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THERVAL/ VET ABATEMENT OF ORGANI C COVPOUNDS BACKGROUND OF THE | NVENTI ON

Fi el d of wbaslmenti on 5 The present invention rel ates toPCRaSoz/zi96s of

t her mal / wet abat enent of gaseous waste streanms, and nore particularly to a
met hod and systemfor retrofitting integrated scrubbers to provide maxi nmum

oxygen content in MEGHOD FORCCARBONONOXANE REFIACTION PUAUIREENT process.
10 Description of the Related Art Sem conductor nanufacturing processes

utilize a variety DHERNEMLOBET ABAFEMENTAF ORGANEC COMPEORADS | ow hunan
tol erance | evels. Such materials include gaseous hydrides of antinony,
arseni c, boron, germani um n| t rogen, hoshorous silicon, selenium
silane; silane mxtures 15 ®f el g HXe TIdrogen or ganosi | anes,
hal osi | anes and ot her organic corrpounds A si gnl fi cant probl em has been

the renoval of these materials fromeffluent gas streans of sem conductor
manuf act uri n&%ﬂé@@i@’é&u‘/\hl le virtually all U S. sem conduct or
manufactusing facilities utilize scrubbers or simlar neans for treatnent

of their effluent gase t echnal enpl oyed i hesefC|I|t|eS|s
not capabl e lg)eprreesﬁo mvesﬁonlre}lg o%:&’g ’8@ 08%’3}%7\?%3&3 E?{lﬁsc?@bstv%?ﬁ & WBurities.
One sol uti onaltdonctrhpathgladb keeamethod and isysemnfer etrefittingeintpgratck ssubb@as totppovislei di ze
the toxic nma nvent i onal

 nci ner at or ol AL | (edlaf o 85 For o BhF B0 o

t hereby allow ng the reI ease of pollutants to the at rmsphere 25 including
car bon m@OXD%rlémofﬁﬂQ{eMéjrﬂ-@ar bons (HC). The problemis conpounded when
the process Streamto reated is conposed prinarily of a nonflammable
gas bearing the undesi rabl e inpurities. A further limtation of

conventi onal Sdnﬂé‘dnﬂl&foahﬁﬁ\ﬁ'adn&né BRCcdsses MalRk lai Jaﬁety Of BHeicaldf hdnGio® Whick @aaust i bl e
30 fuel with a n mmabl rocees st.ream C?rder to render the resul t ant

mi xture fl anfdBM y lq TRD rE eV PIse SpL At Tigtsdncludp gaspqys hydmidesrof patmpony a5 f or

m xing with asdnmnﬁdramg’&biaﬁm’p,rtﬁti@ﬁﬁ ph@glfordus, silicsin) sblafpmﬁtsamie §ilafdminixhiges
perspectiye naint ai ni n eratin incinerator design
nust refl }’ectWﬂhP OSRES; g0 ngl?yd?oé er rﬁ?nopf%egehra% Laflér?laﬁé]mh?{ rEAUE VTR é){“ldésgare to
be achi evedsigrificant problem has been the removal of these materials from effluent gas streams of

semiconductor manufacturing processes. While virtually all US. semiconductor
manufacturing facilities utilize scrubbers or similar means for treatment of their effluent gases,
the technology employed in these facilities is not capable of removing all toxic or otherwise

20  unacceptable impurities.

One solution to this problem is to incinerate the process gas to oxidize the toxic materials,
converting.them to less toxic forms. Conventional incinerators, however, typically achieve less
than complete combustion thereby allowing the release of pollutants to the atmosphere
25  including carbon monoxide (CO) and hydrocarbons (HC). The problem is compounded when
the process stream to be treated is composed primarily of a nonflammable gas bearing the

undesirable impurities.

A further limitation of conventional incinerators is their inebility to mix sufficient combustible
30  fuel with a nonflammable process stream in order to render the resultant mixture flammable
and completely combustible. The choice of fuel gas for mixing with a nonflammable process
gas is also important from the perspective of maintaining low operating costs, and the
incinerator design must reflect this choice of fuel if proper burning characteristics are to be

achieved.



WO 03/ 009923 PCT/ US02/ 20995 However, many incinerators or conbustion
chanbers currently used in existing facilities, depending on their age and
const r uctworg/oeee3 not equi pped wi th adequat e pi pi ng syst ePeTiun02/299Vi di ng
an additional source of flammable fuel gas, such as oxygen or oxygen
enriched air. 5 In such situations, several options are avail able.
Retrofitting the existing conbustion chanber wth additional piping to
provide a controlled incineration is one such option, but the cost of this
retrofitti ngHeREYel &Py HISINBRPIS. comBustiofh ehmpers, Surreaily used dp erisng; ifilieyas may
be prem xed deﬁkﬁdhlgtdaehegaa%emcoa&ifuhmn&e hotquipfee weR &N Pping sysRhO EQSS .
However, certala.exhgg ases Pronkgﬁglconductor rocesses gggq as a

si | ane cont aPRYiige ghidiopal soyre SF fipmable Tus) Spy %‘é%‘gﬁy%n °F BYEBORT SR %t wi t h
air and thi sinpuensitudtions, maaeraudpndrxsdne@mllablha&mﬁltnpgmeemmg conﬁbuygemamberoxygen
enriched air d | Xing
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parti cul ar | ythisgetrafitting nowy ibd @hibitee.f ds nmleaqﬂlom@m@mbuseule\ms miynbetfremizdmbust i on

chamber and LhggR Axbdetn ﬁt”ﬁjonlﬁletsgm%n?&tdn@%%sga'HoO«Qv%F'c&%ax@&&lflgte?ﬂés't on

the walls. The mass of silicon oxi can relative arge and
the gradual &epe¥niedngisiapProResinesutorttsFdIe SAtENBRERETS tendrio rwt&fe@gmmmly

i ncrease 1R [HofReMe Ewit ail A€ thAGPrnk in6@RE ShD&H Yotertihl, Woul d be

advant ageous to provide an inproved nethod and systemto retrofit 20 an

exi sting thermal reactor unit for introduction of a |ow cost flammabl e gas,
whi ch r et r of Dkygesor digden eﬂ&hedmﬁredm'ylbb hddé@diteotlyl ind til comBitichich@ibes fok Mgkingni t

whi ch reduces e rel ease of pollutants . here, incl.u g carbon
monoxi de. (GOt RRIG Rot Ar s PO DI Slhe BIEHLS SR AL Edeh A RS ¢ | o
of silicon omhd:asmdtsfaréfommdnd RbosBedviiiRY hOFombhifioh Wﬁhﬂflaﬁnxlth?daexxpeseaﬂnt

I nventi ons I el;oactl% mt%x%al%o%ets Q&F'd ggs(?t o%%f?e;[ \gz{p f %e \ék liddd oglgpstt{)mjxeg?an be
conbustion o aseous sem conduct or was ereby oxygen an

enri ched oxytséativaly fargst andathe igeadual Wepogitierc é/dh |th¢t emjuttine chaibenetn nemssgteat ed
abat ement sygtemt infeRmbd dfiRteguib & conver sion of 30 nonfl ammebl e m xtures
to flammabl e m xtures and decrease CO em ssions wi thout a cost- prohibitive
retrofit of the thernmal/wet integrated abatenent system In one aspect, the
i nvention rehadoffn tyoltavomaeseha\aﬁtageb@rf@s{ovb@w iRProvaChaRARHd &Rlehité ¥ub@ Oxi di ze

virtually all oxi.dizable comp nts ous waste strea whi |l e
ef fectivefy thﬂ“SBFg'ﬁﬁrP’é]rff Ftﬁ’é g&??ﬁ?’lf?ftl%ﬁ‘mﬁl? beRSCcYM ‘g‘]eff)tb‘g'it s from

t he i nner wahdt c&ft-pﬁohﬁltlflfetaﬁrtstaﬂ dn @rhékrﬁh@g unit,Vahich redugesathd r0lase BEgElREntd @ YheC ONt A1 N
thermal oxi datHogJﬂére Blclagmg ca%on%%glgxll e (b8), 21116(? v%i(lzhodggl's wﬁh the problems of increased

deposition of silicon oxides, if formed.

25 SUMMARY OF THE INVENTION

The present invention relates to a method and system for providing controlled combustion of
gaseous semiconductor wastes, whereby oxygen and/or an enriched oxygen air stream is
introduced into a thermal/wet integrated abatement system to facilitate the conversion of
30 nonflammable mixtures to flammable mixtures and decrease CO emissions without a cost-

prohibitive retrofit of the thermal/wet integrated abatement system.

In one aspect, the invention relates to a reaction chamber having increased ability to oxidize
virtually all oxidizable components in a gaseous waste stream while effectively and efficiently
35  removing combustion product deposits from the inner wall of the reaction chamber. This

reaction chamber may contain thermal oxidation, plasma or catalytic reactions.



WO 03/ 009923 PCT/ US02/ 20995 Anot her aspect relates to inproved abat enent
capabilities of a reaction chanber by utilizing existing ducting and
adapt i ng warm/0023 nt r oduce oxygen or oxygen enriched air for/usontees | ed
deconposition oxidation of a gaseous waste stream 5 Yet another aspect
relates to a systemand nmethod for incinerating a waste stream of gaseous
organi ¢ conpounds wherein the exhaust gas has reduced anmounts of carbon
monoxi de, and hydrocarbons therein. 10 Still another aspects relates to a
net hod of redurthengspedrieses tAdpRIRed ebasament spprbPitiay P rreaction dambmy &y plilizinga

reaction chagh@hg ifihd'hd BB iRPRNE IRRkode WG Sr S38QQMACHRI BIEEE tsntrbibach i s
relatively inexpensive and sinple to insta and operate. Thus, in

np

accor dance wiEPHRATHOL XN Qe eqspRYs NAYSWR™ | nvention, there is provi ded a
system fos 15 abating gaseous waste material, conprising: a reaction
chanber conpy,i si a chanber, cl eanin ans and at |eas ne s _inlet
communi cat i vgftf“@g?ﬁﬁ?c?{}é atfsotoﬁ%sgeB} %’gn%? ogg% cglgré’éﬁf aa‘i“arS% Sg‘?\a&] %%asgﬁusoxygen
separ ati on uorginipasipbindn eberéie thaegimuitipes b sedurddeimoams oSathot enoodxidepmdr essed
air. Anot her%}%;ggggéng%;empf the present invention is directed to a thernal
reactor for oxidative treatnment of gaseous pollutants in a gas stream the
thermal reactor conprising: 25 a reaction chanber having an entry end

conpri sing agil Gler QBed MRl U mbMd GOHGIMY cafBTRMALIR] £40G3RHSPT Oduct s
and an exit end for renoval of conbustion products fromthe reaction

chanber; 30 MRS ZoME TGaction Gharmiprs dyring dhe abpferninh AhEtste gateqtsaiodyel; whishi to said
entry end WhehLaldly in§paRie aillsipldtd idstaifadd®p&hteon chanber react and m x; an
orifice in the reaction chanber conmunicatively connected to a source of
conpressed dry air to introduce air into the reaction chanber, the orifice
| ocated 35 Tianiatat@aiandfwithfoee Bpéct oHhe presentlinZentin, hdfeQH PiORdedRGlAtkib@at/ 20995

an oxygen,separation unit posi.tioned between the orifice and the source of
QS B)a{l m%
y

£ 1 : . .
conpressed dr I%graseo'fsowa;s)Fovtler e OX. résénr% and/ or oxygen enriched air to the
reacti on chanber.

a reaction chamber comprising a chamber cleaning means and at least one gas inlet

communicatively connected to a source of compressed air; and

20 an oxygen separation unit positioned between the gas inlet and source of compressed

air.

Another embodiment of the present invention is directed to a thermal reactor for oxidative

treatment of gaseous pollutants in a gas stream, the thermal reactor comprising:

25
a reaction chamber having an entry end comprising at least one inlet for introducing
combustible gaseous products and an exit end for removal of combustion products
from the reaction chamber;

30 a hot zone within the reaction chamber located adjacent to said entry end wherein

gases entering the reaction chamber react and mix;

an orifice in the reaction chamber communicatively connected to a source of
compressed dry air to introduce air into the reaction chamber, the orifice located

a5 downstream of the hot zone; and



The thermal reactor further conprises heating elenments that are preferably
| ocated annul arly about the inner wall of the reaction chanber. The gases
exiting twe omseemses on chanber are 5 passed through a |i quiPpdTasn2/20093 hat
cools the exiting gases, which then are passed through a packed bed for
trapping and condensing particles. Aliquid scrubber also is provided for

removi ng chegy &@éen@@ﬂalaﬂ&ﬂﬂt%osntﬁ%@d e dd B forifi®Ynd ThO Eoufot W nPrese@RlalrSE At
| east two vertically separated beds containing coated packing. Preferably,

a mechani cal PEY B PREHBLREOVENGREHESEEC HiF fHFIPN e Feact i on chanber
positioned to 10 clean interior surfaces of the reaction chanber to renove
bui | dup of Cililfdflh&ﬁlhlcraacpi agthet ®mp1fis@§ heatng ¢lerbdn tlﬂaeanetpiaﬁeiah(tyhlacdnmannuﬂm@

scrapi ng maar‘) tctge nrnI rsvev:ﬁl gfdtg rea 109F3 ar‘r{bg‘rtu eCeabl ekivh gne réac%ﬁna%;arlnbe?‘ one
annul ar nmoun ? 3 ee scr pr ng es attached

peri phera$| ypa@dmhrough@ lanlldwbmx thmgmls thg exrelrmsesawdchathmgeﬁsed threughar al | el
rel ationshi pPch edabedlf&nlgipblﬂg 'mﬁfeil:ongeﬁklﬁ E;mél%e &h;gﬁf?’% mbb@pgscfils p?&l'ldgﬁ @ al

novenent uni rotatin SCrapr circunferentially back
and forth al @ﬁ@vmm@emwﬂép antss (The & b%fnar,rﬁ@ mmmp@f 3t Jeash vorvemicallynt er i or

surface of tgasBestaelontaih ?l&@dtéa pedkf. reci procabl e noverent unit conprises a
reci procabl e nmenber pivota Iy connected to an extension nenber, and the

t t . ted a . toth
oo a2 Ao bR B SR B it B B haBRS SR b, o
unit are1sui tlednl igte@ndoifiwedof the @eaetionrvhimtey to @ssentiilfup dficoohestias pedicts t he
Ly vort eHeRQTRI: 368 RRREL kIl IR AR Qoo fidhe" | O

restriction sorreoer ti-ons o °0F of the
reaction chaﬁbetr lezmayne aﬁulbremblinltinedlewetr fand {(ig)Lat deastpthrsé ewranrlgyblwai eftachedo

enhance r e”Di!éﬂphé?efllysaﬁ&ﬁ‘ﬂﬁ%mﬁlﬁaﬁ‘%ﬁ&tﬁngrﬁeﬂxﬁértaﬂﬁf me&@é!ﬂ’ﬂ%r rng(}QﬁBEs%?pSth s

conmuni cat i vel Yy connect ed he orifice I'S Ce osi't1oned
within the loea@fhmir?mw&ﬁﬁecﬁ%ber,tqﬂé atrPRBF?ﬁ&l mp‘eeals@tc}mlttf@f r@tamﬂ ¢ crapigr ce of

conpr essesl aplagelsy citdIMiRRNASBackId BHRARBIOAL hOReHEMLIRe BOSE EHaRBE & dawast r eam of
the conpressor and {ngtream of the thermal reactor. The conpressor is used

to assist in"Figs8GRFS Ph e fhambErr WhardRy sirdi rﬁfjprafealbkev‘é?"éﬂe’tt I HE™PERY den
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20  The mechanical scraping means and the liquid vortex unit are suitably combined into a unitary

assembly.

