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1 DESCRIPTION SOLID TITANIUM CATALYST COMPONENT, OLEFIN
POLYMERIZATION CATALYST, AND OLEFIN POLYMERIZATION
PROCESS 5 TECHNICAL FIELD The present invention relates to a solid
titanium catalyst component which is preferably used for olefin
polymerization, particularly a-olefin polymerization. The invention also
relates to an olefin polymerizatighéatalys£ C0l containing the solid titanium
catalyst component. Further, the invention also relates to an olefin
poNrherizatidn! pricéess asing the oletimpoiime fzativriic&alystER T ZATTON
BACKGROUND ART 15 As catalysts used for producing olefin polymers
such as &ahdMogdlymeRof ethiyleine GiCary Hoksfitrandanrethyleas/a-
olefin copolymer, catalysts containing a titanium compound supported on
a magnesium halide in an active state have been known in the past (the
term "polymerization” is sometimes 20 used to include copolymerization
hereinafter). As such olefin palgmerization catatysts, catalysts containing
titanium tetrachloride or titanium trichloride, which are called Ziegler Natta
catalystspand €atalystsceamprising azselid titanisims satalyst component
consisting of 2

catalyst component which is preferably used for olefin

polymerization, particularly oa-olefin polymerization. The

invention alsc relates to an clefin polymerization catalyst
containing the solid titanium catalyst component. Further,
the invention also relates te an olefin pelymerization

process using the oclefin polymerization catalyst.

BACKGROUND ART

As catalysts used for preducing olefin polymers such as
a hemopolymer of ethylene or an a-olefin and an ethylene/o-
clefin copolymer, catalysts containing a titanium compound
supperted on a magnesium halide in an active state have been
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 catalysts, and catalysts

comprising a solid titanium catalyst component ceonsisting of
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magnesium, titanium, halogen and an electron donor and an
organometallic compound are widel? known. The latter catalysts exhibit
high activity not only in polymerization of ethylene but also in
polymerization of a- 5 olefins such as propylene and 1-butene. Further,
the resulting a-olefin polymers sometimes have high stereoregularity. It

magri@asibeen repostedin Japanege Paient Laid-©pes: Publication-Nend an
63310/1982 (patent document 1) and the like 10 that among such

orgLatalysts; a catalystusing aselidfHariam catalyst.component in which an
electron donor selected from carboxylic acid esters (typical examples:

phthalic acid cesters) ds sUpROK,:an aluminum Al compaund asa 60+ n

catalyst component and a silicon compound having at least one 15 Si-OR

vo1iberein R is a hydrocarhan, group) exhibits excellent, polymerization,¢ -

activity and stereospecificity. The polymers obtained by the use of the

ole £R0ve calalysisoften haye narrower molecular weignt.distribution as

compared with polymers obtained by the use of Ziegler Natta catalyst. 20

It,is known that polymers having narrow molecular we;’gh% distribution
— A i - i . 1 h .
Ies%é"n&?oghgvg Swlmeﬁ?lom%ﬁ%/",%ﬁg\?v r%ee% tens%ﬁ", ‘Inferior

ste %Igg @%/arlsg?htly low rigidity”, .e_tc. On the othgr hand, from the
viewpoints of inCrease of productivity, cost reduction, etc., various

high-speed, .., reported in Japanese Patent Laid-Open
Publication No. 63310/1982 (patent document 1) and the like
that ameong 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) is supported, an aluminum alkyl compound as a co-
catalyst component and a silicon compound having at least one
Si-CR (wherein R is a hydrocarbon group) exhibits excellent
polymerization activity and sterecspecificity.

The polynmers obtained by the use of the above catalyst
often have narrower molecular weight distribution as compared
with polymers obtained by the use of Ziegler Natta catalyst.
It is known that polymers having narrow molecular weight
distribution tend to have “lcow melt flowability”, “low melt
tension”, “infericr moldability”, “slightly low rigidity”,
etc. On the other hand, from the viewpoints of Increase of

productivity, cost reduction, etc., various high-speed
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3 molding techniques, such as high-speed stretching technique having a
purpose of increasing productivity ofstretched films, have been
developed. If such polymers having relatively narrow molecular 5 weight
distribution as above are intended to be stretched at high speed, neck-in
or flapping of a film becomes conspicuous because of shortage of melt

mol&?ﬁﬂo%é%ghqﬁgggﬁ(ghBng§ﬂM¥%ﬁy%§g@§S %8%@?5%@”958m¥ﬁ%5e

Therefore, polymers having higher melt tension have been desire

hav | arket. In.order I h e%)ble there have been.made
Sl = e et i erie e el L R
filrggIyn?l%réeofpdiffere%@g%cuI%_r weights by multi- step polymerization to

widen a molecufar weight distribution 15 of a polymer (Japanese Patent

Lai -Ogg(r:thul%l' a;[(ion N% %7'0843/1%9?% .pat%nt document 2 )Li a catalyst
containing prtdra Kind< of §1éétidn d6nérs (ffgpgnensae‘ﬁz?l'}’(‘i:'nlf1 a%@t])‘p%ﬁ
. Puplication No. 7703/1991 (patent document 3)). and a catalyst using a
we Egci%%sg’cli'& e%tze]r%%vlansg ggy?ﬁ%eﬁfceca{r%ﬁ ﬁéea% 50 e%e%tr%ﬁrdeoﬁ%ed at
hi contained in a s%:id( titanium catalyst component (pamphlet of ,
L 9ihishational Btbiication™NG.  B2F057898 (patent dBCiinERTA paRipHierdous

International Publication No. 00/63261 (patent document 5), pamtphlet of
because of shortage of melt tension, and increase o

productivity sometimes becomes difficult. Therefore,
polymers having higher melt tension have besn desired in the
market.

In order to solve such problems, there have been made a
iarge number of reports, such as reports on a method of
preparing polymers of different molecular weights by multi-
step polymerization to widen a molecular weight distribution
cof a polymer (Japanese Patent Laid-Cpen Publication No.
170843/1993 (patent document 2)), a catalyst containing
rlural kinds of electron donors (Japanese Patent Laid-Open
Publication No. 7703/1891 (patent document 3)) and a catalyst
using a succinic acid ester having asymmetric carbon as an
electron donor contained in a solid titanium catalyst
component {pamphlet of International Publication No.
01/057099 (patent document 4}, pamphlet of Internaticnal
Publication No. 006/63261 (patent document 5), pamphlet of

International Publication No. 02/30998 (patent document 6)).
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International Publication No. 02/30998 (patent document 6)). 4 On the
other hand, in Japanese Patent Laid*Open 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 5 olefin(s), which is obtained by bringing a titanium

cospaund, 2 magnesium 09@@%g%%a@g%fenm@iiagé%?mpound

into contact with one another, and a catalyst for polymerization of

pumoil%fgx@w@jsh cw@é&sﬂ%@atalgégegmpoas%ﬂé%@Sﬁ'og%dd IS, oo

electron donating compound, a 1,2 10 cyclohexanedicarboxylic acid ester

PatgﬁW"ﬁ%ﬁ&E@?éﬁ”@%B&{E%g¥§ﬁhﬁg8005§%%§ i@%“?‘@%?@@@”ﬁocu%ﬁnt

described in the patent document 7, and a cyclohexenedicarboxylic ac

. IS, - f- .o .09. éﬁ % %g on [0 8. A
QR iR eI e e L i

an example of this“cycl nedicarboxy
1o 4G lohexenedicarboxylic acid %i ster,wherein an alkoxycarbonyl grou
© e%&ﬁzéd lf%fhé(]lahfirjé?pé}éjltglgr% an fﬁg ?erclo%%lpno%it%nt%gﬁc% é:xgemr% und,
A mégin cgild%ycclgheé%nr?dis %igclogeg (gacrtargraprg "00%1" to "0024", and .
Wor ing éxamfﬁ%s). f the pa?ent ocuments 74Hd §,%v§é)\?é?9fh%?ef§1 ©
iption of molecular weight distribytion of an olefin polymer.

od r ,
con R R s AT RS e tin CengsAbe 6P FolvReYTEEt ton

of olefin(s), which contains this catalyst component, are
disclosed. As this electron donating compound, a 1,2~
cyclohexanedicarboxylic acid ester having a trans purity of
not less than 80% 1s used in the invention described in the
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 cyclohexens ring of l-cyclohexene is
discleosed (paragraphs “0021” toc “0024”, and working examples).
In the patent documents 7 and &, however, there isgs no
descripticn of molecular weight distribution of an olefin
pelymer.

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

titanium catalyst component containing a specific cyclic
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International Publication No. 2006/077945 that a solid titanium catalyst
component containing a specific cydlic 5 ester compound as an electron
donor component gives an olefin polymer having an extremely wide
molecular weight distribution (patent document 9). Patent document 1:
Japanese Patent Laid-Open Publication 5 No. 63310/1982 Patent

e st H0CUmENt & Japanese Batent Laid-Qpen Puhlicatign No. 4 (QRA3/1993 . 5 1

Patent document 3: Japanese Patent Laid-Open Publication No.

o1 9311931, 10 Patent dosument 4 pamppletof ntgpafians) Publicator

No. 01/057099 Patent document 5: pamphlet of international Publication

a1 s1¥9-90/63; 6]5Pg£e@q{go&§%pégﬁ p@sn_phlet of International Publication
15

No. 02/30998 Patent document 7: Japanese Patent Laid-Open

Publicati No. 114811/2001 Patent d 8:J Pat . ,
L T e et Ao e et son

NG . o&%t%nﬁltié)@ﬁll Publication No. 2006/077945

Patent document 2: Japanese Pateni Laid-Open Publication

No. 170843/1983

Patent document 3: Japanese Patent Laid-Open Publication

No. 7703/1991

Patent document 4: pamphlet of Internaticonal Publication

No. 01/057099

Patent document 3: pamphlet of International Publication

No. 00/63261

Patent document 6: pamphiet of International Publication

No. 02/30988

Patent document 7: Japanese Patent Laid-Open Publicaticn

No. 114811/2001

Patent document 8: Japanese Patent Laid-Open PFublicatiocn

No. 40918/2003

Patent document 9: pamphlet of International Publication

Mo, 2006/077945

DISCLOSURE OF THE TNVENTION

PRCELEM TO BE S0OLVED BY THE TNVENTION
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DISCLOSURE OF THE INVENTION PROBLEM TO BE SOLVED BY
THE INVENTION 6 According to thé 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 5 weight distribution by increasing a

low-mglegular weight, compenent, Qn the, other hand. there ig estimatiqn, .

in the market that these catalysts cannot be Said to be satisfactory in

catdTpLovementipmelt lension; gt.an olefin Rolymey, and from . theiewpgint ;
of cost reduction, c_levelop_ment of a catalyst _10 capal le Qf producing an

e DI 108008 e bbb HGared R meskal T Syel Bage e of n

L s Sooiment 16 & 8 oftey & pbrpoup oM eXBeris e T 1+

e SONntS O T Ao e Soi dharifh GRS darparat™®

conflSEnEa e tenfocment s hah roskcten cos g

distribution, and therefore, imgrovement in_ produgtion cost has been
t g%at these catalysts cannot be said to be satisfactory

-

" eSir

in improvement in melt tension of an olefin polymer, and from
the viewpoint of cost reduction, development of a catalyst
capable of producing an olefin polymer having a wider
molecular weight distribution through a simpler process has
been desired in the market.

The cyclic ester compound contained in the solid
titanium catalyst component described in the patent document
9 is often a compound more expensive than electron donors
contained in conventional solid titanium catalyst components.
On that account, the solid titanium catalyst component
discleosed in the patent document 9 has high production cost
though it exhibits high performance in point of widening a
molecular welght distribution, and therefore, improvement in
production cost has been desired.

Accordingly, it 1s an object of the present invention to
provide a catalyst component and a catalyst which are capable

of simply and easily producing an olefin polymer which has a
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Accordingly, it is an object of the present invention to provide a catalyst
component and a catalyst which are7capable of simply and easily
producing an olefin polymer which has a 7 wide molecular weight
distribution, high stereoregularity and high melt tension and is suitable for
high-speed stretching and high-speed molding, at a cost equivalent to

widadhatofeeonventipnalpelymess..5 MEANS TQ SOL VE JHE PROBLEN: v 2ng

The present inventors have earnestly studied, and as a result, they have

niground thatsvhena sefid titaniyn catalyst eompaneRt CUMRIAING-RIMKaLY < 1o

kinds of specific cyclic ester 10 compounds having plural carboxylic acid

and eSteNoroups is h@%igg,ana@eﬁn pelymerhaving awvide malecular, ¢
weight distribution can be prepared, and (2) the electron donor exerts an

conélfect. @%glst%r@pﬁggglgr_ity controlling agent, and an improving effect
relating to control of streoregularity 15 can be obtained though such an
improving effect is not exerted in the case of using a cyclic ester
compound singly. Thus, the present inventors have achieved the present

invention. In any of jhe patent degyuments. 7. a?% ggi?é E cyclic ester

compound (a) repr ' (1) and having a

Su@ﬁguggggég@eﬂggég%%g@egave earnestly studied, and as a
result, they have found that when a solid titanium catalyst
component containing plural kinds of specific cyclic ester
compounds having plural carboxylic acid ester groups is used,
(1) an olefin pclymer having a wide molecular weight
distribution can be prepared, and (2) the electron donor
exerts an effect as a stereoregularity controlling agent, and
an improving effect relating to control of streoregularity
can be obtained though such an improving effect is not
exerted in the case of using a cyclic ester compound singly.
Thus, the present inventors have achieved the present
invention. In any of the patent documents 7 and 8, the
cyclic ester compound (&) represented by the following
formula (1) and having a substituent R is neither described
nor suggested.

The solid titanium catalyst component (I) of the present

invention comprises titanium, magnesium, halogen, a cyclic

ester compound (a) represented by the following formula (1)



nor suggested. The solid titanium catalyst component (1) of the present
invention comprises titanium, magnésium, halogen, a cyclic ester
compound (a) represented by the following formula (1) 8 and a cyclic
ester compound (b) represented by the following formula (2). R R2 18 (r)
Cl1RN/R~ R-CbhaR 0O1CRRnN-4.0.(1)5Inthe formula (1), nis an
and 1teger of 5 ta J0. R2.and R3are gach.independently GOOR, or R, 999»?%@,
least” one of R2 and R3 is COOR1. A single bond (except Ca-Ca bond,
£orAndC QQb bond in the case where R3 is R) in the cyclic skeleton may be
replaced 10 with a double bond. R1 is each independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms. Plural R are each

independently an atog, @r a group selected from a hydrogen atom, a
hydrocarbort group o? to 20

R’ OOC
(:a__mm(:a
[\ K
R._..;\;fob_ _‘,Ca""‘"'R'

\C/

/\

R R

) ot

n-4 ... (1)

5 In the formula (1), n is an integer of 5 to 10.
R? and R’ are each independently COOR! or R, and at least
one of R* and R® is COCR'.
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
10 with a double bond.
R' is each independently a monovalent hydrocarbon group
of 1 to 20 carbon atoms.
Pilural 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
oxygen—-containing group, a phosphorous-containing group, a

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



10

15

15 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphdérous-containing group, a
halogen-containing group and a silicon-containing group, and 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

theyOR@:3neher mayhe cantained.a doyble hond; ang when o § g more

Ca to each of which COOR' is bonded are contained in the ‘skeleton of the

1 eading,the pumber of cgr%@@@ér&toaggﬁs.titute the skeleton of the ring is 5
to 10. HR4 R10OC\II~H CaCaHI\/R5 HCb Ca--H C/001 1\H H

n-f.... {2110 {n the formula, 2), 0 is an integar of 5 }5%%81&?@ %gg R?ﬂ%l R

each independently COOR' or a hydrogen atom, at least ohe R4 an

ro SRISGOOR.Ruiseach indepeqrenty.a angwaBnL raeabA1IIOUR
of 1 to 20 carbon datoms, and a

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.

H R4
R100C H
N
H / RS
H—:-\cg_ _,\CB{WH
.
C
/\
H H

b e

In the formula (2), n is an integer of 5 to 10.
R® and R’ are each independently COOR' or a hydrogen atom,
at least one of R! and R® is CCOR', R is each independently a
monovalent hydreocarbon group of 1 to 20 cafbon atoms, -and 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.
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single bond (except Ca-Ca bond, and Ca-Cb bond in the case 15 where
R5 is R) in the cyclic skeleton may Bé replaced with a double bond. 10 In
the formula (1), all 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 5 represented by the

foliowipg dorrayla, (). b R1 9?1*9983%088%%5@?%% %&%’o al'choms

AC R R n-+ A a) In the formula (Ia), n is an integer of 5 to 10. A single

n Hond(exsept Ga-Ca.hand apd Ca, )Jn the 10 cyclic skeleton may

- be rep?aced with a dou%?le %ond%R-ﬁ%)%%%%ir# eépé%%%%tlé%nr%ﬁovalent
hygﬁoc%go group of 1t 2%c§rbon atams. Plural R are each
inoTependen%y an at%milorpé group? s%feeé%ggﬁgnﬁ/a ﬁ_;drogen atom, a
hygﬁ%x%g%lggngégg%t%ggpound (a) is preferably a compound

represented by the following formula (la).

H H
R \;JL“ CL\/ R
H‘:“\;Cb\-— _’Caé_.H

\C/

/\

R R

R'00OC COOR!

n'4 5 s = (13)

In the férmula (la), 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 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 greup, a phosphorous-containing group, a

halogen-containing group and a silicon-containing group, and
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15 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphblous-containing group, a
halogen-containing group and a silicon-containing group, and 11 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

thePNR:3NQIBEr BIayhe containeda doyhle honde agd when wo  S,or-more

Ca to each of which COOR' is bonded are contained in the skeleton of the

1eading, the pumber of carbanatoms,to, capstitute the skeleton of the ring is 5

to 10. In the formula (2), all the bonds between carbon atoms in the cyclic

skeletgn ae preferably single ponpds. A0, Indheformuad2), n isprefarably -

6. The cyclic ester compound (b) IS preferably a‘compound” represented

to @%éhsﬁg%%%ip%%yngg (@8)H H RIQINGG O SR, 2 3 fI N /B,
H-Cb Ca-H 01 CHH n-4 ... ( 2 a) 15 In the formula (2a), n Is an integer of

or mdPdQ:R1ds gach indepgndently.gmonoyalgnt ydrogarbon group, .y
the skeleton of the ring, the number of carbon atoms to
constitute the skeleton of the ring is 5 to 10.

in the formula (2}, all tThe bonds between carbon atoms
in the cyclic skeleton are preferably single bonds.

In the formula (2), n is preferably ©.

The cyclic ester compound (b) is preferably a compound

represented by the following formula {2a).

H H
R'00OC COOR!
il

H / \ H
H >Cb\- _,Ca{;_. H

n-4 v (22a)

In the formula (Z2a), n is an Integer of 5 to 10.
rR' is each incependently a monovalent hydrocarbon group

of 1 to 20 carbon atoms. A single bond (except C*-C* bond and
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of 1 to 20 carbon atoms. A single bond (except Ca-Ca bond and 12
Ca_Cb bond) in the cyclic skeleton day be replaced with a double bond.
The olefin polymerization catalyst of the present invention comprises: 5
the above-mentioned solid titanium catalyst component (I), and an
organometallic compound catalyst component (II) containing a metallic
c=-celement selected ram the graun.1.the,, aroup 2,and the group 13 of the
periodic table. 10 The olefin polymerization catalyst of the invention may
doududher camprise an electron donor (Ill). The process for preparing an
olefin polymer of the present invention comprises polymerizing an olefin
inthe presence of the abaove-mention lefin.polymetization 15 catalyst.
PP e O THE VAR IGRL TR sohd S e yst c%ﬁ?p?oenne%nt, the
s nvd f{r}) rpo&%eggastéosnz catqust apd the process for prepari_ng an 20 Qlefin
polymer accgrdlng to the invention are suitable for preparing an olefin
palymer t%avin a wide molecular weight distribution with high activity. If
e LD A BSOS BT Cace Lot conpatant

{I), and

an organometallic compound catalyst component (II1)

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 poclymer of the
present invention comprises polymerizing an olefin in the
presence of the above-mentioned clefin polymerization

catalyst.

EFFECT OF THE INVENTION

The solid titanium catalyst component, the clefin
polymerization catalyst and the process for preparing an
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
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polymerization catalyst and the process for preparing an 13 olefin
polymer according to the invention Bfe used, it can be expected that
preparation of an olefin polymer excellent not only in molding properties
such as high-speed stretchability and high-speed moldability but also in
rigidity becomes 5 possible. The cyclic ester compound (a) is often a

o1e f5AMPRURGL AY0TE expensive thancelectron donars ponfained Ithe; ¢+ can pe

conventional solid titanium catalyst components. On the other hand, the

e xpel¥Clig e§f%[t°0%‘}(%%@a@ ds,often a.campeund having, a.price. 10,000t -

more than 1/10 of'the price of the cyclic ester compound (a) On that

on1:RCCoUNL the solid fitanium catalyst. companent of the Invention capable of |,

keeping the effect of "widening a molecular weéight distribution with

and %efg;%a-sgggé e %ﬁf{tag,%gc SIELCOMPY g%@th S.an gffect of

15 reducing the production cost. Further, if the solid titanidm catalyst

component containing plural kinds of specific cyclic ester compounds
pOSﬁ% 1. - . ;
aving plural carboxylic acid ester groups is used, the electron donor (l11)

expiLs an effect as %Sker?}%{g,g&'%” Y io controlling agent, and.an .y wore
improving effect re?atlng {0 "controf of at?ereoregtﬂarlty canbé obtained’

though such an effect is not exerted in the case of using a cyclic ester,
expens%%e %%an eﬁea%ron doncrs contained in é%e Xonventional

solid titanium catalyst components. On the other hand, the
cyclic ester compound (b) is often a compound having a price
of not more than 1/10 of the price of the cyclic ester
cempound (a). On that account, the solid titanium catalyst
component of the invention capable of keeping the effect of
widening a molecular weight distribution with decreasing the
content of the cyclic ester compound {a} has an effect of
reducing the productiocn cost.

