1 - 27 Cctober 2004 DESCRI PTION Production and Use of Tetrafluorosilane 5
10 Technical Field The present invention relates to a production process
~of tetrafluorosilane, a nethod for analyzing inpurities in a high-pucity
tletraf | uorosil ane, and uses 15 ther eof— Baekground Art Tgj bﬁfdb*éP?ﬂlﬁ | ane
(hereinafter sonetines referred to ."SIF4") is used, for exanple, as a
raw material for optical fibers, sentconductors or solar cells, and a 20
hi gh-purity product is required. As PBPCRRBTHPHducti on process thereof,
for exanple, a nethod of producing SiF4 by reacting Si02 and HF in the
presence of concentrated sulfurrc acrd |s knomn Japanese Unexantned

Pat ent Publication No.E59d: D Yl =Y i

nmet hod has a problentrn that water is produced as a by product upon
reactio% of the raw nmaterials Si02 and HF. The water produced may be
removed ” by a concentrated sulfuric acid but cannot be conpletely renoved
and the Si F4 produced di sadvant ageously contains 30 a | arge anount of HF
and hexafl uorodi sil oxane ((Si F3)20 produced by the reaction of water and
Si F4 and, further, contains carbon dioxide which is difficult to separate
from Si F4 and which is considered to originate fromthe slight anount of
a carbon conpound contained in the 35 concentrated sul furic acid. Al so, a
nmet hod for producing SiF4 by thermally deconposing a hexafluorosilicate
is know®. However, the 2 27 Cctober 2004 hexafl uorosilicate contains H20
or |npur|t|es sucthéhn&EggeFoéxgen containing silicic acid conpounds

; be g. Si02) and unless pretreated satisfactorily, the inpurity nmay
“‘react with SiF4 t oTBPoBGEESREXANVADEOENSFROREAR BRed BroHecthennal

deco”p05|t|Onpbécéﬁéf@EnﬁgtrafluorOSLIane, a method for 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 EF 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 5i0, and HF. The water produced may be removed
by a concentrated sulfuric acid but cannot be completely
removed and the S5iF, 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 S5iF, 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



A method for purifying SiF4 containing (SiF3)20, CO2 or HF is also known.
In the case where SiF4 contains inpurity gases such as (SiF3) 20 CO2 and
02, it is knowmn that if the SiF4 is used, for exanple, as a raw nateri al
10 of a silicon thin film a mxing of exygen is caused apfoctoBesS2004
adversely affects the characteristics of a sem conductor or fiber.
Accordingly, high-purity SiF4 reduced in inpurities is required and, as
one of the éﬁ%%ﬁi@@ﬁpﬁb%h%@ﬁ%e@?néﬁl%%aﬁﬁéKg?dmmuﬂiﬁiﬂstsuuhaﬂﬁ
inmpurities istPdsed sLpgeRelonVithihespect rifying
SiFQ for e§§ | e, ﬁﬂ%% ese Unexaﬁ?ned ﬁ%%gn%QE%gFéggngﬁghgg' 7° 156317
(JP-A-57- 156 %)d i 52 RO F S fatisfiarFomsig dom ainpurg tySi F3)
20 by contactmayy féaot thieln 20F adsOHreNtucHRBMET] R 44 eo:?éi?é)m%r?% used
inthis netﬁg%aiﬁlpﬁgegerated and used, the initial adsorbing capability
is not Brought Hut T abneecARRRS 1HHeM b3 Rer EREPRAor is not clearly known
gut it i sdconsi der&dné ohbeé fdmcmmsffya.ﬁﬁgt;meﬂ‘, Q@tﬁfdiﬁﬂrﬂﬁh@ﬂf%g@e dﬁg

econposed 2 it N, p e sorbent. As Si02 produced by the
deconposi ti oﬁ_)ﬁgt%ﬂ;p esgfg%gt}glréo‘yg’so?%?i BETeEe ¥ %reagéglr ettt ddifnot  be
regener at ed aHtPyRltisegas®d $heés asa(SES,)g0probl eand hat, tike igdkashaent nust
be treated a t F her, if rbent is not suffi.ciently
30 baked bef zalga%\é\gfgggesi%{;ﬁ‘o s@ésj%dd &4 e%rxg'\gnéqiednr%ﬂ tth r%t“@r%ef&ﬁtlent

t akes pPace tf pt ECoexalimof blnsi & ondneng | oft enylge D $s| csused ofnd

[nvent i on Theui@selies UEptipRebas PRETCNRAS.HOMRL, | DESEE3D i r cumstances

nd the object of the present i nvention IS rovide a production

" process of teIFRFFRFYSFPANRT BIbeEt hotcsordmalyzi hjghrpurityesiin a
hi gh-purity -réduddd Got obesu200des els afbuor oS! #Re, aBdopsesstpgreof . As a

result of extens%ve investlgations to solve the above-described problens,
the present iTAMDrERave I RLERESt haR MRL¥SHF oBeBRRd cERT berase ved by
usi ng &35 prdogss;ifes pivdatsogréatieéduorosil ane, conprising a

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



step (1) of heating a hexafluorosilicate, a step (2-1) of reacting a
tetrafl uorosil ane gas containing hexafluorodisiloxane produced in the
step (1) with a fluorine gas, a step_(g£-2) of reacting a 10

tetrafl uorosilane gas containing hexaflUuorodisil oxane prodgegier Sod4ne
step (1) with a highvalent netal fluoride, or a step (2-1) of reacting a
tetraf |l uor cstiraatE wasidane mint useeaafdheoreadi.si | oxane produced in the

step (1) wth I i (2 . . i
tetrafl uorosil a(;jl}l‘eg géejlgtr%pdrﬁ{%ﬁ@daep%e?h%%é%%ﬁ%}tf)%%ﬁﬁ%ﬂﬁa e%i%}%]}% é:rl?te nmet al
fluoride. FRoyswlagnriback nuaslanie diseraaant tinventtase hgpreobl ens can

be sol ved i thar maidd b1l Y& be I8N i8S JdirRy b gh-purity
tetrafl uorosilane, conprising 20 bringing tetrafluorosilane containing H2
gas, B2 gasi’,rcf@?ssigrasf,omﬁ%@}‘”@% %WS@?%S EEHHAS i%es into
cont a]glt Wi ts!’t_el'ij'l @.@SCHﬂ)QﬁaﬁiQ:jéepafeaiﬁh Irdgiuldatess afrsCﬁhEp (2_-1& of _
tetrafluorosilgne, and intraducing.the inpurities .together with a carrier
gas into a%cw%ﬁﬂﬁ%fﬁlqod:o laé'f?algi%ge HEF AT ti es. The present

i nventi on HesxaiHarm@eiticnl oxsdred fhashtaah it hdse sfdapdi figs .willtereef ore, the
present iny i rovid 0CE£SS, ing tetrafluorosilane,
conpri si ng @%‘{%&%ﬂ%ﬁ %%%aﬁnﬁa f%g(ea%'t&gllégsa} licate, a step (2-1) of
reactPng a tewafdiuqreoisianmgamsagvriainindaraddiuarndidiisidxswene produced
in the stepuddduciid liR (hdi0GEds 075 wichl 8Pdnvelent FEBSL B9uBride

tetrafl uor ane gas containing hexafluorodisi[oxane produced in the
step (1) widh 3 8P Gl st SRR ing woriedeafdrucraftid iy 988 of reacti ng

a tetrafl unas g gaskeiNicddd ing Ikaxald yrcicd axange Wregucad in the

te 1 ith.a fluorine gas and tep - 4 7 t ober 2004 2-3) of

Ceact | g & R 4 |G I R DA A RiER (47 InET KR AP w th

hi ghtal ent treetrd £ Fuamrys ideanel vm prpesehicadiviantihen stlego (@r-aV)i deitka a

hi gh- puri t%ig}ﬁéfé%%ﬂ?ﬂ qlt&aiv&éﬁg a hexafl uorodi sil oxane content 5 of
ich1s©

1 vol ppm or 1ess, ai'ned by the production
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, 0z gas, N;
gas, CO gas, CH4 gas and/or 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
hexafluorcdisiloxane produced in the step (1) with a
35 highvalent metal fluoride, or a step (2-1) of reacting a
tetrafluorosilane gas containing hexafluorodisiloxane

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



process described above. The present invention also provides a nethod for
analyzing inpurities in a high-purity tetrafluorosilane, conprising
bringing a tetrafluorosilane gas contai pning an 10 H2 gas, an 02 gas, an N2
gas, a CO gas, a CH4 gas and/or a CO02 Yas as inpurities i7rt?&0581"§®gt with
an adsorbent to separate the inpurities fromtetrafluorosilane, an

i ntroduci ng(248e igpwdddteing egeatdara fliudrosidaind ejasgasrodutdenl argathe
chromat ograph to,.anal yze .t he .i.npurities. 15.T resgnt invention al so

ot vl des Jreho 1o L A st e PR L Y

tetrafl uorosil ardie momagwntsiimyanttiayd wdisty rravetdesf |audricdi1pns tyas

cont aining ¢ 1 | SIAPIBAR P Ahe ABRdobd 1A el lcMiddhd he
material of wn od#ﬁ%?%b conposed of a neta hmq%ﬁi an fb aﬁ%{yzing t he

hexaf Puor ot} s@h@RMEOrl 8/ odErrh |iforakteised dr dhed Rgseigtdmst ry.
The presentpidesy i sdriBderagywyl des a gas for the production of an
optical fiber, c rising a . tetrafluor.osilane gas obtained, by the
product i on procﬁ’g’ pﬁ%&ﬂ‘b‘ﬂ%él%é’r&v g ﬁWﬁ'f?%rﬁl‘?]%rt her
provi des a sl ¥Hind hienpypf adied iion 0fhiagisendiand usitara £ laaisd iSliang: a
tetrafl uorosil ane gas obt ai ned by the product.i.on process _.described above.