In one aspect, the liquid vortex comprises a baffle that may be arranged to provide a flow
restriction so that during some operations of cleaning the interior of the reaction chamber may
25  be filled with liquid, preferably water, to enhance removal of scraped products from the

chamber.

A compressor is communicatively connected to the orifice which is centrally positioned within
the reaction chamber of the thermal reactor to supply a source of compressed air to the oxygen

30  separation device positioned downstream of the compressor and upstream of the thermal
reactor. The compressor is used to assist in pressurizing the air flow being delivered to the
oxygen separation unit, or in a subatmospheric oxygen enrichment system, utilized to increase
the pressure of the oxygen-enriched stream at a location downstream of the oxygen separation
unit.

35



The oxygen separation unit of the present invention may conprise any device
wth selectivity for separating one major gaseous conponent fromthe other
maj or corpponeni®2in the feed gas mxture. For exanpl e, aPSTrugozE209ebr ane
device or alternatively a several nenbrane device mnmay be provided and
operated to achieve a separation of the gaseous conponents in air. 5

Typically, t : [ e {;E;!{- r I l.&%ith &Refidavi ng
certain sem ﬁ%pog‘f%gg%%n%e%;agﬁg%%gas %?ﬁ%&gfrcﬁg%?s?ﬁ &glgﬁi. ! er ?rtel&ggl e
nmenbr ane nmat for feptrating 9ps mpjpY Saseopscampensnteroptthethes gajopeomprIsTS ylge ferd 8i s

process incl {d@ire PR ¥SHlpleONEnglC Rl U8viRCH idritivel PP sy bl fknbran@ iyvae de,
silicone rubber, polyphenyl ene oxide, ceram.c nmaterials, etc. 1

e 0 .
Preferably, ®aks BRYigednanderprrated fagqhicle & seratHons 8 WE EpsyPUs,FOPBIeRiSJigtih i s
utilized §n ThaDX¥@ERembi@RaIcHtds Qe MigifGared Gn edolibled, esth|hgvib®Edptainveelny r enove
oxygen froman o 3$n-bcont ai ntié)ng fegd g?s . mxtyre, to eprth%li:eurerxn r enely
hi gh productpeé‘a%aé% FiAne 158 Ok PARF Y Y rat PP RES "B a5l 4L L Y| er
mat eri al i n @atdebpawkiti can oelupleyedrin diss arocoatirebids ylbhsulfohe, cebulge acadte,| east a
portion of a ol)glﬁ ’%@f}%ﬁ%’ siﬁikol?lg;ubﬁegr %@?iﬁg*léne%%ﬁé,%gaﬁ% ;ngtehhgftg.xygen' adsor bent

ceranic nat ef e’'ceramc may conprise at | east one
mat eri al such as: oxide fluorite oxygen ion conductors of the fornula

A_4 08; PY¢§ Ocm@Faﬁy,@Ee@M@haQiialtlm%gf pﬁi?r'ée?ecé\f?@%@r?dx égﬂtiseﬁtili%d ithhetc_D( getlor mul a
Bi 203(A206); 20 Stabilized fornms of d-Bi203; Bi 24Pb5Ca3044; Bi 14V2011,; .
per ovski t e n¥pERtjondevigsfto effeientyspmiivglyABDBE OBerH BoMBADRYSdontaiping fed gas

el ectrol yt espmixturd, RprédtdBtkand\BAOR6dudDatpubed THE Cafinidnhte:@dl hebeals@tds kol yt es
of the formula ABOBABO2.5; A406ABO2.5 co sitions; mxed supercgnducting
(ABOBAQ) el ol GTRFrEls™s 5 EpRsion madyin Sty Coalea AUt .t LAY drASI o8 of AB206)

el ect r ol yt eSmemtdand Refied surRGAORA et gitithhp &) gdbddaiibeal eramihieiteiall A and B are
netal s | qgiependent |y selected fromthe group consisting of |anthanum

alum num~strontium titanium calcium zirconium iron, barium indium
gadol i ni um Vhetceiamivymatetiolopegcomprae atlest ohdwoateriahguclassnut h, cobal t, ni ckel ,

magnesi um ngg&%gétg bxy)éa{]igrgj:olﬁgﬁctors of the formula A,Og;
pyrochlore material of the formula A;B,05;
material of the formula Bi,03(A;04);
20  stabilized forms of d-Bi,0s;
BisPbsCaz044;
Bi,4V,0yy;.
perovskite materials of the formula ABO3;
oxide Brown Millerite electrolytes of the formula A,B,0s;
25  mixed Brown Millerite electrolytes of the formula ABO;ABO;s;
A40sABO; s compositions;
mixed superconducting (ABO;AO) electrolytes;
cryolite (A;BO;) electrolytes;
columbite (AB,QOs) electrolytes;

30  and corresponding doped materials,

wherein A and B are metals independently selected from the group consisting of lanthanum,
aluminum, strontium, titanium, calcium, zirconium, iron, barium, indium, gadolinium, yttrium,
copper, cerium, thorium, bismuth, cobalt, nickel, magnesium, manganese, vanadium,
35  chromium, niobium, tantalum, boron, hafnium, neodymium, terbium, ytterbium, erbium,

thullium, lutetium, samarium, lead, tin, lawrencium, and praseodymium.



35 chrom um niobium tantalum boron, hafnium neodym um terbium
ytterbium erbium thullium lutetium samarium |ead, tin, |awencium
and prasewoygioeayes 5 WO 03/ 009923 PCT/ US02/ 20995 A furt hepcagser2ooed t he
invention relates to a nmethod of form ng ceram c-coated fiber, wherein the
ceramic is a netal oxide ceramc including at |east one netal having a

"hi gh adsorptive capacity" at elevated tenperatures, in which the nethod
conprises the steps of: 5 (a) reacting nitric acid and ethylene glycol to
yi el d gl ycol pdurther agpect ¢fghe ipventiqugjatesrie a gietredof forming carafntf-%?%@ba& HER | on;

(c) reactingmt bgadi¥ad ﬁ-_;n@tal- (Qdilitevbjettallﬂictillilﬂi; : ak%ﬁ??n@iél&alﬂﬁfri?é a'ﬁ'l‘iigli;’| ﬂl@dﬂ)tlaresol gel
conprising corresponding netal oxal. S); epositing the sol gel on a
fiber substr&P¥Y H#gevrerd eé’)peré%ﬁef:i‘%g]ﬁg“g%'@gtg‘lﬁilco Rsehe $&% i ber substrate to

forma cosrespondang cetw@gintric Rdahd aikylan diyyol el yikld fgcoliedcilni c- coat ed fi ber.

As used herein, the term"high adso ive acity" means an oxygen storage
capacity of at ( ast(?1 8 R‘Fg‘?’??@faécéc{tg#o%%%ae%mb’er nol e of the ceramc
mat eri al when t hdcker aguctingnitogalataion iwith the 3t leastrina oelio farla sdxgylgemprgmg at a

tenperature of 800C. As lsed hergin., e term"el evated tenperature” neans
a tenperature in the rcarﬁggo oflgﬁrtor%a%%( C to 1000C. 20 Wien netal oxide

ceram cs are ref ddr ed derositieg th¢ 59l gechonsa/fiisoiupsiratgaandt i onal f or m wi t hout

stoi chioggtric sybscrichtifing eSol gei Bn B GibtrEiBirht@ & fYD corrbsporiding lcrarki®
understood that the respective elenental constituehts are present in such

material in stoichi omsedingaNdyiFldbafenpicearted fifst-oportions rel ative to one
another. 25 In another aspect, the invention relates to a nethod for

generati ng oxygen-enriched air for subsegyent introduction into an
Pntegrat ed set HERLFeR, Bt i Pk “EUREFICRRETA TR DR AIHBLEPIB P Spat ement
of gaseous wasst @0 pilbdeles & okygompa n®dnofclendtagicanat@iabekmshe cEhamicnedtératisi ncl udes

the steps_of; providing an oxygen and pitrogen separation systemto effect
separ atiz o?on%ftre vlvﬁrf%xg%ﬁnga?éxggg‘g%mgoﬂélobr%gen gas conponent and an oxygen

gas conponent; introducing conpressed air into an inlet of the oxygen and

ni trogen sep [ y n M 1.0Q .t ' t m t he
oxygen and nlg% rﬁ%egg‘%reglé%‘rgﬁﬁni Sl\r%‘vageeg%%\h%aﬂgew ‘{%h%cli{%\%n ﬁ‘g&tnﬁggg}%%%ﬁ O{:%?rlgonent
fromthe oxys®iC @wid04iCt r ogen separati on system

20  When metal oxide ceramics are referred to herein in symbolic notational form without
stoichiometric subscripts (e.g., in the term LaCaCoMO), it is to be understood that the
respective elemental constituents are present in such material in stoichiometrically appropriate

proportions relative to one another.

25  In another aspect, the invention relates to a method for generating oxygen-enriched air for
subsequent introduction into an integrated scrubber system that comprises a reaction chamber
for abatement of gaseous waste products from a semiconductor process. The method includes
the steps of:

providing an oxygen and nitrogen separation system to effect separation of air into at
30  least a nitrogen gas component and an oxygen gas component;
introducing compressed air into an inlet of the oxygen and nitrogen separation system;
withdrawing the nitrogen component from the oxygen and nitrogen separation system;
withdrawing the oxygen component from the oxygen and nitrogen separation system;
and
35 introducing the oxygen component into the reaction chamber for mixing with the

gaseous waste products for abatement therein.



and 35 introducing the oxygen conponent into the reaction chanber for

m xing with the gaseous waste products for abatenent therein. 6 WO

03/ 009923WB@3HWBR2/ 20995 Yet anot her aspect of the preseRCTIUSNVBEROPDN
relates to a nethod for retrofitting.an abatement systemfor processing a
gaseous waste streamto introduce an oxygen or nitrogen enriched source
therein, the nmethod conprising: 5 providing an oxygen and/or nitrogen

enri ching device communicatively connected to an abatenment chanber

i ntroduci ng ¥erepetess gepgetpf the pirgsent énveriien gplargdha asthed for Frtofiigean daeMENi ng
devi ce wher edyltem t6tpr6REE &SSEBud Wistedtrearh fo RBRRAEALELkybdd @ nRfbgéXtgieRdr i ch
gaseous conponent and a nitrogen. rich gaseous conponent; and 10 directing
and i nt r oducioHg® PAENORSPERPISPTPRSN8gen enri ched gaseous conponent to the
abat emrent s chanberprovidng axeixied aad/ormtos@f dntithinkGHemee cdmniunfagtvely @bmEdtEiao

provi ding a nechani cal scraping device to renove conbustion products
deposi t ed 1§”§ﬂ?WWg§?ﬂ§”processing of the gaseous waste stream wherein the
mechani cal scr apiimtgpdaeng compressehdyy ris®ghe ofkygen artd/dr eiregen emrehmp devicawhersiant i ng

menver; (11 )th@EoA&%ﬂ%ﬁéﬁ%ﬁriﬁﬁ&&?&%@% Mygﬁgﬁg g%sgcﬁlﬁ g??ﬁbro @E &BQ%EcﬁgérMicﬁbOUt the

annul ar nount1 ng arranged | elationship to a
| ongi t udi nal gasseuscopporeppandhanber; 20 and (iii) a reciprocal novenent unit

for rotatjng the HELARLADiINRORERL b ofyge:t WHidgeN brrhddYgasePRATmAREnft@MEh al ong
the interior surface of the chanber to clean the interior surface of the
chamber, whetb@icRe ghefibfeci pr ocabl e movenent unit conprises a reci procabl e
menber pivotally connected to an extension nenber, and the extension nenber

is 25 pivotally cqonpected at eri pheral position to the bl ade apparat us.
Ct her aspecti@“%@ﬁgﬁgﬁgﬁﬁﬁﬁngﬁgﬁﬁﬁﬁﬁ P'8%0f the invention will be nore fully

apparent from t heproddisglia mipchlinRall @pine devivd ta peEaivel @cminisiinn@odud® defabitel
gErSeCﬂ_ E]:rlll i egiig-rg!{% é)%%/s\!ng%%h?rﬁ%eé?si v?:agfr’% tsrr%(; hevg%[réir? tHe GG a%lecarit s%‘;[agaiggn dg/ilcg‘gr am of
comprises:
(i) at least one annular mounting member;
(ii) at least three scraping blades attached peripherally about the annular mounting
member and arranged in a parallel relationship to a longitudinal axis of the chamber;
20 and
(iii) a reciprocal movemeat unit for rotating the scraping blade(s) circumferentially
back and forth along the interior surface of the chamber to clean the interior surface of
the chamber, wherein such reciprocable movement unit comprises a reciprocable

member pivotally connected to an extension member, and the extension member is

25 pivotally connected at a peripheral position to the blade apparatus.

Other aspects, features and embodiments of the invention will be more fully apparent from the

ensuing disclosure and appended claims.
30 BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a schematic representation diagram of a retrofitted abatement system for controlled
decomposition oxidation of a gaseous waste stream according to one embodiment of the
invention.

35



deconposition oxidation of a gaseous waste stream according to one

enbodi nrent of the invention. 35 7 WO 03/009923 PCT/US02/20995 FIG 2 is
an expl odwo osne®s3 secti onal view of a preferred enbodi mentPCafusprzo99s
mechani cal scraping nmeans/liquid vortex of the abatenent system of Figure
1. FIG 3 is a perspective view of a coated fiber article including a fiber
substrate copied Wk RyAoded cfold-@flofal ALVOSME Blerelfed BhbdalmeAC 606l inR3ghabigalONE
enbodi ment of the invention. FIG 4 is a schematic representation of
pressure swi WEPRagwrslifudh veiss efdha ahatpmegt systemebifigwe 1-adsor bent and utilized as
an oxygen separation device, according to one enbodi nent of the present
invention. 10 FIG 5 is ato ross-sectional view_of the drive assenbly
attached to e FetifERTER V‘%"Ef’éﬂ)‘ioﬁt@d ﬁl@fé%“ I8 .‘ncb\f{’@g a§87r§Ub§tracf? 8°§‘§$§Vétﬁf‘ i onal

vi ew of Fj gugegandc adsckBenDiadtddal &cbbrSGCIRhdThiboimekt oflthiEiniE6ERRED ENVBODI VENT
Referring now to Figure 1, the present invention provides a nethod and
system for generating 20 oxygen-enriched air for use in an abatenent
system f or dESt #oy kncheyatemprssenaEnef presgitecsvang alsorptiansiysigm asinghe cerathic wet

| ntegrat ed SehdBhPind i of RAPLEAARA Blile, IR & o UmpBHABL ¥ 0
conpressed alr to an oxygen separatfon unit 8 that separates air into a

ni t r ogen gaspPrexptiggeitdn. conponent and an oxygen gas-enriched conponent. 25
The thernpgl /wet scrubbing integrated system 11 is shown, in diagramform
as a waste gas _processing systemwherein a waste gas from one or nore
sem conduct ofFiCp? Sder§1pRysEtiane] e of thedrive @ssprplyp ptachey to the eshanicy seeapingi t - £
required, otfweicegases. Typically, gas flow rates through such a waste
processi ng systemare | ess than about 300 standard liters per mnute
(slpm. 30 The waste gases are then treated in the thermal reactor or
reacti on chaFioes ishérost-ectivhal olewaf Figirs2. optional |y introduced through |ines
12 and/or15 15. The gases exiting the bottomof the thermal reactor 14 pass
through a liquid vortex 100 of liquid flowing through inlet Iine 111. The
gases fromthe thermal reactor exit are passed through a water spray 18

and then through copfiiErBrsCiibPIONGFRHE @K FERBOBINENTZO-

Referring now to Figure 1, the present invention provides a method and system for generating
20  oxygen-enriched air for use in an abatement system for destroying gaseous waste products,
comprising a thermal/wet integrated scrubber 11; and a compressed air supply 4 for supplying
compressed air to an oxygen separation unit 8 that separates air into a nitrogen gas-enriched

component and an oxygen gas-enriched component.

