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1 PRODUCTI ON PROCESS OF OLEFI N POLYMERI ZATI ON CATALYST
COVPONENT, OF COLEFI N POLYMERI ZATI ON CATALYST, AND OF
OLEFI N POLYMER 5Fi el d of the Invention The
present invention relates to a process for producing a
solid catal yst conponent for olefin polynerization, a
process for producing an ol efin polynerization

catal yst, and a process for producing an olefin
polyner 10 Background of the Invention

ﬁ%&ﬁﬁmﬂCQ#&ﬁﬁﬁ ndijRg ? Qe 6 %éfY%@%@%gq8§C|%i?iLYST

stereoregu ar ol efin polyner

pOEMMF%NéNﬂNJO%nOEEEfNrbdﬂ%MEE? %A9§ AND, OF OLEFIN

pol'ynmerizat'ion 15 catal yst, e cata yst elng forme
acegrdiflg to a process conpr|3|ng the steps of (1)
reducing a titani um conpound with an organonagnesi um
compound in the presence of a conbination of an
organosi li con conpound with an ester conpound, thereby

pr edutd ngF ahsolhdemtaguct, (2) contacting the solid
product 20 with a hal ogenati on conpound, an interna

el ect r onTHerresant iarwveotgamirelaté e thad pdecesshérrelpyoducing
producing a solid catal yst conponent containing

trpvacdat tqataRvyam sosRenerhdfeB) cdehtAcPcRynehbzatglond a
cat al yst conponent contai nin trlvalent titani um

at BReCSSh f6F gRfsH fion &t SuRel R i tdRP ef AL yst, and
25el ectron donor. 2 Sunmary_of, the_lnvention

Hofel et OﬁbBE%ﬁ?ﬁﬁﬂﬂ ﬁns¥%$%ﬁﬂwﬁﬁiwgﬁrolefln pol yner

is not sufficient in stiffness of its injection-nolded
article, nanmely, is not sufficient inits

stgggggggugdagktyhe &1.£3S.pi nj ection-nol ded articles
havi ng” superior stiftness are
JP 10-21231¢9A (corresponding to US 6,187,883B)
discloses a highly stereoregular olefin polymer produced by
polymerizing an olefin in the presence of a polymerization
catalyst, the catalyst being formed according to a process
comprising the steps of (1) reducing a titanium compound with
an organomagnesium compound in the presence of a combination
of an organosilicon compound with an ester compound, thereby
producing a solid product, (2) contacting the solid product
with a halogenation compound, an internal electron donor and
an organic acid halide, thereby producing a solid catalyst
component containing trivélent titanium atoms, and (3)
contacting the solid catalyst component containing trivalent

titanium atoms, an organoaluminum compound and an external

electron donor.
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particularly required. In view of the above

ci rcunstances, the present invention has an object to
provi de: (i) asolid

cat al yst conponentforolefin 10 polynerization capable
of producing a highly stereoregul ar ol efin pol yner,
whi ch can be nolded into an i nRection-nolded article
havi ng superior stiffness; (ii) a process for
produci ng the above solid catal yst conponent (i);

15ghﬁhgr9(ngggs§ng?ﬁtg&pducing an olefin

pol ynerization catal yst using the above solid catalyst

conponentokkyer Aftthe above hiGhVy tcRe0€§S14061efin polymer
produci ng an ol efin polymer using an olefin

poligpnert satiien eaatial ysif Preeduced: aca9edt th-d 1B article,
above process (iii). 20The present invention is a
sohkedetat al y stotcayidnentnt ofn ol ef istepebyrenl zattiyOnwhereas
conprising titanium atons, nagnesium atons, hal ogen

at dnseahibrhyddedr byd ool egr orpsinawheree i drhest bf freasisngare
filtrate contains titaniumatons in a concentration of

0. BBrAYCTHITHY- FEREEBEE or | ower, measured according to

a 25met hod conprising the steps of: (1) preparing a
suspensi 6 ofi%*he°dol thf cabaryscirgury t ¥lg present
ol efin oh{nerization i n heptane having a

CORBERET T R 0fn0%R) GRS 6P ATER A y st
conponen%égi-gysp%gihgn, catalyst component for olefin
polymerization capable of producing a highly stereoregqular
olefin polymer, which can be molded into an injection-molded
article having superior stiffness;

(ii) a process for producing the above solid catalyst
component (i);

(1ii) a process for producing an olefin polymerization
catalyst using the above solid catalyst component (i); and

(iv) a process for producing an olefin polymer using an
olefin polymerization catalyst produced according to the above
process (iii).

The present invention is a solid catalyst component for
olefin polymerization, comprising titanium atoms, magnesium
atoms, halogen atoms and hydrocarbyloxy groups, wherein the
following filtrate contains titanium atoms in a concentration
of 0.08 mg-Ti/ml-filtrate or lower, measured according to a

method comprising the steps of:

(1) preparing a suspension of the solid catalyst
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(2) heating the suspension at 70C for 30 m nutes under
5stirring; (3) filtering the suspension
thereby obtaining a filtrate; and (4)
measuring a concentration of titanium atons contained
inthe filtrate. 10Al so, the present invention is a
process for producing the above solid catal yst
conmponent for ol efin polynerization, conprising the
follow ng steps (1) and (4) in this order, or

Coggﬁkgﬁggttg$rf%ﬁ£n£$2%F?gﬁgr§£%q%a%ngpfga?t%gk having a

repetftions a co o) e f g steps

(i%oﬂegné tﬂ&ﬁ this %&der' 1???d the %9£$f§g ng Stg%talyst

(4), in this order: contacting a sol

MaLefpaheSOR1aIsALPI JRINEsI um at oms and hydr ocar byl oxy
groups, a hal ogenati on conpound and an interna

el ectron @Qnesa@ing Bhe QuBBHS1 4CId NEC @6r Wt Ri OEes under
anot her, thereby obtaining a solid conmponent; 20(2)

washipginde solid conmponent with a hydrocarbon

sol vent; (3) contacting the washed solid
conponent(3)a tidltegéngt itbe corpeunsdonandhanehnt epb@lning a
el ectron donor and/or organic acid halide with one
andtheratendn25(4) washing the solid conponent with a
hydr ocar bon sol vent at 701: or higher four or nore

times. 44) measuryot her caneenpresérm iofvehitaniums atoms
process for producing an ol efin polynerization
caFﬁP?%%?a%dﬁbFP§iﬁ§g¥ﬁ%*%tep of contacting a solid

catal yst conponent for olefin polynerization Eroduced _
accor di ng1£8’ t e BBESehriddGeEion 1S @ process for producing

the above solid catalyst component for olefin polymerization,
comprising the following steps (1) and (4) in this order, or
comprising the following step (1), one or more repetitions of
a combination of the following steps (2) and (3) in this order,
and the following step (4), in this order:

(1) contacting a solid material containing magnesium
atoms and hydrocarbyloxy groups, a halogenation compound and
an internal electron donor and/or organic acid halide with one
another, thereby obtaining a solid component;

(2) washing the solid component with a hydrocarbon
solvent;

(3) contacting the washed solid component, a
halogenation compound, and an internal electron donor and/or
organic acid halide with one another; and

(4) washing the solid component with a hydrocarbon

solvent at 70°C or higher four or more times.
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5process, an organoal um num conpound and an externa

el ectron donor with one another. Furt her nore,

the present invention is a process for producing an

ol efin polymer, conprising the step of contacting an
olefin with an olefin polynerization catal yst produced
10according to the above produdti on process. Detail ed
Description of the Invention As expl ai ned

above, the process of the present invention for

produci ngrg-+3@li d Gal ab%ﬁ%e&@mggg&ﬁngrhglrgl gr%éess for

pol yneri zation has two odi nment s.

€ ntﬂﬁ@;dﬁ@@ﬁg COMI1I$ES ﬁ@fyn?@ﬂ‘é%t%gﬁ péa’&%‘ﬁ&s%n_?_ﬁéééri AL the

those steps are carried out in this or econ

enbadipM®yit CARELSES hheoabgvesst eps 1%omp§8}%n@.r f?)‘z}; ®lefin

repetitions of a conbination of the above steps

and1Fhe r ok 1dre @heMecat RcbAdin@nth t RS €asdRPSp2uction
are carried out in this order. In case that the second
enpadicaesl RS riueod Bpdnuin 66BoAind aaeNdi Ratk@Ra Ofe IR ron
above steps (2) and (3), all the steps are carried out
i ndonerfeltowinegaopdiesr. step (1) -4 step (2) -4 step
(3)-4 step (2) -4 step (3) -4 step (4). 25t should be
not ed t hdturtbehnenbodihremresikate inhenst@p i(s4)a gftceress for
the step (1) in case of the first enbodi nent, or after
t h@TPPR&INT 5nslEf 1o liwmeraseorsir ishngsdsontiep of contacting
enmbodi nent . _ , . _

an olefin with an olefin polymerization catalyst produced

according to the above production process.

Detailed Description of the Invention

As explained above, the process of the present invention
for producing a solid <catalyst component for olefin
polymerization has two embodiments. The first embodiment
comprises the above steps (1) and (4), and those steps are
carried out in this order. The second embodiment comprises the
above step (1), one or more repetitions of a combination of the
above steps (2) and (3), and the above step (4), and those steps
are carriedout in this order. In case that the second embodiment
has two repetitions of a combination of the above steps (2) and
(3), all the steps are carried out in the following order:

step (1) — step (2) — step (3)— step (2) — step (3)

— step (4).

It should be noted that both embodiments have the step (4) after

the step (1) in case of the first embodiment, or after the final
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Regarding the step (1): The solid
co%ponen? obtained in the step (1) naybe known 5in the
art, which is disclosed in prior arts such as JP

10- 212319A corresponding to US 6, 187,883B and JP
7-216017A corresponding to US 5,608, 018A.

Exanpl es of the solid nmaterial ssed in the step (1)
are the following solid materials (i) to (iii), and
the solid 10material (iii) is preferable anong them

(|)Sgénggoqﬁrggggé%gqgﬁvéergs re rgﬁented by the

formula
i si ndependently of each other a hydrocarbyl group

having 1 to 20 carbon atons; (ii)

he
hy dr &g Xy eng Iy hal i des represented by 15t
fgrnula(h%%fCRS)X?§§mng}eln R3 is a hydrocarbyl group

havi ng 1 Tﬁe%@l@a&%&@oﬁé@ﬂ%btQﬂﬁEQQJﬂf%eqS gﬂeRa QM own
and (ii1) solid materials contalnin

triial en¢ titanvhiarat DBdi SEIGNRSTH UM 3,908 ANYs such as Jp
hydr ocar byl oxy groups.

Exahpt sl ohedphyemeariby| exyoBgaesd U8 3828nd Jp 7-216017A
represented (i) by the above formula, My(ORl) (OR2),

ar & urerhogynadredisufy 608 e2Twoxy magnesi um

di pr opoxynmagnesi um dibutoxynagne§|uU1 .

di pent oxyrfirasisued tiiehesddbrybrgirs iaegl in the step (1) are

di oct ox nesi um di phenoxymagnesi um
d:g§513%gigW699nﬁ itAherdeRexyet hoxyfaghesiami the solid

material (iii) is preferable among them:

(1) dihydrocarbyloxymagnesiums represented by the
formula, Mg (OR') (OR?), wherein R'and R? is independently of each
other a hydrocarbyl group having 1 to 20 carbon atoms;

(ii) hydrocarbyloxymagnesium halides represented by
the formula, Mg (OR®) X!, wherein R®is a hydrocarbyl group having
1 to 20 carbon atoms, and X! is a halogen atom; and

{iii) solid materials containing trivalent titanium
atoms, magnesium atoms and hydrocarbyloxy groups.

Examples of the dihydrocarbyloxymagnesiums
represented (i) by the above formula, Mg(OR!)(OR%), are
dimethoxymagnesium, diethoxymagnesium, dipropoxymagnesium,

dibutoxymagnesium, dipentoxymagnesium, dihexyloxymagnesium,

dioctoxymagnesium, diphenoxymagnesium,
dicyclohexyloxymagnesium, methoxyethoxymagnesium,
methoxypropoxymagnesium, methoxybutoxymagnesium,

ethoxypropoxymagnesium, and ethoxybutoxymagnesium. Among
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25met hoxypr opoxynmagnesi um met hoxybut oxymagnesi um
et hoxypr opoxynmagnesi um and et hoxybut oxynagnesi um
Among 6 them preferred i s di net hoxymagnesi um
di et hoxymagnesi um or di propoxymagnesi um and nore
preferred is diethoxymagnesi um A process for
produci ng di hydrocar byl oxymagngsi uns (i) represented
by the above fornmula, Mg(ORl) (OR2), is not 5 limted.
Preferabl e exanples thereof are (1) a process

cting a magnesjum netal , an

conpri sing the step of r j _

al cohol’ 5%8%%?E§éﬂﬁs gﬁgﬁﬁ30§gm Yt yendtoitosvAragesium or
co .al ogen, with one another, and (2) a .
L e MR 2PN 1T MR

oLy maansbuol £ OFRe I M b, 80 B EOEL, 180 magnes tuns

hydr;ocaf [ des (ii)._re nt .
byt ﬁgab(?%g%g%m%é(%ﬁ%?%ﬁ% ‘;for&nbla, IQ{; FS8Y (SQZ) , 1is not

metinexyeBgnesicdREhh oL | dgagbhoxy mpanesk unghl ofi)de’a ocess
pr opoxymagnesi unthl ori de, but oxymagnesi unthl ori'de, iy

penfompy B gie Jinems &b @l @ISacx’nﬁn}@/quyM&%izh’é@alcﬁ' Qgiéjlec’ohol
e,

oct oxymagnesi um chl ori de, phenoxymagnesi um chl ori

anancyel shexy| axyuwagnesidimaabhent €ént AN ngORBRAMAAS) and/or
obt ai ned by replacing the chlorine atomcontained in

t hdadboee- enéhpinef ared reanpounds) widrivcast losepiknei dd ORR step
a brom ne atomor a iodine atom 20 Anong them

pr éfeFeaet ing aetiRdkyhngaessiim chiprirdeyith an alkoxysilicon
et hoxymagnesi um chl ori de or propoxymagnesi um chl ori de,
andoMBPe preferred i s ethoxymagnesi um chl oride. A
process for groducin hydrocarbgloxynagnesium

hal i des (T1'Pr8pr@setfted 5 oCREPuRyI@apae rtipm, halides (ii)
tl\/g(éfggg%)%%%tseldzr é%?i; %ﬂem t % .ngr efgc{r?n?lllg, exaMno:rp(loeg)glf, are
methoxymagnesium chloride, ethoxymagnesium chloride,
propoxymagnesium chloride, butoxymagnesium chloride,
pentoxymagnesium chloride, hexyloxymagnesium chloride,
octoxymagnesium chloride, phenoxymagnesium chloride, and
cyclohexyloxymagnesium chloride, and compounds obtained by
replacing the chlorine atom contained in the above~exemplified
compounds with a fluorine atom, a bromine atom or a iodine atom.
Among  them, preferred is methoxymagnesium chloride,
ethoxymagnesium chloride or propoxymagnesium chloride, and
more preferred is ethoxymagnesium chloride.
A process for producing hydrocarbyloxymagnésium
halides (ii) represented by the above formula, Mg(OR*)X!, is

not limited. Preferable examples of the process are (1) a

process comprising the step of reacting a Grignard compound
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process conprising the step of reacting a Gignard
compound with an al koxysilicon conpound, and (2) a
process conprising the step of reacting a Gignard
conpound wi t h al cohol . _ Exanmpl es of the
hydrocar byl oxy group contained in the above solid
materials (iii) are hydrocarbylpxy groups having 5 1
to 20 carbon atoms. Among them preferred is a methoxy
group, an ethoxy group, a propoxy group, a butoxy

0 a_pentoxy group, or a hexoxy group. Thg.
ggﬂlfj%wg?flé?x PRt BYEp 1Y (X prefeses pombeising
abqﬁg %Qgid gaterial (iii whi ch contains the

trival ént 18" 1514 GnPal %&P?ﬁﬁ'§ﬁm§?6@%grbﬂggéfohol-
f bl % Qr re, .and nore preferably oor
ﬁtr)?e?rgr o%%agn%fetshggo?}hée kiygttSfa? o Y) Qfotlliig’gg]t@m'anlgﬁom the
| | ' amterial (iji) is 9 ,
cont At e THE: BUieOCa! Dyl ). 87 bupha5h Bl oop= naving

f 0 [ r re d re preferably
D554 by 50 ot o7 ?’@?ngﬁé‘v@i‘af eta%artrfegﬁtes grﬂf&ﬁ‘l‘jxéf‘foup/
th Hok i, & pAdddxy dr%ub0008,RY :ﬁ‘;e ”

prggigi fgﬁﬁgﬁgggi?néifiﬁééiﬁh % nafg{|%ﬁéﬂalﬁsentoxygroup’

co lasesxotPrg@u@npl e, the step of reducing a
ti?gaiun1conpound represented by the follow ng formul a

[I] with e 261idnganomagnestdmLCoORROSL i M)t BE Lreferanly

presence of an organosilicon conpound containing a

Si thebabeye grolid mieemirdsence) Ofwha cB ot tiatis08nof t 1R 1ent

organosi | i con conpound with an ester conpound in view

of %llﬁ-aﬁbw RGOBA lacen vAmopnbfofap pef grmarliyzais ob neated! ¥ more

8 éreferably 90% or more, provided that the total amount of
titanium atoms contained in the solid material (iii) is 100%,
and contains the hydrocarbyloxy groups in an amount of
preferably 20% by weight or more, and more preferably 25% by
weight or more, provided that the amount of the solid material
(iii) is 100% by weight.

A process for producing the solid material (iii)
comprises, for example, the step of reducing a titanium
compound represented by the following formula [I] with an
organomagnesium compound in the presence of an organosilicon
compound containing a Si-O bond, or in the presence of a
combination of the organosilicon compound with an ester

compound in view of improving an activity of a polymerization

catalyst:
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hydr ocar byl group having 1 to 20 carbon atons; X2 is

i ndependent|ly of one another a hal ogen atom or a
hydr ocar byl oxy group having 1 to 20 carbon atons; and
ais a nunber of 1 to 20, and preferably a nunber
satisfying 1 a < 5. Exgnples of R4 in the

above formula [I] are an al kyl group such as a nethyl
group, an ethyl group, a propyl group, an 10 i sopropyl
group, a butyl group, an isobutyl group, an anyl

group, an iXoamyl group, a hexyl group, a heptyl

group, fan o¢ty gr oup, @ decyl group and a dodecyl

gr olpTT&h—al XYoup su h as” a phenyl group, a cresyl
group, \a xyﬂylggroup and a naphthyl group; a

cycl oal kyl §roup such as a cycl ohexyl group and a

cycl opentyl 15 group; an allyl group such as a

propenyl group; and an aral kyl group such as a benzyl
group. Anmong them preferred is an al kyl group having

2 . b ato or..an_aryl .group -havi 6101
ca&%gégé 2%5?9éhhyggﬁ??%ﬁﬁa?f%%%P% é??éd%PéﬂgCFthﬁﬁ oms 7
2L AR LR ARKLDG By | B 18, NN BLOTE P ZOEXATPLES: r
t he hal ogen atom o I'n the above fornula are a
ChhQtir-Bea At PIBx 2 GREAPT IR 130N A0 AR LB n&Facﬁ’r{sgmamd a is a
Among them™ particularly preferred is a chlorine atom
Exampbes of 1 he bﬁﬂ_ré?&ﬂr&ﬂf@%é{bg)? QLR uRBYENGadi 479120 19< 4
carbon atons of X2 in the above formula [I] are those
derved fromthe above-exenplified hydrocarbyl groups

as R4, such as a nethoxy group derived froma nethyl
group, arExempdry ofrRuin dee iabede ffoamuaa (@t e gf alpyl group
etc. Anong them particularly 5 preferred is an

al leoxh gf odprelerily ed obipenat hetlabovsrospenpl Pfomd |dnoear an
al kyl group having 2 to 18 carbon atons as R4, such as

an 1 ECRBXBY HEBYP de Py Ed IFPBPn &R 1SCRYFY §esaRy, apemyl group,

an isoamyl group, a hexyl group, a heptyl group, an octyl group,
a decyl group and a dodecyl group; an aryl group such as a phenyl
group, a cresyl group, a xylyl group and a naphthyl group; a
cycloalkyl group such as a cyclohexyl group and a cyclopentyl
group; an allyl group such as a propenyl group; and an aralkyl
group such as a benzyl group. Among them, preferred is an alkyl
group having 2 to 18 carbon atoms, or an aryl group having 6
to 18 carbon atoms, and particularly preferred is a linear alkyl
group having 2 to 18 carbon atoms.

Examples of the halogen atom of X? in the above formula
[I] are a chlorine atom, a bromine atom and an iodine atom. Among
them, particularly preferred is a chlorine atom.

