SPECI FI CATI ON METHOD FOR PURI FYlI NG CHLORCSI 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 tetrachlorosilane (SiCl4),
trichlorosilane (Si HC13) and dichlorosilane (S1H2Cl12) have been used as raw
materi al s for producing polycrystalline'silicon for sem conductors,
nonosi | ane for solar cells and liquid crystals etc. Such chlorosilanes are
produced by, for exanple, chlorinagpraracABba | urgy-grade | ow purity
silicon called "netal silicon”™ by HCI or the |ike. [0003]Chl orosil anes
produced in this manner inevitably include inpurity netallic el enents or

the like derived from L chl orosi | anes
are purified by distil F}ﬁ%l on oﬂég%o ﬁﬁr@ @E@é@@ﬁ%ﬁi\% npurities as
possi ble to produce high-purity chlor05|lanes and then used as raw
materials for polycrystalline silicon for seniconductors and nonosi | ane
etc. [0004]Incidentally, while netal silicons conprise boron conpounds in a
proportion ofESEV& 4l FkRdred ppbw to several hundred ppmw, boron is a
p-type acceptor and would conpronlse t he propertles of polycrystalline

sili \(jg[ : hgdbmnOSITthnreesee mvenFt%l;l rg es toame%hodﬁct)repl,*rlfgﬁ Ekh?rS?ﬂd sirable to

renmo oron conp as ‘possi 887t anes
conpri si ng boron conpounds (also referred to as crude chl orosil anes
hereafter), % I|n p0|nt of boron conpounds is relatively close to the
boi i ng poin A%F §3Ianes and as such, it is difficult to separate

them by distillation, and the conpounds tend to be a cause of contam nation

in chi @(50@?' | anes. dh@&@s'ﬁ]:&% s§c'i‘1€a|§' tetr\éé{lé)rgﬂﬁng@'f(ﬂg,qﬁcﬁl Bsi ﬁg@\ﬁ(ﬂ {?c? ron

conpounds in crude chlorosilanes have been proposed. or exa a net hod
in which a sdkEQEB@hbthd@)bnkyﬁﬂmwﬂSmaddedumhemeh&mKh@ngm@mmMMde

chl orosi | ane t ent, Docune ich . a cr
‘%el fc(’:’%1S © e@a arbdelbquivﬁcrésﬂégtc p%é{gé -2- (see

I{XCOH?OI‘ semiconquctors onosﬂa
chl orosi | ane’I's passeé roqu as
Pat ent Docu nﬂﬂldiros'lil)mesafﬁbradd'@&i hj&@orleﬂmvyﬁlé @hoﬁnéﬁhﬁd%e@‘dﬂb@y%éde@&ﬁ 'uﬁtyp assed
through a nitrile-carrying zeolite (see Patent Docunent 3) have been gi ven.
[ 0006] Howeveficogicaied “meiehvirenoby di-serithg isg a crude chl orosilane are

separ gbdogn et hOdiﬁh'ld?oé{\’QAe%% rddi€ecdh Fhid Jnme; Bvi0B R&&@%ﬂm&;ph | z&qydl fTerences

in boiling points anong substances, they are un ta separatlng
subst ances hdvnﬂgs@ﬁbsé@bbn%ﬁﬁgmpmmnh@moﬁon¥emanﬁh®bmhhecMomhkmgnpeints of
di chl orosi | a}guerlflaég%y lagjs{iHanoE rt(g r%pnlo(\?er zlasdn%nljlfrl]rge%ltable impurities as possible to produce
high-purity chlorosilanes, and then used as raw materials for polycrystalline silicon for
semiconductors and monosilane etc.

[0004] Incidentally, while metal silicons comprise boron compounds in a proportion of
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



at nospheric pressure are respectively approximately 8 C and 12 C, which are
relatively close. For this reason, in order to renove boron trichloride
fromdichlorosilane, it needs to be passed through several distillation
colums with a large nunber of trays, which requires a great anmount of
energy consunption. As disclosed in Patent Docunent 1, even when a sil ane
chl oride polyner is added when distilling a crude chlorosilane, the
situation dogs raRht SHARYR:1), [aQ@QYr]eA@qhﬁwmaﬁhlcaadef:}qsroﬁgmg%ss@ci thPASHEI Ng
through a silica fixed bed, such as that described in Patent Docunment 2,
t he frequencynipfle- @Wa{ﬁwﬁghfs(sm@@Iﬁ@omngfhw)\hhvmﬂﬁfemgﬁwreases t he running cost,
and tn V\Bl’e uns?ﬂ Ev%pér { gs c?fdﬁstlmnl AZa%;[U!dO@hlorosJane are sé ar%o met hods  of
passi ng a crude chlor osil ane rou At e- carry €olite, such as
t hat descri bedhods 1Pahehthemarxumop3;anbmutadéa dlfférandeomtbbemg@sfm afr@hg changi ng
t he adsorbent etc., there was tk]}% probl em of potential contam nation from
t he adsor bent'PStREPAFED RRTS HRRIONENTS PRE SRS AR5 (AERe SoT0008s PAPENt Document
1. JP-A 2007}"012&31’11;]?@'@}@@%11@@FM%@?dlzhloroglan@araﬁ&r&\?’@l%ﬁof@é@{ater Docunment 3 :
JP- A S61-197415 SUMVARY OF | NVENTI ON [ 0009] As such, the object of the
present i nvelPEReISPEG SPBVRthe hiephodinfagly pif #fdji2dg whidr ardeclathvblpr osi | ane
sui table for d i f oro
conpound frocrlr(%stg hg% %:{hkﬁtésgﬁtl%glglgméﬁgweel%m%gﬁ|Jg?%()%dgrfr%&a \r{Aarng]ane’ 3-°7T00101The
present i nvetnto@pssqaiethfomghrrEdexdl distgletion dohvestwited lngasusberas by, sbikive t he
above techni cal g f a result there f theX found_t hat b%/
contacting a ety %greﬁ aél?oélé‘ zfﬂ%“g%ﬁcf?ﬁ‘t”f‘g?c}’i‘g s fisreRd LT hRaCUR TR an
i on- exc hang&:v&e&héh adidnadnldiida pSlyh’leB@ a@@d,w}{eh@hslﬂgfngﬂ RPN R Ghdded
therein as an inpurity can be greatly renoved, the frequency of changing
t he boron adébtiierioesé feages, and purification can be perforned stably and
ef fici@asly, ther resent, j.nvention.
[ 0011] ﬁ& ot her Worg&g}sﬁ,hgllrw(r%j ofhlgrggtg%)%ct sasgﬁgmﬁgﬁe hgarr%fl%%g%/%ﬁ%e?(fﬁg}%ltg%tes to a

