehydration would have to occur
i,n the treatnent chanber so that additional production is not possible.

Al so rehydrati i ] chanmber results in an accunul ation of water in
t he cha erq%ﬂﬁ%ﬁhaﬂﬁ$F®%§act (increase) the treatnent tine of the next

bat ch, effeotonti@nfii@Sysedm on. 15 0 5 JUN 2003 WD 001 38196 PCT/ US99/ 24019
The MCS process is configured so that it is practical to nonitor matrix

t enper at ur esHHEBAFIRGrH s, pressures and process enission control conponents
usi ng transq§£86§A3§9%hgernncouples. This all ows operators to control the
treatment process accurately. Prior art |acks these controls and could not
be practi callliguidSeubberst he 5 matrix contai nment vessel. The use of the
process controls will also |limt the nunber of workers required to operate
the syst®m ROSFEIFMOSIN ting potential exposure to health and safety ri sks.
Both of the 1 make the system nore cost conpetitive. The
MCS processsﬁﬁgxﬁoﬁ%gg%%%ﬂom cal and efficient neans of treatnent than to
t he prior arRhysithiePhasdt Sepdratén | oadi ng and unl oading the prior art processor
requires siggifican%.domntine bet ween batches, which directly affects the
producti on ef93EFREEMEINd economi cal benefit of this art. The process
design of the MCS nethod realizes substantial production efficiencies and
econoni cal benefits over the prior art, 15 resulting in part fromthe

i nprovensnt i n ddlhetapparatbeeitiemesenttivvmsiod wen boddscadind by refemdneertd dizdi ng t he

t r eat ment cggﬂ?er jth matrices. In the present systemall of the

const i t uent sPHPY" mgu{?&nverted to vapor and pneumatically conveyed by the
air stream im%ﬂcQB em ssion control system Because purge air volunes are
excessive, a nmeans to physically separate particul ates which 20 have been
entrai ned inko tHhapgguppertdaam whick howses thedeeatingand shafiithat \s gpriectgfl 4 thef i | t er
wi th pore spaces matpk ouihg/flighisgi ng from 1 to 100 nmicrons is incorporated
into the manifold just above the tray gaskets. This physical barrier stops
these papt i cul at exod@creaRabatSot S WhicR RbhthRs GRRoAthrhiRRE naiess. The
vapors travel throughsRc&epgenser where they are condensed to a |iquid.
Fromthis stage in the process, the vapors and 25 purge gas air pass
through a HEPA fil.ter tvypically designed to screen out particylates to 0.1
mi crons.  The-pur fxg}grﬁ*éﬂg@%ﬁgﬁvm @ﬁé&%&&?‘ﬁé@?&‘@%‘ﬁﬁé’& G The ai v
is finally di schdP®gof Bairiees SRy BIOSEISH & reintroduced into the process as
purge air. Scrubbers, staged condensation and the |ike can also be used to
achi eve t he $ur gdiyinanlic aptor whintralvizes mBong fléghtsat ri ces in the trays can be
mechani cal ly agitated and chem cal additives introduced to the matrix to

enhance she Dr ocexgve@proeld Which rQBEPoed Péduireets and'@iws Afkhts, WO 00/ 381 96
PCTNS99/ 9 volatile formfor separation. is is achieved using a flighted

paddl e whi c hG.t U Srive chain which connects slave sprocket to drive sprocket.

7. Drive sprocket which is coupled to hydraulic motor for driving mixing flights.
8. Protective housing to keep hydraulic motor from hostile environments.
0. Hydraulic motor which drives mixing flights

30 10.  Drive sprocket which is coupled to hydraulic motor for driving mixing flights.
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~inside the tray mixing the matrices. It can also be acconplished B'giJUNZthg'
a drag bar. Typically, the extraction fan is the only novi ng nechani cal
part whi chV? 00/38896t he system The system can al so be nodi f i BAT/UEIIR4019
particul ar enbodi ment where 5 agitator trays are utilized for treatnent of
certain cherilcal Dypieshiin wdinhsconetssdave sprocksbiotdsive sprpkede capped to achfeve
vacuuns ranging from about 0" to about 29" of nercury. This can further

enhance the jgqui ISidveispratieddwhich rédiRed owiek teguidnterit@ld dHvegTifpts. consti tuent s
are separated fromthe matrices and collected in the em ssion control

