1 DESCRIPTION SOLID TITANIUM CATALYST COMPONENT
FOR ETHYLENE POLYMERIZATION, ETHYLENE
POLYMERIZATION CATALYST AND ETHYLENE
POLYMERIZATION METHOD FIELD OF THE INVENTION
[0001] The present invention relates to a solid titanium catalyst

component for ethylene pglymerization, an ethylene
polymerization catalyst and an ethylene polymerization method,

each of which provides an ethylene polymer having less
solvent-soluble components and a %]ood agticlelfproperty at a
h

very Righ*activity and'each orwhith s &xEettht 7Pa MoIEEaF

weight-copgrolling: performance: BAGKEROUNROF THE
INVENTION [0002] Ethylene polymers such as homopolyethylene

and lineaThw ddensity polyetmpene L DRE ) arerexcellerion a
transparency, a mechanical strength and the like and widely used
as a film and the like. Various production methods for the

rieipeylene pplymershave so far been known, and it is known that
use of a solid titanium catalyst comprising a titanium catalyst

000 Tbmponent containing titanium, magnesium, a halogen and an
electron donor as an optional component makes it possible to 2

pro8uBe EtRYIenE PSR at Rightponieisdtich Aétivity Ui
ca*talp@{ti%%ggme%@%qﬁ@%&%ﬁggﬁggg@&% that a catalyst for,

iRell n
ethylene polymerization comprising as a titanium céta&iyst
polymeomponent, asolid/itaniwn catalyst componentyebtained iy method,
bringing a halogen-containin% magnesium compound
each of which provides an ethylene polymer having less
sclvent-soluble components and a good particle property at a

very high activity and each of which is excellent in a

molecular welght-controlling performance.

BACKGROUND OF THE INVENTICN
(00023

Ethylene polymers such as homopolyethylene and linear low
density polyethylene (LLDPE) are excellent in a transparency,
a mechanical strength and the like and widely used as a film
and the like. Various preduction methods for the ethylene
polymers have sc far been known, and it is known that use of a
solid titanium catalyst comprising a titanium catalyst
component containing titanium, magnesium, a halogen and an

electron donor as an optional component makes it possible to



prepared in a liquid state into contact with a liquid titanium

compound and an organic silicon compound having no active

hydrogens shows a high activity. Further, it is described in a

patent document 2 that polymers having excellent particle

properties are produced by using an olefin polymerization catalyst
produé@nﬁﬁﬁyﬂgﬁg1ﬁgﬂpmgggféﬁnBOWT%§e33§?gJ¥¥Qation activity.

aluminosiloxane, a reaction product of alkylaluminum and _
In pagalirarene ahd d reattiorrpreduct of alkyakminiraneht 1 that a

_._, tyclodextrin, a halogen-containing magnesium compound and a

Cataq%écniuﬂi”c%hﬁ&?ﬁ"c? [B6031Gn ifé bthef RARG! it tHyRAecan bantum
catalPolymerizedata hioben agtiyity in,pradycing the ethylens. .

polymers, not only the productivity is improved, but also a catalyst
obtairesidue per polymesr, paticgtarhcatiadogenamagntisireducetpound

and therefore problems such as generation of rust on a die in
PTeRATEG iy Tah 158 FesG1TEA SACBSRIINGIY - Athaliin cataljgpid titanium
compoGONRAREALWhICh.can polymerize ethylene ata higher activity, is

desired. [0004] Polymers obtained by polymerizing etﬁylene are
hydrogsually3vebtairedgin a poinderfornrregarsitess of asldgycrived in a

method, a gas phase method and the like. In this case, they are
Pate“fprsfé%aﬁﬁ}“getﬁy|‘é%tp@9m@?§,WhiEﬁVdo*laoﬁéaﬁﬂdiﬁ%epﬁéWéé@
orope ANLRYE 2 NACEON paricle.size distibution and whigh are ..., .

excellent in a particle flowability.” The ethylene polymers which are
catalexcellenpin particle praperiesdraveMatons agdvestages thatqthey

_ can be used as they are without pelletizing depending on uses.
aluminosiloxane, a reaction product of alkylaluminum and

calixarene and a reaction product of alkylaluminum and
cyclodextrin, a halogen-containing magnesium compound and a
titanium compound.

[0C03]

On the other hand, 1f ethylene can be polymerized at a
higher activity in producing the ethylene polymers, not only
the productivity is improved, but also a catalyst residue per
polymer, particularly a halogen amcunt is reduced, and
therefore problems such as generation of rust on a die in
molding can be resolved. Accordingly, a titanium catalyst
component which can polymerize ethylene at a higher activity
is desired.

[0004]

Polymers obtained by polymerizing ethylene are usually



[0005] Further, known is a method in which a molecular weight

distribution is broadened by multistage polymerization in order to

obtain a film which is excellent in a transparency and a

mechanical strength. Usually, a molecular weight is controlled by

- adding hydrogen, but the activity tends to be reduced when
. elevating. a nt.of hydrogen.to produce a low_molecular

Obtal%giig%%p p%rt.g‘(r%rdlr%(tgllfs,%a%g:ﬁanta)‘;3 tvﬁﬁﬁcﬁgganou(f:coﬁtrgﬁgrﬁ%lggglg?d’ 8 gas
phase weighbwithrai smadl amesnt ahhydrogep:s cadvastageauUsIRtesnsy 1

of an activity even in multistage polymerization. Accordingly, an

=thyLethyleRe sy merization  eatdlystiaving anf éxceliatisropertycohave a
narrovﬁoipyg‘ykn&% Engé%c%?ggvefggéEé’g%%%%g%%’ivgglcahzles %?{U:eeﬁ?ent in a

xr
ydrogen response, is desire Also, a polymerization

partisbiverni-selubleicomponentdendsdacbedncreasedwhen preducing
a low molecular weight part by multistage polymerization, and by
excel Wppfuéfcomprisigetie arssiubie componantis deskédhtotbees that

reduced for the sake of a vyield of the product and environmental
h . 10 | .
they B B o M e 1T P 455, SR on

correspondence. [
uses. Patent document 2: JP 1998-53612A DISCLOSURE OF THE
INVENTION [0008] In light of the background described above,
10003 object of the present invention is to provide a solid titanium

catayst component or ethylene palymerization which can.
polymerize ethyiena at fifgh' activity, WHiGH i§ kel iraweiant
distriyefegenis broadened by multistage polymerization in
order to obtain a film which is excellent in a Lransparency
and a mechanical strength. Usually, a molecular weight is
contrelled by adding hydrogen, but the activity tends to be
reduced when elevating an amount of hydrogen to preduce a low
molecular weight part. That is, a catalyst which can control a
molecular weight with a small amount of hydrogen is
advantageous in terms of an activity even in multistage
polymerization. Accordingly, an ethylene pclymerization
catalyst having an excellent property of controlling a
molecular weight by hydrogen, which is called a hydrogen
respense, 1is desired.
[0006]

Also, a polymerization solvent-soluble compeonent tends to

be increased when producing a low molecular weight part by

mulitistage polymerization, and by product comprising the



response, which by-produces less solvent-soluble component and
which can produce an ethylene polymer having a good particle
property, an ethylene polymerization catalyst and an ethylene
polymerization method in which the catalyst is used. [0009] The
present inventors have investigated the problems in order to solve
hem. As a result, they have found, to be surprised, that a solid
JRlystct gSﬁéﬁfi(lf?onb%ttﬁﬁgﬁéeb%lfﬁl%rfz%ﬁoﬁake of a

Lub]
=e ubﬁfeancll(j}ﬂr%pf:)atalyst co

vieldobtaingd hy-BHNGING:A liowid, smagresium comnound (A). . .
comprising a magnesium compound and two or more kinds of

[0CC ¢lectron donors having a specific number of carbon atoms into

bat gogtact witq:a liquid titanium com Aound (C) under the presence of
P an“electiGn d&n‘or%%)@a%?é&%%ﬁ ep‘problems, and thus they have

paten€OMPIGied thepregent dgyention.-5 [0010] That is, the present
invention provides: a solid titanium catalyst component (1) for

ethylene polymerization, which is obtained by bringing a liquid
DTsOL m%%nesium compound g%) comprising a magnesium compound,
An"Bfectfort dbn FYE)NIW MQ | to 5 carbon atoms and an electron
[ooogonor (b) having 6 to 30 carbon atoms into contact with a liquid
titanium compound (C) under the presence of an electron donor
(B} ahtiawhichicamprisesititanium, magnesisn andas halpgehiect of
[0011] The molar ratio ((a)/(b)) of the used amount of the electron

e PHBROY (a) (O fHEF 1SEd dmotinP 6P Eletrof dendr {ppisim catalyst
compofiierably l6s f1and. A0d e election dopor). the glectron, ..
donor (b) and the electron donor (B) are preferably

ethylene at a high activity, which is excellent in a hydrogen
response, which by-produces less solvent-soluble component and
which can produce an ethylene polymer having a good particle
property, an ethylene polymerization catalyst and an ethylene
polymerization method in which the catalyst is used.

[0CG09]

The present inventors have investigated the problems in
order to solve them. As a result, they have found, to be
surprised, that a solid titanium catalyst comﬁonent (1) for
ethylene polymerization obtained by bringing & liguid
magnesium compound (A) comprising a magnesium compound and two
or more kinds of electron donors having a specific number of
carbon atoms into contact with a liguid titanium compound (C)
under the presence of an electron donor (B) can solve the

problems, and thus they have completed the present invention.



hetero atom-containing compounds excluding cyclic ether
compounds. [0012] The electron donor (a) is preferably an
alcohol having 1 to 5 carbon atoms, and the electron donor (b) is
preferably an alcohol having 6 t6 12 carbon atoms. [0013] The
electron donor (B) is preferably a dicarboxylic ester compound or
t least one compound selected from the group consisting of acid
alides, acid amides, nitriles, acid anhydrides, organic acid esters
anckpolyethers: 6,0044] Mere,prefered-aspects of the electron
donor (B) include a compound represented by the following
a Sol%rﬁﬂma@}ma @l@étﬁévSéompmaﬁder@bré%ntédrbwmexﬁcﬂk@wing
Fo rmul (3) ora xture an or an|c cid ester having 2 to 18
polyme“12 taine

ca*bon atoms an& & “diether compoﬁn rep?é SShtdd by the

magne followingrEermula (3). JOQIBIRIR2.REOO LE veREFFRBI R\ &
‘J\a/ RCRAICn-4(2)[0016] In Formula (2), Ca and Cb

elect yepredamma catbdreators; A reprdsertsban integes of 5itcat0pRect ron
and R3 each are |nde endentf%/ COOR1 or R', and at least one of

conor o nd 318 COORL M & e’ FABIVOTR4ny WAFB6H-CarbBn
1iquidond-gtherthangCa-Gahandanda rre presence of an electron

[001

doner (B} and which comprises titanium, magnesium and a
halogen.
(0011

The meolar ratio {(a)/ (b)) of the used amount of *he
electron donor (a) to the used amount of the electron donor
{b) is preferably less than 1, and the electron donor {a), the
electron donor (b) and the electron donor (B) are preferably
hetero atom-containing compounds excluding cyclic ether
compounds.

[0012]

The.electron donor {a} is preferably an alcohol having 1
to b carbon atoms, and the electron donor (b) is preferably an
alcohel having 6 to 12 carbon atoms.

[0013]

The electron donor (B) is preferably a dicarboxylic ester
compound or at least one compound selected from the group
consisting of acid halides, acid amides, nitriles, acid

anhydrides, corganic acid esters and polyethers.



Ca-Cb bond when R3 is a hydrogen atom may be substituted with

a double bond. [0017] A plurality of R1 is a hydrocarbon group

having 1 to 20 carbon atoms. [0018] 7 A plurality of R' each is

independently an atom or a grou?) selected from a hydrogen atom,

a hydrocarbon group having 1 to 20 carbon atoms, a halogen
rog1Atom, a nitrogen- cpr_ltaining group, an 0xygen-c_o_ntaining group, a

phosphorus- containing group, a halogen-containing group and a

siicenceemtainiag gregpcf0019] Ads astuctue represented by -1 ude

the following formula or a hetero atom excluding an oxygen atom:

a comgaypg) RICIOO2EFPI Avplubality Of FYé tHe Sahie &8 R2descrisedther
.abov, 022131311131 -C....0C 1---[;-36 | IM | 33 H11 R35 .
o I B ), 5 S OOr A it of Lo 0] Leouee

of an RrgRl2-andiR3s40R36.eachare independently.a hydpgehd the

. atom or a
diether compound represented by the following Formula (3).

[0015]

(2)

[0016]
In Formula (2}, C* and CP represent a carbon atom; n represents
an integer of 5 to 10; R? and R each are independently COOR*
or R’, and at least one of R® and R’ is COORY; in a cyciic
framework, any carbon-carbon bond cother than a C*-C* bond and a
C*-C° bond when R® is a hydrogen atom may be substituted with a
double bond.

(0017}

A plurality of R!' is a hydrocarben group having 1 to 20

carbon atoms.

[0018]



substituent having at least one element selected from carbon, 8

hydrogen, oxygen, fluorine, chlorine, bromine, iodine, nitrogen,

sulfur, phosphorus, boron and silicon. [0024] Any ones of R1',

R12 and R31 to R36 may be linkéd together to form a ring other

than a benzene ring, and a main chain may contain an atom other

than carbon. [0025]_The ethylene polymerization catalyst of the

p%e échltr %g&grgﬁigrﬁsRIhgﬁfc efized %%%o%ﬁﬁ?ﬁjgyth%ns&hoﬂta?ﬁuﬁw
group Catalysteompenent (1 far etaylene polymerization and.an,organic

metal compound catalyst component (Il). [0026] The ethylene
havingolyrherizatiea thethod-oftthe présehtainveation.is chatacterized
comaf’ if;llomo)fpgl merﬂizin{g ethgle_ne or copolymerizing ethylene with

“* btherofSfinsunder (e Sresenta’ ot the &trdIBHE pSlyMRrRRBR" S~

contailﬁl%'@‘SEgﬁQﬁfA'\éTﬁ@feQQ&QFnIE@EMgE&U%\l a[IQ&);Z] J{'ﬁ con-

solid titanium catalyst component for ethylene polymerization, the
contagthyleneqsolymerization catalyst and the ethylene polymerization

] ethod according to the present invention make it possible to

(001 . )

: %:oduce an ethylene polymer which contains less solvent-soluble
QQ@BOBGBE%%QQMC%&%%‘?{@W%Q %@'C%WQJJM Frmula or
excellent hydrogen response at a high activity. Further, they are

a hetexeeflentireg céontrollingra muoleeulas weight and a molecular

{OozoVYe'ght distribution of the ethylene polymer obtained.

/

R'R’
[0021]

A plurality of R’ is the same as R’ described above.

(00221

e - ~1F r334
| ]
R3—~C—0~+C+0—C—RS8
|

R33 an RE5
- (3)

[0023])
In Formula (3), m represents an integer of 1 to 10; R“, R*™ and
r¥ to R*® each are independently a hydrogen atom or a

substituent having at least one element selected from carbon,



Brief Explanation of the Drawings [0028] Fig. 1 is a graph
showing relation between a intrinsic viscosity [0] and a
solvent-soluble component rate out of the results of ethylene
polymerization described in the ekamples and the comparative
examples. PREFERRED EMBODIMENT OF THE INVENTION
0029] The solid titanium catalyst camponent Igfor ethylene
h e e, thec St ire Sy ianato Chdiyer Chrhgising
nitrotiencatalystcompensst (hand theethylene folymerization
method according to the present invention shall be explained
[00Z2%élow. In the present invention, the term of "polymerization” may
be used in the meaning.that it ingludes_not only .
h%ﬁoﬁﬁgl)@/rsnecﬁza ioh b%Lg}t a?élodcgpol)?r%e}éizaﬁgﬁ, Biid thé “efm-gpether
to fotpolymernmay beusedin themeaning thatit ingludes Not-only.a 1 ray
homopolymer but also a copolymer. [0030] <Solid titanium
contagatalystidomponent () ferettaaéne -polymerization> The solid
1002 giianium catalyst component (l) for ethylene polymerization
according to the present invention is obtained 10 by bringing the
lighid magnesium,compoLng.(A) sormpising.the, magnesiugy ., ¢
compound, the electron donor (a) and the electron donor (b) into
invengdnatact with the figeidititanitm compound(€)tbaderthel ptesence:m
e electron donor (B) and comprises titanium, magnesium and

of th ,
Catal%%al%&%ﬁ%ﬁ%tsoﬁﬂtit%%“?ur%t@éféﬁ)%? Eomponent ity foretferid
organﬂ?@b’rﬁ@%@@a@ﬁﬁgﬁa@ega@é@g@gi%rﬂggﬁim "(Tﬁqn.eSium

compound (A) into contact with the liquid

[0026]
The ethylene polymerization method of the present
invention is characterized by homopolymerizing ethylene or

copolymerizing ethylene with other olefins under the presence

of the ethylene polymerization catalyst.

ADVANTAGEQUS OF THE INVENTION
[0027]

The solid titanium catalyst component for ethylene
polymerization, the ethylene polymerization catalyst and the
ethylene polymerization method according to the present
invention make it possible to produce an ethylene polymer
which contains less solvent-soluble components and which is
excellent in a particle form with an excellent hydrogen

response at a high activity. Further, they are excellent in



titanium compound (C) under the presence of the electron donor
(B) is excellent in a hydrogen response, produces less
solvent-soluble components, and tends to be liable to provide an
ethylene polymer which is excellént in a particle form. The liquid
magnesium compound (A), the electron donor (B) and the liquid
titanium compound (C) shall be explained below. [0031] Liquid

O aghesitint Comipbund [A): Réprasentatiie éxirtipled 5f dthethod

distrferebiaining the. liguid magnesiun,compound (4) used for
preparing the solid titanium catalyst component () for ethylene

polymerization according to the present invention include a
method bringing a publicéy known magnesium compound into

Briet ShbrAAit the slebion-d610r (@5 and the electron donor (b)

ooz #pch described later preferably under the presence of a liquid
hydrocarbon medium to turn them into a liquid. The magnesium

compounds inctudayfosexample rmagnesiumecompouadsntrinsic
described in Japanese Patent Application Laid-Open No.

71500 835069837 “IAEESE PAtSHt ASpICAtisT Eald-Opeh RBE of the
resulé@ﬁék9%%hwh%%epggg§ﬂégr§99%%%5§Q§%@8;P@@@e§ﬁ”9he ex%P les

compounds are preferably used. [0032] To be specific, capa
and tiof beingusediare publicly kaown magnesium compounds having

no reducing ability, including: magnesium halides such as

magnesium chloride and magnesium bromide; alkoxymagnesium

rrerERRlIges suchas mehexymaonesiym chjoride and

ethoxymagnesium chloride; aryloxymagnesium halides such as
[002 phenoxymagnesium chloride;

The solid titanium catalyst component (I) for ethylene
polymerization, the ethylene polymerization catalyst
comprising the catalyst component (I} and the ethylene
polymerization method according to the present invention shall
be explained below. In the present invention, the term of
“polymerization” may be used in the meaning that it includes
not only homopolymerization but also copolymerization, and the
term of “polymer” may be used in the meaning that it includes
not only a homopolymer but also a copolymer.

[0030]
<Sclid titanium catalyst component (I} for ethylene
polymerization>

The solid titanium catalyst component (I) for ethylene

polymerization according to the present invention is obtained



alkoxymagnesiums such as ethoxymagnesium,
isopropoxymagnesium, butoxymagnesium and
2-ethylhexoxymagnesium; aryloxymagnesiums such as
phenoxymagnesium; carboxylatés of magnesium such as
magnesium stearate. 0033] On the other hand, organic
magnesium compounds and organic magnesium halide

Y PrIHEuRGS répresent8d BiFGgRard redgdhts tanbEaséd e the
magneWVelh QO34 The magpesium compounds may be. used.alone ot in.

combination of two or more kinds thereof. Further, the
donoer nggnesium compatinds: maycbe complex compounds avittbother (C)
metals, double compounds or mixtures thereof with other metal

under dip&iRds 038f &%@ﬁ%ﬁ?%%&unﬁ%aﬁé&%ﬁé&éﬁ?
tltarmﬁgngglém;&ﬁhg}{@%l%g'ﬁ{%@bly l’lsﬁ%d's%qu %‘qda;lélgf'um catalyst

thereto, alkoxymagnesium such as ethoxymagnesium is
comporpreferably Wsed ashwelh &yrthiermerganic imagnesiuim campounds:ging
having a reducing ability such as Grignard reagents, which are
the 1 \odght B =Edmact Wit titahiu halitss, Siicot-halidég ahge 1iquid

titanﬁ%%owmgeﬂqg&wﬁyﬁ%géeghg?%%%e%%%@“%fﬁekigﬁﬂ%é’&%% donor

electron donors used for preparing the liquid magnesium

(B) icompeundifA) are prefetablyetherelectier doppsda)r-bavingskto 5
carbon atoms and the electron donor (b) having 6 to 30 carbon

soLverdioist 1o Be SPER "aftondls! digerydés, amindsiickrbogylirovide
an etm%%gngoq]%%@sw}g@%%eog seae(:;pcse%tisefxitngitrbearepsggg y\c/?e form. The
prescribed carbon atom
liguid magnesium compound (A}, the electron donor (B} and the
liguid titanium compound {(C) shall be explained below.
[0031]
Ligquid magnesium compound (A):

Representative examples of a method for obtaining the
liguid magnesium compound (A) used for preparing the solid
titanium catalyst component {I) for ethylene polymerization
according to the present invention inélude a method bringing a
publicily known magnesium compound into contact with the
electron donor (a) and the electron donor (b) esach described
later preferably under the presence of a liquid hydrccarbon
medium to turn them into a liguid. The magnesium compounds
include, for example, magnesium compounds described in
Japanese Patent Application Laid-Open No. 83006/1983 and

Japanese Patent Application Laid-Open No. 811/1%81. In



numbers are preferably used. [0037] The following compounds
can be listed as the specific examples of the electron donor (a).
[0038] The alcohols are preferably alcohols having 1 to 5 carbon
atoms and include, for example,!methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, ethylene glycol and n-

.., pentanol. Among them, alcohols having 1 to 3 carbon atoms
PAXTL GHiRh haVe 1688 CatBoH HBNTE ARe pretfered RHEy aré*fforgreferably

used . preferably ethanol, n-propanol and isopropanol, particularly
preferably ethanol. [0039] 13 The aldehydes include ethanal
[0034Acetaldehyde), propanal, n-butanal and n-pentanal. 0040] The
amines include ethylamine, diethylamine, trimethylamine,

distyfimiiftamine artPie-fké T [C044)9THE BarSosy e ddids Ly known
magnengHdgéﬁg%@ﬁﬁgdhBQ%%gnEﬁaggﬁd%§§80§5¥§%§9?“?%%?8&%&%;

and the like. [0042] The compounds can be used in combination
nmagne of tworarlmose kinds thereafg Q0431 Ambagithe compeasndss then
_alcohols are particularly preferably used. [0044] In general, the
bromiggéctron donor (a) has a high reactivity

alkoxymagnesium halides such as methoxymagnesium chloride and
ethoxymagnesium chloride;
aryloxymagnesium halides such as phenoxymagnesium chloride;
alkoxymagnesiums such as ethoxymagnesium, isopropoxymagnesium,
butoxymagnesium and 2-ethylhexoxymagnesium;
aryvloxymagnesiums such as phenoxymagnesium;
carboxylates of magnesium such as magnesium stearate.

[G033]

On the other hand, organic magnesium compounds and
organic magnesium halide compounds represented by Grignard
reagents can be used as well.

[0034]

The magnesium compounds may be used alone or in
combination of two or more kinds thereof. Further, the
magnesium compounds may be complex compeunds with other metals,
double compounds or mixtures thereof with cother metal
compounds.

[0035]

Among them, magnesium halides, particularly magnesium



with the organic metal compound catalyst component (11)
described later and develops quickly a catalyst activity, and
therefore the catalyst having a high polymerization activity for
ethylene is obtained in many cases. [00451 The electron donor
(b) having 6 to 30 carbon atoms, more preferably 6 to 20 carbon
atoms is used. '0046] The specific examples of the alcohol which

chiorigcipel lgctfdit BoRoY (BF ritludé: L4 ralistatic aleohbRIStch as

. hexana- ., 2-methylpentanol, 2- ethylbutanol, n-heptanol,. .

o I hner Fothyihexandl. Secanal And dodecanol Aicyie’ 5= 25
well.alcahals stchas;eyclohexanekand metbyleyelohexanol aromatic:- i ng
alcohols such as benzyl alcohol and methylbenzyl alcohol; and

abllizkoRy Yrotip-Conitaiing aliphitie slcomdlsBuchras prbugit into

sqlve. Among them, the aliphatic amog?'S are used. 0047} .

cello |
£afe \9,1he 1 1 92
conta xa%lp es of the a eﬁ}?&es include afcf&% RS ﬁg\%%ga‘?%ramore

halidearpomgtoras sugh as capric aldehyde and 2- ethylhexylaldehyde.
) [0048] Examples of the amines include amines having 6 to 30
[003garbon atoms such as heptylamine, octylamine, nonylamine,

g 0 g iganns 0048 Eanpes i,
preparing the liquid magnesium compound (A) are preferably the
electron donor (a) having 1 to 5 carbon atoms and the electron
donor (b) having 6 to 30 carbon atoms. To be specific,
alcohols, aldehydes, amines, carboxylic acids and mixtures
thereof each satisfying the respective prescribed carbon atom
numbers are preferably used.
[0037]
The following compounds can be listed as the specific
examples of Lhe electron donor (a).
(60381
The alcchels are preferably alcohols having 1 to 5 carbon
atoms and include, for exampie, methanol, ethanol, n-propanol,
isopropancl, n-butancl, iscbutanol, ethylene glycel and n-
pentanol. Among them, alcchols having 1 to 3 carbon atoms
which have less carbon atoms are preferred. They are more
preferably ethanol, n-propancl and isopropanocl, particularly
preferably ethanol.

