ORI G NAL DESCRI PTI ON COLEFI N POLYMERI ZATI ON CATALYST 5 TECHNI CAL FI ELD The
present inventio an olefin polynerization catalyst having a
“high activity to“ﬂ%@ﬂ@ﬂﬁﬂmwmw exhi biting high catalytic activity, yield
performance, and 'ty of producing polynmers with stereoregularity 10
equi val ent to convenfiJ®al catal ysts for polynerizat[égggglgglra¥gi;
BACKGROUND ART A solid catal yst conponent contai ning 1

titanium an or conpound, and hal ogen as essential conponents
used for the Mﬂm‘m mm\on of olefins such as propylene has been known in
i

the art. Al so, nunber of DESERA®AIONOr ol efin pol ynerizati on by
pol yneri zati on or*® ol ynmeri zation of propylene, in the presence of an
ol efin 20 pol ynerization catal yst conprising the above solid catalyst

conponent s, an organoal um num conpound, and an organosilicon conpound,
have been proposed. ForOliihp| ROL PRI ONAEAR ¥R Pat ent Publication
No. (hereinafter referred to as JP-A) 63310/1982 and JP-A No. 63311/1982
propose a nmethod for 25 polynerization of olef ins, particularly olef ins
with three or __nore_carbon atons, in which a conbined catal yst conprising
sol i P CEFQﬁygFA%oﬁﬁgﬁQnts cont ai ni ng a nmagnesi um conpound, titanium 1

conmpound, and an el ectron donor, .and a r ganoal um num .comound
P %he present invention re é%é% O an o é?ln P

polymerization catalyst having a high activity to hydrogen and
exhibiting high catalytic activity, yield performance, and
capability of producing polymers with stereoregqularity

10 equivalent to conventional catalysts for polymerization of

olefins.

BACKGROUND ART
A solid catalyst component containing magnesium,

15 titanium, an electron donor compound, and halogen as essential
components used for the polymerization of olefins such as
propylene has been known in the art. Also, a large number of
methods for olefin polymerization by polymerization or
copolymerization of propylene, in the presence of an olefin

20 polymerization catalyst comprising the above solid catalyst
components, an organocaluminum compound, and an organosilicon
compound, have been proposed. For example, Japanese
Unexamined Patent Publication No. (hereinafter referred to as
JP-A) 63310/1982 and JP-A No. 63311/1982 propose a method for

25 polymerization of olefins, particularly olefins with three or
more carbon atoms, in which a combined catalyst comprising solid

catalyst components containing a magnesium compound, titanium



and an organosilicon conmpound having a Si-OC |inkage is used. However,
because these nethods are not necessarily satisfactory for producing high
‘stereoreqgularity polyners at a high yield, 5 inprovenent of these nethods
has been desired. JP-A No. 3010/1988 proposes an ol efin polynerization
catal yst and a polynerization nethod. The olefin polynerization catalyst
‘conprises a solid catal yst conponent, obtained by processing a powder
-produced from di al koxy 10 magnesi um aromatic dicarboxylic acid diester,

aromati ¢ cBugbasar koM adneh ddt Adh UERE!, | 418 Wnt br §£70 a1 G PLE ¥R SHHAUM
conpound, and an organosilicon conpound. JP- A Noo 315406/ 1989 proposes

anot her oha#i an dlfljmilzi&idrp&oﬁ?b@w_shaaﬂﬂgaa Bal-prer 1 IAkhg8 fiaed . usi ng
this 15 catalyst. The olefin polynerization catalyst conprises a solid

catal yst Howpoeentbauwayss eteby ntgigre ot Recessat £1y aaktli@fade ot 0
contact with a suspension forned by a diethoxymagnesiumw th an

al kyl benzéne, prdduning i hgh istertatdquliae tyhpodymetrs atagthigh gliledid) a
solid product, and 20 further contacting the resulting solid product with a
titanium impreuemnesti 8§ theskemetbodscbasf beenadegliredzene, an organic

al um num conpound and an organi c silicon conpound. Al of the .

above- descri bed %@adv &¢t-i GPA0 4188 drepasses vy @ lmfin mimnma(rjtmm ts in
i mproving the_catal yst 25 activity to the extent of permtting dispensing
mﬁ?h an gﬁéﬁgixﬁﬁvé dsfepofymerdzaving Pethrdst TRejeleSiBuch as chlorine

and titaniumfromthe forned polyners,. i nprovi the 2 yield of
stereoregBPngF§lﬁﬁF&ﬂﬂr%?t%&é%Frﬁﬂqﬂﬁ¥ﬁ§g?ﬁe50fgd catalyst component,

obtained by processing a powder produced from dialkoxy
10 magnesium, aromatic dicarboxylic acid diester, aromatic
hydrocarbon, and titanium halide with heat, an organocaluminum
compound, and an organosilicon compound.
JP~A No. 315406/1989 proposes another olefin
polymerization catalyst and a polymerization method using this
15 catalyst. The olefin polymerization catalyst comprises a
solid catalyst component prepared by bringing a titanium
tetrachloride into contact with a suspension formed by a
diethoxymagnesium with an alkylbenzene, adding phthalic
dichloride thereto to react to obtain a solid product, and
20 further contacting the resulting solid product with a titanium
tetrachloride in the presence of an alkylbenzene, an organic
aluminum compound and an organic silicon compound.
All of the above-described conventional technologies
have attained certain results in improving the catalyst
25 activity to the extent of permitting dispensing with an
ash-removal step for removing catalyst residues such as

chlorine and titanium from the formed polymers, improving the



durability of the catalyst activity during the polynerization. The pol yners
produced using these catal ysts are used in a variety of applications
“including forned products such as 5 parts of vehicles and househol d
electric appliances, containers, and filnms. These products are manufactured
by nelting polynmer powders produced by the polynerization and by form ng
‘the nelted polynmer using anyone of various nolds. In nmanufacturing forned
products, particularly |large products, by injection nolding or 10 the |ike,

mel ted poyyaegsosr QtéQEBFrEGEiaE:&Q?i g;ﬁdyin@rgf;‘vﬁnai GRprbbyng kthe(mel t flow
rate). Accordingly, a nunbér of studieS have been undertaken to increase

the melt Ghewbhiaieyddf pblysRtslydbadmivity Bawihgithdpeaynerdeaends on the
nol ecul ar weight of the polyners. In the polyner industry, hydrogen is

generally 15 adtedpaiyaems| prodacednigitig tégsleatatalpstpohysrised in he
pol ymeri zation of olefins. In this instance, a large quantity of hydrogen
i s usual | & wddedtyoofir eppdéchtions| éaclladingi gbrmedopysdustehisakhaas t he
polyners having a high melt f lowrate. However, the quantity of hydrogen
whi ch anpbetaddevehscl egiansihods bbobd od esttriilccappksances y esnthdmessof t he
reactor fromthe viewpoint of safety. In order to add a |arger anount of
hydr ogen, andHei g « i fihgseepsaducss ammawaud acs ugedpby yreskt gl pedymes be
decreased. The decrease in the partial pressure, however, is acconpanied
by a decrBa¥eerfs BHashirad by thhe palymephaation aad by formingthemedsed: of
hydr ogen may bring .about a rogjenxof cosf Devel o nt of a catal yst
capabl e &%X’E&SE&%@%W ohve Loy s FWW%‘&F?%?%“B&“%S‘TPE@“EQ
smal | er By . ' t her rd catal yst _whi ch. has a high
act i Vi tyaﬁggﬁ%%g nﬂ@%aﬁ)L '].a%glg prg\gucés ' %y 1nje¥§10n mocldlng or
10 the like, melted polymers are sometimes required to have high
fluidity (melt flow rate). Accordingly, a number of studies
have been undertaken to increase the melt flow rate of polymers.
Themelt flowrate greatly depends on themolecular weight
of the polymers. 1Inthepolymer industry, hydrogen is generally
15 added as a molecular weight requlator for polymers in the
polymerization of olefins. In this instance, a large quantity
of hydrogen is usually added to produce low molecular weight
polymers which are the polymers having a high melt flow rate.
However, the quantity of hydrogen which can be added is limited
20 because of the pressure resistance of the reactor from the
viewpoint of safety. 1Inorder toadd alarger amount of hydrogen,
the partial pressure of monomers to be polymerized has to be
decreased. The decrease in the partial pressure, however, is
accompanied by a decrease in productivity. Additionally, use
25 of a large amount of hydrogen may bring about a problem of cost.

Development of a catalyst capable of producing polymers with

a high melt flow rate by using a smaller amount of hydrogen,



and produces a highly stereoregular polymer, while maintaining high yield
performance has therefore been desired. Conventional technol ogies have been
‘insufficient in solving 5 these requirenments. To achieve this objective,
JP-A No. 218932/1998 discloses a catalyst for polynerization of olefins
conprising a hal ogen-containing organosilicon conpound of the follow ng
formula (1) and an organosilicon conpound of the following 10 fornmula (I1)
-as organosilicon compounds: Si(OR),-nZ,, wherein R8 individually

repr esent $n &t il Kitb rasQUP 3dWIRG ¢! wﬁ?ch%acﬁé%%lﬁﬁeﬁv1eg%&h et %é]engrzouﬂ

a phenyl group, a V|nyI group, - an allyl group,” or an ar

i ndi cat esafdsHoBfeR b0 g ﬂgymﬁédrsegaﬂambsm?ﬁ\egf vihipa ?naln%a%n% o R
4-t wherein the group RO individually represent an al kyl group havi'ng 1 to

12 car bonhaghnpieddcpelkrdalritghcer hup, thepbEdyl beeupdesarednyl group, an
allyl group, or an aral kyl group, R10 20 individually represents an al kyl
group havCagvéntdhordatatkbohnodbgies havgcbeehkyhsgfdipieatpiangblegiog, a
vinyl group, an allyl group, or an aralkyl group, and t is O or an integer
of 1% o0 8heFhi seghétemepdbyneri zation catalyst is not yet 25 satisfactory

for providing olefin polymers with a sufficient nelt flow rate, although
certain i nprovefenfchieyeethiis ohgectdval y sP-dc Nosi t&&%l’/ﬁ(&&fgen 4

Therefore, ,an_object of the present inventionis to
discloses a catalyst for polymerization of olefins comprising

a halogen-containing organosilicon compound of the following

formula (I) and an organosilicon compound of the following
10 formula (II) as organosilicon compounds:

S1(OR®)4-nZn (I)

wherein R® individually represents an alkyl group having 1 to

4 carbon atoms, a cycloalkyl group, a phenyl group, a vinyl group,

an allyl group, or an aralkyl group, 2 indicates a halogen atom,
15 and n is an integer of 1 to 3;

R%:Si(ORY) ¢ (IT)
wherein the group R’ individually represent an alkyl group
having 1 to 12 carbon atoms, a cycloalkyl group, a phenyl group,
a vinyl group, an allyl group, or an aralkyl group, R!°

20 individually represents an alkyl group having 1 to 4 carbon
atoms, a cycloalkyl group, a phenyl group, a vinyl group, an
allyl group, or an aralkyl group, and t is 0 or an integer of
1 to 3.

This olefin polymerization catalyst is not yet

25 satisfactory for providing olefin polymers with a sufficient

melt flow rate, although certain improvement is seen in the

catalyst activity to hydrogen.



provi de an ol efin polynerization catal yst having a high activity to

hydr ogen and exhi biting high catalytic activity, vyield performance, and
“capability of producing polynmers with 5 stereoregularity equivalent to
conventional catalyst for polynerization of olefins. D SCLOSURE OF THE

I NVENTION In view of this situation, the inventor of the present 10
‘invention has conducted extensive studies and have found that a catal yst
-cont ai ni ng a hal ogen-cont ai ni ng organosilicon conmpound of the follow ng

formula (2) exhiftidreford ghti SHedvySdr aed iptdded® IWHMPOERMN tignedhe
catal yst conprising the organosilicon conpounds (I) and (I11) disclosed in

JP-A No. provide3anldl@fithedlymertivatian datalsistf aavdnighal High catal yst
activity to hydrogen can al so be achieved by a catalyst containing a

hal ogen- cacttdiviitlyy tor jpdesgbncand coxpobiting litgh daddlopmiing foririltay (2) and
a hal ogen-contai ning organosilicon conpound of the followng fornula (3),
a cat al ysyieddt penfpgma@ceheahdl ogpabibatwi of noraduineg igo lgarexrsomicaind  of
the followwng formula (3), and a catal yst containing a hal ogen-containing
or ganosi | SteX¥eosRoYdAd 16y caa ivallieati e fconvend iopalacatalyst for

hal ogen- cont ai ni ng or.ganosilicon conpound of the followng formula (4).
These finBPAyRerasation o cHeld®®pl etion of the 25 present invention
Specifically, the present invention provides an olefin polynerization
catal yst conprising: 5 (A a solid catal yst conponent prepared by

ContaCti”QISEibsﬁnﬂiﬁ%k%ﬁﬁ q%%%%%l%w (b) a tetra-valent titanium halide,

In view of this situation, the inventor of the present
10 invention has conducted extensive studies and have found that
a catalyst containing a halogen-containing organosilicon
compound of the following formula (2) exhibits a higher catalyst
activity to hydrogen than the catalyst comprising the
organosilicon compounds (I) and (II) disclosed in JP-A No.
15 218932/1998. The inventor has further found that high catalyst
activity to hydrogen can also be achieved by a catalyst
containing a halogen-containing organosilicon compound of the
following formula (2) and a halogen-containing organosilicon
compound of the following formula (3), a catalyst containing
20 the halogen-containing organosilicon compound of the following
formula (3), and a catalyst containing a halogen-containing
organosilicon compound of the following formula (3) and a
halogen-containing organosilicon compound of the following
formula (4). These findings have led to the completion of the
25 present invention.
Specifically, the present invention provides an olefin

polymerization catalyst comprising:



and (c) a phthalic acid diester in (d) an aromati c hydrocarbon having a

boi li ng point i

n the range of 50 to 150C, 5 (B) an organoal um num conpound

‘of the following formula (1), RIPAI@-p (1) wherein RL is an al kyl group
having 1 to 4 carbon atons, Qis a hydrogen atomor a hal ogen atom and p
is a real nunmber 10 satisfying an inequality O<p <3, and (C) one or nore
hal ogen- cont ai ni ng organosilicon conpounds selected fromthe foll ow ng
-conponents (C) and (C2), (d) a hal ogen-containing organosilicon conmpound

of the follow
group R2 indivi

3& )f & 813 d Datahy s compcd@ait) g%e%;‘a&?é@ (b%) coi@ic®iing he

ually represents“an al kyl grou avi ng to 12 carbon

atons, a ¢y¢! @aiikafllk@fpgmgrﬁeﬂhﬁm,yl(bgraueetr@-\vémﬁt & i i @0 1Rd1lide 91 OUP,

or an aral kyl group,

individually represents an al kyl group having 1 to

4 carbon 2fdatoym pattwdlieabkyl diestper dhayyan Hranat it Yy@tocir®an an
allyl group, or an aral kyl group, and X is a halogen atom selected froma

chl ori ne havimgaabboiiiagapotintaid &hei adnge attos0 toi 4500Cpr an integer of