met hod for pigsirfoyd m@’a&nclaurdmeom dwdsqm@npomwngsmlng1sang)owhmhqua@and,

conpri sing ttﬂe rummgsc g - g{ﬁ)nt acti ng aﬁ?gf e hI orosilane with an
i on- exchange 't S51 e “&Hd"d S LTS WyTFRE vt ‘éS & Iz?ﬂo85| lane with a silica
adsor bent . 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.



[0012] I n anot her aspect, the present invention relates to a nethod for
purifying a crude chlorosilane, wherein the crude chlorosilane conprising a
boron conpound is contacted with an ion-exchange resin and then with a
silica adsorbent. I n one enbodi nent, in each contacting step,
chlorosilane is contacted with an ion-exchange resin and/or silica gel with
a noisture content kept at 2% or below. In one enbodi nent, the ion-exchange
resin a functi . ,

o | AR ) oy B R R S ) B e Y v s o an

al kyl gr oup. tedhmicalimbtiens. e b e désnit Hteyeof, iy Sounidelant b sottdyeng a ersdone i n whi ch at
| east 75@6ofdugglgrb%%r§riI%bsanpled Egrt%cles_are within € ﬁgrt%cle

di ameter range of “AG°rE 100 UM SHP THE "SG98 AiF ¢ areaieds A 8ragélifar ticl e
di ameter is @i, tha®tond0Rpburtd ihtludeddalértih@nal impurityt cah Se gresiyl le@ava@eihehavi ng a
BET specific surface area of at |east 450 nR/g. Moreover, the "particle

di anet er" hefEupsy 8f dapgng ke befon adtosienpecieasep rpf @UBlR i vafB RE PEé TR

proj ected argaofndtdhgichy, 't&?eb?%riv'f@ﬁaﬁ HeROmPYM SRSGORE: inldHd3] According to
the nethod for purifying a chlorosilane according to one aspect of the

i nvent®@H, there isothey wiedsd infape agngrtbiée sepmt thivettiohlreltteon aopdratfpon, and
boron conpo : b fficiently rempved by only the adsorption

operat ion ANy FERafs SHbuEE Db TRYS] e i obR e PRI f

adsor pti on |ayertirgahe dhedsdussdeheatich inhien-brcBsige A, &fd changi ng t he adsor bent
can be decreased, purifiééﬁion can be carried out at a low cost, which is
sui tabl e f orMRETEt S EreAtrsHane Wik a fiRpeesorfe8ERl PTI ON OF THE DRAW NGS

[0014]dorpigure 1] iSarRifel QPediROS R Ohv@RoR At RNE inefQh rGaLliNiG out the
met hod for purifying a chlorosilane according to one enbodi rrent of the

present i nvetitdesnlordibmESY RORN GERRR NG QU TarF I pINENTON fod®b8hd 13 t he

present inventi L | or.osi|lane to b rified is at | east one

chlorosiIanéﬂééﬁgévggg?gﬁzggfg ISH%?F%%%EWFQ?ﬂ§€§%§?L?§ichlorosiIane

(Si HC13) and t et r dodneembsdih@nein(estHChbactiizGtepOdhldodilbixd ikl E@tRfed afithl @ast  t wo

chl orosi | anes thgt i nevitably includes boron or a boron conpound. An

exanpl e of SEHER ”@Fﬂﬁguﬁﬁfﬁfﬁgﬂ?hWéhP§w§“€?ﬂﬂﬁméﬁﬁéﬁﬁ%ﬁWﬁﬁ “obt"dfied by

chl ori nati n@gnorRial, luwi_sw@gmgﬁlre%fnlHagsiﬂmc@a?\% grt}up%és&s&fiéadog g%héégr osi | anes,
ané an

m xtures mainly conprising dichlorosilane, trichlorosil

t et r achl or osPinade(l):nevi t abl y i ncl ude boron conmpounds. [0016]In the present

invention, while there is no p@{t&gﬂjar limtation to the formof the boron
-I%l

. . . ! 1 . .
conmpound i nevitably included in e crude(ehlor03|lane, crude chl orosil anes

obt ai ned by seidren RnaidiRa ghdepinalehtir yreghaldeirsdeh beQMaIBf gRIApI NCl ude boron in
the forms of varjous chlorides such as boron trichloride and di boron
t et rachl ori dé 2 ST ERPPHE R G AticoFdseRent o6 it ¢hish diUrds SariRed vari es,

usual Iy sevef@lrapbitnliod SEUEEAke RRITWa PhrlR AR RGO BPAUS Shob §BIA i n the
above crude chl orosilane.
the 50% surface area average particle diameter is at most 300 um. Additionally, it is a

silica gel having a BET specific surface area of at least 450 m2?/g. Moreover, the “particle
diameter” here refers to the diameter of a circle equivalent to the projected area of the
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.



