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[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.



for processes which reduce the inpurities from

comercially produced silicon tetrafluoride source
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aspect, a process for produring a purified silicon
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tetrafluoride source gas with a catalyst. The silicon
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[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.



out hereinafter. BRIEF DESCRI PTI ON OF THE DRAW NGS

[0008] FIG 1 is a block diagramillustrating a flow
waehenw4idr purification of a silicon tetrafl upeT/U82008/076027

source gas according to oned enbodi nent of the

invention; and [0009] FIG 2 is a cross-section of the

reacti on apparatus used to prepare the inert substrate
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at least one glycol diether, removal of inert gases by use of cryogenic
distillation and combinations thereof.

[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
silicon tetrafluoride source gas comprising impurities is subjected to one or
more purification steps to remove a portion or all of the impurities. For
example, 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 all of any moisture present in the gaseous stream.



exchange resin to renove a portion or all of the
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stream Alternatively or in 4addition, the source gas
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compression and cylinder filling after any purification step. The purification
steps may be reordered and/or omitted entirely without departing from the
scope of the present invention.

A. Removal of Acidic Compounds by use of an lon Exchange
Resin

[0015] Silicon tetrafluoride source gas often comprises acidic compounds
such as hydrogen fluoride, hydrochloric acid, sulfur dioxide, sulfur trioxide,
hydrogen sulfide and mixtures thereof. According to one embodiment, a
portion of the silicon tetrafluoride source gas is contacted with an ion
exchange bed to produce a purified silicon tetrafluoride gas stream having a
reduced concentration of acidic compounds.



such as hydrogen fluoride, hydrochloric acid, sulfur
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B. Catalytic Purification of Impurities Such as Carbon Monoxide

[0019] In at least some embodiments of the present invention a silicon
tetrafluoride source gas is contacted with a catalyst comprising an inert
substrate and a catalytic metal oxide at or near the surface of the inert

substrate.

[0020] In at least some embodiments, the catalyst comprises an inert
substrate selected from the group consisting of zirconia, alumina silicate,
silica, alumina, yttria and mixtures thereof and a catalytic metal oxide
comprising a catalytic metal selected from the group consisting of copper,
manganese, chromium, cobalt, thallium, molybdenum, silver and mixtures

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



substrate. [0020] In at |east sone enbodi nents, the
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Lt ypi 24bstiatepr e susceptibl e to degradation when

contacted with acidic conmpounds. In this regard, it
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sifte, silica, alumina, yttria and mixtures thereof. Other substrates such as
zeolites and clays exhibit the requisite porosity, however they are typically
more susceptible to degradation when contacted with acidic compounds. In
this regard, it may be preferable to remove acidic compounds from the gas
streams prior to contacting them with a catalyst comprising one or more
substrates comprising zeolites and/or clays.

[0023] A substrate with the requisite bulk porosity and microporosity may be
produced by exposing a compound containing the metal (e.g., zirconium,
silicon, aluminum, and yttrium) to a hydrogen and oxygen flame. The metal
compound decomposes to form a metal oxide powder (e.g., zirconia, alumina
silicate, silica, alumina, yttria). The powder may be combined with a binder
and molded to form a substrate body. The substrate body is then heated to
release previously absorbed hydrogen, thereby creating pores at both a
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0.025% to about 0.1% by weight and, according to further embodiment, from
about 0.05% to about 0.1% by weight.

[0025] The phase stabilizer may be added to the catalyst by introducing a
compound that includes the metal (e.g., a compound comprising a lanthanide,
an actinide, magnesium, yttrium, calcium and mixtures thereof) to the
hydrogen and oxygen flame while the inert substrate is being formed. This
creates an oxide of the metal that becomes incorporated into the inert
substrate structure as a stabilizing phase. The metal oxide stabilizer is inert
and is not believed to have catalytic activity and is not active in the purification
of silicon tetrafluoride gas.



