10

15

20

25

WD 2005/ 030642 PCT/ JP2004/ 014419 DESCRI PTI ON METHOD

FOR PRODUCI NG TETRAFLUORGCSI LANE 5 CROSS- REFERENCE TO
WOORBMADEIB4APPLI CATI ONS This is an application fPCEAP2004/014419

pursuant to 35 U S. C Section 111 (a) with claimng

the benefit of U S. provisional application Serial

No. 60/508, 876 filed Cctober 7, 2003 under the

provision of 35 U S . C 111 (b) , pursuant to 35

U.S. C. Section 119 (ebrGtrrpridnECHNI CAL FI ELD The

present invention relates to a nethod for producing

tetrafl uorosilane and to use of the conpound. 15

i gh- jty tetrafluorosilane (SiF4) is
ME%%J%@C&QWE\EWO% s for optical
fibers, sem conductors and solar cells. As production
met hod for SiF4, various nethods are known. 20
Exanpl es of conventionally known nethods include a
CROSS FREFERENCE T XREIANED APPLECATIONS hermal |y
deconposed. Na2SiF6 -> SiF4 + 2NaF (1) However, netal

i ligof_ Luorid i i |jcat ntains . .
oo Shie ¢ RSP TSR B9 SR BT L S o
11 DrygeitballAiiniorisd beaatre taMoyNe rctisi®nal agp0Pation

as inpurities. Therefore, when the conpound wi thout
Sedh§osuf P ePent 1§ figest pebekeri’s 30BPartdar thetpiyviasion

ithon,, .\ h | sid-oxane~((SLE3) 20). d
oF G OrRred thrdhbn S LaetEn L AR rheSthptef ke fnd ) -
Si F4 (see formula (3) nmentioned 1 WD 2005/ 030642
PCT/ JP2004/ 014419 bel ow). Anot her known net hod of
TEQHNDCEL grikib-4 is a nethod where SiF4 is produced by
reacting Si02 with HF in the presence of concentrated
sul fUte Prasieat(seeeyplop yrlEdEA . a malod- fgroproducing

re RS TR S o Ta o 802 and He
in the nethod approaches the theoretical nolar ratio,
BAé%é%b rgqggfd may react with SiQ2

High-purity tetrafluorosilane (SiFy) is demanded, for
example, for materials for optical fibers, semiconductors and
solar cells.

As production method for SiFs, various methods are known.

Examples of conventionally knownmethods include amet-hod
where hexafluorosilicate is thermally decomposed.

Na,SiFs — SiF,; + 2NaF (1)

However, metal silicofll;oride such as hexafluorosilicate
contains H;O and though in a very small amount, an
oxygen-containingsilicate compound (e.g., Si0,) as impurities.
Therefore, when the compound without being sufficiently
pretreated is subjected to thermal decomposition,

hexafluorodisiloxane ((SiF3),0) is generated through reaction

between the impurities and SiF; (see formula (3) mentioned
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to give hexafl uorodisil oxane (SiF3)20. 10 Stil

anot her net hod of producing SiF4 known in the art is
wa@2008t08md2 wher e an aqueous sol ution of PCT/JP2004/014419

hexafl uorosilicic acid (H2Si F6) is dehydrated

anddeconposedwi th concentrated sulfuric acid to

produce Si F4 (see JP-A-9-183608) . However, this

nmet hod al so gives hydrogen fluoride (HF) as a
pelYr)Product like in the 15 above-nentioned ther mal

deconposition. In the nmethod disclosed, the starting

conpoidh e Bh&enime trakd v foptodscingiddd s ps edmethpn where

. process of praoduci ng phosphoric,acid, and the

51 5 RRRRRCHE 1% THOUGHIS bk ¥oCEnB? phdsPRorPEeseree of

corF QAUCHH QD < PIAGOSS - a ACE Of HNGYPLA-SNag e et hod :
I ndi spensably requires 20 the phosphoric acid

pr odiiit itor® ifroekes3ias pradequisite, it is difZicult
to |y the nethod to various. starting.maierjals,

St HMEYster et HodP6r BrodhaPhG SF i Al sbhRhowRPFR the
redd¥idH tnd1%r@ rAREBOE FWBeDe HBIHES 1hS thedmkfh8daapproaches
vertical colum reactor and deconposed with sulfuric
theadhgotre tpredunel $F Fh {isee S1P4 Ar2B@Hl Ray1TedEunGiddan 102

Patent, No._.129112) .. Like in,.t b thod, thi
0 T T GV HPEUEh NS e (HF) as 8

by - produC bnodhd ri et RBHES I JHRBIRNBEIFG iibihah MHhel Srt
_ recovered as being contained in sulfuric acid. A
is pErdid> dbiheue pendingoss o utiasf hexafd vodsdiildgliqacid
. HE | s described.in the do t, .3 i S, .
e S R e MR R gt e iy Jut Burse

acEfubPHRIudOsi hat set Ji-A-o-fieddos)a t hewsystemhis method
(SiF3)20 is 2 WD 2005/ 030642 PCT/JP2004/ 014419
algedivaselydsogesi Heupr bdactil)3ssra bygpppdust like in the

| F i.F ) ase i.F4 _cont ai.ns ifpurj
b G TIR fohdd) il PoRARED 0N SL, LB hb¥noa
disskskas, ahst athrogngate@npalnd $.E0F Sid tatant but 44 lanrside

the inpurities may cause contam nation with oxggen to
PTrofel sbt y2 pFeeess el chbpaesEry shiiegplypric acid, and the

by SOOAHELAL § gﬂghfc@aeéléto%%ogﬂbg h¥rid a‘%%’!ﬁnglg §QFtion
i gh-purity SIE ontaining inpurities in a s ?er

praasnt BAscorddhedsi, gl ndd ths me thethiotd f renprab fyraguires
Si F4 that contains (Si F3) 20, C02 or HF, for, e aan%,,

the RACSPRO T roRAL d et H B Pre&erfges S FF Bt Hingt 15

dif£8 &3t 3Q Wobh 2Phad3orRE8t+d 888 1R P 4rL363 fdterials.

Still another method of producing SiFys also known in the
art is amethod where H,S1iF¢ is fed into a vertical column reactor
and decomposed with sulfuric acid to produce SiFs (see JP-A-
60-11217 (European PatentNo.129112) . Like in the abovemethod,
this method also gives hydrogen fluoride (HF) as a by-product
and is therefore problematic in that HF is recovered as being
contained in sulfuric acid. A method of suspending SiO; in
H:SiF¢ and reacting it with HF is described in the document,
but this 1s also problematic in that, when the amount of SiO0:

equimolar to that of HF is fed into the system, (SiFs).0 is
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However, when thus used adsorbent is heated and
regenerated, in sone cases, its origina
w@dmsobmhtt | ity cannot be restored. 15 Al t houghP€Ti@P2004/014419
reason is unclear, it may be assuned that (Si F3) 20
adsorbed by it is deconposed inside the pores of the
adsorbent. Si 02 produced through the deconposition
cl ogs the pores of the adsorbent, and makes it
genkfited| sto segycheodilier adsorbent, causing a problem
that_the used adsorbent nust be discarded 20 as a
wast €311 taddiGi oh,23¥Fs08d Fadsor bent i s (Bhsufficiently
bake bef g r at on the side r action with
cfh D51 BLE AR PLT SUERULON o e sy TeacLhan il .
SiFHEi szVENErle@‘dl 25, T»bteerpra%ntsl WYEAtd Hm hasiheery KBderial
in conS|derat|on of the background as above, and its
FopsilddioraFeip & igmsyi Hee 4 mpsth esmaymmpﬁgtamlnatlon
o osi! rt| ng, Nt er I
Wl%exgﬁ{ ros?} |%%%%O%Lf| n vvﬁcech trobI ehr?a aCterlSthS of

semimmmdm¢96rs(aﬂﬁecmabershexaﬁ4¢&wﬁ&hﬁg1@xaQ§)demand for
gﬁnerated in conventional 30 thermal deconposition or

TRUF 1Y atifo cerbrboliy iigwwrid ies fncreitd Ve guosat is

% pYySol ving the problemof the side 3 WO

2005 0§6642 PCT/ JP2004/ 014419 product HF to give
hi gliApur itgthet rfafr buaridsiihansiranthio @mmwaﬁes user0t0,
t he compound. The present inventors have nade
CO3 e iy d % &aaaeeleo dbereoisokpeviphe HBSVEIdpPEbEERREING
Slﬂ@@h’@élﬁlﬁ@?gkh v%ﬁﬂ%@isto%tentS %56?0% 5961156317

produced in a process ich conprises step
Howleconpogieny tH2S E6eul adilsenbémlt | s aciatdd agald\/&feﬁ}éﬁéﬂ:ated
. S%§§h§ % of reactlng |ch has been dlssolved in
g PECHei HET wrdth &a(lﬁ FPTRaR 62Ty FYIvRt Seraeshaged.
Aldkb @Qh@}eggoﬂ?” F ' 0

% been logr]%%ggF%s?le%%%ﬁ%i%@{?ésg(&%l%o

adsmei QlyF:Bt} 26 decompast@dnwitde HEe trorgisvef Sifedadadrbent .

. ave that, by furt
Sl(y\szﬁg 8%? g%‘@f%h%g‘ p %m%ﬂs%Bl%ﬁlé’@SoEgec%?ﬁ%%ﬂ fhghe
ads&drhﬂéﬂﬂﬂ cong aninet ad %M'ffflirdtha‘Ebdr@E§cWet BneohesylBEint,

15 sieving carbon, S1F4 having a nmuch™ hi gher purity
cawsin®he dbieh rm thagasbe wsecheslsofrbrditngsstt he giesented

as 'an\{v%%ttl on E%Sagg tlon,onlpjjf ecthe adsorbent is insufficiently

baked before gas circulation, the side reaction with water may

in

cause formation of (SiFs).0.

