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can be prepared with a high polymers
pol ymeri zat i on catalgst conpri sing

TITANIUM CATALYST COMPONENT FOR OLEFIN POLYMERIZATION,
5 AND PROCESS FOR POLYMERIZATION OF OLEFIN
USING THE CATALYST COMPONENT
Claims

1. A titanium catalyst component for oclefin
polymerization prepared by contacting:

10 [A] a solid magnesium aluminum complex obtainable by
contacting {(a-1) a magnesium solution comprising a halogen-
containing magnesium compound, an alcohol having at least 6
carbon atoms and a hydrocarbon solvent with (a-2) an
organocaluminum compound, and containing magnesium, halogen,

15 aluminum and an alkoxy group having at least 6 carbon atoms;
with

[B] a tetravalent titanium compound.

2. A titanium catalyst component for olefin
polymerization accordihg to c¢laim 1, which is obtainable by

20 contacting [A] the solid magnesium aluminum complex with {B] the
tetravalent titanium compound in a hydrocarbon solvent.

3. A titanium catalyst component for olefin
polymerization according to claim 1, which is obtainable by
contacting [A] the solid magnesium aluminum complex with [B] the

25 tetravalent titanium compound at temperatures of 50 to 120 °C in
a hydrocarbon solvent.

4, A process for an olefin polymerization characterized
by polymerizing or copolymerizing aﬁ olefin having 2 to 20
carbon atoms in the presence of a catalyst for the olefin

30 polymerization comprising {I} the titanium catralyst component
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the titanium catal yst conponent, and to a process for ethylene \
pol yneri zation using this ethylene polyneriZation cat al yst - BACKGROUND OF

THE ISNVENTI ON For prepari ng ethyl ene pol yners knovvn |n the art
is agprocess of copolynerizing ethylene wt h H!ﬂ@m
pol yreri zing ethylene in the presence of a Zi n thl S

procéss a high-tenperature solution polynerization V\/nerel n poI ynmeri zation
is cgnducted in a hydr ocarbon sol vent at a tenperature higher than the

2
for the olefin polymerization as claimed in c¢laim

organcaluminum compound catalyst component.
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mel ting- point of the resultant polyner is broadly utilized. However, if a
pol ymer having a high nolecular weight is intended to be obtained, a

pol ynmer concentration in the polyner 2ol uti on nust be | owered because the
Vi scosi ty fdr tdre pdlefimr padltehHnabboones dliagmed th thefeaseamd {1E an 2
nol ecul ar weight. As a result, a problemof |ow

o] noaluminum compound catalyst component.
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5 NVENTION
The present invention relates to a titanium catalyst
component for an olefin polymerization capable of preparing
clefin polymer particles having a narrow particle distribution
with high polymerization activity, and to a process for
10 polymerization of an olefin by the use of the titanium catalyst

component for an olefin polymerization.

N F_TH v N
Olefin polymers such as linear low density polyethylene
15 (LLDPE) are excellent in transparency and mechanical strength,
and widely in use as films and the like.

For preparing the olefin polymers such as LLDPE, usually
known 1is a process of copolymerizing ethylene with a;olefins in
the presence of Ziegler-type catalysts. In the process, a high-

20 temperature solution polymerization that is conducted in a
hydrocarbon solvent at a temperature higher than the melting
point of the resulting polymer is broadly utilized. However, if
polymers having a high molecular weight is intended to be
obtained, a polymer concentration in the polymer solution must

25 be lowered because the wviscosity of the polymer solution becomes
high with increase of the molecular weight. As a result, a
problem of low productivity of polymers takes place.

On the other hand, in the case of conducting the
polymerization by a slurry polymerization process, there are

30 caused such problems that the polymer dissblves or swells easily



productivity of a polymer takes place. On the other hand, in the case of
conducting the polynerization by a slurry polynerization process, there
resi des other problem That is, the r&sultant polyner swells easily in a
pol ymeri zatihog pelyastizdsien regdnt,t BReconsess ey ion tfe tha yalewr ry can be
hardly hei ghtened and a | ong-term conti nuous pol ynerization operation can
be difficubkbliytdadeintheapeesentthenpeiyoes adiveras udh athd watllie dfi ghe of t he
probl ens associated with the prior art as nentioned above,

polymerizer, in result, the slurry concentration is hardly

enhanced and it becomes difficult to a long run continuous

5 polymerization.

With the view of solving the above-mentioned problems, the
present applicant prosecuted extensive researches and proposed
the titanium catalyst component for olefin polymerization
excellent in slurry processability, capable of running

10 polymerization in a high slurry concentration and preparing
olefin polymers excellent in (copolymerization) compositional
distribution with high polymerization activity, for example,
Japanese Patent Laid-Open Publn. No.195108/1985.

The catalyst component for olefin polymerization disclosed

15 in Japanese Patent L-0O-P No.195108/1985 can be polymerized
clefins with high polymerization activity, and produce an olefin
copolymer having a narrow compositional distribution.

Mcreover, the advent of a titanium catalyst component
capable of preparing olefin polymers having a narrow particle

20 size distribution with high polymerization activity has been
desired.

OBJECT OF THE INVENTION

The present.invention is intended to solve such problems
associated with the prior arts as mentioned above, and an object

25 of the present invention is to provide a titanium catalyst
component for olefin polymerization capable of preparing olefin
polymers having a narrow particle size distribution and an

excellent copolymerization compositional distribution with high

polymerization activity, and to provide a process for
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“and preposed a titanium catalyst conponent for ethyl ene polynerization as
described in, for exanple, Japanese Patent Lai d-Open Publication No.
195108/ 1985. This titanium catal yst cbnponent is excellent in handling
property agody®éifn@rsiamkes ustingoshk bt et di eonhitedl el yapoasht Ofior
operation 1n a high concentration of the slurry. In the titanium catalyst,
nore than 3d08¢by pelgidrifattiidrani um at ons are reduced to trival ent state.
By the use of this titaniumcatal yst conponent, an ethyl ene pol yner having
an excell ent conposition (copolyner)

SUMMARY OF THE INVENTION
5 The titanium catalyst component for olefin polymerization
according to the present invention is prepared by contacting:

{A] a solid magnesium aluminum complex obtainable by
contacting (a-1) a magnesium solution comprising a halogen-
containing magnesium compound, an alcohol having at least 6

10 carbon atoms and a hydrocarbon solvent with (a-2) an
organoaluninum compound, and containing magnesium, halogen,
aluminum and an alkoxy group having at least 6 carbon atoms;
with

[B] a tetravalent titanium compound,

15 and essentially contains magnesium, halogen, aluminum, an
alkoxy group having at least 6 carbon atoms and titanium.

The process for an olefin polymerization according to the
invention is characterized by polymerizing or copolymerizing
olefins in the presence of a catalyst for the olefin

20 polymerization comprising [I] the titanium catalyst component
for the olefin polymerization as described above and [II] the

organocaluminum compound catalyst component.

DETAILED DESCRIPTION QF THE INVENTION
25 The titanium catalyst component for olefin polymerization
according to the present invention, a process for preparing the
catalyst component and a process for polymerizing olefins using
the titanium catalyst component for olefin polymerization will

be described in detail hereinafter.




di striBbution can be prepared with a high polynerization activity. As
descri bed above, by the use of the catal yst conponent for ethylene
pol yneri zation di scl osed i n Japanese Patent Lai d-Open Publication No.
195108/.1985, et Hy¢ebereaiPPeynealigatiprlduged hhering fayolipeduideat i on

activity,
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and 3
"homopolymerization” and sometimes also may include

"copolymerization”™. Also, the term "polymer" used herein may
include "homopolymer” and sometimes also "copolymer™.

Fig. 1 is an exemplary process for preparing the titanium
catalyst component for olefin polymerization according to the
present invention.

The titanium catalyst component for olefin polymerization
according to the present invention is prepared by contacting:

[A] a solid magnesium aluminum complex obtainable by
contacting (a-1) a magnesium solution comprising a halogen-
containing magnesium compound, an alcohol having at least 6
carbon atoms and a hydrocarbon solvent with {(a-2) an
organocaluminum compound, and containing magnesium, halogen,
aluminum and an alkoxy group having at least 6 carbon atoms;
with

{B] a halogen-containing tetravalent titanium compound.

First, the solid magnesium aluminum complex containiﬁg
magnesium, halogen, aluminum and an alkoxy group having at least
6 carbon atoms [A] will be described.

The solid magnesium aluminum complex [A] is obtained by
contacting:

(a=1) a magnesium solution formed from a halogen—-containing
magnesium compound, an alcohol having at least 6 carbon atoms
and a hydrocarbon solvent, with

{a-2) an organoaluminum compound.

In the solid magnesium aluminum complex [A}, the atomic
ratio Al/Mg is in the range of usually 0.05 to 1, preferably
0.08 to 0,7, more preferably 0.12 to 0.6. The alkoxy group

having at least 6 carbon atoms is contained, based on 1 part by
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moreover, an ethylene copolynmer having a narrow conposition distribution
and excel | ent nor phol ogy can be obtai ned. However, now eagerly desired is a
titanium catal yst conponent for ethylgne polynerization by the use of which

an et hyl enge pghyy"®f ®aghdiud,epar ad whbhna &f alsdinliyneriszabi @8 pebtyidy.
Further, Japanese Patent Publication No. 45404/1988 di scl oses a process for

t he prepareéigntpfpfefﬁﬁahiyAZtanlualpatakysy waignemorel preliesaplpc®ssy
the solid titanium catal yst conponent is prepared by contactlng a magnesi um
10 parts by weight. The atomic ratio X!(halogen)/Mg is in the
range of usually 1 to 3, preferably 1.5 to 2.5.

S The solid magnesium aluminum complex [A] may be optionally
bonded with electron donors described below. The solid magnesium
aluminum complex [A] is desired to be granular, and has the
particle diameter in the range of 1 to 200 Um, more preferably 2
to 100 pm and the standard deviation of the particle size

10 distribution in the range of 1.0 to 2.0.

Examples of the halogen-containing magnesium compound
employed in the preparation of the magnesium solution (a-1) in
the invention may include:

magnesium halides, such as magnesium chloride, magnesium

15 bromide, magnesium iodide and magnesium fluoride;
alkoxymagnesium halides, such as methoxymagnesium chloride,
ethoxymagnesium chloride, isopropoxymagnesium chloride,
butoxymagnesium chloride and octoxymagnesium chloride;
aryloxymagnesium halides, such as phenoxymagnesium chloride
20 and methylphenoxymagnesium chloride;

alkoxymagnesiums, such as diethoxymagnesium,
diisopropoxymagnesium, dibutoxymagnesium, and dioctoxymagnesium;

aryloxymagnesiums, such as diphenoxymagnesium and
dimethylphenoxymagnesium; and

25 magnesium carboxylates, such as magnesium laurate and
magnesium stearate.

The halogen-containing magnesium compound may be a complex
or composite compound of these compounds with other metals, or a

mixture of these compounds with other metallic compound.
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al um num conpl ex which is obtained by the contact of an al cohol solution of
hal ogen- cont ai ni ng magnesi um wi th an or ganoal um num conpound, an el ectron
donor having no active hydrogen and t¥taniumtetrachloride to react with
each other. Thessehéde] ipraierpniadleyshgaespanenil dddaided in this process
has a good particle size distribution, and hence pol yol efi n obtai ned by
using a catakpsymegnpsiwn gltihles ;sobird préfiarved catalnsinesdupordibraliso has
a good particle size distribution. However, the advent of a solid titanium
cat al yst cenpoadkoxwhhadndisimexddiordde; canrdl yes$t preferred is magnesium
chloride.
5 These compounds may be used alone or in combination.
The liquid magnesium compound solution (a-1) employed in
the invention is composed of the halogen-containing magnesium
compound, an alcohol having at least 6 carbon atoms and a
hydrocarbon solvent.
10 Examples of the alcohol having at least 6 carbon atoms used
in the invention include:
aliphatic alcohols, such as 2-methylpentanol, 2-
ethylbutanol, n-heptancl, n-octanol, 2-ethylhexanol, decanol,
dodecanol, tetradecyl alcohol, undecenol, oleyl alcohol and
15 stearyl alcohol;
alicyclic alcohols, such as cyclohexanol and
methylcyclohexanol;
aromatic alcohols; such as benzyl alcohol, methylbenzyl

alcohol, isopropylbenzyl alcohol, G-methylbenzyl alcohol and
20 o,a-dimethylbenzyl alcohol; and
alkoxy group-conﬁaining aliphatic alcohols, such as n-butyl
cellosolve and l-butoxy-2-propanol.
Of these, 2-ethylhexanol is particularly preferred.
These alcohols may be used alone or in combination.

25 Contacting the halogen-containing magnesium compound with
the alcohol having at least 6 carbon atoms and a hydrocarbon
solvent, the halogen-containing magnesium compound is dissolved
in the hydrocarbon solvent to give a magnesium solution.

Examples of the hydrocarbon solvent may include:
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activity for ethylene polynerization has been eagerly desired. Furthernore,
Japanese Patent Laid-Open Publication No. 159806/ 1982 discloses: a solid
titani um catal yst conponent prepared By bringing a product obtained by
reacting a reactdpraradualdeatersdas Ofsial egepropahai Nbiiga@INeSidibaaR] an

al cohol with an
iscpentane, n-hexane, isohexane, n-heptane, n-octane, isooctane,
n-decane, n-dodecane and kerosine;
alicyclic hydrocarbons, such as cyclopentane,
5 methylcyclopentane, cyclohexane and methylcyclohexane;
aromatic hydrocarbons, such as benzene, toluene and xylene;
and
halogenated hydrocarbons, such as methylene chloride, ethyl
chloride, ethylene chloride and chlorobenzene,
10 Of these, aliphatic hydrocarbons, particularly those of 3
to 10 carbon atoms, are preferably employed.
These hydrocarbon scolvents may be used alone or in
combination.
The contact of the halogen-containing magnesium compound
15 with the alcohol having at least 6 carbon atoms and the
hydrocarbon solvent is carried out at a temperature of usually
not lower than room temperature, preferably not lower than 65
°c, more preferably about 80 to 300 °C[ most preferaply ébout
100 to about 200 °C, for 15 minutes to 5 hours, preferably 30
20 minutes to 3 hours, though these conditions vary depending upon
the compound and the alcohol used, etc.
The alcohol is used in an amount of generally not less than
1 mol, preferably about 1 to about 20 mol, more preferably about
1.5 to about 12 mole, per 1 mol of the halogen-containing
25 magnesium compound, though this amount varies depending upon the
magnesium compound and the solvent used, etc.
In contacting the halogen-containing magnesium compound
with the alcohol having at least 6 carbon atoms and the

hydrocarbon solvent, an electron donor may coexist if necessary.
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or ganoal um num conmpound into contact with a hal ogen- containing titanium
conpound, said solid titanium catalyst conponent having a nolar ratio of

al koxy group and/or alcohol to titanifdmof not nore than 0.25; a solid
titani um cat al yskaempipenefit tipe eglbgatdoy donorginag .AnElwdkigihe«alailai ned by
reacting a reaction product (aferr]) of hal ogen-containing nmagnesi um and an
al cohol wi Bidahideganarboxy himamhownganitohabidectongarnica oraliogeganic
cont ai ning titanium conpound and subsequently bringing the resulting
product i nestesnt aEheti t hiether.gaticsteny namid anide, acid anhydride,

ammonia, amine, nitrile, pylidine and isocynanate.

5 Contacting the magnesium solution (a-1) and the
organocaluminum compound {a-2), the solid magnesium aluminum
complex [A] is obtained.

Preferably used as the organocaluminum compcund (a-2) in the
invention 1is, for example, an organcaluminum compound

10 represented by the following formula (iv):

R3,A1X3-n (iv)
wherein R2 is a hydrocarbon group of 1 to 12 carbon atoms, X is
halogen or hydrogen, and n is 1 to 3.
The hydrocarbon group of 1 to 12 carbon atoms may include

15 an alkyl group, a cycloalkyl group and an aryl group. Examples
of the groups include methyl, ethyl, n-propyl, isopropyl,
isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl
and tolyl.

Exemplary organoaluminum compound (a-2) may include:

20 trialkylaluminums, such as trimethylaluminumn,
triethylaluminum, triisopropylaluminum, triisobutylaluminum,
trioctylaluminum and tri-2-ethylhexylaluminum;

alkenylaluminums, such as isoprenylaluminum;
dialkylaluminum halides such as dimethylaluminum chloride,

25 diethylaluminum chloride, diisopropylaluminum chloride,
diisobutylaluminum chloride and dimethylaluminum bromide;

alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluﬁinum sesquichloride, isopropylaluminum
sesquichloride, butylaluminum sesquichloride and ethylaluminum

30 sesquibromide;
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hal i de «(hal ogenati on agent), said solid titanium catal yst conponent having
a nolar ratio of al koxy group and/or alcohol to titanium of not nore than
0.9; and a solid titaniumcatalyst dobponent obtained by bringing a product
prepared by reagilkybabuniiant iddhapiddect s¢ah edd |petdfy ladluvadenmc adtal otk e,
magnesi um and an al cohol wi th an organoal um num conpound into contact with
an or ganoa¢unybabuhaiindelidhdbogdrat i sopagentdlursimhseguehfibyibei aging t he
resulting product into contact with a hal ogen-containing titani um conpound
and f urt heethyiabpmipumheibsomitdengand

alkylaluminum hydrides, such as diethylaluminum hydride and
5 diisobutylaluminum hydride.
Also employable as the organoaluminum compound is a
compound represented by the following formula (v):
R2,A1Y3-n {v)
wherein R2 is the same as R2 in the formula (iv); n is 1 or 2;
10 and Y is -ORP, -0SiR¢3, -OAlRd,, -NR®;, -SiRf3 or
~-N (RF)AlRPy , wherein RP, RC, R4 and R are each methyl, ethyl,
isopropyl, isobutyl, cyclohexyl or phenyl; R® is hydrogen,
methyl, ethyl, isopropyl, phenyl or trimethylsilyl; and Rf and
RY are each methyl or ethyl.
15 Examples of such organoaluminum compounds include:
(1) R3,A1(ORP)3-,, such as dimethylaluminum methoxide,
diethylaluminum ethoxide and diisobutylaluminum methoxide;
(2) R2,A1{0SiRS3)3-n, such as EtpAl (OSiMe3), (iso-
Bu)2A1{0SiMe3) and {iso-Bu} Al (0OSiEt3});
20 {3) R3,A1(0AlR43)3.,, such as EtAlOAlEtz and (iso-
Bu) 2A1CAl{iso~Bu)z;
{4) R2nAl(NR®3)3_,, such as MezAlNEt;, Et2AINHMe, MesAlNHEL,
EtoAlN ({Me3Si)2 and (iso-Bu)2AlN(Me3S5i)2;
(5) R23,A1(SiR%3)3-,, such as (iso-Bu)pAlSiMe3; and
25 {6) R23ZAL[N(RY)AI1RP2J3.4, such as EtpAlN(Me)AlEts and (iso-
Bu) 221N {Et)Al{(iso-Bu)y.
In addition, also employable as the the organoaluminum
compound (a-2) is a complex alkylate which is composed of a
metal of Group I and aluminum, and represented by the following

30 formula:
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product into contact with an organoal um num halide (hal ogenat I on agent),

said solid titanium catal yst conponent having a nol ar

and/ or alcohol to titaniumof not noye than 0.9. In such solid titani um
catal yst conponents, mdam@iar ratio Ti[err]/Ti[err] is in the range of 2.
to 10, and nost of the tetravalent titaniumatons are reduced into

trivalent yherein M is Li, Na or K, and RJ is a hydrocarbon group of 1 to

10

15

20

25

30

15 carbon atoms.

Examples of the complex alkylate may include LiAl{CoHs)g4
and LiAl(C7His) 4.

Of the organocaluminum compounds as exemplified above,
preferably used are trialkylaluminum, dialkylaluminum halide,
dialkylaluminum hydride and dialkylaluminum alkoxide. Of these,
trialkylaluminum, particularly, is preferred because a catalyst
with a favorable shape can be obtained using it.

These organocaluminum compounds may be used alone or in
combination.

In preparing the solid magnesium aluminum complex [A], the
organcaluminum compound (a-2) is desirably used in such an
amount that the molar ratio (ROH/Al) of the alcohol (ROH) having
at least 6 carbon atoms used for the preparation of the
magnesium solution (a-1) to the aluminum atom {Al} contained in
the organocaluminum compound (a-2) is in the range of about 0.5
to 5, preferably 1 to 3.

The contact of the magnesium solution (a-1) with the
organoaluminum compound ({(a-2) can be carried out by adding
dropwise the organcaluminum compound (a-2} slowly to the
magnesium solution (a-1) having a magnesium concentration of
preferably 0.005 to 2 mol/l, more preferably 0.05 to 1 mol/l,
with stirring for 0.2-2 hours. 1In this manner, a solid
magnesium aluminum complex [A] having excellent particle
properties can be obtained.

The temperature of contacting the magnesium solution {a-1)
with the organcaluminum compound {(a-2) is in the range of

usually -50 to 150 °C, preferably -30 to 100 °C.
This Sheet Has Been R
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REPLACEMENT SHEETS SG state. By the use of these catal yst conponents,
et hyl ene can be polynerized with a high polynerization activity. However,
further desired is the advent of a sppid titanium catal yst conponent for

et hyl ene pol ynerrhgat i oan ik Cdathas st Rampeweht Peot i 1Ll 2R 19 melrii-AutbAn and
by the use of which ethylene can be pol ynerized with nuch higher

pol yneri zafrpnadcdraiiy . tdymeoyeieseagpanessr Rat eid diadn@aebyPobht gét ion
No. 91106/1992 discloses a solid titanium catal yst conponent
the above-described solid magnesium aluminum complex [A] with a
tetravalent titanium compound ([B].
5 The tetravalent titanium compound {B] is preferably
represented by the following formula (ii):
Ti(éRZ)gX4-g (ii)
wherein R is a hydrocarbon group, X is halogen, and 05g<3.
Examples of such tetravalent titanium compound {B] include:
10 titanium tetrahalides such as TiClg, TiBrg and Tilg;
alkoxytitanium trihalides, such as Ti(OCH3)Cls,
Ti{(OC2H5¥Cl3, Ti(On-CgHg)Cl3, Ti{OC2Hs)Brs, and Ti{O-iso-C4Hg)Br3;
dialkoxytitanium dihalides, such as Ti{(OCH3)2Clo,
Ti (OC2Hsg) 2C1l2, Ti(On-C4Hg)2Clz, and Ti{OC2Hs)2Brs; and
15 trialkoxytitanium monohalides, such as Ti(OCH3)3Cl,
Ti {OC2Hs) 3C1l, Ti{On-C4Hg)3Cl, and Ti{{OCzHs)3Br.

These compounds may be used alone or in combination.

The tetravalent titanium compound {B] is used in such an
amount that the atomic ratio Ti/(Mg+Al) is in the range of 0.05

20 to 18, preferably 0.1 to 15 per the solid magnesium aluminum
complex [A].

