SPECI FI CATI ON METHOD FOR PURI FYI NG CHLOROSI LANE TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for purifying chlorosilanes.
BACKGROUND ART [ 0002] Chl orosi |l anes such as tetrachl orosilane (SiCl4),
trichlorosilane (SiHC b) and dichlorosilane (Si H2Cl2) have been used as raw
materials for producing polycrystalline dilicon for sem conductors,
nonosi | ane for solar cells and liquid crystals etc. Such chlorosilanes are
produced by, for exanple, chlorinati urgy-grade lowpurity
silicon called "nmetal silicon" by Hggg%?ugﬁgéhgke. [ 0003] Chl or osi | anes
produced in this manner inevitably include inpurity netallic elenents or
the like derived from L1 . I hl or osi | anes
are purified by distil Fﬁﬁtﬁﬁ?b é@ﬂ&@%ﬁﬁm@gkﬂgﬁﬁpun ties as
possi ble to produce high-purity chlorosilanes, and then used as raw
materials for polycrystalline silicon for sem conductors and nonosi |l ane
etc. [0004]Incidentally, while nmetal silicons conprise boron conpounds in a
proportion of TEEVNIGALEUREr ed ppbw to several hundred ppnmw, boron is a
p-type acceptor and woul d conprom se the properties of polycrystalline
silicon{ﬂgﬁ nonosi l.gne etc. For this reason, while it is desirable to
remove TH& boron coSEEREY ysnRdRaEs oz gRethast for Rring figpYianssanes

conpri sing boron conpounds (also referred to as crude chl orosil anes
hereafter), the boiling point of boron conmpounds is relatively close to the
boi | i ng pointBéﬁxﬁﬂﬂﬁmggﬁﬂﬁhes, and as such, it is difficult to separate
them by distillation, and the conpounds tend to be a cause of contam nation

in chlo 1 anes. [8Q05] such, .yari.ous, ne for renmoyi boron .

COI’YpOUI’l@g&I} n crude &g(g?ld@%%sis'il%nag§e\{ﬁ51§l/cér°%1éa5%&|§%§%§’g°d9mﬁ%er(g‘ggg‘?rﬁ?‘{e, a net hod

in which a sildahloraidme($iHEC ) bave ien ised HAhe chatdRR f6ligsbdudnk Piyayasiide

chl orosi | ane g.ee Pat ent cunent 1), a nethod in which a crude .

“chlorosi | ane PECPLLLERPRHTusEh P Enesiipredar solay eedfs preiliquid aysplsetphaud  (see

Pat ent Docunesiilomilanate Srolilel 6F fdrxaMp1€ Bridrifdik Qn{;ﬁhg{gg)%dd%mv.b%itgassed
ave be

through a nitrile-carrying zeolite (see Patent Docunent n given.
[ 0006] Hovever silignfalledrmetsbeiicont byjHS! ¢rithd likg. a crude chl orosi | ane are
separ at jogga; met hods dyfi, W04 G istillation aperation. utilizes differences
in boiIEng]points among gd%§%£ﬁ€%§§h%%%%ugfgwﬂ%§ff?%%ﬁém?%wygﬁégFating_
subst ances haviemgntgbrobelikpaietivaligrqpoinataksilicbar fxaipiie obfained BlbbiiRgespad Nt's of
dichLorosiIaneuﬁg trichloride under_ atnpspheric pressure are

bar 1€ !
respectively ppr‘%ﬁy %ﬁsggiftﬁ?néo EreNRsRAY: nexjRolmpugtipsas pessibletg profeeee.  For
this reason, high@uel§ichlogoslSRBUR BRA QR dlE fs hXedifdEsof ﬁ&ﬁ@r?étaﬁlmﬁgﬁﬂfﬂ dane, it
alar

needs to be passed through several distillation colums” wt ge nunber
of trays, whi &ifaRdustereandymepasianegifount of energy consunption.- As di scl osed

7 AP, U D 0 B AR
several hundred ppbw to several hundred ppmw, boron is a p-type acceptor and would
compromise the properties of polycrystalline silicon and monosilane etc. For this
reason, while it is desirable to remove the boron compounds as much as possible from
chlorosilanes comprising boron compounds (also referred to as crude chlorosilanes
hereafter), the boiling point of boron compounds is relatively close to the boiling point of
chlorosilanes, and as such, it is difficult to separate them by distillation, and the
compounds tend to be a cause of contamination in chlorosilanes.

[0005] As such, various methods for removing boron compounds in crude
chlorosilanes have been proposed. For example, a method in which a silane chloride

polymer is added when distilling a crude chlorosilane (see Patent Document 1), a

method in which a crude chlorosilane is passed through a silica fixed bed in a gas phase



situation does not change. [0007]Additionally, for nethods of passing
through a silica fixed bed, such as that described in Patent Docunent 2,
the frequency of changing silica is high, which increases the running cost,
and they were unsuitable for industrialization. Mor eover, for

met hods of passing a crude chlorosil ane Lhrough a nitrile-carrying zeolite,
such as that described in Patent Docunent 3, in addition to the costs for
changi ng the adsorbent etc., there was the prob|em of potenti

) |
cont ani nat i on (fee BetentocEraes Roat 2 methpdirpicREEr eﬁé’taésﬁgﬂﬁ%%‘rre nts
[ 0008] Pat ent Dogcupent. .1 2 AL b RImEabanke BRaURAL 2 . JP-A 559- 83925
batont | Docunedt e Bnghy et AR arbodim bt opte Il\l\%?liﬂ'l ON [ 0010] The
present [dgoosient or s pHbwermsidcatnéthapisiof distilnga drade dhlonesilang agsepEatiyd| ve t he
above technical probl ens. .a.result ther.eof ... ‘;'PIHPJ‘ t
contacting a d?‘ﬁ]é%ls(‘fh‘f’gs%g‘léﬁﬁﬁléa 1888%??“5‘1“#83‘?5 gbére%ﬁyegorrpégﬁdg \;ﬁ\-n& Eiér;:lyogé
i on- exchange rgsddhc@fepirk ingditaiié fo€ eep@ting dubgtatires lnwingahpohnilthgipeattauded
therein as an inpurity can be great I_%\lrem)ved, t he f%@g enc% of changi ng
the boron adsdiobermpitete beiliegponth et eqresiangang forgh %‘8}‘? ¥ med stably and

efficient!y, tReLehyihihilal Bhediiay GANBLALLGT Cfand N>hivarREie stimeNL § ON.
[0011] I n ot her 'words, 'I'n one aspect,” the presént invention relates to a
met hod for purddsyi rgr thisceasore ircdrionosnoankorenirishicsdafgom disbletsilaeiisei,
conprising the steps of: contacting the cr Lchhor 0si Mg aER-T o}
i on- exchange rtBZ’Fﬂ,sseé?ﬁ{im&glh?eﬁ?fﬁli‘#‘nséﬂﬁog Cgir%u g%(l: cl)a?%esﬂnlg%ggfvfn %1 a silica
adsorbent. [ 004gli}cha RAtARunBFRAGEY cohfienitions e disdusetinPatentiicamey 1t 0 a

met hod for purifying a crude chlorosilane, wherein the gr%ﬂe clhl o&osi | ane
conprising a Myeowhemsdensroride pelmes adfedmban distiigh? ERSHAIRIFESTR and

then with a sidGRn3Hs0iRaRhge.

