, 11111111111111111111111 1 PROCESSES FOR PURI FI CATI ON OF SI LI CON-
"“TETRAFLUORI DE BACKGROUND OF THE | NVENTI ON [0001] This. jnvention relates to
the purification of a silicon tetrafluoride gas by rﬂmwmmmwmﬂﬂdl C

.compounds, carbon nonoxi de, carbon di oxide, inert co
conbi nations thereof and, nore particularly, to-t+he renpvabisaf acidic
.conpounds by use of an ion exchange resin, renoval of carbon nonoxi de by
use of a catalyst conprising a catalytic netal oxide on or near the surface
of an inert substrate, by renpoval of tarbon di oxi de by use of an absorption
liquid conprising at | east one glycol diether, by renoval of inert gases by
use of a cryogenic distillation process and conbi nati ons thereof. [0002]

Pol ycryst al | i RRQGESSER FGRPURIFITA TSN EHeLIGONBRYRAGKIEIRIDE  product s
“including, for exanple, integrated circuits and photovoltaic (i.e., solar)
cells. Polycrystalline silicon is typically produced by a chem cal vapor
deposi ti onBAEKGROYMO QFWHIE INEENTEMN i s deposited froma thermally

deconposab iljcon coppound, i call ilane, .onto a _crystal seed

par o1 e 1 w90ale | TaTEa TR tirtends Hie Sutcahion ARG siE0h ffhibete Bam e 1 con
t et raf | uorpyfeniyval of 868ici OMPRINGE EsBrBbh INfsHoxide! EalbbH@idxie, anstt a net al
hydri de such as sodi um al um num tetrahydride (NaAll-14). [0003] Silicon

t et r af | uor FABPRUISIRNA,GQsARIBRYPNSINEreph ANdt OF PadicHaHY, oty reaydicd, as a
gas from f QS i s i Aath | of phosphate
fertili zerésa&)%o%n"rrrﬂéjrogngfﬁg L%rec?gagg%pég IC r?rt@glhga I u\%(rﬂ?ﬁ&eérggrs] typically

cont ai ns ameoakide byfusiergl ar ¢atalyst conmising 8 aatatyiicroelekoxide obarimear di oxi de,

i nert conp N rdti S cal ci um
compounds. SHuaach ot AR HuSLisE: c3EHeR L BR8P BSRRE BLEE R i de.

sul fur tri asxdateti@niguiy dowblisiagiat lemst dne Gheskdietneorbyt ieeovahof icadse def ects
and possi blq%?efcsﬂi)l ure gf the m f?ﬁ?'ﬁl ectroni c_deyi ceb. Thus need exi sts for
processes ¥ W80k CHOIPRE TN PIOGHSE BRAEPTPLIAIONS INKiEXed sili con
tetrafluoride source gas. 1 11111111E11111111121212112111112121 1111 *@G00002*
2 SUMVARY (@60THEPbWEATHIIEY siliddnl4 b viatesrpogerit@f anmyadpatasncicd process for
producing a purified si I{ﬂ(;on teier af | uori(ﬁe_ as corgﬁrqi ses contacting a
silicon tePPSUCIPFIHEINGolor X2gRE Hitegraleq e nd VHtBiCdbR t et r af | uori de

sour ce gasg&anRiglis e Pofichistilihg Slidarf ik YpsitAls FBducRS BB cRBRRX J8porThe
catal yst conprises an’inert substrate and'a catal ytic netal oxide at or

near the sdepesitoromechanismdp whidibsiligas is. derositechisema ihermalbh of t he car bon

ide i - I jng th
carbon mondsaBGre Bflbch, botfpSutic, ealy SRSl RAA8 100 o
mor e net al ircafibidized wamimelketoes Sildme maydmuprosuced fromdilondetrafucsidpur i f i ed

111000t el f 8l LR e RN SR TR R s HaRT GRS LIdirgd on of carbon

sodium aluminum tetrahydride (NaAlHs).

[0003] Silicon tetrafluoride can be produced by a variety of methods, for
example, as a gas from fluorosilicic acid, a by-product in the production of
phosphate fertilizers. Commercially produced silicon tetrafluoride gas
typically contains a number of impurities such as carbon monoxide, carbon
dioxide, inert compounds, metal impurities such as boron, phosphorous and
calcium compounds and acid compounds such as hydrochloric acid, sulfur
dioxide, sulfur trioxide and hydrofluoric acid. These impurities can cause
defects and possibly failure of the microelectronic device. Thus a need exists
for processes which reduce the impurities from commercially produced silicon

. tetrafluoride source gas.
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. [ 0Q05] According to a further aspect, a catalyst for renoving inpurities
‘froma silicon tetrafluoride gas conprises an inert substrate sel ected from
the group consisting of zirconia, alumna silicate, silica, alumna, yttria
.and m xtures thereof. The catal yst conprises a catalytic nmetal oxide
conprising a catalytic netal selected fromthe group consisting of copper,
_.manganese, chromum cobalt, thallium nolybdenum silver and m xtures
thereof at or near the surface of the inert substrate. [0006] In yet a
further aspect, a process for preparihg a catalyst conprising an inert
substrate and a catalytic netal oxide at or near the surface of the inert
substrate cogﬁrises iqpregnating catalytic nmetal on the surface of or
throughoutS ubstrate. The netal -i npregnated inert
.substrate is heated to a tenperature of at |east about 1000C to forma
catalytic rRbd Rxéd€ingtoBhe %%Féctt B%rééﬁsfs&"éﬁpr%ﬁubh? d pfifedssikehr ate. [ 0007]
O her objects and feattures will be in part apparent and in part pointed out
her ei naf t efetraflgoBia g@s cEFsoRasTARECngRHElicFNRIRisaves rceges Withiss a bl ock’
di agrami | t g%ﬂg i
tetrafluor%%%bégd¥@25@%%4§%%§§ %ﬁ%eﬁgécnggﬁEéQEmeé a?ﬁﬂhPﬁ%gntlon and
[ 0009] FI Gan@ catboa rnommdesefme oa.tamst comprisescan nertapbsirateudndided to prepare

the inert sub rat he cat al set. forth np 0010]
Corres pondFﬂ@?yﬁ'gf%‘? e‘cf’ﬂta(?r(ﬂ,etaé)rf ?H@? Pidng %%%Eé?%gkgg??tsé t hr oughout

t he dr?vvi ng@nlto%T&hewaaEaﬁaﬂo%eSbladbeﬂale?:]omm?ame\mn?@u?tlaqspegts of the
present invention are processes for purifying silic rafl uori de source
gas. Purifeagtinging %@HEF (H“LF&OX?%‘P’% e ?Q}?K’Eckgf?ﬁ?lé)x'cfeenﬁyélreﬁf“080| di ¢ gases
froma silkgaM 5@6%6%%&&%%6&9&&1@%% U'sﬁseés@@ if 9%&)&%8@693 resin,

renmoval of carbon nonoxid u%/ use of a catalyst, renoval of carbon dioxide
by use of @nrlmw@m @rraﬂwr egasosifrars inayingta reghised eprRCagIRaEen ofli et her ,

renoval of by use of cryogenic distillation and conbi nati ons
t her eof . (%Flb%r ’Rﬁ@%ﬁéﬁ urther aspects of the present invention are a

