PROCESSES FOR PURI FI CATI ON OF SI LI CON TETRAFLUCRI DE BACKGROUND OF THE

| NVENTI ON [0001] This invention relates to the purification of a silicon
tetrafluoride gas by renoval of acidic conpounds, carbon nonoxi de, carbon
di oxi de, inert conmpounds and conbi nations thereof and, nore particularly,
to the renoval of acidic conmpounds by use of an ion exchange resin, renova
of carbon nonoxi de by use of a catalyst conprising a catalytic netal oxide
on or near the surface of an inert substrate, by renoval of carbon dioxide
by use of an absorption liquid conprising at |east one glycol diether, by
removal of inert gases by use of a cryogenic distillation process and
conbi nati ons t hEROGESSESOHIIR PEBINCATIONEDE SHACENI IS OMFHLEORING t al conponent
of many commercial products including, for exanple, integrated circuits and
phot ovol tai c &l. " solar) ceIIs Pol ycrystalline silicon is typically
produced by Eon mechanismin which silicon is

deposited frama tﬁﬂ%nmmm r@%@é%ﬁ@@%%ﬁx’nﬁca%brﬂ b@@&h&ﬂﬂ&%mé‘ndet?é@' cally silane,
onto a crystal seed particle in a fluidized bed reactor ane may be

produced froRY éeir’lqvédﬂaF’g’Prca‘F‘PWFd‘@rW %OWOéQEt?%*PP%‘E‘W\%eeﬁ’ edj | i con

tetrafl uori deoragslings ﬁﬁ&i@imthyaﬂlbhﬁme&bﬁzﬁhdamowhnmalh/umtmwmm%Iroahydr i de

(NaAl H4) . [000%% Silic nbt etr | uor i dﬁ can r%r odachd 8%1 a variety of

met hods, for 2&XSFPTEOYES 3élu%ea% alnr'%r?’r?)i‘c 85 rgeﬁ "YA8 ™4 by- product in the

producti on ofmophddehiatse of ecatalyszanprisiGp mwetetiiahieal pridelat edhesi | i con

tetrafl ”0” d %B?f d;,‘e\’o“?' g?rlertysuBQf é’"'b $erﬁ0\%ygi’t&%bo%fdxdx% I)AJsb%FaéUCh as carbon

nonoxi de, 1 oXI i ner oun itres such as boron,

phosphorous awr@@hbﬂm@mrﬁﬂﬁaamemcﬁi Q?%Ih@'ohh@gﬂoya‘cﬂﬁ irgd hydrochl oric

aci d, sul furg 6%l A8 ofYbd Sentd di@ithida p@&@s@mmwﬂbﬁs feleds. These

i mpurities can cause def ects and possib fa| ure of the mcroelectronic

devi ce. Thus ?ge St ﬁ praoc gﬁ g ) reduce the inpurities from

comercially dué SUMVARY OF THE
[@P 8/8"3@ P shio P ?GS?“P%‘*” BUPAY gEered

| NVENTI ON [ Op@dilctdnciadidg rfgr éxarpiee indsypaied circaitp aratgsdovobaic pJeoduci ng a

purified siI| tr A con

tetrafluoridé 368‘%@% Pﬁgk&%fnﬂg&%% Igﬁgg%”yﬁﬁdugggwg%h&ggg +uori de source

gas conpri segemsltlp@mecm@ﬂanahlvumh slison waeppsited frofon i maily The cat al yst

conpri ses a“ﬁé&ﬁ{ tosac’d@@ﬁéoﬁtc%nﬁﬂ%o?tﬁ%’é@ SMibh& R Ry QYisd8d BhrigE near the

surface of t ert substrat | east a portion’ of the carbon nonoxide

i s adsorbed v BidizRs begreaty- sflaneyaahy @P?‘é‘iedﬁﬂ?”?%‘é‘@f‘lt%'@ﬁ‘ﬁqgecar bon

mDﬂOTI de \l/)\/ltB¥Efﬁ@c§?$@dtwéér$sﬁtmhaétraﬂMr@e and hkﬁeéél@@@rﬁdm]?ﬁ 8§ B o]pe gr mlore
met al carbon exes is T in production of a purified silicon
tetrafluorid ‘Ej‘ﬁg Y EaHe Hawdﬁﬂeﬁ\?a%e'a'ﬁced concentration of carbon nmonoxi de.
[ 0005] According to a further aspect, a catalyst for renmoving inpurities
froma silicteoiletSiigbnh teeflehsidg g8n be pigdieasidyvariglral metiipgerfor e sel ected from

the group cog rﬁﬁlé Cﬁlas%'oﬁpﬂﬂ'rﬁtilc@a&mé‘@y Siobl G H Ge pRddubioral um na, yttria
and m xtures t ereo he catal yst conprises a catalytic netal oxide

conpri si ng aPbesphtfertizeest QOW‘"@@W&OQ’%%W% gralipdesRSi sting of copper,

manganese, chp @mmtmtﬁhmb&hﬁzhipuums SO y@@tﬁrwmaoﬁdxhdéeéarwﬂ m xtures
t hereof at or e surf 000 In yet a

g ? 3 nerCE1 gbstr

further aspefPX0g ingrHrogEOUR %6%9% H@S%P &t aPYStP 3% an inert
substrat e andaleumabmbydrids an&ba:ld coxipaéndatsudr asigarochioec adid faatier of the inert
substrate co €S .l n t| I | t face of or

t hr oughout tﬁ}é 8% ﬁ%tfurqp{xﬁ% a|6hne m%a%%a% Grhg%]ﬂlpuﬂ{‘e Icgﬁrcr;%égegnat ed inert
substrate i sdhfease_dd DQsSéplytfeﬂqyep‘éfthamcrgﬂe%tlonlce@s'pe ablousta 1€@A@E®stso f orm a
catal ytic m?&gﬂo&é#&@ \Af'ﬁ?ch%dd&@%#ebih{bﬁr;t%érfﬂ‘oﬂ%‘on%er&s%/ brB&ided SHARL rate. [0007]

Q her objects eatures w | e in part apparent” and in part pointed out
her ei naft er . tetrafluoride source gas.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] FIG 1 is a block diagram
illustrating a fl ow schene for purification of a silicon tetrafluoride
source gas according to one enbodi nent of the invention; and [0009] FIG 2
is a cross-section of the reaction apparatus used to prepare the inert
substrate of the catalyst as set forth in Exanple 1. [0010] Correspondi ng
reference characters indicate correspondi ng parts throughout the draw ngs.
DETAI LED DESCRI PTI ON [ 0011] Among the, vari ous aspects of the present
invention are processes for purifying silicon tetrafluoride source gas.
Purification techniques include, for exanple, renoval of acidic gases from
a silicon tesuaiARY OHEHEONVESITHS by use of an ion exchange resin, renoval
of carbon nonoxide by use of a catalyst, renoval of carbon dioxide by use
of an absorp er, renoval of
i nert gases Edo@ﬂs E]?Hjm?q;ogenls?b ?FOC}e%afléi)%rga&d%lc%%!ﬂﬁg%ﬁ%%s t her eof .
[0012] Armngfeﬁf@ﬁlm'éﬁ QQ%W%G%FM@@%%%@R tefraNLerte eovres gasaviffraocess for
purifying sikigioR. tret EREUSHA B IEOIHLER FRToRPrisIRE: [cRdnidigegas Wi th a
catal yst conpriSing an inert substrate and a netal oxide at or near the

surface of tR& FaiRe MAMp&er df'e Caté'%‘a?"ﬁl%%?s Fohpt PIsHgeRdiBnert substrate
and a netal 6athige Abtaldxideeabr héwtmdrfae@oﬂﬁe nae suifefate. Athsdst at e, and a

Crboa ment s B OCHE BPGREAL TORORRLT BRorarSTIS BoA o Ao B our co. gas

conpri si ng i raatingthesarben snbxés with the calnytiomet@oxddg uthidf reeetfonon steps to

the sour o gatnalt ghre Mo ol sbbiet, frRyre RN B S e &
portion or aplrifigf siie taafdptidegasairepndpuing ageduge rzormnmtmh@ést sone portion
or all of any,fpi shid:&iePr esent in the gaseous stream 4 Alternatively or
in addition, the source gas may be contacted with one or nore catal yst(s)
to renpve a n_or. a rbo res ternatlvely or
0 hddrtson, Phd eftiod e te BetRoR Fab RIS PRV B Bk TR | aui d 3o
renmove car boa sdicm»detdﬁluoﬁmp@asaiompne@ea'remat stmstrstyes*ekemdrﬂram the used to
Final Ly al t SPshPRoBHGORABaIIE ik il B i SR L 'on' ot eps, ¢ he
silicon tet rﬁ?ﬁﬂtiﬁw ihd@ofsothewta@essc@hwsg@a%hatytr@ me@f gx*@a)gémr@mcuastu |l ation
unit to remxaasy%éta%%cteaffwm&@%@r%ﬁg@cmb%f%pﬁer IhRbhde, the silicon

tetrafluoride nay be id further conpressed for cylinder
filing. [0014]OWkM. éofraffgthaliuml ﬂ”ﬁ’g?qieé‘ﬁ‘%s‘fvﬁéamixﬁ'f'@s ipe'6eied r i ncl udi ng each

of the purifhgatiofuratepshdpegkubedieabove in series in a particul ar order,
it should be noted that one or nore purification steps may be omtted

w thout depaihd f [QMhAk S60RE Yolde PLRAEAIC J XSOLIApEHL  her more.  the

purlflcatlons e carri
di scussed i narmme@ sut@ttratel angedl Qﬁt@izst@rr@etﬁm@éﬁorsrmu@ﬁcseﬁamm@ymr gi stl c

benef i ts oveuRlhelcampiliklfolobndioREGHEE Fath AR RBcaGL 1 cat | on st eps be

carried out I n series, be carried out paral | el although

such a procefiEoughpd e %‘yo‘;r‘f’é?jlﬁ‘é@ sylipRiratet TAE WUWP"%F“?W@W ties renoved
during the oyefsghte iPHeERSHE o W} ér@ta?@bfatmbmamd@wﬁoqemia the purified

silicon tetrafluoride e .sent to r n and cylinder filling
after any pu?qt?’Vt(‘f’a[P?tﬁerq‘édtséé%orﬁff?ét’lﬁﬁ%ﬁﬁ?%%ftf‘egﬁ g %tb% fay be reordered and/ or
omtted entirely without departing fromthe scope of the present invention.
A. Renoval of [08¢7] diGiheConisoamas fapjuras willdle impart appamt hathepart pointed

out hereinafter.