Examples of the hydrocarbyloxy group having 1 to 20
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Exanpl es of the titani um conpound represented by the
10abovefornul a[ | ] ar et et ranet hoxyti tani um

tetraet hoxytitani umtetra-n-propoxytitani um

tetrai sopropoxytitani umtetra-n-butoxytitanium

t et rai sobut oxytitani um n-but oxytitaniuntrichloride,

di - n- but oxyti tani undi chl ori de, gri - n-but oxytitani um 15
chl oride, di-n-tetraisopropylpolytitanate which is a

m xture of conpounds having "a" of 2 to 10 in the

above fornula , tet but yl po ate ichis,

a MXCIFe o™% %ﬁp}éuﬁas{khea\ﬁbﬁé’e"%&’%%/ &?E \Aﬂois‘ﬁederlved
20 PRT Rl L BT e NEXHLEOLY tftggg{)goa% N d%h as

ure o
h Tyl t
e RLE el oot hto iR K LB o

in cieri@Lv@QO¥§oxg O£M‘§1y[ll ro@ﬂd Q‘t(ﬁo%ﬁaﬁlg;attﬁeﬁptﬁ Pth?c;\H%rly

reacting tetraal koxytitani uni w t anou

watlefARBAY tiem pr ef@fﬁ(ﬁéf I Sqaobht ani4myeQMPopNg, the
having 25"a" of 1, 2 or 4 in the above formula [1],

anchHpaet bgethsl i i ar 8f gesedalis 1t efrbapnhbwl@xyl idANigUMBarbon
tetra-n-butyltitanium 10 diner, or

t etatama-d3uRY)| sudanks WM éiﬂidx@r@i‘zfoup'rdil@ﬁi&éd £80H 8Methyl group,
conpounds nmay be used in a conbination of two or nore

t herteof . Exanpl es of the above organosilicon
conpound are those represented by the foll ow ng
respecti\ﬁ¥a@@ﬁﬁﬁla§:tﬁﬁ titanium compound represented by the

above formula [I] are tetramethoxytitanium,
tetraethoxytitanium, tetra-n-propoxytitanium,
tetraisopropoxytitanium, ' tetra-n-butoxytitanium,
tetraisobutoxytitanium, n-butoxytitanium trichloride,
di-n~-butoxytitanium dichloride, tri-n-butoxytitanium

chloride, di-n-tetraisopropylpolytitanate which is a mixture
of compounds having “a” of 2_ to 10 in the above formula [I],
tetra-n-butylpolytitanate which is a mixture of compounds
having “a” of 2 to 10 in the above formula [I],
tetra-n-hexylpolytitanate which is a mixture of compounds
having “a” of 2 to 10 in the above formula [I], and
tetra-n-octylpolytitanate which is a mixture of compounds
having “a” of 2 to 10 in the above formula [I], and a condensate
obtained by reacting tetraalkoxytitanium with a small amount
of water. Among them, preferred is a titanium compound having
“a” of 1, 2 or 4 in the above formula [I], and particularly

preferred is tetra-n-butoxytitanium, tetra-n-butyltitanium



Si (OR5)tR64-t, R7(02Si O uSi R93, and (R'2Si O vf
10wherein R5 is a hydrocarbyl group having 1 to 20
carbon atons; R6, fe, R6, RO and R16 are independently
of one another a hydrocarbyl group having 1 to 20
carbon atons, or a hydrogen atom t is an integer
satisfying O <t 4; uis an intléeger of 1 to 1,000; and
v is an integer of 2 to 1,000. 15Exanpl esof

t heor ganosi | i con conpound are

tet&fﬁ@ﬁ@hQ§NSEéégghﬁnﬂﬁ%%myifgqﬁs&g?F@%ggﬂ%ge’ Those titanium

tetraet hoxysil ane, tri et hoxyet ane,

di etdpeydiastiyl sklang et hoxytni etdWnsit 898 or more thereof.

tetrai sopropoxysi | ane, di i sopropoxydi i sopropyl silane,

20t et r apr oRepISisl anendi 5RO YdERE SPYl Sl 8bound are those
t et rabut oxysi | ane, di but oxydi butyl si | ane,

di cxgirepentexysh ety ksi | anendirebpesydiphenyhsit ane,
cycl ohexyl oxytri net hyl si | ane, phenoxytri nmet hyl si | ane,
t etraphenoxysi | ane, tri et hoxyphenyl si | ane,
25hexanet hyl di si | oxane, hexaet hyl di si | oxane,

S1(OR®) ¢R-¢,

R’ (R%S1i0),SiR%;, and

(R102Sio) vr

wherein R® is a hydrocarbyl group having 1 to 20 carbon atoms;
R®, R’, R%® R® and R are independently of one another a
hydrocarbyl group having 1 to 20 carbon atoms, or a hydrogen
atom; t is an integer satisfying 0 < t = 4; u is an integer
of 1 to 1,000; and v is an integer of 2 to 1,000.

Examples of the organosilicon compound are

tetramethoxysilane, dimethyldimethoxysilane,
tetraethoxysilane, triethoxyethylsilane,
diethoxydiethylsilane, ethoxytriethylsilane,
tetraisopropoxysilane, diisopropoxydiisopropylsilane,
tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane,
dicyclopentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilane, phenoxytrimethylsilane,
tetraphenoxysilane, triethoxyphenylsilane,
hexamethyldisiloxane, hexaethyldisiloxane,

hexapropyldisiloxane, octaethyltrisiloxane,
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hexapr opyl di si | oxane, octaethyltrisil oxane, 11

di net hyl pol ysi | oxane, di phenyl pol ysi | oxane,

nmet hyl hydr opol ysi | oxane and phenyl hydr opol ysi | oxane.
Anong them preferred is an al koxysil ane conpound
represented by the above formula, Si(OR5)tR64_t,
wherein t is Spreferably an intigger satisfying 1t4,
and nore
preferably4(nane|y,tetraalkoxysilsnecgnpound). ;
Tet 1. jlane is the nost preferabl.e conpound.,
Théﬁa%%58¥%$i %%%%ﬁﬁH%Siun1conpound may> R e iBgﬁ%BUﬁﬁne'
co b0 [ b ond therein. .The

o e B LA B B PO IR Vs e o

conpound Aepiesended by, dhe foldow ng a%k%%f&?j;lgarngu' SHmpound

or a di hydrocar byl magnesi um represente

f olde@wtBans££ A ther oMb e MY A3, sAfksISR 2 . .
wher o1 n RS 5 a hydr ocar byl grolp Al %b 1i o aErein € 18

caheficabolp; aX3 inscgePalagedr @ty 1ard Rl2<ang RL34 nore
are i ndependently of each other a hydrocarbyl group

hayiregetabDy 20 £ar bermallops. AP 120 xBEMndDr Ecompound) .
preferred is a Grignard conpound, and particularly

pr €ktreethéssysd 1sakut $ orhefmoat G gharableorpagadnd n an
ether, in order to obtain a polynerization catal yst

havi ng a Tfeodbstmpeganomagnesium compound may be any compound

containing amagnesium-carbonbond therein. The organomagnesium
compound is preferably a Grignard compound represented by the
- following first formula, or a dihydrocarbylmagnesium

represented by the following second formula:

RMgx3, and

R12R13Mg,

wherein R is a hydrocarbyl group having 1 to 20 carbon atoms;
X3 is a halogen atom; and R and R'? are independently of each
other a hydrocarbyl group having 1 to 20 carbon atoms. Among
them, more preferred is a Grignard compound, and particularly
preferred is a solution of a Grignard compound in an ether, in
order to obtain a polymerization catalyst having a good shape.

Examples of R, R and R'® are an alkyl group having 1
to 20 carbonatoms, anaryl group, an aralkyl group and an alkenyl
group, such as a methyl group, an ethyl group, a propyl group,

anisopropyl group, abutyl group, a sec-butyl group, a tert-butyl
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Exanples of RII, R12 and R13 are an al kyl group having
1 to 20 carbon atons, an aryl group, an aral kyl group
and an al kenyl 25group, such as a nethyl group, an

et hyl group, a propyl group, an isopropyl group, a
butyl group, a sec-butyl group, a tert-butyl 12
group, an isoanyl group, a hexyp group, an octyl

group, a 2-ethyl hexyl group, a phenyl group and a
benzyl group The organonagnesiun1conpound may

i ts conp | ex sol ubl e i dr ocar bon

sol% fanel \/\Bl cﬁoa%}ﬁpl%rou@anabhex ?a ﬁ% 5y r%%t@{]] g ouPr @

0 SRR AP W00, OO
Exanpl es r_@Ie wga ] GARRUAL Al ebg%@%caag&%x'éo%plex

acid esters and pol oxy acid gsters.

t heyyy B efier & %9d§5§a%§gyf@érﬁcd @%ic@h@&ﬁﬁl&?&gﬁ&l dfcained
acid esters 10 such as nethacrylic acid esters and

Mg ec@€t thLsher SxgHonl@BBE i GAHBAXY | hG1Pehdo 8548 tal

such as phthalic aC|d esters, and particularly

pr efompbend aswe-phishahbt ecid, dIBaI ky) mister sn.Specific

exanpl es thereof are sat ur at ed aliphatic car boxylic

aci d est eérsmpunasatfuthat etboakiqahatri congaihaxatd toactdlrboxylic

esters, 15 alicycliccarboxylicacidesters, and aronatic

ca@l@oﬁylascteagl cerasterlycadvbreyipeckftid esarpkes Arbegedthem,

are nmethyl acetate, ethyl acetate, phenyl acetate,

me g e propi mt@saéﬁlﬁylteﬁr @bi@r%ttl@ cerhgky big yer@tde esters

ethyl valerate, ethyl acrylate, nethyl nethacrylate,

et RACchhaR BatRAchig a5aAze8ters mechyrlobe ofeid eesters, or
et ani sate, diethyl succinate,

th |
i BHEPREt oAt LGy P ORI 2SR BURH L P oR @S ers,
dl @t hy] niiazlceuelt % d;')Jpeufé/r {Tﬁyeat I,ﬁr}il:‘ljxrzl?t hy, acdlc{_@g%g?yf esters.

dlbuty acona nonoe A | a |
h t
Pl ts%@%?%ggllé%h\?%g :&%kg%lrleo% EPQ s%tt%ragé&‘ ﬁ%ph@tﬂggaéaq}bo’xyllc

acid esters, unsaturated aliphatic éarboxylic acid esters,
alicyclic carboxylic acid esters, and aromatic carboxylic acid
esters. More specific examples thereof are methyl acetate,
ethyl acetate, phenyl acetate, methyl propionate, ethyl
propionate, ethyl butyrate, ethyl valerate, ethyl acrylate,
methyl methacrylate, ethyl benzoate, butyl benzoate, methyl
toluate, ethyl toluate, ethyl anisate, diethyl succinate,
dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate, dibutyl
itaconate, monoethyl phthalate, dimethyl phthalate, methyl
ethyl phthalate, diethyl phthalate, di-n-propyl phthalate,
diisopropyl phthalate, di-n-butyl phthalate, diisobutyl

phthalate, dipentyl phthalate, di-n-~hexyl phthalate,



5

10

15

20

25

25di i sopropyl phthal ate, di-n--butyl phthalate,
di i sobutyl phthal ate, di pentyl phthal ate, di -n-hexyl
pht hal ate, 13
di - n- heptyl pht hal at e, di - n-oct yl pht hal at e,
di (2- et hyl hexyl ) pht hal at e, di i sodecyl pht hal at e,
di cycl ohexyl phthal ate and dipqgnyllphthalate. Each of
the above organosilicon conpound, titanium5 conmpound
and ester conpound is preferably conbined with a
sol yent. | es of ﬁhi solvent are aliphatic
) ‘héxa

hy r%éﬁ#ﬁgﬁgfguch &L he, heptgﬁé?‘%%T%he andghthalate,
d ne, tic hyd ar bons such as, tol uene an
xsﬁggg?egﬁgcy%%f% %ygggggﬁgaﬁg’sucH§5§“E§€Véhexaﬁbzhalater
th d.10decal.i n; and et her conpounds
238%X§§Mgkg$ﬁ§%§§¥%2FFed?gﬁfgﬁﬁf§wge?%%9?Eﬁ%?soanyl

et her anctééﬂinﬂhygﬁgfyﬂégh or anosiI@FﬁﬁnBE%S%gg Dg%itanium

t he above reduction reaction 1s USuUa

pr ef@iabhy 238 LO:SPC oAk AT gatﬂe%kxb%e;ﬁ%ﬁrﬁaﬁ%g WA a

to 35C. Atine thereof I's not particular

antsoliviehtl SExEMAlsY o2borE 30 v RUL es 5f&ﬁﬂ§%ﬁ% ﬁ%gfégéﬁyons

The reduction reaction may be followed by heati

t o sb2BC. as hexaneJhengptigk matethal PAePARELE; t Neomatic
above reduction reaction nay be supported on a carrier

sudtydascariporoussudior gani Ctokhélee anghd PRY DS 0f G Gelic
pol ymer. The carrier may be known
hydrocarbons such as cyclohexane, methylcyclohexane and
decalin; and ether compounds such as diethyl ether, di-n-butyl
ether, diisoamyl ether and tetrahydrofuran.

A temperature of the above reduction reaction is usually
-50 to 70°C, preferably -30 to 50°C, and particularly preferably
-25 to 35C. A time thereof is not particularly limited, and
it is usually about 30 minutes to about 6 hours. The reduction
reaction may be followed by heating at 0 to 120%C.

The solid material prepared in the above reduction
reactionmaybesupported<x1acarriersuchaseaporousinorganic
oxide and a porous organic polymer. The carrier may be known
in the art. Examples of the carrier are inorganic oxides such
as Si0z, Al,03, MgO, TiO, and Zr0O,; and polymers such as
polystyrene, a styrene-divinylbenzene copolymer, a
styrene-ethylene glycol dimethacrylate copolymer,
polymethyl acrylate, polyethyl acrylate, a methyl

acrylate-divinylbenzene copolymer, polymethyl methacrylate,

a methyl methacrylate-divinylbenzene copolymer,
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20 in the art. Exanples of the carrier are inorganic
oxi des such as 3i 02, Al 202, MgO, Ti Q2 and Zr02; and
pol ymers such as pol ystyrene, a styrene-divinyl benzene
copol ynmer, a

styrene- et hyl enegl ycol di net hacryl at ecopol yner,

pol ynet hyl acryl at e, pol yet hyl acrp at e, a net hyl
25acryl at e- di vi nyl benzene copol yner, pol ynet hyl

nmet hacryl at e,

| -divinylb copolyner, .14
R it —
[ yvi . id t ene
ol S SR Ehe. Yoy them | v BRREa s st ano
po'ﬂ@ﬂ?@roﬁ??eﬁ@ftAﬂHﬁEZEg¥mpr &edyl 8 Ay organic polymer,

styrene-di vi nyl benze copol ynmer or an

aCﬁ%kpn@bEkhgﬁfﬁﬁdJ“”pggﬁéﬁﬂﬁjCQEP'Xn?étyreneﬁdivikipbenzene
order to support effectively the solid material on a

Carddpﬂlymbheoﬁadﬂiéﬂkyﬁ@ﬁiﬁkiﬂ@uaf%Qh%ﬂﬁbﬂged%r%E?Bf?&é&.
0.3 cnB/g or nore, and nore preferably 0.4 cnB/g or

nore, in Bnpoicerr adi ssmfrt20rtOct20R 1PN hd JALIONS N8 on
above pore volune is preferably 1035% or nore, and
norecpreferabhy c4@%ier hasrepops @i dad dthate R rROIE 0.3 cm®/g
volume in a pore radius of 3.5 to 7,500 nmis 100%
Theorabove endarmusi prefmrabdgpbundni/g asedre)n iana @opaMadius
of usually 1 to 500 nol, preferably 1 to 300 nol, and
paraf 801t YO pref rraliiy GF the @ Venibore moleners sofregferably
ampunt of 15silicon atons contained in the ’
ordgﬁbgr|mqﬁﬁ1 eaﬁﬁ%ﬂﬁﬁprﬁgﬁrqﬁﬂy 40% or more, provided that a

pore volume in a pore radius of 3.5 to 7,500 nm is 100%.
The above organosilicon compound is used in an amount
of usually 1 to 500 mol, preferably 1 to 300 mol, and
particularly preferably 3 to 100 mol, in terms of an amount of
silicon atoms contained in the organosilicon compound, per mol
of titanium atoms contained in the titanium compound used.
The above organomagnesium compound is used in an amount
of usually 0.1 to 10 mol, preferably 0.2 to 5.0 mol, and
particularly preferably 0.5 to 2.0 mol in terms of the amount
of magnesium atoms contained in the organomagnesium compound
used, per mol of the total of the amount of silicon atoms
contained in the organosilicon compound used, and the amount
of titanium atoms contained in the titanium compound used.
Also, the organosilicon compound, the titanium
compound and the organomagnesium compound are respectively

used such that a solid catalyst component contains magnesium



of titanium atons contained in the titanium conpound

used. The above or ganomagnesi um conpound i s

used in an amount of usually 0.1 to 10 nol, preferably
0.2 to 5.0 nol, and particularly preferably 0.5 to 2.0

mol in ternms of the anmount 20 of nagnesi um at ons
contained in the organonagnesiug$conpound used, per

nol of the total of the ampbunt of silicon atons

contained in the organosilicon conpound used, and the
mmggmgggitmﬂumatrm contained in the titanium
conpolnd Us8l. ET, of e ridandste iSdonotompedadabihe to 31

titanju 5conpound and t he organomagnesi um conpound
ar eﬂgie’sg}ééﬁa\gggflu Sod RUTH R4y %t%égi“d’leé?teaﬂwof titanium

co t . al NS, nesi um 15 atons in an anpunt of
Leunl T il s TRIe R TR 7o G s soRpmertin

particul arly preferably 4 to 26npl , per nol of
titani um at ons O%%n%%%ﬁe%é?pnoﬁn%elssglsle afgiapepnt of usually

5 conparenit. 1fhenapo 0 nd i.s_used in an .
anount of &sua?ly'éﬁﬁsggg%%§fggpﬁﬁ1FOpP%?©fgﬁf§a6FicT¥?rly
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60 pidferandypard ieub@riar, ppef abby 0-2.69,3Q ol . per,
mol of titanium atons cont%ineé)'n fﬁgépﬁggﬁgﬁﬁF coffdined

conjoud sednium compoudBeusdid material obtained by
t he above reduction reaction is usually separated from

a reacti obhen x¢Lire, mandibhenbtalled SpPashedaS6VET Alduction
times with an inert hydrocarbon sol vent such as

hexza?st thapisarmiadiy deplawened fTbe o hatsctabhaiii@drsOhihd then,
material contains trivalent titanium atons, magnesi um

at drfsVame hyaF o€k hmes yighoaps neThenysoboicd rivmt @bl aknt such

general ly has an anorphous structure, or a very weak

cr y$t atTiaE  sthaRteiee angnd olsiehe - f dihwerthstsr ugttaieels solid

pam%k%%Lgiléﬁpreferred. . The hal ogenati on

conpound® used it thé&r AbvVR s thdFap i)™ rdeams  ameompoiumd atoms

Ca%ﬂg“§“§&m5§?' cing_the hﬁgroc%%?gloxy.group

cont ai rred 1 n Heoé%%irau%t Fal °wi%t A & Halogeie ratldm has an

Th i d_is preferabl . hal ogen

Co%ﬁﬁ%%ﬁ%&%?%kk&@t&?&mgy% véry eaL cryst%l?lne st%ucture, and
the former structure is particularly preferred.

The halogenation compound used in the above step (1)
means a compound capable of replacing the hydrocarbyloxy group
contained in the solid material with a halogen atom. The
halogenation compound is preferably a halogen compound of
Group 4, 13 or 14 elements in the Periodic Table of the elements,
andmore preferably a halogen compound of Group 4 or 14 elements.
When the solid material contains no titanium atom, at least a
halogen compound of a titanium atom is used as the halogenation
compound.

The above halogen compound of Group 4 elements is

preferably a compound represented by the following formula:
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20 G oup 4, 13 or 14 elenments in the Periodic Table of
the el ements, and nore preferably a hal ogen conpound
of Group 4 or 14 elenments. Wien the solid nmateri al
contains no titaniumatom at |east a hal ogen conpound
of a titaniumatomis used as the hal ogenation
conpound. 25The above hal ogen cgympound of G oup 4
elenents is preferably a conpound represented by the
following fornula: 16 (OR-19 ) bX - wherein )41 is
an atom of Goup 4; Rl4 is a hydrocarbyl group having
51 to 20 carbon atons, and when pIu;aI Rl4s eX|fL,

they are yhegsgamesas, or different fromone another;
X4 ys a hglgb qbato]?n and b is a nunmber satisfying Ob
< 4, preferably Ob 2, and particularly preferably b =
0. Exanples of the above Ware a

ti tv@[@r‘émn@iloﬂ'g aafbh %@@f&%l@aﬁﬂms@g%@rg&ftr ng];raguon?laving

Anong them preferred is ti'tani'um a

1 to 20 carbon atoms, and when plural RYs exist, they are the
same as, or different from one another; X! is a halégen atom;
and b is a number satisfying 0 < b < 4, preferably 0 < b =
2, and particularly preferably b = 0.

