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THE.INVENTION Field of the Invention 1 The present invention relates

to a solid catalyst conponent for a-olef in polynerization. More
specifically, the present invention relates to a solid catal yst conponent

for [err]-olefin polynerization hagppgreIcATLeN particle size distribution
and high catalytic activity, a catalyst for [err] -olefin polynerization
conprising said solid catal yst conponent and a process for producing poly-

r] - fins w 1 d catal yst. Description of the Related Arts
,[Ag r|r]s aleﬁl | Eﬁo%&lt‘ﬂ? h %rq%Q@%tFéﬁ/s‘t"@6H§ENSP69YMEREZM§DN|,03 ;r(\le'lt ?I
onmpound (I1V t u and_an__ organonetal |ic conpound (I, Il an
gargﬁps) ig usecgwﬁ%r\%’gr%c‘? nQLEE SN BPLEMEBIGABLONG ANR RROCBSBNFORCh as
propylene, 1-butene or ‘the lPi?(ISSUCING a -OLEFIN POLYMER

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a solid catalyst
component for a-olefin polymerization. More specifically,
the present invention relates to a solid catalyst component
 for ¢ -olefin polymerization having a narrow particle size
- dis£ribution and high catalytic activity, a catalyst for a
-olefinléolymerization comprising said solid catalyst
. component ;;d a4 process for producing poly-a-olefins with
said catalyét.
"
Description of the Related Arts
As is well known, the Ziegler-Natta catalyst comprising
a transition metal compound (IV to VI Groups) and an
organometallic compound (I, II and XIII Groups) is used for
producing isotactic polymers of an a-olefin such as
propylene, l-butene or the like.

For the improved operability , it is desirable to produce

poly-ca-olefins having a substantially uniform particle
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For the inproved operability, it is desirable to produce poly-a -olefins

having a substantially uniform particle . o
2 . dianmeter and being free fromfine powder. Catalyst residues deri vi ng

fromthe transition netal conpound and the organonetal |ic conpound renain
in the resulting poly-a - ol efins. An equipnment for renmoval of the
cat al yst residue Is required for renpval and deactivation of the catalyst

o scescant DA B o it e che
Gof | ned as. S TG REH R S3ASRIEIe iAo copesiee ngothent { wel ght of
Femoval of RS TRER G bo SeRRRUE, FRb a4 (e ZReUREiPdoRodTaia of pol y-
Fequi red to HERITE s S AFhmeRY B0k fenet ] g B rpedataFepidue |
advantageoug_.s vity, however, decreases the

bul k densi ty of" cqpi R ) %%5‘\6’3’%;%% acgrié@_.tl?ﬁef’gf &he, cagadyesl yst

having a hi%%s%ﬁdé%i%%f@ﬂjéQiékgg a%&%ggr%dggrggggffects on the
stability and processability of poly-a-olefins, and the
like.

The problem of the cataiyst residue is solved by
increasing the catalytic activity, which is defined as the
weight of the produced poly-a-olefin pef unit weight of the
catalyst. This method does not require any special equipment
for removal of the catalyst residue, and reduces the
production .cost of poly-a-~olefins. The catalyst having
extremely high catalytic activity is required to enable a
deashing-free process that is industrially advantageous.

The higher catalytic activity, howe#er, decreases the
bulk density of the resulting polymer particles. Therefore,
a catalyst having a high activity and giving polymers of high
bulk density and favorable parti.cle properties, is required.
Development of the solid catalyst component having the
favorable particle properties and high polymerization
activity has been attempted because the particle properties
of the resulting polymers significantly depend upon the

particle properties of the solid catalyst component.



bul k density and favorable particle properties, is required. Devel oprment
of the solid catalyst conmponent having the favorable particle properties
and high polymerization activity has been attenpted because the particle
properties of the resulting polyners sggnlflcantly depend upon the _
.particle properties of the solid cataly conponent . _ Wth
respect to an inprovenent the particle properties and narrow ng the
distribution of particle size, in polynerization of ethylene, there are

proposed uses of Witdoredpechitad vt imprpuemehtptikppartgidle propertieg a
titanium magnesi um conpound on a silica gel carrier to overcone the
probl ens (JRNA- BArrosGiogy &he dRshributid@7dpf barikdcakseizdi,sehosed in
JP- A-62- 256802 that, in polynerization of propylene, particle properties
of the r esulppilnrgieréalayc@oaqu etbydeseptrhiead gremropssddysesiofta beigol i d
cat al yst conmponent obtai ned by soaking a titani um magnesi um conpound in
silica gel &&8talystricomponent pakephuigh bypsoppogtihe patfitaheumtoperties
to some extent, these proposed catal ysts have relatively low activity and
cause a | ar glégaﬁ-ﬁanm cpmpolinda qrela ssédcasgehecarsriérrto overcome the
problems (JP~A-54-148098 and JP-A-56-47407). It is also
disclosed in JP-A-62-256802 that, in polymerization of
propylene, particle properties of the resulting
polypropylene are markedly iﬁproved by using the solid
catalyst component obtained by soaking a titanium-magnesium
compound in silica gel as a carrier.
Although improving the particle properties to some
extent, these proposed catalysts have relatively low activity
and cause a large amount of silica gel used as the carrier
to contaminate in the final products. The contaminated
silica gel deteriorates the quality of final products and
causes fish eye in film products.
A variety of solid catalyst components having a high
catalytic activity have also been proposed.
By way of example, it is known that a Ti-Mg complex-
type solid catalyst, which is obtained by reducing a
tetravalent titanium compound with an organomagnesium
compound in the presence of an organosilicon compound to

obtain an eutectic crystal of magnesium and titanium, is used

in combination with an organcaluminum compound as a co-



to contam nate in the final products. The contam nated silica gel
deteriorates the quality of final products and causes fish eye in film
products. A variety of solid catalyst conponents having a high
catalytic activity have al so been propoged. By way of exanple, it is
known that a Ti-M conplex- type solid catalyst, which is obtained by
reducing a tetravalent titanium conpound with an organomagnesi um conpound
in the presence of an organosilicon conpound to obtain an eutectic crystal
of magnesi upaked-ysitt anduan dxrganasiligen cobipoanidoasw tthiad cogpoaznttni num
conpound as a co- 4 catal yst and an
or ganosi | i cd@- eedddasd casobefhn rpoLymgmoization of exlatei vely dfigh

pol ymeri zation of relatively high stereoregularity and high activity

(JP- B- 03- 43332racreyRlarityl a3do5dgh. astdvhiey (T8pBs68-43283i gnd ghews t hat
coexi stence of an ester in the reduction of a tetravalent titanium
conpound wi ®r0dr3diSFA8inaghrsther conpposed i techmeiqpe eskhowe tiatn
organosi |l i con conpound further inproves polynerization of higher

st er eor egul &oeRiskende gfcen gstevi tp tIP- Ae@Rc206013F. a tetrakhlbotgh

t hese proposed techniques realize an

titanium compound with an organomagnesium compound in the
presence of an organosilicon compound further improves
polymerization of higher stereoregularity and highér
activity (JP-A-07-206017).

Although these proposed techniques realize an
extraction-free and deashing-free process, further
improvement in particle properties of the resulting polymers
is desired.

g3
SUMMARY OF THE INVENTION

An object of the present invention is to provide a solid
catalyst component for a-olefin polymerization, which has
a high catalytic activity and a narrow distribution of
particle size, contains less fine powder and is capable of
giving a poly-a-olefin having a high bulk density and
favorable particle properties efficiently.

Another object of the present invention is to provide
a solid catalyst component for c-olefin polymerization and
a solid for a-olefin polymerization, which give a poly-c

-olefin having a high stereoreqularity in addition to the



extraction-free and deashing-free process, further inproverment in particle
properties of the resulting polymers is desired. ~ SUMVARY OF THE .
| NVENTI ON An object of the present invention is to provide a solid
cat al yst conponent for a-olefin polynerigzation, which has a high catalytic
acttvity and a narrow di stribution of particle size, contains less fine
powder and is capable of giving a poly-a-olefin having a high bulk density
and favorable particle properties efficiently. Anot her object of the
present i nvehevenadvanbagesyiakewedlsasial pracaisys for gmmdering @ paiplefin
pol ymerization and a solid for a-olefin polymerization, which give a
poly-[err] cobbefinhedi faverablh pactinieqltaperttyids widdt tsapito the
above advantages, as well as”a process for producing a poly- [err]-olefin
of favorabl eagatystle properties with said catal yst. According to
the present invention, there is provided a solid catalyst conponent for
[err]-ol efin pol }fepFrdingoko thenprepentpdmvienitedcsi,z¢hairet Lsbproended not
less than 6.0 in ternms of the value of Nin a Rosin-Ramm er function of
particle a solid catalyst component for «-olefin polymerization

having a particle size distribution of not less than 6.0 in

terms of the value of N in a Rosin-Rammler function of particle

size distribution and giving a catalytic activity of not less

than 10,000 ((g-polymer produced/g-solid catalyst

component)/hour) in polymerization.

The present invention further provides (A) a solid

catalyst component for a-olefin polymerization containing

a trivalent titanium compound, obtained by a process which

comprises reducing a titanium compound represented by the

general formula of Ti(OR'),X,_, (wherein R! represents a

hydrocarbon group having 1 to 20 carbon atoms; X represents

a halogen atom; “a” is a number satisfying 0=<a=<4) with an

organomagnesium compound in the presence of an organosilicon

compound having an Si-O bond and an ester to obtain a solid

product, successively adding a mixture of an ether and

titanium tetrachloride and an organic acid halide in this

sequence to the solid product for treatment, and further

treating the treated solid product with a mixture of an ether

and titanium tetrachloride or a mixture of an ether, titanium

tetrachloride and an ester.
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size distribution and giving a catalytic activity of not less than 20,000
((g=pol ynmer produced/ g-solid catalyst conponent)/hour) in polynerization,
wherein the solid catal yst conponent conprises trivalent titanium

magnesi um and hal ogen. The presegt invention further provides (A) a
soltd catalyst conponent for [err]-olefin polynerization containing a
trivalent titanium conpound, obtained by a process which conprises
reducing a titani um conpound represented by the general fornula of

Ti (OR[ err]) [ err] Aha jreg=4dndr dinveRtdon] alepr psontidea ahgdtatgsbofiogr aup
having 1 to 20 carbon atons; X represents a halogen atom "a" is a nunber
sati sfying ofevefid @elvmenization congpaisdmgiesi um compound in the presence
of an organosilicon conpound having an si-O bond and an ester to obtain a
solid produd) thecsdsisl eatglysiticogranankifior @foiafihiperlyaedidadian um
tetrachloride and an organic acid halide in this sequence to the solid
product for desquihed akguefurther treating the treated solid product with
a mxture of an ether and titaniumtetrachloride or a m xture of an ether,
titani um t et(BlcHrroxgangal uninam eompaiwedsi @ndhe sol i d cat al yst conponent
has a particle size distribution of not less than 6.0 in terns of the val ue
of Nin a RISh-Famdegtiamaddnar sompounids| e si ze distribution, and gives a
catal ytic activi%ﬁlof not |ess than 20,000 (g-polyner/g-solid catalyst
conponent / hour) T @safantdnvention further provides a process for 6
The present invention also provides a catalyst for a -olefin

pol yneri zat iRaeBw#ENd & mply-c-olefin with said catalyst.

The present invention é&ves a poly-a-olefin having
favorable particle properties. Preferably the present
invention enables high stereoreqular polymerization of an «
-olefin.

The poly-a-olefin here means a homopolymer of an «-
olefin or arcopolymer of an a-olefin and another a-olefin

or ethylene.

The present invention will be explained in detail below.

DETAILED DESCRIPTION OF THE INVENTION

There is described a solid catalyst component for «
-olefin polymerization of the present invention, which has
a particle size distribution of not less than 6.0 in terms
of the value of N in a Rosin-Rammler function of particle size
distribution and gives a catalytic activity of not less than
10,000 ((g-polymer produced/g-solid catalyst

component)/hour) in polymerization.



(A) the solid catal yst conponent for a -olef in polynerization described
aboye; (B) an organoal um num conpound; and (C) an el ectron-donor
conpound. The present invention further provides a process for
producing a poly-a-olef in with said catal yst. The present invention
gives a poly-a-olefin having favorable particle properties. Preferably the
present invention enables high stereoregular polynerization of an a

-ol efin. The poly-a-olef in here means a honopol yner _of an,a- olefin
or a-copol ymer dfheufastgmi inghe KesireRammdies fHNCELOB PfIRAEEicle Tne
present invention will be explained in detail bel ow DETAI LED

DESCRI PTI O\s {Fe BiE tiriEHcINgiven balnw d5 gegesall Bt @S ancids¥ st
conponent for a -olefin polynerization of the present invention, which has
a particl e ségeesestingrheodegteeof the distzibatdonrt spddd rArEHRL®al ue of
N in a Rosin-Ramm er function of particle size distribution and gives a
catal yti c atdiametgrofseetRoeir; thanand (B oRaqpteho| Ineknh odikebs glsol i d
catal yst conponent)/hour) in polynerization. .

p29(1933) and Handbook of Chemical Engineering, 3rd. ed. pp.

361-362):

R(Dp) = 100exp{~-(Dp/De)"}
wherein R(Dp) represents a residual cumulative percentage;
Dp represents a particle diaﬁeter; and De represents a

particle diameter corresponding to [at] R(Dp)=36.8%. The

larger N tends to narrow the particle size distribution. The
solid catalyst component of the large N has a narrow particle
size distribution and gives a polymer having a high bulk
densityandfavorableparticlepropertiesandccntainingless
fine powder,:thereby being favorable in industrial. The
value of N of solid catalyst component of the present invention
is preferably not less than 6.2 or more, more preferably not
less than 6.4.

The solid catalyst component has the catalytic activity
of not less than 10,000, preferal;ly not less than 15,000, more
preferably not less than 20,000, and most preferably not less
than 30,000 ((g-polymer produced/g-solid catalyst
component) /hour).

The desirable catalyst of the present invention gives

a poly-a-olefin of high stereoregularity.

This Sheet Has Been Replaced
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7 The factor N in the Rosin-Ramm er function of particle si ze
distribution given belowis generally known as an index representing the
degree of the distribution of solid particle di aneter (see Rosin, P. and
E. Rammler: J. Inst. Fuel, 7, p29(193%k) and Handbook of Cheni cal

Engt neering, 3rd. ed. pp. 361-362): R(Dp) = 10exp{-(Dp/De) [err]}
wherein R(Dp) represents a residual cumul ative percentage; Dp represents
a particle dianeter; and De represents a particle dianmeter correspondin
to [at] R(Dp)=36Censlithens ¢Hpgdymerigatdonofonrdetenniin ing thel absvee

di stribution. The solid catal yst conponent of the large N has a narrow
particle sazalpticraduiviry ane ghose adpptedein Examplen lhdghchibed
density and favorable particle properties and containing |ess fine
powder, thebebpwheilny dther atdrds n theleatdlgticTretividiyuansd Bvlk solid
catal yst conmponent of the present invention Is preferably not |ess than
6.2 or noredensibypran bealgtermmined b polivmeriking propyl&he weldemthat al yst
conponent has the catalytic activity of not |ess than 20,000, and
preferably msme| eopdikinng0asodn(Eyapplentreprepticebizngingia salidyst
conponent) /hour). The desirable catal yst of the present invention
gi ves a pol gagkedyptokempanghthi gh stereoregul arity.

The solid catalyst component for a-olefin
poiymerization described above is preferably one produced by
the following method. )

The solid catalyst component of the present invention
is a solid catalyst component for a-olefin polymerization
containing a trivalent titanium compound, which is obtained
by reducing a titanium compound represented by the general
formula of Ti{(OR'),X,., (wherein R' represents a hydrocarbon
group'of 1 to 20 carbon atoms; X represents a halcgen atom;
0=a=<4) withran organomagnesium compound in the presence of
aﬁ organosilicon compound having an Si-O bond and an ester
to obtain a solid product, successively adding a mixture of
an ether and titanium tetrachloride and an organic acid halide
in this sequence to the solid product for treatment, and
further treating the treated solid product with a mixture of
an ether and titanium tetrachloride or a mixture of an ether,
titanium tetrachloride and an ester.

The following describes the trivalent titanium

compound-containing solid catalyst component for a-olefin



8 Condi tions of polynerization for determning the above catalytic
activity are those adopted in Exanple 1 described below In other words,
the catalytic activity and bulk density can be determ ned by pol yneri zi ng
propyl ene under the sane conditions as ¢n Exanple 1 except changing a

-solt+d catal yst conponent. The soli1d catal yst conponent for a-olefin
pol yneri zati on descri bed above is preferably one produced by the follow ng
met hod. The solid catal yst conponent of the present invention is a

sol i d cat al ystlyr@rizeadionf dn detladfli.n pol yneri zation containing a
trivalent titanium conpound, which is obtained by reducing a titanium

conpound r efdrds &ittechilum tcdompgpemer al fornmula of Ti(OR[err])[err] X[ err]
(wherein R err] represents a hydrocarbon group of 1 to 20 carbon atons; X

represents a hal dgerrhe®t dijtanGjuer chapenni4 represeatedr pgnéhaggesenalconpound
in the presence of an organosilicon conpound having an Si-O bond and an

ester to olficaimula od Td(PROANGL, (Wheredd Re|deprlldit s athylvbeagbonan
ether and titaniumtetrachloride and an organic acid halide in this
sequence t o gricapshavingdotki20 daxrbdan etbmentX reptesénts lachialsger aagm: he
treated solid product with a mxture of an ether and titanium
tetrachl ori @ aE 4) nispecid iof emampl é2rof R' include alkyl groups having
1 to 20 carbon atoms such as methyl, ethyl, propyl, isopropyl, |
butyl, iscbutyl, ter'i:-butyl, amyl, isoamyl, tert-amyl, hexyl,
heptyl, octyl, decyl, dodecyl ;nd the like, aryl groups having
up to 20 carbon atoms such as phenyl, cresyl, xylyl, naphthyl
and the like, allyl groups such as propenyl and the like, and
aralkyl groups having up to 20 carbon atoms such as benzyl
and the 1like. Among these, alkyl groups having 2 to 18 carbon
atoms and aryl groups of 6 to 18 carbon atoms are preferable.
Linear alkyl: groups having 2 to 18 carbon atoms are
particularly preferred. Titanium compounds having two or
more different OR' groups can be also used.

Examples of the halogen atom expressed by X include
chlorine atom, bromine atom, and iodine atom. Especially
preferable is chlorine atom.

The value of “a” in the titanium compound expressed by
the general formula of Ti(OR'),X,_, satisfies 0=a={4,
preferably 2=a=<4. Especially preferable is a=4.

Any known method is applicable for synthesis of the

titanium compound expressed by the general formula of



titaniumtetrachl oride and an ester. The foll ow ng describes the
trivalent titanium conpound-containing solid catalyst conmponent for [err]
-olef in pol ynmeri zation in detail. (a) Titani um conpound

I'n the titanium conpound represented by qihe general fornula of
Ti(ORerr])[err] X err] (wherein Rlerr] represents a hydrocarbon group
having 1 to 20 carbon atoms; X represents a halogen atom O[err]a[err]4),
specific exanples of Rerr] include alkyl groups having 1 to 20 carbon
atons such &L (AR'NyK,_ot hivaipabhy| petbods opytluddubne , fos alaking
tert-butyl, anyl, isoanyl, tert-anyl, hexyl, heptyl, octyl, decyl, dodecyl
and the |iké&i @R}, gndufpkX jredciywith darP6ther hera predeternines rphawy! |
cresyl, xylyl, naphthyl and the like, allyl groups such as propenyl and
the |ike, arahd enel K9t makims THR\i neach witl?@ paeletesndnsd |isdums oFenzy|
and the Iike. Among these, alkyl groups having 2 to 18 carbon atons and
aryl groups tdfe garrespansing adicono1(Ré Qief er abl e.  Li near al kyl groups
having 2 to 18 carbon atoms are particularly prefer(ed. Ti t ani um conpounds
having two or m¥he §itpaivmtcamjeund mgyobesiidartdiewatbor hyddocarbon

or a halogenated hydrocarbon.

