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The present invention relates to an a-olefin polynerization catalyst and a
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extremely high catalytic activity per a~$5lid |cAf alysSt anB88r—a 10 paged ...
transition nmetal atom and a process for producing: 5hR§§ St-ereor-egul-ar-..

a -olefin polymer of high bulk density with said catalyst. Prior Art
As a process for producing the polynmer of a-olefin such as propyl ene,
butene-1 or the like, it a«s-oneFINkrovyMERTZATrTONCCATARYST ed Zi egl er-Natta

catal yst conprising the .
AND PROCESS FOR PRODUCING a -OLEFIN POLYMER

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an a -olefin
polymerization catalyst and a process for producing an «
-~olefin polymer. Particularly, the present invention relates
to an a-olefin polymerization catalyst giving a highly
stereoreqular «a -olefin polymer of high bulk density
containing aﬁ extremely little catalyst residue and
amorphous polymer and having excellent mechanical properties
and processability, and having an extremely high catalytic
activity per a solid catalyst and per a transition metal
atom, and a process for producing a highly stereoregular a
~-olefin polymer of high bulk density with said catalyst.
Prior Art

As a process for .producing the polymer of a-olefin
such as propylene, butene-l or the like, it is well known --
that the so-called Ziegler-Natta catalyst comprisiﬁg the
transition metal compound of the 4th to 6th Groups and the
organometallic compound of the lst, 2nd and 13th Groups in
the Periodic Table is used.

In the production of « -olefin polymers, an amorphous
polymer is formed as by-product in addition to a highly

stereoregular a -olefin polymer having a high wvalue in



transition netal conpound of the 4th to 6th G oups and the organonetallic
conpound of the 1st, 2nd and 13th Goups in the Periodic Table is used.

In the production of [err]-olefin polynmers, an anorphous polyner is forned
as dy-product in addition to a highly stereoregular [err]-olefin polyner
hawrng a high value in -2-

I ndustrial application. This anorphous polyner has little value in

i ndustrial application and effects largely a bad influence on mechani cal
properties, when an [err]-olefin polyner is nolded to a nolded article, a
film a fiber and other fabricated good@‘to be used. The formation of the
anor phous pol yner causes the loss of a raw material nononer and at the

sanme time, an S . i n I r COL
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vi ewpoi nt. THgI@éoif, induderidIeERPIdEtibAl aRdC alfEkiEl iafgan?_dacwa an
a-olefin polynmer fornms no anorphous polyner or fornms rarely Tittle.

In the [err]infkiemceody mechrntimaleproperediedyewbbn eat & yelefbnprising a

transition nmetal conpound and an ) . .
polymer is molded to a molded article, a film, a fiber and

other fébricated goods to be used. The formation of the
amorphous polymer causes the loss of a raw material monomer
and at the same time, an apparatus for removing an amorphous
polymer becomes necessary to cause an extremely large
disadvantage from an industrial viewpoint. Therefore, it is
necessary that a catalyst for producing an a -olefin polymer
forms no amorphous polymer or forms rarely little.

In the a-olefin polymer obtained, a residue of
catalyst comprising a transition metal compound and an
organometallic compound remains. As this catalyst residue
causes problems in the various points such as stability,
processability and the like of the a-olefin polymer, an
apparatus for removing the catalyst residue thereby
stabilizing the polymer becomes necessary. As this defect
can be improved by increase a catalyst activity represented
by the weight of the a-olefin polymer produced per the unit
weight of a catalyst, the above-mentioned apparatus for
removing the catalyst residue becomes unnecessary and the
reduction of the manufacturing cost of a-olefin polymer
also becomes possible.

It is known that highly stereoregular and highly
active polymerization of a-olefin can be realized to a

certain extent by using a Ti-Mg complex type solid catalyst



organonetal lic conpound remains. As this catal yst residue causes problens
I n the various points such as stability, processability and the Iike of
the [err]-olefin polyner, an apparatus for renoving the catal yst residue

t hereby stabilizing the pol yner beconmes necessary. As this defect can be

I mproved by increase a catalyst activity represented by the weight of the
a -olefin polyner produced per the unit weight of a catalyst, the
above-nmenti oned apparatus for renoving the catal yst resi due becones
unnecessary and the reduction of the manufacturing cost of a-olefin

pol yner al so becones possible. | t3rs known that highly stereoregul ar
and highly active polynerization of a -olefin can be realized to a certain

extent by usi a T - C l.ex type,soli . .

-3-  obtai r?é:g%b’sf‘erciea{}{gi ?@:1{1& Fa%gfgﬁ}'g{'%ﬁéﬁ#%%%%%ocuoﬁnc}) U, with

or ganomagnesy 1 Ly REhes un @oRpEERAC €n O haNpr & &red@sd 4 igrpn cormpound and
form ng the%ﬁggnesiun}tltaniun1°e8tecticnnixt3?e, I n conbination with the

or ganoal un riggamosiidicoh acompopndmandr farmingethe geagrsed iwnrt idmmponmd as a
third conponent in polynerization. (Japanese Patent Publicatiqql(Exanined)

Nos. Hei 3- ABUERtishMixtuge,1in3¢o0bapabaen)with the grganpaiupinen
non-extract 'c%rfnp%'ﬁqldq%'f g.e%%inBQoBr 2M1§5fhe organosilicon compound as a

third component in polymerization. (Japanese Patent
Publication (Examined) Nos. Hei 3-43283(1991), Hei 1-
319508(1989)) |

In any case, a non-extraction and non-deashing process
is in a possible level, but furthermore, a more improvement
is desired. In the concrete, in order to produce an
a -olefin polymer of high quality, the realization of
further highly stereoregular polymerization without
sacrificing a particle size distribution and the like is
desired. Particularly, in a use such as a field for molding
wherein it is desired to make a polymer be in high rigidity,
a highly stereoregular polymer brings directly out the
quality of a high rigidity, and therefore, the appearance of
a catalyst having a further highly stereoregqular
polymerizability, a high bulk density and a narrow particle™

size distribution is acutely desired.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
a -olefin pol&merization catalyst having a narrow particle
size distribution and a high catalytic activity enough to be

unnecessary for removing a catalyst residue and an amorphous



Is in a possible level, but furthernore, a nore inprovenent is desired.
the concrete, in order to produce an a -olefin polynmer of high quality,
the realization of further highly stereoregular polynerization w thout
sacrificing a particle size distribution and the like is desired.
Particularly, in a use such as a field for nolding wherein it is desired
to make a polyner be in high rigidity, a highly stereoregular polyner
brings directly out the quality of a high rigidity, and therefore, the
appearance of a catalyst having a further highly stereoregul ar

pol ynerizability, a high bulk density andt-a narrow particle size
distribution is acutely desired. SUMMARY OF THE | NVENTI ON An

obj ect of the present invention is to_progvide_an a- oIefln pol ymeri zation
cat al yst havPR4YBeRaARS\EHERG @l aaoﬂéfé%mlﬂﬁ‘ﬁiroﬁ aRdg8 hi gh catal yt | c

activity enoygh Lo-06, tIWREPSSAlY o YrdcHre'ifde i&:‘&ﬁ&ékﬁét afle% ggrfr%? ‘g

anor phous

giving an [epslyméefhavied VArHigH puish de’ixtsq?oragauheéréaregﬁﬂaale{zocess for

producing an [err]-olefin polyner having a high bulk density and

stereoregul arity. The prégamtprigwrent iomv@riovidesr ani desodefinrr]-ol efin
polymerization catalyst comprising:

(A) a solid catalyst component obtained by treating a
solid product obtained by contacting a compound having an M-
O bond (M is the element of the 1lst, 2nd, 13th or 1l4th Group
in the Periodic Table) with an organomagnesium compound in
the presence of an electron donor, with an electron donor
and successively a halide compound of metal belonging to the
4th to 6th Groups in the Periodic Table,

(B) an organocaluminum compound; and

(C) an electron donative compound, and a process for
producing an a-olefin polymer polymerizing an a -olefin
with said catalyst.

By using the present catalyst, the fore-mentioned
object and particularly, the highly stereoregular
polymerization of an a-olefin is attained and at the same
time, a process for producing a high bulk density and highly
stereo-regular a -olefin polymer can be provided.

The present invention is illustrated in the concrete as

follows.

BRIEF DESCRIPTION OF THE DRAWING
Fig.l is a flow-chart for facilitating the
understanding of the present invention. The flow-chart is a

-
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pol ymeri zation catal yst consisting essentially of: (A a solid catal yst
conponent obtained by contacting an organosilicon conpound sel ected from
t he group consisting of organosilicon conmpounds having an Si-O bond
represented by the general fornulae: S (Rerr])nRerr];
Rerr](Rerr]SSOpSiRerr]; and (Rlerr]SIOQq wherein Rerr] is
a hydrocarbon group having 1 to 20 carbon atons, each Rerr], Rerr],
Rlefrr], Rerr] and R err] is a hydrocarbon group having 1 to 20 carbon
atons or a hydrogen atom mis a nunber satisfying O<nk4, p is an integer
of 1 to 1000 and q is an integer of 2 t€f<1000 with an organonagnesi um
conpound sel ected fromthe group consisting of organomagnesi um conpounds
represented by the general fornul ae; err]kgx; and
Rlerr]Rlerr] W&PreﬁﬁgFéFh"%a‘&fﬂ epkedimenys, qf the Pﬁ{%ﬁn}t SEBSLRPs a

hydr ocar bon group having 1 to 20 carbon atons and X represents a hal ogen
atomin the presence of an ester of organic acid selected fromthe group

consi sting obepeartrpt BEsERTPIEGN VX arH ONVENITON unsat urated al i phatic
car boxyl ates, alicyclic carboxyl ates
(a) Compound having M-O bond

As the compound having an M-O bond (M is the element
of the 1st, 2nd, 13th or 14th Group in the Periodic Table),
there is used a compound having a bond of lithium, sodium,
potassium, beryllium, magnesium, calcium, boron, aluminum,
gallium, carbon, silicon, germanium or tin with oxygen:
Particularly, a compound having a bond of boron, aluminum,
carbon or silicon with oxygen is preferably used and
furthermore, an organosilicon compound having an Si-0 bond
is more preferably used.

Examples of the organosilicon compound having an Si-O
bond in its molecule used in the synthesis'of the solid
catalyst component in the present invention, include the
ones represented by the following general formulae:

Si(OR')nR%4-n;

R*(R*:Si0)pSiR3%3; and

(R°281i0)q¢ ;
wherein R? is a hydrocarbon group having 1 to 20 carbon
atoms, each R?, R*, R%*, R® and R® is a hydrocarbon group
having 1 to 20 carbon atoms or a hydrogen atom, m is a
number satisfying 0<m=<4, p is an integer of 1 to 1000 and
q is an integer of 2 to 1000.

The examples of the organosilicon compound include

tetramethoxysilane, dimethyldimethoxysilane,
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and aromatic carboxylates to obtain a solid product, washing the solid
product with an inert solvent, treating the washed solid product with
an ester of organic acid selected fromthe group consisting of saturated

al i phatic carboxyl ates, unsaturated aliphatic carboxylates, alicyclic
carboxyl ates and aromati c carboxylates to obtain an ester-treated solid,
and treating the ester-treated solid with a mxture of a

tetraval ent-titani um conpound represented by the general formula:

Ti (ORerr])gXerr] wherein R err] is a hydrocarbon group having 1 to 20
carbon atons, X is a hal ogen atom and g-6s a nunber satisfying 0<g<4 and an
et her conpound, or a mxture of the tetravalent-titani um conpound, the

et her conpound and. an ester conpound; B). .an or ganoal um num conpound;
and (CDtﬁﬁrGFEg?¥¥ﬁﬁfhﬁﬁﬂ{gkiﬁﬁiﬂiﬁﬁﬁigiéaéﬁnﬁsing t he present
catal yst, thg; < 'ﬁgﬁg& | ect ﬁﬂg&ﬁgy-' & t he highly
stereoregulagl%gﬁ§x r?%%l on {ﬁﬂé;]e er ]-3%%%?2§%g¥g?fained and at the
same tinme, atéﬁﬁ@ﬁsspf@?oxﬁmﬁ@ﬁéﬁp&bﬂa&blﬁideapkbyzaﬁﬂlﬁhé|;'| y

o} ep

stereo-regular [err]- efin polymer can be provided. T resent invention

i s illustrateetraprepoxyiane shipreposwdipropRLEELIAESCRI PTI ON OF THE
DRAW NG

oo eent VAR TGty (7 understan o of

-9A - dicyclopentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilane, phenoxytrimethylsilane,
tetraphenoxysilane, triethoxyphenylsilane,
hexamethyldisiloxane, hexaethyldisiloxane,
hexapropyldisiloxane, octaethyltrisiloxane,
dimethyléolysiloxane, diphenylpolysiloxane,
methylhydropolysiloxane, phenylhydropolysiloxane and the
like.

Among these organosilicon compounds, alkoxysilane
compounds represented by the following general formula
Si(OR!)aR24.-n are preferred, 2Sm<S4 is preferred and
particularly, tetraalkoxysilane compounds of m=4 are
preferred.