According to other enbodi nents the catal yst conprises
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from about 0.05%to about 0.1 % by wei ght. [0025] The
phase stabilizer may be added to the catal yst by
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covering the inert substrate or as a continuous phase which extends into the
catalyst bulk with the highest concentration of catalytically active metal oxides
being found at the surface. Suitable catalytically active metal oxides include a
metal such as, for example, copper, manganese, chromium, cobalt, thallium,
molybdenum, silver and mixtures thereof. According to one embodiment, the

metal oxide comprises copper, 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% to about 0.5% by weight,
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catalytically active netal ©xides are |ocated at or

near the surface of the catal yst (including the

surfaces of the mcropores) either as a coating

frorard.00d Joytocaborit DY thyeweight br swdrsfromt &baut 080 to about
ntj nuous phase which extends into the catal yst bul k
O-Wt/%bl/ M@'gﬁt@@@%a'ﬁ@n@@ﬁ?f ation of catalytically active

nmet al oxi des being found at the surface. Suitable
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as,” for exanpl e, cop , manganese, chrom um cobalt
byt walghit imart amtbsgttaienWmcagy froer abowt 96% ttarbsut 9R.084 by

weBBE i 360 85% BTNk B on oY WeiBRE fron? 5b5G; S5G abSR
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cat al yst conprl ses from about 0.001 % to about 1% by

awt@&9%@élw$lghhé&0&m abprbY9%Heaboot §9.999% byveright from
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9RboAY, By drRsght dﬂl&i@htuﬁs’tmﬁeo 001 %to about 0.1 % by
wei ght or even from about 0.001 %to about O. 01 % by

wei ght of catal taI The catal
[0§éHer a1 3tyeg rﬁﬂ‘%/ ta%&&‘a%@'&%%“%ﬁﬁ ‘d@a%@%%y
| o
Nl 8858%%69%}%@‘ flesq HBhdot PhETRRR bt By shignt
anyy lessitigén abbutcbrbSbslabil@blby eveaditut 99% by wei ght, from
about 95% to about 97.5% by weight, from97.5%to

1088810 BLP R L atebS b AHE 18808 DI sRABY 2000
sdbétdvmam large m&efefr@maﬂb%tatl%l qhb@r@mldt t199 ni&8%nd

t of inert substrate. In at | east one

blé 6a||eﬁerﬂ*’t1 genpeal claediafalystipe |p§%‘§rﬁt'n\le@§§ﬂ hascusudans
oAk et § 970 1Y b oloo e e ARSI BeA 4 e o
amamau méy, fwm/@bcghm m?@aa%]booaﬁaoys%/g froraciord 1 w2/t he
agobu%%opr %eﬁ’gmt gt?olu%a1l rlnylgqt)éhe:bout 19 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 calcination temperature can affect pore size and surface
area, porosity and surface area are preferably determined after calcination of
the catalyst.



substantially |large surface area and relatively high
porosity at the mcro and bul k scales. In general, the

waatoaloy=iis of the present invention has a surf aPeT/@isB®as/076027
fromabout 1 n2/g to about 14000 nR/g, typically from
about 1 nR/g to about 750 nR/g, fromabout 1 n2/g to
about 500 n2/g, fromabout 1 n2/g to about 100 n2/g,

f r on2.aRembval ofrpuritiealsing the O&fatyticiVetal @xig 10 nR/ g
to about 1000 nR/g, from about 100 n2/g to about 1000
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.about ,6Q% t o about 80% The .nm cr.o-porosity.is
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to about 5% from about 5% to about 20% from about

metEloiisleatiitnen b pUdges of thersulistiate 15% t o about 20%
[ 0033] Because cal cination tenperature can affect pore
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tal, Oxi de [0034] The catal yst descrjbed above is .
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I odi nent of the

tetrafl uohde source gas. In one €
craesigation o eatbioormoanoxide it thre sibcorafdttadiupdde sourceegams
conprising silicon tetrafluoride and carbon nonoxi de

