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. BACKGROUN BF THEINVENTION [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 fapthe,eane:alviners haussadg:bRen nawn, andit iskpown that use of a
solid titanium catalyst comprising a titanium catalyst component containing titanium, magnesium, a
halogen and an electron deyorasrarveatiang) cempenentmakes,iftirossibte- tq; 2 produce ethylene
polymers at a high polymerization activity. In particular, it is described in a patent document 1 that a
catalyst for ethylene pofjridhZabrAddmpilsing B2 thaniinmt aEtyst componeot 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 hydrogen a.hi lvity. Further, it is described in a patent document 2 that polymers
having gé)%a%e?l)’lt%%%j:tlc e p#gp?grﬁgsg\é& produced by using an olefin polymerization catalyst comprising
an aluminpim ggmpound selected from aluminosiloxane, a reaction product of alkylaluminum and
calixarene and a reaction product of alkylaluminum and cyclodextrin, a halogen-containing magnesium
compound and artitanisira sempoind=[0003} re Qn the ether hand sifiethylene.can be polymerized at
a higher activity in producing the ethylene polymers, not only the productivity is improved, but also a

catalyst Pesicueypér pulymersparticalarly arhalegen ambyntisireguced, anchthereforespoblems such
as generation of rust on a die in molding can be resolved. Accordingly, a titanium catalyst component
which cdiPpalfisetizé etityless b a Highardtivhy isidesireds (0804} Polyimersiobtamed toys ,
polymerizinghetggeng are usu%g)é btained in aé)owder form regardless of a slurry method, a gas

[

phase method and the fike. TA 38e el B bréverdisly 85 feie Féipmet& dmich do not contain

fine powggssand hayve a;narrqw particle size distribution and which are excellent in a particle
flowability. The ethylene polymersﬁwhich are exéelI%en?%ogaﬁgétﬁr%%grtﬁgﬁ%g%rﬁﬁs @Advantages

that theyrearybe uged asthey eje withoutpelletizing-depending.op uses. [0005] ,  Further, known is
a method in which a molecular weight distribution is broadened by multistage polymerization in order
to obtairg fithy which igseh@etientin trtrdrispayepeyrdndaameehanical 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,wei ' | amaunt of hydrogen is advantageous in terms of an activity even in
muItista%g\%gégn%ﬁ%ﬁgﬁﬁgé{g)réﬁ\é@?gh%é\{hylene polymerization catalyst having an excellent
property qu@rplling 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 m@g@a&w&wr@@ﬂsbysm@ﬂisw%Bﬁl&@@i@@ﬁ%l@é}@e%H@dyfhc%%@pﬂéw‘g the 4
soluble component is desired to be reduced for the sake of a yield of the product and environmental
correspoitdentey[0007)ethylene (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 pessible to



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 isrusct {0@89]y 1 enEhe plesestinventars haye investigated-he preblems;in order to solve
them. As a result, they have found, to be surprised, that a solid titanium catalyst component (1) for
ethylenelpolymetizatidn vbtaited. by Brngingeeliquid magresiim compouad {A) cemptising a
magnesium compound and two or more kinds of electron donors having a specific number of carbon

atoms intG E8REREwitRT RGd titdHium SORISEURR(C)dhdep e preseAce of an eldatroridonor (B)
can solvgamg rol%lems and thl,éls theyshai/ledcom leted the present invention. S [00101 That is, the

Solid frafion catatyst Compon8iedy T effiyidd Folymerization, which is

=1 ] Conpone
present inven |<¥n pI’OVIgE)SZ a So

obtainecthy by 9. megnesim compaunddA) comprisg 3 nagnegium compound, an

electron donor (a) having 1 to 5 carbon atoms and an electron dono aving

into contaetwithedlicuid ditaniumcompaung (G)under thespresgnee ofan electron.dengr(B) and
which comprises titanium, magnesium and a halogen. [0011] The molar ratio ((a)/(b)) of the used
amount 6Pthecalactramdonor (@) e thecused amount ofithe alectren;donorr(b) isjpreferably less than 1,
and the electron donor (a), the electron donor (b) and the electron donor (B) are preferably hetero
atom-coRtATIRG o potRite exclutily ardie eiher-comipbnds: [0012]is dJEke eldvtranidonor (a) is
preferabllr}/ ag:ohol havig% | to 5 carbon atoms, and the electron donor (b) is preferably an alcohol

n
having 6 t(a)%leﬁqcar%%ﬁuﬁ%ms. 0137~ PHhE @t R dorsr (%ﬁﬁﬂ)l‘e?é‘r%\bﬂﬁé *Eli"é%&ﬁoxylic_ ester
compour@qQﬁgglggégogg&oglp@mggg%eglr%{)ggthg grgfgg[)gglﬁﬁri%of aglgahalldes, acid amides,

nitriles, acid anhydrides, organic acid esters Iye?hers. TMofs Bﬁ‘effgrred aspects of

the electren doper (B)dnglude aeorapound.represerted by the fallowing Egrmulg (2), a diether

compound represented by the following Formula (3) or a mixture of an organic acid ester having 2 to
18 carbonlamsoand the diether cospoundrrepresanted by the followingrFermular(d). [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 162R2*HMFRS Bt ate Tifspehaentir0doR2 of alkylaluminum and

cyclodextrin, a halogen-containing magnesium cempound and &

titanium compound.
[0003)

On the other hand, 1f ethylene can be polymerized at a
nhigher 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. Acceordingly, a titanium catalyst
component which can polymerize ethylene at a higher activity
is desired.

[0004]

Polymers obtained by polymerizing ethylene are usually



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 & 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-
containingpgedup:400itla povitea siructure sepresented hydhe fellawing faeulanr asngigro atom
excluding an oxygen atom: [0020] A R' R' [0021] A plurality of R" is the same as R' described above.
[0022] FR3ZRIZFE3449 foOR3FIreFerhfgla (3)rmirebreseatssan tegerafel to-¢@andiR31 to R36

each are |nge£)endently a hydrogen atom or a 1. substituent havmg at least one element selected from
carbon, ene polymérs 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
exceilent in particle properties have various advantages that
they can be used as they are without pelletizing depending on
uses.

[0005]

‘Further, known 1s a method in which a molecular weight
distribution is brbadened by multistage polymerization in
order to obtain a film which is excellent in a transparency
and a mechanical strength. Usually, a molecular weight is
contrelled by adding hydrogen, but the activity tends to be
reduced when elevating an amount of hydrogen to 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
mclecular weight by hydrogen, which is called a hydrogen
response, is desired,

[0006]

Also, a polymerization solvent-soluble compcnent tends to

be increased when producing a low molecular weight part by

multistage polymerization, and by product comprising the



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 (1) for ethylene polymerization and an organic metal compound catalyst
component (I1). [0026] The ethylene polymerization method of the present invention is
charactefized by hortopolymetizing eflademeor capalpmeszingeihylene with atherolgfing under the
presence of the ethylene polymerization catalyst. ADVANTAGEOUS OF THE INVENTION [0027]

The solidtitahfant Eatalst kBRBEHENt RS ctiyiéne polyhictization, thewrtdene polymerization catalyst
and the ethg?&efi polymerization method according to the present invention make it possible to
produce arﬁ e hyltl:ne polymer which contains less solvent-soluble components and which is excellent
in a partiglgform with an excellent 9¥d@9§51_r spensgata high activity. Further, they are excellent in
9 controlling a molecular weight and a molecular wéight distribution of the ethylene polymer obtained.
Brief Explanation of dhefawings [§028kEig- kisq 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 (1) for ethylene polymerization, the
ethylenem%n%ﬁw@t donTpiisiAgthe catalyst component (1) and the ethylene
polymerizﬁoorbguﬁthod 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
homobolymerizatign but also copplymerization, and.the term of 'polymer" may be used in the meaning
that it includes noi'?lon?; a %rﬁgp(ﬁgr%e%%é% glgg%ngop%?ﬁﬁéfﬁ}f&%(ﬁ%‘ﬁﬁd tREnith &stalysf
componefy £1) lene polymerization>. .solid titanium catalyst component (1) for ethylene
-polymerizatior%%%tgr%i@ng_to the ﬁr%%sﬁer%]nggnt?ogngi]‘s%b %aiée%%fﬂol gy bzﬁgafﬁbﬁﬂe‘ﬁ%%%* 35nesium
compounrchbidy) coemptisig thecmageesiupreampeund he glegtron-donor (a),angd the: slectron donor (b)
into contact with the liquid titanium compound (C) under the presence of the electron donor (B) and
compriseSitariaRt: nidgriesivratantdct halogen. The sblid titasiura Tatalyst conpanent ) dor ethylene
polymerization obtained by bringing the liquid magnesium compound (A) into contact with the liquid
titanium EEMPEITE (C)Grder thE PreSshtessT the electohdonor {BY iscdxeetientinrehydregen
respons%ﬁ{ qluc(:egr]!ess salvent-soluble coinponent , and tends to be liable to provide an ethylene

polymer which Is excefient in a paticls forht “Fhie RqUid ATy et Sofpdimd (2§ thé@léctron donor
(B) and the higuidstijanium eompound (G).shallha explained helow, [0031] Liquid magnesium

compound (A):
polymerization method in which the catalyst is used.

[00029]

The present inventors have investigated the problems in
crder to solve them. As a result, they have found, to be
surprised, that a sclid titanium catalyst coméonent {I) for
ethylene polymerization obtained by bringing a liquid
magnesium compound (A) comprising a magnésium compound and two
or more kinds of electron doncrs having a specific number of
carbon atoms into contact with a liguid titanium compound (C)
under the presence of an electron donor (B) can sclve the

problems, and thus they have completed the present invention.



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 @escribed 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.
83006/1988 @hdlJapanese 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 m&Griesidm CorRpBaFdSAdving HE TédGing Rbfity; decluding: magnesium halides such
as magngsisug} QQIO{igga%n%rrpa Qteg' msgromide; alkoxymag?ne,sium halides such as methoxymagnes
um chloride and ethoxymagnesiam-chiotide’ aRoRYMagnesium FaliGeS ¥déias phenoxymagnesium
chloride;alkxymagnesiums syich as ethoxymagnesium, isgpropoxymagnesiym, butoxymagnesium
and 2-ethylhexoxymagnesium; aryloxymagnesiums sucﬁ as pjﬁe%oxgmagnesqum; carboxylates of
magnesitaysLch as maghesiym stegrates{R033] Onsthe g{gghgg@qmprggg,izgcggg@r}eggm compounds
and organic magnesium halide compounds represented by Grignard reagents can be used as well.
[0034] elFhemagaesiom dempoandsimay becusedcalobeor it eambination of &ye of mere kinds
thereof. Further, the magnesium compounds may be complex compounds with other metals, double
compourdEEFmiKtirdsahersofavitiPother fetilcConcurrlsi [0085F Amicn:thebt,imagnesium halides,
particula&lémag esium 12 chloride is preferably used, and in addition thereto, alkoxymagnesium such

as ethoxymagnasiont i prefeaBiPasEias vell B iert ByanE fagResitm esmpeands Paving a
reducing ahility. sugh ri réir{)e nts, which are hrought into contact with titanium halides, silicon
halides acr%gjla!l%o#ogl )hg%%%s;gﬁ%y eggs%epf iLOSOeSSG.f:iga?\%v%%dr more Kinds of fﬁ%éelgctron donors used
for prepatigdhediguid 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,
aldehydeg| @hniinés, 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 examplesot the igction-donof (&), [0038] of Theraleshdlszmepnéferably mdcohols having 1
tob5 carbop atoms and include, for example, methanol, ethanol, n-propanol, isopropanol, n-butancl,

iscbutan&t- 8fFyiéHe GHEBFand hpeRtahBrF ARTSity BiemHicsHols haviRgacters safkorcatoms which
have less ¢ rbog toms are preferred. They are mare preferably ethanol, n-propanol and isopropanol,
particula?ly%rejfergb%éﬁ%:aaﬁoo‘ly[o%%]s1§m¥n ?’ e t{le eyecwon 'égnox ‘&), the
electron donor (b) and the electron donor {B) are preferably
hetero atom-containing compounds excluding cyclic ether

compounds.

10012)

The electron donor (a) is preferably an alcohol having 1
to 5 carbon atoms, and the electron donor (b) is preferably an
alcohol having 6 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.



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 combifiation 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 (l1)
described titéfand develops quickly a catalyst activity, and therefore the catalyst having a high
polymerization %ﬁctivity for gthylen& is obtained in_many cases. [0045] The electron donor (b)

having 6 to 3.0 CArbonFAtoms: hiote Préferably Bto 20Tatd&iT afdis fEGSEd. (0461 L udhe specific
examples of ich is the electr onar,(b).include:. 14 aliphatic.alcohols such as hexanol,
2-meth)‘?lapéanct%r?(g%l %ﬁ?h%%&?ﬁ%i’%g taqr%lg n%c%)%sr%&,lﬁgﬁy?ﬁénﬁaﬁn%l, {)lfe)chn%l él%c? %gécanol;
aldcyclicalgghalssuchas syclehexans! and methyleyclohexanal, argmatic alcohols such,as benzyl
alcohol and methylbenzyl alcohol; and alkoxy group-containing aliphatic alcohols such as n-butyl
cellosolyes Among themcthe-dliphatic alcahols are Wseds [004 7}z rhdrxamples of the aldehydes
include aldehydes having 7 or more carbon atoms such as capric aldehyde and 2- ethylhexylaldehyde.
[0048] <isbamaplesieie dniines nekidessnings Haginge 80 rarbonratohss duich.as heptylamine,
octylamine, nonylamine, iaurylamine and 2-ethylhexylaminde. [0049] Examples of the carboxylic
acids inclbag J[I*?é( 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 ﬁmall a@ﬁnt (mole unit).

(2)

In Formula (2), C® and C° represent a carbon atom; n represents
an integer of 5 to 10; R® and R’ each are independently COOR!
or R’, and at least one of R* and R? is COOR'; in a cyclic
framework, any carbon-carbon bond other than a C*-C* bond and a
CA:-C” bond when R® is a hydrogen atom may be substituted with a
double bond.
[0017]

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

carbon ztoms.

[0018]



[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 kindsrtheteof angl the contact conditiens, O-kie, 20 mal, 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 Br2Z0mot Preferably frton @ niotdndowmorezpreferably Aytormmotforrthe elggtron 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 deWéfégpr%fgrﬁb%/ol.g%éhl%%Fﬁﬁ@ further preferably:2 2015 mokbasesbem: mol of the
magnesi m %%mggund.égOM The electron donor (a) is used preferably in a smaller amount than
that of the electron dendr (B)FTo He Spetiic’ (theTusad Amstng iHieh of thé BReFanA denor (a))/(the
used a ) pf.t tron donor is.preferably less 16 than 1, more preferably less than
0.8, furﬁ%g%l%g&%%gbﬁ?é |2%:S%[ﬁ§r’1 0%6,8pga{?rﬁ§lb1gl?érl39%?§}g‘r% %ﬂgsg #TAH 0 3% eSipecial breferably less
than 0.4 dbatprepartign ©f 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 dowoi &), the electron donor (b) and the electron donor (B) are preferably hetero
atom-containing compounds excluding cyclic ether compounds. [0055] A solvent-soluble
magnesium compotifid s dvattagesusiznses smorler toyohtain catalyst padictesdaving an excellent
particle property. On the other hand, the electron donor (a) is preferably used, as described above, in
order to 8btain thie higHis active sofid TfarfitimceataIgs: cohfionent (1) for ethylene polymerization.. In
the prese%iag%r}tion, 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 praperty can be obtained, to be surprised, without damaging an effect of showing the high
activity in MI ne polymerization. [00567? The liquid magnesium compound (A) is preferably
prepared in a |i(yJ d hydrocarbon medium. Magnesium in the liquid hydrocarbon medium is used in a
concentration of O\l to 20 mol/liter, preferably 0.5 to 5 mol/liter. The liquid hydrocarbon media include
publicly knowrRly@bcarbon 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 Qolymerization of d-olefins described in Japanese Patent Application Laid-Open No:
83006/1983 %%%Hapanese Patent Application Laid-Open No. 811/1981 can be listed as the preferred
examples of the Elecirgga@jngr (B).used for preparing the solid{titanium catalyst component (1) for
ethylene polymerization according tothe presatt inventios J0858[1€ S CTddspersfie a dicarboxylic
ester compgynd js 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 representﬁg%the following Formula (1) is preferably used from the viewpoint that it is
excellent in controllin olecul gight an lecular weight distribution of the resulting ethylene
polymer. In Formula (%), Carep eien' a carbcin atom. [0059]

Fégj'““ijﬁ"”{} E C: ﬁ}““‘fi“"‘Fégeg

;‘;33 Rmm Fzzas
e v v (3)

(0023]

In Formula (3), m represents an integer of 1 to 10; ®*', R'? and
R* to R®® each are independently a hydrogen atom or a

=4

substituent having at least one element selected from carbon,



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. Thelhydrecarbonygreups friclade methyhéthyl | nepropy pisopegpyl,aetbutyl, isobutyl, neopentyl,
hexyl, heptyl, octyl, 2-ethylhexyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl and the like.
It is prefetdbiP Fethyl Sethyl h-pRPYERSEHFESY|, BB issbltyll Aespéntyl, hexyl, heptyl, octyl,
2-ethylhexyl % decyl, more preferably methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl,
hexyl, heﬁéﬁaﬁ; Hyl and 2- ethylhexyl. Ethyl, n-propyl and isopropyl are particularly 19 preferred. [0063]
A plurality of R eﬁgp i%%dsepgpdgm!y @mzatg%o&angrggp gedercntaed figcglmlal @Q%rgg%g e}éocrﬂé%l
hydrocarbon group having 1 to 20 carbon atoms, a halogen atom, a nitrogen-contairiing group, an
oxygen-gentaining arodpna phosphorussgontaining.argup.,a halogenscontaining group and.a
silicon-containing group. [0064] -Among them, a hydrocarbon group having 1 to 20 carbon atoms is
preferred as R othes thart arhydrogen atosn, angrdolyydrocarbon group having 1 to 10 carbon atoms is
more preferred. The hydrocarbon groups include, for example, aliphatic hydrocarbon groups, alicyclic
hydrocarbdt’grolips 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 preferab%ipﬁéﬁé’ h§BFodATHOM Group ‘Stich aSHhéthyE 'ethyl, proByiEigspiopyl, n-butyl,
isobutyl,.sec-hutyl and.n-pentyl. It is particularly preferably ethyl, n-propyl and jsppropyl. [0065]