{0007] Additionally, for methods of passing through a silica fixed bed, such as that
described in Patent Document 2, the frequency of changing silica is high, which increases
the rurming cost, and they were unsuitable for industrialization.

Moreover, for methods of passing a crude chlorosilane through a
nitrile-carrying zeolite, such as that described in Patent Document 3, in addition to the

costs for changing the adsorbent etc., there was the problem of potential contamination

from the adsorbent.
RELATED ART DOCUMENTS

Patent Documents

[0008]  Patent Document 1: JP-A 2007-1791
Patent Document 2 : JP-A 559-83925
Patent Document 3 : JP-A 561-197415

SUMMARY OF INVENTION
{0009] As such, the object of the present invention is to provide a method for purifying

a crude chlorosilane suitable for industrialization which is capable of removing a boron

compound from the crude chlorosilane at a high removal rate.




In one enbodi nent, in each contacting step, chlorosilane is contacted with
an i on-exchange resin and/or silica gel with a noisture content kept at 2%
- or below. In one enbodinment, the ion-exchange resin has a functional  group
represented by general formula (1): -0-12NR 122(1) wherein Rl and R2

i ndependently represent hydrogen or an abkyl group. |In another enbodi nent,
the silica adsorbent is one in which at | east 75% of 200 arbitrarily

sanpl ed ticles it hi icl i r. range of 40 t 000 jtm
and t neB80 sur faceEpearEl Re Rl BEil R BTN gt AD9% Bl St

Addi tional | y, technigabprableins.i ¢\& agesultdavéof) ghey (BT tisp b tdnitetisgl frade ar ea of at

| east 450 rriZ/g.g I\/b{ eover,. the "rparti cle diameter"” here refers to the

di aneter of a“EPPEIRRE QHWIFLE 8 Rerop omppnd PSR {m e eliPnge et apbwith 3 ik gel
nmeasured by &) @SERREconlpBRABhAGER Hitd af th inlparifRLR 8 bRl BHEIYhOT 2
chlorosilane according to one aspect of the invéntion, there is no need for
cunber some di §equepetof %ﬁnﬁﬂéﬂﬁtbpwﬁdm@nb@ﬁcm%@@n@Bunifépstimn bepsfigithedi ent | y
renoved by on i .at 1.an. .1 I si nce sufficient

br eakt hr ough %t%{bl Qﬁéﬁ%ﬁg seg‘giiJ %Hgfr;] %%rco@gﬁh%ﬂe&g% J%ls’eelamé‘ﬁg?lhe frequency
of chan@gfiiy t he addortbentordsin dre agtect tapatent puertioh ceitestt a @thoddorcar ri ed out
‘at a | ow cost ich i ita.IbIe for. industrialization. . BRI'EF DESCRI PTI ON
OF THE DRAW N&\{?ﬁéiﬁﬁuﬁﬁ%ﬂf’% 19 °°|“§’“§‘“EF§W°8 CHRR AR PmRHs B e AR £ or
carrying out tdieactiief thochuddhldesilbdeivitfarfios BlcRiRSs ks@hamadaccor ding to one
enbodi rent of the present invention. MODES FOR CARRYI NG OQUT THE | NVENTI ON
[0015] I n the pnEsERgthe Aydaahiaspsilanaeithes titire adsorspbsi | ane to be purified is at
| east hl or osi | ' il

trichl 3?%3& ane (Sihagcli%ft?)})é ?g g&'?g? é%c %‘r’%@ il)fge%zésftg?%f%?&e%? ?%g%irngg m xt ure of
at | east two ehfiohdsisilanrewherbiathe aneleichimbisijarie nathpribdgs divr@nospoamdior on
conpound. An exanple of such a crude c th_lorostgél aPe i.S g crude chlorosilane
obt ai ned by chl'6rinati Rg A Nerass Grof Y rabE e fEsH o8B i n such crude

chl orosil anes, ni xMusreembBdiflelt, BQERT dofiafgheGic/UhRi &8ileas@ntakied Gith @k 0Si | ane
and tetrachl orosil ane inevitably include boron conpounds. [0016]1n the
present i nventPErchaggsiresin andior gilitagehyith a mojsee eomtent kept 22%om belows He ofior m of
the bor on congathndReNd ibr@BloareCiiiRga kihAdien &yﬂ% SOLRLRFLLART. crude

chl orosi | anes obtai ned by chlorinating neta g -g?a e sifcon often

i ncl ude bor onfopmule i f orms of various chlorides such as boron trichloride
and di boron tetrachloride. Wi I_&Igl\tﬁgmarmunmm t he boron conpounds incl uded
varies, usually several ppbw to several pp of the boron conpound renain
in the above whereie Reidat afiepaidently rafrkseht iy desien erdaagiylgitpof the
purification ']get gtgd of é,he present jnvention, the crude chlorosilane

conpri si ng t hé 2AR8T&™BaiBr e tplicrrdserbentisneg ipyhighatdeeptTaTkiofigf0a

met al | ur gy- Of @bty sh08d ptQAUARIRH 2 Yhitlle WAL EAEDE %o 1086, aRa SxChange
resin and a silica gel, to reduce or renove the boron conpound in the crude
chl or osi | ane Ha80% s asearpverags pAntigedinmeterie atiniase30 . 0 Additlosallg. itida cor di ng

to the purifi at g g{gégggr the bo;on concgnt ign ipn a crude, ch| orosilane
such as t hat E'gles EFi bed® above Wt h Several aglﬁ%s\[/v%bén Eg'evﬂe}[f’ arv p@ft‘c‘%enﬂant
bor on conpoundismeari hbe refed tcthe diametkr paivcle kqliedt tolthE SrojettB®ared sfdIR
chl orosi | ane Ry cipt i ona I)y be contacted with the ion-exchange

silica gel'measured by microscope.