Examples of the above M! are a titanium atom, a zirconium
atom and a hafnium atom. Among them, preferred is a titanium
atom.

Examples of the above R!* are an alkyl group such as a
methylgroup,anethylgroup,apmopylgroup,anisopropylgroup,
a butyl group, an isobutyl group, a tert-butyl group, an amyl
group, an isoamyl group, a tert-amyl group, a hexyl group, a
heptyl group, an octyl group, a decyl group and a dodecyl group;
an aryl group such as a phenyl group, a cresyl group, a xylyl
group and a naphthyl group; an allyl group such as a propenyl
group; and an aralkyl group such as a benzyl group. Among them,
preferred is an alkyl group having 2 to 18 carbon atoms, or an
aryl group having 6 to 18 carbon atoms, and particularly
preferred is a linear alkyl group having 2 to 18 carbon atoms.

Examples of X* are a chlorine atom, a bromine atom and
an iodine atom. Among them, particularly preferred is a

chlorine atom.

Examples of the halogen compound of Group 4 elements
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Exanpl es of the above R14 are an al kyl group such as a

nmet hyl group, an ethyl group, apropyl group, an

i sopropyl group, a butyl group, an isobutyl group, a

tert-butyl group, an anyl 15 group, an isoanyl group,

a tert-anyl group, a hexyl group, a heptyl group, an

octyl group, a decyl group andl@a dodecyl group; an

aryl group such as a phenyl group, a cresyl group, a

xylyl group and a naphthyl group; an allyl group such

as (g 959@%& QHQ a@é\‘;’e %rﬂﬁﬂ‘lak ie e glirﬁaﬁgﬁllﬂ ?it)]aahalide
is an a

benzyl gr oup. hem 20 preferre

gr @uRhhai Qgtgrﬁ@m 1§e@ﬂ&ﬂ%ﬁh@n§t195nﬁﬂn ai'fé’”éraﬁﬁ%ﬁ'ﬁ@de and
having 6 to 18 carbon atoms, and particularly

pr efiebh e i seerd idRAL; a'a'ﬁylalglbﬁyﬂl{@’hdﬂrg Zih@118e such as
carbon atons. Exanpl es of X4 are a chlorine

at @rchax Pt DEHIemat A1 HIb AiRlel, 00 PRoAf10ManARNGt # N8 Moride,
particularly preferred is a 25chl orine atom Exanpl es

of bulexpial togemmc o rponng:- iafe, Goadpody el temninstridhloride and

represented by the above fornula are a titani um

t etethhay t dearsivoh tasgbromhaee umrtdeta atiklldokgeitdntanidiMalide

tetrabrom de and titaniumtetraiodi de; an

al RogPt | eani ahmetlidraitidensyeh dschmirideyt | taathorytitanium

trichloride, ethoxytitaniumtrichloride, 5

buBd£YE ¥ EH urf HRItERY B T efel U hakhdperiigani thhenoxytltanlum

trichloride and et hoxytitaniumtribrom de; and

d|gFEB%@?%qﬁanﬁﬁﬁ1d?+ﬁﬁWQﬁ¥9§Géﬁl%% cﬂ%ﬁﬁ?ﬁéﬁ?flt%ﬂﬁ ufgfniun

di chl ori d ef hoxytita |un1d| | oride,

i GUPBRYET aREEHASH ki a‘sma.t&ﬁe%b%amufﬂaﬁwontamed in
Lo e nium di bro d af ni u

T st AP %"ﬂ%% SRR £ EPAR Car At Bh ton-

contahged,d Gnagtabw@f@%fg@' id 't%@ahiﬁm&@a%&zgla?g@edﬁ

with a”hafniumatom Anon hem nost preferre

titani umrhet 86N ¢idgen compoundTBE &Rave 1L PTEN c1ement s
conpound of Goup 13 or 14 elements is preferably a

coupqinrderapl gseadmsbuiy toerdintenimgthorsmihawid® formula:
MPR15S m cXC

M2RS,_ X5,

wherein M? is an atom of Group 13 or 14; RY is a hydrocarbyl
group having 1 to 20 carbon atoms; X° is a halogen atom; m is
the valence of M?; and ¢ is a number satisfying 0 < ¢ = m.

Examples of the atom of Group 13 are a boron atom, an
aluminum atom, a gallium atom, an indium atom and a thallium
atom. Among them, preferred is a boron atom or an aluminum atom,
and more preferred is an aluminum atom.

Examples of the atom of Group 14 are a carbon atom, a

silicon atom, a germanium atom, a tin atomand a lead atom. Among
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wherein M2 is an atomof Goup 13 or 14; R15 is a

hydr ocar byl group having 1 to 20 carbon atons; X5 is a
hal ogen atom mis 20the val ence of M2; and c is a

nunber satisfying 0 < cm Exanpl es of the atom

of Group 13 are a boron atom an alum numatom a
galliumatom an indiumatomand a thallium

at om Anmongt hem preferred is a boron atomor an

al um num atom and nore preferred is an al um num at om
ZS%QWlﬁf'epgrrte%ethQrQ Cgloéj'pon‘g'él a??rlﬁ‘ac%rmb%@ I%tglgna tin
a silicon atom a gernanrunra om’ a itom and  a

| ead oAt omdm@prégeimlspr eterred, is g\ SL1LCom, aeom.

atom a germaniumatomor a tin atom and nore

preferrededy,s e@aﬁﬁ)ié CoMeat gmQf aasﬁl:[]c@& UPom, m is ,F%rnd
exanple, when M2 is a silicon atom mis 4, and c |s

pr afsergd ne 300K 4. obEXxanpl es of X5 are a fluorine

atom a chlorine atom a brom ne atom and an iodi ne

atom Ammgmbhes o Pxéfard adrisom rthbk@bhNe @h@Brine atom,

Exanpl es of the above R15 are an al kyl group such as a

meflrphige cupm andebhylodimauptoa. NMAjprapthedl Oppsfeired is a

i sopropyl 10 group, a n-butyl group, an isobutyl

gr ehporame afhdm.gr oup, an i soanyl group, a hexyl group,

a heptyl groug an octyl group, a decyl group and a

dodecyl earrfartye ghoim Psu@hreaenaalﬁhelnylrogpmh as a

tol yl group, a cresyl group, a xylyl group and a

naPRERYE Growp: 23 YB1lodFRY®, gr HUPTLRiGh HFSuR, an isopropyl

cycl ohexyl 0 15 and a cycl opentyl group; an_allyl

gr858u§tuﬁ1n§§u5§br?ﬁﬁﬁ$yla@r%%ﬂ?utéﬁdg%ﬁPﬁar&Pk?WYerﬁﬂﬁpr an
enzy rou AnDng preferred is

Eyf) ofp “of " ah " &Fy F Yrot aghed)rp%r &" priet @Pr%‘&tﬁs EEN

gﬁ%%%cyg{% O%I?d g;&%égch%UBa 4% Qx?ﬁpé_/;lro% @h as a phenyl

group, a tolyl group, a cresyl group, a xylyl group and a

0

[V}

naphthyl group; a cycloalkyl group such as a cyclohexyl group
and a cyclopentyl group; an allyl group such as a propenyl group;
and an aralkyl group such as a benzyl group. Among them,
preferred is an alkyl group or an aryl group; and more preferred
is a methyl group, an ethyl group, a n-propyl group, a phenyl
group or a p-tolyl group.

Examples of the above halogen compound of Group 13

elements are trichloroborane, methyldichloroborane,
ethyldichloroborane, phenyldichloroborane,
cyclohexyldichloroborane, dimethylchloroborane,
methylethylchloroborane, trichloroaluminum,
methyldichloroaluminum, ethyldichloroaluminum,

phenyldichlorocaluminum, cyclohexyldichloroaluminum,



10

15

20

25

20Exanpl es of the above hal ogen conpound of G oup 13
el enment saretri chl or obor ane, net hyl di chl or obor ane,

et hyl di chl or obor ane, phenyl di chl or obor ane,

cycl ohexyl di chl or obor ane, di net hyl chl or obor ane,

nmet hyl et hyl chl or obor ane, tri chl or oal um num

25nmet hyl di chl or oal um num et hyl dpchl or oal um num

phenyl di chl or oal um num cycl ohexyl di chl or oal um num 19
di met hyl chl or oal um num di et hyl chl or oal um num

hyl al .
ne%ﬂ%k%hpyéﬁ{gé%%%i H nun] ethyl a un1§“éph %?Eﬁﬁ%ﬁglnum,

sesqgui C unﬂchlor|de ga

trl#?%h gﬁ%}éﬁﬁgroalumln nw dlc?ﬁylalum UHl sesquichloride,

rogall'ium et hy oroga

5pQﬁﬂthhCh&ﬁiéﬂﬁﬁ| 'ugbfYﬁh@h%ﬁﬁhgbfﬂkproQﬁlkhi%QOgalllum,
di met hyl chl orogal I'i'um net hyl et hyl chl or'ogal

| nelicem,eht &K1 dengaindium trichl ori de, Qﬁﬁﬁﬁbﬁ@glégegalllum,
di chl ori de, phenyllndlun1d|chlor|de di mét hyl i ndi um

chippengedi ¢hedddgamehpri de, thal bjemaHdxdyahh eri d&gal1ium,
met hyl t hal | i um di chl ori de,
dimethylchlorogallium, methylethylchlorogallium, indium
chloride, indium trichloride, methylindium dichloride,
phenylindium dichloride, dimethylindium chloride, thallium
chloride, thallium trichloride, methylthallium dichloride,
phenylthallium dichloride and dimethylthallium.chloride; and
compounds obtained by replacing the chlorine atom contained in
the above-exemplified compounds with a fluorine atom, a
bromine atom or an iodine atom.
Examples of the above halogen compound of Group 14

elements are tetrachloromethane, trichloromethane,

dichloromethane, monochloromethane, 1,1,1-trichloroethane,

1,1~dichloroethane, 1,2~dichloroethane,
1,1,2,2-tetrachloroethane, tetrachlorosilane,
trichlorosilane, methyltrichlorosilane,
ethyltrichlorosilane, n-propyltrichlorosilane,
n-butyltrichlorosilane, phenyltrichlorosilane,
benzyltrichlorosilane, p-tolyltrichlorosilane,
cyclohexyltrichlorosilane, dichlorosilane,
methyldichlorosilane, ethyldichlorosilane,
dimethyldichlorosilane, diphenyldichlorosilane,

methylethyldichlorosilane, monochlorosilane,
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10 phenylthalliumdichloride and dinethylthallium

chl ori de; and conpounds obtai ned by replacing the

chl orine atom contained in the above-exenplified
conmpounds with a fluorine atom a brom ne atom or an

i odi ne atom Exanpl es of the above hal ogen
conpound of Goup 14 20

15el enent sar et et rachl or onet hane, tri chl or oret hane,

di chl or onet hane, nonochl or onet hane,

1,1, 1-trichl oroet hane, _ ,
1,1§§ﬁqﬁ¥hgﬁ8%{?ﬁﬁﬁ% D5:di chl or oet hanetriphenylchlorosilane,
1,%i%F%-%§trachloroethane,tetrachlorosiIa € ehl
trichli'6rostfane; WetHyl trichl or osil ane, richlorogermane,

20 [ teic sil ane, n-propyl trichl orosij.lan
n-g%%%???%%E+%§%§§ﬁ€§ﬁ§?bhenyltrichIor%é?Xéﬂ%fﬁlorogermane’

beQﬁﬁﬁﬁﬁkFBEQI .déy%gpg't0|yltriChlorOSila%ﬁbhlorogermane,

cycl ohexyltrichl orosi ahe,dichlorosilane,
nEtJDHé%h?ﬁh?&ﬂ@ﬂﬂdﬁ@%mghgyld'Chloros'&?@%ﬁylﬁichlorogermane,

25di met hyl di chl or osi | ane, di phenyl di chl or osi | ane,
nmetdiphehybdegid yRshbhage, nonochl or osi | an@nocB9orogermane,

trimethylchlorogermane, triethylchlorogermane,
tri-n-butylchlorogermane, tetrachlorotin,
methyltrichlorotin, n-butyltrichlorotin,
dimethyldichlorotin, di-n-butyldichlorotin,
di-isobutyldichlorotin, diphenyldichlorotin,

divinyldichlorotin, methyltrichlorotin, phenyltrichlorotin,
dichlorolead, methylchlorolead and phenylchlorolead; and
compounds obtained by replacing the chlorine atom contained in
the above-exemplified compounds with a fluorine atom, a

bromine atom or an iodine atom. Among them, preferred is

tetrachlorosilane, methyltrichlorosilane,
ethyltrichlorosilane, n-propyltrichlorosilane,
n-butyltrichlorosilane, phenyltrichlorosilane,

tetrachlorotin, methyltrichlorotin or n-butyltrichlorotin.

The halogenation compound 1is preferably titanium

tetrachloride, methyldichloroaluminum,
ethyldichloroaluminum, tetrachlorosilane,
phenyltrichlorosilane, methyltrichlorosilane,
ethyltrichlorosilane, n-propyltrichlorosilane or

tetrachlorotin, or a combination of two or more thereof, and
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trimethyl chl orosil ane, tri phenyl chl orosil ane,

tetrachl oroger mane, tri chl or oger mane,

nmet hyl tri chl or oger mane, et hyl tri chl or oger mane,

phenyl tri chl or oger mane, di chl or oger mane,

5di met hyl di chl or oger mane, di et hyl di chl or oger mane,

di phenyl di chl or oger nane, nonochl,gr oger mane,

trimet hyl chl oroger mane, tri et hyl chl or oger mane,
tri-n-butyl chl orogermane,tetrachl orotin,

met hyl tri hIorotin,n-but{ltrichlorotin, ,
10&Fﬁ§ﬂﬁ§ﬁﬂ¥%%lorB???ﬁ?ﬂb-ﬁ-buﬁyﬁépéﬁmoroFPﬁ?aChlorlde or
di -i sobutyl di chl orotin, diphenyldichlorotin, o

di VS |a8%ﬂ¥%srlgﬁ%,' rf‘g‘iqlfw r VehfRGY ot an activity of a
phenyl trichloraotin gic | orol ead, nethyl chl orol ead and
phéyCRF bF b1 644:°°&RdY onpounds obt ai ned by repl aci ng

the chl orqie.atom contai ned in 15Lhe abave exerplitied

conmpounds W uorirne atom a bromne

ioqia@/e %‘ing%v@'TDQH tgﬁﬁvi yef & eq:oipgrl]gmerizability of a

tetrachlorosilane,net trlchlor03|l ;
et hithbehl Or 0si Lapg: Pk apwld bheblor 9siLanEon . Examples of

the internal electron donor are oxygen-containing electron
donors such as ethers, ketones, aldehydes, carboxylic acids,
organic acidesters, inorganicacidesters, organic acid amides,
inorganic acid amides and acid anhydrides; and
nitrogen-containing electron donors such as ammonia, amines,
nitriles and isocyanates. Among them, preferred are organic
acid esters and/or ethers, and more preferred are carboxylic
acid esters and/or ethers.

Examples of the above carboxylic acid esters of the
internal electron donor are monocarboxylic acid esters and
polycarboxylic acid esters. More specific examples thereof are
saturated aliphatic monoccarboxylic acid esters, saturated
aliphatic polycarboxylic acid esters, unsaturated aliphatic
monocarboxylic acid esters, unsaturated aliphatic
polycarboxylic acid esters, alicyclic monocarboxylic acid
esters, alicyclic polycarboxylic acid esters, aromatic
monocarboxylic acid esters, and aromatic polycarboxylic acid
esters. Preferred are unsaturated aliphatic carboxylic acid
esters such as methacrylic acid esters and maleic acid esters,

or aromatic carboxylic acid esters such as benzoic acid esters
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n-butyl trichl orosil ane, phenyltrichl orosil ane,
20tetrachlorotin, nethyltrichlorotin or
n-butyltrichlorotin. The hal ogenati on conpound is
preferably titani um

tetrachl ori de, met hyl di chl or oal um num

et hyl di chl oroal um numtetrachl si | ane,

phenyl trichl orosilane, nethyltrichl orosil ane,
25ethyl trichl orosil ane, n-propyltrichl orosil aneor
tetggfhkg%o%in, or a conbi nation of two or nore

t heb eoP, ?1 o} Qild esters. Specific examples thereof are methyl

part i cul.arl ef erabl ytitani untetrachl ori deor
tet%ééﬁﬁtgroé?ﬁ%%e?c??%%ﬁqaRHGEMéo?ﬁ?t%ﬁewuﬂ%%ﬂwﬂvpﬁypb¢nate,

a rj ion. catalyst. Use of the above interna
elect%on %ééﬁﬁdﬁaﬁefrufgé?gp YRty $iiprloverkgrate, ethyl
actj r Lzabjlity of ol ymeri zation

ot ya P R R e r B T RSk Bt genzoate,

i ntyerdgh el seisQn dg@ﬂ&ﬁarﬁ%fﬁg*%ZPaéﬁ@%QLQﬂ@%ﬁ%%§§f$i¥¥hyl

donor s such as ethers, et ones,

acidfciabgani ¢ acheh €5t &S 1dRQr gani i sters,
or gani caci dam des, f%ﬁinor&éﬁic'agﬁgggggdggfgﬁﬁxacﬁ@butyl

anmadiondes; anin@iiy0g60IcaRkaI NG el eCt {ONL HONOT Sy; 1y g
such as ammonia, amines, nitriles and isocyanaf€s.

Andrigcbhets, prabeeyed ias@ocakgani GraCi ghesierS aRdiOlesters
ethers, and nore preferred are carboxylic acid esters

andfepreeeneeds by the following formula [II]:

R o

17

R18 X’

R19 O (TT]

wherein R, R, R¥ and R!® are independently of one another
a hydrogen atom or a hydrocarbyl group; and X°® and X’ are
independently of each other a group consisting of hydrogen
atoms and carbon atoms, or a group consisting of hydrogen atons,
carbon atoms and one or more oxygen atoms contained in ether
bonds.

R, R, R' and R® are preferably a hydrogen atom or a
hydrocarbyl group having 1 to 10 carbon atoms, and two or more
hydrocarbyl groups of R'®, R!7, R'® and R!? may be linked to one
another to form a ring; X% and X7 are preferably a hydroxyl group

or an alkoxy group having 1 to 20 carbon atoms; and when an
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15Exanpl es of the above carboxylic acid esters of the
internal electron donor are nonocarboxylic acid esters
and pol ycarboxylic acid esters. Mre specific exanples
t hereof are saturated aliphatic nonocarboxylic acid
esters, saturated aliphatic polycarboxylic acid
esters, unsaturated aliphatic 39 nonocarboxylic acid
esters, unsaturated aliphatic polycarboxylic acid
esters, alicyclic nonocar boxylic acid esters,
alic e car ox est,er aronpt i

o SLAPBURIRTY SHCLd P bF DN G oy haFresy ng-benzene ring,

pohxgarboxgllc aci d esters Preiirred are nsat rat ed

al i phafT & earhdxy/Fi BHAcTY eddferd Sudirtad He?% grnpged.
aci d eSteﬂﬁagﬂghQﬁuﬁhﬁngl 1%§£gr§s orrgggn 4 %@ the ghove
as r's

carboxylic acid esters suc enzoic acid es

an@oQthQ' L¢caghdrest pﬁ%ﬁgﬂ "%c éa a%%g&h%é%ggs, and

are nmethyl acefate, et acet'ate, pheny et at
”Eﬁjﬁfltlgﬁpﬂﬁn@r%feggﬁl/y p@‘ft‘?l@'l@@aégld %tlbzlyilk buty ytf@.lse whose

et hyl val erate, ethyl acrylate, nethyl net acrylate

et hyb eR20atQupHHLYE shenZeat &arPaatdvdmst oh 4akga . @x@)ﬁbles
tol uate, ethyl anisate, diethyl succinate, dibutyl

Su©¢|ﬁﬁke;ﬂdﬂﬁﬂhy|aﬁ&ﬁO@@EQVafﬁ&&Hyirémwﬁméﬂﬁyl phthalate,
di net hyl mal eate, dibutyl nmaleate, diethyl itaconate,
di betyyli teidoriat ehthathipht haliechati dmsikhesse, di-n-propyl
represented by the followng formula [I1]: wher ei n
RiehtRelay9 alidsRe9opye iphdépéadent |di-of-bohel andtthedate,
a hydrogen atom or a hydrocarbyl group; and X6 and X7
ar 81is5phgependehthglajic eachivartion a mfrdwdagensi stii-mghexyl

of h¥dro gen _ ,
halate, di-n-heptyl phthalate, diisoheptyl phthalate,

di-n-octyl phthalate, di(2-ethylhexyl) phthalate,
di-n-decyl phthalate, diisodecyl phthalate, dicyclohexyl
phthalate, diphenyl phthalate, and phthalic dichloride, and a
combination of two or more thereof. Among them, preferred is
diethyl phthalate, di-n-propyl phthalate, diisopropyl
phthalate, di-n-butyl phthalate, or diisobutyl phthalate.