Further, 1f the solid titanium catalyst component
containing plural kinds of specific cyclic ester compounds
having plural carboxylic acid ester groups is used, the
electron donor {III) exerts an effect as a stereoregularity
controlling agent, and an impreoving effect relating to
control of sterecregularity can be obtained though such an
effect is not exerted in the case of using a cyclic ester

compeound singly.
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compound singly. 14 BRIEF DESCRIPTION OF THE DRAWING Fig. 1 is
a graph showing a relationship betwielen a proportion of DMCHIBU added
and an Mw/Mn value. 5 BEST MODE FOR CARRYING OUT THE
INVENTION The solid titanium catalyst component (1), the olefin
polymerization catalyst and the process for preparing an olefin polymer
according to the inventignare deseribediin gggilﬂg@{ﬁ%er. 10 Solid
titanium catalystcormpornent (f) The solid titantunm catatystcomponent (1)
of {he, e apases Hlanin fga%g%mgﬁg@g%&%g% epter
compound (a) and a cyclic ester compoun . Cyclic ester compound (a)
he_cycli pound (a)_has plural carhoxylic acid ester groups

pro%ﬁﬁ%%?e%pr%geﬁge%%@eg%ﬂ%évinagn orr%ﬂla% (’i?wf's Fiﬁzulfi OOCIR Ca

CaRNIlaR3 RCCC

BEST MODE FOR CARRYING QUT THE INVENTION

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

Solid titanium catalyst component (I}

The solid titanium catalyst compenent (I} ¢f 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 plural carboxylic acid

ester groups and 1s represented by the following formula {1).



R Rn-4 ...cl1> (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 atom. R2 and R3 are each independently COOR1 or R, and at
least one of R2 and R3 is COORL1. Although all the bonds between
carbon atoms in the cyclic skeleton are preferably single bonds, any one
of the 10 single bonds other than Ca-Ca bond and Ca-Cb bond in the
case where B3 isR i 1ﬁe cyclic skeleton may be replaced with a double
bond. Plural R1 are e ch independently a monovalent hydrocarbon group
R1 @‘@@, 20 carpon ato s prefgtably 1 to 10 15 carbon atoms, more
prefera 8 carh .af’ oms, still more preferably 4 to 8 carbon atoms,
partlcularly eférabhed to 6 carbon atoms. Examples of the hydrocarbon
¢dps inclyle 16 ethy group R—propyl group, isopropy! group, n-butyl
grouM utyl group, hexy¥group, heptyl group, octyl group, 2-
Ehythexy Houp, dec I@@u*p,—-do%c‘yl group, tetradecyl group, hexadecyl
group, octaddsy/ ar and eicosyl group. 5 Of these, n-butyl group,
isobutyl group, €3yl droup and octyl group are preferable, and n-butyl

group and isc bu}yl\

In the fermula (1}, 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.

R? and R® are each independently COOR* or R, and at least
one of R? and R® is COOR'.

Although &ll the bonds bestween carbon atoms in the
cyclic skeleton are preferably single bonds, any one of the
single bonds other than 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.

Plural R' are each independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, preferably 1 to 10
carbon atoms, more preferably 2 to B carbon atoms, still more

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

6 carbon atocms. Exampliles of the hydrocarbon groups include
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group are particularly preferable, because an olefin polymer having a
wide molecular weight distribution id apt to be prepared. 10 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

ethypfoéggg@,usﬁc_—%ﬁiﬁm %'Pt%)éagt ?@8??%@9 @taér}lgggg’r 0 g}gﬁgg%o GTEEP/

silicon-containing group, but 1 east one R is'hot a hydrogen

isog%%re@o € groups, ahydracarhon 9{85@%9{15‘%59%%@8{‘%‘;@%%};, 2-

preferable as R other'than a hydrogen atom.” Exaniples o

eth hyggqsﬁb%gﬁ%qpsd%fﬁlg;gli%&%]&ad{?ggnd%tggn%i”%%%%%g'iphcat&a ecyl

ydrocarbon groups, a y arbon 20 gr Ad aromatic
drac ups, such as methyl group, ethyl group,.n-propyl group,
SR A e R R e A A S Ao
roup, cyclgpentyl group, n-hexyl group, cyclohexyl group, vinyl. group,
o p %ns.;e/%l’ gPo%%‘lg o%ﬁ/?g%upl.%fk t%gge, gl%ﬁléﬁé hi}gfﬁ\éér%gf? @%%ps
are preferable, and specifically, methyl group, ethyl group, n-propyl|
oct ;oﬁplf%é)pr%ﬁ?/l é)r%%%%%?@t)%’grgﬁﬁ?/ llg?)%ﬁﬁl\fjgr(%pggﬁd LBE bud Y&
are greferable.,PlgoEral Féma be bonded to one another to form a ring, 5
570k 1 SRSt B The Hind T6rmiad By bondEGrHuATROLE LR BoLymes

having a wide molecular weight distribution is apt to be
prepared.

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 & silicon-containing group, but
at least one R 1s not a hydrogen atom.

Of the above groups, a hydrocarbon group of 1 to 20
carbon atoms is preferable as R other than a hydrogen atomn.
Examples of the hydrocarbon groups of 1 to 20 carbon atoms
include aliphatic hydrocarbon groups, alicyclic hydrocarbon
groups and aromatic hydrocarben groups, such as methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, sec-butyl group, n-pentyl group, cyclopentyl
group, n-hexyl group, cyclchexyl group, vinyl group, phenyl

group and octyl group. Of these, aliphatic hydrocarbon
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to one another, a double bond may be contained. When two or more Ca
to each of which COOR1 is bonded &fe contained in the skeleton of the
ring, the number of carbon atoms to constitute the skeleton of the ring is 5
to 10. 10 Examples of the skeletons of the ring include norbornane
skeleton and tetracyclododecene skeleton. Plu_ral R may be carbonyl
groICHE-GNENINGIUSN §UCH 28 CAIhaXyIG AcilLesler 0auR, Akoxyy,
group, siloxy group, aldehyde group and acetyl group, and their 1
bstityents. preferably.contain one. or mor !; Crosahar, grauns,
gro‘%{am&igs %%ruc?cycl%esteg%om%%uné)s %a }?rﬁclude t g?oﬁov?/i%%’
- oyhds which are described in %g)amphlet of _Interna |ona}I
e Pub}ﬁ:a% &.%06@6/077945( atenit document 20 ?ﬁﬁe}?ﬁﬁ
3- leyclo -, 2-dicarboxylate, di-n-propyl :
ﬂ%ﬁéﬁ (ﬂ q‘%ig?l,%%?lcgﬁ))%o ?he anotggﬁ to form a ring,

3-methylcyclohe oxylaté, “diisopropy
3-methylcyclohexane-l,2-dicarhox
and S%get yﬁ%ac &“e%%n%flégtﬁcé:rlb%g
3-methylcyclohexane-1,2-dicarboxylate, dihexyl ,
o %q?ne?hrgcfc%ygc?%ex%ngijﬂ ;cﬁcéjr%%éyfﬁ?e\f diReptyiitained. When two or

3-methylc cIoEex e- ,2-g]icarbo>gylate, dioctyi _ '
mor%_%ﬁtgécégg o 3:6&«_1%1,32@ 'Cgpoo&ylé'ﬂ%, bonded are contained in the

late, di-n-buty , _
ﬁgag %QJ%()lﬂ%dlng of plural R

skeleton of the ring, the number of carbon atoms to
constitute the skeleton of the ring is 5 to 10.

Examples of the skeletons of the ring include norbornane
skeleton and tetracyclododecene skeleton.

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 preferably contain one or more hydrocarbon
groups.

Examples of such cyclic ester compounds {a) include the
following compounds which are described in a pamphlet of
International Publication No. 2006/077945 (patent document
9):

diethyl 3-methylcyclohexane-1,2-dicarboxylate,

di-n-propyl 3-methylcyclohexane-1,2-dicarboxylate,

dilsopropyl 3-methylcyclohexane-1,2-dicarboxylate,

di-n-putyl 3-methylcyclohexane-1,2-dicarboxylate,



10

15

20

5 di-2-ethylhexyl 3-methylcyclohexane-1,2-dicarboxylate, didecyl
3-methylcyclohexane-1,2-dicarboxyldte, diethyl
4-methylcyclohexane-1,3-dicarboxylate, diisobutyl
4-methylcyclohexane-1,3-dicarboxylate, diethyl
4-methylcyclohexane-1,2-dicarboxylate, 10 di-n-propyl
4-methyleyclohexane-1,2-dicar XMIate diisopsopy 1
4-methg)éw:ylcl?%egﬁg?%,%%gr%%(y%%ngi-ifb%ty?)&Carboxy ate,
4-me clohexane-1,2-dicarboxylate, . diisobuty| :
4-mﬁ%%clg’hexan‘eyi,%y(ﬁcggb%}i%% e, 1d%sexy}lcyarboxy“ ate,
4-methylcyclohexane-1,2-dicarboxylate, 15 diheptyl .
o Py S A DA G Jerboylate,
4-methylcyclohexane-1,2-dicatboxylate, - di-2-ethylhexyl
Tl e Ot Qg2 TE oy ate,
4-methylcyclohexane-1,2-dicarboxylate, diethyl , :
o Mt ISHOGRET - A SBOI e JoRaiRBba 2~ carbony late,
5-methylcyclohexane-1,3-dicarboxylate, _diethyl

3, .Ja%yse@&a&%&a&&ﬁfé.%ﬁﬁa&?w&m? drsgropghyiate,
3,4-dimethylcyclohexane-1,2-dicarboxylate, diisopropyl

3, 4-4fheth |ciX/af6%§z§&@-\a?é-%B&€yT&te,3'o@-ﬁ@ﬁlﬁppxylatef
3,4-dimethylcyclohexane-1,2-dicarboxylate, 19 diisobutyl

3, AtmmethyicyeloheRand Al suicatbexpate, bikegi carboxzylate,
3,4-dimethylcyclohexane-1,2-dicarboxylate, diheptyl

3,4-Hvhéth |c§ar6ﬁ‘é§e§ﬁé-n?é-<aw6&w{e?—dlcarboxylatef

di-n-propyl 4-methylcyclohexane-1,2-dicarboxylate,
diiscpropyl 4-methylcyclohexane-1,2-dicarboxylate,
di-n-butyl 4-methylcyclohexane-1,2-dicarboxzylate,
diiscbutyl 4-methylcyclohexane-1,2-dicarboxylate,
dihexyl 4-methylcyclohexane-1,2-dicarboxylate,
diheptyl 4-methylcyclohexane-1,2-dicarboxylate,
dioctyl 4-methylcyclohexane-1,2-dicarboxylate,
di-Z2-ethylhexyl 4-methylcyclohexane-1,2~dicarboxylate,
didecyl 4-methylcyclohexane-1,2~-dicarboxylate,

diethyl 5-methylcyclohexane-1,3-dicarboxylate,
diisobutyl 5-~methylcyclcohexane-1, 3-dicarboxylate,
diethyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
diisoprepyl 3,4~-dimethylcyclchexane-1,2~dicarboxylate,

di-n-butyl 3,4-dimethylcyclchexane-1,2-dicarboxylate,
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dioctyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, 5 di-2-ethylhexyl
3,4-dimethylcyclohexane-1,2- dicarbBxylate, didecyl
3,4-dimethylcyclohexane-1,2-dicarboxylate, diethyl
3,6-dimethylcyclohexane-1,2-dicarboxylate, di-n-propyl
3,6-dimethylcyclohexane-1,2-dicarboxylate, 10_ diisopropyl

> GBI ANANEL EICUPORLALS, AT DIt caspoxylate,
3,6-dimethylCyclohexane-1,2-dicarboxylate, diisobltyl

3,6-di yl céiq xane- 3} r(tggx late, _dihexyl.

3%%%%%&; o@xane@%g-c i%gr o?qy/ﬁ%?e% d‘lhgﬁ)téé/fcaxboxylate’
3,6-dimethylcyclghexane: 2-dicar§o late, 15 dioctyl. -
by btk tet Sy e i R T R

3,6-dimethylcyclohexane-1,2- dicarboxylate, didecyl . ,
3,%—1 |r%gygyléy&}oﬁgx%en%wgg&fga?r%%%%’%?e? g‘lé%yfl!lcarboxylate’

3,6-diphenylcyclohexane-1,2-dicarboxylate, 20 di-n-propyl
oo M e e C R

dic% _%):Phlegl Icyclohexane-1,2-dicarboxylate, di-n-buty

ﬁheny&fdyclohexane-l,2-dicarboxylate, diisobutyl
3,6-diphenylcyclohexane-1,2-dicarboxylate, dihexyl .
3, Bty IcycloteXane Y 2 dicaBoRylate; 26- dictyfarboxylate,
3,6-diphenylcyclohexane-1,2-dicarboxylate, didecyl
s,é-ﬁ?ﬁ“ﬁ@f%ydcwﬂes@%maﬁéamﬁae~1r 2-dicarboxylate,

di-n-propyl 3, 6é-dimethylcyclohexane-1,2~dicarboxylate,
diisopropyl 3,6-dimethylcyclohexane~1,2-dicarboxylate,
di-n-butyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
diiscbutyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
dihexyl 3, 6-dimethylcyclohexane~1,2-dicarboxylate,
diheptyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
dioctyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,

di-Z-ethylhexyl 3, 6-dimethylcyclohexane-1,2~

dicarboxylate,

didecyl 3,é6-dimethylcyclohexane-1,2-dicarboxylate,
diethyl 3, 6é~diphenylcyclohexane~1,2-dicarboxylate,
di~-n-propyl 3,6-diphenylcyclohexane-1,2~dicarboxylate,
diisopropyl 3,6-diphenylicyclohexane-1,2-dicarboxylate,
di-n-butyl 3, 6-diphenylcyclichexane-1,2-dicarboxylate,
diisobutyl 3, é-diphenylcyclohexane~1,2-dicarboxylate,

dihexyl 3,6~diphenylcyclohexane-1,2-dicarboxylate,



diethyl 3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, di-n-propyl
3-methyl-6-ethylcyclohexane-1,2 5 digarboxylate, diisopropyl
3-methyl-6-ethylcyclohexane-1,2- dicarboxylate, di-n-butyl
3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, diisobutyi 3-methyl-6-ethyl
cyclohexane-l,2-dicarboxylate, 10 dihexyl
3-methyl-§-ethylcyclohexane-1,2-dicarboxylate, diheptyl
S MO ey O ANL Y 5 MR BOate: Ao oonyLate,
3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, di-2-ethylhexyl
> MO oty O aNOA 5 BT, 15 o iate,
3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, diethyl
e o clohex GrE | S afb O e phopyica soomviate,
3-methyl-6-ethylcyclohexane-1,2 dicarboxylate, diisopropyl
3-friethy IR Sy cTdtek AMe T 2- 2B ticarBoxa: ﬂlilﬁnﬁn;?r
. 3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, diisobutyi

G1carbaihd-gthylcyclohexane-l,2-dicarboxylate, dihexyl
3-methyl-6-ethylcyclohexane-l,2-dicarboxylate, diheptyl
3- et etgdcyeiohekaie 1 2-diRibbxyate g aiseni  2-

3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
dicarboxylate,

5

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

10 dihexyl 3-methyl-é-ethylcyclcohexane-1,2-dicarboxylate,
diheptyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
dioctyl 3-methyl-6-ethylcyclchexane-1,2-dicarboxylate,
di-Z2-ethylhexyl 3-methyl-é-ethylcyclohexane-1,2~

dicarboxylate,

15 didecyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
diethyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3-methyl-6-ethylcyclohexane-1,2-

dicarboxylate,
diisopropyl 3~-methyl-6-ethylcyclohexane-1,2-
20 dicarboxylate,
di-n-butyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3-methyl-6-ethylcyclohexane-1,2~dicarboxylate,
dihexyl 3-methyl-6-ethylcyclohexane~1,2-dicarboxylate,

diheptyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
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di-2-ethylhexyl 3-methyl-6-ethylcyclohexane-1,2- dicarboxylate, didecyl
3-methyl-6-ethylcyclohexane-1,2-di¢hrboxylate, 5 diethyl
3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate, di-n-propyl
3-methyl-6-n-propylcyclohexane-1,2- dicarboxylate, diisopropyl
3-methyl-6-n-propylcyclohexane-1,2- dicarboxylate, 10 di-n-butyl

3H%%Gﬂﬂ%”jﬂQQYEyﬁb@ﬁé%H?ﬂé?é&%ﬂ@gﬁﬂéﬁﬁdﬁﬂﬁ%gxkboxylate,
3-methyl-6-n-propylcyclohexane-1,2- dicarboxylate, dlhexyl

3-methyld Qnﬁ@@xgyc@bﬁmﬁfﬁ%d@@ W{,aé%&éﬂ%%ptyl 2-
3-methyl-6-ri-propylcyclohexané-1,2- dicarboxylate, dioctyl

di caa:ﬂl?ihﬁ'aﬁfg propylcyclohexane-1,2-dicarboxylate, di-2-ethylhexyl
3-methyl -6-n“propylcyclohexane-i,2- dicarboxylate, 20 didecyl

e&@é njﬂﬁg)ﬂﬁ%ﬁz glca%t?&(}églf(?ﬁ% %e’l d?t@_{lcarmoxylate,

-hexylcyclohexane lisobuty

3 hex chexang |ca_rbox ate, di t(f])( .
éﬁlcycf“% Car gtef 1 2-dicarboxylate,

3 Qe)% ik %ent}/lcgd()heﬁaqeé an'g?:r&?ﬁ' éfzhexane 1,2-
dicarboxylate,
diisopropyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxylate,
di-n-butyl 3-methyl-6é-n-propylcyclohexane~1, 2~
dicarboxylate,
diiscobutyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxylate,
dihexyl 3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
diheptyl 3-methyl-6-n-propylcyclohexane-1,2-
dicarboxylate,
dioctyl 3-methyl-6-n-propylcyclohexane-1,2-dicarboxylate,
di~-2-ethylhexyl 3-methyl-é-n-propylcyclohexane-1,2-
dicarpoxylate,
didecyl 3-methyl-é-n-propylcyclohexane-1,2~dicarboxylate,
diethyl 3-hexylcyclchexane-1,2-dicarboxylate,
diisobutyl 3-hexylcyclohexane~l,2-dicarboxylate,
diethyl 3,6-dihexylcyclohexane-1,2-dicarboxylate,

diiscobutyl 3-hexyl-6-pentylcyclohexane~1,2-dicarboxylate,
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diethyl 3-methylcyclopentane-1,2-dicarboxylate, diisobutyl
3-methylcyclopentane-1,2-dicarboxyate, diheptyl
3-methylcyclopentane-1,2-dicarboxylate, didecyl
3-methylcyclopentane-1,2-dicarboxylate, 5 diethyl
4-methylcyclopentane-1,3-dicarboxylate, diisobutyl

44@§HBN§ENHK%E@@%ﬂé%@ﬂ@ﬁ@@@@ﬁ@»ﬁﬁﬁhﬂicarboxylate,

4-methylcyclopentane-1,2-dicarboxylate, diisobutyl

4-methyleyclpentang-d,2-dicarhoxylate, NPyl g s oo rpoxy1at
4-methylcyclopentane-1,idi%%?b%glate, 10 didecyl icarboxylate,

4-methylgyclopentane:]; 2-dicay Q%yggﬁeg%ﬁawdicarboxylate,

5-methylcyclopentane-1,3-dicarboxylate, diisobutyl

54@?H&%¥9QP%%%%?L@?@%%@Q%@Q%%J??gwﬁi arﬁoxylate,

3,4-dimethylcyclopentane-1,2-dicarboxylate, diisobuty

3,%9gf&%ggylcxelﬁg@ﬂg%%@ag?gggg%'@ie,'315%%i95@%xy_1ate,

3,4-dimethylcyclopentane-1,2-dicarboxylate, “didec

3%ﬁgH@ggxg%goggﬂg%iyi%&%E%ﬂg%¥m%%—EEQDg%ﬁarboxylat@,

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

B gy Late,

3,5-dimethylcyclopéentan oxylaté, 20

3,5;dimethylcyclopentane-1,2-dicarboxylate, diethyl
S-ﬁielx:i/Fc%/t%?{otpiintgn eﬁl(:a[a%-?ﬁ|]‘[:(<:En\"t§:oﬁ:‘xci/}i)aefIe1 ¥ dithyt” Micar boxylate,
3,SCIgI'glexylcxclg_p_)engC ne-1,2-dicarboxylate, _diisobutyl

3-hexyﬁg}[}/entylc§/na(%¥rl1t%¥l%- D Hikaoxylate Ot carboxrylate,

didecyl 4-methylcyclopentane-1, 2-dicarboxylate,
diethyl S-methylcyclopentane-1, 3-dicarboxylate,
diisobutyl S-methylcyclopentane-1, 3-dicarboxylate,
diethyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
diiscbutyl 3,4-dimethylcyclopentane~1,2~dicarboxylate,
diheptyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
didecyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
diethyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
diisocbutyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
diheptyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
didecyl 3,5-dimethylcyclopentane-1,2~dicarboxylate,
diethyl 3-hexylcyclopentane-1,2-dicarboxylate,

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

diisobutyl 3-hexyl~5-pentylcyclopentane-1,2~

dicarboxylate,
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23 diethyl 3-methyl-5-n-propylcyclopentane-1,2- dicarboxylate, di-n-propyl
3-methyl-5-n-propylcyclopentane-1,23 dicarboxylate, 5 diisopropyl
3-methyl-5-n-propylcyclopentane-1,2- dicarboxylate, di-n-butyl
3-methyl-5-n-propylcyclopentane-1,2- dicarboxylate, diisobutyl
3-methyl-5-n-propylcyclopentane-1,2- 10 dicarboxylate, dihexyl

3'8@&%}?{”?IBBX'HWQB@%@‘B??%%_w_%éib%%é%’ndé%tyb-—

3-methyl-5-n-propylcyclopentane dicarboxylate, 15 didecyl

dic ﬁ@g@i—%g—propylcyclopentane-l,2- dicarboxylate, diethyl

3-methylcycloheptane-1,2-dicarboxylate, diisobutyl

g:gg{ﬁ%{?fg%gﬂelpt%D%é]ﬁ%{gic_agb_%x la}‘:‘tgp gdé%ip chilFent ane-1,2-

t
eptane-1,2-dicarboxylate, ec

dic %—f@gth J[%ygloheptane-l,2-dicarboxylate, diethyl

-met cyc?dheptane-l,3-dicarboxy|ate, diisobutyl

4-methylcycloheptane-1,3-dicarboxylate, diethyl o
A TGP anG T 2 Hicafbgfigr Y Co e Lopentane-1, 2

dicarboxylate,

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

dicarboxylate,

diisobutyl 3-methyl-5-n-propyleyclopentane-1,2-

dicarboxylate,

dihexyl 3-methyl-5-n-propylcyclopentane-1,2-

dicarboxylate,

dicctyl 3-methyl-5-n-propylecyclopentane~1,2-

dicarboxylate,

didecyl 3-methyl-5-n-propylecyclopentane-1,2-

dicarboxylate,

diethyl 3-methylcycloheptane-1, 2-~dicarboxylate,
diilsocbutyl 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-l, 2-dicarboxylate,
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diisobutyl 4-methylcycloheptane-1,2-dicarboxylate, 24 diheptyl
4-methylcycloheptane-1,2-dicarboxdfate, didecyl
4-methylcycloheptane-1,2-dicarboxylate, diethyl
5-methylcycloheptane-1,3-dicarboxylate, diisobutyl
5-methylcycloheptane-1,3-dicarboxylate, 5 diethyl
3.4idimethyicyclahantane~l.2-wicarbaxydate, digobutyloxyiate,
3,4-dimethylcycloheptane-1,2-dicarboxylate, diheptyl