[0017] I n one enbodi ment of the purification nethod of the present
‘invention, the crude chlorosilane conprising the above boron conpound
obtained by chlorinating a netallurgy-grade silicon is contacted with two
‘adsorbents, an ion-exchange resin and a silica gel, to reduce or renove the
boron conmpound in the crude chlorosilané and to obtain a high-purity
purified chlorosilane. According to the purification nethod, the boron
concentr at i OBRIER FESCRUSAOMNOPTEEIDEARINSGEh as that descri bed above with
several ppbw to several ppnw of remmant boron conpounds can be reduced to 1
ppbw or less. Here, the crude chlorosilane may optionally be contacted with
the i ch es] t he |I|ca flrst

whet h%blg);( |gﬂ%gent ascatfgb&p (ﬁla%rﬁmto e eqtl)lrf’ exc Rarge™ Osuit %e eflé(zt%%% d r{fﬁ%at he
silica gel, aﬂmCQMhaxhﬁdn@wdhweheo&hkhﬁﬁﬂgeﬂaimmﬁ&ma@d t hen the

i on- exchange resin. However, the present inventors, as a result of diligent
i nvestigation of conbinations of various ion-exchange resins and silica
gel s of vari ®UWHES KR PARRCING T TIoundviNtaionhi | e t he boron adsorption
ability of ion-exchange resins is conparatively |ower, the anount of boron
adsorbed is high, and on the other hand, while the boron adsorption ability
of sil b(ﬁg‘ gels is Ixmhggresérgﬁwmlﬂnt eglfu c?rrc;m agst% b%%gn%gesd 1(S:Ot.qpaa{ atively

| ower . As such, in or to maintarn |g puri plritication tor a

prol onged pedﬂnd&hmnekude&mhH@ma&wiane&rscmrm&me@bbyecmﬂt@ehed with an

i on- exchange {ezl theB,g silica &hat or der. 0018]V%|Ie t he

i on- exchange *F&L RO E B lsed oy %f\?@faé R7stdBSIPRp i aHB i RRYE R Bnal  gr oup
etc. as | ongindsddstboa: k BEBN Bordpdd@H 0NACQARGWM s h QR Rl CRIUAGILBLLQSN OSi | ane by
i on-exchange, as a result of diligent investigation by the present

i nventors, i tudtdioresiling rdedipy chigynasies f awilatyerads siisen, ard mrsign- exchange
resin for madcr@cYe clhlo%(slxlglgss tn%xt%re%‘ﬁpa I%%ﬁprg[n tdlc%lmeskignecgm'elrossl larm ad crosslinked
pol ymer having a styrene unit, ncti onal group répresen e % gener al
formula (1): mﬁﬁh@NRﬂR@@&%ﬂﬂhenehdeRwoanﬂnﬁamﬁepresent hydrogen or an al kyl
group e nunber of carbon atons referably 1 to and t he nunber of
carboﬁ&haons is pattf Bﬁ?%ﬁFvaﬁF@f%$§ﬁr effOPAH%F?THﬂﬁFP9tOP?ﬂﬁﬁﬁﬁﬂﬁund t hat
even anong atk@No@pehaNgeyifa8i§iingud - waddkk YrubasiisrodRhO R LX ChaRge LS NS havi ng
a BET specific surface area of 15 n2/g to 20 n2/g and a pore vol ume of 0.5
to 1.0 nl/g wnfeﬁ@mbhoemtyﬁg|Wallﬂsaymﬁa<?eeéwﬂn eftre inghetedorqprin gierigrma of

cross-1i nkedvaﬁQtP@JhYorﬂ%Es J&@yllsr'a%r(g‘l t§£l¥5r§<ﬂé€ H% btoro%rtgtla%fi'e¥1|c1g u"/ﬂe ¥IED referred.

Exanpl es of such kl'y basi c ani on-exchange ns "1 ncl nber | yst

A- 21" (regi meftthQidEWOKW)pomeﬁﬂﬁiedW@xﬁiesb)buﬂ@*ma’iﬂfﬂ)pb‘laa@se@ww and
"Dl Al ON WA- SQ stered tradenarké manuf act ured by M tsubi shi Chem ca

Cor por at i on.°'f dT VW%wFﬁﬁmgWP?ﬁﬁ Qe ctuge plloweitdemay be anyt hing that can

r emovgoomr on CoNPaARSmbb&MeA: &mqﬁm@ltﬁteﬁ%k}lo%@theeﬁzséﬁErﬁéﬁ% @k diligent
i nvestigation by the present inventors, it was found that a silica gel in

whi ch at Ie&%%*ﬁ%@@%ﬂmﬁﬁempaﬁmg%&e@wabeﬂmﬁwhpnmeOpaﬁpdbyeﬂdmaneger range of
40 to 1000 pmt b SMLfac a article dianeter is at nost
3001- 1111, and aLE§/%Q4 sﬁ%&???géégfwace d%gggﬁgsg RSP ESE RET S i s
preferred. \Wiengtihte rgact orgbeodi taematrer coafpotii@inghd irce @@drodilsnd 0@ tb ar ge, the
contact area with tge Crude e¥ rosilane is small, reducing the adsorption

efficiency. BEIR RS Ipﬁ}my\ﬂ‘i‘élﬂe orgsARg- ¢ Pscogilingrin the Pyrificating methedy fhec ont act
area W th therGrdde@nehlnesthabenbSsiladt g8n aPuh db8ibbRSNVOlvith B | ter for
fixing the silica gel packed bed becomes small, and pressure | oss when
flowi ng the R?Pwdesqymab?mwIoé??e‘nﬁlﬁfdﬁoeﬁl%@?w@gmrtberrgduCﬁdwlpm?bfl emsof a fine
powder of the - 6He1%l (J%nle GRq9 oQSIaHQmaQS@LoR%E q%e cqnt, QSA W1 h h@‘?ons x%ltlaem Wth an
increase in the specific surface area d- FIQUI Intertracesbecones

| ar ge, and betioor thesioaael feétf arcli matreymtmzmeaeeeher& it téncgensthane preferred
because they are SI|ICO Hg‘ iS easy to obtain those of a high

purity, and ?%gvhﬁﬁeﬁﬁP‘ eﬁﬂﬁ?E@V”GW“ﬁ?ﬁﬂNﬁhWFﬁy“ﬁﬁl%¥6§?Ianes

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



Exanpl es of such silica gels include "Wakogel C- 100" (registered trademark)
manuf act ured by Wako Pure Chem cal Industries, Ltd., and "G ade 9385" and
"Grade 7734" (both are trademarks) manufactured by Merck.