Examples of the above ethers of the internal electron
donor are dialky ethers, cyclic ethers which are heterocyclic
compounds having at least one etherbond (-C-0-C-) intheir rings,
and 1, 3-diethers.

Examples of the above dialky ethers are dimethyl ether,
diethyl ether, di-n-propyl ether, diisopropyl ether,
di-n-butyl ether, diisobutyl ether, methyl-n-propyl ether,
methyl-n-butyl ether, ethyl-n-propyl ether, ethyl-n-butyl

ether, and methyl cyclohexyl ether. Among them, preferred is
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atons and carbon atons, or a group consisting of

hydr ogen atons, carbon atons and one or nobre oxygen

atons contained in ether bonds. R16,

R17, R' and R19 are preferably a hydrogen atomor a
20hydr ocar byl group having 1 to 10 carbon atons, and

two or nore hydrocarbyl groups »4f R16, R17, R18 and

R19 nay be |inked to one another to forma ring; X6 and
X7 arepreferably a hydroxyl group or an al koxy group
having 1 to 20 carbon atons; and when an 23 aromatic

ri rfbl“ TPRE Y S tafde oy nini abhds Regen@fter referred to as “dibutyl
carryi ng- benzenerin the aromatic ring may be

parti s y°br POt Ie?Flhﬁder ogenat ed. The

phthalic gcid deriyvatives represented by the above

fornul a ar%anﬁjrlgfse?%ﬁﬁ‘ﬁ VItaPY ¢l i4c PENGT lrkY| e estlens; oxide,

i cul ar| f ly, phthalic acid dialkyl
cots T ehtce PhdYal kIF 4 ol Rave s by | Getxear berturan,

at oNE _I4E | of the phthalic acid
derVvagﬁgégiéé%f%§§%g?ﬁ§$f%ﬁﬁq1alate, met hy|*e&CRydropyrane,

phtthalaateny fl,&f hyl | ate,, di-n-propyl phthal ate,
di i sopropyl  pht hal a?%%%i-n-bh’?jylﬂﬁﬁ?ﬁg ate, 10+ 3~ dLoxane,

di i1sabut ¥kaght hal ateg_di pentyle pht hap a¢ Fﬁi_-n- hexyl
htnal ot et nehept o Copehal S o drt asnt a8 Horane,

phtthal-ateetish r-n-, actiybxphdhal ate, di (2-£idayhhexyly;
pht hal ate, di-n-decyl phthal ate, diisodé’%’: pht hal Bioe e

di @ydrdhextilylpht, Bababeolatiephemybapht hgla @ me8AG1 furan and
phthalic dichloride, and a 15 conbi nati on of two or

noretrhexaof. Anpmnghehemrepeeted bed dys1dicaidngrs containing
pht hal ate, di-n-propyl phthal ate, diisopropyl

phtfhal a@et gie nChAtytopht Pandt &y Oreidi irdobat yl

pht hal at e. Exanpl es of the above ethers of the

i nt er nal "SPBBLEBN B6noFhar ealiPed kyl et tibirashesycl iace  those

et hers which are heterocyclic
répresented by tge ollo%ving formula [III]:

R
R22—-O-—(|3—CI)—?——O—R23 1]
H R2'H

wherein R?°, R?’, R?? and R? are independently of one another
a Ci-z0 linear alkyl group, a branched alkyl group, an alicyclic
alkyl group, an aryl group or an aralkyl group, and R?® and r%
may be independently of each other a hydrogen atom, and may be
linked to each other to form a ring.

Examples of the 1,3-diethers represented by the above
formula [IIT] are 2,2-diisobutyl-1, 3-dimethoxypropane,

2-isopropyl-2-isopentyl-1, 3-dimethoxypropane,
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20conpounds having at |east one etherbond (-C0-C) in
their rings, and 1, 3-diethers. Exanpl es of the
above dial ky ethers are dinmethyl ether, diethyl ether,
di - n-propyl ether, diisopropyl ether, di-n-butyl

et her, diisobutyl ether, nethyl-n-propyl ether,
25nmet hyl - n- butyl et her, ethyl-?5propyl et her,

et hyl -n-butyl ether, and nethy

Among them preferred is 24 di-n-butyl ether, which
is hereinafter referred to as "di butyl ether" or

" bgt yrobt fajolohexylmethydy) sdpPedingthdyeyrapeeecycl i c
ethers are ethyl epe oxide, propy

o SRt st L and ety 1eBES S e ermehovpropane,
R ke Bl N IR Ll i E A

Y i e AP R LT
2 Fo T 1 &) O A L e o e L e

etBeﬁ§o§¥ggj¥—QL@§obutyl—l,3—dimethoxypropane,

cycl ohexyl ether.

2,2~-diisopropyl-1,3-dimethoxypropane,

2,2-dipropyl-1, 3-dimethoxypropane,
2-isopropyl-2-cyclohexyl-1, 3-dimethoxypropane,
2-isopropyl~2-cyclopentyl-1,3-dimethoxypropane,
2,2-dicyclopentyl-1, 3-dimethoxypropane, and
2~-heptyl-2-pentyl-1, 3-dimethoxypropane, and a combination of
two or more thereof.

The organic acid halide used in the step (1) is
preferably monocarboxylic acid halides or polycarboxylic acid
halides. Examples thereof are aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides, and aromatic
carboxylic acid halides. Specific examples thereof are acetyl
chloride, propionic acid chloride, butylic acid chloride,
valeric acid chloride, acrylic acid chloride, methacrylic acid
chloride, benzoic acid chloride, toluic acid chloride, anisic
acid chloride, succinic acid chloride, malonic acid chloride,
maleic acid chloride, itaconic acid chloride, and phthalic
acid chloride. Among  them, preferred are aromatic
monocarboxylic acid chlorides such as benzoic acid chloride

and toluic acid chloride, or aromatic dicarboxylic acid
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at least one -C-0-C-0-C bond in their rings.

Exanpl es of the above 1, 3-di ethers are those

represented by the following forrmula [I11]:
-0-c-c-c-0-R23 [a] I1 15H R211 wherein R20, R21, R22

and R23 are independently of one another a Cl_20

l'inear al kyl group, a branchedogl kyl group, an

alicyclic al kyl group, an aryl group or an aral kyl

group, and R20 andR21 20maybe i ndependently of each

ot her a h¥drogen atom and may be |inked to each other

t o $PPA ?%g such —as  ptipdiies B8Fi¢ hedirhiogideherigirther

repre %g%ggt ?{ tggorg?k)%h%8ﬁg lécl:lLCJ_d dichlorides, and

h , .25
2, f%z‘%rl"%mevxr TRRBERg1 52 EEhat e RVRy PP aganELde.
2- 1-1,3-d th
2, EsgPrgopropy%p ]g gg Q%‘8%%%?81gﬁuaifEan§¥%E88gghére of
2- 1 3ORROPY 5o QM&% ahexyl PRidy Ind: Sr e ERRYRILBRNG, order

of contacting the solid material with the halogenation
compound and the internal electron donor and/or organic acid
halide are the following (1) to (10):

(1) adding a halogenation compound and an internal
electron donor to a solid material in an optional order;

(2) adding a halogenation compound and an organic acid
halide to a solid material in an optional order;

{3) adding a mixture of a halogenation compound, an
internal electron donor and an organic acid halide to a solid
material;

(4) adding a mixture of a halogenation compound and an
internal electron donor, and an organic acid halide, in an
optional order, to a solid material:

(5) adding an internal electron donor to a solid
material, and then, adding a halogenation compound thereto;

(6) adding an internal electron donor to a solid
material, and then, adding a halogenation compound and an
internal electron donor thereto, in an optional order, wherein
the former internal electron donor or the latter internal
electron donor is additionally added;

(7) adding an internal electron donor to a solid
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52, 2-di cycl ohexyl- 1, 3- di met hoxypr opane,

2-isopropyl -2-isobutyl-1, 3-di net hoxypr opane,

2, 2-diisopropyl-1, 3-di met hoxypropane,

2, 2-di propyl-1, 3-di met hoxypr opane,

2-isopropyl -2-cycl ohexyl- 1, 3-di met hoxypr opane,

102-i sopropyl - 2-cycl opentyl- 1, 3-di met hoxypr opane,

2, 2-dicycl opentyl-1, 3-di mnet hoxypropane, and

2- heptyl-2-pentyl- 1, 3-di net hoxypropane, and a

conbi nation of two or nore thereof. The organic acid

naliidesed T T sty T SIS Bitet BRLY iyt on sompound
b I hal id b I
HZF%"@SLM"%&%%P% '? e °X§?%%w§‘f:¢kae former

aCIlngg%hg ron lﬂé& 8ar OXX g acl ng Z n donor
ar onati ¢ ocar oxyllc AT hal15es" GpeliFicte ﬁfFﬁ%

th%re%%d§E§d%§ﬁ%YEd§Qhor'de propi onic acid chloride,

but i'C aci ori 20 valeric acid chloride,

acryl ic agdd 4 199 g sof;gcfu' gmgf %ﬁo“ gh@gm&l electron

benzoi c aC|d c acid ani si ¢

acighreh @bl Q%alsdé%(fﬂa@hgn a&s@o%hoahdﬁx dﬁllemag Sddk;
chloride, maleic acid chloride, itaconic acid

chloride, (@ndaphthal ise1aginhrechlioni gy aA®RhdiReAtid nalide
preferred are aromati ¢ 25nonocar boxylic acid chlorides

suald ashheagaiLr iaei dotpbd de andopoldtiad aehdr; and

chl oride, or aromatic dicarboxylic acid 26

di chl ori dexw)saddirgsa philhdinaceadad, dnchiterndé elfeuttrberdonor
preferred are aromati c di carboxylic acid dichlorides,
andinsaeni cudanriy aorief bal ek it® phhhddgenaddiod compound in an
di chl oride. The step (1) is carried out usually in an
at#ﬁ§ﬂﬁéﬁé ®fd%r-an inert gas such as nitrogen and

ar gon. npl es of an order of contactlng the saolid

mat er i al %QQ:ﬁbPﬁ% HHeFGentt iTh (EBhIMInES atff 19y Py one or
i nternal el ectro donor an d/ or_organi c_aci hallde are

t h&9ESi FBW%@D ( f?df’%g (al(?)a ogenati compouncij %tdlrg of
hal 0%%1&?{;58& o%%?ﬁggué‘&dar?d“ an”ESFQB%adll%‘i'e‘éE%ﬁ”do%onor

to a era I N an t1ona
Among them, preferred is the order (2): the order (4);

the order (4) followed by one or more steps of adding a mixture
of a halogenation compound and an internal electron donor; or
the order (7), wherein the second step of adding a mixture of
a halogenation compound and an internal electron donor may be
repeated. More preferred is the order (4); the order (4)
followed by one or more steps of adding a mixture of a
halogenation compound and an internal electron donor; or the
order (7), wherein the éécond step of adding a mixture of a
halogenation compound and an internal electron donor may be
repeated. Particularly preferred is the order (4) using an

ether as an internal electron donor, followed by the step of
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(2) adding a hal ogenati on conpound and an organic acid
halide to a solid nmaterial in an optional order;

(3) adding a m xture of a hal ogenati on conmpound, an
internal electron donor and an organic acid halide to

a solid 15materi al ; (4) adding a mxture of a
hal ogenati on conpound and an ipgernal electron donor,

and an organic acid halide, in an optional order, to a
solid material; (5) adding an interna

el ectron donor to a_solid 20material, and .then, adding

a RAFOER AT ST IEEnpbuhd dreragson compound gyd fayipgetnal
an internal el ectrqgn danor_to a soli terial, ;and .

t hEMEChE ng X Tal ‘B Tat’ oﬁ?%oﬁ%&ﬁﬁagaﬁ e%ﬁr?rht%?rhoa’i s e
el ectron_donor_thereto, .in_an.optional. or wher,ei n
Ehe SR BPNRr e 6 P Serad F 6 aorse Cor L b et far o Tulener
in | 25g] e on_d [ di td onal.l :
(7%%23§Y%§ g# %ﬁ%e?ﬁaﬁﬁg%eégf%% &gzd%ﬂ%gxﬁqggﬁﬁ%fu%§70f 2
Mat&h bakna & E&%ur@g?@%naiméqﬁglee@gc@mhgggf‘,a%@?ein

conpound and an I nternal electron donor thereto,

whehei ihddieaf ek rb At 1 £hacd i ;donehe Yrddh€(7) using
|atter internal electron donor is additionally added,;

5(8) cassh:ng ia s&ld dshptedd aheafid-sanihhéefdlak1eteedd @bnor,
donor to a hal ogenation conpound in an optional order;
(9rnaddiimg acs@bithtinnhest alcaamdxaniorgadicstaei vl thakh deher
to a hal ogenati on conpound in an optional order; and
(16p Gudisrgord soltednantedeical on avnont efridloweddeit roa or more
donor 10and an organic acid halide to a hal ogenati on
compenpdeof redgkingpei miliunsy @ér a halogenation compound and an

internal electron donor, wherein the internal electron donor
is an ether.

A method for contacting the solid material, the
halogenation compound, the internal electron donor and/or
organic acid halide with one another is not particularly
limited. Examples of the.method are conventional methods such
as a slurry method, and a mechanically pulverizing method using
a ball mill. The mechanically pulverizing method is preferably
carried out in the presence of a diluent, in order to suppress
production of fine powders, thereby obtaining a solid
component having a narrow particle size distribution.

The above diluent is preferably inert to the solid
material, the halogenation compound, the internal electron
donor and the organic acid halide. Examples of the diluent are
aliphatic hydrocarbons such as pentane, hexane, heptane and

octane; aromatic hydrocarbons such as benzene, toluene and
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The above orders (1) to (10) may be foll owed by one or
nore steps of addi ng a hal ogenati on conpound or a

m xture of a hal ogenati on conmpound and an i nternal

el ectron donor. 15 Anong them preferred is the order
(2); the order (4); the order (4) followed by one or

nore steps of adding a m xture 4f a hal ogenati on

conmpound and an internal el ectron donor; or the order

(7), wherein the second step of adding a m xture of a
hal%%gnapioE.conpound and an internal electron donor
may*be0  FEpEatiEd. PNBFecHIREr r é8chs athe wicdehetd)e  and
thq:OGQp%né4g foll owed by one or nore steps of adding

a mxture 6f % haPBendti'GIBahpOuUNdYARACaR M er AEFh  as

el ecty_an ..0r _the order (7), wherein the second

st efp' %glggg{;%%étaharﬁext e of™% %’fﬁi‘%ﬁ%ﬂ%&%%ﬁcorfﬁ%d them,
an -t grnal. el . onor_.may be 25repeat ed.

P ey e AL PR o OF af SheF Fg bt eerens
as i¥rel NHeLRdl & eglron, Qe fgsr!igc\al\c’eadrb% the s ep%}ogther

28 adding a m xture of a hal ogenation conpSUnda% d

i ntaferakred ecd Q1 udABOE, WheLei n the internal electron
donor is a conbination of "a carboxylic acid ester and

an et her, Trandbbue tdiaruchel E oWesk DY n0BE QodiRr 8eSLERSIQf 0.1
adding a m xture of a 5 hal ogenati on conpound and an

| ntter hat 0ehdctarenpdenarabiwherel noy he.,i pteohal g @Jreehd QB114
donor is an ether; or the order (7) using a carboxylic
acimatesiel, a=rt oeef costadtnt ernal el ectron donor, and
using a conbination of a carboxylic acid ester wth an

et her as % hinséephbeiahoremaintebedisront parnorqulfelyawedted,
by one or nore 10 steps of adding a m xture of a
haP8fehati G eeahpouhd &Rd8 arrunst epndl nate piredaraonor, to 6
wh%rein ygg internal electron donor is an ether. .

A method For CEBREETT YTy 1ehes$d} ivd ~RAt B9 i 10 Ct hereferably 0
andPor a6 orgdnt B PREr W o bhelSFBrher 15 not

Convent | anl et FodSth 58 ToGrir Ty ofbt ROG:ohly under
Tochan ol Ty D e R R o T4 1 oo

OUleéh e tptesenalyofraydic! UBNt 4 n ks £ O8N, +t O SURRESS
20pr oduction of fine powders, thé?eby obtgini%g a £/ and

sothelr efmeo nemnd thil}go]ﬁtMé‘dJﬁb%ﬁﬁéﬂin%_iéﬁ ZRtalyst may be
di stri bution. The above diluent is preferably

i nersuttio ailketsih iid smateréalegutihei bipl @geBai v Ofy. Too strong
conpound, the internal electron donor and the organic
acf el Fadllicge ma Exargsi ke $ hef sohid didmpenenar étained.

The halogenation compound is used in an amount of
usually 0.5 to 1,000 mmol, preferably 1 to 200 mmol, and further
preferably 2 to 100 mmol, per one gram of the solid material.
The halogenation compound is used preferably in combination
with the internal electron donor, which is used in an amount

of usually 1 to 100 mol, preferably 1.5 to 75 mol, and further

preferably 2 to 50mol, per one mol of the halogenation compound.
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25al i phatic hydrocarbons such as pentane, hexane,

hept ane and octane; aromati c hydrocarbons such as
benzene, toluene and 29 xylene; licyclic hydrocarbons
such as cycl ohexane and cycl opent ane; and hal ogenat ed
hydr ocar bons such as 1, 2-di chl or oet hane and
nmonochl or obenzene. Anong them ,preferred are aliphatic
hydr ocar bons or aromatic hydrocarbons, 5nore preferred
are aromati c hydrocarbons, and further preferred is

tol uene or xyl ene. The above diluent is used

in an anolift igtegsadl ieerrn gorogodsnisednth an amount of
preferably 1 to 100 nL, per one g of the solid

matErRAY Opdt tEnE CHR? hePrediomhlivie Gk pRAETEhewad further

contact is naot _particularly limted, and is preferably

0. B FSE RbULs 2 %%&Onlﬁ‘l“%l'pgﬁffé%%ﬁijafi Aothe F5urs. mategial.
tenperature is usually -5Q.to 150C, preferably 0 to

190G, and Fup RS PET & IR P60 Boe1 B TR Hio 06 BeuLly
cont act, | rrjed qut pr r afl nder, 15 . agitation,
in%d?déf)ﬁgﬁﬁé#kgéi Iff%5§%§ ngoﬁsggl%Prfmggatgp%T&%rther
week cagiLad| O sy ohERM L, LBy IRULLLEIGN b 3G tna AN
thgggfore, %he ??%alIy_Sﬁtg?ﬁégéb%%§ﬁ§%ié%%%%%ﬁarﬁwerlal’
catakysk WB¥abeni ASULLbGhENLE | MsddiS1 SIEROKEIY! N kY, ang
or activity. Too strong agitation may break the §gﬁld
coppeteptbopt@ionedo 30Thgohalaenal aB1CorPANGLed Sim atoms
used in an amount of usually 0.5 to 1,000 nmol,

pr eoerabhyd lint ah208omwInatardafiurt her preferably 2 to

100 mmmol, per one gramof the solid material. The

hal ogenatiihen tonpotednals elisedr@r ebevakiryordanic acid halide
conbi nation with the internal electron donor, which is
uséé PaednrappuanowBofofusandéy thanolQQOmmgl per one gram of

preferably 1.5 to 75 nol, and further
the solld material, the obtained solid component having a

particulate form may be broken.

Regarding the step (2):

The step (2) washes away from the solid component such
compounds as titanium compounds unfavorable in view of the
object of the present invention.

Examples of the hydrocarbon solvent used in the step (2)
are aliphatic hydrocarbons such as pentane, hexane, heptane,
octane and decane; and aromatic hydrocarbon solvents such as
benzene, toluene, ethylbenzene and xylene. Among them,
preferred is an aromatic hydrocarbon, and more preferred is
toluene or xylene.