The contact of the solid magnesium aluminum complex ([A]
with the tetravalent titanium compound [B] is carried out
preferably in a hydrocarbon solvent. As the hydrocarbon

25 solvent, those similar to the aforesaid hydrocarbons can be
employed.

In the invention, the contact is carried out at a
temperature of usually 0 to 150 °C, preferably 50 to 130 °C,

more preferably 60 to 120 °C.
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obt ai ned by contacting wth each other: a solid nmagnesi um al um num conpl ex
obt ai ned by contacting a solution forned from hal ogen-contai ni ng nmagnesi um
an al cohol and a hydrocarbon sol vent] i th organoal um num a tetraval ent

conpound in a |irgyi €icdalem @tdhiys¢arafbyYAEEONPOL NShe A 17 idQQeHze8BAUN
or a hafnium conpound. In the conparative exanple of the above Japanese
Pat ent Lai dcEpeaifyibtse cetid dmuimt 1941064 188 2obedi rexpem reet manner as
described above, and contains, as essential components,
magnesium, halogen, aluminum, an alkoxy group hawving at least 6
5 carbon atoms and titanium. The atomic ratio Ti/Mg is in the
range of usually 0.01 to 0.5, preferably 0.05 to 0.4.
The atomic ratio Al/Mg is in the range of usually 0.01 to
1.5, preferably 0.02 to 1.2, |
The alkoxy group having at least 6 carbon atoms is used in
10 an amount of usually 0.1 to 15 parts by weight, preferably 0.3
to 10 parts by weight, more preferably 0.5 to 6 parts by weight,
based on 1 part by weight of magnesiun.
The atomic ratio X{halogen)/Mg is in the range of usually 1
to 3, preferably 1.5 to 2.5
15 In accordance with the process for olefin polymerization
according to the present invention, olefins are polymerized or
copolymerized in the presence of a catalyst for olefin
polymerization comprising [I] the aone—described titanium
catalyst for olefin polymerization and optionally [II] the
20 organoaluminum compound.
Examples of the olefins polymerized in the invention may
include 0-olefins having 2 to 27 carbon atoms, for example,
ethylene, propylene, 2-methylpropylene, l-butene, l-hexene, 1l-
pentene, 4-methyl-l-pentene, 3-methyl-l-pentene, l-octene, 1-
25 nonene, l-decene, l-undecene and l-dodecene. The O-olefins may
be copolymerized with polyenes. Examples of such polyenes
include butadiene, isoprene, 1,4-hexadiene, dicyclopentadiene
and S5—-ethylidene-2-norbornene.
Of these, in particular, ethylene is preferably

30 homopolymerized or copolymerized with other olefins haa}hsB&nRTimmd
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wherei n 2-et hyl hexoxytitaniumtrichloride was used as the tetraval ent
titani um conpound and no vanadi um conpound was used is shown. US-5180702
di scl oses pol ynerisation catal ysts fpgned by dissolution of a group (IIA)

or a group (IIBynRakbgs) phék ¥ &lteQhehe “2Rhaché NGidle SQIAIORNsth a
reduci ng organo- netallic conmpound™to form a sol uble conplex and contacting
the sol ubl gpeghRbexcoht dlims Rdnisde thaRt e¥ s NEH0RS FQUMGRm ethylene
preferably in an amount of at least %0 % by mol.
As the organocaluminum compound (II] employed in the
S polymerization, the aforesaid organcaluminum compound {(a-2) used
in the preparation of the titanium catalyst component for olefin
polymerization [I] can be used.
In the polymerization, the titanium catalyst component for
olefin polymerization [I] is used in an amount of generally
10 about 0.00001 to about 1 mmol, preferably about 0.0001 to about
0.1 mmol, in terms of Ti atom, per 1 liter of the polymerization
reaction volume.
The organoaluminum compound [II] is optionally used in an
amount of 1 to 1,000 wmol, preferably 2 to 500 mol, per 1 g-atom
15 of the titanium contained in the titanium catalyst component for
olefin polymerization [I],
The titanium catalyst component for olefin polymerization
may contain an electron donor.
As the electron donors, those used in preparing the
20 titanium catalyst component for olefin polymerization [I]
described above can be used, moreover an organosilicon compound
represented by the following formula:
RnSi{OR"') g-n
wherein R and R' are hydrocarbon groups and 0<n<4.
25 Examples of the organosilicon compound include
trimethylmethoxysilane, trimethylethoxysilane, dimethyl-
dimethoxysilane, dimethyldiethoxysilane, diisopropyl-

dimethoxysilane, t-butylmethyldimethoxysilane,

This Sheet Has Been Rerace‘d
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5a EP-A-0 494 084 discloses carrier-supported titanium catal yst conponents
obt ai ned by reacting a magnesi um cont ai ni ng support, an organic al um num
conmpound and a titanium conmpound in the liquid state. This process involves

t he reactlﬁn b Qf 1S KRGS H %&5@9@53?”'Egaﬁggﬂgﬁﬁyﬂﬂﬂé%h%x%?gﬂﬁh

organonetal l1c conpound and only affer t € titaniumis a%ded In
DE- A- 29 344 688c Ay Laid ttidxysS 18hepapREn PYmst IsF Midt B0 silane,

diphenyldiethoxysilane, bis-o-tolyldimethoxysilane,
bis-m-tolyldimethoxysilane, bis-p-tolyldimethoxysilane,

5 bis-p~tolyldiethoxysilane, bisethylphenyldimethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
cyclohexylmethyldiethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, vinyltrimethoxysilane, methyltrimethoxy-
silane, n-propyltriethoxysilane, decyltrimethoxysilane,

10 decyltriethoxysilane, phenyltrimethoxysilane, Y-chloropropyl-
trimethoxysilane, methyltriethoxysilane, ethyltriethoxysilane,
vinyltriethoxysilane, t-butyltriethoxysilne, n-butyltriethoxy-
silane, iso-butyltriethoxysilane, phenyltriethoxysilane, v-
aminopropyltriethoxysilane, chlorotriethoxysilane, ethyltri-

15 isopropoxysilane, vinyltributoxysilane, cyclohexyltrimethoxy-
silane, cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane,
2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane,
ethyl siliéate, butyl silicate, trimethylphenoxysilane,
methyltriallyoxysilane, vinyltris(P-methoxyethoxysilane),

20 vinyltriacetoxysilane, dimethltetraethoxydisiloxane,
cyclopentyltrimetoxysilane, 2-methylcyclopentyltrimethoxysilane,
2,3—dimethylcyclopentyltrimethoxysilané, cyclopentyltriethoxy-
silane, dicyclopentyldimethoxysilane, bis(2-methylcyclopentyl)
dimethoxysilane, bis(2,3-dimethylcyclopentyl) dimethoxysilane,

25 dicyclopentyldiethoxysilane, tricyclopentylmethoxysilane,
tricyclopentylethoxysilane, dicyclopentylmethylmethoxysilane,
dicyclopentylethylmethoxysilane, hexenyltrimethoxysilane,
dicyclopentylmethylethoxysilane, cyclopentyldimethylmethoxy-
silane, cyclopentyldiethylmethoxysilane, cyclopentyldimethyl-

30 ethoxysilane, etc.
Y : This Sheet
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or ganomagnesi um conpound and an organoal um num hal i de conpound in a
hydr ocar bon sol vent to form nmagnesi um hali de particles onto which a
titanium halide is absorbed. In suchygolid titaniumcatalyst conponent as

oo ned shove sk bbb g A RS Lot erdcaanl >

pol ymeri zation. oACe@kdeNIb¥er8rs®ly iddd @HelUBthyltriethoxysilane,
n-propyltriethoxysilane, t~butyltriethoxysilane, vinyl-
triethoxysilane, phenyltriethoxysilane, wvinyltributoxysilane,

5 diphenyldimethoxysilane, phenylmethyldimethoxysilane, bis-p-
tolyldimethoxysilane, p~tolylmethyldimethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane,
phenyitriethoxysilane, dicyclopentyldimethoxysilane, hexe-

10 nitrilemethoxysilane, cyclopentyltriethoxysilane, tricyclo—~
pentylmethoxysilane, cyclopentyltriethoxysilane, tricyclopentyl-
methoxysilane, cyclopentyldimethylmethoxysilane, etc.

Furthermore, usable examples of the electron donors may
include nitrogen-containing compounds, other oxygen-containing

15 compounds and phosphorus-containing compounds.

Examples of the nitrogen-containing compounds may include
substituted methylenediamine such as
2, 6~-substituted piperidine, 2,5-substituted piperidine,
N,N,N',N'~tetramethylmethylenediamine, N,N,N',N'-
20 tetraethylmethylenediamine;
substituted methylenediamine such as 1,3-
dibenzylimidazolidine, 1,3-dibenzyl-2-phenylimidazolidine.
Examples of the phosphorus-containing compounds may include
phosphorous ester such as triethylphosphite, tri-n-propyl-

25 phosphite, triisopropylphosphite, tri-n-butylphosphite,
triisobutylphosphite, diethyl-n-butylphosphite,
diethylphenylphosphite,

Examples of the oxygen-containing compounds may include

2, 6-substituted tetrahydropyran, 2,5-substituted

S i



7 wherein the titanium atons contained in the tltanlun1catalyst conponent
are for nmore than 90%in the tetravalent state and the nolar ratio of
al koxy group and/or alcohol to titanimm (OR/Ti) is in the range of 0.26 to

6.0. This tltanmgg&aéfécy&toncmg%n% {z%s &,hgkfaes% R m{oléabkoawmlﬁans

as essential component’s, magnesi um ogen, um num an al koxy group
and/ or atom in the titanium catalyst component [I], in an amount of

usually not more than 10 moles, preferably not more than 2
moles, especially 0.05-1 mole.

5 The titanium catalyst component for olefin polymerization
may be supported on a carrier. Examples of such a carrier
include Alz03, Si0Oz, B203, MgO, Ca0, TiO2, 2n0, 2n20, Sn0Oz, Bao,
ThO and resins such as a styrene/divinylbenzene copolymer.

Further, the catalyst for olefin polymerization as

10 described above may be prepolymerized with olefins.

Hydrogen may be used in the polymerization, whereby a
molecular weight of a polymer obtained can be regulated.

In the present invention, the polymerization of olefin may
be carried out by either a liquid phase polymerization, such as

15 a solution polymerization and a suspension polymerization, or a
gas phase polymerization. Further, the polymerization may be
carried out either batchwise, semi~continuously or continuously.

When a slurry polymerization is carried out, any of an
inert solvent and olefin which is liquid at a polymerization

20 temperature may be used as a reaction solvent.

Examples of such inert solvents include aliphatic
hydrocarbons, such as propane, butane, n-pentane, isopentane, n-
hexane, isohexane, n-heptane, n-octane, isooctane, n-decane, n-
dodecane and kerosine; alicyclic hydrocarbons, such as

25 cyclopentane, methylcyclopentane, cyclohexane and
methylcyclohexane; and aromatic hydrocarbons, such as benzene,
toluene, xylene and ethylbenzene. These inert solvents may be
used singly of in combination.

The polymerization temperature is in the range of usually

30 20 to 150 °C, preferably 50 to 120 °C, more preferably 70 to 110

Sheet Has Been Replaced
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al cohol having at |east 6 carbon atons and titanium A prepolynerized
titani um catal yst conponent [I]' for ethylene polynmerization according to
the present invention is obtained by grepol ymerizing an olefin to the

titanium cet Al +GATRRAGRE kLl A5n RN Qned 13ba%e e ndheaddd Sb= aldudiane

pol yneri zation catal ySt according to the present invention conprises the
titaniun1ca@aiy@¢oqqﬂpﬁﬂenprgtbraﬁg¥amtgfgﬁn Agmznum conpound [I1]. The
a

second et hyl ene pol yneri zation catal yst according to the present invention
conprises the prepotyperymmad zation may be carried out in plural steps.
The olefin polymer obtained as above may be either a
5 homopolymer of olefin, an olefin random copolymer or a block
copolymer, but preferred are a homopolymer of ethylene and a

random copolymer of ethylene with an ¢-~olefin.

Particularly preferably, an ethylene homopolymer or an

ethylene/d-olefin copolymer, having a density of 0.900 to 0.970

10 g/cm3, preferably 0.910 to 0.970 g/cm3, is prepared in the
present invention. The density used herein is that determined
in accordance with ASTM D150S.

According to the present invention as described above,
olefins can be {co)polymerized with high polymerization

15 activity, and moreover, olefin copolymers having excellent
compositional distribution can be obtained.

In the invention, the olefin polymers are obtained in the
form §f particles, and the particle diameter is in the range of
generally 10 to 1,500 um, preferably 45 to 1,000 um.

20 The standard deviation of the particles is in the range of
1.0 to 2.0, preferably 1.0 to 1.6.

The olefin polymers obtained as above according to the
present invention have a narrow particle size distribution, for
example and have a small amount of fine particles having a

25 diameter of not more than 100um. The fine particles exist in an
amount of usually not more than 10 % by weight, preferably not
more than 5 % by weight in the all polymer particles.

The olefin polymers obtained in the invention may contain
various additives, such as heat stabilizers, weathering

30 stabilizers, antistatic agents, anti-blocking agents,



titankum catal yst conponent [I]' and an organoal um num conpound [I1]. The
pFocess for ethylene polynerization according to the present invention
conpri ses polyner|2|ng et hyl ene or olyner|2|ng et hyl ene with an
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and organic fillers.

TH NV,

The titanium catalyst component for olefin polymerization
according to the present invention comprises the halogen-
containing titanium compound supported on the solid magnesium
aluminum complex, and is allowed to polymerize olefins with
high polymerization activity. Moreover, when the component is
allowed to copolymerize olefins, an olefin copolymer having an
excellent compositional distribution can be prepared.

Specifically, the titanium catalyst component is capable of
preparing olefin polymer particles having a narrow particle size
distribution, and extremely fine particles are prcduced in only
a small amount.

The process for olefin polymerization according to the
present invention is carried out using the titanium catalyst
component for olefin polymerization, to provide an olefin
polymer having a narrow particle size distribution with high
polymerization activity. When thée polymerization is carried out
in the slurry, slurry-handling properties are also excellent.

EXAMPLE
The present invention will be described below in more

detail with reference to non-limiting examples.
This Sheet Has Been Replaced
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[Preparation of a catalyst component

4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of Z2-ethylhexanol and 200 ml of decane were
heated at 140 °C for 3 hours to give a homogeneous solution

containing the magnesium chloride. A mixture solution composed



7 wherein titaniumatons contained in the titani um catal yst conponent are
substantially tetravalent and a nolar ratio of al koxy group and/or al cohol
to titanium (OR/Ti) is in t he range,pb 0.26 to 6.0. This titanium catal yst

magnes: um “haf BGBHo S AT Er TR A4 LAMRBR) BPoLE: A htaBRolRadnAG At
gnesi um “ha a u [or a ol"“ha
least 6 Ca&98ﬂw§£8n§tafﬁjqa qukugﬁ minutes with constant stirring to the
solution. Then, the mixture was heated to 80 °C over 2 hours
and kept at 80°C for 2 hours. Terminating the reaction with
5 heating, solids were separated by filtration and washed once
with 200 ml of decane, to produce a solid magnesium aluminum
complex.
The solid magnesium aluminum complex was suspended again in
200 ml of decane, followed by the addition of 400 mmol of
10 titanium tetrachloride, The reaction was carried out at 80 °C
for 2 hours. Then, the reaction product was well washed with
hexane to produce a hexane suspension of a solid catalyst. The
composition of the solid catalyst is shown in Table 2.
A portion (corresponding to 5 g of the solid catalyst) of
15 the hexane suspension of the solid catalyst was withdrawn and
was added to a 300 ml reactor equipped with a teflon agitator.
Further, 0.5 g of liquid paraffin was added to the reactor, and
the content of the reactor was stirred. Then, the reactor was
placed in a bath of 40 °C while causing nitrogen to pass through
20 the reactor at a rate of 80 N1/Hr, to evaporate hexane. By the
dry, a powdery Ti catalyst component containing about 10 % of
liquid paraffin was obtained.
[Polymerization]
A 2-liter autoclave was charged with 1 liter of purified
25 hexane in a nitrogen atmosphere, followed by the addition of 0.1
mmol (in terms of Ti atom) of the suspension composed of 1.0
mmol of triethylaluminum and the powdery Ti catalyst component
which were suspended in hexane. The reaction mixture was heated
to 80 °C, and was fed with 4.0 kg/cm2G of hydrogen and was then

30 further fed with ethylene continuously over 2 hours so that the

T




A prepolynerized titanium catal yst conponent [I]' for ethylene
pol ynmeri zati on according to the present invention is obtained by
prepol ynerizing an olefin to the ti qniun1catalyst conponent [I] as

ti oned above. The first _ethyl | yres i zat | tal yst ing to
The preserkoiak SHEAaN “EotpP| BEEFo 414 MM Rl aFpe: CEBpOHate (19 Rd an

Sedoror o ROUREAI Ukl sl SEcand ey, ene polyrer zarl on catal
catal yst compongniddl e ;34088 BLYGROA I {BHY an ethylene polymer
produced was separated from the hexane solvent and dried.
5 The results are shown in Table 2.
The yield of the powdery polymer was 227 g, and the polymer
had MFR of 2.7 g/10 min and an apparent bulk specific gravity of
0.33 g/cc.
The particle size distribution of the powdery polymer is

10 shown in Table 1.

Table 1

> 850 pum| 850 Hm | 500 Hm | 250 pm | 180 um | 100 pm [ < 45 um

500 ym { 250 um | 180 pym | 100 Hm 45 um

0 0.4 93.1 4.1 1.8 0.6 0
wt . % wt. % wt . % wt.% wt . %
Example 2
15 The procedure of Example 1 was followed with the exception

of changing the amount of 2-ethylhexanocl from 19.5 g to 16.3 g
and the amount of triethylaluminum from 60 mmol to 46 mmol.
The results are shown in Table 2.
Example 3
20 The procedure of Example 2 was followed with the exception
of varying the temperature condition after the addition of 400
mmol of titanium tetrachloride from 80 °C to 100 °C.

The results are shown in Table 2.

"l



‘conpound [I1]. The process for ethylene pol yrreri'za L 0 c 6rdi 0 fo fhe
pfesent invention conprises polynerizing ethylene ?P‘sm]iﬁ ‘ﬁd
et hyl ene with an [err]-plefin havi n?23 to 20 carbogFH @ resence
of the et%é_)&lyrrerl zation catalyst. BRI EF DES DRAW NG
The procedure of Example 1 was followed with the exception
of changing the amount of 2-ethylhexanol from 19.5 g to 16.3 g
and the amount of triethylaluminum from 60 mmol to 43 mmol.
5 The results are shown in Table 3.
Example 5
The procedure of Example 1 was followed with the exception
of changing the amount of 2-ethylhexanol from 19.5 g to 15.3 g
and the amount of triethylaluminum from 60 mmol to 41 mmol.
10 The results are shown in Table 2.
m jve Ex
4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of 2-ethylhexanocl and 200 ml of decane were
heated at 140 °C for 3 hours to give a homogeneous solution

15 containing magnesium chloride. A mixture solution composed of
52 mmol of triethylaluminum and 45 ml of decane was added
dropwise at 20 °C over 30 minutes with stirring to the solution.
Then, the solution was heated to 80 °C over 2.5 hours and
maintained at 80 °C for 1 hour. After completion of the

20 reaction with heating, the reaction slurry was allowed to stand,
then the supernatant was removed. Then, 200 ml of decane and 50
mmol of diethylaluminum chloride were added to the remaining
slurry containing a solid portion produced in the above reaction
and the reaction was carried out again at 80 °C for 1 hour.

25 Subseqguently, the solid portion was separated by filtration and
washed once with 100 ml of decane, to prepare a solid component
containing an organic group having reducing power.

The solid component thus obtained was suspended again in
200 ml of decane, and then 25 mmol of titanium tetrachloride was

30 added to the resulting suspension. The suspension was reacted at



'8 Fig: 1 shows steps of a process for preparing the titanium catalyst
conponent for ethylene polynerization according to the present invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI @4 The titani um catal yst conponent for

ethyl ene poj weekhzabi o, A6C A dli t'ehs BLe$8 r&gwfyst e d cqakaiyst for

et hyl ene pol ymeri zati on cohtai ni g e titaniu onpaonen Pand a

process fofnd GYIRY Wikl WasR8aet Y] RNe U GelBfel | EENLHOREA & YSitanium

catalyst component.
Using the titanium catalyst component thus obtained,

5 ethylene was polymerized in a manner similar to that of Example

1.
The results are shown in Table 2.
Table 2
10
Results of Polvmerization
Amount of Activity MFR Bulk Particle Size
15 Ti g-PE/g-  g/10 Specific Distribution
supported Catalyst min. Gravity (wt%)
fwt$) g/ce >850um _<100um
Ex.1 7.3 34,600 2.7 0.33 0 0.6
2 7.0 36,900 4.4 0.32 0 1.0
20 3 7.0 33,000 4.9 0.31 0.1 1.5
4 6.7 31,200 5.7 0.30 0 0.7
5 6.7 33,900 4.5 0.30 0.1 1.6
Com.
5 Ex.l 5.7 10,600 2.8 0.30 2.1 1.6
5

IEF D RIPTI F_T DRAWIN
Fig. 1 shows a process for preparing the titanium catalyst
component for olefin polymerization according to the present

30 invention.
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corrponent wi Il be described in detail hereinafter. The neaning of-the term
polynerlzatlon used herein is not limted to "honopol yneri zation" but may
conprehend "copol ynerization". Al sg4the neaning of the term "pol yner"
used herein is not limted to "thonopol rl but may conprehend
"copolymer”. Fig. 1 is an explanatory I show ng one exanple of a process
for preparing the titanium catalyst conponent for ethylene polynerization
accordi ng tC)tlE%ﬂ% %%eggnkgvgg ion. The titanium catal yst conponent for

ethyl ene Magnsium Compound

.Alcohol having (a-1)
at least 6 —_——
carpbon atoms
[A] Solid
Hydrocarbon solvent- Magnesium
Aluminum
Complex
{a=2) , .
Organocaluminum - gltanlum
Compound atalyst
Component
for Clefin
\& Polymerization
<{B] Ti (OR) ;X4-2
/
This Sheet
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"pol yneri zation according to the present invention is obtained by
contacting: [A] a solid nagnesiun1a|uninun1conp|exTﬁeﬁk&um;ggnﬁa nesi um

hal.ogen, al um num and an al koxy gro?pj and/ or al cohovm,, et 6
carbon atons, said conplex being ob Mcont ac ’mﬂﬂ”’l
Qbject

The present invention is intended to solve such problems

associated with the prior arts as mentioned above, and an object
5 of the present invention is to provide a titanium catalyst

component for olefin polymerization capable of preparing olefin
polymers having a narrow particle size distribution and an
excellent copolymerization distribution with high polymerization
activity, and to provide a process for polymerizing olefins

10 using the titanium catalyst component for olefin polymerization.
Constitution

The titanium catalyst component for olefin polymerization
according to the invention is prepared by contacting:

(A] a solid magnesium aluminum complex obtainable by

15 contacting (a-1) a magnesium solution comprising a halogen-
containing magnesium compound, an alcohol having at least 6
carbon atoms and a hydrocarbon solvent with (a-2) an
organocaluminum compound, and containing magnesium, halogen,
aluminum and an alkoxy group having at least 6 carbon atoms;

20 with

[B] &a tetravalent titanium compound.