' ted with t al yst ising.an jnert.. .
1003 ThE Edcrstietof nfesRr illenfibg Maits 4 it rng sipor
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particular theory, it is believe that the carbon .
meBaYLEd YV bisrovaalice sliconieiralivoridemgasstrexnaanay eantaly

o s R AR U orBh R Hinb) Scen,
tetriafluornide setincefdases itgsicslucarapdsss frohesaladyt 0.@0MK%I to gbiolae
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 tetrafluoride gas may be maintained at a
temperature of from about 0°C to about 90°C, from about 45°C to about 90°C,



concentration of carbon nonoxide in the silicon
tetrafl uoride source gas. [0036] The process of the
w@r@omm41s nventi on nay be utilized to purify sPCT/USIN08/076027
tetrafl uoride gas conprising essentially any
concentration of carbon nonoxide. Wiile in practice,
silicon tetrafluoride gas streans may contain
fr@mta_rtejm:e :7xo°d:_a1> _@boot)m‘tmtf:;c?h ia@pgt F0°CatotapoutrF003 ] fem alnblout -
i C silicon tetrafluoride source es typically
3¢ hist pault b Qe DEDoM (9 SoOAOR Dby Vol ume
carbon nonoxi de. Mre typically silicon tetrafl uoride
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30,000 ppm by vol une of carbon nonoxi de. |In general,

passeddhraight the oatalyst ed, denplunarfowlytdriticaliodbe psessntt he

. present _invention. may be,used to renove a rtion_or.
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mai ntai ned at a tenperature of from about -300C to
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purification process. Typically, the silicon. .
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about 90C, from about 700Cto about 900C, from about
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even from about -300C to about OC. [0038] In general,
rafl u

10D 461,88 Befta S rrfierite i it EbPactiBhuf s gut st
b&h$ tie@dd b tHd€ataryes Ay bedefindmal 8Bahe PAGcedS. In some
sufficient contact tinme is allowed for carbon nonoxi de

embp@ingnts phihgepresant inveptien daereferep i saauibe prefegentiohto
otfificiths /e FEa T Bl dalrfS opb S ERE I dsHehB8iebfito

rediugt a POrtiom sfethe agidieeempbunds phiouto dohtastirgethet silicopout

DS b T EL GRS M AR oFeSh A O

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 hydrofluoric 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



may be used to carry out the above process. For

exanpl e, fluidized bed reactors and packed col ums
whanosogedas mat eri al of construction suitabl e fopPCT/ig2008/076027

catal ysts and gas being trdated are suitable. [0040]

As noted above, presence of acidic conpounds in the

gas stream being treated by the catal yst may be
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whi ch ‘are then rel eased fromthe catal yst surface
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glyesurmatiyl ethdr! thiethyidiee gigagledinfetiiyl @iheh @itadbifént glycol
about 14% C from}gbou?@woc to %bout 1OOOCWfrogwy

digedhy! edlorr, eobsthutena olyoelcigietay &thers sthvianaelysestisthy!
etABP WieR{RnE JMEJI Bidhy! 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 less than about

0.1 ppm by volume.

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

tetrafluoride gas with the absorption liquid such as, for example, an absorption



gaseous effluent is passed through the reaction
vessel. C. Renoval of Carbon D oxide by use of an
wa@b@onp4idN Fl uid [0042] Silicon tetrafl uohde pET/@R2008/076027
contai ns from about 2% by &l une to about 3% by vol une
carbon di oxide. The silicon tetrafluoride source gas
may be purified by renpoving an anount of carbon
caluoxi dehef alosorptien tiqeid ey be degendrateahisy debortingeihie @frbon
the invention, an anount of carbon di oxide is repov
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absorption fluid. According to a further enbodi nent,
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silicon tetrafluoride source gas to t han about
distil@tioprnoiymi dd pneduneda pedted dilioon teirdimotudergasrﬂbmﬂrmhaving
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such for exanple, an absorptioncolum. The

W§§§WE§t|on liquid may be regenerated by desorbing the
carbon di oxide in a desorption colum by passing a

[0f 51 b PhE @Rl ol el el Bequrine TR b ing Sfidn
teBafluodde sedtincefdasas icdataetécewith olrm bataezﬁst@m eabadivheofs of the
i nert gases such as, for_exa nitrogen. 3{) ér?damay
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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 95% 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.



contains fromabout 0.5%to about 10% by vol une of

i nert conmpounds. These inert conpounds can be renobved
woygooonyngeni ¢ distillation. Cryogenic distillaP€Ds2008/076027

i nvol ves cooling of the silitcon tetrafl uoride source

gas to a cryogenic tenperature, typically from about

-200 C to about -50 C. According to another enbodi nent
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source gas is fed to a distillation colum to produce
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concentric tubes 4,7,1 1 were used to transport the
[0D8FICt RdorH@TaSes EXYSELHIGdeBRd hifhganese chloride were added
with the zirconium chloride in the middle 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



t hrough the innernost tube 11, netal halides through
the mddle tube 7 and hydrogen through the outernost
WO awe/042415 TO prepare zirconia, a mxture of zi PCDUB2008/076027
chl oride and inert argon gas was fed through the
m ddl e tube 7 . Hydrogen was fed up to 50%in excess
of its stoichionetric anount. The flane tenperature
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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



liquid was drained out and the resulting mass was
heated to 1400 C under slight vacuum for two hours.