When RS g&éﬁc %f%ngr%ap,c | %rﬁFeTgrrréé ?r%?ngi(f*necv?éﬁ\ﬁg&iﬁtl trﬁét Fl%?orél)éllalgolééﬁgﬂgjr e component
originatig, in:3 low molaguiarweioht deseribedatey caa bsdnbibited Juom Being.progyced but also it is
excellent as well in a particle property. 20 [0066] Further, at least two groups of R may be linked
togetherde dermi a ringrand acteidhle dopdenda hetere.atona 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@a& framework of the ring, the number of carbon atoms forming the framework of the ring

is 5 to 10. ‘
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 COF THE INVENTION
[0027]

The sclid titanium catalyst componenf for ethylene
polymerization, the ethylene polymerization catalyst and the
ethylene polymerization method according to the present
invention meke it possible to produce an ethylene pclymer
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



[0067] R2 and R3 which.are not COORL1 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-diiseprapylsadcinates disalityl 253-diisapropylsuerinat@cdietiylar weight
2,3-bis(cyclohexylmethyl)succinate, diethyl 2,3- diisobutyisuccinate, diethyl 2,3-dineopentylsuccinate,
diethyl 23-glicyelvpentylsgccifate amohdiettiyE2 3= dicyelbherylsucairate 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
thexyls%éfhé@, %%Fcfcﬁ&o%ﬁsﬁ%ﬁnﬁ%,a%férfh% norbornylsuccinate, diethyl
(10-)perhy@r@ggphthylsuccinate, diethyl trimethylsilylsuccinate, diethyl methoxysuccinate, diethyl
p-methoxyphenylsuccinate, diethyl pchlorophenylsuccinate, diethyl phenylsuccinate, diethyl
cyclohexylsuccingte,. diethyd benzylsyecinate.diethyk(cyctohexylmethylsuceinate . digthyl
t-butylsuccinate, diethyl isobutylsuccinate, diethylisopropylsuccinate, diethyl neopentylsuccinate,
[0071] dietlsyt2:2-Uimethylsucdinates diethyl2-edlydk2-smethyisuceinate; diethylit of the
2-benzyl-2-isopropylsuccinate, diethyl 2-(cyclohexylmethyl)-2-isobutylsuccinate, diethyl 2-
cyclopert§E2lr-prépyl§iiceindte cdisthyy 22 oissburyistecinatebaibthyl the examples
2-cyclohexyl-2-ethylsuccinate, dieth I2-isQ ropyl-2-methylsuccinate, diethyl 2,2- diisopropylsuccinate,
diethyl 2§i§§bu“t§f- -ng@/‘?s{Pc%?n‘é?e, &W?I?g-fl',l,1-trif|uoro-2-propyl)-2-methylsuccinate, diethyl
2-isopenty1-2-isobutylsuccinate, diethyl 2-phenyl-2-nbutylsuccinate, diisobutyl 2,2-dimethylsuccinate,
diisobutyl 22 2-ethyl-2-methylsuccinate, diisobutyl 2-benzy1-2- isopropyisuccinate, diisobutyl
2-(cyclohexytmethyh-Znisobutyisuecinater dilsabupyh2-eyslopenty1-2-npropylsuccinate, diethyl
cyclobutane-1,2-dicarboxylate and diethyl 3-methylcyclobutane-1,2-dicarboxylate. [0072] The
suitable ex&mptes 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 Formul&(®), T afd G- rspreseritatcarbon atomp[@0731 R R2 R100C 3 RANEV-C1)CaR' (
2) [0074 In Formula (2), n.is an inte%er of 5 to 10, preferably an integer of 5 to 8, more preferably

an integ& orE o 7 ARd HOst praferdily Bl ene polymerization catalyst

comprising the catalyst compenent (I) and the ethylene
polymerization method according to the present invention shall
be explained below. In the present-invention, the term of
“polymerization” may be used in the meaning that it includes
not only homopolymerization but also copolymerization, and the
term of “polymer” may be used in the meaning that it includes
nct only & 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



[0075] R2 and R2 each are independently 000R1 or R', and at least one of R2 and 123 is O0ORL1.
R2 is preferably O0OOR1, 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 iszachydrogen atom may be substituted with a double
bond. [0077] A plurality of Rl 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
preferabily arhychgearponigroup dayingnth3d saonatamsahhe qujtablergxaraplgs of R are methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, neopentyl and 2-ethylhexyl, more preferably ethyl, n-propyl
and isofrepyk f0078]¢a'Borimuty (2)1& i 100796 RER[0080]0r &heterdatom extluding an oxygen
atom. A is preferably: [0081] 24 AR'R' [QQS%nd a ring formed by Ca, Cb and A is preferably a
cyclic c&tBbAStrifRturen aRd FCpariiEHatly refeiably aShtGrated-aficdyelic SRTBRIFEWhérsin the cyclic
structure is canstituted only by carbons, [0083] _ A plurality of R’ each is independently an atom or a
group selacted ?%ne"l a ﬁ%ﬁ%@éﬁ a c])tgr)nj:zI;l1 y%S%élccatrggﬁ g‘r%olfboﬁaviﬁ’d 1%8%0@5[}8%& Htos, a halogen

atom,  SEAGRNEONNI 90Up. 20.9XY0RT-COnlaInINg gTouD. a phosphas:soniaining,qroup, a

halogen-containing group and a silicon-containing group. [0084] Among them, a hydrocarbon
group havingd-ter20 carbonatormsts preferred1asRR yatherthan ahydrogen atomyand g hygrocarbon

group having 1 to 10 carbon atoms is more preferred. The hydrocarbon groups include, for example,
aliphaticthydrocarbon gragps,slicyclicdnymvooarboh jgraupsand arematie hydrocasbani grotps such as
methyl, ethyl, n-propyl, _

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 ethyliene pclymer which is excellent in a particle form. The

liguid magnesium compound (A}, the electron donor (B) and the

liguid titanium compound (C) shall be explained below.

[0031]

Liguid magnesium compound {(A):

Representative exanmples of a method for obtaining the
liguid magnesium compound (A} used for preparing the solid
titanium catalyst component (I} for ethylene polymerization
according to the present invention inélude a method bringing a
publicly known magnesium compound into éontact with the
electron donor (&) and the electron donor (b)) each described
later preferably under the presence of a liguid hydrocarbon
medium to turn them into a liguid. The magnesium compounds
.include, for example, magnesium coﬁpounds described in
Japanese Patent Application Laid-Open No. B83006/1982 and

Japanese Patent Application Laid-Open No. B11/1981. In



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 dc%s&l_ezpen@ and aseqt@éql@mfuxgw%%@ém&ﬁ diopymayhe g%t,agaegf@ gframework of
the ring formed by combining R' with each other. When two or more Ca to which COORa is"bonded
are contaiged.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
tetracyclotedééane 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 GroiF F6069]C,  FoNS Bretefablyos hjpdrogeRhtéRrora Rydrotsrbencgioup. [0090]
The dicargl%o>§}%ic_.ester compounds rg re;sented b\r/ thge Egrmula_(Z%)LinCIude, 26 diethyl _ '
cyclohexana-1.2-dicarboxy 3%?%in-p$r%b§ﬁcy%?ohe§< REAT S ditattoXyiate BifSOpropy °

cyclohe =1, 2-dicarhoxyl di I I -1,3-di ylate, di-n-propyl .
cycloheﬁgﬁgl-ﬁ%gfg%ggrlggiélggf d%gp})ér(%yg/l ?:%i ohe%gﬁ%-l,g??%%c%%%%xﬁgt%, rglaé%%})// SLum
3-methyleyelghexane-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 4smgthytoyelohexahe-l3eicasbakylate, diethyb4:methytoyclohexane-di2-dicarkioxylate,
di-n-propyl 4-methylcyclohexane-1,2-dicarboxylate, diisopropy! _
4-methylBjélBReRERTE. £ P ditarPok§lateiadiethyl 5-methylcyclohexane-1,3-dicarboxylate, di-n-propyl
5-methylcyclohexane-1,3-dicarboxylate, diisopropyl 5-methylcyclohexane-1,3-dicarboxylate, diethyl
3,4-dimeﬁ¥y‘1’ | PBSL B EdrbosNate” Urh-propy EAMBAFIG RicHexaRe A 3-Bicarboxylate,
diisopro -dj Icyclohexane-1,2-dicarboxylate, diethyl . e
e O e R ates A RS e et RS RRTRSEBASE AR eyt
diisopropyl: 8:6:dimefhyieyelohexane, 1 2-dicarhoxylate, diefbyl:3shexylcyclohexane-1,2-dicarboxylate,
di-n-propyl 3-hexylcyclohexane-1,2-dicarboxylate, di-n-propyl
3,6-dihexytoyctohexane<ls2chcarbaxylates 2hdiethyd=hexyiH:pentylcyclohexane-1,2-dicarboxylate,
diethyl cyclopentane-1,2-dicarboxylate, di-n-propyl cyclopentane-1,2-dicarboxylate, diisopropyl
cyclopentaid2® P digafroxylatesdiathyl efcloperitane- 178 dicatsoryste cdisa-peopy|
'cyclopentatrb%-%g:%}-dicarboxylate, diethyl 3-methylcyclopentane-1,2-dicarboxylate,

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 aleone or in
combination of two or more kinds therecf. 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



di-n-propy! 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-propyb4-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-dimethyleyelepentane-ls2-dicashoxylateadi-aReppyh 3 4adimethylcyelapentane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcyclopentane-1,2-dicarboxylate, diethyl '
3,5-dimethyieyciopemntae-12-dicanb eyl ate hdixnpropyt 3, bedimethyleydeperntage- 1s2-dicagboxylate,
diisopropyl 3,5-dimethylcyclopentane-1,2-dicarboxylate, diethyl 3-hexylcyclopentane-1,2-dicarboxylate,
diethyl 3'5=dihexylcyélopentariet ¥ Pudigarbosiiatel diethrepeloneptanel Radiearbesylate; 928
di-n-propyl cxcjoheptanc;:;-l_,2-dicarboxylate, diisopropyl cycloheptane-1,2-dicarboxylate, diethyl
cycloheptatie-1 3Ydicarboxyats *disi-propyt eod6REptand d Eaicanoxyias Sdiethyh t©
3-methylg ane-1,2-di a I-n-propyl 3=-methylcycloheptane-1,2-dicarboxylate,
diisoprop?}%?r%eg?%y?gyg%hé%%%g-%-ﬁ%gr %%/Iéte? a’:”e]tﬁﬁ%ﬁryhaejtﬁy gfolSﬁéotgﬂ‘é:-fﬁdicarboxylate,
diethyl 4+methyleycloheptane-1,2:dicarboxylate, di-n-propyl 4-methylcycloheptane-1,2-dicarboxylate,
diisopropyl 4-methylcycloheptane-1,2-dicarboxylate, diethyl 5-methylcycloheptane-1,3-dicarboxylate,
diethyl 3,4tditrietiylcycloheptane-1,2-dicarboxylate, di-n-propyl
3,4-dimethylcycloheptane-1,2-dicarboxylate, diisopropyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diethyl 3,7-dimetAyieycishastane i 2@kcarbosyigte sdies-propyl donors used for
3,7-dimethylcycloheptane-1,2-dicarboxylate, diisopropyl 3,7-dimethylcycloheptane-1,2-dicarboxylate, -
diethyl 3HERYIByCiOHeftARe L ZRicarba AR BietiP R Hexy Y cdhBpiahe e aidarbbR¥iate,
diethyl cyc|000tane-1,2-dicarboxylate Qiethyéh?,-met ylcyclooctane-1,2-dicarboxylate, diethyl
cyclodecg%g-iiaféa%gx% até:,a ié[%ﬁlyvé¥l%e yfc%clg)d%%gr?eoﬁ,ﬁd%%?b@x%%t&nﬁeﬁ%/ ctron
cyclooxypeniane-3.4-dicahoxylate, dieify! 3.6-icyclobexdcyclebexanesl 2-digarboxylate and the 29
like. [0091] Isomers such as cis and trans compounds are present in the compounds having a diester
structure zard He1coMpodRds; hawng githeestyuciarehave effecls whichomeek the-objeets of the
present invention in many cases. [0092] Among the compounds, the cyclohexanedicarboxylic esters in
which n & Ben Fofmakcf2) sxé pafticutarly-preferesth Thieireason ¢herefdregsidesinot oalydn the
catalyst performances thereof but also in that the compounds can be produced at relatively lower costs
by making88%f 2 Biefs Ritereattion. {6693]  Further, when the cyclohexanedicarboxylic esters
are used, \tpgecﬁaﬁlysts 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, asicbanhydrides, organic, acid gsters andpolyethers gach shown below can also be
used as the electron donor (B). [0095]

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-propancl,
isopropanol, n-butanol, iscbutancl, ethylene glycol and n-
pentanol. Among them, alccohels having 1 to 3 carbon atoms
which have less carbon atoms are preferred. They ars more
preferaply ethanol, n-propanol and isopropanocl, particularly

preferakly ethanol.



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, phthalig 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 thioraageta@iathyl-dichleroasetats, anethylmethacsylates ethyl ekgtanate, methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl benzoate,
phenyl benzodten benayldenzoate, amethyl toluate, ethyl toluate, amyl toluate, ethyl ethylbenzoate,
methyl anisate, ethyl anisate, ethyl ethoxybenzoate, y-butyllactone, 6-valerolactone, coumarin,
phthalide af#l €thyl carbonate. Among the organic acid esters, benzoic esters such as methyl
benzoate, ethyl benzoate, propyl benzoate, hutyl benzoate, octyl benzoate, cyclohexyl benzoate,

phenyl benzoate. BEnZIBeHzonte: Bty efiyiseiZ0ate and ety €ti5kybénzoate are preferably used
in terms QLEQ%%gl%?{?yeang@Q%?Hg@@{ [Paq%@n o E rttegr piuPﬂ%ly known polyhydric carboxylic
esters can be listet. The polyhydric car oxylig esters include, to %e specific, aliphatic polycarboxylic
esters sughpas, diethyl succinate, dibutyl succinate, diethyl methylmalonate, diethyl ethylmaionate,
diethyl isopropylmalonate, diethyl 31 butylmalonate, diethyl phenylmalonate, diethyl diethylmaionate,
diethyl dibutylmatonate zronopctyt madeate, dioctybmaleate, dibutytmaleate,cdibutyl butydmaleate,
diethyl butylmaleate, di-2-ethylhexyl fumarate, diethyl itaconate and dioctyl citraconate, aromatic
polycarbbiaflierestérsestich ap phithalmres; raphthaldtedicarbosates, triethyl trimellitate and dibutyl
trimellitate; heterocyclic polycarboxylic esters such as 3,4- furandicarboxylates. However, among the
compouanQQt“i‘@ multifunctional aromatic compounds are preferably prevented from being used or
used only in a mipimum n%%%sgélr aggoug[:e inuasg%{tain case k:t)Jecagse of thg reasons of safety and
health and the like. fO(fQQF] Iso,cotrﬁer éxamp asot the If)lofilll}f;j/ Aic %:1arcf)oxyl‘i€cO esters ficiude esters
of long chaip glicarhaxylic-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 pf theselectron 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, silisoapoxydgen, svrogemsalfurt phosphorus Lsoransorpwotor sndrerdtpms selected from
them are present between ether bonds can be listed as the polyethers. Among them, preferred are the
32 compbiifd<Eihaimith S fsfatively bulky substituent is bonded to an atom present between ether
bonds and igavmi h 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 Forppula43), ./ s an iptegerofl 10,10 mere preferably 3.tg,1Q.and partioulady,
preferably 3to 5. R11, R12 and R31 to R36 each are independently a hydrogen atom or a substituent
having atdeast ane-element selested fromeasbonhyckogen; oxygemnpiitasine, chiorine, bromine,
iodine, nitrogen, sulfur, phosphorus, boron and sil icon. [0101] and R12 are preferably a
hydrocarbers group=hiaving drtozt(catbur Ataras amore:preferabita hydtocariorv group hkeawing 2 to 6
carbon atoms, and R31 to R36 are preferably a hydrogen atom or a hydrocarbon group having 1 to 6

carbon aﬂbﬁ*ﬁs’—”?@f@fﬂ the catalyst having a high polymerization activity
for ethyiene is obtained in many cases.
[0045] |
The electron donor (k) having € to 30 carbon atoms, more
preferakbly © te 20 carbon atoms 1s used.
1004¢6]
The specific exampies of the alcchol which is the

electron donor {(b) include:



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 ang,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] 41 iFhe-specificiexamples of the campound having twe oL mere-ether bonds include
2,2-dicyclohexy1-1,3-dimethoxypropane, 2,2-diethy1-1,3-dimethoxypropane,
2,2-diprepyilyl Sudimethoxypropanes 2,2-dibutyd Sedimethoxmpropane;ancl, decanol
2-methyl-2-propy1-1,3-dimethoxypropane, 2-methyl-2-ethyl-1,3-dimethoxypropane,
2-methyk2gsdprepyian 3ldimethoxypropane, 2-methyl-2-cyclohexy1-1,3-dimethoxypropane,
2,2-bis(2-cyclohexylethyl)-1,3-dimethoxypropane, 2-methyl-2-isobuty1-1,3-dimethoxypropane,
2-methy 245 6tyiRe FT@&i?ne?H&pr?ﬁp&ﬁ’éﬁi@@??’ﬁ&i‘i@ob@%ﬁ-l,3-dimethoxypropane,
2,2-bis(cyclohexylmethyl)-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-diethoxypropane,
2,2-diiso ﬁ@iﬁéy&ﬁﬁ %??B%%hne, 2-isobuty1-2-isopropyl-1,3-dimethoxypropane,
2,2-di-s-hutyd -1, 3-dimethoxypropaney, 2,2:disthytyd-1,3-dimethoxyprapane., 1 ve 5 1
2,2-dineopenty1-1,3-dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-dimethoxypropane,
2-cyclohexy-2-cyelahexylmethyl-1,3-dimethoxypropane, 2,3-dicyclohexyl-1,4-diethoxybutane,
2,3-diisopropy1-1,4-diethoxybutane, 2,4-cliisopropyl-1,5-dimethoxypentane,
2,4-diisobuiyd >, sadimethoxypeatane; @, & distanylc] Hidintethexyperitare; n-butyl
3-methoxymethyltetrahydrofuran, 3-methoxymethyldioxane, 1,2-diisobutoxypropane,
~ 1,2-diisobftokyétharne; 1, 35mEGarhyisRyethafie 21, 3RIiiz6amyhkypropaneare used.
1,3-diison§]8%%r1'gloxyethane, 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(methoxy lohex - -2- xyme -1.3sdiethoxypropane, _
2-cyc|ohexyl-2-r?&%%%%ﬁ%tﬁfl-%%%dﬁgé%gﬁ%%péﬁe%?%%‘iié%%%fﬂ?f—dﬁﬁ‘e%"ﬁ%iy@c%hexane,
2-isopropy-Z-iseamydnl. 3-dimethoxyeyclehexane, « az1dehyde and 2-
2-cyclohexyl-2-methoxymethyl-1,3-dimethoxycyclohexane,
2-isopropyi2viethoxyaiethyl-d«3-dimethoxycyclohexane,
2-isobuty1-2-methoxymethy1-1,3-dimethoxycyclohexane,
2-cyclohexyli2fethoxymethy1-1,3-diethoxycyclohexane,

2-cyclohexyl1-2-ethoxymethy1-1,3-dimethoxycyclohexane, ) ,
2-isopropyl-2-et%§§#€£ﬁﬁ-T,%—&ig%ow&%%hé)&% ude amines having 6 to 30

2-isopropyl-2sethoxymethyls1.3-dimefhoxygyclphexane, .., . in
2-isobuty1-2-ethoxymethy1-1,3-d%thox%§lo%exane’ ang ¥ -amne nonylamine,

2-isobutyllaZ-ethoxymethyi-d, 3-dimethoxysyshohexane. [0106] Among them, 1,3-diethers are
preferred, and particularly preferred are 2-isopropyl-2-isobuty1-1,3-dimethoxypropane,

2,2-diisobyty? 4¥, 3-dimethoxypropane, 2-isopropyl-2-isopentyll,3-dimethoxypropane,
2,2-dicyclohexy1-1,3-dimethoxypropane and 2,2-bis(cyclohexylmethyl)-1,3-dimethoxypropane. [0107]
Further, an alkoxXysid@ielé6mpéuid fepresamsd bya foriniifa RNSIOR) 4 hdeseriisedilater and

tetraalkoxysilane compounds such as tetraethoxysilane and tetrabutoxysilane can be shown as the
exmﬂpbgﬁrﬁﬁﬁﬁé&ﬁoﬁﬂbﬂér&5Y&ﬁ@8f to 30 carbon atoms such as caprylic

acid and Z-ethylhexanoic acid.
[0050]
The electrcn donor (b) tends to make it possible to
solubilize the magnesium compcund with a small amount [(mole
unit).

