
DESCRIPTION SOLID TITANIUM CATALYST COMPONENT FOR ETHYLENE POLYMERIZATION,
ETHYLENE POLYMERIZATION CATALYST AND ETHYLENE POLYMERIZATION METHOD FIELD
OF THE INVENTION [0001]        The present invention relates to a solid titanium catalyst component
for ethylene polymerization, an ethylene polymerization catalyst and an ethylene polymerization
method, each of which provides an ethylene polymer having less solvent-soluble components and a
good particle property at a very high activity and each of which is excellent in a molecular
weight-controlling performance. BACKGROUND OF THE INVENTION [0002]        Ethylene polymers
such as homopolyethylene and linear low density polyethylene (LLDPE) are excellent in a
transparency, a mechanical strength and the like and widely used as a film and the like. Various
production methods for the ethylene polymers have so far been known, and it is known that use of a
solid titanium catalyst comprising a titanium catalyst component containing titanium, magnesium, a
halogen and an electron donor as an optional component makes it possible to  2 produce ethylene
polymers at a high polymerization activity. In particular, it is described in a patent document 1 that a
catalyst for ethylene polymerization comprising as a titanium catalyst component, a solid titanium
catalyst component obtained by bringing a halogen-containing magnesium compound prepared in a
liquid state into contact with a liquid titanium compound and an organic silicon compound having no
active hydrogens shows a high activity. Further, it is described in a patent document 2 that polymers
having excellent particle properties are produced by using an olefin polymerization catalyst comprising
an aluminum compound selected from aluminosiloxane, a reaction product of alkylaluminum and
calixarene and a reaction product of alkylaluminum and cyclodextrin, a halogen-containing magnesium
compound and a titanium compound. [0003]        On the other hand, if ethylene can be polymerized at
a higher activity in producing the ethylene polymers, not only the productivity is improved, but also a
catalyst residue per polymer, particularly a halogen amount is reduced, and therefore problems such
as generation of rust on a die in molding can be resolved. Accordingly, a titanium catalyst component
which can polymerize ethylene at a higher activity is desired. [0004] Polymers obtained by
polymerizing ethylene are usually  obtained in a powder form regardless of a slurry method, a gas
phase method and the like. In this case, they are preferably ethylene polymers which do not contain
fine powders and have a narrow particle size distribution and which are excellent in a particle
flowability. The ethylene polymers which are excellent in particle properties have various advantages
that they can be used as they are without pelletizing depending on uses. [0005]        Further, known is
a method in which a molecular weight distribution is broadened by multistage polymerization in order
to obtain a film which is excellent in a transparency and a mechanical strength. Usually, a molecular
weight is controlled by adding hydrogen, but the activity tends to be reduced when elevating an
amount of hydrogen to produce a low molecular weight part. That is, a catalyst which can control a
molecular weight with a small amount of hydrogen is advantageous in terms of an activity even in
multistage polymerization. Accordingly, an ethylene polymerization catalyst having an excellent
property of controlling a molecular weight by hydrogen, which is called a hydrogen response, is
desired. [00061        Also, a polymerization solvent-soluble component tends to be increased when
producing a low molecular weight part by multistage polymerization, and by product comprising the  4
soluble component is desired to be reduced for the sake of a yield of the product and environmental
correspondence. [0007] 



Patent document 1: JP 1997-328514A Patent document 2: JP 1998-53612A DISCLOSURE OF THE
INVENTION [0008]        In light of the background described above, an object of the present invention
is to provide a solid titanium catalyst component for ethylene polymerization which can polymerize
ethylene at a high activity, which is excellent in a hydrogen response, which by-produces less
solvent-soluble component and which can produce an ethylene polymer having a good particle
property, an ethylene polymerization catalyst and an ethylene polymerization method in which the
catalyst is used. [0009]        The present inventors have investigated the problems in order to solve
them. As a result, they have found, to be surprised, that a solid titanium catalyst component (I) for
ethylene polymerization obtained by bringing a liquid magnesium compound (A) comprising a
magnesium compound and two or more kinds of electron donors having a specific number of carbon
atoms into contact with a liquid titanium compound (C) under the presence of an electron donor (B)
can solve the problems, and thus they have completed the present invention.  S [00101 That is, the
present invention provides: a solid titanium catalyst component (I) for ethylene polymerization, which is
obtained by bringing a liquid magnesium compound (A) comprising a magnesium compound, an
electron donor (a) having 1 to 5 carbon atoms and an electron donor (b) having 6 to 30 carbon atoms
into contact with a liquid titanium compound (C) under the presence of an electron donor (B) and
which comprises titanium, magnesium and a halogen. [0011]        The molar ratio ((a)/(b)) of the used
amount of the electron donor (a) to the used amount of the electron donor (b) is preferably less than 1,
and the electron donor (a), the electron donor (b) and the electron donor (B) are preferably hetero
atom-containing compounds excluding cyclic ether compounds. [0012]        The electron donor (a) is
preferably an alcohol having I to 5 carbon atoms, and the electron donor (b) is preferably an alcohol
having 6 to 12 carbon atoms. [0013]        The electron donor (B) is preferably a dicarboxylic ester
compound or at least one compound selected from the group consisting of acid halides, acid amides,
nitriles, acid anhydrides, organic acid esters and polyethers.  6 [0014]        More preferred aspects of
the electron donor (B) include a compound represented by the following Formula (2), a diether
compound represented by the following Formula (3) or a mixture of an organic acid ester having 2 to
18 carbon atoms and the diether compound represented by the following Formula (3). [0015] R' R2
R100C IIR' R3 (2) [0016] In Formula (2), Ca and Cb represent a carbon atom; n represents an integer
of 5 to 10; R2 and R2 each are independently 00OR2 



or R', and at least one of R2 and R3 is COOR1; in a cyclic framework, any carbon-carbon bond other
than a Ca-Ca bond and a Ca-Cb bond when R2 is a hydrogen atom may be substituted with a double
bond. [0017]        A plurality of R2 is a hydrocarbon group having 1 to 20 carbon atoms. [0018]  7
A plurality of R' each is independently an atom or a group selected from a hydrogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containing group, a halogen-containing group and a silicon-
containing group. [0019]        A is a structure represented by the following formula or a netero atom
excluding an oxygen atom: [0020] /\ R' R' [0021]      A plurality of R' is the same as R' described above.
[0022]    R32RI2R 34 1    [0023] In Formula (3), m represents an integer of 1 to 10;and R31 to R36
each are independently a hydrogen atom or a 1. substituent having at least one element selected from
carbon,  



8 hydrogen, oxygen, fluorine, chlorine bromine, iodine, nitrogen, sulfur, phosphorus, boron and silicon.
[0024]        Any, ones of RS1, R12 and R31 to R36 may be linked together to form a ring other than a
benzene ring, and a main chain may contain an atom other than carbon. [0025]        The ethylene
polymerization catalyst of the present invention is characterized by comprising the solid titanium
catalyst component (I) for ethylene polymerization and an organic metal compound catalyst
component (II). [0026]        The ethylene polymerization method of the present invention is
characterized by homopolymerizing ethylene or copolymerizing ethylene with other olefins under the
presence of the ethylene polymerization catalyst. ADVANTAGEOUS OF THE INVENTION [0027]
The solid titanium catalyst component for ethylene polymerization, the ethylene polymerization catalyst
and the ethylene polymerization method according to the present invention make it possible to
produce an ethylene polymer which contains less solvent-soluble components and which is excellent
in a particle form with an excellent hydrogen response at a high activity. Further, they are excellent in
9 controlling a molecular weight and a molecular weight distribution of the ethylene polymer obtained.
Brief Explanation of the Drawings [0028] Fig. I is a graph showing relation between a intrinsic .
viscosity [n] and a solvent-soluble component rate out of the results of ethylene polymerization
described in the examples and the comparative examples. PREFERRED EMBODIMENT OF THE
INVENTION [0029]        The solid titanium catalyst component (I) for ethylene polymerization, the
ethylene polymerization catalyst comprising the catalyst component (I) and the ethylene
polymerization method according to the present invention shall be explained below. In the present
invention, the term of "polymerization" may be used in the meaning that it includes not only
homobolymerization but also copolymerization, and the term of 'polymer" may be used in the meaning
that it includes not only a homopolymer but also a copolymer. [0030] <Solid titanium catalyst
component (I) for ethylene polymerization>         The solid titanium catalyst component (I) for ethylene
-polymerization according to the present invention is obtained  10 by bringing the liquid magnesium
compound (A) comprising the magnesium compound, the electron donor (a) and the electron donor (b)
into contact with the liquid titanium compound (C) under the presence of the electron donor (B) and
comprises titanium, magnesium and a halogen. The solid titanium catalyst component (I) for ethylene
polymerization obtained by bringing the liquid magnesium compound (A) into contact with the liquid
titanium compound (C) under the presence of the electron donor (B) is excellent in a hydrogen
response, produces less solvent-soluble components, and tends to be liable to provide an ethylene
polymer which is excellent in a particle form. The liquid magnesium compound (A), the electron donor
(B) and the liquid titanium compound (C) shall be explained below. [0031] Liquid magnesium
compound (A): 



Representative examples of a method for obtaining the liquid magnesium compound (A) used for
preparing the solid titanium catalyst component (I) for ethylene polymerization according to the present
invention include a method bringing a publicly known magnesium compound into contact with the
electron donor (a) and the electron donor (b) each described later preferably under the presence of a
liquid hydrocarbon medium to turn them into a liquid. The magnesium compounds include, for
example, magnesium compounds described in Japanese Patent Application Laid-Open No.
83006/1983 and Japanese Patent Application Laid-Open No. 811/1981. In  particular, solvent-soluble
magnesium compounds are preferably used. [0032]        To be specific, capable of being used are
publicly known magnesium compounds having no reduing ability, including: magnesium halides such
as magnesium chloride and magnesium bromide; alkoxymagnesium halides such as methoxymagnes
um chloride and ethoxymagnesium chloride; aryloxymagnesium halides such as phenoxymagnesium
chloride; alkoxymagnesiums such as ethoxymagnesium, isopropoxymagnesium, butoxymagnesium
and 2-ethylhexoxymagnesium; aryloxymagnesiums such as phenoxymagnesium; carboxylates of
magnesium such as magnesium stearate. [0033] On the other hand, organic magnesium compounds
and organic magnesium halide compounds represented by Grignard reagents can be used as well.
[0034]        The magnesium compounds may be used alone or in combination of two or more kinds
thereof. Further, the magnesium compounds may be complex compounds with other metals, double
compounds or mixtures thereof with other metal compounds. [0035] Among them, magnesium halides,
particularly magnesium  12 chloride is preferably used, and in addition thereto, alkoxymagnesium such
as ethoxymagnesium is preferably used as well. Further, organic magnesium compounds having a
reducing ability such as Grignard reagents, which are brought into contact with titanium halides, silicon
halides and alcohol halides, may be used. [0036.]        Two or more kinds of the electron donors used
for preparing the liquid magnesium compound (A) are preferably the electron donor (a) having 1 to 5
carbon atoms and the electron donor (b) having 6 to 30 carbon atoms. To be specific, alcohols,
aldehydes, amines, carboxylic acids and mixtures thereof each satisfying the respective prescribed
carbon atom numbers are preferably used. [0037]        The following compounds can be listed as the
specific examples of the electron donor (a). [0038]        The alcohols are preferably alcohols having 1
to 5 carbon atoms and include, for example, methanol, ethanol, n-propanol, isopropanol, n-butancl,
iscbutanol, ethylene glycol and npentanol. Among them, alcohols having 1 to 3 carbon atoms which
have less carbon atoms are preferred. They are more preferably ethanol, n-propanol and isopropanol,
particularly preferably ethanol. [0039]  13 



The aldehydes include ethanal (acetaldehyde), propanal, n-butanal and n-pentanal. [0040]        The
amines include ethylamine, diethylamine, trimethylamine, diethylmethylamine and the like. [0041]
The carboxylic acids include acetic acid, propion r- acid, butanoic acid, pentanoic acid and the like.
[0042]        The compounds can be used in combination of two or more kinds thereof. [0043]
Among the compounds, the alcohols are particularly preferably used. [0044]        In general, the
election donor (a) has a high reactivity with the organic metal compound catalyst component (II)
described later and develops quickly a catalyst activity, and therefore the catalyst having a high
polymerization activity for ethylene is obtained in many cases. [0045]        The electron donor (b)
having 6 to 3.0 carbon atoms, more preferably 6 to 20 carbon atoms is used.  [0046]        The specific
examples of the alcohol which is the electron donor (b) include:  14 aliphatic alcohols such as hexanol,
2-methylpentanol, 2- ethylbUtanol, n-heptanol, n-ootanol, 2-ethylhexanol, becanol and dodecanol;
aldcyclic alcohols such as cyclohexanol and methylcyclohexanol; aromatic alcohols such as benzyl
alcohol and methylbenzyl alcohol; and alkoxy group-containing aliphatic alcohols such as n-butyl
cellosolye. Among them, the aliphatic alcohols are used. [0047]        Examples of the aldehydes
include aldehydes having 7 or more carbon atoms such as capric aldehyde and 2- ethylhexylaldehyde.
[0048]        Examples of the amines include amines haying 6 to 30 carbon atoms such as heptylamine,
octylamine, nonylamine, iaurylamine and 2-ethylhexylaminde. [0049]        Examples of the carboxylic
acids include the organic carboxylic acids haying 6 to 30 carbon atoms such as caprylic acid and
2-ethylhexanoic acid. [0050]        The electron donor (b) tends to make it possible to solubilize the
magnesium compound with a small amount (mole unit). 