[0639]



carboxylic acids having 6 to 30 carbon atoms such as caprylic
acid and 2-ethylhexanoic acid. [0050] The electron donor (b)
tends to make it possible to solubilize the magnesium compound
with a small amount (mole unit)1f00511 15 The electron donor
(b) is preferably alcohols, and alcohols having 6 to 12 carbon
atoms are more preferably used. The specific preferred examples

tHeYeot Hietaliphatic aleoR6lse ShieRHs Hegaiol dsétymexatiotpanal,

n_butggg no%gngl_doedeccgrqloi,_and they are particularly preferably
2-ethy exanol. [%)052? In combination of the electron donor (a)
rco4and the electron donor (b), both of them are preferably alcohols.
[0053] The used amounts of the magnesium compound, the

elddraidGror (2) ‘aHte tHe Bletior §on 6 ()il preparfing the
. liquid magnesijum co nd. (A).are, thqugh varied depending on
b e et A e EA Atk San e 0.4 150 ol
1004 preferably 0.2 to 10 mol and more preferably 0.2 to 8 mol for the
" electron donor (a) based on 1 mol of the magnesium compound
ahle0 5ateP2e YAGE prefefabnTivde motand moial preferabiy ddoacid,
butang .mogfcordthe %Iegggg .dona%r. )abé;l%et on ihc-f( same. Also, the total
of the Slectrdn donor %é:) and té "électron donor (b) accounts for
1004431 to 25 mol, more preferably 1.5 to 10 mol and further

preferably 2 to 5 mol based on 1 mol of the magnesium
C@hﬁxﬂﬂmpqggga]can be used in combination of two or more

kinds thereof.
[0043]
Among the compounds, the alcohols are particularly
preferably used.
[0044]
In general, the electron donor ({(a) has a high reactivity
with the organic metal compound catalyst component (II}
described later and develcops guickly a catalyst activity, and
therefore the catalyst having a high polymerization activity
for ethylene is obtained in many cases.
[0045]
The electron donor {b} having 6 to 30 carbon atoms, more
preferably & to 20 carbon atoms is used.
[0046]
The specifilic examples of the alcohol which is the

alectron doncr (b)) include:



The electron donor (a) is used preferably in a smaller amount
than that of the electron donor (b) . To be specific, (the used
amount (mol) of the electron donor (a))/(the used amount (mol) of
the electron donor (b)) is preferably less 16 than 1., more
preferably less than 0.8, further preferably less than 0.6,
particularly preferably less than 0.5 and especially preferably less
alliphafics 054 cHzopRopotEen f thetisedlambunts hoflthergleetrdn donor
o a) and the electron donor (b) is out of the r , the magnesium
e e TR I to be CheEbioed e o Lo R G ARBE e
and ddae election donor (a), the electron donor (b) and the electron
donor (B) are preferably hetero atom-containing compounds
alicyektidingayelic ethielh compogAdseos5]} Aselvent-soluble
%?liggn gompound is advantageously used in order to obtain
ys paﬁlc(feé having an excellent particle property. On the
aroma©ihRer:handcthe elestrondener.(a) is praferably ysed:@s1venzy1
described above, in order to obtain the highly active solid titanium
alcoheatalgsticomponent (1) for ethylene polymerization. In the present
1k invention, even if the eIe:(L:troQ danor (a) and the electron donor (h)
L Ko TR TR RomBInAfoR  the 85lid tifarian datalst cotfipBReHt iy
cello8y eihylene pelyrerization. haying.an excellentpadicle propery
can be obtained, to be surprised, without damaging an effect of
[©048howing the high activity in the ethylene polymerization. [0056]

The liguid magnesium compound (A) is preferably prepared in a
GG Ry BrocabbR AR RGrieSia R TeRa =y droEaiBon °<

more &%@HW §H§§d é@@hc%rkc%@i%q Qflgeli%goand 2-

ethylhexylaldehyde.

methyf?:a
Cala

{00481

Exampliles of the amines include amines having & to 30
carbon atoms such as heptylamine, octylamine, nonylamine,
laurylamine and Z-ethylhexylaminde.

[0042)

Examples of the carboxylic acids include the organic
carboxylic acids having 6 te 30 carbon atoms such as caprylic
acid and Z-ethylhexanoic acid.

[0G50]

The electron donor (k) tends to make 1t possible to
sclubilize the magnesium compound with a small amount (mole
uniti.

[GO51]



mol/liter, preferably 0.5 to 5 mol/liter. The liquid 17 hydrocarbon
media include publicly known hydrocarbon compounds such as
heptane, octane and decane as the preferred examples. [0057]
Electron donor (B): Electron dongars used for preparing solid
titanium catalyst components for polymerization of a-olefins
described in Japanese Patent Application Laid-Open No.
8300671983 zid Japanese) Patertdplicatibn kdid-Opéa Nend

811/1981 can be listed as the preferred examples of the electron
=100 b0t {7 Lol 16t ProparnG e SOl I EAA AL = LY boe

The sgemponent(b:for-ethylenepolymerization aceordingdQAhe: =1 conois
present invention. [0058] To be specific, a dicarboxylic ester

such gempoundis listed; fand to: becrhorelspecific, andicaroxdiccdstepnd
compound having plural carboxylic ester groups and represented
©hey §ShBToNewing EbUIA (b R Tisted ThedcartBaylc ester
rops£pmpound represented by the following Formula (1) is preferably
used from the viewpoint that it is excellent in controlling a
nolecotariweightancta helectdartweightedistribatiorrofithéne electron
resulting ethylene polymer. In Formula (1), Ca represents a

donor chihon Atom. fO059ETB RREIRIGEE Y. RIREEAT\R3 R-C
‘005G2RRR (1}

The used amounts of the magnesium compound, the electron
donor (a) and the electron donor (k) in preparing the liguid
magnesium compound {(A) are, though varied depending on the
kinds therecof and the contact conditions, 0.1 to 20 mol,
preferably 0.2 to 10 mol and more preferably 0.2 to 8 mol for
the electron donor (a) based on 1 mol of the magnesium
compound and 0.5 to 20 mol, preferably 1 to 10 mol and more
preferably 1 to 5 mol for the electron donor (b} based on the
same, Alsc, the total of the electron donor (a) and the
electron donor (b) accounts for 1.1 to 25 mol, more preferably
1.5 to 10 mel and further preferably 2 to 5 mol based on 1 mol
of the magnesium compound.

[0054]

The electron donor {a) is used preferably in a smaller
amount than that ¢f the electron doncr (b). To be specific,
(the used amount (mol) of the electron donor {(a})/{the used

amount {(mcl) of the electron donor (b)) is preferably less



0060] In Formula (1), R2 and R3 each represent independently
COOR or R, and at least one of R2 and R3 is COOR". [0061] All
of carbon-carbon bonds in a framework of Formula (1) are
preferably single bonds, and any €arbon-carbon bond other than
a Ca-Ca bond in the framework may be substituted with a double
bond. [0062] A plurality of R' each is independently a monovalent

than  wdFeeErborPg oty hAVIFREE té 28 cdtbon dtoRis referabhy #itdy Less
than &9693@9&%@&%’%%%Pé%%efég'zyyl fo 8.carhon toms and, o .15,

particularly prefera to 3 carbon atoms. The hydrocarbon

prefegioups includermethyl sethyl Fn=prepyk dseprepyl M-butylu dsebutybunt s
neopentyl, hexyl, heptyl, octyl, 2-ethylhexyl, decyl, dodecyl,
of theg SReXadesyl dttadecyt 6. oyt aherth@otiké. It is out of

the rPL fgrqbl ‘_methydl ‘eth I n-pr XI isoopropill n- tlutg jsobﬁuty
© 3:n?é?(;)p%nty,ﬂ e%lf?}%sp%yﬁpocﬁ/r(ﬁgz-%t ylh%xylé}%%d &e(l;jyfl, moc}e![Se

dissopreferably=methyls ethylze<propyl, dsopropyl - nebutydrisabuty, (a), the
neopentyl, hexyl, heptyl, octyl and 2- ethylhexyl. Ethyl, n-propyl

elect g id6pFopyl BrePartiebRrFLES thieteAeB°0063] A pluraligierRo LY

heter§25D3 Ndependently an atom, gt a_groyp selected fioma,
%yafogen atom, a hydrocarbon group havmggl t(}/% carbon

compo@i@ms, a halogen atom, a nitrogen- containing group, an
oxygen-containing group, a phosphorus- containing group, a

L 085 hhlogen-containing group and a silicon- containing group.

A solvent-scluble magnesium compound is advantageously
used in order to cobtain catalyst particles having an excellent
particle property. On the cother hand, the electron donor {(a)
is preferably used, as described above, in order to cbtain the
highly active golid titanium catalyst component (I) for
ethylene polymerization. In the present invention, even if the
electron donor {(a) and the electron donor (k) are used in
combination, the solid titanium catalyst component (I) for
ethylene polymerization having an excellent particle property
can be obtained, to be surprised, without damaging an effect
of showing the high activity in the ethylene polymerization.

[0056]

The liquld magnesium compound (A} ig preferably prepared
in & ligquid hydrocarbon medium. Magnesium in the liquid
hydrocarbon medium is used in a concentration of 0.1 to 20

mcl/liter, preferably 0.5 to 5 mol/liter. The liquid



[0064] Among them, a hydrocarbon group having 1 to 20 carbon
atoms is preferred as R other than a hydrogen atom, and a
hydrocarbon group having 1 to 10 carbon atoms is more
preferred. The hydrocarbon groups include, for example, aliphatic
hydrocarbon groups, alicyclic hydrocarbon groups and aromatic
hydrocarbon groups such as methyl, ethyl, n-propyl, isopropyl,
hydronagutyh iseiityl, isectbdty| orpentyly cyolopentyld mehexighn  compounds
cyclohexyl, vinyl, phenyl and octyl, and the}é include preferably
Sueh SlipRatic Ay arocaibanorBtips Siich &s Hiethyf, ethyT Shisgpgt="etes
roosisppropyl, n-butyl, isobutyl, sec-butyl and n-pentyl. It is particularly
preferably ethyl, n-propyl and isopropyl. [0065] When R is such
Electthegroum st is3preferred from the viewpoint that not only a
solvent-soluble component originating in a low molecular weight

deLEAbEd TafsEaTbE SHhibited FORF BEINY pPoddced bt aisdTit is
cata1§¥cellentas well, in-g,particle property. 20 &90951;5&@9356 atleastyoq

two groups of R may be linked together to form a ring, and a
in Jageubkebeadand ajeteraatom maybewantaimedinca ranewosk d
of the ring formed by combining R with each other. When two or

JaPanfifsie 85 %6 Whith'CERORR BohdedRere ontafled iPthe can be

1 seeframewad gt ing dog. e, aupiher of ccaon alomadomig e )
framework of the ring is 5 to 10. [0067] R2 and R3 which are not

used COOR'apepreferably adiydtogenaatom afa hygracarbppgronp. (1)
for e(ﬁﬁﬁﬂne pelymerization according to the present invention.
[C058]

Toc be specific, a dicarboxylic ester compound is listed,
and to be more specific, a dicarboxylic ester compound having
plural carboxylic ester groups and represented by the
following Formula (1) is listed. The dicarboxylic ester
cempound represented by the following Formula (1) is
preferably used from the viewpoint that it is excellent in
controlling a molecular weight and a molecular weight
distribution of the resulting ethylene polymer. In Formula (1},

C* represents a carbon atom.

[0059]



Among them, preferred are a hydrogen atom, a secondary alkyl
group, for example, isopropyl, sec-butyl, 2-pentyl and 3-pentyl or
a cycloalkyl group, for example, cyclohexyl, dyclopentyl and
cyclohexylmethyl. Among them,-at least one of R2 and R3 which
are not COOR' bonded to Ca is preferably a hydrogen atom.
[0069] The examples of the dicarboxylic ester compound
represented by Formula (1) include diethyl 2,3-bis(2-
Rioefﬂ&lbuty succir'!ate, diethyl 2,3-dibenzylsuccinate, diethyl
2,3-diisgpeopylssscinate, djisobutyl 2,3-diisopropylsuccinate,
thggifx -b4s cygohexﬁmethyl)succinate, diethyl 2,3-
diis ylsuccinat giéfhyl 2,3-dineopentyl.succinate, diethyl
R34 clopentyls Ciaterand diethyl 2,3- dicyclohexylsuccinate
in a purg (S, R)(S/R) form or optional 21 racemic mixture. The
dicarboxic est§® compounds arq Pljeferred from the viewpoint
that they are excellent in controlling a molecular weight and a
00E molecular weight distribution of the resulting ethylene polymer.
[ %0701 The other examples include diethyl sec-butylsuccinate,
diethyd thexysueginate, diethykcyclopropylsuceinate, diethl sent 1y
~norbornylsuccinate, diethyl (10-) perhydronaphthylsuccinate,
COOR" diethyl trmethylsilysactcinat e digthylhmetioxysuccsinate, diethyl
-methoxyphenylsuccinate, diethyl p- chlorophenylsuccinate,
ww&ethyl phenylsuccinate, diethyl cyclohexylsuccinate, diethyl
henzylsuccinats, diethyl {cyclohexylmethyDsyceinate diethyl 1. (1)
t-butylsuccinate, diethyl isobutylsuccinate,
are prkgthyhsopropyisiiceinategidiethyll any carbon-carbon bond other

than a C*-C® bond in the framework may be substituted with a
double bond.
[0062]

A plurality of R' each is independently a monovalent
hydrocarbon group having 1 to 20 carbon atoms, preferably 1 to
10 carbon atoms, more preferably 1 to 8 carbon atoms and
particularly preferably 2 to 3 carbon atoms. The hydrocarbon
groups include methyl, ethyl, n-propyl, isopropyi, n-butyl,
isobutyl, neopentyl, hexyl, heptvl, octyl, 2-ethylhexvyl, decyl,
dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl and the
like. It is preferably methyl, ethyl, n-propyl, iscpropyl, n-
butyl, isobutyl, necpentyl, hexyl, heptyl, octyl, Z-ethylhexyl
and decyl, more preferably methyl, ethyl, n-prcopyl, iscpropyl,
n-butyl, iscbutyl, necpentyl, hexyl, heptyl, octyl and 2-

ethylhexyl. Ethyl, n-propyl and isopropyl are particularly



neopentylsuccinate, [0071] diethyl 2,2-dimethylsuccinate, diethyl
2-ethyl-2- methylsuccinate, diethyl 2-benzyl-2-isopropylsuccinate,
diethyl 2-(cyclohexylmethyl)-2-isobutylsuccinate, diethyl 2-
cyclopentyl-2-n-propylsuccinate; diethyl 2,2- diisobutylsuccinate,
diethyl 2-cyclohexyl-2-ethylsuccinate, diethyl
2-isopropyl-2-methylsuccinate, diethyl 2,2- diisopropylsuccinate,
prefegigtyl 2-isobutyl-2-ethylsuccinate, diethyl
(00 6%—(1,1,1-trif|uoro-2-propyl)-2-methylsuc:c:inate, diethyl
-isopentyl-2-isobutylsuccinate, diethyl 2-phenyl-2-n-
hutysugsinate, diisabutyl-2,2-dimethwlsuceinate, dijsobutyl 22, ,
2-ethyl-2-methylsuccinate, diisobutyl 2-benzyl-2-
group sgprepyisticEivate a diisobutyt 2- (€yctohexymethyt:2bon group
isobu%lsuccinate, diisobutyl 2-cyclopentyl-2-n- propylsuccinate,

BaT N digthyP cyclobltaie: 1:2-dicarbdxyrte &y diéthyl = nitrogen=
contaSimethyleyclobutanesl.2-d4carboxylate; [0 %7124 ud h eas'ﬂaim% horus-

examples of the compound having a ring structure formed by
contagombiningethe Regioupsowithceadtrothierdn gEormputan @ einshude-an -
compound represented by the following Formula (2) In the
contaySitdiFing E8fmula (2) Ca and Cb represent a carbon atom. [0073]
(00sR' R2 R10(NC,.,,, lala, -RP _1/RRB_cb C pP In-4 (2)

Among them, a hydrocarbon group having 1 to 20 carbon
atoms 1s preferred as R other than a hydrogen atom, and a
hydrocarbon group having 1 to 10 carbon atoms is more
preferred. The hydrocarbon groups include, for example,
aliphatic hydrocarbon groups, alicyclic hydrocarbon groups and
aromatic hydrocarbon groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sesc~butyl, n-pentyl, cyclopentyl,
n-hexyl, cyclohexyl, vinyl, phenyl and octyl, and they include
preferably aliphatic hydrocarbon groups such as methyl, ethyl,
n-prepyl, isopropyl, n-butyl, isobutyl, sec-butyl and n-pentyl.
It is particularly preferably ethyl, n-propyl and isopropyl.

[0G65]

When R is such the group, it is preferred from the
viewpoint that not only a solvent-soluble component
originating in a low molecular welght described later can be
inhibited from being produced but also it is excellent as well

in a particle property.



[0074] In Formula (2), n is an integer of 5 to 10, preferably an
integer of 5 to 8, more preferably an integer of 5to 7 and most
preferably 6. 0075] R2 and R3 each are independently COOR1 or
R', and at least one of R2 and R3 is COOR1. R2 is preferably
COOR', and R3 is preferably R'. 23 0076] All of carbon-carbon
bonds in a cyclic framework are preferably single bonds, and in

[CO&g4he cyclic framework any carbon-carbon bond other than a Ca-Ca
bond an a Ca-Cb bond when R3is aﬁfydro n atom ma

SRttt i 8800 BoRA (58, TR of KT Reg  tosether

to foRydrocarbon grounhaxing k 1@ 20, carbon alems.as isthe Gase e
with R1 in Formula (1), preferably a hydrocarbon group having 1

contatogicanbon dtoms endkmote Preferably d hydeocarboregiouping R
having 2 to 3 carbon atoms. The suitable examples of R1 are

wLLh RSty RS nBtGRyl SoptbpYP T fi- b%ty‘f?séﬁ’ﬂuﬁ/l (iE€Gpentyt drief e

are cdaeiihexyl.mare preferably- ethyl, nspropyl and.isopropyl.[0078]
In Formula (2), Aiis: [0079] A R'R' [0080] or a hetero atom

carboexeluding amroxygen atorr sAds préferdblyhe ring is 5 to 10.
{0067}

R? and R® which are not COOR! are preferably a hydrogen

atom or a& hydrocarbon group.
[0CeE]

Amcng them, preferred are a hydrogen atom, a secondary
alkyl group, for example, isopropyl, sec-butyl, Z2-pentyl and
3-pentyl or a cycloalkyl group, for example, cyclohexvl,

" ¢yclopentyl and cyclchexylmethyl. BAmong them, at least cone of
R* and R® which are not COOR® bonded to C° is preferably a
hydrogen atom.

[0069]

The examples of the dicarboxylic ester compound
represented by Formula (1) include diethyl 2,3-bis{2~
ethylbutyl)succinate, diethyl 2, 3-dibenzylsuccinate, diethyl
2,3-diiscpropyvlsuccinate, diiscbutyl 2,3-diisopropylsuccinate,
diethyl 2,3-bis{cyclohexylmethyl)succinate, diethyl 2,3~
diisobutylsuccinate, diethyl 2,3-dinecpentylsuccinate, diethyl
2, 3~dicyclopentyisuccinate and diethyl 2,3-

dicyclohexylsuccinate in a pure (5, R) (S, R) form or optional



[0081) 24 1~y p~3 RI'R 0082] and a ring formed by C, Cb and
A is preferably a cyclic carbon structure, and is particularly
preferably a saturated alicyclic structure wherein the cyclic
structure is constituted only by carbons. [0083] A plurality of R’
each is independently an atom or a group selected from a
hydrogen atom, a hydrocarbon group having 1 to 20 carbon
racematomsyachalogermatom ca ritragen-ccentaiiing @roupndn are
oxyé%jn-containing group, a phosphorus- containing group, a

Prefepaisgen-eontaifing-§roth-and dsificoRe¥oRtainiRg Grotp™ fod84]
cont rAMANY, t'ge%fe@m)f%laq@@m%ayi%}égﬁ%ganbe%gmaéoms

is preferred as R' other than"a hydrogen atom, and a hydrocarbon
distrgroup bavirlg 1He :earbomatoms is mereppietesred. The
hydrocarbon groups include, for example, aliphatic hydrocarbon
[ O7@i/oups, alicyclic hydrocarbon groups and aromatic hydrocarbon

OEUPS BCh A IV, Clls (OB L [R0PIORY. B [ROOHO..
sec-butyl, n-pentyl; cyclopentyl, n-hexyl, Cyclohexyl, vinyl, phenyl

diethabdwctyl preterabbr @liphatic hydregarbopr-giorps suchase, diethyl
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and
nOrDORIMYERYE ARG it D25 G4 pRRFtculary prefraBRrethyP i-propyandate,

dieth§§m¥99¥%thylsilylsuccinate, diethyl methoxysuccinate,
diethyl p-methoxyphenylsuccinate, diethyl p-
chlorophenylsuccinate, diethyl phenylsuccinate, diethyl
cyclohexylsuccinate, diethyl benzylisuccinate, diethyl
(cyclohexylmethyl)succinate, diethyl t-butylsuccinate, diethyl
isobutylsuccinate, diethylisopropylsuccinate, diethyl
neopentylsuccinate,

(00711
diethyl 2,2-dimethylsuccinate, diethyl 2=ethyl-2-
methylsuccinate, diethyl Z-benzyl-2-isopropylsuccinate,
diethyl Z-{cyclchexylmethyl)-2-isobutylsuccinate, diethyl 2-
cycliopentyl-2-n-propylsuccinate, diethyl 2,2~
diisobutylsuccinate, diethyl 2-cyclohexyl-2-ethylsuccinate,
diethyl 2Z2-isopropyl-2-methylsuccinate, diethyl 2,2-
diisopropylsuccinate, diethyl 2-iscobutyl-2-ethylsuccinate,
diethyl 2-(1,1,1-triflucro=-Z2-propyl)-2-methylsuccinate,
diethyl Z-isopentyl-~2~iscbutylsuccinate, diethyl 2-phenyl-2-n-

butylsuccinate, diisobutyl 2,2-dimethylsuccinate, diiscbutyl



[0085] When R'is such the group, it is preferred from the
viewpoint that not only a solvent-soluble component originating in
a low molecular weight described later can be inhibited from
being produced but also it is excgllent as well in a particle
property. [0086] Further, R' may be linked each other to form a
ring, and a double bond and a hetero atom excluding an oxygen
Z-ethateim-mayh bescentaired:in d framewoyk of the ringlfermed by
combining R' with each other. When two or more Ca to which

1sopr RYORT T BhBed ale eBHfained Tl THE FRlENHE bR He Tifig, the
;Lsobulggm%fc%aﬁaéboaf{%%;f%m'@ggh%f@g@g\efgik of the ring is 5 to

[0087] The frameworks of the rings include a norbornane
propy framewosk.ca tetracyclodadecane framewprk and-sthedikel af0088]q
A plurality of R may be a carboxylic ester group, an alkoxy group,
diethylsibsRrdlolls eamdrentcturelésstanming 2§foup such as an
[0 2ajldehyde group and an acetyl group. [0089] R'is preferably a
hydrogen atom or a hydrocarbon group. [0090] The dicarboxylic
ester compatnesaeptesentestby the doapputad(2)dnchigles2G ing
diethyl cyclohexane-1,2-dicarboxylate, di-n-propyl
Stzuc%?éﬁﬁéﬁéﬁﬁgl@ydﬁﬁﬁﬁéﬁﬂﬁﬁétaﬁS@pﬁﬁﬁWps with each other in

FormqudPﬁeX9£§il dmarbo 4au§ gggggsented by the following
cyco exane-1 dlcarbo ate,

Formula . In the following Formula (2), C* and C” represent
a carbon atom.

[0073]

R R?

160747
In Formula (2), n is an integer of 5 to 10, preferably an
integer of 5 to 8, more preferably an integer of 5 to 7 and
most preferably 6.
[0075]
R? and R® each are independently COOR* or R’, and at least
one of R? and R® is COOR!. R? is preferably COOR!, and R® is

preferably R'.



di-n-propyl cyclohexane-1,3-dicarboxylate, diisopropyl
cyclohexane-1,3-dicarboxylate, diethyl
3-methylcyciohexane-1,2-dicarboxylate, di-n-propyl
3-methylcyciohexane-1,2-dicarbexylate, diisopropyl
3-methylcyclohexane-i,2-dicarboxylate, diethyl
4-methylcyclohexane-1,3-dicarboxylate, di-n-propyl
[0074dimethylcyclohexane-1,3-dicarboxylate, diethyl
4-methylcyclohexane-1,2-dicarboxylate, di-n-propyl )
AEhethylcyEoRRXanRE P PR3 6xyIatE, diSopfopyiamework axe
prefe%é@?%hﬂg)ﬁqggef@ﬂgélpZéﬁﬁaﬁt?p)%@te@yg!?y&ylframework any
5-methylcyclohexane-1,3-dicarboxylate, di-n-propyl
carbob-methydayclohexanest, 3sdicarkoxyiaté, Hiisopsepy ¢*-C° bond when
, . 5-methylcyclohexane-1,3-dicarboxylate, diethyl
R™ 1s a2 lyifethyicyelotexame- £ 2-ditatbokyiate Hi-nfppypurts bond.
[007;’»34-d?methy!cyciohexane-l,2-d?carboxylate, d?isopropyl
3,4-dimethyicyclohexane-1,2-dicarboxylate, diethyl
36-dimethyieyclohexane:12-dicarboxylate, di-ouprapyting 1 to 20
3,6-dimethylcyciohexane-l,2-dicarboxylate, diisopropyl
carboy ggiifiéthyicydohéRané E2 diE Arioxyiate Cdiethy (1), preferably
» nyajdiReyclanexang 4 2idicaroxylate, APIORY, wnc more
3-hexylcycl hex ne-1,2-cﬂcarboxy ate, di-n-propy
orefeddibdihexyigyoiohexane- lq2digarhoxylater 2¢odethyk-bon atoms. The
' 3-hexyl-6-pentylcyclohexane-1,2-dicarboxylate, diethyl
5‘1ita@&@loﬁéﬁ%i,?—%i@ér%@l%’%ﬁ-ﬁpﬁfﬁwlr n-propyl, isopropyl,
_nueSyclopentane-1,2-dic r% iat iSO [
b g1 2 g ate g ey, more preferanly
ethyleoyeiopesiane-dn3d-dicarboxylate, di-n-propyl :
cyclopentane-1,3-dicarboxylate, diethyl
10078]methylcyclopentane-1,2-dicarboxylate,

In Fermula (2}, A is:

[C079]

S
i
rR'R
[00B0]
or a hetero atom excluding an oxygen atom,
A is preferably:

[0061]



di-n-propyl 3-methylcyclopentane-i,2-dicarboxylate, diisopropyl
3-methylcyclopentane-1,2-dicarboxylate, diethyl
4-methylcyclopentane-1,3-dicarboxylate, di-n-propyl
4-methylcyclopentane-1,3-dicarboxylate, diisopropyi
4-methylcyclopentane-1,3-dicarboxylate, diethyl
4-methylcyclopentane-1,2-dicarboxylate, di-n-propyl
hylcyclopentane-1,2-dicarboxylate, diisopropyl
(I"methylcyclopentane-1,2-dicarboxylate, diethyl
/ methylcyclopentane 1,3-dicarboxylate, di-n-propyl
ethylcyclopentane-1,3-dicarboxylate, diethyl
-dimethylcyclopentane-1,2-dicarboxylate, di-n-propyl
3,4-dimethylcyclopentane-l,2-dicarboxylate, diisopropyl
1008 3j4-dimethylcyclopentane-1,2-dicarboxylate, diethyl
3,5- dlmethylcyclopentane 1,2-dicarboxylate, di-n-propyl
and aswﬁneﬂﬁ%@cléiﬂeﬁtang 1Qﬂ§|c§rlﬂfﬁ<yﬂéféh ediidoptopyFyclic carbon