DISCLOSURE OF THE INVENTION

The present invention has been made in consideration of
the background as above, and its objects are to provide a method
for producing tetrafluorosilane from a starting material
hexafluorosilicic acid, in which problematic impurities
(especially hexafluorodisiloxane) generated in conventional
thermal decomposition or sulfuric acid decomposition are

efficiently reduced, thereby solving the problem of the side



10

15

20

25

30

Specifically, the invention relates to a nmethod for
produci ng S1F4 of the following [1] to [14], and to
wais@sososthe 20 conpound. [1] A nmethod for pr oPCTIRRG04/014419
tetrafl uorosilane by deconposing hexafl uorosilicic
acid with sulfuric acid, which conprises: a step of
deconposi ng hexafluorosilicic acid in 25 concentrated
sulfuric acid in a first reactor to give
pr&ﬁ}d@ﬁt @@ sid @ﬁ@na@@rmﬁEeggafﬁhe%g%an@n@nt@d@ ﬁﬁov:.de
out us-formed tetrafl uorosilane (step
usstqﬁ)tﬁet¢qmpﬁwndw ng at least a part of the

d | f id f
o LRSS 8Tt Raflel e She Dbk dien pg, 2

to (@1l OMe tdeoy dropernfsl, ughiidesd @ £8361 t WHAVSifch@@Nthat
dioxide which is fed into the second reactor, WO

Sl@@@@m??@s@zop@r:/eﬁpz@ow OLALES St hélrle:ﬂily cpredusieng
t et t d |
(ot e et REeERRsRRg i T SRR L SR D i ve

sief, step 2 containing hexafluorodisiloxane and
tétrafl uorosilane to the 5 first reactor so that the
hexaftaror bfd)i spfoxanetingt K& madicth g priorrictdigsolved in

su{ BRELEh A N pvdragen, ' or de 60 oMNEIt dit | LR

Iuor05| ane ult

tet rs?&éplqublfan_e_lﬂb@ﬁg sirh ctolaﬁatleltm@fl s@FQ)sgd @h&ch has
formed in step 1 ste 3). 10 [2] The nethod for

beep origiery tretstem oéaacésnéowte@eééh B@dthﬁt[ifles 20 1s
f |
e o P B Bl P R VBt BB ¥ AT gpuna

thiead Pr{ustié € anus axidey i S f.edhudt erobeceeconda step of
reactor each continuously or_intermttently, and

commfﬁ%ﬂf%éFa@qhacf@q%nq@%ﬁ%@%éF9Cé|d ﬁ%‘éﬂﬁ%lfﬂpéﬁ?}l}ar
S:Lééﬁ?ﬁcggboﬂf §1hje I‘IEIX;l ﬁlﬁ%‘ﬂq{lgdﬁ{; g@ r?éj E@El d.
rod 45 f P%

¢rng tétrafluoro ane as
Ba$ed whaﬁheséhélsdhﬁgsycthﬁcbcene&htuaNemMaamrh&&ebeen
first and second reactors are kept 70 nass% or nore.
copp}ef®d- net hod for producing tetrafluorosilane as 20

descgi hedsi M, Y, OPRe Oﬁnbéhtﬁen[ 3o 2pREr &I 4 hﬁethod for

reaction tenper at ures in the first and second
proéacing sSidt,eo 60 @rfdlilghemg [1] to [14], and to use of the
compound.

[1] A method for producing tetrafluorosilane by
decomposing hexafluorosilicic acid with sulfuric acid, which
comprises:

a step of decomposing hexafluorosilicic acid in
concentrated sulfuric acid in a first reactor to give
tetrafluorosilane and hydrogen fluoride, and taking out the
thus-formed tetrafluorosilane (step 1);

a step of transferring at least apart of the concentrated
sulfuric acid solution of step 1 containing hydrogen fluoride

into a second reactor to allow the hydrogen fluoride to react

with silicon dioxide which is fed into the second reactor,
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[5] The nmethod for producing tetrafluorosilane as
described in [1] or [2], wherein the particle size of
wa@ 2005080842 di oxi de fed to the second reactor i sSPGDIFR0GH014419
| ess. 25 [6] The nethod for producing
tetrafluorosilane as described in [1] or [2],
conprising a step of contacting the tetrafluorosilane
taken out of the first reactor with concentrated
thSHEHI C gk dudtipPC or + OBl s 5O Ll 1ydr ogencontaining
fluoride contained in the tetraf?uor03|lane IS
hesxabSlordyent eaidl o:3dne ehwhamd.2)[;7]arkhe net hod for produci ng
tetrafl yorosil ane, as, 5 2005/ 030642
PCT/ PBbtH GFFIG HESTH | BBA TRLRT OTuRF it ngT step 2
cont €1 13 h ¢ QS 188 JBKAN 0N Ohind 18t fd F Blo FEACL e 1D the
countercurrently contacted wwth concentrated sulfuric
fimst detlabri so sl ted hekadlglradilsddmedans ontithe feastion
reactar. 5 The hod for producin e
orqir b, SEASHEh B A0 PURERAThAt THt 1A K GeBrest it into
te CRAPILSHOW Barsd £p Ofnguri kyikAgyt he odtet raghalor ogkkaneing
taken out of the first reactor with nolecular sieving
teltmr Horoses bkane alanw withethapiatind deidrami tgre formed in

ttetiailuoro ilane. 10 [9] The nethod for producing
SteRtT aff Ut o %Iane as described in [8], wherein the

renmoped i mperindi@sod NeEbHderedecitly NBsEr{ENREFSsilane as
sel ected fromthe group consisting of hydrogen

des¢udpedeln hyldrogdersiiropinde Jusarsuhedpéivas o shydrégencid
soflyil:Ilrg%nda?g & %ngtgap%ﬂl%ri]éaglg]a %% @eiﬁ?g tfhog first
pFOdOUCI ng etra uor osi I ane as escCri e& In ] or

redQdor Wherei dort ke omlRCclikaresi vt d L eaAI@dnd @cbetvsedach
has a smaller pore size than the nol ecul ar. size of ,
CORBAREPNHbY 081 aketefniftemel et ABE fRtIRbHIRTGYL1ane is
coéﬁfﬂ@&{lgf{ﬁ%ﬁj }Lﬁegrﬂ%ttégtg)g%%ﬁée%e?ujc Q)ﬂ ég%'fa\éﬂg €L8ctor.
e nolecular sreving carbon prefreated by baking I'n
an i eyt gas aismisphererapdodenng nteochtingrosilane as

t herei nto high- uritﬁ_tetrafluorosilane IS used.

12
descrhlRed dp [FlIuts | oM sreéﬁttih@eﬁulfﬁlb@r%?cmF@ﬁcsaﬁ%faitﬁgns

in2ond he; L&t rald %ﬁdd 3&%&%%50%%’ ﬁk%%ta%%gisF% be hBge.
production nethod as described in any one o 1] to
[11] [4ronphesimgthod for producing tetrafluorosilane as
described in any one of [1] to [3], wherein the reaction
temperatures in the first and second reactors are 60°C or higher.

[5] The method for producing tetrafluorosilane as
described in [1] or [2], wherein the particle size of silicon
dioxide fed to the second reactor is 30 pum or less.

[6] The method for producing tetrafluorosilane as
described in [1] or [2], comprising a step of contacting the
tetrafluorosilane taken out of the first reactor with
concentrated sulfuric acid at 50°C or lower so that hydrogen
fluoride contained in the tetrafluorosilane is absorbed and

removed.

[7] The method for producing tetrafluorosilane as
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transition netal, phosphorus and boron each at
concentration of 100 ppb or less. [13] Gas for
w@e@dostston of sem conductors, which 30 cont aP@EJIR20€4/014419
tetrafl uorosil ane gas obtained according to the
producti on nethod as described in any one of [1] to
[11], 6 WD 2005/ 030642 PCT/JP2004/ 014419 conpri si ng
transition netal, phosphorus and boron each at
decenceadirad i (@ ,06nd00ippbhertdesssiidddsBend Aaken out of
production of "sol ar cells, which contains the
theet FAFPhor 6spFbBAE gas o@panﬁ@@caégénaﬂﬁg £enfpeted with
t.ho escr.i bed | y. 1
cof e D T O AeE PRE et S rb S B Sl l theblen
tobohenreash atacomeentrati on of 100 ppb or |ess.
DETAI LED DESCRI PTI ON OF | NVENTI ON 10 The invention is
her el hhf t ehedexihiasbdfpn @étoa#qcmgTh’éehﬁ%épifQﬁllane as

S
CoBEERELTS, P 8L L g a0 ALY i v
teﬁﬁhﬁlh@r@byEaneSrtEkelnrblImefftllféflfgaﬁ:tdéfc.toﬁﬁtlemoﬂ.%):ular

of .introducing at |east part of the sulfuric acid of
s1gVepd( PRERN0 $hedSecthd TEBRVEOrtRS dapysitdsgst ibrpm the

[ en fluoride dissolved in the sulfuric
tegc%gﬁggrgggggggand Si02 to give SiF4, and step (3) of

bring@hg Sihked mportiad nfog  ESidel)c i2(y whétha flasor @i beesn as
fornmed.in ste (2) back to the first reactor aof ste
depgyibed hals) (rswhg)reza Faer e BRd Wi /iy dirclude one

or HOAE Il g DB el LR LS 000y e

flusrildeprimubedien thlsulflay ismlatiddinxtibe, Hydmsigen sulfide
r.eact or ée&ﬁ%ﬁ at least a part of sulfuric acid 25
and oG 5PA 8- a side product is transferred into

t he ?f@PndThéeﬁ%‘i:BBdt (fd'reek%od‘dlé{h@ Qgtlrg.‘ﬂﬁb%é’lgéﬂé as
Si F4 containing (SiF3) 20 as an inpurity (step 2);

deagdilspf4in HBS 6or ifid memmrsébenrdolwamlorsmsub“@aghrbon
ack to, the flrst eactor soq th th rit Si.F3
to i S Rbbitten Wil TE G BnE s RieHotP e e Si7
tetoB¥enbrdfiiinénto SiF4 (step 3) . Through the
process, high-purity SiF4 is collected, and

opti bbbl | yThe methodt Hor suhjdietagt fetrafluorosilane as

described in [10], wherein the molecular sieving carbon
pretreated by baking in an inert gas atmosphere and then

introducing thereinto high-purity tetrafluorosilane is used.

