DESCRI PTI ON  SOLI D CATALYST COVPONENT, CATALYST FOR OLEFI N POLYMERI ZATI ON,
AND PROCESS FOR PRODUCI NG OLEFI N POLYMER USI NG CATALYST 5 TECHNI CAL FI ELD
The present invention relates to a solid catal yst conponent and a catal yst
for polynerization of ol efins capable of maintaining high stereoregularity
and yield of the polyner, and is excellent in nmaintaining activity, and to
a process for producing olefin 10 polyners using the solid catal yst

conponent or the catal yst. BAW%@TF&E | NVENTI ON A solid catal yst
conponent contai ning magnesium titaniu an el ectron donor conpound, and a

hal ogen as essential conponents used for polynerization of olefins 15 such
as propyl ene has been known in the art. A nunber of nmethods for polynerizing

or copol ygﬁr)falﬁlj' BATRL 95 MSoMPONIEN BT CERACES PROR EEWFBLWE@Z%?%@N,

pol ymeri z conprising the abcdve solld catalyst conponent,

For - oxanl o, 2 Do B R B g R e 2

(JP-A-57-63311) propose a nethod for 20 pol ynerizing propylene, in which a

catal yst conprising a nmagnesium conpound, a titanium conpound, and an

or ganosi | hgenneemmopg rhavi ng an Si -O-C bond is used. However, because the
method is not necessarily satisfactory for producing highly stereoregular

polyners in a hHhghretbmlisthentioPEPUER Mol chBf S omionedsiniasah@RNfgiesi red.
Pat ent Docunent 3 (JP-A-3-234707) discloses a Ziegler-type solid catal yst

25 conmpongpfynfefzatRmUfdldiihs REpabIEsf RahiaRiinORbRRAGD P LRPhRFYikbIahes ol i d
conponent = containing titanium nmagnesium and hal ogen as essenti al

conponent polydder, Ah8 A xeElldné R ma@emay BetivigVindto b\WRodks foR heodoemeR1dmnds and at
| east one hydrocarbon residue in 1

10  polymers using the solid catalyst component or the catalyst.

BACKGROUND OF THE INVENTION
A solid catalyst component containing magnesium, titanium, an electron donor
compound, and a halogen as essential components used for polymerization of olefins
15  such as propylene has been known in the art. A number of methods for polymerizing
or copolymerizing olefins in the presence of a catalyst for olefin polymerization
comprising the above solid catalyst component, an organcaluminum compound, and an
organosilicon compound have been proposed. For example, Patent Document 1
(JP-A-57-63310) and Patent Document 2 (JP-A-57-63311) propose a method for
20  polymerizing propylene, in which a catalyst comprising a magnesium compound, a
titanium compound, and an organosilicon compound having an Si-O-C bond is used.
However, because the method is not necessarily satisfactory for producing highly
stereoregular polymers in a high yield, improvement of these methods has been desired.
Patent Document 3 (JP-A-3-234707) discloses a Ziegler-type solid catalyst
25  component for a-olefin polymerization obtained by contacting a solid component
containing titanium, magnesium, and halogen as essential components; an organosilicon

compound having two or more Si-OR bonds and at least one hydrocarbon residue in



whi ch the hydrocarbon group has a secondary or tertiary carbon atom

nei ghboring a silicon atom a vinyl silane conpound; and an organonetallic
conmpound. Pol ynerization of propylene using this solid catal yst conponent
inproves the crystallinity of the resulting polyner and catal yst activity.
Furthernore, use of an 5 el ectron donor conpound during pol ynerization nmay
be omtted if this solid catalyst conponent is used. However, there are
probl enms such as deterioration of the solid  catalyst conponent with tine
and decr easkichthedwedragatbpn graupygs psespreay Patareay carhen atans neigBberigdr obl em of

i ncrease of cost due to the conplicated nmanufacturing praqcess involving
treat ment SHconPmra vWBylsilangeairqunicar Bokgmerglliaeompsandnt Document 1)
JP- A-57-63310 (Cl ainms ( Pat ent, cungat 21 JP- A-57-633 11 &CI ains) (Patent
Document Jjolypereations ylews uiipg i &Rghiat coppagspamprYestife present

invention is to proyvide a solid catalyst, conpone nd a catalyst for
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a solid compongn Qnt ai ni nesi titani and.a. hal ogen.atomwth
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(Patent Document 3) JP-A-3-234707 (Claims)

Therefore, an object of the present invention is to provide a solid catalyst
component and a catalyst for polymerization of olefins which is capable of maintaining
15  stereoregularity and yield of a polymer, has minimized decrease of catalyst activity

during polymerization, and is excellent in maintaining the activity, and a process for

producing an olefin polymer using the catalyst component or the catalyst.

SUMMARY OF THE INVENTION
20 In view of this situation, the inventors have conducted extensive studies. Asa
- result, the inventors have found that a solid catalyst component obtained by contacting a
solid component containing magnesium, titanium, and a halogen atom with an
organosilicon compound having a specific structure is more suitable as a catalyst for
polymerizing olefins as compared with the above-mentioned general catalysts. This
25 finding has led to the completion of the present invention,
Specifically, the present invention provides a solid catalyst component for olefin

polymerization containing magnesium, titanium, a halogen atom, an organosilicon



2 compound shown by the following formula (1), [CH2=CH (CH2)" ]1gSiR14_q (1)
5 wherein Rl individually represents a hydrogen atom an al kyl group having
| to 20 carbon atons, a cycloal kyl group, a phenyl group, a vinyl group, or
a halogen atom nis O or an integer of 1 to 5 and q is an integer of 1 to
4, provided that when q is 1, at least one of Rs is an al kyl group having
2 to 20 carbon atonms, a cycl oal kyl group, a phenyl group, a vinyl group, or

a hal ogen at om r..of, t nosi li con conpound. 10 The present
i nvention %W“ﬁ&é@‘?‘?ﬁ‘g é‘ggﬁllh?‘ﬂnﬁg ‘S‘/"ga Jcomponent for ol efin

pol ynmeri zati on obtained by contacting a solid conponent (a) containing
magnesium titanium and a hal ogen atomw th an organosilicon conpound (b)

shown by the follow n or 5[CHZ CH(CH2)r,]gSiR 4-q (1)

wherein Rl indivi duallsjljrI i@ﬂ%) Wr ogen atom an dﬂgkyl group having |
to 20 carbon atons, a cycl oal kyl group, a phenyl group, a vinyl group, or a
hal ogen atom nis 0 or an integer of 1 to 5 and q is an integer of 1 to
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nunber satisfying t
group, a vinyl group, or a halogen atom, or a polymer of the organosilicon compound.

10 The present invention also provides a solid catalyst component for olefin
polymerization obtained by contacting a solid component (a) containing magnesium,
titanium, and a halogen atom with an organosilicon compound (b) shown by the

following formula (1),
15 [CH,=CH-(CH2),](SiR 4 (1)

wherein R' individually represents a hydrogen atom, an alkyl group having 1 to 20
carbon atoms, a cycloalkyl group, a phenyl group, a vinyl group, or a halogen atom, n is
0 or an integer of 1 to 5, and q is an integer of 1 to 4, provided that when q is 1, at least

20 oneofR'sisan alkyl group having 2 to 20 carbon atoms, a cycloalkyl group, a phenyl

- group, a vinyl group, or a halogen atom.
The present invention further provides a catalyst for olefin polymerization

formed of the solid catalyst component and an organoaluminum compound shown by
the following formula (2),

25

RerlQZv-r (2)



O<p<3. Moreover, the present invention provides a process for producing an
olefin 5 polyner conprising polynerizing an olefin in the presence of the
catal yst for olefin polynerization. BRI EF DESCRI PTI ON OF THE DRAW NG Fi gur e
1 is a flowhart showing a process for preparing the catal yst conponent 10
and pol ynerization catal yst of the present invention. BEST MODE FOR CARRYI NG
QUT THE | NVENTI ON The solid catal yst conponent (A) (hereinafter referred to
fromtinme to ti as "conponent (A)") may be obtained by contacting a solid
conmponent whereif e reprasehtsen alky! gefupharidgtlgofraarhoniatmns, & reprasenis 2" conponent
(a)") containing nmagnesium titanium and a hal ogen atomw th an

or ganosi | ilygrpgen aiosueic adozeniatare; andfrtrepreseaiserrealdumper pagisiingrihe fonla e as
"conpound (b)") shown by the above fornmula (1). The solid conponent (a) may
further cdadn an el ectron donor conpound in addition to magnesi um
titanium and a hal ogen atom _The solid, conponent_(a) may 20 be obtai ned by
tontacting, forMeeaysdBe PESeRIREHHONPIRYIRSS amircess fof Reduringrp Qletingf erred t o
fromtinme to tine as "conponent (i)"% with a titanjum coppound. (i)

(her ei Raf tRAYMS SPOPFIEAE PRIYMIEHHNG Ao l¢fin 1pjt Praencg G5 FERDY Orpleﬁnand an

el ectron donor cor:rgound (tii) (hereinafter referred to fromtine to tine as
"corrponentp"?}ini‘qr)mt)‘.n'Al so, the solid conponent (a) may be obtai ned by
contacting an organic solvent in addition to the 25 conponent (i), the
conponent (ii), and the conponent (iii). As the magnesi um conpound (i) used

for prepard t J esi um di hal i de, dial kyl magnesi um
al kyl mg%ﬁéﬁﬁoﬁﬁmm 4 di aryl oxynmagnesi um

al koxymagnesi u:ﬁihal iLde, ~fatt cid mag{nesi given. O

d. | i b
these magnesi urh&Brpdthdave it Oﬁsﬁsf@eﬁrgﬁarw}ggﬁw%ﬁgﬁt%‘3‘91poneent

10 and polymerization catalyst of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
The solid catalyst component (A) (hereinafter referred to from time to time as
“component (A)”) may be obtained by contacting a solid component (a) (hereinafter
15 referred to from time to time as “component (a)”’) containing magnesium, titanium, and
a halogen atom with an organosilicon compound (b) (hereinafter referred to from time
to time as “compound (b)”’) shown by the above formula (1).
The solid component (a) may further contain an electron donor compound in
addition to magnesium, titanium, and a halogen atom. The solid component (a) may
20  be obtained by contacting, for example, a magnesium compound (i) Chereinafter referred
- to from time to time as “component (i)””) with a titanium compound (ii) (hereinafter
referred to from time to time as “component (ii)”"} and an electron donor compound (iii)
(hereinafter referred to from time to time as “component (iii)”). Also, the solid
component (a) may be obtained by contacting an organic solvent in addition to the
25  component (i), the component (ii), and the component (iii).
As the magnesium compound (i) used for preparing the solid component,

magnesium dihalide, dialkyl magnesium, alkyl magnesium halide, dialkoxymagnesium,



magnesi um di hal i de and di al koxymagnesi um and di al koxynmagnesi um
particularly dial koxymagnesi um are preferable. As specific exanples,

di met hoxymagnesi um 5 di et hoxymagnesi um di pr opoxymagnesi um

di but oxymagnesi um et hoxynet hoxynmagnesi um et hoxypr opoxymagnesi um and
but oxyet hoxymagnesi um can be given. O these, diethoxymagnesiumis
particularly preferable. Al so, the dial koxymagnesi um may be obtai ned by
reacting riarglokymagregnes alkoxymagresiam kllidoHelty agid magngstws emddholikecan

hal ogen-cont ai ni ng organi c nmetal conpound or the 10 like. The

di al koxy megreeeing esp magnesivra compownds; magneaimrdbalisls, omixties dr nore. The
di al koxymagnesi um used is preferably in the formof granules or a powder
and ei t hermagngyiprgslikalide ang Hiatkoxumagnesivgn and diatkoxpmagicsiuny pasispirlywhen a
spherical _djal koxymagnesium_.s, used, a pol ymer powder, having a better
particle ialkexymagnesUmaare BlRdsrablar ¢ e precHic xamples, JIBsthosHMagHEsSWE obt ai ned.
This inproves handling operability 15 O&Pt he produced pol ynmer powder during
the poPymeh§ %Wn%é?dﬁp@ﬁowgé‘ﬁlﬂ?’n B@Xy‘g?%ﬁ?ﬁlélﬁh such as cl oggi ng of
the filter or the like in the polynmer separation rdbevi ce. caused 'b1¥1 fine

parti cl es SOy RERQYY PREREHLM, FHGREE AP P MPARRTS ion d Putoxiethapmaengsip
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of particl,gs Hhdr Qm%lﬁloﬂggf ?ﬂheﬁéal %n %n(?fguﬁ?i%ﬁ. SFor example, when a spherical

dialkoxymagnesium is used, a polymer powder having a better particle shape and a
narrower particle size distribution can be obtained. This improves handling operability
15 of the produced polymer powder during the polymerization operation and eliminates
problems such as clogging of the filter or the like in the polymer separation device
caused by fine particles contained in the produced polymer powder.
The spherical dialkoxymagnesium needs not necessarily be completely spherical,
but may be oval or potato-shaped. Specifically, the particles may have a ratio (L/W) of
20  the major axis diameter (L) to the minor axis diameter (W) usually of 3 or less,
preferably of 1 to 2, and more preferably of 1 to 1.5.
Dialkoxymagnesium with an average particle size from 1 to 200 pm can be used.
A more preferable average particle size is 5 to 150 pm. In the case of spherical
dialkoxymagnesium, the average particle size is usually from 1 to 100 pm, preferably
25  from 5 to 80 pum, and more preferably from 10 to 60 um. A powder having a narrow
particle size distribution with a small content of fine powder and coarse powder is

preferably used. Specifically, the content of particles with a diameter of 5 um or less



shoul d be 20% or |ess, and preferably 10%or |ess. On the other hand, the
content of particles with a dianeter of 100 mor nore should be 10% or

| ess, and preferably 5% or |ess. Mdrreover, the particle size distribution
represented by (D90/D10), wherein D90 is a particle size of 90% of the
integrated particle size and D10 is a particle size of 5 10% of the
integrated particle size, is 3 or less, and preferably 2 or | ess. Methods
for producing such spherical dial koxymagnesi um are described in, for

exanpl e, Jhowddg20Ygor lesspand preferibdn 8% ppless.3-Gn theiotherhapd shaemuat of and

JP- A-8-73388. The tltanl um conpound (||) used for preparing of the solid
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triethoxyg];, 8ghlorlde tripropoxytitanium chloride, and
tri-n-but y‘g rumchloride. O these, titaniumtetrahalides are 20

pr ef er abl e, vi tﬂeghéfﬁh%g}nﬁoﬁg@gﬁg!ug# AEpRSLAG PALL LA AllporBlatpLahle. These

titani um conpounds” nay y or I'nation of two
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Specific examples include, as titanium halides, titanium tetrahalides such as

titanium tetrachloride, titanium tetrabromide, and titanium tetraiodide and, as

15  alkoxytitanium halides, methoxytitanium trichloride, ethoxytitanium trichloride,
propoxytitanium trichloride, n-butoxytitanium trichloride, dimethoxytitanium dichloride,
diethoxytitanium dichloride, dipropoxytitanium dichloride, di-n-butoxytitanium
dichloride, trimethoxytitanium chloride, triethoxytitanium chloride, tripropoxytitanium
chloride, and tri-n-butoxytitanium chloride. Of these, titanium tetrahalides are

20  preferable, with titanium tetrachloride being particularly preferable. These titanium

- compounds may be used either individually or in combination of two or more.