[0051]  15        The electron donor (b) is preferably alcohols, and alcohols having 6 to 12 carbon atoms
are more preferably used. The specific preferred examples thereof are aliphatic alcohols such as
hexanol, 2-ethylhexanol, decanol and dodecanol, and they are particularly preferably 2-ethylhexanol.
[0052]        In combination of the electron donor (a) and the electron donor (b), both of them are
preferably alcohols. [0053]        The used amounts of the magnesium compound, the electron donor
(a) and the electron donor (b) in preparing the liquid magnesium compound (A) are, though varied
depending on the kinds thereof and the contact conditions, 0.1 to 20 mol, preferably 0.2 to 10 mol and
more preferably 0.2 to 8 mol for the electron donor (a) based on 1 mol of the magnesium compound
and 0.5 to 20 mol, preferably 1 to 10 mol and more preferably 1 to 5 mol for the electron donor (b)
based on the same. Also, the total of the electron donor (a) and the electron donor (b) accounts for 1.1
to 25 mol, more preferably 1.5 to 10 mol and further preferably 2 to 5 mol based on 1 mol of the
magnesium compound. [0054]        The electron donor (a) is used preferably in a smaller amount than
that of the electron donor (b). To be specific, (the used amount (mol) of the electron donor (a))/(the
used amount (mol) of the electron donor (b)) is preferably less  16 than 1, more preferably less than
0.8, further preferably less than 0.6, particularly preferably less than 0.5 and especially preferably less
than 0.4. If a proportion of the used amounts of the electron donor (a) and the electron donor (b) is out
of the ranges, the magnesium compound is less liable to be dissolved in a certain case. Also, the
electron donor (a), the electron donor (b) and the electron donor (B) are preferably hetero
atom-containing compounds excluding cyclic ether compounds. [0055]        A solvent-soluble
magnesium compound is advantageously used in order to obtain catalyst particles having an excellent
particle property. On the other hand, the electron donor (a) is preferably used, as described above, in
order to obtain the highly active solid titanium catalyst component (I) for ethylene polymerization.. In
the present invention, even if the electron donor (a) and the electron donor (b) are used in
combination, the solid titanium catalyst component (I) for ethylene polymerization having an excellent
particle property can be obtained, to be surprised, without damaging an effect of showing the high
activity in the ethylene polymerization. [0056?         The liquid magnesium compound (A) is preferably
prepared in a liquid hydrocarbon medium. Magnesium in the liquid hydrocarbon medium is used in a
concentration of 0.1 to 20 mol/liter, preferably 0.5 to 5 mol/liter. The liquid  hydrocarbon media include
publicly known hydrocarbon compounds such as heptane, octane and decane as the preferred
examples. [0057] Electron donor (B):        Electron donors used for preparing solid titanium catalyst
components for polymerization of d-olefins described in Japanese Patent Application Laid-Open No:
83006/1983 and Japanese Patent Application Laid-Open No. 811/1981 can be listed as the preferred
examples of the electron donor (B) used for preparing the solid titanium catalyst component (I) for
ethylene polymerization according to the present invention. [0058]        To be specific, a dicarboxylic
ester compound is listed, and to be more specific, a dicarboxylic ester compound having plural
carboxylic ester groups and represented by the following Formula (1) is listed. The dicarboxylic ester
compound represented by the following Formula (1) is preferably used from the viewpoint that it is
excellent in controlling a molecular weight and a molecular weight distribution of the resulting ethylene
polymer. In Formula (1), Ca represents a carbon atom. [0059]  



R R2 R100C IR C.a-Ca R3 \ R-CCL-R R R [0060]        In Formula (1), R2 and R3 each represent
independently 000R2 or R, and at least one of R2 and R2 is DOOR'.  [0061]        All of carbon-carbon
bonds in a framework of Formula (1) are preferably single bonds, and any carbon-carbon bond other
than a Ca-Ca bond in the framework may be substituted with a double bond. [0062]        A plurality of
R1 each is independently a monovalent hydrocarbon group having 1 to 20 carbon atoms, preferably 1
to 10 carbon atoms, more preferably 1 to 8 carbon atoms and particularly preferably 2 to 3 carbon
atoms. The hydrocarbon groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl,
hexyl, heptyl, octyl, 2-ethylhexyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl and the like.
It is preferably methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl, hexyl, heptyl, octyl,
2-ethylhexyl and decyl, more preferably methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl,
hexyl, heptyl, octyl and 2- ethylhexyl. Ethyl, n-propyl and isopropyl are particularly  19 preferred. [0063]
A plurality of R each is independently an atom or a group selected from a hydrogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, a halogen atom, a nitrogen-containing group, an
oxygen-containing group, a phosphorus-containing group, a halogen-containing group and a
silicon-containing group. [0064]        Among them, a hydrocarbon group having 1 to 20 carbon atoms is
preferred as R other than a hydrogen atom, and a hydrocarbon group having 1 to 10 carbon atoms is
more preferred. The hydrocarbon groups include, for example, aliphatic hydrocarbon groups, alicyclic
hydrocarbon groups and aromatic hydrocarbon groups such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, vinyl, phenyl and octyl, and they
include preferably aliphatic hydrocarbon groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and n-pentyl. It is particularly preferably ethyl, n-propyl and isopropyl. [0065]
When R is such the group, it is preferred from the viewpoint that not only a solvent-soluble component
originating in a low molecular weight described later can be inhibited from being produced but also it is
excellent as well in a particle property.  20 [0066]        Further, at least two groups of R may be linked
together to form a ring, and a double bond and a hetero atom may be contained in a framework of the
ring formed by combining R with each other. When two or more Ca to which COORI is bonded are
contained in the framework of the ring, the number of carbon atoms forming the framework of the ring
is 5 to 10. 



[0067]        R2 and R3 which are not COOR1 are preferably a hydrogen atom or a hydrocarbon group.
[0068]        Among them, preferred are a hydrogen atom, a secondary alkyl group, for example,
isopropyl, sec-butyl, 2-pentyl and 3-pentyl or a cycloalkyl group, for example, cyclohexyl, dyclopentyl
and cyclohexylmethyl. Among them, at least one of R2 and R3 which are not COOR1 bonded to Ca is
preferably a hydrogen atom. [0069]        The examples of the dicarboxylic ester compound represented
by Formula (1) include diethyl 2,3-bis(2- ethylbutyl)succinate, diethyl 2,3-dibenzylsuccinate, diethyl
2,3-diisopropylsuccinate, diisobutyl 2,3-diisopropylsuccinate, diethyl
2,3-bis(cyclohexylmethyl)succinate, diethyl 2,3- diisobutyisuccinate, diethyl 2,3-dineopentylsuccinate,
diethyl 2,3-dicyclopentylsuccinate and diethyl 2,3- dicyclohexylsuccinate in a pure (S, R) (5, R) form or
optional  21 racemic mixture. The dicarboxylic ester compounds are preferred from the viewpoint that
they are excellent in controlling a molecular weight and a molecular weight distribution of the resulting
ethylene polymer. [0070]        The other examples include diethyl sec-butylsuccinate, diethyl
thexylsuccinate, diethyl cyclopropylsuccinate, diethyl norbornylsuccinate, diethyl
(10-)perhydronaphthylsuccinate, diethyl trimethylsilylsuccinate, diethyl methoxysuccinate, diethyl
p-methoxyphenylsuccinate, diethyl pchlorophenylsuccinate, diethyl phenylsuccinate, diethyl
cyclohexylsuccinate, diethyl benzylsuccinate, diethyl (cyclohexylmethyl)succinate, diethyl
t-butylsuccinate, diethyl isobutylsuccinate, diethylisopropylsuccinate, diethyl neopentylsuccinate,
[0071] diethyl 2,2-dimethylsuccinate, diethyl 2-e hy1-2- methylsuccinate, diethyl
2-benzy1-2-isopropylsuccinate, diethyl 2-(cyclohexylmethyl)-2-isobutylsuccinate, diethyl 2-
cyclopenty1-2-n-propylsuccinate, diethyl 2,2- diisobutylsuccinate, diethyl
2-cyclohexy1-2-ethylsuccinate, diethyl 2-isopropyl-2-methylsuccinate, diethyl 2,2- diisopropylsuccinate,
diethyl 2-isobuty1-2-ethylsuccinate, diethyl 2-(1,1,1-trifluoro-2-propy1)-2-methylsuccinate, diethyl
2-isopenty1-2-isobutylsuccinate, diethyl 2-pheny1-2-nbutylsuccinate, diisobutyl 2,2-dimethylsuccinate,
diisobutyl  22 2-ethyl-2-methylsuccinate, diisobutyl 2-benzy1-2- isopropyisuccinate, diisobutyl
2-(cyclohexylmethyl)-2- isobutylsuccinate, diisobutyl 2-cyclopenty1-2-npropylsuccinate, diethyl
cyclobutane-1,2-dicarboxylate and diethyl 3-methylcyclobutane-1,2-dicarboxylate. [0072]        The
suitable examples of the compound having a ring structure formed by combining the R groups with
each other in Formula (1) include a compound represented by the following Formula (2). In the
following Formula (2), Ca and Cb represent a carbon atom. [0073] R' R2 R100C, 3  R/R FV-C1)CaR'  (
2)  [0074]        In Formula (2), n is an integer of 5 to 10, preferably an integer of 5 to 8, more preferably
an integer of 5 to 7 and most preferably 6. 



[0075]        R2 and R2 each are independently 00OR1 or R', and at least one of R2 and 123 is 00OR1.
R2 is preferably 00OR1, and R2 is preferably R'.  23 [0076]        All of carbon-carbon bonds in a cyclic
framework are preferably single bonds, and in the cyclic framework any carbon-carbon bond other
than a Ca-Ca bond an a Ca-Cb bond when R3 is a hydrogen atom may be substituted with a double
bond. [0077]        A plurality of RI is a hydrocarbon group having 1 to 20 carbon atoms as is the case
with Rl in Formula (1), preferably a hydrocarbon group having 1 to 8 carbon atoms and more
preferably a hydrocarbon group having 2 to 3 carbon atoms. The suitable examples of R1 are methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl and 2-ethylhexyl, more preferably ethyl, n-propyl
and isopropyl. [0078] In Formula (2), A is: [0079] c R' R [0080] or a hetero atom excluding an oxygen
atom. A is preferably: [0081]  24 A R' R' [0082] and a ring formed by Ca, Cb and A is preferably a
cyclic carbon structure, and is particularly preferably a saturated alicyclic structure wherein the cyclic
structure is constituted only by carbons. [0083]        A plurality of R' each is independently an atom or a
group selected from a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms, a halogen
atom, a nitrogen-containing group, an oxygen-containing group, a phosphorus-containing group, a
halogen-containing group and a silicon-containing group. [0084]        Among them, a hydrocarbon
group having 1 to 20 carbon atoms is preferred as R' other than a hydrogen atom, and a hydrocarbon
group having 1 to 10 carbon atoms is more preferred. The hydrocarbon groups include, for example,
aliphatic hydrocarbon groups, alicyclic hydrocarbon groups and aromatic hydrocarbon groups such as
methyl, ethyl, n-propyl, 



