13 SEP 2005 DESCRI PTI ON OLEFI N POLYMERI ZATI ON CATALYST 5 TECHNI CAL FI ELD
The present invention relates to an olefin polynerization catalyst having
a high activity to hydrogen and exhibiting high catalytic activihy Yol @l d
performance, and capability of producing polynmers wth stereored |3§PIZP® 10
equi val ent to conventional catalysts for polynerization of olefins.
BACKGROUND ART A solid catal yst conponent containing nmagnesi um 15
titanium an el ectron donor conpound, and hal ogen as essential conponents
used for the polynerization of olefins such as propyl ene has been known in

the art. Also, a large nunber OfDE@Eh??%?okor ol efin polynerization by
pol yneri zation or copolynerization of "propylene, in the presence of an
ol efin 20 pol ynerization catal yst conprising the above solid catalyst
conponent s, an organoal um num conpound, and an organosilicon conpound,

have been proposed. FObLW'E%LS%W Iped Patent Publication
No. (hereinafter referred to as - 9§£¢ﬁ%ﬁ¥zand JP-A No. 63311/1982
propose a nmethod for 25 polynerization of olef ins, particularly olef ins

with three or nore carbon atons, in which a conbined catal yst conprising

solid opgEHyBtAGOMPENENt S cont ai ni ng a magnesi um conpound, titanium1 13
SEP 2005 conpound, and an el ectron donor, and an organoal um num conpound

and an organosThécphesenpoindehdibnd ra1Sted €ol hakageris used.
polymerization catalyst having a high activity to hydrogen and
exhibiting high catalytic activity, yield performance, and
capability of producing polymers with stereoregularity
10 equivalent to conventional catalysts for polymerization of

olefins.

BACKGROUND ART
A solid catalyst component containing magnesium,

15 titanium, an electron donor compound, and halogen as essential
components used for the polymerization of olefins such as
propylene has been known in the art. Also, a large number of
methods for olefin polymerization by polymerization or
copolymerization of propylene, in the presence of an olefin

20 polymerization catalyst comprising the above solid catalyst
components, an organocaluminum compound, and an organosilicon
compound, have been proposed. For example, Japanese
Unexamined Patent Publication No. (hereinafter referred to as
JP-A) 63310/1982 and JP-A No. 63311/1982 propose a method for

25 polymerization of olefins, particularly olefins with three or
more carbon atoms, 1n which a combined catalyst comprising solid

catalyst components containing a magnesium compound, titanium



However, because these nethods are not necessarily satisfactory for
produci ng high stereoregularity polyners at a high yield, 5 inprovenent of
t hese net hods has been desired. JP-A No. 3010/1988 proposes an olef in

pol ynerization catalyst and a polynerization nethod. The olefin 4 SEP 0
pol ynmeri zation catal yst conprises a solid catal yst conponent, obtai ea Ey
-processi ng a powder produced from di al koxy 10 nmagnesi um aronatic

di carboxylic acid diester, aromatic hydrocarbon, and titaniumhalide with
heat, an organoal um num conpound, and an organosilicon conpound. JP-A No.
315406/ 1989PPHRds SN EHEC T HANOF | 3Nk AN ARd AP ldimi nun camgound

pol yneri zation nethod using this 15 catalyst. The olefin polynerization
catal yst ¥R} EgaROsaLigoncarpendhaioiehe picBaf cinkads ilsghagda
titanium_tetrachloride into contact with a suspension formed by a

di et hoxy nBRHREETNPRCENSR-RERE MBEAPSSAT 4 ARE NPSRRIAN 31y satéafartasyt heret o
to react to obtajn a sgb%%lgroduct, and 20 further contacth%othe resul ting
solid pr PLAUE LG gh §HPIEREEIUAASA Y PP HYIRES flesRdahoy 1ghd,

al kyl henzgne, an organic_. al um nu onpound and, an_,organi c silicon
conpo nd.mlﬂ‘ILO‘_Eﬁm‘?rh'g %%o%@%‘f'eslﬂ‘??‘g]‘éésc ?\%gli’i??’bn%?s%’é% nol ogi es have
Rl 1 IV B L e R R TR e
catalys! SEAHRE FHED S AL R RULAER, R AT {07 e polyrers
ng}o;(rjn\glr in%aé[]{}(ﬁ;nnéxdﬁhrﬁpiéd b4 eGh yshecbapRli¥el AEH14d ¥atyilae é&ﬁponent,
obtained by processing a powder produced from dialkoxy
10 magnesium, aromatic dicarboxylic acid diester, aromatic
hydrécarbon, and titanium halide with heat,.an organcaluminum
compound, and an organosilicon compound.
JP-A No. 315406/1989 proposes another olefin
polymerization catalyst and a polymerization method using this
15 catalyst. The olefin polymerization catalyst comprises a
solid catalyst component prepared by bringing a titanium
tetrachloride into contact with a suspension formed by a
diethoxymagnesium with an alkylbenzene, adding phthalic
dichloride thereto to react to obtain a solid product, and
20 further contacting the resulting solid product with a titanium
tetrachloride in the presence of an alkylbenzene, an organic
aluminum compound and an organic silicon compound.
All of the above-described conventional technologies
have attained certain results in improving the catalyst
25 activity to the extent of permitting dispensing with an

ash-removal step for removing catalyst residues such as

chlorine and titanium from the formed polymers, improving the




The pol yners produced using these catalysts are used in a variety of
applications including forned products such as 5 parts of vehicles and
househol d el ectric appliances, containers, and filnms. These products are
manuf actured by nelting polymer powders produced by the polyneri Z]GgSEqsnm@fpd
by formng the nelted polyner using any one of various nolds. In

manuf acturing formed products, particularly |arge products, by injection
nol ding or 10 the like, nelted polyners are sonetinmes required to have high
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however, 1s acconpanit e crease I n pr oducti vi't
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Devel opnent of a catal yst “capa produci ng po _
flow rat @cymesi igiBg R b8E oFPaFio@d mBYds00eh mdnkE aER rAMYPEd Pndg heT

words, a catalyst which has a high activity to hydrogen and “produces a

hi ghly stpebdacegyl parpobyakly Vi e Prioduaitdi, Yy injection molding or
10 the like, melted polymers are sometimes required to have high
fluidity (melt flow rate). Acéordingly, a number of studies
have been undertaken to increase the melt flow rate of polymers.
Themelt flow rate greatly depends on the molecular weight
of the polymers. Inthepolymer industry, hydrogen is generally

15 added as a molecular weight regulator for polymers in the
polymerization of olefins. In this instance, a large quantity
of hydrogen is usually added to produce low molecular weight
polymers which are the polymers having a high melt flow rate.
However, the quantity of hydrogen which can be added is limitedv

20 Dbecause of the pressure resistance of the reactor from the
viewpoint of safety. Inorder toadda larger amount of hydrogen,
the partial pressure of monomers to be polymerized has to be
decreased. The decrease in the partial pressure, however, is
accompanied by a decrease in productivity. Additionally, use
25 of a large amount of hydregen may bring about a problem of cost.

Development of a catalyst capable of producing polymers with

a high melt flow rate by using a smaller amount of hydrogen,




hi gh yield performance has therefore been desired. Conventional

t echnol ogi es have been insufficient in solving S these requirenents. To
achieve this objective, JP-A No. 218932/1998 discloses a catalyst for

pol yneri zation of olefins conprising a hal ogen-containing or ganoqialjggp%
conpound of the following fornula (1) and an organosilicon conpound of gﬁhe
followng 10 -fornmula (Il1) as organosilicon conmpounds: Si(ORB)4-,,2Zn (1)
wherein RB individually represents an al kyl group having 1 to 4 carbon
atoms, a cycl oal kyl group, a phenyl group, a vinyl group, an allyl group,
or an ar atkplthgroeprdyg, immgatalystawhatlbhes ahdgh aqsivity o Bydmogeneger of
1to 3, ROtSi (OR10) 4-t ( X I ) wherein the group R9 individually

r epr esentakh PXOIICESr 8 0.9 HAN Ehgreorggu aspobymer owbile myinbalikihggr oup,

a phenyl group,, a vinyl group, an allyl group, or an aral kyl group, Rio 20
i ndi vi dudtigh rekpkd RPRELQaNGS | has othehalo Ry been desiredn atons, a

cycl oal kyl group, a.fhenyl group, a vinyl group, an  allyl group, or an
aral kyl FUHELtARPAL jteahpplogies ke been 1iggnBfiqignt oivfsplving

pol ynmeri zation catal yst is not yet 25 satisfactory for providing olefin

pol ymer s ‘We%f aF%‘IR’fﬁ'yEE?E‘e‘h S-nmelt flow rate, although certain inprovenment is

inth lyst.activity to. hydr .4 13 SEP 2005 Therefore,
obj ect of the ProsETRiPTRerRiBroPaotbivhy oUP R B of bYA2ALPGer i zat i on

catalyst'ifggfg%é% Qiggtalyst for polymerization of olefins comprising
a halogen-containing organosilicon compound of the following
formula (I) and an organosilicon compound of the following

10 formula (II) as organcsilicon compounds:

S1(OR")4-nZn (1)
wherein R’ individually represents an alkyl group having 1 to
4 carbon atoms, a cycloalicyl group, a phenyl group, a vinyl group,
an allyl group, or an aralkyl group, Z indicates a halogen atom,

15 and n is an integer of 1 to 3;

R%Si(ORY¥) ¢ (II)
wherein the group R’ individually represent an alkyl group
having 1 to 12 carbon atoms, a cycloalkyl group, a phenyl group,
a vinyl group, an allyl group, or an aralkyl group, R!?

20 individually represents an alkyl group having 1 to 4 carbon
atoms, a cycloalkyl group, a phenyl group, a vinyl group, an
allyl group, or an aralkyl group, and t is 0 or an integer of
1 to 3.

This olefin polymerization catalyst is not yet

25 satisfactory for providing olefin polymers with a sufficient

melt flow rate, although certain improvement is seen in the

catalyst activity to hydrogen.



activity to hydrogen and exhibiting high catalytic activity, vyield
performance, and capability of producing polynmers with 5 stereoregularity
equi val ent to conventional catalyst for polynerization of olefins.

DI SCLOSURE OF THE I NVENTION In view of this situation, the invent of3 gqp @Iﬂf
present 10 invention has conducted extensive studies and have found

a catal yst containing a hal ogen-contai ni ng organosilicon conpound of the
following formula (2) exhibits a higher catalyst activity to hydrogen than
the catal yst co risin% the organosilicon conpounds (1) and (I1) disclosed

in JP-A No. 15 218585P189ganTRbJieq e Mot hea @resetfke AnvsRtd oS High

catalyst _actiyity to hydrogen can.also be achjeved by a catal yst
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catal yst conponent prepared by contacting (a) a dial koxy nmagnesium (b) a
tetra-valent titaniumhalide, and (c) a phthalic acid diester in (d) an

aromat i ¢ pISPLOSUROF THE INVENTION
In view of this situation, the inventor of the present
10 invention has conducted extensive studies and have found that
a cataiyst containing a halogen-containing érganosilicon
compound of the following formula (2) exhibits a higher catalyst
activity to hydrogen than the catalyst comprising the
organosilicon compounds (I) and (II) disclosed in JP-A No.
15 218932/1998. The inventor has further found that high catalyst
activity to hydrogen can also be achieved by a catalyst
containing a halogen-containing organosilicon compound of the
following formula (2) and a halogen-containing organosilicon
compound of the following formula (3), a catalyst containing
20 the halogen-containing organosilicon compound of the following
formula (3), and a catalyst containing a halogen-containing
organosilicon compound of the following formula (3) and a
halogen-containing organosilicon compound of the following
formula (4). These findings have led to the completion of the
25 present invention.
Specifically, the present invention provides an olefin

polymerization catalyst comprising:



having a boiling point in the range of 50 to 150C, 5 (B) an organoal um num
conpound of the following fornmula (1), RIE A1@B-P (1), wherein R is an
al kyl group having 1 to 4 carbon atons, Qis a hydrogen atom or gﬁhal ogen

atom and p is a real nunber 10 satisfying an inequality O<p<3, oﬁEEEMSC)
one or nore hal ogen-contai ni ng organosilicon conpounds selected fromthe
follow ng conmponents () and (C2) , (d) a hal ogen-containing
organosili con conpound of the following formula (2), RIS i (OR3) 4. 1 z, Xm

to 12"car bon 2[‘%2”“99?2@;%3% I AN TN Y
aroup havie 2188 TK8 B 5tk n (D) 4 Wohdah b e ssEnan Al
el bt od 2 40 2 e L %d&ﬁ”ﬁéegr%ﬁéyé@g”’“ ﬁ%ﬂuﬁﬁmﬁ%h@%" ;e o
i < 3 gy b B B i SRR Dt dadin of the
T(rjllj: \?I dtrjlgl T?r rﬁ@cgﬁ:ﬂes LJ§%Igllglng‘émﬁi)nﬁ ran%‘ﬁgaa:%i%ﬁ 28&%%%\@ n§ frloniu}% 12
car bon at(qrps’ with one or two hydrogen atons
R,A1Q;, (1)
wherein R! is an alkyl group h;ving 1 to 4 carbon atoms, Q is
a hydrogen ‘atom or a halogen atom, and p is a real number
10 satisfying an inequality 0<p<3, and
(C) -one or more halogen—co-ntaining organosilicon
compounds selected from the following components (C') and (c?y,
(C') a halogen-containing organosilicon compound of the
following formula (2),
15 R%Si(OR*)1-nXn (2)
wherein the group R’ individually represents an alkyl group
having 1 to 12 carbon atoms, a cyclecalkyl group, a phenyl group,
a vinyl group, an allyl group, or an aralkyl group, R’
individually represents an ﬁlkyl group having 1 to 4 carbon
20 atoms, a cycloalkyl group, a phenyl group, a vinyl group, an
.allyl group, or an aralkyl group, and X is a halogen atom selected
from a chlorine atom, a bromine atom, and an iodine atom, 1 is
0 or an integer of 1 to 2, and m is an integer of 1 to 3, provided
that 1 = 1+m = 3,
25 (C?*) a halogen-containing organosilicon compound of the

