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DESCRIPTION

SOLID TITANIUM CATALYST COMPONENT, OLEFIN POLYMERIZATION

CATALYST, AND OLEFIN POLYMERIZATION PROCESS

TECHNICAL FIELD

The present invention relates to a solid titaniw
catalyst component which is preferably used for clefin
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invention also relates to an olefin polymerization catalyst
containing the sclid titanium catalyst component. Further,
the invention also relates To an olefin polymerization
process using the olefin po¢ym6rlzatlon catalyst.
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BACKGROUND ART

iy

As catalysts used for producing olefin polymers such as

a homopclymer of ethylene or an a-clefin and an ethylene/a-

olefin copolymer, catalysts containing a ftitanium compound

known in the past {the term “polymerization” is sometimes
used to include copolymerization hereinafter).

As such olefin polymerization catalysts, catalysts

containing titanium tetrachloride or titanium trichloride,
which are called Ziegler Natta catalilysts, and catalysis
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iyst component consisting of
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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 zlso in polymerization of o-
olefins such as propylene and l-butene. Further, the

resulting a-olefiin polymers sometimes
stereoregularity.

It has been reported in Japanese Patent Laid-Open

Publication No. 63310/1982 (patent document 1} and the 13
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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) 1ls supported, an aluminum alkyl compound as a co-

n

catalyst component and a silicon compound having at leas

o

Si-CR (wherein R is a hydrocarbon group) exhibits excellent

polymerization activity and stereocospecificity.
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molding techniques, such &s high-speed stretching technigue

having a purpose of increasing productivity of stretched

films, have bean developed.

1~

If such polymers having relatively narrow molacular

5 welght distribution eas above are intended to be stretched at

o8

high spesd, neck-in or Ilapping of a film becomes conspicucus
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because of shortage of melt fension, and increase of
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productivity sometimes becomes d

od

polymers having higher melt tension have bheen desired in the
10 markex.

n order to solve such problems, there have been made a

arge number of reports, such as reportis on a method of

15 of a polymer (Japaness Patent Laid-Open Publication No.

using a succinic acid ester having asymmetric carbon as an
20 electron donor contained in a solid titanium catalyst

nternational Publication No.
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On the other hand, in Japanese Patent Laidwbpen
Publication No. 114811/2001 (patent document 7) and'Japanese
Patent Laid-Open Publication No. 40918/2003 (patent document
8), a solid catalyst component for polymerization of
olefin(s), which is obtained by bringing a titanium compound,
a magnesium compound and an electron donating compound into
contact with one another, and a catalyst for polymerization
of olefin(s}, which contains this catalyst component, are
disclosed. As this electron donating compound, a 1,2-
cyclohexanedicarboxylié aci& ester_héving a trans purity of
ﬁot less than 80%-is used in the invention described in ﬁhe.
patent document 7, and a cyclohexenedicarboxylic acid diester
is used in the invention described in the patent document 8.
As an example of this cyclohexenedicarboxylic acid diester,
only a l-cyclohexenedicarboxylic acid diester wherein an
alkoxycarbonyl group is bonded to the first position and the
second position of a cyclohexene ring of l-cyclohexene is
disclosed (paragraphs “0021” to “0024”, and working examples).
In the patent documents 7 and 8, however, there is no
descripfion of molecular weight distribution of an olefin
polymer.

The present applicant has disclosed in a pamphlet of
International Pubiication No. 2006/077945 that a solid

titanium catalyst component containing a specific cyclic
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ester compound as an electron donor component gives an olefin

polymer having an extremely wide molecular weight

distribution (patent

No.

No.

No.

No.

No.

No.,

No.

No.

No.

Patent document
63310/1982
Patent document
170843/1993
Patent document
7703/1991

Patent document
01/057099

Patent document
00/63261

Patent document
02/30998

Patent document
114811/2001
Patent document
40918/2003
Patent document

2006/077945

document 9).

1: Japanese

2: Japanese

3: Japanese

4: pamphlet

5: pamphlet

6: pamphlet

7: Japanese

8: Japanese

9: pamphlet

Patent Laid-Open

Patent Laid-Open

Patent Laid-Open

of International

of International

of International

Patent Laid-Open

Patent Laid-Open

of International

SUMMARY

Publication

Publication

Publication

Publication

Publication

Publication

Publication

Publication

Publication

In a first aspect of the present disclosure, there is

provided a solid titanium catalyst component (I) comprising
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titanium, magnesium, halogen, a cyclic ester compound (a)
represented by the following formula (la) and a cyclic ester
compound (b) repregented by the following formula (2a}:

Formula {la)

H
R'00C._ | i _COOR!

CQMGB
”R , F%

W

wherein n is an integer of 5 to 10,

a single bond (except C*-C* bond and C*-C° bond) in the
cyclic skeleton may be replaced with a double bond,

R' is each independently a monovalent hydrocarbon group
of 1 to 20 caxbon atoms,

plural R 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, a phosphorous-containing group, a
halogen-containing group and a silicon-containing group, and
they may be bonded to one another to form a ring, but at
least one R is not a hydrogen atom, and

a double bond may be contained in a skeleton of the ring

formed by bonding of plural R to one another, and when two oxr
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more C* to each of which COOR' is bonded are contained in the
ring formed by bonding of plural R to one another, the number
of carbon atomg to constitute the skeleton of the ring is 5
to 10;

Formula (2a)

H H

4 k!

R mc\éa G!M,,coc:vﬁ
He! "

wherein n is an integer of 5 to 10, and

R' is 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 cyclic skeleton may be replaced with a
double bond.

In a second aspect of the present disclosure, there is
provided an olefin polymerization catalyst comprising:

the solid titanium catalyst component (I) disclosed
herein, and

an organometallic compound (II) containing a metal atom
selected from the group 1, the group 2 and the group 13 of

the periodic table.
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In a third aspect of the present disclosure, there is
provided an olefin polymerization process comprising
polymerizing an olefin in the presence of the olefin

polymerization catalyst disclosed herein.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION




Recording to the studiss by the presant inventors, the

catalysts of the patent documents 1 to 8 are insufficient in
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in improvement in melt tension of an olefin polymer, and from

the viewpoint of cost reduction, development of a catalyst

contained in conventional solid titanium catalyst components,

On that- -account, the solid titanium catalyst componsnt
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wide molecular weight distribution, high stereoregularity and
high melt tension and i1s suitable for high-speed stretching

and high-speed molding, at a cost sguivalsent to that of

cr

conventional polymers.

The present inventors have earnestly studied, and as a

compounds having plural carboxylic acid ester groups is used,

{1} an olefin polymer having a wide molecular weight

Q.
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istribution can be prepared, and (2) the electron donor
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can be obtained though such an improving effect is not
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one of R® and R® is COOR".

A single bond {except C*-C® bond, and C*~C” bond in the

case where R™ is R) in the cyclic skeleton may be replaced
with a double bond.

E.,J

se
3¢

ected from a hydrogen atom, a hydrocarbon group ¢f 1 to

3]
[en)

cerbon atoms, a halogen atom, & nitrogen-containing group, an
oxygen~containing group, a phosphorous-containing group, &

con~containing group, and
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they may be bonded to one another to from a ring, but at

l=zst one R 1s not a hydrogen atom.

P2
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In a skeleton of ing formed by bonding of plural R
to one another may be contained a double bond, and when two

or more C® to szach of which COOR* is bonded are contained in

the skeleton ¢f the ring, the number of carbon atoms to

2t least one of R and R is COOR’, R° is each independently

monovalent hydrocarbon group ¢of 1 to 20 carbon atoms, and a
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In the formula (1), 2ll the bonds between carbon atoms

\

in the cyclic skeleton are preferably single bonds.

¢!

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

The cyclic ester compound (a) is preferably a compound

n the formula (la), n is an integer of 5 to 10.
4 single bond (except C*-C®* bond and C*-C® bond} in the

: s 4 % H J & dm LU T | 3
cyciic skeleton may be replaced with a doubls bond.

¥

R* is each independently 2 monovalent hydrocarbon group
of 1 o 20 carbon atoms.

Plurel R are each Independently an atom or a group
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rom a hydrogen atom, a hydrocarbon group of 1 to 20

carpon atoms, a halogen atom, a nitrogen-~containing group, an

, .
cxygen-containing group, & phosphorous-contalining group, &

Y | ~ - - « - \3 - . - "
halogen—containing group and a silicon-containing group, and
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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
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16 In the formula {2), n is

e
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referably ©.

ic ester compound (b) 1s preferably a compound

bt

The cyc

represented by the following formula (Z2a).

H H
Jol

He / \ M
H-:-}Cb ,CaimH

\C/‘

/\
H H

R'0OOC COOR!

n-4 ... (2 a)

15 In the formula (2a), n is an integer of 5 to 10.

R* is each independently a monovalent hydrocarbon group

o

of 1 to 20 carbon atoms. A single bond (except C*-C® bond and
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C®-C® pond) in the cyclic skeleton may be replaced with
double bond.