30 The prescécﬁ?p]f il%lff'rf%I}%ear SO Y Sgialsarf org&’t%ecorbtraold}f&q S of a
sol alOcel | ,Hxogmgr,i singzagaset anf Nugyassi | s ot dithedaldy ankdg opr educt i on

process  desgr ijagd a%b%gaux@ftii"efs %E:%r icBﬂt%t%i%agin”%é%rEieﬁt iois a
schematic vieéwof an apparatus usable for the production process of
t et r af | uor c3¢RaFRL ©fthe elmpiekeifts i amttehratl wroz lanoban®004 |1n the

drawi ng, 1 gdenal@sethd Netd® meleeaRosidd At HBaGHh 2 hHeanRas tion
reaction tube, 3 an €lectric  furnace, heater, 5 hexaf|uorosilicate, 6

a thermonet®r® ¥ 36 NFHIFSIRRITARR &9 é}naf%i%%d% B BB S G%actor (filled
or ngs filled withe hghvedteninveiion also provides a method for

analyzing impurities in a high-purity tetrafluorosilane,

compriging introducing a tetrafluorosilane gas containing

hexafluorcdigiloxane 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.



fluoride), 9 a reactor (silicon), 11 a gas separation nenbrane nodul e,

12, 36 vacuum punps, 13, 14, 21 pressure gauges, 15 a separation nenbrane
by-pass line, 16 a recovery container,_.19 an adsorption tower, 22 to 25
flow 10 rate controlling valves, 26 a pressure regul ator 27¢cfoBer 2004
sanpling valves, and 33 to 35 recovery contai ner valves. Best Mde for
Carrying Qut thed mientdmawilige pr esewitdsn\eertieomals dise:smpdmd:mon det ai |

bel ow. 15 [Jhe, afd l&)rﬁéér&ﬁ&loﬁ} péﬁ%cetlrlqm Xz@aﬁ I %2)5(}% U ound

selected fromt ‘group consi'stin ne | cate and
al kal i ne eaﬁmm%ﬁeﬁt:al‘l eatesn o hewmfd udmmasigliaats, thase conpounds

ol ude _ Lici2Sikeda2Si FGin ASIfe0: o5 2T AMISIfi6l: (2ASigGn 9,51 FO_and

20 BaSi F6. These coppounds all are avail able as, an industri al product at a

| ow c8st akPaG4P% hit R dirt riddess With e et infkehk i on, these
conpounds rmudz@LdeJ)seob i et ciad | §eidri doh)Conhi ratgaen Ldp atmlcun mor e

t her eof . t hese 2SI E6 ( i.um hexaf | uoro I| e 25 obt ai ned as a
by- product W?F%EW MIRBEE ot (szﬂngIa}'Fdl IP o’r| a4d in

vi ew of theyaoogts, Jl:ﬁac&amatﬁamqmnmdmhnes hyegsrspr dciuree,d 1char exarrpl e, in

tp?gcggzem?f pr odum}}r}l}%ﬁg%ﬁlrgosphorl C g&g’%fﬁ%%ﬂfﬁ) cér)z?/tstt%anﬁg;r eqm;ahe

crystalli nera;rcﬁ/\u:ecrntoﬁolﬂrm e, 2ma eresrineiregulatan Sohed mes

contai ns abputsk9p MEssved, Wale a3 AL odingldvedp ddiftaffifaduction
process of the pres i nvent’ion for producing tetrafl uor osi | ane by using

a hexafl uor‘ffb]r‘f‘?%ate as a 35 starting material, the hexafluorosilicate is
preferably pul \msdtz b dE sl | cra-Bef ey @mmtﬁmﬂﬂ%ﬁtep (1). By

pul veri zing the hexafl uorosili cat t he suyrfac, ea o t aber 2004
Phe hexaf | vor os 1% RS R le UM hart Ao Steasd il S Yeslfid R « o
faci Lbtate the drhya rgexadfturerasiistadte Tie gudferdldat iaan lefadthene

hexaf | uoro Hd\écﬁ}ﬁc% cgé/féég d r’@aryorpet er %Lg)eq,totym ?_?_1 q:iﬁo%l er| zZer such as

a ball he cry e %i'zeof 100 m
or Iess, pr@@bm%ﬂ@uﬁmslh@tm@ [ lefedrigisi yaarth metal

hexafluorosilicate. Examples of these compounds include
LizSiFs, NaaSiFs, KzS5iFs, Cs8iFe, MgSiFg, CaSiF¢, SrSiFg and
20 BaSiFs. 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, NaiSiFs (sodium hexafluorosilicate)
25 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;SiFg (sodium
hexafluorosilicate) obtained in the process of producing
30 phosphoric acid, the Na;SiFg crystals are a crystalline
powder of from tens of pm to hundreds of pum and sometimes
contains about 10% by mass of water. Accordingly, in the
production process of the present invention for preoducing
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



1 humor |less. Then, while passing nitrogen, air or the |Ilike, the crystal
is dried. Here, the deconposition initiation tenperature differs
depending on the kind of 10 hexafluorosilicate and therefore t he drying
tenperature is preferably selected fromdhe tenperaturesyles mg t he
deconposition initiation tenperature. For exanple, in the case rying
sodi um hexafl uorosilicate, the crystal is preferably dried at a

t enper at ure dfh @0t a bl usr debbicakd A0 a horingredseabiydf tbis 300C to

| ess than igké&nggs 20 1 perfor ga{ﬂfhgrgfn h§t$9y9%%fr t he

pulverlzatlon cr sta s 1s to reduce urities such
as HF and (SiF3) Zﬁkg%r@%h‘t%ﬁl%%twnmfpirféﬁidm&aﬂlteor@stbacatencms‘ﬁlM

produced in the, Be&lpek ddrmdd thy Wad £ g 5: uBXPEEr sfchNEsCASEL0f USing a

sodium salt as the hexaf | uor osi |cate 4.1s produced according to the
fol | owi Ag fortitl 319 BRI ?th*’sal cb%s?%\f%?ﬂl%%tt@fav@aetw%ep%@emf at

Formil a () Moo Re S AR T ) ol 100t ot et - o)

In the product iym qf obess, of THed f afh 1D asdd ey Of it 204 NE RLLSEAlLhe
invention, even if HF and (SiF3)20 are contained in SIF4 at the stage of

conductlng t b8 epth] 19ty rekel st bed « r 2R %R) | Bhe dedempeehtien ep and

there ari Seslﬂlptiﬁ@ﬂtn@%erh%@f’é(@ﬁre barlpﬂéwrdé%e s?xge Qﬁ%!%? kD of

hexaf | ygrosilicate cr efore conductin

produc?ﬁon aﬂﬂﬂﬁﬁ O% RF e aibe %geto q/@rYbnq/sempe#%rthua

leason why t hiss mmlw:fahmly ofeledted ZFr&ﬁtﬂb@rt ré@bf@é ZQoﬁélﬁnﬂiarbe
onpletely pr vedged i S because, trace . anounts

oxygen- cont ai STPTRPEIREPY 1RbhhRdtrheR ?%@%Fraﬁﬁﬁ%) rgﬂﬁlﬁx?mpk%e
crystal. The inetchetdcase iof tdey pngdscdiwn hemabluofo Sl £33 €8, i shd

luori ne-gas Triserh it FEdaanly @Plas ¥y FREAMEEAEre B0 o
exanpl 85 i n t¥RSStEpan 240@%R, breore eptebelr alal ¥ of rohel hekaf taotess | et e
crystal is 4p0°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,SiFs — S1iF, + 2NaF (1)
28iF, + H,0 — (S8iF,),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



preferably dried at a tenperature of 50 to 200C in 10 advance of
pul verizing the crystal so as to facilitate the pulverization. in the
production process of tetrafluorosilane of the present invention, the

hespective operations of drying and putver+zing hexafl u?m;f.tloi,&aj(ﬁmand
drying the 15 pulverized crystal are preferably conducted before the step

(1) but when a hexafluorosiljcate havin% a low water content can be used,
t hese oper atiohe neBdCABEChebe coRENELEELY HBVRVERLedo RS beeanssovahcef

water incl udethod s hor heaedt LOR@Soky Ga4 cobk¥al Alnk SsYery di Lhigul t and 20
t he drying ter’g)erat u(_lqe has an ug(lp))er Imt because I'f the ryrng
tenperature iR RAC ther S aPi)sESTR G dA dhe RS idle pridiicti on of

SiF4 starts. ddwueiose,intthe pyedycdidnisnblnt Oog0pBlplgby 1@revent the
pr oduct ison of A—‘l}: and ﬁgSi F3) 201, which is_ascribable to Water contained in
25 the Brystal®’ FUrtFerHor2iS? nt oy E o f hE AL 31 EY ¢i BecarpE BeRpound

(e. g Si (») fmm )dg'e £ buoy e bqasl heme@inaif@ﬁ]g @ﬁ:ﬁétﬂﬂﬁ@scﬁé§8§ré<§‘eto
production o [ : i.s a.st of heating a

hexaf | uor osi Iéllécatfg2 t)oglpdrd-ég dcgftog‘iol—e%.a)mﬂ‘}g'stlé‘p%?“ﬁ SHEP e ) St ducted in
an inert gas Zdueed. f cklexanphe, hexafbgeroghkicatei orpsvatuusm The
preferred rartgteefg ;@g{l&g enpe, | ect pr.ding to the
hexafluorosilicaté:enp oyeh?&F%?_%iggﬁ %fgg%P%hégcggeggf9&ﬁs¢nbna bari um
sal't, the he@®9YRPGS Pf PeledT izEtonduee cerBStal sotaspeoafacelbtawd0 to
_700C and in tire GagBrFi 2t \Gn. @ sodiumsalt, the heating is preferably

gonducted at a temperature of 500 to 800C. 27 Cctober 2004 In the
broducti on processtbf SRR tRPERFYGE BT | RFRERFS @heteteatheoragbhenomt t he

step (2-1), titee Popsdide nvertidhp shiepsedPeddivddoperighg spnducted
subsequent to,fhe stqgﬂ%}%. Theistgaﬁéééﬁ% IS alsteg of reacting a mxed
5 gas contai mng 8 F& GEs51%9, T hitfrtetepd duyingithe a
fluori hé gas.pulleerized i orys eapeart usreferalpl gf eoedhytéd ope £9Pe tihe350C,
e e s Ry
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 §iF, 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.