5-dimeth Icyclo entane, dicarbox I dleth N
Stwcﬁ%e%ylcyc%pen agnegi fdlc%%OQ Ia%e%ﬁeﬂ%, Xtura”ed

alicydiS-dihexylcyclopentane-12-dicarbgxyiate,sdiethylr= is
cycloheptane-1,2-dicarboxylate, 28 di-n-propyl
const gyelbheptanet 1:2-diéatboxilate, diisopropyl
005 %cloheptane-l,2-dicarboxylate, diethyl
cycloheptane-1,3-dicarboxylate, di-n-propyi

cycloheptarer ], 3sdicarbexylate,s diethybendent 1y an atom or a
3-methylcycloheptane-i,2-dicarboxylate, di-n-propyl
group3snéthyieyclbheptanéy 2 disarbadfate, dilsoprepylrbon group

3-me I cIohe ane dicarboxylate, thyl .
navin IT %hyl%écloﬁep ane% dfcarngg'la?e dlectﬁ% 2 nitrogen-

contaﬂﬂﬁ@ﬂ%@heﬁﬁ@cwl@fﬁ@éyﬁiﬁg drPoREOPY phosphorus—
4-methylcycloheptane-1,2-dicarboxylate,
contalning group, a halcgen-containing group and a siiicon-
containing group.
o084
Among them, a hydrocarbon group having 1 to 20 carbon
atoms 1z preferred as R’ other than a hydrogen atom, and a
hydrocarbon group having 1 to 10 carbon atoms is more
preferred. The hydrocarbon groups include, for example,
aliphatic hydrocarbon groups, aiicyclic hydrocarbon groups and
arcmatic hydrocarbon groups such as methyl, ethyl, n-propyi,
isopropyl, n-butyi, iscbutyl, sec-butyl, n-pentyl, cyclopentyl,
n-hexyl, cyclohexyl, vinyl, phenyl and octyl, preferably
aliphatic hyvdrocarbon groups such as methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl and n-pentyl, and it



diisopropyl 4-methylcycloheptane-1,2-dicarboxylate, diethyl
5-methylcycloheptane-1,3-dicarboxylate, diethyl
3,4-dimethylcycloheptane-1,2-dicarboxylate, di-n-propyl
3,4-dimethylcycloheptane-1,2-dicarboxylate, diisopropyl
‘3,4-dimethylcycloheptane-1,2-dicarboxylate, diethyl
3,7-dimethylcycloheptane-1,2-dicarboxylate, di-n-propyi

is paBfi-dimethylcyclebeptane,l:2glicarbaxylate,y diisapra@iovropyi .
3,7-dimethylcycloheptane-1,2-dicarboxylate, diethyl

[cos %lhexylcycloheptane-l,2-dicarboxy|ate, diethyl
?W%-eq%h%ggylggclg%ggt @‘%1 %_cgéca,rbo%(ylia'geplgé%tgylred from the
cyclooctane-1,2-dicarboxylate, |e,tﬁyl

viewp3imethyleyclooetane-},2-dicarbexylate, digtbytorponent

_cyclodecane-1,2-dicarboxylate, diethyl
OriginamptiyieyclddesdniBol 2cdicarbosgiate: dietiaylibed later can be

.+ 1. cycaoxypentane-3,4-dicarboxylate, diethyl
inhib ¥ % Y, : : .
T h ey olBhe e ahoArboy e S d B 2P ke 1
in a [RQ9Y]-isorperpsuely as cis and trans compounds are present in

the compounds having a diester structure, and the compounds

[0C8Hhving either structure have effects which meet the objects of the

esent invention in many cases. [0092] Among the compounds,
%é} %%%%%’ex%neﬁ&%%x%ﬁcﬂa%%%er%aﬁ%w iEFh i8S i ESmuk (S 2

a dougle pasticularly preferred.oThe creaspmthereforsesides aat anlying,
the catalyst performances thereof but also in that the compounds

be coghpipegroduced aemretatively fowsecostsaby rrakidglusecof@ining R’

with éﬁ%ﬁ'@%ﬁgg?a-iﬁgh[98§3Lr more C* to which COOR* is bonded

are contained in the framewcrk of the ring, the number of

carbon atoms forming the framewcrk of the ring is 5 to 10.
[0087]

The frameworks of the rings include a norbornane
framework, a tetracycledodecane framework and the like.

[0088g]

A plurality of R’ may be a carboxylic ester group, an
alkorny group, a siloxy group, a carbonyl structure-containing
group such as an aldehyde group and an acetyl group,

[0089]

R’ is preferably a hydrogen atom or a hydrocarbon group.
{00901

The dicarboxylic ester compounds represented by the

Formula (2) include



Further, when the cyclohexanedicarboxylic esters are used, the
catalysts are excellent in a hydrogen response and maintain a
high activity, and polymers which are excellent in a patrticle
property can be obtained. (0094], Also, acid halides, acid amides,
nitriles, acid anhydrides, organic acid esters and polyethers each
shown below can also be used as the electron donor (B). [0095]
dieth¥0 ke spenificathey include acid halides having 2 to 15 carbon
. atoms such as acetyl chloride, benzoyl chloride, toluyl chloride
di-n-gRARHisyIChIBHEEs 2a6T arides 3usl ag N N-dimethylacetamide,
- N diethylbenzamide and.N,N-dimethyltoluamide; nitriles
dllso%gﬁ:@s ggégtjé?l?tﬁrea}%eerc\{z’o%itrﬁé: %ﬁ%i%ﬁﬁl ﬁ)lée?’acid anhydrides

diethguchpsiacetic:anhygride, phthalic.anhydride and benzoic
_ anhydride; organic acid esters having 2 to 18 carbon atoms such
di-n-msgRethyt ormiate arfethyactate thylacstate, vinyl acetate,

L ropyl., acetate, octyl acetate,.c cIoEex acetate, ethyl propionate,
d e
llso%e%ﬁbﬁ&?&?e}fee %ﬁevaﬁé?at%?%ieﬁ ?/ﬁgkl%l%if’c%cetate, ethyl

diethdichiorpacetatey methykmeathaceylate, ethyl.crotonate, methyl
. benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl
di-n-pepppate cyeldhesl berzoate sptierylbenzoate yhenzyl

.. ._benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl
o oRte: WA aICAIe Sl S Gata 1 2=

diethglhaxyhenzeatey-butyllactone ;5:yvalerolactong, coumarin,
. phthalide and ethyl carbonate. Among the organic acid esters,
di-n-peppdic ésterssuthas methyhbenzoate] ethyldbenzoate, propyl

diethyl 4-methylcyclohexane-l,2-dicarboxylate,
di~n-propyl 4-methylcyclchexane~1,2-dicarboxylate,
diisopropyl 4-methylcyclchexane-1,2-dicarboxylate,
diethyl S5-methylcyclohexane-1, 3~dicarboxylate,
di-n-propyl 5-methylcyclohexane-1,3~dicarboxylate,
diisopropyl 5-methylcyclohexane-1,3-dicarboxylate,
diethyl 3,4-dimethylcyclochexane-1,2-dicarboxylate,
di-n-propyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcyclohexane-1, 2-dicarboxylate,
diethyl 3,6-dimethylcyclohexane-1, 2-dicarboxylate,
di-n-propyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
diisopropyl 3, 6-dimethylcyclohexane~-1,2-dicarboxylate,
diethyl 3-hexylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3-hexylcyclohexane-1,2-dicarboxylate,

di~n-propyl 3,6é-dihexylcyclohexane-1,2-dicarboxylate,



benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate,
phenyl benzoate, benzyl benzoate, ethyl ethylbenzoate and ethyl
ethoxybenzoate are preferably used in terms of prices, a safety
and an availability. [0096] Further, publicly known polyhydric
carboxylic esters can be listed. The polyhydric carboxylic esters

include, to be specific, aliphatic polycarboxylic esters such as
diethdiethyh sygcinatedibutylsucsinater diethyl-methylimalonate, |
, diethyl ethylmalonate, diethyl isopropylmalonate, diethyl 31
diethyhndifalonatet dicthyr pheayrasienate diethyl diethylmalonate,
a1 -n-diethyl dibutyimalonate, monooctyl maleate, dioctyl maleate,
o ﬁibolﬁ3¥/| ma?’e%tg?a%tuatti}lébnéty m%feé\até?afahfﬁtbedtylmaleate,

diisodi-2rethythexybfirnarate, diethyl itagonateiand dioctyl citraconate,
‘ aromatic polycarboxylic esters such as phthalates,
diethiaphtitalensdicansoxnylatest wrstk wimetditate and dibutyl

. trimellitate; heterocyclic polycarboxylic esters such as 3,4-
d -nN—-oir ) 1 r iy H
Nk ur%%ﬁ%ca%%%l%%g Sw]gﬂér,c{ é’r%%%l%ot%%&rﬁpounds, the

diethmultifunctionakaromatic compounds arg preferablyprevented
_ from being used or used only in a minimum necessary amount in a
di-n-pefaif casebetalbse dfthereasons of safetyrand health,and the
97] Also, other.examples of the polyhydric carboxylic
poy amp ot

diiso]!é%%g)r@ incl(ide atere Bri8RY cHan ticar CREIE Stch as
dietndiethyladipate, disabutyl.adipate; diisoprepyl sebacate, di- n-butyl
sebacate, di-n-octyl sebacate and di-2-ethylhexyl sebacate.
di—n—gyymﬂl d-methylcyclopentane-1, 3~dicarboxylate,
diisopropyl d-methylcyclopentane-1, 3~dicarboxylate,
diethyl 4-methylcyclopentane-1, 2~dicarboxylate,
di-n-propyl 4-methylcyclopentane-1,2-dicarboxylate,
diisopropyl 4-methylcyclopentane~1,2-dicarboxylate,
diethyl 5-methylcyclopentane-1, 3-dicarboxylate,
di-n-propyl S5-methylcyclopentane-1,3-dicarboxylate,
diethyl 3,4-dimethylcyclopentane~1,2-dicarboxylate,
di-n-prepyl 3, 4-dimethyleyclopentane-1,2~dicarboxylate,
diisopropyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
diethyl 3, 5-dimethylcyclopentane-1, 2~dicarboxylate,
di-n-propyl 3, 5-dimethyleyclopentane-1,2-dicarboxylate,
diisopropyl 3, 5-dimethylcyclopentane~1, 2-dicarboxylate,
diethyl 3-hexylcyclopentane-1,2-dicarboxylate,
diethyl 3,5-dihexylcyclopentane-1,2-dicarboxylate,

diethyl cyclcoheptane-1,2-dicarboxylate,



The specific examples of the electron donor (B) include the
polyethers, that is, compounds (hereinafter referred to as
"polyethers") having two or more ether bonds which are present
via plural atoms. Compounds in which carbon, silicon, oxygen,
nitrogen, sulfur, phosphorus, boron or two or more atoms
selected from them are present between ether bonds can be
di-n-fistenvas the pohmthers: -Amongithennpreferred are the 32
compounds in which a relatively bulky substituent is bonded to an

i isontShsreSeit BREREER Bther BORGS HRdHiahieh plural carbon

dieth@tomsargingluded in afoms present hetween two or more ether
: bonds. For example, a diether compound represented by the

di-n-followihgdyormblkp3)is preferred: {0009),34£8,R30 C 0-t- 36 ||
. .mlaii 36 (33jl [0100] In Formula (3), m is an integer of 1 to 10,
HetNiiord Bréferabi/ 3 t6 W0 G particitafly preferabiyea to S. R11 F2

di-n-80gR3- EO—B@&%%}%@I%ﬁ%%%%%d-%ﬂtkyméi‘é@%%%@fé‘eé‘l ora

substituent having at least one element selected from carbon,

diisohydroders-oxygen, dporines chioring, retiine riogdige » hitrogen,
. sulfur, phosphorus, boron and silicon. [0101] R11 and R12 are
AL ethylefdrdbiyy hGdrdCaBBRGYB UL Faing At 210  8afbon atoms,

diethmorﬁ—mc,?{%%b%&%%ﬁ%%@ﬁ groyp haying 2, 1q 6 carbon atoms,
and R31 to'R36 are preferably a hydrogen atom ora hydrocarbon
di-n-grogy having tito G-earhoratoms-1, 2-dicarboxylate,
dilsopropyl 4-methylcycloheptane-1,2-dicarboxylate,
diethyl S5-methylcycloheptane-1,3-dicarboxylate,

diethyl 3,4-dimethylcyclcheptane-1,2-dicarboxylate,
di-n-propyl 3,4-dimethylcyclcheptane~-1,2-dicarboxylate,
diisoprepyl 3,4-dimethylcycloheptane-1, 2-dicarboxylate,
diethyl 3,7-dimethylcycloheptane~1,2-~dicarboxylate,
di-n-propyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
diisopropyl 3,7-dimethylcycloheptane-1, 2-dicarboxylate,
diethyl 3-hexylcycloheptane-1,2-dicarboxylate,

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

diethyl cyclooctane-1,2-dicarboxylate,

diethyl 3-methylcyclooctane-1,2~dicarboxylate,

diethyl cyclodecane-1,2-dicarboxylate,

diethyl 3-methylcyclodecane-1,2-dicarboxylate,

diethyl cyclooxypentane-3,4-dicarboxylate,

diethyl 3,é-dicyclchexyleyclohexane-1,2-dicarboxylate and

the



[0102] R" and R12 are, to be specific, methyl, ethyl, n-propyi,
isopropyl, n-butyl, isobutyl, isopentyl, neopentyl, hexyl, 33 heptyl,
octyl, 2-ethylhepty , decyl, cyclopentyl and cyclohexyl, and they
are preferably ethyl, n-propyl, isepropyl, n-butyl and isobutyl.
[0103] R31 to R36 include, to be specific, a hydrogen atom,
methyl, ethyl, n-propyl, isopropyl, n-butyl and isobutyl, and they
like. are preferably a hydrogen atom and methyl. [0104] Any ones of
1009 R11, R'Z and R31 to R36, preferably R11 and R12 may be linked
®hch other to form a ring other than a benzene ring, and atoms

other.than carbon may, be containeddn a main ghain, [0105]; The ;

specific examples of the compound having two or more ether
the chopdsrideluder2;2zdicyclohexyt-l, 3tdimethoxypropang;e compounds
. 2,2-diethyl-l,3-dimethoxypropane ,
having f—dﬁ?‘?”y?—i%—cdiﬁfé?h perof)gﬁéécts which meet the objects of

the pl&diuyl-l.3dimethoxypropane., .
2-methyl-2-propyl-l,3-dimethoxypropane,

[0092Fmethyl-2-ethyl-1,3-dimethoxypropane,
2-methyl-2-isopropyl-1,3-dimethoxypropane, g
ZREtAYED oy IBREXYI B-dirféthokyproarg sdicarboxylic esters

in wh%&%ﬁ$@%¢%dQQe§X@H®ﬂkl6%9"29@“?@@%98%@§r1y preferred. The
2-methyl-2-isobutyl-1,3-dimethoxypropane,
reasoR-miethyls2« 2 ethyhexyhs13-dimethoxyprepanez iyst performances
thereof but alsc in that the compounds can be produced at
relatively lower costs by making use of a Diels Alder reaction.
[00931
Further, when the éyclohexanedicarboxylic esters are used,
the catalysts are excellent in a hydrogen response and
maintain a high activity, and polymers which are excellent in
a particle property can be obtained.
(06241
Also, acid halides, acid amides, nitriles, acid
anhydrides, organic acid esters and polyethers each shown
below can also be used as the electron donor (B).
[0095]
To be specific, they include acid halides having 2 to 15
carpon atoms such as acetyl chloride, benzoyl chloride, toluyl
chloride and anisyl chloride;

aclid amides such as N,N~dimethylacetamide, N,N-



34 2,2-diisobutyl-1,3-dimethoxypropane,
2,2-bis(cyciohexylmethyl)-1,3-dimethoxypropane,
2,2-diisobutyl-1,3-diethoxypropane,
2,2-diisobutyl-1,3-dibuthoxypropane,
2-isobutyl-2-isopropyl-1,3-dimethoxypropane,
2,2-di-s-butyl-1,3-dimethoxypropane,
diethP]Ratitnityk 1B dimethoxypeopanesluamide;
_2,2-dineopentyl-1,3-dimethoxypropane, = o
DLLEL R OPIGRYIES-iSSerty T B dimettitigptopane® 3nd trinitrile;

acid Zafyclohgxyl-2:cyclohexylmethyl-1,3.imefhoxypropane, 4nnydride
2,3-dicyclohexyl-1,4-diethoxybutane,

and b&y3-diisopnopyl:ldediethoxybutane,
2,4-diisopropyl-1,5-dimethoxypentane,
Orgaﬁ%F4Qﬁ§8bﬁﬁﬁ§ﬁg{hﬁﬁﬁﬁSX§péﬁEﬁ§Ecarbon atoms such as methyl

formaE%%*HQQQQD”é%ééﬁ@é?hQ%XQ%”E%E%ate, vinvl agetate, propyl

3-methoxymethyltetrahydrofuran, 3-methoxymethyldioxane,

acetaisl-diisobutaxyprapane o ;2 «disoputaxyethane, ethyl propionate,
: },3-diisoamyloxyethane, _1,3-diisoamyioxypropane, _
methy) Siiigshedpentyldtyethanta “f 8-dif ntlbRypropaie; e, ethyl

dichlg%%é%@%%%%bygaﬁﬁgwgﬂyqyﬁgﬁ%ygg%%%n%Thyl crotonate, methyl

2,2-pentamethylene-1,3-dimethoxypropane,

benzoy2-hexamethytens-413-dimethoxyprepaner 35 butyl benzoate,
1,2-bis(methoxymethyl)cyclohexane,

octyl DEYABRERYI-2EthERyHEthSE 3cdiBthodtbidanesnzeate, benzyl

-benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl
ethylbenzoate, methyl anisate, ethyl anisate, ethyl
ethoxybenzoate, vy-butyllactone, d-valerclactone, coumarin,
phthalide and ethyl carbonate. BAmcong the organic acid esters,
benzoic esters such as methyl benzoate, ethyl benzoate, propyl
benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate,
phenyl benzoate, benzyl benzcate, ethyl ethylbenzoate and
ethyl ethoxybenzoate are preferably used in terms of prices, a
safety and an availability.

[0096]

Further, publicly known polyhydric carboxylic esters can
be listed. The polyhydric carboxylic esters incliude, to be
specific, aliphatic polycarboxvlic esters such as diethyl
succinate, dibutyl succinate, diethyl methylmalonate, diethyl

ethylmalonate, dietnyl isopropylmalonate, diethyl



2-cyclohexyl-2-methoxymethyl-l,3-dimethoxypropane,
2,2-diisobutyl-1,3-dimethoxycyciohexane,
2-isopropyl-2-isoamyl-1,3-dimethoxycyclohexane,
2-cyclohexyl-2-methoxymethyl-' 2,3-d imethoxycyciohexane,
2-isopropyl-2-methoxymethyl-1,3-dimethoxycyclohexane,
2-isobutyl-2-methoxymethyl-1,3-dimethoxycyclohexane,
buty lpagyoichiexyl<2ethioxynréthyl 118 disthorycydichexanegdiethyimalonate,
i chicnyl%b%x I-2-ethoxymethyl-1,3-dimethoxycyclohexane,
e -|soﬁrodpﬁx]éﬁéﬁ?métﬁ%ﬁﬂ,@&@ﬁo%ﬁ%exﬁfé?Ctyl maleate,
dibut 21SRRRORM-2-ethexymethyl-l 3:dimethoxycyclohexan, v 1ateate,
2-isobutyl-2-ethoxymethyl-1,3-diethoxycyclohexane and
di-2-2tisgbbgt-2lethmemeéthyl<di3dimbthomawyciohkexane. d[QL06] 1
: Among them, 1,3-diethers are preferred, and particularly _
SrErapréRired dre”B9SoNopy-ESRbBa . 5-dimefiokypropang, Phthalates,

naphtgé&@ﬂggg%%%ﬂ@§§ﬂg%%Q9XY£E99§Q$l2@§9ﬁgﬂ¥4ééggxgﬂgybibutyl
1,3-dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane

trimeahdi2 2<bistoycichexydmnethyh il 3dimethoxyprepanes [@LAT] as 3, 4-
Further, an alkoxysilane compound represented by a formula

Furan gl §FORYE FPdEscribEa &t and TtRshIkBRy SIS Eeffipolinds
multi §Hﬁg @§o‘i’%‘£@‘%’29?ﬁé%@"%9ﬂ8&8¥(§9“5@8’ uiaeqee gan, 9%@%@19&

the examples of the electron donor (B). [0108] 36 The compounds
from listedyas: thei electrar:donor (B) may henisednalone-estvg ofnbare: in
kinds of the compounds may be used in combination. [0109]

3 ceriong tiem’ the ticarbbxylie estasHavifg thé tlicand health and
the like.

[GD97]

Alsc, other examples of the pelyhydric carboxylic esters
include esters of long chain dicarboxylic acids, such as
diethyl adipate, diisobutyl adipate, diisopropyl sebacate, di-
n-butyl sebacate, di-n-octyl sebacate and di-Z-ethylhexyl
sebacate.

[0098)

The specific examples of the electron donor (B) include
the polyethers, that is, compounds {(hereinafter referred to as
"polyethers”) having two cr more ether bonds which are present
via plural atoms. Compounds in which carbon, siiicon, oxygen,
nitrogen, sulfur, phosphorus, boron or two or more atoms
selected from them are present betwsen ether bonds can be

listed as the polyethers. BAmong them, preferred are the



structure represented by Formula (2) or mixtures of the organic

acid esters with the diether compound represented by Formula

(3) are particularly preferred. [0110] Among the preferred electron

donors (B), the dicarboxylic esteys or the organic acid esters may

be formed in a step for preparing the solid titanium catalyst

component (I) for ethylene polymerization. They can be formed as
compow@ﬂsfdme&hh@eairrals-;téé‘f@ﬂb'ri@@ihgnh@wbwémacﬂwithqheed to

an At ggnesmm C%D Pound Q{) %t more speC|f|c the electron 1 b
GOn6F (BY 8an be ihcorporated intd the Solfd ﬁfénll?ﬁwcgat%%{a carbon

at omsCamponent by-providing-a step inswhich,carhoxylic.anhydride . ot her
corresponding to the compound and alcohol corresponding to the

bondscarfoxyliczalide are stbstdrtially dsrpoght! interoontact: thietawitihe
in brlng%g them into contact with the magnesium compound (A).

Foliomind " ReB8rding 16 indeStgationssf the present inventors, it can

ropobe found that if the electron donor (B) is used, the solvent-soluble
component tends to be less by-produced, as shown in Fig. 1,
whenghepolym Eavmg ag&&ar intrinsic 37 viscosity [n,], that
is, a ilar mo rwelgh re compared. Also, if the electron
donor {B) is uséd th solid titanium catalyst component having a

gqod rticlg.p o nds tp be ggily obtained. [0112] Liquid
tltanl rg)b (E)=The ﬁuid rtanium compound (C) used for
preparfng the _olid tﬁgium c%atalyst component (1) for ethylene

R32 R R35 . (3)

(0100}

In Formula {(3), m is an integer of 1 to 10, more
preferably 3 to 10 and particularly preferably 3 to 5. R*, g
and R* to R®® each are independently a hydrogen atom or a
substituent having at least one element selected from carbon,
hydrogen, oxygen, fluorine, chlorine, bromine, iodine,
nitrogen, sulfur, phosphorus, boron and silicon.

[0101]

R* and RY are preferably a hydrocarbon group having 1 fo
10 carbon atoms, more preferably a hydrocarbon group having 2
to 6 carbon atoms, and R*' to R’® are preferably a hydrogen atom
cr a hydrocarbon group having 1 to 6 carbon atoms.

