WO 03/ 006374 PCT/JP02/07069 - 1 DESCRIPTION Production and Use of
Tetrafluorosilane 5 Cross-Reference to Related Application This

appl i cat iwo wmo@m appl i cation filed under 35 U S. C 111(&cTaPed/oToény
benefit pursuant to 35 U S.C. 119(e)(1) of the filing date of the

Provi sional Application 60/306,420 filed jury 20, 2001, pursuant to 10 35
U S C 111(b). Technical Field ,The present invention relates to a
production process of tetrafl uorosil d for anal yzing

inmpurities in a high-purity tetrafluo?%??ﬁgﬁgﬁﬁgﬂd uses 15 thereof.
Background Art Tetrafluorosilane (hereinafter sonetines referred to as
"SiF4") is used, for ex@?BH%ct@%naaB@WUE%t%&'%%t&%&ldgﬁgéﬁﬁgﬁ@ bers,

sem conductors or solar cellTs, and a 20 high-purity pro IS required. As
for the production process thereof, for exanple, a nethod of producing

Si F4 by geacting ScedsanteferichchepResaned apRareaiigmated sulfuric
acid is known (Japanese Unexam ned Patent Publication No. 57-135711

(JP-A-57-135711)). 25 B0REPEr-CaARL st Rid aRRL 1535 dhlisd vRgenat®er is
produced as a byspcodgatl 1ypgn crliedatingnbehetfie pawsumitercal3s 8.2 ;and HF.
The water prod e rempved..by a .concentrated sul.furic.acid but
cannot be conpgg?gﬁg§¥%§n8§en% n%l%ﬁégsﬁﬁ epP%d&%@H% iCYadi8Rdgeous! y
contains 30 a Papdécadont 66 30F 430 Hetetl vodydi2di,| @aie EOSisERNZOto
produced gy thgsrgaet cOngqh yaher and SiF4 and, further, contains carbon
di oxide which is difficult to separate from SiF4 and which is considered
to originate from t REChBEFLgAt F4®BGnt of a carbon compound contained in the

35 concentrated sul fruei pragiedt Ah&@nfa@pﬁefr@lﬁtfe%r R @ e gc%iiBﬁhby
thermal |y decgg805|ngo% hexaflﬁorOS|L&cate i S @%g%.f wever, the

cess tetrafluorosilane, a me or analyzing
impurities in a high-purity tetrafluorosilane, and uses
15 thereof.

Background Art

Tetrafluorosilane (hereinafter sometimes referred to
as "SiF,") is used, for example, as a raw material for
optical fibers, semiconductors or solar cells, and a

20 high-purity product is required. As for the production
process thereof, for example, a method of producing SiF,
by reacting Si0, and HF in the presence of concentrated
sulfuric acid is known (Japanese Unexamined Patent
Publication No. 57-135711 (JP-A-57-135711)).

25 However, this method has a problem in that water is
produced as a by-product upon reaction of the raw
materials S5i0, and HF. The water produced may be removed
by a concentrated sulfuric acid but cannot be completely
removed and the SiF, produced disadvantageously contains

30 a large amount of HF and hexafluorodisiloxane ((SiF,),0)
produced by the reaction of water and SiF, and, further,
contains carbon dioxide which is difficult to separate
from SiF, and which is considered to originate from the
slight amount of a carbon compound contained in the

35 concentrated sulfuric acid.

Also, a method for producing SiF, by thermally

decomposing a hexafluorosilicate is known. However, the



WO 03/ 006374 PCT/JP02/ 07069 2 hexafluorosilicate contains H20 or
inpurities such as trace oxygen-containing silicic acid conpounds (e.g.,
Si 02) andwonBess7pretreated satisfactorily, the inpurity PEERPOXRE0E W t h
Si F4 to produce hexafl uorodi sil oxane when 5 _the thermal deconposition is
performed. A method for purifying SiF4 coﬁtéining (SIF3) 20, CO2 or HF is
al so known. In the case where SiF4 contains inpurity gases such as (SiF3)

201 C2 and 02,11 k5 kpoun (L0AL LLoLle, S Eh S Used, Lol exaupl e, as a

raw material 10 a SI I con Trima mxi n YOEN 1S caused and
thi s adversel y ‘af&@@texygenehanaénernngt Bcélgicaacsdrmompduoder (er.gfi,ber .

Accordingly, uraﬁcyeéhfégs g@&{{gféﬁ(@)%f?log equid ;gﬁditfls

one of the eva |on t an ana ysl s met trace
inpurities is am%b F@afatr@athvmﬁ,a rtes pueaduee thrxaptdeidbd byl nKans i wielsi F4,

for examgl e, JapaneseriaexagtsR oE@E?Bh Pybbibgabi-agNo. 57- 156317
(JP-A-57-156317) describes a net purlﬁélng Si F4 contaj nin (S|F3)

20 by contacting it ﬂn?ﬁtaﬁd2§°5dEBFb§K%ngkﬁ veroN iihght el Sefs0ePentOused

in this methodotsuregenglabernand. used, thBechpkt wabradsQFpld&ata;wbl lity
is not brought out in_sone cases..The rg Eon t heref or @q th cl eg{r Iogq known
§g¢ o

but it is consit&PeH S BasSBetlfiBe?sd e’ H% orsitito
deconposed 25 wihatnipotke BLFf hies adssi beffir AsanGh R, pasodalcedy bnya’ﬂ:énmal

deconposiyiyi on agt a§h§§é£ 5“@@9595%' o8 ﬁ&&ﬁ:‘n the ggg%b%t QBBE
regener at ed and re-use caubes a B | em £ he adsor rrust
be treated as athiBstdveraellephbretsithenehanaetpeastiesnet §uff|C|entIy

30 baked bef or esdiecHAGEERIr ObrIBSpe?, S'ﬂ@cb?é%?@? WhB.Qh- ic@&ycgmaent
t akes pl ace top£%§duc hexaf | uor odi si | oxane .ins osure of

| nvention The Bhe |hOeh’E‘P‘dﬁlFé@Sbé%nrﬁﬁﬂérﬁﬂdépdt hé§e°§8 efr EBfst ances
and the object eofalbstporsesthhbyessi odni 8nalysis method for trace

15 impurities is also required.
With respect to the method for purifying SiF,, for
example, Japanese Unexamined Patent Publication No. 57-
156317 (JP-A-57-156317) describes a method for purifying
SiF, containing (SiF,;),0 by contacting it with an
20 adsorbent. However, when the adsorbent used in this
method is regenerated and used, the initial adsorbing
capability is not brought out in some cases. The reason
therefor is not clearly known but it is considered to be
because adsorbed hexafluorodisiloxane is decomposed
25 within pores of the adsorbent. As Si0, produced by the
decomposition attaches to the adsorption site, the
adsorbent cannot be regenerated and re-used and this
causes a problem that the adsorbent must be treated as a
waste. Furthermore, if the adsorbent is not sufficiently
30 baked before the passing of gas, a side reaction with
water content takes place to produce hexafluorodisiloxane
instead.
Disclosure of Invention
The present invention has been made under these
35 circumstances and the object of the present invention is
to provide a production process of tetrafluorosilane, a

method for analyzing impurities in a high-purity



to provide a production process of tetrafluorosilane, a nethod for
analyzing inpurities in a high-purity WO 03/006374 PCT/JP02/ 07069 - 3
tetrafl uowosBledsses and uses thereof. As a result of exten®CTEP02/07069
investigations to solve the above-described problens, the present
inventors have found that these problens‘c%n‘be solved by using a 5
process, for producing tetrafluorosilane, conprising a step (1) of heating

a hexafluorosilj QE§%1QF§$§91£3é1)aR uég@C{ﬁ% egftetrafluorosilane gas
Si "' pro [

cont ai ni ng hek%.$uoro [ oxane’ produced in'tThe step (1) with a fluorine
gas, a step (2-2) ofAseacrénglt 4 extensiverrveahégghsonsntai aphye the

hexaf | uor odi si 'W_%Qéngx?@@ bAobEnst ePné i}%ré‘ééﬂtaf.H@Sﬁ%{@f@nﬁa{?@t al

fluoxide, or a step (2-1 reactlng a tetrafluorosilane gas containing
hexaf | uor odi si | ox&Me Praduekese rrpelefepcar 1he wiehvadf PYioRFheIgas and a

step (2-3) of reacdédd, ardd pebdadiHerosttaneudass PLELEsedohprivengt £
(2-1) with a highvalent petal fluoxide. %@e resent inventors hﬂge al s
found that thos¥teRrbbl e?f REMEHRI 31 NP BIASP R EICHEE ho@ PEFPahaT VLI A
inpur}}ies inlaréaQﬁ&mmqétyetfgfbméﬂ@s2Bém@n@iaccmmm55%£?g20 bri ngi ng
tetrafl uorosilane containing. as, S , as
and/ or CO2 gas 59 %ﬁ¥??%gl¥%§%nec%%?%%$g%ﬁ%% Eﬁga%E%Pbgg? Y%tge%arate
the inpurities flumrinetgas} uarosepatd;2 andf i neaodicgng the inpurities
together i th a cardifo088: 10 8o0280 801 ANPROURARRL Qordas ANRbYAR, N
P n“fias b mpl 1 she ba

inmpuritieés. The present 1nventio een acc sed on these
findi ngs. Ther ebeprducedeinrebenstenyehl i vhthraviagsvalenbcrgsal for

producing tetraf]yoxpsd! age, a COPPE1 82 00) 8o Bt BPaédingfa BOLPERIhBB0Si 1ane
hexaf | uorosilicate, a step,(2- of _reacting a tetrafluorqsilane gas
cont ai ni ng hexa¥#40F 3P HRANR %?Bﬁﬁ%%ﬂé?%l%ﬂ%a%?eBr?@§°%§thnat??u%??ﬂe
gas, a step (2-(R) witheacfingrinéeysafinorasstape(pas) cont acacving a
15 tetrafluorosilane gas produced in the step (2-1) with a
highvalent metal fluoxide.

The present inventors have also found that those
problems can be solved by using a method for analyzing
impurities in a high-purity tetrafluorosilane, comprising

20 bringing tetrafluorosilane containing H, gas, O, gas, N,
gas, CO gas, CH, gas and/qr CO, gas as impurities into
contact with an adsorbent to separate the impurities from
tetrafluorosilane, and introducing the impurities
together with a carrier gas into a gas chromatograph to

25 analyze the impurities.

The present invention has been accomplished based on
these findings.

