DESCRIPTION SOLID TITANIUM CATALYST COMPONENT, OLEFIN POLYMERIZATION
CATALYST, AND OLEFIN POLYMERIZATION PROCESS 5TECHNICAL FIELD The present
invention relates to a solid titanium catalyst component which is preferably used for olefin
polymerization, parti.cularly a-olefinpolymerization. The invention also relates to an olefin
polymerization catalyst 10 containing the solid titanium catalyst component. Further, the invention also
relates to an olefin polymerization process usin ‘thpo‘Igfin? polymerization catalyst. BACKGROUND
ART 15As catalysts used for producing olefi vers-stich as a homopolymer of ethylene or an
a-olefinand an ethylene/aolefin copolymer, catalysts ggn‘taininggwtitani_um compound supported on a
magnesium Halide h an wetive Stdté %Tfeem(ﬁb%liﬁj{he Past (e tefm M50 %%%Fl%é%ﬁ)n" is
sometimes 20 used to_include copolymerization hereinafter).  As such olefin polymerization
catalysts, catalysts co%‘?t‘é‘i%éstﬁaniﬁﬁpte(?ﬁa%ﬁlbwid%%\ﬁgn arTtrichibr deOWhith are called Ziegler
Natta catalyts, and catalysts comprising a solid titanium catalyst component consisting of magnesium,
titanium,halogen and an electron donor and an organometallic compound are widely known. The
latter catalysts exhibit high activity not only in polymerization of ethylene but also in polymerization of
a- 5 dlefins such as propylene and 1-buténé: Blirther, théfre8ulting a-olefin polymers sometimes have
high stereoregularsty. It has been reported in Japanese Patent Laid-Open Publication No. 63310/1982
(patent documenRtE) &@ichterlikel 10 thst Bprongpsudrecatalysts, accatalyst.asing arsolid titanium
catalyst component in which an electron donor selected from carboxylic acid esters (typical examples:
phthalic aeitésters) is supported, amalumingmralky] coaipoyindsasia toxcatalyst.component and a
silicon compound having at least one Si-OR (wherein R is a hydrocarbon group) exhibits excellent
polymerizatibpractivity: and stereaspeciicityr1 v o-clefin polymerization. The

invention also relates to an olefin polymerization catalyst
10 containing the solid titanium catalyst component. Further,
the invention also relates to an olefin polymerization

process using the olefin polymerization catalyst.

BACKGROUND ART

or producing colefin polymers such as

h

15 As catalysts used
a homopolymer of ethylene or an o-clefin and an ethylene/o-
olefin copolymer, catalysts containing a titanium compound
supported on a magnesium halide in an active state have Deen
known in the past {(the term “polymerization” is sometimes

20 used to include copolymerization hereinafter).

As such olefin polymerization catalysts, catalysts
containing titanium tetrachloride or titanium trichloride,

which are called Ziegler Natt lysts, and catalysts
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comprising a solid titanium catalyst component consisting of



The polymers obtained by the use of the above catalyst often have narrower mole leight distribution as
compared with polymers obtained by the use of Ziegler Natta catalyst. 70 It is known that polymers
hecuiar weigh tribution tend to tension","inferior mol On the other productivity, cost w melt
flowability"melt "slightly low iewpoints of increase of tion, etc., various hig spend molding
techniques, such as high-speed stretchi.ng technique having a purpose of increasing productivity of
sFret_che_d ,fl|£%5, QQY%:Q?eQid%’ﬂQBEd' — OIL ggha%olymgrsee%vi@% é%"'%‘g_f‘é%l}é narrow rpgle_cular weight
distribution as above are intended to be stretched at%lgﬁw speeoi:, neck-in or flapping of a film becomes
conspicuo e e of shartage of melt tension,.and. increase of productivity sometimes becomes
difficult. Tf#grgé) org'rg%%o ymers h%%f&%ﬁﬁé‘r melt ténsion Rave béen desired in the 10market. In order to
solve such problgr.gg, there ngecpg_ag? made a_. ..number of reports, such as reports on a method of
preparinc polymers ‘of ditferent molecular weights by multis@p poiymeérizdtioir to wideh amolecular
weight distribution 15 of a polymer (Japanese ) )

polymerization of ethylene but also in polymerization of a-

olefins such as propylene and l-butene. Further, the
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resulting a-olefin polymers sometimes have high

stereoregularity.

It has been reported in Japanese Patent Laid-Open
Publication No. 63310/1982 (patent document 1) and the like

10 that among such catalysts, a catalyst using a solid titanium
catalyst component in which an electron donor selected from
carboxylic acid esters (typical examples: phthalic acid
esters) 1s supported, an aluminum alkyl compound as a co-
catalyst component and a silicon compound having at least one

15 Si-0OR (wherein R is a hydrocarbon group) exhibits excellent
polymerization activity and stereospecificity.

The polymers obtained by the use of the above catalyst®
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L. Laid-Open Publication No. 170843/1993 (patent document 2)), a catalyst containing plural kinds of
electron donors (Japanese Patent Laid-Open PubliGation No. 7703/1991 (patent document 3)) and a
catalyst using a succinic acid ester having asymmetric carbon as an 20 electron donor containedsolid
titanium catalyst component (pamphlet of International Publication No. 01/057099tent document 4),
pamphlet of international Publication No. 00/63261 (patent document 5), pamphlet of ,ntegnational
Publicatiop No. 9@530&?&@%@%&0014mqnt_ﬁg).)% -ester comepcpusng as an electron donor component

gives an olefin polymer havin

an éxtremely wide molecdlar weight distribution(patent document9).

Patent do%%rg%gtgl:aJ%%nese Patent Laidéca)ggggublicationﬁ No. 93% 0/1982

10
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pose OL 1ncr productivit stretched

F

ilms, have been developed.
If such polymers having relatively narrow molecular

welght distribution as above are intended to be stretched at

high speed, neck-in or flapping of a film becomes conspicuous

[te]

because of shortage of melt tensicn, and increase of
productivity sometimes becomes difficult. Therefore,

polymers having higher melt tensicn have been desired in the

In order to solve such problems, there have heen made a
arge number of reports, such as reports on 2 method of
. e e

preparing polymers of different molecular weights by multi-

step polymerization to widen a molecular weight distribution

Publication No. 7703/1%5%1 (patent document 3)) and a catalvst
using a succinic acid ester having asymmetric carbon as an

electron donor contained in a solid titanium catalyst
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component (pamphlet of International Pub

017057099 (patent document 4}, pamphlet of Internastional



Patent document 2: Japanese Patent Laid-Open Publication No. 170843/1993
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Patent document 5: pamphlet of International Publication No. 00/63261 Patent document
6

According to the studies by the present inventors, the

catalysts of the patent documents 1 to 8 are insufficient in

the effect of widening a molecular weight distribution of an
olefin polymer, or they are catalysts that widen a molecular

n

welght distribution by increasing a low-molecular weight
component. On the other hand, there is estimation in the

market that these catalysts cannot be said to be satisfactory
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in improvement in melt tension of an olefin polymer, and from
the viewpoint of cost reduction, development of a catalyst

10

¢

apable of producing an olefin polymer having a wider

et

molecular welght distribution through a simpler process has
been desired in the market.
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titanium catalyst component described in the patent document

I35 9 is cften a compound more expensive than electron donors

O

n conventional solid titanium catalyst components.
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ontained
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hat account, the solid titanium catalyst component

i

disclosed in the patent document 9 has high production cost
though it exhibits high performance in point of widening a

20 molecular weight distribution, and therefore, improvement in

Accordingly, 1t is an obiect of the present invention to



6: pamphlet of International Publication 15 No. 02/30998 Patent document 7: Japanese Patent
Laid-Open Publication No. 114811/2001 7

wide molecular weight distribution, high sterecregularity and
high melt tension and is suitable for high-speed stretching
and high-speed molding, at a cost eguivalent to that of

conventional polymers.

L

result, they have found that when 3 soclid titanium catalyst

5

component containing plural kinds o

th

specific cyclic ester
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10 compounds having plural carboxylic acid e
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(1) an clefin polymer having a wide molecular weight

distribution can be prepared, and (2) the slectron donor

= £ £ + - e Toa o B
exerts an effect as a stereoregularity controlling agent, and
an improving effect relating to control of strecregularity
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Patent document 8: Japanese Patent Laid-Open Publication No. 40918/2003 20 Patent document
8
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0 with a double bond.

Plural R are each independently an atom or a group

selected from a hydrogen atom, a hydrocarbon group of 1 to 20
15  carbon atoms, a halogen atom, a nitrogen~containing group, an
oryden~contalining group, a phosphorous-containing group, a



9: pamphlet of international Publication No. 2006/077945  DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION %ster compound as an electron donor component
gives an olefin polymer having an extremely wide molecular weight distribution(patent document9).

Patent document 1:
they may be bonded to one another to from a ring, but at

least one R is not a hydrogen atom.

Fh

In a skeleton of the ring formed by bonding of plural R

to one another may be contained a double bond, and when two

5 or more C® to each of which COOR' is bonded are contained in
the skeleton of the ring, the number of carbon atoms to
constitute the skeleton of the ring is 5 to 10.

Ca—-cCa
H—Cb_ . Ca—-H
\N\\ //f
n-4 - (2)
10 In the formula (2}, n is an intsger of 5 fo 10.
-4 =3 ‘ .
®ooana =7 oare each lnaepenaently COORY or a hydrogen atom,
g2t least one of R® and R is COOR?, kR® 1s each independently a
monovalent hydrocarbon group of 1 to 20 carbon atoms, and a
single bond {except C°-C® bond, and C*-C° bond in the case
15 where R” is R} in the cyclic skeleton may be replaced with a



Japanese Patent Laid-Open Publication 5 No. 63310/1982
Laid-Open Publication No. 170843/1993 10

Patent document 2:

Japanese Patent

Toms

£

In the formula {1}, all the bonds betwesn carbon
in the cyclic skeleton are preferably single bonds.

In the formula (1), n is preferably 6.

compeund  (a)

-

la).

wh

represented by the following formula |

is preferably a compound

in the formula {la), n is an integer of 5 to 10.

A single bond (except C*-C% bond and C*-C° nond} in the
10 cyclic skeleton may be replaced with a double bond

R is each independently a monovalent hydrocarbon group

S4Toms.

selected from a hydrogen atom, a hydrocarbon

each Independently an atom or a group

group of 1 to 20

15 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorous-containing group, a
halogen-containing group and a silicen-containing group, and



Patent document 3: Japanese Patent Laid-Open Publication No. 7703/1991 10 Patent document
4: il

they may be bonded to one another to from a ring, but at
ieast one R is not a hydrogen atom.
In a skeleton of the ring formed by bonding of plural R
to one another may be contained a double bond, and when two
5 or more C* to each of which COOR® is bonded are contained in
the skeleton of the ring, the number of carbon atoms to

constitute the skeleton of the ring is 5 to 10.

10 In the formula (2), n is preferably 6.
The cyclic ester compound (b) is preferably a compound

represented by the following formula {2a).
T H
‘\\‘(:a____cza”/’

H / \ H
H “>Cb\ _,Ca{—‘ H

”\C/
/\

H H

R'OOC COOR!

h

15 In the formula (Z2a), n is an integer of 5 to 10.

R* is each independently a monovalent hydrocarbon group

0f 1 to 20 carbon atoms. A single bond (except C*~C% bond and

{



pamphlet of International Publication No. 01/057099 Patent document 5: pamphlet of
International Publication No. 00/63261 12

C*~C” bond) in the cyclic skeleton may be replaced with a
double bond.
The clefin polymerization catalyst of the present

invention comprises:

5 the above-mentioned solid titanium catalyst component
(I}, and

an organcmetallic compound catalyst component (I7)
containing a metallic element selscted from the group 1, the
group 2 and the group 13 of the periocdic table.

i0 The clefin polymerization catalyst of the invention may
further comprise an electron donor {(II1).

The process for preparing an olefin polymer of the
present invention comprises polymerizing an olefin in the
presence of the above-mentioned olefin polymerization

15 catalyst.

The solid titanium catalyst component, the olefin

20 olefin polymer according to the invention are suitable for
preparing an olefin polymer having a wide molecular weight
distribution with high activity.

If the solid titanium catalyst component, the olefin
polymerization catalyst and the process for preparing an



Patent document 6: pamphlet of International Publication 15 No. 02/30998
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clefin polymer according to the invention a
expected that prepara

only in molding propsrt

and high-speed moldability but

L

possible.
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The cyclic ester compound {(a) is often

expensive than electiron donors contained in

solid titanium catalyst components. On the
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Japanese Patent Laid-Open Publication No. 114811/2001 Patent document 8: Japanese Patent
Laid-Open Publication No. 40918/2003 14

BRIEE DESCRIPTION OF THE DRAWING

Fig. 1 is a graph showing a relationship hetween a

proportion of DMCHIBU added and an Mw/Mn value.

5 ZEST MODE FOR CARRYING QUT THE INVENTION

The solid titanium catalyst compenent (I), the olefin
polymerization catalyst and the process for preparing an
olefin polymer according to the invention are described in
detail hereinafter.

10 Solid titanium catalyst component (1)

The solid titanium catalyst component (I) of the
invention comprises titanium, magnesium, halogen, a cyclic
ester compound {(a) and a cyclic ester compound (b).

Cyclic ester compound {(a)
I5 The cyclic ester compound (a) has plural carboxylic acid

ester groups and is represented by the following formula (1).



20 Patent document 9: pamphlet of international Publication No. 2006/077945

THE INVENTION PROBLEM TO BE SOLVED BY! THE INVENTION

FQZ
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DISCLOSURE OF

(1)
In the formula (1), n is an integer of S to 10,
preferably an integer of 5 to 7, particularly preferably 6.
5 C® and C” are each a carbon atom.
r* and R’ are each independently COOR' or R, and at least
cne of R® and R’ is COOR*
Although all the bonds between carbon atoms in the
cyclic skeleton are preferably single bonds, any one of the
10 single bonds other than C*-C® bond and C°-C° bond in the case
where R’ is R in <he cyclic skeleton may be replaced with a
double bond.
Plural R® are each independently & monovalent
hydrocarbon group of 1 to 20 carbon atoms, preferably 1 to 10
15 carbon atoms, more preferably 2 to 8 carpbon atoms, still more
preferably 4 to 8 carbon atoms, particularly preferably 4 to

t

Fxamples of the hydrocarbon

f

=
it

¢ carbon atoms.

inciude



6 According to the studies by ini present inventors, the catalysts of the patent documents 1 to 8 are
insufficient in the effect of widening a molecular weight distribution of an pieoiymer, or they are
catalysts that widen a molecula weight distribution by increasing a low-molecular weight component.
On the other nand there is estimation in the market that these catalysts cannot_ be said to be
satisfactory in improvement in melt tension of an olefin polymer, and from the viewpoint of cost
reduction, development of a catalyst 10 capable of producing an olefin polymer having a wider
molecular”v(?é*iglﬁt%%fﬁtl‘:ﬁ]'tioﬁ t%rb%%%l"a é”i?anTé’r' pﬁ)(sngsrlgs‘ﬁiaas eén desited' inthe’market ¥+ The cyclic
ester compound contained in the solid titanium cagglggg component described in the patent document
15 9 is often a compound ricre expénsive thar electron doRors Eantained-in EbRventional solid
titanium catalyst components. On that accothe solid titanium catalyst component disclosed in the
patent documént 9 hias 1Verh prodictiion €6stthoudtit exiibits higiperfértaitaSH point of widening
a 20 molecular Weiglhj distribution, and therefore, imorovement in production cost has been desired.
Accordingly, 16 ‘an GBjEEEST the 5riBnt TR 6 providera Eatalyst EGmpbnEAtatid-a catalyst
which.are capable of simply and easily producing an olefin polymer which has a 7 wide molecular
weight distribution® Righ staFeoreg@anitFand APt tersisiand fsstitabTe Br Righ-speed
stretching and high-speed molding, at a cost equivalent to that of conventional polymers. MEANS TO
SOLVE TRE'PROBLEM 2T THE préséntifveritord Have darhesifostudiedi and aetresult, they have
found that when a solid titanium, catalyst component containin.g plu nds of specific cyclic ester 10
compound< R3¥ing pluraf Earboxyift-acid esfergratpstis Used pDarrsoletrbaiolymer havisg a wice
molecular distribution can be prepared, and (2) thedonor exerts an effect as a stereoregula ty
controlling'&§emts afd ArdmpreviRG elfest retatiig-toctontrol bistieoredalar s cam esobtained though
such an improving effect is not exerted in the case of using a cyclic ester compound si Thus, the
present invéRts Bidve achieved the present ion. in any of thedocuments 7 and B, the cyclic ester
compound (a) represented by the followin,,, 20 formula (1) and having a substituent R is neither

des ﬁbednorsd@b@§&ﬁ.g are each independently an atom or a group

selected from a hydrogen atom, a hydrocarbon group of 1 to 20
carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, & phosphorous-containing group, a

halogen~containing group and a silicon-containing group, but

—
h

at least one R is not a hydrogen atom.
Of the above groups, & hydrocarbon group of 1 to 20
carbon atoms is preferable as R other than a hvdrogen atom.

-

xamples of the hydrocarbon groups of 1 to 20 o

=1

rbon atoms

4]

include aliphatic hydrocarbon groups, alicyclic hydrocarbon
20 groups and aromatic hydrocarbon groups, such as methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group,

isobutyl group, sec-butyl group, n-pentyl group, cyclopentyl



The solid titanium catalyst component (1) of the present invention comprises titanimagnesium,

halogen, a cyclic 8 a cyclic ester compound) repreasented by the following formula (2). RRn-4. _In
the fo ula (1), nis an integer of S to 10. and R3 are each independently COORI or R, and at least
one of R2 and R3 is COOR1. A single bond (except Ca-Ca bond, and Ca-C bond in the case

where W is R) in the cyclic skeleton may be repa 10 with a double bond. is eachdependently a

monovalent hydrocarbon group 20 carbon ator, each independently an atom or a grou
Efo¥ps are ﬁ%egg Ob_v, é c1;*cgw_y, )g'ﬁyl U”OJé{ egbyl

group, n-propyl group, isopropyl group, n-butyl group,

sobutyl group and sec-butyl group are preferable.

Plural R may be bonded to one another to form a ring,
5 and in a skeleton of th ring fcrmed by bonding of plural =

to one another, a double bond may be contained. When “wo or

more C° to each of which COOR® is bonded are contained in th

®

constitute the skeleton of the ring is 5 to 10.

[f5]
o
6]

10 Examples of the letons of the ring include norbornane
skeleton and tetracyclododecene skeleton.

D7 5. ;i } 3 + 3 1
Plural R may be carbonyl structure-containing groups,

such as carboxylic acid ester group, alkoxy group, siloxy

k]

group, aldehyde group and acetyl group, and their

oF

e

-

ents preferably contain one or more hydrocarbon

=

ubs

1)
[53]
o

roups.

Lo

- - = 1 i . : :
tramples of such cyclic ester compounds {a) include the

t

ollowing compounds which are described in a pamphlet of

nternational Publication No. 2006/077%45 {patent document

-

Gi-n-propyl 3-methylcyclohexane-1,2-dicarboxviate,
dirisopropyl 3-methylcyclohexane-1,2- -dicarboxylate,



selected from a hydrogen atom, d hydrocarbon group 15 carbon atoms,logen atom, a
nitrogen-containing group, an oxygen-contai.ning greup, a phosphorous-containing group, a 9 they
may be bonded to one another to from a ring, but at least one R is not a hydrogen atom. In a
skeleton of the ring formed by bonding of plural R to one another may be contained a double bond,
and when two 5 or more Ca to each of which COCRRL1 is bonded are contained in the skeleton of the
ring, the number of carbon atoms to qgﬁns;ityte the skeleton of the ring is 5 to 10. HR4 R100CIIH
Ca-Ca H A\ /R5 H'NCIbCaH %ﬂﬂ R 2 YHonT the formalar (), 1 iS5 infeget 6t 5 to 10. R4 and
R5 are each inderppggengly g_OOB' ora h%drogen atom, at least one of R4 and R-is COOR', t--)t is
each independently & mbhovalent RYdFoCarBRGoup of 1460 E4rBBH Atéms, and a single bond
(except Ca-Ca bond, and Ca-CD bond.in the case 15 where R5 is R) in the cyclic skeleton may be
remacedeﬂ]ad%hﬁﬁ§68'd}—methy;cyclonexane—;,2—q1carboxyiate,

dioctyl 3-methylcyclohexane~1,2-dicarboxylate,

5 di-2~ethylhexyl 3-methylcyclcohexrane-1,2-dicarboxylate,
didecyl 3-methylcyclohexane~1, 2-dicarboxylate,
diethyl d-methylcyclohexane-1, 3-dicarboxylate,

diisobutyl 4-methylcyclohexane~1, 3-dicarboxylate,

Q.

iethyl d-methylcyclohexane-1,2-dicarboxylate,
10 di-n-propyl 4-methylcyclohexane-1,2-dicarboxylate,
diiscpropyl 4-methylcyclohexane-1,2-dicarboxylate,

di-n-butyl d-methylcyclohexane~1,2-dicarboxylate,

diisobutyl 4-methylcyclohexane-1,2-dicarboxylate,
dihexyl 4-methylcyclohexane~1, 2-dicarboxylate,
15 diheptyl d-methylcyclohexane-1,2-dicarbexylate,

dioctyl 4-methylcyclcohexane-1,2-dicarboxylate,
di-Z-ethylhexyl 4-methylcoyclohexane-1, 2-dicarboxylate,
didecyl d-methylcyclohexane-1,2-dicarboxylate,
diethyl S-methylcyclohexane~1, 3~dicarboxylate,

20 diisobutyl S-methylcyclohexane~1, 3-dicarboxylate,

diethyl 3,4-dimethyle clohexane-1, 2~dicarboxylate,

di-n-propyl 2,4-d metnylcyclohexane-1, 2-dicarboxylate,
L T MR E B S Ty} - T
drisopropyl 3,4-cimethylcyclchexane~1,2-dicarboxylate,



In the formula (1), all the bonds between carbon atoms in the cyclic skeleton are preferably sinole
bond. In the formula (1), n is preferably 6. Thé cyclic ester compound (a) is preferably a
compound 5represented by the following formula (la). H H R100C IzCOOR1 Ca-CaR H-Cb _ Ca -H
RR _ In the formula (Ia), n is an integer of 5 to 10. A single bond (except Ca-Ca bond and Ca-CD
bond) in the 10 cyclic skeleton may be replaced with a double bona. Rl is each independently a
monovalent hydrgearbon gr, gp3of A 10.20 carbon atoms. PIyLaI_R are each independently an atom or a
group  selected from a hydrogén atom, a hydrocarbon group o“%’lﬁto“?@ié%%?ﬁdﬁ’éf:éms, a halogen
atom, a nitrogen-containing-group, an oxygen-containing group, a pﬁhrpsp‘horou,s:gontaining group, a
halogen-containing groap aﬁd% sBiﬁE:nc‘)“n“-‘c‘ Ataining grotip, and’ they may Be bontedto one another to

from a ring, but at least on is not a hydrogen atom.
9 éi%@ptyfI?,%—g;meggyf%yﬁiohexane%l,E—dicazboxyiate,