isopropyl, n-butyl, isobutyl, sec-butyl, n-pentyl, cyclopentyl, n-hexyl, cyclohexyl, vinyl, phenyl and octyl,
preferably aliphatic hydrocarbon groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl and n-pentyl, and it  25 is particularly preferably ethyl, n-propyl and isopropyl. [0085]
When R' is such the group, it is preferred from the viewpoint that not only a solvent-soluble component
originating in a low molecular weight described later can be inhibited from being produced but also it is
excellent as well in a particle property. [0086]        Further, R' may be linked each other to form a ring,
and a double bond and a hetero atom excluding an oxygen atom may be contained in a framework of
the ring formed by combining R' with each other. When two or more Ca to which COORa is bonded
are contained in the framework of the ring, the number of carbon atoms forming the framework of the
ring is 5 to 10. [0087]        The frameworks of the rings include a norbornane framework, a
tetracyclododecane framework and the like. [0088]        A plurality of R' may be a carboxylic ester
group, an alkoxy group, a siloxy group, a carbonyl structure-containing group such as an aldehyde
group and an acetyl group. [0089]       R' is preferably a hydrogen atom or a hydrocarbon group. [0090]
The dicarboxylic ester compounds represented by the Formula (2) include  26 diethyl
cyclohexane-1,2-dicarboxylate, di-n-propyl cyclohexane-1,2-dicarboxylate, diisopropyl
cyclohexane-1,2-dicarboxylate, diethyl cyclohexane-1,3-dicarboxylate, di-n-propyl
cyclohexane-1,3-dicarboxylate, diisopropyl cyclohexane-1,3-dicarboxylate, diethyl
3-methylcyclohexane-1,2-dicarboxylate,  di-n-propyl 3-methylcyclohexane-1,2-dicarboxylate,
diisopropyl 3-methylcyclohexane-1,2-dicarboxylate, diethyl 4-methylcyclohexane-1,3-dicarboxylate,
di-n-propyl 4-methylcyclohexane-1,3-dicarboxylate, diethyl 4-methylcyclohexane-1,2-dicarboxylate,
di-n-propyl 4-methylcyclohexane-1,2-dicarboxylate, diisopropyl
4-methylcyclohexane-1,2-dicarboxylate, diethyl 5-methylcyclohexane-1,3-dicarboxylate, di-n-propyl
5-methylcyclohexane-1,3-dicarboxylate, diisopropyl 5-methylcyclohexane-1,3-dicarboxylate, diethyl
3,4-dimethylcyclohexane-1,2-dicarboxylate, di-n-propyl 3,4-dimethylcyclohexane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcyclohexane-1,2-dicarboxylate, diethyl
3,6-dimethylcyclohexane-1,2-dicarboxylate, di-n-propyl 3,6-dimethylcyclohexane-1,2-dicarboxylate,
diisopropyl 3,6-dimethylcyclohexane-1,2-dicarboxylate, diethyl 3-hexylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3-hexylcyclohexane-1,2-dicarboxylate, di-n-propyl
3,6-dihexylcyclohexane-1,2-dicarboxylate,  27 diethyl 3-hexy1-6-pentylcyclohexane-1,2-dicarboxylate,
diethyl cyclopentane-1,2-dicarboxylate, di-n-propyl cyclopentane-1,2-dicarboxylate, diisopropyl
cyclopentane-1,2-dicarboxylate, diethyl cyclopentane-1,3-dicarboxylate, di-n-propyl
cyclopentane-1,3-dicarboxylate, diethyl 3-methylcyclopentane-1,2-dicarboxylate, 



di-n-propyl 3-methylcyclopentane-1,2-dicarboxylate, diisopropyl
3-methylcyclopentane-1,2-dicarboxylate, diethyl 4-methylcyclopentane-1,3-dicarboxylate, di-n-propyl
4-methylcyclopentane-1,3-dicarboxylate, diisopropyl 4-methylcyclopentane-1,3-dicarboxylate, diethyl
4-methylcyclopentane-1,2-dicarboxylate, di-n-propyl 4-methylcyclopentane-1,2-dicarboxylate,
diisopropyl 4-methylcyclopentane-1,2-dicarboxylate, diethyl 5-methylcyclopentane-1,3-dicarboxylate,
di-n-propyl 5-methylcyclopentane-1,3-dicarboxylate, diethyl
3,4-dimethylcyclopentane-1,2-dicarboxylate, di-n-propyl 3,4-dimethylcyclopentane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcyclopentane-1,2-dicarboxylate, diethyl
3,5-dimethylcyclopentane-1,2-dicarboxylate, di-n-propyl 3,5-dimethylcyclopentane-1,2-dicarboxylate,
diisopropyl 3,5-dimethylcyclopentane-1,2-dicarboxylate, diethyl 3-hexylcyclopentane-1,2-dicarboxylate,
diethyl 3,5-dihexylcyclopentane-1,2-dicarboxylate, diethyl cycloheptane-1,2-dicarboxylate,  28
di-n-propyl cycloheptane-1,2-dicarboxylate, diisopropyl cycloheptane-1,2-dicarboxylate, diethyl
cycloheptane-1,3-dicarboxylate, di-n-propyl cycloheptane-1,3-dicarboxylate, diethyl
3-methylcycloheptane-1,2-dicarboxylate, di-n-propyl 3-methylcycloheptane-1,2-dicarboxylate,
diisopropyl 3-methylcycloheptane-1,2-dicarboxylate, diethyl 4-methylcycloheptane-1,3-dicarboxylate,
diethyl 4-methylcycloheptane-1,2-dicarboxylate, di-n-propyl 4-methylcycloheptane-1,2-dicarboxylate,
diisopropyl 4-methylcycloheptane-1,2-dicarboxylate, diethyl 5-methylcycloheptane-1,3-dicarboxylate,
diethyl 3,4-dimethylcycloheptane-1,2-dicarboxylate, di-n-propyl
3,4-dimethylcycloheptane-1,2-dicarboxylate, diisopropyl 3,4-dimethy1cycloheptane-1,2-dicarboxylate,
diethyl 3,7-dimethylcycloheptane-1,2-dicarboxylate, di-n-propyl
3,7-dimethylcycloheptane-1,2-dicarboxylate, diisopropyl 3,7-dimethylcycloheptane-1,2-dicarboxylate,
diethyl 3-hexylcycloheptane-1,2-dicarboxylate, diethyl 3,7-dihexylcycloheptane-1,2-dicarboxylate,
diethyl cycl000tane-1,2-dicarboxylate, diethyl 3-methylcyclooctane-1,2-dicarboxylate, diethyl
cyclodecane-1,2-dicarboxylate, diethyl 3-methylcyclodecane-1,2-dicarboxylate, diethyl
cyclooxypentane-3,4-dicarboxylate, diethyl 3,6-dicyclohexylcyclohexane-1,2-dicarboxylate and the  29
like. [0091] Isomers such as cis and trans compounds are present in the compounds having a diester
structure, and the compounds having either structure have effects which meet the objects of the
present invention in many cases. [0092] Among the compounds, the cyclohexanedicarboxylic esters in
which n is 6 in Formula (2) are particularly preferred. The reason therefor resides not only in the
catalyst performances thereof but also in that the compounds can be produced at relatively lower costs
by making use of a Diels Alder reaction. [0093]       Further, when the cyclohexanedicarboxylic esters
are used, the catalysts are excellent in a hydrogen response and maintain a high activity, and
polymers which are excellent in a particle property can be obtained. [0094]        Also, acid halides, acid
amides, nitriles, acid anhydrides, organic acid esters and polyethers each shown below can also be
used as the electron donor (B). [0095] 



To be specific, they include acid halides having 2 to 15 carbon atoms such as acetyl chloride, benzoyl
chloride, toluyl chloride and anisyl chloride; acid amides such as N,N-dimethylacetamide, N,N-  30
diethylbenzamide and N,N-dimethyltoluamide; nitriles such as acetoni,rile, benzonitrile and trinitrile;
acid anhydrides such as acetic anhydride, phthalic anhydride and benzoic anhydride; organic acid
esters having 2 to 18 carbon atoms such as methyl formate, methyl acetate, ethyl acetate, vinyl
acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl butyrate, ethyl
valerate, methyl chloroacetate, ethyl dichloroacetate, methyl methacrylate, ethyl crotonate, methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate,
phenyl benzoate, benzyl benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethylbenzoate,
methyl anisate, ethyl anisate, ethyl ethoxybenzoate, y-butyllactone, 6-valerolactone, coumarin,
phthalide and ethyl carbonate. Among the organic acid esters, benzoic esters such as methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate,
phenyl benzoate, benzyl benzoate, ethyl ethylbenzoate and ethyl ethoxybenzoate are preferably used
in terms of prices, a safety and an availability. [0096]        Further, publicly known polyhydric carboxylic
esters can be listed. The polyhydric carboxylic esters include, to be specific, aliphatic polycarboxylic
esters such as diethyl succinate, dibutyl succinate, diethyl methylmalonate, diethyl ethylmaionate,
diethyl isopropylmalonate, diethyl  31 butylmalonate, diethyl phenylmalonate, diethyl diethylmaionate,
diethyl dibutylmalonate, monooctyl maleate, dioctyl maleate, dibutyl maleate, dibutyl butylmaleate,
diethyl butylmaleate, di-2-ethylhexyl fumarate, diethyl itaconate and dioctyl citraconate, aromatic
polycarboxylic esters such as phthalates, naphthalenedicarboxylates, triethyl trimellitate and dibutyl
trimellitate; heterocyclic polycarboxylic esters such as 3,4- furandicarboxylates. However, among the
compounds, the multifunctional aromatic compounds are preferably prevented from being used or
used only in a minimum necessary amount in a certain case because of the reasons of safety and
health and the like. [0097]        Also, other examples of the polyhydric carboxylic esters include esters
of long chain dicarboxylic acids, such as diethyl adipate, diisobutyl adipate, diisopropyl sebacate,
din-butyl sebacate, di-n-octyl sebacate and di-2-ethylhexyl sebacate. [0098]        The specific
examples of the electron donor (B) include the polyethers, that is, compounds (hereinafter referred to
as "polyethers") having two or more ether bonds which are present via plural atoms. Compounds in
which carbon, silicon, oxygen, nitrogen, sulfur, phosphorus, boron or two or more atoms selected from
them are present between ether bonds can be listed as the polyethers. Among them, preferred are the
32 compounds in which a relatively bulky substituent is bonded to an atom present between ether
bonds and in which plural carbon atoms are included in atoms present between two or more ether
bonds. For example, a diether compound represented by the following Formula (3) is preferred: [0099]
[0100]        In Formula (3), m is an integer of 1 to 10, more preferably 3 to 10 and particularly
preferably 3 to 5. R11, R12 and R31 to R36 each are independently a hydrogen atom or a substituent
having at least one element selected from carbon, hydrogen, oxygen, fluorine, chlorine, bromine,
iodine, nitrogen, sulfur, phosphorus, boron and sil icon. [0101]            and R12 are preferably a
hydrocarbon group having 1 to 10 carbon atoms, more preferably a hydrocarbon group having 2 to 6
carbon atoms, and R31 to R36 are preferably a hydrogen atom or a hydrocarbon group having 1 to 6
carbon atoms. [0102] 



and R12 are, to be specific, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, isopentyl, neopentyl,
hexyl,  33 heptyl, octyl, 2-ethylheptyi, decyl, cyclopentyl and cyclohexyl, and they are preferably ethyl,
n-propyl, isopropyl, n-butyl and isobutyl. [0103]        R31 to R36 include, to be specific, a hydrogen
atom, methyl, ethyl, n-propyl, isopropyl, n-butyl and isobutyl, and they are preferably a hydrogen atom
and methyl. [0104] Any ones ofand R31 to R36, preferably RH and Ru may be linked each other to
form a ring other than a benzene ring, and atoms other than carbon may be contained in a main chain.
[0105]        The specific examples of the compound having two or more ether bonds include
2,2-dicyclohexy1-1,3-dimethoxypropane, 2,2-diethy1-1,3-dimethoxypropane,
2,2-dipropy1-1,3-dimethoxypropane, 2,2-dibuty1-1,3-dimethoxypropane,
2-methyl-2-propy1-1,3-dimethoxypropane, 2-methyl-2-ethyl-1,3-dimethoxypropane,
2-methyl-2-isopropyl-1,3-dimethoxypropane, 2-methyl-2-cyclohexy1-1,3-dimethoxypropane,
2,2-bis(2-cyclohexylethyl)-1,3-dimethoxypropane, 2-methyl-2-isobuty1-1,3-dimethoxypropane,
2-methyl-2-(2-ethylhexyl)-1,3-dimethoxypropane,  34 2,2-diisobuty1-1,3-dimethoxypropane,
2,2-bis(cyclohexy1methyl)-1,3-dimethoxypropane, 2,2-diisobuty1-1,3-diethoxypropane,
2,2-diisobuty1-1,3-dibuthoxypropane, 2-isobuty1-2-isopropyl-1,3-dimethoxypropane,
2,2-di-s-buty1-1,3-dimethoxypropane, 2,2-di-t-buty1-1,3-dimethoxypropane,
2,2-dineopenty1-1,3-dimethoxypropane, 2-isopropy1-2-isopenty1-1,3-dimethoxypropane,
2-cyclohexy1-2-cyclohexylmethy1-1,3-dimethoxypropane, 2,3-dicyclohexy1-1,4-diethoxybutane,
2,3-diisopropy1-1,4-diethoxybutane, 2,4-cliisopropy1-1,5-dimethoxypentane,
2,4-diisobuty1-1,5-dimethoxypentane, 2,4-diisoamy1-1,5-dimethoxypentane,
3-methoxymethyltetrahydrofuran, 3-methoxymethyldioxane, 1,2-diisobutoxypropane,
1,2-diisobutoxyethane, 1,3-diisoamyloxyethane, 1,3-diisoamyloxypropane,
1,3-diisoneopenty1oxyethane, 1,3-dineopentyloxypropane, 2,2-tetramethylene-1,3-dimethoxypropane,
2,2-pentamethylene-1,3-dimethoxypropane, 2,2-hexamethylene-1,3-dimethoxypropane,  35
1,2-bis(methoxymethyl)cyclohexane, 2-cyclohexy1-2-ethoxymethy1-1,3-diethoxypropane,
2-cyclohexy1-2-methoxymethy1-1,3-dimethoxypropane, 2,2-diisobuty1-1,3-dimethoxycyclohexane,
2-isopropyl-2-isoamy1-1,3-dimethoxycyclohexane,
2-cyclohexy1-2-methoxymethy1-1,3-dimethoxycyclohexane,
2-isopropyl-2-methoxymethy1-1,3-dimethoxycyclohexane,
2-isobuty1-2-methoxymethy1-1,3-dimethoxycyclohexane,
2-cyclohexy1-2-ethoxymethy1-1,3-diethoxycyclohexane,
2-cyclohexy1-2-ethoxymethy1-1,3-dimethoxycyclohexane,
2-isopropyl-2-ethoxymethy1-1,3-diethoxycyclohexane,
2-isopropyl-2-ethoxymethy1-1,3-dimethoxycyclohexane,
2-isobuty1-2-ethoxymethy1-1,3-diethoxycyclohexane and
2-isobuty1-2-ethoxymethy1-1,3-dimethoxycyclohexane. [0106]        Among them, 1,3-diethers are
preferred, and particularly preferred are 2-isopropyl-2-isobuty1-1,3-dimethoxypropane,
2,2-diisobuty1-1,3-dimethoxypropane, 2-isopropy1-2-isopentyl1,3-dimethoxypropane,
2,2-dicyclohexy1-1,3-dimethoxypropane and 2,2-bis(cyclohexylmethyl)-1,3-dimethoxypropane. [0107]
Further, an alkoxysilane compound represented by a formula RnSi(OR')4." described later and
tetraalkoxysilane compounds such as tetraethoxysilane and tetrabutoxysilane can be shown as the
examples of the electron donor (B). [0108] 