Therefore, the present invention provides a process,
for producing tetrafluorosilane, comprising a step (1) of

30 heating a hexafluorosilicate, a step (2-1) of reacting a
tetrafluorosilane gas containing hexafluorodisiloxane
produced in the step (1) with a fluorine gas, a step (2-
2) of reacting a tetrafluorosilane gas containing
hexafluorodisiloxane produced in the step (1) with a

35 highvalent metal fluoxide, or a step (2-1) of reacting a
tetrafluorosilane gas containing hexafluorodisiloxane

produced in the step (1) with a fluorine gas and a step



hexaf | uor odi si | oxane produced in the step (1) with a 35 highval ent netal
fluoxide, or a step (2-1) of reacting a tetrafluorosilane gas contai ning
hexaf | uorwoiosiobaseane produced in the step (1) with a fl uecrraeonasesand a
step WO 03/006374 PCT/JP02/07069 - 4 (2-3) of reacting a
tetrafluorosilane gas produced in the step (2-1) with a highval ent netal
fl uoxi de. The present invention also provides a high-purity

tetrafl uorosil apeshayi-n flLu t ok 4p or
[ aser which i s o5tA B Bact Redprodact fon Csoarsans gte, BrequtstinPlie

present |nventF§ﬁPaK§01@r69FBe§ RigBVRéEDEoRetahalfy g empurities in a

hi gh-purity tetraflmﬁé%kbgaﬂt i8QBREEBhNE1BbI ﬁ@bﬂﬁldést at ha.t;hugn@swane gas
containing an 10 H2 and/or a

o0p one. ad P Eerrrelinreatiane bRVt Aan aa s RpEneti odas, sPEteRE

i mpurities froaftetvaﬂlppmosrlaaes,awﬁlchnusodbtamgeﬁhbylmmarptodsctmgether
wth a carrier o |nt 8,983 4 §£8ggtograph to analyze the inpurities. 15
The present |n9en9|8n arso-provides a method for analyzing inpurities in a
high-purity tetrafl fbroprkaret loveptishnglent poduéidrg a methafl ferosil ane

gas contai ning, he \Aﬁg Hoamgh:%'llt%@n@naé A gh ”EHF:ELW lt@tteafﬂeekbsmhhet he

material of wn osed a netal , and 20 analy2|ng t he
hexafluorodlS|P@%EﬁésaﬁélBFlﬁﬁéPSQéntﬁFHéﬁﬂﬁérﬁﬁlﬂﬁP?aﬂéé SPBERLBABEr ¥ The

present jqvent jony{dir tdero Py des &,988sf 08 tbhegapy oduet] Qﬁispfarﬁiydlpta cal
fiber, conprising a tetrafluorosllan_H?as obtalned by the uctlon
process 25 deSfr iRt 2HoVRPUTHEL F Lo TR d’tzll*flhr?lﬁe?d%? R gas

for the produgtparadt ahée&mpomdudberfrcmnnétsamguaroseﬂaaéluand3|Iane gas

b d by th ' hed, ab 0T
nventi on T urt RBE-BUG igs SRegaULREL TR “ROBHIGE: BCb “a SBPAtCaPF

conprising a into a gas chromatograph to analyze the impurities.

15 The present invention also provides a method for
analyzing impurities in a high-purity tetrafluorosilane,
comprising introducing a tetrafluorosilane gas containing
hexafluorodisiloxane as an impurity into a cell with the
material of window being composed of a metal halide, and

20 analyzing the hexafluorodisiloxane and/or hydrogen
fluoride by infrared spectrometry.

The present invention further provides a gas for the
production of an optical fiber, comprising a
tetrafluorosilane gas obtained by the production process

25 described above.

The present invention further provides a gas for the
production of a semiconductor, comprising a
tetrafluorosilane gas obtained by the production process
described above.

30 The present invention further provides a gas for the
production of a solar cell, comprising a
tetrafluorosilane gas obtained by the production process
described above.

Brief Description of Drawing

35 Fig. 1 is a schematic view of an apparatus usable

for the production process of tetrafluorosilane of the

present invention.



tetrafl uorosil ane gas obtained by the production process described above.
Brief Description of Drawing 35 Fig. 1 is a schenmatic view of an apparat us
usabl e WD oBlees3ps oducti on process of tetrafl uorosil ane ofPCrhieo2/oesent

i nvention. WO 03/006374 PCT/JP02/07069 5 _In the drawing, 1 denotes a

t hermal deconposition reactor, 2 a deconpésltion reaction tube, 3 an
electric furnace, 4 a heater, 5 hexafluorosilicate, 6 a thernoneter, 7 an

Ni porous plate for B'%b% dr%g%% l5d ackar (Qp E%%fp%éyﬂﬁﬂaél c%guth

hi ghval ent net al uox e actor Stli as separat]on
menbr ane nodul éeaszzor362vacal@|¢pp1m§9tlpg rmctzpnprtemré aFagdestris a

separation menb(,2Rec-RY- RASS helaher 16 ﬁexﬁ%@gﬁ%bﬁlﬁg%%%bne%1a19 an
adsorption tower, 22 to 25 f flow 10 rate control | i ng val ves, 26 a pressure

regul ator, 27 tBerBOME:Rsl HgaPaMePOrsng Biats I5% dacvddy Corfaifner
val ves. Best Mpdactet @&rlule@go@ho&helllméanmm HHighvagsent nigbeantion is

described in ai | ,hel ow, he af, uoro ili.cate i s preferahl
| east one ng Hﬁ§l§80ec9e8 FF ﬁe Sﬁgdﬁ ot ﬁsﬁgtﬁnéagf ﬁﬂ%ﬁ%% %&na]
hexafluor05|llmambrand abKalliene 1@ar 8l wetalumhexaflsyorldsi llidgaed. toespimes of

t hese conpoundaggggbgde?hhlég a@atN%éshFﬁFr§%§l gé Cs2Sihk g% My £6, CaSiF6,

SrSi F6 and 20 €sée are a |Iable as 'an |ndustr|a
product at a |@W@U§Waﬁ@nt|anntehfe BPodiic BA6R PHAioEe $OWSE /it RE oePdntf Low

i nventi opy the§8t§°€89@9@§lﬁﬁb Q%lv@%edz%HQ'ﬁk@%%hEé Heghfl 2¢@FDI DAt i@ of
two or nore thereof. Anong thése, Na2 28i F 6 (sodium 25 hexafluor05|llcate)

obt ai ned as a By- Eﬁﬂﬂéépglﬁaﬂﬁésrpﬁéée§§ &P BPodSENG FhEOMGANET acid is
preferred, in y4iewsQf the cost, because this conmpound is mass-produced.
For exanple, in the_case of ng . Na2Si hexafluor05|llcate)

di
obtained in the pro@@EZeHPdﬁrghﬁclﬁﬁrylng bRLHT TRk

The present invention is described in detail below.

15 The hexafluorosilicate is preferably at least one
compound selected from the group consisting of alkali
metal hexafluorosilicate and alkaline earth metal
hexafluorosilicate. Examples of these compounds include
Li,SiF,, Na,SiF,, K,SiF,, Cs,SiF,, MgSiF,, CaSiF,, SrSiF, and

20 BaSiF,. These compounds all are available as an
industrial product at a low cost and, in the production
process of the present invention, these compounds may be
used individually or in combination of two or more
thereof. Among these, Na,SiF, (sodium

25 hexafluorosilicate) obtained as a by-product in the
process of producing phosphoric. acid is preferred, in
view of the cost, because this compound is mass-produced.

For example, in the case of using Na,SiF, (sodium

hexafluorosilicate) obtained in the process of producing

30 phosphoric acid, the Na,SiF, crystals are a crystalline
powder of from tens of um to hundreds of pum and sometimes
contains about 10% by mass of water. Accordingly, in the
production process of the present invention for producing
tetrafluorosilane by using a hexafluorosilicate as a

35 starting material, the hexafluorosilicate is preferably
pulverized and dried before conducting the step (1). By
pulverizing the hexafluorosilicate, the surface area of



30 phosphoric acid, the Na2Si F6 crystals are a crystalline powder of from
tens of mto hundreds of mand sonetines contains about 10% by mass of

wat er. Acworodiomgl4, in the production process of the pre®ERIPIAOTESH | on for
producing tetrafluorosilane by using a hexgfluorosilicate as a 35 starting
material, the hexafluorosilicate is preferably pulverized and dried before
conducting the step (1). By pulverizing the hexafluorosilicate, the
surface area of +H& 83kREG304ACT1HEAY CF962als itmedwaf lamr agiid cal e

crystals increases and this is._ cqnsider to facilitate the drying of the
crystal. The quﬁ?EFilg‘ iegfn%& ftaﬁéqﬁgfgﬁ Lgrg‘lgogrlyilc%gt é’fgr Sty be
performed by using aThel ywerliveerizatdlonasfa thal hekafilluorarsd L tor sty tdls
pul verized to a rt{ic j f .m or_ | r r | ess,
nore preferabl me? %eo%%rggéﬁe%hgx,l%\%ﬁﬁge apgglgsrr?é&nzlee{r?o%?rﬁ/ %S?rgno%]t%e
like, the Trystaliliisadd dde Kawstalhdsdeydiveasiagdonto ianipardtiole tshfserel ur e

di ffers depending.on _the kind of 1Q h fluarosilicate and theref t

dryi ng tenperat 358 pLF‘soﬁr g‘faé:’rsdblpfe éelr?éﬁé’dl@r 6*?7“1 He eer"‘rsﬁera%r srﬁof{)e%earb]t%an
t he deconpositign i npti atds@n t epRer atyre Is SR i@ roddh !t RELane of

dryi ng sodi um hexginl uor osi l i cate, the lcFaygp%asl I'S prlefrgrdabl'y dried at ea
tenperature of 20BE,t ahes dmysdatlhars 4@0€d .noHenseftdreallecdnmmmi300@ t o | ess

than 400C. The'H?%EQ%@dH qgﬂﬂgygpdﬂé e fdny @%ﬁ%ﬁﬂlﬂgtéﬂ.éﬂgakind of

pul veri zation of e crystals”i's to'reduce the a nts of inpurities such

as HF andlQ Si F3lepagénerasdd igatyy apgl phededoy sdudheo FFART dremgfe g uee
produced in the;stgperehbabW ide1eRiRG M meﬂe@ngéﬁhﬂdl%é?a&ﬁﬂéﬁ #4Hdmg a

sodium salt es Lhe leratluorol) cate, S ioladiced asgordng e (he
this tinme, HF atid 2he( Sak®) 2 airg ipyoo dwcieama teoradi g rioss itlhies tad | cdatieng
formula (2): N@%§EE%I'5§ %@é?e%@%ﬁy(%kied at a temperature of 200°C to
15 less than 400°C, more preferably from 300°C to less than
400°cC.