-]

dioctyl 3,4-dimethny cyclohesxane-1,2~dicarboxylate
5 di-Z-ethylhexyl 3,4-dimethylcyclohexana-1, 2~
dicarboxylate,
didecyl 3,4-dimethylcyclohexane-1,2-dicarboxyiate,
diethyl 3,6-dimethylcyclohexane-1,2~dicarboxylate,
di-n-propyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
10 diiscpropyl 3, é-dimethylcyclohexane-1,2~dicarboxylate,
di-n~butyl 3, 6-dimethylcyclohexane-1, 2~-dicarboxylate,
diiscbutyl 3,6-dimethylcyclohexane~1,2-dicarboxylate,
dihexyl 3,6~dimethylcyclcohexane-1,2-dicarboxylate,
diheptyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
15 dioctyl 3,6-dimethylcyclohexane-1,2~dicarboxylate,
di-Z~ethylhexyl 3, 6-dimethylcyclohexane-1,2-
dicarbonylate,

didecvyl 3,6~dimethyicyciohexane—1,2~dica:boxy‘

05
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diethyl 3,6—diphenylcyclohexane~l,Z_dicarboxylate,
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In a skeleton of the ring formed by bonding of plural R to one another may be contained a double
bond, and when two or more Ca to each of which TDOR- is bonded are contained in the skeleton of
the ring, the number of carbon atoms to constitute the skeleton of the ring is 5 to 10. a
(2), all the bonds between carbon atoms in the cyclic skeleton are preferably single bonds. 10In the
formula (2), n is preferably 6. The cyclic ester compound (b) is preferably a compound represented
by the following &rg&qja}pq); 6-ai HH RL00CICOO.F21 /H H Ch _ Inthe farmula (2a), nis an

integer of 5 to 10. " is each independent 7 a monovalertt hydrocarben grodp 6 1 to 20 carbon
atoms. A single ggm)gg((%xcept -7-band and_ 12 Ce-Cb bond) in the cyclic skeleton may be replaced

with a double bond. - “The 6l&fin Polymerization cataljst of the present iventidn tomprises: Sthe
above-mentionegis&ojig tLtagil_J@ ga%a%%gg}rpgooentﬁ(;), and an organometallic compound catalyst
component (Il) containiig a metallic slement SetéciSd Fom thegroup 15 #é §rotip’2 ahé the group 13

of the periodic table. . . _
ar-n-propyl 3-methyl-6-sthylcyclohexane-1,2-~

5 dicarboxylate,
diisopropyl 3-methyl-€-ethylcyclohexane-1,2~
dicarboxylate,
di-n-butyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
10 dihexyl 3-methyl-6-ethylcyclohexane~1, 2-dicarboxylate,
diheptyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
dioctyl 3-methyl-6~ethylcyclohexane-1,2-dicarboxylate,
di~Z-ethylhexyl 3-methyl-6-ethylcyclohexane-1,2-
dicarboxylate,
15 didecyl 3-methyl-é-ethylcyclohexane-1,2-dicarboxylate,
diethyl 3-methyl-6-ethylcyclohexane-1,2-dicarbouylate,
di-n-propyl 3-methyl-6-ethyleyclohexane~1, 2-

dicarboxylate,
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di-n-butyl 3-mefthyl-6-ethylcyclohex

diisobutyl 3-methyl-g-ethylcyclohexane~1,2-dicarboxylate,



10The olefin polymerization catalyst of the invention may further comprise an electron donor (ll1).

The process for preparing an olefin polymer of th&present invention comprises polymerizing an olefin
in the presence of the above-mentioned olefin polymerization 15catalyst. EFFECT OF THE
INVENTION The solid titanium catalyst component, the olefin polymerization catalyst and the process
for preparing an 20 olefin polymer according to the invention are suitable for preparing an olefin
polymer having g wide molecylar weight distrrbution with high activity. If the solid titanium catalyst
component, the %Ile%iﬁetﬁ%][yr%eﬁzggt\{y n”caétaﬁlé% and ¥ﬁ:(;ﬁ, b)r%‘éé%é‘ ’r’orhp’r%!pgr"} ng a"ﬁol}ﬁyct)%ﬁ i polymer
according to the invention are,used, it can be expected that preparation of an olefin polymer excellent
not only in moldifg S“{]opeér%%é gﬁ%ﬁzasfhir&ﬁfs%)ied éfr%%c%aéﬁ)ﬁfy and "ﬁ%g%gﬁgtécfj) mordability but also in
rigidity be&g@e§b5cg)>{05§ipl% The cyclic ester compound (a) is often a compound more expensive
than electfon donors contaihed in the conventional solid titanium catalyst components. On the other
hand, the cyclic ester comp yndh(ggﬁgs_ofzerl a.com ound having a price 10 of not more than 1/10 of
the price of the c%féi?c” ester go?hep‘o‘ o (8) FORIhAL Attt B solid-fitdhiin cataly<t cémponent of

the invention capable of keeping the effect of widening a molecular weight distribution with decreasing

the cOntent of (e Tyciic estef Eompourd tay idd dn eHect Br 5 etucing the prodicion €ost.

Further, if the solid titanium catalyst component containing plural kinds of specific cyclic ester
compounds havitig pliraf Eﬁ%xgﬁ@%i}a}’éﬁér‘ Hrotips Ry usetf, thé electdn dorior (HI) exerts an effect
as a stereoregularity 20 controlling agent, and an improving effect relating to control of stereoregularity
can be olftdinednsughPstich an effect is not exerted in the case of using a cyclic ester compound

singly.
diisopropyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxvylate,

10 di-n-butyl 3-methyl-S-n-propyloyelonexane-1,2-

dicarbcoxylate,

ot

diisobutyl 3-methyl-é-n-propylcycleohexane~1,2-

t

dicarboxylate,
dihexyl 3-methyl-&-n-propylcyclohexane-1,2-dicarboxylate,

15 dineptyl 3-methyl-é-n-propylcyciochexane-1,2-

4

-

dioctyl 3-methyl-6-n-propylcyclohexans-1,2-dicarboxylate,

di-Z-ethylhexyl 3-methyl-6é-n-propylcyclohexane-1,2-

20 didecyl 3-methyl-6-n-propylcyclohexane~1,2-dicarboxylate

loherane-1,2-dicarboxyiate,

diethyl 3,¢-dihexylcyclohexanse-1,2-dicarboxyliate,

diisobutyl 3-hexyl-é~pentylcyclohexane-1,2-dicarboxylate,



IA IEE DESCRIPTION OF THE DRAWING ais a graph showing a relationship between a proportion of
DMCHIBU added and an Mw/Mn value. BEST MODE FOR CARRYING OUT THE INVENTION The
solid titanium catalyst component (l), the olefin polyme zation catalyst and the process for preparing an
olefin polymer according to the invention are described in detail hereinafter. 10Solid titanium catalyst
component The solid titanium catalyst component (I) of the invention comprises titanium,

magnesium, halogen, a.cyclc ester,compound.(2) and a cyslic ester compound (b). Cyclic ester

compound (a) 15The cyclic ester compound(a) has plural carboxylic acid éster groups and is
represented by the fallgwig formyla (1), B2 R1QOC R, Ca; CalRIRR CaRILR R

diheptyl J-methylcyclopentane-1, 2-dicarboxylate,

didecyl 3-methylcyclopent ne~-1,Z~dicarboxylate,

L%

diethyl 4-methylcyclopentane-1, 3-dicarboxylate,
diisobutyl 4d-methylcyclopentane~1,3-dicarboxylate,
diethyl d-methylcyclopentane-1,2-dicarboxylate,
diisobutyl 4-methylecyclopentane~1,2-dicarboxylate,

diheptvl 4-methylcyclopentane~1, 2-dicarboxylate,

<

10 didecyl 4-methylcyclopentane-1,2-dicarboxylate,

dietnyl S—methylcyciopentane-1, 3~dicarboxylate,

1

diischutyl S-methylcyclopentane~1, 3-dicarboxylate,

diisobutyl 3,4—dimethylcyclopentane—l,4wdicarboxyiate,
15 diheptyl 3,4-dimethylcyclopentane~1, 2-dicarboxylate,
didecyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,

diethyl 3,5-dimethylcyclopentane-1,2-dicarboxylate

diethyl 3-hexylcoyclopentane-1,2-dicarboxnylate,
diethyl 3,5-dihexylcyclopentane-1,2-dicarboxylate

liisobutyl

O8]
s

O

exyl-5-pentylcyclopentane-1, 2~

dicarboxrylate,



n-4. (1) In the formula (1), n is an integer of 5 to 10, preferably an integer of 5 to 7, particularly
preferably 6. 5 Ca and Cb are each a carbon aton24 and R3 are each independently COOR1 or
R, and at least one of R2 and R3 is COOR1. Although all the bonds htween carbon atoms in the cyclic
skeleton are preferably single bonds, any one of the 10 single bonds other than Ca_Ca bond and
na-Cb bond in the case where R3 is R in the cyclic skeleton may be replaced w th a double bond each
innde,d_s, a monoy lent hydrocarbon.group of 1 to 20 carban. atoms, referaﬁbﬁl}y 1to 10 15carbon
atoms, more prefékfé%ijybéf to 8 carbon’ éi%%vmcsf %?iﬂprﬁéirré“préfegraﬁly%tb arbon‘atoms, particularly
preferably 4 to lyde 6 carbon atoms. Examples of he hydrocarhon groups_ 16 ethyl group, n-propyl
group, isopropylaglrgﬁg,yﬁ-bmﬁ%Fc})\ﬁ/f(fgo%v%%legt?bﬁpq,%e‘ixyfg%ub?%gﬁfy}’éﬁoifp', octyl group, 2-
ethylhexyl group, decyl group, dodecyl group, tetradecyl group, hexadecyl group, ocuadecyl group and
eicosyl group. OF th %g ; ﬁ-ﬁut@feg“r%\tﬁp,Ci%SBlﬁ@??g)Foan?ﬁékﬁ_ﬁéﬁﬁ‘ﬁﬁa ‘5Etyt GFoup are preferable, and
n-butyl group andﬁ,isob tyl((;;{:pup are pertioularly Brefgrable, because an olefin polymer having a wide
molecular weight distiibltion'is apt o R prejared=roPiiFal R aré eacH iicréperdéntly an atom or a
group selected from a h)ﬁdrogen atom, a throcgrbon group of 1 to 20 carbon atoms, a halogen atom,
arog@n-oontainifig Gfoup: apy 4 ~aimethy

cycloheptane-1, 2-dicarboxylate,
diisobutyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diheptyl 3,4-dimethylcycloheptane~1,2-dicarboxylate,
didecyl 3,4-dimethylcyclcheptane-1,2-dicarboxylate,
diethyl 3,7wdimethyicycloheptaﬂe-i,2wdicarboxylate,
10 dilisobutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
dgineptyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
didecyl 3,7-dimethylcyclcheptane-1,2-dicarboxylate,

diethyl 3~hexylcycloheptane~1,2-dicarboxviate

-

diethyl 3, 7-dihexylcycloheptane~1,2~dicarboxylate,
13 diisobutyl 3~hexyl-7-pentylcvciochepiane-1,2-
dicarboxylate,

diethyl 3-methyi-7-n-propylcycloheptane-1,2-

ilar

o

dicarbox

[th

r

<

di-n-propyl 3-methyl-7-n-propylcycloheptane~1,2-

20 dicarboxylate,

diisopropyl 3-methyl-7-n-propylcycloheptane-1,72-

di-n-butyl 3-methyl-7-n-propylcycloheptane~1,2-



oxygen-containing group, a phosphorous-containing group, a halogen-containing group and a
silicon-containing group, but 15 at least one R is ribt a hydrogen atom. Of the above groups, a
hydrocarbon group ofto 20 carbon atoms is preferable as R other than a hydrogen atom. amples of the
hydrocarbon groups of. | to 20 carbon atoms include aicphatc hydrocarbon groups, alloy ¢
hydrocarbon 20 groups anu aromatic hydrocarbon groups, such as methyl group, ethyl group, n-propyl
group, isopropyl group,.n-bucroup, 17 groups are preferable, and specifically, methyl group, group,
n-propyl group, ic%ﬁr%dﬁwgro%pr?ﬁfbn ﬁgcg\?g%g,ni“s’%ﬁﬁt%gfou% a‘r‘lnﬂcsgia“c}?ﬁd”ﬁﬁ&r‘o:ﬁp are prefe e

Plural R may be bonded.to pne anather toﬁfo?m ac_girr;g,_an a skeleton oing formed by bonding of

; — T s ¢ T I_n —~ >

plural R to one ariother’ a d'odb?euggr%&%%S/Cbée%ontame‘id'. %Nﬁi RV OF Hote ©a to each of which

COORP | is bonded arc%cqntained, in the skeleton of the ring% the number of carbon atoms to constitute
e

the skeleton of the Fing-is 50 70: 1OEXAmplas 6f tha sketetons 6RtheHngliRckide norbornane skeleton
and tetracyclododecene skeleton.  Plural R may be carbonyl structure-containing groups, such as
carboxylio acid éstér§roup! alkoxy Grou: siioxy Gratin? aidehyde GroGs AR acaiyt group, and their
substituents pref‘erablx contain one or more hydrocarbon groups. Examples of such cyclic ester
compounds (a) incabe¥he fo 010 E6ThpEdAaEne aFd G85¢ bed T 8 Parptetoranternational

Publication No. 2006/077945 (patent document 209): diethyl2-di aroox_e,
diiscbutyl 3,4~dimethylcyc oheptane-1,2~dicarboxylate,

diheptyl 3,4-dimethylcycloheptane~1,2-dicarboxylate,
didecyl 3,4-dimethylcyclcheptane-1,2-dicarboxylate,
diethyl 3,7wdimethyicycloheptaﬂe-i,2wdicarboxylate,

10 dilisobutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
dgineptyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
didecyl 3,7-dimethylcyclcheptane-1,2-dicarboxylate,

diethyl 3-hexylcycloheptane-1,2-dicarboxvliate

-

diethyl 3, 7-dihexylcycloheptane~1,2~dicarboxylate
13 diisobutyl 3~hexyl-7-pentylcvciochepiane-1,2-
dicarboxylate,

diethyl 3-methyl-7-n-propyleycloheptane-1, 2~

iat

o

dicarbox

[th

r

<

di-n-propyl 3-methyl-7-n-propylcycloheptane~1,2-

20 dicarboxylate,

diisopropyl 3-methyl-7-n-propylcycloheptane-1,72-

di-n-butyl 3-methyl-7-n-propylcycloheptane~1,2-



18 isobutyl 3-me ylcyclo exane-1,2-diearboxylate, dihexyl 3-methylcyclohexane-1,2-dicarboxylate,
diheptyl 3-methylcyclohexane-1 2 dicarboxylate, diactyl 3-methylcyclohexane-1,2-dicarboxylate,
5ethylhexyl 3-meth icyciohexane-1,2-dicarboxyThte, didecyl 3-methylcyclohexane-1,2-dicarboxylate,
diethyl 4-methylcyclohexane-1,3-dicarboxylate, diisobutyi 4-me y yclohexane-1,3-dicarboxylate, diethyl
4-methylcyciohexane-i, 2-dicarboxyiate, 10di-n-propyl 4- -thyflyclohexane-1,2 ‘icarboxylate, diisopropyl
4-methylcyc ohexane-1.2-d carboxylate, (;Ji_-q;bmu%l 4-methylcyclohexane-1,2-dicarboxyla di sobu 1
4-methylcyclohexane-1,2-01 rboxylate - dihéxyl 4-methy yelohekanet £ 25dicarboxylate, '5diheptyl
4-rnethyicyg@§%gne-j,ﬁa—gicarboxylate, dioctyl 4-methylcyclo-- ne-1,2-dicarboxylete, d -2-ethylhexyl
4-methonexane- ,f’-fﬁrccéfb“dxylate, didecyl 4-methylcyclohexane-1,2-dicarboxylate, diethyl
S-rnethyicyciohexane-i, 3-dicarboxyiate, 20diisobutyl -methylcyclohexane-1,3-dicarboxylate, diethyl
3,4-d ethylcyclofiexaner, 2:dic bokylate! -propyies/4-HetiyiLyelohagane-12- carboxyiat sopropyl
3,4-cyclohexane-1,2-dicarboxy ate, 19 diisobutyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
dihexvi 3,4-dimetyieyciotiexane-1,2-dicarboxylate, dtheptyl 3,4-dimethylc
elohexane-1,2-dicarbcxylate, dioctyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, 5di-2-ethylhexyl
3,4-demethylcyclotiéXahe- 1 2ldicatboxylate P L opy L cycloheptane~1, 2~

dicarboxylate,

didecyl 3-methyl-7-n-propylcycloheptane-1,2-
dicarbonylate,

diethyl 3-methylcyclooctane~1, 2-dicarboxylats,

10 diethyl 3-methylcyclodecane-1,2-dicarboxylate,
diiscobutyl 3-vinylcyclohexane-1,2-dicarboxylate,
diilsobutyl 3, 6-diphenylcyclohexane-1,2-dicarboxylate,
diethyl 3,6—dicyclohexylcyclohexanewi,2-dicarboxylate,

diisobutyl norbeornane-2, 3~dicarboxylate,

15 diisobutyl tetracyclododecane-2, 3~-dicarboxylate,
diethyl 3,6—dimethylm4—cyclohexene—l,2—dicarboxyiate,
di-n-propyl 3,6~éimethyl~4—cyciohexene~l,2wdicarboxylate,
diisopropyl 3,6—dimethyl~4—cyclohexene—1,Z—dicarboxylate,
di-n-butyl 3,6-dimethy1—4~cyclohexene~l,E—dicarbcxylate,
20 diisobutyl 3,6-dimethyl-4-cyclohexene-1,2~dicarboxylate,
dihexyl 3,6—QmmetryLmé—cyclohexane—l,2—dica:boxylate,

-

ohexene-1,2~dicarboxylate,

—:

"

1

} 3
|R]
|
£
!_
{3
{1
I
o
o
et

Ly
i
o8
1
[ty



didecyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, diethyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, 10diisopropy!
3,6-dimethylcyclohexane-1,2-dicarboxylate, di-n-butyl 3,6-dimethylcyclohexame-1,2-dicarboxylate,
diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, dihexyl
3,6-dimethylcyclohexane-1,2-dicarboxylate, diheptyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
15dioctyl 3,6-demethylcyclohexane-1,2-dicarboxylate, di-2-ethylhexyl 3,6-dimethylcyclohexane-1,2-
dicarboxylate, didecy 3%/6’-%%éqt%@i‘/cjyc%o’t?dlée;(%ﬁg%?ﬁijcéf‘o—o%:(%// a"J'Tt%',n (?Si/}éfﬁy‘f Ter2T
3,6-diphenylcyclohexane-1,2-dicarboxylate, 20 di-n-eropyl
3,6-dibleeﬁylf:‘§7él%ﬁ%>¥éi‘r?é“-ﬁ,’2-dicarboxylate, ddisopropyi 3,6-diphenylcyclohexane-1,2-dicarboxylate,
di-n-butyl 3,6-diph,enxlc clohexane-1,2-dicarboxylate, diisobutyl o ‘ )
3,6-diphenylcyclGHEXAT fléicﬁ(—:grb%?(yrﬁé,ﬁiﬁg)}’ﬁé%ﬁﬁiﬁﬁéﬁﬂéyéﬁﬁé%ﬁ?—???Ydii“:ér%oxylate, 10
dioctyl 3,6-diphenylcyclohexane-1,2-dicarboxylate, didecyl 3,6-diphenylcyclohexane-1,2-dicarboxylate,
diethyl 3-methy196-etHyIcyclonexanssi: 3 didarbssyiaecdehpropyi—dicarboxylate, and
3-methyl-6-ethylcyclohexane-1,2- 5 dicarboxylate, diisopropyl 3-methy1-6-ethylcyclohexane-1,2-
dicarBoxylate, dih-bafyPsnietliy I 6z8thyicyclotrekane- 1 2-dicamoxyfate,-diisobutyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, 10 dihexyl
3-methyl-6-etRyicytioheXafe-1,2-dicarboxylate, diheptyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, dioctyl
3-methyl-6-ethyléycichexanedt, 2adiearbokyiate: di-2-ehylReRy| Bt mettyl 6= ethyicy clohexane-1,2-
dicarboxylate, 15didecyl 3-methyl-6-ethyicyclohexane-1,2-dicarboxylate, diethyl
3-methy1B&thylcyeidhesane-1rdicarhoxytatedi-r=propyl 8<methyh-6<ethylcytlehexane-1,2-
dicarboxylate, diisopropyl 3-methyl-6-ethylcyclohexane-1,2-

mentioned as preferred compounds. Preferred examples of such

10 compounds include:
3, 6-dimethylcyclohexyl~1, 2~diacetate,
3, 6-dimethylicyclohexyl-1, 2-dibutanates,
3-methyl-6-propylcyclohexyl-1, 2~diclacetate,
3-methyl-6~propylcyclchexyl-1,2-butanate,

15 3, 6-dimethylcycleohexyl~1, 2—-dibenzcate,
3, b-dimethylcyclohexyl-1,2-ditoluate,
3-methyl-é-propyicyclohexyl-1, 2-dibenzoate, and
3-methyl-6-propylcyclohexyl-1,2-ditoluate.
In such compounds having diester structure as above,

20 isomers such as cls form and trans form derived from plural

COOR® groups in the formula (1) are present, and any
structure has an effect which 1s in accord with the obiect of
the invention. However, a compound having a higher content

of trans Iform is preferable. In the case of a compound



20 dicarboxylate, di-n-butyl 3-methy1-6-ethylcyclohexane-1,2-iicarboxylate, diisobutyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, diBé&xyl
a-methyl-6-etlylcyclohexane-1,2-dicarboxylate, diheptyl 3-meth
1-6-et.hylcyclohexane-1,2-dicar'oxylate, 21 dioctyl 3-methyl1-6-ethylcyclohexane-1,2-dicarboxylate,
di-2-ethylhexyl 3-methy1-6-ethylcyclohexane-1,2- dicarboxylate, didecyl 3-methy1-6-ethylcy
lohexane-1,2;dicarboxylate, Sdiethyl 3-methy1:6-p-propyleyclohexane-1,2-dicarboxylate,
di-n-propyl 3-methy1-6-n-promyicyclohexane-1,2- dicarboxylate, dus&propyf
3-methy1-6-n-promylcyclohexane-1,2- dicarboxylate, 10di-n-butyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxyla"]fe, "“‘d%sob(jfvf3-méﬁfylf%e-ﬁ%’rbp%ﬁc%ﬁﬁé’%a‘n‘eqi,f'“d‘i‘cac‘rbé%ylﬁfei’dl‘f);e'XyYI
3-methy1-;6-r&-p q“_peyigycﬁl,ghe&a_}nre{; 2-dicarboxylate, 15diheptvl 3;mrg‘ghyyl:G-n-,prmopy!cyclohexanp-1,2-
dicarboxyfate, d%octylbé)-mgtﬁyi-‘&hyprgﬁyltclf/‘cefoﬁé’x%ﬁg-“lﬁ%i(?é)r'békylatéjenadk?—ﬁ\ﬁﬁ’éﬁ/l
3-methy13,§;rg}-}[:l)g%pylcyclohexame-l,2- dicarboxylate, 20didecyl
2-methy1-6-ri-propylcyclohexane-1,2-dicarboxylate, diethyl 3-hexylcyclohpxane-1,2-dicarboxylate,
diisot%utyl 3-hexyicsyc+lnohexane-l,2-dicarboxylate,

e cyclic ester compounds (a),. compounds represented
by the following formulas (1-1) to (1-6) are preferable.