The titanium catalyst component for olefin polymerization
according to the invention essentially contains magnesium,
halogen, aluminum, an alkoxy having at least 6 carbon atoms and

25 titanium.

The process for aﬁ olefin polymerization is characterized
by polymerizing or copolymerizing an oiéfin in the presence of a
catalyst for the olefin polymerization comprising [I] the
titanium catalyst component for the olefin polymerization and

30 [II]} an organcaluminum compound catalyst component.



. HUOTR2-§ vhos
(a-4) a magnesium solution fornmed from a hal ogen-contai ni ng nagnesi um
conpound, an al cohol having at |east 6 carbon atons and a hydrocarbon

solvent, with (a-2) an organoal um num conpound. _with [B] g tetraval ent
titani ummgmgﬁq SERls (g solli d magnedi um BERRAGERM SHEETSX [ ASG
con{ agMDadipRanasiged ! Nl gged 2zal jum num ar M@esaipkioxypﬁeﬁupn aRdap&inaRagnal/ cp
havi ngf @, @RSt @f;_ﬁ)_% _____ | § describqi] obdiap) Theagal.:6. #BAL&S] gzm.
al um aa@,;g{l,)eﬁ, i So ned {71 Drawing(s) : paged ...X.. 10 paged ...z.....
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. TITANIUM CATALYST COMPONENT FOR ETHYLENE POLYMERIZATION,
ETHYLENE POLYMERIZATION CATALYST, AND PROCESS FOR ETHYLENE

5 POLYMERIZATION USING THE SAME

FIELD OF THE INVENTION

This Sheet Has Been Re{ilaced
The present invention relates to a titanium catalyst

L

component for ethylene polymerization by the use of which
10 an ethylene polymer having a narrow particle size

distribution can be prepared with a high polymerization
activity, to an ethylene polymerization catalyst comprising
the titanium catalyst component, and to a process for
ethylene polymerization using this ethylene polymerization

15 catalyst.

BACKGROUND OF THE INVENTION

For preparing ethylene polymers, generally known in

T the art is a process of copolymerizing ethylene with an o~

20 olefin or polymerizing ethylene in the presence of a
Ziegler catalyst. In this process, a high-temperature
solution polymerization wherein polymerization is conducted
in a hydrocarbon solvent at a temperature higher than the
melting point of the resultant polymer is broadly utilized.

25 However, if a polymer having a high molecular weight is
intended to be obtained, a polymer concentration in the
polymer solution must be lowered because the viscosity of

the polymer solution becomes high with increase of the

This is the replacement sheet

Date: 2 1 NV B
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contalned based on 1

molecular weight. As a result, a problem of low
productivity of a polymer takes place.

On the other hand, in the case of conducting the
polymerization by a slurry polymerization process, there
resides other problem. That is, the resultant polymer
swells easily in a polymerization solvent. As a result,
the concentration of the slurry can be hardly heightened
and a long-term continuous polymerization operation can be
difficultly made.

The present inventors have studied in the light of the
problems associated with the prior art as mentioned above,
and proposed a titanium catalyst component f£for ethylene
polymerization as described in, for example, Japanese
Patent Laid—-Open Publication No. 195108/1985. This
titanium catalyst component is excellent in handling
property as a slurry and makes it possible to conduct
polymerization operation in a high concentration of the
slurry. In the titanium catalyst, more than 70% by weight
of titanium atoms are reduced to trivalent state. By the
use of this titanium catalyst component, an ethylene
polymer having an excellent composition (copolymer)
distribution can be prepared with a high polymerization
activity.

As described above, by the use of the catalyst
component for ethylene polymerization disclosed in Japanese
Patent Laid-Open Publication No. 195108/1985, ethylene ;an

be polymerized with a high polymerization activity, and



Fart by wei ght
ei ght, prefer
by wei ght. The
usually 1 to 3,
[A] is desired

of magnesium in an anount of usually 0.5 to 15 parts by

by wei ght, nore preferably 5 to 10 parts
tuaﬁséuﬁfﬁﬂgﬁf rrfl /Mg (X[err]: hal ogen) irs dhBet iACReEARGHCAN

©rably 1.5 fol 2.5. The solid magnesiu ex
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moreover, an ethylene copolymer having a narrow composition

distribution and excellent morphology can be obtained.
However, now eagerly desired is a titanium catalyst
component for ethylene polymerization by the use of which
5 an ethylene polymer can be prepared with a high
polymerization activity.
Further, Japanese Patent Publication No. 45404/1988

discloses a process for the preparation of a solid titanium

[ P

: - catalyst component. In this process, the solid titanium

10 catalyst component is prepared by contacting a magnesium
aluminum complex which'is obtained by the contact of an
alcohol solution of halogen-containing magnesium with an
organcaluminum compound, an electron donor having no active
hydrogen and titanium tetrachloride to react with each

15 other. The solid titanium catalyst component obtained in
this process has a good particle size distribution, and
hence polyolefin obtained by using a catalyst comprising

this solid titanium catalyst component also has a good

{
oy
sy

13

particle size distribution. Bowever, the advent of a solid
20 titanium catalyst component which has excellent catalytic
activity for ethylene polymerization has been eagerly
desired.
Furthermore, Japanese Patent Laid-Open Publication No.
(iiggé§¥l982 discloses:
25 a solid titanium catalyst component prepared by

bringing a product obtained by reacting a reaction product

(a1} of halogen-containing magnesium and an alcohol with an



10 al um num conpl ex particles are preferably in the range of 1 to 200
[err]m Wth respect to the particle size
TR -EXSEA t he geonetrlcal standard deviation is
preferably in t eggaﬁgblptftfo {0\2.0, particuj & ékaﬂllmido to 1.8.
Concrete exanpl &s the ha@gg Qontalnlng nagne for use in
t he preparation Yof tg h um sol uti on (f-1) i n I ncl ude:
: as,

magnesi um hal i de angﬁESlun1chIor|de
anoaluminum compound into contact with a halogen-

containing titanium compound, said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.25;
. 5 a solid titanium catalyst component prepared by
bringing a product obtained by reacting a reaction product
(a3} of halogen—containing magnesium and an alcohol with an
organoaluminum compound: into contact with a halogen-—
Qi' containing titanium compound and subsequently bringing the
10 «resulting product.into contact with an organoaluminum
halide (halogenation agent), said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.9; and
a solid titanium catalyst component obtained by
15  ©bringing a product prepared by reacting a reaction product
(a1} of halogen-—containing magnesium and an alcohol with an
organcaluminum compoqnd into contact with an organocaluminum
Eﬁ; halide (halogenation agent), subsequently bringing the
) resﬁlting product into contact with a halogen-containing
20 titanium compound and further bringing the resulting
product into contact with an organcaluminum halide
(halogenation agent), said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.9,
25 In such solid titanium catalyst components, a molar

ratio Ti3+/Ti%* is in the range of 2.0 to 10, and most of

the tetravalent titanium atoms are reduced into trivalent
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state. By the use of these catalyst components, ethylene
can be polymerized with a high polymerization activity.
However, further desired is the advent of a solid titanium
catalyst component for ethylene polymerization which has a

5 narrower particle size distribution and by the use of which
ethylene can be polymerized with much higher polymerization
activity.

Moreover, Japanese Patent Laid-Open Publication No.

-fﬁ 91106/1992 discloses a solid titanium catalyst component
10 obtained by contacting with each other:

a solid magnesium aluminum complex obtained by
contacting a solution formed from halogen-containing
magnesium, an alcohol and a hydrocarbon solvent with
organoaluminum,

15 a tetravalent compound in a liquid state, and
a vanadium compound, a zirconium compound or a hafnium
compound.
= In the comparative example of the above Japanese
Patent Laid-Open Publication No. 91106/19%92, an experiment
20 wherein 2-ethylhexoxytitanium trichloride was used as the
tetravalent titanium compound and no vanadium compound was
used is shown.

In such solid titanium catalyst component as obtained

above, most of titanium atoms are reduced into trivalent
25 state, and the catalyst component is low in the activity

for ethylene polymerization. Accordingly, a solid titanium
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catéiyst component having a much higher activity for

ethylene polymerization is now desired.

QBJECT QF THE INVENTION

It is, therefore, an object of the present invention
to provide a titanium catalyst component for ethylene
peolymerization by the use of which an ethylene polymer
having a narrow particle size distribution can be prepared
with a high polymerization activity, to provide an ethylene
polymerization catalyst comprising the titanium catalyst
component and to provide a process for polymerizing

ethylene using this titanium catalyst component.

SUMMARY QF THE INVENTION

The titanium catalyst component for ethylene
polymerization according to the present invention is a
titanium catalyst component for ethylene polymerization
prepared by contacting:

(a1 a sdiid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being
obtained by contacting

(a-1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

{(a-2) an organoaluminuﬁ compound; with

(B] a tetravalent titanium compound,
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wherein titanium atoms contained in the titanium
catalyst component are substantially fetravalent and a
molar ratio of alkoxy group and/or alcohol to titanium
(OR/Ti) is in the range of 0.26 to 6.0.

5 This titanium catalyst component for ethylene
polymerization contains, as essential components,
magnesium, halogen, aluminum, an alkoxy group and/or
alcohol hawving at least 6 carbon atoms and titanium.

A prepolymerized titanium catalyst component ([I]' for
10 ethylene polymerization according to the present invention
is obtained by prepolymerizing an olefin to the titanium
catalyst component [I] as mentioned above.
The first ethylene polymerization catalyst according
to the present invention comprises the titanium catalyst
15 component [I] and an organocaluminum compound [II].
The second ethylene polymerization catalyst according
to the present invention comprises the prepolymerized
oF tiﬁanium catalyst component[I]' and an organocaluminum

o compound [II].

20 The process for ethylene polymerization according to
the present invention comprises polymerizing ethylene or
copolymerizing ethylene with an ¢-olefin having 3 to 20
carbon atoms in the presence of the ethylene polymerization
catalyst.

25
BRIEF DESCRIPTION QOF THE DRAWING
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Fig. 1 shows steps of a process for preparing the
titanium catalyst component for ethylene polymerization

according to the present invention.

5 DETAILED DESCRIPTION OF THE INVENTION

The titanium catalyst component for ethylene
polymerization according to the present invention, a
catalyst for ethylene polymerization containing the

Eﬁ? titanium catalyst component and a process for
10 (co)polymerizing ethylene using the titanium catalyst
component will be described in detail hereinafter.

The meaning of the term "polymerization"” used herein
is not limited to "homopolymerization" but may comprehend
"copolymerization”. Also, the meaning of the term

15 r"polymer" used herein is not limited to "homopolymer" but
may comprehend "copolymer",

Fig. 1 is an explanatory view showing one example of a

ht process for preparing the titanium catalyst component for
ethylene polymerization according to the present invention.
20 The titanium catalyst component for ethylene
polymerization according to the present invention is
obtained by contacting:

(A} a solid magnesium aluminum complex containing

magnesium, halogen, aluminum and an alkoxy group and/or
25 alcohol having at least 6 carbon atoms, said complex being

obtained by contacting
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{a-1l} a magnesium solution formed from a
halogen—-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

{(a-2) an organcaluminum compound; with

5. (B] a tetravalent titanium compound.
First, the solid magnesium alﬁminum complex {A]
containing magnesium, halogen, aluminum and an alkoxy group

and/or alcchol having at least 6 carbon atoms is described

w gt

ST below.
10 The_solid magnesium aluminum complex [A}] is obtained
by contacting:
{a-1) a magne;ium solution formed from a halogen-
containing magnesium cbmpéund, an alcohol having at least 6
carbon atoms and a hydrocarbon solvent, with
15 (a-2) an organoaluminum compound.
In the solid magnesium aluminum complex [A)}, the
atomic ratio Al/Mg (Al: aluminum, Mg: magnesium) is in the
i range of usually 0.05 to 1, preferably 0.08 to 0,7, more
preferably 0.12 to 0.6. The alkoxy group and/or alcohol
20 having at least 6 carbon atoms is contained, based on 1
part by weight of magnesium, in an amount of usually 0.5 to
15 parts by weight, preferably 2 to 13 parts by weight,
more preferably S to 10 parts by weight. The atomic ratio
X1/Mg (Xl: halogen) is in the range of usually 1 to 3,
25 preferably 1.5 to 2.5.

The solid magnesium aluminum complex {A}] is desired to

be particulate, and the diameters of the solid magnesium
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to 200 pm, more preferably 2 to 100 {m. With respect to
the particle size distribution of the complex (A}, the
geometrical standard deviation is preferably in the range
of 1.0 to 2.0, particularly preferably 1.0 to 1.8.

Concrete examples of the halogen-containing magnesium
compound for use in the preparation of the magnesium
solution (a-l) in the invention include:

magnesium halides, such as magnesium chloride,
magnesium bromide, magnesium iodide and magnesium fluoride;

alkoxymagnesium halides, such as methoxymagnesium
chloride, ethoxymagnesium chloride, isopropoxymagnesium
chloride, butoxymagnesium chloride and octoxymagnesium
chloride;

aryloxymagnesium halides, such as phenoxymagnesium
chloride and methylphenoxymagnesium chloride;

alkoxymagnesiums, such as diethoxymagnesium,
diisopropoxymagnesium, dibutoxymagnesium, and
dioctoxymagnesium;

aryloxymagnesiums, such as diphenoxymagnesium and
dimethylphenoxymagnesium; and

magnesium carboxylates, such as magnesium laurate and
magnesium stearate.

These compounds may be used as a complex or double
compound with another metal, or may be used as a mixture

with another metallic compound.
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Of these, preferred are magnesium halides and
alkoxymagnesium halides; more preferred are magnesium
chloride and alkoxy magnesium chloride; and most preferred
is magnesium chloride.

These compounds may be used singly or in combination.

The magnesium compound solution (a-1), that is used in
a liguid state in the invention, is formed from the
halogen—containing magnesium compound, an alcochol having at
1east.6 carbon atoms and a hydrocarbon solvent.

Concrete examples of the alcohol having at least 6
carbon atoms for use in the invention include:

aliphatic alcchols, such as 2-methylpentanol, 2-
ethylpentanol, 2-ethylbutanol, n-heptanol, n-octanol, 2-
ethylhexanol, decanol, dodecanol, tetradecyl alcohol,
undecenol, oleyl alcohol and stearyl alcohol;

alicyclic alcohols, such as cyclohexanol and
methylcyclohexanol;

aromatic alcohols, such as benzyl alcohol,

methylbenzyl alcohol, isopropylbenzyl alcochol, o-
methylbenzyl alcohol and ¢, ¢-dimethylbenzyl alcohol; and
alkoxy group-containing aliphatic alcohols, such as n-
butyl cellosolve and . l-butoxy-2-propanol.
Preferred are alcohols having at least 7 carbon atoms.
Of these, 2-ethylhexanol is particularly preferred.
These alcohols may be used singly or in combination.
When the halogen-containing magnesiﬁm compound, the

alcohol having at least 6 carbon atoms and a hydrocarbon
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solvent are brought into contact with each other, the
halogen-containing magnesium compound is dissolved in the
hydrocarbon solvent to give a magnesium solution.
Concrete examples of the hydrocarbon solvent include:
5 aliphatic hydrocarbons, such as propane, butane, n-
pentane, isopentane, n-hexane, isochexane, n-heptane, n-
octane, isooctane, n-decane, n-dodecane and kerosine;

alicyclic hydrocarbons, such as cyclopentane,

. .
(R

methylcyclopentane, cyclchexane and methylcyclohexane;
10 aromatic hydrocarbons, such as benzene, toluene and
xylene; and
halogenated hydrocarbons, such as methylene
dichloride, ethyl chloride, ethylene dichloride and
chlorobenzéne.
15 Of these, aliphatic hydrocarbons, particularly those
of 3 to 10 carbon atoms, are preferably émployed.
These hydrocarbon solvents may be used singly or in
combination.
The coﬁtact of the halogen-containing magnesium
20 compound, the alcohol having at least 6 carbon atoms and
the hydrocarbon solvent with each other is carried out at
temperature of usually not lower than room temperature,
preferably not lower than 65 °C, more preferably about 80
to 300 °C, most preferably about 100 to about 200 °C, for
25 period of 15 minutes to 5 hours, preferably 30 minutes to
hours, though these conditions vary depending upon the

th :
compound and the alcohol used, etc This Sheet Has Been R

R
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The alcohol is used in an amount of generally not less

than 1 mol, preferably about 1.5 to about 20 mol, more
preferably about 2.0 to about 12 mole, per 1 mol of the
halogen—-containing magnesium compound, though this amount
varies depending upon the magnesium compound and the
solvent used, etc. -

By contacting the magnesium solution (a-1) with an
organocaluminum compound (a-2), a solid magnesium aluminum
complex [(A] is obtained.

Preferably used as the organocaluminum compound {(a-2}
in the invention is, for example, an organocaluminum
compound represented by the following formula (iv}:

R3,A1X3-n (iv)
wherein R? is a hydrocarbon group of 1 to 12 carbon atoms,
X is a halcgen atom or hydrogen, and n is 1 to 3.

The hydrocarbon group of 1 to 12 carbon atoms includes
an alkyl group, a cycloalkyl group and an aryl group.
Examples of such groups include methyl, ethyl, n-propyl,
isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl.

Concrete exampies of such organoaluminum compound {a-
2) include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum,
triisobutylaluminum, trioctylaluminum and tri-2-
ethylhexylaluminum;

alkenylaluminums, such as isoprenylaluminum;
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dialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

5 alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesguichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;

- alkylaluminum dihalides, such as methylaluminum
10 dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and
alkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride.
Also employable as the organocaluminum compound is a
15 compound represented by the following formula (v):
R2,81Y3.p {(v)
wherein R2 is the same as R2? in the above formula (iv); n
‘s, is l.or 2; and Y is -ORb, jOSiRcé, -OAlRdy, -NR®;, -SiRf3 or
-N(R9)A1RD» (wherein RP, RS, R4 aﬂ& RN are each methyl,
20 ethyl, isopropyl, isobutyl, cyclohexyl or phenyl; R® is
hydrogen, methyl, ethyl, isopropyl, phenvl or
trimethylsilyl; and Rf and RY9 are each methyl or ethyl),
Concrete examples of such organoaluminum compounds
include:
25 (1) compounds of the formula R2,Al (ORP)3.,, such as
. dimethylaluminum methoxide, diethylaluminum ethoxide and

diisobutylaluminum methoxide;
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{2} compounds of the formula R3 Al (0SiR€3) 3.5, such as

Et)yAl (OSiMe3), {iso-Bu)2Al(0SiMez} and (iso-Bu)3Al{0SiEtj3);

(3) compounds of the formula R2,Al(OAl1RY3)3_,, such as
Et2ALCAlEt,; and {iso-Bu)Al0Al (iso-Bu)y;

5 (4) compounds of the formula R2nAl(NR®3)3_,, such as
MesAlNEty, EtoAlNHMe, MezAlNHEt, Et2AlN{Me3Si)y and (iso-
Bu) 231N {Me3Si)y;
{5) compounds of the formula R2,Al{(SiRf3)3.,, such as
g (iso-Bu) 2A1SiMe3; and
10 (6) compounds of the formula R2,Al[N{RI)AlRN;]3.,, such
as Et2A1N(Me)AlEt; and {iso-Bu)2AlN(Et}Al(iso~Bu)j.

In addition, also employable as the the organocaluminum
compound f{a-2) is a complex alkylate which is formed from a
metal of Group I of the periodic table and aluminum, said

15 complex alkylate being represented by the following
formula:
MI1A1RIy
. wherein M! is Li, Na or K, and RJ is a hydrocarbon group of
1 to 15 carbon atoms.
20 Concrete examples of such complex alkylate include
LiAl(CyHs)4 and LiAl(C7Hys)g4.

Of the organcaluminum compounds as exemplified above,
preferably used are trialkylaluminum, dialkylaluminum
halide, dialkylaluminum hydride and dialkylaluminum

25 alkoxide. Of these, trialkylaluminum, particularly
triethylaluminum, iswpreferred because a catalyst with a

favorable shape can be obtained by using it.
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These organoaluminum compounds may be used alone or in
combination.

For forming the solid magnesium aluminum complex [A],
the organcaluminum compound (a-2) is desirably used in such

5 an amount that the molar ratio (ROH/Al}) of the alcohol

{ROH}) having at least 6 carbon atoﬁs used for the
preparation of the magnesium solution (a-1l} to the aluminum
atom (Al) contained in the organcaluminum compound (a-2) is
in the range of about 0.5 to 7, preferably 1 to 5.

10 The contact of the magnesium soclution (a-1) with the '
organcaluminum compound (a-2) can be carried out by
dropwise adding the organcaluminum compound (a-2) slowly to
the magnesium solution (a-1) having a magnesium
concentration of preferably 0.005 to 2 mol/l, more

15 preferably 0.05 to 1 mol/l, with stirring of the magnesium
solution. In this manner, a solid magnesium aluminum
complex [A] having excellent particle properties {excellent
morphology) can be obtained.

The temperature for contacting the magnesium solution

20 (a-1) with the organoaluminum compound (a-2) is in the
range of usually -50 to 150 °C, preferably -30 to 100 °C.

The solid magnesium aluminum complex [A] thus obtained
contains no reducing organic group, and hence it exhibits
no reduction ability.

25 The titanium catalyst component for ethylene

polymerization {I] according to the present invention is
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obtained by contacting the above-described solid magnesium
aluminum complex [A) with a tetravalent compound [B}.
Preferably used as the tetravalent titanium compound
{B] is a compound represented by the following formula
5 (ii):
Ti (OR2) gXg-g (i1)
wherein R is a hydrocarbon group, X is a halogen atom, and
0 £ g < 3.
Concrete examples of such titanium tetravalent
10 compound (B} include:
titanium tetrahalides, such as TiCly, TiBryg and TiIy;
alkoxytitanium trihalides, such as
Ti (OCH3)Clj3,
Ti (OCaHs) Clsz,
15 Ti (On-C4Hg) Cl3,
Ti (OCzHs)Br3, and
Ti (O-iso-C4Hg) Br3;
dialkoxytitanium dihalides, such as
Ti (OCH3}2Cl2,
20 Ti{(OC2Hsg) 2Cl,,
Ti(On-C4Hg)2Clz, and
Ti(OCyHs)2Bry; and
trialkoxytitanium monohalides, such as
Ti (OCH3)3Cl,
25 T1(OC2Hs) 3Cl,
Ti{(On-CqHg)3Cl, and

Ti( (OCzHs) 3Br.
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Of these, preferably used are titanium tetrahalides

and particularly preferred is titanium tetrachloride.
These compounds may be used singly or in combination.
The tetravalent titanium compound {B] is used in such
5 an amount that the atomic ratio (Ti/(Mg+Al)) of the
titanium (Ti) contained in the compound [B] to the
magnesium and the aluminum contained in the solid magnesium
aluminum complex [A} is in the range of 0.005 to 18,

;%5 preferably 0.01 to 15.