process for purifying silicon tetrafluoride source gas by contacting the
gas with a[&(ﬁbal ystordmgdoissiunenaspantra catalyst foaremavidg ampenitigs foxhde at or
near the surf

he .inert su rate [ an inert
Cubst r at e el eral Bk e o R A Topd R PR SE RO TRY, “Cubetr et
and a procepgsug ousnsﬁntmgumzmgorﬁalwumlmmaexsilic{aoemﬂm@sqdmaohmg to process of
enbodi nents of th resent i tion, a silicon tetrafluoride source gas
conpri si ng MHpYES ﬁ]egebo?- iﬂ @SF%Y:? EQMBISERE Waﬁm@etﬂj e ComRSis! W2ps to
remove a poigdiit rﬂéta%é!e@t%dtfﬂ‘&ﬁ‘n tHED dub'c%ﬁ&sﬁ% oﬁe@pﬁélranaagam@m inFig 1,
t he source gas” may be contacted w an ion exchange resin to renove a

portion or GAremMiym, tCﬁbalédh@”'%mgﬁﬁ@dﬁﬂé%ﬁt'VeHS'mﬂ/éWP( uigs Here@Aorsome portion
or all of apy- R Sirlce RS FRH dubstrie. 9aseous stream

[0006] In yet a further aspect, a process for preparing a catalyst comprising
an inert substrate and a catalytic.metal oxide at or near the surface of the inert
substrate comprises impregnating catalytic metal on the surface of or
throughout the bulk of the inert substrate. The metal-impregnated inert
substrate is heated to a temperature of at least about 1000°C to form a
catalytic metal oxide at or near the surface of the inert substrate.

[0007] Other objects and features will be in part apparent and in part pointed

out hereinafter.



4 Alternatively or in addition, the source gas may be contacted wth one or
‘nmore catalyst(s) to renove a portion or all of any carbon nonoxi de present.
Al ternatively or in addition, the source gas may be contacted with an
‘absorption liquid to renove carbon di oxi de. Separate regeneration systens
may be used to regenerate the ion exchange nmaterial, catalyst and
absorption liquid. Finally, alternatively or in addition to the prior
purification steps, the silicon tetrdafluoride source gas can be sent to a
cryogenic distillation unit to renove inert gas. After the cryogenic
distillation, the silicon tetrafluoride nmay be stored as a |liquid and

further BRMEFEEGESCRIGTIQNIGMAHE PRAVINGS 0014] Wiile Fig. 1 illustrates the

overall process including each of the purification steps described above in
series i argcul. e ! .ar; e

purifi ca{tiog%ﬁst@%équrg%/ bgde&gdr{? ?rltalgcljm\[/]\n%tglg?g gg\gtgrgﬁ?wgg%rrgumﬂltca{éogg%pe of the
present iagiEodn wiraflfondehsouroe gas talseonding thiaret éroboditreps ohtlg be carri ed out
in any canbination, however as discussed in nore detail bel ow sonme process
sequences'”lﬁ?/ﬁ‘ons%%r gistic benefits over others. Wiile it is preferred that
the purification steps be carried out in series, they may al so be carried
out in pawaddiel FI&. heagihossisdrimnmf dloe ssactioh appanahys nsstliogreparet ot al anount

of inpurities re ed during.the overal rocess. Wiile not indicated by
Fig. 1, tt}?s 'WF‘W%@?%PﬁhE t@‘@?etraifsfqﬁg‘?'%trﬂg‘ %’%“B'Sr?'be sent to conpression
and cylinder filling after any purification step. The purification steps
may be re@oUgr eComespontingcfdredce bharaeleys indidats todegndingopdrtsom t he scope
of the prtEsent in%%n i on. A Renoval of Acidic Conpounds by use of an Ion
Exchange RE}GNOHH sﬁfragmqscon tetrafl uoride source gas often conprises

aci di ¢ compounds such as hydrogen fluoride, hydrochloric acid, sulfur

di oxi de, pplhWEeED DEsGRIETIONIr 0ogen sul fide and m xtures thereof. According
to one enbodiment, a portion of the silicon tetrafluoride source gas is
contacted with an ion exchange bed tongr oduce a Buri fied silican

tetraf | uoki04l gAR08E tEAKANIRHR FRPests Ydtie REPSEBh EWRDTR PEHPTEFeSRESdPT |
conpoundspyrifl; 3§ Kiicor MerafRioria GRaneegdre dPlrfRbaeh techhRTIRE If@Sd<dRG Or nore ion
exchange resins. Suitable ion exchange resins are readily known to those
ski | | ed i @xamelearamaeymadotagidisaases i@n 4 slisen tetradiugride soyrcedgas.ty. , Perry's
Chem cal ' j h@ﬂ@@% : o +10). Typically,
ani on exc angggrf?gir%g ar uséd rtgf)%rvgﬂ%‘vcg weﬁﬁégggf\ygﬁlfeﬁgrged conponent
of the accatalyshpemnda of €athon dibxide ibyeysectilanrabdelptioBliquabtampresiions i ncl ude
pol ystyrenge-based resins.and cel| ul gse- ed resin Sui t abl e

ol yot o oRLEBaule PRGN A E rEBev et B GRS e SR and di et by
hydr oxyet gigtill giomatdudemBoaticd) tef)f] ul ose- based resins include ethyl
trimethyl amonium triethyl hydroxypropyl amronium am no ethyl and
diethyl amnoethyl. [0017] 1n at |east ope embodinent, the_ion exchange
Fest nls) T2 Ee A oDg g dspePrsiin Boaenh ySBGT e EomPIosRET 147 ng A i ner al
acid and porifyrgasiiconsetlraiitiride Soiuredgss by veftattimringsgdswittugeatayysdochl ori c
acid, nitric acid and sul furic acid. Suitable organic solvents include

al kanol s. C?@@WS‘PQ@Bt'F%éPU’%ﬂ%? and %@QF%‘ pyie ative ngaﬂh&ﬁwf@g@ Phteuor i de
SOUT Ce  gag B iRGak0BIAIPS MntdtisHy APMePXGRRNER 48Pk herdiidcas those

| i sted above, to renove non-acidic conpounds such as, for exanple,

hydr ocar bensgardheisorfaee abiiedeed substsatb oandia oxeaess @, produeing sueh Puri fi cati on
of Inpuri éé%ﬁ{émh as Carbon Monoxide [0019] In at |east sone enbodi ments
of the pr invention a silicon tetrafluoride source gas is contacted
with a catalyst conprising an inert substrate and a catalytic netal oxide
at or neaf0dlBg secérdog tofprotess afeambadimstisaiféhe pG3R2O] inventain, beast sone
enbodi nent s, ri jnert.. S | ect fromthe

gr oup con?ﬁ'g?rit' Eég?rag'?gﬁ‘%*‘?(gé%@, é’lcﬁoﬁpﬁgw 'Fﬁ)@g{'éggsélqbﬁcg?&%ﬁ% ﬁrg yttria and
m xt ures e eofificatibnastess @ nehiaveneparttionr dé of thepiniiritigs.aFeat al yti c net al
selected fromthe %rou .cansi sting of copper, manganese, chrom um cobalt,

thal | i um SBMPIERERPWEIN T Taftf PRUER P8 MAYRLEPaeee VIR 9P he surface of
the inert extsigertesin tWhbmeve Repsradby sl of Hie\eRidic gases present as well