3.4dimethyleycleheptane -l 2dlicarboxylatey dideC¥ poxyiate,
3,4-dimethylcycloheptane-i,2-dicarboxylate, diethyl

3,4wdimethyleycleheptane-d 2 dicarboxylates 10 diisobutyl 1 ;¢ o,
3,7-dimethylcycloheptane-1,2-dicarboxylate, diheptyl
&&ﬁﬂ@@ﬂﬁ@?ﬁj@mﬁgﬁﬂﬁﬂﬁ%gkgﬁ@ﬁﬁgﬁgLPk¥£?1carboxylate,

3,7-dimethylcycloheptané-i,2-dicarboxylate, diethy

3@%@%%%%0%?@@B?ﬂe%ﬁ$¥ﬁ98§ﬂﬁ§%9§ﬁ@ﬂ1 2= ic?rboxylate,

3,7-dihexylcycloheptane-1;2-dicarboxylate, 15 diisobuty

> fend-Lpetioyagnepiaper, £ OCRBMAR DN o1 carpoxylate,

3-methyl-7-n*propylcyclohept arboxylate, di-n-propy
3-methyl-7-n-propyleyclobeptane-1,2: 20 dicarboxylate, diisopropyl
b e S B i

didecyl 3,4-dimethylcycloheptane-1,2~dicarboxylate,

diethyl 3,7-dimethylcyclcheptane-1,2~dicarboxylate,

diiscbutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,

diheptyl 3,7-dimethylcycloheptane~1,2-dicarboxylate,

didecyl 3,7-dimethylcyclcheptane-1,2-dicarboxylate,

diethyl 3-hexylcyclcheptane-l,2~dicarboxylate,

diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylate,

diiscbutyl 3-hexyl-7-pentylcycloheptane-1,2-
dicarboxylate,

diethyl 3-methyl-7-n-propylcycloheptane-1,2-
dicarboxylate,

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

diisopropyl 3-methyl-7-n-propylcycloheptane-1,2-
dicarboxylate,

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

dicarboxylate,
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di-n-butyl 3-methyl-7-n-propylcycloheptane-1,2- dicarboxylate, 25
diisobutyl 3-methyl-7-n-propylcycloBéptane-1,2- dicarboxylate, dihexyl
3-methyl-7-n-propylcycloheptane-1,2- dicarboxylate, 5 dioctyl
3-methyl-7-n-propylcycloheptane-1,2- dicarboxylate, didecyl
3-methyl-7-n-propylcycloheptane-1,2- dicarboxylate, diethyl
3-methylyclooctangel, éﬂwbﬂxg'%epﬁ%ete@ﬂleptane- 1,2-

3-methylcyclodecane-1,2-dicarboxylate, diisobuty

di C:853_,-}};@_I;[Sy!};;}yg(lé)@exane-1,2-dicarboxylate, diisobutyl
3,6-diphenyicyclohexane-1,2-dicarboxylate, diethyl

3,8-dicycloh hexane-1,2-dicarRoxylate, diisobutyl.,
S S e L e by

norbornane-2,3-dic

. _tefr lododecane-2,3-dicarboxylate, diethyl
dlca3’?(?,%-8d%|)r{fy1qét%y?-’él-cyclohexene-l,2-dicarboxy|ate, di-n-propyl

3,6-dimethyl-4-cyclohexene-1,2-dicarboxylate, diisopropyl
2 Emeiy- Sy dONEehe T 3 A BIs e 7

iy 3 g-dimgthyl-4-cyclohexene-1,2-dicarboxylate, 20 diisobutyl
lcaif, ED(fi'zlbﬁéﬁ1y€f-'4-cyclohexene-1,2-dicarboxylate, dihexyl

-di I-4-cyclohexene-1,2-dicarboxylate,
&gfyggg?/3—@@éﬁyl~7mnwpropylcy¥loheptane—l,2—

dicarboxylate,
diethyl 3-methylcyclooctane-1,2-dicarboxylate,
diethyl 3-methylcyclodecane-1,2-dicarboxylate,

diisobutyl 3-vinylcyclohexane-1,2-dicarboxylate,

diiscbutyl 3, 6é-diphenylcyclohexrane-1,2-dicarboxylate,
diethyl 3,6-dicyclohexylcyclohexane-1,2-dicarboxylate,
diiscbutyl norbornane-2,3~dicarboxylate,

diilscbutyl tetracyclododecane-2, 3-dicarboxylate,

diethyl 3,6-dimethyl-d-cyclohexene-1,2~dicarboxylate,
di-n-propyl 3,6-dimethyl-4-cyclohexene-1,2-dicarboxylate,
diisopropyl 3,6-dimethyl-d-cyclohexene-1,2-dicarboxylate,
di-n-butyl 3,6-dimethyl-4-cyclohexene-1,2-dicarboxylate,
diisobutyl 3,6-dimethyl-4-cyclohexene~1,2-dicarboxylate,
dihexyl 3, 6~dimethyl-4-cyclohexene-1,2~dicarboxylate,
diheptyl 3, 6-dimethyl-4-cyclohexene-1,2-dicarboxylate,

dioctyl 3,6-dimethyl-4-cyclohexene~1,2-dicarboxylate,
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diheptyl 3,6-dimethyl-4-cyclohexene-1,2-dicarboxylate, dioctyl
3,6-dimethyl-4-cyclohexene-1,2-dicaéboxylate, 26 di-2-ethylhexyl 3,
6-dimethyl-4-cyclohexene-l,2- dicarboxylate, didecyl
3,6-dimethyl-4-cyclohexene-l,2-dicarboxylate, diethyl
3,6-dihexyl-4-cyclohexene-l,2-dicarboxylate, and 5 diisobutyl

3-hexyl-6-pentyl-4-c l(I)’he ene-|,2- dicarhoxylate. Further, dicarboxylic
T e ol Car s Corrh e 5 T above

a3 cobmdpoulnds can be also mentioned as preferred compounds. Preferred

lcarboxylat

examﬁfes 6f éuch 10 compounds include:

3,6-dimethylcyclohex H’%Q_Y lacetate _ .
B RO § D b or e ene-1, 2-dicarbonylate,

3-methyl-6-propylc ,c{ghe I-l,2-diolacetate, ,
1$%%§ﬁé--p%ﬂ)ﬁ§% Fﬁéﬁx&;éiggﬁge—l,2~dlcarboxylate, and
3,6-dimethylcyclohexyl-l,2-dibenzoate,
&giﬁﬁg é@ﬂ&ﬂﬁ@&i%ﬁéﬁﬂﬁa ’1—4—cyclohexene~1,2—
. 3-methyl-6-propylcyclohexyl-l,2-dibenzoate, and
dLcar hd B Fropylcyclohexyl-, 2-ditoluate. in such compounds having
diester structure as above, 20 isomers such as cis form and trans form

deriveaifom phiraf BEOOR: HrodssiM thé $6riful TLrare dreseht hnd any

compounds corresponding to the above compounds can be also
mentioned as preferred compounds. Preferred examples of such
compounds include:

3,6-dimethylcyclohexyl-1, 2~diacetate,

3,6-dimethylcyclohexyi-1, Z~dibutanate,

3—methyl-6-propylcyclohexyl~1l,2-dioclacetate,
3-methyl-6-propylcyclohexyl~1,2-butanate,
3,6-dimethylcycliochexyl-1,2~dibenzoate,

3, 6~dimethylcyclohexyl~1,2-ditoluate,

3-methyl-6-propylcyclchexyl-1,2-dibenzoate, and

3-methyl-6-propylcyclohexyl-1,2-ditoluate.

In such compounds having diester structure as above,
isomers such as cis form and trans form derived from plural
COOR' groups in the formula (1) are present, and any
structure has an effect which is in accord with the object of
the invention. However, a compound having a higher content

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



i0

structure has an effect which is in accord with the object of the invention.
However, a compound having a highér content of trans form is preferable.
In the case of a compound 27 having a higher content of trans form, not
only an effect of widening a molecular weight distribution but also activity
and stereoregularity of the resulting polymer tend to become higher. 5 As

navihg cyclzlﬁq ster compaunds (@), compounds represenisd, @yatneJQ'Pevwegof
formulas (1-1) to (1-6) are preferable. HH R'OOC- _12a., COOR1

Wldﬁgll]!?g\ %ngN&:@E}H:\ wéig%lﬁ @:Ljs]tﬂb!;%l%gcbu@ Izﬂgcgcggglv%’gy

R-11Cb Ca~R H~

and stereoregularity of the resulting polymer tend to become
higher.
As the cyclic ester compounds (a), compounds represented

by the feollowing formulas {(1-1) to {1-6) are preferable.

H H
RIOOC\CL Cla/COORl
R. / \ R

c

™~ b
\ RN
AN H
R cee(1-1)
1 H H .
R ooc\ga_gl:a/cc)(m
R\Cb/ \Ca/R
H \C___ / H
R [ [Or
H H ce e (1-2)



(~ RRHH...(1-2) 1028 RbOOC\lal/~ C-caR~-C\RH 5baH R
JCC-R H%\I-THH-6(1-3) HH2}$\a H ca/ Nca Rlooc'\ b/ ~"COOR1
RiC--RHH...0-4) ' HFIROOC lalaH C-C RCb COOR H\/H

C—R
/ (\c \
H / N\ H
H H
-6 ...(1__3)

H E“{ ...(1_4}

< {1—5)
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C-C 5HH..(1-5) 29 H\/COOR1 RO(r)Ca-Ca-~Ca--HI3-CbC,., H
Rte/ CR Hf~HHHjn-7...Intheé®rmulas (1-1) to (1-6), R1 and R are
the same as those previously described. 5 In the formulas (1-1) to (1-3), a
single bond (except Ca-Ca bond and Ca-Co bond) in the cyclic skeleton
may be replaced with a double bond. In the formulas (1-4) to (1-6), a
single bond {gxcefgt Ca_Ca bond) in the cyclic skeleton may be replaced
with a HO doqblq/bon@@(yklformulas (1-3) and (1-6), n is an integer of 7
le)@.\é\s the lic e/stelﬁompound (a), a compound represented by the
foIIowinﬁ%Fﬁula @ﬁs/particularly preferable. 30 HHR1 00 11 "rCOOR1

H™ O\ / TH
C
// C \\R
H|/\ @
H H
» e (1-6)

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

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

In the fermulas (1-4) te (1-6), a single bond (except
C?~C® bond) in the cyclic skeleton may be replaced with a
deouble 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

by the following formula (la) is particularly preferable.
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CaCaRN/R HCbOa-(nH CRRT4-4...(la)lInthe formula (la), n, R1
and R are the same as those previglisly described (that is, they have the
same meanings as 5 those 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 of the compounds represented by the
above formulgj(la) indkjde: 10 diisobutyl
13 6- dlmethylc clohexane-l,2-dicarbox a,{e, di-n-hexyl

hylcjclohexaqe ,25 %% e, di-n-octyl
glohexang-2-dicarboxylate, diisobutyl
ane-l, Zéicarboxylate, di-n-hexyl

icarboxylate, 15 di-n-octyl

3-methy -ethylcyclohex ry £1,2-dicarboxylate, diisobutyl
BHQTHVF@h,Emopyicy x'éﬁé“é‘l',ﬁ dicarboxylate, 31 di-n-hexyl
3-methyl-6-n-p?‘®.p)é ohexane-1,2- dicarboxylate,

n-4 - s v (1a)

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®
bond and C*-C° bond) in the cyclic skeleton may be replaced
with a double bond.

Examples of the compounds represented by the above
formula (la) include:

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

di-n-hexyl 3,6-dimethylcyclohexane~1, 2-dicarboxylate,

di=-n-octyl 3,6~dimethylcyclohexane—1,2~dicarboxylate,
diisocbutyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
di~n-hexyl 3-methyl-6-ethylcycliohexane~1, 2-dicarboxylate,
di-n-octyl 3-methyl-6-ethylcyclohexane-1, 2-dicarboxylate,
diisobutyl 3-methyl-6-n-propylcyclohexane-1,2-

dicarboxylate,



di-n-octyl 3-methyl-6-n-propylcyclohexane-1,2- dicarboxylate, 5 diisobutyl
3,6-diethylcyclohexane-1,2-dicarboXVlate, di-n-hexyl
3,6-diethylcyclohexane-1,2-dicarboxylate, di-n-octyl
3,6-diethylcyclohexane-1,2-dicarboxylate, diisobutyl
3,5-dimethylcyclopentane-1,2-dicarboxylate, di-n-hexyl
3.qidimethyloyclepentane-1.2-dicarboxylate, 10 dizp6tyl-1 | -
3,5-dimethylcyclopentane-1,2-dicarboxylate, diisobutyl
d1carpethyl:a-gthylcyclopentane-1,2- dicarboxylate, di-n-hexyl
3-methyl-5-ethylcyclopentane-1,2- dicarboxylate, 15 di-n-octyl
3-methyl-p-gthyleyclopentane-1,2- dicarboxylate, di-nzhexyl -
3-methyl-5-n-propylcyclopentane-i2- dicarboxylate, di-n-octyl
dic a%—g}%%éi‘_-@;propylcyclopentane-l,2- 20 dicarboxylate, diisobutyl
3,5-diethylcyclopentane-1,2-dicarboxylate, di-n-hexyl

5 ;géﬁgﬁ%@%@@p§pgyﬁiégﬁ¥ggré%gﬁgia Enﬁwgddicarboxylate,

thylcyClopentane-1,2 oxylate, diisobutyl
3,7%-dimethylc cI% tane- Z;jgicar oxylate, 32 .di-n-hexyl
e ne e e 17 8 monytate,

di-n-cctyl 3,6-diethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3,5-dimethylcyclopentane~1,2-dicarboxylate,
di~n~hexyl 3,5-dimethylcyclopentane~1,2-dicarboxylate,
10 di-n-cctyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
diisobutyl 3-methyl-5-ethylcyclopentane-1,2~
dicarboxylate,
di-n-hexyl 3-methyl-5-ethylcyclopentane~1,2-~
dicarboxylate,
15 di-n-octyl 3-methyl-5-ethylcyclopentane-1,2-
dicarboxylate,
di-n~hexyl 3-methyl-5-n-propylcyclopentane-1,2~
dicarboxylate,
di-n-octyl 3-methyl-5-n-propyicyclopentane-1,2~
20 dicarboxylate,
diisobutyl 3,5-diethylcyclopentane-1,2-dicarboxylate,
di-n-hexyl 3,5-diethylcyclopentane-1,2-dicarboxylate,
di-n-octyl 3,5-diethylcyclopentane~-1,2-dicarboxylate,

diisobutyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
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di-n-octyl 3,7-dimethylcycloheptane-l,2-dicarboxylate, diisobutyl
3-methyl-7-ethylcycloheptane-1,2- di¢arboxylate, 5 di-n-hexyl
3-methyl-7-ethylcycloheptane-1,2- dicarboxylate, di-n-octyl
3-methyl-7-ethylcycloheptane-l,2- dicarboxylate, di-n-hexyl
3-methyl-7-n-propylcycloheptane-l,2- 10 dicarboxylate, di-n-octyl

Sﬁmﬂﬁ¥%é@ﬂ¥O9Y$¥QQgg9%?@%%@1gg@g%@%@£§ﬁ%Eﬁ$%®4boxylate,

3,7-diethylcycloheptane-l,2-dicarboxylate, “di-n-hexy

3. Zsdiethylaycloheptane:{, 2l d di-n-gGtyL, o
3é-digth%%%hibti%??%?‘c%%g%%ylﬁfp[%gw St the s ()'(()leeb ylate,

CO&EE%%%‘!% ore preferghleare; %}E%’;t%%aﬁ_tan -1,2-

3,6- |methy7 yclohexane=|,2-dicar e, exy

. -dimethylcyclohexane-l,2-dicarboxylate, 20 di-n-octyl
dlcaL%,g-%l%gtﬁgﬂtye!lc'yclohexane-l,2-dicarboxy|ate, diisobutyl
3-methyl-6-ethylcyclohexane-1,2-dicarboxylate, di-n-hexyl,
3-mletﬁylt€-§é¥hqylgc%%;< gejfto? ggr%%?l%ﬁ“e@dﬁn%eéﬂ 2
31;me)t{tk?gl-G-ethylcyclohexane-l,2-dicarboxyiate, 33 diisobutyl

1%

A R‘propylcyclohexane-,2-
di-n-octyl 3-methyl-7-ethylcycloheptane-1,2-
dicarboxylate,
di-n-hexyl 3-methyl~7-n-propylcyclcheptane-1,2-
dicarboxylate,
di-n-octyl 3-methyl-7-n-propylcycloheptane~1,2-
dicarbozxylate,
diisobutyl 3,7-diethylcycloheptane-1,2-dicarboxylate,
di-n~hexyl 3,7-diethylcycloheptane~1,2~dicarboxylate,
and
di-n-octyl 3,7-diethylcyclcheptane~1l,2-dicarboxzylate.
[0057] 0Of the above compounds, more preferable are:
diiscbutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
di-n-hexyl 3, é~dimethylcyclohexane-1,2-dicarboxylate,
di-n-octyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,
diisobutyl 3-methyl-6-ethyicyclohexane-1,2-dicarboxylate,
di-n~hezxyl 3—methyl~6~ethylcyclohexane—l,2—dicarboxylate(

di-n-octyl 3-methyl-6-ethylcyclohexane-1,2-dicarboxylate,
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dicarboxylate, di-n-hexyl 3-methyl-6-n-propylcyclohexane-|,2-
dicarboxylate, 5 di-n-octyl 3-methyl3é-n-propylcyclohexane-l,2-
dicarboxylate, diisobutyl 3,6-diethylcyclohexane-l,2-dicarboxylate,
di-n-hexyl 3,6-diethylcyclohexane-1,2-dicarboxylate, and di-n-octyl
3,6-diethylcyclohexane-l,2-dicarboxylate. 10 Although these compounds
can be preducedsby.theryse of Digls-Alderreactionpelyene gompounds

as raw materials are relatively expensive, and therefore, the production
dicaqost £f the above compounds tends to become a little higher than that of
the conventional electron donor compounds. 15 In such cyclic ester

cempounds (&) having:digstersirycture as.gbove, isomers such as cis
form and trans form are present, and any structure has an effect which is
dicadPo@eeprdwith the object of the invention. However, a compound having

a higher content of trans form is preferable. in the 20 case of a compound

haying,a iaher opryentof fr1s foum, ot o0ly,an effegtof widening a

molecular weight distribution but also activity and stereoregularity of the

dicargégggpgaQ%Iymer tend to become higher. The proportion of the trans

form in the total of the cis form and the trans form is 34
diisobutyl 3,6-diethylcyclohexane-1,2-dicarboxylate,
di-n-hexyl 3,6-diethylcyclohexane-1,2~dicarboxylate, and
di-n-octyl 3,6~diethylcyclohexane-1,2-dicarboxylate.
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 higher than that
of the conventicnal electron donor compounds.

In such cyclic ester compounds {a) having diester
structure as above, isomers such as cis form and trans form
are present, and any structure has an effect which is in
accord with the object of the invention. However, a compound
having a higher content of trans form is preferable. In the
case of a compound having a higher content of trans form, not
only an effect of widening a molecular weight distribution
but also activity and stereoregularity of the resulting
polymer tend to become higher. The proportion of the trans

form in the total of the cis form and the trans form is
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preferably not less than 51%. The lower limit is more preferably 55%, still
more preferably 60%, particularly ﬁr‘éferably 65%. On the other hand, the
upper limit is preferably 100%, more preferably 90%, still more preferably
5 85%, particularly preferably 79%. Cyclic ester compound (b) The cyclic
ester compound (b) has plural carboxylic acid ester groups and is
prefepeesented by the folloving farmulai®y HR4RIUQECH 11K reafgCa H f
OR5 H(r)Cb Ca--HC HHnN-4..a(2) 10 In the formula (2), nis an
prefigteger of 54e 10s preferablysan integer0f Bitoah particulany-prefenaply 6.
Ca and Cb are each a carbon atom. Although all the bonds between
orefCarben atems in the 15:qyclie skeletpnare preferablyssinglebondszany
one of the single bonds other than Ca-Ca bond and Ca-Cb bond in the

prefGASES; 100%, more preferably 90%, still more preferably

85%, particularly preferably 79%.

Cyclic ester compound (b)

The cyclic ester compound (b) has plural carboxylic acid

ester groups and 1s represented by the following formula (2).