following formula (3),

R'Si(OR’)4q (3)



repl aced by hal ogen atons, R5 individually represents an al kyl group
having 1 to 4 carbon atons, a cycl oal kyl group, a phenyl 5 group, a vinyl
group, an allyl group, or an aral kyl group, and q is an integer satisfying
an inequality of 1:-19g<3. The present invention further provides hhSER &5 n
pol ymeri zation catal yst conprising: (A) a solid catal yst conponent prepared
by contacting 1G (a) a dial koxy magnesium (b) a tetra-valent titanium
halide, and (c) a phthalic acid diester in (d) an aromatic hydrocarbon
having a boiling point in the range of 50 to 150C, (B) an organoal um num
conpoundwbereia ROl indivigdaaliyl andiyatedsa Rl qr (Myantikedi alBylis an
al kyl group having 1 to 4 carbon atons, Qis a hydrogen atomor a hal ogen
atom andrpupshavirall heiFerarbaniadfofisngwahhionegoaltiwo/hpdpoges, at@rs a

hal ogen- cont ai ni ng organosilicon coppound of the 20 followi ng formula (3),
(R4) gSi (orBlaced(By hajngen atRms ngi inguaidpaldy sgpsesgentisnamarabeybr anched
al kyl group having 1 to 12 carbon atons, with one or two hydrogen atons
repl aced96guRah@dygERdat d1s 2 RBIPARI Fremat 13 cyepraddiilsgnaunl kypipsnyt oup
having 1 to 4 carbon atons, a cycloal kyl group, a phenyl group, a vinyl
groups,q aﬁrSFPyIaQPdﬁb]; Bovy anapkiy1Ferne é’FFda“anélg)ﬁliﬂ@@f and i sfying
an inequality of ;1< g<3, and 7 13 SEP 2005 ..an qrganosilicon conpound of
t he foﬁl gwilﬁéafloﬂ-ﬁﬁf’-‘gefff?tQSfY]ing an 2lnequ If?.)J.ty of ngSB. i

The present invention further provides an oiefin
polymerization catalyst comprising:
(A) a solid catalyst component prepared by contacting
1¢ (a) a dialkoxy magnesium, (b) a tetra-valent titanium halide_,
and {c) a phthalic acid diester in (d) an aromatic hydrocarbon
having a boiling point in the range of 50 to 150°C,
(B) an organcaluminum compound of the following formula
(1),
15 R'%A1Q5.; (1)
wherein R* is an alkyl group having 1 to 4 carbon atoms, Q is
a hydrogen atom or a halogen atom, and p is a real number
satisfying an inequality O0<p=3,
(C?) a halogen-containing organosilicon compound of fhe
20 following formula (3),
(R')¢S1(OR%)4-q (3)
wherein R' individually indicates a linear or branched alkyl
group having 1 to 12 carbon atoms, with one or two hydrogen atoms
replaced by halogen atoms, R’ individually represents an alkyl
25 group having 1 to 4 carbon atoms, a cycloalkyl group, a phenyl
group, a vinyl group, an allyl group, or an aralkyl group, and

g is an integer satisfying an inequality of 1Z£g=3, and



R6,Si1 (OR7 )4-5 (4) wherein R6 individually represents an al kyl group
having 1 to 5 12 carbon atons, a cycloal kyl group, a phenyl group, a vinyl
group, an al kyl group, or an aral kyl group, Rl individually represents an
al kyl group having 1 to 4 carbon atons, a cycloal kyl group, a phenyBERIRYP.
a vinyl group, an alkyl group, or an aralkyl group, with R6 and R7 being
either the sanme or 10 different, and s is an integer satisfying 0:5s:53.
BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is a flow chart showng a

process for preparing the polynerization catalyst of the present

i nvention. 15 B i’%m1&¥93§@33%%%@9«9Q§FP“¢HEOﬁNéEﬁTﬁQiﬂﬂylﬂEefar&p&éxy
magnesi um (a) (hereinafter nay be referred to as "conponent (a)") used for
preparing4he solid catalyst conponent (A) (hereinafter may be referred to
as 20 "conponent (A)") in the olefin polynerization catalyst of the

present invention® s21d@Fpdund represented by the formuf &) My (ORL1) (OR12) |,
wherein 1 and R52.i8dividu ily represent an | kyl roug having 1 to 10
car bon atBiRES Hh & RUIIAKEORA S ok PR SRt am (Adestl GEPUS: RAVAPgr Anto | s
preferable. Specific¢c 25 exanples _include dinmetho gnesi um _di et hoxy
nagneéiuﬁ? c@F%P@p@%fqﬁagﬁeggﬁﬁfagﬂgatgfﬁuﬁagﬁeggéﬂgfe?ﬁﬁ§9ne?h%k?yf
magnesi u et ho r Y esi t hoxy. magnesi.um. 8 13 .SEP 2005
and the Hﬁ?élﬁ’ 'Oi(’:'%tD k?ceig&,i é%fxyoﬂagrgésfﬁﬁls qp%or Breu ar']‘lr{?qlv | e.

These di glpacdianel WA doull WA Y cd PUdMbIbdd ¢ grgnesi um

wi th an
cycloalkyl group, a phenyl group, a vinyl group, an allyl group,

or an aralkyl group, with R® and R’ being either the same or

10 different, and s is an integer satisfying 0=s=3.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1l is a flow chart showing a process for preparing
the polymerization catalyst of the present invention.
15
BEST MODE FOR CARRYING OUT THE INVENTION
As the dialkoxy magnesium. (a) (hereinafter may be
referred to as “component (a)”) used for preparing the solid
catalyst component (A) (hereinafter may be referred to as
20 *component {(A)”) in the olefin polymerization catalyst of the
present invention, a compound represented by the formula
Mg (OR') (OR'?), wherein R! and R'? individually represent an
alkyl group having 1 to 10 carbon atoms, and R' and R'? may be
either identical or different, is preferable. Specific
25 examples include dimethoxy magnesium, diethoxy magnesium,
dipropoxy magnesium, dibutoxy magnesium, ethoxymethoxy

- magnesium, ethoxypropoxy magnesium, butoxyethoxy magnesium,



a hal ogen or a hal ogen-contai ning netal conpound. The above 5 di al koxy
magnesi um may be used either individually or in conbination of two or

nore. The di al koxy magnesi um conpound used for the preparation of the
conponent (A) in the present invention may be either in the forWS%EPIMS
granul es or powder and either anorphous or spherical 10 in the
configuration. For exanple, when spherical dialkoxy magnesiumis used, the
resulting polymer is in the formof a powder having an excellent granul ar
formand a narrow particle distribution. This inproves handling and

pr ocessalngd tshepflikee ©81 yhes epowdert hongd rega egunim ¢ sp glayteicwlan Ign

operation and 15 elim nates problenms such as cloggi ng caused by fine
particl eprefenatileed Thesiee ddcilkeery pagi@siumhaayphber iprgipadied koxy
magnesi um need not necessarily be conpleteli round in shape, but nmay be
oval or gRa@QtdnshBgEalligpmagnesinmwithanpaieobpbsimdpehpvesgncetod (1/ w)
of the major 20 axis dianeter (1) to the mnor axis dianmeter (w) usually of
3 or |esshajoses gm ¢ hpdroenrsontaindngopetpleremppnndsr ckhe dbove. 5.
D al koxy nmagnesiumwi th an average particle size from 1 to 200 mcan be
used. A ﬂd@g—’ﬁﬂ"éﬁ‘ Jegnes Wi maje BRrised evdher Andividual B5eming the case
of spherical .dialkoxy nesium the average particle -size is usually from
1 to 100 SABIECM ¢%9NHESWQF?ﬁ)In and nore preferably from10 to 40
m A powder 9 %ﬁg?EP 3295 haviqg a_narrow p ticl Si%ﬁ distribution with a
Smal ler Tine S BOAMEXSOUECE oY SmBouis v €7 ok, Ehedtr cRgrat T Ral | y,
the content gl PAGSEEES A f NP eHeAPPLELNLTi Mt Un k&S beSe fOBer in
the form of granules or powder and either amorphous or spherical
10 in the configuration. For example, when spherical dialkoxy
magnesium is used, the resulting polymer is in the form of a
powder having an excellent granular form and a narrow particle
distribution. This improves handling and processability of
the polymer powder produced during polymerization operation and
15 eliminates problems such as clogging caused by fine particles
contained in the polymer powder.
The spherical dialkoxy magnesium need not necessarily
be completely round in shape, but may be oval or potato-shaped.
Specifically, the particles may have a ratio (1/w) of the major
20 axis diameter (1) to the minor axis diameter (w) usually of 3
or less, preferably from 1 to 2, and more preferably from 1 to
1.5.
Dialkoxy magnesium with an average particle size from
1 to 200 pm can be used. A more preferable average particle
25 sizeis 5to 150 um. Inthe caseof spherical dialkoxy magnesium,

the average particle size is usually from1 to 100 um, preferably

from 5 to 50 um, and more preferably from 10 to 40 um. A powder



or less, and preferably 10% or I ess. On the other hand, the 5 content of
particles with a dianmeter of 100 mor nore should be 10% or |ess, and
preferably 5% or |ess. Myreover, the particle size distribution
represented by | n(D90/D10), wherein DOO0 is a particle size of 90&@5¥Pﬂﬂ5
integrated particle size and D10 is a particle size of 10% of the

I ntegrated particle 10 size, is 3 or less, and preferably 2 or |ess.

Met hods of produci ng such spherical dial koxy magnesi um are described in,
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i nclude, as titaniu titanium tetrahali such as Tum

tetrachl g/d d@g irt lqrygsm 2d Yrieaurbide st bidan U%E%B%iroditfﬂ.t% and, as

al koxytitani um halides, nethoxy titaniumtrichioride, ethoxy titanium

trichl oripdet iknepoxye dilsaHibitibnChb pr&8ent 8d Byt DXy by BNbY Ml dsi PEP 2005
trichloride, dinethoxy titaniumdichloride, diéthoxy titanium dichloride,

di propoxp9ni tana ypact tdlerd tee off 90sbuitoxye intaqiaredigd©rde, sizémet hoxy
titanium chloride, triethoxy
and D10 is a particle size of 10% of the integrated particle

10 size, is 3 or less, and preferably 2 or less.

Methods of produéing such spherical dialkoxy magnesium
are described in, for example, JP-A No. 41832/1983, JP-A No.
51633/1987, JP-A No. 74341/1991, JP-A No. 368391/1992, and JP-A
No. 73388/1996.

15 The tetra-valent titanium halide compound (b)
(hereinafter referred to from time to time as “component (b)”)
used for the preparation of the component (A) in the present
invention is one or more compounds selected from titaniuﬁ
halides and alkoxsr titanium halides of the formula Ti(OR?),X;_.,

20 wherein R!? indicates an alkyl group having 1 to 4 carbon atoms,
X is a halogen atom selected from a chlorine atom, bromine atom,
iodine atom, and the like, and n is an integer of 0=n=<4.

Specific examples include, as titaniumhalides, titanium
tetrahalides such as titanium tetrachloride, titanium

25 tetrabromide, and titanium tetraiodide and, as alkoxytitanium

halides, methoxy titanium trichloride, ethoxy titanium

~trichloride, propoxy titanium trichloride, n-butoxy titanium

10



titaniumchloride, tripropoxy titaniumchloride, and 5 tri-n-butoxy
titaniumchloride. O these, titanium tetrahalides are preferable, wth
titaniumtetrachloride being particularly preferable. These titanf}gap 7pq5
conpounds may be used either individually or in conbination of two or
nore. Particularly preferable phthalic acid diesters (c) 10 (hereinafter
referred to fromtinme to tine as "conponent (c) " ) wused in the
_preparation of the component (A) of the present invention have a linear or

o) koxycarponprogiash diadefol? AafAinaleRIeTRAEe s1eRofy M, e
ot nal at GicRToP g PSBYerR R T Vel diblot e SRR Bl ( copr opy1)
rhyl (s htEDEfm i hpaY saefTEEBRE Rory (LY (o e R XA engiey 1 e,
bi o> 2. GERaRRbRRCRLBride, M rRapbooRy $3 kBt elotide, MM S0
pht haj at 'Erigh'—Bﬁ?gﬁ%{t%ﬂﬁhﬁ@xh%%’loﬂh%(.21 afdi:H@EQ?" bﬁes?ghhmpht hal at e,

n- butyl (i sohexy al ate, n-butyl (2-ethyl hexyl) phthal ate,

n- pent yl bex¥hhgpiRbshat@peerBrlgnky i e vkt &8t #¢ Rl oride being
i so-pentyl (heptyl) phthalate, n-pentyl (2-ethyl hexyl) phthal ate, n-pentyl

(i Sononybér@b&hmmﬁ, rePepaniy| (remdaeyt) caht bl ddpoundsl fa§ibe X
n- pentyl undecyl phthal ate, iso-pentyl (isohexyl) phthal ate,
n- hexyl (2iehéyl| bedyirjdphlhgl ate inncbhakinaZienhplfhexyl pr potdeal at e,
n- hexyl (i sononyl) phthal ate, n-hexyl (n-decyl)

Particularly preferable phthalic acid diesters (c)

10 (hereinafter referred to from time to time as “component (c)")
used 1in the'preparation of the component (A) of the present
invention have a linear or branched alkyl group with 2 to 10
carbon atoms as the alkyl group in the alkoxycarbonyl group.
Specific examples are dimethyl phthalate, diethyl phthalate,