The olefin polymerization catalyst of the present
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the above-mentioned solid titanium catalyst component

an organcometallic compound catalyst component {(1I)

i

containing a metallic element selected from the group 1, the

group 2 and the group 13 of the periodic table.
The olefin polymerization catalyst of the invention may
further comprise an electron donor (III).

The process for preparing an olefin polymer of the
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presence of the above-mentioned oclefin pclymerization
catalyst.

EFFECT OF THE INVENTION

The solid titanium catalyst component, the olefin
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and high-spesd moldability but o in rigidity becomes
pessible.
The cyclic ester compound (a) is often a compound more

expensive than electron doners contained in the conventional

solid titanium catalyst components. On the other hand, the

=

cyclic ester compound (b} i1s often a compound having a price
of not more than 1/10 of the price cf the cyclic ester

compound (a). On that accouni, the solid titanium catalvyst
Yy

component of the invention capable of keeping the effect of

ot

widening a molecular weight distributicn with decreasing the
content of the cyclic ester compound {a} has an effect of

reducing the production cost.

hogl ES a L 3 P BY L. " e
rurther, if the solid titanium catalys:t component
. . - e .
containing plural kinds of specific cyclic s2ster compounds
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The solid titanium catalyst component (I}, the olefi
polymerization catalyst and the procsss for preparin

d e

olefin polymer according to the invention are described i

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)

The cyclic ester compound (a) has
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In the formula (1), n is an integer of 5 to 10,
preferably an integer of 5 to 7, particularly preferably 6.
5 C® and C° are each & carbon atom.
2

cxr

and at least

*-
z
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10 single bonds other than C°~C® bond and C*-C® bond in the case
where R* is R in the cyclic sksleton may be replaced with a
double bond.

Plural R* are sach independently a moncvalsnt
hydrocarbon group o 1 to 20 carbon atoms, preferably I to 10

15  carbon atoms, more preferably 2 to B carbon atoms, still more
preferabply 4 to 8 carbon atoms, particularly preferably 4 to
& carbon atoms. Examples of the hydrocarbon groups include
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roup, hexadecyl group, octadecyl group and eicosyl group.
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hese, n~butyl group, isobutyl group, hexyl group and

octyl group are preferable, and n-butyl group and isobutyl

Plural R are each independently an atom or a group

o g

selected from a hydrogen atom, a hydrocarbon group of 1 to 20

carbon atoms, a halcgen atom, a nitrogen-containing group, an
oxygen—-containing group, a phosphorous-containing group, a

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

at least one R is not a hydrogen atom.

D

0f the above groups, a hydrocarbon group of 1 to 20

{

carbon atoms is preferable as R other than a hydrogen atom

T

Examples of the hydrocarbon groups of 1 to 20 carbon atoms
inciude aliphatic hydrocarbon groups, alicyclic hydrocarbon

groups and arom
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ethyl group, n-propyl group, 1s0pIropyl group

iscobutyl group, sec-butyl group, n~pentyl group, cyclopentyl

%

I’ . - 3 ¥ 3 -~ 5 3 . % N
group, n~hexyl group, cyclohexyl group, vinyl group, phenvl
< i Y NE e o % - Ty e e ot 1
group and octyl group., O0f these, aliphatic nydrocarbon
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groups are preferable, and specifically, methyl group, sthyl
group, n-propyl group, isopropyl group, n-butyl group,

isobutyl group and sec-butyl group are preferable.
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Plural R may be carbonyl structure-containing groups,
such as carboxylic acid ester group, alkoxy group, siloxy

group, aldehyde group and acetyl group, and their

substituents

l(j

referably contain one or more hyarocarbon

Examples of such cyclic estasr compounds {a} include

3
g
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N

owing compounds which are described in a pamphlet of

International Publication No. 2006/077845 {(patent document
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di-n-propyl 4-msthylcyclohexane-1,2-dicarboxylate,
iisopropyl 4-methylcyclohexane-l,2-dicarboxylate,
di-n-butyl 4-methylcyclchexane~1,2~dicarboxylate,
diisobutyl 4-methylcyclohexane-1,2-dicarboxylate

<7

dinexyi 4-methylcyclohexane-~1,2-dicarboxylate,
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1,2-dicarboxylate,
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4-methylcyclohexane~1,2~dicarboxyliate
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di-2-ethylhexyl 4-methylcyclonexane-1,2-dicarboxylate,
didecyl 4-methylcyclohexane-1,2-dicarboryliate,
diethyl 5-methylilcyciochexane-i, 3~-dicarboxylate,

B 2 - -~

diisobutyl 53-methylcyclohexane-1i,3~dicarboxylate,
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diisobutyl 3, 4-dimechvicyclochexane-1,2-dicarboxyiate,
dinexvyl 3,4d-dimesthylcyclohexane-1,2-dicarboxylate,

3

-

Q,
E_i
P
ko]
ot
b
§,.l

~

-dimethylcyclonexane—1,2-dicarboxylate,

dicctyl Z2,4-dimetnylcyclohexane-1,2~dicarboxylate,
3 di-Z-ethyihexyl 3,4-dimefthylcyclohexane-1,2~-

dicarboxylate,
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3, 6~dimethyleycloherane-1,2~-dicarboxylate,
di-n-propyl 3,6~dimethylcyclohexane-~1,2-dicarboxylate,

10 diisopropyl 3, 6-dimethylcyclohexane~1,2~dicarboxylate,
di-n-butyl 3, 6~dimethylicyclohexane-1,2-dicarboxylate,
diisobutyl 3, 6-dimethylcyclonexane-1,2-dicarboxylate,
dihexyl 3, 6~dimethylcycliohexane~1,2-dicarboxylate,

dih

B

ptyl 3,6-dimethylcyclohexane-1, 2~dicarboxylate,

P P

15 dicctyl 3, 6-dimethy

ot

cyclohexane-1,2~dicarbonylate
di-2-2thyihexyl 3, 6-dimethylcyclohexane-1,2-

~ 1

dicarbouylate,
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dioctyl 3,6-dipnenylcyclohexane-1,2~dicarboxylate,
didecyl 3,6-diphenylcyclohexane~1,2~dicarboxyliate,

hyl 3-methyl-é~ethylcyclohexane-1,2-dica
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i-n~propyl 3-methyl-6é-ethylcyclohexane-1,2-

dicarboxylat

-~ l
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sopropyl 3-methyl-6-ethylcyclohexane-1,2~
dicarboxylate,

y

di-n-butyl 3-methyl-6-sthylcycliohexane~1,2-dicarboxylate
diisobutyl 3-methyl-~6~ethylcyclohexane-1,2-dicarboxylate,

3-methyl~-6-ethyicyclohexane~1, 2-dicarboxylate,

diheptyl 3-methyl-6-ethylcyclohexane-1,2~-dicarboxylate,
dioctyl 3-methyl-6-ethylcyclohexane~1,Z-dicarboxylate,
~2=ethylhexyl 3-methyl-6-ethylcyclohexane-1,2~

dicarboxylate,

-methyl-6-ethylicyclohexane-1
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rboxylate,

diethyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxvylate,

di-n-propyl 3-methyl-é-ethylcyclohezane~1, 2~
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diisoputyl 23-methyl-é-ethylcyclohexnane-~1l,Z-dicarborylate
14 o 7
s 5 _
dihexyl 3-methyl-6-ethylcyclonexane-1,2-dicarboxylate,

lonexane~1,2-dicarboxylate,
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didecyl 3-methyl-6-ethylcyclohexane~1,Z~dicarboxylate,

diethyl 3-methyl-6-n-propyicyclohexane~1,2-dicarboxylate,

di~n-propyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxylate,
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diisopropyl 3-methyl-6-n-propylcyclcohexane-1, 2=

di-n-butyl Z-methyl-&-n-propylcyclohexane-1,2-~

dicarboxylate, -

dicarboxylate,

didecyl 3~methyl-é-n-propylcyclohexane~1,2-dicarboxylats,
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diethyl 3~methylcyclopentane-1,

(R

-dicarboxylat

[
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diiscobutyl 3-methylcyclopentans-1,2~dicarboxylate,
diheptyl 3-methylcyclopentane-1,2-dicarboxylate,

didecyl 3-methylcyclop

entane~1,2~dicarboxylate,
diethyl 4-methylcyclopentane-l, 3~dicarboxylate,

3 1
i

methylcyclopentane~1, 2~dicarboxylate,
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dilsobutyl 4d-methylicyclo
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ne~1,2-dicarboxylate,
diheptyl 4-methylcyclopentane~1l,2~-dicarboxylate,
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didecyl 4-methylcyclopentane-1,2-dicarboxylate,

