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ABATEMENT OF ORGANI C COVPOUNDS BACKGROUND OF THE | NVENTI ON Fi el d of %AmeZDDE
I nvention 5 The present invention relates to the field of thermal/

abat enent of gaseous waste streans nd nore particularly to a nethod and
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a variety of chem cals, many of which have extremely |ow human tol erance

Ibevel s. Such materials incl udeB &R ,Byéjﬁr lqﬁ QEN‘? 4 mony, ar se_nl c,

oron, germani um nitrogen, p%m%t@*ﬁ&ﬂ, , ium silane; silane
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processes. Wiile virtually all U S. sem conductor nmanufacturing facilities
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achieve |l ess than conplete conbustion thereby allow ng the rel ease of

pol lutants {p tmc@i@mp@ﬁgﬂg@mncl udi ng carbon nonoxi de (CO and

hydr ocar bons ( — € problfemis conpounded when the process strewn to be
treated is conposed primarily of a nonflanmabl e gas bearing the undesirable
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semicopductor manufacturing processes. While virtually alt 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 matenials,
convcning-them to less toxic forms. Conventional incinerators, however, typically achieve less
than complete combustion thercby 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 15 composed primarily of a nonflammable gas bearing the

undesirable impurities,

A further limitation of conventional incincrators is their inability 10 mix sufficient combustible
30  fue] with a nonflarnmable process stream in corder to render the resultant mixture flammable
and completely combustible. The choice of fuel gas for mixing with 2 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 charactenstics are to be

achieved.



However, many incinerators or conbustion chanbers currently used in existing
facilities, depending on their age and construction, are not equi ﬁ&\ ‘Qﬁ b"h

" adequat e piping systens for providing an additional source of fla NeZ0%0
fuel gas, such as oxygen or oxygen enriched air. 5 In such situations,
several options are available. retrofitting the existing conbustion chanber
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m xtures to flammble m xtures and decrease CO em ssions w thout a cost-
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Anot her aspect relates to Irnproved abatenment capabilities of a reaction
chanber by uti PPPRFiEp of 8keasorides Yiirhg and adapting sanme to introduce oxygen
or oxygen enriched air for controlled

25 SUMMARY OF THE INVENTION

The present invention relates to a method and system for providing controlled combustion of
gaseous semiconductor wastes, whereby oxygen andfor an enriched oxygen air stream is
introduced mmto a thermal/wet mtegrated 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 1o oxidize
virtually all oxidizable components in 2 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.



deconposi tion oxidation of a gaseous waste stream 5 Yet another aspect
relates to a system and nethod for incinerating a waste stream of g@gqgw§w6
or gani ¢ conpounds wherein the exhaust gas has reduced anmounts of carbon
nonoxi de, and hydrocarbons therein. 10 Still another aspects relates to a
met hod of reducing carbon nonoxi de and hydrocarbon em ssions froma
reaction chanberamdtied B3gect RRtea RATPIIRE abalmyid SiRbYASATUSePliQChekSer B LElingS
rel atively inexpensive and sinple to instgll and operate. Q£s, in

accor dance wi t h ORECSEPREE EARTE Sde SEIR GRET BrPo EHErerda Potraelsda
system for 15 aka@mpssifiogasieniss ofaiesusvakettealn, CONPri sing: a reaction
chanber conpri sing a chanber cleaning neans and at | east one gas. inlet
connunicativély connected to a source of conpressed air; and 20 an oxygen
separati on unit Yeosbheraned elriewearsyitde agasethddl foi indifidating uvaste scan@ffpisess ed
air. Anot her enbodi.nent of, the @Qese '

t i ti di t t t.h |
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t hermal react or hgpddrpabbiithgsin, 25 a reacti on chanber having an entry end
conprising at |east one inlet for introducing conbustible gaseous products
and an exit end for renoval of conbustion products fromthe reaction
chanber; 30 'a hétll amxiier wspedis melétésetor e methpdn! chlante carbac mbwdide dpd hpdnocatbon sai d
entry end wher e 92§85 '%@Jﬁgl}ﬂ &Qméebﬁué@%é SRR G RGL. ga‘a”.?o% pRREs Ry &N
orifice in the reaction chanber conmuni catively connect to"a source of
conpressed dry gatvalongxpensiyel ensisimaple to instalh andppenaeact i on chanber, the orifice
| ocated 35 downstream of the hot zone; and 3 2 3 JAN 200&% an oxygen
separation unit_positioned between the orifice and the source of conpressed
dry air to proVvhugen @pierre arith/one aspsoy EWe arerent Hwentign,rthargisiorevided a gYystegnfor

chamber . Thq5thg;aﬁ;glgage@@qaggﬂwﬁgmg&?&g@pri ses heating elenents that are
preferably located annularly about the inner wall of the reaction chanber.

The gases exiting the reaction chanber are 5 passed through a liquid vortex
that cools the exitia@acgas&fambitonftisidg@chanter RRSSAOmERE aptDht 1éast Pagkeidebed

for trapping and condensLng articlgs. A quuid scnPbber also is provided
for communicatively connected to'a source of compressed air; and

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

air.

Another embodiment of the present mvention 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 rcaction 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

35 downstream of the hot zone; and



removi ng chem cal pollutants. The scrubber may, for exanple, conpris g‘@ ]
| east two vertically separated beds containing coated packing. Pref N/%
a mechani cal scrapi ng nmeans i s disposed vvithi n the reaction chanber

positioned to =TT~ e . renmove
bui | dup of conbustl Fér%ugrul%? Oo?HrrItga %&% e’a %@%%ﬁ‘ﬁ%ﬁ%ﬁ%@?ﬂm SEE%CY épl ng
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nounting nenber and (ii) at |east three scraping bl ades attached

peripheral |y abqud mbfhgi aaas f@ﬁhcmhgememgta%eﬁma%s ﬁa&%u Jeca@edraﬁmiﬁ!ye'
relationship to a |ongitudinal axis of the chanmber; and a reciprocal

novenent unit f&out Bedwichyal rethe ceealipnrrganbss | Thel 62y e@rngctbwéfmtqhmhcy apack

and forth al engpiha debldrd RuidSiskdehs Bbis ifexfh ?B 84 whih SleR AR f884 hilRLi OF
surface of the chanber wher ei n such reci proca movenent unit conprises a

reci procabl e meAtskid R\Bt HIPPIRE cth AROEENsHAS partiaks: e At ighish srrbhesrAberis pravided fe

ext ensi on rrenbefemowﬁgraiem&woimm%oﬁ*ﬂ@&hﬁga%ay%p&aﬂnﬂ@% nsl?Qﬂle:Islle@ vbfcaipe
bl ade appar at us he mechani cal scraplng nmeans and liquid vortex unit

are suitably cofff¥petbadntwtapingspacsdPyckingssenbly. 1 n one aspect the liquid
vortex conprises a baffle that may be arranged to provide a fl ow
restriction so Prhmab@wmétgammm@ﬂgmaank &nﬁspeéedMt&amcﬁ@cﬁMMeepd.smonafmt he
reaction chi\gb fl'ﬁffj Wi t h i ui r ef @ vvater t o enhance
onmoval o Shr alel G R P SHon R S e G Bp PG proditt
comuni cat i vel yfomednie te @chcticn chdntber0 ke Ls@ﬂnxvghhcahs tetnpaisat bkt ;ppﬁmxs tongprisidg
within the reagti hanber of the thermal 0 su sour of
conpressed air otﬁﬁa‘S 3%y Hhpler '6"‘%‘5 Wﬂ%ﬁ"‘&éll ce]eaﬁtoé'f |S8'E§13g5§&ﬁs nF‘g‘ﬁ‘?n of
t he conpressor mdxetqﬂstnbmﬂm@hnmmmotmmgmhlberraaad@trmged ihhepacdielrekbeenkip kea used
to assist in pr [ A I t Y.

l@r?gzlytﬁ ha% ang o} gn%tcﬂrﬁb and’ al?'g g&apﬁobéﬁ'ﬁg ev.ﬂm Igr H&&P%% sgﬁgﬁ sed

separation unit eric oxygen enf 1 ch
to increaselst Héadpﬁs)etssmr’@rmtﬂallv h@k@wfgéhalewrﬂleh@dmwrfwm tilf' chanibgicta clegythe

downstream of tiRe: QXN SERATRIARN whslid sudROrefiprasibitt ngHneEﬁhﬁmP%%Qe a
separation unit of the present invéntion may conprise any device with

selectivity fdJreiReqble stemby rivee!lyagracciedde abecnsignpemess anf thsrxiepgotgpeeder naj or

conmponents in t v&ﬂ@%ﬁﬁaed ngér%@aipl%ﬁﬁon%miaeeapaar&wgl e menbrane device
or alternati ver a several nenbrane device nmay be provided and operated to

achieve a separation of the gaseous conponents in air. 5 Typically, the
membrane dey ces, 3L SRR U ARl RS il oTRIHh SHex SR e AL Db RN D - SEL

assernbly.

{n 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 COMPpressor is communicaﬁvcly connected to the orifice which is centrally positioned within
the reaction chamber of the thermal reactor to supply 2 source of compressed air 1o the oxypen

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 2 subatmospheric oxygen enrichment systern, utilized to increase
the pressure of the oxygen-enriched stream at a location downsiream of the oxygen separation
unit,

35



per neabl e nmenbrane areas for perneation. Sem -perneabl e nmenbrane matyey [yl ZQDG’
currently available which can be enployed in this process include: AR
pol ysul fone, cellul ose acetate, polyimde, polyam de, silicone rubber,

pol yphenyl ene oxide, ceram. materials, etc., 10 Preferabl a ceramc.

met or i al havi ng e RIGT SSRrUER 191 Cyhemsns Sy guien My GRTss el dercs W' SRyadn
separati on devi d& straragdgf dn€ irjat bagecmotqaipbieal o eiroiher majyg@mpbieotimie feed gas

oxygen-cont ai ni ng fee as .mxture, o oduce .extrenely high prodyct gas
ey The cor Mt i Shm b it Beplen SO0 Sy RN R e Fr i ke
separ ati on nodulhey be pasided elaieites ubathiat @, separgion ofitthd ga&Hs @op@ntritOm Hf a

menbrane or fiber .syrface is coated with the oxygen- adsorbent ceram c .
matorial. 15 ThaYRiE e mAERER GhicHa® PRPIRCE By modales RO BV SRR SRy e
as: oxide fl uopérinabexygremnt arac on @detkans. GEmi-jrendabk rodndbraAd @aterialp wuma@tly or e

material of the_faormula A2B20. . terial. of the formula Bi ) .20
Stabi | zed for nBGPTGrRroEs: o pdRhotaun Siretsg i fbopy Pl SRR heeae
mat eri al s of t heolfimidepblyaniBOBi icamx ndiber Brotbyplenjkdel caide teeraplicaudternlsyttes of t he
formul a A2Ba(5; 25 mixed Brown MIlerite electrolytes of the formula
ABO3ABOz. 5; A406ABCas conpositions; m xed superconducting (ABO AO)

el ectrol yted¢ Brefeabliyt ecefatniB@Biprie hewiter ohigh edectigtyl for enyitnels LAB20 &) the oxygen
el ectrol ytes; 3 T .0 [ LA e

metal o 1 dopenddRen 827 BNGLHRRT AR LB o R kAR, B

al umi num st r onmixtum, totpradase eimgmediolligh Ravductzey i (y cerarain matssielinanbe psed paam
gadol i ni um  ytt fied Warerifl GPRGEparsBEs iidile bNQATd LoafeMsulRrFBUL ), 210084 bortitd SKE!
magnesi um manganese, vanadi um 35 chrom um niobi um tantal um boron,

haf ni urn, neodyRFEHRNe PEHET WrRrce v ErbY e RRBRCAT PP HRFFPE Rt et | um
samarium |ead, tin, lawencium and praseodymum 5 2 3 JAN 2006 A further
aspect of the ipvention relates to a Enat hod of ,aLorn‘i ng ceramc-coated fi ber,
wherein the ceFSffemis Darighmay pomprisc At least PAGHACTAL]R ng at | east one netal
havi ng a "hi gh sl d@ogitd sgen jion conductors of the formula A,Og;

pyrochlore material of the formula A;B,Oy;

material of the formula Bi,Oa(A;05);
20 stabilized forms of d-Bi0s;

Bi2aPbsCasOue;

Bi13 V104

perovskite materials of the formula ABO;3;

oxide Brown Millerite electrolytes of the formula A;B,0s;
25  mixed Brown Millerite electrolytes of the forrnula ABO,ABO; 5;

ALOsABO; s compositions;

mixed superconducting (ABO,AO) electrolytes;

cryolite (A.BO;) electrolytes,

columbite (AB,Qs) ¢lectrolytes;

30  and corresponding doped materials,

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

thullium, Jutetium, samarium, tead, tin, lawrencium, and praseodymium.



capacity" at elevated tenperatures, in which the nethod conprises the steps
of: 5 (a) reacting nitric acid and ethylene glycol to yield glycoli %O@Qizﬂ'ﬁ
(b) heating the glycolic acid to formoxalate ion; (c) reacting thg I Qe
ion with the at | east one netal to forma sol gel conprising corresponding
Metal oxal ate(s); (d) depositing the sol gel on a fiber substrate; and !0
(e) cal cining tAduget asgest olghe inkratién lates wubsdtiiodtof farming orramia-ceatedridsp ehaiéing
ceramc 00aLl Nfhe Q! Ch hela S AURMCRERRLH 1LsDle mek? kTG HEBLaRrpd e
term "high adsorptive capacity” neans an o>®gen storage capacity of ‘at

| east 40 mil | i neAPessty'oft eloyapgdemppmturaynh whigh tht ethedeampriess thatseps &l when t he
ceramic mategial is 415 ¢oRtAGH ' oy rature of 800C.
As used herein, the (?%rm " eﬁg]ggve{ﬁgﬁyﬁa%&et@%%@%&ég%nggﬂﬁégé&t%gﬂ%erature in the
range of from 500C{bb 1dheiae theelyiphepcidiotierm wslpidéonger anics are referred to
herein in synmbolic nefatiQBge tfeQkiMiMoh MM the aBleRl 6HH AR thitn SUPSE Eddliind - O-
inthe term LaCaCol\/g?, itr isgté be ur?derstggd that the respec ivgmejﬁ%g(rrent al
constituents are present ‘PFSRNERS mettlordlyr(sk n st oi chionetrical |y appropriate

proportions relativegto Q&Rsiahd\8f el &2 fitkr ABQLREIdaspect, the invention
relates to a method for generating oxygen-enriched air for subsequent

i ntroducti o i nt o af®i nt EYteingthe selraghoreie Sbat whitlsde feBmprarswending e on

chanber for abatement otq.@asRAYRIMMRSEEMRIQEE ISr.f rom a sem conduct or
process. The nethod includes the steps of: providing an oxygen and nitrogen

separation systemto effect separation of air into at 30 [east a nitrogen
gas conponent asxtusedhedety, g e Shi ITEOIRE kapatiit’ mMeatiCin Yy (0 MRS Sapaki@iof ai Nt O

an inlet of theg_q en. and nitrogen separation.syste it hdrawi ng .t he
ni trogen corrpoﬁ%aﬁ{%g?‘@}wothﬁé) ?8’?@3‘2‘%\” Qﬁ% ogiultercgrgmemnc ’é“e‘%‘é“‘mé’?'i“o WL ‘%Wftgmtl s