The purpose of performing the drying step after the
pulverization of the crystals is to reduce the amounts of
impurities such as HF and (SiF,;),0 generated as by-

20 products due to reaction of SiF,, produced in the step
(1), with water. For example, in the case of using a
sodium salt as the hexafluorosilicate, SiF, is produced
according to the following formula (1) and it is
considered that if water is present at this time, HF and

25 (SiF;),0 are produced according to the following formula
(2):
Na,SiF, — SiF, + 2NaF (1)
28iF, + H,0 — (SiF,),0 + 2HF (2)

In the production process of tetrafluorosilane of

30 the present invention, even if HF and (SiF,),0 are
contained in SiF, at the stage of conducting the step
(1), these can be treated in a subsequent step and there
arises no problem, however, by pulverizing and drying the
hexafluorosilicate crystal before conducting the step

35 (1), the production amount of (SiF,;),0 can be reduced to
1/3 to 1/5. Here, the reason why the production of



2SiF4 + H2O0 - (SiF3)20 + 2HF (2) In the production process of
tetrafluorosilane of 30 the present invention, even if HF and (Si F3)20 are
cont ai nedwpDn380dB44 at t he stage of conducting the step (1pCTUREEEIE®aN be
treated' in a subsequent step and there ri.ses no problem however, by

pul veri zing and drying the hexafl uorosi I i date cr ystal before conducti ng
the step 35 (1), the productlon anount of (SiF3)20 can be reduced to 1/3

to 1/5. Here, l{b;' prngﬁent gn &feb\)&t%{ 006374 R Jtploazé@meg

t o
7 (SiF3)20 caénot g2e corrp ecause trace anounts of

wat er and oxyg@Rogdisaiodi W@tﬁﬂ PEdc oFYiogn-COMGIAdR Y &id.icis @did emain in

the crystal. Teempb%@h@%tl(engl n tshe Prﬁéﬂﬁihoﬂnaﬂﬁén&rﬁété@ F3rge@ is 5
advant ageous al so in.view of proflfablllty, because t anount of fluorine

gas (herei naf t éPIEGHEOPES o PrOFUCEH 1085 amedNt QFdd P10 ddinpl e, in the
step (2) xan beadvaedueedusAladeo tlhnevh@wafdfucprx@@ﬂﬁamue_w,yﬁemau@ the

preferably dried at a tenperature of n dvance
DU ver 121 gt hETERpE B SHUSE I FRE: PR CAD ARSI TS RN i E 957 Gthero
production proeessrgf)tatdad} ubonsekxamelef 1nh’ehpre*sept Bmveanl ba, the

respective ope&gldlu%ré% of Alg;roylt a?‘ arﬁ%x%@ ¥J%I:IJ '1'19.&%3% erg,gt% icate and

drying the 15 pulveriZed ¢rys are er ab con ote the step
(1) but when apN@iaﬁbbdwo§wuﬁ@aﬁé ﬁawﬁm@exdtmnew@ﬁeﬁo(ﬁﬂﬂ%&&<kam1be used,

these opgyationg,aged ot p@qvecrq@%gt Qe HOYRVEN, SO QlP FRIUAla1Qf wat er
included in the hexafluaorosilicate crystal "is very difficult and 20 the

dryi ng tenperaﬁ@?epﬁé§e§ﬁzﬁﬁﬂép limt because if the drying tenperature is
el evated, there ariges t@epFQde@mlbhabrblaes@r QUU &leit@a fafuoidsd 18I IoF:
iC

Therefore, it very dif to c et el revent the .production of HF
and (Si F3)20 WwHcRTE eéil%cﬁnlygﬁl &0 %g‘t%etreg r?tcgllﬁ(?d P {oRs 8"{/stal .
Furthernore, tHdeydxggemde putlaieringng hecad 1uacios iddepdiennde dgy,ins @e
cannot bﬁirenD¥GQV%¥iEQ% %%%%tal are preferably conducted before the
step (1) but when a hexafluorosilicate having a low water
content can be used, these operations need not be
conducted. However, complete removal of water included
in the hexafluorosilicate crystal is very difficult and
20 the drying temperature has an upper limit because if the
drying temperature is elevated, there arises a problem
that the production of SiF, starts. Therefore, it is
very difficult to completely prevent the production of HF
and (SiF,),0, which is ascribable to water contained in
25 the crystal. Furthermore, the oxygen-containing silicic
acid compound (e.g., Si0,) cannot be removed by the heat
treatment and causes the production of (SiF,),0.
The step (1) is a step of heating a
hexafluorosilicate to produce SiF,. The step (1) may be
30 conducted in an inert gas stream, for example, nitrogen
gas, or in a vacuum. The preferred range of heating
temperature can be selected according to the
hexafluorosilicate employed. For example, in the case of
using a barium salt, the heating is preferably conducted
35 at a temperature of 400 to 700°C and in the case of using
a sodium salt, the heating is preferably conducted at a
temperature of 500 to 800°C.



treatnment and causes the production of (SiF3)20 The step (1) is a step of
heating a hexafluorosilicate to produce SiF4. The step (1) nay be 30
conduct edwDn3ams3rnert gas stream for exanple, nitrogen gaET/JB02/(1706%
vacuum The preferred range of heating tenperature can be sel ected
according to the hexafluorosilicate errpl‘o@ed. For exanple, in the case of
using a bariumsalt, the heating is preferably conducted 35 at a

t enperature of 400 e f I adj lt, 4 he
heating is prefer ab#g‘ %g% %Pgaﬂtlog p%%r%r%g%’atoﬁft %%&3‘%‘%’% € \%t
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of the presen n isony _t e 1 t 2-
(2-1) and (2- 3t°h§r é%@ d02re ?Etgsgz&ép.t )é‘trg tlaﬁ’él%gﬁee@ %;”se%‘fentétqg%’s (221)

is a step of ré‘aépl fd)a niCRedssegad 2cdnt dSnign§tSbre alﬁf@a(cﬁlml) 20 nigrestuced

in the step (&is 6bh@a§nﬁhéoéh@e &ee - (§bﬁ)r@acbkeﬂubéﬁpﬁhaEHéeshé
preferably from 100 to. nor.e preferably fron1200 to 350C. The F2 gas

is suitably reé&tedwﬁﬁhaﬁ éaHPﬁﬁpérgaénouﬁ et5e?cﬁﬁQ%'Wﬁmﬂ§559999u95
production anpgptfelrably( Sirbd) 20 0cant 360Ed ,i motree pTicfé ratadudedn B to

ti i t d d t di to
fol lowi ng formibd F3). "ReFesi-t nit (3 FSH cape s convart B8 TACSSS F4 and
02: (Si F3)20 +aRBunt28pbF2 molAZ02i(efp td5the predawduiion efmoE2tgad exceeds 2
mol ar tifges th?Sl )?%U% QR 3TRunt, Q:fhe( %' '%3) é??zdh@gdeff%ﬁb I3 é@&%aﬁﬁd

and thls 1S no erre I n view of In consi erln
corrosi on re3|§h§n§§e@f ?heléoﬁ§ﬂﬁadﬁréﬁ t@a@é@ﬁ&ﬁdoﬁcpmydﬂwmﬁQW i nst

F2 gas, the reaglhhgyidg tf%mﬁ&atg | gnBeber abky (33QC )S;U dsPe The step
(2-2) is a step of reactin gas contalnlng F3) 201 which is

produced in th§°§V86t€f)ln%ﬂ|§HFa %?%H%alent nmetal fluoxide. The step (2-3)
is a step of reacting thl§gﬁ@ ga§EprqH§§ﬂ 4n1yag2step (2-1) (3)

15 If the amount of F, gas exceeds 2 molar times the
production amount of (SiF,;),0, the effect is saturated
and this is not preferred in view of profitability. In
considering the corrosion resistance of the construction
material of the reactor against F, gas, the reaction

20 temperature is preferably 350°C or less.

The step (2-2) is a step of reacting the SiF, gas
containing (SiF,;),0, which is produced in the step (1),
with a highvalent metal fluoxide. The step (2-3) is a
step of reacting the SiF, gas produced in the step (2-1)

25 with a highvalent metal fluoxide. The reaction in the
step (2-2) or the step (2-3) is the decomposition of
hexafluorodisiloxane by the highvalent metal fluoxide and
the hexafluorodisiloxane decomposes upon reaction with
the highvalent metal fluoxide to produce SiF, and O,.

30 Examples of the highvalent metal fluoxide which can
be used in the step (2-2) or the step (2-3) include
compounds such as CoF,, MnF,, MnF,, AgF,, CeF,, PbF, and
K,NiF,. These compounds have a property of activating
fluorine when heated and, due to the activated fluorine,

35 the decomposition reaction of hexafluorodisiloxane is
considered to proceed according to the reactions of the
following formulae (4) to (10):



25 with a highval ent netal fluoxide. The reaction in the step (2-2) or the
step (2-3) is the deconposition of hexafluorodisiloxane by the highval ent

nmetal fl wwwiddeoand the hexafl uorodi sil oxane deconposes upcm/JPeATdé%ON W t h

t he hi ghvalent netal fluoxide to produce SiF4 and 02 30 Exanpl es of the

hi ghval ent netal fluoxide which can be Gséd7in the step (2-2) or the step

(2-3) include conmpounds such as CoF3, MF3, MF4, AgF2, CeF4, PbF4 and

K3Ni F7. These conpounds have a propert ctivating uori ne n heat ed
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hexaf | uor odi si | oxang,,i considered_t cege coy dj to the rgactions
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2CoF3 + (Si F3)20 - MEpF2 +(§§- 540 _>1/MZ}Q~% (4%iF _|\¢1F]3/z-02( Si F3) 20 - K e3MhF2 +
2Si F4 + 1/202 (5) MhF4 + (SiF3] 20 -~ NnhF2 +2Si F4 + 17202 (6) 2AgF2 +

(Si F3) 20 -3 2AgF +2RGFF4 H SHR020 () ZAFCerL SH K, SiHF3Y20,- 2CeF3 (#)2Si F4 +