25  The thermal/wet scrubbing integrated system 11 is shown, in diagram form, as a waste gas
processing system wherein a waste gas from one or more semiconductor processing stations
enters inlets 10, and is mixed with, if required, other gases. Typically, gas flow rates through

such a waste processing system are less than about 300 standard liters per minute (slpm).

30  The waste gases are then treated in the thermal reactor or reaction chamber 14, to which air is
optionally introduced through lines 12 and/or 15. The gases exiting the bottom of the thermal
reactor 14 pass through a liquid vortex 100 of liquid flowing through inlet line 111. The gases
from the thermal reactor exit are passed through a water spray 18 and then through conduit 21
into the packed liquid scrubber 20.

35



35 8 WD 03/ 009923 PCT/ US02/ 20995 Liquid scrubber 20 contains packing 23

t hrough which the gases are flowed in counter-current and/or optionally
co- curremworsafome3 wi t h and/ or agai nst the flow of water proTiusez219ys

conti nuous sprayer 24. Particle-containing liquid flows to the bottomto a
sunp tank, and/or recirculation tank, and/or direct drain. 5 The gas is
typically di iglﬁ& 9c§iub\4érazoF38rt£1§s ap%él& '8 t}ﬂo%ﬁ%ﬁm §s%§£rk AbwetiIn M%%Ffa{tﬁ ure
and addition particulate are renoved via F st er packi ng 2 and t he

cl eani ng of adfos oetemlimp-@gentam%mwﬂs h@éprvﬁgflhstltb‘hﬂi)‘d 95 VAT cvéqyl%f;/

conti nuous angfifibus Pa ?&rfht et le-SINR R 1igRid-floRk Fo thbotlof 66 s@fb bk, Qhégh port 28
to provide direct coo pronote reduction of the hunldlty of the 10
exi ting gas. reqiffalationdapkes @ﬁgwﬁﬂgﬁleX|ts through flue 29. In the interior of
t he reactson chanmber 14 a nechani cal scraplng device 200 is positioned
downstream of the entr et 10 and eans t he interjor, chanber l1s 13
for removal Of° ga&dsnﬁ’ﬁ‘gllyoﬁrebt%ﬁlﬂcﬁ”gs a§°p &5 RS ELITHY %sﬁ‘gheé%%ﬁtélf |%‘ﬁ
process. Themnnmmapuﬁ@mmsnfapbﬂgvh&kdﬁwrmekmgy6hﬁtmnm@mmgofﬁdsandnmrranged
as described in Rat e 0 er. i 25, 221,
r1ed on Near EEoEIcheBonE, Rl P ioatpis iy MhaplE Pod Az R ar ed
herei n by refngptahth@uglrporttZQ taeprovidealingct cdeliggiand p@nmhomctxm Oébhphmié;d' of the
Cross-sectio e # : Ugtrates the mechanical 20
scraplngq%ev§®gg§%b%%9%mrhg£t gg%?gégkgk of the present invention. The
nmechani cal scraping device 200 is preferably contained in housing 300

whi ch has anl gl GherBOE e QfclchAiiRbet 14 Birgttfical Mrafie] i8R b iChoshihe 307 f or
the introduction of clean dry air é CDA) f exhaust noi sture suppre55|on
The i nt r oductqvesirean oftx ety dnletldjad slepns ﬂafo@terwrgchm@r draily &3 Esapeefs and

doubl es as a&bnahsruo@gfoaﬁ‘ct; @epRdiRY AlkingPh® CHMhstbASRSceds! omeemécﬁ&ﬁdagsc&da@lgdrl ve
mechani sm of t he nmechani cal scrapi q§g|ce The scra ng evice 200
Hﬁp? pp

conpri sed’ a $AViEE2% 8 EHTYsted grd ?‘T?ﬁ%edc?é & epenging UG, F K™ nost
preferably f S)dﬂihl NcA))9/bisanesile’dQB Makdhae,peoh, the dRtlodufas tvhidh hdighy ey indolpogited03 and a
lower ring 2 % é é are preferably doubl e- edged bl ades and
clean in bot “?%@”E 3@%”@ S“‘ﬁ counter 30 clockw se directions. The bl ade
wi dth and rotation range are selected to provide overlap in the cleaning

Th ol hi
28; S e\?\:h i ch el g gl%? Z fsg‘é\% exyloég ]Cross.s se§t}gn!ilq}%|\&yofal{1éu%ﬂ'9 ﬁ)qt }llgstxgiey ﬁlte n%nhaglcg ushing

20  scraping device 200 and liquid vortex 100 of the present invention. The mechanical scraping

device 200 is preferably contained in housing 300 which has an inlet port 306 (shown in Figure
5) and an outlet port 307 for the introduction of clean dry air (CDA) for exhaust moisture
suppression. The introduction of CDA also assists in cooling the drive components and
doubles as an air purge to prevent process gases from entering the drive mechanism of the

25  mechanical scraping device.

The scraping device 200 comprises a blade assembly 201 that comprises one (1) or more, and
most preferably four (4) blades 202 attached to at least an upper ring 203 and a lower ring 204.
The blades 202 are preferably double-edged blades and clean in both the clockwise and counter
30 clockwise directions. The blade width and rotation range are selected to provide overlap in the

cleaning passes.

The blade assembly 201 is suitably arranged to pivot on a bushing 205, which is preferably
attached to the water vortex unit 100 as illustrated in Figure 6. The blade assembly 201 is

35  preferably designed to press fit into the water vortex unit and suitably held in place by a spring
loaded thrust bearing unit 208.



attached to the water vortex unit 100 as illustrated in Figure 6. The bl ade
assenbly 201 is 35 preferably designed to press fit into the water vortex
unit and woimaidIg3 hel d in place by a spring |oaded thrus®Chasot/egounit

208. 9 WD 03/009923 PCT/ US02/ 20995 A drive nechanism 400 for rotating the
bl ade assenbly 201 is shown in Figure 5 and conprises an air cylinder 401.
The drive mechani sm operates wi thout the necessity of springs, gears, or
push rod assenbly. This advance over the present|y existing_cleaning

nmechani sns i 4 BivemeshaagmpAp0 Py exating thej birdermgsemily #ily is zbevmainofisys 5t 98 bl ade

assenmbly. Thgynghites aYAit ﬁJer 4d1 Th@mﬁe%srﬂoﬁ&ﬁésw&ﬁdleﬂ&gssﬁpm%Igﬁd to a
cylinder adapter 404. | i nder adapter 404 is . re{ era?r%%/ aitached to a

rotating |ink%0Y pushyyed %?P‘W@ y- i aﬁ‘fancter?éerrﬂ%ﬁpéﬁs?“ﬁlé eKijting cleningmerhanisyt §
attached §0 tdapled By\ﬂfrecﬂy Nigkigd the Glr dchtobloatie bags asbhtly. 2Qhe aif Reindér 40ay| i nder

401 is threaded .into, usi ng 300. Fi.gur | so..sho ide plate
304 that is SAPHERAESH r?‘h‘@ OS] ?Pgtogdblln%ﬁ‘ﬁgg’éﬁj?ﬂ‘g ﬁ]eaf?'léndf"fa%ggpt%é‘g‘gist ached
to the housi ﬂgfehylyangchéﬂaarhsfobnmgmmld 4051 e ather. endhod tltewbuamgelrnkad@pfe&bly404 is
preferably de to slid the p 0]

a\clgg?o he lgwer rmﬁ??ﬁ of(tlrh%l ?s(% agﬁyd&h Jf'he rc%m%er%? thre %ecfaiﬂta 1

cyl i nder 401%8% en the’alr cy
retracts agathnhousmgmogh | oad, the cyI i nder adapter 15 404 |s deS| gned to
slide alqpg the outside dianeter 217 of the |ower ring 204. The air

cylinder piston rod 403 is thereby protected from excessive deflection or
buckl i ng, anHigehé algushdes a pudeilaig30diiet isatiashadto tha hedsine A0¢ Tes/guidsalate g1 i s

protected frQm@exeessimtehot& by djem@ul Rwhl iRtk ar?’o‘i’h@é}ﬁlm&k'% RO 4gPRr are
preferably designed to be renovable rather than integral parts of other

conponent s sireferlly derigipd carlidserlang sheagiids Rife AMUPMPmethe Al otinder 404 tepds wear s

excessive. 20t aHiAl&d. Wﬁén&hdh?&?l\{ﬂer do eramepainki Galgh 3620 AR dYnddrdbi®@ 200 and
t he I|qU| d vortex 100 may. onbi ned into_an_ interconnected assenbly. As

shown i n 'Fi gfids gesispeddo W&F é‘P“g\fB? Quiside diameten 3 oftbr iavgy g 204 nfie e gylingery o

pl ate 101, apistdd rcglemhahlhe_)/eby?@Rﬁec&ha%ﬁde)@ébﬁl% defeetidn &Q)'ﬁclﬂhﬂgl aad af fuie 112.
AT anged i n Pt (R RogD hEe 5 papo A e piobSL pemeerare we Tl e T
i nt roduced tzmgﬁmbusalhg msiaret;meﬁrhlﬁydnsirg@rdusllfeebmovméra&leﬂthmlmagral:phmatfotﬁér fluid
(not shown) is or ne ecouter s hel | 105. The

t he i nne r a?
i@t et PRnESe he ey e R P A Pt P B85 (notshown)
wherein ehe preferred fluid is water. The | am nar sheet of water
As stated hereinabove, the mechanical scraping device 200 and the liquid vortex 100 may be

combined into an interconnected assembly.

As shown in Figure 2, the water vortex unit 100 generally comprises a top plate 101, a
25  generally cone-shaped outer shell 105 and a baffle 112. The outer shell 105 comprises a liquid
inlet 111. The liquid inlet 111 is arranged in relation to the outer shell 105 such that as liquid is
introduced tangentially into the outer shell 105 a laminar sheet of fluid (not shown) is formed
on the inner surface of the outer shell 105. The liquid inlet 111 is in fluid connection with a
fluid source (not shown) wherein the preferred fluid is water. The laminar sheet of water

30  circles around and completely covers the inner surface of the outer shell 105.

The water vortex unit 100 also comprises a baffle 112 attached to the top plate 101 and
extending generally vertically downwardly therefrom. The baffle 112 may be arrange to
previde a flow through of liquid or in the alternative may be arranged to provide a flow

35  restriction which ensures that concentric chamber 118 is substantially or completely filled with
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30 circles around and conpletely covers the inner surface of the outer
shell 105. The water vortex unit 100 al so conprises a baffle 112 attached
to the towopBmo®w23101 and extending generally vertically @o®usaz/zioys
therefrom The baffle 112 may be arrange to provide a flow through of
liquid or in the alternative may be arranged to provide a flow 35
restriction I r tiggtl |y or
conpl et el y. TSR R S PGSR0 S A TS B s Sy SRR

ar r angenent E‘F‘@V‘éﬁﬂ@h@b@ﬁ%‘is\}@m@ﬁ@&e‘T’%‘Qﬁr‘f‘%t‘ﬁﬂéﬁafng t he concentric chanber
118, prevents splashing, and ai ds in making the water flow | am nar. The
wat er vortex_unit 100 preferably rises_a f e 120 that ace mmodat es
the bushing T W& VP ‘{“HéOQ‘r%rEﬁ‘?’é‘h]P'(‘f Prises LAY zgé f agrompofafes fe g’f“ﬁid
f1ow ng throp@htot fhe medhahichl YadapingXdevitd. | FurtB@pfluid Rewirg ihfouplu thaiflag v3A& wailiout

ncor por at escBLER T PRSP R YRS Pt GG BRES AULRARY cal  scr api ng. devi ce

200 in a single unit and used in conjunction with the |ower spray jet 18

(shown 10 i The pr%lélrlitemve}'ltlon resflergb mcot c%gtﬁsr E(ﬁ’ﬁ; talff?ud \QOIP%UBI?LIOOJ[ ngrn% am{gz;levenél ng

| ower reacti on cthanbe I rosi up cau nerals 1n
water. In ope:mmgdmcterz@o praemglnvmt and@mlurmwnmmmpn witlethe @wemprayielt Bshowat i s

del i vered,to;t Rg,l B Slisifd o af F&@ rea%%pshqa%prméeb &@veaﬁ,{g mmvvemn Blalpgr be at

anbi ent pressur or parti pressured condi %Y ons at a pressure
rangi ng fr onfetsges ang widdipaweﬁbyam@erﬁ%m@maﬁd nmore pr ef erably from about 60
to about 100 psig. Further the air is preferably conpressed to a

sufficiently high state for. continuous and efficient operation of the
oxygen separ St IPERtRNE Prgsentyifeentisn AorRrises ph ik flpw that, iy delivgred dorfie g f thenpdul e,

such as a vesos@lres@omtmemrngw%&amesbe o2 OmbTad: BrebsateSr pantial pRRELGRE ERbkioked or
coated on_a substrate,

. be constructe terial,
oo s s B R AR EBRS FETom AR AL P pRieaB Ay T AR e t
i nsul at or rrahlmnu Bdo ;argd heted thg aehemfetra&lynwlpbesed m@@rspfﬁblaﬁtﬁfdhlglﬂstﬁth§orl nsi de

of the vessel taln ratur t bed at a suitable
el evat ed terrf:)délPlé Pure. © tglglenltﬁ%erggnggt%& %‘en S?Pt%agn uﬁltslgs a ceramc, netallic,

car bonaceous or polynerlc naterlal t hrough which only oxygen can di f f use.

The conposi tign,g/ % ot Rfarkfoh Al G Q?qugesoarmg&ey T & AU Q&{Hmm gital s

such that a significant nunpber o en vacanci es exl st t mat eri al .
These ox§gemagrigdsaincineaisqrbeat bqdt oitceate en 8 shbstrate, wehichj Pyl mstmtedmi;/gafn

through the pRbe hleridt subedsat delRlory mBthidMaifeRthR 1y, BY vEAGid 8% ghddneth 4 Vol tage
potential or a pressurﬁm%radl ent across the nenbrane, gen is

sel ectivel y BFY#RrsErieriahaddigating elsmghs PRE bo ieereorited %IHhaanlde of tié Vesscl, t0

maintain the temperature of the bed at a suitable elevated temperature.