1to 2, and mi

s an integer of 1 to 3, provided that 1 <|l+m< 3, 25 (C2)

a hal dgen- cont ai(B)ngnorygansea l usomun agrpmthd b ft hee foil lowninmg foommallaa (3),

RAgS i (OR5) 4_

branched &lkyl
at oms

9 (3) 6 wherein R4 individually indicates a |inear or
group having 1 to 12 carbon atons, with one or two hydrogen

R';ALQsp (L)

wherein R' is an alkyl group having 1 to 4 carbon atoms, Q is

a hydrogen atom or a halogen atom, and p is a real number

10 satisfying an inequality 0<p=3, and

(C) one or more halogen-containing organosilicon

compounds selected from the following components (C') and (C?),

(C') a halogen-containing organosilicon compound of the

following formula (2),

15

R%81i(OR*) 4o1-mXm (2)

wherein the group R? individually represents an alkyl group

having 1 to 12 carbon atoms, a cycloalkyl group, a phenyl group,

a vinyl group, an allyl group, or an aralkyl group, R?

individually represents an alkyl group having 1 to 4 carbon

20 atoms, a cycloalkyl group, a phenyl group, a vinyl group, an

~allyl group, or an aralkyl group, and X is a halogen atom selected

from a chlorine atom, a bromine atom, and an iodine atom, 1 is

0 or an integer of 1 to 2, and m is an integer of 1 to 3, provided

that 1 £ 1+m £ 3,

25

(C*) a halogen-containing organosilicon compound of the

following formula (3),

RYGSi(OR%),-q (3)



repl aced by hal ogen atons, R5 individually represents an al kyl group
having 1 to 4 carbon atons, a cycl oal kyl group, a phenyl 5 group, a vinyl
‘group, an allyl group, or an aral kyl group, and q is an integer satisfying
.an inequality of 1: _5q:_53. The present invention further provides an
olefin polynerization catalyst conprising: (A a solid catal yst conponent
prepared by contacting 10 (a) a dial koxy magnesium (b) a tetra-val ent
‘titaniumhalide, and (c) a phthalic acid diester in (d) an aromatic

hydrocar bgRe,r82Xi RO 2} RP {Hdidhdde & AR ad 020piAnkp®G 2GR 18N
C#I?ﬁ%%?o I31a 1), % p &&

or ganoal um num conpoun ow ng fornu (1)

wh . : I : 0 ik ' rogen
erein RirbgpdHavildg/l thQE'Fbe{l%ﬁrﬂgtém}é, rﬁlntgggherb@mgmég}aa n 2tByd

atom or a halogen atom and pis a rea satis | nequal ity

O<p <3, (£eplacéalvgaaieyeinakibig, RU2AAsVEiEEAN]GOF@OEEeRts tdifa1kY1
foll ow ng f%rnulalﬁg), (R" (3) wherein R4 indigidually indicatesga | i near

or branchggtioap Kydvimgy Qupoh&wtatbdn tax olid ,car SpE1eaDREL g¥ddp ORE phlenk o
hydrogen atons replaced by hal ogen atons, R5 individually represents an
al kyl 525 group, Fawiimyll grougp,canbahlyl gmurg oycanartalkyl eumurs pheany|
group, a vinyl group, an allyl group, or an aral kyl group, and q is an
i nteger satisfgnninbegeregabtisfying ar gnegsdlibydo? LEHg=3.organosilicon
compound  of theTaglggggg%tfggg%L%ion further provides an olefin
polymerization catalyst comprising:
(A) a solid catalyst component prepared by contacting
10 (a) a dialkoxy magnesium, (b) a tetra-valent titanium halide,
and (c) a phthalic acid diester in (d) an aromatic hydrocarbon
having a boiling point in the range of 50 to 150°C,
(B) an organcaluminum compound of the following formula
(1),
15 R':ALQ0s p (1)
wherein R' is an alkyl group having 1 to 4 carbon atoms, Q is
a hydrogen atom or a halogen atom, and p is a real number
satisfying an inequality 0<p=<3,
(C?) a halogen-containing organosilicon compound of'ﬁhe
20 following formula (3),
(R*)qS1(OR’)4q (3)
wherein R' individually indicates a linear or branched alkyl
group having 1 to 12 carbon atoms, with one or two hydrogen atoms
replaced by halogen atoms, R® individually represents an alkyl
25 group having 1 to 4 carbon atoms, a cycloalkyl group, a phenyl

group, a vinyl group, an allyl group, or an aralkyl group, and

q is an integer satisfying an inequality of 1=gq=<3, and



(4), R6SI(OR7)4_e (4) wherein R6 individually represents an al kyl group
having 1 to 5 12 carbon atons, a cycl oal kyl group, a phenyl group, a vinyl
“group, an allyl group, or an aral kyl group, R7 individually represents an
.al kyl group having 1 to 4 carbon atons, a cycloal kyl group, a phenyl
‘group, a vinyl group, an allyl group, or an aralkyl group, with R6 and R7
being either the sane or 10 different, and s is an integer satisfying
-0:-15s:-:93. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a flow chart

showi ng a procegp %f ah etgaa&smmicbhec%wﬁa'czﬁtﬁraen oAty Forin@apr esent
I nvention. 15 BEST MODE FOR CARRYI NG THE | NVENTI ON As tHe di al koxy
magnesi um4a) (hereinafter may be referred to as "conponent (a)") used for
preparing the solid catalyst conponent (A) (hereinafter nmay be referred to
as 20 "conponent ®A)S)(OR),he ol efin pol ynerization catalyst of the
present invention, a conpound represented by the formula Mg (OR11) (OR12) ,
wher ei n Rifieneiin R? iinddiniidhadlllyy represeatts an abkky| gymupthavaMiqd toto 10
carbon atons, and R11 and R12 nmay be either identical or different, is
pref erabl €2 Spekohiatoms exangy@koad by Lidiralipeteh henydggasiupy adivanlydxy
magnesi um  di propoxy_nagnesi um di but oxy naﬁnesiunl et hoxynet hoxy
nagnesiunﬂr@FRox9§r6¥6X} fHEHEsi OF aBuRBRYKY oﬁyoﬁﬁgnﬁsiuwngl@mdllﬁe li ke.
O these, diethoxy magne ku is particularly preferable. These dial koxy
nagnesiun?ﬁﬁ?eﬁﬁngﬁeﬁgréz Bglgro p having 1 to 4 carbon atoms, a

cycloalkyl group, a phenyl group, a vinyl group, an allyl group,

or an aralkyl group, with R® and R’ being either the same or

10 different, and s is an integer satisfying 0Ss=<3.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flow chart showing a process for preparing
the polymerization catalyst of the present invention.
15
BEST MODE FOR CARRYING OUT THE INVENTION
As the dialkoxy magnesium (a) (hereinafter may be
referred to as “component (a)”) used for preparing the solid
catalyst component (A) (hereinafter may be referred to as
20 “component (A)”) in the olefin polymerization catalyst of the
present invention, a compound represented by the formula
Mg (OR') (OR'?), wherein R! and R!}? individually represent an
alkyl group having 1 to 10 carbon atoms, and R'! and R!? may be
either identical or different, is preferable. Specific
25 examples include dimethoxy magnesium, diethoxy magnesium,
dipropoxy magnesium, dibutoxy magnesium, ethoxymethoxy

magnesium, ethoxypropoxy magnesium, butoxyethoxy magnesium,



reacting netallic magnesiumw th an al cohol in the presence of a hal ogen
or a hal ogen-containing netal conpound. The above 5 di al koxy magnesi um nmay
‘be used either individually or in conbination of two or nore. The dial koxy
sragnesi um conpound used for the preparation of the conponent (A) in the
present invention may be either in the formof granules or powder and
ei t her anorphous or spherical 10 in the configuration. For exanple, when
-spheri cal dial koxy nagnesiumis used, the resulting polymer is in the form

of a powdgy RA¥i NgxaN eygethent 9&9@%@&%1‘195 é’é‘%.luﬁi ?@r%?ﬂ?ﬁ%%%#?m

distribution. This inproves handling an rocessa

powder pr eeg_egasméi.ngrn@@éan@iéiﬁékf%@@@é@imnnwdbé%fé%ﬂ@atS§ probl ens
such as clogging caused by fine particles contained ih the polynmer powder.

The spher reabtihgl kokyl Ib@Mefriys e & ikat afeLestll liv the prgdmiely round
i n shape, but may be oval or potato-shaped. Specifically, the particles
may have a halogeflén)a dialdgenegontfDn fixg snelt flveionipdulnd & 0 Thize alore@r axi s
dianeter (w) usually of 3 or less, preferably from1l to 2, and nore

pr ef erfabl didlkoxg megnésiumDmalk beyusednesiherwiniignidawdiggerpdnti cl e size
from 1 to 200 mcan be used. A nore preferable average particle 25 size is
5 to 150 apmbanakéopasd dwosphemprel di al koxy magnesium the average
particle size is usuallz froml to 100 m preferably from5 to 50 m and
nore pref er abl y Theo#iabkesy mpgnesiymaespoungd ageady faridie preparaitdoa si ze

distributign with a smaller fine and coarse powder content is preferably
used. Speegfﬂ&%ﬂ%ponent (A) in the present invention may be either in

the form of granules or powder and either amorphous or spherical

10 in the configuration. For example, when spherical dialkoxy
magnesium is used, the resulting polymer is in the form of a
powder having an excellent granular form and a narrow particle
distribution. This improves handling and processability of
the polymer powder produced during polymerization operation and

15 eliminates problems such as clogging caused by fine particles
contained in the polymer powder.

The spherical dialkoxy magnesium need not necessarily
be completely round in shape, but may be oval or potato-shaped.
Specifically, the particles may have a ratio (1/w) of the major

20 axis diameter (1) to the minor axis diameter (w) usually of 3
or less, preferably from 1 to 2, and more preferably from 1 to
1.5.

Dialkoxy magnesium with an average particle size from

1 to 200 pm can be used. A more preferable average particle
25 sizeis 5to 150 pm. 1Inthecase of spherical dialkoxy magnesium,
the average particle size is usually from 1 to 100 um, preferably

from 5 to 50 um, and more preferably from 10 to 40 um. A powder



t he content of
and preferably
"with a dianeter

particles with a dianeter of 5 mor less is 20% or |ess,
10% or less. On the other hand, the 5 content of particles
of 100 mor nore should be 10% or |less, and preferably 5%

-or |l ess. Moreover, the particle size distribution represented by
.I'n(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

"10 size, is 3 or less, and preferably 2 or |less. Methods of producing such
spheri cal hdvahgoxyparagne panticaees s criistadi but idrowithaaEneg 1 1= Aike.

41832/ 1983, JP-

A No. 51633/1987, JP-A No. 74341/1991, JP-A No.

368391/ 19824d epRrg@-powdier IEBBSHY 9. prief eitab e tusedral Spectiftigaildm, hal i de

conmpound (b) (

hereinafter referred to fromtine to tinme as "conponent

(b)") usthefeantent pfepariticdrsovithe dédapetent of A umorhkeps dser0s

I nvention is_one or nore conpounds selected fromtitanium halides and

al koxy ti®Eniess hadRdeRroferably o 0l @r e3P0 %ben othernhandi nthe3

i ndi cat es an al kyl $$)u . havi Q,? 1 to 4 carbon atons X is a hal ogen at om

sel ectded FPBRERCCHF

i i des. P AfP

HelGtetWiio @ AdaBesRE Of o O dim i mosed shrald; ke,
eger 0O< n

i 4. Specifi | es_includ i £ ani
R 18bpanafraeetaenchd SECER Ehvber Morearene, SAFLan um 25

et hoxy (PURaRe (7 AP PR BUETRB A Ml P uf R0 1LY J DhpgBg o™

met hoxy

di'propoxy ti1 tani um ori de,

i chil or o O ah ey T e BEchlSr Ve M asar T AR g BAS: der

di -n-but o¥¥q p10 is a particle size of 10% of the integrated particle

10 size, is 3 or less, and preferably 2 or less.

Methods of producing such spherical dialkoxy magnesium

are described in, for example, 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.

15

The tetra-valent titanium halide compound (b)

(hereinafter referred to from time to time as “component (b)”)

used for the preparation of the component (A) in the present

invention is one or more compounds selected from titanium

halides and alkoxy titanium halides of the formula Ti(OR!®) X n,

20 wherein R'? indicates an alkyl group having 1 to 4 carbon atoms,

X is a halogen atom selected from a chlorine atom, bromine atom,

iodine

atom, and the like, and n is an integer of 0=n=<4.

