SPECI FI CATI ON METHCD FOR PRODUCI NG OLEFI N PCLYMER 5 TECHNI CAL

FI ELD The present invention relates to a nethod for producing

an olef in polymer. Mre particularly, the present. - i nvention rel ates
to a method for producing an olefin pol yner ‘usi'ng a transition netal
conpound r epoewes3sed by 10 a netall ocene conpl ex, which gegsewpiriy equire
use of an aromati ¢ hydrocarbon as a sol vent. In the present

i nvention, the olef in polyner includes:- a hornopol yner of an olefin and

a copolynmer of a plurality B | =
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of olefins. 15 BACKGROUND ART s It has been reported that a
catal yst for polynerization, conprising a transition netal conpound,
particularly a diimne conplex or a transition netal conplex
containing 20 one or two groups having a cycl opentadi ene type anionic
skel et on, ewposasmwn- cal | ed non-netal | ocene conpl ex or PRI 0Raene
compl ex, respectively, and al um noxane 2 exhibits a high activity.
Particul arly, when the nmetal | ocene conplex is used, an olefin polyner

Q?glt P?butz:sonn%f;ﬁg J]ﬁf?eﬁr%?ﬁ?%g ol'e ‘?%JSIG@ aP%S?ﬂBS’%%?‘%@ﬁﬁj%
consi der abl mmmﬁg@gﬁggmw@mrmm NEFIZIEM IR R RIBBIC
N HEMERERITENEWSHERS D, BUT, 1EROBBLEBLLAYNE

AWa3 174 OESIIBNTIE. FIVI 272 EOFERRILKRER O

b ERBLRLLINTVWE. PHSEBER. HRELLTORVT-IZERELTRLE:

HESBRNBRHD. REBHETH 5.

RHDBR
FRAOEMIL. BESRILSWER NS 71 S EAKDREH KB
10 T, BRELTORUT—REREBL. REZHESIBNOD BHEFERILKFRIBLE
EAVBBEORVEEERET S EICH S,
FRWEIZINIT, BRESELUTTFRE (A) B3XU (C) Z2HWTAR3FV7
4 CEAFMT. H5WIEERS ELTTR (A) . (B) 3L (C) 24
WTh2F 74 CESRMBEOEET. TV 740 o 2BMEBESEIIHERT
15 2FL 74 CEEHROYMERFEIINZBDTHS.
(A) IEBiEBALARIEAMICER. BBEIIX S5 —(LL BB SRILEY
(B) MBI ARIESWICHER, BBERIZAS5Y—LLETRE (B1) ~
(B3) MoRIEINBLEY
(B1) =X E!'A1Z, , CRINBZE/RTNI=ILLEY
20 (B2) —#X {—A1(EH—%}dbfﬁénéﬁﬁéﬁ?aﬁwo7
W2 ) FT
(B3) —#=X E® {(—A1 (E®) —0O-} ,AlE} CRINZHEEEE
THRBROTIVNI 2 F Y
(EREE—HBRCBVTENEN. E'~E3N3RERTHR 1~ 8 DRILARET
25 HY. ETOE', 2TOE' RULTOE* R TH > THRBRSTWTHE
W, ZRAREFXRINOY VEFE2EL. 2TOZREACTH>THRRST
WTHEN, ald0<a<32WRTHET. biI2BALOBKE, cR1DE
DEHEHRT, )
(C) B ARILEWITIMBEZIZA S5 ) —LLTR (C1) ~ (C3



2 of view. Therefore, a lot of  reperts have recently been made
(e.g. Japanese Patent Publication (Kokai) No. Sho 58-19309). It has

al so been reported that high activity is exhibited in the olefin

pol yneri zation in case of a system 5 wusing no alum noxane, that is, in a

met hod usi nve9sRssdli fi c boron conpound (e.g. Japanese geai®iHnar17
Publ i cati on (Kohyo) No. Hei 1-502@36, Japanese Patent Publication

(Kokai) Nos. Hei 6-157651, Hei 3-163088 and Hei 3-188092).
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metal conpound was nornally handled in the.formof a solution of the
aromati ¢ hydrocarbon sol vent. Furt hernore, the above boron

conpound is a particulate 20 solid and has a problemthat it dissolves in
the aromatic hydr ocar bon sol vent such as toluene, etc. to sone extent

but its sol WO$&28341i n- t he ot her sol vent, particularly RYRA&E
hydr ocarbon solvent, is very low. In gengral, i n the polynerlzatlon of
an ol efin using a conventional 25 transition nmetal conpound, it is obliged
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DI SCLOSURE OF THE | NVENTI ON
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5 met hod of producing an olefin polymer using a transition
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as the product to give
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20 following (Bl) to (B3): [(Bl) .an organoal um num conpound
represented by the general formul'a E[err]Al Z[err]; (B2) a
cyclic alum noxane having a structure represented by the general
formula {-Al (E[err])-O}[err]; and 25 (B3) a linear alum noxane

havi ng a st weesmssi1 represented by the general fornul apergpernari
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5 an integer of not less than 2; and ¢ represents an integer of not
| ess than 1); and (C): at |east one boron conmpound suspended or
slurried in an aliphatic hydrocarbon conpound, which is selected
from the follow ng(Cl) to (C3): 10 (d) a boron conmpound
r epr esent edwiysnesset gener al formula BQ err]  err] Q epetarorosrny

(C2) a boron conpound represented by th(; gener al formul a
Gerr](BQerr]Qerr]err]err])[err]; “and (C3) a boron
conpound r
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The present
Al'l of the
conmponent (
pol yneri zat

invention will be described in.detail herei nafter.
conponents (A) and conponent (C) or the addi ti onal
B), which constitute the catal yst for ol efin

ion of the present invention, do not

5 . rewoissessan aronmati c hydrocarbon conpound as a sol yefipy7pi717

sol vent for
conmponent s,
Transi tion
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suspended or slurried transition nmetal conponent. The transition

met al conpound is preferably a compound 10 of Goup III-XII or Goup of

| ant hani de of the Periodic Table of the Elenents (1993, | UPAC), and
various transition netal conmpounds having an ol efin polynerization
activity. (ewwposnsasr netall ocene conpl ex, non-netallocene copghpsmpdi<-) can
be enpl oyed. A transition netal corm)ound of Goup IV or 15

| ant hani de series is nore preferred, and "a transition netal conmpound
having at | east one cycl opentadi ene type anionjc skel eton, i.e.
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hetero atom

at | east one of which is a group having a cycl opent adi ene
type anionic skeleton, and a plurality of

6 L nmay be the sane or different and nay be crosslinked each

other; R represents a hal ogen atom or a hydrocarbon group having 1 to
20 carbon atwos?28a1r epr esents a nuner al satisfying O <p@yilibdnp: and
p represents a val ence of a 5 transitijgn netal atom M. In the
general formula (3) representing the net al | ocene transition netal
conpound, Mjs_ a_transition metal caqnpound_of Goup I'V or_|anthanide
series of tHlé%'D7IPe1’ Jodh b Tdbl & ofl t hie SEASRn? st PrEgsY A aphG F Apedi fi ¢
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) KBWTE, LiZH 1 REETHD, (L-H) ‘BT >ZAFv RBT
B0, BEI3MDRETFMREORIEBERTFTHD. Q'~Q*ik LD (C1) Iz
BiI3Q ~Q LAKTH 5.

—® (L—-H) * (BQ'Q*Q*Q*) -~ TEIhB{L&WoEAMELTIE
TV ATy RETHS (L-H) *iTid. NUTILFIVEBRT EZIA,
N, N=PF7NFENT VUL, STNFVTOEZIAL, BUT V=KX
FoULRENETON., (BQ'Q*Q*QY) ~ iKik. M &Rk b DHET
5h3.

CNSDORGHIEEBEDRLL TR NUIFITVEZULFFIFR (

_&957w#n71:»)ﬁv—b‘bU7n5w7>%:¢A?b§#z(&

t~o
(S]]

>F7NhART )N Rb—b, B (a~=TFIV) FOEZIATFFIEX
(ReFZINFT7Z)) RL—b, M) (n=TFIN) FUEZILAF IS
FA (3, 5—EBEAMNIINFOAFNTZZN) Rb—b, N, N=IAF)
FZUZIATFIIFZX ROFZI7)VFODT=)) Rb—k, N, N=JIF
W7ZVZOLTFISFRA (ROFI7MVFA0T7=I) RLb—k, N, N—2,
1, 6= RFAFNTZVZUAFIIFR (RFTNFT72)) R
—bh N, N=PRAFITYUZOATFRIFRX (3, 5—EAMNITFOA
FNTzZW) Rb—b, PAVTRENT PEZULTFFIFR (ROF T
Z07zZ))) Rb—b, P 7OFINT VEZTAF I IFR (ROFT
AABTZZA) Rb—h FUTZSVHABZTLT FSFR (RIF T
A7l Rb—bh, PU (RAFNT2IN) FARZTATFFIFZX (R
ZEZINFOTZ)) Rb—bh, bY AFINTz2)) RARZI AT B



a titaniumatom a zirconiumatom a hafniumatom etc., and specific

exanpl es of the transition netal atom of | ant hani de series include a
samari um atom Anong them titanium atom zirconium atom or hafnium
atomis preferred. 15 In the general forrmula (3) representing the
met al | oceneWO?8341i on netal conpound, L is a group havi ng pergpeiberiy

cycl opent adi ene type anioni c skel eton o§4a group having a hetero atom
at | east one of which is a group having a cycl opent adi ene type anionic

sl mkeatn S R R ?%Méé%”?@?éép%%”% I
sroup L RELRY (RN O e AT i 6 5’5 %@i&ffﬂ 2%

2 e TR T L R S s e
hydr ocar bon>gy ouphenvy eg=dl) KL —kTH>.

5 RS (C) ELTIFELLIE (C2) 41X (C3) THD. BIFELL
MIT2ZWAFINTFEIFA (RFZT7HFO0T722)0) BL— MEEIEN,
N=ZAFNTPUVZIATFIFR (ROF7hA07220) #—FTh
D, BHFELLIEN, N=SAFITUSOATFFS5FER (ROy 74D
7x=0) KL—+Ch 5. ‘

10 AL 74 SBA R

FRACBNTEL 71 VEAPRIEE LTI, MRS & LTERD (A)
BEY (C) ZAWTRZF LT 4 BB, 55WitAERS & LTLESR
D (A) . (B) BXY (C) 2AVTRZFL 74 VEARMEEH NS, IF
LB, EROBMERD TN TNO—BE /-3 252 BN Ic A4 EE

15 THGELTHELAEAL 70 CEARME. 5203 LR O&AERS % B
AL 74 CEARBICHRLTRELEA L 74 CESRBRENAL SRS,
RSB ELRA L 7o VESEEICHE T AEICIT. SRS 2EZD
MEFTHRALEATZZENTESY, Eths OEROMSE T i
TTHSANTHEN,

20 FRABVTIIBMIERSD 2. R AREEICHRBL LIS

| —ELZERBTHWS Z MBS, ZIT, FREICBWTHERICORBLL L
ASU—{LL7oREB LI, BHIVERICSESICIERE T, EESTI R
HELTHBREENS, FRECBNTIE, TBREE X 5 1) —(LREE & 1348
TRBUTHDA,

25 . FREF\IBVTIE. EROSMBRS ZHEEITEEL LIRS Y—(LLER
BTHHR T BRI, FAIAITRENTEAMERS ML RNESIT, BELHLL
325 —L L 72 REE T OBl RS OILREEESEEATEL D BN &8
FELWn,

ERFAICBNT, BEICHER. BBEIZAS ) —(LIAW3EKE LTI,



7 to 20 carbon atons, hal ogenated hydrocarbon group havi ng lto
20 carbon atons or silyl group having 1 to 20 carbon atons. Exanpl es
of the polycyclic group having a cycl opent adi ene type ani oni ¢ skel eton
i nclude [err]-indenyl 5 group, [err]-fluorenyl group, etc.

Exanpl es. of WQ@es/t834kero atomin the group having a hetero pcrgisgsanncl ude
nitrogen atom phosphorous atom oxygen apom sul fur atom etc.
Exanpl es of the group having such a het ero at om i ncl ude

oroup AR I B e BB R B R
aryl gfgmggguggﬁdgky@gq;gjy%%ggﬁ%ﬂ NRO7Y WPt 7 & > IR, EYRIEYNG. Of:GHD.
H. RBINRS T4 I BEETZENTES,
ARFICBNTIE, BEHLRAS Y — (LU REBTORMIKRS OIREHE -
5 EANRENRELD bELSES, BEOHVEEERND I EAUFE LY,
BWIEORELLTHFELIZ. 0. 8cp (BEXFRTX) BLETHD, LDIF
EFL<E1. 4~1200cpThD, SHITHFELLIERL. 6~50cpTh
5.
OB RBEBEROREAE LTI, FFEI>, SEOHRBI/NS 74 2R
10 . ThoioBH L ORABENZETONS, KBNS 742 &L TRAXIE
2~2000c pBEQIETEAMEOTRINTNSLOEHEATES,
BB, TTTWIRER2 0CIIBITAHEZNS,
BRI, HICERORS (C) OBEELTRWSDIUFELL
. ISRKIREROES (C) B (A) DEBELTHANVWSOMMFELL.,
15 FFEBITBWT, SAERS EMERSEEIZIEIF VL 7+ EAEREICHHS
THREBICEEZANSEBORE OFRITIIEFITHIRIZRWA, 0. 5~100
mm., FEL<IE1~50mm. I5IFELLIEL. 5~30mmTdH5.
BRUERRS OWER. BARKIGRICEMIERS 8T 2 RBOMERE DR
Bick D, WEBRINSH. —RIZ. B’Y (A) 25 BEO. 01~5004
20 mol/gT. XVFELLIE 0. 05~100umol g, IBIFEL
<iZ. 0. 05~50umo1/g. &% (B) #. AlFRTFRET. E%0.
01~10000umo1/gT. KDHELLWE. 0. 1~5000umol
/g ESIFELLIE, 0. 1~2000umol./g. &S (C) i, &EE
0. 01~500umo 1l gT. XODHFELKKE. 0. 056~200umol
25 /g, SHIHFELLKIE. 0. 05~100umo | /gD@EICHZLDICH
BAERNSZENEEL W,
LRROES (C) REL DS (A) RMVI> A EOEEERILARLEY
ITIdd 2REIIRET 0% BIERRICKBIL AW~ DBEMEMES . BHICE
EFh3 LRORS (C) BPBRTHZH, SEERSEBEBICEBELLIRS



group and di aryl phosphi no group. 15 -Speci fic exanples of the

[err]-substituted cycl openat di enyl group include

[ err]-met hyl cycl opent adi enyl group, [err]-ethylcycl opentadi enyl group,
[err]-n- propyl cycl opent adi enyl group, [err]- :

i sopropyl cycWwep¥M3ddi enyl group,[err]-n- 20 butyl cycl opent pgiygsvyhards OUP,
[err]-isobutyl cycl opent adi enyl group, [err]-sec-butyl cycl opentadi enyl
group,[err]-tert- but yl cycl opent adi €nyl group, [err]-1, 2-

T ) DTG A AR B A O RSB
trimet hyl cy@@m@%@yﬁgﬁﬁﬁbgr#ibmo t et ranet hyl cycl opent adi enyl
orou. Lert] ERORS (C) LB OBEMBOKE, FRERICHT SR RILAHO
ENEELT, 0. 0001~8003IUEN/VUy ML THIRTS T &Mw]8E
THD., XDHFHXL<IEO0. 001~5003IUFINL/Uw M THITIEETH
D
FRATERTHF L 71 CEARMBIC B 2 8RS OEERIZ. RS
(B) /B4 (A) DEINHM0. 1~10000T, HFELLIE5~2000
« BB5 (C) /BS (A) OEIVEDO. 01~100T, HFELX0. 5~
10 100@HEICHBLIIT. FRA/ZBNBZENETLY,
FRACBNTESIERATES AL 74> LTI, REETE2~208
DFV T4 EONTNEBRANSTENTE, AR 2BEU LD LT+ >
ZRNSILEDTES. Mh3FL 74 COEHFIELTIE. TFLY: Fop
Lo, T52—1. ROFU—1, AFEI—1,. APFo—1, Fr57>-1
15 /%=1, TR 1%0ESRe—F LI+ 28, 3—AFITF2 -1
V3= AFINRITU—1, 4—AFNRIF—1, 5—RAFI—2-R>F
1503 e —FL 74 V8 ECII 7 OAFHIERFIRINZN. &
R LELAMIIBEZINIREDDOTIAN., RESEZHFSEEDE ) v —
DRASEDOEOREFAEL TR, TFL 7OV, TFLIETFI—1
20 . IFLENFEZ-1. IFVLIEFIF—1, TOublLIEiFr—1
FNPRENDN. ERAX NS ORBEDRICBEINZREBOTIRAL

(3]

FERAL. FlcZFL&7OBLY, TF2-1, 4—AFNRIFI—1

ANFERY-1, FVTFI- 18D a-F VT4 D EORBEESRDBGITEYIC
25 WATES,

EEGED. BIKREINBREDBOTIARWN, FRE Ty, ROy

s NFBYATE L T 05 CEORENERRLKEEBREE L TRWSBIEE

BXLRASY—ES. BEK BRBSETTEOEECTES. AROTE

/R—FTOTMHESRENTRTHD. £/, ERES. BHRBESDELS



8 pent amet hyl cycl opent adi enyl group,. [err]-

trimethylsilylcycl opentadi enyl group, etc. Speci fi c exanpl es of

t he pol ycyclic group having a cycl opent adi ene type ani oni ¢ skel eton

i nclude [err]-indenyl 5 group, [err]-2-nethylindenyl group,

[ err] - 4- et wo psmda4ry| group, [err]-4 ,5, 6, 7-tet rahydl;@ll,*i,g:;ﬁ,\ﬁ7 group,
[err]-fluorenyl group, etc. Speci fi c exanpl es of "the group
having a hetero atom i ncl ude nethoﬂﬁ group, ethoxy group, propoxy

group,, butox 10 _group, phenoxy group, nethylthio group, dinethylam no
group, diet h%]tamoﬂg%&%up, di propyl am no group, di butyl am no group,
The. g oups. hadl TON- B¢ FUeh LATEREIBe G4 it Drodh BB G BAE gr oup
having a cychoprdadi e LPE 0T, 5~50ke/ cm DRAETTEL T4 0K
BETIMRBKEC. BART. SERET CEEAREREBOF L 7422
8 HERLEESHRNBRBLUERBTEAIEIBEALT > EAETH S,
SHIFELLSIE, A<t b300keg/ cm?, FEL<LIF350~35
00keg/ cm*DEH. HE<Lb130T. HFELLIZ135~350CHD
BETESZ1TS. TOBR. EABAEL TNy FRB 30ITERESOVWTH
THRIETH S BN TIT S ANFEL . ISSBIEY. BAaXEREE -
10 [/BHLIVWRERREBIMEHATES., EGUEHE—REETHITRDh3 1D
D RISE2 WO FIEHIRICR 1> TITR S 1 2 NIERBAO RSS2 EM *
FRAEFNCHEE L TITFS 2 &b TES, ERAOKGEEEAT B ICITNR
~HEDHLVEHE - ERONTRORARThI . EERIEHED 3 I3
BRICBTESIVIHETI. SRR EITRE, BN, YAMREEX
15 2ZLITXD. REDRESAERIT—ZREETEZLBARTH 5.
ERERMIEE. BERS T TREBII/BINS. ZOXSREBEFTO
BITBVTH, MiEE R I TRERICEATZ 2D, MR TH 30,
BRI —ICBMT 50, H3NRBRCTERETHZBE. TORBINE
<, BEICHLUTHBHEORNWDSOIMFE LN, TOBOKNEIL. EE, BAR
20 EM50umMUTTHDIEIMFELL, XVFELIZ3 0 umBTF, $$iITiF
‘ FLLIZ10umBTF, BHHFELIS umBlFTTH5. s (C) ZEDOK
B2HET 21T He. MV IURETHERLZBRENTY Dk E DBk
BALKFBEICH T U TN S AR EOFEEEATE 2 &8 T3,
REBSLRIIA S L CER B LIE N LS KR, 7T SORELSERE
25 KT THRED ZELIEETHS,
ESRE. —BNIZ, BRETHRYT—0fE. IbEBICLVEERE
SN, RICHIR REFERARN, £z, FRBEIHBEASOHTFEERGTS
EOIIKREOESBERZHBMTH LB TES,



ani oni ¢ skeleton and the group having a hetero atom nay be crosslinked
each other. In that case, an al kyl ene ‘group (e.g. ethylene group,
propyl ene group, etc.), a substituted al kyl ene group (e.qg.