WO 0@5M})2475 r coni a powder produced by the above PCDUSE®S/076027
has an average pore size dilaneter of |ess than about 1
nm and a surface area greater than about 100 n®/g.
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belogsajTasie 1 con tertrafl uori de gas containi ng around
3000 ppm carbon nonoxi de was passed over a bed of
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1%atal yst Cohfrising Cat aBeforé Copper and Midganese
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150 Renove Caébon Before 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 9.23
25 5 After 10.90
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.




Monoxi de from Silicon Tetrafluoride Source Gas
Substantially Free from ot her Contam nat es[ 0054]

weRimomiit et raf | uori de gas cont ai ni ng 1% car boPCT/US2008/076027
nonoxi de was passed over albed of catalyst ( 15 cm
long; 4 cmin dianeter) at a linear velocity of 1
cnlsec and a pressure of 1-5 atnospheres and at 15C

Séf\r]mfabwrism \namioosilildearcwwcitiea; apﬁ @egmsz;ﬂdealﬁeredgEneﬂaaga of
than 1 m Exanple 4 _: Use of a Catalyst Pr re

ther A P UETerRPROAIET)  TRe KRS R HOMISIAMTAIEDN 2t ho
Catal yst [0055] Silicon tetrafluoride gas containing
540 ppm carbon nonoxi de was passed over a bed of (15

cmlong; 4 cmin diameter) at 24C. The catal yst was
prepared by precipitating catalytic nganese and

LioeppEelogity o| 1imee §uirf) acBetofre oné\fieat al yEkit CS:Congentratign with
(cat/se@ri ous |inear vel pCatdlgd and bef pZiecama Saippert (ppm)
regeneratiop of the cpRabgsératiene cohducted. The
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2% 0 Renpve CaPBon MonoxBe®rér om Sili cph-2Pet rafl uori de

1%ource Gas [B056] Sil)Atiertetrafl uor)jdd9gas containing

1540 ppm car pgd nonoxi pAafteas passed oyv@n3a bed of

1gatal yst ( [[ocm I ongj Afle€m I N di anef gizp at

2%4(., Sever a| uns at v AftQIUS 7 near Veb@%l [I €5 and

zicl Ul © clllu A t Cl1 'yt IK I UTT UI l IIC SI,%HCU _yal WCT T
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29ahle 2 . Ab Vity ané@a_CaLbon_anr QZJAe_Rema! from

a Silicon Tetrafl uorlde Source Gas Exanple 6 :
mpari son of Copper Mnoxi de Renoval Activity between

T%b'@é’t Aolivity Wﬁ ban Menwyide, Reomaal fpen afkdicen
Tetsathioyisie $ugee @as an Al umina silicate Substrate

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.



[0057] Alum na silicate powder was prepared. The
surface area and porosity of the alumna silicate
w@owden24szipport was 10% greater than the zir coPCHUS2008/076027

support.

However ,

as can bd8seen in Table 3 bel ow,

catal ysts based on alumna silicate substrates did not
renmove as nuch carbon nonoxi de as catal ysts based on

manganese supports.
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[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.