(b) Electron donor

As the electron donor used in the present invention, =
there can be illustrated electron donors containing oxygen
such as alcohols, phenols, ethers, ketones, aldehydes,
carboxylic acids, esters of organic acids and inorganic
acids, acid amides, acid anhydrides and the like; electron
donors containing nitrogen such as ammonias, amines,
nitriles, isocyanates and the like; and the like. Among

these electron donors, esters of organic acids are
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Representative of enbodi ments of the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON (a) Organosilicon conpound The
organosi |l i con conpound having an Si-O bond in its nolecule used in the
synthesis of the solid catal yst. conponent in the present invention, include
the ones represented by the foll ow ng general formulae: Si

(OR[err])R err]; Rerr](Rerr]SiOf[err]SiRerr]; and

(Rlerr]SiO[err]; wherein R2 is a hydrocarbon group having 1 to 20 carbon
atons, each Rerr], Rerr] Rerr], Rerr] and Rerr] is a hydrocarbon

group having 1 to 20 carbon atonms or a hyzk ogen atom mis a nunber
satisfying O <nx4, p is an integer of 1 to 1000 and g is an integer of 2 to

1000. The exangles of the organosilicon conpound include
t et r anet hoxy PFe&REabAYBERGL di et hoxysi | ane,

- 6- t et r aet hoxysj : | et hoxyet hyl sil ane, .di et hoxydi et hyl sil ane,
ethoxytriethylsiIaﬁé?ggtg%#gfédﬁgo 19 Ardds inc ud hen8- ind poly-

di i sopr opoxydhileapr ea¥bekyBies, t&ld HUMMVES IR Bese i
di pr opoxydi propyl si | ane, i’tetra’butoxysil ne, di utS?faﬁBS%§F§ F?gﬁg?ted

di cycl opent oa}dpbahjtscanbexy titdsoramigtherated ladiphatic carboxylates

cycl ohexyl oxytri nmet hyl si | ane, phenoxytri nmet hyl si | ane, tetraphenoxysirane,

triethoxyphe%}F§YFéﬁ€,carb°xYlates and aromatic carboxylates. Concrete
examples include methyl acetate, ethyl acetate, phenyl
acetate, methyl propionate, ethyl propionate, ethyl
butyrate, ethyl valerate, methyl acrylate, ethyl acrylate,
methyl methacrylate, ethyl benzoate, butyl benzoate, methyl
toluate, ethyl toluate, ethyl methoxybenzoate, diethyl
succinate, dibutyl succinate, diethylmalonate, dibutyl
malonate, dimethyl maleate, dibutyl maleate, diethyl
itaconate, dibutyl itaconate, monoethyl phthalate, dimethyl
phthalate, methylethyl phthalate, diethylphthalate, di-n-
propyl phthalate, diisopropyl phthalate, di-n-butyl
phthalate, diisobutyl phthalate, di-n-octyl phthalate,
diphenyl phthalate and the liké. Among these ester
compounds, unsaturated aliphatic carboxylates such as a
methacrylate, a maleate and the like and phthalates are
preferred, and diesters of phthalic acid are particularly
preferred.
(c) Organomagnesium compound

As the organomagnesium compound used in the present

invention, any organomagnesium compounds having an Mg-carbon
bond in its molecule can be used. Particularly, a Grignard
compound represented by the general formula R®MgX (wherein

R® represents a hydrocarbon group having 1 to 20 carbon

This Sheet Has Been Replaced

AED AT




hexanet hyl di si | oxane, hexaethyldis il oxane, hexapropyl disil oxane,
octaethyltris iloxane, dinethyl polysiloxane, diphenyl polys il oxane,

met hyl hydr opol ysi | oxane, phenyl hydropol ysil oxane and the 1|ike.

Anong these organosilicon conpounds, al koxysilane conpounds represented by
the follow ng general formula Si(ORerr])=Rerr] are preferred, 2<nx4 is
preferred and particularly, tetraal koxysilane conpounds of nr4 are

preferred. -7- (b) Ester of
organic acid The ester of organic acid may include nono- and pol y-
val ent carboxyl ates, and exanpl es of thede include saturated aliphatic
carboxyl ates, unsaturated aliphatic carboxylates, alicyclic carboxylates

and aromati c carboxylates. Concrete _exanples include thyl acetate, ethyl

SCetat e pheRbPIS GAER af & SHRRRT: Do iRIGHRE) 8RR SLebRbh ERTiet by

DUVt e SOAPHEMATGL s S sl Mk ubP s B AY e
general formula R®R'°Mg (wherein each R® and R'°® represents
a hydrocarbon group having 1 to 20 carbon atoms) are
preferably used. R®, R? and R!° may be the same or different
and represent an alkyl, aryl, aralkyl or alkenyl group
having up to 20 carbon atoms such as methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, amyl, isocamyl, hexyl, octyl,
2-ethylhexyl, phenyl, benzyl or the like.

| Examples of the Grignard compound include

methylmagnesium chloride, ethylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium iodide,
propylmagnesium chloride, propylmagnesium bromide,
butylmagnesiumchloride, butylmagnesium bromide,
sec-butylmagnesium chloride, sec-butylmagnesium bromide,
t~-butylmagnesium chloride, t-butylmagnesium bromide,
amylmagnesium chloride, isocamylmagnesium chloride
hexylmagnesium chloride, phenylmagnesium chloride,
phenylmagnesium bromide and the like, and the compounds
represented by the general formula R’R!°Mg include
dimethylmagnesium, diethylmagnesium, dipropylmagnesium,
diisopropylmagnesium, dibutylmagnesium,
di-sec-butylmagnesium, di-tert-butylmagnesium,
butyl-sec-butylmagnesium, diamylmagnesium,
dihexylmagnesium, diphenylmagnesium, butylethylmagnesium
and the like.

As a solvent for synthesizing the above
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toluate, ethyl toluate, ethyl nethoxybenzoate, diethyl succinate, dibutyl
succi nate, diethylnmalonate, dibutyl nalonate, dinethyl maleate, dibutyl

mal eate, diethyl itaconate, dibutyl itaconate, nonoethyl phthal ate,

di met hyl phthal ate, nethylethyl phthal ate, diethylphthalate, di-n- propyl
pht hal ate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl
pht hal ate, di-n-octyl phthalate, diphenyl phthalate and the |ike. Anong

t hese ester conpounds, unsaturated aliphatic carboxylates such as a

nmet hacryl ate, a maleate and the |ike and phthalates are preferred, and

di esters of phthalic acid are particulark$=- preferred. (c) O ganomagnesi um

conpound The or ganomagnesi um conpound used in the present invention is
a Gignard co ound represented by the general formula R err] MgX (wherein
Rlerr] repre SeRPgRBdp ABvERBeT $olventSudn as

" epr esent od Edy‘f%%‘sfléé’%%%%?t RUBrBYeRBEp e vy B PR A M R R anc

Rerr] and Rerr] may be g oanaceyPatasy Detnds, SLERAMN Ml 1 -

aryl, aral kyldidrexylk@hlergr dipctyl ether, diphenyl ether, dibenzyl
ether, phenetole, anisole, tetrahydrofuran or the like can
be used. A hydrocarbon solvent such as hexane, heptane,
octane, cyclohexane, methylcyclohexane, benzene, toluene,
xylene or the like, or a mixed solvent of the ether and the
hydrocarbon may be used.

It is preferred to use the organomagnesium compound in
the state of an ether solution, and as the ether, an ether
compound having 6 or more carbon atoms in its molecule or a
cyclic ether compound is used. The Grignard compound
represented by the general formula R®MgX is preferably used
in the state of an ether solution from the view point of
ability of the catalyst to be obtained. Further, the complex
of the above-mentioned organomagnesium compound and an
organometallic compound soluble in a hydrocarbon can be
used. Examples of such-organometailic compound include
organic compounds of Li, Be, B, Al and 2Zn.
(d) Metal halide compound
The metal halide compound used in the present

invention is the halide compound of metal belonging to the
4th to 6th Groups in the Periodic Table. The halide compound
of at least one transition metal selected from Ti, Zr and Ef
is preferred. Particularly, the halide compound of tetra-

valent titanium is preferably used.
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having up to 20 carbon atons such as nethyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, anyl, isoanyl, hexyl, octyl, 2-ethylhexyl, phenyl,

benzyl or the liKke. Exanpl es of the Gignard conpound incl ude

met hyl magnesi um chl ori de, et hyl magnesi um chl oride, ethyl magnesi um brom de,
et hyl magnesi um i odi de, propyl magnesi um chl ori de, propyl magnesi um brom de,
but yl magnesi unchl ori de, butyl magnesi um brom de, sec-butyl nagnesi um

chl eri de, sec-butyl magnesi um brom de, t-butyl magnesi um chl ori de,

t - but yl magnesi um brom de, anyl magnesi um chl ori de, i soanyl magnesi um

chl ori de hexyl magnesi um chl ori de, phenylfagnesi um chl ori de,

phenyl magnesi um brom de and the |i ke, and the conpounds represented by the

0ol mgnest o 3ok by F5htSon AL SRAAIERE Tyanin,

oyt eneofBoand SE6: QUL WMol BB TRITERL 4T, x .,

di phenyl magngsrum ibuayhpdfytaEgste syrolp A iine 1l k€20 carbonAst8ms 9! yent

for synthesizing the above

Substitute sh&e@ halogemvawderambop is a number satisfying 0Sg<4) can
be illustrated.

Examples of the titanium halide compound include
titanium tetrahalides such as TiCls, TiBr.i, TiI. and the
like; alkoxytitanium trihalides such as Ti(OCH;)Cls,
Ti(OC:Hs)Cls, Ti(0-n-C4Hs)Cls, Ti(OC:Hs)Brs, Ti(O-iso---
C4+Hy)Br; and the like; dialkoxytitanium dihalides such as
Ti(OCH:s)2Clz, Ti(OC:Hs)2Clz2, Ti{O-n-C«Hs):Cl2, Ti(OC:Hs)2Br:
and the like; trialkoxytitanium monohalides such as
Ti(OCH:)sCl, Ti(OC:Hs):Cl, Ti(0-n-CHs)3Cl, Ti(OC:Hs)s;Br and
the like; and the like. Among these, titanjum tetrahalides
are preferred and titanium tetrachloride is particularly
preferred. These titanium compounds may be used alone or in
combination of two or more thereof.

The metal halide compound in the present invention can
be used as a mixture with an ether compound or a mixture
with an ether compound and an ester compound.

Examples of. the ether compound include dialkyl ethers
such as diethyl ether, dipropyl ether, diisopropyl ether,
di-n-butyl ether, diisobutyl ether, diamyl ether, diisoamyl
ether, dineopenyl ether, dihexyl ether, dioctyl ether,
methylbutyl ether, methylisoamyl ether, ethylisobutyl ether
and the like. Among these, di-n-butyl ether and diisoamyl

ether are particularly preferred.



or ganomagnesi um conpound, an ether solvent such as diethyl ether, dipropyl
et her, diisopropyl ether, dibutyl ether, diisobutyl ether, dianyl ether,
di i soanyl ether, dihexyl ether, dioctyl ether, diphenyl ether, dibenzyl

et her, phenetole, anisole, tetrahydrofuran or the |like can be used. A
hydr ocar bon sol vent such as hexane, heptane, octane, cycl ohexane,

nmet hyl cycl ohexane, benzene, toluene, xylene or the like, or a m xed

sol vent of the ether and the hydrocarbon may be used. It is
preferred to use the organonmagnesi um conpound in the state of an ether
solution, and as the ether, an ether cedpeound having 6 or nore carbon
atons in its nolecule or a cyclic ether conmpound is used. The Gignard

conmpound represent ed the general formula r;ﬂﬁ Xis preferably used
in the state of &fF @Pﬁe?%SFu??‘BPP‘W%m‘EW%% Nﬁ’ls SYSTSi OF of the

catalyst to Qﬁﬁ@g glggqg EH%&PfEedtgﬁbéé"mﬂex of the above-nentioned

or ganonmagnesi U organonetal i ¢ conmpound soluble in a
hydrocarbon Q@) ggntuaeds Eiagaig& it 4%¥§torganonetalllc conpound i ncl ude
and

organi ¢ conmpounds of Li, Be, B, (d) Titani um conpound

The solid catalyst of the present invention is
synthesized by treating a solid product obtained by
contacting a compound having an M-O bond (M is the element
of the 1st, 2nd, 13th or 14th Group in the Periodic
Table)(a) with an organomagnesium compound in the presence
of an electron donor (b), with an electron donor (b) and
successively a halide compound {d) of metal belonging to the
4th to 6th Groups in the Periodic Table. All these synthetic
reactiohs are conducted under the atmosphere of an inert gas
such as nitrogen, argon or the like.

The contact of the organomagnesium compound (c) may be
carried out by either adding (c) to the mixture of (a) and
(b), or inversely adding the mixture of (a) and (b) to the
solution of (c). The addition of (c) to the mixture of (a)
and (b) is preferred from the viewpoint of the catalytic
activity.

(a) and (b) are preferably used as dissolved or
diluted in an appropriate solvent. Examples of the solvent
include aliphatic hydrocarbons such as hexane, heptane,
octane, decane and the like; aromatic hydrocarbons such as
toluene, xylene and the like; alicyclic hydrocarbons such as
cyclohexane, methylcyclohexane, decalin and the like; ether
compounds such as diethyl ether, dibutyl ether, diisoamyl

ether, tetrahydrofuran and the like.

This Sheet Has Been Replaced

[




-10- As the halide compound of tetra-valent titanium conpounds
represented by the general fornmula Ti (ORerr])[err] X [err] ( Rlerr] is a
hydr ocarbon group having 1 to 20 carbon atons, X is a halogen atomand g
Is a nunber satisfying 0 < g<4) can be illustrated. Exanpl es of
the titani um halide conpound include titaniumtetrahalides such as
TiC[err], TiBr[err], Til[err] and the |I|ike; alkoxytitaniumtrihalides
such as Ti (CCH err])C [err], Ti(Oerr]Herr])dJ[err],
Ti(On-Cerr]Herr])dJ[err], Ti(OJerr]Herr])Br[err], Ti(Oiso-
Clerr]Herr])Br[err] and the like; dialkd2ytitani umdihalides such as
Ti(OCH err])[err]C[err], Ti(OJerr]Herr])[err]d][err],

Ti (O n- H a T rTH B dth
ke 111 al koxut!  BRECRPRERSh i dtiRar St dd URIGEEN op] Fperpley T

Ti (O err]H Clag T d‘qq s ]

Ti(OC[err]H[E%%%%Fg%? Br3%H%§E%e i%ﬁ%qé§§g¥%ékﬁp&eSkiﬁgﬁab%er%? Pt ani um
tetrahal i des3s&C¢ wWhehethe batthdt trnpdPaitireadlsl @bbdRigE, PERE €A vyt
preferred. These titanium conpounds nmay be used alone of 1n conbination of

two or nore ahtivdty becomes Ifwe netal halide conpound in the present
i nvention can be used as, a mxture wth agn eth%%econpound or a mxture

with an ether coanBﬁH R %ﬂ;agﬂﬂﬁoqﬂﬁﬁpdén&yn sxzedEkgnﬁp@ch@t§%% et her

ooy LHEIoR 1L B RS ptl oEEtn LR S8

dii soanyl et haorgahbeopeidd, eilhergadiikepplymeeor dhaclikeet her
coexist and to impregnate the solid product in a porous
material. As such poréus material, the one having a o
micropore volume of 0.3ml/g or more in a micropore radius of
20 to 200nm and having an average particle diameter of 5 to
300 um, is preferred.