di et hyl net hyl ene group, 20 di phenyl net hyl ene group, etc.) or a

subst i t ut ed veo ds/issaie group (e.g. silylene group, dinethsdwireybenc
group, di phenyl si | yl ene group, tetrgggthyldisilylene group, etc.)
may exist between the groups. in the general fornula (3)

representing et allocene transition netal compound is a hal ogen

at om or 2Bgn group having 1 to 20 carbon atons. a is a
purer Sa“Sizhrwﬂzs%@a@}_ﬁ;ﬁééhﬂ%mosﬁ 2PN B FTn—F -
FEIREFERBPOXGERIFZFONRERFITH D, XRHIZMS CNIKRESNDSIHOT
378,
5
RAEEHT S0 DRE DO

T, EEfIRUHEBRHICK > THERAZ S SICHEHICHEAT S, 2R8HIT
INSRBEEND bOTIRARN.
EIEHIC B SEABOREIL. FROF®ICE> THELE.
10 (1) ANPI>FuZA (MFR) i3 JI1S K—6760icEEshrs
IR, 19 0CITRIELE.
(2) BER. JIS K—6760IRoTRDAE, 2FL. BE (F=—)
) LERBLAEBEDEL. JIS K—6760B0WTyo—U rnms
BFICRAELETHD. BE (F=—IE) LB LAEEOBERT=—U
15 ZJ0B%ELENEETHS.
(3) #EAEOEE : Perkin—E Ilmer#tBDSC7ZH0NT. UT
DRI K D3RO, |
BB : 150CETHE. AEOZTNREEICRDETHREF
BH:150CTHh540C (5T ) . 2HHRR
20 WE:10CHS5150C (5C/4)
(4) a—-FL T4 EFE  RAIOEES (BEoX T4 FT-IR
7300) 2AWT, TFL>la—AL T4 ORI VRS, 1000
PSR D OEHEHBEK (SCB) &L THRLUE,
(5) DFRRUHTFESE : F - N—3aT—>a> - yOTRTST (7
25 A—HF—X#48 150, C) 2. LTOEHICLIRDE.
HhS5h:TSK gel GMH-HT
BIERE: 145C BRE
REBE: 10meg./ 10ml - IZrmRIES
BEH  (BESRLAY - SAFNIUI (FRIAFILLIORL S IT



transition nmetal atom M Specific exanples of R3 include a fluorine
atom a chlorine atom a brom ne atom iodine atom as the hal ogen atom
and net hyl group, ethyl group, n- propyl group, isopropyl group, n-butyl
group, phenyl 5 group, benzyl group and the |like as the hydrocarbon group
havi ng 1 t owAboesmasdaon atons. Rlerr] is preferably a chl or ipgeaprernapizom

nmet hyl group or benzyl group. Aﬁpng net al | ocene transition netal
conpounds, speci fic exanpl es of the conpound wherein the transition

10 netal atom M js a zirconi tom i n¢lude - _ "
MﬂcWHma%d&%ﬂfﬁﬂﬁmﬁ%mfﬁﬁﬁiﬁ_z—7lj*y)?5*vbybn
bis(nethylcychEﬁ@%@%genyl)zirconiun1dich|oride,

bis(pentanetﬁy yCl nt adi enyl ) zi r coni um di chl ori de,

bi s(1 ndenyl) 711 copLusmelieabloori g, r b SAFE B— M)l — 2 = 7 /OB
t et rahydr oi ndenyl) zi rconi um di chl ori de, bi s(fl uorenyl)zirconi um

dichloride, s2saby&oPe i HEEINY A 310 0an LN TDITHEORITAT, 2—-ter t
et hyl enebi s(4, 5, 6, 7-tetrahydroi ndenyl ) zi r coni um
5 —TFN—4—AFNVT7x/-—N20. 1g (123mmol) ZFIT 15
Oml iZEHML., W Tter t—7FINF7X>25. 9ml (18. 0g. 2
46mmol) Zxk. ZOEKE—7O0CIZAHAL., TI~AKFK10. 5m
1 (32. 6g, 204mmo 1) #MAk., ZOWWE—7 0TIKES, 28
R UE., ot ERFTHREL. 1EIKDX10%FERL100m 1 &M
10 AT3EHHELE. REEONIFREBEZEKART M) U LARBNTERS
BINRL—F—2EALUTHBEZRELER. UM NIES LZRNTHEH
L. BEAOFAINTHBD1-T0E—3—tert—TFN—5—-XAFh-2—-
Jx /=) 18. 4g (75. Tmmo 1) Z2H%. NRII6 2% Tholk.
(2) 1—-7O0E—-3—ter t—FIN—2—RArFT—5-—AFIRIE>
15 ARk
LRBEST. BHE#E2HAZ100m1 40075 X0 T, LiE (1) T
ARlLE1-TJoE—-3—tert—-7FIN-5-AFIN—-2-TJx/—)V13
. 9g (57. 2mmo 1) 27 ;=FUN40m 1 ITHENL. BV TKERIL
AVTIA3. 8g (67. 9mmo 1) ZMA/k. TSI VEXAFINLIT. 8
20 ml (40. 6g. 286mmo 1) ZNA1 2RHEREZKEITE. TOER, T
Nﬁb—&—fﬁﬁé%ﬁb\ﬁét«#ﬁ>40mlém1«#ﬁ>ﬂ$ﬁél
HHLAE, NS 3ERDIRL . s hoBi2REl. REAOTAIINVT
B51-TOE—3—ter t—TFN—2—RAbFI—5-RAFIRIE>
13. 8g (53. 7mmol) 2/, WRZ, 94%ThH-o.
25 (3) (3—tret—TFN—2—-AbFI—5-AF)NTx)V) 7o
AFIINT T DERR
FhSEROT7S (31. 5ml) . AFY> (139m1) RUER (2
) TRRLEL1I-TJoE—3—tert—JFI—2—-AbFI—5-AFIN
o (45g) MOERBBEMWMIZ, —40CT. n—TFNVUFULDL. 6F



dichloride, 20 isopropylidene(cyclopentadienyl)(fluorenyl)zirconium

di chl ori de, di met hyl si | yl enebi s(cycl opent adi enyl ) zi r coni um

di chl ori de, dinethylsilylenebis(4,5,6,7- t et rahydr oi'ndenyl ) zi rconi um
dichloride, 25 dinethylsilylene(cyclopentadienyl)(fluorenyl)zirconium
di chl oride, WP §R881| si | yl enebi s(i ndenyl ) zi rconi um di chltr; 87104717
(cycl opent adi enyl) (di met hyl am de) zi rcon+

10 di chl oride, (cycl opentadi eny #(phenoxy) zi rconi um

but y1 am de) (P& T SEvRI S EPERBRMLAh AT ) B A0 THTF L, BB
BEME—40CIKTIMHBHERLEE, Fh5ERO75> (31, 5ml)
ZRT L.

PrunPRAFNIG (131g) RUAFH (306ml) Hohsn
BWHIC, ~40CT, LCRERAMERTLE. BoNEREWEERET2
BT TREL. FICEERICTI 2 RS L,

RISESYN S BETICTHHREUAKRBOS /0P AFNI S 28K,
BEDNSAFY D EFNTATY S AHSEMB L. BSNAATY SHWHH S
BREZERLTHRERFIIMRD (3—tert—FFN—2—-AbFy—5—
10 AFNTxZ)) yORSAFNSSS 41. 9g#Bl, WEL 84%T

Hole,
(4) (B—tert—TFFN—2—-AMFI—5—-RFNTz=)) PAFN
(FRSAFNI2OXRFZZIZN) 5 OARK
k8 (3) TARLE 3—tert—TFFN—2—AbFI—5-RFI7
15 =)V ZyOaPAFNII (5. 24g) RUSFRSEROZSY (50m
1) HERBEEFI, —3 5CIKT, FRIAFLLIARIITI=)L Y
FUh (2. 73¢) 2FEML. 2REATTERITREL. EicEEICT1
O F§RMIR L 7=,
BEONERISBAVI SRETICBHEEEL, BILSAFHIEZHNTA
20 FYHCABHEMBL. B5NEATY U EEN SHETICHEEEEL TRE
FANVRD (3—tert—TFN—2—ARFL=5—-AFNTz)) TX
FV (FEIFAFINSIORIFIIoN) 5> 6. 69 g 2Bk, R
.97 % Thot.
(5) PAFNUN (FRIAFNIIORCITIZIN) (3—ter t—
2 TFN—B5-RAFN-2-Tx/)FY) FFIAIDIOST ROSK
LiE (4) TARLE (3—tert—JFI—2—-RbFL—5-—RAF) 7
T2 PAFIV (FRIAFINIIORIIII=IN) 252 (10. 04¢
) ERMVIZ (100ml) ERVIFATI> (6. 30g) ENSRIER
2. —70CT. n—7FNUFTADL. 6 3EN/ Yy FIVOAFHEHK

o



di chl oride, bis(cyclopentadienyl)zirconium.dinmethyl, 5

bi s( et hyl cycl opent adi enyl ) zi r coni um di net hyl ,

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di et hyl ,

bi s(indenyl)zirconium di methyl, bis(4,5,6,7-

t et rahydr oi rwi@psyispai r coni um di et hyl , bi s(fl uorenyl) zi reehipsmgi7et hyl ,
10 et hyl enebi s(i ndenyl ) zi rconi um di net hy dinmethylsilyl(tert-

but yl am de) (t et ramet hyl cycl opent adi enyl ) i rconi um di mret hyl, etc.

21t cori am corpbgndd Bt ‘%&r o oy SR TG bR s AR, Bk € 100
net al | ocene éﬁ%%oer} net al corrpounds may be used alone or in
conmbi nation © The conponent (A) of the catalyst for

(r)rlete;: ncorzrgog(rjl? |ssolved suspe dggr@:ezrg_?lt(e%nvgrggqn@g)pl/ﬁg&r@gyt|on

Om1l) L.t’Cf%bh?‘:_ﬁA%’éiﬁ_Fb FOR 1REMITERETRELE

5 . 1 0KFRINBERL /=,

RISESYZIEAL. BEMOBREEZEEL. BEZMIY -AFY VRS
BRPSEHES LU TEEEREEOAFILIUN (FRSFAFNIIaRVS
PIZN) (B—tert—TFN—5-RXFN—2—-Tx)FY) FFZTIA
Sros4 K 3. 46gEHE. WEL 27%ThHolk.

10 ART BNVTF—ZRBRDEBDTHoI.

'H—NMR (CDC1l:) o6 0. 57 (s, 6H) . 1. 41 (s, 9H
). 2. 15 (s, 6H) . 2. 34 (s, 6H) . 2. 38 (s, 3H) . 7

15 (s, 1H). 7. 18 (s, 1H)

“"C—NMR (CDC1:) & 1. 25. 14. 48, 16. 28, 22

15 . 47.31. 25, 36. 29, 120. 23, 130. 62, 131. 47
. 133. 86.135. 50. 137. 37. 140. 82, 142. 28,
167. 74 '

RAARZ BRI (CT. m/e) 458

Me

Me
Me Me
Me- Cl
Si "
Me/ /Tl\ cl
0
Me 'Bu

20 SEEsl1
ABEFELY Y MVOBRBRREMNFT— b7 L —TRRBEEZAVWTIFL I &ET



- in the aliphatic hydrocarbon conpound, and.a transition metal conpound

di ssolved in the aliphatic hydrocarbon conpound is preferably used. 25°
Exanpl es of the transition nmetal conpound soluble in such an aliphatic
hydr ocar bon conpound, i nclude

| sopr opyl i dev@gszagsdiopent adi enyl ) (3-tert-butyl -5-net hyl - PCT/IPY7/04717

2- phenoxy) titanium di chl ori de,
dinethylsiIyI(tetranethylcyclopentadien@?)(s-tert-

e o DAL LG 5K mend SABANERS

10

15

20

keg/cmGil. 757>~ 1#EZ29mo 1 %. K&MEZ0. 12mol
RIZRRE LIz PAFNIUN (FRIFAFNIZORYTPT))) (3~
ert—JFN—5—-AFN—2—-T7x/F) FFIZTATZrO51 ROAF
YBK (0. Tumol./g) &. NIAYVTFINTINIZTADNTY .
W (35umol/g) ., BIINTHLHRBINS 74> (Tvy AR R
JUAb=202. 18CIBIIZHE=130cp) DESH (kAT
2 HBINTT4>=1:4,) RIZHBIEEN, N—ISXFN7=y
ATFEFIFFRA (RFZ7)0FATT722)) Rb—b (RMVZEANTI 22BN
TeEHTHEBIC K DN EL DD, HNTFRE2~3 umTHD., 10 umBlE
DHRFIRIBAKENBZNWDD, 1. 2umo 1./g) Z2ZFNThHL OBERITHEH
L. ENThE300g /i, 360 g /IREAIKRUT7 50 g/ BRIOHEEE
T, EE3. 175mmOEEZEBEL TRIGBICHEEMWICHE L., EARBE
EMN230TCIE. AIEFET i BFOEIEMNG 01, RUYRRTFET i BT
DEH4. 41223 EdcLE, TOHR. BSAMN90. 6C. TR (Mw)
264000, HFESH (Mw./Mn) #1l. 7TTHBIFLI—TF—1
HEGHZ IFEMED., TIRFLIENSAEDL1IOtonBELE,
KEhEgy 2

ABEE LUy MVOBBRRAFT— N L—-TRERIBEEEZRAWTIFL &
T - 1 Z2ERNOICKEBNICIR LES 2T 2. BEA&HE22EN%2800
kg/cm!Giz. 75— 1#8E#%45. 9mo 1 ¥IKB/FELE. ATy &
BN T74> (TyVARMEBBIVZIM—-1V202) ORAE (kAT
F2 MRS T42=1:4) PIZZAFIIVUIN (FRIAF N rORY
XN B—tert—FFIN—-5—-RAXFN—2—-Tx/)F) FFZY
L3054 REEMRIT (0. 066umol1./g) . HEHEPIIN, N—- R
FINTZVZUOLATFRGFA (R I7VFOT2N) R—b (ML &
NTF D ERWEEITHERIC X DM EL b0, BTFRIZ2~3umTHD
v 10 umPl EDRFIIBRINZTNDBD, ) 208 EE (0. 4umol /g
Y. FURBRTFET i RTFOHM6. 0ERBBLDICHELE, ZORAREE

a

c



conpound di ssol ved, suspended or slurried in an aliphatic hydr ocar bon

conpound, which is selected from (Bl) an or ganoal um num conpound
represented by the general formula E[err]Al Z[err], (B2) a cyclic

al um noxane having a structure 10 represented by the general formula

{-Al (E[ err] wadsisenr] and (B3) a linear alum noxane hgpgyygeRgssis UCt Ur €
represented by the general fornula E[err]{ Al (E[err])-O}[err]A E[err]
(wherein E[ferr] to E[err] respectl 8|y represents a hydrocarbon group
having 1 to of E[err] and all of
E[err] may @géhé’fc@?b%qa{h?)gwm MP '{7% en"tls7 &mwleﬁs &Bmor a

anuneral sdF s‘?ﬂ%ﬂg%‘%ﬁ%ﬁz@%ﬁ%@%éi%ﬁs%‘?%ﬁ%@{g%Qf /ﬂ%%kﬁse”“
| ess than 2t nﬁ%,sg—g?gﬁgseqtﬁ DREE B Lfﬁﬂ%gﬁﬁﬂ@kwmﬂ:, '3d by

Specific exa e organoa un1nun1conpou epr€sen

the general FREtREE 205 A, Zhel RO WERFOTEIEISS K. af k@ISl as
trimethyl al um num triethylal um num trlpropylalun1nun1
triisobubyl dtunEmilR. FE (F-—)4E) »0. 873g/cm3. MFRM6. 8¢

/104 2FE (Mw) 2872000, 2FERS#H (Mw./Mn) 1. 7T
BBIIFL—TF— 1REAGZ 1EMYED. TiEF1ENY~ED9S8
. 4tonf¥&L %,
EHas 3
10 NEFM1 Yy MIVORBENGT— N7 L —TRRSEBZAWTIFL &S
T 1 ZEERNCKNENICHRLES 2T k. EARMHE2LEHN%2800
kg/cmGic. 75— 1ilE£47. Omo | ¥BELE. ATILE
RIS 74> (TyVAERERMIUZIR-202) OREK (BHEEAT
T2 PN T4=1:4) FZAFNIUIN (FRIAFILIrZORY
15 FVIZ)) (B—tert—TFFN—5—-RAFN—2-Tx)FL) FI=Y
L7054 REEMEE (0. 066 umol . g) . HKPICN, N—IX
FNTZUZTLATRSFRA (Ry7An7220) R—h (ML &
NTF ERVWEBRHRIC X OMETHELEbD. BFRIZ2~3umTHY
10 umPl EONFIIEARINRNSD, ) 29838 (0. 4umol /g
20 ) . AURRTFET i BEFOHMNE. 0ERBEDCHELE., CORSEEE
WEBNIAVTFNTNIZTADANT Y BEHK (5. 47Tumo |l /g) &%
ENETNHL OBRBICHRBEL. ThEh%23 73 g /BMK2 8 3 g/ /KEOD
BB TERES. 17 5mmORE2E L TRESICESMICRELE, BS
BISREN 2 0 6CIZ. ALRTFET i BFOENHMNGE 3. 3IARBESICL
25 Jz. TOMKR BE (F2—)VE) 0. 867g/cm?, BEMN42. 6C
. MFRAM11. 8g/109THBIFL>—T5>— 1 £EEHE 1 BEEY
O, TiEF1ENM4E2D106. 3tonMELRE,
Ehasi 4
NER1L Yy MVOBRRBREMNFT— M7 L —TRRISEBEZEWTIFL &



tri hexylal um num etc.; dialkylalum num chl.oride such as 25

di met hyl al umi num chl ori de, di ethyl al uni num chl ori de, di propyl al um num
chl oride, diisobutylalum num chl ori de, di hexyl al um num chl ori de, etc.