00517



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 particujarly 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 exampleyrig acstep fQrRringing them;intoscoptact withythe magnesiura compound (A). To be
more specific, the electron donor (B) can be incorporated into the solid titanium catalyst component by
providing a=step innwhighicasbexylic arthyckidecorrespanding o thereompetad andnleohot .
corresponding to the carboxylic halide are substantially brought into contact therewith in bringing them
into contazewith e agriesikihe coapotmaTA) [0 11He re chceording tonhedstigations bb e present
inventors, it can be found that if the electron donor (B) is used, the solvent-soluble component tends to
be less BprodiRed SaL8Rdwn #7 Eig il Wi the poRfrért having a &fadhtinsica 3¢ viscosity [z],
that is, a&imilar @gleé:glvarr. eight are com gr;:edbﬁlsozlf thqle erE:tron danor (B) is used, the solid
titanium éa?asz? compoﬁé]ﬁFHa\%ﬁé% 850 par%c eypropgﬁﬁ/ enoesxt%nﬁéfeadily obtained. [0112] Liquid
titanium cepyposind (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 describeddpnt98%83006 aind 1P $981-811 A tetravalenttifaniinscempeund,
represented by the following Formula (4) can be listed as the specific example of the liquid titanium
compourtb(C) [0ELB] THOR)gXA. gidrwhereinp Re$ anadliphatic 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 #fahim 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 3%8 (D50 TG B 3° alko Vit MR G E T S TREHAS Ti(BEH SR 274

Ti(OC2H ; xytitani ohalides s Ti( 3)83 Ti(0-n-C4H9)30 andg
Ti(OOZHS%)éé:ﬁ%n?dg:gtré%I o%%%m@sjgﬁh §§ %&%ﬁ% géz’%a ifl%i(&é%H 4 an
Ti(0-2-ethylpexsl)dn 38dRLIna  (Amangsthem, dhgytitanium tetrabalides:arg preferied, and titanium
tetrachloride is particularly preferred. The titanium compounds may be used alone or in combination of
two or madenkinds thereoft [GLkb]the Indhe presentinientionsi iKpreferabigithat at least one of the
liquid magnesium compound (A) and the liquid titanium compound (C) contains halogen . [0116]

When b 8f Sredigrultl fhagnesiun? cBmpotng (AP afd Hietahiin tompound (€)tolndiwontain
halogen, tgey can be brought into contar%t With,a§>ublicly known halogen-containing compound such as

halogen-E6ftafmiy Sificsh E5MPBbunds ifaR Bptishal stéls R&EPresEftdive Exanmples of the
halogen-coptaining.c ”?"BO‘dr.‘%S '{‘&'Ltdf silicon tesraghloride, (01171 Prgparation of;sglid ttanium
catalyst component (I) for ethylene polymerization:
preferably 1 to 5 mol for the electron donor (k) based on the
same. Also, the total of the electron denor (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 mél
of the magnesium compound.
[0054)
The electron donor (&) 1z 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 (mcl) of the electron donor (b)) is preferably less



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 whigh 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 donar (B) after coppletehn finishingscontacs of thesliquid magnesivra compound (A} with the
liquid titanium compound (C), amorphous particles and fine particles tend to be formed. In this case,
the refinibigzste® canriedaoutoyfilerafion and tecahtation éssdeterieratéd Sanchtheszalwmér dbtained by
using the solid titanium catalyst component is inferior in particle properties. Thus, problems such as a
reductioR ittHefrBductiviSarid Be Rarfttinglfrope Ry aFe Biokiht abolitin alcerthiR®asa119]
As long as these requisites are satisfied, a publicly known method comprising bringing the liguid
magnesi'ﬂ%n %erolr%pgdﬁad: (A thé alse roﬁadon%?%B)gglr?d fredifguid ﬁta%ﬂ%%or&douhﬁ (€Y ntd contact
with one t tain a_salid titanium c ponent.can he used without any limitations. For
exampleﬁ?l% ?ﬁg\%i%g'mg%)%%é%gt%%-%%ﬁﬁe%ﬁstgg. [%?%] (Qf%g’é“méﬁo%ecomprising bringing
a mixtureyoktheliguid magnesitim sompoyiad (A)and the electrondanos (Binto, contact withthe liquid
titanium compound (C) to deposit a solid titanium complex. [0121] 40 (P-2): a method comprising
reacting almeixturenf thenliquidimagmesiumsconiparmnd(A) daoddhe efectroncdanos {B)-with:the liquid
titanium compound (C), and further bringing it into contact with the liquid titanium compound (C) in
several BatéHestosdepositansalit titaniunreamiplexs [0} (2 8o miethdd-cermpesing bringing the
liquid magnesium compound (A), the electron donor (B) and the liquid titanium compound (C) into
contact at A& &R %ime to deposit a solid titanium complex. In this case, the electron donor (B) may
be, if nece\féal%}/g)j)rought 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 g%)l@&qtfugégﬁgrﬂegmgghi@&_mt%&egmm election dpngr(B),1e deposit a solid
titanium complex. In this case, the liquid titanium compound (C) may be brought into contact in several
batches. [@E24] 1 (f°-b): @emethodeamprising hiinging the iguich @magnesiuaycempewnd (A)into contact
with a mixture of the electron donor (B) and the liquid titanium compound (C) to deposit a solid titanium
complex HaxRis ehse Ptherslectyon dohot (B) mayde, ifardessary, biceght imo dontact ifean optional
step, and.the liquid titanium compound (C) may be brought into contact in several batches. 41 [0125]
As describ@dR0ovE e ele B doRdr @9)hay BE Drétghitintolcortadstyah afert fimishirgebringing
the quuidhrrila qesi%m§g@£%uo .gf)gnpoacqntactcvg h tpeslié]uicdogtriltagiurpl_co ound (C). [0126]
According {d the' methad in which the hcju%‘&ﬁaine %yymixing inadvance th qul?ijé magnesium
compound (A withthg electran danar(B) is usediamang, themethodsy the resultipg,solid titanium
catalyst component is provided with good particle properties (amorphous particles and fine particles
electron donor (a) and the elsctron denor (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 liguid magnesium compound (A) is preferably prepared
in & liguid hydrocarbon medium. Magnesium in the liguid
hydrocarkbon medium is used in a concentration of 0.1 to 20

mol/liter, preferably 0.5 to 5 mol/liter. The liguid



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 particylarly 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
compoungd, (Ghisuseshinanamountfalling ip.the range efprgferably 0.1 19-100 molmore 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-magresiapt eampound Ak [@120]dec Halogen/titaniwnd atomie ¢atie)eantained in the
solid titanium catalyst component (I) for ethylene polymerization according to the present invention is 2
to 100, preéfe¥ably 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 StofT eAER ORtERed i the solid titanium catalyst component (1) for ethylene polymerization
according to the qusce&é%ve éigg gs 0 to élgofgﬁﬁf%rgb_l Q_;Q% to Slglqncg more | referably 0.2 to 10.
[0131] <Ethylene 5glymer|za 10N caFaIy%% &eth Féne‘p%lymer‘fzatibh ¢ él%& according to the

present inyenfiap.comprises, the: solig fitapiym catalyst eamponent/(1) ot ethylene polymerization

obtained in the manner described above and the organic metal compound catalyst component (). The

above organigapetad sempouat catalyst icompanent. fi)ds preferakly ap vrganic metakeempound
containing metal selected from a 1st group, a 2nd group and a 13th group in the periodic table, and
capable gityging srsed arenfor Exraipls; trganic alumiboemcomponids, aH8/l compléxes 43 of 1st
group metals with aluminum and organic metal compounds of 2nd group metal such as Grignard
reagentsani-Gigafitc MmagnBSitAEEsififodids AIfidng thekh &he brgarieal#aimdi ¢dmpounds are
preferredﬁLOl32;l Organic metal comﬁ)}ound catalyst component Preferred examples of the

);
organic MEarcompotindatalyst coniponent ti)incitde %?gé%ﬁé ?z?éfgltcocfﬁﬂgmt?&tal%% components
describeq: i puRliel. knaw docupents stich;asERTAGAAL, They are parlicklarly pyelerably organic

aluminum compounds suc hylaluminum, tributylaluminum, trilsobutylaluminum,
trioctylaluminusns and diethylaluminum hydride. [0133] Electron donor (lIl): The ethylene
polymerization catalyst of the present invention can comprise, if necessary, an electron donor (lIl) in
addition to the orfanicanetat compound catatysticompanent e The etestronddanor (HE is preferably
an organic silicon compound. For example, a compound represented by the following Formula (5) can
be listed 88 thé Brgzidsiitol RBMpduRd: 13AFRZBIOR Ig-f5)ter compound having

plural carboxylic ester groups and represented by the

following Formula (1) 1is listed. The dicarboxylic ester
compound represented by the following Formula (1) is

preferably used from the viewpoint that.it is excellent in
éontroliing a molecular welght and a molecular weight
distribution of the resulting ethylene polymer. In Formula (1),
C* represents a carbon atom.

[0059]



wherein R and R' are aliphatic, al.cyci ¢ 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,
cyclopentyltrimethoxysild#e, 2- rﬁ%}nylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,

dicyclope } oxysiclfine, dicyclopentyldiethoxysilane, tricyclobentylmethoxysilane,
dicyclopemﬁrﬁh >éysilan q,ie%opentylethylmethoxysiIane and

cyclopentyldimathylethokys 135] ~2&mong them, vinyltriethoxysilane,
diphenyldimeth?gyii;an , dicycloh yIdi/r)aghoxysilane, cyclohexylmethyldimeLhoxysilane,
dicyclopentyldiimethdxysilane and thia.#ike arg, preferably used. The organic silicon compounds can be
used in a mixture of tWo or more kings thereb¥. [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 componght (1) fgRethylene polymerng ion can be listed as the other electron 45
donors (Ill). Among them, the polyethers can be list s the preferred examples thereof. [0137]

In the present invention, the ethylene polymerization catalyst can comprise, if necessary, other

componen[t@%%ful for olefin polymerization, such as antistatic agents, particle flocculants and storage
stabilizers in addition to the respective_compagnents. [0138] The ethylene polymerization catalyst

of the present inv&ntiGH B4t Be tsed t6 pdiiierize SEGRARS BHGT 58 brdpyieRe 10E38] Y
<Polymegiggionaethod fareivienez .. The gihvjene palymerizationpethod of the present
invention is characterized by polymerizing ethylene alone or olefins containing ethylene with the
ethylene polyraerization 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 palymerizationiwethod ob the preseat iveatiay nfefincisiprepolysierized unmer the
presence of the ethylene polymerization catalyst of the present invention to obtain a prepolymerization
catalyst, 8h@ cifiéRa can bespalgmerizat daderthd prasencerdithe prepolgnietizatiors 6 catalyst.
The prepolymerization s carried out by prepolymerizing the olefin in an amount of 0.1 to 1000 g, '
preferably 023 t6 500§ arf&oﬁﬁirti&d?aﬁéﬁre?éﬁiw P16 2B8Y pér FHlof tid BiRAerel f8lymerization
catalyst. Loéu"blie Ldn &he 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 gomponent (1) 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 ofi thedigiid/medium ie derms of a titeniWM@OMLy a monovalent

hydrocarbon group ha#ing 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
greups 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-precpyl, isopropyl,
n-pbutyl, isobutyl, neopentyl, hexyl, heptyl, octyl and 2-

ethylhexyl. Ethyl, n~propyl and isopropyl are particularly



[0142] The amount of the organic metal compound catalyst component (ll) 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 (1) for ethylene polymerization is produced, and it is preferably an amount
of usually about 0. 1 to 300 mol, preferably about 85 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 (lll) and the like can be used if
necessayy-<lpdhiscase, 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 cptalgsticomponent (1) 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] 2 Plin e above Eade, B@mplés énhenserd Aydrocadiiors rrediumrused include
aliphatic hydrocarbons such as propane, butane, heptane, octane, decane, dodecane and kerosene;
alicyclic RyariRafiforsEdch 45 etiGnépiane Rd nisthficy doRdptaRE2 AR Ratie Mdtocarbons such as
benzenebgoluene ?n[%%wgi@eéQalgggngtegmgydroc%[ggggoggh ggaethylene chloride and chlorobenzene,

; p g =
or mixtures thereot. [014 mong the mért%y rocarbon media, the afiphatic hydrocarbons are

particularly preferably ug@@u\é/,hemhgirg»%[rém@@%@mmsdi My igsed, the, prepalyyperization is
preferably carried out by a batch system. [0147] On the other hand, the prepolymerization can be
carried ot by aisingelefin dself as ansdlventy or-prepelynietizatieseandieicarried out sybstantially in
the absence of the solvent. 48 In this case, the prepolymerization is preferably carried out in a
continuo@s mr@netn[@148pur - 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 théH@ @@Hylene and propylene are preferred. [0149] Temperature in the prepolymerization

falls in the range_of usually about -20 tq +100 refer;ﬁabl about -20 to +80C and more preferably
about O to +4OC.%T§@] '%Wéxt?tﬁheyraa%c&%ﬁ%%ri?at?o‘#s A5 Explairied” fsaﬁ%OIPInthe main

polymerizatian, ethylene can be uised alone ot pther olefins,can be used in additign tq ethylene.

Examples of them inClude a-olefins having 3 to 20 carbon atoms, for example, propylene, 1-butene,

1-penteney d-hexenpo4-netbyblpeateney 11octene, d-decens, 1sdegecens, dretradecene, 1-
hexadecene, 1-octadecene and 1-eicosene. Propylene, 1-butene, 1-pentene, 4-methyl-1-pentene,
1-hexeng;rdebetenednd theslikeyarequreterably usedpln ddditionitg themy, arematicainyl compounds
such as styrene and allylbenzene and alicyclic vinyl compounds such as vinylcycloheptane can be
used. AIQ){ R Borpotids ean HelisedtiA HoMmbifatichysHtive SriAsRCRIRES thereeRIFurtiet,
cyclopentene ounds having 49 multi-unsaturated honds such as caonjugated

. lene, cyclohepteng, compounds haying 49 mult-unsaty S0

dienes an&non-comué?ec?alenes in @fenes such asno%d?ﬁéﬁé’,{tétr% dtodeécetie Fsoprene and

butadiene cap heused a5 polymerization materials togethier with ethylene. and the arolgfis. ;|
n-hexyl, cyclohexyl, vinyl, phenyl and octyl, and they include
preferably aliphatic hydrocarbon groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, iscobutyl, sec-butyl and n-pentyl.
It is particularly preferably ethyl, n-propyl and isopropyl.

[00¢e5] |
When R is such the group, it 1s preferred from the

viewpoint thét not only a sclvent-scluble 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.