Wi t hdr awi ngist heowxopgievithosygpeo pent a tm@mtirbief 93en and ni trogen separation
system and 35 introducing the oxygen conponent into the reaction chanber
for mxing with the gaseous waste products for abatenent therein. 6 2 3 JAN
2006 Yet anot heks wsbeatin,ohe telie "gevetsd rimpenatvest| tmeans 7 hp¢ratgretip the nawgehd dromor
retrofitting an,abal empt systemfor processing a gaseous waste streamto

i ntroduce an oxygen or nitrogen enriched

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

propartions relative to one another,

25  In another aspect, the invention relates to a method for generating oxygen-cnriched air for
subsequent introduction into an integraled 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 leasta 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 nitropen separation system;
and

s introducing the oxygen component into the reaction chamber for mixing with the

gaseous waste products for abatement therein.



source therein, the nethod conprising: 5 providing an oxygen and/or ni trogen
enriching deV|ce comuni catively connected to an abatenent chanbe
“introducing conpressed dry air to the oxygen and/or nitrogen enrlcﬁﬂdéNZWE
device wherein the conpressed dry air is separated into an oxygen rich
gaseous conponent and a nitrogen rich gaseous conponent; and 10 directing
and introduci ng Yehenahey goert of tha prepastyisrentipn felatvs do ga@ée@:éorc@wﬁemam abagemehye

abat enment chanbesgster} hﬁ' prRthad §t.se5§twagifelsmanng, Rt BEEerCQ R r?ennched
provi di ng a nmechani cal "scrapfn evice to renove conbustion products

deposited 1S ddﬁWﬁ@hﬁﬂ%tbﬂmﬁ@ S¥PRYSBE t he gaseous waste stream wherein the

mechani cal sarapi ng ?%Vx'dfﬁ@ an GEFR ArRIRP mtr(:ée}l cfichin@articORFmRRR MRl ORH4RE B9
menber; (ii) at Ieas t hree scraping bl ades attached perlpherally about the

annul ar rmuntlng"na %ﬂﬂ“arranged in a parallel relationship to a

. longi tudi nal axis of jfbgick @J}dg)%ssedd iradtthe Giyipkn and/of BEbEE QRRhinF@NEERMALreM NI t
for rotating the scraplqg E | ade( %ercunferentlall %%ck angaforth al ong

the interior suff£eBPIETe 3‘Eﬁé?FB"é‘Ped {rip Bé‘l°é¥ﬁ?nf‘ﬁ}égﬂs‘?ﬂ‘%ﬁ’qr'@ﬁ’n@b?"ﬁé@émé?“ nephe
chanber, wher ei passoigbokRaéirBRALabl e novenent unit conprises a reciprocable
menber plvotally connected to an extensi on nepber, d .t he extension nber
is 25 pivotl 1y confiEsingpnd intradusing; the payen 068§‘i°§?”0‘?‘?”%d tgflf’é“‘*lilc%‘%"“a’ﬁﬁ‘épn’gt us.
O her aspects, hemdmineSantiad enbodi ments of the invention will be nore fully
apparent fromthe ensuing disclosure and appended cl ai ns. 30 BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 is a schematic representati on di agramof a
retrofitted abalbdmpethodsy strefmifonaydotier oinpag: deconposition oxi dation of a

gaseous waste stream ordin N {i.0 713
JAN 7336 FIG 2 is aﬁ’%%‘“F s fairiesl & gb i g‘r’n ’\t/eu“’gYﬁ ® é‘““’né’f"%"““ eposit

enbodi nent df t ﬂ!@lwﬂwhamewﬂg of Slgr EapiomywastsasieATh iwdreic th@meénmeﬁﬂ s¢rhpngdraice ment
system of Figurg.l &l G 3 is a perspective view of a coated fiber article

i ncluding a fiber fSubstrate coated with a
(1) at least one annular mounting member;

(i1) at least three scraping blades attached penpherally about the annular mounting

member and arranged in a parallel relationship to a longitudinal axis of the chamber;
20 and

(i1i} a reciprocal movemeat unit for rotating the scraping blade(s) circumferentizlly

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.l is a schematic representation diagram of a retrofitted abaternent system for controlled
decomposition oxidation of a gaseous waste strearn according to one embodiment of the
invention.

35



5 ceram c adsorbent material according to one enbodi nent of the invention.
FIG 4 is a schematic representation of pressure swi ng adsorption g%s@ﬁqmm
using a ceram c adsorbent and utilized as an oxygen separation devi‘c
according to one enbodi nent of the present invention. 10 FIG 5 is a top
cross-sectional view of the drive assenbly attached to the nechanica
scraping devic I t i r |, S DETAI LED
PESoRl P o O T R A TiBRna VRS ot Ol Eodhent bl '5?‘}%“3"“ t he
present inventi SEPPBHFYRE qronat H“eaﬁ‘asyé‘(]”%?fepr‘ﬁ“'l"gr generating 20

oxygen-enriched air for use in an abatenent system for destroyi ng gaseous
wast e products, ncomab&apam«ea.emﬁxémkdmtanmetnaw.@taqﬂe@@armﬁk@tz%eaumaand a

conpr essed a'S»r ceg aalﬂ?rg'emmacmﬁfcpgrdlxltngm Cboo&TRema’%\egweém [, L0 an oxygen

separation unit anitr "gas- enri ched conponent
and an oxygen gas- enrlched component. Optionally, a carbon filter 6 can be
posi ti oned bet w84 tshectamatic sdppizhttiod oBeis.EXHIE NISOPAl sidemORing Bickraniie 25 The
thermal /wet scr 4Qliefgnd mz%ass%%@g&ys%&aﬁmnldeémla%ccm Wlone lenciv@dlpm form as a
waste gas processi stem wherein a waste gas from one or nore

seni conduct or pwﬁg%ggFﬁé stations enters inlets 10, and is mixed with, if
requi red, otther gases. Typically, gas flow rates through such a waste
processi Ng Systre)sas £of @ESseliBNviad e dPQ QsséibB itz hed 1d thd Mdcnib® fcrmpihg1 Ut ©

(slprn). 30 The,waste gases are then treated in the thermal reactor or
reacti on chanmber 14, to which air is optionally introduced through fines 12
and/or !5. The gases exiting the bottomof the thermal reactor 14 pass

t hrough a | i quilG¥dnressst@algiew biFipuied f|1 owi ng through inlet Iine 111. The
gases from4ghe thermal reactor exit are passed through a water spray IS and
then through conduit 21 35 into the packed liquid scrubber 20. S Z 3 JAN
2003 Liquid scrubber 20 conta|ns oacklno 23 throu.h mhlch the gases are

fl owed in count er - cu2ilAtk REEL SIPREFERRED EME

¥ s ; PE BOPDIMENT her with and/ or
agai nst the flow of water prOV|ded by contlnuous sprayer 24.

Parti cl e- cont ainghmigy Auuw.ﬁnfnl my\ﬁessr@mmﬁmlaeha@ WmfeRocthnddy 8 foPdaberatifgnd/ OF

recircul ati ﬂp to?‘yré!:(rf-enncﬂg air for use 1991;5 abq{erﬁenp system for destroying gaseous waste products,

comprising & 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 2 nitrogen gas-enriched
component and an oxygen gas-enriched component. Optionally, a carbon filter 6 can be

positioned between the air supply 4 and oxygen separation unit 8.

25
The thermal/wet scrubbing integrated system E1 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 wasie processing system are less than about 300 standard liters per minute {slpm).

30

The waste pases are then treated in the thermal reactor or reaction chamber 14, to which air is
optionally introduced through lines 12 andior 18, The gases exiting the bottom of the thermal
reactor 14 pass through a fiquid vortex 100 of hqmd flowing through inlet line 111. The gases
from the thermal reactor exit are passed through a water spray 18 and then through conduit 21

35 into the packed liquid scrubber 20.



5 The gas is typically directed via ports 21A to a dem ster section 25 where
nmoi sture and additional particulate are renoved via dem ster packing 26 and
the cleaning of this section is acconplished with Iiquid provi dedZByJ/Ad 2008
conti nuous and/ of. it ] nt. . SRY; f I Jivi ch I Dj r port 28
to provide di reglglqlgd;‘c?ﬁ{bﬁ%tzg%a&%%%ﬁ%?ﬂ 2 (%a%auég@:‘%lifhgl}egt %%ﬁhﬁﬁgﬁ {ﬂfg@?e t;t 3"’} 14
exi ting gas_ Thentpreantiooallyaw-duttest regunyr swithh pwileg reghibsieth@ Glow| of witer pravidedi or  of

the reaction Chm%ﬁolééptﬁyc?}g?hgzg{ig%lcfn%ﬁﬁengmq&g 1Y £ @ PO S R0S) &M,mﬁgml ;

downstream of the entry in g ns the interior chanber wal

for renoval of TeXRHYSP1ask apd/erdiifedt draleposi t ed during the conbustion process.
The mechani cal scraping 15 device may be constructed and arranged as
described in co-pending U S Patent Application Serial No_ 09/525, 221,
filed on March e e20B0yPiee difpded] Vs aerts VA hi demibler astjon 25 where mpitusg ed
herein by refer efgfnhiabticsia® Ae' (Gl viElaOHES: ScBROYG RN EARLAL S his section is
cross-sectional view of Figure 6 that illustrates the nmechanrcal 20
scrapi ng devi ce 2000Pishel WithlUidd pisvided byl @ Gosinuels ang prolEAUtEN vRIqYS 3. Ahis
mechani cal scr api;0eq Mk Gort ooyl Gifl RBlng 5@ oMbl eiutbn OMHS hidel4id R wehi ch
has an inlet port 306 (shown in Figure 5) and an outlet port 307 for the

i ntroduct i on'Cof e¥FRgaERs-dihy gty qaethpm exitothrougfig2P- noi sture suppression. The
i ntroduction of CDA also assists in cooling the drive conponents and

o5

~doubles as an air purge to prevent process gases fromenteri n% the drive

mechani sm of t hd® o dntFRoE 1of Hie Factian Fhapbes of dfolpechianicat seraring: dayics U8 dspasiionzd o

- conprises a bl adevRssandd e g.g% kAl SRANMhSBS imeeor (chimtRf Wi €3 for RénoviDstt

preferably four ( bl ades attached to at |east an upper ring 203 and a
| ower ring 204. °°"$%1§‘°BIE§‘EP@%‘S fﬁ?s‘é"fied“B??efbérce%#’S?“B’btﬁﬁﬂC%‘-s'e dRsPapifdssmirecl ean
in both the isl odiit sy dadosoutidend 3PangtdGkdatcsiBedlinrco peadingsu.s. Theeenb hpyiatioh dt h

and rotation ragge, ar ted t e\VA ver.l in.th cl eani n ses.
The bl ade assenggi?l 1%%9/'3?%31 'édo‘f "S{?“rlé‘nﬁgj‘@%q %&]f)c?‘j\%‘gf O{)‘F'lhlgh 'Efﬂ%’msﬁlﬁmg’@%%gmm ch
is preferably atrtimbhwfrenc in fteenfigber 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 suitably held in place by a spring |oaded thrust
bearing unit 208igurg2zhav)mnxplod® cresstpertianalmaesh &h Figne A0Datiidystrates tie pagheriprd

bl ade assenbhy Zc%ing%eé&omamj@d%ﬁ& R0 the pERUR invEiSn ahehéchiidal RFAGHg 401.
The drive nechani sm operates W thout the necessity of ears, or

. . 10Ut 3 > . SPrings ge
push rod assenbfi§yice 344 & pratetalily cenizined in homang, 308y s %’)&’iﬂ%‘tpi"ﬁag%qs@%{ﬂi‘?@gm
mechani sms is 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 arc preferably double-edged blades and clean in both the clockwise and counter
30 clockwise directions. The blade width and rotation range are selecied 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 iljustrated in Figure 6. The blade assembly 201 is

35 preferably designed to press {it into the water vortex unit and swilably held in place by a spring
loaded thrust bearing unit 208,



5 enabled by directly linking the air actuator to the bl ade assenbly. The
air cylinder 401 conprises a piston rod 403 connected to a cylinde Lﬁldﬁ]@g er
404. The cylinder adapter 404 is preferably attached to a rotati ng‘;iJ n