Examples of the porous inorganic oxide include SiO:,

Al:0:;, MgO, TiO., 2ZrO:, SiO: : Al.0s complex oxide, MgO -
Al:0: complex oxide, MgO - SiO: - A1l:0; complex oxide and the
like. Examples of the porous polymer include styrenic
polymers, polyacrylates, polymethacrylates,
polyacrylonitriles, vinyl chloride polymers and polyolefins
represented by polystyrene, styrene-divinylbenzene
copolymer, a styrene-N,N'-alkylene dimethacrylamide
copolymer, styrene-ethyleneglycoldimethyl methacrylate
copolymer, polyethyl acrylate, methyl
acrylate-divinylbenzene copolymer, ethyl
acrylate-divinylbenzene copolymer,
polymethyl methacrylate, methyl methacrylate;divinylbenzene
copoi}mer, polyethyleneglycoldimethyl methacrylate,

polyacrylonitrile, acrylonitrile-divinylbenzene copolymer,



met hyl butyl ether, methylisoanyl ether, ethylisobutyl ether and the |iKke.
Anmong these, di-n-butyl ether and diisoanyl ether are particularly

preferred. Substitute sheet - 30
Novenber 2000 As the ester conpound, there can be used esters of
organi c aci d described above. (e) Synthesis of solid catal yst The

solid catalyst of the present invention is synthesized by treating a solid
product obtained by contacting a organosilicon conmpound (a) with an

or ganomagnesi um conpound in the presence of an ester of an organic acid
(i.e. an electron donor) (b), with an elegtron donor. (b) and successively a
titani um halide conmpound (d). Al these synthetic reactions are conducted

under the atnosphere of an inert gas such as nitrogen, argon or the like.
The contact ®PlYNENFLgahderidresipmbyoinylumye)lidinebepodgwingd out by

cither 20di ngytthih, ¢l LM, ol AL (ki oratpbrver scly addi ng the

e, (BbiyBefylle) Seetpl Al A s e agpBlyRbet e ol LS

an appropri apelgprupplenéxampltdse Afikddie sol vent include aliphatic

hydr ocar bons such as hexane, heptane, octane, decane and the |ike; aromatic

hydr ocar bons such Bm@ong these porous materials, $i0O:, Al:0:; and
styrene-divinylbenzene copolymer are preferably used.

The dropwise addition~time is not specifically

restricted and is usually about 30 minutes to 12 hours.
Further, the post reaction may be carried out at a
temperature of 20 to 120°C.

The amount of the electron donor (b) used in the
synthesis of the solid product is preferably 0.001 to 1,
more preferably 0.005 to 0.6 and particularly preferably
0.01 to 0.3 in the molar ratio of (b) to magnesium ((b)/Mg).
Furthermore, the amount of the organomagnesium compound used
is preferably 0.1 to 10, more preferably 0.2 to 5.0 and
particularly preferably 0.5 to 2.0 in the atomic ratio of
the M atom of the compound having an M-O bond to a magnesium
atom (M atom/Mg).

The solid product obtained by the contact reaction is
subjected to solid-liguid separation and washed several
times with an inert hydrocarbon solvent such as hexane,
heptane or the like. The solid product thus obtained
contains magnesium and a hydrocarbyloxy group, and
indicates usually a non-crystallinity or an extremely low
crystallinity. From the viewpoint of the catalyst ability,

the solid product having an amorphous structure is



tol uene, xylene and the like; alicyclic hydrocarbons such as cycl ohexane,
nmet hyl cycl ohexane, decalin and the |like; ether conpounds such as diethyl
et her, dibutyl ether, diisoanyl ether, tetrahydrofuran and the |iKke.

-12- The contact tenperature is usually -50 to 70[err]C,
preferably -30 to 50[err]C and particularly preferably -25 to 35C. Wen
the contact tenperature is too high, the catalyst activity becones | ow.
When the solid product is synthesized by the contact reaction, it is also
possible to Il et a porous material of an inorganic oxide, an organic
polymer or the like coexist and to inpréégnate the solid product in a
porous material. As such porous material, the one having a mcropore

vol une of O.3n1£ of re in .a mgcropore radius of 20 to 200nm and havi ng
an average pBPf g?% ?éi&ﬁﬂ%ﬁf?ﬁrqgt() 300 [err]m is preferred.

Exanpl es of the [ F | LN | r rr err],
o T rerr] . 2 G ey O B Brgdacebhtdinsn by Phe aBbug agthed "

Al [err] ( err}scouptiser oxteirtedVip@thSitHecelectibheashst e(b] . CORP! ol de and

the |ike. Exanples of the porous polyner include styrenic polyners,
pol yacryl at e3f () yifadhddt Jhdse$reatment is 0.01 to 1.0mol and

preferably 0.03 to 0.5mol per 1lmol of a magnesium atom in
the solid product. When the amount of the ester compound is
excessively much, the particles intend to degra&ation.

The treatment of the solid product with (b) can be
carried out by any of well-known methods capable of
contacting the solid product with (b) such as a slurry
method or a mechanical pulverization means by a ball-mill or
the like. However, when the méchanical pulverization is
applied, finely ground particles from the solid catalyst
component are formed in a large amount, and the particle
size distribution becomes broad, and it is not preferable
from the industrial point of view, and it is preferred to
contact both in the presence of a diluent.

As the diluent, aliphatic hydrocarbons such as pentane,
hexane, heptane, octane or the like, aromatic hydrocarbons
such as benzene, toluene, xylene or the like, alicyclic
hydrocarbons such.as cyclohexane, cyclopentane or the like,
halogenated hydrocarbons such as 1,2- dichloroethane,
monochlorobenzene or the like can be used. Among these,
aromatic hydrocarbons and halogenated hydrocarbons are
particularly preferred.

The amount of the diluent used is preferably 0.1iml to

1000ml and more preferably lml to 100ml per 1g of the solid



pol yacrylonitriles, vinyl chloride polyners and pol yol efins represented by
pol ystyrene, styrene-divinyl benzene copol yner, a styrene-N, N -al kyl ene

di met hacryl am de copol yner, styrene-ethyl enegl ycol di met hyl met hacryl ate
copel ymer, polyethyl acrylate, nmethyl acryl ate-divinylbenzene copol yner,
et hyl acryl ate-divinyl benzene copol yner, pol ynethyl nethacryl ate, nethyl
nmet hacryl at e-di vi nyl benzene copol yner, pol yet hyl enegl ycol di net hyl

nmet hacryl ate, polyacrylonitrile, acrylonitrile-divinylbenzene copol yner,
-13- pol yvi nyl chloride, polyvinyl pyrrolidine, polyvinyl pyri di ne,

et hyl vi nyl benzene- di vi nyl benzene copol yag%+  pol yet hyl ene, et hyl ene- net hyl
acryl ate copol yner, pol ypropyl ene and the |ike. Anong t hese

porous naterial Siderr], Alferr]Jerr] and  styrene-divinyl benzene
copol yner arBrBaB?Erg%P? %EﬁﬁPAént tempergdugeodii pEefaEabPivn-59nkoi s not
specifically tLlget | lhy .ab 30 1j.nu 12 hours,
Furt her, the1%g§ é%&ac%%rgn%)ﬁb%%g rPi gg gétb gt’ ghgtéﬁ%%éﬁ?%éetmeﬁ to

120[err] C. preferdbty BSmmitutels b&emeh:échhanméﬁéogrébér&ﬁﬁd 19 hifytes
synthesis of the solid product is preferably 0.001 to 1, "hore preferably

0.005 to 0. 6tand hewxs c Afhdry complletdbnyof the treatment, the treated

solid is allowed to stand to separate the solid from the
liquid and successively, washed several times with an inert
solvent to obtain the solid treated with the electron
donative compound.

Next, the electron donor-treated solid is treated
with a mixture of an ether compound and a metal halide
compound (d) or a mixture of an ether compound, an ester
compound and the metal halide compound (d). This treatment
is preferably carried out in the state of slurry.

The solvent used for slurring includes aliphatic
hydrocarbons such as pentane, hexane, heptane, octane,
decane and the like, aromatic hydrocarbons such as toluene,
xylene and the like, alicyclic hydrocarbon such as
cyclohexane, methylcyclohexane, decalin, halogenated
hydrocarbons such as dichloroethane, trichloroethylene,
monochlorobenzene, dichlorobenzene, trichlorobenzene and the
like. Among these,. halogenated hydrocarbons and aromatic
hydrocarbons are preferred.

The slurry concentration is preferably 0.05 to 0.7g
solid/ml-solvent and more preferably 0.1 to 0.5g solid/ml-
solvent. The reaction temperature is preferably 30 to 150°C,
more preferably 45 to 135°C and particularly preferably 60

to 120°C. The reaction time is particularly not restricted.

~<-
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0.01 to 0.3 in the nolar ratio of (b) to magnesium ((b)/M). Furthernore,
t he anobunt of the organomagnesi um conpound used 1is preferably 0.1 to 10,
nore preferably 0.2 to 5.0 and particularly preferably 0.5 to 2.0 in the
atomc ratio of the Matom of 'the conpound having an M0 bond to a

magnesi um atom (M at om ng) . The solid product obtained by the contact
reaction is subjected to solid-liquid separation and washed several tines
wi t-h an inert hydrocarbon solvent such as hexane, heptane or the like. The
solid product thus obtained contains nmagnesi um and a hydrocar byl oxy group,
and indicates usually a non-crystallinti§=or an extrenely |ow
crystallinity. Fromthe viewoint of the catalyst ability, the solid

pr oduct haviggvan anor phous structure i

is .
-14- parti ﬁY?ﬁfpﬁeH%ﬁ%Q§L°f about 3Qcminutgs EBIﬁdh%?Bﬁué? BHeatked by

t he above ne%g Qerfé further treated with the el ectron donor (b). The
anount of ? usediin this treatnment is 0.01 to 1.0nol and preferably

0.03 to 0.5nmol perrdngie Gireatifaite Pflhat eletlroh hgofot L er@a 6@ céol Men t he
anount of the ester conmpound is excessively nuch, the particles intend to

degr adat i on.with the Thixtuneataferttheofethier compdupdoandttih thetd) hahide

car e ot S ! (! NN TR 1975423025 B e POTLASK T Agpdfie SO 1
treated solid, the ether compound and (d), either of a
method adding the ether compound and (d) to the electron
donor-treated solid, or a method inversely adding the
electron donor-treated solid to the solution of the etlier
compound and (d) may be effected. In the method adding the
ether compound and (d) to the electron donor-treated solid,
a method adding (d) after adding the ether compound, or a
method adding the ether compound and (d) at the same time is
preferred, and particularly, a method adding the mixture of
the ether compound and (d) previously prepared to the
electron donor-treated solid is preferred.

The reaction of the electron donor-treated solid with
the ether compound and (d) may be repeated twice or more.
From the view point of catalytic activity and
stereoregularity, it is preferable to repeat at least two

- times the reaction with the mixture of the ether compound
and (d).

The amount of the ether compound used is preferably
0.008 to 80mmol, more preferably 0.040 to 40mmol and
particularly preferably 0.08 to lémmol per 1g of the soli§
product. The amount of (d) added is preferably 0.10 to

900mmol, more preferably 0.3 to 450mmol and particularly

This She_et Has Been Replaced
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met hod or a necham~cal pul verization neans by a ball-mll or the Iike.
However, when the nechanircal pulverization is applied, finely ground
particles fromthe solid catal yst conponent are forned in a | arge anount,
and-the particle size distribution becones broad, and it is not preferable
fromthe industrial point of view, and it is preferred to contact both in
the presence of a diluent. As the diluent, aliphatic hydrocarbons such
as pentane, hexane, heptane, octane or the |like, aromatic hydrocarbons such
as benzene, toluene, xylene or the like, alicyclic hydrocarbons such as
cycl ohexane, cycl opentane or the |like, halzegenated hydrocarbons such as
1, 2- dichl oroethane, nonochl orobenzene or the |Iike can be used. Anobng
these, aromatic hydrocarbons and hal ogenated hydrocarbons are particularly
preferred. Prefegabdioln? &0 2Temmpl pen lgaf ithepsefiddabirpdlctni The

1000mM and r refer y to 100m_ pe of .the solid )

-15-  pr odlr]%f“.%u%ﬁeo?r Z& n%%‘?éq Rfferifiq é’é stjh%r SBELFPmPSENdoisiso[err] C
and nore prepeezh t : ty ol | ' erably 5
mnutes of nEreTSEabg 8 SPIONqL: il A dEaBLy 178 b8 T8RB1ChAd

conpl eti on opartéctlanlyeptefedably entter 50ali.d is allowed to stand to

separate the solid fromthe |iquid and successively, washed several tines
with an inert sol ¥8nthectegatment of $d1g elacsaoaddanon-theatedcsobid

with the mixture of the ether compound and (d), the amount
of an ester compound used in case of the coexistence of the
ester compound is preferably 30mol or less, more preferably
15mol or less and particularly preferably 5mol or less ‘per
lmol of the metal atom belonging to the 4th to 6th Groups
contained in the solid product.