Resin [0015] Silicon tetrafluoride source gas often conprises acidic
conpounds such as hydrogen fluoride, hydrochloric acid, sulfur dioxide,

sul fur trioxide, hydrogen sulfide and m xtures thereof. According to one
enbodi ment, a portion of the silicon tetrafluoride source gas is contacted
wi th an ion exchange bed to produce a purified silicon tetrafluoride gas
stream having a reduced concentration of acidic conpounds. 5 [0016] The

i on exchange bed typically conprises pne or nore ion exchange resins.
Suitabl e ion exchange resins are readily known to those skilled in the art
and can be found in the literature (See e.g., Perry's Chem cal Engi neering
Handbook, 7t BRESF DEFaRIPF AN OF, THIDDRABANGE. Typi cal ly, ani on exchange resins
are used to renove the negatively charged conponent of the acid conpounds

(e.g., fluorigeq G501 ?s%eb]ock%wghﬁlbhl@stFa%ﬁ%Q%Io%@@fhéﬂ%fopﬁur)fééﬂgn%?e based

resins and ceIIquse- ased resins. Suit styrene-based resins

i ncl ude tr|néﬁﬁ9®‘%@ﬁ@%WU%ﬁﬁWﬁﬁQﬁ%@&ﬁﬂdﬁgH%?W@@“%%H?%ﬁ?é Byl ammoni um
Sui t abl e cel \nb@pe-fAwsed resins include ethyl trinmethyl amonium triethyl
hydr oxypropyl ammoni um am no ethyl and diethyl aninoethyl [0017] In at

| past, one eriRghTIAE 2 KRS AREHCNARASCLARh BoSY BV BELRAAAL 0ed bY
flushing wt solut on co ah organi ¢ sol vent.
Sui t abl e ninéﬁammhﬁﬂﬁgmﬁﬁﬁmaéﬁahﬁﬁﬁd@hﬁﬁhWtE%mﬁwﬁ1n|tr|c acid and sul furic
acid. Suitable organic solvents include al kanols, [0018] Optionally or in
addi tion, theost)l iceRspeidngirbf@nte enhaatise ik drgsidegpeasted with an ion
exchange resh tQh t hose |isted above, to renove non-acidi c conpounds
such as, for g%ﬁﬁﬁT € ﬁwgﬁarbons car bon nmonoxi de and carbon dioxide. B
Catalytic Purification of urities Such as Carbon Mpnoxide [0019] In at

| east sone e@ﬁﬁﬂ&ﬁﬁﬁﬂﬁﬂaﬁﬁﬂggipresent invention a silicon tetrafluoride
source gas is contacted with a catalyst conprising an inert substrate and a
cat al ylti c netl1j0xxirstgate @rnoneashpetfse)fmrn‘r@@et abertibe ate@odessetiBt rgte [ 0020]
In at | east so t he cata rises an jnert substrate

el ected 1 ol HES DRGSR e e ebB s o o1 1 ca,

al um na, ytt exanpadembvd ofegiid drsee dbmanadican tatelilioride coumret ghs oxi de conpri si ng
a catalytic | pper, manganese,
chrom um cogg%?an%% %’fchgr%e ;EQF‘ Eﬁg\r’l&gm%hg? v@?ﬁo}w Q%UQ% Sfée)s t hereof at or
near the sur faiglgstorerokel of prsben @lgbé% Pratee of\gniapeorpins gl goPeTising very 6 wel |

suited for tQﬁeés@BRé’%kxcd?Ese%F b@:ﬂo&HPBﬂ%ér@&asfe%%V‘uée §i dridg@Rict et rafl uori de
source gas, It should be understood that the catalyst Is capable of

renovi ng ot heFtigEameishentinadorsthegphbl e of renovi ng conpounds from source
gases other than silicon tetrafluoride source gas.
[0012] Among further aspects of the present invention are a process for

purifying silicon tetrafluoride source gas by contacting the gas with a catalyst
comprising an inert substrate and a metal oxide at or near the surface of the
inert substrate, a catalyst comprising an inert substrate and a metal oxide at
or near the surface of the inert substrate, and a process for producing such a
catalyst.

[0013] According to process of embodiments of the present invention, a
siiicon tetrafluoride source gas comprising impurities is subjected to one or
more purification steps to remove a portion or all of the impurities. For
exampie, as shown in Fig. 1, the source gas may be contacted with an ion
exchange resin to remove a portion or all of the acidic gases present as well

as at least some portion or ali of any moisture present in the gaseous stream.



1. Catalyst [0021] The catal yst of the present invention conprises an inert
substrate and a catalytic netal oxide at or near the surface of the inert
substrate. The catal yst typically has a | arge specific surface area and

hi gh porosity to enhance the selectivity. Typically, the catalyst exhibits
m croporosity (i.e., porosity at the nolecular level). Furthernore, it is
preferred that the catal yst be such that exposure to acidic environnent
such as hydrochloric acid, sulfur dioxide, sulfur trioxide and hydrofluoric
acid do not substantially degrade the performance of the catalyst. In this
regard, it is preferred that the catal yst be non-reactive with the above

| i sted aci dsAlémSivetar &t &idjtioD284¢ sGucd gdd reay e cdntatdiswitradresor inoed ude, f or
exanple, zir ria and m xtures

t her eof . E%QQ‘E—%?‘%% 008‘ éh‘b‘g? % %clsaln{/ C&%m ﬁJOH{;Qa&gprgx%nltt bit the requisite
porosity, hot\é@reatlvehey Iraabe!tr@ypih@afburw @ﬂﬁrféatsbﬁswﬁftqtdﬁl\ethtaﬁt degr adati on when
cont acted w gbso@aloq'natggttt%%ogéamtmdt)mé §&975i8 redehe@Rdh BRiPEf erabl e to

renove acidic ounds fromthe gas streams prior to contact|ngthemW|th
a catal yst c61@]5leslﬁ%todﬂ%er@Fa*@rtﬁ‘Péors%%%r@@e%rﬁ@l‘qbﬁﬁ’@jé!‘é‘@tﬂt'%s and/ or

clays. [0023figuy. sruba@rateawam dttortxhadcﬂuﬁ'&ﬂbsmé a;daghdmc@mfnostéﬁsymend
m Cr opor osl 1 duce Lﬂ?gﬁex osin ?PWP oun cont al ni ng t he net al

(e.g., zi rcogf‘iﬂ’?]tetsfi‘ﬂlugr POUEE ¢ {iFtgtiaR it dyen and oxygen
flame. The mmvecmmnd\ﬁdﬂcemog@ﬁccﬁ:stmémmr@ sirebatetratiotiee peywder (e. g.,
zirconia, alumn |I| t [ The powder may be
conbi ned w tﬁe §t°E a“q%de nﬁl‘;rgqu%?m&F%'égdq& Cgﬁbotsefhl%e body. The substrate
body is then heated to reIease previ ously absorbed hydrogen, thereby
creating por &914t \Weter & 1 'ftusmw&tea?rvareﬂhp&crcasseafpengw@quwper ature to which

the substrat gukrshonl sﬁed%%%@%e& BBsUedn BericaUh BipahemEd ookt Bbndupi d | ow rel ease

of the previ ousI ﬁ}aabsorbed hii]g g@}n ically, the substrate body is

heated to a P& LR & Bere Rtrca %‘P)%BW% teql Wik EERAHSi ment s t he

substrate boﬁymltbe $eat eftitht Qraschiemeatian. u?rtetheifmcaé thepaticatlautepd00C, at | east

about 500C or__eyen_at .| east (léoorhgmaqu I d .not ed, .however, that
te

b
dependi ng on"H e&ﬂ%‘?t’?&fr‘” als (ca?'roz\i\teﬁ ras 3?/88 é%‘&te dl%%bc may cause
si nteri ng antelbessmefordchss chemepeerﬁynergtsmmr‘@fststdwefcﬂbﬁbstV\:attice I n such

cases. ne | RSEAIME Gth £ \S.ROSLIALR, PR ks oiglrhe 1) ease (he

therefore, the cgﬂ@%wtam earsuﬁﬂylfhoyglhéeﬁheajp?p@esa Sﬁ’eﬁﬁ’%tﬂat (adecothef r om about 300C

to about 1, Oe@éiaabdmdmﬁ@rtlmeﬁ@téa/durfn@% ARPMGREE Wpi@dhRgut 600C. [ 0024]
Phase stabili zj n% additiv added to the inert substrate Sui t abl e

addi tives i ntaFa&d gy 10@3?86”%9&6‘@9 FEFLIOfARPATAN €8 netal such as,
for exanpl e, cénpraddidrodddslindn il 4ftr dey purligaRs i step ty:tetpmmcmlorcal ci um and

m xtures thereof. Y{triumo ound to be an

cspect al |y oPpaerpy e R piferordtod e VARG R bR B bE i ment of ¢ he
present i nvestdpenf thelpeeseatiavgnson.conpri ses | ess than about 0. 1% stabilizer
by weight. According to other enbodinents the catal yst conprises |ess than
l'ess about 0.05%7y wek@bal ot&&ﬁcbbaao@b@%we%%@zxaehga , or even from
about 0.025%to about 0.1% by wei ght and, according to further enbodi nent,
from about 0R6%% to about 0.1% by weight. [0025] The phase stabilizer may
be added to the catal yst by introducing a conpound that includes the netal
(e.g., a confouiid Sieoptdtsiingida sbeme bameftbe, coamprisastdcivic@mpeagiesi um  yttrium
cal ol um and DASaaPEat. fardfiBnDudl Q08D M ONRRoLLAT® il e Lhe

i nert substrate I's bern Creéates an oxi e netal that
becones i ncohxﬂﬁ@%ﬂﬂ'fﬁﬁtﬁbd frivéurps deteos ubepordinado one gebodi@ealsaa st abi | i zi ng

phase. The rTFér%n eraéieméanaatéﬂua% doBirdenBE ts @Athcled wiRlanli&l | eved to have
catalytic activity and is not active in the purification of silicon
tetrafl uori d@xqﬁtégge bed to produce a purified silicon tetrafluoride gas streamdiapving @t g| yt i cal | y

Active Met al rddgtstecdno@R@tion of dc@lidactnppandd. ytically active nmetal oxide (i.
catal ytic netal oxide) on or near the surface of the substrate body, the

substrate body is contacted with a netal salt solution that includes the
catalytically active netal. A base such as, for exanple, anmoni um hydroxide
is added to the solution to precipitate netal fromthe solution and onto

t he substrate body. According to other enbodinents, the netal is deposited
by an el ectrochem cal displacenent reaction or by electrol ess plating.