15 di-n-propyl phthalate, di-isopropyl phthalate, di-n-butyl
phthalate, di-isobutyl phthalate, ethylmethyl phthalate,
methyl{isopropyl) phthalate, ethyl(n-propyl) phthalate,
ethyl(n-butyl) phthalate, ethyl(isobutyl) phthalate,
di-n-pentyl phthalate, di-iso-pentyl phthalaﬁe, dihexyl

20 phthalate, di-n-heptyl phthalate, di-n-octyl phthalate,
bis(2,2-dimethylhexyl) phthalate, bis(2-ethylhexyl)
phthalate, di-n-nonyl phthalate, di-isodecyl phthalate,
bis(2,2-dimethylheptyl) phthalate, n-butyl(isohexyl)
phthalate, n-butyl(2-ethylhexyl) phthalate, n-pentylhexyl

25 phthalate, n-pentyl(isohexyl) phthalate, iso-pentyl{heptyl)
phthalate, n-pentyl(2-ethylhexyl) phthalate, n-pentyl

(isononyl) phthalate, iso-pentyl(n-decyl} phthalate,

11



pht hal ate, n-heptyl (2-ethyl hexyl) phthal ate, n-heptyl 5 (isononyl)

pht hal at e, n-heptyl (neodecyl) phthalate, and 2-ethyl hexyl (i sononyl)

pht hal ate. These are used either singly or in conbination of two or nore.
O these, phthalic acid diesters in which the al koxycarbonyl gr ou3ps has two

i dentical al kyl groups are 10 preferable, with diethyl phthal atd,3 SEP 2005

di -n-propyl phthalate, di-isopropyl phthalate, di-n-butyl phthalate,

di -isobutyl phthalate, di-n-octyl phthalate, bis(2-ethylhexyl) phthalate,
and di -i sodecyl pht hal at e bei ng particularly preferable. The conponent (A)
of the pRePERLY Wéimqydn Hea it e pefrEPe MY byl sdraxck  reh il abeve
conmponents (a), % in an aromatic hydrocarbon (d) with a boiling
poi nt of N5OErY1{ O@GhY(]H’@r"é’IeraerEtrhq]e?fé'-r et el netihet hex¥l he as
"corrponentﬁii %'r .. Tol uene, xylene, and ethyl benzene are preferably used
as the 8 éﬁf—‘ ( @ heryddd-sanssl )c Biydadahtho s hesy e Aikey kel t her . 20

i ndi vi dua I i n conbi nay% of two or. nore. I.n addition to the above
corrponenP %‘&;af:s r( @ hephy | dnatiyihesddumitha lakes nsheptefl an or gani ¢

aci d, n_ be dfor the repar at nof the solid

calt al§/st (&g §H¥hl8 %%h At E'rs Céﬁ I eo'or?dsﬁiln:js are
ffect I t f d d

ool ymer 92- s@hi%@%% 1gPobivad Bt %hl o PR EoREGuRaSARdRREm 12 13 SEP
2005 t d - I

chl ori ggggh%g Sr. ghanE%ym 8%%%‘8[]:6 [ solr:)ir%lop#c%(yI sgl 5:n0ﬁ8)r(nyd| ghIJ?r Ing(ran

but oxy alU”‘nu@fﬁﬂﬂgéyﬂ(Hhtﬁilfgtyaﬁﬁ diesters in which the

alkoxycarbonyl group has two identical alkyl groups are

10 preferable, with diethyl phthalate, di-n-propyl phthalate,
.di‘-isopropyl phthalate, di-n-butyl phthalate, di-isobutyl
phthalate, di-n-octyl phthalate, bis(2-ethylhexyl) phthalate,
and di-isodecyl phthalate being particularly preferable.

The component (A) of the present invention can be prepared

15 by contacting the above components (a), (b), and (¢) in an
aromatic hydrocarbon (d) with a boiling point of 50 to 150°C
(hereinafter referred to from time to time as “component (d)”).
Toluene, Xylene, and ethylbenzene are preferably used as the
component (d). These aromatic hydrocarbons can be used either

20 individually or in combination of two or more.

In addition to the above components (a) to (d), an
aluminum compound, a metal salt of an organic acid, or
polysiloxane can be used for the preparation of the solid
catalyst component (A) of the present invention. These

25 compounds are effective in controlling the crystalline
properties of the produced polymers.

As specific examples of the aluminum compound, aluminum

12



alum num and the like can be given. 5 As exanples of the netal salt of
organi c acid, sodium stearate, nmagnesium stearate, and al um num stearate

can be given. Polysiloxanes are-generally called silicon oil. Those used
in the present invention are chain-structured, partially 10 hydr?gsg@hﬁg,
cyclic, or denatured pol ysil oxanes which are 1liquids or viscous S ces

at normal tenperatures with a viscosity at 25C in the range of 2 to 10,
000 cSt, and preferably in the range of 3 to 500 cSt. As exanpl es of

chai n-structured pol ysi| oxanes, di-nmethyl 15 polysil oxane and net hyl phenyl
pol ysi | oXanehkar e gi diet hexy @h%llmmycml,/‘dﬁbg%na@kdl%ﬂ?@Pw}ines, met hyl
hydr ogen pol ysil oxanes with a hydrogenati on degree of 10 to 80% can be

gi ven; astlayinum shley J-Qﬁan%%t}o*ﬂéx%ﬂwf%yyﬁgﬂ‘?%ﬂ%xakﬁ‘?-PrOPOXY

oct anmet hyl cycl ot etrasi | oxane, decanet hyl cycl opent asi |l oxane, . 20

2, 4, 6-t r iNeRNEY dithier idgarutoxy FLgeinn HefhAT 18R otet9BRPXBxane can
be given; as denatured qiysjloxanes, hj gher fatty acid group-substituted

di met hy| 44Ty, aih YR - s 9P di net hyl si | oxane, and

pol yoxyal kyl ene. _group-substituted di neth siloxane,.and the |ike can be
ovans 35 The' hDCERERBEED, ebot PEIEHEE A reh o Lag0 e TFid praadhps

I nvention w.ll now be descri betg'a Onceespec' fic. exa lseté)a]: thee QLrocess for

prepari ngstter‘?‘é‘-al%e'lénaﬁfgszldﬁ% Tt co’r’rpabrh néll“(n}lbn% npr At sus‘%‘énla?ng t he

di al koxyd}‘%%g’esium (a) inthe tetra-valent titaniumhalide (b) or the
aromatic ydrocarbon (d) having a boiling point in the range of 50 to

Polysiloxanes are generally called silicon oil. Those
used in the present invention are chain-structured, partially
10 hydrogenated, cyclic, or denatured polysiloxanes which are
liquids or viscous substances at normal temperatures with a
viscosity at 25°C in the range of 2 to 10,000 cSt, and preferably
in the range of 3 to 500 cSt. '
As examples of chain-structured polysiloxanes, dimethyl
15 polysiloxane and methylphenyl polysiloxane can be given; as
partially hydrogenated polysiloxanes, methyl hydrogen
polysiloxanes with a hydrogenation degree of 10 to 80% can be
given; as cyclic polysiloxanes, hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane,
20 2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetramethyl
cyclotetrasiloxane can be given; as denatured polysiloxanes,
higher fatty acid group-substituted dimethyl siloxane, epoxy
group-substituted dimethyl siloxane, and poiyoxyalkylene
group-substituted dimethyl siloxane, and the like can be given.
25 The process of preparing the component (A) of the present
invention will now be described.

One specific example of the process for preparing the

13



150C, and causing the phthalic acid diester (c) and/or the 5 tetra-val ent
titaniumhalide (b) to conme into contact with the suspension. A spherica
solid catal yst conponent with a narrow particle size distribution can be
obtai ned by this process using a spherical magnesi um conpound. S3cStPa2005
spherical solid catal yst conponent with a narrow particle size distribution
can 10 al so be obtained w thout using a spherical magnesi um conpound if
particles are formed by a spray dry nethod in which a solution or
suspension js,sprayed and dried uysing a sprayer, for_ exanple. Contact of
ol

these conp PENERL {2Y COMPriiF es SerReNd ipg fhgsbir ey Ragnesdam i n an
I nert gas,atnosphere fromwhjch 15 water ng,the | ke have been renoved
while stift3 mf %nt?% ach 8ﬂEnF§t3Pé“’Baﬁ§ 4980 (BB cBRLARFOBRLAE rri ng
th I Xt d t ' treat t o . i.ed t by di [
suspendi nyY JHRE AERAEH SALHS f RIS BTy o Hhear 28GRy RLabOVERy |ow
t t f t t .20 ) . ti duct i t b
obt o ned 1 e ehih gAY, P B L e i o X ridier tag i 60
f bl ' ts . t f_40 to . 130C. . ti
oo Pot Lot Ao i Bin bt BARSHE LEF (P UBf0l o0 dehuairtibipehe™! ' "

U1 bl & SOIPOSEIL AN J1BURUILE LRSS R Blethe ot e

hand, contr of the re I on becones a tenperat ur

130C due geiialQl & 23bIh Gl IS SPEYRHe oBRA 1 hBS dy Kfiis PRSALLLORgL T TE 1S

one mnute or nore, 14 13 SEP 2005 preferably ten mnutes or nore,
still morg spmefraicdll natthedi it @SmEBuA®! € sudh Y el prapesses for

preparing the solid catal yst
catalyst component with a narrow particle size distribution can
10 also be obtained without using a spherical magnesium compound
if particles are formed by a spi‘ay dry method in which a solution
or suspension is sprayed and dried using a sprayer, for example.
Contact of these compohents is carried out in a vessel
equipped with a stirrer in an inert gas atmosphere from which
15 water and the like have been removed while stirring. When the
components are caused to come contact by stirring the mixture
or when a denaturing treatment is carried out by dispersing or
suspending the components, the mixture is stirred at a
comparatively‘low temperature of around room temperature.
20 When a reaction product is to be obtained by reacting the
components after the contact, the stirring is preferably
carried out at a temperature range of 40 to 130°C. The reaction
does not sufficiently proceed at a reaction temperature below
40°C, resulting in a solid component with inadequate properties.
25 On the other hand, control of the reaction becomes difficult

at a temperature above 130°C due to vaporization of the solvent

and the like. The reaction time is one minute or more,
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conponent (A) of the present invention, a process conprising 5 suspending
the conponent (a) in the conponent (d), causing the resulting suspension to
come in contact with the conponent (b), then with the conponent (c), and
causi ng these conponents to react, a process conprising suspendiiﬁ Eﬁ?
conponent (a) in the conponent (d), causing the resulting suspen é @5
cone in 10 contact with the conponent (c), then with the conponent (b),

and causing these conponents to react, and other simlar processes can be
gi ven. The féglomﬁng exanpl es are given as the order of contacting the

conponentRISIETARLY o) RIRILRF i OR%Es yand sEiddnperenprefprablynd dr esent
invention..(l')?eéa%ﬁ-> d ->(b) -->(c) -+ ((internmediate washing -+ (d)
-> (b) )BBULLT QL MGEEhing -~ solid catal yst conponent (A) (2) (a) - (d)

ol 0" bat a1 yo1. EBHRAAHARIS Broersseenor sreppcisb(bd soigg Casalyst "
ot al yst CRBIER CHAPT 4 BresenfyinvehEibh, 3 pyo8ast (SamBFHBaRGL o
ConpofanisusHaay 18 canbBhbhe (o (I cnE SRhBhe s MR rBEanS bheni ng -5
2005 () ey R Shspeps i B LRI oobadt SRR GRERAREE (22 ()
(¢) - (blohen with e WHERAGNtT (39!, Qnﬁ%éﬂithEHBQQeé‘émponents to
react, a process comprising suspending the component (a) in the
component (d), causing the resulting suspension to come in
10 contact with the component (c), then with the component (b},
énd cansing these components to react,l and other similar
processes can be given.
The following examples are given as the order of
contacting-the components in preparing the solid catalyst
15 component (A) of the present invention.
(1) (a) = (d) = (b) = (c) = {intermediate washing — (d) —>
(b)) —> final washing - solid catalyst component (A)
(2) (a) = (d) = (c) = (b) > {intermediate washing — (d) —
(b)» —> final washing —> solid catalyst.component (B)
20 (3) (a) => (d) = (b) > (c¢) > {intermediate washing = (d) —
(b) = (c¢)) —> final washing = solid catalyst component
(A)
(4) (a) = (d) = (b) > (c) > {intermediate washing -> (d) =
(c) = (b))} — final washing —> solid catalyst component
25 (&)
(5) (a) > (d) > (¢) = (b) = {(intermediate washing — (d) -

(by = (c)}» —> final washing —> solid catalyst component

15



(A 5 1If required, further inprovenent of the catalyst activity can be
achieved if the steps in the double parentheses (( >) in the above
processes of contact are repeated several tines. The conponents (b) or (d)
used in the steps in the double parentheses (( )) may be either fig&EPI2E5
added conponents or 10 residues fromthe previous steps. In addition, an

al um num conpound, a netal salt of organic acid, or polysiloxane may be
caused to contact the reaction m xture at any point of the above contact

processes. IQ %ddition to the washing steps indicated in the above
processes (l)Ato (6), the internediate products 15 in any of the above

contact steps_nmay, be, washed. wi.t hydr,acar bon . .conpound which is liquid at
nor mal t fse(nsﬁe?%l) uer)es(ed )Bagsegca)n%t Ré’%aﬁ%vé(]%?meﬁﬁa&ﬁ, wasRipg; cul () y>
preferabl e process {;O preparing the solid catalyst c onent (A

conpri ses sué%gndi n b{)he di 1r’l‘<%€y”% h’é%i%n??ét)"di ﬁaf'ﬁgg’gﬁ SPERenEnt

hydr ocar bon ﬁg having a boiling point in the range of 50 to 150C, causi ng
the tetra-valent titaniumhalide (b) to contact the suspension, and

td th ' h ht hal | i d
G estore (o) ars comabPed ( uPERYE BRBEESEncRE P! oiE GaBALISH & "2
t t i bh - T f - val ent
{1 tant Rl (B e oA Rarout 1 Shehrrih o gubEk pateh EhEGREY (1)

In this iQstangs, the hBodeSprabbests SarEyneMtt %@%i@eg@@&tg&@eﬂa@l 13 SEP

2005 at a low tenperature either before or after the ove one or nore
pht hal i ctamied .di mséercﬁn;(cﬁbem:r@(squ&ecédt)qqs-‘éhmia@hé BeepsUsPeRal @subrbt er

washi ng the solid reaction product (1) wt
parentheses { } may be either freshly added components or
10 residues from the previous steps. In addition, an aluminum
compound, a metal salt of or.ganic acid, or polysiloxane may be
caused to contact the reaction mixture at any point of the above
contact processes. In addition to the washing steps indicated
in the above processes (1) to (6), the intermediate products
15 inany of the above contact steps may be washed with a hydrocarbon
compound which is liquid at normal temperatures.
Based on the above description, a particularly
preferable process for preparing the solid catalyst component
(A) comprises suspending the dialkoxy magnesium (a) in the
20 aromatic hydrocarbon (d) having a boiling point in the range
of 50 to 150°C, causing the tetra-valent titanium halide (b)
to contact the suspension, and reacting the mixture. In the
above process, one or more phthalic acid diesters {c) are caused
to come in contact with the suspension at a temperature from
25 -20°C to 130°C, either before or after the tetra-valent titanium

halide (b) is contacted, to obtain a solid reaction product (1).