[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 ethyler[mg @ng/jnerization method of the present invention, the solid titanium catalyst component (1)
for ethylene polymerization is used in an amount of usually about 0.0001 to 0.5 mmol, preferably about
0.005 to 0.1 mmahin-terans, oka titaniwm atem perdditer efthe pelymerzationolume Also. the
organic metal compound catalyst component (ll) is used in an amount of usually about to 2000 mol,
preferably@abbats te 500wl iartdrmas dbametabatom perdl mdt of artitariupmatesycentained in the
50 prepolymerization catalyst component in the polymerization system. When the electron donor (lll) is
used, it iSGEed & ariouit 6F BTTD1Cte'5Piof reféidlly DOer3(rmat and patticularly preferably

0.05to0 20 m%l based on %m\pl of %}%netql atom of the org}agnic metal compound catalyst component (l1).
[0155] “*U8e GEAVArBGRATN thE Hi&in PBlyrR&riZation makes it Possible t8ontrél & Aid&cular weight

of the resplti I lyme lene polymer having a large melt flow rate (hereinafter
referred %ﬂ;&;%&?&%% éggt;%'ﬁeg .h?%]t?\fe@ égtﬁ%/%é%&po yLmg:%lzeat%ﬁnétalgl%sltgoﬁﬁg%%seon invention is
used, the-polymer baving higher:MER-teads ta.heeadily.obtained.in asmalles hydragen amount than
in conventional ethylene polymerization catalysts. [0156] The reason why the polymer having
higher MFRi§ tidble to be obtained in a smaller hydrogen amount is unknown, but it is considered that
chain transfer reac}ion by hydrogen is expedited by the electron donor (B). In particular, a catalyst
comprising the sélid B@adidm catalyst esraporenti@WRici te eteefron dohpr sepresentedrby Formula
(3) is contained tends to show notably the direction. [0157] In the main polymerization in the
present ifVetioRIthd poifmenzatioh ehiisetature is set to usually about 20 to 250C, 51 preferably
about 50 tcg g@%% and the pressure is set to usually an atmospheric pressure to 10 MPa, preferably
about 0.2 to a. The temperature in a case of slurry polymerization is about 20 to 100C, preferably
about 50 to 90C, and the pressure js.wsially an.atgmaosphesric pressure fo }-%_MS&&;%{E%%P'V about 0.2
to 1 MPa. In the polymerization method of the present invention, the polymerization can be carried out
by any methogdlof@rbateh systere asemi-contintonssysien andm egntinuoussystem srurther, the
polymerization can be carried out on changed reaction conditions in two or more stages. [0158]

The ethyléne polidercobtainedBycthekethylene polynierizativarméthodxfthe peesent invention is
excellent in particle properties and has a high bulk density, and therefore it can be produced at a high
productivity FUHER A v@%l&é’ﬂé?%@ﬂ%ﬁ%ﬁ@r whithd8 didsofved idantindfthydrécarbon used
for slurry polymerization tends_to be Iegsf? -preduced, A by-praoguction amount of the solvent-soluble
componelgi)i;é \I}a%rie%gg ag%l()lr%ngaf%eM%%“o t%ﬁth%%‘é%%‘?e produdeediie Atghér the MFR is, the
higher the amayntgf 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} #t4$ known that the component having such higher MFR as 52

The examples of the dicarkoxzylic ester compound
represented by Formula (1) include diethyl 2,3-~bis(2-
ethylbutyl)succinate, diethyl 2,3-dibenzylsuccinate, diethyl
2,S—diisopropylsuccinate, diisobutyl 2,3-diisopropylsuccinate,
diethyl 2,3-bis(cyclohexylmethyl)succinate, diethyl 2,3~
dilscbutylsuccinate, diethyl 2, 3-dineopentylsuccinate, diethyl
2, 3-dicyclopentylsuccinate and diethyl 2,3-

dicyclchexylsuccinate in a pure (8, R){(S, R) form or optional



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

polymerizgtiaikwere.measused in the pllowing mpnuers. [1E7] () Gaptegts gfpagnesium and

titanium: Measured by IC? analysis (IC?? 1000TR, manufactured by Shimadzu Corporation).
[01631 (2x€hlorinetontent. Measuiediby, arsivernitrateiratioremethesh Q%64] (3) Content of alcohol
residue: The catalyst which was sufficiently dried was added to an 53 acetone solution to which 10 %
by weightt @f atdriviias agded te oblair atcehghby hydrolysis; kaduthe amaungiof the alcohol residue
was quantitatively determined by gas chromatography. [0165] (4) Fine powder content (particle size
distributiGmf == 1%(%1‘1?&10(% firfeepiders hav g parRIEdRMSBEST less than 75 pm was

measured, A r?ns of a shaker (Ro-Tap, manufactured by lida Seisakusho Co., Ltd.) and a sieve
(Bunsei Fﬁrw, inner diameter: 200 mm, aperture: 75 pm). [0166] (5) Bulk density (BD): Measured

ding to JIS ¥-67 [ : diti f190C
according to 1S ¥e@72L siandayde 0167 (B) MelUlovsrale PR o-Messuisston a senditon o

diethyl thexylsuccinate, diethyl cyclopropylsuccinate, diethyl
norbornylsuccinate, diethyl (10-)perhydronaphthylsuccinate,
diethyl trimethylsilylsuccinate, diethyl methoxysuccinate,
diethyl p-methoxyphenylsuccinate, diethyl p-
chlorophenylsuccinate, diethyl phenyisuccinate, diethyl
cyclohexylsuccinate, diethyl benzylsuccinate, diethyl
(cyclohexylmethyl) succinate, diethyl t-butylsuccinate, diethyl
isobutylsuccinate, diethyliscpropylsuccinate, diethyl
neopentylsuccinate,

(0071}
diethyl Z,2-dimethylsuccinate, diethyl 2-ethyl-2-
methylsuccinate, diethyl 2-benzyl-2-isopropylsuccinate,
diethyl Z-(cyclohexylmethyl)-2~iscbutylsuccinate, diethyl 2-
cyclopentyl-2-n-propylsuccinate, diethyl 2,2-
dilsobutylsuccinate, diethyl 2-cyclohexyl-Z-ethylsuccinate,
diethyl 2-isopropyl-2-methylsuccinate, diethyl 2,2~
diisopropylsuccinate, diethyl 2-iscbutyl-Z-ethylsuccinate,
diethyl 2-(1,1,1-trifluocrc-2-propyl}-2-methylsuccinate,
diethyl 2-isopentyl-2-isobutylsuccinate, diethyl Z-phenyl-2-n-

butylsuccinate, diisobutyl 2,2-dimethylsuccinate, diisobutyl



(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 gQ@QQ%gatzf%gg@yﬁ%g@y%@aﬂgq:i sopktl89 @gb@%hqunagnesium chloride
anhydrous, 28.1 ml of decane and 16.3 g (125 mmol) of 2-ethylhexyl'alcohol (ERA) were reacted by
heating atsk306G for13heursria psepareia bpmogengous selution..and.then,0.94 (20 mmol) of ethyl
alcohol (EtOH) was added and reacted by heating at 50C for 1 hour0.96 g (3.75 mmol) of diisopropyl
cis-cyclohesané 112 dicarbakylatelwas @dded to 2he golution ang Imixed by stirring at 50C for further 1
hour, and then the solution was ‘radualljy cooled down to room temperature. [0172] A whole
amount é’fﬁﬁ@ﬁoﬁ‘&@‘ﬁ&%soﬁhﬁ)ﬁ%ﬂs%ﬁéﬁmép%@mﬁ@iml £1:8 mol) of
titanium tetrachlaride of QC in 1 hour under stirring. The temperature was maintained at OC during
dropwisec‘%lL %’Cﬁ q‘A ef in%ﬁ%ﬁ}éc ditioh- T mixed SolGfior wad aiftained at a temperature of 0C for
1 hour, anghthes;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 temperatue,to separateia selidiparteBhissolid partwas suificiently washed with decane of
110C and then with hexane of room temperature until the free titanium compound was not detected to
obtain a stlic:titamiien Catadyst domparent (ii)for pthyfenerpalymerizatiors aldte salicktitanitum catalyst
component thus obtained was stored in the form of a decane suspension, and a part thereof was dried
for analy5RT ThéTomposiichiiA8rect WadSIGeH that ZI- Cisy ey he vf titsidin 1 1494 by weight of
magnesiym, 59 % by weight of chlorine10.9 % by weight of an ethyl aJcohol residue and 6.9 % by
weight of & FBth§iih&xyi alcbRol TeSidt@ [P Sigimahizatiort ) © “AnHtfoSlave FRERRFAT 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} 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, followad by geftinuously supplying ethylene for 1.5 hour so that the gauge
pressure was10.6 MPa. The polymgrization temperature was maintained at 80C. [0174] After
finishing th&Rpdlydization, an et ylgp,eﬁblymer was separated from the n-heptane solvent by
filtration, washed Ci (38

AN &/Ra

Rl‘

R—¢P
i)
n-4 (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]

R* and R’ each are independently COOR' or R/, and at least

one of R® and R® is COOR'. R® is preferably COOR', and R® is

preferably R’.



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 ethylengj)olymerization 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 g3yge, gressure 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 sgmpenebhl-d)xforethylane polymerization was-added inan agount
corresponding to 0.015 mmol in terms of a titanium atom, and then the temperature was elevated up to
80C; hydrogére weals ‘syipplied at 058 NMPa, and then ethylengavas contimeoustyksapplied 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
Preparatichierdstidakaaumrcatalyst 66mpbhant for stydene petymerizatiomC” PARSiditaEnium
catalyst cam onené&-? for ethylene polymerization was obtajned in the same manner as in Example
1, excep%th $hé tehiperaeiia rgQSWeg‘ﬁwghggtiﬁdlﬁﬁg thingéd o1 f08 351 66C2FRE 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] Polymerizationy, or Bthylene;wasgolymerized in thesameymannar as.jnfxample 1,
except that the solid titanium catalyst component (1-2) for ethylene polymerization was used. The
results thexetfare shows insTable 1h0179% Exaitpte B'Preparation.afssolit titanivereatalyst
component for ethylene polymerization: A solid titanium catalyst component (1-3) for ethylene
polymeriZatfordas ebraiedifcthe Same Psannef@stn Exahpile 2 -excemnRarthe enaintaining time at
110C was changed from 30 mjnutes to 15 minutes. The composition thereof was such that 7.1 % by

weight of Ht&ATGINT: 247065y WEGRHE BF RAYrESRIN, SRV BPweidht of chRpFIRRR 1 B 9 by weidht of an

eﬂwlwc%ﬁgtable examples of R' 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]

/

R' R’

[0080]
or a hetero atom excluding an oxygen atom.
A is preferably:

(0081}



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 catakyst 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 maint@[]g gry,at 110C was changed from 30 minutes to 120 minutes. The composition thereof
was such that@:7 % by weight of titanium, 15 % by weight of magnesium, 58 % by weight of chlorine,
0.6 % by wei ‘kOf an ethyl alcohol residue and 2.8 % by weight of a 2-ethylhexyl alcohol residue.
[0182] Polymeérization: Ethylene was polymerized in the same manner as in Example  except that the
solid titaniurfRtdfdlyst component (1-4) 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 sam& snner as in Example 1, except that an amount of 2-ethylhexyl alcohol was changed from
16.3 g to 19.5_g; an amaunt of tg | aleohobwas changed from-0.9 1.88 9. and the maintaining
time at 181?)% ve\l/gaé: %ﬁgnggcf ?F%Cnﬁ g’ rﬁinUtcegs toa§6? m%n%%s%ﬁé’%@%ﬁt%n%%%o wca%%uocrh that 7.0
% by weight of fitapium,.14; % ngygea' ht-Qf magnesium £37 %6 by weightof chiarine, 1.1 % by weight of
an ethyl alcohol residue and 5.1 % by weight of a 2-ethylhexyl alcohol residue. [0184] Polymerization:
Ethyleneawas pelymerizediin the samesmapnerasindgxample sk, exeeptr-that the solid titanium catalyst
component (I-5) for ethylene polymerization was used. The results thereof are shown in Table 1.
[0185] Exampiel8 Ptepghration op golig: titamivm catalyst component for ethylene polymerization: A
solid titanium catalyst component (I-6) for ethylene polymerization was obtained in the same manner
asin Exarh%féa'?,] 60 except that diisopropyl ¢ s-cyclohexane-1,2-dicarboxylate was changed to
diisopropyl trans-cycﬁhex ne-1,2-dicarboxylate. The composition tE}ereof was such that 7.4 % by
eight of dtaniurh EA By elg of g 57 DEBl S or LA, 76 0% by weight of an

ethyl alcghol residue 8pd.y from 2 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 teo 20 carbon

atoms ig preferred as R’ other than a hydrogen atom, and a
nhydrocarbon group having 1 to 10 carbon atoms is more
preferred. The hydrocarbon groups include, for exampile,
aliphatic hydrocarbon groups, alicyclic hydrocarbon groups and
aromatic hydrocarbon groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbutyl, sec-butyl, n-pentyl, cyclopentyl,
n-hexyl, cyclohexyl, vinyl, phenyl and octyl, preferably
aliphatic hydrocarbon groups such as methyl, ethyl, n-procpyl,

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



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 componentfor 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 alcobolywas changed {ropQ.£4,9:10:2,38:9; @nd tgem%t}ainigglgnhes%%yo%%wgs changed from
30 minutes to 60 minutes. The composition thereof was such that 7.0 % by weight of titanium, 15 % by
weight of ifdgiesium, 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 a¥' irFExdmples  sexcleptitat treesslid titanium patafyst cempbnent (1:2) for ethylene
polymerization was used. The results thereof are shown in Table 1. [0189] Comparative Example 1

Preparatiort 8PSoiidtitafim Catalyet 8mponehi St 4 96§58 rmRBHGTIRagnesium chioride

anhydrous, . "il1£[&| (}[ ecane and 16.3 g (125 mmol) of 2-ethylhex %alco ol were reacted by heating
at 130C forl?ﬁourslto rérgaﬁeaé[] ‘3%‘52%%8&5 Eol‘&%%%ﬁ?‘f héir%sbc. g e(%.??ﬁﬁ?ﬁolffﬁ‘fldi%%propyl

cis-cyclohexane-ds2rdicashoxdate as-added to thesolution and mixed.hy stirring at 50 for further 1
hour, and then the solution was gradually cooled down to room temperature. [0190] A‘Wwhole
amount éfithe homagerneoussahetiomthus obtained was dropwise added to 200 ml (1.8 mol) of
titanium tetrachloride of OC in 1 hour under stirring. The temperature was maintained at OC during
dropwise 88! 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 maft&ih8d &t the tdhigerafure 680 nfidcas UHHRF stein§itl theh fiwatedrat the same

temperaturg arate a solid 62 part. [0191 The.solid part was sufficiently washed with
decane of 11%?@2%%??&? W?t%%]eaaﬁg%?gfgor%ltg%pee?a %J}'}acllf]f% tA& et amiuf E8mPdlind was not

detectedo ohtain.a salid E’E@@”&EQ‘E@@%EQ”@P“@HE@JEG §8M%@%§“&%%X§'°°m%°”e”t thus

obtained was stored in the form of a decane suspension, and a part thereof was dried for analysis. The
composition thereohwasissch thaned %y weight ebtitenium, 6 Yebyweight of magnesiym, 54 % by

weight of chlorine and 4.0 % by weight of a 2-ethylhexyl alcohol residue. [0192] Polymerization:
are contained in the framework of the ring, the number of
carbon atoms forming the framework of the ring is 5 to 10.
[oog7]

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-centaining
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



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, thetgemperature 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 dhe polymerizationeaa ethylene-polymes 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 $dinotesrandyan apparent batkedensityaf O3 gill Ihe yesults thereof are shown in Table 1.
[0194] Comparative Example 2 Preparation of solid titanium catalyst component: 7.14 g (75 mmol)
of magnésitiFEHIgHde aRk§dehs X375 TAl Grukcanearil29: 3¢, (225 mmol) of 2-ethylhexyl alcohol
were reatgtgecyg)ghlﬂeating at 130C for 2 h(_)ur_s to prepare a homogeneous solution. Then, 3.1 g (15
mmol) of tetraathoxy<itare WAs Added to tHe SIS 4Rt $nixed by stirring at 50C for further 2 hours,

and thenghe solution was, &q%m%? 0gled down to room temperature. [0195] A whole amount of
the homogenrg%s%utiongthus o} téglned was g{r%%\a}v%eogcy eath%’ZOO ml (1.8 mol) of titanium
tetrachlodele snaintainad @&Q@dﬂéﬁg}%,@ﬁgnﬁqiég@g@g}dﬂm@9 temperature of the mixed solution
was elevated up to 110C in 1 hour and 45 minutes. Thereafter, the solution was maintained at the

temperatdite fdry2 hGursaurder stitringh andrtben asalidparbwas separated at the same temperature. '
The solid part was sufficiently washed with decane of 110C and then with hexane of room temperature
until the fréaRitariGmYcor pBETd Was yot dbtstied td oBtaiita solic titahium catalyst component (9).
The solid titanium catalyst component 64 thus obtained was stored in the form of a decane

suspension. and & part thereshwis d¥ed PoeaRaIgsid. Fhé e6mpBSHBA #iéreof was such that 8.4 % by
weight ofititanjum, 14 9 ight-of magnesium,.58 % by weight of chlorine and 4.3 % by weight of a
SRR A e

2-ethylhexyl a o?ymerlzatfon: f/) SHeWay polymerized in the same

manner as imCpmpayative-Example-l, except.that the §Q|591@QQ%‘6@<§§E‘B’§ component (9) was used.
The results thereof are shown in Table 1. [0197] Comparative Example 3 Pblymerization: Ethylene

was polytrierizediinthesame mannehasiinGomparativesExamplea except that the solid titanium
catalyst component (9) was added in an amount corresponding to 0.015 mmol in terms of a titanium
atom; théH, theRémpetatéirenwas elevatsd tp 16 89€] ahddhydrogenavas sapplied at 0.55 MPa; next,
ethylenea/vas continuous‘?y supplied for 1.5 hour so that the gauge pressure was 0.6 MPa. The results

|
thereof ate ShWhIR Table 10188 &G PAF S Exampiet & PoRfTerZR oN: Ethylene was
polymerized in, the %61%18ﬂ%@@féﬁ&%ggﬂp%@g‘{%;%%@;? I8 2, except that the solid titanium
ndirg'to

catalyst component (9) was added in an amount’ ¢orréspo ;915 mmol in terms of a titanium

atom; then,thedempgratyrewas glevatad ua a 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 até Showndpyablehethylcyclohexane-1, 3~dicarboxylate,

diethyl 3,4—dimethylcyclohexane—1,Z—dicarboxylate,

di-n-propyl 3,4~dimethylcyclohexane-1, 2-dicarboxylate,

diisopropyl 3,4~dimethyleyclohexane~1, 2-dicarboxylate,

diethyl 3,6—dimethylcyclohexane—1,Z—dicarboxylate,

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

dilsopropyl 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,



[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-1) 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 wasimaintaingd ak 80 [0200) -1 oftex fipishing the palyrerizatian, the autoclave was

depressurized and cooled down to 65C, and then a white powder formed Was separated from the
liquid phase partlandydrieds #ftes deying 2ok & grofa:paowder;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 Separatéd RydidpHaseRrriby: distilatohitootainyile teof a solid matter. The results thereof
are show&in Table 2. [0201] Example 11 Polymerization: Ethylene was polymerized in the same

manner a5 i EXAABIE1 G Exc8PEihaE RfdrogerdiaSSispiigd st .75 MPa. The results thereof are

shown ingLahle [erpgi Eg(gm‘pie 12 Polymerization: Ethylene was polymerized in the same
d 1 =1
manner as in Efamp e 10, excepf1 that h%d%lg%%%éjsxg&papthgd at 0.76 MPa. The results thereof are

shown indkable 2 [3203] @@ngaﬁ@mpgz@gg@rbogiﬂyggg was polymerized in the same

manner as in Example 10, except that hydrogen was supplied at 0.77 MPa. The results thereof are

shown indEaidie 1 [(2044 Coniparalive Exampie 5 Polymerization; 1 a t An autoclave having an inner
content of 1 liter was charged with 500 ml of refined n-heptane under ethylene 67 atmosphere, and

added th@iets wareeyds fmmeldfy lcyclopentane~1, 2—-dicarboxylate,
diisopropyl 3-methylcyclopentane-1,2-dicarboxylate,
diethyl 4-methylcyclopentane-1, 3-dicarboxylate,
di-n-propyl 4-methylcyclopentane-1, 3-dicarboxylate,
diisopropyl 4d-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,
diiscpropyl 3,5-dimethylcyclopentane~1, 2-dicarboxylate,
diethyl 3~hexylcyclopentane-1,2-dicarboxylate,
diethyl 3,5-dihexylcyclopentane-1,2-dicarboxylate,

diethyl cycloheptane-1,2~dicarboxylate,



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. Thexpolymerization 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

polymeravas-oliaingd Thisu@mder:like-palymerhad MiR: 0f 14@ 9/10 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! miattep :Theyresuits théreof aresiovin thiTable @2 {02078 Comparative Example 6