H R4
R100C~_ Cla..____cla P

L\R
TS S
N

/\
H H

n-d e (2)

In the formula {(Z), 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
cyclic skeleton are preferably single bonds, any one of the

single bonds other than C-C* bond and C*-C” bond in the case
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where R5 is a hydrogen atom in the cyclic skeleton may be replaced with
a double bond. R4 and R5 are eachkndependently COOR' or a hydrogen
atom, at least one of R4 and R5 is COOR’, and R1 is each 5
independently a monovalent hydrocarbon group of 1 to 20 carbon atoms.
Plural R1 are each independently a monovalent hydrocarbon group of 1

whed@ 30 catbon glams, preferably 1,10 19, carbon gloms, mare preferably, 2

to 8 carbon atoms, still more 10 preferably 4 to 8 carbon atoms,

repiRarticularly preferably £ to, 6 carbon atoms. Examples of the hydrocarbon
groups include ethyl group, n-propyl group, isopropyl group, n-butyl

group, dsebutyl graup, hexyl group..heptyl group octyl group, 2-
ethylhexyl group, decy gr%u%%%l ggﬁ%%up&t@%dé%wﬁ;%’fgﬁggen atom,

s+ hexadecyl grgupRocgadcc;c%kggosu%g%q{eicosgég%qug.soé éhense, n-butyl
group, iso%utyT group,nhexyl group and bcﬁ/ group are pre?erable, and

: -butyl grqup and isobutyl group are particularly preferable, pbecause an
e ARG b mBlostioy WEIgh: ASH DR 1 apt torbe 20

repared. Examples of such cyclic ester compounds (b) include: diethyl
Ccarpbon atoms. . . .
cyclohexane-l,2-dicarboxylate, di-n-propyl cyclohexane-l,2-dicarboxylate,

dugfegrroEl E((:},/(:Iohexane-l,2;d|carbox3é£|ate,

are each i1ndependently a monovalent

hydrocarbon group of 1 to 20 carbon atoms, preferably 1 to 10
carbon atoms, more preferably 2 to 8 carbon atoms, still more
preferably 4 to 8 carbon atoms, particularly preferably 4 to
© carbon atoms. Examples of the hydrocarbon groups include
ethyl group, n-propyl group, isopropyl group, n-butyl group,
iscbutyl group, hexyl group, heptyl group, octyl group, 2-
ethylhexyl group, decyl group, dodecyl group, tetradecyl
group, hexadecyl group, octadecyl group and eicosyl group.
Of these, n-butyl group, iscbutyl group, hexyl group and
octyl group are preferable, and n-butyl group and isobutyl
group are particularly preferable, because an olefin polymer
having a wide molecular weight distribution is apt to be
preparead.

Examples of such cyclic ester compounds (b) include:

diethyl cyclohexane-~1,2-dicarboxylate,

di-n-propyl cyclohexane-1,2-dicarboxylate,

diisopropyl cyclohexane-1,2-dicarboxylate,
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36 di-n-butyl cyclohexane-1,2-dicarboxylate, diisobutyl
cyclohexane-1,2-dicarboxylate, dih&xyl. cyclohexane-1,2-dicarboxylate,
diheptyl cyclohexane-1,2-dicarboxylate, 5 dioctyl
cyclohexane-1,2-dicarboxylate, di-2-ethylhexyl
cyclohexane-1,2-dicarboxylate, didecyi cyclohexane-1,2-dicarboxylate,

ciethvl cycionexane:1, 3 dcarbonlate, disobuty

: |y
cyclohexané-1,3-dicarboxy et Jngfc opé/n]tgﬁ‘g-i,2-dicarboxylate,
diisopropyl cyclopentane-1,2-dicarbgxylate, diisobutyl
cy%fb%se%n&(li,zgd\/ga%gfﬁg%? nghgpté/fgﬁcﬁ%ﬁé{rﬁgr%ﬁiz-dicarboxylate,

didecyl cyclopentane-1,2-dicarboxylate, 15 diethyl
oy o S AR e dhedRr =y L,
cyclopentane-1,3-dicarboxylate, diethyl cycloheptane-1,2-d icarboxylate,
SRy o R O ERE S b RAC TR
cycloheptane-1,2-dicarboxylate, 20 diheptyl

cyCloReptanel PLaikarER ate, - aftiecsi Aftiohebtane-1,2-dicarboxylate,
diethyl cycloheptane-1,3-dicarboxylate, diisobutyl
Cya%ﬁéﬁﬁﬁﬂgiE@&g&ﬂﬁ&9&ﬁ&exane—l,2—dlcarboxylate,

didecyl cyclohexane-1,2-dicarboxylate,
diethyl cyclohexane-1,3-dicarboxylate,
diisobutyl cyclohexane-1,3~-dicarboxylate,
diethyl cyclopentane-1,2~-dicarboxylate,
diisopropyl cyclopentane~1,2-dicarboxylate,
diisobutyl cyclopentane~l,2-dicarboxylate,
diheptyl cyclopentane~1,2-dicarboxylate,
didecyl cyclopentane~1,2-dicarboxylate,
diethyl cyclcpentane~1, 3~dicarboxylate,
diisobutyl cyclopentane-1,3-dicarboxylate,
diethyl cycloheptane-1,2-dicarboxylate,
diisopropyl cycloheptane-1,2-dicarboxylate,
diisobutyl cycloheptane-1,2-dicarboxylate,
diheptyl cycloheptane-1,2-dicarboxylate,
didecyl cyclcheptane-1, 2-dicarboxylate,
diethyl cycloheptane-l, 3-dicarboxylate,
diisobutyl cycloheptane-1, 3~dicarboxylate,

diethyl cycloocctane-1,2-dicarboxylate,



diethyl cyclooctane-1,2-dicarboxylate, 37 diethyl
cyclodecane-1,2-dicarboxylate, dietflyl 4-cyclohexene-1,2-dicarboxylate,
di-n-propyl 4-cyclohexene-1,2-dicarboxylate, diisopropyl
4-cyclohexene-1,2-dicarboxylate, 5 di-n-butyl
4-cyclohexene-1,2-dicarboxylate, diisobutyl

4-gyelohexenerd 12-dicasbexylate, dihexyhoxyviate,
4-cyclohexene-1,2-dicarboxylate, diheptyl
4-gyelohgxene-d,2-dicathoyylate, dioctyA-cyslohexene-,2-dicarboxylate,
10 didecyl 4-cyclohexene-1,2-dicarboxylate, diethyl

4-gyclohexena 1, 3rdicarhoxylate, diisobutyl: -~ -hoxylate,
4-cyclohexene-l,3-dicarboxylate, diethyl

3@X@99@?@ﬁ§ﬂ”gig?@?9%¥@g%ed%%ﬁwgﬂﬂﬂiboxylate,
3-cyclopentene-1,2-dicarboxylate, 15 diisobutyl

3@Xdﬁp@m@9f{@2%#@%@9%%@%%~QW§Q%Qcarboxylate,

3-cyclopentene-1,2-dicarboxylate, didecy

3&X@9@%@§9§4@Z':%%ggéwgg%—%?gbgi?arboxylate,

3-cyclopentene-1,3-dicarboxylate, dilsobuty

3- tepe- ' late, 20 dieth
Syﬂgﬁg%zggékgéﬁgg 8§¥§¥9£%d¥%a%#?xylate,

4-cyc carboxylate, " diisopropy
4-gyclobeptene-1.2-dicarboxylate, diisobutyl
R TS R 2 B nonyate,

dioctyl 4-cyclohexene~-1,2-dicarboxylate,
didecyl 4-cyclohexrene-1,2-dicarboxylate,
diethyl 4-cyclohexene-1,3-dicarboxylate,
diiscbutyl 4-cyclohexene-1,3-dicarboxylate,
diethyl 3-cyclepentene-1,2-dicarboxylate,
diisopropyl 3~-cyclopentene-1,2~dicarboxylate,
diiscbutyl 3-cyclopentene-1,2~dicarboxylate,
diheptyl 3~cyclopentene-1,2~dicarboxylate,
didecyl 3-cyclopentene~1l,2-dicarboxylate,
diethyl 3-cyclopentense-1,3-dicarboxvlate,
diisobutyl 3-cyclopentene-1,3-dicarboxylate,
diethyl 4-cycloheptene-1,2~-dicarboxylate,
diisopropyl 4-cycloheptene-1,2-dicarboxylate,
diisobutyl 4~cycloheptene-1,2-dicarboxylate,
diheptyl 4-cycloheptene-1i,2-dicarboxylate,

didecyl 4-cycloheptene-1l, 2-dicarboxylate,



diheptyl 4-cycloheptene-l,2-dicarboxylate, didecyl
4-cycloheptene-1,2-dicarboxylate, 388 diethyl
4-cycloheptene-l,3-dicarboxylate, diisobutyl
4-cycloheptene-1,3-dicarboxylate, diethyl 5-cyclooctene-l,2-dicarboxylate,
and diethyl 6-cyclodecene-l,2-dicarboxylate. 5 Further, dicarboxylic acid

es&elrg@ftl}gycIjlc_gglé%cgoéggg%@ld?s_%o?_sg%gigg to %ﬁ% ,gle:)ove compounds

can be also men s preferred compounds. Examgles of such

CORIpO, &gﬁt. lude: cyclohexyl-|,2-diacetate, 10, ,
cyclohexyl- ,Zk?gibutgr%g&c%o I,é?yl- ,’2§-di jéﬁ%gé)tce)?cg%g VS
cyglﬂgg%)g-ll,g;ditol%ate. Jn such com gund% hav'Tg diester structure as

above, isOmers sUch as cis form afid trans form are preseht and any 15

strycture hj?s 'nceffﬁct égréighégm T ccord with the objaect of the invention.
The propgr ioh OFthe trans form in The total ot the tis- form and the trans
form is %referagg/ not less than 51%. The lower limit is more preferably

r

559 “still hore pretérably 606, 20 parfclidh pleferabiy 65%- Shithe

other hand, the upper . limit is preferably 100%, more preferably 90%, still
cCompolnds corres onding to the above compounds can be also

mentioned as preferred compounds. Examples of such compounds

include:

cyclchexyl~1,2-diacetate,

cyclchexyl-1,2-dibutanate,

cyclohexyl-1, 2-dibenzoate, and

cyclohexyl-1,2-ditoluate.

In such compounds having diester structure as above,
iscmers such as cis form and trans form are present, and any
structure has an effect which is in accord with the cbiect 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%,
particularly preferably 65%. On the other hand, the upper
limit is preferably 100%, more preferably 90%, still more
preferably 85%, particularly preferably 79%. Although the

reason is not clear, it is presumed that variations of the
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preferably 85%, particularly preferably 79%. Although the reason is not
clear, it is presumed that variations38f the 39 later-described
stereoisomers are within the region suitable for widening the molecular
weight distribution. In particular, the cyclohexane-l,2-dicarboxylic acid
diester wherein n in the formula (2) is 6 has a trans purity 5 of the above

laté@ﬂggsgéq%ggngiégi EQS%%?E”E?%%%§¥%%@9tﬁE‘%@eﬁgﬁlsuitable

molecular weight ution, activity, stereospecificity, etc. sometimes

ox hGAE insufficient.  e\tgns, purly exgeeds 793, Ing effect o
widening X0 molecular weight distribution’'sometimes becomes
in%fficien g ;’Q%@ to.sg:lé(, whefOtEe trans purity is,in the a}igoY? range, ,

there raermjémy adv’an%agesci}gcma |ﬁ§ the e éctwgflvﬁagﬁﬁ)ﬁgymocfe@u ar
of catalyst or,

weight distribution of the resulting polymer.and t ctivity of ¢ .
O Srebreuldrity 7 the 12 19t pOSmer Lombtbl At Bth =Y

die%h%

of other to a high level. As the cyclic ester compounds (b), compounds
aving ycloatkahe:l,2-dicarboxylic acid diester structure and
represented bg the following formula (2a) are preferable, and particularly

preferahfe 46728 diEBUY dytldRsianeiB didarboxyiste & Hissbuty

. cyclohexane-l,2-dicarboxylate, , _ ‘
widening molecular weight distribution, activity,

stereospecificity, etc. sometimes become insufficient. If
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,
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
resulting polymer compatible with each other te a high level.

As the cyclic ester compounds (b), compounds having
cycloalkane-1,2-dicarboxylic acid diester structure and
represented by the following formula {(Z2a) are preferable, and
particularly preferable are:

di-n-butyl cyclohexane-1,2-dicarboxylate,

diischutyl cyclchexane~l,2-dicarboxylate,

dihexyl cycliochexane-1, 2-dicarboxylate,

diheptyl cyclohexane-1,2-dicarboxylate,

dicctyl cyclohexane-l, Z2-dicarboxylate,



dihexyl cyclohexane-l,2-dicarboxylate, diheptyl
cyclohexane-l,2-dicarboxylate, diogbyl cyclohexane-1,2-dicarboxylate, 40
di-2-ethylhexyl cyclohexane-l,2-dicarboxylate, diisobutyl
cyclopentane-l,2-dicarboxylate, diheptyl cyclopentane-1,2-dicarboxylate,
diisobutyl cycloheptane-i,2-dicarboxylate, 5 diheptyl

%‘%!%%%Hgﬂﬁ% rooxylate ete, H i B1E): LAOORT, \GasCa H /H

H--Cb H ... (Za) In the formula (2a) , R1 is the same as that

previausly. described (that is, Ithas the same meaping as that in the 10
formula (2)),"and a single bond (except Ca-Ca bond and €a-Cb bond) in
thg.c%ycli% i(elgtor]L bC eeo@c%dm_ 'ith a dau I<=gL bcond. Of the above
cor%lpg nds, more g}g‘%(enr;%fle are: di%%o%%ty R
cchIohexan%ﬁ,26(%}%§rot)ﬁ)éxlgte, 15 di?géytlccg}/ggoh}gx%n%-el,2-dicarboxy|ate,

113000 cane— i, Yia

diheptyl cyclcheptane-1,2-dicarboxylate, etc.

H H
R100OC COOR!
-

H / \ H
}1“;2213%(_ 1}33{:L“F{

n-4 ... (2 a)

In the formula {(2a), R! is the same as that previously
described (that is, 1t has the same meaning as that in the
formula (2)), and a single bond (except C®-C* bond and C®-C°
bond) in the cyclic skeleton may be replaced with a double
bond.

0Of the above compounds, more preferable are:

dilsobutyl cyclohexane-1,2-dicarboxylate,

dihexyl cyclohexane-1,Z2-dicarboxylate,

diheptvyl cyclchexane-1,2-dicarboxylate,

dioctyl cyclohexane-1,2-dicarboxylate, and

di~Z-ethylhexyl cyclohexane~1,Z~dicarboxylate.
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diheptyl cyclohexane-1,2-dicarboxylate, dioctyl
cyclohexane-1,2-dicarboxylate, and 1di-2-ethylhexyl
cyclohexane-l,2-dicarboxylate. 41 The reason is that not only the catalytic
performance is excellent but also these compounds can be prepared
relatively inexpensively by utilizing the Diels-Alder reaction. These

compounds may:he ysed singly. o1 may be used in 5 combination of two
or more Kinds. Further, the cyclic ester compoun%s a)langgfb ' may be

ed in combination with the later-described catalyst component (c), . .
e e G DRTIEHa (5 B of T FIGSun BTN - Fhe -2

. combining molar ratio of the cyclic ester compaqund 10 (%%to the cyclic
e b ou (1) (EyCIic Beher Sompatnd (oo Byt Satar cimpound

(a)*cyclic ester compound (R))xIOO (% hy mol) ) is preferably not less
KB4 SR TRE EGHbiing Ailas SB 1 mere pTefrity 1% ek
than 30% by mol, still more preferably not less than 40% by mol, 15
ot eIy Brefeldbly RoPTRRs tharf 8% by hof The Unter ifit i estes
preferably 99% by mol, more preferably 90% by mol, still more preferably
COMESER by mol, patticulatly Preferbly'86% by Mo Thady ekt the
compounds (a) and (b) may be formed 20 during the course of
lat%ﬁéﬁgﬁﬁ%hQﬁqhgggmiﬁﬁﬁﬂ&%mponent (c), within limits not

detrimental to the object of the present invention.

The combining molar ratio of the cyclic ester compound
(a) to the cyclic ester compound (b) (cyclic ester compound
(a}/(cyclic ester compound (a)+cyclic ester compound (b)) =100
(% by mol)) is preferably not less than 10% by mel. The
combining molar ratio is more preferably not less than 30% by
mol, still more preferably not less than 40% by mcl,
particularly preferably not less than 530% by mol. The upper
limit is preferably 99% by mol, more preferably %0% by mol,
still more preferably 85% by mol, particularly preferably 80%
by mol.

The cyclic ester compounds {a) and (b) may be formed
during the course of preparation ¢f the solid titanium
catalyst component (I}). For example, by providing a step of
substantially bringing carboxylic anhydrides or carboxylic
dihalides correspending to the cyclic ester compounds (a) and

(b} into contact with the corresponding alcohols, the cyclic
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catalyst component (I) For example, by providing a step of substantially
bringing carboxylic anhydrides or cd@tboxylic dihalides corresponding to
the cyclic ester compounds (a) and (b) into contact with the
corresponding alcohols, the cyclic 42 ester compounds (a) and (b) can be
incorporated in the solid titanium catalyst component. By the process for

tenfeB%ﬁ an lefin polymer f)the invention, a olfjgmerh ving a, wide 11
=2 moIecu?%waSht%EistﬁbutiQ% is%%?ai%gd.lﬁ%gr rtﬁié@fagaslgln %\%r?otso .

titaﬁjﬁ%rm s&lcpaa_gs%%%s%g%éjﬁggg}%qd below is presumed. The cyclic
ydrocarbon structure is known to form various stereostructures such as

chaér foggg andrgoatsfgapdrMoreO\éerr,i if the gycclji%gﬁr?gture has a £ th
subs}/ituen?, 1%e féa variation gf §8reosﬁ%cﬁjre W caf %%Efg‘l?e‘n % €

ic

invguréri%r incge%sc-id. Furthermore, if the bond bztweeg a carbon atom to
Which tHe 8st&? of8iip (COOR Yroup)is bofided and andtfiér tarbon atom

, _to which the ester group %COOR roup) is bonded is a single bond, said

A S B bftind BelgATD 8the%§? 75 atoffis 16 &8ANiute thecychear:
skeleton of the cyclic ester compound, the variation of stereostructure

SUChy Kickr B4R DeAKER S widERed S8 0¢h varidtsesiBFststructures which can
be taken lead to formation of various active sites on the solid titanium

catal§steomponeHIhC BE R B AL ierdlgfis known to form

various stereostructures such as chair form and boat foam.
Moreover, if the cyclic structure has a substituent, the
variation cof 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, saild carbon atoms being among the carbon
atoms to constitute the cyclic skeleton of the cyclic ester
compound, the variation of stereostructure which can be taken
is widened. Such various stereostructures which can be taken
lead to formation of various active sites on the solid
titanium catalyst component (I}). As a result, when clefin
polymerization is carried out using the solid titanium
catalyst component (I}, olefin polymers having various
molecular weights can be prepared at once. That is to say,
an clefin polymer having a wide meclecular weight distribution

can be prepared.
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20 polymerization is carried out using the solid titanium catalyst
component (1), olefin polymers haviag various molecular weights can be
prepared at once. That is to say, an olefin polymer having a wide
molecular weight distribution can be prepared. 43 Under the conditions
of the combining molar ratio of the cyclic ester compound (a) in a wide

range, that is, even if. the content of the cyclic ester compound (a) in the
so{?ig%ﬁtlén%‘r% c%?éﬁ%‘ttc*o%lﬁonoe%t%é fow %/ﬁl? $Bitd' Htdiftnfi 5 dathtyRe ©F the
component (I) of the inyention can give an olefin polymer having an .

Cycj‘edx%re%’e){? Wi gnﬁ?&%&%ar( %lglrﬁ} distfibfion 2Aifough’ e rédsors BFthid £
effect is not _clear, the present inventors have presumed,as follows. It is

the o%%?otu%qﬁa?%mﬁ t the preséfice of t(ha™FP&iktitdent B theeyehic éster

.. compound (a) has an extremely larger number of variations of

wit as?éﬁé%sﬁﬁéﬁﬁ¥§ WhicH e 68 %oh’ﬁegj?gs comparstwith tHé epdidtester
compound (b). On_this account, it is thought that the influence of the

CAtELRE SSHBPOSRPGUd (a)On thesmoreeai Wsigktdistibiiorasolefin
becomes dominant, and even if the combining molar ratio is low, the

pol Wkhc B§E+RBnTHoURE (AT EER Givelat oRfih ol maEr FrRbmgan extremely

wide molecular weight distribution. On the other hand, the cyclic ester

dis%ghﬁﬁﬁ%@m?)&&fﬁ@ygh the reason of this effect is not

clear, the present inventors have presumed as follows.

It is obvious that owing tc the presence of the
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 molecular weight distribution
becomes dominant, and even if the combining molar ratio is
low, the cyclic ester compound (a) can give an olefin polymer
having an extremely wide molecular weight distribution.

On the cother hand, the cyclic ester compound (a) and the
cyclic ester compound (b} are relatively analogous in
structure, and therefore, these compounds hardly have
influence on each other with regard to their basic properties
such as activity and sterecregularity. (If compounds of

different structures are used, activity, stereoregularity or
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cyclic ester compound (b) are relatively analogous in 20 structure, and
therefore, these compounds hardly4dave influence on each other with
regard to their basic properties such as activity and stereoregularity. (If
compounds of different structures are used, activity, stereoregularity or 44
the 'like often changes violently, or the effect of one compound often

ehe BEGaMETAOMInAR. [ this apeaunt,even It coatent of the eyl
ester compound (a) is low, the solid titanium catalyst component 5 (1) of

comptggr{'av%rgp&c%gy& %Iglfl{g ngjjyme;r having an .extrgmel'y Wide. .
molecular weight distribution and high "streoregularity with high activity. In
thg,p re B%@tlggc%cl}pl% ,S OQ%QEani%rnt%taIX%t %%@Qoggmc@l)emcthelic esaer

invention, a magnesium compotind and & 10 titanium compound aré use

in addition, to,the above cyclic ester compounds ?an R&b . Magnesium
Compc%%lgoufr)]ad E‘T‘)ng]p?é“]s’ of %/% rﬁgz‘ﬁgsiﬁcmmgonrﬁﬁgﬂur% SiRciias p%%%g@nent

kn magnesium compounds, S ecificaﬂrl) L5 magnesium halides, such
1) R Reai chibr e aA Sl B omiogs TGRS ™ ¢ =

alkoxyhalides, such as magnesium methoxychloride, magnesium
eXtﬁﬁﬁé%%Hﬁﬁ%égﬁ ?ﬁﬁ;%§1Wﬁlght distribution abd high

|
strecoregularity with high activity.
| In the preparation of the sclid titanium 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, specifically,

magnesium halides, such as magnesium chloride and
magnesium bromide;

magnesium alkoxyhalides, such as magnesium
methoxychloride, magnesium ethoxychloride and magnesium
phenoxychloride;

alkoxymagnesiums, such as ethoxymagnesium,
iscopropoxymagnesium, butoxymagnesium and 2-
ethylhexoxymagnesium:

aryloxymagnesiums, such as phenoxymagnesium; and
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phenoxychloride; 20 alkoxymagnesiums, such as ethoxymagnesium,
isopropoxymagnesium, butoxymag#aésium and 2- ethylhexoxymagnesium:
aryloxymagnesiums, such as phenoxymagnesium; and 45 carboxylic acid
salts of magnesium, such as magnesium stearate. These magnesium
compounds may be used singly, or may be used in combination of two or
mateKinds, Euriher; fhese s Magnesium compounds may.be complex;
compounds or double compounds with other metals, or mixtures wit

s+ e 0fher. metallic compounds. Of the above compounds, magnesium
compounds containing halogen are preferable, and magnesium halides,
patticularly _10 magnesium chloride, are preferably employed.
A?éé)%fr%aéﬁ sﬂﬁrsn]é%snﬂc as 8{%%X§mf§axe§ﬁmu§%d§|§§% gfgfatﬁff may be

useEMROYEY, The magnesium, compound may be that derived,from gher,
substance, €.g., @ magnesium compound o tainad by Lbrlnglng an

ma qoé%]gp%mggpﬂesiymdcom ouEd such aai Gri%nard rga%(]ent 15 into contact

SVith titanium halde “silicon halide FalSdeated Arcond oF thelike: ©

Titanium co ourﬁl The titariium compound is, for example, a tetravalent
compounds with other metals, or mixtures with other metallic

compounds.