Examples of the hydrocarbon solvent used in the step (2)

are aromatic hydrocarbon solvents such as benzene, toluene,
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preferably 2 to 50 nol, per one nol of the

hal ogenati on conpound. 30 The interna

el ectron donor is used in an amount of usually 0.01 to
100 mmol , preferably 0.05 to 50 mol, and further
preferably 0.1 to 20 nmol, per one gramof the solid
material. The organic acid haligde is used in an anount

of usually 5 0.1 to 100 mmol, preferably 0.3 to 50

mmol , and further preferably 0.5 to 20 mmol, per one
gramof the solid material, and is used in an anount

of SUAREP2619 121D XY 1o fip| Amopgdt pef drabeyred 03 tollede or
nol, per one nol of nagnesium atons contained in the

sol T i&teri al . 10Wien the internal el ectron donor or

organi c idhh lide is used in an anpunt of |arger
t han 100 PYSEPCIHC Y PR Ot (LRS! 18 ataeBevRE oft hanally

bt ai ' t havij |culate f
be Gr'okon: 4REGar Bng e epbp 1 3p-100 T, TS i Gah the
( Z)Sd/ﬁ%h%§mg¥\@t¥n’g,r .%@rt gge S\f?allslhd gonponent such

conpounds a tltanlun1conpoun&§g0nfavorable in view of
the obj eci Aknthe RLSeNt bOUGNE Fx .€s,9f, ke 5,
hydr ocar bon Solvgntn§§e§ h ﬁhe£%§§5e ZﬁﬂgggéF%mlly S0 to

al it | erRYdracay bans &PCh 2% AEMHARE,rH8X8D8y 60 to 135C.
hept ane, octane and decane; and aromati c hydrocar bon

solventshiisychins Henzame.ist abvepgrt RiNULDENZERE &Nd 4ng i
xyl ene. Anmong them preferred is an aromatic
hy drecarbbhy land 1or eipneéer medel srdRIr@Ne DreoXghan@utes,
25Exanpl es of the hydrocarbon solvent used in the step
( 2)argr Buriheratias elrpdi p Sardb 60 mg ol vent Shes nohbas obehzanghing
t ol uene,
is usually one to five times, and six or more times if needed.
The washing is carried out preferably under agitation,
in order to maintain a homogeneous slurry state. Too week
agitation may result in insufficient washing, and therefore,
the finally obtained polymerization catalyst may be

insufficient in its stereoregularity or activity. Too strong

agitation may break the solid component.

Regarding the step (3):

Contact conditions in the step (3) are the same as those
in the step (1), except that the solid material in the step (1)

is replaced with the washed solid component.

Regarding the step (4):

Examples of the hydrocarbon solvent used in the step (4)

are aliphatic hydrocarbons such as pentane, hexane, heptane,
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31 ethyl benzene and xyl ene. Anong them preferred is

tol uene or xyl ene. The hydrocar bon sol vent

is used in an anmount of usually 0.1 to 1,000 ni, and
preferably 1 to 100 nL, per one g of the 5solid
conponent, per one washi ng. A washi ng
tenperature in the step (2) isgysually -50 to 150C
preferably 0 to 140C, and further preferably 60 to

135C. A washing tine therein is not particularly

limted, and is preferably 1 to 120 m nutes, nore

pr sfEPERI Y18 95CBD° fi ALPRRL Lo RNIOFaFPPRT PHET exaldignBne,

to 40 minutes. Th mb f the washing is usually
0 AQ Tl sy, The. putber, of She dashing i wsually. o,
R P iR kP T R s erietr e retar 1) Tt Gt OrgLene.

k itati ul.t in insufficient washing, and
Uhor ef or & 7ECRRE S ‘ﬁfiwdo SC3F RO Sﬁ’glvfﬁx‘g-r‘fszeé{]f8gﬁ:“hmgf

tal ] J.Cla i ts s Qregul.ari .
o BR ba PR DERORIL TR sbldsE B P e e gl bl gonea

conperent. Regarding the step (3): 20Contact _
conditions in the step (3) are the sanme as those in

the step A ll)aashﬁﬁge@émﬁéﬁttuﬁfgei§ojd°@ @tkﬁ_rgih@lr, i Jj]erjien%lly 70
step (1) is replaced with the washed soli'd conponent.

Regar d60T ,t heestem(#)do t35Exeap! 88q Aot @ rbydr £68F BOB o
solvent used in the step (4) are aliphatic
hydBé&ar bons such as pentane, hexane, heptane,
A washing is carried out four or more times, preferably
five or more times, and more preferably six or more times.
The step (4) washes away from the solid component such
compounds as titanium compounds unfavorable in view of the
object of the present invention, more strongly than the step
(2), to the extent that the following filtrate contains
titanium atoms in a concentration of 0.08 mg-Ti/ml-filtrate or
lower, measured according to a method comprising the steps of:
(1) preparing a suspension of the finally-obtained
solid catalyst component for olefin polymerization in heptane
having a concentration of 0.1 g-solid catalyst
component/ml-suspension;
(2) heating the suspension at 70°C for 30 minutes under
stirring;
(3) filtering the suspension using, for example, a G4

filter, thereby obtaining a filtrate; and

(4) measuring a concentration of titanium atoms
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32 octane and decane; aromatic hydrocarbons such as
benzene, toluene, ethylbenzene and xyl ene. Anong them
preferred is an aromati c hydrocarbon, and nore
preferred is toluene or xylene. An anmount of the

hydr ocar bon sol vent used for washing, 5and a washing
time are simlar to those in thg step (2) nentioned
above. A washing tenperature is 70C or higher,
generally 70 to 150C, preferably 90 to 140C, and nore
prefer??h%?lpo o 135C. 10A washing is carried out

f oG et FREsT I PréttEr afFPHGVE 6P &y esal disghod
ef er.abl i X Qr nore tinmes.. .. The ste

(4 TRHEREE ey Fr BHIT e Sb1 VY BopoRein SR e thod and an

co un as titaniym conpounds unfavorable in view of

tth%ng§§S%¥1€ﬁgﬂ8§ésent i nvention, nore strongly

t han t he ﬁ}eeBOﬂlsd (Z%I)Cﬁéglg%:%%gipgﬁ%gptfoghgieJ‘.Ill}le I)?lr!leor\,\lliz% ion

filtrate contains t N a concentrationo

0. Q% t%ge;jgké%ﬁg iihbéﬂﬁor?%oh@%s% pggﬁéfgb%%éligélflq{engt&% as

a met hod conprising the steps of:

Pr epar ifdd ogesUsReRNs] 0BnQf chieafddablyrahtained 1soli droups
cat al yst conponent for olefin polynerization in

hephaner 20haskiyngaecaps esd rad anatOcdf8kydgababy st

conponent/ nl - suspensi on; (2) heating the

suspensi dheasoTCchak1 39 MonpgbesntIFderosd i b8Uymerization

(3) filtering the suspension using, for exanple, a 4

25finl tler prebentebypvebt aomicngpaided tiaseiurantdoms in an amount
of 0.1 to 3.0% by weight and preferably 0.5 to 2.5% by weight,
magnesium atoms in an amount of 5 to 30% by weight and preferably
10 to 25% by weight, halogen atoms in an amount of 40 to 70%
by weight and preferably 45 to 65% by weight, and hydrocarbyloxy
groups in an amount of 0.1 to 3.5% by weight and preferably 0.5
to 3.0% by weight, the total weight of the solid catalyst
component being 100% by weight.

The solid catalyst component for olefin polymerization
may be used for polymerization in a form of its slurry in an
inert solvent, or may be used for polymerization in a form of
its fluid dry powder. Examples of a drying method for obtaining
the fluid dry powder are a reduced-pressure drying method, and
a method comprising the step‘ of removing volatile matters
contained in the solid catalyst component under a flow of an
inert gas such as nitrogen and argon. The drying is carried out

at preferably 0 to 200°C, and more preferably 50 to 100°C, and

for preferably 0.01 to 20 hours, and more preferably 0.5 to 10
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(4) measuring a concentration of titaniumatons 33
contained in the filtrate, according to an anal ytica
nmet hod known in the art such as an UV-optical density
nmet hod and an | CP em ssion nethod. The solid catal yst
conmponent for olefin polynerization 5 in the present

i nvention contains preferably ghlorine atons as the
hal ogen atons, and contai ns preferably ethoxy groups
and/ or butoxy groups as the hydrocarbyl oxy groups.

The solid catal yst conponent for olefin polynerization
i n"PHEpresent invention conprises titaniumatons in

an amount_. 10 of 0.1 to.3.0% by wei ght and preferably
0.5 to 2:%§ﬁ)b?r%%ﬁ%ﬁﬁgmlﬁﬁﬁne@ﬁ%ﬂﬂuﬁgonﬁs? an ahpunrepent

5 t. % by wei ght and pr ef er abl 10 to 25% wei ght
1%v§9t3 X 15 . compoung a%%n%ﬂ%¥%cyb@ore ﬁg%&HPm%ﬁakbon

hal'ogén atons i n an~ anoun o by

Sr %fca?lﬁgbllry 1%? nEOCie %%’ebyﬁlnggtbf g%%l{}yo\%rgggﬁ%hgéythe art.

roups in an anount of 0.

prefengbly OB o1t 9r3- 0% inEl 9 regé}lete%(%g;tﬂ\@!%mlowing

r
of the solid catal yst component bel ng 100 wei

Theosahi gs catalyst i gomponent for ol efin pol ymerization
may be used for polynerization in a formof its slurry

in an inert solvent, or may be used for polynerization
inaformof 20 its fluid dry powder. Exanples of a
dryi ng mefhadxtor, ehtiai ning the fluid dry powder are a
reduced- pressure drying met hod, and a net hod

conpri si "R frel -s+-@p ROTR*t,enpvi ng vol atile matters
contained in the solid catal yst conponent under a flow
of an inert gas such as nitrogen and argon. The drying
is carried,out 25at preferably O to 200t, and nore

pr #heFabt § 58° Ro a0dindaperdasit Lyref eprapngtbene hysirpgarbyl
hour s, agd nor e Ereferably 0.5to 1

group having 1 to 20 carbon atoms; X° is a halogen atom, a
hydrogen atom or an alkoxy group; and w is a number satisfying
2 = w =3.

Examples of the organocaluminum compound are
trialkylaluminums such as triethylaluminum,
triisobutylaluminum and trihexylaluminum; dialkylaluminum
hydrides such as diethylaluminum hydride and
diisobutylaluminum hydride; dialkylaluminum halides such as
diethylaluminum chloride; mixtures of trialkylaluminums and
dialkylaluminum halides such as a mixture of triethylaluminum
and diethylaluminum chloride; and alkylalumoxanes such as
tetraethyldialumoxane and tetrabutyldialumoxane. Among them,
preferred are trialkylaluminums, mixtures of
trialkylaluminums with dialkylaluminum halides, or

alkylalumoxanes; and particularly preferred is
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34 hours. The organoal um num conpound used in

the present invention is a conpound having one or nore

al um num carbon bonds in its nolecule, and may be a
conpound known in the art. 5Exanpl es thereof are
conmpounds represented by the follow ng formul as,
respectively: led4"Al X23"," and Jg25R28A1- 0- ALR22R28, 10
wherein R24 to R28 arei ndependently of one another a

hydr ocar byl group having 1 to 20 carbon atons; X8 is a
hal ogen_ ato a hydrogen, atom or _an al koxy group; and
wi's Tﬁﬁﬁﬁg¥m%%ﬁ'Sfy%ﬁgl§9F45¥§alF§ERQﬁple§iofn%ﬁ§ure of
or ganoal um num conpound are trial kyl al um nuns_such_ as
trie?%%%@ggéﬂ¥ﬂfﬁﬁmtrﬁW%ﬁ?but?FﬁFﬁ%% Jqg  chloride,  or

trihexyl al um nu di_al kyl al um num hydri des such as
dié?%fﬁgﬁbﬁgéhﬁwl§ﬁﬁpgé and dii sobutyl al um num

hydri de; #i yl.al ym_num .des such_as 20 . |
diethylaI%%éﬂLﬂ%scﬁ#gkﬂge?gﬁ%§ﬁ{%e§§%§ B8 &nor used in the

tr iﬂé@éln%l umiﬁygﬁtfﬁcgf dia%!ekyl %ggg‘érg%ée%rﬁc%llggﬁﬁl Suglgmgosunds,

a mxture of triet al um num num

chlordrd@enansh @ kyildl UNDXBRBSLSUCH aS phosphorus-containi
tetraet%yldialunoxa%e and tgt?abutyldi%fﬁﬁ%iﬁﬁé.cﬂﬁéﬁflng

t heramppratier r &gk ars 1tk Ak Al AGNUEBMpdURHsUT €8mOfg  them,
25tri al kyl al um nunswi t hdi al kyl al um nunmhal i des, or
al kydedflewtroa anes zagdpar tdxggkar byt £framgedi S compounds or
nitrogen-containing compounds.
Examples of the oxygen-containing compounds are
alkoxysilicon compounds, ethers, esters and ketones. Among
them, preferred are alkoxysilicon compounds or ethers.

Examples of the alkoxysilicon compounds are compounds

represented by the following formula:
R*°,51 (OR*") 4,

wherein R*® is a hydrocarbyl group having 1 to 20 carbon atoms,
a hydrogen atom, or a hetero atom-containing group, and when
plural R*s exist, they are the same as, or different from one
another; R* is a hydrocarbyl group having 1 to 20 carbon atoms,
and when plural R*s exist, they are the same as, or different
from one another; and r is a number satisfying 0 = r < 4.
Examples of the above hydrocarbyl group of R* are a
linear alkyl group such as a methyl group, an ethyl group, a

propyl group, a butyl group and a pentyl group; a branched-chain



10

15

20

25

35 triethylalum numtriisobutylal um num a m xt ur eof
triethylal um numm t hdi et hyl al um nunthl ori de, or

t et raet hyl di al unoxane. Exanpl es of the
external electron donor used in the

5presenti nventi onar eoxygen- cont ai ni ngconpounds,

ni trogen-cont ai ni ng conpounds, phosphorus-cont ai ni ng
compounds and sulfur-containinchonpounds. Anmong t hem
preferred are oxygen-contai ni ng conpounds or

ni trogen- cont ai ni ng conpounds. 10Exanpl es of the

ox y@enylc gmbab nsngh @snpoulnde rapel ajkoxyskl s€ofbutyl group, a
conmpounds, ethers, esters and ketones. Anong them

pr ef @rtréd tad e ralupoxys b et nasphpoonds aory@tdad kgl group such
Exanpl es of the al koxysilicon conpounds are conpounds

r epteSey etbisy thed foll oWl ny el Adayl $BORROrSY ¢ ORERenyl
9-r wherein R29 is a hydrocarbyl group having 1 to 20
carPPaf BB 2532 HrLO§eRt et WiMITerP 4 ahet @ gryl group such as
atom cont ai ni ng group, and when 20 plural R29s exi st,
thé@fﬁF%W&HéO%%w%Kh§ t8LYHi §¥¥Pent from one anot her:

R3 is ah drocar rou haV|n to_ 20 carbon atons

and vvhen Fur G ‘%’?dg refﬁ’%%/ l%‘/tme s stogpla’ are
di f ron1one n th er;

saﬁ% era 6 COWPQEHQEX hipids™ ¢ qe?ﬁg(ﬁb nggﬁ%ﬁﬁﬁﬁirgﬁ?up of

grqu,(whlgg cHhids a secondary or tertiary carbon atom linked
to the silicon atom.

Examples of the hetero atom contained in the above

hetero atom-containing group of R®® are an oxygen atom, a

nitrogen atom, a sulfur atom and a phosphorus atom. Examples

of the hetero atom-containing group are a dimethylamino group,

a methylethylamino group, a diethylamino group, an

ethyl-n-propylamino group, a di-n~-propylamino group, a

pyrrolyl group, & pyridyl group, a pyrrolidinyl group, a

piperidyl group, a perhydroindolyl group, a

perhydroisoindolyl group, a perhydroquinolyl group,

o1}

perhydroisoquinolyl group, a perhydrocarbazolyl group, a
perhydroacridinyl group, a furyl group, a pyranyl group, a
perhydrofuryl group and a thienyl group. Among them, preferred
are hetero atom-containing groups, whose hetero atom is
directly linked to the silicon atom.

Examples of the above alkoxysilicon compounds as the
oxygen-containing compounds are

diisopropyldimethoxysilane, diisobutyldimethoxysilane,
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25l i near al kyl group such as a nethyl group, an ethyl
group, a propyl group, a butyl group and a pentyl
group; a branched-chain 36 al kyl group such as an
i sopropyl group, a sec-butyl group, a tert-butyl group
and a tert-anyl group; a cycloalkyl group such as a
cycl opentyl group and a cycl oh ? group; a
cycl oal kenyl group such as a c% | opent enyl group; and
an aryl group such as 5a pheny group and a tolyl
gr oup. The conpounds represented by the above
f ordirit@ rarbupy ieredbloyyebhppounds havi ng at | east one
hydr ocar byl group of R29, which contains a secondary
or teutrbacylestboizeshrkynkledeto the silicon atom
10Exanpl es of the hetero atom contained in the above
het%ﬁﬁi‘&ﬁéﬁi%%ﬁﬁ%ﬁ%ﬂeﬁﬁOéY%&kﬁQﬁr R29 are an oxygen

a nitrogen atom a sulfur atomand a phosphorus
atd:rﬁr ERRBI & RoPYHE LRe ety StléRF cont ai ni ng group are

a di u a net hyl et hyl am no group, a
dréfﬁ§1gﬁFﬁgub%B%ﬁgdgﬁeﬁﬁpﬁﬁ IWHADR: proopyl am no group, a
di - Rra g gggp o%pa Y)_?J_]g]yrrolyl group, a pyridyl

gr oup, r 8¢ 'pi peridyl group, a
per rgh 98{%%(95%gpbx§% G%dr0|50|ndplyl group, a
per rog I NO ]1 group,-a per ydr oi sogui nol yl group, a
peHQ%QLQR. y195889h0£y3¥1a88rhydroaor'd'”y'

gr oup, ury group, a pyranyl group, a perhydrofuryl

ng%Qtaﬁﬂ ya-- etk E Py ATRAG them preferred are
hetero aton}contalnlng groups, whose hetero atomis

di rieebhy yvh i sdeebdya di et ety Liarnat om
Exanpl es of the above al koxysilicon conmpounds as the

250apgehutpht sigropgt anpetidsalie ane,
di i sopropyl di net hoxysi | ane, di i sobut yl di net hoxysi | ane,
37 dicyclobutyldimethoxysilane,

cyclobutylisopropyldimethoxysilane,
cyclobutylisobutyldimethoxysilane,
cyclobutyl-tert-butyldimethoxysilane,
dicyclopentyldimethoxysilane,
cyclopentylisopropyldimethoxysilane,
cyclopentylisobutyldimethoxysilane,
cyclopentyl-tert-butyldimethoxysilane,
dicylohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
cyclohexylisopropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane,
cyclohexyl-tert-butyldimethoxysilane,

cyclohexylcyclopentyldimethoxysilane,
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di -tert-butyl di met hoxysi | ane,
tert-butyl met hyl di net hoxysi | ane,
tert-butyl et hyl di net hoxysil ane,
tert-butyl-n-propyl di met hoxysil ane,
S5tert-butyl-n-butyl di net hoxysi | ane,
tert-anyl net hyl di net hoxysi | ane,
tert-anylethyldimethoxysilane,38
tert-anyl - n- propyl di met hoxysi | ane,
tert-anyl - n-butyl di net hoxysi | ane,

10issiohyky sSpperopydidierbbhpxiyisineane, diphenyldimethoxysilane,
tert-butylisopropyl di met hoxysil ane,

di @fshybueyhdl diseideygE i daes,

cycl obutyl i sopropyl di met hoxysi | ane,

cy AheBut Y FPRBBIt Y idieB o i sitieane,

15cycl obutyl -tert - butyl di net hoxysi | ane,

di RREPgpéRPYr el SRSy $ hlrste,

cycl opentyl i saopropyl di met hoxysi | ane,
cza%@%%r%@m&rﬂawﬁ%mﬁnﬁme,

cycl.opentyl -tert-hutyl di met haxysil ane,

T RS TR HORs PPN Loe.