adsorbing at | east a portion of the carbon nonoxi de
onto the surface of the catalyst by reacting the
wa@armomidnoxi de with the catalytic netal oxi deCct/wsioos/meo27
one or nore netal carbonyl 18onpl exes, thereby
producing a purified silicon tetrafluoride gas stream
havi ng a reduced concentration of carbon nonoxide. 2 .
WAapisoclamseds: set forth in claim1 wherein the
catal ytic netal oxide conprises a catalytic netal
sel ect ed m t he oup consi sting aqf .coppe ,
ranganesel RBHFTRIOT SRBIGN pie TiedmiIcaB S aBiRiide 925,
th@ldrggéssaé&nﬁ},gqh res thereof. 3 . A process as set
forth in claim?2 wherein the catalytic netal oxide
conprises copper, nmanganese or mixtures thereof. 4 . A
process as setcarsacting a sBigon teteafvforigieomsce ga3s sRBDEISINg

siigfuleBhg a7 2hp Refhet SR EReTaL A RAAIAS Hefiiing on iner

sulstiziter and it ddtaigtie nebtal ostidks @8 ot hearewk. subfaceAnPredtesi’l as
set forth in claim4 wherein the i nert substrate

corrprl Ses ZI rconia, alumna silicate or m xtures

t her eof . : %%E@Ssaté%asé@thFBPFme\e g@fpoaﬁgowxude onto
I
e s Si%f?“ CFBISF Pl Bt o BbE AR R Batalytic
mbtamutdeetog‘or:mp)nemsmelte mngtajfcarbmtyhaon@@gesaﬁerebyjpmducing
magpesi ttriu cal ci.um and m xtures there .
a BRgRet siEn Kstanigibe s Seeinmnav Bl et SoPRption of
caTBBR et kigonpri ses | ess than about 0.1 % by wei ght
stabilizer. 8 . A process as set forth in any one of

clains 1-7 wherein the inert substrate conprises
yttrium oXi deprasess as g8t forthan clam 1 wherejodke catalyistmetal

otk phrilisPF 5Byl r8 Hedipd MR U SR ERe o,
cappetdahg3néde, eyroralunmecabailtb thallimmnoxol®denum, silver and

mixtures thereof.

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

oxide 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.

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

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.



10 . A process as set forth in any one of clains 1-9
wherein the catal yst conprises fromabout 0.001 %to
wab@un419% by wei ght catalytic netal. 11. A prPOTESBORKE76027
set forth in any one of clabns 1- 10 wherein the
catal yst conprises about 95%to about 99.999% by
wei ght inert substrate. 12 . A process as set forth in
ﬁny one o¥ Almrbnsssl?s %eﬂfogﬂrnenejlmrrmwrienantghsu’@t satbstrate
as .a surface area from about 1 n2/g to about 1000
Comppses)igss amabRrEdd %sblélé’@'gmrsﬁp'/zr?rany one of claims
1- 12 wherein the inert substrate has a bul k porosity
of from a@or«tpr%e%é 8s §prorthaﬁ%ny%e of tI B £5SwRSreRPihe
forth in any one of clains 1- wherein the inert
inedissibstiate mmpraseﬁ yitrjurp oxisksl ay/a stalfilizem about 1%t o
about 20% . A process as set forth in any one of

ronoxi do 9 %ﬁ‘é%% fa Skt LEATh Ao s, LGy the
silicymeedfludfide sbumeQfRscorprised frédradout 0.6 @@@b@ﬁt 3.0%
clains 1- 15 wherein the silicon tetrafluoride source

byy¥elupehgAPeRMNRRPII® conpounds sel ected fromthe group
consi sting of hydrogen fluoride, hydrochloric aci d,

sul fur di IO+ |

m xtures t ?éand vvﬁ%tlrrfg?tﬁ IQ%B rt| on ?n%ﬁefgsﬂﬁ?rgﬁﬁre
cdtelysttdra pris';eskefremﬂbmﬂ@a&m % to@bbat 1 £ wytweight cadalytic
mgg%ohange resin toproduce a purified silicon

rafl uoride gas stream having a reduced
concentration of acidic conpounds. 17 . A process as

set forthi{nagratésslEs @étefoethnntam orid dfcims 1-10 wherein the
tetrafl uoride source g s is contacted with the ion

caiRlyRbeRBPIises Abow @baupP9-008% by weightarerisgbstrate.

conmpounds prior to contacting the silicon

tetrafluojj dg & 19 ﬁa@@ét fefrthr]ntalhgf ?ﬁt@fl éfac‘ihks il-%awreérein the

process as set n any one

inahesubsiratehieassa lsucfaoe esa abrruahsouter $0lgy toeatgas 1000mi/ges
i nert conpounds and wherein:

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 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 of hydrogen fluoride, hydrochloric acid, sulfur dioxide, sulfur
trioxide, hydrogen sulfide, and mixtures thereof and wherein a portion of the

silicon tetrafluoride source gas is contacted with an ion exchange resin to



the silicon tetrafluoride source gas is cooled to a
cryogeni c tenperature; and the cooled silicon
wo edmwaii4udri de source gas is fed to a distill aP€DOS2008/076027
colum to produce a purified silicon tetrafluoride gas
stream havi ng a reduced concentration of inert
conpounds. 19 . A process as set forth in claim18
prodaceiarpurtiiedsiliconastraftioridd gas stteamaviey gasdiucedool ed
to a cryogenic tenperature and fed to a distillation
CQf&eGFFﬁt'ér&ggéa'Q@n?o BOWHHt-acting the silicon
tetrafluoride source gas with the catalyst. 20. A

process ap7 SRiprbeEddNad BePBYhIARIAM 18 #hBFeid the Silicon
wherein the silicon tetrafluoride source gas conprises

tetraflbornidelsowicdgasnd canfaoted with difie idreexchenge résioxdiodemoye a

S L I A
S(;Ur@é@gg.wiﬁh the dtdIyecess as set forth in any one of
claims 1-20 wherein the catalyst is heated to about

500 C to about 570 C to deconpose the netal carbonyl
conpl exes'&nb RFAGRTE 2aFBLIRTHD @8y ane efdlaipse’ I ovherg the

SRSy s SRS 8L S B G

silicon tetrafluoride source gas is contacted with the
catal yst at a thergil@oattetreflodride sonrabgats is 80ol€dtto aabout

90 C..ﬁﬁ?,. Aﬁqroqesa as set forth in any one of clains
CryogoniGARMBPF Y e 88 i con tetrafl uoride source gas is
contacted with the catalyst at a linear velocity of

from about 1 cHesRplddsibésietr0ofad %@9rce?g?‘a_s i fed to a

catalyst for renmoving inpurities froma silicon .
distltation| aetima o gseduaeha pudiied siicor taifafiuoridg .gasrstieast having

tr r t up consisting of
aiﬁc&ﬂ?&gﬁ%ﬁ{dﬁﬁﬁg%{nﬁ ca FEF?O%H%'C& alum na, yttria
and m xtures thereof; and

19. A process as set forth in claim 18 wherein 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.

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.

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.



a catalytic netal oxide conprising a catalytic netal
sel ected fromthe group consisting of copper,

wowgans®, chrom um cobalt, thallium nolybdrOmms2008/076027
silver and m xtures thereof22at or near the surface of
the inert substrate. 25. A catalyst as set forth in
claim24 wherein the catal ytic netal oxide conprises a
cat al yti c22reAgrosedsas edt forthrintang cgfecmﬂcclaum1 -Qﬂiwigerefn the

co anese and m xtures thereof
S'H\%dprg@ttraﬂHP‘E' PRUCEHR '§£°8Facé¢daW|’thtBe \ﬁﬁkﬁhé‘f’t@t @H@rﬂp@é@téire
oﬁk@ﬁtarb%h? gggl'}tzg(g @@nl a, alumna silicate and

m Xxtures t ereo(? A catalyst as set forth in any
one of clainms 24-26 wherein the inert substrate
conpri ses2d Atpibcésvas sebfmﬂhileiamg aneneftcidimsel -@2twerein the

fromth .QUR _consi st.in d i_ni d
SiTELPIRAGR Bpfaas cRnmci e e Grnty sl PRS2
veloGitit ¢ frsrh adDus @tenh/8et ko bboGl 200t /sether ei n the inert
substrate conprises |ess than about 0.1 % by wei ght

stabilizer,29. A catalyst as set forth in any one of
claims 242%6Agakl¥stHor F\%mPYiQQt'm%BB@Sr Hem %éWﬁPn detgafluoride

% by weight yttrium oxide as a
fg@ﬂ:?%&rﬁ”&%{pr%@at alyst as set forth in any one of

clains 24-29 wherein the catal yst conprises at | east
about 95% i neran tnebisﬂ;utzsltrat@yetaeteghltomlthegrothmnomjshing of