Specific examples include, as titanium halides, titanium

tetrahalides such as titanium tetrachloride, titanium

25 tetrabromide, and titanium tetraiodide and, as alkoxytitanium

halides, methoxy titanium trichloride, ethoxy titanium

trichloride, propoxy titanium trichloride, n-butoxy titanium

10



titaniumdichloride, trinethoxy titaniumchloride, triethoxy titanium
chloride, tripropoxy titaniumchloride, and 5 tri-n-butoxy titanium
"chloride. O these, titanium tetrahalides are preferable, with titanium
tetrachloride being particularly preferable. These titani um conpounds may
be used either individually or in conbination of two or nore. Particularly
preferable phthalic acid diesters (c) 10 (hereinafter referred to from
time to tine as "conponent (c)") wused in the preparation of the conponent

(A) of therifigsenide | AMaRithYxyheYeanilim®dhor idenaied halxdgyt iganipmw th 2
to 10 carbon atons as the al kyl group in the al koxycarbonyl group.
Speci fi ¢ ddedesdey edipnepdyy Ppihtaniahedichidhide phdbahabetodp di - n- propyl
pht hal ate, di-isopropyl phthalate, di-n-butyl phthalate, di-isobutyl

pht hal at et itdmidmetighlehide) dhemethetdyy titeoguopgh)lophtkal aréethoxy

ethyl (n-propyl) phthalate, ethyl(n-butyl) phthalate, ethyl(isobutyl)

pht hal at et ithrinmerhlor pie hat nipropoxy sbipaniyn ehidnidee, andhexyl 20
phthal ate, di-n-heptyl phthalate, di-n-octyl phthalate,

bi s(252- di mietmythuiesxy )t phamiumt ehlorsde. etdfyIthesg,) Wihamiume, di - n- nonyl
pht hal ate, di-isodecyl phthalate, bis(2,2-dinethyl heptyl) phthal ate,

n- but yl (i sealaldidehers preferable y Mikhet hyapiup betyiadhdiogiige being

n- pentyl hexyl , 25 hal at e, n-pent I sohex 4%% ht hal at e,

o pent VBT L eierab 4T pEhEP R o A SRPEP SR ESE UReFent v
(i sononyl). pht hal ate, . LSo:pen I%n- ecyl hthalate, 11 n-pentyl undecyl
bt hal af <5 FRGE ekt STHSERRETIMY  o: RS BB Rf o Sr TpPRE) )

phthal ate, n’he§¥££%éﬁig¥h9e§¥bkerable phthalic acid diesters (c)

10 (hereinafter referred to from time to time as “component (c)”)
used in the preparation of the component (A) of the present
invention have a linear or branched alkyl group with 2 to 10
carbon atoms as the alkyl group in the alkoxycarbonyl group.
Specific examples are dimethyl phthalate, diethyl phthalate,

15 di-n-propyl phthalate, di-isopropyl phthalate, di-n-butyl
phthalate, di-isobutyl phthalate, ethylmethyl phthalate,
methyl (isopropyl) phthalate, ethyl(n-propyl) phthalate,
ethyl(n-butyl) phthalate, ethyl(isobutyl) phthalate,
di-n-pentyl phthalate, di-iso-pentyl phthalate, dihexyl

20 phthalate, di-n-heptyl phthalate, di-n-octyl phthalate,
bis(2,2-dimethylhexyl) phthalate, bis(2~-ethylhexyl)
phthalate, di-n-nonyl phthalate, di-isodecyl phthalate,
bis(2,2~-dimethylheptyl) phthalate, n-butyl(isohexyl)
phthalate, n-butyl(2-ethylhexyl) phthalate, n-pentylhexyl

25 phthalate, n-pentyl(isohexyl) phthalate, iso-pentyl(heptyl)
phthalate, n-pentyl(2-ethylhexyl) phthalate, n-pentyl

(isononyl) phthalate, iso-pentyl(n-decyl) phthalate,

11



pht hal at e, n-hexyl (i sononyl) phthal ate, n-hexyl (n-decyl) phthal ate,

n- heptyl (2- et hyl hexyl ) phthal ate, n-heptyl 5 (isononyl) phthal ate,

‘n- heptyl (neodecyl ) phthalate, and 2-ethyl hexyl (i sononyl) phthal ate. These
are used either singly or in conbination of two or nore. O these,
phthalic acid diesters in which the al koxycarbdnyl group has two identical
al kyl groups are 10 preferable, wth diethyl phthal ate, di-n-propyl
-pht hal ate, di-isopropyl phthalate, di-n-butyl phthalate, di-isobutyl

pht hal at ep_géng Pﬁh&écgmtﬁﬁkﬁhﬁatg'Sﬁ@o¢b@¥£?§?i%bh@§¥? heha13td,

di -i sodecyl pht alate being particlularly prefe onponent “(A) of

the presepthépyenbiethganeR91hr pARhETatdy RYnheqptaotielfyihexghgve
conponent s (a)y ?b) a%d (c ?ngan arongtlc hygrgcarbo¥ (d) §m?th a boiling

poi nt of PpRAthaldbepCn-hbryti nsbhenylef phthdlheef r arhekiy® (hodecye )as
"conponent (d) 11) . Toluene, xylene, and ethyl benzene are preferably used
as the cphpbakate(dh-hephpd¢2arthgihexiyqr phahbhdase¢can-heptged either 20
i ndividually or in conbination of two or nore. In addition to the above
conporfent ¢igahonyl | dphthalatkunnrbeptyioeadecylyephthadbhtepf aad or ganic
acid, or polysiloxane can be used for the preparation of the solid
catalyst %Uﬁ%% vithexy Al iepneopglpr pbthalpteentThese s cued cenpbends are
effective in controlling the crystalline properties of the produced

pol yners. S%Bg%ﬁeEFfFE §9§Hﬁpé519ﬂ phet¥Pultnlifr€enpound, al uni num 12

trichloride, dieth aIu m_chl ori,de, .di-iso-propoxy. alum num chl ori de,
et hoxy alun1nun§ |£ﬁ¥5?ﬂ AGr §Gdsy diesters in which the

alkoxycarbonyl group has two identical alkyl groups are

10 preferable, with diethyl phthalate, di-n-propyl phthalate,
di-isopropyl phthalate, di-n-butyl phthalate, di-isobutyl
phthalate, di-n-octyl phthalate, bis(2-ethylhexyl) phthalate,
and di-isodecyl phthalate being particularly preferable.

The component (A) of the present invention can be prepared

15 by contacting the above components (a), (b), and (c) in an
aromatic hydrocarbon (d) with a boiling point of 50 to 150°C
(hereinafter referred to from time to time as “component (d)”).
Toluene, xylene, and ethylbenzene are preferably used as the
component (d). These aromatic hydrocarbons can be used either

20 individually or in combination of two or more.

In addition to the above components (a) to (d), an
aluminum compound, a metal salt of an organic acid, or
polysiloxane can be used for the preparation of the solid
catalyst component (A) of the present invention. These

25 compounds are effective in controlling the crystalline
properties of the produced polymers.

As specific examples of the aluminum compound, aluminum

12



al um num di chl ori de, butoxy alum numdichloride, triethoxy alumnum and
the like can be given. 5 As exanples of the netal salt of organic acid,
"sodium stearate, magnesi um stearate, and al um num stearate can be given

-Pol ysi | oxanes are generally called silicon oil. Those wused in the present
invention are chain-structured, partially 10 hydrogenated, cyclic, or
denat ured pol ysil oxanes which are |iquids or viscous substances at nor nmal

‘tenperatures with a viscosity at 2 50Cin the range of 2 to 10, 0 O O cSt

a”d_prefeEE@&MloEﬂdEbed&@@ﬁéngaiuh@nﬁﬂocﬁ§brié§,eﬁﬁuﬁggspr ox
chai n-structured pol ysil oxanes, dinethyl 15 polysil oxane ang ngfhylphenyl

polysiIoxamamiaﬁmb@hmbyeae,aétnaﬁythqhhinnmdagaﬁmakgae90&£aLEQ6§6&§, net hyl
hydr ogen pol ysil oxanes with a hydrogenati on degree of 10 to 80% can be

gi ven; asatyMmbihampaliygilbeideesbukexgmaibmieval aithsblk@danetriethoxy

oct anet hyl cycl ot etrasi | oxane, decanet hyl cycl opent asi | oxane, 20

2,4, 6-tri getihyhose! ahdi sheoldke, candbe, givvehranet hyl cycl otetrasil oxane can
be given; as denatured pol ysil oxanes, higher fatty acid group- substituted
di ret iyl sil oxans, exampyl esgroduphseubetiaflused tdiofeblrglandicl exddy, saddum

pol yoxyal kyl ene group- substituted di nethyl siloxane, and the |ike can be
gi ven. 25sY¥RarpreccBagorspudpsteagatie aodpaduningm) spearasepcasehe
invention will now be described. one specific exanple of the process for
prepari ng9tHEN13 sol i d conponent (A) conprises suspending the dial koxy

magnesium (a) in.the_tetra-valent titapiumhalide (b) or the aromatic
g (a) Polygiloxanes are-generaEiy o] fleg sélicon oil. Those

used in the present invention are chain-structured, partially
10 hydrogenated, cyclic, or denatured polysiloxanes which are
liquids or viscous substances at normal temperatures with a
viscosity at 25°C in the range of 2 to 10,000 cSt, and preferably
in the range of 3 to 500 csSt.
As examples of chain-structured polysiloxanes, dimethyl
15 polysiloxane and methylphenyl polysiloxane can be given; as
partially hydrogenated polysiloxanes, methyl hydrogen
polysiloxanes with a hydrogenation degree of 10 to 80% can be
given; as cyclic polysiloxanes, hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane,
20 2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetramethyl
cyclotetrasiloxane can be given; as denatured polysiloxanes,
higher fatty acid group-substituted dimethyl siloxane, epoxy
group-substituted dimethyl siloxane, and polyoxyalkylene
group-substituted dimethyl siloxane, and the 1like can be given.
25 The process of preparing the component (A) of the present
invention will now be described.

One specific example of the process for preparing the

13



hydr ocarbon (d) having a boiling point in the range of 50 to 150C, and
causing the phthalic acid diester (c) and/or the 5 tetra-valent titanium
"halide (b) to cone into contact with the suspension. A spherical solid
catal yst conmponent with a narrow particle size distribution can be
obtained by this process using a spherical magnesi um conpound. Such a
‘spherical solid catalyst conponent with a narrow particle size distribution
-can 10 al so be obtained wi thout using a spherical nagnesiun1conpound i f

particles fy; “?6:},%1% r [

suspensi oﬁairlgdspr gAz %s%ér%@gg %rrl%g%%h rfaeglgéﬁ hﬁ%@o ta(I:nt of
these com@a?emhsma @@l&&beda%htl RiRaKgsRcha1gaM reeeydow the? a3 hialklc I N an
inert gas atnosphere fromwhich 15 water and the |i'ke have been rem)ved

whil e stinydpgeca¥ben (8¢ ReURAGea!So 2l Eng PSHEL ih AHE YA By i rring
the m xture or when a denaturing treatnent is carried out” by dispersing or

suspendi n50t®, cariposeeus Sng t tiee Nphithid Bi¢ Sasidrdbelseér a(cyoanareti ¥rey | ow
tenperature of around roomtenperature. 20 Wien a reaction product is to be
obt ai rfed bgtreavalaegttthitarbmpdradnide 4bt)eto tdumecdntactonthet seith ithg i S
preferably carried out at a tenperature range of 40 to 130C. The reaction
does not suspensianty hsphesdcail solbdheaited ysenpemponermet Féithva nd@Cow
resulting in a solid conponent with inadequate properties. 25 On the other
hand, conPpbtigletsige distrihubienean bephitaiined by thiscprecessiues ialgove
130C due to va orlzatlon of ,the solvent and the like. The reaction tine is
one m nut® SPhRBicaliBagpesdpBpFYMPRRNAF nuteeh # sRherieal s01id nore

pref er abl gagalygq: ré:lf)tm%sonoc-:rnt w:.gh a narrow particle size distribution can
10 also be obtained without using a spherical magnesium compound
if particles are formed by a spray dry method in which a solution
or suspension is sprayed and dried using a sprayer, for example.
Contact of these components is carried out in a vessel
equipped with a stirrer in an inert gas atmosphere from which
15 water and the like have been removed while stirring. When the
components are caused to come contact by stirring the mixture
or when a denaturing treatment is carried out by dispersing or
suspending the components, the mixture is stirred at a
comparatively low temperature of around room temperature.
20 When a reaction product is to be obtained by reacting the
components after the contact, the stirring is preferably
carried out at a temperature range of 40 to 130°C. The reaction
does not sufficiently proceed at a reaction temperature below
40°C, resulting in a solid component with inadequate properties.
25 On the other hand, control of the reaction becomes difficult
at a temperature above 130°C due to vaporization of the solvent

and the like. The reaction time is one minute or more,
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As preferable processes for preparing the solid catal yst conponent (A) of
the present invention, a process conprising 5 suspending the conponent (a)
“in the conmponent (d), causing the resulting suspension to conme in contact
W th the conponent (b) , then with the conponent (c), and causing these
_conponents to react, a process conprising suspending the conponent (a) in
the conponent (d), causing the resulting suspension to cone in 10 contact
‘Wi th the conponent (c), then with the conponent (b), and causing these

conponent gréeer&BEY: +8AUNOABEES SHFI hFe, PARFSHSAT %&ebgr@fé%-b%ygg -

foll owi ng exanples”are given as the order of contacting the co

prepari ngmihetes! bg matal yst 15 conponent (A) of the present invention. (1)
(a) ->(d) -> (b) -> (c) -?0- ((internediate washing --> (d) (b))) ->

final washing sakigréféphlybé prOEeRY fOA)prdpdr i) the ddlid catadyst> (b)

~~intermedi ate washing -> (d) (b))) --> final washing --> solid catal yst
conponent cémponéit () (af tire (mhesent( invent(ic)n (@ precesd abaprdasingy - >
(d) (b) (c))) -> final washing --> solid catal yst conponent (A) (4) (a)
(d) --5> (syspending-the compeonendi 48¢ imdihiengompopeht (i), (d@Ysging thienal
washing -> solid catalyst component 25 (A) (5) (a) (d) -> (c) --> (b) -->
(~i nt er reieaudt hagHURPensiqniro ¢one in ¢eptact wiimbheganponrent ($9l,i d
catal yst conponent 15 (A) (6) (az -~ (d) -- (c) -->(b) --> ((internedi ate
washi ng _tpgy with the cdémponént (c), and causing these components to
react, a process comprising suspending the component (a) in the
component (d), causing the resulting suspension to come in
10 contact with the component (c), then with the component (b),
and causing these components to react, and other similar
processes can be given.
The following examples are given as the order of
contacting the components in preparing the solid catalyst
15 component (A) of the present invention.
(1) (a) = (d) = (b) = (c) > {intermediate washing —> (d4) —>
(b)) —> final washing - solid catalyst component (A)
(2) (a) > (d) = (c) = (b) = {intermediate washing —> (d) —>
(b)) —> final washing - solid catalyst component (A)
20 (3) (a) = (d) = (b) = (c) > {intermediate washing = (d) —
(b) > (c)) —> final washing —> solid catalyst component
(R)
(4) (a) = (d) = (b) = (c) = {intermediate washing —> (d) —>
(c) = (b)) —> final washing —> solid catalyst component
25 (2)

