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molecular weight distribution in a high yield while maintaining
high stereoregularity of the olefin polymers and to a process

for polymerizing olefins.

BACKGROUND ART

Conventionally, a number of processes for polymerizing
or copolymerizing olefins in the presence of a catalyst for
olefin polymerization comprising a solid catalyst component
containing magnesium, titanium, an electron donor compound, and
halogen as the essential components, an organoaluminum compound,
and an organosilicon compound have been proposed.

For example, Japanese Unexamined Patent Publication
(hereinafter referred to as JP-A) No. 63310/1982 and JP-A No.
63311/1982 propose a method for polymerizing olefins with three
or more carbon atoms, in which a combined catalyst comprising
a solid catalyst component containing a magnesium compound, a
titanium compound, and an electron donor, an organoaluminum
compound, and an organosilicon compound having a Si-0-C bond
is used. However, because these methods are not necessarily

satisfactory for producing highly stereoregular polymers in a

conpound, and an organosilicon conpound having a Si-0-C

hi gh



JP- A No. 3010/1988 proposes a catalyst for olefin polynerization and a
process for polynerizing olefins in the 5 presence of the catalyst. The
catal yst for olefin polynerization conprises a solid catal yst conmponent,
prepared by processing with heat a powdered product obtained by contacting
di al koxymagnesi um diester of an aromatic dicarboxylic acid, aromatic

hydr ocarbon) and titanium halide 10 one another, an organoal um num
conmpound) and an organosilicon conmpound. JP-A No. 315406/ 1989 proposes

th t t | ef | I izat] f i Zi
cnother S ghyst oLt o0 POLYIEILEShLo0c o0He g M 6Fsd olg BleL 21

polynerizggggg gonprises a solid catal yst conponent prepared by causing a
suspensi on con?afning di et hoxymagnesi um and al kyl benzene to cont act

titani um tet rachbofi 45) §a5Y1 9y RPSUSRENS! G E WY g 361 d

di chl oride, and causing the resulting so product to contact titanium

tetrachl ophdonkRi29tiBE RhESENCH Ms Al ?%'i R9-1 z7aRgObYBR9ARL UK Niia
conmpound, “and an organosi|icon conmpound. JP-A No. 84204/1990 proposes a

catal yst peesehebi Bfpeh¥meatgayben oRPIdadiang & Sd Gitdstiani um cat al yst
conponent contai ning magnesium titanium and hal ogen as the essential 25

conponent sobbhatried tbhyncoshmes ¢ ¢ aas RYHaSH HHN RO MPEnand, aptéparadim
conpound one anot her, an organoal um num conpound cat al yst conponent, and an
or ganosi | bgoproompetingd eathl hsdt2a powdered product obtained by
contacting dialkoxymagnesium, diester of an aromatic
| dicarboxylic acid, aromatic hydrocarbon, and titanium halide
10 one another, an organoaluminum compound, and an organosilicon
compound.

JP-ANo. 315406/1989 proposes another catalyst for olefin
polymerization and a process for polymerizing olefins in the
presence of this catalyst. The catalyst for olefin

15 polymerization comprises a solid catalyst component prepared
by causing a suspension containing diethoxymagnesium and
alkylbenzene to contact titanium tetrachloride, reacting the
suspension with phthalic acid dichloride, and causing the
resulting solid product to contact titanium tetrachloride in

20 the presence of alkylbenzene, an organoaluminum compound, and
an organosilicon compound.

JP-A No. 84404/1990 proposes a catalyst for olefin
polymerization comprising a solid titanium catalyst component
containing magnesium, titanium, and halogen as the essential

25 components obtained by contacting a magnesium compound and a

titanium compound one another, an organoaluminum compound

catalyst component, and an organcsilicon compound catalyst



conponent containing a cyclopentyl group, cyclopentenyl group,

cycl opent adi enyl group, or a derivative of these groups, as well as a
process for polynerizing or copolynerizing olefins in the presence of this
catalyst. 5 All of the above-described conventional technol ogi es have
attained excellent results in inproving the catalyst activity to enable
om ssion of an ash-renoval step for renoving catal yst residues such as
chlorine and titaniumfromthe forned polyners, inproving the yield of

st er eor equ rﬁggogg%ﬁgéet%gialmqaglg émro%@anlt&ow,r ?9Eh5£¥n9£n§'b%r%@ba| yst

activity during ynerization. "However, olefin polyners obtal ned by

polymeri zi 1%5{#55195},@%&1@ahasaelfﬁra@\pef bP tRRIsKIBFd AR | 98 weant ai ni ng

this type © active catal yst conmponent, an 15 organoal um num
conpound, , and pan, QAQGARGS H b Lffe COMMY BE é@y@lgﬁwﬂiwdlheiﬁ&ﬁeww

nol ecul ar wei ght distribution narrower than that of olefin polyners
obt ai ned byepehyBebezZkAgsobgthngsysi ng a catalyst for olefin polynerization
in which the conventional titaniumtrichloride catalyst conponent is 20
conbi med with am1organesé! asene cOePoLiite dnchnvaptt iamalll ytecanodbgéeson donor
conpound as the third conponent. The narrow nol ecul ar wei ght distribution
| eads to matewamehbtined eixseddkast rebtytofin henpodyires  thehicekadiveds rise to
an inpaired outward appearance of the final products (polyolefins). The 25
appl i cat i ant b ithetwlenpibd epohiseien misan Behl-rampEdl tshep ERF tXAMPVAEGr ee.
various ideas have been put into practice in an attenpt 3 to solve this
probl em caBabyaspresiduesisighnas chlerage sl FAsrns ab Fien shedesmed
polyolefin with a broad npl ecul ar wei ght distribution. However
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cost such ,as 5 repetjtign of.a.co icated polynerization proces n
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7703/ 1991 g;ogoses %.grocess for polynerizing olefins in the presence of a
cat al yst PBrYOFEF2R “pSPymeri zati on conprising a solid titani um catal yst

component contai,3, 0910 HR0BES! B vhit EME 1 AGPpoRA AR slect T on donor

as the essentia onents, an organoal um num conpound, and at |east two

el ectron ggg@m_s(eégeﬁ%iclait%q sGORRPWIISDin FeyARPLLERNbE cdridDdifal the
target polyolefin wth a broad nol ecul ar wei ght distribution can be

obt ai ned whiBowt,plSoreBdighilpdaadteoapbheal pee ntibhporsémge ol yneri zati on.
However, the requirenent of using two or nore organosilicon conpounds as
el ectron degansaduningmpebypenndat and ankesgshes P Dows scannpind daow. |
Accordingly, an object of the present invention is to 20 solve the above
probl ens beani Hiougdito phespsbor maltecaddrtveighviddetaibatapygrafunved! ef i n
pol yneri zation and a process for polynerizing olefins) which can produce
ol efi n pokqaer shatve hplemoaglnpessuPRiaired My BP3vPEbETins BHE NS npl e
procedure while maintaining high stereoregularity. 25 DI.§ nggg OF THE
| NVENTI ONUFATF| @wCafadniss gPFuStlFSFIP PﬂéYWﬁEéﬁ?6¥@ of? tHE Pt ¥t 4

i nVention have conduited extensi ve ﬁ&udigs ang Pave f ound t hat.
conventiona titanium trichloride catalyst component 1s

20 combined with an organosilicon compound and, optionally, an
electron donor compound as the third component. The narrow
moleculay weight distribution leads to a low melting
viscoelasticity of the polymer, which gives rise to an impaired
outward appearance of the final products (polyolefins). The

25 application of the olefin polymers must be limited to a certain
degree.

Various ideas have been put into practice in an attempt



(1) an olefin polyner having a broad nol ecul ar wei ght distribution and high
stereoreqgularity can be obtained in a high yield by polynerizing ol efins
using a catal yst conprising a 5 specific solid catal yst conponent nmade from
di al koxymagnesi um tetraval ent titanium halide, and an el ectron donor
conpound as raw materials, an organoal um num conpound, and an am nosil ane
conpound having a specific structure and that (2) the catal yst of the
present invention can overconme the problemof decreased 10 activity against

hydr ogen ggnth %ﬁ%ghﬁzgag ng acyonvenggﬁ%ahsa§%$%3|:%Q%lcgggggnq as an

el ectron ng t he" po rizati chres S in
d e L t t
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conventional “catal ysts, producing high nelt flowra pol'ymers. These

findings haveibed LAqkBersePl ebienrof {h€IWiAsEH HiyeHdan.swpedd ically,
the present invention provides a catalyst 20 for ol efin polynerization

conprisi Ngepef) t2080bk da Cabmp Y st a EQIPONEe 1 APET dhoHY aaid ng (a) a
di al koxymagnesi um (b) a tetraval ent titaniumhalide conpound, and (c) an

el ectron depBdaim@Apoundat ohenet tnetdeent (Bedini mrigenqad ymeninadmeaund of
the following fornula 25 (1) , RIpAL@B-p 5 wherein R represents an al kyl
group having 1 ¥p-X& Nar bord3tioesl, pQopejsess enp soae iy df @geplatmemioriray hal ogen
atom and p represents a real nunber satisfying the formula 0 < p <=3, and
olefins in the presence of a catalyst for olefin polymerization
' comprising a solid titanium catalyst component containing
10 magnesium, titanium, halogen, and an electron donor as the
essential components, an organocaluminum compound, and at least
two electron donors (organosilicon compounds).
The applicants claim that the target polyolefin with a
broad molecular weight distribution can be obtained without
15 requiring a complicated multi-stage polymerization. However,
the requirement of using two or more organosilicon compounds
as electron donors during polymerization makes the process
complicated.
Accordingly, an object of the present invention is to
20 solve the above problems remaining in the prior art and to
provide a catalyst for olefin polymerization and a process for
polymerizing olefins, which can produce olefin polymers having
a broad molecular weight distribution by a simple procedure
while maintaining high stereoregularity.
25

DISCLOSURE OF THE INVENTION

In view of this situation, the inventors of the present



(© an am nosilane conpound of the followng fornmula (2) , 5 RZR3Si (OR4)2
wherein R2represents a perhydroqui nolino group or perhydroi soqui nolino
group, R3 represents a perhydroqui nolino group, perhydroisoquinolino group,
an al kyl group having 1 to 10 12 carbon atons, a cycl oal kyl group, phenyl
group, vinyl group, allyl group) or aral kyl group, the R3 group being
either the sane as or different fromthe R2 group, and R individually
represents an al kyl group having 1 to 4 carbon atons, cycl oal kyl group)

oneny O EN B e, S0 8 LS R, Tl

I polynmerizing o ins characterized
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ol efin polynherization'c a so conponent prepared

by cont acékggr%ﬁhtagnzﬁﬁg A1 ERNRAEdTa-b), fad BLTANA]iGa 14 bafidim hal | de

conpound, and (c) an ectron donor conpound’to one another, (B) an

or ganoal u 'QMH‘B9”B%u9ﬁeQEzEB? baklkewsngsi g Ml 8afdlyst 2eofPPAir R (1)

wherein RL represents an al kyl group having 1 to 4 carbon atons, Q

represent spac NYdcogen @atadly st dehngedh thef Bith @14 ER6LHfddSeHium,a 1eal
nunber satisfying the formula 0 < p C3, and (C) an am nosil ane conmpound of

t he fol |l ovwengafrangultat { 2aniuf3AASidd,CR4EJ ah e2kchrohad®idcr B3mpephésents a
per hydr oqui nol i no group or
raw materials, an organoaluminum compound, and an aminosilane
compound having a specific structure and that (2) the catalyst
! of the present invention can overcome the problem of decreased
10 activity against hydrogen of the catalyst using a conventional
aminosilane compound as an electron donor compound during the
polymerization, which results in producing high melt flow rate
polymers, and the catalyst of the present invention can produce
polymers with a broader molecular weight distribution and can
15 exhibit activity against hydrogen the same as or higher than
conventional catalysts, producing highmelt flow rate polymers.
These findings have led to the completion of the present
invention.
Specifically, the present invention provides a catalyst
20 for olefin polymerization comprising:
(A) a solid catalyst component prepared by contacting (a)
a dialkoxymagnesium, (b) a tetravalent titaniumhalide compound,
and (c) an electron donor compound to one another,

(B} an organoaluminum compound of the following formula

25 (1),

R'pA10;., (1)



per hydr oi soqui nol i no group, R3 represents a perhydroqui nolino group,

per hydr oi soqui nol i no group, an al kyl group having 1 to 12 carbon atons, a
cycl oal kyl group p, phenyl group, vinyl group, 10 allyl group, or aralkyl
group, the R3 group being either the sane as or different fromthe R2
group, and R individually represents an al kyl group having 1 to 4 carbon
atons) a cycl oal kyl group, phenyl group, vinyl group, allyl group, or

aral kyl group. 15 The perhydroquinolino group in the fornmula (2) indicates

a monoval gat rO5RuR Pé&ﬂél&&gté%mﬁwm%egmmﬂﬁ p<y4eéém&@ta't@9.sone

hydr ogen at om bondi n nitrogen~at om possessed by t

per hydr oay! fgﬂfergeentgﬁs mﬁa@c&rphéeﬂwmlua%g%oypom ndingas %p@e@@mal ent
group producéd from 20 perhydroi soqui noline by elimnating one hydr ogen

at om bondhngeh? AfiRLEEHt E20EH1 P AP PAS SRSERA DY 1he Ees hyghi @i soqui nol i ne.
The bot h per hydroqui nolino group and perhydr0|squ|noI|no group are

represented by (@Ha@NimindEET £ é cbmpsundforeeh & adi1aadwingZ2bo Bl BF (PESCRI PTI ON
OF THE DRAWNGS Figure 1 is a flowhart showi ng a process for preparing the
cat al yst conponent and pol yneri zation catal yst of the 7 pr esent

i nvention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON As t he
dialkoxynagnesimﬁfsaXOthgeinafter may(dle referred 5 to as "conponent (a)")
used for preparlng the solid catalyst conponent (A) (hereinafter may be
referred wbeansinchhmpmmrasqud)s 9 neyhydeogniapyénof srovbedtn pol yneri zati on

of the present invention, a conpound yepresented by the formula My (ORS5)
(OR6) perhydr01soqu1n011no group, R represents a perhydroqu:mollno

‘ group, perhydroisoguinolino group, an alkyl group having 1 to
10 12 carbon atoms, a cycloalkyl group, phenyl group, vinyl group,
allyl group, or aralkyl group, the R® group being either the
same as or different from the R? group, and R® individually
represents an alkyl group having 1 to 4 carbon atoms, cycloalkyl
group, phenyl group, vinyl group, allyl group, or aralkyl group.
15 The present invention further provides a process for
polymerizing olefins characterized by polymerizing or
copolymerizing olefins in the presence of a catalyst for olefin
pelymerization comprising:
(A) a s0lid catalyst component prepared by contacting (a)
20 adialkoxymagnesium, (b) a tetravalent titaniumhalide compound,
and (c) an electron donor compound to one another,
(B} an organoaluminum compound of the following formula