Q
}I‘
{0
%)
)
w3
f
o
)
=3
¢
t
3
‘{

lcyclopentane~-1, 3~dicarboxylate,

diisobutyl 5-methylcyclopentane~1, 3~-dicarboxvlate,

diethyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
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iisobutyl 3,4-dimethyl
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ne-1,2~dicarboxylate,

diheptyl 3,4-dimethvicyclopentane~1,2-dicarboxylate,
didecyl 3,4-dimethylcyclopentane-1,2-dicarboxrylate,

diethyl 3,5-dihexylcycliopentane~1,2~dicarboxylate,

e -

dicarboxylate,
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diethyl 3~methyl~5—nﬁpropy¥éyé%;péﬁﬁan;—i;sz‘.
dicarboxylate, | : | ;

di-n-propyl 3~@ethyl-5un—propylcyclopentaﬁe—;,2~
dicarboxylate,

diisopropyl 3-methyl-5~n—propylcyclopentane~1,2-
dica?boxylate,

di-n-butyl 3-methyl-5-n-propylcyclopentane~1,2-
dicarboxylate,

diisobutyl 3-methyl-5-n-propylcyclopentane-1,2-
dicarboxylate,

dihexyl B—methyl—5~n—propylcyci0peﬁtané~1,2*
dicarboxylate,

dioctyl 3-methyl-5-n-propylcyclopentane-1,2-
dicarboxylate,.

didecyl 3~methyl-5-n-propylcyclopentane~1,2-
dicarboxylate,

diethyl 3-methylcycloheptane-~1,2-dicarboxylate,

diisobutyl 3-methylcycloheptane-1,2~dicarboxylate,

diheptyl 3-methylcycloheptane-1,2-dicarboxylate,

didecyl 3-methylcycloheptane~1, 2~-dicarboxylate,

diethyl 4-methylcycloheptane-~1, 3~dicarboxylate,

diisobutyl 4-methylcycloheptane-~1,3-dicarboxylate,

diethyl 4-methylcycloheptane~1,2-dicarboxylate,

diiscobutyl. 4-methylcycloheptane~1,2-dicarboxylate,



diethyl 5~methylcycloheptane~1,B—dicarboxylate,
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diisobutyl S-methylcycicheptanes~1,3~dicarboxylate,

s

diethyl 3,4-dimethylcyclioheptane~1,2-dicarboxylate,

diisobutyl 3,4-dimethylcycloheptane- ~dicarbozylate,
diheptyl 3,4-~dimethylcycloheptane~l,2~dicarboxylate,
didecyl 3,4-dimethylcyclioheptane-1,2-dicarboxylate,

diechyl 3,7-dimethylcycloheptane~1,2~dicarboxnylate,

RS

diisobutyl 3,7-~dimethylcycloheptane-1,2~dicarboxylate
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iheptyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,

didecyl 3,7-dimethylc
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diethyl 3,7-dihexylcycloheptane~1,2~dicarboxylate

diisobutyl 3-hexyvli-T-pentylcvcloheptane~1,2-
dicarbovylilate,
giethyl 3-methyl-T-n-propylc oheptane-1, 2~

di-p=-propyl 3-metnyl-7-n-propylcycloheptane~1,2-
dicarboxylate,
diisopropyl 3-methyl-T7-n-propylcycloheptane-1i,2-
icarboxylate,
di-n-butyl 3~methyl~7-n-propyicycloheptane~1,2-

GlC&“DOyy ate,
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diisobutyl 3-methyl-7-n-propylcyclioheptane-1,

dicarboxylal

r1
1]

dioctyl 3~-methyl-7-n-propy
dicarboxylate,

didecyl 3-methyl-7-n-propylcycioheptane-1,2-
dicarboxylate,

diethyl 3-methylcyclooctane~l,2-dicarboxylate,

diethyl 3~methylcyclodecane-1,2-dicarboxylate,

diisobutyl 3-vinylcyclohexans-1,2-dicarboxylate,

diisobutyl 3,¢6-diphenylicyclohexane-1,2~dicarboxylate,

diethyl 3,6-~dicyclohexylcyclohexane~1, 2~dicarboxylate,

"

iisobutyl norbornane-2,3~dicarboxyvliate,

diethyl 3,6-dimethyl-4-cyclohexene-1,2-dicarboxylate

diisopropyl 3,6-dimetnyl-~4-cycliohexrense-l,2-dicarboxylate,

ii-n-butyl 3,6-dimethyli-4-~cyclohexene-1,2-dicarboxylate,

diiscbutyl 3,6-dimetnyl-4-cyclichexene-1,2-dicarboxylate,
dihexyl 3, 6é-dimethyl-4~-cyclohexene-1 dicarbonylate,
diheptyl 3, 6é-dimethyl-4-cyclohexene-1,2~dicarboxylace,
dioctyl 2,6-dimethyl-é-cyclohexene-1,2~dicarboxylate,
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di-2-ethylhexyl 3,6-dimethyl~4~cyclohexesne-1,2~
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~6-pentyl-4-cyciohexene~-1,2~-
dicarboxylate.

Further, dicarbowylic acid esters of cyclic diol
compounds corresponding to the above conpounds can be also
mentionad as preferred compounds. Preferred examples of such
compounds include:

3, é-dinethylcyclohexyl-1l, 2~diacetate,

3, 6~dimethylcyclohexyl-1, Z2~dibutanate,

3-methyl-6-propyleyclohexyl-1, 2~-diolacetate,

3~methyl~6-propylcyclohexyl-1, 2-butanate,

H

2. ZIn the case of a compound

[

. . . o
cf trang form is preferab
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In the formulas {i1-1) to (1-3), a single bond (except

a_a

C* pond and C®-C” bond) in the cyclic skeleton may be

(@)

replaced with a double bond.
In the formulas (l1-4) to (1I-6), a single bond (except
Cf:-C* pond} in the cyclic skeleton may be replaced with a

double bond.

Iin the formulas (1-3) and (1-6}, n
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In the formula {ia), n, R' and R are the same as those
previously described {(that is, they have the same meanings
those in the formula (1)}, and a single bond (except C?-C?
bond and C®-C® bond) in the cyclic skeleton may be replaced

with a double bond.

i

thé C

h

Examples © ompounds represented by the above

formula (la) include:

ORY
N N s P 5 R - - 5 ot P
di-n~hexyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylat
R e S I N e e [y e g FY 7 Y i A ATl 2 J 4 oo} I oo e
di-n-octyl 2-methyl~6-ethyvlicycliohexane-1,2~dicarboxylat

, - PP . 5 . S
diisobutyl 3-methyl-t-n-propylcyclohexane-1,2-
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dicarboxyliate,

ai

[N

sobutyl

di-n-hexyl

di-n~hexyl

di-n-octyl

diisobutyl
dicarboxylate,

di~-n-hexyl

di-n-hexyl
di-n-ociyl
diisobutyl

L2l
rt

3-methyl-6-n-provylcyclohexane~1,2-
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thyleyclohexane~1, 2~dicarbeoxylate,

3, 6-dieth

o

lcyclohexane~1, 2-dicarboxylate,
3,6~dietnhylcyclohexane-1, 2-dicarboxylate,

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

w
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S-dimethylcyclopentane-1,2-dicarboxylate,
3, 5-dimethylcyclopentane-1, 2~dicarboxylate,

3-methyl-5~ethylcyclopentane-1, 2~

3-methyl-5-ethylcyclopentane~1, 2-
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isobutyl

«

cglcarboxylate,

1.

ii-n-hexyl

dicarboxylate,
di-n-octyl

dicarboxylate,
di-n-hexyl

dicarboxylate,

dicarboxylate,
diiscbutyl

gl-n~-nexyl

v
O

di-n~octyl
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diisobutyl
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di-n-ocivi

(]
<
on
~}
@]
iy
vt
o]
[¢)]
m¢
O
Q
<
@

3, 7-dimethylcycloheptane-1,2~dicarboxylate,
3-methyl~T7-ethylcycloheptane-~1,2~

3-methyl-7-ethylcycloheptane-~

fo-t

2
{

3-methyl~T7-ethylcycloheptane-1, 2~

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

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

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

-

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

3, 7~diethylcycloheptane~1, 2-dicarboxylate.