[12] Gas forproductionofoptical fibers, whichcontains
the tetrafluorosilane gas obtained according to the production
method as described in any one of [1] to [11l], comprising
transition metal, phosphorus and boron each at concentration
of 100 ppb or less.

[13] Gas for production of semiconductors, which
contains the tetrafluorosilane gas obtained according to the

production method as described in any one of [1] to [11],
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7 WO 2005/ 030642 PCT/ JP2004/ 014419 purification
treatnment (purification step). In the process, nost of
W b@smeBosinr med in the step 1: H2Si F6 -* Si F4 +PQHIP2004014419
consuned in the step 2. 5 4HF + Si02 -> SiF4 + 2H20
and in the step 3: (SiF3) 20 + 2HF -> 2SiF4 + H20 (4)
(2) (5) . Therefore, the process is free fromthe
problemof HF treatnent. In addition, since the side

comPr UGy 11 HER %n et FB%thpl‘lér&Qnﬁﬁﬁt %‘El)r'o@lt %a%ﬂ:“at

I'n step 3, the process is efficient as a
congiiene dritglonp i thy 0Sipieh oTﬁwe'Lesstseps are descri bed

ot Hod e B U 80 ERGGF: 8y it FRLUey hRGP Coftdins

thee%éﬁpggluéﬂ?&fﬁa@é %di LUCsHt & Dk Oy glacb%@qtnlg% %ellér&a@@tlon
wth HF, and H2Si F6 produced t hrough reaction of SiF

metdndl - degchibakseidy #Foy exanpf e, [H—]ZSICFG[Xb}ne@OIaBraSlng

d duct | wh ; nd E .
cedie protie, e Lacge aiontihen S end B o

of PSR @anedeconposed with H2SO4 in a process of
produci ng phosphoric acid, which is inexpensive, my
be 20 enployed in the invention. The reaction of the

+ SiF4 + 2HF (4) In

DEW%#@%%%?%&@{&& as a (dehydrating)
dec arROSIin@rade -1 SHowaMena ftfert iR seifded dradetail.

concentration 25 is low, it is unfavorable since

FQSlﬂi&lmWeiﬂJ@m y fox stpﬁqqiuéll}lflfgur BdFaci dfanghfs heyention

Accor.din is preferable that the
Subﬁeﬁq‘rh C|c0°mé>ornlcseen ratl on after mxed in the

r eacetﬂeQﬁ 15 yst 68cbRpsQ iMSEHI0T, WiHe sulBue ipr &f &d all yive
75 mass %or nmore, nost preferably 80 mass% or nore.
S1H4f ltlhéh?eééfﬁbnr@@ﬁbﬁrature 30 is low, it is

O 5, SRR ARSI LLOD beactLonegst B uric
aciks f erepd 18 into the secondreactor to cause reactionbetween
hydrogen fluoride dissolved in the sulfuric acid of step 1 and
Si0, to give SiF,, and

step (3) of bringing SiFs; containing (SiFs).0 which has
been formed in step (2) back to the first reactor of step (1)
so that (SiFs),0 is reacted with hydrogen fluoride which is a
by-product derived from H,SiF¢ to give SiF,. Specifically, as
shown in Fig. 1, H»SiFg is decomposed with sulfuric acid in the
first reactor(step 1); at least a part of sulfuric acid
containing HF as a side product is transferred into the second
reactortoreactwithSiO; thereintogive SiFy containing (SiF3) 20
as an impurity (step 2); and SiF,; thus formed in the second
reactor isbrought back to the first reactor so that the impurity
(SiF3),0 is reacted with HF present in the reactor to convert
it into SiFs (step 3). Through the process, high-purity SiF,

is collected, and optionally it is further subjected to
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WD 2005/ 030642 PCT/ JP2004/ 014419 at 60C or higher so
as to efficiently obtain Si F4. However, when the
WO e@sBm@m2 t enperat ure i s excessively el evat ed, PCT/JP2004/014419
unfavorabl e since the proportion of the deconposed
side product HF and water in sulfuric acid which
evaporate fromthe aqueous 5 sulfuric acid solution
excessively increases while the deconposition
puf €acth oY rbetRERED 8dri ACERE JbATLYept he reaction
tenperature is preferably within a range of 60 to
120G HeeePpretes ablysBOof otOODT Thenetape ofietdieep 1:
fir .eact or.i 0 rticularly limte 10 as long
as i ﬁ%ﬁ%uf%ssgg%ﬁgkﬂgfne for contact between
iscoosenheat ed subfyrés aci d and H2Si F6 required for
deconposition of H2Si F6. Since the deconposition
reactibnti 8lextrefeFy tapied and may finish ir2an
;N contact tinme within a range of 0.1 to 10
angegoﬁgéeo%gg ?é sufficient. 15 By transferring HF
whi chs sFf)goned 2atrong agih, tihe,bormation (sof, SiF4 in
step 1, dissolved in sulfuric acid, to the second
reacterreboreacthfiRTP 02 1 5ifrg S yamefdeedroblep 2f HF
1 02, ->_5SiF4. + 2H20 (2)..S.02. nay _be .solid_when
erditdnt T8 PR i S o5 R Py 08 2,
(S pByderis conoedeed tatelilr, dnspesse, ichelg &yt kemriandnt
efficiently undergo the reaction. The Si 02 powder may
asp WiptectPydtea Rhely preltvagibr. but its dispersion
in u r [ ; ion
ther S0 -~ TFB orel | 6 St e e b T o o oy She 5 '
t he Zey e iFherSidd2 edsinissyens edod 2 Pief asablwi tiAg any

.particle size is preferably 30 pmor |ess, nore )
at BELEufER: ) A ool g cheiie OpP ARer ALy &uah Greactdon of
i dheieengent [ of S I Spe N sukfaurhc
S Do Bl TRy Het ot S e R e e e | Cana
HE prays ibeatus qgt-opEeti esarfel ¢, | H5difti Codemsd zes aevisiet prodfict

in%g%Ipomq§r usgd. eS%GFbwfver, if the concentration is,
9G¥ hEhY HBCRAGUTRY bFCRBPRERITE At P iehen peartang
a8 PSR PRUGLASLESER: ol dln, 20K A0 B304 2coes
of sproducinei pheephaenit oncid Thenetor &s fhexBef2ive, may be
emSPOGER LRTLRD Prolerably falls within a

The reaction of the step 1 is as follows:

H,SiF¢ — SiFy + 2HF (4)

In this step, sulfuric acid serves as a (dehydrating)
decomposingagent. However, ifthesulfuricacidconcentration
islow, itisunfavorablesinceH,SiFsmaystablyexist insulfuric
acid and is not decomposed. Accordingly, it is preferable that
the sulfuric acid concentration after mixed in the reaction
system be 70 mass% or more, more preferably 75 mass$ or more,
most preferably 80 mass% or more. If the-reaction temperature

is low, it is impractical since the decomposition reaction rate

becomes very low. Preferably, the decomposition is performed
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range of 0.1 to 30 mass% Al so preferably, the purity

of Si02 to be used hereinis 90 %or nore, nore
w@e@sms@ht y 99 % or nore. 5 The reacti on tenpePEr/ur2004/@4419

preferably 60C or higher, nore preferably falling

within a range of 80 to 100C. The anmpbunt of Si02 to

be added to the system may be a theoretical nolar

anmount relative to HF (1/4 nolar times) . However, by
at ¥3PAGr BiQdhdN s@Na8MRYN £+ 8E 08K+ OF spRliliesithan ddeever,

theoretical nolar 10 ratio, the concentration of HF
wheandhSi 82aichivhetempéraieracis exosmstiacdiyl Phevetadi dit is

be.di sch ' 2 | Led... Taki
A ROt FHE & GO IGT TR Wi (T HENGSEs S et

ur aabdyaByr e, Ygedutor L NEKHRYHIEsESerd0E XANRIE, ad@sous
its reuse in deconposition of phosphate to give

sulphusiphoricd dacsdlahtion oreXde $ ¢ svakial \i§ics seeespr ghéss the
control,. it is desirable that Si0 i S reacted w-t

de ST LOL s ST Befabl s Rted s TEASLRAY he

re £XCERSSt OMBEr St B2e 1 WSt supPUNEh oh oSty @pBraxtsabesc,

the theoretical nolar orati orelative to HF froma | ow
mone|rre femakol ¥ Het dof , 140°6i-de 20 product (S1F3) 20 is

formed, This i.s.assu t ha | F4 r Lo

i t TS %05 Oaes B Be P RG-a92 b Bt 98 HA Ty ot ted
as - 2029 F366IiR3 £33uiben (rSidgh 20neenbdns coonizaithedetween

SiF4, it may adversely affect properties of o
corseqn lererit £ B+ Buhhd aspeiagul HaS ierte risggderr degomposition

h f . t . . ' .
o SELETT OB AR S ST A o
an®may $ibieught hacl starithe thier sbnteattiorme iwitihiirch range

(SF3) 20 is reacted with HF in sulfuric acid in the
of {0ttt b tTRCINAYi Ve I FiS FHE TVt Bs - t her eby

r en‘;l%} gﬂié%%%%ﬂ%fﬁﬁﬁc@ls 30rhok E?E))nagd"thz’&'ﬁ:e fc;)iégation

2Si e reaction conditioninthis s
of rmayFbént beepatp débs )l WA 200 50130642 RCL/A)P2004he14440nd

that in step 1. The reaction of &)SI F3)2§V\(ith HE may
regflRectl EP3Ferih &3 ot hdse PEERAETS ‘of

orodiced 1o The process TE0 arge, it IS des, tabl e
t hats{®i E3)y 2@ isslidt wbencedbiretietihEosthturkecsiani dbut
isl'lsoﬁ:lﬁ%teiro b g#%%lr*lig% ggd%ﬁd:tq?“g%emf rde:LasSpsel*tsheei?lqc%ea(s:glution
and efficiently undergo the reaction. The Si0O; powder may be
directly fed into the reactor, but its dispersion in sulfuric
acid ispreferred for continuous addition thereof. Thesmaller
the mean particle size of Si0;, the better the S10; is dispersed.
Preferably, the particle size is preferably 30 um or less, more
preferably 10 um or less, most preferably 5 um or less.
The concentration of S10; to be dispersed in sulfuric
acid may be suitably determined depending on the physical
properties (e.g., particle size, density) of the powder used.