(1) ’

25 R,A10;. (1)
wherein R! represents an alkyl group having 1 to 4 carbon atoms,

Q represents a hydrogen atom or a halogeh atom, and p represents



" wherein RS and R6 individually represent an al kyl group having 10 1 to 10
carbon atons, is preferable. Specific exanples include di net hoxymagnesi um
di et hoxymagnesi um di propoxymagnesi um di but oxynagnesi um

et hoxynmet hoxymagnesi um et hoxypr opoxymagnesi un) and but oxyet hoxymagnesi um
O these, diethoxymagnesiumis particularly preferable. These 15

di al koxymagnesi um conpounds nay be prepared by reacting netallic nagnesium
with an al cohol in the presence of a hal ogen or a hal ogen-contai ni ng net al
conpound. _The_abgv i.al kox S| d be u ei t her
individua?l§e8? ﬁﬁﬁg ﬁbfﬁg %gﬁggﬁ %&g]ggpﬁgyg.ézgg¥ﬁﬁ%digﬁgoxynagnesium
compound used T or) RiERALHBG1 | e GG o £ Ahd Pol 16y LB BVEYLT ON MY
be in the formof either granules or powder and elther anorphous or
spherical in the configuration. For exanple) when spherical

di al koxymagnesiumis used, the resulting polyner is in the form25 of a
powder having ag¥isg (k¢gl | ent granul agzaform and a narrower particle
distribution. This inproves handling and processability of the pol yner
powders produced during 8 pol ymeri zati on operation and elim nates probl ens
such as cl oggi ng caused by fine particles contained in the pol yner powder.
The spher waakedhakRk oxeppgnest sina neech yat o qieiaesisiald lgrdie Drconpl etel y
spherical, but may be oval or potato-shaped. Specifically, the particles
may have mperhyidoofibupinblihe gmpuw, &Xisemiesmites a( prbydtdeuinoldmaxi s

di aneter (w) usually of 3 or less, preferably of 1 to 2) and nore

pref er abl groppl periydropeqadindkoxy rexpvesi em aikhl arauehagdngatticl e si ze
of 10 1 to 200 (err)mcan be used. A nore preferable average particle size
is 5 to 158 QDM atRBSc a3 EYSH O3 hadi SBPURI RSy nareRi YARYEHEr QiRer age
particle size_ is usually 1 to 100 (err)m_ npreferably 5 to 50 (err)m and
nore 1 ef 8t aBLy9I8YPo 2D ARFLAY hoWR¥P hath a9RaHPORE BT t ¢ EFRe G tAE

distribution with a snall fipe_and arsg 15 powder. content | ref erably
used. SpelRFPCaP!§% BREIEBAPENEZOR hAFtRcPESit A & aret'or: 1193 or
Lo ot P e PR A AR SR A1 B, b UL, ISt 0
cycloalkyl group, phenyl group, vinyl group, allyl group, or
aralkyl group.
15 The perhydroquinolino group in the formula (2) indicates
a monovalent group produced from perhydroquinoline by
eliminating one hydrogen atom bonding to the nitrogen atom
possessed by the perhydroquinoline. The perhydroisoquinoclino
group indicates a monovalent group produced from
20 perhydroisoguinoline by eliminating one hydrogen atom bonding
to the nitrogen atom possessed by the perhydroisoguinoline.

The both perhydroquinolinc group and perhydroisoquinclino

group are represented by CgH;¢N-, wherein N is a free radical.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flowchart showing a process for preparing

the catalyst component and polymerization catalyst of the

~3



| ess, and preferably 5% or |ess. Mreover, the particle size 20
distribution represented by In (D90/D10), wherein D90 is a particle size of
90% of the integrated particle size and D10 is a particle size of 10% of
the integrated particle size, is 3 or less, and preferably 2 or |ess.

Met hods for produci ng such spherical dial koxymagnesi um 25 are descri bed in,
for exanple, JP-A No. 41832/1983, JP-A No. 51633/1987 ) JP-A No.

74341/ 1991) JP-A No. 368391/1992) and JP-A No. 73388/1996. 9 The

tetravalep& %%E nEHUEQQ?EH? conmpound (b) (hereinafter may be referred to as
"conponen f ) ") “use or preparing the conponent (A) in the present
invention is individually or in conbination of two or nore conpounds
selected 5 fromtitanium halides and al koxytitani um halides of the formula

Ti (OR7) n¥é&sh, mober eoR BXrkPEkG20ES file alvENSrp having 1 to 4 carbon
atonms, X is a halogen atom and n is an integer of 0 < n <_ 4. Specific

exanpl es incl udes tafe &i & ebxpmdgiédian (&) t(@RINeTNi@ tket=ahBeidEe r3ea@h as
titaniumtetrachl oride, titaniumtetrabrom de, and titaniumtetraiodide

and, a% akkoxytrrtamponehal {des) wmtdhdoyt prapavimd riled | «orliide,castallgeyt i t ani um
trichloride) propoxytitaniumtrichloride, n-butoxytitaniumtrichloride,

di mret hoxytiotnannemtdi(ahl dhedeinaf teharay i hanrafhexdeditochlasr i"d®mponent

di propoxytitani um di chl oride, di-n-butoxytitaniumdichloride,

tri met hoxy®) ' aniurhhehrathdesttidrohefyninakinenizdtddndef the presegt i t ani um

chloride, and tri-n-butoxytitaniumchloride. O these, titaniumi,
t et rahal | d8¥eatdpref 2 CATROUNG ¥ AP ¢St ednbrethadiamrileeleilRg ) (OR") .

! wherein R® and R® individually represent an alkyl group having

10 1 to 10 carbon atoms, is preferable. Specific examples include
dimethoxymagnesium, diethoxymagnesium, dipropoxymagnesium,
dibutoxymagnesium, ethoxymethoxymagnesium,
ethoxypropoxymagnesium, and butoxyethoxymagnesium. Of these,
diethoxymagnesium is particularly preferable. These

15 dialkoxymagnesium compounds may be prepared by reacting
metallic magnesium with an alcohol in the presence of a halogen
or a halogen-containing metal compound. The above
dialkoxymagnesium compounds may be used either individually or
in combination of two or more.

20 The dialkoxymagnesium compound used for preparing the
component (A) in the present invention may be in the form of
either granules or powder and either amorphous or spherical in
the configuration. For example, when spherical
dialkoxymagnesium is used, the resulting polymer is in the form

25 of a powder having a more excellent granular form and a narrower
particle distribution. This improves handling and

processability of the polymer powder produced during



20 particularly preferable. These titanium conpounds may be used either
individually or in conbination of two or nore. The el ectron donor conpound
used for preparing the solid catalyst conponent (A) (hereinafter may be
sinply referred to as "conponent (c) ") is an organic conpound contai ni ng
an oxygen 25 atomor a nitrogen atom Al cohols phenols, ethers, esters)
ket ones, acid halides, al dehydes, am nes, amdes, nitriles, isocyanates,
and organosilicon conmpounds containing a Si-0-C 10 bond can be given as

exanpl es. _Specific_exanples_ inpclude; .alcohols such net hangl ,_ et hanol)
n-propanoP?PﬁﬂarégﬁgﬁVPh%?%ﬁ%?%%%e%%?s%ﬁ%hIgﬁmﬁuﬁréE? & 6861 %t hers such

as nethyl ether, ethyl ether..pro e i t her. I her,

i pheny! Seres. 8 SoEr el BT EiTE R Tt Sttt T e WDy
2-isoprOﬁég-g-}sopentyl-1,3-dinethoxypropane; nonocar boxylic acid esters
such as tﬁy? formate, ethyl acetate, vinyl acetate, propyl acetate, octyl

acetate) 10 cyctphexnte Acaliahea1kbRYhaBhoRE RAl&eq AbiYhe QUL YA AL £y HEBL DY

benzoate, ethyl benzoate) propyl benzoate, butyl benzoate, octyl™ benzoate,

cycl ohexyboRgngeai ¢, sphepyéaPenseat fay Bl hvla P-4:0 1 ditfuo -aiiged- t ol uat e,
met hyl ani sate, and ethyl anisate; dicarboxylic acid esters such as diethyl

mel eate, gpbuiyhcddiyplead pardiobebilay@tepat£ radiiet y/wrditpehemadicy opyl
adi pate, dibutyl adipate, diisodecyl adipate) dioctyl adipate, dinethyl
pht hal at eax it ed hyrhe péat hidl)atte, tHepmbpyt phthaliametedi Hu) ylisphlbal et o,
di pentyl phthal ate, dihexyl phthal ate, diheptyl phthal ate, dioctyl
pht hal at epr di ey Iprelithrabdtyeo f ahd od? dexyd m2@ epht bbéatlely lodt dnes 1siich as
acetone, nethyl ethyl ketone, methyl butyl ketone, acetophenone, and
benzophenone; ~ aBhel disd } ey magste isinpwitdl po avedade chi okl clke anige of
terephthalic acid dichloride; aldehydes such as acetal dehyde, '
pr opi ¥hal Yeh9d200 gt y3ant Réhyided -anll’ BeRe aPHehg¥RPl i YRR FudRdd cle
nmet hyl am ne, 25 et hyl am ne) trigut | am pe, piperidjne, aniline, and
pyr 1 8 ne: © b adsd SR BEM ol iR CAEI 9 P HEPRRT ePet 1A NP AERER i 1 i | es
the average particle size is usually 1 to 100 pm, preferably
5 to 50 um, and more preferably 10 to 40 um. A powder having
a narrow particle size distribution witha small fine and coarse
15 powder content is preferably used. Specifically, the content
of particles with a diameter of 5 um or less is 20% or less,
and preferably 10% oxr less. On the other hand, the content of
particles with a diameter of 100 um or more should be 10% or
less, and preferably 5% or less. Moreover, the particle size
20 distribution represented by 1ln (D90/D10), wherein D90 is a
particle size of 90% of the integrated particle size and D10
is a particle size of 10% of the integrated particle size, is
3 or less, and preferably 2 or less.
Methods for producing such spherical dialkoxymagnesium
25 are described in, for example, JP-A No. 41832/1983, JP-A No.
51633/1987, JP-ANo. 74341/1991, JP-A No. 368391/1992, and JP-A

No. 73388/1996.



such as acetonitrile, benzonitrile, and tolunitrile; and 11 i socyanat es
such as nethyl isocyanate and ethyl isocyanate. As exanples of the
organosi |l i con conpound having an Si-O C bond, phenyl al koxysi | ane,

al kyl al koxysi | ane, phenyl al kyl al koxysi | ane, cycl oal kyl al koxysi | ane, and 5
cycl oal kyl al kyl al koxysi | ane can be given. O these el ectron donor
conpounds) esters, particularly diesters of an aromatic dicarboxylic acid
are preferable, with phthalic acid diesters and phthalic acid diester
derivatives '

ng i dea onpo nds e exanpl es. of, the phthalic acid
10 di ester |nclgé§ Fﬁérﬁaﬁg 5158Hﬁ88 ﬁ§{ %? Uht HY) at e, diethyl
phthalate al at dIISO y thal t
pht hal at e, 53|§6%ﬂﬁ$¥ Sﬁyhgfafgﬁé Inefﬁp ogﬁate?bﬁebhyffgs%ﬁﬁopyl)
pht hal at e ( V. I t ) e;
ethyl(iso %§Q¥Jlﬂ% %gfg%éya-%%pg%t 5 Q%Ea?a?g%xé|}€€%£€4§$ H%thalate)
di neopent ¥l hal Is i- = I n-oct yl
pht hal at exntgllglél’t Zaq& rr%?h?‘l xy]ﬁggﬁlﬁgf)atrg ° mB%g t hyl tntea%y %chhal ate,
di - n- nonyle ot Bk #h fum di130¢RCKAG ahkbﬁb%&eanzgmmaaﬁ%@% o r{%tehyémmayl)
pht hal ate, n-butyl (i sohexyl) phthal ate, n-butyl (2-ethyl hexyl) phthal ate,
n- pent yl hexylordhibal atwie reiperl Vidd sahesylah Bkl gtsup insenent ! thept yl )
pht hal at e, n-pentyl (2-ethyl hexyl) phthal ate, n-pentyl (isononyl) phthal ate,
i sopent yl (carthecy la)}opiat, hal dtea 120 dyqenttypmyndedyh phtdmliatteger of 0 <
i sopentyl (i sohexyl) phthal ate) n-hexyl (2, 2-di net hyl hexyl) phthal ate,
n- hexyl (2nechyl hexyl) phthal ate, n-hexyl (i sononyl) phthal ate,
n- hexyl (n-decyl) 12 pht hal at e, n-heptyl (2-et hyl hexyl) phthal ate,
n- hept yl (i sononyPecplitisadranples hopl yRenasdetyanipnhadlides, whgenium
2-eth Ihexyl(rsonoﬁél) pht hal ate. One or nore of these conpounds can be

used. 1& Adetiga et Sl@u§@|Gsd¢é§?§#U5eFP9§§be%rl%%np%hhﬁ%lﬁkr|ved from
phthalic acid diesters by _replacing one or tw hydrogen atons, on the

benzene rit8§ratdaitiden ehd QMﬁ?Qﬂqﬁbﬁﬁééﬁbaﬂﬁﬁed?ﬁhpgsoﬁlk?%yiﬁﬁ%ﬁﬂqqz aci d
di est b th | kyl h b t hal

at om ELch%fg gvsgsa IR BraPnar T GPPFiBF ne R D T G IB y useq. The
catal yst f.Qn ghef :%r&b ?gﬁé&?ﬁkgﬂlﬁm%%ﬁl@[ émbﬁrﬂ che)Eke SQlsid, catal yst

conponent prepare hés ali¢c acid di ester H1Ves as the

el ectron @Q@Qﬁu1%91”{1&%‘1”‘Eﬁﬁn%)ch%ﬁ?tE%HHElSﬁb!ii’cPIQPP&Q t 1"&4‘?& ght

distribution of the 15 polyner, as well as i|ncrease tﬁ om/rate of

the poj yrraric@lu%ﬂﬂaet helglr%oagftwhhyuﬁrdbeﬁhofféeonse of the solid catalyst
conponent agai nst hydrogen even in the use of a smaller or equival ent

amount of gdhydr egerxguhiitag i LRed Peh YoET dealtirahe t A5 x§PEEhh i Gmetaigy iefs,

di neopentyl 4-nethyl pht hal ate) di neopentyl 20 4-ethyl pht hal ate) di neopentyl
4, 5- di net hyhphhoalyatieandunecobkot iide A, torigireploxlyplithaliatrechtoei ) and

4- chl oropht hal ate, di-n-butyl 4-chlorophthal ate, di neopentyl

4- chl or ophrhaRabatodiyitdsbniym ghihr ddephtdfaltitese ditiisand ey

4- chlorophthalate di i sooctyl 4-chlorophthal ate, diethyl 4-Dbronophthal ate,
25 di - n- bG??Fa@aﬂﬁéﬁﬁﬁﬁﬁhaFaféfaEiﬁedﬁeﬁk9+t@@k#%ﬁﬁﬁﬁ?ﬁéﬂaféde&Q%ﬂﬂnnyI

4- br oropht hal at e, di i sohex 4- brongphthalate drrsooctg 4- bronnphthalate
di et h 4p%ra|16:|1.“ Bfalkfm]h%lfl eb‘ra e These titanium compounds may be used

either individually or in combination of two or more.