25  The present invention uses a ceramic, metallic, carbonaceous or polymeric material through
which only oxygen can diffuse. The composition of the ceramic oxide or polymeric adsorbent
material is such that a significant number of oxygen vacancies exist in the material. These
oxygen vacancies facilitate the selective diffusion of oxygen through the material at relatively
high rates. By placing either a voltage potential or a pressure gradient across the membrane,

30 oxygen is selectively diffused in and through the oxide material.

For example, when placing a voltage potential across the membrane, a bed of ceramic-coated
particles may be disposed in the containment vessel which contains a spaced-apart array of
screen or grid elecirode elements, containing ceramic adsorbent particles between the

35  successive elements, and with the electrode elements alternatingly coupled to a voltage supply
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For exanpl e, when placing a voltage potential across the nenbrane, a bed of
ceram c-coated particles may be disposed in the contai nnent vessel which
cont ai ns wogpAaewads apart array of screen or grid el ectrod@CalEsSopntogs

cont ai ni ng ceram c adsorbent particles between the 35 successive el enents,
and with the electrode elements alternatingly coupled to a voltage supply
11 VO 03/ 009923, L/ L1508h209R B iuyath B0l Whch L) RERY Lilheh dEloR biyhen
arrangenent which can adsorb ‘3 t hen desorb the oxygen from an

oxygen- cont affﬁ?‘ﬁ’go’g’a@*‘or{%‘éméﬁ%de conpositions nmay be of any suitable type.
These oxi des pref erably are 5 charact erized by 1) a high concentratl on of
oxygen vacan%h d t her nod n tabl l. |t enaQJIhl ng oqt%eratfl A

t enper at ur es B &K %Cfﬁ‘@?osﬁ‘ﬁ’éf nﬁ‘B’yﬁ‘ﬁ t§‘feab| OXERadTs eﬁa’y 8fer ati on
under hi ghl y cliaedtatized @y Clgo rdiigt mmrﬁmfmxygdeSyaaaﬁcusuz)hthtryxpdyname stability

nmoi st ur e- sen5| aracter but S _i ce the
adsor bent unf? Hmﬁa )})erap on %t {gm erdl SFS oyer, 6f 656“(3 d'S 3 u%n?nu%n?%hﬁy ﬁnaloln

t enper at ur e. ofgxatide uglenipgdy ted@ms cmtdatonexfhnblowdvmf amyym rawemmlge-snnetnrees s 10
preferred dug, halliehk hQWRL ROHRR:, dhid dieldtdibdi s HPadAd QIR WSt sets
forth some illustrative conpositions that nmay advantageously be enpl oyed
in the broadcytipwopsiyat high terarerabre s@ride cqnm%w At exphit Warmzrd@llmlessw

Bal nO. 67Gg0O %f@xed &6 BBAGWer Sefddn diffdiidi Ofnd BRowifIisPseAEHR Bt Hlustiave

La0. 8Sro. 2Co Bi 202) (NaNb206. 5) 20 Bi 2Sr 2Nb2Ga0, 1.5 Bi 2Sr 2Nb2A10,, . 5
Zr 02- Y2CB- Oeﬁﬁnp"??“ﬂ‘é A5 gy dd?’&?ge"ﬁ‘b?e YooYy be bipag) Bragiice) dEkpPresspicy - v2. 03
Ce02- CaO Y2Oawéitioh materials may be readily synthesized within the skill of
the art, using conventional

Balng 67Zr0.330y
15 Balng 67Ceg 330y

Lag 5BaQ.5 COQ.7 Cug,30y
Lag,651r0.4Co0,8Cu0.20y
La,8Sr0.2Co0y
(Bi202)(NaNb20¢.5)

20 Bi3SrpNb2GaO,, 5
Bi2SrpNboAlO,, 5
Zr02-Y203-CeO2
Zr072-Y203-Cr203
Zr02-Y203-MgO

25 Y203-Ca0-CeO3
Zr02-Y203
Ce02-Ca0-Y203

Such materials may be readily synthesized within the skill of the art, using conventional

30  ceramic synthesis procedures.

More specifically, the present invention in one aspect utilizes a ceramic ionic transport
material as a pressure swing adsorbent (PSA) medium to trap and deliver oxygen. Rather than
use electricity to drive the transport of oxygen, as in conventional ceramic membrane

35  separation processes, the ionic transport ceramics alone can act as ionic oxygen storage media.
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30 ceram c synthesis procedures. Mire specifically, the present invention
in one aspect utilizes a ceramc ionic transport material as a pressure
SW ng adswomav9sedSA) nmediumto trap and del i ver oxygen. Rawrhso2/2deh use
electricity to drive the transport of oxygen, as in conventional ceramc
menbrane 35 separation processes, the ionic transport ceram cs al one can
act as i oni CoRXaEh. SEALARR WRbed 25 HEMOIHANRUARTL UTAHRAR9T0r The
ceram c conposition I's deposited on a suitable substrate element, e.g., in
a thin film s«bpuPsgch purpose. The PSA systemin the present i nventl on
operates on the principle that the ceramics used in the 5 practice of the
i nvention haye the capacjty to transport ionic oxygen. Ml ecul af. gxygen

di ssoci ates Of¢ }fsrﬁesyétﬂ‘fF‘)f“éEeepr‘f)‘Fmt“}Yém’(?R PRFEAIS &R g’ﬁipﬂncé{%’tfﬁ‘ftﬂ@ﬁeria@”f HELP YT at ed
into the erygiaalck ioNghe 1h&hﬁdnCl&.ve Ret @pdcitako gﬁﬁﬁﬁnﬁﬂﬁis ,oxfg@nli M&’ﬂbﬁoﬂy@n

concentratio n cayse en to DV ({1 | atti ce.
The i nbal ancgfsfoCl BEOAS T &SUFT opﬂgé/g)g%e% F ctlénlf)b &R rate mg)rtg?jlcr&%hacross

t he mat eri al latticp Pdétergialngaadivets, focexamplatir @mcemnatamctaebaesntm oakengp adveintos can be
vi eved as qulll&/t?ljog tthelthtl& ”Ithggnﬁgﬁla&fe it gsrljeéﬁll 09 atlgllé&ffcaj P&engﬁéga fint a'él%&Sport
Thus, pressure (concentration) Is ised 10 ofr Ive 1onic oxygen into
ceram ¢ adsothsanterigly {njthip manner, gongénirationardrbactrical@gradients eanhs pioyed anmuy@ieal s ar e
enpl oyed 1Bha§nt@r'ir§of3$ hvig @8t foPBSBMRERLSE. ThAS E}es'%l% ?conc%ﬁ&aﬁ&{)'lsVdsédytoﬁme oxygen.
For exanple, heating ceram c sor bent - coat ed particles and
nai nt ai ni ng %ﬁé’xﬁe“ Bl g%?@’é‘ﬂ“%"é??&@?“éﬁmﬁé oxygen will be rermved from an
air streamflovved t hrough a bed of such particl es Then by reducing the
pressure, n-deficient air strea n noy and oxygen can
P bseauont | y THES TG dpisd gk aF SRl Doy ForBoa pqﬁfOébemagv L our ce.
By thi s absosdwetitityafo asgenenFor omyige,nbwhbdtm@eexﬁnaicesothemabgteca[pﬁhleésf agi ent |y
removed f rom ! hgun%assarge I’t%f?lvatedztem era?urtp roesent 111I bré\{eenrllc}vleé) P TO egnagr s Te How %u K
separatlon and purrfication of op bEsed o onrc 51T, TS whi ch
an adsor bent thr@lghaqutomuqledarmlesmlgm Weqmgahe.mesm@ tlteenm@rﬁﬂfmeryt agtomm oxygen,
wi th oxygen thale ANEACHS ofyath SHIRGRRA bt Mberhll AR e A2 b@phdqepwfpos' ng
on the surface and being I'ncorporated into the crystalline lattice of the
ceram c mat ePRE sapfse| Bysthis Wbi?Fl@E‘e%@n@@e‘F‘e@fiXB‘?ﬂe‘SluI‘hegﬁl‘ileﬂé{ﬁl}})éﬁ‘h@fiﬁlﬁ’é@ly e.
on the order (HovQAInIOfs sttek@. hi gher separation efficiency of oxygen from
other (inert) gases in the oxygen-containing feed gas m xture is
unexpect @81y superior to conventional PSA approaches.

The present invention enables the bulk separation and purification of oxygen based on ionic

transport, in which an adsorbent is maintained at high temperature to temporarily store oxygen,
with oxygen that contacts the surface of the ceramic adsorbent decomposing on the surface and
being incorporated into the crystalline lattice of the ceramic material. While such process
25  requires high temperatures, e.g., on the order of 600-900°C, the higher separation efficiency of
oxygen from other (inert) gases in the oxygen-containing feed gas mixture is unexpectedly

superior to conventional PSA approaches.

When the oxygen gas contacts the ceramic adsorbent, there is adsorption and dissociation of
30 the oxygen, with charge transfer acting to cause penetrative flux of the oxygen species into the
sorbent material particle. The chemical potential driving force therefore is employed to effect

ionic transport of the oxygen species into the sorbent material.
The ceramic oxide or polymeric adsorbent particles may be constituted by an inert substrate
35  that is coated or otherwise associated with an oxygen-permeable thin dense electrolyte film.

Such electrolyte film may be formed of fast ionic conductors, e.g., formed of fluorite lattice

13



When t he oxygen gas contacts the ceram c adsorbent, there is adsorption and
di ssoci ation of 30 the oxygen, with charge transfer acting to cause
penetrat iwe oBlowe2df t he oxygen species into the sorbent mamarsozbospmrticle.
The chem cal potential driving force therefore is enployed to effect ionic
transport of the oxygen species into the sorbent material. The ceramc

oxi de or pol Yt%{&ecmﬁ%%r Be bt fa&%ﬂi‘xé&lz&ﬁuc‘i@ys&ﬁ af GaSd haFan%eadpe%(rs@t@ hher t
substrate 35 that is coated or otherw se associ ated w

oxygen- per neé&ﬂc%‘ret Hihp regtdiaatanatqriglrovigey mixed prygen 1015%1’&?1‘3%?‘@&9"64“9%0@ %ithiam may be
formed of fagémdeetb® nElodREhRY Silglleanﬂ)ipolaf &fnﬂ&dv@/fmzfyl HdQElhév@d bﬁ&dpln@&wth]-?) WO
03/ 009923 PCT/ USOZ/ 3109 5  str uct§ terials, el%g i?}d conductors
such as thos& TRV PRioBAS RisRifen prd cgeates glf?ralef Eﬂdé"m eepsds e ekt

materi al pr oThd@puiity x@dieomyygena dabr Mﬁht e;bmtsmm;mues adipierohlens cmotnhaya

horrogeneous. ef REALGIA eyl UPRBLaL SRBIHEL! L bbullBiplis, B5lLeved b
el ectronic andadcmmrdomaef, exbitrsbyi . hashiatticetdtion é&. rePackh by rarlmyhm ttaylsnmne@leecs rray be
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speci es may Wgeraﬂn‘ae@éls%i/“d@ﬁamress Wigserf ebgena host | attice catl on is

repl aced 1by a higher transition valence cation that inproves the

el ectronic properties of the materjal while concurrently creating oxygen

i on vacanci e§“° €PN P aRY gl IpPe Spde opend gy gaHctosdASh ereR &dt £o 5t es may
i ncl ude oxi d&f,fihpac.) ey BxypiRed @ WhEhRMOE VRER i M@Sedﬂhﬁfo&ﬁd@dﬂyAﬁovZJknt Ce,

Hf, Th, etc. ni on acanC|e haye u:ltroduced
by Alioval en%opm(?gusm d%g%'éf%aesdsﬁghwc(%ecéi“’é‘% AU Wé’gre'lf}éﬂés %%t’ Bn’ &such as
wherein Mi sBEfé.-S%*,”, SbF4Y Mpm™, LaBland GASE+++, Yb+++, |, +++, Sm+++, Lam and
Gd+++. 1§5,The electrolyte may alternatively be a pyrochlore (A2B207)
material, in which Ais Ni, Gd, Nd, etc., and Bis Zr, Ti, Ce, No, etc.,
and dopant spedlesgolgtaahy aermytively tvlg-pyroehiate @aB-0;) Btdral in idhehis NalGdyNdis ef ul

el ectrolyte gspegises lsl z}ckp% 8, %@Qﬁ@&&ézmlaeéﬁgs&t %&WO'M +e§nd¢ '@ﬂérng

dopant stabilized forns of d-Bi2 such as d, where x =0
to 0.6, y = potouiglypsefplplegtralyts srzeelmnéuderalzoﬂéi’s) ba?ef eﬁﬁrohms mpﬁdm&éopmpud Sm
Py, Zr, H, Jikbilizd@forMof dFH,0,Shbh ab Biy., MM OF 4 where 20D td.6,5 L02-0and &4+ M1, Fe.
O<ygen i on conduct 3044 and Bi 14V231 al so

rs s Bi 24Pb5Ca
potential®y GdeiiEn by f’ﬁél;g’p?‘é&ﬁ%‘ésﬁ‘f Py fo HbPete NBrED: R0, Sﬁ’sgyﬁé%’v@kl te
mat eri al s may Gal SipCchevn)Fef Okjgyn RN PondycEdds §udh isB, U460, el Bif,vid)emiyalnt i on.

be potentially useful in the practice of the invention.