405. The other end of the rotating link is preferably attached to the |ower
ring 204 of the bl ade assenbly 201. The air cylinder 401 is threaded into

t he housi ng 300. Aldgiviimgehagists 40 Jor gietng the bjededessqphbdt @0BG4showatin jFeguge £ sathed
to the housing 30 Ib%ﬂlﬂé} fiePIodt SndER LhBERGE dithobilfe AOHSHRI DY ANY
means known in thg]présrt. Th cﬁﬂtﬁdg}‘ adgg{agraﬁ4048i S pl_r S%ter abl'y g’esff’gﬁr& d to
slide al ong the gers.cderphaadnsgollynwibi advaace giver theyiréspribrexiging dsaviepitischamgasiinst a
hi gh | oad. n e i . r S j i I -

cyl i nder ad\é\gferéngtged%dl%@!’dggl&ggnégJa}troa%%%?ﬁgeo %’F%ﬂa’gg tsd %lsgﬁl %lg't gﬁée&(ﬁﬁd&{rﬁ% 2?1 2117
of the |ower ri ngmgtsds a ffisten idrd0% yénineptkdrto a pylatoredepset 440 3 Thescylitier adoptepdldtiect ed
_from excessive LD, Q" L d A6 ushbRgy: awn) in
the air cyli nde(rjp‘?{{%)r%%lt s!&gj}eottcég?grgj#pg}%ﬁgcgéés]?t\!/]g‘uvr\;eaor t The l%}uggl?%fez{}%w3o4
~and bushi ng 205 #pckedyp dfedqveeb Fipe W f tha bldde assepdlyrZ8 o Vasisite yhingerdd is thigedef imteegr al
parts of other GOpRODESRsS so that they can be replaced with different
materials if wear is excessive. 20 As stated herei nabove, the nechani cal
scrapi ng devl®e 200 and the |iqui d vortex 100 may be conbined into an

i nterconnect ed a$RRMEUIN-shddd a1RAWBIale 30X HHUE Brahed i) e WosRIG 3VE e RuidtPidie A0
general ly conprises a top plate 101, a 25 generally cone-shapéed outer “shell
105 and a baf f | &¢ BghediiRgho heusioe dfany megs Woipir Sesirh Thagetadd miater #8455 The
liquid inlet 11brdifabfyf 8RR Nad AbAL i Buidd plaRe3aEdn Ghaik Icykfder fickehiiat as
liquid is introduyced tangentially into the outer shel !fghg'q%g qu.f'!ty m nar sheet

of fluid (not sHERH2 I lpggh Rbem theypir exbiadsr Aflietractiagaipy 24 degadapter 105,
The |iquid inl et04li} Jesighed 1B slideldlodg e BiEiad diffietsri2 Nothe folvetl rihg2041r TR alrRElind&h0WN)
wherein the preferred, fluid is water.. The |am na get of ter . 30 circles
around and conplP E{OEIT d 3‘%)’v8§§8"%’fep'?tﬁﬂcedr; rc?‘%féséveoﬁseﬂ?‘fqgm()"ﬁ?’é’?k\‘%ﬁeﬁnfl tlfog’.“h’The
wat er vortex unibishihhottheen)de merirsginder 46aifpraecdtdidrom bacskhiedwtan Thamideplapl at e
101 and extendi ner a vertically downwardl v,.therefra he baffle 112
may be arrange f Qpa"gsﬁsﬁnﬁéé%w? ¥ rﬁf\tﬁaﬁﬁ @ %%ﬁﬁdotoofb STemeuTo %‘?‘erﬁé]antl m%g’r;zlailp%%srogg Tve
may be arranged ctmpopmos thet theyfchiobe 1@Faccd with diftientmadnials if vensia pessstvhat
concentric chanmber 118 is substantially or conpletely filled with 10 2 3 JAN
2006 liquid. This arrangenment prevents corrosive g(?ses fromentering the
concentric chanbepeitd Bereingbpyey thn mschapical strhmeg dexivel 289 anst thliqrekyangx 1iPenapdeer

flow lam nar.  combined into an interconnected assembly.

As shown in Figure 2, the warer 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 intler 131 is arranged in relation to the outer shell 105 such that as liquid is
introduced tangentially into the outer shell 105 a faminar sheet of fluid (not shown) is formed
on the inner surface of the outer shell 105. The liquid mlet 111 is in fluid connection with a
fhnd 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 platc 101 and
extending generally vertically downwardly therefrom. The baffle 112 may be arrange to
prdvide 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



The water vortex unit 100 preferably conprises a flange 120 that . . -
accommodates the bushing 5 205 for the nechani cal scraping devi ce-z SFWt?ﬂ@’r,
“fluid flowing through the fluid vortex will cool the main bushing 205 about
whi ch the bl ade RRRETRL YraQdmdiPHdRS codfe RIESHETh chBYEMhd QB BRERIGLARE 18,
incorporates both a fluid vortex unit 100 and nechani cal scraping device
200 in a singl e Rificpts epkghing enfl 4ids Inwryingtee You Iardamiedie | ower spray jet 18
(shown 10 in Figure 1) outside of the reaction chanber, thereby preventing

| ower reaction chanber corrosion and buil d-up_caused by mnerals in the
wat er. | n oper at TH§rivatengorx aaib A0 prefrably copPrisesipiange k2 0that aF qorpmogitest hrabushing
delivered to ¢ heypkmdhe AfchidiGl scFPHR SISO Futther, Ed 8bwink PN Miid iefex A1 at

anbi ent pressure or partially pressured conditions 15 at a pressure ranging
from about 50 t GeaBksUtiBREhipEsI0] boghwhifiphebipdeossembly 2Ol 118 about 60 to about
100 psig. Further the air is preferably conpressed to a sufficiently high
state for contipuous and efficient operation of the O}E(’ng,n separatjon unit
8. The oxygen se&paPErshinveaHe PrfeEbhpinraraates bodyp fd worfeh Unik 190 endaregpanical
cogt ai ni ng \(I:\Iﬁ_r aﬁi::ﬁpingzgvﬁ&.’!@ﬁﬁ adifpld xgma?d @émrcb@nﬁcglb;ediuome m@f@ﬁygﬁﬂ%ﬁ(shown
substrat e, ich ma constructed o ny sujt e material, such as a
refractory nétal® ¥ )ﬁ}iﬁzeﬁrfﬁ‘fs?‘\?eqf)}?e feﬁ‘”é“’(}é’g@'é:le” rfjapr‘%éfé”?‘ieﬂtg‘é Iqyerhreaghion haabetat or

materi al and heabirdign @hdURBLS cAif)d bP RineAGS Powaked on the inside of the
vessel, to maintain the tenperature of the bed at a suitable el evated
tenperature. 25 The present invention uses a ceramc, netallic, carbonaceous
or polymeric natheopegekion the @rtgent irritioh cenifrigesonysirefiowc that 16 idéliveed .to Haanlet of the
conposition of the cergnm.c oxide or .polyneri rbent .. materi i S..such
that a signifi cégr}Pp "ﬁ‘ﬁorrrbgﬁ%?" oxygen” v%ré%ﬁtcalmebsengggsg'fw ?rrP aftﬁ'gF ?r'g{sg‘? %I ‘éﬁ“.ﬁlt"frﬁese
oxygen vacanéi egt 4 pressire ragios fibm abat 82 toj apeut ¢PP pus iapdhmode posfsratdn froth plovug B tohe

material at rel ghdu fo/psidll GaeAlE S Bodkag Rnftilel 2 aLLAgGACkERFAl or
a pressure gradient actoSs the nenbrane, 30 oxygen Is selectrvely diffused
in and through FeEnwRs Y cifiicardperptionpdihe expgrpieparatighemt Bl aci ng a vol t age
potential across the nmenbrane, a bed of ceramic-coated particles nmay be
di sposed in the_containment vessel which contains a spaced-apart array of
screen or grid efestesRiErERimeis? comPE hird leetahit 2450 ) HRHENSa I8 es
bet ween the 2835 sLEGESH MCadbBIHe BédSer @aEd Wh tahsubiiQtep WA g e RloRIIRAEDS of any
altematingly coupled to.a voltage,s I t,7 3 JAN 1336 and ground, to
provi de a ci rcuf“?‘?@e HIFVﬂ;ﬁgsé’ﬁb?ﬁa ‘XHFCE(%?B%%,'&@S[%?%V%{H ?F‘éﬁ?ﬂ’é’ég"f ﬁ“eﬁ FA% 3%y gen
from an oxygen- peuidter materyl graishearigerlementsl enag GrPwSipPrald onrthey inkide of thamyssd,ubt abl e
type. These oxl fegaMit!GhAbhYe A1 beg nGIRIBREULER b sed). 2. 11 0D
concentration of oxygen vacanci es, f t hermodynam ¢ stability
25 The present invention wses 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 raies. 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 electrode elements, containing ceramic adsorbent particles between the

35 successive elements, and with the electrode elemenls alternatingly coupled to a voltage supply

11



enabl i ng operation at tenperatures over 600C, and 3) thernodynam c ?Sataﬂt?\a'@héy
enabling operation under highly reducing conditions. Sonme oxi des of" suc
type are noisture-sensitive in character, but this is not problenmatic,

since the adsor its may ad us|y run ont, i, hi_gh
Cenperat ur o, oxiiorenl 3Rl s 2RI G Gl B N byl
preferred due t drommiorygromerinoigyeegen diffusivities. The following |ist sets
forth sone illustrative conpositions that nay advant ageously be enpl oyed in
the broad practice of the present invention, Baln0.67Zr0.330y 15

Bal nO. 67CeO 330yle |wiRie 5B@OosBioGO =Y €U el 3ayY suitable 68¢.0. HiEso.8TGr0 p2Oyzbly a@. 8Sr O
.2C00y  ( Bi 202) (NaNR2£h-13) 13208l j AL g T

7t 02 Y205 Ca03 I 02’-?’%0 ;%%261?‘ g%@%’%%@%“z%%’%%%o_&d 2@%5'85‘?%03
Ce02. Ca0- Y208 Sa@;alﬁll’?ﬂa?r_érah@ﬂ 8t jraperfercy e%iqf)?°csm_ﬂ e Jhermeryparinsiebilitye ensling|  of
the art, using con¥enlidnathy AlichR BMlifonsY SRESlides Bf QEEIYE 58 molRfEsensitive
specifically, the present Tnvention in one aspect utiliZes a ceramc 1onic
transport mat eHi drrager Wt Biss 8ol peobisiati siersie pdsarbent mmm) mayadyantageaysly Papinand

del i ver oxygen. ;Fahkally N terdninfd. €6l Sdnipbeilihs Thdk ¥fhidiN\Bcdnb AHIBRAG tarediss
oxygen, as in conventional ceram c menbrane 35 separation E)r ocesses, the
i oni ¢ transpdrt Preprethiue o thiippweroaypen diffugyiticso The falleyige Hst sttotopb eompatvsiative 2 2 3
JAN 2006 The cetchiPositisnd MR $rial | 4@ ntaBeotP @8 | chrlbyed ir thS Wrdad Dir1i5d B tk afrQemt
element, e.g., inathin filin, for such purpose. The PSA systemin the

present inventi BX"8ffErates on the principle that the ceranics used in the 5

practice of the invention have the capacity to transport ionic oxygen.

Mol ecul ar oxygen Balng 67210330y

15 Balng 7Ce( 330y
Lap,5Ba0.5 COp.7 Cug, 30y
Lag 6510.4Cog 8Cng, 20y
Lag 8rg 2Co0y
(Bi202)(NaNb20g 5)

20 Bi38raNboGayy
BigSraNboAlO, 5
2r02-Y203-CeO2
2r02-Y203-Cry03
Zr02-Y203-MgO

25 Y203-CaO-Ce D2
Zr02-Y203
Ce092-Ca0-Y2043

Such materials may be readily synthesized within the skill of the ari, vsing conventional

30 ceramic synthesis procedures.

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

35 separation processes, the ionic transport ceramics alone can act as jonic oxygen storage media,

12



di ssoci ates on the surface of the oxide ceramc and then is incorporated
into the crystalline lattice. Potential gradients, for exanple in7?3 AN 2008
concentration, can cause the oxygen to nove into and through the lattice.
The inbalance in_ions results in an electrical potential gradient across

the material. | nTHEFEEmEATRISIIOR GrRARFLEN LI A sbrteta S5l ¢ 8r Hth BiRtEmcin be
viewed as equi vahuemjurpkie.in terns of a driving force for oxygen transport.
Thus, pressure (concentration) is used to drive ionic oxygen into the
ceram c adsorbent articles. In this manner, ionic transport materials are
enpl oyed that arehebAisgtestiih thephsar healion opatatel o Mk Grincitd \stttheetaphick aded oxNgeEnN.
For exanple, by heating, ceram c sorbent-coated particles and i nt ai ni ng
sane at el eva ecPri’czlfﬁ)%‘?tQ? H}VEIT“DBQS?&eﬁ‘e \)?Aaﬁaflg’bg TSI GMF POYEEn %‘ﬁ?cq@f PRAT
flowed through disstétesoh tisumitiqpairithecdxide. cerbid@rand bhenrie thaeporged lne the egsullie; t he
oxygen-deficient_air ream ..can be renpved nd _oxygen can subsequent be
- Pibarated from thle PERPEBRSHT RS resR e D Teec R RN SO0 ben
arrangenent, oxyagé thrangh the baics eTieombaMaicy indod retiltd ia ae sibdtycal poambal gehdfentanotshe
gas stream 20 The pr ni . invention enabl es,the bulk se [ and

i 11 cat1on-of ARAT Hh iR BT st Bt GRRE AL Bl |
mai nt ai ned at® hiigkmserfp driatafome fa ok wamsportl Yhist poeseuroteyyrestration)is usedds gugen

| that contacts tn&ics&g,%eg%o@gc cg&&@%&ia%orbent deconposi ng on the

surface and being 1nhcorporated 1nto the crystalline lattice of the ceramc
material. While such process 25 requires high tenperatures, e.g., on the

order of 600- 90QCtkistnRfndy] i&h@&an%ﬁﬁériaﬁ RreQploFL PR YreQUbfici X MBRIbhE AL e
(inert) gases in the oxygen-containing feed gas m xture i s unexpectedl
superior to convertivish#tr @gEnapFpros Rl byhsatinghecrgniy garrerseetdoptdssathe

ceram ¢ adsofsbeRlaintdddey Bmé &t RIKET Rnp@RuR Wy SEPGE Rlro®dA im andfik srbfn Bovegen,
with charge transfer acting to cause penetrative flux of the gxygen species
into the sorbentM Mg aPrdaf such puticless TheprRy redraing B Pradtcate P’Q’Ige"d‘?ﬁ?‘?}?'ﬂé“ftﬁr“@e
therefore is enphoycdmbedahd egigen taNusedueatiySipditierag fiohetho xygen tspdda@srei Nt 0
the sorbent materjal. The am | de I I L.cl.es may
be constituted t‘)”)}yggnn *her t%uﬁsﬁbgoéggél 9@8%'??5? 0%2‘@ {i:ggltl gg%g@gﬁgfﬁﬁg%&ﬂ?
associ at ed wi t h rampvesidyogethe gpeptrmambl e t hin dense el ectrolyte film Such

el ectrolyte il mnmay be forned of fast ionic conductors, e.g_, forned of
fluorite lattice 13 7 3 JAN 200b structure materials, or of fast m xed
conduct or s such The presspisiaventian snaples thebwk saparation| agd purfication: of pgyege Basedrpppionic

resul tant mat er iygdopdd, AHilGiSin JASREn RHASHnd Q0 higR EnBlitle tORInFora NP slore by, Wi t h
a honogeneous m crostructure. H gh ambi pol ar, conductivity may be achi Sved
by doping with with oxygen that contacts the surface of the ceramic adsorbent decomposing on the surface an
being incorporated into the crystalline Iattice 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 oxypen species into the
sorbent material particle. The chemical potential driving force therefore is empioyed 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 conduciors, e.g., formed of fluornite lattice
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an inpurity that functions as a stabilizer and creates electronic and ionic
defects in the lattice. 5 The inpurity species may be a donor dopang jANIIEN
substitutes a higher valence cati on by a |lower valence cation to yield
oxygen ion vacang [ nat i.v 4h rlt s ecCi cept or
dopant, wher ebyrgah%ﬁ'3 t"dea %reOfcatl on |°§"Ar“n%1 ace Vas Ev%erp??@ﬂg ’?