The electron donor compound used for preparing the solid
catalyst component (A) (hereinafter may be simply referred to
as “component (c)”) is an organic compound containing an oxygen

25 atom or a nitrogen atom. Alcohols, phenols, ethers, esters,
ketones, acid halides, aldehydes, amines, amides, nitriles,

isocyanates, and organosilicon compounds containing a Si-0-C

10



di - n-butyl 4,5-dichl oropht hal ate, diisohexyl 4,5-dichlorophthal ate, and

di i sooctyl 4,5-dichlorophthalate can be given. O these, dineopentyl

4- br omopht hal at e, di-n-butyl 4-bronophthal ate, and dii sobutyl

4- br onmopht hal ate 5 axe preferable. The above ester conpounds are preferably
used in conbination of two or nore. In this instance, the esters are
preferably conbined so that the total carbon atom nunber in the | al kyl
group possessed by one ester may differ four or nore from 10 that possessed
by another ester. The pqgﬂonent (/ﬁ ég the present invention can be

pr ef er abIBPTHE et RF 19 FOht ATt TR ‘above conponents (a) , (b) , and (c)
one another in an aronmatic hydrocar (d in r bl y
referred to as orferit 4t l%?(iaéyggﬁ'c%%%%ﬁ§g%o%g%§oﬁgaﬁgsﬁﬁgbgpboiIing
point of 50C to 130 S e apdeabh¥l Rz eagnanel
preferabl?gﬂ¥gglag gﬁégggﬁgéﬁ%ﬁ%y(§§h¥¥¥%§§€p%rgnatic hydroca?bons can be
used e'théaﬁd'&déé’dij;”aéérg’exqi k1 QD RRN | ONe B e  WOe OHy T thed N padabiytli on t o

t he above conponents (a) to (c) and, 20 optionally, the conmponent (d) , a
pol ysigl oxange £ hexei Paf & Efe FRYaEL Sé Ay, rEfmiad textas " conponent (e) "
can be desirably used for preparing the solid catal yst component (A) of the
present i§ventioimedhExyset Rl feuehdmd ysdndf the present invention
containing the solid catal yst conponent prepared by using a 25 pol ysil oxane
can ensurg. s &peSseI - 2ol espémty Wel ghtd diesthastupiagarend i nprove
stereoregularity or crystalinity of the resulting polyner) as well as
reduce fimenpoatlesxyhit hecpdl gseers |sudhs as metdhsb ffgiatehl ety luse the

pol ysi | oxane (e) for preparing the solid catal yst conponent (A) in addition
to the abavetzveponinyl(agetatte REHPROhHCYDNS., PHHaIZLRL di ester
derivatives given as exanples of the cqonponent gcz and the co nent (d).
A 5 pHl ystyekahexys acobr Yorere o BEOPAG S Pox SHBY b 1251 9 t he

mai n chai n. Pol éSi | oxanes. are general I%)chljl ed sili Gane 1oige.nzT Qe used in
the prescRENZAIEAL i BRPEF ePBRAPACEL rREIRN 2P e HaR1 1% IR Wdrogenat ed, cyclic,
or denatured pol ysil oxanes i.ch axe |iqui.ds ' t gnngsat

normal t efpPEY t%%/‘é?ibew%gt"}{ﬁx ?o%e{‘fgéttgzﬁf‘?#?ﬁ'gél’?%%gébf 3P0 10, 000
cSt, and preferably in t.he_ f 500 fathe

chai n-str é?ﬁ?%ﬁyﬁbﬁvgppb a%g?qgfgéfﬁvﬁggl8gﬁ%§§§h§ﬁgﬁgeﬁphe§n

met hy| PheqyLpobys| L pxa06;830;be- 1 ¥eem 25 ramp)esdied e, ol y

hydr ogenat ed pol ysiloxane, 15 nethyl hydrogen pol ysil oxanes with a

hydr ogenahh 98, 889" 8En&fnyi0 alda pBRY, Cale bRy Piatibatas a@xprpbes afigdre.cyclic
pol ysi | oxane, hexanet hyl cycl otri sil oxane, octanethyl cycl otetrasil oxane,
decanet hyhepak operdasidxane sodedy b-adiipaeiehyd tyct vl kidd pladeandi metthyl
2,9,6,8-tetranmet hyl cycl otetrasil oxane can be given; as exanples of the
nodi fi ed pakusilbhoranéjiebhghephthelgtaci dipreryl seipehatated dibutyl

di net hyl si | oxane, epoxy group-substituted dinethylsiloxane)_ and

pol yoxyal kjitbadagerouginensyit phehadp ket hgiBexvkaretiate b FIRFPEE t hese)
25Jdecanethylc cl opent asi | oxane and dinethybpol si | gxane ar rgferable,
with decaﬁbtchyﬁ/eyep oPEAE BE | IXEME Bt NG Fa ilcar\gé?ngaﬁFef EPgb‘FJe.ei%l I'n

addition to the above essential conpopents, | upd nuM_conpoun such
as al #hi nBREPRALEREOT UL &R éf‘ﬁh)&ﬁa%ﬁfﬂﬁ% m%glryia‘[d%&%hfiks?gtﬁg%pg&%%}f@m num
chloride, _eth | um num di chl oride, _i.s0 1 i.GhlQrd 5

butoxya!uHFﬁHEﬁé%EHV%r?aggOBFQ???%tﬁgg§g$ﬁ%ﬁ%§%?%§ﬂT%gggggiqﬁ%ﬁggggbaring
the ol dagabaliets sumangnle Al {uaraph Sideplierd 2t oss oha dheads esent
i nventi on2°SUch  an al um num conpound f may be hereinafter referred to

as "Ccomogeatnbate) suen € bBSES1aBhyALNUFLLp LG 0akdpabs preferabl e. The
use of a solfid catal yst conponent prepared by using this al unm num

conpound gR$YAES dRHOAECt LRA Bén P4 A Ky PO YHBITFe h@Vichg aBOhe ORY Ya@i e pader
nol ecul ar weight disStribution, but also reasonably high stereoregularity

even #4theanhhghineobt ook epréeiie, uokrpaliyieersn B tnparndpyaidinsyit abl e
for fabricating sheets and
amides such as oleic acid amide and stearic acid amide; nitriles

such as acetonitrile, benzonitrile, and tolunitrile; and

11



15 films. In addition) if the conponent (f) and conponent (e) are used
together with the conponents (a) to (c), and preferably together with the
conponents (a) to (d) , for preparing the solid catal yst conponent (A)) the
nol ecul ar wei ght distribution of the produced pol ynmers can be remarkably
broadened. It is also 20 desirable to use the conponent (f) and conponent
(e) for preparing the solid catalyst conponent (A) together with the
conponent (a), conponent (b), a phthalic acid diester derivative as the
conmponent . t 0NRO Gd): Si b ium
Compound fePoyRaR e i B Ry Y sp e R Lo R T AT

compound (f) iSAQr%&%%?QE% %@dQQei8r%9§o§ff§@%ﬂ*%6ﬂpé&ﬁﬂ(Hﬁnlﬂ@e%h (B). The
process for preparing the conponent {A) of the present 16 invention will

now be desgrichedpoe HIRGIV1IAA k%FFRhEnefl LDRyPEORERSs{ Dindfeparing the
solid conponent (A) conprises suspending the dial koxymagnesi um conpound (a)

in an al conenyiairdcaarsted k@, 0cachenl1 k9l ¥ ERbxySilfige | edd@val ent
titanium halide (b)) or the aromatic hydrocarbon (d), and causing the

el ectron dgrdoaQ&IRGUNY 1EQkoxye 1aneacpht bal ytvasi d di ester and/or the
tetraval ent titanium halide (b) to contact the suspension. A spherical
solid catal yst odnpbasateMVédtren danvovww@eapdimde Sisterdi sparbidularioan 10 be
obtained by this process using a spherical nagnesi um conpound. Such a
spheri cal dd@lsitersab bl arsaroowsoredi cawkdxyl itapcdd gre pirefersbie. disth i buti on
can al so be obtained without using a spherical magnesium conpound if

particl es btdafldgcnag iy daespeay ang mihrdd d gowdi ehegtesl derbypoyves
suspension is sprayed and dried using 15 a sprayer, for exanple. These
conponent Ledagt ad82brePmRROIMHET- | SPECYESS A% aAMRIiSHed Wit RhAPELEF %19 n an
inert _gas atnmopsphere_from which water and the |ike,hav een renpved while
stirrﬂﬂg.dfﬁét€ﬁhﬁ§€9“§§nﬁ8?a§%}EQWﬁﬁﬁ(ﬂ?mg§u§dfé épﬁfgyg 5&&9?%%@%@
conmponent s .ar. 0 sed .to cantact y either the. s or different
fromthe %éggﬁﬁﬁnp%§%ﬁ§F§FUrg}'ﬁﬁgﬁbP%g 85@%%%%%?5 %%ﬁ%%@%a%ﬁi anot her by

stirring LghAngRA | ’&Q-%h%u'{h%g%%hgﬁa@%? di $PEbGEGh %dklxéﬁ'éPﬂEjEd for a

denaturing treatnent, the co ents may be stirred, spersed) or

suspended eqthya nQFRAN %thityl%lmtleqwmzéh?@_mpgsawwl pf o R4l & OOM t enper at ur e.
When a reaction product i s to be obtained by reacting the conponents after

t he cont aetthylilh® -e@ReNeNLH tdae aReef etBbLYnSbhtyEH phrRalef@erature |r
range of 40C to 130C. The reaction does not sufficiently proceed at a
react idn teehpar(dtswba thyal)oph ¥4 atesdlit hngehny A phadhiad acenpdhesdp em iyl

i nadequate properties. On the other hand) control of the reaction becones
di ffi cul t patha lagepeddneopealioiepbth80&tduedibesyYyrpfitcaldateasapori zati on of
the solvent and the |like. The reaction tinme is one mnute or nore,

pr ef er abl ¢it &n hePkyle®hdhaggite, SadnsPFFYindrehdpiet@rably 30 ninutes or
nore. As preferabl e processes for_ preparing {he solid catalyst conponent
(A). of th&frléséntimardathexyla Bpgeéggtﬁonﬁ+?%?h%thPQﬁﬁﬁﬂQnding t he
conponent i,n the .conponen causing, the resulting suspension to
cont act tﬁgel%%’gr}ﬁ(gﬁénfh(ﬁ)'?OpﬁénggﬁghéaﬁﬁmggfS?‘%?ygn‘@%}é%]s&frheg t hese
conposent § . react I S Lsing dj conponent (a)
in thg?co%ﬁ%géh? %épe%%géﬁggﬁgﬁﬁhéhgggg%k?hggsigggﬁg}%é?%%#giantact the 15

COMPONENt pfi¢ha AL L16,GGARANERL YL RLyy AN EAHE] I L NESFPOMRARANL o 10

react can be given. c onent I's used for-preparlng the solid

catal yst garRanan, (A pendyBl(96688xp1) SEEPERLL NG, tIgoSOMPPNENphA)) in the
conponent (d) , causing the suspension to contact the conponent (b) and

fﬁnponentpﬁehazgtgn anpepiiyonal- cenderxgayspnend hec€onponent (e) to contact
© n-pentyl (isononyl) phthalate, isopentyl (n-decyl) phthalate,
25 n-pentylundecyl phthalate, isopentyl(isohexyl) phthalate,
n-hexyl(2,2-dimethylhexyl) phthalate, n-hexyl(2-ethylhexyl)

phthalate, n-hexyl(isononyl) phthalate, n-hexyl(n-decyl)



resulting mxture, then causing these conponents to react is preferably
enpl oyed. Wien the conponent (f) is used for preparing the solid catalyst
conponent (A), a process of suspending the conponent (a) and conponent (f)
in the conponent 25 (d) , causing the resulting suspension to contact the
conponent (b) and conmponent (c) in an optional order) and causing these
conponents to react is preferably enployed. Even in the case 18 of wusing
t he conponent (f) , it is possible to cause the conponent (e) to contact

t he nixtu%ﬁtggigkggqnbxeﬁggfkgge£ﬁ§1 ggyggﬁghgﬁﬁk?%gd conponent (c) to

contact the suspension | n opti oha n causi ng these

CO”ponentﬁ-ﬁQpEfﬁ‘%isoéoI{)?) T ohi O D ?&ﬂfﬁpé@élla(rﬁe&iev@ﬂ)mﬂh%h%ﬁ%@ef,' cal ly
as the preferable order Of contacting the corfponents one anot her for
preparingah§e; sethh AL YSEoRONPONEM tkAVa O . t BRePLeSRBL el BYCRRESE. (1)
(a) ~ (d) - (b) ~(c) ~ internediate washing 10 (d) ~ (b) fina

washi ng ~cspbbangat ah¥sbeceswgnent (A) . (2) (a) --j (d) -~ (c) -~ (b) ~
<<i nternedi ate washing (d) ~ (b) ~ final washing ' solid catalyst
comporent (A) (B9 f1@e phtXéllic 4d)d diegdter ddritv@riv@isgt eon@shindg (d) -j
(b) ~ (c) ~'" final washing --~ solid catalyst 15 conponent (A) (4) (a) -]
(d) -~ (byerived fremi phehakilt aieidadhengeld)by rdpdacing Wne -or- twonal
washing --j solid catal yst conponent (A (5) (a) --~ (d) --~ (c) --j (b) -j
<<i nt er reldvdtregensatogs26n (the -hefigne {ixg, -fo fwhiadh vidshitwp -~ sol i d

catal yst component (A) (6) (a) -~ (d) -~ (c) -~ Ib) - <<internediate
washi ng (@}koky¢e¥bpnyb)groupd jofakhaasthiimyl rc s¢iiidddégsbakryshordnpuridnt (A)
25 (7) (a) --j (d) --j (b) ~ (c) --~(e) -' internediate washing -~ (d) -~
(b)’ --> @R rfxa‘dkmagﬁpﬁg baving jldte it gpy@pn atoms or a halogen atom such