Polymerization: Ethylene was polymerized in the same manner as in Comparative Example 5,
except tﬁét%%b’oge‘ﬁﬁﬂﬁaé’%‘ﬁﬁbﬁ‘é@ ato ?B%Pér‘ﬁﬁé‘bé@% thereof are shown in Table 2. [0208]

Compar%';lve Example.7 68 o?{merlzatlon ne Was olymerized in the same manner as in
Compara ive Exam| 315 c&cep ﬁ?a’tﬁ}grojge% stc tice =it e79 MPa. The results thereof are

shown inyTahle 24 [032_(}%@}@17(5?8 J_lo4np @op o;_f sglid. titani wlcﬁglyst component: A solid
en

titanium catalyst compon 0) was obtalned in' the 'same manner as in Example 1, except that

ethyl alcaholwasrehapgeg-eck 2.0 AR-maodafimeropanol [0250] Rajymedzation:  Ethylene was

polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(1-10) was. usedh Theyrestitts¢tierebt arel sfovyr: iviEatle 3- {02344 xaniple 45 Preparation of solid
titanium catalyst component: A solid titanium catalyst component (1-11) was obtained in the same
manner &s RtExEmpieE ExXcepl thiat e/l akdhol was ERadgattol . 25y (20 mmol) of iso-propanol.

0212] Polymerizatio
[ ] %Xethy% Jlmethylcycloheptane—l,2—dicarboxylate,

di-n-propyl 4-methylcycloheptane-1,2~dicarboxylate,
diisoprepyl 4-methylcycloheptane-1,2-dicarboxylate,
diethyl S-methylcycloheptane-l, 3-dicarboxylate,

diethyl 3,4-dimethylcycioheptane-1,2-dicarboexylate,
di-n-propyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diisopropyl 3,4-dimethylcycloheptane-1,2-dicarboxylate,
diethyl 3, 7-dimethylcycloheptane-1,2-dicarboxylate,
di-n-propyl 3,7-dimethylcycloheptane~l, 2-dicarboxrylate,
diisopropyl 3,7—dimethylcycloheptaneml,2mdicarboxylate,
diethyl 3-hexylcycloheptane-1,2-dicarboxylate,

diethyl 3,7-dihexylcycloheptane-1l,2~dicarboxylate,
diethyl cyclooctane-1,2~dicarboxylate,

diethyl 3-methylcyclooctane-1,2-dicarboxylate,

diethyl cyclodecane-1,2-dicarboxylate,

diethyl E—methylcyclodecane—l,2wdicarboxylaie,

diethyl cyclooxypentane-3,4-dicarboxylate,

diethyl 3, 6-dicyclohexylicyclohexane~l,2~dicarboxylate and the



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, exgept 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 i Takle 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 alcohBP\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] WagSised® THe r@8ults thefdst dré ShBWARIRITABIE!S. [D227PERSRPIe 18 Preparation

of solid titanium catalyst.component: A sglid titanium catalyst component (1-14) was obtained 70 in
the samée %%an%%rﬁ%g%/ﬁ %Sxag]n%%ri? eicéjgjt?ﬁétegthﬁtﬁélgh%ﬁ\?a’s cg{éﬁilggﬁ% 78 G126 Mmol) of

n-pentanol [0218] Polymetization: , - Eiliylene was polymegrized in the same manner as in Example
1, except that the solid titanium catalyst component (I-14)
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
therecf but alsc in that the compcunds can be produced at
relatively lower costs by making use of a Diels Alder reaction.

[00e3]

Further, when the éyclohexanedicarboxylic esters are used,
the catalysts are excellent in a hydrogen response and
maintain a high activity, and polymers which are excellent in
a particle property can be obtained.

[0094]

Also, acid halides, acid amides, nitriles, acid
anhydrides, organic acid esters and polyethers each shown
below can alsoc be used as the slectron 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-



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 gatalysthoompanent £- 1) was qbtained i the same.manper 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-cyclohexangsls 2 dlicarbexylatearas. chariged HetoA:7R5 gr(biramatofethylibenzoate. [0222]
Polymerization: Ethylene was polymerized in the same manner as in Example 1, except that the
solid titafftir catdlyst CoRfFonBAE(1-26) Was Useda The e theFddiaké shawhyiA Tadfe 3. [0223]
Example 21 Preparation of solid titanium catalyst component: A solid titanium catalyst component

(-17) Wf&gb@%ihﬁhé%%%rﬁaﬁher as in Example 1, except that diisopropyl
C'S'CVCIOc?Fég_[ﬁS%%’%'g}LC r@_%’%yelaq:tg Vﬁ%%g%%ﬂ%e%%ijgg v%a(reb%%manﬁ%%gf Sgtihli}l as meth

2-isopropyl- uty1-1,3-dimethoxyprop olymerization: ene was pgﬁymerized
in the safme-manner as if Exagple 1 -exceptihat the solid fitanjum.catalyst.conpongnil:17) was

used. The results thereof are shown in Table 3. [0225] Example 22
acetate, octyl acetate, cyclohexyl acetate, ethyl proplonate,
methyl butyrate, ethyl valerate, methyl chliorocacetats, ethyl
dichlorocacetate, methyl methacrylate, ethyl crotconate, methyl
benzoate, ethyl benzcate, propyl benzoate, butyl benzoate,
octyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl
benzcate, methyl toluate, ethyl toluate, amyl toluate, ethyl
ethylbenzoate, methyl anisate, ethyl anisate, ethyl
ethoxybenzoate, v-butyllactone, d-valerclactone, coumarin,
phthalide and ethyl carbonate. BAmong the organic acid esters,
benzoic esters such as methyl benzoate, ethyl benzoate, propyl
benzoate, butyl benzcate, octyl benzoate, cyclochexyl benzcate,
phenyl benzocate, benzyl benzoate, ethyl ethylbenzoate and
ethyl ethoxybenzoate are preferably used in terms of prices, a
safety and an avallabkility.
[0096]
Further, publicly known pelyhydric 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

ethylmalionate, diethyl isopropylmalonate, diethyl



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-isobutyl-13r 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 tianiymxeatalysteompananty1 pAssalid-titanium.catalyst compongnt (1:19) was obtained in

the same manner as in Example 1, except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was
changedt03.86 § (8 #5umpiotkabdiisopropylrranstoyclohexane-d,2-dicarhoxylate 1 [0228]
Polymerization: Ethylene was polymerized in the same manner as in Example 1, except that the
solid titaAitiAY Eathlyat é6mpene ALy Wwas tsBdiTheassultsithetéof lare sholmesih katbée 3. [0229]
Example 24 Preparation of solid titanium catalyst component: A solid titanium catalyst component

(1-20) was olstamed i t7a dame HianAdFas i Example 1 2xcapithat Bscpropyly
e ey oh e T 2 e es [800] 74 Raymeratianc-~ ElRyiang o bolymatae inthe
same manngr as-in Sxampie 1y excartibat th@ﬁ%@ﬁ%@”i%@i%?éﬁ'}ﬂ%cﬁ'@p%%mcﬁ%b@ﬂas used. The
results thereof are shown in Table 3. [0231] Comparative Example 8

trimellitate; heterocyclic polycarboxylic esters such as 3,4-

furandicarboxylates. Howe#er, 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]

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

[0098]

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

selected from them are present between ether bonds can be

listed as the polyethers. BAmong them, preferred are the



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 e 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 eatatyst camponent (22) was ebtainegeinghe same manker;askneomparalivedxample 1,
except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to 1.26 g (6.25 mmol) of
2-isopropyl2tisobuty 2ds3-tdinmsthexyprepass: [8284]) 574 Rdlyimerization: pluEtlyleneivas
polymerized in the same manner as in Comparative Example 1, except that the solid titanium catalyst
componénty2?2) a8 usad . THE FedtitsihdfsofaFE SREWn 7 TaBR™. H235CHMparaive®Example 10
Preparation af solid_titanium catalyst component: A solid titanium catalyst companent (23) was
dSQ ar §6£p yi-1e

obtained iR TRE samie’ marmarasin Comparative EXSMpRT Sexcet Tt i
cis-cyclo@gﬁr&g&ggdiggm%ﬂatT é’YaSi%h%}gﬁietQ 0.96 g (3.75 mmol) of di-n-propyl
trans-cyclohexane-1,2- dicarboxylate. [0236] Polymerization: Ethylene was polymerized in the
same manmgyss: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 iﬁggconten f[% liter ngged with 500 ml of refined n-heptane under
ethylene atmospheref@&nd addegd ‘eto werg 8.25 mmol of triethylaluminum and a decane
suspension of the soliititanium 7% catalyst coinponent (1-10) in an amount corresponding to 0.015
mmol in terms of a titahium atom. n, the temperature was elevated up to 80C, and hydrogen was
supplied at B Vea G tonBabyCorti{ba applRFLthylene for 1.5 hour so that the whole
pressure was 0.8 MPai The polymégrization teniperature was maintained at 80C. [0238]

RS R R35
re (3)

[0100]

In Formula {3}, m is an integer of 1 to 10, more
preferably 3 to 10 and particularly preferably 3 to 5. RY, r*?
and R’ to R each are independently a hydrogen atom cr a
substituent having at least one element selected from carbon,
hydrogen, oxygen, fluorine, chleorine, bromine, iodine,
nitrogen, sulfur, phosphorus, bcoren and siiicon.

[0101]

R* and R*? are preferably a hydrocarbon group having 1 to
10 carbon atoms, more preferably a hydrccarbon group having 2
to 6 carbon atoms, and R to R°® are preferably a hydrogen atom
or a hydrocarbon group having 1 to & carbon atoms.

[0102]
R and RY are, tc be specific, methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, isopentyl, necpentyl, hexvyl,



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 sepayated liquid phase part by distillation to obtain 4.9 ¢
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 MBa The results theseof are shawn in Table-4.1(02401 Exarmple 27 Rolymerization:

Ethylene was polymerized in the same manner as in Example 25, except that a decane suspension of
the solidditariioire 7plcatalyst congonert (lpt2fwasiatided iman amouptegrpesponsing to-g.015 mmol
in terms of a titanium atom and that hydrogen was supplied at 0.76 MPa. The results thereof are
shown imTasleY: 2411 &anriprd 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 TEBI&4. [0242] Example 29 Polymerization: Ethylene was polymerized in the same
manner as in Exgmple 25:except.that a decane suspensjon of the solid titanium,_catalyst component
(1-12) was added in gr? %ouﬁ?%ﬁgsep’on%?ng’?o (?gp glr#r)%gl’inatepn%!g?g?ft]arﬁﬁ%métom and that

hydrogepwagsupplied @t p-M{}!&P@pfﬂe f@é%%ﬁ%ﬂ?{(ﬁ?f ale;shoyn ig Jabledy, [0¢43] Exgmple 30
In the

Polymerization: Ethylene was polymerize same manner as in Example 29, except that
hydrogen weas supplied af O:45MpPax Thedesulisithereaf ateshewnrin Table 4. [0244] 77 Example 31
Polymerization: Ethylene was polymerized in the same manner as in Example 25, except that a
decane su@_bb%ibn of the soli(_JI titanium catalys_t component (I-13) was added in an amount
corresponding (0 0 1S nen o RIS L2 URRURA00 206 ML HARIEY) 22 ana &

may be linked each other toc form a ring other than a benzene

ring, and atoms other than carbon may be contained in a main

chain.

10105]
The specific examples of the compound having two or more

ether bonds include

2,2-dicyclohexyl~1, 3-dimethoxypropane,

2,2~diethyl-1, 3-dimethoxypropane,

2,2-dipropyl-1, 3-dimethoxypropane,

2,2-dibutyl-1, 3-dimethoxypropane,

2-methyl-2-prepyl-1, 3-dimethoxypropane,

2-methyl-2-ethyl-1, 3-dimethoxypropane,

2-methyl-Z2-isopropyl-1, 3-dimethoxypropane,

Z-methyl-2-cyclohexyl~-1l, 3~dimethoxypropane,

2,2-bis(2-cyclohexylethyl)~-1,3~dimethoxypropane,

Z-methyl-Z-isobutyl-1, 3~dimethoxzypropane,

Z2-methyl-2-(2-ethylhexyl) -1, 3~dimethoxypropane,



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 as4jp 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 Polymedzation;n 48 2 n £thylene 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 4.70248]Exampled3eRelymetization:1, 3-Bthwertieongs polyaresized in the same manner as in
Example 25, except that a decane suspension of the solid titanium catalyst component (1-16) was
added in<ar? afiob® editEspondimyito=0.0aB akTaP Fterms 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:
Ethylenewas Polyietizetin the same rhaRkEPASRAERample 35, except that hydrogen was supplied
at 0.78 MPa. The results thereof are shown, in. Table. 4. [0250] Example 37 Polymerization:
Ethylengésvgg’ B%%%Yériz%dﬁﬁ?l%ﬂ S |¥1§é rﬁé%ngr“"énse ﬁl %A’rﬁb—'é%} eéS(cept that a decane suspension of

the solid fitgnium.catalyst,sampenent{1+7) was-added.in an amount corresponding to 0.015 mmol in
terms of a titanium atom and that hydrogen

2,2-di-t-butyl-1, 3-dimethoxypropane,
2,2-dineopentyl-1, 3~dimethoxypropane,
2-isopropyl-2~iscpentyl-1,3-dimethoxypropane,
2—cyclohéxylm2mcyclohexylmethylwl,3—dimethoxypropane,
2,3-dicyclohexyl-1,4-diethoxybutane,
2,3-diisopropyl-1, 4-diethoxybutane,
Z2,4-diisopropyl-1, 5-dimethoxypentane,
Z2,4~diiscbutyl-1, 5-dimethoxypentane,
2,4~-diiscamyl-1, 5-dimethoxypentane,
3-methoxymethyltetrahydrofuran,
3-methoxymethyldioxane,
1,2-diisobutoxypropane,
1,2-~diisobutoxyethanse,
1l,3-diiscamyloxyethane,
1,3-diiscamyloxypropane,
1,3-diisonecpentyloxyethane,

1, 3-dinecpentyloxypropane,
2,2~tetramethylene-1, 3-dimethoxypropane,

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

2, 2-hexamethylene-1, 3-dimethoxypropane,



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 in3bhe 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 theredimare showneintTable dc [02563% Example 40 Polymerization: Ethylene was
polymerized in the same manner as in Example 39, except that hydrogen was supplied at 0.76 MPa.
The result$ tierédrerd shonwRitin crapie a1 [054] CofiigarativeyEXampleetl Polymerization: Ethylene

was polymerized jn the same manner as in 80 Comparative Example 5, except that a decane
suspené&? 3??h% Shidi tit ﬁiﬂ%%éﬁi’@%g%iaﬁég"@imagQi%%%‘?ﬁ%%eamount corresponding to

0.015 mér]oél —"Eiﬁrg?oso%t%/lﬂt@?iu@—3%%@@99;{3}%&@@68@%’%%‘@5 supplied at 0.77 MPa. The results

thereof are shown in Table 4. [0255] Comparative Example 12 Polymerization: Ethylene was

polymerizeddn the samemanneras imComparative Example & exeeapt that a decane suspension of
the solid titanium catalyst component (22) was added in an amount corresponding to 0.015 mmol in

terms ofZa-titaniush atom -ahehthahbydmogen was suppliedat DordyMPRal Jhexesulis thereof are shown

in Table 4. [0256]
Z-lsoprepyl-2-methoxymethyl-1, 3-dimethoxycyclohexane,
Z2-isobutyl-Z-methoxymethyl-1, 3-dimethoxycyclohexane,
2-cyclohexyl-Z2-ethoxymethyl-1, 3-diethoxycyclohexane,
2-cyclohexyl-Z-ethoxymethyl-1, 3-dimethoxycyclohexane,
Z2-isopropyl-Z-ethoxymethyl~1,3~diethoxycyclohexane,
2-igopropyl-2—-ethoxymethyl-1, 3-dimethoxycyclohexane,
Z-isocbutyl-Z-ethoxymethyl-1, 3-diethoxycyclchexane and
Z2-iscbhutyl-Z2-ethoxymethyl-1, 3-dimethoxycyclohexane.

[0106]

Among them, 1,3~diethers are preferred, and particularly
preferred are Z-isopropyl-2-isobutyl-1,3-dimethoxypropane,
2,2-diisobutyl-1, 3-dimethoxypropane, 2-isopropyl-2-~isopentyl-
1,3~dimethoxypropane, 2,2-dicyclohexyl-1,3~-dimethoxypropane
and 2,Z-bis{cyclchexylmethyl}-1,3-dimethoxypropane.