system wi t hqyt dest 1N t gani ¢ . i rganic

const it uent 3 can Shuied syashel a5y of e QR B e SRR ATRRS of o v ay
agi tator and/or ONBREPRPESSINGi tion. Sone of these processes can be

acconpl i shed non-thermally. For exanple, a matrix contam nated with cyanide
sal ts or sor ddni c@gitgtobtrayngsed yapiodess mafrivebHpriqgt@ clading asd afterantsddattiion dfr ay, i f
the matrix i s hochgsiosiadditives o @nEkdSiréatifient anckrfady i@ fdahicicoftamixiantsn an
agitator tray if it 15 is not. The addition of sulfuric, nitric,

hydr ochl ori Gcor her i - W I j ichis
wi t hdr awn fflg'm tﬁ%&%ﬁ%g %i%é d%’,%egé %%%ﬁEggggﬁgwyggﬁﬁggﬁhto create
sodi um cyani de whi CheChERT cah 'be sdor rected and recycled. The matrix can
then be neutralized with caustic and nade suitabl e for possible reuse.
Mercury, ar 9éni c HigloleBprafirasipraxt hearing wirch allows stave ghafk 1 reats- be | i ber at ed
from2o0 a matrix by first acidifying the matrix then oxidizing it to get
netals i tnagir @enusidriste shiaft inAdddH flights afe athahedous chl oride or sulfate wl|
cause the hydride gas of the compound to form releasing the conpounds of
concern whi gh %?: col |l ected and passed through an acid scrubber. Amoni um
can be renove roma matrix by raising the pHw th caustic and 25

coll ecting the v%&g{sa in bgi)i c aci.d. TB.e mechani,cal agi.tator consists of a
hydr aul i cal I\ powed SHFEEd Lotigr of Fayihich sopgns fhefopprnaledmatrifes he bot t om
of the tray. ThedHBgPREEsFREe contains two flights that ride across the
bottom of the screen. The flight rises in the center about 2 inches which
pl ows t hroudl. t hélimgetto dump ightei foymatniz rerao el followangitredtmentg it. The flights 3o
are attached to a shaft which protrudes below the tray screen. Below the

bottom ofs t g scmg, aedoob athichn@sn B R dustip rasxpieest ed to it. This shaft
is typically locate é|n t he center go%f‘)%t he tray. The hydraulic notor shaft

al so extends,t hr h th reened dO~9~~IV LU 1J 17 . VO 00l 38196

PCTNS00/ 24~ - USi £atg laeh wiichy PIPYSRts BaI frontppering émangs%eragwit attached to
this shaft as well. A C drive chain connects the two sprockets. \Wen the
not or shaf t 22eons picktw norkss snaltesghe fardift tousoentpad enlead apdidympriraysgh t he
matri x. The heater base typically contains 8 to 12 radi ant heaters that
face upward 23. t olamg ganelarchtwhioh préventygateofroma bperting deriiggetreatnentf r ecessed
chanmbers in which tubular screens are inserted and attached to a manifold

at one end. shhe §Hhde tbQuid phfed8i RdixGShsvaA TolloWndftitRhef the chanber and
on top of the screens. The recessed area and the screens becone pl ugged

qui ckly. Thi,s ca ..uneven heating, o oil.s . which resulted i oor 1 o and
Ineven i Heatent FoMIE AP netie e bednilil o Hoks et tolHah il
removed, causi ng¥bcess downtine and health and safety concerns for the
wor ker s.

26.  Slotted screened bottom of tray which contains the contaminated matrices
during processing.

27.  Bottom screen support to support weight of matrix loaded into trays.

25 28.  Forklift pick-up pocket enables the forklift to move, load, unload and dump
trays.
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The present process does not enploy a series of recessed chambers W'OtH‘JUN 2003
screens within in which the matrix rest during treatnent. The process
chanber | swospasiabe fromthe treatnent trays. The chanber PECTAI0¥PpEd Wi th
a frame in which a 15 tray containing the matrix is placed. The tray has a
sel f cl eani . sckaskliB aickoptrocksienaticsthesfaridifi to swive, lodd, anlpagindylyimpg t hat’ nay
occur in the dumpaysg process. The boiling point of a liquid is the
tenperature at which the partial pressure of the substance is equal to its
vapor presspgre jThere is a direct relationship between the final treatnent
tenperature § c? t he system operating pressure. As the systemis 20
operating, re I § reduced and the treatnent tenperature required for
renoval of H&%SSRV"\FBI atilization is decreased. The MCS uses this
principl e of b0| i ng point reduction by reducing the system pressure. The
syst em pf es3lr e Raliangtbeechifterom about 0" nercury to approximately 1" to 30"
mercury. Figure 1 shows exanples of this relationship for water, acetone,