1/202 (8) PbF4 + (SiF3) 20 -~ PbF2 + 2SiF4 + 1/202 (9) 2K3N1F7 + (SiF3)
20 - 2K3Ki F6 + 2Si FACeF /208 FL0)0 TF 25Afiss#, 26REset hl §hV%al ent metsal

fl uoxi des nmay be used_i ndi vi ]y or ixture. The preparat.ion

met hod of a hi ghval BRF+ rﬁt%ﬁ&ussp oxi &é’%ﬁs‘a‘dgééh bgdlzi%%w by refdrring to
the case of a highyal net al: of rid e ,Cold {d S4S rted a
support. For exanpl%?ﬁgg%hDng}gFE%pis gﬁéso‘vgd Fﬁ 4watg??8fhe #ggulting
aqueous sol ution isofbsoubed,tbhdsy higAt208nENSEL3l Frloduded shynayi bei
Kagaku K K.), this.l hed_an until the water content
becones nil. g?%%r9#§%b§9§g%%§_ggeagl%ﬁﬁ%gggggftlIed into a nickel tube
and bakéd® in a N2 sTheanyrepherebynrwgblirdgofatehighyalenty netadi d resi due,

to obtain an Ogiggxi%g%gﬁusgkubeagngowaw 09 £ rLO%GF2 J MR dididd h) gas,

fluorination of um na used as a_support is perfornmed. In the case
of using al uni hhghvaigptamesiptcéhraréfe where CoF, is supported on a

support. For example, Co(NO,),*6H,0 is dissolved in
water, the resulting aqueous solution is absorbed to dry

15 Al,0, (NST-3, produced by Nikki Kagaku K.K.), and this is
dried on a warm bath until the water content becomes nil.
After the drying, the alumina is filled into a nickel
tube and baked in a N, stream, thereby removing water and
nitric acid residue, to obtain an oxide. Subsequently,

20 by passing a 10% F, (N, dilution) gas, fluorination of Co
and alumina used as a support is performed.

In the case of using alumina, titania, zirconia or
the like as a formation aid, as such, oxygen on the
support surface and SiF, react to produce

25 hexafluorodisiloxane and therefore, it is necessary to
perform thorough fluorination before the passing of SiF,.
The fluorination of support can be easily performed by
passing fluorine or HF gas in the heated state. "By
finally treating with a fluorine gas before use, an

30 objective highvalent metal fluoxide can be obtained.

The step (2-2) or the step (2-3) is preferably
conducted at a temperature of 50 to 350°C, more
preferably from 150 to 350°C. When the highvalent metal
fluoxide in the heated state is passed to a mixed gas of

35 hexafluorodisiloxane and SiF,, the hexafluorodisiloxane



the like as a formation aid, as such, oxygen on the support surface and

Si F4 react to produce 25 hexafl uorodisil oxane and therefore, it is
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hexaf I uor odi si Foﬁgﬁgréﬁgl v&s 15‘? % Re PEAYA n)c[)tuﬂeéct %‘ud’d‘sldfy ¥ gD The
step (2-2) or bthéest ép €2n3)jinususiyl eoadiurt ddred uctaedt iian ,t hiee pregsexice of a

quorinqigas agg B%ssible to use two or more reaction towers and while
repeating the cycle of reaction and regeneration,
continuously conduct the decomposition reaction. The
timing for the switch-over can be confirmed by carrying
out hexafluorodisiloxane analysis of the reactor outlet
20 gas by FT-IR.

The step (2-2) or the step (2-3) is preferably
conducted in the presence of a fluorine gas and by
passing a fluorine gas while heating, the reaction can be
continuously conducted while regenerating the highvalent

25 metal fluoxide according to the reactions of the
following formulae (11) to (17).

CoF, + 1/2F, — COF, (11)
MnF, + 1/2F, — MnF, (12)
MnF, + F, — MnF, (13)
30 AgF + 1/2F, — AgF, (14)
CeF, + 1/2F, — CeF, (15)
PbF, + F, — PbF, (16)
K,NiF, + 1/2F, — K,NiF, (17)

The tetrafluorosilane containing

35 hexafluorodisiloxane as an impurity is mixed with a



passing a fluorine gas while heating, the reaction can be continuously
conducted while regenerating the highvalent 25 netal fluoxide according to
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an inpurity i Sf%)éﬂn\@ sal\pp %/%8% e ar {504 3:7(969 - 11 fluorine gas
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gas whil e anal yimeg the smmmtvaifomewamsjdr&)cﬁ(m lhoxaner ateshe inlet of
reactor by FT: r af Si S h t
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fluori ne gas adde@®ri n@%@e§§mpaﬁﬁﬁﬂﬁﬁlﬂﬂ@ﬁr|atMQﬂPhﬂﬁﬁﬂuRHQﬂS¢mbceﬁwaﬁ
tetrafl osi | gpy I st
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silicon with the tetrafl uorosilane ontaining fluorine dgas 1s
preferably condficCedigoler ameund é’% EAupringgas éﬂ‘a"l(lz3 ?)naldfrz%nrﬂe theeps
(2-1) and (2- 3amouhhe oft @R xaI)l doHoFINHAnY axXaess ifllal igre asddt by

FT-IR.
The tetrafluorosilane gas obtained through the step

15 (2-1), the step (2-2), or the steps (2-1) and (2-3)
sometimes contains fluorine gas added in excess.
Accordingly, in the production process of
tetrafluorosilane of the present invention, a step (3) of
contacting silicon with the tetrafluorosilane gas

20 containing fluorine gas is preferably conducted after the
step (2-1), the step (2-2), or the steps (2-1) and (2-3).

The step (3) for converting excess fluorine gas into
SiF, is preferably performed at a temperature of 50°C or
more, more preferably 100°C or more, still more

25 preferably 150°C or more. The silicon used in the step
(3) is preferably silicon where the hydroxyl group on the
silicon surface is heat-treated using an inert gas such
as nitrogen gas at a temperature of 400°C or more,
preferably from 400 to 600°C.

30 In the step (3), it is not preferred to use $Si0, in
place of silicon because, due to a reaction with HF
contained in SiF,, H,0 is produced and, furthermore,
(SiF,;),0 is produced according to the following reactions
of formulae (18) and (19):

35 Sio, + 4HF — SiF, + 2H,0 (18)

28iF, + H,0 — (SiF,),0 + 2HF ' (19)



SiF4 is preferably perforned at a tenperature of 50C or nore, nore

preferably 100C or nore, still nore 25 preferably 150C or nore. The silicon
used in tWoosve74 (3) is preferably silicon where the hydPorgPoxpnioesp on the
silicon surface is heat-treated using an iffrt gas such as nitrogen gas at
a tenperature of 400C or nore, preferablTy Trom400 to 600C. 30 In the step
(3), it is not preferred to use SSA2 in place of silicon because, due to a

reaction with ai-ne r e n nor e,
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present inventioh”pre containfs a st gontactin
obt ai ned t hr ougbreheastepof2- prefeleblyt oF @ngwlcpmdu§¢éﬁsS@Ziﬁpnand

(2-3), the ste9§fég }a&@ and (3), the steps (2-2) and (3), or the steps
(2-1), 62 3) and as separation menbrane and/or. a nDIecuIar

si eving car bon. TheT SSP§@§&FgﬂPBnPﬁ€ﬁGﬁ§n@fl§e§F@¢éMﬂﬁQF%%$W§(3?
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membrane. The 18L80HE3ho° tAY §2sCBERATRERETAN AR ARY G2V the® A O
step (2-2), the steps (2-1) and (2-3), the steps (2-1)

15 and (3), the steps (2-2) and (3), or the steps (2-1), (2-
3) and (3) with a gas separation membrane and/or a
molecular sieving carbon.

The gas separation membrane is preferably an SiO,-
zr0, ceramic membrane and/or a poly(4-methylpentene-1)

20 heterogeneity membrane. The molecular sieving carbon
preferably has a pore size of 5 A or less.

The SiF, produced by the production process of the
present invention may contain impurities produced in
respective steps described above. Examples of the

25 impurities include (SiF,),0, H,, O,, N, and HF. Also,
impurities such as CO and CO,, considered to be
originated in a slight amount of a carbon compound
present in the raw material hexafluorosilicate, may be
contained. 1In order to obtain high-purity SiF,, these

30 impurities are preferably separated by purification.

In the production process of tetrafluorosilane of
the present invention, SiF, containing impurities such as
0,, N,, CO, CcO, and HF is, for example, is contacted with
a gas separation membrane and/or a molecular sieving

35 carbon to separate 0,, N,, CO, CO,, HF and the like from
SiF,, whereby high-purity SiF, can be obtained.

Examples of the gas separation membrane which can be



The Si F4 produced by the production process of the present invention may
contain inpurities produced in respective steps described above. Exanpl es
of the 25wDrpued3ri es i nclude (Si F3)20, H21 02, N2 and HF. PArge(2/070épuri ti es
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menbr anes may BE8MR4BALIR&M-vi dually or in conbination. The gas separation
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above-descri be ecul ar sieving carbon |nsof ecu sieving
carbon has a pbBRreé &i 2erger @ér@ﬁ@ﬁg@nt dse@@sf@tbqnhe qqepﬁﬁrllqm@st sttfctﬁlés 02,

N21 CO, O angnhiFlﬁ\gqratla@r @ueh? @ sSR! lNenfwh A9t ah@ @l ow the
adsorption of SiF4. The pore_size is prefera Iy 5°A or [ess because

The molecular sieving carbon is not limited to the

15 above-described molecular sieving carbon insofar as the
molecular sieving carbon has a pore size large enough to
adsorb the impurities such as 0,, N,, CO, CO, and HF and a
pore size small enough not to allow the adsorption of
SiF,. The pore size is preferably 5 A or less because

20 0,, N,, CO, CO, and HF are adsorbed and SiF, is not
adsorbed.

The method of purifying an SiF, gas using a gas
separation membrane module is described below.

In the method of purifying an SiF, gas using a gas

25 separation membrane module, the gas separation membrane
module is previously purged with N, gas or the like to
remove H,0 which reacts with SiF,. The purging is
regarded as completed when the supply N, gas, the non-
permeated side and the permeated side reach the same gas

30 dew point. The N, gas for drying is not particularly
limited insofar as the dew point is -70°C or less.