01073

Further, an alkoxysilane compound represented by a
formula Rp51(0OR’ )4, described later and tetraalkoxysilane
compounds such as fetraethoxysilane and tetrabutoxysilane can
be shown as the examples of the electron donecr (B).

t0108]



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, exgept 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, excéptthatdiisopropy| tisscysforrexahé4 , 2-disarlyoxylaterwas diEangedto®:38 g (2.5
mmol) of ethyl benzoate and 0.51 g (2.5 mmol) of 2-isopropyl2-isobuty1-1,3-dimethoxypropane. [0259]
Polymeﬁlzsa?i%/n?llOnEtkﬁHeﬁé’Wé%rp&%%rifédlﬁﬁh@ Sarfenfeifer 48 #F EXamplel YS@skpt that the
solid titanium cg@lyst gom{ponent (1-24) was used. The results thereof are shown in Table 5. [0260]
ExampIé’“ 42 ?’?ep&r%ﬁoﬁ D solid titanium catalyst component.: A solid titanium catalyst component
(1-25) was @Qt@@n}ed in the same manner as in Example 1, except that diisopropy!
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-isoprapylZdsebuly]-1 Bdimethoxypropane. [264)-Rolymerizations «yEthylene was
polymerized in the same manner as in Example 1, except that the solid titanium catalyst component
(I-25) was-used: The resplts tirereeflateyshiowrmin Table 5. @2 [OR2621:Example 43e
organic acid esters with the diether compound represented by
Formula (3} are particularly preferred.
[C1101
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 intc contact with the
magnesium compound (A). To be ﬁore specific, the electron
donor (B) can ke incorporated into the solid titanium catalyst
component by providing a step in which carboxylic anhydride
corresponding to the compound and alcohol correspending to the
carboxylic halide are substantially brought inte contact
therewith in bringing them into contact with the magnesium
compound (A).
[C111]
According to investigations of the present inventors, it
can be found that if the electron donor (B) is used, the
sclvent~socluble component tends to be less by-produced, as

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



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 catadyst comppneNt:t ha tA 56lid dtaniwm catalyst cospanent £k-2¥ ) wasobtained in the same

manner as in Example 1, except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was changed to
0.64 g (4:3mmask of ethylssenzolte ard 615G (@8 mimohof (B) is used, the solid
2-isopropyl2-iso,buty1-1L3-gimethoxypropane. 0265] Polymerization: Ethylene was polymerized in
the samé miatmEras i Bkahile A°BREE T Hhat thE SBAd fits#sf datdlystcompeiteit {E27) was used.
The resu%té Iyglesreog> a eesgg\g{g 1”1 Tag et5'i§g (50266] Example 45 Preparation of solid titanium catalyst
component: 1/_A solid titanum tata ys?comp(')nent (1-28) was obtained in the same manner as in
Example Toexcept that diisobropy! 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]
Polymerizatioitd tikthylene waspolymerized: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 Prefaration of 5dlid titamiumcatalygt component; usedA Solid titeaium oadalystecomponent
(1-29) was obtained in the same manner as in Example 1, except that diisopropyl
cis-cycloR@xare-1 Dtaicarfoxsite Westcarieants 071§ (4 Barnfof ofléRyl benzoate and 0.05 g (0.3
mol) of 2-isopropyl2-is 1-1,3-di h ropane. [02

mmol) o poﬂcf) eolp:xza Sloob#t)éccc?rglgqneé %)g/pt%%a per Ose?? 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

liguid titanium compound (C):

[0113]
T1(OR)oXong {4)
wherein R is an aliphatic hydrocarbon group having 1 to 5
carbon atoms; X is a halogen atom; and g shows 0%g=4.
The specific examples of the tetravalent titanium

compounds represented by Formula (4) include titanium

tetrahalides such as TiCl; and TiBry; alkoxytitanium trihalides

such as Ti (OCHg) Cl3, TL (OC2H5) Cl3, Ti (O—H*C:;Hg) C:L;a, Ti (OCQHS) Brs

and Ti({0-1is0-C4Hs)Bry; alkoxytitanium dihalides such as

T1{OCH3),Cl: and Ti(OCyHs)2Cly; alkoxytitanium monohalides such

as Ti{OCH3)sCl, Ti(O~n~C4Ha)3Cl and Ti{0OC,Hy)3Br; and

tetraalkoxytitaniums such as Ti{OCHz),, Ti{OC:Hs)a, Ti(OCT4He) s

and Ti{G~-2-ethylhexvyl}..



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 manngg 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<igopropyl-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 usedaffhe tesuitisrihereot arel shownrnin Tablea5 40272 £xaraple 48rRrepagatiqnef solid
titanium catalyst component: A solid titanium catalyst component (1-31) was obtained in the same
manner a3 irfEXxamplest e ppthiat anidmpanttof ethyl alcohpobwas chadgedifrem Q. 94 gitard .38 g
(30 mmolc); diisopropyl cis-c%%ohexane-l,2-dicarboxylate was changed to 0.68 g (4.5 mmol) of ethyl
benzoaté and ?)uféig OE MmN GrLishbrasy isdButy2Mb3 irhéfHoxg propaned anaeie condition of
30 minutgﬁfﬂ@ge{ﬁg@igg@fter 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 sqlightitanium 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)washebtaineddn the samecmanner as insExample-Lrexcephthat ap amaeunt of ethyl
alcohol was changed from 0.94 g to 1.38 g (30 mmol); diisopropyl cis-cyclohexane-1,2-dicarboxylate
was charged & 088%y W5 wirdonaf et benzoateantD.10.g (@B mrhel) bf quid
2-isopropyl-2-isobuty1-1,3-dimethoxypropane; and the condition of 30 minutes under stirring after
elevatingeéffé’alahﬁ?i‘?:\rgt’af‘?ﬁb‘?(Si 116¢ WwaSERaRGed BLmdREaining stirring for 30 minutes after
elevating tp&tfgr}perature up to 100C. [0275] Polymerization:

When both of the liguid magnesium compound (&) 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]
Ereparation 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 ligquid magnesium compound (A) into contact
with the liguid titanium compound (C) under the presence of
the electron donor (B). In this case, the liguid magnesium
compound (A) may be in a state in which it is dissolved in a

publicly known liguid hydrocarbon medium, for example, heptane,



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-gmount of 86 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-3Q, minuies ynder 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 wasJgblymerized 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 &atalyse cémpongntiagnes sofid titamjvrm cataly’st componeat (1-84)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 (30ROl B SEBIBBYF Gs-Ey tlohekahé-Aus Bk afdoxylate Wed Chahel 168568 g (4.5 mmol) of
ethyl benzoate and 0.10 g (0.5, mmol) of 2-isopropyl-2-isohuty1-1,3-dimethoxypropape; and the
conditionezclJofE 5‘(% Fncfrr\lutcei:érﬁnéder?g?rri%é)[ﬁerce%%;ﬁyﬁEf%é’ tél%ruﬁ"gérsé ureUp o w%g changed to
maintaining-stirgng fQrdosmipptes Aafis( glevaling the. temperatre up 10,90C, [0279] Polymerization:

87 Ethylene was polymerized in the same manner as in Example 1, except that the solid titanium
catalyst egmpenenrt (1¢34) wascused Iheesults theteefrare shewndnkable 550280k Example 52
Polymerization: An autoclave having an inner content of 1 liter was charged with SOO ml of
refined neigeptaneedder ethyténesatrasspherb ganceddded thesetewerer(: 26 anmiokof-tyiethylaluminum
and a decane suspension of the solid titanium catalyst component (1-24) in an amount corresponding

to 0.015 hhbFiAterfs 8R4 tiEHTGMRTREAP TheR, Betemberattfsiwas e vated BptEBOT, and
hydrogen was supplied at 0.76 MPga, followed by, continuously supplying ethylene for 1.5 hour so that
the whol€ }f)?easls%%)eg W%’:lg 0§ Wa.t'ﬁ?e 58&%&%@1 if—)’ﬁlféjrﬁpé%ﬁﬁg%&s aitedat80C. [0281]
After finishing e polymerizatan. fhe auiadayg was daptessurizegAndgoalad own tg 65, and then

a white powder formed was separated from the liquid phase part and dried. After drying, 53.8 g of a

powder-likecpalyrmerwas obkaingd-cHiis powder-like golymer-hadiVER;019%9,g/0, minkies. On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 5.7 g
of a solidcmatteh T helresults. thexe ofeareashowrripel.able 6.

[0119]

As long as these reguisites are satisfied, a publicly
known method comprising bringing the liguid magnesium compound
(A), the electron deonor (B) and the liguid titanium compound
{(C} into contact with one ancother to obtain a solid titanium
catalyst component can be used without any limitations. For
exampie, the following methods (P-1) to (P-5) can be listed.

[0120]

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

[0121]



[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 a4 ®©.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
triethylaliiriBum andna tdecane suspersion of tecsulidditanmin:catalyst compenént:(1i25) in an
amount corresponding to 0.015 mmol in terms of a titanium atom. Then, the temperature was elevated
up to 60T @REhydFogeriastipphied and. 76nPa L RAéwes bycuntiniBusly stpphiriy ethylene for

1.5 hour.so that the, whole pressure was 0.8 MPa. Theﬁég/menzatlon temperature was maintained at

80C. [0Z85F Atd rﬁﬁﬂéﬁﬁ‘ﬁg eONIMERZation thé BtotiAbve Was %lcfégp]r surizet it cooled down

to 65C, ggglgge&a WJ‘]& ch\l%d%r fg{mgd ¥Va§ Qﬁgtggé@&g@l id Ppagg,\pgrt and dried. After
drying, 54.7 g of a powder-like polymer was o talned This powde e polymer had MFR of 670 g/10

minutes@n dhe other hangl; the: selventwas &rﬂg@dﬁﬁor@oﬁhgﬁ@iearated 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 Polyméfization: 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
Polymerizatién:: 2 Beiilere Rasipolyrmanzdintie same mahhaias imESamplaiBs, except that
hydrogen was suppis ot 072 MEr e festlts eregf are shown n Table & [0268) Bxamle 58
PolymerfZ3fibh: 4 E

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 coptional step.

[0123]

(F-4): a method comprising bringing a mixture of the liguid

magnesium compound (A) and the electron donor (B) intoc contact

with the liguid titanium compound (C), and further bringing it

into contact with the electron doncr (B) to deposit a solid

titanium complex. In this case, the liquid titanium compound

(C) may be brought into contact in several batches.

(01247

(P-5): a method comprising bringing the liguid magnesium

compound (A) into contact with a mixture of the electron donor

(B} and the liguid 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 opticnal step, and

the liguid titanium compound (C) may be brought into contact

in several batches.



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 800. [0289] After
finishing t@@ merization, 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 polymerauas ebtained Jhispowder-likepolymer had MFRof 640.0/10 minytes, On the
other hand, the solvent was removed from the separated liquid phase part by distillation to obtain 4.8 g
of a solid mattec.chite: resultsathereof ase sliawn st Tables: {0390 xample 59:Ralymerization:
Ethylene was polymerized in the same manner as in Example 58, except that hydrogen was supplied
at 0.74 MIPEIFRE ¥ thersot afé shéwhin Fable6 0RO LHExdample i8R dlymcrization:

Ethylene was polymerized in the same manner as in Example 58, except that hydrogen was supplied
at 0.72 l\ﬁlggl.pgﬁélpes{ﬁtls‘ 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 ditagium.catalystcompanent (3 0):in an.amaunt corrgsponding t9.0.015 mmol
in terms of a titanium atom. Then, the temperature was elevated up to"80C, and hydrogen‘was
suppliedrat 01 76 Mi?a, fakewed by icentinuptisly supplying.ethyene famkb hour sothatthe whole
pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0293] After
finishing2R& polypierization, tH) auteclage wWasderessurizedtanicooled downsto 185G cand then a
white powder formed was separated from the liquid phase part and dried. After drying, 51.2 g of a
powder-fi&gdlyinr s Bbtamed: This solRtIIkeDolymer R¥d MFR f 950 $PEG minutes. On the

other hancg,rt g%en}gvasrrer%%ve afrrﬂoom tpl%ggpagt%q liquid phase part by distillation to obtain 5.3 g
of a solid matter, The TeaUTts tiereof are Showit in *Faﬁle‘é%&fwﬁ anpl& 62°P&IyfetiZation: 92

Ethylene,was polymerizacip the sgmejnaaneras in Example 61, except that hydrogen was supplied
at 0.74 MPa. The results thereof are shown in Table 6. [0295]
out by filtration and decantation favecrably proceeds, so that
it is preferred in terms of the productivity and the handling
property.
[0127]
In the present inventiocn, 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 mel 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.
(01283
In the present invention, the liguid titanium compound

(C) 1s used in an amount falling in the range of preferably

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



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 80EyandBidiogen was s0pplied at@ 76:MPafollawed by.contindeusly supplying ethylene for
1.5 hour so that the whole pressure was 0.8 MPa. The polymerization temperature was maintained at
80C. [0207F°d &tek fimhimfthiesolyrherization the aitovlavenwasidepressurized and cooled down
'to 65C, ar;% it}%nj 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 an the solvent was removed from the separated liquid phase part by
distillation to obta% 53gofa SOl matte? The results theres? gFe%ﬁlo?N i TAbIE 6 $9268] Example

65 Polyragrization caEiNylene waspolumerized inthe same manney as '&@@9&0&?% except that
hydrogen was supplied at 0.74 MPa. The results thereof are shown in"Table 6. [0299] Example 66

Polymerizatiom:iingAnautaelape baving aminaet contentolzl liter was,charged with:509 ml of
refined n-heptane under ethylene atmosphere, and added thereto were 0.25 mmol of triethylaluminum
and a decanébuspensivn Dl dre solid-titapiintoatadystrcomponent(1-29) ih arwamdlint corresponding
to 0.015 mmal in terms of a titanium atom. Then, the temperature was elevated up to 80C, and
hydrogeﬁﬁ?a%eﬁﬁatbﬁéd Lhi®rre Q/IPa, followed by continuously supplying ethylene for 1.5 hour so that
the whole [Q@%?L!re 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 fornegwas sepasaleg bo.the liguid phase pai anddried, After diying, 46.5 9 of a
a

powder-like polymer was obtained. This powder-like polymer MFR of 600 g710 minutes. On the
other hard ethersolveiswas removed from the separated liguid phase paridby distillation tp obtain 5.6 g

of a solid matter. The results thereof are shown in Table 6. [0301] Example 67 Polymerization:
Ethylene®was pofipherizadtiathe saire rMaanerad th Exampleus, excepithat bydrogesrwas supplied
at 0.74 MPa. The results_thereof are shown in Table 6.
(I} for ethylene polymerization according to the present
inventicn is 0 to 100, preferably 0.0l to 10 and more
preferably 0.2 to 10.
[0131}
<Ethylene polymerization catalyst>
The ethylene polymerization catalyst according to the
present invention comprises the solid titanium catalyst
component (I} for ethylene polymerization obtained in the
manner described above and the organic metal compound catalyst
component (II}). The above organic metal compound catalyst
component (II) 1s preferably an organic metal compound
containing metal .selected from a lst group, a 2nd group and a

13th group in the pericdic table, and capable of being used

are, for example, organic aluminum compounds, alkyl complexes



[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. 9546303+ After finishing t lymerization, t u essurized and cooled
down to 65C, and %her?lg Whi%mggwgdgrggrrﬂ%{ﬁ%%%ﬂép%?é?eé%%gn\fl%?éaﬁﬁé) iph%% %%H%jnsd dried.
After drymf), 822 g obapansdeslike\pslyraer was ghtaired: Jhis pewderlike palymer had MFR of 410
g/10 minutes. On the other hand, the solvent was removed from the separated liquid phase part by
distillatiohag &b e, 3-grer asulid matterThe fesults tHereofrarershovat imifable: 6. [03041 Example

69 Polymerization: Ethylene was polymerized in the same manner as in Example 68, except that
hydrogeff WAREUPPfed AE0FANIPES FHe results thereof are shown in Table 6. [0305] Example 70
Polymeriz Hg : 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 sysgension At e solif{iaoin catalys! compgnERC3L)ip gn amount corresponding to

0.015 mmol in terms of a titanium atom. Then, the temperature was elévated up to 80C and hydrogen

was supplied at @78 MRa dallewedbycontinuausly supplying ethylene farb.S hour s9- 96 fhat the
whole pressure was 0.8 MPa. The polymerization temperature was maintained at 80C. [0306]

After finistiifg tieepdlymefization; thd autotiave waselepiessurized add cooted,dawn 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-IKEBON B Was BBEIREE ITHiE powetfike pBIyRTET IMRPMFR6E640:6L0aRinutes. On the
other ha lyent was removed from the separated liquid phase part by distillation to obtain 4.6 g
of a solid%%é?t%rg %‘%%Tr'eséﬁg Trerabf afs stiovy ﬁgf&lyle%?%ﬁﬂk@x%rﬁﬁg A 4S0ImeTiz atish:
Ethylenewas,polymerizediin the s r.gs;in xample, 70, except that hydrogen was supplied
at 0.79 MPa. The results thereof aer%Ie?ﬂsghﬂc‘)ﬂv?rll1 %1%1‘%%(5 L5&([030 ?%%ﬂp%%ﬁ\% %?(réyﬁwple 15

Polymerizatidrs obu ththylene waspolymesized in the:same marner:asinComparatiye Example 5,
except that a decane suspension of the solid titanium catalyst component (9) was added in an amount
correspondifgitd®.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.
(01331

Electron donor (IIT):

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
(IT}. The electron donor (III) is preferably an organic
silicon compound. For example, a2 compound represented by the
following Formula (5) can be listed as the organic silicen
compound:

[0134]

RpS1 (OR7 ) 4o {5)

wherein R and R’ are aliphatic, alicyclic or aromatic

hydrocarbon groups having 1 to 20 carbon atoms; and n



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 addeddr anamaurtgesesponding 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: Etfyteneswasotynyerized in the samemanneras insgomparative Example 5, except
that a decane suspension of the solid titanium catalyst component (9) was added in an amount
correspdioiiyth®0.0 5 nirhidt in‘teris of Bkaritm atéiiawbtar hydroyeniwas/suggied at 0.77 MPa.

The reSLJFIt§1§tll%reg);‘rl e911§nare shown in Table 7. [0312] Comparative Example 19 Polymerization:

Ethylene was polymierizedInIRe Samemanh&r ad i omparative Ekfisle sy ekdentanatta decane
suspensi fﬁ@%ﬁg‘i%ﬂ@{ﬁ%@f@%‘gﬁteco oCneCQ(Si g%}ev&aigddeq ﬁln an amount corresponding to
QH}Q LI, L hd T at}ﬁy Vidimet OXdyaSt%L.