TCE and PCR1,25 EhfbisBion ExMRRL P&ttt e Boi | i ng Points of Corrpounds at
Reduced Pressure CompoundBoiling pt. at 0" Hg (F)Boiling pt. at 25"

(' ~F)wat er 2%72?3#%38?4T | chl or oet hyl ene18965Tet rachl or oet hyl ene25086
Vacuumis expre total vacuumin inches of nercury 18 05

JUN 7003 WD 00/ 38l 96 PCTNS99/ 24019
33.  High temperature silicone gasket material which seals exhaust manifold to tray

top edge.

10 34, 1 to 100 micron filter media and support frame which acts as a physical barrier
to stop particulates from exiting the system in the air stream.

35.  Air extraction manifold
36.  Hydraulic cylinder for lifting exhaust manifold.
37. Exhaust gas outlet.

15 38.  Soil treatment tray.

The chemicals can be recovered for re-refining, further treatment, disposal or
recycling from these various components without destroying the chemical
constituents. The resulting discharge air stream is either free of or contains minimal
concentrations of chemical constituents. This process can be used to separate chemical

20  constituents from radioactive contaminated solids without commingling the
radionuclides with the chemical constituents.

In the preferred embodiment, the present invention comprises a base
containing a multiplicity of heaters, preferably infrared heaters, which are positioned
under the matrices and placed within a portable heater frame, with the heaters directed

25 upwardly against the lower surfaces of the matrices. The apparatus also provides that
the base of heaters can be mounted permanently to the manifold frame for most
applications. An extraction blower or vacuum pump provides the impetus for upward

movement of the contaminants through the matrix, which exits through the extraction

13



Referring to figure |, it is readily seen that the relationship bet ween t he
boiling point and the system pressure, although direct, is not |ineaf.5 Jii2803
non- | i neaMQ P339 escri bed by the O ausi us-d apyron equat iFGT/USORHAt i on 1

p =p* X exp-Cwith C= (delta H-, P), x %1-1 . R.T.T* where: p*_is the vapor
pressure (XCHE) CQt2FHE HERp AR Bﬁé%‘)”f“te *’F‘)“,erpen?‘?l‘{“rf@n%tlpséf?te’grléssure (aifI m )
at tenper agauned TAftachbd tdihé Bask B it tyiRhudig oy SrsGoms Vadthm( B EkhdiR! - *R) ;. and lo
del ta Hya~ #s t he heat of vaspofi zat}?dg{l ?L%‘U/Ig) Thr ee rerllssurrp.ﬂﬂlg!ons are made
for the abmwpifelduZbé bottonpsunfataofttharsanifbld istghskerel avithe tempdrivereresdistantvol ume

| th | [ f. D2 h beh i deal : d 3
CHe e bnt ha SRR B Thedrrifbis s afited WiGaRicAIE 4 FShior He Al Doy bt ar o,
Table 1 Coﬁﬂéécﬁﬁ% tﬁh@ﬁfgagdeago@&m tribx Bﬁg%é}{em@%gemc@ﬁ&dp&g d Ng poi nt

b
calculated 15 w ausi us- Cl apyron ‘equation for severa em cal s at
a pr essur eumder appifold isdoverad 228 'seateditc theytraySrtop bdpe. Thipdidvarfor thananet er

related to air flowi ir strippi.ng., Air stripping is the process of using
the carri ehe dragm “é’i“faf‘ﬁl’ g“?‘tgﬁé{}fég‘ftﬂég%ﬁ?%ﬁdﬁ‘&ﬁgguﬁ‘&ﬁm the nonl i quid
materials. The #af grefdreWibSdiarts &AGLEHE f?@égrh?jbﬁco?ﬁﬂohaﬁﬁ%&{ifbﬁ‘d; GeeSO! |

depends on 20 its vapor pressure and stabillity I'n water. Thi's process can
be descri beayshieaterhage; putgaair\iin; eid énsissiepcadrelstsgsierhy Int the pfefdrtedwi ng equat i on:

Equation 2 Pe = X T) where Pe is the partial, pressyre  of conponent a k
o Fentt soboteghs et B SRIBRE CaPREXEAP L BrL f B4 SRIGRA e ol e
fracti on Oafloﬁed ﬂat%_i&iméds@fbe( s¥re@n.| The S/aBkE |rﬂat1:[)h%rl@¢fd9d fhito BhesSeitet @Ry @hd each
contam nant is taking place throughout the entire process, not only when

t he boi | i ndrepraiyns ple¢edeqncthe beater heseconpounds i s reached. Chenmi cal

vol atilization nsi st s _of .t wo..st.ep,.chenm cal reactio ich,is shown
bel ow. 30 Equat ?genﬁef?eésb cog 1stsr%ft¥%g{hyé] t(o%oré?orel'ﬁ'f?’ {5@?1{2%‘0\1\%”&&&%1 ion 4 C
(1) at Tbprackaf héatérgimodhted At %&th enddigh sgadkl be®@an NOhLAEAEOmdREd NS99/ 24019

Delta H
15 manifold to insert the tray. The tray can be raised and lowered to aid in the tray

loading and removal process. Once the tray is loaded and the manifold is lowered, the
extraction fans force purge air through the matrix while the heaters illuminate the
soils.
The surface of the matrix is heated and the purge gas stream moves through
20  the matrix convectively transferring heat from the matrix surface layer which is
exposed to the light energy and to the matrix materials located deeper in the tray.
Conductive heat transfer occurs in the tray where matrix particulates touch those
particulates exposed to the light energy as well as those particulates which have been
heated convectively. The purge air stream creates an equilibrium shift in which a
25  vapor state is enhanced. Chemicals in the matrices exist as solids, liquids and vapors
in an equilibrium state. Heat shifts the balance and generates more vapor. As this
vapor is displaced and conveyed out of the system by the purge air vapor generation,
it is further enhanced as the system tries to settle into an equilibrium state.
The Matrix Constituent Separator allows for the loading of trays at the
30  stockpile area, and the trays, which fully contain both matrix and contaminants, can be
transported in a controlled manner to the processing unit without spreading

contaminants or releasing fugitive emissions. This new process also eliminates the
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whére: Cis the specific (and pure) chemcal with a defined boili ngl’J%OJUW'ZUIB
(TbP) C (1) is the above chemical in the liquid phase and at sone

t enper at ur@wO 00/38196g) i s the above chem cal in the gaseous ponssImwdiat sone
tenperature, T 5 To is anbient tenperature TbP is the boiling point

t enper at ur engad fohwoskersgp enterthe propess tkieandeinga out matdcess spentee gravelr nant 4 or

hemical} is,.i til t il int.i.s. d.. T t of
cner gyt oquilBiRbER AR bl i Wt ofbis PR BRbR G R R A S At ur e to
the boi | i ngchiRieitls viBREHAS tRkpbdiee BRadtankiRadRP6E, hkattrER! burfearld ik d phase)

and the quantity of the contam nant. For exanple, water in the liquid phase
requires i Ppblenfs feoewgkinginaniextzendichat enyironatent witlolieaty migtetialiegr ees

Fahrenhejt. Th t h hat after, th t am t h
s boi 11 ng_poi i o PR TERSLH RV B AT R GUTAT G TOReR BOPIED G
vaporizes. dingiligag th@fscr\éé}pﬁﬁ%%lggt, Exgcfhlldeé db&rr 1R Rt pRibleRemAYhd equi red to

produce a phase change from i quid phase t0 the gaseous phase. For
wat er, the #ssatiatefl mamienanceaiomnlimesTI8dICHPrdckds consistoalvinsdlymes Fahr enheit) .
The total heat treqkli rﬂgd S t%re gdum of ttle ent@al Hi.ea o{ t he individual
reactions of°qRIg fqnthipreaion, phquld sqme-maintenange be reuired 19 the Se16en 8 Bonent s i n
the matri X: pdrtipulbfigays thik QRTbE adtomplished WALIE bihePitals dde UnderghMp fireXtmdngel f . The
contam nants_and the water undergo the two-step 20 chemical reaction of
vol ati | 1zat Woth i preyioup art, faaiptenanceonthe propesseragsulty Helogsnfsedugtion.sTher e
present in ratki ; I r.olli . in
concentrati %%ga%rgg#a?%ggg rﬁg%{)%ﬁﬂ%@ygﬁarépﬁ%&r]g%rlﬁggc?%%mg%g gé%gﬁt he matri x.