10 (SiF3) 20 contained in the SiF4 produced. The reaction in the step (2)
is considered to proceed according to the following forrmula (3), whereby
the (SiF3)20 can be converted into SiF4 and 02: (SiF3)20 + F2 -+ 2SiF4 +
1/202 (3) 15 If the anmobunt of F2 gas ceeds 2 nmolar ti RO dthEer 2004
production amount of (SiF3)20, the effect is saturated and this is not
preferred in vi am dheprofdduadiiildrnt ynrdoessc aifs iteeniatd udre sddrares iocdn

resi stance t.r ' rigl _of, .t r t i F2._gas,
the reacti ot(g{%g]%es%pq@faﬁrﬁ%tedtﬁs%?%gera S ?fgdqur %?l(eésgt%glzg%ﬁ 2592) is
a step of rdwctstapa e -SiFanghsi 2 GdnteaeniaepdusSites) 2obaggusint $q ced in
the step ( iiyn a 1P taly T e de s The St 1 & a step
of reacti ngj;gt:{ek?ewéh)F4. gas t[;Q'r{?(;%lﬁ(T(tezd-r'i?n,tEIhea stee%d(Z- 1). 25 l\?\’n%t (ﬁzgg‘%ﬁe‘g val ent
net al of | uordafe . COFHE B i« AREN4S1E1)? ( Proruged Ha $hep SEBR) is the
deconposi ti@n ofwithexafdugadiesidaaxanany ddaethicghanpiraeixal ifd uoride
and the hexaféﬂuor di si | oxane decorcgpooses upon reafcti ?%XW h tzg?)

hi ghval ent TR (19 S dcd "8 FAT R RFE L3 arfc':ﬁoé‘b e

hi ghval ent I8, f Ty iRjegabi ¢b sadtabéyusedctadt he ahepg(i2md)aer the step
(2-3) incl 4t eouncto@oowqr?%lsaurc Qi%?es %B’thlg]]lia ogu \F%TodA%Er?cHn%e%% PbF4 and

K3N F7. These conpounds have a property o at'l ng uorine when

heat @8 and, (3iR)t0 thetatnédatedtii¢ UdtiFner@Biagds dddenpesiatiiom rigact i on
of hexaf | ugnadigidoxane is GANYHALLE d QRIQEREL AR ANTLS G ifdhe
reactions of the “followmng fornmulae (4) to (10): 5 - 9 -= 27 COctober 2004
2CoF3 +( Si FEpBepwine dgmula 53,4 wherehy HheoMFEd s H¢&i &) B9 -+ 2viF2 +
2Si F4 + 1/ 22Rrddt4 (S did), 3ea- 6, MF2 +2Si F4 + 1/202(6) 2AgF2 +(Si F3)
20 - 2AgF + 2SiF4 + 1 2,02%2) 2CeF4 +é§i,F3) 20,-3 2CeF3 + 2Si F4 + 1/202(8)
PbF4 +(Si F3) 20 - PoFE¥n&Pra 52 1726858y vidAePr + (SiF3) 2003K3Ni F6 +
2Si F45+ 1/202 (1) e comnge, dihageghsgbyekeds nemallafl wamedesheny be

production amount of (SiF3)20, the effect is saturated and
this is not preferred in view of profitability. 1In
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 (SiF3)20, which is produced in the step (1),
with a highvalent metal fluoride. The step (2-3) is a
step of reacting the SiFs gas produced in the step (2-1)

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

30 Examples of the highvalent metal fluoride which can
be used in the step (2-2) or the step (2-3) include
compounds such as CoF;, MnF;, MnF,, AgF,, CeFs, PbF, and
K3;NiF;. These compounds have a property of activating
fluorine when heated and, due to the activated fluorine,

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



used individually or as a m xture. 10 The preparation nmethod of a

hi ghval ent nmetal fluoride is described below by referring to the case of
a highvalent netal fluoride where Co_|:39i_s supported on a support. For
exanpl e, Co(NO3)2.6H20 is dissolved in “water, the resul byStapdicNOs
solution is absorbed to dry 15 A1203 (NST-3, produced by N kki Kagaku
K.K.), and this 4CoF:dri d8idn) £ war ACbEL h+ IBRiF,: t+thd ARSer conti@it becones

nil. After the ﬂryﬂt ng, %_hL%' )azldjm nth% fllé% &t r@d“ ckel 5qbe and

baked in a N2 stTeam th BY*T enovi ng i c aC|d resi due, to
obtai n an oxi de. Ml’BhbS‘ed%ﬁ'B]gQ ~20MBY 2 pa%-%irﬁg*all/@%ze (N2 di l4&)i on) gas,

fluorination of fyr,and (gh@m{gﬁ_usggggerazggppo;tl)@ozoerfor medzy In the
case of using alumna, tltaniﬂq zirconia or ['i ke as a forrratlon aid,

as such, oxygen %P} he (SiEped 2urFske ’a%ﬁ@q&t 2% to prddice 25
hexaf | uor odi si | atame +andirhejef-or ebrht+ i ssi®CaSId2A0,t 0 perforgp t hor ough

fluorination bef he p of Si ., The_fL or| n of, sypport can

be easily perfor%g[% géi#ﬂ Ot I_ﬁ(%llg#éLFdrq"Hagbgé Tn {% heat®d state. By

finally treati ng)ﬁmddu:zsefl U:d"rasm Ilgaghvedfeorte mes@ml £H1 B0 ickgsectdyw de

hi ghval ent I_Fdl upard. ae 1 E}arbdpeasolqu 189 re The step (2-2) or the step
era

(2-3) is pre con at” a tenp erature of 50 to 350C, nore
pref éPabl y fromTfIIEﬂ) RESBRGE. 1 amh ére thinsl iﬂfglwéllémvaiﬂ@tré:l meftiador i de i n t he

heat ed st atg i pfssied a&&lrﬂe@%émzqi @ YL lgxangand Si Far
t he hexafl uor qdi si | oxane - Oct ober 2004 deconposes to produce SiF4

and 02. At highyvalspt mertatlhefqum&eﬁ WRETGCiGaFsi 45t §BPRPERS: RE 2
break- t hr ouglpane.  lFeoor@&ARg ardNdIe, | 6l iis ﬂl@é&m 1trheref0re, the

\Bgfglclntgyl Zt"‘Pr ef er %Hgﬁvtrg%g&ﬁ ed at 10 m Frﬁjn ar_| ess Ei#s ort ﬁel i near
reactbon ofAltlve $WEP-%2- ﬁlyodmcecﬁ]ebastle.’pkléﬂ Baga]m K&om) Nuanakd tt]h]:&; hghval ent
e LA PSS iy TR e T ed L ERe,
After the drylng, the alumlna is fllled into a nlckel
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; (N2 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 SiFy react to produce
25 hexafluorodisiloxane and therefore, it is necessgary to
perform thorough fluorination before the passing of SiFy.
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 fluoride 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
fluoride in the heated state is passed to a mixed gas of
35 hexafluorodigiloxane and SiF4, the hexafluorcdisiloxane



reactor outlet. In this case, it may be possible to stop the reaction and
refluorinate the loworder fluoride with a fluorine gas into a highval ent
metal fluoride but, in order to conti riildously conduct the reaction, it may
al so 15 be possible to use two or nore’reaction towers a'i@}d\é}bbézom
repeating the cycle of reaction and regeneration, continuously conduct

t he deconpeiidingogesadid groditve iRy agdf Of. tmetstvhightmer thnthe

it et 20 Y Mt 0P R 1Y) TR lﬁa’%ﬂr@’% Yo F ot erabl y
conduct ed |be<:tqu3rle€§®cae%bftlaa fhﬁﬁ iirfe s t@ﬂ@ y thexsfiang .a tHeuor i ne gas
whi | e heating, trf% ri%gﬁtéﬁ%a&?i @Bﬂé@%'ﬁb ORAYE IR Md §

regenerating tshl ent fluorjde according to the reactl ons
of th& 30 fl%ﬁmraﬁmcrfgar&rlrnﬁ% ‘(eﬂ-BCJttd’ @7 Pragamr Yy tEMReEdEel MRdedF2

1/ 2F2- + MEXHdptMiZ prfessirdhF4(13) AgF + 1/2F2-3 AgF2(14) CeF3 +

1/ 2F2- 3 CeF4(15)_ PhF2 + F2 --+ PbF4(.16) K3Ni + 1/ 2F2 -> K3N F-7(17) The
tetrafluorosHanTeéD(,r(ﬂﬁ Ch{ é'lzdxéﬁfe aﬁF%@rlaty is

m xed with is -cdﬂtnﬂ;?ed)cttclterhz@%lfdnmrmmlgﬁudrm G}mﬁdmalsara anmount to
hexaf | uor odi si | ae.Lerﬂ:d npeat 1 &e %hvaall :%t mhae f rOrrL wher eby

t he decorrporécﬁl oh reacti on of exa uoro-di'stloxane by jval ent
met afLof | uoraaizamlaunw,t rend dwmla.tqmﬂm‘lmm Aﬁald@ﬁeqt@tcmatf Itth@rl de by

the fluoring OS] nu_ﬂr; angarsd E,,_.-ﬂtt ﬁﬁcﬂls%.blt e Jd space

velocity is 1 r-1 or_less, pre erab 000 ess re
preferably qh@Gtﬁ%ﬁtllon and d?‘%ﬁ%‘%/lrtaé??pé?r% l}-rcé"‘l.ﬂm@r dlrsapifs with
pressure. Therhbamiifadlidtd &f digiprdnatgageten ﬂa;cs:xolraé ddted iy feeding
an equi ol acgr errrputncg cogngzl.rlle.?cgds ygcaosn cl'tl ethaena:lt! actr}.%n it may also
15 be possible 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

continuousgly conducted while regenerating the highvalent

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

CoFz + 1/2F; — CoF, (11)
MnF; + 1/2F; — MnF; (12)
MnF; + Fz — MnF, (13)

