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I nventi on The present invention relates to the field of thernal/wet

abat ement of YA¥AHH waste streans, 10 and nore parti cul AN ¥ et hod
and system for inproving performance of new scrubbers and retrofitting

exi sting integrated scrubbers to provide maxi pum ox t .0 a
control | ed deconﬂ@§¥FEHﬁE%¥?H§¥?EHAQBQPEﬁEﬁFI agﬁggfﬂiﬁiihéﬁﬁT%ﬂ of the
Rel ated Art 15 Sem conductor manuf act GORUBREROCESSses utilize a variety of
chem cals, many of which have extrenely |ow human tol erance |evels. Such
mat eri al s i nclude gaseous hydrides of antinony, arsenic, boron, germnmani um
ni trogen, phosphorous, silicon, seleniumand other chem cal elenents. A
signi ficant pgobl em has been thgckEreMd oprakieeenrBNeri als from ef fl uent
gas 20 streanms of sem conductor manufacturing processes. Wile virtually:
all U S semconductor manufacturing facilities utilize scrubbers or
sim | ar nmeans f oFiellofihdreentionof t heir effluent gases, the technology is not
capabl e of renoving all toxic or otherw se unacceptable inmpurities. One
solution to this_problemis to incjnerate th S a ldi.ze the

t oxic naterials,“ﬁégﬂ%ﬁﬁngFﬁﬁﬁsgﬁg%g(%&ﬁ%g?ﬁ?%§$§3?%ﬁﬁ§§m%§ﬁgént|ohal

i nci ner at or s, 1¢howwdwere pariigylsiticta b mgthod e} s ProgproYirgasiEpmmst dreY EORITSH on. The
probl em i s conpoihéite Whdhe l@atfll OCRES tSirévaia Makiturb exyigére@bted in 4 @neadivposed
primarily of a ”8@&%$ﬁﬁﬁgkﬁmﬂ§ﬁn g&g&a&_the undesirable inmpurities. A
further limtation conventional Incinerators is their inability to mx
sufficient fuel with a 30 nonflamuabl e process streamin order to render

t he resul tant m Réscrtipeiod éfaneRelate@ Agnd conpl etel y conbusti bl e. The choice of
fuel gas for jgixing with a nonflammable process gas is also inportant from
t he perspective of majntaining.l ow operating costs, and the inci,nerator

desi gn nust ref | EECPHFY ”@H‘g‘fcg’g“go‘fmf %eesluglllzf’ a%?‘b"%e?f © Wcﬁghﬁaﬁg ﬁg‘rvglc_ %‘r’? stics
are to be achi evexdemdiopw bymap iplegpacs dayely. achyggterizls jucipds gasepis dydzides; of ppdipony,
conmbusti on t enpeféhidl ®fon\VedrhanivfAC bi@agEE thbephdk@st sili¢ad, is@eniidh aef bthaickerdasl of t he

scrubbers. Addit] | , : ) oL he
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streams of serniconductor manufacturing processes. While virtually all U.S, semiconductor
manufacturing facilities utilize scrubbers or similar means for treatment of their effluent gases,

the techmology is not capable of removing all toxic or otherwise unacceptable impurities.

One solution to this problem is to incinerate the process gas to oxidize the toxic materials,
25  converting them to less toxic forms. Conventional incinerators, however, typically achieve less
than complete combustion. The problem is compounded when the process stream to be treated

is composed primarily of a nonflammable gas bearing the undesirable impurities.

A further limitation of conventional incinerators is their inability to mix sufficient fuel with 2
30 nonflammable process stream in order to render the resultant mixture flammable and
completely combustible. The choice of fiuel gas for mixing with a nonflammable process gas is
also important from the perspective of maintaining low opereting costs, and the incinerator
design must reflect this choice of fuel if proper buming characteristics are to be achieved. For
many gases the ability to achieve higher combustion temperatures will increase the destruction

35  efficiency of the scrubbers. Additionally the use of a higher concentration of oxygen in the



19 SEP 2005 PCT/ US02/ 48490 thermal section of the scrubber will allow the
use of a mixture that has a |lower fuel value, yet wll still achie %5@?{0[}5
t enper at ures necessary for high performance. However, many, incinerators
conbustion chdfB&%*@urrently used in existing facilities, *T8*8EPEdi ng on
their age and constructl on, are not equipped with adequate pi pi ng syst ens
for providing an [ce.o '
si tuati ons, sevefhaffna (5?)"%’ géhe crgt}laﬁl?w %‘T ge °%é’t'”f%'?gllatl naglo g’ci")a(%%% f'ng
conmbusti on charrbeﬁlswﬂcheva@diempmaﬁnmswghwbmfowmﬁe a controlled
incineration is one such option, but the cost of this retrofitting nmay be
prohi bi tive. ASHawr'}:(\?Jrher ]%t Iergtgr’s or co n char &ngnﬂgal%d l?ne e;p n%é?h%s Wi th the
gaseous effl uent rom th sem con cess prem xi ng
can introduce’a ?Fa@é'ﬁ%lm’pfbt“eﬁﬂf P‘HIWWSF“"P%em %mﬁ‘mhedm%tm% sygems & t ed by
the incinerator fbwdmg «aréhitoh sdug bt AaMatierfad ggatiescibsithdiatEsevehbpkoaeds 1 nt o
the pipe thereby t t.aR Qb Rt St E
av%[ @@ Rgﬁ&r&g%%ﬁ% &uﬁgtsaﬁ%tacghs @En b?ih gplr@taﬁa

arresters can revent such ces tend to
clog easily becai?g‘é’ atmesseae is pp5 Eych eptien byt fhycosh pldhi foﬁ?Wl“&?’y REERHYe i n such
ef fluent gas/ conbashértppiongasombmsiitlel pad snay Bebpréhdog rvdth nig geseousteffivant fre e

advant ageous 150 REQWHablG: FRcIPHVEE, AR LRAGHE N w&tueem tlearaq,t.ttxfatlutmean

existing thermal r tor unit for troduction of cost fl bl e gas
which r gt rofit i%™ Qtt‘ T ‘bth‘FfFBY{}‘F\Pém%mlﬂﬁ‘g? 29 By 'ﬁ’“%f’ﬁ Pé"%"‘g*‘ algamjnl t, gand
whi ch nodi fi cat i esekvergde intorthyt pipertherabyl ereatingoaconcamitiint #xplagidn petepsiab Jilapa aprseernt i al in
?&t\a/rE ﬁtT I| (C)]Ql % t hecat 64 da@dditd fr&ent lsRR f1aERIacks BB GkIOIevidd itdnd tolhdg Stsn&\%ame@foxﬁﬁ

e pr t nti,on.re %ng tem for
provi di ng cont ro'f%?‘e]n that gglfal%?tres n%:gg%‘%gsg%é%?h&g%% tor¥§\ivast es, whereby
an inexpensi Vé fuel is |ntroduced to facilitate the 25 conversion of
nonf | anmabl e m XAdsréisglt, @ vobld beraivdnengdrsid provil aninipngel mahod est sygEmahrebofiti ve

retrofit of themtekaafnga,t,tnwertactome% ﬁatraﬂcna,betaqswatt fRMSE Bas, WilicXaGfag pect ,
the invention rel ates %%‘JS“ on charrbed bl gv jnar easieng dabl lity to
oxi di ze vi rt ual TS8P B?veatl P51 B =R BFEARA £ THS °§ EEBIE AT St feam 30
Anot her aspect r@ﬂla‘tnelgxm@mtl WW@GP%@HO@M@%&%H&MW@*%WW a conbustion
chanmber by utablizing existing ducting and adapting sane to introduce
oxygen for controll ed deconposi EW&*@VE&Q&?{% gaseous waste stream

35 Thus, in accordance with one—a'§pe1$t—’ € present invention, there is

provi ded a systemfor
The present invention relates to a method and system for providing controlled combustion of

gaseous semiconductor wastes, whereby an inexpensive fuel is introduced to facilitate the
25  conversion of nonflammable mixtures to flammable mixtures without a cost-prohibitive retrofit

of the thermal/wet integrated abatement system.

In one aspect, the invention relates to a combustion chamber having increased ability to oxidize
virtually all oxidizable components in a gaseous waste stream.

30
Another aspect relates to improved abatement capabilities of a combustion chamber by utilizing
existing ducting and adapting same to introduce oxygen for controlled decomposition oxidation

of a gaseous waste stream,

35  Thus, in accordance with one aspect of the present invention, there is provided a system for

abating gaseous waste materiel, comprising:



abating gaseous waste material, conprising: 2 19 SEP 2005 WD 02/ 074420

PCT/ US02/ 08490 a conbustion chamber having at |east one gas inlet 19 SEP 7505
comuni catively connected to a source of conpressed air; an({jU an _oxygen
separ ati on unﬂ‘“ﬁ%‘fzf’i oned therebetween. 5 Anot her enbodi S10% e

present invention is directed to an abatenent system for oxidative -

treatment of gaseous pol)utants,lp. 2, dag. sty eam. the systam comsising: a
t hermal reactor and e{“’g"assc?'én Urt "'6F “c6halc I'ng tfe gas Stream’i nto the
thermal react or sourchef cpapsesssdtielandt conprising at | east one secondary inlet
comuni cati vel y connegbtggeniséardtion sipbsiiRnddhhetbiipeessed dry air, and 10 an
oxygen separation unit positioned between the thermal reactor and the
source of conpressed dry air. Preferably, the thernal reactor is provided
with an inl et 5f o/Angteet w@e‘}é@w e ithe@eseptpvepien 1sgirecked i) an abstement SYstee fof oxigaduI t

term nating W t htéutnpatof jaedtus@bliutatein @ @ dikath, i speinrotdiiéing: eact or whi ch proj ects
15 into a tube def i niqfigkrfdfl @bt dnd Lpatfabily fol Bkl dhd A Grch TRk Harmall NE

conduit further conprises at. |east one secondary iInlet for Intraoduction of
di fferent gases ?Efé‘l’iw%Wbﬁ@?ﬂsm%%}‘ijﬁﬂméﬁa"%é’?{’?°°’Pﬁ’é’“‘faﬁ‘é°r1}’rfﬁﬂm‘i"i§é‘b°t or
further conpri sesouge cfentpraaded gpsihudt i on chanber accommodati ng heating

el ements. Theggases eXivkyeliGedatifontud® pébionet SaGLeR ihe MefnaP RESE Und BE QiR oA |1 qui d
vortex that cools 20 the exiting gases, which then are passed through a
packed bed for tFAPBEFRY 51d condensing particles. A liquid scrubber also
is provided for renoving chem cal pollutants. The scrubber may for exanple
conprise at | easbrefeisbly, W thdnfia kdadtor SERAFidRl Sth L GGt £ Bitradubtion @ GO hsestte@ACKI NQ.
A conpressor '2; goglg%%ﬂga g&n%% %t%??%ea%%gnéf%eggguittvgtﬁﬁl%lm &R brof & suppl y

a source of ( ssed air to0 the oxygen separation device positioned:
downst r eam of15t h&esHhp AdE A" a‘ﬁ?\’ﬂ“’ﬂ‘b‘%‘??"é’éﬁﬁ"&?fmrf’ﬂ‘é“'tjﬁé PREN T BSEOBRSS Fhe -
ConNpr essor i s usieght éne seagdinsitletifa ingpdstivu pii differegr shdecuchiag nifrdgevoxygaiandfudel | ver ed
to the oxygen separation unit, or in a subatnospheric oxygen enrichnent
system wutilized_to increas he pr.essure .of .the gxygen-enriche t ream at
a location downdtr&Xm ¥ ﬁ’éﬁi TS 8EP5HS Tbc‘?%’mﬂ%’la%%r AFTRE S ?fl@%’?‘?
separation unit e¢fmeniscThezpsescpiting fie/ Bermpl oracterenr reBeAFhPuEh 2 digyid Yalpt B cofls h

sel ectivity 2bor s e qhsks) GhichMBen iy REscABEMISp2E@d 10 T@ iapfidpOii tdaeengiigher

) Or conponents Anﬂ]e;hﬁu@%%gmaa%lm WX ror (E0ving ¥RARMGomBnd] REH Eriebr ane

device or alternitivel y several nenbrane devi e o _
may for exdmple comprise at ieast two vertically separated beds containing coated packing.