10 as a chlorine, bromine, or fluorine are preferably used. The

-~

catalyst for olefin polymerization obtained by combining the
solid catalyst component prepared by using these phthalic acid
diester derivatives as the electron donor compound (c) can
remarkably broaden the molecular weight distribution of the

15 polymer, as well as increase the melt flow rate of the polymer
due to the high activity or high response of the solid catalyst
component against hydrogen even in the use of a smaller or
equivalent amount of hydrogen during the polymerization. As
specific examples, dineopentyl 4-methylphthalate, dineopentyl

20 4-ethylphthalate, dineopentyl 4,5-dimethylphthalate,
dineopentyl 4,5-diethylphthalate, diethyl 4-chlorophthalate,
di-n-butyl 4-chlorophthalate, dineopentyl 4-chlorophthalate,
diisobutyl 4-chlorophthalate, diisohexyl 4-chlorophthalate,
diisooctyl 4-chlorophthalate, diethyl 4-bromophthalate,

25 di-n-butyl 4-bromophthalate, dineopentyl 4-bromophthalate,
diisobutyl 4-bromophthalate, diisohexyl 4-bromophthalate,

diisococtyl 4-bromophthalate, diethyl 4,5-dichlorophthalate,
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conponent (A) 19 (8 (a) --~ (d)-~ (c) --~ (b)- (e) ~ <<internedi ate

washing ~(d) ~ (b) ~ final washing -' solid catal yst conponent (A) The
catal yst activity can be further inproved if the steps 5 in the double
par ent heses in the above processes of contact are repeated several tines,

if required. The conponents (b) and (d) used in the steps in the double

par ent heses may be either newl y added conponents or residues fromthe
previ ous steps. In addition to the washing steps indicated in the above 10
processes_(1) to ), the.internedj.at roducts.in._any of the above contact
st eps naydbégmﬁgﬁég ﬁk%hgécﬂgﬂfﬁggﬁ?ﬁwF§%ﬁq§%ﬁf Rﬂ%ygh is liquid at nor nal

t enper atures. .Based_on. the. apove_descri pt i \rdsi 6413y cRaeEerabl e
process fér§b?é5§§?ﬁapPFga%% ?d %g§a§££%%%%ﬁ%%ggﬁfw%%§lf%oéénprises

suspendi gL g dELERX BNl AT GA) 4ObrbhBpdl Abkarurmgnes ur

conmpound and~the "conponent (f) in the aromatic hydrocarbon (d) having a
boi 1ing pai nf . 81+ 959G L0r Jmdioh c UM 1 St at eE6BYE) £ - dridnritRahalcede (b)
to contact the suSpension, and reacting the mxture. In the above process,
20 one; or PRI £rekgeh @B donor conpounds (c) such as phthalic acid diesters
are caused to contact the suspension at a tenperature of -20C to 130C,

ei ther before opnafhBovehestetreymbentias idanigromalade Glekd sncont act ed,
the el ectron donor conpound (c) is further caused to contact) and the

| i near orceybhinat2bnpét ysid ameree) Is waissddstancent elte edtexrs emper at ure
of 20C to 130C. Then) the mxture is reacted to obtain a solid reaction
product (prefkmabhiyscomsimeteo that Shadesotablearbon2dtom pamberoin tA® agi ng
reaction at a |low tenperature either before or after the above one or nore
el ectron dokpl comWedsescedaby wrusstergan At AEeTt RIS QEPRMET SFOMAf t er
washi ng the solid reaction product (1% wi th a hydrocarbon conmpound which is
| i qui B0 5 &hafopraEecerpebit aPREPEFNEBFREdI ate washi ng), the tetraval ent
titanium halide (b) is again caused to contact the sol,id reac%ion pr oduct

(1) in the presBABecBPPaReRt ofdt i *F hYRE REFHIH O ac®d Pénperat ure of
it or medi BEECRASHANG TP AR PHe it oo i evLr e S5 Py ®erar
{1 tani um AR o CBRBIRER by Tt 5 Gasras e Ryl SR (Mol R (o)
washed wi TR0a Ry SEABLT bk etk e AR Lot | (o T MaamRgpeuet () 1

tenpe{at URGsr6EhRBbnWARALREY LOLEbi 208 S&neld Gocat abystotomnaients (A).
Preferabl e conditions of the above reactions and washi ng operations are as

foll ows. kewmibeepexgtlune, agh@ge fIRAdiEne 206 boref8Cabpyefisedlds t2@® - 10C to
60C, and nore preferably OCto 30C, for 1 mnute to 6 hours, preferably 5
m nut es t oodpbaens, (&nd [Miveisiecak amé yi priafdsrcaialrpon® camiteessed 3 theur s.
Reaction: 40C to 130C, preferably 70C to 120C) and particularly preferably
80C to 115€@3ivdduel3yt or6ihogpmbipngtpeefefabVy @ 3"e%L 5 hours, and

ar'ticul arl r ef er abl 1to 4 hours. Washing: at 0C.to 110C, r.ef er abl
gOC to 100C¥ gngnzgddi¥ion to the above compé%ents (a) to (c? a%d, y

20 optionally, the component (d), a polysiloxane (hereinafter may
be simply referred to as “component (e)"”) can be desirably used
for preparing the solid catalyst component (A) of the present
invention. The use of the catalyst of the present invention
containing the solid catalyst component prepared by using a

25 polysiloxane can ensure a broader molecular weight distribution
and improve stereoregularity or crystalinity of the resulting

polymer, as well as reduce fine powder in the polymer. It is
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nore preferably 30C to 90C, from1l to 20 tines, preferably 1 to 15 tines)
and particularly preferably 1 to 10 tines. Hydrocarbons used for washing
are preferably aromatic hydrocarbons or saturated hydrocarbons which are
liquid at 5 normal tenperatures. Specific exanples include aromatic

hydr ocar bons such as tol uene, xylene, and ethyl benzene, and saturated

hydr ocar bonssuchashexane, hept ane, andcycl ohexane. The aronati c hydrocarbons
are preferably used for the ' internedi ate washi ng, whereas the saturated

hyd b 10 f bl d for .the final hi ng._ Th i f th

compoundsab88AIFBITBPEBaT? i 1 He'% A LALARPSt (ChnDORGHERH) AalSt be
ically.defi D h atl o.var | '

ol oyed, SbbtScsne ¢ AP PaBHE, WPoAf 1R ER AT aRtbRf d R D001
t of 5t f 0.5 LLLk f bl

1o 10 morh; Vit EMeBRERy GORPRERALE a5y PPa T BTt BT 0701

to 10 mol g, pLehgialbl xﬁ%ﬂ; &&B&OH&% R0fl, sihd | AT &RUST&I@DIg O 5 02 o O

6 nmol; the aromtic rocarbons (d) are used In an anmount of 0.001 to

500 o s, ,BE §E¢f8kh¥e0; 0L iR rl O sBs%i n@Nd i Sbkhhe BESLa DT efgrahly 0.005
to 10 nols; the polysiloxane (e) is used in an anount of 0. 01 to 100 g,

preferabl ynGkhORhatd Hich. apdi1§kilibxaRES el Y1yl ch012@ i 1adthd he

al um num conmpound (f) is used In an anmount of 0.01 to 10 nols, preferably
0.05 to 5Sotmts, Thdésk skielilinmehe gyeafarabhyeft dot ard dWdin foyroden ki ,nol of

t he di al koxymagnesium (a). There are also no specific limtations to the
anount of partaailum hpdgogshated hatpgkic at orsd emantch st & qia lors idanem €22
conpounds in the solid catal yst conponent (A) of the present invention. The
cont ent oWhiirbaawehiiayifisOor i ®@ua spbptaheealdtynordal ot Guenatdremd still
nmor e frefe{ably 3.0 to 8.0 wt%_ the content of magnesiumis 10 to 70 w %
pref etabl Yith & YHsGOs hk¥ha thdrSeCpiBf ehaands afo 2400wt 0 0@k dcPlar t3%ul arl y
preferably 15 to 25 w%  the content_of hal ogen atons is 20 to 90 w %

pref er abl H¥86eE8PEE WPoFhRoF e PR ePeribFy 290 t%°B0 W% and particularly

preferably 45 to 75 wt% and_the tatal anmount t of el.ectron _donor conpounds
isOEto%mﬂ@ﬁﬁﬁ%@ﬁF%ﬁ3%%%%%&@%%M%V%MMMMyZ

to 20 wt %, There.are_no.specific.limiations 1o the .or oal_um.,num conpound
(B) (ner CAAPERF RSV B SRER A Fa kP ARt bERE Rt A B T 7T

repari ng.t C i I i r j.,vention,
P raomich gt VERg HEKahp1 e S Shelb SO IIPTy £34 80 LB Aot D

the foy mihachdl ﬁY@PQEérE'Yﬂo SibaHk d SARW X! hgELYPeRE €10k e &g edd s RL, a
hydrogen atomy chlorine atom and brom ne atomare preferable as Q and p

is preferablyo ansi 043 gdlrer; Ods Sxadipd eRasf ithd aytyiprefBralllokahe AS

speci fic exanples of such an 20 organoal um num conpound ( B)

triethyl aharenanhytlcethytal sl oxiemehl oc t gee t iyl ¢ysoit et rad suiriaxname,

di et hyl al um num brom de, and di et hyl al umi num hydri de can be given. These
conpoundsdeagmpthuierckprertashtipxar@al |y or in conbination of two or nore.
Trﬂethylaluninun1and 25 triisobutylalum numare preferably used. The
conmpounds?r épf esEAPREPBYCY RECBHHTRLIP¥R MBI a (2) can be given as the

am nosj | ane compound (C) (hereipafter nmpy be 23 inply referred to as
"con‘p?c?nen?'fcfgg'&ﬁ%%m%% b%yfl]s%ﬁe'fﬁ?sbf%’baarf‘? ffht tsh.f AV st?F or ol efin

pol ynmeri zati on gf tgetgre£e$t in ention. Jhe ani.n silﬁ?e COEEQ d has a
silicon af®MPHEGNPERT PR ATT T by Pt bt 1 %P?K;Rﬁéh%ﬁJ'ﬁﬁﬂx C:"g{]oup or
group-substituted dimethylsiloxane, epoxy group-substituted
dimethylsiloxane, and polyoxyalkylene group-substituted
dimethylsiloxane can be given. Of these,
25 decamethylcyclopentasiloxane and dimethylpolysiloxane are
preferable, with decamethylcyclopentasiloxane being

particularly preferable.
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5 per hydroi soqui nolino group bonds. Specific exanples of the am nosil ane

conpound i ncl ude bi s(perhydroqui nol i no)di al koxysi | ane,

bi s( per hydr oi soqui nol i no) di al koxysi | ane)

per hydr oqui nol i noal kyl di al koxysi | ane, and 10

per hydr oi soqui nol i noal kyl di al koxysi | ane. Among the conpounds represented by

the above formula (2), those having the sanme group for R2 and R3 are

preferable, with a conpound having the same group for R2) R3, and R4 being

particularly preferahle. A perhydroi saqui I g i rti,cularly 15
a@%ﬁi,on to tky ag)o%% ghgghkggi EQHBoﬁénE@, dif

preferable as R an al roup havin to 4 carbon atons is

preferabl e, -Ilg-te}"fﬁfg‘ﬁ#%‘%/r}d Or OURs- R8I NG %gﬁ%iiﬁghartﬂcmg}@a@,bl e. Specific

exanpl es T'nclu owi ‘ng ‘conpoun

bi s( per hyﬁ%%%%rﬁ{nﬁ%ﬂ%ﬁéﬁ%& sePropoxyaluminum chloride,

bi s(perhy ( _ ) di et hoxysi | ane,
bi s( per hyghod s 0 ol Q e iy ST il spopoxyaluminum dichloride,
bi s( per hydr oi soqui nol i no) di et hoxysi | ane,

et hyl Gperhyes-ogai el P idcAebReRESidrafe)ethoxyaluminum can be used for
et hyl (per hydr oi soqui nol i no) di met hoxysi | ane, 25

n- propy! (peedy el ogut ol 4 sio)dli st dipgtsidompenent (A) for olefin

n- propyl (per hydr oi soqui nol i no) di met hoxysi | ane) .

i sopr opy| g pkyhyct oapd ovol o h)lk et deeaftsiinyeatizs. Such an aluminum

i sopropyl (perhydroi soqui nol i no) di net hoxysi | ane) .

but y| ( per tympoeud nidl)i may dienpehokysftenapferred to as “component (£)".
but yl (per hydr oi soqui nol i no) di net hoxysi | ane,

i sopr opy!| @ hethg@e oqrl Wolhun) o W IRpdAd |ign@referable. The use of a
i sopr.opyl ( per hydroi soqui nol i no) di net hoxysj | ane) . . .

t - buthfl ( pee hidr oyeR bt & n‘iﬁ’%ﬁ’%‘%%%%qaéyﬁéi, by using this aluminum

t - but yl (per hydr ol soqui nol i no) di et hoxysi | ane, .

pent yl ( pef ¥ %ﬁ%i WSS Bfﬁé?ﬁgg%}gﬂ)%ﬂi??m polymers having not only
pentyl ( per hydr oi soqui.nol i-n i o] i ; bl

isopentyl?%?%?flclﬁ%qu?lneo ‘ﬁlr‘i%g giegléttl]ﬁo%gl};*:gﬁ%l&r@' but also reasonably

i sopentyl }(F%R%%o%%%ilrél@iitrﬂzoéggﬂ‘%;iwx%ilg"’H"Qsob1ock content. Such

cycl openty roqui nol i no) di net hoxysi | ane,

cycl Opent?JﬂﬁﬁéPé{CHﬂai gl Bah bRa)diwet SWey FloraP8bricating sheets and
cycl ohexyl (per hydr oqui nol i no) di net hoxysi | ane, 15

cycl olsexyf { pes hydirphaagui 8al 1o xdien®diaesid afe,and component (e) are
phenyl ( per hydr oqui nol i no) di net hoxysi | ane, and

phenyl ( peubydr oé sethe noti tio)tdieneompepenkanéa) Thesec kcompdundefaugbbeE used
either individually or in conbination of two or nore. O these, _.

bi s( per hytie@gthapwikd) thensonerpsintsnea) to (d), for preparing the solid

catalyst component (A), the molecular weight distribution of
the produced polymers can be remarkably broadened. It is also

20 desirable to use the component (f) and component (e) for
preparing the solid catalyst component (A) together with the
component {(a), component (b), a phthalic acid diester
derivative as the component (c), and the component (d). When
using the above aluminum compound for preparing the solid

25 catalyst component (A), the aluminum compound (f) is preferably
added in the presence of the component (B).