[0027] After the metal is deposited onto the substrate, the

netal -i npregnated i nert substrate can be heated to a tenperature sufficient
to calcinate the catalytically active nmetal and form nmetal oxides.
Calcination of the catalytically active netal generally occurs at
tenperatures of at |east about 250C. The netal -i npregnated inert substrate
may be heated to a tenperature of from about 250C to about 1500C, to a
tenperature of from about 250C to abgut 1000C, typically to a tenperature
of from about 300C to about 850C or even to a tenperature of from about
400C to about 600C. [0028] W thout being bound to a particular theory, it
is believed hat The icvatxaharige dad fypicaliyt dorerpet erie anthaie ®naxehdngeat ed at or
near the suriage Sliddls ;o&@%ﬁ%x%ére&h@s ewga 9 khBEn BUR5ACKROT thbie mi cropores)
either as a coa ing part overin e'inert substrate or as a

cont i nuous p#ragrd e kefoeng 'éﬁmht?ra&uee (tsﬁ@ ecat ATy SIChsmise! RhYIRearRg hi ghest

concentrat | ORafihosRt7H ¥4 ¢adid Y6-8T30. vgaaptﬁb|c9w g&en baihRggd )eung at the
surface. Suitable catalytically active al oxides include a nmetal such

as, for exanpBese¢gperve Rengarive Ch@ﬁ%?ﬁrﬂﬁﬂ”eﬁb‘ﬁéhecac'q?%W‘Hquﬁ?ﬁ mol ybdenum
silver and njexq. Huesdd, Reibeed). sAm:@slng;ntmd@aetygwea@lbmtresmmcrret al oxide
conprises co n a | east sone

enbodi nent s g@“?ﬁ%g%fegggﬂ?s |ﬁ{/t3ﬁ1? |p8|¥3§yrteﬁg bé%efdorle% '”8*83%?’5”5%@’ f r om about
0.001%to abmrtyzlh%rbgnmmeBgﬁulweawammoxgethﬁtwmorﬁwrmnsa;m@lﬁceOu!ﬁ%Voto about 1%

by wei ght, % 5% to about 1% by
wei ght, fro 6%%8 t'%aﬁ%gut tHH"@WaWOQBm tref@%@%%roggl%to about 0.1%
by wei ght oraremewumrmmnawﬁwtarmd}m%amogﬁwm 0.01% by wei ght of catalytic
metal. [0030] The catal yst generally conprises from about 95%to about

99. 999% by waboht IH AeEdst sadehb@iiRent! P ioalxbhange edsirabondy #5% t o about 99. 99%
by weight, froma %fﬁ‘let QECV oto abopg 99. 9%% wej g%&) ,fI’OJn about 95% to about
99% by wei ghtEChaBHPRHETINS $89: 8 VAL ERTRSF "8 BYSREFEHE™C ¥t om 97. 5% t o about
99. 999% by wegghit sotffesrmrrSantwlﬂm@@% sadsaibourte [90d@8B%e byid wétrightid f r om about
99.9% to abo Qb 99.99% t o about 99.999%
by wei ght of g’%dn%% stérlméggfe%{?%%ﬁ(ﬁ%ﬁ{g "ICr @gﬁ{%ﬂ%ﬁ%e enbodi nent, the

catal yst conpri ses at | east about 95% i nert substrate b | ess than
about 3% ca{@%ﬁﬂl Onfigraly oply apeilighthetiipon ddelivgrids sguighea mB%’%t abi li zer by

wei ght . [ 0032]ntdeascakisdrsion e 6 b, éd&e aalﬂwsenaé@@m foypined |y exhibit a
substantiaIIX e surfage area and rel a orosity,at the mcro

S o A SOt B !
and bul k scall¥EaciqincRRRNGF SUGyAS, TOLSXAMALS. hyrop Q'ﬁrgasr M TPIRIETt i on has a
surface areaarfdanabbeidel n2/ g to about 1000 nR/g, typically fromabout 1
n2/g to about 750 n2/g, fromabout 1 n2/g to about 500 n2/g, from about 1
ne/g to about 10 @%{a@uc%%a&p&nmémﬁ@égu&rpa@b%bn WBns%dg. fromabout 10
n2/9 to about 1000 nmk/'g, from about 100 n2/g to about 1000 n2/g, from about
500 n2/g to t mabout 750 n2/ g,.t o about 1000 nR/g.
The bul i por BEIy 17 iemshertls RHor¥ERnERE Y MG e mTEe 2l Vi cal ty Trom
about 30% t otetrbfuotid® 68Gred gan® abroartteBOU 4 catalhsiwbmd08ihg & bamtabout 40% t o
about 80% or Qq? K orosity is
general ly fr%@ﬁ\ég 3%18%]7%%%618%83(%%@% ?‘%ﬁﬁﬁ%‘%{é@%% % artgut 15% from
about 1%t o spstiate10% from about 1% to about 5% from about 5% to about
20% from about 10% to about 20% or even from about 15%to about 20%
[ 0033] Becaugs)ez(qalwiamaésitedsmeema@aimtemeah@amaz@itfoempnmraa isérze and surface
area, porosit nd s ea are fer det erm ne d. after calcination
of the catal ?ﬁ??atefﬁleﬁtegﬁg%%%m&i? C?f%g@pglp Zérggn |%ﬁmf’?1§' 'Etal ytic Metal
Oxi de silica, alumina, yitria and mixtures thereof and a catalytic metal oxide

comprising a catalytic metal selected from the group consisting of copper,

manganese, chromium, cobalt, thailium, molybdenum, silver and mixtures

thereof at or near the surface of the inert substrate. While the catalyst is very



[ 0034] The catal yst described above is especially well suited for renoving
carbon nonoxi de from source gases, such as, for exanple a silicon
tetrafluoride source gas. In one enbodi nent of the present invention, a
silicon tetrafluoride source gas conprising silicon tetrafluoride and
carbon nonoxide is contacted with a catalyst conprising an inert substrate
and a netal oxide at or near the surface of the substrate. [0035] W thout
being limted to a particular theory, it is believe that the carbon
nonoxi de conpound reacts with the nmetal oxide form ng a netal carbonyl
conpound whi ch adheres to the catal yst. The carbon nonoxi de is adsorbed
from t he sil welosuitee fardid neowiva ef sobwrceoyaiictitver @ bijicoraduaiuogdd he
concentratio source gas.
[0036] The prafie. B8, PORPAIE R ol ol oot Bl Mg o Dur 1 Ty
silicon tet rathﬁrummp@én@@dd%ﬁwblﬁmgen@ym@pmpugdsam swivesegaseait i on of

car bon m)noxgﬁq%thy}hg,i‘&nlté}rd@[}%@%m&@hé| con tetrafluoride gas streans may
contain extrenely | arge concentrations of carbon nonoxide, typically
silicon tetrafluqrhgg source gases typically conprise fromabout 0.001%to
about 3. 0% by vol'u & bon nonoxi de. More typically silicon tetrafluoride
source gases conprise from about 30 ppmto about 30,000 ppm by vol une of
car bon nonoxitgel]l [The gelakpiaf thetRiesephipE@njien eompises BOWWUBQFQW prcht | on process

of the pr ese@t:adagw@mbfap&.d@éﬁ oPRedi SR acd SITRY Reft sRBdtiteONTHar al | of the
carbon nonoxi de. Typical ly, at |east about 97% of the carbon nonoxi de of

the source gAY PRy RRF HREPSBPETG SHHPERFES 28F NioBRSFOSRN Ut 99% of t he
Cﬁr bon gonoxemnc@wetsenebwmwﬂmaFﬂ tm%j{]swm?mﬁmm@brob@?(lsé abgut 99. 9% of
t he carbon npnox e, slil.con frafluoride gas is
Goner al 1y aPoa AbHeTp et e et (T eree or  Burrabet MEubEct Rinout ooc
during the chkd aloptihat erpdsale toxcide qnunranﬁnemmuobmspnydmemsmc ppisalddrl y, the

silicon tetrgfluorj [ ' . r of from about
oC t o apout GoecE puf ARReTRY LR IR ELEL G GPuReh FIR LGRS el { O hbout
90C, from abpiformaue of dhexlstainst. 70 @)is fagem dlsoueferre@ @t the catstyatbea5C or even
from about -30CLe R NP povk B88hcidd) general, the rate at which the
silicon tetrafluoride source gas is passed through the catal yst bed, is not
narromy cri calg Eot t he present invention, so long as sufficient contact
time is all owed bon nonoxi de reanaI In generally, the gas is
passed thrOU@Bzzﬁh%uﬁ et 3ubdraRBInGRE O] Lianfe, b OMARInG CN sec to about
200 cni sec Ical rom about 10 cnisec to about n!}sec or even from
about 17 crd%éf@tﬁt é"*‘éﬁaé&lfn"%Y?Eﬁ*ﬁ%"@d“EXFG@S@rQQinPﬂPﬁf@é@@@@cﬁupfb%nt desi gned

for cont aCt'f&)l:@sﬁﬁ@c!‘é?éékhﬂ)stﬁﬁ% #e@urg?é’pd?@sltvsrﬂﬂvetv@rtﬁéiéﬁé t%all;fy he above
process. For exa | ui di react ors and packe colunns havi ng a
mat eri al of %‘8’?‘?3?“?%&9“"850 g‘iﬂ’?‘%ﬁ?%wf‘?i?cqwt@a‘i”ﬁ] %Fé‘f%c%{?ﬂf’“@ %% Bei ng treat ed
are suit abl ethis[:0§t0] it Asy n@b@ebrmmeemweemceorﬁ;ﬁome$ flb@ tieogagounds in the
gas stream bgi n tr.erted tg Q@ cattg np%ombe detrinmental to the process.
I'n some enbodll tFoP PHE t&ge Eht'™ ﬁ\?éfﬁ] Porm R ReP &P may be

pr ef er ent i al substreteht@urisirigezesiitts graiortoelys.af | uori de source gas with an ion
exchange resin to renove a portion of the acidic conpounds prior to

contacting tfgssi wéagétratt@LVrtmﬂeu@qam bBRWoFRItIASd Widkdbokdify ﬁ@%ﬁéyst This
allows for renoval of Pi%ls luoric acid fromthe silicon tetrafl uoride

source gas prPEyced§yEy a%@ﬁ?u%%‘)rﬁ%{?ﬁq} {ermetgl(egs ZHe¥iYbl e to renove
contacting ¢ ?{'Z‘Q‘S?'“mm“‘ B e v of bt | ¢ acid can
deconpose an%on?:oé’ﬁg Og'boﬂsﬁs B%rfns%m %E;O %le ?%G%EE it §~ ma[%ﬁﬁ'ﬁ As di scussed
above, the ca!nciamrlsmmekndw fyitniays Tlae pavaar megbbenybined mih exoindbi ch adheres to
an active si £r% r%ldéchf% fSr% QEQ/&E‘&rate"Bﬁd uﬁﬁb %Qﬁatﬁ%&%&%wﬂenq{ea%ﬁ% catalyst wl|

decrease over nore sites are carbonyl conpl exes.
Wil e the ca&eaaygpre@@m ¥ apreriadiyrrpgen, éﬁ?@e‘deﬁﬁé pareg@pbetaral yst inserted,
for economic and environnmental reasons it is preferred to regenerate at