YT MALTELIONET 20 aiiaoburtaiethonysiiane,

cy iQQ@§¥ng%%&ﬁ@%bg%g?%ﬂ%ﬁys%%?ggbutylmethyldiethoxysilane,

cycl ohexyl i ut'yl oxysi |l an

25a)akoBexy] ediffil Rebyk di Metfoxysi | ane,

cycl ohexyl cycl opent yl di net hoxysi | ane,
tert-butyl-n-propyldiethoxysilane,
tert-butyl-n-butyldiethoxysilane,
tert-amylmethyldiethoxysilane,
tert-amylethyldiethoxysilane,
tert-amyl-n-propyldiethoxysilane,
tert-amyl-n-~butyldiethoxysilane,
dicyclopentyldiethoxysilane, dicyclohexyldiethoxysilane,
cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane,
2-norbornanemethyldimethoxysilane,
bis(perhydroquinolino)dimethoxysilane,
bis(perhydroisoquinolino)dimethoxysilane,
(perhydroquinolino) (perhydroisoquinolino)dimethoxysilane,
(perhydroquinolino)methyldimethoxysilane,

(perhydroisoquinolino)methyldimethoxysilane,

(perhydroquinclino)ethyldimethoxysilane,
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cycl ohexyl phenyl di net hoxysi | ane, di phenyl di met hoxysi | an

e, phenyl net hyl di met hoxysi | ane,

phenyl i sopr opyl di met hoxysi | ane,

phenyl i sobut yl di met hoxysi | ane,

5pheny|-tert-buty|dinethoxysilﬁge,

phenyl cycl opent yl di met hoxysil a

di i sopropyl di et hoxysi | ane, di i sobut yl di et hoxysi | ane,

di -tert-butyl di et hoxysil ane,

t er tpanbygl ot byl idicdtihox ysh ¥ lahigethoxysilane,

tert- butylethyldlethoxy5|lane

10t @erhydr9gumPrigey |(dr et drdysiimghbpoxysilane,
tert-butyl -n-butyl di et hoxysil ane,

t er tRegiRyPRet SRAHINeLARY $h RERPY 1) dimethoxysilane,

tert- anylethyldlethox¥5|lan
ter@p%%¥yﬁrﬁg¥ﬁQﬂﬂHW% d ﬁgyyggqx%qglmethoxys1lane,

15 l-n-b I.di et hox

diEGD 8%5%?§$ﬂygg%ﬁib§? X &uEy&pSHgﬁﬁFﬁﬁﬁ?H6§95|Iane
, etho S|Iane

cyc ﬁ% Fe%WD 3%t ﬁé%y% Igﬂe di pheny! di et hoxysi | ane,

phecﬂ)ét E_Qﬁdrgé&lt P%é)r((gl L? eoxysl | ane,

202- nor or nanene

Examples of the ethers of the above oxygen-containing
compounds are those exemplified above as the cyclic ethers or
the 1,3-diethers of the internal electron donor.

Examples of the nitrogen-containing compounds of the

above external electron donor are 2,6-substituted piperidines

such as 2,6~dimethylpiperidine and
2,2,6,6-tetramethylpiperidine; substituted methylene
diamines such as 2,5-substituted piperidines,
N,N,N’,N’—tetramethylmethylene diamine and

N,N,N’,N’ -tetraethylmethylene diamine; and substituted
imidazolidines such as 1,3-dibenzylimidazolidine. Among them,
preferred are 2,6-substituted piperidines.

The external electron donor is particularly preferably
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
diisopropyldimethoxysilane,
tert-butylethyldimethoxysilane,
tert-butyl-n-propyldimethoxysilane, phenyldimethoxysilane,

diphenyldimethoxysilane, dicyclobutyldimethoxysilane,
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bi s( per hydr oqui nol i no) di met hoxysi | ane,

bi s( per hydr oi soqui nol i no) di net hoxysi | ane,

( per hydr oqui nol i no) ( per hydr oi soqui nol i no) di met hoxysi |l a
ne, (perhydroqui nolino)nethyl di met hoxysil ane,

25( per hydr oi soqui nol i no) net hyl di net hoxysi | ane,
(perhydroquinoIino)ethyldinetﬂgﬁysilane, 39

( per hydr oi soqui nol i no) et hyl di hoxysi | ane,

( per hydr oqui nol i no) (n- propyl ) di met hoxysi | ane,

( per hydr oi soqui nol i no) (n- propyl ) di met hoxysi | ane,

( petipydiogeaiholdimthay s i bateyl ) di fethosgisirleane] , 3-dioxane,
5( per hydr oi soqui nolino) (tert-butyl)di net hoxysil ane,

di et Iylcane hlodl materd skl ane, ad 2, 6, 6-tetramethylpiperidine,
di et hyl am nodi et hoxysi | ane. Exanpl es of the

et Her'$ OBF OPhe™ AP UsXygent chfcah AR G5WSounds ar e

t hose exenplified above as the cyclic ethers or 10the

1, 3 diSePREPEL oA 4@ P hY &F hral ~EMEERPBPIRRRGE!

Ex les.of th i trogen-contai ni ng conpounds of the

ab w%”@%ﬁ@??ﬁﬁy"ﬂe@f?gﬁeiﬂﬁﬁﬁprgPén " 6- substi t ut ed

D, g LSRR gt B BePT U RPEGBEET ut edmet hyl ene

15%,%%%8?;59 ,-ti-,?uéghégh%&gg%gnsﬁé.di nes,

N, NN , N =tetramet hyl net hyl enedi am neand

NN LN & heL ety LAY B0 AL aing:c AN ShRRhLbHERE cor

i m dazol i dines such as 1, 3-di benzylim azol'| di ne.

ATRNG £l ReIB1 R 85 F B6h A 8h 2nB-4PSbhY bh BLPEBRESHHNESH the
external electron donor is not limited. Examples of the method
are (1) a method comprising the steps of (1-1) contacting the
solid catalyst component with the organcaluminum compound and
the external electron donor in the presence or absence of a
solvent, and then (1-2) feeding the obtained mixture to a
polymerization reactor, (2) a method comprising the step of
feeding the solid catalyst component, the organcaluminum
compound and the external electron donor separately to a
polymerization reactor, thereby contacting those components
with one another in the polymerization reactor, and (3) a method
comprising the steps of (3-1) contacting any two of the solid
catalyst component, the organcaluminum compound and the
external electron donor with each other, thereby obtaining a
mixture, and (3-2) feeding the mixture and the remaining
component to a polymerization reactor, thereby contacting them

with each other in the polymerization reactor. The above

feeding to a polymerization reactor is carried out preferably
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20The external electron donor is particularly
pref erably cycl ohexyl net hyl di net hoxysi | ane,
cycl ohexyl et hyl di met hoxysi | ane,
di i sopropyl di nmet hoxysi | ane,
tert-butyl et hyl di net hoxysi | ane,
25tert-butyl - n-propyl di met hoxysjl ane,
phenyl di met hoxysi | ane, _
di phenyl di met hoxysi | ane, di cycl obut yl di met hoxysi | ane,
40 di cycl opentyl di met hoxysi |l ane, 1, 3-di oxol ane,
1, gwﬁm’—free state and in an atmosphere of an inert gas such
2, 6-di et hyl pi peri di ne, 2, 2, 6, 6-t etranet hyl pi peri di ne,
2- 1 BopropyPeR- RDBFIPR- 1, 3- di met hoxypr opane,
2-isopropyl -2-1isopentyl-1, 3-di met hoxypr opane,
52, 2-di | s%’b%t%}f:cfigsérai ﬁsﬁﬁﬁ%plé%?@lo means ethylene or
2,2-di.i sppropyl-1, 3-di met hoxypr opaneor

G AP e BnOXYLTE, SR RE By pr GPARG.2toms - Exankigerpf the
for_c ' th lid c yst_conponent for olefin
pol?/rrg?%%rﬁ %%evlvllﬁ ﬁ§? gggr(g%e#o%'lsu?ﬁw%ungf# 5%}3{[1?{68%4’130“%6’-
the _LO-external,glectra isqn Addm t s )
Exawg%eggo%'%he}ﬁgfﬁod a?gg?gﬁéh netﬁ%%iconﬁsgglné Forsne

st epsinehelil- Incr@nbagki g theyspelid,gat al%%tﬁQﬂpP%tene,
W th the organoal um num conpound and the external

el eche@Aydonoseriteniche presence of-mhsgnce-pindene; and

solvent, and then (1-2) feeding the obtained m xture

t 0o dnylcyclohexane. Those olefins may be used in combination of
two or more thereof, andmay be used in combination with monomers
containing plural unsaturated bonds such as conjugated dienes
and non-conjugated dienes.

The olefin polymer in the present invention is

preferably a propylene homopolymer, a l-butene homopolymer, a

l-pentene homopolymer, a l-hexene homopolymer, an
ethylene-propylene copolymer, an ethylene~1-butene
copolymer, an ethylene~1l-hexene copolymer, a
propylene-1-butene copolymer, a preopylene-1l-hexene

copolymer, an ethylene-propylene-l-butene copolymer, an
ethylene-propylene~l-hexene copolymer, or a hetero-block
copolymer; more preferably a propylene homopolymer or a
propylene copolymer containing mainly propylene units;
further preferably a propylene homopolymer or a propylene
copolymer containing 50% by weight or more of a propylene unit,
the total of the propylene copolymer being 100% by weight; and

particularly preferably a stereoregular propylene
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15 pol ynerization reactor, (2) a nethod conprising the
step of feeding the solid catal yst conponent, the

or ganoal um num conpound and the external electron

donor separately to a polynerization reactor, thereby
contacting those conponents with one another in the

pol ymeri zation reactor, and (3& a nethod 20

conprising the steps of (3-1) contactlng any two of

the solid catal yst conponent, the organoal um num
conmpound and the external electron donor with each

ot heropehereby Bt akhPng ahatsrerielocndegBRmeréediorps a
the mixture and the renaining conponent to a

pofyierfe &fi BYC reake®r KitAerebyoivhtavt PHGh tafem REWiute of
each other in the polynerization reactor. The above

f eBRIRPHIGNE HBIGRPRITSAMIGH FREERBHeTY REQPYILERS Gipolymer,

f t at d
e H%S%ﬁé%pa?&%e# REPerae Coon reechPt ?w@?lgﬁaga%eoﬁteps
The o#sf n.the Eresent |nvent|$ nean et hyl ene orl
a- ofe EOYE%RPJP@EF P9 BFORGE € al Dot HRE K Amgcey ene
8£8%§$%§%?ﬁ% efh?é ﬂﬂﬁ cé£@¥¥ﬁé¥%@?n8|§%ﬂy en%u&{kﬁniropylene
1- eﬁntﬁ@epr_les%%@nsfltﬁge gslén Qfo%%ogpﬂe}:decene:

br anchedrono- ol eflnssuc ene

3- met hy| sJeerm%@glﬁaaqq‘&ynPaﬂﬂyg |p1¥b§ﬁytl‘é9§ mopolymer or a
vi nyl cycl ohexane. Thosée ol efins may be used in
copbbppldra cobolPned WONOLi MDEE rah @l @ Qb o BN@nBBYNDEs can be
used in conbination with nononers containing plura

unsap e sdrekdionds aguaht ag soanplgakedsdinendsnangt 20°C (cxs)
non- conj ugat ed di enes. The ol efin pol yner

I nothehepheseril ymevent itbr ¢pqliverer diiley saa propyhenes value
honmopol yner, a 1-butene honopol yner, a 151-pentene
hoﬁrﬁpo%ﬂrélrlgbirh@@ﬁéehgﬁmmﬁyans A CXS of a propylene

et hyl ene- propyl ene copolyner anet hyl ene-1| - but ene

homopolymer is preferably 0.6% by weight or smaller, and more
preferably 0.5% by weight or smaller, the total of the propylene
homopolymer being 100% by weight.

Prior to polymerizing an olefin in the presence of the
above catalyst for olefin polymerization, which is referred to
as “real polymerization”, the following “pre-polymerization”
can be carried out.

The pre-polymerization 1is carried out using a

. combination of the above solid catalyst component for olefin
polymerization with a monomer such an olefin, in order to make
a pre-polymerized catalyst component whose surface is covered
by a polymer such as a polyolefin formed by pre-polymerizing
the monomer such as an olefin. The real polymerization uses the

solid catalyst component for olefin polymerization without
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copol yner, anet hyl ene-1 - hexenecopol yner, a
propyl ene-1| - but enecopol yner, apr opyl ene- | - hexene
copol yrmer, an et hyl ene-propyl ene-1I -but ene copol yner,
an 20 ethyl ene-propyl ene-1-hexene copol yner, or a
het er o- bl ock copol yner; nore preferably a propyl ene
hormopol ymer or a propyl ene copgkyner containing mainly
propyl ene units; further preferably a propyl ene
honopolyner or a propyl ene copol ynmer contai ni ng 50% by
ght. or npre of a propylene unit, 25the total of the
pr &mléﬁ@a*&bw yHer UBBF nGREOGROES WsicgReLlvaskized catalyst
partlcularIypreferablyastereoregularpropylene 42
horfsP&CYfiBF:  The above "het er o- block copol ymer" means

a m xtur of two or nore kjnd mers, such as_a
ln xture of’% %ﬁ€089?¥ﬁﬁfﬁﬁﬁ9058%9ﬁ%?P poRFIt s preferably
roduce

I
gy Inﬁagtr Op luerrl]:e C %1Z?F:§?rh8%tah%m%1t e%Igoqsnto?f (aln)olefln
ho@?l *?A égﬂé%g rtRQ%b%gg s(o I])%rcebc)éllyg%rgopn%onent forolefin

pr opy onnpo

et @Ql@iﬁ@ry\‘zfg&cﬁ{ % %an@aﬁﬂﬁnﬁ’ﬁn@sg&%u fy @amg%e% of a

pr opyl ene honopol yner. St ereoregu arlty

Pr oRylene hesmpolspier ok %M&gylsgwaax%ﬁ are inert
containing mainly propylene units can be

I epryRiseBh esbiby salvamundudd 9! ybbgamayr t §u‘¢<£hé<,y| 88 Atane;
20C (CXS) of the honopol yner or the copol yner. The
Snpleheant hei EXfentanee hexahde héemlhere,t k@tane, cyclohexane,
stereoregularity is. A CXS of a propyl ene honopol yner

i s bhenetee ably W@16%mby Avepaggtitiadr osnmedtal amandtnof eche inert
preferably 0.5% by weight or smaller, the total of the

pr @pfyipféﬁérlq@hmﬁénymasbéaengem@)@%%wm ghtuid olefins.
Prior to lymerizing an olefin in the presence of the
above ceﬁé%eygfg?%ﬁa¥ﬂméPPﬁ-Eﬁﬁgﬂﬁﬂq 38t tikh prgnpPehynerization

f, d, t, ) tion", the fol
oS T 8BS et FERYTEILER. bO b btk sy 0.6

pr %opgby%%rll,zgﬁclj %%rtlc fr r_JLy %r% ralilt?i q Qo 200 mol, per one

mol of titanium atoms contained in the solid catalyst component
for olefin polymerization used.

An amount of an olefin pre-polymerized is usually 0.01
to 1,000 g, preferably 0.05 to 500 g, and particularly
preferably 0.1 to 200 g, per 1 g of the solia catalyst component
for olefin polymerization used.

A slurry concentration of the above slurry
polymerization is preferably 1 to 500 g-solid catalyst
component/liter-solvent, and particularly preferably 3 to 300
g-solid catalyst component/liter—solvenf.

The pre-polymerization is carried out at preferably -20

to 100 °C, and particularly preferably 0 to 80°C. A partial
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conbi nati on of the above solid catal yst conponent for

ol efin polynerization with a nononer such an ol efin,

in order to make a pre-polynerized catal yst conponent
whose surface is covered by a polynmer such as a
pol yol efin formed by pre-pol ynerizing 25t he nonomer

such as an olefin. The real polxnerization uses the

solid catal yst conponent for oﬁefin pol ymeri zati on

wi t hout 43 nodification, or uses the above

pre-pol ynmerized catal yst conponent. The

pr &4sGEyner icdecRrtathé st compoin@st 1s pr aefesr aptase of the
produced by slurry polymerization of a small anount of

an B3IcePPhYEr 17 tiRE piesdicéesrPihe labbie d61id MPa, and
cat al yst conponent for olefin poIMnerization and _
or GHGAFUNTRUHPEBH Y. | EXERBPastct, B+eors 8ne lagen having
for tEe sl rey ol ymeri zation are inert hﬁdrocarbon

Solveht STKCATALS pldpaRe.> bAFare 1 eehaehle peRtanes and
I sqQpent an hexane, heptane ct ane, cycl ohexane,, .
LOBGRPERATERT ol UEES AT A A oF Lot &P AmbURt? tGroularLy
1he hheth Tl 0eapher. paluent b Ry DE I 6Bl aged. with
liquid olefins. e “or ganoal um num conpound in

t he pre- Lzaki gn i [ ; ; [l

0.5 Fo 700 HB " prer arably D 5"t a B00 Hol - andt 1 ety
parddnphait y kel SF AN 1 mt Qurd 00 unaP@haone 138%En0f 5
titanium atons contained in the solid catalyst

COMRREBl yih®Fi Rlt@bhn rpotiyderd %At (10N aUseehod comprishRg the
anount of an olefin pre-polynerized is usually 0.01 to

1, G@@pg, opr ef-analikydDndSHeo sbAOd goaeald spaebinpoth@id and the
preferably 0.1 to 200 g, per 1 g of the solid catalyst
comperent 1 2@from ocbrgfdundporydrehez dfli-8h fleseidng an olefin, and

(2) a method comprising the steps of (2-1) feeding the solid
catalyst component and an olefin, and then (2-2) feeding the
organoaluminum compound. Examples of a method for feeding an
olefin to a pre-polymerization reactor are (1) a method
comprising the step of feeding an olefin one after another while
keeping an inner pressure of a pre-polymerization reactor at
~a predetermined pressure, and (2) a method comprising the step
of feeding the predetermined total amount of an olefin at the
beginning. In order to control a molecular weight of an obtained
pre—polymer,‘ a chain transfer agent such as hydrogen may be
added to a pre-polymerization reactor.
The pre-polymerization may use a partial or total amount
of the external electron donor to be used in the above-mentioned
production of the polymerization catalyst. An amount of an

external electron donor used in the pre-polymerization is



A slurry concentration of the above slurry

pol yneri zation is preferably 1 to 500 g-solid catalyst

conmponent/liter-solvent, and particularly preferably 3

to 300 g-solid catal yst conponent/liter-solvent. 25The

pre-polymerization is carried out at preferably -20 to

100 IT:, and particularly preferably 0 to 80C. A

partial 44 pressure of an oIefﬁﬁ contained in a gas

phase of the pre-polynerization is preferably 1 kPa to

2 MPa, and particularly preferably 10 kPa to 1 Mra,

excéﬁ?ahkyo$é$Hntma&@QmeﬂAipnﬂﬁérsbayeOuaﬁetoazoo mol, and

pre-pol ymeri zati on pressure and tenperature. A

pr ePpBT YerarAath 1hf eriphevils ORdto bt nptubar|opelriali 6 £d;itanium

and js preferably 2 mnutes to 15 hours.

ExafpPBs 6PMB2hethdb thersdldsdtaien ivisé soirtcdeott alryst usually

congo fyt %he Erganoaluninun1conpound and an ol efin

to -@ 2-RolPy ARl i 72§ GiTaRddcP o? Oarte @lioa, mstthadrticularly
t he solid

co ising.th teps of (1-1) feedin
% cat %%é“fc&%pgnégtigng Pﬁé'g?%%%%a?%h;%gn¢6bﬁﬁ@@ﬁé?luminum

and.g 1724 eeding an ol efin, and (2) a nethod
conprising thé steps of (2-1) feeding the solid
cat al yst e Lefin, and the 2-2

n §Q”PHQa§£eﬁﬂgiy%Qr92§tloqﬂuf mEFL I%gro%e%ﬁing the

feedi ng the organoal'um num CONpO

met dgh doRn uhegh bR ull el
or e- pol yneri zat | on feact or C_grtél%( ))Qte}nr?elt ﬁ(l)%c%%onrbfjlogf’ﬁgto a
t hepisd-gp19he b eegh g, anepbedd nigne, af t ?Eré‘{]&h@%{l&/miinﬁted.
keepi ng an inner pressure of a pre-polymerization

10 r ealbtamplat of phededeidd Aed (@) e§$rlértﬁoda&gnp(r%)s_iﬁgr@1tehgg?p of

conprising the step of feeding the predeterm ned tota
anoigediof the etehimlatlddecdtidegi tiimngo Jdpa@dely r@om the
control a nol ecul ar wei ght of an obtai ned pre-polyner,

a (Hadoplanster cagertndushd d2) hy deobed cuaprbei mfded steps
to a pre-polynerization reactor. The

pr ol Yherrehesbidrayhasexaeparl | aleorrarot dbnamounth the
of the exﬁernal el ectron donor to be used in the

aboVESRBAL BHET SSPPOt itHRT8PY t FRrdobyaetixtareorand then

cat al.ys ampunt of an external el ectron donor used
15 . (talﬁé %éreecﬁglgl oun g‘ﬁf%ﬁoi € REe-polymerization reactor. An

20

25

I N ereEIrnll%
olefin used for the pre-polymerization is the same as, or
different from that used for the real polymerization.

The organoaluminum compound in the real polymerization
is used in an amount of usually 1 to 1,000 mol, and particularly
preferably 5 to 600 mol, per one mol of titanium atoms contained
in the solid catalyst component used.

The external electron donor .in the real polymerization
is used in an amount of usually 0.1 to 2,000 mol, preferably
0.3 to 1,000 mol, and particularly preferably 0.5 to 800 mel,

per one mol of titanium atoms contained in the solid catalyst

component used, or is used in an amount of usually 0.001 to 5
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usually 0.01 to 400 nol, preferably 0.02 to 200 nol,

and particularly preferably 0.03 to 100 nol, per one

nol of titaniumatonms contained in the solid catal yst
conponent, or is usually 0.003 to 5 nol, preferably

0.005 to 3 nol, and particularly 5preferably 0.01 to 2
mol, per 1 nol of the organoahgginun1conpound used.