The supply side of the dried gas separation membrane
module is contacted with SiF, containing impurities such
as 0,, N,, CO, CO, and HF to selectively permeate the

35 impurities such as 0,, N,, CO, CO, and HF, whereby SiF, is
concentrated in the non-permeated side and a high-purity



20 02, N21 CO COX2 and HF are adsorbed and SiF4 is not adsorbed. The

nmet hod of purifying an SiF4 gas using a gas separation nenbrane nodule is
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r
nmol ecul ar si evi ng carbon (hereinafter sonetines referred to as "MSC') which
can be used i A€Pfde MORSI EBON 4A (trade nane) produced by Takeda

The method of purifying an SiF, gas using a
15 molecular sieving carbon is described below.

Examples of the molecular sieving carbon
(hereinafter sometimes referred to as "MSC") which can be
used include MORSIEBON 4A (trade name) produced by Takeda
Chemical Industries, Ltd. In the purification method

20 using an adsorbent, MSC is filled in a container and, in
advance, is preferably baked with an inert gas such as N,
at a temperature of 100 to 350°C so as to remove water,
CO, and the like adsorbed to the adsorbent. The baking
may be performed by N, purging under heat in vacuum. The

25 baking can be regarded as completed when the supply gas
and the discharge gas reach the same dew point. The N,
for drying is not particularly limited insofar as the dew
point is -70°C or less.

By contacting the above-described MSC with the SiF,

30 gas containing impurities such as 0,, N,, CO, CO, and HF,
obtained by the production process of the present
invention and thereby allowing only the impurity gases
such as 0,, N,, CO, CO, and HF to adsorb to the MSC, high-
purity SiF, can be obtained.

35 The adsorption of impurity gases such as 0,, N,, CO,
CO, and HF contained in SiF, to MSC is preferably

conducted, according to a general adsorption separation



Chem cal Industries, Ltd. In the purification nmethod 20 usi ng an adsorbent,
MSC is filled in a container and, in advance, is preferably baked with an
i nert gaswewsiho@s4 N2 at a tenperature of 100 to 350C so RETHUBZEN®N e
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i npuri ty; gasesyuhioke t§0RhidRe, AR SPHRISE @ ressuicetier ablit dHavers tdian the
Si F4 |liquefaction preSsure. The |inear velocity (LV, mimn) in terns of a
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purified by alternatden condactsiorgptiilon tadearsptiren vased ,t I8, eganebat i on

The regq&@ratiggnggguggsly purified by alternately conducting the
adsorption and the regeneration. The regeneration can be
carried out, for example, by exhausting a part of SiF, in
the purification adsorption tower under heat in vacuum to
the regeneration desorption tower while purging from the

20 direction reversed to the adsorption purification.

The production process of tetrafluorosilane of the
present invention is also characterized by using the
analysis method described later for the process control.

The tetrafluorosilane obtained by the production

25 process of tetrafluorosilane of the present invention may
be a high-purity tetrafluorosilane having a content of
hexafluorodisiloxane contained as an impurity of 1 vol
ppm or less. A high-purity tetrafluorosilane having a
hexafluorodisiloxane content of 0.1 vol ppm or less can

30 also be obtained.

The method for analyzing impurities in a high-purity
tetrafluorosilane of the present invention is described
below. As for the numerical values described later,
these are of course not particularly limited.

35 The method for analyzing impurities in a high-purity
tetrafluorosilane of the present invention is

characterized by bringing tetrafluorosilane containing an



carried out, for exanple, by exhausting a part of SiF4 in the purification
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inmpurities into éontact mﬁth an adso?ggnt to sep rat ¢ e2ﬂnpur|t|es from
tetrafl uorosil 48&F: u®d camtbrodidigache i nmpurities together with a carrier

gas 5 intp a gas chreabkeQbapRnto ianginege ke i MRUEd 8%t & LABONENt S
whi ch can be analyzed by the analysis _nethod of the present_ jnvention are

trace H21 02, N?Ireéeumm&tgﬁdﬁ@heée?a&a%lw@@ W%W&ﬁ@ F2, HF

and (Si F3) 20m©&@cb@a&n&|nél7&(ﬂlg RrHee adsambent poredrsafey & ¥ & cqcti vat ed
carbon, a petroleumpitch spherical activated carbon and/or a nolecular

si eving carbon™R&Vi'ng a pore size of 6 A or nore. According to the
anal ysi s net hod of Bheopkdnentto the analysis method of the present

15 invention, a pre-column (an SUS column.of ¢$3 mm (inner

diameter) x 1 m (length)) packed with SHINCARBON-S

(activated carbon adsorbent, produced by Shimadzu
Corporation) of 60 to 100 mesh is fixed in a constant
temperature bath oven and kept at 100°C. Into this pre-

20 column, 1 ml of an SiF, gas containing impurities such as
H,, O0,, N,, CO, CH,, CO,, HF and (SiF,;),0 is introduced as
a sample through a cock with a gas sampler. For the
carrier gas, a high-purity helium (He) gas can be used.

In the sample accompanied by a high-purity He

25 carrier gas, the H,, 0,, N,, CO, CH, and CO, gases are
separated in the pre-column and SiF,, HF and (SiF,),0 are
adsorbed to the pre-column. Of the separated impurity
gases, H,, 0,, N,, CO and CH, can be separated using a
separation column, for example, Molecular Sieve 5A (trade

30 name). In the case of containing CO,, this can be
separated using a separation column, for example,
POLAPACK Q (trade name).

Respective components separated are subsequently

introduced into a PDD (pulsed discharge detector) and

35 measured on each gas concentration. The detection limit
of impurity gases such as H,, 0,, N,, CO, CH, and CO, is



15 invention, a pre-colum (an SUS colum.of ~3 mm (inner dianeter) x 1 m
(length)) packed with SH NCARBON-S (activated carbon adsorbent, produced
by Shi madw0 03@oa3por ati on) of 60 to 100 nmesh is fixed in aPCORIBO2ZNTICY
tenperature bath oven and kept at 100C. In 9 this pre 20 colum, 1 m of an
Si F4 gas containing inpurities such as 02, N21 CO CH4, (02, HF and
(SIF3)20 is introduced as a sanple through a cock wwth a gas sanpler. For

the carrier gas g urit a anpl e
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anal ysi s net ho sént entlon 2a gifan |tat|ve ysi'§ can be
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i nvention, the Ve-descri bed activated carbon 1s used f
col um becauseSPES é&p&BﬁPF@y9@ﬂrsé§§ﬂéﬁﬁh&n@h@9§%ﬁﬁ(?O%Xﬁﬁfa? p of

component s H21782, pb2¥oCeumCid4 tand (002 varedd @@ i¢f pJr fe Gy PIHusy F4
and inpurities HF and 10 S|F3)20|s ?g(gllent as_co red with Ot%edg
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(e.g., K@§IB) Egmﬁgﬁén%”%E%AQ§aﬁog8a£€gained. The molecular sieving
carbon can attain excellent separation of main component
SiF, as compared with those AC and BAC and is more
preferred. The reason therefor is considered because the
pore size and the distribution thereof are controlled.

20 On the other hand, the HF, (SiF,),0 and SiF,
remaining adsorbed to the.pre—column can be exhausted and
regenerated by employing a backflash system of changing
over the flow path of high-purity He carrier gas using a
cock and purging the pre-column from the direction

25 reverse to the direction at the introduction of sample.
At this time, the temperature in the constant temperature
bath oven at 100°C where the pre-column is fixed can be
elevated to 200°C simultaneously with the changeover of
cock so as to accelerate the exhaust of HF, (SiF,;),0 and

30 SiF,. The aging temperature of the pre-column and
separation column may be a maximum temperature commonly
used plus about 50°C.

The method for analyzing impurities in a high-purity
tetrafluorosilane of the present invention is

35 characterized by introducing tetrafluorosilane containing
hexafluorodisiloxane as an impurity into a cell with the

material of window being composed of a metal halide, and



wi th activated carbon and good separation of main 15 conponent SiF4 can be
attai ned. The nol ecul ar sieving carbon can attain excellent separation of
mai N conpwoanpnoe3s F4 as conpared with those AC and BAC anaCraPem7es9
preferred. The reason therefor is consi derﬁ? because the pore size and the
di stribution thereof are controlled. 20 On"the other hand, the HF, (SiF3)20
and Si F4 renmaining adsorbed to the pre-colum can be exhausted and
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of high-purity arricer gas using a coc purgi ng the pre-columm from
the direction 23upEdEeseYt 8 HERETEG SPEICEHHORLENe i ntroduction of sanple.
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inpurity into a cel he ™ eria Hdow bel ng conposed of a netal
hal i de, and WO(83FoDS374 RETIIROZIOACEPrepar® anthl WAgphiore, the
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t he anal ysis net hod ‘of the present inveniion infrared spectronetry is
used, whereby BRECEBABENt FAEAGN { (5186) 1EiflhoPEditrl dRERETEDNt ai ned i n

tetrafl uorosil apeocphibe measlried ard (SirFafdi tatorg3d hentonsetid ati ons of
ot andard gas ot i rereh) SBECRERRAR BOE G pr et aht. 2t heterfre. fhe 10
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{ (SiF3h%p/SiFﬁha9t Eﬂémﬁﬂf%%RGQO4-1o9 (1985)) can be used as the

standard for the absorbancy of (SiF;),0.

SiF, containing (SiF,;),0 is introduced into a gas
cell having a long optical path, for example, in a length
of 4 m or more and infrared spectrometry is used, whereby

20 the concentration of (SiF,;),0 in SiF, can be analyzed to
0.1 ppm or less. The infrared spectrometer is preferably
a Fourier transform-type infrared spectrometer.

In the analysis method of the present invention,

(S81iF;),0 in a low concentration can be analyzed by
25 measuring the infrared absorption spectrum at 838 cm™
peculiar to (SiF,),0.

Also, the (SiF,;),0 concentration in SiF, can be
indirectly measured by adding a constant excess amount of
F, to a constant amount of SiF, containing (SiF,;),0,

30 reacting (S8iF,;),0 and F, under heating at 300°C, and
determining the consumption (excess) of F,.