| east a portion or all of the catalyst. The catal yst may be 12



regenerated by heating the catalyst to a tenperature sufficient to cause
the nmetal carbonyl conplex to deconpose form ng carbon oxi des which are
then rel eased fromthe catal yst surface. For exanple, the catal yst nay be
heated to a tenperature of at |east about 500C, at |east about 700C or even
hi gher. Typically the catalyst is heated to a tenperature within the range
of from about 500C to about 1400C, from about 500C to about 1000C, from
about 500C to about 700C or even from about 500C to about 570C while a
gaseous effluent is passed through the reaction vessel. C. Renoval of
Carbon Di oxi de by use of an Absorption Fluid (0042] Silicon tetrafluoride
of t en cont ai macrbrodadio stall %% Hmtempenatuee toovhadiothe sel%trtage kagly iere car bon
di oxi de. The tet i by renovi ng
nSidd SRNGHEILALLHRI PO PR ?LRWébtsbr%g%

an anmount of car i oX1 de e gas ccor 0 ‘'one enbodi nent of

t he i nvent i ofydregenarigRieally ohe gelishaie Rerpieingateddo ﬁéﬁ’fﬂ%@tufﬂﬁf@bﬁﬁ%tctl ng the

silicon tetr@éduv%d ée;rg@néwm@éawﬁmgfh@tsugara&é chd} is ﬁ@&@maﬁg to a further
enbodi ment, the a sorPtl on rises a iether (i.e., "glyne")

such as, forteé%)&ﬁ&lr%o tlefp %9%”@‘?%/@0 ti?ﬁsﬁ%?%gg(i%re"e'ﬁﬁté? Iene gl ycol

gi met Ey: et E@tﬁouiﬁ(ﬂﬂ“et ht)éhﬁtﬁwb@hy@&lhdﬂ.leﬂatﬂhﬁ{d@:tehﬁnhg ohﬁte{]a;@bthwéelne g: yg_ol .
i met hyl ether i-met et her. et en ycol diethy
et her, ~di et h§% gn‘% V&S%S Oé(?%wlﬁq?ﬂ%f: M ?F@ﬁeé'h%ﬁ}%péfs aﬁggt yl ether,

et hyoxy tertmbxttpma/stte:tsﬁmeen@‘ tbmsbbsirar%euﬁre:mch kesssofhe t€opdraititd aigvhidhe si | i con
tetrafluorid t unt of carbon
di oxi de gas ?‘n%@g{a sﬁ?ﬁg |sv\fi19{I&;1[ (%%)SP? eé@géLﬁ%)g%%g&td ﬁ ggpt han about 2%
by vol une. Awepbelieagthen ab@ﬁérﬂoérﬂao&’ﬂmﬁ! ghqgefotehéwe@uég@m bedwient i on,
contacting tFz%tédtb'aqga‘ﬂpérﬁb?@&f'f%%é%twm@a&ﬁﬁ1‘@06*& anOheol di et her
reduces the anmpunt of carbon di oxi as in the silicon tetrafluoride
source gas ttfymcé'b’sfr‘?rﬁéﬁm&ﬁ@@ltcﬁ@oﬁpﬁ?g% vol ume and, according to another
enbodi mrent to | ess than about 0.1 ppm by vol une. [0043] A variety of
process equi poeEnt Phay debiirdechdddiveombnabs added tgitHe icerhsubatrataf | uori de gas with
t he absorpti I : colum. The
absorption | |g gabc?aa%ldgv%’%gU&Zﬁggapéxéﬁégm grssotﬁ C%p]%ﬁ %fgg tn%%bg%n%dl oxide in a
desor pti on cad (nexbyporipasientgnide, Wracﬁ!ﬁﬁmgﬂa@agswmrmﬂ@m tHeup@rdm. D. Renoval
of Inert Coma&quémgaéov%% onéQgﬁHé%% §één fb@td tere)e[a%éé&maﬁw ' con

tetrafluoride ten conpri ses an anount I nert gases such for
exanpl e, ni t ¢iEgEYE phﬁ?%)ﬁ*@ﬁ!“?-%f PReeng [ocBie WF’@H%@*‘rfhﬂér%@‘drce gas contai ns

from about Oind&ube, ta@@atmyéi%%{mbuséé@ésémearoéboumn% ﬁ%@:‘%}dﬁelgﬁfhese i nert

conpounds can be renove ni c at i enic distillation
O o AR ol PP mh E s GHah Pl ies s Aplaieliofy i sti 1ot

t enper at ur e, 0.0§Rityaldignt. fisermaastt 0.2P0CLY acighpot eveﬁ(iﬁm #weor di ng to anot her
enbodi nent t grafl i | e fro 90C to about
-60C. The cogﬁ%%}"s?? Oé%bﬁt/ t gg CEO §%§ Q %ﬁé% (?réb nﬁ‘p?g'toén distillation
colum to pr a@hwééoa"/epolabdut@d"/sb.‘!weiglni tet rafl uori de gas stream having a
reduced concentration of inert conpounds. The cryogenic distillation

process may jopyq! vrﬂeghé:@rgt&ﬁz@ffméy 6é bcﬂde@ttd}% oéma@sw ﬂﬂ@&ddﬂiﬁm operate at
di fferent pressur enic distillation ?G@ﬁ'ﬁpmy occur

e r
bef ore o ot FERPUARMEY MPLRH DB R0: F AESHTH CaHE & HOCRPE ed i th t he
cat al yst of @ﬂb@dldﬁﬁmb@@fw’t Reriyen, @i anmwelnmremhéreof&to,th@ef ore or after
car bon nmonox removal ) a t C ct with the ion
exchange resb’f?e((qené’md 5 rﬁgmgﬂ%” (eé%%rglﬁj g{ra%% beﬁ{%ﬁh OOﬁtr?%one enbodi nment ,
the silicon treteakhordé dﬁhsmﬁtatéwaga@cwsmfp@mtemmm tce yegeni ¢ tenperature
and fed to a Il t silicon
tetrafl uori d%l%ssg%ljﬂ?cé%tgrg%\?\n %wﬁﬁﬁ?g?% ‘%tgl&ﬂﬁé@ﬁ%g’gﬁﬁ%ﬂm stillation
typically r emﬁ/'wowe“@‘@éé@ h&\[?o%t@'léﬁtﬂ%‘ﬂf"fytaﬁ@ iy n@éa@twéorh%@@m@atw t he source
gas and, nor g diikeh eabivbrid@lad.ast about 98% of the inert conpounds.
According to anot her enbodi nment, the cryogenic distillation process renoves
at | east about 99% of the inert conpounds and, according to a further
enbodi nent at | east about 99.9% of the inert corrpounds.



14 Exanple 1: Preparation of a Catalyst Conprising Catal ytic Copper and
Manganese Oxi des on or Near the Surface of a Zirconia Substrate [0047]
Referring nowto FIG 2, zirconia was prepared by reacting zirconium
chloride and hydrogen in a hydrogen and oxygen flane 22. Three concentric
tubes 4,7,11 were used to transport the reactant gases. Oxygen gas was fed
t hrough the innernost tube 11, netal halides through the mddle tube 7 and
hydr ogen t hrough the outernost tube 4. To prepare zirconia, a m xture of
zirconiumchloride and inert argon gas was fed through the mddle tube 7.
Hydrogen was fed up to 50%in excess of its stoichionetric amunt. The
fl ame tenper Bt ur &ajghgicatiyi g Meld! @xideind about 800C by controlling the
hydr ogen and i nert gas flow rates. The gases were assed over an el ectrode
@qﬂﬁﬁg

15. The resul®ifg T2ieEwha isabeRCt 0’86‘?1’@0@%@ Yigmgtal @edtlver 31. The

zirconi a powef oPiefinelsuRdceiishetilibetdty batie tehrdstiite b@dyﬂ@bbrﬂ&:’t@@ d hydrogen
gas |nthere el s se by mai nt ai ni ng

ver 3 |de ar at t

a differenti 4l h?g}?baéﬁ ?ﬂ%'onﬁ%g&?g? Ng GRRE"Y, %@'@?BWW?Q[ ?'ubag yttrium

oxi de) was uswt aasforexstrald, Bmmaongncioyonideds adddartb tha stiltionitade was
concurrentl To MRVY i j r, n trium oxi de
and ;i rconi ﬁﬂgeglgii%\%&gfa%g%@]ﬁﬁr%?@g”%ggétgéﬁeg&bggatg%ﬁgf E‘Efgl; r%tgnaln;ane)s(ia
chl ori de wer ethatkiebditharits. theenelplrig depasiechy o ¢ldeirdchemisel mi ddl e tube 7 to
co-generate &;kél&éé?de%t :%Bgno%%tr%{/)éfebﬁolt ;n?and manganese oxi des. [0050] The

eg W

zi rconi um powder product was Ttonpac h an or gani c binder (polyvinyl

| cohol t of 0 dri ed powd A
ol ded body [H2EnaTeHapaes RbeeryEtioal B BB o5s R e anet er | 8
t hi ckness) wasrégmatee dhebysupstesss camobalherged bladempédede batkyienés rral nt ained in

an argon at far t v er. The

nol ded bodyngé‘gpﬁq%}g\ﬁac%teaﬁagéjytagﬁvfgg%g?agpq@ﬁim%%héﬁéz;gr%d%caoéh%hg* {)}ﬁder vacuumto
gener at e nacthe catladiicdilg potivponesa geyeralicoctesat frniperatates yelrleagen. Equal anounts
of mnganesea@@u@%ﬁ?@p%e%ltéﬂrhﬂ'gﬁnété?/mgﬁsﬁf&'trgﬂtmﬂfbé‘%?&irto%nd 5% by wei ght

of manganese Wt resgect to t final catalyst) were added 15 to a
cont ai ner t hiMmPeEye PhECTHBPIE G5B &P abayt 1§D, i Iesineraty|f fidganese and

copper were pEREbRi-tad @@o@uoomt §9skélty|t@@t%ﬁé’#at@fﬁ'@?%%ﬁ&)ﬁ%@x@de The
l'iquid was drained out sultin

1400C under
S11ht vacuuih F0H T AGRHES 1 F SUSE Bie ST ORI B SRIEE By the above
process has an average pore size dianmeter of |ess than about 1 nmand a
surface ar eal0§2®atvéthoutiemgdivond ta1DpartR)a) theeoy. d is/odligned thaldheore si zes were
det erm ned bxatgnmammw%émeés J@idcg{ee%%h%rthe%ruﬁaaéoéfws for pores

smal |l er than nm’ n dianeter were neasured using mer cug%/ &or osi net er,
in accor danc%a%/?ttlﬁm%@l"l\ﬂ Se ghdeneq oDingrpopges)Eiper aﬁ(ﬂ ?ﬂ?ﬁ@g P cropor es

smal | er t hancdyehngiie lwréncyuamatt@éra@eer@arw@whmmn éh@ﬁdé@rﬂ@lfheNNR net hod, as
descri bed by Frai %ngrd Jour nal 86). Porosity

et i BB v et todbemon o Gl acur warLofdRs on. | Looe2]
It is nmentiob&agioond ftahd sdricat Suiaatidhatialgivaliytieasetal oxiddsandiadecd nat i on

tenperature orﬁg{ecﬁ;te era tm(lgﬁegfgéeoe\pm] nggaﬁes%' thom %%@5@“?%%9”% is actually

used i s knowh*f crease 'sUrface area and
por e vol une. melyteanam, srtvlar &'admaattum%her‘@sér/\mcrdwgt‘mommer‘sbmmmemtl @k within the

tenperature [anggi@f chHrcbd @b manganese or mixtures thereof.