[0020] Additionally, for the above, the npoisture contents of the

i on-exchange resin and silica gel are pseferably both adjusted to 2% or

bel ow. This is because when the noisture content is 2% or above, thernal

degradation gt,508 i,0R BXCHRNGR. LHS gasﬁa@lopmﬁt %gl%n.taycheﬁg%q-wst@t ed silica

in the systemoccur, and 1t is difficu to carry out stable operation for
a prol onged pewrketdvaf lowemthe apPORUJf Moroe ederbedihiiple ahden thebhhedhdndr cont acti ng
a crude chlorosilane with an adsorbent such.as _an ion-exchange resin or
silica gel ivélﬁ)lfleottW “PAPT T Cl p%?? ?a/b Iﬁt?’r?lp?gcé,geléh% 1%%3&“?8@“,0” too(r%%rfléﬁ%ﬁoéb,egés net hod

i n which t hecoatpdeh@iva@nlodredsidsang, insSr@assasintairioggpudy packaedocol sirm or

cont ai ner packed with the adsorbent or a nmethod in which the adsorbent is
put in a cont™icR&sd retigd s derlorriligs isgheerbE cPyfréed Wilfei ieurshargci ng
economi ¢ ef fl.ghenay satd.PRehakidd.ty, a method in which the crude

chl orosil ane is passed %hrough a packed col um packed with the adsorbent is
pref ed?@8l. [ 0022] Mhilgthe idn-pehangk kain td bagred mag daoresty saltsitag aah fuexiampl e of an
equi pnent for _carryi out the nethod for purjfyin | or.osi | ane

accor di ng tor(%lﬁrge“éxgi g)g ?rse%fané?m?\ﬁea%ﬁfoélscgrﬁ g‘imﬁfvfé(}/n ?grﬁl,ge Cghﬁ%fo?’fr%mf??'e drawi ng, 1
is a first pasketagelasamesiitpheéiliggh avetigitionk ik pradenfiacdkiong ithek ghihda 2400
mm, 2 is a second packed columm (inner dianeter: 10.3 nm packi ng height:
1200 mm). Fi'rai't fa%yct%efam&hlwwsepﬁ DIPFRBEEWeEA formed Praligs @ 2 substaEs or bent
conpri si ng aorWealdeYoREsdity ARbLMLY %b]%ﬂ\gﬁharvﬁ%arltﬁmmt,sé A8ctRn@lP5S | 1 ked
copol ymer having a styrene unit and having a functional groupof the
above- ment i oRe@sanesevilsanefd Yormada crude chl orosil ane supply tube 3 is
connected to the bottom of said,. packed colum,1. On the other hand, second
packed colum 2 is packed wth an adsor bent é&npri sing a silica gel in

whi ch at | easgterdib® ofd R heprantthydtogerasraanwidyhgrioug (thafdniiel ef divanetoals iy ange of
40 to 1000 tn;g EEe 58% rface area average particle dianeter is at nost
300 tm and RAEPBET '8 pdef thedua ey A cerban dgmp & patticplagy prefsginds g, and a
connecting tA@ﬁti&xaﬁ%ﬁt%@Wugdft}_l[a@@%ekQ%o%@@ni@ﬁ-eich&r%% r&%@,@kl?%éi‘m_ lis
connected to the bottomof said -7- packed colum 2, and a purified

chl or osi | anen&xtexghengomsinulieing alifi spécrmutitre atea pf Bfm%égiocd0 paghkedapoleumm 2.

[ 0023] For t uj f rifying.a chlorosilane, when a crude

chl orosi | ang%flg&c%ﬁgﬁﬁ%glrflg/llé;?g}fpr%%fuer m?%m P?escﬁm uaecaﬁ‘g “EBIUMN 1 t hr ough
suppl y tube @osstihkedappdgmetiaomgsislyamne upassgsrtichiboughtdhe. Waakbs basi ¢

ani on-excha[}%e reii n | ayer packed in first ”gacked colum 1, during which a
boron conpoulith V¥ EHeSF BEangHGates A dnHref feberbist 4R HEwE ¢ksi n, t hen

flows from fidsshaRpekesta GOkl BPRINY b ARRGGTHL AT, IpgA b HEQ3pecond packed

colum 2, where the boron conpound is further ‘adsorbed and renoved by the
silica gel, (asihtared erslamprioasifyctanf bebliteebigs CherpigaliGormdatiohl or osi | ane vi a
extragtyon tube 5y, . 2 ln e equi nt for rifyin chl orosi | ane,

si nce(f(%olkll crude chi'of 81§isfl%cl?1§el%(iht?esutsg%%{g}éngesa i tg% Cfrﬁ%m\ﬁg%%rfln basi ¢

ani on- exchangspb@sisfirohay@ide @Rbosi Re@NasPAsS B! HitEOU@edthe: & tyl thap.gaht | ayer,

t he boron conpound can_be easily renoved fromthe crude chlorosilane at a
hi gh renoval "YRI%S TG SAThHAt és@iﬁ gehid vipd\As least dnp Iobthe Py cipseR wdhiedl umms,