RIOOC\CIL C[a,——COORI
R./ \ R

~ b a~
C
/C\C/ N
H R cee(1-1)
, H H .
R'O0C._ (!?mcla/cooxz
R\Cb/ \Ca/R
B\ / m
R | [Or
H H (1—2)

10



diethyl 3,6-dihexylcyclohexane-1 -micarboxylate, diisobutyl
3-hexyl-6-pentvicyclohexane-1,2-dicarboxylate, digthyl 3-methylcyclopentane-1,2-dicarboxyial.e,
diisobutyl 3-m hylcyclopentane-1,2-dicarboxylate, diheptyl 3-methylcyclopentane-1,2-dica oxylate,
didecyl 3-me ylcyclopentane-1,2-dicarboxylate, diethyl 4-me ylcyclopentane-1,3-dica oxylate,
diisobutyl 4-methylcyclopentane-1,3-dicarboxylate, diethyl 4-methylcyclopentane-1,2-dicarboxylate,
diisobutyi 4-me yIcycI entape-1,2-dicarboxyl.ate, d'heptyl 4-methylcyclobentane-1,2-dicarboxy-ae,
10didecyl R ﬂcy pe @mérboxyla die yl 5-methyscy opentane-1, 3-dicarboxylate,
diisobutyl 5-me yIcyN pent gé 3 -dicarboxyl.ate, diethyl 3,4-d ethylcyclopentane-1,2-dicarboxylate,

diisoDutyl 3 ethy /CIO| Blcarboxylete ptyl 3,tylcyclopentane-1,2-dicarboxylate, didecyl
3,4-dimethyjgyclqp bntane-1,2- Iate diethyl 3,5- m thylcyclope a -1,2- 'c rb ylate, isobutyl 3,
5-dl. mthylcyolo ntane-i,2-d a boxy ate, diheptyl 3,5-dime ylcyclopentane-1,2-dica oxylate,
20didecyl 3 entane 1, 2- arbqxylate, 3-nexylcyclopentane-1,2- carboxyl - diethyl

yl at& 'isobutyl 3-heYv 5-pentylcyclopentane-7,2- dicarboxylate, )4
diheoLyl 4-m Icy (o) arboxylate, didecyl 4methyicycioheptane-i, 2-dicarboxylate, diethyl
5-methylcyclo |c rboxylate, disobutyl 5-methylcyclohep a -1,3-dicarboxylate, 5diethyl
3,4- dlmethylcycloh ne H dicgrboxylalLe, diisobutyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diheptyl 3,4-dimethylcycloheotane-1,2- dlcarboxﬁate decyl
3,4-dimethylcycloheptane-1,2-dicarboxylate, diethyl 3,7-dylcycloheptane-1,2-dicarbcxylate,
10diisobutyi 3,7-dimetn,y-cyclo-ebtane-1,2-dicarboxylate, diheptyl
3,7-dimethylcycloheptane-1,2-dicarboxyla,,e, didecyl 3,7-dime ylcyc,Lohep ne-1, 2-dicarboxylate,
diethyl 3-hexylcycloheptdde-1,Mdicarboxylate,

3,5-dihexv Iop

H \Ca/ H
\Ca/ \Ca/
rR'ooc” \b / >CoOoR!
H H reo s (1—4)
1 H H
R OOC\LIL(L]/H
R_/ \, -COOR
C
0 \C C/ H
R | [Or
5 H H s (1-5)



diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylaLe, 15diisob y 3-hexyl-7-pentylcyclohep-ane-1,2-
dicarboxylalL.e, ethyl 3-methyi-7-n-propyicvciohept9®-1 dicarb,late, opyl
3-methyl-7-n-propylcycloheptane ' 20 dicarboxylate isopropyl 3-methyl- n-propylcycloheptane-1
‘carboxyl -b3-methy1-7-n ropylcycloheptane-1,2- carboxyla , )4 diheoLyl 4-m hylcycsos- a 2-1,2-0
carboxylate, didecyl 4methyicycioheptane-i, 2-dicarboxylate, diethyl
5-methylcycloheptane-1,3H¢icarlbdxylate, disobutyl 5-methylcyclohep a -1,3-dicarboxylate, Sdiethyl
3,4-dimethylcyclohepHane-1,2- dlcarm@ﬁé diisobutyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diheptyl 3 RH([)’@t(B/\ydoh ne-¥ 2-qigarboxylate, didecyl

3,4- dlmethylcycloheptaﬁe 1,2- dlcﬂBoxylate diethyl 3,7-dylcycloheptane-1,2-dicarbcxylate,
10diisobutyi 3, 7gdimetn,y-cyclo- ebté\ne 1 g{dlcarboxylate diheptyl
3,7-dimethylcyclohgitane-1,2-dicar Ia,,e didecyl 3,7-dime ylcyc,Lohep ne-1, 2-dicarboxylate,
diethyl 3- hexyIcH:Iohe tane 1,2-dic rbox}l{ate diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylalLe,

15diisob y 3-hexyl qutﬂcyclg) -ane -1,2- dicarboxylal.e,
rre(1—-8)

In the formulas (1-1) to (1-6), R' and R ars the same as
those previously described.

5 In the formulas (1-1) to {1-3), a single bond (except
C*-C* pond and C°-C” bond) in the cyclic skeleton may be
replaced with a double bond.

In the formulas (l1-4) to (1-6), a single bond (except
C*-C® bond) in the cyclic skeleton may be replaced with a
10 double bond.

In the formulas (1-3) and (1-6), n is an integer of 7 to

As the cyclic ester compound (a), a compound represented

by the following formula (la} is particular 1y prefsrable.

Aol T



ethyl 3-methyi-7-n-propyicvciohept 9-1 dicarb,late, opyl 3-methy1-7-n-propylcycloheptane ' 20
dicarboxylate isopropyl 3-methyl- n-propylcycloheptane-1 'carboxyl '-b3-methy1-7-n
ropylcycloheptane-1,2- carboxyla , 25 diisobutyl 3-methy1-7-n-propylcycloheptane-1,2- dicaroxylate,
dihexyl 3-methyl-7-n-propylcycloheptane-1,2- dicarboxylate, 5dioctyl
3-methyl-7-n-procylcyclohebtane-1,2- dicarboxylate, didecyl 3-methyl-7-n-propylcyclohebtane-1,2-
dicarboxylate, diethyl 3-metp;rlcycloqqane-1,2-dicarboxy|ate, 10diethyl
3-methylcyclodecane-1,2-digarboxylate, diisobutyl 3-vinylcyclohexane-1,2-dicarboxylate, diisobutyl
316-dipherm3ane-112-dicarb}yxylate@l@@ﬁ%-dicyclohexylcyclohexane-1,2-dicarboxylate,
diisobutyl norbornane-z‘,&di tg

C C

R/ \LF
v
H""“\““Cb\- ...,Ca“““""H

\C/

/\

R R

grboxyl

n"4’ r e ( 1 a)

In the formula {la), n, R' and R are the same as those
previously described (that is, they have the same meanings as
> those in the formula (1)), and a single bond (except C%-(C®
pond and C*-C® bond) in the cyclic skeleton may be replaced
with a double bond.

Examples of the compounds represented by the above

10 diiscbutyl 3,6—aimethylcyclohexame—l,Z—dicarbcxylate

roboxyi

j£3

di-n-octyl 3,6-dimethylcyclohexane-1,2-dic

W
ol
't
[t

diisobutyl 3wmethyl—6~ethylcyclohexane—l,2wdicarboxylate

{9 — e P ey - Tyl e et} 3 N .o T o e R
di-n~hnexyl 3-methyl-6 ethylcyciohexane-1,Z-dicerboxylate,

c . e . - . . . , .
i5 ar-n-octyl B*meLnyJ-6—e;ﬁy¢cyc;onexane—i,2wd1carmoxyiate,
dilsobutyl 3-methyl-é-n-propylcyclohexans-1,2~



15diisobutyl tetracyclododecane-2,3-dicarboxylate, diethyl
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, di-n-propyl
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, diisobropyl
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, di-n-butyl
3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, 70diisobutyl
3,6-dimethy1-4-gyclohexene1,2-dicarboxylate, di 3,6:di -4-cyclohexene-1,2-dicarboxylate,
diheptyl 3,6-dim?téhyl-4-cyclcl)hexglnge-f%-digarbg%(%%’%!bk:"d(%g:gl]o ALY ’ 2
3,6-dimet@y%-gl-,@/&m%ggb-1,2-dicarboxylate, di-2-ethylhexyl 3,6-dimethy1-4-cyclohexene-1,2-
dicarboxyiate, didecyl 3,6-dimethy1-4-cyclohexene-1,2-dicarboxylate, diethyl
3,6-dihexyl1-4-cyclohexene:-1,2-dicarboxylate, ng Sdiisobutyl 3-hexy1-6-pentyl-4-cyclohexene-1,2-
dicarboxylate. Fﬁ%hé‘r, cha%o%yl%%a%}ig?g ést%rs’%l o] é:y%ﬁg diol %%%npeo}ﬁgnr&g c%frr%sponding to the above
compoungs gg@,:peyalsgo . . mentioned as preferred compounds. Preferred examples of such 10
compounds include: %Tg-ai'rﬁethylcyclohexyl-1,2-diacetate, 3,6-dimethyacyclohexyl-1,2-dibutanate,
3-methyl-6-propyjcyclohexyl-1,2-diolacetate, 3-methyl-6-propylcyclohexyl-1,2-butanate,
1538 Gimetny RO oL o Abensaa e BT Ay A L B i L2 e

%d enzoate, and 3-methyl-6-propylcyclohexyl-1,2-ditoluate. In such
compounds having diestef $tructure s ahove "0 ISonTere SBch as ¢is foim aiid trans form derived
from plural COOR1 groups in the formula (1) are present, and any structure has an effect which is in
accord with the 86’]6&”61‘5 éiﬁ@%ﬁiﬁﬁéﬁé’&fﬁéﬁvof trans form is

3-methyl-6-prop¥jjcxclg exyl-1

h& inverition: Blowever & CoRpaasd ha

preferable. In the case of a compound, er content of transnotffect of 1 cular weight distributin. but also
diisobutyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,

di-n-hexyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
10 di-n-octyl 3,5-dimethylcyclopentane-1,2~dicarboxvliate,
diisobutyl 3-methyl-bS-ethylcyclopentane-1,2-
dicarboxylate,
di-n-hexyl 3-methyl-5-ethylcyclopentane~1,2-
dicarboxylate,
15 di-n-octyl 3-methyl-5-athy
dicarboxylate,
di-n-hexyl 3-methyl-5-n~propyicyclopentane~1,2-
dicarboxylate,
gi-n-octyl 3I~methyl-5-n-propy
20 dicarboxylate,
diiscbutyl 3,5-diethylcyclopentans-1,2-dicarboxylate,
di-n-hexyl 3,5-diethylcyclopentane-1,2-dicarboxylate
di-n-octyl 3,5-diethylcycliopentans-1,2~dicarboxylate

diisobutyl 3, 7-dimethylcyclioheptane-1,2~dicarboxylate,



and stereoregularity of the resulting polymer tend to become higher.  As the cyclic ester compounds
(a), compounds represented by the following formi#as (1-1) to (1-6) are preferable. H H R100C | |
COORIR\R C13Ca/HH/\HR (- HH RIOOC., IRflIACaH C-C 1R HH R100C\ I R\ Ci- HCI)

di-n-hexyl 3,7-dimethylcyclcheptane-1,2-dicarboxylate,
di-n-cctyl 3,7-dimethylcycloheptane-1,2~dicarboxylate,

diiscbutyl 3-methyl-7-ethylcycloheptanse-1,2-

dicarboxylate,

LA

4

di-n~hexyl 3-methyl-7-ethylcycloheptane-
dicarboxylate,

di~n~octyl 3-methyl-7-ethylcycloheptane-1,2-
dicarboxylaie,

di-n-hexyl 3-methyl-7-n-propylcycloheptane-1,2-
10 dicarboxylate,

di-n-cctyl 3-methyl-7-n-propylcycloheptane-1,2-
dicarboxvlate,

diisobutyl 3,7-diethylcycloheptane-1,2-dicarboxylate,

di-n-hexyl 3,7-diethylcycloheptane~1,2-dicarboxylate,

I35  and
di-n-octyl 3,7-diethylcycloheptane-1,2-dicarboxylate.
10057 Cf the above compounds, more preferable are:
diiscbutyl 3,6-dimethylcyclonexane-1,2~dicarboxylate,
di-n-hexyl 3,é-dimethylcyclohexane-1,2-dicarboxylate,
20 di-n-octyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,



|/COOR1CaR\C-a-H -3) HHHHCa 121093(:-- \tOORI H H 1-4) 1111 R100C. IHR
3

/_,,COOR1 Ca

diisobutyl 3-methyl-€-n-propylcyclohexane-1,2-
dicarboxylate,

di-n~hexyl 3-methyl-6- ropylcyclohexane-1, 2~
dicarboxylate,

5 di-n-octyl 3-methyl-é-n-propylcycliohexane-1,2-

dicarboxylate,

diiscbutyl 3,6-diethylcyclohexane-1,2-dicarboxylate,

v .

di-n-hexyl 3, 6-diethylcyclohexane-1,2- -dicarboxylate, and
di-n~octyl 3,6-diethylcyclohexane-1, 2-dicarbox xylate.
i0 Although these compounds can be produced by the use of
Diels-Alder reaction, polyene compounds as raw materials are
relatively expensive, and therefore, the production cost of
the above compounds tends to become a little nigher than that
cf the conventicnal electren donor compounds.
15 In such cyclic ester compounds (a) having diester
structure as above, Isomers such as cis form and trans form

polymer tend to become higher. The proportion of the trans



C-CIHH 79HHH/COOR1RIOOC\CapeH HHH\HH (1-6) Inthe formulas (1-1) to-6),and R
are the same as those previously described. 5In the formulas (1-1) to (1-3), a single bond (except
bond and Ca-Cbbond) in the cyclic skeleton may be replaced with a double bond. In the formulas (1-4)
to (1-6), a single bond (except  Ca-Cd bond) in the cyclic skeleton may be replaced with a

preferably not less than 51%. The lower limit is more

preferably 55%, still more prefer

[&H

bly €0%, particularily

preferably 65%. On the other hand, the upper limit is

Cyclic ester compound (b}

The cyclic ester compound (b) has plural carboxylic acid

ot
-y
44

ester groups and is represented by following formula (2).

H R4

R100C H
N>
H  / \ RS
H—"\"CE- ) Ca.me
\C/

/\
H H

-

n-4 - - (2

10
In the formula (2), n is an integer of 5 to 10,
preferably an integer of 5 to 7, particularly preferably 6
C® and C" are each a carbon atom.
Although all the bonds between carbon atoms in the
15 cyclic skeleton are preferably single bonds, any one of the

e bonds other than C*-C® bond and C*-C° bond in the case



10double bond. In the formulas (1-3) and (1-6), n is an integer of 7 to 10. As the cyclic ester
compound (a), a compound represented the following formulaparticularlyf-Rrab1P. 30
R10001J,,COOR1ca_R/Nn-4 (la) In the formula (Ia), n, Ri and R are the same as those
previously described (that is, they have the same meanings as 5those in the formula (1)), and a single
bond (except Ca-Ca bond and Ca-Cb bond) in the cyclic skeleton may be replaced with a double

bond. . Examples ofsthe ¢ompel represented by the abave formula (Ia) p:nglude 10diisobutyl
3,6-dimethylcyclohexane-1,2-dicar oxylate di-n-hexyl 3,6~ dlmethylcycl6ﬁéXane -1; . dlcarboxylate

di-h-octyl,3,6-dimethyjcyclohexane-1,2-dicarhoxylate, diisobutyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-hexvl

3-methyl-6-ethykcyclohexane-1, Ze@garb%)g' =N octyl 1 i}
3-methyl-6-ethylcyclohexane-1,2-dicarbox %te §?so%u¥yl éom%thﬁ -n- 87pylc
dicarboxylate;

5YIGyEiohexang:1, 2-
ieast one of R® and R® is COOR', and R' is each
5> independently a meonovalent hydrocarbon group of 1 to 20
carben atoms.
Plural R' are each independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, prefera ably 1 to 1C
1

carpon atoms, more preferably 2 to 8 carbon atoms, still more

10 preferably 4 to 8 carbon atoms, particularly preferably 4 to

-

6 carbon atoms. Examples of the hydrocarbon groups include
ethyl greup, n-propyl group, isopropyl group, n-putyl group,
isobutyl group, hexyl group, heptyl group, octyl group, 2-
ethylhexyl group, decyl group, dodecyl group, tetradecyl

15 group, hexadecyl group, octadecyl group and eicosyl group.

Of these, n-butyl group, isobutyl group, hexyl group and

},__.#

octyl group are preferable, and n-butyl group and iso0buty
group are particularly preferable, because an olefin polymer
having a wide molecular weight distribution is apt to be

20 prepared.

zxamples of such cyclic ester compounds (b incliude:
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diisopropyl cyclohexane-l,2-dicarboxylate,



31 di-n-héxyl 3-methyl-6-n-oropylcyclohexane-1,2- dicarboxylate, di-n-octyl
3-methy1-6-n-propylcyclohexane-1,2- dicarboxylaié, 5diisobutyl
3,6-diethylcyclohexane-1,2-dicarodxylate, di-n-hexyl 3,6-diethylcyclohexane-1,2-dicarboxylate,
di-n-octyl 3,6-diethylcyclohexane-1,2-dicarboxylate, diisobutyl
3,5-dimethylcyclooentane-1,2-dicarboxylate, di-n-hexyl 3,5-dimethylcyclopentane-1,2-dicarboxvlate,
10di-n-octyl 3,5-gimethylcy. I_Lopg tane-1.2- icarboxylate, diisobutyl 3-methy1-5-ethylcyclopentane-1,2-
dicarboxylate, di-n-hexyl §§Enethgl-§-§}1ylg)?é?opléﬁ%(ar?eii‘;Z'-%lﬁcxa%g%ymte, 15di-n-octyl
3-methyl-5-ethyl§¥glgg ntane-1,2- dicarboxylate, dgi:nrbexﬁyhl.‘?,-meth ‘1;5-n-pronvicyclooentane-1,2-
dicarboxylate, di-n-obtﬁ 3- "étﬁjyyl{ES-%ggr}c{)%%cyzi' nentane-1.2°70 dicarboxylate, diisobutyl
3,5-diethylcyclo ntane-1,2¢digLarbci§ylate, i-B-hexgl 3,5-diethylcyclobentane-1,2-dicarboxylate,

— g

di-n-octyl 3,5- iet ly?éefa’&pé:ﬁfgné)-‘ “J-8icarboxylate “difsobigt 2 ==

&74“mewwmycgygg5¥§ilé@%ggﬁgégggéE,2~dicarboxylate,

5 dioctyl cyclohexane~l,2-dicarboxylate,
di-Z-ethylhexyl cyclohexane-1,2-dicarboxylate,
didecyl cyclohexane~1,2-dicarboxylate,
diethyl cyclohexane-1,3-dicarboxylate,
diiscbutyl cyclohexane-i, 3~dicarboxylate,

10 diethyl cyclopentane-1,2-dicarboxylate,
diisopropyl cyclopentane-1, 2-dicarboxylate,
diisobutyl cyclopentane-1,2-dicarboxylate,

te,

bt
i)

dineptyl cyclopentane-1,2-dicarboxy
didecyl cyclopentane-1,2-dicarboxylate,
diethyl cyclopentane-1,3-dicarboxylate,

diisobutyl cyclopentane-1,3-dicarboxylate,

diisopropyl cycloheptane-1,Z-dicarboxylate,

diisobutyl cycloheptane-1l,2~dicarboxylats,

diiscbutyl cycloheptane—l,S—dicaxboxylate,

diethyl cyclooctane-1,2-dicarboxylate,



di-n-hexyl 3,7-dimethylcycloheptane-1,2-dicarboxylate, di-n-octyl
3,7-dimethylcyclohebtane-1,2-dicarboxylate, diisobutyl 3-methyl1-7-ethylcycloheptane-1,2-
dicarboxylate, 5di-n-hexyl 3-methyl-7-ethylcycloheptane-1,2- dicarboxylate, di-n-octyl
3-methyl-7-ethylcycloheptane-1,2- dicarboxylate, di-n-hexyl
3-methyl-7-n-propylcycloheptane-1,2- 10 dicarboxylate, di-n-octyl

3-methyl-7-n-propylcycloheptane- 1. 2- dicarboxylate, diisobutyl .
3,7-diethylcyc|oheptané??,2-dica?boxylaté, 6Ii'-n-hekyldg,9—%%y?c§fcioheptane-l,2-dicarboxylate, 15and

di-n-octyl 3,7-die§@3\gﬂlg¥(§ﬁh%mg§g-ﬁl %—gi%%rquyla;g. [0057] Of the above compounds, more preferable

are: diisobutyl 3,6-dimethylcycloh *!xdahe-‘I,‘Z:diéé?bo%VI%fe“, YinhéaT

3,6-dimethylcyclghexar e-1.2- licarboxylate, 20di-n-octyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
diisobutyi 3-metr%71-‘ -(régtﬁf/mlg%qlbk?efgn%‘-f,‘fai%éfbo&y ate, “a‘f’-"r‘ff?é%fy —Ee,
3-methy1-6-ethycllgyc£ohgj),(gge-l,%-giqa;po;gylate, gfn-oggyl , L
3-methyl-6-ethyleycloRexane T, 2-dicarboxylats. 33 « ~ diisottryl > =Y +ate,
3-methy1-6-n-propylcyclohexane-1,2- dicarboxylate, | di-n-hexyl
3-methyl-6-n-propyidyciohekane- 152 dicarboxyate, Soi-hEay 3 méetiyi®-n-propylcyclohexane-1,2-

dicarboxylate, diisobutyl 3,6-diethylcyclohexane-1,2-dicarboxylate,
y §1fg$%utyl 4—%y%lohexene—i,2—dica¥boxylate,

dihexyl 4-cyclohexene-1,2~dicarboxylate,
diheptyl 4-cyclohexene~l,2-dicarboxylate,
dioctyl 4-cyclehexene-1,2-dicarboxylate,
10 didecyl 4-cyclohexens-1,2-dicarboxylate,
diethyl 4-cyclohexene-1,3~dicarboxylate,
diisobutyl 4-cyclohexene-1, 3-dicarboxylate,
diethyl 3-cyclopentene~l,2-dicarboxylate,
diisopropyl 3-cyclopentene-1,2-dicarboxyiate,
15 diisobutyl 3-cyclopentene~-1,2-dicarboxylate,
diheptyl 3-cyclopentene-1,2-dicarboxylate,
didecyl 3-cyclopentene-1,2-dicarboxylate,
diethyl 3-~cyclopentene-1,3-dicarboxylate,
diisobutyl d-cyclopentene-1, 3-dicarboxylate,
20 diethyl 4-cycloheptene-1,2-dicarboxylate,
diiscpropyl 4-cycloheptene-1,2-dicarboxylate

diisobutyl 4d-cycloheptene-



di-n-hexyl 3,6-diethylcyclohexane-1,2-dicarboxylate, and di-n-octyl

3,6-diethylcyclohexane-1,2-d

icarbpxylate. 10Althoggh these compounds can be produced by the use

of Dials-Alder reaction, polyene compounds as raw materials are relatively expensive, and therefore,
the production cost of the above compounds tends to become a little higher than that of the
conventional electron donor compounds. 15In such cyclic ester compounds (a) having diester

structure as abogia,
effect which is in"accor
content of trans form is g

form, not only an efféct o

refe
i

stereoregularity %f_:thg%rgs‘ulgig

total of the cis fofm andthe tra
till more preferably 60%, particularly preferably 65%. On the other hand, the upper

ﬁiﬁoﬂ%ymo?é* DrEfErA61y 9695, ‘stifl TvoTe hréterabiy 585%, particularly preferably 79%.

preferably 55%,
limit is preferabl
Cyclic ester compound (b)

Asamers,such as cis form and t
d with the object of the im‘yér%?

dening 4 molecur

ins form_ are present, and any structure has an
ion. Fowevet, ' cGmpound having a higher

rable. in the 20 gqsgmoj a compound having a higher content of trans
aFWeight distribitior Bt &56 activity and

polymer tend to become higher. The proportion of the trans form in the

S~

“Formis S3F preferably 1ot 1688 thah 319 Fhe lower limit is more

The cyclic ester compound (b) has plural carboxylic acid ester groups

and i8 representéd by the folfSWiid Foraidia 2)2 HM RODEIH Ca-CaH/RS NHECH cle

compounds
mentioned as p

include:

esponding to the above compounds can be also

referred compounds. Examples of such compounds

cyclohexyi-1,2-diacetate,

10 cyclohexnyl-1, 2~dibutanate,

cyclohexyl-1,2-dibenzcate, and

cyvclohexyl-1,2-ditoluate.