In this instance, it is desirable to carry out an aging reaction

16



a hydrocarbon compound which is liquid at nornmal tenperatures 5
(intermedi ate washing), the tetra-valent titaniumhalide (b) is again
‘caused to contact the solid reaction product (1) in the presence of an
aromati c hydrocarbon conpound at a tenperature from-20C to 100C, &BQEP 2005
resulting suspension is subjected to a reaction to obtain a solid reaction
‘product (2) . 10 A nmethod of again contacting one or nore phthalic acid
diesters (c), either before or after the tetra-valent titaniumhalide (b)

i s caused to ontact the solid,.react roduct (1), is another preferred
enbodi nertt, GALOHehEMPEAa iR P%@Pﬁe PapEe RASHENE! SR AROYRRAS AT mmy be
further re eat veral 1 15 Next, the solid reaction product (2) is
washed wi pﬁ% dc SiHiOh 358 15aRsed 4C ﬁ&“ﬁﬁ’l & dherat ures
(final mashln é kn t he sollgﬁﬁg i t co onent Preferable
Cond t i oALSBFTE b0 2 ?Ea‘&?%ﬁ% e SEL BrBAECE: 61 bR I ows.
20 - Low_t erature_a ct.io Cto 70C referably -10C to 60C,
and nore pﬁgﬁg?gﬁfé’oﬁ "Iﬂbjrr}ilrﬁ GAg 1A 0 ‘fmﬂ]s eﬂ‘Py

i fo @aﬁa@@ﬂdk&%ﬂ%gg T e muh%“fs d
B;(ratsgﬁl arlggg%éfera%%d 8rc8ng {‘.lgu&goéjcgﬁl% %%‘gﬁé\@%l 8( atorgzlsto "

110C, pr gher BPE%eﬁQ@ be Jaaogro?ﬂac&ﬁoﬁﬁdr%«a&%ablzxmg §Oa$0G froml to 20
times, preferably 1 to 15 tines particularly erably 1to 10

tinmes. temperature from -20°C to 100°C, and resulting suspension is
subjected to a reaction to obtain a solid reaction product (2).

10 A method of again contacting one or more phthalic acid diesters

(c), either before or after the tetra-valent titanium halide
(b) is caused to contact the solid reaction product (1), is
another preferred embodiment. As required, the intermediate
washing and the reaction may be further repeated several times.

15 Next, the solid reaction product (2) is washed with a

hydrocarbon compound which is liquid at normal temperatures
(final washing) to obtain the solid catalyst component (A).

Preferable conditions of the above reactions and washing
operations are as follows.

20 - Low temperature aging reaction: -20°C to 70°C, preferably -10°C
to 60°C, and more preferably 0°C to 30°C, for 1 minute to 6
hours, preferably 5 minutes to 4 hours, and particularly
preferably 10 minutes to 3 hours.

- Reaction: 40°C to 130°C, preferably 70°C to 120°C, and

25 particularly preferably 80°C to 115°C, for 0.5 to 6 hours,

preferably 0.5 to 5 hours, and particularly preferably 1 to

4 hours.
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Hydr ocar bons used for washing are preferably aromatic 5 hydrocarbons or
saturated hydrocarbons which are liquid at ordinary tenperatures. Specific
exanpl es are aromatic hydrocarbons such as tol uene, xylene, ethqu§qﬁﬁqe
and the like, and saturated hydrocarbons such as hexane, heptane, 005
cycl ohexane, "and the like. The aromatic hydrocarbons preferably are used
10 for the internedi ate washi ng, whereas the saturated hydrocarbons are
preferably used for the final washing. Toluene, xylene, ethylbenzene, and

e, |1 ke Chtgheng:ral, pP 88 FEe, Mediacanionsforouidgaused hen the
normal ¢ e EeRiey (TRt s e "SRR Do 2Hhe AR oPopERab Lok used
for She PrEpaaden 2lg Rlecsaligegt slust-samponent (M peguor be

o amouni fromD E R Gt et 8y Baghin SR PELEEL Ry PoRSLIRTT 1D,
pref eg ably gfbelicho Kt Shflirad er%i@%&&%%ﬁ%@%ﬁé@#&uié ed in an

anount fromO0.01 to 10 nols, pre rom and still nore

pr ef er abloydiraFy0 «Qhplc bbb, Ceplec 1314 Lhangneamtie hydpagarbons (d) are

used in an amount from0.001 to nols, preferably from 01 to 100

nol s, andydgbichlbeRisesReRiRy ablueheomPLAA5, en}PbeRkenel4id R 1DLeOf the
18 13 SEP 2005 di al koxy magnesium (a). There are al so no specific

limtati and datdiet edbydtroefa rbdnsash dina stegitase U Rephahegef, alcHidxa e |l
phthalic acid diesters
and the like. The aromatic hydrocarbons preferably are used
10 for the intermediate washing, wheieas the saturated |
hydrbcarbons are preferably used for the final washing.
Toluene, Xylene, ethylbenzene, and the like can be given as
aromatic hydrocarbon compounds used when the solid reaction
product (1) is again contacted with a tetravalent titanium
15 halide (b) after washing with a hydrocarbon compound which is
liquid at normal temperatures (intermediate washing).

The ratio of the compounds used for the preparation of
the solid catalyst component (A) cannot be generically defined,
because-such a ratio varies according to the process employed.

20 For example, the tetra-valent titanium halide (b) is used in
an amount from 0.5 to 100 mols, preferably from 0.5 to 50 mols,
still more preferably from 1 to 10 mols; the phthalic acid
diester (c) is used in an amount from 0.01 to 10 mols, preferably
from 0.01 to 1 mol, and still more preferably from 0.02 to 0.6

25 mol; and the aromatic hydrocarbons (d) are used in an amount

from 0.001 to 500 mols, preferably from 0.001 to 100 mols, and

still more preferably from 0.005 to 10 mols; for one mol of the
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in the solid catal yst conponent (A) of the present invention. 5 The content
of titaniumis 1.0 to 8.0 wt% preferably 2.0 to 8.0 wt% and nore
preferably 3.0 to 8.0 w% the content of rmagnesiumis 10 to 70 y\%g/gp 5
preferably 10 to 50 wt% nore preferably 15 to 40 w% and partic arﬂ@
preferably 15 to 25 w% the content of halogen atons is 20 to 80 w%
preferably 10 30 to 85wt % nore preferably 40 to 80 w% and particularly
preferably 45 to 75 wt% and the total anount of phthalic acid ‘diesters is

0.5 to:ﬂ%fﬁfﬁo#ﬁfﬂéﬁﬁ@%%ﬁ& {%425 w% and particularly preferably 2 to 20
Speci

wt % There are rc | tations to the organoal ymi num 15 conpound

(D) Jperenalt enErLAEebidh HORLETR 10 L Ba g %o She ARERAECHE (P )

used for preparing the ole nerizatron ca ) o f I
. ti Y ] r a
(D e T AR RaBhesin CRIRANEN ethe? SR Mt Y pbaf BESkFere ™

f bl ; : | Qrel . ] atom
e Cprefa shrosedig Catuuen maing (V8% Kie R rle A0 A dhelAT
par ti sul ey Bintleaaldley cIealilubPeel 116 E390D) S5 of SHEergbggneabuppnum

conpounds (B), triethyl alum num diethyl a!un1nh ( tri-rsobutyl
al um numg & ity aAldHdrENRE QB3 and digihyh & WHHWBYEEL dggcan be

gi ven. These conpounds rmay be used either individually or 1n conblination
of two @iagiiessd.uml risetlty|tcal Agrivien Preddrabilgowt Wo aoRwM@sLe 19 13 SEP

2005 preferably used. One or nore conpounds selected fromthe group
consi sti pyefefrabily Nal bgedo aorkk aiatidhpaetdendarliycppecernduRdss(€3)25
wti; the content of halogen atoms is 20 to 80 wt%, preferably
10 30 to 85 wt%, more preferably 40 to 80 wt3%, and particularly
preferably 45 to 75 wt%; and thé total amount of phthalic acid
diesters is 0.5 to 30 wt%, preferably 1 to 25 wt%, and
particularly preferably 2 to 20 wti%.
There are no specific limitations to the organocaluminum
15 compound (B) (hereinafter referred to from time to time simply
as “component (B)") used for preparing the olefin
polymerization catalyst of the present invention, inasmuch as
the compound has a structure of the above formula (1). 1In the
formula (1), an ethyl group and an lisobt.ztyl group are preferable
20 as R', a hydrogen atom, a chlorine atom, and a bromine atom are
preferable as Q, and p is preferably an integer of 2 or 3, and
particularly preferably 3. As specific examples of such
organoaluminum compounds (B), triethyl aluminum, diethyl
aluminum chloride, tri-isobutyl aluminum, diethyl aluminum
25 bromide, and diethyl aluminum hydride can be given. These

compounds may be used either individually or in combination of

two or more. Triethyl aluminum and tri-isobutyl aluminum are
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represented by the above formula (2) (hereinafter referred to 5 fromtine
to tinme as "conponent (C )-) and hal ogen-contai ning organosilicon
conmpounds (C2) represented by the above fornula (3) (hereinafter referred
to fromtine to tinme as "conponent (C2)") can be used as the

hal ogen- cont ai ni ng organosilicon conpound (C) (hereinafter ref er@e%l’t@
fromtinme to time as 10 "conponent (C) ") in the preparation of th e F%
pol ymeri zation catal yst of the present invention. Wen only the conponent
(d) is us % as e conmponent (C), it is desirable to not use the
organosing heE3RHEUATSHED) of the above fornula (4) for inproving the

comonent (<) OhecSr B 88 RetaR trLar T GFon ERPSkANR FABEESHINT o use
catalyer Sh; thE 0= EORBR At Bhn 0y BEGARPRLT T ErBRbithaSqLGibY Tor 2 in
| Sopr opy| opréPentea B BRI Mbod OBl At Y ! (iR AL Bl B0 31
| sopenly! ¢ QiR Unnd DLANGA Yk BEGHBonBnE" EXN E,Xyp%;ggaﬁgegzﬁgsgg'%ﬁgggg{ o

n-octyl droup, an iso-octyl group; a cy

group can, g, ghyeNicd&h &ﬁng/cflﬁﬁfs (%Zfig%ﬁ{kegéﬁfgd ;El'lfep Ub%le9EQuR; 13

t-butyl group, a cyclohe group, a cyclope group are

particul afdy (HES A & ASsrBred!dey! i # t ons
are 20 12( S»IéP( 2005 preferable, V\;e'thésa/t fnﬁ“ﬁ%ﬁ%&pegﬁ% ‘3% e?ﬁgtpggrgggp bei ng

parti cul apd® “pr efer ael @isel a% the MOdgia-HAPANM Ry Rl i i are
preferable, with a chlorine atom being particularly-
compound (C) (hereinafter referred to from time to time as
10 "component (C)”) in the preparation of the olefin
polymerization catélyst of the present invention. When énly
the component (C') is used as the component (C), it is desirable
to not use the organosilicon compound (D) of the above formula
(4) for improving the catalyst activity to hydrogen. When both
15 the component (C') and component (C?) are used as the component
(C), it is desirable not to use the organosilicon compound (D)
of the above formula (4) for improving the catalyst activity
to hydrogen.
As examples of preferable groups for R? in the formula
20 (2), a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, an n-butyl group, a t-butyl group, a n-pentyl
group, an isopentyl group, a neopentyl group, a n-hexyl group,
a n-heptyl group, a n-octyl group, an iéo—octyl group, a
cyclohexyl.group, and a cyclopentyl group can be given. Of
25 these, a methyl group, a n-butyl group, a t-butyl group, a
cyclohexyl group, and a cyclopentyl group are particularly

preferable. As R’, alkyl groups having 1 to 4 carbon atoms are

20



preferable. As 1, O or 1 is preferable, but 0 is particularly 5 preferable.
mis preferably 1 or 2. As such hal ogen- containing organosilicon
conpounds, trial koxychl orosilane, trial koxybronosil ane,

di al koxydi chl orosi | ane, di al koxy di bronosilane, al kyl di al koxychl qr.ogi | ane,
al kyl di al koxy bronosil ane, cycl oal kyl di al koxychl orosi | ane, and cﬁ@l@glaﬂ%
10 di al koxybronosi | ane are preferable. O these, trial koxy chlorosilane,
di al koxydi chl orosi | ane, al kyl di al koxy chlorosil ane, and

| oal ky] di hi i ticularl bl e. The foll owi

compound:PESEEEYEL HLER' AMBCRLE, oPBYR' Gl ChnyeEhRL S%ﬁmﬁl BR3BAosi | | con
d . | . _trijeth hl ' .