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




6 well suited for the renoval of carbon nonoxide froma silicon
‘tetrafluoride source gas, it should be understood that the catalyst is
capabl e of renoving other conpounds and is capable of renobving conpounds
.from source gases other than silicon tetrafluoride source gas. 1. Catalyst
[ 0021] The catalyst 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 cat a'A(Iﬁéranﬁ/e?J@hmtdﬂﬂitloQXﬂ@SSULﬁcé gasimiayi b eontacted Methtoreuatmase
hydrochl ori c acid, sulfur dioxide sulfur trioxide and$§¥ rof luoric acid do

not substGaRIYSISNO ARFPKRIE ROROTRT R ALY GArBeN MANOXISE A In this regard,
it is pre t t A EorMBctel Witntdie above i sted

aci ds. rétgt(ralzﬁ‘%é# lgoé%?]ltﬁéuﬂ%%uéé?%gft egyﬁﬁé;t rat%s i ncl ude, for exanple,

zi rconi a alwaummdlqylld focremgvesiarpanadionidaniSRpargterpgeN AP MEYRIEMEs t her eof .

O her sub t I i porosity,
however tﬁéy% E{%eﬁ qépﬁqé&%b%@u%@%ﬁ b%‘ﬁat ﬁgdg%t%gggﬁ%ﬁ%é{égéﬁont acted
wi t h aci diquic.oRpalydsteriativelyics im edditidn to therm‘;ortp;elrlpcaifoarsibpse the renove

acidic co ound the gas stre or to cont with a
catal yst ¥ tiei'?ﬁ @%S%Fg%?%cén 5@15?5{{(93 EWPHBP'%%;C{@J%%&)PPE ggs and/ or
clays. [ O%Veﬁnéﬂ @%&r Al@r vid dsrgb@mds aruilstidre thebikcaporeaafiioricenday

m cr opor osi tigqrmi be produced by exposin d containing the netal

ou
(e.g., ziPeskaregmpsailiguicomnd Brher A reéﬁﬁgﬁ?rt%i(ﬂﬂ TI?'Bga hydrogen and oxygen
flame. The netal conpound deconposes to forma netal oxide powder (e.g.,

zireoni a, [@h&l]m Mnéllﬂ@ Cafi8stratbs tefoverbVPidtass Hdudifg eadher thewder may be
conbined wth bi nder and nolded to form a substrate bogé The substrate

body is t ﬁérrhﬂ%él@ﬂ é&ﬁascﬂ%ﬂ@%éb‘b\fee'@ﬁﬁ’u@ﬁ}” ARSRYIRRT FhJ%s B §BRYIG B eby
creating 0 ture to which
t he subst Bg{eﬁstggttdor% ég}ﬁgaet E‘)@P S@g ?? ?ﬁgﬂrtl@q \ilv-[ﬁ@éh ﬁg]l@l ow rel ease
of the pr &mrrottnelsycoa@sbmeemrebgmtnm@monTfpnrtharrhg:re theepwifiostiomsepbody i s

heated to a tenper.ature. of at |.east about C. nts the
subst r at e "TBYRF §& r'ﬁ%&PEH‘ Iy %or?%%téc}naE%ﬁyvgv%?g%gls%%szegngoﬁ%%%ﬁ at | east
about 500Ge¥w §bfﬁ6p&dcése%ehuamstovéﬁéﬁ:ergtstusIhmnémslmaenotheds Whilever , that
depend| ng on the substrate used rrg rature ‘i ?ove abo t 1000C nay cause
si nt er i ng tdnArefesed B'Tatt”l‘f‘ep%'i'f&a%’b?@ PR ogf ingSeaes EY RYe?'S? n” such

cases, th%etc%frrrr?é‘cré&t%%a?énev\@!tmgh%cmb&b&aé@sme h\%yh@@&@ﬁth@o rel ease the

previ ousl y absorbed hydrogen may be | ess than about 1,000C. Typ| cally,

t her ef or etOtﬁh@“QU'btserl@pérﬂHﬁﬁd&em%/eﬁ@éﬂf'@ﬁ tﬁ%oéieﬁa@mur‘/@'lﬁ N3t om about 300C
t o about I | R)%ué 4O ut 600C. [0024]
Phase st a%ﬁ??é;[?%%9‘#0%:?}@%&&’%506%@&(}%% toth 2 I ne::tt)é g%rggter ate. Suitable
addi tives comdresmorrmmcabylmdedélhsg afiet amepyrifidation @tﬁ@prT%plmfmatlm such as,

i xt ur o5, SERBRY Dot EpoaebaTE” o ety PR Rl epert o FR o °

especi al | ywcapé ectHevsrepbraseveritiabi | i zer . Accor ding to one errbodl ment of the
present invention, the catal yst conprises | ess than about 0.1% stabilizer

by wei ght. Accordl n h di nents the c st_C rises | ess than
| ess about 0. 0%% by%ﬁénqjﬁg ‘%‘%‘Snb(? LHB% yﬁs%%@%%y %?‘gﬁ?e or even from
about 0. 03%%it o0 about 0.1% by wei ght and, according to further enbodi nent,
from about 0.05%to about 0.1% by wei ght. [0025] The phase stabilizer may
be added to the catal yst by introduci ng oun t.hat incl uges t he net al
(e.g., a Qﬂbﬂurﬁj“%ﬁﬁpﬁ@“?@easqué?ﬁ%% fa%m%w He%S A7diE COMPOHESP um yttrium

cal ci um angd,cfiast HoPSgdridRie) hpd}o&mgrn@ﬁdﬁog@mrmlwwﬂ@r thibriere, whi | e the
inert substrate i's being forned. This creates an oxide of the netal that

becones | d‘!)@mﬂﬁfa&éf(ﬂd& anG Mixierasibeteo uASEITdNg t9ONGAMBQIINENa st abi | i zi ng
phase.  Thedimbbs ¢! sifon'iBPidctRE goﬁrdergﬁst.s%qtdcgm&h hglidpved to have

catalytlc IVI y and 1s not active In uritication of silicon
t et r af | uorexdbaggs bed & produce a purified silicon tetrafluonde gas stream having a

reduced concentration of acidic compounds.