)]

compounds, mor

(554%

erable

pre

I
i

rel

o - 3 ¥ 3 . VI N .
3,eé~-dimethylcycliohexane-1, 2~dicarboxylate,
I 13 -} LI R N o
3, é~dimethylcycliohexnane~1,2-dicarboxylate,
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diisobutyl 3-methyl-t-n-propylcyclohexane-1,2-

di-n-hexyl 3-methyl-6-n-propylcyclohexane~1,2~

di-n-octyl 3-methyl-6-n-propyicycliochexane-1,2-

diisobutyl 3,6~-diethylcycliohexane-1l,2-dicarboxyla

fet
]

di-n~hexyl 3, é~diethylcyclohexane-1,2-dicarboxviate, and

3

di-n=-octyl 3,6-diethylcyclohexane-1, 2-dicarboxylate.

jof

Although thess compounds can be produced by the use of

Diels-Alder rsaction, polyvene compounds as raw materials are
relatively expensive, and therefore, the production cost of
the above compounds tends to become a little higher than that
nf the conventional electron donor compounds.

b4

n such cyclic ester compounds (&) having diester

c

structure as above, 1somers such as cis form and trans form

case ¢f a compound having & higher contsnt of trans form, not
only an effect of widening a mclecular weight distribution

but also activity and stersoregularity of the resulting
polymer tend to become higher., The proportion of the trans
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preferably not ss than 51%. The lower limit 32
preferably 55%, still more preferably 60%
preferably 65%. On the other hand, the upper 1i
preferably 100%, more preferably 90%, stiil

85%, particularly preferably 79%.

The cyclic ester compound (b) has plural carboxylic acid
ester groups and is represented by the following formula (2
H......... o, Ca—H
n-d v (2)
In the formula (2), n is an integer of 3 to 10,
preferably an integer of 5 to 7, particularly preferaply 6.
C* and C® ars each a carbon atom.
.ithough 21l the bonds between carbpon atoms in the
cyclic skeleton are preferably single bonds, any one of the
single bonds other than C®-C* bond and C*°-C° bhond in the case
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at least one of R® and R” is COOR', and R* is each

independently a monovalent hydrocarbon group of 1 to 20

Plural R' are each indepsndently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, prefsrably 1 to 10
carpon atoms, more preferably 2 te B carbon atoms, still more
preferably 4 to 8 carbon atoms, particularly preferably 4 to
6 carbon atoms. Examples of the hydrocarbon groups include
ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, hexyl group, heptyl group, octyl group, 2-

ethylhexyl group, decyl group, dedecyl group, tetradecyl

[

N N b : -~ " B T om
diet "‘Y' cyclonexane~1,Z-dicarasoxylate,
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di-n-butyl cyclohexane~1, 2-dicarboxylate,
iisobutyl cyclohexane-1,2-dicarboxylate,

. -

carboxyvliate,

l_l.

dihexyl cyclohexane-1,2-d

“
1

diheptyl cyclohexane~1,2~dicarboxylate,

-

dioctyl cyclohesxan

[

-1,2~dicarboxylate,

di~2~-ethylhexyl cyclochexane~1l,2-dicaxrbozylate,

didecyl cyclohexane-1,2-dicarboxylate
diethyl cyclohexane~1l,3~dicarboxylate,

diisobutyl cyclohexane-1, 3~dicarboxylate,

}o
~

diethyl cyclopentane~1,2~dicarboxylate

diisopropyl cyclopentane-1, 2~dicarboxylate
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diisoburyl cyclopentane-1, 3-dicarboxylate,

LI 3 - " 4 - sty Tl oo
didecyl cycloheptane-1,2-dicarboxyvliate,
" Y - ] - - P w7l Y
diethvl cycloneptane-i,3-dicarboxylate,



diethyl cyclodecane~1,2-dicarboxylate,
diethyl 4-cyclohexene~1,2-dicarboxylate,

di~-n-putyl 4-cyclohexens-1,Z-dicarboxylate

« x “

diisobutyl é4~cycloheaxene-1, Z-dicarboxylate,

1

dihexyl 4-cyclohexene~1,2~dicarboxylate,

diheptyl 4~cyclohsxene~1, 2~dicarboxyl
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(o]

exen

0]

®

Q
E_}
.
®
¢!
k<:
1
>N
¢
Q
v
O
f.J
Q
jo 28

2-dicarboxylate,
diethyl 4-cyclohexene-1,3~dicarboxylate,
diisobutyl 4-cyclohexene-1, 3-dicarboxylate,

diethyl 3~cyclopentene-l,2-dicarboxylate,
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opropyl 3-~cyclopentene-1,2-dicarboxyviate,
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diisobutyl 3~-cyclopentene~l,2-dicarboxylate,

Q.
[
Q.
@
9]
bt
! -t
[#3]
!
9]
<
[$]
(3=
Q
T
6]
™~
f
v
)
6]
{
3
£
{
Q.
[
1®]
o
]
o3
Q
™
W
+
Y

diethyl Z~cyclopentene~l, 3-dicarboxylate
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diisobutyl 3-cyclopent
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disthyl 4~cycloheptene-l,Z~dicarboxyliate,
diisopropyl 4-cycloheptens-1,2~dicarboxylate,

} 1 4 - . N P T4
diheptyl 4-cycliohepiene-i,Z-dicarboxylate,
N ~ - e e B [P .
didecyl 4-~cycloheptene-1l,2-dicarpoxylate,
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diethyl 4-cycloheptene
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diisobutyl 4{~cycloheptene~1, 3-dicarpoxylate
diethyl 5-cyclooctene-l,2-dicarboxylate, and

diethyl €é-cyclogecane~-l,2-dicarboxylate.

urther, dicarboxylic acid =sters of cyclic diol
compounds corresponding to the above compounds can be alsoc
mentioned as preferrsd compounds. Examples of such compounds

include:

=]

cyciohexyl-1,2-diacetate,

cyclonexyl-l,2~dibutanate,

cyclohexyl-1,2-dibenzoate, and

cyclohexyl-1,2-ditoluate.

In such compounds having diester structure as above,
isomers such as cis form and trans form are present, and any

structure has an effsct which is in accord with the obiject of

=3
o
D
T
]
e}
s’
o}
=
rt
§—ia
Q
=]
O
h
-t
2
€]
+
14
j$t3
o}
n
f 1y
O
rf
=
ot
o3
ot
@
ot
¢}
t
A
|.,.,.‘J
o}
Hh
e
joy
)]
[
£
in



(h

later~described sterscisomers are within the reglon suitable
for widening the molecular weight distribution.

n particular, the cyclichexans-1,
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the trans purity exceeds 79%, the effect of widening
molecular weight distribution sometimes becomes insufficient.
That is to say, when the trans purity is in the above range,
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[N

meolecular weight dist

i
!..,l
g
[
ct
;«)
2
Q

f the resulting polymer and

t
[wi

the activity of catalys

the

e
=

R

h

or the high stereoregularity o

g

th each ot

-
f"f

resulting polymer compatible w her to a high level.
ks the cyclic ester compounds (b}, compounds having

cycloalkane-1,2~dicarboxylic acid diester structure and

b

represented by the following formula (Za) are preferable, an

e
Qi
r
[
[
9]
e
(=]
all
Lni
fot

ly preferable are:

di-n-butyl cyclohexane-1i,2-dica

i
=
8
«
b
:J
jo}
[
[0

L,

diisobutyl cyclohexane~-1,2-dicarboxylate,
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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, salid carbon atoms pbeing among the carbon
atoms TO constitute the cyclic skeleton of the cyclic ester
compound, the variation of stereostructure which can be taken
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titanium catalyst component {(I). As a resuli, when olafin

polymerization is carried out using the solid titanium
catalyst component (I), olefin polymers having various
molecular weights can be prepared at oncs That is To say,
an olefin polymer having a wide molecular weight distribution
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Under the conditions of the combining molar ratio of ths
cyclic ester compound (a) in a wide range, that is, even if

the content of the cyclic ester compound {(a) in the solid
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titanium catelyst component is low, th

catalyst component (I} of the invention can give an olefir
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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
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influencs on each other with ragard to their basic propertlies
s Y o 4 T 1 o P < 3 T+ i -

such as activity and stereoregularity. (IF compounds of

VLG oy ‘ ey s o M 3 o~ pmde 4 e S e P ~ P T,
different structures are used, activity, stereoregularity oz
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the like often changes violently, or the effsct of one
CoRpot often becomes dominant. )

On this account, even if the content of the cyclic ester

compound {a) is low, the sclid titanium catalyst component

,\
-
—

fd o

of the invention can give an olefin polymer having an
tremely wide molecular weight distribution and high
streoregularity with high activity.
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catalyst

"

component (I} of the invention, a magnesium compound and a
titanium compound are used in addition to the above cyclic

ester compounds (a) and (b}.