al kyl al um num di chl ori de 12

such as et o slzesm num di chl ori de, ethylal um num di chlpe¥iyderoar1y

propyl al um num di chl ori de, isobutyl al um num di chl oride, hexyl al um num
dichloride, etc.; and di al kyl al unmi @Im hydri de such as di nethyl al um num

a0 Sobut y1 al Tt mub BT KRNI PE b b e B SR E S E 8 0 frong

hom Lrralylalaninu s poeler gl 5 o did SRUBRIEIAS 5> e

HENF 74> (VAR EBIZYUZAR—V202) OREGH (EREAT

F MBS T4=1:4) RIZAFNIUIN (FEIAFI 7O

5 ¥2x=) (3—tert—TFIN—5—AFN—2—-Tx/F) FF¥=D

AP0S4 RE2EMBIT (0. 066 umo |l g) . BHEPICN, N—IR

FINFVZTATEITFR (RF7NVFADT72)L) Re—b (ML &

ATy ERVWEEBITHEIC X OBRTHLEBD, RFERIEZ2~3 umTHD

v 10 emP EORTFIERI N NWHOD, ) 24588 (0. 4umol /g

10 ), FYEETFET i BEFOlMR6. 0LAB3LDICHELE., ZORARERE

BERIALVTFNTINIZDADNT I IR (5. 47umo 1l /g) &%

FNThR4 OBRRBICHEEL, THhThE22 90 e /RKERL2 70 g /D

BHARETERS. 17 5mmOBEEL2EL TRESIGERNICRKGE L. ER

FISBEN205CIE. AIRFETIiRFOENMMMNT 7. 2ITRBEIKTL

15 7=, TOKE. MFRA13. 3g/ 100 TH2LFL—T75—-1#EE
HE1RENAED, TIEF1IEIL%EAEZD104. 5tonfELE,

Kl 5 '

AEELY Y NMIVOBRBREMT— M2 V—TRRKICEBEANWTIF L &N

FE - 1 2EENICRISBAICHBLESR2ITo 2. EESEHRZEENET 9

20 6kg/cm’GIZ. \NFE—1REZ29. Tmo 1 BITRELEZ, FAF

WOl (FRIRAFANIIORIFITI)) (3—ter t—TFIN—5—

AFN—2—Tx)FY) FIZUAIZIOIARE, MIAITFNTINIZ

I ANESSNIENTS Ll (BSBERTN A YT FNT NI =D AOBRE

3EhEh,. 0. 37umol/gktf18. 5umol/gT. ALRFET

25 1 RBTFOENENS 0THS) 2. BEEAHBICIOBAMTFILLEN, N-2

AFNTZUZULAFRIFRA (ROFI)VFO7)) Rb—b (BRHE

20 umBAF) OANTIL /BN T4 > (TyVEREBOEIYUAR—)L2

02) BAHK (FRILTNANT Y RBNST742=1: 4) ~OBREHK (0.

71lumol /g) 2TNThR & OERITHERL, ThENZ2 46 g/ FH



Specific exanples of E[err] and E[err] in (B2) a cyclic 10 alun1noxane
havi ng a structure represented by the general formul a
{-Al(E[err])-O}[err] and (B3) a linear alum noxane havi ng a structure
represented by the general fornula Eerr]-

{Al (E[err])wo9sp2e341] Al Ep[ err] include al kyl group such as ey 0@Houp,

et hyl group, n-propyl group, isopropyl qéfup, n-butyl group, 15 isobutyl
group, n-pentyl group, neopentyl group, is an integer of not

o s e dBeE e s, LI
s "ot R R DS ERRIOHE T EpiAL

al uni noxane g j7z 2B RELE & mﬁ;ﬁccmdkeﬁstoaaglsﬂqm froighgl ;Fer—ﬂmrm' e,

t he al um noxane is preparedpgy contacting a solution,
oMandbmemmm&@gxwmmwhﬁmmwm4a$tj%n%@ﬁ@ﬁaﬁﬁ%%n

etc.) in a suitable organic sol vent benzene, aliphatic
hydr ocar bon,D et T. ) [RiF-tirEia4%e D 2184, 0 n&ﬁbto
K 6
NEML Uy MVORBRRMNA— M L—TBRRKBREBZHNVWTIFL &N
F—- 1 2EENCKNBRICHELESZTo . BEGRHEZ2EENET 9
6kg/ cm’'GIZ. "NFE-1BEZ31. 6mo 1l BITRELE. VAF
10 3UN (FRIAFNSZORCHIIoI) (3—ter t—TFI—5—
AFN—2-7x2)F) FF=oAZ705(4 k&, MIAVITFATIVIZ
TANBESENEANTY BH (B, K. FUAYTFINTNIZTLD
BEIZhEN. 2umol/g. R, 200umol/gT AlRFET
IFEFOEIKMNL 00 THS) &, BiCEIHHICIDMBIFLLEN, N—
15 PAFINTZVZILAFIIFRA (R )0F0722)) Kb—b (BKE
20 umBTF) OWEBNZ T4 (ZyVEREOBEZIUII—I202 (1
BCIBIBRE=130cp) : WERMILZEHIPYINRF2028 (1
ITCIIBITAHE=3. 2cp) =60 :40 (k%) OELAY BBHK (7
. Oumo l/g) 2T Thilc DERITEHL. ThThz 9 0 g /K,
0 RO 195 REUOKKEET. ¥&3. 17 5mmOREREL TRAES
ICHEGRICHE L. BEARSREN2 20CIC. FYREFET i BET DM
7. 8iTadXS5iIcLE. TOHR. MFRA5. 8g./1 0%, BE (F=—
V) 20, 888¢g//cm?, BNMN69. 8C: SCBAM32. 6 THBT
FLo—AFES— 1 #EAKE 1 FHYED,. TIiEF1ELYEDLI1t0
23 n8LEl%,
EhEsl 7
RAEML Uy ML OBRRMA— b7 L—TRRISSBEROTIFL > EA
F2-1 éﬁﬁﬂ‘)lzﬁﬁﬁ%&l’ﬂtﬁtﬁﬁbiééﬁo 7o BEERBEZLENZT 9
6keg/ cm’GiZ. "NFEX-1BEZ31. 1mo Il XIIRELE. PAF



there can be illustrated a nethod for preparing the

13

al um noxane by contacting a'trial kyl al um num (e.g.

trimethylalum num etc.) with a netal salt containing crystal water
(e.g. copper sulfate hydrate, etc.). (© Third conponent 5
t he conponerwO§8D8341n t he present invention, there can wer/isaehrpne or
.nore boron conpounds selected fromthe followng (Cl) to (C3):
(Cl) a boron conpound represented by the?qeneral formula

B err]qerr

fornmul a

10

15

AFN=2—=7x)FY) FFZUALDIOSA RE, NIAVTFNTIIZ
DANBEINEATY VB BSERROENIAYTFNT NI = AOWE
EEnEh, 0. 37umol/gktf18. 5umol./gT AlFF&ET
i RFOENENS 0THB) 2. BRBEAPRICLDMRTILEN, N—
AFNTZUVZUATFIIFRA (ROFZ7NATT72)) RL—b BARE
20umEF) ODHREINSG T4 2 (TyVAREBEIVZIP-I20 2 : HX
AHEZM I PYNR2028=60: 40 (%) OESY BB (
1. 39umo1./g) 2EnENPL DEBICHEEL, ThehedT745g/

KU 2 35 g /OB HEETEES. 17 5mmOEELEL TR

BICHENICHR L, EARBEEN2 4 TCIZ. RYBETLET i EFOR
6. 22IABESICLE, TOMKE. MFRM55¢g./1 04, BE (7=
—)VEE) M0. 886g./ cmi3THBAIFL —Ft— 1 REAHEE 1K
%0, TiRF1IENMSED13 tonWELE.

B ORI B IReE

BEERLZLSIC. aRRBIcLNE, BESBILEMERVNSAT LV I+ VE
SHOEEHEIIBNT, BRELTORYT—IZEREL., RIZESIBIODH
SHEHERIABRBEZRANIBEORNGFENRENS,

As

WY (5 S 25 % B UL OPRRYT (GRraSent gL Gixhpe general



G(BQerr]Qerr]Qerr]Jerr])[err]; and . (C3) a boron conpound
represented by the general formula (L-H _
(BQerr]err]qerr]Qerr])[err]. In the boron conpound (Cl)
represented by the general 15 formula BQerr]Qerr]derr], Bis a boron

atomin the woeysdsent val ence state; Qerr] to Qerr] peyysgnime sane
or different and represent a hal ogen atom a hydrocarbon group having

1 to 20 carbon atoms, a hal ogenat e@4hydr ocar bon group having 1 to 20
car bon atons, a substituted silyl group having 1 to 20 carbon atons,
20 an al koxy group having 1 to 20 carbon atoms or an am no group

having 2 to 20 carbon atons. Qer% Héz) % re preferably a hal ogen -
atom a hydrocarbon group having 17 0 atons or a hal ogenat ed
hydr ocar bon group having 1 to 20 carbon atoms Speci fic exanpl es
of the compound (Cl) include 25 tris(pentafluorophenyl)borane,

tris(2,3,5, 69, mmmﬁa®m$%Wmm%m@ﬂ@aéﬂw@h%#574/§AEMﬁ
tetrafl uorophenyl )borane, tris(3,4,5
5. ERMERSELTFE (A) . (B) BXY (C) 2AWTAEZFL T4
L VESRMEDEET. AL T4 CEBMEATAR 2EU EOF LT 4 RSk
BRTIHCLELEERHMETHA LV 74 CERKOBELIE.
- (A) Il DAL KRS, BBEZRAS ) —(LL BB &RILEY
- (B) lEbikR{EAKBILEDCER. BRBELIZASY—LLAETRE (B1) ~
10 (B3) h5BINBLAY |
(B1) =& E' Al Z, , CrRENZEETINVIUALLEY
(B2) — X ({—-A1l (E}) —0O-} , CREINZHWELHTHIRRD
TN )FY
(B3) - E’ {—A1l (E?) —0-} Al E}, CRahBHEEE
15 TH5RROTINIJFH>
ERg—RRcBLTENETN. E'~E RERETH 1~ 8 ORILKKET
HD. ETOE', 2TOE'RUL2TOE* RRIUTH > THELBZ>THTHE
VW, ZIEAERFXRINOT VEFEZERL,. ETOZREUCTH>THERST
WTHEWN, ald0<a<32WRBIIHT. b2l LoBE%E. cid1lE
20 OBEZEERY.)
(C) BRI KEILAWICRBESIZIASY—LLATFE (C1) ~ (C3
) HoRBRIEINS—ELL EOFRTUREEY
(C1) —#X BQ'Q' Q' TEINBRIRLEY
(C2) —#xX G' (BQ'Q'Q'Q") "TREINBHURLEW
25 (C3) —f&xX (L-H)*' (BQ'QQ*Q!}) " TRINBHKURLEY
(ERBE—RRICBATENTN., BAMOETFMREBORIREFTHO.
Q ~QENOF VBT, 1~2 0 @ORRRTFEEDRILALEE. 1~20H
DEFRRT2E0NOY ALptkRE. 1~2 0BEOREFETFESUERS VY
VE, 1~2 0BORREFESDTNIFEXIT2~2 0BORERTES

N
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trifluorophenyl)borane, tris(2, .3,4-

trifluorophenyl)borane, phenyl bi s( pent af | uor ophenyl ) bor ane, etc.,
preferably tris(pentafl uorophenyl)borane. 5 In the boron conpound
(C2) represented by the general formul a

G[err](BQerw¢0§/m41]Qerr]qerr])[err] Jerr] represents ap. ?ﬁ?;c
e;

organi c

and Jerr] to Qerr] are as defined |n

Speci f.ic exa
represented

10

20

cation; Bis a boron atomi the trival ent valence S

nost

OI’

err] to Qerr] in the above (1).

B S b 8l R R o RAARRAS,
STver cati o SHEBLELDcH Y, hi*@%ﬂkﬁ%%?ﬁ%?@iﬂl@m H) ‘i e

include triphepy ppkhyg zrayion. Jerr] is preferably a

2. (A) A% BEWBRRICABEEWITHRL - BSLBILAYWTHIHROK

B2 1 WM DAL 7 4 P ERHORE LB .

3. BBLRBRLAMN, Dt b—D01raR>ISIIRT =4 Bk
BT EEROBBLBILAYTHIEROMESE 1 HEROA L 74 VESHK
DRGE

4. (B) M. IEWKEBHLAFIEEWICERE, BBEAEZIS5Y—kLE. Y
IFNTNIZUA MIAYTFATNIZTL, AFATNIIFH U5k
BAVIFNTII ) FY > THIHEROMAE 1 BRBOAL 74 > EAHERD
BLEH Ik,

5. (C) 75 IEWiEBbkRIEAMBTBEAEIZZX S —LL. N, N—
AFIWNTZUVZOUAT MIFRA (R 7)0F0722))) RL—bEEIZRY
FZZZIWAFINTESFR (RFZ7)VFA072=N) R — b NThHB I a8
BT HRROMBEE | BRBOFL 7 1 > EAKOMERE.

6. AV 74 CEARMEN, SREESTHTNO—BE 322 ERYIC
S KEBICHIR L THREBLES L 7 4 D EARME. 53 WIISHiERs 2
EGRNCA L 7 4 DEREBITHB L CRB LA L 7 D ES AL TH 55

RO 1 ~ 5 EHREROA L T 4 CEAKRORIEHE,

7. (C) KB BIEMBRILARILAWA. KENMO. 8 c pLALDlsiks
[EXRILEWTH ZHEROMEE 1 ~ 5HOWThhICRBROA L 7 4 VESHK
DEGEF . |

BB, TTTHIKEIZ2 0CIBIFBHEZNS,

8. (C) BLU (A) KB BIEMIEBLARILAMA. BEMNO. 8cpld
LOEHBRRICKRIEEW TH DHROMHES 1 ~ SHOWThHICERDA L
7 4 S EASEOBE Sk,

BB, TTTUSKEIX2 0TIKBIaREZNS,

9. (C) KBIBFRIVBLEYORKEEMN. 50 umBlTTHB LM

* € L M s &



carbeni um cation. Exanples of (BQerr]{err] Qerr] Qerr])[err] i nclude 15
t et raki s(pent af | uorophenyl )borate, tetrakis(2,3

tetrafl uorophenyl)borate, tetrakis(2,3,4,5- tet raf | uor ophenyl ) bor at e,
tetrakis(3,4,5- trifluorophenyl )bor ate, tetrakis(2,3,4-
trifluorophamybsissniat e, 20 phenyltris(pentafl uorophenyl) bascEiornar17
tetrakis(3,5- bi strifl uoronethyl phezeyl )borate, etc. Specific
combi nation of these include

L?ILL? iyl 2?”[( L ﬁ%@?ﬁ%b&%%ﬁ BRI - BAHORERE,
i phenyl ot b el Vot br PR AT Lo QoRenin bcT df 21~ EDHRBBHTHBMR

triphenyl metpyghisrakisEphsnnic@2BoAd L 71 S ESEORE S,

* ¢ L M 0§ %



15 blstrlfluoronethylphenyl)borate .Letc.

nost
tr|phenylnethyltetrakls(pentafluorophenyl)borate
conmpound (C3) represented by the fornula (L-H

(BQerr]Qerr]qerr]err])[err],

(L-H)[err]

the trival ent val ence state;

to @B in the above (Cl).
Bronst.ed acid in the

L represents a neutral

W@ 98/288¢lesent s a Bronsted acid; B represents a
and Qerr] to Qerr] are as deflned I'n

preferably
In the boron

Lewi s base;

o RO | N

ific exanples of (L-H)[err] as a

Berr]lQerrlQerr]lQerr])[err]

S
conpound regresented by the general
include trialkyl-

10 H)[err]
anmoni um

N, N-dlalkylanlllnlun1 di al kyl anmoni um
and exanples of (BQerr]Qerr]err]g

triaryl phosphoni um etc.
i ncl ude thope as defined above.
includes 1p triethylamoniuntetra
tripropyl anponi unt et raki s(pentafl u

(A) EBEEBRS

~~
#

\
Nt

N
V
N
D
v

” Specific conmbination o
4 pent af | uor ophenyl ) bor at e,
jgphenyl ) bor at e,

e /

LEBERE

BERSIRB LK FHLAMIC AR, BER\

EERSY—L

<

(B) A&ERS

% JE 2
N
IR L
bR
DY
A
X Kq
2 N
|
6 1y
bR

=

FH

LT
2
7

=5

(C) &

e

AZU—ELIBEDRDELEY

1

X

formula (L-
substi tuted



tri(n-butyl)ammoniuntetraki s(pentafl uorophenyl ) borat e,

tri(n-butyl)amoniuntetrakis(3, 5- bi strifl uoronet hyl phenyl ) bor ate,
N, N-di met hyl ani I inium 20 tetrakis(pentafl uorophenyl)borate,
N, N- di et hyl ani |'i ni um t etraki s(pent afl uorophenyl )borate, N N 2,4, 6-

pentanethylaniIiniuntétrakis(pentafluoroghenyl)borate,
"N, N-di net hyl ani | i ni unt et r aki s( 3, 5-
dii sopropyl ammonium 25 tetrakis (pentafl uorophenyl)borate,

di cycl 6hexyl anmoni um tetrakis (pentafluorophenyl)borate,
tri phenyl phosphoni um tetraki s(pent afl uorophenyl ) bor at e,
16 ¢ tri(methyl phenyl) phosphspPECIEICARTONpent af | uor ophenyl)