36         The compounds listed as the electron donor (B) may be used alone or two or more kinds of
the compounds may be used in combination. [01091        Among them, the dicarboxylic esters having
the cyclic structure represented by Formula (2) or mixtures of the organic acid esters with the diether
compound represented by Formula (3) are particularly preferred. [0110]        Among the preferred
electron donors (B), the dicarboxylic esters or the organic acid esters may be formed in a step for
preparing the solid titanium catalyst component (I) for ethylene polymerization. They can be formed as
well, for example, in a step for bringing them into contact with the magnesium compound (A). To be
more specific, the electron donor (B) can be incorporated into the solid titanium catalyst component by
providing a step in which carboxylic anhydride corresponding to the compound and alcohol
corresponding to the carboxylic halide are substantially brought into contact therewith in bringing them
into contact with the magnesium compound (A). [0111]        According to investigations of the present
inventors, it can be found that if the electron donor (B) is used, the solvent-soluble component tends to
be less by-produced, as shown in Fig. 1, when the polymers having a similar intrinsic  37 viscosity [z],
that is, a similar molecular weight are compared. Also, if the electron donor (B) is used, the solid
titanium catalyst component having a good particle property tends to be readily obtained. [0112] Liquid
titanium compound (C):        The liquid titanium compound (C) used for preparing the solid titanium
catalyst component (I) for ethylene polymerization according to the present invention may be titanium
compounds described in JP 1983-83006 and JP 1981-811. A tetravalent titanium compound
represented by the following Formula (4) can be listed as the specific example of the liquid titanium
compound (C): [0113] Ti(OR)gX4..g(4) wherein R is an aliphatic hydrocarbon group having 1 to 5
carbon atoms; X is a halogen atom; and g shows 0...-5_g-S44.        The specific examples of the
tetravalent titanium compounds represented by Formula (4) include titanium tetrahalides such as
TiC14 and TiBr4; alkoxytitanium trihalides such as Ti(OCH3)C13, Ti(OC2H5)C13, Ti(0-n-C4H9)C13,
Ti(OC21-15)Br3 and Ti(0-iso-C4H9)Br3; alkoxytitanium dihalides such as Ti(OCH3)2C12 and
Ti(0C2H5)2C12; alkoxytitanium monohalides such as Ti(OCH3)301, Ti(0-n-C4H9)301 and
Ti(002H5)3Br; and tetraalkoxytitaniums such as Ti(OCH3)4, Ti(0C2H5)4, Ti(0C4H9)4 and
Ti(0-2-ethylhexy1)4.  38 [0114]        Among them, the titanium tetrahalides are preferred, and titanium
tetrachloride is particularly preferred. The titanium compounds may be used alone or in combination of
two or more kinds thereof. [0115]        In the present invention, it is preferable that at least one of the
liquid magnesium compound (A) and the liquid titanium compound (C) contains halogen . [0116]
When both of the liquid magnesium compound (A) and the titanium compound (C) do not contain
halogen, they can be brought into contact with a publicly known halogen-containing compound such as
halogen-containing silicon compounds in an optional step. Representative examples of the
halogen-containing compounds include silicon tetrachloride. [0117] Preparation of solid titanium
catalyst component (I) for ethylene polymerization: 



The solid titanium catalyst component (I) for ethylene polymerization according to the present
invention is obtained by bringing the liquid magnesium compound (A) into contact with the liquid
titanium compound (C) under the presence of the electron donor (B). In this case, the liquid
magnesium compound (A) may be in a state in which it is dissolved in a publicly known liquid
hydrocarbon medium, for example, heptane,  39 octane and decane. [0118]        If the liquid
magnesium compound (A) and the liquid titanium compound (C) are brought into contact with the
electron donor (B) after completely finishing contact of the liquid magnesium compound (A) with the
liquid titanium compound (C), amorphous particles and fine particles tend to be formed. In this case,
the refining step carried out by filtration and decantation is deteriorated, and the polymer obtained by
using the solid titanium catalyst component is inferior in particle properties. Thus, problems such as a
reduction in the productivity and the handling property are brought about in a certain case. [0119]
As long as these requisites are satisfied, a publicly known method comprising bringing the liquid
magnesium compound (A), the electron donor (B) and the liquid titanium compound (C) into contact
with one another to obtain a solid titanium catalyst component can be used without any limitations. For
example, the following methods (P-1) to (9-5) can be listed. [0120] (9-1): a method comprising bringing
a mixture of the liquid magnesium compound (A) and the electron donor (B) into contact with the liquid
titanium compound (C) to deposit a solid titanium complex. [0121]  40 (P-2): a method comprising
reacting a mixture of the liquid magnesium compound (A) and the electron donor (B) with the liquid
titanium compound (C), and further bringing it into contact with the liquid titanium compound (C) in
several batches to deposit a solid titanium complex. [0122] (2-3): a method comprising bringing the
liquid magnesium compound (A), the electron donor (B) and the liquid titanium compound (C) into
contact at the same time to deposit a solid titanium complex. In this case, the electron donor (B) may
be, if necessary, brought into contact in an optional step. [0123]  (P-4): a method comprising bringing a
mixture of the liquid magnesium compound (A) and the electron donor (B) into contact with the liquid
titanium compound (C), and further bringing it into contact with the electron donor (B) to deposit a solid
titanium complex. In this case, the liquid titanium compound (C) may be brought into contact in several
batches. [0124]  (P-5): a method comprising bringing the liquid magnesium compound (A) into contact
with a mixture of the electron donor (B) and the liquid titanium compound (C) to deposit a solid titanium
complex. In this case, the electron donor (B) may be, if necessary, brought into contact in an optional
step, and the liquid titanium compound (C) may be brought into contact in several batches.  41 [0125]
As described above, the electron donor (B) may be brought into contact again after finishing bringing
the liquid magnesium compound (A) into contact with the liquid titanium compound (C). [0126]
According to the method in which the liquid obtained by mixing in advance the liquid magnesium
compound (A) with the electron donor (B) is used among the methods, the resulting solid titanium
catalyst component is provided with good particle properties (amorphous particles and fine particles 



are less liable to be produced), and the refining step carried out by filtration and decantation favorably
proceeds, so that it is preferred in terms of the productivity and the handling property. [0127]        In the
present invention, the electron donor (B) is used in an amount falling in the range of preferably 0.005
to 5 mol, more preferably 0.01 to 2 mol and particularly preferably 0.03 to 1 mol based on 1 mol of the
liquid magnesium compound (A). However, the preferred ranges are varied in a certain case according
to the liquid titanium compound (C) usage. [0128] In the present invention, the liquid titanium
compound (C) is used in an amount falling in the range of preferably 0.1 to 100 mol, more preferably
0.5 to 80 mol, further  42 preferably 1 to 70 mol and particularly preferably 5 to 70 mol based on 1 mol
of the liquid magnesium compound (A). [0129]        Halogen/titanium (atomic ratio) contained in the
solid titanium catalyst component (I) for ethylene polymerization according to the present invention is 2
to 100, preferably 4 to 90, and magnesium/titanium (atomic ratio) is 1 to 100, preferably 1 to 50. [0130]
A molar ratio between the electron donor (B), the electron donor (a) or the electron donor (b), and a
titanium atom each contained in the solid titanium catalyst component (I) for ethylene polymerization
according to the present invention is 0 to 100, preferably 0.01 to 10 and more preferably 0.2 to 10.
[0131] <Ethylene polymerization catalyst>        The ethylene polymerization catalyst according to the
present invention comprises the solid titanium catalyst component (I) for ethylene polymerization
obtained in the manner described above and the organic metal compound catalyst component (II). The
above organic metal compound catalyst component (II) is preferably an organic metal compound
containing metal selected from a 1st group, a 2nd group and a 13th group in the periodic table, and
capable of being used are, for example, organic aluminum compounds, alkyl complexes  43 of 1st
group metals with aluminum and organic metal compounds of 2nd group metal such as Grignard
reagents and organic magnesium compounds. Among them, the organic aluminum compounds are
preferred. [0132] Organic metal compound catalyst component (II):        Preferred examples of the
organic metal compound catalyst component (II) include organic metal compound catalyst components
described in publicly known documents such as EP585869A1. They are particularly preferably organic
aluminum compounds such as triethylaluminum, tributylaluminum, triisobutylaluminum,
trioctylaluminum and diethylaluminum hydride. [0133] Electron donor (III):        The ethylene
polymerization catalyst of the present invention can comprise, if necessary, an electron donor (III) in
addition to the organic metal compound catalyst component (II). The electron donor (III) is preferably
an organic silicon compound. For example, a compound represented by the following Formula (5) can
be listed as the organic silicon compound: [0134] R,Si (OR' )9-n(5) 



wherein R and R' are aliphatic, al.cyci c or aromatic hydrocarbon groups having 1 to 20 carbon atoms;
and n  44 represents 0<n<4.        Used as the organic silicon compound represented by Formula (5)
are, to be specific, diisopropyldimethoxysilane,        -butylmethyldimethoxysilane,
t-butylmethyldiethoxysilane, tamylmethyldiethoxysilane, dicyclohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, t-butyltriethoxysilane, phenyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclopentyltrimethoxysilane, 2- methylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,
dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane, tricyclobentylmethoxysilane,
dicyclopentylmethylmethoxysilane, dicyclopentylethylmethoxysilane and
cyclopentyldimethylethoxysilane. [0135]       Among them, vinyltriethoxysilane,
diphenyldimethoxysilane, dicyclohexyldimethoxysilane, cyclohexylmethyldimeLhoxysilane,
dicyclopentyldimethoxysilane and the like are preferably used. The organic silicon compounds can be
used in a mixture of two or more kinds thereof. [0136]        The compounds shown as the examples of
the electron donor (B), the electron donor (a) and the electron donor (b) each used for the solid
titanium catalyst component (I) for ethylene polymerization can be listed as the other electron  45
donors (III). Among them, the polyethers can be listed as the preferred examples thereof. [0137]
In the present invention, the ethylene polymerization catalyst can comprise, if necessary, other
components useful for olefin polymerization, such as antistatic agents, particle flocculants and storage
stabilizers in addition to the respective components. [0138]        The ethylene polymerization catalyst
of the present invention can be used to polymerize a-olefins such as propylene. [0139]
<Polymerization method for ethylene>        The ethylene polymerization method of the present
invention is characterized by polymerizing ethylene alone or olefins containing ethylene with the
ethylene polymerization catalyst to obtain an ethylene polymer. That is, ethylene is homopolymerized
or copolymerized with other olefins under the presence of the ethylene polymerization catalyst. [0140]
In the ethylene polymerization method of the present invention, olefin is prepolymerized under the
presence of the ethylene polymerization catalyst of the present invention to obtain a prepolymerization
catalyst, and ethylene can be polymerized under the presence of the prepolymerization  46 catalyst.
The prepolymerization is carried out by prepolymerizing the olefin in an amount of 0.1 to 1000 g,
preferably 0.3 to 500 g and particularly preferably 1 to 200 g per 1 g of the ethylene polymerization
catalyst. [0141]        In the prepolymerization, the catalyst having a higher concentration than that of
the catalyst used in the system in the main polymerization can be used. A concentration of the solid
titanium catalyst component (I) for ethylene polymerization in the prepolymerization falls in the range
of usually about 0.001 to 200 mmol, preferably about 0.01 to 50 mmol and particularly preferably 0.1 to
20 mmol per 1 liter of the liquid medium in terms of a titanium atom. 