Il.Catalytically Active Metal Oxide [0026] To forma catalytically active
‘metdl oxide (i.e., catalytic nmetal oxide) on or near the surface of the
substrate body, the substrate body is contacted with a nmetal salt solution
that includes the catalytically active netal. A base such as, for exanple,
ammoni um hydroxide is added to the solution to precipitate netal fromthe
solution and onto the substrate body. According to other enbodi nents, the
netal is deposited by an el ectrochendi cal displacenent reaction or by

el ectrol ess plating. [0027] After the nmetal is deposited onto the

substrate, the netal -i npregnated inert substrate can be heated to a

t enper at yoe163ufThecibs rixchangwbed typically kempaited phée oahiore éort éxahamgeal and form

met al oxi des. l.cination of the catalytically active tal generally
occurs atreﬁ'@ﬁpg‘éﬁ"b‘ﬁégn Sf(créﬁ”geer%tnsa%ﬁtﬁ?aégd@%wﬁﬁ@ theses -"?er‘?ip'ﬁzﬁ‘?‘nat ed inert
subst r at e;Byg BSn BE3GESH Indtha It aRes abék e.g0f PéripaChibAtidal EpQfRedefingbout  1500C,
to a tenperature of from about 250C to about 1000C, typically to a

t enper at un@ndFooky éi EtholiablgoifcH trp- dBolR). dypEady. e eXaradedRPB? at ure of
from abo 6 ; Q%%} { i rticular
t heory, | reﬁ%@ﬁé{) ?%@gggﬁmear?%glgé@at a %/%q %%P?n%@{@\ﬂpf&%@%h@g?ﬁ% alr eu

| ocat ed afe.@rflunrie, chieride). f Switabld rasins ialude potystyrarne-basetyrasing and f aces of

the m cropores) .either .as i Lal ver| > t substrate
or as & cCORHOREATE Erasas o BPE HesRREhk s ke L Pk el Che

hi ghest cieggenamaidnamm ehdaiinatigt hedokyetagitdrimonkingl Saxdtleselngbseg f ound at
the surface. Suitable catal yti cahly active tal oxjdes in?l ude a net al
such as, ?%ﬁederf?éi?ﬁl”éc,lu%ﬁgﬂhr'”?\% 8%@8?'“%Egﬁtﬁﬁlrﬁyd16%é’m?y thal |i um

ol ybdenuginniiiiftRr arditd ethyitatdesiethiea@oeti¢.cor di ng to one enbodi ment, the

nmet al oxi de conprises copper, manganese or m xtures thereof. [0029] In at

| east sone enbodi nents of the (ﬁresent i nvention, the catal yst conprises
f r om about00d7lootetieasd 9patemMbeaPeRk it ONSACARYES FesREAMaY ieom about 0. 01%

to about 19 \ﬁeéigm; ifd @ik G- ShiGtlo? @PRHsidg BYindRl 88k ankraym about 0.5%to
about 1/ 09%6{119595 ght,, sthrI Qdm 0. %.Oli/o to agboustI . 5‘%]%.\/\/& Srrft-_, -9 from 0.001%
‘to about OrgE%idusolventgBuitableavipard moitisdpeude OymOEHMorio agiblontri®acidos by wei ght

Lo about” 985 sUBYRagoPERor REsdTE SRUBhSIREERE AAnPRI™! S bout 5% 10,

about 99.99% by wei ght, from about 95%to about 99.9% by wei ght, from about
95% t o abpudt 8P 9Upkignaikyi arhin adfiitiom tieailicoasetraftucdidesoutce &% vy wei ght, from

97.5% to about, 99..999% b ight, fro b 9 t % by

wei oht, 1 POPHSAN T8 i eXTaat eyt BhBnaone ShE BB PYe s bou

99. 99% t 0naheitidi®BorAPOdhdyyswERl ) foradxammse t hytnbedrbatss cafidd3hpnoxidat | east
one enbodi nent, the catal yst conprises at |east about 95% i nert substrate
by wei ght anf €30 AiAXidBout 3% catal ytic metal by weight and | ess than about
0.5% stabilizer by weight. [0032] Catalysts produced by the above process
typi cal 'y exhi Bi Cagal@idBirdiatieh by iIrgurgessSuchaseCarbon Matbxidd ati vel y hi gh
porosity at the mcro and bul k scales. In general, the catal yst of the
present invention has a surface area frgm about, 1 m’%/ t o.about 1000 n®/g,
Lypi cal | y (4418} dbaUEas SAPreerbodBBeILs 5B AR HREHIGHAR e/ g to about
500 n/g, tétFé?F&bﬁQ@'éburJeegdsgstc@n@éfé&wili@@ dabdi gst st indrt2/ g t o about
10 n2/g, from about 10 /g to about 1000 nR/g, from about 100 nR/g to
about 1006ubgiraie andeneaiBtie B8 qdeyat @ RAFE (e SotRCeethe B1leTeven from about
750 nR/ g ég&@p@gt 1000 n2/.g. The bulk porosity is generally from about 30%
t o about 9 typically fromabout 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 ni cr o{PeRODsiin pt leasiraree gmbpdiments atheuratalystic@msises apavg f r om about 1%

to about 9 r % 9 rA,a080 % t.: out 5% from

about 5% tjsgt%r%tﬁtg%%ﬁf& i@%‘rﬁ%&é@?&%@%ﬁ%ﬁout @3%‘“"%?%%'ﬂ°??bm about 15%

to about 20, dl0GEH, yBeeansenxiires trareoharndcapetaitticmeetaboxidé f ect pore si ze

S e o L OR L Y A S UL B5RnR R ArBLS cBRELEIY dpofif or m ned af ter
manganese, chromium, cobalt, thaliium, molybdenum, silver and mixtures

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



2. Renoval of Inpurities Using the Catalytic Metal Oxide [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] Wthout being
limted to a particular theory, it is believe that the carbon nonoxide
conpound welhstiteddot thet negnavet aff caskori anexigeritpra aradican tetsafiunige conpound

whi ch adheres 1o t. C fromthe
silicon ¥4 Pﬂ%rrﬁ?eo Id)ﬁ% %@%@E@n@géE‘%n?ﬂ%g%ﬁéngg?ghee @gﬁeﬁﬁﬁ tion of
carbon nuogtagt €smpouridsears bldapablbﬁifrrerﬁwbumgl@mmudsérogasour[:@@@ﬁe}s The process .
of the present invention e utilized to purify silicon tetrafluoride
gas corrpr?tgﬁh@aéssé@ﬁf‘lt%qrq’fﬂ‘%é'ﬁ? SOCHHESAT at i on of carbon nonoxide. Wile in
practice, silicon tetrafluoride gas streans may contain extrenely |arge
concentrati onsy, @atg@@bon nonoxi de, typically silicon tetrafluoride source
gases typically conprise from about 0.001A3 to about 3.0% by vol une carbon

nonoxi de. I\/bre licon etraluorlde source _gase 0 ise from
about 30 984tk o %%Bﬁtla‘@go%ﬁ pﬁ?)?ﬁrkw\ﬂ?g 'BHEOTPIEST B ?@5’?@ gﬁ) ‘general ,
the cat al yth@alyiRlAbtaPskiHE aPUF héarapk isQFafs 6£@eSn@t slithiraps eFRE! lnventl on may
be used to renove a portion or all of the carbon nonoxide. Typically, at

| east abomtamb/BYQfCaﬂhéa%aﬁ@f@ﬁ SPERHLiISHE 2P afﬂ'?ea'“éb@%ém%twt@ renoved and

Come | not Sftareehe sERRhyR MBI B oy RAR FBREARIGRYe 0 Lorouge "
e e
nper at ur e s
grg 6 i(0) Ic en ! etnh o 0 rl u

oxi de pur Fi pi cal'ly e SI uori e gas may be
mai nt ai nedioxideastifurmasxide aad (hfydifdﬂommbomdcﬂﬁbttsubaﬂaotlally%}@ra(ﬂetma about 45C

to about 90C, 11 fr.om about 70C to about 90 r out t o about
70C, £ r onPaBYHANCeR Ae ozt Indate r&EaatétdsPF%%r%%g{??B‘%%a'tyét Hout OC.