Of the above compounds, magnesium compounds centaining
halogen are preferable, and magnesium halides, particularly
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 obtained by
bringing an organcmagnesium compound such as Grignard reagent
into contact with titanium halide, silicon halide,
halcgenated alcohol or the like,

Titanium compound

The titanium compound is, for example, a tetravalent

titanium compound represented by the formula:

T i (OR)eX 4y

wherein R is a hydrocarbon group, X 1is a halogen atom,
and g is a number of (0<g<4.

More specifically, Tthere can be menticned:
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titanium compound represented by the formula: 20 T i (O )g 4.9 wherein R
is a hydrocarbon group, X is a haloggn atom, and g is a number of
0O<g<4. More specifically, there can be mentioned: 46 titanium
tetrahalides, such as TiC14 and TiBr4; alkoxytitanium trihalides, such as
Ti(OCH3)C13, Ti(OC2H;)013, Ti(O-n-C4H9)C13, Ti(OC2H5)Br3 and
Ti(Q-isoC4H9)Br3; alkoxytitanium dihalides, such as Ti(QCH3)20I2 and 5
Ti%@@?ﬁ%)%l‘é%ﬁ&% itaniim nidtidhatided, ‘such 45 Ti(GCH3j3C1,
Ti(0-n- C4H9)3C1 and Ti(OC2H3)3Br; and tetraaikoxytitaniums, such as
TIEOERAYA TitOE T4 - THO0HH)4 Andirid2 ethyihezyl4 210 of

_ . these preferable are titanium tetrahalides, and particularly preferable is

T4 (QftaRm tetrachibrice” FHEse ranitim! Coribouiids ATy De-USed SghfsoFT>:
may be used in combination of two or more kinds. As such magnesium
compotndsdrRi ttaRitm tomptuhds 24525 above, EbMipounds 88stribed
in, for example, the patent document 1 and the patent document 2 in

T1 (YetHil '=‘e’also employable. For preparing the solid titanium catalyst

component (1)
alkoxvytitanium monchalides, such as Ti(OCHs):CL, Ti(0O-n-

CaHs)2C1 and Ti (0OC:Hs):Br; and

tetraalkoxytitaniums, such as Ti(CGCHiz)4, Ti(CCHs)g,
Ti{0C4Hs) s and Ti{0-Z-ethylhexyl},.

Of these, preferable are tTitanium tetrahalides, and
particularly preferable is titanium tetrachlicride. These
titanium compounds may ke used singly, or may be used in
combination cof two cor more kinds.

As such magnesium compounds and titanium compounds as
above, compounds described in, for example, the patent
document 1 and the patent dcecument 2 in detail are also
employable.

For preparing the solid titanium catalyst component (I}
of the invention, publicly known processes can be used
without any restriction, except that the cyclic ester
compounds (a) and (b) are used. Preferred examples of the
processes include the following processes (P~1) to (P-4).

(P-1) A process wherein a solid adduct consisting of a

magnesium compound and a catalyst component {c), the cyclic
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of the invention, publicly known processes can be used 20 without any
restriction, except that the cyclic estér compounds (a) and (b) are used.
Preferred examples of the processes include the following processes
(P-1) to (P-4). (P-1) A process wherein a solid adduct consisting of a
magnesium compound and a catalyst component (c), the cyclic 47 ester

e st FOMPRYRdS. (@) and (b)and atitaniym compeund jpa A!?h#%éme are 5

brought into contact with one another in a suspension state in the

11 guRigsence of andneyt hydrocarhon, solvent. 5 (R-2) A B@&eéﬁa@llmé%ini% a

solid adduct consisting of a magnesium compound and a catalyst

suspSeaRanent(c). the cyclic. ester.compounds.(a) and (b).;and.a titanium

compound in a liquid state are brought into contact with one another
so1vRIHEal times. 10 (P-3) A process wherein a solid adduct consisting of a
magnesium compound and a catalyst component (c), the cyclic ester

corpboynds (2).And 0), and g tanu campound in.a Jiguid stete are. .
bI’OUQ Into contact with one another plural times in a suspensmn%tate in

the presence of an,inert.15 h¥d£% rbocn solvent. é§E4) QC I)p;roce,ss V\(/:heé?igc

magnesum compounhd and .a COompo e,
IS magnesmrﬁ compoun% ina ﬁqw YState Consisting of & magnesiuf

compound and a catalyst ‘ : ‘
ester c%mpoungs (é% Xnd (b}, and a titanium compound in a

ligquid state are brought into contact with one another plural
times.

{P-3}) A preocess 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
liquid state are brought into contact with one another plural
times in a suspension state 1n the presence of an inert
hydrocarbon solvent.

(P—-4) A process wherein a magnesium compound in a ligquid
state consisting of a magnesium compound and a catalyst
component (¢}, a titanium compound in a ligquid state, and the
cyclic ester compounds (a) and (b} are brought into contact
with one another.

The reaction temperature in the preparation of the solid
titanium catalyst component (I} is in the range of preferably
~30°C to 150°C, more preferably -25°C to 130°C, still more

preferably -25°C to 120°C.
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component (c), a titanium compound in a liquid state, and the cyclic ester

compounds (a) and (b) are brought#hto contact 20 with one another. The

reaction temperature in the preparation of the solid titanium catalyst

component (1) is in the range of preferably -30C to 150C, more preferably

-25C to 130C, still more preferably -25C to 120C. 48 The preparation of

thensolidAl3o calalist companent gan be gariigel autin g presenos o,

a publicly kKnown medium, when necessary. Examples of t & media

include aromatic _hydrocarbons h: véj;g?% Iig)k% pgla ity,-such a tquepe o
can and 5 pﬁ%cly kn%wn a ip%aeticz}?ly?rocar%ons and é é}c |€Tﬁ/y}r%ggr oﬂﬁ%c,jwm'
wnerSYEN asheptane, octane, dec@ge&{‘g %f}’e‘?é%hex%ﬂ%-l»oééh%%% aliphatic

ycfrocar ons are pre?é?aglse. hen olefin po?ymerlza lon reaction is

carried out using. the salid titanium catalyst component (1) prepared

T ose of the BBS0C fare, 118 Erect of Ytafcl &7
..-Rolymer having_a high_molecular weight distribution and the activity of

eubld st B e Figh KesreoregUiaity of 1he rasiiing PolyISHcan be made
hvd com[g%tible with each other to a high level. 15 Catalyst component N(C%AS
YRS At At componett (B asEd for formTing She S6fine and cyclohexane.

theca
Of these, aliphatic hydrocarbons are preferable.

When clefin pelymerization reaction is carried out using
the solid titanium catalyst component (1) prepared under the
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 stereoregularity of the
resulting polymer can be made compatible with each other to a
high level.

Catalyst component {(c)

As the catalyst component (c) used for forming the solid
adduct cor the magnesium compound in a liquid state, a
publicly known compound capable of scolubilizing the aforesaid
magnesium compound in the temperature range of about room
temperature to 300°C is preferable, and for example, alcohol,
aldehyde, amine, carboxylic acid and mixtures thereof are
preferable. As such compounds, compounds described in, for
example, the patent document 1 and the patent document 2 in

detall are also emplovyable.
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adduct or the magnesium compound in a liquid state, a publicly known
compound capable of solubilizing th@ aforesaid magnesium compound in
the temperature range of about room 20 temperature to 300C is
preferable, and for example, alcohol, aldehyde, amine, carboxylic acid
and mixtures thereof are preferable. As such compounds, compounds

described in, fo ample, the patent document.1 and the patent
BT ST A 55 Aol BB A Etannsiet br it HEbhorke
havm%lg:kalllll%/ to solubilize .thejngi nesium compound include: aliphatic

the magn COoMpoRne ingclude s :
Aleshois, slen s ethanol Sthanor, propanol, butanol, isobutanol,

ethylene glycol, 2-methylpentanal, 2 5 ethylbutanol, n-heptanol, n-octanol,

> S| HECANBI aincF Aot RO BV mic SIS, Sch d& 052R01

cycljohexanol and methylcyclohexanol; aromatic alcohols, such as benzyl

Putadigsol B Y OHHEhyIbe Mo YIFAIREh G- BAA AlipHatiteAlcS e HAA Y alkéxy
roup, such as n-butyl cellosolve. Examples of the carboxylic acids

ethﬁaﬁaé danit “ESBoRIR acias PV ? or riokd BHidEH EDS, steRaRol

15 caprylic acid and 2-ethylhexanoic acid. Examples of the
and dodecanol;

alicyclic alcohols, such as cyclchexanol andg
methylcyclohexanol;

aromatic alccheols, such as benzyl alcohol and
methylbenzyl alcohol; and

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

Examples of the carboxylic acids include organic
carboxylic acids having 7 or more carbon atoms, such as
caprylic acid and Z2-ethylhexanoic acid. Examples of the
aldehydes include aldehydes having 7 or more carbon atoms,
such as capric aldehyde and Z-ethylhexyl aldehyde.

Examples of the amines include amines having 6 or more
carbon atoms, such as heptylamine, octylamine, nonylamine,
laurylamine and Z-ethylhexylamine.

As the catalyst components (c), the above alcohols are
preferable, and ethanol, propanol, butancl, iscbutanol,
nexanol, Z-ethylhexanole, decanol, etc. are particularly

preferable.
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aldehydes include aldehydes having 7 or more carbon atoms, such as
capric aldehyde and 2-ethylhexyl aldghyde. Examples of the amines
include amines having 6 or more carbon atoms, such as heptylamine,
octylamine, nonylamine, 20 laurylamine and 2-ethylhexylamine. As the
catalyst components (c), the above alcohols are preferable, and ethanol,

pr ol, butanol, isobutanol, hexanol, 2-ethylhexanole, decanol, etc. are
partculany prefSiable. S0° Altioudt the GBS 6 e TRAGHRTIR® e

carSPM tougd and the caéaﬂyst component (c) used for g_reparing the solid
actitict 5FHRE Hragne sium EoRthound iR aoitind Sfaté Van Gegdhdifgiuct or
h upon the types thereof, the contact conditions, etc., the 5 magnesium
® dORTEbURLIIS UsFHAR H arBufit of CTE 16 2B - mofité? prefsraByB-5 90 BPon
cn rréollliter, based on the_ unit volyme of the catalyst component (c). Further,
© S RARINT TRERQS the 35IiE eaiaR/st (§iEdisoémployabl-in Ebbination,
when necessary. Preferred examples of the media 10 include publicly
M2 G RABWAThYHBERHSh dompaiiittisi Buéh adeptine® fodtake BRdHecane.
The compositional ratio between magnesium in the resulting solid adduct
mol o} & Fraghiediim Tompdund in @ iquie lstateEnd theagralysticdmponeritt
(c) varies depending upon
volume of the catalyst component (c¢}. Further, a medium
inert to the solid catalyst (¢) is also employable in
combination, 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 solid adduct or the magnesium compound in a liquid
state and the catalyst component (c¢) varies depending upon
the compounds used and cannot be defined indiscriminately,
but the amount of the catalyst component (¢) 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 but 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 (¢) as above may be considered to beleong to a

compenent that is called an electron donor by a person

skilled in the art. The electron donor component is known to



10

15

20

15 the compounds used and cannot be defined indiscriminately, but the
amount of the catalyst component (g} 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 but not more than 5
mol, 20 based on 1 mol of magnesium in the magnesium compound.

ch cyclic ester compounds b) and catalyst component (c) as

Su a) and (| ,
ex03 oveay be considersd 16 %%%}% té%\e Contpohent thatis calléd an

electron donor by a person skilled in the art. The electron donor

e S\ ompshert idkfiowno 51 Exfibitah &ffett of enfidficifig SEETEBRGultty -

. _.of the resulting polymer, an effect of controlling a compositional

L8 Hidtbhtion o‘Fgw&??suﬁ%“ddﬁfoﬁ&ﬁn@ﬁ%oédﬁb%%ntaeﬁé%ﬁ%f%%ﬁﬁoﬂ%ﬁéect
particle shape or particle diameter of a 5 catalyst particle, etc., with

of GRRPhHIGFCadity oF e THEMStON iPHought that iREey@R éster
compound (a) further exhibits an effect of controlling a molecular weight

catistAbuficr beeadse fieceyclit Bsfercompoihd &y Rsef ist 10t electron
donor. In the solid titanium catalyst component (I) of the invention, the

cathgfdgen/titanium ratio by atom (namely, number of moles of halogen

atom/number of moles of titanium, atom) is
It is thought that the cyclic ester compound ({(a) further

exnhibits an effect of controlling a molecular weight
distribution because the cyclic ester compound (a) itself is
an electreon 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;

the cyclic ester compound (a)/titanium ratio by mol
{(namely, number of moles of cyclic ester compound (a)/number
of meles of titanium atem) 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)
are each desired to be in the range of 0.01 te 100,
preferably 0.2 to 10; and

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

desired to be in the range of 0 to 100, preferably 0 to 10.
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desired to be in the range of 2 to 100, preferably 4 to 90; 15 the cyclic
ester compound (a)/titanium ratio bgamol (namely, number of moles of
cyclic ester compound (a)/number of moles 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
arg,each desired to be in the range of 0.01 to 100, %referabkyj,o.z to 10,
and the catgﬁ/s cdmpongn'f2 (fé? ifanium-atom ratio %yemSVi% d&sifed fobe
in the range of 0 to 100, preferably 0 to 10. 52 With regard to a preferred

“OnEghe %fagﬁ-g cygaictglseferc ggmﬁ%urefg%a?)rto%ﬁg%%% es@? compound {BY: the

. lower. limit of the value (% by mal) of 100 _x cyclic ester compound

LGy che Soteh OMpourt (37 % ycié eStat conpbume (6] S R 1653y N

ot, preferably 30% by mot, more preferably 40% by mol, particularly

(a) &8%5&6& 50% By ol &R tHe L@)ioernm%b?e&% Y905 ByRBINS (D))

. preferably 90% by mot, mare preferably 85% by mol, particularl){

15 Tt ablB0% BYhoE FheimagneiinRaniuRPrati o By AfoRs tamély® by
number of 10 moles of magnesium atom/number of moles of titanium

MO L oG st desied Yo BESH e Pange’ 62 &Y 160, preférdbly ¥ to’50.The 1mit
content of a component which may be contained in addition to the cyclic

theatdr compSinde/(@ahd @Fedgrakdy 90% by mol, more preferably

5% by mol, particularly preferably 80% by mol.

The magnesium/titanium ratio by atom {(namely, number of
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

additicn to the cyclic ester compounds (a) and (b}, e.g

. the

-
catalyst component (c}, 1is preferably not more than 20% by
welight, more preferably not more than 10% by weight, based on
100% by weight of the cyclic ester compounds (a) and (b).

As more detalled ceonditions for preparing the solid
titanium catalyst component (I), the conditions described in,
for example, EPS85869A1 (European Patent Kokai No. 0585869)
and the patent decument 2 are preferably used, except that

the cyclic ester compounds (a) and {(b) are used.

Olefin polymerization catalyst

The olefin polymerization catalyst of the invention

comprises:



10

15

20

catalyst component (c), is preferably not more than 20% by 15 weight,
more preferably not more than 10%shy weight, based on 100% by weight
of the cyclic ester compounds (a) and (b). As more detailed conditions for
preparing the solid titanium catalyst component (l), the conditions
described in, for example, EP585869A1 (European Patent Kokai No.
05&!13@862%%9 gpgetgg.%ate t document ,2Lare,preferabI% used, except that
the ¢yclic ester compounds (B afd (B)'ara tsed. Ot BSymerBRasF
(1) ca%alﬁgt The olefig polymerization catalyst of the invention comprises: 53
the above-mentiored <ol fitanium catalyst component (I) of the
invention, and an organometallic compound catalyst componentéll)
containing a Metamc elemERIFSEBERd fromt theGroti e the s grddp 2
and the group 13 of the periodic table. Organometallic compound catalyst
CONBMboHEnt (MEAS tre Grgarohtethllie SbRTHotd ‘Carlly St éorfiperent (), the
a compound containing the group 13 metal, such as an organoaluminum
ILOWntpdthid, BRI domplex defnptmaest Hie 195grBup 1 metal and
aluminum, or an oragnometallic compound of the group 2 metal is
employabléZ &t ek 3 & Brga ; PO
preferable.
As the organometallic compound catalyst component (II),

a compound containing the group 13 metal, such as an
organocaluminum compound, an alkylated complex compound of the
group 1 metal and aluminum, or an oragnometallic compound of
the group 2 metal is employable. Of such compounds, the
organocaluminum compound is preferable.

Preferred examples of the organometallic compound
catalyst components (II) include organometallic compound
catalyst components described in publicly known literatures
such as the aforesaid EPS5B5869A1,

Electron donor (III)

The olefin polymerization catalyst of the invention may
contain the previously described electron donor (ITI)
together with the organometallic compound catalyst component
(II1), when necessary. The electron donor (ITI) is preferably
an crganosilicon compound. The organosilicen compound is,
for example, a compound represented by the fellowing formula

(3).
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Preferred examples of the organometallic compound catalyst components
(1) include organometallic compoungk15 catalyst components described in
publicly known literatures such as the aforesaid EP585869A1. Electron
donor (Ill) The olefin polymerization catalyst of the invention may contain
the previously described electron donor (1) 20 together with the
organometallic compound catalyst component (IlI), when necessary. The
electron daonor (lll) is preferably an organosilicon compound. The

organb 'If&)&onhmund is, for éxampfe, a(c&&pound represented by the
following formula (3). 54 RnS i ((r)R')4-n . e (3) wherein R and R' are
each a hydrocarbon group, and nis an integer of 0<n<4. 5 Examples of
the organosilicon compounds represented by the formula (3) , which can

bewused in thg inv%tkop, include diisopropyldimethoxysilane, .
t-Butyimethyldimetioxysifine, & ylﬁe?ﬁx%aigﬁ?og&gﬁaﬁou?' and n 1s

t-amylmethyldi Ehox silane, dicyclohexyldimethoxysilane,
an %rf/ %‘F\%;‘Zyl et y@. ethoxysilane, 10 cyclohexylmethyldiethoxysilane,

vihr%gzlﬁtrimethoxysilane, vinyltrietho‘xliﬁ,giane, t-butyltriethoxysilane,
pHeRiRethoxdilane chElBRakyitintstAdxysiihgunds represented by

the formula (3), which can be used in the invention, include
diisopropyldimethoxysilane, t-butylmethyldimethoxysilane, t-
butylmethyldiethoxysilane, t-amylmethyldiethoxrysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
cyclcohexylmethyldiethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, t-butyltriethoxysilane,
phenyltriethoxysilane, cyclohexyltrimethozysilane,
cyclopentyltrimethoxysilane, 2-
methylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,
dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane,
tricyclopentylmethoxysilane, dicyclopentylmethylmethoxysilane,
dicycleopentylethylmethoxysilane, and
cyclopentyldimethylethoxysilane.

Of these, vinyltriethoxysilane, diphenyldimethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane
and dicyclopentyldimethoxysilane are preferably employed.

A silarne compound represented by the following formula

(4), which is described in International Publication No.
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cyclopentyltrimethoxysilane, 2- methylcyclopentyltrimethoxysilane,

cyclopentyltriethoxysilane, 15 dicydépentyldimethoxysilane,

dicyclopentyldiethoxysilane, tricyclopentylmethoxysilane,

dicyclopentylmethylmethoxysilane, d_cyclopentylethylmethoxysilane, and

cyclopentyldimethylethoxysilane. Of these, vinyltriethoxysilane,

diph imethoxysilane, 20 dicyclohexyldimethoxysilane, o
200 40/;/80 o%i:%g(%fméﬁwy? w%%th%@ﬁggg ra(len% g?;é%{fge&éenti%girggﬁo%gﬁarh%sér]émon
U[g)rgrf}ecﬁlbly employed. A silane compound represented by the following
“formula (4), which is described in International Publication No. 55

200 662, is al referred example of the organosilicon compound.

S 5j {gﬂ%@ (NR@F?%%%A‘}SS In the formula ‘(4),(R%1 s a hydrocarbon

group of 1 to 6 carbon atoms. As Ra, an unsaturated or saturated

aliphatic hydrocarbon group of 1 to 6 carbon atoms or the like can be

mentioned, and a hydrocarbon group of 2 to 6 carbon atoms is

particii&fly préferasie. Examples of Such ydtoearioh ¢roaps 18fnciude ©

methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group,
carRgbhyldroup, <et-Butyl GRoup! it ey orou: isGHenti gr6up, L 1Phatic

cyclopentyl group, n-hexyl group and cyclohexyl group. Of these, ethyl
hyd%ﬁéagﬁgg/ékodg of lyt% 6Ftarbo¥ atogggor[%he like-ca% be

COm

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, sec-butyl group, n-
pentyl group, isopentyl greoup, cyclopentyl group, n-hexyl
group and cyclchexyl group. Of these, ethyl group is
particularly preferable.