In such compounds having diester structure az

5 above,

isomers such as cis form and trans form are present, and any

the invention.

The proportion of the trans form in the tota

- Rk va 1o e
rJC..‘)..lLJ,a,Cu_’.G.'. 4 e WL

ly

1

Fh

@)

structure has an effect which is in accord with the object of

The

=)



HH (2)10 In the formula (2), n is an integer of 5 to 10, preferably an integer of 5 to 7,
particularly preferably 6. Ca and Cb are each a cafBon atom. Although all the bonds between carbon
atoms in the 15 cyclic skeleton are preferably single bonds, any one of the single bonds other than
Ca-Ca bond and Ca-Ch bond in the case 35 where R is d hydrogen atom in the cyclic skeleton may
be repa do- le rono. R4 and R5 are each independently COOP' or a hydrogen atom, at least one of

R4 and Rs.js ODQR; and Rliis.each.ndependently amanovalent hydrocarbon aroup of 1 to 20 carbon

il

atoms. Plural Pl are each independently a monovalent hydrocarbon gréuup“"(l)faf to 20 carbon atoms,
preferably.1.to 10 carban atarus, more. preferably 2 0.8 carhon atoms, still more 10 preferably 4 to 8

carbon atoms, particularly preferably 4 to 6 carbon atoms. lcéxampTes of the hydrocarbon groups

include ethyl group, -propyl group, isopropyl group. n-butyl.group, isobutyl group, hexy| group, heptyl
group, octyl group, 2- eihylﬁeiyl“g’roub’,“de%&?@%ﬁ%%dgdeéyl 6r§uﬁ’, ét’“r’g&cgc‘ﬁ ?5‘@?6“ p, hexadecyl

group, oc&%deesgy!agrovggﬁq@q eicosyl group. nggse, n-% Eyl ggo%p,fisobutyl‘group, hexyl group and

octyl group are preferable. and n-butyl group and isohutyl group ‘aré particutary preferabie’ because
an ogefin 8‘%'3/:”‘% hgg@\gea yvj%% molecular weight distribution is apt to be )0 urepared. Examples of
such cycliic ester c‘émpoun“d%mc?u’de: 1 cvelohexane-1,2-'i“aylate, ropy' cyclne-1,2-dicaoxylate,

If the trans purity is less than 51%, the effect of
widening molecular welght distribution, activity,
stereospecificity, etc. sometimes become insufficient. If
the trans purity exceeds 78%, the effect of widening

10 molecular weight distribution sometimes becomes insufficient.
That is to say, when the trans purity is in the above range,
there are many advantages in making the effect of widening

molecular weight distribution of the resulting polymer and

the activity of catalyst or the high stereoregularity of the

0

15  resulting polymer compatible with each other o a high level.

As the cyclic ester compounds (b), compounds having

-
H

cycloalkane-1,2-dicarboxylic acid diester structure and

E

represented by the following formula (Za) are preferab

ty
—
3]
4
=
[o))

3
bt

ab

e are;

[

particularly prefe

20 d

[

~n-putyl cyclchexane-1,2-dicarboxylarte,

diisobutyl cyclohexane-1,2-dicarboxylate,

dinexyl cyclohexane-1,2-dicarboxylate,
dineptyl cyclohexane-1,2-dicarboxviate,



oPyl cyclohexane-loxylate, '36 din-butyl cyclohexane-1,2-dicarboxylate, diisobutyl
cyclohaxane-1,2-dioarboxyiate, dihexyl cyoiohexatte-1, 2-dicarboxylate, diheptyl
cyclohexane-1,2-dicarboxylate, dioctyl cyclohexane-1,2-dicarboxylate, di-2-ethylhe vyl
cyclohexane-1,2-dicarboxylate, didecyl cyclohexane-1,2--ecarboxyale, diethyl cyciohexane-1,
3-dicarboxylate, diisobutyl cyciohexane-I, 3-dicarboxylate, 10diethyl cyclopentane-1,2-dicarboxyla.-
diisopropyi CyC'%e@a@%TMﬂEZﬁXy@ e; diisobutyl cyclope ane:1,Z:dicarboxylate,

cyclopentane-i, 2-dicarboxylate, didecyl cyclopentane-1,2-dicarboxylate, 15diethyl cyciooentane-1,
3-dicarboxylate, diispbtyi ggcecggg %%%;%@Qigﬁgbq_xy@tg,ﬁg%y ¢yclohep-i, 2-dicarboxylate,
diisopropyl cyciohecrboxyla ddisobutyl ioheotane-f, 2-dicarboxylat 20diheptyl cycloneptan 1
2-dicarboxylate,gdiiggg%gycé%b(g%%%-;}ag;yiqarggéw% Lpgl c;ycléoaggezne-l,3-d'carboxylate, iisobutyi
cycioheptane-i,3-dicarboxylaté, diethyl cyclooca-e-1,2-dicar 6§éy'late"," "37 d.iethyl cyclo cane-1,2-
carboxylate, diethy] é‘:é%f&l,oyriexc‘??8‘;1@%'%9%%@ 1,2-dicarboxylate,

3 diheptyl cycloheptane-l,2-dicarboxylate, etc.

H H
N

R'O0C /COOR“

—_—d

YA
H"'>Cb\.. ’Ca/mH

n-4 e (2a)

In the formula (Za), R° is the same as that previcusly
described (that is, it has the same meaning as that in the

10 formula (2)), and a single bond (except C*-C® bond and C*-CP
bond] in the cyclic skeleton may be replaced with a double

bond.

dilsobutyl cyclohexane-1,2-dicarboxylate,

i3 dihexyl cyclohexane-1,2-dicar’

&)
O
e
S
E& 3
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143 ot Iy, 7

dineptyl cyclohexane-1,
S @ 1 3 o v sl ~ Ia o 1 .
gioctyl cyclohexane-1,2-dicarboxy

di-Z=etnyilhexyl cyclohexane-1,2-dicarboxylate.



propyl 4-cyclohexene-1,2-dicarboxylate 1 scpropyl 4-cyclohexene-1,2-docarboxyl di-n-butyl 4-cyc
diisobuty 4-cycionexene-1,2-dicarboxylate, dihexyk4-cyclohexene-1,2-dicarboxylate, diheptyl
4-cyclohexene-1,2-dicarboxylate, dioctyl 4-cyclohexene-1,2-dicarboxylate, 10didecyl 4-cyciohexene-1,
2-dicarboxylate, diethyl 4-cyclohexene-1,3-dicarboxylate, diisobutyl 4-cyclohexene-1,3-dicarboxylate,
diethyl 3-cyclohentene-1,2-dicarboxylate, isopropyl 3-copentene-1,2-dicarboxyl te, 15diisobutyl
3-cyclopentene-1,2-d gg;bsogylag%, Qipg,_“ylﬁ3-gyci99eritewg§l-l, 2-dicarboxylate, didecyl '
3-cyclopentene-1, 2 dicarboxylate, diethyl 3-cyclohenténe:1 Fdicarboxyldis ‘diesgbutn= 1s
3-cyclopggft@gggldg-?carpgxqut gOd_ig@g/i 4-cyclohepeene-1,2-Oicarboxylate, ropyl
4-cycloheptenecarboxylate djisobutyl 4-cycio Btene-12: dRtarbe diReBRf 458 cidt eptet eyl
4-cyoi.cTt|1§lt§}r'{1e;ij-QIicg .38 diethyl i41-gycﬂ,l.ohep,}tﬂene_‘-l,,§-_dicarquylate, diisobutyl

4-cycloheptena-T .3 dicarboxyiate’ diethyt5Lyciooctensit 2ichbokyiate: &hid diethyl
6-cyclodecene-l_,ﬂz-dicarboxylate. SFurther, dicarboxylic acid esters of cyclic didl compounds
corresponding to %%35‘05\%“80%56‘%J?é'arji"ﬁe'ﬁé‘”djym%hﬁ@ﬁéfd as préferredecomissunts. Examples of

suchscomgou_nds include: cyclohexyl.-1,2-diacetate,

omobination of two or more kinds. Further, the cyclic ester
compounds (&) and (b) may be used in combination with +the

later~desc

=
B

ibed catalyst component (¢}, within limits not

detrimental to the object of the present invention.
The combining molar ratic of the cyclic ester compound

10 (g) to the cyclic ester compound (b) (cyclic ester compound
{a)/{cyclic ester compound {a)tcyclic ester compound (b)) x100
(% by mol)) is preferably not less than 10% by mol. The
combining molar ratio is more preferably not less than 30% by
mol, still more preferably not less than 40% by mol,

I5 particularly preferably not less than 50% by mol. The upper
limit is preferably 99% by mol, more preferably S0% by mol,

still mere preferably 85% by mol, particularly preferably 80

o\

oy mol.
The cyclic ester compounds {a) and (b) may be formed
20 during the course of preparation of the solid titanium

e

catalyst componsant (I).



10cyclohexyl1-1,2-dibutanate, cyclohexyl-1,2-dibenzoate, and cyclohexyl-1,2-ditoluate. In such
compounds having diester structure as above, #dmers such as cis form and trans form are

present, and any 15 structure has an effect which is in accord with the object of the invention. The
proportion of the trans form in the total of the cis form and the trans form is preferably not less than
51%. The lower limit is more preferably 55%, still more preferably 60%, 20 particularly preferably 65%.
On the other.hand, the upper_limit is profs,-.iv 100%, more preferably 90%, still more Preferably 85%,
particuIar%%réferaéﬁﬁ%%%thg)%)gh% ‘g réégonci%nno%) cfleélgr%,“itO igppcféygﬁm%d tRat'vitiations of the 39
later-described stereoisomers arethe region suitable for widening the molecular weight distribution.
carticuIarfgtﬁggéyélgﬁeéggé-ﬂ%ogf %:lpa(?:lf‘de Ei%e'ster wherein n Hformula (2) is 6 has a trans purity of the
above range. 5, the trans. ngt Sis ess than 51%, the effect of widening molecular weight
distribution,activity stéreospecific ty, eté” sématimes BécéMeinSuffiient 1#Thgtrats purity exceeds
79%, the effect of widening 10 molecular vyei%ht distribution §omgti[nes becomes insufficient. That is to
say, whentrans purity [s in the abdve range. thefe drethafy advantaged i fiaking the effect of
Wideging (r}ryolgcruja( yygi%ht distribution of the resulting polymer and the activity of catalyst or the hi.gh
steredregiifarity of the 15 restltiiy polyiner compatibitaWith &&ch dHférto shigh Tevel. 22 rAs the cyclic
ester compounds (b), compounds hay cycloalkane-1,2- carboxylic acid diester structure and
representdd by thie folioWing foridia (235 8re Srefef paftictierabieegodien-bu,.y1 cyc

ohexane-1,2-dicarboxylate,
The Cyclic hydrocarbon structure is known to form

various sterecstructures such as chalr form and boat foam.
Moreover, 1f the cyclic structure has a substituent, ths

10 variatiocn of stereostructure which can be taken is further
increased. Furthermore, if the bond between a carbon atom to
which the ester group (COOR! group) is bonded and another
carbon atom to which the ester group (COOR group; is bonded
is a single bond, said carbon atoms being among the carbon

15 atoms to constitute the cyclic skeleteon ¢f the cyclic ester
compound, the variation of sterecstructure which can be taken

widened. Such various sterecstructures which can be taken

b
0

lead to formation of various active sites on the solid

titanium catalyst component (I). As a result, when olefin

rt

)
o

polymerization is carried out using the solid titanium
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mers having various
molecular welights can be prepared at once. That is to savy,
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an oieZin polymer ﬁdi;ﬂg a wWide moiecu;ar WelghtT clstribution
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diisobut.yl cyclohexane-7,2-dfcf' dihexyl di he tyl ne-1, -dicarbox} droctyl ohexane-1, 2-dicarboxylate,
40 di2-ethylhexylcyclohrexane.-1,2-dicarboxylatE diisobursyl cyclopensane-1,2 icarboxylate, diheptyl
cyclopenta -1 ,2-dicarboxylate, diisobutyl cyclohe-carboxyrate, diheptyl cycloheptane-1,2-d
carboxylate, etc. H H R100CII "..,-COOR1 \Ca-Ca/HHCb-H _ HH (2 a) in the formula (2a), P1
is the same as that previously described (that is, it has the same meaning as that in the 10formula (2)),
and a single boqglh(gx(;eppga -Ca gond and Cd Cb bond mcxcllc skeleton may he replaced with a

fridns CINANg morar raci the
double o g o of the
cyclic ester compound (a) in a wide range, that is, even if

the content of the cyclic ester compound (a) in the solid

yst component 1s low, the sclid titanium

distribution. Although the reason of this effect is not

It is obvious that owing to the presence of the

10 substituent R, the cyclic ester compound (a) has an extremely
larger number of variations of stereostructures which can be
formed, as compared with the cyclic ester compound {b). On
this account, it is thought that the influence of the cyclic
ester compound {a) on the moleculzar weight distribution

15 becomes dominant, and even if the combining molar ratio is

low, the cycli

@
16
ot
®
B

compound (aj can give an olefin polymer

f R

having an extremely wide molecular welgnt distribution.
On the other hand, the cyclic sster compound (&) and the
cyclic ester compound (b) are relatively analogous in
20 structure, and therefore, these compounds hardly have
influence on each other with resgard to thei:

such as activity and stereoregularity. |



bond. Of the above compound more preferable are: isobutyl cyclohexane-1,2-dicarocxylate,
15dihexyl cyclohexane , 2-di.carboxylate, oh ene-44oxylate, c ohexane-1,2-dicarboxylate, and
di-2-ethylhexyl ¢ clohexane-1,2-dicarboxylate. 41 The reason is thaty t e catalytic performance is
excellent but also these compounds can be prepared relatively inexpensively by utilizing the Did
is-Alder reacti These compounds may be used singly, or may be used in 5 comblnation of two or more

kinds. Fugther, the cyclicester.campounds (a).and (b) may be used in.combination with the

i I

later-described catalyst component™(c), within limits'not detriméntal to the o%iec%rb? the present
invention,.The combining It olgrm%ti%eosf t@%;%’%@%%ﬁ r compound 10(a) to the cyclic ester compound
(b) (cyclic ester compouna a)/(cyclic ester compound (a)+cyclic ester compound (b))x100 (% by mol))
is preferably notJess than 10% by mol. The co bL”iﬂQ molar a io is more preferably not less than 30%
by mol, still moré preferably Tiot less than 40% by mol, particularly prefetably ot 1és<thafi 50% by
mol. The up g&l&mg is,ggef@rabjy 99%‘_b%msomg_re preferably 90% by mol, still more preferably 85% by

mol, particalarly prefetably 80% by mol = =+ cyeliEstel ' compourds 1€ ARE FRiAY be formed 20

durcourse, of breparatio- .of tha solid titanium catalyst component (1). For example,oviding a step of
> (?g oéx%%@ inventlon can give gn olé%in pgfymer hav?ng an J P

extremely wide molecular w

it

ight distribution and high
streoregularity with high activity.
In the preparation of the solid titanium catalyst
coempeonent (I} of the invention, a magnesium compound and a
10 titanium compound are used in addition to the above cyclic

ester compounds (a} and {(b).

Magnesium compound

Exanples of the magnesium compounds include publicly
xnown magnesium compounds, specifically,
15 magnesium halides, such as magnesium chloride and
magnesium bromide;
magnesium alkoxyhalides, such as magnesium
methoxychloride, magnesium ethoxychloride and magnesium
phenoxzyehloride;
20 alkoxymagnesiums, such as ethoxymagnesium,

isopropoxymagnesium, butoxymagnesium and 2-

sl

thylhexoxymagnesium:

aryloxymnagnesiums, such as phenoxymagnesium; and



substbringing carboxylic anhydrides or arbor corresponding to the cyclic ester co ounds (b) into
contactcorresponding alcohols, ester compoundsia) and (b) can be incorporated in the solid titanium
catalyst component. By the process for preparing an olefin polymer of the invention, a polymer
having a wide molecular weight distribution is obtained. Although the reason is not clear, such a cause
as described below is presumed. The cyclic hydrocarbon structure is known to form various
stereostructures.sugch.as chair form.and boat foam. Moreover, if the cyclic structure has a substituent,
the 10 vr on of sng§§?r%6tﬁ?e \cfv%lr%ﬁ %gnPbg taken is ?Llfrfhse*rulnméregéié’gl{ . Fdrthérmors, if the bond
between %gggt}oﬁn:%tpm to which the ester group (COOR1 group) is bonded and another carbon atom
to which the ester group (COOR1 group) is bonded is a single bond, said carbon atoms being among
the carbon 15 atoms to gmoancésrgigggquneshkeqlleto‘r_)bq the cyclic ester compound, the variation of
stereostructurich can be take is widened. Such various s osttictufes Which ¢dn BE thkeR lead to
formation PJA/C?”QHS active sites on the solid titanium catalyst r(qzompoﬁr]en;[w(l). As a result, when olefin
20 polymérization is arried out using the &8lid fitalAftnt cataly/st conmponetit ), G18fiF Bolymers having
variogls molecular wei.gh:ts can be orepaed at once, Tr]at is to say, an olelin pglymer havingwide
moletulal WeIghTibtibon 48" Uhde? the Bofdifion<df the Bombiniig Tolar faticof the cyclic ester

compound (a) in a wide rang-, that is, even if .
compounds witll other metals, or mixtures with other metallic

compounds.,
Of the above compounds, magnesium compounds containing

halogen are preferable, and magnesium halides, particularly
10 magnesium chloride, are preferably emploved.

Alkoxymagnesiums such as ethoxymagnesium are also preferably

employed. The magnesium compound may be that derived from

other substance, e.g., a magnesium compound cbtained by

bringing an organomagnesium compound such as Grignard reagent
15 into contact with titanium halide, silicon halide,

halogenated alcohol or the like.

Titanium compound

wherelin X 185 a Dyarocarpon group, X
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and g 1s a number of [05g<
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the content of the cyclic ester compound (a) in the solid tilanium catalyst component is low, the solid
titanium 5 catalyst component () of the invention é&n gibe an olefin polymar hav.ng an extremely wide
molecular weight distribution. Although the reason of this effect is not clear, tie present inventors have
presumed as follows. It is obvious that owing to the presence of the 10 substituent R, the cyclic ester
compound (a) has an extremely larger number of variations or ster-ostructures which can be formed,

as compared with, the. cyclic ester.compound (b)., Q. this, agcount, itis thought that the influence of the

4

cyclic ester compound (a) on the molecu'eight distribution 15 becomes dominant and even if the
combantng molar;ratig is low, the cyclic estet pound. (a) can give an olefin polymer having an
extremely wide mo éE(:% ar weight ¢ isfrTﬁ"u%%ﬁer 8%';[)0“ ﬁiiek’é(fthcé? %\é(,%fﬁé3é§cﬁli%’ ester compound (a) and
the cyclic.ester.compound (b) are relatively. analogouys In % tructure, and therefore, these
compounds L%%EPH%%@ ’|nﬂ"u”?eflz%r:enorkfl fé‘é%#oftﬁ’er%v%tﬁégg %’3 ‘[h@ﬂlrg ba%s:”lg %rdpse?ﬁég %)t?‘%sh"‘és activity
and stereore_ (Ig qomgpgq@g of gjiffergglt sfructures areﬂtgseﬁd agt;vj:%{hggqreolrqulragty or 44 like often
changes viol tiy, or'the ffect of of- coﬁp%ﬁﬁagﬁ bedomes domina t.““”@)%*ﬁwiS‘éécount, even if the
content of the cyclic est compound (is low, the solid titani urn catalyst component (1) of the invention
can §ive an g?eqyﬁ?bb“léﬁé? having an extremely wide molecular weight distribution and high
streoregularity with high activity. In the preparation of the solid titanjum catalyst component (1) of the
invention, a maghesiuny confpount dFd 818 titdMam Eompotiid até Uskein-additiont o the above
cyclic est{grvgomgounds (an) andﬂ(bu). Magnesium compound

CeHgaCl and T1(0T:Hy) B and

-
tetraalkoxytitaniums, such as Ti(OCH3)., Ti{OCT:Hs)a,
Ti(0OCyHs), and Ti(O-Z-ethylhexyl),.
10 Cf these, preferable are titanium tetrahalides, and
particularly preferable 1s titanium tetrachloride. These
titanium compounds may be used singly, or may be used in

combination of two or more kinds.