The solid catalyst component obtained by the above-
mentioned method is subjected to solid-liquid separation and
successively, washed several times with an inert solvent
such as hexane, heptane or the like to be used for
polymerization. From the view point of catalytic activity
and stereoregularity, it is preferable that after solid-
liquid separation, the solid catalyst component was washed
once or more at a tempeérature of 50 to 120°C 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, then further washed’
several times with an aliphatic hydrocarbon solvent such as
hexane or the like, and thereafter used in polymerization.
(f) Organcaluminum compound
The organocaluminum compound (b) used in the present

invention has at least one Al-carbon bond in its molecule.
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donat i ve conpound. Next, the electron donor-treated solid is treated
wth a mxture of an ether conpound and a titanium halide conpound (d) or
a mxture of an ether conpound, an ester conpound and the titanium halide
conpound (d). This treatnment is preferably carried out in the state of
slurry. The solvent used for slurring includes aliphatic hydrocarbons
such as pentane, hexane, heptane, octane, decane and the |ike, aromatic
hydr ocar bons such as toluene, xylene and the like, alicyclic hydrocarbon
such as cycl ohexane, nethyl cycl ohexane, decalin, hal ogenated hydrocarbons
such as dichl oroet hane, trichloroethyl eme8- nonochl or obenzene,

di chl or obenzene, trichlorobenzene and the |Iike. Annng t hese, hal ogenat ed
hydr ocar bons_and_ aromat i c rbo s are refer The, slurry
concentrati g %h? srep%%%tw 50558 e0 77 ecoPpapoH L Shi v comRP IS
preferably %ga ey ghv .reaction tenperature is
preferably 3 o r?%é fgegrgfggg%PIQ§5 to 135[err]C and

partlcularlyapWehenﬁth GO0ando 120[err]C. The reaction tinme is particularly
not restrlctéachR“Al_o_AlR“R16

wherein R!? to R!® represent a hydrocarbon group having 1 to
20 carbon atoms, Y represents a halogen, hydrogen or an
alkoxy group having 1 to 20 carbon atoms and 7 is a number
satisfying 25 7 £3. Examples of the organocaluminum
compound include trialkylaluminums such as triethylaluminum,
triisobutylaluminum, trihexylaluminum and the like;
dialkylaluminum hydrides such as diethylaluminum hydride,
diisobutylaluminum hydride and the like;
dialkylaluminum halides such as diethylalﬁminum chloride and
the like; mixtures of trialkylaluminums and dialkylaluminum
halides such as a mixture of triethylaluminum and
diethylaluminum chloride; alkylalumoxanes such as
tetraethyldialumoxane, tetrabutyldialumoxane and the like.
Among these organoaluminum compounds, trialkylaluminums, the
mixtures of trialkylaluminums and dialkylaluminum halides
and alkylalumoxanes are preferred, and particularly,
triethylaluminum,,triisobutylaluminum, the mixture of
triethylaluminum and diethylaluminum chloride, and
tetraethyldialumoxane are preferred.

The amount of the organocaluminum compound used can be
selected in a wide range as 0.5 to 1000mol per lmol of the
metal atom belonging to the 4th to 6th Groups in the

Periodic Table contained in the solid catalyst, and the



-16- However, a period of about 30 mnutes to 6 hours is usually
preferred. In the treatnent of the electron donor-treated solid wth
the m xture of the ether conmpound and the titanium halide conpound (d), as
the.nethod feeding the electron donor- treated solid, the ether conpound
and (d), either of a nethod adding the ether conpound and (d) to the

el ectron donor-treated solid, or a nethod inversely adding the electron
donor-treated solid to the solution of the ether conpound and (d) nay be
effected. In the nmethod adding the ether conpound and (d) to the el ectron
donor-treated solid, a nethod adding (el9after adding the ether conpound,
or a nethod adding the ether conpound and (d) at the sane tine is
preferred, and particul arl met hod addi ng the m xture of the ether
conpound andrP&FepPévFoEQI é%m%&%mratw@ar@mmeéﬁra@mr treated solid

I's preferred. El ctréﬁ g?ﬁéﬁi&% ‘ﬁ%ﬁ he el ectron donor-treated solid with

the ether co %ﬁ%xitmﬁce or nore. From t he vi ew

poi nt of catal ytlcmnéteye&ur@mdiorﬁteir@r&ﬂtﬂo%rddtxc)' hsied Ei?‘e%ﬁ[eab' eto
repeat at least two tinmes the reaction with the mxture of the ether

conpound anpoiyperizatiomrhin arhripresfenthd mteneiononincdddeselettron
preferably to 80nmmol, nore preferably 0.040 to 40nmmol and

particularIyQBP§ éYﬁb??mEPTﬁpﬁ(FQRﬁﬂﬁﬂlqﬁéwaﬁe&fsFﬁE 38| r4copedduct. The
amount  of (dbhéﬂgfg:'ﬁeﬁgﬁgéawﬁidéﬂ}&gg,t%arboxyllc acids, esters of

organic acids and inorganic acids, ethers, acid amides, acid
anhydrides and the like; electron donative compounds
containing nitrogen such as ammonias, amines, nitriles;
isocyanates and the like; and the like. Among these electron
"donative compounds, the ethers and the esters of inorganic
acids are preferably used. |

As esters of inorganic acids, an organosilicon
compound represented by the general formula R!7,Si(OR'®)4-a
( wherein R!7 is a hydrocarbon group having 1 to 20 cérbons
or hydrogen, R'® is a hydrocarbon group having 1 to 20
carbons, R'7 and R!® each may have a different substituted
group in the same molecule, and n is 0Sn<4) can be
mentioned. The examples include tetramethoxysilane,
tetraethoxysilane, tetrabutoxysilane, tetraphenoxysilane,
methyltrimethoxysilane, ethyltrimethoxysilane,
butyltrimethoxysilane, isobutyltrimethoxysilane,
tert-butyltrimethoxysilane, isopropyltrimethoxysilane,
cyclohexyltrimethoxysilane, phenyltrimethoxysilane,
vinyltrimethoxysilane, dimethyldimethoxysilane,
diethyldimethoxysilane, dipropyldimethoxysilane,
propylmethyldimethoxysilane, diisopropyldimethoxysilane
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900mmol , nore preferably 0.3 to 450mvol and particularly

Substitute sheet - 30 Novenber 2000 -17-
preferably 0.9 to 270mmol per 1g of the solid product. The anount of (d)
added per 1nol of the ether conpound is preferably 1 to 100nol, nore
preferably 1.5 to 75nol and particularly preferably 2 to 50nvol. In
the treatnment of the electron donor-treated solid wth the mxture of the
et her conpound and (d), the anmobunt of an ester conpound used in case of

t he coexi stence of the ester conpound is preferably 30nmol or |ess, nore
preferably 15nol or |less and particul aH20-preferably 5nmol or |ess per

1mol of the netal atom belonging to the 4th to 6th G oups contained in the
solid product ., The solid catal yst conponent obtained by the above-

menti oned metHEPLYdimstacr¥aiiangol d iisobutyldimethaxysilane, dietessivel y,

rashed Sever ty bt b Eon L8 pelitin AR ETG, MoPLane o Lhe

activity angughyaeeayeashathbiysiiadé, MR A IRy 1Rt 18Rk 1 ane,
isobutylisopropyldimethoxysilane,
tert-butylisopropyldimethoxysilane,
hexylmethyldimethoxysilane, hexylethyldimethoxysilane,
dodecylmethyldimethoxysilane, dicyclopentyldimethoxysilane,
cylcopentylmethyldimethoxysilane, '
cylcopentylethyldimethoxysilane,
cylcopentylisopropyldimethoxysilane,
cylcopentylisobutyldimethoxysilane,
cylcopentyl-tert-butyldimethoxysilane,
dicyclohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
cyciohexylisoéropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane,
cyclohexyl-tert-butyldimethoxysilane,
cyclohexylcyclopentyldimethoxysilane,
cyclohexylphenyldimethoxysilane, diphenyldimethoxysilane,
phenylmethyldimethoxysilane, phenylisopropyldimethoxysilane,
phenylisobutyldimethoxysilane,
phenyl-tert-butyldimethoxysilane,
phenylcylcopentyldimethoxysilane,
vinylmethyldimethoxysilane, methyltriethoxysilane,
ethyltriethoxysilane, butyltriethoxysilane,

isobutyltriethoxysilane, tert-butyltriethoxysilane,



| iquid separation, the solid catal yst conponent was washed once or nore at
a tenperature of 50 to 120[err]C with a large anount of a hal ogenat ed

hydr ocar bon sol vent such as nonochl orobenzene or the like or an aronmatic
hydrocarbon solvent such as toluene or the like, then further washed
several tinmes with an aliphatic hydrocarbon sol vent such as hexane or the
i ke, and thereafter used in polynerization. (f) O ganoal um num conpound
The organoal um num conpound (B) used in the present invention has at |east
one Al -carbon bond in its nol ecul e. The representatives

t her eof are organoal um num conpounds r@&FESented by the general fornul ae:
Rlerr] AlY[err] ; and Rerr]Rerr]AI-OCARerr]Rerr] wherein Rerr] to

Fepresent s S RRTRRL L HFbRsgen apReh SRR SRR 50 Carbon

atoms and [‘ﬁﬂéniftfiéﬁﬂg%yéilﬁﬁbi5@¥hf@hf&$€ﬁéifﬁ%li%§ﬁﬂ“ es of the

or ganoal um num “conpound i nclude trial kyl al um nuns such as

tri et hyl al udimebhylidilethoxysylahap diethyldibethosrsadanen and the |ike;
dipropyldiethoxysilane, propylmethyldiethoxysilane,
diisopropyldiethoxysilane,
dibutyldiethoxysilane, diisobutyldiethoxysilane,
di-tert-butyldiethoxysilane, butylmethyldiethoxysilane,
butylethyldiethoxysilane, t-butylmethyldiethoxysilane,
hexylmethyldiethoxysilane, hexylethyldiethoxysilane,
dodecylmethyldiethoxysilane, dicyclopentyldiethoxysilane,
dicyclohexyldiethoxysilane, cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane, vinylmethyldiethoxysilane,
ethyltriisopropoxysilane, vinyltributoxysilane,
phenyltri-tert-butoxysilane, 2-norbornanetrimethoxysilane,
2-norbornanetriethoxysilane,
2-norbornanemethyldimethoxysilane, trimethylphenoxysilane,
methyltriaryloxysilane and the like.

The ethers are preferably dialkyl ethers and diether

compounds represented by the general formula:

R19

R?*10—CHy — C — CHz — OR22
|
R20

wherein R!?® to R?? are independently a straight chain or



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 halides such as a m xture of triethylal um num and

di et hyl al um num chl ori de; al kyl al unbxanes such as tetraethyl di al unoxane,
tetrabutyl di al unoxane and the |ike. Anong these organoal um num conpounds,
tri.al kyl al um nuns, the m xtures of trialkylalum nuns and di al kyl al um num
hal i des and al kyl al unbxanes are preferred, and particularly,
triethylal um num triisobutylalum num -238e m xture of triethylal um num and
di et hyl al um num chloride, and tetraethyldialunoxane are preferred.

The anount of t he or%BnQalunlnun1coQ£ound used _.can be sel.ected in a w de

range as 0. PTAGCP6S0RORIBerNbr 3F1¢¥RI1Gm(20Y Iyt &ROAEYS *F to the 4th to

T10. 7 °r gty AT BHhg BALAL " IR SALRE v’ 6 B¥Chr R 11

donative comaguné hydrogemhe el ectron donative conpound (C) used in the
pol yneri zation in tzé present invention, include electron
The examples can include diethyl ether, dipropyl

ether, diisopropyl ether, dibutyl ether, diamyl ether,
diisoamyl ether, dineopenyl ether, dihexyl ether, dioctyl
ether, methylbutyl ether, methylisoamyl ether, ethyliscbutyl
ether, 2,2-diisobutyl-l,3-dimethoxypropane, 2-isopropyl-2-
isopentyl-1,3-dimethoxypropane,

2,2~ bis(cyclohexylmethyl)-1,3-dimethoxypropane,
2-isopropyl-2-3,7-dimethyloctyl-1,3-dimethoxypropane,
2,2-diisopropyl-1,3-dimethoxypropane,
2-isopropyl-2-cyclohexylmethyl-1,3-dimethoxypropane,
2,2-dicyclohexyl-1,3-dimethoxypropane,
2-isopropyl-2-isobutyl-~1,3-dimethoxypropane,
2,2-diisopropyl-1,3-dimethoxypropane, '
2,2-dipropyl-1,3~-dimethoxypropane,
2-isopropyl-2-cyclohexyl-1, 3-dimethoxypropane,
2-isopropyl-2-cyclopentyl-1l,3-dimethoxypropane,
2,2-dicyclopentyl-1,3-dimethoxypropane,
2-heptyl-2-pentyl-1,3-dimethoxypropane and the like.