METHOD FOR PRODUCING OLEFIN POLYMER

5 TECHNICAL FIELD
The present invention relates to amethod for producing
an olefin polymer. More particulérly, the present
' invention relates to a method for producing an olefin
polymer using a tfansition metal compound repreSented by-
10 a metallocene complex, ﬁhich does not require use of an
aromatic hydrocarbon as a solvent.
:fn the present invention, the olefin polymer includes
a homopolymer of én olefin and a dopolymer of a plurality
of olefins.
15
BACKGROUND ART
It 1'_1as been reported that a catalyst for polymerization,
comprisiné a transition metal compound, particularly a
diimine complex or a transition metal complex containingbw
20 one or two groups having a'cyclopentadiene type anionién
. skeleton, e.g. a so-called non-metallocene complex or
metallocene complex, respectively, and aluminoxane
exhibits a high acﬁivify. Particularly, when the
metallocene complex ié used, an olefin polymer having
25 narrow molécular.weight'distribution and composition
distribution, that is, the resulting olefin polymer

exhibits-considerably useful feature from industrial point

I strifluoronethyl phenyl)borate,



borate, tris(dinethylphenyl)phosphoniuntetrakis

(pent af | uor ophenyl ),borate, etc., and tri(n-butyl)

anmoni unt et r aki s( pent af | uor ophenyl )borate or N, N 5

di met hyl ani | i nunt et r aki s(pent af | uor ophenyl )borate is nost preferable.
As the conmponent (C), (C2) or.(C3) is pr?ferred and '
tri phenyl nmet hyl t et r aki s( pent af | uor ophenyl”) borate or

N, N- di et hyl ani | i ni unt etraki s( pent af | uor ophenyl )borate 10 is particularly
preferred. N, N di met hyl ani | i ni unt etraki s(pent af | uorophenyl)borate is
nost preferred. [ Catal yst for olefin polynerization] In the

present invesdi @iewds Therefbale)sta lot dfefrdporid by eecent lpnbeen
catal yst for olefin polynerization, obt ai nabl e by using the above (A)
and (C) as tmedeat(al. ygst Japanmmnt Bubad icattdlops t{ Kakaio) 8o n Sho

pol ymeri zati on, abl e by using the above (A, (B) and (C) as the
cat al yst conﬁ@néﬁ@oﬁéouséﬁ hPﬁeﬁéﬁQbPFeQ1RQRQﬂ§@# $hat high act1v1ty

is exhibited in the olefin polymerization in case of asystem
5 using no aluminoxane, that is, in a method using a specific
boron compound (e.g. Japanese Patent Publication (Kohyo)
No. Hei 1-502036, Japanese Patent Publication (Kokai) Nos.
Héi_6-157651, Hei3-163088 and Hei3-188092).
Since already known transition metal compounds such
10 as ethylenebis(indenyl)zirconium dichloride,
_isbpropylidene(cyclopentadienyl)(fluorenyl)zirconium
dichléride, dimethylsilyl(tert—' |
butylamide) (tetramethylcyclopentadienyl)titanium
dichloridé, etc. are soluble in an aromatic hydrocarbon
15 'solvent such as toluene, etc., but hardly dissolve in an
aliphatic hydrocarbon solvent. Therefofe, the-transitiqn
métal compbund was normally handled in the formof a solution
of the éromatic hydrocarbon solvent.
Furthermore, .the above boron compound isa particulate
20 solid and has a problem that it dissolves in the aromatic
hydrocarbon solvent such as toluene, etc. to some extent
but its solubility in the other solvent, particularly
aliphatic hydrocarbon solvent, is very low. In general,
in the polymerization oflan olefin using a cohventional :
.25 transition metal corﬁpound, it is obliged to use the aromatic
hydrocarbon sOlvent'such_as toluene, etc. Such a solvent

is liable to remain in a polymer as the product to give



20 ol efin prepared by continuously feeding a part or all of t he
respective catal yst, conponents in an apparatus for preparing a
catalyst, or a catalyst for olefin prepared by continuously feeding the
respective catal yst conponents in . an apparatus for olefin :
pol'ymeri zation is used. In case 25 of geeding in the apparatus for
preparing a catalyst or the apparatus for olefin polynerization, the
respect.i ve catal yst conponents can be used by charging in an arbitrary
17 order, but an arbitrary conbinati on thereof may be used after
previ ous contact. In the present invention, the respective

cat al yst off an odor, resulting in a large problem.

DISCLOSURE OF THE'INVENTION
An object of the present invention is to provide 5'
5 method of producing an olefin polymer using a transition
metal compound, which does not require use of an aromatic
hydrocarbon solwvent which is liable to remain in a.polymer
as the product to give off an odor.
That is, according to the present invention, there is
10 prpVided a catalyst for olefin polymerization obtained
using (A) and (C) described below or a method for producing
an oléfin polymer, which comprises homopolymerizing or
'copoiymerizing olefins in the presence of a catalyst for
olefin polymerization obtainable by using the following (A)
15 (B) and (C) as catalyst components: |
(A): a transition metal complex dissolved, suspended or
slurried in an aliphatic hydrocarbon compound;
(B): a compound dissolved, sﬁspended or slurried in an
i : alipha'tic hydrocarbon compound, which is selected from the
| 20 following (Bl) to (B3):
(Bl) an organocaluminum compound represented by the
general formula EﬂAle;;
(B2) a cyclic aluminoxane having a structure
represented by the geﬁgrél formula {-Al(E?)-0-},; and
25 (B3) a linear aluminoxéne having a.structure
represented by the general formula E’{—Al(E’)-O-}cAlEﬂ

(wherein E' to E’ respectively represents a hydrocarbon



conponents are sonetines used in the state suspended or 5 slurried in the

al i phati c hydrocarhbon tonpound. Herein, I n the present invention, the
state suspended or slurried in the solvent neans the state in which a
solidis not - conpletely dissolved in the solvent but solid particles
are di spersed in the solvent. In thepresent invention, the 10
suspended state and slurried state are not particularly di sti ngui shed.
In the.present invention, when the above respective catal yst components
are fed in the state suspended or slurried in a solvent, the

sedi nentation velocity of each 15 of the catal yst conmponents in the
suspended or gxlomp ikearing Isttat @ icanioef artains, lankrathaf tHe Ef andeBbceity
in a pi peline so that each of the catal yst conponents are not

deposi t ed i nM@¥ebgi phej same or diffenent hd Fepsasentf énhydrogeare adem ent

e 101 20 SA0hAI ARSI AL P KA dAe B9 ¥EbeEal
' a represents a numeral satisfying 0 <aZ= 3; b represents
5 an integer of not less thén 2; and c represents an integer
of not less than 1); and
(C): at least one boron compound suspended or slurriéd in
an aliphatic hydrocarbon compound, which is selected from
the following(Cl) to (C3): _
10 (C1l) a boron compound represented by the general
formula BQ'Q%Q3%; a
| fCZ) a boron compound represented by the general
formula G"(BQ'Q*Q°Q*)"; and
_ (C3) é boron compound represented by the general
15 formula (L-H)"(BQinQsQ‘)' |
| (in each of the above general formulae, B is a boron'atom
in the trivalent valence state, Q' - Q' are a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a
i substituted silyl group, an alkoxy group or a di-substituted
20 amino group, whichmay be the same or different, respectively.
| G' is an'inorganic or organic cation, L is a neutral Lewis
base, and (L-H)' is a Br¢nsted acid.)
The present invention will be described in detail
hereinaftér. | |
25 Alllof the cbmpoﬁents (A) and component (C) or the
additionalcomponent(B),whichconstitutethecatalystfor

olefin polymerization of the present invention, do not



hydr ocar bon conpound whi ch causes no problemin use of the respective
catal yst conponents. Specific exanples t hereof include butane, hexane,
hept ane, octane, 25 cyclohexane, dodecane, |iquid paraffins, etc.

In the present invention, it is preferable to use a sol vent having a
hi gh viscosity so that the sedi nentation :

18 . velocity of the respective ca?alyst'conponents in the

suspended or slurried state is lower than the flow velocity in the

pi peline. The viscosity of the solvent is preferably not less than 0.8
cp (centipoise), nore preferably 1.4 to 5 1200 cp, nost preferably 1.6 to
50 cp. = requiSiecanfaromatiessdirdcarbor dompmund s ansghvenscosAsy

the solvent for dissolving, suspeﬁding or slurrying these
catalyst components, an aliphatic hydrocarbon solvent is
used. |

5 (A) Transition metal component |

The component(A) of the catalyst for pblymerizing an
olefin used in the present invention is a dissolved,
suspended or slurried transition metal component.
The transition metal compound is preferably a compound

10 of Gi‘oup III-XII or Group of lanthanide of the lP’eriodic Table
aftheElements(1993,IUPAC),andvarioustransitionn@tal
qpmpounds having an olefin polymefization activity (e.gq.
metallocene complex, non’-:ﬁetallocene complex, etc.) can be
employed. A transition metal compound bf Group IV of

15 lanthanide series is more preferred, and a transition metal
compound.having at least one éyclopentadiene type anionic
skeleton, i.e. metallocene transition metal compound is
most preferred.

The metallocene transition metal compound is a

20 compound represented by the following general formula (3):
General formula (3) MLR’,,
(wherein M represents a transition metal compound of Group
IVor lanthanide series of the Periodic Table of the Elements
(1993, IUPAC); L represents a group having a

25 cyclopentadiene type anionic skeleton or a group having a
hetero atom, at least one of which is a group having a

cyclopentadiene type anionic skeleton, and a plurality of



I ncl ude dodecane, various liquid paraffins, m xed solvents of these
with other solvents.: A the liquid paraffins, for exanple,
commercially available liquid paraffins having 10 various viscosities

Wi thin about 2 to about 2000cp can be used. Besides, the viscosity
referred to herein nmeans the viscosgty at 20[err]C Such a
hi gh-vi scosity solvent is preferably used as the solvent of the above
conpongnt (C), furthernore, 15 preferably used as the solvent of the above

conponents (C) and (A). In the present invention, when a
pipeline is used in case of feeding the respective catal yst conponents
to thes appaaytbe the sampar diffecrant pad maydpparrdsslinkedl €dch 20

pol ynerization, a diameter of the pipeline is not specifically
limted, butotBerioR Fepresernyes agoglesy aisiop or a hydreqarbosogrewp nor e
-The concentration of the respective

Catal yet BREHBGndnte 2 RARRAR 2kt < ERPERSSRES: & AymMeFathe
satisfying 0 < a = p; and p represents a valence of a
5 transition metal atom M).

In the general.fbrmula (3) representing the
metallocene transition metal compound, M is a transition
metal compound of Group IV or lanthanide series of the
Periodic Table of the Elements (1993, IUPAC). Specific

10 examples of the transition metal atom of Group IV include
a titanium atom, a zirconium atom, a hafnium -atom, etc.,
and specific examples of the transition metal atom of
lanthanide series include a samarium atom. Among them,
titanium atom, zirconium atom or hafnium atom is preferred.

15 In the general formula (3) representing the
metallocene transition metal compound, L is a group having
a cyclopentadiene type anionic skeleton or a group having
a hetero atom, at least one of which is a group.having a

. cyclopeﬁtadiene tYpe anionic skeleton, and a plurality of

20 L may be the same or different and may be crosslinked each
other.

Examples of the group having a Eyclopentadiene type
anionic skeleton include 7 *-cyclopentadienyl group,

7 *-substituted cyclopentadienyl group or a polycyclic

25- group having a cyclopentadiene type anionic skeleton.
Examples of the substituent of the 7 *-substituted

cyclopentadienyl group include hydrocarbbn group having 1



25 conditions such as performances of the apparatus for feeding the

respective catal yst-conponents to a -pol yneri zation reactor, and the
respective catal yst 19 .

conponents are preferably used so that the concentration of (A is
normally fromO0.01 to 500 [err] nol/g, zeferably from 0.05 to 100
[err] noI /g, nor e preferably from0.05 to 50 [err] nol/g; - the -
concent:ration of (B) is normally from0.01 to 10000 [err] 5 nol /g,
preferably from0.1 to 5000 [err] nol/g, nore preferably fromO0.1 to
2000 [err] mol/g, in terms of Al atom and the concentration of (C is

nor mal Ly froto020lcaebbfilatems] halbgenated.myﬂrﬂdﬁﬁbbdrgr&&bQﬁa#QnQOO
[err]'nDI/g,lngge28r§i§£g£|g££ééﬂgr silyl group having 1 to 20 carb
¥yl group g on .
atoms. Examples of the polycyclic group having a
cyclopentadiene type anionic skeleton include 7 *-indenyl
5 group, 7 °-fluorenyl group, etc.

Examples of the hetero afom in the group having a hetero -
atom include nitrogen atom, phos'ph'orous aﬁom, oxygen atom,
sulfur atom, etc. Examples of the group having such. a
heﬁero atom include hydrocarbylamino group,

10 hydrocarbylphosphino group, hydrocarbyloxy group,
hydro;arbylthio group, etc.,_preferablylalkoxy group,
aryloxy group, alkylthio group, arylthio group,
dialkylamino group, diarylamino group, dialkylphosphino
group and diarylphosphino group.

15 . Specific examples of the 77 *-substituted
cyclopenatdieﬁyl group include 77 *-methylcyclopentadienyl
group, 77 *-~ethylcyclopentadienyl group, 77 -n-
propylcyclopentadienyl group, 7 5- |
isopropylcyclopentadienyl group, 77 *-n-

20 butylcyclopentadienyﬂ.group,77s-isobutylcyclopentadieﬁyl
group, 7 -sec-butylcyc10pentad1enyl group,77 ‘~tert-
butylcyclopentad1eny1 group, 7 °-1,2-
dimethylcyclopentadienyl group, 7 -1, 3-
dimethylcyclopentadienyl group, h5?1,2,3—

25 trimethylcyclopentadienyl group, 7 °-1,2,4-
trimethylcyclopentadienyl group, 7 *-

tetramethylcyclopentadienyl group, 77 °-



0.05 to 100 [err]nol/g. 10 The above conponent (C) and majorities of

t he conponent "(A) are soluble in an aromati c hydrocarbon sol vent such
as toluene, etc. to sone extent, but hardly dissolve in an

al i phati c hydrocarbon sol vent. Although the amount of the above
conponent (C) contained in the solution §s small, 15 particularly, the
conponent (C) can be fed in a | arge anount and smal |l er vol unme by using
a met hod of feeding the respective catal yst conponents in the
suspended or slurried state in the solvent, favorably. The

above conponent (C) can be fed in the amount of 20 0.0001 to 800
ol /1iter, pegésnabhy1eyedbpentadienyl qrobpliri&e, in terns of the nunber

of noles of the boron conpound based on the volunme of the solvent.
The respectiveimathy}stlyloyolopentadidneyagnbypi, E6C. ol efin

pol yneri zation used in the present invention are 25 preferably used so
that a nolar ratiSpetifhe esapprest of thq MolveyebifodERRP( RRVILRGi hin

the range from0.1 to 1Q000, . . :
: J cyclopentadiene type anionic skeleton include 7 °-indenyl

5 group,ns-z-methylindenylgroup,n5-4—methylindenylgroup,
77544,5,6,7-£etrahydroindényl group, 77 *~-fluorenyl group,
etc. _ _ |

Specific examples of the group having a hetero atom
include methoxy group, ethoxy group, propoxy group, butoxy
10 group, phenbxy gfoup, methylthio group, dimethylamino
group, diethylamino group, dipropylamino group,
dibutylamino group, diphenylamino group, pyrrolyl group,
dimethylphosphino grdup, etc.
The groups having a cyclopentadiené type anionic
15 skeleton, or the group having a cyclopentadieneltype
anionic skeleton and the group having a hetero atom may be
crosslinked each other. In that case, an alkylene group
(e.g.ethylenegroup,propylenegroup,etc.),asubstitgted '
alkylene group (e.g. dimethylmethylene group, |
20 diphenylmethylehe group, etc.) or a substituted silylene
group (e.g. silylene group, diﬁethylsilylene group,
diphenylsilylene group, tetramethyldisilylene group,
etc.) may exist bétween the gfoups.
R’ in the general formula (3).répresenting the
25 metallocene transition metal compound is a halogen atom or |
a hydrocarbon group having 1 to 20 carbon atoms. a is a

numeral satisfying 0 < a = p, and p is a valence of a



preferably from5 to 2000, and a nolar ratio of the conponent

20 (O /the conponent (A) is within the range fromO0.01 to 100,
preferably from0.5 to 10. ' As the ol efin, which can be applied to
t he pol yneri zation in the present invention, all of olefins 5 havi ng
2 to 20 carbon atons can be used and twogor nore ~ olefins can al so be
used, sinmultaneously. Specific exanpl es of the olef in include
straight-chain [err]-olefins such as et hyl ene, propyl ene, butene-1,
pent ene-1, hexene-1, hept ene-1, octene-1, nonene-1, decene-1, etc.;

branched a 10 -olefins such as 3-nethyl butene-1, 3-nethyl pentene-1,
4- met hyl pent erankitiortnMetal gt one- Speetific axhmples of R include

a fluorine atom, a chlorine atom, a brominé atom, iodine

atom as the halogen atom and methyl group, ethyl group,

n-propyl group, isopropyl group, n-butyl group, phenyl
5 group, benzyl group and the like as the hydrocarbon group

having 1 to 20 carbon atoms. R® is preferably a chlorine

atom,'methfl group or benzyl group. |

Among metallocene transition metal compounds,

specific examples of the compound wherein the transition

10 metal atom M is a zirconium atom include
bis(cyclopentadienyl)zirconium dichloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(indenyl)zirconium dichloride, bis(4,5,6,7-

15 tetréhydroindenyl)zirconium dichloride,

.bis(fluorenyl)zirconium dichloride,
ethylenebis(indenyl)zi;conium dichlbride,
ethylenebis(4,5,6,7-tetrahydr6indenyl)zirconium
dichloride,

20 isopropylidene(cyclopentadienyl)(fluorenyl)zirconium
dichloride, |
dimethylsilylenebis(cyclopentadienyl)zirconium
dichloride, dimethylsilylenebis(4,5,6,7-
tetrahydroindenyl)zirconium dichloride,

25 dimethylsilylene(cyglopentadienyl)(fluorenyl)zirconium
dichloride, diphenylsilylenebis(indenyl)zirconium

dichloride, (cyclopentadienyl)(dimethylamide)zirconium



vi nyl cycl ohexane, but should not be limted to the above conmpounds in
the present invention. Exanples of the conbi nation of olefins in the
copol ynmeri zation include 15 ethylene and propyl ene, ethylene and butene-1,
et hyl ene and hexene-1, ethylene and octene-1, propylene and butene-1,
etc., but should not be linmted to thesggonbinations in t he present
I nvention. . The present inventi'on can be effectively applied to
20 the .preparation of the copolyner of ethylene and [err]-olefin (e.qg.
propyl ene, butene-1, 4-nethyl pentene-1, hexene-1, octene-1), -
particul arly. . Al'so, the polynerization nethod should not be
speci fi.cal | ydichlioaddehor( cycigpent adieryt jiiphenpayf)einednidsn sol vent
pol ynerization or slurry polymerizatioen using an al i phati c hydrocarbon
such as butad@phé@ﬁudha,4$m@#h¥1511Yhébe§he, octane, etc. as the solvent,
hi.gh- pressure ionic, ' . . .
butylamide) (tetramethylcyclopentadienyl)zirconium
dichloride, bis(cyclopentadienyl)zirconium dimethyl,