However, 1f the concentration is too low, then the amount of

sulfuric acid to be fed to the system may increase; but if too
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Steps 1 to 3 maybe effected batchwi se, but it is
preferable that the steps be perforned continuously.

wab@sswat product SiF4 is taken out of the VEEDIP2004/014419
phase in the first reactor. 10 As shown in the above
description and Fig. 1, SiF4 forned in step 1, step 2
and the step 3 each contains HF and H20O. In general,
therefore, SiF4 taken out of the first reactor is

ni gl ichie@dehB &1 REFY flLAkicen 1%t €R. sA1 Pa+ Ibqyi @ xsepd eatofon.
purification process is washing with 15 sulfuric

Theamfbr By theesIfiify wprheBbrabice Reeder#il wnth Hbo BiEhin 2

renove ron1 i F4. _The t hod hi n f
rerlgd B ey G SDoRANED od At EERRSrE L sy CpL ISy B bo.
to BNt AL AN elrdithi s cangeitt hat-ed wotE lyﬂecfembdyaeé % bemmore.
introducing SiF4 formed in steps 1 to 3 thereinto,
Pr efBreabyiepctiloa ﬁemp@aatgrﬁot% e ferarh ey or higher,
condu r.odu |n suI (5
mo??%ﬁ? d%$¥g ﬁ%ﬁgﬁh b |n¥ %%Fﬁgﬁg Egbf$on1 @Qﬁount

of APRNSkbebe dhfigEl | ©F. t T SSQ/sIﬁHnﬁn@Iyeb%r abtlyeorhialca[Lumalar
is charged with a filler for |ncrea5|n§%the cont act

ame@fitl of S wehrioudh i 1/ 4TFP@1aHT GHeesohe SRVPUPFc B¥iBsing
slcﬁfgﬁ:ﬁ{'t I%::Tll)’lvéll:l lIaPSegDorre sha® %E &n é ‘Eh%gtr%'t'lc%l molar

I'Ci ency. pec ircally, the sulfuric
ratlé 0 woneeidaitirentiicn prefier abiys B0, nmssheb enlifugher acid

nore preferably 95 mass % or hi gher t prefera
(w8t erass T9¢ 162 HidgHet be fiﬁSFhérasg&np% 2 sameothEb L Led.

Talggxg urd c agid . Eﬁ%e?&fﬁf_s étféﬁfteﬂéplt)hel QR d Qulfuric

ce evaporation o and wat er. However, if the
aci@ﬁﬁé@fﬁé ufsesd Soexcasst pah:posesl,eﬁbr ebdaaxp\llescﬁsrt%tsoteuse
the liquid systemin the cal

i ATRITEAZ P JPRODA B9 15 T EEUP PR RESP RS Acid afd for
1tge£§£i S2Li g Sém@@é‘é’é calididy, ACCY diglsabidiehat Si0,

bsorp on co I's driven at a tenperature within a
isracgetedfwilth tHF 50CsuBef areoniseo hbe@igpndigi ¥ar ithagc g is

g be bubbled wth N2 so as to renove C2 fromit.
s1BGh LY ngXEReSt AViet del@&sed 5 sul furic acid, ©02 in

Si F4W1f1ﬁﬁ ed dnbieps SlO%ﬁpﬁr@%'ﬂm@'té@ e tlﬁ@@f@lé@ﬁcal molar
t hrough adsorption b e sulfuric acid. After having

rapaeseellahlweghotfﬁﬂé ﬁIbSmraptth meglamFa tSioF A hepgp fat i@ Bide
or8ar S L EUrP e GPERFbe, THT dgere RS g ane nod bse ated
re§8EBOpR: LA g@@%’@od%pen‘é@*alﬁ%n tdleoXiide prdddct .Of the

I nmpurities ose

38iFs + Si0; — 2SiF30SiFs {3)

When (SiFs).0 remains contained in SiFy, it may adversely
affect properties of semiconductors andoptical fibers produced
therefrom, and therefore it must be removed from SiFy.

Accordingly, SiF,; containing (SiFs).0 formed in step 2,
is brought back to the first reactor, inwhich (SiF3) 20 is reacted
with HF in sulfuric acid in the first reactor to give SiF, and
water, thereby removing (SiFs).0 (step 3).

(SiF3):0 + 2HF — 2SiFy + H20 {5)

The reaction condition in this step may be the same as

10
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except | ow boiling-point conponents such as nitrogen,
oxygen, hydrogen and carbon nonoxi de may be renoved

wo boososis4nol ecul ar  si eving carbon. By using tPET/JP2004/014419
nol ecul ar sieving carbon having a pore 15 dianeter
smal l er than the nol ecul ar diameter of SiF4, only
inmpurities such as HClL, H2S, C02 and HF can be
adsorbed without adsorbing SiF4 . Preferably, the

thd®l et Wiah $i.eving el domnbiised ( sh@fa?ew wigsh HE’P@L&? proceed
di ameter of 5 A or |ess such as Ml siebon

eli(hmh dhaz vaped W Srakaden thhta’@m |ocfa$u?€%url¢_ta§l)i | ¥hen

|s 20 refera Iar eV| car bon, for
the S ohPirioH BF TRl ol I IR I LS B8Rl 28 LG,

it Wid ReBi2apangensd (EQG5 o 3@0§nteoaaceaemtcg@:hesgﬁmfaslc
N2 i ntroduced thereto t hereby renoving noisture and

acmzscfh@imqrt byFbrlb@ﬂymgsor\@s hee i s ze aav thgocan tept time

betld p Uﬁ d and when the dew point at the
E% %akln ef econes equal to the dew point at the
out | tepd mo Fhyy Be drERe e Ceapliel Bse, BUtdr idigseferable
baked, although noisture is conpletely renmoved from

th@he’thﬁalsé@m%bespévfﬁam@ér%mtl%wsl%ydrTés@y figedupraduct

X|de stl t g ace 9f.

Slf Hsor bent., g @Fﬁhﬁh%¥%d3%%&91t%@ﬂﬁ§aﬁ§?ﬁt°r
gr OURs %(Bloamdllﬁ h:eleoéﬂbdee ateddre irdraaedofid ha ,ast Fyabeﬂed
carbon react to Jgenerate (Si F3) 20 and HF, 1

in %037 330642PPCHR 2@@4/5@%@419@@%:%?8@@6{&&{1@ Hy0-.>In
gel(igfggsorg ?ggf% ;r§%§ FQ ké%?c&,rd‘_j' 89' ¥he' flﬁsEaJ%ga%SEels

an a d5s used, prior to the use,
putheéiadsonbenpusiitfeceiwhi shepay give inpurities

t hrough reaction with_Si F4 maybe all owed tqQ contact
and 7RISR AL OF PUHAL PBACOFS LvaT daio with
suffﬁgygt cdd F%%/ #9sBRAER Day Cce%c1@(aﬁ@| §§d%o are
or con ctlng the a or ent include a metho

rembvall bmwm@Ethe reaetnenhed oprocsethoivitd spplfymg ac1d
SiF4 to the adsorbent and_an : inpurities.,at t

nayhet GPIBUEFet (BB, SxaNP3Es BY) FLOLLBHY fr APEGSEHETeiq th

coRGERt raBBM guﬂﬁﬁiﬂpé Qélcﬁe@&ﬁ'ﬂgeﬂ hen £ MW I, formed

accunmul ated pressure for a predeterm ned period of
intEhepsThetocantaeKeneaot|oﬁreéﬂpebéyuréhesmﬁbhOﬁiﬁBt@@re