(5) (a) => (d) > (c¢) = (b) > (intermediate washing —> (d) —

(b) = (c)) —> final washing —> solid catalyst component

15



(c) -+ (b) )) -> final washing -+ solid catal yst conponent (A) 5 If
required, further inprovenent of the catalyst activity can be achieved if
“the steps in the double parentheses (( )) in the above processes of
.contact are repeated several tinmes. The conponents (b) or (d) used in the
steps in the double parentheses (( )) may be either freshly added
conponents or 10 residues fromthe previous steps. In addition, an al um num
-conmpound, a netal salt of organic acid, or polysiloxane nay be caused to
contact the rgaction mixture at any point of the above contact processes.
In addition to the washing steps indicated in the above processes (1) to

(6), the [6)qampedrate) prodegt s> 1) r>anfimiertted oy ¥agdihact> steps>nay be
washed with a hydrocarbon conpound which is liquid at normal tenperatures.
Based on the @bove ¢bsri-pt ifanalawpahtinguiardol ideaftailaiite qumeassnt or
preparing the solid catal yst conponent (A) conprises suspending the

di al koxy magngs) um (a) in the 20 aromati ¢ hydrocarbon (d) having a boiling
point in the range of 50 to 150C, causing the tetra-valent titanium halide
(b) o contact Ifthseguipedsi durthed doprovengentie ofi ther catiadysite above
process, one or nore phthalic acid diesters (c) are caused to cone in

cont act WRERLYHEY Qﬂbgﬁsﬁ%l%‘fe% ifehberstiqre 1Ny oive Zoubdecpasensbesesi t her

before or €f>er,the tetra-valent titanium halide (b) is contacted, _.to
obtain a ol Pd ddte APPrORKICIEHES Of FORAST AFEaReBSALLd| §eHESALabl e to
carry out

CRTY UL SHe8 W S3REL AR O, B AL LETRERLHLS SDSh MBI gL L ATt
parentheses { ) may be either freshly added components or
10 residues from the previous steps. In addition, an aluminum
compound, a metal salt of organic acid, or polysiloxane may be
caused to contact the reaction mixture at any point of the above
contact processes. In addition to the washing steps indicated
in the above processes (1) to (6), the intermediate products
15 inany of the above contact steps may be washed with a hydrocarbon
compound which is liquid at normal temperatures.
Based on the above description, a particularly
preferable process for preparing the solid catalyst component
(A) comprises suspending the dialkoxy magnesium (a) in the
20 aromatic hydrocarbon (d) having a boiling point in the range
of 50 to 150°C, causing the tetra-valent titanium halide (b)
to contact the suspension, and reacting the mixture. 1In the
above process, one or more phthalic acid diesters (c) are caused
to come in contact with the suspension at a temperature from
25 -20°C to 130°C, either before or after the tetra-valent titanium
halide (b) is contacted, to obtain a solid reaction product (1).

In this instance, it is desirable to carry out an aging reaction
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suspension. After washing the solid reaction product (1) with a

hydr ocar bon conpound which is liquid at normal tenperatures 5 (internedi ate
"washing), the tetra-valent titaniumhalide (b) is again caused to contact

the solid reaction product (1) in the presence of an aromatic hydrocarbon

_.conpound at a tenperature from-200C to 1000C, and resulting suspension is
subjected to a reaction to obtain a solid reaction product (2). 10 A nethod
-of again contacting one or nore phthalic acid diesters (c), either before

or after jPe; tRIW et did AiB N Hdidse OD a'f%e.cca‘ﬂﬁgdabgv%()eh@c&rt he

solid reaction product (1), is another preferred enbodi nent. As required,

the i nt ermeé aplethaBsdi 48iandisbeersacth O8r8B¥abEed UEd h@énf&@eaﬁﬁé sever al
times. 15 Next, the solid reaction product (2) is washed with a

hydr ocar bsmsp‘@m@immd wWitsy washiiag thatsolddekatenparptsd@st ((f)i wakh
washing) to obtain the solid catal yst conponent (A). Preferable condi tions
of the abaveydracioTs compomashiwhgchoperkaidqwit ar aczmafloténperaresLlow
tenperature aging reaction: -200C to 700C, preferably -100C to 600C, and
more pPref einbexmediate WBOHICing pr thertetira-tvaleénthautanipmehaiddey (b) i nut es
to 4 hours, and particularly preferably 10 mnutes to 3 hours. . Reaction:
400C to 1@0‘—@3% éfarsgsd \to7ero At IHeCsodidd zeaghirncpradugtplédeinbl y
800C to 1150C, for 0.5 to 6 hours, preferabl%QO 5to 5 hours, and

parti cul aFR§ RFRIREH| 9T 128 Arandbic shydrogashenCOmPOWIRt @b a100C,

ferahly 300C to 900C, from1l to 20
P{ﬁ;grablg SO%IE%tOﬁé‘O 0oCm 92”0 Cmi):roelo%rg, and %‘lesultlng suspension is

subjected to a reaction to obtain a solid reaction product (2).

10 A method of again contacting one or more phthalic acid diesters

(c), either before or after the tetra-valent titanium halide
(b) is caused to contact the solid reaction product (1), is
another preferred embodiment. As required, the intermediate
washing and the reaction may be further repeated several times.

15 Next, the solid reaction product (2) is washed with a

hydrocarbon compound which 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.

20 * Lowtemperature aging reaction: -20°C to 70°C, preferably -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

25 particularly preferably 80°C to 115°C, for 0.5 to 6 hours,

preferably 0.5 to 5 hours, and particularly preferably 1 to

4 hours.
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15 tinmes, and particularly preferably 1 to 10 times. Hydrocarbons used for
washing are preferably aromatic 5 hydrocarbons or saturated hydrocarbons
"which are liquid at ordinary tenperatures. Specific exanples are aromatic
hydrocarbons such as tol uene, xylene, ethylbenzene and the |ike, and
saturated hydrocarbons such as hexane, heptane, cyclohexane, and the |ike.
The aromati ¢ hydrocarbons preferably are used 10 for the internedi ate
-washi ng, whereas the saturated hydrocarbons are preferably used for the

final washiwgshid@! uethepecxybengoc@f i dravzasmey, 3ute the1bbke, Gty @ ven as
aromati ¢ hydrocarbon conpounds used when the 'solid reaction product (1) is

agai n cont aateFérablly 3otettavadent firiomani ve 16 hohédle giufafdiery Viesdy ng

wi th a hydrocarbon conmpound which is liquid at normal tenperatures

(i nter medi atse tiaredsi,n@nd Partiahi laxdly tgrefmgaynds desad foimdde preparati on
of the solid catalyst conponent (A) cannot be generically defined,

because such a Hytdrocembices assar dioxyy washing @Erec pye feralbdye Gronfa ther
exanple, the tetra-valent titaniumhalide (b) is used in an amount from
0.5 td 10byAvbsarppatepzabbptirated Bydsosarions, whichl arepdd quief etabl y
froml to 10 nmols; the phthalic acid diester (c) is used in an anmount from
0. 01 to PUdABREY beBPerakhyest.r obpPechiicoexamples an¥esaremakiee preferably
from 0. 02 5 nol; and the aromati.c hydrocarbons (d) are used in an

anount  f P%&rgcgé Op§ HIRP /S| O L YRRT e XABLREH BRI RRAZ R £0G FRS J 1kend
still nore_pgreferahl rqm 0.005 to 1Q nmols; for one nol of the 18 dial koxy
magnesi un?Pa)satﬂ%l%eg/ddllggﬁPgﬁrBB% psélﬁq'f A% hexanea ROREaRS, CHE Qﬁ‘ﬁ}ﬁt"‘eof
and the like. The aromatic hydrocarbons preferably are used
10 for the intermediate washing, whereas the saturated |
hydrocarbons are preferably used for the final washing.
Toluene, xylene, ethylbenzene, and the like can be given as
aromatic hydrocarbon compounds used when the solid reaction
product (1) is again contacted with a tetravalent titanium
15 halide (b) after washing with a hydrocarbon compound which is
liquid at normal temperatures (intermediate washing).

The ratio of the compounds used for the preparation of
the solid catalyst component (A) cannot be generically defined,
because such a ratio varies according to the process employed.

20 For example, the tetra-valent titanium halide (b) is used in
an amount from 0.5 to 100 mols, preferably from 0.5 to 50 mols,
still more preferably from 1 to 10 mols; the phthalic acid
diester (c) is used in an amount from 0.01 to 10 mols, preferably
from 0.01 to 1 mol, and still more preferably from 0.02 to 0.6

25 mol; and the aromatic hydrocarbons (d) are used in an amount
from 0.001 to 500 mols, preferably from 0.001 to 100 mols, and

still more preferably from 0.005 to 10 mols; for one mol of the
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titanium magnesi um hal ogen atons, and phthalic acid diesters in the
solid catal yst conponent (A) of the present invention. 5 The content of
“‘titaniumis 1.0 to 8.0 % preferably 2.0 to 8.0 wt% and nore preferably
3.0to0 80 w% the content of magnesiumis 10 to 70 % preferably 10 to
50 % nore preferably 15 to 40 % and particularly preferably 15 to 25
w% the content of halogen atons is 20 to 80 wt% preferably 10 30 to 85
‘W% nore preferably 40 to 80 w% and particularly preferably 45 to 75
wt % and dbalkotplmagnasiumf (ahthalic acid diesters is 0.5 to 30 W%
preferably 1 to 25 % and particularly preferably 2.to 20 W% There are
no specific |inThereoasetalshenmsgeacddierlanitationsnpourite @ourttedi naf t er
referred to fromtinme to tinme sinply as "conponent (B)") used for

pr epar i ngtihenbupf imagnes iumr hadogen atoms y sindophthal pe estint diiestetrison,

i nasmuch as the conpound _has a structure of the above fornula (1) . In the
fornul a (3p theysodii cagadiystasampanessb(R Y oftdgp paeseptefiovebktdond as RI1,
a hydrogen atom a chlorinpe atom_  and a brom ne atom are referable as Q
and p3i s PRereRRERRt £f i htepiunile lo0 3o $hd wWidnt p@@ﬁsm@lﬁr ef.or &6l y 3.
As specifjc_exanpl es. of such rganoal um num conpounds (B), triethyl
aluninunléd9éYB§f a%?uﬂ?ﬁﬁn?Eﬁ?ﬁgPBgy grP-FgoBu9th§Fu RuRPNEEBENPE

SRR SRS R R SRR R R T
o ST IR LG SRR LI St B e
wt%; the content of halogen atoms is 20 to 80 wt%, preferably
10 30 to 85 wt%, more preferably 40 to 80 wt%, and particularly
preferably 45 to 75 wt%; and the total amount of phthalic acid
diesters is 0.5 to 30 wt%, preferably 1 to 25 wt$%, and
particularly preferably 2 to 20 wts.
There are no specific limitations to the organoaluminum
15 compound (B) (hereinafter referred to from time to time simply
as “component (B)”) used for preparing the olefin
polymerization catalyst of the present invention, inasmuch as
the compound has a structure of the above formula (1). In the
formula (1), an ethyl group and an -isobﬁtyl group are preferable
20 as R', a hydrogen atom, a chlorine atom, and a 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
organoaluminum compounds (B), triethyl aluminum, diethyl
aluminum chloride, tri-isobutyl aluminum, diethyl aluminum
25 bromide, and diethyl aluminum hydride can be given. These

compounds may be used either individually or in combination of

two or more. Triethyl aluminum and tri-isobutyl aluminum are
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of the hal ogen-contai ni ng organosilicon conmpounds (Cl) represented by the
above fornmula (2) (hereinafter referred to 5 fromtine to tine as
“-conponent (C)") and hal ogen-contai ning organosilicon conpounds (C2 )
fepresented by the above formula (3) (hereinafter referred to fromtine to
Jime as "conponent (C2),,) can be used as the hal ogen-containi ng
organosilicon conpound (C) (hereinafter referred to fromtine to tine as
*10 "conponent (C)") in the preparation of the olefin polynerization
cat al yst prefkeapilgsasedi.nventi on. Wien only the conponent (C ) is used as
t he conponent (C), it is desirable to not use the organosilicon conpound
(D) of the abové@nfeoommare coHmpbandsnpebeched timoncahel gisdup consiitsit ing
hydrogen. \Wen both 15 the conponent (C) and conponent (C2 ) are used as
t he conpoRénthe( Bplogenrsontsinabbe organps idldeonheompgandsi I(IC¢pn conpound
(D) of the above formula (4) for inprovi ng the catalyst activity to
hydr ogen. TRBreRgaprasbpithe ahaveiforgudapél) othereinafter vefemted t20 (2),
a met hyl %roup{:_an ethyl group, a n-propyllg"roup, an_ isopropyl group, an
n-butyd gF&AE, THANE-TRIYAME ASup CORPRNEEE: YF ) gk &Sl had ogeaperniaigisag, a
neopentyl group, .a.n-hexyl group,, A n-heptyl group, a n-octyl group, an
i so-octyl © gﬁﬂg?lilcei?c?%lﬂg%ﬂggrbcﬁp), r&ﬁagaéeﬁﬁolggn‘ifw feamude gi ven.
of 25 the roup, ca n-hutyl _group, a t-hutyl grqup, a
cyclohexy?gglrgﬂg,gggﬁéfgegyg?gﬁﬁﬁ?gléér%ﬂ?}“g&é“%gﬁi ARy " COMPODERY o, As
R 3, al kyhkz2g¥ [ 0 pref er abl wth a
et hyl grggp)gaﬁg an%h%%r%%pé%%%\%fg%%&t?%%?iaﬁég%réfggla‘ggéfiignx, a
chlorine abppbaRd achr PAbPEinafter referred to from time to time as
10 “component (C)”) in the preparation of the olefin
polymerization catalyst of the present invention. When only
the component (C') is used as the component (C), it is desirable
to not use the organosilicon compound (D) of the above formula
(4) for improving the catalyst activity to hydrogen. When both
15 the component (C') and component (C?) are used as the component
(C), it is desirable not to use the organosilicon compound (D)
of the above formula (4) for improving the catalyst activity
to hydrogen.
As examples of preferable groups for R? in the formula
20 (2), a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, an n-butyl group, a t-butyl group, a n-pentyl
group, an isopentyl group, a neopentyl group, a n-hexyl group,
a n-heptyl group, a n-octyl group, an iso-octyl group, a
cyclohexyl group, and a cyclopentyl group can be given. Of
25 these, a methyl group, a n-butyl group, a t-butyl group, a
cyclohexyl group, and a cyclopentyl group are particularly

preferable. As R’, alkyl groups having 1 to 4 carbon atoms are
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atomare preferable, with a chlorine atombeing particularly preferable.
As 1, O or 1 is preferable, but 0 is particularly 5 preferable. mis
‘preferably 1 or 2. As such hal ogen- contai ni ng organosilicon conpounds,
trial koxychl orosilane, trial koxybronosilane, dial koxydi chl orosil ane,