The process for preparing the component (2) of the present
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20 and bi s(per hydroi soqui nol i no) di net hoxysil ane are preferable. In addition
to the above conponents, an organosilicon conpound other than the
above-descri bed am nosil ane conpound (hereinafter may be sinply referred to
as "conmponent (D) ") may be used for preparing the catalyst for olefin

pol yneri zation 25 of the present invention. As an exanple of such an
organosilicon conpound (D) , a conpound of the following formula ( 3 ) can
be given . 25 quSI (~R9)q.q (3) wherein Re individually represents an

al kyl group h 11&% %ow L& %@ @Eg cycl oal kyl group, phenyl group,
vi nyl group, aIIy group, or “ar aI F oup, RO individually represents an

alkyl group haviag -LPE&‘% 8%99{&?;&05@ cRYChoalkyl arounepheny eoup.

vi nyl group, group, or ara group, and g is an I nteger satlsfylng

an i nequal 'otlxdoéoﬁpégeﬂtﬁA)Bco fssessesgbéhslﬁgacm §5a1 PORPNA G &oX¥si | ane)

aIkyIaIkoxyS|Iane phenyl al kyl al koxysi I ane, cycl oal kyl al koxysi | ane, and

cycl oal kyl-aklephlak @xy sid aneatédhdE, @i ¥elogéa F8Y @yARREabonexapd s, of the
above organosilicon conmpound (D), di - n- propyl di met hoxysi | ane, 15

di i sops opyhdi rRith@xwlienaneitdnidmbubyh demebhpxysi tR@€aromatic

di i sobut yl di net hoxysi | ane) di-t-butyl di net hoxysil ane,

di - n- but yhgideblaxpsinl dae¢), 20dt edus yid rimetdl@ctsionadénor compound (c)

di cycl ohexyl di net hoxysi | ane, di cycl ohexyl di et hoxysi | ane)

cycl ohexylsmehhys ¢i phtheXysidanedieyteolradyloret hy |tehitetalvad pait! Giegn A6n

cycl ohexyl et hyl di met hoxysi | ane, cycl ohexyl et hyl di et hoxysi | ane,

di cycl opeheylidiengbhotpsicloatact26he dhgyehspent yiAdisathandosl @edid

cycl opentyl met hyl di net hoxysi | ane, cycl opentyl met hyl di et hoxysi | ane)

cycl opent gRéRYISE; %@mmww Hp&h SNaYEPBIRAENIGIE BbeRdiISHAPUIGLPGdhNe,
cyclohexylcyclo e Idlethox si | ane,

3- met Ky c%l‘?}h P’o&?&rﬁ? aF fef ﬁ‘&)%\?&? éﬁﬁerlcal magnesium compound.

4- nethylc

h |
PUSALARS- exéh&%we@%”g&pl IR VEY RoBeReafat e merE Ve  Mhese
or ganosi | '599@ SOUPOMIAS: P aGAN EpHSed 2k 0din ARl Vo Bk nis ) SpsQIhif1RL i ON Of

two or
magnesium compound if particles are formed by a spray dry method

in which a solution or suspension is sprayed and dried using
15 a sprayer, for example.

These components contact one another in a vessel equipped
with a stirrer in an inert gas atmosphere from which water and
the like have been removed while stirring. The contact
temperature, which is a temperature when these components are

20 caused to contact, may be either the same as or different from
the reaction temperature. When the components contact one
another by stirring for preparing the mixture or are dispersed
or suspended for a denaturing treatment, the components may be
stirred, dispersed, or suspended at a comparatively low

25 temperature of around room temperature. When a reaction
product is to be obtained by reacting the components after the

contact, the components are preferably stirred in a temperature
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In the case where the above conponents (D) are used in conbination, the
pref erabl e conbi nations with the above conponents (C) are as shown in Table
1. 15 TABLE 1 Conponent (C)Conponent

(D) (1) Bi s(perhydroi soqui nol i no) di mei hoxysi | aneDi i sopr opyl di met hoxysi | ane( 2)
8i s( per hydr oi soqui nol i no) di nei hoxysi | aneDi i sobut yl dl met hoxysi | ane(3) Bi s( per
hydr oi soqui nol i no) di mei hoxysi | aneCycl ohexyl net hyl di nei hoxysi | ane(4) Bi s(perh
ydr oi soqui nol i no) di net hoxysi | aneDi cycl opentyl di m

ahoxysi | ang(2) B (PEevs of fpui noLd nAAH TRl Moty LAe Queleabexnkeyc! openty!

di mei hoxysi [ane ins can pol ymeri zed or copolynerized using the

catal yst fprcobgfip Q%aﬁfig@t&%&fu&ﬁ% B@q%e,nhop@ve;rgéﬂrtln%olﬁs a0l efi ns,
et hyl ene,” propyl ene, 1-butene, 1-pentene, 4-nethyl-1-pentene, vinyl

cycl ohexage) i @R dritkei EAN RIS 8d e @i idpr d i Vi BHalHeYo Oie t Rag@nbi nati on
of two or nore. O these, ethylene) propylene, and 1l-butene can be suitably
used. A 2dontPal ldfCthaile Rriehas @ddme 08 ef f Dch Bt prapykppera Bippybene may be
copolynmerized with other olefins. As olefins to be copolynerized, ethylene,
1- but éne) 1i1gfiertwenea.o 4igmwEifidant Yappehtzentonvohytheyad lofenanaed ahe t he

li ke can be used 5 either individually or in conbination of two or nore. O
t hese, ethikene Trd rkabutiometémn e osei halh e usedoréhepraf e minfy ¢aeh
conponent used is not specifically limted inasnuch as such a ratio does
not i nfl ueimeteheorfroast, ofidthiei bt acentprealenthv.30WUsdahtgs athamogenponent
(B) is used 10 in the amount of 1 to 2000 nols, and preferably 50 to 1000
mol s, per one nt pafefienadiicuRT acesF ¢ h fpﬁeptmbh@mtth@Aaol1dr|¢@téém§<§nent (O
is used in the amount of 0.002 to 10 nols, preferably 0.01 to 2 nols, and
partlculaﬁ?wp%ﬁ%$5ré%ly°%)?PFtR¥Q§e§tnﬁP§enbé?non% REACSHS CRBPZFp8Nent (B)

I th t i in 15 t t Q02 to 10
ol 5, 1007 of BTBETG 09 074 5 OZPROFEY L 3arte GHTHTYHY afor il 5 1 o 0. 5

ol S Pere8ag wﬂ%r% e SPURODS Lo Ble Ak O DS, A0 (915 eyt sicabl v 0.1

to 10 nol’s ef era oné nol of t he

corrponentc&ggonggtAl(gpouggdtpﬁg{ggr%}% teﬁ%%né:}{ d Q%S%e%%@o'a%t% s

opti onal) desirable to rst” a e organoa um num conpound (B) to

the pol ynprédéds Ofomyss 8hgt §88pER4SSR (iR VML AIdANG)cerperrd (C) or a
m xture of the conmponents %CD and (D) to contact the organoal um num

conpound {&powén €DE thas2hgcon@erenl tiby Snsb&omanedtcddYadt tar
optional order to contact the organoal um num conpound (B) , and cause the

sol i d5cat adnysdnetpOonent thén tlhe cosipterdthe(lr)esdid npusixgutdesA net hod of
2S formng a catal yst by adding the organoal um num conpound (B) to the
pol ymer i zeenpeneyks ey seper atal \pecadyeng tWeen obipoeampqnan tt d edoAsact t he
conponent (C) or the conponents (C) and (D) and feedin the cont act ed
conponent“? Qgﬁdp§sﬁﬁéﬂ§ﬁtt%ggsq§ﬂd catalyst component (A a process

) of suspending the component (a) in the component (d), causing

the suspension to contact the component (b) and component (c)

20 in an optional order, causing the component (e) to contact the

resulting mixture, then causing these components to react is
preferably employed. When the component (f) is used for
preparing the solid catalyst component (A), a process of

suspending the component (a) and component (f) in the component

25 (d), causing the resulting suspension to contact the component

(b) and component (c) in an optional order, and causing these

components to react is preferably employed. Even in the case
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5 the conponents (C) and (D) to the polynerization systemis also a
preferable enbodinment. It is possible to further inprove the catal yst
activity agai nst hydrogen and crystalline properties of the resulting

pol ymer by using a previously contacted m xture 1 of the conmponent (A) and
conponent (C) or the conponents (C) 10 and (D) . The polynerization of the
present invention can be carried out either in the presence or in the
absence of an organic solvent. defin nonomers such as propyl ene may be
used e tNGE Jdiofy OASOMDHALS S, 50 & bolulth SRS, JNEn P AREEARL | On 15
reaction 1s preferably Carried out at a tenperature of C or less, and
preferabl yeat t $006h 5ct BSFe miNASRIr 2 oBt8IARECHPT c s MR Gle R Don3RY
preferably 5 MPa or |ess. Either a continuous polynerization Systemor a
bat ch pol yBprdz@tddponeite Mt yo Renesed £9¢ e iviethzal icpribaagtion. In
addition, 20 the polynerization can be conpleted either in one step or in
two or nooedstepandl Bhpel yaesidg nghedef ddidpdisdiie the @alcal,yst contai ni ng

t he conponent (A)) conponent (B), and conmponent (C) (hereinafter nay be
referried to as Thaifmlpowinegrexzatp e pre ditvearsmdesispalid i2211¢ ¢ aheed
prepol yneri zation of the olefins prior to the main polynerization to
further ippeberabhe walat it cavthviiyg Steceopegenasi dye gpraopert fes of

resul ting polynmer particles, 29 and the like. In addition to the ol efins
used i n theeparhngorheesdiddi ontahpnonmampongsit a)stofr e pamesiatused in
the prelimnary polynerization. Specifically) after causing the conponent
(A to cobP¥eRtifB.-conponent (B) and/or the conponent 5 (C) in the presence
of olefins to preﬁol ynerize 0.1 to 100 of the polyolefins for 1_g of the
conponent (A) , ‘thel@ompoltht™(B) and/(67 The dahssrediate)vasinarther
caused to contact tqQ formthe catalyst, In.the case where the co nent (D)
i s used 'ﬁgl:onbi(&?éfi)on, q!?tnaiqswﬁc? Hl e tsc?léé]u%ttaﬁéfs&oﬁﬁB‘HQHFn(tAgggo 0 -

contact the co ent.s_(B)_.an i,n the_presence of .ol efins duri t he
prepol yneri zat {Tg%’nér? t_(() Fe _tdh %omé%Zn?p(<gfn&§FPﬁ81?k8 Vﬁ%?skhlng -9
pol ymeri zggj an,. (%!)WO“Q%H-%% a9 nQf € haG c%tatlh%tc%%p%%% gRS’
mononers in carrying out the prepo[]n merization is gpuona , 1t 715 7s

desirable to fiysf @dd—thggcospepents (B) 10<khgRLpRALYRENbZAt4 A -systemin
an inert gas or olefin gas atnosphere such as propyl ene, cause the

conponent (§A)—t qpgont aed) sthe> componentsHiByy — adwh {hedntcaysa one or nore

ol ef ins such as propylene to contact the m xture. 20 The pol yneri zati on of
ol efilds idcompenpresexice of the catalyst for olefin polynerization prepared
by the process of the present invention can produce olefin polyners with a
nmol ecul ar wei ght4)di(@dr rbutd)ombklolader (thart KKantekrmeléapelwasrsnproduced
using a conventional catalyst. In addition, the 25 catalyst for olefin

pol yneri z&8) onf dF)t e Pregent §ivantiadhidghibitsl iheat@ky S¥er f or mance as
conventional catal y?ﬁs in catalyst activity and the capability of producing
pol,yners SPTRCBYPE Mlgh stereoregul arity. Specifically, the catalyst of the

t i ti b fi I it brQad
ol ecul ar wel ghtdi 821 utlon: Wil Fe BRI nrat AERG CERE CAERIAT AR 1 vi ty and

nol ecul ar wei gh : e ntain ( )
Wi Be dgoribaE i n mSIe det Ay Exgines, G Th TERIE inot be. const T ued
as |imtingnddeepf epONt i nvention.
(6) (a) = (d) — (c) = (b) — <<intermediate washing —
(d) = (¢) — (b)>> — final washing — solid catalyst
component (A)
25 (7) (a) = (d) = (b) = (c) = (e) — <<intermediate

washing — (d) — (b)>> — final washing — solid catalyst

component (A)
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10 Exanple 1 (Preparation of solid catal yst conponent) A 2,000 m round
bottom fl ask equi pped with a stirrer, of which the internal atnosphere had
been sufficiently replaced by nitrogen gas, was charged with 150 g of

di et hoxymagnesi um 15 and 750 m toluene to prepare a suspension. The
suspensi on was added to a solution of 450 m of toluene and 300 m of
titaniumtetrachloride in another 2, 000 mM round bottom flask equi pped
with a stirrer, of which the internal atnosphere had been sufficiently
repl aced by ni t(@ge(b gas.gThe(suspepsHoN ¢yas- 20« { eastesh i « &G afsdingne hour
(low tenperature aging process). After the addition of 22.5 m of

di - n- but yb pht hal abes> > the mingh Uk esMBsg heabed; 8§ @ 220G yandcsepsh et f@an two
hours with stirring (first process). After the reaction, the resulting

reaction m xture was washed four tinmes with 1, 300 ml of toluene 25 at 80C
(internedi ate washing). After the addition of 1,200 ml of toluene and 300
m of titani umTieé rachllesitdest ety eantheofunt Xéxiiepwas eficat ebetseeps2C and
reacted for two hours with 31 stirring (second process). The internedi ate
washi rig aihd thecdodb pe peees these sr epeatiodtbaedavererodéms aseeliidamigateact i on
m xture was washed seven tines with 1, 300 ml of heptane at 40C, filtered,
and driedare vépaihed sewﬂlal:aitiaﬁ%,t Jo?orrmmlemed( A)Tlselcrpmmefmtran(@f) a
powder. The content of titaniumin the solid catal yst conponent was

anal yzed and {®uriEed e theosiers {ripurdauibdie SRTPBEPABEF zGE i oh M2t al yst
and polynerization) A 2.0 1 autoclave equipped with a stirrer, of which the