In the pre-pol ynerization, a hod for feeding the

or ganoal um num conpound and the external electron

donor to a pre-polynerization reactor is not
pampil¢ubaefsrdhlv 0ed05 10 Exadpl asd afarttheuderhpdoaferably
(1) a nmethod conprising the step of feeding the

extleOAato &lrect r par dORORCY RErtdieco sETmEdBL PUR (ComPPARD used.
or ganoal um num conpound, and (2) a mnethod conpri sing

the steps'hst rfep} eohieritiizagiohel ©xa%6FA&F etectron

donor with the organoal um num conpound, t hereby 0
form ng allni &F wsealadihén 30958( i PERIATRGle? to 180C;
m xture tQ the pre-polynerization reactor., ol.efin,
used for tHe'pt -ﬁ(ﬂpr)?ﬁﬁi'lﬁatw' ofRit$ ?%%pgﬁ?rb(ﬁgﬁrléfrllmlted’
different. fromthat used for the real meri zation.

Th ToPSRRbAY O AT SHREONE -7 1 Cite Pedl oy RBR Ao

ol'ynerization

'S ed.] u S . _to 0] l, .
paﬁﬁichéﬂﬁi@égg?éP%?% F& gg%%xgéﬁln%%?6%2¥ggﬁga§ JgF of
titani,um atons contained in the solid catalyst

conponent used. The external electron donor in

the real ppl WRGLrgahonois Hs@hWiReaRc@ABENSr 0 continuous
usually 0.1 to 2,000 nol, preferably 0.3 to 1,000 nol,

anchepabtic catha@rly preferably 0.5 to 800 nol, 25per one

nol of titaniumatons contained in the solid catal yst
conponent (Asedgccairdisgused i ndah) anpunslwfrwsuad | ysolution
0.001 to 5 46 nol, preferably 0.005 to 3 nol, and
pamclymeat k3t prrefrec hbdl ywikh0ant melr trbl dr perriome sppyenf such
t he organoal um num conpound used. The rea

polaprerPpare orPytangar i felutgite, pentane, hexane, heptane and

octane, (4-2) a bulk polymerization method using an oclefin as
a solvent, which olefin is liquid at a polymerization
temperature, or (4-3) a gas-phase polymerization method.

The real polymerization may be a hetero-block
copolymerization carried out according to two or more
polymerization steps.

In order to control a molecular weight of an olefin
polymer produced, a chain transfer agent such as hydrogen may
be used.

According to the present invention, there can be
provided (i) a solid catalyst component for olefin
polymerization capable of producing a highly steréoregular

olefin polymer, which can be molded into an injection-molded



10

15

20

25

(1) at usually -30 to 300C, and preferably 20 to 180C
5 (2) under a pressure, which is not particularly
limted, of usually an atnospheric pressure to 10 MPa,
and preferably 200 kPa to 5 MPa, froman industria

and econom cal point of view, _ (3)
according to a batchwi se nethod_or a continuous
10net hod; and (4) according to (4-1)a slurry

or solution polynerization nethod with an inert
hydrocar bon sol vent such as propane, butane,

i seiitahe, Ipuhiteane subeixiate, Shepf@ﬂﬂﬁ,andlctt&nepr@deé@ for
a bul k polynerization nethod using an olefin as 15a
solRFeRLCingi Ehe o‘P}é@YGh salild qeitdlast acpobymert z@tioniii) a
tenperature or (4-3) a gasfphase pol ymeri zati on
nettfggess for pro Teal Paijrereaterdrambyn lsatalyst usmg

het er o- bl ock ol yneri zation carried out accordlng
et eposblock peRol s Lot on carried ot according Lo,

contrgl a_ no t of an olefin polyne

pr 6diced, "4 %ﬁd#%gﬁpaggggpeﬁg%ﬁim%d%hC§§fﬁ9dp85fﬁﬁqﬁﬁftlon
d esent i nventjon,
Cherselyer proaneeRaalddthd 2ol M HAeSR ok e Rpora: -

for ol efin 25pol ynerization capable of producing a
hi ghly stereoregul ar ol efin polynmer, which can be
molpdedpi @t o an injection-nolded 47

The present invention is explained in more detail with
reference to the following Examples, which do not limit the

present invention.

Example 1
1. Preparation of a solid catalyst component

A reactor equipped with a stirrer was purged with
nitrogen gas, and then 800 liters of hexane, 6.8 kg of diisobutyl
phthalate, 350 kg of tetraethoxysilane and 38.8 kg of
tetra-n-butoxytitanium were put into the reactor. The
resultant mixture was stirred. To the mixture, 900 liters of
a dibutyl ether solution (concentration: 2.1 mol/liter) of
butylmagnesium chloride were added dropwise at 7°C over 5 hours
under stirring. After completion of the dropwise addition,.the
mixture was stirred at 20°C for one hour. The obtained reaction
mixture was filtered to separate a solid. The separated solid
was washed three times at room temperature with each 1,100

liters of toluene to obtain a washed solid. Toluene was added
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article having superior stiffness, (ii) a process for

produci ng the above solid catal yst conponent (i),

(ii1) a process for producing an ol efin polynerization

catal yst using the above solid catal yst conmponent (i);

and (iv) a process for 5producing an ol efin polymer

using an ol efin polynerization catal yst produced

according to the above process {gii). Exanpl e

The present invention is explained in nore detail wth

10reference to the foll ow ng Exanples, which do not

i nte thkevprtesientlidweheiony oBkampley £23.1iRreepasfital Boluene

of a solid catal yst conmponent 15A reactor equi pped

wi t larsst pEridre aasipuilyedtaviuenenstniogenagassatandat WOC for

800 liters of hexane, 6.8 kgofdiisobutyl phthalate,

350°%Q) herrt erdete ehbxysid apadarte882a8 &eplsfd down to the room

tetra-n-butoxytitaniumwere put into the reactor. The

r estPRRATE TN Rt ubREXGRY SPCREBENT TR FMelariexBdrary9oD a solid

liters of 20 a dibutyl ether solution (concentration:

2. 1"Hoi7 Bt er) of butyl magnesi um chl ori de were added

dropwi se at_71.3_over 5 hours under stirring. After

congl etio po‘a’fr]ﬁt RE dFopRitSenaddivErgnvas Kt xﬂffeé: flakeduced

o S P 0 TS L8] DR EREL] OB s

se it i tihpg . . .

SPACPP SOl L4, AR RSO DR LTSN BEAERET csoncor

obtaidhsa washed,selifht Joldieng W pdded, 4845 by weight of
butoxy groups, the total weight of the dried solid material

being 100% by weight, and the above titanium atoms were found

to be trivalent.

Step (1):

A 100 mL-flask equipped with a stirrer, a dropping
funnel and a thermometer was purged with nitrogen gas. There
was put into the flask the above solid material-containing
toluene slurry, the total of the toluene slurry used containing
8 g of thedried solidmaterial. Supernatant toluene in the flask
was taken out till the total volume of the toluene slurry was
.decreased to 26.5 mL. To the slurry, a mixture of 16.0 mL of
titanium tetrachloride with 0.8 mL of dibutyl ether was added
at 40°C, and further, a mixture of 2.0 mlL of phthalic acid
dichloride with 2.0 mL of toluene was added dropwise over five
minutes. After completion of the dropwise addition, the

resultant reaction mixture was stirred at 115C for four hours.
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to the washed solid, thereby obtaining 625 liters of a
toluene slurry of the solid. The toluene slurry was
heated at 70C for one hour under stirring, and then

was cool ed down to the roomtenperature, thereby
obtaining a toluene slurry of a solid 5S5material .

A part of the toluene slurry dried under a reduced
pressure, thereby obtaining a dified solid naterial .

The dried solid material was found to contain 2.1% by

wei ght of titanium atons, 38.9% by wei ght of ethoxy

gr Giyesobtaridied. A9adiy onetighiurefwasifl bigreryatgh bbifps totdeparate
total weight of the dried solid material being 100% by
weiggleligdngentrneabove titani um atonms were found to be
trivalent. Step (1): 15A 100 nL-flask equi pped with a
stirrer, a dropping funnel and a thernoneter was

purged with nitrogen gas. There was put into the flask

t h&&Bové)ls0l i d material - contai ning tol uene slurry,

the total_of the toluene s|ur used cantai nin

the dri o Soid TAme BTt U0 R SR uERE 1o AR Three
flask _20 ¢aken out . ti,hl _th t ol ume of the

ol GURE QP Uty ot a0 2B o The

slurry, a mxture of 16.0 nL of titaniumtetrachloride
with 0.8 nL of dibutyl ether was added at 401D, and
furddher ,za, mxture of 2.0 nmL of phthalic acid
dicntroride wwth 2.0 nL of toluene was added dropw se

over fiver25/8naules adittielo eaBpRivieconadhed R 16HOMMBRent,
addition, the resultant reaction m xture was stirred

at thkrepfosbtfaiuingors 5 mLAQE Bheobidrad Bedrfeadil dile toluene
m xture was filtered at 115C to separate a solid
corgioment . aStégt(29 : of 5The mbove-d8parvdt edhsol i @.45 mL of

conponent was washed three
diisobutyl phthalate, and 6.4 mL of titanium tetrachloride was

added. The resultant mixture was stirred at 105°C for one hour.
The obtained reaction mixture was filtered to separate a solid

component.

Step (2) repeated:

The above-separated solid component was washed two

times at 105C with each 40 mL of toluene.

Step (3) repeated:

Toluene was added to the above-washed solid component,
thereby obtaining 26.5 mL of a toluene slurry. To the toluene
slurry, a mixture of 0.8 mL of dibutyl ether with 6.4 mL of
titanium tetrachloride was added. The resultant mixture was

stirred at 105°C for one hour. The obtained reaction mixture



times at 115C with each 40 nL of toluene. Step (3):

Tol uene was added to the above-washed solid conponent,

10 thereby obtaining 26.5 nL of a toluene slurry. To

the toluene slurry, a mxture of 0.8 nL of dibutyl

ether, 0.45 nL of diisobutyl phthalate, and 6.4 nL of

titaniumtetrachl ori de was addegl The resul tant

m xture was stirred at 105C for“one hour. The obtai ned

reaction mxture was filtered to separate a solid

15conmponent. Step (2) repeated: The

aboves s&bldreatedd t s ob ¢k edpenent idvamwashed. t wo ti mes

at 105C with each 40 nL of toluene. 20 Step (3)

r epeat ed: Tol uene was added to the

above-washed solid conmponent, thereby obtaining 26.5
nmL 8ECR {9l Ja¥aEher (¥eREatTd it he tol uene slurry, a

mxture of 0.8 nL of dlbut | ether with 6.4 nL of

25t t ani uWFFePP&XﬁT%%RB&étﬁHs sgdded coTRen PR uw%\gvashedd two
ure S b 05C for one hour. The obtaine

rea%frf]%?]vgh @%Cre g@ 49 &y 84 tol e Garate a sol id

conponent .

Step (3) further repeated:

Toluene was added to the above-washed solid component,
thereby obtaining 26.5 mL of a toluene slurry. To the toluene
slurry, a mixture of 0.8 mL of dibutyl ether with 6.4 mlL of
titanium tetrachloride was added. The resultant mixture was
stirred at 105C for one hour. The obtained reaction mixture

was filtered to separate a solid component.

Step (4):

The above-separated solid component was washed six
timesathST)witheach401m;oftoluene,andwasfurtherwashed
three times at a room temperature with each 40 mL of hexane.
The washed solid component was dried under a reduced pressure,
thereby obtaining a solid catalyst component for olefin

polymerization.

The above-obtained solid catalyst component for olefin
polymerization was found to contain 1.6% by weight of titanium
atoms, 0.06% by weight of ethoxy groups, 0.15% by weight of

butoxy groups, 7.6% by weight of diethyl phthalate, 0.8% by
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Step (2) further repeated: The
above-separated solid conponent was washed two 5ti nes

at 105C with each 40 M. of toluene, Step (3) further

r epeat ed: Tol uene was added to the

above-washed solid conmponent, thereby obtaining 26.5

mL of a toluene slurry. To the %oluene 10 slurry, a

m xture of 0.8 nL of dibutyl e? er wwth 6.4 nL of
titaniumtetrachl ori de was added. The resultant

m xture was stirred at 105C for one hour. The obtai ned
rezeivlh Af xethel waoutivlt einddalateepardt 8- 2% sbyi geight of
conponent. 15Step (4): The above-separat ed
soFidserponehthakasvashed §p%at Wakghhof1DBTSHLLA ceaehyst
40 nL of toluene, and was further washed three tines

at APVt SFFeLat BPE B t Hetdh 40 nmL of hexane. The
washed solid conponent was dried under a reduced
pressure, 20thereby obtaining a solid catalyst

f | ef | | i zat i on. h

SRR R R T N RN
' ' i tai.n_1.6% i aht . of

PORUIBLASS: | PO v82eE oY DPo L iGN B 1 B 00 I 98¢ rBheane

et’hoXy groups,
0. 15% by. wei ght . 7_6%Hh L ght .
G Saph Pl diroRt, RHESKYy 9BURPind A HBeAUELANE Dle op1i
phthal & cBRforenYebY MREGR A mEEl SAbWY L RBEPA @W8ving

the total weight of the solid catal yst conmponent being
10@% by y&i@httration of 0.1 g-solid catalyst
component/ml-suspension. The prepared suspension was stirred

at 70C for 30 minutes, and was filtered with G4 filter. The
obtained filtrate was found to contain titanium atoms in a
concentration of 0.023 mg/ml, measured according to the
following method comprising the steps of:

(1) putting 40 mL of the filtrate into a 50 mL measuring
flask;

(2) evaporating the total amount of heptane contained
in the filtrate with a nitrogen gas flow;

(3) decomposing the solid catalyst component with about
30 mL of 2 normal (2 N) dilute sulfuric acid;

(4) adding 3 mL of hydrogen peroxide water having a
concentration of 3% by weight, thereby preparing a liquid
sample;

(5) measuring a characteristic absorption of the liquid
sample at 410 nm with a double-beam spectrophotometer, U-2001,

manufactured by Hitachi, Ltd.; and
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5There was added 5.07 g of the above solid catalyst
conponent for olefin polynerization to 51 nL of

hept ane mai ntai ned at 70C, thereby preparing a

suspensi on of the solid catal yst conponent for olefin

pol yneri zation in heptane having a concentration of

0.1 g-solid catalyst 10 conponent/ m -suspensi on. The
prepared suspension was stirredat 701: for 30

m nutes, and was filtered with 4 filter. The obtai ned
filtrate was found to contain titaniumatons in a

concent r at(bonfohd @28 doplrht raeasurcgd tacefl &h - dn in the
the follow ng nmethod conprising the steps of: 15(1)

put £ hgrate mbafed hen f the r aberacteriat30 mbsBEASA NGvith 2
flask; ‘ (2) evaporating the total anmount of
hepF%&ﬁP%ﬂﬂ%ﬂﬁ fedve netdrered tnatdvarideh a nitrogen gas
flow (3) deconposing the solid

cat al yst conmponent with about 2030 nL of 2 normal (2

N) ?ilute sul furic acid; (4) adding 3 nL of

hy df ogeh YPErdZR Lot e PIRRYLRBE a concentrati on of 3%

by wei ght, there reparing a liquid sanple;

(5) neasu%iﬁéaéng%ﬁga% i SA4CABE6r pEVORI of Bhéiter inner

i qui 5 lLe at_ 410 n h a doubl e- beam

spe%:j%irjlop ‘?)?%%neatggr\facﬁ-%(ﬁfmlgf %%%{ﬁgfﬂ]t B ed2Byrdqecalgrreto till
Ltd;y - ) fi.ndi.ng concentration of

i rars P12 oressppe r%%cf‘?%tr@,ﬁb%‘gae-d%g‘ﬁr‘?H\?re put into the

chagadarival i £, AbSQEPLYONy W calihration curve
prepared in advance? 52.‘38 y%gP?ga TEhES p?%bV{eﬁ%talyst

10 A sé@ipdiness, steed MBPC|<ffvetp.@élti_lﬂaa§u§fiulﬁ1er(oir ggéaluminum
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vol une was made vacuum and hydrogen gas was a

t heretpouhd) | its parddal pressupesy eached 015, MPa. of

There were put into the autoclave 7.81 ng of the

abdiertobtay hea-moldyd déat ahysstsilane (external electron
donor), and then 780 g of liquid propylene was put therein.
The autoclave was heated up to 70°C, and propylene was
polymerized at 70°C for one hour, thereby obtaining 319 g of
a powdery propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst component was 40,800 g/g. The propylene
homopolymer had 0.48% by weight of soluble parts in xylene at
20C (CXS), the total weight of the propylene homopolymer being

100% by weight; an intrinsic viscosity ([n]) of 1.71 dl/g: and

a bulk density of 0.448 g/mL.

The above titanium atom content (% by weight) was
measured according to a method comprising the steps of:

(1) decomposing about 20 mg of a sample with about 30



10conponent, 2.6 mmol of triethylal um num

(organoal um num conpound) and0. 52mmol of
tert-butyl-n-propyl di net hoxysil ane (external electron
donor), and then 780 g of liquid propyl ene was put
therein. The autoclave was heated up to 70C, and

propyl ene was 15pol yneri zed at 70C for one hour,

t hereby obtaining 319 g of a p&ﬁhery propyl ene

honopol yner . A yield of the propylene

honmopol yner per one g of the solid catal yst conponent
wasm4 B30 ngkgal The Mr cgyheaeshoimpel yoed; had 0. 48% by

wei ght of soluble parts in xylene at 20 20C (CXS), the
total wei§ht @fdinte prdpykeresshomopokynef heimgeh0p8oxide
by weight; an intrinsic viscosity (Din of 1.71 dl/g;

and" & Ful RV Hehaitycentpaau®: gf @3, by weight, thereby Fheparing
above titani um atom content (% by wei ght) was

25ﬁ%§§§?@% dﬁ@gﬁﬁ’ng to a method conprising the steps

f: (1) degconposing about 20 nmg of a sanple with about
5 go 5(33) m_?%)r ?“'éaﬁarﬁm (I pchrF skl s abparpelaicpd;the liquid

2 i_n excess amount) of hydrogen peroxi de
\(Na% Sea?r%ﬁgvig%g 1§L r%:“é Aesher %WTE;[[F %ﬁe 2BoRH5\F tRePE At oM ey By 001,
I §Rak L qui d,. l e;. . 5(3) asuring a
gharagfggfgf%%qg%ggﬁ%gﬁéh %‘4Yh€n i quid sanple at 410

nm w t h an)ouPJ-@di. r%j.spg{gr{di%hogtoq\"a’tc%rn’te%:,zogli’sed on the
manuf actured by Hitachi, Ltd.; an

characteristic absorption, with a calibration curve prepared

10 in advance.

The above alkoxy group content (% by weight) was
measured according to a method comprising the steps of:

(1) decomposing about 2 g of a sample with 100 mL of water
15 to obtain a liquid sample;

(2) measuring an amount of an alcohol (corresponding to
an alkoxy group) contained in the liquid sample according to
a gas chromatography internal standard method; and

(3) converting the obtained amount of an alcohol to an

20 alkoxy group content.

The above carboxylic acid ester content (% by weight)
was measured according to a method comprising the steps of:

(1) dissolving 30 mg of a sampie in 100 mL of
25 N,N-dimethylacetamide, thereby preparing a solution; and

(2) measuring a content of a carboxylic acid ester in
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(4) finding a titaniumatomcontent, based on the
characteristic absorption, with a calibration curve
prepared 10i n advance. The above al koxy group content
(% by wei ght) was neasured according to a nethod

conprising the steps of: (1) deconposing
about 2 g of a sanple with 100 of water 15to obtain
a liquid sanpl e; (2) measuring an anount of an

al cohol (corresponding to an al koxy group) contained
in the liquid sanple according to a gas chronmat ography
i nt Ehpalsodvhhdar dcaerdioty amda gas chromatogf3phy internal
converting the obtained anbunt of an al cohol to an
20aP k&2t dgphednt ent . The above carboxylic
acid ester content (% by weight) was neasured
according to a nethod conprising the steps of:
(1) dISSO|VIn of a sanple in 100 niL of
25N N- di mefRyA é%’ét‘gmp&ed)é?e %éﬂéﬁylm epars riGravabenit tdhanium
suring a content of a

car% awﬁl gag&q%?sg§ﬁé Qqqqrdsag'to a method comprising the steps
of:

(1) dissolving about 70 mg of a solid material in about
30 mL of an aqueous solution consisting of 240 mL of purified
water, 113 g of tartaric acid and 260 mL of two normal (2 N)
sulfuric acid, thereby preparing a solution; and

(2) measuring a valence of titanium atoms contained in
the solution with a polarographic analyzer, P-1100,
manufacture by Yanagimoto Corporation according to a DC

(direct-current) electricity method.