The titanium compound expressed by the general formula
of Ti(OR'),X,_, include titanium tetrahalides such as 'r;:itanium
tetrachloride, titanium tetrébromide, titanium tetraiodide
and the like, alkoxytitanium trihalides such as
methoxytitanium trichloride, ethoxytitanium trichloride,
butoxytitanium trichloride, phenoxytitanium trichloride,
ethbxytitanium tribromide and the like, dialkoxytitanium
dihalides such as dimethoxytitanium dichloride,
diethoxytitanium dichloride, dibutoxytitanium dichloride,
diphenoxytitanium dichloride, diethoxytitanium dibromide
and the like, trialkoxyvtitanium monohalides such as
trimethoxytitanium chloride, triethoxytitanium chloride,
tributoxytitanium chloride, triphenoxytitanium chloride,
triethoxytitanium bromide and the like, and
tetraalkoxytitaniums such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium,
tetraphenoxytitanium and the 1like.

(b) Organosilicon compound having Si-0O bond

The organosilicon compound having an Si-0 bond is, for



Exanpl es of the hal ogen atom expressed by X include <chlorine atom brom ne
atom and iodine atom Especially preferable is chlorine atom The
value of "a" in the titanium conpound expressed by the general fornula of
Ti(ORlerr])[err] X[ err] satisfies O[err]g[ierr]4, preferably 2[err]aferr]4.
Especially preferable is a=4. Any known nethod is applicable for
synthesis of the titanium conpound expressed by the general fornula of

10 Ti(ORerr])[err]Xerr]. _Available nethods include one for naking Ti
(OR[err]) [ePFaMRAE, BIRRGTIed BN SoEhtBadip biaeinmgenesrddieErwd#RY rati o
and one for making Ti X4 react with a predeterm ned anount of the
correspondi ng aIc%hb¢%ﬁ$@@Lh€H). The titani um conpound may be dil uted
wi th a hydrocarbon or a hanQenated hydr ocar bon. The titani um

compound expr essel’ (R/,$HR) gfifpaloFfornmula of Ti(OR[err])[err] X err]
include titaniumtetrahalides such as titanium tetrachloride, titanium
tetrabrom de, tit&Ri84P0gtraiodide and the like, alkoxytitaniumtrihalides
such as nethoxytitanjumtrichloride, ethoxytitaniumtrichloride,

but oxyt i t ani HAEFEER R 0FPRESSEREROR YRYERF AFRIR iTIAWR iofe! tet ABxGa¥ReMmi um
tribrom de and the like, dialkoxytitanium,
atoms; R*, R', R’, R’ and' R’ respectively represent a hydrocarbon
group having 1 to 20 carbon a£oms or hydrogen atom; 0<m=
4; p is an integer of 1 to 1000; and g is an ihteger of 2 to
1000. ' :

Specified examples of the organosilicon compound
include tetramethoxysilane, dimethyldimethoxysilane,
tetraethoxysilane, triethoxyethyls;lane,
diethoxydiethylsilane, ethoxytriethylsilane,

- tetraisopropoxysilane, diisopropoxydiisopropylsilane,
tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane,
dicyclopentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilaﬁe, phenoxytrimethylsilane,
tratraphenoxysilane, triethoxyphenylsilane,
hexaméthyldisiloxane, hexaethyldisiloxane,
hexapropyldisiloxane, octaethyltrisiloxane,
dimethylpolysiloxane, diephylpolysiloxane,
methylhydropolysiloxane, phenylhydropolysiloxane and the
like.

Among these organosilicon compounds, alkoxysilanes



di hal i des such as di net hoxytitaniumdichloride, diethoxytitanium

di chl oride, dibutoxytitaniumdichloride, diphenoxytitaniumdichloride,

di et hoxytitaniumdi bromide and the like, trial koxytitanium nonohalides
such as trimethoxytitani umchloride, tpgisethoxytitanium chloride,
tributoxytitaniumchloride, triphenoxytitaniumchloride, triethoxytitanium
brom de and the |ike, and tetraal koxytitaniuns such as

tetramet hoxytitanium tetraethoxytitani um tetrabutoxytitanium

t et r aphenoxyeXPESS SRS byl the general (formyrimmfisi (QR])gRhpguadehavi ng Si- O
bond The organosilicon conpaound having an Si-O bond is, for

exanpl e, expP%%%%’ﬂa‘b]yeoﬁ@%’fe%fth§6l§r6w RPRRGIA Y fonefigreble are i

(ORerr])[err]Rerrl]; ) Rlerr](Rlerr]SiOferr]SiRerr]; or
(Rlerr]Si O)[‘é??‘}'aal’]w‘?é)’%}##@sféﬂi%ﬂénalﬁy%( ocarbon group of 1 to 20
car bon atons; Rerr], Rerr], Rerr], Rerr] and
R[err]respecf?%é???%%re§ént ahydr ocar bon group having 1 to 20 carbon

atons or hydrogen atom 0<n{erré , 4. pis an integer of 1 to 1000; and q
is an integer of As an esigyoused in the present invention, there can be

used organic acid esters, preferably mono-valent and
poly-valent carboxylic acid esters including aliphatic
carboxylicacidesters,alicycliccarboxylicacidesters,and
aromatic carboxylic acid.esteés. Concrete examples include
methyl acetate, ethyl acetate, phenyl acetate, methyl
propionate,ethylpropionate,ethylbutyrate,ethylvalerate,
methyl acrylate, ethyl acrylate, méthyl.methacrylate, ethyl
benzoate, butyl benzoate, methyl toluate, ethyl toluate,
ethylanisateidiethylsuccinate,dibutylsuccihate,diethyl
malonate, dibutyl malonate, dimethyl maleate, dibutyl
maleate, diethyl itaconate, dibutyl itaconate, monocethyl
phthalate, dimethyl phthalate, methylethyl phthalate,
diethyl phthalate, dipropyl phthalate, diisopropyl phthalate,
dibutyl phthalate, diisobutyl phthalate, dioctyl phthalate,
diphenyl phthalate and the like.

Among these esters, unsaturated aliphatic carboxylic
acid esters such as methacrylates and maleates and phthalates
are preferable. Especially preferable are phthalic
diesters. |

(d) Organomagnesium compound



Speci fi ed exanpl es of the organosilicon conpound I ncl ude

t et y anet hoxysi | ane, di net hyl di net hoxysi | ane, t et raet hoxysil ane,

tri et hoxyet hyl sil ane, di et hoxydi et hyl sil ane, ethoxytriethylsilane,
-tetrai sopropoxysil ane, diisopropoxydiigapropylsilane, tetrapropoxysil ane,
di pr opoxydi propyl sil ane, tetrabutoxysilane, dibutoxydi butylsilane,

di cycl opent oxydi et hyl si | ane, di et hoxydi phenyl si | ane, .

cycl ohexyl oxytri nmet hyl sil ane, phenoxytrinmethyl silane, tratraphenoxysilane,
tri et hoxyphenyl siiinynergaheragnaesiunicinpount: haérngea malgiiesiiumeaasbon
hexapr opyl di si | oxane, octaethyltrisiloxane, dinethyl polysil oxane,

di ephyl pol y$idrekaas, be mseldy & h yihe poigpsomegare i upheonpdiyntt o Palefeirabigne and
the like. Anong t hese organosilicon conpounds, al koxysil anes

12  expresssgd\areh&rjanard compouingsofredireSeneed] byetheRgenekaadr e
preferable, wherein 1[err]nferr]4. Especially preferable are _

t et r aal koxydfidrawds ofhBNIHK (wherelin R'cyepsesents a hybiromarksiregrosed in

the present invention, there can be
having 1 to 20 carbon atoms; and X represents a halogen atom)

as v}ell as dialkylmagnesium compounds and diarylmagnesium
compounds represented by the general formula of R°R'’Mg
(wherein R’ or R" represents a hydrocarbon group having 1 to
20 carbon atoms). R?, R’ and ‘R“’ individually represent
alkyl groups having 1 to 20 carbon atoms such as methyl, ethyl,
Propyl, isopropyl, butyl, sec-butyl, amyi, isoamyl, hexyl,
octyl, 2-ethylhexyl and the like, aryl groups having up to
20 carbon atoms such as phenyl and the like, aralkyl groups
having up to'20 carbon atoms such as benzyl and alkenyl groups
having up to:20 carbon atoms as vinyl and propenyl, and may
be the same or different.

Concrete examples of the Grignard compound include
methylmagnesium chloride, ethylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium iodide,
propylmagnesium chloride, propyimagnesium bromide,
butylmagnesium chloride, butylmagnesium bromide, sec-
butylmagnesium chloride, sec-butylmagnesium bromide,
tert-butylmagnesium chloride, tert-butylmagnesium bromide,
amylmagnesium chloride, isoamylmagnesium chloride,

hexylmagnesium chloride, phenylmagnesium chloride, and



used organic acid esters, preferably nono-valent and poly-valent
carboxylic acid esters including aliphatic carboxylic acid esters,
alicyclic carboxylic acid esters, and aromatic carboxylic acid esters.
Concrete exanples include nethyl acetaywg, ethyl acetate, phenyl acetate,
met hyl propionate, ethyl propionate, ethyl butyrate, ethyl valerate,

nmet hyl acrylate, ethyl acrylate, nethyl nethacrylate, ethyl benzoate,
butyl benzoate, nethyl toluate, ethyl toluate, ethyl -anisate, diethyl
succi nat e, ghenyjlmagnesinmtbyomiids .hy Exampllesan theidompdunthespuessedi net hyl
mal eate, dibutyl nmaleate, diethyl itaconate, dibutyl itaconate, nonoethyl
pht hal at e, biymehaygemetaklfonmuleeofiyRR Mg ipicilndeatdémethytmaghephuhal at e,
di propyl phthal ate, diisopropyl phthalate, dibutyl phthalate, diisobutyl
pht hal at e, diethylmaigneasiamedipdpphénagneainm} addisopropelhagaesium, Anong
these esters, unsaturated aliphatic carboxylic acid esters such as

met hacr yl at dibanylmaigeesésmandipbenabutyimagnes punf eddbtertEspecial ly
preferable are phthalic diesters. (d) O ganomagnesi um conpound

13 Abytylgagaesdaes i bwt orgaaril tiphnagnes imynddanyinaghesium,

dihexylmagnesium, diphenylmagnesium, butylethylmagnesium
and the like.

| Solvents generally used for the synthesis of the above
organomagnesium compounds are -ether solvents such as diethyl
ether, dipropyl ether, diisopropyl ether, dibutyl ether,
diisobutyl ether, diamyl ether, diiscamyl ether, dihexyl
ether, dioctyl ether, diphenyl ether, dibenzyl ether,
phenetole, anisole, tetrahydrofuran, tetrahydropyran.
Hydrocarbonssolvents such as hexane, heptane, octane,
cyclohexanefnmthylcyclohexane,benzene,tolueneandxylene,
and mixed solvents of ether solvents and hydrocarbon solvents
aﬁe also available.

The organomagnesium compound is preferably used in the
form of an ether solution. Favorable examples of the ether
used here include ethers having six or more carbon atoms in
the molecule and ethers having the cyclic structure. Ether
solutions of the Grignard compounds represented by the
general formula of R°MgX are especially preferable from the
viewpoint of the catalytic performance.

A hydrocarbon-soluble complex of the above



bond can be used as the organomagnesi um conpound. Preferably used are
Grignard conpounds represented by the general formula of Rerr]MX
(wherein Rlerr] represents a hydrocarbon group having 1 to 20 carbon
atons; and X represents a hal ogen atom) qgas well as dial kyl magnesi um
conmpounds and di aryl magnesi um conpounds represented by the general formula
of Rlerr]Rlerr]My (wherein Rlerr] or Rlerr] represents a hydrocarbon group
having 1 to 20 carbon atonms). Rerr], Rerr] and Rerr] individually
represent AUIANRAANRE WY icAgPound Rtk arhonganometalthcasommdlnyd iset hyl ,
propyl, isopropyl, butyl, sec-butyl, anyl, isoanyl, hexyl, octyl,

2- et hyl hexylala®l awrilakde . aEyhmpleapsfhabengrgpnometalltar bompetngs such
as phenyl and the like, aralkyl groups hQV|ng up to 20 carbon atoms such
as benzyl arddcliuden\argardpsonpernds wf T4 ,2@ecaByoAlanads zas vi nyl and
propenyl, and ma be the sane or different. ~ Concrete exanples of the
Grignard corf®ufdhear| ude met hyl magnesi um chl ori de, ethyl magnesi um .
chloride, ethylnmgnesi um bron de, ethyl nagnesium i odide, propylmagnesium
chloride, propyl Adg®iarmusesniige thepdnyenidoos pretekabilydénchutigbmagnesi um
brom de, sec-, butyl magnesi um chl ori de, sec-bu;ylpagne5|un1bron1de, _
tert-butylnéﬁﬂééhuﬁﬂbﬁ&o??h%?steﬁ$ﬂ¥nnkﬁ3ﬂ@gnbheu®;a&kyﬂ(kt@era&mb&&ﬂae3|um
chloride, isganyl magnesi um chloride, hexyl magnesi um chlori de, .
pheny! nagne$&igh @thes, sigropyl ether, diisopropyl ether, dibutyl

ether, diisobutyl efher, diamyl ether, diisocamyl ether,
dineopentylether,dihexylethér,dioctylether,methylbutyl
ether, methylisoamyl ether, and ethylisobutyl ether. Among
these examples, especially preferable are dibutyl ether and
diisocamyl ether.
(f) Organic acid halide

Mono-valent and poly-valent carboxylic acid halides
including aliphatic carboxyl halides, alicyclic carboxyl
halides, and aromatic carboxyl halides can be used as the
organic acid halide. Concrete examples include acetyl
chloride, propionyl chloride, butyroyl chloride, valeroyl
chloride, acryloyl chloride, methacryloyl chloride, benzoyl
chloride, toluyl chloride, anisyl chloride, succinyl
chloride, malonyl chloride, maleyl chloride, itaconoyl
chloride, and phthaloyl chloride.

Among these organic acid halides, aromatic carboxylic
acid halides such as benzoyl chloride, toluyl chloride,

phthaloyl chloride and the like are preferred. Especially



14 phenyl magnesi um brom de. Exanpl es of the conpound expressed by the
general fornmula of R err]R err]M include dinethyl magnesi um

di et hyl magnesi um di propyl magnesi um di i sopropyl nagnesi um

di but yl magnesi um di -sec-butyl magnesi umjgdi -tert- butyl magnesi um

but yl - sec- but yl magnesi um di anyl magnesi um  di hexyl magnesi um

di phenyl magnesi um butyl et hyl mnagnesi um and the |ike. Sol vent s
general ly used for e synthesis of the apbove organomagnesi um conpounds
are ether soP%8 ?gaégﬁhléspﬂF%?i?Y{ SR +HRF148 propyl et her, diisopropyl

et her, dibutyl efher diispbuty| ether, dianyl ether, diisoanyl ether,

di hexyl ethﬁ?? %YBEP??lﬁtﬂgr?9ﬁ+$H%ﬁ9¢1¥§%e$?m29¥ﬁﬁﬁyI ether, phenetole,
ani sol e, tetrahydrofurap, fetrahydropyran. Hydrocarbon solvents such as
hexane, hept ane, %%?éﬁ%}vaiﬁ% d%%giﬁéa%mﬁ?WPQSRQTQRB&ﬁkﬂlQEHﬁR#MQ t ol uene
and xylene, _apd m xed solvents, of ether solvents and hydrocarbon solvents
are al so avaffEBF¥ST COmPOReRE lg ohtRipRA i Rif XeARNG the pridfaniam y used
in the formof an gther sql ution. Favoragble exanpl es of the ether wused
here i ncl udeSRFRRPRI N 8 PTFANOBIAgNES NG CRFBRENANLN { #he mres]AQE and

et hers havin _Hgghc%clic structure. Ether solutions of the Grignard
conpounds r epf de¥hPEgaBYSLhLCOn compound and the ester to obtain a solid

product, successively adding a mixture of the ether and
titanium tetrachloride and the organic acid halide.in this
sequence to the solid produc£ for treatment, and further
treating the treated solid product with a mixture of the ether
and titanium tetrachloride or a mixture of the ether, titanium
tetrachloride, and the ester. All of ﬁhese reactions are
carried out under an atmosphere of an inert gas such as
nitrogen or argon.

Reduction of the titanium compound with the
organomagnesium compound may be implemented by adding the
organomagnesium compound to a mixture of the titanium
compound, the organosilicon compound and the ester, or on the

'contrary, by adding a mixture of the titanium compound, the
organosilicon compound and the ester to a solution of the
organomagnesium compound. The method of adding the
organomagnesium compound to a mixture of the £itanium
compound, the organosilicon compound and the ester is
preferable from the viewpoint of the catalytic activity.

It is preferable that the titanium compound, the



general formula of R err] MgX are especially preferable fromthe viewpoint
of the catal ytic perfornmance. A hydr ocarbon-sol ubl e conpl ex of the
above 15 or ganomagnesi um conpound
with an organonetal Iic conpound is alsqzavailable. Exanples of the
organonetal | i ¢ conpound include organic conpounds of Li, Be, B, A and Zn.
(e) Ether An ether used in the invention preferably includes
di-Cferr] alkyl ethers. Exanples of the dialkyl ether include diethyl

et her, di propsgan@sickicen ieempamd andhathe disherylareetdissoldiedsdiutod et her,
di anyl ether, diisoanyl ether, dineopentyl ether, dihexyl ether, dioctyl
et her, net hydblnted withean appriopriiasengdleens  Puefesuiplle sxambies atther .
Among these exanpl es, especiially preferable are dibutyl ether and

di i soanyl et%he solventoigghndeacibiiphatire hydrocavinonsy alightasiiexaney,- val ent
carboxylic acid halides including aliphatic carboxyl halides, alicyclic
carboxyl hadieRtane a¢tangnateeanarang ihendikee saxematic nyeitcaabions
organi c acid halide. Concrete exanples include acetyl chloride, propionyl
chlori de, buRYSH@S EAlBeREe XWiena apf the like; alicyclic hydrocarbons

such as cyclohexane, methylcyclohexane, decalin and the like;
and ethers such as diethyl etﬁer,'dibutyl ether, diisocamyl
ether, tetrahydrofuran and the like.

The temperature of the féduction is generally in the
range of -50 to 70°C, preferably in the range of -30 to 50°C,
and more preferably in the range of -25 to 35°C for the desired
activity of the resulting solid catalyst.

A porous substance such as an inorganic oxide or an
organic polymer, may coexist in the reduction, so that the
solid product is impregnated with the porous substance. The
preferable porous substance has a pore volume in the pore
radius range of 20 to 200 nm of not less than 0.3 ml/g and
a mean particle diameter of 5 to 300 & m.