{0013] According to the method for purifying a chlorosilane according to one aspect of

the invention, there is no need for cumbersome distillation operation, and boron

compounds can be sufficiently removed by only the adsorption operation. Additionally,

since sufficient breakthrough time of the adsorption layer can be secured and the

frequency of changing the adsorbent can be decreased, purification can be carried out at

a low cost, which is suitable for industrialization.



resin or the silica gel first, and it does not matter whether it is
contacted with the ion-exchange resin first and then the silica gel, or
contacted with the silica gel first and then the ion-exchange resin.
However, the present inventors, as a result of diligent investigation of
conbi nati ons of various ion-exchange r#sins and silica gels of various
properties, found that while the boron adsorption ability of ion-exchange

resins is CQRpa" SjclYl?f”biOlI*P%FTHEHlﬁﬂmt of boron adsorbed is high, and on
t he ot her hand, %i e the boron adsorption ability of silica gels is high,
t he amount of boron adsorbed is conparatively lower. As such, in order to

mai nt ai n, hi gh- pur.i.t ur.ification for a prol onged. perio a crude

chl or@@iqi anggg'@egfse%/%d%a ?%73T8F1%WE’H‘€W ?Ecaﬁ“’igg’ﬁt-tggﬁ‘ﬁ@ﬁgg’rrp&‘ F&then a
silica gel tolbhiRhe REcIhg td HQLBLMIINeR Ji bR prRfn@xehtnge resin to be used may
have any substrate and functional group etc. as long as it can renove a
boron conmpound from a crude chl orosil ane by ion-exchange, as a result of

di ligent i nygsbidRdk EARRYINGOUR BHEANVANMBN 0TS, it was found that it may
be favorable to use an ani on-exchange resin forned by linking to a
substrate or the like conprising a crosslinked polymer having a styrene
unit, unctional .group represented. b eneral fornula . -Cl-12NR1R2( 1)
wher 6110(?115 | and Rgngqgﬁfeég'gmv {hr ‘f:)gﬁd%&‘l‘%ﬂsméﬁ‘ekt?lbe a0 ‘i‘{tﬁ%“ﬁﬂﬁber of
carbon at onenlérssilhedeREtdDErYm HichRradilar@NSidS, eHdiedilafd SERAYQRY atons is
particul arly preferabl g lgﬂ;g Additionally, it was found that even anong

ani on-excha??&é@%%’iﬂﬁée,( b kgte- gr pabiwre giat irstéwe Florgulapesdhat inepitabiing a BET
speci fic supfRas bRfdndr QBOrgécMcﬂn&.o_&pexgglﬁ% 2Ry, 2R4L S BLiMAE;; Qf (0.5 1t0 1.0
m /g by the nmercury intrusion technique ahd conprising a cross-linked
copol yner heviednlogosiipnerabiaaed hy thiarimtipgr tielihgyigyadp sibfay areldn skckanpl es of

such weakly_ basi.¢ ani on-exchange . resins.incluyde, "Anherl|lyst A-21"

(register edcql?%c goﬁoaspﬁx}es’n%ﬁtfﬁegc H}ljé%?nﬂ)ﬁisﬁgﬁfﬁkgﬁﬁﬂ?ﬁa%’g&yﬁﬂ%ﬁ aehd " DI Al ON
WA- 30" (r egteahehiceekilhrieafe UK Inclaabdrag tomdndy M t subi shi Chem cal
Corporatjon. [0019]Wiile the silica gel to be used may be anything that can
r enoVE¥Bbr on  conmb RS Bhventions wiile there i5ine eritiger limjtatign fodhagfoim ef theji | | gent

i nvesti gat i sioldbnt EndPnEARRHY ihdMRA §PhS crulid HBSsibRU AL gl Hﬁéroﬂiaﬁésl ica gel in
which at |east 75% of the particles are within a particle dianeter range of
40 to 1000 ybspedtyehBongting nfetedlargyrasedesilicpragften prachude bbron éi therftrms off S at  nost
300 m and i ] urf.ace.area.i.s at | east,45 is preferred.
When t he pa% ?’3?@%@2%9&%5%8 onttﬂ%ﬁ%rf eiaggdlgbé’fmitt%m?g%mfear%@ﬁe contact area
with the cramgemebd the BB @hRgointdsSiahtded viR@UBUAT stheeal pplse tdHel@d pgifs Ci ency.
Conver sel vy, \é\?en the partjcle diameter is small, the contact area with the
crude chl or® Gflﬁ’ﬁ‘?-f"i°§1PP"éﬂdgr§‘,“a‘Bﬁ‘%&‘Fﬁ’%""ﬁé’é‘ﬂeﬁm"’i"ﬂ@n?-i lter for fixing the

sili qeolgfl packeth HRABESMRESS BIERIukificAOR mRiBd SHhE pleSSinthifRn fthoW Ng the
crude chlorosilane increases, resulting in a probFem of a fine powder of
the [ 0020] cpdodidrosilggzohpuising thealpae béyen pynipowod piseined kyochiqrpaide & he syst em
becomae | AckEARGe BablBRECLLEGAWIA RECa LR, bR SO kil 01 o7 T 20
becones | arge, and”boron renoval e i ency I n¢reases. IR s are
preferred bdliagsietotrétiye @iremevel the@norc @MPoO U, thd drudeshReé®}are@n®bt ai n t hose of
a high purity, apd they do_not |ower the quality of high-purit

chl orosi | an ?maﬂ’gh'p““%/@)‘(‘H Dlorgilans, c peeording i %"eﬂ‘g‘f'icﬁlﬂ“@%féh"d\/%Rogel C- 100"
(regi st er edpdréA@aPREKonTRALLAE tHIbrEHIaRY s MR KO R & ribREFL 6Nl RPUst ries, Ltd.,
and "G ade 9385" and "Grade 7734" (both are trademarks) nmanufactured by

Mer ck. PPbw tagetieral pRTAW lofrempant borpa catrpounds ranebemesiused ed ppbrivelrtss of t he

i on- exchange r esi i) r.abl ot h.adj usted to 2% or

bel ow. This is beﬁgaeﬁ@gcﬁﬂée%hq‘?ﬁ%&n%ﬁéﬁfﬁ@%%ﬁniateé:?ll%/taﬁlgeéi ft gllr?' PAbOVE E% her mal
degr adat i orregifi ot thesiliargeiitahandgeddeesitmaaatwhitioe kagenbaytedtvetithei t at ed silica

in the system ocgcur, ar}d itdiths (ELiffI_i cullt to carry out stable operation for
a prol onge d\o?)-gf Fige LFIny rﬁ.él"l en the silica gel, or contacted with the silica gel first and

then the ion-exchange resin. However, the present inventors, as a result of diligent

investigation of combinations of various ion-exchange resins and silica gels of various



Mor eover, while the nethod for contacting a crude chlorosilane with an
adsor bent such as an ion-exchange resin or silica gel is not particularly
limted, and nay be, for exanple, a nmethod in which the crude chlorosil ane
i s passed through a packed colum or container packed with the adsorbent or
a nethod in which the adsorbent is put i#-a container storing the crude

chl orosi | ane, when consi dering econom c efficiency and operability, a

met hod i n whi ' ' : acked col um
packed vt h ¢ REsaesr pHe IhaL BpboRGuloR ASBRA MU BARIFC °0i 2T o
denonstr at i ng campaxidgney lewaf thasmeo biient adb@bedciahigl, ang oo the otteehart hod f or
purifying a chlorasil ane accordj t.0..one enbodi ment of the present

i nvention, an }Iﬂﬁ%felli’gro&rag\;/ﬁr%tﬁ’f‘ akﬁg’s"félhf"‘l ?Etlsr%ﬁl&ﬁlée(fnﬂ’blf‘ orop AdeFPeditanet er -
10. 3 nm  packics@phieii@htiowad 08s ), in drdbiSo thafREQRIh-PASKOUriSQkBRT &1 NNer
dianeter: 10.3 nmm packing height: 1200 nm. First packed colum 1 is
packed with, fRsplorgeappyics, 2 gudedinspsansis Ersﬁﬁbiygonfgctaf Vil ipniguchiange