A compressor is communicatively connected to the thermal reactor to supply a source of
25  compressed air 1o the oxygen 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 umit, or in a subatmospheric oxygen enrichment
system, utilized to increase the pressure of the oxygen-enriched stream at a location
downstream of the oxygen separation unit.
30
The oxygen separation unit of the present invention may comprise any device with selectivity
for separating one major gaseous component from the other major components in the feed gas
mixture. For example, a single membrane device or alternatively a several membrane device
may be provided and operated to achieve a separation of the gaseous components in air.
35  Typically, the membrane devices are manufactured in modules, each having certain semi-
permeable membrane areas for permeation. Semi-permeable membrane materials currently

available which can be employed in this process include: polysulfone, cellulose acetate,



may be provided and operated to achieve a separation of the gaseous
conponents in air. 35 Typically, the nenbrane devi ces are manuf act unedep nops
nodul es, each having certain sem - perneabl e nmenbrane areas for errreatl on.
Seni - per neabl ¥O M 8ne materials currently avail abl e whif&H"WSE 3

enpl oyed in this process include: polysulfone cellulose acet at e, 3 19 SEP
2005 WO 02/ 074420 PCT/ US02/.08490 i mde, yal silicone. rubber,

pol yphenyl ene oxPWE™I4% el Esfe SHL S ! iy eét‘?”!ﬂ"ﬁ?’ﬁ °’“H% spﬁh‘"ea%w‘ IEBPOR%r bonat e,
bal ogenat ed anal bigpbengfA- pmgbonp@ﬂn}msd anglegs afthese prlyiners, certhreic matrgls, ¢fen t he
present application, hollow fibers forned from

tetra-brono- blspeo-A- carbon e _use par at e
oxygen from conpt®e espéﬁené%pl,’%w’&/\%’@ ﬁb&'is ﬁé?“%r%fnetﬁ q’I[ 0'l’ls’é",}'r?""ﬁiE”{ roiydafboif

t et r a- br ow, o- bi sphesebin 2 rosudef th separate qrideny fromr tompeaised aTghpwhier qihsewatenials fugh #hat i vel vy,
a ceram c nateri @ia-Miayd tighefol Mb@iMiomehioGibbdie ko vk &ed.OXygen is utilized in the
oxygen separation device to efficiently sorptively renove oxygen from an
oxygen-containing feed gas 10 mi xture, to produce extrenely high product
gas purity. The &lsmainely, nwemicimateriarhpyingbighsslactiniey far oxygen is uplizepip e PyEes n o
separ ati on nodul gpmitiorBdviee 16 efitiaty Siphely rah®e 0gg.fromab olygdsbntaningded igen of a
membrane or fih D! b pucl éctn[%%ﬂvth%g pithdbod iy ORI BASBPER e 61 AT C

material. The ceramc teria nprise at | east one nmaterial _such as:
15 oxi de fl uori t@%%‘@‘b’h“‘l aoﬁﬁp%ﬂ‘d‘ﬁ??l‘lﬁ%asoﬁ‘wf‘ﬁ%s“f’ﬁ?tﬁiﬁga AR5 PEIPSER or e
mat eri al of the howbrmé o fH2BRBCE s coated etk hadxygrh-adshrbenf esrapigimateBil. 203 ( A206) ;
stabilized forns of d-Bi 203; Bi 24Pb5Ca30. .; 20 Bii4V2011l;. perovskite

mat eri al s of theﬂegermnu‘l: terla03| oxhsggﬂe%sto emaFAnalxllsu%Ell te el ect r ol ytes of the
formul a A2B205; ' TH Xe PRETPET It e €€t rolyt es of the fornul a

ABOBABO2. 5; A40BBEwris %w@sqwquﬁwfthz@ﬂmlwé@s»super conducti ng ( ABOBAO)
el ectrol ytes;  Chyymllirt RatkidBBaA3JomeiaoGB0q| yt es; col unbite (AB206)
el ectrol ytes,; alggmgl%{hgﬁ%cgb@,%% ed materials, 30 wherein A and B are

net al s |ndependent y sel ected fromthe group consisting of |anthanum
hilized forms of d- 131103,
BinPbsCa;0us;
20 BiquOll;.

perovskite materials of the formula ABO;;
oxide Brown Millerite electrolytes of the formula A;B20Os;
mixed Brown Millerite electrolytes of the formula ABO3ABO; 5;
A40;ABO, s compositions;

25  mixed superconducting (ABO:AD) electrolytes;
eryolite (A;BO;) electrolytes;
columbite (AB;Oj) electrolytes;

and comresponding doped materials,

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

35



alum num strontium titanium calcium zirconium iron, barium indium
gadol inium yttrium copper, cerium thorium bisnuth, cobalt, nick@SEP 2505
magnesi um nanganese, vanadium chrom um niobium tantalum boron,

haf ni um neodP®%MRi*40er bi um ytterbium erbium thul | i umPERESELPEMA
samarium lead, tin, |lawencium and praseodymum 35 4 19 SEP 7005 WD

02/ 074420 PCT/ US02/ 08490 A further aspect of the invention relates to a

met hod of for ni né federaspeat oitbrainvsniiof refstes to aviebpdedt forming ecrayag-ptedfibers whereimet al

oxi de tcer amt c : NGk ltaé?daﬁltgs atme{aﬁ«?&r‘e QB Bk ah@ééih 6 nﬁ:all' iiHvﬂEaald@_Ch'a%Fpiﬂtéﬁ t
capacity" at eleva ratures,, i e e nethod canprises e steps
of " (2) Leacting. HPER & SRS et G Rt el PP R P ol o act ;5
(b) heating the gl yc®i c reasting nitis afiggndethystent glyce! th wpld slyeslic acdact i ng t he oxal ate
ion with the at | easip)onaesiig @t glictliclaai 1m 8Alateg@l conprising correspondi ng
nmet al oxal ate(s); (d).,de Lt I | [ . and (e)
cal ci ning the sol gel)(c) ongtgagll"éltgfm?%gqraﬂgﬁ%s trhg'?t éw%zgne%eﬁémggg%gg@gé f)o%%gslmﬁg
ceramic 10 coating and yPEFRPiBEcabyal#i®i coated fiber. As used heréin, the
term "hi gh adsor pti vel) capigesitiyg thenr@l gel sn afivetypgmnagit or age of at | east 40

m | 1inoles of oxygenper .mlig, AF sdi B8 of Bk F0: CutITekeSH it MIERAS GRELRM C
material is contacted” with oxygen gas at a tgrrperature of  800C. 15 As used
herein, the t*& m "el evat é&a“f’%ar%gif’lgfhg?‘e@“%ﬁ"éﬁ& ® tenperature in the range of
from 500C to 1000C. Wien 'netal oxide ceramics are referred to herein in
symbol i ¢ not at i ORAlsed Kefell) é thPtthigh adQrpSle Qipadiy ORBAY iCox§ith S6aber &t ket 9. , 1 N
the term Lacaco“@ﬂﬁmoierg ofi 0>Scyggn0 elb 1% lé'l cl;}qtteercg'g,ngorglatgnhaf’i&rhe}l ecgrfzelrlsx r?l&tmiavieco%rlac?eqent al
constituents are present 1°n 'such nmaterral 1n stolchionetrica fy appropriate
proportions rel avibheaysemsapi e temprstiet! 3007 anot her aspect, the invention
relates to aigethod for generating oxygen-enriched air for 25 subsequent

i ntroduction intg, al LALCAL AECSGLHBREERY SEEM ARk 6RTPEL 363 & fgbusti on
chanber for abatenent of gaseous waste products froma sem cohduct or
process. The net8&®* %€ udes the steps of:

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

proportions relative to one another.

In another aspect, the invention relates to a method for generating oxygen-enriched air for

25  subsequent introduction into an integrated scrubber system that comprises & combustion

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
least a mitrogen gas component and an oxygen gas component;

30 introducing compressed air into an inlet of the oxygen and nitrogen separation system;
withdrawing the nitrogen component from the oxygen and nitrogen separation system;
withdrawing the oxygen component from the oxygen and nitrogen separation system;

and
infroducing the oxygen component into the combustion chamber for mixing with the

35  gaseous waste products for abatement therein.



providing an oxygen and nitrogen separation systemto effect separation of
air into at least a nitrogen gas conponent and an oxygen gas conponelk SEP3IB05
i ntroduci ng conpressed air into an inlet of the oxygen and nitroge
separation sy¥P&743j t hdrawi ng the nitrogen conponent froffh t"hs@z’%ﬁ%}‘gen and
nitrogen separation system w thdrawi ng the oxygen conponent fromthe
oxygen and nitrogen separation system and introducing the oxygen conponent
into the combust i¥hanetheirrinegt of e prefest inyeptioh teliic e metind fpelefitine # 8E™BY¥ oduct s
for abatement thepsiifor SrockSingERaseil)BastdBreny 10 TddRice MGk B2 hiDE4D Enridted
Ferrofi tiing an dBECrER boRned BEEAECD (2N 2 Gaseous waste stream o
i ntroduce an oxygen oli*f°"t*ﬂ”tgrab§’é’ﬁ°“eﬂ‘ﬁy?rdlf’i@§m e%’éfh’f‘%g““”t“ﬁ"é’F‘é’i“ﬂ““‘feHecmi‘Péttﬂéﬁ

conpri si ng: prsoviafkbagmanchantggen and/ or nitrogen enriching device

communi catively connegtad:fQumprs@fafRAh BB kenGhATHbgen LiETQNGde Mlerein

conpressed dry air to the oxygen and/ or n|trQ en enrlchln evi ce erein
the conpressed dr’?F“&'Fl?resfegd‘gé‘bﬁr""‘af’étﬂj’t“ﬂf’rb°"§$?"8 FCI“?PP"'E)‘ ebtEeEShonent
and a nitrogen rigekous gapestzatonponent; and directing and introducing the
oxygen or nitrogen en&e&??%ﬂ@ﬁ%&ﬁﬁétﬁ@@ﬂ@&%%éﬂe&i&&dg&samabﬁ-lpaﬁiammehanber
O her aspects fegttturetshag enbodi nents of the invention will be nore fully
appar ent from® h& KRG di scl osure and appended cl ai ns. 15 BRI EF

DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic representation di agram of
a retrofitted abatsenRpdetsJatteei kabodtmeitt sfielitrehtioieil baaas fully gparox frehathe on of a
gaseous waste S”%@ﬂ}ﬁ%ﬁ,%%&‘%%énﬁ’dgﬁﬁme”bom ment of the invention. 20 FIG
2 is an illustration®of one e di ment showi ng an inlet conduit for
introduction of a gaseous vvaste stream | nto the abaterrent systemof Fig. |
l. { ! i ' gNGS | ncl uding a fiber
substrate coated with a 25 ceramc adsorbent materl al according to one

enbodi nent of thgg%[tventl on, FIG 4 |s a_ s¢ egaiimga tgrgmegggﬁ%ic&golfg‘g

esentat 0
pressure swing a B By SPERTELT {GFR" ¢o
decomposition oxidation of a gaseous waste stream accordmg to one embodiment of the

imvention.
20
FIG. 2 is an illustration of one embodiment showing an inlet conduit for introduction of a

gaseous waste stream into the abatement system of Fig. 1.

FIG. 3 is a perspective view of a coated fiber article including a fiber substrate coated with a

25  ceramic adsorbent material according to one embediment of the invention.

FIG, 4 is a schematic representation of pressure swing adsorption system using a ceramic
adsorbent and atilized as an oxygen separation device, according to one embodiment of the

present invention.

30 DETAILED PESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figure 1, the present invention provides a method and system for generating
oxypen-enriched air for use in an abatement system for desiroying gaseous waste products,

comprising a thermal/wet integrated scrubber 11; and a compressed air supply 4 for supplying



adsorbent and utilized as an oxygen separation device, according to one
enbodi'nent of the present invention. 30 DETAI LED DESCRI PTI ON OF TH SEP 2005
PREFERRED EMBODI MENT Referring now to Figure 1, the present inventio

provi des a meWREHOH#E system for generating oxygen-enri cHEF/EO¥BWr use in
an abatenent system for destroying gaseous waste products, conprising a
thermal /wet integrated scrubber Il; and a conpressed air supply 4 for

suppl yi ng 6 WD OSomgrpspabei 1q op ‘5&’“2@6‘5‘0“M%BG?F@S“HO“%BHWP@%%‘&“&P?“ to an
oxygen separ at i Otbmigbhiedit afil ah beyben g@fa1{cEt esnpatent. i Nt 0 a ni trogen gas-enriched
conponent and an oxygen gas-enriched conponent. The thermal/wet scrubbing
integrated system 1l is shown, in diagramform as a waste gas 5

processi ng syst emeibEPF sEuiias t“@g’&%‘"’yft?”bh’r Bri&"8r ‘“r?&?‘émsf‘e"r’ﬁ g‘c?h‘?ﬁ“ﬂt&gffr
processi ng st ati poessapbpes whatiet saskps fodoreSr mpx eanisondubtor précessisgieitiond, ot her

gases. Typi callyu,diaged 160Wa5sahieed whel rotiita, o%uptts@ wﬁ,&t@ BE 68 R6E BGughy St em
are | ess than about 300 Standard liters 5(%?“%@ The .wast e gases

are then treat edm‘FWYﬁﬁ‘éP‘P%@Pﬁﬁ'Fte'?ﬁ%tﬁsf‘ﬁ’f“ %ﬁpg%%é?pn? to which

air 10 is optionally introduced through |ines 12 and/ or 15. The gases

F?(i t ' ggf |t he_ bot t'ﬁtmvﬂgte éa&:@arg m@:‘% tfgﬁéd it @QGErai r&&or?ﬁ&&b‘&shtﬁnébﬁﬂﬁbeﬂﬂk@ﬁhl%trl_?_hOf

i qui owing thro |n ui d..scru r : e
gases fromth'g t K& quyr"g'ﬁg%c e ?metsﬁ?&\gﬁriﬁgon es i g’ E%S through a
wat er spray and thdralirggiter lappaﬂ}t@eﬂ# ﬂb@#’tdéﬂﬁmlﬁﬁﬂ‘@ﬂm@ﬁw Drgutp Hhe gErl whi ch
the gases are fl gyRdcivBer@@unt er-current and/or optionally co-current manner
t hrough the packing with and/ or against the flow of water provided by
conti nuous, sprayer 24. Particle-containing uid flows to the bottomto
exit to a sunp Themeses faamdrfdrwaémc%t}rt&ﬁuwor%tﬁ%maﬁw Bousl 3@ EE SPHY 21%n. 20
The gas i s typi Calolapadidmerdogsinivg fckpe e @rozghAvhich the gaemiefibew is@attéroure@S5 wher e
moi sture and adg,dé,r @E&Lﬂy%&&dcﬁ%%r@l[gﬁ A smg@w&ﬂgms%@rom%wg 26

and the cleaning o I's section IS accor‘r% she dx\n %w ﬁ’p vi ded by a
conti nuous and/ oPFOYidFt BY sRPOpeNR fPrayys A4 Rertc e Hred ARt BEOP M lgs port 28
to provide di recmmmgrmlqypmaedfwdwc@rP@n of the humdity of the

exiting gas. The treated gas then exits through flue 29. 25 Wth reference

to Fig. 2, there_is shown t iCc 0.
process gas gl The g2 ﬁrr?m% e mt porr]tf QIA & f gemé%rrs% gen %Q%%t&gas i nl et 33

for the intr OdUCQﬁ@WWW"M via demlster packing 26 and the cleamng of thif section is
: accomplished with liquid provided by a continuous and/or intermittent sprayer 27. Air is

injected through port 28 to provide direct cooling and promote reduction of the humidity of the
exiting gas. The treated gas then exits through flue 29.