Examples of the porous inorganic oxide include Sio,,
Al,03, MgO, TiO,, ZrO,, SiO,(Al,0; complex oxide, MgO(Al,0,
complex oxide, and MgO(Si0O,(Al,0; complex oxide. Examples of
the porous polymer include polystyrenes such as polystyrene,
styrene-divinylbenzene copolymer, styrene-n,n’-alkylene
dimethacrylamide copolymer, styrene-ethylene glycol methyl

dimethacrylate copolymer and ethylvinylbenzene-



chl oride, acryloyl chloride, nmethacryloyl chloride, benzoyl chloride,
toluyl chloride, anisyl chloride, succinyl «chloride, malonyl chloride,
mal eyl chloride, itaconoyl chloride, and phthal oyl chloride. Anong
t hese organic acid halides, aromatic canglgoxylic acid halides such as
benzoyl chloride, toluyl chloride, phthaloyl chloride and the Iike are

preferred. Especially 16 preferable is
pht hal oyl chl ori de %% Synt hesi s of sol.id catal yst conmponent The
trivalent ti@LKiB¥iRe %{aﬁd‘?%ﬂfm?ﬁng ROGY (e tdEgryd @ tesnsuean s s

obtained by re ucing ihe titanium conpound wth the organonmagnesi um
conpound i n PReYpFEREACRCIBIAtRLy PRk 2T EBFA tTRBURY ZeRe ester to
obtain a solid roduct, successively addjng a m xture of the ether and
titanium tet FERALHREHe SHAYE RRCTHYIAES ety IR nsans (Fanalymefoquence to the
solid product jor treatnment, and further treating the treated solid
product wi t PPL¥{REEREL Jretracryirte) aftethyhmetiasiylatforide or a

m xture of the eth titanium_tetrachloride, and _the ester. Al of these

reactions ar%lV%%¥f$%ﬂz%%ﬁ TRRRIYIESE ATs PRddd eghyagnenglycgas metbl las

nitrogen or g{ﬂgghacrylate), polyacrylonitriles such as
polyacrylonitrile and acrylonitrile-divinylbenzene
copolymer, poly(vinyl chlorides) such as poly(vinyl
chloride),polyolefinssudhasbolyethylene,ethylene-methyl
acrylate copolymer and polypropylene, poly(vinyl
pyrrolidine), poly(vinyl pyridine) and the like. Among these
porous substances, SiO,, Al,0; and styrene-divinylbenzene
copolymer are generally used.

The time of dropwise addition is not specifically
restricted, but is usually about 30 minutes to about 12 hours.
After completion of the reduction, post-reaction may be
carried out at the temperature of 20 to 120€C.

The amount of the organosilicon compound used is
generally in the range of 1 to 50, preferably in the range
of 3 to 30, and more preferably in the range of 5 to 25 in
terms of an atomic ratio of silicon atom to titanium atom
contained in the titanium compound (Si/Ti). The amount of
the ester used is generally in the range of 0.05 to 10,
preferably in the range of 0.1 to 6, and more preferably in

the range of 0.2 to 3 in terms of a molar ratio of ester to



Reduction of the titaniumconpound with the organomagnesi um conmpound may
be i npl enented by adding the organomagnesi um conpound to a m xture of the
titanium conpound, the organosilicon conmpound and the ester, or on the
contrary, by adding a mxture of the tiygnium conpound, the organosilicon
conmpound and the ester to a solution of the organonmagnesi um conpound. The
nmet hod of adding the organomagnesi um conpound to a m xture of the titanium
conpound, the organosilicon conpound and the ester is preferable fromthe
vi ewpoi nt ofithpiumtation contetnedtin the titanium qompoanab|esténfTi he

titani um conpound, the 17

or ganosi | i cBhecampunin @ fahbe tdrgagsimagress wh sempoeddiusexd isdgénérallyt h an
appropriate solvent. Preferable exanples of the solvent include: aliphatic
hydr ocar bonénstivé mengmwexdné.l tepibnerederabdy dectne mbd o DiReto
-aromati ¢ hydrocarbons such as toluene, xylene and the like; alicyclic

hydr ocar bon§. 0suaid awnre preffexabdy metthe carigehefahe5 tealldi dnavetrmhée | i ke;
and ethers such as diethyl ether, dibutyl ether, diisoanyl ether,

t et r ahydr of af aanaatiombhe takie of the Bum oénpétaninm atomhandesiticom is
generally in the range of -50 to 70[err]C, preferably in the range of -30
to 50[err] Catom to magnesium atom (Ti+Si/Mg).

The solid product obtained by the reduction is subjected
to solid-liquid separation and washed several times with an
inert hydrocarbon solvent such -as hexane, heptane or the like.
The reduced solid product thus obtained contains trivalent

titanium, magnesium, and a hydrocarbyloxy group and generally

shows non-crystallinity or extremely weak crystallinity.
The non-crystalline structure is especially preferable from
the viewpoint of the catalytic performance.

The mixture of the ether and titanium tetrachloride and
the organic acid halide are added successively in this
sequence to the reduced solid product for treatment. Use of
the organic acid halide decreases the amount of a cold
xylene-soluble part, which is an amorphous polymer of less
industrial value, and improves .the polymerization activity
and the bulk density of the polymer particles as well as the
productivity.

The amount of the ether is generally 0.1 to 100 moles,
preferably 0.5 to 50 moles, and more preferably 1 to 20 moles

per 1 mole of a titanium atom contained in the reduced solid



and nore preferably in the range of -25 to 35[err]C for the desired
activity of the resulting solid catalyst. A porous substance such as
an inorganic oxide or an organic polyner, may coexist in the reduction, so
that the solid product is inpregnated wqh the porous substance. The

pref erabl e porous substance has a pore volune in the pore radius range of
20 to 200 nmof not less than 0.3 nMl/g and a nean particle dianmeter of 5
to 300 [err] m Exanpl es of the porous inorganic oxide include
Sigerr], Afedudty eMte angont tartdniuzyr CeerathlSirieris (gdnesral]i§f err]
conpl ex oxide, MgO(Al[err](err] conpl ex oxide, and

MyQ( Si J err]X Ab[10q Bpées] nrefignablyxd de. 50 Enaipse sand morheredfiemablyol ymer
i ncl ude pol ystyrenes such as pol ystyrene, styrene-divinyl benzene

copol yner, st@rtend0R, molaskyerdemodenef Heve Hideindemcaponyeetained in
styrene-et hyl ene glycol nethyl dinethacrylate copol ynmer and

et hyl vi nyl bettreresduced solid product. The amount of ti8anidmvi nyl benzene

copol ymer, poly(neth)acrylates such as poly(ethyl acrylate), mnethyl
acryl at e- di vietgagnkamide qeaollymele ef yhe mihdrtis- genenglbgnketee 100
copolynmer, poly(nmethyl nethacrylate), nethyl nethacrylate- divinyl benzene
copol ymer armPlrs y @nefianabd wyllySotont? ydles)i meghaorel pteferably 2 to
pol yacrylonitriles such as
50 moles. The amount of the organic acid halide is generally
O.i to 50 moles, preferably 0.3 to 20 moles, and more
preferably 0.5 to 10 moles pe; 1 mole of the titanium atom
included in the reduced solid product. The amount of the
brganic acid halide per 1 mole of magnesium atoms included
in the solid product is generally 0.01 to 1.0 moles and
preferably 0.03 to 0.5 moles. The use of the excess amount
of the organic acid halide sometimes causes degradation of
partiéles. 5
Treatment of the reduced solid product with a mixture
of the ether and titanium tetrachloride and the organic acid
halide may be implemented by any known method of bringing these
additives into contact with the solid product, for example,
by a slurry method or by mechanical pulverization means such
as a ball mill. The slurry method capable of bringing the
additives into contact with the solid product in the presence
of a diluent is, however, preferable for the production of

the solid catalyst component having a narrow particle size

distribution.



pol yacrylonitrile and acrylonitrile-divinyl benzene copolyner, poly(vinyl
chl orides) such as poly(vinyl chloride), polyolef ins such as

pol yet hyl ene, ethyl ene-nethyl acrylate copol yner and pol ypropyl ene,
poly(vinyl pyrrolidine), poly(vinylpyrigiine)andt helike. Anongthese porous
substances, SiJerr], A[err]Jerr] and styrene-divinyl benzene copolyner
are generally used. The time of dropw se addition is not
specifically restricted, but is usually about 30 m nutes to about 12
hours. After corftanples of thediddeotimclyds: alépbatoa hwdrdmarbems i ed
out at the tenperature of 20 to 120[err]C. The anmount of the

or ganosi | i cosuchng pentarel, ikexamerhdptarne, tdutarengadofthe tldkeg,
preferably in the range of 3 to 30, and nore preferably in the range of 5
to 25 in tearenatiarhydrogarbhons susch eisl benrenepntobuene aniyiterne and
contained in the titaniumconpound (Si/Ti). The amount of the ester used
i s general | ythen Tieer ambfecydl ik Ofydnpcarbons efumhalds) dyclidhexamege of 0.1 to
6, and nore preferably in the range of 0.2 to 3 in terns of a nolar ratio
of ester to cyclopentane and the like; halogenated h9drotarhonansatibras

contained in the titanium conpound (ester/Ti). The anmount of the
or ganonmagnes} idndigipereethante i opeahlgropenzene and the like. Among

these examples, aromatic hydrocarbons and halogenated
hydrocarbons are eséecially preferable.

The amount in volume of ;he diluent used is generally
0.1 ml to 1000 ml and preferably 1 ml to 100 ml per 1 g of
the reduced solid product. The treatment temperature is
generally in the range of -50 to 150°C and preferably in the
range of 0 to 120°C. The treatment time is generally 30
minutes or more, preferably 1 to 10 hours. After completion
of the treatment, the treated solid product is allowed to stand
for solid-liquid separation and washed several times with an
inert hydrocarbon solvent thereby obtaining an organic acid
halide-treated solid product.

The organic acid halide-treated solid product thus
obtained is further treated with either a mixture of the ether
and titanium tetrachloride or a mixture of the ether, titanium
tetrachloride and the ester. The treatment is preferably
performed in the form of slurry. Available solvents for

preparation of slurry include: aliphatic hydrocarbons such

as pentane, hexane, heptane, octane, decane and the like;



in the range of 0.1 to 10, preferably in the range of 0.2 to 5.0, and nore
preferably in the range of 0.5 to 2.0 in terns of an atomc ratio of the
sum of titaniumatomand silicon atomto magnesiumatom (Ti +Si/M).
The solid product obtained by the reduckbon is subjected to solid-liquid
separation and washed several tines with an inert hydrocarbon sol vent such
as hexane, heptane or the |like. The reduced solid product thus obtained
contains trivalent titanium magnesium and a hydrocarbyl oxy group and
general |y <momatienhgdystatbonsi suwh estteimEne andkeylersd ghallieyicyic The
non-crystalline structure is especially preferable from the viewpoint of
t he cat al yt inydrydarbomscguch as cyclliwherada), mebhyliecboiexamaddechadiinum
‘tetrachloride and the organic acid halide are added successively in this
sequence t o drite thed ddde ;s @nidd halodenatedr hydeataebbnsUsachf ast he organi c
acid halide decreases the anobunt of a cold xylene-soluble part, which is
an anor phousiipdlyoreretdfaness ¢ riichdosoeithly leakyemoandhilopobeagehbe
pol ymeri zation activity and the bulk density of the polynmer particles as
wel | as the dimhigucthienzene, trichldwobemzente ahditlee 2iket iZngmnehakky 0.1
to 100 noles, preferably 0.5 to 50 noles, and nore preferably 1 to 20
mol es per baldentsf, halogemated aydrocanbansethd ardhet icHyaedcaegbods

are preferable.

The concentration of the slurry is generally in the range

of 0.05 to 0.7(g-solid/ml-solvent) and preferably in the

range of 0.1 to 0.5 (g-solid/ml-solvent). The reaction

temperature is generally in the range of 30 to 150C,

preferably in the range of 45 to 135C, and more preferably

in the range of 60 to 120°C. The reaction time is not

specifically tlimited but generally 30 minutes to 6 hours.

The treatment of the organic acid halide-treated solid

product withéthe ester, the ether and titanium tetrachloride

may be implemented by adding the ester, the ether and titanium

tetrachloride to the organic acid halide~treated solid

product or, on the contrary, by adding the organic acid

halide-treated solid product to amixed solution of the ester,

the ether and titanium tetrachloride. 1In the former process

of adding the ester, the ether and titanium tetrachloride to

the organic acid halide-treated solid product, it is

preferable to add titanium tetrachloride after addition of

the ester and ether or to add the ester, the ether and titanium



20 product. The anount of titaniumtetrachloride is generally 1 to 1000
nol es, preferably 3 to 500 noles, and nore preferably 10 to 300 nol es per
1 nole of the titanium atomcontained in the reduced solid product. The
amount of titanium tetrachloride per 1owle of the ether is generally 1 to
100+ noles, preferably 1.5 to 75 noles, and nore preferably 2 to 50 noles.
The anopunt of the organic acid halide is generally 0.1 to 50 noles,
preferably 0.3 to 20 noles, and nore preferably 0.5 to 10 noles per 1 nole
of the titarietmaghdoridecsduvditrneochelyeduled s@spegirddycprefbeabieunt of
the organic acid halide per 1 nole of nmagnesium atons included in the
solid produdio issidgenedxitiure0ofil the es@empl ¢éheaptihepr ahdr abtinufdl3 to 0.5
ol es. The use of the excess anobunt of the organic acid halide sonetines
causes degr asdiriachlofrideathatches. been preparatinenadedntdeortbioedandki d
product with a mxture of the ether and titaniumtetrachl oride and the
organi ¢ aci &cidahiadd deayrieatedpbeisdt pdoducany known net hod of bringi ng
these additives into contact with the solid product, for exanple, by a
slurry net hod or Trgatmen&nofakhpubrganiat aondnbahidedtheatisdasdbid ml |l .
The slurry method capable of bringing the additives into contact with the
solid produproducthwiphcedhber of mixtiulreenf ithe kbthereandptitanidtke for the
producti on of .

tetrachloride or amixture of the ester, the ether and titanium
tetrachloride may be carried out repeatedly; It is
preferable to repeat the treat;nent at least two times for the
better catalytic activity and the stereoregularity.

The amount of the ether used is generally 0.1 to 100 moles,
preferably 0.5 to 50 moles, and more preferably 1 to 20 moles
per 1 mole of the titanium atom contained in the organic acid
halide-treated solid product. The amcunt of titanium
tetrachloride used is generally 1 to 1000 moles, preferably
3 to 500 moles, and more preferably 10 to 300 moles per 1 mole
of the titanium atom contained in the organic acid
halide-treated solid product. The amount of titanium
tetrachloride per 1 mole of the ether is generally 1 to 100
moles, preferably 1.5 to 75 moles, and more preferably 2 to
50 moles.

In case that the ester coexists, the amount of the ester
used is generally not more than 30 moles, preferably not more

than 15 moles, and more preferably not more than 5 moles per

1 mole of the titanium atom contained in the organic acid



the solid catal yst conponent having a narrow particle size distribution.

21 . Exanpl es of the diluent include: aliphatic hydrocarbons such as
pent ane, hexane, heptane, octane and the like; aromatic hydrocarbons such
as benzene, toluene, xylene and the likg; alicyclic hydrocarbons such as

cyct ohexane, cyclopentane and the |ike; hal ogenated hydrocarbons such as
1, 2-di chl or oet hane, nonochl orobenzene and the like. Among these exanples,
aromatic hydrocarbons and hal ogenated hydrocarbons are especially
pref er abl e. halide-theasrdurrlid popduetef the diluent used is generally
0.1 mM to 1000 M and preferably 1 ml to 100 nml per 1 g of the reduced
solid product. THEbetsahideatalyspcromporents thysnebbaiyed ist sebjaogedof -50
to 150[err]C and preferably in the range of 0 to 120[err]C The treatnent
time is genseasbyildeliguhdisaparatimre andr washet| sederal HinesuwithAner
conpletion of the treatment, the treated solid product is allowed to stand
for solid-|igert hygracathon aaivent hstcheas hekanepgepidre an thenkike .
hydr ocarbon sol vent thereby obtaining an organic acid halide-treated solid
product . priorhtoonganferappdiymaerigationat cih sptdetr proodatttaitrhushe

better catalytic activity and stereoregularity, there is

preferably adopted a method which comprises washing the solid

catalyst component after the solid-liquid separation with a

large amount of a halogenated hydrocarbon solvent such as

monochlorobenzene or the like, or an aromatic hydrocarbon

solvent such as toluene or the like, once or a plurality of

times at the temperature of 50 to 120°C, and subsequently

washing several times the solid catalyst component with an

aliphatic hydrocarbon solvent such as hexane or the like,

followed by using the solid catalyst component for

pclymerization.

The solid catalyst component for a-olefin

polymerization (A) thus obtained is combined with the

components (B) and (C) described above to give a solid catalyst

for a-olefin polymerization. The resulting catalyst has a

high polymerization activity and gives a poly-a-olefin of

high stereoregularity. The solid catalyst component thus

obtained has a narrow particle size distribution, which is

not less than 6.0, preferably not less than 6.2, or more

preferably not less than 6.4 in terms of the value of N in



obtained is further treated with either a m xture of the ether and

titaniumtetrachloride or a mxture of the ether, titanium tetrachloride
and the ester. The treatnent is preferably perfornmed in the form of
slurry. Available solvents for preparabigon of slurry include: aliphatic

hydr ocar bons such as pentane, hexane, heptane, octane, decane and the
22 aromati ¢ hydrocarbons,

i ke;

as toluene and xylene; alicyclic hydrocarbons such as cycl ohexane,
met hyl cycl otdheaRes idedanmlerafanctd on of, particileogdret ddskydbaedbhons such
as dichl oroethane, trichloroethylene, nonochl orobenzene, dichl orobenzene,
trichl or obenzene Thedobheihed soldrbagtahpst comporentishabatingeagadgtic
‘hydr ocarbons and aromati ¢ hydrocarbons are preferable. The
concent r at | @etdfvityof notriessthencr®I000 ( (gtbelymegeroducedlg-se1id
0.7(g-solid/m-solvent) and preferably in the range of 0.1 to 0.5
(g-solid/ nl cadlaiarstt) compenepidt/honr )t.enperature is generally in the range

of 30 to 150[err]C,

preferably

i n tPeer sodddoagalystl2ofmponkft The neaxlidfim tinme i s not

specifically limted but generally 30 mnutes to 6 hours.

polymerization of the present invention is used in
combinationlwith appropriate co-catalyst components for
polymerization of an a-olefin. This gives a poly-a-olefin
having less fine powder and f;vorablg particle properties.
Typical examples of the co-catalyst components are
organoaluminum compounds and electron-donor compounds, which
are described in detail below.
(h) Organcaluminum compound

The organcaluminum compound has at least one
aluminum-carbon bond in the molecule. Typical examples of
the organoaluminum compound are those represented by the
general formulae given below: |

R", AlY,_ . ; and

RYZR¥A1-0-A1RMR™
(wherein R through ﬁ“ represen£ hydrocarbon groups of 1 to
20 carbon atoms; Y represents a halogen, hydrogen, or an alkoxy
group having 1 to 20 carbon atoms; 2=y =3).

Concrete examples of the organocaluminum compound

include: trialkylaluminums such as triethylaluminum,

triisobutylaluminum, trihexylaluminum and the like;

such

preferably in the range of 45 to 135[err]C, and nore



The treatnment of the organic acid halide-treated solid product with the
ester, the ether and titaniumtetrachloride my be inplenented by adding
the ester, the ether and titanium tetrachloride to the organic acid

hal i de-treated solid product or, on thegcontrary, by adding the organic
acid halide-treated solid product to a m xed solution of the ester, the
ether and titaniumtetrachloride. In the fornmer process of adding the
ester, the ether and titaniumtetrachloride to the organic acid

hal i de- t r eatHicd It liad usigwrc hydirides sychf @saldietbyladumihumnhydride,
tetrachloride after addition of the ester and ether or to add the ester,
t he et her adisabativialuminum hydride and the like; dialkylaluminum

tetrachl oride simultaneously. It is especially preferable to add a m xture
of the estemaligesctsuah @asd diethyilarumisumachloriide andt thaslbken prepared
I n advance to the organic acid halide-treated solid product.