[0029] In at least some embodiments of the present invention, the catalyst
comprises from about 0.001% to about 1% by weight catalytic metal, from
about 0.01% to about 1% by weight, from 0.1% to about 1% by weight, from
about 0.5% to about 1% by weight, from 0.001% fo about 0.5% by weight,



Exanple 2: Use of a Catalyst Conprising Catal ytic Copper and Manganese

Oxi des on or Near the Surface of a Zirconia Substrate to Renove Carbon
Monoxi de from Silicon Tetrafluoride Source Gas Contai ni ng ot her

Cont am nates [0053] Silicon tertrafluoride gas containing around 3000 ppm
car bon nonoxi de was passed over a bed of catalyst (15 cmlong; 4 cmin
dianeter) at a linear velocity of 1 cnisec and a pressure of 1-5

at nospheres and at 15C. The carbon npnoxi de concentrati on was reduced to

| ess than 1 ppm Exanple 3: Use of a Catal yst Conprising Catal ytic Copper
and Manganese Oxi des on or Near the Surface of a Zirconia Substrate to
Renove Car bofiorviSi{ifi f«de abowiih 'St by seighlietavarl froorabdet (B¥lifcie aBast Subst antial |y

Free from ot Rgko, GRNt AN tich9:thi0054] Silicon tetrafluoride gas
cont ai ni ng 1A%C§%0n£%§@a?a§%;cms passed over a bed of catalyst (15 cm

long; 4 cmin dianeter) at a |inear velocity of cm sec a pressure of
1- 59at nosphetdd0la eggt)agyg’@em?rﬁgy EAPH GRS %BW&%’PH%%%?)W@QHWQQ%%% vvgs reduced
to | Iess thanb;l\lupignﬂin&t(ﬁ.mpirae?ypi&isa@ frofn @o@amsa/:: ysdbokbt epegedy by Precipitating
Catalytic Metal , onto r t 0 i Licon

tetra?‘ll uori d”é’e'agtsﬁ%@ﬁ%ﬁﬁrﬁ%"g“%ﬁ%”%&#@%‘gg'ﬁ%w%ﬁﬁfkg{ét%%"s%ﬁ g'gﬂed over a bed
of (15 cm | oBg% by weight, froc aneet ¥1%) tcaaboR? T .5% e vedthllfipet 9AnEDs tpr epar ed by
precipitatl “Qb&"f‘})@byé%%5%@38%%%%[)%@9{%%011 Sodol By \%é'igﬁtaf?&n‘)f t he

catal yst. Several runs rious i near velocities and before and after

r egener at i onalgsut PHE%daBhPU S8 SRRSOy RN, ef @@n frpRealiogs - 9900 & @boshown bel ow i n

Table 1. Li ng@gggdg%%%rgm&wﬁs&@gtm‘[gne (mn) Before or After Catalyst
Regenerati on Exit Concentration with Zirconia Support (PPrn) 15

[0031] in at least one embodiment, the catalyst comprises at least about
95% inert substrate by weight, less than about 3% cataiytic metal by weight
and less than about 0.5% stabilizer by weight.

[0032] Catalysts produced by the above process typically exhibit a
substantiaily large surface area and relatively high porosity at the micro and
bulk scales. In general, the catalyst of the present invention has a surface
area from about 1 m?/g to about 1000 m%g, typically from about 1 m?/g to
about 750 m?g, from about 1 m%g to about 500 m*g, from about 1 m*g to
about 100 m%g, from about 1 m%g to about 10 m?/g, from about 10 m?/g to
about 1000 m*/g, from about 100 m%g to about 1000 m?/g, from about 500
m?/g to about 1000 m?/g or even from about 750 m*/g to about 1000 m?/g.
The bulk porosity is generaliy from about 30% to about 80%, typically from
about 30% to about 60%, from about 30% to about 40%, from about 40% to
about 80% or even from about 60% to about 80%. The micro-porosity is
generally from about 1% to about 20%, from about 1% to about 15%, from
about 1% to about 10%, from about 1% to about 5%, from about 5% to about
20%, from about 10% to about 20% or even from about 15% to about 20%.

[0033] Because calcination temperature can affect pore size and surface
area, porosity and surface area are preferably determined after caicination of

the catalyst.
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2. Removal of Impurities Using the Catalytic Metal Oxide

[0034] The catalyst described above is especially well suited for removing
carbon monaoxide from source gases, such as, for example a silicon
tetrafluoride source gas. in one embodiment of the present invention, a
silicon tetrafluoride source gas comprising silicon tetrafluoride and carbon
monoxide is contacted with a catalyst comprising an inert substrate and a
metal oxide at or near the surface of the substrate,

[0035] Without being limited to a particular theory, i is believe that the
carbon monoxide compound reacts with the metal oxide forming a metai
carbonyl compeund which adheres to the catalyst. The carbon monoxide is
adsorbed from the silicon tetrafluoride source gas thereby reducing the

concentration of carbon monaxide in the silicon tetrafluoride source gas.

[0036] The process of the present invention may be utilized to purify silicon
tetrafluoride gas comprising essentially any concentration of carbon
monoxide. While in practice, silicon tetrafluoride gas streams may contain
extremely large concentrations of carbon monoxide, typically silicon
tetrafluoride source gases typically comprise from about 0.001% to about
3.0% by volume carbon monoxide. More typically silicon tetrafluoride source
gases comprise from about 30 ppm to about 30,000 ppm by volume of carbon
monoxide. In general, the catalytic metal oxide purification process of the
present invention may be used to remove a portion or all of the carbon
monoxide. Typically, at least about 97% of the carbon monoxide of the
source gas is removed and more typically at least about 99% of the carbon
monoxide may be removed. in some instances, at least about 99.9% of the

carbon monoxide is removed.

[0037] The silicon tetrafluoride gas is generally maintained at a temperature
of from about -30°C to about 90°C during the catalytic metal oxide purification
process. Typically, the silicon tetraflucride gas may be maintained at a

temperature of from about 0°C to about 80°C, from about 45°C to about 90°C,
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from about 70°C to about 90°C, from about -30°C to about 70°C, from about -
30°C 1o about 45°C or even from about -30°C to about 0°C.

[0038] In general, the rate at which the silicon tetrafluoride source gas is
passed through the catalyst bed, is not narrowly critical to the present
invention, so long as sufficient contact time is allowed for carbon monoxide
removal. In generally, the gas is passed through the bed at a linear veiocity of
from about 1 cm/sec to about 200 cmisec, typically from about 10 cm/sec o
about 50 cmisec, or even from about 17 cm/sec to about 35 cm/sec.

[0039] Any process equipment designed for contacting a gas with a solid
may be used fo carry out the above process. For example, fluidized bed
reactors and packed columns having a material of construction suitable for the
catalysts and gas being treated are suitable.

(00401 As noted above, presence of acidic compounds in the gas stream
being treated by the cataiyst may be detrimental to the process. In some
embodiments of the present invention, therefore, it may be preferential to
contact the silicon tetrafluoride source gas with an ion exchange resin to
remove a portion of the acidic compounds prior 1o contacting the silicon
tetrafluoride source gas with the catalyst. This allows for removal of
hydrofluoric acid from the silicon tetrafluoride source gas prior to contact with
the catalyst. It is desirable to remove hydrofluoric acid from the silicon
teirafluoride source gas prior to contacting the source gas with the cataiyst
because hydrofluoric acid can decompose and cause fluoride poisoning of the
catalyst.

(00411 As discussed above, the carbon monoxide forms a metal carbonyl
compiex which adheres to an active site of the catalyst. As such, the activity
of the catalyst will decrease over time as more sites are blocked by metal
carbonyl complexes. While the catalyst could be simply discarded and a new
catalyst inserted, for economic and environmental reasons it is preferred o
regenerate at least a portion or all of the catalyst. The catalyst may be
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regenerated by heating the catalyst to a temperature sufficient to cause the
metal carbonyl complex to decompose forming carbon oxides which are then
released from the catalyst surface. For example, the catalyst may be heated
to a temperature of at least about 500°C, at least about 700°C or even higher.
Typically the catalyst is heated to a temperature within the range of from
about 500°C to about 1400°C, from about 500°C to about 1000°C, from about
500°C to about 700°C or even from about 500°C to about 570°C while &
gaseous effiuent is passed through the reaction vessel.

C. Removal of Carbon Dioxide by use of an Absorption Fluid

[0042] Silicon tetrafluoride often contains from about 2% by volume to about
3% by volume carbon dioxide. The silicon tetrafluoride source gas may be
purified by removing an amount of carbon dioxide from the gas. According to
one embodiment of the invention, an amount of carbon dioxide is removed by
contacting the silicon tetrafluoride gas by an absorption fluid. According to a
further embodiment, the absorption fluid comprises a glycol diether (i.e.,
"glyme") such as, for example, ethylene glycol dimethyl ether, diethylene
glycol dimethyi ether, triethylene glycol dimethyl ether, tetraethylene glycol
dimethyl ether, polyethylene glycol dimethyl ether, ethylene glycol diethyl
ether, diethylene glycol diethyl ether, diethylene glycol dibutyl ether, ethyoxy
tert-butoxy ethane and mixtures thereof. Contacting the silicon teirafluoride
source gas with glycol diether reduces the amount of carbon dioxide gas in
the silicon tetrafluoride source gas to less than about 2% by volume.
According to other embodiments of the present invention, contacting the
silicon tetrafluoride source gas with a glyco! diether reduces the amount of
carbon dioxide gas in the silicon tetrafluoride source gas to less than about
0.5 ppm by volume and, according to another embodiment to less than about

0.1 ppm by volume.

[0043] A variety of process equipment may be used to contact the silicon
tetrafiuoride gas with the absorption liquid such as, for example, an absorption



25 30 After 11.23 25 60 After 12.34 Table 1: Activity for Carbon Monoxide
Renmoval froma Silicon Tetrafluoride Source Gas Using a Catal yst Prepared
by Depositing Catalytic Metal Exanple 5: Use of a Catal yst Conpri sing

Cat al yti c Copper and Manganese Oxi des on or Near the Surface of a Zirconia
Substrate to Renove Carbon Mnoxide from Silicon Tetrafluoride Source Gas
[0056] Silicon tetrafluoride gas containing 540 ppm car bon nonoxi de was
passed over a bed of catalyst (15 cmdong; 4 cmin dianmeter) at 24C.

coiumn. The absorption liquid may be regenerated by desorbing the carbon
dioxide in a desorption column by passing & stripping gas through the column.