The electron donor compound (iii) used for preparing the solid component (a) is
an organic compound containing an oxygen atom or a nitrogen atom.  Alcohols,
phenols, ethers, esters, ketones, acid halides, aldehydes, amines, amides, nitriles,

25 isocyanates, and organosilicon compounds containing an Si-O-C bond or an Si-N-C

bond can be given as examples.

As specific examples, alcohols such as methanol, ethanol, n-propanol,



As specific exanples, alcohols such as nethanol, ethanol, n-propanol, 6

2- et hyl hexanol ; phenol s such as phenol and cresol; ethers such as nethyl
ether, ethyl ether, propyl ether, butyl ether, anmyl ether, diphenyl ether,
9, 9- bi s( et hoxynet hyl ) f1 uor ene,

2-1sopropyl -2-i so-pentyl -1, 3-di net hoxypropane; nonocarboxylic acid esters
such as nethyl formate, ethyl acetate, vinyl acetate, propyl 5 acetate,
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acid dichloride-and terephthalic acid dichldride:” al dehydes “such as

acet al dehygla,bROREBAAL ARHUAR mAGTY, BePAR maAPsubenaRhidehyde; anines such

20 as met hyl am he, ethylam ne, tributylam ne, piperidine, aniline, and

pyridife; @oprefabropidethld@aited URIHyD bAGIHoRImaRnaRIishear i ¢ acid amide; nitriles
such as acetonitrile, benzonitrilé, and tolylnitrile; isocyanates such as

net hyl i sogiksh@i®ransnabhatt, diétﬁﬂczmsﬁrbgym@ otaROicthiyE SiBuRAAIeHHIE Fictt ai ni ng
an Si-0O C bond such as phenyl al koxysilane, alkyla koxysi | ane,
phenyl al kydigbkeivsdldrane diethy¢ dasdplityBhHoxas idicg isopropylbutylmalonate,
dimethyl isopropylisopentylmalonate, diethyl bis(3-chloro-n-propyl)malonate, diethyl
bis(3-bromo-n-propyl)malonate, diethyl maleate, dibutyl maleate, dimethyl adipate,

15  diethyl adipate, dipropyl adipate, dibutyl adipate, diisodecyl adipate, dioctyl adipate,
phthalic acid diesters, and phthalic acid diester derivatives; ketones such as acetone,
methyl ethyl ketone, methyl butyl ketone, acetophenone, and benzophenone; acid
chlorides such as phthalic acid dichloride and terephthalic acid dichloride; aldehydes
such as acetaldehyde, propionaldehyde, octylaldehyde, and benzaldehyde; amines such

20  as methylamine, ethylamine, tributylamine, piperidine, aniline, and pyridine; amides

- such as olefin acid amide and stearic acid amide; nitriles such as acetonitrile,
benzonitrile, and tolylmitrile; isocyanates such as methyl isocyanate and ethyl
isocyanate; organosilicon compounds containing an Si-O-C bond such as
phenylalkoxysilane, alkylalkoxysilane, phenylalkylalkoxysilane, cycloalkylalkoxysilane,

25  and cycloalkylalkylalkoxysilane, and organosilicon compounds having an Si-N-C bond

such as bis(alkylamino)dialkoxysilane, bis(cycloalkylamino)dialkoxysilane,

alkyl(alkylamino)dialkoxysilane, dialkylaminotrialkoxysilane, and



25 and cycl oal kyl al kyl al koxysi | ane, and organosilicon conpounds having an
Si -N-C bond such as bis(al kyl am no) di al koxysi | ane,

bi s(cycl oal kyl am no) di al koxysi | ane, al kyl (al kyl am no) di al koxysi | ane,

di al kyl am notri al koxysi | ane, and 7 cycl oal kyl am notri al koxysi | ane can be
gi ven. Anong the above el ectron donor conpounds, the esters, particularly
aromatic dicarboxylic acid diesters, are preferably used. Phthalic acid

di ester angyc?%gﬁgﬁﬁgﬁ%&xggﬁg%&ngg atives are ideal conpounds. Specific

exanples o a i nclude the foll ow ng conpounds:
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di i sopent ylicpBf Malvatifos 4 NIRARSHPsUndsP htSF)é‘diﬁ& BxariplBe¥ithe PRhAIM Ai®diester
di -n-heptyl phthalate, di-n-octyl phthalate, 1o 'bis(2,2-dinethyl hexyl)

pht hal a3 e, iRiudk ZhefollyWiR b npoRids? dinditlyl pitmlitd) ARyl phthARkea UEN-préfiyl sodecy
pht hal at e, bi s(2, 2-di net'hyl heptyl) phthal ate, n-butyl isohexyl phthal ate,

n-but yl ( 2- pﬁthmbda,eem@ofrd@m Prahaite, didr-Bapt pHthdrax ydiisphithiadhiiate Netipgmbmkl | sohexyl
pht hal ate, isopenty] (heptyl) phthal ate, n-pentyl (2-ethyl hexyl) phthal ate,

n-pentyl -i gehgla methl?ﬁM'r@fiy@f:htbélatw&hyﬂ(lﬁ-@r@@gmhihamw, ketlyBhehutyly prendlypt, undecyl
pht hal at e, isopentyl isohexyl 15 phthal ate, n-hexyl (2, 2-di met hyl hexyl)

pht hal at e, ethyhisobuityliphtatiny di-phiehsd plitkalatendiiepsrityiphtiedate,)dipdpbayiat e,
n- heptyl (2- et hyl hexyl ) phthal ate, n-heptyl isononyl phthalate,

n- hept yl ( npintisate] Jihghitl Iphihalaee, dandieptybplithdlixe xditn-octplngntiydlatpht hal ate. One or
nore of these conpounds can be used. As exanples of the phthalic acid

di est eno debis(2a2-ilineshylborypqinttcidate, ibis(Rrethyltergl) phthal2@, tixo-nhyylrphgeiatgt ons on t he
benzene ring to which the two ester groups of the phthalic diesters bond
ar e r epl acdisodedyh phthalatek bis(2g2-dimetindbépty)) phthala®, ohotybsobexpiphibalate, hal ogen
atom such as a chlorine atom a brom ne atom and a fluorine atom can be
gi ven. Then-butyl(2-ethylhexyl) phthalate, n-pentyl hexyl phthalate, n-pentyl isohexyl phthalate,

isopentyl(heptyl) phthalate, n-pentyl(2-ethylhexyl) phthalate, n-pentyl-isononyl

phthalate, isopentyl(n-decyl) phthalate, n-pentyl undecyl phthalate, isopentyl isohexyl
15  phthalate, n-hexyl(2,2-dimethyihexyl) phthalate, n-hexyl isononyl phthalate,

n-hexyl(n-decyl) phthalate, n-heptyl(2-ethylhexyl!) phthalate, n-heptyl isononyl

phthalate, n-heptyl(neodecyl) phthalate, and 2-ethylhexyl isononyl phthalate. One or

more of these compounds can be used.

As examples of the phthalic acid diester derivatives, compounds in which one or

20 two hydrogen atoms on the benzene ring to which the two ester groups of the phthalic

diesters bond are replaced with an alkyl group having 1 to 5 carbon atoms or a halogen

atom such as a chlorine atom, a bromine atom, and a fluorine atom can be given. The

solid catalyst component prepared by using the phthalic acid diester derivatives as an

electron donor compound can particularly contribute to a melt flow rate increase with a
25  given amount of hydrogen by increasing hydrogen response, that is, can increase the

melt flow rate of polymer by using the same or a smaller amount of hydrogen during the

polymerization. As specific examples, dineopentyl 4-methylphthalate, dineopentyl



solid catal yst conponent prepared by using the phthalic acid diester
derivatives as an el ectron donor conpound can particularly contribute to a
nmelt flowrate increase with a 25 given anmount of hydrogen by increasing
hydr ogen response, that is, can increase the nelt flow rate of polyner by
using the same or a smaller anmobunt of hydrogen during the polymnerization.
As specific exanples, dineopentyl 4- nethylphthalate di neopentyl 8

R
4-chl orop %ﬂﬁ#lﬂrﬁ @hlo%:pl & 0 e y?{h Eﬂfgﬁﬁ IRCIAY 18t (ﬁne tgg‘g 131;/! tcﬁlévphthalate

4- chl or opht ate | or opht hal at’e,

4-chlor Op;tflﬂéﬁlﬁ&ﬁ chlgll ﬁhﬁﬁiate”fdﬁid?ﬁ?ﬁm&%r%faﬁ’thalgie H'n%HEﬁj/{ 4‘&hf2)hajiii:&géﬁ%]é‘a| ate,

di neopent 4-bronopht hal'ate, 5 dii'sobutyl 4-bronopht hal ate exyl

4- br omopht fah@t £broftidphtafte Ui-A-bhiy? A0REL B (RIS, diféslechil 4- bromophthalate
4,5-di chl oropht hal ate, di-n-butyl’ 4,5-dichlorophthalate, diisohexyl

4, 5- di ghl ofiRphitiicd-Biotnophilflk, id5io6tiyl 4-brdmshhetil 6, ARRbGAY 194-Brdaiphilgd ven.
Among these, dineopentyl 4- br onopht hal at e, di-n-butyl 4-bronmophthal ate, and

di i sobut yldiethylor, Saiepiv-bisHtindl fte 21 &-BUtAl £5-alhBrogiihalite, dlkeNeygst er conmpounds
are also preferably used in conbination of two or nore. In this instance,

the est er st sdRhivrepieliadit yandaibbdared 4shdichRbophitildtotal begivhon Ambagthetd) t he
al kyl group possessed by one ester may differ by four or nore fromt hat

possessed cblyeo?emyhe-brcmdlﬁathaldt@ di-nciyl Ycbronppadiglarasidéigssbadyl oper ati on and
performance of the resulting solid 15 catalyst conponent, it is desired to
cont act t heboamphthalatesaré pjeferfble), and (iii) in the presence of an organic
sol vent even though these conponents may be contacted directly wthout a
sol ventd. As an Trghoveestarlcompbyundalargiisd prefdnytdy osedrib combarntoabf oyocdr ¢

hydr ocar bons such as hexane, cycl ohexane, heptane, octane, and decane,
aromati ¢ rhgmlr obmthisanstarmgcthe astetsarapnaterabdy byrhbieed smihat the dotaldagme,

hal ogenat ed hydrocarbons 20 such as chl orobenzene, dichl obenzene, and

t et r achl oraernhiribe alksihgrbep possessed O oneestas may differ by four or more from that

possessed by another ester.
In order to improve easiness of operation and performance of the resulting solid
15  catalyst component, it is desired to contact the components (i), (ii}, and (iii) in the
presence of an organic solvent even though these components may be contacted directly
without a solvent.  As an organic solvent, aliphatic hydrocarbons and alicyclic
hydrocarbons such as hexane, cyclohexane, heptane, octane, and decane, aromatic
hydrocarbons such as toluene, ethylbenzene, and xylene, halogenated hydrocarbons
20 such as chlorobenzene, dichlobenzene, and tetrachloroethane, can be given. Of these,
the aromatic hydrocarbon with a boiling point of 50 to 150°C such as toluene, xylene,
and ethylbenzene are preferably used. These solvents can be used either individually
or in combination of two or more.
As a particularly preferable method for preparing the solid component (a) of the
25  present invention, a method of preparing a suspension of the component (i), the
component (iii), and an aromatic hydrocarbon compound (iv) (hereinafter referred to

from time to time as “component (iv)”) having a boiling point of 50 to 150°C, causing



the aromatic hydrocarbon with a boiling point of 50 to 150C such as tol uene,
xyl ene, and et hyl benzene are preferably used. These solvents can be used
either individually or in conbination of two or nore. As a particularly
preferable nmethod for preparing the solid conponent (a) of the 25 present
invention, a method of preparing a suspension of the conponent (i), the
conponent (iii), and an aromatic hydrocarbon conpound (iv) (hereinafter

referred to fromtine to tine as "conponent (iv)") having a_boiling point
of 50 to 1Biocuspentien WFontachvih 3 mipechsalyipnimadediem die somrenantixayl ¥e| uti on

made fromthe co en ii.) and the nponent (iv), and reacting the
m xture c&ﬁ%@““dﬁn@é{g anTEFPaPWH%g%Fé‘BéWH’(?%ﬁ)e(ﬁW(“he solid conponent (a) of the

Present et ot i Lafs@%%?%e%zza%- EUBRRER Frofics’ Lo
fgffnsaagg.ag@pn%@e@gv%ﬁ@ﬁ%@ R e L
I ‘I d 0O.b h
T S L) A SEehi e o
h h d,
B R
te”peratursgc;whpaggﬂ& G084 pAmBRGal e AoLARGG g Pl %dg?nal%awﬂfs (2

to 10 000 €S 0 ure Xxane

di met hyl pg %ﬁ'ﬂk%ﬂ{}%ﬁr Ogg% e?&%déM F?i'ﬁ}é{np&'l.ysftﬂeo yﬁ%ﬁy Sedin\{flprediy €xanpl es

of the partrial ysi ['oxanes rogen p IyS|onanes

wth a hy‘i’ﬁ%ﬁ&?&ﬂe%ﬂalﬂ%ﬂ{l&%mﬁf %rﬁ E)%O)J&O%Q fé&adr‘%/cf?@ od balHedFoliiamEes of the

cyclic polysiloxanes hexaneth oxa

gCt amgphhy gyl QL& {uﬁ%r Iv%@tﬁeat ngﬁ?ﬁ@@ﬁgﬁfﬁtﬁ%g \RRENYi8thiit, 9PO€ in the range.