As such magnesium compounds and titanium compounds as

—_—
i

above, compounds described 1in, for example, the patent

documant 1 and the patent document 2 in detaill are also

or preparing the solid titanium catalyst component (1)

of the invention, publicly known processes can be usead

3 Y . 1 oy Py T g A = 3
compounds (a) ang (b} are used. Preierred examples of the
processas inciude the Ifoliowing processes (P-1) to (P-4}

{1 T L b : = e~ AR Y . =
{P=-1} A procegs wherein a solid adduct consisting of a



Examples of the magnesium compounds include publicly known magnesium compounds, specifically,
15magnesium halides, such as magnesium chloridé and magnesium bromide; magnesium
alkoxyhalides, such as magnesium methoxychloride, magnesium ethoxychloride and magnesium
phenoxyc oride; 20alkoxymagnesiums, such as ethoxymagnesium, isopropoxymagnesium,
butoxymagnesium and 2- oxy LS: ymagnesiums, such as henoxymsgnesium; 45 ic acid salts of
magnesium,.such as | ium, sL.earate, These magnesium compounds may be used singly, or
may be L%Te%d %co?n%%gggh%of ?v%/g o?frlnggrz%rids?%ﬁrt er, 17656 5 aghdsiuii tompotinds may be
complex gompaunds or.double compounds with other metals, or mixtures with other metallic
compounds.~ Ot the above conpotnds; magnesitm compounds 8sntainitg fidlogén are
preferabl%‘aggengggggsig%naiggliQes, Qarticularlg/ 10 magnesium, chloride, are preferably employed.
Alkoxymagnesiums stch as ethoXymagneliunT are’ lso préferabl§ empleyed Shemagnesium
compound may be that derived from other substance, e.g., a magnesium compound obtained by

. . SOIVent . . . . . .
bringing an"organornagnesium compound such as Grignard reagent 15 into contact with titanium

halidg, silicon halide, halogenated alcoholthe like. Titanium compound
(P-2) ATprocess wherein a solid adduct consisting of a

O

magnesium compound and a catalyst component (c)}, the cyclic
ester compounds (a) and (b), and a titanium compound in a
liguid state are brought into contact with one another plural
Times.

10 (P-3) A process wherein a solid adduct consisting of a
magnesium compound and a catalyst component (¢}, the cyclic

ester compounds (a] and (b}, and & titanium compound in a

h

D

r pilural

et

liguid state are brought into contact with one ano

£

s

imes in a suspension state in the presence of an in

@

g e
[F -

jal]
ot

15 hydrocerbon sclvent.
{(P-4) A process wherein a magnesium compound in a liguid
state consisting of z magnesium compound and a catalyst
component (¢}, a titanium compound in a liguid state, and the

cyclic ester compounds (a) and (b) are brought into contact



titanium compound is, for example, a tetravalent tanium compound represented by the formula: (0
R)gX4-g 46 titanium tetrahalides, such as TiC14 4&hd TiBr4; alkoxytitanium trihalides, such as Ti
(00143)(113, Ti (002H5)013, Ti (0-n-04H9) 013, Ti (002H5) Br3 and Ti (0-isoC4H9) Fr3; alkoxytitanium
dihalides, such as "IM(00H3)2012 and 5Ti (002H5)3012; alkoxytitanium monohalides, such as
Ti(OCH3)3C1, Ti(0-nC4H9)3C1 and Ti(OC))H5)3Br, and tetraalkoxytitaniums, such as Ti(O0OH3)4,

Ti(OC2H5)4, TitQCAH)4 and Ti(0:2-ethylhexy1)4..100f these, preferable are fitanium tetrahalides, and
particularly preferablé is titanium tetrachloride. T ese titzaf’n%lflﬂrlh1 ?:B‘th%%%n%éyrﬁé’y b&'lisat Sitgly, or may

be used ip combhination of two or. more kinds, As such magnesium compounds and titanium
compounds as 15 above, compounds e%f:rigég Slr%nfgr“eé?nﬁle?tﬁ%?p‘a gt doclifffemtA artd 'the patent
document, 2 'g dgetaajl are also employable, _For preparing the solid titanium catalyst component (1)
of the inveﬁt%on,‘pu%ﬁiscﬁlm%ﬁoWn '?)%gé)é $ses can be' Usé%e éﬁ%vith%ﬁ?éfﬁjf' réstiiction: except that the
cyclic ester cgrggg?u\nds 1é}a) and bg are used. PrAh(oirrod examples of the processes include the

. oTiydr Toana naul EhE ool i PR AR g
following processes (F-1) t6(P-4); B Aprédess hetsin'h &dlid-&ddiict Ronéiting of a
magnesiurplbcpmcgounjgn%nq a?(éla];aly_ésat%compon_ent (c), the cyclic 47 ester compounds (a) and (b), and
a titaniunt compotnid T Aiiuid states are brolight it SoRGACEth dheBfothér in a
hydrocarbens, such as hsptane, octane, decane and cyciohexane.
Of these, aliphatic hydrocarbons are preferable.
When olefin polymerization reaction is carried out using
the solid titanium catalyst component {1) prepared under the
10  conditions of the above range, the effect of obtaining a
polymer having a high molecular weight distribution and *the

activity of catalyst or the high sterecregularity of the

ch other to a

&3]

resulting polymer can be made compatible with =

15 Catalyst component (o)

3

As the catalyst component (c) used for forming the solid

adcuct or the magnesium compound in a liguid state, a

puklicly known compound capable of solubilizing the aforesaid

magnesium compound in the temperature range of about room
20 temperature to 300°C is preferable, and for example, alcohol,

examp.e, Une patent document 1 and the patent document 2 in

detaill are also employable.



suspension state in the presence of an inert hydrocarbon solvent. 5(P-2) A process wherein a solid
adduct consisting of a magnesium compound and4& catalyst component (c), the cyclic ester
compounds (a) and (b), and a titanium compound in a liquid state are brought into contact with one
another plural times. 10(P-3) A process wheretn a solid adduct consisting of a magnesium compound
and a catalyst component (c), the cyclic ester compounds (a) and, and a titanium compound in a liquid
state are brougm;}i__rgg K\gogtac with one @gé@grl%s in_a suspension state in the presence of 15
hyorocarbon solvént = (P-4) A process wherein a magnasiunm compotnd if aliguid Stite consisting
of a magntehsfijun,gacgrrpdoowuprg agdp% catalyst component. (c) , a. titanium compoundliquid state, and the
cyclic ester”corﬁpduﬁ’dss“"(éiare %r‘buog .£nto Contact 20 with one another. The reaction temperaturethe
preparation of the.solid titanium.catalyst component (1) is in the range of preferably -30C to 150C,
more nrefer25C T 130C il More OreOerably~258%0M20¢2 748 «+  Fhé Ppreparitich 8fthé solid
titanium cat_a:gggt component can b3e carried out in thg presence of a publicly known medium, when
necessary. Examples of the'media inciude’afonatit fdrocarboRs havingshightpélaritysuch as
tolblene, and 5 publicly kpown aliphatic hydrocarbons and alicyclic hydrocarbons, such as heptane,
octarte, dé&ane 8Hd Tlohexdns: Ofthase, aliphatie hydrocarsonsiaressieferabledecancl

and dodecanol;
alicyclic alcohols, such as cyclohexanol and
methylcyclohexrancl;
aromatic alcohols, such as benzyl alcohol and
10 methylbenzyl alcohol; and
aliphatic alcohols having alkoxy group, such as n-butyl
cellosolve.
Examples oI the carboxylic acids include organic
carboxylic acids having 7 or more carbon atoms, such as
15 caprylic acid and 2-~ethylhexancic acid. Examples of the

aldehydes include aldehydes having 7 or more carbon atoms,

¥
Q.

such as capric aldet

433

yde and Z-ethylhexyl aldehyde.

Examples of the amines include amines having 6 or more
caroon atoms, such as heptylamine, octylamine, nonylamine,

20 laurylamine and 2-ethylhexylamine.

As the catalyst components (c), the above alcohols zre



When olefin polymerization reaction is carried out using the solid titanium catalyst component (1)
prepared under the 10 conditions of the above rangfe, the effect of obtaining a polymer having a high
molecular weight distribution and the activity of catalyst or the high stereoregularity of the resulting
polymer can be made compatible with each other to a high level 15Catalyst component (c) As the
catalyst component (c) used for forming the solid adduct OT the magnesium compound in a liquid
state, a publicly kpown compaund.capable. of solubilizing the aforesaid magnesium compound in the
temperature ranﬁé%f"%ggﬁpr’gg?n 20 teinbesérétﬂreH%%OQ%?iéeﬁréfeﬁanéﬁn%ﬁ% cc)?r gxnacgnpﬁél‘?ealcohol,

aldehycie amine, carhoxylc pcid and mixures bereo are preferable, AS such compounds,

compounds described in, for example, the patent Gment T and the paFeC?ﬁ tdc in’detail are

also employab ; Examples of the alcohols having ability to solubilize the magnesium
compounlg%!ﬁcluﬁgggeséﬁ&étlg Alconols, such as Erjnl’ét"hé;nso S&thandl Préandl butandtFistbutanol,
ethylene glycol, 2-methylpentanol, 2- ethylbutanol, n-heptanol, n-octanol, 2-ethylhexanci, decanol and
dodecano ¥ - La)ﬁ%;?cﬁic%%dﬁ&rg suc "asg Sycl6hexanol and msthylciciGhexandt aromatic alcohols,
suchias bgpéxlaaslgohol and 1ﬂ0\methylb‘enzgylt alcohol; and aliphatic alcohols having alkoxy group,
suchas n-butyi celloSolve. P “ Examples of the CarBdxylic dits nclude’organié tarboxylic acids having
7 or more carhon atoms, such as 15 caprylic acid and 2-ethylhexanoic acid. Examples of the
aldehydeS'include-ditienydés fading 7 &r moFe’carbBfi atdms Ssuchas 88pictaldRyde:and
2-ethylhexyl aldehyde. Examples of the amines include amines having 6 or more  carbon atoms,

such as hEpyiAming: octyF ahfiné, HoryI&HRec 76 Taurylamine fant 2ethy ke xyiahine.
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o n, when necessary. Preferred examples of the media
10 dinclude publicly known hydrocarbon compounds, such as heptane,
octane and decane.

The compositional ratio between magnesium in the

resulting solid adduct or the magnesium compound in a liguid

E.J.

state and the catalyst component {(c¢) varies dependir
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15 the compounds used and cannot be defined

but the amount of the catalyst component (&) is preferably
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et

ess than 2.0 mol, more preferably not less than
more preferably not less than 2.3 mol, particularly
preferaply not less than 2.4 mol but not more than 5 mol,
20 based on 1 mol of magnesium in the magnesium compound.,
Such cyclic ester compounds {a) and {b) and cataiyst

component (cj as above may be considerasd te belong to a

si1 1] T T oo T o = 3 : : :
SKIL.ed Ly Lnge artd,. ine 2.eCTion aoney component is known o



As the catalyst components (c), the above alcohols are preferable, and ethanol, propanol, butanol,
isobutanol, hexenol, 2-echvihexanole, decanol, etél are particularly 50 Although the amounts of
the magnesium compound and the catalyst component (c) used for preparing the solid adduct or the
magnesium compound in a liquid state vary depending upon the types thereof, the contact conditions,
etc., the magnesium compound is used in an amount of 0.1 to 20 mol/liter, preferably 0.5 to 5 mcl/liter,
base- on the,unit volume et the; catalyst componentEurther, amedium inert tosolid catalyst (c) is also
employable in combination, when necessary. Preterred exambres”oftﬁé%ed“la 10'include publicly
known hygdracabon compaunds, such as-beptane-octane and decane. . The compositional ratio
between magnesium in the resulting solid adduct or thé magnesium compound in & liquid state and the
catalyst component (c) varies depending upon 15 the compounds used and cannot be defined
indiscrimi%gg%, ]%gu{f “t’Cr%é) émgo%hi or tﬁeecigéltéﬁ/é? gor%%gr?érﬁ tY is preferably riot fess thaf 2.0 mol, more
preferably pot less than 2.2 mol, still more preferably not less than 2.3 =1, particylarly preferably not
less than)6274 ol but ﬁ%t“ more ?Hd’n*gnirﬁol,%ﬁ %ésgd}‘i on 1'mof 6f magnesiuntinthe fagnesium
compound. . _.Such ¢ crlic;es,ter compounds, a% and (b).and catalyst component (c) as above may be
consldu 0516 ° fo A-porient tHat'is call ed an elé&irdh-d6nor By a person art. The eléétron donor
component is known to 51 exhibit an effect of enhancing stereoregularity of the resulting polymer, an
effect of c%%fr%ﬂi%f;’“a compositio distribution of the resulting copolymer, a coagulant eff.ect of

controlling particle shape or particle diameter of a catalyst particle, etc., with keeping high activity or
the catalyst. 1T is thought that the cyclic ester compound (a) further

exhibits an effect of controlling a molecular weight

distribution because the cyclic ester compound {a) itself is
10 an electron donor.

in the solid titanium catalyst component (I) of the

invention, the halogen/titanium ratio by atom (namely, number

of moles of halogen atom/number of moles of titanium atom) is

desired to be in the range of 2 to 100, preferably 4 to 90;
15 the cyclic ester compound (a)/titanium ratio by mol

(namely, number of moles of cyclic ester compound (a)/number

of meles of titanium atom) and the cyclic ester compound

(b)/titanium atom ratio by mol {namely, number of moles of
cyclic ester compound (b)/number of moles of titanium atom)

20 are each desired to be in the range of 0.01 to 100,
preferaply 0.2 to 10; and

the catalyst component (c)/titanium atom ratio by mol is



It is thought that the cyclic ester compound (a) further exhibits an effect of controlling a molecular
weight distribution because the cyclic ester compéénd (a) itself is 10 an electron donor. In the solid
titanium catalyst component () of the invention, the halogen/titanium ratio by atom (namely, number of
moles of halogen atom/number of moles of tHtanium, atom) is desired to be in the range of 2 to 100,
preferably 4 to 90; the cyclic ester compound (a)/titanium ratio by mol (namely, number of moles of
cyclic ester compound (a)/aumber ot.moles:of titanium. atom) and.the cyglic ester compound

|-l N

(h)/titanium atom ratio by mol (namely, humber of moles of cyclic ester compound (b)/number of moles

of t an,Lum,atom), 20 are each desired o be in %Q%mnggmgg £.01,t0,100, preferably 0.2 to 10; and
the catalyst component (c)/titanium atom, ratio by mol.’is des ed to beHe range of O to 700, c
regardWith to;a ".0 of the cyclic ester.compol qd (a(,)f,toq Upgund b). the lower limit of the value (% by
mol) of 100 x cyclic ester com‘p%ﬁnd (a%;pcyclﬁc ester cé?njz)ouna Bfé)"LZI-“esfeSr“c”rnﬁdﬁnr%o (b)) 5is 10% by
mol, preferably,30%;hy mol, more preferably 40% by mol, parLicularly preferably 50% by mol, and the
upper limi tﬁe%;éo% %Qé%eg’y“ r%bl,vp‘?rer%%bllg“}/l 9G% by rh“gl?*' lore preferably 859%6by m%?,)darticularly
preferably 80%, by mol. The magnesium/fitanium ratio by atom (namely, number of 10 moles of
magnesitim atom/nrLer of rrTr@Jltfages‘(ﬁ‘‘“tl‘fé:fr”i“liir;E gt”omm)yis Iaééi’re&“?o‘“ be i the ranige’of 2o 100, preferably
4 to 50. O‘I;he content of a component which m§ Dbe contained in addition to the cyclic ester
compounds (4) aRd (b); Cattliystcoinponéiticy, i é’ﬁef@ﬁéﬁfﬂm Mbfe than 208Dy 15-Weight, more
preferabl)é}rl]ot more than 10% by weight, based on 100% by weight of the cyclic ester compounds (a)
and (b). As'frore detailed conditidhs for prepatngthd sofi¢ °v mol, mors preferably

85% by mol, paxrticularly preferably 80

olo

by mol.
The magnesium/titanium ratio by atom (namely, number of
10 moles of magnesium atom/number of moles of titanium atom) is
desired to be in the range of 2 to 100, preferably 4 to 50.
The content of a component which may be contained in
addition to the cyclic ester compounds (a) and (b), =2.g5., the

catalyst component {c), is preferably not mcre than 20% by

,_.
i

weight, more preferably not more than 10% by weight, based on
100% by weight of the cyclic ester compounds {a) and (b).

As more detalled conditions for preparing the solid
titanium catalyst component (I), the conditions described in,

for example, EPDB5BEYAL [(Buropean Patent Kokai No. 0585B869)

20 and the »

81

tent document 2 are preferably used, except that
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titanium catalyst component (1), the conditions described for example, EP585869A7 (European Fatent
?Cc:Kai No. 0585869) 20 and the patent documerif32 are preferably used, except the cyclic ester
compounds (a) an (b) are used. Olefin oolvmerHzatjon catalyst olefinion catalyst of comprises: the
above-rnentioned sold titnium catalyst component of the invention., and an organometallic
compound catalyst component (II) containing a metallic element selected from the group i, the group 2
and the group 13,0fperjodic tgble.. Organmetallic compound gz%taé%%acgrggonceo% Icla)ﬁe“*'go\s the
organometallic compound catalyst component (I), a compound contaln\‘fng the group 13- metal, such as
an organogluminum.compaund, @gham)é!%tfd complex compound of the 10 group 1 metal and
aluminum, or an oragnometallic compotind of the group 2 metal i.s employable. Of such compounds,
the organoalumipym compound Liﬁs, Qrﬁeéerﬁa@ﬁ!ﬂe.g%rggarrgghexgm les of the organometallic compound
catalyst components (Il include organometallic compound-catalySteampnents tescribed in publicly
known Iitgrg;grg§ such as trq% ggqr§§§idQEE§§§§69Al. Electron donor (lll) The olefin polymerization
catalystthé inventi.on may COntain the previously descited SlectroR dohdr fFe0 ogether With the
orga@omectggig coygohugdtq}aﬂgal st gomp%negt (FII%; when necessary. The electron donor (lII" is
preferably an organdsil con Compouid. The organdsiiédnE6mpotRd i€ for example, a compound
represented by the foll%vyg% vg3).

dmetallic compound catalyst component (II)

As the organometallic compound catalyst component (11},
a compound containing the group 13 metal, such as an
organcaluminum compound, an alkylated complex compound of the
it group 1 metal and aluminum, or an oragnometallic compound of
the group 2 metal is employable. OFf such compounds, the
crgancaluminum compound 1s preferable.
Preferred examples of the organometallic compound
catalyst components (II) include organometallic compound
15 catalyst components described in publicly known literatures
such as the aforesaid EP585869A1.

T

Electron donor (III)

b

The olefin polymerization catalyst of the invention may
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54 RSOR')4-11 (3) wherein R and R' are each a hydrocarbon group, and n is an integer of
0<n<4. Examples of the organosilicon compoufs represented by the formula (3), which can be
used in the invention, include diisoprobyldimethoxysilane, t-butylmeLhyldimethoxysilane,
tbutylmethyldiethoxys ane, t-amylmethyldiethoxysilane, dicyclohexyldimetnoxysilane,
cyclohexylmethyldimethoxysiln, 10 cyclohexylmethyldiethoxysilane, vinyltri ,ethoxysilane,
vinybtriethoxysilane, t-butyltriethoxysilane, phenyltriethoxysilane, cyclohexyltrimethoxysilanep,
cyclopentyltfimethoxysilane, 2- .methylcyclopentyltrimethoxysiiane, cyclopentyltrie noxysilane, 15
dicyclopentiﬁ@' héxégaﬁ}e, dii;{ciopentyldiethoWsi.'Iané, ﬁi(}yclopentylmethoxysilane,
dicyclopentylmethylmethbxysilane, dicyclopentylethylmethoxysilane, and
cyclomentyldimethylethoxysilane. Of these, vinyitriethoxysilane, diphenyldimethoxysilane 20
dicyciohexyldimethoxysilane, cyciohexylmetb2yldimethoxysilae dicycionentthoxysilar A silane
compound reprersenteg;bry t_jje f cliowing formula 2004/016662, is also a preferred example of the
organosilicon compound. S'i (O'Re) 3 (NRbRE)“14)51R the foriiita 14)7 ReHiE a Rydtogarben group of
1 to 6 carbon atoms. As Ra, an unsaturated or saturated aliphatic hydrocarbon group of | to 6 carbon
atoms or the liK&"Cahbe fifentiohed; and a hydrocarbon group of 2 to 6 carbon atoms is particularly
preferable. Examples of such hydrocarbon groups 10 include methyl group, ethyl group, n-propyl
group, isopropyluF8ip, EBufyt grotih, F<6HA Grdup: Sac bt grods, mpantylgrotpdsepentyl group,
cyclopentgl group, n-hexyl group and cyclohexyl group. Of these, ethyl group is particularly preferable.
15In the foﬁﬁulé‘{ﬁﬁ?’“ﬁﬁ‘is(g hydrEearbors groupsofited 2carbdn atomsor hydrogen: Asd®Rb, an
uneatutated or saturated aliphatic hydrocarbon group of 1 to 12 carbon atoms, hydrogen or the like
can be mentichisd ExERpIES b RBYAGILEE hydioyeH aréme riethyl igretip,cethyligreup,,n-propyl group,
20 isopropy! group, n-butyl group, isobutyl group, sec-butyl group, n-pentyl group, isopentyl group,
cyclopentyFdrotipeni N gromy: w/tlohesyl groap it oty jrousofthese sethyl group is
partbeulerly preferable.

dicyclohexyldimethoxysilane, cycloh@xylmethyldimethoxysilane,

10 cyclohexylmethyldiethoxysilane, vinyltrimethoxysilane,
vinvlitrieth 1] & tebhutyv] et} 1
iny.trietheoxysllane, t-butyltriethoxysilane,
phenyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclopentyltrimethoxysilane, 2-

methylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,

15 dicyclopentyldimethoxysilane, dicyciopentyldiethoxysilane,

+

+

[mf

ricyclopentylmethoxysilane, dicyclopentyimethyimethoxysilane,

<

=

dicycl

O

pentylethylmethoxysilane, and
cyclopentyldimethyliethoxysilane.