Tr eat rent omigttairasyaf dricldydaluménumsaend dékiliylpivadoumnhahidesher a
m xture of the ether and titanium tetrachloride or a mxture of the ester,
the ether arfall dhiaumixtareadd sriigshydglvmioum aad diethppadumdhym [t is
preferable to repeat the treatnent at |east two tinmes for the better

cat al yti c achlanide; dpd Adesddkesr agdl adkyyalumoxanes such as

tetraethyldialumoxane, tetrabutyldialumoxane and the like.
| Among these organocaluminum compounds,
trialkylaluminums, mixtures éf trialkylaluminums and
dialkylaluminum halides and alkylalumoxanes are preferable.
Especially preferable are triethylaluminum,
triisobutylaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, and tetraethyldialumoxane.

The amount of the organcaluminum compcund is generally
in the wide range of 0.5 to 1000 moles, but is preferably in
the range of:¢l to 600 moles per 1 mole of the titanium atom
céntained in the solid catalyst component.

(i) Electron-donor compound

Available examples of the electron-donor compound
include: oxygen-containing electron donors such as alcohols,
phenols, ketones, aldehydes, carboxylic acids, esters of
organic acids or inorganic acids, ethers, acid amides, acid
anhydrides and the like; and nitrogen-containing electron
donors such as ammonia, amines, nitriles, isocyanates and the

like. Among these electron donors, esters of inorganic acids



The amount of the ether used is generally 0.1 to 100 noles, preferably 0.5
to 50 noles, and nore preferably 1 to 20 noles per 1 nole of the titanium
atomcontained in the organic acid halide-treated solid product. The
amount of titanium tetrachloride used iy generally 1 to 1000 nol es,
preferably 3 to 500 noles, and nore preferably 10 to 300 noles per 1 nole
of the titaniumatomcontained in the organic acid halide-treated solid
product. The anount of titanium tetrachloride per 1 nole of the ether is
general |y 1ang Edhengolaxe predezeddlyyused.to 75 noles, and nore preferably
2 to 50 noles. In case that the ester coexists, the anount of the
ester used is g@her gsttensorfminorghaiciecidsesreppeefeabbyynsilivon than
15 noles, and nore preferably not nore than 5 noles per 1 nole of the
titani um at conpounisnzepresemeed byathe ganiedal formula of R Si(ORY),_,

24 hal i de-treated SO|Id product . The solid catalyst conponent t hus
obt ai ned i s (¥hgredmneR'® represents iaghydrospabani groupdirdste®Gearbah ti nes
with an inert hydrocarbon sol vent, such as hexane, heptane or the like
prior to us@toms 9G1@W@KPE&P|GﬁombnRord@@rﬁgeaxﬁaﬁnnwﬂeocbebbargrahplyt|c

activity and stereoregularity, there IS
of 1 to 20 carbon atoms; R'® and R' may be the same or different

in the same ether molecule; “n” represents a numeral
satisfying 0=n<4). .Concrete examples include
tetramethoxysilane, tetraethéxysilane, tetrabutoxysilane,
tetraphenoxysilane, methyltrimethoxysilane,
éthyltrimethoxysilane, butyltrimethoxysilane,
isobutyltrimethoxysilane, tert-butyltrimethoxysilane,
isopropyltrimethoxysilane, cyclohexyltrimethoxysilane,
phenyltrimethoxysilane, vinyltrimethoxysilane,
dimethyldimethoxysilane, diethyldimethoxysilane,
dipropyldimethoxysilane, propylmethyldimethoxysilane,
diisopropyldimethoxysilane, dibutyldimethoxysilane,
diisobutyldimethoxysilane, di-tert-butyldimethoxysilane,
butylmethyldimethoxysilane, butylethyldimethoxysilane,
tert-butylmethyldimethoxysilane,
isobutylisopropyldimethoxysilane, tert-
butylisopropyldimethoxysilane, hexylmethyldimethoxysilane,
hexylethyldimethoxysilane, dodecylmethyldimethoxysilane,

dicyloclopehtyldimethoxysilane,

cyclopentylmethyldimethoxysilane,



preferably adopted a nethod which conprises washing the solid catalyst
component after the solid-liquid separation with a large amunt of a

hal ogenat ed hydrocarbon sol vent such as nonochl orobenzene or the like, or
an aromatic hydrocarbon solvent such as,g ol uene or the |like, once or a
plurality of tines at the tenperature of 50 to 120[err]C, and subsequently
washing several times the solid catalyst conponent with an aliphatic

hydr ocar bon sol vent such as hexane or the |like, followed by using the

sol i d cat al y3tc lopemmydiet Hydid i methyxgisiilaniegn. The solid catal yst
conponent for a-olefin polynerization (A) thus obtained is conbined with

the conponeyed dp#n tyld scpropgddimeetioxlyeid ahe,gi ve a solid catalyst for
a-olef in polynerization. The resulting catalyst has a high

pol yner i zat ioye lapentivly sobttyilddmea hpalygilanel, - evefllbpeaty1biabt -
stereoreqgularity. The solid catal yst conponent thus obtained has a narrow

particle si bmtyilstimenhicxysilahnie;hdisyciohekgidint8RokySilanef er ably not
| ess than 6.2, or nore preferably not Iess than 6.4 |n ternms of the val ue

of Nin cyclohexylmethyldimethoxysilane, 25 the Rosin-Rami er

function of particle size distribution. The obtained solid catalyst

component haycdclohecatlatityiledimethoxysilane,
cyclophexylisopropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane, cyclohexyl-ter£-
butyldimethoxysilane, )
cyclohexylcyc1opentyldimethoxysilane,
éyclohexylphenyldimethoxysilane, diphenyldimethoxysilane,
phenylmethyldimethoxysilane,
phenylisopropyldimethoxysilane,
phenylisobutyldimethoxysilane, phenyl-tert-
butyldimethoxysilane, phenylcyclopentyldimethoxysilane,
vinylmethyldimethoxysilane, methyltriethoxysilane,
ethyltriethoxysilane, butyltriethoxysilane,
isobutyltriethoxysilane, tert-butyltriethoxysilane,
isopropyltriethoxysilane, cyclohexyltriethoxysilane,
phenyltriethoxysilane, vinyltriethoxysilane,
dimethyldiethoxysilane, diethyldiethoxysilane,
dipropyldiethoxysilane, propylmethyldiethoxysilane,
diisopropyldiethoxysilane, dibutyldiethoxysilane,

diisobutyldiethoxysilane, di-tert-butyldiethoxysilane,

butylmethyldiethoxysilane, butylethyldiethoxysilane,



activity of not less than 10,000 ((g-pol yner produced/g-solid catalyst
conponent) / hour) . The solid catal yst conponent for a-olefin
pol ymeri zation of the present invention is used in conbination with
appropriate co-catal yst conponents for ool ynerization of an [err] -olefin.
This gives a poly-a-olef in having | ess fine powder and favorable particle
properties. Typical exanples of the co-catal yst conponents are
or ganoal um num conpounds and el ectron-donor comnpounds, which are described
in detail bbeow-buthilmethuhdiethorysitanppinectylmethylddéethgagsdlanenum
compound has at |east one al um num carbon bond in the nol ecule. Typical
exanpl es of hexpidethyddbathokyaiisnepododeay tmebivghdiephasest bahdy t he
general formul ae given bel ow Rlerr] AlY[err] ; and
Rl err] R erridbyclopehbyliiRpthokysi{hhrepi dicyelohesnidimthd¥esilanepr esent
hydr ocarbon groups of 1 to 20 carbon atons; Y represents a hal ogen,
hydr ogen, ofyahoheRpikmethyddpenhokygilane, 20 carbon atons; 2[err]3).
Concrete exanpl es of the organoal um num conpound i ncl ude:
trial kyl al uayabebesuiathyldiethdyyailanaundipbeny sabethydefsiianey
tri hexylalum numand the |ike; "~

phenylmethyldiethoxysilane, vinylmethyldiethoxysilane,

ethyltriisopropoxysilane, vinyltributoxysilane,
phenyltri—tert—butoxysilane,2-norbornanetriﬁethoxysilane,
2-norbornanetriethoxysilane,—
2-norbornanemethyldimethoxysilane, trimethylphenoxysilane,
methyltriallyloxysilane and the like.

The ethers are preferably di-C;_jjsalkyl ethers or

diethers represented by the general formula:
18
R
¥ ' .
21
(,Z—CHg——OR

R}9

R0 —CH,—

(wherein R'® through R* represent a linear or branched alkyl
group of 1 to 20 carbon atoms or an aliphatic hydrocarbon,
aryl or aralkyl group up to 20 carbon atoms; R! or R may
be hydrogen).

Concrete examples include diethyl ether, dipropyl ether,
diisopropyl ether, dibutyl ether, diamyl ether, diisoamyl
ether, dineopentyl ether, dihexyl ether, dioctyl ether,

methylbutyl ether, methylisoamyl ether, ethylisobutyl ether,



26  di al kyl al um num hydri des such as di et hyl al um num hydri de,
di i sobutyl al um num hydride and the |ike; dialkylalumnum halides such as
di et hyl al um num chloride and the like; mxtures of trialkylalum nuns and
di al kyl al umi num hal i des such as a m xtwyne of triethylal um num and
di et hyl al um num chloride and the |ike; "and al kyl al unoxanes such as
t et raet hyl di al unoxane, tetrabutyl di al unoxane and the |ike. Anong
t hese organoal um num conpounds, trial kyl al um nuns, m xtures of
trial kyl al urs, 2w isobutgilaill g-dimethoxybabpdae , apdisbfybpyuapxanes are
preferable. Especially preferable are triethylal um num
triisobutyl dseopentil-d ,B-dimeehokybrbpahgl, abygi-num and di et hyl al um num
chloride, and tetraethyldi al unoxane. The anmount of the organoal um num
conpound i s bi@evelohexylnektydide,BadgreehoRlyprbopar@02aDk6sropyl~i s
preferably in the range of 1 to 600 noles per 1 nole of the titanium atom
cont ai ned i 2-Bhg-sdimed hgabakyit1;ordinethoxypirppEhect 2 pp=donor conpound
Avai | abl e exanpl es- of the el ectron-donor conpound i ncl ude:
oxygen- cont @idisoprepgdtile3-dimethoxypbopanal, cahoksproppeapls, ket ones,
al dehydes, carboxylic acids, esters of organic acids or inorganic acids,
ethers, aci dyalottexylaeitiylanhgddineshergpibpaheke2, 2ndicyélogeryTont ai ni ng
el ectron

1,3-dimethoxypropane, 2-isopropyl-2-isobutyl-1l,3-

dimethoxypropane, 2,2-diisopropyl-1,3-dimethoxypropane,
2,2—dipropy1-1,3-dimethoxyprépane, 2-isopropyl-2-
cyclohexyl-1l,3-dimethoxypropane, 2-isopropyl-2-
éyclopentyl—l,3—dimethoxypropane, 2,2-dicyclopentyl-1, 3~
dimethoxypropane, and 2-heptyl-2-pentyl-1,3-
dimethoxypropane.

Among these electron-donor compounds, oréanosilicon
compounds represented by the general formula of R¥?R¥Si(OR*),
are especially preferable. In the general formula, R*?
represents a hydrocarbon group of 3 to 20 carbon atoms having
a secondary or tertiary carbon atom adjacent to Si. Concrete
examples of R? include: branched alkyl groups such as
isopropyl, sec-butyl, tert-butyl, tert-amyl and the like;
cycloalkyl groups such as cyclopentyl, cyclohexyl and the
like; cycloalkenyl groups such as cyclopentenyl and the like;
and aryl groups such as phenyl, tolyl and the like. R?*
represents a hydrocarbon group of 1 to 20 carbon atoms, and

concrete examples of R* include: linear alkyl groups such



donors such as ammoni a, amnes, nitriles, isocyanates and the I|ike. Anong
these el ectron donors, esters of inorganic acids
27 and ethers are preferably used. The esters of inorganic acids
are preferably silicon conpounds repreggnted by the general fornula of
Rlerr]Si (ORerr]) [err] (wherein R err] represents a hydrocarbon group of
1 to 20 carbon atons or hydrogen atom R[err] represents a hydrocarbon
group of 1 to 20 carbon atonms; R err] and R err] may be the sane or
different s néethyphnetbyheprnapycubetyl nbentyleamhthed ikeebabnckadi sfyi ng
O[err]n<4). Concrete exanples include tetranethoxysilane,
t et r aet hoxyeiltkyde grospsabucbxasi iaopropydt r apbehokylj | aeet-butyl,
‘met hyl tri net hoxysil ane, ethyltrinethoxysilane, butyltrimethoxysil ane,
i sobutyl tri terberpyillantbthe dikeh eyt kodlitlhgxysps aueh as cyclopentyl,
I sopropyl trimet hoxysil ane, cycl ohexyl tri nmethoxysil ane,
phenyl t ri necrelpbekyheand hhet Liket hoxgiobhkenyl dgnetpy | shekt &oxysi | ane,
di et hyl di met hoxysi | ane, di propyl di met hoxysi | ane,
pr opyl net hykcsichkepRokesirlaard the ildderopptdanel hmwowpd aweh as phenyl,
di but yl di met hoxysi | ane, dii sobutyl di met hoxysi | ane,
di -tert-but ypélygre%mb%@ﬂlfdm RAurgpreseytsianbytivagarbemeroup having
but yl et hyl di net hoxysi | ane,

1 to 20 carbon atoms and preferably a hydrocarbon group having

1 to 5 carbon atoms.

Concrete examples of the ;rganosilicon compound used as
the electron-donor compound include
diisopropyldimethoxysilane, diisobutyldimethoxysilane,
di-tert-butyldimethoxysilane, tert-
butylmethyldimethoxysilane, tert-
butylethyldimethoxysilane, tert-butyl-n-
propyldimethoxysilane, tert-butyl-n-butyldimethoxysilane,
tert-amylmethyldimethoxysilane, tert-
amylethyldimethoxysilane, tert-amyl-n-
propyldimethoxysilane, tert-amyl-n-butyldimethoxysilane,
isobutylisopropyldimethoxysilane, tert-
butylisopropyldimethoxysilane,-
dicyclopentyldimethoxysilane,
cyclopentylisopropyldimethoxysilane,
cyclopentyliscbutyldimethoxysilane, cyclopentyl-tert-
butyldimethoxysilane, dicyclohexyldimethoxysilane,

cyclohexylmethyldimethoxysilane,'



tert-butyl net hyl di met hoxysil ane, isobutylisopropyldi nethoxysilane, tert-

but yl i sopropyl di net hoxysi | ane, hexyl net hyl di net hoxysi | ane,

hexyl et hyl di met hoxysi | ane, dodecyl met hyl di net hoxysi | ane, _

di cyl ocl opehtyl di met hoxysi | ane, cycl opgptyl et hyl di met hoxysi | ane, _

28 - cycl opentyl et hyl di net hoxysi | ane, cycl opentyl i sopropyl di net hoxysi | ane,

cycl opentyl i sobut yl di net hoxysi | ane, cycl opentyl-tert-

butyl di met hoxysi | ane, di cycl ohexyl di met hoxysi | ane, _

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

cycl ophexyl i sopropyl di met hoxysi | ane, cycl ohexyl i sobutyl di met hoxysi | ane,

cycl ohexyl - cycilohelyilisoprephddimethoxysilane, . .

cycl ohexyl cycl opentyl di net hoxysi | ane, cycl ohexyl phenyl di met hoxysi | ane,

di phenyl di meykdrpexlydnsobupiddjinebhoyyeibenepxggclahnexyl-tert-

phenyl i sopr opyl di met hoxysi | ane, phenyl i sobutyl di net hoxysi | ane,

phenyl - t ert butppddymgichoxireiysneane, phenyl cycl opentyi di net hoxysi |l ane,
cyclohexylcyclopentyldimethoxysilane,
cyclohexylphenyldimethoxysilane, diphenyldimethoxysilane,
phenylmethyldimethoxysilane,
phenylisopropyldimethoxysilane,
phenylisobutyldimethoxysilane, phenyl-tert-
butyldimethoxysilane, phenylcyclopentyldimethoxysilane,
diisopropyldiethoxysilane, diisobutyldiethoxysilane, di-
tert-butyldiethoxysilane, tert-butylmethyldiethoxysilane,
tert-butylethyldiethoxysilane, tert-butyl-n-
propyldiethoxysilane, tert-butyl-n-butyldiethoxysilane,
tert—émylmethyldiethoxysilane, tert-
amylethyldiethoxysilane, tert-amyl-n-propyldiethoxysilane,
tert-amyl-n-butyldiethoxysilane,
dicyclopentyldiethoxysilane, dicyclohexyldiethoxysilane,
cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane, and 2-
norbornanmethyldiethoxysilane.
(j) Polymerization of olefin

The a-olefin applicable for the present invention is

a ~olefins having 3 or more, preferably 3 to 10 carbon atoms.



vi nyl met hyl di met hoxysi | ane, nethyltriethoxysilane, ethyltriethoxysilane,

butyltriethoxysilane, isobutyltriethoxysilane, tert-butyltriethoxysilane,

i sopropyl triethoxysilane, cycl ohexyltriethoxysil ane,

phenyl triethoxysilane, vinyltriethoxysikgne, dinethyldiethoxysilane,

di et hyl di et hoxysi | ane, di propyl di et hoxysil ane, propyl nethyl di et hoxysil ane,

di i sopropyl di et hoxysi | ane, di butyl di et hoxysil ane,

di i sobut yl di et hoxysil ane, di-tert-butyl diethoxysil ane,

but yl met hyl dCentveeidxamplesutye olbfidiigtdtiodes Linear monoolefins such

29 tert-butyl net hyl di et hoxysil ane, hexyl nethyl di et hoxysi | ane,

hexyl et hyl di @ashprgpylane, lebetsherthypenterxybthexsne, l-heptene,

di cycl opent yl di et hoxysi | ane, di cycl ohexyl di et hoxysi | ane,

cycl ohexyl nel hgttiene hokydetene and dieoRdkel;ebmphdhedhmepsolefitns such

di phenyl di et hoxysi | ane, phenyl nmet hyl di et hoxysi | ane,

vi nyl net hyl daet Bemethyiné-buteng) t 3+hethy bpbxgenitens, 4<+msthyl-bls oxysil ane,

phenyltri-tert-butoxysilane, 2-norbornanetrinethoxysil ane,

2- nor bor nanepentehexgnd tiueel ik@; noithydiayalatextaneli aptihthke siikeeThe o

trimet hyl phenoxysilane, nmethyltriallyloxysilane and the |ike.
-olefins may be used alone or in combination of 2 or more kinds
for polymerization. Among these «-olefins,
homopolymerization of propylene or l-butene and
copolymerization of an olefin mixture including propylene or
l-butene as a main component are preferable. Especially
preferable are homopolymerization of propylene and
copolymerization of an olefin mixture including propylene as
a main component. A mixture of ethylene and two or more
olefins selected from the above «-olefins may be applied for
copolymerization in the present invention. A polyene
compound such as conjugated diene and non-conjugated diene,
may also be used in copolymerization. Hetero-block
copolymerization, wherein polymerization is carried out in
two or more stages, can be easily conducted.

The feeding of the respective catalyst components to a
polymerizer is not specifically restricted, except that these
catalyst components should be supplied under a water-free
condition in an inert gas such as nitrogen or argon.