4,6-trimethylcyclotrisil oxane, and 4,6, 8-tetranethyl cycl otetrasil oxane
can be gi wen;02 t@%@&ﬁ?y@tﬁﬁy wiodohgnmodi fi ed pol ysil oxane, higher fatty acid

group-substituted
As examples of the chain-structured polysiloxanes, dimethylpolysiloxane and
methylphenylpolysiloxane can be given; as examples of the partially hydrogenated
polysiloxanes, methyl hydrogen polysiloxanes with a hydrogenation degree of 10 to
15 80% can be given; as examples of the cyclic polysiloxanes, hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, decamethylcyclopentansiloxane,
2.4 ,6-trimethylcyclotrisiloxane, and 2,4,6,8-tctramethylcyclotetrasiloxane can be given;
as examples of the modified polysiloxane, higher fatty acid group-substituted
dimethylsiloxane, epoxy group-substituted dimethylsiloxane, and polyoxyalkylene
20  group-substituted dimethylsiloxane can be given. Of these,
decamethyleyclopentasiloxane and dimethylpolysiloxane are preferable, with
decamethylcyclopentasiloxane being particularly preferable.
The solid component (a) can be prepared by causing the above components (1),
(11), and (iii), and, as required, the component (iv) or component (v) to come in contact
25  with each other. The method of preparing the solid component (a) will now be

described in detail. A specific example of the method for preparing the solid

component comprises suspending the magnesium compound (i) in the tetravalent

10



di met hyl si | oxane, epoxy group-substituted dinethyl sil oxane, and

pol yoxyal kyl ene 20 group-substituted di nethyl sil oxane can be given. O

t hese, decanet hyl cycl opent asi | oxane and di net hyl pol ysi | oxane are
preferable, with decanethylcyclopentasiloxane being particularly
preferable. The solid conmponent (a) can be prepared by causing the above
conponents (i), (ii), and (iii), and, as required, the conmponent (iv) or

. N it h h .. Jh d of
or opar i ng {bbdeRET D aRaRb A el SRR wELOR mdORRRE 7 a
Speci {10 XARR): ofl & Aol 19tk RERARI s LSOl S GRPRRRRNT compr i ses

suspendi ng € nmagnesi um co tetravale tirtani um halide

(1) or Pl GHE 318G RTREHAG bt he SRGeRRET N chilreuRhect 7o

donor conpoun a pht I C aci e r and, as required, the

tetraval enfe Edlfd%hff)'a}’lélgl(ﬁ)qﬁ the fiolm P s SHeRBall PArtE RS 2 matpx)]ﬁ phifgleStgpensi on. In

’thi s method, the solid conponent (a) in the formof spherical particles
Wi th asshafifriB@idnl ah 8c Shbfed b usthpiaRphdrRAl MAshBRNPESAIRR. DY 48lNg a
spheri cal nmagnesi um conpound. A solid conponent (aa) in the form of

spheri cal Rafpbhéilt @) M B fensbBdpReR@] bificRs Hithe Mhs fartiilé 508 diskfntish SO be
obt ai ned wi t hout using a spherical magnesium conpound if particles are

fornmed by can8Rb3Y oBathed®Nithod: hsingMiihieridal HRigHEdi@N cOmpauRlEPeARIRArd i quid is
sprayed and dried using a sprayer, for exanple. 10 These conponents are

caused to fo@ia by §R4t &6 methddin&atith Hidietion dt ssuysEmsdh liqailisRpRfeddridn a
stirrer in an inert gas atnosphere, fromwhich water and the |1 ke have been

renoved, whicl @siaf ialspiaper, foflegarigiat act tenperature, which is a tenperature at
whi ch these conponents are caused to cone into contact with each other, may
be eitiber t he Tesecoagponentsafeflcansdito tommit fmtacendithicach dthep@ratessed. When t he
conponents are 15 caused to cone into contact with each other by stirring
f or preparcqnippedhwithiastinerinan isregasdimpphsedfirom vehisipeattednd te lkedewat uri ng
treatment, the conponents may be stirred at a
been removed, while stirring. The contact temperature, which is a temperature at
which these components are caused to come into contact with each other, may be either
the same as or different from the reaction temperature. When the components are
15  caused to come into contact with each other by stirring for preparing the mixture or are
dispersed or suspended for a denaturihg treatment, the components may be stirred at a
comparatively low temperature of around room temperature. A temperature in a range
from 40 to 130°C is preferable for obtaining the product by reaction after contact. The
reaction does not proceed sufficiently at a reaction temperature below 40°C, resulting in
20  asolid catalyst component with inadequate properties. On the other hand, control of
. the reaction becomes difficult at a temperature above 130°C due to vaporization of the
solvent and the like. The reaction time is one minute or more, preferably ten minutes
or more, and still more preferably 30 minutes or more.
As preferable processes for preparing the solid component (a) of the present
25  invention, a process comprising suspending the component (i) in the component (iv),

causing the resulting suspension to come in contact with the component (ii), then the

component (iii) and component (iv), and causing these components to react, and a

11



conparatively | ow tenperature of around roomtenperature. A tenperature in a
range from40 to 130C is preferable for obtaining the product by reaction
after contact. The reaction does not proceed sufficiently at a reaction
tenperature bel ow 40C, resulting in 20 a solid catal yst conmponent with

i nadequate properties. On the other hand, control of the reaction becones
difficult at a tenperature above 130C due to vaporization of the solvent
and the like. The reaction tine is one mnute or nore, preferably ten

m nutes  dIFOFRSY EOMBIHINEsUsPending the sprapieabiiyindbe pempAnsat By, FsEIE tﬁ&
preferable processes forgﬁgggaring t he sol.id. conponent of the present

25 i nvent iTGHPIIRE PipRnEwE | icgrrwgnge.%%ﬁﬂmaefﬁ@pw%eﬁiﬁien(wi}ht t he
A R S el
The- conporGPoLTI P EHEREHbEAGRE “Eire) © SRS g erirh BB depensi on
T s BRIAE nl hPEGETRANEDS i s RS el (Eomement
component T PyaltS oF RRMSRCRN PRSP PR BB 1o o rore
Thi's: cont dRFaguraed G5 B FRRER e ddiollhhd BpiGeabid olBUAIYSS £ OTho ™
aromati c hydr O%Sr%@%%?Q{f‘ﬁgl‘égﬁgg‘gﬁfﬂpfﬁ‘ﬁh@%ﬁ%ﬁﬁhﬁ%ﬁ@%‘i Lsdpieparing the

solid conponent ( nventi on, eparing a

suspensi o | Gl L dsontifae: 4 i), and the
aromatic E?/%%nggg?ablgﬁm%@ﬁ{)@gﬁg {yl vgusﬁggls]io_ﬁglﬁgldl]o%tﬁ?ﬁ%}? ol 1r}tt((d_d;ﬂ{69 50 to 150C,
causi ng ”Hoﬁlp%ﬂézﬁ%i'i‘ﬁ,' A8 thd Hindtié By&ORbIconBIbuAg tivi'hdvinga BbNRE poRk bf | On Of
the conponent (ii) and the conponent (iv), and reacting the nixture can be
gi ven. As 5319ns6H%, @&Lsﬁl%aha_rmé&n%n 1iG6IdTB tHaE irf &Intddt MR Bl BSESH b
conponent (a), the follow ng nethod can be given. A suspension is prepared

from the ah@¥@nponent (ii) and the component (iv), and reacting the mixture can be given.

As a preferable example of the method for preparing the solid component (a),

the following method can be given. A suspension is prepared from the above

15 component (i), component (iii), and an aromatic hydrocarbon compound (iv) having a
boiling point of 50 to 150°C. A mixed solution is prepared from the above component
(iii) and the aromatic hydrocarbon compound (iv) having a boiling point of 50 to 150°C.
The above-described suspension liquid is added to this solution. The resulting mixture
is heated and reacted (a primary reaction). After the reaction, the solid product is

20 washed with a hydrocarbon compound which is liquid at normal temperature to obtain a

- solid product.  Furthermore, an additional component (it) and the aromatic

hydrocarbon compound (iv) baving a boiling point of 50 to 150°C may be caused to
come in contact with the washed solid product at a temperature of -20 to 100°C. The
tefnperature is raised to react the mixture (a secondary reaction), and after the reaction,

25  the reaction mixture is washed with a hydrocarbon compound which is liquid at normal
temperatures one to ten times to obtain the solid component (a).

Based on the above description, a particularly preferable process for preparing



15 conponent (i), conponent (iii), and an aromatic hydrocarbon conpound (ivVv)
having a boiling point of 50 to 150C. A m xed solution is prepared fromthe
above conponent (iii) and the aromatic hydrocarbon conpound (iv) having a
boiling point of 50 to 150C. The above-described suspension liquid is added
to this solution. The resulting mxture 1is heated and reacted (a primary
reaction). After the reaction, the solid product is 20 washed with a

hydr ocar beRe sHaROHPENMIDRolrpribdstukstnaing e dRlkok SRS e @)rﬁﬁuﬁ@mﬁm a

solid product. Furthernore, an additional component (ii) and the aromatic
hydr ocar balfe fromand Bgirbéardorcnmpodnd (ibphdvimgpa peiling poiht MGhé eankbOLC50my be caused
to cone in contact with the washed solid product at a tenperature of -20 to
100C. The 150%hpeusaigithe tétmvalants@ahitun hatide {ii)tth eomiotithe Rispensoacambar y

reaction), and after the reaction, 25 the reaction mxture is washed with a
hydr ocar bosactogtieunicttushi cln this instapee,bnator nmrerelectraredgmer edrip@sidefié)t o t en
tinmes to obtain the solid conponent (a). Based on the above description, a
parti cdl ashsh gsitieliabtid digster esscaiisad tpceparin peptact vithtbe swipeusigoatponent  ( a)
conprises suspendi ng the dial koxymagnesi um conpound (i) in the aromatic
hydr ocar béempssatprauinen (2678 th 3396y ethdsbieforegr aftsir the tetavabent titanéyen balid0 t o

150C, causing the tetravalent titaniumhalide (ii) to contact the

suspensi ogpmagend (iig isctonteagtedhidemprtianally therromtpiosentn(y) idsertacioh andreapted.e

el ectron donor_ conpounds (iii) 5 such as phthalic acid diester are caused to
come in cdneliein aolid profuckspeladhisrinsgance, it isglepisable torcarmyoghan 2@ t 0 130C,
either before or after the tetravalent titaniumhalide conpound (ii) is
cont act ed feacHematgplopgsmpergtureithes heforrepriafiey Shejabovopre s i glearpR 8eR%d,  to
obtain a solid product (1). In.this i nstagce, it.is. desi ragl e to.carry out
an agilRg CPBREWICSATLFAUEED 19 \ROME A EFTHIG MEthdnE FsPeRigliquidy AfETWAPHE above one

SR AR R RN M L
OO e Ui MRATE] o GIRGISL Mg LSO 5 SRy ) e
to come contact and react with the solid product (1) in the presence of the aromatic
hydrocarbon compound at a temperature of -20 to 100°C to obtain a solid product (2).
15  Asrequired, the intermediate washing and the reaction may be further repeated several
times. Subsequently, the solid product (2) is washed with a liquid hydrocarbon
compound by decantation at an ordinary temperature to obtain the solid component (a).
The ratio of the components used for the preparation of the solid component (a)
cannot be generically defined, because such a ratio varies according to the method of
20  preparation employed. For example, the tetravalent titanium halide (ii) is used in an
amount from 0.5 to 100 mol, preferably from 0.5 to 50 mol, still more preferably from 1
to 10 mol; the electron donor compound (iii) is used in an amount from 0.01 to 10 mol,
preferably from 0.01 to 1 mol, and still more preferably from 0.02 to 0.6 mol; the
aromatic hydrocarbon compound (iv} 1s used in an amount from 0.001 to 500 mol,
25  preferably from 0.001 to 100 mol, and still more preferably from 0.005 to 10 mol; and
the polysiloxane (v) is used in an amount of from 0.01 to 100 g, preferably from 0.05 to

80 g, and still more preferably from 1 to 50 g, for one mol of the magnesium compound
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to conme contact and react with the solid product (1) in the presence of the
aromati ¢ hydrocarbon conpound at a tenperature of -20 to 100C to obtain a
solid product (2). 15 As required, the internedi ate washing and the reaction
may be further repeated several tines. Subsequently, the solid product (2)
is washed with a liquid hydrocarbon conpound by decantation at an ordi nary
tenperature to obtain the solid conmponent (a). The ratio of the conponents
used for the preparation of the solid conponent (a) cannot be generically
defined, betause such a ratio varies according to the nethod of 20

lsed i n %ﬁ”aﬁgﬁ%@@gg B R T e e B Y B 50 ol i d
ore P ef Ghalltuh lkden 46pd Qullccibb a0 Rl SEEOMANG SRTLANBILL 1) 1 S Use

in an anoun rom pre romO0.0l to 1 no nd still

nmor e pref &haPbpterdt bP MaBie st ok 1@) % 6 Wi CprefrIRErbn 21y & 6 ¥y onpound
(iv) is used in an amount from 0.001 to 500 nol,, 25 preferably from0.001 to

100 nols,  aRgretréfelabRtdin BIOAH YL BRIY; the BAtent Y mdoReskiin W lromando 70Rvs,
pol ysil oxane (v) is used in an anount of from0.01l to 100 g, preferably from

0.05 to 8fecMrabBNEomtioltd S0, Roed ﬁﬂ'cf:tl?zib{y froan sltot40 V%, And barticeagy mol of the
magnesi um conpound 13 (i) Although there are no specific limtations to the

anount s of préfetaBl fidhh 15ASINGYE e ddaleatsihatdRABiondid fidheDl b3 WeRor conpounds
in the solid conmponent (a), the content of titaniumis from1.0 to 8.0 W%

pr ef er abl ypréfeRibly2firéin B0 t8 89 wite/moddpreferd By &ropr £ 0r88041Ys, fand prrdicMatlp 8. 0 wt %
the content of magnesiumis from10 to 70 wt% preferably from 10 to 50

W % nore mefefabtyalpdi 4510 M5 1A% andithe wWbtdh andtisht phgledtaml ddhbyconpseings gbly from 15
to 25 wt% the content of halogen atonms is from20 to 90 w% preferably
from 30 t dré@b Ovit té30male ppafetiblydhiny 1 fte 25w4%, hral @0tioul2dy Eraftrabdy fromd tar | y
preferably from45 to 75 ww% and the total amount of el ectron donor
conpounds 26wkl from 0.5 to 30 % preferably from1l to 25 w% and
particularly preferably from2 to
As an organosilicon compound (b) (hereinafter referred to from time to time
simply as “component (b)) which forms the solid catalyst component for olefin
polymerization of the present invention, any compound shown by the above formula (1)
15 can be used without particular limitation. As specific examples, alkenyl
group-containing phenylsilane, alkenyl group-containing alkylsilane halide, and alkenyl
group-containing silane halide can be given. In the formula (1), a methyl group, an
ethyl group, or a chlorine atom is preferable as R', q is preferably 2 or 3 (dialkenylsilane
or trialkenylsilane), and n is preferably 0 (vinylsilane), 1 (allylsilane), or 2
20  (3-butenylsilane). When q is 2 or more, the alkenyl group may be the same or
different.
Preferable examples of the organosilicon compound (b) include
vinyltrimethylsilane, vinyltriethylsilane, divinyldimethylsilane, divinyldiethylsilane,
trivinylmethylsilane, trivinylethylsilane, vinylmethyldichlorosilane, vinyltrichlorosilane,
25  vinyltribromosilane, allyltriethylsilane, allyltrivinylsilane, allylmethyldivinylsilane,

allyldimethylvinylsilane, allylmethyldichlorosilane, allyltrichlorosilane,

allyltribromosilane, diallyldimethylsilane, diallyldiethylsilane, diallyldivinylsilane,