Various perovskite materials may also be usefully employed in the practice of the invention.
25  Examples include compositions of the formula ABO; where A = La, Sr, Ca, etc. and dopants
(donor) of Ba, Sr, and with B = Al, Mn, Ti, Zr, Fe, Co, Gd, etc. and dopants (acceptor) such as
Fe, Mg, Cu, Co. Illustrative perovskites include (Mg,Fe)SiO;, CaSiOs, LaNiQs, and LaAlOs.
Other electrolytes include oxide Brown Millerite (A,B,0s) electrolytes such as those in which
A =Sr, Ba, Ca and B = Fe, In, Gd, Fe with dopants (acceptor) of Ti, Zr; mixed Brown Millerite
30  electrolytes including ABO;ABO, ;s electrolytes such as those of the formula La,.,A,B,.
«CxMO;,, wherein x=0to 1,y =0.2 to 0.8, A = Ba, Ca, Sr, and B = Cr, Fe, Mn, Co and C =
Fe, Ni, Cu and M = B, Cr, Fe, Mn, Co, specific examples of which include LagsBagsFeQ;.« and
Lag 33819 67F€0;.« wherein x = + 0.3; A;0sABO, s compositions including BiMeVO electrolytes
such as Bi,VM,Os 5.4 wherein x is from 0 to 0.8 and d = + 0.3, Aurivillius electrolytes of the
35  formula (Bi;O2)(Am1BnO3m+1)) where m is from 0 to 1, A = Ca, Sr, Ba, Pb, K and B = Fe, Cr,
Ti, Nb, Ta; mixed superconducting (ABO3;AQ) electrolytes such as K;NiF,, (Lay.,Sr,),CuO4



25 Exanpl es include conpositions of the fornmula ABO3 where A = La, Sr, Ca,
etc. and dopants (donor) of Ba, Sr, and with B = A, M, Ti, Zr, Fe, Co,
Gd, etc. wod3sdepants (acceptor) such as Fe, My, Cu, Co. IPCTus02/299ve
perovskites include (M), Fe)Si 03, CaSi 3, LaN O3, and LaA103. O her

el ectrolytes include oxide Brown MIlerite (A2B205) el ectrol ytes such as

those in whi ?nla BA’ZC’m x elgﬂolytggawﬁé?gn § i§ fx%ﬁl 0 h)nl a@y 13: ﬁ'orWOchtoW%ﬂkﬁte
(acceptor) o Brown MIlerite 30 electrolytes i ncI udi ng

ABO3ABCR. que%@q) Gleytf%ess%l@hasa%ﬂ‘{bkfbs andoBa; T@n elsptraltess g colpmbite (AB:Qex\vD3X
wher ei n X = HeduBlyiks su¢h a5 Ni¢ lxtl\D)ZQ;,xewhefém-x 1Bﬁom@&>laﬁﬂyls&fb€lﬂfﬁtﬁo@l’ Fe, M, Co
and C = Fe, N, Cu and = Cr, Fe, M, Co, specific exanples of Wmch
i ncl ude Lao,SBao 5Fe@_X and 'Lao. 33Sro. 67FeC3_X wherein x = + 0. 3;
A406AB02. 5 chiifatve jefskite-fpt titipoghdBidvRMOLAI0G TaMh@, 8ETi0S OEZTO@§r2Fe205,

Bi 2V1_XMX(b. 5- X 0 0 rkyi Llius

el ectrol yt esg%ﬂ'q‘ eévhg %ng O(Faﬁlisﬁﬂtlét @%@%0?8 Y%a 2@%&&? CQIP} )Ba ‘3?%‘“%9?’3 fromoO
to 1, A = CaBals,GdB&ssklE, K and B = Fe, , Ti, Nb, Ta; m xed
superconducti ng (ABO3AO electrolytes such as K2Ni F4, (Lal_ySry)2Cu04_X 14
WO 03/ 009923 PCT/ US02/ 20995 and BaY2Cu3Q, el ectrol yt es wherein x is from
0 to | and yPartécufarly prefered rcerargic 81d50€heytomt?f@15 ip AxBoragtice bk the ripyeptioa gndydeh as
Sr2Nb2011, ang; @aa;ra@pé& ﬁe'csawh&lemt@so 16}9@ 5Cgl=tmi)aotoee Q(AB@Q)G()S (BeR&i 6Ol Yt es
such as N|(Nbi W erein x is from romo0.2 to 0.8.
5 11lustrati %Céonps@wélrsak“lt(‘é?pr)p@dc@ﬁﬁbqhﬁakognLFfENQd@nwmse%}nstea&mEB SrTi 08,
CaZr 3, Sr2Fe2(b, Ba2l1ln205, Sr2Gd20b, Ca3Fe2Ti 8, Ba3l n2Zr 8, YBa2Cu307,
La2.,, Sr,, CuQ4, BaCeo, 9Cdo. 102. 95 Tho 9Cdo. 102. 95 tc rticularly
orf er red col EneBERBTBERFA BRIt HOEHanGr AR PHecT FhaueHly Sht1 on

i ncl ude 10 &a{ﬂ)&d doafom)eﬁaxyﬁimgpmﬁexﬁ&eden\zlhsas epphicaior afld fhetspedificSfeedygas 0.2 toO

0.6, x = ferred t | " kel
anal 0y LN LEni il BRI ep BERBTITLER o] pot Sl BT bbbl 01°

article of t nea pmeesdamiedi fovne retg, bradsspsphdyes, vhigsatosoidslishepes)| igegilar shapess lydpe and
conformat i ong J}?IH&ESO Hgﬂegtfcﬁlstﬂmg Q@be@ r])@lyg&ﬁl g%gtﬂtl:d‘lé:ﬁltdﬁeg %héﬂdﬁﬁeﬁecoﬁlp%ghjeé c feed

gas 15 mixture 1nvolved in th eoxu%é dsorption use of the material. For
exanpl e, themgshes, eineredrgroemiseesagriruie) Bellelt bl Pevsiern pastiqylates, [r&Eeates.s pher es,
rings, toroiggh &ha@eform hitGAK! BbneSABCSatrik Qtbdolith cwﬂp@s@k@g $of thé 3k@sic foils,
films, cubes, pol%gonal geonetri c_ shapes, sheets, ber s, COI | s, helices,

meshes, 2P nt dlserhen ot etherpeampenents), 05 fomainufzd | qregris eﬂl dpmetad | the, foterore.
parti cul at eSconf¥hitisakat es, cloth or web form materials, honeyconb matri x
nonolith, conposites (of the ceram c 20 adsorbent with other components),
or comm nuted or crushed fornms of the foregoing conformations.

Various ionic transport electrolyte materials are identified in Table 1 below wherein surface

exchange rates, diffusion coefficients, and most importantly, maximum storage capacities are
25  set forth. As shown in the table, LaysCa (4CoogFeo205.5, with the highest surface exchange

rate, has a theoretical storage capacity of 150 mmol Ox/mol at 800°C.

Table 1: Experimental reported values for K and D, and some modeling results
Composition Temp. | Surface | Diffusion | Max. Vacancy %
°0) Ex. Rate | Coeff., Storage Filled in 100s
K (m/s) | D (m%s) (mmol O,/mol)
Z1084Y 016024 -YSZ 700 6x10" | 2.5x10" | 40 0.13
YSZ - Bi Implanted 700 1.6x107"° | 1.4x10"* | 40 0.15
YSZ - Fe Implanted 700 3.4x10"° [ 3.3x10" | 40 0.66
Bi, 5sEro.4503.4 700 1x107 | 4x10” 250 1.76
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Various ionic transport electrolyte materials are identified in Table 1
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hydr oxi

al koxi ded? c asertaip y5aknsidg edphalydgoxycarboxylic acid) to form polybasic acid chelates with various
cations. These chelates can undergo polyesterification when heated in a polyhydroxyl alcohol

to form a polymeric glass which has the cations uniformly distributed throughout the material.

%'}o%ésﬁ iRt et Qsiﬁfg%out t he

es,

and

Various cationic sources, such as carbonates, hydroxides, and alkoxides can also be used for

the synthesis. Ethylene glycol reactions are similar to those of primary alcohols except for the

presence of a hydroxyl group on each carbon. When cold nitric acid is added to the ethylene

glycol, it oxidizes one of the alcohol groups giving glycolic acid. Heating the mixture yields

oxalic acid, which is the simplest dibasic acid, comprising just two connected functional acidic

carboxylic groups. Each carboxylic group loses a proton and forms oxalate ion. The oxalate

20

ring as shown below.

ion C,0,” functions as a bidentate chelate with a metal atom and forms a five-member chelate

The majority of the elements in the Periodic Table form oxalate complexes. Because of the

coordinating properties of the bidentate oxalate ion, most of the metals form complex oxalates

25

calcined at elevated temperature, €.g., at 1080°C, to form crystalline oxide.

The ceramic adsorbent materials of the invention may be formed by metalorganic chemical

vapor deposition (MOCVD) on suitable supports or substrates, using appropriate precursors for

16

in addition to simple oxalates. After the formation of these mixed cation gels, they are suitably
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nmet al or gani Ccoo{mmmbdermnmpmufactermscc&xmqus (shm@s/bl)wdgnmgaumabﬂmw s or
substr at es, s for 16 WO 03/009923
PCT/USOZ/20Qggnggwgq%%?%%@?ggégﬁg§§%ﬁ§%nponents of the metal oxide ceramc
materials. Usage of MOCVD is preferred as a result of the control of

st oi chi ofpt rxn&md téam.c;u@ 'R fobmiRf the QUBMRGRsIAL arBIE ufiIDe P Yel t@@.ﬂh@vaal e.
MOCVD pernits filnms of multiconponent ceram c¢s to be deposited wth

conposi tio naWhI?}ét[B? ERATEF BRETIA J8 dsPPsttadeonregigier Qsfineg. S‘l‘”ﬁtﬁ%‘ﬁd“‘t"ﬁ? gReressilighi formity
of better thammiadlclaps, Hladse] Biathé m&l ol éeh%clﬁﬂ{u@sﬁh@ REHPIRANG nﬁl&tlfbral sal ofmay be
formed on th@ substrate el%nent éP conv bonal cerani.c man QF qturln
techni ques, CEETEHE PEBRREEFITR tR1 BiPGHRL 58 Pchﬁﬁﬂﬁllﬁpﬁvamié 5OR8¢t i ng,

t ape casti ngto tht @bs)traanﬁbllmeg(wmusme ixed @ati @elhan bé abjented)wehighormpepatrz,ng t he
ceramc qgsorbeg&uwég <ﬁc%h:emm %a%%kngg technlques in which the
ceram ¢ mat effal I't'ed a carri inert substrate, such as a
porous silica, alunlna clays glasses or the | i ke. Sol gel techniques
may be enplo r pray,
i b coat | sobite BEEFROLVIRIR cEahicbaunk g e Lar LA SRR B0 L R
substrate, feshitions %SW|P&§W§%% angj ugesl) i A tsingl r@é@ec@ﬁta@@gsﬁlﬂﬂ]@?ﬁn@ﬂﬂ@@ hi gh
t enper at ur e, gesiled if tHd film.C &lch MR deliRnPOAURGTaBRuIRShIEA fGRIE MeCerdlicer | al .
In the use of MOCVD, the ceram c coating process may enpl oy either neat
liquids @0 Ipd5erbent ele®ntsti ons (if solid precursors are used) in a single

m xture coptalnlng all the conponents deS|red inthe film Such "liquid
delivery” i SInafi(;'rrm fqr% gfqﬁg c%?amrlrce z;[dpo?lgento rfnatgn%[ on su strtatg %leglgrlitsa n the practice of the

invention, individual precursors required for phase stability can be intimately mixed in a ratio
that produces the desired film composition based on their respective deposition rates. Using
25  liquid delivery the liquid sources are flash vaporized, thereby spending little time at the high

temperature that leads to decomposition.

Precursor compositions are commercially available for the metal species of the ceramic
adsorbent compositions of the invention, e.g., Zr, Y, Sr, Bi, Fe, La, Co, Ca precursors, which

30  are provided in liquid form as precursors suitable for liquid delivery MOCVD. Liquid delivery
precursors of such type are commercially available from Advanced Technology Materials, Inc.
(Danbury, CT) under the trademark EPIGRADE. Examples of such types of precursors
include those disclosed in U.S. Patents 5,453,494, 5,840,897, 5,280,664, and 6,110,529, the
disclosures of which hereby are incorporated herein in their respective entireties.
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Reliabili§y- Hot spots can develop in ceram c nmenbranes as a result of
exotherm c 5 reconbi nati on reactions on the surface of a nonuniform

nenbr ane. Thiash§salespand Denelopmenty iThe getive,cemis mafsia) EnheiPesepisintsptiongt 8¢ | eadi ng
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manuf act ur ed_ nenbr anes, can gevelop in ne nes dto ny hours

of use. By ufPfios; ﬁﬁ“ﬁ“ﬁﬂ aB feaipnt fon AE PR “ﬂ‘ﬁ’f“é’ﬁl%ﬂ S‘"‘"}“ﬁ“ PIREASar Fahdenent ,
pi n-hol es, fixeld IB’ed,IEUafeﬁhbmstryightfohei’rdY&H eeonpiainall Ohe dohpomite bxtie PSNduipmadti Nng
pr obl ems . no Ion%‘sl aredrtﬁzleva lrlt OVEeasy Scal e-Up and Devel opnent- The
active c&tani'e "RV A1 e lr}'r At invention is not enployed as a
structural operational eI errent where its physical integrity is inportant

for  functi O%}al!% % %ﬂ_l?e@l @ER)?& %bogﬁlﬁ itfe Fm?l@ 6B nG Sy, &%%S}Facé)é@ Jfor
scal e-up pro i's strai orward
economni cal .t eermmgréﬁtt & thé badpé cqpaic eqqtfrl Bmélﬁf! can}g aﬂhvs@dmmlmbmsand

their reli abﬁinggoytfbl%péarfew@ssurle%ﬂg‘sa%la&@sq&mls&a@e@s- By properly choosing the
particle size and porosity, the surface area of the ceram c adsorbent in

the bed 8 ceramic-coated articles can be adjusted to maxinize nass
High purity inert and oxygen streams- Because the ceramic adsorbent material has perfect

selectivity for oxygen, both high purity oxygen and inert streams can be produced.
Conventional air separation PSA utilizes the differences in quadrapole moments between
nitrogen and oxygen for separation, and since argon does not have a quadrapole moment it is
25 not separated from oxygen. As a ceramic sorbent will only absorb oxygen, the inert
components such as nitrogen and argon are left behind in the gas processed by contacting with

the ceramic sorbent, and do not contaminate the product gas.

Rather than use an electric potential to drive ceramic material membranes, ceramic adsorbent

30 articles of the present invention can utilize a concentration gradient to store oxygen. By having
a pressure or concentration gradient over the ceramic coating, a concentration profile is
developed within the film. In the presence of air at high temperature, oxygen will diffuse into
the structure. Then by reducing the pressure or by using a vacuum, oxygen will diffuse from
surface coating, thus providing a supply of pure oxygen.
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transport for specified pressure swings and diffusion distances. 20 Hi gh
purity inert and oxygen streans- Because the ceram c adsorbent material has
perfect wolodood92ity for oxygen, both high purity oxygen 20d/USeB2(995treans
can be produced. Conventional air separation PSA utilizes the differences
i n quadrapol e nonents between nitrogen and oxygen for separation, and
since argon 4ogs MoksN\k aacwgftﬂpgﬁe&nmm{}% n fnky bescaa@drqu «S8pakabed from
oxygen. As a ceramc sor ent W absor gen, the inert conponents
such as ni t risgfee devdlsaingtha ra&pectuv@fafisow@ﬁm r{doqdwgt wé tbf‘a§er?ﬂ“6c9é‘§°§‘€ﬂ KApd

contacti ng Welkdptioh @18z b 6 eSO RICME cer@NE addObOD! asGR} b FafiBtiR dbtbrhiRt oduct
gas. Rather than use an electric gotentl al to d“Tée ceram c material

menbranes, c&iunhie skilljeighapstand wibpubpndpegxpanmsptatiqns Te 2ASURFOMPISUIFTA DY c an
utilize as comgsest Niadtiatéh g{tﬂﬂhaﬁéssdrd)leﬁél&fneme)@y@emf ﬁByl ftauti NY to abqit d8sure or

concentration d| ent er t am.c coati i ng, oncen at i,0n ofileis
devel oped wi ‘inﬂgsﬁ e tqer?’norrﬁs%onglﬂ ges 2 (r:eésuf) i°F mt CRIGH gromrr%bé“rna? %r e,

oxygen wi || ainbsphesetoiahbw 0.8t dreosgliereu @ttammperéﬁhe thably amemmaﬂe ngtht pecess,desdur e or

by using a v - g.from surface coating, thus
provi ding a %gip%ﬁp!{mlye %@*%ff@eWSJi‘l;b%%g‘%% T8 WO 03/ 009923 PCT/ US02/ 20995 A PSA
process in the practice of the present invention may be carried out at any

sui tabl e, prﬁ%ﬁuﬁ,ﬁrahﬁé/&klﬁtafnga g Fsaspeetd lxgnea&a%aatag&a ' eQRdhdid ma9f the
ceram c adsor bent) desorption (releasin ygen fromthe ceramc

adsor bent) b Eor 56 of Eaoyt D8 e SRk | Tin AR oenL s S Heymagfaitefe. ar

and w t hout 1Hrhdh’e%te@)89rﬁﬁtlomtﬁ§' ls@fAble F@gmgqﬁ%mal %r@rxﬁﬁﬁ%e%lsnﬁﬁéhgyf&? way of
illustration entail Pressure | evel the order of from about
a

about 10 at %@ﬁﬁéﬁ%@e repiefanch Beatipg ?@éﬁ&tﬁrﬁ‘&i’%@d aé%f‘oadmr‘?eahbeﬂrlé°§§ta\8é>f ﬂ‘ﬁy be in
the range Ofad&d’rwﬁl aR14lof thd PEA s@temmrhesﬁﬁableqleabmang@ fididakinpaphari@ougat a
terrper ature at ropri at t €SS, e an
oscyben piodulE REAP ZETET B 1T s Gsoen PEr P PR el T BT P TeH Ehe. PSA
process in odgepheheincipde depeet asémtiibearidrvitemblies Maryeffeingondidnn deaningler of
from about 5qgasom% h@gom m%?cgva% -lel;e ﬁrégatc%r?veaglgtl{e%mg (fngyctlpe hg%n%gg ngg In a

heat ed condition nmeans,
such as for exee)oéqtfpwéacelelemm suell asrfesmsheam@eorhelamp pitheddeerbant kedddogplekiad i n t he

adsor bent be&ateh @ﬁK@ﬁsthg'thfa thtepﬁl en@%?%umﬁheav&%ﬁﬁ eps 9£t> the PSA system with a
sui tabl e heat exchange fluid bein owed through 15 the jacket to maintain

the vessé! and adsorbent bed contained therein at a sel ected tenperature.
The adsorbent beds in the PSA process system may be suitably sized for any appropriate output

of oxygen for the given oxygen-containing feed gas mixture that is processed in the oxygen
separation device, and the appertaining cycle time. For example, the system may be sized to
produce 120 standard cubic feet per minute (SCFM) of oxygen at 99.95% purity from an

25  oxygen-nitrogen mixture, during a 2 minute PSA cycle.