[0102]
R' and R'? are, to be specific, methyl, ethyl, n-propyl,

isopropyl, n-butyl, iscbutyl, isopentyl, neopentyl, hexyl,



polymerization according to the present invention may be titanium
compounds described in JP 1983-83006 and JP 1981-811. A
tetravalent titanium compound represented by the following
Formula (4) can be listed as the gpecific example of the liquid
titanium compound (C): [0113] Ti(OR)4X4.9 (4) wherein R is an
aliphatic hydrocarbon group having 1 to 5 carbon atoms; X is a
heptyhalogervatora:-ahdyg skows0-gi4cThe spedifioexaniplesof the
tetravalent titanium compounds represented by Formula (4)
CYCLofidde iiHiium ARl dESGER RS TiE 1 AYnd Firacry L, isopropyl,
n-but alkoxytitanium,trinalides such as Ti(OCH3)C13, Ti(0C2H5)C13, Ti
(O-n-C4H9)C13, Ti(0OC2H5)Br3 and Ti(O-iso-C4H9)Br3;
[6103lkoxytitanium dihalides such as Ti(OCH3)2C12 and
Ti(QC2H5)2C12; alkoxytitanium monohalides such as

TROCHI3)3C L FilG%-CAliofsC F RRGTIOCIH JaBF R atom,
methytetraalk Kytimﬁ%l{'ghi%%gi@gw3)%"£K9f§~2|éﬁgl’isobutyl, oy

TI(OC4H9)4 and -ethylhexyl)4. 38 01141 Among them;, the
they ttanipmetttratialides arecpreferrediandatitamgmhtetrachloride is
.. particularly preferred. The titanium compounds may be used
O*OE one or in combination of two or more kinds thereof. [0115] In

t@%pr%%%@t ig}{eﬁt'ro’n,E\jtds&{gfq{ablgothg{sa{t Iﬁl& e%%%?{[ﬂ%{elli%%ig R12
magnesium compound (A) and the liquid fitanium compound (C)
may beontainsehalegen {ALEG] YWhenhoth of the ligtidkmagnesidnbenzenc
. compound (A) and the
ring, and atoms other than carbon may be contained in a main
chain.
[0105]
The specific examples of the compound having twe or mere
ether bonds include
2,2-dicyclohexyl-1,3-dimethoxypropane,
2,2—diethyl—1,3—dimethoxypropane,
2,2-dipropyl-1, 3-dimethoxypropane,
2,2-dikbutyl-1, 3~dimethoxypropane,
2-methyl-Z-propyl~1, 3-dimethoxypropane,
Z2-methyl-2-ethyl-1, 3-dimethoxypropane,
Z-methyl~2-isopropyli-1, 3-dimethoxypropane,
Z-methyl-2-cyclohexyl-1, 3-dimethoxypropane,
2,2-bis{2-cyclohexylethyl) -1, 3-dimethoxypropane,
Z-methyl~2-iscbutyl-1, 3~dimethoxypropane,

Z-methyl-2-(2~ethylhexyl)-1,3-dimethoxypropane,



titanium compound (C) do not contain halogen, they can be
brought into contact with a publicly known halogen-containing
compound such as halogen-containing silicon compounds in an
optional step. Representative examples of the halogen- containing
compounds include silicon tetrachloride. [0117] Preparation of
solid titanium catalyst component (I) for ethylene polymerization:
2, 2-dThecsolid/fitahjncCatahist:compenrent, (1) for ethylene
__polymerization accordin%tg the present invention is obtained by
2+ 2 Ppiih Gy ETYdThaghesium COMBoGAME (AT #d contact with the
2, 2-dhquicfitanium compound.(C) under the presence of the electron
donor (B). In this case, the liquid magnesium compound (A) may
2, 2-dbédnta:state in svhichittisc«digsalvedrin a publicly known liquid
. _hydrocarbon medium, for example, heptane, 39 octane and
2-1soHBERhE? O8] fRKe THuld FHAGHESENP EBRBEM (A) and the
2, 2_dgqgignﬁi£%igm gg@g{?émgog})%%gg%gght into contact with the
electron donor (B) after conipletely finishing contact of the liquid
2, 2~dinagnesiyin-corapoimettA)withdbediguid titanium compound (C),
amorphous particles and fine particles tend to be formed. In this
2 2-deneaPbid-iefining stEF e ARTEY BER B fitration and decantation is

2-1sofglgliarated. and fhe polymer obtained by using the solid titanium
catalyst_componen_t is inferior in partlé{llé pro%ertlés. Thus,

2-cycprohlens-suely asa dedustion,in-the produstivitk apddpe-handling
property are brought about in a certain case. [0119]

2,3-dicyclohexyl-1, 4-diethoxybutane,

2,3-diisopropyl-1, 4~diethoxybutane,

2,4-diisopropyl~1, 5-dimethoxypentane,

Z2,4-diisobutyl~1, 5~dimethoxypentane,

2,4-diisocamyl~1, 5-dimethoxypentane,

3-methoxymethyltetrahydrofuran,

3-methoxymethyldioxane,

1,2~diisobutoxypropans,

1,2-diiscbutoxyethane,

1,3-diisocamyloxyethane,

1,3-diiscamyloxypropane,

1,3-diiscneopentyloxyethane,

1,3-dinecpentyloxypropane,

2,2-tetramethylene-1, 3-dimethoxypropane,

Z2,2-pentamethylene-1, 3-dinethoxypropane,

2,2-hexamethylena~1, 3~dimethoxypropane,



As long as these requisites are satisfied, a publicly known method
comprising bringing the liquid magnesium compound (A), the
electron donor (B) and the liquid titanium compound (C) into
contact with one another to obtai a solid titanium catalyst
component can be used without any limitations. For example, the
following methods (P-1) to (P-5) can be listed. [0120] (P-1): a
1, 2-bmethothcompeising. brimgingrazmixture of the liqguid magnesium
. cok[npourld £A)t and the electron d_on,or% B) into contact with the
YT Htariom-CoMBBENGY (C) 1o dsssit 8 SEHECHEium complex.
2-cyc {01211 A0 »(R:2) v method compsising reacting 2 mixture of the
liquid magnesium compound (A) and the electron donor (B) with
2, 2-dthe oliguid titanitil compowyd (€) ¢ aedsfuether bringing it into
. contact with the liquid titanium compound (C) in several batches
2715086 Yepbstt a SR Yitariun LOMPIER 152} (B555 method
2-cyc CORMMISING bringlng fhe ligyid magnesium, compound (), the
electron donor (B) and the liquid titanium compound (C) into
Z-1isogontact-at-thetsamentine 10 -depositiaisolid zttaptumhecrmpdex. In
. this case, the electron donor (B) may be, if necessary, brought
2~ 1 sohdoraRE Ak Bptionat step. TO1BIFPLUS % MR- Comprising
2-~cycRENgInG asmixtyre. of the liquid magnesium compound (4) and the
electron donor (B) into contact with the liquid titanium compound
2-cycl€)eand furthenbrngng:i 1into Tontact with the electecn donor (B)
to deposit a solid titanium complex. In this case, the liquid

2*isogmﬁm%hfaaﬁﬁﬂﬁﬁﬁpethyl—l,B—diethoxycyclohexane,

Z-isopropyl-2-ethoxymethyl-1,3~dimethexycyclohexane,

Z2-iscbutyl-2Z-ethoxymethyl~1, 3~diethoxycyclohexane and

Z-isobutyl-2-ethoxymethyl-1, 3~dimethoxycyclohexane.
[0106]

ameng them, 1,3-diethers are preferred, and particularly
preferred are Z-isopropyl-Z2-iscbutyl-1, 3-dimethoxypropane,
Z,2-diisobutyl~1, 3-dimethoxypropane, Z-isopropyl-2-isopentyl=~
1,3-dimethoxypropane, 2,2-dicyclohexyl-1,3-dimethoxypropane
and 2Z2,Z-bis(cyclohexylmethyl)-1, 3~dimethoxypropane.

(0107}

Further, an alkoxysilane compound represented by a
formula R;S1({CR’)s; described later and tetraalkoxysilane
compounds such as tetraethoxysilane and tetrabutoxysilane can
be shown as the examples of the electron donor (B).

[01C8]



(C) may be brought into contact in several batches. [0124] (P-5):
a method comprising bringing the liquid magnesium compound
(A) into contact with a mixture of the electron donor (B) and the
liquid titanium compound (C) to deposit a solid titanium complex.
In this case, the electron donor (B) may be, if necessary, brought
into contact in an optional step, and the liquid titanium compound
(Chreaybecotight istoscontact: lim seVeralivatchesc4l (0126} Ave
4 dfscribed above, the electron donor (B) may be brought into
USES BoRthct Agaif Aftet fikting BHHYING thefigGRINGREgREsTmY be used
in co8@mpRound, (A) into contact with the liquid titanium compound (C).
[0126] According to the method in which the liquid obtained by
[010mixing in advance the liquid magnesium compound (A) with the

electron donor (B) is used among the methods, the resulting solid
titdHitifh ESFéTysttéﬁnﬁbﬁ%ﬁF%xﬁgo%d&T’Wt’FﬁgBBHlﬁértH?éf cyelic

strucPlORertigs. (amorphous, patticles and fine particles, are less ligble
to be produced), and the refining step carried out by filtration and
organdecantatiorsfavosablytproceeds; saithat dbisgreferred indemms of oy
the productivity and the handling property. [0127] In the present
FormuiR, eifibri Yhe RASCHSH ddhoY (BY fE88&85n an amount falling in
;0 118Re range of preferably 0.005 to 5 mol, more preferably 0.01 to 2
mol and particularly preferably 0.03 to 1 mol based on 1 mol of
thediquict magnesiemreempodand(@y). donors (B), the dicarboxyiic

esters or the organic acid esters may be formed in a step for
preparing the solid titanium catalyst component (I} for
ethylene ﬁolymerization. They can be formed as well, for
example, in a step for bringing them intc contact with the
magnesium compcound (A). To be more specific, the electron
donor (B) can be incorporated inte the solid titanium catalyst
component by providing a step in which carboxylic anhydride
correspending to the compound and alcohol corresponding to the
carboxylic halide are substantially brought into contact
therewith in bringing them into contact with the magnesium
compound (A).
[0111]

According to investigations of the present inventors, it
can be found that if the electron donor (B) is used, the
solvent-soluble component tends to be less by-produced, as

shown in Fig. 1, when the polymers having a similar intrinsic



However, the preferred ranges are varied in a certain case
according to the liquid titanium compound (C) usage. [0128] In
the present invention, the liquid titanium compound (C) is used in
an amount falling in the range of-preferably 0.1 to 100 mol, more
preferably 0.5 to 80 mol, further 42 preferably 1 to 70 mot and
particularly preferably 5 to 70 mol based on 1 moi of the liquid

- viscomdgnesitm compolnd (A)s (023 r Halogen/titanivmi (atomieaatio)
contained in the solid titanium catalyst comgonent () for ethylene

compansismetizationt AcEfifg 6 tHe Préséftindention i$ 2%y 1668 solid

titanPlgferably: agnesium/titan; ic ratio) | o
e ) S
tendsdonob¢B),ethel electtoradonar (a) or the electron donor (b), and a
titanium atom each contained in the solid titanium catalyst
wll%cﬁ)mponent () for ethylene polymerization according to the

1.1qui Rresent, invention is 0,10 }th preferably 0.01 to 10 and more
preferably 0.2 to 10. [0131] <Ethylene polymerization catalyst>

Thiesethidenel polyrmetizatieneatalyst acoordingitcthe jreseptng the
. _Invention comprises the solid titanium catalyst component (1) for
solidefhiareé Polymetizafibn GBtariEdin the! farné&tdesaised above

po1yn@RdIhe.0hanic mafal compound ¢at %S&C%@@gr?@ytg'}ﬁa@%e
above organic metal compound catalyst component (I1) is
t i tanprefecablycan osgariespetad COMPAUNA 983-83006 and JP 1981-811.
A tetravalent titanium compound represented by the following
Formula (4) can be listed as the specific example of the
liguid titanium compound (C):
[0113)

Ti (OR} g¥4mg (4)
wherein R is an aliphatic hydrocarbon group having 1 to 5
carbon atoms; X is a halogen atom; and g shows 0Zg=4.

The specific examples of the tetravalent titanium
compounds represented by Formula (4} include titanium
tetranhalides such as TiCl, and TiBry; alkexytitanium trihalides
such as T1{OCH3)Cls, Ti(OCyHs)Cls, Ti(0-n-C4Hg)Cly, Ti (OC,Hs)Brs
and Ti(0-1s0-C4Hg)Bry; alkoxytitanium dihalides such as
T1{OCH3}:Cly and Ti(CCzHs)Cly; alkoxytitanium monohalides such
as T1{OCH3)3CLl, Ti(0O-n-CyHs}3Cl and Ti{OC,Hs)sBr; and
tetraalkoxytitaniums such as Ti(OCHs)a, Ti(0C2Hs)4, Ti{OCsHsg),

and T1{0-2-ethylhexvl),.



containing metal selected from a 1st group, a 2nd group and a
'3th group in the periodic table, and capable of being used are, for
example, organic aluminum compounds, alkyl complexes 43 of
1st group metals with aluminum and organic metal compounds of
2nd group metal such as Grignard reagents and organic
magnesium compounds. Among them, the organic aluminum
[C11&bmpounds are preferred. [0132] Organic metal compound
catalxst component (I1): Preferred examples of the organic metal

CORPSUNd ShtalySE conpdhet (1§ fiatae Stganic metapferred, and
£ 1 tanQMPQUNG catalystscompanents descrbed npublichy known, v 1 o
documents such as EP585869A1. They are particularly preferably
compoprganioatumnure ¢coaipounds such astiriethylabmintimpye or more
, tributylaluminum, triisobutylaluminum, trioctylaluminum and
kinds yibfyRTGminum hydride. [01331 Electron donor (I1): The
(o711 €thylene polymerization catalyst of the present invention can
comprise, if necessary, an electron donor (Ill) in addition to the
ofganic=metalscompoundrcatatyst camponentfdhaThe elestron: least
donor (ll1) is preferably an organic silicon compound. For

one Ogxhfiiple 4 thinPadRG fepfesetited B the™ folfdWing Forrar &)
vicanfB hlisled a5 1he oLoanic silean gorapound: [0134] RSI (OR

9-n (5) wherein R and R' are aliphatic, alicyclic or aromatic

[011&ydrocarbon groups having 1 to 20 carbon atoms; and n

When both of the liguid magnesium compound (A) and the
titanium compound (C) do not contain halogen, they can be
brought into contact with a publicly known halogen-centaining
compound such as halogen-containing silicon compcounds in an
optional step. Representative examples of the halogen-
containing compounds include silicon tetrachloride.

[0117]
Preparation of solid titanium catalyst compenent (I) for
ethylene polymerization:

The solid titaniﬁm,catalyst component (I} for ethylene
polymerization according to the present invention is obtained
by bringing the liguid magnesium compound {A) into contact
with the liquid titanium compound (C) under the presence of
the electron doncr (B). In this case, the liguid magnesium
compound (A} may be in a state in which it is dissclved in a

publicly known liguid hydrocarbon medium, for example, heptane,



44 represents O<n<4. Used as the organic silicon compound
represented by Formula (5) are, to be specific,
diisopropyldimethoxysilane, t-butylmethyldimethoxysilane,
t-butylmethyldiethoxysilane, t- amylmethyldiethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
cyclohexylmethyldiethoxysilane, vinyltrimethoxysilane,
octanyinyltdethaxysilane, t-butyltriethoxysilane, phenyltriethoxysilane,
cyclohexyltrimethoxysilane, cyclopentyltrimethoxysilane, 2-

(011 Frﬁethylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,
dicyclopentyldimethoxysilane, dicyclopentyidiethoxysilane, ; ;4
tricyclopentylmethoxysilane, dicyclopentylmethylmethoxysilane,

titandicyclopentylethyimethoxysitaneandinto contact with the
cyclopentyldimethylethoxysilane. [0135] Among them,
e19Ct{?%ltﬂ%ﬂ?§xy%%n%?ﬂ%héﬁ&ﬂ8?rﬁéﬁb&y ﬂé}ﬁé,hlng contact of the

liquig!%g@ke&&q{%%l xysilane, cyclohexylmethyldimethoxysilane,

dicyclopentyldimethoxysilane and the like are preferably used.

compolhe organic:silieonccompeunds can hedsed-Hin g aixture of twenarto
more kinds thereof. [0136] The compounds shown as the

be fogpgmpledbfithéseledfBn ddifor: tB). the BIEEFEN TofoH(E) ant thie

fj.ltrgtzel%"rlonagz n 'é‘(sba)n%a%holflls%dsfoc[et grsioolpatli.tggjurg Cc?'t%lyeg’t olymer
component (I) for et?wjfene polymerization can be fisted as the ¥
obtaiathenselecon A5 rdonersi(l):..Amongithen athespolyethersecan i s

be listed as the preferred examples thereof.
inferior in particle properties. Thus, problems such as a
reduction in the productivity and the handiing property are
brought abcout in a certain case.

[0119]

As long as these requisites are satisfied, a publicly
known methed comprising bringing the liguid magnesium compound
(A), the electron donor {2} and the liquid titanium compound
{(C} into contact with one another to obtain a solid titanium
catalyst compcnent can be used without any limitations. For
example, the following methods {(P-1) to (P~5) can be listed.

[0120]

{P-1): a method comprising bringing a mixture of the liguid
magnesium compound (A) and the electron donor (B} into contact
with the liquid titanium compound (C) to deposit a solid

titanium complex.

10121]



0137] In the present invention, the ethylene polymerization
catalyst can comprise, if necessary, other components useful for
olefin polymerization, such as antistatic agents, particle
flocculants and storage stabilizers in addition to the respective
components. [0138] The ethylene polymerization catalyst of the
present invention can be used to polymerize a-olefins such as
(P=2) prépylerbofo 139 <Poljinefization tHethod o sthyleheSFhé iguid
nagne NS polymerization methiod of the present.inverion/s., .
characterized by polymerizing ethylené alone or olefins containing
liquiethyleae with the.ethyleneqolymesizationn eatalyst-teiohfainannt o
ethylene polymer. That is, ethylene is homopolymerized or
contagpprifefized Withibtheridlafinsinderthe rgresencerofetpiesral

bacengENS polymerization catalyst, [0140] in the ethylene
polymerlzgtlon method of thé presen invention, olefin is
ro12prepolymerized under the presence of the ethylene
polymerization catalyst of the present invention to obtain a
(P-3) prépdlymerizatiotreatalyst, andethylenehcan beupolymerized um

un er}& e presence of the pre%[ol mergaﬂon %%ec%tgl st. The

Comp OB holyreriZation 18 cariied it By prepdRm&hzing the SlefiniA™1um

compo@Rcanount 9f 9.140 1000 g, preferallyD.3:t9500 9@l si+ 2 soliq
particularly preferably 1 to 200 g per 1 g of the ethylene

titanp@zﬁyrﬁgrj@é@gn catalysti[©-t4kE, the electron donor (B) may be,
if necessary, brought into contact in an optional step.

[0123]

{P-4): a method comprising bringing a mixture of the liguid
magnesium compound (A} and the electron donor (B) into contact
with the liquid titanium compound (C), and further bringing it
intc contact with the electron donor (B) to deposit a solid
titanium complex. In this case, the liquid titanium compound
{C) may be brought inte contact in several batches.

[0124]

(P-5): & method comprising bringing the liquid magnesium
compound (A} into ceontact with a mixture of the electron donor
(B) and the liguid titanium compound (C) to depesit a solid
titanium complex. In this case, the electron donor (B) may be,
i1f necessary, brought into contact in an optional step, and
the ligquid titanium compound {C} may be brought intc contact

in several batches.



In the prepolymerization, the catalyst having a higher
concentration than that of the catalyst used in the system in the
main polymerization can be used. A concentration of the solid
titanium catalyst component (l) for ethylene polymerization in the
prepolymerization falls in the range of usually about 0.001 to 200
mmol, preferably about 0.01 to 50 mmol and particularly
(012 preferably 0.1 to 20 mmol per 1 liter of the liquid medium in terms
of a titanium atom. [0142] The amount of the organic metal
comPELRTE tataly st TotnpoRenEdn & thE prepelyniérization fse brought
P hat 0,1 to 1000 g, preferably 0.3 to 500 g of the polymer per
e G e B (i CA: CumBaE (ror Sehar
magne PoOlyMerzatiands produced, ancitds preferablyran ameunt efi tanium
usually about 0. 1 to 300 mol, preferably about 0.5 to 100 mol and
compopadiciifarly preferably 1 to 50 mol per 1 mol of a titanium atom
[Olngntained in the solid titanium catalyst component (1) for ethylene
polymerization. [0143] In the prepolymerization, the electron

dones (Hhnand dherikecan be usedif necassary i this 688&ined by
~ these 47 components are used in an amount of 0. 1 to 50 mol,
mixingréferabNancs 1630 motahd more préferablyraooul (& 10ahoh the
er 1 mol of g titanjum atpm contained in the solid titanium .
cLecs R b ginant (o GRpIehe bayATEHEaton, (DL4R] THE 175
solidprepelymerizatiom ¢an besgaisied.outian pild; ;conditions by adding

olefin and the catalyst components to an inert hydrocarbon
rartipjedipiprerties (amorphous particles and fine particles
are less liable to be produced), and the refining step carried
out by filtration and decantation favorably proceeds, so that
it is preferred in terms of the productivity and the handling
property.
(01273
In the present invention, the electron doncr (B} is used
in an amount falling in the range of preferably 0.005 to 5 mol,
more preferably 0.01 to 2 mol and particularly preferably 0.03
to 1 mol based on 1 mol of the liquid magnesium compound (A).
However, the preferred ranges are varied in a certain case
according to the liquid titanium compound (C) usage.
(0128
In the present invention, the liquid titanium compound
(C) is used in an amount falling in the range of preferably

0.1 to 100 mol, more preferably 0.5 to 80 mol, further



[0145] In the above case, examples of the inert hydrocarbon

medium used include aliphatic hydrocarbons such as propane,

butane, heptane, octane, decane, dodecane and kerosene;

alicyclic hydrocarbons such as cyxloheptane and

methylcycloheptane; aromatic hydrocarbons such as benzene,

toluene and xylene; halogenated hydrocarbon such as ethylene
Preferpiride ant gﬁld?@l%eﬁ% NB26F ikt theredf foaiaby Among/ ¢ mol

the inerf hydrqcarbon, media, the aliphatic hydrocarbons are
based th
e particularly preferably ﬁ?ed. Wnﬁ'egrﬁ1 %el inert i?d%ggrb(o% medium
{01293 used, the prepolymerization is preferably carried out by a batch
system. [0147] On the other hand, the prepolymerization can be

diried ebut By AsintoletirPitd6lf 53 solvent toriprepolymerization id
£itanfadl Q%ggﬁriet% out gubs}a tia\llé/ in h_g; abtrenge of the solvent, 48
* In this caseﬁ,/Sthe%?gsgﬁ/%%rizat)longlos pFe%P’a”bW %a?ﬁé&%%if‘i%aé: +on
accor€OmMinuousaapnesd0i4sh-Rublicly known elefinssuch-aserapiy 4
ethylene, propylene, 1- butene, 1-pentene, 1-hexene and
to 20y peEhyRIpestEe/ ¢art belused astHe okdfihivsed in theo 100,
repolymerization. Among them, ethylene and propylene are
£
pre e%éf&re{g.ﬁﬁ ] Temperature in the prepolymerization falls in the
ro13gange of usually about -20 to +100C, preferably about -20 to

+80C and more preferably about 0 to +40C.
A molar ratioc ketween the electron donor (B), the

electron donor (a) or the electron donor (b), and a titanium
atom each contained in the seclid titanium catalyst component
(I) for ethylene polymerization according to the present
invention is 0 to 100, preferably 0.0l to 10 and more
preferably 0.2 to 10.

[0131]
<Ethylene polymerization catalyst>

The ethylene polymerization catalyst according to the

present invention comprises the solid titanium catalyst
component (I) for ethylene polymerization obtaired in the
manner described abcve and the organic metal compound catalyst
component (II). The above organic metal compound catalyst
component (Il) is preferably an organic metal compound
containing metal selected from a lst group, a 2nd group and a
13th group in the periodic table, and capable of being used

are, for example, organic aluminum compounds, alkyl complexes



[0150] Next, the main polymerization shall be explained. [015' ]
In the main polymerization, ethylene can be used alone or other
olefins can be used in addition to ethylene. Examples of them
include a-olefins having 3 to 20 carbon atoms, for example,
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-I- pentene,
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1- hexadecene,

of 1st-actadeceneand l-eicosene.iPropylene ck-butene ndcpentelgounds
4-methyl-lI-pentene, 1-hexene, 1-octene and the like are

oI Zndrereratly WY |15 Eefditicn 6 e drsmatievityl: e8nipolidss

magne%lf%l;}\aéoﬁ%%%nned nd Mggn%gn%?n&ahc Icllgpvj{r(l,ylaflollr{g_pl’louunds
such as vinylcycloheptanecan be used. A 38, the compounals can

compoheadisegk-in earabination. of two or more kinds thereof. Further,
cyclopentene, cycloheptene, compounds having 49

{013 Hulti-unsaturated bonds such as conjugated dienes and non-

conj[H ted dienes in dienes sucah asnorborngn

Organlc E) ompound catalyst componen T):
tetracylo 0&60&16, Isoprene 5n bucfaalene car?%e)used as

polymerization materials together with-ethylens anddhe2,0lefing. a1 yst
[0152] In the present invention, the prepolymerization and the
COmMpORKfHiR polymetization car e tarried vut byasitiercf adigaid’ phase

Rol {nerézation. ethod suqrh as solution oléi(merization and slurry
compop%@nﬁenzegt?ornl% a 8a§upm§s%f§olﬁ§/rrﬁgr$za oA ethod 4R" @S

epsgspadiculartheymain pghymetrization is cauried-qut prefefablyby 1 um: num
slurry polymerization. [0153] When a reaction mode of slurry
compoBBRAMEHZtiGRistEmpldyed L uninun, tributylaluminum,
triisobutylaluminum, trioctylaluminum and diethylaluminum
hydride.
[01337]
Electron donoxr {III):

The ethylene polymerization catalyst of the present
invention can comprise, if necessary, an electron donor (ITI)
in addition to the organic metal compound catalyst component
(IT). The electron donor (I1I) is preferably an organic
silicon compound. For example, a compound represented by the
following Formula (5) can be listed as the organic silicon
compound:

[0124)]

RnSi(OR')4op ()

wherein R and R’ are aliphatic, alicyclic or aromatic

hydreocarbon groups having 1 to 20 carbon atoms; and n



in the main polymerization, the inert hydrocarbon used in the
prepolymerization is preferably used as a reaction solvent. [0154]
In the main polymerization in the ethylene polymerization method
of the present invention, the solid gitanium catalyst component (1)
for ethylene polymerization is used in an amount of usually about
0.0001 to 0.5 mmol, preferably about 0.005 to 0.1 mmol in terms
repregfytitanitim atom per 1 liter of the polymerization volume. Also,
t}&%géganic metal compound . catalyst component (ll) is used in an

(
amount 6f tsTallf 46uf 1 16 2000 ot Hreidrhbly BboEE 5 156y

Formuﬂgﬂi@ﬁeﬁ9§ﬁﬁ@brB%“&é@QHE@%ﬂlﬁﬂquﬁ%ggyyH@hégﬁgxysilane,
contained in the 50 prepolymerization catalyst component in the
t-but polygndnzation tdystemi When theteléstron donot(H)Hsused, itis, +-
us i'ré‘an amount of 0.001 to 50 mol, preferably 0.01 to 30 mol

d _ . .
amy Lng 2Ry Lo ISV el B DS o0 M b B Y ThdPaea

cycloMmsighaompfdhgorganicmetglcompound catalyst component
(). [0155] Use of hydrogen in the main polymerization makes it

cyclopessible td controt acmpleCldarweightoftthérresultings ethylene
vinylﬁ?lymer’ and the ethylene polymer having a large melt flow rate

ereinaitereténad th 28 MER 7 BBtaiRed * Sthe ethylene
shenyPobAReHzation catalyst-of the.present invention, is used, the

polymer having higher MFR tends to be readily obtained in a
cyclogaraller tydregen-amountithartin conventional ethylene
olymerization catalysts. [0156] The reason why the polymer

methyg8¥ﬁ¢fﬁﬁﬁﬁﬁ%ﬁﬁﬁ@ﬁﬁﬁﬂﬂé?&lane’ cyclopentyltriethoxysilane,

dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane,
tricyclopentylmethoxysilane, dicyclopentylmethylﬁethoxysilane,
dicyclopentylethylmethoxysilane and
cycleopentyldimethylethoxysilane.

[0135]

Among them, vinyltriethoxysilane, diphenyldimethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
dicyclopentyldimethoxysilane and the like are preferably used.
The organic silicon compounds can be used in a mixture of two
or more kinds thereof.

[0136]
The compounds shown as the examples of the electron donor
{B), the electron donor (a) and the electron donor (b) each
used for the scolid titanium catalyst component (I) for

ethylene polymerization can be listed as the other electron



be obtained in a smaller hydrogen amount is unknown, but it is
considered that chain transfer reaction by hydrogen is expedited
by the electron donor (B) . In particular, a catalyst comprising the
solid titanium catalyst componentdn which the electron donor
represented by Formula (3) is contained tends to show notably
the direction. [0157] In the main polymerization in the present
donorimvention, thempolymerzatian temperatiie is:setto ysualy ab@uis the
_ 201to0 250°C, 51 preferably about 50 to 200C, and the pressure is
Prelesdft YT an alifiB8pheric pressure to 10 MPa, preferably
[013‘?‘?0‘“ 0.2 to 5 MPa. The temperature in a case of slurry
polymerization is about 20 to 100C, preferably about 50 to 90C,
and thespresswue is usualy: anrgtmospheric,prassure 19md 5 MRa,on
preferably about 0.2 to 1 MPa. In the polymerization method of
catalifd prédeMCMvERtiGn, the PeIyRTarZatiorP 6as beceaniad ot byseful
¢ ny method of a batch system, a semi-continuous system and a .
o e i Euor P R AR, Lan g8 Safrod ot o1
£loccanghangedireactioneonditipns ir dwe ok, merg: stages: [0158]
The ethylene polymer obtained by the ethylene polymerization
respefigthndefibrRisiEsent invention is excellent in particle properties
d has a high bulk density, and therefore it can be produced at a
igh productivity. Further, a low molecular weight polymer which
iz dissotved imandnekmbydrocarbanused forslyry polymerization
. tends to be less by-produced. A by-production amount of the
invengeRiertabliblel eothponartisvariedcaccordiny to MER ofahe

ethylene polymer

[013

Tropy
[0139]
<Polymerization method for ethylene>

The ethylene polymerization method of the present
invention is characterized by polymerizing ethylene alone or
olefins containing ethylene with the ethylene polymerization
catalyst to obtain an ethylene polymer. That is, ethylene is
homopelymerized or copolymerized with other olefins under the
presence of the ethylene polymerization catalyst.