Magnesium compound

Examples of the magnesium compounds include publicly

known magnesium compounds, specifical

ot

Y
magnesium halides, such as magnesium chloride and
magnesium bromide;

magnesium alkoxyhalides, such as magnesium

methorychloride, magnesium ethoxychloride and nagnesium

phenoxychloride;
alkoxymagnesiums, such as ethexymagnesium,
iscopropoxymagnesium, butoxymagnesium and Z-
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t
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roxymagnesium

H S i — N - HR 3
aryLoXxymagnesiumsg, Such &s pherzo*_vmagneszum, anda
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such as magnesium

These magnesium compounds may be used singly, or may be
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two Or more kinds. further, these
5 magnesium compounds may be complex compounds or double
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Of the above compounds, magnesium compounds containin

i

halogen are preferable, and magnesium hal
10 magnesium chloride, are preferably employed.
Alkoxymagnesiums such as ethoxymagnesium are also preferably

employed. The magnesium compound may be that derived from

other substance, e.g., a magnesium compound obtained by
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nesium compound such as Grignard reagent

15  into contact with titanium halide, silicon halide,

The titanium compound 1s, for exampls, a tetravalesnt
titanium compound represented by the formula:
T i (OR)eX4q
20
wherein R is & hydrocarbon group, X is 2 nalogen atom,

and g is & number of O
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gster cempounds (a) and (b}, and a titanium cowpound in a
liguid state are brought into contact with one another in a
suspension state in the presence of an inert hydrocarbon
solvent.

(P~2)} A process wherein a solid adduct consisting of a
magresium compound and a catalyst component (¢}, the cyclic
ester compounds (a) and {(b), and a titanium compound in a
liguid state are brought into contact with one another plural
times.,

(P-3}) R process wherein a solid adduct consisting of a
magnesium compound and a catalyst component (¢), the cyclic
ester compounds (a) and (b}, and a titanium compound in a
liguid state are brought into contact with one another plural
times in a suspension state in the presence of an inert
nydrocarbon sclvent.

(P-4} A process wheresin a magnesium compound in a liguid
state consisting of & magnesium compound and a cataly
component (¢}, a titanium compound in a liguid state, and the
cyclic ester compounds f{a) and (b) are brought into coniact
with ong ancther.

The reaction femperature in the prepasration of ths solid
titanium catalyst component (I} is in the range of preferably
~-30°C to 130°C, more preferably -235°C to 130°C, = 1 more
preferably -25°C to 120°C,
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catalyst component

The preparation of the sclid titaniu
can be carried out in the presence of a publicly known medium,
when necessary. Examples of the media include aromatic

hydreocarbons naving slight pelarity, such as toluene, and
publicly known aliphatic hydrocarbons and alicyclic
hydrocarbons, such as heptane, octane, decane and cyclchexane.
Of these, aliphatic hydrocarbons are preferable.
When olefin polymerization reaction is carried out using
the solid titanium catalyst component (1) prepared under the
{0  conditions of the above range, thes effect of obtaining a
polymer having a high molecular weight distribution and the
activity of catalyst or the high stereoresgularity of the
resulting polymer can be made compa le with each other to a
nigh lsvel.
15 Catalvst component (c}
As the catalyst component (c¢) usad for forming the solid
adcuct or the magnesium compound in a liguid state, a
publicly known compound capablile of solublilizing the aforeszid
magnesium compound in the temperature range of about room
20  tempervature o 300°C is preferable, and for example, alcohol,
aldehyde, amineg, carboxylic acid and mimtures thereof are
preferabl As such compounds, compounds described in, for
erxample, the patent document I and the patent document 2 in
21l are also employable.
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Examples of the alcohcls having ability to solubilize
the magnesium compound include:

tic alcochols, such as methanol, ethanol, propanol

&
bt
poie
hej
VY
i3]
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\

alicyclic alcohols, such as cyclohexanol and
methylcyclohexanel;

aromatic alcohols, such as benzyl alcohol and

aliphatic alcohols having alkoxy group, such as n-butyl
cellosolve.

Examples of the carboxylic acids include organic
carpboxylic acids having 7 or more carbon atoms, such as
caprylic acid and 2-ethylhexanoic acid. Examples of the

aldehydes include aldehydes having 7 or more carbon atoms,

. .
aming, nonyviamine,

i 3 3 B - o .
preferable, and ethanol, propanol, butanol, isdbutanol,
- T s N " 3 . A “— - -
hexanol, 2-ethylhexanole, decanol, etc. are parzicularl
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Although the amounts of the magnesium compound and the
catalyst component (¢} used for preparing the solid adduct or
the magnesium compound in a liguid state vary depending upon
the types thersof, the contact condivions, etc., the
magnesium compound is used in an amount of 0.1 o 20

mol/liter, preferably 0.5 o 5 mol/liter

cempination, when necessary. Preferred examples of the media
include publicly known hydrocarbon compounds, such as heptane,
octane and decane.

The compositional ratio between magnesium in the

resulting sclid adduct or the magnesium compound in a liguid
state and the catalyst component {c) wvaries depending upon
the compounds used and cannot be defined indiscriminately,

but the amount of the catalyst component {(c) is preferably
not less than 2.0 mol, more preferably not less than 2.2 mol,
still more preferably not less than 2.3 mol, particularly

preferably not less than 2.4 mol bui not more than 5 mol,
based on 1 mol of magnesium in the magnesium compound.

Such cyclic ester compounds {(a) and (b} and catalyst

component (c] as above may be considersed to belong to a
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exhiblt an
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ffect of enhancing stersoregularity of the

resulting polymer, an effect of controlliing a compositional
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distribution of the resulting copolymer,
of controlling particle shape or particie diameter of a
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article, etc., with keeplng high activity of the
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exhinits an effect of contro

I

ling a molecular weight
distribution because the cyclic ester compound (a) itself is
an el=sctron donor.

In the sclid 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 cof 2 to 100, preferably 4 to 380;

the cyclic ester compound (a)/titanium ratio by mol
{(namely, number of moles of cyclic ester compound (a)/number
of moles of titanium atom; and the cyclic ester compound
(b)/titaniun atom ratio by mol {(namely, number of moles of

cyclic ester compound (b)/number of moles of titanium ztom)

are each desired to be in the range of 0.01 £o 100,

the catalyst component (¢)/titanium atom ratio by mol is
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compourd {(a} to the cyclic compound (b}, the lower
limit of the value (% by mol) of 100 x cyclic ester compound
{a}/(cyclic ester compound (a) + cyclic sster compound (b))

s 10% by mol, preferab
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mol, particularly preferably

by mcl,

and tne upper

thereof 1s %9% by mol, preferably 90% by mol, more preferably
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85% by mol, particularly preferably B0%
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The magnesium/titanium ratio

moles of magnesium atom/number of moles

desired to be in the range of 2 to 100,

by atom {namely,

by mol.
number of
of titanium atom) is

preferably 4 to 50.

The content of a component which may be contained in

addition to the cycliic ester

preferably not more than 1

As more detailed

titanium catalyst component (I

for example, ZPbLB5869A1 {European Paten

and the vatent document Z are preferabl

the cyclic ester compounds (a) and (b)
Clefin polvmerization

(

a) and (b), =.g., the
t more than 20% by
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lyst componsnt

the above-mentioned solid tTitaniunm
(I} of the inventiorn, and
an organometallic compound catalyst componsnt (II)
containing a metallic element selected from the group 1, the
group 2 and the group 123 of thes periodic table
Organometallic compound catalyst component (II)
(II}I

3 an

As the organometallic compound catalyst component
such as

compound containing the group 13 me:al,

&
organoaluminum compound, an alkylated complex compound of the

10 group 1 metal and alumlnum, oOr an oragnometallic compound of
0Of such compounds, the

the group 2 metal is employable.

organoaluminum compound 1s pre
Preferred examples of the organometallic compound
rganomatallic compound

catalyst components (II) include o:
15 catalyst components described in publicly known literatures
such as the aforesaid EP385868A1.
Electron donoxr (I171)
polymerizaticn cetalyst of the invention may
or (II1;

contain
20 together with the organometallic compoun
(I7}, when necessary. The electron donor (III) is preferably
con compound. The organcosilicon compound is,
llowing Iformula

follo

by thse
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thne formula (3), which can be used in the invention, include
diisopropyldimethoxysilane, t-butylmethyldimethoxysilane, t-
butylmethyldiethoxysilane, t-amylmethyldiethoxysilane,

dicyclohexyldimet!
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thyldimethoxysilane,
cyclohexylmethyldiethexysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, t-butyltriethoxysilane,
phenyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclopentyltrimethoxysilane, 2-
methylcyclopentylirimethoxysilane, cyclopentyltriethoxysilane,
. -

tricyclopentylmethoxrysilane, dicyclopentyimethyimethoxysilane,

dicyclopentyiethylmethoxysilane, and

oy y 3 - v 3 A 4} e
dicyeloheryidimethoxysilane, cyclohexylmethyldimethoxysilane
— ' 3 ! P N . rivem S 1o - e . & - 4 ] .
and dicyclopentyldimethoxysilane are preferably employed
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2004/016662, is also a preferred esxamcle of the organosilicon
compound.