30 AgF + 1/2F; — AgF; {(14)
CeF; + 1/2F; — CeFy (15)
PbF, + Fa — PDbFy (16)
KsNiFg + 1/2F3 — K;3NiF, (17)

The tetrafluorosilane containing

35 hexafluorodisiloxane as an impurity is mixed with a



amount of hexafl uorodisiloxane at the inlet of reactor by FT-IR The
tetrafl uorosil ane gas obtai ned through the step 15 (2-1), the step (2-2),
or the steps (2-1) and (2-3) soneti rlea‘lcqnt ains fluorine gas added in
excess. Accordingly, in the production™process of tetraklaQppsidopde of

the present invention, a step (3) of contacting silicon with the
tetrafl uor dSlivamengaga 20c et aquing fdmemaetgas i s preferably conducted

after the SLem(@llas e shen L2 Doy e StaL(AD: quiL2-3). The

step (3) for converting excess f ne gas 1nto ' eferably
perfornmed dilupnidmertienadwftiBodagompasid iommeasitdfay #fl y 100C or nore,

still more R Yo QLA P the MRl el i ddiagiep (3)

is preferably_silicon where the hydroxyl. group on the silicon surface is
heat - Pr eat @RdiihR) EaPeHRErat s uarrmisdl Malssdemefal dlupticidhdat ure of

400C or norghe fneheimdblgad r@hA 40 dimbilaect Bl ddteaisiapd. (s tHid s not
preferred to use Si02 in place of s.ilicogjobelc&%uge dre to a reaction with
HF  cont ai Hed"Sn SEAPIFO VS U It Hhd 0% % he?Fot 852 (SiF3)20 i s
produced aquesfbraplp 3, 0d A dwbngleeactmons pfeferablpel (48) land, (19)
35 Si02 + 4HF - S + ' + - (S + (19) -
12 27 Cct o%!;roﬁd‘gﬁﬁ;ﬁ e@elgﬁaoeglg%tq}s earz'ﬁ’lsd:eﬁ:efc'{q%%&}}errolnét %%Sl}ra?oedce%lg!fé

sili één ancandsrtefalf einkdtt hblughr ine sgmpmofbssiddandomlleglidly deqshnd cl e

Si ze and Supd a6R AR SPar | Sndl0le. PEMETEULAI Yodd WAL AR bR 3
particle siucge on 5 ﬁaerorder tof ,se,veral nm)@ls preﬁc erredﬁlwn crtc?si]-gégri ng the
per neabi | i t3Gintyef hexafbmrerdisilranis ar e ML Rf XHRFAE A, The
purity of sgtrigwn chip is preferably 99.9% by nass or nore, nore

0,

D)oo SR Mo B Tt i B S ever

tetratl uor o&4Bne tdie tdeep pt2sEnt dmnveamn istepgy eferigblandofteans a step (4)

of 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
SiFy 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
gilicon 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 5i0; in
place of silicon because, due to a reaction with HF
contained in 8iF,, H20 is produced and, furthermore,
(SiF;3) 20 is produced according to the following reactions
of formulae (18) and (19):

35 Si0; + 4HF — SiFy + 2H0 {18)

28iFy + HO0 — (5iFa)20 + 2HF (19)



contacting the gas obtained through the step (2-1), the 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 nenbrane
and/or a nol ecul ar sieving carbon. The §ds-separation MeAhABEer F004
preferably an Si02-- Zr02 ceram c nenbrane and/or a

pol y(4- net hyl pente 1 20 heterogeneity nmenbrane. The nol ecul ar sieving
car bon preferablytﬂﬁ% 2 [8Pe S§PFESof e8CKing ¢é§@ thige sGitEags sfuced by t he

product i on prmfmmforofartmeth@f@ﬁ@‘é | A 1k ) m&;lgél' af'é'PPib&d es
produced in jgectlve Jf«éps descri Cﬁld ab es of the 2
inpurities i r"f—’cul EIFEHYGE 1D AN q—ﬁ: a%’%o isimpbiriti es such as
CO and CO , mmmm henlmd,gmaambmam@l@maﬁmné @iz@ &arbon

conpoun pr terial. hexafl uorosi]icate,
cont ai ngejd Iﬁ:sn%p der ta| b5 ]gHm'E)u]rgit %% C?h’e%ec%‘bsjr Wﬁl‘@? are

pr ef e][ iabl y seq:ﬁ@:maaé?hyth}pmﬁ fgast i e cdnt&d]tesgﬂnl‘:c}ﬁhmty ot Pt1og es51L Difng
tetra uor03| t i cont ai ni urities
such as CJI@%&%O errPJ e@g]ltsj} xla?ﬁ)l? hig Jc%n}?%%{]%ﬂalafﬁ h a gas

separ at i on n@r?or%é)}an@ﬁﬂ Qar rrmza:ulmr@mamf@raﬂ)caﬂ)mab Iseper st 02,
N21 CO, (02, Iﬂd'%_,eancgr;c;@ngég(?géggaﬁf@r rane vﬂpﬁ %Jy]bSl F4 can be

obt ai ned Exanpl es of the gas separation 13 27
Oct obet 02004 Wad&dF i¥@dftte separati on menbrane Mbdul e Si 02 Zr02 Menbrane

di nensi on of rmdqlrﬂa &Qg«_&p@l RS e OCel i d a
ftgpol y(4- met hy ente ‘ﬁi}’ hetet%n en Irrf)é’ ne%r%ér% (dllfr%%%%ﬁ% cS’f'J:queg

060x500L) 5 & GRS, 2 |$keP THekeof separ ati on
menbr anes napcbﬁ:asrs:adug rtthellghmldbfca(urnam tm@maﬁn@@téﬁe Hap) sefpaf ation

nmenbr ane for n _the ction- cess, 0 trafl uorosil ane of the
present 10 ﬁ]@ nt§%r zh} i’s no% dsﬁerﬁﬁ e s {)?ov:&'de@:@r i BeRPSepart i on
menbr ah®s i ngofcar( s e sﬁeqmsatdm hmrrb:t ar®) , has the aggepperent, ore -
(separation) :30effd i Nty A I Fhs separation membrane and/or a

molecular sieving carbon.

The gas separation membrane is preferably an Si0,-

Zr0, ceramic membrane and/or a poly(4-methylpentene-1)
20 heterogeneity membrane. The molecular sieving carbon
preferably has a pore size of 5 & 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,, 0,, N, and HF. Also,
impurities such as CO and C0O,, 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, CO, and HF is, for example, is contacted with
a2 gas separation membrane and/or a molecular sieving

35 carbon to separate O,, N,, CO, CO,, HF and the like from
8iF,, whereby high-purity SiF, can be obtained.

Examples of the gas separation membrane which can be



and inpurities such as 02, N21 CO CO2 and HF. The nol ecul ar sieving
carbon is not limted to the 15 above-described nol ecul ar sieving carbon
i nsofar as the nolecular sieving carbon has a pore size |arge enough to
‘adsorb the inpurities such as 02, N2, €013Ce2 and HF and 2 o&gh& R0de
smal | enough not to allow the adsorptl on of SiF4. The pore size Is
preferably 5 A or | ess because 20 02, N2, CO (@02 and HF are adsorbed and
SiF4 is not USROrHIUAReSFRIFEL N [RIPF§ARGICEULR  $10gdrQising a gas

separarli on TRENANL IO £oh 1 SeSoE | Resh bl Aol b dhe SEIAOGgLpur! TV ng

an Si F4 gas using a gas 25 separation nenbrane no e gas separatlon
nenbrane nodiiecdrsa tevporst jopurged avpdl N4 gastloylpbretéhkelyo renove
H20O whi ch reggts with SIF41W%Q?%5“ hgl is ,regarded_as congleted when t he
supply N2 gas'SRHPIfEL pe 1P PErhRAE EY: sPRRXF¥oh t he
sane ga 30 ryi p i C limted
i nsof ar§as t he ddg'\%%})lbgh[&%%%é O*%}gsy Qtﬁeﬁ?c@?{, %& H#lg%%e dried gas
separ ati on nERRHREL IPRDIRET AN FAGIRRY YFedh S Vé@)‘h@h}rmﬂg impurities

such as 02, d\@%ﬂbﬁﬁtm and HF to sel ectlvely perneate the 35 inpurities

such as 02, N21 CSI‘ and HF erebg/ i F4 IE concentrated in the
non- perneated si d IH%dg%Frﬁ%ﬁFEﬁﬁ+?% MRrane 7t ek \gBRriB0obe Si F4 can be

obt ?l nedd Th?)xf‘»dm:t:mcj IegsnrdS@é@d df ﬁélermﬂmomit@@zﬁh @dct)ﬁlﬁll@ef i’e@@n{?” her

cont ac Wi ecul ar e ogl of separating

Si F4 f; m 02, WNETFD nos Cf%t ﬁﬁnﬁﬂﬁgt gh?en%%Y% ERberts %@paratlon
-'*yenbrane mcﬂﬂmrmwmmml@sws ma‘»cbmzena:@ tied veepa t el perneabeshesi de

and t he non- t her ify, can be

obtained in t eérﬁagnf%lé ér'rgg?hcﬁi és?{dgﬁ E)?%r% ‘?%ﬁepg‘f(ﬁﬁ%‘%%nt gglde

non- per meat ec@ist deNBBUHP §5 19ush d&y @f, MenbE@neCOs gudesiw i zed to

atmospheri ¢ pressufige 51806 Far | 8 &ddh '@& b gesasediidiecpergraied side

of menbrane may be depressurlze % erlc pressure or fess
met hodléf purdISHerfesc ot pad gael %gg%@raslev1ng 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 O,, 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



15 nol ecul ar sieving carbon is described bel ow. Exanples of the nolecul ar
sieving carbon (hereinafter sonetines referred to as "MSC') which can be
used i nclude MORSI EBON 4A (trade name) produced by Takeda Chem cal
“?ndustries, Ltd. In the purification nmethéd-20 using an a@s9sapet20045C i s
filled in a container and, in advance, is preferably baked wth an inert
gas such as N2 at a tenperature of 100 to 350C so as to renove water