O these, vinyltriethoxysilane, diphenyldimethoxysilane

b
<
8}

icyciohexylidimethoxysilane, cyclohexylmethyldimethoxysilane
end dicyclopentyldimethoxysilane are prefarakl-

r e e _ . .‘ P - .
4 sisane compound represented by the following formula

LA RIS A, 3 PR ¢
{47, which is descz:

by
I
@]
D
2
t
5
3
3
§
b
3
3
43|
e}
H
O
3
4l
F
?Ll
b



56 In theia (4), pL is a hydrocarbon group of 1 to 12 carbon atoms or hydrogen. As, an unsaturated or
saturated al 'pic hydrocarbon group of 1 to 12 carbén atoms, hydrogen like can be mentioned.
Examples of such hydrocarbon droops include methyl group, ethyl group, n-probyl group, isopropyl
group, n-butyl group, isobutyl group, sec-butyl group, n-pentyl group, isopentyl group, cyclopentyl
group, n- hexyl group cyclohexyl group and octyl group. Of these, ethyl group is particularly preferable.
10Examplesof the gompoundsrepresenied by fhe formula (4) inclyde:, dimethylaminotriethoxysilane,
diethylami otriethoxysilane, die ylaminotrimethoxysi ane, 15diet J “aminoirie oxysilane, “ "
diethyiamingtri-n-propoxys di-n-propylaoxysliane, methyl-n-propyiaminotr ethoxys ia , t-butylaminot
ethoxysilane, 20ethyl-n-propylaminotriethoxysilane, ethylisopropylaminotriethoxysilane, and
methylethylamino (;.2 ilane. Another example of the organgsilicon compound i compound
representet’by thg I H n@fg(rgﬂu%b(rgg o ?4 ?

J In the formula {4), R® is a hydrocarbon group of 1 to &

j—

ad a hatic

o]

i
e

F

carbon atoms. As R®*, an unsaturated or satura

4]

hydrocarbon group of 1 to & carbon atoms or the like carn be
mentioned, and a hydrocarbon group of 2 to 6 carbon atoms is
particularly preferable. Examples of such hydrocarbon Croups

10 include methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, isocbutyl group, sec-butyl group, n-

pentyl group, isopentyl group, cyclopentyl group, n-hexyl

group and cyclohexyl group. Of these, ethyl group is

[_....:

arly preferable.
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15 In the formula {4}, R® is a nydrocarbon group of 1 to 12

carbon atoms or hydrogen. As R”, an unsaturated or saturated
aliphatic hydrocarbon group of 1 to 12 carbon atoms, hydrogen
-
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up, ethyl group, n-propyl group,
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20 isopropyl group, n-butyl group, isobutyl group, sec-butyl

n-pentyl group, isopentyl group, cyclopentyl group, n-
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hexyl group, cyclohexyl group and octyl group. O



57RNSi (C)1Za) 3" '(5) In the formula (5), RN is a cyclic amino group. The cyclic amino group is,
for example, perhydroguinolino group, perhydroiséguinolino group, 1,2,3,4-tetrahydroquinolino group,
5 1,2,3,4-tetrahydroisoguinclinc group or octamethyleneimino group.  Examples of the compounds
represented by the formula (5) include: (perhydroguinolino)triethoxysilane,
10(perhydroisoquinolino)triethoxysilane, (1,2,3,4-tetrahydroquinolino)triethoxysilane,
(1,2,3,4-tetrahydygispguingling)triethoxysilane, and octamethyleneiminotriethoxysi lane. ..,  These
organosilicon coﬁpd“u%ﬁs“€£n9§é%s§§¥n' cé\mb”lr%]atfﬁbn“f@* of” t%//\?o‘“f)’rO more kinds. = “A prefefred
example of @%oggegg%(glfgl campound as the electron donor QIQ_i§ a polyether compound that is a
compound having fwo of more ether linkages thougH an aromatic carboxylic acid estérandior plural
carbon atgms, gQQ{§ugh éagl g;he;oclgmggoqusA_;,S‘-digthqr are preferque, and
2-isopropyI-Zisobuty1-t 3% |mqeﬁ\?loxypf‘oﬁéﬁe,“’Z,2-"diB%bu?yl%ﬁﬂ%e‘ih@%roﬁé’r?eﬁC?gﬁgopro
y1-2-isopentyl;1,3-,djmgthox]ypro ane, 2,2-dicyclohexyl-1,3-dimethoxyprobane and 58
2,2-bislcfcﬁoﬁ’§>?ylrﬁétyrwﬁfll,&%%&%‘d%ﬁ%% Oe atéPartciadly prPferabe! 2 ©$REEE Bompounds
can he used singly or in combination_of two or more kinds. The olefin polymerization catalyst of the
inverttion %a%%thé?%&ﬁ%% BiHer Contponehts Getdlfor 6RfiR polymafizationdin Atidition to the
above components, when necessary. Examples of the other components include a carrier such as
silica, an ARfi&talie dgeAt AFarticle 16 coagifahtand s slorage stabilizer. Prege8afor breparing olefin
olymer
POl group, n-pentyl group, isopentyl group, cyclopentyl group, n-

nexyl group, cyclohexyl group and octyl group. Of these,
ethyl group is particularly preferable.

10 Examples of the compounds represented by the formula (4)

include:
dimethylaminotriethoxysilane,
diethylaminotriethoxysilane,
diethylaminotrimethoxysilane,

15 diethylaminctriethoxysilane,
diethylaminctri-n-propoxysilane,
di-n-propylaminotriethoxysilane,
methyl-n-propylaminctriethoxysilane,
t-butylaminotriethoxysilane,

20 ethyl-n-propylaminotriethoxysilane,

ethylisopropylaminotriethoxysilane, and



The process for preparing an olefin polymer according to the invention comprises carrying out olefin
polymerization using the olefin polymerization catalyst of the invention. 15 In the present invention, the
meaning of the "polymerization” sometimes includes not only homopolymerization but also
copolymerization such as random copolymerization or block copolymerization. In the process for
preparing an olefin polymer of the 20 invention, it is also possible to carry out polymerization in the
presence rOF{ polymerized catalyst that is bﬁa’ned by prepolymerizing an a-olefin i.n the presence
of the olefi Nﬁ]e{rizﬁt?éﬁgat)alﬁst of the i'nviw . This prepolymerization is carried out by
prepolymerizing.an a: 59.0lefin in an amount of 0.1 to 1000, g, preferably 0.3 to SQO g, particularly
preferably 1 to 200 ¢, based on 1 gf%tﬂﬂé z)‘l{éfin‘ %olﬁ/mﬁicz:éﬁc%n égFaTy%t.%ﬁ%Hé’ prebolymerization, a
catalyst h%glg; agde D concentration than the cz;1\ta|§/$tm concentration in the system of the

polymerization can be 8mptoyed. —°The Concéntration ofthe sofid titamdhrcatayStéamponent (1) in
the prepolymerizat on is desired to be in the range of usually about 0.001 to 200 mmol, preferably 10
about 0.01to SO Hmdt, Paticutariy’ preférably 01406 20 mmol, SR 1S BF AR Gtort Based on 1
liter qf the liguid medium. The amount of the organometall c compound catalyst component (ll) in the
pre pBIyméfi%a o as- 61y 46 baSUcAAE 4R amdtt It HpSymer of 04t tey L 006G Mpraferably 0.3 to
SOO g, is formed based on i g of the solid titanium catalyst component (I), and the amount thereof is
deslred t& b8 the range of usually about 0.1 to 300 mol, preferably about 0.5 to 100 mol, particularly
preferably 1 to 50 mol, based on 1 20 mol of titanium atom in the solid titanium catalyst component (l).
he prepolymeriZatiBiFthesaf6resaitfeleehon dohbr [y Ea5 be Hisb bsed Whehdietessary,%and in t

include:

{perhydroguinolino)triethoxysilane,

10 {(perhydroisoguinolinc}triethoxysilane,
{1,2,3,4-tetrahydroquinolinc)triethoxysilane,
{1,2,3,4-tetrahydroisoquinolino)triethoxysilane, and
octamethyleneiminotriethoxysilane,

These organosilicen compounds can be used in combination

I5 of two or more kinds.

A preferred example of another useful compound as the
electron doncr {III) is a polyether compound that is a
compound having two or more ether linkages though an aromatic
carboxylic acid ester and/or plural carbon atoms.

20 Of such polyethner compounds, 1,3-disthers are preferaple,

dimethoxypropane, 2,2-dicyclichexy



ctron donor is used in an amount of 0.1 to 50 m 60 preferably 0.5 to 30 mol, more preferably 1 to 10
mol, based on 1 mol of titanium atom, in the solid fifanium catalyst component (I). The
prepolymerization can be carried out by adding an S olefin and the catalyst components to an inert
hydrocarbon medium, and can be carried out under mild conditions.  Examples of the inert
hydrocarbon media used in this case include: aliphatic hydrocarbons, such as propane, butane,
pentane, 10 hexane heptane,qctane-decane, dodecane and kerosine, _ alicyclic hydrocarbons,
such as cycloheptane, cycloheptane, methylcycloheotane, 4-Cycloheptane, 4cyclohectane and
methyl-4-gyG eneptane; ; r-aromatic.hydrocarbons, such as benzene, toluene and 15xylene;

LI R S it S o0

halogenated hydrocarbons, such as ethylene chloride and cnlorocenzene, and mixtures of these

hydrocarbon.s. @f the aboye et hydracarban megiia, aliphatic 20 hydrocarbans are porticularly

preferably employed. In the ¢ase of using the inert hydrocarbon medium, the prepoﬁ/mperizétion IS

pr=.=rd oyt py.a batch_process. 61
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efin polymerization catalyst of the invention may
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further contain other components useful for clefin
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olymerization in addition to the above components, when
necessary. Exampies of the other components include a
carrier such as silica, an antistatic agent, a particle

i0  coagulant and a storage stabilizer.

Process for preparing olefin polymer

The process for preparing an olefin polymer according to

o8]

the invention comprises carrying out olefin polymerization
using the olefin polymerization catalyst of the invention.

15  In the present invention, the meaning of the “polymerization”
sometimes includes not only homopolymerization but also

copolymerization such as random copolymerization or block

i

copolymerization.
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On the other hand, the prepolymerization can be carried out by the use of an olefin itself as a solvent,
or the prepolymerization can be carried out substaistially in the absence of a solvent. In this case, the
prepolymerization is 5 preferably carried out continuously. The olefin used in the prepolymerization
may be the same as or different from an olefin used in the later-descrthed polymerization, and
specifically, the olefin is desirably propylene. 10The temperature in the prepolymerization is desired to
be in the range. of usually about -20 to_+100C, preferably about -20 to +8000, more preferably O to
+40C. 5;r‘llwi"lgfx“i"% pBSryrr%lé{rizaéf%ﬁ‘ihaf} is (:J%frfed'“ Suta ?gé tive above EF@b%hYmQﬂfatﬁJ?\ ot Wittfout
performing_the prepolymerization 15is.described. Example, of olefins employable (i.e., to be
polymerirzlgéciljﬁ]i(?n“'fﬁ"le*ﬁdy'l%1el“frll““zé’lt'“lgrl]T f‘n%}daefa-b?ef%@)%f 10 %0°E4thoh ator?ls%péé“f’ﬁcally, straight-chain
olefins, such as propylene, 1-butene, 1-Cpent ne, 1-hexene, 1-octene, 1-decene, 20 1-dodecene,
1-tetradecene, 1-héxadecene” focthdecend “1- efoosehe, and branched olefins, such as
4-methyl-I-pentene, §‘_—meth‘yl‘-l- entene and 3-methyl-I-butene. Of these, Propylene, 1-butene,
1-pentene and 4-methyl-F pERtend™ré préferable. Frofiffelviéwpoit st nierits of atolymer 67
having a wide molecular weight distribution are apt to appear in a resin of high rigidity, propylene,
1-butene FHAA Téthyi-Rpentene dré particutark preferablel Together with these avsléfis, ethylene,
aromatic vinyl 5 compounds, such as styrene and allyibenzene, and alicyclic vinyl compounds, such as
vinylcycldhiexané ancvifyiEy@shestané ZdresisG BRMpRyable. Further, together with ethylene and the
a-olefins, compounds having many unsaturated bonds, e.g., dienes (conjugated dienes and non- 10
conjugated dienes¥: stieR%R Gycidpetiteries cy&dheptend, nofsurnere, tetradyciododecene, isoprene
and butadiene, are also employable as polymerization raw materials. These compounds may be used
singly, ortA&y’ BE tised in conibifatiorretawe ormmereddnds (The abovéethylene ok olefin, which 15
may be used together with the "a-olefin of 3 to 20 carbon atoms", is also referred to as "other olefin"
hereinaftéflf I eOBtheGthefbefing, ethylene Or ahlaromalie Vinytcompound4s preferable. Further,
other olefins such as

10 about 0.01 to 50 mmol, particularly preferably 0.1 to 20 mmol,

in terms of titanium atom, based on 1 liter of the liguid
medium.

The amount of the organcmetallic compound catalyst
component (1l) in the prepolymerization has only to be such

15  an amount that a polymer of 0.1 to 1000 g, preferably 0.3 to

500 g, 1s formed based on 1 g of the solid titanium catalyst
compenent (I, and the amount Theresf is desired to be in the
range of usually about 0.1 to 300 mol, preferably about 0.5

h

fmrt

to 100 mel, particularly preferably 1 to 50 mol, based on 1

b

20 mol of titanium atom in the solid titanium catalyst component

T L



ethylene may be used in combination so long as the amount 20 thereof is a small amount, for
example, not more than 10% by weight, preferablgnot more than 5% by weight, in 100% by weight of
the total amount of the olefins. In the present invention, the nrepo*ymeriztion ,-2,nd the
polymerization can be carried out by any of a bulk 63 polymerization process, a liquid phase
polymerization process, such as solution polymerization or suspension polymerization, and a vapor
phase polymerization process. WI’§ the polymerization adopts a reaction mode, of slurry 5
polymerizlg%ﬁ::rncé?t yd8r68ar58n E)gt”ig Uée‘ﬁ?ﬁ thé aforesaid %¥eplolyr?1eﬁ§21€b9?6ar? bé tsed as the
reaction solvent, or,an olefin that is a liquid at the reaction temperature can be used as the reaction
solvent. In the polymerization in the process for prepariitg a0 polgier bf fHe mvértion, the solid
titanium catalxst. coﬂr@poaﬁnt () is used in an amount of usually about 0.0001 to 0.5 mmol, preferably
about 0.005'16 0.1 1 mélf n terms of titanium atom, based on 1 liter of the polymerization volume. The
organometallic compound cqtaIXSt component (I1) is used 15 in an amount of usually about 1 to 2000
mol, preferably about'S t6"566 fiot, Tasetdn 15Moldt titamiamtatoniiin thé prepelyfetization catalyst
component in the polymerization system. When the electron donor (lll) is used, the amount thereof is
in the range of 07001 to 56 fndt preferably“ 8t 20550 mdl, Partictiarly pretérabiroo5 to 20 mol,
based on 1 mol of the organometallic compound catalyst component (TT). If the polymerization is
carried ottA tHE préSEnce Bt hyaragent thé nidiécutardimeight 6ftheTesalting polymer can 64 be

controlled, and a polymer having a high melt flow rate is obtained.
Examples of the inert hydrocarbon media used in this

case include:
aliphatic hydrocarbons, such as propane, butane, pentane,
10 hexane, heptane, octane, decane, dodecane and kercsine:
alicyclic hydrocarbons, such as cycloheptane,
cycloheptane, methylcycloheptane, 4-cycloheptane, 4-

cycloheptane and methyl-d-cycloheptane;

[

aromatlc hydrocarbons, such as benzens, toluene and

oy

alogenated hydrocarbons, such as sthylene chloride and
chlorchenzene, and
mixtures of these hydrocarbons.

0f the above inert hydrocarbon media, aliphatic



In the polymerization in the invention, the temperature for polymerizing an olefin is in the range of
usually about 5 20 to 200C, preferably about 30 t&100C, more preferably 50 to 90C. The pressure is
in the range of usually atmospheric pressure to 100 kgf/cm2 (9.8 M2al, preferably about 2 to 50
kgf/cm2 (0.20 to 4.9 MPa). In the process for preparing a polymer of the invention, the polymerization
can be carried 10 out by any of a batch process, a semi-continuous process and a continuous
process. Further; the palymerization.can be.carried,out in o or.more, steps different in;reaction
conditions. When such multistep polymerization is can-led out, it becomes possible to further widen
the molecylar 15 wejght distribution, of the alefin palymer.. ; The olefin polymer fhus obtained may be
any of a homopolymer, a random copolymer and a block copolymer. Wheh polymerization of an olefin,
particularly palymefization. of propylene, is carged oyt by the.yse of 20 such an.olefin polymerization
catalyst as above; a propylene-based polymer of high stereoregularity ﬁévi"ﬁé a decaneHnsoluble
componen tent of nat less than,70%, preferaply, not less than 85%, particularly preferably not less
than 90%,&%35%%&2%1%? 65 %O%Xcvcnohrding*{% th%‘ﬁro%gsssefor i)‘rfi-i-:pat?|‘“n‘@|pad)nP gl‘éﬁﬁ‘)"pzo%?’rﬁgrn ofthe
invergtio_nfggQ%réLpa I"quegn,&a;rg%ulg@% polc}/g{%%%rbeé ih\:/;lving A wide mole_culgr weight distribution can
be obtained even i méltls?ep pmymerlzaﬁon IS not carried out but polymerization of few steps
suchsingle- steprr%olymeri;gt.ion}isﬁ%argied og;. The %\rlo ess for preparing an olefin polymer of the
invention is characterized in that an clefin-polyfier whods high-moteCuldPWeldht tompBAEH ratio is
higher and whose |ow-molecular weight 10 component ratio (said low-molecular weight component
being parficularly Saited “Sitky coMbohent) T owver fiin tHosa Ut aléorventishalolefitpolymer
having an equivalent melt flow rate is often obtained. These characteristics can be confirmed by the
later-described el pefmeation 1BEnTEMAtography imedsiirefeht, ‘dnd-a poRmérihdse Mw/Mn value
and Mz/Mw value are both high can be obtained. Polypropylene obtained by the use of a
conventional§éiidtitanium catalyst component containing magnesium, titanium, halogen and an
electron donor generally has an 20 Mw/Mn value of not more than 5 and an Mz/Mw value of less than
4 inhe MFR redibf of 360§D il sARFVIRTRIRAITREERE MV valué beirgdetermined by

GPO measurement and being indications of molear weight distribution. However, 66
be in the range of usually about -20 to +100°C, preferably

about =20 to +80°C, more preferably 0 to +40°C.
Next, polymerization that is carried out after the above
prepolymerization or without performing the prepolymerization
15  is described.
Example of olefins employable (i.e., to be polymerized)

in the polymerization include a~olefins of to 20 carbon

Fh

atoms, specifically, straight-chain olefins, such as

propylene, l-butene, l-pentene, l-hexene, l-ociene, l-decense,
20 l-dodecene, 1-tetradecene, l-hexadecene, l-octadecene and 1-
eicosene, and branched olefins, such as 4-methyl-l-pentene,
3-methyl-l-pentene and I-mathyl-l-butene., 0f thsase,
propylene, l-butene, l-pentene and 4d-methyvl-l-peniene are



invention is used, an olefin polymer having an Mw/Mn value of 6 to 30, preferably 7 to 20, can be
obtained under the same polymerization conditions2as above. Further, an olefin polymer having an
Ms/Mw value of preferably 4 to 15, more preferably 4.5 to 10, can be obtained. According to the
process for preparing an olefin polymer of the invention, a polymer having a high Ms/Mw value is often
obtained. The upper limit of the Mz/Mn value is preferably 300, more preferably 250, particularly
preferably 20Q. According to 10 the process for preparing the polypropylene resin, a polymer having a
high Mz/M\/%Qv"éIF e and a e?gﬁ'i%fﬂﬁln‘“\%‘iug s f%’n 8b“tg}gr]reﬁ? |‘E)#Ts"L ?%gaardéd &' matteFsfdommon
sense by aperson ski}lqled in me art ;hat%pp_])éprop#lene havin%a high Mw/Mn 15 value is excellent in
moidability ‘and rigidity: On the Sther hand: a high M Valle inditates fhat Bie content of a
high-molecular weight component is high, and the resulting polypropylene is expected to have a high
melt tensfgﬁjﬁaqrydL eche*rﬁgﬁtbrgn%‘cii‘daat)Jﬂ‘l’ty.p %ﬁNﬁ‘éﬁE:ﬁg PROCREE 167 preparing an olefin polymer of the
invention is used, a polymer having a wide molecular weight cHstrbution can be obtained even if
multistep polymér'ﬁ’é%lefi"bﬁ% nBt CarriedEsit. Fhéretore theré sy po5Sibilif-thiat thecpalymer production
a:pparatus can be made simpler. 67 Further, when the conventional multistep polymerization is
applidd, it i€ BXPREET that'd pofyinérexcali@nEin malt tensiin & d folddlsility cafiseldistained. As
other methods to obtain a polymer having a wide 5 molecular weight distribution, there are a method of
dissolving/mixirig pOTTETS o diffetefit moletilar\elGhtsefieEa fnetiéd of melt kneading them.
However, polymers obtained by these methods are sometimes insufficient in enhancement of melt
tension afd Moldabikity EoRsiIEtingthe réfativels 10 complicated Dperdtions. Thessason is
presumably that the polymers of different molecular weights are hardly miscible with one another
basically."Ort the:6thier hand athe polymer obtainedshy therprocess forpreparing:an olefin polymer of
the invention is expected to have a high melt tension and 15 excellent moidabilty because polymers
having crigréatmaleearar weights of extremihenide range are amixed 40 trescatalyst fevel namely
nanolevel. Further, the process for preparing an olefin polymer of the invention is characterized in
thatl&n olefi polymicr7 lhaviag confrolied stereoregulasitytisrobtaingd  These: eharacteristics can be
confirmed by the fact that an olefin polymer containing a small amount of a decane-soluble component
canbe(ﬂﬁgwgggnene, tetracyclododecene, iscprene and butadiene, are

also employable as polymerization raw materizls. These

compounds may be used singly, or may be used in combination

cf two or more kinds. (The above ethylene or olefin, which
15 may be used together with the “a-olefin of 3 to 20 carbon
atoms”, is also referred to as “other olefin” hersinafter.)
Of the other clefins, ethylene or an aromatic vinyl

compound is preferable. Further, other olefins such as
ethylene may be used in combination so long as the amount
20 thereof is a small amount, for example, not more than 10% by

weight, preferably not more than 5% by weight, in 100% by



68 EXAMPLES The present invention is further described with reference to the following
examples, but it should be conbtrued that the inveation is in no way limited to those 5 examples.