With reference to Fig. 2, there is shown inlet 10 into which is introduced the waste process gas
31. In this embodiment, there is an independent gas inlet 33 for the introduction of hydrogen,
and gas inlet 34 for the introduction of oxygen, both of which are downstream of nitrogen inlet
35. A bend 36 in the inlet provides optimum mixing of the gases. However, the inlet need not
30  have such a curvature and thus may have a straight configuration. The inlet tube continues pass
the reactor wall 37, terminating with an extension 38 of the inlet tube. The mixed gases exit the
extension 38, however not directly into the reactor volume, but instead into 2 concentric fube
39. The temperature of the mixture of gases and gas flow are selected such that the flame is
produced entirely within the tube 39. A second inlet 41 adjacent to i;ﬂcts 10 and 40 is shown
35  for introducing air, and additional nitrogen and/or oxygen between the inlet tubes at the reactor

- chamber,



and gas inlet 34 for the introduction of oxygen, both of which are
downstream of nitrogen inlet 35. A bend 36 in the inlet provides optinum
m xi ng of the gases. However, the inlet need not 30 have such a curﬁl g,gfzﬂ
and thus may WaY#074428t r ai ght configuration. The inlet tubdfJORIHHEY § s 2005
the reactor wall 37, terminating with an extension 38 of the inlet tube.
The m xed gases exit the extension 38, howevf?r no.th direct %3' into the
reactor vol ume, BUPSTPYIR 98 REFSPIHPERULE SHREEH P II P BRD BY 4R & ¢ SRPEYF &t ure of
the m xture of gas@dlymerdrgasnditionw apesisamgng e $uli0 whbdut (0 esid, kaimere s

produced entirel el din SH3G b WPBout J00 phip IRE RRACliviid Blheddier 36l inaEcaBlesshi | Nl et s
10 and 40 is sho 35 for al nit %%g((g and/ or
/

i ntraoduc aLr, _and.additjo [
oxygen between t ¥ P HPETS} fﬂ)‘%%“%d e“thyh rséagc?ro?"n“n(‘:lﬁuér%&eth.?mw/"t W5 420
PCT/ US02/ 0849CG | o0e8FPar2dB8nii8n operati on the present invention conprises an
air flow, which may either be at anbient or partially pressured conditions
at a pressure rangi ng from about 50 to about. 60 S| nd.nore referably
from about 60 to?%b(g’) f"fﬁlﬁm tf)ogi"én,t & RRpsrs %({uie\/‘oéuf eg_s ?gésﬁiéoﬁmﬂnét“%@ct he
conpressor 4 an@ateriglipt ans adseibepipbeg of gfefed en & FHPPRpieh PRiFh BRYabeecopBEtd PheMnuous
and efficient opaitale iariff suthR a rbfratiey Genl. Fepadadly, Gt veddl tmaP be Hae witkangen
separation unjt L8 Fadthe R ik fonts SUS De RnRralef S5 Fle 1EARLARN|RM, KET ami c-
materials i nnllgn g's_sa%rggléth]t% %nedg’ orgcoatté | on a gﬁﬁst ratg,] whi gﬁ mayl' be
constructed of am§neids erpsraireadthe psda) 2 sihle fevaied EPReBPEact ory net al .
Alternatively, the vessel may be lined with an 10 insul ator material and

hegati ng el emntsTﬁE%VeseQ@inireHﬁ‘oQﬁ:&%%&ﬁﬁc &i&eﬁnﬁ@g‘aﬁ Bschgtewidh duh@x &8 bigfusk 0
mai ntain the tenperature of .the bed.dgt |.e vat e ecg:g’yre. The

a suit I te
present inventi ol FEBRESEN O PE FENSYGA TP LPIAr T Wghoﬁgﬁ S%Iiﬁ%aﬁﬂ%ﬂ%y oxygen
can diffuse. 5Thexvenrmponicsast ofthy meteriger b opgmducadscryEnt badelerteal i
such that a si gnéiffision Bf oxigth edugiDihe hbicriaky gRivelyatghndese By @ltisg cithdn a tvblege
material. These oxygen Y REaRE ém[&ms!alsm_&e%xfgal §Ghikdy dinklausion of
oxygen through the material at relatively high rates. By placing either a
vol tage potenti SUG g P28 e gradi ent across the nenbrane, oxygen is
selectively diffused in and through the oxide material. 20 For exanple,
when p| acing Vﬁﬂr%ﬁﬂﬁe,ﬂ@%ﬁﬂi&:@'a v@lﬁé@%ﬁnﬂaﬂ@mﬁ&ﬁmﬁ@iﬂﬁne, _@-b&&ﬂi cdknic-coated _
cer am c-coat ed %ﬁ&:}c&l Clyebse &ansepe BI c%Bg)msmeng vlcs'!’s]e]twrﬁ%h%?n%r?la %gbt- %teﬁ'[%fl)f V\hl Ch
contains a spacet-apart array of screen or grid electrode elenents,
cont ai ni ng cer antEem s §ih alatofia PPNt e LTBBINGSERMIC Hdsorber] cRaESST JEVET difent s,
and with the el eatdesii€ceianmint sith thl deetfodadidnrys sicaagh esipldtoa vaivtdsagd suppl y
and ground, to pgne\gfgﬁ}@p%&yakmyﬁ{aﬁg@mem&tcams&ma%ag&%bog% t hen

r h X n rom X n- cont ai ni n )
dE':SO b the o 2¥gefromanoxygengcont%rrxlinggagge conta g gas

The oxide compositions may be of any suitable type. These oxides preferably are characterized
by 1) a high concentration of oxygen vacancies, 2) thermodynamic stability enabling operation
at temperatures over 600°C, and 3) thermodynamic stability enabling operation under highly
30  reducing conditions. Some oxides of such type are moisture-sensitive in character, but this is
not problematic, since the adsorbent units may advantageously be run continuously at high
temperature. Oxide compositions that exhibit vacancy ordering are less preferred due to their
lower oxygen diffusivities. The following list sets forth some illustrative compositions that
may advantageously be employed in the broad practice of the present invention:
a5
Balng.672rg.330y

BaIng,67Ceg 330y




The oxi de conpositions nmay be of any suitable type. These oxides preferably
are characterized by 1) a high concentration of oxygen vacancies, 2)

t hernodynami ¢ stability enabling operation at tenperatures over GpQQEPng
3) thernodynamic stability enabling operation under highly 30 reducing
condi tions. Sone oxides of such type are npisture-sensitive |3 ch?racteri
but this is not tic, since the adsorbent units may advantageously
be run conti nuougﬁ/&@b‘? gh tenperature. Oxide conposifGIERE2PHEY exhi bit
vacancy ordering are less preferred due to their !Frer ongen i o
diffusivities. The followmng lList sets forth some illustrative conposi

that may advantageously%%ég@ﬁﬁﬂ8§§83ln the broad practice of the present
invention: 35 Bal np. 67Zr Oy g¢dCo §8ajo, 67CeO 330Y 19 SEP 2005 WO 02/074420 5
10 LaO0.5Ba0.5 Co0.7 CU0.30y L a0.6Sr0.4Co00.8Cu0.20y Lai,gSr0.2Co0y (B

i 202) (NaNb206. 5)  Bi 25r 2Np¥ma&*%1. 5 Bi 2Sr2Nb2AIA 1.5  Zr 02- Y203- CeQ2

Zr @2-Y2@8- Cr 203 Zr O2- Y2680 ,0283- Ca0 Ce02  Zr 02- Y203 CeM2- CaO Y238
PCT/ US02/ 08490 Such naterials may be readily synthesized within the skil

of the art, using convenBiSoM&dGa0 115 cer am c syntheS|s_Frocedures. More
specifically, the present jnyvention in one aspect utilizes a ceramc ionic
tPansport material as gﬁg$%sgﬂﬂé5smﬁng adsorbent (PSA) nediumto trap and

del i ver oxygen, Rather theqviseeo,el ectricity to drive the transport of

oxygen, as in conventional ceram c nmenbrane separation
Zr03-Y203-Cra03

Zr02-Y203-MgO
10 Y203-CaQ-CeO2
Zr03-Y203

Ce02-Ca0-Y203

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

15 ceramic synthesis procedures.

More specifically, the present invention in one aspect utilizes a ceramic ionic transport material
as a pressure swing adsorbent (PSA) medium to trap and deliver oxygen. Rather than use
electricity to drive the transport of oxygen, as in conventional ceramic membrane separation
20 processes, the ionic transport ceramics alone can act as ionic oxygen storage media. The
ceramic composition is deposited on a suitable substrate element, e.g., in & thin film, for such

purpose.

The PSA system of the present invention operates on the principle that the ceramics used in the
25 practice of the invention have the capacity to transport ionic oxygen. Molecular oxygen
dissociates on the surface of the oxide ceramic and then is incorporated into the crystalline
lattice. Potential gradients, for example in concentration, can cause the oxXygen to move into
and through the lattice. The imbalance in ions results in an clectrical potential gradient across
the material. In this manner, concentration and electrical gradients can be viewed as equivalent
30 in terms of a driving force for oxygen transport. Thus, pressure (concentration) is used to drive

ionic oxygen into the ceramic adsorbent articles.

In this manner, ionic transport materials are employed that are efficient "absorbents" with sole
selectivity for oxygen. For example, by heating ceramic sorbent-coated particles and
35 maintaining same at elevated temperature, oxygen will be removed from an air stream flowed

through a bed of such particles. Then, by reducing the pressure, the oxygen-deficient air stream




20 processes, the ionic transport ceram cs alone can act as ionic oxygen
storage nedia. The ceram c conposition is deposited on a suitable g
substrate el ement, g., inathinfilm for such purpose. The PSA sysEtPethS
of the presen¥oj HQ/"'é‘fFPl on operates on the principle that tHFETEHBYs used
inthe 25 practice of the invention have the capacity to transport ionic
oxygen. Mol ecul ar oxygen di ssociates on the surface of the oxide ceramc
and then is incoffideamedrdi 1 GOERETCTsmely bhEberated (fpm dhs corpgie dniqidyp pure
gradients, for exsgplutd BOMRaRbbEL bRhgemERNox@g S8l bd@leaivyigeny dffcidimye i nto
and through t he Leﬁ:t)%hﬁgtnthlgbg Jpal ance in ions results in an electrical
potential gradi ent across Re material. In this manner, concentration and
el ectrical gradients can be viewed as equivalent 30 in terms of a driving
force for oxygenThemaspawrintionfnabls thpbullssparation sdpedfvitiondl expgen bgeduseiohid 0 dri ve

ioni c oxygen intguthg 1&@&%9@6}%@{ Qﬁrﬁ%ne@ﬁt%gﬁ'tg%ﬁem&r@toﬁéﬁlp&mﬁ?ﬂ&@& gdnONi C
transport materi al S are e(r)LFI o§ ceo tgﬁre effici en% absorb W th sole

n
selectivity for AP e&?ﬁp&s‘%g(??ﬁ’éﬁf&%?&%dt ed
particles and 35bmlmmmrﬂtﬂ1tytﬂstmswﬂmeelhw%élv qevars awagetialy SVhilp rupyereceyi | | be

renoved from an w@ﬁlghaaqmmg on 13 6RLBN 600G, @Jm@%kpﬂ%&m@k&ga Then,

by reducing t ure en: defi CI ent al stream 9 19 SEP 2005 WO
02/ 074420 Pcf;]us@% SPB e E“e%g“%égnove BRSO R ST ELRETHL BTRERTY be

| i ber at ed fromtwecr’@etpeﬂwwﬁﬁtn@P%@P@achﬁpure oxygen source. By this
absor bent arrangenent, oxygen will be selectively and efficiently renoved

fromthe 9as St & §8RucbolleuPLEaaH: LONEDLLAR, B02RLASHRGalilduasBALAL | on

and purification o , ased onionic trans adsor bent
i s maintained at “Hfgh™ & é““t‘%tc’t“@ﬁbb‘?’%ﬂﬁf‘ﬁf{)“éPf)?ll’%"’a’ﬁi?gséﬁws nggj then oxygen
t hat cont act 95t hertewmized paticlet e cieri@poenil &romgdmie tibeborip omlayes torffecthe
surface and bei mgcﬁﬁgpgﬁpme@p}egg,sbéafegmm,esd;gaytsﬁa@hhl ne |attice of the ceramc
material . Wile such process requires high tenperatures, e.g., on the
order of 600-900C, the higher separation efficiency of 10 oxygen from ot her
(inert) gases i nWHWRWgﬁﬁ%ﬁtP&WﬁWY%@GS% bypndpepsgbstrate thahis Rq5Ee pred| y
superior to convemiwiensdcidtbAviapp 5yt pascabldlien dinkeslondlgeflmg Sschekitodet s t he

cerani ¢ adsonpengy, u’iabﬁél%ndeﬁoﬁﬂ?ﬁ%o%h&mm@@% ﬂ:lnﬁe%%hxﬁﬁée%&cpiuu&&}@mat%ﬁé gen,
wi th charge tran%:‘fr act enefrative he_o0Xx sgl\‘ﬂrll speci es

into the 15 sorb f"ﬁ‘é‘l"é"?l ‘%fl“cﬁﬁr"ﬁ"FCﬁ ‘@‘E” Wﬁ‘géﬁgﬁ’fs'é'ﬁllmﬁﬁft@ﬁ?’i" al**df g f or ce
t herefore i s enph#gied provdesf figsedt oxygennipr apd Fiestroict copductioh ewithx y gemogsproesi es i nt o
the sorbent nat ehicdtmentb SHEGRMBIFbIG cEbictaty RS 6 RBIBNEd Padoihg>di®iSan BRpMrith Quat

consti tuted by aﬂnénghgg a §%ﬁ1§érra9t{ c?eatgi] &écminﬁ: ag)&) ?ogu%céeigc% in the lattice. The impurity

25  species may be a doner dopant, which substitutes & higher valence cation by a lower valence

cation to yield oxygen ion vacancies. Alternatively, the impurity species may be an acceptor
dopant, whereby a host lattice cation is replaced by a higher transition valence cation that
improves the electronic propertics of the material while concurrently creating oxygen ion
vacancies at low partial pressures of oxygen.