,di al koxy dibronosil ane, al kyl di al koxychl orosil ane, al kyl di al koxy
bronosi | ane, cycl oal kyl di al koxychl orosi |l ane, and cycl oal kyl 10

-di al koxybronosi |l ane are preferable. O these, trialkoxy chlorosilane,

di al koxydpréferasiéaneithl kymdthkkoyyouphkndqoanl epaylaggdoup being

cycl oal kyl di al koxychl orosilane are particularly preferable. The foll ow ng
conpoundsparhibel griyrpesierabke ablds Xl5ahahbgeirne catem remiy aobgamdsiel i con
conmpound (C) of the above formula (2): trimethoxychl orosilane,

tri et hoxyahoorase |pireferablertvioky & eohdsiriaee atom behogypavtisilamdy

di met hoxy dichl orosil ane, diethoxydichl orosilane, dinethoxy

di br onosi paagerabienoXdalilor 8ndsil dsepradenabderchwdxy iz0paktdcudinirdye,

met hyl di et hoxych| orosi | ane, et hyl di met hoxy bronosil ane,

net hyldi ePEek§ERBEBsi kS RANAERRAEY hbx3X “£h! Sosiucindalogen—

et hyl di et hoxychl orosi | ane, et hyl di net hox bronpsi | ane, .
Sthyl di ot FORLBIBHRE: PEARRORLpIAD] GPREORDSS . CREBLEGRYhiorosilane,

OBy UL eI e RS LalRe  TaBE o AR A L eI BLO R L s,
BB 85K a1 RTEATA AL TEA RO B RYPR BBy 20ProPY
di et hoxycphtongsiiane, Bybvbylf) TBIAPKSR;OAPSEEE08and; PLRY! cycloalkyl
10 dialkoxybromosilane are preferable. Of these, trialkoxy
chlorosilane, dialkoxydichlorosilane, alkyldialkoxy
chlorosilane, and cycloalkyldialkoxychlorosilane are
particularly preferable.
The following compounds can be given as preferable
15 halogen-containing organosilicon compound (C!) of the above
formula (2): trimethoxychlorosilane, triethoxychlorosilane,
trimethoxybromosilane, triethoxybromosilane, dimethoxy
dichlorosilane, diethoxydichlorosilane, dimethoxy
dibromosilane, diethoxydibromosilane, methyldimethoxy
20 chlorosilane, methyldiethoxychlorosilane, methyldimethoxy
bromosilane, methyldiethoxybromosilane, ethyldimethoxy
chlorosilane, ethyldiethoxychlorosilane, ethyldimethoxy
bromosilane, ethyldiethoxybromosilane, n-propyldimethoxy
chlorosilane, n-propyldiethoxychlorosilane, n-propyl
25 dimethoxybromosilane, n-propyldiethoxybromosilane,

isopropyldimethoxychlorosilane, isopropyldiethoxy

chlorosilane, isopropyldimethoxybromosilane, isopropyl
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di et hoxybr onosi | ane, i sobutyl di met hoxychl orosilane, isobutyl

di et hoxychl orosi | ane, isobutyl di methoxybronosilane, isobutyl 5

“di et hoxybronosi | ane, t-butyldinethoxychl orosilane, t-butyl _

-di et hoxychl orosi | ane., t-butyldi methoxybronosilane, t-butyl diet
.hoxybronosi | ane, n-pentyl di methoxychl orosilane, n-pentyl

di et hoxychl orosi | ane, n-pentyl di met hoxybronosil ane, n-pentyl

“di et hoxybr onosi | ane, isopentyl di met hoxychl orosilane, 10

i sopent yl diethoxybhbmoedlbaaes, ni-bapgndynditiekhenyorbsamTaskl, antpbutyl
i sopentyl di et hoxybronosi |l ane, neopentyl di methoxychlorosilane,
neopent y| diiethoxychlorosillane, nrbogitiindicekibxphositankean@~butyl
neopent yl di et hoxybr onosi | ane, .n-hexyld;nethoxychlorosgIane,_

n- hexyl di 8LABROENPEPBOFILAABE , 155 obuteydd tietsidxyciilanusi 1@me, isobutyl
n-hexyl di et hoxybronosi | ane,  n- heptyl di met hoxychl orosi | ane,

n- hept y| dA&BRBRYERRSPESFLAABE, IR taptyd dimethasginrampsilame, isobutyl
n-heptyldiethox¥bronosiIane, n- oct yl di met hoxychl or osi | ane,

n-oct yl di BLRBROENPEPBRFLARRE, h-butyldinethexyphdabvesiiane, t-butyl

- | di et hoxyb i | ane, 20 isopoctyl di met hoxychl orosil ane,
'So0ct vl dieCRBATERIEOF RABE, FoBOEY|AMRERAGYyBPBRBSLARRe. £-buty]

i j i L | ah | di et h hl or osi | ane,

oy ol ohoxy RS EREYDOLERSG 1 FRRe e %ﬁ%&ﬁl lcgfyo tlr%aﬁdr:] Orol(ﬂﬁﬁlsoroq-sinfgfgty15
A ] n | OXYC.

Ol open et O O T h 81 R e o S e o B B Y T

CyC|Opent&i@fﬁ%ﬁﬁ%ﬂ@ﬁ@gPﬁéhﬁﬁeisgéeg?gﬁﬁimegﬁﬁgﬁéﬁfgfog95283?ds are

triethoxychl orosilane, diethoxy _ or osl _
met hylodi nﬁdsrpéﬂqﬂid)i@@hbﬁﬁ@hw%gﬂéhé; hox¥pefity P& ORELRORY

n- but yl di et hoxychl orosi |l ane, t-butyl di met hoxy
bromosilane, isopentyldiethoxybromosilane, neopentyl
dimethoxychlorosilane, neopentyldiethoxychlorosilane,
neopentyldimethoxybromosilane, neopentyldiethoxybromosilane,
n-hexyldimethoxychlorosilane, n-hexyldiethoxychlorosilane,

15 n-hexyldimethoxybromosilane, n-hexyldiethoxybromosilane,
n-heptyldimethoxychlorosilane, n-heptyldiethoxychlorosilane,
n-heptyldimethoxybromosilane, n—heptyldiethoxybromosilane,
n-octyldimethoxychlorosilane, n-octyldiethbxychlorosilane,
n?octyldimethoxybromosilane, n-octyldiethoxybromosilane,

20 isooctyldimethoxychlorosilane, isooctyldiethoxychlorosilane,
isooctyldimethoxybromosilane, isooctyldiethoxybromosilane,
cyclohexyldimethoxychlorosilane, cyclohexyldiethoxy
chlorosilane, cyclohexyldimethoxybromosilane, cyclohexyl
diethoxybromosilane, cyclopentyldimethoxychlorosilane,

25 cyclopentyldiethoxychlorosilane, cyclopentyldimethoxy

bromosilane, and cyclopentyldiethoxybromosilane. Of these,

preferable compounds are triethoxychlorosilane, diethoxy
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chl orosil ane, t-butyl di ethoxychl orosilane, cycl ohexyl

di met hoxychl or osi | ane, and cycl opentyl di net hoxychl orosilane. 5 A
“particularly preferable conpounds are triethoxy chlorosilane,

-di et hoxydi chl orosi | ane, and net hyl di net hoxy chlorosilane. As R4 in the
formula (3), an alkyl group having 1 to 4 carbon atons in which one or two
hydr ogen atons are replaced 10 by a hal ogen atomis preferable.
*Particularly preferable groups as R 4 are a chl oronet hyl ene group (C CH2
group), dﬁéﬁhgpcomiéanw,i detdyddimethoxychlgrosp)l anier, o metrbylylietdogyoup
(BrCH2 group), dibrononethylidine group (Br2CH group), chloroethylidene
group (O chhergrddpne ,dmchm@wdétwmemﬁgl%ogrléape(, Ct2oaly 1dimethoxy

br onoet hyl i dene group (BrC2H4 nou%), and di bronoet hyl i di ne group (Br2C2H3
group). WRBACHOFI1angy Fpbatyildiedhexychloprs idRge aclyCRObe¥¥aups be t he
same. As RS, ap alk royp having,1 tqQ 4 carhon atons is preferable, with
iyl GRBEDRaRHChORPRI A Re, AR sy obsh iy AMrE TGS PSR - As
such | ogen- cont ai_ni,n rganosilicon.conmpounds al ogenat.e

S Ky o koxyo B A S A A R bR 415 & S haogenat ed
al kyl al ko | bg . qi £t . | ogenat .

0 yiri abhbesaRrLaRe . 084Uk STeradE s AR SRR Fochvaginssnony

pr ef er abl 1R enated al kyltrial koxysilane being particularly
preferablgﬁlgkgg%gﬁbgadng conpounds can be given as preferable 23

hal ogen- cont ai ningg rOr gANeRE! F6LRUELMPIPNA G Ry Pigddi Ve P 1 to 4

carbon atoms in which one or two hydrogen atoms are replaced

10 by a halogen atom is preferable. Particularly preferable
groups as R are a chloromethylene group (C1CH, group), dichloro
methylidine group (Cl.CH group), bromomethylene group (BrCH,
group), dibromomethylidine group (Br.CH group),
chloroethylidene group (ClC,H,; group), dichloroethylidine

15 group (Cl,C;H3), bromoethylidene group (BrC;H, group), and
dibromoethylidine group (Br,C;H; group).

When q is 2 or more, it is preferable that all R* groups
be the same. As R°, an alkyl group having 1 to 4 carbon atoms
is preferable, with a methyl group and an ethyl group being

20 particularly preferable. As such halogen-containing
organosilicon compounds, halogenated alklytrialkoxysilane,
dihalogenated alkyldialkoxysilane, trihalogenated
alkylalkoxysilane can be given. Of these, halogenated
alklytrialkoxysilane and dihalogenated alkyldialkoxysilane

25 are preferable, with halogenated alkyltrialkoxysilane being
particularly preferable.

The following compounds can be given as preferable
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formula (3): O CH2Si (OCH3) 301 O CH2Si (OC2H5) 31 C12CHSi ( OCH3) 31
CL12CHSi ( OC2H5) 31 Br CH2Si (OCH3) 3, Br CH2Si ( OC2H5) 31 Br 2CHSi ( OCH3) 3,

"Br2Cl i Si (OC2H5) 31 O c2H4Si (OCH3) 31 O C2HASi (OC2H5) 31 C12C2H3si ( OCH3) 3,

.0 2C2H3Si  (OC2H5) 31 Br C2HASI (OCH3) 31 Br C2HASi (OC2H5) 31 Br 2C2H3Si ( OCH3) 31
‘Br2C2H3Si (0C2H5) 31 (Gi CH2) 2Si (OCH3) 21 (Gl CH2) 2Si (0C2H5) 21 (O 2CH) 2

Si (OCH3) 2, (O 2CH) 2Si (0C2H5) 21 (Br CH2) 2Si (OCH3) 21 (BrCH2)2 Si (OC2H5) 21 .
-( Br 2CH) 2Si ( OCH3) 21 (Br2CH)28|(CII2H5)21 (o C2H4) 2 10 Si (OCH3) 21

(A C2H4) ZSla(l 530 taENA! Sl H3) 22y Sie( @E%Héb%e

( Br C2H4) 2Si ( )21 (BrC2 s|(ocsz)21 (Br262M3) 2 | Sl (OCHE) 2

( Br 2C2H3) 26rn@TaHgB3: (d CHZ) 3Si (OCH3), (O CH2)3 = Si (0C2H5),

(O 2CH) 3Si (OCH3) 1 (O 2CH) 3Si (OC2H5), (Br CH2) 3Si (OCH3),  ( Br CH2) 3Si ( OC2H5)
(B

(

r 2CH) 3SC(CBEB). (0CHy ACH! B {SIAIHH; ) { CCC2EHS B( 0 {)QCHR) ,CHS i (OC,Hs ) 5,
C C2H4) 3Si (OC2H5), (C 2C2H3) 3Si (OCH3), (cl2C2H3)3 Si (OC2HG),
( Br C2H4) 38irCBeHiB OCK Br:C2BUTRSS i (OC2H5) 3, BBLAT2HRYGH 3 )Si, (BDFE3)S 1 (OC Hs ) 3,
(Br2C2H3) 3Si (OC2H'5) . O these, O CH2Si (OCH3) 31 C CH2Si (OC2H5) 3,
Br CH2Sh ( OCAG)YB4S 1 (BIAt) Si (CI:QHE)SEJ( OCcH{H2) %z@@ﬁ&)@ﬂ%ﬁﬂ-ﬂ%ﬁé@z%) 21
(BrC2H4) 2 20 Si (OCH3) 2, and (BrC2H4) ZS%%OCZHS%Z are preferably used, with
C CH2Si ( o€2Fsl Y SbelBﬁgzlbaerEG anr yBEF et «Sid9Cets JEhe 8& Al Sgd Dt ai ni ng

organ05|I|con compaunds ei t her individua or in _conbination

of two or ﬁﬁ?é{ﬁll(ﬁcaﬁﬂﬁt'l b?lf?%!)tzﬁé(QSHpb?Ter(\Flf:&})Zsédoéiaahbsi(File%)QS_
fo Time as U oSHabrent bres R dsy HBERGRbRR e B 6t eomponent | 24
Si(OCzHs)2, (Br,CH),Si(OCH;3);, (Br,CH),Si(OC;Hs),, (C1C,H,),

10 Si(OCHs)a, (C1lC,H4),Si(OCzHs)2, (Cl,CpH3),Si(OCH;3);, (C1l:C.H3)
Si(OCzHs)2, (BrC;H;),Si(OCH3),, (BrC,;H.),Si(OC;Hs)., (Br,C;Hi),
Si(OCH3)2, (Br,C;H;),Si(OC:Hs),, (C1CH,)3;Si(OCH;), (C1CH;);
Si(0C.Hs), (Cl,CH)3;Si(OCHs), (C1,CH);Si(OC,Hs), (BrCH,):Si(OCH;),
(BrCH;)3;Si(OC,Hs), (Br,CH)3;Si(OCH:s), (Br,CH);Si(OC,Hs), (ClCzH)s

15 Si(OCH3), (ClC,;H;)3Si(OC;Hs), (Cl,C;H3)3Si(OCH3), (C1,CzH3),
Si(OCzHs), (BrC,H;);Si(OCH;), (BrC,;H,);Si(OC:Hs), (Br,CiHs3);
Si(OCH;), (BrzC;Hs;);Si(OC,Hs).