val ence cati on strimgire. |ﬁ7prr6vbmt tnhteriad pweidesonixad cpaygqnetmt ansslegli'onuhenatnammrmanla

whi | e concurrently creati e : i t [essures
o oxygen. 10 SehoBHER hhriraTHish K AGYINER By B BAEL By ARG ESA
conduct ors ( AQORM wrRyFiRithat fAnptipnyps a Webilizertdngd cfﬂﬁes ddctonjic ﬂ'dyom‘edeéwplmyxedhmcn

whi ch ani on vacage WEiHFED bk 2LEALY e felele! |
dopant speci es suchﬁgggl\g i |on55& g‘ﬁg wﬁ\lérefi\{tﬁécf/l%?h tcgcggt}b% bﬁ/%
Bay' , Se'' Yb"#owervalnpe ostwnm ywkiawgamwnwmes Derpitively] rb@mwetlsvtsgecmwybe
alternatlvely b@nac S U0 hefebF BAGst NarfiR LG dnds repldded™y &

Caten and B s o el Rl O TR R R e ) § i nban Vil
Ca+' _ Cther pof*éﬁﬂltléﬂ‘ |1r9pra\§eflhﬂ eleqtrapie rpmpyftnés sbémre%erlﬂh&h&ﬁeormrmﬁa(mag
based el ectrol yb%m,bp%m;epg]m%ﬁqp,eéglapwokﬁgﬁi forms of d Hi 203 such as
Bi 2 yM"IWCB where x = 0 to 0.6, vy - 0.4 and d = 20 0.3, M= FEr,
Y, Trn b, Lu Nd, Sm Py, Zr, Hf Th, Ta, Nbo, Pb, Sn, In, Ca, Sr, Lr
and M = Co Ni Sucmlecm,neslﬁa,y zrfawgameiman@eﬂguﬁom&&msa&b (2D Bh&éﬂ?hséiﬁ,,@é\ and

Bi , 4VvZQuu may a ote eful,in the practice o nventi on.
Vari ous perovs quf g-h ?yal?e ""WESY %/ﬁ“ ‘@é“\?g§?W?‘?%WW“B§/E‘H°%W‘%€A1&V§E?‘| ce
3;] t heAi nVﬁnt [ omopngEs:rﬁmrﬁm q&clggﬁxlcluﬁkaMmmaﬁﬁd)s; 4ufemgs 'G)fleéidi’lm fsgrrdm Bﬁ* ABQSB A

ere A = La v E1.Ge or) of Ba, Sr, and wit = A,
M, Ti, Zr, Sﬁtdga" %ef‘g&mgﬁﬂ paﬁ'id(éjd(()gccept or) such as Fe, My, Cu, Co.
I ustrati ves perovskites include (M, Fe)Si 03i CaSi (3, LaN 03, and LaAi 3.

Cher el ect 1ol Vs aghyufs, QiR 4R MILE D] ggﬁ,@@omhghag;ﬁpbﬁtﬁé such

as those in whic
(acceptor) of T'Ftc gnd:B it K& B Be.GWin oil, b rdppit speries (segitas of 'yt Mg™ |=ﬁé|Ca i riyher

ABO3ABQz. 5 el ecfdidatial ﬁﬁ%ﬁ.@& 3 95& aﬁd th 's) L@dbﬁamz | including d
C. MD3-, wher ei nxIs (t)t(; if%e P ﬁe & o ZQ)J‘% %m ﬁé " lé:ong O(I:I)amt

Fe, Ni, Cu and fAbdizes fl"E‘i‘s of F’éah%“c" @)Bh SMyPM KA D] q::'é’ Odif Yﬁlr?rzc% 4 Tle
La0, S8ao, sFe@3, u? ,pe &Lnernﬁ\?}fgr% ©uRef) Sm, PYMAE HE] Th, o, Nb_"fP?/ 153 ,InfBOAB A
conposi tions inclu el ectrol ytes as, Bi , S., erein
x is fromO to 'OC%CLQn%’ ?“* e ORyZenni) ‘I“F‘?'ﬁg’cgFsre}%‘f‘?%‘f%@’éé‘sa’%%‘ﬁig“%yf“ P nul a
(F3i z02) (A, , ., BepoBbitialy dgefu) innlpairetien df shefirventiod. to 1, A = Ca, Sr, Ba, Pb, K

and B = Fe, C, Ti, No, Ta; mxed superconducting (ABQ AO el ectrol ytes
such as K2Ni F4, (Lal., Sry)2Cu®4, 14

Various perovskne 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, elc. and dopants
{(donor) of Ba, S, and with B = Al, Mn, Tj, Zr, Fe, Co, Gd, etc. and dopants (acceptor) such as
Fe, Mg, Cu, Co. llustrative perovskites include (Mg, Fe)Si0,, CaSi0Oy, LaNiQ;, and LaAlO,.
Other electrolytes in¢lude oxide Brown Millerite {4;B,05) electrolytes such 2s thoss in which
A = 8r, Ba, Ca and B = Fe, In, Gd, Fe with dopants (accaptor) of Ti, Zr; mixed Brown Millerite
30 clectrolytes including ABO;ABQ;;s clectrolytes such as those of the formula La,A,B,.
xCxMO; wherein x =0to 1,y = 0.2 to 0.8, A = Ba, Ca, 81, and B = Cr, Fe, Mn, Coand C =
Fe, Ni, Cuand M = B, Cr, Fe, Mn, Co, specific examples of which include LagsBag sFeOy.x and
Lag1;S106:FeQ1, wWherein x = + 0.3; A,0;,ABO; s compositions including BiMeVQ electrolytes
such as Bi,V1.M.Os 5.4 wherein x is from 0 to 0.8 and d = £ 0.3, Aurivillius electrolytes of the
35 formula (Bi;0:)(An BnOamey) whete m is from 0 to 1, A = Ca, S1, Ba, Pb, K and B = Fe, Cr,
Ti, Nb, Ta; mixed superconducting (ABO:AO) electrolytes such as K;NiF, (La.,Sr,)2Cu0.,
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7 3 JAN 7PG and BaY2Cu3Or7., electrolytes wherein x is fromO to | and ﬁ/'ﬁ
from0.2 to 0.8, cryolite (A3B03) electrolytes such as Sr2Nb20i , andAn it
13a2Ta20, i electrolytes; and colunbite (A13206) electrolytes such as

Ni (Nb, _,,MJ2C6. X rernxrsfro 0.to.1_ an is fromO02 to . 5.

Il lustrative per”'B W#@ﬂ’ypb“@% ik rhscfrﬁr‘ﬂg] {alAF‘E%Y 15 R0 &3, m§‘£i°ﬁ?}“"
Cazr 3, Sr ZFGZ%AJBBQ)ZéIﬂZr@E)t,es Srcﬁai%ﬁbz()%ﬁeaagmn aaaro@&zr@a coMBRRCUSLIB,)

La2., Sr,, CuQa, BFCEZ'J ess ﬁilg‘f%*?g‘ﬁ)’ﬁlag F%m?%gs 0 Og{ogcaéd ?ro aOthto%l§I arl y

preferred ceramC sor nventron
include 10 Bia(®3: Laj.yCayCoE "Fe,, 03- d V\/nerern d ~ 0. 1 to 0 5, y =0.2to

0.6, x =0tQ O referred to acron Lfg:(a: keI
anal og LCCNOg contgtganv? ARG 1 FICTPS Pl S’E Je'ILhaQﬂ?feLa %%”Od?g 8afi2
article of the ﬁaﬁs@ntSrﬁﬂ@nCngﬁaal:@,szhkrzzbﬁs,a&ﬁ@uz@ubt,aﬂek.ﬁr,éu@eﬁacegh@@eozaﬂd
conformation ap the end use application and the specific feed
gas 15 m xture ?%%Td@g??’ é?ct he oxygen adsorption use of the material. For
exanple, the article may be in a finely divided form e.g., beads, spheres,

rings, toroidal P%M%? préfdrfe§ QbR Eo@ﬁ%tsmalcﬁgés in thQXaHchQlesthe tﬁb%%?’i cfugl!s,

films, cubes, gonal donmetric s eets ers, col I ces,
meshes, si nt‘%reH*z LewSahusba. Wiem 59,1 i otsd- 2ttmpbet 3.0 ‘13(9\&:[@@18(1 to

par ti cul at es, exhdysiabie s " roH arflits WRRel LRUISR LTRNG, bihahnind NMEIEGOBFCTRL T i X

nmonol i th, conposites (of the ceram ¢ 20 adsorbent with other conponents), or
comm nuted or crushed forns of the foregoing conformations. Various ionic

transport el ect il BfgidRk@bdnpbtedaRicledsinhd bleft inRenfisP by be BﬁLrQW.uiMEﬁar fheN
surf ace exchan e rates, diffusion coefficl nt S, ﬂgﬂnd m)s |y

t
maxi mum st or age @ pAd; PRl pPEPEYE 1 (5'?et‘ﬁ" W"r‘ﬁ gec‘tl_gé‘?), , Ca
0. 4Co0. RFe01203mfatureihtdved lrahduxgiin sisofpusd @e ef hx mhraﬁ;g EForlegdngp)e, hasmale may be

t heoretical stora apa of 150 rn 02/ OOC
Experi nment al repogr;’tene (Pv, gefémf’ﬁrg eads n%ms 4 omléal noael lmgﬁ Jaerssa{q’"ess rclds

Sur face Di ffusr@hnd‘vtsxﬂak\:GaMFrdyms’/@@@wob’gqnﬂbn@@)ﬁx shafest Sé!eﬂ@aébefrs cgisoh@rg%

meshes, sintered porous masses, granules, pellets, tablets, powders, particulates, extrudates,
cloth or web form materials, honeycomb matrix monolith, composites (of the ceramic
20  adsorbent with other components), or comminuted or crushed forms of the forepoing

conformations.

Various ionic transport electrolyte materials are identificd 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, Lo «Ca 04C00.85¢0205.5 with the highest surface exchange

1ate, has a theoretical storage capacity of 150 mmel Q,/mo} at §00°C.

Table 1: Experimental reported values for K and D, and some modeling results
Composttion Temp. | Surface | Diffusion | Max. Vacancy %
(°C) Ex.Rate | Coefl, Storage Filled in 1005
K (ms) | D(m's) | {mmol Oxmol)
Zr084Y 016024 -YSZ {700 6x1077 | 2.5x107 | 40 0.13
YSZ - Bi Implanted 700 1.6x107° | 1.4x107 | 40 0.15
YSZ - Fe Implanted 700 2.4x)07 | 3.3x10° | 40 0.66
Bi| 5E10.450s.0 700 1x107 ax10” 250 1.76
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Filicd in 100s K (ms)D (n2/s)(mmol 02/nol) Zro.e4Y0.t502_a ,

- YSZ7006x102. 5x10400. 13 YSZ - Bi |nplanted7001. 6x10"i 01. 4x] 0' ' 2400. hb ISR
Fe | npl anted7003. 4x10-"' 3, 3x10 13400. 66 Bij.ssEro. 4503-d7001x10"4x10"2501. 76
15 2 3 JAN 230 Bg aw47ﬂ‘““‘"‘”"'ﬁ 55—

120 431 0. 4CDR, RIS IO 08002x20" 10l Bge. Po1U ™ [350 .
Lao. 6Sr 0. 4Co0, 6Nilay 36080031 860(10 20012. 4ma'd>‘ ,,Srso 4Coj . 4Nis45603_d8p02x
10""7x 10" 2507./97 Eao-6Cae~rCoo-8teq22ad O x—EO—"02 15025 2O—Px—t-
La0_6Cae, 4Coo 8H&& FosREDEb1101% 0- | Y5844, ‘?"Ll 0, 6058%4C00. gFe02%03d9044x107
73x10" 15048. 5 Iﬂ@&ﬁ&@{BgNhhﬁd yoEen Vvagahcy hnoEaCaCEEeO conpounds, thrpugh
conposi tional rt 'é'bﬂf'nnc g “nguccgss tH—L-A—Hnpr-eovi-Rg-+ 3 Z n
absor ption capac¢i-ty: “ﬁghﬁaéghbn? 0 of [ PHE" Fe| B'&nent| WPth N £fbund,
surprisingly, tonganﬁmmagoaa1smn1 tb@n”of samposiitison S5 anda4ggorage
CapaCi ty Synth.,S' s of +aCaCoNl-O perovski-te f\}‘LL:.!'le ni i ed
out by a rmdifl(Ba“G‘”P&?PﬂFFﬂ?GMm ?%d ﬁ“?rqu %i‘l?n'nxe ¥&chni que “¥t h et hyl ene
glycol and nitrates used for the synthesis of LaCaCoN oxide powders. A
typi cal Pechi ni roqess i nvol ves the abi of 10 certain weak acids

(ai phahydroxycav“gff@‘i‘& dhe Ve FRFRHr IR pljrflcs"r% €Pc campyndsn gy RPN ous

cations. These (ﬁ{b@llﬁaitﬁﬁb Q&rhn'slﬁdﬁffﬁlQn R @el B tf)dy@@h'bﬁﬂpdbﬂ@i}:aﬁ@ﬁmﬁ!me&eﬁ
pol yhydroxyl al ¢ t forma p lJ ric, glass wh Eeshas he ca t1ons
uniformy distr® %Ie'f’ﬁ"r%‘dtﬁ'h%‘f’stﬁ PR 1 Pl d e R f SETPYIS,
such as car benatsisiordpy eipacitydes, and al koxi des can al so be used for 15 the
synthesis. Ethylene glycol reactions are simlar to those of primary

al cohol s except for the presence of a hydroxyl group on each carbon- Wen
cold nitric aci @thesiaddddCiNi® ekt onde miteyieb| may be oarried pwsbyorenalificthe

al cohol groups %‘éﬁiﬁ‘ig ng{hx&cﬁl ng%idarﬁjxgd tekﬁ?{}uk,wlht Qﬁylmeﬁﬂgleanﬁin%a% nsed for the

synthesis of LaCaCoNi oxide powders. A typical Pechini process involves the ability of

10 certain weak acids (alphahydroxycarboxylic acid} to form polybasic acid chelates with various
cations. These chelates can undergo polyesterification when heated in a polyhydroxyl alechol

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

Various cationic sources, such as carbonates, hydroxides, and alkoxides can also be used for
15 the synthesis. Ethylene glycol reactions are similar to those of primary alcohols except for the
presence of 2 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 ion C,0,” functions as a bidentate chelate with a metal atom and forms a five-member chelate

ring as shown below.