5 bis(methylcyclopentadienyl)zirconium dimethyl,
bis(pentamethylcyclopentadienyl)zirconium dimethyl, -
bis(indenyl)zirconium dimethyl,_bis(4,5,6,7—
tetrahydroindenyl)zirconium dimethyl, -
bis(fluorenyl)zirconium dimethyl,

10 ethylenebis(indenyl)zirconium dimethyl,
dimethylsilyl(tert-
butylamide) (tetramethylcyclopentadienyl)zirconium
dimethyl, etc.
There .can also be exemplified compounds wherein
15 zirconium of the above zirconium compounds is replaced by
titanium or hafnium. '
These metallocene transition metal compounds may be
used alone or in combination of two or more.
The component (A) of the catalyst for olefin
20 polymerization used in the present invention is a
transition metal compound Idissolved, suspended or slurried
in the aliphatic hydrocarbon compound, and a transition
metal compound dissolved in the aliphatic hydrocarbon
compound is preferably used.
25 Examples of the transition metal compound soluble in
such an aliphatic hydrocarboh compound, include

isopropylidene(cyclopentadienyl) (3-tert-butyl-5-methyl-



21 ~polynerization in the absence of a solvent under high
tenperature and high pressure, gas phase polynerization in - a gaseous
nononer, etc. The pol ynerization can be performed in a continuous
manner or a batch-w se manner. 5 More preferably, the preferable
pol yneri zati on net hod in the presenf i nvention includes a

hi gh-tenperature sol ution net hod of]polyneriZing an ol efin under the
conditions of 120 to 250[err]C and 5 to 50 kg/cnierr] where the

polymer is nolten, using a solvent such as cycl ohexane, etc. 10 and a

hi gh- pressure ionic polynerization nethod of pol ynerizing an olefin in
a super. critpcphehlowyd tdtandumdbichloridiegh tenperature and high pressure
in the absence of a solvent in the state where the produced polyner is
mol t en. dimethptlisd Iyldftetatinethnbcyolopeniadieny li)d pdrettned at

butyl-5-methyl-2-phenoxy)titanium dichloride, etc.
(B) Organometallic component

5 The component (B) used in the preseht invention is a
compound dissolved, suspended or slurried in an aliphatic
hydrocarbon compound, which is selected from (B1) an
organoaluminum compound represented by the general formula
E',Al1Z,,, (B2) a cyclic aluminoxane having a siructure

10 represented by the general formula {-Al(E?)-0-}, and (B3)
a linear aluminoxane having a structure represented by the
generél formula E*{-Al(E*)-0-}.AlE? (wherein E' to E?
respectively represents a hydrocérbon group having 1 to 8
carbon atoms, all of E!, all of E? and all of E® may be the

15 same or different; 2 represénts a hydrogen atomor a halogén
atom, and all of Z may be the same or different; a represents.
a numeral satisfyinglo < a £ 3; b represents an integef
of not less than 2; and;c represents an integer of not less

' than 1).

20 Specific examples of the organoaluminum compound (B1l1)
represented by. the general formuia EﬂAlZL, include
trialkylaluminum such as trimethylaluminum,
triethjlaluminum,tripropylaluminum,triisobutylaluminum,

| trihexylaluminum, etc.; dialkylaluminum chloridé such as

25 dimethylaluminum chloride, diethylaluminum chloride; |
dipropylaluminum chloride, diisobutylaluminum chloride,

dihexylaluminum chloride, etc.; alkylaluminum dichloride



15 under a pressure of at |east 300 kg/cnferr], preferably 350 to 3500

kg/cn2 at a tenperature of at |east 130[err]C, preferably 135 to
350[err]C. In this case, as a polynerization form both of a
bat ch-w se manner and a conti nuous manner are possi bl e, but it is

preferable to performin the continuous nner. 20 As a reactor, a
stirring type vessel reactor or a tubul&?“a reactor can be used. The-
pol yneri zati on can be perforned in a single reaction zone.

Al ternatively, the pol ymeri zati on can al so be performed by
partitioning one reactor into a plurality of reaction zones or
connecting KAk &kumathylatuntieanst ichTosbdée psebhypalamiaum I n case of

using a plurality of reactors, both of a conbination of a vessel
react or and diwhberidesspiropydatlomimun adbohbdnideonisobutylaluminum
22 dichloride, hexylaluminum dichloride, etc.; and
. dialkylaluminum hydride such as dimethylaluminunlhydride;
5 diethylaluminum hydride, dipropylaluminum hydride,
diisobutylaluminum hydride, dihexylaluminum hydride, etc.
Among them, trialkylaluminum is preferred and
triethylaluminumor triisobutylaluminumis more preferred.
Specific examples of E? and E® in (B2) a cyclic
10 aluminoxane having a structure represented by ﬁhe general
formula {-Al(E?*)-0-}, and (B3) a linear aluminoxane having
a structure represénted by the general formula E’- |
{Al(E®)-0-}.,AlE? include alkyl group such as methyl group,
ethylgroup,n—propylgroup,isopropylgroup,n-butyigrdup,
15 isobutyl group, n-pentyl group, neopentyl gfoup, etc. b
- is an integer of not less than 2, ¢ is an integer of not
less than 1. Each of E? and E° is preferably methyl group
or isobutyl group. b is from 2 to 40 and ¢ is from 1 to
40.
20 The above aluminoxane is prepared by various lmethods .
The method is not si:ecifica‘lly iimited, and the aluminoxane
may be prepafed according to a known method. For example,
the aluminoxane is prepared by contacting a solution, which
is obtained by dissolving a triaikylaluminum (e.g.
25 trimethylaluminum,etc.)inaisuitableorganicsoivent(e.g.

benzene, aliphatic hydrocarbon, etc.) with water. Also,

there can be illustrated a method for preparing the



of a vessel reactor and a tubular reactor are used. In a net hod of

pol ynmeri zing using a plurality of reaction zones or a plurality of
reactors, polynmers having different characteristics can al so be
produced by changi ng the 5 tenperature, pressure and gas conposition of
each reaction zone. The rggpective catal yst conponents are
normal ly fed to the reactor with a 'high-pressure punp. In such a

pol ymer.i zati on under high pressure, for introducing the 10 catalyst into
t he hi gh-pressure portion with a punp, the catalyst is preferably
liquid-form is honpbgeneously di ssolved in a solvent, or is particle
smal | iin a palumiln®xane ki armeactimlggaotrialdydpdugiimpmi{ends is solid

i nsol ubl e Jin asolvent. In that case, the maxi numparticle diameter
15 is pref ekamethyladuminee, |e&e. ) nvithpremetad sadt cangainingess,

P oY ek bRk S5 BabeP SRR, B
(C) Third component | '

.5 As the component (C) in the present invention, there
can bé used one or more boron compoundé selected from the
following (Cl) to (C3):

(Cl) a boron compound repreSented by the general formula
. BQ'Q%Q*;

10 (C2) a boron compound represented by the general formula
G'(BQ'Q’Q°Q%)"; and | |
(C3) é boron compound represented by the general formula
(L-H)"(BQ'Q*Q°Q*)". '

| In the boron compound (Cl) represented by the general

15 formula'BQleQ’-, B is a boron atom in the trivalent valeﬂce
state; Q! to Q° may be the same or different and represent
a halogen atom, a hydrocarbon group having 1 to 20 carbon
atoms, a halogenated hydrocarbon group having 1 to 20 carbon
atoms, a substituted silyl group having 1l to 20 carbon atons,

20 an alkoxy group having 1 to 20 cafbon atoms or an aﬁtino group

| having 2 to 20 carbon atoms. Q'toQ’are preferably a halogen
‘atom, a hydrocarbon group'having 1 to 20 carbon atoms or
a halogenated hydrocarbon group having 1 to 20 carbon atoms.

Specific examples of the compound (Cl) include
-25 tris(pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyl)bo;ane,'tris(2,3,4,5—

tetrafluorophenyl)borane, tris(3,4,5-



conpound (C), there can be applied a pul verization nmethod and a net hod
of addi ng dropwi se a solution obtained by 20 dissolving it in toluene to

an aliphatic hydrocarbon sol vent such as heptane, etc. for
precipitating. A catal yst solution is normally handl ed under an

I nert gas atnosphere such as nitroggp, argon, etc. so that it is

not brought into contact with water and arr. 25 The pol yneri zation
time is appropriately determ ned according to the kind of the desired
pol ynmer and reactor - and the conditions are not specifically limted. In
the 23 present invention, a

chain Lransfermﬂludraphéngk)quhmgentrls(2eBc4—can al so be added to
control the nol ecul ar wei ght of

trifluorophenyl)borane,
phenylbis(pentafluorophenyl)borane, etc., most
preferably trls(pentafluorophenyl)borane. |

5 In the boron compound (C2) represented by the general
formula G*(BQ'Q*Q%°Q*)", G represents an inorganic or organic
cation; B is a boron atom in the trivalent valence state;
and Q' to Q' are as defined in Q'to @ in the above (1).

' Specific examples of G' as an inorganic cation in the

10 compound represented by the generai formula G'(BQ'Q*Q°Q*)"
_include ferrocenium cation, alkyl-substituted ferrocenium
catiod, silver cation, etc. Examples of theG'as an orgénic
cation include triphenylmethyl cation. G'is preferably a
carbenium cation. Examples of (BQ'Q?Q°0Q*)" include

15 tetrakis(pentafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorophenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl)borate, tetrakis(3,4,54
trifluorophenyl)boraté, tetrakis(2,3,4- |
trifluorophenyl)borate,

20 phenyltris(pentafluorophenyl)bofate, tetrakis(3,5-
bistrifluoroﬁethylphenyl)borate, etc.

Specific combination of these include
ferroceniumtetrakié(pentafluorophenyl)borate,'1,1'—
dimethylferroceniumtetrakis (pentafluorophenyl)borate,

. 25 silvertetrakis(pentafluorophenyl)borate,
“triphenylmethyltetrakis(pentafluorophenyl)borate,

triphenylmethyltetrakis(3,5-



t he copol yner. 5 BRI EF DESCRI PTI ON OF THE DRAW NG Figf lis a
flow chart for assisting the understanding of the present invention.
This flow chart is a typical exanpl e of an enbodi ment of the present
i nvention, and the present invention is not |limted thereto. 10
BEST MODE FOR CARRYI NG QUT THE rNVENTICNh5 The foll ow ng Exanpl es
and Conparative Exanpl es further illuStrate the present invention in
detail .but are not to be construed to limt the scope thereof. 15
Properties of the polymers in the Exanples were nmeasured by the
foll ow ng nethods. - (1) Melt index (MFR) was neasured at 190[err]C
according toHdistrifluetdnethglphedyil)boraté,6&dx., mog)pifafedebdiyty was
determ ned according to JIS K-6760. 20 Provided that the value of the
density desctizidhenylmethyltetrakis(pentafluorophenyl)borate.
In the boron compound (C3) represented by the formula

(L-H)*(BQ'Q?Q°0%)", L represents a neutral Lewis base; (L-H)"

5 represents a Br¢nsted acid; B represents a boron atom in
the trivalent valence state; and Q'to Q* are as defined in
Q' to Q* in the above (Cl).

Specific examples of (L-H)" as a'Br¢nsted acid in the
compound represented by the general formula (L-

10 H)*(BQ'Q?Q%Q')" include trialkyl-substituted ammonium,
N,N-dialkylanilinium, dialkylammonium,
triarylphosphonium, etc., and examples of (BQ'Q’Q°Q‘)"
include those as defined above.

Specific combination of them includes
15 triethylammoniumtetrakis (pentafluorophenyl)borate,
tripropylammoniumtetrakis (pentafluorophenyl)borate,
tri(n-butyl)ammoniumtetrakis (pentafluorophenyl)borate,
tri(n-butyl)émmoniumtetrakis(3,5-
bistrifluoromethylphenyl)borate, N,N?dimeﬁhylanilinium

20 tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-2,4,6-
pentamethylaniliniumtetrakis(pentafluorophenyl)borate, -
N,N-dimethylaniliniumtetrakis(3,5-
bistrifluoromethylphenyl)borate, diisopropylammonium

25 tetrakis (pentafluorophenyl)borate, dicyclohexylammonium
tetrakis (pentafluorophenyl)borate} triphenylphosphdnium

tetrakis(pentafluorophenyl)borate,



density (without annealing) is a value neasured w thout subjecting to

anneal i ng, whereas the value of the density descri bed as the density
(with annealing) is a val ue nmeasured after annealing. 25 (3) Melting
poi nt of copolynmer: It was neasured under the foll owi ng conditions by
usi ng DSC7 manuf actured by Per ki n- El y@r Co.

24 Heat i ng: heatlng to 150[err] C and nalntalnlng at the sane
tenperature until calorie is stabilized Cool i ng: cooling from 150
to 40[err]C (5[err]C mn.) and mai ntaining for 2 mnutes

tri(methylphenyl)phosphoniumtetrakis(pentafluorophenyl)
lborate, tris(dimethylphenyl)phosphoniumtetrakis
(pentafluorophenyl)borate, etc., and tri(n-butyl)
ammoniumtetrakis(pentafluorophenyl)borate'or N,N;.
5 dimethylanilinumtetrakis(pentafluorophenyl)borate is
most preferable. | | _
As the component (C), (C2) or (C3) is preferred and
trlphenylmethyltetrakls(pentafluorophenyl)borate or
{ . N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate
10 is particularly preferred. N,N-
dimethjlaniliniumtetrakis(pehtafluorophenyl)borate is
most bréferred.
[Catalyst for olefin polymerization]
In the present invention, as the catalyst for olefin
15 polymerization, a catalyst for olefin polymerization,
obtainable by using the above (A) and (C) as the catalyst
componént, or a catalyst for olefin polymerization,
obtainable by using the above. (A), (B) and (C) as the
{ catalyst component is used. Preferably, a catalyst fof
20 olefin prepared by continuously feeding a part or all of
the respective catalyst componénts in an apparatus for
preparing a catalyst, or a catalyst for olefin prepared by
continuously feeding the respective catalyst components in
an apparatus for olefin polymerization is used. 1In case
25 of feeding in the apparatus for preparing a catalyst or the
apparatus for olefin polymerization, the respective

catalyst components can be used by charging in an arbitrary



5 - Measurenent: from 10 to 150[err]C (5C/ mn.) (4) Content of

a-olefin: It was determned from characteristic absorption of ethylene
and a-olefin by - using an infrared spectroneter (FT-1R7300,
manuf act ured by NI PPON BUNKO I nc.) and was shown as the short-chain
branch 10 (SCB) nunber per 1000 carbon ons. (5) Mol ecul ar wei ght
and nol ecul ar wei ght distribution: ey were determ ned under the

foll ow ng conditions by using a gel perneation chronmatograph (150, C,
manuf act ur ed by Waters Co.). 15 Col um: TSK gel GWH HT

Measuring tenperature: set at 145[err]C Measuring concentration:

10 ng/ 10 Ml emder, but al catbithanyegombinatPeine tdreneds anay ebeSyRetesi s
of transition metal conpound: 20
di met hyl si | ylafitar Drewoes cFentachdi enyl ) (3-tert -

but yl - 5- et hyl - 2- ph '
butyl - 5- et hyl -2 phengiy i Lanium dhehl orlde g LLb UV SeBlyst

components are sometimes used in the state suspended or
5 slurried in the aliphatic hydrocarbon compound. ngein,
in the present invention, the state suspended or slurried
in the solvent means the state in'which a solid is not
completely dissolved in the solvent but solid particles are
( . dispersed in the solvent. In the present invention, the
10 suspended state and slurried state are not particularly
distinguished.

In the present invention, when the above respecti§e
catalyst components are fed in the state suspended of
slurried in a solvent, the sedimentation velocity of each

15 of the catalyst components in the suspended or slurried
state is préferably lower than the flow velocity in a .
pipeline so that each 6f the cataiyst components ére not
deposited in the pipeline.

In the presént invention, the solvent used for

20 dissolving, suspending or slurrying in the solvent is not
specifically limited as far as_it is an aliphatic
hydrocarbon compound which causes né problem in use of the
respective catalyst components. Specifid examples
thefeof include butane, hexane, heptane, octahe,

25 cyclohexane, dodecane, liquid paraffins, etc.