In the analysis method of the present invention, the
measurement is preferably performed by FT-IR where at
least the portion coming into contact with SiF, in the

35 sampling line is composed of a stainless steel or an
electropolished stainless steel and the optical

transmission window of the gas cell is formed of a



absorption peculiar to (SiF3)20 at 838 cm-1 to the infrared absorption
peculiar to SiF4 at 2,054 cm". In this case, a value shown in the

| it eraturwo(@Boocexanpl e, 15 Anal. Chem, 57, 104-109 (198%Cx/Jeen7be® used as
the standard for the absorbancy of (SiF3)20. SiF4 containing (SiF3)20 is
introduced into a gas cell having a | ong é%tTcal path, for exanple, in a
length of 4 mor nore and infrared spectronetry is used, whereby 20 the
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CaF2 HF can be anal E m or | ess omt he absorbancy at 4,040
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sem conductor the generation of a line width of 0.25 pm or more, the

15 delay due to wiring is a serious problem. In order to
solve this problem, aluminum is replaced by copper wiring
as a low-resistance wiring and a low dielectric
interlayer insulating film is employed so as to reduce
the capacitance between wirings. The representative low

20 dielectric material employed in the generation for a line

width of 0.25 to 0.18 or 0.13 um includes SiOF (fluorine-

doped oxide film, e: around 3.5) formed by HDP (high
density) plasma CVD. A process using SiOF for the

interlayer insulating film and an aluminum alloy for the
25 wiring is proceeding and the high-purity SiF, of the
present invention can be used as a doping material
therefor.
The glass for an optical fiber comprises a core part
and a clad part. The core part is rendered to have a
30 higher refractive index than the peripheral clad part so
as to more easily transmit the light in the center part.
The refractive index can be made higher by adding Ge, Al,
Ti or the like as a dopant. However, this has an adverse
effect in that the light scattering increases due to the
35 dopant and the light transmission efficiency decreases.
Wwhen fluorine is added to the clad part, the refractive



10 devices, the integration density or the sw tching speed of individual
transi stors can be advantageously increased. However, the propagation
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and therefore, ispopt dimitedotoglthree EEaUPAESIn t he dopant can be used
for the core part tgxhfppneage the light transmission efficiency. The
fluorine is added bﬁgheat reatin ass fine gartlcle mat eri al (Si 02)

in He in an at nospReféuds hexpily HOFﬁégﬁﬁﬁﬁ BB 4T i P14 GV it 2Thr esent
invention can PeoUsed Barikhe18agiker ogNaBBuikCal uhi BRG a purity of 89%

15 by mass or more (water content: 10% by mass or less),
obtained as a by-product in the production process of
phosphoric acid was dried by a hot air dryer at 120°C,
1,500 g thereof was filled into the center of a
decomposition reaction tube 2 (inner diameter: 90 mm,

20 léngth: 1,500 mm, construction material: nickel) of a
thermal decomposition reactor 1 shown in Fig. 1, and both
ends were closed by an Ni porous plate 7. Then, while
controlling the temperature of Na,SiF, to less than 400°C
by an electric furnace 3 (length: 1,000 mm), N, gas (dew

25 point: 70°C or less) was passed at 1,000 ml/min, by
opening the valve 22, and when the reduction of the HF
concentration in the exhaust gas to 1 ppm or less was
confirmed, the drying of Na,SiF, was completed.
Thereafter, the flow rate of N, gas was controlled to

30 200 ml/min and the temperature of the electric furnace 3
was elevated to 700°C and kept at 700°C. As a result,
SiF, having a concentration of about 30 vol% was
generated. The gas generated was sampled from the valve
27 and the concentrations of impurity gases were

35 analyzed. The results are shown in Table 1. From the
results, it is seen that 8,560 ppm of (SiF,),0 was

contained.



The present invention is further illustrated below 10 by referring to
Exanpl es, however, the present invention is not limted to these Exanples.
Exanpl e IwBadicessrhexaf | uorosilicate (Na2Si F6) 5 havi ng anPcaveszgyesyparticl e
size of about 70 mand a purity of 89% 15 by nmass or nore (water content:
10% by mass or less), obtained as a by-pfoﬁ ct in the production process of
phosphoric acid was dried by a hot air dryer at 120C, 1,500 g thereof was
filled into the cen%g% &eaz deconposition reaction tube 2 (inner dianeter:
90 mm 20 length: 1, g mm “construction material: nickel) of a therm
deconposi tion react 66F] ghowas ngdngratiedahd bbehsamadsanees abosdd by an

Ni porous plat en, ' t 1@l LB I NaZSdfb to
| ess than 4OOCEXéI;/1ng gl ee\g?'re' % Fgl(ra%aggles d( etnsg)?hl: 1, 0(3{(338!:fr?r:rru)(%),IQ;I\LTZl gas. (‘%ew 25

poi nt: 70C or FE¥S}ahayspasdddExemPle0d MeSmbY VIS 1ZGsehing Be YR AE D2,

and when 4 he rggdycthen ok atiie dHpowe@Rc aRlfialg @n gar tilke e )eiakstofPaddr 1 ppm
or less was confirmed, the drying of Na2Si F6 was conpl eted. Thereafter,

the flow rate &f uM2vgas fiddedontr Shicedeconpesiddon MAaTtdRD tHea dmerat ure
of the electri h‘é!”Q@C%e%er‘é@%dek«%\é,ats%gwptl%d73(}§36rﬁ\%e’<%%tlvaet 200G A&

result, SiF4 haviAg a concentration of “abou % was generated. The
gas generated desceanplsdonsomit AEPEAINEY J2Fesnette agudEadt-at i of

impurity gases ¥e(;8+35.2Rakyeed ifhedagulits an@nshown ddsuliaky e ik i om the
results, it is seen that 8,560,%pn10f (S F3)20 was contajned, W 03/ 006374
PCT/ JP0&®70698een2thafy 4R8I d S3Fs) 44 GRIS SRS et afatl F9AUGRS SEHP manner

as in Exanpl ept1e¥eephtiibat wialse pdif cs@@dum hexafl uorosilicate crystal
used in Exanple 1 m%s Rylverized by a pul verizer 5 and the obtai ned powder
having a particle sP¥8"8f®Bout 1 mwas filled in the deconposition
reaction tube 2. The SiF, gas generated in Example 2 was introduced

in an F, reactor 8 (construction material of reaction
15 tube: nickel, inner diameter: 8 mm, length: 1,000 mm)
shown in Fig. 1, 3 ml of 100% fluorine gas was mixed
through the valve 23, and (SiF,),0 contained in SiF, was
reacted with F, at 300°C. The gas generated was sampled
from the valve 28 and analyzed. The values obtained are
20 shown in Table 1. From the results, it is seen that the
(SiF,),0 concentration was reduced to less than 0.1 vol
ppm.
Example 4
Into a reaction tube (construction material: nickel)
25 of a reactor 9 shown in Fig. 1, 60 ml of silicon chips
having a size of 8 to 10 mesh were filled and treated at
500°C for 3 hours while flowing N, gas (dew point: -70°C
of less) at 300 ml/min. Then, the reaction tube filled
with silicon chips was kept at a temperature of 150°C and
30 the gas obtained in Example 3 was introduced thereinto to
react excess F, gas and silicon. The gas generated was
sémpled from the valve 29 and analyzed. The values
obtained are shown in Table 1. From the results, it is
seen that the fluorine gas concentration was decreased to
35 less than 0.1 vol ppm.
Example 5
Into a gas separation membrane module 11 (Si0,-Zr0,



The gas generated was sanpled fromthe valve 27 and the concentrations of
inpurity gases were analyzed. The results are shown in Table 1. Fromthe

results, WO ®0BM seen that the (Si F3)20 concentrati on wa®CragexeEdeomhen

pul verization was performed. Exanple 3 The Si F4 gas generated in Exanple 2
was introduced in an F2 reactor 8 (conSTr%%tTon material of reaction 15

tube: nickel, inner dianeter: mm length: 1,000 nm) shown in Fig. 1, 3 m

f 100% f | d 3):20 ..
Contained i SenBaaee"r pReEE e&.?&°§% e eaai AR T R PR
sanpled from theNyajae @ﬂﬂandaamatyié@ CThe Vedsspsvabtpipeedant 20tehdwn
in Table 1 Fropyihearasubisg bheig SAENibASk tha <68 E3AQconmendati on

was reduced to [ess t Into a reaction tube
(construction kReeppap:; dgWcREENE . 25A6ft§eré§é?érQQSSﬁGWﬁraﬁlPPgmeﬂbn§9Qﬂ

of silicop chipgguhaviif %h@'éﬁsOEb%ahﬁeﬁolﬁEEQdW@H@ fal hiagd iandddieaied at
500C for 3 hours while flow ng gdew %ln% -70C or less %e
m/mn. Then, %ﬁéorégétﬁBﬁpgﬁbél IP&d ﬁ SPRRESH @ﬁ@ﬁ?uﬁﬁsa%gp Wiy
tenperature Ofdéé@@s@ﬂﬁlﬁﬂnbhEhga@eﬁhbatﬁddsuﬂeEbgnﬁlﬂr@ was uunt pmetyc ed
Sanpl ed Trom t e vaTPEE 8V ala ahary2id 2 oThe VAT esoPobt ArRek artes nown i n
Table 1. From phemeeselt sidet |§hesgeﬁ tihathehpefrmgartiede sgale emiscent rati on
ros ecrfied biypTeg 835 198, Gl NoranBl BIBTELS) By 1@ Rogas mererat o
produced by Kybesmgatsfpeidei vap §ﬁ@®ﬁedanP@ the Vﬁévﬁa§1(deWW&ﬁ%u -70C
or less) was pgaged @kré BAal3yzkdni NTaRd dRi6d 1 8Nekulike obalinded aike
outlet reached ,Lhe SaME.08% RO Nbe ot (h® 25189998 S9RALALLOR NIEMRIANS
of impurity gases could be removed to the permeated side.
15 The SiF, in the non-permeated side was freeze-
recovered in a recovery container 16 cooled to -120°C
with ligquid N,, through the valves 24 and 33 while
controlling the pressure.
Example 6
20 Into an adsorption tower 19 (inner diameter: 16 mm,
length: 1,000 mm) shown in Fig. 1, 100 ml of MSC
(MORSIEBON 4A, produced by Takeda Chemical Industries,
Ltd.) was filled and while passing N, gas (dew point: -
70°C or less) at 500°C and 300 ml/min, dried until the
25 inlet and the outlet reached the same dew point. After
cooling and then purging with He, SiF, recovered in the
recovery container 16 in Example 5 was gasified at an
ordinary temperature and introduced into the adsorption
tower 19. At this time, the pressure was regulated to
30 0.9 MPa and the flow rate of SiF, gas was controlled to
350 ml/min, using a flow rate controlling valve 25, a
pressure regulator 26 and a pressure gauge 21. The
outlet gas of the adsorption tower 19 was analyzed on the
impurity gases in the same manner and the analysis values
35 are shown in Table 1. From the results, it is seen that
the concentrations of all impurities measured were less

than 0.1 vol ppm.