The solid catalyst component, the organcaluminum

compound and the electron-donor compound may be supplied



The ethers are preferably di-Cerr]alkyl ethers or diethers represented by
t he_ general fornul a: 18
[err] (wherein R err] through R err] represent a linear or branched
al kyl group of 1 to 20 carbon atons or3an aliphatic hydrocarbon, aryl or
aral kyl group up to 20 carbon atons; Rerr] or R err] may be hydrogen).
Concrete exanples include diethyl ether, dipropyl ether, diisopropyl
ether, dibutyl ether, dianyl ether, diisoanyl ether, dineopentyl ether,
di hexyl et hdndependeptlet iy alteEnRELNELY| aRY H&f0 ofctgm mayabe mixedr |
ethylisobutyl ether, 30
2, 2-di i sobutggetherdprierokyptpasePry i sopr opyl - 2-
i sopentyl -1, 3-di met hoxypropane, 2, 2- . ) .
bi s(cycl ohexyl mnePaiyipenizgationiafotier opafidn candpa@npied out in the
2-3, 7-di net hyl octyl - 1, 3-di net hoxypr opane, 2,2- ] )
di i sopr opyl pregenrexrhdbpprbpuncatalydpr ofyeliminary polymerization
cycl ohexyl net hyl - 1, 3- di met hoxypr opane, 2, 2-di cyc| ohexyl -
1, 3- di met holepesphae, belew opaypphe - 2FEbedit gyt jpwior to such
polymerization (main polymerization).
The preliminary polymerization is carried out by feeding
an olefin in a small amount in the presence of the solid
catalyst component and the organoaluminum compound. The
preliminary polymerization is preferably carried out in the
state of slurry. Available solvents for preparation of
slurry are inert hydrocarbons such as propane, butane,
isobutane, pentane, isopentane, hexane, heptane, octane,
cyclohexane, benzene, toluene and the like. A part or the
whole of the:iinert hydrocarbon solvent used for preparation
of slurry may be replaced with a liquid olefin.
The amount of the organocaluminum compound used for
preliminary polymerization is generally in the wide range of
0.5 to 700 moles, but preferably in the range of 0.8 to 500
moles and more preferably in the range of 1 to 200 moles per
1 mole of the titanium atom contained in the solid catalyst
component.
The amount of the olefin to be preliminarily polymerized

is generally 0.01 to 1000 g, preferably 0.05 to 500 g and more

preferably 0.1 to 200 gper 1 gof the solid catalyst component.



di met hoxypr opane, 2, 2-diisopropyl -1, 3-di met hoxypr opane,

2, 2-di propyl -1, 3-di net hoxypr opane, 2-isopropyl -2-

cycl ohexyl - 1, 3-di met hoxypr opane, 2-isopropyl -2-

cycl opentyl -1, 3-di net hoxypr opane, 2, 2-diagycl opentyl -1, 3- di nethoxypropane,
and- 2- heptyl - 2-pentyl -1, 3- di net hoxypr opane. Anong t hese

el ectron-donor conpounds, organosilicon conpounds represented by the
general formula of Rerr]Rerr]Si (OR[err])[err] are especially preferable.
In the general f drhaulcondéitratdmme ©éfnisd uariyy dioac priediminamry of 3 to 20
carbon atons having a secondary or tertiary carbon atom adjacent to Si.
Concrete exwipmes ifatizhh i |iprefedabdiycledcalSiol oysoldsl sachlyst

i sopropyl, sec-butyl, tert-batyl, tert-anyl and the like; cycloal kyl
groups such compoyrEmpent yliterdadivent) and tdore preferapdlyodl kenyBlo0gr oups
such as cyclopentenyl and the lIike; and aryl groups such as phenyl, tolyl
and the |ikey(sdizl gamlgssntcompdneirtodat ldrtegr(@alvent]) .t oTRB® car bon at ons,

and concrete exanples of R23 include: l|inear al kyl groups such
31 as net hdnpextdtuire ppyrelibingry pehymerazdtioe is kesefimxamibrlyedn al kyl
groups such as isopropyl, sec-butyl, tert-butyl, tert-anyl and the like;

cycl oal kyl grhmeipsarsyes lofas-20y dlool®0f@ | and more preferably in the range
of 0 to 80°C. The partial preésure of the olefin in the gas
phase during preliminary polymerization is preferably 0.01
to 20 kg/cm® and more preferak;ly 0.1 to 10 kg/cm?; however,
this does not apply to the olefin which is liquid at the
temperature and pressure in the preliminary polymerization.
The preliminary polymerization time is not specifically
restricted but is generally in the range of 2 minutes to 15
hours. w

The feeding of the solid catalyst component, the

organcaluminum compound and the olefin in preliminary
polymerization may be effected either by a method in which
the olefin is fed after the solid catalyst component has been
contacted with the organcaluminum compound or by a method in
which the organcaluminum compound is fed after the solid
catalyst component has been contacted with the olefin. The
feeding of the olefin may be continuously fed while the
pressure in the polymerizer is kept to a predetermined level.
Alternatively the whole of the predetermined amount of the

olefin may be fed initially. Inorder to adjust the molecular



cycl ohexyl and the |ike; cycloal kenyl groups such as cyclopentenyl and the

i ke; and aryl groups such as phenyl, tolyl and the like. R err]
represents a hydrocarbon group having 1 to 20 carbon atons and preferably
a hydrocarbon group having 1 to 5 carbapg atons. Concrete exanpl es of

t he- organosilicon conpound used as the el ectron-donor conpound include
di i sopropyl di net hoxysi | ane, diisobutyl di met hoxysil ane,
di-tert-butyldimethoxysilane, tert- butylnethyldi methoxysilane, tert-
but yl et hyl diwssigisx pfi thaseswrttingipplyner, pa gihdidi teahsfgsidgens; such
tert-butyl -n-butyl di methoxysilane, tert-anylnethyldinethoxysilane, tert-
anyl et hyl di ras hpdrsidemeer ttdra -Jdke,- may peogadgidyet hoxysi | ane,
tert-anyl -n-butyl di net hoxysilane, isobutylisopropyldinethoxysilane, tert-
but yl i sopropyl! di rtehekgstranedonel cpmpopadindylbaetiforgcesaary, added,
cycl opentyl i sopropyl di met hoxysil ane, cycl opentylisobutyl di met hoxysil ane,
cycl opent yl whskle a [smadldiamstundx i [tdee oldifdyc lishereldmimardlysi | ane,
cycl ohexyl net hyl di net hoxysi | ane, 32

polymerized in the presence of the solid catalyst component

and the organcaluminum compound. A part or the whole of the

electron-donor compound described above may be used as the

electron-donor compound here. The amount of the

electron-donor compound used is generally 0.01 to 400 moles,

preferably 0.02 to 200 moles, and more preferably 0.03 to 100

moles per 1 mole of the titanium atom contained in the solid

catalyst compound, and is generally 0.003 to 5 moles,

preferably 0.005 to 3 moles, and more preferably 0.01 to 2

moles per lvmole of the organocaluminum compound.

The method of feeding the electron-donor compound for

preliminary¢polymerization is not specifically restricted.

The electron-donor compound may be fed separately from the

organoaluminum compound or may be previously contacted with

the organcaluminum compound and then fed. The olefin used

in preliminary polymerization may be the same as or different

from the olefin to be used in the main polymerization.

After the preliminary polymerization or without the
preliminary polymerization, main polymerization of the «

~olefin can be carried out in the presence of the catalyst

for a-olefin polymerization, which comprises the solid



cycl ohexyl et hyl di met hoxysi | ane, cycl ohexyl i sopropyl di met hoxysi | ane,
cycl ohexyl i sobut yl di net hoxysi | ane, cycl ohexyl -tert- butyl di nmet hoxysil ane,
cycl ohexyl cycl opent yl di net hoxysi | ane, cycl ohexyl phenyl di met hoxysi | ane,
di phenyl di net hoxysi | ane, phenyl nmet hyl dgget hoxysi | ane,

phenyl i sopropyl di met hoxysi |l ane, phenyl i sobutyl di met hoxysi | ane,

phenyl -tert- butyl di met hoxysil ane, phenyl cycl opentyl di net hoxysi | ane,
di i sopropyl di et hoxysi | ane, diisobutyl di et hoxysilane, di-

tert - butyl dcatRdygsi cemponeaty - bheypreangprduninvrycompaend and the
tert-butyl ethyl di ethoxysilane, tert-butyl-n- ropyl di et hoxysi | ane,
tert-butyl - BlBGtyrar-éonexy semapund deserihgdnabayedi et hoxysil ane, tert-
-anyl et hyl di et hoxysi | ane, tert-anyl-n-propyl di et hoxysil ane,

tert-anyl - n- but ylChPcameygsiafahbe oxganaslopeimun goephurdsusetdor main

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

cycl ohexy| ePRYVARELES%}OP| ARcgenepAblY| iR cthr Misle memge of 1 to 1000
phenyl nmet hyl di et hoxysi | ane, and 2- norbornannet hyl di et hoxysilane. (j)
Pol yneri zat MeAe8s Bhsf preferablyhin athke arangeyms i 49l 600omollke persknt

invention is _[err]-olefins having 3 or nore, preferably 3 to 10 carbon
at ons. mole of the titanium atom contained in the solid catalyst

component.

The amount of the electron-donor compound used in main
polymerization is generally 0 -1 to 2000 moles, preferably 0.3
to 1000 moles, and more preferably 0.5 to 800 moles per 1 mole
6fthetitaniumatomcontainedinthesolidcatalystcomponent,
and is generally 0.001 to 5 moles, preferably 0.005 to 3 moles, .
and more preferably 0.01 to 1 mole per 1 mole of the
organocaluminum compound.

The main.polymerization temperature is generally in the .
range of -30 to 300C and preferably in the range of 20 to
180°C. The polymerization pressure is not specifically
restricted, but generally the ordinary pressure to 100 kg/cm’
or preferably the pressure of 2 to 50 kg/cm® is adopted from
the industrial and economical pbints of view. Both of the
batch and flow systems are applicable for polymerization.
Also available are slurry polymerization with an inert
hydrocarbon solvent such as propane, butane, isobutane,
pentane, hexane, heptane, octane.and the like, solution

polymerization, bulk polymerization using as a medium an



33 Concrete exanples the olef in include: linear nonool ef ins such as
propyl ene, 1-butene, 1l-pentene, 1-hexene, 1l-heptene, 1l-octene, 1l-decene
and the |ike; branched nonool efins such as 3-nethyl - 1-butene,

3-nmet hyl - 1- pentene, 4-nethyl-1- penten nd the |ike; vinylcycl ohexane,
and-the like. The a -olefins my be used alone or in conbination of 2 or
nore kinds for polynerization. Anong these a-olefins, honopolynerization
of propylene or_ 1-butene and copolynerization of an olef in mxture

i ncl udi ng pr®ficnehéeh ip bigehd adsthe polymenizeartdon temper 2t erapland
Especially preferable are honmopol ynerization of propylene and

copol yner i z&aSoPhafs e Podiyateini zgitiom.e i ncl udi ng propyl ene as a main
conponent. A mxture of ethylene and two or nore olef ins selected from

t he above [err] - dnethagmaiy podyagplizetibo;, a ohadnyteansfier agdnt shehpr esent
I nvention. A polyene conpound such as conjugated di ene and non-conj ugat ed
di ene, nay a8 sydregesear ithe dikieynpay /e iasidediéneondét ook adjust the

copol yneri zation, wherein polynerization is carried out in two or nore
stages, canTedesadiary wedghtcoddthe polymae prediimgdof the respective

catal yst conmponents to a polynerizer is not specifically restricted,
except that these

EXAMPLE

| The present invention is further described in detail
with examples and comparative -examples, but limited thereto.
In the Examples, physical properties of polymers were
evaluated as described below.
(1) Xylene soluble portion at 20°C (hereinafter referred to
as CXS)

One gram of polymer powder is dissolved in 200 ml of
boiled xylenet. The solution is gradually cooled to 50 °C and
further cooled in iced water with stirring to 20°C. After
the solution is allowed to stand at 20°C for 3 hours, a polymer
precipitated is filtered out. The filtrate is evaporated for
removal of xylene. The residue is dried under reduced
pressure at 60C, and the polymer that is soluble in 20C
xylene is collected and weighed. The weight ratio of the
polymer xylene soluble at 20°C to the whole polymer is
calculated (% by weight). The smaller CXS indicates less

amorphous polymer and higher stereoregularity.

(2) Intrinsic viscosity (hereinafter referred to as [n])



catal yst conmponents should be supplied under a water-free condition in an

I nert gas such as nitrogen or argon. The solid catal yst conponent,
t he organoal um num conpound and the el ectron-donor conpound nay be
supplied 39 34 i ndependent |y, or

alternatively any two of them may be m xed together prior to the supply.
Pol ynmeri zation of the olefin can be carried out in the presence of the
above catalyst. Prelimnary polyperization described bel ow may be carried
out prior to suchth®olPRERSIE i GkSqRitY pit yWRasuxed gy . tetraliphat
prelimnary polynerization is carried out by feeding an olefin in a small
anount in th&% ¥dtde agr Ubheleobdedviegemeyer-conponent and the

organoal um num conpound. The _prelim nary polynerization is preferably
carried out {#)hen RosiineRaymmdes, fynctien pipar kifla siserdistridptrian on of
slurry are inert hydrocarbons such as praqpane, butane, isobutane, pentane,
i sopent ane, hexanthe B ERPUHAmRE PagFdicdBeRaRe, i5cpeasered grifehamand t he
like. A part or the whole qof the inert hydrocarbon solvent used for

prepar at i on UbFr3|SEANF g e tyes avkomar i paatiqlisgsbrefdistribution

analyzer CAPA~700 (manufactured by Horiba Ltd.) The data
obtained are processed by the Rosin-Rammler function of
particle size distrii)ution given below (see Rosin, P. and E.
Rammler: J. Inst. Fuel, 7, p29(_1933) and Handbook of Chemical
Engineering, 3rd. ed. pp. 361-362):

R(Dp) = 100exp{-(Dp/De)N}
wherein R(Dp) represents a distribution of residual ratio and
is given as a residual ratio curve, which shows the ratio of
the total weight of larger particles than a predetermined
particle diameter Dp to the whole weight plotted against the
particle diameter; and De represents a particle diameter at
R(Dp)=36.8%. The larger N tends to narrow the particle size
distribution. The solid catalyst component of the large N
has a narrow particle size distribution and gives a polymer
having the high bulk density favorable in industry.
Example 1
(a) Synthesis of reduced solid product

The atmosphere in a 500 ml flask with a stirrer and a
dropping funnel was replaced with nitrogen, and 290 ml of

hexane, 8.9 ml (8.9 g: 26.1 mmol) of tetrabutoxytitanium, 3.1



The amount of the organoal um num conpound used for prelimnary

polyneri zation is generally in the wide range of 0.5 to 700 noles, but
preferably in the range of 0.8 to 500 noles and nore preferably in the
range of 1 to 200 noles per 1 nole of ghe titanium atom contained in the
solid catal yst conponent. The amount of the olef in to be
prelimnarily polynerized 1is generally 0.01 to 1000 g, preferably 0.05 to

500 g and nore preferably 0.1 to 200 g per 1 g of the solid catal yst
conponent. ml (3.3 g: 11.8 mmol) of diisobutyl pfthalate, dft 8Jadcedtrati on

of slurry for prelimnary polynerization is preferably 1 to 500 g(solid
catal yst cdidonénig): BIRi mwel3odf etetraeihony i hard evextd miketdb iM@heg(sol i d
.catal yst conponent )/ liter(solvent). The tenperature of prelimnary

pol yneri zat ifdrask o efbdradiinl @ homoglenecasgeodfutid .t oWHDDe eting¢ C and nore
preferably in the range of O to 80[err]C The partial pressure of the ol ef
in in the gdemperatairduinnghefdlask wasykept \ate6iC atlisonmilsopreetidbaklyy 0. 01
to 20 kg/cnferr] and nore preferably 0.1 to 10 kg/cnferr]; however, this
does not apbhen soluatdoaf PA htylmagnes omchlonide (remufaatturedaby _
pressure in the prelimnary polynerization. The prelimnary polynerization
time i s not WikdddsedalYakuhin K.K., concentration of butylmagnesium

chloride: 2.1 mmol/ml) was added dropwise from the dropping
funnel over 5 hours. After the dropwise addition,' the
solution was further stirred ét 6°C for one hour and at room
temperature for an additional one hour. The solution was
subjected to solid-liquid separation and washed three times
with 260 ml of toluene. An adequate amount of toluene was
then added to the solid product thus obtained to form a slurry
having the concentration o_f 0.176 g/ml. A part of the solid
product slurry was sampled for composition analysis. The
result of composition analysis showed that the solid product
contained 1.96% by weight of titanium atom, 0.12% by weight
of phthalate, 37.2% by weight of ethoxy group and 2.8% by
weight of butoxy group.
(b) Synthesis of solid catalyst component

The atmosphere in a 100 ml flask with a stirrer, a
dropping funnel and a thermometer was replaced with nitrogen.
After 52 ml of the solid product-containing slurry obtained
in the step '(a) was charged in the flask, 25.5 ml of the

supernatant was taken from the slurry. A mixture of 0.80 ml



restricted but is generally in the range of 2 mnutes to 15 hours.

The feeding of the solid catal yst conponent, the organoal um ni um conpound
and the olefin in prelimnary polynerization my be effected either by a
method in which the olef inis fed aftgy the solid catalyst conmponent has
been contacted with the organoal um num conpound or by a nmethod in which
t he organoal um num conpound is fed after the solid catalyst conponent has
been contacted with the olefin. The feeding of the olefin may be

conti nuousl| y ¢f.a8 nifid1 P olfut yIl €65&F @nidnl § N6 IO\ § VB4 b FR/1el )oKk eRtahQuA
predetermned level. Alternatively the whole of the predeterm ned anount

of the ol efleRFadna cradienahd Fubkequen®nger | @ madi ust ihgrBh el A m1/1g
36 weight of the resulting-polynmer, a chain transfer agent such as

hydrogen or deh@diiile priciacky addplthaloyl EReoehget wePedangeacesPenad nay
be, if necessary, added, while a small anmount of the olefin is

prelimnarilsyurRQ.yMhézxhridy 1AS HEDERNE® 0 s\ @ngok drf8d HorStheagponent
and the organoal um num conpound. A part or the whole of the electron-donor

conmpound degiirzed Aboss Geipleticelofsthderegtefdn Pnekd EIuGoRand here.