C2 and the Fife @@BobPpedbtainhd.adSbebBAF, Hrecdmkiaged mhy bbke pesd-or med
by N2 purgin I t: 4 %?ﬁg r ed .as

conpl et ed mgr?%?%gtgﬁgllfé;gﬁpa%\%nfﬂ?ﬁﬁc ar géé;q-’gegcgq‘r’%tg}}:haet Céfiescéflr%iaardew
poi nt. The NEieVINIICGAIRPN-s not particularly limted insofar as the dew

point is -70C or I1@S%heBhedMHYRL %ﬁﬂ%@%%ﬁé@%hﬁeg widh the Si F4
30 gas containi ng ingurities such as 02, N2T GO ¢ “and?HF,?" obt'ai ned by
the praducti GfzprdtettdoFNBndifPeu8APYi AVEAEI SAPARAtEREr Bsybalanew ng only

the inpuritymgasde, suchms RdsdNke QAf KRNI Bt RSN b hd 10 JVBC,
hi gh- purity Sigﬂ can he obt ai ned. 35 Theq?dsorékion of iunrity gases
such as 02, RZLecH A8 e RS G T MeC ik prEtBEadl y

conduct ed, abdgheimgurdty garersd cdsammd dm sgrardd Bermdded % i@ ober
2004 purifyi )Y, i th dsorption te rature to .a | ower
tenperature g%d%? e%% Sor &%%B‘Ine%%ees'sﬁtrh% tné)rg'perﬁnber‘f’etr@cgr r&EUBBtY he case
of conducting§ides adsosptiremeati somptiasmur itzenharcataume s g it gsdssiries 5
at nospheric pressye or &y {Rref erabl : or nore re preferably
-~y MPa or more. In the ggg%%ltggsdr 6?%%%%%&%% REJIEaRe lld(% &ol i ng,
~the pressureMedbrgne dagbhe |domate st 28tk tS PANGspiefact ipregmesswre. The
| i near vel ociilegs(LVY, Mmn) in terms of a linear 10 velocity under
atnospheric pressure is suitably 5 or less, preferably 2 or |less, nore
preferably 1 or | d8& mefheds ofcdurdifyding arswimiTgnsi s1ngoe or | ess,

preferapbly 5QQeeullessidmmm atembly e BhdEse1hen two adsorption
towers are used, F4 can be L
xamples 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. 1In the purification method

20 using an adsorbent, MSC is filled in a container and, in
advance, 1is 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



15 continuously purified by alternately conducting the adsorption and the
regeneration. The regeneration can be carried out, for exanple, by
exhausting a part of SiF, in the purification adsorption.tower under heat
n vacuumto the regeneration desorpti-onstewer while pubggﬂ& héOfolshe 20
direction reversed to the adsorption purification. The pro ueeran process
of tetrafluorosi|ane of the present invention is also characterized by
usi ng the arRHEsEEIRetTRE@scRY bedttbterthioradserptoonssenprtedlre The

tetrafl uorosiiane E&Wé&rEﬁhﬁW&é@@r@r9@&9@&9”a@§0§%9§8ﬁ$ ggssur to a
tetrafluor05|la2e of the present invention my a |8 - |?y

ar
tetrafl uorosilt haRA S ont Eat the C%%&a?fu%@@@ﬂ@ti@ﬂahgecontained as

an inpurity ofddowmetiolpiR 0brdEssry AbihSbr pUELSY £ﬁ‘ér§£b§§{19§i hgne having
a hexafl uorodi sil oxane content of 0.1 vol m or | ess can 0 al so be
ti

obt ai ned. The® Tt For BRSFS2T RgCT npRF e ef@radhy g pulPayor nore,

tetrafl uor osinare mfefdwalpl pSErUPa Moo, | S1deckei bgde Bel QUsofSifgr the
nuneri cal valqﬁgﬁgﬁscribed | at er hese fre of course not particularly

limted. 35 The ?HEF?%Hg%ﬁﬁﬁy@?% i APUrti7 esti® BrRFERIBULPL Y

tetrafl uor osipreaieniblhel gvesenian nvieat $ 0, 15 quedtaraicr igress rdar i ngi ng
tetrafl uorosil ane taj nd - 16, - 2004 H2 gas, . 02 gas,
an N2 gas , a cx>§§§9,f%_ %%EP%%gyoﬁgg’qﬁbgpégsl%st?ﬁﬁﬁr??i%2f+%?%9
cont actOwi t h @l ey baiex catmeppherkc thresapreits esuitanly 5 or

tetrafl uorosi ﬁggk | clng [ I 1] her with carrier
. 9as S into a:higﬁéhnmnﬁéégg.ﬂyt%ﬁa%%{iiéﬁ?ﬁé #%%ﬁ?%?ggé.?Tﬁg %%%%bnents
“Wwhi ch can be | SRR b{et el 'inal §%i sH heiBod, 000t be peesenprefieeablpn are

trace H21 RI50, 0 es<H nardl/ 9F e £ERalgBF S0 Ab S0 et e conponents F2, HF
and (SiF3) 20 can.be analyzed. 10, The adsorbent 1s preferably an

activated carbon, HeDhetfi TRELEPD STHERT & al T ACHFO%L eBLEarddn bend/ or a
nol ecullar si evbnigi masboly havi N ed fey eabtden@fe by ASfidudPifg £xeording to
Lhe anal ys) s AELA00. ol LG, PLES PlaedPr YS! Ofhe & S2LIIT, (80, $2
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 productién

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



dianeter) x 1 m(length)) packed wth SH NCARBON-S (activated carbon
adsor bent, produced by Shinmadzu Corporation) of 60 to 100 nesh is fixed
in a constant tenperature bath oven and kept at 100C. Into this pre 20
olum, 1 m of an Si F4 gas containing-i mgurities such a 2, CO
%:Héll CX2, HF and (SiF3)20 is introduced as a sanple thrgagggb%?&?mwith a
gas sanpler. For the <carrier gas, a high-purity helium (He) gas can be
used. in thetafpFe a&cOapansedabyNa disgh-ap@d tgasHe a A% cgusi andgas, at he

H2, 02, N21 d: r.ated. .i.n the e-colum _and
Si F41 HF and%ééi 3) Zg‘@arl g% ggg%r%%eglh? 8 t% %@%Sr%tet- g"cj)'lttrﬁlrrﬁiﬂ1 59:{ St%rgbesngp&pat ed

impurity gasPangrLe gehe NMPYS eiRp dHR dve e Ebpar s bHawsi ngna
separation caliggoddinexai®| fnplvb] €Ll afogd e¥er SN LT 2dea 301 0aMNE)s I n the

case of _.containing CO2, this can be separated using a separati oﬁ col um,
for exanpl e, 1%@%}3@ (5*&‘?%@%%\?%5.t‘gé’b%ﬁ?%et%nﬁﬁﬁ‘éﬁ%‘él%%par ated are

subsequent |y i nt rerdaicssihpdtien s RDB.&IDL&&@%&@&@P*Q@ddBﬁe@ﬁQr%n@%@
measured on ﬁgﬁgﬁgggﬁﬁﬁ:centration..The detection limt "~ of inmpurity gases
such as H2, 07,  COH PERP ot 16En 4N a5% i obeiz 2004 B.:0£0 0l
ppm Accor di 1iifi,t entiferadal ysasesret otlsof the conpseshtbN¥eNtHOmrA

quantitative SAS e ri out to a concentration of 0.05 to
0.1 vol ppnléﬁgﬁtgﬁﬁs?gﬁﬂ?€h§%%$¥%§g5iF4 can be analyzed. 5 In the

anal ysi8 met hod ofThéheadmraseent iiwemteferabhe ambove: vesed i decbact iaat ed
carbon is us {81 GOy e .l apabi lit f _separating
. %he sanple &?\%‘{)ﬁ%%irhg%%hc mone%ﬁaﬁ?l%%gecﬁlﬁaa%fn(%ﬁgé% and a

group of mai MAAFPORNS IHENARRIbPUrhatiesy HE pork 19148 68)Gh icr

excel l ent as pegypared with other adsorbents such as silica gel, zeolite
and porous pol yner_ beads, The petrol eum pjtch activated carbon is
preferred because AGHF doteit qralysikameg)od sof etlye sprgsents conpar ed

with ashival othyarbom and GAOCSERA HAL R I8 dnd S £OPPYENE sS4 can be

attained. The nol ecul ar si'eving carbon can attaln ex epafétion of
mai n conponerdian@itel psx conpariashgtiit ) thnseed\G o HAGENkH$-41or e
(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,, O, 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,, O0,, 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,, O;, 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



preferred. The reason therefor is considered because the pore size and
the distribution thereof are controlled. 20 On the other hand, the HF,
(SiF3)20 and Si F4 remaining adsorbed to the pre-columm can be exhausted

and regenerated by enploying a backflash system of changmgctop¥esooshe
flow path of high-purity He carrier gas using a cock and purging the
pre-colum fromthe direction 25 reverse to the direction at the

i ntroduction f05anpleppmAt Abcsrding, toheheeapelgbtisemerhbhe ogoagkant

t e e -CO is fixed can_be,
el evat od (0 ZooeSr el Taracuery W CpephocRhEREcalEivals Bhny o6, tattad
accel erate thd4exhaudtCerceptraties)0b @nd5300SPFA. vFhepayi agdt, etpesat ur e

of the pre-cohigh-paditgeparatdon vl 4 be a maxinum tenperature
commonl used plug about 50C. The nethod for analyzing inpurities in a
hi gh- pufity tetra?ﬁ‘uB]F%s?P%lésb? PRENPR eRENENENDERBRBA iLBVEBtion, the

characteri zedalbyverdeodutbag setiabto@r€stboaneis05aHNERY the pre-
hexafluorodis&éf

i of
i ndow bet ng SonuBEcRtErtie P! ChdrPhLE= 862 seBarayL o, sher szuoke
anal yzi ng theimeqailgnompisflowmpenanﬂfOfygxq?oggﬁtc?Lsg%{?gﬁpXm%géégﬁgg
sheotromet 1y 3 <7008 ST EY e ORRORERE o T adioh T MR AT o1 | oxane
cont ai A8d i n t¥FaLPubdsosktahdenanabecompaneddwant bRhaddiaticerbehbs

i orj ) n_al so_be asured. .In the
;”%g2f§2§;ag;O?%%%%)%%Ygggg§gn_%¥ﬂ %%§}§ ?@ﬁF%?Eéufspa?E??EuP?a?%'prepare
and, "t her ef or g€ tPREAQLeWn A3} toh capt Evetedycarbdet Bsnpreflerfed Bxeaps e,

h b axey ' b Fe, ) 20/c9.F41c0 el ared  _absorption
I)(ragm itare tg Srgj‘di’;B) . Oéa?{tl%%nff:%’gt% 1tg.)zhcgsl):i %?rg'regg S@gg?p%?oﬁ?ggéﬁf ar to
SiF4 at 2, 054 CH FREIYRTRC (2REPOR ¥af LEe_PosRPanathen| dfematnre (for

exanpl @5 15 Asahporden Sib7 cat04el Q2 LaEIRR).) @ bR used AS st.ihee\ring;t andard