5 nodul e 11, the gas obtained in Exanple 4 was introduced into the supply
side at an atnospheric pressure and while depressurizing the perneated

si de by aworog/oeacuum punp 12, inpurity gases such as N2 wergrex(yasdat ed to
the perneated side. The gas in the perneated side was 10 sanpled fromthe
val ve 30 and the gas in the non- pernearédIEFﬂe was sanpled fromthe val ve
31l. These gases were analyzed. The analysis results obtained are shown in
Table 1. Fromthe L@S”'ti zt is seen that nost of inpurity gases could be
removed to the per A8y %i 15 The SiF4 in the non-perneated side was
freeze- recovered imha gesovbtyioedt annBrampleodl vdst freezecragioveriadqui d
D2l through the,val ¥e8oed and Sﬁ?a‘i"ﬂbke 6°8BbA 8L BB -pf ﬁat%%_rqlqgwml e 6

20 Into an adsorp ion towe I nner di aneter: | e

shown in Fig. Y3, toroengbfvabes (MORSIEBN mml%rm @twgﬁak@da Chem cal

I ndustri es, Lﬁgeﬁsﬁ@é ﬁbHh%daaggs“@bbﬁrﬁ%&%bnﬁemgrﬁﬂ% tgewape Ntine 150C or
| ess) at 500C and 300 r|ed untj | 25 inlet and the qutlet

reached the saﬁﬁoﬂémﬁﬁofhﬂ Afte? eEooWPﬁ&eaﬁasﬂﬁgﬁnﬁuF§l SERTREY SiFa
recovered in thempeeaeuveey eaat Shﬂ?rré@ovékﬁxaiﬁplﬁhé msogasyfcedtainaﬁ
ordinary tenperature anggaatro uced in e adi tion

time, the pressbr¥2fas® PSEEd115036 6 5 ﬁﬁ&p ﬁgwﬁFb% tfgatFéS
gas was controthedstne ﬁaﬁnek/Hsn;nuExagpaefwowmndBe chuet saimel ng val ve 25,

2dsor ot ron tongenasSigts A8 48, BRERBIEC 60T Bfelhas TRt rOMcR SRS,
and t he analysaésvapnegn350y¢é éﬁoﬂﬁdlﬁh$a@Pé1§t BREMEERE fdSults, it is

seen t hat theaaeaﬁge%ﬁt 'tBQ%rOfwalﬂlerb”HH'é'lg'z@a amas uhed reene tsesse than

0.1 vol ppn1 WO 03/ 006374 PCT/JP02/ 07069 2 npl.e 7 The %?% Qtalned in
Exanpl e 4 was fhewheipedgbdped . From the results, it is see ha he

his

concentrations of measured all impurities in the outlet
15 gas were less than 0.1 vol ppm.
Example 8
Preparation of Highvalent Metal Fluoxide Supported
on Support: 10% CoF;/Al,0,
In 200 ml of water, 26.4 g (0.0091 mol) of
20 Co(NO0,),*6H,0 [extra pure reagent] was dissolved. The
resulting agueous solution was absorbed into 100.2 g of
dry Al,0, (NST-3, produced by Nikki Kagaku K.K.), and
this was dried on a warm bath until the water content
became nil. After the drying, the alumina was filled
25 into a reaction tube (construction material: nickel) of a
reactor 8 shown in Fig. 1 and baked at 400°C for 12 hours
in a N, stream (400 ml/min), thereby removing water and
nitric acid residue, to obtain an oxide of Co.
Subsequently, a 10% F, (N, dilution) gas was passed
30 (1,000 ml/min) at 250°C to perform the fluorination of
alumina and Co. The fluorination was performed until the
reactor inlet fluorine concentration and the outlet
fluorine concentration became the same. The
concentration was measured by passing a gas to be
35 analyzed through an aqueous 5% KI solution and titrating
the liberated I, with an aqueous 0.1N-Na,S5,0, solution.
Using 100 ml of highvalent metal fluoxide prepared



in a recovery container 16 cooled to -120Cwith liquid N2, through valves
24 and 33 while regulating the 5 pressure using a gas separati on nenbrane
by- pass |Wp@3a86376hown in Fig. 1. Then, while gasifying arcanmpavaissary
tenperature, the SiF4 recovered in the recgyery container 16 was
introduced into the adsorption tower 19 treated in the sanme manner as in
Exanpl e 6, under the sanme 10 conditions as in Exanple 6. The gas introduced

into the adsoaﬁblv@r) H@wmpb%laal%rﬂﬁ Qiét#a&tlxﬂﬁ%cfifé)ﬂldi@ne apsor ption tower
19 were anal yze 1. From_the results,

% ereshreatsare sh vvnlngale

it is seen thatpeF er ti'0ns98F HABRELREEarR EXFIPILE €sWiad t he

out IhetI 15 gas \Aiﬁl‘teloldelmdt Hartd0.al nealcyepms ( Btﬁmcﬁx&;c&ﬂzenaa/i@érml b £ .
Hi ghval ent tha Fl uoxi de Suppor an._Su p 10% CpF3 203 .1 n 200

of Swater . 26 4 2526 1050 FRE PR OO SRS T ot by SR Sbnt | was
di ssol veoE Thel D@@um)nghmmeaus g ut:u,orandas( E‘allﬁogdbecdommnné@mﬂ §ivf

dry M2G3 (NST. 3., paduesd M Nidn SAGIKU G o AL BT RcR9 did ed on

war m bat h unt € ‘water conten
al um na was fiRPEJC25 Mineo g sr eateiretadube s cemptladtiram nehervalve mgkel )

of a reactor %néhfamlgﬁe'ag Th AR 1RRKE G ita JHUKC £, éf?o»kk?%? Tah & N2

stream (400 m /m n) ereby remgving water and nitric acid residue, to

obtain an oxi dETEM the Tr&FhEdGuertd V5 &SRR Y NBifi)eR i 635 HadueRs passed
30 (1,000 i/ ml@);salth%@ﬁ@ .10 viear fopimi0 t enef IneRrdtat i ndt aaﬂaarwias afes Co.
The fluorinatian gu orjred . unti | t.ti,e&é eacto i nl et f%orl
concentration Sﬁ& tlﬁléle Ay o i (ve e cé’fﬁsra ibeﬁc%%% he"%ane. The
concentration waslegasured by passing a gas to be 35 anal yzed t hrough an
aqueous 5% KI sol ut h?:% %I%% tigtrating the liberated 12 with an aqueous

O 1N Na2S203 solutio 100 M of highval ent netal fluoxide prepared
WO 03/ 006374 PCT/JPG@pOFGG@f highvalent metal fluoxide prepared in

15 Example 8 was used. The SiF, gas generated in Example 1
was introduced into a reactor 8 (construction material of
reaction tube: nickel, inner diameter: 8 mm, length:
1,000 mm) shown in Fig. 1, 2.3 ml of 100% fluorine gas
was mixed through the valve 23 and while reacting

20 (SiF,),0 contained in SiF, with highvalent metal fluoxide
at 250°C, the highvalent metal fluoxide was regenerated
by F,. The gas generated was sampled from the valve 28
and analyzed. The values obtained are shdwn in Table 1.
From the results, it is seen that (SiF,),0 was reduced to

25 about 500 vol ppm. The reactor outlet analysis was
continued, however, the fluorine gas was not detected
from the outlet and the (SiF,;),0 concentration was not
changed.



above, deconposition of hexafluorodisiloxane was perforned. The Si F4 gas
generated in Exanple 2 was introduced into a reactor 8 (construction

mat eri al wb o3peseds i on tube: nickel, inner diameter: 8 nm PCEnRge70® 1, 000
m) shown in Fig. 1, and (Si F3)20 contaibpegsin SiF4 was reacted with

hi ghval ent netal fluoxide (CoF3) at 200C. The gas generated was sanpl ed
fromthe valve 28 and anal yzed. The val ues obtained are shown in Table 1.
Fromthe results, it is seen that (SiF3)20 was reduced to 10 less than 0.1
vol ppm The reactor outlet analysis was continued and, then, (SiF3)20 was
detected fromthe outlet. Exanple 10 100 m of highval ent netal fluoxide

prepared i n 15 ExappteB—was—used—yHerSti4rgas generated in Exanple 1 was
introduced into a rdgadter| 8 (cdonstru¢tjgn|nptierial of reaction tube:
ni ckel, inner di angtlen: g'-rrrr} Iength' l1,|()03—!m”r) shown in Fig. 1, 2.3 m of
100% fl uorine gas |"as ' rpead tihroudh|thd 'val$i€|23 and while reacting 20
(Si F3) 20 contained| ijn|S| H4 {wi t|h hlgh al gnt petal fluoxide at 250C, the
hi ghval ent net al (f uoxidel vas Iregerderated! byl K2. The gas generated was
sanpl ed fromthe|galive 28 |and anallyzed.| The |val ues obtai ned are shown in
Table 1. Fromthg rlesu bS] &t] 18 degp|4jhat | (|]SI|F3) 20 was reduced to 25
about 500 vol ppm c:?:*ITHé”'Lgﬁzg,,ct-‘s»)r outletc,a\:/'raﬂ‘ys s |was continued, however, the
fluorine gas was|#gpt| dej ectled | f¥om’{hE oyt | dt |and the (Si F3)20
concentration wa$ ndt | changed. WDO|03/Pp0G6374 |[PCT/ JP02/ 07069 25 WC | | |
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Applicability As deScri oregoi ng, according to the present
i nvention, SiF4 notAsodescaiikgd( SNFENe0 fexedpd ngpr 66¢OEE1ING @ Ghtpurity
conponents can,pgsanal ¥49@nkQon, SiF, not containing (SiF,),0 can be
produced. Also, impurity components can be analyzed to
5 0.1 ppm or less and high-purity SiF,, required in the

production of electronic parts, can be provided.