D. Removal of inert Compounds by use of Cryogenic Distillation

[0044] Silicon tetrafluoride often comprises an amount of inert gases such
as, for example, nitrogen. Typically the silicon tetraflucride source gas
contains from about 0.5% to about 10% by volume of inert compounds.
These inert compounds can be removed by cryogenic distiliation. Cryogenic
distillation involves cooling of the siticon tetrafiuoride source gas to a
cryogenic temperature, typically from about -200°C to about -50°C. According
to another embodiment the silicon tetrafluoride is cooled to from about -90°C
to about -60°C. The cooled silicon tetrafiuoride source gasis fed to a
distiliation column to produce a purified silicon tetrafluoride gas stream having
a reduced concentration of inert compounds. The cryogenic distillation
process may involve a series of distillation zones that may operate at different

pressures.

[0045] The cryogenic distillation step may occur before or afier the silicon
tetrafluoride source gas is contacted with the catalyst of embodiments of the
present invention (i.e., before or after carbon monoxide removal} and may
occur before of after contact with the ion exchange resin (i.e., before or after
acid gas removal). in one embodiment, the silicon tetrafiuoride source gas is
cooled {o a cryogenic temperature and fed to a distillation column subseqguent
o contacting the silicon tetrafluoride source gas with the catalyst.

[0046] Cryogenic distillation typically removes at ieast about 95% of the inert
compounds in the source gas and, more typically, at last about 98% of the
inert compounds. According te another embodiment, the cryogenic distillation
process removes at least about 99% of the inert compounds and, according to
a further embodiment at least about 99.9% of the inert compounds.



17 Several runs at various linear velocities and before and after
regeneration of the catal yst were conducted. The results are shown below in
Table 2. 5 Table 2: Activity toward Carbon Mnoxi de Renoval froma Silicon
Tetrafl uoride Source Gas Exanple 6: Conparison of Carbon Mnoxi de Renoval
Activity between a Catal yst Based on a Zirconia Substrate and a Catal yst
Based on an Alum na silicate Substrate 10 [0057] Alum na silicate powder
was prepared. The surface area and pgosity of the alumna silicate powder
support was 10% greater than the zirconia support. However, as can be seen
in Table 3 below, catalysts based on alum na silicate substrates did not
renove as nuEkengae bdreparaiaxicde Ceataivsh Cainpgding Gatsigtic Goppeaagdnese supports. In
t he 15conpar blengemes®Okides treordildar fwrburiece affd Jiooh@eéubstiatee gas cont ai ned 540
ppm of carbon nonoxi de and was _at a tenperature of 24C. The catal yst bed

was 15 cm | off§+AnReREOINRPiFHC - ZReEr Was PIEPareth RaeatISH PRV T el sec)

Bef ore or Af giesrideanahy&bgdiegengtmgb®Bnd oxygen flame 22. Three concentric
tubes 4,7,11 were used to transport the reactant gases. Oxygen gas was fed
through the innermost tube 11, metal halides through the middle tube 7 and
hydrogen through the cutermost tube 4. To prepare zirconia, a mixiure of
zirconium chioride and inert argon gas was fed through the middle tube 7.
Hydrogen was fed up to 50% in excess of its stoichiometric amount. The
flame temperature was maintained around about 800°C by controlling the
hydrogen and inert gas flow rates. The gases were passed over an electrode
15. The resulting zirconia powder 27 was collected in a receiver 31. The
zirconia power product 27 was quickly quenched by injecting cold hydrogen
gas in the receiver 31. Hydrogen chloride was separated out by maintaining a
differential temperature.

[0048] In some cases yitria (i.e., yttrium oxide) was used as a stabilizing
compound. Yiirium chloride was concurrently fed with the zirconium chloride

to co-generate ytirium oxide and zirconium oxide.

[0049] In some cases copper chioride and manganese chloride were added
with the zirconium chloride in the middie tube 7 to co-generate zirconia and

catalytic copper and manganese oxides.

[0050] The zirconium powder product was compacted with an organic binder
{polyvinyl alcohol) in an amount of 8 parts per 100 parts of the dried powder.
A molded body in the shape of a circular plate (35 mm diareter; 8 mm
thickness) was formed by press molding. The moided body was maintained
in an argon atmosphere at 400°C for three hours to remove the binder. The
molded body was then heated to 750°C for one hour and cooled under
vacuum to generate macro and micro pores by the desorption of hydrogen.
Equal amounts of manganese and copper solutions (5% by weight of copper
and 5% by weight of manganese with respect to the final catalyst) were added



Exit CO Concentration with Zirconia Support (Pnm) Exit CO Concentration with
Alumna Silicate Support (ppm 10 Before 0.40 2.1 25 Before 0.45 2.0 10

15

to a container that held the molded body for half an hour. The manganese
and copper were precipitated out of solution with ammonium hydroxide. The
liquid was drained out and the resulting mass was heated to 1400°C under
stight vacuum for two hours.

[0051] Zirconia powder produced by the above process has an average pore
size diameter of less than about 1 nm and a surface area greater than about
100 m%g. Pore volume and pore sizes were determined by the Brunauer-
Emmeti-Teller method. Pore volumes for pores smaller than 65 nm in
diameter were measured using a mercury porosimeter, in accordance with
ASTM standard D 4284-83. Pore volumes for micropores smaller than 1.5 nm
in diameter were determined by the xenon NMR method, as described by
Fraissard, Journal de Chimie Physique, 6, 83 {1986). Porosity and surface

area where measured both before and after caicination.

[00521 ltis mentioned in the literature that an increase in the calcination
temperature or the temperature at which a given porous product is actually
used is known to this art to effect a decrease in specific surface area and pore
volume. However, this was not observed with this material within the

temperature range of calcination.

Example 2: Use of a Catalyst Comprising Catalytic Copper and Manganese
Oxides on or Near the Surface of a Zirconia Substrate to Remove Carbon
Monoxide from Silicon Tetrafluoride Source Gas Containing other
Contaminates

[0053] Silicon tertrafluoride gas containing around 3000 ppm carbon
monoxide was passed over a bed of catalyst (15 cm long; 4 cm in diameter) at

a linear velocity of 1 cm/isec and a pressure of 1-5 aimospheres and at 15°C.
The carbon monoxide concentration was reduced to less than 1 ppm.

Example 3: Use of a Catalyst Comprising Catalytic Copper and Manganese
Oxides on or Near the Surface of a Zirconia Substrate to Remove Carbon
Monoxide fram Silicon Tetrafluoride Source Gas Substantially Free from other
Contaminates



After 0.47 17.8 25 After 0.44 9.1 Table 3: Conparison of Carbon Mpnoxide
Renmoval froma Silicon Tetrafluoride Source Gas between a Catalyst with a
Zirconia Substrate and an Al um na Substrate [0058] Wen introducing

el ements of the present invention or the preferred enbodi nents(s) thereof,
the articles "a", "an", "the" and "said" are intended to nean that there
are one or nore of the elenents. The terns "conprising”, "including" and
"having" are intended to be inclusive;and nmean that there nay be additional
el ements other than the listed elenents. [0059] In view of the above, it
will be seen that the several objects of the invention are achieved and

ot her advant Hg&gusSiices tetieucaite gbnenhtaifiog 6B cafsrnvasncaids vehaasgesl coul d be
made in the | d k1 L r t;. f, the

vent on, 1§74 & oL 0AdTstH 4 tfiths P BA L WBele AT e ERRG A1\

descri ption emngeshoda piessirpel hécbngrahgiengndphlit hgd h8RaP be i nterpreted as

il Tustrative,gRgkidPlonkEhtitibh Whé FB0cRBBFRS than 1 ppm.

Example 4: Use of a Catalyst Prepared by Precipitating Catalytic Metal onto
the Surface of the Catalyst

[0055] Silicon tefraflucride gas containing 540 ppm carbon monoxide was
passed over a bed of (15 cm long; 4 cm in diameter) at 24°C. The catalyst
was prepared by precipitating catalytic manganese and copper onto the
surface of the catalyst. Several runs at various finear velocities and before
and after regeneration of the cataiyst were conducted. The results are shown
below in Table 1.

Linear Velocity | Time (min) Before or After Exit CO Concentration

fcmisac) Catatlyst Regeneration | with Zirconia Support
(ppm)

15 b Before 1.75

15 30 Before 1.41

15 60 Before 2.7D

25 5 Before 8.20

25 30 Before g.17

25 60 Before 11.20

15 5 After 4.87

15 30 After 8.55

15 60 Afier 9.23

25 5 After 10.80

25 30 After 11.23

25 60 After 12.34

Table 1: Activity for Carbon Monoxide Removat from a Silicon Tetrafluoride
Source Gas Using a Catalyst Prepared by Depositing Catalytic Metal

Example 5: Use of a Catalyst Comprising Catalytic Copper and Manganese
Oxides on or Near the Surface of a Zirconia Substrate to Remove Carbon
Monoxide from Silicon Tetrafluoride Source Gas

[0056] Silicon tetrafluoride gas containing 540 ppm carbon monoxide was
passed over a bed of catalyst (15 cm iong; 4 cm in diameter) at 24°C.



MC SLLP 19 What is clained is: |.A process for producing a purified silicon
tetrafluoride gas, the process conprising: contacting a silicon

tetrafl uoride source gas conprising silicon 5tetrafluoride and carbon
nonoxi de with a catal yst conprising an inert substrate having a surface and
a catalytic netal oxide at or near the.,surface thereof; and

adsorbing at |east a portion of the carbon nonoxi de onto the surface of the
catal yst by reacting the carbon nonoxide with the catalytic netal oxide to
formone or nore netal carbonyl conplexes, thereby producing a purified
silicon 10Several afsubyirusdmearstclesilinsiend Dalgraandefis sezcagratens f the coalyst

carbon m)n&élje%gn uclted. Thtaresults ax%shé%wm)g(&%%ﬁ T%?le%t forth in claiml wherein
y OXI y

the catalytic meta e conprises a catalytic netal selected fromthe
group consi sting of copper, manganese, chrom um cobalt, thallium
mol ybdenum__silver and m xtures thereof I 3. A process as set
forth in clidiss Pekwer el fie e cBEAISYT FEemet &6 M-deontEEEHpT #8es copper,
manganese OFTFERt ur es t her eof | “ARI¥EL Zirconia Suppe (pem)
Regeneration: | ‘

12 ) Beforg .50

T T e e

15 80 Betore &1

25 5 Befone 1.10

25 20 Before 2.05

z8 £ Hetore 120

T8 8 After 048

o 35 i 0 is

15 80 After 0,56

25 5 After 05.97

25 a0 After 1.0

25 & Alter 2.1

5 Table 2: Activity toward Carbon Monoxide Removal from a Silicon

Tetrafluoride Source Gas

Example 6: Comparison of Carbon Monoxide Removal Activity between a Catalyst
Based on a Zirconia Substrate and a Catalyst Based on an Alumina silicate Substrate

10
[0057] Alumina silicate powder was prepared. The surface area and porosity of the
alumina silicate powder support was 10% greater than the zirconia support. However, as
can be seen in Table 3 below, catalysts based on alumina silicate substrates did not
remove as much carbon monoxide as catalysts based on manganese supports. In the

15  comparative test, the silicon tetrafluoride source gas contained 540 ppm of carbon
monoxide and was at a temperature of 24°C. The catalyst bed was 15 cm long and was 4

cm in diameter.