The above amount of soluble parts in xylene at 20°C (CXS)
was measured according to a method comprising the steps of:

(1) dissolving 1 g of a polymer in 200 mL of boiling
xylene;

(2) cooling the solution gradually down to 50°C,

(3) further cooling the solution under stirring in an
ice~water bath down to 20°C,

(4) allowing the solution to stand at 20°C for 3 hours,
thereby precipitating a polymer,

(5) filtering off the precipitated polymer, thereby

obtaining a filtrate, and
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the solution according to a gas chromatography

i nternal standard nethod. The above val ence
of titaniumatons (trivalent titanium 5atons) was
nmeasured according to a nethod conprising the steps

of : (1) dissolving about 70 ng of a solid
material in about 30 nL of an a@&gueous sol ution
consi sting of 240 nL of purified water, 113 g of

tartaric acid and 260 nL of two nor nal (2 N)

10sul furi hn b rien utl

(2§uneggh |ﬁ§5§s%%V§%§%¥oﬁ ?ﬁhluﬁ?gr %ﬁ?g?ﬁéﬁiﬁﬂthe
th I h n zge
R By el gt gl ASLYERT, (BN sorene

DC {dixpeet - current) electr|C|ty met hod. 15
Theaboveanount of sol ubleparts in xylene at 20C ( CXS)

wasrHEeaskl e ageohdi 150 & ”@BQol(éar%%gpéﬁegﬂeQﬂegngarlt¥ the
steps of: (1) dissolving 1 g of a polymer in

boidd1igexyhesne; 20(2) cooling the solution gradually
down to 50t, (3) further cooling the solution
under stirring in an ice-water bath down to 20t,
(4) allowng the solution to stand at 20t for 3 hours,
t her eby prleciapovat imgrimspjel yteecosds( 5) +f 1) twersd ngeddfred at
the preC|p|tated pol yner, thereby

using an Ubbellohde viscometer in  TETRALINE

(tetrahydronaphthalene) as a solvent.

The above bulk density was measured according to JIS K

6721 (1966), “JIS” being Japanese Industrial Standard.

Example 2
1. Preparation of a solid catalyst component

Example 1 was repeated except that “washing six times
at 105C with each 40 mL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane” in the
step (4) of Example 1 was changed to “washing five times at 105C
with each 40 mL of toluene, and further washing three times at
a room temperature with each 40 mL of hexane”, thereby obtaining
a solid catalyst component.

The above-obtained solid catalyst component was found
to contain 1.7% by weight of titanium atoms, 0.07% by weight
of ethoxy groups, 0.16% by weight of butoxy groups, 7.6% by

weight of diethyl phthalate, 0.76% by weight of ethyl-n-butyl
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obtaining a filtrate, and 55 (6) neasuring
the anount of the polynmer dissolved in the filtrate,
whi ch polynmer is the above soluble parts in xylene at
20AD. The smaller the CXS value is, the |arger
stereoregularity the 5pol ynmer has. The above
intrinsic viscosity fin]) was ggasured at 135 QC using
an Ubbel | ohde vi sconmeter in TETRALI NE
(tetrahydronapht hal ene) as a solvent. 10 The above

bul | t d ding to JIS K 672

P SJSTELL Y B8 syt aerer o8 L UD K b, e
Exanple 2 151. P ti f lid catal yst . .
LS Feih 7 00, oL L gah 8 Sing, oot oy

"m@&?iﬂg six times at 105C with each 40 m of tol uene,
an drt her washing three tinmes at a roomtenperature

Wi th eaChThAéQ*gntwa%f a'agéan@':?%g%t Be $hEPab&)e O ol?éﬁvlg%t%lySt

1 was change o "washi ng times at 105Al

eachnOn8ht of o t0) Wene, o angk Slilehgh i MBSTH AN Skhree t i’dﬁ%%eby
at a roomtenperature with each 40 m of hexane",

t hgyrebY r 0hY ak NkRgoéh SR G rCahal ¥sh 1 80BROABMEt component in

The above-obtai ned solid catal yst conponent was found

t 0 he@RkAe N hhviYgbya webgbéntofatiiohand fimoat onp-soQ187%du1yst

wei ght 25o0f et hoxy groups, 0.16% by wei ght of butoxy

gr awpeendnGlmlnsuspension. The prepared suspension was stirred
at 70C for 30 minutes, and was filtered with G4 filter. The
obtained filtrate was found to contain titanium atoms in a

concentration of 0.029 mg/ml, measured according to the above

method.

2. Polymerization of propylene

Example 1 was repeated except that 7.81 mg of the solid
catalyst component was changed to 4.48 mg of the above-obtained
solid catalyst component, thereby obtaining 203 g of’a.powdery
propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst component was 45,300 g/g. The propylene
homopolymer had 0.55% by weight of soluble parts in xylene at
20°C (CXS), the total weight of the propylene homopolymer being
100% by weight; an intrinsic viscosity ([#n]) of 1.68 d1/g; and

a bulk density of 0.450 g/mL.

Example 3
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wei ght of diethyl phthalate, 0.76% by wei ght of

ethyl -n-butyl 56 phthalate, and 2.5% by wei ght of

di i sobutyl phthalate, the total weight of the solid
cat al yst conmponent being 100% by wei ght. There was
added 4.98 g of the above solid catalyst 5 conponent
to 49.8 nL of heptane maintai ngd at 70C, thereby
preparing a suspension of the solid catal yst conponent
i n heptane having a concentration of 0.1 g-solid

catp I L onent S | The repar ed
suspe%%igﬁgaagnéf)rre 3 gfﬁ% ?XFt (Hﬁ$% and was
flltered lg41f|%§%£¥mlggd é&c%ﬁ% ned fl%&%ggguaf%mes

S
found to co ain titanium a conceﬁt

0. Qﬁglﬂgkﬂhutﬂgﬁﬁﬁqggrﬁpg9nghﬁgn%oe%ﬂFFQPQMSSgEEHQQQthree

2. Polynerization of propyl ene

reﬂﬁﬁk%daﬁkﬁ%gbmt{Eﬁpé%agérgquﬁlEQ@haﬂJhﬂ GRRRLYSEL” in the
conmponent was changed to 4.48 ng of the above-obtai ned

soldt@dpcpt)aby shafpIPANRY chidfprehy “QQE@irﬂ% ﬁguEQ%mgs Qe BosC
powdery propyl ene honopol ynmer. A yield o

pr eyiythesech aoofio loyf mes 1 age , 0Med gu@fhéfl&a%ﬂln§0ﬂirdze times at
cat al yst conmponent was 45,300 g/g. The propyl ene

horeopodny remp dract W3 e56%Hya siel ght, «f haoindy, ecipardby dtaining
xyl ene at 20C (CXS), the total weight of the propyl ene
horropollydecatrdiyved tO0Peintwei ght; an intrinsic

viscosity ([y]) of 1.68 dl/g; and a bul k density of

0. 450 g/rﬁpe 2 0E§Egﬁﬂ44ngd solid catalyst component was found

to contain 1.8% by weight of titanium atoms, 0.07% by weight
of ethoxy groups, 0.18% by weight of butoxy groups, 7.8% by
weight of diethyl phthalate, 0.8% by weight of ethyl-n-butyl
phthalate, and 2.5% by weight of diisobutyl phthalate, the
total weight of the solid catalyst component being 100% by
weight.

There was added 4.83 g of the above solid catalyst
component to 48 mL of heptane maintained at 70°C, thereby
preparing a suspension of the solid catalyst component in
heptane having a concentration of 0.1 g-solid catalyst
component/ml-suspension. The prepared suspension was stirred
at 70C for 30 minutes, and was filtered with G4 filter. The
obtained filtrate was found to contain titanium atoms in a .
concentration of 0.074 mg/ml, measured according to the above

method.

2. Polymerization of propylene
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57 1. Preparation of a solid catal yst conponent
Exanple 1 was repeated except that "washing six tines
at 105C with each 40 nL of toluene, and further
washing three tinmes at a roomtenperature with each 40
mL of hexane" in the 5 step (4) of Exanple 1 was
changed to "washing four tinessgt 105C, with each 40
nmL of toluene, and further washing three tinmes at a
roomtenperature with each 40 mi, of hexane", thereby
obtai ning.a saolid catal yst conponent, The )
above-ob?Ea%aﬁné’ esgl"fad;i? SA5rst g‘gﬁ%toﬁgﬁtt%ﬁé PO Afdthe solid
to tal . 8% by, wei ght__of titanium ato . 07% by .
wei G S U BBl S5 Mg e b Vel bFe gty rtainea
ar QUAS g 4182 1 ght aof diethyl .nht.hal at 0.8%Db

wei ght ocf7a et%l)é- n- but yeInQbht egrlea e?&fﬁéllﬁgg%%?f o\%/ef‘g%otmery

of i l-SPbHL Vi Aalate, the total weight of the solid
catﬁaylo)kljgt conp%%t %bnelgng 100% by 15wei ght.

There wasy 3dded 4¢ %&ﬁ&&:ﬁ/b&l@%ﬁ%p%@%\& %%Sléﬂétg of the

conponent to 48 niL of ane mai ntai ned at

thetoeby pFapakisRy EolesRensi R 060 4w sgfid adkalyslyiene
conmponent in heptane having a concentration of 0.1

g- $ehbdotatat yetd 205 €0 BRONEIYHTL £ SUSIRENSI Pt sTRE xylene at
prepared suspension was stirred at 70C for 30 m nutes,
an@Ofas(Xis) t, ertedt k4 hwSiiglit bt ethe Tihepydlehai medpbi bhéAbeing
was found to contain titaniumatons in a concentration

of 10067 weleht: mpabiddsacousdiorgty o [tthe) aliov.e0 dl/g; and
met hod. 25 2. Polynerization of propylene 58

Ex @npHék 19¢Rst e pdaf edié x/@t that 7.81 ngy of the

solid catal yst conponent was changed to 5.82 ng of the
above-obt ai ned solid catal yst conponent, thereby

obt.ai ni ng_292 of .a powdery propyl ene honopol yner. 5A
yigfgp%¥§% Yl 88?98ng honopol ynmer per one g of the

1. Preparation of a solid catalyst component

Example 1 was repeated except that “washing six times
‘at 105°C with each 40 mL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane” in the
step (4) of Example 1 was changed to “washing three times at
105°C with each 40 mL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane”, thereby
obtaining a solid catalyst component.

The above-obtained solid catalyst component was found
to contain 2.1% by weight of titanium atoms, 0.06% by weight
of ethoxy groups, 0.19% by weight of butoxy groups, 7.7% by
weight of diethyl phthalate, 0.8% by weight of ethyl-n-butyl
phthalate, aﬁd 2.5% by weight of diisobutyl phthalate, the

total weight of the solid catalyst component being 100% by



solid catal yst conponent was 50,200 g/g. The propyl ene
honmopol ynmer had 0. 56% by wei ght of soluble parts in
xyl ene at 20t (CXS), the total weight of the propyl ene
honopol ymer being 100% by weight; an intrinsic
viscosity (H') of 1.60 dl/g; and 10a bul k density of
0.442 g/ nL. Conparative Exanpl esgl 1. Preparation of a
solid catal yst conponent Exanple 1 was repeated except
that "washing six tinmes 15 at 105C with each 40 niL of
tolyene . and further washing three times at a room
tenperature with each 40 nL of hexane" in the step (4)

of Exanpl h e "washi three times at

105C wi t h§%%%ﬁ?)scn€é%‘ddt%%l§e§e,o a%ef FCREr SRadhi rgtalyst
t hr egnddides roem.te ure w.th each 4 of
hexaneﬂ;'-,n the?éb362 gbtogi %ﬁg%ae Sot i a °¢Atal §5t 90%_’ thereby

ing a suspe ob 1Pt 4 cla.d <t:I!1t i
conpaiting susp A88,,2bgy es,0b sadf{)}o%gy%\%eﬁéﬁ aog? Blosnent in

conmponent was found to contain 2.

5t tredpdameat Bin 0. 96%by.Wel ghtoPf et hoxy
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r ,
0.19% by wei ght of butoxy groups, 7.7% by (\%esloo%t% o(fatalySt
di eid’my:lonﬁhthﬁiaétfspe@-sg%lbyrdléeﬁggﬁaﬁgd %ﬁggéﬁﬁé}y&gg stirred
25pht hal ate, and 2.5% by wei ght of diisobutyl
phtadtal’af@ forheot ot mitesgi ghti wfs tde tsebidynat @1ystiter. The
conponent being 100% by 59 weight. There was
addéra4nsg §ibfratee wisofeusdl td cattaliyst icanpanedordsOin a
46 nL of heptane maintained at 70C, thereby preparing
a SIRFERSFaR T ofh@- & ind/mhit alepstiredmeoneding noSthe above
hept ane having a concentration of 0.1 g-solid catalyst
co 8ft / nd -suspensi on. The prepared suspensi on was
stirred at 70C for 30 m nutes, and was filtered with
A filter. The obtained filtrate was found to contain

titani tons .i.n_a concentration of 0.085 ng/m ,
rreazgufggbgerlza Ry Pg PHEYA5EGe

accordi ng
Example 1 was repeated except that 7.81 mg of the solid

catalyst component was changed to 8.21 mg of the above-obtained
solid catalyst component, thereby obtaining 432 g of a powdery
propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst component was 52,600 g/g. The propylene
homopolymer had 0.62% by weight of soluble parts in xylene at
20°C (CXS), the total weight of the propylene homopolymer being
100% by weight; an intrinsic viscosity ([n]) of 1.66 d1/g; and

a bulk density of 0.443 g/mL.



10met hod. 2. Pol ymerization of propyl ene
Exanple 1 was repeated except that 7.81 ng of the
solid catal yst conponent was changed to 8.21 ng of the
above-obt ai ned 15solid catal yst conponent, thereby
obtai ning 432 g of a powdery propyl ene honopol yner.
A yield of the propyl ene hogppol yner per one g of the
solid catal yst conponent was 52,600 g/g. The propylene
honopol ynmer had 0.62% by wei ght of soluble parts in

CLAISene at 20 20C (CXS), the total weight of the
propyl ene honopol yner bei ng 100% by wei ght; an
intrinsic viscosity (Po]) of 1.66 dl/g; and a bulk
deﬁs|ﬂyp@bc@s&4gog/pgodu@@ngLA|ﬁglld catquﬁppgg%@@@ent for
for producing a solid catal yst conponent for olefin

olegdhy mpexrliyratriicnt iconprosipmgstthe frbkl dwildgpwingpstEePs anld and
(4) in this order, or conprising the follow ng step

4)( I)n omes oordere vepebmbirdnsngf taecdliloatingn sdfept hel) , one

following steps (2) and (3) in this order, and the

or TdtOWBHe Bl €PokH) ofi Ia tBb@EbDligheion of the (flgllowing steps
contacting a solid material contai ning magnesi um at ons
2)anRgdahydnogar Ryliexyrgeeypsndathal egenaviny sospound, and this
an |nternal el ectron donor and an organic acid halide

orddth one another, thereby obtaining a solid conponent;
(2) mashing the solid conmponent with a hydrocarbon

SO' Contﬁctin%(sg id material containing magne51um
contactlngt ewas edsoll component, a halogenatlon

ato%%npaon%d %gpg(ﬁglﬂs%ﬂg)% nﬁ!ro %ﬁ?Ct " orhadl éaacrl(y compound and
organi c one” anot her;

an internal electron donor and an organic acid halide with one

another, thereby obtaining a solid component;

(2) washing the solid component with a hydrocarbon
solvent;

(3) contacting the washed solid component, a
halogenation compound, and an internal electron donor and/or
organic acid halide with one another; and

(4) washing the solid component with a hydrocarbon
solvent at 70°C. or higher four or more times;
the solid catalyst component for olefin polymerization
comprising titanium atoms, magnesium atoms, halogen atoms and
hydrocarbyloxy groups, wherein the following filtrate contains

titanium atoms in a concentration of 0.08 mg-Ti/ml-filtrate or

lower, measured according to a method comprising the steps of



(4) washing the solid conponent with a hydrocarbon
sol vent at 7000. or higher four or nore tines; the
solid catal yst conponent for ol efin polynerization
conprising titanium atons, nagnesi um atons, hal ogen
at:ons and hydrocar byl oxy groups, wherein the follow ng
filtrate contains titaniumgajons in a concentration of
0.08 ng-Ti/m-filtrate or |ower, neasured according to
a method conprising the steps of 61 (1)
pr dpar i ngepasusPensi orfusPenisd ogol i catBfystsodéfporfenitalyst
for olefin polynerization in heptanehaving a
componeent r ibronobéfh 1 wplswiard ze4tighystin heptane  having a
conponent/ m - suspensi on; (2) heating the
congéppension atf FOD0y-d4alri B ataiytses congenestimitsigspension;
(3) filtering the suspension,thereby obtaining a
filipynat gza@fflg the suédension at 70°C. for 30 minutes under
measur i ngaconcentrati onoftitani umatons contained in
Stigggngyltrate. 2. The process for producing a
solid catal yst conponent for olefin polynerization
aCQ%fd'@91£Qr§£&'”&%e wWher hdhdiv hydepsasben epkwenting a
in the step (4) is an aromatic hydrocarbon sol vent .

fll§ra{ge prgcess for producing a solid catal yst
nponent for ol efin pol ymerization according to claim

1 \ﬁ'her gl n the Eydrgcaré)o%e%oér\é%qtonl n B%e SE‘an{lle' S atoms

toluéne of > fn

contained in the filtrate.

2. The process for producing a solid catalyst component
for olefin polymerization according to claim 1, wherein the
hydrocarbon solvent in the step (4) 1s an aromatic hydrocarbon

solvent.

3. The process for producing a solid catalyst component
for olefin polymerization according to claim 1, wherein the

hydrocarbon solvent in the step (4) is toluene or xylene.

4. The process for producing a solid catalyst component
for olefin polymerization according to claim 1, wherein the
solid material containing magnesium atoms and hydrocarbyloxy

groups 1in the step (1) is a solid material containing



4. The process for producing a solid catalyst

conponent for olefin polynerization according to claim

1, wherein the solid material containing magnesi um

atons and hydrocar byl oxy groups in the step (1) is a

solid material containing 62 trivalent titanium

at ons, magnesi um at ons and $¥/dr ocar byl oxy groups.

5. The process for producing a solid catalyst conponent

for ol efi. i [ 1 &h NgtbAsclaaidn Hydrocarbyloxy
trlﬁﬁg?g#ntﬁﬁgagg*rghﬁg?%rsg?eﬁﬁﬁtaining nmagnesi um at ons

and hydrocarbyl oxy groups in the step (1) is a solid
9TOHBPeri al produced according to a process conprising

the step of reducing a titani um conpound represented

by the followng formula [I] wth an organomagnesi um

conpound in the presence_of an_orga ki od88ponent

coRtai nftig BTefFe sbgﬂa,pSPdPﬁl?ﬁegp?gzégcggg?§ggP S5k

conbi nation_of the organosiligon c 0 .\t h . ’
forese @ fidbnpeier 1zafht e PACRET 89, rg;dgg%g}r{mbgl' gsrhoeurpeln the

having 1 to 20 carbon atons; X2 is independen
soldnde mﬁﬁﬁ#ﬂﬁﬂ»aCﬁﬁF%g%hn%tSWEB?SéuWydFﬁ@Efb%?%x%béfgg

having 1 to 20 carbon atons; and a is.a nunbgr of 1’t%rdin
gro2fs i68 the sters. (W piocas§ofef PR&GEEPAgPARIBFES RS g

pol yneri zati on catal yst, conprising a step of . .
to cant pebtagst heomot i shinat dhgst SEBRpoAENt TFHCYI%f 3 titanium

pol yneri zati on produced according to the process of |
conRind 1rwbtEsanted ganoalkbei nfwd bowpound ogaglan (11 with an

external electron donor. o
organomagnesium compound in the presence of an organosilicon

Srbyloxy

compound containing a Si-0 bond, or in the presence of a
combination of the organosilicon compound with an ester

compound:

. }FE
R“»{O ——Ti~>zx’“ ]

wherein R? is a hydrocarbyl group having 1 to 20 carbon atoms;
x? is independently of one another a halogen atom or a
hydrocarbyloxy group having 1 to 20 carbon atoms; and a 1is a

number of 1 to 20.



7. A processfor produci ngan ol efin polyner, conprising
the step of contacting an olefin with the olefin

pol ynmeri zati on catal yst produced according to the
process of claim 6.

63

6. A process for producing an olefin polymerization
catalyst, comprising a step of contacting the solid catalyst
component for olefin polymerization produced according to the
process of claim 1 with an organoaluminum compound and an

external electron donor.

7. A  process for producing an olefin polymer,
comprising the step of contacting an olefin with the olefin
polymerization catalyst produced according to the process of

claim 6.