S i (ORs 3 (NRPR9) e (4)

n the formula {4), R® is a hydrocarbon group of 1 to 6
carbon atoms. hs R*, an unsaturated or saturated aliphatic

roup of 1 to 6 carbon atoms or the like can be
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mentioned, and a hydrocarbon group of 2 to 6 carbon atoms is
particularly preferable. Examples of such hydrocarbon groups
include methyl group, ethyl group, n—propyl group, isopropyl

group, n-butyl group, isobutyl group, ssc-butyl group, n-

ot

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

¥

group and cyclohexyl group. O0Of these, ethyl group is

18 a hydrocarbon 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
b \

) I - P - L " o~ : L
or the like can be mentioned. Examples of R® include

hydrogen atom, methyl group, ethyl group, n-propyl croup,

isopropyl group, n-butyl group, isocbutyl group, sec-butyl



In the formula (4), R® is a hydrocarbon group of
carbon atoms or nydrogen. As RY, an unsaturated or sat
aliphatic hydrocarbon group 2f 1 to 12 carbon atoms, hydroge

or the like can be mentioned. Examples of such hydrocarbon

5 groups include methyl group, ethyl group, n-propyl group,

iscpropyl group, n-butyl group, isobutyl group, sec-butyl
group, n-pentyl ¢group, isopentyl group, cycC
nexyl group,

10

vciohexyl group and octy
ethyl group is part

ftn
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cularliy preferable.
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F
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Examples of the compounds represented by the formula

{(4)
d
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dimethylaminotriethoxysilane
thy

laminotriethoxysilane,
d
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iethylaminotrimethoxysilane,

diethylaminotriethox

hoxysilane,
diethylaminotri-n-propoxysilane,
di-n-propylaminotri
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thexysilane,
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ane,

silane,
methylethylaminot
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gtnoxysilane.
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winer sexample of the organcsil

compound represent
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In the formula (3), RN is a cyclic amino group. The
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{perhydroisoquinolino)trieth
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{1.2,3,4~tetrahydroguinolino)triethoxysilane,
{1,2,3,4~tetrahydroisoquinoliino) triethoxysilane, and
octamethyleneiminotriethoxysilane.

These organosilicon compounds can be used in combination

of two or more kinds.
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and 2-isopropyl-2-isobutyl-1,3-dimethoxypropane, 2,2-
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two or more kinds.

The olef:in polymerization catalyst of the invention may
further contaln other components useful for olefin

ot
R

polymerization in addition to the above components, when

necessary. Bxamples of the other components include a
carrier such as silica, an antistatic agent, a particle

vagulant and a storage stabilizer.

Process for preparing olefin polymer

The process for preparing an olefin polymer according to

the invention comprises carrying out olefin polymerization
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In the present invention, the mesaning of the “polymerizaetion”
sometimes includes not only nomopolymerization but also
copolymerization such as random copolymerization or block

opolymerization.

- - e - Y - = - - o m R
polymerization catalyst of the invention. This
- - . N A ) - 1 4wy s
prepolymerization is carried out by prepolymerizing an o-—
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clefin in an amocunt of 0.1 to 1000 g, preferably 0.3 to 3500 g,
particularly preferably 1 to 200 g, based on 1 g of the
clefin polymerization catalyst.

In the prepolymerization, a catalyst having a highsxr

concentration than the catalyst concentration in the system

the range of usually about (.00l to 200 mmol, preferably

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 organometallic compound catalyst

component (II} in the prepolymerization has only to be such

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

xr o g

(1

500 g, is formed based on 1 g of the sclid titanium catalyst

component (I}, and the amount thersof is desired to be in the
range of usually about 0.1 to 300 mcl, preferably about 0.5

mol of titanium atom in the solid titenium catalyst component

=
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to 30 mol, more preferably 1 to 10 mol, based

component (I).
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case include:
aliphatic hydrocarbons, such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane and kerosine;
alicyclic hydrocarbons, such as cycloheptane,
cycloheptane, methylcycloheptane, 4-cycloheptane, 4-

cycloheptane and methyl-4-cycloheptane;

aromatic hydrocarbons, such as benzene, toluene and

halogenated hydrocarbons, such as sthylene chloride and
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hydrocarbons are particularly preferably emploved

- . e e e L .
case of using the inert hydrocarbon medium, the

{
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prepolymerization can be carried out substantially in the
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preferably carried out continuously.
The olefin used in the prepolymerization may be the sanme

as or different from an olefin used In the later-described
polymerization, and specifically, the olefin is desirably
propyiene.

The temperature in the prepolymerization is desired to

et

be in the range of usually about ~20 to +100°C, preferably

about -20 to +80°C, more preferakly 0 to +40°C.

Q.

Next, polymerization that is carried out after the above

prepolymerization or without performing the prepolymerization

is described,

th

Example of olefins emplovable (i.e., to be polymerized)
in the polymerization include a~olefins of 3 te 20 carbon

atoms, specifically, straight-chain olefins, such as
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nethyl~1l-pentene are particularly preferable.

Together with these «a-clefins, ethylene, aromatic vinyl
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compounds, such as styrene and allylbenzene, and alicyclic
vinyl compounds, such as vinyleyclohexane and

vinylcycloheptane
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with ethylene and the a-olefins, compounds having many

unsaturated bonds, e.g., dienes {conjugated dienes and non-

conjugated dienes), such as cyclopentene, cycloheptene,

norbornene, tetracyclododecene, isoprene and butadiene, a
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also employable as polymerization raw mate
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compounds may be used singly, or may be used in combination
two or more kinds. {The above ethylene or olefin, which
may be used together with the “a~clefin of 3 to 20 carbon
atoms”, is also referred to as
Cf the other olefins, ethylene or an aromatic vinyl
compound is preferable. Further, other olefins such as
ethylene may be used in combination so long as the amount

thereof is a small amount, for example, not more than 10% by

" - Yoy -~ w1 20 . o T e 2 b
weight, preferably not more than 5% by weight, in 100% b
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polymerization process, a liguid phase polymerization process,
such as solution polymerization or suspension polymerization,

and a vapor phase polymerization process.

In the polymerization 1n the process for preparing a
iy < oy I por
polymer of the invention, the sclid titanium catalyst

component (I) Is used in an amount of usually about 0.0001 to
0.5 mmol, preferably about 0.005 to 0.1 mmol, in terms of

1 b

titanium atom, based on 1 liter of the polymerization volume.
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'he organometallic compound catalyst component (II) is used

in an amount of usually about 1 to 2000 mol, preferably about
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prepolymerization catvalyst component in the polymerization

system. When the electron donor (III) is used, the amount
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for polymerizing an olefin is in the range of usually about

20 to 200°C, preferably about 30 to 100°C, more preferably 30
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kgf/ (0.20 to 4.9 MPg). In the process for preparing a
polymer of the invention, the polymerization be carried
out by any of a batch process, a semi-continuous process and

a continuous process. Further, the polymerizatlon can be

FR

out, it becomes pessible to further widen the molecular
weight distribution of the olefin polymer.

The olefin polymer thus obtainad may bs any of a
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of the invention, further, polyolefin, particularly
polypropylens, having a wide molecular weight distribution

carriad out but polymerization of few staps such as single-
step polymerization is carried ocut. The process for

component ratio is higher and whose low-molecular weight

component
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component being
particularly called “sticky component”) is lower than those
of a conventional olefin polymer having an equivalent melt
flow rate is often obtained. These characteristics can be
confirmed by the later-described gel pesrmeation
chromatography (GPC) measurement, znd a polymer whose Mw/Mn
valus and Mz/Mw valus are both high can be obtained.
Polypropylene obtained by the use of a conventional
solid titanium catalyst component containing magnesium,

titanium, halogen and an electron donor generally has an

Mw/Mn value of not more than 5 and an
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than 4 in the MFR region of 1 to 10 g/10 min, said Mw/Mn

value and Mz/Mw value being determined by GPC measurement

and
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ogang ndrcationsg 0 moiecular weight distripution. nowever,
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preferably 4.5 to 10, can be obtained. According to the

Y

reparing an olefin polymer of the invention,
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polymer having a high Mz/Mw value is often obtained. The
upper limit of the Mz/Mn value is preferably 300, more
preferably 250, particularly preferably 200. BAccording to

the process for preparing the polypropylene resin, a polymer

having a high Mz/Mw value and a high Mz/Mn value is often

It is regarded as a matter of common sense by a person

skilled in the art that polypropyiene having a high Mw/Mn
value is excellent in molidability and rigidity. On the othe