Among these electron donative compounds (c),
srganosilicon compounds represented by the general formula
R?*R2?4Si(OR%*%); are particularly preferred. (Wherein R?*® is
1 hydrocarbon group having-3 to 20 carbon atoms in which the
rarbon adjacent to Si is secondary or tertiary, and the

axample includes branched alkyl groups such as isopropyl,

This Sheet Has Been Replaced
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donati ve compounds contai ni ng oxygen such as al cohols, phenols, ketones,
al dehydes, carboxylic acids, esters of organic acids and inorganic acids,
ethers, acid am des, acid anhydrides and the like; electron donative
conpounds containing nitrogen such as ammoni as, am nes, nitriles,

| socyanates and the like; and the |like. Anong these electron donative
conpounds, the ethers and the esters of inorganic acids are preferably
used. As esters of inorganic acids, an organosilicon conpound
represented by the general forrmula Rerr]Si(ORerr])[err] ( wherein Rerr]
is a hydrocarbon group having 1 to 20 cakBons or hydrogen, Rerr] is a
hydr ocarbon group having 1 to 20 carbons, R err] and R err] each nay have

a different substituted ro i.n the sgne leculle, and n.is.0<5n<4) can
be nentione&?cThgigianﬁrﬂgtfikﬂ?ﬁﬁ§1§ﬂﬁiaﬁ@%ﬁ5§§%#P&ﬁe,cYFéPP%@YioxysiIane,
t et r abut oxysi aphe | : | Lot 0 [ ,
ethyltrine?h %ggﬁfa%g%ﬁ g%t€ﬁ§%§#¥?ﬁ§%yé&?ggéf&?ggghpyF¥§i%ggﬁbxysiIane,
tert-butyltriyelbaxkehyingroussuly lds icyellopentiengleand the like, aryl

cycl ohexyl tri met hoxysi | ane, phenyl tri nethoxysilane, vinyltrimethoxysil ane,
dinethyldine959up§iSéﬂb,ascPhﬁRKAmﬂﬁﬂ&ﬁHoﬁWé?ﬁ@ﬁe}laﬁpropyIdinethoxysilane,

propyl met hyl d}i%t nggsﬁllrgggdarcugqs%o%ppy lh%ixrrl%%h(ix)é%i %ngarbon atoms and
the example includes straight chain alkyl groups such as
methyl, ethyl, propyi, butyl, pentyl and the like, 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, aryl groups such as
phenyl, tolyl and'the'like. R2% is a hydrocarbon group
having 1 to 20 carbon atoms and preferably a hydrocarbon
group having 1 to 5 carbon atoms.

The example of the organosilicon compound used as
electron donative compound (c¢) includes
diisopropyldimethoxysilane, diisobutyldimethoxysilane,
di-tert-butyldimethoxysilane,
tert-butylmethyldimethoxysilane,
tert-butylethyldimethoxysilane,
tert-butyl-n-propyldimethoxysilane,
isobutylisopropyldimethoxysilane,
tert-butylisopropyldimethoxysilane,
tert-butyl-n-butyldimethoxysilane,
tert-butylisobutyldimethoxysilane,
tert-butyl-sec-butyldimethoxysilane

dicyclopentyldimethoxysilane,

is Sheet Has Been Replaced
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- 20- di but yl di met hoxysi | ane, dii sobutyl di net hoxysilane, di-tert-

but yl di net hoxysi | ane, butyl nmet hyl di net hoxysi | ane,

but yl et hyl di nmet hoxysi | ane, tert-butyl met hyl di net hoxysi | ane,

I sqbut yl i sopropyl di met hoxysi | ane, tert-butylisopropyl di net hoxysil ane,
hexyl met hyl di met hoxysi | ane, hexyl et hyl di net hoxysi | ane,

dodecyl net hyl di net hoxysi | ane, di cycl opentyl di met hoxysi | ane,

cyl-copent yl met hyl di net hoxysi | ane, cyl copent yl et hyl di met hoxysi | ane,

cyl copentyl i sopropyl di net hoxysi | ane, cyl copentyl i sobut yl di net hoxysi | ane,
cyl copentyl -tert-butyl di net hoxysil ane, =2d4rcycl ohexyl di net hoxysi | ane,
cyclohexylnethyldinethoxysilane cycl ohexyl et hyl di net hoxysi | ane,

CYC|0heXy|IS | di thOX si | ange, cl ohex |ISObuty|dInEthoxyS||ane
cyclohexyl-t %F?ngﬁEPﬁ 99¥fﬁ%mﬁ;h xysfﬁ

cycl ohexyl cy ﬁaﬂ exyl phenyl di met hoxysi | ane,
di phenyl di met%h(i g&}&kﬁﬁ&bﬂeﬁg net ylfyl rn:,%x%]xym | ane,
phenyl i SOpro@ylldb@sehhyxyaekamutymwhmww net hoxysi | ane,

phenyl -tert-butyl di met hoxysi | ane, phenyl cyl copent yl di et hoxysi | ane,
dlcyclohexyldlmethoxysllane,
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
cyclohexylisopropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane,
cyclohexyl-tert-butyldimethoxysilane,
cyclohexylcyclopentyldimethoxysilane,
cyclohexylphenyldimethoxysilane, diphenyldimethoxysilane,
phenylmethyldimethoxysilane, phenylisopropyldimethoxysilane,
phenylisobutyldimethoxysilane,
phenyl-tert-butyldimethoxysilane,
phenylcylcopentyldimethoxysilane, diisopropyldiethoxysilane,
diisobutyldiethoxysilane, di-tert-butyldiethoxysilane,
tert-butylmethyldiethoxysilane, dicyclopentyldiethoxysilane,
dicyclohexyldiethoxysilane, cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane,
2-norbornanemethyldimethoxysilane and the like.
(h)Process for polymerizing olefin

The a-olefin applied to the present invention is an

« -olefin having 3 or more carbon atoms and the examples
include straight chain mono-olefins such as propylene,
butene-1l, pentene-1, hexene-1, heptene-1l, octene-1, decene-1

and the like; branched mono-olefins such as



vi nyl met hyl di met hoxysi | ane, nethyltriethoxysilane, ethyltriethoxysilane,
butyltriethoxysilane, isobutyltriethoxysilane, tert-butyltriethoxysilane,
-21- i sopropyl triethoxysilane, cycl ohexyltriethoxysil ane,

phenyl triethoxysilane, vinyltriethoxysilane, dinethyldiethoxysilane,

di et hyl di et hoxysi | ane, di propyl di et hoxysil ane, propyl net hyl di et hoxysi | ane,
di i sopropyl di et hoxys il ane, dibutyl di et hoxysil ane,

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

but yl met hyl di et hoxysi | ane, butyl ethyl di et hoxys il ane,

t - butyl met hyl di et hoxysi | ane, hexyl net hyR8iet hoxysi | ane,

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

di cycl opent yl.di et hoxysi| ane i cycl qghexyl di et hoxysi | an
cycl onexy| n;agﬁ&}‘?sdpﬁﬁli{i%ﬁ%m@?‘ M%ﬁ%ﬁ'd%ﬁ&%&ﬁaﬁs?e* and

i phenyl di et hgxysi kabey; P . - i
vinyInethyldiethoxysflgﬁgffég%%ﬂﬁJw |so%%opoxysﬂ?%%%,T&Fﬁ?lfﬁi t?giggilane,
phenyl tri -t embybbeouged! abene b dinhSomdiatiion bEx twol dfemore thereof.

2-nor bor nanet ri et hoxysi | ane, 2-norbornqnenethgldinethoxysilane,
tri met hyl pheABx9SREENEOT@R¢ (BAG r @ anollediips Mayn deahgmepelypREized or Fhe

ethers are preferably dialkyl ethers and_diet.her onmpoupds _represented by
t he gener al PAEAH ?-oféf?mg may oe copoq.ymerj_zed. %@EBF PRgst &

-olefins, it is preferred to homopolymerize propylene or
butene-1 or copolymerize a mixed olefin comprising propylene
as the main component and it is particularly preferred to
homopolymerize propylene or copolymerize the mixed olefin
comprising propylene as the main component. In the
copolymerization of the present invention, the mixture of
ethylene and at least one a-olefin selected from the above
a -olefins can be used. Furthermore, it is possible to use a
compound having two or more umnsaturated bonds such as a
conjugated diene and a non-conjugated diene in the
copolymerization. A hetero-block copolymerization which-
comprises two or more polymerization steps can be easily
carried out.

The feeding of each catalyst component to a
polymerization vessel is not particularly restricted except
feeding in the water-free state under an inert gas such as
nitrogen, argon or the like.

The solid catalyst component (A), the organocaluminum
compound (B) and the electron donative compound (C) may be
fed separately or either two of them are previously
contacted and then fed.

In the present invention, it is possible to polymerize



wherein R err] to Rlerr] are independently a straight chain or
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branched chain al kyl, alicyclic, aryl, alkylaryl or arylalkyl group having
up to 20 carbon atons and R err] or R err] may be hydrogen. The

exanpl es can include diethyl ether, dipropyl ether, diisopropyl ether,
di butyl ether, dianyl ether, diisoanyl ether, dineopenyl ether, dihexyl
ether, dioctyl ether, nethylbutyl ether, nmethylisoanyl ether,
et hylisobutyl ether, 2,2-diisobutyl-1,3-di net hoxypropane, 2-isopropyl-2-
i sopentyl -1, 3-di met hoxypr opane, 2,2- =26-

bi s(cycl ohexyl net hyl ) - 1, 3- di net hoxypr opane,

- | -2-3,_.7-di net hyl octyl -1, 3-dji net ho ropane,,
315?3?{22%r08§p§£§§[ggng¥ﬁ8§§ %ﬂgﬁmgfrgie above-mentioned catalyst but
2-i sopr opy!| -%neyﬁlfeg%;}%gﬁ%%gméfﬂm%ow&%ﬁa& afterward may be

2, 2-di cycl ohexyl = opane,

2-isopropyl - Bersobmed| béflreli capttyodngcurAthe above polymerization
{hereinafter, referred to as "polymerization" or "main
polymerization”).

The preliminary polymerization is carried out in the
presence of the solid catalyst component (A) and the
organoaluminum compound (B) by feeding a small amount of an
olefin and is preferred to carried out in the slurry state.
As a solvent used for slurring, an inert hydrocarbon such as
propane, butane, isobutane, pentane, isopentane, hexane,
heptane, octane, cyclohexane, benzene or toluene can be
used. In the formation of slurry, a part or the all part of
the inert hydrocarbon may be replaced with a liquid olefin.

The amount of the organoaluminum compound used in the
preliminary polymerization can be selected from wide range
as from 0.5 to 700mol per lmol of the metal atom belonging
to the 4th to 6th Groups in the Periodic Table in the solid
catalyst component, and the amoﬁnt is preferably 0.8 to
500mol, more preferably 1 to 200mol per lmol of the metal
atom belonging to.the 4th to 6th Groups in the Periodic
Table in the solid catalyst component.

The amount of the olefin to be preliminarily polymerized is
0.01 to 10009, preferably 0.05 to 500g and particularly
preferably 0.1 to 200g per 1 g of the solid catalyst
component.

The slurry concentration in the preliminary



2, 2-di i sopropyl -1, 3-di met hoxypropane, 2'2-dipropyl-1, 3-di net hoxypr opane,
2-1sopropyl - 2-cycl ohexyl -1, 3-di net hoxypr opane,

2-i sopropyl -2-cycl opentyl -1, 3-di met hoxypr opane,

2, 2-di cycl opentyl -1, 3-di met hoxypr opane,

2- heptyl - 2- pentyl - 1, 3-di met hoxypropane and the |ike. Anong t hese
el ectron donative conpounds (C), organosilicon conpounds represented by
the general formula Rerr]Rerr]Si(ORerr])[err] are particularly
preferred. (Wierein Rlerr] is a hydrocarbon group having 3 to 20 carbon
atons in which the carbon adjacent to &7+s secondary or tertiary, and the
exanpl e i ncludes branched al kyl groups such as isopropyl,
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sec-butyl, tPR&YRErigationms Raﬁﬁfecrﬁ’é’lly e tac pd0gatRel Soé%éuﬁétébzﬁtas

I tyl h
cvel opent onyPOEEGRERLYH PEE-do¥eds Bnq BHESARMITHx HEBEBERBLY 0t ne
li ke. R[err]soog-anayéépmrmhwstiu@:oh@wn@;tl/lt&ezﬂsswéﬂﬂ appas and the
exanpl e includes strai ght chain al kyl groups such as nethyl, ethyl,

propyl, butytgmpenayuranmfttneIpnei;mhmamgh@@lymbkybagmonpsssprefesably
isopropyl, S25¢ bUtylboafrtmore preferably 0 to 80°C. The partial
pressure of the olefin in the gas phase in the prellminary'
polymerization is preferably 0.01 to 20kg/cm? and
particularly 0.1 to l0kg/cm? is prefeired, but this does not
applied to the olefin being liguid at the pressure and”
temperature of the preliminary polymerization. Furthermore,
the preliminary polymerization time is not particularly
restricted and 2 minutes to 15 hours is usually preferred.

In carrying out the preliminary polymerization, the
feeding of the solid catalyst component (A), the
organoaluminum compound (B) and the olefin may be adopted
either by a method for feeding the olefin after contacting
the solid catalyst component (A) with the organoaluminum
compound (B), or a method for feeding the organocaluminum
compound (B) after contacting the solid catalyst component
(A) with the olefin. The feeding of the olefin may be
adopted either by.a method for feeding the olefin in order
while keeping a fixed pressure in the polymerization vessel,
or by a method for feeding all of a predetermined amount of
olefin at the start. A chain transfer agent such as hydrogen
can be added in order to control the molecular weight of a
polymer to be obtained.

Purthermore, in the preliminary polymerization of a



tert-anyl and the |like, cycloal kyl groups such as cyclopentyl, cycl ohexyl
and the |ike, cycloal kenyl groups such as cyclopentenyl and the |ike, aryl
groups such as phenyl, tolyl and the Iike. R err] is a hydrocarbon group
having 1 to 20 carbon atonms and preferably a hydrocarbon group having 1 to
5 carbon atons. The exanpl e of the organosilicon conpound used as

el ectron donative conpound (C) includes diisopropyldinmethoxysilane,

di i sobut yl di net hoxysi | ane, di-tert-butyl di net hoxysil ane,
tert-butyl net hyl di met hoxysil ane, tert-butylethyl di nethoxysil ane,
tert-butyl-n-propyl di net hoxysil ane, iso %%isopropyldinethoxysilane,
tert-butylisopropyl di met hoxysilane, tert-butyl-n-butyldi nmethoxysilane,
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cyl copentyl i sQpiginednt Nalh@naskhad"8rgancaluminum compound (B), the
electron donative compound (C) maj, if necessary, coexist.
The electron donative compound used is a part or the all
part of the above-mentioned electron donative compound (C).
The amount used is preferably 0.01 to 400mol, more
preferably 0.02 to 200mol and particularly preferably 0.03
to 100mol per 1lmol of the metal atom belonging to the 4th to
6th Groups in the Periodic Table contained in the solid
catalyst component (A), and preferably 0.003 to 5mol, more
preferably 0.005 to 3mol and particularly preferably 0.0l to
2mol per the organcaluminum compound (B).