[0140]

In the ethylene polymerization method of the present
invention, olefin is prepoclymerized under the presence of the
ethylene polymerization catalyst of the present invention to
obtain a prepolymerization catalyst, and ethylene can be

polymerized under the presence of the prepolymerization



produced (the higher the MFR is, the higher the amount of the
solvent-soluble component tends to be), and the solvent- soluble
component formed in producing the polymer having MFR of 300 to
400 g/10 minutes accounts prefeyably for 8 % or less. [0159] It is
known that the component having such higher MFR as 52
described above is preferably contained in order to allow a
catalmoldability of the ethylene-polymerite ke eempatible with a
strength thereof. The ethylene polymerization method of the

PTERO hYEEiNYEnticR makds it possileaBTeduce f bsk ke ptédicing
prefeilg elhylene polymer. EXAMELE 1_49%%%%'\'%% e PSSEN +o 200 4

invention shall be specifically explaine erence to
per leyamplescbutthelpresent linventiontshall net:kg restricted to
these examples. [0161] In the following examples, a composition,
(014 particle size and a bulk density of the solid titanium catalyst

C ent_for_ethylene polymerization were measured in the |
o B 1) b e S A po St et pianes

concefitanivmirMeasurechby 1GP analysis-dCRR 1000 R, imanufagiured, i,
by Shimadzu Corporation). [0163] (2) Chlorine content:
the my@adiitedsy A%ivernitate fraticithetfod:of0xgddration of the

solid titanium catalyst component (I) for ethylene
polymerization in the prepolymerization falls in the range of
usually about 0.001 to 200 mmol, preferably about 0.01 to 50
mmol and particularly preferably 0.1 to 20 mmol per 1 liter of
the liquid medium in terms of a titanium atom.

[0142]

The amount of the organic metal compound catalyst
component (II) in the prepolymerization is such that 0.1 to
1000 g, preferably 0.3 to 500 g of the polymer per 1 ¢ of the
solid titanium catalyst component (I) for ethylene
polymerization is produced, and it is preferably an amount of
usually about 0. 1 to 300 mol, preferably about 0.5 to 100 mol
and particularly preferably 1 to 50 mol per 1 mol of a
titanium atom contained in the sclid titanium catalyst
component (1) for ethylene polymerization.

[0143]
In the prepolymerization, the electron donor (IIT) and

the like can be used if necessary. In this case, these



(3) Content of alcohol residue: The catalyst which was sufficiently

dried was added to an 53 acetone solution to which 10 % by

weight of water was added to obtain alcohol by hydrolysis, and

the amount of the alcohol residug was quantitatively determined

by gas chromatography. [0165] (4) Fine powder content (particle

size distribution): A content of fine powders having a particle
compediEmeter:of lessthan 2b pmavas-measured bycmeanscaf,a shakekakbly

(Ro-Tap, manufactured by lida Seisakusho Co., Ltd.) and a sieve

0.3 th&r?sé{ioPu%dlﬂ%ﬁdﬁﬁéﬁammG%eﬂu’f@ 8 piR). (02661, Mol

of a @)téylku%%%%(%g)twf@égrg%agﬁgrdégg t%‘]‘gtlgr@l?%% catalyst
standard. [0167] (6) Melt flow rate (MFR): Measured on a

compogendition)offk30’ @tam@ﬁdin@m HEMA21238E. [0168] (7)
Solvent-soluble component ratio (SP): Calculated according to the
féllowmg equation. [0169] SP (%) =100 X (@) / ((a) + (R) ) (a):

am%urgrcgp%qwggg ygg Tpol}(lmgg r(@ amaunt oJ eér(%lene pﬂoljygwer

dissolved in a'n- heptane “solvent An amount of is measured

condi asenweight:-of selid 1 ebtained bymemaeving thesalvemtdents to an
distillation from the filtrate separated by filtering after the
1nertp8wﬁﬂgﬁgﬁﬁﬁlg@dlum

[0145]

In the above case, examples of the inert hydrocarbon
medium used include aliphatic hydrocarbons such as propane,
butane, heptane, octane, decane, dodecane and kerosens;
alicyclic hydrocarbons such as cycloheptane and
methylcycloheptane;
aromatic hydrocarbons such as benzene, toluene and xylene;
halogenated hydrocarbon such as ethylene chloride and
chlorcocbenzene, or mixtures thereof.

[Cl46]

Among the inert hydrocarbon media, the aliphatic
hydrocarbons are particularly preferabkly used. When Lhe inert
hydrocarbon medium i1s used, the prepolymerization is
preferably carried cut by a batch system.

[0147)

On the other hand, the prepolymerization can be carried

out by using clefin itself as a solvent, or prepolymerization

can be carried out substantially in the absence of the solvent.



0170] (8) Intrinsic viscosity [p]: The ethylene polymer particles
were dissolved in decalin to measure a intrinsic viscosity [p] in
decalin of 135C. [0171] Example 1 Preparation of solid titanium
catalyst component for ethylene apolymerization: 4.76 g (50 mmol)
of magnesium chloride anhydrous, 28.1 ml of decane and 16.3 g
(125 mmol) of 2-ethylhexyl alcohol (EHA) were reacted by heating
In thip186€=for3hobis iy preareza thomogenedasesoibition cand tlseh out
in s Obg4t9.(g8u@m0| of gthyl alcohol (EtOH) was added and reacted
By]}lea ing at B6"C¥r 1 hour. 0.96 g (3.75 mmol) of diisopropyl
[014gis-cyclohexane-1,2- dicarboxylate was added to the solution and
mixed by stirring at 50C for further 1 hour, and then the solution
wash Gradualy cooled dbwrstostovm aenperafires [0 122 Alwhele 1-
butengmoiu_nteof the homgggeneogs SOéUtE;O_QH tq:%s ggtlajned was dro Wri)se B
84ded 16 260l (1. ﬁqxﬁjlof fitanium" tetrachloride o ind'hetr *°°
as thenderstiningcthe temperafiise Jwasdnaintained at BEoddringen,
dropwise adding. After finishing addition, the mixed solution was
- ethylmaintained atrayternperatare 16f 0Q fordl hour, and then the
temperature was elevated up to 110C in 1 hour and 45 minutes.
w”%']nereafter, the solution was maintained at the temperature for 30
mippies-WRder stitring,a5,and thep fitratediatthe.same; », the range
temperature to separate a solid part. This solid part was
of usseafficierehewashad with detane,ofo140€-ahd thehanith hekahe ofé 6" C
room temperature until the free

and more preferably about 0 to +40°C,
[C13G] .
Next, the main polymerization shall be explained.
[0151]

In the main polymerization, ethylene can be used alone or
other olefins can be used in addition to ethylene. Examples of
them include o-olefins having 3 to 20 carbon atoms, for
example, precpylene, l-butene, 1-pentene, l-hexene, 4-methyl-l-
pentene, l-octene, l-decene, l-dodecene, l-tetradecene, 1~
hexadecene, l-octadecene and l-eigcsene. Propylene, l-butene,
l-pentene, 4-methyl-l-pentene, l-hexene, l-octene and the like
are preferably used. In addition to them, aromatic vinyl
compounds such as styrene and allylbenzene and alicyclic vinyl
compounds such as vinyloycloheptane can be used. Also, the

compounds c¢an be used in combination of two cor more kinds

therecf. Further, cyclopentene, cycloheptene, compounds having



titanium compound was not detected to obtain a solid titanium
catalyst component (I-1) for ethylene polymerization. The solid
titanium catalyst component thus obtained was stored in the form
of a decane suspension, and a payt thereof was dried for analysis.
The composition thereof was such that 7.0 % by weight of
titanium, 14 % by weight of magnesium, 59 % by weight of
multiehloring; 948 moweight ofran ethydalcohol-residueanthe® Y by
. weight of a 2-ethylhexyl alcohol residue. [0173] Polymerization:
CONJUAREEGt IR Rav g an ife PE6TteRt BF 19REF VA charged with

tetra@Q%%E%f%%d b:hentane %@%Ffb%t@%%pe atmosphere and |

£ 2ne | us 3
added thereto were 0.25 mmol of triethylaluminum and a decane
polymsuspension efsthersolicktitanium catalyshcemponent (lak)yfarme o-
_ethylene polymerization obtained above in an amount
olefiggrresponding to 0.005 mmol in terms of a titanium atom. Then,
[015?}9 temperature was elevated up to 80C, and hydrogen was
supplied at 0.3 MPa, followed by continuously supplying ethylene

faml S-koyr-se dhat the.gauge pressurewas:0.6:MRa-Then and the
polymerization temperature was maintained at 80C. [0174] After

main BAKHIGG e polymemrzation can etfiflenetpolynertivas separatédhid
o L SR S B e O
and s powgerdikeypelymerhag MR of L00/040inyles ARE Bkt 1 on

apparent bulk density of 0.31 g/ml. [0175] Example 2
metho@ohﬁﬁémﬁﬁﬁﬁﬁular, the main polymerization is carried out
preferably by slurry polymerization.

[0153]

When a reaction mode of slurry polymerization is employed
in the main polymerization, the inert hydrocarbon used in the
prepolymerization is preferably used as a reaction solvent.

[0154)

In the main polymerization in the ethylene polymerization
method of the present invention, the solid titanium catalyst
component (I} for ethylene polymerization is used in an amcunt
of usually about 0.0001 to 0.5 mmol, preferably about 0.005 to
0.1 mmol in terms of a titanium atom per 1 liter of the
polymerization volume. Also, the organic metal compcound
catalyst compenent (II) is used in an amount of usually about

1 to 2000 mol, preferably about 5 to 500 mel in terms of a

metal atom per 1 mol of a titanium atom contained in the



Ethylene was polymerized in the same manner as in Example 1,
except that the solid titanium catalyst component (I-!) for ethylene
polymerization was added in an amount corresponding to 0.015
mmol in terms of a titanium atorpand then the temperature was
elevated up to 80"C; hydrogen was supplied at 0.55 MPa, and
then ethylene was continuously supplied for 1.5 hour so that the
prepo GEkjel prassuite Was: 036 MPaPhe sesulis: theresfdremshowatinon
systen DI LIl Erample 3, Folymerization: Etylane was
bolymerized in the SamMe manner asin Example: “1 exceptthatcd o

an amdhesolid titanism catalysteomponendt {l:d) foroethyleness mo1 andg
polymerization was added in an amount corresponding to 0.015

partighol iy tarnes of atitaniun ‘atom, Athditherbties demperature wés a
netal elg\é%tedfu%}t]o 80C, hr}/df[o%eg was su}Eglied at 0.58 MPa, and
2% then ethylenewas Continubtsiy sppired for £8°AbUP SotRER RS
(11) . Whole pressure was 0.6 MPa. The results thereof are shown in
Table 1. [0177] 57 Example 4 Preparation of solid titanium
(015 Tatalyst component for ethylene polymerization: A solid titanium
catalyst ¢ m%)onent (1-2) for ethylene polymerization was

(0]
obtained iviheCese Mahhar S8hh BRample 12 Excdptiftthe t
possifemperaturereached;in heating was,changed fram 110C;to, 100C.

The composition thereof was such that 7.3 % by weight of
ethyl¢taniond,yi4: % bynweight of thadresiupy 15886 byweightioflarge melt
flow rcahé%rin(eh’e]féicyr?ab tgvreig;gtfg];cggdetg%l aalgongfIlE‘R”) is obtained. If
the ethylene polymerization catalyst of the present invention
is used, the polymer having higher MFR tends to be readily
cbtained in a smaller hydrogen amount than in conventional
ethylene polymerization catalysts.

[01586]

The reason why the polymer having higher MFR is liable to
be obtained in a smaller hydrogen amount is unknown, but it is
considered that chain transfer reaction by hydrogen is
expedited by the electron donor (B). In particular, a catalyst
comprising the solid titanium catalyst component in which the
electron donor represented by Formula (3} is contained tends
to show notably the direction.

[0157]
In the main polymerization in the present invention, the

polymerization temperature i1s set to usually about 20 tc 250°C,



residue and 9 % by weight of a 2-ethylhexyl alcohol residue.

[0178] Polymerization: Ethylene was polymerized in the same

manner as in Example 1, except that the solid titanium catalyst

component (I-2) for ethylene polymerization was used. The

results thereof are shown in Table 1. [0179] Example 5

Preparation of solid titanium catalyst component for ethylene
prefepelymetization:sA sofidiitanium satalystcomponent (13)4or <o

ethylene polymerization was obtained in the same manner as in
usual gy afiplaticaResptithat the THAMtAIRING titfieeat PIOCwakly about

han from 30, minutes, to 15 minutes. The composition thereof

22 t§va§s gl?gh thgkt“ %.i%?g%ey‘\?v‘é?grﬁt of titaniurn, 14 %%yu\}:vjé?/ght of
polymétagnesium, &7 Uedycweightofiehlorne 1. 0:% by weightofang +

ethyl alcohol 58 residue and 7.9 % by weight of a 2-ethylhexyl
90°C, afdshol resikites 8180} Polyvrtization: Ethykrieewhas pressure to

olymerized in the same manner as in Example 1, except that the
o Mggl’id }t’ifaer%%}rfnaggé’alﬁgoé%rr%oﬁne%?( -3)%8r eth§lens polymerization

met ho polymerization was used.Thedesults theyreof are : shown in Tablg,

1. [0181] Example 6 Preparation of solid titanium catalyst
carrig@niponetit forsthyiéhedpelymerization: 9y solid titanisem tatalysti nuous
syste%ogggngﬂgé%gﬁ%ggé§h¥§g§%m. Further, the polymerization
can be carried out on c¢hanged reaction conditions in two or
more svages.,

[0158]

The ethylene polymer obtained by the ethylene
polymerization method of the present invention is excellent in
particle properties and has a high bulk density, and therefore
it can be produced at a high productivity. Further, a low
molecular weight polymer which is dissolved in an inert
hydrocarbon used for slurry polymerization tends to be less
by-produced. A by-production amount of the solvent-soluble
component is varied according te MFR of the ethylene polymer
produced {the higher the MFR is, the higher the amount of the
solvent-soluble component tends to be), and the solvent~
soluble component formed in producing the polymer having MFR
of 300 to 400 g/10 minutes accounts preferably for 8 % or less.

[0159]

It is known that the component having such higher MFR as



polymerization was obtained in the same manner as in Example 1,

except that an amount of ethyl alcohol was changed from 0.94 g

to 1.18 g and that the maintaining time at 110C was changed

from 30 minutes to 120 minutes.sEFhe composition thereof was

such that 6.7 % by weight of titanium, 15 % by weight of

magnesium, 58 % by weight of chlorine, 0.6 % by weight of an
descreétiwd adcaotvel residue:anda.8 Yodbyhweightofiam 2eethylhexyl a liow a

alcohol residue. [0182] Polymerization: Ethylene was

meldagyiyhierized i thé SRHE Afafterd€in Exaniplé Tekecept that'the 2
stren§elid fifaniup catalyst component (1-4) for, efhylene %Axwgyzs‘]yo’ehe

was used. The results thereof are shown in Table 1. 59 [0183
presehkkampterit Psepatdtion afselid titaniwm-catalyst comparent fof
ethylene polymerization: A solid titanium catalyst component (1-5)
produgsignbishe PolymtizZatibnVids obtained in the same manner as
in Example 1, except that an amount of 2-ethylhexyl alcohol was
changed from 16.3 g to 19.5 g; an amount of ethyl alcohol was
ExXAMPtRaENnged from 0.94 g to 1.88 g; and the maintaining time at 110C
was changed from 30 minutes to 60 minutes. The composition
[018%ereof was such that 7.0 % by weight of titanium, 14 % by weight

Ofdnagnesium, oL e by vislgftotchiping. 1.1 % 0y welahy of an
ethyl alcohol residue and 5.1 % by weight o a2-éff1y exy&f
explaalcoholiesiduer {084 to examples, but the present
invention shall not be restricted to these examples.
[0161]
in the following examples, a composition, a particle size
and a bulk density of the solid titanium catalyst component
for ethylene polymerization were measured in the following
manners.
[0162]
{1} Contents of magnesium and titanium:
Measured by ICP analysis (ICPF 1000TR, manufactured by
Shimadru Corporation).
[0163]
(2} Chlorine content:
Measured by a silver nitrate titraticn method.
[0164)
{3) Content of alcohol residue:

The catalyst which was sufficiently dried was added to an



Polymerization: Ethylene was polymerized in the same manner as
in Example 1, except that the solid titanium catalyst component
(1-5) for ethylene polymerization was used. The results thereof
are shown in Table 1. [0185] E)ggmple 8 Preparation of solid
titanium catalyst component for ethylene polymerization: A solid
titanium catalyst component (I-6) for ethylene polymerization was

acetopbtaipeddndhesame manner as iy Example 660 2xceptdbatadea to
diisopropyl cis-cyclohexane-l,2-dicarboxylate was changed to

obtalgjisesopyl tlahsteycloherarte- 2rdichsorylateit Thé compesitionol
. thereof was such that 7.4 % by weight of titanium, 14 % by weight
res i e SRR 7 00 By Weight o SHionaY 1 896 by WAIGhCSFaR™
(o1 6&thyl alcohol residue and 7.7 % by weight of a 2-ethylhexyl
alcohol residue. [0186] Polymerization: Ethylene was
t4) FpolyraeriZed inthe samel iarfierlas #iExadiple 4] except that the
sglid titanium cgt%lyst component (1-6) for ethylene _
RaroAlion was LSed TR TesURE tardordia” shoRmihFasR"

Q
polymerization was UsSet " fhe restifts

less 4n[Q18# Example.R Prepatation ofselid ftanium.catalysts,—rap,

component for ethylene polymerization: A solid titanium catalyst
manuf gomporenty(l-7)der Ethiterie:spolyierization. wasrobtainetkivetheBunsei
Furui?agg%g¥”g¥g£§%gkgxgggﬂggT aperture: 75 um).
[0166]
(5) Bulk density (BD):
Measured according to JIS K-6721 gstandard.
[0167]
(6} Melt flow rate (MFR):
Measured on a condition of 130°C according to ASTM D1238E.
{0168]
(7) Solvent-soluble component ratio (SP):
Calculated according te the following equation.
[0169]
SP (%) = 100 X {a)/((ax) + (B))
{ct) ¢ amount of powder-like polymer
(B} : amount of ethylene polymer dissolved in a n-heptane
solvent
An amount cf (B} i1s measured as a weight of a solid

cbtained by removing the solvent by distillation from the

filtrate separated by filtering after the polymerizatiocn.



except that an amount of 2-ethylhexyl alcohol was changed from
16.3 g to 19.5 g; an amount of ethyl alcohol was changed from
0.94 g to 2.35 g; and the maintaining time at 110C was changed
from 30 minutes to 60 minutes. The composition thereof was such
that 7.0 % by weight of titanium, 15 % by weight of magnesium,
58 % by weight of chlorine, 1.2 % by weight of an ethyl alcohol
[017Gesidue and 4.5 % by weight of a 2-ethylhexyl alcohol residue. 61

&) 1 0188Y1 Polymerization. Ethylene was polymerized in the same
) IOLARRSE Ss TR ESGIMPIE 1 ekcept that the solid titanium catalyst

camperent €l:d) fon pibylepepalymerization wasusetb Ihe, decalin
results thereof are shown in Table 1. [0189] Comparative
to medixample 1Rrepasatiory of solid tivanium catalystéomponhehts4 76
(50 mmol) of magnesium chloride anhydrous, 28.1 ml of decane
(1 Hnd 16.3 g (125 mmol) of 2-ethylhexyl alcohol were reacted by
Exampft.ea{ping at 130C for 3 hours to prepare a homogeneous solution.
Then, 0.96 g (3.75 mmol) of diisopropyl
Prepa cig-Cycloh&xangil 2:dicarboxylate- wagsaddechte the sofution: @nd. ene
mixed by stirring at 50C for further 1 hour, and then the solution
polymeraZ gradiElly cooled down to room temperature. [01901 A whole

amnoeyn 0‘;%3 hamagenequs salution thysobtained, was dropwise ;

added to 200 ml (1.8 mol) of titanium tetrachloride of OC in 1 hour
of dewmder:stitring.. Ehe tenfierature) was haintayied ay 0Gduthgl (EHA)

dropwise adding.ﬁfter finishin{?o )
were reacted by heating at 120°C for 3 hours to prepare a
homogeneous solution, and then 0.9%4 g (20 mmol) of ethyl
alcohol (EtCH) was added and reacted by heating at 50°C for 1
hour. 0.%6 g {3.75 mmol) of diiscopropyl cis-cyclohexane-1,2-
dicarboxylate was added to the solution and mixed by stirring
at 50°C for further 1 hour, and then the solution was
gradually ceooled down to room temperature.

(01727

A whole amount of the homcocgeneous solution thus obtained
was dropwise added to 200 ml (1.8 mol) of titanium
tetrachloride of 0°C in 1 hour under stirring. The temperature
was maintained at 0°C during dropwise adding. After finishing
addition, the mixed solution was maintained at & temperature
of 0°C for 1 hour, and then the temperature was elevated up to

110°C in 1 hour and 45 minutes. Thereafter, the sclution was

maintained at the temperature for 30 minutes under stirring



addition, the mixed solution was maintained at a temperature of
OC for 1 hour, and then the temperature was elevated up to 110C
in 1 hour and 45 minutes. Thereafter, the solution was maintained
at the temperature for 30 minutes under stirring and then filtrated
at the same temperature to separate a solid 62 part. [0191] The
solid part was sufficiently washed with decane of 110C and then

and tWith [Fexane et roem tenaperaiure-uptildhedree titaniup.compound. ;14
was not detected to obtain a solid titanium catalyst component
part. 8Y. e s6fdditaditn catalysEéompenehy thasobtainethwascane of

. .stored.in the form of a decane suspension, and a part thereof was
110°¢C dhdhe toim SUSP! Iy apal
dried for %IﬁaYy%E Tﬁé%%%&%ﬁ&%ih%%gfe \;}:vi%ls”lsrugchd At 6.4 Tree

titanbynweight ehtitanium, 16 Ya by welght:Qf magnesium a4 24 BY: + aniun
weight of chlorine and 4.0 % by weight of a 2-ethylhexyl alcohol

catal yedidgerforo2] tPolyrerization:t Anlgatoclave havinggan dmner The

so1igC ntteé[g ofml Iite{ as ghar ed witht500 ml of refined n-heptane _
UNJET Nitrogen Atmosphere; And Addet therats wete 0728 mndicst 1o

the riiethylaluminum-and a.decane suspensionof thesalidtifanium 4. o q
catalyst component (8) obtained above in an amount

for agefrespendifigto G005 mimodin terersof adtitanimeatome Ther) % by
theo%erg erature was elevated up to 80C, and hydrogen was

ve igh%upplie B0 RPA folldWed By EohtiRtict_RNSGoERing etfyféhe
weigh{orckSh0w,s6 hatthe gayge pressurevag 0.6 MPa. The

polymerization temperature was maintained at SO"C. [0193]

residue and 6.9 % by weight of a 2-ethylhexyl alcohol residue.
[0173]
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were (.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I~1) for ethylene polymerization obtained
above in an amount corresponding to 0.005 mmol in terms of a
titanium atom. Then, the temperature was elevated up to 80°C,
and hydrogen was supplied at 0.3 MPa, followed by continuocusly
supplying ethylene for 1.5 hour so that the gauge pressure was
0.6 MPa. The polymerization temperature was maintained at 80°C.

[0174)]
After finishing the polymerization, an ethylene polymer

was separated frem the n-heptane solvent by filtration, washed



After finishing the polymerization, an ethylene polymer was
separated from the n-heptane solvent and dried. After 63 drying,
60.3 g of a powder-like polymer was obtained. This powder-like
polymer had MFR of 1.7 g/10 miputes and an apparent bulk
density of 0.31 g/ml. The results thereof are shown in Table 1.
[0194] Comparative Example 2 Preparation of solid titanium
and deatalyst cgmpenentifd4 g {25 mmobrotmagnesiumichloride yrer was
anhydrous, 37.5 ml of decane and 29.3 g (225 mmol) of
obtalpssthyliExa dcolsiineieseraelediby Heatingfat 30'C. for@/Réursinutes
to prepare a homogeneous solution..Then, 3.1 g (15 mmol) of
and a?etrgfe‘jtoﬁé%r}%nabﬁlg] A Raded 5 T 53 ut%r}nmgr'ld mixed by stirring
10178t 50"C for further 2 hours, and then the solution was gradually
cooled down to room temperature. [0195] A whole amount of the
Examphgmobgeneous solution thus obtained was dropwise added to 200

ml (1.8 mal) of titanium tetrachloride maintained at OC in 1 hour.

POl : .. . .
O‘Lymiﬁjé%%fs%ng addition, a temperature of the mixed solution was

efevajedup 19 10G ind howand 45 minutes. Fhereafter.the vy ornie

solution was maintained at the temperature for 2 hours under
1, exs@iping;haidthensodolid pakawasseparatedsat thengament (I-1) for
et ltemperaiture. The solid gart w%s sufficiently washed with decane
RV B T16C ARG theh with Hexane 6Ffoo témgBiaidre G these i
o 0. titaniumeompoundwas not detected.to ohtain a.solid fitanium,

catalyst component (9) . The solid titanium catalyst component 64
temperature was elevated up to B80°C; hydrogen was supplied at
C.55 MPa, and then ethylene was continuocusly supplied for 1.5
hour sc¢ that the gauge pressure was 0.6 MPa. The results
thereof are shown in Table 1.

[01786]
Example 3
Polymerization:

Ethylene was polymerized in the same manner as in Example.

1, except that the solid titanium catalyst component (I-1) for
ethylene polymerization was added in an amount corresponding
to 0.015 mmol in terms of a titanium atom, and then the
temperature was elevated up to 80°C; hydrogen was supplied at
.58 MPa, and then ethylene was continuocusly supplied for 1.5
hour so that the whole pressure was 0.6 MPa. The results

Thereof are shown in Table 1.