In the following examples, bulk specific gravity, melt flow rate, amount of decane-soluble (-insoluble)
component, molecular weight distribution, etc. were measured by the following methods. 10(1) Bulk
density (BD)  Bulk density was measured in accordance with JIS K-62721. (2) Melt flow rate (MFR)
Melt flow rate yvasrr[;%%qreg in accordance with ASTM D1238E, qnd the measuring temperature was
set at 230C. 15(3) Amount of décane-sdluble (FiRsolTbI&) Esifipshent = L L i & gtismeasiing
container,sabcorlljt%g ofa prop lene pol mer (weight was measured o the unit of 10-4 g, and this
weight is represented By“b““%?a%%)ij e folloWihg TormUIBET: 5o I Brdexfeldid-a Sirall amount
of a decan(ag;cjzo soluble heat stabilizer were placed, and with stirring by a stirrer, they were heated to
150C over & pefiod Bf 2h&UiR 17 afine§ér atfigsptiere i aiéééive the propylene polymer. The
resulting solution was maintained at 750fl for 2 hours and then slowly cooled down to 23C over a
pergod of 8 hourd™ 89 THE réSuttifiERguia EoRtaIfiAG & e dipRaRaoTing propifers palymer was
filtered under reduced pressure through glass filter of the 25G-4 standard manufactured by iwat
Glass Co PRtdi"hen? 100 thlof ‘d fitirate Was Withtrawn ahd vatumsdribdito 6tain a part of a
decane-solublecombone The weight of the decane-soluble component was measured to the unit of
10-4 g, arftithiswéight Rigpreséited By acgramis)pin thesfdllewingfermelasAfter this operation,
the amount of the decane-so uble component was determined by 10 the following formula. Content
of decane®§oli5ie fconfporight SLECUXS00x)/(1608) Comentiofdecane nsoiublé component = 100-
100x(500xa)/(100b)

temperature can be used as the resaction solvent.

In th
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olymerization in the process for preparing a
10 polymer of the invention, the solid titanium catalyst
component (I) iIs used in an amount of usually about 0.0001 to
0.5 mmol, preferably about 0.005 to 0.1 mmol, in terms of
titanium atom, based on 1 liter of the polymerization volums.
The organometallic compound catalyst component {(I1) is used
15  in an amocunt of usually about 1 to 2000 mol, preferably about
5 to 500 mol, based on 1 mol of titanium atom in +the
prepolymerization catalyst component in the polymerization
system. When the electron donor (III) is used, the amount
thereof i1s in the range of 0.001 to 50 mol, preferably 0.01

ES i W v

20 to 30 mol, parti
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ularly preferably 0.05 to 20 mol, based on 1

mol of the organcmetallic compound catalyst component (I
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(4) Molecular weight distribution 15Liquid ¢ omatogsaph: ALC/GPC 150-C plus model (differential
refractomeses detector integral type) manufactureshby Waters Corporation Colu. Two of
GMH6-Hs (available from Tosoh Corporation) and two of GMH6-HTT (available from Tosoh 20
Corporation) were connected in series. Mobile phase medium: -iiilororen7c Flow rate: 1.0 ml. /min
Measuring terature: 140C 70 Method for preparing calibration curve: Standard polystyrene
samples vggrec%ggd% Sample concentration: Qﬂ-}_o% S\{/\({\Lv) Amount of sample solution: 500 gl 5The
measurement was carried dut-Uhder the abdve coRditions, and the réSulting cRtbrmatogram was
analyzed by a publicly known method to calculate an Mw/Mn value and an Mz/Mw value. The

. optained, . . . . .

measuring time persample was 60 minutes. 10 Example 1 Preparation of solid titanium catalyst
component (al) A high-speed stirring apparatus having an internal volume of 2 liters
(manufactured by TdKishuKiRE Kogys TS L") waE tHotdGahly Paurgdd: with Hitk6geh: ‘aRd then in this
15 apparatus, 700 ml of purified decane, 10 g of commercially available magnesium chloride, 24.2 g of
ethanol and 3 §'6F RREOAGI"SB-SPb @radie’iamé, Sotbitart distésrate avaifabie-frémaMas Torporation)
were placed. With stirring this suspension, the temperature of the system was raised, and at 20 120C,
the stspensiorfwas Stifred & 868 TpMf6r 3DGHIUTES. SubsEquéntlyiwith stiffrig thesuspehsion at
high speed so that a precipitate should not be formed, the suspension was transferred into a 2-liter
massﬂaskqe@@ngedﬁﬁﬂ1gressure is in the range of usually atmospheric

pressure to 100 kaf/cm® (8.8 MPay, preferably about 2 to 50
kgf/cm® (0.20 to 4.9 MPa). 1In the process for preparing a
polymer of the invention, the polymerization can be carried

10 out by any of a batch process, a semi-continuous process and
a continuous process. Further, the polymerization can be
carried out in two or more steps different in reaction
conditions. When such multistep polymerization is carried

becomes possible to further widen the molecular

15 weight distribution of the olefin polymer.

The clefin polymer thus obtainsd may be any of a

| -

Wnen polymerization of an olefin, particularly

polymerization of propylene, is carried ocut by the use of

20 such an olefin polymerization catalyst as above, a propylene-

inscluble component content of not less than 70%, preferably
not less than 85%, particularly preferably not less than 90%,

is obtained.



stirrer) containing | liter of purified decane previously 71 cooled to -10C, by the use of a Teflon
(trademark) tuba having an inner diameter of 5 mm3 A solid formed by the transfer of the liquid was
filtered off a d sufficiently washed with purified n-heptane to obtain a solid adductin ~ h 2.8 mol of
ethanol was coordinated based onmci of magnesium chloride. A decane suspension of 23 mmol
(in terms of magnesium atom) of the above solid adduct was introduced in the whole amount into 100
ml of titanium te loride kept at,-20C, 10 with stjrring, to obtain a mixed liquid. The mixed liquid was
heated to 80C o%gr% 23 béﬁé}g of 5 hbrffrfs.%%é%saste?nop%rgtﬁ?g of 806 \ias Peiaciachéa, HirsbBUSF 3,6-
dimethylcgglob%aqe;1b2;gé£:g¥\box¥!?;g mixture of cia form and trans form, DMCHIBU) was added in
an amount of 0.14 mol 15 based oh 1 7101 ‘of RiaghesitinT atorh of tHe"Sdifd ddduct, and the
temperat%rgwwasr%aésqdmgﬁp to 120C over a period of 40 ., _S- atemperat 120C was reached,
diisobutyFeyclonexane-1.2- dicarboxyiate (Hiixttrd SrGs forit alid rans forn)was frttier added in an
amount of 0.035 mol based on 1 20 mol of magnesium atom of the solid adduct. With stirring the
mixture, thé temperatine WaS nfalftained &t 20 for QoHmItES to?érfarmi réattioR “cLion of 90
minutes was completed,solid 72 resuspended in 100 ml of titanium tetrachloride. Thereafter the
temperatdrd Was raised: dndwlen i emperatite of 136e s fdathed thesuspensibf was held for
stirring, to perform reaction. After the reaction of 45 5 minutes was completed, a solid part was
collected By Fot fiftratiof agaft; =i thé sofid paftwas! sufficiérftlyiwastiesswitly decane at 100C and
heptane until a titanium compound liberated in the wash liquid was not detected. The solid titanium
catalyst corfpoRent @l)Eprepafdd 10 Rirbitigh the absve oparetions wasistorsteas adecaneslurry, and
a partslurry was dried for the purpose of examining catalytic composition. Polymerization

in that an olefin polymer whose high-molecular weight

cemponent ratio is higher and whoses low-molecular weight

et

10 component ratic (said low-molecular weight component being
particularly called “sticky component”) is lower than those

a conventional olefin polymer having an eguivalent melt

Tlow rate is often obtained. These characteristics can be

Jote

confilrmed by the later-described gel pesrmeation
15 chromatography (GPC) measurement, and a polymer whose Mw/Mn
value and Mz/Mw value are both high can be obtained.
Polypropylene cobtained by *the use of a conventional

-

solid titanium catalyst component containing magnesium,

titanium, halogen and an electron donor generally has an

20 Mw/Mn value of not more than 5 and an Mz/Mw value of less

than 4 In the MFR region of 1 to 10 g/10 min, said Mw/Mn

O

]

1
s
nd

jvl

vaiue and Mz/Mw value being determined by GPC measurementc
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In a polymerizer having an Internal volume of 2 liters, 500 g of propylene and 1N 1l.ter of hydrogen
were placed at room temperature, the- 0.5 mmol ofdriethylaluminum, 0.1 mmol of
cyclohexylmethethoxyand 0.004 mmolterms of titanium atom) of the soli ti2um catalyst component (al)
were added, andnterior of the poly 20 rapidly heated up to 70C. After polymerization was performed at
70C for 1,the reaction was terminated by the use of a small amount of methanol, and the polvme-(7,"r .
The resulting polymer were vacuum dri.ed overni80C. 73 Activity of cg&algﬂst, and MFR, amount of
decane- insolublé component, bulk Specific gravity and molectiar Weight digtHBUtGH tM&E/NA, Mz/Mw)
of the res%ltin polymer are set farth m Iablgrl. Example 2 Preparation of solid titanium catalyst
componenit (a2) A Solid ttanium catalyst Cormponerit (a2} was obtaifi€d it tHe samé nighier as in
Example 1, except that 0,13 mol of 10 diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate (mixture
of cis fornt andtrans T6rmj and 8704 mo? B difsobut? &ycloheRane-12-ditarbod/iate (mixture of cis
form and trans form) were added. Polymerization 15Polymerization of propylene was carried out in the
same maherA&in EXampié 128xcent tat the $0lid fitaniim Tatalyst confponent (&2)i#as used instead

of the_solid titanium catalz/st,component (al). The result-; are set forth in Table 1.
5  preferably 4.5 to 10, can be obtained. According to the

process for preparing an olefin polymer of the invention, =z
polymer having a high Mz/Mw value is cften obtained. The

upper limit of the Mz/Mn value is preferably 300, more

preferably 250, particularly preferably 200. According to

ai]

10 the process for preparing the polypropylene resin, a polymer
having a high Mz/Mw value and & high Mz/Mn value is often
cbtained.

It 1s regarded as a matter of common sense by a person
skilled in the art that polypropylene having a high Mw/Mn

15 welue 1s excellent in moldability and rigidity. On the other

hand, a high Mz/Mw value indicates that the content of a



20 Example 3 Propraton of solid titanium catalyst component (a3) A solid titanium catalyst
component (a3) was obtained in the same mannegas in Example 1, except that 0.12 mol of 74
diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate (mixture of cis form and trans form) and 0.06 mol
of diisohutyl cyclohexane-1,2-dicarboxylate (mixture of cis form and trans form) were added.
5Polymerization Polymerization of propylene was carried out in the same manner as in Example
1, except tha; ttlge solid IiLaﬁniqm cagalyst component (a3)hvva§ used. The results are set forth in Table 1.
10 Examplé 4° PréparitiGh of $61id fitahfuth tatlystBBmiponent (34) L ATsond Fdriam catalyst
component (a4) was optained in the same manner as in Example 1, except that 0.09 mol of 15
diisobuty|*3.6-difiethyicy cioheXaRE A 2 YicdrEoxylate (miktiife 6F6S T and transform) and 0.09 mol
of diisobutyl cyclohexane-1,2-dicarboxylate (mixture of cis form and trans form) were added.
Polymerization - 20P&jmefizatiéhn ot propyferie Was earfetr i in the same manner as in Example |,

except that the solid titanium catalyst component (a4) was used. The results are set forth in ((r..h1". I.
As other methods to obtain a polymer having a wide

A

molecular weight distribution, there are a method of

dissolving/mixing polymers of different molecular weights and
b - 3 ) T b :

a method of melt kneading them. However, poiymers obtained

by these methods are sometimes insufficient in enhancement of

|

elt tension and moldability considering the relatively
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cmplicated operations. The resascon i
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polymers of different molecular weights are hardly miscible
with one another basically. On the other hand, the polymer
obtained by the process for preparing an clefin polymer of

the invention is expected to have
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characteristics can be confirmed by the fact that an olefin



75 Comparative Example 1 .Synthesis of solid titanium catalyst component (pl) A solid titanium
catalyst component (pl) was obtained in the samesghanner as in Example 1, except that 0.175 mol of 5
diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate (mixture of cis form and trans form) was added,
and diisobutyl cyclohexane-1,2-dicarboxylate (mixture of cis form and trans form) was not added.
Polymerization 10Polymerization of propylene was carried out in the same manner as in Example 1,
except that the solid titanium catalyst compo%@)ggas used. The results are set forth in Table 1.
15 Comparative Example 2 Synthesis of solid-titaniticatalyst component A solid titanium catalyst
component (32)4/3{/%5 ogtgérk%qrin%sa\mg manner as in Ex ple 1, except that 0.1.75.15 mol n
diisobutylohd,ane-T,2-dicarbo ylate- of cis form 20-and trans form) was added &t 80C instead of
diisobutyl diylcyclohexane-1,2 -;ca oxylate (mixture of cis form and transﬁfp(rimg)but the
diisobueyicichexan t,2- dicarboxyl e was hot addéd at720¢ - ~& shou-a be

b 1

construsd that the invention 1s in no way limited to those

In the following examples, bulk specific gravity, melt
flow rate, amount of decane-soluble (~insoluble) component,
melecular weight distribution, etc. ware measured by the
following methods.

10 {1} Bulk density (BD)

[

Bulk density was measured in accordance with JIS K-672
(2} Melt flow rate [MFR)

Melt flow rate was measured in accordance with ASTM
D1238E, and the measuring temperature was set at 230°C.

15 (3) ARmount of deczazne-scluble (-insocluble) component

In a glass measuring container, about 3 g of a propylene

polymer (weight was measured to the unit of 107° g, and this

A

welght is represented by “b” {gram(s)) in the following

formulas), 500 ml of decane and a small amount of a decane-
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76 PolvmerizatHon Polymerization of propylene was carried but in the same manner as in
Example 1, except that the solid titanium catalyst ggmponent (112) was used. The results are set forth
5in Table 1. Comparative Example 3 Preparation of solid titanium catalyst component (p3) A solid
titanium catalyst component (P3) was obtained in 10 the same manner as in Example 1, except that
0.13 mol of diisobutyl 3,6-dimethyloyolohexane-1,2-dicarboxylate (mixture of cis form and trans form)
was added, and 0.04 mol of 2- isggropgl-%—jsﬂ,obﬁutyl-l,3-dimethqup£opan§ was added instead of
diisobutyl cycloh&Xame 1. 2-dicaboRyIate! (fikture Bf Gis5Tomy and tfansFormyf: Polymerization
Polymerization ofgropylene was carried out in the same manner as in Example 1, except that the solid
titanium cBfalysf ComponentTi53) Was used “FHE Testits &fe SECIORRDOI Table £, Comparaeve
Example 4 Preparation of solid titanium catalyst component (p4) 77 A solid titanium catalyst
componerit (P4 Was ‘obtained it the Sarme HianAerasin Ekdniple 12 exesptdhat0. 193Hal of diisobutyl
3,6 ime yic;&clohexane-l,z-dc boxylate (mixture

Glass Co., Ltd. Then, 100 ml of a filtrate was withdrawn and

s

LA

vacuum dried to obtain a part of a decane-soluble component.
The weight of the decane-socluble component was measured to

. . - -4 Lo .
the unit of 107 g, and this weight is represented by “a”

th

{gram{s)) in the following formulas. After this operation,
the amount of the decane-soluble componsent was determined by

10 the following formula.

Content of decane-soluble component = 100x(500xa)/{100b)
Content of decane-insocluble component = 100-

100=x(500xa) /{100b)
(4) Molecular weight distribution

Liguid chromatograph: ALC/GPC 150-C plus model

F

{differential refractometer detector integral type)
manufactured by Waters Corporation
Column: Two of GMH6-HT (available from Tosoh

Corporation) and two of GMHG-HTL (available from Tosoh

20 Corporation) were connected in series.

Mopile phase medium: co-dichliorobenzense
Flow rate L0omi/min



of cis form and trans form) was added, and 0.06 mol of 2- 5 isopropy1-2-isobuty1-1,
dimethoxypropane was added instead of diisobutyfgyclohexane-1,2-dicarboxylate 1mxture of cis form
and trans Polymerization Polymerization of propylene was carried out in the same 10 manner
as in Example 1, except that the solia ritanlum catalyst component (P4) was used. The results are set
forth in Table 1. Comparative Example Preparation of solid titanium catalyst component A solid
titanium catalyst,component (ps) was obtained the same manner as in Example 1, except that 0.13
mel of diisobutyl 3.6-dimethylcycionexane<l, 2 dicarboxyta(mixtare &r cis 16/ ahd trans orm) was
added, and 0.04.mal of 20 diHsobutyl phthalate was added instead of diisobuty|
cyclohexane-t,2-dicarboxyiatee 6f cid f6rm aRd trans form). 78 Polymerization Polymerization of
propylene was carried out in the same manner as in Example 1, except that the solid titanium catalyst
component (ps) Was used- The T8saits afe set forth Bin Falsié 1. Comparative Example 6 Preparation
of solid titanium catalyst component (p6) A solid titanium catalyst component (p6) was obtained in 10
the same manneér&#s-A Exanie™E excaptthat 0715 nmélofkl

S The measurement was carried out under the above
conditions, and the resulting chromatogram was analyzed by a
publicly known method to calculate an Mw/Mn value and an

Mz/Mw value. The measuring time per sample was 60 minutes.

i0 Example 1

Preparation of solid titanium catalyst component (ol)

A high-speed stirring apparatus having an internal
volume of 2 liters (manufactured by Tokushu Kika Kogyo Co.,

Ltd.) was thoroughly purged with nitrogen, and then in this

o
th

[

'J.

apparatus, 700 ml of purified decane, 10 g of commercially
available magnesium chloride, 24.2 g of ethanol and 3 o of

Rheodol S5P-520 (trade name, sorbitan distearate available

from Kao Corporaticn} were placed. With stirring this
suspension, the temperature of the system was raised, and at

that a precipitals shou.lg no De fQZTEd, The SUSTension was
E - o ) T4 Foul
transferred into a 2-liter ¢lass flask (eguipped with a



diisobutyl phthalate was added instead of diisobu

tyl 3,6- dimethylcyclohexane-1,2-dicarboxylate

(mixture of cis form and trans form), and diisobutyf tyclohexane-1,2-dicarboxylate (mixture of cis form

and trans form) was not added. 15Polymerization
the same manner as in Example 1, except that th
The results are set forth in Table 1. 70 Comparati

component(p7).; + A solid ftan

Example I, except that 0.15 mol of 2- 79 isopropyl-2-isobuty1-

Gatalyst.companent (p7) w

Polymerization of propylene was carried out in
e solid titanium catalyst component (16) was used.
ve Example 7 Preparation Of Solid titanium catalyst
obtained in the same manner as in
1,3-dimethoxypropane was added

instead of, gi{smg@éjtygg),q-gj{gghggc&/ﬁ b E%age-15.2-%arb%>§ylatei(g1i>§ture o&cis fomg E:zfmd trans form),

and diisobutyl cyclohexane-1,2-dicarboxy
POlymenZta_ﬂé)Qs fer P(S)%yne%gza_tp ugfdpr8g¥le?§
except that the solid titanium catalyst componeént
l. Examole 5 ,Polymerization_Polymerization,
in Example 1, except that'the solid fitanHum ¢
dicyciopent Jd,jme%h ysilane was used ins
set forth i"ﬁrrgll”‘a‘brlle .'I%x mo1 6 Ceranol

a

a

i
magnesium C

A

2

eCan

[

atom: oif the above

1

n of pro
aly
tead of cyclohexylmethyldimethoxysilane.
wWas Cco : i

suspension c¢f 23 mmol

solid adduct was

late (mixture of ¢is form and frans 5fofm) Wwas not added.

vséas cgaéri%g out l(‘ ‘theysgme manner as in Example |,

(137)WaS used Thé resutis’re set forth 10in Table

leene yvag_carrigd out in thexsa‘[ne“, 15 manner as
Roriponeht (a4) wWasuded dnd 17

The results are

I
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Ieq

~

ralnagted pa N oL IMCa

arrount into 100 ml of titanium tetra

10 with stirring, to obtain a mixed liguid.

was heated to 80°C over a period of 5 hours.

temperature of 80°C was reached,

dimethylcyclohexane-1,2-dicarboxylate (mixture of cis

and trans form, DMCHIBU) was added in a

diisobu

It

The mixed liguid

When a

tyl 3,6-

-~
Iorm

amount of 0.14 mol

od

por-

Del

of

0

cyclohexane-1,2-dicarboxylate

form) in an

=
T

mol of magnesium atom of the

.-
Rl S ML S}

120°C was reached, diiscbutyl

{mixture of cis form and trans

0

amcount of 0.03%2 mol based on

solid adduct., With stirring the

e O A



20 Example 6 Preparation of solid titanium catalyst component (a5) 75 g of anhydrous
magnesium chloride, 280.3 g of decane and 308.3;g of 2-ethylhexyl alcohol were subjected to thermal
80 reaction at 130C for 3 hours to give a homogeneous solution, then to this solution was added 17.7
g of ethyl benzoate, and they were further stirred and mixed at 130C for 1 hour. The homogeneous
solution thus obtained was cooled down 5 to room temperature, and then the whole amount of 38 ml of
this homogeneous solution was dropwise added to 100 ml of titanium tetrachloride Kept at -24C, over
a period of 45188 With &tirrifig at' 3 révolffiorr spEEd sF2pmt Attefthe abldition wWasrsater,
completed,temperature of the 10 mixed liquid was raised to 80C over a period of 4.6 hours, and when
the temperafuré HREGN2BUCE t81he Fixed fiquith WasAdded drsobRyE 36-fme’ 130°C
ylcyclohexane-1,2-dica oxylate (mixture of cis form and transan amount of 0.0875 mol time the amount
0 Mg atoriZThé fethpératureiFas rissd $5 agalfi andswisert & ferhperatinetofs1 200 was reached,
diisobutyl cyclohexane-1,2-dicarboxylate was addedan amount of 0.0625 mci timeamount of Mg atom.
Thereaftef, thé mixtire Washhaintdified $61c35- Atained GE this Wrapermtwreminutes. 4the reaction was
completed, a solid part was co cc led 20 by hot filtration, and this solid part was resuspended in 100 ml
of titahlurfi tétrachforiteS fe1lowea byberforming thepmat resction @arrati2QC for-d5 minutes. After
the reaction was completed, a solid part was collected by hot filtration again, and the solid part was
sufficiently Washed with décaifer and the solid part was sufficiently washed

with decane at 100°C and heptane until a titanium compound
liberated in the wash liguid was not detected.
The solid titanium catalyst component (al) prepared
10 through the above operations was stored as a decane slurry,
and a part of the slurry was dried for the purpose of
examining catalytic composition.