[0142]        The amount of the organic metal compound catalyst component (II) in the
prepolymerization is such that 0.1 to 1000 g, preferably 0.3 to 500 g of the polymer per 1 g of the solid
titanium catalyst component (I) for ethylene polymerization is produced, and it is preferably an amount
of usually about 0. 1 to 300 mol, preferably about 0.5 to 100 mol and particularly preferably 1 to 50 mol
per 1 mol of a titanium atom contained in the solid titanium catalyst component (I) for ethylene
polymerization. [0143]        in the prepolymerization, the electron donor (III) and the like can be used if
necessary. In this case, these  47 components are used in an amount of O. 1 to 50 mol, preferably 0.5
to 30 mol and more preferably about 1 to 10 mol per 1 mol of a titanium atom contained in the solid
titanium catalyst component (I) for ethylene polymerization. [0144]        The prepolymerization can be
carried out on mild conditions by adding olefin and the catalyst components to an inert hydrocarbon
medium. [0145]        In the above case, examples of the inert hydrocarbon medium used include
aliphatic hydrocarbons such as propane, butane, heptane, octane, decane, dodecane and kerosene;
alicyclic hydrocarbons such as cycloheptane and methylcycloheptane; aromatic hydrocarbons such as
benzene, toluene and xylene; halogenated hydrocarbon such as ethylene chloride and chlorobenzene,
or mixtures thereof. [0146]        Among the inert hydrocarbon media, the aliphatic hydrocarbons are
particularly preferably used. When the inert hydrocarbon medium is used, the prepolymerization is
preferably carried out by a batch system. [0147]        On the other hand, the prepolymerization can be
carried out by using olefin itself as a solvent, or prepolymerization can be carried out substantially in
the absence of the solvent.  48 In this case, the prepolymerization is preferably carried out in a
continuous manner. [0148]        Publicly known olefins such as ethylene, propylene, 1- butene,
1-pentene, 1-hexene and 4-methyl-1-pentene can be used as the olefin used in the prepolymerization.
Among them, ethylene and propylene are preferred. [0149]        Temperature in the prepolymerization
falls in the range of usually about -20 to +100C, preferably about -20 to +80C and more preferably
about 0 to +40C. [0150]       Next, the main polymerization shall be explained. [0151]        In the main
polymerization, ethylene can be used alone or other olefins can be used in addition to ethylene.
Examples of them include a-olefins having 3 to 20 carbon atoms, for example, propylene, 1-butene,
1-pentene, 1-hexene, 4-methyl-lpentene, 1-octene, 1-decene, 1-dodecene, 1-,etradecene, 1-
hexadecene, 1-octadecene and 1-eicosene. Propylene, 1-butene, 1-pentene, 4-methyl-1-pentene,
1-hexene, 1-octene and the like are preferably used. In addition to them, aromatic vinyl compounds
such as styrene and allylbenzene and alicyclic vinyl compounds such as vinylcycloheptane can be
used. Also, the compounds can be used in combination of two or more kinds thereof. Further,
cyclopentene, cycloheptene, compounds having  49 multi-unsaturated bonds such as conjugated
dienes and non-conjugated dienes in dienes such asnorbornene, tetracylododecene, isoprene and
butadiene can be used as polymerization materials together with ethylene and the a-olefins. 



[0152]        In the present invention, the prepolymerization and the main polymerization can be carried
out by either of a liquid phase polymerization method such as solution polymerization and slurry
polymerization and a gas phase polymerization method. In particular, the main polymerization is
carried out preferably by slurry polymerization. [0153]        When a reaction mode of slurry
polymerization is employed in the main polymerization, the inert hydrocarbon used in the
prepolymerization is preferably used as a reaction solvent. [0154]        In the main polymerization in
the ethylene polymerization method of the present invention, the solid titanium catalyst component (I)
for ethylene polymerization is used in an amount of usually about 0.0001 to 0.5 mmol, preferably about
0.005 to 0.1 mmol in terms of a titanium atom per 1 liter of the polymerization volume. Also, the
organic metal compound catalyst component (II) is used in an amount of usually about   to 2000 mol,
preferably about 5 to 500 mol in terms of a metal atom per 1 mol of a titanium atom contained in the
50 prepolymerization catalyst component in the polymerization system. When the electron donor (III) is
used, it is used in an amount of 0.001 to 50 mol, preferably 0.01 to 30 mol and particularly preferably
0.05 to 20 mol based on 1 mol of a metal atom of the organic metal compound catalyst component (II).
[0155]        Use of hydrogen in the main polymerization makes it possible to control a molecular weight
of the resulting ethylene polymer, and the ethylene polymer having a large melt flow rate (hereinafter
referred to as "MFR") is obtained. If the ethylene polymerization catalyst of the present invention is
used, the polymer having higher MFR tends to be readily obtained in a smaller hydrogen amount than
in conventional ethylene polymerization catalysts. [0156]        The reason why the polymer having
higher MFR is liable to be obtained in a smaller hydrogen amount is unknown, but it is considered that
chain transfer reaction by hydrogen is expedited by the electron donor (B). In particular, a catalyst
comprising the solid titanium catalyst component in which the electron donor represented by Formula
(3) is contained tends to show notably the direction. [0157]        In the main polymerization in the
present invention, the polymerization temperature is set to usually about 20 to 250C,  51 preferably
about 50 to 200C, and the pressure is set to usually an atmospheric pressure to 10 MPa, preferably
about 0.2 to 5 MPa. The temperature in a case of slurry polymerization is about 20 to 100C, preferably
about 50 to 90C, and the pressure is usually an atmospheric pressure to 1.5 MPa, preferably about 0.2
to 1 MPa. In the polymerization method of the present invention, the polymerization can be carried out
by any method of a batch system, a semi-continuous system and a continuous system. Further, the
polymerization can be carried out on changed reaction conditions in two or more stages. [0158]
The ethylene polymer obtained by the ethylene polymerization method of the present invention is
excellent in particle properties and has a high bulk density, and therefore it can be produced at a high
productivity. Further, a low molecular weight polymer which is dissolved in an inert hydrocarbon used
for slurry polymerization tends to be less by-produced. A by-production amount of the solvent-soluble
component is varied according to MFR of the ethylene polymer produced (the higher the MFR is, the
higher the amount of the solvent-soluble component tends to be), and the solvent-soluble component
formed in producing the polymer having MFR of 300 to 400 g/10 minutes accounts preferably for 8 %
or less. [0159] It is known that the component having such higher MFR as  52 



described above is preferably contained in order to allow a moldability of the ethylene polymer to be
compatible with a strength thereof. The ethylene polymerization method of the present invention
makes it possible to reduce a loss in producing the ethylene polymer. EXAMPLES [0160]        Next,
the present invention shall be specifically explained with reference to examples, but the present
invention shall not be restricted to these examples. [0161]        In the following examples, a
composition, a particle size and a bulk density of the solid titanium catalyst component for ethylene
polymerization were measured in the following manners. [0162] (1) Contents of magnesium and
titanium:        Measured by IC? analysis (IC?? 1000TR, manufactured by Shimadzu Corporation).
[01631 (2) Chlorine content. Measured by a silver nitrate titration method. [0164] (3) Content of alcohol
residue: The catalyst which was sufficiently dried was added to an  53 acetone solution to which 10 %
by weight of water was added to obtain alcohol by hydrolysis, and the amount of the alcohol residue
was quantitatively determined by gas chromatography. [0165] (4) Fine powder content (particle size
distribution)        A content of fine powders having a particle diameter of less than 75 pm was
measured by means of a shaker (Ro-Tap, manufactured by Iida Seisakusho Co., Ltd.) and a sieve
(Bunsei Furui, inner diameter: 200 mm, aperture: 75 pm). [0166] (5) Bulk density (BD): Measured
according to JIS K-6721 standard. [0167] (6) Melt flow rate (MFR):     Measured on a condition of 190C
according to ASTM 01238E. [0168] 



(7) Solvent-soluble component ratio (SP): Calculated according to the following equation. [0169] SP
(%) = 100 X (a)/((a) + (p)) (a): amount of powder-like polymer (p) amount of ethylene polymer
dissolved in a n-heptane solvent        An amount of (p) is measured as a weight of a solid obtained by
removing the solvent by distillation from the filtrate separated by filtering after the polymerization.  54
[0170] (8) Intrinsic viscosity [n]:       The ethylene polymer particles were dissolved in decalin to
measure a intrinsic viscosity [h] in decalin of 135C. [0171] Example 1 Preparation of solid titanium
catalyst component for ethylene polymerization:        4.76 g (50 mmol) of magnesium chloride
anhydrous, 28.1 ml of decane and 16.3 g (125 mmol) of 2-ethylhexyl alcohol (ERA) were reacted by
heating at 130C for 3 hours to prepare a homogeneous solution, and then 0.94 g (20 mmol) of ethyl
alcohol (Et0H) was added and reacted by heating at 50C for 1 hour0.96 g (3.75 mmol) of diisopropyl
cis-cyclohexane-1,2- dicarboxylate was added to the solution and mixed by stirring at 50C for further 1
hour, and then the solution was gradually cooled down to room temperature. [0172]        A whole
amount of the homogeneous solution thus obtained was dropwise added to 200 ml (1.8 mol) of
titanium tetrachloride of 0C in 1 hour under stirring. The temperature was maintained at 0C during
dropwise adding. After finishing addition, the mixed solution was maintained at a temperature of 0C for
1 hour, and then the temperature was elevated up to 110C in 1 hour and 45 minutes. Thereafter, the
solution was maintained at the temperature for 30 minutes under stirring  55 and then filtrated at the
same temperature to separate a solid part. This solid part was sufficiently washed with decane of
110C and then with hexane of room temperature until the free titanium compound was not detected to
obtain a solid titanium catalyst component (I-1) for ethylene polymerization. The solid titanium catalyst
component thus obtained was stored in the form of a decane suspension, and a part thereof was dried
for analysis. The composition thereof was such that 7.0 % by weight of titanium, 14 % by weight of
magnesium, 59 % by weight of chlorine, 0.9 % by weight of an ethyl alcohol residue and 6.9 % by
weight of a 2-ethylhexyl alcohol residue. [01731 Polymerization:        An autoclave having an inner
content of 1 liter was charged with 500 ml of refined n-heptane under ethylene atmosphere, and added
thereto were 0.25 mmol of triethylaluminum and a decane suspension of the solid titanium catalyst
component (I-1) for ethylene polymerization obtained above in an amount corresponding to 0.005
mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and hydrogen was
supplied at 0.3 MPa, followed by continuously supplying ethylene for 1.5 hour so that the gauge
pressure was 0.6 MPa. The polymerization temperature was maintained at 80C. [0174]        After
finishing the polymerization, an ethylene polymer was separated from the n-heptane solvent by
filtration, washed  



56 and dried. After drying, 133.4 g of a powder-like polymer was obtained. This powder-like polymer
had MFR of 1.0 g/10 minutes and an apparent bulk density of 0.31 g/ml. [0175] Example 2
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-1) for ethylene polymerization was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom, and then the temperature was elevated up to
80C; hydrogen was supplied at 0.55 MPa, and then ethylene was continuously supplied for 1.5 hour so
that the gauge pressure was 0.6 MPa. The results thereof are shown in Table 1. [0176] Example 3
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-1) for ethylene polymerization was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom, and then the temperature was elevated up to
80C; hydrogen was supplied at 0.58 MPa, and then ethylene was continuously supplied for 1.5 hour so
that the whole pressure was 0.6 MPa. The results thereof are shown in Table 1. [0177]  57 Example 4
Preparation of solid titanium catalyst component for ethylene polymerization:        A solid titanium
catalyst component (1-2) for ethylene polymerization was obtained in the same manner as in Example
1, except that the temperature reached in heating was changed from 110C to 100C. The composition
thereof was such that 7.3 % by weight of titanium, 14 % by weight of magnesium, 58 % by weight of
chlorine, 1.1 % by weight of an ethyl alcohol residue and 9 % by weight of a 2-ethylhexyl alcohol
residue. [0178] Polymerization:        Ethylene was polymerized in the same manner as in Example 1,
except that the solid titanium catalyst component (1-2) for ethylene polymerization was used. The
results thereof are shown in Table 1. [0179] Example 5 Preparation of solid titanium catalyst
component for ethylene polymerization:        A solid titanium catalyst component (1-3) for ethylene
polymerization was obtained in the same manner as in Example 1, except that the maintaining time at
110C was changed from 30 minutes to 15 minutes. The composition thereof was such that 7.1 % by
weight of titanium, 14 % by weight of magnesium, 57 % by weight of chlorine, 1.0 % by weight of an
ethyl alcohol  