The feeding method of the electron donative compound
(C) in the preliminary polymerization is not particularly
restricted. It may be fed separately from the organoaluminum
compound (B) and after contacting with the organocaluminum
compound (B), it may be fed. The olefin used in the
preliminary polymerization may be the same or different from
the olefin used in the -main polymerization.

After the preliminary polymerization was carried out
as mentioned above, or without performing the preliminary
polymerization, the main polymerization of a-olefins can be
carried out in the presence of the a-olefin polymerization
catalyst comprising the above-mentioned solid catalyst
component (A), the organocaluminum compound (B), and the
electron donative compound (C).

The amount of the organcaluminum compound used in the



cyl copentyl i sobutyl di net hoxysi |l ane, cyl copentyl-tert-butyl di net hoxysil ane,
di cycl ohexyl di net hoxysi | ane, cycl ohexyl net hyl di net hoxysi | ane,

cycl ohexyl et hyl di met hoxysi | ane, cycl ohexyl i sopropyl di net hoxysi | ane,

cycl ohexyl i sobut yl di met hoxysi | ane, cycl ohexyl -tert-butyl di net hoxysil ane,
cycl ohexyl cycl opent yl di met hoxysi | ane, cycl ohexyl phenyl di met hoxysi | ane,

di phenyl di net hoxysi | ane, phenyl net hyl di net hoxysi | ane,

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

phenyl -t ert-butyl di met hoxys il ane, phenglcylcopentyldinethoxysilane,

di i sopropyl di et hoxysi |l ane, diisobutyl di e2®oxysil ane,

di -tert-butyl di et hoxysil ane, tert-butyl nethyl di et hoxysil ane,

Cycl hexy! meBAFRPOLVIST LATLHE A on SRARGEA AFEmNaRGY: Ralihde range

di phenyl di et hgxysit a fﬁﬁﬁﬁg ngkﬂyl gt i e
2-norbornane%gtﬁi?%igg%%oxy3| éh an&g$ﬁé%??§§g %ﬁ?ﬁ?ﬁ%@%sa?%? pol yneri zi ng
olefin bébengingl€s tire AN ited 6th Groupseianthenvenié@ici Bable

[err]-olefin having 3 or nore carbon atonms and the exanpl es include
strai ght chafenhdieed| it ithe Apdidasapadyptesomppnedhel{a) » pahd chike Irange

hexene-1, heptepe-1, tene-1, .degene-1l.and the |Ljke:;, branched no- ol efi ns
such as 8% 9 to Géﬁﬁéilpef 1mo o% %he me%a ggg@ b%£ﬂ%?ﬁ§$b§$é?&§]”

f’h et ml_oeqth ggg-%% rﬁ%ﬁ%ggfrﬁﬁ%@l peRdodiBerhbke: contyinys! phexgge and
solid catalyst component (A) is particularly preferred.

The amount of the electron donative compound (C) used
in the main polymerization is preferably 0.1 to 2000mol,
more preferably 0.3 to 1000mol and particularly preferably
0.5 to 800mol per 1lmol of the metal atom belonging to the
4th to 6th Groups in the Periodic Table contained in the
solid catalyst component (A), and preferably 0.001 to 5mol,
more preferably 0.005 to 3mol and particularly preferably
0.01 to lmol per the organoaluminum'compound (B).

The main polymerization can be carried out at a
temperature of -30 to 300°C and preferably 20 to 180°C.
There is particularly no restriction on the polymerization
pressure. However, from industrial and economical
viewpoints, the pressure is preferably a normal pressure to
100kg/cm? and more preferably about 2 to 50kg/cm?.

As the polymerization form, either of a batchwise
polymerization and a continuous polymerization are possible.
A slurry polymerization or a solution polymerization in an
inert hydrocarbon such as propane, butane, isobutane,
pentane, hexane, heptane or octane, a bulk polymerization in

which liquid olefins at the polymerization temperature is



may be used alone or in conbination of two or nore thereof. In other words,
one a -olefin my be honopol ynerized or a mixed [err]-olefins may be

copol ynmeri zed. Anong these a -olefins, it is preferred to honopol yneri ze
propyl ene or butene-1 or copol ymerize a m xed ol efin conprising propyl ene
as the main conponent and it is particularly preferred to honopol yneri ze
propyl ene or copolynerize the m xed ol efin conprising propylene as the main
conponent. In the copolynerization of the present invention, the m xture of
et hyl ene and at | east one a-olefin selected fromthe above a-olefins can
be used. Furthernore, it is possible to-88e a conmpound having two or nore
unsat urated bonds such as a conjugated di ene and a non-conjugated diene in
the copolynmerization. A_hetero-block copol ynerization which conprises two
or more pol yRERAza8i anmedEya, h Hgasaphage polymegization may Jee feeding

of each catagxg ggnponent to a polynerization vessel is not particularly
restricted exce F eeding in the water-free state under an inert gas such

as nitrogen, argonrfrthdendikpolymerizhtdonQ! i€ €3t pbysintanpangay 47 . the
or ganoal um num conpound (B) and the el ectron donative conpound (C) nay be

f ed separat ethabn trahmsfer vagart tdush ase hydeogensby thet hikediandrdéen fed.
In the present inventjon, it is possible to nerize

|
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prelimnary Bg%a@g%azation menti oned afterward nay be perfornmed before
carrying out above pol yneri zation

EXAMPLE

The present invention is illustrated in detail by
Examples and Comparative Examples as follows but the present
invention is not limited thereto. The methods for evaluating
various material properties of the polymer in Examples are
as follows. '

The xylene-soluble part at 20°C (hereinafter, abbreviated as
*CXS" ): After dissolving perfectly lg of the polymerization
powder in 200 ml of boiling xylene, it was slowly cooled to
50°C and successively, cooled to 20°C with ice water under
stirring. After allowed to stand for 3 hours at 20°C, the
polymer precipitated is separated by filtration. Xylene is
evaporated from fhe filtrate followed by drying under vacuum
at 60°C and a polymer soluble in xylene at 20°C is recovered
and weighed to determine % by weight to the weight of the
total polymer. When the value of CXS is the smaller, an
amorphous polymer is the less and it indicates a high
stereoregularity.

Example 1
{a) Synthesis of solid product



(hereinafter, referred to as "pol ynerization" or "main pol yneri zation").
The prelimnary polynerization is carried out in the presence of the solid
catal yst conmponent (A) and the organoal um num conpound (B) by feeding a
smal |l amount of an olefin and is preferred to carried out in the slurry
state. As a solvent used for slurring, an inert hydrocarbon such as
propane, butane, isobutane, pentane, isopentane, hexane, heptane, octane,
cycl ohexane, benzene or toluene can be used. In the formation of slurry, a
part or the all part of the inert hydrocarbon may be replaced with a |iquid
ol efin. The anpunt of the organoaBl#i num conpound used in the
prelimnary polynerization can be selected fromw de range as fromO0.5 to

700nol per 1nol of %he net al atom bel ongi.ng to the 4th to 6th Gioups in the
Peri odi ¢ Tabl e i n dhEeEA i 3P W ALpsk &5 WikRdat RELERBENRNE @

preferably 0O : Qﬂ%; &l 1 1:Qe2 r of .t he net al
atonlbelongiﬁgoégléﬁe t??#ﬁy%§{$QEﬁ§ﬁg?k%g.P%gthg?géggs'.a gli%fthe solid
catal yst conpexgné, Fismpm.wy, of. 3mB@19! ofi Hitiﬁobﬁtgleﬂ:hﬂhiiﬁété Yand

pol ynmerized is 0.01 to 1000g, preferably 0.05 to 500g and particularly
preferably 078.¢ml00Pher34Pmpodf) oifetetiragtbarybjtanegugoacthirown in The

T27 Y pol ynk? | SHA e 4 SpRoREEae, P L5 L880oNeRE: Hhite dseepiag @
conponent/ | i { G SPAMEY BEHRAETASH! at! %°@" c18iaP! ¥ 3aith-butyl ether

solution of n-butylmagnesium chloride (manufactured by Yuki
Gosei Yakuhin Company Ltd., the concentration of n-
butylmagnesium chloride of 2.1lmmol/ml) was gradually dropped
in for 4.3 hours from the dropping funnel. After dropping,
it was further stirred for 1 hour at 5°C and successively,
further stirred for 1 hour at room temperature. After the
resulting mixture was subjected to solid-liquid separation
and washed repeatedly three times with 180ml of toluene,
155m1 of toluene was added. When a part of the solid product
slurry was sampled and composition analysis was performed,
no phthalate was detected and the ethoxy group of 32.6% by
weight and the butoxy group of 0.42% by weight were
contained in the solid product. The slurry concentration was
0.172g/ml. -
(b) Synthesis of solid treated with ester

After a 50ml flask equipped with a stirrer, a dropping
funnel and a thermometer was substituted with nitrogen, 25ml
of the slurry containing the solid product obtained by the
above (a) was thrown in, furthermore, the temperature was
elevated to 105°C and the slurry was stirred for 30 minutes.

Next, 3.35ml(12.5mmol) of diisobutyl phthalate was added and



300g-the solid catal yst conponent/liter-solvent. The tenperature of the
prelimnary polynerization is preferably -20 to 100[err]C, nore preferably
O to 80[err]C. The partial pressure of the olefin in the gas phase in the
prelimnary polynerization is preferably 0.01 to 20kg/cnierr] and
particularly 0.1 to 10kg/cnferr] is preferred, but this does not applied
to the olefin being liquid at the pressure and tenperature of the
prelimnary polynerization. Furthernore, the prelimnary polynerization
tinme is not particularly restricted and 2 mnutes to 15 hours is usually
preferred. In carrying out the prdR+m nary pol ynerization, the
feeding of the solid catal yst conponent (A), the organoal um num conpound

(B) and the olefin naﬁ ?e ﬂgo ted either by a nethod for feedin% t he
ol efi n aft er T€BREEEL RRgiO? i BALRS - AEHSEnERE TRRCHAPR. hRe

organoal um n 0 , {?éﬁf rof i A L umi num
conpound ( B) Qg}a F ggg}éoﬁ?g&‘%‘lﬁ%gwﬁeﬁls% catt% fg'?' ggo%g'g{ﬁgﬁt gég%?g%' B the
ol efin. The faadiwaghed thic®!with 25w b taderened either by a nmethod for
feeding the olefin in order while keeping a fixed pressure in the

pol yneri zati 68)vEy¥nthesigropysalirbidakaliyst compongns| activapirget er ni ned
anount of olefigpat the start. A chain transfer agent such as hydrogen
can be added*FRa5PABF)to control the nol ecul ar weight of a polymer to be

obt ai ned. FAELDET €0 Gradidd G P tele TBBIEY (BY! YHBbhZALE O Pliefe,
0.28ml(1.05mmol) of diisobutyl phthalate, 0.5ml(2.96mmol) of
di-n-butyl ether and 8.0ml1(0.073mol) of titanium
tetrachloride were added to the flask and reacted for 3
hours at 105°C. After completion of the reaction, it was
separated at the same temperature by solid-liquid separation
and éuccessively, washed twice by 30ml of toluene at the
same temperatﬁre. Next, 7.0ml of toluene, 0.5ml1(2.96mmol) of
di-n-butyl ether and 4.0m1(0.037mol) of titanium
tetrachloride were added and reacted for 1 hour at 105°C.
After the end of the reaction, the resulting mixture was
subjected to solid-liquid separation at the same temperature
and successively, washed three times with 25ml of toluene at
the same temperature, and then washed three times with 25ml
of hexane and dried under vacuum to obtain 4.6g of the solid
catalyst component.

In the solid catalyst component, the titanium atom of

1.67% by weight, the phthalate of 9.10% by weight, the
ethoxy group of 0.65% by weight, the butoxy group of 0.14%
by weight were contained. When the solid catalyst component
was observed by a microscope, it had an excellent particle

property having no fine particle.