one for an |&&T%M%aﬁg@%‘fﬁb%qyﬁrpn§;mﬁe éol%)?su%&%ea%eré‘g al‘tl.ic@eadigg ted YET,
wer e used, one packed columm may be partitioned, and constructed such that
the | ower pads et ngfst 30eng ehdivim BES spmific onfaex whangeldast 8int/goapteédredayer and t he
upper part ol.um. is a silica gel cked | ayer. Further, in order to
al so renoveq&}r]r%{}g? ? Eirlelés{e ofher” ?fﬁtgenmfcﬁéglﬁ%tro g%r%eo%ﬁﬁ%a Larg Wét%@belﬁ“i‘ S cation
equi pnent s nﬁy)rditﬂarpl‘imaﬂleﬁdbﬁrﬁg)ﬂhea@d@d:ti@f\bﬁﬂ’cienc[yooe&ivgxuélp,hﬁfeffﬂfe@;.artm le in

t he above enpodinent, a silica gel was used as one of the adsorbents, if it
i s possi bl e Y VFtATrolhe MR E Yk thegtrdgshlorasiane anlagr | but de seglopthent ot her
than a siliqge @&k for NGB 1RSiIRA §hilphdRd BRYERS mes IR dindiphdsGRe 18RERNOUS silica
or precipitated silica, as described in Patent Docutrent 2, may be used.
This i s becdlesengsibse froagchdgotihee adsorehesntiting ire gpblenoha Gompowledof thé wi | | not
| ower the quality of high-purity chlorosilanes. Exanples [0026] Her ebel ow,
the present invention shall be concretely explained with reference to



exanpl es, but the present invention shall not be Ilimted by the exanples.

[ 0027] <Exanpl e 1> A crude trichlorosilane having a boron concentration of
3000 ppbw was passed through packed | ayers of an ion-exchange resin
("Amberlyst A-21" (registered -8- trademark) manufactured by Rohm and Haas
Conpany) and of a silica gel ("Wkogel ‘€ 100" (registered trademark)

manuf actured by Wako Pure Chem cal Industries, Ltd. (at |east 75% of the

particles argidgtifbegahchdblaGlifsidt BOBLRM. I AN HcrehO0n 1R pabic siffhcet he 50%
surface area average particle dianmeter is 254 m the pore dianeter is 70 A

and the specirtd theseiidaased nfeaface becn5Q lavgy, g)d Faappigneova fetfisigokidncrpases- exchange
resin = 72 . aGk oL : = .al f Tate gf 135

g/ hr. Addit?%ﬁ%%ﬁg?%gﬁ%a?on-gﬂ@%%%%%gﬁggkﬁo@ggggﬁégé5%%3%g%%re(E%ntent of
1. 7% and t hex iSgh pwéy ged theg édnbrddwa tivoqustityroghigbptigtytchbbosllark® Mor eover, the

i on- exchange resin was packed upstr.e of . .the packed | ayers and the silica
gel was packed do&haélfpﬁ‘ésao st Egg%de g%f I‘%%&?%E'lﬁéd e TGP EY ter t he
trichl orosi lanerRasses; WhataughctdhacPackeded ayensd “SAAPIBS” Hld hate

trichlorosilane before and after the ion-exchange resin and silica gel
packed | ayer@3hedpeh pisit@demarky) nanefartupditgMedncent rat i ons were neasur ed

usi ng (@poji nduct i velyy; SAUR! EfnPhARIRLALGE, fe m(eﬁt%iopﬂﬂe%-e&&{aﬁgsiegﬁ aild CP- AES) .

Addi tional |y, breakthrough tinme was measure ), using t i me point at
whi ch t he boilen ggdencerferablyiboth dadjusted éo 2% pcheloy. 0his &rtecaate vhen tbxi t of t he
packed | ayers .btecarre ]}'P;BP or._abgve 3s, thg tbr eﬁtlﬁt hrough. The results are
shown in Tabl & PHEBI™ 1 T BSY on CBHEEHE TAN ShT B &V 6T E BESETRE™ hr ough

i on- exchangevlé®sgebypr&iditaa sged in[tRvem 3000 aBOTtediFRAE Nt frabinGmbaf t er

passi ng through ion-exchange resin + silica gel [ppbw] <1 Breakthrough
time' [day] QGRpPOEIopMiongshPERdMHEfst ood from Tabl e 1, by contacting the

crude [@&i]c hl or osi W@)VW, @vnile the method for contacting a crude chlorosilane with an
adsorbent such as an ion-exchange resin or silica gel is not particularly limited, and may
be, for example, a method in which the crude chlorosilane is passed through a packed
column or container packed with the adsorbent or a method in which the adsorbent is
put in a container storing the crude chlorosilane, when considering economic efficiency
and operability, a method in which the crude chlorosilane is passed through a packed
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 um, the 50% surface area average particle diameter
is at most 300 pum, 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



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

br eak-t hrough. [0030] <Conparative Exanple 1> A crude trichlorosil ane
wi th a boron concentration of 3000 ppbw-was passed through a packed | ayer
of an ion-exchange resin ("Anberlyst A-21" (registered trademnark)

RNt act ur od, by RANMaNK RS EIRANK L ATRUMY Bb. PASKA, LA EXEDANOe T esin

= 108 g) at a flowrate of 13 r. e I on-exchange resin
used had a npicstdycmnocentent of 1.7% [0031] One hour after the

trichl il ane passed throu t he, pack | ayer, sanples of the.
trichﬂ@?géilane bg %@%aﬁﬂﬁn%ggﬁpu?w gﬁ&ﬁggﬁg%ﬁﬁﬁgﬁVggfﬁCB@EﬁgﬂmP%yer wer e
taken, and theiifudden e TN earkipatie0 ASuNR N hEB@SWHBE tusiNge afidk nduct i vel y
coupled plasna atomc -9- em ssion spectroneter (ICP-AES). Additionally,
br eakt hr oughtM 9 prdlangaessep AseHBB dh WKLy bagt fgon iishanspreesipdivst PaskediRiled t he

boron concentiadil Bnld, et kiG] Q08 Ldnddgn@ls ahieohl [ lovk Gy Racked | ayer
becanme hi gher than 2 ppb as the breakthrough. The results are shown in