The amount of the .
subjected to solid-liquid separation and washed twice with
40 ml of toluene at the same témperature. A mixture of 10.0
ml of toluene, 0.45 ml (1.68 mmol) of diisobufyl phthalate,
0.80 ml (6.45 mmol) of butyl éther, and 8.0 ml (0.073 mole)
of titanium tetrachloride was added to the product for
6ne—hour treatment at 115C. After completion of the
reaction, the product was subjected to solid-liquid
separation at the same temperature, washed three times with
40 ml of toluene, and another three times with 40 ml of hexane
at room temperature, and dried under reduced pressure to
obtain 7.36 g cf a solid catalyst component. The solid
catalyst component thus obtained contained 2.18% by weight
of titaniumatom, 11.37% by weight of phthalate, 0.3% by weight
of ethoxy group, and 0.1% by weight of butoxy group. The solid
catalyst component was observed with a substance microscope
and showed favorable particle properties free from fine
powder. The value of N is shown in Table 1.
(c) Polymerization of propylene

The atmosphere of a 3 liter stirring-type stainless

steel autoclave was replaced with argon, 2.6 mmol of



el ectron-donor conpound used is generally 0.01 to 400 noles, preferably
0.02 to 200 noles, and nore preferably 0.03 to 100 npoles per 1 nole of the
titaniumatomcontained in the solid catalyst conmpound, and is generally
0.003 to 5 noles, preferably 0.005 to 3pnoles, and nore preferably 0.01 to
2 noles per 1 nole of the organoal um num conpound. The net hod of
feeding the el ectron-donor conpound for prelimnary polynerization is not
specifically restricted. The el ectron-donor conpound may be fed separately
fromthe orgaetdividuminunpdué amotapibe previously contacted with the
or ganoal um num conpound and then fed. The olefin used in prelimnary

pol ynmeri zat iayclnhextyl etthy lshime thoxys idisnfec eadt 5.f7r o oife thleefsiod ido be used
in the main polynerization. After the prelimnary polynerization or

wi t hout t he caradyst campopentneynthesbaed nen rehgobyepr (b atvwerre charigeda
-olefin can be carried out in the presence of the catalyst for a-olefin
pol ymer i zat iigrto wihiec Butoapaiveesanddiysiageén corresponding to a partial

37 cat al yst conmponent, the organoal um num conpound and the

el ect r on- dormresmo Wl Uesk Hd/am’ awas eadded thatetanpdifitesf adddtion

or ganoal um num conpound used for nmain polynerization is generally in the
wi de range off 780og1@dH@iquefied propylene, the autoclave was heated to

the temperature of 80C and polymerization was carried out
at 80°C for onehour. After completionof the polymerization,
the unreacted monomer was pur;;ed out. The obtained polymer
was dried under reduced pressure at 60°C for two hours, so
as to obtain 231 g of polypropylene powder. Conditions and
results of polymerization are shown in Table 1.
Comparative Example 1
(a) Synthesis of solid catalyst component

The reaction was carried out in the same manner as in
the step (a) of Example 1 except the difference in volumes
of the reagents: 7.5ml (7.5 g: 22 mmol) of tetrabutoxytitanium,
2.5ml (2.6 g: 9.3 mmol) of diisobutyl phthalate, 74.8ml (70.3
g: 338 mmol) of tetraethoxysilane, and 173 ml of the solution
of the organomagnesium compound. The solid product obtained
by solid-liquid separation was washed three times with 300
ml of hexane and another three times with 300 ml of toluene,
and 270 ml of toluene was then added to the washed solid product

to form a slurry. A part of the solid product slurry was

sampled for composition analysis. The result of composition



nol es, but preferably in the range of 5 to 600 noles per 1 nole of the
titanium atom contained in the solid catal yst conponent. The anopunt
of the el ectron-donor conpound used in main polynerization is generally
0.1 to 2000 noles, preferably 0.3 to 1480 noles, and nore preferably 0.5
to 800 noles per 1 nole of the titaniumatomcontained in the solid
catal yst conponent, and is generally 0.001 to 5 noles, preferably 0.005 to
3 noles, and nore preferably 0.01 to 1 nole per 1 nole of the _
or ganoal unm ranalysisowhewed thatThdersiol ido ppeduictatciont ati aede 1aB0ke biys
generally in the range of -30 to 300[err]C and preferably in the range of
20 to 180[ everilght Petpbhpiumi atenod Jrebyuweightnof pipdwafatesl 3F.0%
restricted, but generally the ordinary pressure to 100 kg/cnierr] or
preferably thyeweightwofethoRytardip kghdnd 62% byi we bghipbédbd tomy gtrioip .
I ndustrial and econom cal points of view Both of the batch and flow
systenms ar e (dpplSyrdthies ifsorofhaoliet icaielyst chmponewnii | abl e are slurry
polymerization with an inert hydrocarbon solvent such as propane, butane,
i sobut ane, pent 3¢ atmospherecpimarde 200cminélasé whehl aketisokuti an
pol ymeri zation; bul k pol ynerization using as a nedi um an
38 dropping funnel, and a thermometer was replaced with argon.
After 84 ml of the solid product-containing slurry obtained
in the step (a) above was charged into the flask, 12.1 ml of
the supernatant was taken from-the slurry, and 7.8 m1l (29 mmol)
of diisobutyl phthalate was added to the slurry. The reaction
proceeded at 95C for-30 minutes. The reaction product was
subjected to solid-liquid separation and washed twice with
59 ml of toluene. Next, a mixture of 15.3 ml of toluene, 0.66
ml (2.5 mmol) of diisobutyl phthalate, 1.2 ml (6.9 mmol) of
butyl ether and 23.4ml (0.213 mole) of titaniumtetrachloride
was then added to the solid product in the flask for three-hour
treatment at 105C. After completion of the treatment, the
reaction product was subjected to solid-liquid separation and
washed twice with 59 ml of toluene at the same temperature.
A mixture of 12.0 ml of toluene, 1.2 ml (6.9 mmol) of butyl
ether, and 11.7 ml (0.106 mole) of titanium tetrachloride was
then added to the solid product in the flask for one-hour
treatment at 105°C. After completion of the treatment, the
reaction product was subjected to solid-liquid separation at

the same temperature, washed three times with 59 ml of toluene,



olef in which is liquid at the polynerization tenperature, and gas phase
pol yneri zati on. In the main polynerization, a chain transfer agent
such as hydrogen or the |ike, may be added in order to adjust the

mol ecul ar wei ght of the pol ymer produceds EXAMPLE The present
invention is further described in detail wth exanples and conparative
exanples, but limted thereto. |In the Exanples, physical properties of

pol ymers were evaluated as described below. (1) Xylene soluble portion at
20[ err] C (harmd raidttier efereecd imes asitBXSP ml of Becageadtokopal yner powder
Is dissolved in 200 Ml of boiled xylene. The solution is gradually cool ed
to 50 [err] Geamprdture)e andodt: beld iundexe deduiced prébsatrertse mpdain?@lL.arr] C
After the solution is allowed to stand at 20[err]C for 3 hours, a polyner
precipitatedy of afsdlid edtalyst cimpdridrtr.at Phescdapocatsbyls£ eompoaenal of
xyl ene. The residue is dried under reduced pressure at 60[err]C, and the
pol ymer t hatthws ebtabhedicoridiered C.5%Weweightcnf kéehndumnatom ghod. The
wei ght ratio of the polynmer xylene soluble at 20[err]C to the whol e

pol ymer is pawedlghtedf(BShtlyalmtght).4% by wedgheroO&howl eatoarp,| and
anor phous pol yner and hi gher stereoregularity. (2) Intrinsic viscosity
(her ei naf t er0 I &y ageiightasf[ batoky) group. The value of N is shown in
Table 1.
(c) Polymerization of propylene
Propylene was polymerizéa in the same manner as in the
step (c) of Example 1, except that 4.0 mg of the solid catalyst
éomponent obtained in the step (b) of Comparative Example 1
was used for polymerization. Conditions and results of
polymerization are shown in Table 1.
Example 2
(c) Pélymeri-zation of propylene
Propylene was polymerized with the solid catalyst
cémponent prepared in the step (b) of Example 1 in the same
manner as in the step (¢) of Example 1, except that tert-
butyl-n-propyldimethoxysilane was used in place of
cyclohexylethyldimethoxysilane. Conditions and results of
polymerization are shown in Table 1.
Example 3
(b) Synthesis of solid catalyst component

After 22.5 ml of the supernatant was taken from 46 ml

of the solid product-containing slurry prepared in the step



39 The intrinsic viscosity is nmeasured in tetralin at 135[err]C
wi th an Ubbel ohde visconeter. (3) N in Rosin-Ramml er function of particle
size distribution The distribution of particle size is neasured with
an ultra centrifugal -type autonmatic payl cle size distribution analyzer
CAPA- 700 (rmanufactured by Horiba Ltd.) The data obtained are processed by
the Rosin-Ramm er function of particle size distribution given below (see
Rosin, P. and EE Ranmer: J. Inst. Fuel, 7, p29(1933) and Handbook of
Cheni cal En@nest Exgmpdedl,ed. mipptuBs bf362)71 ml (5.R8Dmiok) of butyl
100exp{- (Dp/ De) N} wherein R(Dp) represents a distribution of residual
ratio and isthpwemdadladrmdi tUal04 analg odir tetanhumhtetmwashldweidatand of
the total weight of larger particles than a predeterm ned particle
di anet er Dp subsedmmerhole lwdRghk (Pl. 86t mmbhydi.29t ml hkg ofasolid epmtiduntt)er ; and
De represents a particle diameter at R(Dp)=36.8% The |larger N tends to
narrow t he p=ff iphibalsiyide chdiestidebwereraddend tsolthe shuabryst Trensdnenty of t he
|large N has a narrow particle size distribution and gives a pol ynmer
havi ng the hiagh headediansitlsCaandabtirradi idusthyee Eoanpl e After
completion of the reaction, the slurry was subjected to
solid-liquid separation and washed twice with 36 ml of toluene |
at the same temperature. A mixture of 9.0 ml of toluene, 0.40
ml (1.49 mmol) of diisobutyl phthalate, 0.71 ml (5.73 mmol)
of butyl ether, and 5.7 ml (0.052 mole) of titanium |
tetrachloride was added to the product for one-hour treatment
at 115°C. After completion of the reaction, the product was
subjected to solid-liquid separation at the same temperature,
washed three times with 36 ml of toluene and another three
times with 36 ml of hexane at room temperature, and dried under
reduced pressure toobtain 6.53 gof a solid catalyst component.
The solid catalyst component thus obtained contained 2.34%
by weight of titanium atom, 10.57% by weight of phthalate,
0.4% by weight of ethoxy group, and 0.1% by weight of butoxy
group. The solid catalyst component was observed with a
substance microscope and showed favorable particle
properties free from fine powder. The value of N is shown in
Table 1.

(c) Polymerization of propylene

Propylene was polymerized in the same manner as in the



(a) Synthesis of reduced solid product The at nosphere in a 500 m
flask with a stirrer and a dropping funnel was replaced with nitrogen, and
290 mM of hexane, 8.9 mM (8.9 g: 26.1 mvol) of tetrabutoxytitanium 3.1
40 m (3.3 g: 11.8 mml) of diisobutylgphthal ate, and 87.4 m (81. 6 g:
392. nmmol ) of tetraethoxysilane were mxed in the flask to obtain a
honogeneous solution. Wile the tenperature in the flask was kept at
6[err]C, 199 m of a dibutyl ether solution of butylnmagnesi um chloride
(manuf act ur eskdyy (cYwfi Epozmapleydk graent Khat civecsol idicabalpét memporegiesi um
chloride: 2.1 mmol/mM ) was added dropwi se fromthe dropping funnel over 5
hours. Afterptémarkdpn theaddepi ¢b) OhcExampliei drwamusad.t I@enddtdionsd at
B6[err]C for one hour and at room tenperature for an additional one hour.
The sol ut i oranvdsressaildjse cife palymestiizatdicquiadtes ghawat iion Takbdewdshed t hree
times wth 260 m of toluene. An adequate anmount of toluene was then
added to t heEssolple p¥ oduct thus obtained to forma slurry having the
concentration of 0.176 g/m. A part of the solid product slurry was

sanpl ed for Con@Epithesisand yexilsid Tesaliyesuldomponemtposi ti on anal ysi s
showed that the solid product contained 1.96% by wei ght of titanium atom
0.12% by wei ght The solid catalyst component was synthesized in the

manner as in the step (b) of Example 1, except that 0.22 ml
of diisobutyl phthalate was used. The solid cataly'st
component thus obtained contai-ned 2.22% by weight of titanium
atom, 10 .20% by weight of phthalate, 0.37% by weight of ethoxy
group, and 0.14% by weight of butoxy group. The solid
catalyst component was observed with a substance microscope
and showed favorable particle properties free from fine
powder. The value of N is shown in Table 1.
(c) Polymerization of propylene

Propylene was polymerized in a similar manner to the step
(c) of Example 1, except that the solid catalyst component
obtained in the step (b) of Example 4 was used. Conditions
and results of polymerization are shown in Table 1.
Example 5 |
(c) Polymerization of propylene

Propylene was polymerized in the same manner as in the
step (c) of Example 4, except that tert-butyl-n-
propyldimethoxysilane was used i.n place of

cyclohexylethyldimethoxysilane. Conditions and results of



of phthal ate, 37.2% by wei ght of ethoxy group and 2.8% by weight of butoxy
group. (b) Synthesis of solid catal yst conponent The at nosphere in a
100 M flask with a stirrer, a dropping funnel and a thernoneter was
replaced with nitrogen. After 52 m of ghe solid product-containing slurry
obtained in the step (a) was charged in the flask, 25.5 m of the
supernatant was taken fromthe slurry. A mxture of 0.80 nl
41 (6.45 mol ) of butyl ether and 16.0 ni (0. 146 nol e)oftitani um
tetrachl ori deolymersidesteiprerdrtey shdnmiin Mabllentnl : 0.20 m/1g of solid
product) of phthal oyl chloride were added to the slurry. The slurry was
heated to 1lExXampleéC @&and stirred for three hours. After conpletion of the
reaction, the slurry was subjected to solid-liquid separation and washed
twice with @) rdymihésisicnt maduderd soieid omehaiture. A mixture of 10.0 m
of toluene, 0.45 m (1.68 mmol) of diisobutyl phthalate, 0.80 m (6.45
mol ) of butyl etdegliahgprddhicd was. 8¥8thekdedoint thansame tntdrreedhlay | de
was added to the product for one-hour treatnent at 115[err]C. After
conpl eti on dintthe stEpt(eonofi Bxappdeudt vilse ssibjrrcy exbricersatatdidn apuf d
separation at the same tenperature, washed three tines with

the solid product thus obtained was 0.184 g/ml. A part of

the solid product slurry was sampled for composition analysis.

The result of composition analysis showed that the solid

product contained 1.94% by weight of titanium atom, 0.18% by

weight of phthalate, 34.6% by weight of ethoxy group, and 3.2%

-by weight of butoxy group.

(b) Synthesis of solid catalyst component

After 23.5 ml of the supernatant was taken from 50 ml

of the solid product-containing slurry obtained in the step

(a) above, a mixture of 0.80 ml (6.45 mmol) of butyl ether

and 16.0 ml1-(0.146 mole) of titanium tetrachloride and

subsegquently 1.60ml (11.1 mmol: 0.20 m1/1g of solid product)

of phthaloyl chloride were added to the slurry. The slurry

was heated to 115C and stirred for three hours. After

completion of the reaction, the slurry was subjected to

solid-liquid separation and washed twice with 40 ml of toluene

at the same temperature. A mixture of 10 ml of toluene, 0.45

ml (1.68 mmol) of diisobutyl phthalate, 0.80 ml (6.45 mmol)

of butyl ether and 8.0 ml (0.073 mole) of titanium

tetrachloride was added to the product for one-hour treatment



40 m of toluene, and another three tines with 40 ml of hexane at room
tenperature, and dried under reduced pressure to obtain 7.36 g of a solid
catal yst conmponent. The solid catalyst conmponent thus obtained contained
2.18% by weight of titaniumatom 11.3%% by weight of phthalate, 0.3% by
wei ght of ethoxy group, and 0.1% by wei ght of butoxy group. The solid
cat al yst conponent was observed with a substance m croscope and showed
favorabl e particle properties free fromfine powder. The value of Nis

shown in Talde1i5°C [ Chhfe@rysBnpIation off tAeORYéMifent, the ProdidPwaiere of
a 3 liter stirring-type stainless steel autoclave was replaced wth argon,

2.6 mmol of gubjected to solid-liquid separation 4@d wddhed Rwliddelmiirwm 0. 26
mmol of cycl ohexyl et hyl di met hoxysilane and 5.7 ng of the solid catalyst

conmponent sysy h@sicked dlfiehlee att eRe( Bameetemplaagete. i N mikittirAlioxc1gve, and
hydrogen corresponding to a partial pressure of 0.33 kg/cn2 was added

thereto. After oxddoliuefie, 0f.48Gnly (If. 8 amefli)edf pdDiydmMies1 phe halleel,ave was
heated to the tenperature of 80[err]C and pol ynerization was carried out

at 80[err] Cd.®m0 aile (BQous. mAbL prof Gyl ierhedf, aha BODVHEr (027 PMmole)he
unreact ed nononer was purged out. The obtai ned pol yner

of titanium tetrachloride was then added to the product for
one-hour treatment at 115°C. After completion of the
reaction, the product was subjected to solid-liquid
separation at the same temper;ture, washed three times with
40 ml of toluene and another three times with 40 ml of hexane
ét room temperature, and dried under reduced pressure to
obtain 7.07 g of a solid catalyst component. The solid
catalyst component thus obtained contained 2.13% by weight
of titaniumatom, 12.37% by weight of phthalate, 0.1% by weight
of ethoxy group, and 0.1% by weight of butoxy group. The solid
catalyst component was observed with a substance microscopé
and showed favorable particle properties free from fine
powder. The value of N is shown in Table 1.
(c) Polymerization of propylene

Propylene was polymerized in a similar manner to the step
(c) of Example 1, except that the solid catalyst component
obtained in the step (b) of Example 6 was used. Conditions
and results of polymerization are shown in Table 1.

Example 7

(b) Synthesis of solid catalyst component



was dried under reduced pressure at 60[err]C for two hours, so as to
obtain 231 g of pol ypropyl ene powder. Conditions and results of

pol ynmeri zation are shown in Table 1. Conparative Exanple 1 (a) Synthesis
of solid catal yst conponent The rggction was carried out in the sane
manner as in the step (a) of Exanple 1 except the difference in vol unes
of the reagents: 7.5 mM (7.5 g: 22 mmol) of tetrabutoxytitanium 2.5 n
(2.6 g: 9.3 mmol) of diisobutylphthalate, 74.8 m (70.3 g¢g: 338 mmol) of

t et r aet hoxysi | and@fter 26823 ML of the sepernakanbiwascakemisian fdsmim
conpound. The solid product obtained by solid-liquid separation was washed
three tines ofi the3601lidi prediekac¢rntainnmisHaroyhpbsainadsinithe 3¢@pr  of
toluene, and 270 m of toluene was then added to the washed solid product
to forma sliaypf Exgpmpileop t adnbetuxe foQuél Bluféy4hammokhmfl dyptydr
conposition analysis. The result of conposition

43  anal ysiethgnowad dhad mhe( &ol4 & melddaé: ttbantnndetr syvianidausinght of

titaniumatom O0.1% by wei ght of phthalate, 35.0% by V\Bi?ht of et hoxy

group, and Fubsesuentiighd.6f mutdiy lgrerk: 0.20)mL{lg Résselid pFoIdustoat al yst

conponent - The atrms%here ina 200 M flask with a stirrer, a
of phthaloyl chloride were added to the slurry. The slurry

was heated to 115C and stirred for three hours. After
completion of the reaction, the slurry was subjected to
solid-liquid separation and wa:shed twice with 40 ml of toluene
at the same temperature. A mixture of 10 ml of toluene, 0.45
ml (1.68 mmol) of diisobutyl phthalate,' 0.80 ml (6.45 mmol)
of butyl ether and 8.0 ml1 (0.073 mole) of titanium
tetrachloride was added to the product for one-hour treatment
at 115°C. After completion of the treatment, the product was
subjected to solid-ligquid separation and washed twice with
40 ml of toluene at the same temperature. A mixture of 10
ml of toluene, 0.80 ml (6.45 mmol) of butjrl ether and 6.4 ml
(0.058 mole) of titanium tetrachloride was then added to the
product for one-hour treatment at 115%C. After completion
of the treatment, the product wés subjected to solid-liquid
separation and washed twice with 40 ml of toluene at the same
temperature. A mixture of 10 ml of toluene, 0.80 ml (6.45
mmol) of butyl ether, and 6.4 ml (0.058 mole) of titanium
tetrachloride was further added to the product for one-hour

treatment at 115°C. After completion of the reaction, the



droppi ng funnel, and a thernonmeter was replaced with argon. After 84 m of
the, solid product-containing slurry obtained in the step (a) above was
charged into the flask, 12.1 m of the supernatant was taken fromthe
slurry, and 7.8 m (29 nmmol) of diisobwgl phthalate was added to the
slurry. The reaction proceeded at 95[err]C for 30 mnutes. The reaction
product was subjected to solid-liquid separation and washed twice with 59
m of toluene. Next, a mxture of 15.3 ml of toluene, 0.66 nl (2.5 mmol)
of dii sobut yPrPREFR (WA Subjeckpd (o Sohid-Lighidhseparathen snthassmer
(0.213 nole) of titaniumtetrachloride was then added to the solid product
i n the flaskt¢Bpexratiare hovashed cthyeettimes 08{Eh rdC.mAfdrtalargeetdmn of
the treatnent, the reaction product was subjected to solid-liquid

separ ati on adCtheEHdreantivesiwitivdoml of hekapaatarobhne: amperdwime; at ur e.
A mxture of 12.0 M of toluene, 1.2 mM (6.9 mol) of butyl ether, and
11.7 ml (0. and dwmied usder| reduced ipnesaitetiodebhasn 6 it added sal ide
solid product in the flask for one-hour treatment at 105[err]C. After
conpl eti on of2EREY$H IRMRORENY he Thee sofliigh cptedyst wampsubpecthdst o

solid-liquid separation at, the sane tenperature, washed three tines with
59 m of tolfR¥Rined contained 1.78% by weight of titamifum atom, 8.66%

by weight of phthalate, 0.1_% by weight of ethoxy group, and
0.2% by weight of butoxy group. The solid catalyst component
was observed with a substance n.licroscope and showed favorable
particle properties free from fine powder. The value of N is
shown in Table 1.
(c) Polymerization of propylene

Propylene was polymerized in the same manner as in the
step (c¢) of Example 1, except that the solid catalyst component
obtained in the step (b) of Example 7 was used. Conditions
and results -of polymerization are shown in Table 1.
C;'Jmparative Example 2
(b) Synthesis of solid catalyst component

The atmosphere in a 100 ml flask with a stirrer, a
dropping funnel and a thermometer was replaced with argon.
After 50 ml of the solid product-containing slurry obtained
in the step (a) of Example 6 was charged into the flask, 23.5
ml of the supernatant was taken from the slurry, and 1.6 ml

(11.1 mmol) of phthaloyl chloride was added to the slurry.