R R T RN
frbRAGHLE 0P PBYL PERCHE W 1 horbd@P¥ng SiF, from the opposite
direction. Also more preferably, the column is charged with
a filler for increasing the contact efficiency through it. The
higher the sulfuric acid concentration, the more preferable
to obtain a higher removal efficiency. Specifically, the
sulfuric acid concentration is preferably 90 mass% or higher,
more preferably 95 mass® or higher, most preferably 98 mass%
or higher. In the absorption column, the sulfuric acid
temperature is preferably lower to reduce evaporation of HF
and water. However, if the temperature is excessively cooled,

the viscosity of the 1iquid system in the column will increase,
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15 difficulty, and after the reaction, the adsorbent
may conpl ete adsorption of inpurities successfully.
wo eoos®3@@ref erabl e that the reaction be perf or PeTiIR2002014419
a pressure not higher than the pressure under which
SiF4 is liquefied. Fromthe viewpoint of reducing the
amount of S1F4 to be used for the treatnent, it 20 is
preferable that the reaction be perforned under an
re I NDSPNER de t cPreISMiSnas £ BafHBESHI Bi €Y 0S ad@ﬂdingm, the
purity of SiF4 to be wused is not specifically,
abﬂ;Qlfﬁ’ftJé?P FohEers Siw%rﬁ’falanrtﬁglparaltﬁﬁfgewéﬁ}éﬁfli gyrende
S i gous i t rb
of g RS b FHF R Barart” (i bl op CipgioE Yo Blbb1ea
wit & rRAbFRIY reabdet d@r eboneit I heyhighes Hhhetpusi¥geksed
SiF4, the nore preferable. SiF4 that contains (SiF3)
subfumke 3 F0Fedi i P Fhéogmery éat HERPS Mhytde Ceupheq Pe
e €. ied. Ina
redee et R AR P B TR R ponent <
30 mttmﬁ&al\ﬁngoﬁaskadaﬂdr@@kafth@r abeoppthgni dplumt j 3 F,
t hrough adsorption by the nol ecul ar sieving, carbon
may fElg; m%nbﬂén@srm%es;cb@@éwrmﬁ‘/m@b@m@ﬂhﬁmgen

suif’f@é‘ers&’i‘fﬁ'ﬁ%ﬂHé’“?ﬁr@ﬁqé%%V‘a%& e Itﬂ?‘d ?’i t%;?ga%on

i11atTon so as to I'ncr
moﬁ@xidelheaﬂB@nodlbhEdélghdeFLtyoS|Eﬂethmpur$tmbsainhdse
accordln% to the nethod of the present invention is

exg%l%‘ér%% o1 15 ngr@odad; ﬁ@mPH’ée?'PF%ﬁé%C%% BF Mt i grygen,
@EQEBOWI{’L&&QMéI | N8el Pern® § PRI molecular

eV|ces rings about an advantage that a higher
51denﬁgtgarmOmhe deV|ce or a higher smntchlng speed of

each translsto ; evi ces cgan belgghl
HoweRer USthg b £ 2de A7 VoniIng @ @l%ya pore

dlé{hé’@e?UéméﬂléPetHQMaEhégﬁmoqfechﬁéﬂs bSbRkteReRE siF,, only
Increment. The generation having a |line w dth of 0. 25

impuoithes eurds aa I$<éh Gus, p@@zbhlemHHbfcaw pé refetlegd wiighout

SR S T R R kN T i UREES

he 28¢h ﬁ@wglﬁd@tdm&nw&er&@yﬁm 'o‘}Slﬂe%ts' R b® MS1siebon
bei ng enpl oyed 15 for reducing interconnection

4A c i fac tugred tkpr@éﬂedal Bwaamet:@utncgln@@eruhtd . It is
o PRSP L0gt 19, Q50 B 0L UL R b M Bl oo
be Qxt&iei Sud 1y Hh@éé&@tsaoéeﬁpér@tfuﬁ@)ﬂlft@ﬁﬁf@ thhgegbr HRR to
350°C in an inert gas such as N. introduced thereto, thereby
removing moisture and CO; from it. For drying, N, having a dew
point of ~70°C or lower is used, and when the dew point at the
baking inlet becomes equal to the dew point at the outlet, the
drying may be completed. After thus baked, although moisture
is completely removed from the molecular sieving carbon, some
hydroxyl group and oxide may still remain on the surface of
the adsorbent, and when SiF, is introduced, the hydroxyl group
and the oxide on the surface of the activated carbon react to

generate (SiFs),0 and HF.
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(high-density) plasma CVD. A process using SiOF as an
20 interlayer insulating filmand alum niumalloy as
woweosspess  bei ng enpl oyed. It is preferabl e thar/J064014419

for producing such SiOF contain little amount of
impurities such as transition netals, e.g., iron,

ni ckel and copper as well as inpurities such as
phosphorus and boron that nmay worsen the properties 25
of i +Specohi cal ly-ui t 4 s(prehgpabl exthat (bher)
content of transition netal, phosphorus and boron in

Si FAdeoriiqppb am al esser ebpeet avebgsonpbertpaéfey dbiked

5 G ePedur TEF 56 b i SHER 1o A POE BRESI Frth Mg DLve
imp i Sif o Bﬂrbﬂ?h%%‘é@cib%%%?;g@gﬁ Sma$3e Be1oR8auseso@Sact

the doping nmaferial for SI ass for optical fibers
andggadisesl th chirf, and dhstafprmnatWon20065t08084de products

PCT/ JP2 014419 in ich.the core_part h a_higher.
(5750 PR THUGR TEHR Stnar X010 L Re SERE e o pr SudR L ina
thal QW-idnt sthdhade |d ddtHBY be aelefingCcahéYreaction to

transmtted snoothly through the center part. In

pragert wolleceepdeinheSiBf raxtihve adeexberheardr enphyzing

.__be doped Lt h_a dopant .such as Ce, £ T .

RS AP BReGrBUCH L daudine Raphvethdoacer i

thef éegt pBlinkNCrLRASINGdiIHY SEakkatiAgy ithd hevEai®ier an
resulting in decrease in the |light transm ssion

acafilyi et prsfs e €oF & Prideltieghtnecanshiiedi ®h time. The
ffi.,ci ency. mm e inc sed S| . u tz.o
cof A5 FORATDY (DL I0EER o Bt oLIpsPeRiae U6 2o Oine

terdbwk Aol O1g  EUBFiBEeh Bl he gH &drtadsobkei dhef impurities
refractive index |ower than that of pure quartz. For
and | teei hatandedi 6antactné e@icad orgIMess B Eeed e¥l tippd) any

. R heat j e .of ' I
at S o Enar ot TRTLIBOEIR 2 ople HREHbRne byl mpete
adsompitidn @F suphrsiés ansiddsarrulls yet aksi s @rgferabdr, that
ni ckel and copper as well as phosphorus and boron
the Fea Gy TWEESeRT HESH UPERTi PTIFETPS Balt Bidkes then the

pr < SR I 5 Rfﬂﬁéh@# " @qq({dﬂécy’ b obSt RE &f €58t of
that the content of transition netal, phosphorus and
redosong | thSi dburst ofaSh F10fo b wored e5s; ther éreatment, it

. preferably each 50 b or Less, evegﬁfo re .
5 BFEf6Fably teatin RO BHEL 6™ PESET SHREH WA Tur P EymapREer e
pr&fsulde PrLesenlsinvept Hen. tsati st whagptike tgbgyesir, to be
requi renents, can

used is not specifically limited, however, SiF, containing a
large quantity of impurities is disadvantageous in that the
adsorbent may be broken through before the end of the
pretreatment, and therefore, the higher the purity of SiFy,
the more preferable. SiFs that contains (SiF3).0 and HF formed
in the pretreatment may be returned back to the reaction step
3 and may be purified.

InacasewhereSiFscontains low-boiling-point components

such as N, 0z, H, and CO after removing impurities through

adsorption by the molecular sieving carbon, the SiF; may be
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be used for gas for optical fibers. Silicon-based
sol ar cells conprises pin-type photoelectronotive
wo c0ose3@eri ces. When its |-type 25 sem conducPGr/JP2ag4014419
is formed of SiF4, the silicon filmmy contain a
smal I amount of F atonms. In that manner, by including
fluorine atonms in the silicon thin film when the
surface of the photoel ectronotive force devices
Fut & V%%ﬂl'fq@td tﬁf@@gﬁt'aoncoh%ﬁ"c@emn%n@@fw@e%u@@t as
and fluorine atons 30 pronote the atom c rearrangenent
di$ni Ahatt B usol amd:@rwme:grmmemm imsrity t he
devices, thereby alleviating the structu

| 15 .
D008 536 AP PIOBHP O AGROPE 4 BY o bGPk A80PPFBARSd
aca@f&in@%%ueﬁg et RRNEEN A € grRIUY 1 4PEQH0MN tiheqgkak Mped.

boundaries fromthe surfaces of the devices nay react
wi t hirfdweas ey alte t treanesst o ngnteacédtoon pecadaci tyaglong
blnggto unbound val ences of silicon,ato

Wit SEURERAAGES 5 | TETHEORAT Ger cORUF on K6 e about an

adPeNE £8S, tMQ@rgbﬁlﬁﬁgrogbh%QEy'QQPW§ﬂ§'&Hbeé'&feQCMleﬁer
the devices can bé self-recovered. It is preferable

swihelhinpepprdductacintyasstetbe iustne dadérestpan be achieved.
ondlthg contain little anount, of ngfrltles such_as
1

Howeupkt t Fof Pradatiol fel3y Wing Hoe1&hd 9% Bpgel PRs Out
thaeldvastdqp e ﬁ:!rﬁﬁslgt§90§1pé§dpﬂ9§1¥é}ﬁ&ru§ antebge@Bration

that may worsen the properties of the devices.
ha®pesi 4 icalg wldtth od prébermbde mdvee hafe ac@ﬁtfémls pfoblem

tran5|t|o hor us_an boro id th
Ofpﬂjord][f&gli aygagnboegeeacﬁt 1583 E gh ess em copper wiring

of IRl eeabkyagaehi S&pply ]ﬁlb?éa, 1I€‘p&ﬁc60<5§ aanﬁetlanaﬂl,y and
each 10 €pb or less. The high-purity 15 SiF4 of the

lopyrésehectnventiior lavay SIFI}SWHM ise eiinenenpd oved

cobEsERBTTER ot iRE DR RS AR an odi? i nevBr o2t
lokheiekagtt oo ﬁ@&@rﬂﬁapfemﬂ[ﬁ)yéﬂlam 1) ) ge&@ratgo&, halows a
an outline of the reaction stem usabl e |n

Linpysithart fpest -REDE foRS v R AITS IR ( lfﬂdvemrl@mdoped
oxggsreﬁ%r?”t 5{%5“ 2N 33%erEx°sad'yf9§ ghi hﬁ%aﬂ%}g HDP

er énce he fo | owi ng omever
(higneddéhontyshellagmaotcpe. | i mt @dot:belsetu)slﬂkjt BiOF as an
in‘Engeggggelrtw_gufé‘glngz'fltlhn(le a?rycglélnuemlonfll}np% proci/dlécst Iw%rélng is
being employed. It is preferable that SiF; for producing such
S10F contain little amount of impurities such as transition
metals, e.g., iron, nickel and copper as well as impurities
such as phosphorus and boron that may worsen the properties
of SiOF. Specifically, it is preferable that the content of
transition metal, phosphorus and boron in SiF, is 100 ppb or
less respectively, more preferably each 50 ppb or less, even
more preferably each 10 ppb or less. High-purity SiFs of the
present invention, satisfying the above requirements, can be

used as the doping material for SiOF.