Tabl e 2. [TdbheM2P¥B®%bnﬁ@oﬂeemﬁpmﬁﬁﬂnmmeioﬂén@QSSngwmhgowgﬁdhmn-exchange
oSt Lopoud 080, 800 20, Co0canLL AL Lo, A1 86, RASSHRG LR U, L o ey change

resin [ppbmﬂwﬁ) rough tine can bé&"inder st ood
from Tabl e 2y thysitanrtaetd ingrtingosTyudBectetiac b o sl chRRRilMietviy @trReibaN
concentration of 3000 ppbw wi th the ion-exchange resin, the boron
concentrat i oi*becane 2 ppbw. It was found that conpared to the case where

it was contacted W #Bequipment for purifying a chlorosilane, since the crude chlorosilane first
passes through the weakly basic anion-exchange resin layer, and then passes through the
silica gel layer, the boron compound 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 precipitated
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 1>

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

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



t he i on-exchange resin and silica gel, a breakthrough tinme of 1.5-fold was
able to be secured, but the boron concentration was brought to 2 ppbw,

i ndicating that the renoval capability fell short of that of the

i on-exchange resin and silica gel of Exanple 1. [0033] <Conparative Exanple
2> A crude trichlorosilane with-& boron concentration of 3000 ppbw
was passed through a packed | ayer of a silica gel (anmount of packed silica
gel = 16_5 g)trﬁitem@rkf) oM, &6:8d 8F RABR a4 Nhas CE%&%%K@Qf agéillicja%@l (%Jako%@s the same
as that in Exanple 1, and "Wakogel C 100" (redi'stered trademark

manuf act ur ed“-HY0” WeRisteRdriad@hai malufdchdersityr Wele, Pur¢ dhemirah Inglabteibs, &td. (aeast 75%
of the partigl Are Wthin a particle di,aneter ra f 100 t0.450 m the
50@6surfaceIgfgésévg?aﬁgmﬁgﬁy?gﬁgn% %ﬁ%FSP”Fgrﬁﬁﬁeﬁﬁ%?%&5%B?e&8?%§eter is
70 A the speethidageasuterhgoeralediainaedibb4ni, ghaarvde di@etaiis 30 Aned tentent i s
1.5% was used. [0034] One hour after the trichlorosilane passed through the
packed | ayerSPeSAnprias % it hl nt'ts CHICHP GY PR AR B dres it af 1 &P PHE ¥i | i ca
gel packed Idwlee_rd SYIRA §e1L@!§?ﬁrta@BQ rhtB6f 135 DR OTh LONBEIMN} FratdrOAShaWBE RsiflBasur ed
usi ng an inductively coupled plasma atom c emn ssion spectroneter (I CP-AES).
Addi t i onal | yusehhebknhisoirgdentenig 1igsnddzsiice del (set)had ggigiguehenteritge  poi nt  at
whi ch the borg tion in the trichlorosilane . at the exit of the
packed Iaye?i%gcgﬁgggg%%%ldFagvg‘%“ggyvﬁga%?%gﬁtewgﬁéﬁ?pTﬁgj% ?ﬁﬁyi are
shown i n TabhesiBca gel Wf-pafkkalibendiealBoif 612 packed &ybisat i on bef ore passi ng

t hrou ilica gel b 3000 Boron concentration after passing through
i1 o388 [ pabvl Ozt PR akE i GG EIHE LT ULy shar foOuISpRS Baipe!
under st ood fhomcAdR)sRand befde HaRLEGHI B8 ckdiBngerbidlCarddlsikhbQLagkEl BP&sW th a
boron concentration of 3000 ppbw with the silica gel, a high-purity

chl or osi | aneVsif t¥empndridst barop ppiwenigsionty e meadyeedolsingion énluctiislvecpepled i t was
found that conparedt 0,6, GREGMRE R b Asdass £ONLAE it RS
ion-exchangggresfn d# %bnﬁé%%t?be gﬁpléﬂqfkgﬁggﬁr%gg?%ﬁ%ﬁéig?FH%Smas
appr oxi mat el iyeadiigd (*1), using the time point at which 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 + silica gel [ppbw] <1

Breakthrough time ' [day] 90
[0029] As can be understood from Table 1, by contacting the crude trichlorosilane with

a boron concentration of 3000 ppbw with the ion-exchange resin and silica gel, a
high-purity chlorosilane 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



[ 0036] <Exampl e 2> 2.5 g of ion-exchange resins were imersed in a
crude tetrachlorosilane with a boron concentration of 790 ppmw. Two types,
"Anmber|yst A-21" (registered tradenmark) manufactured by Rohm and Haas
Conmpany and "Anberlite | RA-743" (registered trademark) manufactured by Rohm
and Haas Conpany, were used. "AnPerlyst A-21" (registered trademark)
is the sanme as that in Exanple 1, and "Anberlite I RA-743" (registered
trademark) i &nigdlord PacteXERANGS-ABST M QAR B¥alihBKINEE Qatn SRS (-8f €
conprising a crosslinked pol ynmer having styrene unit, a functional group
represent ed ByregEnbRaPonGHt piich tihoron RERNCHEITHR freridH) paierOdeXit p0037] 12
hours after fhgg&;d’kls.éiﬂ ertbgga@e%@g%%%&gﬁ%gﬁo LG/ BlRakw .e§hé)LfeleQ%reCsz&g§
tetrachl orosil ane were taken,” and t r boron concéntrations were neasured
using an indudeblvel y coupl ed plasnma atom c enission spectroneter (ICP-AES),
and the armugis1 f boron adsorption by the ion-exchange resins were
nmeasured. Th a?%%ults are shown in Table 4. [Table 4] Amunt of Boron
Adsor ption [ Geleromkkigtibesefle pAsdrer thypsgh iBn-2dchidgeAsbiedpbive T RA- 7433060
[ 0038] As can Bbenuoaensdtiondttdr passinfatrbeghion-etchwae réoupdbwihat t he anomnt] of
boron adsor pBrezkthwagh tinealdey] wi th an i on- exchange resin having a figmcti onal
group represented by general fornmula (1): -CH2ZNR R2(1) wherein R and R2