58 residue and 7.9 % by weight of a 2-ethylhexyl alcohol residue. [0180] Polymerization:        Ethylene
was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (I-3) for ethylene polymerization was used. The results thereof are shown in Table 1.
[0181] Example 6 Preparation of solid titanium catalyst component for ethylene polymerization:        A
solid titanium catalyst component (I-4) for ethylene polymerization was obtained in the same manner
as in Example 1, except that an amount of ethyl alcohol was changed from 0.94 g to 1.18 g and that
the maintaining time at 110C was changed from 30 minutes to 120 minutes. The composition thereof
was such that 6.7 % by weight of titanium, 15 % by weight of magnesium, 58 % by weight of chlorine,
0.6 % by weight of an ethyl alcohol residue and 2.8 % by weight of a 2-ethylhexyl alcohol residue.
[0182] Polymerization: Ethylene was polymerized in the same manner as in Example     except that the
solid titanium catalyst component (I-4) for ethylene polymerization was used. The results thereof are
shown in Table 1.  59 [0183] Example 7 Preparation of solid titanium catalyst component for ethylene
polymerization:        A solid titanium catalyst component (I-5) for ethylene polymerization was obtained
in the same manner as in Example 1, except that an amount of 2-ethylhexyl alcohol was changed from
16.3 g to 19.5 g; an amount of ethyl alcohol was changed from 0.94 g to 1.88 g; and the maintaining
time at 110C was changed from 30 minutes to 60 minutes. The composition thereof was such that 7.0
% by weight of titanium, 14 % by weight of magnesium, 57 % by weight of chlorine, 1.1 % by weight of
an ethyl alcohol residue and 5.1 % by weight of a 2-ethylhexyl alcohol residue. [0184] Polymerization:
Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (I-5) for ethylene polymerization was used. The results thereof are shown in Table 1.
[0185] Example 8 Preparation of solid titanium catalyst component for ethylene polymerization:        A
solid titanium catalyst component (I-6) for ethylene polymerization was obtained in the same manner
as in Example 7,  60 except that diisopropyl c s-cyclohexane-1,2-dicarboxylate was changed to
diisopropyl trans-cyclohexane-1,2-dicarboxylate. The composition thereof was such that 7.4 % by
weight of titanium, 14 % by weight of magnesium, 57 % by weight of chlorine, 1.8 % by weight of an
ethyl alcohol residue and 



7.7 % by weight of a 2-ethylhexyl alcohol residue. [0186] Polymerization:        Ethylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(1-6) for ethylene polymerization was used. The results thereof are shown in Table 1. [0187] Example
9 Preparation of solid titanium catalyst component for ethylene polymerization:        A solid titanium
catalyst component (1-7) for ethylene polymerization was obtained in the same manner as in Example
1, except that an amount of 2-ethylhexyl alcohol was changed from 16.3 g to 19.5 g; an amount of
ethyl alcohol was changed from 0.94 g to 2.35 g; and the maintaining time at 110C was changed from
30 minutes to 60 minutes. The composition thereof was such that 7.0 % by weight of titanium, 15 % by
weight of magnesium, 58 % by weight of chlorine, 1.2 % by weight of an ethyl alcohol residue and 4.5
% by weight of a 2-ethylhexyl alcohol residue.  [0188] Polymerization: Ethylene was polymerized in the
same manner as in Example     except that the solid titanium catalyst component (1-7) for ethylene
polymerization was used. The results thereof are shown in Table 1. [0189] Comparative Example 1
Preparation of solid titanium catalyst component:        4.76 g (50 mmol) of magnesium chloride
anhydrous, 28.1 ml of decane and 16.3 g (125 mmol) of 2-ethylhexyl alcohol were reacted by heating
at 130C for 3 hours to prepare a homogeneous solution. Then, 0.96 g (3.75 mmol) of diisopropyl
cis-cyclohexane-1,2-dicarboxylate was added to the solution and mixed by stirring at 50C for further 1
hour, and then the solution was gradually cooled down to room temperature. [0190]        A whole
amount of the homogeneous solution thus obtained was dropwise added to 200 ml (1.8 mol) of
titanium tetrachloride of 0C in 1 hour under stirring. The temperature was maintained at 0C during
dropwise adding. After finishing addition, the mixed solution was maintained at a temperature of 0C for
1 hour, and then the temperature was elevated up to 110C in 1 hour and 45 minutes. Thereafter, the
solution was maintained at the temperature for 30 minutes under stirring and then filtrated at the same
temperature to separate a solid  62 part. [0191]        The solid part was sufficiently washed with
decane of 110C and then with hexane of room temperature until the free titanium compound was not
detected to obtain a solid titanium catalyst component (8). The solid titanium catalyst component thus
obtained was stored in the form of a decane suspension, and a part thereof was dried for analysis. The
composition thereof was such that 6.4 % by weight of titanium, 16 % by weight of magnesium, 54 % by
weight of chlorine and 4.0 % by weight of a 2-ethylhexyl alcohol residue. [0192] Polymerization: 



An autoclave having an inner content of 1 liter was charged with 500 ml of refined n-heptane under
nitrogen atmosphere, and added thereto were 0.25 mmol of triethylaluminum and a decane
suspension of the solid titanium catalyst component (8) obtained above in an amount corresponding to
0.005 mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and hydrogen
was supplied at 0.3 MPa, followed by continuously supplying ethylene for 1.5 hour so that the gauge
pressure was 0.6 MPa. The polymerization temperature was maintained at 80C. [0193]        After
finishing the polymerization, an ethylene polymer was separated from the n-heptane solvent and dried.
After  63 drying, 60.3 g of a powder-like polymer was obtained. This powder-like polymer had MFR of
1.7 g/10 minutes and an apparent bulk density of 0.31 g/ml. The results thereof are shown in Table 1.
[0194] Comparative Example 2 Preparation of solid titanium catalyst component:        7.14 g (75 mmol)
of magnesium chloride anhydrous, 37.5 ml of decane and 29.3 g (225 mmol) of 2-ethylhexyl alcohol
were reacted by heating at 130C for 2 hours to prepare a homogeneous solution. Then, 3.1 g (15
mmol) of tetraethoxysilane was added to the solution and mixed by stirring at 50C for further 2 hours,
and then the solution was gradually cooled down to room temperature. [0195]        A whole amount of
the homogeneous solution thus obtained was dropwise added to 200 ml (1.8 mol) of titanium
tetrachloride maintained at 0C in 1 hour. After finishing addition, a temperature of the mixed solution
was elevated up to 110C in 1 hour and 45 minutes. Thereafter, the solution was maintained at the
temperature for 2 hours under stirring, and then a solid part was separated at the same temperature.
The solid part was sufficiently washed with decane of 110C and then with hexane of room temperature
until the free titanium compound was not detected to obtain a solid titanium catalyst component (9).
The solid titanium catalyst component  64 thus obtained was stored in the form of a decane
suspension, and a part thereof was dried for analysis. The composition thereof was such that 8.4 % by
weight of titanium, 14 % by weight of magnesium, 58 % by weight of chlorine and 4.3 % by weight of a
2-ethylhexyl alcohol residue. [0196] Polymerization:        Ethylene was polymerized in the same
manner as in Comparative Example 1, except that the solid titanium catalyst component (9) was used.
The results thereof are shown in Table 1. [0197] Comparative Example 3 Polymerization:        Ethylene
was polymerized in the same manner as in Comparative Example 2, except that the solid titanium
catalyst component (9) was added in an amount corresponding to 0.015 mmol in terms of a titanium
atom; then, the temperature was elevated up to 80C, and hydrogen was supplied at 0.55 MPa; next,
ethylene was continuously supplied for 1.5 hour so that the gauge pressure was 0.6 MPa. The results
thereof are shown in Table 1. [0198] Comparative Example 4 Polymerization: Ethylene was
polymerized in the same manner as in  65 Comparative Example 2, except that the solid titanium
catalyst component (9) was added in an amount corresponding to 0.015 mmol in terms of a titanium
atom; then, the temperature was elevated up to 80C, and hydrogen was supplied at 0.58 MPa; next,
ethylene was continuously supplied for 1.5 hour so that the gauge pressure was 0.6 MPa. The results
thereof are shown in Table I. 



[0199] Example 10 Polymerization:        An autoclave having an inner content of 1 liter was charged
with 500 ml of refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium catalyst component (I-I) for ethylene
polymerization in an amount corresponding to 0.015 mmol in terms of a titanium atom. Then, the
temperature was elevated up to 80C, and hydrogen was supplied at 0.6 MPa, followed by continuously
supplying ethylene for 1.5 hour so that the whole Pressure was 0.8 MPa. The polymerization
temperature was maintained at 80C. [0200]        After finishing the polymerization, the autoclave was
depressurized and cooled down to 65C, and then a white powder formed was separated from the
liquid phase part and dried. After drying, 151.1 g of a powder-like polymer was obtained. This
powder-like polymer had MFR of 37 g/10 minutes. On the 66 other hand, the solvent was removed
from the separated liquid phase part by distillation to obtain 4.8 g of a solid matter. The results thereof
are shown in Table 2. [0201] Example 11 Polymerization:        Ethylene was polymerized in the same
manner as in Example 10, except that hydrogen was supplied at 0.75 MPa. The results thereof are
shown in Table 2. [0202] Example 12 Polymerization:        Ethylene was polymerized in the same
manner as in Example 10, except that hydrogen was supplied at 0.76 MPa. The results thereof are
shown in Table 2. [0203] Example 13 Polymerization:        Ethylene was polymerized in the same
manner as in Example 10, except that hydrogen was supplied at 0.77 MPa. The results thereof are
shown in Table 2. [0204] Comparative Example 5 Polymerization:        An autoclave having an inner
content of 1 liter was charged with 500 ml of refined n-heptane under ethylene  67 atmosphere, and
added thereto were 0.25 mmol of 



triethylaluminum and a decane suspension of the solid titanium catalyst component (8) in an amount
corresponding to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated up to
80C, and hydrogen was supplied at 0.75 MPa, followed by continuously supplying ethylene for 1.5
hour so that the whole pressure was 0.8 MPa. The polymerization temperature was maintained at
80C. [0205]        After finishing the polymerization, the autoclave was depressurized and cooled down
to 65C, and then a white powder formed was separated and dried. After drying, 76.7 g of a powder-like
polymer was obtained. This powder-like polymer had MFR of 140 g/10 minutes. [0206]        On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 4.6 g
of a solid matter. The results thereof are shown in Table 2. [0207] Comparative Example 6
Polymerization:        Ethylene was polymerized in the same manner as in Comparative Example 5,
except that hydrogen was supplied at 0.78 MPa. The results thereof are shown in Table 2. [0208]
Comparative Example 7  68 Polymerization:        Ethylene was polymerized in the same manner as in
Comparative Example 5, except that hydrogen was supplied at 0.79 MPa. The results thereof are
shown in Table 2. [0209] Example 14 Preparation of solid titanium catalyst component:        A solid
titanium catalyst component (1-10) was obtained in the same manner as in Example 1, except that
ethyl alcohol was changed to 1.2 g (20 mmol) of n-propanol. [0210] Polymerization:        Ethylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(1-10) was used. The results thereof are shown in Table 3. [0211] Example 15 Preparation of solid
titanium catalyst component:        A solid titanium catalyst component (1-11) was obtained in the same
manner as in Example 1, except that ethyl alcohol was changed to 1.2 g (20 mmol) of iso-propanol.
[0212] Polymerization: 



Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (1-11) was used. The results thereof are shown in Table 3.  69 [0213] Example 16
Preparation of solid titanium catalyst component:        A solid titanium catalyst component (I-12) was
obtained in the same manner as in Example 1, except that ethyl alcohol was changed to 1.48 g (20
mmol) of n-butanol. [0214] Polymerization:        Ethylene was polymerized in the same manner as in
Example 1, exCept that the solid titanium catalyst component (1-12) was used. The results thereof are
shown in Table 3. [0215] Example 17 Preparation of solid titanium catalyst component:        A solid
titanium catalyst component (I-13) was obtained in the same manner as in Example 1, except that
ethyl alcohol was changed to 1.48 g (20 mmol) of iso-butanol. [0216] Polymerization:        Ethylene
was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (I-13) was used. The results thereof are shown in Table 3. [0217] Example 18 Preparation
of solid titanium catalyst component: A solid titanium catalyst component (1-14) was obtained  70  in
the same manner as in Example 1, except that ethyl alcohol was changed to 1.76 g (20 mmol) of
n-pentanol.  [0218] Polymerization:        Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-14) 



was used. The results thereof are shown in Table 3.  [0219] Example 19 Preparation of solid titanium
catalyst component:        A solid titanium catalyst component (I-15) was obtained in the same manner
as in Example 1, except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to 0.75 g (5
mmol) of ethyl benzoate.  [0220] Polymerization: Ethylene was polymerized in the same manner as in
Example except that the solid titanium catalyst component (I-15) was used. The results thereof are
shown in Table 3.   [0221] Example 20 Preparation of solid titanium catalyst component:        A solid
titanium catalyst component (I-16) was obtained in the same manner as in Example 1, except that an
amount of ethyl alcohol was changed from 0.94 g to 1.38 g (30 mmol) and that diisooropyl
cis-cyclohexane-1,2-dicarboxylate was changed  71 to 0.75 g (5 mmol) of ethyl benzoate. [0222]
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-16) was used. The results thereof are shown in Table 3. [0223]
Example 21 Preparation of solid titanium catalyst component:        A solid titanium catalyst component
(I-17) was obtained in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 1.26 g (6.25 mmol) of
2-isopropyl-2-isobuty1-1,3-dimethoxypropane. [0224] Polymerization:        Ethylene was polymerized
in the same manner as in Example 1, except that the solid titanium catalyst component (I-17) was
used. The results thereof are shown in Table 3. [0225] Example 22 