The two nmai resdliting é S00f%Ircovdigger equi red energy input are the water and the
matri x since the_contam nants, are present in relatively | ow concentrations.

As 25 expl ai ned AB&YES RIpeELSImBatesaeiopding daer anA eromaieseveRair flewsoi | i ng
poi nt._and | e GO heatrhdhnd U Coalf RO Tk For (R eRivE AfleifiBlia hie System to
the final targ treatment tenperature. Thus, 1n determning the total
anmount of ebeanglimisaed, iovkring proeesstosh andunyiiiimgasidwah waste figratisptossle In t he

rel ative angunt s _of rix d water nd., t heir correspondi ng heat

capaci ti es%&sbﬂl ‘ﬁﬁ?ﬁﬂﬁ@ﬂ’sv@%ﬁ@?cﬂé%&?%ﬁs%c% tF’e Hgtr{"ﬁ% QA1 30 tar get
t r eat nent t@@mg&%m&,@od@@yﬁm imendependent on the highest boiling point
contam nants. 20 5 JU 5003 CLAI MS: Att apparatus for renoving waste
constituents fronthaMGrrocess@Pipil) mipror physisakbasier prvents gieosrdtigingng r ays f or
containing sajd.natri sald o of re renpvabl havi.ng a bottom
part bei ng SRR Erales G rRie BT R B R TRBRAET . © (71 %5
vessel , 2@ al Thisesakes fop easyand efffipletdccontarpiggtiore sai d one or nore renovabl e
frays; (iii) a neans for introducing heat into said vessel at a_position

under neat h t he b&ht ¥aSFareess 3 bs sAwPrsd vithy mpghagicrlagiiarars se that magrices

can be chemically treated by mixing and through the addition of chemical compounds

used to volatilize or gasify contaminants which are withdrawn from the trays and
collected in the emission control system.

25 The MCS process allows for the controlled rehydration of the treated waste to
control dust and prepare the matrix for reuse. This is not practical in the prior art.
Production is not affected as rehydration of the trays can occur while other trays are
undergoing treatment. With the prior art, rehydration would have to occur in the
treatment chamber so that additional production is not possible. Also rehydration in

30  the chamber results in an accumulation of water in the chamber which will impact

(increase) the treatment time of the next batch, effecting production.
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(tv) a mnifold for renoval of gases energing fromsaid matrices, said -
mani fol d bei ng positioned on top of said vessel. 2. The apparatus of @ 5 UM 2003
| further WeNIBBWHng a neans for generating a vacuum for wRGTAVSIM4Y gases
through said manifold 3, The apparatus of claim]| wherein said vessel,
further conpri seShgMCS pfogssglisson dgophat attisipragticabiogheni®rmegidei n sai d
vessel bas ? Si daﬁs andﬂt he tray ef f&activel .f.ormsttPe si des, of. the vessel
upon i nser t FOIPTANTE 841GV EEEATeS And BFREFSSHPSTAR CROUEE CUPRYIYE WBr ei n sai d
tray conpri ggssdfcePPindRerh¥oiilesOThib bW opeidds RQbA®HN thé RekthRntGrosPPor ti ng
matrices and allow ng air to pass upwardly through matrices and orifices. '
6. The appareuttelpfPrior ait facks thiess contyols andicdubst nad e practicallyrusedin tiie  2he
apparatus of claim5 wherei id bottomis slotte 8. .The a rat us of

r o “Snemafh SRRy SsD. 36 e BElerineh PRfL R g EPPBERRL i U can
be moved ands{/eieRdequirte® to/Gsesat thelsdlerd, thkly el polntidingpeRRapat us of
claiml wherein said tray is loaded with matrices fromtop and has a