11 ot hoxyet a1 AR P Eerd I st p SHPE 1S AR Al oS P
di met h ' ' i ef:haxydichl orQsi . di met hoxy.
di br omoe T g A B R B P PEhT bPBLAF Ade,

t hyl di il : .. j b i L :
Tot yl di R e Faney SR Mt R haksE e o 8 Py 48 Barticularly
et hyl di ety rosi kang, p%@fﬂr%ibggl hoXy ohr Oggsghéﬂenalogen_

I'met hoxy ¢

et hyl di ethoxybr onosi | ane, 1- propyl orosi | ang,

n- pr opy| dicHt@nAGTY BRfd A EL i dbd ' ihodRisl r@i@ﬁ?{‘%{mﬂ'@flane,

n- propyl di et hoxybr onosi | ane, i sopropyl di met hoxyc oslI | ane,
i sopr opy It isiihesy b ooy sidegned i d Sapdamd i gwiioady orpsi 1 i sopr opy!
21 13 SEP 2005 di et hoxybronosi |l ane, n-butyl di met hoxychl orosi| ane, n-butyl
di et hoxy chilbaopsislidrene n -kl ddi aietchyotirarmsilans, atkitdialkoxy
di et hoxybr onosi | ane, i sobutyl di met hoxychl orosil ane, isobutyl
bromosilane, cycloalkyldialkoxychlorosilane, and cycloalkyi
10 dialkoxybromosilane are preferable. Of these, trialkoxy
chloroéilane, dialkoxydichlorosilane, alkyl&ialkoxy
chlorosilane, and cycloalkyldialkoxychlorosilane are
particularly preferable.
The following compounds can be given as preferable
15 bhalogen-containing organosilicon compound (C!) of the above
formula (2): trimethoxychlorosilane, triethoxychlorosilane,
trimethoxybromosilane, triethoxybromosilane, dimethoxy
dichlorosilane, diethoxydichlorosilane, dimethoxy
dibromosilane, diethoxydibromosilane, methyldimethoxy
20 chlorosilane, methyldiethoxychlorosilane, methyldimethoxy
bromosilane, methyldiethoxybromosilane, ethyldimethoxy
chlorosilane, ethyldiethoxychlorosilane, ethyldimethoxy
bromosilane, ethyldiethoxybromosilane, n-propyldimethoxy
chlorosilane, n-propyldiethoxychlorosilane, n~propyl
25 dimethoxybromosilane, n-propyldiethoxybromosilane,

isopropyldimethoxychlorosilane, isopropyldiethoxy

chlorosilane, isopropyldimethoxybromosilane, isopropyl
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di et hoxychl orosil ane, isobutyldi methoxybronosilane, isobutyl 5

di et hoxybronosi | ane, t-butyl di met hoxychl orosilane, t-butyl

di et hoxychl orosi | ane, t-butyl di met hoxybronosilane, t-butyl

di et hoxybr onosi | ane, n-pentyl di met hoxychl orosil ane, n-pentyl ]33EPZNE
di et hoxychl orosi | ane, n-pentyl di met hoxybronosil ane, n-pentyl

di et hoxybr onosi | ane, i sopentyl di met hoxychl orosilane, 10

i sopent yl di et hoxychl orosil ane, isopentyl di net hoxy bronosil ane,

i ' i : |l _dj et hoxychl orosi | ane,
rsopent 1 SRS AL 88, BERREL R IR SE S B e
- eyl G B RaR oK sy 4R e 15“#5‘2%%"%%?%%3%%9[?%5 n-butyl

- i i - I XycRnl.orosi.l,ane, .
n-heptyi 6 SO ap e Tane, oeRee e PRSPt saRlR 1sobuty1
n- hept Y| ¢ @it amsd fﬁghe,&seshxpggqﬁbﬁﬂéxgﬁk8&8§Fggg%,isobutyl

n- oct yl di et hoxyc¢hl orosi |l ane, " n-octy met hoxXybr omnosi

n- oct §1 digaleMuyBIdd ANhe 24 ISAGALY d;@:ﬁ%&%ﬁ%ﬁ%d&”%-butyl

| sooctyl di et hoxychl orosil ane, isoocty ane,

isooctyl@ﬁ&th&&ﬁ@ﬁlﬁkﬂdiﬂ&he,<ﬁﬂ3d¥ywﬁdﬁ3ﬁﬂﬂinﬁﬂﬂﬁ%ﬁﬁ%ﬁéﬁ? “butyl

cycl ohexyl di et hoxy chl orosilane, cycl ohexyl di'met hox 'si [ ane,

cycl ohexylietdbatyhroparsiingid anepesy ¢l apaat HbAy8R15oXY ¢ hhREOSI yE°
cycl opentyl di et hoxychl orosi | ane, cycl opentyl di et hoxy bronosilane, and

cycl opentiiedhexfyohyloromisidrenen-fbnt hed tmet DORFBF8lbS i TRARY ULSe Rt £1

triethoxychl orosilane, diethoxy 22 13 SEP 1005 dichlorosil ane,

met hy| di RéeRbRyyRIromesiillane, msopentiydidimer hoddylctilesidsdnane,

n- but yl di_et hoxychl orosi | ane, t-butyl di met hoxy chlorosilane,

t- buld1 diEPRER}ERASRE PR LoRpT dRaryl Lsopentyldinethoxy

' bromosilane, isopentyldiethoxybromosilane, neopentyl

dimethoxychlorosilane, neopentyldiethoxychlorosilane,
neopentyldimethoxybromosilane, neopentyldiethoxybromosilane,
n-hexyldimethoxychlorosilane, n-hexyldiethoxychlorosilane,

15 n-hexyldimethoxybromosilane, n-hexyldiethoxybromosilane,
n-heptyldimethoxychlorosilane, n-heptyldiethoxychlorosilane,
n-heptyldimethoxybromosilane, n-heptyldiethoxybromosilane,
n-octyldimethoxychlorosilane, n-octyldiethbxychlorosilane,
n;octyldimethoxybromosilane, n-octyldiethoxybromosilane,

20 isooctyldimethoxychlorosilane, isooctyldiethoxychlorosilane,
isooctyldimethoxybromosilane, isooctyldiethoxybromosilane,
cyclohexyldimethoxychlorosilane, cyclohexyldiethoxy
chlorosilane, cyclohexyldimethoxybromosilane, cyclohexyl
diethoxybromosilane, cyclopentyldimethoxychlorosilane,

25 cyclopentyldiethoxychlorosilane, cyclopentyldimethoxy

bromosilane, and cyclopentyldiethoxybromosilane. Of these,

preferable compounds are triethoxychlorosilane, diethoxy
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di met hoxychl or osi | ane, and cycl opentyl di met hoxychl orosilane. 5 A
particularly preferable conpounds are triethoxy chlorosilane,

di et hoxydi chl orosi | ane, and net hyl di net hoxy chlorosilane. As R4 in the
formula (3), an al kyl group having 1 to 4 carbon atons in which OW@]SPPEH?P
hydrogen atons are replaced 10 by a halogen atomis preferable.
Particularly preferable groups as R4 are a chl oronet hyl ene group (C1CH2
.group), dichloro nethylidine group (C12CH group), brononethyl ene group

Br CH2 ' g : , i dene
(roup. (CHLSYBlorel o ome on buby (ansc SROKPCA TS ACHLSL0U0) met 571 B5ahBy

br onpet hydh Heres I Hue, (BLSRER AL OURd xy dito r &l DT aABESt BYbi 6y 181 HEPHB gBr 2C2H3
group). Wien g is 2 or nore, it is preferable that all R4 groups g t he

same. As dbloiwdk il doye, Of-Ompt BN SEhdxyéh Yo £86 DDAnAL O8pc1bReRy el erable, with
a nethyl group and an ethyl group being 20 particularly preterable. As

such hal ofiwetctantyad il i O Dt s ialnid TOpPRtyIsimeehogPeRl 8€osilane.
al kl ytrial koxysil ane, di hal ogenat ed al kyl di al koxysi | ane, tri hal ogenated

al kyl &l koxysi | ameparnibel gr vgnpréfethbte, cbapogndat ede 8kkkbyhbikyl koxysil ane
and di hal ogenat ed al kyl di al koxysi |l ane 25 are preferable, w th hal ogenated
al kyl t ri athidenesiilane bal gt hard ichilardsi amed oratd eme Tinel 4 Dhé b RY
conpounds can be given as preferable 23 13 SEP 2005 5 10 15

chlorosilane.

As R' in the formula (3), an alkyl group having 1 to 4
carbon atoms in which one or two hydrogen atoms are replaced

10 by a halogen atom is preferable. Particularly preferable
groups as R* are a chlo}:omethylene group (C1CH, group), dichlofo
methylidine group (Cl.CH group), bromomethylene group (BrCH,
group), dibromomethylidine group (Br,CH group),
chloroethylidene group (ClC:H, group), dichloroethylidine

15 group (Cl:C:H;), bromoethylidene group (BrC;H; group), and
dibromoethylidine group (Br,C,H group).

When q is 2 or more, it is preferable that all R* groups
be the same . As R®, an alkyl group having 1 to 4 carbon atoms
is preferable, with a methyl group and an ethyl group being

20 particularly preferable. As such halogen-containing
organosilicon compounds, halogenated alklytrialkoxysilane,
dihalogenated alkyldialkoxysilane, trihalogenated
alkylalkoxysilane can be given. Of these, halogenated
alklytrialkoxysilane and dihalogenated alkyldialkoxysilane

25 are preferable, with halogenated alkyltrialkoxysilane being

particularly preferable.

The following compounds can be given as preferable
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20 hal ogen-cont ai ni ng organosilicon conpound (C2) of the above formula
(3): ClCH2Si (OCH3) 3, ClCH2Si (0OC2H5)3r Cl2CHSi (OCH3) 31 Cl12CHSi ( OC2H5) 3i

Br CH2Si (OCH3) 3, Br CH2Si (OC2H5) 3, Br2CHSi (OCH3) 3, Br2CHSi (OC2H5) 3, ClC2H4Si
(OCH3) 3, ClC2H4SI (OC2H5) 3, Cl2C2H3SI (OCH3) 3, Cl2C2H3Si ( OC2HRIEP 2005
Br C2H4Si (OCH3) 3, Br C2H4Si (OC2H5) 3, Br2C2H3Si (0OCH3) 3, Br2C2H3Si (OC2H5) 3,

- (C1CH2) 2Si (OCH3) 21 (C1CH2) 2Si (OC2H5) 2r (Cl2CH)2 Si (OCH3) 21
(Cl2CH) 2Si (OC2H5) 2s (BrCH2) 2Si (OCH3) 21 (BrCcH2)2 S'i (OC2H5) 2 , . (Br2cCH)
2Si (OCH3) 2i (Br2 2SI (OC2H5) 2 ClC2H4) 2 Si

(ClC(2H4) : %@mmmms{l%@h@ée& %@mmné) Qé B.Q%Gz%)aﬂwe

(Br C2H4) 2Si (OCH3)2r (BrC2H4) 2Si (OC2H5) 21 (Br2C2H3)2 Si (OCH3) 2,

( Br 2C2H3) bk H63 i (C1CH2) 3Si (OCHR) (CI CH2)3 S i (ocsz) , (Cl2cH) 3Si

(0 S (BB B BTk, (ERATT
S T AR R S S AR o
é?ai%%%o%”&gm@?%@é%ﬁ>ec?&%zﬂz§u%%1§' L) s
é?g]?glf;blzgpc&él% %%%%‘Eiéhgg%@‘%gfﬂé%?hcu %85§ )rae{b?ree These
or in cor AR R SRl S o BeRE t%*?iz?ﬁiégﬁ’oni‘?ﬁl G
?2?2??25'%%“‘%‘%% ) S T e e ST B} 5™ Uik @25%2%;23 as a
catal yti o L@BeRey; : (ﬁthH)zsl(ocn,)z, (Br,CH),Si(0CaHs)2, (ClCzH,),
10  Si(OCH3)z, (CLCyH():Si(OC:Hs)z, (ClzCaH3)2S1i(OCH3)a2, (C1:CHi):
Si(OC Hs)2, (BrC;H,.),Si(OCH;)2, (BrCiH),Si(OC:Hs)2, (Br;CaH;):
Si(OCHs;)z, (BrzC;H3)2Si(0C;Hs)s, (ClCH;)3Si(OCH;), (ClCHz);
Si(0C.Hs), (Cl,CH)3Si({OCH;), (Cl,CH);Si(OC;Hs), (BrCH;)3Si(OCH,),
(BrCH;)3Si(OC,Hs), (Br,CH),Si(OCHi1), (Br:CH);Si(O0C;Hs), (ClCzH4)s
15 Si(OCH;3), (C1C,H()3Si(OC:Hs), (CLl;C:H3)3Si(OCH;3), (CL;C:Hs}s
Si(OCzHs), (BrC,H,);Si(OCH;), (BrC;H,)3;Si(0C:Hs), (BrzC;H;),
Si(OCH3;), (BriC,H;);Si(0C.Hs).
Of these, C1CH,Si{OCH;)3;, C1CH,Si(OC;Hs}s, BrCH,Si(0OCH;s),,
BrCH,5i(0OC,Hs)3, (ClCH;);Si(OCHs);, (C1CH;),Si(OC:Hs)z, (Br.C2H4)2.
20 Si(OCH;),, and (BrC,H,),Si(0OC:Hs); are preferably used, with
ClCH,;Si(0C;Hs)3; being particularly preferable.
These halogen-containing organosilicon compounds can be
used either individually or in combination of two or more.
In addition to the component (C), an organosilicon
25 compound (D) of the above formula (4) (hereinafter referred to