The PSA system of the invention may be advantageously employed to produce product gases
such as oxygen, deoxygenated gases or gas mixtures (where the feed gas mixture undesirably
contains oxygen), nitrogen (as the non-adsorbed gas from an oxygen-nitrogen mixture), etc. In
30  one aspect, the PSA system of the invention may be employed to form "deoxo" gas, in which a
98% nitrogen stream containing oxygen is treated by the PSA process of the invention to yield

a nitrogen gas product containing less than 100 parts per million by volume of oxygen.
The ceramic adsorbent material may be coated in a thin film by MOCVD on an inert substrate,

35  e.g.,a particulate substrate, fibrous substrate, sheet or other substrate formed of a material such

as active alumina, gamma alumina, tabular alumina or fused alumina. Alternatively, the

19



O her neans include el enents, assenblies and subassenblies for effecting
radi ant heating, ultrasonic heating, m crowave heating, convective
heati ng, worndueteye heating (e.g., via extended surface ecermsn/9such as
fins in the interior volume of the adsorbent bed, coupled in heated
relationship with a thermal energy source), heat exchangers, etc. 20 The

adsor bent beggudgof B HRfaR’ AEEES cad&l 8N BYBYrde sSUld, dddbiandivaied sdi@fonany
appropriate output of oxyPen for the %I ven oxygen-cont aj ni n% feed gas
€

. . oxygen.
m xture t hat 9P IYRodipRiag d0ler cqafRs, 0% pRyeriher swiphledeshaiAued ek o3t bsRlg
appertai gi ngbdaseg ) H]?ieﬂiﬁloyéanSr RS Nweng skafatiSly S oRPeNBYhtddtngSectiQds iturddr oguce
120 standard cubi et per mnute (SCF of oxyge t 99.95% purity from
an 25 oxyge?i}-‘eﬁ‘is‘c“&‘(?@%f‘? a)??ﬁ?"ée? “lfhl?elgr‘?bm%/’s ¥ ‘t{‘nwﬁ‘ﬁ%/g‘e gé‘igaé%’?“g? ls‘fﬁ'gacif‘gA system
of the i nvenitihgherpiygsubefoadibsnicageloass bitharxpen satht logefpra@slce product gases
such as oxygen, deoxygenated gases or gas m xtures (where the feed gas
m xture undesirably contains oxygen), nitrogen (as the non-adsorbed gas
from an oxygBeurnB israagepectivectien e)a, cogedciibet atidOSbindudimpefdier subdtrate BEfoagfst em of
the inventi O\Qitlp?‘yergﬁlc QJEB’Jb&X ?rgtel:ieﬁ SB ggcmd'l'n (%(Qér%" Kﬂ@tﬁmer{t Iaf Myg*nggﬁgn &%%Hm trogen

by the PS, {

stream cont al ni ng oxygen 1S treat e. pl‘ ocess O e 1 nventi on to
yield a nitfilseen syl dyppmedboempburt iaiamehef shaders HemPSragoqsssrerexigetionf| | i on by
vol une ofjg OX¥GEdh froft W o% e ABAnEai TR RN hix Rt QlitkBheivERYouldEbeR Jaf bk foftned t hi N

filmby MOCVD on an inert substrate, 35 e.g., a particulate substrate,
fibrous subsPaten LRt ovsP fipfoparebs (ihich rmay BRewir hpemrieyed nfediSémrosess Qich  as
active al um @ARs-upPRBX Rerdt daiAn Ry geh-BditHiasg faddyad mawe fused al um na.
Alternatively, the 19 WO 03/009923 PCT/ US02/ 20995 coating of the
substrate nmay be carried out by spray, sol gel, soak-and-bake, sol ution
deposi ti on, Theffben@bstiaelsk @tay bofatradgf a psrodnjuntdaheiterialii Tha bdating Satuyibgue. Such
coat ed sybst § ahg, nhgdh §9.581.05. SIPLAYEL f Ol dl eSS CoriioRt SepaLAL i on of
oxygen-cont ar ni'ng feed é’as XL Ur 85 onhen SUCH Dod) &5 4t & aggregated in a
bed or mass Such hoaptdi fiblr drtivde et repddy formdiby diqiid deloyety MOED teghréduedwsgher

pressure, T oL, sHDSEaehtror fl %&%}uﬁ{ célaﬁn,g%M%? Exéd?i?ozxr ct%fng{mg%{% (rgf ik §eerhe.

Figure 3 is a perspective view of a coat I'ncluding a
fi ber substrfitte 52 coated with a ceranic adsorbent material 54 according
to one enbodi nent of the invention. Coated fibers of such type may be
enployed in a bed of such fibers in a PSA process for extraction of 10
oxygen f rOm Aleraptyehe dheceoated fipst agicledray Bydemst Ry selese! taghnigpssatt g @myothe ych
fi bers may beiths meaer. i Nt 0 woven or non-woven fibrous webs, which may
| i kew se be enployed in a PSA process for take-up of oxygen from an
oxygen-contai ni ng feed gas m xture.

The PSA system using ceramic adsorbent articles of the invention embodies a highly efficient

means and method for the extraction of oxygen from an oxygen-containing feed gas mixture,
25 by contacting such feed gas mixture with the ceramic sorbent coating material having sorptive
affinity for oxygen at elevated temperatures, such as in the range of 500°C - 1000°C. The PSA
system may be controlled by suitable cycle timer units, e.g., integrated with computer control,

to provide appropriate continuous, semi-continuous or batch operation.

30  Figure 4 shows a PSA module used as the oxygen separation device 8 in operation according to
the present invention. Air or other oxygen-containing feed gas mixture from a compressor
source 4 (shown in Figure 1) is flowed through the main flow conduit 60 with the valve 62
directing the flow through feed and dispensing conduit 64 into vessel 66. During such
charging the furnace 76 is actuated and maintains the ceramic adsorbent in a "hot" state

35  appropriate to penetration of the oxygen into the sorbent articles of bed 68. When the bed has

equilibrated, the interstitial void gas in the bed 68, comprising at least nitrogen, and essentially
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The fiber substrate 52 may be fornmed of a porous alum na material. The
coating 54 may be a 15 LCCFO material deposited on the fiber substrate at
a thi ckneao oonombe order of 0.1 micronmeter. Such coated fPCrASIARMPE] € nMay
be readily fornmed by liquid delivery MOCVD techni ques using suitable
precursors for the [anthanum calcium cobalt, and iron conponents of the

LCCFO film 4 ofdieflid &Ef&%t is YRk Yumgel 8y FRR R0 tlhebﬁgs sB&d i lF%l;l@ﬁ}éwmvai\@ leged by

sol gel techniques, In any other suitable manner. st em usi ng
ceramc adso‘?‘ﬂlH@rﬂWl‘éh‘eti |tQ: ll@écoeﬁec‘t digpensing earduts 94 e gbe dasvngireRm grTtign ef Fpig| ent

means and mefiloghnie sot meemoa@é:éws@@toqlfow%m@IBraBthrﬁb aNn@¥3ELR-veRPbgh Ni Ng
feed gas mxture, 25 by con actlng such feed gas m xture with the ceramc

sor bent coatﬁorﬂﬁwﬁﬁg"élﬁp’élth‘fﬁ%ﬂ@f@"@ﬁ uis6p i bepeh vy f or oxygen at el evated
tenperatuses, such as |n the range of 500C - 1000C. The PSA system nay be

controlledb sui tahl e cletlrrer nits, . e.g., ]ntegrat thcrrputer
control <t ofisripidds Smb arrabRoalit rh st iphRbr kel ot BREC
operati on. 3@ iEbghedao fersih @os framPiEAnaDthw @ndisted teetsarich EnedX \Pgap 705tgac@t i on
device 8 in ap i,on _accordin t sent inve r ot her
oxygen- cont arfi {ﬁﬁ’tt e AL ho ﬁ}%eevefsflggrﬁ @‘ cerpmic ady nbeéltolﬁrnéaéntafe?saﬁom in
Figure 1) i stefapesatare atldmnm'gdnsnohe)f ﬂni"mpﬁédbmxganﬂmhtheﬁarbwt bl drtindes viad the 62
directing,t h$01 s'o?ﬁ{etbt'cf ?ﬁ%ﬁﬁ%ﬁg %Ilg g{éh BORN U P m G |8tthr§%1 c&%d&t fgel 66.

Buring such IS ac uate arns he ceram c
adsor bent nln&tl' Ehowmualflsurﬁs appropriate to penetratl on of the oxygen into
t he sorbent articles of bed 68. Wien the bed has equilibrated, the
interstitial void %as in the bed 68, conprising at |east nitrogen, and

essenti al |y AB@ thaedeiendyd immepar/8ispxen gogged %félm @yese sy s t hen

punped by PULBAin tBark&d tb RSofbed De® HOMOmbduIFisOM Brnkse MidafdtakRl WEopBRtiont81 NY
switched to jntercaonnect di E‘Benm ng conduit 64 wth the downstream portion

of main 11 offRBHdTroeB0?t SYilply leyacdEmpriRter-o Sarruretys HIPY At oAt i anch
line 7, and Meabgée gabdnahbd digctoPBivugh dnduit®Ws girt BaAlerdiit€) @ thé1&/cl@ repehttdW condui t
60 into branch line 9. 5 The furnace 76 remains actuated, as valve 74 is
closed to isolate the branch line 9, and valve 72 is opened to permt flow
fromthe mailn thisowangandieisystédO schemavicaln shown meFiguresPUiagal 7 Gnaly e rsequedtlly,t 0

extract the gen S S [ IS
mai nt ai ned a&%lg%[l}égrrlgzc?'%{cﬁfne&%?tf%vgﬁe?ltgét £ e&%ra\té()% Oftm}?%?&? %&Qg%n @oqé%d‘%?%éygen
f r om t he 2& or e mixtige thtceoxy genidedetédrand oxyben ﬁ;‘@@lomedscqyﬁryltmeomdeSCﬂWé oxygen gas

may then be flowed from nodule 8 through conduit 7, into

The blade assembly 201 may be operated during the combustion process to essentially prevent
deposit formation on the interior walls 13 of the reaction chamber 14 or after the combustion
process. Operation during the combustion process increases efficiency and economical usage
25 of water introduced into the vortex unit 100. During the combustion process the blade
assembly 201 may rotate clockwise and counter clockwise with the extension and retraction of

the piston 403 of air cylinder 401 and removed deposits are washed through vortex unit 100.

It will be apparent that the system shown schematically in Figure 1 is illustrative only, and that
30  the invention may be practiced in other, multiple-bed arrangements, for continuous, semi-
continuous, or batch operation, to separate the feed gas mixture involved. The heat flux may
be maintained constant throughout the entire operation of the PSA process, or the temperature
may be modulated during the process, as may be necessary or desirable in a given end use
application of the present invention. For this purpose, the process system may employ suitable
35 thermostatic, heat exchange or other temperature-controlling elements, such as thermo sensors,

temperature controllers, microprocessors, mass flow controllers, etc.
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inlet 15 as shown in Figure 1. After the adsorbent bed in nodule 8 has been
extracted of the oxygen, the feed gas m xture is again charged to the

sor bent bwo 3nowbe nodul e as the furnace is maintai ned i nrpeparsat/zpsto 15
keep the adsorbent at suitable el evated tenperature. Concurrently, a flow
of non-adsorbed nitrogen gas may be directed through conduit 9 to port 28
thereinto, as the cycle is repeated. In this manner, the system
schematically shown in Figures 1 and 4 may be sequentially, repetitively
and cycl i cal The fsporespediadventasts efcthe dwpiraticonore flully shows with figfprence to the

oxygen- cont ajgibwidlg fERAmitigd cSRDleMwhirtih @Il gk a%ﬁ&@éﬁtaﬁ&%@ﬁa?dve@ﬂg uglgen
fractions for recovery thereof as described. The bl ade assenbly 201 nay be
oper at ed dur PRYWVISHEPESHLYRE on process to essentially prevent deposit
formationson the interior walls 13 of the reaction chanber 14 or after the
conbustion process. Operation durigggaﬁf%ﬁfnbustion process increases
efficiency and econom cal usage 25 introduced into the vortex unit
100. During the conbustion process the blade assenbly 201 nay rotate

clockw se a”g ERUDLE .i&@%‘é‘é“ﬁﬁg‘%ﬁ‘e&& Red &%tag.ﬁéﬁrt%@”cem rﬁaﬁér[aﬁxgg&e%rhs qf the

pi ston 403 of air “cylinder renove eposits are was t hrough
vortex unit ge@@ationt degict |to lpeodugsperyesnt attingt purite fayigredistiohown a therbvétcal |y in
Figure 1 s P%ku@&g td.ve only, and that 30 the invention may be practiced
in other, multiple-bed arrangenents, for continuous, sem - continuous, or
bat ch operation, to separate the feed gas m xture involved. The heat fl ux

may be mai ni@ugedi-GaRst 8ita Mok OBMAUon B@icR Nt ok PreRPRIBIbIOR, MBfogkk)€78PSA
process, or the tenperature may be nodul ated during the process, as may be
necessary or“ﬁbéi?%ﬁibOFﬂLéa@1V@ﬁnéﬁﬂ*hgéonﬁbﬁlﬂ@ﬁﬁ?ﬁﬁ“ﬁ#aﬁﬂ@wﬁpg§§ht

i nvention. Fosoct Bhd aPpfPRFE of 190E pfid. OCERS toniSetaQiiid BTY the NFHs6en Well afdl & 35
thernostatic, heat exchange or ot her tenperaturg-controlling’ele pts, such
as t her nd® seRYor @lternptiygbia valug indhegpge b irera phout DG g gyt W Lo ,ber‘l‘ﬁ"gg Yf 1 ow
control | ers, efpl6yed? ITh¥\Re@ait HRAD Zhektedlih oG24 209 Hper uphiRarth 0fthelidesbanbtd
advant ages of the invention are nore fU|£Y shown with referenc tgﬁthe

fol | owi ng noff-a FRREFANE OSBANANE Is A BiFSSHeR oL 10 Py Camesa%fr%ﬁ?’aga@ re by
wei ght, unl es&:t exohdAgdr PloSidessfl f@ S@)ingthéfe@btredm MAMYRUESrbent MeMbAnesy@he M

i ncludi ng an adsorbent bed containing LCCFO ceramic nmaterial is used as a
separation device to produce oxygen at high purity for introduction into a
t her mal / wet THOinflbat eirBnpassadstd @lm adsorbent bed and oxygen is removed therefrom by the

adsorbent in the bed, with the bed being heated by suitable means. In the depressurized state
after active removal of oxygen from the air contacted with the adsorbent, the oxygen is pumped
from the bed by a pump arranged downstream from the adsorbent bed and discharged from the
system for introduction into the thermal reactor shown in Figure 1.
25

The nitrogen-rich gas yielded by the adsorption of oxygen from the feed air mixture and
discharged from the adsorbent bed is at a temperature of 800°C and a pressure of 130 psia.
After passage of the nitrogen-rich gas through the countercurrent heat exchanger, the nitrogen-
rich gas is discharged from the process system at a pressure of 50 psia and a temperature of

30 200°C.