10 The contact of the solid magnesium aluminum complex
{A] with the tetravalent titanium compound {B] is carried
out preferably in a hydrocarbon solvent. As the
hydrocarbon solvent, those similar to the aforesaid
hydrocarbons can be employed.

15 In the invention, the contact is carried out at a
temperature of usuvally 0 to 150 °C, preferably 50 to 130
°C, more preferably 50 to 120 °C.

The titanium catalyst component for ethylene
polymerization according to the invention can be obtained

20 in the manner as described above, and it contains, as
essential components, magnesium, halogen, aluminum, an
alkoxy group and/or alcohol having at least 6 carbon atoms
and titanium. The titanium contained in this titanium
catalyst component is substantially in a tetravalent state,

25 namely more than 90 %, preferably more than 95 %, most
preferably 100 % of titanium atoms are in the tetravalent

state.
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The atomic ratio Ti/Mg of the titanium catalyst
component is in the range of usually 0.0 to 1.5,
preferably 0.05 to 1.0.

The atomic ratio Al/Mg of the titanium catalyst
component 1s in the range of usually 0.1 to 2.0, preferably
0.13 to 1.5, most preferably 0.15 to 1.2.

The molar ratio of alkoxy group and/or alcohol to
titanium (OR)/Ti of the titanium catalyst component is in
the range of 0.26 to 6.0, preferably 0.26 to 5.0, most
preferably 0.26 to 4.0.

| The amount of the alkoxy group and/or alcochol having
at least 6 carbon atoms is in the range of usually 0.1 to
15 parts by weight, preferably 0.3 to 10 parts by weight,
more preferably 0.5 to 6 parts by weight, based on 1 part
by weight of magnesium.

The titanium catalyst component is preferably in the
form of particles, and the particle diameter thereof is
preferably in the range of 1 to 200 Um, more preferably 2
to 100 ym. The geometrical standard deviation of the
titanium catalyst component particles in the particle size
distribution is in the range of 1.0 to 2.0, preferably 1.0
to 1.8,

The prepolymerized titanium catalyst component [I]°
for ethylene polymerization according to the present

invention is obtained by prepolymerizing an olefin to a

catalyst comprising ([I}] the titanium catalyst component as
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mentioned above and [II] an organoaluminum compound as
mentioned above.
The olefins to be polymerized to the titanium catalyst
. component [I] include ethylene and G-olefin having 3-20
5 carbon atoms aforementioned. .
Of these, preferably ethylene is prepolymerized or

ethylene and a-olefin having 3-20 carbon atoms or ethylene

are prepolymerized.

-‘.‘

B The catalyst for ethylene polymérization according to
10 the present invention comprises
{I] the titanium catalyst component for ethylene
polymerization as mentioned above, and
[(II] the organocaluminum compound as mentioned above.
The another catalyst for ethylene polymerization
15 according to the present invention comprises
[I]' the prepolymerized titanium catalyst component as
mentioned above, and
" [II] the organocaluminum compound as mentioned above.
In accordance with the process for ethylene
20 polymerization according to the present invention, ethylene
is polymerized or copolymerized with an 0-olefin having 3
to 20 carbon atoms in the presence of a catalyst for
ethylene polymerization formed from [I] the above-described
titanium catalyst for ethyléne polymerization and [(II} an
25 organoaluminum compound catalyst component.

Examples of the o-olefins having 3 to 20 carbon atoms

to be copolymerized with ethylene includes propylene, 2-
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methylpropylene, l-butene, l-hexene, l-pentene, 4-methyl-1l-
pentene, 3-methyl-l-pentene, l-octene, l-nonene, l-decene,
l-undecene and l-dodecene. The O-olefins may be
copolymerized with polyenes. Examples of such polyenes
include butadiene, isoprene, 1,4-hexadiene,
dicyclopentadiene and S—ethyli&ene—z—norbornene.

The copolymer of ethylene with the ®-olefin thus
obtained contains constituent units derived from ethylene
preferably in an amount of at least 90 % by mol.

As the organcaluminum compound [II} for use in the
polymerization, the aforesaid organocaluminum compound {a-2)
used in the preparation of the titanium catalyst component
for ethylene polymerization [I] can be employed.

In the polymerization, the titanium catalyst component
for ethylene polymerization [I] is used in an amount of
generally about 0.00001 to about 1 mmol, preferably about
0.0001 to about 0.1 mmol, in terms of Ti atom, per 1 liter
of the polymerization reaction volume.

The organocaluminum compound [II]) is used in an amount
of 1 to 1,000 mol, preferably 2 to 500 mol, per 1 g-atom of
the titanium contained in the titanium catalyst component
for ethylene polymerization [I], according to necessity.

The titanium catalyst component for ethylene
polymerization may be supported on a carrier. Examples of
such a carrier include Al303, Si0Oz, B203, MgO, Cal, TiO;,
Zn0O, Z2n20, Sn0Oy, BaO, ThO and resins such as a .

styrene/divinylbenzene copolymer.
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Fﬂ;ther, the catalyst for ethylene polymerization as
described above may be prepolymerized with ethylene.

Hydrogen may be used in the polymerization stage,
whereby a molecular weight of a polymer to be obtained can

5 Dbe regulated.

In the present invention, the polymerization of
ethylene may be carried out by either a liquid phase
polymerization, such as a solution polymerization and a
suspension pclymerization, or a gas phase polymerization

10 Further, the polymerization may be carried out either
batchwise, semi-continuously or continuously.

When a slurry polymerization is carried out, any of an
inert solvent and ethylene which is. liquid at a
polymerization temperature may be used as a reaction

15 solvent.

Examples of such inert solvents include aliphatic
hydrocarbons, such as propane, butane, n-pentane,
isopentane, n-hexane, ischexane, n-heptane, n-octane,
isooctane, n-decane, n-~dodecane and kerosine; alicyclic

20 hydrocarbons, such as cyclopentane, methylcyclopentane,
cyclohexane and methylcyclohexane; and aromatic
hydrocarbons, such as benzene, toluene, xylene and
ethylbenzene. These inert solvents may be used singly of
in combination.

25 The polymerization temperature is in the range of
usually 20 to 150 °C, preferably 50 to 120 °C, more

preferably 70 to 110 °C; and the polymerization pressure is



f Al Al') of the al cohol (ROH) having at
1 east 6 carbon EﬂggﬂﬁﬁbSRE,e preparation of the nmagnesi um sol ution
(a-1) to the al un1aton1(AI)Jc ntai ned in the organoal um num conpound

(a-2) is in the gg PNOwb®9s 4.3 to 7, preferably 1 oet ed of
t he magnesium soj ution (a-1) w th the organoal um num co "w n be
carried out by dy opw I"Mg t he ord%aoaluninun1conpo y to
t he magnesi um soj ution (a-1) having a magnesi um concentration of preferably

0.005 to 2 nol /I, nore
in the range of usually 1 to 1,000 kg/cm?, preferably 2 to

én anount that t

40 kg/cm?.
The copolymerization may be carried out in plural
steps.

* 5 The ethylene polymer obtained as above may be either a
homopolymer of ethylene, an ethylene/0-olefin random
copolymer or a block copolymer, but preferred are a
homopolymer of ethylene and a random copolymer of ethylene
with an o-~olefin.

10 ' Particularly preferably, an ethylene homopolymer or an
ethylene/0-olefin copolymer, having a density of 0.900 to
0.970 g/cm3, preferably 0.910 to 0.970 g/cm3, is prepared
in the present invention. The density used herein is that
determined in accordance with ASTM D1505.

15 According to the present invention as described above,
ethylene can be (co)polymerized with a high polymerization

activity, and moreover, ethylene can be copolymerized with

an O-olefin of 3 to 20 carbon atoms.

Lhaglsee

In the invention, the ethylene (co)polymer is obtained
20 in the form of particles, and the particle diameter is in
the range of generally 10 to 1,500 um, preferably 10 to
1,000 um.
The geometrical standard deviation of the particles is
in the range of 1.0 to 2.0, preferably 1.0 to 1.8.
25 The ethylene (co)polymer obtained as above according
to the present invention has a narrow particle size

distribution.



preferanyOOStolrmI/I with stirring of the magnesi um solution. In

thi's manner, a sg m num conpl ex [A] having excel | ent
i e@gf%éﬁ"gn‘é”ﬁfﬁr ;%

particle propert|
for contacting tHe {nmagnesium sol t

| S

compound (a-2)

hol ogy) can be obtalned The tenperature
fon (a-1) with the or Bmelaced

J

- [ 'nzh?‘ P96 lhsually -50 to 150[e - 30
to 100 [err]C. THej}soli nagne5|un1a|unﬁﬂun1conplex [Al th
cont ai ns no redugi mg-organt-c-group, and hence it exhibits

ability.

10

15

20

25

In the powdery (co)polymer of the present invention,
it is desired that the particles having a diameter of not
smaller than 850 Um are contained in an amount of not more
than 1.0 % by weight, preferably not more than 0.8 % by
weight, particularly preferably not more than 0.5 % by
weight; the particles having a diameter of not larger than
100 pm are contained in an amount of not more 7.0 % by
weight, preferably not more than 5.0 % by weight,
particularly preferably not more than 3.0 % by weight; and
the particles having a diameter of 100 to 500 {m are
contained in an amount of not less than 85 % by weight,
preferably not less than 90 % by weight; each being based
on the total weight of thg particles.

The ethylene (co)polymer obtained in the invention may
contain various additives, such as heat stabilizers,
weathering stabilizers, antistatic agents, anﬁi—blocking
agents, lubricants, nucleating agents, pigments, dyes,

inorganic fillers and organic fillers.

EFFECT QF THE INVENTION

In the titanium catalyst component for ethylene
polymerization according to the present invention, the
halogen-containing titanium compound is supported on the

solid magnesium aluminum complex, and the titanium

contained in this catalyst component is in a tetravalent

state. Hence, use of the titanium catalyst component makes

it possible to polymerize ethylene with a high
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polymerization éctivity, and moreover, when ethylene is
copolymerized with an &-olefin of 3 to 20 carbon atoms, an
ethylene copolymer having a narrow particle size
distribution can be prepared.

5 Specifically, by the use of the titanium catalyst
component for ethylene polymerization, ethylene (co)polymer
particles having a narrow particle size distribution can be
obtained, and extremely small sized particles are produced
in only a small amount,

10 The process for ethylene (co)polymerization according
to the present invention is carried out using such titanium
catalyst component for ethylene polymerization as described
above to provide an ethylene (co)polymer having a narrow
particle size distribution and excellent morphology with a

15 high polymerization activity. When the polymerization is
carried out in a slurry polymerization, a slurry-handling
property is also excellent.

- EXAMPLE

20 The present invention will be described beléw in more
detail with reference to examples, but it should be
construed that the invention is in no way limited to those
examples.

Analysis of the catalyst for ethylene polymerization

25 and measurements of the particle size distribution and
further the geometrical standafd deviation are carried out

in the following manner.



in such an anmount™th omc ratio (Ti/(My+Al')) of the titanium(Ti)
‘contained in the cgﬁﬂd\ﬁﬁmﬁqﬁ]sgﬁ@ﬁ" e magnesi um and t he al unm num cont ai ned
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1. Mg, Al, Ti

Content determination of Mg, Al and Ti was carried out
by ICP analysis using an analyzer (ICPF1000TR, produced by
Shimazu Seisakusho K.K.).

5 2.c¢1
Content determination of él was carried out by a
silver nitrate titration method.
3. OR group
Content determination of OR group (of alcchol) was
10 carried out as follows.

A well dried.catalyst was added to an acetone solution
containing 10 % by weight of water to undergo hydrolysis so
as to obtain ROH, and the ROH was determined by means of
gas chromatography.

15 4., Particle size distribution and geometrical standard
deviation

The particle size distribution and the geometrical

» standard deviation were measured by the use of a vibrator
- (low-tap type, produced by Iida Seisakusho K.K.) and a

20 sieve (Iida lasting sieve of JIS-Z-8801, inner diameter:

200 mm) .

Example 1
([Preparation of a catalyst component]

25 4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of 2-ethylhexanol and 200 ml of decane

were heated at 140 °C for 3 hours to give a homogeneous
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solution containing the magnesium chloride. To the
solution, a mixture solution composed of 60 mmol of
tfiethylaluminum and 52 ml of decane was dropwise added at
20 °C over 30 minutes while stirring. Then, the
temperature of the resulting mixture was elevated to 80 °C
over 2 hours and heated at the same temperature for 2
hours. After completion of the reaction under heating, a
solid portion was separated by filtration and washed once
with 200 ml of decane, to obtain a solid magnesium aluminum
complex. .

The solid magnesium aluminum complex thus obtained was
suspended again in 200 ml of decane, and to the resulting
suspension was added 400 mmol of titanium tetrachloride to
perform reaction at 80 °C for 2 hours. Then, the reaction
product was well washed with hexane to obtain a hexane
suspension of a solid catalyst. The composition of the
solid catalyst is sét forth in Table 2.

A portion (corresponding to S g of the solid catalyst)
of the hexane suspension of the solid catalyst was
withdrawn and this portion was introduced into a 300 ml
reactor equipped with a Teflon stirrer. To the reactor was
further added 0.5 g of liquid paraffin, and the content of
the reactor was stirred. Then, the reactor was placed in a
bath of 40 °C while causing nitrogen to pass through the
reactor at a rate of 80 Nl/Hr, to evaporate hexane. By the
evaporation, a powdery Ti catalyst component containing

about 10 % of liquid paraffin was obtained.
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{Polymerization]

A 2-liter autoclave was charged with 1 liter of
purified hexane in a nitrogen atmosphere. Then, 1.0 mmol
of triethylaluminum and the powdery Ti catalyst component
obtained in the above were suspended in hexane, and 0.1
mmol {in terms of Ti atom) of the resulting suspension was
added to the polymerizer. The temperature of the systenm
was elevated to 80 °C, and to the polymerizer was fed 4.0
kg/cm?G of hydrogen and was then further fed ethylene
continuously over 2 hours so that the total pressure was
kept at 8.0 kg/cm?G. The temperature during the
polymerization was kept at 80 °C.

After the polymerization was completed, an ethylene
polymer produced was separated from the hexane solvent and
dried.

The results of measurements on the properties of the
ethylene polymer are set forth in Table 3,

The yield of the powdery polymer obtained was 227 g,
and the polymer had MFR of 2.7 g/10 min and an apparent
bulk specific gravity of 0.33 g/cc.

The particle size distribution of the powdery polymer

is set forth in Table 1.



The tetraval ent titaniumconpound [B] is used in such an amount that the
atomic ratio (Ti/(My+Al)) of the titanium (Ti) contained in the conpound

[B] to the
al um num co

esi um and the al um num contained in th | i SIU
' IREp A5 tn-t he range of 0.005 to 18, i°f‘o 15.
The cont act fof Sdl” dq‘r‘rﬁagnem um al um num conpl ex (A] ll
tetraval ent tltanlunlconpound [B] is Oﬁgrled out prefe

hydr ocar bonfs | e htNOVAIs %he hydrocarbon”sol vent, those simlar to the
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—— Table 1
> 850 Hm{ 850 pm | 500 gm | 250 pgm | 180 um | 100 fm [ < 45 um
S00 Um | 250 pum | 180 Um | 100 um 45 Um
0 0.4 § 93.1 4.1 1.8 0.6 c
wt.% wt.% wt.% wt . % wt . %
Example 2
iE 5 Preparation of a catalyst component and polymerization

were carried out in a manner similar to that of Example 1
except for varying the amount of 2-ethylhexanol from 19.5 g
to 16.3 g and the amount of triethylaluminum from 60 mmol
to 46 mmol.

10 The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

Example 3

Preparation of a catalyst component and polymerization
15 were carried out in a manner similar to that of Example 2
except for varying the temperature condition after addition
of 400 mmol of titanium tetrachloride from 80 °C to 100 °C.
The results of measurements on the properties of the
polymer obtained are set forth in Table 3.
20
Example 4
P;eparation of a catalyst component and polymerization

were carried out in a manner similar to that of Example 1
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except for varying the amount of 2-ethylhexanol from 19.5 g
to 16.3 g and the amount of triethylaluminum from 60 mmol
to 43 mmol.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

Example 5

Preparation of a catalyst component and polymerization
were carried out in a manner similar to that of Example 1
except for varying the amount of 2-ethylhexanol from 19.5 g
to 15.3 g and the amount of triethylaluminum from 60 mmol
to 41 mmol.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

m ativ Xamo 1

4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of 2-ethylhexanol and 200 ml of decane
were heated at 140 °C for 3 hours to give a homogeneous
solution containing magnesium chloride. To the solution, a
mixture solution composed of 52 mmol of triethylaluminum
and 45 ml of decane was dropwise added at 20 °C over 30
minutes while stirring. Then, the temperature of the
resulting mixture was elevated to 86 °C over 2.5 hours and
heated at 80 °C for 1 hour. After completion of the
reaction under heating, the reaction slurry was allowed to

stand, then the supernatant was removed, and to the
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remaining slurry containing a solid portion produced in the
above reaction were added 200 ml of decane and 50 mmol of
diethylaluminum chloride to perform reaction again.at 80 °C
for 1 hour. Subsequently, the solid portion was separated
by filtration and washed once with 100 ml of decane, to
prepare a solid component containing an organic group
having reduction ability.

The solid component thus obtained was suspended again
in 200.ml of decane, and to the resﬁlting suspension was
then added 25 mmol of titanium tetrachloride to perform
reaction at 80 °C for 2 hours. Thereafter, a solid
produced by the reaction was separated by filtration and
washed 5 times with hexane, to obtain a titanium catalyst
component.

Using the titanium catalyst component thus obtained,
ethylene was polymerized in a manner similar to that of
Example 1.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.
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T Table 2
Composition of the solid catalyst Molar
(wt . %) ratio

of
Ti4 | Ti3t/rit Mg Al Cl OR OR/Ti
Ex.1l 7.3 0 8.8 5.0 53 10.5 0.53
Ex.2 7.0 0 10.2 4.7 50 12.8 0.67
3 :

Ex.3 7.0 0 8.6 4.0 60 5.3 0.28
Ex.4 6.7 0 9.2 4.4 53 11.4 0.63
Ex.5 6.7 o 9.8 4.6 50 12.9 0.71
Comp.Ex.1 5.7 12.0 0.7 43 34 2.20

Remark

OR: alkoxy group and/or alcohol
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Table 3
Activity MFR Bulk Particle Size
Specific Distxibution Geometri-
Gravity {wt . %) cal
100im Standard
g-PE/g- |g/10min g/cc >500um ~ <100pum | beviation
catalyst soopm
Ex. 1| 34,600 2.7 0.33 0.4 99.0 0.6 1.56
Ex. 2 | 36,900 4.4 0.32 0 98.9 1.1 1.51
Ex. 3 33,000 4.9 0.31 0.7 38.0 1.5 1.60
Ex. 4 | 31,200 5.7 0.30 0.3 98.8 0.8 1.64
Ex. 5| 33,900 4.5 0.30 0.2 98.2 1.6 1.54
Comp . 10,600 2.8 0.30 1.1 98.1 0.9 1.54
Ex. 1

Comparative Example 2
[Catalyst]

30 mmol of a commercially available magnesium chloride
anhydride was suspended in 150 ml of n~decane. To the
resultant suspension was dropwise added 120 mmol of n-
butanol over 1 hour with stirring of tﬁe suspension, to
perform reaction at 80 °C for 3 hours. Then, to the
suspension was further dropwise added 240 mmol of
diethylaluminum monochloride at room temperature to perform
reaction at 90 °C for 3 hours. The solid portion obtained
in the reaction was washed and then suspended in n-decane

to give a n-decane suspension. To the suspension was
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dropwise added 3 mmol of titanium tetrachloride to perform
reaction at 25 °C for 10 minutes.

The composition of catalyst thus obtained is set forth
in Table 4.

{Polymerization]

A stainless autoclave with a content volume of 2
liters was thoroughly purged with nitrogen, then charged
with 1 liter of n-hexane and heated to 50 °C. Thereafter,
to the autoclave were added 1.0 mmol of
triisobutylaluminum, 0.5 mmol of ethylene dichloride and
0.02 mmol (in terms of Ti atom} of the catalyst obtained in
the above. After sealing of the autoclave, to the
autoclave were fed hydrogen so that the gauge pressure was
4.5 kg/cm3 and then further fed ethylene so that the gauge
pressure was 8 kg/cm3. The reaction system was kept at 80
°C for 2 hours while continuously feeding ethylene to the
autoclave to keep the total pressure at 8 kg/cm3-G.

The yield of polyethylene thus obtained was 316 g.
This amount corresponds to a polymerization activity of

16,800 g-PE/g-catalyst.

Table 4
Composition of the solid catalyst Molar
{wt.%) ratio
of
Ti3+ | Ti4* [Ti3t/Ti4t] Mg Al cl OR | OR/Ti
Comp. 3.6 1.5 2.4 17 4.2 70 1.4 0.10
Ex. 2




decene, 1-undece e RBRin T
‘pol yenes. Exanpl

1, 4- hexadi ene,

copol yner of etHylfen

constituent uni

90 % by nol . As,the organoa1un1nun1coq£ound [11] for
pol yneri zati on, thé-aferesai d organoal i num corrpounHmﬁHlm

preparation of

10

15

20

25

ﬁdécen& The a-ol efins may be copolynerized with
*ﬁéﬁe I ncl ude but adi ene, i soprene,

£~%%pentad|éﬁ§ d 5-ethylidene-2-norbornene. The

erfr]-olefin thus obtained contains
ed from ¢t hyl ene preferably TH Akt LTINS o{ egt | east

Wl -

the titani um catal yst

Example ©
[Prepolymerization]

A 400 ml cylindrical flask equipped with a stirrer was
charged with 200 ml of purified hexane, 6 mmol of
triethylaluminum and 2 mmel (in terms of Ti atom) of a
hexane suspension of the powdery titanium catalyst
component obtained iﬁ Example 1. Thereafter, to the flask
was fed ethylene at a feed rate of 1.74 Nl/hour over 3
hours at 20 °C to perform prepolymerization of the catalyst
component with ethylene. The amount of polyethylene
produced was 5 g based on 1 g of the catalyst.
[Polymerization]

A 2-liter autoclave was charged with 1 liter of
purified hexane iﬁ a2 nitrogen atmosphere. To the autoclave
were then added 1.0 mmol of triethylaluminum and 0.01 mmol
{(in terms of Ti atom) of the catalyst component having been
subjected to the prepolymerization in the above stage, and
the temperature of the system was elevated to 80 °C.
Thereafter, to the autoclave was fed hydrogen so that the
pressure in the system was 4.0 kg/cmZ—G, and was further
fed ethylene continuously for 2 hours so that the total
pressure was 8.0 kg/cm?-G. The temperature during the
polymerization stage was kept at 80 °C. After the
polymerization was completed, an ethylene polymer produced
was separated from the hexane solyent and dried.