ani on-exchangqe£@§%pa§9 LS ko8, CT OSS- | i ked copol yner having a styrene
unit and having a functidnal group of the above-nentioned formula (1), and
a crudeit®H]or osi | an@hieihp lop-ekdniaege3edis tode mpeioh@chavoartylsebdpatetaadfioktical d

packed colum 1, Og tne ot hter hand, l§econd i})ac gd COlngl[ém;ng i_? gﬁ}gked wth

an adsor bent EOMHTSTING & LT ETYT PTH" WRFCH QT 858 P 958 particle

are within a pet-bicdnge di armlladf dﬂ%&ﬂ%&gtiéﬂoﬂ@tﬂt@ﬁ@s&fﬁhv&%s,WéEWnﬁace area

average particle dianeter is at nost 300 pm and the BET specific surface

area is at | edlatitasyy bpfaverablg frjusy ap apiprerchange regivdomned by Epfdnaig afspbstatehe t op

of first pack 1 i, d col um
Bl e Ml phistn 2 GOMIBEL s fr bl DOLSGRD B §ﬁh<qloﬁglag$:§%

2, and a purified chlorosilFane extraction t 5 runs fromt of said .
packed col umm répreeed B} Feoerat bhendg(t:pment for purifying a chlorosil ane, when
a crude chlorosilane is contkﬂgﬁﬂ&%y supplied( o first packed colum 1
t hrough supply tube 3, the cru chl orosi | ane ‘passes through the weakly
basi ¢ ani on- exdeefgR: ah R Rplesyieliyddak eflar dlkyfl igfdup (PaalkRbhr 60datiA atoms@Ir | NY
whi ch a boron canpaound is adsorbed and renoved by the ion-exchange resin,

then flows fr&RFRMEL 9rapnele pynkesAt cprhpp gtogginRasqulgy prssaably Dt o second
packed col um agdiRRlyeE AS R RL eGM%Eanoﬁ-e;(éﬁEﬁéégésir@%&&?%%'9n d renmoved
by the silica gel, and is continuously collected as a puri i'ed chl orosi | ane
via extract i omaniopigechsnge resins having nBE Tepedficiupfaerreafod 15 pilg iof2pimify aad a pore

chl orosi | ane, _si | orosil.ane.first. passes through the weakly
basi ¢ ani on- ex §ffl1x§%§fe&€%slﬁ{%?g§b er. ranaot ahé‘??“.’ﬁ 5%%3‘5‘8? W&ﬁ@ﬁr‘f%gs ilica gel

| ayer, the borkmss-ixtkap cappliineanavie; Lfableunitarnpaettulaig prdidirdc rmdmpebbor osi | ane
two packed

at a high rermv&ll rﬁ%g _[0024] Wi le in the above exar%[e, ]

col umms, one P& HRY S SURRIGESEEIRF indyds Aqharlyhé-2t fgisteed a silica gel
layer, were U$@femARREndAGKEALIGH NI B YIaRECRRShY bk OARAIoR M §@NSt I uct ed
such that the |ower part of thé colum is an ion-exchanged resin packed

| ayer and t he (1gpigered frademask) manafactyradriy MitsubiskiiQhienirald@sirpquatisived | ayer .

Fur ther jooig) O der t@nfl ROETRUE bl IRHYLY be S AL L 3R i 0L On compound,
ot her purification equipnen may be pr VI ded berEréT AN arver.

[ 0025] Fur t her rompundbirbme aicudt Hecrakibue aeabedt selligentdnwktidation igothe pRsentised as
one of the adsorbents, iff‘él_iﬁ{thi S &%assi ble to obtain one with a desired
quality, an siTFe8°2448B ; .Sﬂéfhwglcﬁtll?aﬁ%ﬁd‘éﬂf thepgrileageyiding ca
powder, fumed psitiie @ﬁme&ﬂ%EM§ t§10b@|ﬁ1ﬁ, @ 50 SR 4ralR6ka5d b aidSediescr i bed
in Patent Docunment 2, may be used. This is because as |ong as the adsorbent
is a silicon &oWPEEHE0 Hintangjithd BETgpedifingariacelaeea dap lepst y50oh/tis grefearedi t v

chl orosilanes“q@g%@gl [ ow; ..t h resent. invention shall be
concretely explal ne agm&%eﬁqar e?‘lerlragéfgglﬁ%a \%elgtéor?g?%%?hebcﬁflta?ﬁléea&l%g%en 1Fu(li?}:“'nventi on
shal | not be khipiositade i3ymblheedexingHeassorp @i cddna nbevedsely Avieh ttkparticle

trichl orosilane havi ng I?tg%r on concentration_of 3000 ﬁpbw was passed
through packe8“&ifEPS™8t RifoPBH 28R crpdeghiprosiianaiplaragdiut fhe paesh of
(registered Heatends ilindMANRGEUS LM BalieathiHRRS QPRI naNd of a
silica gel ("Wakogel G- 100" (registered trademar ki manufactured by Wako
Pure Chemi cal flpvithgsherduss chipragilang ficrdagea gesulti@bing prohlempd p fincpesieapihevi t hin a
particle dianmeter range of 100 to 450 pm the 50%



surface area average particle dianeter is 254 lam the pore dianeter is 70
A and the specific surface area is 450 n2/g) (amount of packed ion-exchange
resin = 72 g, anount of packed silica gel = 55 g) at a flowrate of 135

g/ hr. Additionally, the ion-exchange resin used had a noisture content of
1. 7% and the silica gel used had a noi s&ure content of 1.5% Mreover, the
i on-exchange resin was packed upstream of the packed |ayers and the silica
gel was packggla 1 t; | & er the
trichlorosil ane%ggggeé&éﬁo%aegﬁ%egﬂ% cked w%g?g[cgg%?rlbmggpég%%ﬁﬁé

trichl orosi | aee theeplod @qmmteafhcteéqeccmeelalrgenalei)@harrgeovaésfﬁnera:mdlcma$$ ca gel
packed | ayer n :9n conce trations re neasured
using an i ndsq1 lufa’%?]eﬁre Pé%ﬁrrﬁd%gcaufehtﬁe are om ¢U8hY gf LIRS ALE :G%H’etp%ﬁg ?I CP- AES) .
Addi tional | ya h@npakryhmu@gadb hﬁf&oﬂfﬁ%éﬂﬁaﬁtybﬁﬁigﬁ Pty chlSiosiginkdie time point at
whi ch the boron cgncentration_in the trichlorosilane at the exit of the

packed | ayers becgﬁﬁnﬂewb‘m&sﬂ‘%\lﬁé“%‘édet ‘MakegebarPh (tseigisred ekl t s are

shown in Tabjgnukaculrdeh) waléupuep@mu&mqsmlésaﬁuo&@eﬁrgée@sﬁsa%ﬁa Agrlir ough
i on-exchange resin + silica gel [ppbw] 300 00 Boron concentration after

passing thr oligh G’@fha@%@ﬁangés)mwﬁqﬂredlbb’Mﬁackgel [ ppbw] <1 Breakt hrough
ti rre[ qﬁéﬁl 090 [ 00 1t10naﬁ %%%QIgQ}?JHQ(% fercgr&nts otjtﬁ lgbﬁffy\alg&%c\% %Ct I ng the

crude hl or osi [ ane WI {or "concentratron A the
i on- exchangesxlﬂaa:gelrareapsrdfe&blylbﬁal aditbted & 4% @’rbew | This B bbateSHeaie W th at nost
1 ppbw was able to be aqbt f’fgag’gtﬁAddl tionally, it was possible to secure 90