The product nitrogen-rich gas contains 98.35 mol.% nitrogen, 0.27 mol.% oxygen, 1.26 mol.%
argon, and 0.13 mol.% carbon dioxide. The nitrogen-rich gas is discharge through line 9 and
may be employed for reducing the dew point of emitting gases by introduction into port 28.

35
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Influent air stream has a nole fraction conposition of oxygen, 20.9 nol.%
nitrogen, 78 nol.% argon, 1.0 nol.% and carbon di oxide, 0.10 nol.% This
stream i swatozmowesdrper ature of 25C and a pressure of 50 pPCA/USTHZ995
tenperature of the adsorbent bed is at 15 800C. (alternatively, a value in
the range of from about 600C to about 900C may be usefully enployed). The
feed air st rmmxy%%n.bi@ﬁgagqeléa&dtf% REALBRERNANGEL: PR pRAMteplohthe 2d& 0T bent
bed to a tenperature 483C and 1s at a pressure ofp 100 psia. The

conpr essor uprseepseiant § prsserreipd 0.5tpsigrande i ¢mprgare 958V Cd ede Hiagltoxyasprigliagati ng t he
feed stream aQgl,bdiGrARGOIRGER cal BIRS 8 RG: BRARSof 1992 THIR oxileh HENdas BdnkaisS Passed
to the adsorbent bed and oxygen is renoved therefrom by the adsorbent in
the bed, wit$-2neolfeexsen AG Mohtoautrassn O maph @raepaasd no icprbemdionden Besur i zed
state afierogediR gdsIRUBLd Blou MR thd tieFnkiN@c@E.r contacted with the
adsorbent, the oxygen is punped fromthe bed by a punp arranged downstream
fromthe adsorbent bed and discharged fromthe systemfor introduction
into the thermal reactor shown in FENAMPLEII25 The nitrogen-rich gas

yi el ded by the adsorption of oxygen fromthe feed air m xture and

di scharged fromthe adsorbent bed is at a tenperature of 800C and a
pressure of A3apsiadsorberifelgel ypassrigrd tfcotthralpming Hope matrisioh sqgkandtthkorgh t he
countercuygre - c ' = tal ] [ ' from
he procabs. By lERlio@tC0aRIG ne L8 il pep At btk 8% ahalhBE 1BIRRS | b0C.
The product mlecteyefprassustdrepaand asrimzinyeago of theceraslic adsubent wegam. By @Ftingp| . %
oxygen, 1.26pERlantk a@boBOM medish of pdrdusMmith &BIHARY ag'o?gbrgﬁffuswfl%isﬂnéé'dlgen' rich
gas is discharge through Iine 9 and nay be enployed for reducing the dew
poi nt of eni $& Mismgiasaes whievedet et i on into port 28. 35 22 WD 03/ 009923
PCT/ US02/ 20995 The oxygen-rich gas rel eased fromthe adsorbent bed during
the low pressure step of the PSA progess is at a pressure of 0.5 psia and
a tenperdture of 800C. The final oxygen-rich gas discharged fromthe
downstream punp is at a pressure of 1 psia. The oxygen-rich gas contains
96. 32 nol . % oxygen, 3.63 nol.%nitrogen, 0.05 nol % argon, and no carbon

di oxi de. The 5 oxygen rich gas is punped through line 7 to the thermal
reactor. EXAMPLE Il A ceram c adsorbent sol gel was enployed to coat an

al um na fiber mat using soak-and-bake or 10 spray techni ques. Usage of the
solid fiber mat substrates offers several advantages, including

23



reduction of pressure drop and maxi num usage of the ceram c adsorbent

medi um By coating the ceram c adsorbent nedi um on porous al um na

subst r at e&p oatowygen diffusion distance of 80 m cronet ePSTASS2/290F eved at
800C. 15 ****x* 23 WD 03/009923 PCT/ US02/ 20995 THE CLAI M5 Wat is clai ned
is: 5 1. An abatement systemfor pollutants in a gas stream conprising: a
reaction chanber conprising a chanbgy kng neans to renove conbustion
deposition products and at | east one—%et comuni catively connected to
a source of conpressed air; and an oxygen separation unit positioned

bet ween the @as¢i Ahigleq@nd the source of 10 conpressed air to provide a
source of oxygen-enriched gas to the reaction chanber. 2. The abat enent
systemof Claim1l, wherein said reaction chanber thermal oxidation, plasna
or catal y§i c1.r eacAd HaEmdndsydtem FiiQolfiymisain g cievakl] dfplisinge| ai m 1 wherein the

oxygen separation unit c&ar;@ﬁl ses a man‘gl ane evi ce const ruct combug{dnarranged
to separate 02 friofffNO" iAo “UWHPPe & SBY R T2 184 R (S SHULT FOw ot°

separat ed 02 i nt clepd3gion g@dicisaind etHeasber gas3nlefldoemsyisitieety acoateditng sdueec| ai m 1
wherein the oxygechlﬁgﬁse%ta{roagdunit conprises an 20 oxygen-adsor bent
ceramc, netallic onaceous or polymeric material having affinity for
oxygen when t he oerenyie, seattisn| ing, pasitirtrd nketveson sheo gaspimley repd ithe sritcerdfal i s

at el evated t enperaluLEsair témela@a SRt mgﬁgﬁr@h&%@t&lr@m&ham{ ein the
ceram c material conprises at |east one 5 oxide material selected from
the group consisting of: Bi 2_yEry(3-d; Bit-yYy(3-d; Lal yBayCol .,N,

03_d; Lai _ySryQae Iabalemem %El’e’m@f Cla®P1 L»@émﬁl%ﬁﬂ@@acnﬁﬁ’\l!hmg&r ¢herntal §x1aatlgry B ayCo 1
_,FeX®3 d; Lal ySry e. 03 d; and

plasma or c’ztafytlc reactions

15 2. The system according to claim 1 wherein the oxygen separation unit comprises
a membrane device constructed and arranged to separate O, from N; in the compressed

air, for introduction of separated O, into the reaction chamber.

3. The system according to claim 1 wherein the oxygen separation unit comprises an
20 oxygen-adsorbent ceramic, metallic, carbonaceous or polymeric material having
affinity for oxygen when the ceramic, metallic, carbonaceous or polymeric material is

at elevated temperatures.

4. The system according to claim 3 wherein the ceramic material comprises at least one
25 oxide material selected from the group consisting of:
Bi,,Er,Os4;
Biz,Y,05.4
La,.,BayCo;«Nix O1.4;
La;,SryCoy,Ni,O1.q;
30 La,,,CayCo)..Ni,Os.4;
La,,Ba,Co,..Fe0s;
La;.,Sr,Co;.Fe0s.q4; and

Lal.yCayCO 1-xE€x03.4;
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La, _yCayCo, _XFex03-d; 24 WO 03/009923 PCT/ US02/ 20995 wherein x is from
0.2t0 0.8 yisfromOto 1l.0and d =0.1to 0.9. 5 5. The system
accor di ngwoa3mb®esn 3 wherein the ceram c material conpri se€TatSob/e®ss one
material selected fromthe group consisting of: oxide fluorite oxygen ion
conductors of the fornula A408; pyrochlore material of the fornula A2B207;
10 material of thg.fgynula Bi 208(A206); stabilized forms of d-Bi203;

Bi 24Pb5Ca3M44; Bi 14V2011; perovskite materials of the fornmula ABGEi 15

oxi de Brown M I gfik trém@hess 8,0l ytes of the formula A2B205; m xed Brown
Mllerite electrolytes of the fornula ABBBABO2.5; A406ABO2.5 conpositions;
m xed super conductis Rgn OABCBAD) el ectrol ytes; cryolite (A3B03)

el ectrolytes; 20 colunbite (AB206) el ectrolytes; and correspondi ng doped
materials, whereidr@Alah.B are netals i ndependently selected fromthe group
consisting of l|anthanum alum num strontium titanium calcium
zirconiuny iron, bari um indium 25 gadolinium yttrium copper, cerium

thorium bisguth, scoflfl Bl TIARESLUM . ARGADGREconkARRU 1 o117 ot Um

ni obi um tan alum boron I um neo ym um Tum ytterbium erbium
thul | ium [ uteti ungterighseigetedfigm the egup qopwtmwfw encium and praseodym um 30

6. The system accR{dindgiu SyEdndbdBoddu¥BRLEME okdia £ltRTDET Cl eani ng means

conprises: (i) at |east oné annul ar nounting nmenber;
pyrochlore material of the formula A,;B,0-;

10 material of the formula Bi,03(A,0s);
stabilized forms of d-Bi,Os;
Bi,4PbsCa;0.4;
Bi4V,04;.
perovskite materials of the formula ABO;;
15 oxide Brown Millerite electrolytes of the formula A,B,Os;
mixed Brown Millerite electrolytes of the formula ABO;ABO, s;
ALO6ABO; s compositions;
mixed superconducting (ABO;AO) electrolytes;
cryolite (A;BQs) electrolytes;
20 columbite (AB,Os) electrolytes;

and corresponding doped materials,

wherein A and B are metals independently selected from the group consisting of
lanthanum, aluminum, strontium, titanium, calcium, zirconium, iron, barium, indium,
25 gadolinium, yttrium, copper, cerium, thorium, bismuth, cobalt, nickel, magnesium,
manganese, vanadium, chromium, niobium, tantalum, boron, hafnium, neodymium,
terbium, ytterbium, erbium, thullium, lutetium, samarium, lead, tin, lawrencium, and

praseodymium.

30 6. The system according to claim 1 wherein the chamber cleaning means comprises:
(1) at least one annular mounting member;
(ii) at least three scraping blades attached peripherally about the annular mounting
member and arranged in a parallel relationship to a longitudinal axis of the chamber;

and

25



(1i1) at least three scraping blades attached peripherally about the annul ar
nmounting nmenber and arranged in a parallel relationship to a | ongitudinal
axi s of tweoshegyer; and 25 WD 03/009923 PCT/ US02/ 20995 P(iriusp2/20995

reci procal novement unit for rotating the scraping bl ade(s)
circunferentially back and forth along the interior surface of the

reaction champer (if) <SGRBS I3Gendetl el £ rotafitl Ih@fg&a;mig IR a%me%umg»anber

wherei n such recip e novement unit conprises recl procabl e menber
pi votal |y connectteek and ferfh @wéﬁsnt@wrmwmeamth%m@b@t erepRsihe ‘5‘eﬁ‘§rrber is

pivotal 'y connectgth@br @e REHPORMBY, WREIL Ll Yediftodabe nVAa: BRBGAk4S. 7. The
system according to claim6 wherein the abatenent sy sten1f3rther conpri ses

heating el ement s 'SHPIOTRRE mPmBE Yoty EAMERRg ip 1 Frensipm BEMbRE and die KRB Peact i on
chanmber, @ | i quifenwer it pikotiii coihe@@dt 3 p@RERS pPssonitéiPe bladeippaidusr eact i on
chanber and 10 communi catively connected to the chanber cleaning neans; a
packed bed for trapping and condensing particles fromthe gas stream after
passi ng t hrouagh t']’ie systequiiactoxding tte xlainu 161 wheredndie abdténgpui shseorfultize corfimpisesr enovi ng
chem cal pol | Ut anfgyne S1end N YA R BEEL LN e bRCLA dPut ARESEHDnLDG
pollutants are |n dice rom PRSem conduct or manuf act uri ng dppar at us.
9. The system acdmutﬂl rygriexo vdiichi peols \gasep epassingh drompt the | 1eeptipn aelergbeyr and

doubl e-edged and & Bgunitf£CHPERGARL % MEORRer! &@g}h&ﬁ@@pm@md@dr&a@y@ nder.

20 10. A thermal reactor systemfor oxidative treatnent of g;laseous

pol lutants in a ¢f&¢ cendpnsimmparticlpieliay the gay s pites ipARging rough dheiligpid vpitber
having an entry eangl £0004iiSicABba for k@RSing MRBidalPoBitardi®r i Nt roduci ng
conbusti bl e gaseous products and an exit end for renoval of conbustion
products 25 fromthe reaction chanber; a hot zone within the reaction
chanber | ocagsed arljeagaeh atca)rdixligetoeahihyleﬁtdre\'malbqionutmaﬁ inesduesdi fign tahe
reaction ghanber Jeact uéa{o utxémrm aagra ri fice in the reaction chanber
communi cati vel y connedt ed T0aE0 e 0 conpressed air to introduce air
into the reaction chanber, the or|f| ce located downstream of the hot zone;
and an oxygeg sepaf;: %gte%cy&alhg @%Ehﬁb%&%%@%&’% ohll8 R dofil e BNl sour ce
of conpressed 35 ait to rntroduced oxygen enri e reaction
chanmber to i ncrearg@prg@hlprr@méer is a piston of an air cylinder.

20 10. A thermal reactor system for oxidative treatment of gaseous pollutants in a gas stream,

the system comprising:

a reaction chamber having an entry end comprising at least one inlet for introducing
combustible gaseous products and an exit end for removal of combustion products

25 from the reaction chamber;

a hot zone within the reaction chamber located adjacent to the entry end wherein gases

entering the reaction chamber react and mix;

30 an orifice in the reaction chamber communicatively connected to a source of
compressed air to introduce air into the reaction chamber, the orifice located

downstream of the hot zone; and
an oxygen separation unit positioned between the orifice and the source of compressed

35 air to introduced oxygen enriched air to the reaction chamber to increase complete

combustion and reduce formation of carbon monoxide.