The results of measurement on the properties of the

polymer are set forth in Table 5.
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tltanlun1catalyst cbaponent for ethyl ene polynerization [I], according to

f———
Table 5
Activ- | MFR Bulk Particle Size
ity Specif-—- Distribution
ic
Gravity
g-PE/g—-]1g/10min| g/cc >500um 100um | <100Um
cata- ~
lyst 5004m
Ex. 6 32,800 2.3 0.34 0.6 98.5 0.9
Comparative Example 3
5 In a 400 ml four-neck flask, 30 mmol of magnesium

chloride anhydride was suspended in 150 ml of n-decane. To
the resultant suspension was dropwise added 180 mmol of
ethanol over 1 hour with stirring of the suspension, to
perform reaction at room temperature for 1 hour. Through

10 the reaction, a white powder was obtained from a swollen
magnesium chloride. Then, to the reaction system was

i~ dropwise added 84 mmol of diethylaluminum monochloride at

room temperature to perform reaction at 30 °C for 1 hour.
Thereafter, 300 mmol of titanium tetrachloride was added to

15 the reaction system, and the temperature of the system was
elevated to 80 °C to perform reaction for 3 hours while
stirring the reaction solution. .xfter the reaction was
completed, a solid portion was separated from the solution,

and the solid portion was washed with 2 liters of n-decane.

This Sheet
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necessity: The titani'umcatal yst conmponent for ethylene polynerization may

‘be supported on a carrier. Exanples of such a carrier igpetude—AL203;- Si-O2,
B203, MyO, CaO, Ti®@2, ZnO, Zn[err]O, Sngerr], BaQ Thdb HEBLAGEMENS smh @
a-styrene/ divinyl benzene copol yner. 21 |
{ t
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A 2-liter stainless steel autoclave was thoroughly
purged with nitrogen. Then, the autoclave was charged with
1 liter of n-hexane and was heated to 50 °C. To the
autoclave were added 1.0 mmol of triisobutylaluminum, 0.5

S mmol of ethylene dichloride and 0.02 mmol (in terms of Ti
atom) of the catalyst obtained in the above, and the
autoclave was sealed. Thereafter, into the autoclave was
pressed hydrogen until the gauge pressure became 4.5
kg/cm?, and was further pressed ethylene until the gauge
10 pressure became 8 kg/cm?. Then, to the autoclave was

continuously fed ethylene at 80 °C for 2 hours so that the
total pressure was kept at 8 kg/cm2-G.

The results of measurements on the properties of the

polymer obtained are set forth in Table 6.

15
Table 6
Activity MER Bulk Particle Size
Specific Distribution Geometri~
Gravity {wt .%) cal
Y 100um Standard
T g-PE/fg- |g/10min g/cc >S500um ~ £100pm | Deviation
catalyst 500um
Comp. 36,600 3.0 0.31 17.6 65.8 16.5 2.29
Ex. 3
Tjhﬁﬁﬂﬂﬁmﬂmiﬁji



met hyl propyl ene, 1-butene, 1-hexene, 1-pentene, 4-nethyl-1- pentene,

3- et hyl - 1- pen 2 ene, 1l-nonene, 1-decene, 1l-undecene and

1- dodecene. Th mﬂﬂﬁﬁfmfﬁﬁlns nay be copol ynerized with pol yenes. Exanpl es
of such pol yengs ad |Sne i soprene, 1, 4-hexadiene,

di cycl opent adi et hyl ijdene- 2- nor bor nene. The of et hyl ene
with the [err] e?r‘ﬂNBNu? gbt;al ned conB& ns const |, mﬂﬂﬂ@ lm’”' d from
et hyl ene pref ly..in_an _amount of at |east 90 96

or ganoal um nu conpound [II] for use in the

Wwhat is clalmed is:

r

1. A titanium catalyst component for ethylene
polymerization prepared by contacting:
(A] a solid magnesium aluminum complex containing
5 magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being
obtained by contacting
{a—=1) a magnesium solution formed from a
halogen~containing magnesium compound, an alcohol having at
10 1least 6 carbon atoms and a hydrocarbon solvent, with
{a-2) an organocaluminum compound; with
[B] a tetravalent titanium compound,
wherein titanium atoms contained in fhe titanium
catalyst component are substantially tetravalent and a
15 molar ratio of alkoxy group and/or alcohol to titanium is
in the range of 0.26 to 6.0.
2. The titanium catalyst component for ethylene
ﬁi;i | polymerization as claimed in claim 1, wherein the titanium
catalyst component is obtained by contacting the solid
20 magnesium aluminum complex [A} with the tetravalent
titanium compound [B] in a hydrocarbon solvent,

3. The titanium catalyst component for ethylene
polymerization as claimed in claim 1, wherein the titanium
catalyst component is obtained by contacting the solid

25 magnesium aluminum complex [A] with the tetravalent

titanium compound [B] at a temperature of 50 to 120 °C in a

- i

hydrocarbon solvent,



pol ymeri zation, the aforesaid organoal um num conpound (a-2) used in the
‘preparation of t ' ' st conponent for ethyl ene polynerization
[1] can be enpl oyeBEPUAGEMERT $$EbFefi zati on, the titani um catal yst conponent
for ethyl ene pol :

0. 00001 to about
terms of Ti atom
or ganoal um num c
preferably 2 to

mfrrzatlon [T] s"used in an am‘nm' out
1 m})i ﬂg%ra}yly about 0.0001 ‘oH Mmm I in
e W of {the pol yneri zati on tedctitonayv ' The
niound—++++—+s used i @ %n anount of 1 to 1,000 nol,

00 nol, per 1 g atom of

4. A prepolymerized titanium catalyst component for
ethylene polymerization obtained by prepolymerizing an
olefin to a catalyst comprising

{I] a titanium catalyst for ethylene polymerization

5 which is obtained.by contacting:

{A] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol paving at least 6 carbon atoms, said complex being
obtained by contacting

10 {a-1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

{a—-2) ‘an organocaluminum compound; with

(Bl a ﬁetravalent titanium compound;

15 wherein titanium atoms contained in the titanium
catalyst component are subétantially tetravalent and a
molar ratio of alkoxy group and/or alcohol io titanium is

2 in the range of 0.26 to 6.0, and

[II}) an organcaluminum compound.
20 5. A catalyst for ethylene polymerization
comprising:
the titanium catalyst component for ethylene
polymerization as claimed in claim 1, and
{IT] an organocaluminum compound.
25 6. A catalyst for ethylene polymerization

comprising:
This Sheet Has Been Re[ilaced
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thetitmﬂumci
‘pol yneri zation
for ethyl ene pd
a carrier incldy
SngJerr], BaQ

10

15

Lt ani um cat al yst conponent‘for et hyl ene
[REPLkﬁEM&Nd|$E£EEO necessity. The titanium catalyst conponent
| ymeTTZzatTon “may be supported on la carrier. Exanples of such

o 0 S TG

the olefin-prepolymerized titanium catalyst component

for ethylene polymerization as claimed in claim 4, and

(II] an organcaluminum compound.

7. A process for ethylene polymerization comprising

polymerizing ethylene or copolymerizing ethylene with an -

olefin having 3 to 20 carbon atoms in the presence of a

catalyst for ethylene polymerization comprising:

{I} the titanium catalyst component for ethylene

polymerization as claimed in claim 1, and

{II] an organoaluminum compound.

8. A process for ethylene polymerization comprising

polymerizing ethylene or copolymerizing ethylene with an o~

olefin having 3 to 20 carbon atoms in the presence of a

catalyst for ethylene polymerization comprising

fI1' the prepolymerized titanium catalyst component

for ethylene polymerization as claimed in claim 4, and

{I1] an organoaluminum compound.

This Sheet Hag Been
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:in the range of usually 1 to 1,000 kg/cnferr] (1 kg/cnferr] = 0.981 bar),
preferably 2 to 40 kg/cnferr]. The copol ymerization may be carried out in
plural steps. The ethyl ene pol yner obtai ned as above nay be either a
honopol ymer of ethyl ene, an ethylene/[err]-olefin random copol yner or a

bl ock copol yner, but preferred are a honopol yner of ethylene and a random
copol yner of ethylene with an [err]- olgfln Particularly preferably, an
et hyl ene honopol ynmer or

ABSTRACT
Disclosed is a titanium catalyst component for

ethylene polymerization obtained by contacting [A] a solid
magnesium aluminum complex containing magnesium, halogen,

5 aluminum and an alkoxy group and/or alcohol having at least
6 carbon atoms, with {B] a tetravalent titanium compound.
The solid magnesium aluminum complex [A] is obtained by
contacting (a-1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at

10 1least 6 carbon atoms and a hydrocarbon solvent, with (a-2)
an organoaluminum compound. Also disclosed is a process
for ethylene polymerization comprising polymerizing
ethylene or copolymerizing ethylene with an a-olefin having
3 to 20 carbon atoms in the presence of a catalyst for

15 ethylene polymerization comprising (I] the above-mentioned
titanium catalyst component for ethylene polymerization and

(I} an organocaluminum compound catalyst component.
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an _ethyl ene/ a-ol efin copol ymer, having a density of 0.900 to 0.970
g/cnferr], preferably 0.910 to 0.970 g/cnferr], is prepared in the present

i nvention. The density used herein is that determ ned in accordance with
ASTM D1505. According to the present invention as descri bed above, ethylene
can be (co)polynerized with a high polynerization activity, and noreover,

et hyl ene can be copol ynerized with an a-olefin of 3 to 20 carbon atons. In

the invention, the ethylene (co)polyner is obtained in the form of
particles, and tieRePYACERIERT sreer | 177
i . i

.
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diameter is in the range of generally 10 to 1,500 [err]m preferably 10 to
1,000 [err]m The geonetrical standard deviati of the particles is in the
range of 1.0 to 2.0, preferably 1.0 to 1.8. Th¢ E;Rﬁth@EMEﬂwnnMang $G
obt'ai ned as above according to the present invenliBexcriptorn: pied 0w Bagdkd s
Si e UREPLUARED GHEETS | SC H Claim(s) : paged . to paged s
Description : paged BT paged ... 1 & Drawing(s) : paged .’ to paged .=..
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[ Drawing(s) :paged ........ to paged ......... N
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TITANIUM CATALYST COMPONENT FOR ETHYLENE POLYMERIZATION,
ETHYLENE POLYMERIZATION CATALYST, AND PROCESS FOR ETHYLENE

POLYMERIZATION USING THE SAME

EIEL THE INVE N

The present invention relates to a titanium catalyst
cémponent for ethylene polymerization by the use of which
an ethylene polymer having a narrow particle size
distribution can be prepared with a high polymerization
activity, to an ethylene polymerization catalyst comprising
the titanium catalyst component, and to a process for
ethylene polymerization using this ethylene polymerization

catalyst.

BA R D OF T NVEN N

For preparing ethylene polymers, generally known in
the art is a process of copolymerizing ethylene with an o~
olefin or polymerizing ethylene in the presence of a
Ziegler catalyst. In this process, a high-temperature

solution polymerization wherein polymerization is conducted

"in a hydrocarbon solvent at a temperature higher than the

melting point of the resultant polymer is broadly utilized.
However, if a polymer having a high molecular weight is
intended to be obtained, a polymer concentration in the
polymer solution must be lowered because the viscosity of

the polymer solution becomes high with increase of the
3 i the rn&c’em&nt Sheet
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23-in the range of usually 1 to 1,000 kg/cnferr], ;RY 2ideq 40
kg/ cn2. The copol yneri zation may be carried out i}n ~1 Thhe
et hyl ene pol yner obtai ned as above may be either Jalhonopol yner of t hyl ene,
an“ethylene/[err]-ol efin random copol yner or a bNodk gdpMA M7 RQut
preferred are a honopol ynmer of ethylene and a randgm copol yner_off 4t hyl ene
wth an [err]-olefin. 2

€8]

molecular weight. As a result, a problem of low
productivity of a polymer takes place.

On the other hand, in the case of conducting the
polymerization by a slurry polymerization process, there
resides other problem. That is, the resultant polymer
swells easily in a polymerization solvent. As a result,
the concentration of the slurry can be hardly heightened
and a long-term continuous polymerization operation can be
difficultly made.

The present inventors have studied in the light of the
problems associated with the prior art as mentioned above,
and proposed a titanium catalyst component for ethylene
polymerization as described in, for example, Japanese
Patent Laid-Open Publication No. 195108/1985. This
titanium catalyst component is excellent in handling
property as a slurry and makes it possible to conduct
polymerization operation in a high concentfation of the
slurry. In the titanium catalyst, more than 70% by weight
-of titanium atoms are reduced to trivalent state.~ By the
use of this titanium catalyst component, an ethylene
polymer having an excellent composition (copoiymer)
distribution can be prepared with a high polymerization
activity.

As described above, by the use of the catalyst
component for ethylene polymerization disclosed in Japanese
Patent Laid-Open Publication No. 195108/1985, ethylene ;an

be polymerized with a high polymerization activity, and



Particularly preferably, an ethyl ene honmopol yner or
ethylene/[err]-olefin copolyner, having a density _
g/cnferr], preferably 0.910 to 0.970 g/cnferr], isjp epare e, py esent

i nvention. The density used herein is that determ ped i i th
ASTM D1505. According to the present invention as hyl ene
can be (co)polynerized with a high gﬁlynerlzatlon act | -and nnréover

et hyl ene can be copol yneri zed with [err]-ol efi

In the invention, the ethylene (co)polyner is obtained ——

moreover, an ethylene copolymer having a narrow composition
distribution and excellent morphology can be obtained.
However, now eagerly desired is a titanium catalyst
component for ethylené polymerization by the use of which
an ethylene polymer can be prepared with a high
polymerization activity.

Further, Japanese Patent Publication No. 45404/1988
discloses a process for the preparation of a solid titanium
catalyst component. In this process, the solid titanium
catalyst component is prepared by contacting a magnesium
aluminum complex which is obtained by the contact of an
alcohol solution of halogen-containing magnesium with an
organcaluminum compound, an electron donor having no active
hydrogen and titanium tetrachloride to react with each
other. The solid titanium catalyst'cémponent ocbtained in
this process has a good particle size distribution, and
hence polyolefin obtained by using a catalyst comprising
this solid titanium catalyst component also has a good
particle size distribution. However, the advent of a solid
titanium catalyst component which has excellept catalytic
activity for ethylene polymerization has been eagerly
desired.

Furthermore, Japanese Patent Laid-Open Publication No.
@§§§‘11982 discloses:

a solid titanium catalyst component prepared by
bringing a product obtained by reacting a reaction product

{a1) of halogen-containing magnesium and an alcohol with an



in-the formof particles, and the particle dianeter ifSRgp
generally 10 to 1,500 [err]m preferably 10 to 1, 000{]
geonetrical standard deviation of the particles is

2.0, preferably 1.0 to 1.8. The ethyl ene (co)pol yner
~according to the present invention has a narrow part

4
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e size
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organoaluminum compound into contact with a halogen-
containing titanium compound, said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.25;

a solid titanium catalyst component prepared by
bringing a product obtained by reacting a reaction product
{(a;) of halogen-containing magnesium and an alcochol with an
organcaluminum compound- into contact with a halogen-
containing titanium compound and subsequently bringing the
resulting product into contact with an organcaluminum
halide (halogenation agent}, said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.9; and

a solid titanium catalyst component obtained by
bringing a product prepared by reacting a reaction product
{a1) of halogen-containing magnesium and an alcohol with an
organocaluminum compound into contact with an organcaluminum
halide (halogenation agent), subsequently bringing the
resﬁlting product into contact w;th a halogen-containing
titanium compound and further bringing the resulting
product into contact with an organocaluminum ﬁalide
{halogenation agent), said solid titanium catalyst
component having a molar ratio of alkoxy group and/or
alcohol to titanium of not more than 0.9,

In such solid titanium catalyst components, a molar
ratio Ti3+/Ti4t is in the range of 2.0 to 10, and most of

the tetravalent titanium atoms are reduced into trivalent

he range 51 0/ t 0



25-pol yneri zation activity, and noreover, when e
with an [err]-olefin of 3 to 20 carbon atons, anie
a narrow particle size distribution can be prepared. SpeC|f|caIIy,,by t he
usé of the titaniumcatalyst conponent for ethylédn pmﬁyﬁﬁRl ath

et hyl ene (co) pol ynmer particles having a narrow partiicle size dlsnrubutlon
can be obtained, and extrenely snall55|zed particie ”ar"”produced Wn only a

qpmbyn%rlzed

9|yﬁE( havi ng

smal | amount . S

state. By the use of these catalyst components, ethylene
can be polymerized.with a high polymerization activity.
However, further desired is the advent of a solid titanium
catalyst component for ethylene polymerization which has a
narrowexr particle size distribution and by the use of which
ethylene can be polymerized with much higher polymerization
activity.

Moreover, Japanese Patent Laid-Open Publication No.
91106/1992 discloses a solid titanium catalyst component
obtained by contacting with each other:

a solid magnesium aluminum complex obtained by
contacting a solution formed from halogen-containing
magnesium, an alcohol and a hydrocarbon solvent with
organoaluminum,

a tetravalent compound in a liquid state, and

a wvanadium compound, a zi:conium compound or a hafnium
compound.

In the comparative example of the above Japanese
Patent Laid-Open Publication No.-91106/1992, an experiment
wherein 2-ethylhexoxytitanium trichloride was useé as the
tetravalent titanium compound and no vanadiuﬁ compound was
used is shown.

In such solid titanium catalyst componént as obtained
above, most of titanium atoms are reduced into trivalent
state, and the catalyst component is low in the activity

for ethylene polymerization. Accordingly, a solid titanium

eet Has Been Re‘laced
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The process for ethylene (co)polymerization accordipg—ta the present
invention is carried out using such titaniumcataly tREﬂBﬂEMEﬂ? 4 or-

et hyl ene pol yneri zati on as descri bed above to provi +hy+-ene
(co) pol yner having a narrow particle size distribut o g,ﬂ excel |l ent

nor phol ogy with a high polynerization activity. We h nervzation is
carried out in a slurry polynerizatd on, a slurry-handiing property is also
excel l ent. EXAMPLE The present invention will be degscribed below in nore

catalyst component having a much higher activity for

ethylene polymerization is now desired.

B T OF THE INVENTION

It is, therefore, an object of the present invention
to provide a titanium catalyst component for ethylene
polymerization by the use of which an ethylene polymer
having a narrow particle size distribution can be prepared
with a high polymerization activity, to provide an ethylene
polymerization catalyst comprising the titanium catalyst
component and to provide a process for polymerizing

ethylene using this titanium catalyst component.

MMARY THE INVE N

The titanium catalyst component for ethylene
polymeriiation according to the present invention is a
titanium catalyst component for ethylene polymerization
prepared by contacting:

[Aa] a sdiid magnesium alumiéum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said cémplex being
cbtained by contacting

(a-1l) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at.
least 6 carbon atoms and a hydrocarbon solvent, with

(a-2) an organcaluminum compound; with

{B] a tetravalent titanium compound,



detail with reference to exanples. Analysis of the caIﬁL¥$LmLQL~§Ipylene
pol ymeri zation and measurenments of the particle size di SEPIAuty

and
further the geonetrical standard deviation are carrieq E& ollomnng
manner . 25 pol ynerization activity, and noreover, | ene is:
AR 1997
7 1 e
M

wherein titanium atoms contained in the titanium
catalyst component are substantially tetravalent and a
molar ratio of alkoxy group and/or alcohol to titanium
(OR/Ti) is in the range of 0.26 to 6.0.

This titanium catalyst component for ethylene
polymerization contains, as essential components,
magnesium, halogen, aluminum, an alkoxy group and/or
alcohol having at least 6 carbon atoms and titanium.

A prepolymerized titankum catalyst component (I]*' for
ethylene polymerization according to the present invention
is obtained by prepolymerizing an olefin to the titanium
catalyst component [I] as mentioned above.

The first ethylene polymerization catalyst according
to the present invention comprises the.titanium catalyst
component [I] and an organoaluminum compound [II}.

The second ethylene polymerization catalyst according
to the present invention comprises the prepolymerized
tiéanium catalyst component[I]' and an organoaluminum
compound [II].

The process for ethylene polymerization according to
the present invention comprises polymeriziné ethylene or
copolymerizing ethylene with an ¢t-olefin having 3 to 20
carbon atoms in the presence of the ethylene polymerization

catalyst.

RI DESCRIPTION OF THE DRAWI
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copolynerized with an [err]-olefin of 3 to 20 car bes-atens,. an et hyl ene

copol yner

Specifically, by the use of the titanium catalyst {c
pol ynmeri zation, ethylene (co)polyner particles hav
size distribution can be obtained, and extrenely {
produced in only a snmall anount. Thg process for ¢t
(co) pol yneri zati on according to the
such titani um

having a narrow particle size distributijoRE€akithe »prepar ed.
~foer- et hyl ene

g article
II?QQ@@gqﬁgftic[es are

present invenfion is carried out using

Fig. 1 shows steps of a process for preparing the
titanium catalyst component for ethylene polymerization

according to the present invention.

DETAILED D§§QRiPTIQN QOF THE INVENTION

The titanium catalyst component for ethylene
polymerization according to the present invention, a
catalyst for ethylene polymerization containing the
titanium catalyst component and a process for
(co)polymerizing ethylene using the titanium catalyst
component will be described in detail hereinafter.

The meaning of-the term "polymerization" used herein
is not limited to "homopolymerization”" but may comprehend
"copolymerization¥. Also, the meaning of the term
"polymer" used herein is not limited to "homopolymer"” but
may comprehend "copolymer®.

Fig. 1 is an explanatory view showing one example of a
process for preparing the titanium catalyst component for
ethylene polymerization according to the present invention.

The titanium catalyst component for ethylene
polymerization according to the present invention is
obtained by contacting:

{A}] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being

obtained by contacting



-,

catal yst component for ethylene pol ynerization as{ dgsckihed above to
provi de an et hyl ene (co)pol yner having a narrow pargi-el.e.5i-ze: di stribution
and excel |l ent norphol ogy with a high polynerizatijorj activity. Wen.the

pol yneri zation is carried out in a slurry pol yneqi at?drMAﬁMprry— handl i ng
property is also excellent. EXAMPLE The present i tion will be described
below in nore detail with referencg to exanpl es, ' —be construed
that the invention is in no way limted to those

{a-1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

(a=2) an organocaluminum compound; with

[B] a tetravalent titanium compound.

First, the solid magnesium aluminum complex ([A]
containing magnesium, halogen, aluminum and an alkoxy group
and/or alcohol having at least 6 carbon atoms is described
below.