30
Such electrolytes may include oxide flucrite oxygen ion conductors (A,0Qy wherein A is Zr, Ce,
Hf, Th, etc.) may be employed in which anion vacancies have been introduced by Aliovalent
doping, using dopant species such as M,Q, cations, such as wherein M is Ca™, Sr™*, Mg"™,
Ba®, S¢™, YO, Y, Sm™, La*™ and Gd™.

35
The electrolyte may alternatively be a pyrochlore {A;B,0;) material, in which A is Ni, Gd, Nd,
etc., and B is Zr, Ti, Ce, Nb, etc., and dopant species such as Y, Mg*™* and Ca™. Other

16



ot herwi se associated with an oxygen -perneable thin dense electrolyte film
Such electrolyte 20 filmmy be formed of fast ionic conductors, %
formed of fluorite lattice structure materials, or of fast m xed 15°SEP 2005
conduct ors su¥R%%44Mose having a perovskite lattice strFETHER/084Me
resultant material provides nmxed oxygen ion and el ectronic conduction

w th a honpbgeneous microstructure. Hi gh anbipolar conductivity nmay be

achi eved by dopi mefenfiflly tisedelcfrpiyie bregjes irhalade Bififi) Rg#ed cladrobrtes fnghfing deespt and
creat es el ect r onis@biefoln® Bf LB ERE bsBid, MIMIO; o] FHeteixGE0 to DloLy + PO hddy =25

speci e may be aodRars doRaNy riBh o SURREL b 18 SeAnl hOBgt: KRERCEs fal | on DY

a |l ower valence cati on’ to é/ "on" vacanci és ternative

i mpurity species “r%y“‘b‘é%% & DBgErgpn °°EFB?§%TWF° AR RGE Oy PoRinVOyrey t]%’ catl on

i S replaced by abkpoghially dsefalnsthd fratice yithedsvesgiocat i on t hat i nproves the

el ectronic properties of the material while concurrently creating oxygen

ion vacancies at | ow partial pressures of_ ox 0 Such ectrol ytes may

i ncl ude oxide fl JB?WW@”B%’@%“@BW’&W&&EY&P’% '{P%Y%‘B%Wi’éﬁ’ t}l EPEeP Ce,

Hf, Th, etc.) nardpeleeinghde yeuwositipnsyfithe forauk @Bpav@e!am%sh%emlfeémm roduced

\% Ali OVKI/: ent d%hd?ﬂ:fBH@i E}Qv@lﬂﬁarm r&pﬁcz:a& Sich easanwzg&mqaﬂpaﬂsuch &uch as
erein IS a "

The el ectrol y{%a ﬁﬂﬁ%ﬂ’ rnlelllfﬂ t\'?%’ﬂ/’er?)v%htg mdmk @‘éﬁ e)gloé ?%Bé‘@s O;,Q.n %ﬁb

which Ais N, G@thﬂNéPG“DIY@F include e IBO‘F'SM‘EP““’ #pB:0Qglectfytes pphas “m%fnﬂ‘”bj@pant

speci es such as X SVQ!acataﬁliI{:are,mmntlﬁwxﬁﬂoﬁm(@@é;ﬁbwmz&ﬂaxﬁom&me

PCT/ US02/ 08490 sanLly &ésﬁ‘édélqﬁé ,eei%EtFoﬂlte)(ts hsé?,erﬁdsg%f 'tﬂ%%x‘dﬂﬁ b 3(A206)
based electrolytes § such as

sta e
Bi2,.,,M, WaB. & %‘?‘béww %d {6‘(5’260 “‘?fvé"’ ”Ta aC& % i, = Er,
Y, Tin, Yb, Tis, IEuNI,NdandStﬂB (@yFe, Mir, Co, mmﬁcTMPanowb‘?eL&z?an?n@al, Sr, Lr
and M = Co, Ni, Lusr, a0, FherciX ¥R, AOMBLONWMEIAES nohigih BiFteB) AdRhEEA3044
and Bi 14v2G8 3 may, als vr\éost,éw?m%nexr};fraldt%'s’§t%dﬂ+%5' Atug,g]ipgﬁr Feg‘}og%gff%c t he

i nvention. Various pero

ed in
the practice of foalq (ﬁv‘ézﬂft‘*m?nowlﬁyamé§m?‘ﬁé‘r Lde CoinBaift |Kcﬁ‘f§B fF e, cﬁ
fornul a ABO3 whersN#, Ts; thigsd stifercondanting(WBO;AD electtolp@niueh as (KASiRO (M1, 64).BAs« Sr, and
o t hNS = cc\l : C;!(}){h rnE'BaY%rUjot,,%m esmmﬁgfmérwtodlomr}tﬁ é,()a%e@w bysisch as 10
e, : : : rative perqv
LaNi 3, and LaAl @Bg§&‘1‘f81?"“ei‘1§’c‘tsrs& '1h%?ﬁ|d§ée]8°>%f’ & é%do%% %@Pﬁe
(A2B205) el ect r oklytrelgtessund las MGV YRS WkFrWﬂl%:ﬂmeOto 1 andym from 0.2 t0 0.8.

lustrative perovskite-type compounds include LaAlQs, LaMnO,, SrTi0s, CaZrOs, SraFe,Os,
25 Ba;In, 05, SrGdyOs, CasFe,Ti0;, BaslngZrOy, YBayCuaOq, Lay, SrCu0s, BaleqeGdp)0z9s,
BaThg¢Gd10:2.0s. etc.

Particularly prefézred ceramic adsorbent materials iIn the practice of the invention include
Bi;0y, La;,Ca,Co1xFe,054 wherein d = 0.1 t0 0.5, y = 0.2 t0 0.6, x = 0 to 0.8 (referred to
30 acronymically as "LCCFQ"), and its nickel analog LCCNO, containing Ni instead of Fe.

The ceramic adsorbent coated article of the present invention may be of any suitable size, shape
and conformation appropriate to the end use application and the specific feed gas mixture
involved in the oxygen adsorption use of the material. For example, the article may be in a
35  finely divided form, e.g., beads, spheres, rings, toroidal shapes, irregular shapes, rods,
cylinders, flakes, foils, films, cubes, polygonal geometric shapes, sheets, fibers, coils, helices,

meshes, sintered porons masses, granules, pellets, tablets, powders, particulates, extrudates,

11



A=2Sr, Ba, Ca and B = Fe, In, &d; Fe with dopants (acceptor) of Ti, Zr;

m xed Brown MIllerite electrolytes including ABO3AB02,5 el ectrol yt eggi @05

as those of the fornmula La,.,,ABi _ ,C M3, whereinx=0to |I,y=0.2to 0.3, A=

Ca, Sr, and BV@0x§7442te, Mh, Co andC= 15 Fe, Ni, Cu and M FCRUSEH08490e, Nh,

Co, specific exanples of whi ch i ncl ude LaD. 5Baj,, 5Fe(3_, and

La0, 33Sr0, 67Fe03., wherein x = + 0.3; A406ABX2.5 conpositions including

BI MeVO el ect rol y tlesh or vep, foFm ’QE‘G’BIS?Q/TYWF’EBW onglifls compgsites (oktheqerspricadspgenty g~ and
= } 0.3, Auri vithéthescomp@entts),ot @M@ft\utﬁd or thsbed fhrows pfithedforegoing conformations.

(Bi202)(A -1B,,,CB(,,,+p) V\/nere mis fromO to 1, A= Ca, Sr, Ba, Pb, K

and B = Fe, m xed super con, 03 eIectrontes
Such as Kon Pai YEils PRy esionte SRR %%ﬂé%‘}ﬂ(bé e Ve of n
X is fromO té | egheeyatissdiffysiopr@iiigients ard. n®st lmpwﬂv,t@un(umsmy caedce!ei ol yt es
such as Sr2Nb201je apgl ﬁ@&?ﬁ?@u;le tﬂﬁe%&,rcal )ctogﬁaucﬁp%ﬁ%%@es& QurthcBBeHBke

el ectrolytes such as Ni( ‘Ze wherejn fromOtol and y is
from0.2 to 0.8. mf*i%‘?‘i”ﬁ?‘i“\f@mﬁ cf'&?ﬁ‘g’lf’lff%"f”ﬁb%/”@bﬁﬁ@uﬁds i ncl ude LaAl CBi
LavnQ3, SrTiG8, Cazr (3, Sr2Fe2(b, 25 Ba2ln205, Sr2Gd205, Ca3Fe2Ti 8,
Ba31n2Zr Ca, YBa2Cu30O7, La2.1Sr, Cu04, BaCea, 9Gdp_EO02. 95, BaTha9CGdaa02. 95,
etc. Particul zgrly preferred ceram c adsorbent materials in the practlce of
thelnventlonlnclude Bi 203i La,.,, CayCo,.,Fe.03.s wherein d = 0.1 to 0.5,
y =0.2t0 0.6, x =0to 0.8 (referred to 30 acronymcal ly as "LCCFO)
and its nickel anaieog LC@)&Iﬁérmﬁxﬂdllfcﬁdrﬁdﬂ@cd‘ﬂbrﬂﬂ’ﬁﬁbﬁﬁdsoﬁ:ﬁnﬁdbhngﬁhﬂhscer am c

adsor bent coat ed—art 1 ey pe of 1§ abl e

si ze, shape and con }grnﬁlﬁ I on apcpPoErglll%afeeIEﬁ e|end use a i I Qé??oig and
the specific fedd gas nixture Fefats n Cadls oxygéf?“&ﬁiso trdn 198 e of the
material. For exanple, the artjicl e pEymbse |ih( ré/qu)(rfxmﬂélz/ymldr vi ded form

e.g., beads, spherEsy 1M o dEtsima TTEegul; 1518 " 5,
cylinders, flakes zﬁf“r??”fg'd g?gﬁ s 79“01 6);1@ mmgnl ﬁnnéwy'gfrl b Qh@:r%na, sheet s,

fibers, coils, hel{¥e8 mphmicdhds 704 nt-@&’l@ ™ HUs |mass¥®s, glandlBs, pellets.
t abl ets, powders| YSar Fémrimaeaes, 78Xt § uekae'®$,3.3x 109 SERI02005 | VO 08/ 074420

PCT/ US02/ 08490 ci-ot{; gk web fqrm, dlﬂh_w;w EYCOM3sgret 71X m);rgor 1 h,
conposites (of tlhe céfam c- adsor wit-h-ot hor lconponents) ofmm nut ed

or crushed forng of BHEPureqdi r?&“ corﬁ"H’r mat PHAs. [var i%dls i oni c1v815r ansport
el ectrol yt e mat gr LaiSs.Gwlic:@er|t 86t ed mw"Tbu:eoi bel owstvher ¢i n &rf age 5

exchange rates, O] fsrsd &lo%;s*“'séﬂ SPAs: IerQ[)dan[ Y, @BXi mum
storage capacitijes—are set in—the table a0, Aga

0. 4Co0, 5Fe022C8. SL"ﬂv%fﬂfq?“P’HeO’hr gﬁ%%t &M age”89chdnge 2% ate] ha
theoretical st orjageCaapagit®.qf 7060 rarredl | 021681 |at 860C. 10 2527

LagsCryCorsFeq:05a | 800 | 2x107 | 1x107 150 44.6
Lap¢Cag4CopsFeo0s.a | 900 4x107 3x10°" 150 48.5

i5
Increasing the oxygen vacancy in LaCaCoFeO compounds, throngh compositional
modifications, was unsuccessful in improving their oxygen absorption capacity. Replacement
of the Fe element with Ni was found, surprisingly, to enzble the manipulation of composition
and storage capacity.

20
Synthesis of LaCaCoNiQ perovskite oxide materials may be carried out by a modified
“Pechini” method, a liquid mixed technique, with ethylene glycol and nitrates used for the
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Table 1: Experimental reported values for K and D, and some nodeling

results Tenp. Surface Diffusion Max. Vacancy % Conposition(C) Ex. Rat ?H%@Ffmﬁ
Storage Filled in 100s K (ms)D (n2/s)(mmol 02/ nol) Zr0.94Yo6] 6(2.d

- YSZ7006x| 0" V8R4G44200. 13 YSZ - Bi | npl ant ed7001. 6x1 0l . 4x PETVAGESPE vsz -

Fe | npl ant ed7003. 4x10" 3. 3x10- 13400. 66 Bi | s5Er 0. 4503- d700I X10- 74x102501. 76
L

La0. 6Sr a. 4C00, 6NivekacHs (HEBOBRYEEIDO 23D @FFmpolybasic acid chelates with various cations.

La0. 6Sro. 4CoadN GniBriat&Qe2% BZM;«:&E&E@%&%&%&& in a polyhydroxy! aleohol to form a

Lao. 6Ca0. 4Coo. sFee] B-d7004xI. VI F-2x] Q 215025.. .

o0 ecag, 4Cog. o F TR PSR  refhs “E‘f‘ﬁ%ﬁi‘?%ﬁ%‘ff’%h&‘g&eﬂ’é?ﬁ?'SFeo. 203-d
9004x| 03x] 015(?_48. 5 15 Increasi ng the oxygen vacancy in LaCaCoFeO conpounds,
t hr ough conposi t ivedital catidiRQbubcks @tH 20 BiShonafds Siydisksdd< £@ SiRdxides dataliotp n@Wfontde t hei r

oxygen absorptio %l ﬁgﬁa?‘%ﬁ%@aiﬁmm si.a{Pag i BGe Efpn%'m%@?c@ﬁo}s}’@xlepx D pyas

capaci ty. 20 SynPhkiear bPUCRbERE ot EF B RPFE U AR 4 e
carried out by agydiifdxsiles ohidRe taialihdl gbdgidne gycdlic gud- cHeriingakk ismmicldue, with
ethyl ene glycgl angk Rid #BheSndtastiuBbsictaBie, cdmpriki eo2BBeted functional acidic

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

{on C;0,? functions as a bidentate chelate with a metal atom and forms a five-member chelate

ring as shown below.