Of these, C1CH,Si(OCH;);, C1CH,Si(OC,Hs)3, BrCH,Si(OCH;3)3,
BrCH,Si(0OC;Hs)3, (C1CH;),Si(OCH3)2, (ClCH,),Si(OC.Hs)2, (Br¢2H4)2

20 Si(OCH3)., and (BrC,;H;).Si(OC.Hs), are preferably used, with
Cl1CH,Si(OC.Hs); being particularly preferable.

These halogen-containing organosilicon compounds can be
used either individually or in combination of two or more.
In addition to the component (C), an organosilicon

25 compound (D) of the above formula (4) (hereinafter referred to

from time to time as “component (D)”) can also be used as a

catalytic component.
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As exanpl es of such an organosilicon conpound (D), phenyl alkoxysilane,
al kyl al koxysil ane, phenylal kyl al koxysilane, cycloalkyl al koxysilane, and
"cycl oal kyl al kyl al koxysi | ane can be given. 5 Specific exanples of the
-organosi | i con conpound (D). include trinethylmethoxysilane,

trimethyl ethoxysilane, tri-n-propyl nethoxysilane,

“tri-n-propyl et hoxysil ane, tri-n-butyl met hoxysil ane,

“triisobutyl net hoxysil ane, trineopentyltfthigy5|lare,

tri-n-butyl etho | ' |

tricycl ohgxyl et %%%%@%\%;&%_ﬁcé%f%%éxy ﬁnﬁ%yﬁ%’? ﬁc?@%?ﬁllngng) ! phen.yl
CyC|OhethﬂkékbyilaﬁEEthk?l'amﬁox9¥§hﬁhg¥ybﬂbﬁ?ﬁ&hF&ﬁoéiﬁbkggilaﬂb”Ethyl
di met hoxysi | ane, di met hyl di et hoxysi| ane, di-n-propyl” di methoxysi are,

di i sopr opyydiorl kpX Yl ks i Thneé); RnAPYYc16a Ukl BOKYSid 13 ysilane can

di i sopropyl di et hoxysil ane, di-n-butyl = di methoxysilane,

di i sobut ybdi givenxysi |l ane, di-t-butyl di met hoxysi | ane,

di - n-butyl di et hoxysi | ane, n-butyl methyl dimethoxysilane, _
bis(zibthylhexySp&bdﬁﬁhozyammdns,oﬁithe(b{@hﬂﬂshﬂﬁwbhdbgm@@ﬁﬂa l@ne,

di cycl opent yl di met hoxysi | ane, 20 d[cyclopengyldlethoxy5|ane,

di cycl ohekp¢ indet hoigerhphmethdkygilahexytdimehbyyethargsilane,
bis(3-nethy[cyc|ohexil) ) . _

di met hoxys¥+aRePEPRY dmethayye jiaphexyridnnpropxyethaxresilane,

: XY . . | ! ohexyl |
gbifgbgn? nﬁ%E%$ﬁ%§£§$€€%%§gé£§$gﬁé%;ig;ggébgig?ghgggﬁibﬁhgxysiIane,
! Ol . |
T T —
CyC'QQGXy&fﬁ@}é&%ﬁ%ﬁ}fﬂ@@ﬁ@?§¥fiéﬁ@?’t§1§9918ﬁé§¥i8¥ﬁ02ys§1ane,

cyclohexyldimethylmethoxysilane, cyclohexyldiethyl

methoxysilane, cyclohexyldiethylethoxysilane, dimethyl
dimethoxysilane, dimethyldiethoxysilane, di~n~propyl
dimethoxysilane, diisopropyldimethoxysilane, di-n-propyl

15 diethoxysilane, diisopropyldiethoxysilane, di-n-~butyl
dimethoxysilane, diisobutyldimethoxysilane, di-t-butyl
dimethoxysilane, di-n-butyldiethoxysilane, n-butylmethyl
dimethoxysilane, bis(2-ethylhexyl)dimethoxysilane, bis
(2-ethylhexyl)diethoxysilane, dicyclopentyldimethoxysilane,

20 dicyclopentyldiethoxysilane, dicyclohexyldimethoxysilane,
dicyclohexyldiethoxysilane, bis(3-methylcyclohexyl)
dimethoxysilane,bis(4—methylcyclohexyl)dimethoxysilane,
bis(3,5~-dimethylcyclohexyl)dimethoxysilane, cyclohexyl
cyclopentyldimethoxysilane, cyclohexylcyclopentyl

25 diethoxysilane, cyclohexylcyclopentyldipropoxysilane,
3-methylcyclohexylcyclopentyldimethoxysilane, 4-methyl

cyclohexylcyclopentyldimethoxysilane, 3,5~-dimethylcyclo

25



hexyl cycl opent yl di met hoxysi | ane, 3-nethyl cyclo

hexyl cycl ohexyl di met hoxysi | ane, 4-nethyl cyclo

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

cycl ohexyl di net hoxysi | ane, cycl opentyl net hyl di met hoxysilane, 5

.cycl opentyl net hyl di et hoxysi | ane, cycl opentyl ethyl diethoxysilane,

cycl opentyl (i sopropyl)di net hoxysi | ane, .

‘cycl opentyl (i sobutyl)di net hoxysil ane, cycl ohexyl methyl di net hoxysil ane,

cycl ohexyheryhyydlepbaxysdimaehosyelohasy! 3-wétiy depei Hoxysi | ane,
cycl ohexyl et hyl di et hoxysi | ane, 10 cycl ohexyl (n-propyl)di met hoxysi | ane,

cycl ohexyhéxgbpyobyhexylid imebhayxgslidane , cycmebiexyeyoror opyl ) di et hoxysi | ane,
cycl ohexyl (i sobutyl)di met hoxysi |l ane, cycl ohexyl (n-butyl) diethoxysil ane,

cycl ohexyhéxypeypcyohdxyibdimeyhokasd]laneycs phediméthpreyylodegyboxysi | ane,
di phenyl di net hoxysi | ane, 15 di phenyl di et hoxysi | ane,

phenyl net ¢yt tohexnbdymetbhorysphangl cymitdpentiydinebhyslid iamethoxy silane,
phenyl et hyl di met hoxysi | ane, phenyl et hyl di et hoxysil ane,
nethyﬁtr|%@@h@R?%FYiméthﬁ%@h§Fh°¥Yﬁéihbﬁys¢Y@&@Pe@¢Y@¢tthethoxyS|Iane
ethyltriethoxysilange, n-propyltrinethoxysilane, isopropyltrinethoxysilane,
20 n-prop¥ +?F¥%¥%%% SNearfeyC %B@PE%%(%$?E¥%B&%b¢¥@@@b0ﬁN%Hlaner I

trimet hox ane but t hoxysi | an t - but tri et hoxysi | ane,
nbutyl ¢ r8E %&%FYiﬂéSO'%uﬁrigﬁh@;*y'ﬁoxm oy i anery TRethy

2-ethylh ane cl opent thox i | ane

cycl opentéﬁé#%&%}’)%/g%‘%hecy%g% %?y%l‘ﬁ PR sTREnd yclc:]hexyll
cycl ohexy, ny. a triethoxysil ane,
phenyltrlégé g§§£é¥ﬁ+£ggfla%%hy#¥?#%*%%iys|gii% éf@ﬁ %%iﬂ%§y3|lane 26

10 cyclohexyl(n-propyl)dimethoxysilane, cyclohexyl (isopropyl)
dimethoxysilane, cyclohexyl (n-propyl)diethoxysilane,
cyclohexyl(isobutyl)dimethoxysilane, cyclohexyl(n-butyl)
diethoxysilane, cyclohexyl(n-pentyl)dimethoxysilane,
cyclohexyl (n-pentyl)diethoxysilane, diphenyldimethoxysilane,

15 diphenyldiethoxysilane, phenylmethyldimethoxysilane, phenyl
methyldiethoxysilane, phenylethyldimethoxysilane, phenyl
ethyldiethoxysilane, methyltrimethoxysilane, methyl
triethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
n-propyltrimethoxysilane, isopropyltrimethoxysilane,

20 n-propyltriethoxysilane, isopropyltriethoxysilane, n-butyl
trimethoxysilane, isobutyltrimethoxysilane, t-butyl
trimethoxysilane, n-butyltriethoxysilane, 2-ethylhexyl
trimethoxysilane, 2-ethylhexyltriethoxysilane, cyclopentyl
trimethoxysilane, cyclopentyltriethoxysilane, cyclohexyl

25 trimethoxysilane, cyclohexyltriethoxysilane, vinyl

trimethoxysilane, vinyltriethoxysilane, phenyltrimethoxy

silane, phenyltriethoxysilane, tetramethoxysilane,
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tetraet hoxysilane, tetrapropoxysilane, tetrabutoxysilane, and the like. of
t hese, di-n-propyl di net hoxysil ane, diisopropyl dinethoxysil ane,

“di - n-butyl di met hoxysil ane, diisobutyl 5 dinethoxysilane,

-di -t-butyl di methoxysilane, di-n-butyl diethoxysilane,
t-butyltrimethoxysilane, dicyclohexyl dinethoxysilane,

di cycl ohexyl di et hoxysi | ane, cycl ohexyl nethyl di met hoxysil ane,

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

cycl ohexy kéth}ébth@xgisﬁtlh@éxs itle R p rdipoG/sanane)| diereEbYesiysaeme,
di cycl opentyl diethoxysilane, cyclopenfyl nmethyl di net hoxysr| ane,

cycl opent ghdethgl diigehoxysi | ane, cyclopentyl ethyldi et hoxysilane, .
cycl ohexyl cycl opent yl di net hoxysi | ane, cycl ohexyl cycl opentyl di et hoxysi | ane,

3-net hyl cycl ohexofl thesey,cldipaniptapyirt hseirdtyania.are Mei e apredgiexy |

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

cycl opent ginetbokysidanene dita-batyildimeshoxysilane, ddtisaduftgaysilane are
preferably used, with tetramethoxy silane and and tetrqethoxysl!ane bei ng
parti dul agipethoxpeifanghl di-E~-busyldimethoxysilanese dirFgabasiyili con
conmpounds or a conbination of two or nore types of these conpounds can be
used in BREtBPEY¥EALaNRyehtPYRYLIbSHPeEhoXYSidAaNe:y F@S@Dﬁﬂbﬁmydtlon Ff o
ol efins cgn be 25 carried qQut using the olefin polynerization catalyst o
the pres ﬁFeFH9§KFF$HPeAsd&FEF#H§PX¥QH}P§H@?YE#3ﬁFPenéyciobﬁﬁyﬂe,

L-pent eney o ¢r 2l b tho ka1 708e Y LR oft Sy IREX RN T a1 00 L he 1hake, 27

cyclohexylethyldimethoxysilane, cyclohexylethyl

10 diethoxysilane, dicyclopentyldimethoxysilane, dicyclopentyl
diethoxysilane, cyclopentylmethyldimethoxysilane,
cyclopentylmethyldiethoxysilane, cyclopentyl
ethyldiethoxysilane, cyclohexylcyclopentyldimethoxysilane,
cyclohexylcyclopentyldiethoxysilane, 3-methylcyclohexyl

15 cyclopentyldimethoxysilane, 4-methylcyclohexyl
cyclopentyldimethoxysilane, 3,5-dimethylcyclohexyl
cyclopentyldimethoxysilane, tetramethoxysilane, and
tetraethoxysilane are preferably used, with tetramethoxy
silane and and tetraethbxysilane being particularly

20 preferable.

Either one type of these organosilicon compounds or a
combination of two or more types of these compounds can be used
in the present invention.

Polymerization or copolymerization of olefins can be

25 carried out using the olefin polymerization catalyst of the
present invention. As olefins, ethylene, propylene, l1-butene,

l-pentene, 4~methyl-l-pentene, vinyl cyclohexane, and the like
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can be used either individually or in conbination of two or nore. O

t hese, ethylene, propylene, and 1l-butene can be suitably used. A
‘particularly preferable olefin is propylene. Propylene may be

copol ynerized with other olefins. As copolynerized olefins, 5 ethylene,
1-butene, 1-pentene, 4-nethyl-1-pentene, vinyl cyclohexane, and the like
can be used either individually or in conbination of two or nore. O

't hese, ethylene and 1-butene can be suitably used. The ratio of each

conponent cdfigfk iSed@ithiaCihicaliial 1P dr MhicebimatTvaho AT wRUSH mdriedt | O
does not influence the effect of the present invention. Usually, the

conponent of Bhese usthyléne} propylwiie ,0dnd 1-butRR@ ¢@h be S4B asedl.y 50
to 1000 nols, per one nol of titani umatomin the conponent (A). The total

anmount of Ateer timpbaely prefermbl & D) efimdipepropyel emé. ofPrdpsy lnes maggonent
(B) is 0.002 to 10 nols, preferably 0.01 to 2 nols, and particularly

pr ef er abl heapo kyonex zebwd th/dthen gl effinsor dds adpalgmercized olledias,

conponents is_optional, it is desirable to first. add the organoal um num
conmpownd eB;xﬂen@helpbuyﬁﬁe» z4rPBRtSYSY eArmekbrilciupentrae20véayponent (C)
or the co onents C) and to conme in contact, with the organoal um num

compound FEfloBg¥a ﬁus%n'flh%h otHke c2n R usedh fishest individuaddiyadr t he
resul ting, m xt re. A nethod of form ng atalyst by addi ng_.the

or ganoalg Li”c‘lﬂFp’cﬂfh& (BY° °F PRESpol 5% SR ¥¥§P@rﬁn‘gﬁrd 2&&8€ng t he
25 organoal um num. ¢ und ) to come in contact with a previously

cont act ed” ﬁpg%ﬁrguﬁgngﬁg 28Honent (A) and conponent (C) or the conponents

(C) and (D) in tl'ﬂ% Q‘%@i@e fz%tcl nc%?)to%@nits u%le%O i3 %%t specifically
10 1limited inasmuch as such a ratio does not influence the effect
of the present invention. Usually, the component (B) is used
in the amount of 1 to 2000 mols, and preferably 50 to 1000 mols,
per one mol of titanium atom in the component (A). The total
amount of the components (C) and (D) used per one mol of the
15 component (B) is 0.002 to 10 mols, preferably 0.01 to 2 mols,
and particularly preferably 0.01 to 0.5 mols.