' ' Si nt ai ni n SIF3).0 1s 1 ntroduced
{g[otgegggsoQgﬁﬂgynq;aéS%E?ggg e§%gflg€ttsepar§t£on oI main component

S8iF, 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
tetrafluorcosilane 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



cell having a long optical path, for exanple, in a length of 4 mor nore
and infrared spectronetry is used, whereby 20 the concentration of
(SiF,).0in SiF4 can be analyzed to 0.1 ppmor l|less. The infrared
3pectroneter is preferably a Fourier trassformtype inf halFHober
spectronmeter. in the analysis method of the present invention, (2 F3) 20
in a low concentration can be anal yzed by 25 neasuring the |nfrared

absor ption sp@@lvzhng @988 hanaflymmadisilemysSi#8)/e Wdoogehe (SiF,) 20

concentrati o iy rSided thrpferaﬁé}plgéggg% red by adding a constant
excess anount of F. to a constant "anount Si F. cont ai ni ng (Si F3)20, 30

reacting (Si F3)20 Hhdhe Elﬂﬁj]éfs#ﬁadﬁwcbto%dﬂl% prgRenteirvennion, t he

consunpti on (eXees®d @péi%rdrﬁbﬁﬂfe apalyed 5 Wt o, Oéhé h@o %&ﬁ Ption
|nvent|£ t he rreas rerren 8 referably perfor med ere at
ep

| east t o &if DRtCM I E 1 ntqu%mlw line is

conposed of a&ast &Jmlrml&téiflarﬁi ian adﬂﬁ@idrﬂpodﬂéwééﬁ&ﬁé&?én@&?' and
the optical .tr nsmss,ﬁllg_}r%)vmcy f t he ell is formed of a - 19 - 27

Cct ober 2004 PYSHASUEL ) SHEKALSRRE TREFURACAF2. HF can  be
anal yzed to 0.1 p@m orhd ema]fysmm tdfe (eisro) bapcy atanéaﬁéOggmoﬂ pecul i ar

to HF in the frar ab n nner as (Si F3)20.
5 Uses of thes%%ﬁ §UI’I t@P{PJEé&ﬁ' uoro‘g}';‘%é‘y‘l:‘Js %{‘%fn er% °tfe bﬁ%cess of

t he pr¥sent |(Mﬁﬁt%m%¢*€emmym deeeoningbent oheekanpe at £ oom delgs ee  of
transi stors lghsdihMade Ci:'&ﬁ.cfcprf ﬁ??}yf'fF r}E]co'fr'et:"ﬁ":‘er'tz.n rat ayely conductor 10

‘?Iew ces, the integrati'on dens e swi't chin spee I ndi vi dual
ransi stors GRFBEHEHRKRMR Qfgé]o%ﬁq ytol(rfclrl*éa\s%datl-ﬁ) Ve’ thetbeopagatl on

del ay due tO:L\MfrI*eﬁ:Qad EHYE s 1die ddRIOMeBIY dik thg %p%%ql Q “a%' stor.

In the generation of a I|ne wi dth of 0.25 tmor' nore, del'ay due to

wiring is a %078 Yt o1t StRLYS g 1D the Meteraturs obﬁ@ne@m%um is
repl acesl by ewpger oMening 5AS W4-0M09 eSI BERNC- M bW £ Iy diel ectric

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,

(SiF,),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 (8iF,),0,

30 reacting (SiF,),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



interlayer insulating filmis enployed so as to reduce the capacitance
between wirings. The representative Iow 20 dielectric material enployed in
the generation for aline wdth of 0.25 to 0.18 or 0.13 mincludes Si OF
(Fluorine- doped oxide film E around-3.19) -forned by HDRYdi@her FRASI tY)
pl asma CVD. A process using SiOF for the interlayer insulating film and
an alum numalloy for the 25 wiring is%££oceeding and the high-purity S1F4

of the preséftPIHRENTION BakeHR2 Lisel a ¥epl ngkPat @Fi GRF. ¢ hdifefcem  The

glass for an mptimslyiédeto CONPrpsSoR TOSE PAGH tl@@%ﬁs@k@gn@%ré% The
core part |s'£§ﬂﬂ§red¢to haYe a 30 higher refractive index than the
peri pheral cl%& T soPeGE L nbP el Eadl Per ARERPEeEhabEPERt 1PA t he

center part. sgdwetrairactive samexmeanebeagudei hj)gber by adding Ge, Al,
Ti or the like as[%;dopaft. wever, this has an, adverse effect in_that
the |ight scatteri Wy 7 ner exses L PRr1he BStTRPLAPranilane phyatned
transm ssi on ef filed erogcaesrefisese piMbeant | lovéneibs addedetoribhed cl ad
part, thelwﬁgéﬁg've - 20 27 Cctober 2004 i ndex can be made | ower than
pure quartz and therefore, pure quartz or quartz reduced in the dopant
can be used for tfeerctkze partegoaiienedsgredecti ghansiansnission

effiCienCY-'EE%JAﬁgﬁiéEb&ﬁpégfﬁg% hge§é¥£@§@%$Qg°P %§L$§ﬁ@%%Pe particle

material (Si02) in He in an phere o andt ?{y Si F4
of thellpresdftVidRfentitmh taredeatser densheygos the swibpbicagl spdeder.

_The present idweridomdsat %fé}%ié%yété@ﬁeﬁeb&@%{h&%@d fgferring to
imted ?o

: Bxanples, however, the present invention is not t hese

Exanpl es. ExaffieFaSesodi FHRHRYEF | uBRO sPTPR3G Rt 1AROER FBY Gudiave ngl ming

average particdesigeclod diwtdveifemt and ehdUshddd obs 89%and bs by Mass, or
nore (water cqntent: 10% by nmass or |ess), obtained as a by-product in the

producti on protesIeRArapeR hbrd cl Bee dvigdish def €@ By wmhor moredrihe  at
120C, 14,500 &iderhnd vas,fiidedid nd Osépfoﬁg%fébfém? 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, ¢: 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.
When fluorine is added to the clad part, the refractive



deconposition reaction tube 2 (inner diameter: 90 mm 20 length: 1,500 mm
construction material: nickel) of a thermal deconposition reactor 1 shown
in Fig. 1, and both ends were closed by an N porous plate 7. Then, while
dontrolling the tenperature of Na2Si F6-t @0l ess than 400C -y BherSloRGE M1 C
furnace 3 (length: 1,000 mm, N2 gas (dew 25 point: 70C or esss was
passed at 1,000 mMl/mn, by opening the valve 22, and when the reduction
of the HF coMt&it Gt dif itrdhel (drautay1Ee UpphE ornd ekkenatore,

confirmed, theud Yl of d&a@oﬁcmm etied.hdhes eaft efant B ‘Iﬁ%" rate

of N2 gas was. controlled to 200, M /mn and the tenperature of

el ectric furndte B & S IRRLE P t P ARRE Gl kebt 9B TDOESMpSSHoR esul t |
Si F4 havi ng afonincietaial | orheff Rhotin S0y ddda@sby deaet at £dat The gas

generatgd was_-S led fromthe valve 27 and. the .concentrations of
i mpur i t§ gasé]'sla\/vengr)eﬁ%e abn%ﬁtylzcgd? M TR {gléir)e h&%n 3% #Pabl e 1. From
the results,atinosmhessemt itF 82860 thppmhdghtBukl )20 sdFs o€ovhai ned. - 21

i nner di aneter.; e IE g , of 100% fl uori ne gas was
m xed Exanpl ]_'ﬂze%rg]lgr{as vvalgbng]ecn%?%éergﬁslen&t%% eI FEnter 2% PR lcglarrpl e 1
except that tfHéealry sodi um hexafluorosilicate crystal used in Exanple 1
was pul verized by g, | Zer.: %ﬁgg € I p. Vi article
size of about 1 m vvagéff/ﬁ%%% J|'I§nV e %‘2&%@‘?&%’% ?fe\g“g;ﬁ]g%tégg%&f?w The
gas geh@r at ed¥vaee kel el ¥9 Frateledl ViRowevend tihe presernt fmeéronsomf

Jmpurity gases WS B 9kedo HiSecd eSS & e shown in Table 1. Fromthe
')esults, it is 10 seen that the (S F3)20 concentration was reduced when

“pul veri zati on was E¥IRY$ed. Exanple 3 The SiF4 gas generated in Exanple 2

was introduced irmscdidm Hedast Diood CONSA4ICt OB i¥aS e€i ghy 0T gaction 15
tube: nickel, shown in Fig. 20
average particle size of about 70 um and 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 length: 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.
Thereaftér, 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 (8iF,),0 was
contained.