[ 0038] | nhggnesdive Vplﬂ\ethéehtb@\,gqlsg}galmg he silicon tetrafluoride source gas

i s passed through the catalyst bed, is not narrowy critical to the present
invention, so long as sufficient contact tine is allowed for carbon

nonoxi de ﬁemv&?ﬁiﬁfﬁgeneral I y the gas is passed through the bed at a
| i near velocity of from about cnisec o about 200 cm ﬁec typically from

about 10 &Qﬂzébcsﬂiﬁa'élﬁdrﬂﬁ” g@b%r@t%@du&p T EXAMPEZAERIUR: A% sec to about

35 cm secsmEQ@S%cé\wmﬁn@c?&ﬁa aHY inPRRAds therddnedndraiubePated@uch@sa gas with
a solid my be used to carfy out the above process. For exarrpl e, fluidized

bed react aealitana@ngsieexbBIitHA semLsienROMeSEHR NOWexer ey @6 MGl on suit abl e
for the caidbisbsedith Bidedtaliibrl WS EohabRa i AME cofiRks A nOt ed

above, presence i nmpounds i n e gas stream ng treated by the
cat al yst myregaardettmaydmmef&reblehe remore @sidid eorspotmnds fiosd thee@es of t he

et raf | uortaaegtiots §aedlitimedn B e 2l sBrRReR o dfE ™ hortion of

t he aci di @uggm@g@dmpp@ngrzgome@mfdwtmm the silicon tetrafluoride source
gas with the catal yst This allows for rermoval of hydrofluoric acid from

the silic tetraf ride.squrce or to contact with the catalyst. It
is desir ag&g oﬁ%‘l‘ﬁﬁ% 5 %d aFglnﬁp?rroéﬁrY EHE MUCTPPRIGR Y BIVY uor i de
sour ce gagréddad B)Deﬁpﬁéir@cé b@@pbb@d sottafen@Re métah et@ezﬁ@irmlrMSt because
hydrof |l uoric acid can deconpose and cause quorlde sonlng of the

cat al yst . silicop4alpragurgi and)¥drain i/ Bydregen aad BEYoaroRe déhe Meigl a net al
car bonyl %%&fﬁdvmécemp%@eﬂ&ﬁxﬁnoa afat%xndéep&wde? @k, theokiat aliita As such,

the activity of the catalyst w || decrease over tife as nore sites are
bl ocked bysilipatenlsilicar dlomjma, yding). e?@%pO\WdBW way he combanebwite alindase si nply

reasons. 1 O ReBRde SEhTe SehalREkT . o YupSERRRaE TSR TRARTE T

cat al yst. rékesearaliysdly aayorbed h@rogen, thereby creating pores at both a



regenerated by heating the catalyst to a tenperature sufficient to cause

't he 'netal carbonyl conplex to deconpose form ng carbon oxi des which are
then released 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 frdm about 500C to about 570C while a
gaseous effluent is passed through the reaction vessel. C. Renoval of

Car bon Di oxi de use o SO n, Fl 004 i licon tetrafluoride
of ten comMairA&n r’%’ﬁﬁ ‘iﬁ?tﬁ a.g% m’?ﬁg?hﬁ%tq B’Hg‘g’c} ?Sgg/;tﬁé &P car bon

di oxi de. nhEafedSdHdulPbe tafiitidhtiyRighde aewWreRage of meldaerylémecbémy renovi ng
an amount of carbon dioxide fromthe gas. Accor ﬁB\gPStO one enbodi nent of

the i nverﬁ‘WﬂB?genaﬂ'YQIﬁ?UYrtth%ﬁUEW%@r’ﬁ’OéIVdﬁ('ﬂ%@eij§° Ad Eﬁt‘k‘)r;? ARSI ng t he
srlrcon @I?é 1 to a further
enbodi nen%bﬁﬁéééb@[)sm%oq?ez%ﬁ ogn]{)e%dsbggagé E)'?c&col I et ogc? (i.e., "glyne")
such as, témpemsterepat Ie@lshyb@ﬂe’rOQI’jS@tlIeal$tr®t0hly60@‘i@19r evefi etlBgstene gl ycol

di met h I th I I I r ne gl ycol

di met h% a@PHEWO“E}{ﬂ %’t‘]%?@% (ot °CQ‘°|"‘%§I ﬁ%ty?e%%?ﬁ[a”rg,érg{hﬁﬁﬁggél ycgl Vet hyl
et her, dlusehytleenrmrgrhmminee!dwt 1800f&> madroaubglsm«errrgj gublosdiobtiteyl et her,

et hyoxy tert-butoxy eth ne and m xtures .thereo Contacting the silicon
tetrafl udFICH@%%ﬁVg@U@a & P EHOYYT8IE oM 85‘@1 ftesy I?é%oemt&rea%o RENof carbon

di oxi de gas sLiBstFdi8 b@d%ﬁ&ﬁ’éhté@tdﬂé‘léé&rmd@)ré‘ﬂéug aB86rbled HyBfsgehhan about 2%
by vol une. Accordin o ot her enbodi nents of t present invention,

cont act i 1gaY he less| th%@ﬁb@@tr 890°Gor T ricallyw fneseigee tW? HDsirae PedY Isdi et her -
reduces the, é‘Ienﬁ’é}er‘éﬁ‘fr%BFfrg I fiE 36 SC'ICF‘?B&?L I%d)@"@?é‘nd hordf | uori de
source gas t ess t ppm y vol une and, according to another
enbodi nenypicallyl, dem albaut 40000 to Gb(lutrﬁﬂWﬁy volune. 13 colum. The absor ption
liquid nmay be regenerated by desorbing the carbon dioxide in a desorption

col um by sr - Behoval of Inert
_Corrpound y uslﬂgaos? %&I‘ﬁ@%ﬁ@m%@% ritnPIlatr on &e{ae%jﬁ% | con tet rafl uori de
often co@mrtaneasadxdltr\aewudtrdefnetalecmmgsﬂ:aesrzemcthaasombme exaatpl Richni t r ogen.
Typically the sili on Iteh{g%ﬂd uor i d source gas co Iar ns Ifrom ﬁ‘cgo‘” 0.5%to
about 10%8DyCVBIATRS ¢t '8 ec@ﬁﬁ&dﬂ'&'? MAFESRYhe “%‘oﬁ%SI‘IHb% an be

renoved byixeing® @earest. dvigiunh bRide Qryttrier Megeeeh dustlitd batanogspeaiatly ves cool i ng
of the silicon tetrafl| uoride source gas to a Créi"ﬂ?{%c terrp rature,

typi cal | yefaclie RBasR Stabiger . tACCoRdNg tQ 5HE EMRQP %péﬁ’ﬁ?tn er embodi nent
the sili Cﬁ()eﬁtﬁ)tnr #d éé?f;ﬂ'ygtecdn% priceeliegh t’h%nferdbnl Bboy bt BEr bpwalfhit - 60C. The

cooled silicon tetrafltoride source gas is fed to a distillation colum to
produce aApearfiingdd ofierieptiedireentatne caiatist gampsisee@es izan kegs abpelduced