14



20 wt% As an organosilicon conpound (b) (hereinafter referred to fromtine
to tine sinply as "conponent (b)") which fornms the solid catal yst conponent
for olefin polynerization of the present invention, any conpound shown by
the above formula (1) 15 can be used without particular Iimtation. As
speci fic exanpl es, al kenyl group-containing phenylsilane, alkenyl
group-contai ni ng al kyl silane halide, and al kenyl group-containing silane
hal i de canrlidiglgetgiRinylsilahd) diall9midthylcKldgosilane @i iyidiciiopsdlangn et hyl group, or
a chlorine atomis preferable as Rl, q is preferably 2 or 3 (dial kenyl sil ane
or tri al kelllyklibeneyilarenchailyinsctipr sfaee,albihlyl@hylvilangl siallglvajylsiling,al | yl si | ane),
or 2 20 (3-butenylsilane). Wien q is 2 or nore, the alkenyl group may be the
sanme or diidlivdeldorpsilaRe gfieldbtoenasianep letrgaltyflsitane, or ganosi | i con conpound (b)
include vinyltrimethylsilane, vinyltriethylsilane, divinyldinethylsilane,
di vi nyl di eiu-l?o;bumriylssuieuedlmcthylsﬂqdenéﬂt-}rbufsnllflaiwedlﬂﬂwlﬁillalyﬂ et hyl si | ane,
V|nylnethyldlchlor05|lane vinyl trichlorosilane, 25 vinyltribronosilane,
al 1yl t 6i etdinthsitgnyiislanedivipyisilang div3-biteaylslanamethyhenysilagevi nyl si | ane,
al 'yl di met hyl vi nyl si | ane, al Iyl met hyl di chl orosilane, allyltrichlorosilane,
al 1 yl t ri bidérdsienylstlanemethylohleiosdansy dlisi-butaeylsilangdicklomsdensy | si | ane,
dlaIIyId|V|n{IS|Iane 14 di al | yl et hyl vi nyl si | ane,

M

di al | yI metdiaflyidibromesilangniiallgimethyjsiane ircrgsenasianeetbylslang) di br onosi | ane,

triallylmethylsilane, trially Ieth%HS|Iane triallylvinylsilane,
trial |yl chfioriygenyisanevinylslans, toryheenylsilsacchiapsilages yi si | ane,

4 b R agaza%was SRR z.“fani
AN R U T e
tri-3-but Ghd Id1S 5-bu egyllsﬂ%ealme%ﬂﬁéﬂane a.re?’palbtgjct ?ar%rl pre b eChI regeséolrr?pno%hds
may be used either individually or in combination of two or more as the organosilicon
compound (b).
<Preparation of solid catalyst component (A)>
15 The solid catalyst component (A) of the present invention is obtained by causing
the component (b) to come in contact with the solid component {a). To ensure easy
operation, the components (a) and (b) are caused to come in contact with each other in
the presence of an inert solvent.  As an inert solvent, aliphatic hydrocarbons and
alicyclic hydrocarbons such as hexane, cyclohexane, heptane, octane, and d_ecane;
20  aromatic hydrocarbons such as toluene, ethylbenzene, and xylene; halogenated
hydrocarbons such as chlorobenzene, dichlorobenzene, and tetrachloroethane; and
silicon oil can be given. Of these, the aromatic hydrocarbon with a boiling point of 50
to 150°C such as toluene, xylene, and ethylbenzene are preferably used. These inert
solvents can be used either individually or in combination of two or more.  After
25  contacting each component as mentioned above, the mixture is washed with an inert

solvent such as heptane to remove unnecessary components.

When preparing the solid catalyst component (A) in the present invention, an

15



tri-3-butenyl sil anebronosil ane, and tetra-3-butenylsilanesilane. O these,
10 divinyldiethylsilane, allyldinethylvinylsilane, diallyldinethylsilane,
triallylnmethylsilane, and di-3-butenylsilanedinmethylsilane are particularly
preferable. These conpounds nay be used either individually or in

conmbi nation of two or nore as the organosilicon conmpound (b). <Preparation
of solid catalyst conmponent (A)> 15 The solid catalyst conponent (A) of the

pr esent |nvent| i's obtaine CaUSI the co to come in
cont act wi RN/ I%‘BP‘F‘(EPOE’@H’;‘J‘&ﬂ%‘ﬁ%{ a3 gicthyjgugiuy me %‘S‘F ”6 H’@tpé'ffinbn t he

ng‘éé’ﬂ;? ?}Pf%# 9 ﬂgdﬁéaﬁé%t@??%%%ahs"esc 5 coBiebi COM%%P‘%”‘MB%’I%%“? B Hyiicar ons
nd decanconsgnalidhs ﬂ@%%lfycﬁﬂ%%ﬁgm%é@%cﬂé@ﬁtﬁcpﬁwﬁé%rt'%%rﬁyr%sw?}xe°CLﬁSe
xylener hal 0chat £l RSB OB M B SHORGARE o g%sr LQSigazene.

and tetra oro ane, con can rven aromatic

e oear bbetiebla dndehli 19 &u%&gmﬁiphﬁpco p%uag%dscg&&@ L Oifen ) ene. and

£ethyl benzene“are ese iner & used either

i ndi vi dual J.y.4 Ofrollb@ecf %ﬁ’ﬁ\%o rﬂ{he offer ﬂﬁnMeesollﬁ‘f tcu%fys?é% Eﬁ%tf't each

conponent as hent|one m xture’i's wash an I nert sol vent

such as h Es%ﬂ?m@@nt{ %@Mﬁaﬁﬁﬁ'ﬁgrﬁg %ﬁb{m m@%ﬂﬁgBﬁemK&%‘ cBERALdn g solid

cat al yst conponent ent ventl 15 or ganoa unlnum

conpound h Bogisnent 3
(P A 3 23450 Porenl &) EZZ%%@E%%%%‘%%?@%@“%&?@% b S LR e

conmponent (Binic KNEGH Erd @idd) but the séiRPual R bbdp&ahbpinde TP ANESRLBc ar €

prepared by~ contacting a sol i d conponent contalnlng magnesi um and titani um
with ap orgarasédntfifiig PestdidRP B co&b&&nws) hagbeUseBftR al g?wme@ﬂﬂﬂi)&ﬂnd and

causi ng these conponents to react, followed by washing. t he ot her hand,
the solid it wathig@nponent of t he

The ratio of each component used is not specifically limited inasmuch as such a
ratio does not influence the effect of the present invention. Usually, the component (b)
is used in an amount of 0.1 to 5 mol, and preferably 0.5 to 2 mol per one mol of

15 titanium atom in the component (a).

The temperature at which the components are caused to come in contact is -10°C
to 150°C, preferably 0°C to 100°C, and particularly preferably 20°C to 80°C. The
contact is carried out for 1 minute to 10 hours, preferably for 10 minutes to 5 hours, and
particularly preferably for 30 minutes to 2 hours. The component (b) may polymerize

20  according to the conditions under which the component (a) and the component (b) are
caused to come in contact, thereby producing a polymer. When the temperature is
30°C or more, the component (b) starts to polymerize. A part or the whole of the
component (b) becomes a polymer and improves crystal properties and catalytic activity
of the resulting olefin polymer.

25 In the preparation of the solid catalyst component (A) by contacting the
components {2) and (b), in addition to the above components, a polysiloxane (¢)

(hereinafter may be simply referred to as “component (e)””) may be preferably used to

16



present invention is obtained by only causing the conponent (b) to cone in
contact with the conponent (a). If required, the reacted conponent may be
washed with an inert organic solvent and dried, but the solid catalyst
conponent suspended in an organic 10 solvent containing residue of free
conponent (b) may be used for olefin polynerization wthout washing. The
rati o of each conponent used is not specifically limted inasmuch as such a

rati o doesré@int ddédicteisifottthes@idf @ellysPEorhPéheRt @a@R4t dchvRNdeRoradsnal |y, the
conponent (b) is used in an anount  of 0.1 to 5 nol, and preferably 0.5 to 2

nmol per ORgtHMne ind ecrehdedTictyRadlirGiy dfthd foemedpyloment Tha)polykliexdne@er at ure at
whi ch the conponents are caused to conme in contact is -10C to 150C,

pr ef er abl yn&bd the 3006 as thadompsrienco) ahioh iptlef @t@bhlcoRponem oBEHe. soille cont act
is carried out for 1 mnute to 10 hours, preferably for 10 mnutes to 5
hour s, andompantrtcall aPtreferpblef dmathlylpolysilo8ihenhaxatmethyloycldtristlokane, The conponent
(b) may pol ynerize 20 according to the conditions under which the conponent
(a) and t hetapwtipdeyehtet{abloxane, decanstbylcydopntansilexacant act, t her eby produci ng
a polyner. When the tenperature is 30C or nore, the conponent (b) starts to
pol yrer i z&.4,8tamtthylcy¢lbieisilivaine, avd 2,46,8-teloampahdnycl¢tbiraslesaresse nsedol yner and

i nproves crystal properties and catalytic activity of the resulting olefin
polynmer. 25 In Hungemcepa:hbptridgmswhaﬁh@nm tedragklowile; stantempietderide; A) by
contacting the conponents (a) and _(b), in addition to the above conponents,
a pol ysi | olisas tetearhlotide raail ghmisum trghleredestnay be/addetl é additiervtoghe " conponent
(e)") may be preferably used to 16 prevent deterioration of the solid

cat al yst @@W@h@\ﬁ%(a)é@{@l)-yst activity, deterioration with tine, and

decrease of cr)ﬁistal l.Linity of the formed polyner. The polysiloxane (e) may
be thd%sane as kgsobdraelidsomponeniii bl the Present dBenBARFOERHBIERSIUH: t he

lid t . Pref bl di net hyl pol ysi. |
ﬁg X:’slmet ﬁ; H@%@&gt 3 fl@%geg o ,egn?l an%’x'ganlt)gﬁconyco%)po){l?lh s}?g\%? gy the above formula

(1) or a polymer thereof. The solid catalyst component (A) of the present invention
may further contain an electron donor compound. A polymer of the organosilicon
compound shown by the formula (1) is a polymer which is polymerized by unbonding

15 one of the double bonds (vinyl group) between two carbon atoms in the formula (1).
The polymer includes an oligomer having a polymerization degree of approximately 2
to 20 (a low molecular weight polymer) and a polymer with a polymerization degree of
more than 20. Therefore, the solid catalyst component (A) of the present invention
may contain both a monomer of the organosilicon compound and a polymer including

20 anoligomer. The organosilicon compound shown by the formula (1) in the solid
catalyst component (A) of the present invention or a polymer thereof may be confirmed
by a known analytical method. The same compounds as described above may be used
as the organosilicon compound shown by the above formula (1) and the electron donor
compound in the solid catalyst component (A) of the present invention.

25 The solid catalytic component (A) of the present invention contains magnesium,
titanium, a halogen atom, and the component {b) or the polymer of the component (b).

The content of magnesium is from 10 to 70 wt%, and preferably from 15 to 40 wt%; the

17



5 octanet hyl cycl ot etrasi | oxane, decanet hyl cycl opent ansi | oxane,
2,4,6-trimethyl cyclotrisil oxane, and 2, 4, 6, 8-tetranet hyl cycl ot etrasil oxane
are used. Furthernore, chlorides such as titaniumtetrachloride, titanium
trichloride, silicon tetrachloride, and alum numtrichloride my be added in
addition to the conponents (a) and (b). 10 The solid catal yst conponent (A)
of the present invention contains nmagnesium titanium a halogen atom and
an or ganosichieobef tgampous roshoMn §§ wibtie and preferildy femal .5 ¢d $.0ovt¥a theol yrer

t hereof The solid catalyst conponent (A) of the present invention may
further coenignhoizhe bilegaratemdsd @m?@dﬁ%é'uﬁ%ﬁ, apd prsiferady figm 4hie 8ryEriosi 1 i con
conmpound shown by the fornmula (1) is a _polyner which is polynerized by
unbondi ng 218 tkongent ehide gemperenpdhdas a(ﬁﬂi“ﬁ)}'llat‘g'ﬂdﬁ@)onb@tl\ﬁféi%“ﬁ% car bon at ons

in the formul a Eyé)&? The poI0 mer includes an oligoner having a
pol yner i za¢ierblydima 8 -3de Sa%%é&q meteprptepably Gomat 103 Wiy nol ecul ar wei ght

pol yner) and a lyner with a pol ynmerization degree of . re than 20.
Therefdre, the Igg‘Fisﬂh‘i%@D’Vé}’Pm@Bﬂ% his spsRended 78 PRGN VEThRAINEE  may

conL el PR (RO oL AT, LSARESILLSeD CormouRs a0t AOLYTRE, el i o
rolid ol el comonent, (AL ol Lhe Rrcacnlol RMSILion, o aupelyrer {her o
SRR N R AR T N
COMPOnent Bt b B e oL oo ()
R e R
cortont OLATHE Ay ch ey 1 A0 BT gRe o i L0 5,
from 40 tQ;8Qn4cd with each other in the polymerization system.
As the organoaluminum compound (B) used for forming the catalyst for olefin
polymerization of the present invention (hereinafter may be simply referred to as
15  “component (B)”), any compound shown by the above formula (2} can be used without
particular limitation. An ethyl group and an isobutyl group are preferable as R, a
hydrogen atom, a chlorine atom, and a bromine atom are preferable as Q, and r is
preferably an integer of 2 or 3, and particularly preferably 3. As specific examples of
such an organoaluminum compound (B), triethylaluminum, diethylaluminum chloride,
20  ftriisobutylaluminum, diethylaluminum bromide, and diethylaluminum hydride can be
given. These compounds may be used either individually or in combination of two or
more. Triethylaluminum and triisobutylaluminum are preferably used.
In addition to the above components (A) and (B), an external electron donor
compound (C) (hereinafter referred to from time to time simply as “component (C)”)
25  may be used for preparing the catalyst for polymerization of olefins of the present
invention. The component (C) is an organic compound containing an oxygen atom or

anitrogen atom. Alcohols, phenols, ethers, esters, ketones, acid halides, aldehydes,

18



and the content of the conponent (b), as a silicon atom is fromO0.1 to 10
w% preferably fromO0.5to 5 wt% and nore preferably froml to 3 W% 5 If
the solid catal yst conponent (A) is suspended in an organi c sol vent
containing residue of free conmponent (b), the solid catal yst conponent (A)
may be used for olefin polynerization as is. In this case, the
polynerization is carried out by formng a polynerization catalyst with the
or ganoal um num co%ound. B) and, where necessary, an,external electron

donor comgBRtH &% SRty PHRABET AP BIPARCHES T MPAHRT? OO FYREhg t hi s

I i i tal yst, . ti th lid b hi i t :
Q'el i ns ooty S oGS PR BB BOPIARA 2t | on 15 started at the same time as the
he or ganoal un N BEsouRder Al SIESa%taR rbiche PRt BHrsFSb) For "ol of i n

| . : : ) . I o . ¢ q
£o do 15" e anbl ol o PURL bRlbredMaThicRas ERISHRLTRML (5) “Cin
be used vvictt}%?,g)tr%@;?%lrekg%ﬁé@%g@%p&hé}?gipg&gﬁtﬂ& group and an i sobutyl group

are prefera ato orrne atom and a brom ne atom
are prefergd ;rn?e@lq j : Ly :an J /i aoeh: .and

parti cul argl?%/)bﬁxgﬁg& bl'y éﬁd&?“g’gje?it’ﬁo?gezéﬁ_ éggqggﬁalsﬁ}h&gﬁfo& gt:‘inoal um num
conpound (nochbbefidc &F}E;{Hﬁh afl hfRHH}Y FRAtE B £cRtapd, f{vﬁ@? g.%gartne, ProRsl i e

triisobutylalumnum diet al um num’brom de, and die

can be gix@de, J&ﬁ%eﬁ@%%%ﬁ%l%é’taﬂéeetH?le}ﬂolﬁbﬁeh@,retﬂﬂQh&iﬂ&%étﬂy]Or in

conbi nation of two or nore. i et hyl al'um num and triisobutylal uni num are

pref er abl yhehgReh, efh] Gedglbdte Yopyd bEh¥RaRPOME KeRBRRE RtyS bérdbaRNEycldBkxylan

external electron donor conpound (C) (hereinafter referred to fromtine to

tinme sipnplignssate, pREHOBAbate Bthyl p-RethEBbeRfoaus ethyl pletiok ¢Rakbate, thitBylcat al yst
for polynerization of olefins of the present invention. The conponent (C) is

an or gani g-ohe uihel s-eitiag, thétbylanisaygrlretiatl afisae; didarbbtylRgeil atepszuchl cohol s,
phenol s, ethers, esters, ketones, acid halides, aldehydes, 18

as diethyl malonate, dibutyl malonate, dimethyl adipate, diethyl adipate, dipropyl

adipate, dibutyl adipate, diisodecyl adipate, dioctyl adipate, dimethyl phthalate, diethyl

phthalate, dipropyl phthalate, dibutyl phthalate, dipentyl phthalate, dihexyl phthalate,