as obtained in Exanple 3 was introduced thereinto to react
gicggsthgagpled fromF2 gas agg silicon. The gas generated was the valve
29 and anal yzed. The val ues obtained are shown in Table 1. Fromthe |
rgsults, it is seen that the fluorine gaglcancentratlpn YRS HDCF SGRE fo
35 less than 0.1 vol ppm Exanple 5 Into a gas separation nenpbrane nodul e

' ' ined in Si F4 was
11 (Si02-Zr02 thro val ve 23, and (Si F3) 20 cont ai ne
reagted with F. at%%gﬁ%?ﬁ%ﬁg gas generated was sanpled fromthe val ve 28

i ' : lts,, it is

and anal yzed. The \GiHegasbtaisnednarattabke %heFéQﬁth%nBEEUa%lun4 nto a
seen that the | 20 t.rat. wa ppm., shown in anpl &
reaction tube ngt?éﬁp?eed %S i e;p?t%rgant 8&19 }%y (%ﬂé{m J&KWW@;W@OOQ
material : ni clEAYS Gl azsre@hcqmrE@mmwﬂ_ w\;tﬁslzlggllvlel\zi’i%d h?’?y/'a[‘%tg;[@é?%gz&f
to 10 mesh werga 50QC Jdra 3 e L& il N , 9r 1 ess
m/mn. Then, the m of Sl co%%ﬁl%s h%f !ﬂgec? gﬁﬁﬁ‘&ﬁ ettt CfhaPodew
point: -70C readt was tfidd efd liredha tdemmzpﬁrti@n R8s SEAL Y 22
tenperature OtI‘hjeS%%sa%%n_ergzt?tedzzaza%ts%?n%rled from the valve 27 and the

concentrations of impurity gases were analyzed. The

results are shown in Table 1. From the results, it is

10 seen that the (SiF,),0 concentration was reduced when
_w) pulverization was performed.
Example 3

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
(5iF;),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 silicen 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
or 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
sampled 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,-2r0,



menbr ane, produced by Kyocera Corporation) shown in Fig. 1, N2 gas (dew
point: -70C or less) was passed at 2 to 3 L/mn and dried until the inlet
and the outlet reached the sane dew point. At the dried gas separation
nenbrane 5 nodul e 11, the gas obtai ned-i n2Exanpl e 4 was 9% HedBEES o4l N O
the supply side at an atnospheric pressure and while depressurizing the
perneated side by a dry vacuum punp 12, inpurity gases such as N2 were
separ at ed t o REROT g m edletdeby THeogrsa | Cother pei orat sNowh dén Vs 10
sanpl ed fromit hg; v e t.he Qas, oi-n_.th - rneat ed, si.de was
sanpl ed fromlt'hgfzvgkée(g%?a$’%é?g' gg@eg ﬁgrgeg%gl ;‘/J% d PEREE bt ?’sitg 3
resul ts obt ailf@iardd shovee i ¥ obbl the  irkemame thesubtslettréscisaen t hat

most  of i NPuikd Y RS afew Q8 thde removies &Piéci‘ec\;/&@ré*&?é?&'t%ﬁemeﬂéreﬂ‘ee

SIF4 in_the non-nperneated side was freeze- recovered 1n a recovery
cont ai ner 16 o - 4% et 1RRA dINERaTR bRigh vae Vatveduded and 33

while contradddngHhdes U Bde Bxardh e Enddot it Oc t 19
(i nner di anet e © S i rSH50ED %lgélrﬁﬁtl)g VBC

r: 16 mm_.length: 1,000 sho inFig 1, 1
( MORSI EBON 4 ,epprreéso?u“creld%%g 1‘%&%0%9@%%%@ s %%mx r? LY YREMYMWRRTE i | | ed
and whi | e pasisd ngdmitimiatsy (gesvepoiinth as W0Geae lseps)raalebQQCraad 300
m/mn, drie | i nl a the outl et reached fhe sane dew
point. After et:ytg%%%tnég&gsn%?%hen%%r(gg%gl%%he HE TG 42T N3 in the
recovety contsEnmEed 6 1om Exeepral e Wit apsithedyad am tios dhomey

‘tenperature a ucgsl | jon, t r At_this tine,
“Yhe pressure%vgvai:s ér%%‘_ﬁiat ed tvgggog%ﬁ%%ghgé\% tfr}h% ‘?%A%W :-'z{ 2 of '%%a gas was
control | ed t 825850 WRTY meliretg dTie amaksisomnswlts nobval ved 2re a
pressure regyrdve 30 Bdwh & DI essLee +ahe; .oyt | f th
adsor ption tower, 19l was anal yzed on t%%ﬁ%ﬁ%%&/%@%s%% %er?ﬁ%x%a%os nner
and the anal Q&E MRS ST Golth be meieed  toriome thernesidd ssidd. is

seen that the commmntgiatj ams ok abh-pERHEhkedS sTRRSWa@d f1RLG L ess  than
0.1 vol ppm -- 2 3 7. Oct ober 2004 ,
recovered 1n a recovery container 16 cooled to -120°C
with liquid 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 peint. 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 intc 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

i5 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.



Exanpl e 7 The gas obtained in Exanple 4 was freeze-recovered in a
recovery container 16 cooled to -120C with liquid N2, through valves 24
and 33 while regulating the pressure 52gsi ng a gas separation nenbrane

by-pass line 15 shown in Fig. 1. Then~while gasifying %@‘gogéldimry
tenperature, the SiF4 recovered in the recovery container 16 was
i nt roduced Exdngplehe7 adsor ption tower 19 treated in the sane manner as in

Exanpl e 6, under, e s 0 _condi ti s i,n Exampl e 6. The ga
i ntroduced into ?%e] gaa%rsgh(;?%ﬁjinoerﬁg&v\er 6l§n e outier d:aeg:%v%d‘%q he
adsor pti on irowerre@ugerne contiaizedt dtd aced ededd 9.2 veidwil diquithbl e 1.
From the rqgul tt%ro‘tﬁgh: Yai¥es b'&a%lnhh§[3 %H@E%n&éghm@if@f tﬁéaﬁa%ggu?é'
inmpurities In the ottlet 15 gas were less than 0.1 vol "ppm ~Exanple 8

Pr epaPat i or*HH Y HAT FRPNER el OIS Tdesippeased Lige Sipdrawn 1109 CoF3
/ A1203 In 280y M1 Of Mg widb.d ggas(ie:?aql%l dBlan Srddhaee (NB) 2. 6H20
(extra pure reagent] was .dissolved. The resul i}l n% agueous sol utii on was
absor bed i itSPRFE BF 0Py A1 365V REFI3 I FBBUEEFOBG K KRPTRIGSKY

K. K ), and 1diwas was sidieskdnirec wethie kaldorptidn tdeveratlesr tenited ikecane
nil. After the drvin t he al um was filled jnto.,a 25 reaction tube
(construct ito}'he r%’f%? i“gafr:m?ﬁ caKg‘eI:l)I1 orifxaé“pireeéjjdt &ndfrsﬁﬁ%lvﬁq SHNF g. 1 and baked
at 400C forca®limiorss as in NEXatrleam ( 40herigas nntadderasyy indrothey wat er
and nitri i | due, i i q._g.%equent ly, a 10%
F2 (N2 dil E%c?%énéb%@ was ep%glséégg‘?dl,r%g% d??;g:ll%q:/ gan§%§0r§5 to performthe
f 1 uori nat i HRSITRE AR ePwWethdl To'errheéid s ch & ik e s g5aHftdt e unti| the

reactor i dibwid | HOrPIELLONCENtFAY Itk ahdihg outd als fddi] it¥it the

concentration becane the same. The concentration was , measured by passing
a gas to beeREAYARF 1D IYh W%%ﬁ@éﬁusl"%%“ﬁ% Ut &ﬁ‘earﬂltt]i%r ating

the hLEber atggk wewd tTesan lagnuepus bl Ng¥a2S208 sol ution. Using 100 m of
hi ghval ent net aIE}EéIml‘Jp édae prepared - 24 27 Cctober 2004
Preparation of Highvalent Metal Fluoride Supported
on Support: 10% CoF3/Al,0;
In 200 ml of water, 26.4 g {(0.0091 mol)} of
20 Co (NQ3) 2- 6H;0 [extra pure reagent] was dissolved. The
resulting aqueocus 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 into a
25 reaction tube (construction material: nickel) of a
reactor 8 shown in Fig. 1 and baked at 400°C for 12 hours
in a Nz 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 (1,000
30 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 analyzed through an
35 agueous 5% KI solution and titrating the liberated I; with
an aguecus 0.1N-NayS;0; solution.
Using 100 ml of highvalent metal fluoride prepared



above, deconposition of hexafluorodisiloxane was perforned. The Si F4 gas
generated in Exanple 2 was introduced into a reactor 8 (construction
material of reaction tube: nickel, dianeter: 8 nm length: 5 1,000
mm) shown in Fig. 1, and (SiF3)20 cont |ned in SiF4 was »a&bier 2004h
hi ghval ent netal fluoride (CoF3) at 200C. The gas generated was sanpl ed

fromthe vahere8 dexronmral bized .o fT e xed lwes calitsdilmechray eveghown i n Tabl e 1.
Fromthe r i h r | ess t han.
0.1 vol % IFte réeéact ?ﬁegﬁsql dt %%ﬁgagggéa\ggéa%n Eggﬁg d anégst hen,

(Si F3) 20 wa!sﬂfd@tcbtcteéﬂ intema eaghan eBt cazmﬁﬂt@tg-ommaﬂemtalhucgﬂwal ent
metal fluoride gr&pangst i hikikEXanif,8 d%?néﬁ%%d s, Sifhgias, gener at ed

in Exanple 1 was introduced into a reactor Seconstructl on material of
react Pon t Ul OhieKelShawinem diighetler 218 nifiFdefgtFentaingd i SkFown in
Fig. 1, 2. 3vdd @dadiiQ9ouidiominghgasentvage ddlxed diilegh ddrg) vakve 23 and

whil e react Si F 20 20 cont ai n in Si F4 _w hi ent net aI
Mot dor i gt o R L AR R i T g N
The gas gesma:t aatrmﬂwmisamtﬂeedraﬂnmn tdbe adalade o2& ambwmadryzmble The val ues

obt ai ned a&eﬁo q ut%@m§5]1t rSorQee trh%ﬁ:m(tsﬁFra') eged‘]thgé éSI F3) 20

was reduce he reacto analysi s was
cont LAued, lemsvilean & He \fq’]udmnne d@@ WeER IS dﬁextel@tte@rfaﬂmmtshevasout | et

and the (S'é:&)@ﬂnféw%m faéﬂeq{' Wasi Fl9ho A IeEkect P £EER £nd COO Tkl Tmm
AR ri n nO q O5p
ou 1 t.
Example 9
100 ml of highvalent metal fluoride prepared in
15 Example 8 was used. The SiFy 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 (SiFa)z0
20 contained in SiFy with highvalent metal fluoride at 250°C,
the highvalent metal fluoride was regenerated by Fa. The
gas generated was sampled from the valve 28 and analyzed.
The values obtained are shown in Table 1. From the
results, it is seen that (SiF;);0 was reduced to about 500
25 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.
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Industrial Applicability
- As described in the foregoing, according to the
present invention, 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.