concentr 0 t ° ig} process may
vl ve 008% By welkRtiier R 85 o D28oebY AR e B o ebBl: Pl ot ene
pr essur es.0pBWAH] abbloe 0 Ay by eveiight dingt at¢artingriourdperreagbabwent, frefror e or af t er
the silicon tetrafl uori ce is contacted with the catal yst of
enbodi rren"f‘%o%g‘o'é é%@é@@?ﬂ ??t}?)/e‘f’{?%gﬁ i.e., before or after carbon nonoxi de
rermval) and may occur before of after contact with the ion exchange resin
(i.e., befooes) oTh@phase @tebidz@raaay bewmdale}i.to tme oatelystrby ditroentingtehe sil i con

tetrafl d t t t d fed t
d.esI:"‘r | ot PRI Shieh Jash Pt (e 6 Eo PRGN hEOTPTPBE PRrPaRRuor | de.
sour ce gaén‘él'cfrrlﬂdé%a@ﬁésﬁ’uﬁﬁ%tndﬂ@%ﬁrurﬁréﬁﬂmmt@re@'tﬁéﬂebf)%'tIITen typically

renoves at | east about 95%of the Inert compounds in the source gas and,

nor e typi bedrogen and ox¥genafasne Wdedtleg inatesybsdiate st ferdedadddt ding to
anot her eﬁ?é%?és{?r%xrdé'&?th@%@%‘?ya@ b@bértn‘els'rﬁédrﬁ@ra@é&ﬁﬁéﬁreﬁﬁ@@ves at | east

about 99% ot the 1nert conpounds according to a further enbodi nent at
| east aboembsﬂ&t@%rocﬁturtermarstatnllzmg”rmimaﬁslsThe metEboxigsl sabilizerrigp@rtat i on of a

Catal yst o Cb(eﬂeéecgﬁb%{v:egc[agﬁ%)cegct?ﬁg %’IQ%‘F%@M&& pl?r'?ﬁc%lfiorw\lear the

Surface of"
of errcon tetrafluoride gas.



[0047] Referring nowto FIG 2, zirconia was prepared by reacting zirconium
“-chl 6ride 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 innermost 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 m ddle tube 7.
Hydrogen was fed up to 50%in excess of its stoichionmetric anount. The

fl ame tenperature was maintai ned ardund about 800C by controlling the
hydrogen and inert gas flow rates. The gases were passed over an el ectrode
15. The resultrnq zirconia powder 27 was collected in a receiver 31. The
2|rcon|a1boweﬂ3 "9Eu'h LHVQAeetal XL y quenched by injecting cold hydrogen
gas in the receiver dro en chl ori de xag s‘Parated o mai nt ai ni ng

t
a differdRP70dl F%fﬁﬁﬁraa‘f"i‘}? ticalympdye Mmetelyndde HfaLairivlic mem Oé'd% Jyttrium

oxi de) Wash Ysgshrafe SuSh@lbt théisDBstPABRRIY dihe Wubkirad 15dHys 'céﬁtat‘}fe‘éi
concurrently fed wth the zirconiumchloride to co-generate yttrium oxide

and zi r comittummstalcralt Jobdieg) thahinslbges Seseatalytpplbra@ne sretale AB@seranganese
chl ori de a t le tube 7 to
co- genera%M(:C galsr gogﬁegzaimgﬁl% atrﬁ;riﬁg 'hﬁf@y%ég’gggg Qaﬁg&n%j mgrfggjelggggdes [0050] The
zi r coni unprpoiptiae rpetannonn thasohﬂnpmﬁeﬁrtmhdwsmstr@r@am)c Ataoodding t(pol yvi nyl

al cohol) in an unt . o rts art he dried powder. A

nol ded bo%tgef ﬁm%@%eﬁ‘é%éh%f‘? aldg f B‘r’%l‘iﬁdg‘?y?%e fig et er: 8 nm

t-hi cknessgispraserhentredction o g eleopbldsnplatifge nol ded body was mai nt ai ned in
an argon atnosphere at 400C for three hours to renove the binder. The

nol ded body was. fhen heated to 750C for, one hour .and cool ed under vacuumto
gener at e Wéc?]o %‘%‘ﬁftﬁ?&%a'dﬁrdggoﬂgﬁdt%()&e%8%‘%[%?\’tgf' 8F ogen. Equal amounts
of nmanganggfegiitet MHPESUSHa taNBe hBtdatovricaierailre spmeienatod 5% by wei ght
of nmanganese wWith respect to the final catal yst) were added, 15 to a

cont ai nercﬁlﬁla@teﬁéﬁ&aiﬂélcﬁﬁy aelveydatpl ped fora resp oxiles. GalenaigiRinese and
copper we t i de. The

l'i quid Wa{sh%dd%iﬁgﬁ%l"%%t: n@r‘é:t%g;fep ggglhlyio:cgﬂrsvnﬁlgstgm?\agzﬁ? ngmégytggeﬁooc under

sl i ght vaabmuhZﬁ@FCtWbehoeﬂakimQFGQBQthm&l‘bslmbﬁrqi@mﬁerb@mﬁia@mjaby t he above

rocess h l=nRE nm and a
gurface a%i%&qﬁﬁyféﬁgfha;gog%%égfqg%%qSogocretg\s?g %?%@Beo g@cr%msr zes were
det falr i neﬁb@ut zamec% rabguter(mmet typically 6o artemge:hturlémféromhwm@mb@ por es
smal l er than 65 nmin dianeter were neasuyred usin r QL.OSi net er,
in accor d%%%o%st:’ﬁl‘;\gﬁﬂ’%@ ihadsresansg L g’ - S ‘\%&gﬁ%é ‘6%02% @r opor es
smaller than 1.5 nmin dianmeter were determ ned by the xenon NMR nethod, as
descri bed[dopsfr aneat teind ®oundlo d@aﬂitiuln'rethé’dwsltwmheﬁed &t (H086) . Porosity
and surface area where nea d both before and &ter caI nation. [0052]

It is nmentREhdgalnagive m?ttaz?’é{ &% 8re Ingeteq ftiohpean ﬁ“ﬁfaPﬁQ ci nation
tenper at UEStaWstErH&u@rﬁgl?ﬁé §EHé@esaéf tM‘é‘hﬁ&o@oﬂés‘f@ﬂhéroéé)éléoﬁfr@cbmrall actual l'y
used is knowi to this art to effect a decrease in specific surface area and
por e vol useveragyibe drert supsirai@or ave C@BE@#QA@dPW&eHN*ﬂ'ﬁh exieageintatheri t hin t he

t enper at ur : : npri si ng
Catal ytic %c? grgglgndtq\}@b%ﬂ%éte?ﬂ?%g%%gh%gr%a ar %a&§%§%g&| géa?t Zirconia
Subst r ate btangemmd/et 1sﬁer§nmﬁac&’br$mu¢etjle dataiyticsilly iactve Metal akidesinadledeSaur ce Gas
Cont ai ni n tlher %ﬁm nat 0053]_Silicon tertrafl u% Itdt§ @ s, cont ai ni ng
around 30 3p§HCE£Sb eﬁ‘ﬁm?x? PRES DF BV O BB DRIt (15 cm
long; 4 crmdlyodnaiffelsiver @id midtireeanereel. o&tdordio td onslestmdanehtather essur e of
1-5 at m)spheres and at 15C. The carbon nonoxi de cgncentrati on was reduced
to less tIMeIaNOXIMTORREFRN eORPer  angANSse R tA{HEeS %ﬂﬁ%@fr sing Catal ytic
Copper and Manganese Oxi des on or Near the Surface of a Zirconia Substrate

to Remove [fgopom Moeaxi stené eABodIrhérmo B Mmre%bmhvelﬁuoﬁomeqet%

Subst ant i aI |y Free from ot her Contam nat
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% to about 0.5% by weight,