In.the present invention, it is prefer&ble'to use a

solvent having a high viscosity so that the sedimentation



Under a nitrogen atnosphere, 20.1 g (123 mol ) of
2-tert-butyl -4-methyl phenol was dissolved in 150 mMl of 25 toluene in a

500 m four-necked flask equipped with a stirrer, and 25.9 m (18.0 g,
246 mmol ) of tert-butylam ne was then added. This solution was cool ed
to -70[err]C and 10.5 mM (32.6 18 25

g, 204 mmol) of brom ne was added to the solution. The m xt ure was
stirred for 2 hours at -70[err]C.- Thereafter, the m xture was heated to
room tenperature and washed three times by adding 100 m of 10%dil uted

hydrochl oric acid every 5 washing.- After washing, the resulting organic
| ayer was  veddcdctyyofisthng respecvigesoditahyst faampeneht$eigothent was
renoved by using an evaporator. Then, the organic |ayer )
suspended or slurried state is lower than'the flow velocity
in the pipeline. The viscosity of the solvent is preferably
not less than 0.8 cp (cehtipoise), more preferably 1.4 to
5 1200 cp, most preferably 1.6 to 50 cp. |
Specific examples of solvents having a high viscosity
‘include dodecane, various liquid .paraffins, mixed solvents
of these with other solvents. As the liquid paraffins, for
example, commercially available liquid paraffins having
10 various viscosities within about 2 to abo.ut '2000cp can be
used. Besides, the viscosity referred to herein means the
visc'o.sity at 20°C.
Such a high-viscosity solvent is preferably used as
the solvent of the above component (C), furthermore,
15 preferably used as the solvent of the above components (C)
and (4).
In the présent invention, when a pipeline is used in
case of feeding the respective éatalyst components to the
‘apparatus for preparing a catalyst or apparatus for olefin
20 polymerization, a diameter of the pipeline is not
specifically limited, but ié from 0.5 to 100 mm, ;Sreferably
from 1 to 50 mm, more preferably from 1.5 to 30 mm.
The concentration of the respective catalyst
components is appropriately selected according to the
25 conditions such as performances of the apparatus for
feeding the respectiée catalyst components to a

polymerization reactor, and the respective catalyst



was purified by using a silica gel colum to obtain 18.4 g (75.7 mol)

of 1-brono-3-tert-butyl-5-nethyl-2-phenol as 10 a colorless oil. The
yield was 62% (2) Synthesis of 1-brono-3-tert-butyl-2-nethoxy-5-

met hyl benzene Under a nitrogen atnosphere, 13.9 g (57.2 nmol) of
1-brono-3-tert-butyl-5-nmethyl-2-phenol ggnthesized in 15 the above (1) was
di ssolved in 40 m of acetonitrile in a 100 m four-necked fl ask

equi pped with a stirrer, and 3.8 g (67.9 mml) of potassium hydroxide
was then added. Furthernnre 17.8 m (40.6 g, 286 mmol) of nethyl

| odi de was added, followed by continuous stirring for 12 hours. 20

Then, the sotemponaassr smvpdeﬁyrabulwg ualede\ﬁ@pmtort%@oncemaﬁlw
hexane was added to the resj due, thereby to extract squbIe

matter. The %&t(laa)c%-ﬁdﬁ’%lhéﬁé'&%@ 01 tq RPReX4 F“ﬁ’é-{g'THEeEGFé
1 brom- 3. 1 OB 08% miel /., miEs Brbackgh e wzggﬁa*?op%bm?%w oil.
The yield - the concentration of (B) is normally from 0.01 to 10000 u«
5 mol/g, preferably frbm 0.1 to 5000 & mol/g, more preferably
from 0.1 to 2000 & mol/g, in terms of Al atom; and the
concentration of (C) is normally from 0.01 +to 500 & mol/g,
preferably from 0.05 to 200 4 mol/g, more preferably from
0.05 to 100 & mol/g.
10 The above component (C) and majorities of_ the component
(A) are soluble in an aromatic hydrocarbon solvent such as
'tolueﬁe, etc. to some extent, but hardly dissolve in an
aliphatic hydrocarbon solvent. Although the amount of the
above component (C) contained in the solution is small,
15 particularly, the component (C) can be fed in a large amount
and smaller volume by using a method of feeding the
respective catalyst componenﬁs in the suspended dr slurried
state in the solvent, favorably.
The above component (C) can bé fed in the amount of
20 0.0001 to 800 mmol/liter, preferably 0.001 to 500
mmol/iiter, in terms of the numbér of moles of the boron
‘compound based on the volume of.the solvent. _
The respective catalyst components in the catalyst for
olefin polymerization'used in the present iﬁvention are
25 preferably used so that a molar ratio of the component
(B)/.the component (A) is with_in the range from 0.1 to 10000,

preferably from5 to 2000, and a molar ratio of the component



was 94% (3) Synfhesis of (3-tert-butyl-2-methoxy-5-

26 nmet hyl phenyl ) chl or odi net hyl si | ane To a sol ution of
tetrahydrofuran (31.5 nml), hexane (139 - m) and

1- brono-3-tert-butyl -2- met hoxy- 5- net hyl benzene (45 g) synthesized in
t he above (2), a hexane solution (115 ¢ggm ) of n-butyllithium (1.6
nol/liter) was added dropw se at -40[err]C over 20 mnutes. After the
resulting m xture was . maintained at -40[err]C for 1 hour,
.tetrahydrofuran (31.5 m) was added dropw se. ~To a solution

of dichl orodi net hyl silane (131 g? and 10 hexane (306 m ), the m xture
obt ai ned abo(& WEheygeawonent (A) is within the range from 0.01 to 100,

preferably from 0.5 to 10.
. As the olefin, which can be applied to the -
polymerization in the present invention, all of olefins
5 having 2 to 20 carbon atoms can be used and two or more
olefins can also be used, simuitaneously. Specific
examples of the olefin include straight-chain «-olefins
. such és ethylene, propylene, butene-1, pentene-1, hexene-1,
heptene-1, octene-1, nonene-1, decene-1, etc.; branched «
10 .-olefins such as 3-methylbﬁtene-1, 3-methylpentene-1,
4-methylpentene-1, S5-methyl-2-pentene-1, etc.; and
vinyléyclohexane, but should not be limited to the above
.compounds in the present inveﬁtion. Examples of the
combinatidn of olefins.in the copolymerization include
15 ethylene and propylene, etliylene and butene-1, ethylene and
hexene-1l, ethylene and octene-1l, propylene and butene-1,
etc., but should not be limited to these combinations in
the present invention.
The present invention can be effectively applied to
20 the pfeparation of the copolymer of ethylene.andcx-olefin
(e.g. propylene, butenéfl, 4-methylpentene-1, hexene-1,
octene-1), particularly. |
Also, the polymerization method should not be
speci'fiéally limited. | For .'example, there can be performed |
25 solvent polymerization or slurry polymerization using an
a;iphatic hydrocarbon such as butane, pentane, hexane,

heptane, octane, etc. as the solvent, high-pressure ionic"



dropwi se at -40[err]C. The resulting m xture was heated to room
tenperature over 2 hours, followed by stirring at room tenperature for
12 hours. The sol vent and excess dichl orodi net hyl sil ane were 15
distilled off fromthe reaction m xture under reduced pressure, and
t he hexane soluble matter was extracted yith hexane fromthe residue.
Then, the solvent was distilled of fromthe resulting hexane
solution to obtain 41.9 g of (3-tert-butyl - 2- net hoxy- 5- et hyl phenyl)
20 chl orodi nethyl silane as a pale yellow oil. The yield was 84%
(4) Synthesis of (3-tert-butyl-2-nmethoxy-5- met hyl phenyl)
di net hyl (t et rpokyhet tgatbpeniaditbeyapsienmee of a solvemp underubigh of
(3-tert-butyl -2-nmet hoxy-5- 25 nethyl phenyl)chl orodi met hyl si | ane_(5.24 g)
synt hesi zed itemperateramnd high prassereahgas Fhass RGYRggization in
tetranmet hyl cycl opent adi enyl lithium (2. 73 was add at
Y ya ggseous mot\{omer, etc.( The B%lymex%\_zagg'.on can be
performed in a continuous manner or a batch-wise manner.
5  More preferably, the preferable polymerization method
in the present invention includes a high-temperature
solution method of polymerizing an olefin under the
conditions of 120 to 250°C and 5 to 50 kg/cm’ where the -
{ polymer is molten, using a solvent such as cyclohexane, etc.
10 and a high-pressure ionic polymerization method of
polymerizing an olefin in a super critical fluid state under
high temperature and high pressure in the absence of a
solvent in the state where the produced polymer is molten.
More preferably, the polymerization' is performed at
" 15 under a pressure of at least 300 kg/cm?, preferably 350 to
3500 kg/cm’ at a temperature of at least 130°C, preferably
135 to 350°C. 1In this case, as a polymerization form, both
of a batch-wise manner and a continuous manner are possible,
but it is preferable to perform in the continuous manner.
20 As a reactor, a stirring type vessel reactor or a tubular
reactor can be used. The polymerization can be performed
in a single reaction zone. Alternatively, the
polymerization can also be performed by partitioning one
reactor into a plurality of reaction zones or connecting |
25 a plurality of reactors in series or parallel. In case of
using a plurality of reactors, both 'of_'a combination of a -

vessel reactor and another vessel reactor and a combination



27 -35[err]C and the m xture was heated to room tenperature over

2 hours,. foll owed by stirring at roomtenperature for 10 hour s.

The solvent was distilled off fromthe resulting 5 reaction m xture under
reduced pressure, and the hexane soluble matter was extracted with
hexane from the residue. Then, the gplvent was distilled off fromthe
resul ti ng hexane sol ution under reduced pressure to obtain 6.69 g of
(3- . tert-butyl -2-net hoxy-5-met hyl phenyl ) di et hyl 10

(tetranet hyl cycl opent adi enyl )sil ane as an.yellow oil. The yi el d was
97% (5)" Synt hesi s of dinethylsilyl '

of a vessel reactor and a tubular reactor are used. In a
method of polymerizing using a plurality of reaction zones -
or a plurality of reactors, polymers having different
characteristics can also be produced by changing the

5 temperatﬁre, pressure and gas composition of each reactioﬁ
zone. | |

The respective catalyst components are normally fed

' to the reactor with a high-pressure pump. In such a
polymerization under high pressure, for introducing the
10 catalyst into the high-pressure porﬁion with a pump, the
catalyst is preferably liquid-form,_is_ﬁomaéeneously
dissoived in a solvent, or is particle small in a particle
diameter and good in dispersity when it is solid insoluble
in a solvent. In that case, the:maximuﬁlparticle diameter .
15 ispreferably 50 s mor less, more preferably 30 4 mor less,
particularly 10 4 mor less, most preferably 5 £ mor less.

In order to control the particle diameter of the boron
compound (C), there can be applied a pulverization method
and a method of adding dropwise a éolution obtained by

20 dissélving it in toluene to an aliphatic hydrocarbon
solvent such as heptane, etc. for precipitating.

A catalyst sbl_uti_on is normally handled under an inert
gas atmosphere éuch as nitrogen, argon, etc. so that it i§
not bfought'into contact with water and air.

25 The polymerization time is appropriately determined
| according to the kind of the desired polymer and reactor ,

and the conditions are not specifically limited. 1In the



(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-2- phenoxy)titani um
dichloride 15 To a solution of (3-tert-butyl-2-nethoxy-5-

met hyl phenyl ) di net hyl (t et ranmet hyl cycl opent adi enyl ) sil ane (10.04 9)
synt hesi zed in the above (4), toluene (100 m) and triethylamne (6.30
g), a hexane solution (19.0 m) of pgbutyl lithium (1.63 nol/liter) was
added dropwi se at -70[err]C. 20 Then, the m xture was heated to room
tenperature over 2 hours and mai ntai ned at roomtenperature for 12

hour s. Under a nitrogen atnosphere, the nixture obt ai ned above

was added dropwi se to a toluene solution (50 m)
titani unt et rpuesent dayvenRien. a ghaiadransipr )@t‘iﬂné%/\,ﬁEChZ%s KA ERE8RY r oom

tenperature over 1 hour and heated under | u 0 hour
The reacti ore%f xtGAR RO ihe ddded H \r&ﬁ Tar weight of

the copolymer.

5 BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a flow chart for assisting £he understanding
of the present invention. This flow chart is a typical
example of'an,embodimentiof the present inventipn, and the
i present invention is not limited thereto.
10
BEST MODE FOR CARRYING OUT THE INVENTION
fhe following Examples and Comparative Examples
further illustrate the present iﬁvention in detail but_ are
not to be construed to limit the scope thereof.
15 Prbperties of the polymers in the Examples were
measured by the following methods. |
(1) Melt index (MFR) was measured at 190°C according to the
method defined in JIS K-6760.
(2) The density was determined according to JIS K-6760.
20 Provided that the value of the density described as the
density (ﬁithout annealing) is a value measured without
subjecting to annealing, whereas the valﬁé of the density
described as the density'(with annealing) is a value
measured after annealing. | _
25 (3) Melting point of copolymer: It was measured under the
following conditions by using DSC7 manufactured_by

Perkin-Elmer Co.



28 distilled off fromthe filtrate. The resi due was

recrystallized froma tol uene-hexane m xed sol vent to obtain 3.46 g of
di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert- 5 :

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori'de as an orange prismatic
crystal. The yield was 27% Theg spectrum data were as foll ows.
[err]HHNVMR (CDCl [err]) [err] 0.57 (s, 6H) , 1.41 (s, 9H), 2.15 (s, 6H) ,
2.34 (s, 6H, 2.38 (s, 3H, 7.15 (s, 1H, 7.18 (s, 1H 10 [err] G NWR
(CDO[err]) [err] 1.25, 14.48, 16.28, 22.47, 31.25, 36. 29, 120.23,

130. 62, 131.47, 133.86, 135.50, 137.37, 140. 82, 142,28, 167.74

Mass spectrum (CI Hemté.)nq,'ghea;g.ng to 150°C and maintaining at the same
temperature until calorie is stabilized
Cooling: cooling from 150 to 40°C (5°C/min.)- and
maintaining for 2 mi.nutes |
5 Measurement: from 10 to_150°C (5°C/min.)
(4) Content of a-olefin: It was determined from
character:.st:.c absorption of ethylene and a-olefin by
using an J.nfrared spectrometer (FT- IR7300 manufactured by
{ NIPPON BUNKO Inc.) and was shown as the short-chaln branch
10 (SCB) number per 1000 carbon atoms. |
(5) Molecular weight and molecular weight diétribution:
They ﬂrere determined under the following conditions by
using a gel permeation chromatograph (150, C, manufactured
by Waters Co.). _
15 Column: TSK. gel GMﬁ—HT
Measuring temperature: set at 145°C
Measuring concentraf:ioh: 10 mg/10 ml ortho-
dichlo:obenzene
{ Reference Example (Synthesis of transition metal compoumd :
20 dimethylsilyl( tetramethylcyclopentadienyl) (3-tert-
" butyl-5-methyl-2-phenoxy)titanium dichloride
(1) Synthesis of 1-bromo—3-tert-buty1;5-methyl-z—phenol
Under a nitrogen atmosphere, 20.1 g (123'mmol) of
2-tert-butyl-4-methylphenol was dissolved in 150 ml of-
25 tolueneina500ml four'—necked flask equippedwithastirrer,
and 25.9 ml (18.0 g, 246 mmol) of tert;butylamine was then

added. This solution was cooled to -70°C and 10.5ml (32.6



[err] 29 . Example 1

Usi ng an aut ocl ave type reactor having an internal volume of 1 liter,
equi pped with a stirring bl ade, ethylene and butene-1 were
continuously fed in the reactor and 5 polynerization was carried out.
The pol yneri zati on conditions wereoget to the total pressure of 800
kg/cmerr] G the concentration of butene-1 of 29% by nol and the
concentration of hydrogen of 0.12% by nol. A hexane solution (0.7
[err] mol/g) of dinethylsilyl

g, 204 mmol) of broﬁine wes added to the solution. The
mixture was stirred for 2 hours at -70°C. Thereafter,
the mixture was heated to room temperature and washed three
times by adding 100 ml of 10% diluted hydrochloric acid every
5 washing. After washing, the resulting organic layer was
dried by using anhydrous sodium sulfate and the solvent was
removed by using an evaporator. Then, the organic layer
was purified by using a silica gel column to obtain 18.4°
{ g (75.7 mmol) of 1-bromo-3-tert-butyl-5-methyl-2-phenol as
10 a colorless oil. The yield was 62%.
(2) Synthesis of l-bromo-3-tert-butyl-2-methoxy-5-
methyibenzene
Under a nitrogen atmosphere, 13.9 g (57.2 mmei) of
1—bromo—3-tert—butyl-S-methYl—Z-phenol synthesized in
15 the above (1) was dissolved in 40 ml of acetonitrile in a
100 ml four-necked flask equipped with a stirrer, and 3.8
g (67.9 mmol) of potassium hydroxide was then added.
Furthermore, 17.8 ml (40.6 g, 286 mmol) of mefhyl iodide
was added, followed by continuous stirring for 12 hours.
20 Then, the solvent was removed by using an evaporator and
40 ml of ‘hexane was added to the residue, the’reby to extract
the hexane soluble matter. The extraction was repeated
'three times. The solvent was removed from the extract to
obtain 13.8 g (53.7 mmol) of l-bromo-3-tert-butyl-2-
25 methoxy-5-methylbenzene as a-pale yellow oil. The yield.
was 94%.

(3) Synthesis of (3—te;t—butyl-2—methoxy-s—



10 (tetranethyl cycl opentadi enyl)(3-tert-butyl-5-nethyl-2-

phenoxy)titani um di chl ori de, a heptane solution (35 [err] nol./ g) of
triisobutylal um numand N, N

di met'hyl ani l'i ni unt et r aki s( pent afl uor ophenyl ) borate (obt ai ned by

atomi zing according to a re-precipitatigg 15 method using toluene and

hept ane, the particle size is from 2 to 3 [err] mand particles having
the particle size of not | ess than 10 [err] m are not observed, 1.2
[err] nol/g) dispersed in a mxed solution (a volunme ratio of heptane:
liquid paraffin = 1:4£ of heptane and liquid paraffin (Crystol 202,

20 manuf act mekhplpienplsehilpgodirethylsddang at 18[err]C = 130 . cp)

Sont i huousl y f ed ThAHRL LR OF F45HABHCROBIBER (k- 5 ML e HPRERE & Brot er
ol hour,  esSick | Ve y - HREhBsd - BT P e t P e e Bital”
0L LG o P oSibReizes o che R4 12T leRate Rt flaped o
5 ml) of n—butyllithium (1.6 mol/liter) was added dropwise
at -40°C over 20.minutes. After the resulting mixture was
maintained at -4WT!fpr 1 hour, tetrahydrofuran (31.5 ml)
was added dropwise. |
To a solution of dichlorodimethyl;ilane (131 g) and
10 hexane (306 ml), the mixture obtained above was added
dropwise at -40°C. The resulting mixture was heated to room
tempefature over 2 hours, followed by stirring at room
temperature for 12 hours.
The solvent and excess dichlorodimethylsilane were
15 distilled off from the reaction mixture under feduced
pressure, and the hexane soluble matter was extracted with
hexane from the residue. Theﬁ, the solvent was distilled
| off from the resulting hexane solution to obtain 41.9 g of
¢ (3-tert-butyl-2-methoxy-5-methylphenyl)
20 chldrodimethylsilane-as a pale yellow oil. The yield was
84%. '
(4) Synthesis of (3—tert-butyl—i-methoxy-sf
methylphenyl)dimethyl(tetrémethylcyclopentadienyi)silane
To a solution of (3-tert-butyl-2-methoxy-5-
25 methylphenyl)chlorodimethylsilane (5.24 g) synthesized in
the above (3) and tetrahydrofuran (50 ml),

tetramethylcyclopentadienyl lithium (2.73 g) was added at



30 et hyl ene- but ene-1 copol yner having a nmelting point of
90.6[err]C, a nol ecul ar weight (My) of 64000 and a nol ecul ar wei ght
distribution (MvV M) of 1.7 was produced in a rate of 10 ton per one .
hour per nol of Ti atom = 5 Exanple 2 Usi ng an autocl ave type
reactor having an internal volume og71 liter, equipped with a stirring
bl ade, ethylene and butene-1 were continuously fed in the reactor and
pol ynmeri zati on was carried out. The polynerization 10 conditions were set
to the total pressure of 800 kg/cn2G and the concentration of butene-1
of 45.9% by nol . D net hyl silyl (tetramet hyl cycl opent adi enyl ) (3-tert-
- -35°C and the mixture was heated to room temperature over

2 hours, followed by stirring at room temperature for 10

hours.