The reaction proceeded at 110C for 30 minutes. The reaction



and another three times wwth 59 ml of hexane at room tenperature, and
dried under reduced pressure to obtain 8.1 g of a solid catal yst

conmponent. The solid catal yst conponent thus obtained contained 1.5% by
wei ght of titaniumatom 8.9% by weighgqof phthalate, 0.4% by weight of

et hoxy group, and 0.1% by weight of butoxy group. The value of N is shown
in Table 1. (c) Polynerization of propylene Propylene was pol ynerized in
the sane manner as in the step (c) of Exanple 1, except that 4.0 ng of the
sol i d cat al ystoductmaeesubjecaedeto isol -k d keparaCisrasadiwastednpl e 1
was used for polynerization. Conditions and results of polynerization are
shown in Tabtwide wibtadpl m120f (to)luemie.neni miktafe £ LOORAY! 8P&oluene,
Propyl ene was polynerized with the solid catal yst conponent prepared in
the step (b)0of5 miagpl e mindl) bifed ssmbutgphpiithalate,t (188 wlepe ( s)mmeS1 Exanpl e
1, except that tert- butyl-n-propyl di met hoxysilane was used in place of

cycl ohexyl etdify | olitgel hetdyesr | smde. 1 62andnl | @Sl 8 1tglesilds tdftardeimyeri zat i on
are shown in Table 1. Exanple 3 (b) Synthesis of solid catal yst comnmponent
After 22.5 ntetofachbomsigewaattthen eddetiakefhbrann #bprbduet ihenedlgbk
product-containing slurry prepared in the step
for three-hour treatment at 115°C. The reaction product was
subjected to solid-liquid separation and washed twice with.
40 ml of toluene at. the same temperature. A mixture of 10
ml of toluene, 0.8 ml (6.5 mr;lol) of butyl ether and 8.0 ml
(0.073 mole) of titanium tetrachloride was then added to the
solid product in the flask for one-hour treatment at 115C.
The reaction product was subjected to solid-liquid separation
at the same temperature, washed three times with 40 ml of
toluene and another three times with 40 ml of hexane at room
temperature, and dried under reduced pressure to obtain 5.8
gof a solid catalyst component. The solidcatalyst componerit
thus obtained contained 1.28% by weight of titanium atom,
5.75% by weight of phthalate, 1.2% by weight of ethoxy group,
and 0.2% by weight of butoxy group. The value of N is shown
in Table 1.
(c) Polymerization of propylene
Propylene was polymerized in‘the same manner as in the
step (c) of Example 1, except that 3.9 mg of the solid catalyst

componen't obtained in the step (b) of Comparative Example 2

was used for polymerization. Conditions and results of



45 (a) of Exanple 1, a mxture of 0.71 m (5.73 mmol) of butyl ether
and 11.4 m (0.104 nol) of titaniumtetrachloride and subsequently 1.42 m
(9.86 mmol: 0.20 m/1g of solid product) of phthal oyl chloride were added
to the slurry. The slurry was heated tg2l15[err]C and stirred for three
hours. After conpletion of the reaction, the slurry was subjected to
solid-liquid separation and washed twice with 36 ml of toluene at the sane
tenperature. A mixture of 9.0 m of toluene, 0.40 m (1.49 nmol) of

dii sobutyl phohxmerdzadign are(shge@nniml Tabdé butyl ether, and 5.7 ni
(0.052 nole) of titanium tetrachl oride was added to the product for

one- hour treGomparative E8ampleéC3 After conpletion of the reaction, the
product was subjected to solid-liquid separation at the same tenperature,
washed t hr ee(Pd nE¥nhhenigcofii setid otaeatyshdcompehentthree tinmes with 36
m of hexane at roomtenperature, and dried under reduced pressure to
obtain 6.53 g of Afteris catml oft thensopermatatitewss| takent fitgmt 5@ anponent
t hus obtained contained 2.34% by weight of titaniumatom 10.57% by wei ght
of pht hal at ef thegahidwprghucs-centexpiggosbyran bt aived, inethatsiodp but oxy
group. The solid catal yst conponent was observed with a substance

n croscope ahd) sPHvEERTRL® @b le §faml d1d .1 mmol: 0.20 ml/1 g of solid

product) of phthaloyl chloride and subsequently a mixture of
0.80 ml (6.45 mmol) of butyl ether and 16.0 ml (0.i46 mole)
of titanium tetrachloride we;'e added to the slurry. The
slurry was heated to 115°C and stirred for three hours. After
Completion of the reaction, the slurry was subjected to
solid-liquid separation and washed twice with 40 ml of toluene
at the same temperature. A mixture of 10 ml of toluene, 0.45
ml (1.68 mmol) of diisobutyl phthalate, 0.80 ml (6.45 mmol)
of butyl ether, and 8.0 ml (0.073 mol) of titanium
tetrachloride was added to the product for one-hour treatment
at 115C. The reaction product was subjected to solid-liquid
separation at the same temperature, washed three times with
40 ml of toluene and another three times with 40 ml of hexane
at room [the same] temperature, and dried under reduced
pressure to obtain 7.27 g of a solid catalyst component. The
solid catalyst component thus obtained contained 2.29% by
weight of titanium atom, 11.03% by weight of phthalate, 0.2%
by weight of ethoxy group, and 0.1% by weight of butoxy group.

The value of N is shown in Table 1.



properties free fromfine powder. The value of Nis shown in" Table 1. (c)
Pol ynmeri zati on of propyl ene Propyl ene was pol ynerized in the sane
manner as in the ' 46 step (c) of
Exanmpl e 1, except that the solid catal yglz conponent prepared in the step
(b)~of Exanple 3 was used. Conditions and results of polynerization are
shown in Table 1. Exanple 4 (b) Synthesis of solid catal yst conponent

The solid catal yst conponent was synthesized in the nmanner as in the step
(b) of Exangdlcd Polymesptzatiian @f2prapylehedi i sobutyl phthal ate was used.
The solid catal yst conponent thus obtained contained 2.22% by wei ght of
titanium atom ZPropgdeme wesgbolyhephzéd|iat &he) s3f Axnier e of +alhoxy
group, and 0.14% by wei ght of butoxy group. The solid catalyst conponent
was obser vedtsipt te hofRsamploe] riexceptogieat ahe syloMPOat 8Ypsebmppakhicl e
properties free fromfine powder. The value of Nis shown in Table 1. (c).
Pol yner i zat icbtadhedr dpykbrestep (b Propytamsamaisi v |Baapled wasausied | ar
manner to the step (c) of Exanple 1, except that the solid catalyst
conponent for polymerization. Conditions and results of polymerization

are shown in Table 1.



obtained in the step (b) of Exanple 4 was used. Conditions and results of
pol yneri zation are shown in Table 1. Exanple 5 (c) Polynerization of
propyl ene Propyl ene was polynerized in the sane manner as in the

step (c) of Exanple 4, except that tertgautyl-n- propyl di met hoxysil ane was
used in place of cycl ohexyl ethyl di met hoxysilane. Conditions and results of

47 pol yneri zation are shown in Table 1. Exanple 6 (a) Synthesis of
reduced soIi& rrodyct A solid product was synthesized in the sane
manner as | a%ﬁg gtep (a) of Exanple 1. The slurry concentration of the

solid produ¢t thus obl@dmEitiwng @ndSReSaMs 4f BEIymMdrizalaonol 1 0 Pr OUULt
slurry was $anpled-for conpositionanalysis The wresilt ot conpositio

anal ysis sh¢wed that the sdlidELScETaRY BBAERF nedCAS 94% by Mei|ghBudk
titani um atdm 0.18% by | wei gHtP9¥PTpht hal(@/8) J4(6usby (el by |Persityxly
group, and R.2% hy weight of [but oxy ghoup (b _Sypnthesis of |sdgidl)
cat al yst co T‘Eéjﬁ@.ﬁ@e 1 6.5 CHEDMS 40600 0.49 1.96 0.385

Example 2 6.5 | tBnPDMS 55700 0.33 2.69 0.405
3 7.3 CHEDMS 46700 0.46 1.95 0.396
Example 4 8.5 cHEDMS 49100 0.50 1.90 0.399
5
6

Example

Example 8.5 | tBnPDMS 57500 0.47 2.67 0.406

Example 10.0 | cHEDMS 41300 0.41 1.93 0.400

Example 7 8.0 cHEDMS 51200 0.44 1.95 0.407

Comparative | 4.2 CHEDMS 30000 0.74 2.01 0.360
Example 1

'Comparative | 5.9 CHEDMS 7700 1.56 1.61 0.420
Example 2

Comparative | 5.5 cHEDMS 25800 0.57 1.95 0.365
Example 3

CHEDMS: cyclohexylethyldimethoxysilane

tBnPDMS: tert-butyl-n-propyldimethoxysilane

As described above, the present invention provides a
solid catalyst component for a-olefin polymerization having
a narrow particle size distribution. The solid catalyst
component used in combination with co-catalyst components has
high polymerization activity and gives a poly-ca-olefin

having a high bulk density and favorable particle properties.



After 23.5 m of the supernatant was taken from50 nml of the solid
product -containing slurry obtained in the step (a) above, a m xture of
0.80 mM (6.45 mmol) of butyl ether and 16.0 m (0.146 nole) of titanium
tetrachl oride and subsequently 1.60 m gsll.1 mol: O. FO m /I gof sotid.

product) of phthal oyl chloride were added to the slur m,m
heated to 115[err]C and stirred for three hours. After he

reaction, the slurry was subjected to solid-liquid separatldn ands
tw ce vvith 4WHAT DS CDADMEP ISt the sanme tenperature. A m xture of 10 rri of
toluene, 0.45 mM (1.68 mml) of diisobutyl phthalate, 0.80 m (6.45 mmol)

of butyl ether antl.8a0solidOcYS31y®t edompordd@NEdHN o LBIERSGRI Ori de was added
to the product for one-hour treatnent

48 at 115pelyhé€riéteonchapingi #npaftidbe tspad r@.{ﬁtriﬁ\f’tﬂ&dﬁtrﬁ@s

subj ected to solid-liquid separation and washed twice with 40

tol uene at thessatiean eylerial teemsAofi KhelreaXife HF NThnOf #&d e
(1.68 mmol ) of diisobutyl phthalate, 0.80 m (6.45 mml) of butyl ether,

and 8.0 nl (DunTGiomlod) pantitlé slizendiets Aot Dok dadV@syite a@é’«é’%& fhbthe
product for one-hour treatnment at 115[err]C. After conpletion o e
reaction, thachivitybfwast 3ebpertiaadl0p060!(i(¢lpolyr produced/g-solid
catalyst component)/hour) in polymerization.
2. A solid catalyst component according to claim 1,
wherein the value of N is no-t less than 6.2.
3. A solid catalyst component according to claim 1,
Qherein the value of N is not less thaﬁ 6.4.
4. A solid catalyst component for a-olefin
polymerization containing a trivalent titanium compound ,
obtained by a process which comprises reducing a titanium
compound represented by the general formula of Ti(ORY) X,
a (wherein R' represents a hydrocarbon group having 1 to 2.0
carbon atoms; X represents a halogen atoxﬁ; 0=a=4) with an
organomagnesium compound in the presence of an organosilicon
compound having an Si-0 bond and an ester to. obtain a soJ_.id
product, successively adding a mixture of an ether and
titanium tetrachloride and an organic acid halide in this
sequence to the solid product for treatment, and further
treating the treated solid product with a mixture of an ether
and titanium tetrachloride or a mixture of an ether, titanium

tetrachloride and an ester.

This Sheet Has Been

T



separation at the same tenperature, washed three tines with 40 m of
tol uene and another—-three tinmes with 40 m of hexane at roomtenperature,

and dried under to obtain 7.07 g of a solid catal yst
conponent. The H‘ﬂmmngmﬂimmmonponemsat hus obt ai ned contai ned 2.13% by
weight of titankunratoms 12. 37% by wei ght of phthalate, 0.1% by weight of
et hoxy group, and 0.1% by wei ght of butoxy group. The solid catalyst

conponent was observed with a substance m croscope and showed favorable

particle propertises X rsed ifd catfhlyst pompenenthacedrddndf tH ciaghown in
Table 1. (c) Polynerization of propyl ene Propyl ene was pol yneri zed
in a sinlawhexreisr at parbiche epize d)i sefriboipheid ndxqepls thah & he ssol i d
catal yst conponent obtained in the step (b) of Exanple 6 was used.

Condi tions tamuwhs efuiHesvalu@olfyNreni# RbkAR-REAMIBEVuridt iEAP6E phr iB4@™I € 7

(b) Synthesis of solid catal yst conponent

4 Aitzey AZtxidutdion.he supernatant was taken from50 m of the

solid product-containing slurry obtained in the step (a) of Exanple 6, a

m xture of 0.80 . ®6sé8imnelakadfskutymponent according to claim 4,
wherein the titanium compound is Ti(OR!),.

7. A solid catalyst component according to claim 4,
wherein the ester is an organic acid ester.

8. A solid catalyst com;onent according to claim 7,
wherein the organic acid ester is mono- or poly-valent
éarboxylic acid ester.

9. A solid catalyst component according to claim 4,
wherein the organic acid halide is mono-or poly-valent
carboxylic acid halide.

lb. A catalyst for a-olefin polymerization comprising:

(A) a solid catalyst component containing a trivalenf
titanium compound, obtained by a process which comprises
reducing a titanium compound expressed by a general formula
of Ti(OR'),X,_, (wherein R! represents a hydrocarbon group of
1 to 20 carbon atoms; X represents a halogen atom; 0=a=
4) with an organomagnesium compound in the presence of an
organosilicon compound having an Si-O bond and an ester to
obtain a solid product, successively adding a mixture of an

ether and titanium tetrachloride and an organic acid halide

in this sequence to the solid product for treatment, and

This Sheet Has Been Rey
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ether and 16.0 m (0. 146 nol) of titaniumtetrachloride and subsequently
1.60 mM (11.1 mol: 0.20 m/1g of -solid product) of phthal oyl chloride

wer e added to the . ry was heated to 115[err]C and stirred
for three hours. Hﬂlml nH!I*BE llm of thgy reaction, the slurry was
subyected to solid- 1'd'm i on and washed twice with 40 m of

toluene at the sane tenperature. A mxture of 10 m of toluene, 0.45 n
(1.68 mMmol ) of diisobutyl phthalate, 0.80 m (6.45 nmol) of butyl ether

and 8.0 m (fup¥endingatding thenireatédiscddhl prbdaceasi Bdedi koukbsPr oduct
for one-hour treatnment at 115[err]C. After conpletion of the treatnent,

the product amethesbardtteitamimoketdrachlbdigeps alhorcdnd orahesk e ce with
40 m of toluene at the sane tenperature. A mxture of 10 m of tol'uene,

0.80 m (6. 45iamiym ofetraghlative @andl &h Ldder 0. 058 nole) of titanium
tetrachl ori de was then added to the product for one-hour treatnent at

115[err] C.  After(Ejorgu edrngamoaifuntiftfunt retdpgiRitid; @ product was subj ect ed
to solid-liquid separation and washed twice with 40 m of toluene at the

sanme tenper atur el C)A an xeleor main-Hdnr Qonlpduserie, 0.80 m (6.45 mmol) of
butyl ether, and 6.4 m (0.058 nole) of titanium tetrachloride was further

added to the protiucth cetadpstiaecordimptaeslash 1ol5kaerbEn £iddiit 1Q@! etion
of the reaction, the 50 :
size distribution in said solid catalyst component (A) is not
less than 6.0 in terms of the value of N in a Rosin-Rammler
function of particle size di;tribution.
12. A process for producing a poly-a-olefin, which
éomprises polymerizing an c-olefin with a catalyst
comprising:
(A) a solid catalyst component for a-olefin
polymerization containing a trivalent titanium compound,
obtained by a process which comprises reducing a titanium
compound expressed by a general formula of Ti(OR‘)ax4_a
(wherein R1 represents a hydrocarbon group of 1 to 20 carbon
atoms; X represents a halogen atom; 0<a=<4 with an
organomagnesium compound in the presence of an organosilicon
compound having an Si-O bond and an ester to obtain a solid
product, successively adding a mixture of an ether and
titanium tetrachloride and an organic acid halide in this
sequence to the solid product for treatment, and further

treating the treated solid product with amixture of an ether

and titanium tetrachloride or a mixture of an ether, titanium

This Sheet Has Been
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product was subjected to solid-liquid separation at the sane t enper at ur e,
washed three tines with 40 ml of tol uene and another three tines with 40
m of hexane at room tenperature, and dried under reduced pressure to
obtain 6.58 g of a solid catal yst comp@8nent. The sol | | yst conponent
thus  obtained contained 1.78% by wei ght of titanium HW@@'&MIHH’

wei ght of phthalate, 0.1% by wei ght of ethoxy group, a ¢c UL ght
of butoxy group. The solid catal yst conponent was observed with a

subst ance i tetsacpbomive s hawvd cad cavsted) e particle properties free from
fine powder. The value of Nis shown in Table 1. (c) Polynerization of
propyl ene © RABpydre e g@soiainimin Zeshpdurddie &aMe manner as in the
step (c) of Exanple 1, except that the solid catal yst conponent obtained
in the step (b) ofCPenlectrms-deasst dempbundns and results of

pol ynmeri zation are shown in Table 1. Conparative Exanple 2 (b) Synthesis
of solid catal yst9 campavesiss accoriitgatanaphemnes | witeddfn il ddAskmith a
stirrer, a dropping funnel and a thernoneter was replaced with argon.
After 50 nl sifze Héssoibdtpondicsaddnsel 1d ratH1YshycoRbaasd (dynNikhest ep
(a) of Exanple 6 was charged into the flask, 23.5 nl" of the supernatant
was taken frleag hdagl 6r.0y inateris Goflthd ¥alheo®l ¥ of LHIEIRHa{ily | de
was added to the slurry. The reaction proceeded at 110[err]C for 3

m nut es. ThefumaAtitdromf particle size distribution.
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51 product was subjected to solid-liquid separation and washed tw ce
wth 40 m of toluene. A mxture of 10 'm of toluene, 0.45 m (1.7 mmol)
of diisobutyl phthalate, 0.8 m (6.5 mml) of butyl ether and 16.0 m
(0.146 nole) of titanium tetrachloride ggs then added to the solid product
in the flask for three-hour treatnment at 115[err]C. The reaction product
was subjected to solid-liquid separation and washed twice with 40 m of
toluene at the sane tenperature. A mxture of 10 m of toluene, 0.8 mni
(6.5 nmmol ) of butyl ether andPBETRAGT QF).THES DESCIOSURH i t ani um

tetrachl oride was then added to the solid product in the flask for

one-hour treatr t ] The reaction product was subjected to
solid-1iquid sé%g‘trﬁ i%%i'%fé'%hgo%%wq%r% a?UPgFFMSIR@@YWM@Amm with
40 mM of tolu er times with 40 m of hexane at room
t enperature, ang dri e%@ﬁ%%rarégﬁgg&‘ BPELYERE ZAT ION aAND5 PROCESS! FORSO! i d
cat al yst conponent. The §O|igF§§P8&éat c%ﬁggnent t hus obt ai ned cont ai ned