15  diheptyl phthalate, dioctyl phthalate, dinonyl phthalate, didecyl phthalate; ketones such
as acetone, methyl ethyl ketone, methyl butyl ketone, acetophenone, and benzophenone;
acid halides such as phthalic acid dichloride and terephthalic acid dichloride; aldehydes
such as acetaldehyde, propionaldehyde, octylaldehyde, and benzaldehyde; amines such
as methylamine, ethylamine, tributylamine, piperidine, aniline, and pyridine; amides

20 such as olefin acid amide and stearic acid amide; nitriles such as acetonitrile,
benzonitrile, and tolunitrile; and isocyanates such as methyl isocyanate and ethyl
isocyanate can be given. Among these, monocarboxylic acid esters such as ethyl
benzoate, ethyl p-methoxybenzoate, ethyl p-ethoxybenzoate, methyl p-toluate, ethyl
p-toluate, methyl anisate, and ethyl anisate are preferable.

25 Also, an organosilicon compound (C) shown by the following formula (3) is

preferably used;



am nes, amdes, nitriles, isocyanates, and organosilicon conpounds

containing an Si-O C bond can be given as exanples. As specific exanples,

al cohol s such as nethanol, ethanol, n-propanol, 2-ethyl hexanol; phenols

such as phenol and cresol; ethers such as nmethyl ether, ethyl 5 ether,

propyl ether, butyl ether, anyl ether, diphenyl ether,

9, 9- bi s(met hoxymet hyl ) f | uor ene,

2-i sopropyl -2-iso-pentyl -1, 3- qlneth xypropane nonocar boxylic acid esters

such as nethyl formate, ethyﬂ{ﬁbﬁﬂﬁ vinyl acetd®te, propyl acetate, octyl

acetate, cyclohexyl acetate, ethyl propionate, et hyl butyl ate, nethyl

benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate,

cycl ohexyl 10 bengzoate henyl benzoate et hyl. p-net hoxybenzoate, ethyl

p- et hoxybeWAFEIR lﬁ‘éltvrfblia y prpreseata e alkyl grppp ba\flag hig d2c ?rwtpmén@ sate, and
ic acid esters such s dieth nat e, di butyl

%Pglnaﬁgl :%itcﬁ%?p"ﬁ’;l/(é%égg %él}e@y PRy @Z% @na @F%Pr X%Qg?‘%ﬁf%mu]ﬂlﬁ;ut yIh |
§h'th ﬁZfle h‘ Lfvﬁ%ﬁirep%ﬁ; P& g At %ﬁ%ﬁéhﬁ?ﬁn’% b icatbon &r:%sﬁﬁfﬁloaﬁkﬁr%méet Y

i 15

Sht bl at o, PR €%§?= Rl e %@?Y@ﬁﬁ@%iﬁrcwaril%%gﬁ%ha pRLERA IR et one,

nmet hyl but §§ acetophenone and benzophenone; acid halides such as
phthalic a Ide and terephthallc acid dichloride; aldehydes such

Such s dnﬁ,? KSF%%»?%%PPIQ ?Tﬁﬁ@‘n%{rﬁ?%??w BPPEe: RPN A | ner ana
pyridine; apbgs Afasuhaas SkALiB. ATkl 3T 5. AIRISLAARRE Afhd am de:

nitriles such as ac oni and

i socya te cﬁ% k@gﬂﬂg hm&ﬁﬂﬁﬁégﬂkﬁ and et hyl |socyanate can be given.

Anong t "I c acl sters such as ethyl benzoate, ethyl

p- met hoxybenzoan?efo%am g PrfpolRVBE 1 9o os SR coripstien LY

p-tol uate, nethyl anisate t hyl nlsate are preferable. 25 Al so, an

Or ganosi | 1 6gencRAEBRYiphinkis SaMMH bR 10k, WAty kAREWiAE3) 15 preferably

tri-n-propylmethoxysilane, tri-n-propylethoxysilane, tri-n-butylmethoxysilane,
tri-iso-butylmethoxysilane, tri-t-butylmethoxysilane, tri-n-butylethoxysilane,

15 tricyclohexylmethoxysilane, tricyclohexylethoxysilane,
cyclohexyldimethylmethoxysilane, cyclohexyldiethylmethoxysilane,
cyclohexyldiethylethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane,
di-n-propyldimethoxysilane, di-iso-propyldimethoxysilane, di-n-propyldiethoxysilane,
di-iso-propyldiethoxysilane, di-n-butyldimethoxysilane, di-iso-butyldimethoxysilane,

20  di-t-butyldimethoxysilane, di-n-butyldiethoxysilane, n-butylmethyldimethoxysilane,
bis(2-ethylhexyl)dimethoxysilane, bis(2-ethylhexyl)diethoxysilane,
dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane,
dicyclohexyldimethoxysilane, dicyclohexyldiethoxysilane,
bis(3-methylcyclohexyl)dimethoxysilane, bis(4-methylcyclohexyl)dimethoxysilane,

25 bis(3,5-dimethylcyclohexyl)dimethoxysilane, cyclohexylcyclopentyldimethoxysilane,
cyclohexylcyclopentyldiethoxysilane, cyclohexylcyclopentyldipropoxysilane,

3-methylcyclohexyleyclopentyldimethoxysilane,

20



19 RAPSI (OR5)4 p (3) wherein R4 individually represents an al kyl group
having 1 to 12 carbon atons, a cycloal kyl group, a phenyl group, a vinyl
group, an allyl group, or an aral kyl group, R5 5 individually represents an
al kyl group having | to 4 carbon atons, a cycloal kyl group, a phenyl group,
a vinyl group, an allyl group, or an aral kyl group, and p is a real nunber
satisfying 05p<3. As exanples of such organosilicon conpounds, a

phenyl al kodysithydeys]ohaxyleysldpghyldiorirokysalare, a phenyl al kyl al koxysi | ane, a
cycl oal kyl al koxysi | ane, and a 10 cycl oal kyl al kyl al koxysi | ane can be given.
The fol | owd-Aqlimehplstrekexylenclopergyldinethexysianei fi ¢ exanpl es of such
organosilicon conpounds: trimethyl methoxysilane, trimnmethylethoxysilane,
tri - n- pr opymedivheelpbexdeclobexyldigthysilatiehoxysi | ane,

tri-n-butyl methoxysilane, . tri-jso-butyl methoxysilane,

fri-t-but y‘f-ﬁﬁwiwﬁ}h%}ﬂ@:clqhmlﬁmﬁ@w #Wxysi | ane, 15

tricycl ohexyi et ho ilane, tricyglohexyl.ethoxysil ane, . .

vl Shexy IS TBFY e psy G b EpRiranEsi G eas Rpra ke sitane,
PRI L R

AR L N e

di -i so-but yl di,met.h .l ane. 20 di-t-butyl di net hoxysi | ane,

di ~n butyI SLPRELDY Rt oufitod roniinanL ot

bi s(2-et hy i | e [ - 1) di et hoxysi | ane,
dicyclopeH#@ﬁ%%%%ghgg§§$ﬁ%§%#£%i@@@#%%@ﬁ@@?%#e g&%@ilane,

di cycl ghex cfﬂhgﬂlﬁlgﬁ%sﬁglgﬁ@ghﬁg@%%,gﬂgéﬂé&i(ﬁbtﬁ?éﬁﬁjdiﬁ@rﬁoxysﬂane,

bi s(3- et hyl cyclo _ _
D S I AR Lo s dimaorysine,
cycl ohexyl gyehepam-mitdhdEhbeyahd, 2P@ohexy XA peoNSintYtdx9BeRLy | di et hoxysi | ane,
cycl ohexyl ¢ycl opent yl di pr opoxysi | ane,
cyclohexyl(n-pentyl)diethoxysilane, diphenyldimethoxysilane, diphenyldiethoxysilane,
phenylmethyldimethoxysilane, phenylmethyldicthoxysilane,

15  phenylethyldimethoxysilane, phenylethyldiethoxysilane, methyltrimethoxysilane,
methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
n-propyltrimethoxysilane, iso-propyltrimethoxysilane, n-propyltriethoxysilane,
iso-propyltriethoxysilane, n-butyltrimethoxysilane, iso-butyltrimethoxysilane,
t-butyltrimethoxysilane, n-butyltriethoxysilane, 2-ethylhexyltrimethoxysilane,

20  2-ethylhexyltriethoxysilane, cyclopentyltrimethoxysilane, cyclopentyltriethoxysilane,
cyclohexyltrimethoxysilane, cyclohexyliriethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, tetramethoxysilane,
tetraethoxysilane, tetrapropoxysilane, and tetrabutoxysilane. Either one type of these
organosilicon compounds (C) or a combination of two or more types of these

25  compounds can be used.

Olefins are polymerized or copolymerized by random or block copolymerization

in the presence of the catalyst for olefin polymerization of the present invention. The

21



3 t hyl cycl ohexyl cycl opent yl di met hoxysi | ane, 20
4 t hyl cycl ohexyl cycl opent yl di net hoxysi | ane,
3, 5-di net hyl cycl ohexyl cycl opent yl di et hoxysi | ane,
3- et
4

-ne
nme

hyl cycl ohexyl cycl ohexyl di met hoxysi | ane,
t hyl cycl ohexyl cycl ohexyl di met hoxysi | ane, 5

3, 5-di net hyl cycl ohexyl cycl ohexyl di met hoxysi | ane,

cycl opent ywiiefids Bydhisrattiyiacy piopglegs, 1-nyeico ppahtyheydthythell bploeyes iahdimiay]

cycl opentyl et hyl di et hoxysi |l ane, cycl opentyl (i so-propyl)di net hoxysil ane,
cycl opent wly¢lpbo:abeican Yedisee tittex yisdividna]y ordy combmriiomet twpl atimecho®ysi | ane,
cycl ohexyl net hyl di et hoxysi | ane, cycl ohexyl et hyl di met hoxysi | ane,

cycl ohexyltegshydthiilenehpropyslenaaad 14mtang chio he suitabhy-ysedpyh pditieladyxysi | ane,
cycl ohexyl (i so-propyl)di net hoxysil ane, cycl ohexyl (n-propyl)di et hoxysil ane,
cycl ohexyIptéfersblewisfin igiprapyiragy sPioawlene may oe serotymenzed with Jtherealplnsy si | ane,
cyclohexyl(n-pentylgdinethoxysilane, cycl ohexyl (n- pentyl)di et hoxysi | ane,
di pheny! diAfehaeleliBs fodheecopeiypisarsd. glhwtonexarapylense 1 -butene, 1-pentene,
phenyl met hyl di net hoxysi | ane, phenyl net hyl di et hoxysi |l ane, .15

pheny! et hyfraethgk hosatens, xpwl c ﬁ&ﬁw@s A @e Bke eany g ysg gither individually or

Gt hy! 111 cORBORFIRTEE! foncBmapy (0 Metonylens el -SHEHe B H P RRBHoxy i | ane.

Ao R 3

2. ot hyl hestJPPRREEHBR L PYAEt P8 PGIoHS AR T Aargt gLpihalgae as 2

B, Ko ABB B e SR R on o

phonyl 1 1SRGy 2ine TG bl P b BRI G BRI i Y= "

or ganosi | LR ERs AR LA A e Sl AT B RO 8 | ese
or in more steps (multiple stage polymerization vessel) can be given as typical methods.

The catalyst of the present invention comprising the component (A), component (B),
15 and component (C) is effective in both the random copolymerization and block
copolymerization for improving the catalytic activity, stereoregularity, and/or hydrogen
response as well as copolymerization performance and properties of resulting
copolymers. Alcohols may be added to the polymerization system in order to prevent
formation of gel iﬂ the finished product, particularly when shifting from
20  homopolymerization of propylene to the block copolymerization.  As specific
examples of the alcohols, ethyl alcohol and isopropyl alcohol can be given. These
alcohols are used in an amount of 0.01 to 10 mol, and preferably 0.1 to 2 mol, for one
mol of the component (B).
The ratio of each component used is not specifically limited inasmuch as such a
25  ratio does not influence the effect of the present invention. Usually, the component (B)
is used in an amount of 1 to 2,000 mol, and preferably 50 to 1,000 mol per one mol of

the titanium atom in the component (A). The component (C) is used in an amount of
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25 compounds can be used. O efins are polynerized or copol ynerized by random
or bl ock copolynerization in the presence of the catalyst for olefin

pol ymeri zati on of the present invention. The 21 olefins such as ethyl ene,
propyl ene, 1-butene, | -pentene, 4-nethyl-I|-pentene, and vinyl cyclohexane
can be used either individually or in conmbination of two or nore. O these,
et hyl ene, propylene, and 1-butene can be suitably used. A particularly
preferable olefin is propyl ene. Propylene nmay be copol ynerized with ot her

ol efins. 50.082 tchH) wbkbraterably 0 toGpudly amd paraenlarbt prefesahdy 0.0 1to Sy mpleper

1- butene, 1-pentene, 4-nethyl-I|-pentene, vinyl cyclohexane, and the like
can be useenegnelefitht epmpangn )y or in combination of two or nore. OF these,

et hyl ene and 1-butene can be sui tabl% used. As .the, net hgd faor . . .
copol yreri zi ng pHagighdheosder of opket ofghe semronepisiyabiteasihofstaminethitisn of

ol ymeri zi ng, pr.o ene Wwith a snmal|l amunt of ethylene as .a 10 cononomer in
bne st ep, Hglar: %b{%ﬂ@ @Fma@aﬁﬁmwekcqzw%ﬁ} {oAB¢ PONTSTIZAtion) SYNEM; zi ng

O et oy bR i FALTCGE SR,

L T A
Ve ot SRR R B AR bt e SO TR EMherklion SR A BN, ot
for T morovigg. L6 3ALAGoARL I Nen BESHEPLERN SEh D PRl 07, It ger

response as Yneri zari on perfor nanc es of resulting

copel Yer ol GRS, TR AIES, 41 ORI RLLONYRLRR 1 order Lo

prevent formation € fin par ri'y when

copol yhor | BATRER AR TP LA o PRRRRE A SRR RS ol conol ana

copol yneri Speci exanp

(28O R A, Tyl S et b A
or in the absence of an organic solvent. Olefin monomers such as propylene may be
used either in a gaseous state or in a liquid state. The polymerization reaction is
preferably carried out at a temperature of 200°C or less, and preferably at 100°C or less,

15  under a pressure of 10 MPa or less, and preferably 6 MPa or less. Either a continuous
polymerization system or a batch polymerization system may be used for the
polymerization reaction. In addition, the polymerization can be completed either in
one step or in two or more steps.