The majority of the elements in the Periodic Table form oxalate complexes. Becanse of the
coordinating properties of the bidentate oxalate ion, most of the metals form complex oxalates
25 in addition 1o simple oxalates. After the formation of these mixed cation gels, they are suitably

calcined ar elevated temperature, e.g., a1 1080°C, 1o form crystalline oxide.

The ceramic adsorbent matenials of the invention may be formed by metalorpanic chemical

vapor deposition (MOCVD) on suitable supports or substrates, using appropriale precursors for
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oxalic acid, which is the sinplest dibasic acid, conprising just tiwpjaN 2Inf
connected functional acidic carboxylic groups. Each carboxylic group | oses
a proton and forns oxal ate ion. The oxalate 20 ion CO4' functions as a

bi dentate chelate with a netal atomand fornms a five-nenber chelate ring as
shown bel ow. The majority of the elenents in the Periodic Table form oxal ate

conpl exes. BecasRyohd o chBRkAl A3 b8 RECRRRLIARA! ke Dhsens gte oxalate

ion, nmost of the tals | ex. oxal at 0.Sinp

oxal at oa. At et THETR A T G HOSET AN SHPPH o SORE SRy MY oo £ abl y
cal ci ned at el etrhitvatle t MFSiDaparmits, filrps, of. mulicpomped®O £Temigs oo fag rdmposited st | i ne

oxi de. The cer afinfos@6ha0EJARRLbIIAEh @& brddr 5700% ahd BicknEY @Fbrin By of Bakyr 0@ sh.0r med by

met al or gani cgchemi cal vapor deposition (MOCVI) on suitable supports or
substrat es, u5| n appro riate precursors for 16 the respective netal
conponent s of t’h‘g""ﬁ‘ﬁf’élt ORIRE 2aEpephnateritaPa heglpamed pp e subgfate \gRID bY S
preferred as a egitiotal gfamich@ntontg ekhnifes,Stadiacipwdmetljrsantimymedionm ty of
coverage that a(glﬁj,c;sh,%r@@gasméqy)g,\g@&kgs,onNDC\/D permts filnms of mmlticonponent
ceranmics to be deposited wit conpositional reproducibility on the order of
0. 1% and t hi ckness unlformty of better than 5% 5 Alternatively, the

ceram ¢ adsadf betnotherdechipquy for feping e fapmircadsothant tafyisle izt selogeb teghnigeep it by
conventional certaditie ciBiieihadeiblus defgied @rariee Ber mmhe ash pawdeids shiet al | ur gy,
Sturry metal | Uriing(chld BaG@SH bl SRR fifibel Ay 1ol F;,)ed B LBehksi on. 10

Anot her techni ue form n? e ceram.c ? sor ticle Ftl i zes sol gel
t echni ques, in %ﬁ?’ﬂ'ﬁ”’f‘l"l’é"’é’é’ LY. e iopkyfoller §°“H%’68'§'?”F‘é’cﬂplbﬁ°ﬁ' S i er or

i nert substr at ehe sahyide. flovdngydichtismisid|citiomget can beisubirrted todlighyempergirasgses, or the
like. SDI g tc@ciheq)t6lpreduceiYesh@ c@iiid Myensl. t 0 nake up a sot of the ceramc
precursor and to spray, dip-coat, soak, roller coat, or otherw se apply the
solution to the substrate foIIovm ng Wmch t he mxed cation q can be
subj ected to hllbﬁePséﬁf)@PQY%r‘@ cerggnify coating pracess payepiplgy eitper neat kgL ¥ Yk desired
ceram c nat eri ablwiohin(ift skt precersad ardIBEY N 2 sihgle petuanioritugdll hycqmprocEss nay

enpl oy either Reatd ih inddimd SuddMiduid Ashivy” 1558 hlhrktREras fitfod S0brinthg e @GS Or s ar e
used) in a gn Iermetmlért_g cont aining all the conponents desired in the
film Such iqurd delrvery" is an advantageous nethod of formng the
ceramic 20 adsorbent elenents. In formng filnms of the ceram c adsorbent
mat eri al on sulsfomadgditrel of e teragricl asoibévemgaris Ob subgrap felehdne in thaypretideiofthe | ndi vi dual

precursors req l.uvsrask fngin.aﬂhﬁ&ﬁ‘fso%tr&meh Ier yha;eaamb@ canru ;nmam,l Mixddixefid N a ratio
t hat pr oduces tt %gces {he gcélrefi fi [T‘I coa;g;p n. base(? on {Rﬂr reipecgvc daposnél ngtess glive

deposi tion r at 85 I VEr es are flash
v apor i zed, Phep Weg‘ﬁgﬁhﬁ lﬁyd F“l“lcftSI**@ ﬂﬁhﬁ@orgfd lthﬁv@b)mpﬁnfllmg little nmc 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 fquid 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, 5,820,664, and 6,110,529, the disclosures

of which hereby are incorporated herein in their respective entireties,
35
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tenperature that | eads to deconposition. Precursor conpositions arey jaN 7005
comercially available for the netal species of the ceramc adsorbe'nﬂi '
conpositions of the invention, e.g., Zr, Y, Sr, Bi, Fe, La, Co, Ca

precursors, which. 3Q are provided.in |iquid form as. precur suitahle for
liquid deliver yiﬁi&%ﬁ“ H"%df‘ﬁ“’fﬁgﬁf\'}‘&r“}““ et &E%’?PE%‘? ﬁ%‘ﬂ:ﬁg ? §%é’§?‘§ et
comer ci al |y avasveahidearfagamabeirantadmie arriotngiheihi Qfch ak@siald Banembfabanbur y,
Cl ) under the tradenmark EPI GRADE, Exanples of such types of precursors
include those disclosed in U S. Patents 5,453,494, 5,640,897, 5, 820, 664,
and 6, 110, 529, Re@bdiiys cH@siporScanodevatby ¢ chmebyhembandsnason peswt ofl chalieahia i n

t hei r reSpeCE! v ecc%%ria%ier;[ I!cz?c?ibns%n.!tﬁeps\’}!'fa:cé !o%anﬁo:ll’l r§t‘% 1chrZ1br3 c‘]AlNc ﬁgl gﬁgﬁicnng(htone
ceramic materials O R T VN 6™ a%" absbrbent s I n f1ked be systens

of fers sever al highy anteagbfusionattesdaading mtrhnawhanrepdiont dud fiffe edhiep B praferswoh
materials as megy, ’ [=10]] '-ﬂ;%}cs vel ' i C
menbranes as a qusﬁpﬁé‘g}{ %%‘?‘ﬂjé%dm&%m T éig‘g:cr%‘l %\%ﬁo ?1“ r%g[g%?# e(Q) ﬁgﬁ%ﬁohnéany
surface of a nohuwrd dfasem Bentizngabe Erapidalsorbpo ratetitlan acBfiAi dorangemiegthpin-holky gen

di ffusion rat esfjxfg, j t n r 19 . 1 ' I.S..probl em
can exist in ne y%rran Ttgeg%lr n%ﬁﬁ?’ggrt\éls%]g%uﬁ%gg%#o éf/ngelh%%ﬁﬁmﬁy vrgna{'nes
exposed to dlny hours of use. By utilizing the ceram c adsorbent materi al

in a PSA arrangef®Blae i BuhiShv&Spment- iﬁ{;ﬂ&t‘i% fQLL &%lmimhﬁm%s@:ﬁ%@mmﬁ not

m smat ches, and sealTng problrens no [onger are relevant. 10 Easy Scal e-Up
and Devel oprrent miyeday p Piucsd! appratiqealt dempeat where tilkerbpvied neeih et 95 not

enpl oyed afs a Sﬁlﬁﬂi@ﬁ.!llsﬁ\ahcn.%ﬂ%bﬁlcmﬂfiforQérlﬁ'ﬂﬁﬁﬁr_e%&ﬁifﬁusi fob sdalRyopigedentsNtwegH Aty is
i nportant for unction. Structura ications_for ceramccs . are notorious
for scal e-up pr‘gﬁp B??'ES.CQWPFFSHZ“Q?‘{”Q‘@G‘? g@df“@@ﬁﬁ‘e?@ﬁc?@"g?‘#&f H’ﬁtl%ﬁreﬂﬁ?’ﬂménd

econoni cal . isTherreogpaBenis wbr rbiheiliSpregnl pnent 15 are wel |l known and their
reliability is proven. 20 25 Large Surfaces Areas- By properly choosing the

particle size and porosity, the surface area of the ceram c adsorbent in
the bed of cer dogSodatedrear By plopslychovsivg tegpuiskete tral paosity thesufa@sreaof
transport for %R@&!raﬁxhcegds&}f,%§E‘{Beebeﬁ‘é’]l;Pega%é‘-Qéixe‘d'ahf %'c%%e%ﬁ&?z{‘t%%ri bl ghepurity
inert and oxygen streans- Because the ceram c adsorbent ‘materia "has per f ect
transport for specified pressure swings and diffusion distances.
20

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 & ceramic sorbent will only absorb oxygen, the inert
components such as nitrogen and argon are lefi 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 temperamire, oxygen will diffuse into
the strocture. Then by reducing the pressure or by using a vacuum, oxygen will diffuse from
surface coating, thus providing a supply of pure oxygen.
33



selectivity for oxygen, both high purity oxygen and inert streans can be

produced. Conventional air separation PSA utilizes the di fferenced 4 mi 2005

" quadr apol e nonents between nitrogen and oxygen for separ ation, and since
argon does not ha yadr apoi ¢ . no ar at e

a ceranic sor berrh ¥§\7i\ Ogesﬁlm %g 2575 oxyg‘érestent 1Iri”mlporlnefrn Co n‘faurllt:"fs)£n %ﬂﬁ

nitrogen and ar gossuar evélefm thehdb]j‘:dtlvf.nddbmtltg‘a$"1qmldm@'9$§Ght‘- bgramntdwbmtbgmw th

the ceram c sorhgy not . cont n lerdil@n use

an electric pot en{&ﬁ)g?.?{)é?c ars v Ox&‘m "rcﬁ% (r:Hl crr%k%rml ibﬁorggnﬁb%%aégjél?eadl%ﬁnﬁh% “ad E%r bent

- 30 articles of thbngrskdef the nlveirﬂtwuiinutelawet%wﬂm@tatamcEh%@ﬁwmnlP(.f)%s"g?fambent to

store oxygens By,hayiifgeaprasgul frelre GPRF SR HAGLIAN BHBAI BRL 9¥GD BB 10

cerami c coating, a concentration le is evel oped within the fil In

the presence of a@ioppheges, Aidghe compspendiedeerption yigesarovaly oo i thef prgs of ﬁ?@abquhéZ

. structure- Then fy neducing ééﬁs‘tmeg ﬁééle.f9téaype%mmgaﬁraﬁ%umhcgmx&@rfecw A
dlffuse from surface coatling, hus providi'ng a supply of pure Oxygen i's

Z VIl 'AN ?a 6 AgEPSAKf}a'Pémygﬂrlmm@md‘@raa@{ﬁl’é% of the present invention may be

carried out at any suitable pressure levels in the respective adsorption

- ("l oading” of the ceram c adsorbent) and desorptiaon érel easi ng of oxygen

~ from the cerf@ni Ehaguprasenmpintapgd inge BRA prosett [yons Profatee pIER O thedperion Meke

skill of the arge g@ng Nvuérf&w&mldmpﬁ)o‘@%%bﬁ@ﬂ@@ | DR-2dshhRnARSOh B e GdidRfi RIS UT €
may by 5 way of |IIustrat|on ent ai | pressure | evel on the order of from

about 1.2 to ab®ut hepsd °8'E‘1ﬁ‘t?§pﬂ¥e‘1"é§““%ﬁdleﬂ'ﬁ’§ EIPTERILEREY RPUHBEY Btk s for

pressure may beesampie BRctFied gl@lqlﬁﬁcefh&@iﬁé aBts difpoded iR IHIRERNRDE qgmﬁﬁﬁlﬁ'fof (e 8

at nosphere, at a t era that is proprlatetothe ce e
m xture and ox E%F‘(fdﬁ? tof gﬁé’rsééi’s&’q %‘BI %“““liﬁheiaﬁ&""t‘aé‘ﬁf'p%‘f‘ﬁgﬂ?%ﬁ%fjﬁ't'%i’iéhed in

t he PSA processthe jacxeﬂﬁ nwir@a‘nemé eéﬂseaﬁrﬂaﬁslortﬁﬁt ﬂebeomaammcmtmectdaeematuhe
order of from

- ?) an HICF (= 9] S, semhlie nch S eqﬁes for efféctn ¥adbant Ieﬂlll?t al ned
in a heated con |'B?1 b ARy ‘s”ﬂ'f"faﬂﬁ én e%lta Sr“f‘ &t el enier gy Ut freans,
such as for emgalm;btac @bzemg.r mwaiwavcescasnarmevehem heagne | comdeti s hhaslm)@ai vim t he
absor hent bed, JackQt L&Qe Qltmérﬂ uch‘:Q?% Ee[ﬁ‘é mveﬁﬁxsxedléne%tﬁef&ﬁsoﬁﬁé RASLE M Th a

sui tabl e heat exchang bein hrough 15 the jacket to maintain
the vessel and h&set&die E?FtSl“Bé’&héBWiWé@YFWélhha‘a’éCha“S%’él%t ed tenperature.
O her nmeansyg ncl ude el enents, assenblies and subassenblies for effecting

radi ant heating ul trasonic heating, mcrowave heati %g convecti.ve heating,
conduct i ve heatiN5gaseeer; bedsyy the P%&P’é??ﬁ?e’*éf“%‘?]PFéE"es"étFM or e pPEoRriats oRPY 1t he

interior vol umef@kygdeh foraRsRvRORY zchOShtaifitl ftk® gasl dlixmbeerdit @€lproads@B 008 ke th a
then al energy sour cezl heat, exchangers, etc.