16 [0054] Silicon tetrafluoride gas containing 1% carbon nonoxi de was
'passed over a bed of catalyst (15 cmlong; 4 cmin dianeter) at a linear
velocity of 1 cnmisec and a pressure of 1-5 atnospheres and at 15C. The
.carbon nonoxi de concentration was reduced to |l ess than 1 ppm Exanple 4:

Use of a Catalyst Prepared by Precipitating Catalytic Metal onto the
.Surface of the Catalyst [0055] Silicgon tetrafluoride gas containing 540 ppm
carbon nonoxi de was passed over a bed of (15 cmlong; 4 cmin dianeter) at

24C. The catal yst was prepared by precipitating catal yti c manganese and

copper. o gn b SHd 368911 4:15, AL SSkverSRYAERou 90918) ufideus | i near

vel oci ti ore an ' generation of the catalyst were '
conduct ed.0THheoyr weight of catalytihoetalbel ow i n Table 1. Linear Velocity (cnl sec)

Time (mn) Before or After Catalyst Regeneration Exit CO Concentration with

Zi rconi a GuRROMnd BRI deheralReidhsHsebdrolR about 95% to about 99.999%

by weight inert substrate, typically from about 85% to about 99.89% by
weight, from about 95% to about 99.9% by weight, from about 95% to about
99% by w.eight, from about 95% to about 97.5% by weight, from 97.5% to
about 99.999% by weight, from about 99% to about 99.999% by weight, from
about 99.9% to about 99.999% by weight or even from about 99.99% to about
99.999% by weight of inert substrate.

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

[0032] Catalysts produced by the above process typically exhibit a
substantially 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 generally 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 caicination temperature can affect pore size and surface
area, porosity and surface area are preferably determined after calcination of
the catalyst. '



30 gefore'1.41 15 60 Before2.75 25 5 Beforel 8.20 25 30 Before9.17 25 60
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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 monoxide 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 subsirate.

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

concentration of carbon monoxide 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
mondxide. 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 ieast 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 tetrafluoride gas may be maintained at a
temperature of from about 0°C to about 90°C, from about 45°C to about 80°C,



11, %0 15 5 After 4.87 15 30 After18.55 15 60 Afteri 9.23 25 5 After10.90
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from about 70°C to about 90°C, from about -30°C to about 70°C, from about -
30°C to 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 velocity of
from about 1 cm/sec to about 200 cm/sec,'typically from about 10 cm/sec to

about 50 cm/sec, 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 to 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. |

[0040] As noted above, presence of acidic compounds in the gas stream
being treated by the catalyst 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 to contacting the silicon
tetrafiluoride 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
tetrafluoride source gas prior to contacting the source gas with the catalyst
because hydrofiuoric acid can decompose and cause fluoride poisoning of the
catalyst.

[0041] As discussed above, the carbon monoxide forms a metal carbonyl
complex 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 to
regenerate at least a portion or all of the‘catalyst. The catalyst may be



25 30 Afterl1l.23 25 60 After12.34 Table 1: Activity for Carbon Monoxide
‘Renvval froma Silicon Tetrafluoride Source Gas Using a Catal yst Prepared
by Depositing Catalytic Metal Exanple 5: Use of a Catal yst Conpri sing
Catal ytic 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 cqpylong; 4 cmin dianmeter) at 24C. 17
Several runs at various linear velocities and before and after regeneration
of the catalyst were conducted. The results are shown below in Table 2.

Linear Velg8ehiytdFBY RESUng 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 abou.t 700°C or even from about 500°C to about 570°C while a

gaseous effluent 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 dimethy! ether, triethylene glycol dimethyl ether, tetraethylene glycol
dimethyl ether, polyethylene glycol dimethyl ether, ethylene glycol diethyl
ether, diethylene glycol diethy! ether, diethylene glycol dibutyl ether, ethyoxy
tert-butoxy ethane and mixtures thereof. Contacting the silicon tetrafluoride
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 glycol 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 iess than about
0.1 ppm by volume.

[0043] A variety of process equipment may be used to éontact the silicon

tetrafluoride gas with the absorption liguid such as, for example, an absorption
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column. The absorption liquid may be regenerated by desorbing the carbon

dioxide in a desorption column by passing a 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 tetrafluoride source gas
contains from about 0.5% to about 10% by volume of inert compounds.
These inert compounds can be removed by cryogenic distillation. Cryogenic

~ distillation involves cooling of the silicon tetrafluoride 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 -80°C. The cooled silicon tetrafluoride source gas is fed to a
distillation column to produce a purified silicon tetrafiuoride gas stream having
a reduced concentration of inert compounds. The cryogenic distiliation
process may involve a series of distillation zones that may operate at different
pressures.

[0045] The cryogenic distillation step may occur before or after 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 tetrafluoride source gas is
cooled to a cryogenic temperature and fed to a distillation column subsequent

to contacting the silicon tetrafluoride source gas with the catalyst.

[0046] Cryogenic distillation typically removes at least about 85% of the inert
compounds in the source gas and, more typically, at last about 98% of the

inert compounds. According to 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.
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Example 1: Preparation of a Catalyst Comprising Catalytic Copper and
Manganese Oxides on or Near the Surface of a Zirconia Substrate

[0047] Referring now to FIG. 2, zirconia was prepared by reacting zirconium
chloride and hydrogen in a hydrogen and 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 outermost tube 4. To prepare zirconia, a mixture of
zirconium chloride and inert argon gas was fed through the middie 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 fiow 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 yttria (i.e., yttrium oxide) was used as a stabilizing
compound. Yttrium chloride was concurrently fed with the zirconium chloride

to co-generate yttrium oxide and zirconium oxide.

[0049] In some cases copper chloride 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 diameter; 8 mm
thickness) was formed by press molding. The molded 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
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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
slight 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-
Emmett-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). Pordsi_ty and surface
area where measured both before and after calcination.

[0052] It is 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/sec and a pressure of 1-5 atmospheres 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 from Silicon Tetrafluoride Source Gas Substantially Free from other
Contaminates



0,92 25 30 After 1.01 25 60 After 2.11 Table 2: Activity toward Carbon
‘Monoxi de Renoval froma Silicon Tetrafluoride Source Gas Exanple 6:

Conpari son of Copper Mnoxi de Renoval Activity between a Catal yst Based on
~a Zirconia Substrate and a Catal yst Based on an Alunm na silicate Substrate
[0057] Alum na silicate powder was prepared. The surface area and porosity
.of the alumna silicate powder suppqgt was 10% greater than the zirconia
support. However, as can be seen in Table 3 below, catalysts based on
alumina silicate substrates did not renove as nuch carbon nonoxi de as

cat al yst eds;AtbTRRY S, o/t ' : the silicon
tetrafl uz[r(’?%ﬁ g%‘uékg:e gagﬂmgﬁ%{t\%@w Er/f”l éﬁbﬁﬁﬁggﬂ%ﬁgﬁ e g(rj]d was at a

t enper at wver af bRAG cathigstddb anyenghé dnmersdiaBieter) biomneerdelandy 4f¢m i n
diamet er "cm/sec and a pressure of 1-5 atmospheres and at 15°C. The carbon

monoxide concentration was reduced to less than 1 ppm.