In polymerizing olefins using the catalyst formed from the component (A) and

20  the component (B) or the component (C) (hereinafter may be referred to from time to
time as “main polymerization™), it is desirable to preliminarily polymerize the olefins
prior to the main polymerization to further improve the catalyst activity, stereoregularity,
properties of resulting polymer particles, and the like. In addition to the olefins used in
the main polymerization, monomers such as styrene can be used in the preliminary

25  polymerization. Specifically, after causing the component (A) to contact the

component (B) or the component (C) in the presence of olefins to preliminarily

polymerize 0.1 to 100 g of the polyolefins for 1 g of the component (A), the component
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mol of the conponent (B). The ratio of each conponent used is not
specifically limted inasnuch as such a 25 ratio does not influence the
effect of the present invention. Usually, the conponent (B) is used in an
anount of 1 to 2,000 nol, and preferably 50 to 1,000 nol per one nol of the
titaniumatomin the conponent (A). The conponent (C) is used in an anount
of 22 0.002 to 10 nol, preferably 0.01 to 2 nol, and particularly

b der of . LGHATYET BF Bt fonR A e oyt bR BRRR et ¢ e 1
desirable to flAﬁﬁou ﬂ‘i’hetnpr rogsgnt:agtl %gﬁy@ﬁ&g&g%&in&@?ﬁﬁ i{%ﬁggﬁ%xﬁ@erl zation

system 5 and t'hen cause the conponen I'n contact
or ganoal urs e Uiy AR RTRENE op il (e 6| B TR e Sl ReHIBE o~
component TR Te aircChel oAl syt I B R OB When the

Chat 0Pl | AROHERPARR L B Reh g Rl R R ORI A HR Pl phg e bt e

pol ymeri Zaédngfén&ﬂrua&eme el alseOtlolSirt 1R 2 Erotps;ﬁne hEFENGR or Hork Bihkhe absence
of an organic solvent. O efin nononers such as propylene may be used either

in a gaseaylsfifdBlc8mehin bahtatt Withtthél m$ttades ATﬂh%u%mhmgédiﬁ@miy%ife%@ﬁfei on is
preferably carried out at a tenperature of 200C or |ess, "and preferably at

100C or | essliminantisifherizal bR kniceat@e id foMPAOW td BBS, ardiifiefablyefihloyCc 6 MPa or
| ess. Either a continuous polynerization systemor. a batch polynerization

syst em mayol3@°tised for the polynerization reaction. In addition, the
pol ymeri zati on can be conpleted either in one step or in two or nore steps.
I n pol ymeri zi ndgle plymaizatomef slenciatikd prasentobimbd chtalym fohelefianponent (A) and

20 the conmponent (B) or the conponent (C) (hereinafter nay be referred to
from ti me poabymerization of the present invention can produce olefin polymers having the higher
stereoregularity and the more improved hydrogen response than in the polymerization
using a known catalyst.
The present invention will be described in more detail by examples, which
15  should not be construed as limiting the present invention.
Example 1
(Preparation of solid component)
A 2,000 ml round bottom flask equipped with a stirrer, of which the internal
atmosphere had been sufficiently replaced with nitrogen gas, was charged with 150 g of
20  diethoxymagnesium and 750 ml of toluene to prepare a suspension. The suspension
was added to a solution of 450 ml of toluene and 300 ml of titanium tetrachloride in a
3,000 ml round bottom flask equipped with a stirrer, of which the internal atmosphere
had been sufficiently replaced with nitrogen gas. The suspension liquid was reacted at
5°C for one hour.  After the addition of 42 m! of n-butyl phthalate, the mixture was
25  heated to 100°C and reacted for two hours while stirring. ~ After the reaction, the

resulting reaction mixture was washed four times with 1,300 ml of toluene at 80°C.

600 ml of toluene and 300 m! of titanium tetrachloride were added to the washed

24



time as "main polymerization"), it is desirable to prelimnarily polynerize
the olefins prior to the nmain polynerization to further inprove the

catal yst activity, stereoregularity, properties of resulting polyner
particles, and the like. In addition to the olefins used in the main

pol ymeri zati on, nononers such as styrene can be used in the prelimnary 25
pol yneri zation. Specifically, after causing the conponent (A to contact the

e R L
A). . B C

COmPOneN! )R SO TRSRTEho? BBl Y G SETRRLSE] o P LT

he comongDly BRI o /400 ks LRSI Rl | 2201 o

pr el nar it Bl MPGHEPI MR USHEI oilnd 9K rARDAAEUSEN e Uin@ndRS O

at m)sphere Su as propyl ene, cause onen one I n contact

with the Gommengte GBcodBindd Sas GRUSEAMObEE] B RUSD WS Propyl ene and/or

one or nore other o to cone in contact wmth the mXxture. Al though not

speci fi cal kppebdriidnest, Olti@g?tal%t%h%ﬁé}ﬁy pol ymerization tenperature is from
-10C to 70C, "and prefsera y ' fromOC to 50C. 10 The pol yneri zation of

ol efins in the3pLeseNcliaicoldpBnGRbBlaR ab¥e WALisPendBOLY YWY nf 8 heparf t he
present invention can produce ol efin polynmers having the higher

st er eor egul(ahinoy o PN EI1F1HE MY §lah SR HERIRY tHeQAQEnEBR PRIASRe Mlalreiwast he
pol yneri zation using a known catal yst. The present invention will be

descri bed reftétPatS UL ttitivo MuXAHTR s@ifring M 8B restiftinpteadtidn Mgiktpewapnst rued as
limting the present invention. Exanple 1 (Preparation of solid conponent) A
2,000 il rwashed batd withBoasi of@eptpmed 40°C ilRral hid @fied ©fobwdm & Bolide i nt er nal
catalyst component in the form of a powder. The solid catalyst component was
analyzed to find that the content of titanium was 2.5 wt%, the content of a magnesium
atom was 20 wt%, and the content of a chlorine atom was 65 wt%. The content of the
organosilicon compound was analyzed by gas chromatography to find that the
15  diallyldimethylsilane was contained as a polymer and the content of silicon was 1.7
wt%.
<Preparation of polymerization catalyst and polymerization>
A 2.0 ] autoclave equipped with a stirrer, of which the internal atmosphere had
been entirely replaced with nitrogen gas, was charged with 1.32 mmol of
20  triethylaluminum, 0.09 mmol of cyclohexylmethyldimethoxysilane, and the above solid
catalyst component in an amount, in terms of the titanium atom contained therein, of
0.0018 mmol, thereby forming a polymerization catalyst. Then, with the addition of
1.5 I of hydrogen gas and 1.4 1 of liquified propylene, preliminary polymerization was
carried out for five minutes at 20°C, following which the preliminary polymerization
25  product was heated and main polymerization was carried out for one to three hours at

70°C.  The catalytic activity, the boiling heptane insoluble components (HI, wt%), the

melt flow rate (MI, g-PP/10 min), and the xylene-soluble components at 23°C (XS,
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at nosphere had been sufficiently replaced with nitrogen gas, was charged
with 150 g of 20 di et hoxymagnesi um and 750 ml of toluene to prepare a
suspensi on. The suspensi on was added to a solution of 450 ml of toluene and
300 mM of titaniumtetrachloride in a 3,000 M round bottom flask equi pped
with a stirrer, of which the internal atnosphere had been sufficiently
replaced with nitrogen gas. The suspension liquid was reacted at 5C for one
hour. After the addition of 42 m of n-butyl phthalate, the m xture was 25
heat ed t o 9@ famdresdting palyimer olitamed by pelymierizasiontfpr enerdpur Afteameasheedr eact i on,
the resulting reaction mxture was washed four tines with 1,300 m of

t ol uene atTlBOCsults@Goshevndt Talde dene and 300 nml of titaniumtetrachl oride were
added to the washed 24 product and the m xture was heated to 110C and
reacted for twolhscatadytigactivitspdrigram gf thepplid ratplystreaipanentdprdhe agoemett he
secondary treatnment were repeated once npre. The resulting reaction m xture
was washedobanesiF} (ehper enethour, twodowss, s thiephaws ofpolyoerizatiqh wasr ed, and dri ed
to obtain a solid (,:or’rBonent in_the formof a powder. The content of 5

titani dm istloukptedsusinathe foHosrias forgdle. neasured and found to be 3.1 w %
<Preparation of solid catal yst conmponent> 30 g of the solid conponent

obt ai ned above was suspended in 300 m of heptane, 30 nmol of

di al I yl di net hyl si | ane was .added to the suspension, and the m xture was
Feact od at 30C f Sraye ARGYIRS: IS PATICF (Fcg SR GaiabStFampigeRdact i on mi xt ur e
was 10 washed twice with 300 m of heptane at 40C, filtered, and dried to
obtain a solid catalyst conponent in the formof a powder. The solid

| | d fi h h f.ti [
25w % the colamb T B sairBerexita vih bodReFoRraRy ikt kil ent of a
hl or i 65 % T f.th L d
anal y20a oy R ane bl el ey R0 Fih s it on SR AR SRt 71 <1 1 ane was
cont ai ned 3, B QYR 3Pnd HEIGRYAR w5l iR el 2 ARas albul 8y tre

following formula.

HI (wt%) = (G) g/(F) g x 100
i5
The xylene-soluble components (XS, wt%) of the polymer was determined as
follows.
Method for measuring xylene soluble components: 4.0 g of the polymer was
added to 200 ml of p-xylene and dissolved while maintaining the mixture at the boiling
20 point of toluene (138°C) over two hours. The mixture was cooled to 23°C and the
soluble components were separated from the insoluble components by filtration. After
evaporating the solvent from the soluble components, the residue was dried with heating
to obtain a polymer as the xylene-soluble components, of which the amount (XS, wt%)
was indicated by the relative value for the amount (F) of the obtained polymer.
25 The melt index (MI) which indicates the melt flow rate of the polymer was
determined according to the methods conforming to ASTM D1238 and JIS K7210.

Example 2
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<Preparation of polynerization catalyst and polynerization> A 2.0 1

aut ocl ave equi pped with a stirrer, of which the internal atnosphere had
been entirely replaced with nitrogen gas, was charged with 1.32 mmol of 20
triethylalum num 0.09 mmol of cycl ohexyl net hyl di met hoxysil ane, and the
above solid catalyst conponent in an anmount, in terns of the titanium atom
contained therein, of 0.0018 mml, thereby form ng a polynerization

cat al yst. Then A silidreataist erfapanieohwas prefared, & pofynherirpbejeenta)ass veagdormed., 1 of
l'iquified propylene, prelimnary polynerization was carried out for five

ni nut es atang @ElyMesEating Wi GaFcEPUt Hethp sene managryas yo Eyaraple dae¥cspt that pr oduct
was heat ed _and i n_polynmerization s . carried out for one to three hours at
70C. The é@@lmlvg%lse@tq wastuped trﬁ@a%a%ﬁ?}#ﬂg%%hﬂﬁgmﬁnsgﬁ%w@t%ﬁmt s (H,
w%, the, pelt fl rate (M, g-PP/10 mn and t he xyl ene-sol ubl e
conponent 4" E@bigéoc%vy@ﬁldz@gé\bf%/a}grepoqeﬂb‘%%%iw%50 %'af FALhS SRR Red by

pol yneri zation for. one hou re asured.  The results are shown in Table
1. The S caeanigRwasg.{ Myt JdeimeAHIass o containe e 2 ponger # for the
amount of | yme F) . er. one hour, two hours, and three hours of
polyneriz5?&gﬁxﬁﬂgmgoé%ﬁg%Pgﬁéd?ﬂfﬁng the following formula. Catalyst
activity = for polymer (F) g/solid catal yst conponent g The pol yner was
conti nuou xﬁm@ acted with boiling n-heptane for six hours. 10 An

o nept e | 5oL STE Skl ) TR B s T
cal )t o N B B i P ot 0,25 ™
foll OWs- diallyldichlorosilane was used instead of diallyldimethylsilane. The results are shown
in Table 1. The solid catalyst component was analyzed to find that the titanium
content was 2.8 wt%, diallyldichlorosilane was contained as a polymer, and the content
of silicon was 1.8 wt%.
Example 4
15 A solid catalyst component was prepared, a polymerization catalyst was formed,
and polymerization was carried out in the same manner as in Example 1, except that
allyldimethylvinylsilane was used instead of diallyldimethylsilane. The results are
shown in Table 1. The solid catalyst component was analyzed to find that the titanium
content was 2.7 wt%, diallyldimethylvinylsilane was contained as a polymer, and the
20  content of silicon was 1.5 wt%.
Example 5
A solid catalyst component was prepared, a polymerization catalyst was formed,
and polymerization was carried out in the same manner as in Example 1, except that
vinyltrimethylsilane was used instead of diallyldimethylsilane. The results are shown
25 inTable 1. The solid catalyst component was analyzed to find that the titanium

content was 2.7 wt%, vinyltrimethylsilane was contained as a monomer and a polymer,

and the content of silicon was 1.4 wt%.
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Met hod for neasuring xylene sol uble conponents: 4.0 g of the polyner was
added to 200 m of p-xylene and dissolved while maintaining the m xture at
the boiling 20 point of toluene (138C) over two hours. The m xture was
cooled to 23C and the sol ubl e conponents were separated fromthe insol uble
conponents by filtration. After evaporating the solvent fromthe soluble
conponents, the residue was dried with heating to obtain a polyner as the
xyl ene-sol ubl e conponents, of which the anbunt (XS, wt% was indicated by
the rel atikEeam@eée for the anmount (F) of the obtained polymer. 25 The nelt
index (M) which indicates the nelt flowrate of the polyner was determ ned
accordi ng to tha solid ¢tasalxst componarit mgs pepASTM il pBerizatidn Jatglyreaiomekanpl e 2
26 A solid catalyst conponent was prepared, a polynerization catalyst was
for med, aand préynperivaliomwaberriedowdn thees@munamnr aha Escmlenhﬁﬁ@ﬂpt Hetin Exanpl e
1, except that _triallylnmethylsilane was used instea

di al |yl di ndivinyldighlerasilang pas p@umtgadaqféh@hfmethy}ﬁﬂ%| ér 1@ respife asgihpyncat al yst