15  ‘The majority of the elements in the Periodic Table form oxalate complexes. Because of the
coordinating properties of the bidentate oxalate jon, most of the metals form complex oxalates
in addition to simple oxalates. After the fonnation of these mixed cation gels, they are suitably

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

20 The ceramic adsorbent materials of the invention may be forined by metalorganic chemical
vapor deposition (MOCVD) on suitable supports or substrates, using appropriate precursors for
the respective metal components of the metal oxide ceramic materials. Usage of MOCVD is
preferred as a result of the control of stoichiometry and uniformity of coverage that are thereby
achievable, MOCVD permits films of multicomponent ceramics to be deposited with

25  compositional reproducibility on the order of 0.1% and thickness uniformity of better than 5%.

Alternatively, the ceramic adsorbent material may be formed on the substrate element by
conventional ceramic manufacturing techniques, such as powder metallurgy, slurry metallurgy
(slip casting, tape casting, etc.) and coextrusion.,
30 |
Another technique for forming the ceramic adsorbent article utilizes sol gel techniques, in
which the ceramic material is deposited on a carrier or inert substrate, such as a porous silica,
alumina, clays, glasses, or the like. Sol gel techniques may be employed to make up a sol of
the ceramic precursor and to spray, dip-coat, soak, roller coat, or otherwise apply the solution
35 to the substrate, following which the mixed cation gel can be subjected to high temperature,

e.g., calcined, to produce the desired ceramic material.
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WO 02/ 074420 PCT/ US02/ 08490 synt hesis of LaCaCoNi oxide powders. A typical
Pechi ni process involves the ability of certain weak acids

(al phahydroxycarboxylic acid) to form pol ybasic acid chelates with 1456 Po 2085
cations. The¥@® %Wé‘?/&t es can undergo polyesterification WA 4PN in a
pol yhydroxyl al cohol to forma poI ynmeric gl ass V\:hl ch has the catl ons

uniformy distri t he mat eri al us cal ur ces,
such as carbonat B‘SL 8&3@%5 ° C%{?{ﬂ“ ARG ““‘('f'aer‘]J pg §1§‘ b eatulgm %f‘“"f
synt hesi s. Ethyl morgl(yf@did areogests omsedrie » single |mixture epntainivg eell glie gpmippRes/

al cohol s except BQitedti@e AIRAI %R MEGid Qllively iy & A@vitageBis BiiBod T FRABE the adrdo.  When
cold nitric acid J bee%:de ed o O the ethylene glycol, it oxidizes one of the
al cohol groups giving gefnycol ic acid. Heating the m xture yields 10 oxalic
acid, which i8 the sinplest dibasic acid, conprising just two connected
functional acidi anfoﬁﬁgmmydfihecwﬁrbeﬁaﬁﬁmaﬁnmd dletnef}s AU prads@ 8f the Pr ot on
and forms oxal at g0t ndl G alRl:GequbedTor GRRL sy AP iRRRe R fealil £ a1 €

chelate with a netal atom an orns a filve- rin s shown

bel ow. 15 The naf*#Pradyeepte feried Smegrppredion "Pf“tdt?é %Wﬁ’i"&d“?&%ﬁ"é“\‘ T ’f‘ﬁ<al ate
conpl exes. Becaubmidofliveiyahe liggdbsodicssateiflagh vapoopsdr thireyy spefidisighigtleliind enthbakigh oxal at e
ion, nost of pheppdlend RId RIS OXal ates in addition to sinple

oxal ates. After the formation of these m xed cation gels, they are suitably
cal cined at elevated tenperature, e.g., at 1080C, to formcrystalline

oxi de. 20 The cePrasiser eebsesitipnsrere prEmarcily avaiblet frethe mpieh Ereeits Fethe BEor ned by
met al or gani ¢ chegbséseht coMpusitdns FaRQmettionR.g(, WESYEY) BiOFe, B4)iCh,atH foechistp @hitls Or

substrates, using, %g@&ﬁ&rdgﬂ%&m% &Fs§r9§l§tabf1e°f¥ar quzﬁ'ﬁeh{}e%ﬁFl88$(b VE Hﬁﬁcﬂlmy

conponents of the e cefamc nateri a

preferred as '3 rBEQHsers pffsu FYBEWHF”BW%'?‘B?WW%@%WWWE}F Mty of
coverage that ar @attvey @hyndeighidenak ERBIGRMIENEXapgleswf duch thped ofpregfrsors include

mul ti conponent CgbRNdicHsel Gn . FoRRS s hethon § 1028, GRITBOSIdeh OMAl US. Patent

reproducibility on the 19% ﬂﬁl& of 0.1% and Ewhf%hkﬂ] ?arynizgxg%%a@dth){m@fm Rel ter

than 5% AlternatThers, ¢ e ceram o o ent erla y be tformed on the
substrate el erren{esPB?‘“@Wéntl onal ceram ¢ manufacturing techni ques, such
as powder netzal lurgy, slurry netallurgy (slip casting, tape casting, etc.)

and  coextrusi Onu&,?gqhmghn%cﬁa@scme%&pss Jbgcrrmtm ﬂxthebeg%ﬂ@}sfeu@Q§'QJ bent
article utilizes ol t echni terlal is

deposited on a c%ﬁ’?"’l eslﬂ’ﬁté}”'fm 'E?"Fé&f%cm%pﬂ‘é’ﬁ éfgc?‘&’a o’ﬁ?“g

alum na, clays, glasses, or the like- Sol gel techniques may be errpl oyed to
make up a sol Of RelkdiIBy-CREAHHE cif @EHGE G caftflc tembikeR \as o0 rglulC OB kexottBAAK,

roller coat, ,or 8&%%&% BEPLVind Dfhacd O Lo orﬁih&ﬁw%h?he%&ﬁ&g fbEenitiO! | OWi Ng
whi ch the mi xed ef "can | ect e t enperat ure
mghcr oxygen dlffl.lS]O‘n rates leadmg to runaway reactions an ﬁlm failures. This protlem can

exist in newly manufactured membranes, and cen develop in membranes exposed 10 many
hours of use. By utilizing the ceramic adsorbent material in a PSA arrangement, pin-holes, film
uniformity, thermal expansion mismatches, and sealing problems no longer are relevant,

30

Easy Scale Up and Development- The active ceramic material in the present invention is not

employed as a structural operational element where its physical integrity is important for
function. Structural applications for ceramics are notorious for scale-up problems. With a
fixed bed, scale-up is straightforward and economical, The components of the PSA equipment

35  are well known and their reliability is proven,
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e.g., calcined, to produce the desired ceramc material. 13 WD 02/074420 19
SEP 1005 PCT/ US02/ 08490 In the use of MOCVD, the ceranic coating prQcess
may enploy either neat liquids or liquid solutions (if solid r ecurldot8 2005
are used) in WOMIA2R ni xture containing all the conponentfSTVUSRER8d in the
film Such "liquid delivery" is an advantageous nethod of form ng the
ceram c adsorbent elenments. 5 In form ngﬁfi | ns _of the ceram ¢ adsorbent

mat erial on subskesgSurffcesshpasBy Poperly Fhoose de Pprticde Spe apdnperosity, the fyfaqs qrea of
i ndi vi dual pr ecuths edt@nid @sprhiest @cihd 04 ofdaasiecated biitiéstcyn teadjuseé td mdximimtrebsy m xed

in aratio that DLOduces:tdedfodigtnk bihqaRRS! tion based on their

respective deposition rates. Using liquid delivery the liquid sources are
flash vaporized, thereby spending little tine at the high 10 tenperature

that | eads t o 5dedigkyuustytiverirand GBygen sreams: Becawsp dfs i ctrargin gdserbeat meterirbhag iperfepty

avail abl e for thgeBMRitdforS B§gehCBotPhigh Nrith QAT Gnd 8 ORBR1T caff VIPRSHudelONS  Of

the invention, e.q., .Z 'rYs | rsors lch are

2 Sr. , ke a,..Co.  Ca prec
provided in Iiqur veEeRl 45 ngnugs‘&o}l%hzes?u# aBreErEor qFﬁdr(ﬁ’ﬂﬂ edmglnéelmlsvb\g%f/?NDC\/D.
Li quid delivery THiSogst ¢ grogenrfar serrationcind tigep arsey deesd@hhive quadraple @Bt il e from
Advanced Technol s \epaie® Fom| diyged. NGus 2 (eba@mtbivrgnt Gl Jonki @b dAygen] hadesrar k

EPI GRADE. Exajpl f . r ol el APSSactlSgyosed in
0.5, Patent s B By e s RERyR ol A 3R PGl iRl BBl
Appl i cation No. Wgpemgis et andyenoysoriapigats g%y 88ihi ch hereby are
I ncorporated herein in their respective entireties. 20 Using the ceramc

materials of thegigy @M 4sOfh AR RRREPR Ui deRmicimb@Hal BRG-RS N\ c¥id QETveRl f ers
several advant ages current h%glger t he gevel oprent of such mterials

th ;
as menbranes: RePT'4B f’ﬁ%"[ RieSent STEo8 BRI A AT G Cor ant & RNl Anes as a
result of exofhet mfegsure 26 coneistiind pradisnb pver &4 CEPBiIA SOBRL t2HENSTFHBCRECHT 15y
nonuni f or m nmenbr a&Recped WighilBe f1E PRt piel@dt oeathit bigh telipegivey g ¥syg@ndifiist fowsi on
rates |eading tog[ M@yﬂeﬁﬁfnxfé&#g&%?ﬂgw@ dr ), s | WE S5, olyakeSwill Gl Can

exi st in newy manufactured ‘nmenbranes, and can devel op in nenbranes exposed
to many hours ofSriers&catngybupioyifing AP IeEPES SR ¢ adsorbent material in a PSA
arrangenent, pin-holes, film uniformty, thermal expansion m smatches, and

seal i ng problgnsa @Al AREEH B Bacti®! o8 Vi Ptesem3@vention may be carried out at any suitable

pressure levels in the respective adsorption ("loading” of the ceramic adsorbent) and desorption

(releasing of oxygen from the ceramic adsorbent), as may be readily be determined within the
skill of the art and without undue experimentation. The adsorption pressure may by way of
illustration entail a pressure level on the order of from about 1.2 to about 10 atmospheres, and
25  the corresponding desorption pressure may be in the range of from about -0.2 atmosphere to
about 0.8 atmosphere, at a temperature that is appropriate to the process, feed gas mixture and

oxygen product characteristics.

The temperature maintained in the PSA process in one preferred aspect of the invention may be
30  on the order of from about 500°C to about 900°C. The adsorbent beds may be maintained in a
heated condition by any suitable heating or thermal energy input means, such as for example
electrical resistance heating elements disposed in the adsorbent bed, jacketing of the adsorbent
vessels of the PSA system with 2 suitable heat exchange fluid being flowed through the jacket
to maintain the vessel and adsorbent bed contained therein at a selected temperature. Other
35  means include elements, assemblies and subassemblies for effecting radiant heating, ulirasonic

heating, microwave heating, convective heating, conductive heating (e.g-, via extended surface
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Easy Scal e Up and Devel opnent- The active ceramic material in the pr@s%ﬁftzsﬂﬁ
‘invention is not enpl oyed as a structural operational elenment where its
physical integrity is inmportant for function. Structural E} i cations for
ceram cs are "WoP8V#8ls for scale-up problems. Wth a fix&§ Eléﬂizmég@al e-up
is straightforward and econom cal. The conponents of the PSA equi pnment 35
are well known and their reliability is proven. 14 WO 02/ 074420 19 SEP 2005
PCT/ USCR2/ 08490 L 8pefats Sish piefiseis tamisad volpye 95 ihe eerbept et 608lphip Peafrdrepslisnehin| e si ze
and porosity, theitsithénnfenetdy edrce)fheat btlemgear @dri ¢ adsor bent in the bed of
ceram c-coated articles can be adjusted to maxi m'ze mass transport for
specified pressure swings and diffusion distances. purity inert and

oxygen streans- BEGHIDETpsindePihprecess SR HENPe "Wﬁ’f’léf‘i“ﬁlf“ Ff‘é(s“i’lﬁ%ﬂ“fté?:‘t“’“‘
sel ectivity for obopgen forlustelveixgdm-prurining feok gy euixtar thatiinmecesset in ¢avgygemn be

produced.  ConveQpi-fakevik, ramﬁtﬁ‘a‘l@ﬁeﬂbhﬂg'byﬁ%ytﬁo} béﬁﬁe,iﬂ@@ys%ﬁfxa?ﬁ;@&l&@% in

quadr apol e nonent s, be en i on,_and since
argon does not hE’;{"dém'%lE gf}éa?aédp% %%dﬁ‘eﬁ?mtf?ﬁ:gﬁ F|8’fyg%"eab§$§aﬁ%ﬂmpr%%? Bygen.
As a cerani ¢ sor epam-nigokdn miiiry, duypgedinup®Bdeirle. t he i nert 10 conponents such
as nitrogen and argon are left behind in the gas processed by contacting
with the cer rbe n S at her
t han use an e?ec?hrl C p tgfnotf?la edngon E’\]/)gg)dg;enr gl i) nﬁ"og'% t@frgé%'é%%ocﬂé hs°ﬁceram c
adsorbent arti c?“ésascﬁ’f‘y&e‘hée%lfgé@éﬁ%asﬁs ARAESh P PEYPS é”éﬂ‘i”l!i‘tclf?ei’?é“a"%w@éﬁﬁwiatl on
gradi ent to st or@nodygesen), Byogha(e tivgort Sisabep @SSt e P fen@inge nixnad)) een Igr adi ent

over the cer ani co ALk A.rsR oS0R SRR P Rasle ShbibyRa loSom dRYEH ?gqgﬁ%?ienl t he

film In the pregence of air hte r r

the structure. T?S’Fe/ ‘E%F'"T’sérﬁﬂlﬁ’c‘i"?f@"“tgﬁg'gﬂ?‘ég% ng'g?gwnﬁfé?ﬁﬁh AR o oxy gen
wi || diffuse fr omitreger fagpredugs ouptaining lesstthaw K00 partypéraktiltien by vahupsaif pxvedn. pur e oxygen.
20 A PSA process in the practice of the present invention nay be carried

out at any suitaR),&..REEss Smt ,?bcc&tfugg &iﬁ%ﬂ@ﬁ%&/ LRE LR

("l oadi ng" of the cer am C a sor sor tion rel easing. o oxygen

from the ceram c&ISEHHEH "')"’méfsﬁms“Bsé“‘Fé’é"d'iqf ‘Bé'“bﬂ’é?’ Aot gmitriehii ¢ he
skill of the ar tasadvevelintireutamma duding Xiekd shenibatd fused alivga.addenpivelnnher essur e
may by way oy idohih$ PtJfQﬁd QBstee bl Ibe a:arﬁéde&ﬁ WyCspla® V! gNsobilBia Bk on@bn f rom

about 1.2 to abo&” nﬁn aarpgm RAR ¢ CoRting 7 aﬁyout{:thﬁta QEJcﬁﬁgongucﬂ%?age‘ﬁ Qrb%&' on

pressure may be H Age Of here t 0.8
at mosphere, at aPofienisePariiowedtit arEssTe SSAAFPRTFHeA é‘yﬁﬁ‘c?#ﬁ%mﬁﬂrf&ééwx@é%d gas
m xture and oOXxyw@en syl BditCire phregaadin @ bédot in@sS with which the feed gas mixture is contacted

at higher pressure, for subsequent release of the oxygen gas at lower pressure.