Glass for optical fibers comprises a core and a clad,
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system for use in the present invention is described.

In Fig. 2; 1 and 3 are a sulfuric acid tank and an
wWoi2858806480 t ank, respectively. Sulfuric acid BemJIP2004/014419

H2Si F6 are fed to the first reactor (7) via the

metering punps (2, 4) , respectively. 16 WO

2005/ 030642 PCT/ JP2004/ 014419 I n conti nuous operation,

sulfuric acid is fed into the system via the sulfuric

in fEiEnWashiRgLCREUAThAS)h Whgher a:epﬁm&mivegamdagthan that
washed, and the sulfuric acid also functions to pur

fy
of tithe cplm.ilupar‘gaﬁre’ﬁﬁétf |arr§ﬂmidedc"%/ors?7yhﬁ*§ éﬁthtatmaé’ be

predet erm ned 5 t ratu s
o1 PSS YT, S EPREELALS Dt rfesblen pmaes oo
orddd 8b [RasEQE (e acre&:claraitﬁ@rmndarxxeme byo #tdenast ber@oped

motor (6). In the first reactor, H2SiF6 is deco ed h
witimbodSp@at snith [ Gst el DF TinpdHowtvas FadgHS rguc

a dg:aii]flg ﬁa&angrugx; dlphas%ld%rédf o 5%@&%%%@@ Qe ¥b§t¥:@§1ng

hlng c nto which sul furic
in 3¢ cbegoptEAUOESLYiA &ﬂacﬂéfhese/apolthﬂhasghltntrahemlss:Lon

first reactor (7) can be sanpled out via't anpl i
ef Vidimncy of)thmeodical yed; L ighd Fﬁ%n%%n#ﬁsb% er%‘fﬁ ncPmay

d_t h. .t
e Q85 ReceaeY & S = i HEF 2 a .ng*‘%%?s”‘("%%%%ﬁger

de@f‘@é Y& .t 1 Qb sparts ethd adslubfgurfll@oa@m@ ito fbe¢ cArd to
the second reactor (1 i%wfronwthg ? &PH% Vi a the or
makelbhe redractaye hRICH HrehiARD Shathaly
SO]L_JgIté oapdc!lflcd&F gé $le GAGL {gla(sZ)pQ§§1E§@§h@§1©2 may be

ern1ne evel . the sllfuric acid solution 20
heé@@cﬁlt ah MG tand @gslger@m fite /<Sf11:‘s| dellpr’mi@mo&lF4Ha)tnlpﬁPiflﬁéer
first reactor (7).is fed to_the second reactor %

DR G VAR 6D IRE B RUBAG ISl * TP L CLon
meléSEg %1§)Prfﬁﬁﬁefﬁ%ﬁ€é’1 RN & Sidnd Qish@ﬂols@ﬁlorus

as ol l bath. The solutions fed into
anﬁlmﬁcﬁmomitr pact worfd)the propicfrdrimsy ofi Xedlcab hiper be
stirrer notor, (14). In the s ond eact
astYrHEd PRI B IS 1 5 TRESTH T ;%ngj’u}%l Hat the

co%@@htcgftﬁéﬁsﬁf‘lbﬁﬁh’éﬁé% p(t@s'f)’iu)or& adddboli2® (at 8pF, is
Mbst of the Si F4 gas appears in the vapor phase,

eaahoﬂ@:(a@pbeosdrqﬁaadmome maafqmlsxamqhnéomh/@r( ® Saﬁfd’en
anal

noSBEh 20030y D, I GRLOR VPLYE. (B B 0penEd s
the bPesERE Y 2t inur Ebiiéﬁyfﬁbj 2 wioblre requlrements, can
be used for gas for optical fibers.

Silicon-based solar cells comprises pin-type
photoelectromotive  force devices. When its I-type
semiconductor layer is formed of SiF,, the silicon film may
contain a small amount of Fatoms. In thatmanner, by including
fluorine atoms in the silicon thin film, when the surface of
the photoelectromotive force devices receives light
irradiation, interactions between heat and fluorine atoms
promote the atomic rearrangement in and around the crystal grain

boundaries in the devices, thereby alleviating the structural
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17 WD 2005/ 030642 PCT/ JP2004/ 014419 the side product
HF fornmed in step 1 to give SiF4 (step 3). The

W@ 05084682 aci d concentration in the second reartDIP2047)14419
may be controlled by further adding sulfuric acid
thereto fromthe sulfuric acid tank (20). Such a
further supply of sulfuric 5 acid can be nade, for
exanpl e, by using netering punp (19). The sulfuric

stog€id, neyd ben takent i, cfatde sesaonddreachefiet2die AAOnly
i ntroduced into the waste sulfuric acid tank (22) via

th¥eregh \téllevére;'zm)boumm%ﬁ rfgqoya thigesnrfafes |ce‘i/ hej evhees

ne QYLD S50 SO KR L SOOI 00, S B S

birtcﬂl&oflhmlséurﬂ@&@ﬂ@hc@@dof ﬁ@l&lclaél gaémm:@haizaﬁlﬁwlchanges
formed in step 2 in the second reactor and then

in e fehar 9o canel @on e it fder idedtl cesactberebyi iherodnEeégal
.0 th t r u

R e R S A S

It rieaglre@@ rableachat eded yrdasciieached tbsbstieasty under the

condition, and the mxture is thereby purified
coqu%%{@rhcaagamtlul&ﬁl\ﬁ aputhet aa@af%éﬁf%(smh WhiERNRAELION

me%%%? Sé%eecﬁ% g Eleﬂgaﬁéeé‘é nea\(’j% &hﬁ-.lj]*l:%' PRpIERE%es

Heral Ty, Ing I's p
sud:hntats)ch}ms;@d‘dﬂ;sgamd fo@mca N&aﬂx)maq;ewxbiraehl @Werrplrepertles
and val ve 20 Baki ng erformed whil

ofj ﬁteld@d’d&eﬁg Sﬁ?ﬁcégécﬁlékﬁ J’&”S’??Ee§81ﬁla@ e\hhgtfiplb%vcontent
of ”@E@L{s ana val v 48 rus ?a%c?lﬂ)ro'rfo'ne‘Qin Q E'i:oaaétlon

fromthe adsorptlon cyl'i nder may al so be sanpl ed
gaylbetémcmaMﬁ]qug>malQ@S@SZﬁoa@dpmmﬂewabdy theht BOsppb or

urified ken ou stemyvj.a
D81 Guepa P xe Eohar OY e%in B BPOito  Bxper | Henb ORrPREAEY
Slﬁﬁéf @ﬁe%@s%t iﬁvéﬁl@l&@egaﬂ%ﬁx atﬂm@@%au@&@ments,
below. In the follow ng anpl es, the di'nension
ca@fbeh@saﬁuf@rtp%mdmmﬁmmmtwiE£u¢Messystemelbsdescr|bed,

however, the present invention can be carried out
using units at arbitrary scales, and the reactors 30

BREFH SESERIDTION ORYTEONPRAWENGSY nmaterials so far as
they are resistant to the reaction condition and do

Figot shower foaltidiife a8 the 26asE D064 RETP JRIBDAngengion .
Flgh? %%&g%%.oEéanREegfltﬁg é%actlon system usable in the

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is specifically described with
reference to the following Examples, however, the invention
should not be limited thereto.

With reference to Fig. 2, the outline of the production
system for use in the present invention is described.

In Fig. 2; 1 and 3 are a sulfuric acid tank and an H;SiFs
tank, respectively. Sulfuric acid and HzSiFs are fed to the

first reactor (7) via the metering pumps (2, 4), respectively.
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500 m of sulfuric acid solution having a
concentration 5 previously controlled was fed into
W0 b@s08edr reactor (7) (cylindrical reactor nROBIRA04/014419
pol yt etraf | uor oet hyl ene, X100 x 260 |ength, about 2
liters) . The sulfuric acid solution was heated to
the tenperature as shown in Table 1, and aqueous 20 %
H2SF6 sol ution and 98 % H2SO4 were added thereto such

In Rak ihheuk0o @Pﬁﬁﬂéﬁatéﬂrftﬁflé %%1%1U1L5Ufé<§3 iddthe system
solution in the reactor coul'd be kept constant. The

v1@mlfausmdfao:u@ msddwsaham@ecbltummuw wihieerev al péogimgy gas

that th t t
b5 PERDSr CBHl D I oRCL AN oA T BIS T N dRcPRBATY the
prédaaheds i tshsteadt ¢andibi-o) tikexppodict 9ASdSAEBheled
out via the valve 15 (11) was analyzed through FT-1R,

terprirathe sbivfusizg achdasbbumiesms $hpusth agtodg gatthe The
so YEL 5l TR VAR URY A MGHO]  CINOTR BRLRR s
byPﬁl’éJ&@M@m& (OLL U) OO[ r(O_CI)OOO EOn

0 u) COcCa0COCON- U) 0 oON (0 ~-

In the first reactor, H;SiFs is decomposed into SiF, and
HF (step 1). Most of SiFy gas appears in the vapor phase, and
this is taken out via the sulfuric acid washing column (5) into
which sulfuric acid is continuously fed. The vapor phase in
the first reactor (7) can be sampled out via the sampling valve
(11) and analyzed; and the SiFy gas having passed through the
sulfuric acid washing column (5) can be sampled out wvia the
sampling valve (23) and énalyzed.