conponent was_analyzed to find that the titanium45 content was 2.7 w%
triallyi menipblei]. arfdesald %ﬂﬂ%lcﬁ@@o’é@t&’aﬁﬁﬁi%ﬂ ta Hgd thab heytitghium ang t he
content of silicon_was 1. Exanple 3 A soli d cat al yst conmpopent was
prepar ed, SO YRBLOIHEL hwaﬂfh&hlygqsﬂmwwqwe a3 RANYUIYETEPE 2 BPIYBK was
carried out t he sa .manner jn Exanple 1, except that 10
di al | yl di cwd&B%g(mt%m@ Hleon, way! gh&i{fead of diallyldinethylsilane. The results
are shown _in Ene 1. The solid catal yst conponent was analyzed to find
that the tFYemRlg content was 2.8 wt% di al 'yl di chl orosi | ane was cont ai ned
ont ent o icon,was,1. 15 A solid

catal yat comonbatib i ESRPenrRt 4L B HEN SR D PP LT VS FEPTed,
10 and polymerization was carried out in the same manner as in Example 1, except that
i-butyl phthalate was used instead of n-butyl phthalate. The results are shown in Table
1. The solid catalyst component was analyzed to find that the titanium content was 3.1
wit%, diallyldimethylsilane was contained as a polymer, and the content of silicon was
1.7 wt%.
15 Exampie 8
A solid catalyst component was prepared, a polymerization catalyst was formed,
and polymerization was carried out in the same manner as in Example 1, except that
diethyl di-i-butyl malonate was used instead of n-butyl phthalate. The results are
shown in Table 1. The solid catalyst component was analyzed to find that the titanium
20  content was 3.8 wt%, diallyldimethylsilane was contained as a polymer, and the content
of silicon was 1.3 wt%.
Example 9
(Preparation of solid component)
A 1,000 ml round bottom flask equipped with a stirrer, of which the internal
25  atmosphere had been sufficiently replaced with nitrogen gas, was charged with 32 g of
magnesium turnings for Grignard reagent. A mixed solution containing 120 g of

butylchloride and 500 ml of dibutyl ether was added dropwise to the magnesium at
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and polynerization was carried out in the same manner as in Exanple 1,
except that allyldinethylvinylsilane was used instead of

di al l yl di met hyl silane. The results are shown in Table 1. The solid catal yst
conponent was analyzed to find that the titanium content was 2.7 wm %

di al I yl di met hyl vi nyl sil ane was contained as a polyner, and the 20 content of
silicon was 1.5 wt% Exanple 5 A solid catal yst conponent was prepared, a
pol ynerization catal yst was formed, —~and polynmerization was carried out in

t he same n¥hferverBur hows anreacted aeRteder ensdioury i Aljenthe rractign, did sehdionas used

i nstead of diallyldinethylsilane. The results are_shaown 25 in Table 1. The
sol i d cat aV§s§ookshinsaEn tempesatirea ayl Bg sl vaskemaysd by Hérationde Phi#in 2 ont ent  was

20 e o A0S 1 SORL LS, 20.8 FRESTEL Sl BT and
1S, PPl ROLTRL) 2oL L1y A0S RO 231 o Vs
Are Shon SR 0T SRR 5 S P AR DSR4 yzed o find
B L N GG
formed,  10PHRBTIREY Pasricsh v SEPRet ot Rb B0 B riflcR a3 17

ot nal at o, OFRET Paul t dhe ridiea T Fifde A% (RERRISRSeiopk: MHTponent

i a1 1yt ! o np et Bk S SR RY L DR Bb %o el i hy
was 10 solid was washed eight times with 240 m! of hexane, and dried under reduced pressure

silicon

to obtain a solid product. 8.6 g of the solid product was put into a 100 ml round
bottom flask equipped with a stirrer, of which the internal atmosphere had been
sufficiently replaced with nitrogen gas. 48 ml of toluene and 5.8 ml of diisobutyl
phthalate were further added and reacted at 95°C for one hour.  After removing the

15 liquid by filtration, the solid was washed eight times with 85 ml of toluene. After
washing, a flask was charged with 21 ml of toluene, 0.48 mi of diisobutyl phthalate, and
12.8 mi of titanium tetrachloride. The mixture was reacted at 95°C for eight hours.
After the reaction, the solid was separated from the liquid at 95°C, washed twice with
48 ml of toluene, and again treated with a mixture of diisobutyl phthalate and titanium

20  tetrachloride under the same conditions as above. The resulting solid was washed
eight times with 48 ml of hexane, filtered, and dried to obtain a solid component in the
form of a powder. The content of titanium in the solid component was measured and
found to be 2.5 wt%.
<Preparation of solid catalyst component>

25 A solid catalyst component was prepared in the same manner as in Example 1
except for using the solid component obtained above. The solid catalyst component

was analyzed to find that the titanium content was 2.1 wt%, diallyldimethylsilane was
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1.7 wt% 15 Exanple 8 A solid catal yst conmponent was prepared, a

pol yneri zation catal yst was forned, and polynerization was carried out in

t he sane manner as in Exanple 1, except that diethyl di-i-butyl nalonate
was used instead of n-butyl phthalate. The results are shown in Table 1.
The solid catal yst conponent was anal yzed to find that the titanium 20
content was 3.8 w% diallyldinethylsilane was contained as a polyner, and
the content of silicon was 1.3 w% Exanple 9 %Preparati on of solid
conmponent )coatanagas apolyeriandyibe savsrt phsicaywrpbBVHi th a stirrer, of which
the internal 25 atnosphere. had been sufficiently replaced with nitrogen gas,
was chargeﬁprﬁP%rﬁ‘%@fg’og?nerWﬁ%‘Hb%qtﬁYﬁtlaﬁ H?lﬁ%“?fﬁ%néi gnard reagent. A mi xed
sol ution contaipi 120 of . butyl chloride, and 500 m of dibuytyl.ether was
2dded aropu se ABOSRER RS WS BEPSLSG BB S TR oBhE ed at | G0C
for one hour. After the.reaction, the solution s .cogled to room

t enper at ur'8® SYRYTERRT &1 ‘g’%@e ?e%%tﬁ’b'ff"?g tI?LF P%W%ﬁli&y% BEPEMH s magnesi um
conmpound solution. A5 nml. .round bot.t fl.ask equi pped with a stirrer, of
whi ch Ehe Rrﬁ?aé?cﬁ%hov& nﬁgep’f?glﬂl 2 Wéb‘ﬁqghlﬁfli‘ ciently replaced with nitrogen
gas, was charlggqi with 240 ml of hexane, 5.4 g of tetrabuthoxy titanium
and 61.4 g ofP raet hoxysil ane to obtain a honogeneous solution. 150 m of

t he nagnes(iggéﬂam%ggg_gy%g %g{p%%rw was added dropw se to the honbgeneous

sol ution a eac four hours. The m xture was then stirred at

room t enper at urg 566’5}1 g&ﬁd%%%m quagE F?@Eﬁ% MFES strilg@rgbﬁ' \?@cﬁﬁtﬁg ifefafeS filtered

at room tenperature renove t . 0 was washed ei ght
(LTS v AR B eSS IS e S e B L
10 anhydrous magnesium chloride, 25 ml of decane, and 23.4 ml of 2-ethylhexyl alcohol.
The mixture was reacted at 130°C for two hours, thereby obtaining a homogeneous
solution. 1.11 g of phthalic acid anhydride was added to the homogeneous solution
and reacted at 130°C for one hour. The resulting reaction solution was added dropwise
over one hour to 200 ml of titanium tetrachloride maintained at -20°C in another 500 ml
15  round bottom flask equipped with a stirrer, of which the internal atmosphere had been
sufficiently replaced with nitrogen gas.  After heating the solution to 110°C over four
hours, 2.68 ml of diisobuty] phthalate was added and reacted for two hours.  After the
reaction, the liquid was removed by filtration and the solid was washed with decane and
hexane at 110°C until no free titanium compound was detected. The solid was then
20  filtered and dried, thereby obtaining a solid component in a form of a powder. The
content of titanium in the solid component was measured and found to be 3.1 wt%.
<Preparation of solid catalyst component>
A solid catalyst component was prepared in the same manner as in Example 1
except for using the solid component obtained above. The solid catalyst component
25  was analyzed to find that the titanium content was 2.7 wt%, diallyldimethylsilane was
contained as a polymer, and the content of silicon was 1.4 wt%.

<Preparation of polymerization catalyst and polymerization>
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bottom fl ask equi pped with a stirrer, of which the internal atnosphere had
been sufficiently replaced with nitrogen gas. 48 m of toluene and 5.8 ni
of diisobutyl phthalate were further added and reacted at 95C for one hour.
After renoving the 15 liquid by filtration, the solid was washed ei ght tines
with 8 m of toluene. After washing, a flask was charged with 21 m of
toluene, 0.48 m of diisobutyl phthalate, and 12.8 ml of titanium

tetrachl ori de. Apaymenizatioe cufalyst wacprephrad aighifroerizmtightvak oamrisd oufint er t he
reaction, the solid was separated fromthe liquid at 95C, washed twice with
48 m of i} sasreemanned asigdixample htexgeptiferisingnthg selidecastlysticomponeny | pht hal at e
and titanium 20 tetrachl oride under the same conditions as above. The

resul ti ng peerared ahgye- wakiwaasulisiaghthopindddabletln 48 ml of hexane, filtered, and
dried to obtain a solid conponent in the formof a powder. The content of
titani um ibxammée Kol i d conponent was neasured and found to be 2.5 W%
<Preparatign of solid catalyst conponent> 25 A solid catal yst conponent was
prepar éd iKTeNEAtOR oL sehtheAlY S SOMRORSPipl € 1 except for using the solid

Tt T ho. t§ canili e ne B chEFoDeT QST Enibl netyrR e s o | '
Cor epar at Heag 25000 msbe S i RuBeD it s90r g abF SRPFSR A B yrrer i zat i on
R e
conponent FRATRHTRORPnd P ael Lty Semaenant Sn i Pad 1 BERBEMEC0: hni ch ¢ he
nterngl Wt.?agn”%ﬁ%ﬁ%ﬁto\?%dz.?%%, i1 G SRk Yank SR, 26650l b0 RlhEAgEAps. was

char ge

polymer, and the content of a silicon atom was 2.2 wt%.
<Preparation of polymerization catalyst and polymerization>
A polymerization catalyst was prepared and polymerization was carried out in
the same manner as in Example 1, except for using the solid catalyst component
15  prepared above. The results are shown in Table 1.
Example 12
<Preparation of polymerization catalyst and polymerization>
A 1,800 ml stainless-steel autoclave equipped with a stirrer, of which the internal
atmosphere had been sufficiently dried with nitrogen gas and then replaced with
20  propylene gas, was charged with 700 ml of n-heptane. 2.10 mmol of triethylaluminum,
0.21 mmol of cyclohexylmethyldimethoxysilane, and the solid catalyst component
prepared in Example 1 in an amount, in terms of the titanium atom contained therein, of
0.0053 mmol, were added while maintaining the atmosphere of the propylene gas,
thereby forming a polymerization catalyst. Then, the preliminary polymerization was
25  carried out under a propylene pressure of 0.1 MPa at 20°C for 30 minutes while stirring.
Then, 5.4 mmol of hydrogen was added, and the polymerization was continued under a

propylene pressure of 0.6 MPa in the system at 70°C for one to three hours. The
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10 anhydrous magnesi um chloride, 25 m of decane, and 23.4 m of

2- et hyl hexyl al cohol. The m xture was reacted at 130C for two hours, thereby
obt ai ni ng a honogeneous solution. 1.11 g of phthalic acid anhydride was
added to the honpbgeneous solution and reacted at 130C for one hour. The
resulting reaction solution was added dropw se over one hour to 200 m of
titaniumtetrachl ori de mai ntai ned at -20C in another 500 m 15 round bottom
flask equipped with a stirrer, of which the internal atnosphere had been

suf fi ci entnrgssmre;duanggolwnphzatMrwigelndfg:a@sesmtt@pﬁﬁm@nlz@lonm@mﬂscﬂww to 110C
over four hours, 2.68 ml of diisobutyl phthal ate was added and reacted for
two hour s kepfat e sape leveb by comuonsis SeRpiREONE SRV IB9 e d | BY DIODYER&¥FRDN and t he
solid was washed with decane and K hexane at 110C until _no free titanium
conmpound mb%%tzgébbéw abge RYymgrigasion medhpd ang the perdugedip@lY@es W& ¢ her eby
obt ai ni ng

I f f Th f

in the solﬁﬁro ' éﬁl@ﬁ% %égéd%géaﬁﬁﬁénwgobﬁ%ﬁagﬁgp%lémg? 1 S«%Sgrftﬁ%?ip?ep;'r ;? .n Bﬁm

f lid nt> A lid t t d th
S i 0B SR B B G S SRR o ol

b | ta t t to f .th
Citani um i‘feﬁ%’g'n - TERolty of fre R lwiqrwéaﬁgﬁ‘&?i émitﬂaa@" bt he o
pol ymer, thecnt nt 0 S|I|cnvvascl5 Wt° <tPre ttlon%h
pol ymer i zé’P YONT LHE {0 &, )po|‘°y meripseditile inggy i‘\PB‘Eﬁ ?Fe‘? 3089 BY, cat al yst

t.h
Erannt o 3 cxa g RbglRE Ffh s 8BS mEREd SF o8 Pt i SE FRalAREr oo e
Th | t T lid
Tntalyat s, i heldin e poymer ATRRed o B (ﬁiéﬁ%ﬁw&@gﬁr&; 1 was
Suspenged dkvifid Ber Qid AERIPOSnpdRfh #nWPby B Ay HkitRANY! 11 ane was
e su nsi on. e

added to

(Y) = [(M) + (N)](g)/amount of solid catalyst component (g)

The total polymer insoluble in n-heptane (HI} is shown by the following formula.

15

(HD) = {(P)@V[(M) + (N))(g)} > 100

Furthermore, MI of the polymer which was polymerized for one hour was measured.
The results are shown in Table 1.