The‘solid magnesium aluminum complex {[A] is obtained
by contacting:

{a-1) a magneﬁium solution formed from a halogen-
containing magnesiug cbmpéﬁnd, an alcohol having at least 6
carbon atoms and a hydrocarbon solvent, with

{a—~-2) an organocaluminum compound.

In the solid magnesium aluminum complex [A], the
atomic ratio ALl/Mg (Al: aluminum, Mg: magnesium) is in the
range of usually 0.05 to 1, preferably 0.08 to 0,7, more
preferably 0.12 to 0.6. The alkox§ group and/or alcohol
having at least 6 carbon atoms is contained, baséd on 1
part by weight of magnesium, in an amount of uéually 0.5 to
15 parts by weight, preferably 2 to 13 parts by weight,
more preferably 5 to 10 parts by weight. The atomic ratio
x1/Mg (X!: halogen) is in the range of usually 1 to 3,
preferably 1.5 to 2.5.

The solid magnesium aluminum complex [A] is desired to

be particulate, and the diameters of the solid magnesium



exanpl es. Analysis of the catal yst for ethyl ene poryaangatiqn_and
measurenments of the particle size distribution and{fRggaier -t he -geonetri cal
standard deviation are carried out in the foll ow np . 26°1. My,

AT 11 MAR %5,
10 —

aluminum complex particles are preferably in the range of 1
to 200 {m, more preferably 2 to 100 {m. With respect to
the particle size distribution of the complex [A], the
geometrical standard deviation is preferably in the range
of 1.0 to 2.0, particulaxly preferably 1.0 to 1.8.

Concrete examples of the halogen-containing magnesium
compound for use in the preparation of the magnesium
solution {(a-1l) in the invention include:

magnesium halides, such as magnesium chloride,
magnesium bromide, magnesium iodide and magnesium fluoride;

alkoxymagnesium halides, such as methoxymagnesium
chloride, ethoxymagnesium chloride, isopropoxymagnesium
chloride, butoxymagnesium chloride and octoxymagnesium
chloride;

aryloxymagnesium halides, such as phenoxymagnesium
chloride and methylphenoxymagnesium chloride;

alkoxymagnesiums, such as diethoxymagnesium,
diisopropoxymagnesium, dibutoxymagnesium, and
dioctoxymagnesium; '

aryloxymagnesiums, such as diphenoxymagnesium and
dimethylphenoxymagnesium; and

magnesium carboxylates, such as magnesium laurate and
magnesium stearate.

These compounds may be used as a complex or double
compound with another metal, or may be used as a mixture

with another metallic compound.



REPLACES:: f SiEET
Content determnation of My, Al and Ti was carried out
usi ng an anal yzer (I CPF1000TR, produced by Shimazu |salllu‘tsggR
Content determi nation of O was carried out by a siljvgr

net hod. 3. OR group Content determ nation of OR groyp

carried out as follows. A well dried catalyst was added to an acetone

sol ution 11

4. d
7t atfi on

Of these, preferred are magnesium halides and
alkoxymagnesium halides; more preferred are magnesium
chloride and alkoxy magnesium chloride; and most preferred
is magnesium chloride.

These compounds may be used singly or in combination.

The magnesium compound solution (a-1), that is used in
a liquid state in the invention, is formed from the
halogen-containing magnesium compound, an alcohol having at
least.G carbon atoms and a hydrocarbon solvent.

Concrete examples of the alcohol having at least 6
carbon atoms for use in the invention include:

aliphatic alcohols, such as 2-methylpentanol, 2-
ethylpentaﬁol, 2-ethylbutanol, n-heptanol, n-octanol, 2-
ethylhexanol, decanol, dodecanol, tetradecyl alcohol,
undecenol, oleyl alcohol and stearyl alcohol;

alicyclic alcohols, such as cyclohexanol and
methylcyclohexanol;

aromatic alcohols, such as benzyl alcohol,

methylbenzyl alcohol, isopropylbehzyl alcohol, o~
methylbenzyl alcohol and ¢, 0~dimethylbenzyl alcohol; and
alkoxy group-containing aliphatic alcohols, such as n-
butyl cellosolve and .l-butoxy-2-propanol.
Preferred are alcohols having at least 7 carbon atoms.
Of these, 2-ethylhexanol is particularly preferred.
These alcohols may be used singly or in combination.
When the halogen-containing magnesihm compound, the

alcohol having at least 6 carbon atoms and a hydrocarbon
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solvent are brought into contact with each other, the
halogen—containing magnesium compound is dissolved in the
hydrocarbon solvent to give a magnesium solution.

Concrete examples of the hydrocarbon solvent include:

aliphatic hydrocarbons, such as propane, butane, n-
pentane, isopentane, n-hexane, isohexane, n-heptane, n-
octane, isooctane, n-decane, n-dodecane and kerosine;

alicyclic hydrocarbons, such as cyclopentane,
methylcyciopentane, cyclchexane and methylcyclohexane;

aromatic hydrocarbons, such as benzene, toluene and
xylene; and

halogenated hydrocarbons, such as methylene
dichloride, ethyl chloride, ethylene dichloride and
chlorobenzene,

Of these, aliphatic hydrocarbons, particularly those
of 3 to 10 carbon atoms, are preferably émployed.

These hydrocarbon solvents may be used singly or in
combination.

The coﬁtact of the halogen-containing magnesium
compound, the alcohol having at least 6 carbpn atoms and
the hydrocarbon solvent with each other is carried out at a
temperature of usually not lower than room temperature,
preferably not lower than 65 °C, more preferably about 80
to 300 °C, most preferably about 100 to about 200 °C, for a
period of 15 minutes to 5 hours, preferably 30 minutes to 3
hours, though these conditions vary depending upon the

compound and the alcohol used, etc. This Sheet Has Been Re

U



Exdanple 1 [Preparation of a catalyst conmponent] 4.8 g of a commercially
avai | abl e magnesi um chl ori de anhydride, 19.5 g of 2- eththe*&naL.and 200
of decane were heated at 140 [err]C for 3 hours to give aﬁﬁﬁhﬁngmwmus“:*‘¥7
sol'ution containing the nmagnesi um chloride. To the S
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The alcohol is used in an amount of generally not less
than 1 mol, preferably about 1.5 to about 20 mol, more
preferably about 2.0 to about 12 mole, per 1 mol of the
halogen-containing magnesium compound, though this amount
varies depending upon the magnesium compound and the
solvent used, etc.

By contacting the magnesium solution {a-1) with an
organoaluminum compound (a-2), a solid magnesium aluminum
complex [A] is obtained.

Preferably used as the organoaluminum compound {a-2)
in the invention is, for example, an organcaluminum
compound represented by the following formula (iv):

RALAYX3-p (iv)
wherein R® is a hydrocarbon group of 1 to 12 carbon atoms,
X is a halogen atom or hydrogen, and n is 1 to 3.

The hydrocarbon group of 1 to 12 carbon atoms includes
an alkyl group, a cycloalkyl group and an aryl group.
Examples of such groups include mgthyl, ethyl, n-propyl,
isopropyl, iscbutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl.

Concrete examples o% such organcaluminum compound (a-
2) include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylaluminum,
triisobutylaluminum, trioctylaluminum and tri-2- etHasBeenRTlaced

o

alkenylaluminums, such as isoprenylaluminum;
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solution, a m xture solution conposed of 60 mol of tr
m of decane was dropw se added at 20 [err] C over 30
stirring. Then, the tenperature of the resulting m xt
[err] C over 2 hours and heated at the sane tenperatur
conpl etion of the reaction under heating, a solid por
filtration and washed once with 200 ml of decane, to alh a solid
magnesi um al umi num conpl ex. The solli4l magnesi um al uni num conp
obt ai ned was

dialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;

alkylaluminum dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and

alkylaluminum hydrides, such as diethylaluminum
hydride and diisobutylaluminum hydride.

Also employable as the organcaluminum compound is a
compound represented by the following formula (v):

R38,A1Y3.q (v)

wherein R2 is theé same as R2 in the above formula (iv); n
is 1 or 2; and Y is —-ORD, 7081R°5t -0alRd,, -NR®;, -SiRf3 or
-N(R9)AlRP, (wherein Rb,.RC, Rd aﬂa Rh are each methyl,
ethyl, isopropyl, isobutyl, cyclohexyl or phenyl;'Re is
hydrogen, methyl, ethyl, isopropyl, phenyl or
trimethylsilyl; and Rf and RY9 are each methyl or ethyl).

Concrete examples of such organoaluminum compounds
include:

(1) compounds of the formula R23,Al (ORP)3.,, such as
dimethylaluminum methoxide, diethylaluminum ethoxide and

diisobutylaluminum methoxide;



suspended again in 200 nl of decane, and to the resulting suspension was

added 400 mmol of titaniumtetrachloride to performyg err]C
for 2 hours. Then, the reaction product was well § ___QﬁMﬂﬂThsu@ETe to
obtai n a hexane suspension of a solid catalyst. THe JconposiTT he

solid catalyst is set forth in Table 2. A portionj( or1g3gg§qgﬂg ofj5 g of
the solid catal yst) of the hexane sugpension of thkefsolid catal’ys S

wi thdrawn and this portion was introduced into a BO etoL. equi pped
with a Teflon stirrer. To the reactor was ;

{2) compounds of the formula R3jAl (OSiR€3)3-,, such as

e

Et2Al (OSiMe3), (iso-Bu)2Al (0SiMe3) and (iso-—Bu)2al (0SiEt3);

(3) compounds of the formula R3,Al (OAlRY3)3.,, such as
Et2AlOAlEty; and (iso-Bu)2Al0Al (iso-Bu)y;

(4) compounds of the formula R2nAl (NR®3)3-,, such as
MepAlNEts, EtsAlNHMe, MeALNHEt, EtAlN(Me3Si)z and (iso-
Bu) 2A1N (Me3Si)a;

{5) compounds of the formula R2, Al (SiRf3)3_,, such as
{(iso—-Bu)2AlSiMe3; and

{6) compounds of the formula R2,Al[N{RY)A1RP3]3.,, such
as Et2AlN(Me)AlEtz and {iso-Bu)2AIN(Et)Al{iso—-Bu),.

In addition, also employable as the the organcaluminum
compound (a-2) is a complex alkylate which is formed from a
metal of Group I of the periodic table and aluminum, said
complex alkylate being represented by the following
formula:

MIAIRI,
wherein M! is Li, Ma or K, and R} is a hydrocarbon group of
1 to 15 carbon atoms.

Concrete examples of such complex alkylate include
LiAl1 {C2Hs) 4 and LiAl{CqHis) 4. |

Of the organoaluminum compounds as exemplified above,
preferably used are trialkylaluminum, dialkylalumindm
halide, dialkylaluminum hydride and dialkylaluminum
alkoxide. Of these, trialkylaluminum, particularly
triethylaluminum, is.preferred because a catalyst with a

favorable shape can be obtained by using it.
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further added 0.5 g of liquid paraffin, and the content of the réactemeéé
Then, the reactor was placed in a bath of 40 [err]ém@lll%%ﬁlng

stirred.
ni trogen
hexane.

about 10

to pass through the reactor at a rate of 80 NI/ H{, fto ev

By the evaporation, a powdery Ti catalyst conpongn “ﬁﬁﬁ%&LﬂLﬂg

% of liquid paraffin was obtained. 28 SRmno
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These organoaluminum compounds may be used alone or in
combination.

For forming the solid magnesium aluminum complex {A],
the organoaluminum compound {(a-2) is desirably used in such
an amount that the molar ratio (ROH/Al) of the alcohol .
(ROH) having at least 6 carbon atoms used for the
preparation of the'magnesium solution (a-1) to the aluminum
atom {Al) contained in the organoaluminum compound (a-2) is
in the range of about 0.5 to 7, preferably 1 to 5.

fhe contact of the magnesium solution (a-1) with the '
organoaluminum compound (a-2) can be carried out by
dropwise adding the organcaluminum compound (a-2) slowly to

the magnesium solution {a-1) having a magnesium

concentration of preferably 0.005 to 2 mol/l, more

preferably 0.05 to 1 mol/l, with stirring of the magnesium
solution. In this manner, a solid magnesium aluminum
complex {[A]) having excellent particle properties (excellent
morphology) can be obtained.

The temperature for contactin; the magnesium solution
{a=1) with the organoaluminum compound {a-2) is in the
range of usually -50 to 150 °C, preferably -30 to 100 °C.

The solid magnesium aluminum complex [A] thus obtained
contains no reducing organic group, and hence it exhibits
no reduction ability.

The titanium catalyst component for ethylene

polymerization [I] according to the present invention is

This Sheet Has Been Reﬁlaced
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[ Pol ynerization] A 2-liter autoclave was charged with | gff ers pf Uy

hexane in
powdery Ti

hexane, and 0.1 mml| (in terns of Ti aton) of the res
added to the polynerizer. The tenperature of the syst
[err]C, and to the polynerizer maidied 4.0 kg/ cnRG of § hydro
further fed ethyl ene continuously

was

».

a nitrogen atnosphere. Then, 1.0 mmol of tri

catal yst conmponent obtained in the above suspended T

_kgg eIev?P%é

2 hours so tha pre
obtained by contacting the above-described solid magnesium
aluminum complex [A] with a tetravalent compound [B].

Preferably used as the tetravalent titanium compound
[B] is a compound represented by the following formula
(ii) :

Ti (OR?) gX4-g (ii)

wherein R is a hydrocarbon group, X is a halogen atom, and
0 £ g < 3.

Concrete examples of such titanium tetravalent
compound (B] include:

titanium tetrahalides, such as TiCl,, TiBrg and TiIy;

alkoxytitanium trihalides, such as

Ti (OCH3)Cl3,

Ti (OCzHs5)Cl3,

Ti (On-Cy4Hg)Cls,

Ti (OC2H5)Brs, and

Ti (O~iso~C4Hg) Brjy;

dialkoxytitanium dihalides, such as

T1i (OCH3) 2Clsp,

Ti (OC2Hs) 2C12,

Ti(On-C4Hg)2Clz, and

Ti (OCaHs)2Bry; and

trialkoxytitanium monochalides, such as

Ti (OCH3)3C1,

Ti (OCaHg) 3C1,

Ti(On-C4Hg)3Cl, and

Ti( (OCzHg) 3Br,

Lfjed

IUMH msand t he

n; |
om was
to' 80
s then
ssure



kept at 8.0 kg/cnmR2G The tenperature during the p ' '

80 [err]C. After the polynerization was conpl et ed & y?éne bolwner
produced was separated fromthe hexane solvent ang firied. The resul'ts of
measurenents on the properties of the ethyl ene po] yjrern PHARSEY 7fdrth in

Table 3. The yield of the powdery polyner obtainef was 227 g, ang t-he
pol ymer had MFR of 2.7 g/ 10 mn aqqgan appar ent byl thy of

on -was kept at

0. 33 g/cc.

Of these, preferably used are titanium tetrahalides
and particularly pfeferred is titanium tetrachloride.

These compounds may be used singly or in combination.

The tetravalent titanium compound ([B] is used in such

. an amount that the atowmic ratio {Ti/{Mg+al)) of the
titanium {(Ti)} contained in the compound {B] to the
magnesium and the aluminum contained in the solid magnesium
aluminum complex [A} is in the range of 0.005 to 18,
preferably 0.01 to 15.

The contact of the solid magnesipm aluminum complex
{A] with the tetravalent titanium compound {B] is carried
out preferably in a hydrocarbon solvent. BAs the
hydrocarbon solvent, those similar to the aforesaid
hydrocarbons can be employed.

In the invention, the contact is carried out at a
temperature of usually 0 to 150 °C, preferably 50 to 130
°C, more preferably 50 to 120 °C,

The titanium catalyét component for ethylene
polymerization according to the in;ention can be obtained
in the manner as described above, and it contains, as
essential components, magnesium, halogen, aluminum, an
alkoxy group and/or alcohol having at least 6 carbon atoms
and titanium. The titanium contained in this titanium
catalyst component is substantially in a tetravalent state,
namely more than 90 %, preferably more than 95 %, most

preferably 100 % of titanium atoms are in the tetravalent

state.

A

© This Sheet Has Been Re{i



The particle size distribution of the powdery pol yneL.] et forth in Table
1. 29 Table 1 > 850 [err]m 850 [err]m 500 [errﬂnﬁg&@ 9err]n1 180
[err]m 100 [err]m < 45 [err]m500 [err]m 250 [er¥f] [err]n1 100
[err]m 45 [err]mO 0.4 93.1 4.1 0
'5 T MAR )9/
19 ——
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The atomic ratio Ti/Mg of the titanium catalyst
component is in the range of usually 0.01 to 1.5,
preferably 0.05 to 1.0.

The atomic ratio Al/Mg of the titanium catalyst
compohent <is in the range of usually 0.1 to 2.0, preferably
0.13 to 1.5, most preferably 0.15 to 1.2.

The molar ratioc of alkoxy group and/or alcochol to
titanium (OR)/Ti of the titanium catalyst component is in
the range of 0.26 to 6.0, preferably 0.26 to 5.0, most
preferably 0.26 to 4.0.

The amount of the alkoxy group and/or alcohol having
at least 6 carbon atoms is in the range of usually 0.1 to
15 parts by weight, preferably 0.3 to 10 parts by weight,
more preferably 0.5 to 6 parts by weight, based on 1 part
by weight of magnesium.

The titanium catalyst component is preferably in the
form of particles, and the particle diameter thereof is
preferably in the range of 1 to 290 pm, more preferably 2
to 100 Um. The geometrical standard deviation of the |
fitanium catalyst component particles in the particle size
distribution is in the range of 1.0 to 2.0, pfeferably 1.0
to 1.8.

The prepolymerized titanium catalyst component (I}
for ethylene polymerization according to the present
invention is obtained by prepolymerizing an olefin to a

catalyst comprising {I] the titanium catalyst component as



wt . % wt . % wt . % wt . % wt . % Exanpl e 2 Preparatign of a catalyst
conponent and pol ymerization were carried out in a manfiegg .
of .Exanple 1 except for varying the amount of 2-ethyl hgx ﬁﬁixﬂt5”g to
16.3 g and the anmobunt of triethylalum numfrom 60 mmol Y
results of nmeasurenents on the properties of the poly
forth in Table 3. Exanple 3 20

mentioned above and (II} an organoaluminum compound as
mentioned above.

The olefins to be polymerized to the titanium catalyst
component {[I] include ethylene and &-olefin having 3-20
carbon atoms aforementioned. .

Of these, preferably ethylene is prepolymerized or'
ethylene and o-olefin having 3-20 carbon atoms or ethylene
are prepolymerized.

The catalyst for ethylene polymerization according to
the present invention comprises

{I] the titanium catalyst component for ethylene
polymerization as mentioned above, and

[(II} the organoaluminum compound as mentioned above.

The another catalyst for ethylene polymerization
according to the present invention comprises

[I]' the prepolymerized titanium catalyst component as
mentioned above, and

{II] the organoaluminum comppund as mentioned above.

In accordance with the process for ethylene
polymerization according to the present invention# ethylene
is polymerized or copolymerized with an a—olefin having 3
to 20 carbon atoms in the presence of a catalyst for
ethylene polymerization formed from [I] the above-described
titanium catalyst for ethylene polymerization and [II] an
organoaluminum compound catalyst component.

Examples of the a-olefins having 3 to 20 carbon atoms

to be copolymerized with ethylene includes propylene, 2-



Preparation of a catalyst conponent and pol ynerizati gi carried.out I n
a manner simlar to that of Exanple 2 except for var rature
condition after addition of 400 nmol of titaniumtetga ' 80
[err]C to 100 [err]C. The results of neasurenents onft edpf f the

cat al yst conponent and polynerlzat$?n mere carried out

a nanner dllar
to that of Exanple 1 :
b

methylpropylene, l-butene, l-hexene, l-pentene, 4-methyl-1-
pentene, 3-methyl-l-pentene, l-octene, l-nonene, l-decene,
l-undecene and l-dodecene. The O-olefins may be
copolymerized with polyenes. Examples of such polyenes
include butadiene, isoprene, 1,4-hexadiene,
dicyclopentadiene and 5-ethylidene-2-norbornene.

The copolymer of ethylene with the a-olefin thus
obtained contains constituent units derived from ethylene
preferably in an amount of at least 90 % by mol.

As the organocaluminum compound [II] for use in the
polymerization, the aforesaid organocaluminum compound (a-2)
used in the preparation of the titanium catalyst component
for ethylene polymerization [I] can be employed.

In the polymerization, the titanium catalyst component
for ethylene polymerization (I] is used in an amount of
generally about 0.00001 to about 1 mmol, preferably about
0.0001 to about 0.1 mmol, in terms of Ti atom, per 1 liter
of the polymerization reaction vo%ume.

The organoaluminum compound [II] is used in an amount
of 1 to 1,000 mol, preferably 2 to 500 mol, per 1 g-atom of
the titanium contained in the titanium catalygt component
for ethylene polymerization {I}], according to necessity.

The titanium catalyst component for ethylene
polymerization may be supported on a carrier. Examples of
such a carrier include Al;03, SiOz, B03, MgQO, CaO, TiOa,
ZnO, Zn20, Sn03, Ba0O, ThO and resins such as a -

styrene/divinylbenzene copolymer. This Sheet Has Been

LT
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30 "except for varying the anmount of 2-ethyl hexanol fromil9 “g»%é«iﬁﬁB;g
and the amount of triethylal um numfrom60 mmol to 43 : 1Qe resul ts jof
measurenents on the properties of the pol yner obtai ned set! MAR{1897 n

Tabl e 3. Exanple 5 Preparation of a catal yst conponent rizati
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Further, the catalyst for ethylene polymerization as
described above may be prepolymerized with ethylene.

Hydrogen may be used in the polymerization stage,
whereby a molecular weight of a polymer to be obtained can
be regulated.

In the present invention, the polymerization of
ethylene may be carried out by either a liquid phase
polymerization, such as a solution polymerization and a
suspension polymerization, or a gas phase polymerization
Further, the polymerization may be carried out either
batchwise, semi-continuocusly or continuously.

When a slurry polymerization is carried out, any of an
inert solvent and ethylene which is liquid at a
polymerization temperature may be used as a reaction
solvent.

Examples of such inert solvents include aliphatic
hydrocarbons, such as propane, butane, n-pentane,
isopentane, n-hexane, isochexane, n-heptane, n-octane,
iscoctane, n-decane, n-~dodecane agd kerosine; alicyclic
hydrocarbons, such as cyclopentane, methylcyclopeﬁtane,
cyclohexane and methylcyclohexane; and aromatic
hydrocarbons, such as benzene, toluene, xylene and
ethylbenzene. These inert solvents may be used singly of
in combination.

The polymerization temperature is in the range of

usually 20 to 150 °C, preferably 50 to 120 °C, more

preferably 70 to 110 °C; and the polymerization pressure is



wele carried out in a manner simlar to that of Exanple 1 except for
varyi ng the anmount of 2-ethyl hexanol from19.5 g to 15.3 g and the anopunt
of triethylalumnumfrom60 mml to 41 mmol. The rleqbf Eﬂegﬁpﬁénents on
the properties of the polyner obtai ned are set for}t
| ori de
q at 140

Conparative Exanple 1 4.8 g of a commercially avai mag %ﬁz
anhydride, 19.5 g of 2- ethylhexanob and 200 m of de aﬁe at

[err]C for 3 hours to give a honobgérieous
in the range of usually 1 to 1,000 kg/cm?, preferably 2 to

40 kg/cm?.