In the formula (4), R® is 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
or the like can be mentioned. Examples of R® include
nydrogen atem, methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl greup, 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.
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particularly preferable. 15 In the formula (4), Rb is a hydrocarbon group of
1to 12 carbon atoms or hydrogen3As Rb, an unsaturated or saturated
aliphatic hydrocarbon group of 1 to 12 carbon atoms, hydrogen or the like
can be mentioned. Examples of Rb include hydrogen atom, methyl group,
ethyl group, n-propyl group, 20 isopropyl group, n-butyl group, isobutyl

grﬂ%‘ptﬁgc?é‘iﬂuﬁré’“%?'p%iﬁyl;@roé‘ph{;ﬁg’SQQ’Jf%%pg%%'ﬁpg@tyi to 12

group, n- hexyl group, cyclohexyl group octyl group: Of these, ethy

ca rb%@”é’é%ﬁ?tgé%' e g%@rgé%@?'ea%ﬁ H8 the | O%élélgf;(ﬁ)f R 4§ a vdrocarbon,

group o on-atoms or hydfogen. an unsaturated or

. saturated aliphatic.hydrocarbaon p of 110,12 carbaon atoms, hydrogen
allp%ratﬁéﬁik%yéﬁogg %%ér{l%oﬁgg}l ExagrEnOpLFesggf s%%:h%%gr)&narggr? Igsgro%ggf cgen

include methyl group, ethyl group, n-propyl group, .isopropyl grou
or B BrodE I O Sar by BroLp: et Shods SbaangeT
roup, cyclopentyl group, n- hexyl group, cyclohexyl group and octyl
o Ty r OB e BaCH T T anie, 20 B am B R the
., ___compounds re reserged b}éthe formula (%include:
1sonfimRthy dniiStriethoRysitihed ‘disthyldrifiotiefiodsiidRe, Sec-butyl

group, n-pentyl group, iscopentyl group, cyclopentyl group, n-
hexyl group, cyclohexyl group and octyl group. O©Of these,
ethyl group is particularly preferable.
Examples of the compounds represented by the formula (4)
include:
dimethylaminotriethoxysilane,
diethylaminotriethoxysilane,
diethylaminotrimethoxysilane,
diethylaminotriethoxysilane,
diethylaminotri-n-propoxysilane,
di-n-propylaminotriethoxysilane,
methyl-n-prepylaminotriethoxysilane,
t-butylaminotriethoxysilane,
ethyl-n-prepylaminotriethoxysiliane,
ethylisopropylaminotriethoxysilane, and
methylethylaminctriethoxysilane.
Another example of the organosilicon compound is a

cempound represented by the fellowing formula (5).
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diethylaminotrimethoxysilane, 15 diethylaminotriethoxysilane,
diethylaminotri-n-propoxysilane, di¥?-propylaminotriethoxysilane,
methyl-n-propylaminotriethoxysilane, t-butylaminotriethoxysilane, 20
ethyl-n-propylaminotriethoxysilane, ethylisopropylaminotriethoxysilane,
and methyl ethylaminotriethoxysilane. Another example of the

rgaqos (@9? ound is a ccgnﬁ??und represented by the follqwing.

ormula Si (OR) 3 5 he formula (5), RN is a cyclic amino

grngtII;ge f%ﬁ%f@'n% group qg‘or e aﬁ{ngle el %/droq? |noI|no graup,

perhydrmsoqum ino group, 1,2,3,4-tetr roqumo INn0 g oup,

142,34 tetrahydraisoguinoling group of octamethyleneiming 1
=V Exampl JtLe(?sl of (%k/]e %§mp%unjgls represeﬁ'?ed’ by the formula (5) ncl‘u%egro”lp’

Srhcydro ui, nollno triethox S|Ian
per! gefhydro oqumo]llno)tﬁet%og(ysfd 03 d4-tetrahydroquinolino group,

( 2 3.4- tetraﬂégroqumollno trlgthoxysnane
a

23 DB ARy drotSoquioNojtriethoxy ditine ange tame thy lene imino

group.

Examples of the compounds represented by the formula (5)
include:

(perhydroquinolino)triethoxysilane,

{perhydroisoquinolino)triethoxysilane,

(1,2,3,4-tetrahydroquinolinc)triethoxysilane,

{1,2,3,4-tetrahydroisoquinolino} triethoxysilane, and

octamethyleneimincotriethoxysilane,

These organosilicon compounds can be used in combination
of twoe or more kinds.

A preferred example of another useful compound as the
electron donor (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.

Of such polyether compounds, 1,3-diethers are preferable,
and Z-isopropyl-2-isobutyl-1,3-dimethoxypropane, 2,2-
diisobutyl-1, 3-dimethoxypropane, 2-isopropyl-Z2-isopentyl-~1, 3-

dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane and
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octamethyleneiminotriethoxysilane. These organosilicon compounds can
be used in combination 15 of two or8more kinds. A preferred example of
another useful compound as the electron donor (lll) 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
2, 2-Rolyether-compoungds 1, 1qletﬂe§&a@n@r@£%f§2bl9m@%% are
2-isopropyl-2-isobutyl-1,3-dimethoxypropane, 2,2-
pa ridiisgbutyli-1,3;dinpethoxypropane, 2-isopropyl-2-isopentyl-l,3-
dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane and 58
2, 2:his(cyclohexyimathyl);1.3;dimethgxyaropane are jparficlady, . s on o
preferable. These compounds can be used Singly or in combination of
twp gr mare kinds. 5 The olefin polymerization catalyst of the invention
may further contain other components useful for olefin polymerization in
addfion.ip.the ahoue componenis. when Nepessay: Fxamples otihe, .,
other components include a" carrier such as-silica, an antistatic agen?, a
fur&?§téc'%%$t%°fr9 ulant.and a storage %%ab&"zg%uﬁr%’%%s fqrpreparing olefin
polymer The process for pre&anng an olefin polymer according to

two

polymerization in addition to the above components, when
necessary. Examples of the other compcnents include a
carrier such as silica, an antistatic agent, a particle
coagulant 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
using the olefin polymerization catalyst of the invention.

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
invention, it is also possible to carry out polymerization in
the presence of a prepoclymerized catalyst that i1s obtained by
prepolymerizing an a~olefin in the presence of the olefin

polymerization catalyst of the invention. This

prepolymerization is carried out by prepolymerizing an a-
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the invention comprises carrying out olefin polymerization using the olefin
polymerization catalyst of the invengign. 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 20Q.inyention, itis also possible to carry qut
C’}melo yr"‘ﬁrelrizgti())éﬁn?nu?r%e Bég,oeh%e%? a%¢8§o|9m 284 Tatdlyst thatlis=® 200 9.

abtaiped.by prepolymerizing an a:olefin in the presence of the olefin

part&cﬁ%ﬁ%ﬁ%gt/ié% o a%%r t i‘fﬁeﬁﬁg h.Phi® Ht8Folymetizatisrh is-E&rried
1 fo.ut 2%/ %re oI‘?)ymerizjng1 an a 59 olefin in an amount of 0.1 to 1000 g,

S irerdrg W% 65007 paficulsHy preferably 1 to 200 g, based on 1 g of

the olefin polymerization catalyst. In the prepolymerization, a catalyst

haVind AhighEPS cBREantratiorthan the chadyét tofednitratich fvthge

system of the polymerization can be employed. The concentration of the
CONCEHh TRt ERRIY st "Corfporient 11y it tHE Frepoijmerizationtis Yesireéd

be in the range of usually about 0.001 to 200 mmol, preferably 10 about
oI 3:81%6 SE MGt A5arEuIA pPréTePaBi 0YE-20 mmol, in terms of

titanium atom, based on 1 liter of the liquid
The concentration of the scolid titanium catalyst

component (I) in the prepolymerization is desired to be in
the range of usually about 0.001 to 200 mmol, preferably
about 0.01 to 50 mmol, particularly preferably 0.1 to 20 mmol,
in terms of titanium atom, based cn 1 liter of the liguid
medium.

The amount of the organometallic compound catalyst
component (Il) in the prepolymerization has only to be such
an amount that a polymer of 0.1 tec 1000 g, preferably 0.3 to
500 g, is formed based on 1 g of the solid titanium catalyst
component (I}, and the amount thereof is desired to be in the
range of usually about 0.1 to 300 mcl, preferably about 0.5
to 100 mol, particularly preferably 1 to 50 mol, based on 1
mol of titanlum atom in the solid titanium catalyst component
(Iy.

In the prepolymerization, the aforesaid electron donor
(ITI) can be also used, when necessary, and in this case, the

electron donor is used in an amount of 0.1 to 50 mol,
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medium. The amount of the organometallic compound catalyst

component (Il) in the prepolymerizagipn has only to be such 15 an amount
that a polymer of 0.1 to 1000 g, preferably 0.3 to 500 g, is formed based
on 1 g of the solid titanium catalyst component (1), and the amount
thereof is desired to be in the range of usually about 0.1 to 300 mol,

referably about 0.5, to 100 mot, particularly preferably 1 to 50 mal, based
pre%nr % ymtﬁfll'bogic tl%tgn?a(r}n Ig?ogh in %h%s i??fztgﬁ% datalyst comgdnent {59
on 1'”?{%@% pr%pqtl)irperization,ghe aforesaid eleﬁgr,ogp gonor (1 can*ube also
‘used, when necessary, and'in this caSe Sfie Sletirof doMor & héed fran
amount (gi%l to 50 mol, 60 preferably 0.5 to 30 mot, more preferably 1 to
a

“OrPG Mo , ed on | mol of titanium atom in the solid titanium catalyst

coqmlponent (). The prepolymerization can be carried out by adding an 5

olefir ald th %éft"é‘f’yﬁ TOMpOhertdtd™an fefthyidtoCarbohY nistiumdand:
can be carried out under mild conditions. Examples of the inert

© & hryir6cHboh Tnédid t5E8 in FIEPCASK IREIUHE: ARphatieHydroEaBEAS o on
such as propane, butane, pentane, 10 hexane, heptane, octane, decane,

medﬂﬁﬂecaﬁgaﬁﬁq«kﬁﬁﬁéfried out under mild conditions.

Examples of the inert hydrocarbon media used in this
case include:
aliphatic hydrocarbons, such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecans and kerosine;
alicyclic hydrocarbens, such as cycloheptane,
cycloheptane, methylcycloheptane, 4-cycloheptane, 4-
cycloheptane and methyl-4-cycloheptane;

aromatic hydrocarbons, such as benzene, toluene and
xylene;

halogenated hydrocarbons, such as ethylene chloride and
chlorobenzene, and

mixtures of these hydrocarbons.

Cf the above inert hydrocarbon media, aliphatic
hydrocarbons are particularly preferably employed. In the
case of using the inert hydrocarbon medium, the
prepolymerization is preferably carried out by a batch

process.
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alicyclic hydrocarbons, such as cycloheptane, cycloheptane,
methylcycloheptane, 4-cycloheptar®} 4- cycloheptane and
methyl-4-cycloheptane; aromatic hydrocarbons, such as benzene, toluene
and 15 xylene; halogenated hydrocarbons, such as ethylene chloride and
chlorobenzene, and mixtures of these hydrocarbons. Of the above inert

hydrocarbon media, aliphatjc 20 hydrocarbons are particularly preferably,
leenbior Nt e e My S b S e A (R

repolymerization is preferably carried.out b abatc? rocess. 61. On the
ot B e Drefoly s bation Ca bb CauriEd 3ut By the uSk of 1

olefin itself a%asolvent %r the grepo{%/merizati n can be ca ried out

I ,
PR %ﬂaen]fijaﬁﬁlnlﬁ]ne GbseRce of AsofventIh thisea @lthe™ Y +H the

repolymerization is 5 preferaply. carried out continuously, The olefin used |

D4R e FregblsAGHERIoN My bE ifie SATE’ ad BF AETEALIB A GlehR™ 5
used in the later-described polymerization, and specifically, the olefin is

Preffsihby prdpytéite. A0 THRETErhPERESEYin the prepolymerization is

desiredto , , _
The olefin used in the prepolymerization may be the same

as or different from an olefin used in the later-described
pelymerization, and specifically, the olefin is desirably
propylene.

The Temperature in the prepolymerization i1s desired to
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 1s carried out after the above
prepolymerizaticon or without performing the prepeclymerization
is described.

Example of olefins employable (i.e., tc be polymerized)
in the polymerization include a-olefins of 3 to 20 carbon
atoms, specifically, straight-chain olefins, such as
propylene, l-butene, l-pentene, l-hexene, l-octens, 1-decene,
1~dcdecene, l-~tetradecene, l-hexadecene, l-octadecene and 1-
eicosene, and branched clefins, such as 4-methyl-l-pentene,
3~methyl~l~pentene and 3-methyl~l-~butene. O0f these,
propylene, l-butene, l-pentene and 4-methyl-l-pentene are

preferable. From the viewpoint that merits of a polymer



10

15

20

be in the range of usually about -20 to +100C, preferably about -20 to
+80C, more preferably 0 to +400C.d4¢ext, 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 3 to 20 carbon

atoms, specifical Ir?i ht-chain %Ief'ns suc as.grop lene, 1-butene
h L N
V- eﬁte‘ﬁé%ﬁ-r%e"x%%‘é‘;‘ %cté“’r‘?é, : eéénge*i%gﬁaé SCéyr‘fe? Cfetradecenb. 2

:n J-hexadecepe, 1pctadecens and 1 sicosens, and branched olefing, such
as -methyFI-pér%enef%-me -I-‘penpe%e ahd3-metﬁyﬁlr3butene. f

these, propylene, 1-butene, 1-pentene and 4-methyl-I-pentene are
et et R 8 STPHEANLE FoF (o672 BORRAG 6 having a wide
molecular weight distribution are apt to appear in a resin of high rigidity,
propShaSEbifehs drefA SmeiHy-Epehtene e parficilady prasrable/ 1yl
Together with these a-olefins, ethylene, argmatic vinyl 5 compounds,
COMPRH Y styrEHe &t AityibEnse ,%naj&ti%%&%“%ﬁ%coﬁmﬁ@uﬁd&%h%
vinylcyclohexane and vinylcycloheptane, are also employable. Further,

VA0 Y50 SHBP Witk Sthy et afd tHe- 3-OléhAs! 26/PpdlRdéhaving many

. unsaturated bonds, e.g., dienes (conjugated dienes and non
vinyicycloheptane, are also emplcyable. Further, together

with ethylene and the a-olefins, compounds having many
unsaturated bonds, e.g., dienes {(conjugated dienes and non-
conjugated dienes), such as cyclopentene, cycloheptene,
norpornene, tetracyclododecene, isoprene and butadiene, are
also employakble as polymerization raw materials. These
compounds may be used singly, or may be used in combination
of two or more kinds. (The above ethylene or olefin, which
may be used together with the “o-olefin of 2 to 20 carbon
atoms”, is also referred to as “other olefin” hereinafter.)

Of the other olefins, ethylene or an aromatic vinyl
compound 1s preferable. Further, other olefins such as
ethylene may be used in combinaticn so long as the amount
thereof is a small amount, for example, not more than 10% by
weight, preferably not more than 5% by weight, in 100% by
weight of the teotal amount of the olefins.

in the present invention, the prepolymerization and the

polymerization can be carried out by any of a bulk
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10 conjugated dienes), such as cyclopentene, cycloheptene, norbornene,
tetracyclododecene, isoprene and fiftadiene, are also employable as
polymerization raw materials. These compounds may be used singly, or
may be used in combination of two or more kinds. (The above ethylene or
olefin, which 15 may be used together with the "a-olefin of 3 to 20 carbon

pol Alemszd8 also wieired 1 as "other olefinr heteinafter) Of the other .., o s«

olefins, ethylene or an aromatic vinyl compound is preferable. Further,

sucrother algfins sygh 1@'5 16thylene.may beysed jo,.combination sq longas the, |-

amount 20 thereof is a small amount, for example, not more than 10% by

ana Weight, preferably nob more han, 5%6,by weight,.in 100% by weight of the
total amount of the olefins. In the present invention, the prepolymerization

anghibe polymer we@féga%ﬁag@gp% by any of & bulk 83, o¢ s1urry

polymerization process, a liquid phase polymerization process, such as

o1 fltionpalymerization. of susnensign. polymerization, . and 4 vanor phase

S? in
polymerization process. When the polymerization adopts a reaction mode

arofLsluty S.adymerizaton, net hydrocatbon that s used in the aforesaid

prepolymerization can be use & feaction ‘solven ,or ary ofefinthat is
sol@elzigy,id ggt%enreo g%ri]ntegn]'%q:ra&usr € 6(1: aE ibqeul:{sc?da%s %f]?ererag'ggr% 3? 8!?\1/ ent.
temperature can be used as the reacticn solvent.

In the polymerization in the process for preparing a
polymer of the invention, the solid titanium catalyst
component (I} 1s used in an amount of usually about 0.0001 to
0.5 mmoi, preferably about 0.005 to 0.1 mmol, in terms of
titanium atom, based on 1 liter of the polymerization volume.
The organometallic compound catalyst component (II) i1s used
in an amount 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 pclymerization
system. When the electron donor (III) is used, the amount
therecf is In the range of 0.001 to 50 mol, preferably 0.01
to 30 mol, particularly preferably 0.05 to 20 mol, based on 1
mol of the organometallic compound catalyst component (II).

f the polymerization is carried out in the presence of

hydrogen, the molecular weight of the resulting polymer can
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in the polymerization in the process for preparing a 10 polymer of the
invention, the solid titanium catalysé4component (1) 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 titanium atom, based on 1 liter of the polymerization volume.
The organometallic compound catalyst component (Il) is used 15 in an

b amggntﬁfu ually about 1 to 2000 mgl, preferably about. 5 t@.500 mo .
© Ct?élse on idfhoﬁg{ﬁitgniﬁ%lg%%%n%%ilggego%rﬁgﬁza%Ln?ca%y‘gt rate 48

obt59M onent in the polymerization system. When the electron donor (lll) is

used, the amount thereof is in the range of 0.001 to 50 mol, preferably

0.01 20 to 30 mol, particularly preferably 0.05 to 20 mol, based on 1 _mol

o7 the RO G nd Cotaigar CRTHBRE () F b e e
f polxmerization is carried out in the presegce of hydrogen, the molecular

°r WEighT 8f thie'feduitingpoTymar ¢an 64 beTonftbiisd, EndE PalyierPout

having a high melt flow rate is obtained. In the polymerization in the i
20 G5 dnilork 1h& TEmpeAtarb forbtyrmeris g A olfin P RNBFARGEBPLY 50

usually about 5 20 to 200C, preferably about 30 to 100C, more preferably
£0 P Go 90C TR Bresstife is’in the rafigd dF BSually atfiosphérié Hressiie ic

to 100 kgf/cm2 (9.8 MPa), preferably about 2 to 50 kgf/cm™ (0.20 to 4.9
preq@pgfIﬁqhé?ﬁo&%gﬁgpméﬁhﬁn& a), preferably about 2 to 50

kgf/cm® (0.20 to 4.9 MPa). In the process for preparing a
polymer of the inventicn, the polymerization can be carried
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
out, it becomes possible to further widen the molecular
welght distribution of the olefin polymer.

The olefin polymer thus obtained may be any of a
homopolymer, a random copolymer and a block copolymer.

When polymerization of an olefin, particularly
polymerization of propylene, i1s carried out by the use of
such an olefin polymerization catalyst as above, a propylene-
based polymer of high stereoregularity having a decane-
insoluble component centent of not less than 70%, preferably
not less than 85%, particularly preferably not less than 90%,

is obtained.
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polymer of the invention, the polymerization can be carried 10 out by any
of a batch process, a semi-continuogss 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 out, it becomes possible to further widen the molecular 15 weight
diitributio 1 of the olefin polymer. The olefin ol%mer thus obgaine‘d maglbe
any 6t A HoMopdlymer, & Faiidon copolyRier and A BlodR cOpGlymerd O Lymer
\When polymerization of an olefin, particularly polymerization of propylene,

Of 8 RarSIBU Y the e 020 ST & Bief Poly MEHEAtor athlyst as
above, a propylene- based polymer of high_stereoregularity having a

201 (R SRYITBIIIE BoRBoneHLLon BRSBTS (it 0%t freferatly: ot
less than 85%, particularly preferably not less than 900, is obtained. 65

can R orfing 16 ik 6?@%5%J%oF‘ﬁﬂe’béﬁ%&%np&éﬁ’ﬁ’BSPyﬁ?e?%ﬁ@hé fhvefiion,
further, polyolefin, particularly polypropylene, having a wide molecular

Car L&ghthistriBitioR ScaffBé bbtdinédt evén fulisRp pARRri2stich-RN6t
5 carried out but polymerization of few steps such as single- step

ST e oRfmeiiiionds tafriéd ot Thegstocdss for prepaFivgdtolefifl polymer

of the invention is characterized
preparing an olefin polymer of the invention is characterized

in that an olefin peclymer whose high-molecular weight
component ratio is higher and whose low-molecular weight
component ratio (sald low-meolecular weight component being
particularly called “sticky component”) is lower than those
of a conventional olefin polymer having an eguivalent melt
flow rate is often obtained. These characteristics can be
confirmed by the later-described gel permeation
chromatography {(GPC) measurement, and a polymer whose Mw/Mn
value and Mz/Mw value are both high can be obtained.
Polypropylene cbtained 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 Mz/Mw value of less
than 4 in the MFR region o¢f 1 to 10 g/10 min, said Mw/Mn
value and Mz/Mw value being determined by GPC measurement and
peing indications of molecular weight distribution. However,

when the process for preparing an olefin polymer of the
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in that an olefin polymer whose high-molecular weight component ratio is
higher and whose low-molecular weight 10 component ratio (said
low-molecular weight 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 gpl germeatio,n 15 chromatography

NV BPEY medsthErent™ Bnd aSpolymBrWKESE MR Valtie Hid ¥iz/WRy oo oF
€t vagjc? are both hi%h can be obtained. Polyprogﬁlene obtained by the use
df &torveRfisnatsolid tithRiuf catEfBt E5mporéntntdig: the same
magnesium, titanium, halogen and an electron donor generally has an 20
PO YRAT Fale of TRt ThErePthan BardP A Mz/Mw Vallie of 188s it 4 the
MFR region of 1 to 10 g/10 min, said Mw/Mn _value and Mz/Mw value
PO LHBfTg detdimhet oy &P nidastiferiéntard Heftd indications of more
molecular weight distribution. However, when the process for preparing
PreSRGIEHY pdlymérof the 663 ThveRtion iseisel an Blefif polyifeRavihg an
Mw/Mn value of 6 to 30, preferably 7 to 20, can be obtained under the
Proggfme peknasrizatioh'contitiohstdsiabdvel Fofthep farkolefidnpsiypimepn, 2
having an Mz/Mw value of preferably 4 to 15, more 5 preferably 4.5 to 10,
rolgan belobtaingdz Aeeerdilg (0%hev protess Jorcgreparing bnislefin polyraer
of the invention, a
upper limit of the Mz/Mn value is preferably 300, more
preferably 250, particularly preferably 200. According to
the process for preparing the polypropylene resin, a polymer
having a high Mz/Mw value and a high Mz/Mn value is often
obtained.