- days unti| 8‘5‘&“%%?%&@?12 t @ﬁlrﬂ&?é‘ﬁh%oﬁk%ﬂ?ﬁeé“hﬂgeremmd A crude

trichlorosil ﬁB&a%U HylbrétifdaieQ BilieAR R diéh b&ﬂr, Qhd éﬁ%ﬁaﬁﬁwcmso& assed through
a packed |l ayer of an ion- exchawge resin ("Anberlyst A-21" “(registered

trademar k) nensEAtiae fop eplageRpmivdahtimtaas Corrpany) (anount of packed
| on- exepange T est RigteobBBy il @l mBnbd AN RIE Ol cddoa gsg}ane[/%g g onally, the

i on- exchange resin use nmol st ur e con One hour
after the trad@bﬂb@ﬁe@uhlaamelopamamge&émwgihci gmlspﬂclkﬁdcullaalyelrnxteaaaﬁaha§ of the

trichlorosil an befo r. .t xchange resin packed | ayer were
t aken, and tl?fe e’ﬁg'rp %8‘2 elH tg ﬂ%lﬁ‘%ﬂ? BYseidfioysmPackefuct i vel y

coupl ed pl asdshunat &%ﬁam&'ﬁa&@ﬂmm&gé}ﬁbﬁi mbth6® AR théibibeanal | Y,
br eakt hrough tine was neasured (*2), using the tinme point at which the

boron concerR't it 3 SRtINGT torngthe ehdarhipsesilanrewhen qohuidezing ecoppmiclefficisagked | ayer

_tl)_ :g fige 5 hi gh eJndtoBQrlegtypaO&etﬂéd ih %l@lrtﬁ%ﬁw c?li{)g&ilan-mgpa{sgaalﬁlﬂ%&ghaa{ peacI?etaovm in

column packed with the adsorbent is preferred

{0022] Figure 1 is a flow diagram demonstrating an example of an equipment for
carrying out the method for purifying a chlorosilane according to one embodiment of the
present invention, and in the drawing, 1 is a first packed column (inner diameter: 10.3
mm; packing height: 2400 mm), 2 is a second packed column (inner diameter: 10.3 mm;
packing height: 1200 mm). First packed column 1 is packed with, for example, an
adsorbent comprising a weakly basic anion-exchange resin comprising a cross-liked
copolymer having a styrene unit and having a functional group of the above-mentioned
formula (1), and a crude chlorosilane supply tube 3 is connected to the bottom of said
packed column 1. On the other hand, second packed column 2 is packed with an
adsorbent comprising a silica gel in which at least 75% of the particle are within a
particle diameter range of 40 to 1000 pm, the 50% surface area average particle diameter
is at most 300 um, and the BET specific surface area is at least 450 m?/g, and a connecting

tube 4 extending from the top of first packed column 1 is connected to the bottom of said



[ Tabl e 2] Boron concentration before passing through ion-exchange resin

[ ppbw] 3000 Boron concentration after passing through ion-exchange resin

[ ppbw] 2 Breakthrough tine' [day] 135 [0032]As can be understood from
Tabl e 2, by contacting the crude trichlorosilane with a boron concentration
of 3000 ppbw with the ion-exchange resi. the boron concentration becane 2
ppbw. It was found that corrpared to the case where it was contacted with

th h akt h t Id
b et b oS PRhR P b Shefh PR Mg s s s o

i ndi cating ti}@kkgdhelu&amoval capability fell short of that of the
i on-exchange resin_and silica gel of Exanple 1. [0033] <Corrparat|ve Exanpl e
2> 100231 A cr ude Ferrthesautnmsst oawglfwshdamﬁa}aaﬁ me &ies sl remaeTis 3000 ppbw

was passed th{o%%ﬁ’?low h@&im'f@gf?sckgé Fuursith G ngp;{é)amy@ttheoém&acked silica

gel = 165 g) at ate of 135 g The packe li'ca gel was the sane
as that in Exdigpbsdark, paaadthi‘dﬁgkﬁgeweal@y M}s@d an{omeyitehgrredn layagperkad ki first

manuf act ur ed a\tlke\ﬁacol(t)lmnli ??'urm wrpucq-\ borcrr}idc%rcsril&)&lmed[slé ac"sox%ed amd~I rigmibegl%lyot 4| east 5%

of the parti cfeSare Wit 82 part range 50 um the

50% surface aibRaxdhiedg, Paii flbwd feorl HRNPAcRId do&nQBﬂvM:fﬁnn&chﬁg@@é@zrﬁh ameter is
70 A, the specific surface area is 450 n2/g and the npisture content is
1.5% was useiﬁ°°“fi(§’6 e eﬂ%mﬂau?heaef%kor?fh@r&m%%&#&?r f‘&ﬂ’é’e‘ﬂ)é&dsré’&o‘fﬂr ough the

packed | ayer, bystﬁérmxc%%eloindtlbﬁmtiﬁﬁcﬁlglkgﬁﬂ%éﬂea ANEHRREQ R0 AMANih Blirabdiin Sil i ca
gel packed |ayer were faken, and their boron concentrations were measured

usi ng an i nduwbéxel y coupl ed plasma atom c em SSI on spectroneter (I CP-AES).

Addi tionally, br eaﬁ[ rocpxgqment {‘TE Rmi gt rcﬁlom%‘i‘an(e ce thléSII.ltIag{:lﬁQrteJmfan{rgrs ol nt at

whi ch the boron concen Ion orosi | ane a
packed | ayer mﬁ@aﬂﬁoulghpm@klyaabﬂwﬁumxtﬁnag@feﬁa Kty ardyhen phlaes theaigh tis ar e
shown in Tabl s?hcg gel Ia-y%xp the -(I)-r%?llcgmpgund can be easily removed from the crude chlorosilane

at a high removal rate. |

[0024] While in the above example, two packed columns, one for an ion-exchange resin
layer and the other as a silica gel layer, were used, one packed column may be _
partitioned, and constructed such that the lower part of the column is an ion-exchanged
resin packed layer and the upper part of the column is a silica gel packed layer. Further,
in order to also remove impurities other than the boron compound, other purification
equipments may be provided before and after.

{0025] Furthermore, while in the above embodiment, a silica gel was used as one of the
adsorbents, if it is possible to obtain one with a desired quality, an silica adsorbent other
than a silica gel, such as a silica powder, fumed silica, amorphous silica or lprecipitated
silica, as described in Patent Document 2, may be used. This is because as long as the
adsorbent is a silicon compound, it will not lower the quality of high-purity
chlorosilanes.