4. A process as set forth in any one of clains 1-3 wherein the inert
substrate is selected fromthe group consisting of zirconia, alumna
silicate, silica, alumna, yttria and m xtures thereof.

5. A process as set forth in claim4 wherein the inert substrate
20conprises zircon a, alumna silicate or m xtures thereof 6.
A process as set forth in any one of clainms 1-5 wherein the inert substrate
conprises a netal oxide stabilizer couprising a netal selected fromthe
group consi sting of |anthanides, actinides, magnesium yttrium cal cium and
m xtures thereof 7. A process as set forth in claim6 wherein
the inert substrate 25conprises | ess than about 0.1% by wei ght stabilizer.
Mc SLIP 20 8. A process as set forth in any one of clains 1-7

wherein the L[HéértVeMé%)?LfB‘é\‘o‘?e GORRD: T S8 Qs LT T UmToxi trexfmmcaﬁcéﬁeréﬂo% r.
9. A pr Oces‘g‘?r?/se% or tdd it any or@on%mpéuahmhl Emdm@mﬂaémeatél icon

tetrafluoride source gagegeRREicHeS ZifcBRh &BPMYr O. Q-p# . 0% by
vol une carbon 5nonoxi de. (ppmi0. A process as set orth ijn any one

of clainms 1i¥gwherein {Eaigatl al ySt| camprises fromlabout 0. 001% t o jabout
1.0% by wei gh§ cat al yTli|G:feé al . 045 1T Agyocess as set fforth in
any one of ¢ s 1I- 10 |wngF el n L he @it al yst conprijgeg about 95% t 0 about
99. 999% by VWwes ght 1 nert] aggpstrate. | g2 A processgas set forth in any one
of clainms 1-FipBer&hphreb€of TRbdn Monoxide Removal from a Silicon

Tetrafluoride Source Gas between a Catalyst with a Zirconia Substrate and an

Alumina Substrate

[0058] When infroducing elements of the present invention or the preferred
embodiments(s) thereof, the articles "a", "an”, "the" and "said" are intended to
mean that there are one or more of the elements. The terms "comprising"”,
"including” and “having" are intended 1o be inclusive and mean that there may
be additional elements other than the listed elements.

[0059] In view of the above, it will be seen that the several objects of the
invention are achieved and other advantageous results atiained.

[0060] As various changes could be made in the above methods without
departing from the scope of the invention, it is intended that all matter
contained in the above description and shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting sense.



substrate has a surface area fromabout 1 nR/g to about 1000 n2/g.

13. A process as set forth in any one of clains 1-12 wherein the inert
substrate has a bulk porosity of from about 30%to about 80%

14. A process as set forth in any one of clains 1-13 wherein the ifeptLP
15substrate has a mcro-porosity of frqgm about 1%to about 20%

15. A process as set forth in any one of clains 1-14 wherein at |east about
97% of the carbon nonoxide in the silicon tetrafluoride source gas is
removed. ) , . 16. A process as set forth in any one of clains 1-15
wher ei n t h&hatis clagnred isi r af | uori de source gas conprises acidic conpounds

sel ected fromthe group consisting 20of hydrogen fluoride, hydrochloric

acid, sulfur dioxidg, spuldiest forPrddGingIUAFRERIIRUh kdtBinoARd oY Weur es
t hereof and wherein a portion of the silicon tetrafluoride source gas is

cont act ed mibtdss eempmsingxchange resin to produce a purified silicon
tetrafluoride gas stream having a reduced concentration of acidic

conmpounds. 7. A.pr orth i i wherein
the silicon tetrafluori83ﬁ§%é%3§ggog%§§§§g§%%§%%%%%ma?bﬂW§%%Sﬂgégexchange
resin tso remmeridepd tirBon afonblide &cthdi @tdwipenpadsng ah Mert ubeenié Botingg t he
silicon tetrafluoride source gas with the catalyst. _MC SLLP 21
18. A pr ocesgcaandsaeatslyic mefahOXdy abpraieat the pwitsss theregt whdrei n the silicon
tetrafluori de source gas conprises inert conpounds and wherein:

adsorbing at least a portion of the carbon monoxide onto the surface

of the catalyst by reacting the carbon monoxide with the catalytic metal oxide to form
one or more metal carbonyl complexes, thereby producing a purified silicon

10 tetrafluoride gas stream having a reduced concentration of carbon monoxide.

2. A process as set forth in claim 1 wherein the catalytic metal oxide
comprises a catalytic metal selected from the group consisting of copper, manganese,

chromium, cobalt, thallium, molybdenum, silver and mixtures thercof.

3. A process as set forth in claim 2 wherein the catalytic metal oxide

15  comprises copper, manganese or mixtures thereof.

4. A process as set forth in any one of claims 1-3 wherein the inert
substrate is selected from the group consisting of zirconia, alumina silicate, silica,

alumina, yttria and mixtures thereof.

3. A process as set forth in claim 4 wherein the inert substrate

20  comprises zirconia, alumina silicate or mixtures thereof.

6. A process as set forth in any one of claims 1-5 wherein the inert
substrate comprises a metal oxide stabilizer comprising a metal selected from the group

consisting of lanthanides, actinides, magnesium, yttrium, calcium and mixtures thereof.

7. A process as set forth in claim 6 wherein the inert substrate

25  comprises less than about 0.1% by weight stabilizer.



the silicon tetrafluoride source gas is cooled to a cryogenic tenperature,;
and 5the cooled silicon tetrafluoride source gas is fed to a distillation
colum to produce a purified silicon tetrafluoride gas streanthavbgggi
reduced concentration of inert conpounds. 19. A pr Las
set forth in claim 18 wherein the silicgn tetrafluoride source gas is
cooled to a cryogenic tenperature and fed to a distillation colum
10subsequent o contacting the silicon tetrafluoride source gas with the

catal yst. process as set forth in_any one of clains 1-19
wherein the silicon%et Aatfm%% poeet dyth weny e of RIS by Vlé%?rr%r‘ih"d%né% de and a

portion of Qﬁatg@&ggﬁts hﬁ{em&@e a{sedlr@%qu y contacting the silicon

tetrafl uoride gas absorption liquid conprising at |east one glycol
diether. 1521. A process as set forth in any one of clains 1-20 wherein the
cat al yst is heat ed t% anuoccﬁe)wett&r&bmmﬂys)ﬁe@fthimheb@mdm@ntﬂhesihmnal

car bonyl and cause carb e rel e cat aI yst to
r egener at et PR%% e&%@? 885 Comptives from 20 tégéfb/ t%?‘%%‘%gsdc/&gy% UMY 0 any

one of £l ajpfBoxid2l Wherein the silicon tetrafluoride source gas is
contacted with the catal yst at a tenperature of from about 30 20C to about
90 C. 23. A process as set forth in any one of clains 1-22
wherein the silicon et AaFPerss ﬁ%j@t%tdr@@nga@ep@@w EOreeroin tthe ¢atBytat al yst

at a lineag,y s%&ht}%ﬁ agﬁotrl{qﬁ(ﬁ‘i‘ofal?&%oujcl%ﬂﬂ ﬁ?l ctdht E‘%Qt% g\:ﬁeg 1 CNT Sec.

24. A proceéess as se in any one of rein the catal yst
25 is regenerated by heating the catal yst and the netal carbonyl conpl exes
adhered thereto to dlteApepaisspesafordt inl @ysnealolimb00C ierde denpodet t he

rg][ 2;52? ]?c? rfs}t;%wzéf;g gth%BrEQgg/rlpyO&el% ‘!1%%13: sutgsr@reat carbon oxides being

10 12. A process as set forth in any one of claims 1-11 wherein the inert

substrate has a surface area from about 1 m2/g to about 1000 m2/g.

13. A process as set forth in any one of claims 1-12 wherein the inert

substrate has a bulk porosity of from about 30% to about 80%.

14. A process as set forth in any one of claims 1-13 wherein the inert

15 . substrate has a micro-porosity of from about 1% to about 20%.

15. A process as set forth in any one of claims 1-14 wherein at least

about 97% of the carbon monoxide in the silicon tetrafluoride source gas is removed.

16. A process as set forth in any one of claims 1-15 wherein the silicon
tetrafluoride source gas comprises acidic compounds selected from the group consisting
20 of hydrogen fluoride, hydrochloric acid, sulfur dioxide, sulfur trioxide, hydrogen
sulfide, and mixtures thereof and wherein a portion of the silicon tetrafluoride source
gas 1s contacted with an ion exchange resin to produce a purified silicon tetrafluoride

gas stream having a reduced concentration of acidic compounds.

17. A process as set forth in claim 16 wherein the silicon tetrafluoride
25 source gas is contacted with the ion exchange resin to remove a portion of the acidic

compounds prior to contacting the silicon tetrafluoride source gas with the catalyst,



MCS LLP 22 25. A process as set forth in any one of clains 1-23
wherein the catalyst is regenerated by heating the catal yst and the netal
car bonyl conpl exes adhered thereto to a tenperature of at |east aqﬁﬁg l 0C
to deconpose the netal carbonyl conpl exes and form carbon oxi des, L
carbon oxides being rel eased. 526. A catalyst for renoving inpurities from
a silicon tetrafluoride gas, the catalyst conprising: an inert substrate
havi ng a surface and being selected fromthe group consisting of zirconia,
alumna silicate, silica, alumna, yttria and m xtur t hereof , the inert
substrate conprisingda AERTEFESHRY f‘éﬁé‘ﬁﬂ“ﬁ’?@? OEc:n ?g“ﬁﬁdvq‘ir%fhﬁmé%’?‘ect ed
fromthe 14 5&%&%§ﬂc§%h%n%ﬁs%@&%ﬁ%hﬁ%ﬁnds%ﬁ'\ﬂie@'ﬁﬁa magnesi um yttrium
cal cium and m xtures thereof, the ampunt of stabilizer in the inert
substrate being | ess than about 01% by wei ght; and a

catal ytic netal oxide cthepilioohiejradluertebgurécgaras epoledlogrirgelgantfom t he group
consi sting, _of copper,, manganese, chrom um cobalt, thallium nolybdenum
15silver a Hmﬁ?ﬁg ﬁ%@ t hereof at or near the surface of the inert

substrate. 27. A catalyst as set forth in claim26 wherein the
catal ytsic netal oxide coigpoblResilrosadtalllyblide smired g86éd Rdtted digtiimidrhe group
consi sting of copper, manganese. and m xtures thereqf. 28.