0.015 mmol in term$ of a titanium atom and rogenwas supplie 78 MPa. The results

thereof ar¢ shews iy Tabten ¢110343L ComparativeExample 20 Polymerization: Ethylene was
polymerized in the same manner as in Comparative Example 5, except that a decane suspension of

the soliditaniivinecatdlyst-comporent(9) was added i ap amounrtnossespending 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 Table7inyltriethoxysilane, t-butyltriethoxysilane,
phenyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclopentyltrimethoxysilane, 2-
methylcyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,
dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane,
tricyclopentylmethoxysilane, dicyclopentylmethylﬁethoxysilane,
dicyclopentylethylmethoxysilane and
cyclopentyldimethylethoxysilane.

[0135]

Among them, vinyltriethoxysilane, diphenyldimethoxysilane,
dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane,
dicyclopentyldimethoxysilane and the like are preferably used.

The organic silicon compounds can be used in a mixture of two
or more kinds thereof.
[0136]
The compounds shown as the examples of the electron donor
(B}, the electren donor {(a) and the electron donor {b} each

used for the sclid titanium catalyst compeonent (I} for

ethylene peolymerization can be listed as the other electron
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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, 1f necessary, other components useful
for clefin 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 w~olefins such as
propylene.

[0139]
<Polymerizatiocn method for ethylene>

The ethylene polymerization method of the present
invention is characterized by polymerizing ethviene alone or
olefins containing ethylene with the ethylene polymerization
catalyst to obtain an ethylene polymer. That is, ethyiene is
homeopolymerized or copoclymerized 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
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catalyst. The prepoclymerization is carried out by
prepolymerizing the clefin 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 ethylens polymerization catalyst.

[0141]

In the prepolymerization, the catalyst héving a higher
concentration than that of the catalyst used in the system in
the main pelymerization 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 ligquid 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 seclid 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
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compoﬁénts are used in an amount of 0. 1 to 50 mol, preferably
0.5 te 30 mol and more preferably about 1 to 10 mel per 1 mol
of a titanium atom contained in the solid titanium catalyst
compenent (I} for ethylene polymerization.

[0144]

The prepelymerization can be carried cut 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 xzylene;
halogenated hydrocarbon such as ethylene chloride and
chlorobenzene, or mixtures thereof.

[Cl46]

Among the inert hydrocarbon media, the aliphatic
hydrocarbens are particularly preferably used. When the inert
hydrocarben medium is used, the prepolymerization is
preferably carried out by a batch system.

[(0147]

Cn the other hand, the prepolymerization can be carried

out by using olefin itself as a solvent, or prepclymerization

can be carried out substantizlly in the absence of the solvent.
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In this case, the prepolymerization is preferably carried out
in a continuous manner.
[0148]

Publicly known olefins such as ethylens, propylene, 1-
butene, l-pentene, l-hexene and 4-methyl-l-pentene can be used
as the olefin used in the prepolymerization. Among them,
ethylene and propylene are preferred.

10149

Temperature in the prepolymerization falls in the range
of usually about -20 to +100°C, preferably about -20 to +80°C
and more preferably about 0 to +40°C.

[(C1507.
Next, the main polymerization shall be explained.
[0151]

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

thereof. Further, cyclopentene, cycloheptene, compounds having
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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 o~
olefins.

[0152]

In the present invention, the prepolymerizaticn and the
main polymerization can be carried out by either of a liguid
phase polymerization methoed such as solution polymerization
and slurry pelymerization 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 mmel in terms of a titanium atom per 1 liter of the
polymerization volume. Alsc, the organic metal compound
catalyst component (IT) is used in an amount of usually about
1 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
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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 cf the organic metal compound catalyst component
(I1).

[0155]

Use of hydrogen in the main polymerization makes it
pessible 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.

[015¢]

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 250°C,
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preferably about 50 to 200°C, and the pressure 1s sel 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 100°C, preferably about 50 to
90°C, and the pressure is usually an atmospheric pressure to
1.5 MPa, preferably about 0.2 to 1 MPa. In the polymerization
method cof 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, theVpolymerization

can be carried out on changed reaction conditions in two or

more stages.

101583

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
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described above is preferably contained in order to allow a
moldability of the ethylene polymer to be compatible with a
strength therecf. The ethylene polymerization method of the
present invention makes it pessible to reduce a loss in

producing the ethylene polymer.

EXAMPLES
[01e0]

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 ICP analysis (ICPF 10007TR, manufactured by

Shimadzu Corporation).
[0163]
{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
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acetone sclution to which 10 % by weight of water was added to

obtain alcohol by hydrolysis, and the amount of the alcohol

residue was guantitatively 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 pym was measured by means of a shaker (Ro-Tap,
manufactured by Iida Seisakushc Co., Ltd.) and a sieve {Bunsei
Furui, inner diameter: 200 mm, aperture: 75 um).

[0166]
(5) Bulk density (BD):
Measured according to JIS K-6721 standard.

(01671
{6} Melt flow rate (MFR):

Measured on a condition of 19%90°C according to ASTM D1238E.
[0168]
(7) Solvent-soluble component ratio (SP):

Calculated according te the following equation.
[0169]

SP (%) = 100 X (a)/((a) + (B))

{a) : amount of powder-like polymer

(B): amount of ethylene polymer dissolved in a n-~heptane

solvent

An amount of (B) 1s measured as a weight of a solid
obtained by removing the solvent by distillation from the

filtrate separated by filtering after the polymerization.
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(0170]
(8) Intrinsic viscesity [n]:
The ethylene polymer particles were dissolved in decalin
te measure a intrinsic viscosity [n! in decalin of 135°C.
[0171]
Example 1
Preparation of solid titanium catalyst component for ethylene
polymerization:
4.7¢ g (50 mmol) of magnesium chloride anhvydrous, 28.1 ml
of decane and 16.3 g (125 mmol) of 2-ethylhexyl alcohol (EHA)
were reacted by heating at 130°C for 3 hours to prepare a
nomogeneous solution, and then 0.94 ¢ (20 mmol) of ethyl
alcohol (EtOH) was added and reacted by heating at 50°C for 1
hour. 0.96 g {32.75 mmeol) of diisopropyl cis-cyclohexane-1,2-
dicarboxylate was added to the solution and mixed by stirring
at 50°C for further 1 hour, and then the sclution was
gradually cooled down to room temperature.
(01723
A whole amount of the homogeneous solution thus obtained
was dropwise added to 200 ml (1.8 mol) of titanium
tetrachloride of 0°C in 1 hour under stirring. The temperature
was maintained at 0°C during dropwise adding. After finishing
addition, the mixed solution was maintained at a temperature
of 0°C for 1 hour, and then the temperature was elevated up to
110°C in 1 hour and 45 minutes. Thereafter, the solution was

maintained at the temperature for 30 minutes under stirring
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and then filtrated at the same temperature to separate a solid
part. This soclid part was sufficiently washed with decane of
110°C and then with hexane of room temperature until the free
titanium compound was not detected to cobtain a solid titanium
catalyst component (I-1) for ethylene polymerization. The
sclid 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 welght of magnesium, 59 % by
weight of chlorine, 0.9 % by weight of an ethyl alcchol

residue and 6.9 % by weight of a 2-ethylhexyl alcohol residue.

[0173]
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmesphere, 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 80°C,
and hydrocgen was supplied at 0.3 MPa, followed by continuously
supplying ethylene for 1.5 hour so that the gauge pressure was
J.6 MPa. The polymerization temperature was maintained at 80°C.

[0174]
After finishing the polymerization, an ethylene polymer

was separated from the n-heptane sclvent by filtration, washed
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and dried. After drying, 133.4 g of a powder-like polymer was
ocbtained. 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 (I-1) for
ethylene polymerization was added in an amount corresponding
to 0.015 mmel in terms of a titanium atom, and then the
temperature was elevated up to BO°C; hydrogen was supplied at
C.SS MPz, and then ethylene was continucusly 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 (I-1) for
ethylene polymerization was added in an amount corresponding
to 0.015 mmol in terms of a titanium atom, and then the
temperature was elevated up to 80°C; hydrcgen 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
therecf are shown in Table 1.

F0177]
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Example 4
Preparation of solid titanium catalyst component for ethylens
polymerization:

A solid titanium catalyst component (I-2) for ethylene
polymerization was obtained in the same manner as in Example 1,
except that the temperature reached in heating was changed
from 110°C to 100°C. The compcsition thereof was such that
7.3 % by weight of titanium, 14 % by weight of magnesium, 58 %
by weight of chleorine, 1.1 % by weight of an ethyl alcohol
residue and ¢ % by weight of a 2-ethylhexyl alcohol residue.

[0178]
Polymerization:

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

[0179}
Example 5
Preparation of sclid titanium catalyst component for ethylene
polymerization:

A solid titanium catalyst component (I-3) for ethylene
polymerization was obtained in the same manner as in Example 1,
except that the maintaining time at 110°C was changed from 30
minutes to 15 minutes. 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
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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 cbtained in the same manner as in Example 1,
except that an amount of ethyl alcohol was changed from 0.94 g
to 1.18 g and that the maintaining time at 110°C was changed
from 30 minutes to 120 minutes. The composition thereof was

such that 6.7

e

by weight of titanium, 15 % by weight of
magnesium, 58 % by welght of chlorine, 0.6 % by weight of an
ethyl alcohol residue and 2.8 % by weight of a Z-ethylhexyl
alcohol residue.
10182}

Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-4) for
ethylene polymerization was used. The results thereof are

shown in Table 1.
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[0183]
Example 7
Preparation of solid titanium catalyst component for ethylene
pelymerization:

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.% g; an amount of ethyl alcohol was changed from
0.%94 g to 1.88 g; and the maintaining time at 110°C was
changed from 30 minutes to 60 minutes. The 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 alcchol residue and 5.1 % by weight of a Z~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 resulis 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,
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except that diisopropyl cis-cyclohexane-1,2-dicarboxylate was
changed to diisopropyl trans-cyclohexane-l,2-dicarboxylate.
The composition therecf was such that 7.4 % by weight of
titanium, 14 % by weight of magnesium, 57 % by weight of
chlorine, 1.8 % by weight cof an ethyl alcohol residue and
7.7 % by weight of a 2-ethylhexyl alcohol residue.
roise]

Polymerization:

Ethylene was polymerized in the samé manner as in Example
1, except that the solid titanium catalyst component (I~6) for

ethylene polymerization was used. The results thereof are

shown in Table 1.
(01871
Example 9
Preparation of solid titanium catalyst component for ethylene
polymerization:

A solid titanium catalyst component (I-7) for ethylene
polymerization was obtained in the same manner as in Example 1,
except that an amount of Z-ethylhexyl alcohol was changed from
16.3 g to 18.5 g; an amount of ethyl alcohcol was changed from
0.94 g to 2.35 g; and the maintaining time at 110°C was
changed from 30 minutes to 60 minutes. The composition thereof
was such that 7.0 % by weight of titanium, 15 % by weight of
magnesium, 58 % by weight of chlorine, 1.2 % by weight of an
ethyl alcohol residue and 4.5 % by weight of a 2-ethylhexyl

alcohol residue.
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10188]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-7) for
ethylene polymerization was used. The results thereof are
shown in Table 1.

(01891
Comparative Example 1
" Preparation of sclid titanium catalyst component:
4.76 ¢ {50 mmol) of magnesium chloride anhydrous, 28.1 ml
of decane and 16.3 g (125 mmocl) of 2-ethylhexyl alcohol were
reacted by heating at 130°C for 3 hours to prepare a
homogeneous solution. Then, 0.96 g (3.75 mmol) of diisopropyl
cis-cyclohexane-1,2-dicarboxylate was added to the sclution
and mixed by stirring at 50°C for further 1 hour, and then the
solution was gradually cooled down to room tTemperature.
[0190]

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

and then filtrated at the same temperature to separate a solid
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part.
[0191]

The solid part was sufficiently washed with decane of
110°C and then wiﬁh hexane of rcom temperature until the free
titanium compound was not detected to obtain a solid titanium
catalyst component (8). The solid titanium catalyst componeant
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 alcchol residue.

rci1sz]
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under nitrogen
atmosphere, and added theretoc were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (8) obtained above in an amount
corresponding to 0.005 mmol in terms of a titanium atom. Then,
the temperature was elevated up to 80°C, and hydrogen was
supplied at 0.3 MPa, followed by continuously supplying
ethylene for 1.5 hour so that the gauge pressure was 0.6 MPa.
The polymerization temperature was maintained at 80°C.

[0193]
After finishing the peolymerization, an ethylens polymer

was separated from the n-heptane solvent and dried. After
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drying, 60.3 g ¢f a powder~-like polymer was obtained. This
powder-1like 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 rmmol) of magnesium chloride anhydrous, 37.5 ml
of decane and 29.3 g (225 mmol) of Z-ethylhexyl alcohol were
reacted by heating at 130°C for 2 hours to prepare a
homogeneous sciution. Then, 3.1 g (15 mmol) of
tetraethoxysilane was added to the solution and mixed by
stirring at 50°C for further 2 hours, and then the solution
was gradually cooled down Lo room temperature.

[0195]

A whole amount of the homogeneous solution thus cobtained
was dropwise added to 200 ml (1.8 mol) of titanium
tetrachloride maintained at 0°C in 1 hour. After finishing
addition, a temperature of the mixed soluticn was elevated up
to 110°C in 1 hour and 45 minutes. Thereafter, the solution
was malntained 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 110°C
and then with hexane of room temperature until the free
titaniuvm compound was not detected to cbtain a solid titanium

catalyst component (%). The solid titanium catalyst component



Paw 0l OE-O oc-ol oco__| GE 0 OEO oc-0 Ok.0 OE 0 Gr.() )E.O OE '0 0' O O - Electron donor (15)
Diisopropyl ciscyclohexane-1,2- dicarboxylate Ethyl benzoate 2-Isopropy1-2- isobuty1-1,3-
dimethoxypropane Diisopropy! transcyclohexane-1,2- dicarboxylate Di-n-propyl transcyclohexane-1,2-
dicarboxylate Ethyl benzoate 2-Isopropy1-2- isobugyl-1,3-

thus obtained was stored in the form of a decane suspension,
and a part therecof was dried for analysis. The com@osition
thereof was such that 8.4 3 by weight of titanium, 14 % by
welght of magnesium, 58 % by weight of chlorine and 4.3 % by
welight of a 2-ethylhexyl alcohol residue.

[0196]
Polymerization:

Ethylene was polymerized in the same manner as in

Comparative Example 1, except that the sclid titanium catalyst

component (9} was used. The results therecf are shown in Table

1.

10197]
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 & titanium atom; then, the temperature was
elevated up to 80'C, and hydrogen was supplied at 0.55 MPa;
next, ethylene was continuously supplied for 1.5 hour so that

the gauge pressure was 0.6 MPa. The results thereof are shown

in Table 1.

[0198]
Comparative Example 4
Polymerization:

Ethylene was polymerized in the same manner as in
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Comparative Example 2, except that the solid titanium catalyst
component (9) was added in an amount correspending to 0.015
mmol in terms of a titanium atom; then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.58 MPa;
next, ethylene was continuously supplied for 1.5 hour =zo that
the gauge pressure was 0.6 MPa. The results thereof are shown
in Table 1.

[6199]
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-1) for ethylene polymerization in an
amount correspoending to 0.015 mmol in terms of a titanium atom.
Then, the temperature was elevated up to 80°C, and hydrogen
was supplied at 0.6 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 80°C.

(02007

After finishing the polymerization, the autoclave was
depressurized and coocled down to 65°C, and then a white powder
formed was separated from the ligquid phase part and dried.
After drying, 151.1 g of a powder-like polymer was obtained.

This powder-liike polymer had MFR of 37 g/10 minutes. On the
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other hand, the solvent was removed from the separated liguid
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:
Ethylens was polymerized in the same manner as in Example
10, except that hydrogen was supplied at 0.76 MPa. The results
therecf 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

therecf 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
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atmosphere, and added thereto were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst compecnent (8) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.75 MPa,
followed by continuocusly supplying ethylene for 1.5 hour S0
that the whole pressure was 0.8 MPa. The polymerization
remperature was maintained at 80°C.

[0205]

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

[0206]

On the other hand, the sclvent 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
.78 MPa. The results thereof are shown in Table 2.

[0208]

Comparative Example 7
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Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 5, except that hydrogen was supplied at
0.79 MPa. The results therecf are shown in Table 2.

(02097
Example 14
Preparation of solid titanium catalyst component:

A solid titanium catalyst component {(I-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.

(02101
Polymerization:

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

10211}
Example 15
Preparation of solid titanium catalyst component:

A solid titanium catalyst component {I-11) was obtained
in the same manner as in Example 1, except that sthyl alcchol
was changed to 1.2 g (20 mmel) of iso-propanol.

[cz212] |
Polymerization:

Ethylene was polymerized in the same manner as in Example

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

was used. The results theresof are shown 1in Tabls 3.
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[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 alicohol
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 titaniﬁm catalyst component (I-12)
was used. The results therecf 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 mmcl) of iso-butanol.

[0216]
Pclymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the sclid titanium catalyst component (I-13)
was used. The results thereof are shown in Table 2.

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

A golid titanium catalyst component {(I-14) was obtained
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in the same manner &as in Example 1, except that ethyl alcchol
was changed to 1.76 g (20 mmol) of n-pentanol.

(02187
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.

[0218]
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
1, 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 diisopropyl cis-~cyclohexane~-],2-dicarboxylate was changed
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to 0.75 g (5 mmol) of ethyl benzoate.
[0222]
Peclymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component {(I-16)
was used. The results thereof are shown in Table 3.

[0223]
Example 21
Preparation of solid titanium catalyst component:

A solid titenium 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
mmel) of Z-isopropyl=Z-iscbutyl=-1,3-dimethoxypropane.

[0224]
Polymerization:

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

[0225]
Example 22
Preparation of solid titanium catalyst componant:

A solid titanium catalyst component (I-18) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohel 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 Z2~isopropyl-Z2-isobutyl-1, 3-
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dimethoxypropane.
[0226]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the scliad 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 (Iw19) was obtained
in the same manner as in Example 1, except that diisopropyl
cis-cyclohexane-1l,2-dicarboxylate was changed to 0.9%96 g (3.75
mmol) of diisopropyl trans-cyclohexane-~1,2~dicarboxylate.