Preparation of solid titanium catalyst component:        A solid titanium catalyst component (I-18) was
obtained in the same manner as in Example 1, except that an amount of ethyl alcohol was changed
from 0.94 g to 1.38 g (30 mmol) and that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed
to 1.26 g (6.25 mmol) of 2-isopropy1-2-isobuty1-1,3-  72 dimethoxypropane. [0226] Polymerization:
Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (I-18) was used. The results thereof are shown in Table 3. [0227] Example 23 Preparation
of solid titanium catalyst component:        A solid titanium catalyst component (1-19) was obtained in
the same manner as in Example 1, except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was
changed to 0.96 g (3.75 mmol) of diisopropyl trans-cyclohexane-1,2-dicarboxylate. [0228]
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (I-19) was used. The results thereof are shown in Table 3. [0229]
Example 24 Preparation of solid titanium catalyst component:        A solid titanium catalyst component
(I-20) was obtained in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.96 g (3.75 mmol) of di-n-propyl
trans-cyclohexane-1,2-dicarboxylate. [0230]  73 Polymerization:       Ethylene was polymerized in the
same manner as in Example 1, except that the solid titanium catalyst component (1-20) was used. The
results thereof are shown in Table 3. [0231] Comparative Example 8 



Preparation of solid titanium catalyst component:        A solid titanium catalyst component (21) was
obtained in the same manner as in Comparative Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.75 g (5 mmol) of ethyl benzoate. [0232]
Polymerization:        Ethylene was polymerized in the same manner as in Comparative Example 1,
except that the solid titanium catalyst component (21) was used. The results thereof are shown in
Table 3. [0233] Comparative Example 9 Preparation of solid titanium catalyst component:        A solid
titanium catalyst component (22) was obtained in the same manner as in Comparative Example 1,
except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to 1.26 g (6.25 mmol) of
2-isopropy1-2-isobuty1-1,3- dimethoxypropane. [0234]  74 Polymerization:        Ethylene was
polymerized in the same manner as in Comparative Example 1, except that the solid titanium catalyst
component (22) was used. The results thereof are shown in Table 3. [0235] Comparative Example 10
Preparation of solid titanium catalyst component:        A solid titanium catalyst component (23) was
obtained in the same manner as in Comparative Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.96 g (3.75 mmol) of di-n-propyl
trans-cyclohexane-1,2- dicarboxylate. [0236] Polymerization:        Ethylene was polymerized in the
same manner as in Comparative Example 1, except that the solid titanium catalyst component (23)
was used. The results thereof are shown in Table 3. [0237] Example 25 Polymerization:        An
autoclave having an inner content of 1 liter was charged with 500 ml of refined n-heptane under
ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum and a decane
suspension of the solid titanium  75 catalyst component (1-10) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and hydrogen was
supplied at 0.75 MPa, followed by continuously supplying ethylene for 1.5 hour so that the whole
pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0238] 



After finishing the polymerization, the autoclave was depressurized and cooled down to 65C, and then
a white powder formed was separated from the liquid phase part and dried. After drying, 44.6 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 520 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 4.9 g
of a solid matter. The results thereof are shown in Table 4. [0239] Example 26 Polymerization:
Ethylene was polymerized in the same manner as in Example 25, except that hydrogen was supplied
at 0.77 MPa. The results thereof are shown in Table 4. [0240] Example 27 Polymerization:
Ethylene was polymerized in the same manner as in Example 25, except that a decane suspension of
the solid titanium  76 catalyst component (1-11) was added in an amount corresponding to 0.015 mmol
in terms of a titanium atom and that hydrogen was supplied at 0.76 MPa. The results thereof are
shown in Table 4.  [0241] Example 28 Polymerization:        Ethylene was polymerized in the same
manner as in Example 27, except that hydrogen was supplied at 0.77 MPa. The results thereof are
shown in Table 4.   [0242] Example 29 Polymerization:        Ethylene was polymerized in the same
manner as in Example 25, except that a decane suspension of the solid titanium catalyst component
(1-12) was added in an amount corresponding to 0.015 mmol in terms of a titanium atom and that
hydrogen was supplied at 0.74 MPa. The results thereof are shown in Table 4.   [0243] Example 30
Polymerization:        Ethylene was polymerized in the same manner as in Example 29, except that
hydrogen was supplied at 0.77 MPa. The results thereof are shown in Table 4. [0244]  77 Example 31
Polymerization:        Ethylene was polymerized in the same manner as in Example 25, except that a
decane suspension of the solid titanium catalyst component (I-13) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen 



was supplied at 0.74 MPa. The results thereof are shown in Table 4. [0245] Example 32 Polymer i z at
ion:        Ethylene was polymerized in the same manner as in Example 31, except that hydrogen was
supplied at 0.77 MPa. The results thereof are shown in Table 4. [0246] Example 33 Polymerization:
Ethylene was polymerized in the same manner as in Example 25, except that a decane suspension of
the solid titanium catalyst component (I-15) was added in an amount corresponding to 0.015 mmol in
terms of a titanium atom and that hydrogen was supplied at 0.76 MPa. The results thereof are shown
in Table 4. [0247] Example 34 Polymerization:  78        Ethylene was polymerized in the same manner
as in Example 33, except that hydrogen was supplied at 0.79 MPa. The results thereof are shown in
Table 4. [0248] Example 35 Polymerization:        Ethylene was polymerized in the same manner as in
Example 25, except that a decane suspension of the solid titanium catalyst component (1-16) was
added in an amount corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen was
supplied at 0.77 MPa. The results thereof are shown in Table 4. [0249] Example 36 Polymerization:
Ethylene was polymerized in the same manner as in Example 35, except that hydrogen was supplied
at 0.78 MPa. The results thereof are shown in Table 4. [0250] Example 37 Polymerization:
Ethylene was polymerized in the same manner as in Example 25, except that a decane suspension of
the solid titanium catalyst component (1-17) was added in an amount corresponding to 0.015 mmol in
terms of a titanium atom and that hydrogen 



was supplied at 0.69 MPa. The results thereof are shown in  79 Table 4. [0251] Example 38
Polymerization:        Ethylene was polymerized in the same manner as in Example 37, except that
hydrogen was supplied at 0.72 MPa. The results thereof are shown in Table 4. [0252] Example 39
Polymerization:        Ethylene was polymerized in the same manner as in Example 25, except that a
decane suspension of the solid titanium catalyst component (I-18) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen was supplied at 0.72 MPa.
The results thereof are shown in Table 4. [0253] Example 40 Polymerization:        Ethylene was
polymerized in the same manner as in Example 39, except that hydrogen was supplied at 0.76 MPa.
The results thereof are shown in Table 4. [0254] Comparative Example 11 Polymerization: Ethylene
was polymerized in the same manner as in  80 Comparative Example 5, except that a decane
suspension of the solid titanium catalyst component (21) was added in an amount corresponding to
0.015 mmol in terms of a titanium atom and that hydrogen was supplied at 0.77 MPa. The results
thereof are shown in Table 4. [0255] Comparative Example 12 Polymerization:        Ethylene was
polymerized in the same manner as in Comparative Example 5, except that a decane suspension of
the solid titanium catalyst component (22) was added in an amount corresponding to 0.015 mmol in
terms of a titanium atom and that hydrogen was supplied at 0.74 MPa. The results thereof are shown
in Table 4. [0256] 



Comparative Example 13 Polymerization:        Ethylene was polymerized in the same manner as in
Comparative Example 5, except that hydrogen was supplied at 0.78 MPa. The results thereof are
shown in Table 4. [0257] Comparative Example 14 Polymerization:        Ethylene was polymerized in
the same manner as in Comparative Example 5, except that hydrogen was supplied at 0.79 MPa. The
results thereof are shown in Table 4.  81 [0258] Example 41 Preparation of solid titanium catalyst
component:        A solid titanium catalyst component (1-24) was obtained in the same manner as in
Example 1, except that diisopropyl cis-cyclonexane-1,2-dicarboxylate was changed to 0.38 g (2.5
mmol) of ethyl benzoate and 0.51 g (2.5 mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0259]
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-24) was used. The results thereof are shown in Table 5. [0260]
Example 42 Preparation of solid titanium catalyst component.:        A solid titanium catalyst component
(I-25) was obtained in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.50 g (3.4 mmol) of ethyl benzoate and 0.33 g (1.7
mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0261] Polymerization:        Ethylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(I-25) was used. The results thereof are shown in Table 5.  82 [0262] Example 43 



Preparation of solid titanium catalyst component:        A solid titanium catalyst component (1-26) was
obtained in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.60 g (4.0 mmol) of ethyl benzoate and 0.20 g (1.0
mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0263] Polymerization:        Ethylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(1-26) was used. The results thereof are shown in Table 5. [0264] Example 44 Preparation of solid
titanium catalyst component:        A solid titanium catalyst component (1-27) was obtained in the same
manner as in Example 1, except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to
0.64 g (4.3 mmol) of ethyl benzoate and 0.15 g (0.8 mmol) of
2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0265] Polymerization:        Ethylene was polymerized in
the same manner as in Example 1, except that the solid titanium catalyst component (1-27) was used.
The results thereof are shown in Table 5.  83 [0266] Example 45 Preparation of solid titanium catalyst
component:        A solid titanium catalyst component (1-28) was obtained in the same manner as in
Example 1, except that diisobropyl cis-cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5
mmol) of ethyl benzoate and 0.10 g (0.5 mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0267]
Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-28) was used. The results thereof are shown in Table 5. [0268]
Example 46 Preparation of solid titanium catalyst component:        A solid titanium catalyst component
(1-29) was obtained in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.71 g (4.8 mmol) of ethyl benzoate and 0.05 g (0.3
mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0269] 



Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except that the
solid titanium catalyst component (1-29) was used. The results thereof are shown in Table 5.  84
[0270] Example 47 Preparation of solid titanium catalyst component:        A solid titanium catalyst
component (1-30) was obtained in the same manner as in Example 1, except that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol) and that diisopropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.71 g (4.8 mmol) of ethyl benzoate and 0.05 g (0.3
mmol) of 2-isopropyl-2-isobuty1-1,3-dimethoxypropane. [0271] Polymerization:        Ethylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(1-30) was used. The results thereof are shown in Table 5. [0272] Example 48 Preparation of solid
titanium catalyst component:        A solid titanium catalyst component (1-31) was obtained in the same
manner as in Example 1, except that an amount of ethyl alcohol was changed from 0.94 g to 1.38 g
(30 mmol); diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5 mmol) of ethyl
benzoate and 0.10 g (0.5 mmol) of 2-isopropyl-2-isobuty1-1,3-dimethoxypropane; and the condition of
30 minutes under stirring after elevating the temperature up to 110C was shortened to 15 minutes.
[0273]  85 Polymerization:        Ethylene was polymerized in the same manner as in Example 1, except
that the solid titanium catalyst component (1-31) was used. The results thereof are shown in Table 5.
[0274] Example 49 Preparation of solid titanium catalyst component:        A solid titanium catalyst
component (1-32) was obtained in the same manner as in Example 1, except that an amount of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol); diisopropyl cis-cyclohexane-1,2-dicarboxylate
was changed to 0.68 g (4.5 mmol) of ethyl benzoate and 0.10 g (0.5 mmol) of
2-isopropy1-2-isobuty1-1,3-dimethoxypropane; and the condition of 30 minutes under stirring after
elevating the temperature up to 110C was changed to maintaining stirring for 30 minutes after
elevating the temperature up to 100C. [0275] Polymerization: 



Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (1-32) was used. The results thereof are shown in Table 5. [0276] Example 50 Preparation
of solid titanium catalyst component:        A solid titanium catalyst component (1-33) was obtained in
the same manner as in Example 1, except that an amount of  86 ethyl alcohol was changed from 0.94
g to 1.38 g (30 mmol); diisopropyl cis-cyclohexane-1,2-dicarboxy1ate was changed to 0.68 g (4.5
mmol) of ethyl benzoate and 0.10 g (0.5 mmol) of 2-isopropyl-2-isobuty1-1,3-dimethoxypropane; and
the condition of 30 minutes under stirring after elevating the temperature up to 110C was changed to
maintaining stirring for 15 minutes after elevating the temperature up to 100C. [0277] Polymerization:
Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium catalyst
component (1-33) was used. The results thereof are shown in Table 5. [0278] Example 51 Preparation
of solid titanium catalyst component:        A solid titanium catalyst component (1-34) was obtained in
the same manner as in Example 1, except that an amount of ethyl alcohol was changed from 0.94 g to
1.38 g (30 mmol); diisobropyl cis-cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5 mmol) of
ethyl benzoate and 0.10 g (0.5 mmol) of 2-isopropyl-2-isobuty1-1,3-dimethoxypropane; and the
condition of 30 minutes under stirring after elevating the temperature up to 110C was changed to
maintaining stirring for 15 minutes after elevating the temperature up to 90C. [0279] Polymerization:
87        Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium
catalyst component (1-34) was used. The results thereof are shown in Table 5. [0280] Example 52
Polymerization:        An autoclave having an inner content of 1 liter was charged with SOO ml of
refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum
and a decane suspension of the solid titanium catalyst component (1-24) in an amount corresponding
to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and
hydrogen was supplied at 0.76 MPa, followed by continuously supplying ethylene for 1.5 hour so that
the whole pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0281]
After finishing the polymerization, the autoclave was depressurized and cooled down to 65C, and then
a white powder formed was separated from the liquid phase part and dried. After drying, 53.8 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 950 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 5.7 g
of a solid matter. The results thereof are shown in Table 6. 