The solvent was distilled off from the resulting

5 reaction mixture under reduced pressure, and the hexane
soluble matter was extracted with hexane from the residue.
Then, the solvent was distilled off from the resulting hexane
solution under reduced pressure to obtain 6.69 g of (3-
tert-butyl-2-methoxy-5-methylphenyl)dimethyl

10 (tetramethylcyclopentadienyl)silane as an yellow oil. The'
yield was 97%.
(5) Synthesis of dimethylsilyl
(tetramethylcyclopentadienyl) (3-tert-butyl-2-
phenoxy)titanium dichloride

15 To a solution of (3-tert-butyl-2-methoxy-5-
methylphenyl)dimethyl(tetramethylcyclopentadienyl)silane
(10.04 g) synthesized in the above (4), toluene (100 ml) and
triethylamine (6.30 g),'a hexane solution (19.0 ml) of
n-butyllithium (1.63 mol/liter) was added dropwise at -70°C.

20 ' Then, the mixture was heated to room temperature over 2 hours
and maintained at room temperature for 12 hours.

Under a nitrogen atmosphere, the mixture obtained
above was added dropwise to a toluene solution (50 ml) of
titaniumtetrachloride (4.82 g). Theresultingmixture was

25 heated to room temperature over 1 hour and heated under

reflux for 10 hours.

The reaction mixture was filtered and the solvent.was'



butyI-5-nethy|-2¥phenoxy)titaniun1dich|oride was di ssol ved (0. 066

[err] nDl/g) in a mxed solution (a volune 15 ratio of heptane: liquid
paraffin = 1:4) of heptane and liquid paraffin (Crystol 202,

manuf actured by Esso Sekiyu K.K.) and N, N-di net hyl ani liniuntetrakis
(pent af | uor ophenyl ) borate (obtai ned by gBom zi ng according to a
re-precipitation nmethod using toluene and 20 heptane, the particle size
is from2 to 3 [err] mand particles having the particle size of not

|l ess than 10 [err] m are not -observed) was dispersed (0.4 g nol/g) in

t he sol ution. Furthernore, the resulting su en5|on mas adjusted SO
that . a ribiskilledoosf B5PBNtReoHIIFTALSt ol igb WaFhi s 25 ni xed

3pert o 8 ERLIIE AONALR ot oni LRl ek goiven,
respective s&yﬂgnix\grs 89nt| nuously fed in the
| dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-
5 butyl-5-methyl-2-phenoxy)titanium dichloride as an orange
prismatic crystal. The yield was 27%.
| The spectrum data were as follows.
'E-NMR (CDC1,) & 0.57 (s, 6H), 1.41 (s, 9H), 2.15 (s,
6H), 2.34 (s, 6H), 2.38 (s, 3H), 7.15 (s, 1H), 7.18 (s, 1H)
10 PcoNMR (CDCl,) & 1.25, 14.48, 16.28, 22.47, 31.25,
36.29, 120.23, 130.62, 131.47, 133.86, 135.50, 137.37,
140.82, 142.28, 167.74 ‘

Mass spectrum (CI, m/e)458

15

Me Me
Me Me
Me Cl
Si -
Me/ l. /TI\CI
. g

Me 'Bu



31 reactor through a pipeline having a dianmeter of 3.175 mm at

a feeding rate of 323 g/ hour and 240 g/ hour, respectively. The

pol ymeri zati on reaction tenperature was set to 205[err]C and a nol ar
ratio of Al atomto Ti atomwas set to 61.7. 5 As a result, an

et hyl ene- but ene-1 copol yner having a = 29 density (w thout annealing) of
0.873 g/cnB, MFR of 6.8 g/10 m n., anol ecul arwei ght (Mvy) of 72000 and
anol ecul ar wei ght distribution (MvV M) of 1.7 was produced in a rate of -
98.4 . ton per one hour per nol of Ti atom 10 Exanple 3

Usi ng an autocl ave type reactor having an internal volume of 1 liter,
equipped\ﬂtﬂxamﬁl¢r I ng bl-ade, ethyl ene and butene-1 were
continuously fed _in the reactor_and: pol rizati,on was carried.,out.
The pol ymer| zat| HPLNG 2R AHEPGHAVECLEPEE AT LER HANLTY 0L FREFT8A0

kg/cnierr] Gvacﬁqume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed in the reactor and
5 polymerization was carried oﬁt. The polymerization
conditions were set tb the total pressﬁre of 800 kg/cm’G,
the concentration of butene-1 of 29% by ﬁpl and the
concentration of hydrogen of 0.12% by mol. A hexane
! solution (0.7 £ mol/g) of dimethylsilyl
10 (tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, a.heptane solution (35 u
mol/gi of triisobutylaluminum and N,N- |
dimethylaniliniumtetrakis(pentafluorophenyl)bo:ate
(obtained by atomizing according to a re-precipitation
| 15 method using toluene and heptane, the particle size is from
2 to 3 Ltﬁ and particles having the particle size of not
less than 10 4 m are not observed, 1.2 ;Lmol/g) dispersed
in a mixed solution (a volume ratio of heptane: liquid
paraffin = 1:4) of heptane and liquid paraffin (Crystol.ZOZ,,-
20 manufactured by Esso Sékiyu K.K., viscosity at 18°C = 130
| cp) were prepared in separate vessels, and the respective E
ones were continuously fed in the reactor through a pipeline
having adiameter of 3.175 mm at a feeding rate of 300 g/hour,
360 . g/hour and 750 g/hour, respectively. The
25 polymerization temperature was set to 230°C, a molar ratio
of Al atom to Ti atbm was set to 60, and a molar ratio of

" boron atom to Ti atom was set to 4.4. As a result, an



a concentration of butene-1 of 47.0% by nol.

D nmet hyl silyl (tetranet hyl cycl.opentadi enyl)(3-tert- :

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de was di ssol ved (0. 066
[err] - nol/g) in a mxed solution (a volune 20 ratio of heptane: |iquid
paraffin = 1:4) of heptane and li.q@od paraffin (Crystol 202, -
manuf act ured by Esso Seki yu K.K') and N,N—dinethylanilinluntetrakis
(pent af | uor ophenyl ) borate (obtai ned by atom zi ng according to a
re-precipitation method using toluene and 25 heptane, the particle size
is from2 to 3 [err] mand particles having the particle size of not

| ess than 10eFBYLPDg-Rusens-1 coRﬂiﬁﬂQﬁxﬂaﬁbﬁgdPsB§R§é&g(B°&ﬂﬁﬂ9ﬁ nol / g)

'n the sol Ut§8? 6°C, a molecular weight (Mw) of 64000 and afmolecular
weight distribution (Mw/Mn) of 1.7 was produced in a rate
of 10 ton per one hour per mol of Ti atom.

5 Example 2
' ﬂsing an autoclave type reactor having an interhal
volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were contiﬁuoﬁsly fed in the reactor and
polymerization.was carried out. The polymerization

10 conditidns were set to the total pressure of 800 kg/cm’G
and the concentration of butene-1 of 45.9% by mol.
Dimethylsilyl(tetramethylcyclopentadienyl)(3—tert-
butYl-S-methyl—Z—phenoxy)titanium dichloride wés
dissolved (0.066 u# mol/g) in a mixed solution (a volume

15 ratio of heptane: liquid paraffin = 1:4) of heptane and
liquid paraffin (Crystol 202, manufactured by Esso Sekiyu
K.K.) and N,N-dimethylaniliniumtetrakis
(pentafluorophenyl)borate (obtained by étomizing
according to a re-precipitation method using toluene and

20 'heptane, the particle size ié from 2 to 3 &4 m and particles
having the particle'Size of not less than 10 4 m are not
observed) was dispersed (0.4 (# mol/g) in the solution.
Furthermore, the resulting suspension was adjusted so that

- amolar ratio of boron atom to Ti atom becomes 6.0. This

25 mixed suspension and a'hepﬁane solution (5.47';Lmol/g) of

triisobﬁt.ylaluminum were ﬁrepared in separate vessels, and

the respective solutions were continuously fed in the



Furthernore, the resulting suspensi on was adj usted so that a nol ar

ratio of boron atomto Ti atom becones 6.0. This m xed suspensi on and
a heptane solution (5.47 [err] nol/g) of triisobutylal um num were
prepared in separate vessels, and 5 the respective ones were continuously
fed in the reactor through a plpelln% having a dianeter of. 3.175 nm at
a feeding rate of 373 g/ hour and 288 g/ hour, respectively. The

pol ymeri zation reaction tenperature was set to 206[err]C and a nol ar
ratio of Al atomto Ti atomwas set to 63.3. As 10 a result, an

et hyl ene-butene-1 copol yner having a density (w thout annealing) of

0.867 g/ cni erféac@omﬁfaﬁ ROk 1B£lﬂﬁe6ﬁav1ng %anQHMEIaIOfOfl:b 37 Ky m n.
106

was produced in a rate of ton per o6ne hour per nol of Ti atom
Exanpl e 4 1%t a fed&ing raRt et g2i3aythoipandas e/ Huu ngeapeume;rerw

volume of 1 liter, equipped with a stlrrlng bl ade, ethyl ene and
but ene- 1 wer eThmrpolymwesizatédni neactdant tempetature poly et Ztd | 2005 s
per formed. The(f?i%&fiééaiégfo of Al atom to Ti atom was set to 61. 7.
5 As a result, an ethylene-butene-1 copolymer having a
density (without annealing) of 0.873 g/cm’, MFR of 6.8 g/10
min., amolecular weight (Mw) of 72000 and a molecular weight -
distribution (Mw/Mn) of 1.7 was produced in a rate of 98.4"
ton per one hour per mol of Ti atom. |
10 Example 3 _

Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed in the reactor and
polymerization was carried out. The polymerizatidn

15 conditions were set to a total préssure of 800 kg/cm’G and
a concentration of butene-1 of 47.0% by mol, |
Dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride was
dissolved (0.066 4 mol/g) in a mixed solution (a volume

20 ratio of heptane: liquid_paraffin = 1:4) of heptane and
liguid paraffin (Crystol 202,.manufactured by Esso Sekiyu
K.K.) and N,N-dimethylaniliniumtetrakis
(pentaflubrophenyl)borate'(obtaihed by atomizing
according to a re-precipitation method using toluene and

25 heptane, the particle size is from 2 to 3 4 m and particles
having the particle size of ﬁot less than 10 #m are not

observed) was dispersed (0.4 u'mol/g) in the-solution.



‘conditions were set to a total pressure of 800 kg/cnferr]G and 20 a
concentration of butene-1 of 43.9% by nol.
D net hyl silyl (tetramet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de was di ssol ved (0. 066
[err] nmol/g) in a mxed solution (a volgge rati o of heptane: |iquid
paraffin = 1:4) of heptane and 25 liqui®4 paraffin (Crystol 202,
manuf act ured by Esso Sekiyu K. K. ) and N, N-di net hyl aniliniuntetrakis
(pent af | uor ophenyl ) borate (obtai ned by atom zing

33 according to a re-precipitation nethod using toluene and

[FE! paris P ERRALHELE, b wdfoTe g bt Lomaiangiielao shab i
' a molar ratio of boron atom to Ti atom becomes 6.0. This
mixed suspension and a heptane solution (5.47 & mol/g) of
triisobutylaluminum were prepared in separate vessels, and
5 the respective ones were continuously fed in the reactor
through a pipeline having a diameter of 3.175 mm at a feeding
rate of 373 g/hour énd 283.g/hour, respectively. The
polymerization reaction. temperature was set to 206°C and
a molar ratio of Al atom to Ti atom was set to 63.3. As
10 a result, an ethylene-butene-1 copolymer having a density
(without annealing) of 0.867 g/cm®, amelting point of 42.6°C
and a MFR of 11.8 g/10 min. was produced_in a rate of 106.3
ton per one hour per mol of Ti atom.
Example 4
15 Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed in a reactor and
polymerization was performed. The polymerization
conditions were set to a total pressure of 800 kg/cnﬁG and
20 a goncentration of butene-1 of 43.9% by mol.
| _Dimethylsilyl(tétramethylcyclopentadienyl)(3—tert-
butYl-S-methyl-z-phenoxy)titanium'dichloride was
dissolved (0.066 Atmol/g).in a mixed solution (a volume
ratio of heptane: liquid paraffin = 1:4) of heptane and
.25 1liquid paraffin (Crystol 202, manufactured'by Esso Sekiyu
KwK;) and N,N-dimethylaniliniumtetrakis

(pentafluorophenyl)borate (obtained by atomizing



observed) was dispersed (0.4 [err] nol/g) in the solution. 5 Furthernore,
the resulting suspension was adjusted so that a.nolar ratio of boron
atomto Ti atom becones 6.0. This m xed suspension and a hept ane
“solution (5.47 [err] nol/g) of triisobutylal um numwere prepared in
separate vessel s, and the respectivey,ones were continuously fed in the
reactor 10 through a pipeline having a %?aneter of 3.175 mm at a feeding
-rate of 290 g/ hour and 270 g/ hour, respectively. The pol ymeri zati on
reaction tenperature was set to 205[err]C and a nolar ratio of boron
atomto Ti atomwas set to 77.2. As a result, an ethyl ene-butene-1

copol ynmer haydebrd MR €6 a fe-lpreécipiation meshpdodeiad tolaenst endf
104.5 ton per one hour per nol of Ti atom Exanpl e 5 :

Usi ng an aut d@ptané yrhe pactdiclieasing & fram2ntd 3 4 y@nghpasticlest er,
equi pped with a stirring blade, ethylene 20 and hexene.l were _continuously
fed in a readtasringdche pavtiebei ShEe AL WASEpARES: £BAT e HB) #H&r P94t i on
observed) was dispersed (0.4 # mol/g) in the solution.
5 Furthermore, the resulting suspension was adjusted so that
a molar ratio of boron atom to Ti atom Eecomes 6.0. This
mixed suspension and a heptane solution (5.47 umol/g) of
triisobutylaluminum were prepared in separate vessels, and
the respective ones were continuously fed in the reactor
10 through a pipeline having a diameter of 3. 175 mm at a feeding
rate of 290 g/hour and 270 g/hour, respectively. The
polymerization reaction temperature was set to 205°C and
a molar ratio of boron atom to Ti atom was set to 77.2. As
a result, an ethylene-butene-1 copolymer having a MFR of
15 13.3 g/10 min. was produced in a rate of 104.5 ton per one
hour per moi of Ti atom..
Example 5
Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
20 and hexene—l'were-continuously fed in a reactor and
polymerizatién was performed. The polymerizaiion
conditions were set to a total pressure of 796 kg/cm’G and
a concentration of hexene-l of 29.7% by mol.  A heptane
solutioh obtained by mixing dimethjlsilyl
25 (tetramethylcyclopeﬁtadienyl)(3-tert-butyl—5—methy1-2-
phéﬁoxy)titanium'dicthride and triisobutylaluminum (the

concentrations of the complex and triisobutylaluminum are



conditions were set to a total pressure of 796 kg/cnferr] G and a

concentration of hexene-1 of 29.7%by nol. A heptane sol uti on obt ai ned
by m xing dinethylsilyl 25 ,
(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-nethyl -2- phenoxy)titani um
di chl ori de and trllsobutylalumnum(the34 concentrations of the conpl ex
and triisobutyl al um num are 34

0.37 [err] nol/g and 18.5[err] nol/g, respectively, and a nolar ratio
of Al atomto Ti atomis 50) and a suspension (0.71 [err] mol/g) of

tri phenyl net hyl tetrakis (pent af | uor ophenyl )borate (a maxi num particle

di aneter of 0.372@ helvh &ndr lsessl mobdgzetebpestiivalyerandita amolar
suspended ratio of Al atom to Ti atom is 50) and a suspen51on (0.71
M mol/qg) of triphenylmethyltetrakis
(pentafluorophenyl)borate (a maximum particle diameter of
5 20 #m or less) atomized by wet pulverization, suspended
in a mixture (a volume ratio of heptane: liqﬁid paréffin
= 1:4) of heptane and liquid paraffin (Crystol 202,.
manufactufed by.Essd Sekiyu K.K.), were prepared in
separate vessels, and the respective solutions were
10 conﬁinuously fed in the reactof through a piﬁeline having
a diameter of 3.175 mm at a feeding rate of 246 g/hour and
484'g/hour, respectively. Thefpolymerization'temperature'
was set to 210°C and a molar ratio of boron atom to Ti atom
| was setto03.6. Asa reslult, an e'thylene—h_exene-l copolymer
15 having a MFR of 3.8 g/lO-min..and a density (without
annealing) of 0.889 g/cm’ was produced in a rate of 28 ton
per one hour per mol of Ti atom.
Example 6
Using an autoclave type reactor having an internal
20, volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continuously fed in a'reactor.and'
polymerization was carried out. The polymerization
conditions were set to a total pressurewas set to 796 kg/cm*G
and a concentration of hexene-1 of 31.6% by mol. A heptane
25 solution obtained by mixing
dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-

butyi-S-methyl-Z—phenoxy)titanium dichloride and



in a mxture (a volune ratio of heptane: liquid paraffin = 1:4) of

heptane and |iquid paraffin (Crystol 202, manuf actured by Esso Sekiyu
K.K), were prepared in separate vessels, and the respective sol utions
were 10 continuously fed in the reactor through a pipeline having a
dianeter of 3.175 mmat a feeding rate of. 246 g/ hour and 484 g/ hour,
respectively. The pol ynerization tenperature was set to 210[err]C and
a nolar ratio of boron atomto Ti atom wassett 03. 6. As

ar esul t anet hyl ene- hexene-1 copol ymer 15 having a MFR of 3.8 g/10m n. and a
density (w thout ~annealing) of 0.889 g/cnferr] was produced in a rate

of 28 ton  tridfioMieyIWLimPeimRIhedbohiceitditions obxeh@®lodnblex and
Usi ng an autocl ave type reactor having an internal 20 volunme of 1 liter,

equi pped Wi t krd isdbutyip bimilrumeahg| 2ngt mol / garuhch @06h el malef &,
continuously fed in a reactor and pol ynmeri zation was carried out. The
pol yneri zat i a@specticemkl ¢ iand aumelaetrablatefaflpptemute Fasadom 4§ 796
kglcnferr]G 100) and a liquid paraffin (a mixture of Crystol 202(130
5 cp at 18°C) manufactured by Esso Sekiyu K.K.:IP Solvent
2028(3.2 cp at 19°C) manufactured by Idemitsu Petrochemical
Co., Ltd. = 60:40 (% by volume)) suspension (7.0 4« mol/g)
of N,N; ' | |
dimethylaniliniumtetrakis (pentafluorophenyl)borate
10 atomized by wet pulverization (maximuntpartiéle diameter:
not more than 20 4 m) were prepared in separate vessels,
and the respective ones were continuously fed in the reactor
through a pipeline having a diameter of 3.175 mm at a feeding
rate of 90 g/héur and 195 g/hour, respectively. The
15 polymerization tezﬁperature was set to 220°C and the molar
ratio of boron atom to Ti atom was set to 7.6. As a result,
an ethylene-hexene-1 copolymer havingaMFRof 5.8 g/10 min.,
a density (without annealing) of 0.888 g/cm"‘, a melting
point of 69.8°C and SCB of 32.6 was produced in a rate of
20 11 ton per one hour per mol 6f Ti atom.
Example 7
Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylehe
and hexene-l1 were continuously fed in a reactor and
25 polymerization was carried out. The polymerization

conditions were set to a total pressure of 796 kg/cm’G and

'a concentration of hexene-1 of 31.1% by mol. A heptane



and a concentration of hexene-1 of 31.6% by nol. A heptane 25 solution

obt ai ned by m xi ng di met hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-
but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de and
35 : triisobutylal um num (the concentrations of the conpl ex and

triisobutylalumnumare 2 [err] nmol/g a g 200 [err] nol /g,

respectively, and a nolar ratio of Al afa'om to Ti atomis 100) and a
liquid paraffin (a m xture of Crystol 202(130 5 cp at 18[err] QO

manuf attured by Esso Sekiyu K. K.:IP Sol vent 2028(3.2 cp at 19[err] O
manuf actured by Idem tsu Petrochem cal Co., Ltd. = 60:40 (% by

vol une) ) susgehstbon(dblafieed] byomixing of N, N-

di:ﬁethylsiiyl (tetramethylcyclopentadienyl) (3-tert-
butyl-S5-methyl-2-phenoxy)titanium dichloride and’
£riisob‘utylaluminum (the coric_entration of the complex and
5 that of triisobutylaluminum are 0.37. umol/g and 18.5 u
mol/g, respectively, and the molar ratio of Al atom to Ti
atom is 50) and a liquid paraffin (a mixture of Crystol 202
manufactured by Eéso Sekiyﬁ K.K.:IP Solvent 2028
manufactured by Idemitsu Petrochemical Co., Ltd. = 60:40
10 (% by volume)) suspension (1.39 £ mol/g) of N,N- '
dimetbylaniliniumt'etrakis (pentafluorophenyl)borate
atomized by wet grinding _-(maximum particle diameter: not
more than 20 4 m) in a mixed solution were prep_ared'in
separate vessels , and the respective ones wér.:e continuously
15 fed in £he reactor through a pipeline having a diameter of
3.175 mm at a feeding rate of 745 g/hour and 1235 g/hour,
respectively. The polymerization temperature was set to
247°C and the molar ratio of boron atom to Ti atom was set
to 6.22. As a result, an ethylene;hexene-l copolymer
20 having a MFR of 55 g/10 min. and a density (without
annealing) of 0.886 g/cm’® was produced in a rate of 13 ton

per one hour per mol of Ti atom.