l_\M

25
Figure 3 is a perspective view of a coated {iber article 50 including a fiber substrate 52 coated
with a ceramic adsorbent material 54 according to one embodiment of the invention. Coated
fibers of such type may be employed in a bed of such fibers in a PSA process for extraction of
oxygen from an oxygen-containing feed gas mixture. Alternatively, such fibers may be formed
30  into woven or non-woven fibrous webs, that may likewise be employed in a PSA process for

take-up of oxygen from an oxygen-containing feed gas mixture.

The fiber substrate 52 may be formed of a porous alumina material, The coating 54 may be 2
LCCFO material deposited on the fiber substrate at a thickness on the order of 0.1 micrometer.

35  Such coated fiber article may be readily formed by liquid delivery MOCVD techniques vsing
suitable precursors for the lanthanum, calejum, cobalt, and iron components of the LCCFO
film.
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The tenperature nmaintained in the PSA process in one preferred aspect of
the invention may be 30 on the order of from about 500C to about 900C. The
adsorbent beds may be maintained in a heated condition by any suitabl £5EP 2005
heating or th¥PA&P7#Ner gy i nput means, such as for exanpl ECTESEY¥BAIC ]

resi stance heating elenents disposed in the adsorbent bed, jacketing of the
adsorbent vessels of the PSA systemw th a suitable heat exchange fluid
bei ng flowed t hr dghetvtie tesesadtiivertagiclgian baformed e sof g Swhuigiprel or-ipl §8r dheht  bed
cont ai ned t her ei ruifable Aam&l ect ed tenperature. Qther 35 neans i ncl ude

el enents, assenblies and subassenblies for effecting radiant heating,

ul trasonic heatl ng crowave heating, convective heating, conductive
heating (e.g., %%&féﬁﬂwngﬁ?ﬁfcﬂéwibsnti@clgeﬁtbzm@"w@%*fwh&%eﬁ” icient

PCT/ US02/ 0849(5 elmmm&ma‘. For tus edtation of Rxyigérefrdoninaixy gen-coudihigedodas tnintmre,

adsor bent bed, ﬂmnsammm@égegm;@gmm@mmm Ehatg R Bl R0

source), heat exchangers, etc he adsorbent beds in r1:orocess system

may be suitably §ﬁ%&%%¥g%ﬁﬁle‘aﬁﬁmﬂu&f &8 Gt 1p e =nss °5?°°°5X>}&‘5’ fBfP¥he given
oxygen- cont ai ni ngysfemacky Ya®atmilxt y metalilhatic fiser pnit oS Segrated witth@mputey gehrol,

separation devi ceo préVifd ool BriddRBRiEloR, RiNGndr¥ & 6r ek Beratlc@l €xanpl e, the system
may be sized produce 20 standard cubic feet per mnute (SCFM of

oxygen at 99. 5%_pur|ty froman oxygen-nitrogen mxture, during a 2 mnute
PSA cycle. 10 Th@lEPSAS@ys%%%@ﬁmﬂ?@aFﬁvwsqneWﬂnfwydW&évmmmw

enpl oyed to prodieeredndEutation) AHES oth& U@ naME BBl g6 QORI IRMAL CAnpERSES Of
gas m xt ures (“*‘?Ju?cekg%sof%%&%%z% Q‘Tn@e‘dﬁﬁougﬁ‘%%lﬁ%wom&%tﬁ{h 2 Y §EN)

nitrogen (as the non- rom an oxﬁgen nitrogen mxture), etc. In
one aspect, the %A“@j@tﬂéwg”tfﬁéaqdﬁvﬁﬁ%"?géwd § e veaseh9-dyusiae ©eh PEERS * deoxo”
gas, in whichsa t98%abd 16ri0speaedint MeifikifQhd diafhicngsodiny Gerhét' Sstde prbeiteliy t he

PSA process of tB&m&aﬂé{ne&tcde%f&glénqn%khgLo@:iem]aﬁxcr@? E¥okd &Q%eﬂﬂ§b£ﬁ;&%ﬁﬁbr§éant ai ni ng

| ess than 100 parts per y.vol une e ceran ¢ adsorbent

material may be SGIMETUI KO8 i e oY Pty W % P st e b,
e.g., a particul atyeens isblEn paned by ptbrpdlﬂso Suebh by shvven, indipeet], with vvadk bgubst r at e

formed of a mat eEdnéLedStMGJfbmoﬁéctQQﬁethn% AWl 64 Fith gﬁmﬂ%s@!aﬂ fﬁbﬂﬂ@a of R
alum na or f t.he sub§t rate

e
may e car i ol obPOBMC st bRk lo ok BE nm RS Bl rAMR R 1l on.
di pping, roller éweﬁg@OW@mﬂowm@tﬁgm*?tbm#bém%%chm que. Such coat ed
substrate bodies can be enployed for pressure sw ng separation of

oxygen- cont ai ni ng, f 6 %Qﬁrﬁm@ gc&}“(e@%vamr}s é&é&ﬁoﬂﬁﬂéﬁ&rﬁéﬁm@ggﬁ&ﬂﬁﬁﬂ in a

bed or nmss vvlthwhlc as mxture 1s contacte
pressure, for suB§éﬁEPe‘ﬂP°"F’éF‘€‘é%°é”’EﬂmFH@W6W§‘éW ‘gt Mol 7BF’§%*’§I§I"E 25

extract the oxygen gas from the vessel 66, as the ccramic adsorbent is maintained at a
tempersture allowing transport of the "trapped” oxygen from the sorbent bed articles into the
voids of the bed. The oxygen gas may then be flowed from module 8 through conduit 7, into
oxygen inlet 34 as shown in Figure 1. In the alternative the oxygen may be flowed to air inlet
12 or 15, if the reactor does not have a designated oxygen inlet.

30
After the adsorbent bed in module 8 has been extracted of the oxygen, the feed gas mixture s
again charged to the sorbent bed in the module as the farnace is maintained in operation to keep
the adsorbent at suitable elevated temperature. Conowrrently, a flow of non-adsorbed nitrogen
gas may be directed throughb conduit 9 to port 28 thereinto, as the cycle is repeated.

35
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Figure 3 is a perspective view of a coated fiber article 50 including a
fiber substrate 52 coated with a ceramic adsorbent material 54 according
to one embodiment of the invention. Coated fibers of such type may bLESEP 7005
enpl oyed i n aWBd#W0such fibers in a PSA process for ext rMEYiS8H%I0 oxygen
from an oxygen-containing feed gas m xture. Alternatively, such fibers may
be formed 30 into woven or non-woven fibrous webs, that may |ikew se be
enpl oyed in a PSA psopars theogysteny sphamatiqallyofhowx jrgkigurds rlogmd drmayxdpgementigdht ai ni ng
f eed gais m'T>r<]t ur e repdiffiGety i4nh>6ﬁ1ic§1é5b§;&r£taitteet§%sWticlﬁQf lﬁipgmé: cﬂfrgeﬁccﬂ%ﬁﬁ&e?.! g m na
mat eri al . e co IEQ terial deposited on e fiber
substrate at a t%%sclneggmg%%ﬁ%pl%ﬁ Iéds%gﬁl%msn”}loﬁrrm S‘r'reéftger"f‘) ?gwgﬁc‘ coat ed
fiber article may be readily fornmed by liquid delivery MOCVD techni ques
using suitablse mdiCherapmrest taothe dydtedn shamtsthamationlly eertigutell N illGseRe dnly, adchat r ON

component s of t e LOCRE nby birachBs WARR!AIA4201 1o S 00 ndREl] USR2/ 08490
Alternatively, the coated Tiber article may be forne y sol] %g

t echni ques, or i FPREF9 ot FaT oPelen i spaeiniinitesas nikgre pplvedy The it {1imY b er ani ¢
adsor bent arti cl esingihedtchptait iyghvit te cgintyoditios ofaheFE 4 osessodritie campeardture Bayneans

and nethod for t Bemeauliated GilidingheDbrodessy A ety e AR Ay ¥ VS L NS gibvdi & feeed gas
m xture, by CBnt aCﬁéa’Qc%o?tHCh f eed gas m._xt ur e V{Ab%%%sge ceramc sor.ql?ent
X

coating material "RETRGT COFBET FEm8s Fir SR PFGr WSR2 TRy B

t énper at ures, subhmasiatic,heaf prebapgs EhepFBRNE-contpliogelmerty sucpgythermy scoserh may be
control |l ed by Suteinpdsdnee @pthi@s, nictiprbeedsbts, fdss flew Ehnirolledfe®gr at ed Wi t h conput er
control, to provide appropriate continuous, sem -continuous or batch
operation. 10 Figure 4 shows a PSA nodul e used as_the oxygen separation
device 8 in oper g’lei TErteres AR PHPTRGEStob e tientipt &€ dnere oI ETR SHD rergnceolp it her
oxygen- cont ailAi niplifvemdnagdisiting xtampie Wheeim all moNPrRaQesetagesSor) by geight,(whewn | n
Figure 1) is fl owggwitdtpi@hsthidde main flow conduit 60 with the valve 62
directing the flow through feed and di spensing conduit 64 into vessel 66.
During such charging 15 the furnace 76 is actuated and nai ntains the
ceram c adsorbent in a "hot" state appropriate to penetration of the
oxygen into the sorbent articles of bed 68. Wen the bed has equilibrated,
the interstitjhal void gas in the bed G8, @By i sing at |east nitrogen, and
essentially depleted in oxygen, is then punped by punp 70 to line 9 as
shown in Figure 1, wth valve 62 being sw tched to interconnect dispensing
conduit 64 with AR8Adotemsichdiagmrdyorbem hedofontatping LECE \peramic material is used as a

separation device to produce oxygen at high purity for introduction into a thermal/wet
abatement syster.
25
Influent air stream has a mole fraction composition of oxygen, 20,9 mal.%, nitrogen, 78 mol. %,
argon, 1.0 mol.% and carbon dioxide, 0.10 mol.%. This stream is at 2 temperature of 25°C and
a pressure of 50 psia. The temperature of the adsorbent bed is at 800°C.(alternatively, a value
in the range of from about 600°C to about 900°C may be usefuily employed). The feed air
30  stream is heated in the heat cxchanger upstream of the adsorbent bed to a temperature of 483°C
and is at a pressure of 100 psia. The compressor upsiream from the heat exchanger provides

heat for warming the feed stream and the adsorbent membrane means.
The influent air is passed to the adsorbent bed and oxygen is removed therefrom by the

35  adsorbent in the bed, with the bed being heated by suitable means. In the depressurized state

after active removal of oxygen from the air contacted with the adsorbent, the oxygen is pumped
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20 conduit 60, valve 72 being closed to flowinto the branch line 7, and

val ve 74 being open to flow of gas fromthe main flow conduit 60 into
branch line 9. The furnace 76 remains actuated, as valve 74 is cl oseddSEP 2005
i solate the b¥3M¥H4®ne 9, and valve 72 is opened to per FFGT¥H®Y om t he
main flow conduit 60 to branch line 7. Punp 70 then acts to 25 extract the

oxygen gas fromthe vessel 66, as e ceram ¢, adsqrbent | i ntai ned at a
tenperature all o%mo?léhet%‘fd;b SporR ™8 “{c[‘]ig”sg?af”?é]ﬁ‘é@' g??&’%gﬁa#%ﬁgﬁ%ﬁ%&bent bed
articles into theystemdiiptrodyption no thydhyrmalpastokgwamFigas!.may t hen be flowed from
nmodul e 8 through conduit 7, into oxygen inlet 34 as shown in Figure 1. In

the alternative e.. . fl.owed to air inlet = 12 or | if.the

reactor does not | ar\?gg%lg%[eﬂs%gﬁg?eg(?5?)?;%@5”%?%%&’(?88%6[ Dﬁfﬂfeeir%cdt 'remnés%rgé?doent bed

in nodul e 8 hds Bedmed iorabs wWeprhsht bedye atoxippperture HS0G°E arfl ypressur of t13f esiaj s

agai n charged t 0Ah&@assd3E bR nithgel-riclgat BRudNOKEENG tettBrrdnl Mt bxbhARES, Sheinfiropepd Nt @i ned

in operation to en. ..t rbent at suitable elevated tenperature.