- 28- smal | amount of the olefin in the presence of solid catal yst
conponent (A) and the organoal um num conpound (B), the electron donative
conpound (C) may, if necessary, coexist. The electron donative conpound
used is a part or the all part of the above-nentioned el ectron donative
conmpound (C). The amount used is preferably 0.01 to 400nol, nore
preferably 0.02 to 200nol and particularly preferably 0.03 to 100nol per
1mol of the netal atom belonging to the 4th to 6th Groups in the Periodic
Tabl e contained in the solid catalyst conponent (A), and preferably 0.003
to 5nol, nmore preferably 0.005 to 3nol=&hd particularly preferably 0.01 to
2nol per the organoal um num conpound (B). The feeding nethod of the

el ectron donatj v ompound (C) in the prelimnary polymerization is not
particularly?éﬁeﬁéfiég) .éaigﬁg§gp§5°93§e§€parateIy from the organoal um num
conpound (B) and af tfI] Gyt aGdl | el i | W3 nd (B), it
may be fed. The olefin used i#rgﬁgwbrgP%n?ﬁ§?§§%§?y§2F§§£%?§gpﬁgy be the
sane or diffeubstituted With alrgon) andd2i.émnbd 08 trpetyyraludninen,

After the prelininarﬁagolynerization was carried out as nentioned above, or

wi t hout perf&r26meol Rt Fvalohexyletpyldimethaxyshlanacandi h- g yofribet i on
pol yer | zat | B At SHBECERR PRECHRBOESHONY bRbdSErI Fetett yr
conponent ( Alydiéderd GH IR peRding ¢8NROpASLER] . pPESsthe & egliPegAapati ve
conpound (C). The amount Of the organoal um num conpound used in the
was added. Subsequently, 780g of liquid propylene was fed,
the temperature of the autoclave was elevated to 80°C and
the polymerization was performed for 1 hour at 80°C. After
the polymerization, an unreacted monomer was purged. The
polymer produced was dried under vacuum for 2 hours at 60°C
to obtain 333.6g of the polypropylene powder. Therefore, the
yield of the polypropylene per 1g of the solid catalyst
component (hereinafter, abbreviated as PP/th) was
42,200(g/g). The Xylene-soluble part at 20°C occupying in
the total yield (CXS) was 0.74(wt%), the bulk density of the
polymer was 0.40(g/ml).
Comparative Example 1
(a) Synthesis of solid -product
After a 500ml flask equipped with a stirrer and a
dropping funnel was substituted with nitrogen, 240ml of
hexane, and 69.4ml1(64.8g, 31lmmol) of tetraethoxysilane were
thrown in to obtain a homogeneous solution. Next, while
keeping a temperature in the flask at 5°C, 181ml of di-n-
butyl ether solution of n-butylmagnesium chloride was
gradually dropped into the flask taking 4.3 hours from the

dropping funnel. After the dropping, it was further stirred



- 29- mai n pol yneri zation can be selected fromsuch a wde range as from1
to 1000nol per 1nol of the the netal atom belonging to the 4th to 6th
Goups in the Periodic Table contained in the solid catal yst conponent
(A), and the range of 5 to 600nol per 1mol of the netal atom belonging to
the 4th to 6th Goups in the Periodic Table contained in the solid
cat al yst conponent (A) is particularly preferred. The anount of the
el ectron donative conmpound (C) used in the main polynerization is
preferably 0.1 to 2000nol, nore preferably 0.3 to 1000nmol and particularly
preferably 0.5 to 800nol per 1nol of thka&4setal atom belonging to the 4th
to 6th Goups in the Periodic Table contained in the solid catalyst
conponent (A), and preferabLg 0.001 to 5nol, nore preferably 0.005 to 3nol
and parti cul Fory lpheugr agl §°Coand sucqessiveky + Harmhhem sdlimriedu focodpound

(B). l.n | yperizatjon c be carried qQut, at g .tenperature of
-30 to 300[ eﬁla]‘e_‘engl%d rg?@f g?'ggﬁjaé'br? balg%%ﬁ%r’ﬁ]?lreﬁ’ﬂgﬁrﬁgs THFHFEUNERl y no
restriction gapheetaal ¥EPELIIEL PIPI@NELrat RIP UG walshBd HULEREN AN
economi cal viewpoints, the pressure is preferably a normal pressure‘to
100kg/ cni er r thaee tdmespwithr 300l adnb Hexare andk ¢hreectimesAwithe300ml

polynerization form either of a batchw se polynerization and_a continuous
pol yneri zati 8% 5PéUBBEs; PRl of -toluene was added. In this solid

product slurry, ethoxy group of 35.9% by weight and butoxy
group of 0.39% by weight were contained. The slurry
concentration was 0.117g/ml.
(b) Synthesis of ester-treated solid

After a 100ml flask equipped with a stirrer, a
dropping funnel and a thermometer was substituted with
nitrogen, 85ml of the slurry containing the solid product
synthesized in the above (a) was thrown in, furthermore,
26.9m1 of the supernatant was taken out, and the temperature
was elevated to 95°C. 6.7ml(7.0g, 25mmol) of diisobutyl
phthalate was added and reacted at 95°C for 30 minutes.
After the reaction, the resulting mixture was subjected to
solid-liquid separation and washed twice with 59ml of
toluene. _
(c) Synthesis of solid catalyst component (activating
treatment)

After the end of the washing in the above (b),
13ml of toluene, 0.56ml{0.58ml, 2.lmmol) of diisobutyl
phthalate, 1.0m1(0.77g, 5.9mmol) of di-n-butyl ether and
20ml(34.6g9, 0.182mol) of titanium tetrachloride were added
to the flask and reacted for 3 hours at 95°C. After the

reaction, it was separated at 95°C by solid-liquid



A slurry polynerization or a solution polynerization in an inert
hydr ocarbon such as propane, butane, isobutane, pentane, hexane, heptane
or octane, a bulk polynerization in which liquid olefins at the

- 30-

pol yneri zation tenperature is
used as a nedium or a gas phase polynerization nmay be adopted. In
the main polynerization, it is possible to add a chain transfer agent such
as hydrogen or the like in order to control the nolecul ar weight of the
pol ynmer to be produced. EXAMPLE The present invention is

illustrated in detail by Exanples and Ga&%rarati ve Exanpl es as foll ows but
the present inventionis not limted thereto. The nethods for eval uating

various naterjal raper s of the in Exanples are as follows. The
xyl ene- sol ubl eepp%%[ ?@?e??‘]’@?ﬁé%g?%f teasheghfrveigenhyy Sml °<§><s;ol)uener ter
S'yfﬁﬁ'e ving ped gquwxéyalngogltemgeeaeekwﬁ&@t ' D1 R b0 HmaGo B9, "9
5.9mmol) of di-n-butyl ether and 10ml(17.3g, 0.091mol) of
titanium tetrachloride were added and reacted for 1 hour at
95°C. After the end of the reaction, it was subjected to
solid-liquid separation at the same temperature'and
successively, after washed three times with 50ml of toluene
at the same temperature, washed three times with 50ml of
hexane and dried further under vacuum to obtain 9.44g of the
solid catalyst component.
In the solid catalyst component, the titanium atom of
1.51% by weight, the phthalate of 5.8% by weight, the ethoxy
group of 1.49% by weight and the butoxy group of 0.15% by
weight were contained.
(d)Polymerization of propylene
The polymerization of propylene was performed in the
same manner as in the polymerization of propylene of Example
1 (d) except using the solid catalyst component obtained in
the above (c) of Comparative Example 1.
The PP/Cat was 14,200(g/g), the CXS was 1.0(wt%) and the
bulk density was 0.435(g/ml). This Comparative Example is
more inferior in polymerization activity than the present
invention owing not to polymerize with the solid catalyst
component of the present invention.
Comparative Example 2
(a) Synthesis of solid catalyst component

The synthesis of the solid catalyst component was



50[err] C and successively, cooled to 20[err]C with ice water under
stirring. After allowed to stand for 3 hours at 20[err]C, the polyner
precipitated is separated by filtration. Xylene is evaporated fromthe
filtrate fol |l owed by drying under vacuum at 60[err]C and a pol yner sol uble
in xylene at 20C is recovered and weighed to determ ne % by weight to the
wei ght of the total polyner. Wien the value of CXS is the smaller, an
anot phous polyner is the less and it indicates a high stereoregularity.
Exanple 1 (a) Synthesis of solid product

- 31- After a 500m flask equi pped6émth a stirrer and a dropping
funnel was substituted with nitrogen, 290m of hexane, 2.5n (2. 6g,
9.3mmol ) of diisobutyl phthalate and 78.0m (72.9q, 349mvol ) of )

t et r aet hoxysiqoadiickede ash£owAcwWs iR cacEREdInce @ranpl e dl deseribadx

ether sol ut i “SEoRes% JrhagRetREr T o o atineL e Bp Podatisle
Yakuhi n Conpanysitd., the concentration of n- butyl magnesi um chloride of

2.1lmmol /m) was gradually dropped in for 4.3 hours fromthe dropping
funnel . After droppiftgr ai 200mt flaskesgwippeddviftdr al stdoreat afidear ] C and

SucceSSively’therm.om.eter was substituted with nitrogen, 13.2g of a
commercial anhydrous MgCl., 70ml of n-decane and 65ml of 2-
ehtylhexanol were thrown in and reacted for 4 hours at
130°C. To the reaction mixture, 3.09g of phthalic anhydride
was further added, and after reacting for 1 hour at

130°C, they were cooled to room temperature.

After a 1 liter flask equipped with a stirrer, a dropping
funnel and a thermometer was substituted with nitrogen,
560ml of titanium tetrachloride was thrown in and cooled to
-20°C. The whole amount of the obtained reaction solution
was thrown into the dropping funnel and gradually dropped in
the flask taking 1 hour. After the dropping, the temperature
was elevated to room temperature taking 1.25 hours and
furthermore, elevated to 110°C taking 3 hours. To this,
7.8ml of diisobutyl phthalate was added and reacted for 2
hours at 110°C. After the reaction, the resulting mixture
was subjected to solid-liquid separation at the same
temperature and 560ml of titanium tetrachloride was added
and reacted for 2 hours at 110°C. After completion of the
reaction, thus obtained reaction mixture was subjected to
solid-liquid separation at the same temperature, the solid
thus obtained was washed five times with 100ml of LP 20

(manufactured by Idemitsu Petrochemical Company Ltd.) at the



further stirred for 1 hour at roomtenperature. After the resulting

m xture was subjected to solid-liquid separation and washed repeatedly
three tines with 180m of toluene, 155m of toluene was added. When a part
of the solid product slurry was sanpled and conposition anal ysis was
perfornmed, no phthal ate was detected and the ethoxy group of 32.6% by

wei ght and the but oxy group of 0.42% by wei ght were contained in the solid
product. The slurry concentration was 0.172g/m . (b) Synthesis of solid
treated with ester After a 50m flask equipped with a stirrer, a
dropping funnel and a thernoneter was slibstituted with nitrogen, 25m of
the slurry containing the solid product obtained by the above (a) was

thrown in, furthernore, the tenperature was elevated to 105/ err]C and the
slurry was st3P¢ SPHRFEAHNTR ﬁGEE§PCCH§§FYe§Y35ﬁ?€§%g5%%&?3 {ﬁm?gi¥&ﬁﬁnyl
pht hal at e wa: ?&peﬁdfq*gc : TSV
react ed at 1%% err|C orané’eo ar% ﬁﬁ? gsFeXP?g?t?ﬁg ?%%ccﬁ"b%c} I%Ih%er r‘{aafc‘ﬁ'lg%n

m xture was sailyieediad 10 79y iof- theusdli@peatalest compormedied thd ce with

25m of toluene. (c) Synthesis of solid catgé%st conponent (activating
treatment) titanigm atomhefndskiligbynwekghtib the phtlpplats abldudite,

by weight were contained in the solid catalyst component.
(b) Polymerization of propylene

A 3-liter stirring type stainless autoclave was
substituted with argon, and 2.6mmol of triethylaluminum,
0.26mmol of cyclohexylethyldimethoxysilane and 10.1mg of the
solid catalyst component synthesized in (a) were fed and
hydrogen corresponding to a partial pressure of 0.33kg/cm?
was added. Subsequent;y, 780g of liquid propylene was fed,
the temperature of the autoclave was elevated to 80°C and
the polymerization was carried out for 1 hour at 80°C. After
the polymerization, an unreacted monomer was purged. The
polymer produced was dried under vacuum for 2 hours at 60°C
to obtain 323g of polypropylene powder.
Therefore, the PP/Cat was 32,000(g/g). The CXS was 1.7(wts),
and the bulk density of the polymer was 0.42(g/ml).



0.28m (1. 05mmol ) of diisobutyl phthalate, 0.5m (2.96mmol) of di-n-butyl
ether and 8.0m (0.073nol) of titanium tetrachloride were aam

flask and reacted for 3 hours at 105[err]C. After conpleti mmi’j'ﬁﬁ’m”m’
" sk

reaction, it was separated at the saneggenperature by soli h
separation and successively, washed twi ce by 30m of toluene at the sang'
tenperature. Next, 7.0m of toluene, 0.5m (2.96mmol) of di-n-butyl ether
and .4. O (0.W08Emds) chaimedt v um tetrachl ori de were added and reacted for 1

hour at 105C. Aftger STk Qf [ ion, th esul 'n_g I Xture was
subj ected to soli 3I‘|’%B§d seﬁgr%{%ﬁrg?g%’h%n s?ﬁ%‘r%ﬁf%rr%g?%lure “and
successi vely, wask&l & Isedid tcanebyst chmgdméntolobt ainedyatreatiegsane

tenperature,_ and the shed three tipes with 25m of hexane and dried
under vacuumx 6‘905f%§%\gﬁ.°%tg“8?dttf¥e °§8F$‘6It”t9at‘af:%ﬁ°u88 BT a7 In the
solid catal ysio boRPORMBEeid MCis i dhaNeUBmed®BOthe 11527 %Ry, WBEdz t he

pht hal ate of 9.10% by wei ght, the ethoxy group of 0.65% by weight, the
but oxy groug4sP BFARERLHIEREHId ifeTab N (Hithet? OAFARCRIENESIRR ] cat al yst

conponent WasmBoSHd igd the prelbided $20RF eldctial AhoeXEShdduRk, PRy Cl e
property having_no fine particle.
-33- an electron donor compound and successively a halide
compound of metal belonging to the 4th to 6th Groups in the
Periodic Table;
(B) an organcaluminum compound; and
(C) an electron donative compound.
2. An q-olefin polymerization catalyst according to
claim 1, wherein the compound having an M-O bond is a
member selected from the group consisting of organosilicon
compounds having an Si-O bond represented by the general
formulae:
Si(OR!)aR?4.a;
R*(R*2S10),SiR%;; and
(R92810)4
wherein R' is a hydrocarbon group having 1 to 20 carbon
atoms, each R?*, R’, R*, R’ and R® is a hydrocarbon group
having 1 to 20 carbon atoms or a hydrogen atom, m is a -
number satisfying 0<mS4, p is an integer of 1 to 1000 and q
is an integer of 2 to 1000. -
3. An q-olefin polymerization catalyst according to
claim 1, wherein the.brganomagnesium is a member selected -
from the group consisting of organomagnesium compounds
represented by the general formulae:
R¥MgX ; and
RR!Mg;
wherein each R', R* and R!’ represents a hydrocarbon group
having 1 to 20 carbon atoms and X represents a halogen atom.