from time to time as “component (D}”) can also be used as a

catalytic component.
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13 SEP 2005 As exanpl es of such an organosilicon conpound (D), phenyl

al koxysi | ane, al kyl al koxysi | ane, phenyl al kyl al koxysilane, cycl oal kyl

al koxysi | ane, and cycl oal kyl al kyl al koxysilane can be given. 5 Specific
exanpl es of the organosilicon conpound (D) include trinethylnqu%ﬁy§mhane,
trimet hyl et hoxysil ane, tri-n-propyl nmethoxysil ane,
tri-n-propyl et hoxysilane, tri-n-butyl nethoxysil ane,
triisobutyl met hoxysilane, trineopentyl nethoxysilane,

tri-n-butyl etho cl ohexyl met hoxysi | ane,

siJ.ane, 10 tri
tricycl ohexyl et %)?f!sfa?‘fpgheesf ot qﬁ{)ﬁ&&ﬁ TR ASRR FERPERPENE ) » Phenyl

i et hoxrt e L (T AR ey ehefy bRy vl op Kbonbsyamnane,
i 1 Sopr ol BTy Ay S el RhARYont LR Y 2 maTbRysitane can

di i sobut W dipethpxysil ane, di-t-butyl dinethoxysilane,
di-n-but?%dﬁgﬁioxysiIane, n- but yl net hyl  di net hoxysi | ane,

bi s(2set hyl h i | o bi - hexyl ) di et hoxysi | ane,
di oyl opent yi ol Tt hegyar TAae P88 of She  SEapIKIT Hah) kBhHund (B)°

di cycl oh et ' ' ' ' i
b: g{g ! ?TE ?.ﬁﬁﬁléﬁ;?ﬁ Ot%ﬂﬁ&?ethd&fé’fié}f@% W ARV AN i1 ane,

di met hox yesril-aReuripy(1reBriciy cIcd e ot ) o It IYééﬂi%}f‘silane,

bi s( 3, 5-di net hyl cycl ohexyl ) di net hoxysi | ane, cycl ohe _
cyclopentyﬁdh#bhhg&m@dhmmysﬂn&ﬂeﬂuﬁ@dﬁgﬂﬂgﬁyxméﬁhégygﬁfgﬁggysiIane,
cycl ohexyl cycl opentyl di propoxysi | ane,
3- net hy| ¢yénenprptyyoietbonty\d idiamet,hmaisind-duty MetRidpdilane,
DR e oyt ana, tx foyotonamy e hanyat
’ yclohexylethoxysilane,
cyclohexyldimethylmethoxysilane, cyclohexyldiethyl
methoxysilane, cyclohexyldiethylethoxysilane, dimethyl
dimethoxysilane, dimethyldiethoxysilane, di-n-propyl
dimethoxysilane, diisopropyldimethoxysilane, di-~n-propyl
15 diethoxysilane, diisopropyldiethoxysilane, di-n-butyl
dimethoxysilane, diisobutyldimethoxysilane, di-t-butyl
dimethoxysilane, di-n-butyldiethoxysilane, n-butylmethyl
dimethoxysilane, bis(2-ethylhexyl)dimethoxysilane, bis
(2-ethylhexyl)diethoxysilane, dicyclopentyldimethoxysilane,
20 dicyclopentyldiethoxysilane, dicyclohexyldimethoxysilane,
dicyclohexyldiethoxysilane, bis(3-methylcyclohexyl)
dimethoxysilane,bis(4-methylcyclohexyl)dimethoxysilane,
bis(3,Sﬂdimethylcyclohexyl)dimethoxysilane, cyclohexyl
cyclopentyldimethoxysilane, cyclohexylcyclopentyl
25 diethoxysilane, cyclohexylcyclopentyldipropoxysilane,
3—methylcyclohexylcyclopentyldimethoxysilane, 4-methyl

cyclohexylcyclopentyldimethoxysilane, 3,5-dimethylcyclo

25



13 SEP 2005 hexyl cycl opentyl di met hoxysi |l ane, 3-nethyl cyclo

hexyl cycl ohexyl di met hoxysi | ane, 4-nethyl cyclo

hexyl cycl ohexyl di met hoxysi | ane, 3, 5-di net hyl cycl ohexyl

cycl ohexyl di net hoxysi | ane, cycl opentyl net hyl di net hoxy silane, 5 13 SEP 7005
cycl opentyl nmet hyl di et hoxysi | ane, cycl opentyl ethyl diethoxysilane,

cycl opentyl (i sopropyl)di net hoxysi | ane,

cycl opentyl (i sobutyl)di net hoxysi | ane, cycl ohexyl met hyl di net hoxysi |l ane,

vl ohexy TR LTS R EEha By RRER LA e VAR Ol mot hoxys! | ane,

Syl onexl PRERH TR P PR T anERe A G EIAY T Ui et hoxya | ane,
& ot hovy AR PN QTS A Fane e G RR BG YRAG o0 ane.

BE:%: 2:? W&?ﬁe%xy.m .ﬂar?ldgysp eny 'l Cﬁbpé#lgly E@%@@&ﬁ?h@%mw silane,

ot hy 711 CORaR T dra by T b L S Aab ey Bt Ui et hoxysi Fane,
PO o et ,a'&%/cﬂoi}b?{t%ﬂ}’dféldg%gﬁii %%ﬂgﬁ/ﬁ%o;{}rﬁﬂ% eo’xysi | ane,

trimet hoxysil ané, isobutyl'trimethoxysi

n-but yl t cyel bpentiy1aisobirgiid ineetoxyd 1 IR 061y Imet hy 1

2- et hyi hexyl tri et hoxysil ane, cycl opentyl trinmethoxysilane,

cycl opentimethetdysxysinesney cdyblealyxidt h3A dileithoRyRaNRd,| @9@1ohexyl
cycl ohexyl tri et hoxysilane, vinyl trinmethoxysilane, vinyltriethoxysilane,
phenyl t r efrbyAdimetdiokysd 1 amiean elyliodiekyl peihlyddé e thebyaintahesysi | ane, 26

10 cyclohexyl(n-prupyil)dimethoxysilane, cyclohexyl(isopropyl)
dimethoxysilane, cyclohexyl(n-propyl)diethoxysilane,
cyclohexyl (isobutyl)dimethoxysilane, cyclohexyl (n-butyl)
diethoxysilane, cyclohexyl(n—pentyl)dimethostilane,
cyclohexyl(n-pentyl)diethoxysilane, diphenyldimethoxysilane,

15 diphenyldiethoxysilane, phenylmethyldimethoxysilane, phenyl
methyldiethoxysilane, phenylethyldimethoxysilane, phenyl
ethyldiethoxysilane, methyltrimethoxysilane, methyl
triethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
n-propyltrimethoxysilane, isopropyltrimethoxysilane,

20 n-propyltriethoxysilane, isopropyltriethoxysilane, n-butyl
trimethoxysilane, isobutyltrimethoxysilane, t-butyl
trimethoxysilane, n-butyltriethoxysilane, 2-ethylhexyl
trimethoxysilane, 2-ethylhexyltriethoxysilane, cyclopentyl
trimethoxysilane, cyclopentyltriethoxysilane, cyclohexyl

25 trimethoxysilane, cyclohexyltriethoxysilane, vinyl

trimethoxysilane, vinyltriethoxysilane, phenyltrimethoxy

silane, phenyltriethoxysilane, tetramethoxysilane,

26



13 SEP 2005 tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, and
the like. O these, di-n-propyldinethoxysilane, diisopropyl

di met hoxysi | ane, di-n-butyl di met hoxysilane, diisobutyl 5 dinethoxysilane,
di -t - but yl di net hoxysi | ane, di-n-butyl diethoxysilane, 13 SEP 2005
t-butyltrinmethoxysil ane, dicyclohexyl dinethoxysil ane,

di cycl ohexyl di et hoxysi | ane, cycl ohexyl nethyl di net hoxysi |l ane,

- cycl ohexyl net hyl di et hoxysi | ane, cycl ohexyl et hyl di net hoxysi | ane,

cycl ohexy. hyl, .10 di et hoxysj| ane, dicycl opentyl di met hoxysil ane,
dicyclopé%%éﬁgéﬁQR$¥& ?hgnet® §EP58@H¥¥F%E?H?PdFﬁE?ﬁBﬁ?@KFéhéﬁner
cyclopent%&fqhnygﬁ#gthoxysiIane, cycl opentyl ethyl di et hoxysil ane,

cycl ohexylcycl op y%ainethoxysilane, cycl ohexyl cycl opent yl di et hoxysi | ane,

3-net hyl cycl ohexyl cl,opent vyl di get.ho i | ane, 4-nethyl cycl ohexyl

cyclopgntzldinﬁ?%o%%gf%gng}9373¥98?g§ﬂﬂﬁéﬁgéyﬁHZQ?Pf dll%op%OPYl %y

o1 of or abl S YA P PP PR Eh R RE L1 8% o d SEARBRTEL ] ane Dol ng.
artieul ayi -af bl ¢. Ei e of. these, organosilicon
gonpogndgﬁg%ﬁgg%gﬁﬁaéﬁéﬁcﬁ??§i§%g§%#{ﬁ%#%§%§%ﬁégQﬁ'tQﬁﬁéﬁhﬁﬁﬁ%gnds can be
used 'néi@%h@x%%‘i’ltad@y%ﬂﬁﬂhfﬂﬂé‘ﬁ#efﬁjéff%hé’,r cf{;%géf’o (#)(z) tion of

ol efins can be "25 carried out” using t I'n po rTz cat al yst of
the presHilethd%§tiildhe A Xy idiexyrl e @ity 4 0 € 5 é&lgjfeﬂ
1- pent ene, 4- net \?1“3:34 - pent ene,ﬁf/i nylxlg%/cl ohexf%geij,r anéd {Eﬁ/ec#?lie

methyldimethoxysilane, cyclohexylmethyldiethoxysilane,
cyclchexylethyldimethoxysilane, cyclohexylethyl

10 diethoxysilane, dicyclopentyldimethoxysilane, dicyclopentyl
diethoxysilane, cyclopentylmethyldimethoxysilane,.
cyclopentylmethyldiethoxysilane, cyclopentyl
ethyldiethoxysilane, cyclohexylcyclopentyldimethoxysilane,
cyclohexylcyclopentyldiethoxysilane, 3-methylcyclohexyl

15 cyclopentyldimethoxysilane, 4-methylcyclohexyl
cyclopentyldimethoxysilane, 3,5-dimethylcyclohexyl
cyclopentyldimethoxysilane, tetramethoxysilane, and
tetraethoxysilane are preferably used, with tetramethoxy
silane and and tetraethbxysilane being particularly

20 preferable.

Either one type of these organosilicon compounds or a
combination of two or more types of these compounds can be used
in the present invention.

Polymerization or copolymerization of olefins can be

25 carried out using the olefin polymerization catalyst of the
present invention. As olefins, ethylene, propylene, l-butene,

l-pentene, 4~methyl-l-pentene, vinyl cyclohexane, and the like
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13 SEP 2005 can be used either individually or in conbination of two or
nore. O these, ethylene, propylene, and 1-butene can be suitably used. A
particularly preferable olef in is propylene. Propyl ene may

copolynerized with other olefins. As copol ynerized ol efins, 5 eth%Iene

1- but ene, 1-pentene, 4-nmethyl--1-pentene, vinyl cycl ohexane, andld 5 2005
can be used either individually or in conbination of two or nore.
t hese, ethylene and 1-butene can be suitably used. The ratio of each

conponent used is pot peC|f|caII 10 limted inasnmuch as such a ratio
does not Gt Pﬁe‘r’rﬁ?\e"P 8Ff’e‘t‘il‘”€ﬁu§%]e‘f BE ddEeRPmb iRahiPh el QAT Borene
conponenh%ég% IS us in the ampunt of 1 to 2000 nols, and greferably 50
to 1000 esﬁere LRS- BEOPYLSAPuAN brPiHeRASaddp sHARADAN) uSqde t ot al

t of th t D, d | of the_15 t
(B) 15 0 BIEGeRIacad Brenperblaipyebiora GroPaione. ~BFRPEAFORCRRI |y
f bl 0 0l1.to0 h d tact of th
conponent | gp%wsﬁarﬁg‘)wﬁa SuRER PLsF 15t o e CoPQiMmERLZ6AIRRI bR num
or Tha comrEhe: GO P NE] FinsrE &ausﬁeﬁf%?gﬁgggﬁgrgp; om
d |, t tact th
fggﬁfﬁ?néﬁlﬁhﬁéﬁ‘%“‘@“%ﬁ‘e‘% R8s B o Rl B hed ADAED il iy 60 110

or ganoal yr Bkibi AREPSHWE % b2 sld¥e POLYTEILA! e¥hyiiakelha 61“ nf%%&?é”g the

25 organoal um num conpound (B) to cone In contact a previou
cont act edafil ¥leUs@ idlapiRe eponent (A) and conponent (C) or the conponents
(© and (D) in the polynerization systemis also a 28

The ratio of each component used is not specifically

10 llmlted inasmuch as such a ratio does not influence the effect

of the present invention. Usually, the component (B) is used

in the amount of 1 to 2000 mols, and preferably 50 to 1000 mols,

per one mol of titanium atom in the component (A). The total

amount of the components (C) and (D) used per one mol of the

15 component (B) is 0.002 to 10 mols, preferably 0.01 to 2 mols,
and particularly preferably 0.01 to 0.5 mols.