Si0, dispersed in sulfuric acid is fed into the second
reactor (17), from the tank (15) via the wvalve (16). On the
other hand, at the time when the solution in the first reactor
(7) hasreachedapredeterminedlevel, thesulfuricacidsolution
(containing a large amount of side product, HF) in the first
reactor (7) is fed to the second reactor (17) via the stop valve
(12). The second reactor (17) is kept at a predetermined
temperature using a heating means (18) such as oil bath. The
solutions fed into the second reactor (17) are uniformly mixed
by the stirrer motor (14).

In the second reactor (17), HF formed in step 1 is reacted
with Si0; to give SiF, that contains an impurity, (SiFs3):.0, and
H,O (step 2). Most of the SiFy gas appears in the vapor phase,
and can be sampled out via the sampling valve (10) and analyzed.
When the stop valve (9) is opened, the SiF, gas can be introduced

into the first reactor (7), to react the impurity (SiFs).0 with

17



10

15

20

25

30

0) M 000~-00 U o 000000 > NLf) LI) i~ d d) L()
OOO0r 0 OO0 >00000 OU Or naoOaD -0 = ONNNNNN
WO 2005/030642 PCT/JP2004/014419

the side product HF formed in step 1 to give SiF, (step 3).
The sulfuric acid concentration in the second reactor (17) may
be controlled by further adding sulfuric acid thereto from the
sulfuric acid tank (20). Such a further supply of sulfuric
acid can be made, for example, by using metering pump (19).
The sulfuric acid may be taken out of the second reactor (17)
and introduced into the waste sulfuric acid tank (22) via the
valve (21). Accordingly, the liquid level in the system can
be arbitrarily controlled

The mixture of the SiF, gas which has been formed in step
1 in the first reactor and the SiFy gas which has been formed
in step 2 in the second reactor and then purified in step 3
in the first reactor is introduced into the adsorbent (30) that
has been previously baked, by opening the stop valve (24) after
the reaction in each reactor has reached its steady condition,
and the mixture is thereby purified through adsorption with
the adsorbent {30) which has been subjected to baking treatment
with heating means (31). Generally, baking is performed while
introducing N; gas from a N; source via flowmeter (25) and valve
(27) . Baking may be performed while introducing SiF, gas from
a SiF, source via flow meter (26) and valve (28). The purified
outlet gas from the adsorption cylinder (29) may also be sampled
via the sampling valve (32) and analyzed. The thus purified
gas 1s taken out of the system via stop valve (33).

Concrete data of the experiment carried out according
to the operation mentioned above are shown below. In the
following Examples, the dimension of the units that constitute
the system is described, however, the present invention can
be carried out using units at arbitrary scales, and the reactors
and other units may comprise any materials so far as they are

resistant to the reaction condition and do not interfere with
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the reaction.

Examples 1 to 8:

500 ml of sulfuric acid solution having a concentration
previously controlled was fed into the first reactor (7)
(cylindrical reactor made of polytetrafluoroethylene, $100 x
260 length, about 2 liters). The sulfuric acid solution was
heated to the temperature as shown in Table 1, and aqueous 20 %
H;SiFs solution and 98 % H,S504 were added thereto such that the
concentrationof the sulfuricacidsolution in the reactor could
be kept constant. The sulfuric acid was discharged through
the valve (12) such that the amount of reaction solution in
the reactor could be kept constant. After the reaction reached
its steady condition, the product gas sampled out via the valve
(11) was analyzed through FT-IR, and the sulfuric acid solution
sampled out via the valve (13) was analyzed through ion

chromatography. The results are shown in Table 1.
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Examples 7 to 10:

The H,SOs solution inExample 1 or 4 was constantly supplied
into the second reactor (17) ($100 x 260 length, about 2 liters)
via the valve (12). A dispersion of Si0O, in H;SO4 was fed into
the reactor under an increased pressure with nitrogen, via the
metering valve (16) at a constant flow rate relative to the
amount of HF in the H;SOs solution fed into the reactor. The
temperature of the reaction solution was controlled by the oil
bath, and sulfuric acid was constantly discharged out via the
valve (21) so that the reaction solution level in the reactor
could be kept constant. After the reaction reached its steady
condition, the product gas was sampled out via the valve (10)

and analyzed through FT-IR. The results are shown in Table
2.
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WO 2005/ 030642 PCT/JP2004/ 014419 Exanples 11, 12: The
w®G04/03®82 obt ai ned in Exanple 9 was fed into tPeT/iP2064014419

reactor (7) via the valve (9) , in which the reaction

was continuing under the same condition as in Exanple

4. The]aﬁroduct gas was 5 sanpled out via the val ve

Exanphgs d &hal yzed through FT-1R In addition, t he
oduct f
PO 3SR Y 0UOl Ll 3Ub T ek boslt g roc

rea@nsir aﬁalwibeﬂhe vhtoag(D) FTlﬂl Rhidh tsid féactlamMSvm{hmgnng
colum (5) , a 50 cmlong 1/2-inch tube made of

undeyp| YhetS3E GoPGethyRens, lWﬁWEJa% 411 T8¢ poodPth s was
rendi bt 0l ol ) tonost i oo, (IR0 pes vecth. oo

add Loheepthatpironuict ¢&i FHaadenttafousjiFdh SanpifertE adaid ve@Ehing
COlEH(gl((SE:)F,B)aI%g. then sampled out via the valve (23) and analyzed
through FT-IR. As sulfuric acid washing column (5), a 50 cm long
1/2-inch tube made of polytetrafluoroethylene, which was £filled
witha filler of polytetrafluoroethylene (120ml), wasused. The

results are shown in Table 3.

Table 3
Impurity Concentration in SiF4 Amount of SiF,4
Sample HF HCI CO; CO (SiF3)20 formed
Valve | (vol.%) | (vol.%) | (vol.%) | (vol.%) | (vol.%) (Nml/min)
Example 11 11 1.9 1.7 0.11 0.04 ND* 184
Example 12 23 0.01 1.8 0.11 0.04 ND* 184
* ND: not detected (less than detection limit)

Examples 13, 14:
The gas in Example 12 was introduced into the adsorption
cylinder (29). The adsorption properties were compared between
a case using an adsorbent baked with N, alone and a case using
an adsorbent baked with N, and further pretreated with SiFy.
As the adsorption cylinder, a 3/4-inch SUS tube was used,
and was filled with 100 ml of an adsorbent, Molsiebon 4A
Ltd.).

adsorbent was baked at 300°C with N, applied thereto at a rate

(manufactured by Takeda Pharmaceutical Co., The
of 400 m1/min, and the baking was continued until the outlet dew
point reached -70°C or lower. After this was cooled to room

temperature, and the same gas as that in Example 12 was introduced
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f or med
Val ve(vol . % (vol . % (vol . % (vol . %9 (vol . %9 (NmM / m n)
WE2@s0B@421111. 91. 70. 110. 04ND* 184 Exanpl e PCT/JP2004/014419
12230. 011. 80. 110. 04ND* 184 * ND:. not detected (Il ess
than detection limt) 15 Exanples 13, 14: The gas in
nple 12 was introduced into the adsor ption
theéﬁlliﬂﬁ@er apgdofhe PHELGEsERBt Woh prRep¥Fefles were
co b c S
o Lonae AR EF Lo (IRErUOLRY BOBTHITRNCTIORES, fyfhe
treNﬁemmiﬁhmi@BFp@rEtySéFe&HMJma§uﬁérodﬂ8eﬁMBtheadsorbent
adsorption cylinder, a 3/4-inch_SUS tuge was us

at Ja%mv@gnmrra}féﬁcr%attha foerhirase af HUsBLHBAR, %@éﬁl@owtlet
I
L S S T e

wast benetwuad wntridt @oZbexd £ UOOr-od 1 9 g xarnd whisedbakehgdwas the
ontinued until the _outlet dew point reached -70C or

Outﬁ&ﬁegésﬁwt%ﬁt%WﬂQQmwé§t&881%%'Qh? Pé@ﬁFeFEWﬁEFatE?%‘“%%a gas

as Lhe: sa®.ga l@slﬁQ%E;hﬂtE§§HPé8 'EBB°9H§§QH%§et gas
WO 2005/ 030642 PCT/ JP2004/ 014419 therei'nto, and

wasoanleélyzgas wakeanabyred. ata $]in@wmj:nerTa:la}se 4whedeTabde 5.

baked adsorbent was further treatedwith high-purity

Si F4, SiF4 was introduced to the adsorbent at room

tenperature at a flow rat-pabfg4100 m/mn, and the

UULI et—5 yds wWds I ntermttent I y clllcll chu llll ngll

FT-1 R The pr eExaapladdt(notwestraaied wﬂluléd:4)Jnt|I no

hexaf | uor odi si | oxane \/\@1 &q?ct ed t? i outI et gas.