26



conmbusti on and reduce formation of carbon nonoxide. 26 WO 03/009923

PCT/ US02/ 20995 11. The system according to claim 10 wherein the source of
conpressewodBPoE@2y is a conpressor and the oxygen separ at iPCR/USN2/2098DNPri ses
a nmenbrane nmeans for continuously separating pressurized air into
oxygen-enri ched and oxygen-depleted 5 streans; and the system further
conpri ses a heat exchanger positioned between the conpressor and the
menbrane neans for transferring heat fromthe conpressor to the nenbrane

means. 12. The sySeewstge @ereuinggo it |19ivieret hesouseyreameeped 4vi3ddn devi ce
conprises a OXygedmpkoRdsd ke blyg6f kipdiation (M *bhpres 6 ARG EiAdaSs Gor
polyneric material havipng affinity for. .oxygen when the ceran g, tallic,
car bonaceous or ﬁﬁﬂ?ﬁ@ﬁﬂb“ﬁﬁ?gﬁﬂﬁng@“b?ré%gﬁﬁﬁghm"?ﬁﬂﬁgﬁé?ﬁ?@g?m%%d t he
absor bent s cer am cstriaaiise hidathe €y@Epr fusles c@hpris@asiieanexehaigdr @bditined ebeeastted from
the group consisting of BalnO.67Zr0. 33 15.Bal n0. 67 330Y. - 5Ba0. 5
000, 7 QO 30 Lad R g “6".?&%’8.“%8%“9{"58?‘@@?6‘55%%?’%%Eﬁ%‘érﬁﬁst"hg §206. 5)
20 Bi 2Sr 2Nb2Ga0 IhenBranBn@@®s2Nb2A1011. 5 Zr02- Y23-Ce®2 Zr02- Y2 -Cr238
Zr 02- Y2@3- MgO 25 Y203- CaO Ce2 Zr02-Y203 Ce02-CaO Y2@3. 13. The system
according to claim2 wherein the ceramc, netallic, carbonaceous or 30
pol yneri c mal%r i alhejsystqyr ecserding foclamd g dhecrtyzen sepptgtion depiegicomprises ToEYe8% st em

accordi ngoto cl ai fiokRndn8d, MndidlR, OXVEER0S VP PbiHnbrRmdEHal hAHIREARRS Ford

vessel lined with an insulator material, and heating el enents incorporated
in the vessel oxygen when the ceramic, metallic, carbonaceous or polymieric material is at elevated

temperatures, and the absorbent ceramic material comprises at least one material

selected from the group consisting of:
Balng,67Zr0.330y
15 Balng 67Ce0 330y

Lag 5BaQ.5 COg.7 Cu.30y
Lag,6Sr(.4Co0.8Cu,20y
Lag,8Sr0,2Co0y
(Bi202)(NaNb206,5)

20 Bi2SroNb2Ga0O11 .5
Bi2SraNb2AlO 1 5
Z102-Y203-CeO7
Z1r02-Y203-Crp03
Zr02-Y203-MgO

25 Y203-Ca0-CeO2
Zr02-Y203
Ce072-Ca0-Y203,

13. The system according to claiml2 wherein the ceramic, metallic, carbonaceous or
30 polymeric material is present in a packed adsorbent bed.
14, The system according to claim 13 wherein the oxygen separation unit comprises a

vessel lined with an insulator material, and heating elements incorporated in the vessel
to maintain the bed at elevated temperature.

35
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to maintain the bed at el evated tenperature. 35 27 WO 03/009923

PCT/ US02/ 20995 15. The system according to claim 14 wherein said el evated
t enper at uwe onPR3 ses tenperatures in a range of from abear/GO224d995 900C.
16. The system according to claim 12 wherein the ceramc material is
deposited on an inert 5 substrate as an oxygen-perneable thin film

el ectrolyte tl:tﬂ.er CRlL: sa/%‘tgm aIEb?di]?gx ﬁ)t ggﬁnacf@ WhngeﬁgsaIdo el&)g@%}ﬁ%rﬁ?raw t:&‘ﬁﬂ’rises

conpri sing a mechani scrapi evi ce positione n the reaction
chanber for cl eantemperityiesdn p eangesd frpm@koyt §0de WOPC. t he devi ce conprising: 10
(i) at |east one annular nounting nenber; (ii) at |east three scraping

bl ades attached peri pherally about the annular nmounting mnenber and
arranged in éé-parBﬂelséﬂteﬂ’r@F%&P&)‘ﬁé‘ﬁi"ﬁ)l%‘ﬂ‘e&‘q th§TaifdPaesrel 15,95pesitsd onqidnethanber ;
and (iii)sa reci paussdle 8mVRIRRberkBdble thie kil QécablyRGhetdd® Scrapi ng bl ade(s)
circunferentially 15 back and forth along the interior surface of the

chamber to clean the interior surface of the chanber, wherein such
reci procabl e 1novenerdystehaécoDRPS cls@s 1 (AafuftBe | cpiprisalg| acmechaiidbiescraping dévadel y

connected to an extension. mepber, . ngm%Ee Xt ensi.on. penher i iyatally

Y 1 t ] h
connected at a pe?%%ﬁgpdrmﬁbsffﬁﬁ%gio e %ﬁaggjﬁﬁﬁgﬁatusfwégwf§. % met hod
for retrofitting dmicabatesmsit system for processing a gaseous waste stream

to introdyce an oxyapR: GRLLANEH.GRT: hiRei n and renmove surface deposits
wi thin an abatenent chanber, the nethoé’conprising: provi di ng an

oxygen-enri chi ng didgt et dusprgiapiasblades |ayfacheshpraiphealy ragout theeanaHagraqyating

chanber; 25 intr ogleifieNshdCAaREE SSEhralElYrelft dnsHiPtolaNBngRYBE Bxi L8 thecdhaikr,devi ce
wherein the conpressed dry air is separated into an oxygen-rich gaseous

conponent and a n?@rogen-rich gaseous conponent; introducing the
oxygen-rich gaseogs £RePpoeE Movdn@nd it ROALMAE e scrafiagTblede(s) ainam&Penpallvi di ng a
mechani cal scraping device in_.the abatene cFanber. gn The t ho
Rocordi ng5t o i oi Tk SR e e B LB L s SARRROR copi B GG APBERS

the chamber, wherein such reciprocable movement unit comprises a reciprocable

member pivotally connected to an extension member, and the extension member is

pivotally connected at a peripheral position to the blade apparatus.

20 18 A method for retrofitting an abatement system for processing a gaseous waste stream
to introduce an oxygen-enriched gas therein and remove surface deposits within an abatement
chamber, the method comprising:

providing an oxygen-enriching device communicatively connected to
the abatement chamber;

25 introducing compressed dry air to the oxygen-enriching device
wherein the compressed dry air is separated into an oxygen-rich gaseous
component and a nitrogen-rich gaseous component;

introducing the oxygen-rich gaseous component to the abatement
chamber; and

30 providing a mechanical scraping device in the abatement chamber.

19. The method according to claim 18 wherein the oxygen separation unit comprises
a membrane device to separate O, from N, in the compressed air for introduction of
separated O, into the reaction chamber.

35
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a menbrane device to separate 02 fromN2 in the conpressed air for

i ntroduction of separated 02 into the reaction chanber. 35 28 WO 03/ 009923
PCT/ US02/\209950992. The met hod according to clai m 18 wher @cCa/ushz20%ygen
separation unit conprises an oxygen-adsorbent ceramc, netallic,

car bonaceous or polyneric material having affinity for oxygen when the

ceramc, netglicppe %Ehla@aésmgso QkimPR! WHIREH he BRYET dedratioft uni@ton@rigaéah ed
tenperature. 5 21. The nethod according to claim20 wherein the ceramc

material conpri sé’éy%tl‘a‘iisé%@‘t‘ SFLC, Justalless rabenareops Ok PRRYMERF MRBHR PG oup

consi sting of: Blazﬁrytﬁrfof%gdn whdBi the &M4YHE33 mdtallid, GalbaracaoBoyr @ollmudd mat@idl d;, La
i.ySryCo 1 xNi xO3 T}é CayCo, xN xC8-d; Lai _yB ayCo 1 xFe xO3-d;

La, ySryCo, _, , FelE® thedé?ﬂ’(ﬁe “La, yCayCol xFex™-d; wherein x is fromO0.2
to 0.8, ¥y is fromOto 1.0 and d 0.1to 0.9. 20 22. The net hod

accor di ng tO Cl aldm meth %cg"rdlg%& CElirI(% % \?/‘ﬁg ecfn t[ﬁa Ee?a{nluc matgr(i)arf? %1?&:% afa‘lgas o%QSt one

mat eri al sel ect e rom up consisting o orite oxygen i on

conduct ors of the;)X EHHL a@%eggg?]%r %E‘L&Ex@tl Ferlal of the formul a A2B207;

25 material of the orrru sta ized forns of d-Bi2C3i
Bi 24Pb5Ca3044, BlZ-yEry03~d;

BiryYyOs.4;

10 La,,Ba,Co;.Niy Os.q;
La,.,Sr,Co,..Ni,03.q;
La,.,CayCo,«Ni O1.4;
La,yBayCo,.Fe0s.4;
La;.,SryCo\Fex0;.4; and

15 La;.,Ca,Co;4Fe,0sq;
wherein
x is from 0.2 t0 0.8,
y is from O to 1.0 and
d=0.1t00.9.

20
22. The method according to claim 20 wherein the ceramic material comprises at least one

material selected from the group consisting of:
oxide fluorite oxygen ion conductors of the formula A4Os;
pyrochlore material of the formula A,B,0;

25 material of the formula Bi;O3(A;0);
stabilized forms of d-Bi,0;;
BiysPbsCasOu4;
Bi14V,013;.
perovskite materials of the formula ABOs;

30 oxide Brown Millerite electrolytes of the formula A;B,0s;
mixed Brown Millerite electrolytes of the formula ABO;ABO;s;

29



Bi 14v2011;. perovskite materials of the fornmula ABO3; 30 oxi de Brown
MIllerite electrolytes of the fornula A2B205; m xed Browmn Mllerite

el ectr ol yweswoboehe fornul a ABOBABO2.5; 29 WO 03/009923 PCT/USBD2920995
AAO6AB2. 5 conpositions; m xed superconducting (ABGBAO el ectrol ytes;
cryolite (A3B03) electrolytes; colunbite (AB206) electrolytes; 5 and
correspondi ng dOp,g&,{%g[;J b§tionherein A and B are netal s independently

sel ected fromthe group consisting of |anthanum alunmi num strontium
titani um cal ci urixedispresnendyaingi(ABR:AD slestihesi ndi um  gadol i nium yttrium
copper, cerium thfileYMBd) Rdtdiftes; cObal t, nickel, magnesium 10 manganese,
vanadi um chrom un} ni obi_u tantal um boron, hafnium neodym um terbium
ytterbi um erbi urfPlurhiiA ¢ eleqfelstFum samarium lead, tin, |awencium and
praseodynm um 15 addcorrttiendi®idopd nageiols,di ng to claim 20 wherein the ceranic,
metal | ic, carbonaceous or polynmeric material is present in a packed

adsor bent bed. 24. The nethod according to claim23 wherein the oxygen
separati on devi cevleeimpAi @éB are medds @lependadty seletthd dmmi the ploap omsistatgedfi al , and
heati ng el enents e | NC ra g nsi.de of . . - he. Iy L ntain

t enper at ure of thl%rﬂ?(rellll ’éig{{rrg&énvrg?oea{u{lzlrtr%grrn at aﬁl?ég’ Z;’Jg&m\‘flﬁzr&?r’e})t lglarﬁgdélg%r ding to
cl ai m 24 wher ei n ssddligivpl giratme onpesetium, thagsiumo higmith,esobalt, aigleds meaestuni,n g
range of j§rom abounB0Q (R Chropmung Griobhhe RN DG CRIGH N thebBnflngi M 18
wherein the mechani cal scraping device is positioned within the abatenent
chanber for cl earfFhigm; Wiy erbdym, thpdle, {yidipg; smagiy leaddif, l@magiihr i ng: (i)
at | east one annuyatodpmipt i ng nenber; (ii) at least three scraping bl ades
attached peripherally about the annular nounting 30 nmenber and arranged in
a parallel relationship to a longitudinal axis of the chanber; and (iii) a
reci procal novenment unit for rotating the scraping bl ade(s)

circunt erl? nt bBa I yThe method according to claim 20 wherein the ceramic, metallic, carbonaceous or

polymeric material is present in a packed adsorbent bed.

24. The method according to claim 23 wherein the oxygen separation device comprises a
vessel lined with an insulator material, and heating elements are incorporated inside of

20 the vessel to maintain temperature of the bed at elevated temperature.

25. The method according to claim 24 wherein said elevated temperature comprises

temperature in a range of from about 600 to 900°C.

25 26. The method according to claim 18 wherein the mechanical scraping device is
positioned within the abatement chamber for cleaning interior surfaces therein, the
device comprising:

(i) at least one annular mounting member;
(ii) at least three scraping blades attached peripherally about the annular mounting

30 member and arranged in a parallel relationship to a longitudinal axis of the chamber;
and
(iii) a reciprocal movement unit for rotating the scraping blade(s) circumferentially
back and forth along the interior surface of the abatement chamber to clean the interior
surface of the abatement chamber, wherein such reciprocable movement unit

35 comprises a reciprocable member pivotally connected to an extension member, and the

30



back and forth along the interior surface of the abatenent chanber to cl ean
the interior surface of the abatenent chanber, wherein such reciprocable
novenent WOiB/0@d2xonpri ses a reci procabl e nenber pivot al | yCrarsozzwesl to an
ext ensi on nmenber, and the 30 WO 03/009923 PCT/ US02/ 20995 extensi on nenber
is pivotally connected at a peripheral position to the blade apparatus.

27. The et hod a%sa@ﬁsﬁiagngemr Gi aivotasP caxule&taieat godmﬁﬂe% rwsm‘i {oi dhe B1aG0T t €X

unit attached in 1l conmmuni cation with the chamb the wvortex unit
conpri sing a genépPedds. coni cal outer shell having a top pl ate, an inner
surface and a central opening which is generally aligned with the interior
surface of the chanber; a baffle attached to the top plate and extending
general |y verzi cathb yetlovevadiald t¢ chirezeafmtemoniptigndaf f | e general |y
concentrically 10 aligned with the inner surface of the outer shell to form

a concentyic chamber; qand, (4.} uffy hetadhbls Gy d%&:ﬁ%@ﬁ%@%&@ﬁaﬁaﬂ%ﬂ%m 'y

introduce liquid into %he concentric cha ing the
concentric chanber wi vértekjugiticempaiside a fgeneralln goracal emrﬁbﬁll haviag @ tof Plfte. 3nd on t he

inner surface of the %Er%ﬁrfa%@ erdl 2 certril g‘p%ning which is generally aligned with the interior

surface of the chamber; a baffle attached to the top plate and extending
generally vertically downwardly therefrom, the baffle generally concentrically
10 aligned with the inner surface of the outer shell to form a concentric chamber;

and

(ii) a liquid inlet arranged to tangentially introduce liquid into the
concentric chamber, thereby filling the concentric chamber with liquid and
forming a laminar sheet of fluid on the inner surface of the outer shell.
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