[ rogen or_an_al kyl group.
! ndep?&q&nt ly T ep%e'sscz?n te uh dgrstogg from Ta%e 2,%3y c%/ntacqing tlr?e crude trichlorosilane with

a boron concentration of 3000 ppbw with the ion-exchange resin, the boron concentration

A
[e
A
[e

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, indicating 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 pm,
the 50% surface area average particle diameter is 254 um, the pore diameter is 70 A, the
specific surface area is 450 m?/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.



[ 0039] <Exanpl e 3> Crude trichlorosilanes with boron concentrat
of 13 to 24 ppbw were passed though silica gel packed |ayers (anmount

i ons
of

packed silica gel = approximately 30 g) at a flowrate of 135 g/ hr. Three
types of packed silica gels, with noisture contents of 1.4 to 1.7% and

different particle dianeters, were usedo- [ 0040] One hour after the
trichlorosil anes were passed, sanples of the trichlorosil anes before
after the sijigasgel packed layers were taken, their boron concentrat
were neasured using an inductively coupled plasna atom c_em ssion

and
i ons

spect r onet er Bprorponsgsatio heforepassintaghrangh silsewel [pabwlabl e 5. [ Tabl ¢ PO F

range

er

of particle Hpﬁﬁﬁﬁmﬁnvﬁmnﬁ&ﬂP%ﬂ@&éM@%ﬁéﬁméﬁ@éX@Wbraae particle diafet

[p.nl) Boroh n BregReoHgh 4§ deaef or e passing through silica gel [ppbhw

or on

concentration after passing through silica gel [ppbmﬂ 500 to 3200 (2760) 13

6 63 t[6b3g]30 (150) A%%arﬁj’le understood from Table 3, by contacting the crude trichlorosilane with
a boron concentration of 3000 ppbw with the silica gel, a high-purity chlorosilane with 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 790 ppmw. Two types, “Amberlyst A-21” (registered trademark)
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
to a substrate comprising a crosslinked polymer having styrene unit, a functional group
represented by general formula (2):
-CHNCH3CH2[CH(OH)]s«CH.0OH (2)
[0037] 12 hours after immersing the ion-exchange resins, samples 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):
-CH:2NRiR: (1)

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



40 to 63 (61) 24 <1 [0041] As can be understood from Table 5, it was found
t hat when contacting the trichlorosilanes with boron concentrations of 13
to 24 ppbw with the silica gels of different ranges of particle dianeter,
the effect of boron renoval was inproved by reducing the silica gel
particle dianeter. [0042] <Exanple 4> A-Yrude trichlorosilane with a boron
concentration of 3000 ppbw was fed to ion-exchange resin packed | ayers of
diffeq@ﬁ@]nnh§5gﬁ§3gontents (amount of packed ion-exchange resin = 12 g:
"Anmber|yst A-21" (registered tradenmark) manufactured by Rohm and Haas
Conpany), and heaﬂkgtﬂéﬂé@@@hﬂ@p@ﬁﬂmnﬁvbamn@@hmaefwé¢ZQMéMtheex@h?ngﬁ
resins with the.chloragsilane was neasured. ,Addit i onall S | es of the
ch|orosi|ane&8§'3&%9§§&“%$?§V“Bfggﬁﬁégﬁﬁgﬁﬂéﬁaiﬁ%"?%ﬁ9§%€ﬁ§§§§>%ésins wer e
t aken and t higiw raddosfQB6 i C Ee Bpesail padied €liARRS LK BUmUSiuRgeoaknispEUCtd vel y
coupl ed plasn% atom c em ssion spectroneter (ICP-AES), and the anounts of
boron adsor pt1 oAby FRY AR e lMAHF ' FeSPhs were neasured. The results are

shown [pqaojTabl e 6. dnlabh@ ] hMRichlosRare &Rt BhssOd, sBSIbd bl ridnidrodtaflesHeat
generation upon initial contact with chlorosilane AT [C] 40 100< Ampunt of

boron adsor [ﬁeiquﬁ ar[cbaflgbﬂwg ﬁi/lir(qﬁel} E@kﬁ}lajﬂgs were taken, their boron concentrations were

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 concentration
(50% surface area average particle before passing through | after passing through
diameter [um]) silica gel [ppbw] silica gel [ppbw]
500 to 3200 (2760) 13 6
63 to 230 (150) 18 <1
40t0 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 ion-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




8 -12- 100431As can be understood from Table 6, it was found that a
reduction in the noisture content of the resin had an effect of suppressing
heat generation upon the initial contact of the chlorosilane with the

i on- exchange resin. By nmanagi ng the noisture content of the ion-exchange
resin to at nost 2% it is kept at the-"dpper tenperature limt of the resin
of 100 C or bel ow when the ion-exchange resin and chlorosilane are in