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

. X . , . N
distribution can be obtained sven if multistep polymerization
< B o~ - . o e < e} v s 3 3 oA » -

s not carried out. Therefore, there is a possikbility that
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ension and moldabllity can be obtained.
As other methods to obtain a polymer having a wide
molecular weight dlstribution, thera are a method of
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dissclving/mixing polymers of diffse
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moLecular weights and

a method of melt kneading them. However, polymers obtained
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by these methods are sometimes insufficient in enhancement of

melt tension and moldability considering th
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complicated operations. The resason is presumably that ¢
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with one another basically. On the other hand, the polymer

mclecular weights of extremely wide range are mized to the
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The preseni invention is further described with

reference to

construed that the invention 1s in no way limited to those
exampies.
In the following examples, bulk specific gravity, melt

amount of decane-soluble (~in

jotv

molecular weignt distribution, etc.
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following methods.
{1) Bulk density (BD)

Bulk density was measured in accordance wit!
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{(MER)
rate was measured in
D1238E,

and the measuring temperaiure was

(3} Amount of decane~scluble {(-insoluble] component

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

polymer (welght was measured and this

AL

s represented by “b

[N

weight

formulas), 300 ml of decane and a

soluble heat stabilizer were placed, and with stirring by a
stirrsr, they were heated to 150°C over a period of 2 hours
in a nitrogen atmesphere to dissclve the propylens polyner.
The resulting solution was mainteined at 150°C for 2 hours

3K
>3
.
rf
¥
@
53]
.
Q
€
fond
[l
O
Q
O
Joe?
3]
Q.
Q.
(0]
5
)
-t
0]
N
Lad
(&}
O
Q
<
[¢)
[
&
je;
&
[
; 2.
Q
Q.
8]
th
oo
8]
[&]
jud
b5
i



Ln

10

69

The resulting licuid containing a precipitate of the
propyiene pclymer was filtered under duced p sure through

The weight of the decane-soluble component was measured to

{gram(s)) in the following formulas. After this operation

the amount of the decane-soluble component was determined by

+-

the following formula.
Content of decane-soluble component = 100x{500xa)/(100b)
Content of decane~insoluble component = 100~
100x(500xa)/ (100b)

(4) Molecular weight distribution

fot

@

Liguid chromatograph: ALC/GPC 150~C plus mod

manufactured by Waters Corporation

Column: Two of GMHE-HT (available from Tosoh

Corporation: and two of GMHEG-HTL (available “rom To

n

OF

Corporation) were connected in sseries

obile phase medium: c-dichlorobenzene
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having an inner diameter of 5 mm. A solid formed by the
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which 2.8 mol of ethancl was coordinatad pased on 1 mol

O
Fh

atom) of the above solid adduct was
amount into 100 ml of titanium tetrachloride kept at -20°C,
with stirring, to obtain a mixed liguid. The mixed liguid
was heated to 80°C over a period of 5 hours. When a

temperature of 80°C was reached, diisobutyl 3,6-

dimethvlcyclohexane-1,2-dicarboxylate (mixture of cis form

Qs

nd trans form, DMCHIBU) was added in an amount of 0.314 mol

pased on 1 mel ¢f magnesium atom of the solid adduct, and the

+h

orm) was further added in an amount of 0.03% mol based on 1
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resuspended in 100 ml of titvanium tetrachloride. Thersafter,
the temperature was raised, and when 3 temperaturse of 130°C
was reached, the suspension was held for 43 minutes with
stirring, to perform reaction. After the reaction of 45

in, and the s0lid part was sufficiently washsad
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The solid titanium catalyst component (al) prepared
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 IN liter of hydrogen were placed at
room temperature, then 0.5 mmol of triethylaluminum, 0.1 mmol

ohexylmethyldimethoxysilane and C.004 mmol (in %

[t

rms

S 3 . = = T . £ Ty oy e 4 ; o ™ e
periormed at 70°C for I hour, the resaction was terminated by
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Activity of catalyst, an R, amount of decane-

insoluble component, bulk specific gravity and molecular

Y

welght distribution (Mw/Mn, Mz/Mw) of the resulting polymer

are set forth in Table 1.
Example 2
Preparation of solld titanium catalvst component (o2)

A solid titanium catalyst component [(02) was obtained in
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the same manner as in wat 0.13 mol of
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cis form and trans form) and 0.04 mol of diisobutyl

cyclohexane-1l, 2-dicarboxylate {(mixture of cis form and ftrans
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ormi were added.
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Polymerization of propylene was carried out in “he same
manner as in Exaemple 1, excapt That the solid titanium




10

t
[Eaad

et

cdiisobutyl 3,6-dimethylcyclohexane-1,2-d

15}
=
o
2
ot
o
3
D

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

form) were added.
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catalyst component (a3) was used. The results are set forth

Example 4

=

Preparation of solid titanium catalyst component (a4}

A tanium catalyst

O

omponent (od) was obtained in

f

id ©

0
-

o
the same manner as in Example 1, except that 0.08 mcl of

diisobutyl 3, &~dimethylcyclohexane~1,2~dicarboxylate (mixtur

4]

cis form and trans form) and 0.09 nel of diiscbutyl

N

cyclohexane~1, 2~dicarboxylate (mixturs of cis form and

F
B4
i}
o
{1}

- bl a3 7 ~ - - T4 d A
manner as in Example 1, except that the so0iid titanium
o e 7 4 { P2 % Y - . & -
catalyst component {wd} was used. The results are seit forth
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Comparative Example 1

Synthesis of solid titanium catalyst component (B1)

A solid titanium catalyst component (1) was obtained in
the same manner as in Example 1, except that 0.175 mol of
diisobutyl 3,6-~dimethylcyclchezane~-1, 2~dicarboxylate (mixture
of cis form and trans form) was added, and diisocbuityl
cyclohexane~1,2-dicarboxylate (mixture of cis form and trans

form) was not added.

Polymerization
Polymerization of propylene was carried out in the same
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he resulis arsz set forth

P

Comparative Example

b3

Synthesis of solid titanium catalyst component (B2)

L solid titanium catalyst component (B2) was cbtained in

and trans form) was added at 80°C instead of diisobutyl 3

dimethylcyclohexane-1, 2~-dicarboxylate (mixture oi cis form

3

nd trans form), but the diilsobutyl cyclohsxane-1,2-

u
ct

dicarboxylate was not added at 125°C.
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Polymerization
olymerization of propyvliene was carrisd Eut in the sams
manner as in EBxample 1, except that the solid titanium
catzlyst component (B2} was used. The results are set forth
in Tabls 1.
Comparative Example 3
Preparation of solid titanium catalyst component (B3)
A solid titanium catalyst component (B3) was obtained in
10 the same manner as in Example 1, except that 0.13 mol of
diisobutyl 3, 6é~-dimethylcyclohexane~1,2-dicarboxylate (mixture
of c¢is form and trans form) was added, and 0.04 mol of 2-
thoxypropane was added instsad
{(mixture of cis

X

isopropyl-2-isobutyl~1, 3~dime
f diisobutyl cyclohexane-1,2~dicarboxylate

15 form and t:
in the same

Polymerization
Poiymerization cof propyviene was carrie
manner as in Example 1, except that the solid titanium
catalyst component (f3) was used. The resulis are set forth
20 in Table 1.
Comparative Example 4
Preparation of solid titanium catalvst component (P4
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A solid t
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atalyst component (B4) was obtained in

e

the same manner as in Example 1, except that 0.12 mol of
diisobutyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate {(mixture

of cis form and trans form) was added, and $.06 mol of Z-

of diisobutyl cyclohexane-1,2-dicarboxylate [(mixture of cis

-

Polymerization of propylene was carried out in the same

catalyst component (P4) was used. The results are set forth

in Table 1.

A solid titanium catalyst component (B5) was obtained in
The same manner as in Example 1, except that .13 mol of
diisobutyl 3, 6é~dimethylcyclohexane-1,2-dicarbexylate (mixture
of cis Zorm and trans form} was added, and 0.04 mol of
diisobutyl phthalate was added instead of diisobutyl
cyclohexane-l, 2~dicarboxylate (mixture of cis form and trans

form) .
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Comparative Example 6§

solid titanium catalyst component (B6)

A solid titanium catalyst component (f6) was obtained in

the same manner as in Example 1, except that 0.15 mol of

po2

diiscbutyl phthalate was added instead of diisobutyl 3,6-
dimetrhylcyclohexane-1,2~dicarboxylate (mixture of cis form
and trans form), and diisobutyl cyclohexane-1,2-dicarboxylate

(mixture of cis form and trans form) was not added.