separation dévice, and the appertaining cycle fime. 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 froin an oxygen-nitrogen mixture), etc. In
30  one aspect, the PSA system of the invention miay be employed 10 form “deoxo” gas, in which a
98% nitrogen stream containing cxygen is treated by the PSA process of the invention to yield

a nitrogen gas product conlaining 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., aparticulate substrate, fibrous substrate, sheet or ather substrate formed of a material such

as aclive alumina, pamma zlumina, tabular alumina or fused alumina, Alernatively, the
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20 The adsorbent beds in the PSA process system nmay be suitably sized for
any appropriate output of oxygen for the given oxygen-containing feze? W?UUB
m xture that is processed in the oxygen separation device, and the !
appertaining cycl For exanple, the system may be sized produce
120 standard cubi “‘Efe t p%"\%s%fenungbf §fﬁ£‘ﬁ7? °3¥§¥)x°{/"§§’n¥°étg°b9’° od%gkreit?“f"f’om an
25 oxygen- ni t r ogemnsinen idippieg, rdilit icaging & any mhtmxﬂaﬂc c¢bdigle. Theh PSAcdsspsdretn of

t he i nvention usI |, oduce such
s oxygen.  deoxybinerce RlaarE Rt IRl KRE IR PEREH RaR ek AR Ry
undesirably comhaisagh I@ﬂrygenz)g,greamdrtmgéw C(rassswnéi \ﬂmtaajfsdaaedi@asmfcvwan
oxygen-ni trogen r A tem of the
Cnvent i on mig bgm e%pl"bre%guae ﬁ)& g\*bséqnenf’rglegs@%f fie 9@%&1 %E tho\E ‘?pre§5¥\8e8% ni t rogen
stream contai ning oxygen is treated by the PSA pr ocess of the invention to
yield a ni ”Ogﬁgu@@?&ﬁ?ﬁcﬂg&ﬁ% GODLA DI B cik B ol R Rbh-Sullhe S2Lduch! O
by vol une of oxygen. e ceramc a F b materi a ma% e coa na thi
filmby MOCVD owitan céraeie tdsgirens raterial, 54 d@@rdenggo eongemdinegUd{dheeingarbert r%vtabd
fibrous SUbStrah fers o?lglﬁ(ﬁttypgﬁlapgygﬁplo?rm)&t rb@d &9«[@%&9% Pg‘AgPJc&E 'f@lcxtﬁaglq’clﬂ oS
active alum na, gamma alutrtina, | ar al um na or tused al um na,

Al ternatively, Wéenf@n?wzﬁwezmséwt@h@xw tAdtsroatiysdt fush ébmwm forged i ed

out by spray, sglo @ftn or8RiovdR dbRadRobs &@lkcutmas?rnke\dema%h.’rpnogmmQm&bfbgass Pl | er
coating, or any other suitable technique. Such coated substrate bodies can

be enpl oyed f or fr @S rERHHTHY XEgTBFAYIRE 87 BRPYER cont ai ni ng feed gas
m xtures when such bodies are aggregated in a bed or nass wth which the

feed gas m xtur acted her pressure, for subse uent rel ease
of the oxygen '§’§f’§f" P ?sb%%g%%@‘eqﬁ?gﬁ?r& sphyruna mateqal TheGoghp \?%‘W&

coated fi bers armccﬂcanﬁ&lal mbsueu SrOthafitfer bﬁﬁtra&lﬂi)stlﬁtﬂch&s b2 the onlkest 0. 1hitiométer.,
ceram c adsorbent, materd al 54 ac ord| ne. enbodi e. i nvention.
Coated fibers é(;“IFh §UE fJb 6&‘%“9" &' 3cﬁy§1q3ﬁ%§]gveg’?ﬂsuck tfcmﬁ’é'"es" "R a PSA
process for extswddle mncuc;brsl"@ tb fagtbamufng gaimvam @k3lyend gontanmnent dfakdlgaRD

m xt ure. Alteraﬂ}nl vely, such fibers may be fornmed into woven or non-woven
fi brous webs, I'ch may |ikew se be enployed in a PSA process for take-up
of oxygen from an oxygen-containing feed gas m xture. The fiber substrate 52

may be forngd OfjediaRRIOWR BAbHTHELR 2RIk Gy e forkR@ b5 QA deD BeRfquiBor BEard othlP
LCCFO material deposited on the fiber substrate at a thi ckness on fhe order

of 0.1 mi cronet@itablesy@percoat ed fiber article may be readily fornmed by |iquid
delivery MOCVD techniques using suitable precursors for the |anthanum

cal cium cobal tThc %EA s;rsl;c%nusmg rTBr(a)ri;]uec %s%rb?:lfn atrtlc s IGF&E :Onvennon @nboqu a highly efficient
means and method for the exiraction 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, ¢.g., integrated with computer control,

10 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 hed 68, comprising at least nitrogen, and essentially

20



20 Alternatively, the coated fiber article my be formed by so] gel

techni ques, or in any other suitable nmanner, The PSA system using Zc?erﬂé‘rr‘iﬂg5
adsorbent articles of the invention enbodies a highly efficient neans and
met hod for the gxi i.on _of gen. il Q20 R N cont ai a

m xture, 25 by c% cgegglﬁ %”ﬁ s G eﬂ% %fd bﬁg%??? Oi’(l}é]g\%l A" i:'ltggarﬁ C s"gg’ z%t
coating materi abw‘mav-iithlg!dsm)rrpftrconeect @ﬁ;fﬁmmgt aondulr ﬁhwyhyén datnglemw abeon of main
tenperatures, sy i he, P be
controll ed by sug{lc‘@?g! ‘{cbyc fz%&ﬂ?dﬁ?sfed ?’ s mmjtpcob hyr?%%é‘g‘ﬁa“f"’??t@a%%ﬁ;e{
control, to pr@ﬁOHQFaq@[ﬁpmphqmzeﬂmdmumobls.eqimlmc@nti nuous or batch
operation. 30 Figure 4 shows a PSA nodul e used as the oxygen separation
device 8 in operation according to the present invention. Air or other
oxygen- cont ai ni ﬁg fﬁteeqd 7 ecsnapmis xttuats, fsnelve 84 conpee Bsiorate &xetbrauél [the Oshdwalvé n
Figure 1) ist I

directing the f ﬁi&t&’ E‘n (Ekgngﬁdﬂcﬁ sp%grﬁg%ﬂg“{:égr{ggm{whég 8%\?3\365"8?3%6.
During such chfarﬂgﬁfﬁqglﬂﬂ Nwsﬁm@aﬁaﬁ@nm vesselagh, wa ttheedeezac ndiprlhtlalmsmmh@cte!raa_m c
adsorbent in_a whilabu® I iR BRR0PRL i fed: QPER Fohdhd Oftlicl BERHAGR: | Nt O

the sorbent articles o When t equil rate

interstitial® voioys gahe bad. {The obigen B8 max Bempbd B¢rg feom inedulet3 'htot-‘&*o@e'#wt Tanép
essentially 20 jf35aNms008 & pglet ed in oxygen, is then punped by punp 70 to
line 9 as shown in Figure 1, W|th val ve 62 being switched to interconnect
di spensing conduit 64 with the dowmstream portion of main flow conduit 60,

val ve 72 being A:iepﬁ,equmerﬁ b@dMnlnnmeeme HREARGHhd m:agmygeadmy@wgas%@@wg
open to flow of gas fromt emalnflowcondwt info branch line 9. S The

furnace 76 rerr#‘ﬂ% ¢, 3y thg sorkat beg) ¥y gheqmodule ztfl‘B"s@H‘at:"o‘s inataiied 1p pReraip foc 1
line 9, and15va|kh'@ thazdsb;sam}aemdﬂ& eleyaed tidipetdtaw Tondirtdly, Sdon of newadsaebgiui t 60
to branch |ine ract, the . oxy S fro the
vessel 66, as t"H'é’g%"egr mygvegggc(ﬁdglgmgh C%“%H‘éﬁﬂ%?ﬁ%géhcé‘im‘% ag?‘&ﬁ’%ger’%%‘?a al | owi ng
transport of the "trapped" oxygen fromthe sorbent bed artl cl es into the 10
voids of the b 0 e en be f o e ough
conduit 7, int §91m l”g‘%“ 'xé% %ﬂgl Sl “ca{g r'huorwtf‘-,’ ’ Ir 4 ma sorb “e{‘““%&d in
modul e 8 has be@ntltexlbfraeftctyemc_aﬁf onetaeeddwyf@ewcpmnmem ogakscrmmmcetanrsng fegai n
charged 1 0 one ;30hRERNDEY el B R En ASloRErof NLAGS Sekcdt Fakabalaned i n
operation to 15 keep t'h sorbent at Suitable el evatéd tenperature,
Concurrently, a flow of non-adsorbed nitrogen gas may be directed through

conduit 9 to pandwizd aEsb@lSl?'Zﬂ'i Ray RSpbrted as.mlg &e'cﬁmﬁ&ﬁ&aﬁr&dss th Bssénibly ;ﬁa@ﬂﬂer
the system sch%mat i é:al |y ?. in Fi Pur e% and 4 may lig %trj ntiall
eposit formation on the interior walls 13 of the reaction chamber 14 or aft ¢ combustion

process. Operation during the combustion process increases efficiency and economical usage

25 of water introduced into the vortex unit 180. During the combustion process the blade
assembly 20) 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, serni-
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 usc
application of the present invention. For this purpose, the process system may employ suitable
35  thermostatic, heat exchange or other temperature-controiling elements, such as thermo sensors,

terperature controllers, microprocessors, mass flow controllers, etc.
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repetitively and cyclically operated to effect separation of air or other
oxygen-containing feed 20 gas mxture into oxygen-depleted and oxygeny 7is
“fractions for recovery thereof as described The bl ade assenbly 201 may be
operated during the conmbustion process to essentially prevent dep05|t
formation on the_interior walls 13 of the reaction chanber 14 or after the
conbustion pr ocd§deanrsretndtadymtagasral fy WHEN e RIS URYE delypthewe 4t rrfeiersgsie she

ef ficiency and qgmg{yﬁg,hng 08 atte. Obhev@d 6t ! peduced Lat Q. Lhe.¥ (tu‘ﬁi% ni t
100. During the combusti o]n pr oces}gcthet bl adepianasseblrr&bl yla cma)? reo s

cl ockwi se and cOsPEE sEpreelkwEsg with the extension and retractl on of t he
pi ston 403 ofs air cylinder 401 and renoved deposits are washed through
vortex unit 100. It will be apparent that the system shown schematically in
Figure 1 is illustrative only, and that-ﬁm i nvention may be practiced
in other, multiple-bed arrangenents, for continuous, serni continuous, or

bat ch operatlon arate the fe as m xture ipnyol ved. The heat f1 ux
may be maintai ﬁe}gdso‘ab Wdﬂ?“dﬂ%raﬂlf&‘ﬁgﬁ?‘qi‘ﬁémﬁﬂ?'f'? gcggér’“érf”f"éﬁ"%?'a't‘ﬁé“eﬁgﬂa
process, or the.setpmmi):ﬁi‘ advice ero pdticed xyg@nd et Bikle Gueityr fon gnttddecriph ORESStheragl/MBY be
necessary or de?fhi abI e in a given end use application of the present

_invention. For BB e, the process system may enpl oy suitable 35
t hernostatic, heat exchange or other tenperature-controlling elenments, such

Gontrol lere. ot s 45 et 2 agR e fon Sirioulin HEBLEGE AT R e
i nvention are nweldefaggdnyl %hi@l/%andctarbonélﬁselderﬂd@ ntmé‘%t HBus a‘ummmtﬂgvmmwtemﬁ ting
exampl e, wher ei gl Lyl bhsAld (PAUCEOL A998, HfipMitChOlte HBLERS peplibeh i se

expressly state LE | A system i ey Ing an a sor
cont ai ni ng LCCFO0tERitemaivaintacnivain therargs efifres a@uté@ﬁ@meabmoﬁo@@wamée essffly oduce

oxygen at hioh iy, H9E kLS QAR lineled YR HRalRELANI [ eLom ok 01, AHEARRS

system Influent "aI'r 'stream has a m) e fraction co |on of oxygen, 20.9
nol . % ni trogente aT@nperbire 6483HCqohis atla Pesngk oﬁ/dQanﬂlacahdomnpttssaxmeemdromfhml . %

Thi t
is streamis gi, Sad{é‘sor b lidd b6 B g“ﬁ‘?“%ﬁ%‘ﬁsn@ﬁ?ﬁ%&d%beﬁgﬂwﬁa VQJFU cin

tenperature of t ent bed 1 | ternative
the range of from about 600C to about 900C may be usefully enployed). The

feed air stpeantiesmhest 86 id ﬁhssteh"% hﬁaddso@%ﬁhﬁé’lgﬁfd SPsd Bath®td kﬂa@ﬁaqs@rzhent
bed to a tenperature of 4 r.ess, ps;i a.

conpressor upst¥EMP PR befe ‘”’HE“a‘f"dZ’%‘ Qﬁ?&grby g g’\%]led’éeyshg‘éfhefdf)‘?mwm HY® t he

f eed stream andiftehet edanshdToxyFeiidsnameairamitsted 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.