10 i nter naf %?ﬁﬁbﬁ@ﬁé%aﬂdﬁéﬁ’@ﬂq%%o%ﬁ%@&%§rﬁi‘“t FRY&AT YAS Snas
charged with 1.32 of, trjethylal um num cEmD g{
bi S per hyﬁFSP%oqLﬁI?andﬁ(?)l&Fn%‘?ﬁ SRR Yol el da Fhe cleayst

t (A [ t d.th
;?mrrgn ~ g %)65% gn"rg)f) n?ts%e(rséby (‘3Ir%nrallnI ymme‘il%arp Cpgrgoedﬁllcz:stilgnae% taﬁ yst Then
ith h d.1 I
W th the ?gg a'&%@; é: s%e]ps%apygéout s héla}o@;%%ﬂtafoqqp%ru%y ene)

t he prepolynerization was ‘carr 5 M Autes at | owed by

heat i ng tpﬁlpﬁepgl y 5k Zedt PLOAHST t@,glge;glﬁauf@é n pol ymeri zation was carried
out for one hour OC. The 20 pol ymerization activity per 1 g of the

solid catal yst QQMBQHEhé\/@:BoGé'&Hc&tl%l%CO& HaR@ita1hheyfld esang ef or nul a.
Pol ynmeri zation activity = Produced polymer (F)(g) / Solid catalyst
conponentpft@¢e@d for preparing the solid catalyst component (A)

15 comprises suspending the dialkoxymagnesium compound (a) or the
dialkoxymagnesium compound {(a) and the component (£f) in the
aromatic hydrocarbon {(d) having a boiling point of 50°C to 150°C,
causing the tetravalent titanium halide (b) to contact the
suspension, and reacting the mixture. In the above process,

20 one or more electron donor compounds (c) such as phthalic acid
diesters are caused to contact the suspension at a temperature
of ~-20°C to 130°C, either before or after the tetravalent
titanium halide (b) is contacted, the electron donor compound
(c) is further caused to contact, and the linear or cyclic

25 polysiloxane (e) is caused to contact at a temperature of 20°C

to 130°C. Then, the mixture is reacted to obtain a solid

reaction product (1). In this instance, it is desirable to

20



The polynmer (G insoluble in n-heptane determ ned by extracting this
polymer for 6 hours in boiling n-heptane was 32 nmeasured to determ ne the
proportion of conponents insoluble in boiling n-heptane (HI') in this

pol ynmer according to the followwng formula. 5 H - (Q (g) / (F) (g9) Xylene
sol ubl e conponents (XS) in the polyner were determ ned as foll ows. Method
for measuring xylene soluble t conponents : 4 . 0 g of the polyner was
added to 200 m of p-xylene 10 and di ssol ved while naintaining the m xture
at the bO'c'a'rggewtan gé@ﬁ@:@é{@{lémthgulraﬂ tmsemwgeeme%@f%qeto 23C

and the solu matterS were separated frominsoluble matters by

filtratiogy JP@eﬁQhH@£809QWHRQ%QIﬁoM@%§e@Ek%ﬂ b dy Reabbudasand) bhe pol yner
t hus obtai ned was determ ned as xyl ene sol uble 15 conponents (Wm~). The

nel t indexaubel @b tBRtRetLYEBE BAspER: s Ned tagCoadhhggt enkheol est net hod
conform ng to ASTM D1238 or JI'S K7210. (Mol ecul ar wei ght distribution of

pol ymer) 2Qatheornwaiilas (YWewdhth dhgtkbbatben comppahynBricmas 1dvalidat ed by
the ratio (Mv Mn) of the weight average nol ecul ar weight (Mv) to the nunber
aver age naltecodma]l wemghi a € vhg s afnich telr edd bite 2\ ivy) ,0thé he ti-aandreage

nol ecul ar weight (Mz) to the wei ght average nol ecul ar wei ght (My), neasured
by cross 253tknacti baaiden (khr beatogiaptaugdFGo usintgEFChE Es0Bd

(manuf actured by M tsubishi Chem cal Corp. ) under the follow ng

condi t i ongeaglionJutadaat () oﬁrchﬂl@rmb%ﬂmeeﬁmyoiienbeﬂmmarmac ( SEQ)
Col um: Shodex GPC UT-806M Sanpl e concentration: 4 g/1-0DCB (200 ng/50

m - ODCB) 5ouraugéd aﬁtﬁjr’ﬂemp@r@thﬂreFPéw%QatCetolw)o ./ WnO%ﬁb@r%tﬁﬂléd 0OCto
140C (Measur ement of di spexsity index (Pl)) 10 Pol ydi spersity index
(PI') was FEashied BE?‘E é H%/)namAé §€F18§§eijhe tlé?te(@%lﬁsﬁ 1§ =8RPF00

manuf act ur eapil:)%theorret ri c Scj ific, Inc. itives gescrl bed el ow were

added to &% TR Pr&Te AR Yt 8 Whit % rferpc?r?l cBRVAH2 det BT Br at'®§ due to
h . 15 NE F de.T f 200C
co 15 VSGELBIE T RN Lo R OB T AL 200

Stress: requency’ range rad/sec

shurry prggggggu yh%}i‘&é‘gcé‘m&o&fxd 290)2 tc§3 #Bxﬁ;ah{é " ax%r %%%' ﬁ%&g d%o?'-TP

(Lasm t) clum st'ear at e, and 200 m

or nore OEoﬁ\Egﬁﬁae(d’yatﬁa%‘@@e@aﬁé)e& he oQﬁlt}HEEH BobOehde. dee'xQW e rs%tlllﬁ Ratio
(slurry/ pol ynmer)
reaction product (2) is washed with a hydrocarbon compound which
15 is liquid at normal temperatures (final washing) to obtain the
solid catalyst component (A).
Preferable conditions of the above reactions and washing
operations are as follows.
Low temperature aging reaction: -20°C to 70°C, preferably
20 -~10°C to 60°C, and more preferably 0°C to 30°C, for 1 minute to
6 hours, preferably 5 minutes to 4 hours, and particularly
preferably 10 minutes to 3 hours.
Reaction: 40°C to 130°C, preferably 70°C to 120°C, and
particularly preferably 80°C to 115°C, for 0.5 to 6 hours,
25 preferably 0.5 to 5 hours, and particularly preferably 1 to 4

hours.

Weshing: at 0°C to 110°C, preferably 30°C to 100°C, and
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Pol ymeri zation activity, heptane insoluble (H), nelt index (M)) xylene
sol uble (XS), nolecular weight distribution 34 (Mv VMn) and (Mez/ MA), and
pol ydi spersity index (PlI} are described in Table 2. Exanple 2 5
(Preparation of solid catal yst conponent) A 2,000 ml round bottom fl ask
equi pped with a stirrer, of which the internal atnosphere had been
sufficiently replaced by nitrogen gas, was charged wth 150 g of

di et hoxymagnesi um and 750 m toluene to prepare a suspension. The

suspensi oo yas, 10:addedy  90d Sab e $LoASY T 9F Lahuenc AN, of

titaniumtetrachloride Tn anot 2, 000 M round bottom flask equi pped
with a stirggrasot;wschahRephPteenahy &) NDSPPEL £ IRt been s Wik ently

repl aced by nitrogen gas. The suspension was reacted at 5C for one hour

(l'ow tenpgyalYERrBBhBYuBEACESS) wadBiAGl 8Fe t PR AEELE] Ph Mt S M Of _
di -n-butyl phthalate, the m xture was heated to 100C. Then) 30 ml of cyclic

pol ysi | oxaperbdaensREhykcyakopaftashi @xaderbdirS- widbch el flaicuired tby GE
Toshiba Silicones Co. , Ltd. ) was added. The m xture was heated to 105C
and reactgdrhal tempbodtarest h Spedifing famsie prioeassle ardtabfiter the
reaction. the resulting reaction m xture was washed four times with 1,300
m of tol hedecakrBOLs(Enthr aedtaleenashkylgne Aféed ¢ tiey lddkdi2dren @indl, 200 nd
of toluene and 300 m of titaniumtetrachloride, the reaction m xture was
heat ed t osat2Easnd hyshrtaatasrs sweh heurexasie.hheptane ngnfsecoimhgraoeess)

25 The internedi ate washi ng and second process were repeated once nore. The
resul ti ngTheaerpPpatarxhifeogasbaashereseveferabpdys wieh for 3 ml of hept ane
at 400 filtered, and dried to obtain 35 a solid catal yst conponent (A

A

in the fofRF8FM8dpakiacyashhag corperRaDINS FASPEATEA PRAr QA TRORSBAS) st

conponent was an zed and foupd to be 3.1 wt~. A polynerization catal yst
magp epaPES%SﬁﬂggngF?ﬁengafﬂﬁnEhﬁgfcﬁﬁ? ¥ out Pn ¥he same manner ag in

Exanpl e 1, exce for, usi he solid catal yst. conponent prepared .above.
The hot ecul ar g e S T shes sRMerSpAE g sk Rt b et ha ST he

?ﬁgy%:5%2k%?%%ﬂ%%?’?“rﬁﬁg”g?ﬁ%%é B lS 15AT8 yTROPEE &S ddb el e 1.
such a ratio varies according to the process employed. For
example, the tetravalent titanium halide (b) is used in an

15 amount of 0.5 to 100 mols, preferably 0.5 to 50 mols, still more
preferably 1 to 10 mols; the electron donor compound (¢) is used
in an amount of 0.01 to 10 mols, preferably 0.01 to 1 mol, and
still more preferably 0.02 to 0.6 mol; the aromatic hydrocarbons
(d) are used in an amount of 0.001 to 500 mols, preferably 0.001

20 to 100 mols, and still more preferably 0.005 to 10 mols; the
polysiloxane {e) isused in an amount of 0.01 to 100g, preferably
0.05to80g, andstill morepreferably 1 to50g; and the aluminum
compound (f) is used in an amount of 0.01 to 10 mols, preferably
0.05 to 5 mols, and still more preferably 0.1 to 1 mol; for one

25 mol of the dialkoxymagnesium (a).

There are also no specific limitations to the amount of

titanium, magnesium, halogen atoms, and electron donor
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10 Exanple 3 A polynerization catal yst conmponent and a catal yst were
prepared and polynerization was carried out in the same manner as in
Exanpl e 1, except that dineopentyl 4-bronophthalate was 15 used instead of
di -n-butyl phthalate for preparing the solid catal yst conponent. The

nol ecul ar wei ght distribution of the polynmer was eval uated and the

pol ydi spersity index (Pl) was neasured in the sanme manner as in Exanple 1.
The results are shown in Table 2. The content of titaniumin the solid

cat al yst e I fo fonbe 2 Sen agpnt a 4
(Prepar atlg%nﬁﬁo @%I% é@?ﬁ%&?tdyéggggggﬁt)éﬁg%oo m(praound bgttgﬁmflllask

equi pped Yith, g shi 1 igfe o2 lech 1kRR1 LA g6 nel g atgosPRIey had been
sufficiently replace y nitrogen gas, was charged with 10 g of

di et hoxynBgoesi &My 2 -0 Bols Of wRkUMRaIBclinichbee ipdef 21903 0b wf 8t ol uene to
prepare 3 a suspension. After the addition of 22 ml of titanium

tetrachl ogige @te QoM RIMEr MagnRsiiheiBi Xbute TRy teagired enlabllg heating to
80C with stirring. Then, 3.3 m of di-n-butyl phthalate and 3.0 m of

di met ly| pebysi | Rx|NEmYE & hp Be Fé sEiOS) 115 Toofs G ESt aatd pacmitedpel#t ure were
added. The m xture was heated to 110C and reacted for 2 hours (first
reacti on precesshly Aft aro Rhewreadtheonpnt et subdaiggsm akpyai ds Wds tPenoved
and the resi due was washed three tines with 88 m of toluene at 75C. 89 ml
of tol ueng0ands .22 rdf eafabilivt AAi LPnSevticMOTe Ry aferabdydéd 1o &nythhne
mxture was stirred for 1.5 hours at 100C gsecond reaction process)t . The
reacti on anftrertigslaplshededieghblyifedow BHvES @#PdbHEha-tRYALABOYR40C to
obtain a solid catal yst )
| of electron donor compounds is 0.5 to 30 wt%, preferably 1 to
10 25 wt%, and particularly preferably 2 to 20 wt%.
There are no specific limitations to the organoaluminum
compound (B) (hereinafter may be simply referred to as
“component (B)"”) used for preparing the catalyst for olefin
polymerization of the present invention, inasmuch as the
15 compound has a structure of the above formula (1). In the
formula (1), an ethyl group and isobutyl group are preferable
as R', a hydrogen atom, chlorine atom, and bromine atom are
preferable as Q, and p is preferably an integer of 2 or 3, and
particularly preferably 3. As specific examples of such an
20 organoaluminum compound (B), triethylaluminum,
diethylaluminum chloride, triisobutylaluminum,
diethylaluminum bromide, and diethylaluminum hydride can be
given. These compounds may be used either individually or in
combination of two or more. Triethylaluminum and
25 triisobutylaluminum are preferably used.

The compounds represented by the above formula (2) can

be given as the aminosilane compound (C) (hereinafter may be
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conponent. The content of titaniumin the solid catal yst conponent was

anal yzed and found to be 3.3 w~. The content 15 of alum numwas 0.5 wt~. A
pol ymeri zati on catal yst was prepared and pol ynerization was carried out in
the sane manner as in Exanple 1, except for using the solid catalyst
conponent prepared above. The nol ecul ar wei ght distribution of the pol yner
was eval uated 20 and the pol ydi spersity index (Pl) was neasured in the sane
manner as in Exanple Z. The results are shown in Table 2. Conparative

Exanpl e 1g §1909 ff&ﬂeanéob@étoannfﬂoa%ﬁ@q%pae%p%hc@n%rﬁ@éa fox Of

whi ch the I nternal atnosphere had been sufficiently replaced by nitrogen

gas, gpéﬁgﬁﬂn ik %éta19seffcﬁa&ﬁ@ﬁiﬂrﬁdilﬁmr%la%bnwtme esdggane, and
390. 6 g of 2-ethylhexyl alcohol. The J% m xture was reacted at 130C for

two hoursih@eRbtahn ar}h@mgﬁaewsnécéldﬁpdmd Bds 3 4 10fcohd beh ite widr i de
was added to the solution and the m xture was stirred at 130C for one hour

to dissol yret hetpbybal beoranbydai ferhies€bynoDiwd g reu@ & honogeneous
solution. After cooling to roomtenperature, 75 m of the honbgeneous

sol utison pashaddedsbQuzBlthoogrbup andndst etIaatilfdic @eamphesmioxt the was
heated to 110C, 5.22 g of diisobutyl phthal ate was added, and the m xture
was reactedifosilabeochappsndi thestdering. After the reaction, the reaction
10 product was suspended again in 275 m of titaniumtetrachl oride and
processedbisfrevbyfivaasiaplintoDiighkeoxesilanag reacti on mxture was washed
seven tines with heptane at 40C, filtered, and dried to obtain a solid
catal yst bbfppaehydraispeuinphipe) dipbeeysiaeecontent of titaniumin the
solid catal yst 15 conponent was anal yzed and found to be 2.8 wt~. A
polynerizﬁ?FBﬁdEaEHF9§91RﬁélbYéﬁb?%%P%Mﬂlb%??nﬁéﬁéation was carried out in
the sgne nanger as in cept for,k using the SOléﬁ cat al yst

conpottent PHF %QFSHSSBB§8°T¥ﬂgaﬁ%¥%€hﬁ FoREP Hh Qi sMOBg: 188 of the pol yner

was evalugggd agg thg %Q 0L¥95§ r5|% Jv%g xrgPh% E? asur CLJJ% t he same
manner as ime exanpl evq! Fes arre s o a aratﬁbe

Exarpl e 2, pQéﬁ(Qenélréé‘gt 98r¢1§‘i aJn%SWCQ.?QOBFQ% ?:E‘xﬁlé’" Cﬂ@ﬂ yétc&@;ro%r@

prepared an rz Ion was carried out e Sane nanner as I n
Exanpl e 1ha€a<§§p£h&hesmgygkengywewyhﬂl nehhoasysaéﬁrge piAs: Usfd Aigst ead of

bi s( per hydr oi soqui nol i no) di net hoxysi | ane 3
preferable. A perhydr01soqu1n011no group is particularly

15 preferable as R?’. As RY, an alkyl group having 1 to 4 carbon
atoms is preferable, with a methyl group being particularly
preferable.