Although the order of contact of these components is
optional, it is desirable to first add the organoaluminum
compound (B) to the polymerization system, then causé the

20 component (C) or the components (C) and (D) to come in contact
with the organcaluminum compound (B), and cause the solid
catalyst component {A) to contact the resulting mixture. A
method of forming a catalyst by adding the organocaluminum
compound (B) to the polymerization system, and causing the

25 organoaluminum compound (B) to come in contact with a previously
contacted mixture of the component (A) and component (C) or the

components (C) and (D) in the polymerization system is also a

28



13 SEP 7005 preferable enbodinent. It is possible to further inprove the
catal yst activity to hydrogen by using a previously contacted m xture of

t he conponent (A) and conponent (C) or the conponents (C and (D). Wen
the conmponents (C) and (D) are used in 5 conbination, these conmpdrieStPsiliay
be previously m xed before the contacting operation, or may be

I ndividually caused to contact. Previously m xing before contact is nore
preferable. 1In this instance, although the conmponent (C) and conponent (D)

Componcni LR ARAIGEAE: I EhBes B8 gy T thel O
Phe range 313 BT 0% ¢° pHle 85 hiris. Y o Boe iy St sBREAE T | on
ol vent . L@ b U BBt R) B Fometn gy e i e B eRuBoheh s

ot ot a K LR Pt e e e (o A B S d RS T Lo o
under sa RIGESHA Qfn 10 ¥ Woriftient SR PEES ﬁ&go}ixuélyg’gg%d' Batpyl [ her 2

continuous polynerization 20 system or a“batc ol'yner on Sy M may be

used for de cad®idg Bpat £85! | 9P ndy @@diﬁawidwfzpféw‘s’{ehz%! on can

be conpleted either in one step or in two or nore steps.” I n polyneri zi ng

ol efi ns usin@gdhe erledlivels 160REREALNHEfIMec6ATREREY mode pFRFRPAEIL.(B),
and conmponent (C) or the 25 component (C) and conponent Ii)D) (herei nafter

referred trothisninstente, td DEn@sgH tthe oBponehyEr | zald eBmponehnt $p)
desirable to prelimmnarily polynerize the olefins prior to the nmain 29
are used at any optional ratio, the molar ratio of the component
10 (C)} and component (D) is preferably in the range of 10:90 to
90:10, more preferably in fhe range of 30:70 to 70:30, and
particularly preferably in the range of 40:60 to 60:40.
The polymerization of the present invention can be
carried out either in the presence or absence of an organic
15 solvent. Olefin monomers such as propylene may be used either
in a gaseous or liquid state. The polymerization reaction is
preferably carried out at a temperature of 200°C or less, and
preferably at 100°C or less, under a pressure of 10 MPa or less,
and preferably 5 MPa or less. Either a continuous polymerization
20 system or a batch polymerization system may be used for the
polymerization reaction. In addition, the polymerization can
be completed either in one step or in two or more steps.
In polymerizing olefins using the catalyst containing
the component (A), component (B), and component (C) or the
25 component (C) and component (D) {(hereinafter referred to from

time to time as “the main polymerization”), it is desirable to

preliminarily polymerize the olefins prior to the main

29



13 SEP 2005 polynerization reaction to inprove the catalytic activity,
stereoreqgqularity, properties of resulting polynmer particles, and the I|ike.
In addition to the olefins used in the nain polynerization reaction,
nmononmers such as styrene can be used 5 in the prelimnary pol ynerization.
Specifically, the conponent (A), conmponent (B), and conponent (C31 tjwﬁ
“conponent (C) and conponent (D) are added to the pol ynerization é&g?e I n
the presence of olef ins to prelimnarily polynmerize 0.1 to 100 g of the

| yol ef : . | 0 icularly. f bl
Cboai rerko e Bt FOfeFORROET tantloe e (e FBvMEmlharalye ™ ©
Alth h t ' '
out the pF Ty et SRy A s Speraneind) op ERABEA S 188 1V o7
add the cafipqipnl (8. ! % Hadit PiPldddi b IRAIMIP LIS 110 (e LRfR 1 an
inert gas or olef 1n gas atnosphere such as propylene, "cause the conponent

(A) toc elﬁgﬁerﬂmmidﬁ) moﬂ'&?ﬁetr@eguﬁﬁ% slct'}&é?fe @%rne]bgl Ghelgns such

as prop to contact the mxture. Wen the prelirm nary polymerrzation

is cakrieth Qe YrdWinkiten SPMRONANr {4t Xn ! hepedq rGoARNRAL | of the
conponents (C élﬁn‘d (D, t]%g corrponrent (B)n ispfi rst gg& d ttgﬂ!t he

prel i m najgmpeMlette (A AlddMbonite fBh P 28 cbiSsheges C?:roﬁk:ﬁfe ééh[?@ﬁent
ur

at nosphere such as propyl ene, then the conponent (C) or a mX e of the
conponent(q)Candndompap@mant(D)( Brei addadsed tive qesllpedr i 1et EOAPOHREHém( B)

foll owed by the 25 contact of the solid catal yst conmponent (A), and then
one or nor ¢hel pfesensachf aslef Dpy [tenpralemiaasddyt potpmeadtet Del Hdxture.
30 100 g of the polyolefins for 1 g of the component (A). 1In a
10 particularly preferable embodiment, the component (B) is
further added tﬁ form the catalyst. |
Although the order of contact of the components and
monomers in carrying out the preliminary polymerization is
optional, it is desirable to first add the component (B) to the
15 preliminary polymerization system in an inert gas or olefin gas
atmosphere such as propylene, cause the component (A) to contact
the component (B), and then cause one or more olefins such as
propylene to céntact the mixture. When the preliminary
polymerization is carried out using the component (C) or the
20 combination of the components (C) and (D), the component (B)
is first added to the preliminary polymerization system in an
inert gas or olefin gas atmosphere such as propylene, then the
component (C) or a mixture of the component (C)} and component
(D) is caused to contact the component (B), followed by the
25 contact of the solid catalyst component (A), and then one or

more olefins such as propylene are caused to contact the

mixture.
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13 SEP 2005 An alternative nethod conprises first adding the conponent (B)
to the prelimnary polynerization systemin an inert gas or ol efin gas

at nosphere such as propyl ene and adding a previously contacted m xture of
t he conponent (A) and 5 conponent (C) or the conponents (C) and (D)3 SEP bins
prelimnary polynerization system The polynerization of olefins in the
presence of the olefin polynerization catalyst prepared by the process of
the present invention can produce olef in polymers with a nelt flow 10
rate (M) highegnt .Qf | rs.prod usi a .conventi onal
catal yst by usi%S ?Egeggﬁglgﬁbh%%h% %&ﬁ'%&%ﬁ% #§%%§d§iﬁi5% & olefin

pol yreri zalhn &t & ¥ te Pfedd & ' ' I sane

per f or mance %B;h con\?(enfi oneﬁﬂ c%‘gl;&il?flgfirry %&?&Hfglz%qio\% %s(sg%gn ffedn

capabi | i tyndt BHRAYE ik £ I RS YPRESpHLED i t ; d ¥aa
Specifically, ?"rﬁ‘e catal yst _g%f t he p?esentéﬁ%gﬁt%%ggﬁ%g@é )égg MPred to
mprove 4 figroatalys) ahtabtyd\RIVGFOUSE he! BonpOhURET (A3 LAR Of -

ol efins, while maintaining high catalyst activity an steréoreqularity of
the rgsuldduib iy NRY)S or2fn EXAMP et (RHESRAL (b PN EheNpYEh b cribed
I n nore deﬁ§?1 byWSQanples, whi ch shouﬁd)not b% gonstrueﬁ agiw?ﬁfgsﬁg t he
present igoigmidizatiort Rtk on of pol ynerization) Bul k polynerization of
propyl ene using the olefin polynerization catalyst of the present

i nvention was ebiupbdkgmeBization of olefins in the presence of the

olefin polymerization catalyst prepared by the process of the
present invention can produce olefin polymers with a melt flow
10 rate (MI) higher than that of the polymers produced using a
con\.rentional catalyst by using the same amoﬁnt of hydrogen. 1In
addition, the olefin polymerization catalyst of the present
invention exhibits the same performance as conventional
catalysts in catalyst activity and the capability of producing
15 polymers with high stereoregularity. Specifically, the
catalyst of the present invention has been confirmed to improve
the catalyst activity to hydrogen in the polymerization of
olefins, while maintaining high catalyst activity aﬁd

stereoregularity-of the resulting polymers.

20
EXAMPLES
The present invention will be described in more detail
by examples, which should not be construed as limiting the
present invention.
25 (Evaluation of polymerization)

Bulk polymerization of propylene using the olefin

polymerizationcatalyst of the present invention was evaluated.
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13 SEP 7 j5 The ampunt of polynmer produced per unit amount of the solid
cat al yst conponent (polynerization activity: yield) was determ ned. Then,
the ratio of n-heptane insoluble polymer (H) when the polyner was
extracted with boiling n-heptane for 5 6 hours using a high tenpekdhdffr 2505
Soxhl et extractor was determ ned. The yield and H were respectively
‘cal culated according to the follow ng equations (4) and (5) . The nelt
flow rate (M) and bulk density (BD) of the produced polynprslwer$_ ?gso
determ neg, according_.to JI S K7210 and,JI S K6721 10 respectively. Yie
(g-PP/g-che)a@P%ptg?f/BBiYﬂeﬁaPﬁ?gg?e@oﬁﬁﬁn%ﬂ%t(@TO?BF Oﬁ}tbﬁfﬁPléd

b /a 6 erein,a indicates.the appunt (w pol ymers
Erggtcegg%%g%ﬁp%%ﬁ%?ﬁﬁggﬁntf(Pﬂ£y$8r§ﬁ%€}93t?5EEYé5¥figi?gﬂ)iWﬁﬁcates t he
15 anount 0 - hgpt ane .i,nsaql ubl e I r .when the paqlyner S

ext ract ed® ém%#lb%%ﬁ ngﬁne?rﬂep%rgener#ojro épﬁdﬁ“ﬁef’atﬂrﬁ lrbgcﬂ]?)ﬁé])r/? z%‘gr%?r Exanpl e
1 20 (Pre ' SYoJ ent), A 2.000 roun ttom
flas k( equ{)%fpgyh\%nq} ng @Hf’?%ﬁ%%?&\ﬂ%ggﬁgph‘g%lﬁtbeoﬁﬁngaﬁﬁﬂﬁﬁf@r’i gH bﬁen
suffigi eng | I Vi DLt T 025, chaLge ] 150 g of diethoxy
magneg’i uﬁ %On%&?S ﬁgt%l%gér{ulté 1tE)o ?epar%&?%uspe%s?’é#éq’ﬁ%rsﬂ Een5| on was

25 added dexdrapmled| ol A dMac Hioluale AN v Pledid UL

tetrachl oride in another 2,000 m i ppe

stirrer, gicoviialy tBechdirennaliayraapiteidhdad ) hasrd (33 . 13r5ERA081 ow

rate (MI) and bulk density (BD) of the produced polymers were
also determined, according to JIS K7210 and JIS K6721

10 respectively.
Yield (g-PP/g-cat ) =a (g)/solid catalyst component (qg) (5)
HI (wt%) = {b(g)/a(g)}x100 (6)
wherein a indicates the amount (wt) of polymers produced upon
completion of the polymerization reaction, b indicates the

15 amount (wt) of n-heptane insoluble polymer when the polymer was
extracted with boiling n-heptane for 6 hours after

polymerization.

Example 1
20 (Preparation of solid catalyst component)

A 2,000 ml round bottom flask equipped with a stirrer,
of which the internal atmosphere had been sufficiently replaced
by nitrogen gas, was charged with 150 g of diethoxy magnesium
and 750 ml toluene to prepare a suspension. The suspension was

25 added to a solution of 450 ml of toluene and 300 ml of titanium
tetrachloride in another 2,000 ml round bottom flask equipped

with a stirrer, of which the internal atmosphere had been

32



sufficiently replaced by nitrogen gas. The suspension was reacted at 5C
for one hour (low tenperature aging processing). After the addition of
22.5 m of di-n-butyl phthalate, the mxture was heated to 90C and reacted

for two hours with 5 stirring (first processing). After the react*og&athe
resul ting reaction nixture was washed four tines with 1,300 m ofd ¢t} {ihe
at 80C (internmediate washing) . After the addition of 1,200 m of toluene
and 300 M of titaniumtetrachloride, the reaction m xture was heated to

h Lth stirri d processing). The
it or modi STEE Gty Hetees ﬁé?p%agéﬁhgéé\é?e(fi%%ﬁ@wmm? The
' | ' ' it , .0 ept ane
ot a0c, | FreEard 88 e B o bl Lo E et e 219/ EERBREAPSY 4 f
the formgpé o qu}’%jea[dd -'Ij@fo o) ] 5m f0 iéi_ni %énbt%eagg égﬁfa%geyst
ngﬂgﬂltzﬁrfé}?%ﬁg anaﬁ iﬁlﬁﬁ% %? Elteirg t Pgt ﬁzg rm aut ocl ai\z_fébequi pped
with a stirrer, of which fhe in@ r?gll Saptere had b nSe s idded by

ni trogen GasriWs (30 har é{ggihdgl{ ﬁema%éer()fﬂ{[ﬁr! tat(]:\‘:li&a}ll urp'hgeum Then, 0.13

mmol of triethdxychl orosilane an ove sol id catalYst"conponent in

an anountredAitidgePbate i 8n0R 2Rt APB!wA Whishdy fmtemﬁgﬁth?gggﬂoam“ the

m xture was stirred to prepare a polynerization cata wtTh the

addi ti on off t3108fendt @0°by (£ @86 MEAEat & S g F00 AT &Of thé%&ii%%?yl ene,

the prelimnary polymerization was carried out”for 5 mnutes at
fol | owi n@f Whi2oh mheofatalpehynBnizato onl Wes €RE4h e Qe FQUn AL four at 33