3% t t t I i ght dle t.0.5%
2it005, b iney Toats giice. Shuating, S phdimilTes arset
any one of cI ai ns 24-30 wherein the catal yst conprises

from about 0. 09¢afAtie BRI bxitieEnmTished gf&at@@ﬁ@lﬂ&mc

metal . 32. A catalyst as set forth in any one of
seleetperora it grier einsisting & HORPEEMARGATTIESSe ShfandhMatsebelt,

th%ﬁi%?ﬁ,?n&%&i‘ém% ; 3%%%3% r’)ﬁ‘&hﬂgg tﬂé}%f at or near the surface of the

inert substrate.

25. A catalyst as set forth in claim 24 wherein the catalytic
metal oxide comprises a catalytic metal selected from the group consisting of

copper, manganese and mixtures thereof.

26. A catalyst as set forth in claim 24 or claim 25 wherein the

inert substrate comprises zirconia, alumina silicate and mixtures thereof.

27. A catalyst as set forth in any one of claims 24-26 wherein
the inert substrate comprises a stabilizer comprising a metal selected from the
group consisting of lanthanides, actinides, magnesium, yttrium, calcium, and

mixtures thereof.

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

substrate comprises less than about 0.1% by weight stabilizer.



substrate. 33. A catalyst as set forth in any one of

clainms 24-32 wherein the substrate has a surface area
wo ec@ioadaonit 1 n2/ g to about 1000 nR/g. 34. A CBCHUFENS/076027

as set forth in any one of 28l ai ns 24-33 wherein the

substrate has a bulk porosity of from about 30%to

about 80% 35. A catalyst as set forth in any one of

cl ai ns 242Qi4AVdm?I9§tmeti§1@tfeubSm eayenbgﬁ chaims 24-26 wherein

m.cro-porosity of from about 1%to, about 20% 36. A,
thﬁr'%%ré§ﬁb$t6@teﬁry°é‘b%l’ﬁeﬁdeﬁs gwwt Qebp?¥ Weiggt XHrymepide as
as Ipte and a catalytic netal oxide being at or near

the surface of the inert substrate, the process

conprising: inpregnating catalytic nmetal on the

surface 030.0A catalgsighmset forte ibhank ope eficlaimerd4-29 wherein

bstrate: and heati th tal - d i
g gty Drodkes penanai o8P Bt TRFRlEbTIvely: less ran
abUt o8 catllpicyiietal MRt igRxaste et than ABBIt 0.89 Stabileee bof
the inert substrate.37. A process as set forth in

weight-m 36 wherein the netal inpregnated inert substrate
is heated to a tenperature of fromabout 250 Cto

about 1009, Ca c%%aly% ﬁ?&%ﬁhqﬁ aﬁgé)p‘;eg:{ftéfbirln% $4-3b Prfein

or claim where e inert su e conprises an
thiercaitaly stedahprisascfeoraratbous OEat@dbbyt .08 by neightfdataytic
tal halide conprising an inert nmetal w th hydrogen
an oxygen and hydrogen flame to produce a inert
substrate powder. 39. A process as set forth in claim

38 wher ei gp t RecfAY S ¥4 b6 1BRAFh ah§ onBRITREIMSEH-31 wherein
t hroughout the inéert substrate by reacting a second

theatedalystataroerisasnipomsiboyt 6% toaalouttaS:998%6 A1y weight inert

rogen in an oxygen and hydrogen flanme concurrently
gg%ﬂﬁ%%he reacti on between the first netal halide and

hydr ogen.
33. A catalyst as set forth in any one of claims 24-32 wherein

the substrate has a surface area from about 1 m%/g to about 1000 m%g.

34. A catalyst as set forth in any one of claims 24-33 wherein
the substrate has a bulk porosity of from about 30% to about 80%.

35. A catalyst as set forth in any one of claims 24-34 wherein
the substrate has a micro-porosity of from about 1% to about 20%.

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

impregnating catalytic metal on the surface of or
throughout the bulk of an 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.