Examples

[0026] Herebelow, the present invention shall be concretely explained with reference to
examples, but the present invention shall not be limited by the examples.

[0027}  <Example I>

A crude trichlorosilane having a boron concentration of 3000 ppbw was passed

through packed layers of an ion-exchange resin (“Amberlyst A-21" (registered



Boron concentration before passing through silica gel [ppbw] 3000 Boron
concentration after passing through silica gel [ppbw <1 Breakthrough tine
| [day] 33 [0035]As can be understood from Table 3, by contacting the
crude trichlorosilane with a boron concentration of 3000 ppbw with the
silica gel, a high-purity chlorosilane #th at nost 1 ppbw was able to be
obt ai ned. However, it was found that conpared to the case where it was
contacted w I on- ' ' E I he
br eakt hr ough "pr s L EUERAARARARD ks CHTRED Il ks ATR Bdogh™®) ¢
I on- exchange O-B81 (iggisneecetrademnerls ednufactared by diakd Bire Ghdrhios! dsiubtaineLid xh a bor on

concentration of _790 ppnmw.. Two types, " erlyst A-21" (registe

t r ademar k) né‘??ﬁntr75°g’t°8?h§8arweﬁ’6ﬁiﬂt§‘ﬁd Pﬁﬁ’é@%ﬂf‘ﬁ%ﬁ%}‘géﬂfg‘%" %gai“r tﬁ“ég(?%/gA 743"
(registered tf,34€RRE KerdfRpattiae hidkRer RYsRahhepie HaAsteGONPARNG theer e used.
"Anberlyst A-21" (registered trademark) is the sane as that in Exanple 1,
and " Amber | i tseecifRaurfaegarey is d3f] m¥ @ adount afdapwd kon-9xehange 1egn =k & REeyge of esi n
formed by I|inki 1. S i-Sisng d ' .. Al ._havi ng
Styrene. uni 1 PACFohS AL LS SRTRLE RUGiaRE: WIS TRl I

- CH2NCH3 CH2 E@#ddta} |2 4cilstire Gdrfet of 1003atdltRe dilixd gsl vadd lexd a aisueicorgertt be

I on- exchange resips, sanples of the crude tetrachl orosil ane re taken, and
t heir boron &(?%’c eﬂ”’tsc’fe&i"?r'& SOWET SRS AS €Y Pﬁgieﬁﬁpﬁa?lﬁggftpﬁg‘éﬂ %‘c‘,’&éﬂﬂ ed

pl asma at om GneéMics Sé1 MAs PRREL dRIBE&IM dflthdPpatied)iayeaNd t he amounts of boron

adsorption by the 1on-exchange resins were neasured. The results are shown
in Tabl®28. [ Tabl ePughour after the trichlorosilane passed through the packed layers, samples of

the trichlorosilane before and after the ion-exchange resin and silica gel packed'layers
were taken, and their boron concentrations were measured using an inductively coupled
plasma atomic emission spectrometer (ICP-AES). Additionally, breakthrough time was
~ measured (*1), using the time point at whiéh the boron concentration in the
trichlorosilane at the exit of the packed layers became 1 ppb or above as the

breakthrough. The results are shown in Table 1.

[Table 1]

Boron concentration before passing through ion-exchange resin + silica gel {ppbw] | 3000

Boron concentration after passing through ion-exchange resin + sifica gel [ppbw] <1

Breakthrough time ™ [day] )
[0029] As can be understood from Table 1, by contacting the crude frichlorosilane with

a boron concentration of 3000 ppbw with the ion-exchange resin and silica gel, a
high-purity chiorosilane with at most 1 ppbw was able to be obtained. Additionally, it
was possible to secure 90 days until break-through.

[0030] <Comparative Example 1>

A crude trichlorosilane with a boron concentration of 3000 ppbw was passed

through a packed layer of an ion-exchange resin (“Amberlyst A-21" (registered
trademark) manufactured by Rohm and Haas Company) (amount of packed
ion-exchange resin = 108 g} at a flow rate of 135 g/hr.  Additionally, the ion-exchange
resin used had a moisture content of 1.7%.

[0031] One hour after the trichlorosilane passed through the packed layer, samples of
the trichlorosilane before and after the ion-exchange resin packed layer were taken, and

their boron concentrations were measured using an inductively coupled plasma atomic



Amount of Boron Adsorption [g-boron/kg-resin] Anberlyst A-21 12 Anberlite
| RA-743 7 [0038] As can be understood from Table 4, it was found that the
anount of boron adsorption was greater with an ion-exchange resin having a
functional group represented by general fornmula (1): -CH2NRI R2(1) wherein
R and R2 independently represent hydrogén or an al kyl group.

[ 0039] <Exanpl e 3> Crude trichlorosilanes with boron c;ncent r at :c ons
of 13 to 24 ppRw:MRERRASSEACPIONIN SididdrAydtbaRaskedin Ay htad 2Pyt 0
packed silica gel —ngpr oxXi glately 30 g) at )gﬁf ow&Lr(gglte of 135 g/ hr.” Three
types of packaesingiheiimg pgiat & whightthe lmwrs@omeeﬁetmmtleﬁlegl@iorqml:hetaoth& exfitofand

di fferent par r [ 0 out, aft

trichl oros:ol a%g?a%égga?%sgaﬁ h%ﬁi %I;’H§S€l? aStﬁob Jrk%(%ﬁlf%lr o{sﬁﬂ1 ]:<%1sr111es"’lr ki?ot‘i\?ne and
after the sil icmblel packed Iayers were taken, their boron concentrations
wer e neasured ng an inductively coupled plasma atom c em ssion
spectroneter ﬂ‘%g ﬁE The results are shown in Table 5. [Table 5] Range

of particle di m@hceln@mon Cofdf8 e PBRUGH BReRhERgRIEsIPRPEWICT € Ui a[TBb&y
[ p. ML) Boron camﬂﬁjahdseatratmn aR&@TpasshgtAB g ien-EXthange Resin [ppbw] 2
Breakthrough time * [day] 135
[0032] : As can be understood from Table 2, by contacting the crude trichlorosilane with

a boron concentration of 3000 ppbw with the ion-exchange resin, the boron concentration
became 2 ppbw. It was found that compared to the case where it was contacted with
the ion-exchange resin and silica gel, a breakthrough time of 1.5-fold was able to be
secured, but the boron concentration was brought to 2 ppbw, in&icating that the removal
capability fell short of that of the ion-exchange resin and silica gel of Example 1.

[0033] <«Comparative Example 2>

A crude trichlorosilane with a boron concentration of 3000 ppbw was passed
through a packed layer of a silica gel (amount of packed silica gel = 165 g) at a flow rate
of 135 g/hr.  The packed silica gel was the same as that in Example 1, and “Wakogel
C-100” (registered trademark) manufactured by Wako Pure Chemical Industries, Ltd., in
which at least 75% of the particles are within a particle diameter range of 100 to 450 um,
the 50% s;urface area average particle diameter is 254 pum, the pore diameter is 70 A, the
specific surface area is 450 rﬁzl g and the moisture content is 1.5%, was used.