The copolymerization may be carried out in plural
steps.

The ethylene polymer obtained as above may be either a
homopolymer of ethylene, an ethylene/0-olefin random
copolymer or a block copolymer, but preferred are a
homopolymer of ethylene and a random copolymer of ethylene

with an O-olefin.

Particularly preferably, an ethylene homopolymer or an
ethylene/0-olefin copolymer, having a density of 0.900 to
0.970 g/cm3, preferably 0.910 to 0.970 g/cm3, is prepared
in the present invention. The density used herein is that
determined in accordance with ASTM D1505.

Accorxrding to the present invention as described above,
ethylene can be {(co)polymerized with a high polymerization
activity, and moreover, ethylene can be coﬁolymerized with
an 0-olefin of 3 to 20 carbon atoms.

In the invention, the ethyleﬁe {co)polymer is obtained
in the form of particles, and the particle diameter is in
the range of generally 10 to 1,500 um, preferébly 10 to
1,000 Um.

The geometrical standard deviation of the particles is
in the range Qf 1.0 to 2.0, preferably 1.0 to 1.8.

The ethylene (co)polymer obtained as above according
to the present invention has a narrow particle size

distribution.
This Sheet Has
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sol ution contai ni ng magnesi um chl ori de. To the sol ution,
conposed of 52 mmol of triethylalumnumand 45 m of degaRgp
added at 20 [err]C over 30 mnutes while stirring. Then
the resulting m xture was el evated to 80 [err] C over 2. ours and heatTpd.
at 80 [err]C for 1 hour. After conpletion of the reacti '
the reaction slurry was allowed to §Hand, then the supgr
and to the -

L Xture sol ution

In the powdery {(co}polymer of the present invention,
it is desired that the particles having a diameter of not
smaller than 850 Um are contained in an amount of not more
than 1.0 % by weight, preferably not more than 0.8 % by
weight, particularly preferably not more than 0.5 % by
weight; the particles having a diameter of not larger than
.100 pm are contained in an amount of not more.7.0 % by
weight, preferably not more than 5.0 % by weight,
particularly preferably not more than 3.0 % by weight; and
the particles having a diameter of 100 to 500 Um are
contained in an amount of not less than 85 % by weight,
preferably not less than 90 % by weight; each being based
on the total weight of thg particles.

The ethylene (co)polymer obtained in the invention may
contain various additives, such as heat stabilizers,
weathering stabilizers, antistatic agents, anéi—blocking
agents, lubricants, nucleating agents, pigments, dyes,

inorganic fillers and organic fillers.

EFFECT OF THE INVENTION
In the titanium catalyst component for éthylene
polymerization according to the present invention, the
halogen-containing titanium compound is supported on the
solid magnesium aluminum complex, and the titanium
contained in this catalyst component is in a tetravalent
'state.i Hence, use of the titanium catalyst component makes

it possible to polymerize ethylene with a high



3 1 remuining slurry containing a solid portion prod p{ﬂgyhﬁwhﬁbve
reacti on were added 200 ml of decane and 50 nmmol of dje um i
~h§v§%g

chl.oride to performreaction again at 80 [err]C for
the solid portion was separated by filtration and washe
of decane, to prepare a solid conponent containing anjo

reduction ability. The solid conpogget t hus obt ai ned S suspended again
- M".

polymerization activity, and moreover, when ethylene is
copolymerized with an a~-olefin of 3 to 20 carbon atoms, an
ethylene copolymer having a narrow particle size
distribution can be prepared.

Specifically, by the use of the titanium catalyst
component for ethylene polymerization, ethylene (co)}polymer
particles having a narrow particle size distribution can be
obtained, and extremely small sized particles are produced
in only a small amount.

The process for ethylene (co)polymerization according
to the present invention is carried out using such titanium
catalyst component for ethylene polymerization as described
above to provide an ethylene (co)polymer having a narrow
particle size distribution and excellent morphology with a
high polymerization activity. When the polymerization is
carried out in a slurry polymerization, a slurry-handling

property is also excellent.

EXAMPLE

The present invention will be described belSW in more
detail with reference to examples, but it shéuld be
construed that the invention is in no way limited to those
examples.

Analysis of the catalyst for ethylene polymerization
and measurements of the particle size distribution and
further the geometrical standa;d deviation are carried out:

in the following manner.
This Sheet Has Been Reﬁ

AL




of titaniumtetrachloride to performreaction at 80 0T+ :
Thereafter, a solid produced by the reaction was se amaﬂéﬂghy‘ tyon
and washed 5 tinmes with hexane, to obtain a titaniu alyst co :
Using the titanium catal yst conponent thus obtained, thxhqnna

pol ynmerized in a manner simlar to thag of Exanple 1, i{The results
measurenents on the properties of the

1. Mg, Al, Ti

Content determination of Mg, Al and Ti was carried out
by ICP analysis using an analyzer (ICPF1000TR, produced by
Shimazu Seisakusho K.K.).

2, C1

Content determination of Cl was carried out by a
silver nitrate titration method.
3. OR group

Content determination of OR group (of alcohol) was
carried out as follows.

A well dried catalyst was added to an acetone solution
containing 10 % by weight of water to undergo hydrolysis so
as to obtain ROH, and the ROH was determined by means of
gas chromatography.

4. Particle size distribution and geometrical standard
deviation

The particle size distribution and the geometrical
- standard deviation were measured by the use of a vibrator
(low-tap type, produced by Iida Seisakusho K.K.) and a
sieve (Iida lasting sieve of JIS-Z2~-8801, inner diameter:

200 mm) .

Example 1
[Preparation of a catalyst component]

4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of 2-ethylhexanol and 200 ml of decane

were heated at 140 °C for 3 hours to give a homogeneous



pol ymer obtained are set forth in Table 3. 32 Table 2 Cbnp05|t|on of the
solid catal yst Mol ar (wt %
Tl[err]/Tl[err] My Al d OR
8.8 5.0 53 10.5 0.53

27

solution containing the magnesium chloride. To the
solution, a mixture solution composed of 60 mmol of
triethylaluminum and 52 ml of decane was dropwise added at
20 °C over 30 minutes while stirring. Then, the
temperature of the resulting mixture was elevated to 80 °C
over 2 hours and heated at the same temperature for 2
hours. After completion of the reaction under heating, a
solid portiqn was separated by filtration and washed once
with 200 ml of decane, to obtain a solid magnesium aluminum
complex. |

The solid magnesium aluminum complex thus obtained was
suspended again in 200 ml of decane, and to the resulting
suspension was added 400 mmol of titanium tetrachloride to
perform reaction at 80 °C for 2 hours. Then, the reaction
product was well washed with hexane to cbtain a hexane
suspension of a solid catalyst. The composition of the
solid catalyst is sét forth in Table 2.

A portion {corresponding tolﬁ g of the solid catalyst)
of the hexane suspension of the solid catalyst was
withdrawn and this portion was introduced into a 300 ml
reactor equipped with a Teflon stirrer. To the reactor was
further added 0.5 g of liquid paraffin, and the content of
the reactor was stirred. Then, the reactor was placed in a
bath of 40 °C while causing nitrogen to pass through the
reactor at a rate of 80 Nl/Hr, to evaporate hexane. By the
evaporation, a powdery Ti catalyst component containing

about 10 % of liquid paraffin was obtained.
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4. 4 53 11.4 0.63 Ex.5 6.7 0 : 4.6 750
12.9  0.71 Conp. Ex. 1 57 120 0.7 4311 MAR997 7
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[Polymerization]

A 2-liter autoclave was charged with 1 liter of
purified hexane in a nitrogen atmosphere. Then, 1.0 mmol
of triethylaluminum and the powdery Ti catalyst component
obtained in the above were suspended in hexane, and 0.1
mmol {(in terms of Ti atom) of the resulting suspension was
added to the polymerizer. The temperature of the system
was elevated to 80 °C, and to the polymerizer was fed 4.0
kg/cm?G of hydrogen and was then further fed ethylene
continuously over 2 hours so that the total pressure was
kept at 8.0 kg/cm2G. The temperature during the
polymerization was kept at 80 °C.

After the polymerization was completed, an ethylene
polymer produced was separated from the hexane solvent and
ldried.

The results of measurements on the properties of the
ethylene polymexr are set forth in Table 3.

The yield of the powdery polymer obtained was 227 g,
and the polymer had MFR of 2.7 g/10 min and an apparent
bulk specific gravity of 0.33 g/cc.

The particle size distribution of the powdery polymer

is set forth in Table 1.



Table 3 Activity MFR Bul k Particle Size Specific

Di stribution Ceonetri- Gavity (w. %
Standard g-PE/g- g/10nin g/ cc >500[ err]m [ ery |REPDASE,
Devi ati on cat al yst 500[err] mEx. {1 ;
0.33 0.4 99.0 0.6 1.56 Ex. 2 36, 900 :
0 98.9 1.1 1.51 Ex. 3 33,000 4.9 0.31
1.5 1.60 29

Table 1

> 850 um| 850 pm { 500 um | 250 um | 180 pum § 100 {m | < 45 fm

SO0 um | 250 Um | 180 um | 100 um 45 Um

0 0.4 }§ 93.1 4.1 1.8 0.6 0
wt.$% wt.% wt.% wt.% wt . %
Example 2

Ereparation of a catalyst component and polymerization
were carried out in a manner similar to that of Example 1
except for varying the amount of 2-ethylhexanol from 19.5 g
to 16.3 g and the amount of triethylaluminum from 60 mmol
to 46 mmol.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

Example 3
Preparation of a catalyst component and polymerization
were carried out in a manner similar to that of Example 2
except for varying the temperature condition after addition
of 400 mmol of titanium tetrachloride from 80 °C to 100 °C.
The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

Example 4

Preparation of a catalyst component and polymerizdtion

were carried out in a manner similar to that of Example 1
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except for varying the amount of 2-ethylhexanol from 19.5 g
to 16.3 g and the amount of triethylaluminum from 60 mmol
to 43 mmol.

The results of measurements on the properties of the

polymer obtained are set forth in Table 37/

xampl

Preparation gf a catalyst component and polymerization
were carried out in a manner similar to that of Example 1
except for varying the amount of 2~ethylhexanol from 19.5 g
to 15.3 g and the amount of triethylaluminum from 60 mmol
to 41 mmol.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.

Ty ive Exam 1

4.8 g of a commercially available magnesium chloride
anhydride, 19.5 g of 2-ethylhexanol and 200 ml of decane
were heated at 140 °C for 3 hours to give a homogeneous
solution containing magnesium chloride. To the solution, a
mixture solution composed of 52 mmol of triethylaluminum
and 45 ml of decane was dropwise added at 20 °C over 30
minutes while stirring. Then, the temperature of the
resulting mixture was elevated to 80 °C over 2.5 hours and
heated at 80 °C for 1 hour. After completion of the
réaction under heating, the reaction slurry was allowed to

stand, then the supernatant was removed, and to the



petformreaction at 80 [err]C for 3 hours. Then, to t .
further dropw se added 240 mmol of di et hyl al um num nmono EEPDASEMENT SHEFM
tenperature to performreaction at 90 [err]C for 3 hoyr ss—Fe—sot+e—pqrtfi on
obtained in the reaction was washed and then suspende n ?"dﬁﬁﬁnﬁﬁo gijve
a n-decane suspension. To the suspension was 34 !
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remaining slurry containing a solid portion produced in the
above reaction were added 200 ml of decane and 50 mmol of
diethylaluminum chloride to perform reaction again at 80 °C
for 1 hour. Subsequently, the soclid portion was separated
by filtration and washed once with 100 ml of decane, to
prepare a solid component containing an organic group
having reduction ability.

The solid component thus obtained was suspended again
in ZOO-ml of decane, and to the resﬁlting suspension was
then added 25 mmol of titanium tetrachloride to perform
reaction at 80 °C for 2 hours. Thereafter, a solid
produced by the reaction was separated by filtration and
washed 5 times with hexane, to obtain a titanium catalyst
component.

Using the titanium catalyst component thus obtained,
ethylene was polymerized in a manner similar to that of
Example 1.

The results of measurements on the properties of the

polymer obtained are set forth in Table 3.



dropwi se added 3 mmol of titaniumtetrachloride to peffREAAFEMER]
The conposition of catalyst this]
[ Pol ymeri zation] A stainless autocl
volunme of 2 liters was thoroughly purged wi th nitrogen,

[err]C for 10 m nutes.
forth in Table 4.

liter of n-hexane and heated to 50 [err]C. Thereafter,
were added 1.0 nmmol of triisobutylalumnum 0.5 nmol

t

obt ai ned i s skt

Ve v § AR A9 et
then charged yijh 1
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f ethyl ene dichloride
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Table 2
Composition of the solid catalyst Molar
{wt.%) ratio
of

Ti4 JTidt/riv| Mg al cl OR OR/Ti
Ex.1 7.3 0 8.8 5.0 53 10. 6.53
Ex.2 7.0 0 10.2 4.7 50 12. 0.67
Ex.3 | 7.0 0 8.6 | 4.0 | 60 5.3 | 0.28
Ex.4 6.7 0 9.2 4.4 53 11, 0.63
Ex.5 6.7 0 9.8 4.6 50 12. 0.71
Comp.Ex.1 5.7 12.0 0.7 43 34 2.20

Remark

OR: alkoxy group and/or alcohol



0.02 mmol (in terns of Ti atonm) of the catal yst obtained in the above.
After sealing of the autoclave, to the autoclave were hydr ogen so t hat
t he gauge pressure was 4.5 kg/cnB and then further fe S

gauge pressure was 8 kg/cnB. The reaction system was ﬁgﬂ%bgggw'éyﬁft: or
2 hours while continuously feeding ethylene to the aufoflave to keep
total pressure at 8 kg/cnB-G The yield of polyethyl gn tﬁdkMARtgp@
316 g. This anobunt corresponds to & Pol ynerization aqtifyity of 16, 80
g- PE/ g-cat al yst.

Table 3 T —
Activity MFR Bulk Particle Size
Specific Distribution Geometri-
Gravity {wt.%) cal
l1o0um Standard
g-PE/g~ |g/10min g/cc >500um ~ <100pm | Deviation
catalyst 500um
Ex, 1 34,600 2.7 0.33 0.4 99.0 0.6 1.56
Ex. 2 36,900 4.4 0.32 ) 98.9 1.1 1.51
Ex. 3 33,000 4.9 0.31 0.7 88.¢ 1.5 1.60
Ex. 4 31,200 5.7 0.30 0.3 98.8 0.8 1.64
Ex. 5 33,900 4.5 0.30 0.2 88.2 1.8 1.54
Comp. 10,600 2.8 0.30 1.1 88.1 0.9 1.54
Ex. 1
Comparative Example 2
[Catalyst]

30 mmol of a commercially available magnesium chloride
anhydride was suspended in 150 ml of n-decane. To the
resultant suspension was dropwise added 120 mmol of n-
butanol over 1 hour with stirring of the suspension, to
perform reaction at 80 °C for 3 hours. Then, to the
suspension was further dropwise added 240 mmol of
diethylaluminum monochloride at room temperature to perform
reaction at 90 °C for 3 hours. The solid portion obtained
in the reaction was washed and then suspended in n-dec;ne

to give a n-decane suspension. To the suspension was



Tabl e 4 Conposition of the solid catal yst Mol ar | (REPIACEMENT SHEET

ratio Ti[err] Ti[err] Ti[err]/Ti[err] My Al d OR—-CRf-H

Conp. 3.6 1.5 2.4 17 4.2 70 1.4 . 1,0 3

Exanpl e 6 ]?1 MAR!%WT
34 h

dropwise added 3 mmol of titanium tetrachloride to perform
reaction at 25 °C for 10 minutes.

The composition of catalyst thus obtained is set forth
in Table 4.

[Polymerization]

A stainless autoclave with a content volume of 2
liters was thoroughly purged with nitrogen, then charged
with 1 liter of n-hexane and heated to 50 °C. Thereafter,
to the autoclave were added 1.0 mmol of
triisobutylaluminum, 0.5 mmol of ethylene dichloride and
0.02 mmol (in terms of Ti atom) of the catalyst obtained in
the above. After sealing of the autoclave, to the
autoclave were fed hydrogen so that the gauge pressure was
4.5 kg/cm3 and then further fed ethylene so that the gauge
pressure was 8 kg/cm3. The reaction system was kept at 80
°C for 2 hours while continuously feeding ethylene to the
autoclave to keep the total pressure at 8 kg/cm3-G.

The yield of polyethylene thus o¢obtained was 316 g.
This amount corresponds to a polymerization activity of

16,800 g~-PE/g-catalyst.

Table 4
Composition of the solid catalyst Molar
' (wt . %) ratio
of
Ti3* | 7i4t | Ti3t/Tidt] Mg al cl OR |OR/Ti
Comp. 3.6 1.5 2.4 17 4.2 70 1.4 [0.10
Ex. 2




[ Pr'epol yneri zation] A 400 m cylindrical flask equi pped with a stirrer was
charged with 200 ml of purified hexane, 6 mml of triethyLal um numand 2

mmol (in terms of Ti aton) of a hexane suspension of the
catal yst conmponent obtained in Exanple 1. Thereafter, tojt
ethylene at a feed rate of 1.74 N /hour over 3 hours at

perform prepol yneri zation of the catal yst conponent wi thf ef hyfl¢
amount of pol yet hyl ene produced wa835 g based on 1 g of e cat

Exam

[Prepolymerization]

AR 147

A 400 ml cylindrical flask equipped with a stirrer was

charged with 200 ml of purified hexane, 6 mmol of

triethylaluminum and 2 mmol (in terms of Ti atom) of a

hexane suspension of the powdery titanium catalyst

component obtained in Example 1. Thereafter, to the flask

was fed ethylene at a feed rate of 1.74 Nl/hour over 3

hours at 20 °C to perform prepolymerization of the catalyst

component with ethylene. The amount of polyethylene

produced was 5 g based on 1} g of the catalyst.

[Polymerization]

A 2-liter autoclave was charged with 1 liter of

purified hexane in a nitrogen atmosphere. To the autoclave

were then added 1.0 mmol of triethylaluminum and 0.01 mmol

{in terms of Ti atom) of the catalyst component having been

subjected to the prepolymerization in the above stage, and

the temperature of the sysfem was elevated to 80 °C.

Thereafter, to the autoclave was fed hydrogen so that the

pressure in the system was 4.0 kg/cm?-G, and was further

fed ethylene continuously for 2 hours so that the total

pressure was 8.0 kg/cm?-G. The temperature during the

polymerization stage was kept at 80 °C. After the

polymerization was completed, an ethylene polymer produced

was separated from the hexane solvent and dried.

The results of measurement on the properties of the

polymer are set forth in Table 5.



[ Pol ynerization] A 2-liter autoclave was charged with 1 liter of purified
hexane in a nitrogen atnosphere. To the autoclave were then added 1.0 mol
of, triethylalum numand 0.01 mmol (in terms of Ti atom) of the catalyst
conponent having been subjected to the prepol ynerizatif@n-+a.Lhe above
stage, and the tenperature of the system was elevated't@FBOHEQﬁ%EIE“jrw7
Thereafter, to the autoclave was fed hydrogen so that jt e pre ﬁﬁtTthe
systemwas 4.0 kg/cn2-G and was fdrG@ her fed ethylenelc n%ipuously 0
hours so that the total MAR 1997

Table 5
Activ- MFR Bulk Particle Size
ity Specif- Distribution
ic
Gravity
g-PE/g-|g/10min| g/cc >500um | 100um | <100um
cata- ~
lyst 500¢m
Ex. 6 | 32,800 2.3 0.34 0.6 98.5 0.9

In a 400 ml four-neck flask, 30 mmol of magnesium
chloride anhydride was suspended in 150 ml of n-decane. To
the resultant suspension was dropwise added 180 mmol of
ethanol over 1 hour with stirring of the suspension, to
perform reaction at room temperature for 1 hour. Through
the reaction, a white powder was obtained from a swollen
magnesium chloride. Then, to the reaction system Qas
dropwise added 84 mmol of diethylaluminum monochloride at
room temperature to perform reaction at 30 °C for 1 hour.
Thereafter, 300 mmol of titanium tetrachloride was added to
the reaction system, and the temperature of tﬁe system was
elevated to 80 °C to perform reaction for 3 hours while
stirring the reaction solution. After the reaction was
completed, a solid portion was separated from the solution,
and the solid portion was washed with 2 liters of n~decane.

(Polymerization]



pressure was 8.0 kg/cnferr]-G The tenperature during t q;g@gh@( L,r_.hzghgﬁpj
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The results of neasurenent on the properties of the poljy
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A 2-liter stainless steel autoclave was thoroughly
purged with nitrogen. Then, the autoclave was charged with
1 liter of n-hexane and was heated to 50 °C. To the
autoclave were added 1.0 mmol of triisobutylaluminum, 0.5
mmol of ethylene dichloride and 0.02 mmol (in terms of Ti
atom) of the catalyst obtained in the above, and the
autoclave was sealed. Thereafter, into the autoclave was
pressed hydrogen until the gauge pressure became 4.5
kg/cm?, and was further pressed ethylene.until the gauge
pressure became 8 kg/cm?. Then, to the autoclave was
continuously fed ethylene at 80 °C for 2 hours so that the
total pressure was kept at 8 kg/cm?-G.

The results of measurements on the properties of the

polymer obtained are set forth in Table 6.

Table 6
Activity MEFR Bulk Parxticle Size
Specific Distribution Geometri-
Gravity {wt.%) cal
o 100um Standaxd
g-PE/g- | g/l0min g/ce >500um ~ <100um{ Deviation
catalyst scop‘nl
Comp. 36,600 3.0 0¢.31 17.6 65.8 .16.5 2.29
Ex. 3




Tabl e 5 HT*“T" ; - Byl k Particle Size ity
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What 1is claimed is:

1, A titanium catalyst component for ethylene
polymerization prepared by contacting:

faA] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being
obtained by contacting

{a=1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

(a-2) an organocaluminum compound; with

[B] a tetravalent titanium compound,

wherein titanium atoms contained in fhe titanium
catalyst component are substantially tetravalent and a
molar ratio of alkoxy group and/or alcochol to titanium is
in the range of 0.26 to 6.0.

2. The titanium catalyst component for ethylene
polymerization as claimed in claim, 1, wherein the titanium
catalyst component is obtained by contacting the solid
magnesium aluminum complex [A] with the tetravalent
titanium compound [B) in a hydrocarbon solvent.