75 ‘

The nitrogen-rich gas yielded by the adsorption of oxygen from the feed air mixture and
discharged from the adsorbent bed s 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, a2nd 0.13 mol.% carbon dioxide. The nitrogen-rich pas 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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"7 gas is discharge through line 9 and

20 The influent air is passed to the adsorbent bed and oxygen is renoved
therefrom by the adsorbent in the bed, with the bed being heated by jpy 2005
suitable nmeans. In the depressurized state after active renoval of oxygen
“fromthe air contacted wi.th the adsorbent., the oxygen |s punped f t.he
bed by a punp ar %ﬁ&&ﬁ"'ﬂﬁbﬁ%f#‘é‘%ﬁ%ﬂ’égﬁ “?%%beﬁg%egﬁﬁégﬁ tﬂ‘blﬂf 'ﬂg?fg'}?ﬁlf’tﬁpc‘?“f;{g‘?é& from
the systemfor prévkss GelbtGl presdurk B 05 bl addnelefiPérathRaE500°CS MMM idaNodybe@ltic gds 25
The nitrogen-rich gas, yiel ded by the adsorption of oxygen fromihe feed air
mxture and di s@ﬁ%ﬁj@é’%’ﬁ'&rﬂ“t‘?ﬁéc%&%‘w&%? PHEYTG o 1512, ee%%"l“?ﬂ“&?aé ceMB00C
and a pressure ok.3130Q1RSdxdgen, N1 AELPAGBRAL0.05 nlolte artoh ! @deb-caibehdigage. t Tough
the countercyrrent heat exchanger, the nitrogen- rich gas is discharged from
t he process s’yst”é?‘ﬁeﬁf'&‘agab?@g‘gﬁgg“‘ﬁ‘ﬁg E'ff %gfhé “gﬁﬂ“] &t'8hperature of 30 200C.
The product nitrogen-rich gas contains 98.35 nol.%nitrogen, 0.27 nol_%
" oxygen, 1.26 nol.% argon, and 0.13 nol_ ¢ QEP di oxi de. The nitrogen-rich
n&?é%g—éﬁgioyed for reducing the dew
point of emtting gases by introduction into port 28. 35 22 2 3 JAN 20H The
oxygen-rich gas yeleased fromthe a nt be [ t | ressyre step
of the PSA pr oéA e%rsa%%sa%sao beﬁt S&%E‘%’;ﬁ'reg’%@?egg? %"“g"’s“?&é‘gﬁ’ﬁ%ﬂg' ?’%ﬁ'ﬁ’é‘g éﬁag re eds%age Eooc.
The final oxWgempray ethnges. Hagsohte gad fiberomt stistralenwitrs seeml pdvaptages, imdiuding
pressure of 1 psia.,: 0 - [ t al e B! X . 3. 63
mol , % ni trogen, %{gﬁﬁgﬂ%ﬁ%&}égg@%yd%%g%gg ﬁglﬁ{a FoXI de, r‘%ﬂe"fe/g OXY gée;!’?ltm ich
gas is punped t Fecerginicaieem megiumhe rores aianing suhstraies, aEouXER Jiffysion shsganpenti ¢
adsorbent sot 9§ e RRRFQY&ikviQ 8008, an al um na fiber mat using soak-and
bake or 10 spray tecﬁnﬁgﬁés. tbage of the solid fiber mat substrates offers
several advantages, including reduction of pressure drop and maxi mum usage
of the cerankc adsorbent medium By coatises«t he ceram c adsorbent nedi um on
porous al um na substrates, an oxygen diffusion distance of 80 mcroneters

was achi eved at 800C. 15 ****** 23 7 3 JAN 2000 THE CLAI M5 What is cl ai ned
is:
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5 An abatenent systemfor pollutants in a gas stream conprising g Llon
chanber conprising an inlet for introducing the gas stream a hotzﬁdﬁg
conmbust.ing the pollutants in the gas stream a chanber cl eaning neans to
remove conbustion deposition products and an oxygen-enriched gas inlet
comuni catively connected to a source of conpressed air, wherein the
oxygen-enriched gas inlet is 10 p05|t|oned domnstrean1fron1the hot zone for

i ntroduction of an oxygen-enriched gdHEQLAIMS t he central area of the
reaction chanber; and an oxygen separation unit positioned between the gas
inlet and the sdﬁmﬁéJ&mﬂu&onpressed air to provide a source of the
oxygen-enriched gas to the reaction chanber. 15 2. The abatenent system of

claim1l, whergin saig, a{bg&%mﬂl@m%b?bons mag“am& angf % conducting thernal

oxi dation reactions, asna Teact or cat actions. 3. The system
according to claim 1 R?\ﬁ‘é’l“é’i‘“ﬁ‘b‘i‘ H@PW@%W“"S@’UQ‘F"&T"F‘&W‘ﬁﬁl“t’“‘&d’dﬁ‘r’l"
menbr ane devi ce consdombisting the apibtiags inatirgeel sttegn, Seghanbat dra@iy heaoe N@mn t he

conpressed 20 air, cfnﬂsusﬂomwpesdu@woms afa a%ens?ﬁge.aénsalem initt BomrRcatiRBCt i ON
chanmber, 4. The systemc%q rdin n the 0x separ ation

unit conprises an oxygen-adso %mtq[um?‘n egrai"a‘fhersc'gﬁhecc%x’éga" PP %(a%'"'eér oup
consi sting of? cer amR‘;’S“'OHfétda‘I"l“reﬂ“ frorg the b Frte & irgodytiond ey peveneniseed €¥5i al  havi ng
affinity for oxygen imbh@dceiuaeres eni@idagion chafberymial | | c, carbonaceous or

pol yrrer ic material i RlpePlesabetni BIRGERMULER nedes TRE HY BhbaCHOr ding to

claim4, wherein the ceramc mat eri al sel ected fromthe roup consi sting
of . Bi 2. YF- ryCB d; JomREssed W?/@Vfdf“"f‘_"éi" @B&“’%*mc}mf’g“ﬁéhedm""? AWF Syt

, .. Ni.03. Lat .yCayCo, .,,Ni.03.d; La,.YBaYC o, _yFeCBd 35

La, . YSr yCoI .15Fe2.03. d’,he Baemend Gstdm YGRWCD, whedni OB refkion dpdhdEcE B clivhbet f@ JAN 2006

xis fronD.2to 0.8, cXJd&tinganiroQidgriomeMS. plasma reactions or catalytic reactions.

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

20 air, for introduction of separated Oy into the reaction chamber,
4. The system according to claim |, wherein the oxygen separation unhit comprises an

oxygen-adsorbent material selected from the group consisting of ceramic, metallic,
carbonaceous or polymeric material having affinity for oxygen when the ceramic,

25 metallic, carbonacesus or polymeric material is at clevated temperaturcs,

5. The system according to claim 4, wherein the ceramic material is selected from the

group consisting of:
Bi;Er,Os.;

30 Bliy ., YO
Lnl-yBayCOI—:Niu Oz.a
La,.,81,Co Ni.O:.40
La;.,Ca,Coy NiOsg;
La.,Ba,Co Fe0rg

35 La,.,8r,Co..,Fe,Ouy; and
La,,Ca,Co,xFe,0sy;

wherein
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d- 0, 1 to 0.9. 5 6. The systemaccording to claim4, wherein the ceramc
material group consisting of: oxide fluorite oxygen ion conductozri Lﬂ{ he
formul a A40,; pyrochlore material of the formula A2%b),: material 1J ?‘P 0
formula Bi 208(A206); 10 stabilized forns of d-Bi 20,; Bt24Pb$Ca3M4;

Bl 14v2011, perovskite materials of the fornula A1303; oxide Brawn Mllerite
el ectrolytes of the faornula A2B20,; 15 m xed Brown MIlerite el ectrol ytes of
the fornul a ABOBAS0S &M PAREEABOz. 3 conpositions; nixed superconducting
(ABO, AO) el ectrol yt gsfrom@roydlapd e (A3B03) el ectrol ytes; colunbite (AB206)

el ectrol ytes; 20 and=¢ofh@spondi ng doped materials, is selected fromthe
wherein A and B are netal s i ndependently selected fromthe group consisting
of lant hanuEn éal um num strontium titanium calcium zirconium iron,
barium indium® gad§ISHMERCIRE o ST Weppete cerais meterial s Ircedifigm BE sut h,
cobal t, nickel, nmageregicamsiytin?d: manganese, vanadi um chrom um ni obi um

tantal um boron, hage BEBie BERAYdHc R ctors bEhddbritilh A)S,L €7 bi um erbium thal l'ium
| utetium samarium i wrenci u and praseodym um 7. The system

Imd tin, Llé ‘ )

according to clai m P& B eRe WRMAAEO T eani ng means conprises: 30 (i)
at | east one annul ararglafihi frgpuinBa®E00i(i i) at | east three scraping bl ades
attached pend pher al sayiliab@uts of dBL,8NNUl ar nmounting nenber and arranged in a
parallel relati onshéigpbgcgsc,a‘. | ongi tudi nal axis of the chamber; and (iii) a
reci procal novement_unit for rotating the scraping bl ade(s)
circunferentially BxVBuwck and forth al ong the interior surface of the
reacti on chanber t aewwkigpaetadraf hnbrukaB0; surface of the reaction chanber,

wherein such reci pragaiihe: My RAkyrihe HRAGNA,805 a 25
15 " mixed Brown Millerite ¢lectrolyies of the formula ABO,ABO; ;
AOABO; , compositions;
mixed superconducting (ABO,AQ) electrolytes;
cryolite {A;BO;) electrolytes;
columbite (AB, ;) electrolytes;
20 and corresponding doped materials,

wherein A and B are meials independently selected from the group consisting of
lanthanum, aluminum, strontium, titanium, calcium, zirconium, iron, barium, indium,
gadolinium, yttrinm, copper, cedum, thorium, bismuth, cobalt, nickel, magnesium,
25 manpancese, vanadium, chromivm, nioblum, tantalum, boron, hafnium, neodymium,
terbium, ytterbium, erbium, thallium, lutetium, samarium, lead, tin, lawrencium, and

prasecdymium,

7. The system according fo claim 1 wherein the chamber cleaning means comprises:
30 (i} at least one annular mounting member;
(i1) at lesst three scraping blades attached peripheraily about the annular mounting
member and arranged in a paraliei relationship 1o a longitudinal axis of the chamber;
and
(iii} a reciprocal movement unit for rotating the scraping blade(s) circumferentially
35 back and forth along the interior surface of the reaction chamber to scrape the interior

surface of the reaction chamber, wherein such reciprocable movement unit comprises a

25



2 3 JAN 2006 reciprocabic nenber pivotally connected to an extensi on nenber,
and the extension nmenber is pivotally connected at a peripheral pogif iZiih to
t he bl ade apparatus. 5 10 a. The system according to claim7, wherein the
abat enent system further conprises heating el enents annul arI y positioned
about the inner wall of the reaction chanber, a 1liquid vortex which cools

gases passing 11 om (g RAGkLANNATDRLAPG . ERTIMNERL I MELY csappect ed to

t he chanber cleanin ans B8&¥si ng
particles fromthe GKEPEEPRAHY %Pf”feé‘Fd ahwpenhpry P?SHPbiﬂél‘Hb'fqﬁéPPP'P‘am d vortex unit;
and a liquid scrubber for renoving chem cal pollutants, 9. The syst em

according to clgim Irhmgzénehaama.ﬁgao refa#m! uwazﬁtr@ra&teln@.h ,@QH%ﬁleJ&

sem conduct ol manuf %%L oo g“s agrpgr dlg ;E SyS iLer‘rp1 accorgE to claim?7,

wherein the fotating Dlades are dyo’i?fﬂm@cea YL te B MpIhY thejreagiop ?‘%fdcabl e

menber is a piston ﬁ“'darv"'&’P‘rW@Sﬁl eptie gasesHpassipgt Hrow ik feastict hamby sendm f or

oxi dative treatment cofmugiadi@iSanfed tolikedRinfbericRanthg §dhs; 8 bicRaBia forlifaghingy St Fm

conprisin 20 a reagt i at | east
np g. % cbﬂ&sﬁé‘@ﬂ@%{ﬁuﬁﬂ}{é éca% nx%ﬂns ﬁl{) a¥sm§ rl'nqou tm)ﬁ ui% &g:x

one gas streaminlet for In gase us products and an
exit end for renoval™ioPdEiny P"‘b ”’"B‘t“’lﬂ‘éﬁf‘ﬁf“a“"f’?"&‘ﬁ?“t he reaction chanber; a
hot zone wi tihin the reacti on chanber |ocated adjacent to the entry end

wherein gases &5 emﬁeesrycra.ga&mngaa&&rh QANuiGRAMBE bol@AL bre ANDddidXfonpR Orifice in
the reaction chanbef, co ni ca nnected to a source of conpressed

C
CLOT ma nac nn, ara
air to introduce oxygen enric a“n‘%’p f0 the central area of the reaction

chanmber, the orifice | ocated downst ream of the hot zone and downstream from
the gas 30 str@am Tilsptemfhaordingib tigdIcwhagin do ndutied lilidésaregadleodgsd polt ut ant s; and

an oxygen segpar at i Ofciptiafie mipdlrtsla pRE ot REiMARR.t he orifice and the source of
conpressed air to introduced oxygen enriched air to the hot zone of the

reaction chanber to increase conplete conbustion and reduce formation of
car bon nonoxi del!l: 354 fhermpl rgpeieyspstem gy Qg dayve ireappest of gasequnRolants iR BatFTeash ¢l ai m 11,
wherein the source oésyscangomgiized dry air is a

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

products from the reaction chamber;

2 hot zone within the reaction chamber located adjacen 1o the entry end wherein pases

25 entering the reaction chamber react and mix;

an orifice in the reaction chamber communicalively connected to a source of
compressed air to introduce oxygen enriched air into the central area of the reaction
chamber, the orifice located downstream of the hot zone and downstream from the gas

30 stream inlet for introducing combustible gaseous pollutants; and

an oxygen separation unit positioned between the orifice and the source of compressed
air to introduced oxygen enriched zir to the hot zone of the reaction chamber to
increase complete combustion and reduce formation of carbon monoxide.