| oadi ng capheslthyndsafety risks Bothefdbese adwntages willyakg she syGtenTmeregoptar at us of
claiml1 wherein said tray has a hinged gate at opposite end of fork lift
pockets for RPEYYFng treated matrix. 11. The apparatus of claim 1 further
conprising a nmeamge MOS prBéRSiRiaGRdrt ¥cordhidl Adddidiért ntdhs oftkeatmbhnt thatUN ?7~(B
12. The apparatus of claim1 further conprising a nmeans for the

i nt rodud®i otheghordeni cal treatment additives. 13. The apparatus of claiml
wherein bottom s ' ol . [ re silicon or
ot her heat resi s?}gé;]‘?&g?g %@@gé g‘%aogfﬁ&g%f @%&ﬁcgr# fpg&(fggééqﬁugeyai ris

subst ant i al kijgnifictrt dbwaktib bemighn batehes, valiich divdctly affectciheipaodietdon N tray and not
around tray. 14. The apparatus of claim 1l wherein said manifold contains a
J to 100 m effisiengy spdrecpnaapicalhenefit of thas ath The prasss dstien §f thetMER msthodi cul at es
entrained 1 geahif QuiAfadRBaRibn Bl RAs dd ccditmiBRBBhER WS Al bRl Byl [ Urther
conprising a nmeans for renotely nonitoring operation of said apparatus

usi ng a 1sonkesolting in pytsremtienicthpravamentiio downtirne baweaybatcliasrdwato londihg a

computer. 16. The apparatus of claim.,l conprising between | and 4 trays.
17. The appé?da\"a%adﬂgt ‘FEF?H"E”W*P@’PE?’{W‘&%\'PG‘"“E?pQr atus is permanently nounted
or nobile. 18. Tﬂﬁh@ffﬁgeg@%%&mu 6f Rk BdrktiWRRs il be 8l el B t& MpoPindmoVved

vertically. 19. A ne or renoving waste constituents frommatrices,
conpri si ng: ppeumaticallyicogveysd by dhesaii sireamanto an gmission sontraldysteny Beeausesai d One

géf im;;e 0; ?ﬁ))ﬁ%g laﬁ Hglégx:é%ar%%\#cens 'vf:i, abrgéagx(s)m ﬁ%'léitcal yeslcgg'atsetﬂ ¥ ugulfa':tgsdwhsxgh as to

20  have been entrained into the purge gas stream can be used. A dry particulate filter

)

with pore spaces typically ranging from 1 to 100 microns is incorporated into the
manifold just above the tray gaskets. This physical barrier stops these particulates and
K separates them from the constituent vapors. The vapors travel through a condenser

where they are condensed to a liquid. From this stage in the process, the vapors and

25  purge gas air pass through a HEPA filter typically designed to screen out particulates
to 0.1 microns. The purge air travels through carbon to further purify it. The air is
finally discharged to the atmosphere or reintroduced into the process as purge air.
Scrubbers, staged condensation and the like can also be used to achieve the purge gas
vapor removal.

30 The matrices in the trays can be mechanically agitated and chemical additives

introduced to the matrix to enhance the process or convert constituents into a more
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bottompart; (1i) inserting said one or nore renovable trays conpri sin

"said matrices in a vessel adapted to receive said trays; (iili cr%ﬁﬁgm
subat mosph®O W38 ¥ssure within the matrices by establishi ngP@/Y¥EGIM above
the matrices; (iv) introducing _heat intqQ the vessel at a pasition

under neat h YHtilg erfAr sepaatiops i dohiped gpinaar heieRadis hete B (v)

W t hdr awi ng; J: ' ' : A Li.qhd. (Vi)
renovi ng salln gﬁ% %W#xggpgﬁgqggﬂ&taggfﬁébgg%ﬁggﬁgﬁgg?g&gg{a inge's from
sai d vessel. 22 Tyfically)tid e29d0BioR fhn iF the onitthoving meclanicah pbet Widcledrivesai d
matrices are sel ect ﬁggf romradi oactive materials, industrial process waste

streans, sofhesystem,desystar sanakiods modifigshin apartignlps embodimers phess | bi ommass,
debris, sor : bilelki y WE of claim
19 wher e?n oilafc?rtlrg?gj%oierlllt@ge&[m g‘é?ag‘g %rgﬁg%éﬁa&g%{e}slﬂ‘%z%%ﬂ??g?her&%‘?%o degr ees
Fahrenhei t batoaizuah bt 68itped egachieve Fadunume baiging f2oin abdue 0retdbodt 29 ofl ai m 19
wherein said conséjh} uents are _selected from anmoni a, mercury, nercuric