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

[0055] Silicon tetrafluoride 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 linear velocities and before

and after regeneration of the catalyst were conducted. The results are shown
below in Table 1.

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

(cm/sec) Catalyst Regeneration | with Zirconia Support
' (opm)

15 5 Before 11.75

15 30 _Before | 1.41

15 60 Before 1 2.75

25 5 Before 8.20

25 30 Before 9.17

25 60 Before 11.20

15 5 After 4.87

15 30 After 8.55

15 60 After 1 9.23

25 5 After 110.90

25 30 After 11.23

25 60 After 12.34

Table 1: Activity for Carbon Monoxide Removal 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 long; 4 cm in diameter) at 24°C.
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Several runs at various linear velocities and before and after regeneration of

the catalyst were conducted. The results are shown below in Table 2.

Linear Velocity | Time (min) | Before or After Exit CO Concentration with
(cm/sec) Catalyst Zirconia Support (ppm)
Regeneration

15 5 Before 0.50

15 30 Before 0.49

15 60 Before 0.61

25 5 Before - |1.10

25 30 Before 2.05

25 60 Before 1.20

15 5 After 0.49

15 30 After 10.53

15 60 Atfter 0.59

25 5 After : 0.92

25 30 After 1.01

25 60 After ' 2.1

Table 2: Activity toward Carbon Monoxide Removal from a Silicon
Tetrafluoride Source Gas

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

[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 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.



2,010 After 0.47 17.8 25 After 0.44 9.1 Table 3: Conparison of Carbon
‘Mondxi de Renoval froma Silicon Tetrafluoride Source Gas between a Catal yst
with a Zirconia Substrate and an Al um na Substrate [0058] When i ntroducing
.elements 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 elemgats. [0059] In view of the above, it
will be seen that the several objects of the invention are achieved and

ot her advantageous results attained. [0060] As various changes could be
made in the above nethods w thout departing fromthe scope of the
invention, it is intended that all matter contained in the above

descr ! Pt R A oS ERIM Bcforb by Aty O ERREdY o oS THIR o o BhFAMB ed as
'11ustral ifckr/w‘lglsgg%f bt 'd%;tﬁylst' mt ngcgﬁgesr%ration with | with Alumina Silicate
Regeneration Zirconia Support Support (ppm)
(ppm)

10 Before 0.40 2.1

25 Before 0.45 2.0

10 After 0.47 17.8

25 After 0.44 9.1

Table 3: Comparison of Carbon Monoxide Removal from a Silicon
Tetrafluoride Source Gas between a Catalyst with a Zirconia Substrate and an
Alumina Substrate

[0058] When introducing 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 to 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 attained.

[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.



19 CLAI M5 1. A process for preparing a catalyst conprising an
‘i'nett substrate conprising an inert netal oxide and a catal ytic netal oxide
at or near the surface of the 5inert substrate, the process conpri sing:
‘reacting a first metal halide conprising an inert nmetal with hydrogen in an
oxygen and hydrogen flane to produce anipnert substrate powder;

_reacting a second netal halide conprising the catalytic nmetal w th hydrogen
i n an oxygen and hydrogen flane concurrently with the reaction between the
10first nmetgla i de and hydrogen to inpregnate the catalytic netal on the
surface of “or roughout the bulk of the inert substrate; and

heating the netal -inpregpated ipert substrate to a fenperature of at | east
about 250C to formmi)t:at IIWCIeéSﬂ?épﬁﬂpaﬁ%ﬂéatéltyStcﬁon}Pé‘émgtqli‘én%r&F‘f Haof the

i nert substcbapising an inert metal oxide anda cAalRfi® fRES oﬁﬁie%ﬂ)r Ifle%ff R suffa&d ¥R 1
wherein the nmetal -i npregnated 15i nert substrate is heated to a tenperature

of fromPabdiart gbsicateghe pgess0oPGsing: 3. A process as set forth
inclaiml or claim2 wherein the catalytic netal oxide conprises a netal

sel ected from the or QURGORSIShA 10Yidf ORRGsindBIRRATAGal 1 RTE ODAI T

thal lium nol ybdenum 5| m xt ur es _ _
process as asexygardnd hydragey flame topraziuad amsinkrt3ubdiemeepowdeie i nert

reacting a second metal halide comprising the catalytic metal with
hydrogen in an oxygen and hydrogen flame concurrently with the reaction between the
10 first metal halide and hydrogen to impregnate the catalytic metal on the surface of or

throughout the bulk of the inert substrate; 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.

2. Aprocess as set forth in claim 1 wherein the metal-impregnated

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

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

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

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

alumina, yttria and mixtures thereof.

5. A process as set forth in any one of claims 1-4 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.

25 6. A process as set forth in claim 5 wherein the inert substrate

comprises less than about 0.1% by weight stabilizer.



20substrate is selected fromthe group consisting of zirconia, alumna
‘sillcate, silica, alumna, yttria and m xtures thereof. 5 A
process as set forth in any one of clainms 1-4 wherein the inert substrate
~conprises a netal oxide stabilizer conmprising a netal selected fromthe
group consi sting of |anthanides, actinidgs, nmagnesium yttrium calcium
.and m xtures thereof. 256. A process as set forth in claim5 wherein the
inert substrate conprises |ess than about 0.1% by wei ght stabilizer. 20
7. A process as set fort corrpound
contai ni ng the netal 78f }tg‘r#r&s?tgg {é}?g@q%h{lﬂ 'I%rﬂdﬂfsf %ﬂﬂfa%{?l gen flame to
produce t heompeund santaningttiee metatief the stabilizer to the hydrogéh and d&&@@eﬂﬁn@ﬁ) set

of, clains 1-7 erein the inert 5substrate conprises |ess

forth in an e
t han about % @@eﬂgf%"a‘mstr%m ‘oxi de as a stabilizer. 9. A

process as set forth in any one of claims 1-5 wherein the catalyst
conprises at | east ataoutA%‘éS/@ew@srstetﬁ#ﬂash@aysn@afd@ﬁhghmth%ﬁe‘fnfhE%brﬁbOUt 3%

catal ytic netal by weight and | ess than about 0.5% stabilizer by wei ght
10. A pPocéybstite eomprisgs leps than abgut Onlds by weight wiriamxidesssei settilieercat al yst 10
conprises fromabout 0.001%to about 1.0% by wei ght catalytic netal.

11. A process as set &orA@ret,aaggg%ggg% % a @ﬁé@f&alﬂ}% IV‘@Whgfer}%th%a@Wsﬁl yst

conprises about 95%to ab y we i nert ‘subst
comprises at least about 95% inert substrate by welght, less than about 3% catalytic

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

10. A process as set forth in any one of .claims 1-9 wherein the catalyst

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

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

cdmprises aboqt 95% to about 99.999% by weight inert substrate.