40. A process as set forth in any one of clains 36-39
wherein the catalytic nmetal is inpregnated onto the

WO p@v4miubst rate by precipitating catal ytic nmepat/uszoo8m76027
a netal salt solution onto2#he inert substrate. 4 1. A
process as set forth in any one of clains 36-40
wherein the catalytic netal oxide conprises a netal

sel ected 37.0m ﬂrbees}?aslpemmilsﬁia}l? 36 mmepslﬁﬂg%e metal-
. _manganese, chrom um, thalliu enum .
'”&rﬁg%@tegﬁ@e'ﬁﬁ%w@@ $ E@?@&'fto m&emwrawe@gé%gg aggyt 250°C to
abQtiopPccl aim 4 1 wherein the catalytic netal oxide

conprises a netal selected fromthe group consisting

of copper, manganese or m xtures thereof. 43. A

process 238 SAtprooeshas nebfmythdnezlairfn 36 ai owing@74gherein the

inERLB Pale SorhPESes, A e SefarioRichCa e lsiorebal by fedtiing®
firat M@télanawtetcbhﬁ)r@m{; ah Yiat ﬁ@télhﬂﬂﬁl@idre?én ifaR o gér_$ a8
set forth in claim43 wherein the iner substra eis

hytspgen damertorarodiece adngrt sobsiraleinywdsr. zi r coni a,

alum na silicate or m xtures thereof.45. A process as
et fort n ' - rt
:ubst r at 23 %OA I}Sg%%?g&%r% gﬁhgﬁicﬁmg#a%?féjg&é Egta'lﬂ%
meta‘r}mr mp;]negngteldethmugmiuedteemﬁeftrw’mtrbte by cegrtingressedony
of | ant hani des tinides, u ttrium
ekl bRliRG Camp eGP Gt ik GGre Ve Pyorbih 4 SMiauygen and
h)fd?() &n 'fIQm‘"e| (%rf@uf"r%nﬂ@%t%' tﬂetrg§ctidheﬂ5étvv%‘éﬁsthéfﬁ§ [metal halide

rises less than about 0.1 % by weight stabilizer.
amfhydm'eocess as set forth in any one of clainms 36-46
wherein the inert substrate conpri ses |l ess than about

0.1 % by trium i as_ a st L Ze

oy ocess s Bbrpites sy ORI IR Byl Gtiginbeie 38 indiei
thetteitalyic trfe@a|qgﬁragwgﬁna@eummosta§ idért beBstatayUreBpitating

i nert substrate ht, less than
catalytic metal from a metal salt solutlon onto the inert substrate.

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 comprises a metal selected from the group consisting of copper,

manganese or 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, yttria and mixtures thereof.

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.



about 3% catal ytic netal by weight and | ess than about
0.5% stabilizer by weight. 49. A process as set forth

WO nooasoy24ehe of clains 36-48 wherein the catal yBCT/US2008/076027
conpri ses from about 0.001286to about 1.0% by wei ght
catalytic netal. 50. A process as set forth in any one
of clains 36-49 wherein the catal yst conprises about

95% t o abtBit AQBoB&adyettorthhih anyerte cfuddsintsaB@®@44wHereily
process as set forth in any one of clainms 36-50

th\ﬁﬁ@?rélsH PRRICOPRIRISESS H’k%a'ap@q}? plabAizar eAMPFigRoabaetall
t%dtfﬁbn%‘@?é*g &%O%rgféé@g o'?:f:%rmltﬁ V\ﬁfd%%eéétl es a (idinl N

calmany on erein the substirate
yttragn acdicibiitn, podosixtyresfthédnreom about 30%t o about 80%

46. A process as set forth in claim 45 wherein the inert
substrate comprises less than about 0.1% by weight stabilizer.

47. A process as set forth in any one of claims 36-46 wherein
the inert substrate comprises less than about 0.1% by weight yttrium oxide as
a stabilizer.

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

49. A process as set forth in any one of claims 36-48 wherein
the catalyst comprises from about 0.001% to about 1.0% by weight catalytic

metal.

50. A process as set forth in any one of claims 36-49 wherein
the catalyst comprises about 95% to about 99.999% by weight inert substrate.

51. A process as set forth in any one of claims 36-50 wherein
the substrate has a surface area from about 1 m%/g to about 1000 m%g.

52. A process as set forth in claim any one of claims 36-51
wherein the substrate has a bulk porosity of from about 30% to about 80%.