. y
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metallic constituents. 31. The nethod of claim 19 wherein said vacuum

ranges 2 ona Mairirchiefirshagidifring the mabroutherp oxidizirigsis tangst metajs in their ground

state. Addition of stannous chloride or sulfate will cause the hydride gas of the

compound to form, releasing the compounds of concern which are collected and
passed through an acid scrubber.

Ammonium can be removed from a matrix by raising the pH with caustic and

25  collecting the vapors in boric acid.

The mechanical agitator consists of a hydraulically powered process which
may be chain driven beneath the bottom of the tray. The tray surface contains two
flights that ride across the bottom of the screen. The flight rises in the center about 2
inches which plows through the matrix lifting the material and mixing it. The flights

30  are attached to a shaft which protrudes below the tray screen. Below the bottom of the
screen the shaft has a sprocket connected to it. This shaft is typically located in the

center of the tray. The hydraulic motor shaft also extends through the screened
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point reduction by reducing the system pressure. The system pressure is reduced from
about 0” mercury to approximately 1 to 30” mercury. Figure 1 shows examples of

this relationship for water, acetone, TCE and PCE.

25 Figure 1.
Approximate Boiling Points of Compounds at Reduced Pressure
Compound Boiling pt. at 0” Hg (™F) | Boiling pt. at 25” Hg (">F)
Water 212 72
Acetone 133 44
Trichloroethylene 189 65
Tetrachloroethylene 250 86

Vacuum is expressed in terms of total vacuum in inches of mercury
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-1 JJK. LsM/NwhxNz ﬂre% aSSuﬁ‘l%nons are made for the above equation to hold true: 1) the change

in the molar volume equals the molar volume of gas; 2) the gas behaves as an ideal

gas; and 3) the enthalpy of vaporization (delta H,, ) is independent of temperature.

vap
Table 1 compares the boiling point from tabular data to the boiling point calculated

15 with the Clausius-Clapyron equation for several chemicals at a pressure of
approximately 25” mercury.

Another important parameter related to air flow is air stripping. Air stripping is
the process of using the carrier gas, air, to remove the contaminants from the non-
liquid materials. The rate at which a contaminant is stripped from the soil depends on

20  its vapor pressure and stability in water. This process can be described by Henry’s
Law which is represented by the following equation:
Equation2 P,=X, x k(T)
where P, is the partial pressure of component a
k is Henry’s Law constant for component a at temperature T
25 X, 1s the mole fraction of a in solution (X a is small)

Therefore, desorption of each contaminant is taking place throughout the

entire process, not only when the boiling point of each of the compounds is reached.

Chemical volatilization consists of a two step chemical reaction which is

shown below.

30 Equation3 C(l)atT, Heat CHatT,
' Delta H,
Equation4 C(l)atT,,  Heat C(gatT,
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increased until the boiling point is reached. The amount of energy required to raise
the temperature from the initial temperature to the boiling point depends on the heat

10  capacity ( for the liquid phase) and the quantity of the contaminant. For example,
water in the liquid phase requires 1 BTU of energy to raise the temperature of 1 1b 1
degrees Fahrenheit. The second reaction shows that after the contaminant reaches its
boiling point, the temperature remains constant while the liquid vaporizes. The heat of
vaporization is the amount of energy required to produce a phase change from the

15 liquid phase to the gaseous phase. For water, the heat of vaporization is 950 BTU/Ib
(at 212 degrees Fahrenheit). The total heat required is the sum of the enthalpies of the
individual reactions or delta H, plus delta H,..

There are three primary components in the matrix: 1) the contaminants; 2)

water; and 3) the matrix itself. The contaminants and the water undergo the two-step

20  chemical reaction of volatilization while the matrix is only heated. The contaminants
are present in concentrations of parts per million (ppm), the water in concentrations
ranging from 10-20% and the remaining 80-90% is the matrix.