[0177]



thus obtained was stored in the form of a decane suspension, and
a part thereof was dried for analysis. The composition thereof was
such that 8.4 % by weight of titanium, 14 % by weight of
magnesium, 58 % by weight of ¢hlorine and 4.3 % by weight of a
2-ethylhexyi alcohol residue. [0196] Polymerization: Ethylene
was polymerized in the same manner as in Comparative Example
Examplle ekcept that the solid titanium catalyst component (9) was used.
The results thereof are shown in Table 1.[0197] Comparative

Prepa Bahipie”s 58Werﬁgt?d}fﬁh%ﬁ?el%§ PORTEHZEY inthe*dames"e

polym&anneras in Comparative Example 2, except that the solid
titanium catalyst component (9) was added in an amount
coreespohding 40 D015 ammelsin termsaofean titaniuvm) atdne; theny lene
the temperature was elevated up to 80'C, and hydrogen was

polymgphafieddt 0'85 MPas e, ethyletie wARCOMMUBLSR sUpplEe P le 1/
excepl orthéthfe%soéﬁ@teyaeQ@yglee@e»ﬁé&r%m%%gewmh%ﬂ%%%%

thereof are shown in Table 1. [0198] Comparative Example 4
from Polymetization:’ EthylEne waspelymesizediathefSame mannerast
in 65 Comparative Example 2, excegt that the solid titanium

% cBtalyst Fompdnént (@) wds atidied iRsary Shibtint Corfsspuithing to 58 *
by wegvggl;t‘r) JB ”&%‘1‘85%’8? Olf aitl?rwﬁ'%@lo&ﬂtthgp’ (gge é‘%’i@;ﬁ’f@%‘éhol
residue and 9 % by weight of a Z2-ethylhexyl alcohol residue.

101781
Poiymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the sclid titanium catalyst component (I-2) for
ethylene polymerization was used. The results thereof are
shown in Table 1.

[0179)]
Example b5
Preparation of solid titanium catalyst component for ethylene
polymerization:

A solid titanium catalyst component (I-3) for ethylene
polymerization was obtained in the same manner as in Example 1,
except that the maintaining time at 110°C was changed from 30
minutes to 15 minutes. 7The composition thereof was such that
7.1 % by welght of titanium, 14 % by weight of magnesium, 57 %

by weight of chlorine, 1.0 % by weight of an ethyl alcohcl



elevated up to 80C, and hydrogen was supplied at 0.58 MPa;
next, ethylene was continuously supplied for 1.5 hour so that the
gauge pressure was 0.6 MPa. The results thereof are shown in
Table 1. [0199] Example 10 Polymerization: An autoclave having
an inner content of 1 liter was charged with 500 ml of refined
n-heptane under ethylene atmosphere, and added thereto were
resid025mmol of Friethylelustinuat and a-decane sugpeasiamof the:zidue.
solid titanium catalyst component (I-1) for ethylene polymerization
1%%4 an amount corresponding to 0.015 mmol in terms of a titanium
po1yn8i9M, -Lhen, the temperature was elevated up to 80C, and
hydrogen was supplied at 0.6 MPa, followed by continuously
supplyieg cethylene fomk.b:hedr s thattheambolepressuie Was Example
0.8 MPa. The polymerization temperature was maintained at 80C.
Lr ex5300]° Aer HifsHiRg tRe Pdigmerz ativha thes utseiapags (I-3) for
. r ized. cooled down to 65C, and then a white powder
= AT tol o el HaseDart nc i tar
showndiyinga#5&.1:g of a powder-like polymer was obtained. This
powder-like polymer had MFR of 37 g/10 minutes. On the 66
1018 bther hand, the solvent was removed from the separated liquid
phagse part by distillation to obtain 4.8 g of a solid matter. The
results thereof are shown in Table 2. [0201] Example 11
PrepaPolymerizatienlid titanium catalyst component for ethylene

Examp

polymerization:

A sclid titanium catalyst component (I-4) for ethvlene
polymerization was obtained in the same manner as in Example 1,
except that an amount of ethyl alcohol was changed from 0.94 g
to 1.18 g and that the maintaining time at 110°C was c¢hanged
from 30 minutes to 120 minutes. The compesition thereof was
such that 6.7 % by weight of titanium, 15 % by weight of

a

magnesium, 58 % by weight of c¢hlorine, 0.6 % by weight of an
ethyl alcohol residue and 2.8 % by weight of a 2-ethylhexyl
alcohol residue,
[0182]
Polymerization:
Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-4) for

ethylene polymerization was used. The results thereof are

shown in Table 1.



Ethylene was polymerized in the same manner as in Example
1.0, except that hydrogen was supplied at 0.75 MPa. The results
thereof are shown in Table 2. [0202] Example 12 Polymerization:
Ethylene was polymerized in thessame manner as in Example
1.0, except that hydrogen was supplied at 0.76 MPa. The results
thereof are shown in Table 2. [0203] Example 13 Polymerization:
{018 Ethylene was polymerized in the same manner as in Example 10,
except that hydrogen was supplied at 0.77 MPa. The results
Exambifardof are shown in Table 2. [0204] Comparative Example 5

prepalQlyRgrization; An autpclave having aninner content of 1 literwas .

charged with 500 ml of refined n-heptane under ethylene 67
polymatmaesphiere; and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium

cAtalyt-corhpbABNETB iR an BhtoiEsTesHonding to@p15°hylene

1yn@PR0LIN-erMS 0f 4 fitanium atom.. Then, the temperature was o0 ¢ g

Pe Wﬂele%/a%leoll up toaSOC, and hydrogen was gupplied at 0.75 MP%, FampLe L

excepfollowed by cantinnously supplyingethylene fomt.b hayr saathedd from
the whole pressure was 0.8 MPa. The polymerization temperature

16.3 %aEQnéﬁﬂghﬁﬁiQFSGQPT@fOQﬁ ethyl alcohol was changed from

0.94 g to 1.88 g; and the maintaining time at 110°C was
changed from 30 minutes to 60 minutes. The compositicn thereof
. was such that 7.0 % by weight of titanium, 14 % by weight of
magnesium, 57 % by weight of chlorine, 1.1 % by weight of an
ethyl alcchol residue and 5.1 % by weight of a 2~ethylhexyl
alcohcl residue.
[0184]
Pelymerization:
Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component ({(I-5) for
ethylene polymerization was used. The results thereof are
shown in Table 1.
{0igs]
Example B
Preparation of solid titanium catalyst component for ethylene
polymerization:
A solid titanium catalyst component (I-6) for ethylene

polymerization was cbtained in the same manner as in Example 7,



After finishing the polymerization, the autoclave was
depressurized and cooled down to 65'C, and then a white powder
formed was separated and dried. After drying, 76.7 g of a
powder-like polymer was obtained. This powder-like polymer had
MFR of 140 g/10 minutes. [0206] On the other hand, the solvent
was removed from the separated liquid phase part by distillation

exceptO abtain 46 ¢ek @50lid matter: Thereswlis theregf-arershownin was
Table 2. [0207] Comparative Example 6 Polymerization:
changgthyiendiwaspehaiierizadns tﬁé@éﬁs@wérr és*?h‘t Compatatives -

The Clg%éam %5 eK%?Qt th%t Q,ydr g[ 5 078@9/":}’1% TQe
ults thereof are shown |n 020 ] rativ

titangmr,nple 7%68yP@a¢r§sﬂzatfoma%E{%@@@1wmpalymyer—@dmthef
same manner as in Comparative Example 5, except that
chlorhpgrogerbwassupisiicthat ©f79MPah e relsudtsctherestatee and

shown in able 0209 14 Preparation of solid titanium
7t t%llys?l -L;lmporflzeﬁ[t gA s%miltanlﬁin ¢a é%/%thé:r%Splonent (1-10)

01swas obtained in the same manner as in Example 1, except that
ethyl alcohol was changed to 1.2 g (20 mmol) of n-propanol.

Polympgon o} tPelymerization:

Ethylene was pclymerized in the same manner as in Example
1, except that the sclid titanium catalyst component (I-~6) for
ethylene polymerization was used. The results thereof are
shown in Table 1.

[0187]
Example 9
Preparaticen of solid titanium catalyst component for ethylene
polymerization:

A Solid titanium catalyst component (I-7) for ethylene
polymerization was obtained in the same manner as in Example 1,
except that an amount of Z-ethvihexyl alcohol was changed from
16.3 g to 19.5 g; an amcunt of ethyl alcochol was changed from
0.%4 g to 2.35 g; and the maintaining time at 110°C was
changed from 30 minutes to 60 minutes. The composition thereof
was such that 7.0 % by weight of titanium, 15 % by weight of
magnesium, 58 % by weight of chlorine, 1.2 % by weight of an

ethyl alcchol residue and 4.5 % by welight of a Z2-ethylhexyl

alcohol residue.



Ethylene was polymerized in the same manner as in Example 1,
except that the solid titanium catalyst component (I-10) was used.
The results thereof are shown in Table 3. [0211] Example 15
Preparation of solid titanium catalyst component: A solid titanium
catalyst component (I-11) was obtained in the same manner as in
Example 1, except that ethyl alcohol was changedto 1.2 g (20
r0218mmol) of iso-propanol. [0212] Polymerization: Ethylene was
polymerized in the same manner as in Example 1, except that the
Polymgglid fitarfilin catalyst component (I-11) was used. The results
thereof are %@%’V” iﬁTaQLeigéggiQZ% E)gam I%al&gge%%ra,tignmam Lo
of sofid titanium cata %ﬁ component: solid titanium catalystl b
1, exeemponent (Ink2)wasobtained; imthe samemaniglasit (1-7) for
Example 1, except that ethyl alcohol was changed to 1.48 g (20
ethy laimol ofibutandl i [0R 14 = PohrderiZBtionr sEthytene inmaseof are
Shownpgllaln%eﬁ%d in the same manner as in Example 1, except that the
solid titaniam catalyst component (1-12) was used. The results
r01gthereof are shown in Table 3. [0215] Example 17 Preparation of
solid titanium catalyst component: A solid titanium catalyst
Compagemibonent{#133 was obtained

Preparation of solid titanium catalyst component:

4.76 g (50 mmol) of magnesiuvm chioride anhvdrous, 28.1 ml
of decane and 16.3 g (125 mmol) of Z-ethyihexyl alcohol were
reacted by heating at 130°C for 3 hours to prepare a
homogeneous solution. Then, 0.96 g (3.75 mmol) of diisopropyl
cis-cyclohexane-1,2-dicarboxylate was added to the solution
and mixed by stirring at 50°C for further 1 hour, and then the
solution was gradually cooled down to room temperature.

[0190]

A whole amount of the homogenecus solution thus obtained
was dropwise added te 200 ml {1.8 mol) of titanium
tetrachloride of 0°C in 1 hour under stirring. The temperature
was maintained at 0°C during dropwise adding. After finishing
additlion, the mixed solution was maintained at a temperature
of 0°C for 1 hour, and then the temperature was elevated up to
110°C in 1 hour and 45 minutes. Thereafter, the solution was
maintained at the temperature for 30 minutes under stirring

and then filtrated at the same temperature to separate a sclid



in the same manner as in Example 1, except that ethyl alcohol
was changed to 1.48 g (20 mmol) of iso-butanol. [0216]
Polymerization: Ethylene was polymerized in the same manner as
in Example 1, except that the solid titanium catalyst component
(1-13) was used. The results thereof are shown in Table 3. [0217]
Example 18 Preparation of solid titanium catalyst component: A

part. solid titanium catalyst component (1-14) was obtained 70 in the

[Olgf me manner as in Example 1, except that ethyl alcohol was

changed to 1.76 g (20 mmol) of n-pentanol. [0218]

Polymerizatiops Lthylene, M‘%E@'&’H&Q@Z%%@l@ »AMe MAnNel asy
in Example 1, except that the solid titanium catalyst component

1107 C(B14) twas used: Tire:results’thereof apgshowiniineTablei3. [(249F ree
Example 19 Preparation of solid titanium catalyst component: A

. p . A
= tangdiig teARORT Catdy st CompohEnt ¢ 15 WiS dbtainedCin the - tanium

catal?_@@% rAS i(BE_)-(an@B@ %o%%?%tbéﬁ@ijﬁol%@@é’iyst component
cis-cyclohexane-l,2-dicarboxylate was changed to 0.75°g (5

thus pwrhel)rafethybbenzoate. [0220F Polymerizations dzthylenswass ion,
polymerized in the same manner as in Example 1, except that the

and 2 g itdhGnT QatdliSt COhPONERt (RAB)Ysis . The composition

o ol

thereof was such that 6.4 % by weight of titanium, 16 % by
weight of magnesium, 54 % by weight of chlorine and 4.0 % by
weight of a 2-ethylhexyl alcohol residue.

(019z]
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under nitrogen
atmosphere, and added theretc were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (8) obtained above in an amount
corresponding to 0.005 mmol in terms of a titanium atom. Then,
the temperature was elevated up to 80°C, and hydrogen was
supplied at 0.3 MPa, followed by continuocusly supplving
ethylene for 1.5 hour so that the gauge pressure was 9.6 MPa.
The polymerization temperature was maintained at 80°C.

[0193] |
After finishing the polymerization, an ethylene polymer

was separated from the n-heptane sclvent and dried. After



was used. The results thereof are shown in Table 3. [0221]
Example 20 Preparation of solid titanium catalyst component: A
solid titanium catalyst component (1-16) was obtained in the
same manner as in Example 1, except that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol) and that
diisopropyl cis-cyclohexane-l,2-dicarboxylate was changed 71 to

dryin@.7569 (3 gmof) ef gthyd benzoate o[02221 PolymerizatioRy.  This
Ethylene was polymerized in the same manner as in Example 1,
Powdeéxéédﬁhﬁ@ﬂ}@@éliaftﬁaﬂﬁﬁn ¢htalyst corhponéent (B16)nwasn

sed. The results there far sho in Table %rzg ampl
apparﬁ rkélﬁérat%on Bt svlid té&l%m %eyl\{nqust %%mpone Eh%lreog are
shownliteRiumcatalyst component (1-17) was obtained in the same
manner as in Example 1, except that diisopropyl
[019¢is-cyclohexane-l,2-dicarboxylate was changed to 1.26 g (6.25
mal) of 2-is I-2-isobutyl-1,3-dimethoxypropane. [0224]
COInpal‘-;oi%/rr\){erlzga |oﬁ?£%téylene was polymerized in the same manner as

prepafelxample 1; exeept thattheslidtifanium catalyst gemponent
(1-17) was used. The results thereof are shown in Table 3. [0225]

Exaiple 20’ Preparatiorf ofisalick itamurmhéatalyst componments, 37.5 ml
of decane and 29.3 g (225 mmol} of 2~ethylhexyl alcohol were

reacted by heating at 130°C for 2 hours to prepare a
hemogeneous solution. Then, 3.1 g (15 mmol) of
tetraethoxysilane.was added to the solution and mixed by
stirring at 50°C for further 2 hours, and then the solution
was gradually cocled down to room temperature.

[0185]

A whole amount of the homogeneous solution thus obtained
was dropwise added to 200 ml (1.8 mol} of titanium
tetrachloride maintained at 0°C in 1 hour. After finishing
addition, a temperature of the mixed sclution was elevated up
to 110°C in 1 hour and 45 minutes. Thereafter, the solution
was maintained at the temperature for 2 hours under stirring,
and then a sclid part was separated at the same temperature,
The solid part was sufficiently washed with decane of 110°C
and then with hexane of room temperature until the free
titanium compound was not detected to obtain a solid titanium

catalyst component {(9). The solid titanium catalyst compecnent



A solid titanium catalyst component (1-18) was obtained in the
same manner as in Example 1, except that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmoi) and that
diisopropyl cis-cyclohexane-l,2-digarboxylate was changed to
1.26 g (6.25 mmo].) of 2-isopropyl-2-isobutyl-1,3 72
dimethoxypropane. [02261 Polymerization: Ethylene was

thus polymerdzedadn thé same manher & imExampled;except thattheon,
solid titanium catalyst component (1-18) was used. The results

and 2 hérebf B SHow it Table 3. [02271 B kétiple 23 Preparativn of -
there§@li¢ lilanium cafalysicompopeni A splid fitapium catalyst 4 5

component (1-19) was obtained in the same manner as in
we ighExampledhcexcept that diisgpropybht of chlorine and 4.3 % by
. . cis-cyclohexane-|,2-dicarboxylate was changed to 0.96 g (3.75
we1ah by BB o fdiRopfop§rané-cyelshexamet § ¥ dicarboxylate. [0228]
ro1o£0lymerization: Ethylene was polymerized in the same manner as
in Example 1, except that the solid titanium catalyst component
Polymé-il9) twas:used. The results thereof are shown in Table 3. [0229]
'Example 24 Preparation of solid titanium catalyst component: A
soliffitaRRiINT Txt&IYSYESiMporEnt {I- 205 WA 6bEIRIEE lintheidame

Compa%%qr{?er %%é%gfgnlglee%ic%xp%p‘é%g%t qlrl%ops!p)?gld titaniam catalyst

cis-cyclohexane-l,2-dicarboxylate was changed to O.9§g @.75 Y
component {%) was used. The results thereof are shown in Tabkle
1.

[0197]
Cocmparative Example 3
Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 2, except that the solid titanium catalyst
compenent (9} was added in an amount corresponding te 0.015
mmol in terms of a titanium atom; then, the tempesrature was
elevated up to 80°C, and hydrogen was supplied at 0.55 MPa;
next, ethylene was continuously supplied for 1.5 hour so that
the gauge pressure was 0.6 MPa. The results therecof are shown
in Table 1.

[0198]
Comparative Example 4
Polymerization:

Ethylene was pcolymerized in the same manner as in



mmol) of di-n-propyl trans-cyclohexane-|,2-dicarboxylate. [0230]

73 Polymerization: Ethylene was polymerized in the same

manner as in Example 1, except that the solid titanium catalyst

component (1-20) was used. Thgsresults thereof are shown in

Table 3. [0231] Comparative Example 8 Preparation of solid

titanium catalyst component: A solid titanium catalyst component
Compaf2t) waschtaiied i thesamewnanneras s Compatativieim catalyst

Example 1, except that diisopropyl .
compoRfditydlohe%aRedlaitarB oy A8 WAL changedre "o 759g s ©- 015

mmo1 MO, gf.ethyl benzoate, [9232], Polymerization: .Etfiylene was . .

polymerized in the same manner as in Comparative Example 1,
elevaexcepbthat the solidtitaniymcatalystcompopent 2 b-was useady = ;
The results thereof are shown in Table 3. [0233] Comparative
next. FSENpBRNG Préparation BFSBid YitanbRi egtalysticomponeht Ao that

tne oSQUd tianLM catalyst compgnent (22) was obtained In. the same,,
manner as in Comparative Example 1, except tﬁat deflsopropﬁ
in Taklsecyclohexane-l,2-dicarboxylate was changed to 1.26 a (6.25
mmol) of 2-isopropyl-2-isobutyl-1,3- dimethoxypropane. [0234] 74
[0199]
Example 10
Polymerization:

An autoclave having an inner ceontent of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-~1} for ethylene polymerization in an
amount corresponding to 0.015 mmol in terms of a titarnium atom.
Then, the temperature was elevated up to 80°C, and hydrogen
was supplied at 0.6 MPa, followed by continucusly supplying
ethylene for 1.5 hour so that the whole pressure was (0.8 MPa.
The polymerization temperature was malntained at 80°C.

{02007

After finishing the polymerization, the auvtoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liguid phase part and dried.

After drying, 151.1 g of a powder-like polymer was obtained.

This powder-like polymer had MFR of 37 g/10 minutes. On the



Polymerization: Ethylene was polymerized in the same manner as

in Comparative Example 1, except that the solid titanium catalyst

component (22) was used. The results thereof are shown in Table

3. [0235] Comparative Example, 10 Preparation of solid titanium

catalyst component: A solid titanium catalyst component (23) was

obtained in the same manner as in Comparative Example 1,
otherexeeqt, thatediisapropyl cisscyelabexanederdicasbafatewas 1:quid

changed to 0.96 g (3.75 mmol) of di-n-propyl
-phaseyapeteytionéxdrie- 2t titarboxghite 1p286] Polymerizatidn matter.

the rElylenewas polymerized in the s anner as in Comparative
© J:Exam|gle 1, exc%pta%ﬁgt the solid rtlltzfr%%r{r? cgtalyst component (23)

[0zowas used. The results thereof are shown in Table 3. [0237]
Example 25 Polymerization: An autoclave having an inner content
Examp g 1liter was charged with 500 ml of refined n-heptane under

POlw,ﬂg}:@ylggjeO%t_mosphere, and added thereto were 0.25 mmol of
tnetﬁyl%fluminum and a decane suspension of the solid titanium 75

catalysteemponent (5:40):inan amaunt corresponding t90.015r . 1y 1 e
mmol in terms of a titanium atom. Then, the temperature was

10, ext@nfted@ii-td'80Cy and ydrogercwassupplied’t 0175.MPae results

thereof are shown in Table 2.
[0202]
Example 172
Polymerization:
Ethylene was polymerized in the same manner as in Example
10, except that hydrogen was supplied at 0.76 MPa. The results
thereof are shown in Table 2.
10203]
Example 13
Polymerization:
Ethylene was polymerized in the same manner as in Example
10, except that hydrogen was supplied at 0.77 MPa. The results
thereof are shown in Tahle 2.
[0204]
Comparative Example 5
Polymerization:
An autoclave having an inner content of 1 liter was

charged with 500 ml of refined n-heptane under ethylene



followed by continuously supplying ethylene for 1.5 hour so that
the whole pressure was 0.8 MPa. The polymerization temperature
was maintained at 80"C. [02381 After finishing the polymerization,
the autoclave was depressurlzeg and cooled down to 65C, and
then a white powder formed was separated from the liquid phase
part and dried. After drying, 44.6 g of a powder-like polymer was

atmosghtained o Jhis powdemlike pelymer-had MFRf152¢ 9/10
minutes. On the other hand, the solvent was removed from the
trietseparateddicuiciishdasalpastisy distillation o obfain4.95¢ bf @ $olfeknium
. lmatter The results8 hereof are shown in Table 4. 239] Ex%m(ﬂ%
catalystpaRiRarZAtion: Ethylene was polynictized I the same. =

mmol MRANNERAS iIn:Examplen2arexcept thathydrogen V%%%a%@@‘i%@@was
0.77 MPa. The results thereof are shown in Table 4. [02401

elevaEgdmple 27 Eriﬁls}marz@ti@hdﬁhﬂ@n@aﬁwtﬁw}m@ﬁzea iAl tAé MPa,
same manner as in Exam g 5 exce tth?tade ane
uyr 3o

fol loggdh disiGn ot tHe LotittitaiRin 76 Catalyét e8mpotient (115 Was

that 26dedin an ypount coresponding; 19 0.0n.mimel Rlerms:oia
titanium atom and that hydrogen was supplied at 0.76 MPa. The

tempepgsultsdheseofrareshowadnaTable 4. [0241] Example 28
[OZOSE

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated and dried. After drying, 76.7 g of a
powder-like polymer was obtained. This powder-like polymer had
MEFR of 140 g/10 minutes.

[0206]

Cn the other hand, the solvent was removed from The
separated liguid phase part by distillation to obtain 4.6 g cf
a solid matter. The results thereof are shown in Table 2.

[G207]
Comparative Example ©
Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that hydrogen was supplied at
0.78 MPa. The results thereof are shown in Table Z.

[0208]

Comparative Example 7



Polymerization: Ethylene was polymerized in the same manner as
in Example 27, except that hydrogen was supplied at 0.77 MPa.
The results thereof are shown in Table 4. [0242] Example 29
Polymerization: Ethylene was palymerized in the same manner as
in Example 25, except that a decane suspension of the solid
titanium catalyst component (I-12) was added in an amount
Polymepirespbiiling to 0.015 mmol in terms of a titanium atom and that
gt;o en_was SEP lied at.O.gé I}AP%.LheSr%%ulgusaWeé%of are
shown in' Table .Cﬂ)ﬁifléxampfle 8 Pofymerlzafllon: Eﬁwy][ene
Compa WAS pelymerized in the. same: mannerasingxample 29:except ac
that hydrogen was supplied at 0.77 MPa. The results thereof are
C.79 ¥Rewn T T abte 4l {02447 cEx&mple 3aPolymdrization: -
EEthylene was polymerized in the same manner as in Example 25,
except that a decane suspension of the solid titanium catalyst
Examp&@Mponent (1-13) was added in an amount corresponding to
0.015 mmol in terms of a titanium atom and that hydrogen was
Prepasgpphedat 0:74 MPai Thelrasuits thetsdf arershown in Table 4.
[0245]
A

\ s011d titanium catalyst component {(I-10) was obtained

[0zo

in the same manner as in Example 1, except that ethyl alcochol
was changed to 1.2 g (20 mmol) of n-propanol.

[0210]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-10)
was used. The results therecf are shown in Table 3.

[C211]
Example 15
Preparation of solid titanium catalyst component:

A solild titanium catalyst component {I-11}) was obtailned
in the same manner as in Example 1, except that ethyl alcochol
was changed to 1.2 g (20 mmcl) of iso-propanol.

[0212]
Polymerization:

Ethylene was polymerized in the same manner as in Example

1, except that the solid titanium catalyst component (I-11)

was used. The results thereof are shown in Table 3.



Example 32 Polymerization: Ethylene was polymerized in the
same manner as in Example 31, except that hydrogen was
supplied at 0.77 MPa. The results thereof are shown in Table 4.
[0246) Example 33 Polymerizaggn: Ethylene was polymerized in
the same manner as in Example 25, except that a decane
suspension of the solid titanium catalyst component (I-15) was
(021 @dded in an amount corresponding to 0.015 mmol in terms of a
titanium atom and that hydrogen was supplied at 0.76 MPa. The
Examp fgsulfs thereof are shown in Table 4. [0247] Example 34

Polymeriz?tion' 7§ Etf@élgne was Eokymerized in the same

Pre o ium ¢ Y t: .
PaRfanTiar 83 if Exampla 33, eXtept that Rydrogen-was supplied at

072 MRa. Theresults -thereofare-shewmain:Tahle4:.,[0248] oprained
Example 35 Polymerization: Ethylene was polymerized in the

in thsamenmannersas fsExaniplerpseexcepttharta decanesthyl alcohol
suspension of the solid titanium_catalyst component (1-16) was

was ChAREddn gh amsurtt cotredhBding ftoxﬁ.kbki%ag%%ol in terms of a

ro214itanium atom and that hydrogen was supplied at 0.77 MPa. The

results thereof are shown in Table 4.

Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-~12)
was used. The results thereof are shown in Table 3.

[0215]
Example 17
Preparation of solid titanium catalyst component:

A scolid titaniuvum catalyst component {I-13) was obtained
in the same manner as in Example 1, except that ethyl alcohol
was changed to 1.48 g (20 mmol) of iso-butanol.

[0216]
Polymerization:

thylene was polymerized in the same manner as in Example

1, except that the sclid titanium catalyst component (I-13}
was used. The resulits thereof are shown in Table 3.