13 SEP 2005
the reaction mixture was heated to 112°C and reacted for two
10 hours with stirring (second processing). The intermediate
washing and second.processing were repeated once more. The
resulting reaction mixture was washed seven times with 1,300
ml of heptane at 40°C, filtered, and dried to obtain a solid
catalyst component (A) in the form of a powder. The content
15 of titanium in the solid catalyst component was analyzed and
found to be 3.74 wti.
(Preparation.of polymerization catalyst and polymerization)
A 2,200 ml autoclave equipped with a stirrer, of which
the internal atmosphere had been replaced by nitrogen gas, was
20 charged with 1.3 mmol of triethyl aluminum. Then, 0.13 mmol
oftriethoxychlorosilameandtheabovesolidcatalystcomponent
in an amount equivalent to 0.0026 mmol of titanium atom were
added and the mixture was stirred to prepare a polymerization
catalyst. Then, with the addition of 2,000 ml of hydrogen gas
25 and 1,400 ml of liquid propylene, the preliminary

polymerization was carried out for 5 minutes at 20°C, following

which the main polymerization was carried out for one hour at
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70C. The evaluation results of polynerization are shown in Table 1.
Exanpl e 2 The sane experinment as in Exanple 1 was carried out, 5 except

for using 0.13 nmmol of diethoxydichlorosilane instead of 0.13 nnq§§$ﬁzw5
triethoxychlorosilane. The results are shown in Table 1. Exanple e
same experinent as in Exanple 1 was carried out, 10 except for using 0.13
nmml of d CH2SI (0OC2H5) 3 instead of 0.13 mmol of triethoxychlorosilane.
The results are shown.in Table 1. Exanple 4 The sane experinment as in
"Exanple 1 was carried out, 15 except for using 0.065 muol of

Cl CH2Si (OC2H5) 3 and 0.065 mmol of tetraethoxysilane instead of 0.13 mol

of triethqﬁgﬁhlorosilane. The results are shown in Table 1. Exanple 5 The
same expef?ifent The ewaiuatpon fesudtsaofi pdlpmériz20iencept &RbwHSERAY 0. 065
mrol of tetranmethoxysilane instead of 0.065 nmmol of tetraethoxysilane. The
results afePifohn in Table 1. Exanpl e 6 The sane experinent as in Exanple

4 was carried out 25 except for using 0.065 mmol of
dinethoxy%iﬂmﬁ4%h?orosiIane i nstead of 0.065 mmol of tetraethoxysil ane.

The results are__ shown in Table 1. 34 13 SEP 2005
The same experiment as in Example 1 was carried out,

5 except for using 0.13 mmol of diethoxydichlorosilane instead
of 0.13 mmol of triethoxychlorosilane. The results are shown
in Table 1.
Example 3
The same experiment as in Example 1 was carried out,
10 except for using 0.13 mmol of C1lCH,Si(0OC;Hs); instead of 0.13
mmol of triethoxychlorosilane. The results are shown in Table
1.
Example 4
The same experiment as in Example 1 was carried out,
15 except for using 0.065 mmol of CICH;Si(0OC;Hs): and 0.065 mmol
of tetraéthoxysilane instead of 0.13 mmol of
triethoxychlorosilane. The results are shown in Table 1.
Example 5
The same experiment as in Example 4 was carried out,
20 except for using 0.065 mmol of tetramethoxysilane instead of
0.065 mmol of tetraethoxysilane. The results are shown in Table
1.
Example 6
The same experiment as in Example 4 was carried out,
25 except for using 0.065 mmol of dimethoxymethylchlorosilane
instead of 0.065 mmol of tetraethoxysilane. The results are

shown in Table 1.
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Conparative Exanple 1 The sanme experinment as in Exanple 1 was carried out,

except for using 0.13 mmol of cycl ohexyl net hyl di net hoxysil ane i nstead of

0.13 nmmol of triethoxychlorosilane. The results are 5 shown in Table 1.

Conpar ative Exanple 2 The sane experinent as in Exanple 1 was carripﬂsmuﬂmg
except for using 0.065 mmol of cycl ohexyl net hyl di met hoxysilane of the

- above formula (I11) and 0.065 nmol of diethoxy 10 dichl orosil ane instead of

0.13 mmol of triethoxychlorosilane. This Conparative Exanple 2 is an

experi mepLneQrhespeneiaaie Exanple 1 of the above-nentioned JP-A No.
218932/ 1998. The results are shown in Table 1. Conparative Exanple 3 15

The same exper ipffRNts ffe | kg lag\ash ANk OUtyas @ePied Wutlpi Ng
0. 065 mml of cycl ohexyl net hyl di net hoxysilane of the above formula (I1)

and 0. 06axpEpt M tddBI10XY 3 filibPr&sidydlehiexstiaed hl ddnbE HoRYs idane
triethoxychlorosilane. "~ This Conparative Exanple 3 is an experi nent

correspoRgkf8al® £0 . E3aimi B oZ of i dtitoahhlorenilaned IheArdoul£$8032/ 1998.
The results are shown in Table 11 25 35 13 SEP 2005 Table 1 Yield H BD M

5 shown in Table 1.

Comparative Example 2
The same experiment as in Example 1 was carried out,

except for using 0.065 mmol of cyclohexylmethyldimethoxysilane
of the above formula (II) and 0.065 mmol of diethoxy

10 dichlorosilane instead of 0.13 mmol of triethoxychlorosilane.
This Comparative Example 2 is an éxperiment corresponding to
Example 1 of the above-mentioned JP-A No. 218932/1998. The
results are shown in Table 1.
Comparative Example 3

15 The same experiment as. in Example 1 was carried out,
except for using 0.065 mmol of cyclohexylmethyldimethoxysilane
of the above formula (II) and 0.065 mmol of triethoxy
chlorosilane instead of 0.13 mmol of triethoxychlorosilane.
This dompafative Example 3 is an experiment correspon@ing to

20 Example 2 of the above-mentioned JP-A No. 218932/1998. The

results are shown in Table 1.

25
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g-PP/g-catwt % ml G 10 m n. Exanpl e 135, 50098. 60. 4362 Exanpl e

237, 30098. 30. 4461 Exanpl e 335, 20098. 50. 4349 Exanpl e 432, 50098. 50. 4364
Exanpl e 533, 80098. 30. 4412 Exanpl e 639, 50098. 30. 4316 Conparative Exanple
132, 10098. 80. 433. 2 Conpar ati ve Exanpl e 234, 70098. 80. 423. 7 Conpar at,i_v.
 Exanpl e 331, 80098. 60.433. 0 The above results indicates great inpr&@éﬁ%ﬂﬂﬁin
“the 5 catalyst activity to hydrogen when one or nore hal ogen-containi ng
silicon conpounds of the above fornula (2) and the hal ogen-containing
silicon gp ouqu of the above formula (3) are used as an el ectron donor
inthe p P@ﬁgrization. 10 | NDUSTRI AL APPLI CABI LI TY The pol yneri zation

catal yst of the present invention exhibits excellent catalyst activity to

hydrogen—and,if olefins are polynmerizedusing-thecatalyst of the present
i nventi ¢n, can produce olefin poLy & wi|t h ?Ihigr m%& f| ow rate{ The
catal yst al so exhibits the safe catalytiq activity and y|eld A%rforTane
as conventional catal ysts, and S 36 L3 SE th i 1ity of
produci hg—polyrers w&gh seere99§§§?§??§§ equ:va!hngggg'c“gggﬁfﬁgﬁEI Y
cata!ysiﬁxam iecatalyst_can_thus35oggbconp begpr ¢blengs of cosg,increase
for inprovenent of facilities, i nérease |i n"hydr ogen ‘gas fonsunption{ and
decreaseExgmeepboductlV|ty. 37,300 98.3 0.44 61

Example 3 35,200 98.5 0.43 49

Example 4 32,500 98.5 0.43 64

Example 5 - 33,800 %8.3 0.44 12

Example 6 39,500 98.3 0.43 16

Comparative Example 1 32,100 98.8 0.43 3.2

Comparative Example 2 34,700 98.8 0.42 3.7

Comparative Example 3 31,800 98.6 0.43 3.0

The above results indicates great improvement in the
5 catalyst activity to hydrogen when one or more
halogen-containing silicon compounds of the above formula (2)
"and the halogen-containing silicon compounds of the above

formula (3) are used as an electron donor in the polymerization.

10 INDUSTRIAL APPLICABILITY
The polymerization catalyst of the present invention
exhibits excellent catalyst activity to hydrogen and, if
olefins are polymerized using the catalyst of the present
invention, can produce olefin polymers with a high melt flow
15 rate. The catalyst alsc exhibits the same catalytic activity

and yield performance as conventional catalysts, and possesses
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37 13 SEP 205 CLAIMS 1 A propyl ene polynerization catalyst conprising: (A
a solid catal yst conponent prepared by contacting (a) a dial koxy
magnesium (b) a tetra-valent titaniumhalide, and (c) a phthalic acid
diester in (d) an aromati c hydrocarbon having a boiling point i no]ti:& ra%ge
of 50 to 1500C, (B) an organoal um num conpound of the follow ng for Pam
(1), RRRAI@B-p (1) wherein RL is an alkyl. group having 1 to 4 carbon
atons, Qis a hydrogen atomor a halogen atom and p is a real nunber

. . 9 P | r unt
o oot (Ehe A 0 Yo ) i (edy S €T I SBLEARLG EPOESLD P
(O orp) 2 eigs sy Chtadlelnrd oAtk bib EL PR “thu
(CICHZ)Zlq(J%E%%? ?(B:?% |?£El§) : ané(Br I )V, TS(D)
i f ] i 45 (4
therern Beeregns GHEP BItbIEns ¥ e e AT WordRea R 0 0
atons, arawghqeliky 9hrePRasd A8 )ﬁ'ro%ﬁ“‘? s& MWl 3% " Qpa,dé@rﬁ@%{éfé'
group, or an aré‘l Kyl group, and R7 indiv %uaqy |Pepresen s an al kyl' group

having 1;ihopfomatRqriayons, a cycloal kyl group, a phenyl group, a vinyl
group, an aPI yl group, ® or an aral kyl group, R6 and R are either identical
or
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different, and s is an integer satisfying an inequality 0< 25 s<03 38 13
SEP 2005 2 The propyl ene polynerization catalyst according to claiml,
wherein the dial koxy magnesi umis di et hoxy magnesium . The propqu@%Ep2m5
pol ymeri zation catal yst according to claim1, wherein the
hal ogen- con&glnlng 10 organosilicon conpound (C) is C?CH2Si (OC2ii5)3. 4.
The pro pol yneri zation catal yst according to claim11, wherein the
orgar!osiliccn conpound (D)is
~di -n-propyl di met hoxysi | an, d|-|sopropyld|nethoxy3|lan di - n- but

yl di met hoxysi l.an, di -i sobut yA db fep DXy si pabyderizduighdoaehiigst ysil an,
t-butyltrinetﬁoxy5|lan di cycl ohexyl di net hoxysi | ane,
cycloheéyh?gggyh gi:met hoxysi | ane, cycl ohexyl et hyl di met hoxysilan e,
di cycl opent yl di mét hoxysi | ane, cycl opentyl net hyl di met hoxysi | ane,

cycl ohexyl cycliapent Wi iptdiys) 4 @neesohett aet dpxysd | apecoBlacting

(a) a dialkoxy magnesium, {(b) & tetra-valeat titanium halide,
and (c) a phthalic acid diester in (d} an aromatic hydrocarbon
havinq a boiling point in the range of 50 to 150°C,

(B} an orgaroaluminum compound of the following formula

()]

(1},

RLALQ:, : (1)

wherein R* is an alkyvl group having 1 to 4 carbon atoms, Q is

a hydrogen atom or a halogen atom, and p is a real number

satisfying an inequality 0<p=3,

10 {C) one or more halogen—containiﬁg organosilicon
compourﬁds selected from the group consisting of CICH,;S1{0C,Hs)3,
BrCH,Si(OCH;);, BrCH,Si{OC;Hs)y, (CLlCH,),S1(0OCH;3).,
(CLCH2)2S1(0C:Hs)2, (BrCaHy):Si(OCH;),, and (BrC,H):Si(O0CyHs),

i5 {D) an organosilicon éompound of the following formula
(&),

R®,S1(CR")4us (4)
wherein R® individually represents an alkyl group having 1 %o
12 carbon atoms, a cycloalkyl group, a phenyl groﬁp, a vinyl

20 group, an allyl group, or an aralkyl group, and R’ individually

represents an alkvl group having 1 to 4 carbon atoms, a

cycloalkyl group, a phenvl group, a vinyl group, an allyl group,

or an aralkyl group, R® and R’ are either identical cr
different, and s is an integer satisfying' an inequality 0S5

25 s=<3.
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13 SEP 2005

2. The propylene polymerization catalyst according to
claim 1, wherein the dialkoxy magnesium is diethoxy
magnesium.

3. The propylene polymerization catalyst

according to claim 1, wheresin the halogen-containing

10. organosilicon compound (C) is CLCH;S1i(OC;Hs)s-

A, The propylene polymerization catalyst

according to claim 1, wharein the organosiliccn compound (D)js

dian—proovldlmathoxysilan,di—isopropyldimet

by

cxvysilan,di-n-but
yldihetnox'silan,di—isobutyldimethoxysila",dift-butyldimethox
ysilan, t-butvltrimethoxysilan, dicyclohexyldimethoxysilane,
cycloheg'lmethyldimethoxzsilane,cyclehexylathyLdimethoxysilan
e,dicyclopent;_dLmethoxysilane,

cy:lcpentylmethyldimethoxysilane,

_ . s , il ane
cyclohexylcyclopenhyldlmethongLIage,o: tatraetnoxysilane