As described in the foregoing, according to the present invention, SiF4
not containing (SiF, )20 can be produced. Also, inpurity conponents can be
anal yzed to 5 0..1 ppmor less and high-purity SiF4, required in the
production of electronic parts, can be provided. 27 Cctobgrog@Bé 20047 -
CLAIMS 1. A process for producing tetrafluorosilane, conprising a step
(1) of heating a hexafluorosilicate, a step (2-1) of reacting a

tetrafl uorosilane gas containing 5 hexaj4uorodisiloxane produced in the
step (1) with a fluorine gas, a step (2-2) of reacting a

tetrafl uorosil ane gas contai ni ng hexaf i siloxane produced in the
step (1) with a highval nsromdsad ffdrU(gfriodl@;ZJ.ngl’tétﬁaeméﬁoéil&ief eacting a

tetrafl uorosilLane._gas_10_ cont.ai ni.\n xaflu r ane du ed |n t he
Cep (1) 't FORBFPatpd T e L e BB ST 8k B ARE R 1SS

tetraf |l uor osi Baap gaslbrtmﬂwmbnmg I‘aetﬁtgpfazowsmi@heagaﬂlgmlaamnmet al
fluorides 2. ﬁeRé?‘f&é?o&f&ﬁ&a{}Qe g%‘o‘au%'e@ in srstept be) lpishep (1) is

conducted at a_tenperature of nor e. A process according to
claim 1, wher éLHOFRBE $3%p i‘ﬁtﬁp |%2'c?dn6’écF§6°5f-nﬁ fenperature of 100 to
350C. 4. A preeesafdecpssi ghd e ajonthinwgr Berathaorsdepil&xatle or the

step (2-3) is_co duc Ote era f 5 .0f£ess
acobrding to BESUGHEAEn oraf e Tl e g, B aRPRl SRt vl SRS o
at | east one otospebted $2tkcted ﬁeaﬂhuﬂgeagltaupaééngr@mh@nmgm kali netal
hexaf | upg osi | bBﬁEQlﬁEﬂgaﬁéﬁf%&ﬁﬂé}l@%ﬁb %505@&@&' uRrogel deqt €1)6. A

process accordlng to an one of clajns 1t erein the
hexaf | uor osi | Fa&fedi §1 Bﬁ?%%ﬁl%%ﬁi%ﬂﬂi%ﬂ%?@? (BeﬁérefcﬁﬁﬂﬁE%?ﬁgﬁthe step
(1. 7. Apr ocewaamﬁordsﬂgaﬁ@ gy panelwfedclial thelstep 30-6) whgiain the

hi ghval ent netal h]:’%‘f%kd‘ﬁe&%}h%ﬂﬁéf one conpound selected fromthe

group conS|st|n AgF2, CeF4, PbF4 and K3Ni F7 .
A process accordlng to claim 1, wherein the

15 gtep (1) is conducted at a temperature of 400°C or more.
3. A process according to c¢laim 1, wherein the
step (2-1) is conducted at a temperature of 100 to 350°C.
4. A processg 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 procegs according to any one of claims 1 to
4, wherein the hexafluorosilicate ig at least one
compound selected from the group consisting of alkali
metal hexafluorosilicate and alkaline earth metal
25 hexafluorogilicate.
6. A process according to any one of claims 1 to
5, wherein the hexafluorcsilicate 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 fluoride is at least one
compound selected from the group consisting of CoFs;,
MnF;, MnF,, AgF,, CeF,, PbF,; and K;NiF,.
8. A process according to any one of claims 1 to
7, wherein the highvalent metal fluoride is supported on
35 a support.
9. A process according to c¢laim 8, wherein the
gsupport is obtained by fluorinating at least one member



8. A process according to any one of clains 1 to 7, wherein the

hi ghval ent nmetal fluoride is supported on 35 a support. 9. A process
according to claim8, wherein the support is obtained by fluorinating at
ljeast one nenmber - 28 27 Cctober 2004 seélfected fromthe g §RLeLHGI4St i NY
of alum na, tltanla and zirconia. 10. A process according to any one of
clains 1 to wherein the step (2-2) or the step (2-3) is conducted 5
in the preseﬁ%% @Fted fLoFi hlae ggxoun 1Cons pebéegsoficadnding, t tiaagiane of
claims 1 to dfd abiebncouprises a step (3) of contactlng silicon with

t he tetrafluorosilg&e gas_obt ai ned thrgugh the step (2- 1), the step
(2-2), or the step )PERTCT2-8§CCHBL19. ta %FBC@%@ aéceraimg totel ai m

ié grereln t&mawhmrmuﬁSﬁhesst@pdpzizﬂ ?g a&%eggggagﬁég)o%sgg%gagétg@re
ocess; or er ei sili 'S

heat - tPeated é?cgﬁ%g%pera ure %bﬁ%?b?é #dFe in the presence of an

i nert gas before cbhduc$|p@pce£St$mcsr®pn§3ﬁo ddy én@rggeaga@ﬁgord@@g to

Gas "ot ai ned L hratah (FeTRTERee 02 T5EBEL ST, 8 °c8Rhetife SETLEE (9fu "ana

(2-3), the st ¥otnsyfhperesilandegas eqabt&ﬂneé& thrangh (8he etephezsteps

S evi ng. carban 1h R S S e Len e Bnt e R the gas.

S|eV|n? carbon. 15. A process accor the gas
separ a Pon menbrankis @S?@?Sir@c%@hmctmmell25w1aadémn he

_pol y(4- et hylgess e(®y 1) s heded@aesgi 4y Q%ﬁﬁ@fat%—? éfpgeeesgraﬁgfg di ng to
‘§Ia|n114 wher ei n %ﬂ nol ecul ar sieving carb as ore size ©
fess. 17. A high-purit¥ PER?%&?LRﬁQ@ﬁ¢%%% BvE hyim hbx@flhbro@h@x&n&ane

content of | tiod saphicmsnl%Sheaﬂﬁfbaﬁ@dlﬁoﬁ)t@érﬁ‘ﬁéirmuf@eo ro§Ess. c?r.s set
ane

forth in an ins.1 to 16, 18 A h- ur|t tetrafl uorosi
accor di ng tgrr%iee in tcljlgl presence of an :Lnerg before conducting

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 5i0,-Zr0, ceramic membrane
25 and/or a poly(4-methylpentene~1) heterogeneity membrane.
1l6. 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 obta;ned 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



claim17, wherein the hexafl uorodisiloxane content is 0.1 vol ppm or
| ess. 35 19. A nethod for analyzing inpurities in a high- purity

tetrafl uorosilane, conprising bringing tetraf luoros i |ane containing H,
gas, 02 gas, N. gas, CO- 29 27 Cctober 2804 gas, CH4 gapy oot 20042 92s.
as inpurities, into contact wth an adsorbent to separate said Inpurities

from tetrafluorosilane, and introducing said inpurities together with a
carrier gas i AR8aCHasIehr Raf®Hradh 335/ 3 Sardiel sk ¢ | pw icondmct20. A

met hod accor diya@ht @nClbAisBrb@n Ve Qiedalrii® e RS ReM 1% 1) actdyat ed
carbon, a petrolﬁgghﬁltch spherical "activated carbon and/or a nol ecul ar

sieving carb&R*® §r85669é93|f@doﬂnﬁﬁﬂdéﬁlﬁﬂréalﬁo¥mpuﬂlﬁm%mod for

anal yzi ng i npybigki@eri wid hhiagkarpukirt Yalsetindld WOIRS lANSMAYR 48 1Y
i ntroduci ng tetéafluoroallane contalnlng hexaf | uor odi si | oxane as an
i npuri ty int o®32CEPR WPER ROVt SSal of wi ndow being conposed of a

netal halide, and anal ya mgthbe h&cb@ﬂ&h@quodu%uhp&Qﬂew%@@é%h hydr ogen f
fluoride by i spect.rone rocess according to any one o
clainms 1 to %g%%mﬁgpe S aﬁeﬁﬁgd¥§§e§eFaF§PPh i?n P&V O oPIai ns 19 to
21 is used fosphhglpadces§1wamedobarb@nZ&ndAogaa norl elcle apr edwetingn of an
optical fiberg;6@8APHLS ﬂ% a gg&ga lg%r gl%anC%é% %%talned by a process

as set forth In ané one o gas for the production of
a semi ddhduct or, énprﬁsﬂﬁ@hédtépﬁaﬁm@dﬁégmﬂan@pgastobSaume@.Myga ~process

25 as set fOrF)brb.'ﬂya"&)étQBQlQBr%lsﬁ'l%el h%rn%@w%% ngl%d 0 i he production
~af a solar rising a tetrafl'uorosi | ane gas ob alne by a process

s set forth Fﬁt§ﬁ§28ﬁéoéﬂlépﬁlﬁ§nfaﬂ@lP8 hexafluorodisiloxane as an

impurity into a cell 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 prdcess
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.