[0217]
Example 18
Preparation of solid titanium catalyst component:

A solid titanium catalyst component {(I-14) was obtained



[0249] Example 36 Polymerization: Ethylene was polymerized in
the same manner as in Example 35, except that hydrogen was
supplied at 0.78 MPa. The results thereof are shown in Table 4.
[0250] Example 37 Polymerization: Ethylene was polymerized in
the same manner as in Example 25, except that a decane
suspension of the solid titanium catalyst component (1-17) was
in thaddeginanasmount carrespapding: jo £:01% mmed in tarms ofaconol
titanium atom and that hydrogen was supplied at 0.69 MPa. The
was clyasghs thiereof dte Shottn 17D Table 4P fog5t]°Example 38
0218 Polymerization: Ethylene was polymerized in the same manner as
91 Example 37, except that hydrogen was supplied at 0.72 MPa.
polymdiie;Easults: thereof are shown in Table 4. [0252] Example 39
Polymerization: Ethylene was polymerized in the same manner as
i Example 953 méﬁﬂ@ﬁaﬁﬁ@ehﬁné%sﬁ%@ﬁwm 3plign Example

tltanlum cata st co onent%} 18) was d din an amo nt
1 ~14
Lo o2 lespohding to"0 015 mmo6 I(ral)rm?coa'fal d fitaniunt & o?rrl1 ngjlthat)
was u@a@rog@ﬁe%%mh%ag@@@ MRa.sFhe sesults thereof are
shown in
r0219]
Example 19

Preparation of solid titanium catalyst component:

A solid titanium catalyst compoenent (I-15) was obtained
in the same manner &s in Example 1, except that diiscpropyl
cis-cyclchexane-1,2-dicarboxylate was changed to 0.75 g (5
mmol) of ethyl benzoate.

[0220]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-15)
was used. The results thereof are shown in Table 3.

(02211
Example 20
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-16) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohol was changed from 0.%4 g to 1.328 g (30 mmel) and

that diisopropyl cis-cyclchexane-1,2-dicarboxylate was changed



Table 4. [0253) Example 40 Polymerization: Ethylene was
polymerized in the same manner as in Example 39, except that
hydrogen was supplied at 0.76 MPa. The results thereof are
shown in Table 4. [0254] Compatative Example 11
Polymerization: Ethylene was polymerized in the same manner as
in 80 Comparative Example 5, except that a decane suspension
to 0. bbthe Solintitlnivmh eatalysticonyerient (21) was added in an
022 amount corresponding to 0.015 mmocl in terms of a titanium atom
: and that hydrogen was supplied at 0.77 MPa. The results thereof
polym@fe showyin Table 4. [0255] Comparative Example 12
Polymerization: Ethylene was polymerized in the same manner as
i tCoiparative Exampie 5zexcept that asdecane suspensiohrofxample
the solid titanium catalyst component (22) was added in an

L eXGRRount” Corredponding'td 0°015 HimoFin‘tefis 6F AitaiNlm atom®’

was u@Bd, thathydragen was.supplied.at0.74.MPa. \The, results thereof
are shown in Table 4. [0256] Comparative Example 13

[022Polymerization: Ethylene was polymerized in the same manner as
Exampgg 21
Preparation of solid titanium catalyst ccmponent:

A solid titanium catalyst component (I-17) was cobtained
in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,Z-dicarboxylate was changed te 1.26 g (6.25
mmol) of Z2-isopropyl-Z-iscbutyl-1,3-dimethoxypropane.

02241
Polymerization:

Ethylens was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-17)
was used. The results thereof are shown in Table 3.

[0225]
Example 22
Preparaticn of solid titanium catalyst component:

A solid titanium catalyst component {(I-18) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohol was changed from 0.94 g to 1.38 g (30 mmol) and
that diisopropyl cis-cyclohexane-1,2Z-dicarboxylate was changed

toe 1.26 g {(6.25 mmel) of Z-isopropyl-Z-iscbutyl-1,3-



Comparative Example 5, except that hydrogen was supplied at
0.78 MPa. The results thereof are shown in Table 4. [0257]
Comparative Example 14 Polymerization: Ethylene was
polymerized in the same manner, as in Comparative Example 5,
except that hydrogen was supplied at 0.79 MPa. The results
thereof are shown in Table 4. 81 [0258] Example 41 Preparation
dimet BbgOld dtaRiM catalyst component: A solid titanium catalyst
component (1-24) was obtained in the same manner as in
[C22Ekample 1, except that diisopropyl

Poly]‘,ngi]g,ic%ygclohgz(ane-l,2-dicarboxylate was changed to 0.38 g (2.5

mmo oJTOethyI benzoate and 0.51 g (2.5 mmol) of 2-isopropyl-

2rispbubdd, 3rdimethoxypropane 1[9259] Relymerzation::Ethylengampl -
was polymerized in the same manner as in Example 1, except that

L, exgrpsoliditariiuen eatalysttéomponentlt24) wWas osed Fhe résufts)

was ujiereotare shown n Table 5.10260) Example 42 Preparation of
solid titanium caltlalyst componen?. solid titanium catalyst
(022 €pmponent (1-25) was obtained in the same manner as in
Example 1, except that diisopropyl
Exampéis-éytlohexane-l,2-dicarboxylate was changed to 0.50 g (3.4

mmol) of eth IZenzoqte and 0.33 g (1.7 mmol) of 2-i§qpropyl-
Prea gLy, RO rofaR e ot Serpanen

A solid titanivm catalyst component {1—19) was obtained
in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.%6 g (3.75
mmol} of diiscopropyl trans-cyclohexane-1,2-dicarboxylate.

02281
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the sclid titanium catalyst component (I-19)
was used. The results thereof are shown in Table 3.

[0229]
Example 24
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-20) was obtained
in the same manner as in Example 1, except that diiscpropyl
cis-cyclohexane-1,2-dicarboxylate was changed te 0.396 g (3.75
mmol} of di-n-propyl trans-cyclohexane-1,2-dicarboxylate.

10230]



[0261] Polymerization: Ethylene was polymerized in the same

manner as in Example 1, except that the solid titanium catalyst

component (1-25) was used. The results thereof are shown in

Table 5. 82 02662) Example 43 Preparation of solid titanium

catalyst component: A solid titanium catalyst component (1-26)

was obtained in the same manner as in Example except that
polymdHSORIORY) .cis-cyclohexane-l,2-dicarboxylate was changed to

0.60 g (4.0 mmol) of ethyl benzoate and 0.20 g (1.0 mmol) of

2Esoprapy- Rsisobotyl:he3-dirmethoxypropanes[0268)er as in Example

Polymerization: Eth¥LIene was polymerized in the same manner as

b exEPERamiils 1Pt that'the Sdiid tithiim Cataly S RBRTPOnert <Y
was ulz2P) was used, The resultsthereqf areghown in Jable 5. [02641

Example 44 Preparation of solid titanium catalyst component: A
[02330lid titanium catalyst component (1-27) was obtained in the
same manner as in Example 1, except that diisopropyl
CompagitifohdRaRe-T 25dicarboxylate was changed to 0.64 g (4.3

prepaBimel of sthylhenzoate and.0.15 90,8 mmol)of 2-is0propyl-
2-isobutyl-1,3-dimethoxypropane. [02651 Polymerization:

Ethyenhédvas potymerizeddn the samemanner(@s jin Exampleained in
the same manner as in Comparative Example 1, except that
diisopropyl cils-cyclohexane~l,2-dicarboxylate was changed to
0.75 g (5 mmol} of ethyl benzoate.

[0232]
Polymerization:

Fthylene was polymerized in the same manner as in
Comparative Example 1, except that the sclid titanium catalyst
component (21} was used. The results therecf are shown in
Table 3.

102321
Comparative Example 9
Preparation c¢f solilid titanium catalyst component:

A scolid titanium catalyst component (22) was obtained in
the same manner as in Comparative Example 1, except that
diisopropyl cis-cyclohexane-1,2~dicarboxylate was changed to
1.26 g (6.25 mmel} of Z-isopropyl-Z-iscbutyl-l, 3-
dimethoxypropane.

[0234]



1, except that the solid titanium catalyst component (1-27) was
used. The results thereof are shown in Table 5. 83 [0266]
Example 45 Preparation of solid titanium catalyst component: A
solid titanium catalyst component (1-28) was obtained in the
same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5
Polymeéninclyobethyl benzoate and 0.10 g (0.5 mmol) of 2-isopropyl-

2-isobutyl-1,3-dimethoxypropane, [0267] Polymerization: Ethylene
WaE pbiiferi28diR tHETaME Mafinéras T ExdMipReL, 8xcept that

Compafg-e_j_s\%id]ingfﬂ%w@ Cf‘,talé@lsgggm-_q{@pt‘&]:éz@o% h{',%%%n-[nﬁ catalyst

results thereof are shown in Table 5. [0268] Example 46
comporRneparation of solid ¢ifaniutnscatalyst component £ Assalidstikawmiu
catalyst component (1-29) was obtained in the same manner as
in Example 1, except that diisopropyl

[023ﬁis-cyclohexane-l,2-dicarboxylate was changed to 0.71 g (4.8
mmol) of ethyl benzoate and 0.05 g (0.3 mmol) of 2-isopropyl-
Compa 22isobeltyld Bedimethioxypropane. [0269] Polymerization: Ethylene
was polymerized in the same manner as in Example 1, except that
Prepagpé Solidtitardioht Sataliyaedmgonent (R2oF SWRSUSRd: The results

tﬂe§%¥f§e€¥¥%%9£%TE§W%§§§€ component (23} was obtained in

the same manner as in Comparative Example 1, except that

Table

diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to
0.96 g {3.75 mmol) cf di-n-propyl trans-cyclohexane-1,2-
dicarboxylate.

[02306]
Polymerizaticon:

Ethylene was polymerized in the same manner as in
Comparative Example 1, except that the solid titanium catalyst
component (23) was used. The results thereof are shown in
Table 3.

[0237]
Example 25
Polymerization:

An autoclave having an inner content of 1 liter was
charged with %00 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of

triethylaluminum and a decane suspension of the solid titanium



0270] Example 47 Preparation of solid titanium catalyst
component: A solid titanium catalyst component (I-30) was
obtained in the same manner as in Example 1, except that an
amount of ethyl alcohol was changed from 0.94 g to 1.38 g (30
mmol) and that diisopropyl cis-cyclohexane-1,2-dicarboxylate was
changed to 0.71 g (4.8 mmol) of ethyl benzoate and 0.05 g (0.3

catal{¥Noh.Qb2-iseprqpyliZ-jsabutyll 3rdimethoxyprapane.il927dl o.o1s

Polymerization: Ethylene was polymerized in the same manner as
mmol jmExampledct, exceptahatthexsolid titdhierm catelystcomponent was
elevaé& 30) was used. The results thereof are shown in Table 5. [0272]

xample 48 %Oreﬁara?ﬁb% oY 85 fitarih ERRlystTEhMpoRent AP
fo11o90Hd titaniym catalyst compapent (1- %ewgﬂ%se@taﬁe@dll%thﬁw 5o

same manner as in Example 1, except that an amount of ethyl
that gleohdiwas changedsdrom:=0.948 ¥r4.38h(BEC®nimob r idissopropy|
cis-cyclohexane-|,2-dicarboxylate was changed to 0.68 g (4.5
tempeﬁ%‘dﬁ%f‘”@rﬁyﬁ“ﬁéﬂ%aféegnﬁ'b 6 ¢(0.5 mmol) of
02382T|sopropyl -2-isobutyl-1,3-dimethoxypropane; and the condition of
30 minutes under stirring after elevating the temperature up to
JAOCGwasi shettened tod ominutesi O223)r85 Pelymerizdtion: was
Ethylene waSé)onmerlzed in the same manner as in Example 1,

dep e gRUGHPHAIRG SOTE AN EAiAly EF compBieni 1223 #ite Boude:

formed was separated from the liguid phase part and dried.
After drying, 44.6 ¢ of a powder~like polymer was obtained.
This powder-like polymer had MFR of 520 g/10 minutes. On the
other hand, the sclvent was removed from the separated licquid
rhase part by distillation to cbtain 4.% g of a solid matter.
The results thereof are shown in Table 4.
102397
Example 26
Folymerization:
Ethylene was polymerized in the same manner as in Example
25, except that hydrogen was supplied at 0.77 MPa. The results
thereof are shown in Table 4.
[024c]
Example 27
Polymerizatiocn:
Ethylene was polymerized in the same manner as in Example

25, except that a decane suspension of the solid titanium



was used. The results thereof are shown in Table S. [0274]
Example 49 Preparation of solid titanium catalyst component: A
solid titanium catalyst component (1-32) was obtained in the
same manner as in Example 1, gxcept that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol); diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5

catalmmobwfethyhbenzoate and £.3Q@M0.5mmolebunt corresponding
2-isopropyl-2-isobutyl-1,3-dimethoxypropane; and the condition of
to 0. 8pimitites indeistiTing afterdlevatiig %ﬁ@rfemrpféré@mé hp;ciéogen

was séagclvevasa%n%d Lﬁ»mam%%'m t' %g ;% =2 Qminutes after .

elevating the temperature up to 1 ocfymerlzaﬁ
TableEthylene was polymerized in the same manner as in Example 1,
except that the solid titanium catalyst component (1-32) was used.
(024 ¥he results thereof are shown in Table 5. [0276] Example 50
Examp Eée%ratlon of solid titanium catalyst component: A solid titanium
catalyst component (1-33) was obtained in the same manner as
rolymér Examiple:1, except that an amount of 86 ethyl alcohol was
changed from 0.94 g to 1.38 g (30 mmol); diisopropyl
cis-eyépmexane- P2l dicarberylate:walkechrampednes rG:684p (4.5 Example

mmo f hbe nzoate and 0.10 g (0. mmo) f
N grﬁpy -2- |§§but§fgf 3w8|meﬁ¥)c}9%/pr§pane an& the tonditisn*6F U+ +2
thereaﬁ mmtgz@dmdqrrﬁtgrgﬁg@ftgr elevating the temperature up to

110C was changed to maintaining stirring for 15 minutes
[0242]
Example 29
Polymerization:
Ethylene was polymerized in the saﬁe manner as in Example
25, except that a decane suspension of the solid titanium
catalyst component {I-12) was added in an amount corresponding
to 0.015 mmel in terms of a titanium atom and that hydrogen
was supplied at 0.74 MPa. The results thereof are shown in
Table 4.
(02433
Example 30
Polymerization:
Ethylene was polymerized in the same manner as in Example
29, except that hydrogen was supplied at 0.77 MPa. The results
therecf are shown in Table 4.

[0244]



after elevating the temperature up to 100C. [0277]
Polymerization: Ethylene was polymerized in the same manner as
in Example 1, except that the solid titanium catalyst component
(1-33) was used. The results thereof are shown in Table 5. [0278]
Example 51 Preparation of solid titanium catalyst component: A
solid titanium catalyst component (1-34) was obtained in the
Examp S&NME manner as in Example 1, except that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol); diisopropyl
Polymepslegdldbhexane-,2-dicarboxylate was changed to 0.68 g (4.5

o) of sty benzoste and 010G (S mmo ot
2-isopropyl-2-isobutyt T 3-dimethoxypropane: ahd the cohiditich Brrete

25, edPupinuesiunderstiring afterelevating the temperature ; UpAQ,,,
110C was changed to maintaining stirring for 15 minutes after

catalgidvatigpthicetdmpdratdte upto09BE 0279 nPalyrmetization:e8ponding
co 0 gltlgylenelwas polymeri(%%dain the same manner as in Example 1,

exdept that the Soid titanidm catalystLofpBheit(1534)" wag!rogen

was sused: dheresylts theeepf are, shown in Lable.5.J0280] Fxample .
52 Polymerization: An autoclave having an inner content of 1 liter
Tablewhs charged with 500 ml of refined n-heptane under ethylene

[024%tmosphere, and added thereto were 0.25 mmol of

Example 32
Polymerizaticn:
Ethylene was polymerized in the same manner as in Exanple
31, except that hydrogen was supplied at 0.77 MPa. The results
therecf are shown in Table 4.
[0246]
Example 33
Poclymerization:
Ethylene was polymerized in the same manner as in Example
25, except that a decane suspension of the solid titanium
catalyst component (I-15) was added in an amount corresponding
to 0.015 mmol in terms of a titanium atom and that hydrogen
was supplied at 0.76¢ MPa. The results thereof are shown in
Table 4.
(62473
Example 34

Polymerization:



triethylaluminum and a decane suspension of the solid titanium
catalyst component (1-24) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80C, and hydroges was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so that
the whole pressure was 0.8 MPa. The polymerization temperature
waspantained ab 8002844 After-firishing:the:pebmerizationxamp1e
the autoclave was depressurized and cooled down to 65C, and
33 cY¥5sT R Whit povited $5rtied \iaSBéparatel fromthiébruidisifasesults
themg@rta%d Qﬂi&‘?n After.drying,53.8 g of a powder-like polymer was
obtained. This powder-like polymer had MFR of 950 g/10
[c24mminutes. On the other hand, the solvent was removed from the
separated liquid phase part by distillation to obtain 5.7 g of a solid
Exampgatter. The results thereof are shown in Table 6. [0282] 88
Polym@‘??é@?o%g: Polyr_nerization: Ethylene was polymerized in the
same manner as in Example 52, except that hydrogen was

suppliedrat .44 MPayrldei tesultsn thereof are shawn in Tablg6ryampie
[0283] Example 54 Polymerization: Ethylene was polymerized in
25, eEBAnie Afarh et iREXamSIe S52nexdepithat hiytitogen svasm

cacal JUPPICH 802 ME2 TP e s e e e SRS TR0 Do ng
to 0.015 mmol in terms of a titanium atom and that hydrogen
was supplied at 0.77 MPa. The results thersof are shown in
Table 4.
[0249]
Example 36
Polymerization:
Zthylene was polymerized in the same manner as in Example
35, except that hydrogen was supplied at (.78 MPa. The results
thereof are shown in Table 4.
[0250)
Example 37
Poiymerization:
Ethylene was polymerized in the same manner as in Example
25, except that a decane suspension of the sclid titanium
catalyst component (I-17) was added in an amount corresponding
te 0.015 mmol in terms of a titanium atom and that hydrogen

was supplied at 0.69 MPa. The results thereof are shown in



Example 55 Polymerization: An autoclave having an inner content.
of 1 liter was charged with 500 ml of refined n-heptane under
ethylene atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (1-25) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was

Tableefevated up to 80C, and hydrogen was supplied at 0.76 MPa,

(025 fﬁllowed by continuously supplying ethylene for 1.5 hour so that

]t e whole pressure was 0.8 MPa. The polymerization temperature

ExampWassmaintained at SOC. [0285] After finishing the polymerization,
the autoclave was 89 depressurized and cooled down to 65'C,

Folymandzthenc white powder formed was separated from the liquid
phase part and dried. After drying, 54.7 g of a powder-like
polyM&Fwas'8btdifed™ SPhis powderliiike FERMEFRATMER of 67¢2mPLe

37, eQ&%@'@H%-h@BgBSthwgw ;E@%é&’"éet”td"’% VEEEP.VG%HQ”}equ.ts
the separated liquid phase part by distillation to obtain 5.7 g of a

theregoOlid matterwithéerreBultsdehereof are shown in Table 6. [0286]
Example 56 Polymerization: Ethylene was polymerized in the

[0255Ame manner as in Example 55, except that hydrogen was

rxamp PUPRYEd at 0.74 MPa. The results thereof are shown in Table 6.

[0287] Example 57

Polymerization:
Ethylene was polymerized in the same manner as in Example
- 25, except that a decane suspension of the solid titanium
catalyst component (I-18) was added in an amount corresponding
to 0.015 mmol in terms of a titanium atom and that hydrogen
was supplied at 0.72 MPa. The results thereof are shown in
Table 4.
[0253]
Example 40
Polymerization:
Ethylene was polymerized in the same manner as in Example
3%, except that hydrogen was supplied at 0.76 MPa. The results
thereof are shown in Table 4.
[0254]
Comparative Example 11
Polymerization:

Ethyliene was polymerized in the same manner as in



Polymerization: Ethylene was polymerized in the same manner as
in Example 55, except that hydrogen was supplied at 0.72 MPa.
The results thereof are shown in Table 6. [0288] Example 58
Polymerization: An autoclave haying an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
Compa triethylalamipgmeand a-deeane stspensioneithessolicktitanime30 « he
~catalyst component (I-26) in an amount corresponding to 0.015
solldnimpf i tEintS 6F AXRANFAERISAT Theh: the Iémpéiatliréwas amount

corre E'aeo"r%‘ig%’%o 806, and fiydrogen was supplied at Q. 76 MPa, .
ollowed by continuously supplying et yleneafor 1.5 hour so that
that theiwhple pressurewasd8aPa, Thepelymerzatien tempenadue: ¢
was maintained at 80C. [02891 After finishing the polymerization,
are s{p@autdclave vfas -depressurized and cooled down to 65"C, and
{025&9” a white powder formed was separated from the liquid phase
part and dried. After drying, 40.1 g of a powder-like polymer was

compa 0btainedr <Ehig powder-like polymer had MFR of 640 g/10
minutes. On the other hand, the solvent was removed from the
Polymgepardtealiquid phase part by distillation to obtain 4.8 g of a solid

matler, .Theesults fhereof arg show, In Table 9. 102901, Examle
5 olymerization:

Comparative Example 5, except that a decane suspension of the
solid titanium catalyst component (22) was added in an amount
corresponding to 0.015 mmol in terms of a titanium ztom and
that hydrogen was supplied at 0.74 MPa. The resulits thereof
are shown in Table 4.

(0256}
Comparative Example 13
Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that hydrogen was supplied at
0.78 MPa. The results thereof are shown in Table 4.

[6257]
Comparative Example 14
Polymerization:

Ethylene was polymerized in the same manner as in

Comparative Example 5, except that hydrogen was supplied at

0.79% MPa. The results therecof are shown in Table 4.



Ethylene was polymerized in the same manner as in Example 58,
except that hydrogen was supplied at 0.74 MPa. The results
thereof are shown in Table 6. [0291] Example 60 Polymerization:
Ethylene was polymerized in the,same manner as in Example 58,
except that hydrogen was supplied at 0.72 MPa. The results 91
thereof are shown in Table 6. [0292] Example 61 Polymerization:
[025#n autoclave having an inner content of 1 liter was charged with
500 ml of refined n-heptane under ethylene atmosphere, and
Exampjgldéd thereto were 0.25 mmol of triethylaluminum and a decane

suspension of the saolid titanium_ catalyst com onent§1;27) in an
Prepa R T e e e .

Then, the temperatine was 1 olevatedup-10:80G 1and hygkegeB ained
was supplied at 0.76 MPa, followed by continuously supplying
in thetipdeperforns haar 50 Hiartheawhoelepressiurd hvds 08 MRaoPYL

: The polymerization  temperature was maintained at 80"C. [0293]
iR TG (e RUHETSaloh: I BLIGURUG s o 00 9 (-5

nmol) depressyrized.and cooled dowm to 65¢; andthen,a yvhite powdes,y1 -
formed was separated from the liquid phase part and dried. After
2-1sodwing; 512 giofe powderdikearpolymer was obtained. This
[Ozgﬁowder-like polymer had MFR of 950 g/10 minutes. On the other
' %md, the solvent was removed from the separated liquid

Polymerization:

Ethylene was pcolymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-24)
was used. The results thereof are shown in Takle 5.

[0260]
Example 472
Preparation of sclid titanium catalyst compconent:

A sclid titanium catalyst component (I-25) was obtained
in the same manner as in Example 1, except that diiscpropyl
cis-cyclchexane-1i,2-dicarboxylate was changed to 0.50 g (3.4
mmol} of ethyl benzoate and 0.33 g (1.7 mmol) of 2-~isopropyl-
2~isobutyl-1,3-dimethoxypropane.

[0261]
Polymerization:

Ethylene was polymerized in the same manner as in Example

1, except that the solid titanium catalyst component (I-25)

was used. The results thereof are shown in Table 5.



phase part by distillation to obtain 5.3 g of a solid matter. The
results thereof are shown in Table 6. [0294] Example 62
Polymerization: 92 Ethylene was polymerized in the same
manner as in Example 61, exceBtzthat hydrogen was supplied at
0.74 MPa. The results thereof are shown in Table 6. [02951,
Example 63 Polymerization: Ethylene was polymerized in the
[0265ame manner as in Example 61, except that hydrogen was
supplied at 0.72 MPa. The results thereof are shown in Table 6.
Exampl@296] ‘Example 64 Polymerization: An autoclave having an inner
brena 2ONEN of Iitelr was ,qcharged with 500 ml of refined Q;heptane
Palipder thiiens  athmospREre and Adéa therdts WEr 6.25 mmol
of triethyaluminumand:a decane-syspension of the solidditapium., .
catalyst component (1-28) in an amount corresponding to 0.015
in themahin terniseof atitamiubix ateie Therstivetemperatuté wagropy L
elevated up to 80C, and hydro&?n was supplied at 0.76 MPa,

cleC¥SioWSd b Continuously SapPIInG ethyier8367 %5 houP s6° tat' 4 - ©
mmo1) the-whole pressure-was 0,8 MPay Thepolymerizafion: temperature. ; _

was maintained at 80C. [0297] After finishing the polymerization,

2-isolthe altdcldve wwashoxypropane.
[0263]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-26)
was used. The results thereof are shown in Table 5.

[G264]
Example 44
Preparation of soliid titanium catalyst component:

& solid titanium catalyst component {I-27) was obtained
in the same manner as in Example I, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.64 g (4.3
mmol) of ethyl benzoate and 0.15 g (0.8 mmol) of 2-isopropyl-
2-isobutyl-1,3~dimethoxypropane.

[0265]
Polymerization:

Ethylene was polymerized in the same manner as in Example

1, except that the solid titanium catalyst component (I-27)

was used. The rasults therecof are shown in Table 5.



depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liquid phase part and dried. 93
After drying, 38.7 g of a powder-like polymer was obtained. This
powder-like polymer had MFR of 860 g/10 minutes. On the other
hand, the solvent was removed ffom the separated liquid phase
part by distillation to obtain 5.3 g of a solid matter. The results
(02 ethereof are shown in Table 6. [0298] Example 65 Polymerization:
Ethylene was polymerized in the same manner as in Example 64,
Exampexeept that hydrogen was supplied at 0.74 MPa. The results
thereof are shown in Table 6. [0299] Example 66 Polymerization:
PrepakA blitdclabe Taviflg B mhEr e orféRt ot lifsiWas Setdrged with

500 ml af refined nheptane under sthylene, atmosphere, and .
added thereto were 0.25 mn%l of trieté%aﬁmin(um an?d ga ecoallgnt(-:‘?1 Lned

in thsuspensionof ¢he solitititaniump 1eatalyss component:(1a29) pabpy 1
amount corresponding to 0.015 mmol in terms of a titanium atom.