35
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conpressor and the oxygen separation unit conprises a nenbrane neans for
continuously separating pressurized air into oxygen-enriched and
oxygen-depl eted streans; and the systemfurther conprises it heat? gxthailger
positi oned between the S conpressor and the nmenbrane neans for transferring
heat fromthe conpressor to the nenbrane nmeans. 13. The system according to

claim 11, whereiy tRhg %é’ng%onﬁx?gﬂ@rcﬁ:h' ﬂnwﬁe%‘i’d {ﬁ?so‘ﬁ{am dorﬁﬁ‘réseﬁ”] :m is a
oxygen-adsorbent ceram'c nate aving affinit en the

ceram c 10 material ¥’ &% \F?‘ét"’gé""tsé oty é%“vy%a ”E“?’Tgy%dg“b“f”oé‘i‘it ceranic
mat eri al conprises &entinpyshiseraptng prssezed alr inte pwstedicked om piveengentstep consi sti ng
of Bal nO 67Zr 0. 330y ,smalﬁa'ﬁrfﬂﬁheﬁs?s@ﬁl@uﬁé?r%mpns&s&@meﬁBﬂ:ﬁnﬁtr Ghibonkd GatbbeSBy; 15

525 2rocea 15, BB B e SHRIR R o oo

Zr 2- Y203- MyO,  Y20ZETHRE PR0R:  Zr O2- Y203; and  Ce02- CaO Y203. 14. The
system according to clai m 13. wherein the ceramc material is present in a

packed adsorbept be:ﬁ!:sys%(;&aéém.nglagla.ﬁx$t\ﬁ19&.aﬁ.e%&Un@gu;tfan&Ll@eaahafﬂesamhereln the
oxygen separation u nsul ator material,

and heating el enent §"YF°H6§?'£“8¥ ?ff"g'éf '?‘W"flhl?e“'{’/%g’g%fy foy %yﬂlwﬁ’f'hfhﬁ TR hed at
el evat ed t erPer at ur materiphis arplgeated Jempesaireschnd il pdseybepieraia mareripbcompises i 0 sai d
el evat ed t enper at ur eascapsiradectedfont Ry gRp &hdidtisgsofi N a range of from about 600

to 900C. 27 Balng 67Zr0.330y;

Balng 67Ceg 330y,
Lap 5Bag.5 COp,7 Cup,30y;

15 Lag,6Sr0.4Cop,8Cug, 20y,
Lag. 8510 2Co0y;,
(Bi202)(NaNbz0¢,5) ;
Bi2SraNb2GaO1 | 5;
Bi2SrNb2AIOY | 5

20 Zr03-Y203-Ce03:
Zr02-Y203-Cry03;
Zr03-Y203-MgO:
Y203-Ca0-Ce02;
Zr02-Y203; and

25 Ce02-Ca0-Y03,

14, The system according to claim 13, wherein the ceramic material is present in a packed
adsorbent bed.

30 1S, The system according to claim 14, wherein the oxygen separation unit comprises a
vessel lined with an insulator material, and heating elements incorporared in the vessel

to maintain the bed at elevated temperature,

16. The system according to claim 15, wherein said clevated temperatwre comprises

35 temperatures in a range of from about 600 1o 900°C.
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Z 3 JAN 2006 17, The system according to claim 13, wherein the ceramc
material is dep05| ted on an inert substrate as an oxygen-permeable thin
filmelectrolyte thereon. 5 18. The system according to claim 11, Zf’iuJMH&[}“
conprising a nmechani cal scraping device positioned within the reaction
chanmber for cleaning interior surfaces therein, the device conprising (i)
at | east one annul ar nounting nenber; (ii) at |east three scraping bl ades
attached peripheral |y about the annular nounting 10 nenber and arranged in
a parall el relatlondh psitnoacserdingrigFleimdPridprein i serpic rreriat ik Atppdpd on alind (iii) a
reci procal novenent ingmiubstritOss afi Odygeb-penteatildrtin Siovea oy theteade( S)
circunferentially back and forth aI ong the interior surface of the chanber
to clean the.intgri q, sur face_of Gf cﬁfgnber Wherein such reciprocable
movenent unit c e%‘“"g‘ 38’ 'Er“b&l%i‘Blé e PSR eS| 5§f"’8‘5r‘?ﬁ"é°6t ed to an
ext ensi on nenber, am@lﬂbmewn&mtmptmmcmmrrclmmg:rpﬁrvvuvr@hdsywer@unhwdmoed at a
peri pheral posi t| oncanfpniidge bI ade apparatus. 19. A nethod for retrofitting a
reaction chanber fo gase waste streamto introduce an
oxygen-enri ched gas 12{58 m agmg‘mrrﬁm%és%ﬁrface deposits within the 20
reaction chanber ha\(/i) ﬁ'g""aa‘ ‘H’G‘t scappebladeicpMached; RepRBsrally rabqut the 2yl MAEN®duci ng t he
oxygen- enril@hed gaserbtacane brapgedinarpereliz! delaisnshiplted loggitidinalcagis ioGthgbdamted; oned
downstream from the,fagot zone, the nmethod conprising: providing an
oxygen-enri chi ng dek/ ce, comu ni catively connected tq t he rgact on chanber;
25" i ntroduci ng conptBSERPGH 9““5‘?"1‘"‘ g 5’“‘6’5&‘5 TR PR TSP wher ei n
the conpressed dry beick anjl foriis glong phe integior jsytfacs ofihe ehamhgin clpdn ghia infrriersfiee o€ onponent
and a nitrogen-ri chingAmmbidSwiRNM0Mradireckbl hevekhsi Bt {ofhPriseiXy geirodabi€n gaseous

component 350t he [lue? 838 lomekbito b BLAA BRI b LREQUDRRGENt T I | ¥
positioned orifice wh ﬁ 05|t ﬁv\%tream romthe hot zone; and
provi di ng a mechani B¥® ’é'if’ 'F T"ﬁ&"s'i“ﬂ‘ ?REPELRFFER chanber. 20. The
met hod according to claim 19 vvher ei n the oxygen separation unit generates
an oxygen- enr i heda grkodTa\érdginkia rda@BS thafe oOpriteeing Pidtebds WasteIbeard o
introduce an oxygen-enriched gas therein and remove surface deposits within the
20 reaction chamber having a hot zone and an inlet orifice for introducing the oxypen-
enriched pas therein, wherein the inlet orifice is positioned downstream from the hot
zone, the method comprising:
providing an oxygen-cnnching device communicatively connected to
the reaction 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 & nitrogen-rich gaseous component;
introducing the oxygen-rich gaseous component inte the hot zone of
the reaction chamber through a centrally positioned orifice which is positioned
30 downstream from the hot zone; and

providing a mechanical scraping device in the reaction chamber.
20. The method according to claim 19, wherein the oxypgen separation unit generates an

oxygen-enriched gas having at least 95% oxygen purity.
35
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2 3 JAN 2006 21. The nethod according to claim 19, wherein the oxygen
separation. unit conprises an oxygen-adsorbent material selected f tlﬁ@
group consisting of ceramc, netallic, carbonaceous or polyneri ¢! I
having affinity for oxygen when the ceramc, netallic, carbonaceous or
polymeric material is at elevat ed tenperature, 5 22. The nethod according to

gl)ﬁls ImStzll ,ng\M(;fer eg_gu t qp‘é“”%?ﬁ ac.éordmgltbc :i\_m?l) wlggea%%e gﬁ?c%qi%&t%n uni comprgrg%lﬁlgo~ xNi , Ol
. La, 1Ca, , Co, . r N eaemﬁdsorb%e} mpierie] selsttedyiom (RErppp corsigiing Of cermin "‘F‘F’B‘ ®.a; and
15 Lal_yCa, Col_" Fe cdd@nagiéous sxtpelyedria mancrial Baving @ffniy. Br b:ered. ven rhylc&fnﬁtom Oto 1.0

and d =01 to O, 9 medif, %?bonn?ﬁﬁofﬂ%iyh&@m@:@rﬁ% HbRGell @mfehftlem 21, wherein the
ceramic material is selected fromthe group consisting of: oxide fluorite

oxygen ion conductors of the fornula A406; pyrochlore material of the
formul a AzB20Q, ;2225 ﬁ‘ﬁt@ﬂ’i’%cwﬂ‘“gﬁmirﬁ@ﬁW’&%ﬁcmm@)s;se’“?# o Mt zed forns
of d-Bi 203i Bl24Pbktipléadiding B 14VZA |; perovskite nmaterials of the fornula
ABCB; 30 oxide Browg; Ierlte el ectrolytes of the fornula A2B: O,, m xed
Brown Mllerite el ecf’?d yt es of the fornmula ABGBABO2,5; A406ABC2.

conposi tions; ni xed?s p%ﬂconductl ng (ABO AO) el ect roI ytes;
10 La,. ,Ba,Co. ,,Nl,, 0'_1 i

La,,51,Co NI, 0wy
La,,Ca,Coy.NiyOsrg;
La,,,Ba,Coy,Fe,014;
La,,3r,Co;..Fe,0..4 and

15 La,,Ca,Co,..Fe,0uy;
wherein
x is from 0.2 to 0.8,
yis from 0 to 1.0 and
d=0.1100.9.

20

23.  The method according to claim 21, wherein the cerammic material is selected from the

group consisting of?
oxide fluorite oxygen ion conductors of the formula A,O;
pyrochlore material of the formula A;B,05;

25 material of the formula Bi,O3(A,0,);
stabilized forms of d-Bi,05;
BizePbCasOyy;
Bi V00
perovskite materials of the formula ABO;;

30 oxide Brown Millerite electrolytes of the formula A,B.Oy;
mixed Brown Millerite electrolytes of the formula ABOSABO;s;
AJOABQ, , compositions;
mixed superconducting (ABO;AQ) electrolytes;
cryolite (A;BO,) electrolytes:

k] columbite (AB,0) electrolytes;
and comesponding doped materials,

29



cryolite (A3BO3) electrolytes; 35 colunbite (AB206) el ectrolytes; and
correspondi ng doped materials, 29 2 3 JAN 2006 wherein A and B ar M@E

i ndependently selected fromthe group consisting of |anthanum aI

strontium titanium calcium zirconium iron, barium indium gadolinium
yttrium copper, cerium thorium bisnmuth, cobalt, nickel, magnesium 5
manganese, vanadi um chrom um niobium tantalum boron, hafnium neodym um
terbium ytterbium i marium |ead, tin,

| awrenci um and pr é"gee'%dx%du a'°2‘3fe'at‘ls‘r'ﬂ‘5pﬁ”réef“§¥ Sdmﬁecf'c6°r‘“d5h?1€1’°‘tpo°°ﬁsl'sﬁ'?grﬁf21 wher ei n
the ceramic materi al'a"‘f‘agu'bra\%@% sirqativep, Parike dalcimy zigdder entarsedndigs.  The

met hod accor di ng t ogablaivm Adiym,dagiee icdiiuth, NeBoriiy BJ€1uthS &iBall, akike) Mag@din;e conpri ses

a vessel ligped wi tgu?&*mh@;gggo heﬁh@\]m i R RS ﬁ%ﬁ’%"ﬁ"eare

i ncorporated inside the ves tQ maintain tenperature bed at

el evated tenperatur¥ '“TS“‘E’B’“’“T‘I‘:%"W'H% "é"é’&'&rs&F’i‘i'Q'"'t'ﬁd PP E™. ifer ei n sai d
el evat ed terrperature;rase@rmum ses tenperature in a range of from about 600 to
900C. 27. The nethod according to claim 19, wherein the rrechani cal scraping

device is 20 Sit Qe ctign chanber. for cl.eaning interior
surfaces t her e% th lgod acc%er%to cltx':m 2rl u%ercm ?xe ):eran}lc rra%nal fs pgls,]egt "é_ 8 li g r mounting

menber; (i |j at | ed °'b€‘HP'i9e scrapi ng bI ades attached peripherally about the
annul ar nmounting nenber and arranged in a parallel relationship to a

| ongi t udi nal axiss ofhetnb&odqteamﬁmmzzﬁ mdmmlowg«:f@se&ﬁm&m@&.npmay@rrent uni t

for rotating the scrapin erential | rth al ong
the interior surfack Ssgf'"e?r‘fgh ey I?'?"d’ﬁ“’ﬁ“&lé%@?““% 3°"fo‘tééﬁ'“?°f?8m\°‘£'f1ﬂ?°l g surface
of the abatenment chbaMssql torajniaindsmperaiged] dy badiainlepateditdmeenssyenent unit conpri ses
a reciprocald e nenber pivotally connected to an extensi on nenber, and the

extensi on 30 BBMDOFe ik ¥Bhdy' cﬁangse%aqn%q Qe s '%cm@;m% ﬁmﬁgep on to the
358. € apparatus emperaturemamngcofggmcggutﬁoo 0 900 aim?2 urther-conprising;

27. The method according to claim 19, wherein the mechanical scraping device is
20 positioned within the reaction chamber for cleaning interior surfaces therein, the device
COmPpTising:
(i} at least one annular mounting member;
(ii) at least three scraping blades attached peripherally about the annular mounting
member and arranged in a parallei relationship to a longitudinal axis of the chamber;
25 and
(iii) a reciprocal movement unit for rotating the scraping blade(s) circumferentially
back and forth along the inferior surface of the reaction chamber 1o clean the interior
surface of the abatement chamber, wherein such reciprocable movement unit comprises
a reciprocable member pivotally connected to an extension member, and the extension

30 member is pivotally connected at a peripheral position to the blade apparatus,

28, The method according 1o claim 27, further comprising;

(i) a voriex unit attached in fluid communication with the chamber, the
voriex unit comprising a generally conical outer shel! having a top plate, an
35 — inner surface and a central opening which is generally aligned with the interior
surface of the chamber, a baffle attached 10 the top plate and extending



(i) a vortex unit attached in fluid comunication wth the chanber, the
vortex unit conprising a generally conical outer shell having a t;d)pvﬁl ﬁbf
an inner surface and a central opening which is generally aligne S H o he
interior surface of the chanber; a baffle attached to the top plate and
extending 30 2 i JAN 2U generally vertically dowwardly therefrom the

baffl e generally concent eln%k'v%{gals db»gmr%glyz"erteé]an} ﬂ?bﬂfmarl%{era y:o{lc%rﬁr?cal f the outer

shell to forma concentr arrdnged to
tangential l'y introduce | ¥igHfam b iEpet Hgece of the Sier st 1o Temersancesgic chamb@r eby
filling the concentric ciwanber with liquid and formng a | am nar sheet of
fluid on the inner surface of the outer shell. 29. The system according to

claim 11, wherein the ox{yen? dayhiit i2gereginior msentipli ‘§'€"§““&H“‘“’6>€%}é’ﬁ adsor bent
mat eri al sel écted from tdeegicohpnben hertytfiling thefcowewrgrhambernvgt dighid end 10

carbonaceous or pol ynmer i gmfiih GhinglsicRA3¥huiliGn & fnhdd bubice bQke o gAN When the
ceramc, netallic, carbonaceous or polyneric material is at el evated

tenperatures. 31 _ .
26, The system according to claim |1, wherein the oxygen separation unit comprises an

oxygen-adsorbent material seiected from the group consisting of ceramic, metallic,
0 carbonaceous or polymeric material having affinity for oxygen when the ceramic,

metallic, carbonaceous or polymeric material is at elevated temperatures.
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