! o 1 - 5 o Yo e } P B U T
manner as In namp.e ., eXxcept that the sclid titanium
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lyst component {f6) was used. The resulis are set forth
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in Tabl
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i-Z-iscobuty
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SOPropy » 3-dimethoxypropans was added instead

o
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of diisobutyl 3,6-dimethylicyclohexane-1,2-dicarboxrylat
(mixzure ¢f cis form and trans form), and diisobutyl
cyclohexane~1,2-dicarboxylate (mixture of cis form and trans

ormd was not added.
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Polymerization

bPolymerization of propylene was carried ou% in the same

10 in
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in the same

dgicyclopentyvldimethonysilane was used instead of
cyclohexyimethyldimethoxysilane. The resulis are set forth

20

and 308.3 g 0f Z-ethylhexyl alilcohol were sub
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reaction at 130°C for 3 hours tc give a2 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.

o

to room temperature, and then the whole amount of 38 ml of

this homogenecus solution was dropwise added to 100 ml of
titanium tetrachloride kept at -24°C, over a period of 45

minutes with stirring at a revolution speesd of Z00 ropm.
After the addition was completed, the temperature of the
mixed liguid was raised to 80°C over a pericd of 4.6 nhours,

and when the temperature became 80°C, to the mixsd ligquid was

{mixture of cis form and trans form) in an amount of 0.0875
mol time the amount of Mg atom. The temperature was raised

again, and when a Temperature of 120°C was reached,

iiisobutyl cyclohexane-l,Z2-dicarboxylate was added in an

amount of 0.0623 mel time the amount cf Mg atom. Thersafter

b

After the reaction was completed, a solid part was collected

reaction again at 120°C for 35 minutes. After the reaction
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catalyst conmnponent (ab) prepared through the above cperations

was stored as a decane slurry, and a part of the slurry was
dried for the purpcse of examining catalytic composition.

The scolid titanium catalyst component {(05) had composition of

)

3.0% by mass of titanium, 18% by mass of magnesium, 8.6% by
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3

~dimethylcyclohexane-1,2~-dicarboxylate,
4.2% by mass of diisobutyl cyclohexane-1,2-dicarboxyvlate and
0.6% by mass of a 2-ethylhexyl alcohol residue.

Polymerization

In a polymerizer having an internal volume of 2 liters,

Ih

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

room temperature, then 6.3 mmol of

¢t

riethylaluminum, 0.1 mmol

cyclohexyimethyldimethoxysilane and 0.004 mmol {(in terms

h

o]

of titanium atom) of the solid titanmium catalyst component
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molecular weight distribution (Mw/Mn, Mz/Mw) are set forth i
Table 2.
Example 7
Polymerizaticn

Pelymerization of propylene was carried out in the same
manner as in Example 6, except thet
dicyclopentyldimethoxysilane was used instead of
cyclohexyimethyldimethoxysilane. The results are set forth
in Table 2.
Comparative Example B
Polymerizaticn

Polymerization of propylene was carried out in the same
manner as in Ex:mp;ec%, except that the sclid titanium
catalyst component (ﬁéﬁ was used, and
dicyvcliopentyldimethoxysilane was used instead of
cycleohexylmethyldimethoxysilane. The results are set forth
in Table 2.
Comparative Example Y
Preparation of solid fitanium catalyat component (BS)

75 g of anhydrous magnesium chloride, 2Z80.3 g of decane
and 308.3 g of 2Z~sthylhexyl alcohol were subljected to therma

3
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reaction at 130°C for 3

curs to give a homogeneous solution

then to this sciution was added 17.7 g of ethyl benzoate, and
they were further stirred and mized at 130°C for 1 hour.

The homogeneocus solution thus cbtained was cooled down
to room temperature, and then the whole amount of 38 mi of
this homogeneous solution was dropwise added to 100 mil of
titanium tetrachloride kept at -24°C, cver a period of 45

"

completed,
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m d was raised to 80°C over
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and when the temperature became B80°C,

was added diiscbutyl 3, 6~dimethylcyclohexane~1

(mixture of cis form and trans form) in an

Mg atom. The

by hot filtration, and this solid part was resuspended in 100
ml of titanium tetrachloride, followed by performing thermal
reaction again at 120°C for 35 minutes. After the reaction
was complieted, a solid part was collected by hot filtration
again, and the s0lid part was suificiently washed with decans
at 100°C and hexzane until a titanium compound liberated in

- Py S Py ~ R o 3 T L]
e wWasn Liquid was non aevaciaed. Le 3044
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catalyst component (BS) prepared through the above operations
was stored as a decane slurry, and a part of the slurry was

dried for the purpose of examining cataly?
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titanium catalyst component (f3%) nhad compos

2.8% by mass of titanium, 17% by mass of magnesium, 11.5% by

nd 0.6% by mass of a 2-ethylhexyl alcohcl residuse.
Polymerization

in a polymerizer having an inteznal volume of 2 liters,
500 g of propylene and 1IN liter of hydrogen were placed at

'

room tempéerature, T
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0.5 mmol of triethylaluminum, 0.1 mmol

of cyclohexylmethyldimethoxysilane and 0.004 mmol {irn terms

of titanium atom) of the solid t
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{p9) were added, and the interior of the polymerizer was

rapidly heated up to 70°C. RAfter polymerization was
performed at 70°C for 1 hour, the reaction was terminated by

the use of & small amount of methanol, and the polymerizer

Gy e y 3 - 1 . Mhe ragisd =4 3 T
vas purged of propylene. The resulting polymer particles

were vacvum dried overnight at 80°C. Activity, MFR, amount

F - Lmmoen Ty oy Tewsa T} ~ ER ) v -
of decans-insoluble component, bulk specific gravity and
molecular weight distribution (Mw/Mn, Mz/Mw) are ss=t forth in
Takle 2.
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1. A golid titanium catalyst component (I} comprising
fitanium, magnesium, halogen, a cyclic ester compound (a)
represented by the following formula (la) and a cyclic ester
compound (b)) represented by the following formula (2a):

Formula (la)

RYOQO
ROOC.

ngwng
|
€

R

T
|
1

SERN

fw
4
o

wherein n is an integer of 5 to 10,

a single bond (except C*-C? bond and C*-C” bond) 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,

plural R are each independently an atom or & 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, a phosphorous-containing group, a
halogen-containing group and a silicon-containing group, and
they may ke bonded to one another to form a ring, but at

least one R is not a hydrogen atom, and
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a double bond may be contained in a skeleton of the ring
formed by bonding of plural R to one another, and when two or
more C* to each of which COOR' is bonded are contained in the
ring formed by bonding of plural R to one another, the number
of carbon atoms to constitute the skeleton of the ring is 5
to 10;

Formula (2a)

i H _{
R*@Qm\éawga __COOR
H / \ .M
H~—C2 C8 i
T\c
WA
1Y

wherein n is an integer of 5 to 10, and

' is 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 cyclic skeleton may be replaced with a

double bond.

2. The sclid titanium catalyst component (I) as
claimed in claim 1, wherein in the formulas (1a) and (2a),
all the bonds between carbon atoms in the cyclic skeleton are

single bonds.
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3. The solid titanium catalyst component (I) as
claimed in claim 1, wherein in the formulas (la) and (2a), n

is 6.

4. An olefin polymerization catalyst comprising:

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

an organometallic compound (II) containing a metal atom
gselected from the group 1, the group 2 and the group 13 of

the periodic table.

5. The olefin polymerization catalyst as claimed in
claim 4, further comprisging one or more electron donors (III)
selected from an organosilicon compound represented by the
following formula (3), (4) or (5), an aromatic carboxylic
acid ester and a polyether compound that is a compound having
two or more ether linkage through plural carbon atoms;

Formula (3)

RnS i ((}R’ )é*n

wherein R and R’ are each a hydrocarbon group, and n is
an integexr of O«n<4;

Formula (4)

§i (OR%) 4 (NRPR®)
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wherein R® is a hydrocarbon group of 1 to 6 carbon atoms,
R® is a hydrocarbon group of 1 to 12 carbon atoms or hydrogen
and R® 1s a hydrocarbon group of 1 to 12 carbon atoms;

Formula (5)

RNS i (OR®) 4

wherein RN is a cyclic amino group and R® is a

hydrocarbon group of 1 to 6 carbon atoms.

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

polymerization catalyst of claim 4 or 5.
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SOLID TITANIUM CATALYST COMPONENT, OLEFIN POLYMERIZATION

CATALYST, AND OLEFIN POLYMERIZATION PROCESS

ABSTRACT

A solid titanium catalyst component (I) comprising
titanium, magnesium, halogen, a specific cyclic ester
compound {a) and a specific cyclic ester compound (b), an
olefin polymerization catalyst containing this catalyst
component (I), and an olefin polymerization process using
this olefin polymerization catalyst are disclosed. According
to the solid titanium catalyst component, the olefin
polymerization catalyst and the process for preparing an
olefin polymer of the invention, an olefin polymer having
high stereoregularity and a wide molecular weight
distribution can be prepared with high activity, preparation
of an olefin polymer excellent not only in molding properties
guch as high-speed streatchability and high-speed moldability
but also in rigidity becomes possible, and besides,
production cost can be reduced.

[Figure 1]