A cat al ystCohams i Pgreah PHifedailitop éetiriluerids srosprepmdiading amduserer ¢

concentration of inert compounds.

19. A process as set forth in claim 18 wherein the silicon tetrafluoride
source gas 1s cooled to a cryogenic temperature and fed to a distillation column

10 subsequent o contacting the silicon tetrafluoride source gas with the catalyst.

20. A process as set forth in any one of claims 1-19 wherein the silicon
tetrafluoride source gas comprises carbon dioxide and a portion of the carbon dioxide is
removed by contacting the silicon tetrafluoride gas by an absorption liquid comprising

at least one glycol diether.

15 21. A process as set forth in any one of claims 1-20 wherein the catalyst
is heated to about 500°C to about 570°C to decompose the metal carbonyl complexes

and cause carbon oxides to release from the catalyst to regenerate the catalyst.

22. A process as set forth in any one of claims 1-21 wherein the silicon
tetrafluoride source gas is contacted with the catalyst at a temperature of from about 30

20 °Cto about 90 °C.

23. A process as set forth in any one of claims 1-22 wherein the silicon
tetrafluoride source gas is contacted with the catalyst at a linear velocity of from about 1

cm/sec to about 200 em/sec.

24. A process as set forth in any one of claims [-23 wherein the catalyst
25  is regenerated by heating the catalyst and the metal carbonyl complexes adhered thereto
to a temperature of at least about 500°C to decompose the metal carbonyl complexes

and form carbon oxides, the carbon oxides being released from the catalyst.



20substrate conprises zirconia, alumna silicate and m xtures thereof

29. A catalyst as set forth in any one of clains 26-28 wherein the inert
substrate conprises | ess than about 0.1% by wei ght yttrium oxide a@ %
stabilizer. 30. A catalyst as set forth in any one ¥ éﬁ"g s
26-29 wherein the catal yst conprises ab,l east about 95%inert substrate by
wei ght, and | ess than about 3% 25catal ytic netal by weight and | ess than
about 0.5% stabilizer by weight. 31. A catalyst as set forth

in any one of clai 26-30 wherein the catalys 0 i.ses fr.om aboyt 0.001%
to about 1.0% by weight SdPESy %etﬁ‘?é“fthlﬂ.any EE@‘%%TE 1235 efemr&]‘“%ﬂgYStA

catal yst a3 r§2hahRutHY AdifMMheRRIR] ufd Bk MetdGubndh&hgiiB s han&al alerab

conprises from about "95% t 0 about™ 99. 999% by wei ght inert substrate.
33. A cat dbystergpsraset ofart ti¢nsi abaany 08¥e toflewimgiore tRomeR] wirbpeyl ncopipdexes

substrate h a surface. ar from about, 1 n2/g t.o about 1000 n2/g. 534. A
cat al yst a@l%?g?nf%lﬁ’?ﬂoflﬁie%lﬁ% RSP elsable%rﬁ%g?g' wherein the substrate has
a bul k porosity of from about 30%to about 80% 35. A catal yst

as set sforth in any 2eneAdfatdiysafsraeBdovidd impatiwdsirdrne sBichs tanatieohdsga,
m cro-porosity of from about 1% to about 20%

the catalyst comprising:
an inert substrate having a surface and being selected from the group
consisting of zirconia, alumina silicate, silica, alumina, yttria and mixtures thereof, the
inert substrate comprising a metal oxide stabilizer comprising a metal selected from the
10 group consisting of lanthanides, actinides, magnesium, yttrium, calcium, and mixtures
thereof, the amount of stabilizer in the inert substrate being less than about 0.1% by

weight; and

a catalytic metal oxide comprising a catalytic metal selected from the
group consisting of copper, manganese, chromium, cobalt, thallium, molybdenum,

15  silver and mixtures thereof at or near the surface of the inert substrate.

27. A catalyst as set forth in claim 26 wherein the catalytic metal oxide
comprises a catalytic metal selected from the group consisting of copper, manganese

and mixtures thereof.

28. A catalyst as set forth in claim 26 or claim 27 wherein the inert

20  substrate comprises zirconia, alumina silicate and mixtures thereof.

29. A catalyst as set forth in any one of claims 26-28 wherein the inert

substrate comprises less than about 0.1% by weight yttrium oxide as a stabilizer.

30. A catalyst as set forth in any one of claims 26-29 wherein the
catalyst comprises at least about 95% inert substrate by weight, and less than about 3%

25 catalytic metal by weight and less than about 0.5% stabilizer by weight.

31. A catalyst as set forth in any one of claims 26-30 wherein the

catalyst comprises from about 0.001% to about 1.0% by weight catalytic metal.



36. A process for preparing a catalyst conprising an inert substrate and
10a catalytic netal oxide at or near the surface of the inert substrate,

t he process conpri sing: i npregnating catal ytic netal 28 EE%
surface of or throughout the bulk of an inert substrate, the i ner tMUSLL

substrate conprising a netal oxide stabklizer conprising a netal selected
fromthe group consisting of |anthanides, actinides, nmagnesium yttrium
15cal cium and m xtures thereof, the anount of stabilizer in the inert
substrate being | ess_than about 0.1%by weight; and ing th

met al - i npr egnat ed ir%értAs%ﬂgﬁia%%et%%ﬂamta@afﬁgf:afa#agn%fﬁe-gi“i 38 Pehout 250C

to forma cahalWhihGrifRiaim 9l 95atio Ao ®BI99HEL SUEIRE R cATsubMed nert ,
substrate. 37. A process as set forth in claim36 wherein

the nmetal -i npregnated 20inert substrate is heated to a tenperature of from
about 250C to about 32008Gatalyst as set forth in Q88 onpacpeleuesst-a8 wheteif et h in claim

36 or claim37 erein.the inert supstrate co $5es2,an inert netal oxide
and is pr esglé%%g\%? arsélé%fc? 'ﬁrgeaa%om afbs{’f’lpr%r{al} %mﬁaﬂ%}@o@énnﬂ%i sing an inert netal
wi th hydrogen in an oxygen and hydrogen flame to produce a inert substrate

powder .5 9539. A procgss AasitSed of @it tdith 1 adly ansoBSlahel®Bh wheeirctkal ytic
netal is

substrate has a bulk porosity of from about 30% to about 80%.
35. A catalyst as set forth in any one of claims 26-34 wherein the

substrate has a micro-porogity of from about 1% to about 20%.

36. A process for preparing a catalyst comprising an inert substrate and
10 a catalytic metal oxide at or near the surface of the inert substrate, the process

comprising;

impregnating catalytic metal on the surface of or thronghout the bulk of

an inert substrate, the inert substrate comprising a metal oxide stabilizer comprising a
metal selected from the group consisting of lanthanides, actinides, magnesium, yttrium,

15 calcium, and mixtures thereof, the amount of stabilizer in the inert substrate being less

than about 0.1% by weight; and

heating the metal-impregnated inert substrate to a temperature of at least

about 250°C to form a catalytic metal oxide at or near the surface of the inert substrate.

37. A process as set forth in claim 36 wherein the metal-impregnated

20 inert substrate is heated to a temperature of from about 250°C to about 1000°C.

38. A process as set forth in claim 36 or claim 37 wherein the inert
substrate comprises an inert metal oxide and is prepared by reacting a first metal halide
comprising an inert metal with hydrogen in an oxygen and hydrogen flame to produce a

inert substrate powder.

25 39. A process as set forth in claim 38 wherein the catalytic metal is

impregnated throughout the inert substrate by reacting a second metal halide comprising



i npregnated throughout the inert substrate by reacting a second netal
hal i de conprising MCSLLP 24 the catalytic netal with hydrogen in an oxygen
and hydrogen flane concurrently with the reaction between the firj@ gghg
hal i de and hydr ogen. 40. A process as set forth in 9 of
clains 36-39 wherein the catalytic netaly is inpregnated onto the inert
substrate by precipitating catalytic netal 5froma netal salt solution onto
the inert substrate. 41. A process as set forth in any one of

cl aims 36-40 erein the catalyti.c nmetal oxide. conprises a netal selected
From the o tBGHAGHnSIEE PG IO e Jo P kg A LS OGHT DHPa R BBANY Y Ehal | | dm
nol ybdenunghe $dalcN&I b@RdedMh% ti#Ei88cthINRN8Ohnd hydrogen. . 42. A process as
set forth in claim4l wherein the catalytic nmetal oxide 10conprises a netal

sel ected fromthe group consistigg of copper, manganese and m xtures
t her eof . 40. 48 process aced forisingay opgef plajms 3y sherestthel ai ms 36- 42

wh in the,j te. i | D, i1Sk | f
e ot "Gl AR B R3S R R B FEREE DS Do R SEBSNOLABP, o
1544. A prHecessnas! skisofudbh bniforthelngttmubdsdravdherein the inert substrate is

41. A process as set forth in any one of claims 36-40 wherein the
catalytic metal oxide comprises a metal selected from the group consisting of copper,

manganese, chromium, cobalt, thallium, molybdenum, silver and mixtures thereof.

42. A process as set forth in claim 41 wherein the catalytic metal oxide
10 comprises a metal selected from the group consisting of copper, manganese and

mixtures thereof.

43. A process as set forth in any one of claims 36-42 wherein the inert
substrate is selected from the group consisting of zirconia, alumina silicate, silica,

alumina, vttria and mixtures thereof.

15 44. A process as set forth in claim 43 wherein the inert substrate is

selected from the group consisting of zirconia, alumina silicate or mixtures thereof.

45. A process as set forth in any one of claims 36-44 wherein the inert

substrate comprises less than about 0.1% by weight yttrium oxide as a stabilizer.

46. A process as set forth in any one of claims 36-45 wherein the
20 catalyst comprises at least about 95% inert substrate by weight, and less than about 3%

catalytic metal by weight and less than about 0.5% stabilizer by weight.

47. A process as set forth in any one of claims 36-46 wherein the

catalyst comprises from about 0.001% to about 1.0% by weight catalytic metal.

48. A process as set forth in any one of claims 36-47 wherem the

25 catalyst comprises about 95% to about 99.999% by weight inert substrate.



selected fromthe group consisting of zirconia, alumna silicate or

m xt ures t hereof 45. A process as set forth in any one of
clainms 36-44 wherein the inert substrate conprises |ess than about g tg@py
wei ght yttrium oxide as a stabilizer. 46. A proceséﬁ skbet

forth in any one of clains 36-45 wherei,R the 20catal yst conprises at |east
about 95% i nert substrate by weight, and | ess than about 3% catal ytic netal
by wei ght and | ess than about 0.5% stabilizer by weight. 47. A
process as set forth_in any one of .cl.ains 36-46 whergin_ the catal yst
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48. A procgpsmasnaef skQed Qreh@roﬁwbo%@mggfala%b{mo@@-ﬁg.wher ein the
25cat al yst conpri ses about 95%to about 99.999% by wei ght inert substrate.
MC SLIP 25 49. A process as set forth in any one of clains 36-48
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