Polymerization

In a polymerizer having an internal volume of 2 liters,

500 g of propylene and 1IN liter of hydrogen were placed at

room temperaitu

=
&

, then 0.5 mmol of triethylaluminum, 0.1 mmol
of cyclohexylmethyldimethoxysilane and 0.004 mmol {in terms

= U % g, AR : S —
citanium atom) of the solid titaniuam Catalyst compeonent

QL
(al} were added, and the interior of the polymerizer was
20 rapidly heated up to 70°C. After polymerization was

-~ N X o - .
acrTormad at 0% Fme Tk 3 + oy ' mvmir o T '
periormed at 70°C for I hour, the reaction was terminated by

' o L . .
Danci, ang the polvmerizer

o e [ - T e [ R s
was purged oI propylene. The resulting polymer particles



81 at 100C and hexane until a titanium compound liberated in the wash liquid was not detected. The
solid titanium catalyst component (a5) prepared thf@ugh the above operations was stored as a decane
slurry, and a part of the slurry was 5 dried for the purpose of examining catalytic composition. The
solid titanium catalyst component (a.5) had composition of 3.0% by mass of titanium, 18% by mass of
magnesium, 8.6% by mass of diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, 4.2% by mass of
diisobutyl cyclohgxane-1,2-dicarboxylate and 10 Q.6% by mass of a 2-ethylhexyl alcohol residue.
Polymerization Eé%lﬁ%a}églym”eri%f“ﬁqa"'“%%b'anc‘fh ern‘iél%ollfr%né) 'BF 2 IitérsS 866 4t propylene and IN
liter of hydrogen were placed at room temperature, then 0.5 mmol of trigthylaiuminum, 0.1 mmol 15 of
cyclohexylimethyldimethcxysilane and 0004 mmol (in‘taris oF itakidth atdtny 6FtheSolid titanium
catalyst component (a5) were added, and the interior of the_polymerizer was rapidly heated up to 70C.
After poIy"r“1'1ee"l?i%glﬁor(‘ij (\l/v%%srp%?fb?r%%% aﬁw&e?dr 1 ﬁé?ﬁ?‘;“’fheoréabﬁ&n WESHemitaté by 26 the use of a
small am%urng of methanol, and the QXrnjerizer was purged of brobvi.ene. The resulting polymer
particles wére vacuuht drigd blerhight’at 80C. Activity, MFR, amount of decane-insoluble component,
bulk specific gravity and 82 molecular weight distribution(Mw/Mn, Mz/Mw) are set Table 2. Example 7
Polymerization Polymerization of propylene was carried outthe same manner as in Example 6, except

that dicyclooentyldimethoxysilane was used instead of
Example 2

Preparation of solid titanium catalyst component (a2)

A solid titanium catalyst component (02) was obtained in
the same manner as in Example 1, except that 0.12 mol of
16 diiscbutyl 3, 6~dimethylcyclohexane-1,2-dicarboxylate (mixture

A.;

.04 mol of diisobutyl

<

of cis form and trans form) and 0
cyclohexane-1,2-dicarboxylate (mixture of cis form and crans

form) were added.

Polymerization

15 Polymerization of propylene was carried out in the same

catalyst component (a2) was used instead of the sol
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cyclohexylmethyldimethoxysilane. The results are set fo 10in Table 2. Comparative Example 8
Polymerization Polymerization of propylene was cagried out in the same 15 manner as in Example 1,
except that the solid titani catalyst component (#21 was used, and dicyclopentyldimethoxysilane was
used instead of cyclohexylmeth yldimethoxysilane. The results are set forth e 2. 20 Comparative
Example 9 Prenaration of solidst component 75 g of anhydrous magnesium chlobde,280.3 g of decane
83 reaction.at 130C for 3. haurs to give a homogeneous solution, then to this solution was added 17.7
g of ethyl BeRZGata- And ey Wels fUHheT StinadHhd Hixed at A 30EF 1HGUrETHE homogeneous
sotion thus obtained was cooled down ) to room temperature, and then the whole amount of 38 ml of
this homogeneats s6ltfioR Was-dropwisé afided 161160 it of fitarfiim¥étracHoride kept at -24C, over a
period of minutes with stirring at a revolution speed of 200 rpm. After the addition was completed, the
temperatdré or thE 10 Hixeddiguid RAS 14i4e8 16 8000 BveE s pefiod of 476 Fsursdnd when the
temperature became 80C, to this mixed liquid was added diisobutyl 3,6-dime ylcyclohexane-1,2-
dicarboxytdté(ixtlité Bf &i&¥dfm and trans form) in an amount of 0.15 mol ti.me the amount of Mg
atom, The 15 temperature was raised again, and when a temperature of 120C was reached, L s

temperatdre WS mhfithied for 35 minutes.

Polymerization o

a8}

ropylene was carried ocut in the same

b

manner as in Example 1, except that the solid titanium
catalyst component (a3) was used. The results are set forth
in Table 1.

10

Example 4

Preparation of scolid titanium catalyst component (ad)

A solid titanium catalyst component {aé) was obtained in
the same manner as in Example 1, except that 0.09 mol of
15 diisobutyl 3y6-dimethylcycliohexane-1, 2-dicarboxylate [(mixture

=

of cis form and trans form) and 0.09 mcl of iiisocbutyl

cyclohexane-1,2~dicarboxylate (mixture of cis form and trans

20 rolymerization of propy-.ene was carried out in the same
manner as in Example 1, except that the solid titanium
PR 4 " o~
catalyst compenent [(ad) was used The results are set forth



the reaction was completed, a solid part was collected by hot filtration, and this solid part was
resuspended in 100 ml of titanium tetrachloride, fatlowed by performing rmal 20 reaction again at 120C
for 35 minutes. After thereacti on was completed, a solid part was collected by hot filtration a a, and
the sol was sufficiently washed with decane at 100C and hexaneitanium compound liberate the wash
liquid was not detected.solid ttanium 84 catalyst component (p9) prepared through the above
operations was storec as a decane slurry, and a part of the slurry was a ied for ih-noose of examining
catalytic talyst component (p9) had composition of 5 2.8% by mess of
titanium, 17% by mass of ma neS|um 11. 5% by mass of dusob y
3,6- dlmetﬁﬁlbycl%ﬁeﬁm% % A2 e Xyl alcohol residue.
Polymerization In a polymerlzer having an internal volume of 2 Ilters 10 500 g of propylene and 1N
liter of hydrogen"wéfelplacéd ‘at Fdot temperattie, farco5emmol bt triethylaliminames 6. 1immol of
cyclohexylmethyldimethoxys 1 e and 0.004 mmol (in terms of titanium atom) of the solid titanium
catalyst confpoteht (09 wWére addeds; ahd 3R& irfteror GF4RE Polyrmerizel walss 15 edpidly heated up to
70C. After polymerlzatlon was performed at 70C for 1 hour, the reaction was terminated by the use of
a small afouRP BEfmethandt -andrthe polymetizeewas purgedt-ofipropylens L The resulting pelymer
particles were vacuum dried overnight at 80C. Activity, WEE, amount 20 of decane-insoluble
componeft, bulkspeeific gradvity: ard molecmarsudutiond Miv/MmMZMw)aretset forth in Comparative
Example 10 85 Polymerization

cyclohexane-1,2-dicarbexylate (mixture of cis form and trans

5

[HY

form) was not added.

Polymerization

10 Polymerization of propylens was carried cut in the same
manner as in Example 1, except that the sclid titanium
catalyst component (fl) was used. The results ars set forth

]
|

in Table 1.

15 Comparative Example 2

Synthegis of solid titanium catalyst component (B2}

A solid titanium catalyst component (B2) was obtained in
Tthe same manner as in
diisobutyl cyclohexane-1,2~-dicarboxylate (mixture of cis form

20 and trans form) was added at B0°C instead of diiscbutyl 3, 8-

dimethylcyclohexane-1, 2~di

0

arpoxylate (mixture of cis form
and trans form), but the diisobutyl cyclohexane-1,2-

dicarboxylate was not added at 120°C.



Polymerization of propylene was carried out in the same manner as in Comparative Example 9, except
that the solid titanium catalyst component (P9) waggised, and 5 dicyclopentyldimethoxysilane was
used instead of cyclohexylmethyldimethoxysilane. The results are set forth in Table 2. 86 mE1/711
-CH 8'61L 9THLOL31'018 C 9'PT UTOIT

catalyst component (B2} was used. The results are set forth

in Table 1.

e

Preparation of solid titanium catalyst component (B3)

A solid titanium catalyst component (P3) was obtained in
10 the same manner &s in Example 1, except that 0.13 mol of
diisobutyl 3, 6-dimethylcyclohexane-1, 2-dicarboxylate (mixture
of ¢is form and trans form) was added, and 0.04 mol of 2-
lsopropyl-2-isobutyl~1, 3~dimethoxypropane was added instoad
of diischutyl cyclohexane-1,2-dicarboxylate (mixture of cis

15 form and trans form).

Polymerization

w0
(u
=3
)

Polymerization of propylene was carried out in the
manner as in Example 1, except that the solid titanium

catalyst component (3] was used. The results are set forth

20 in Table 1.
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9.121P t O1'69'IT 891"9 Amount of CIO insoluble component %lb+ T'86 g'86 Z '86 0'86 026
L96 L'86L 86 86 77

A solid titanium catalyst component (B4) was obtained in

1

T
foed

the same manner as in Example 1, excapt that 0.12 mel of

9]
g
jt e
[45]
Q

butyl 3,6mdimethylcyclohexane—l,Z—dicarboxylat@ {mixture

of cis form and trans form) was added, and 0.08% mol of 2-

Polymerization of propylene was carriad out in the same
10 manner as in Example 1, except that the solid titanium
catalyst component (f4) was used. The results are set forth

in Table 1.

Comparative Example 5

citanium catalyst component (B5)

id titanium catalyst component (B5) was obtained in
the same manner as in Example 1, excent that 0.12 mol of

diiscbutyl 3,é-dimethylcyclohexane-1

—_
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4

of cis form and trans form) was added, and 0.04 mol of
20 diisobutyl phthalate was added instead of diiscbutyl

cyclohexane-1,2-dicarboxylate (mixture of cis form and trans

ih

orm) .
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Polymerization

—_

Polymerization of propylene was carried out in the same
manner as in Example 1, except that the solid titanium

catalyst component (B3) was used. The results are set fortl

Comparative Exampls 6

Preparation of solid titanium catalyst component (B6)

L

A solid titanium catalyst component (B€) was obtained in
the same manner as in Example 1, except that 0.15 mol of
dilsobutyl phthalate was added instead of diisobutyl 3,6-
dimethylcyclohexane-1,2-dicarboxylate (mixture of cis form

and trans form), and diisobutyl cyclohexane-1,2-dicarboxylate

f

(mixture of ¢is form and trans form) was not added.

Polymerization

Polymerization of propylene was carried out in the same

e n e i o — oy e . s
the same manner &35 in Example 1, except that 0.15 mol of 2-
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isopropyl-Z-isobutyl-1,3-dimethoxypropane was added instead
of diiscbutyl 3, 6-dimethylcyclohexane~1, 2-dicarboxylate
(mixture cf cis form and trans form), and diizobutyl

cyclohexane-1,2-dicarboxylate (mixture of cis form and trans

Polymerization of propylene was carried out in the same

-

manner as in Example 1, except that the solid titanium

catalyst component (B7) was used. The results are set fort

3
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10 in Tab
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in the same

15 manner as in Example 1, except that the solid titanium
catalyst component {(afd) was used, and
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Example 6

Preparation of sclid titanium catalyst component (ab)




9 'ZP, 9'9j7 Electron donor (1nol%) -faqir/10-C 11

11111 93 cc 1001 aluP019d I

80

77

30°C

i

reaction art or

hen to this solutrion was adde

They

1

n

-1

£
s

homogeneous solution

r

Al

to room temperatu

@

omogeneous solutlon was

10

and when the temperatu

re became 80°C,

Lo give a homogeneous sclution,

d 17.7 g of ethyl benzoate, and

were further stirred and mixed at 130°C for 1 hour.

thus obtained was cooled down

|
B2
o

to the mixed liguid was

added diisobutyl 3,6-dimethylcycloh@xanew1,Q—dicarboxylate

{mixture of cis form and trans form)

in an amount of 0.0875

mol time the amount of Mg atom. The Temperature was ralsed
15  again, and when a temperature of 120°C was reached,
diisobutyl cyclchexane-i,2-dicarboxylate was added in an
amount of 0.0623 mol time the amount of Mg atom. Therzafter,
the mixture was maintained at this temperature for 35 minutes.
After the reaction was completed, a solid part was collected
200 by hot filtration, and this solid part was resuspended in 100
ml of titanium tetrachloride, followed by performing thermal
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the wash liguild was not detected. The solid fitanium

te]

catalyst component {ob] prepared through the zbove operations
was stored as a decane slurry, and a part of the slurry was
dried for the purpose of examining catalyvtic composition.

The solid titanium catalyst component [(ad) had composition of
3.0% by mass of titanium, 18% by mass of magnesium, B.6% by
mass of diisobutyl 3,6-dimethylcyclohexans-1,2~dicarbeoxylate,
4.2% by mass of diiscbutyl cyclohexane-1,2-~dicarboxylate and

0.6% by mass of a 2-ethylhexyl alcohol residue.

Polyvmerization

in a polymerizer having an internal volume of 2 liters,

500 g of propylene and IN liter of hydrogen were placed at

room temperature, then 0.5 mmol of triethylaluminum, 0.1 mmol

cyclohexylmethyldimethoxysilane and 0.004 mmol {in terms

Hh

G
of titanium atom) of the solid titanium catalyst component

(ub) were added, and the interior of the polymerizer was
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molecular weight distribution (Mw/Mn, Mz/Mw) are set f
Table 2.

Example 7/

5 Polymerization

Polymerization of propylene was carried out in th
manner as in Example 6, except that

dicyclopentyldimethoxysilane was used instead of

Y

cyclohexylmethyldimethoxysilane, The results are set forth

10 in Table 2.

Comparative Example 8

Polymerization

Polymerization of propylene was carried out in th

1

15 manner as in Example 1, except that the solid titanium
ﬁ: A

catalyst component (H%29 was used, and

dicyclopentyldimethoxysilane was used instead of

O
b+
o
o
ot

2 same

e Same

cyclohexylmethyldimethoxysilane. The results are set forth

<, £ P - oo Ty < e o] ] = .
75 g of anhydrous magnesium chloride, 280.3 g of decans

b = ooy . M R t . s . - . S
and 30E.3 g of Z-ethylhexyl alcohol were subjected to therma
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reaction at 130°C for 3 hours to give a homogeneous solution,

then to this solution was added 17.7 g of ethyl benzoate, and

they were further stirred and mixed at 130°C for 1 hour.

0 Lo room temperature, and then the whole amount of 28 ml of
Tnis nomogeneous solution was dropwise added to 100 ml of

After the addition was completed, the temperature of the

10 mixed liquid was raised to 80°C over a period of 4.6 hours,
and when the temperature became 80°C, to this mixed liguid
was added diisobutyl 3,6-dimethylecyclohexane-1,2-

dicarboxylate (mixture of cis form and trans form) in an

amount ©f 0,15 mol time the amount of Mg atom. The

After the reaction was completed, a solid part was collected
by hot filtration, and this solid part was resuspended in 100
ml of titanium tetrachlorid lowed by performing thermal

20 reaction again at 120°C for 35 minutes. After the reaction

was completed, a solid part was collected by hot filtration
again, and the solid part was sufficiently washed with decans
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catalyst component (B9) prepared through the above cperations
was stored as a decane slurr and a part of the slurry was
dried for the purpcse of examining catalytic composition
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and 0.6% by mass of

Polymerization

in a polymerizer having an
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of titanium atem) of
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Tabhla 2
Comparative Example

The solid titanium catalyst component

titanium,

(Be)

had composition of

4

17% by mass of magnesium, 11.5% by

6-dimethylcyclchexan -1,2-dicarboxylate

a Z-ethylhexyl alcohol residue.

internal volume of 2 liters,

nd 1IN liter of hydrogen were placed at
en 0.5 mmol of triethylaluminum, 0.1 mmol
imethoxysilane and 0.004 mmol {in terms

the solid titanium catalyst component
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of the polymerizer was

polymerization
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reaction was terminated by
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ene. The resulting polymer particles
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component, bulk specific gravity and
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bl N —
Polymerization
- - .
Polymerization of propylene was carried out in the same
fay B L (SO 4 S o311 Eun

manner as in Comparatlive Example 9, sxcept that the solid

itanium catalyst component (%) was used, and

s
'_:

5 dicyclopentyldimethoxysilane was used instead of

cyclohexylmethyldimethoxysilane. The results ars set forth

in Table 2.
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7,60 X:dci'X39 .x11.X11119.)/TJ 'dump 6 Oc-i cimoD 01 X.duioD 88 In Fig. |, a relationship
between the proportion. of DMCHIBU added and the Mw/Mn value is shown. 89 CLAIMS 1.A solid
titanium catalyst component () comprising titanium, magnesium, halogen, a cyclic ester compound
represented by the following formula (1) and a cyclic ester 5compound (b) represented by the following
formula (2);
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wherein n is an integer of 5 to 10, R2 and R3 are each independently COORI or R, at least one 10 of
R andis COOR1, and a single bond (except Ca-C&&ond, and Ca-Cb bond in the case where R3 is R)
in the cyclic skeleton may be replaced with a double bond, R' is each independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, 15plural R are each independently an atom or a group
selected from a hydrogen atom, a hydrocarbon group of | to 20 carbon atoms, a halogen atom, a
nitrogen-containing group, an 90 oxygen-containing group, a phosphorous-containing group, a
n-containing group and a silicon-containing group, and be bonded to one another to from a ring,
but at least one R is:not a hydrggen atom, and 5in a skeleton of the ring formed by bonding of plural R
to one another may be contdined a double bond. and when two of more™Ca fo each of which COOR1
is bonded gre contained in the skeleto p‘zf:} e ring, the number of carbon atoms to constitute the
skeleton of t Pei(iﬁ%\% iS50 1&%4'[—‘2613(5 ICa-Ga"© *° snovn-



H /7R5 N H- CbCa-----H INAc7e wherein n is an integer of 5 to 10, and and R5 are each
independently COOR or a hydrogen atom, at” one&ndCOORL,each th 0 pendently a 15 monovalent
hydrocarbon group of 1 to 20 carbon atom, and a single bondCa-Ca bond,bond in the case 91
where-yclic skeleiobe replaced with a double bond. 2The solid tianium catalyst component (1) as
claimed in claim 1, wherein in tie formulas (1) and (2), the bonds between carbon atoms in the cyclic

skeleton are sinale bonds. 3. The solid tit@%talyst component (I) as 10 claimed in claim 1,
wherein in the formulas (1) and (2), n is 6. —the-solid titanium catalyst component (1) as
claimed in claim.1, Whe},[;eig(}'tﬁjgacygLig §§te£790(r:npﬁoupd é@) i§ 15re%\rﬁ§s§nt§g\ by thewfol,lovying formula
(1a) and the cycﬁd ester compound (b) is represented By the ToHoWing formula (B8 +R™

titanium, magnesium, halogen, a cyclic ester compound (a)
represented by the following formula (1) and a cyclic ester

5 compound {b) represented by the following formula (2);

R R?

LR
R \;;amci/ R
R->Cb\_ -,CE"(“R

\C/

/\

R R

R'00C

wherein nn is an integer of 5 te 10,

R* and R® are each independently COOR' or R, at least one
10 of BR® and RB° is COOR*, and a single bond lexcept C®*-C® bond,
and C°~C” bond in thne case whers R® is R) in the cyclic
skeleton mey be replaced with a doubkle bond,
R™ 1s each independently a monovalent hydrocarbon group
of 1 to 20 carbon atoms,
15 plural R ars each independently an atom or a group
selected from a hydrogen atom, & hydrocarbon group of 1 to 20



R100CIOC OR1 ca,7 R\ R H Ctca H R wherein nis an integer of 5 to 10, a single bond (except
Ca-Ca bond and Ca-rb bond.) in the cyclic skeletor%nay be replaced with a double bond, is
each independently a monovalent hydrocarbon group of | to 20 carbon atoms, plural R are each
independently an atom or a group selected from a hydrogen atom, a hydrocarbon group of | to 20 10
carbon atoms, a halogen atom, a nitrogen-containing group, an oxygen-containing group, a
phosphorous-containing group, a halogen-containing group and a H,icon-containinggroup, and they
may be behteddo orerancthentd fromuepring, butas teast oneisaiot azhydragenand:15in a skeleton of
the ring formed by bondingplural R to one another may be contained a double bond, and when two or
more Ca tba@aeh ot which COORYischundedzare contaHniedin- 93the skeletonyef-the ringsthe number
of carbon atoms to constitute the skeleton of the ring is 5 to 10;

they may be bonded to one another to from a ring, but at

pef

ieast one R 1s not a hydrogen atom, and

h
ok

in a skeleton of the ring formed by beonding of plural R
Lo one ancther may be contained a double bond, and when two
or more C° to each of which COOR' is bonded are contained in

he skeleton of the ring, the number of carbon atoms to

constitute the skeleton of the ring is 5 to 10;
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R100C H
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- . a2 (2]
10 . 4 n-4
wherein n is an integer of 5 to 18, and
& 5 ~
R° angd R’ are each independently COOR® or a hydrogen atom,
PR S - = —é 5 ™ 1 : s -
at least one of R and R’ is COOR", R' iz each inaspendentliy a
15 menovalent hydrocarbon group of 1 to 20 carbon ztoms, and a



H H R100CII "...,,COOR1 Ca -Ca\VVHH CrCa - H 5 wherein n is an integer of 5 to 10, and Rais
each independently a monovalent hydrocarbon group of 1 to 20 carbon atoms, and a single bond
(except Ca-Ca bond and Ca-Ch bond) in the cyclic skeleton may be replaced with a double bond. 10
5.An olefin polymerization catalyst comprising: the solid titanium catalyst component (I) of claim 1, and
an organometallic compound (Il) containing a metal atom 15 selected from the group 1, the group 2
and the group. 13 jthe pgélodic table. 94 6. The olefin polymerization catalyst as claimed in claim
5, further comprlsmg an efectron doﬁsorc(ﬂﬁ““ SFEnTF olfin’ PolymériZzationiproeess &dmprising 5
polymerlzmg an olefln |n the presence of the olefin polymerization catalyst of claim 5 or 6.

zZ. The solid titanium catalyst component {I) as
5 claimed in claim 1, wherein in +*he formulas {1y and (2y, alli
the bonds between carbon atoms in the cyclic skeleton are

single bonds.

3. The sclid titanium catalyst cemponent (1) as

10 claimed in claim 1, whersin in the formulas {1y and {(2), n is

4. The solid titanium catalyst component (1) as
claimed in claim 1, wherein the cyclic ester compound {(a) is
15 represented by the following formula (la} and the cyclic

ester compound (b} is represented by the £ llowing formula

(Za);
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wherein n is an integer of 5 to 10,
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the skeleton of the ring, the number of carbon atoms to

3 . b H - o " 3 TN .
ceonstltute the skeleton of the ring is 5 to

iy

wherein n is an integer of 5 to 10, and

R' is each independently a monovalent hydrocarbon group

q

of 1 to 20 carbon atoms, and & single bond (except C°-C° bond

and C*-C” bond} in the cyclic skeleton may be replaced with a

foimd

double bond.

5. An olefin pelymerization catalyst com rising:

the solid titanium catalyst component (I) of claim 1,
and

an organometallic compound (II) containing a metal atom

¢t
i
1)
o)
M
ty
i

O
Q
l i
@]
et
iy
8]
fos
€3]



L

94

5. Trhe olefin polymerization catalyst as claimed in
claim 5, further comprising an electron donor (III).

7. An olefin polymerization process comprising
polymerizing an olefin in the presence of the olefin

polymerization catalyst of claim 35 or 6.