1.28% by wei ght of titanium & 78%IRERET FRBERNt hal ate, 1.2% by

wei ght of et hox 0.2% by.wei ght of butox roup. The value of N
i's ghown i Ta)l:/)I g‘i‘%gppregggfi :u%v ntion geiates to aysglidpcatalyst

component for a-olefin polymerization having a narrow
particle size distribution of not less than 6.0 in terms of
the value of N in a Rosin-Rammler function of particle size
distribution and giving a catalytic activity of not less than
10,000 ((g-polymer produced}g-solid catalyst
component)/hour) in polymerization. |

According to the preser;t invention, there can be
provided a solid catalyst component for a-olefin
polymerization capable of giving a poly-a-olefin having the
high bulk density and favorable particle properties with

high catalytic activity.
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I on of propyl ene Propyl ene was poly rZzed T
N PATENTE @ RICE of Exanple 1, except that 3. 9néppieationNeso| j d
‘PORIponent obtained in the step (b) of Conparati$& 903ATe 2 was

diif QxR EE ABSTROOT (@nmafnwmtea.%%f ﬁ.@%wt tiRe®f

[ hown i n Comparative Exanple 3 (b)
Bynthesis of solid catal yst conponent After 23.5 nl of the

s Upepreatatrinventiontrelates td a sohicdbéatatyst compbhent Sl ¢-0lefinqbliherisatibR hiving a ShHbwY
bphuicleesilzd distiibatisd ePnot(léss thdn 68 aRin@s 6f the-vafiedf N ihla RosTAN amifie? @udal()ﬁ 09 Of
$ Tglu*n‘éle sEendsteibutiod arﬂiqglbﬁig%\’éaté}%coidtﬂﬁ %PHotSlUQStﬁQP?@bb ((@ o o ce
athBstconPikat /‘HBml? W ¥biyrieliedt; d?ln t2ihe bg ro

e e R § J{%““*‘]C
leo‘f° r?%l éagp RRSCOFRAL ] r ¢
Nageagasa([ O} Soioyn cﬁ?a Slerto 0&"%659 %uatn cpReAiRg thisehd pradveithy (abp

1 H}Ii& e t&?ﬂ‘f‘ﬁlee | Ty apyQrganie acid halide, gnd fsthes treating the treated

solghpredugtyvigy a mlwtmfttwmpm tnaac&ml@nde@ns@n rethet eptionatiysiontainghg buitstér. et her

and 8.0 mM (0.073 nol) of titanium tetrachloride was added to the product

for one-hour treatnent
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at 115 er'v/v' hiéow epgeda. pregugt! was subj ected to solid-liquid 13027 2 3
separatlo'-'* the sarmcd INerpHopd ¢ Vlashed three tines with 40 n?'of

t ol uene and..ganmtﬁe;r i*hﬁ@e th M th 140 nl of hexane at room[the sane]

t enper af uf.esbang dri a,gjng_qg, g E'e"d PEESSULED ttﬁgts@feat73‘26c%6’ér 206?' i d
‘cat al yst conponent SO|I cat st co onent [ NUS optarned contarthe

2.29% by 1 «5‘@%{3@1{, g%ff' a%@ qﬁeﬁﬁgﬁproprsﬁpﬁama,p@m% by
avor L ght of butoxy grou The val ue of N

wei ght of--
Sarticle propezties with sagd)

i s shomnlnal‘éﬁgfn°; -
Pol yneri zat | on qf ‘qiropyl ene Propyl ene was pol ynerized in the sane
manner as iff 'ep (c) of Exanple 1, except that the solid catal yst
conponent obtained in, the step (b) of Conparative Exanple 3 was used for
pol yreri zati on. 740 %&%%Q&'IW”&? inventdanatihere dree pelowdiriddn
Tabl e 1. 54 Table 1

Condi ti ons ﬁnﬁ°l¥é§’ulqa$4}fy%lciﬂﬁﬁquﬁ- ofPT c-olefin polyteriZseismn

PP/ Cat  CXS [J il Bul k
aving a particle size distribution of not less than §.0 m

_)

terms of the value of Nin a Ros J.n—Ranmler function of particle

size c_i:.stribu‘.:ion and giving a catalytic activity of not less

than 20,000 ({(g-polymer produced/g-golid catalyst
component) /hour) in polymerization, wherein the solid'catalyst
component comprises trivalent titanium, magnesium and halogen.

‘The present invention fuxrther provides {3) a solid .
catalyst component for a-olefin polymerization containing
a trivalent titanium compound, obtained by a process which
conpr:.ses reducing a titanium compound represented by the
general formula of Ti(OR'),X4., (wherein R' represents a
hydzocarbon group having 1 to 20 carbon atoms; X representé
"a halogen atom; “a” is a number satisfying 0Sa<4) with an
organcmagnesium compound in the pPresence of an organosilicen
— ccmpeund having an Si~0 bond and an ester to obtain a solid
product, successively adding a mixture of an ether and
titanium tetrachloride and an organic acid halide in this
sequence to the solid product for treatment, and further

treating the treated solid product with 2 mixture of an ether

and titanium tetrachloride or a mixture of an ether s titanium

tetrachloride and an ester, wherein the solid catalyst
component has a particle size distribution of not less than
6.0 in texms of the value of N in a Rosin-Rammler function -
of particle size distribution, and gives a catalytic

activity of not less than 20,000 (g- polymer/g-solld catalyst
component/hour) in polymerization. This is the replacement sheet
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Donor (‘g/9) (% (dl/g) Density
(g/m) Exanple 1 6.5 cHEDMS 40600 0.49 1.96 0. 385 Exanple 2
6.5 .tBnPDM5 55700 0. 33 2. 69 0. 405 Example 3 7.3 cHEDMS
46700 0.46 1.95 0. 396 Exanple 4 8 sbstifftEldHeet _@g&@obenggg
1.90 0.399 Example 5 8.5 tBnPDV5 7 57500 0. 47 Z- :
Exampl e 6 10.0 cHEDVMS 41300 0.41 1.93 0. 400 Exanple 7 8.0
cHEDVS  -51200 0.44 1.95 0. 407 Conparative 4.2 CHEDVS 30000
0.74 2.01 0,36Q Exanple 1 Conparative 5.9 _ cHEDVB 7700 1.56
1.61  0.420 ExZRf &a5t@gnYakattige Ras i -Raqgpss funaigemn of perticle 95
0. 365 Exampl e 3 _¢cHEDMS: ¢ycl ohexyl et hyl di met hoxysi | ane t BnPDVS:
tert-butyl - B:BRoBYERFARRRERFH 4R Pelow is gengaaddvkacwposs an Hadexesent
dinvention provides a, soljid catalyst conponent for a -olefin polynerization
having a nEEPE®RSEALLNG Bhedagrecssefitha déatributien afsokid partiamiponent
used in conbination with co-catalyst conponents has high polynerization
activity andigmessera (geey Resdmef Fh ansl iEng Remmlgr bulk Teasit Fuedd 7,
favorabl e particle properties. :
- 55- oI SE3) ead MiEmdimok of Chemical Enginedrioki drdt @d/Spp.
conponent for Jerr]-olefin pol yneri zation having a particle size
di stributiod6d+3h@%: 5.less than 6.0 in terns of the value of Nin a
Rosi n- Rammi er function of particle_size distribution and giving a
R(Dp) = IOOexp{—(Dp/De)N} :

wherein R(Dp) represents a residual cumulative percentage;
Dp represents a particlé diar;teter; and De represents a
particle diameter corresponding to [at] R(Dp)=36.8%. The
larger N tends to narrow the particle size distribution. The
solid catalyst component of the large N has a narrow particle
size distribution and gives a polymer having a high bulk
density and favorable particle properties and centaining less
fine powder,:.thereby being favorable in industrial. The
value of Nof solid catalyst component of the present .invention
is preferably not less than 6.2 or more, more preferably not
lless than 6.4, |

The solid catalyst compohent has the catalytic activit-;y

of not less than 20,000, and preferably not less than 30,000
((g-polymer produced/g-solid catalyst component)/hour).

The desirable catalyst of the present invention gives a
poly-a-olefin of high stereoregularity.

This is the replacemant sheet
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catalytic activity of not |ess than 20,000 ((g-polyner
-produced/ g-sol i d catalyst conponent)/hour) in pol ynmeri zati on, wherein

the solid catalyst nent = 10 -conprises trivalent titanium nagnesium
oraim OoCT mm_ll/l{um;/mm 0L 0oc™ Bubsinf@WRAE'S BRIGEE B04°,

claim 1, wherein» s not | ess—thar—6—2

A solid catal yst conmponent adcofdifg to claim 1, wherein the val ue of . N
is not less than 6.4. 15 4, A solid catal yst conponent for
a-olefin - polynerization containing a_tr4sval ent titani um conpound,

obtai ned by a process which conprises reducing a titani um conpound
represent ed fyakhecg fagmula of Ti(ORlerr])[err] X err] (wherein
Rl err] represen?sfg ﬁ%?@%grg%n group having 1 to 20 20 carbon atons; X

represents a hal ogen atom A[gen}al esth | 0 esi um
conmpound in %Qfg%esenge of , an,or ganosi | %ggnbgmﬁggg%og?%aﬁ‘é\gﬁ%lé’n Si-0
bond andosan ah: r@ibz% 1Rnhavinei a partirdgusizesdisesdiutlivradd nepea
m xt ure 23 hehanmnd.o0 inttéamsusTt ehea [ an qrgani ¢ _aci.d
Tl Y L

halide in thd : A SE t he, sol i,d product r treat

treating th?‘??ge%f%l_g %%%%%)}r'gﬁﬁc?lﬁ?tﬂlﬁgﬁk’tlﬁ%@noﬁndngi-\fingt her and
titani um t etFetoriecaetivity xofirmonf lassethen, 20, 0obi t(qgi_ggh Lrachl oride
and an esterprdawﬁg%igglﬁléﬂ%ahl%s%a%%{%éﬁg}%éggyﬁgﬁgs has particle size

di stribution af not. | ess than, vaPue of Nin a
Rosi n- Ranmi &1°~YMSHfahinR ofwhngeir| the | sel id scat alysoncompdnghyes a
cat al ytil® acamptiser tmivdRes tmg&@p%égﬁggidméég-haloggzlzi d catal yst

conmponent/ hour) in polynerization
Substitute sheet - 3 &tobdt SE catalyst component according to58laim

5. A solid dat abpseigorienontlias &f dF Nids tiiote! Fidl dhan We5 €I N the titanium
conpound is Ti(ORlerrl)lernl o144 catalyst component according to claim
1, wherein the value of N is not less than 6.4.

15 4. A solid catalyst component for a-olefin
polymerization containing a trivalent titanium compound
obtained by a process which comprises reducing a titanit'm
compound represented by the general formula of Ti(ORY).X,,
(wherein R' represents a hydrocarbon group having 1 to 20 .

20 carbon atoms; X represents a halogen atom; 03a=4) with an

organomagnesium compound in the Px¥esence of an organocsilicon
compound having an Si-0 bond and an ester to obtain a solid
. product, Successively adding a mixture of an ether and

titanium tetxachloride and an organic acid halide in this

25 sequence to the solid product for treatment, and'further
treating the treated solid product with a mixture of an
ether and titanium tetrachloride or a mixture of an ether
titanium tetrachloride and an ester, wherein the solid l
catalyst_component has a particle size distribution of not

30 less than 6.0 in terms of the value of N in a Rosin-Rammler
function of particle size distribution, and gives a
catalytic activity of not less than 20,000 (g-polymer/g-
solid catalyst component /hour) in polymerization.

lhis is 1o replacement sheet

Date; 0« OCT 2009



6. A.solid catal yst conponent according to claim4, wherein the ester is

an organic acid ester. 7. A solid catal yst conponent according to

cl aim 6, wherein the organic acid ester is nono- or poly-val ent
carboxylic acid ester. 8. A solid cat gupstitfesHyagnt3 @)%qg{,gll B804 °
claim4, wherein the organic acid hali | STTTONO-0Or pouty=vatent
carboxylic acid halide. 9. A catalyst for [err]-olefin polynerization

conpri si ng: (A) a solid catal yst conponent containing a trival ent

titani um conpouunlmmllmngﬂ'ﬂmﬁ process whi ch conprises reducing a

titani um conpou general formula of Ti(ORerr])[err]Xerr]
(wherein Rerr] fepresent's & hydrocarbon group of 1 to 20 carbon atons; X
represents a hal ogen atom O[err]a[err] 4) with an organomagnesi um
conmpound in the presence of an organosilicon conpound having an Si-O bond
and an ester to obtain a solid product, successively adding a m xture of
an ether and titaniumtetrachloride and an.organic acid halide in this
sequence to the solid product for treatnent, and 57

further treating the treated solid product with a.m xture of

5. A solid catalyst component according to claim 4,
wherein thg titanium compound is Ti (ORY),.

6. A solid catalyst component according to claim 4,
wherein the ester is an organic acid ester.

7. A solid catalyst component according to ¢laim 6,
wherein the organic acid ester is mono- or poly-valent
carboxylic. acid ester.

- 8. A solid catalyst component according to cla:l.m 4,
where:.n the organ:.c acid halide is mono-or poly-valent
carboxylic acid halide.

9. A catalyst for e-olefin polymerization comprisings:

(A) a solid catalyst component containing a trivalen£
titanium compound, obtained by a process which comprises
reducing a titanium compound expressed By a general formula
of Ti(OR!) ax;_, (wherein R' represents a hydrocarbon group of
1 to 20 carbon atoms; X represents a halogen atom; 0=<ax
4) with an organomagnesium compound in the presence of an
organcsilicon compound having an §i-0 bond and an ester to
obtain a solid proeduct, successively adding a mixture of an
ether an.d titapium tetrachloride and an orqganic acid halide

in this sequence to the solid product for treatment, and

this is "= raplzcement shent
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an ether and titaniumtetrachloride or a m xture of an ether, titani um
tetrachloride and an ester; . ... (B) an organoal um num conpound; and

(© an el ectron- ound. wherein the solid cat al yst component has
a particle si ZEII I!j’iﬁﬁm]u‘@ll not | ess t Gabsfitel shdek! P OQ:ftoBQPZ Bllue

of Nin a Rosihs i i on of par57clmﬁ‘i"b‘uﬁ'm1,——a*ng—gi ves
a catalytic activity of not |ess than 20,000 (g-polyner/g- solid

catal yst conponent/hour) in polynerization. 10. A process for
producing a poly-[err]-olefin, which conprises polynerizing an

[err]-ol ef i nfiinther txeatisty theotpeateddtolid prodd®e @il i al yst
conponent for [err]-olefin pol ynmeri zati on cor?t ai ni ng éﬁ?r#\%a%qr%/i%ni um
conpound,  ebtethed dyd & ivaniess tekirabhleRRHeSES 4 ﬁ%‘i{[& titanium
conmpound expressed by a general formula of Ti (OR[err g?%%feﬁ’fﬁt er,

(wherein Rl tipredent tetducihlenaidwram @ &drdrf0 20 carbon  atons; X
represents a hal ogen atom O[err]a[err]4 with an’ organonmagnesi um conpound

in the presence ofBanaar @&@Q&Hailmﬁnunp@&@g%@\c%@ an Si -0 bond and an
In

ester to obtain a solid product, successively ‘a g a mxture of an
ether and  titani{@hn t ety dlRiceridie fbAR ' ld halide in this
sequence to éQ@angEchE@%ﬂ%t for treat ner??t{&g%_ f S&{%J‘n e felHd t he
treated sol Idﬂ %;o uct W _anrtﬁ %alf’ré SR Cdeh &l zeadd stitidminion of not
tetrachl ori de®3% BIARKFuPeinf tammst odr thiei valuemof N in a Rosin-Rammler
function of particle gize distribution, and gives a
catalytic activi
SOIichatalct:vn.t:y of not less t':han 20,000 (g-polymer/g_
yst component/hour) in polymerization.

10. A process for producing a poly-ea-olefin, which
comprises polymerizing an a-olefin with a catalyst
comprising:

(2) a solid catalyst component for a=-0lefin
polymerization containing a trivalent titanium compound,
obtained by a process which comprises reducing a titanium
compound expressed by a general formula of Ti(OR') X4,
(wherein R1 represenﬁs 2 hydrocarbon group of 1 to 20 carbon
atoms; X represent;s a2 halogen atom; 0=a=<4 with an
organomagnesium compound in the prasence of an organosilicon
compound having an Si-0 bond and an ester to obtain a solid
product, succe'ssivel_y adding a mixture of an ether and
titanium tetrachloride and an organic acid halide in this
sequence to the solid product for treatment, and further
treating the treated solid product with a nmixture §f an ether

and titanium tetrachloride or a mixture of an ether, titanium

This is the replacement sheet
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Substitute sheet - 3 Cctober 2001 - 58 -
tetrachl oride, and an ester; (B) an organoal um num conpound; and

(© an el ectron-donor conmpound, wherein the solid catal yst conponent has a
particle size distributioen of not less than &@siifl;th&HE:2f3 ¢ val § gff N

inaRosin-RarmI [ i particle size TSt n
catal ytic acti lm" H‘mmmr"z than 20,000 (g-polyner/g- solid catal yst
conmponent / hour ) i A pbl yhersi zati on.

-58 -

tetrachloride, and an ester;

(B) an organcaluminum compound;- and

(C) an electron-denor compound, wherein the solid

) catalyst component has a particle gize distribution of not

less than 6.0 in terms of the value of N in a Rosin-Rammler
function of particle size distribution, and gives a
catrftlyt:.c activity of not less than 20,000 (g-polymer/g-
golid catalyst component/hour) in polymerization.

!
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