3.  The titanium catalyst component for ethylene
polymerization as claimed in claim 1, wherein the titanium
catalyst component is obtained by contacting the solid
magnesium aluminum complex [A] with the tetravalent
titanium compound [B) at a temperature of 50 to 120 °C in a

hydrocarbon solvent. REPLACEMERNT SHEET
' This Sheet Has Been Replac

v (IR i




In a2 400 m four-neck flask, 30 mmmol of magnesi um chloride anhydri de was

suspended in 150 mM of n-decane. To the resultant- suspen5|on was dropmﬁse

added 180 mmol of ethanol over 1 hour with stlrrn ﬁEEE“
performreaction at roomtenperature for 1 hour. E B E“ﬂ

white powder was obtained froma swollen nmagnesi um I'de.n Then,* to the
reacti on system was dropw se added 84 mmol of diethyl al um num nonochl ori de
at roomtenperature to performreac §H1at 30 [err]C for 1 hour.

Thereafter, 300 mmol|l of titaniumtetrachl oride was added to

4. A prepolymerized titanium catalyst component for
ethylene polymerization obtained by prepolymerizing an
olefin to a catalyst comprising

[I] a titanium catalyst for ethylene polymerization
which is obtained.by contacting:

{A] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol paving at least 6 carbon atoms, said complex being
obtained by contacting

(a-1) a magnesium solutioq formed from a
halogen-containing magnesium compound, an alcohol having at
least 6 carbon atoms and a hydrocarbon solvent, with

(a~2) ‘an organcaluminum compound; with

[B] a tetravalent titanium compound;

wherein titanium atoms contained in the titanium
catalyst component are subétantially tetravalent and a
molar ratio of alkoxy group and/or alcohol fo titanium is
in the range of 0.26 to 6.0, and -

{II] an organocaluminum compound.

5. A catalyst for ethylene polymerization
comprising:

the titanium catalyst component for ethylene
polymerization as claimed in claim 1, and

(II] an organoaluminum compound.

6. A catalyst for ethylene polymerization

comprising: CEPLACEMENT SHEET |
Sheet Has Been Replaced

11 e 7 HIIlIlHIIIIH\II Il




thé reaction system and the tenperature of the systemwas el evated to 80
[err]C to performreaction for 3 hours while stirring the reaction
solution. After the reaction was conpleted, a solid

b Gecane. LPol ymori sation] - g PoTt!on vas washed W""@”"m" Bﬂmﬁ )
40

the olefin-prepolymerized titanium catalyst component
for ethylene polymerization as claimed in claim 4, and

(II] an organocaluminum compound.

7. A process for ethylene polymerization comprising

polymerizing ethylene or copolymerizing ethylene with an o~
olefin having 3 to 20 carbon atoms in the presence of a
catalyst for ethylene polymerization comprising:

{I] the titanium catalyst component foi ethylene
polymerization as claimed in claim 1, and

(II] an organoaluminum compound .
8. A process for ethylene polymerization comprising
polymerizing ethylene or copolymerizing ethylene with an -
olefin having 3 to 20 carbon atoms in the presence of a
catalyst for ethylene polymerization comprising

[I]' the prepolymerized titanium catalyst component

for ethylene polymerization as claimed in claim 4, and

{II] an organoaluminum compound.

l'
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CLAI M5 1. A titanium catal yst conponent for ethylene polynerization
prepared by contacting: [A] a solid magnesi um al um num conpl ex cont ai ni ng
magnesi um hal ogen, al um num and an al koxy group and/or al cohol having at

| east 6 carbon atons, said conpl ex being obtained by contacting (a-1) a
magnesi um sol uti on forned from a hal ogen- contalnlng magnesi um conpound, an

431
al cohol havézzr:] Aﬁtzmldegi&zag'zg%rggﬁ?gﬁ% 208 BriNPEREBPIMERLYER oM LD
ETHYLENE BOLYMERIZATION CATALYST, AND PROCESS FOR

ETHYLENE POLYMERIZATION USING THE SAME

ABSTRACT
Disclosed is a titanium catalyst component for
ethylene polymerization obtained by contacting [A] a solid
magnesium aluminum complex containing magnesium, halogen,
aluminum and an alkoxy group and/or alcochol having at least
6 carbon atoms, with [B] a tetravalent titanium compound.

" The solid magnesium aluminum complex [A] is obtained by
contacting (a-1l) a magnesium solution formed from a
ha}oéen-containing magnesium compound, an alcohol having at

" least 6 ca;bon atoms and a hydrocarbon solvent, with (a-2)
an organoaluminum compound. Also disclosed is a process
for ethylgne polymerization comprising polymerizing
ethylene or copolymerizing ethylene with an G-olefin having
3 to 20 carbon atoms in the presence ¢of a catalyst for
ethylene polymerization comprising {I] the above-mentioned
titahium catalyst component for ethylene polymerization and

[ITI] an organqaluminum compound catalyst component.

FIGURE 1.




(a-2) an organoal umi num conmpound; with [B] a tetravalent titani um conpound,
wherein titaniumatons contained in the titanium catal yst conponent are for
nore than 90%in the tetravalent state and the nolar ratio or al koxy group
and/ or alcohol to'titaniumis in the range of 0.26 to 6.0. 2. The
titanium catal yst conponent for ethyl ene polynerization as clained in claim
1, wherein the titanium catal yst conponent *ls obt ai ned by contacting the
solid magnesi um al um num conplex [A] with t/he tetraval ent
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titahi unRERIACHMENT BHEETSa h$Gr qcar bon solvent. 3.  The tjtanium catal yst
eonp Jrérﬁestiépti@t:fpﬁ’gg%‘.‘ﬂo ﬁé&fggt ion as claimed in clai m%,PLMEMENBSHﬁET
titahid@laia(sl ystpagahpane pagédsnbtai ned by contacting the solid magnesium
al unj ridMrawing(9x pagdd Wi.tb pabed L.et naval ent titani'um conpound [B] at a

t enppridtAbsracf SQaped 1260 [pREéd C..1p a hydrgcarbon sol vent.

| DATE OF RECEIPT..MY%......... _
state. By the use of these catalyst components, ethylene

can be polymerized with a high polymerization activity.
However, further desired is the advent of a solid titanium
catalyst component for ethylene polymerization which has a
narrower particle size distribution and by the use of which
ethylene can be polymerized with much higher polymerization
activity.

Moreover, Japanese Patent Laid-Open Publication No.
91106/1992 discloses a solid titanium catalyst component
obtained by contacting with each other:

a solid magnesium aluminum complex obtained by
contacting a solution formed from halogen-containing
magnesium, an alcohol and a hydrocarbon solvent with
organoaluminum,

a tetravalent compound in a liquid state, and

a vanadium compound, a zirconium compound or a hafnium
compound.

In the comparative example of the above Japanese
Patent Laid-Open Publication No. 91106/1992, an experiment
wherein 2-ethylhexoxytitanium trichloride was used as the
tetravalent titanium compound and no vanadium compound was

used is shown.

US-5180702 discloses polymerisation catalysts formed by
dissolution of a group (IIA) or a group (IIB) halide and an
alcohol, contacting the solution with a reducing organo-
metallic compound to form a soluble complex and contacting
the soluble complex with a halide ion exchanging source.

REPLACEN\EW; Smit “




39 4. A prepol ymeri zed titanium catalyst conponent for ethylene _
pol yneri zation obtained by prepolynerizing an olefin to a CQEWMENT.SHEET
conprising [I] a titaniumcatalyst for ethylene polymerization which is
obt ai ned by contacting: [A] a solid magnesi um al um num conpl ex contai ni ng
magnesi um hal ogen, al um num and an al koxy group and/or al cohol having at

| east 6 carbon atons, said conplex bei ngpbtained by contacting

EP-A-0 494 084 discloses carrier-supported titanium
catalyst components obtained by reacting a magnesium
containing support, an organic aluminum compound and a
titanium compound in the liquid state. This process
involves the reaction of the magnesium-containing support
with a reducing organometallic compound, and only after

that the titanium is added.

In DE-A-29 34 689 a catalyst is prepared by dissolving an
organomagnesium compound and an organocaluminum halide
compound in a hydrocarbon solvent to form magnesium halide

particles onto which a titanium halide is absorbed.

In such solid titanium catalyst component as obtained
above, most of titanium atoms are reduced into trivalent
state, and the catalyst component is low in the activity
for ethylene polymerization. Accordingly, a solid

titanium




a-1) a magnesium solution formed from a hal ogen-cont ai ni ng nesi um
éonpéund, gn al cohol having at |east 6 carbon atons and a h?é? MESIT SHEET
solvent, with (a-2) an organol um num conmpound; with [B] a tetravalent
titani um conpound; wherein the titaniumatons contained in the titani um
catal yst conmponent are for nore than 90 %in the tetraval ent state and the
nol ar ratio of al koxy group and/or alcohgl to titaniumis in the range of

0.26.to 6.0, and

wherein the titanium atoms contained in the titanium

catalyst component are for more than 90% in the

tetravalent state and the molar ratio of alkoxy group

and/or alcohol to titanium (OR/Ti) is in the range of 0.26
to 6.0.

‘This titanium catalyst component for ethylene
polymerization contains, as essential components,
magnesium, halogen, aluminum, an alkoxy group and/or
alcohol having at least 6 carbon atoms and titanium.

A prepolymerized titanium catalyst component [I]’ for
ethylene polymerization according to the present invention
is obtained by prepolymerizing an olefin to the titanium
catalyst component [I] as mentioned above.

The first ethylene polymerization catalyst according
to the present invention comprises the titanium catalyst
component [I] and an organocaluminum compound [II].

The second ethylene polymerization catalyst according
to the present invention comprises the prepolymerized
titanium catalyst component [I]’ and an organcaluminum
compound [II].

The process for ethylene polymerization according to
the present invention comprises polymerizing ethylene or
copolymerizing ethylene with an «-olefin having 3 to 20
carbon atoms in the presence of the ethylene

polymerization catalyst.

BRIEF DESCRIPTION OF THE DRAWING e
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[1l] an organoal um num conpound. 5. A catal yst for ethylene
pol yneri zation conprising: the titanium catal yst conponenﬁg#@ACEMENTSHEET
pol ymeri zation as clainmed in claim1, and [I1] an organoal um num conpound.

6. A catal yst for ethylene polynerization conprising:

12

solvent are brought into contact with each other, the
halogen-containing magnesium compound is dissolved in the
hydrocarbon solvent to give a magnesium solution.

Concrete examples of the hydrocarbon solvent include:

aliphatic hydrocarbons, such as propane, butane, n-
pentane, isopentane, n-hexane, isohexane, n-heptane, n-
octane, isooctane, n-decane, n-dodecane and kerosine;

alicyclic hydrocarbons, such as cyclopentane,
methylcyclopentane, cyclohexane and methylcyclohexane;

aromatic hydrocarbons, such as benzene, toluene and
xylene; and

halogenated hydrocarbons, such as methylene
dichloride, ethyl chloride, ethylene dichloride and
chlorobenzene.

Of these, aliphatic hydrocarbons, particularly those
of 3 to 10 carbon atoms, are preferably employed.

These hydrocarbon solvents may be used singly or in
combination.

The contact of the halogen-containing magnesium
compound, the alcohol having at least 6 carbon atoms and
the hydrocarbon solvent with each other is carried out at
a temperature of usually not lower than room temperature,
preferably not lower than 65°C, more preferably 80 to
300°C, most preferably 100 to 200 °C, for a period of 15
minutes to 5 hours, preferably 30 minutes to 3 hours,

though these conditions vary depending upon the compound

and the alcohol used. S
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39 4. A prepolynerized titanium catal yst conponent for e
pol yneri zati on obtai ned by prepolynerizing an olefin to ai§§ﬁ£ﬁg§$MTSHEET

conprising [I] a titaniumcatalyst for ethylene polymerization which is
obtai ned by contacting: [A] a solid nagnesi um al um num conpl ex cont ai ni ng
magnesi um hal ogen, al um num and an al koxy group and/or al cohol having at
| east 6 carbon atons, said conplex beings;

The alcohol is used in an amount of generally not
less than 1 mol, preferably 1.5 to 20.mol, more preferably
2.0 to 12 mole, per 1 mol of the halogen-containing
magnesium compound, though this amount varies depending
upon the magnesium compound and the solvent used.

By contacting the magnesium solution (a-1) with an
organocaluminum compound (a-2), a solid magnesium aluminum
complex [A] is obtained.

Preferably used as the organcaluminum compound {a-2)
in the invention is, for example, an organocaluminum

compound represented by the following formula (iv):
R*AlX,, (iv)

wherein R* is a hydrocarbon.group of 1 to 12 carbon atoms,
X is a halogen atom or hydrogen, and n is 1 to 3.

The hydrocarbon group of 1 to 12 carbon atoms
includes an alkyl group, a cycloalkyl group and an aryl
group.

Examples of such groups include methyl, ethyl, n-propyl,
isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl.

Concrete examples of such organocaluminum compound (a-
2} include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylalumium,
triisobutylaluminum, trioctylaluminum and tri-2-

ethylhexylaluminum;

REPLACEMFHT : i
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obt ai ned by contacting (a-l) a magnesi um solution forned fr
hal ogen- cont ai ni ng magnesi um conpound, an al cohol havi ng aHR#%§§FM5N2§ﬁSEH

atons and a hydrocarbon solvent, with (a-2) an organoal um num conpound;
with [B] a tetraval ent titani um conpound; wherein titanium atons contai ned
in the titanium catal yst conponent are substantially tetraval ent and a

nol ar ratio of al koxy group and/or alcohd to titaniumis in the range of
0.26.to 6.0, and

alkenylaluminums, such as isoprenylaluminum;

These organocaluminum compounds may be used alone or
in combination.

For fofming the solid magnesium alﬁminum complex [A]},
the organocaluminum compound (a-2) is desirably used in
such an amount that the molar ratio (ROH/Al) of the
alcohol (ROH) having at least 6 carbon atoms used for the
preparation of the magnesium solution (a-1) to the
aluminum atom {(Al} contained in the organoaluminum
compound {a-2) is in the range of 0.5 to 7, preferably 1
to 5.

The contact of the magnesium solution {(a-1) with the
organcaluminum compound {a-2) can be carried out by
dropwise adding the organcaluminum compound {a-2) slowly
to the magnesium solution (a-1) haﬁing a magnesium
concentration of preferably 0.005 to 2 mol/l, more
preferably 0.05 to 1 mol/l, with stirring of the magnesium
solution. In this manner, a solid magnesium aluminum
complex [A] having excellent particle properties
{excellent morphology) can be obtained.

The temperature for contacting the magnesium solution
(a-1) with the organocaluminum compound (a-2) is in the
range of usually -50 to 150 °C, preferably -30 to 100 °C.

The solid magnesium aluminum complex {[A] thus
obtained contains no reducing organic group, and hence it
exhibits no reduction ability.

The titanium catalyst component for ethylene
polymerization [I] according to the present invention is

owae -
ol il
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[1l] an organoal um num conpound. 5. A catal yst for ethylene

pol ynmeri zation conprising: the titanium catal yst conponent &&{AggugﬂkﬁﬁfET
pol ynmeri zation as clainmed in claiml1, and [I1] an organoalﬁn1nun1conpound.
6. A catalyst for ethylene polynerization conprising:

18

of these, preferably used are titanium tetrahalides
and particularly preferred is titanium tetrachloride.

These compounds may be used singly or in combination.

The tetravalent titanium compound [B] is usually used
in such an amount that the atomic ratio (Ti/(Mg+Al)) of
the titanium (Ti) contained in the compound [B] to the
magnesium and the aluminum contained in the solid
magnesium aluminum complex [A] is in the range of 0.005 to
18, preferably 0.01 to 15.

The contact of the solid magnesium aluminum complex
[A] with the tetravalent titanium compound [B] is carried
out preferably in a hydrocarbon solvent. As the
hydrocarbon solvent; those similar to the aforesaid
hydrocarbons can be employed.

In the invention, the contact is carried out at a
temperature of usually 0 to 150 °C, preferably 50 to 130
°C, more preferably 50 to 120 °C.

The titanium catalyst component for ethylene
polymerization according to the invention can be obtained
in the manner as described above, and it contains, as
essential components, magnesium, halogen, aluminum, an
alkoxy group and/or alcohol having at least 6 carbon atoms
and titanium. The titanium contained in this titanium
catalyst component is substantially in a tetravalent
state, namely more than 90 %, preferably more than 95 %,

most preferably 100 % of titanium atoms are in the

tetravalent state. ﬁﬂ%ﬁﬁEMEﬁ?‘U-T;:_
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40 the ol efin-prepol ynerized titanium catal yst conponent {or_ethylene
polymerization as claimed in claim4, and [Il] an organoa H

7. A process for ethylene polynerization conprising polyﬁg?ﬂggﬂgggfﬁyﬁgke
or copolymerizing ethylene with an [err]- olefin having 3 to 20 carbon

atons"in the presence of a catalyst for ethylene polynerization conprising:
[I] the titanium catal yst conponent for #thyl ene

methylpropylene, l-butene, l-hexene, l-pentene, 4-methyl-
l-pentene, 3-methyl-l-pentene, l-octene, l-nonene, 1-
decene, l-undecene and l-dodecene. The a-olefins may be
copolymerized with polyenes. Examples of such polyenes
include butadiene, isoprene, 1,4-hexadiene,
dicyclopentadiene and 5-ethylidene-2-norbornene.

The copolymer of ethylene with the a-olefin thus
obtained contains constituent units derived from ethylene
préferably in an amount of at least 90 % by mol.

As the organoaluminum compound [II] for use in the
polymerization, the aforesaid organoaluminum compound (a-
2) used in the preparation of the titanium catalyst
component for ethylene polymerization [I] can be employed.

In the polymerization, the titanium catalyst
component for ethylene polymerization [I] is used in an
amount of generally 0.00001 to 1 mmol, preferably 0.0001
to 0.1 mol, in terms of Ti atom, per 1 liter of the
pelymerization reaction volume.

The organocaluminum compound [II] is used in an amount
of 1 to 1,000 mol, preferably 2 to 500 mol, per 1 g atom
of the titanium contained in the titanium catalyst
component for ethylene polymerization [I], according to
necessity. |

The titanium catalyst component for ethylene
polymerization may be supported on a carrier. Examples of

such a carrier include Al 0;, Si0,, B,0;, MgO, CaO, TiO,,

Zn0O, 2Zn,0, Sn0,, BaO, ThO and resins such as a o
REPLAGEM: T SHEET
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pol ynmeri zation as claimed in claim1, and [II1] an organoal um num conpound.

8. A process for ethylene polynerization conprising polynerizi ne
or copolynmerizing ethylene with an [err]- olefin having 3 @Epg§§t@§ﬁg§%%k?
atons in the presence of a catalyst for ethylene polynerization conprising
[1]" the prepolynerized titanium catal yst conponent for ethylene

pol yneri zation as clained in claim4, apg [I1] an organoal um num conpound.

I

in the range of usually 1 to 1,000 kg/cm® {1 kg/cm® = 0.981
bar), preferably 2 to 40 kg/cm’.

The copolymerization may be carried out in plural
steps.

The ethylene polymer obtained as above may be either
a homopolymer of ethylene, an ethylene/¢-olefin random
copolymer or a block copolymer, but preferred are a
homopolymer of ethylene and a random copolymer of ethylene
with an a-olefin.

Particularly preferably, an ethylene homopolymer or
an ethylene/a-olefin copolymer, having.a density of 0.900
to 0.970 g/cm®, preferably 0.910 to 0.970 g/cm®, is
prepared in the present invention. The density used
herein is that determined in accordance with ASTM D1505.

According to the present invention as described
above, ethylene can be (co)polymerized with a high
polymerization activity, and moreover, ethylene can be
copolymerized with an a-olefin of 3 to 20 carbon atoms.

In the invention, the ethylene (co)polymer is
obtained in the form of particles, and the particle
diameter is in the range of generally 10 to 1,500 um,
preferably 10 to 1,000 um.

The geometrical standard deviation of the particles
is in the range of 1.0 to 2.0, preferably 1.0 to 1.8.

The ethylene (co)polymer obtained as above according
to the present invention has a narrow particle size

distribution.
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polymerization activity, and moreover, when ethylene is
copolymerized with an a-olefin of 3 to 20 carbon atoms, an
ethylene copolymer having a narrow particle size
distribution can be prepared.

Specifically, by the use of the titanium catalyst
component for ethylene polymerization, ethylene
(co)polymer particles having a narrow particle size
distribution can be obtained, and extremely small sized
particles are produced in only a small amount.

The process for ethylene {(co)polymerization according
to the present invention is carried out using such
titanium catalyst component for ethylene polymerization as
described above to provide an ethylene (co)polymer having
a narrow particle size distribution and excellent
morphology with a high polymerization activity. When the
polymerization is carried out in a slurry polymerization,

a slurry-handling property is also excellent.

EXAMPLE

The present invention will be described below in more
detail with reference to examples._

Analysis of the catalyst for ethylene polymerization
and measurements of the particle size distribution and
further the geometrical standard deviation are carried out

in the following manner.
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CLAIMS

1. A titanium catalyst component for ethylene
polymerization prepared by contacting:

[A] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being
obtained by éontécting

(a-1} a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having
at least 6 carbon atoms and a hydrocarbon solvent, with

(a-2) an organoaluminum compound; with

[B] a tetravalent titanium compound, wherein
titanium atoms contained in the titanium catalyst
component are for more than 90% in the tetravalent state
*ggé_the molar ratio or alkoxy group and/or alcohol to

titanium is in the range of 0.26 to 6.0.

2. The titanium catalyst component for ethylene
polymerization as claimed in claim 1, wherein the titanium
catalyst component is obtained by contacting the solid
magnesium aluminum complex [A] with the tetravalent

titanium compound [B] in a hydrocarbon solvent.

3. The titanium'cataiyst component for ethylene
polymerization as claimed in c¢laim 1, wherein the titanium
catalyst component is obtained by contacting the solid
magnesium aluminum complex [A] with the tetravalent
titanium compound [B] at a temperature of 50 to 120 °C in

a hydrocarbon solvent.
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4. A prepolymerized titanium catalyst component for

REPLACEMENT SHEET
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ethylene polymerization obtained by prepolymerizing an
olefin to a catalyst comprising

[I] a titanium catalyst for ethylene polymerization
which is obtained by contacting: .

(A] a solid magnesium aluminum complex containing
magnesium, halogen, aluminum and an alkoxy group and/or
alcohol having at least 6 carbon atoms, said complex being
obtained by contacting

{a-1) a magnesium solution formed from a
halogen-containing magnesium compound, an alcohol having
at least 6 carbon atoms and a hydrocarbon solvent, with

(a-2) an organcluminum compound; with

[B] a tetravalent titanium compound;

wherein the titanium atoms contained in the titanium

catalyst component are for more than 90 % in the

tetravalent state and the molar ratio of alkoxy group

and/or alcohol to titanium is in the range of 0.26 to 6.0,

and’

[II] an organcaluminum compound.

5. A catalyst for ethylene polymerization
comprising:

the titanium catalyst component for ethylene
polymerization as claimed in claim 1, and

[II] an organoaluminum'compound.

6. A catalyst for ethylene polymerization

comprising:
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