Industrial Applicability
25 As described above, acéording to the present invention,
there can be provided, in a method of producing an olefin

polymer using a transition metal compound, a méthod not



di et hyl ani |'i ni unt et r aki s( pent af | uor ophenyl )borate 10 atom zed by wet

pul veri zation (maxi mum particle dianeter: not nore than 20 [err] m
were prepared in separate vessels, ~and the respective ones were
continuously fed in the reactor t hrough a pipeline having a di aneter
of 3.175 mmat a feeding rate of 9Q.,g/ hour and 195 g/ hour,
respectively. The 15 polynerization teffperature was set to 220[err]C and
t he no| ar ratio of boron atomto Ti atomwas set to 7.6. As a result,
an et hyl ene- hexene-1 copol ynmer having a MFR of 5.8 g/ 10 mn., a
density (w thout annealing) of 0.888 g/cnferr], a nelting poi nt of

69. 8[ err] C apdgREBifly d8eboPasn Rirvipeil iHydrdécdtbod sdlvedd wlicheisone
hour per nol of Ti atom Exanmple 7 Usi ng an autocl ave type
react or havi bjjabllei sbereakin inval podyoler] ds tthe, pegaustednd the GX¥e€rri ng
bl ade, ethyl ene and hexene-1 were continuously fed in a reactor and 25
pol yneri zat i ofifwas ediori.ed out. The pol ynerization condi tions were
set to a total pressure of 796 kg/cnferr] G and :



‘a concentration of hexene-1 of 31.1% by nol. A heptane

36 sol ution obtained by m xing

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de and triisobutylal um num
(the concentration of the conplex and .that of triisobutylal um num are
0.37 g nol/g and 18.5[err] nol / g, P spectively, ‘and the nolar ratio of
Al atomto Ti atomis 50) and a liquid paraffin (a mxture of Crysto
202 .~ manufactured by Esso Sekiyu K K : 1P Solvent 2028 manuf act ur ed

by ldem tsu Petrochem cal Co., Ltd. = 60:40 10 (% by volune)) suspension

(1.39 {err] dﬂlfﬁﬁ of N, N
1. A method for producing an olefin polymer
- characterized by homopolymerizing an olefin or
copolymerizing two or more olefins in the'presence of a
5 catalyst for olefin polymerization, comprising the
follbwing (A) and (C) as catalyst components, or a catalyst
for olefin polymerization, comprising the following (A),
(B) and (C) as catalyst componehts:
"(A) a transition metal compound dissolved, suspended or
10 slurried in an aliphatic hydrocarbon compound ;
(B) a compound diésolved, suspended or slurried in an
aliphatic hydrocarbon compound, which is seiected from the
following (Bl) to (B3): |
(Bl) an organcaluminum compound represented by the
15 general formula E',AlZ,, ;
(B2) a cyclic aluminoxane having a structure
represented by the general formula {-Al(E?)-0-}, ; and
(B3) a linear aluminoxane having a structure
represented by the general formula E*{-Al(E’)-0-}.AlE’%
20 (wherein E' to E® respectively represents a hydrocarbon
group having 1 to 8 carbbn atoms, and all of E', E? and E’
may be the same or different; % represents a hydfogen atom
or a halogen atom, and all of Z may be the éame or different;
a represents a numeral satisfying 0 < a é 3; b represents
25 an integer of not less than 2; and ¢ represents an integer
of not less than 1); and

(C) at least one boron compound suspended or slurried in

DA



di et hyl ani | i ni unt et r aki s( pent af |l uor ophenyl ) borate - atom zed by wet
grinding (nmaxi nrum particle dianeter: not nore than 20 [err] m in a

m xed sol ution were prepared in separate vessels, and the respective
ones were continuously 15 fed in the reactor through a pipeline having a
di anet er of 3.175 mm at a feeding rate of 745 g/ hour and 1235 g/ hour,
respectively. The polynerization tenperas re was set to 247[err] C and
the nmolar ratio of boron atomto Ti atom was set to 6.22. As a result,
an et hyl ene- hexene-1 copolyner- 20 having a MFR of- 55 g/10 mn. and a
density (mﬁthout -annealing) of 0.886 g/cnferr] was produced in a rate

of 13 fon rz.;ﬂi@ti’@‘ﬁ S cdBboR compdind) which id B@lecterl from
Appllcablllty 25 3’scr|bed above according to the present

i nventi on, thérmmra@@ﬁnbecmootbdq¢3)ln a nmethod of producing an olef in
pol ynmer using a transition netal conpound, a nethod not
: (Cl) a boron compound represented by the general
formula BQ'Q%*Q’ |
5 (C2) a boron compound represented by the general
formula G'(BQ'Q?Q%°Q*)"; and
(C3) a boron compound represented by the general
‘formula (L-H)"(BQ'Q’Q%Q%)”
(wherein B represents a boron atom in the trivalent valence
10 state; Q! to Q* may be the same or different and represent
a halogen atom, a hydrocarbon group heving 1to 20 carbon
atoms, a halogenated hydrocarbon'group having 1 to 20 carbon
atoms, a substituted silyl group having 1 to 20 carbon atoms,
an alkoxy group having 1 fo 20 carbon atoms or an amino group
15 having 2 to 20 carbon atoms; G" represents an inorganic or.
organic cation; L represents a neutral Lewis base; and
(L—H)+ represents a Br¢nsted ecid). |
2. The method for producing an olefin polymer according
to claim 1, wherein (A) is a transition metal cempound
20 dissolved in an aliphatic.hydrocarbon compound.
3.Themethqdfenpmoducingancﬂefinpolymeraécording
to claim 1, whereiﬁ the transition metal compound is a
transition metal compound containing.a group having at
least one éYclopentadiene type anionic skeleton.
25 _ 4.Themethodforproducingancﬂefinpolymeraccording
to claim 1, wherein (B) is triethylaluminum,

triisobutylaluminum, methylaluminoxane or
[
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37 requiring use of an aromatic hydrocarbon solvent which is Iliable to
remain in a polyner as the product and to give off an odor. '

38 CLAI M5 1. A nethod for producing an ol efin pol yner
characterized by honopol yneri zing an olefin or copol ynmeri zing two or
nore olefins in the presence of a 40 -

" isobutylaluminoxane di'ssolved,-suspended or slurried in an
aliphatic hydrocarbon compound.
5.ThenethodforproducimganolefinpolyﬁeracCording
to claim 1, wherein (C) is N,N- |
5 dimethylaniliniumtetrakis(pentafluorophenyl)borate or
triphenylmethyltetrakis(pentafluorophenyl)borate |
suspended or slurried in an aliphatic hydrocarbon compound.
6.Themethodforproducimganolefinpolyméraccording
. to any one of claims 1 to 5, wherein the catalyst for olefin

10 polymerization is a catalyst for olefin poiymerization
prepared by continuously feeding a part or all of the
respective catalyst components in a device for preparing
a catalyst, or a catalyst for olefin polymerization
prepared by continuously feeding the respective catalyst

15 components in a devicé for olefin polymerization.

7. The method for producing an olefin polymer according
to any one of claims 1 to 5, Qherein the aliphatic
hydrocarbon compound in (C) is an aliphatic hydrocarbon
compbund having a viscosity of not less than 0.8 cp.

20 8. The method for producing an olefin polymer according
to any one of claims 1 to 5; wherein the aliphafic
hydrocarbon compouhds in (C) and (A) are aliphatic
hydrocarbon compounds having a visdoéity of not less than
0.8 cp.

25 9. Themethod for producing an olefin polymer according
to any one of claims 1 to 5; whexein a maximum particle

diameter of the boron compound in (C) is not more than 50
-

T



.5 catalyst for olefin polymnerization, conprising the followi ng (A
and (C) as catal yst conponents, or a catalyst for olefin

pol yneri zation, conprising the follow ng (A), (B) and (C) as catal yst
conponents: - - (A) a transition netal conmpound di ssol ved, suspended or
10 slurried in an aliphatic hydrocar bon4qiorrpound; (B) .a conpound

di ssol ved, suspended or slurried in an al i phati c hydrocarbon conpound,
which is selected fromthe following (Bl) to (B3): (B1) an
or ganoal um num conpound represented by the 15 general fornula

E[err]Al Z[err]; - (B2) a cyclic alum noxane having a structure
represented pym{he general fornula {-Al (Elerr])-O}[err]; and.

(B3) a linear alum noxane having a structure represented by the
general fornmula E@rrtheAnéthedr FprOpriceiudidid-[a r¢lelin pohgmern Eferr] to
E[err] respectively represents a hydrocarbon group having 1 to 8
carbon at onsaceonding be &pyrone of @kjimsidl ers,] whereimythe Qlkrfitame or

different; Z represents a hydrogen atom_ _ )
polymer is a copolymer comprising ethylene and a-olefin.

R O O



or a halogen atom and all of Z maybet he sarre or different; a
represents a nuneral satisfying O < a [err} 3} b represents 25 an integer

of not less than 2; and c represents an integer of not less than 1),
and (C at |east one boron conpound suspended or slurried in

39 an aliphatic hydrocarbon conmpqund, which is selected from

the following(Cl) to (C3): (Cf’ a boron conpound represented by
the gener al formula B err]Qerr]derr]; 5 (C2) a boron
conpound represented by the general formul a

derr](BQerr]Qerr]Qerr]err])[err]; and
ABSTRACT (filed)

A method for producing an olefin polymer, which
comprises hombpo-lymerizing or copolymerizing an olefin in
5 the presence of a catalyst for olefin poiymerization-,
comprising the following (A) and (C) as acatalyst component,'
or a catalyst for olefin polymerization, comprising the
following (A), (B) and (C')_ as a catalyst:
(A) a traﬁsition metal cdmplex dissolved, -suspended or
10 slurried in ah aliphatic hydrocarbon compoﬁnd;
(B): a compound dissolved, suspended or slurried in an
aliphatic hydrocarbon compound,. which is selected from the
following (Bl) to (B3)
(Bl) an organoaluminum compbund represented by the
15 general formula E'AlZ,, | _
(B2) a cyclic aluminoxane having a structure
represented by the general formula {-Al(E®)-O-},
(B3) a linear aluminbxane having a sfructure
repfesented by the general formula E’{-Al(E’)—OF}cAlEsz
20 (wherein E! to E’ respectively represents a hydrocarbon
group having 1 to. 8 carbon atoms, and all of E!, E? and E’
may be the same or different; Z represents a hydrogen atom
or a halqgen atom, and all of Z may be thé same or different;
a represents a numeral. satisfying 0' < a £ 3; b represents
25 an integer of not less than 2; and c repres'ents an integer
of not less than 1); and

(C): at least one boron compound suspended or slurried in



)
%

(C3) a boron conpound represented by the general ~ fornula
(L-H+(BQerr]Qerr]err]err])[err] (wherein B represents a boron
atomin the trivalent valence 10 state; err] to Qerr] may be the sane
or different and represent .. @ halogen atom a hydrocarbon group having
1 to 20 carbon atons, ‘a hal ogenat ed _hydrocarbon group having 1 to 20
car bon atons, a substituted silyl up having 1 to 20 carbon atons,
an al koxy group having 1 to 20 carbon atons or an am no group 15 having 2
to 20 carbon atonms; err] represents an inorganic or organi c cation

L represents a neutral Lewi s base; and (L-H)y[err] represents a

Bronsted acigh.aliphatic hydrdB8rBBhh@8mbeunal, 0fHEEAIi8Ns &l &ét8dPOLFRET
accordi ng to claim1, wherein (A is a transition nmetal conpound 20

di ssol ved i nthe &bilplosiing (Qidr arar(@s) conpound. 3. The nethod for
produci ng an ol efin polymer accerding to claim1, wherein the
transition metal ¢Gapoandorona compoundhepresented| brokbsusenesittlining a
group haVingfngula.Bk§8£$ﬁone cycl opent adi ene type.ani oni ¢ skel et on.
5 (C2) a boron compound represented by the general
formula G*(BQ!Q?Q*Q*)" ; and -
(C3) a boron compound represented by the general
formula (L-H)"(BQ'Q%Q°Q%), _.
(wherein B represents a boron atom in the trivalent valence
10 state; Q' - Q' may be the same or different and represent
a2 halogen atom, a hydrocarbbn group having 1 to 20 carbon
. atoms, a halogenated hydrocarbon group having 1 to 20 carbon
atoms, a substituted silyl group having 1l to 20 carbon atoms,
an alkoxy group having 1 to 20 carbon atoms or an amino group
15 having‘ 2 to 20 carbon atoms; G' represents an inorganic or

organic cation; L represents a neutral Lewis base; and

(L-H)" represents a.qu:nsted acid).



- 25 4. The nethod for producing an ol ef in polymer according. to

claim1, wherein (B) is triethylalumnum . triisobutylal um num

met hyl al um noxane or 40

I sobut yl al um noxane di ssol ved, suspended or slurried in an al i phatic
hydr ocar bon conpound. 5. The nethod for producing an olef in

pol ymer according to claiml, wher e (O is NN 5 '

di met hyl ani | i ni unt et raki s(pent af | uor ophenyl ) borate or

tri phenyl nmet hyl t et r aki s( pent af | uor ophenyl ) bor at e suspended or slurried
in an “aliphatic hydrocarbon conmpound: - 6. The nethod for producing

an ol efin polymer according aAp§PrAGY ¢peplfisHedd)y™ 1-to 5, wherein the
catal yst for olefin
A method for produciﬂg an olefin polymer,

characterized in that an olefin. is homopolymerized or

5 copolymerized in the presence of a catalyst for olefin
polymerizatiéﬁ, coﬁprising the following (A) and (C) as
catalyst components, or a cataiyét for olefin
polymerization, comprising the following (A), (B) and (C)
as catalyst componenté:

10 (A)a transition-metal complex dissolved, suépended or
slurried in an aliphatic hydrocarbon compound;
(B) an organocaluminum compound or aluminoxane selected from
compounds(Bl) to (B3) dissolved, suspended or slurried in
an aliphatic hydrocarbon compound, and

15 (C) at least one boron compound selected from compounds (Cl)
to (C3) suspended or slurried in an aliphatic hydrocarbon

compound.



10 polynerization is a cat aI'yst' fdre ol efin po.llyrreri zation prepared by

continuously feeding a part or alliiof the ' “i~respective catalyst
conponents in a device for preparing - a catalyst, or a catalyst for
ol efin polynerization prepared by continuously feeding the respective
catal yst 15 conponents in a device for olefin polynerization. 7.
The nmethod for producing an olef in polyner according - to any one of
clains 1 to 5, wherein the aliphatic hydr ocarbon conmpound in (C) is an
aliphatic hydro : | a.\i.SCcasid - an 0.8
cp. 20 8.§ The nethod for producing an olef in polynmer accordgng -
to any- one of clpins 1 to 5»=~wherein the ali tic caren
conpounds in (O and (A) ar€al i phage ‘ ocar boh_co un(bha ing a
viscosity of not]less.tman™>~" 0.8 [cg. ~25 9. Th& rﬁgf odor
produci ng an ol ierEgyrrem—]accor | 'THg v t@ny onej o gl I m tp 5,
wherein a maxi mpa'btigje B dia fQ of t(% bor on :'_'rrp_gy digm (Q is not
more than 50 ol = = 5 o —E-E =g
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» 41 [err] m 10. The nethod fog praoducing an ol efi nﬂﬂ@jﬂg“{'
"according to any one of clains 1 to 5, wherein the olefin I s a -
copol yner conprising ethyl ene and %ﬁ%%#ﬁﬁ&ﬂa ‘SP/%%Q A

B X 5 R
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(57) Abstract .

A process for preparing olefin polymers, characterized in that an olefin is homopolymerized or copolymerized in the presence of a
catalyst for olefin polymerization comprising the following components (A) and (C) or another catalyst for olefin polymerization comprising
the following components (A), (B), and (C): (A) a transition metal compound dissolved, suspended, or slurried in an aliphatic hydrocarbon
compound; (B) an organoaluminum compound or aluminoxane selected from among compounds (B1) to (B3) dissolved, suspended, or
slurried in an aliphatic hydrocarbon compound; and (C) at least one boron compound selected from among compounds (C1) to (C3)

suspended or slurried in an aliphatic hydrocarbon compound. '
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