Concurrently, a F%o%?vs 3&%3%%3%@8% 4 es%lﬁ#négag%weséue{%o ﬁgﬁ%gdai r@%:rq’éraofhrough

conduit 9 to por#00¥8 thereinto, as the cycle is repeated. 35 17 WO

02/ 074420 19 SEP ng PCT/US02/08490 In this manner, the system o

schemat | cal | vio @ dafls G OL A gh B8 SNe1 O REAUEH bl oygen, 5 SRR T VET Y
to effect alr or ot har

and cyclically operate >t _Sseparation of "al| )
oxygen- cont ai ni ntEPelt mYscairndiozide Tha pigossk et @ dpbueebrowh incdaydBry
fractions for rebwphyedifiiesdediy tha SewdbeRouf bhividg gabes b invddhdtioddieto ppqear ent t hat t he
system shown schematically in Figure 1 is illustrative only, and that the
invention may be_practiced in other, | ti p]l e-bed arrangenents, for
conti nuous, seni Tﬁ&é’fﬁ"’i"ﬂ oﬁissrflcaé?irkﬁ‘éttbéﬁ 58‘%3‘% i9gvre the oWRREreAeR ot HePFeed gas
m xt ur e i nvoledprockzds Baatresiukelnl Odmyia nd a tompieratuei of 8W°C oTigtfasitoxighr-dhighout t he
entire operati ONgiQharfdd Gk BB MRS Pomp Hat 4 s EON BLHATHE SryfiYich RcoHmAI at ed
during the procegsy 43Ry RS ASERRSahl, Hosdet abl Sod B Sndl 48R cRfL use 10
application of the predenterivant OR FGr Pried”3Erhe%e™ FRE Proeed? system
may enpl oy suit apiyen nethgs iyparat threush et thadbampl gfetdr ot her
tenperature-controlling el enments, such as therno sensors, tenperature
controllers, ,gicroprocessors, nmass flow controllers, etc. The features and
advant ages of the invention are nore fully showmm with reference to the 15
following non-limting exanple, wher ei%—%rts and percentages are by
wei ght, unless otherw se expressly stated.

A ceramic adsorbent sol gel was employed to coat an alumina fiber mat using soak-and-bake or

spray techniques. Usage of the solid fiber mat substraies offers several advantages, including
25  reduction of pressure drop and maximum usage of the ceramic adserbent medium. By coating
the ceramic adsorbent rmedium on porous alumina substrates, an oxygen diffusion distance of

80 micrometers was achieved at 800°C.

30 EXAMPLE IIT

A hollow-fiber membrane system including hollow fibers formed from tetra-bromo-bisphenol
A polycarbonate is used as a separation device to produce oxygen at high purity for
introduction into a thermal/wet abatement system. This oxygen-rich stream is introduced at the
35  top of the thermal section of the integrated serubber to increase the combustion temperature and

enhance the abatement efficiency.
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20 EXAMPLE | A PSA system i ncl uding an adsorbent bed contai ni ng LCCFO
ceramic material is used as a separation device to produce oxygen tgu'gfl’%ﬂﬁ
purity for introduction into a thermal/wet abatenent system 25 |nfl

air stream ha¥© 824128 fracti on conposition of oxygen, 20. Q’CWSO%S“% trogen,
78 cool . argon, 1.0 nol.% and carbon dioxide, 0.10 nmol.% This streamis
at a terrperature of 25C and a pressure of 50 psia. The tenperature of the
adsorbent bed is at 800C. (altenati veE}AMELEEY ye in the range of from
about 600C to about 900C nay be usefully enployed). The feed air 30 stream
S e L o 1A RSB o RS SR Ay S, AURRHOE s RO OnB

tenperature of 4 is at a ressu essor
upst ream from t hé RRNEAboRatE Fatitfeps bFf@Vf"d’ééc“‘ﬁetatPr?dﬁ‘fe %&%“Pnahd“g‘f' H’é“tf’ d&d stream

and t he adsor benintdienion ane teeale: abditnent sysfelnl @hit oxggdm-rick sipasis etodiad hthie
adsor bent bed ang.qx%g&e tt{el%laf é%&?&:\’@ﬂmé Jﬂé‘%ﬁ&f QLY «f Q&te aﬁﬁxﬁﬁﬁg’&gﬁﬂ%e' n the

bed, with the bed bei heat ed yi tabl e neans. .| n the depressurl zed
state after acti 8P ety 9( 6’8 z"ﬁ?”dﬁ?"t"’r‘f@c’é‘ld’r“ E&ﬁ“ﬁ’%iﬁfhééf‘s\ﬂef‘ﬁw

adsor bent, the ostiyyethe pger puhgl d thé@i\ARUOR Be/au R(Th 4 Qw@ERn 2@GHpmeRCHUB02/ 08490
fromthe bed by & Rt ALimBRPREHOMRSIES MU dab QMeliRa1a45QkBABE nitgeh. and

di schar ged fr@nlthe systemfor introduction into the thermal reactor shown
in Figure 1. The nitrogen-rich gas yielded by the adsorption of oxygen from
the feed air mixture and 5 discharged ff0m the adsorbent bed is at a
tenperature of 800C and a pressure of 130 Asia. After passage of the
nitrogen-rich gas through the countercurrent heat exchanger, the nitrogen-
rich gas is discharged fromthe process systemat a pressure of 50 psis and
a tenperature of 200C. 10 The product nitrogen-rich gas contains 98. 35

mol . % ni trogen, 0.27 nol.% oxygen, 1.26 nol.% argon, 0.13 nol. % carbon

di oxi de. The nitrogen-rich gas is discharge through Iine 9 and may be

enpl oyed for reducing the dew point of emtting gases by introduction into
port 28. The oxygen-rich gas released fromthe adsorbent bed during the

| ow- pressure step of the PSA 15 process is at a pressure of 0.5 psia and a
tenperature of 800C. The final oxygen-rich gas discharged fromthe
downstream punp is at a pressure of 1 psia. The oxygen-rich gas contains
96. 32 nol . % oxygen, 3.63 nol %nitrogen, 0.05 nol % argon, and no carbon

di oxi de. The
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oxygen rich gas is punped through line 7 to the thermal reactor. 20 EXAVPLE
11 A ceram c adsorbent sol gel was enployed to coat an alum na fiber nat

usi ng soak-and-bake or spray techniques. Usage of the solid fiber mat
substrates offers several advantages, including 25 reduction of pﬂés'iEBrZ&ﬂS
drop and maxi num usage of the ceram c adsorbent nedium By coating the
ceram ¢ adsorbent nedi um on porous alum na substrates, an oxygen diffusion
di stance of 80 mcrometers was achi eved at 800C. 30 EXAMPLE I TI A

hol | ow f i el meRtENaReNsSyshaeMebnesudi ng hol l ow fibers fornmed from
t etra- br ond-bi Spnenol A polycarbonate is used as a separation device to

produce oxygen at high purity for introduction into a thermal/wet

abat ement systgqm TRi,S 8XY¥dRARET § eam. i.s. 4 gdye t e 35 top of
the thermal section of at ﬁe F‘n?egrg?g%ﬁs%%bpz%irﬂ%% |nc§glag'\egta%e conbusti on
t enper at urss rgath compansénghe abatement efficiency. 19 WO 02/ 074420 EXAMPLE

IV 19 SEP 2005 PCTLUS02/08440 A holl ow.fi ber rane systemincluding
hol | ow fi bers forne fs;rgg%uﬁe:f‘?g- fr?%"ﬁ%t?ﬁi}%%‘ﬁjé}ﬁ)lw&nﬁ'eﬁoﬁ% STRFREs used as

a separ at ifor devidoettiagpthdugesoxygesm aintd ghe WdnbBugdtdiord chaimbegyct i on
into a thermal /wet abatenment syste Thi s oxygen-rich streamis introduced
at the bdt¥ofP “f'ltleCPW@P%FaEéE?f%nC%‘?n?CFﬁ?ngrﬁ%@r HABVFEcPdbber to create
an oxi di Zidighpregaecat ai e gh@ttom of the thermal section to oxidize any
remai ni ng oxidizable gases in the gas stream This allows the upper part
of the thermal sectPBnOKEIBE FERRVREHCR YiderPrasidiionest dhiegedetiveeanount

oxi desof 5 Erogenc1d S60E6 b o B I R A 13 . A
abat ement copbustipor chatmbarants in a gas stream conprising: a conbustion
chamber having at l%ﬁégegﬂetﬁgngg§éen separation unit comprises an

oxygen separation material selected from the group

consisting of a semi-permeable membrane material and an

oxygen-adsorbent ceramic material.

2. The system according to claim 1 wherein the
oXygen separation unit comprises a membrane device to
separate O, from N, in the compressed air, for introduction

into the combustion chamber.

3. The system according to claim 1 wherein the
oxygen separation unit comprises an oxygen-adsorbent
ceramic material having affinity for oxygen when the

ceramic material is at elevated temperatures.

4. The system according to claim 3 wherein the
ceramic material is selected from the group consisting of:
Bi; yEry0;.4;
Bi; Y,03.4;
La; yBa,Coy xNiy 0O5.4;

Lal-ysrycol-xNixOB -d7
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for conducting the gas streaminto the conbustio
comuni catively connected to a source of conpres
separation unit positioned therebetween to prov
enriched gas to the conbustion chanber, wherein
conprises an oxygen separation material selecte
consisting of a sem -perneabl e nenbrane nateri al
ceramic material. 2. The systemaccording to cla
separation unit conpaises, GofRiioane device to
conpressed air, for introduction into the conbus
accordi ng to cl ai m P2ahBreton-tfRCiatygen separ at
oxygen-adsorbent cepamse ARt erd @, hawppg affin
ceramic material is at 'el évated ténperatures. 4.
cl aim 3 wherein thelacgfFapre.-sa-Lrisal 1s sel ecte
of: Bi2_ yErYQ3 d; B,

Lal ySryCol XN X08- &7S5%1%9 SEP 2005 Lal ~yCayCol
Lal- yBayCol- XFeX(B- ¢; isL@kemSoygote, fea03-d; and
wherein, x is fromO0.2 t? 0. 8; 1\{ is fromOQO to 1.

y i1s from 0 £to 1.0; and

d=0.1 to 0.9.

5. The system according to claim

n chanber, the conduit
sed air; and an oxygen
i de a source of ox

t he oxygen separbggggZWhit
d fromthe group

and an oxygen- adsor bent
iml wherein the oxygen
separate 02 fromN2 in the
tion chanber. 3. The system
ion unit conprises an
ty for oxygen when the

The system according to
d fromthe group consisting

2.-yYyQ3 -d ; Lal _yBa, Col XN X03-d;

-XNi x03 -d;
Lal - yCayCol - XFeX03- d;
0; and

3 wherein the

ceramic material is selected from the group consisting of:

oxide fluorite oxygen ion conductors of the

formula A Q;

pyrochlore material of the formula A;B,0,;

material of the formula Bi,0; (
stabilized forms of d-Bi,0,;
Bi24PbsCas044;

Bi14V201y;

Ax0¢) ;

perovekite materials of the formula ABO,;

oxide Brown Millerite electrol
A;B505;

mixed Brown Millerite electrol
ABO,ABO; 5;

A406ABO, s compositions;

mixed superconducting (ABO;AO)

cryolite (A;BO3;) electrolytes;

columbite (AB,O¢) electrolytes;

and corresponding doped materi

wherein A and B are metals ind

ytes of the formula

ytes of the formula

electrolytes;

als,

ependently selected

from the group consisting of lanthanum, aluminum,

strontium, titanium, calcium, zirconium,

indium, gadolinium, yttrium, copper, cer

22
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d=0.1 to 0.9. 5. The systemaccording to claim3 wherein the ceramc
material is selected fromthe group consisting of: oxide fluorite oxy%en

i on conductors of the fornula A408i pyrochlore naterial of the f or mI9a5EP 2005
A2B207; material of the fornula Bi 203 (A206) ; stabilized forns of

d- Bi 203; Bi 24Pb5Ca3044; Bi 14V2011; perovskite materials of the fornula
AB0O3; oxide Brown MIllerite electrolytes of the formul a A2B205; m xed Brown
MIllerite electrolytes of the fornula ABO3AB02. s; A406AB02.5 conpositions;

m xed supeyiGRRduct ica®alABO3Akee! eﬁ&?@éyi@rﬁ; mdtyldde ( Jam,
el ectrol ytes; colunbite (AB206) el ectrolytes; and correspondi ng doped
mat eri al s,CHATEHSM Algkdup. afankalans bmermﬁnmw,sae@ﬁ@dumr omt he

group CONSleshyigh O cl-ARBIARUM:+BL 41! NEM1L Al ONddB: il | HUddPy fi] €T UM
zirconium iron, barium 1ndium gadolinium’ yttrium ‘copper, Ccérium
thorium 2Zat9 SER,208%rbnsmunh, agdbptaseadykisln. nagnesi um manganese,
vanadi um chrom um niobium tantalum boron, hafnium neodym um
terbium ytterbium erbium thullium lutetium samarium lead, tin,

| awr enci um an@.pr aghedgpsuam Gccdheiny ste®naoieordiviegded reltdiem 1 wherein
the abatenent systemfurther conprises an inlet for _introduction of the
gas streaﬁPaFﬁ@e'ﬁl5?558WpﬁP§Fhﬁra¢°mprlses an inlet for

introduction of the gas stream, the inlet comprising a
conduit terminating with a portion of the conduit within
the reactor which projects into a tube defining an area in
which there is flame formation; and

the conduit further comprises at least one
secondary inlet for introducing at least the oxygen

enriched gas.