[0282]  88 Example 53 Polymerization:        Ethylene was polymerized in the same manner as in
Example 52, except that hydrogen was supplied at 0.74 MPa. The results thereof are shown in Table
6. [0283] Example 54 Polymerization:        Ethylene was polymerized in the same manner as in
Example 52, except that hydrogen was supplied at 0.72 MPa. The results thereof are shown in Table
6. [0284] Example 55 Polymerization:        An autoclave having an inner content of 1 liter was charged
with 500 ml of refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium catalyst component (1-25) in an
amount corresponding to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated
up to 60C, and hydrogen was supplied at 0.76 MPa, followed by continuously supplying ethylene for
1.5 hour so that the whole pressure was 0.8 MPa. The polymerization temperature was maintained at
80C. [0285] After finishing the polymerization, the autoclave was  89 depressurized and cooled down
to 65C, and then a white powder formed was separated from the liquid phase part and dried. After
drying, 54.7 g of a powder-like polymer was obtained. This powder-like polymer had MFR of 670 g/10
minutes. On the other hand, the solvent was removed from the separated liquid phase part by
distillation to obtain 5.7 g of a solid matter. The results thereof are shown in Table 6. [0286] Example
56 Polymerization:        Ethylene was polymerized in the same manner as in Example 55, except that
hydrogen was supplied at 0.74 MPa. The results thereof are shown in Table 6. [0287] Example 57
Polymerization:        Ethylene was polymerized in the same manner as in Example 55, except that
hydrogen was supplied at 0.72 MPa. The results thereof are shown in Table 6. [0288] Example 58
Polymerization: 



An autoclave having an inner content of 1 liter was charged with 500 ml of refined n-heptane under
ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum and a decane
suspension of the solid titanium 90 catalyst component (1-26) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and hydrogen was
supplied at 0.76 MPa, followed by continuously supplying ethylene for 1.5 hour so that the whole
pressure was 0.8 MPa. The polymerization temperature was maintained at 80O. [0289]        After
finishing the polymerization, the autoclave was depressurized and cooled down to 65C, and then a
white powder formed was separated from the liquid phase part and dried. After drying, 40.1 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 640 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 4.8 g
of a solid matter. The results thereof are shown in Table 6. [0290] Example 59 Polymerization:
Ethylene was polymerized in the same manner as in Example 58, except that hydrogen was supplied
at 0.74 MPa. The results thereof are shown in Table 6. [0291] Example 60 Polymerization:
Ethylene was polymerized in the same manner as in Example 58, except that hydrogen was supplied
at 0.72 MPa. The results  91 thereof are shown in Table 6. [0292] Example 61 Polymerization:        An
autoclave having an inner content of 1 liter was charged with 500 ml of refined n-heptane under
ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum and a decane
suspension of the solid titanium catalyst component (1-27) in an amount corresponding to 0.015 mmol
in terms of a titanium atom. Then, the temperature was elevated up to 80C, and hydrogen was
supplied at 0.76 MPa, followed by continuously supplying ethylene for 1.5 hour so that the whole
pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0293]        After
finishing the polymerization, the autoclave was depressurized and cooled down to 65C, and then a
white powder formed was separated from the liquid phase part and dried. After drying, 51.2 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 950 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 5.3 g
of a solid matter. The results thereof are shown in Table 6. [0294] Example 62 Polymerization:  92
Ethylene was polymerized in the same manner as in Example 61, except that hydrogen was supplied
at 0.74 MPa. The results thereof are shown in Table 6. [0295] 



Example 63 Polymerization:        Ethylene was polymerized in the same manner as in Example 61,
except that hydrogen was supplied at 0.72 MPa. The results thereof are shown in Table 6. [0296]
Example 64 Polymerization:        An autoclave having an inner content of 1 liter was charged with 500
ml of refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of
triethylaiuminum and a decane suspension of the solid titanium catalyst component (1-28) in an
amount corresponding to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated
up to 80C, and hydrogen was supplied at 0.76 MPa, followed by continuously supplying ethylene for
1.5 hour so that the whole pressure was 0.8 MPa. The polymerization temperature was maintained at
80C. [0297]        After finishing the polymerization, the autoclave was depressurized and cooled down
to 65C, and then a white powder formed was separated from the liquid phase part and dried.  93 After
drying, 38.7 g of a powder-like polymer was obtained. This powder-like polymer had MFR of 860 g/10
minutes. On the other hand, the solvent was removed from the separated liquid phase part by
distillation to obtain 5.3 g of a solid matter. The results thereof are shown in Table 6. [0298] Example
65 Polymerization:        Ethylene was polymerized in the same manner as in Example 64, except that
hydrogen was supplied at 0.74 MPa. The results thereof are shown in Table 6. [0299] Example 66
Polymerization:        An autoclave having an inner content of 1 liter was charged with SOO ml of
refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum
and a decane suspension of the solid titanium catalyst component (1-29) in an amount corresponding
to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C, and
hydrogen was supplied at 0.76 MPa, followed by continuously supplying ethylene for 1.5 hour so that
the whole pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0300] After
finishing the polymerization, the autoclave was  94 depressurized and cooled down to 65C, and then a
white powder formed was separated from the liquid phase part and dried. After drying, 46.5 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 600 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 5.6 g
of a solid matter. The results thereof are shown in Table 6. [0301] Example 67 Polymerization:
Ethylene was polymerized in the same manner as in Example 66, except that hydrogen was supplied
at 0.74 MPa. The results thereof are shown in Table 6. 



[0302] Example 68 Polymerization:        An autoclave having an inner content of 1 liter was charged
with 500 ml of reined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium catalyst component (1-30) in an
amount corresponding to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated
up to 80C, and hydrogen was supplied at 0.76 MPa, followed by continuously supplying ethylene for
1.5 hour so that the whole pressure was 0.8 MPa. The polymerization temperature was maintained at
80C.  95 [0303]        After finishing the polymerization, the autoclave was depressurized and cooled
down to 65C, and then a white powder formed was separated from the liquid phase part and dried.
After drying, 82.2 g of a powder-like polymer was obtained. This powder-like polymer had MFR of 410
g/10 minutes. On the other hand, the solvent was removed from the separated liquid phase part by
distillation to obtain 6.3 g of a solid matter. The results thereof are shown in Table 6. [03041 Example
69 Polymerization:        Ethylene was polymerized in the same manner as in Example 68, except that
hydrogen was supplied at 0.74 MPa. The results thereof are shown in Table 6. [0305] Example 70
Polymerization:        An autoclave having an inner content of 1 liter was charged with 500 ml of refined
n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum and a
decane suspension of the solid titanium catalyst component (1-31) in an amount corresponding to
0.015 mmol in terms of a titanium atom. Then, the temperature was elevated up to 80C and hydrogen
was supplied at 0.78 MPa, followed by continuously supplying ethylene for 1.5 hour so  96 that the
whole pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0306]
After finishing the polymerization, the autoclave was depressurized and cooled down to 65C, and then
a white powder formed was separated from the liquid phase part and dried. After drying, 61.3 g of a
powder-like polymer was obtained. This powder-like polymer had MFR of 640 g/10 minutes. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 4.6 g
of a solid matter. The results thereof are shown in Table 6. [0307] Example 71 Polymerization:
Ethylene was polymerized in the same manner as in Example 70, except that hydrogen was supplied
at 0.79 MPa. The results thereof are shown in Table 6. [0308] Comparative Example 15
Polymerization:        Ethylene was polymerized in the same manner as in Comparative Example 5,
except that a decane suspension of the solid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen was supplied at 0.72 MPa.
The results thereof are shown in Table 7. 



97 [0309] Comparative Example 16 Polymerization:        Ethylene was polymerized in the same
manner as in Comparative Example 5, except that a decane suspension of the solid titanium catalyst
component (9) was added in an amount corresponding to 0.015 mmol in terms of a titanium atom and
that hydrogen was supplied at 0.75 MPa. The results thereof are shown in Table 7. [0310]
Comparative Example 17 Polymerization:        Ethylene was polymerized in the same manner as in
Comparative Example 5, except that a decane suspension of the solid titanium catalyst component (9)
was added in an amount corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen
was supplied at 0.76 MPa. The results thereof are shown in Table 7. [0311] Comparative Example 18
Polymerization: Ethylene was polymerized in the same manner as in Comparative Example 5, except
that a decane suspension of the solid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmol in terms of a titanium atom and that hydrogen was supplied at 0.77 MPa.
The results thereof  98 are shown in Table 7. [0312] Comparative Example 19 Polymerization:
Ethylene was polymerized in the same manner as in Comparative Example 5, except that a decane
suspension of the solid titanium catalyst component (9) was added in an amount corresponding to
0.015 mmol in terms of a titanium atom and that hydrogen was supplied at 0.78 MPa. The results
thereof are shown in Table 7. [0313] Comparative Example 20 Polymerization:        Ethylene was
polymerized in the same manner as in Comparative Example 5, except that a decane suspension of
the solid titanium catalyst component (9) was added in an amount corresponding to 0.015 mmol in
terms of a titanium atom and that hydrogen was supplied at 0.79 MPa. The results thereof are shown
in Table 7. 
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APPLICABILITY [0321].        It can be found from the results that the ethylene polymerization catalysts
of the present invention have the excellent characteristics of a high polymerization activity, a high
hydrogen response for controlling a molecular weight and a low content of solvent-soluble
components.  107 CLAIMS 1.A solid titanium catalyst component (I) for ethylene polymerization,
which is obtained by bringing a liquid magnesium compound (A) comprising a magnesium compound,
an electron donor (a) having 1 to 5 carbon atoms and an electron donor (b) having 6 to 30 carbon
atoms into contact with a liquid titanium compound (C) under the presence of a compound represented
by the following Foimula (2): R' R100C IR' /R3 RI-CbCaR'  



( 2 )  wherein in Formula (2), C and Cb represent a carbon atom; n represents an integer of 5 to 10; R2
and R3 each are independently COORI or R', and at least one of R2 and R3 is COORI: in a cyclic
framework, any carbon-carbon bond other than a C-C bond and a CCb bond when R3 is a hydrogen
atom may be substituted with a double bond; a plurality of RI is a hydrocarbon group having 1 to 20
carbon atoms; a plurality of R' each is independently an atom or a group selected from a hydrogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, a halogen atom, a nitrogen-containing group,
an oxygen-containing group, a phosphorus-containing group, a halogen-containing group and a
silicon-containing group; A is a structure represented by the following formula or a hetero atom
excluding an oxygen atom: R' R' wherein a plurality of R' is the same as R' described above, or under
the presence of a mixture of a benzoic acid ester and a diether compound represented by the following
Formula (3):  108  ( 3 )  wherein in Formula (3), m represents an integer of 1 to 10; R11, R12 and R31
to R36 each are independently a hydrogen atom or a substituent having at least one element selected
from carbon, hydrogen, oxygen, fluorine, chlorine, bromine, iodine, nitrogen, sulfur, phosphorus, boron
and silicon; two or more of R11, R12 and R3' to R36 may be linked together to foxiii a ring other than a
benzene ring, and a main chain may contain an atom other than carbon, and which comprises
titanium, magnesium and a halogen.  2. The solid titanium catalyst component (I) for ethylene
polymerization as described in claim 1, wherein the molar ratio ((a)/(b)) of the used amount of the
electron donor (a) to the used amount of the electron donor (b) is less than 1, and the electron donor
(a), the electron donor (b) and the electron donor (B) are hetero atom-containing compounds excluding
cyclic ether compounds.  3. The solid titanium catalyst component (I) for ethylene polymerization as
described in claim 1, wherein the electron donor (a) is an alcohol having 1 to 5 carbon atoms, and the
electron donor (b) is an alcohol having 6 to 12 carbon atoms.  4. An ethylene polymerization catalyst
comprising the solid titanium catalyst component (I) for ethylene polymerization as described in any of
claims 1 to 3 and an organic metal compound catalyst component (II).  5. An ethylene polymerization
method comprising homopolymerizing ethylene or copolymerizing ethylene with other olefins under the
presence of the ethylene polymerization catalyst as described in claim 4   SOLID TITANIUM
CATALYST COMPONENT FOR ETHYLENE POLYMERIZATION, ETHYLENE POLYMERIZATION
CATALYST AND ETHYLENE POLYMERIZATION METHOD ABSTRACT        Provided are a solid
titanium catalyst component for ethylene polymerization which can polymerize ethylene at a high
activity and which can provide an ethylene polymer having an excellent particle property, an ethylene
polymerization catalyst and an ethylene polymerization method in which the catalyst is used. 



The solid titanium catalyst component (I) for ethylene polymerization according to the present
invention is obtained by bringing a liquid magnesium compound (A) including a magnesium
compound, an electron donor (a) having 1 to .5 carbon atoms and an electron donor (b) having 6 to 30
carbon atoms into contact with a liquid titanium compound (C) under the presence of an electron donor
(B) and includes titanium, magnesium an a halogen. The ethylene polymerization catalyst of the
present invention includes the component (I) and an organic metal compound catalyst component (II).
Further, the ethylene polymerization method of the present invention is a method for polymerizing
ethylene under the presence of the catalyst. (No suitable figure) 