Specific examples include the following compounds:
bis (perhydroquinolino)dimethoxysilane,

20 bis(perhydroquinolino)diethoxysilane,
bis(perhydroisoquinolino)dimethoxysilane,
bis(perhydroisoquinolino)diethoxysilane,
ethyl (perhydroquinolino)dimethoxysilane,
ethyl (perhydroisoquinolino)dimethoxysilane,

25 n-propyl (perhydroquinolino)dimethoxysilane,
n-propyl (perhydroisoquinolino)dimethoxysilane,

isopropyl (perhydroquinolino)dimethoxysilane,
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for preparing the solid catal yst conponent. The nol ecul ar wei ght
distribution of the polyner was eval uated and the pol ydi spersity index (Pl)
was neasured in the sane manner as in Exanple 1. The results are shown in
Table 2. 5 TABLE 2 Exanpl ePol yneri zation Activity -PP/ -cat. ~~ ~o~ ~g~1
Onn) (wt% MwvM Mz(Mwv Pl Exanpl e 14350098. 37. 01. 672. 914. 18. OExanpl e
24550098. 56. 51. 410. 513. 27. 5Exanpl e 34630097. 8132. 014. 250. 47. 9Exanpl e
44170096. 59. 53. 515. 351. 18. 2Conpar at i ve3540098. 14. 52. 39. 612. 97. 1Exanpl e

1Compar at e g40097 526354+ 7863,0403E4BM L o Bndy epnu e, Seen {rom the above

results, polyners produced by using the catalyst” of the present invention

has 10 St%MQ@HQ%%&%&H&%q%QHbﬁéh%mH1h@t96x?éQh@ﬁethan that of the polyners
obt ai ned by conventional catalysts shown 1 n Conparative Exanples 1 and 2,

as wel | agpudynqprirkhaahryikoeadablinbeaihathvryghiagk stribution represented
by MM Mh or Mz/Mw. I n particular, the hig~~ M/ Mv ratio indicates an

i ncrease dfsobropyllypers yiddoguliingh i AD) @Coé ehioxes Yhdng egion, resulting in a
remar kably broadened nol ecul ar wei ght distribution. Furthernore,
not wi t st dscdiprgpiynd plerbgdrodlsequlianlweo phimetsdxybikdmom, the high nelt
index (M) possessed by the polyners prepared in Exanples, equivalent to or
hi gher t hanbulatl (plerhydr2@upolyiabpddpnetiuceysiha@onpar ati ve Exanples 1 and
2, indicates high activity against hydrogen of the catalyst. 39
t-butyl (perhydroisoquinolino)dimethoxysilane,
pentyl (perhydroquinolino) dimethoxysilane,
’ pentyl (perhydroisoguinolino)dimethoxysilane,
10 isopentyl (perhydroquinolino)dimethoxysilane,
isopentyl (perhydroisoquinolino)dimethoxysilane,
cyclopentyl (perhydroquinolino)dimethoxysilane,
cyclopentyl (perhydroisoquinolino)dimethoxysilane,
cyclohexyl (perhydroquinolino)dimethoxysilane,
15 cyclohexyl (perhydroisoquinolino) dimethoxysilane,
phenyl (perhydroquinolino)dimethoxysilane, and
phenyl {(perhydroisoquinolino)dimethoxysilane. These
compounds may be used either individually or in combination of
two oxr more. Of these, bis(perhydroquinolino)dimethoxysilane
20 and bis(perhydroisoquinolino)dimethoxysilane are preferable.

In addition to the above components, an organosilicon
compound other than the above-described aminosilane compound
(hereinafter may be simply referred to as “component (D)*) may
be used for preparing the catalyst for olefin polymerization

25 of the present invention. As an example of such an

organosilicon compound (D), a compound of the following formula

(3) can be given.
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| NDUSTRI AL APPLI CABILITY Aefin polymers with a broad nol ecul ar wei ght

di stribution can be obtained by polynerizing olefins using the 5 catal yst
of the present invention, while maintaining the high stereoregularity of

t he polyners. Polymers have increased nelting viscoelasticity, whereby the
probl em of restricted application due to inpaired fabrication properties
and appearance of the products can be solved. In addition, the 10 catal yst
exhibits activity agai nst hydrogen equival ent to or higher than the
activity exhibited by conventional catalysts, whereby polymers with a high
melt flowrate can be obtalned 40 CLAIM5S 2. A catalyst for olefin

pol yneri zati on Eqﬁpﬂpglhgq (A) a solid(@atal yst conponent prepared by
contacting (a) 5 a dial koxymagnesium (b) a tetraval ent titaniunhalide
conpound, and (c) an el ectron donor conpound to one another, (B) an

or ganoal um num conpound of the following formila (1) 10 R AI P (1)
wher ei n R¥heEpiasBntisiddy iduR} L Ygr 8B CREVE AR al&Y. @&”Pb‘é’nha%ﬁ%

represents a hydrogen atom or a_halogen aton) and p represents a real

nunber® sat sF3F RgR thieeMor FYCA Q1Y) drowp. éﬂtfnn‘_fé BEPURN RAPRO AN
" epr esent gﬁavﬂgs%gca’{#gé“a?ﬁ%ﬁ% o Bt AR T, R
representslﬁygerQy rBQQEHSU c>4carbonatoms,cycloalkylgroup,phenyl
group, vinyl group, allyl group, or aralkyl group, and
, g is an integer satisfying an inequality of 0 £ g £ 3.

10 As specific examples, phenylalkoxysilane, alkylalkoxysilane,
phenylalkylalkoxysilane, cycloalkylalkoxysilane, and
cycloalkylalkylalkoxysilane can be given.

As more specific examples of the above organosilicon
compound (D), di-n-propyldimethoxysilane,

15 diisopropyldimethoxysilane,
di-n-butyldimethoxysilane,
diisobutyldimethoxysilane,
di-t-butyldimethoxysilane,
di-n-butyldiethoxysilane,

20 t-butyltrimethoxysilane,
dicyclohexyldimethoxysilane,
dicyclohexyldiethoxysilane,
cyclohexylmethyldimethoxysilane,
cyclohexylmethyldiethoxysilane,

25 cyclohexylethyldimethoxysilane,
cyclohexylethyldiethoxysilane,

dicyclopentyldimethoxysilane,
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group) perhydroi soqui nolino group, an al kyl group having 1 to 12 carbon
atons, a cycl oal kyl group, phenyl group, vinyl group, allyl group, or

aral kyl group, the R3 group being either the sane as or different fromthe
Rz group, and RO individually 25 represents an al kyl group having 1 to 4
carbon atons, a cycloal kyl group, phenyl group, vinyl group, allyl group)
or aral kyl group. 41 2. The catalyst for olefin polynerization according
to claim1l, wherein the solid catalyst conponent (A) is prepared by
contactln% cf% ﬁy cgy I{Une(b) a tetravalent 5 titanium halide
conpound, ) an‘e ectron onor compound, and (d) an aromatic hydrocarbon

to one anqg@q%pé%twa%gyyﬁﬁﬂﬁgtﬁdyyéyyyﬂen pol ymeri zation according to
claim1, wherein the solid catal yst conponent (A) is prepared 10 by

cont act i N@ A e rihyal deptiegnasidxPs ilkhed tetraval ent titani um halide

conpound, (c) an electron donor conpound, (d) an aromatic hydrocarbon, and

(e) a pol ysidiegia e g draddeiys idankhe catal yst for olefin
pol ymeri zation according to 15 claim1, wherein the dial koxymagnesium (a)

i s di ebhoxygnasilioy &l opei ydatiadetdioxyeri 1@ahef i n pol yneri zati on accordi ng
to 1 claim1, wherein the electron donor conpound (c) is a phthalic 20 acid
di est er. @&yclivhecatlal ystorfeort yaldafe thoxgisyiieniezat i on according to claim1l
wherein the el ectron donor conpound (c) is a phthalic acid diester
derivati ve.-me3 by chivd el yestc apenglvdfdiimepbbyweiiaaei on according to claim
6) wherein the phthalic acid diester derivative is 42

4-methylcyclohexylcyclopentyldimethoxysilane, and

) 3,5-dimethylcyclohexylcyclopentyldimethoxysilane can be
10 given. These organosilicon compounds (D) can be used
individually or in a combination of two or more.
In the case where the above components (D) are used in
combination, the preferable combinations with the above

components (C) are as shown in Table 1.

15
TABLE 1

Component (C) Component (D)

(1) | Bis{perhydroisoquinclino)dimethoxysilane | Diisopropyldimethoxysilane

(2) | Bis(perhydroisoquinolinc)dimethoxysilane | Diisobutyldimethoxysilane

(3) | Bis{perhydroisoquinolino)dimethoxysilane | Cyclohexylmethyldimethoxysilane

(4) | Bis(perhydroisoguinolino)dimethoxysilane | Dicyclopentyldimathoxysilane

(8) | Bis(perhydroisoquinolino)dimethoxysilane | Cyclohexyicyclopentyldimethoxysilane

Olefins can be polymerized or copolymerized using the
catalyst for olefin polymerization of the present invention.

20 As olefins, ethylene, propylene, l-butene, 1l-pentene,
4-methyl-1l-pentene, vinyl cyclohexane, and the 1like can be used
either individually or in combination of two or more. Of these,

ethylene, propylene, and l-butene can be suitably used. A

27



4-bronmophthalic acid diester. 8. A process for polynerizing ol efins
characterized by polynerizing or copolynerizing olefins in the presence of
a 5 catalyst for olefin polynerization conprising: (A) a solid catalyst
conponent prepared by contacting (a) a dial koxymagnesium (b) a tetraval ent
titani um halide conpound, and (c) an el ectron donor conpound to one

anot her, (B) an organoal um num conpound of the following formula 10 (1) ,
RIpAICB (1 ) mherein R1 represents an al kyl group having 1 to 4 carbon

atons nu%%% S?gf[psreaf[e:}yaq}rloeggi' gilgqls %rgpgf‘gggen(%;o%?le%%dmg P! esents

a real ornu am no ane

conpound gégwgmgmgw ROCAOLEHLE (P 1nf2RAT ORI o2 16220 wherein Rz

represents ydroqul nol'i no group or perhydr0|squ|noI|no group, R3

repr esentéoaopﬁﬁéygﬁgau' @ehwgngr Oi’%utp@x{@ydf ghepgiidol i no group, an alkyl
group having 1"to 12 carbon atons, a cycloal kyl group, phenyl group, vinyl

group, 254ahty¥hy9t @UBenPEnal Alikiyll &Y Olbhestdiee RAndrai1bReRGEDERRYed he sane
as or different fromthe RZgroup, and R |nd|V|duaIIy represents an al kyl

group shavé Dghdr tixdd vaaran yab £t cémPhat Lt beadwy br gioxed, phemmdsegr oup,
vinyl group, allyl group, or aral kyl group. 9. The process for polynerizing
ol ef i ns aeehydeng &nd5ichbatand, cahesei suitebplugkdat al yst conponent (A) is
pr epar ed
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

10 in the amount of 1 to 2000 mols, and preferably 50 to 1000 mols,
per one mol of titaniumatomin the component (A). The component
(C) is used in the amount of 0.002 to 10 mols, preferably 0.01
to 2 mols, and particularly preferably 0.01 to 0.5 mols, per
one mol of the component (B). If the component (D) is used in

15 combination, the amount is 0.002 to 10 mols, preferably 0.01
to 2 mols, and particularly preferably 0.01 to 0.5 mols, per
one mol of the component (B) and 0.01 to 100 mols, preferably
0.1 to 10 mols, and particularly preferably 0.1 to 1 mol, per
one mol of the component (C).

20 Although the order of contact of these components is
optional, it is desirable to first add the organocaluminum
compound (B) to the polymerization system, then cause the amino
silane compound (C) or a mixture of the components (C) and (D)
to contact the organcaluminum compound (B}, or cause the

25 component (C) and component (D} in an optional order to contact

the organoaluminum compound {(B), and cause the solid catalyst

component (A) to contact the resulting mixture. A method of
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by contacting (a) a dial koxymagnesium (b) a tetravalent titanium halide
conpound, (c) an el ectron donor conpound) and (d) an aromatic hydrocarbon
to one another. 10 10. The process for polynerizing olefins according to
claim8, wherein the solid catal yst conponent (A) is prepared by contacting
(a) a dial koxymagnesium (b) a tetravalent titanium halide conpound) (c) an
el ectron donor conpound) (d) an aromatic hydrocarbon, and (e) a

pol ysi | oxane to one another. 15 11. The process for polymerizing ol efins

accor di ngehon¢hai m @atM%Q'Qytmdﬂk@'wxé%%%iwmﬁa)n b&npound (B)

di et hoxymagnesi um 20 127 The process for polynerizing ol efins according to

claim8, yhefgd bdiemeH i8I § Qﬁ)émc@%%@eﬁ‘})cé%ﬁq@*ﬂh@aédrﬁpcﬁ@érﬂ:

diester. 13. The process for polynerizing olefins according to 25 claim 8,

wherein thg)eteddMihdorBe eomPOLatk (@) bs thePbbhpbhéenesi@)dagst @),
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catalyst activity against hydrogen and crystalline properties

of the resulting polymer by using a previously contacted mixture

I of the component (&) and component (C) or the components (C)
10 and (D).

The polymerization of the present invention can be
carried out either in the presence 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

15 reaction is preferably carried out at a temperature of 200°C
or less, and preferably at 100°C or less, under a pressure of
10 MPa or less, and preferably 5 MPa or less. Either a
continuous polymerization system or a batch polymerization
systemmay be used for the polymerization reaction. Inaddition,

20 the polymerization can be completed either in one step or in
two or more steps.