After conpletion of iFas o gas__as
thgle i N Exanphe 12 was |n|1;|@ duced thedg@z and t(§@3)20
outl et gas was anallyzed. The results are shpwn I n
Tewhe 4 and (Valdlp 5.| 10 (Valfbe 4 Exanblesl3 (phot (vol.%)
pr 1reatedw£§58|F4 Irrpﬁléity Qonce tISgtlonln S F4

Tt HE HO 0.13
30 0.04 ND* ND* 0.1
60 0.01 ND* ND* 0.05

*ND: not detected (less than detection limit)
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(SiF3)20 (min)(vol.% (vol.% (vol.% (Vol. %

100. O5ND* ND*0. 13 300. 04ND*ND*0. 1 600. 01ND* ND*0. 05 * ND:
woodosasteert ed (| ess than detection limt) 24 VECT/JP2004/014419

2005/ 030642 Tabl e 5 PCT/JP2004/ 014419 Exanple 14

(pretreated with SiF4) Inpurity Concentration in SiF4

Time HF HO CX2 (Si F3)20

(mn)(vol.% (vol.% (vol.% (vol . % 10NDNDNDND

30NDNDNDND 60NDNDNDND NDrpot detected (less than

gas cont ai ni ng ExaEmplé U4 §eretrSated with SIPPUNt  undet ect abl e
throughJFT-TR coul d bé continuouslty produced.

| NDUSTRI AL _APPLI CABI LIImRurity Coasentralied imbibve, t he
.esent |i nventd on enabl e 10 contin S producjd, f
2 r* TR < R R e

gas contai ning|i npu ies at a ~“cGncentr at
resiyced [to ad.esjel as | wl.ay undet eqichbd)e t roudhol. %)
FT-TR—Accordingty, [the present [fnvention enables
pri@ductiion D hi gh{puritNPSi F4 [t hat Mas been dendtiRded

in.the ¢lectrgnic g¢onpo t incustryDl\/brecver, ND
acPor di ng-to-the present 15 |nvanti orN HE that is
diggcar ded as ppsi de [prodygdh i n gonverNponal | nmet hges
can be utTtized T producing SrF4,and the utitrzatTon

ND: ehdicilebeyted siassibigamederéatsonslimygh) and
d'?ﬁ?%@ gfﬁtgggggweré%&¥%§w§$§482Qé§%€§%&ﬁ§ﬂim§%rities
in an amount undetectable through FT-IR could be comtinuously

produced.

INDUSTRIAL APPLICABILITY

As described above, the present inventiom enables
continuous production of SiF, gas containing impurities at a
concentration reduced to a level as low as undetectable through
FT-IR. Accordingly, the present invention enables production
of high-purity SiF, that has been demanded in the electronic
component industry. Moreover, according to the present
invention, HF that is discarded as a side product in conventional
methods can be utilized in producing SiF,, and the utilization
efficiencyof startingmaterials ishigh, anddischarge of harmful

substances can be reduced.
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WD 2005/ 030642 PCT/ JP2004/ 014419 CLAIMS 1. A nethod
for producing tetrafluorosilane by deconposi ng
weooahbasaz osilicic acid with sulfuric acid, whPChIP2004/014419

conprises: 5 a step of deconposing hexafl uorosilicic
acid in concentrated sulfuric acid in a first reactor
to give tetrafluorosilaﬁe and hydrogen fluoride, and
taki ng out the thus-for M2t rafl uorosil ane (step
1); a step of transferring at |east a part of the
concentrated 10 sulfuric acid solution of step 1

1. cord aietihmyy Modr pgedutlingr tderaifhtorassdcors e asconposing

aLlow the hydrogen.fluoride to react, with.silicon .
hexff P ERSTh ehCT 1R oS%%wgﬂe%p%l?ea&ﬁhl&F?l REREes
proguckpgpt ebraf hdebrpbkang CHbRIMiRGrosilicic  acid in
hexaf |l uorodi sil oxane " (step 2); and 15 a step of
congenhyihgdt heulBacts orePirbddet of $tept2 emsclion ngo give
hexaf | uor odi si | oxan nd tetrafluorosilan 0.the
tetPRrLroFRALIBRC SBat RUAFPRE ERHPRadRod ST okaRe En OPtfe the
thubes6then peedietubsosi Bacs efisiip hy hydrogen fluoride to
convert it into tetrafluorosilane, and taking out the

r esulsttiargo 20t s nigv st beres aleopgri ©f tthe concentrated

trafl uorosi] ane for inste l.(step.3 2. T .
sulf g8 A bR ekt Rt PRt AR e i refinn) iporide
int6l &i Sedonahies £t oA AGUERUS th@xﬁ}/w@@r@é‘d lfleicr 8d ko react

. solution and 25 concentrated sulfuric acid are fed
withgfid e 419%ide whécbrs Eed insn thir aricead sepefornttdrereby
. SEecC I tor cant i I r .
R TRl IO i D SRAINTL IR ERE S

(step 2)ptengittently taken out of the first reactor. 30

3. The method for producing tetrafluorosilane as o
cl a® eGP Nt PELBPIRY the eaghrProthe saf a2 geinfaining

. : . ¢ ;

nesEEREEDRARLL00Rah8 aiie LA Cip R PRERNLS S4E 2L E0R R cror

so PEdtJRROANXEA419 rddithe orahkod nf dheprodaetngn product is
tetrafluorosilane as clainmed in any one of claing 1

reagheqd WH@#EinhVﬁEOFE%cti?ﬁ?qqﬁﬁﬁeraFarescPﬂveFﬁe fifst into
tetPRf186EARAILABEL O S0 € OOLORoN! ONALe S Apdhe MRINAGsng

or produci ng tetrafluorosi as clainmed in
tetrafluorosilanealongwiththe tetrafluorosilane formedinstep

1 (step 3).

2. The method for producing tetrafluorosilane as claimed in
claim 1, wherein an aqueous hexafluorosilicic acid solution and
concentratedsulfuricacidare fed into the first reactor, silicon
dioxide is fed into the second reactor each continuously or
intermittently, and tetrafluorosilane is continuously or

intermittently taken out of the first reactor.

3. The method for producing tetrafluorosilane as claimed in
claim 1 or 2, wherein the sulfuric acid concentrations in the

first and second reactors are kept 70 mass% or more.
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claiml or 2, wherein the particle size of silicon
dioxide fed to the second reactor is 30 mor less. 10
wW® 200Fl0soenet hod for producing tetraf | uorosil aneCEIP2004/014419
claimed in claiml or 2, conprising a step of
contacting the tetrafluorosilane taken out of the
first reactor wwth concentrated sulfuric acid at 50C
or |lower so that hydrogen fluoride contained in the
4. tetsaf lhuanesd IR3Rept8qabsagbed: and: ,8MB¥ed ankdad. cThened in
nmet hod for producing tetrafluorosilane as clained in
anychmé m B ,clshierseilntoh®, twtend inudhesitemet t ak epemperrafures in
t he f%rst reactqr is %ountercurggntl ontacted with
the ShEht PR e SOPFuFFECTREF i3 F Ral i S Q%péﬁg & t'hrough a
channel to the first reactor. 20 8. The nethod for
produci ng tetrafluorosilane as clainmed in claim1l or
5. 2, Toeprethow) fwrspepdotipgriéygaflubeosilane as claimed in
tetrafl yorosil ane aken put_ of the first.reactor wth
Claih) Lall 4 SPETENG EAPDBRT Sb-Las 1 8or Bimeblingh Gloflad fed
to tARUELELRE beQptbheikeBpafihugrosélsane. 25 9. The
nmet hod for producing tetrafluorosilane as clained in
claim8, wherein the renoved inpurities include one or

nmor menber el ected fromthe oup. cansi sting . of . :
5 hycll BGATE DA g DL CRar Beht CrT o e CSoueriT 2 Gaied in
cladrogen ookl e ndnds €ap BeonQ it DXy dee dd:rafRuorosilane

met hod for producing tetrafluorosilane as clained in .
taken ok 20084636643t PCFAIPRDOH BL4419cenbrafgdopudiuric acid

at ﬁ:ﬂg{:eég tlg% rgo!s%c laart I%e rlon nca{ grﬁgeb%o;éx eaqmel%ﬁsil‘? the
| er por Sl ze an e ecular st ze O

tettgtrrabkusioshkans. absdtbedhangetrbamfar. produci ng
tetrafluorosilane as clainmed in claim210, wherein the
nmol ecul ar sieving carbon pretreated by baking in an

T oA TR Bl B B L2t AT dHPEE B fined in
clapmodycihenebh o i catrd fbessosvihbral taRtai batt b the first

tetrafl uorosil ane gas_. obtai ned according to the ,
reagigguct FOR HeY HeEr sl yeerfFreEaC L B FosTE T adied fel furic

acifOrhit EQ”P&%&P&N@P&& h O %rﬂ%ggél Egoﬁﬂgofilfs@ngeactor.
oron each at” concentration of 100 ppb or

8. The method for producing tetrafluorosilane as claimed in

claiml or 2, comprising a step of purifying the tetrafluorosilane

taken out of the first reactor with molecular sieving carbon so

as to remove the impurities from the tetrafluorosilane.

9. The method for producing tetrafluorosilane as claimed
in claim 8, wherein the removed impurities include one or more
members selected from the group consisting of hydrogen fluoride,
hydrogen chloride, sulfur dioxide, hydrogen sulfide and carbon

dioxide.

10. The method for producing tetrafluorosilane as claimed in
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| ess. 15 13. Gas for production of sem conductors,

whi ch contains the tetrafluorosilane gas obtai ned
waewsnslionzy t o the production nethod as descri PErJP2004/014419

any one of clainms 1 to 11, conprising transition

netal phosphorus and boron each at concentration of

b or .20 les 14. Gas for production of solar
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described in any one of clains 1 to 11, conprising
tetrrddstrpenl2benet al , phosphorus and boron each at
concentration of 100 ppb or less. 28
11. The method for producing tetrafluorosilane as claimed in
claim 10, wherein the molecular sieving carbon pretreated by

baking in an inert gas atmosphere and then introducing thereinto

high-purity tetrafluorosilane is used.

12, Gas for production of optical fibers, which contains the
tetrafluorosilane gasobtainedaccordingto theproductionmethod
as described in any one of claims 1 to 11, comprising transition
metal, phosphorus and boron each at concentration of 100 ppb or

less.

13. Gas for production of semiconductors, which contains the
tetrafluorosilane gas obtainedaccording totheproductionmethod
as described in any one of claims 1 to 11, comprising transition
metal, phosphorus and boron each at concentration of 100 ppb or

less.

14. Gas for production of solar cells, which contains the
tetrafluorosilane gasobtainedaccording to theproductionmethod
as described in any one of claims 1 to 11, comprising transition
metal, phosphorus and boron each at concentration of 100 ppb or

less.

28