The two main drivers for the required energy input are the water and the

matrix since the contaminants are present in relatively low concentrations. As

25  explained above, energy is used to heat the water to its boiling point and is continually
added to vaporize the water and heat the system to the final target treatment
temperature. Thus, in determining the total amount of energy required to reach a target
treatment temperature, the relative amounts of matrix and water (and their
corresponding heat capacities) must be taken into consideration as well as the final

30 target treatment temperature which is dependent on the highest boiling point

contaminants,
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bottom parts of said one or more removable trays;

(iv)  amanifold for removal of gases emerging from said matrices, said manifold

being positicned on top of said vessel.

2. The apparatus of claim | further comprising 2 means for generating a vacuum
for withdrawing gases through said manifold.

3. "The apparatus of claim 1 wherein said vessel further comprises 0 to 4 sides.

4. °  The apparatus of claim 3 wherein said vessel has 0 sides and the tray
effectively forms the sides of the vessel upon insertion into said vessel.

5. The apparatus of claim 1 wherein said tray comprises a bottom having orifices,
said bottom capable of supporting matrices and allowing air to pass upwardly
through matrices and orifices. '

6. The apparatus of claim 5 wherein said bottom is a screen.
7. The apparatus of claim 5 wherein said bottom is slotted.
8. The apparatus of claim 1 wherein said tray is of size, dimension and capacity

50 that it can be moved and loaded into vessel with a fork truck.

9. The apparatus of claim 1wherein said tray is loaded with matrices from top
and has a loading capacity of at Jeast about 2.5 cubic yards.

10.  The apparatus of claim ! wherein said tray has a hinged gate at opposite end of
fork lift pockets for unloading treated matrix.

11.  The apparatus of claim 1 further comprising a means for mechanically
agitating matrices.
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13. The apparatus of claim | wherein bottom surface of manifold comprises 2 high
temperature silicon or other heat resistant gasket to seal tray to manifold so
that air is substantially directed through trays and matrices contained in tray
and not around tray.

14, The apparatus of claim 1 wherein said manifold contains a ] 10 100 micron dry
filter media physically separating matrix particulates entrained in the purge gas
air stream.

15.  The apparatus of claim 1 further comprising a means for remotely monitoring
operation of said apparatus using a controller system and transducers to
convey information to a computer.

16.  The apparatus of claim 1 comprising between 1 and 4 trays.

17.  The apparatus of claim 1 wherein said apparatus is permanently mounted or
mobile.

18.  The apparatus of claim 1 wherein said top can be moved vertically.

19. A method for retnoving wastc constituents from martrices, comprising:

@) placi\ng matrices in one or more removable trays, said one or more removable
trays having a bottom part being structured so as to define orifices in said
bottom part;

(i)  inserting said one or more removable trays comprising said matrices in a
vessel adapted to receive said trays;

(331)  creating a subatmospheric pressure within the matrices by establishing a
vacuum above the matices;

(iv)  introducing heat into the vesscl at a position underncath the bottom parts of
said one or more removable trays;

(v)  withdrawing gasés emerging from said matrices through a ynanifold;

(vi)  removing said onc or more removable trays comprising said matrices from

said vessel.
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25. The method of claim 19 wherein constituents are retained in matrices for less
than 0.5 seconds after desorption temperature of constituents has been
achieved.

26.  The method of claim 19 further comprising heating matrices in an indirect
manner by exposure to light energy with an emission spectrum between 0.2 to
14 microns.

27.  The method of claim 19 wherein the surface of matrices exposed 1o infrared
energy becomes secondary emitter and purge air convectively transfers heat 1o
matrix surface of Joaded tray.

28. The method of claim 19 wherein surface of matrices exposed to light energy
becomes emitter and transfers heat conductively 1o matrix layers above
surfaces exposed to light energy.

29.  The method of claim 19 wherein matrices heated by convective means
conducts heat to matrix layers above surface of matrix

30. The method of claim 19 further comprising separating organic chemicals from
matrices containing radionuclides and inorganic metallic constituents.

31.  The method of claim 19 wherein said vacuum ranges from 0 inches mercury to
about 29 inches mercury.

32. The method of claim 19 further comprising means for recovery of constituents

which can be refined for recycling purposes.
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34.  Themethod of claim 19 wherein discharge air stream is recirculated below

trays to form a substantially closed Joop system.
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