i ni ti ghoagiont act, @@@am%aalsmg@%m% 81 s e 4RGEd QARG in@OUp can be
suppressed. By suppressing the heat generatl on upon initial contact of the
i on- exchangem‘PlétsrelTOEfﬁ@t Oémemserslpadlaaﬁéeqtefsnlhereesp}géleatt%ngetnca\tuppetﬂe| mt of 100C
or below, a . unt, of .. bor on adsor |on n|t resin can be
secured. [00 c@trar%t%F’R\ ltﬂorosﬂane w1t1Ahe 10n—8>p n er% br Ogmlanaﬁ;engv\tnﬁ%h a boron
concentrati Oﬁmsxﬁreaeﬁx@ntpmbmm&cfﬁae@e tedinSd Jaum:catyeht ipRgkedht ayer s of different
nmoi sture contents amount of pagkeg silica = 19 gﬁ "Wakogel C-100"
(regi stered TTRURMETKY Hehuresie e %OQdCBS/le’(H %ﬁhé MRS re?“ﬁﬁl‘d’strl es, Ltd.)
Sanpl es of tdaer&hher08inliang Haferad attnaldshdNRs Sk M niREQHIRLHEnSe! | ca

gel s were taken, and their boron concentrations were neasured using an

i nductively S@éﬂfﬁ'fsé@i ;ﬂmwmesatnﬁﬁli\echeetrﬁewﬁw %éertlﬁﬁﬁ@t’f@ﬂf of th€P- AES), and t he
anount s of t i he results
are shown |E9£Ta%f‘?'%§% gngr}h Q%}]Qﬁ%gltcztpﬁk ontpgﬁ mre lmlt ?é:b;%geF;q?‘?”oa} 1.5 5.4
Amount of bcn@mardsompnuomhorpgadm@rmmhlpgrmlﬂrbsixacageale]secarea [ 0045] As can be
under?&ﬁ d from 'Iia le 7, it was found that the noisture content did not

af f ec e andunk® boron adsorption by the silica gel. However, when
feeding the chlor (A&hlcarﬂﬁchuceoéilb@e Wit 4 E@og@IncRRGkadorl380087pbW iR f& 1BDI st ure
content of 5.49% silica precipitated in the silica gel packed | ayer and an
i ncrease i n sicp peasket éﬁyerﬁpé@gﬁrﬁ’éf W@%U@BQ@Wé@mOAB“éHN#ed Byicargairalyisng t he
moi stur e cont@fib bt 1o Sidd GBI AL REL WS bR agner at ed from
wat er and chl orosilane can be suppressed an st e operation can be
secured. [ 004¢]saiexdng) eS@iples 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”



A crude trichlorosilane with a boron concentration of 3000 ppbw was passed
t hrough an ion-exchange resin packed | ayer (anmbunt of packed ion-exchange
resin = 12 g; "Anberlyst A-21" (registered trademark) manufactured by Rohm
and Haas Conpany) and a silica gel packed |ayer (anmount of packed silica
gel = 18 g; "Wakogel C 100" -13- (regi'Stered trademark) manufactured by
Wako Pure Chem cal Industries, Ltd.) respectively at a flowrate of 3.24
kg/ day. The @®jissdret €ade@nti@tan@hcthilt@ bp aGke dule Qe RXeNANGaikasin used was 1. 7%
and the noisture content of the silicajgel used was 1.5% [0047] Sanpl es of
t he chl or osi 1egsetivrlraéa flaR ade ait3-Hhe/daxi {Themosencpiekedhs ragksd  and

br eakt hr ough;ol JfRSnMRESH JERASHE 55, USd Y nffbul L ANES: ¥EHY iﬁa:)g@i &y Rhasmma atom ¢
em ssion spectroneter (ICP-AES) which neasures their bor&n concentrati ons.
The results Bfe shown in Table 8. [Table 8] Breakthrough tine [day]

| on-e nge resip 15 Silic el. 4 10048 can pe understood from Tabl e
8, it*&gﬁ f ound tEgFg%ﬂgtV3%¥%%%ﬁgﬁ6%ePé%#gﬁgﬁg%P‘?giﬁﬁg%ﬁaﬁvgpda peri od
that is al nDgtakkiQuiigh tini®SvedsmbBi@d asing haindedivtRRoildd gan@etomiPescri ption of

Ref er ence Nunber s [0049]1firstEPacked col um 2second packed col um
emission spectronieter (ICP-AES) which measures their boron concentrations. The

results are shown in Table 8.

[Table 8]
Breakthrough time [day]
lon-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 almost four times as long as that of the silica gel.

Description of Reference Numbers

[0049] 1 first packed column
2 second packed column
3 supply tube
4 connecting tube
5 extraction tube



3supply tube 4connecting tube S5extraction tube -14- CLAIMS [1] A nethod
for purifying a crude chlorosilane conprising a boron conpound, conprising
the steps of: - contacting the crude chlorosilane with an ion-exchange
resin; and - contacting the crude chlordsilane with a silica adsorbent. [2]
The purification nethod according to claim1l, conprising the step of: -
contacting the crude chl orosil ane comgraisisng the boron conpound with the

i on-exchange resin and then contacting it with the silica adsorbent. [3]
The purification nethod according to claiml or 2, conprising the step of:
- contiacting the i M i r.esl iica
adsorbant w'th a orerore bont ok anased RSO Pt Aok
purificati oncomptihiogtteetesai ng to any one of clains 1 to 3, wherein the

i on-exchange resin has a functignal .group represented b% ﬁ neral fornula
(1): -CH2NRi R2(1) whereith R “and" R2° " Rd8peAtSht Ty Peprdséit hydrogen or an
al kyl group. | 5] Theonpidting the atud©ehismiinaewak & oilieh Jdgorbéntany one of clainms 1 to
4, wherein the silica adsorbent is a silica gel having at |east 75% of the
particles within a particle dianeter range of 40 to 1000 m a 50% surface
area gyerage partWﬁé&n@k@ﬁﬁ&ﬁ&h&ﬁm@hdﬂgﬁidQQQ,&hqﬁ@gg%m§R$Qkf'C surface
area of at |east 450 n2/g.

- contacting the crude chlorosilane comprising the boron compound with the

ion-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-exchange 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):
-CH2NRiR2 (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 um, a 50% surface area average particle diameter of at most 300 um,

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