It is regarded as a matter of common sense by a person
skilled in the art that polypropylene having a high Mw/Mn
value is excellent in moldability and rigidity. Cn the other
hand, a high Mz/Mw value indicates that the content of a
high-molecular weight component is high, and the resulting

polypropylene is expected to have a high melt tension and
excellent moldability.

When the process for preparing an olefin polymer of the
invention 1is used, a polymer having a wide molecular weight
distribution can be obtained even 1f multistep polymerization
is not carried cut. Therefore, there is a possibility that

the polymer production apparatus can be made simpler.
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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, gwore preferably 250, particularly
preferably 200. According to 10 the process for preparing the
polypropylene resin, a polymer having a high Mz/Mw value and a high
Mz/Mn value is often obtained. It is regarded as a matter of common

- ense by a person skilled in the art that polypropylene having a high

P NI TS Ual6 T GRGETRRE I ROIABIRY WA TGy G b GtheP hand,
a high Mz/Mw value indicates that the content of a_high-molecular weight

2PP sofigorient 1€ highP & Ffle FE&itidy PolyfrGpyIBHE fs-espected td'fidve a
high melt tension and excellent moldability. 20 When the process for

ten %Ear?rﬁaﬁ%}éjfﬁ%&&ﬁ}‘ér%ﬁl%é)ein\?é?ﬁ%h%%sed, a polymer having a
wide molecular weight distribution can be obtained even if multistep
polymBRZ4tfo" 5 RBECarkiBd Gt FERerdfdie Lifere is'a possibitity’#ak the
polymer production apparatus can be made simpler. 67 Further, when the

mo L eohvahticial Fhitistep Pohrneization R A pIRdtE itisiexpeeedihat a
polymer excellent in melt tension and moldability can be obtained. As

dis HRerimetiodsitooBtaihva psynter Havineea Wide ™ hfotecular weighabts and

distribution, there are a method of
a methed of melt kneading them. However, polymers obtained

by these methods are sometimes insufficient in enhancement of
melt tension and moldability considering the relatively
complicated operations. The reason is presumably that the
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 olefin polymer of
the invention is expected to have a high melt tension and
excellent moldabilty because polymers having different
molecular weights of extremely wide range are mixed to the
catalyst level, namely nanclevel,

Further, the process for preparing an olefin polymer of
the invention is characterized in that an olefin polymer
having controlled stereoregularity is cbtained. These
characteristics can be confirmed by the fact that an olefin
polymer containing a small amount of a decane-soluble

component can be obtained.
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dissolving/mixing polymers of different molecular weights and a method
of melt kneading them. However, pgiymers obtained by these methods
are sometimes insufficient in enhancement of melt tension and
moldability considering the relatively 10 complicated operations. The
reason is presumably that the polymers of different molecular weights are
hardly miscible with one another basically. On the other hand, the
polymer obtained by the proce@éﬁmgaring an olefin polymer of the
invention is expected to have a high melt tension and 15 excellent
moldabAf & Huse polymerhaving diffetert Afviecutar Welght of
extremely wide range are mixed to the_catalyst level, namely nanolevel.
TR, thR froBedS ol Preparing Aty palyinet bf %H@‘i‘x\%rﬁ%n is
characterized in that an olefin polymer 20 having controlled
consfiietrediiarhity i8 Bbidiied tHRése: Tharadististic¥ chtbe 66hflrthed 5y ©
the fact that an olefin polymer containing a small amount of a
exaneafe-soluble component can be obtained. 68 EXAMPLES The present
invention is further described with reference to the following examples,
but’it SHotId Be Lconstictdrap tfsinvertdh i8R aoiway dmted s thosel t

5 examples.
flew rate, amount of decane-soluble (~insoluble) component,

melecular weight distribution, etc. were measured by the
following methods.
{1y Bulk density (BD}

Bulk density was measured in accordance with JIS K-6721.
(2} Melt flow rate {(MFR)

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

(3) Amount of decane-soluble (-insoluble) component

In a glass measuring container, about 3 g of a propylene
polymer (weight was measured to the unit of 107 g, and this
weight 1s represented by “b” {(gram(s)) in the following
formulas), 500 ml of decane and a small amount of a decane-
soluble heat stabilizer were placed, and with stirring by a
stirrer, they were heated to 150°C over a period of 2 hours
in a nitrogen atmosphere to dissoclve the propylene polymer.
The resulting solution was maintained at 150°C for 2 hours

and then slowly cooled down to 23°C over a period of 8 hours.
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In the following examples, bulk specific gravity, melt flow rate, amount of
decane-soluble (-insoluble) componrgnt, molecular weight distribution, etc.
were measured by the following methods. 10 (1) Bulk density (BD) Bulk
density was measured in accordance with JIB K-6721. (2) Melt flow rate
(MFR) Melt flow rate was measured in accordance with ASTM D1238E,
and the measqring temperature was set at 230C. |15 (3) Amount of

The fetahe soidble (Irddclubiey coiporentIPa Glass méasurfg &htainer,
about 3 g of a propylene polymer (weight was measured to the unit of

PTORBLEYT aRa RS Welght i repre&&htetby>b" [Gianiis)) iR Tive fofofing = o uan
formulas), 500 ml of decane and a small amount of a decane 20 soluble

2 9 3t stabliiZet viehe Piaced: @ntl it StifiRg b4 stifrer the§ wate Heatéd
to 150C over a period of 2 hours in a nitrogen atmosphere to dissolve the

Glapiopyiene Pomer "Fhe réSditifg sBlttibn wastmhaintainad af 150€ 2 and
hours and then slowly cooled down to 23C over a period of 8 hours. 69

vacqye réshRihg uiPEsrtainng aprecipitate st e oropylehéHohrmernast -
filtered under reduced pressure through a glass filter of the 25G-4

The simidard ndnUthstuEEE b dwatal Glass contdd.cTHert AD0MRREGLA fitrate
was withdrawn and

the unit of 10™% g, and this weight is represented by “a”

{gram{s)) in the following formulas. After this operation,
the amount o¢f the decans-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 welight distribution

Liguid chromatograph: ALC/GPC 150-C plus model
(differential refractometer detsctor integral type)
manufactured by Waters Corporation

Column: Two of GMH6-HT (available from Tosch
Corporation) and two of GMHe-HTL (avallable from Tosoh
Corporation) were connected in series.

Mobile phase medium: o-dichlorobenzene

Flow rate: 1.0 ml/min

Measuring temperature: 140°C
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5 vacuum dried to obtain a part of a decane-soluble component. The
weight of the decane-soluble compepent was measured to the unit of
10-4 g, and this weight is represented by "a" (gram(s)) in the following
formulas. After this operation, the amount of the decane-soluble
component was determined by 10 the following formula. Content of
decane-soluble component = 100x(500xa)/(100b) Content of
detanBSaAsSIBBICESRpERET =200 PIE0500x){ T60b)5(@3 MEtecular
weight distribution 15 Liquid chromatograph: ALC/GPC 150-C plus model

PO LY gifférstitial PEfFECBMete detBédt integral type) manufactured by Waters
Corporation Column: Two of GMH6-HT (available from Tosoh
CorpBrationy amestiversfiGmmo6-ATL {avditabie from Tosoh 20
Corporation) were connected in series. Mobile phase medium:
o-éichlencberizerent-lew sateu L.omb/nfid Measuring temperature: 140C
70 Method for preparing calibration curve: Standard polystyrene samples
werk @ised: Sanyple tongemtration: DekD% (w/w) damounteof samyte
solution: 500 |

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.

Example 1

Preparation of solid titanium catalyst component (al)

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 thén in this
apparatus, 700 ml of purified decane, 10 g of commercially
available magnesium chloride, 24.2 g of ethancl and 3 g of
Rheodol 5P-5S20 (trade name, sorbitan distearate avallable
from Kao Corporation) were placed. With stirring this
suspension, the temperature of the system was raised, and at
120°C, the suspension was stirred at 800 rpm for 30 minutes.
Subsequently, with stirring the suspension at high speed so
that a precipitate should not be formed, the suspension was
transferred into a 2-liter glass flask (equipped with a

stirrer) containing 1 liter of purified decane previously
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5 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. 10 Example 1 Preparation of solid titanium
catalyst component ((xI) A high-speed stirring apparatus having an
internal volume of 2 liters (manufactured by Tokushu Kika Kogyo Co.,
coo15H.) Whs thoroug iy pﬁ?&e&ﬁﬁth‘?ﬁtr@géﬁﬁ%hﬁ%éﬁﬁ?ﬁ?@%%\épﬁ?ﬁ%s,
700 ml of purified decane, 10 g of commercially available magnesium
favdhforide, 412G SHERSHG a3 § SFTRhebABPSPSIP e mimehe
sorbitan distearate available from Kao Corporation) were placed. With
Cra iy this “StRspenSion. tHE feniperafiiié of e systemavas #4id6d tEnd at
20 120C, the suspension was stirred at 800 rpm for 30 minutes. ‘
washgthdeyhBnBY Shith Sfring e Stipefsiontat igh spetdlss! thadect in
precipitate should not be formed, the suspension was transferred into a
whichjiter §ldsalfiask (@Fhbped witFacsirst) coivashifg 3 ditercof purified of
decane previously 71 cooled to -10C, by the use of a Teflon (trademark)
mEgRESe Waviig @hdfiffer diameter of 5 mm. A solid formed by the transfer of
the liquid was filtered off and sufficiently washed with purified n-heptane
todbtd@a Soliladduicd e of 23 mmol (in terms of magnesium

atom) of the above sclid adduct was introduced in the whole
amount into 100 ml of titanium tetrachloride kept at -20°C,
with stirring, to obtain a mixed liguid. The mixzed liguid
was heated to 80°C over a period of 5 hours. When a
temperature of 80°C was reached, diisobutyl 3,6~
dimethylcyclohexane-1,2-dicarboxylate (mixture of cis form
and trans form, DMCHIRBU) was added in an amount of 0.14 mol
based on 1 mol of magnesium atom of the selid adduct, and the
temperature was raised up to 120°C over a periocd of 40
minutes. When a temperature of 120°C was reached, diisobutyl
cyclohexane-1l,2-dicarboxylate (mixture of cis form and trans
form) was further added in an amount of 0.035 mol based on 1
mol of magnesium atom of the solid adduct. With stirring the
mixture, the temperature was maintained at 120°C for 90
minutes to perform reaction.

After the reaction of 90 minutes was completed, a solid

part was collected by hot filtration, and this solid part was
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5 which 2.8 mol of ethanol was coordinated based on 1 mol 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 tetrachloride kept at -20C, 10 with stirring,
to obtain a mixed liquid. The mixed liquid was heated to 80C over a
eriod of 5 hours, When a temperature of 80C was reached, diisobutyl
ety AOhe o et 2B IR bR et s forrd FUGHST:
h f%rm, DMCHIBU) was added in an amount of 0.14 mol 15 based on 1 mol
S0 of THAGHESIUTh Atdihof the $ofid atidtct’ AR the tBRpRTAlure Watlraistel C
up to 120C over a period of 40 minutes. When a temperature of 120C
VS g fdathed tdifs ot cEthoRexiid - 1 2 dicarbexyiate (HiRiutE of i
. form and trans form) was further added in an amount of 0.035 mol based
SLioh 90 M6l SFThagrEsidfeatbir 6 theSoIRFaddifet BRAR Stifing thet 5
~mixture, the temperature was maintained at 120C for 90 minutes to
MLNEERRriTea s At ine FedtiorPolg0 mifies Waklcomplétedy asolid
__ part was collected by hot filtration, and this solid part was 72
£1 lygsishendedan 1003RFofitanierd tetravhidridea Fhereafter, i the Ly washed
temperature was raised, and when a temperature of 130C was reached,
withhalggspengion W Heldfet 4B aiiautes withi L a titanium compound

liberated in the wash liguid was not detected.

The solid titanium catalyst component {(«l) 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.

Polyvmerization

In a polymerizer having an internal volume of 2 liters,
500 g of propylene and 1IN liter of hydrogen were placed at
room temperature, then 0.5 mmol of triethylaluminum, 0.1 mmol
of cyclohexylmethyldimethoxysilane and 0.004 mmol {in terms
of titanium atom) of the solid titanium catalyst component
(al) were added, and the interior of the polymerizer was
rapidly heated up to 70°C. After polymerization was
performed at 70°C for 1 hour, the reaction was terminated by
the use of 2 small amount of methanol, and the polymerizer
was purged of propylene. The resulting polymer particles

were vacuum dried overnight at 80°C.
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stirring, to perform reaction. After the reaction of 45 5 minutes was
completed, a solid part was collected{y hot filtration again, and the solid
part was sufficiently washed with decane at 100C and heptane until a
titanium compound liberated in the wash liquid 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¥putpoSé bt ‘&&minitiycatitic é8mipbsitioh. PBRARSZation

. __In a polymerizer having an internal volume of 2 liters, 15 500 g of

10 S QIR Fn e ARE I R of iy dfo G815 Wiie: plag&d &t Foorattempelaare. dhen

0.5 mmol of triethylaluminum, 0.1 mmol of

ve 1 ghloRed e idiffethtixyiane Ehd 002 ik BE(iF st bf: ttapfunime ©
atom) of the solid titanium catalyst component (al) were added, and the

areinigfhor’tihe polyménzér was 20 rapidly heated up to 70C. After
polymerization was performed at 70C for 1 hour, the reaction was
terminated by the use of a small amount of methanol, and the polymerizer
was purged of propylene. The resulting polymer particles were vacuum

Exa2@Aédg ogernight at 80C. 73 Activity of catalyst, and MFR, amount of
decane insoluble component, bulk specific gravity and molecular

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
diisobutyl 3,6é~dimethylcyclohexane-1,2-dicarboxylate [(mixture
of ¢is form and trans form) and 0.04 mol of diiscbutyl
cyclohexane-1,2-dicarboxylate (mixture of cis form and trans
form) were addéd.

Polymerization

Polymerization of propylene was carried out in the same
manner as in Example 1, except that the solid titanium
catalyst component [(a2) was used instead of the solid

titanium catalyst component {(@l). The results are set forth

in Table 1.

Example 3

Preparation of scolid titanium catalyst component (3)

A solid titanium catalyst component (o3) was obtained in

the same manner as in Example 1, except that 0.12 mol of
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weight distribution (Mw/Mn, Mz/Mw) of the resulting polymer are set forth
in Table I. 5 Example 2 Preparatiornaf solid titanium catalyst component
(a2) A solid titanium catalyst component (a2) was obtained in the same
manner as in Example 1, except that 0.13 mol of 10 diisobutyl
3,6-dimethylcyclohexane-1,2-dicarboxylate (mixture of cis form and trans
aii form) and 0.04 mol of diisobu%li cyclohexane-|,2-dicarboxylate (mixture of
LRI oriTand trahs™forthy Wiere et 2B EIymerization “1S BolyinérizHtion U T
of propylene was carried out in the same manner as in Example 1, except
of Ghat theolitftHantift Satayst cohigorient ?(x@?@va%ﬁjééﬁﬁﬁ%‘%}@f the
solid titanium catalyst component (al). The results are set forth in Table
cY SRRy ERsmpre’3 PYEFATANSEH bt 56lid fitthiu 2afdlysticonisoment &3y Aans
solid titanium catalyst component (a3) was obtained in the same manner
formys iHEampReE except that 0.12 mol of 74 diisobutyl

3,6-dimethylcyclohexane-1,2-dicarboxylate (mixture
Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

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

in Table 1.

Example 4

Preparation of solid titanium catalyst component (o4}

A solid titanium catalyst component (oéd) was obtained in
the same manner as in Example 1, except that 0.09% mol of
diisobutyl 3,é-dimethylcyclohexane-1,2-dicarboxylate (mixture
of c¢is form and trans form) and 0.09 mol of diisocbutyl
cyclohexane-l,2~dicarboxylate (mixture of cis form and trans
form) were added.

Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

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

in Table 1.
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of cis form and trans form) and 0.06 mot of diisobutyl
cyclohexane-l,2-dicarboxylate (mixftire of cis form and trans form) were
added. 5 Polymerization Polymerization of propylene was carried out in
the same manner as in Example 1, except that the solid titanium catalyst
component (a3) was used. The results are set forth in Table 1. 10

o Omplgg%mg ‘%4 Frep; I’f\éloe of solid titanium catalyst component (a4) A solid
ent (a4) was obtalned in the same manner as in
n-and trans

for do. 09 mol of dusobut cyclohexane-l|,2- d| late mlxture of
o %ﬁﬁ? SR Ar toih) Gl edc%?ﬁﬁ‘gﬁ%tlg?w %oﬁ in

of propylene was carrled ut in the same_man le 1 exc pt

the %Iin%e%sghde titaniun caéz')ff’lyrsntD ompdnerﬁ?a&’)gv?/%gsu;neg.‘%Té) réstits”

diiséﬁ&%@qlg-%ﬂglmet ? o%gﬁgggyy?%idicaxboxylate {mixture

of cis form and trans form) was added, and diiscbutyl

cyclohexrane-1,2-dicarboxylate (mixture of cis form and trans
form) was not added.

Polymerization

Polymerization of propylene was carried cut in the same

manner as in Example 1, except that the solid titanium

catalyst component (Pl) was used. The resulits are set forth

in Table 1.

Comparative Exanple 2

Synthesis of solid titanium catalyst component (B2)

A solid titanium catalyst component (B2) was obtained in
the same manner as in Example 1, except that 0.175 mol of
diisobutyl cyclohexane~1,Z-dicarboxylate (mixture of cis form
and trans form) was added at 80°C instead of diiscbutyl 3,6~
dimethylcyclohexane-1, 2-dicarboxylate [(mixture of cis form
and trans form), but the diisobutyl cyclohexans-1,2-

dicarboxylate was nct added at 120°C.
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Synthesis of solid titanium catalyst component (R1) A solid titanium
catalyst component (R1) was obtairgd in the same manner as in
Example 1, except that 0.175 mot of 5 diisobutyl
3,6-dimethylcyclohexane-l,2-dicarboxylate (mixture of cis form and trans
form) was added, and diisobutyl cyclohexane-l,2-dicarboxylate (mixture of

Example 1, except that the solid titanium catalyst component (RI) was
usedt: Thereddltsiare St fBRACH Falile 18 35 COMp&ALvEe Example same
Synthesis of solid titanium catalyst component (R2) A solid titanium
mane¥al§st compaiant (2 was wbtaihed ik thé Bamecrhannei &g in Example
1, except that 0.175 mol of diisobutyl cyclohexane-1,2-dicarboxylate
catdmixture ofrgis fernt 20[ehd rans forat) waSladded at 80€ instead=af forth
diisobutyl 3,6- dimethylcyclohexane-l,2-dicarboxylate (mixture of cis form
in Edleans form), but the diisobutyl cyclohexane-1,2- dicarboxylate was not
added at 120C. 76 Polymerization Polymerization of propylene was
carried out in the same

Comparative Example 3

Preparation of solid titanium catalyst component (B3)

A solid titanium catalyst component (B3) was obtained in
the same manner as in Example 1, except that 0.13 mol of
dilsobutyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate (mixture
of cis form and trans form) was added, and 0.04 mol of 2-
isopropyl-2-iscbutyl-1, 3-dimethoxypropane was added instead
of diisobutyl cyclohexane-1,2-dicarboxylate {mixture of cis
form and trans form).

Polymerization

Polymerization cf propylene was carried out in the same

manner as in Example 1, except that the solid titanium

catalyst component (f3) was used. The results are set forth

in Table 1.

Comparative Example 4

Preparation of solid titanium catalyst component (f4)
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manner as in Example 1, except that the solid titanium catalyst
component (p2) was used. The resujts are set forth 5 in Table 1.
Comparative Example 3 Preparation of solid titanium catalyst component
(Q3) A solid titanium catalyst component (a3) was obtained in 10 the
same manner as in Example 1, except that 0.13 mol of diisobutyl
3,6-dimethylcyclohexane-l,2-dicarboxylate (mixture of cis form and trans
fofin)Was adted28AdD.0F ol B 2- iseptopykRisotitdyl-lvas obtained in
_3-dimethoxypropane was added instead of diisobutyl
the cUBBReXARe T 5-didarboxyiatE ihikture ofEiseRS féMmg And tlehsfotmyf
~_Polymerization Polymerization of propylene was carried out in the same
411 fesiHer asin Exdkise L bxeeprthattecsolid ditatiigar eatdlystte (mixture
component (p3) was used. The results are set forth 20 in Table 1.
of Comparalive Ekahipie 3 Preparatichcofastlid dtarmiom catal§stedmpénént
~ (p4) 77 A solid titanium catalyst component (I4) was obtained in the same
1 SOpFaIHer asih Pample 1} excdprtnhoAPrmolkemdiisohut@@ied instead
6-dimethylcyclohexane-1, 2-dicarboxylate (mixture of cis form and trans
of forapakassddedcdrnd@:06mmollof2> dicarboxylate (mixture of cis

form and trans form).

Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

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

in Table 1.

Comparative Example 5

Preparation of solid titanium catalyst component (B5)

A solid titanium catalyst component (B5) was obtained in
the same manner as 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
diisobutyl phthalate was added instead of diisobutyl
cyclohexane-1,2~-dicarboxylate {(mixture of cis form and trans

form).
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5 isopropyl-2-isobutyl-l,3-dimethoxypropane was added instead of
diisobutyl cyclohexane-l,2-dicarboxylgte (mixture of cis form and trans
form). Polymerization Polymerization of propylene was carried out in the
same 10 manner as in Example 1, except that the solid titanium catalyst
component (r4) was used. The results are set forth in Table 1.
Comparative Example 5 15 Preparation of solid titanium catalyst
Egl-%%%m&) A solid titanium catalyst component (p5) was obtained in
the same manner as in Example 1, except that 0.13 mol of diisobutyl
3,6 UmABHyIGETorEXate- £ 5 hArb bRy 4R (MiRtiré S6F Gatoriand rahgne
form) was added, and 0.04 mol of 20 diisobutyl phthalate was added
MENRTedd of HilSHMII Tydloh&xar it 2- tidrbbxytate (isture BREIS Brm
and trans form). 78 Polymerization Polymerization of propylene was
cathifdd 6GERChesanid thainasr asmcExafipfe Leexcept thate¢hesolidorth
titanium catalyst component (p5) was used. The results are set forth 5 in

in 11comparative Example 6

Comparative Example 6

Preparation of solid titanium catalyst component (B6)

A solid titanium catalyst component (B6) was obtained in

the same manner as in Example 1, except that 0.15 mol of
diisobutyl phthalate was added instead of diisobutyl 3,6-
dimethylcyclohexane-~1, 2-dicarboxylate (mixture of cis form
and trans ferm), and diisobutyl cyclohexzane-1,2-dicarboxylate
(mixture of c¢is form and trans form) was not added.

Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

catalyst component (B6) was used. The results are set forth

in Table 1.

Comparative Example 7

Preparation of solid titanium catalyst component (B7)

A solid titanium catalyst component (B7) was cobtained in

the same manner as in Example 1, except that 0.15 mol of 2-



10

15

20

Preparation of solid titanium catalyst component (Q6) A solid titanium
catalyst component (R6) was obtaingd in 10 the same manner as in
Example 1, except that 0.15 mot of diisobutyl phthalate was added
instead of diisobutyl 3,6- dimethylcyclohexane-l,2-dicarboxylate (mixture
of cis form and trans form), and diisobutyl cyclohexane-1,2-dicarboxylate

, mixture of ¢is form and trans form) was not added. 15 Polymerization

180 ﬂ%ﬁéﬁ%&oﬁ%fﬁﬁ%ﬁfen%ﬁé@% RSB TP iePsaiRE ARMREr A8 fFead
?Eégample 1, except that the solid titanium catalyst component (R6) was

oF ERa PHE FesultLare S ToMh SHOFDIE $2D6 Contpatafive EXAHDIE 7

.. Preparation of solid titanium catalyst component (137) A solid titanium

\ Bt Corpondrt (R 7} Was dbtaihed i the saffe mahhePEs it
Example 1, except that 0.15 mot of 2 79

CY SIS B AN Z-Isobutyid BEdiftathekfordpand Was aefiedifstéagromnd trans
diisobutyl 3, 6-dimethylcyclohexane-1, 2-dicarboxylate (mixture of cis

Lorygrny afid HanseRAYT: -and diisobutyl cyclohexane-I,2-dicarboxylate

(mixture of cis form and trans 5 form) was not added. Polymerization
Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

catalyst component (f7) was used. The results are set forth

in Table 1.

Example 5

Polvmerization

Polymerizaticn cf propylene was carried out in the same

manner as in Example 1, except that the solid titanium
catalyst component (wd) was used, and
dicyclopentyldimethoxysilane was used instead of
cyclohexylmethyldimethoxysilane. The results are set forth

in Table 2.

Example 6

Preparation of scolid 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
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Polymerization of propylene was carried out in the same manner as in
Example 1, except that the solid titaggum catalyst component (p7) was
used. The results are set forth 10 in Table 1. Example 5 Polymerization
Polymerization of propylene was carried out in the same 15 manner as in
Example 1, except that the solid titanium catalyst component (a4) was

sed, and digyclopentyldimethoxysilane was used instead of Y
e R ety R Bty SRS THE rBeiTe e ERIBRST Eate 5560
E le 6 Preparatjon of solid titani atalyst camponent (a5) 75 g of
e or LS mAGREG AT cHORAE 8013 b of e Bd 4B Yo o 2nd

anhydrous magnesi , o]

2-ethylhexyl alcohol were subjected to thermal 80_reaction at 130C for 3
the%o"ﬁ?g o give & Ridmogehesis 2Bfutibr * Herfto thsStutich whs Heided

17.7 g of ethyl benzoate, and they were further stirred and mixed at 130C

for L holPHRERGMdTeRBots SBRitiGR tRuS Ehtainet e BosRe doivi B

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

Lo HorogeiEonE Eotttfon WaS driswise Hadeate 200k ©f 38 ml of

this homogeneous 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 speed of 200 rpm.

After the addition was completed, the temperature of the
mixed liguid was raised to B0°C over a periocd of 4.6 hours,
and when the temperature became 80°C, to the mixed liguid was
added diisobutyl 3,6~dimethylcyclohexane~l,2-dicarboxylate
(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,
diisobutyl cyclohexane-1,2-dicarboxylate was added in an
amount of 0.0625 mol time the amount of Mg atom. Thereafter,
the mixture was maintained at this temperature for 35 minutes.
After the reacticn was completed, a solid part was collected
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 completed, & solid part was collected by hot filtration

again, and the solid part was sufficiently washed with decane
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titanium tetrachloride kept at -24C, over a period of 45 minutes with
stirring at a revolution speed of 200gpm. After the addition was
completed, the temperature of the 10 mixed liquid was raised to 80C over
a period of 4.6 hours, and when the temperature became 80C, to the
mixed liquid was added diisobutyl

At %%—gi&mgtltl\xlclxgclohexane- . -dicarb,ox%late (mixture of cis form and tréamlsn

|
orm) inAh amount of 0°0875 ol time the' anTotlt &f My atoti “FHe

.t t \ ised 15 in, and wh t ture of 120C
1= UicHed. ANSObUICyEOheXANE 1 2 dicarbtiate s A0GEE iHdn

amount of 0.0625 mol time the amount of Mg atom. Thereafter, the ‘
cat adixfiire WASMRARAInSd At tRETEMpBFAthfeTor 35 nintited> AftertRerations
reaction was completed, a solid part was collected 20 by hot filtration, and
WS 155 Sbfid paft as FestiEpettiad i 108 Ml 8f anitnt tetfdchictider £y was
_ followed by performing thermal reaction again at 120C for 35 minutes.
Ar s otter te FductiBR WaSComplBisd arstlid gaftiiay Edlfet8d By bk - 01 -
filtration again, and the solid part was sufficiently washed with decane 81
The a8200C and-liexaiie GatilaltiahiupeBempolind libératédih themashtion of
liquid was not detected. The solid titanium catalyst component (a5)
3. Opréparsa ffrobigh thé Bbbve opefationg Was sterediexoa decane sfing? ov
and a part of the slurry was 5 dried for the purpose of examining catalytic
mas gomposibaobutyl 3, 6-dimethylcyclohexane-1,2-dicarboxylate,

4.2% by mass of diiscbutyl cyclohexane-1,2-dicarboxylate and
0.6% by mass of a Z-ethylhexyl alcohol residue.

Polymerization

In a polymerizer having an internal volume of 2 liters,
500 g of propylene and 1IN liter of hydrogen were placed at
room temperature, then 0.5 mmol of triethylaluminum, 0.1 mmol
of cyclohexylmethyldimethoxysilane and 0.004 mmol {(in terms
of titanium atom) of the solid titanium catalyst component
(b)) were added, and the interior of the polymerizer was
rapidly heated up to 70°C. After polymerization was
performed at 70°C for 1 hour, the reaction was terminated by
the use of a small amount of methancl, and the polymerizer
was purged of propyiene. The resulting polymer particles
were vacuum dried overnight at 80°C. Activity, MFR, amount

of decane-insoluble component, bulk specific gravity and
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The solid titanium catalyst component (a5) had composition of 3.0% by

mass of titanium, 18% by mass of lddgnesium, 8.6% by mass of

diisobutyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, 4.2% by mass of

diisobutyl cyclohexane-1,2-dicarboxylate and 10 0.6% by mass of a

2-ethylhexyl alcohol residue. Polymerization In a polymerizer having an
o1 daeinAl volume of 2liters; HA0.g of prapyiene and N liter of hydrogen, ., -

were placed at room temperature, then 0.5 mmol of tnet%y%lumlnum, O.T
Tab@Mel 15 of cyclohexylmethyldimethoxysilane and 0.004 mmol (in terms

of titanium atom) of the solid titanium catalyst component ((x5) were

added, and the interior of the polymerizer was rapidly heated up to 70C.

After polymerization was performed at 70C for 1 hour, the reaction was
Exader 63ina}ted by 20 the use of a small amount of methanol, and the
——p%gnmizer was purged of propylene. The resulting polymer particles
Weergjyzag%lfmndried overnight at 80C. Activity, MFR, amount of

= le component, bulk specific gravity and 82 molecular

e%;%fit istripution (Mw/Mn, Mz/Nhr\;\%) are set forth in, Table 2. Example 7 5
Polym&NZatidit PoRndtzationtof profy ISR wal Catféd Btinthe Safe ame

manner as in Example &, except that

Pol

s

dicyclopentyldimethoxysilane was used instead of

cyclohexylmethyldimethoxysilane. The results are set forth

Comparative Example 8

Polymerization

Polymerization of propylene was carried out in the same

manner as in Example 1, except that the solid titanium

catalyst component (B2} was used, and
dicyclopentyldimethoxysilane was used instead of

cyclohexylmethyldimethoxysilane. The results are set forth

in Table 2.

Comparative Example 9

Freperation of solid titanium catalyst component (89)

75 g of anhydrous magnesium chloride, 280.3 g of decane

and 308.3 g of 2-ethylhexyl alcohol were subjected to thermal
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manner as in Example 6, except that dicyclopentyldimethoxysilane was
used instead of cyclohexylmethyldfidethoxysilane. The results are set
forth 10 in Table 2. Comparative Example 8 Polymerization
Polymerization of propylene was carried out in the same 15 manner as in
Example 1, except that the solid titanium catalyst component (a2) was

reac4sesd and digyelopeptyldimethoxysilane was Lésezqgﬁétgggeocgus solut(i)on,

cyclohexylmethyldimethoxysilane. The results are set forth in Table 2. 2

- nerComparative;Example, 9 Preparation of sokd @ga@%l@gﬁwy%ecg%%g_ﬂeeﬁt and

(Q9) 75 g of anhydrous magnesium chloride, 280.3 g of decane an

they3QR34 of 2-ethylhexyl alcohoLwere subigcted to fhermal 83 reqction at

. Wwr .
130C for 3 hours to give a homogeneous solution, then to this sofution

welﬁgdﬂsgl%%%@oqﬁst%,ﬁﬁgigﬁtetﬁﬁg ghgyaqg{scfutg]%g;g%%degn%Own

mixed at 130T for 1 hour. omogeneous solution Inéd was
to £99IeA 0RWD, 349 foom Iemperate. and hen dhe whole amount of 38 1)

of this homogeneous solution was ropwise addé&d't6'100 fil o
this homogeneous 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 speed of 200 rpm.
After the addition was completed, the temperature of the
mixed liguid was raised to 80°C over a periocd of 4.6 hours,
and when the temperature became 80°C, to this mixed liquid
was added diiscbutyl 3,6-dimethylecyclchexane-1,2-
dicarboxylate (mixture of cis form and trans form) in an
amount of 0.15 mol time the amcunt of Mg atom. The
temperature was raised again, and when a temperature of 120°C
was reached, this temperature was maintained for 35 minutes.
After the reaction was completed, a solid part was collected
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 completed, a solid part was collected by het filtration
again, and the solid part was sufficiently washed with decane
at 100°C and hexane until a titanium compound liberated in

the wash 1iquid was rot detected. The solid titanium



10

15

20

titanium tetrachloride kept at -24C, over a period of 45 minutes with
stirring at a revolution speed of 200gpm. After the addition was
completed, the temperature of the 10 mixed liquid was raised to 80C over
a period of 4.6 hours, and when the temperature became 80C, to this
mixed liquid was added diisobutyl 3,6-dimethyicyclohexane-I,2-
s tadi'car@oxylate mixtur(zé)f cis form and trans form) in an amount of 0.15
Mol time The atotint oF Mg Slors Fift1 5 termipsfatirewas faise#agam: Lons
was aSntdngg%n a temp é%tgre of 120C was rgcached, this temgerature was
maintained for 35 mimutes > Aftet Yie FEAEHBN WHs cSthpletsd, S-Sdifpate ©
driéNdanCo”e&ed by hot fiItratifon, and.this solid part was resuspended in 100
Ml of titanium fetrakhiorida. félfewed By Pefforhiing themmDoreattion -
again at 120C for 35 minutes. After the reaction was completed, a solid
The Gt wis tollécted by Hot Filtratfor AgRRT, 8Nd tHé Solid parapaposition of
5 89sufficientl washed with decane_at 100C and hexane until a titanium ,
ApSitetliberatetiA th&wadt iqid WasrotetdéteasThaBolid 1 - 5% by
titanium 84 catalyst component (R9) prepared through the above
&S Hxtafions® WS ESioretr &5 8 dbeahE SRl dnereparn bf heldlepyway Late
dried for the purpose of examining catalytic composition. The solid

and iits GAmPeataREEcSHhpBnént(paY HaB tomposrivrcaf 52s8%isy: mass of

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

in a polymerizer having an internal volume of 2 liters,
500 g of propylene and 1IN liter of hydrogen were placed at
room temperature, then 0.5 mmol of triethylaluminum, 0.1 mmol
of cyclohexylmethyldimethoxysilane and 0.004 mmol (in terms
of titanium atom) of the solid titanium catalyst component
(B9} were added, and the interior of the polymerizer was
rapidly heated up to 70°C. After polymerization was
performed at 70°C for 1 hour, the reaction was terminated by
the use of a small amount of methanol, and the polymerizer
was purged cf propylene. The resulting polymer particles
were vacuum dried overnight at 80°C. Activity, MFR, amount
of decane-insoluble component, bulk specific gravity and
molecular welght distribution (Mw/Mn, Mz/Mw) are set forth in

Table 2.

Comparative Example 10




mass of diisobutyl 3,6-dimethylcyclohexane-|,2-dicarboxylate and 0.6%
by mass of a 2-ethylhexyl alcohol réSidue. Polymerization In a
polymerizer having an internal volume of 2 liters, 10 500 g of propylene
and 1N liter of hydrogen were placed at room temperature, then 0.5 mmol
of triethylaluminum, 0.1 mmol of cyclohexylmethyldimethoxysilane and
Pol 0004 mmokin terms of titanium atom) of the solid titanium catalyst
component (R9) were added, and the interior of the polymerizer was 15
rapidly heategup 10,70€. After pelymerization.was; parformed at 70C for .
1 hour, the reaction was terminated by the use of a small amount of
manr8gthanok and the nalymerizer, wasurged of propylene, Theresulting
polymer particles were vacuum dried overnight at 80C. Activity, MFR,

. aount 20 of decane-insoluble c nent, bulk specific gravity and
ti ; HQ :
: ta%rgl%%u a?otv(/aelelaﬁt% distribution ?MW ns,) I\)frza}ﬁlwgsaﬁ?éﬂsefi?orth in Table 2.

dicy%%B%F?é%%E%%ae@R'&g%% -Palymetization, Polymerization of propylene

was carried out In the same manner as in Comparative Example 9,

cyoEEnt naie sqlid Lianium.catalyst component (p) was ysed and 5,
icyclopentyldimethoxysilare was used ins ad of

in Table 2.



cyclohexylmethyldimethoxysilane. The results are set forth in Table 2. 86
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In Fig. 1, a relaticnship between the proportion of

DMCHIRU added and the Mw/Mn value is shown.
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CLAIMS
1. A solid titanium catalyst component {I) comprising
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?

\Ca__CL/R

RO/ \F
R"‘;““"\Cb\» “’CEWR -

\C/

/\

R R

R1'00C

n-4 e s (1)

wherein n is an integer of 5 to 10,
R? and R® are each independently COOR' or R, at least one
10 of R* and R® is COOR', and 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,
R* is each independently a monovalent hydrocarbon group
cf 1 to 20 carbon atoms,
15 plural R are each independently an atom or a group
selected from @ hydrogen atom, a hydrocarbon group of 1 to 20

carbon atoms, a halogen atom, a nitrogen-containing group, an



10

15

cl+Lncoti~-WW-~~~ Wvc~iiGxWWBaati moOON UUUU

0 0 88 Inrig. 1, a relationship between the proportion of DMCHIBU added

and the Mw/Mn value is shown. 89 CLAIMS 1. A solid titanium catalyst

component (I) comprising titanium, magnesium, halogen, a cyclic ester

compound (a) represented by the following formula (1) and a cyclic ester
ox 5.com 0 ngé%reprg%ented gy the fol owin%fo_rmoulag)' R R2 R1000.,~ |

VTR CA- CaRNT/ RS RO AR T IGERTR ReA C- (1) Whf R s &n

na1dnteger of 5 to 10, R2 and R3 are each:iri(je en_dentlép,OQR' or R, at Ieastd

Ghe' 10 0F R2 Ahd RS Ts"COTR aRd & sitgla bond (eRcept Ca- Tatihd, >

they may be bended to one another to from a ring, but at
least one R is not a hydrogen atom, and

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 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;

H R4
R100C H
e
H  / RS
NG L
N
C
/\
H H

] n-d - (2)

wherein n is an integer of 5 to 10, and

R* and R® are each independently COOR' cr a hydrogen atom,
at least one of R® and R° is COOR', 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 case



10

15

and C6-C bond in the case where R3 is R) in the cyclic skeleton may be
replaced with a double bond, R1 is ¢#ach independently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, 15 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 90 oxygen-containing group, a ‘
Wher&nop’spﬁosroﬁé-cbﬂta#ﬁﬁg%Yﬁﬁﬁ,%EH%fF -Eoﬁi%iﬁi%&g%’cﬁ}bléﬁifg with a
silicon-containing group, and they may be bonded to one another to from
douRd BnGORGt-at least one R is not a hydrogen atom, and 5 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 COOR is
bonded are contained in the skeleton of the ring, the number of carbon
atéms to! ednsitbfetheiskerdtsn of #ie filig s 599RORER4 (R1066,, | | so

H CaCaHam/\zR5 HCbCa--H CHH
claimed in claim 1, wherein in the formulas (1) and (2}, all

the bonds between carbon atoms in the cyclic skeleton are

single bonds.

3. The solid titanium catalyst component (I) as
claimed in claim 1, wherein in the formulas (1) and (2), n is
6.

4, The solid titanium catalyst component (I) as

claimed in claim 1, wherein the cyclic ester compound (a) is
represented by the following formula (la) and the cyclic

ester compound (b) is represented by the following formula

(2a);



10

15

10 n-4 (2) wherein n is an integer of 5 to 10, and R4 and R5 are each
independently COOR' or a hydrogegnatom, at least one of R4 and R5 is
COOR/, R is each independently a 15 monovalent hydrocarbon group of
1 to 20 carbon atoms, and a single bond (except Ca-Ca bond, and Ca-C
bond in the case 91 where R5 is R) in the cyclic skeleton may be
replaced wit doublggbond. 2. The solid titanium catalyst component (I)
1as 5 claimed'in claim 1, wherein in the f]%rmulas (1) and (2), all the bonds
n carbpn atomsin the ' ton are single bonds. 3. The
R %%tltéﬁﬁum atalyst om’p‘ﬁnéeyr?gg 10 claimed in claim 1, wherein in
the formulad(B am@?n is 6. 4. The solid titanium catalyst component
() #8 claimef in claim &wherem the cyclic ester compound (a) is 15
repres‘éq{e by the follo ing,fgrmula (la) and the cyclic ester compound

(tpgisur@pr@bn_ged by the(fllewingHprmula (2a) ; 92 R100C.'~ | |
~COOR1 cé‘cQ /’
C

/\
R R

wherein n is an integer of 5 to 10,

2 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
cf 1 to Z0 carbon 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
oxXygen—containing group, a phosphorous-containing group, a
halogen-containing group and a silicon-containing group, and
they may be bonded to one another to from a ring, but at
least one R is not a hydrogen atom, and

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 C* to each of which COOR' is bonded are contained in
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RN//RF!'(--CbCaH C RRn-4.a.(-ta) wherein nis an integer of 5
to 10, a single bond (except Ca-Ca hgnd and Ca-Cb bond) in the 5 cyclic
skeleton may be replaced with a double bond, R1 is each independently a
monovalent hydrocarbon group of 1 to 20 carbon atoms, plural R are
each independently an atom or a group selected from a hydrogen atom, a
. n%drocarbon group of 1to 20 10 carbon atoms, a halogen atom, a
“he fFSden-e8naming Bréds Em &%eﬂ%&’nmﬁ §roapoa atoms to
phosphorous-containing group, a_halogen-containing group and a
con%ﬂﬂc%ﬂ%n?&?n N Grotp®ang thE?e?naV-B‘éJ béfided ¥ ohé another to from
aring, but at gleast on is not a hydrogen atom, and 15 in a skeleton of
the ring formed by bonding of plural R to one another may be contained a
R go@dbie bond, and whery two of (g @_ﬂ'-- each of which COOR' is
bonded\re\c ntained | 98/he skeleton of the ring, the number of carbon
atoms to cofis ﬁm‘[’@'t %keleton of theringis5to 10; HHR'OOC~11C

R1H /
H;‘\Cb\

wherein n is an integer of 5 to 10, and
R' is each independently a monovalent hydrocarbon group
of 1 to 20 carbon atoems, and a single bond (except C*-C% bond

and C°-~C” bond) in the cyclic skeleton may be replaced with a

double bond.

5. An olefin polymerization catalyst comprising:
the scolid titanium catalyst component {I) of claim 1,

and

an organcmetallic compound (II) containing a metal atom

selected from the group 1, the group 2 and the group 13 of

the periodic table.



Ca_-_. CaH/HHCbCaH ()CJ HHDN-4(2a)5wherein nis an
integer of 5 to 10, and R1 is each inglependently a monovalent
hydrocarbon group of 1 to 20 carbon atoms, and a single bond (except
Ca_Ca bond and Ca-Cb bond) in the cyclic skeleton may be replaced
with a double bond. 10 5. An olefin polymerization catalyst comprising:

the solid fitanium, catalyst component (1) of claim 1, and an organometallic
co%f'ﬁpoun%lal)oclo%ﬁi%ir%oa e é:llaztg‘r%l 15 s%?é:cé%ea/ ?r%ma%ecgg%ﬁ%elgtﬁél

, .. group 2 and the group 13 of, the periodic table. 94, 6. The in

C‘a%&)l/énﬁerleua i’o%egatcéfi}g?gé Séﬁ'ﬁ%e%% Claiii 5. Tul rtkclieorncoormp((rlysﬁlr% an
electron donor (l1). 7. An olefin polymerization process comprising 5
polymerizing an olefin in the presence of the olefin polymerization catalyst

of;flaim50r6 ‘ . o .
. An olefin polymerization process comprising

5 polymerizing an olefin in the presence of the olefin

polymerization catalyst of claim 5 or 6.