Although the order of contact of these components is
optional, it is desirable to first add the organoaluminum
compound (B) to the polymerization system, then éausé the

20 component (C) or the components (C) and (D) to come in contact
with the organoaluminum compound (B), and cause the solid
catalyst component (A) to contact the resulting mixture. A
method of forming a catalyst by adding the organoaluminum
compound (B) to the polymerization system, and causing the

25 organoaluminum compound (B) to come in contact with a previously
contacted mixture of the component (A) and component (C) or the

components (C) and (D) in the polymerization system is also a
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preferable enbodinment. It is possible to further inprove the catalyst
activity to hydrogen by using a previously contacted m xture of the
“conponent (A) and conponent (C) or the conmponents (C) and (D). Wen the
.conponents (C) and (D) are used in 5 conbi nation, these conponents may be
_previously m xed before the contacting operation, or may be individually
caused to contact. Previously m xing before contact is nore preferable.
‘In this instance, although the conponent (C) and conponent (D) are used at

any optiopgefeehble &fBodRhahtlati® if pole iBQePesenirifet Qmp¥sh & @fronent
(D) is preferably in the range of 10:90 to 90:10, nore preferably in the

range of 3AtraQyke ABtBOitanto Paitodged dyl Msphgf & rpddvidus Iheomigaed 40: 60
to 60:40. The polynerization of the present invention can be carried out
ei t her inmilkeupeesenhe compinsent ¢ Agf arwd companent (S) sal vketconPotfdnts
nononers such as propylene may be used either in a gaseous or liquid state.
The pol yné€i)zandoiiDheacthen the pompenebty ¢@)rard D) areausedpénat ure of
2000C or less, and preferably at 1000C or less, under a pressure of 10 MPa
or |ess, cambipasfienabtheseMPampeneats. MaEy therprevions aisiesh befimriezati on
20 systemor a batch polynerization system nmay be used for the
pol yneri z&DBoROREAELLAA. OPSTaddONi 0L, MaNe beoiipddviidaaldy cansease teonypl et ed
either in one step or in tmgyor,npre stegé. I n olynerizin%_olefins usi ng
the cat al §SPT8GHhr ai FF RYORRLY AWV RELPES © %éﬁtm‘?ﬁ Prei®raihsonent
(© or th 5. canpqnent (%ﬁ nd co onent(%ﬁ reingfter referr to
from ti me Po Rifa LAty AHCACHAR HEF SARGIRYE (£ P8 AeSTpaie it (&)
prelim naﬁ!rleyuéjé)ci Xgeérl& %pttfl%n%llegéjeioﬁjrﬂhoé mggaiqea% gfztghe component
10 (C) and component (D) is preferably in the range of 10:90 to
90:10, more preferably in the range of 30:70 to 70:30, and
particularly preferably in the range of 40:60 to 60:40.
The polymerization of the present invention can be
carried out either in the presence or absence of an organic
15 solvent. Olefin monomers such as propylene may be used either
in a gaseous or liquid state. The polymerization 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
20 system or a batch polymerization system may be used for the
polymerization reaction. In addition, the polymerization can
be completed either in one step or in two or more steps.
In polymerizing olefins using the catalyst containing
the component (A), component (B), and component (C) or the
25 component (C) and component (D) (hereinafter referred to from

time to time as “the main polymerization”), it is desirable to

preliminarily polymerize the olefins prior to the main
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pol ynmeri zation reaction to inprove the catalytic activity,

stereoreqgqularity, properties of resulting polynmer particles, and the I|ike.
“In addition to the olefins used in the main polynerization reaction,
-ononmers such as styrene can be used 5 in the prelimnary polynerization.
.Specifically, the conponent (A), conponent (B) , and conponent (C) or the
conponent (C) and conponent (D) are added to the polynerization system in
‘the presence of olefins to prelimnarily polynerize 0.1 to 100 g of the
pol yol ef i pslymerizgtabnt keacaipanent improvien thel@apalitddl acty virgf,er abl e

enbodi nent, the conponent (B) is further added to formthe catalyst.
Al t hough shereptegudfirityt apropérthescofipresmnt tireg o Iiymexmpas tiie 1esn,r yi ng
out the prelimnary polymerization is optional, it is desirable to first
add the cangokbat 1iRe.t oInhadditper| tai hheyopef ynerusedi dn thetmainn an
inert gas or olefin gas atnosphere such as propyl ene, cause the conponent
(A) to copepdymeripationpbreatipm) morgmexhandnaSesbrtede @andelusisds such
as propylene to contact the m xture. Wien the prelimnary golynerization
i s carti edNotibeuBrRéiMABaEYnPOAYREId@AtdPNheSPORLIELGR] hYit i BRCOf t he
conponent s &C) and (D), the congonent %B) Is first added to the
prel i mi naF§MBBREREr (Aot FERPSDPERENRE by 2R GomRAneds (o) 03 the Fogrenentospher e
such as prapylene, then the onpone (%q% rr.a m.xture of .the conponent
(C) and cé%oﬂgﬁtm’f‘?ﬁn?g@c%ge ?oac@%)('ﬁ ach't e POIIST A TSR SY&YBned by
the 25 cog | j | .St .C mﬁ&%&en oL nore
ol efins sgéﬁeggc%rréopy %%gf;Pg%gg‘l%egot ng%?gé# ] r{‘ r%z.ggg'l to

100 g of the polyolefins for 1 g of the component (A). 1In a

10 particularly preferable embodiment, the component (B) is

further added to form the catalyst.

Although the order of contact of the components and
monomers in carrying out the preliminary polymerization is
optional, it is desirable to first add the component (B) to the

15 preliminary polymerization system in an inert gas or olefin gas
atmosphere such as propylene, cause the component (A) to contact
the component (B), and then cause one or more olefins such as
propylene to cdntact the mixture. When the preliminary
polymerization is carried out using the component (C) or the

20 combination of the components (C) and (D), the component (B)
is first added to the preliminary polymerization system in an
inert gas or olefin gas atmosphere such as propylene, then the
component (C) or a mixture of the component (C) and component
(D) is caused to contact the component (B), followed by the

25 contact of the solid catalyst component (A), and then one or

more olefins such as propylene are caused to contact the

mixture.
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An alternative nethod conprises first adding the conponent (B) to the
prelimnary polynerization systemin an inert gas or ol efin gas atnosphere
‘such as propyl ene and adding a previously contacted m xture of the
conmponent (A) and 5 conponent (C) or the conponents (C) and (D) to the
.prelimnary polynerization system The polynerization of olefins in the
presence of the olefin polynerization catalyst prepared by the process of
‘the present invention can produce olefin polyners with a nelt flow 10 rate
(M) higher thann Rditexnatherepaletirrds qompdticass Ky addiony etié onal

catal yst by using the sane anmount of hydrogen. In addition, the olefin

pol yneri zaeimpaneatal B3t tofthéeppekbrinary e zadhidr tsy sttem Sanan
performance as conventional catalysts in catalyst activity and the

capabi | i t ynertganieai ayefis gas ptmospivere $ugh ast prepydgnkaand yadding
Specifically, the catalyst of the present invention has been confirmed to
i nprove @hBre¥fiansdy sentarted: mixfyreged thet sempongmsr i(Adt iadd of

ol efins, while maintaining high catal yst activit% and stereogreqularity of
the resul FPH@%SP%@%.O@%@&WEBGH el f &h{ D) nhe dthe prglimipary

descri bed_in _nore dﬁtail bﬁ exanpl es, which should not be construed as
liniting PﬂgymSFééa tOPnFEREEBN. 25 (Eval uation of pol ynerization) Bul k

PoLyTEL et on S SRR, P I AR G s
olefin polymerization catalyst prepared by the process of the
present invention can produce olefin polymers with a melt flow

10 rate (MI) higher than that of the polymers produced using a
conventional catalyst by using the same amount of hydrogen. 1In
addition, the olefin polymerization catalyst of the present
invention exhibits the same performance as conventional
catalysts in catalyst activity and the capability of producing

15 polymers with high stereoregularity. Specifically, the
catalyst of the present invention has been confirmed to improve
the catalyst activity to hydrogen in the polymerization of
olefins, while maintaining high catalyst activity and
stereoregulérity of the resulting polymers.

20
EXAMPLES

The present invention will be described in more detail
by examples, which should not be construed as limiting the
present invention.

25 (Evaluation of polymerization)

Bulk polymerization of propylene using the olefin

polymerization catalyst of the present invention was evaluated.
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The amount of pol ynmer produced per unit anount of the solid catalyst
conponent (polynerization activity: yield) was determned. Then, the ratio
‘of n-heptane insoluble polyner (H) when the polynmer was extracted with
boiling n-heptane for 5 6 hours using a high tenperature Soxhl et extractor
was determned. The yield and H were respectively cal cul ated according
to the follow ng equations (4) and (5). The nelt flow rate (M) and bul k
-density (BD) of the produced polyners were also determ ned, according to

JI'S K7210raadasbenk6421 é@yh%%p Qbﬁﬁ%bﬁ drehd 160 aRBuatCalr The €L ilsol id
cat al yst component (Q) ES E?g)/a(g)}XlOO (6) wherein a

i ndi cat eschbalgstuabmpohpnef (p@llymefc&zrartqducadtum :cophet) asof the

pol ymeri zation reaction, b indicates the 15 anount (w) of n-heptane
|nsolubledpoéymmnedhenrm@@ pohgneat vasof entheptene vihsobabl engolyhept ane
for 6 hours after polynerization. Exanple 1 20 (Preparation of solid

catal yst ¢Biporieen the pol@henr was ent teaterimwiilthsko ehingrecheptdne fotr rrer,
of which the internal atnosphere had been sufficiently replaced by

ni troden §aboumasushnggadhighhteBpeyashirei Sokbiptmeghesictor aag 750 n
toluene to prepare a suspension. The suspensi on was 25 added to a solution
of 450 mdBIF)eF’BF-Héﬁe aflee 3pbekd and Y averen respechyely dealaubateder 2, 000

m round botto . flask e ped with a stirrer, of which the internal
Tt moapnar Bohanban FossRaUtd TNEAY paRaBLaBEd ) 2Rt ¢ Dien Taame Rt 10w

suspensioga@gs(MI) and bulk density (BD) of the produced polymers were

also determined, according to JIS K7210 and JIS K6721

10 respectively.
Yield (g~-PP/g~cat ) =a (g)/solid catalyst component (g) (5)
HI (wt%) = {b(g)/a(g)}x100 (6)
wherein a indicates the amount (wt) of polymers produced upon
completion of the polymerization reaction, b indicates the

15 amount (wt) of n~-heptane insoluble polymer when the polymer was
extracted with boiling n-heptane for 6 hours after

polymerization.

Example 1
20 (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 diethoxy magnesium
and 750 ml toluene to prepare a suspension. The suspension was

25 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
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reacted at 5C for one hour (low tenperature aging processing) . After the
addition of 22.5 m of di-n-butyl phthalate, the mxture was heated to 90C
*and reacted for two hours with 5 stirring (first processing). After the
Jeaction, the resulting reaction m xture was washed four times with 1,300
.m of toluene at 80C (internedi ate washing) . After the addition of 1,200
m of toluene and 300 ml of titaniumtetrachloride, the reaction m xture
‘was heated to 112C and reacted for two 10 hours with stirring (second

processi né£f ivEen €l ¢r Bl a6€d BRSHLPBoGE §860NUrHY QARRSdANl JYEWad epeat ed
once nore. The resulting reaction m xture was washed seven tines with

1,300 nlredcteptaans’@ifod0éneliddren edw et aeeré agibig@pPodessling).
catal yst conmponent (A) in the formof a powder. The content 15 of titanium
in the softecathe yadd toiponefit 22a5 mhabd§zétl-arbutybuphthalbte 3. Thewt %
(Preparation of polynerization catalyst and pol ynerization) A 2,200 m
aut ocl avenkxfupedasi heatedt tor 20°C aindvredctadanttorandiowmsosiptter e had
been replaced by nitrogen gas, was 20 charged with 1.3 mmol of triethyl
al um Rum straRing . (Bipgs| progess ivg hoxydtien ddie airactridn hehebove sol i d
catal yst conponent in an amunt equival ent to 0.0026 mmo| of titanium atom
were  addeRF AR & SRS iR MiESuEe vae yashed £paret dmes | Wikdr i1230i00m1
catalyst. Then, with the addition of 2,000 n of hydrogen gas__25 and 1,400
m of i &O&%‘)ﬂ BheB 04 1pEErPRARALS VRPDHRT) zatAlhPRADEcAddLEdOBUL | or
5 m nutes_at f.ol | ow whi_c I n_polymerization carried out
for one hd L ’ifo%f%&fgt#ﬁ‘éer}ﬁ/%"%aﬁi%gnﬁegﬁl g#%f"‘%@ﬁ’é??%ﬁi%ﬁdﬁre shown
In the reaction mixture was heated to 112°C and reacted for two
10 hours with stirring (second processing). The intermediate
washing and second processing 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 a solid
catalyst component (A) in the form of a powder. The content
15 of titanium in the solid catalyst component was analyzed and
found to be 3.74 wts%.
(Preparation of polymerization catalyst and polymerization)
A 2,200 ml autoclave equipped with a stirrer, of which
the internal atmosphere had been replaced by nitrogen gas, was
20 charged with 1.3 mmol of triethyl aluminum. Then, 0.13 mmol
of triethoxychlorosilane and the above solid catalyst component
in an amount equivalent to 0.0026 mmol of titanium atom were
added and the mixture was stirred to prepare a polymerization
catalyst. Then, with the addition of 2,000 ml of hydrogen gas
25 and 1,400 ml of liquid propylene, the preliminary

polymerization was carried out for 5 minutes at 20°C, following

which the main polymerization was carried out for one hour at
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Table 1. Exanple 2 The same experinment as in Exanple 1 was carried out, 5
except for using 0.13 mmol of diethoxydichlorosilane instead of 0.13 nmol