<15 o thecRfnperattine we eldvated P toBeey afdtiwydroberny (4.5
mno1) W3S SUPRISA.ALL IO MPa, followed by SORTIMOUS!Y SUBONING, - spy1 -
ethylene for 1.5 hour so that the whole pressure was 0. pas
2-1iscthe polymerizatienhtemperature:was maintained at 80C. [0300]
{O%Q{ter finishing the polymerization, the autoclave was 94
Poclymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component {(I-28)
was used. The results thereof are shown in Table 5.

[0268]
Example 46
Preparation of sclid titanium catalyst component:

A solid titanium catalyst compenent (I-29) was obtained
in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.71 ¢ (4.8
mmol) of ethyl benzoate and 0.05 g (0.3 mmol) of 2-isopropyl-
2-iscbutyl-1, 3~dimethoxypropane.

[0269)]
Polymerization:
Ethylene was polymerized in the same manner as in Example

1, except that the solid titanium catalyst component (I-29)

was used. The results thereof are shown in Table 5.



depressurized and cooled down to 65C, and then a white powder
formed was separated from the liquid phase part and dried. After
drying, 46.5 g of a powder-like polymer was obtained. This
powder-like polymer had MFR of,600 g/10 minutes. On the other
hand, the solvent was removed from the separated liquid phase
part by distillation to obtain 5.6 g of a solid matter. The results
[027thereof are shown in Table 6. [0301] Example 67 Polymerization:
Ethylene was polymerized in the same manner as in Example 66,
Exampé?céﬁt that hydrogen was supplied at 0.74 MPa. The results
ecreof shoyvn |r1CTabIe 6. [0302;l %m(ple 68 P lymerization:

Prepara 1ufn
PTAR autoclave ﬁavmg an inner content Of 1 liter was ¢ arged with

5004wl of refined ndheptangunderethylene atmospher@zandhtained
, added thereto were 0.25 mmol of triethylaluminum and a decane
in th§u§ﬁéﬁsﬁ@ﬁﬂéﬁtﬁea§olPdltit%ﬁﬂﬁml@aﬂalyﬁwbohéﬁt(Fiaoarn@aht of

ethyla%hour‘h]ciorresspondlng tg 0 015 lawr‘%l :gttoe% a tlta ym at r51 and

e temperatur was e evated u rogen

that Wasssypplied at-0..6-MPafallowed by%mgmakd@ptym changed

ethylene for 1.5 hour so that the whole pressure was 0.8 MPa.

to 0.Thepolynferization temperature svas ataintided al 80C. @5 3 mmol)
0303] After finishing the \D lymerizatign, the autoclave was

of 2= El Pesspuﬁzeéd anach‘éoYed bvg\rl]ndrto 08 A ' white powder

(02711
Polymerization:

Ethylene was pelymerized in the same manner as in Exanple
i, except that the solid titanium catalyst component (I-30)
was used. The results thereof are shown in Table 5.

[6272)
Example 48
Preparation of solid titanium catalyst component:

A solid titanium catalyst component {(I-31) was obtained
in the same manner as in Example 1, sxcept that an amount of
ethyl alcohol was changed from 0.9%4 g to 1.38 g {30 mmol):;
diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to
0.68 g (4.5 mmol} of ethyl kenzoate and 0.10 g (0.5 mmol) of
Z-isopropyl-2-isobutyl-1, 3-dimethoxypropane; and the condition
of 30 minutes under stirring after elevating the temperature
up te 110°C was shortened to 15 minutes.

[0273]



formed was separated from the liquid phase part and dried. After
drying, 82.2 g of a powder-like polymer was obtained. This
powder-like polymer had MFR of 410 g/10 minutes. On the other
hand, the solvent was removed from the separated liquid phase
part by distillation to obtain 6.3 g of a solid matter. The results
thereof are shown in Table 6. [0304] Example 69 Polymerization:
Polymgthyleheowas polymerized in the same manner as in Example 68,

eg(é:}(;:-e?t that Qﬁ/dro eT was sug lied at 0.74 MPa. The results
thereof are showh i Fable 6-[0305]" EXaripie 70 P6ynidtizatidriamele
1, exddpautaciave having an innercqrtent of Lhliter was, charged with;,

500 ml of refined n-heptane under ethylene atmosphere, and
was uagided tHereteweke0.259nad of rriethylaluminumiand & decane
wzmsrnspension of the solid titanium catalyst component (5-31) in an

amount corresponding to 0.015 mmol in terms of a titanium atom.
Examp TH€RNg the temperature was elevated up to 80"C, and hydrogen

was supplied at 0.78 MPa, followed by continuously supplying
Prepaetiylenedér 4.6 hour $0:06 that tHe: ihdle qressurewas 0.8 MPa.

The polymerization temperature was maintained at 80C. [0306]

At Fmishing e p8ly fiierization, tERARGE Ve Wag) was obtained
in tndepressutized.and cogled down to 65C,;and then,a white g&w?&r of

formed was separated from the liquid phase part and dried.
ethyl alcochol was changed from 0.%4 g to 1.38 g (30 mmol);
diisopropyl cis-cyclohexane~1,2-dicarboxylate was changed to
0.8 g (4.5 mmol) of ethyl benzocate and 0.10 g (0.5 mmol) of
2wisopropyl—2—isobutyl—l,3—dimethoxypropane; and the condition
of 30 minutes under stirring after elevating the temperature
up to 110°C was changed to maintaining stirring for 30 minutes
after elevating the temperature up to 100°C.
[0275]
Polymerization:
Ethylene was pclymerized in the same manner as in Example
1, except that the solid titanium catalyst component {(I-32)
was used. The results thereof are shown in Table 5.
[0276]
Example 50
reparation of solid titanium catalyst component:
A solid titanium catalyst component (I1-32) was obtained

in the same manner as in Example 1, except that an amount of



After drying, 61.3 g of a powder-like polymer was obtained. This
powder-like polymer had MFR of 640 g/10 minutes. On the other
hand, the solvent was removed from the separated liquid phase
part by distillation to obtain 4.6 gsef a solid matter. The results
thereof are shown in Table 6. [0307] Example 71 Polymerization:
Ethylene was polymerized in the same manner as in Example 70,
ethyl egéephihat hyerofenveas Suppliéd 2t 0579 MRa3¥Fhe résaltsmol) ;

.. thereof are shown in Table 6. [0308] Comparative Example 15
o oM yiang 7ad pOIy ISR Ty 1 SamfeP i ©°
0.68 # Gomparative Example1Sexcept thatadecane suspension of, <

the solid titanium catalyst component (9) was added in an amount
2-1sopppegpoRdintpto:0:015 mimdk iretermsypfa titariune atomranc:dhat t i on
plied at 0.72 MPa. The results thereof are

hydrogen was su
°f 30 BGRRTAIEF ST D308} ComparaNe EXafpIeTs Tebezatire
up toPpbdﬂ@”%@QOQh£%Q¥&”E%mﬁ§ﬂ%¥¥EE%%EdQQJPES%H“?JP?QQe§9§utes

in Comparative Example 5, except that a decane suSpension o
aftertd ssolidititaniurm catalyst ompongnty(®) Was added in an amount
orresponding to 0.015 mmol in terms of a titanium atom and that
wz?ﬁl/drogen was supplied at 0.75 MPa. The results thereof are

PolymShowiin fable 7.

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-23)
was used. The results thereof are shown in Table 5.

[0278]
Example 51
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-34) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcchol was changed from 0.9%4 g to 1.38 g (30 mmol);
diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to
0.68 g (4.5 mmol) of ethyl benzoate and 0.10 g (0.5 mmol) of
Z-isopropyl-Z-iscbutyl-1,3~dimethoxypropane; and the conditicn
of 30 minutes under stirring after elevating the temperature
up to 110°C was changed to maintaining stirring for 1% minutes
after elevating the temperature up to 90°C.

[0279]

Polymerization:



[0310] Comparative Example 17 Polymerization: Ethylene was
polymerized in the same manner as in Comparative Example 5,

except that a decane suspension of the solid titanium catalyst
component (9) was added in an amount corresponding to 0.015

mmol in terms of a titanium atom and that hydrogen was supplied

at 0.76 MPa. The results thereof are shown in Table 7. [0311] _
CompardtiverExampleris PolymenizatiensEtkylererwas as in Example
polymerijzed in the same manner as in Comparative Example 5,

L exEeRESptthat a'décaiie SOspensidh Bt that 8OHd titaninT eatdyst 34!

was ug@Eponent (9) was added.inan gmount gorrespending to 0.015
mmol in terms of a titanium atom and that hydrogen was supplied

(02881 0.77 MPa. The results thereof 98 are shown in Table 7. [0312]
. Comparative Example 19 Polymerization: Ethylene was
Xampﬂjglyﬁ%erized in the same manner as in Comparative Example 5,
PolymEXeentithat a decane suspension of the solid titanium catalyst
component (9) was added in an amount corresponding to 0.015
némokintterisref aditaniymataomrand dhat Aydragen was-supplied
at 0.78 MPa. The results thereof are shown in Table 7. [0313]

charg%wﬁﬁtiég%%rﬂﬁe %fined n-heptane under ethylene

atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-24) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to B80°C, and hydrogen was supplied at 0.76 MPa,
.followed by continuously supplving ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0281]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the ligquid phase part and dried.
After drying, 53.8 g of a powder-like polymer was cbtained.
This powder-like polymer had MFR of 950 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid
phase part by distillation to obtain 5.7 g of a solid matter.
The results thereof are shown in Table 6.

[0282]



Polymerization: Ethylene was polymerized in the same manner as
in Comparative Example 5, except that a decane suspension of
the solid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in t&rms of a titanium atom and that
hydrogen was supplied at 0.79 MPa. The results thereof are
shownin Table 7299 YCTHNMUPI9I111ImGD 'OuH.H
Ex2MPLEHH o H 0i .UINO'1~MI.r;mim-Imv,NNumu.rnS! M1

YHCmmNtHrimM whop3HHmMNommPDIm~nH
POlyml'e::Iﬁ%tl MMM MNNN~-NPtMMmm toenoOo0'ooco

pE2. v pre @a%*éh@ﬁh%?f&é@jgﬂ'ﬁﬁé~£&gé)ﬂgngkki%%”EhHExample
N~HHH.-ImHH Il +)OHI9 HOMNmM ;~NI~m b N .Hi
52, exyeRtPNIaN ahpdPDI®H Ry WENCALNGmern N(TAVIMEN QFime Mresults

thereof are shown in Table 6.
[0283]

Example 54

Polymerization:

Ethylene was polymerized in the same manner as in Example
52, except that hydrogen was supplied at 0.72 MPa. The results
thereof are shown in Table 6.

[0284]
Example 55
Polymerization:

An autoclave having an ifner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst compenent (I-25) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuocusly supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0285]

After finishing the polymerizatiocn, the autoclave was



YHDUHIO~OXxH~mmo~iomamoHmMmm OcCO.Hm
Mm~~r(HmM,-~NmUPIw HOhhiNNNNNjNNNHN!I 'O
CCGDOHmMODONMNMHOMNMIO6LUPHNMN ~
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brU bMNU TI~
This powder-like polymer had MFR of 67C ¢/10 minutes. On the
other hand, the solvent was removed from the separated liguid
phase part by distillation to obtain 5.7 g of a sclid matter.
The results thereof are shown in Table &.
(0286
Example 56
Polymerization:
Ethylene was polymerized in the same manner as in Example
55, except that hydrogen was supplied at 0.74 MPa. The results
~thereof are shown in Table 6.
(0287}
Example 57
Polymerization:
Ethylene was polymerized in the same manner as in Example
55, except that hydrogen was supplled at 0.72 MPa. The results
thereof are shown in Table 6.
(02881
Example 58
Polymerization:
An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of

triethylaluminum and a decane suspension of the solid titanium



O9I0OtOIDOr1~MHH.-IHN .-fNNNmitti NNWOOO
O(0OO0OO0O0OCIG N~NUVjMmimpO p~MaO0O.COO0OO
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elevated up to B0°C, and hydrogen was supplied at 0.76 MPa,
follewed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0289]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the ligquid phase part and dried.
After drying, 40.1 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 640 g/10 minutes. On the
other hand, the sclvent was removed from the separated liguid
phase part by distillation to obtain 4.8 g of a sclid matter.
The results thereof are shown in Table 6.

[02590]
Example 59
Polymerization:

Ethylene was polymerized in the same manner as in Example
28, except that hydrogen was supplied at 0.74 MPa. The results
thereof are shown in Table 6.

[0261]
Example 60
Folymerization:
Ethylene was polymerized in the same manner as in anﬂple.

58, except that hydrogen was supplied at 0.72 MPa. The results



-tbHCwL Croxu,INCo01CO04 CNCacwflItD1~N
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thereNquqe shown in Table 6.

[0292]
Example 61
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-27) in an amount corresponding to 0.015
mmoi in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0293]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liquid phase part and dried.
After drying, 51.2 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 950 g/10 minutes. On the
other hand, the solvent was removed from the separated liguid
phase part by distillation to obtain 5.3 g of a sclid matter.
The results thereof are shown in Table 6.

[0294]
Example 62

Polymerization:
¥y



~+NOO:MIOh:PWm HNO~IbL~PPOII ~NtiNONUN
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Ethylene was polymerized in the same manner as in Example
61, except that hydrogen was supplied at 0.74 MPa. The results
theresf are shown in Table 6.

[0295]
Example 63
Polymerization:

Ethylene was polymerized in the same manner as in Example
.61’ except that hydrogen was supplied at 0.72 MPa. The results
thereof are shown in Tabkle 6.

(G296}
Example 64
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added theretc were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-28) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuocusly supplying ethylene for 1.5 hour so
that the wheole pressure was 0.8 MPa. The pelymerization
temperature was maintained at 80°C.

[06297)

After finishing the polymerization, the autoclave was

depressurized and cooled down to 65°C, and then a white powder

formed was separated from the ligquid phase part and dried.
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other JOAOdN Jhl sBLvent was removed from the separated liquid
phase part by distillation to obtain 5.3 g of a solid matter.
The results thereof are shown in Table 6.

[0298]
Example 65
Folymerization:

Ethylene was polymerized in the same manner as in Example
64, except that hydrogen was supplied at 0.74 MPa. The results
thereof are shown in Table 6.

102997
Example 66
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titranium
catalyst component (I-29) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour sc
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0300]

After finishing the polymerization, the autoclave was
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phasel@hﬁ@ HyTdNstillation to obtain 5.6 g of a solid matter.
The results thereof are shown in Table 6.
[0301]
Example &7
Polymerization:

Ethylene was polymerized in the same manner as in Example
66, except that hydrogen was supplied at 0.74 MPa. The results
therescf are shown in Table 6.

(0302}
Example 68
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspenéion of the solid titanium
catalyst component (I-30) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continucusly supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization

temparature was maintained at 80°C
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formeﬁ(yﬁs separated from the liquid phase part and dried.
After drying, 82.2 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 410 g/10 minutes. On the
other hand, fhe sclvent was removed from the separated liquid
phase part by distillation to obtain 6.3 g of a solid matter.
The results therecf are shown in Table 6.

[0304]
Example 69
Polymerization:

Ethylene was polymerized in the same manner as in Example
68, except that hydrogen was supplied at €.74 MPa. The results
thereof are shown in Table 6.

[G305]
Example 70
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the sclid titanium
catalyst compenent (I-31) in an amount corresponding to 0.015
mmol in terms ¢f a titanium atom. Then, the temperature was

elevated up to 80°C, and hydrogen was supplied at 0.78 MPa,

followed by continuously supplying ethylene for 1.5 heour so
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formed Q=N separated from the liguid phase part and dried.
After drying, 61.3 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 640 g¢/10 minutes. On the
other hand, the solvent was removed from the separated liguid
phase part by distillation to obtain 4.6 g of a solid matter.
The results thereof are shown in Table &,

[0307]

Example 71

Polymerization:

Ethylene was polymerized in the same manner as in Example
70, except that hydrogen was supplied at 0.79% MPa. The results
thereof are shown in Table §.

[0308]

Comparative Example 15
Folymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the
solid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and
that hydrogen was supplied at 0.72 MPa. The results thereof

are shown in Table 7.
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cOmpaiigﬁC%”%ﬁékglﬁ'%f“@&%%@d“that a decane suspensicn of the

solid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and
that hydroggn'was supplied at 0.75 MPa. The results thereof
are shown in Table 7.

[0310]
Comparative Exanple 17
Polymerizationﬁ

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the
solid titanium catalyst component (%) was added in an amount
corresponding tq 0.015 mmel in terms of a titanium atom and
that hydrogen was supplied at ©.76 MPa. The results thereof
are shown in Table 7.

03111
Comparative Example 18
Polymerization:

Ethylene was pelymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the
sclid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and

that hydrogen was supplied at 0.77 MPa. The results thersof



UG] ~ITTi NNNNNNONOHNNNNNNNNOHHIIN
Hmr NNNNNmm®)OLhM[hmmmC*H.H.-i.HH .Hti
Ir(YINN4:VNNNNVVNNGINNNmMmvVNNrommN H
HHHH.-IHHHNHHIHHHOH4H10.0NH "Oaaaaa
aaaaaP.aaammamNPpmmmmrommmmmnrmm
MmMMMMKOOKoKkOO%ON % k% k k k kkk k% k, k%%
are sESR Wi PAPYE WA W W T W I W WW W WOG'. UW pW O:q L f
roz1djoroum-ntol~-mmo~N-~n1All a)W-iPluo.q"oN~Nc)
m~Nio(Nm~NyU'~"~M_~NHHOOOONOH UNtolJ
Compargtit’ TAG)IH W0 .Q3HNNainrmmNOOOOOI in\F. M
MMIMMMMMMN NOoOOOOOOOOOO 'iaG .-
Polymeg igpioh @A (C) H to m H

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the
solid titanium catalyst compeonent (2) was added in an amount
corresponding to 0.015 mmel in terms of a titanium atom and
that hydrogen was supplied at 0.78 MPa. The results thereof
are shown in Table 7.

[0313]
Comparative Example 20
Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the
solid titanium catalyst component {9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and
that hydrogen was supplied at 0.79 MPa. The results thereof

are shown in Table 7.
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INDUSTRIAL APPLICABILITY [0321; It can be found from the
results that the ethylene polymerization catalysts of the present
invention have the excellent characteristics of a high
polymerization activity, a high hydrogen response for controlling a

molecular weight ahd aflow €ontent of[solv nt-Sadluble
componerﬁs.g}O? CLAIMS 1. A solid gitanium catalyst component
(1) far ethytene polymeyrization, whichsis obtained py bringing a
liquid maghésium compound (A) comprising a magnesium
compound, @ electron|donar (a) having 1 to 5 carbon atoms and
an electron domor (b) having| 6 1030 carbon atoms into contact
with|a ILquicgtitaniu%m compound (C) under the presence of an
electrofr %ogo(g (B) ard which campiises titanitim, magnesium and
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halogen.. 2. The solid titanium catalyst component (1) for ethylene
polymerization as described in claim 1, wherein the molar ratio
((@)/(b)) of the used amount of the electron donor (a) to the used
amount of the electron donor (b)ds less than 1, and the electron
donor (a), the electron donor (b) and the electron donor (B) are
hetero atom-containing compounds excluding cyclic ether
INDUSESMpourds: B:4FHé- 56lid titanium catalyst component (1) for
[032Jie§1hylene polymerization as described in claim 1, wherein the
electron donor (@) is an alcohol having 1 to 5 carbon atoms, and
the elestron deneri(dsanalcohekhaving-6 e 12.carbon atoras.
4. The solid titanium catalyst component (I) for ethylene 108
polympphiérizaticon esldederised i elameE awhierein thé edectrorve the
onor is a dicarboxylic ester compound. 5. The salid titanium
crce o (i Smyterie ol o 2a st bty - =
high elairckewhereintheselectron, doner (B)is at least one.compoynd nq
selected from the group consisting of acid halides, acid amides,
a low nifildse zicid faniwdridds, soryanicacidrestessiand polyethers. 6.
The solid titanium catalyst component (1) for ethylene
polymerization as described in claim 1, wherein the electron
donor (B) is a compound represented by the following Formula
(2): RrR2 R100C% lala’_,R' (’C 3 R\\/R RCb CaR’



A n-4 (2) wherein in Formula (2) , C3 and Cb represent a carbon
atom; n represents an integer of 5 to 10; RZ and R3 each are
independently COOR1 or R', and at least one of R2 and R3 is
COORY1; in a cyclic framework, any carbon-carbon bond other
than a Ca-Ca bond and a Ca-Cb bond when R3 is a hydrogen
atom may be substituted with a double bond; a plurality of R1 is a
hydrocarbon group having 1 to 20 carbon 109 atoms; a plurality of
R' each is independently an atom or a group selected from a
hydrogen atom, a hydrocarb&&‘a% having 1 to 20 carbon
atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containing group, a
1. 2Ahalogén-contaiiing groupland acsilicon-containing: group; tA isae
structure represented by the following formula or a hetero atom
polymeLthithingtan BRYGEn Homr e RMEE witerain Ainralty of B isthe
magne§?@ﬂle %Bbqgécrt%id 9&%{?18&&?%38&%1%%@19@8 T }_éstﬁtnd,_ an
component (I) for ethylene polymerization as described in claim 1,
elect whergimthe electrorvidenar (B) is a-digther eampoundrepresented-on
bybt)rle foIIowin% Formula (3): 12034 |1 C R310---llanl

donor having to 30 carben atoms into contact with a
liguid titanium compound {(C) under the presence of an electron
donor {B) and which comprises titanium, magnesium and a

halogen.

Z. The scliid titanium catalyst component (I) for ethylene
polymerization as described in c¢laim 1, wherein the molar
ratio {({a)/ (b)) of the used amount of the electron donor (a)
to the used amount of the electron donor (b} is less than 1,
and the electron donor {a), the electron donor (k) and the
electron donor (B} are hetero atom-containing compounds

excluding cyclic ether compounds.

3. The solid titanium catalyst component (I} for ethylene
pelymerization as described in claim 1, wherein the electron
donor (a) is an alcochol having 1 to 5 carbon atoms, and the

electren donor (b} is an alcohol having 6 to 12 carbon atoms.

4, The solid titanium catalyst component (I) for ethylene



33 F<11 3 s (3) wherein in Formula (3), m represents an integer of
1to 10; R", R12 and R31 to R36 each are independently a
hydrogen atom or a substituent having at :.east one element
selected from carbon, 110 hydragen, oxygen, fluorine, chlorine,
bromine, iodine, nitrogen, sulfur, phosphorus, boron and silicon;
any ones of R", R12 and R31 to R36 may be linked together to
polyndgrmatfing ctheptran atbehzenesingrand asmair chatmmay ectron
N contain an atom other than carbon. 8. The solid titanium catalyst
OnoT o hporieft @) foretRYiEhES polyrRerzatioREE described in claim 1,
wherein the electron donor (B) is a mixture of an organic acid
ester having 2 to 18 carbon atoms and a diether compound
5. Trepresénted bydhe ufollowing Formiday3)<312 34 | E3% ethyidne
titm 1 83 K Il 3. (3) wherein in Formula (3), m represents an
PolYMGrE Rt BN fF16°R1 T IR E2 BhPR3IM0 R3BISA - aré- he electron
donor MAPaRAgally 2clrggenaigm.ara substiient haying atleast,
one element selected from carbon, hyarogen, oxygen, Gorine:;
consighlorne hrominesr iadinesniteogen, sulfussphaspharuss bozen and
silicon; any ones of Ryl, R12 and R3" to R36 may be linked
anhydgddethertdd fre ading offidrethan3@ Benzblie Hirfg, sand a main
chain may contain an atom other than carbon. 9. An ethylene
polymerization catalyst comprising the solid 111
6. The solid titanium catalyst component (I) for ethylene

polymerization as described in claim 1, wherein the electron
doncr (B) is a compound represented by the following Formula
{2):
2
R' R
.1
R'ooc. | |

FQK\H‘ / \‘a//F23

F?'—_“(:b C R’
fA
-4 (2)

wherein in Formula (2), C® and C° represent a carbon atom; n

B/R

represents an integer of 5 to 10; R® and R® each are
independently COOR' or R’, and at least one of R® and R® is
COOR'; in a cyclic framework, any carbon-carbon bond other than
a C*-C° bond and a C*-C® bond when R’ is a hydrogen atom may be
substituted with a double bond;

a plurality of R' is a hydrocarbon group having 1 tc 20 carbon



titanium catalyst component (1) for ethylene polymerization as
described in any of claims 1 to 8 and an organic metal compound
catalyst component (I). 10. An ethylene polymerization method
comprising homopolymerizing ethylene or copolymerizing
ethylene with other olefins under the presence of the ethylene
polymerization catalyst as described in claim 9.

atoms; :

a plurality of R’ each is independently an atom or a group
selected from a hydrogen atom, a hydrocarbon group having 1 to
20 carbon atoms, a halcgen atom, a nitrogen~containing group,
an oxygen-containing group, a phosphorus-containing group, a
halogen-containing group and a gilicon-containing group;

A i1s a structure represented by the foilowing formula or a

hetero atom excluding an oxygen atom:

/A

R R

wherein a plurality of R’ is the same as R' described above.

7. The solid titanium catalyst component (T) for ethyvlene
polymerization as described in claim 1, wherein the electron
donor (B} is a diether compound represented by the following

Formula (3):

QSE RI? RE&
| | |

R¥'—C—0+C+0~C—R36
333 gum R35
e e e (3)

whereln in Formula (3), m represents an integer of 1 to 10; R,
R* and R’ to R’ each are independently a hydrogen atom or a

substituent having at least one element selected from carbon,



hydrogen, oxygen, fluorine, chlorine, bromine, iodine,
nitrogen, sulfur, phosshorus, boron and silicon:

11 12 31 36 ; . - .
any ones of R™, R and R to R’ may be linked together to
form a ring other than a benzene ring, and 2 main chain may

contain an atom other than carbon.

8. The solid titanium catalyst component (T) for ethylene
polymerization as described in claim 1, wherein the electron
donor (B) is a mixture of an organic acid ester having 2 tc 18
carbon atcoms and a diether compound represented by the

following Formula (3):

f82 Qi 34
]
R33N —C—0-C+0O—C—R38

| | Jm |

R33 R R2s e ()

wherein in Formula (3), m represents an integer of 1 to 10; RY,
R' and R to R' each are independently a hydrogen atom or a
substituent having at least one element selected from carbon,
hydrogen, oxygen, fluorine, c¢hlorine, bromine, iodine,
nitrogen, sulfur, phosphorus, beron and silicon;

" and R to R may be linked together to

any ones of R', R
form a ring other than a benzene ring, and & main chain may

contain an atom other than carbon.

9. An ethylene polymerization catalyst comprising the solid



titanium catalyst component (I) for ethylene polymerization as
described in any of claims 1 to 8 and an organic metal

compound catalyst component (II).

14. An ethylene polymerization method comprising
homepolymerizing ethylene or copolymerizing ethylene with
other olefins under the presence of the ethylene

polymerization catalyst as described in claim 9.