5 0.1 ppmor l|less and high-purity SiF4, required in the production of

el ectronic parts, can be provided. WO 03/006374 PCT/JP02/07069 - 27

CLAI M5 1woOA3pe@eess for producing tetrafluorosilane, compmTiJBIMYo& st ep
(1) of heating a hexafluorosilicate, a stgﬁ(Z 1) of reacting a

tetrafl uorosilane gas contai ning 5 hexafludriodi sil oxane produced in the
step (1) with a fluorine gas, a step (2-2) of reacting a

tetrafl uorosil ane gas contai ni ng hexaflqu | oxane produced in the step
(1) with a highvalent netal fluoxide, r—a—% (2-1) of reacting a
tetrafl uorosilane 10l gas Féomfaﬁ:ﬁisﬁgfﬁéxarpdéﬁédgsitle(bxaﬁéU}@lr@dud@@el,n t he

step (1) with @ofﬁﬁf‘%iﬁ@ Q%téﬁd(ﬁ%séﬁphégt% of B%%‘ék'lﬁ%r%snlcate,
tetrafl uorosil ane ‘gas_produced e ste E a highval ent netal

fluoxide. 2. A$reRess™ Jabc%ﬁf ﬁ%@c?bnﬁl ai H?Ira%éPéPﬁltlﬁé‘e g5sscoptaining
conduct edsat a Herperadro@iof 14R8keoprovtied 3n AhRr 8€EHS (AGCQRHENNG tO

| 1, wh t he, st 2-1 dyct t at t f 100 t
S50C. 4. "A pr OuBA HIE Rt ngt (B ePal 1) GhePGFRELAB. Sstep (2.2) or the

step (2-3) is cowduef bdontsbl@fet gapecattatndhgSbekaf3nBLodisiAopguaeess
di £ licate i
according to ag%n%%{ﬁcgé £+ect ed#é}g ?ﬂ M@ﬁehnhﬂgﬁvgﬁéﬁ ng ﬁl icate is

at | east one nd se group consi s kali neta
hexaf | uor osi | i catwoxhde al kal & netenr ( A-ipt Qf QeahéxaglaoteSEBf&a06036laAe

process @@COfd'éﬁbtébﬁwﬁiﬂﬂﬁ 05e§é§lﬁ§réd%91%§¥aﬂge guEeﬁ in the step

hexafl uorosilicate 1s pul verlzed and drie ore ucting the step (1).
7. A process acchl dfHghtd Bhyobhee ogas| anfsa1Step B@ 8) ﬂﬁeréﬁﬁtﬂﬁé a

hi ghval ent net aleftaoxideos 51 dhe | gast p@@@ucé@@ﬁueﬂesgkeﬁt Ed - zgomﬂtheagr oup

consi sting of F F3 VhF4, F2 OeF4 PbF4 and K3 process
according to aﬁgl%h‘éa FoLI B el 1ff'g°x de

A process according to claim 1, wherein the
15 step (1) is conducted at a temperature of 400°C or more.
3. A process according to claim 1, wherein the
step (2-1) is conducted at a temperature of 100 to 350°C.
4. A process according to claim 1, wherein the
step (2-2) or the step (2-3) is conducted at a
20 temperature of 50 to 350°C.
5. A process according to any one of claims 1 to
4, wherein the hexafluorosilicate is at least one
compound selected from the group consisting of alkali
metal hexafluorosilicate and alkaline earth metal
25 hexafluorosilicate.
6. A process according to any one of claims 1 to
5, wherein the hexafluorosilicate is pulverized and dried
before conducting the step (1).
7. A process according to any one of claims 1 to
30 6, wherein the highvalent metal fluoxide is at least one
compound selected from the group consisting of CoF,,
MnF,, MnF,, AgF,, CeF,, PbF, and K,;NiF,.
8. A process according to any one of claims 1 to
7, wherein the highvalent metal fluoxide is supported on
35 a support.
9. A process according to claim 8, wherein the

support is obtained by fluorinating at least one member



7, wherein the highvalent nmetal fluoxide is supported on 35 a support. 9.
A process according to claim8, wherein the support is obtained by

fl uori natwogsabe3reast one nmenber WO 03/ 006374 PCT/ JP02/ 07 ®6%3/JPo2/@869
selected fromthe group consisting of al un&ga titania and zirconia. 10. A
process according to any one of claims 1 to" 9, wherein the step (2-2) or
the step (2-3) is conducted 5 in the presence of a fluorine gas. 11. A

process accor dsageb@ed@ny rofe tole Graupp cbrid sththg WH N GRIp | Sescéh st ep (3)
of contacting si I icon with the tetrafl uorosil ane gas obtai ned through the

step (2- 1), tRBIs@EHCPBIR: or the steps (2-1) and (2-3). 10 12. A process

according to claim 111) whe peiot dsfse ackicflind) s zﬁgﬂcbicé ask ailamﬁ@mpe&@t ure
of 50C or nore ) accordl g to*%ﬁ% 2,. Wher e|

ilerBiRr 0588 o
silicon is heat!tVEEF&4 at S C&fFerdt i+ (R
of an inért gasnbEher presﬁdla@t iofg a Jﬂimdxama e@mq.3) . 14 A process accor d| ng

to any one of clai WEI!il tq }%ce‘(‘é'{% %&c%%rnl&set% %iﬁfszqleg@f OJ ool gt ct,i ng t he

gas obtained throu the & e s (2- and
(2-3), the step8:/(¥ ):haﬁ@m@g)lsetsh@ stteps (30 (o Dordrar{i3)g sblrlztcm;u s/uem
(2-1), (2-3) aege(%ktwfmu@ro@aaa%og =&l I JTRIE Qﬁﬁr&% Qe ﬁf%ﬂ ar

sieving car rocess according to claim14 rein gas

bon A
separati on nenﬁ?anéhﬁss§ﬁ98|@2 221 0P Tc &St SRsntrZame U alridt Dr-
pol y(4- met hyl pentenezl) heb&b@@%@ebtcy:dmﬁhl@a% chGinA 100 om@qped}fé ng to
claim 14, wher elé%pt nol ecul ar . si evi n ar bonﬁgtas a re sjize of A or

less. 17. A hf Pt 5t gppglpﬁ}&do&tl fE]Ouc?r oo éTiqrc?xane
content of 1 vol ppﬁﬁor Repgocwisisc lrccdisigohtcaicied nbyl It ker rpcedserasirset

forth in any O@ﬁeogilﬁhahnﬁslh%%tlQreated at a temperature of 400°C or
more in the presence of an inert gas before conducting
15 the step (3).
14. A process according to any one of claims 1 to
13, which comprises a step (4) of contacting the gas
obtained through the step (2-1), the step (2-2), the
steps (2-1) and (2~3), the steps (2-1) and (3), the steps
20 (2-2) and (3), or the steps (2-1), (2-3) and (3) with a
gas separation membrane and/or a molecular sieving
carbon.
15. A process according to claim 14, wherein the
gas separation membrane is an $i0,-Zr0, ceramic membrane
25 and/or a poly(4-methylpentene-1) heterogeneity membrane.
16. A process according to claim 14, wherein the
molecular sieving carbon has a pore size of 5 & or less.
17. A high-purity tetrafluorosilane having a
hexafluorodisiloxane content of 1 vol ppm or less, which
30 is obtained by the process as set forth in any one of
claims 1 to 16.
18 A high-purity tetrafluorosilane according to
claim 17, wherein the hexafluorodisiloxane content is 0.1
vol ppm or less.
35 19. A method for analyzing impurities in a high-
purity tetrafluorosilane, comprising bringing
tetrafluorosilane containing H, gas, 0, gas, N, gas, CO



18 A high-purity tetrafluorosilane according to claim17, wherein the
hexaf | uor odi sil oxane content is 0.1 vol ppmor less. 35 19. A nethod for
anal yzi ngwpDrepaed3ti es in a high- purity tetrafl uorosil ane, PCORIPO2/E06YY
bringing tetrafluorosilane containing H2 ggs. 02 gas, N2 gas, CO WO

03/ 006374 PCT/ JP02/ 07069 - 29 gas, CH4 gaS and/or CO2 gas, as inpurities,
into contact wth an adsorbent to separate said inpurities from

tetrafluorosil gag, and gasraducbRdceidghd MMul i {n@seit 088 et M Edndacarrier
gas into a gas chh]omato raph to 5 analyze said inmpurities. 20. A nethod
according to cFatmh 28, aWFerbeRt ke s A S 3id dPRiddtiRe £ X bon, a
petroleun1pitchetsaﬁembmﬂsﬁumkMabmm(ﬁﬁﬂﬂﬁﬁdﬁﬂﬂgﬂs3idﬂﬂf?uﬂﬁﬁié§eVing
car bon havi ng g Eorﬁ sizet f 6 Aar. nore. 10.21. A netho fQ%ianal zi ng
impurities in & HPGRE PNy 3 EEFAFSTordeS AN & S iShnRPa %’i?cﬁigi%

tetrafl udrosi | anelyaeet aianidng mpexdftliesr.odi sil oxane as an inmpurity into a

cell with the materibal of, w i , S f tal_ _hal i and
anal yzing the 15 he?gfl uér y&Qgﬁﬁoggﬁé%gﬁgy%%%r%&ﬁl%ng’relr&g'rb?/c hfrared
spectrometry. 2dsoabgncdss aaceertdiviagedo campamne aofpedirai resanl ptickchl 6,
wherein a nethgdhasisal GLehtiRal-_ams9Re of i J 1S, Lk for

t he process con rol} 20 fB.l%agas ?%? thequ¥§gﬁ%?f3%%é¥k§ﬁ&i5?%§gﬁl i ber,
conprising a tERFRPPUBAYLNTaRe PGXS SE1Z& by ®pIMeTEss as set forth in

any one 1af clains 1200 16. m@4hof oy f@allyha ny Aeiieirian < i@ seHicpnduct or,
conprising a tetrafluorosilagne gas.obtained by a pracess .25 as set forth

in any one of BPAMHE TSF§2fguos8SiAapes FOPRTHE 1% didEWH % sol ar cel |
conprising a teetabflopassidaeegasnaatiaiimed hewasf Juooeess 1 laskaset asormh in

any one of Cla&ﬂEuii&? $8to a ce11 with the material of window being
composed of a metal halide, and analyzing the
15 hexafluorodisiloxane and/or hydrogen fluoride by infrared
spectrometry.
22. A process according to any one of claims 1 to
16, wherein a method as set forth in any one of claims 19
to 21 is used for the process control.
20 23. A gas for the production of an optical fiber,
comprising a tetrafluorosilane gas obtained by a process
as set forth in any one of claims 1 to 16.
24. A gas for the production of a semiconductor,
comprising a tetrafluorosilane gas obtained by a process
25 as set forth in any one of claims 1 to 16.
25. A gas for the production of a'solar cell,
comprising a tetrafluorosilane gas obtained by a process
as set forth in any one of claims 1 to 16.