‘of triethoxychlorosilane. The results are shown in Table 1. Exanple 3 The
sanme experinment as in Exanple 1 was carried out, 10 except for using 0.13
Jmol O O CH2Si (OC2H5) 3 instead of 0.13 mmol of triethoxychlorosilane. The
results are shown in Table 1. Exanple 4 The sane experinent as in Exanple
1 was carried out, 15 except for using 0.065 mmol of O CH2Si (OC2H5) 3 and

0.065 mmobygoeef t@ie atidmiansidrdneedustLask Qo1qme iEBIidH are shown in

triethoxychlorosilane. The results are showmn’in Table 1. Exanple 5 The
sane experapget 1gs in Exanple 4 was carried out, 20 except for using 0.065
nmol of tetranethoxysilane instead of 0. 065 nmol of tetraethoxysil ane.
The resul Examp@esRown in Table 1. Exanple 6 The sane experinent as in
Exanple 4 was carried out, 25 except for using 0.065 muol of
di met hoxymnet hyl| dileorszsnd aawperimgtreachofid) D&mpiw|1l ofad etamet ddxost ) ane.
The results are shown in Table 1. 34 Conparative Exanple 1
5 except for using 0.13 mmol of diethoxydichlorosilane instead
of 0.13 mmol of triethoxychlorosilane. The results are shown
in Table 1.
Example 3
The same experiment as in Example 1 was carried out,
10 except for using 0.13 mmol of ClCH,Si(0C.;Hs); instead of 0.13
mmol of triethoxychlorosilane. The results are shown in Table
1.
Example 4
The same experiment as in Example 1 was carried out,
15 except for using 0.065 mmol of C1CH,Si(OC;Hs); and 0.065 mmol
of tetraethoxysilane instead of 0.13 mmol of
triethoxychlorosilane. The results are shown in Table 1.
Example 5
The same experiment as in Example 4 was carried out,
20 except for using 0.065 mmol of tetramethoxysilane instead of
0.065mmol of tetraethoxysilane. The results are shown in Table
1 L]
Example 6
The same experiment as in Example 4 was carried out,
25 except for using 0.065 mmol of dimethoxymethylchlorosilane

instead of 0.065 mmol of tetraethoxysilane. The results are

shown in Table 1.
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The sane experinent as in Exanple 1 was carried out, except for using 0.13
nmmol of cycl ohexyl net hyl di met hoxysil ane instead of 0. 13 mmol of
“triethoxychlorosilane. The results are 5 shown in Table 1. Conparative
Exanpl e 2 The sane experinment as in Exanple 1 was carried out, except for
,using 0. 0 6 5 mol of cycl ohexyl net hyl di met hoxysi |l ane of the above
formula (11) and 0.065 nmol of diethoxy 10 dichlorosilane instead of 0.13
‘mmol of triethoxychlorosilane. This Conparative Exanple 2 is an experiment
correspon@omparetiteaBghmpleofl t he above-nenti oned JP-A No. 218932/ 1998.
The results are shown in Table 1. Conparative Exanple 3 15 The sane
experinment as i Fhex®saplee ekpeasimeats iasd ioutExampdeedt wasy aagtmiged).oux 6 5 mol
of cycl ohexyl net hyl di net hoxys ilane of the above fornmula (11) and 0.065
mmol  of teKeerbxEor afigd i Laneme haifegycdphexydmebyldfimethoxysilane
triethoxychl orosilane. This Conparative Exanple 3 is an experinment

cor r espondPfgead o0k d el ofgiriethamshlararilanas JPhe resulis8az®E 1998.
The results are sho in Table 1. 25 35 Table 1 Yield H BD M

g- PP/ > caf PRy ARGFaBLRi A -

Comparative Example 2
The same experiment as in Example 1 was carried out,

except for using 0.065 mmol of cyclohexylmethyldimethoxysilane
of the above formula (II) and 0.065 mmol of diethoxy

10 dichlorosilane instead of 0.13 mmol of triethoxychlorosilane.
This Comparative Example 2 is an experiment corresponding to
Example 1 of the above-mentioned JP-A No. 218932/1998. The
results are shown in Table 1.
Comparative Example 3

15 The same experiment as in Example 1 was carried out,
except for using 0.065 mmol of cyclohexylmethyldimethoxysilane
of the above formula (II) and 0.065 mmol of triethoxy
chlorosilane instead of 0.13 mmol of triethoxjchlorosilane.
This Comparative Example 3 is an experiment corresponding to

20 Example 2 of the above-mentioned JP-A No. 218932/1998. The

results are shown in Table 1.
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Exanpl e 135, 50098. 60. 4362 Exanpl e 237, 30098. 30. 4461 Exanpl e

335, 20098. 50. 4349 Exanpl e 432, 50098. 50. 4364 Exanpl e 533, 80098. 30. 4412
“Exanpl e 639, 50098. 30. 4316 Conparative Exanple 132, 10098. 80. 433. 2
Conpar ati ve Exanpl e 234, 70098. 80. 423. 7 Conpar ative Exanple

.331, 80098. 60. 433. 0 The above results indicates great inprovenent in the 5
catal yst activity to hydrogen when one or nore hal ogen-containing silicon
-conpounds of the above fornmula (2) and the hal ogen-containing silicon
conpoundsrgthl1é hep above fornula (3) are used as an el ectron donor in the
pol ymeri zation. 10 | NDUSTRI AL APPLI CABI LI TY The pol yneri zati on catal yst of
the present invention exhibits excellent catalyst activity to hydrogen
and, if [orefins are polynerizZed USing (Ng catal yS[ of thg present
i nvention, can produce ol efin pol yiedsl with adihi gh| meBb fllow 1MIrate.| The

catal yst| al so exhibits the sane catalytic|activity| and yileld perforrance
as conventional catal ysts, and peRBEgseat 36 wid capaBiinity &f1lQrovdmciing
pol ymersf with stereoregularity] equivalent to conventionall catal ysts.| The
cat al yst| Exampk@isl overcone the ptobi@ds of 28s® i ncPedde |for &Fprovegment
of facilities, increase in hydrq?en gas :onsuq?tion and |decrease § in
pr OdUCt|VE¥§Inp§q 2 7,3 0 98. bo44 61

Example 3 35,200 98.5 0.43 49

Example 4 32,500 98.5 0.43 64

Example 5 - 33,800 98.3 0.44 12

Example 6 39,500 98.3 0.43 16

Comparative Example 1 32,100 98.8 0.43 3.2

Comparative Example 2 34,700 98.8 0.42 3.7

Comparative Example 3 31,800 98.6 0.43 3.0

The above results indicates great improvement in the
5 catalyst activity to hydrogen when one or more
halogen-containing silicon compounds of the above formula (2)
"and the halogen-containing silicon compounds of the above

formula (3) are used as an electron donor in the polymerization.

10 INDUSTRIAL APPLICABILITY
The polymerization catalyst of the present invention
exhibits excellent catalyst activity to hydrogen and, if
olefins are polymerized using the catalyst of the present
invention, can produce olefin polymers with a high melt flow
15 rate. The catalyst also exhibits the same catalytic activity

and yield performance as conventional catalysts, and possesses
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CLAIMS 1. An olefin polynerization catalyst conprising: 5 (A) a solid
cat al yst conponent prepared by contacting (a) a dial koxy magnesium (b) a
‘tetra-valent titaniumhalide, and (c) a phthalic acid diester in (d) an
aromati ¢ hydrocarbon having a boiling point in the range of 50 to 150C,
(B) an organoal um num conpound of the followng fornula 10 (1), R AIB-P
(1) wherein RL is an al kyl group having 1 to 4 carbon atons, Qis a
‘hydrogen atom or a halogen atom and p is a real nunber satisfying an

i nequal i tyh@<papaBilahyg &5 pEpdonéngr podymehal wdeh- sbarebnegglatrdayosi | i con
conpounds sel ected fromthe foll ow ng components (Cl) and (C2), (d) a

hal ogen- ceguaval egt otgarervéntbonabnpatmbly ots ¢ h&he caltadiysg cannthas( 2) ,
R2iS i (OR3) 4-1-mXm (2) 20 wherein the group R2 individually represents an
al kyl groeypereenenghe probdemarobncasbnincreasel sarkjmpypvepens piienyl
group, a_vinyl group, an allyl group, or an aral kyl group, R3

i ndi vi duaﬁ@«}lfbb%%enltrsm%ﬁﬁ%ﬁ Ry h¥dergem gasngonsuspiieny i decsessea

cycl oal kyl group, a,phenyl group, a vinyl group, an 25 allyl group, or an
ar al kyl g+%u%¥°§%ﬂt¥£F§Ya hal ogen atom sel ected froma chlorine atom a
brom ne atom and an iodine atom 1 is O or an integer of 1 to 2, and mis
an integer of 1 to 3, provided 38 that 1< 1 + mS 3, (C2) a

hal ogen- cont ai ni ng organosilicon conpound of the
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following formula (3), R4gSI (ORS) 4_qg (3) 5 wherein R4 individually
indicates a linear or branched al kyl group having 1 to 12 carbon atons,
*with one or two hydrogen atons replaced by hal ogen atons, R5 individually
represents an al kyl group having 1 to 4 carbon atons, a cycl oal kyl group,
.a phenyl group, a vinyl group, an allyl group, or an aral kyl group, and
10 g is an integer satisfying an inequality of 1: 59 :!53. 2. An olefin
‘pol ynmeri zation catal yst conprising: (A a solid catal yst conponent prepared
by contacting (a) a dial koxy magnesi um conpound, (b) a tetra-val ent
titanium 15 halide, and (c) a phthalic acid diester in (d) an aromatic
hydr ocar b6bARMEi ng a boiling point in the range of 50 to 150C, (B) an

or ganoal um num conpound of the following formula (1), RE AI@-p (1) 20
wherein RL is an al kyl group having 1 to 4 carbon atonms, Qis a hydrogen
atomor a hal ogen atom_ and p iis a real nunber _satisfying an inequality
0<p <3, (C2) a BRal AgeRrleddtaPilygesigatdsn Cada lystp SOMPrasing fol | ow ng
formul a (3), 25 R4gSi B) 4 &3) wherein R4 individually indicates a

li near or branché&d élﬁ% 1dgFBGgl §% REMPOR§NEoPEEPRERdabYNEONFACK 186e or

Lo 1 ORE0 LT B ) T L an A e
group, a Xﬁgyéc P%OBchQTié' Aé’ld gHJ’.oeLg:lierorj.nal(ﬂ'd?‘ra"j‘rg lf‘a)é'lom%rtollf':bhygg(cj)carbon
having a boiling point in the range of 50 to 150°C,
(B) an organoaluminum compound of the following formula
10 (1),
R':A1Q;.p (1)
wherein R' is an alkyl group having 1 to 4 carbon atoms, Q is
a hydrogen atom or a halogen atom, and p is a real number
satisfying an inequality 0<p=<3, and
15 (C) one or more halogen-containing organosilicon
compounds selected from the following components (C') and (C?),
(C') a halogen-containing organosilicon compound of the
following formula (2),
R%S1i(OR?)4o1-mXnm (2)
20 wherein the group R? individually represents an alkyl group
having 1 to 12 carbon atoms, a cycloalkyl group, a phenyl group,
a vinyl group, an allyl group, or an aralkyl group, R?
individually represents an alkyl group having 1 to 4 carbon
atoms, a cycloalkyl group, a phenyl group, a vinyl group, an
25 allyl group, or an aralkyl group, and X is a halogen atom selected
from a chlorine atom, a bromine atom, and an iodine atom, 1 is

0 or an integer of 1 to 2, and m is an integer of 1 to 3, provided
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q is an integer satisfying an inequality of 1g3, and 5 (D) an organosilicon
conpound of the followng formula (4), R68S (OR7)4_, (4) wherein R6
*!i ndi vidually represents an al kyl group having 1 to 12 carbon atons, a
cycl oal kyl group, a phenyl group, a vinyl 10 group, an allyl group, or an
.aral kyl group, and R7 individually represents an alkyl group having 1 to 4
carbon atons, a cycloal kyl group, a phenyl group, a vinyl group, an allyl
‘group, or an aral kyl group, R6 and R7 may be either identical or
di fferent thakdlsS sl anm ikeder satisfying an inequality O<s 15 c3. 3. The
olef in polynerizgtion catalyst according to claim 1 or claim2, wherein
t he di al koxy nadfesiahaagrumPntaining ergenpsiddees aempeondof the

following formula (3),

R'GS1i(OR’)4q (3)
5 wherein R® individually indicates a linear or branched alkyl

group having 1 to 12 carbon atoms, with one or two hydrogen atoms

replaced by halogen atoms, R’ individually represents an alkyl

group having 1 to 4 carbon atoms, a cycloalkyl group, a phenyl

group, a vinyl group, an allyl group, or an aralkyl group, and

10 q is an integer satisfying an inequality of 1=<g=3.

2. An olefin polymerization catalyst comprising:
(A) a solid catalyst component prepared by contacting
(a) a dialkoxy magnesium compound, (b) a tetra-valent titanium
15 halide, and (c¢) a phthalic acid diester in (d) an aromatic
hydrocarbon having a boiling point in the range of 50 to 150°C,
(B) an organoaluminum compound of the following formula
(1),
- R',A10;.p (1)

20 wherein R' is an alkyl group having 1 to 4 carbon atoms, Q is
a hydrogen atom or a halogen atom, and p is a real number
satisfying an inequality O0<p=3,

(C?) a halogen-containing organosilicon compound of the
following formula (3),

25 R*GS1i(OR%)4q (3)

wherein R* individually indicates a linear or branched alkyl

group having 1 to 12 carbon atoms, with one or two hydrogen atoms
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replaced by halogen atoms, R® individually represents an alkyl
group having 1 to 4 carbon atoms, a cycloalkyl group, a phenyl
group, a vinyl group, an allyl group, or an aralkyl group, and
g is an integer satisfying an inequality of 1=q=<3, and

(D) an organosilicon compound of the following formula
(4),

R®S1i(OR7) s (4)
wherein R® individually represents an alkyl group having 1 to
12 carbon atoms, a cycloalkyl group, a phenyl group, a vinyl
group, an allyl group, or an aralkyl group, and R’ individually
represents an alkyl group having 1 to 4 carbon atoms, a
cycloalkyl group, a phenyl group, a vinyl group, an allyl group,
or an aralkyl group, R® and R’ may be either identical or
different, and s is an integer satisfying an inequality 0=s

=3.

3. The olefin polymerization catalyst according to claim
1l or claim 2, wherein the dialkoxy magnesium compound is a

diethoxy magnesium.
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