20 Example 13
<Preparation of polymerization catalyst and polymerization>

A 2.0 I autoclave equipped with a stirrer, of which the internal atmosphere had

been entirely replaced with nitrogen gas, was charged with 2.20 mmol of
triethylaluminum, 0.083 mmol of cyclohexylmethyldimethoxysilane, and the solid

25 catalyst component obtained in Example 1 in an amount, in terms of the titanium atom
contained therein, of 0.0055 mmol, thereby forming a polymerization catalyst. Then,

the preliminary polymerization was carried out under a hydrogen pressure of 0.007 MPa
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m xture was contacted at 30C for two hours while stirring, thereby obtaining
a solid catalyst conponent. The solid catal yst conponent was anal yzed to
find that the 10 titaniumcontent was 2.5 w % dial |yl di met hyl sil ane was
contai ned as a nononer and a polyner, and the content of a silicon atom was
2.2 % <Preparation of polynerization catalyst and pol yneri zation> A

pol yneri zati on catal yst was prepared and pol ynerization was carried out in

the same MHANSToRTelhEXAIRIS ursESPE (010 HEANE G SRk SPleLYS!

conponent are ove res s are s I'n Exarrpl e 12

;f;legf‘;gts'té’r@gé}%tup@leﬁE}e%?etd'tQ@O"@%ﬁi V#o?%m@r%t@f?%g@&’n%@ mj{;}@ﬂﬁj 1,800

aut OC ave equl ppe stirrer e inter naI

at mospher 3%%@% gﬁ&sﬁwoffiz.cé Pk lay g¢*C fsfioem tthx‘r%T}a Bﬁﬁggngﬂ@éat%?ﬂ aEi?ﬁg/ r ep' aced

with 20 p gas, was charged wth ept ane
triethyl alyeAEmI ofShfolyiie olhin&yY 6y ﬂ’l@‘EEWHY@MQNM#O%BQHM%&@%%@W t he

solid catal yst conmponent ™ prepared anpl e in an anount, in terns of

the titsaniTHo ahMafORbanig datiner eDRly ek cat&y&%ﬁwmhs cHEUIRedfHiqRL Whi | e
mai nt ai ni ng the at nosphere of the propylené gas, "~ thereby formng a

pol ynmer i zgjolaRer§ dhhyedre pdiyfidrizédr BY&hdurs BRI threHonke! iZRkk@Nswas 25 carried
out under a propylene pressure of 0.1 MPa at 20C for 30 mnutes while

stirring. shéhwffn Tébid1 mol of hydrogen was added, and the pol ynerizati on was
continued under a propylene pressure of 0.6 MPa in the systemat 70C for
one to thr@aenphweattve Exhigle3l pressure during pol ynerization which decreases as
the pol yneri zation progresses was kept at the sanme | evel by continuously
suppl yi ng onl y AHpclpmkdraion Thtalystr emyioaned wabpolpatynkion iad chyiel bet akhhy e
pol ynmeri zati on method, and the produced polynmer was filtered and dried
under Meduamd npmacsasie Exampletlaexcept thai the s@al gomproneSeparate instead obthpol yner
di ssolved in the polynerization solvent was obtai ned by concentrating the
solid catalyst component. The results are shown in Table 1.
Comparative Example 2
<Preparation of solid catalyst component>
30 g of the solid component obtained in Example 1 was suspended in 300 ml of
15 heptane, 30 mmol of vinyltrimethylsilane was added to the suspension, and the mixture
was reacted at 30°C for one hour.  After the reaction, the resulting reaction solution
was cooled to 15°C. 90 mmol of triethylaluminum diluted with heptane was added
dropwise over 30 minutes and the mixture was reacted while stirred at 30°C for two
hours. Next, the resulting reaction mixture was washed seven times with 300 ml of
20  heptane at 30°C to obtain a solid catalyst component.
<Preparation of polymerization catalyst and polymerization>
A polymerization catalyst was prepared and polymerization was carried out in
the same manner as in Example 1, except for using the solid catalyst component
prepared above. The results are shown in Table 1. The solid catalyst component was
25  analyzed to find that the titanium content was 2.7 wt%, vinyltrimethylsilane was

contained as a monomer, and the content of silicon was 1.8 wt%.

Comparative Example 3

33



filtrate. The anount of the polyner is referred to as (M and the anmount of
the solid polynmer is referred to as (N). A polyner insoluble in n-heptane
was obtai ned by extracting the polynmer which was pol yneri zed for one hour
with boiling n-heptane for six hours. The ampbunt of the polyner is referred
to as (P). The polynerization 10 activity (Y) per solid catal yst conponent
is showmn by the following formula. (YY) =[(M + (N](g)/anount of solid

cat al yst conpongpbly(gyizdihve catdyat waoformed andipalymbtization waslveptedwet inHhg i s
shown by the following formula. 15 (Jill) = {(P)(9)/[(M + (N)]&g)} x 100
Fur t her norsemevhanger ashie Bxempledt, ewtept thahvdes splad gerepéncatiwasowsed mstdad wf theas
measured. The results are shown in Table 1, 20 Exanple 13 <Preparation of
pol yrrer i zawolidgatglystgopmponenid B6¢ yasplts srasheomsinAlablol.1 aut ocl ave equi pped with
a stirrer, of which the internal atnmosphere had been entirely replaced with
nitrogen de@mpaativediarmdidwith 2. 20 nmmol of triethyl al uninum 0.083 mol of
cycl ohexyl net hyl di net hoxysi | ane, and the solid 25 catal yst conponent

obt ai néd i n Exahpelymenzaiionsatatustiwas formed andpolymerizationiwas samist gl the ont aj ned
therein, of 0.0055 nmmol, thereby formng a polymerization catalyst. Then,
the preli TRRSYANEEY 3 Exaapicdd, %p@éwﬁeaol&ﬁ%gmﬂﬂ?@m%awag Bgeh B£@§sure of

0.QO7 I\/Pfa ?ﬁ ang a %{o Ien& $res ure of 0, ]Tjaltvafal at 20C for 10 m nut es
whi | e sti riPPfiGatalyRieomRoRTtr o iy ESWESIF SRPELEEetRb%!-80C and pol yneri zati on was
i ed t I f 2.8, VP t.. 80C. f toth
MR (A T S e e R A
I i zatd f h d. 5. T | t h i n Tabl
o oy ¢ it et Gty e Rl RERAG PRy rhiaingd e o TG o or o

pol g 26ghf Rl MR RS0 A SRADEH Srig Pad osul ts are
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shown in Table 1. Conparative Exanple 1 A polynerization catal yst was forned
and pol yneri zation was carried out in the 10 sanme manner as in Exanple 1,
except that the solid conmponent was used instead of the solid catalyst
conmponent. The results are shown in Table 1. Conparative Exanple 2
<Preparation of solid catal yst conponent> 30 g of the solid conponent
obtained in Exanple 1 was suspended in 300 m of 15 heptane, 30 mmol of

vinyltrinethylsilane was added to the suspensjion, and the m xture was
reacted at 30C,fonape \Qour . | HMleko ke s edellpa, the resulting reaction
solution wag X alet-kg-1-S i ciedi=| Of— = jicet Ayl al um num di luted with
hept ane was added|-dropwise lover B0 m-hutesr+apd the m xture was reacted
while stirred atg 30C far [t\wg [hours. |Ne t,hjhe resulting reaction mxture
was washed se rﬁtgoaggowtth':g’(@”‘knoitr@(}\mmoane at 30Cto obtain a solid
catal yst conﬂ &nt. [<Prlepalafilon pf| polynerijzatli on catal yst and
polynerizatidn>3A pol ymeni gatijon catal yst (was| prepared and pol yneri zati on
was carried gut d NoldkecsalEJanaetlhs|iExamp e 1, except for using the
solid catal ys;tE\ngf:gé ggﬁ 'o\'%g'd\'gg'(egjy oflesul ts are shown in Table 1.
The solid cafal yst :onpo%e t & Y- an | vzé find that the titanium
content was 2.7 9% wilnyl trli ret hyl|sill ane |was| |contai ned as a nononer, and
the content of, sid ReQm ﬂ"EQN&%SS&W&!&!ﬂNﬁ Example 3 33 A
pol yneri zati 08 dd|a(w&l e e FOPRRIE e et SRIB[R [zat i on was carried out in the
sanme manner &§ i|f"|Examml ¢ P,| except| that| tthe sqglid conponent was used
I nst ead of thggkﬂl ddatal yst copponent| [The[rlesults are shown in Table 1.
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5 A polynerization catal yst was fornmed and pol ynerization was carried out in
the sanme manner as in Exanple 10, except that the solid conponent was used
instead of the solid catalyst conponent. The results are shown in Table 1.
It can be seen fromthe above results that, by using the solid catalyst
component of the present invention, the catalyst activity is excellently
mai nt ai ned and polyners 10 with high stereoregularity can be provided at a
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at a low cost, and is also useful in the manufacture of olefin polymers having high

functions.
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YYYYYOYYYYYYYYY LClafdf~(d~(dfdLOLdIdI~Cd (~fC
(dcisti: O0ON WII INDUSTRI AL APPLI CABI LI TY A catal yst for

pol yneri zation of olefins of the present invention is capable of

mai nt ai ni ng hi gher stereoregularity and yield of a polymer than the known
catalyst and is excellent in nalntalnﬁg\% activity with a m ni mum decr ease
of catalyst activity during 5 the po Pzation. Thus, the catalyst is able
to produce polyolefins for cormon use at a low cost, and is also useful in
t he manufacture of olefin polyners having high functions. 36 CLAIMS 1. A

solid cat yst conponent for pol atlo . of (O ns_cont ai ni ng. magnesi um
Pt ani um b hal/bUuR GHbis ettt B gabBer PRi R CAuA SR e
followng t5tar];18m a fﬁoéerP dtom, and an organosilicon compound shown by the following

5  formula (1),
[CH;=CH-(CH2),]SiR 4, (1)

wherein R individually represents éhydrogen atom, an alkyll group having 1 to 20

10 carbon atoms, a cycloalkyl group, a pheny! group, a vinyl group, or a halogen atom, n is
0 or an integer of 1 to 5, and q is an integer of 1 to 4, provided that when q is 1, at least
one of R's is an alkyl group having 2 to 20 carbon atoms, a cycloalkyl group, a phenyl

group, a vinyl group, or a halogen atom; or a polymer of the organosilicon compound.

15 2 The solid catalyst component for polymerization of olefins according to claim 1,

further containing an electron donor compound.

3. A solid catalyst component for polymerization of olefins obtained by contacting
a solid component (a) containing magnesium, titanium, and a halogen atom with an

20 organosilicon compound (b) shown by the following formula (1),
[CH;=CH-(CHa),]SiR 4.4 (1)

wherein R' individually represents a hydrogen atom, an alkyl group having 1 to 20
25  carbon atoms, a cycloalkyl group, a phenyl group, a vinyl group, or a halogen atom, n is
0 or an integer of 1 to 5, and q is an integer of 1 to 4, provided that when q is 1, at least

one of R's is an alkyl group having 2 to 20 carbon atoms, a cycloalkyl group, a phenyl
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[CH2=CH (CH2)" ]1gSiR 4 _gq (1) wherein Rl individually represents a hydrogen
atom an al kyl group having 1 to 20 10 carbon atonms, a cycl oal kyl group, a
phenyl group, a vinyl group, or a halogen atom n is O or an integer of 1
to 5 and gqis an integer of 1 to 4, provided that when q is 1, at |east
one of Rs is an alkyl group having 2 to 20 carbon atons, a cycl oal kyl
group, a phenyl group, a vinyl group, or a halogen atom or a polyner of

t he or gangsoun, eomnyd gmmpuoerch haldged atofihe sol i d cat al yst conponent for

pol ynmeri zati on of olefins according to claiml1, further containing an

el ectron donor conmpound. 3. A solid catal yst conponent for polynerization of
ol efins obtained by contacting a solid conmpaonent (a) containing nagnesium
titani um 4and ahssebderalasteemponent dor prdyroeriyation pf plebrs acsmisingmi@ <daim Shown by
the followng fornmula (1), CH2=CH (CH2)n]gSIi Rl 4.9 (1) wherein R

j ndi vi dual"t’kiﬁf'?léﬁﬂee%)élﬁtcgmﬁoﬁﬁﬂg@é\é‘ﬁl’eﬁ%@*ﬁmﬁﬁnﬁleﬁﬂi‘l’n RIPHFOMBOIKY 1 to 20 25
carbon atons, a cycl oal kyl group, a phenyl group, a vinyl group, or a

hal ogeR atom nis O or an integer of 1 to 5 and g is an integer of 1 to

4, provided that when g is 1, at least one of R.s Ls an alkyl group having
2’ th 20 carbon Hhecnad calySisommpRot K RlbpneizaBf Al e acsp Qg ATy | gr oup,
or a halogen atoam 4. The solid.catal conponent for .polyneri zat.j on of

o efi ne. acEran i ot coBpaegt (& inBrarts b ETBITE *ereBeH DR P UAd b hor
contains an.el.ectron donar. c oynd. 5. The soli.d, catal yst conponent for
pol yneri z&t 'tﬁlﬂuﬁlfco{ﬂpé’fl{“ﬂgl)a?f@%!f??gmflgiomraqomp?}m {Hkrein the solid component
(a) is prepared by contacting a magnesi um conpound (i), a titanium conpound
(ii), and an el ectron donor conpound (iii). 10 6. The solid catalyst

conponent for | ynerizati.on of ol efins accor.ding te claim3 erein the
col | d Bomtonent e Sy ARy Band RoghPaRGraloholub futeEhis st 1 ).
wherein the solid component (a) is prepared by contacting a magnesium compound (i),

a titanium compound (it}), an electron donor compound (iii), and an aromatic

hydrocarbon compound (iv).

15 7. The solid catalyst component for polymerization of olefins according to claim 5

or 6, wherein the magnesium compound (i} is a dialkoxymagnesium.

8. The solid catalyst component for polymerization of olefins according to claim 5
or 6, wherein the titanium compound (i1) is a titanium tetrachloride.

20
9. The solid catalyst component for polymerization of olefins according to claim 5
or 6, wherein the electron donor compound (iii) is a phthalic acid diester or a derivative

thereof.

25 10.  The solid catalyst component for polymerization of olefins according to claim 3,

wherein the organosilicon compound (b) is a diallyldialkylsilane.
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a titanium conpound (ii), an electron donor conpound (iii), and an aromatic
hydr ocar bon conmpound (iv). 15 7. The solid catal yst conponent for

pol ynmeri zati on of olefins according to claim5 or 6, wherein the nmagnesi um
conmpound (i) is a dial koxymagnesium 8. The solid catal yst conponent for

pol yneri zation of olefins according to claim5 or 6, wherein the titanium
conpound (ii) is atitaniumtetrachloride. 20 9. The solid catal yst
conponent for polynerization of olefins according to claim5 or 6, wherein
t he el ect ldn danertalgsdpedngridatiyn pEolafiphiotratd fromdhelsalidestadystor a derivati ve
thereof. 25 10. The solid catal yst conponent for polynerization of olefins
accor di ng cempenait (i Baccoiging teiany pheobelgarosiol i0cod ap orgppooplaminym i s a

di al Iyl di al kyl si | ane. 38 11. A catalyst for polynerization of olefins forned
from the sempaundshampdy the ilewirmiormial @kcording to any one of clains 1 to
10 and an organoalun1nun1 conpound shown by the following formula (2), 5
‘Ror Al @B- 1 (2) wherein R2 represents an al kyl group having I to 4 carbon
atons, Qrepresents a hydr atomor a hal ogep atom and r represents a
real ndnber satisfying the ﬁ%ﬁ 3a O<p<_3. 10 1@9 A process for producing
an ol efin polymer conprising polynerizing olefins in the presence of the
catal yst for polynerization of ol efins according to claim1l. 13. The

rl)goglezfsi L gﬁ%pg rslgga lgroﬁp M ving 1%: % %Icnrrxlgtoms reprré]se]h Savvher ein the

hydrogen atom or a halogen atom, and r represents a real number satisfying the formula
0<p<3.

10
12. A process for producing an olefin polymer comprising polymerizing olefins in

the presence of the catalyst for polymerization of olefins according to claim 11.

13.  The process for producing an olefin polymer according to claim 12, wherein the

15  olefin is propylene.
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