In polymerizing olefins using the catalyst containing the
component (A), component (B), and component (C) (hereinafter
may be referred to as “main polymerization”), it is desirable

25 to proceed prepolymerization of the olefins prior to the main

polymerization to further improve the catalyst activity,

stereoregularity, properties of resulting polymer particles,
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molecular weight distribution broader than that of the polymers
produced using a conventional catalyst. In addition, the
25 catalyst for olefin polymerization of the present invention

exhibits the same performance as conventional catalysts in

catalyst activity and the capability of producing polymers with
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present invention has been confirmed to produce polymers with

a broader molecular weight distribution, while maintaining the

catalyst activity and crystalline properties of the polymers.

EXAMPLES
The present invention will be described in more detail
by examples, which should not be construed as limiting the
! present invention.
10 Example 1
(Preparation of solid catalyst component)

A 2,000 ml round bottom flask equipped with a stirrer,
of which the internal atmosphere had been sufficiently replaced
by nitrogen gas, was charged with 150 g of diethoxymagnesium

15 and 750 ml toluene to prepare a suspension. The suspension was
added to a solution of 450 ml of toluene and 300 ml of titanium
tetrachloride in another 2,000 ml round bottom flask equipped
with a stirrer, of which the internal atmosphere had been
sufficiently replaced by nitrogen gas. The suspencsion was

20 reacted at 5°C for one hour (low temperature aging process).
After the addition of 22.5 ml of di-n-butyl phthalate, the
mixture was heated to 90°C and reacted for two hours with
stirring (first process). After the reaction, the resulting
reaction mixture was washed four times with 1,300 ml of toluene

25 at 80°C (intermediate washing). After the addition of 1,200
ml of toluene and 300 ml of titanium tetrachloride, the reaction

mixture was heated to 112°C and reacted for two hours with
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mixture was washed seven times with 1,300 ml of heptane at 40°C,
filtered, and dried to obtain a solid catalyst component (A)

5 in the form of a powder. The content of titanium in the solid

catalyst component was analyzed and found to be 2.9 wt%.

(Preparation of polymerization catalyst and polymerization)
A 2.0 1 autoclave equipped with a stirrer, of which the

10 internal atmosphere had been entirely replaced by nitrogen gas,
was charged with 1.32 mmol of triethylaluminum, 0.13 mmol of
bis (perhydroisoquinolino)dimethoxysilane, and the above solid
catalyst component (A), in terms of the titanium atom contained
therein, in an amount of 0.0026 mmol, thereby forming a

15 polymerization catalyst. Then, with the addition of 2.0 1 of
hydrogen gas and 1.4 1 of liquid propylene, the
prepolymerization was carried out for 5 minutes at 20°C,
followed by heating the prepolymerized product, and the main
polymerization was carried out for one hour at 70°C. The

20 polymerization activity per 1 g of the solid catalyst component

was calculated according to the following formula.

Polymerization activity =

Produced polymer (F)(g) / Solid catalyst component {(g)

The polymer (G) insoluble in n-heptane determined by

extracting this polymer for 6 hours in boiling n-heptane was
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5 HI = (G) (g)/(F) (g)

Xylene soluble components (XS) in the polymer were
determined as follows. Method for measuring xylene soluble
I components: 4.0 g of the polymer was added to 200 ml of p-xylene
10 and dissolved while maintaining the mixture at the boiling point
(138°C) over two hours. The mixture was cooled to 23°C and the
soluble matters were separated from insoluble matters by
filtration. The soluble components were dried with heating,
and the polymer thus obtained was determined as xylene soluble
15 components (wt%). The melt index (MI) of the polymer was
determined according to the test method conforming to ASTMD1238

or JIS K7210.

(Molecular weight distribution of polymer)

20 The molecular weight distribution of polymers was
evaluated by the ratio (Mw/Mn) of the weight average molecular
weight (Mw) to the number average molecular weight (Mn) and the
ratio {(Mz/Mw) of the Z-average molecular weight (Mz) to the
weight average molecular weight (Mw), measured by cross

25 fractionation chromatography (CFC) using CFC T-150B
(manufactured by Mitsubishi Chemical Corp.) under the following

conditions.
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Sample concentration: 4 g/1-0ODCB (200 mg/50 ml-ODCB)
5 Charge amount: 0.5 ml
Flow rate: 1.0 ml/min

Temperature: 0°C to 140°C

' (Measurement of polydispersity index (PI))
10 Polydispersity index (PI) was measured using a dynamic
stress rheometer {(DSR) using SR-500 manufactured by Rheometric
Scientific, Inc. Additives described below were added to
samples to prevent the samples from becoming deteriorated due
to heat.
15 Measurement mode: Frequency sweeping mode
Temperature: 200°C
Stress: 2,000 dyn/cm?
Frequency range: 100 to 0.1 rad/sec.
Additive: A slurry prepared by mixing 4 g of

20 2,6-dibutyl-p-cresol, 8 g of DLTP (Lasmit), 2 g of calcium
stearate, 6 g of Mark 260 (ADK STAB), and 200 ml or more
of acetone was added to the polymers in the following
ratio.
Ratio (slurry/polymer): 5 ml/5 g

25
Polymerization activity, heptane insoluble (HI), melt

index (MI), xylene soluble (XS), molecular weight distribution
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A 2,000 ml round bottom flask equipped with a stirrer,
of which the internal atmosphere had been sufficiently replaced
by nitrogen gas, was charged with 150 g of diethoxymagnesium
! and 750 ml toluene to prepare a suspension. The suspension was
10 added to a solution of 450 ml of toluene and 300 ml of titanium
tetrachloride in another 2,000 ml round bottom flask egquipped
with a stirrer, of which the internal atmosphere had been
sufficiently replaced by nitrogen gas. The suspension was
reacted at 5°C for one hour (low temperature aging process).
15 2after the addition of 22.5 ml of di-n-butyl phthalate, the
mixture was heated to 100°C. Then, 30 ml of cyclic polysiloxane
(decamethylcyclopentasiloxane “TFS-405” manufactured by GE
Toshiba Silicones Co., Ltd.) was added. The mixture was heated
to 105°C and reacted for two hours with stirring (first process).
20 After the reaction, the resulting reaction mixture was washed
four times with 1,300 ml of toluene at 80°C (intermediate
washing). After the addition of 1,200 ml of toluene and 300
ml of titanium tetrachloride, the reaction mixture was heated
to 112°C and reacted for two hours with stirring (second process) .
25 The intermediate washing and second process were repeated once

more. The resulting reaction mixture was washed seven times

with 1,300 ml of heptane at 40°C, filtered, and dried to obtain
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5 polymerization was carried out in the same manner as in Example
1, except forusing the solid catalyst component prepared above.
The molecular weight distribution of the polymer was evaluated
and the polydispersity index (PI) was measured in the same
' manner as in Example 1. The results are shown in Table 2.
10
Example 3
A polymerization catalyst component and a catalyst were
prepared and polymerization was carried out in the same manner
as in Example 1, except that dineopentyl 4-bromophthalate was
15 used instead of di-n-butyl phthalate for preparing the solid
catalyst component. The molecular weight distribution of the
polymer was evaluated and the polydispersity index (PI) was
measured in the same manner as in Example 1. The results are

shown in Table 2. The content of titanium in the solid catalyst

20 component was analyzed and found to be 2.9 wt%.

Example 4
(Preparation of solid catalyst component)
A 500 ml round bottom flask equipped with a stirrer, of
25 which the internal atmosphere had been sufficiently replaced
by nitrogen gas, was charged with 10 g of diethoxymagnesium,

1.5 g of aluminum trichloride, and 90 ml of toluene to prepare
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phthalate and 3.0 ml of dimethylpolysiloxane with a viscosity
5 of50cstat roomtemperature were added. Themixture was heated
to 110°C and reacted for 2 hours (first reaction process).
After the reaction, the supernatant ligquid was removed and the
residue was washed three times with 88 ml of toluene at 75°C.
I 89 ml of toluene and 22 ml of titanium tetrachloride were added
10 and the mixture was stirred for 1.5 hours at 100°C (second
reaction process). The reactionmixture was washed eight times
with 83 ml of n-heptane at 40°C té obtain a solid catalyst
component. The content of titanium in the solid catalyst
component was analyzed and found to be 3.3 wt%. The content
15 of aluminum was 0.5 wt%.
A polymerization catalyst was prepared and
polymerization was carried out in the same manner as in Example
1, except forusing the solid catalyst component prepared above.
The molecular weight distribution of the polymer was evaluated
20 and the polydispersity index (PI) was measured in the same

manner as in Example 1. The results are shown in Table 2.

Comparative Example 1
A 2,000 ml round bottom flask equipped with a stirrer,
25 of which the internal atmosphere had been sufficiently replaced
by nitrogen gas, was charged with 95.2 g of magnesium dichloride,

442 ml of decane, and 390.6 g of 2-ethylhexyl alcohol. The
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homogeneous solution. 21.3 g of phthalic anhydride was added
to the solution and the mixture was stirred at 130°C for one
hour to dissolve the phthalic anhydride, thereby obtaining a

5 homogeneous solution. After cooling to room temperature, 75
ml of the homogeneous solution was added to 200 ml of titanium
tetrachloride. The mixture was heated to 110°C, 5.22 g of
diisobutyl phthalate was added, and the mixture was reacted for

) two hours with stirring. After the reaction, the reaction

10 product was suspended again in 275 ml of titanium tetrachloride
and processed for two hours at 110°C. The resulting reaction
mixture was washed seven times with heptane at 40°C, filtered,
and dried to obtain a solid catalyst component in the form of
a powder. The content of titanium in the solid catalyst

15 component was analyzed and found to be 2.8 wt%. 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 molecular
weight distribution of the polymer was evaluated and the

20 polydispersity index (PI) was measured in the same manner as

in Example 1. The results are shown in Table 2.

Comparative Example 2
A polymerization catalyst component and a catalyst were
25 prepared and polymerization was carried out in the same manner
as in Example 1, except that cyclohexylmethyldimethoxysilane

was used instead of bis(perhydroisoquinolino)dimethoxysilane
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As can be seen from the above results, polymers produced
by using the catalyst of the present invention has
10 stereoregularity equivalent to or highexr than that of the
polymers obtained by conventional catalysts shown in
Comparative Examples 1 and 2, as well as a remarkably broader
’ molecular weight distribution represented by Mw/Mn or Mz/Mw.
In particular, the high Mz/Mw ratio indicates an increase of
15 polymers in a high molecular weight region, resulting in a
remarkably broadened molecular weight distribution.
Furthermore, notwithstanding the broad molecular weight
distribution, the highmelt index (MI) possessed by the polymers
prepared in Examples, eguivalent to or higher than that of the
20 polymers produced in Comparative Examples 1 and 2, indicates

high activity against hydrogen of the catalyst.
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10 catalyst exhibits activity against hydrogen equivalent to or

higher than the activity exhibited by conventional catalysts,

whereby polymers with a high melt flow rate can be obtained.
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CLAIMS

1. A catalyst for olefin polymerization comprising:
(A) a solid catalyst component prepared by contacting (a)
5 adialkoxymagnesium, (b) a tetravalent titaniumhalide compound,
and {(c) an electron donor compound to one another,
{B) an organoaluminum compound of the following formula

(1),

10 R',A10Q;., (1)

wherein R’ represents an alkyl group having 1 to 4 carbon atoms,
Q represents a hydrogen atom or a halogen atom, and p represents
a real number satisfying the formula 0 < p £ 3, and

15 (C) an aminosilane compound of the following formula (2),

R?R¥si (ORY), (2)

wherein R? represents a perhydroguinolino group or

20 perhydroisoguinolino group, R’ represents a perhydroquinolino
group, perhydroisoquinolino group, an alkyl group having 1 to
12 carbon atoms, a cycloalkyl group, phenyl group, vinyl group,
allyl group, or aralkyl group, the R’ group being either the
same as or different from the R? group, and R! individually

25 represents an alkyl group having 1 to 4 carbon atoms, a
cycloalkyl group, phenyl group, vinyl group, allyl group, or

aralkyl group.
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2. The catalyst for olefin polymerization according to
claim 1, wherein the solid catalyst component (A) is prepared
by contacting (a) a dialkoxymagnesium, (b) a tetravalent

5 titanium halide compound, (c) an electron donor compound, and

{d) an aromatic hydrocarbon to one another.

3. The catalyst for olefin polymerization according to

’ claim 1, wherein the solid catalyst component (A) is prepared
10 by contacting (a) a dialkoxymagnesium, (b) a tetravalent

titanium halide compound, (c) an electron donor compound, (d)

an aromatic hydrocarbon, and (e) a polysiloxane to one another.

4. The catalyst for olefin polymerization according to
15 claim 1, wherein the dialkoxymagnesium (a) is

diethoxymagnesium.

5. The catalyst for olefin polymerization according to
claim 1, wherein the electron donor compound (c) is a phthalic

20 acid diester.

6. The catalyst for olefin polymerization according to
claim 1, wherein the electron donor compound (c) is a phthalic
acid diester derivative.

25
7. The catalyst for olefin polymerization according to

claim 6, wherein the phthalic acid diester derivative is
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8. A process for polymerizing olefins characterized by
polymerizing or copolymerizing olefins in the presence of a
5 catalyst for olefin polymerization comprising:
(A) a solid catalyst component prepared by contacting (a)
a dialkoxymagnesium, (b) a tetravalent titaniumhalide compound,
and (c) an electron donor compound to one another,
' (B) an organoaluminum compound of the following formula

10 (1),

wherein R' represents an alkyl group having 1 to 4 carbon atoms,
15 Q represents a hydrogen atom or a halogen atom, and p represents
a real number satisfying the formula 0 < p £ 3, and

(C) an aminosilane compound of the following formula (2),

R’°R3*Si (OR?) (2)
20
wherein R? represents a perhydroguinolino group or
perhydroisoquinolino group, R® represents a perhydroquinolino
group, perhydroisoquinolino group, an alkyl group having 1 to
12 carbon atoms, a cycloalkyl group, phenyl group, vinyl group,
25 allyl group, or aralkyl group, the R’ group being either the
same as or different from the R? group, and R! individually

represents an alkyl group having 1 to 4 carbon atoms, a
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an aromatic hydrocarbon, and {(e) a polysiloxane to one another.

15
11. The process for polymerizing olefins according to
claim 8, wherein the dialkoxymagnesium (a) is
diethoxymagnesium.
]
20 12. The process for polymerizing olefins according to

claim 8, wherein the electron donor compound (¢} is a phthalic

acid diester.

13. The process for polymerizing olefins according to

26 claim 8, wherein the electron donor compound (c¢) is a phthalic

acid diester derivative.
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14. The process for polymerizing olefins according to

claim 13, wherein the phthalic acid diester derivative is

4 -bromophthalic acid diester.
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