[0034] One hour after the trichlorosilane passed through the packed layer, samples of
the trichlorosilane before and after the silica gel packed layer were taken, and their boron
concentrations were measured using an inductively coupled plasma atomic emission
spectrometer (ICP-AES). Additionally, breakthrough time was measured {*1), using the
time point at which the boron concentration in the trichlorosilane at the exit of the
packed layer became 1 ppb or above as the breakthrough. The results are shown in

Table 3.



silica gel [ppbw] Boron concentration after passing through silica gel

[ ppbw] 500 to 3200 (2760) 13 6 63 to 230 (150) 18 <1 40 to 63 (61) 24 <1

[ 0041] As can be understood from Table 5, it was found that when contacting
the trichlorosilanes with boron concentrations of 13 to 24 ppbw with the
silica gels of different ranges of partii¢le dianeter, the effect of boron
renoval was irrproved by reducing the silica gel particle dianeter.

[ 0042] <Exarrp| ]A crude trichlorosilane with a boron concentration of
3000 ppbw was d3to | on- exchange resin packed Iavers of dlfferent noi sture
contents (anp am)n gcfnc r@k@obafcmen asﬁm hrs@ga o) " Anber | - ®OQ "
(registered e R MY A Bing thrdygh B ] e ndihgat
generation uoﬁm.kihfgﬁgfﬁime(‘ﬁﬂyhc‘t of thF‘ i on- exc‘hanne resins wthlt#8

chl orosi | ane was rreasur ed. Additionally, sanples of the chl orosi | ane before
and af paSSI ng B\h néersqoodofno e%&ﬁ)h]ea:{]g COI\%S Sf ecru etrlall1<10r0 ngwt el r

bor on o dent rati ofid vvere ed' usi ng an PI ver§coupres 33 plasma

at om ¢ em SSidbbron concentration of 3000 ppbw with the silica gel,ahlgh-punty chlorosilane w1th at

most 1 ppbw was able to be obtained. However, it was found that compared to the case -
where it was contacted with the ion-exchange resin of Comparative Example 1, the
breakthrough time was approximately 1/4.
[0036] <Example 2>
2.5 g of ion-exchange resins were immersed in a crude tetrachlorosilane with a
boron concentration of 720 ppmw. Two types, “Amberlyst A-21" (registered trademérk)
manufactured by Rohm and Haas Company and “Amberlite IRA-743" (registered
trademark) manufactured by Rohm and Haas Company, were used.
“Amberlyst A-21” (registered trademark) is the same as that in Example 1, and
“Amberlite IRA-743" (registered trademark) is an ion-exchange resin formed by linking
toa subs&ate comprising a crosslinked polymer having styrene unit, a functional group
represented by general formula (2):
-CHaNCH3CH:{ CH(OH)]4«CH20OH @
[0037] 12 hours after immersing the ion-exchange resins, sarﬁples of the crude
tetrachlorosilane were taken, and their boron concentrations were measured using an
inductively coupled plasma atomic emission spectrometer (ICP-AES), and the amounts

of boron adsorption by the ion-exchange resins were measured. The results are shown

in Table 4,
[Table 4]
Amount of Boron Adsorption [g-boron/kg-resin]
Amberlyst A-21 12
Amberlite [IRA-743 7
[0038] As can be understood from Table 4, it was found that the amount of boron

adsorption was greater with an ion-exchange resin having a functional group
represented by general formula (1):
-CHz2NR1Rz (1)

wherein Ri and Rz independently represent hydrogen or an alkyl group.



spectronmeter (ICP-AES), and the amounts of boron adsorption by the

i on-exchange resins were neasured. The results are shown in Table 6. [Table
6] Misture content of resin [%4 1.4 4.4 Heat generation upon initial
contact with chlorosilane AT [C] 40 100< Amount of boron adsorption

[ g-boron/kg-resin] 12 8 -12- [0043]As c#dn be understood from Table 6, it
was found that a reduction in the noisture content of the resin had an

ef f ect up ' heat generation upon the initial contact of ‘the

chl or osﬁ]F)?éQ?le \%\nﬁﬁﬁ{hﬂ% I on- exchange resin. By managi ng the noisture content
of the i on-exchangeCmdsirinhlbwsitanesmoigl ba28g contenirgtidoe pf 13a¢ 24 frbwupgepassed
tenperature limt, of the resin of 100 C or, hel ow when the ion-exchange
oorn and ohl SRssh Plsne Gt IS eidhie ot el ol SRR Gl AL 1 o of
the functi onalflogirawpr BRE/MRE THHP BRSSQAckeBYiliSdHIR! RS BBt @ni8@bs Deher ati on
upon initial contact of the ion-exchange resin and chlorosilane to the
upper t enper attdreenf diffetenppartidhpdiangersiyggrowseda maxi mum anmount of bor on

adsor pt foRib; PEr uni tode8RlPa R he RENRLGHERY weiegugésé& %gﬁ%gﬁéf@heﬁﬁd}loro flanes A Crude
trichlorosilane with a boron concentration of 3000 ppbw was ed to silica
gel packed | ayers apfl afthr tHesilzngel padked layes wverttdnt shdampendonahirgiokedesi | i ca
gel = 19 g;

measured using an inductively coupled plasma atomic emission spectrometer (ICP-AES).

The results are shown in Table 5.

[Table 5]
Range of particle diameter [um] Boron concentration Boron conceniration
(50% surface area average particle before passing through | after passing through
diameter [um]) silica gel [ppbw] silica gel [ppbw]
500 to 3200 {(2760) 13 8
63 to 230 (150) 18 <1
40 1o 63 (61) . 24 <1

[0041] As can be understood from Table 5, it was found that when contacting the

trichlorosilanes with boron concentrations of 13 to 24 ppbw with the silica gels of
different ranges of particle diameter, the effect of boron removal was improved by
reducing the silica gel particle diameter.
[0042]  <Example 4>

A crude trichlorosilane with a boron concentration of 3000 ppbw was fed to
ion-exchange resin packed layers of different moisture contents (amount of packed
ion-exchange resin = 12 g: “Amberlyst A-21" (registered trademark) manufactured by
Rohm and Haas Company), and heat generation upon initial contact of the jon-exchange
resins with the chlorosilane was measured. Additionally, samples of the chlorosilane
before and after passing through the ion-exchange resins were taken and their boron
concentrations were measured using an inductively coupled plasma atomic emission
spectrometer (ICP-AES), and the amounts of boron adsorption by the ion-exchange

resins were measured. The results are shown in Table 6.