(022871
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 azre shown in Table 3.

[0229]
Exanple 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]
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Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component {I-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-cyclchexane-l,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 (Z21) was used. The results thereof are shown in
Table 3.

[0233]
Comparative Example 9
Preparation of solid titanium catalyst component:

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

[0234]
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Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 1, except that the sclid titanium catalyst
component (22) was used. The results thereof are shown in
Table 3.

[0235]
Comparative Example 10
Preparation of solidrtitanium catalyst compenent:

A solid titanium catalyst component (Z23) was obtained in
the same mannhery 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
Takle 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
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catalyst component (I-10) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.75 MPa,
followed by continuocusliy supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[6238]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liquicd phase part and dried,.
After drying, 44.6 g of a powder-like polymer was cobtained.
This powder-like polymer had MFR of 520 g/10 minutes. On the
other hand, the sclvent was removed from the separated liquid
phase part by distillation to obtain 4.9 g of a scolid matter.
The results therecf are shown in Table 4.

[0239]
Example 26
Polymerization:

Ethylene was polymerized in the same manner as in Exanple
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 sclid titaznium
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catalyst component (I-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.
(02417
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 (I-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]
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Example 31
Polymerization:

Ethylene was polymerized in the same manner as in Exampie
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
Polymerization:
Ethylene was polymerized in the same manner as in Example
31, except that hydrogen was supplied at 0.77 MPa. The results
thereof are shown in Table 4.
[024¢6]
Example 33
Polymerization:
Ethylene was polymerized in the same manner as in Example
25, except that a decane Suspensioﬁ of the solid titanium
catalyst component (I-15) was added in an amount corresponding
te 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:
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Bthyiene was polymerized in the same manner as in Example
33, except that hydrogen was supplied at 0.7% MPa. The results
thereof are shown in Takle 4.

[0248]

Example 35
Polymerization:

Ethylene was polymerized in the same manner as in Example
25, except that a decane suspension of the sclid titanium
catalyst component (I-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 {I-17) was added in an amount corresponding
to 0.015 mmol in terms of a titanium atom and that nydrogen

was supplied at 0.69 MPa. The results therecf are shown in
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Table 4.
[6251]
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
therecf are shown in Table 4.
(02521
Example 39
Polymerization:
Bthylene 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 C.015 mmol in terms of a titanium atom and that hydrogen

was supplied at 0.72 MPa. The results thersof are shown in

Takle 4.

[10253]
Example 40
Pelymerization:

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.

10254
Comparative Example 11
Polymerization:

Ethylene was polymerized in the same manner as in
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Comparative Example 5, except that a decane suspension c¢f 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
sclid titanium catalyst component (22) was added in an amount
corresponding to 6.015 mmol in terms of a titanium atom and
that hydrogen was supplied at 0.74 MPa. The results thereof
are shown in Takle 4.

[02586]
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.

{5257]
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.
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[0258]
Example 41
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-24) was cbtained
in the same manner as in Example 1, except that diiscpropyl
cis-cyclohexane-1,2-dicarboxylate was changed to 0.38 g (2.5
mmol) of ethyl benzoate and 0.51 g (2.5 mmcl) of Z-iscprcpyl-
2-isobutyl-1, 3~dimethoxypropane.

[0259]
Polymerization:

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

[0260}
Example 42
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-25) was obtalned
in the same manner as in Example 1, except that diisopropyl
cis—cyclohexane—l,2—dicarboxylate was changed to 0.50 g (3.4
mmol) of ethyl benzoate and 0.33 g (1.7 mmol) of Z-isopropyl-
2-isobutyl-1, 3-dimethoxypropane.

[0261]
Polymerization:

Ethylene was polymerized in the same manner as in Example

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

was used. The results thereof are shown in Table 5.
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[10262]
Example 43
Preparation of sclid titanium catalyst component:

A solid titanium catalyst component (I-26) was obtained
in the same manner as in Example 1, except that diisopropyl
015wcyclohexane—1,2—dicafboxylate was changed to 0.60 g (4.0
mmel) of ethyl benzoate and 0.20 g (1.0 mmol) of 2-isopropyl-
Z-isobutyl=-1, 3-dimethoxypropane.

[0263]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst compcnent (I-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 (I-27) was obtained
in the same manner as in Example 1, except that diisopropyl
cis~cyclohexanem1,2wdicarboxylate was changed to 0.64 g (4.3
mmol) of ethyl benzoate and 0.15 g (0.8 mmol) of Z-isopropyl-
Z-lsobutyl-1l, 3~dimethoxypropane.

[0265]
Polymerization:

Ethylene was polymerized in the same manner as in Example

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

was used. The results thereof &sre shown in Table 5,
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[0266]
Example 45
Preparation of scolid titanium catalyst component:

A solid titanium catalyst component (I-28) was obtained
in the same manner as in Example 1, except that diisopropyl
clis—cyclohexane-1,2-dicarboxylate was changed to 0.68 g (4.5
mmol) of ethyl benzoate and 0.10 ¢ (0.5 mmol) of 2-isopropyl-
2—-iscbutyl-1, 3~dimethoxypropane.

[0267)
Polymerization:

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

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

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

[0269]
Polymerization:

Ethylene was polymerized in the same manner as in Example

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

was used. The results thereof are shown in Table 5.
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102707
Example 47
Preparation of solid titanium catalyst component:

A solid titanium catalyst component (I-30) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohol was changed from 0.94 g to 1.38 g (30 mmol) and
that diiscopropyl cis-cyclohexane-1,2-dicarboxylate was changed
to 0.71 g {4.8 mmol) of ethyl benzoate and C.05 g (0.3 mmol)
of Z-iscpropyl-Z-iscbutyl-1, 3-dimethoxypropane.

[0271]
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component {(I-30}
was used. The results thereof are shown in Table 5.

[0272]
Example 48
Preparation of soliid titanium catalyst component:

A solid titanium catalyst component (I-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-iscopropyl-2-isobutyl-1, 3-dimethoxypropane; and the condition
of 30 minutes under stirring after elevating the tempsrature
up to 110°C was shortened to 15 minutes.

[0273]
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Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component {(I-31)
was used. The results thereof are shown in Table 5.

{02747
Example 49
Preparation of solid titanium catalyst component:

A solid titanium catalyst component {I-32) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohol was chénged from 0.94 é to 1.38 g (30 mmol);
diiscpropyl cils-cyclohexane-1,2-dicarboxylate was changed to
C.68 g (4.5 mmol) of ethyl benzoate and C.10 g (0.5 mmol) of
2~isopropyl~2~isobutylw1,3—dimethoxypr0pane; and the condition
of 30 minutes under stirring after elevating the temperature
up to 110°C was changed to maintaining stirring for 30 minutes
after elevating the temperature up to 100°C.

[0275]
Polymerization:

Ethylene was polymerized in the same manner as in Examplie
1, except that the solid titanium catalyst component (I-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 (I-33) was obtained

in the same manner as in Example 1, except that an amount of
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ethyl alcohol was changed from €.94 g to 1.38 ¢ (30 mmol);
diisopropyl cis-cyclohexrane-l,2-dicarboxylate was changed to
0.68 g (4.5 mmol) of ethyl benzocate and 0.10 g (0.5 mmol) of
2-isopropyl~2-iscbutyl-1,3-dimethoxypropane; and the condition
of 30 minutes under stirring after elevating the temperature
up to 110°C was changed to maintaining stirring for 15 minutes
after elevating the temperature up to 100°C.

(62777
Polymerization:

Ethylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-33)
was used. The results therecf are shown in Table 5.

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

A solid titanium catalyst component {I-34) was obtained
in the same manner as in Example 1, except that an amount of
ethyl alcohol was changed from 0.%4 g to 1.38 g (30 mmol);
diisopropyl cis-cyclohexane-1,2~dicarboxylate was changed to
0.68 g (4.5 mmol) of ethyl benzcate and 0.10 g (0.5 mmol) of
Z-isopropyl-2-isobutyl-l, 3-dimethoxypropane; and the condition
of 30 minutes under stirring after elevating the temperature
up to 110°C was changed to maintaining stirring for 15 minutes
after elevating the temperature up to 90°C.

[(G279]

Polymerizaticn:
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thylene was polymerized in the same manner as in Example
1, except that the solid titanium catalyst component (I-34)
was used. The results thereof are shown in Table 5.
[02801
Example 52
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were .25 mmol of
triethylaluminum and a2 decane suspenéion of the sclid titanium
catalyst component (I-24) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
fecllowed by continucusly supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0281]

After finishing the polymerization, the autoclave was
depressurized and cocled down to 65°C, 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 liguid
phase part by distillation to obtain 5.7 g of a solid matter.
The results therecf are shown in Table 6.

[0282]



aG00-0 00.4)[4 1441z\,-- S?1s2zS.Z Z S.?0.3'S'Z Example 41 Example 42

88

Example 53

Polymerization:

Ethylene was polymerized in the same manner as in Example
32, except that hydrogen was supplied at 0.74 MPa. The results
therecf 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 Tﬁble 6.

[0284]
Example 55
Polymerization:

An autoclave having an ihner 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-23) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0285)

After finishing the polymerization, the autoclave was
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depressurized and ccoled down to 65°C, and then a white powder
formed was separated from the liguid 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 liguid
phase part by distillation to obtain 5.7 g of & solid matter.
The results therecf 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 53
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 suspensicon of the sclid titanium
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catalyst component (I-26) in an amount corresponding to 0.015
meol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0289]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liguid 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 scolid matter.
The results therecf are shown in Table 6.

[0290]
Example 59
Polymerization:

Ethyliene was polymerized in the same manner as in Example
58, except that hydrcgen was supplied at 0.74 MPa. The results
therecf 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
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thereof are shown in Table 6.
102921

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 theretc were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-27) in an amount corresponding to 0.015
mmoi in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour sc
that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.

[0293]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the liquid phase part and dried.
After drying, 51.2 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 950 g/10 minutes. On the
other hand, the sclvent 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.

02947
Example 62

Polymerization:
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Ethylene was poclymerized 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 poclymerized 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.

[0256]
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 theretoc were 0.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-28) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization
Temperature was maintained at 80°C.

[0257)
fter finishing the polymerization, the autoclave was
depressurized and cooled down to €5°C, and then a white powder

formed was separated from the liguid phase part and dried.
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After drying, 38.7 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 860 g/10 minutes. OCn the
other hand, the solvent was removed from the separated liguid
phase part by distillaticn to obtain 5.3 g 0of 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 €.

[0299]
Example 66
Polymerization:

An autoclave having an inner content of 1 liter was
charged with 500 ml of refined n-heptane under ethylene
atmosphere, and added thereto were (.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component {(I-29) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was suppiied at 0.76 MPa,
followed by continuously supplying ethylenes for 1.5 hour so
that the whole pressure was 0.8 MPa. The pelymerization
temperature was maintained at 80°C.

[0300]

After finishing the polymerization, the autoclave was
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depressurized and cooled down o 65°C, 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 ligquid
phase part by distillation to obtain 5.6 g of a solid matter.
The results thereof ars 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 €8
Polymerization:

An autoclave having an inner content of 1 liter was

charged with 500 ml of refined n-heptane under ethylene
tmosphere, and added thereto were (.25 mmol of
triethylaluminum and a decane suspension of the solid titanium
catalyst component (I-30) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.76 MPa,
followed by continuously supplying ethylene for 1.5 hour so
that the whole pressure was 0.8 MPa. The polymerization

temperature was maintained at 80°C.
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[C303]

After finishing the polymerization, the autoclave was
depressurized and cooled down to 65°C, and then a white powder
formed was separated from the ligquid phase part and dried.
After drying, 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, ﬁhe solvent was removed from the separated liquid
phase part by distillation to obtain 6.3 g of a solid matter.
The results therecf are shown in Table 6.

[0304]
Example 69
Polymerization:

Ethylene was poclymerized in the same manner as in Example
68, except that hydrogen was supplied at 0.74 MPa. The results
therecof 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 (I-~31) in an amount corresponding to 0.015
mmol in terms of a titanium atom. Then, the temperature was
elevated up to 80°C, and hydrogen was supplied at 0.78 MPa,

followaed by continucusly supplying ethylene for 1.5 hour so
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that the whole pressure was 0.8 MPa. The polymerization
temperature was maintained at 80°C.
[0300]

After finishing the polymerization, the autoclave was
depressurized and coocled down to 65°C, and then a white powder
formed was separated from the liguid phase part and dried.
After drying, 61.3 g of a powder-like polymer was obtained.
This powder-like polymer had MFR of 640 ¢g/10 minutes. On the

.other hand, the sclvent was removed from the separated liquid
phase part by distillation tc 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:

Ethvliene 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 amcunt
corresponding te 0.015 mmol in terms of a titanium atom and

that hydrogen was supplied at 0.72 MPa. The results thereof

are shown in Table 7.
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[0309]
Comparative Example 16
Polymerization:

Ethylene was polymerized in the same manner as in
Comparative Example 3, except that a decane suspension of the
sclid titanium catalyst component (9) was added in an amount
corresponding to 0.015 mmel 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
selid ﬁitanium catalyst component (92) 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
cerresponding to 0.015 mmel in terms of a titanium atom and

that hydrogen was supplied at 0.77 MPa. The results thereof
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are shown in Table 7.
[0312]

Cdmparative Example 19

Polymerization:

Ethylene was pclymerized in the same manner zs 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 a2 titanium atom and

that hydrcgen 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 te 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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LL 8L 'C 6L 'C Comparative Example 15 Comparative Example 16 Comparative Example 17
Comparative Example 18 | Comparative Example 19 Comparative Example 20 _ 106 INDUSTRIAL
APPLICABILITY [0321]. It can be found from the results that the ethylene polymerization catalysts
of the present invention have the excellent charactggstics 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 nbtaine: by bringingra liguigmagnesium 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 intd €o#tatt with a liquid titanium compound (C) under the presence of a compound represented
by the following Foimula (2): R' R100C IR' /R3 RI-CbCaR'

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 respense for controlling a molecular weight and

a low content of solvent-soluble components.



(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 plurtlify of Rl 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-GInsdiifg group, a phosphorus-containing group, a halogen-containing group and a
silicon-contﬂinin %%?Lép A is a structure represented by tl; following formula or a hetero atom
excluding a ‘ox}@ k tBFﬁ?W%f&fe?ﬁ‘a Fality SPR Y IERSREE #8985 cribed above, or under
the presence ofehiixisikibofigebenzeie deidl £5tpsBRA S dinthetaapRRUNG repmesaaied Py the following
Formula (3): 108 .é?;) wherein in Formula %mm represents an integer of 1 to 10; R11, R12 and R31
to R36 eac'4F8H @p%%@?ﬁl@gaﬁﬁ%(ﬁagﬁ BT 6 SR0IBE I8 FEDRTAA RS AR DR SHRINt selected
from carboohyttepleainxygens fluatos sebhierine Bsamineipcinguitiasims Wi, Abrshorus, boron
and silicon; twdo of more of R11, R12 and R3' to R36 may be linked together to foxiii a ring other than a
benzene ring’ S’hé‘%l?’f%ﬁ%%g AAYRSATTRIRCSRG BYHBP dedlowins Soramtidhich comprises
titanium, magnesium and a halogen. % The solid titanium catalyst component (1) for ethylene
polymerization as described &' clainf{’; wherein the molar ratio ((a)/(b)) of the used amount of the
electron donoﬁép@t? used amount of theyelectron donor (b) is less than 1, and the electron donor
(a), the electron donor {Bang.ihe e gteoh donor (B) are hetero atom-containing compounds excluding
cyclic ether compoyggds. 3. Ik titaniumFatalyst component (1) for ethylene polymerization as
described in claim 1, \M\e1re' the elec ror?zl or (a) is an alcohol having 1 to 5 carbon atoms, and the
electron donor (bl an a ol havin 0 12 carbon atoms. 4. An ethylene polymerization catalyst
comprising the s titani mponént (1) for ethylene polymerization as described in any of
claims 1 to 3 and an organic cpmpound catalyst component (II). 5. An ethylene polymerization
method comprising homopolyinerizifig ethylene or copolymerizing ethylene with other olefins under the
presence of the ethylene polyrheriz t%T‘ﬂcatalyst as dé@r}bed in claim4 SOLID TITANIUM
CATALYST COMPONENT FOR ETHYLENE POLYMERIZATION, ETHYLENE POLYMERIZATION
CATALYSTARBERHTENE(ROL VIRER | Z20r RO (1 E2f Mo BB ST RAEents aipiggts 9 Bfda solid
titanium catelyse camROREH ok aiienepalyvedzetiorwhish seRRelipeHze stimteng at a high
activity and which can provide an ethylene polymer havin% an excellent particle property, an ethylene

polyr_nerizaﬁgﬁ%teﬂ?/é‘t ‘é’ﬁ&%ﬁm‘%ﬂ% BONFADIR At B iheuhen e atdged mndsed’-

C” bond when R¥ is a hydrogen atom may be substituted with a double bond;

a plurality of R* is a hydrocarbon group having 1 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:

P
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):



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 cofffound (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 (l1).
Further, the ethylene polymerization method of the present invention is a method for polymerizing
ethylene under the preeafite of thea{glyst. (Ncﬁ ble figure)

| |
R3IN—C—0-+C+O—C—R36
! 5 m i

R  RU ReS | (3)

& L) -

wherein in Formula (3), m represents an integer of 1 to 10; R R and R to R*® each are
independently a hydrogen Iatom or a substituent having at least one element selected from
carbon, hydrogen, oxygen, fluorine, chlorine, bromine, iodine, nitrogen, sulfur, phosphoras,
boron and silicon; |
two or more of RY, R" and R* to R*® may be linked together to form 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'ﬁ;:ed amount of the electron donor (a) to
fhe 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 titanjum 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) 1s 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
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SOLID TITANIUM CATALYST COMPONENT FOR ETHYLENE
POLYMERIZATION, ETHYLENE POLYMERIZATION

CATALYST AND ETHYLENE POLYMERIZATICON 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 sclid titanium catalyst component (I) for ethflene
polymerization according to the present invention is obtained
by bringing & liguid magnesium compound (&) including a
magnesium compound, an electron donor (a) having 1 to 5 carbon
atoms and an slectron donor (b) having 6 te 30 carbon atoms
into contact with a liguid titanium compound (C) under the
presence of an electron donor (B) and includes titanium,
magnesium and 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 sultable figure)