7. The system according to claim 6 further
comprising a central combustion chamber accommodating
heating elements;

a liquid vortex which cools gases passing from
the combustion chamber;

a packed bed for trapping and condensing
particles from the gas stream after passing through the
liquid vortex; and

a liquid scrubber for removing chemical

pollutants.

8. The system according to claim 1 wherein the
oxygen separation unit comprises a polymeric membrane with

a higher permeability for oxygen than for nitrogen.

9. An abatement system for oxidative treatment of

gaseous pollutants in a gas stream, the system comprising:

23



conduit termnating with a portion of the conduit within the reactor which
projects into a tube defining an area in which there is flane fornatio%

and the conduit further conprises at |east one secondary inlet for 133EtP 2005
introducing at | east the oxygen enriched gas. 7. The system according to
claim6 further conprising a central conbustion chanber accommobdati ng
heating elenents; a liquid vortex which cools gases passing from the
conmbusti on chanber; a packed bed for trappi ng and condensing particles

fromthe gas streamaathermpasebAgLbAr S@ha tdies ddiiiiid it ex; and a liquid
scrubber for renmoving chemcal pollutants.” 8. The system according to

clai m 1 WTEUHIRG SagpgaR separat ko ubie il apartssl.y e gagenbr ane
wih @ higiefuReBRaRl Lihy [0bepayaghy LR { Uodihd Q4R vely An abat enent

system for oxidative treatment o gaseous pollutants 1n a gas stream the
syst em comunngioigd 28 39s8EPc2006 eompessmtd rdxgctadrr ;archda gas conduit for
conducti ng gaseous %%r8%n1into t he thernal.reactﬂr" t gas conduit

conpri sing a secondary TRPEL ESR%E%F%%?i%QﬁS/P to a source of
conpr essedhdrgbaitiveeandwhareiygehe SERAG&i | ¥paif i P sidiltorethpriiBesebet ween,
wherein the oxygen separation unit conprises an oxygen-adsorbent ceramc
materi al . 30° §n§9§g8ﬁE§EEoFﬁFﬂ@l?oﬁgﬁ%ﬁ¥ﬁ¥}\wherein the source of
conpressed dry air is a conpressor and the oxygen separation unit

conprises a nenbrane neans for continuously
10 The system according to c¢laim 9 wherein the

gource of compressed dry air is a compressor and the oxygen
separation unit comprises a membrane means for continuously
separating pressurized air into oxygen-enriched and oxygen-
depleted streams; and

the system further comprises a heat exchanger
positioned between the compressor and the membrane means
for transferring heat from the compressor to the membrane

means.

11. The system according to claim 9, wherein the
oxXygen-adsorbent ceramic material is selected from the
group consisting of:

BaIng ¢72rp.330y;
BalIng.¢7Cep.330y;
Lao.sBag.5C0op,7C0g,30y;
Lag. 65Ty, 4C0p.eCUg. 20y ;
Lag.sS1y.2C00y ;
(Bi20;) (NaNbyO¢ s) ;
Bi,Sr;Nb,Ga0;;: 5;
Bi,8r;Nb,A104, 5;
Z2r0;-Y,05-Ce0;;
Zr0;-Y,03;-Cr,05;
2r0,-Y,03-Mg0;
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separating pressurized air into oxygen-enriched and oxygen- depleted
streans; and the system further conprises a heat exchanger positioned
between the conpressor and the nenbrane neans for transferring heﬁg fFom
the conpressor to the nmenbrane neans. 11. The system according to 19 B,
wherein the oxygen-adsorbent ceramc material is selected fromthe group
consi sting of: Balno.67Zro.330y; Baln0.67Ceo.330y; Lao. 5Ba o . SCoo.

7Cuo. 30y; Lao.6Sro .4 CO 0. 8Cuo . 20y; Lao.8Sro.2Co0y; (Bi202)
(NaNb2G6. 5) ; Bi 2Sr 2p2@Rl-kdw, ; Bi 2Sr 2Nb2AI O11. 5 ;  Zr02 -Y203 - Ce02 ;

Zr 02- Y2@3- Cr2C3; Zr02 -Y203 - MO 24 19 SEP 2005 Y203 - CaO - Ce ;
Zr2-Y2Bi and CeOfrCat¥®2e33n42. The system according to clai m1l wherein

the ceramc materi gbolScpdcked in an adsorbent bed. 13. The system
according to claim 12 wherein the oxygen separation unit conprises a
vessel lined with an insulator material and heating el enents incorporated

I n the vessel t,g maintai re. of, t.he .hed.at suitable elevated
t enper at ures. f%f Tﬁggsﬁnggﬁa%§g$§§%%5t§?(ﬁ%ﬁ%ﬁJ. \Mﬂﬁﬁﬁﬁ? ?uetable
ceramic material is packed in an adsorbent bed.

13. The system according to claim 12 wherein the
oxXygen separation unit comprises a vessel lined with an
ingulator material and heating elements incorporated in the
vessel to maintain the temperature of the bed at suitable

elevated temperatures.

14. The system according to claim 13 wherein suitable
elevated temperatures comprise temperatures in the range

from about 600 to 900°C.

15. The system according to claim 11 wherein the
ceramic material is deposited on an inert substrate as an

oxygen-permeable thin film electrolyte thereon.

16. A method for retrofitting an abatement system for
processing a gaseous wagte stream to introduce an oxygen-
enriched source therein, the method comprising:

providing an oxygen-enriching device
communicatively connected to an abatement chamber, wherein
the oxygen-enriching device comprises an oxygen separation
material selected from the group consisting of a semi-
permeable membrane material and an oxygen-adsorbent ceramic
material;

introducing compressed dry air to the oxygen-

enriching device wherein the compressed dry air is
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el evated tenperatures conprise tenperatures in the range from about 600 to
900C. 15. The system according to claim 11l wherein the ceramc nmaterial is
deposited on an inert substrate as an oxygen-perneable thin film
electrolyte thereon. 16. A method for retrofitting an abatenment shiSEnilfibr
processi ng a gaseous waste streamto introduce an oxygen- enriched source
therein, the nmethod conprising: providing an oxygen-enriching device
comuni catively connected to an abatenent chanber, wherein the

OXygen- enrgegira@ «deVnee 8ANBLYSES - AR XYL S RMHdhe RiE al sel ected
fromthe group consisting of a sem perneable nenbrane material and an
oxygen- adSBrBFEFENCEL SR F2SRANEr Farponert ndard ng conpressed dry air to the

oxygen- enriching dewie8ayBehg! bnl N FOURIERPG AN odibofntd c3EP 2005

separated into an oxygen-rich”gaseous” tTonponent” an nitrogen-rich
gaseous cdigomdatemantd chambduci ng the oxygen-rich gaseous conponent to

t he abat enent chanber. 17. The nethod according to claim 16 wherein the
oxygen separation unit conprises a nenbrane device to separate 02 from N2
in the conpresdad arThef aethotir adustd iy ity aoldien aehisirieam ¢hanber. 18. The
met hod according to claim 16 wherein the oxygen separation unit conprises
an oxygen- 3G ERPATRELSR B Hht BPTRY L FE% i h PG ane BevdceokPgen when t he

ceram C Myegairdkel 9, 3t r&h avatied thempenplutssd 49 Abe {mthgsaccyy ding to
claim 18 wherein the ceramc material is selected fromthe group
consi sti ngn§P: thej copbpgtBoy; chamber .

18. The method according to claim 16 wherein the
oxygen separation unit comprises an oxygen-adsorbent
ceramic material having affinity for oxygen when the

ceramic material is at elevated temperatures.

19. The method according to claim 18 wherein the

ceramic material is selected from the group consisting of:

Bi,.yEr,0: g;

Bi; y¥y03.4;

Lai-yBayCo; xNixOs.4;

La; ySryCo; N1,05.4;

La,;.yCa,Coy_ «Ni,03 4;

La; yBa,Co; xFex0;.4;

La; ¢Sr,Co, xFe,03.4; and

La; yCa,Co, xFex05.a;

wherein,

X is from 0.2 to 0.8;

y is from 0 to 1.0; and

d=0.1 to 0.9,

20. The method according to claim 18 wherein the

ceramic material is selected from the group consisting of;
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1312-yYy(3-d; Lai _yBayCoz _,tN,(O3-a; Lal _ySryCol-xN,03 -d; Lai _
yCayCo I XNiXG8 _d ; Lal _yBayCol-,tFe, 03-d; Lal _ySryCol _XFe.03_a; and
Lal _yCayCoi ,sFe, 03 _d; wherein, x is from0.2to0 0.8; y is TronL@SﬁpZﬁﬁo
and d=0.1 to 0.9. 20. The nethod according to claim 18 wherein t

ceramic material is selected fromthe group consisting of; 26 19 SEP 2005
oxide fluorite oxygen ion conductors of the fornula A408; pyrochlore
material of the formula A2B207; nmaterial of the formula Bi 203 (A206);

stabilized forms of o8iBe2@8iioBi2d BRFGa’OMn ;cRIARMRAL of RelOVSKi te
materials of the formula ABGCS; OX|de rown Mllerite electrolytes of the

formul a AZSXO%13nP%@e Brown M Ilerite electrolytes of the fornula

ABGBAB2. 5 ; A40GAB s cking (ABGBAO)
el ectrolytes; cryoli féc%%gggshggggg?%g%%?g§§q§%ﬁﬁ%%pqxb A 206)

el ectrolytes; and @ecezspédndinghdopednwba eBifhs{Axheérein A and B are
metal s i ndependent |y, $6Li¢¢Led forms of d-Biy0s;

Bi,4PbsCas044;

Bi,4V2011;

perovskite materials of the formula ABO,;

oxide Brown Millerite electrolytes of the formula
AzB20s;

mixed Brown Millerite electrolytes of the formula
ABOsABO; 5;

A,0s8B0,; 5 compositions;

mixed superconducting (ABO;AQ) electrolytes;

cryolite (A;BC;) electrolytes;

columbite (AB;0¢) electrolytes;

and corresponding doped materials,

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

lead, tin, lawrencium, and praseodymium.

21. The method according to claim 16 wherein the
abatement system further comprises an inlet for
intreduction of the gas stream, the inlet comprising a
conduit terminating with a portion of the conduit within
the reactor which projects into a tube defining an area in

which there is flame formation; and
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fromthe group consisting of |lanthanum alum num strontium titanium
calcium zirconium iron, barium indium gadolinium yttrium copper
cerium thorium bisnuth, cobalt, nickel, magnesium manganese, Vidn$kPi 2605
chrom um ni obium tantalum boron, hafnium neodym um terbium
ytterbium erbium thullium lutetium samarium |lead, tin, |awencium
and praseodym um 21. The nethod according to claim 16 wherein the

abat enent system further conprises an inlet for introduction of the gas

stream the inlet cemarishAgid rGOAHNEt RN S 10 Middt aportion of the
conduit within the reactor which projects into a tube defining an area in

whi ch t herf¢qondaryma nlgEnderohnt apduond RrisEre g3 hehexygedui t furt her
conpri ses Jfsl %tgggq secondary inlet for introducing at |east the
oxygen- enriched gas. 22. The nethod according to claim 18 wherein the
ceramic material is packed in an adsorbent bed. 23. The nethod according to

claim 22 wherei,n th (0)%4 n.separation devigce c ri.ses .a ssel |ined
with an insulggdr ?&Fep¥gﬁogn ﬁ%ﬁ%fﬂ% % e ‘%qﬂﬁégFﬂﬁ?ékgﬁeon t he
i nsi de of dedramiesmeltetrdalnint phokéfieih eapeidisem Yde bed at sel ected

el evated tenperatures. 24. The nethod according to claim23 wherein
selected elevated tenperatures conprise tenperatures in the range from

about 600 to 90Q8C. 2he hBenhBB! HEE-AELR KL ILint ! Wk Mhereln the
ceramic material is deposited on an inert substrate as an oxygen-perneable

thin fil moYSEry SFPREAERERBAVIDS. CAMPRIFRA & ofeshsierldmiasy wixyigen- enr i ched
air for  suheaqueRt mhBErdYCLh@MEDE @] NEH LG SHMANRY SYSLRD
ingide of the vessel to maintain the temperature of the bed

at selected elevated temperatures.

24. The method according to claim 23 wherein selected
elevated temperatures comprise temperatures in the range

from about 600 to 900°C.

25. The method according to claim 18 wherein the
ceramic material is deposited on an inert substrate as an

oxygen-permeable thin film electrolyte thereon.

26. A method for generating oxygen-enriched air for
subsequent introduction into an integrated scrubber system
which comprises a combustion chamber for abatement of
gaseous waste products from a semiconductor process, the
method comprising: |

providing an oxygen separation system to effect
the separation of air into a nitrogen gas component and an
oxygen gas component, wherein the oxygen separation system
comprises an oxygen separation material selected from the
group consisting of a semi-permeable membrane material and

an oxygen-adsorbent ceramic material;
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whi ch conpri ses a conbustion chanber for abatenent of gaseous waste
products froma sem conductor process, the nethod conprising: proviﬂ%n an
oxygen separation systemto effect the separation of air into a it d%%
gas conponent and an oxygen gas conponent, wherein the oxygen separation
system conprises an oxygen separation material selected fromthe group
consisting of a sem -perneabl e nenbrane material and an oxygen-adsorbent
ceramic material; 28 19 SEP 2005 introducing conpressed air into an inlet
of the oxygen sepadatiredusyayeapmptéfdedvaing i ndd riegen eamperent from
the oxygen separation _system w thdraw ng the oxygen conponent fromthe
oxygen sépd gﬁpgﬁéFéﬁF SH8*PR{ r oduci ng t he oxygen conponent into the

conbustion chanber L@EhA%WREGWMELE hDErdase Qs fYRfWHes for
abat enent of sane therein. 29

oxygen separation system;

withdrawing the oxygen component from the oxygen
geparation system; and

introducing the oxygen component into the

combustion chamber for mixing with the gaseous waste

products for abatement of same therein.
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