[Table 6]

Moisture content of resin [%] 1.4 4.4
Heat generation upon initial contact with chlorosilane AT [C°) 40 100<
Amount of boron adsorption [g-boron/kg-resin} 12 8




"Wakogel C-100" (registered trademark) manufactured by Wako Pure Chem cal

I ndustries, Ltd.) Sanples of the chlorosilane before and after passing
through the silica gels were taken, and their boron concentrations were
measured using an inductively coupled plasna atom c em ssion spectroneter

(I CP-AES), and the anpunts of boron adsewption by the silica gels were
neasured. The results are shown in Table 7. [Table 7] Mo sture content of
silica roj 1.5 5.4, Amuy r i - kg-silica gel] 2
2 [004@%@ can be Pgsnc er stog; to;a‘élg%RHJ‘aREIIegﬂgﬁﬁsﬁ%&r{&a’%ﬁt?éﬁ%@%g%ﬁ he noi sture
content di d notoisafré estent éfehcamtinhid ofeffoa pOsupastsigitehigendrytidnhpositei ca gel .

However, when, feeding the | or,osil.ane to the silica_gel packed |layer with
a noisture cof‘ﬂ‘téaﬁfo%% g%ﬁ)ﬂl&sp%&v%@ao YRR T ¢ ﬁg“‘é‘i‘ §%d'Yel packed
layer and an i¥saRasfidntofhd ibRERRLrgR resPIt6 §6HEE29/A6is RER 8 tHeGppef's such, by

managi ng the noisture content of the silica gel to 2% or below silica
gener at ed f r offimigtasie imi ot s LWRE o8 helow@henihp fansxeungatasin ab | e

operation canQ6.SeaMLE% ir\itiggc%g%%ggflgglgérﬁapcﬁgradaﬁon é)f tt}ﬁ‘hﬁ{cH %g%rroh}g ahegosilane

wi th a boron concentration o W was - passe roug I‘on- exchange
resin packed keppesssedanbusuppebsingabkiedt ganpratorcipmngetizlesitart of the g; " Anber | yst

A-21" (registered,tradenark nyf act yred by Rohm and. R ny) and a
i Tica gl patRauengar A s i sape TRy B o B0 o DaRb ge
C- 100r -13- (arigiust Sicet drbamasdiptionpebiatiesih e Ha¥eMitlio Pure Chemi cal

I'ndustries, Ltd.) respectively at a flowrate of 3.24 kg/day. The nvisture
cont ent 88 t hEEXSEWIEST | on- exchange resin used was 1.7% and t he noi sture

content of the Si |63 8akclSHHes e Bilon LORATLSAIMSED byl g el Or i | ane

were taken at the exit of each packed |ayer, and breakthrou tinmes were
measur ed usi neflicagel prdkectiliveslof differept mdistpleaontentafapwiust of praked silicagplecidgonet er

(162 AES) Wi R MRARU RS (L ifhta RUBAAG AEEALLAL LY Wato P2 hERMA! S @7 e shown
Industries, Ltd.) Samples of the chlorosilane before and after passing through the silica
gels were taken, and their boron concentrations were measured using an inductively

coupled plasma atomic emission spectrometer (ICP-AES), and the amounts of boron

adsorption by the silica gels were measured. The results are shown in Table 7.

[Table 7]

Moisture content of silica gel [%] 1.5 54

Amount of boron adsorption {g-boron/kg-silica gel} 2 2
[0045] As can be understood from Table 7, it was found that the moisture content did

not affect the amount of boron adsorption by the silica gel. However, when feeding the
chlorosilane to the silica gel packed layer with a moisture content of 5.4%, silica
precipitated in the silica gel packed layer and an increase in differential pressure was
observed. As such, by managing the moisture content of the silica gel to 2% or below,
silica generated from water and chlorosilane can be suppressed and stable operation can
be secured.
[0046]  <Example 6>

A crude trichlorosilane with a boron concentration of 3000 ppbw was passed
through an ion-exchange resin packed layer {amount of packed ion-exchange resin = 12
g “Amberlyst A-21" (registered trademark) manufactured by Rohm and Haas Company)
and a silica gel packed layer (amount of packed silica gel = 18 g; “Wakogel C-100”



[ Tabl e 8]

Sextraction tube

Br eakt hrough time [day] |on-exchange resin 15 Silica gel 4

[ 0048] As can be understood from Table 8, it was found that the ion-exchange
resin adsorbed boron over a period that is alnost four tines as |ong as
that of the silica gel
packed col um 2second packed col um 3&upply tube 4connecting tube

Description of Reference Nunbers [0049] 1first

-14- CLAIMS [1] A nethod for purifying a crude

chl or osi | anfgERMAMAEMLH PN BRFR R &AL Pur COHBRidaSinAGktliRALt8) eps of :

respectively at a flow rate of 3.24 kg/day. The moisture content of the packed

[0047]

[0048]

[0049]

ion-exchange resin used was 1.7% and the moisture content of the silica gel used was

1.5%.

Samples of the chlorosilane were taken at the exit of each packed layer, and

breakthrough times were measured using an inductively coupled plasma atomic

emission spectrometer (ICP-AES) which measures their boron concentrations. The

results are shown in Table 8.

{Table 8]

Breakthrough time [dayl]
lon-exchange resin 15
Silica gel 4

As can be understood from Table 8, it was found that the ion-exchange resin

adsorbed boron over a period that is almost four times as long as that of the silica gel.

Description of Reference Numbers

1 first packed column

2 second packed column
3 supply tube

4 connecting tube

5 extraction tube



- contacting the crude chlorosilane with an ion-exchange resin; and -
contacting the crude chlorosilane with a silica adsorbent. [2] The
purification method according to claim1, conprising the step of. -
contacting the crude chlorosilane conpri¥ ng the boron conpound with the

i on-exchange resin and then contacting it with the silica adsorbent. [3]
The purification nethod according to ctgdmisl or 2, conprising the step of:
- contacting the chlorosilane with the ion-exchange resin and silica
adsorbent with a noisture content nanaged to 2% or below [4] The

pur IT1 cqi on met hody Aef0d  Bidyfhe AR UfoRGAL AlulBisheBortn MASLELD the

i on-exchange resin has a al group repres by gene %?dTornula
(1): -0-12. 1\ c&hRfrip)thadtgsei:n R and R2 i ndependently represent hydrogen or

an al kyl group. [5] The purification nmethod according to any one of clains
o & wherern t e BTHGBE e P HURDSIAG: KU ph BT ERT A at | east _76% of

the particles w thi-RoRadeid tHeChRle dhiaiFBlaE withA 9B fds¢tBedt0 1000 pm a 50%
surface area average particle dianmeter of at nost 300 pm and a specific

surface area of at |east 450 n2/g.

[2] The purification method according to claim 1, comprising the step of:
- contacting the crude chlorosilane comprising the boron compound with the

ton-exchange resin and then contacting it with the silica adsorbent.

[3] The purification method according to claim 1 or 2, comprising the step of:
- contacting the chlorosilane with the ion—ekchange resin and silica adsorbent

with a moisture content managed to 2% or below.

(4] The purification method according to any one of claims 1 to 3, wherein the
ion-exchange resin has a functional group represented by general formula (1):
-CH:NRiRz 1)

wherein Ri and Rz independently represent hydrogen or an alkyl group.

5] The purification method according to any one of claims 1 to 4, wherein the silica
adsorbent is a silica gel having at least 75% of the particles within a particle diameter
range of 40 to 1000 pm, a 50% surface area average particle diameter of at most 300 pm,

and a specific surface area of at least 450 m?/g.