4. An a-olefin polymerization catalyst according ta

This Sheet Has Been Replaced
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(d) Polynerization of propyl ene A 3-liter stirring type stainless
autocl ave was substituted with argon, and 2. 6mrmol of triethylal um num

0. 26mmol  of cycl ohexyl et hyl di met hoxysilane and 7.9ng of th g catal yst
conmponent synthesized in (c) were fed and hydrogen correspalﬂ%@ﬂ}uﬂﬁumum
partial pressure of 0.33kg/cnferr] was added. Subsequentl| yy w U
propyl ene was fed, the tenperature of the autoclave was el evated to
80[err]C and the polynerization was perforned for 1 hour at 80[err]C.
After the polynerization, an unreacted nonomer was purged. The pol yner
produced was dried under vacuumfor 2 hoe3®-at 60[err]C to obtain 333.6g
of the pol ypropyl ene powder. Therefore, the vyield of the polypropyl ene per
1g of the solid catalyst conponent (hereinafter, abbreviated as PP/ Cat)
was 42, 200( g Aim Hre WRATSIA SdeuBlechzen donoy| presenbcinpyhegcontadthe
total yield ( ) Q. 9 t he _bul k_densi of the  pol yner was
0.40(g/m). rrpuagr% il&e%%atfeflﬁ) °§yﬁgﬁe§?i}-’%fpg%€?#%t AERiuct

After a 500mMiddepdndratiiprad WstBra ' .and a dropping funnel was
substituted wthmicragon §, Bstarach SaBa. 214 69, ant (64. 8g, 311mol) of
tetraet hoxysilane Wer @n trolefin polghériratidwregedlaats soddiidigly tiext,

whi | e keepi(r‘}ﬁ-a tenperature in the flask at 5[err]C 181m of di-n- butyl
ether sol uti G133 A-bWhPFRAGnERRURSERT oPPmRO if almenberirsgeatedito t he

flask taking Reur . pLRAC nnel . . Afiter. the dropping, it
et oher s?tqriorire W 3rbbBEbRE 1P RPPs Pl It eq aliphatic
carboxylates, unsaturated aliphatic carboxylates, alicyclic

carboxylates and aromatic carboxylates.

6. An a-olefin polymerization catalyst according to
claim 1, wherein the electron donative compound is a member
selected from the group consisting of alcohols, phenols,
ketones, aldehydes, carboxylic acids, esters of organic
acids and inorganic acids, ethers, acid amides, acid
anhydrides, ammonias, amines, nitriles and isocyanates.

7. An a-olefin polymerization catalyst according to
claim 6, wherein the electron donative compound is a member
selected from the group consisting of esters of inorganic
acids represented by the general formula:

R'7,Si(OR®)4.-x
wherein R'’ is a hydrocarbon group having 1 to 20 carbon
atoms or hydrogen, R'® is a hydrocarbon group having 1 to 20
carbon atoms, R!'? and R!® each may be different in the same
molecule, and n is a number satisfying 0Sn<4 , and

ethers represented by the general formula:

This Sheet Has Been Replaced
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- 34- for 1 hour at 5[err]C and successively, further stirred for 1
hour at roomtenperature. After the resulting m xture was subjected to
solid-liquid separation and washed repeatedly three tinmes wﬁth 300m of

hexane and three tinmes with 300m of toluene, 250m of tqu
In this solid product slurry, ethoxy group of 35.996by %ﬁ
group of 0.39% by wei ght were contained. The slurry c

0.117g/ m . (b) Synthesis of ester-treated solid ﬁﬁter a 100n1
flask equi pped with a stirrer, a dropping funnel and a thernoneter was
substituted with nitrogen, 85m of the-§8urry containing the solid product
synt hesi zed in the above (a) was thrown in, furthernore, 26.9m of the
supernat ant was taken out, and the tenperature was elevated to 95[err]C.
6.7m (7.0g, 25mmmol) of diisobutyl phiglgl ate was added and reacted at
95[err]C for 30 mnutes. After the re ction the resulting m xture was

subjected to solid- quuid a&g%% 2vmce wth 59m of
toluene. (c) Synthesis of o) nponent (activating treatnent)
After the end of the washing in the a e (b), 13m of toluene,

0.56m (0.58m , 2.1nmol) of diisobutyl phthalate 1.0m (0.77g, 5.9mmol) of

ghagabutyl etﬁgre dRIZQQg(§¥&E¥¥e lﬁgipe d@ﬂ%&ytgtg }ggb gte gEAogéde nere

branched chain alkyl, alicyclic, aryl, alkylaryl or
arylalkyl group having up to 20 carbon atoms, and R!® or R2??
may be a hydrogen atom.

8. An a-olefin polymerization catalyst according to
claim 7, wherein the organo silicon compound is a one
represented by the formula:

R23R24Si(OR?%);
Wherein R?® is a hydrocarbon group having 3 to 20 carbon
atoms in which the carbon adjacent to Si is secondary or
tertiary one. |

9. An a-olefin polymerization catalyst according to
claim 1, wherein the compound having the M-O bond is an
organosilicon compound having an Si-O bond, the electron
donor used in the contact and the treatment each is an ester
compound, and the halide compound of metal belonging to the
4th to 6th Groups.in the Periodic Table is a titanium
halide.

10. process for producing an a-olefin polymer which
comprises polymerizing an a-olefin with an a-olefin
polymerization catalyst comprising:

(A) a solid catalyst component obtained by treating a

solid product obtained by contacting a compound having an M-

This Sheet Has Been Replaced
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to the flask and reacted for 3 hours at 95[err]C. After the reaction, it
was separated at 95[err]C by solid-liquid

- 35- separation and successively, washed twi ce by 50m of toluene
the.sane tenperature. Next, 10m of toluene, 1.0m (0.77g, L ‘mm‘
di -n-butyl ether and 10m (17.3g, 0.091nol) of titaniumte

added and reacted for 1 hour at 95[err]C. After the end of * the reactlon
it was subjected to solid-liquid separation at the same tenperature and
successively, after washed three tinmes with 50m of tol uene at the sane
tenperature, washed three tines with 50r#lef hexane and dried further
under vacuumto obtain 9.44g of the solid catalyst conponent. I n
the solid catalyst conmponent, the titaniumatomof 1.51% by wei t he

pht hal at e of 955896p{Mas ghHe ?#ﬁﬂ%ﬂquﬁéltQﬁ(iﬁ5r09n§r4é%FBy°ﬁeﬂégP ﬁﬁGuPhe
but f 1
oropy! ene P18 che Bl S IE NS P UL dieanonbohES HBTELARELAE, F (e

manner as Inthbepﬁékéﬁ@él@’-ﬁtaerbﬁcﬁa:Fdlp)dcﬁi& ohvinalnl e1éctdbnedsmpr Usi ng
the solid catal yst conponent obtained in the ‘above (c) of Conparative

Exanpl e 1. TthPPuQBesaaxehylauhxkﬂqg canpoundSofagetad( helpngingt be thel k
density was [m). This Co rative Exanple is nore inferior in

435
polynerizati8ﬁhaﬁég§F¥yG¥?ER§t4ﬂa §@ﬁﬁoqlﬁvgﬁpﬁﬁn owi ng not to polynerize

with the solid catphysin organoaluminum compound; and
(C) an electron donative compound.

11. A process for producing an a-olefin polymer
according to claim 10, wherein the compound having an M-O
bond is a member selected from the group consisting of
organosilicon compounds having an Si-O bond represented by
the general formulae:

Si(OR!)aR%4-n;

R3*(R%2810),SiRY¥3;; and

(R®:8i0)q ;
wherein R* is a hydrocarbon group having 1 to 20 carbon
atoms, each R?, R?®, R*, R® and R® is a hydrocarbon group
having 1 to 20 carbon atoms or a hydrogen atom, m is a

number satisfying 0<m=<4, p is an integer of 1 to 1000 and g

is an integer of 2 to 1000.

12. A process for producing an a-olefin polymer
according to claim 10, wherein the organomagnesium is a
member selected from the group consisting of organomagnesium
compounds represented by the general formulae:

R®MgX ; and
RYR!°Mg;

wherein each R®, R’ and R!° represents a hydrocarbon group

—
ot Has Been Replaced

TR



conmponent of the present invention. Conparative Exanple 2 (a) Synthesis
of solid catal yst conponent The synthesis of the solid catalyst
conmponent was - 36- conducted as

follows in accordance with exanple 1 described in Japanese Patent

Pubfi cati on (Unexam ned) Sho No. 58-83006 (1983). ,ﬁl’mmm\lﬂmmﬂm fl ask
equi pped with a stirrer and a thernoneter was substi¥ i\ gen,
13.2g of a commercial anhydrous MyCl[err], 70m of n-decane &nd®65f1 of 2-
ehtyl hexanol were thrown in and reacted for 4 hours at 130[err]C. To the
reaction m xture, 3.09g of phthalic anhydRi-de was further added, and after
reacting for 1 hour at 130 C, they were cooled to roomtenperature. After
alliter flask equipped with a stirrer, a dropping funnel and a

t her roret er WA¥i8ghdt teuR8dcarken natemsgcand JoPRPLIFSeNtSad Ialiogenaaltioor.i de

was thrown in and q oled to -20[err] C._The. whaol e %nngn%.of tae obt ai ned
reaction sol ution st RFBARS? nt o (PP WO AP 1QRef 4Ry PG -3BExR | y

dropped in thaokkask takingid 1OU whd¥d &1 éﬂf il 9]513&1% FEReht Yhe

was el evated to roomtenperature taking 1.25 hours an rthefnore,

el evated to the| eonk@ctakndgusedoln sthd crddtment dfl the dolidbprpduct
pht hal ate was added and reacted for 2 hours at 110[err]C After the
reaction, th@rfedBAePRRIANkLYiIran ester compound.

14. A process for producing an a-olefin polymer
according to claim 11, wherein the ester compound is a
member selected from the group consisting of saturated
aliphatic carboxylates, unsaturated aliphatic carboxylates,
alicyclic carboxylates and aromatic carboxylates.

15. A process for producing an a-olefin polymer
according to claim 10, wherein the electron donative
compound is a member selected from the group consisting of
alcohols, phenols, ketones, aldehydes, carboxylic acids,
esters of organic acids and inorganic acids, ethers, acid
amides, acid anhydrides, ammonias, amines, nitriles and’
isocyanates.

16. A process for producing an «a -olefin polymer
according to claim 15, -wherein the electron donative
compound is a member selected from the group consisting of -
esters of inorganic acids represented by the general
formula:

R}7,Si(OR®)4-n
wherein R!’ is a hydrocarbon group having 1 to 20 carbon
atoms or hydrogen, R*® is a hydrocarbon group having 1 to 20
carbon atoms, R!7 and R!? each may be different in the same

molecule, and n is a number satisfying 0Sn<4 , and



was subjected to solid-liquid separation at the same tenperature and 560mni
of titaniumtetrachl oride was added and reacted for ngﬁﬂég—ﬂl_llQLgLLiil
After conpletion of the reaction, thus obtained reactt Xxture was ... .
subj ected to solid-liquid separation at the sane te mﬂl l“ Eﬂ“}d

t hus obt ai ned was washed five tines with 100m of LPna i Q';Zt ' y.

| dem t su Petrochem cal Conpany Ltd.) at the *

- 37- sanme tenperature and successively, washed three tines with 150m of
hexane at roomtenperature and dried under vacuum to obtain 15.78g of the
solid catal yst conmponent. The titaniume4dm of 1.61% by wei ght and the

pht hal ate of 4.5% by wei ght were contained in the solid catal yst conponent.
(b) Polynerization of propyl ene A 3-liter stirring type stainless
aut ocl ave wasethemsireppasentiednbyr §88, IgRETAL6HABRULR: t i et hyl al um num

0. 26mmol of cycl ohexyl et hyl di net hoxysi | ane and 10. 1ng of the solid catal yst
conponent synthesized in (a) were fed anag. ydr ogen corresponding to a

partial pressure of 0.33kg/cnferr] was ed. Subsequently, 780g of liquid
propyl ene was fed, the tenpergfure of the aytocl was el evated to
80[err]C and the polynmnerizati Bn (ﬁmcﬁar_r'ice'd' T hour at 80[err]C.
After the polynerization, an unreacted mer was purged. The polyner
produced was dried under vacuum for 2 hod¥s’ at 60C

wherein R!® to R?? are independently a straight chain or
branched chain alkyl, alicyclic, aryl, alkylaryl or
arylalkyl group having 1 to 20 carbon atoms, and R'® or R*°
may be a hydrogen atom.

17. An a-olefin polymerization catalyst according to
claim 16, wherein the organo silicon compound is a one
represented by the formula:

R23R24Si(OR2%).
Wherein R2??® is a hydrocarbon group having 3 to 20 carbon
atoms in which the carbon adjacent to Si is secondary or
tertiary one.

18. A process for .producing an a-olefin polymer
according to claim 10, -wherein the amount of the ether
compound used in the treatment of the solid product -is 0.008
to 80 mol per 1 mol of the metal atom belonging to the 4th
to 6th Groups in the Periodic Table contained in the solid
product.

19. A process for producing an a-olefin polymer
according to claim 10, wherein the organcaluminum compound
is a member selected from the group consisting of

organcaluminum compounds represented by the general



to obtain 323g of pol ypropyl ene powder. Therefore, the PP/ Cat was
32,000(g/g). The CXS was 1.7(wt%, and the bul k density of the polyner was
0.42(g/m). -38 - VWhat is
clainmed is: 1. An [err]-olefin polynerization cat St

essenti al | y of: (A) a solid catal yst conponent obt ai 1on -“ i i 1
organosili con conpound sel ected fromthe group consi Eﬂ mHMH '
conmpounds having an Si-O bond represented by the generalctormr ae:

S (Rerr])nRerr]; Rlerr](Rerr]SSOpSiRerr]; and
(Rlerr]SIOQq wherein R err] is a hydreddrbon group having 1 to 20 carbon
atons, each Rlerr], Rerr], Rerr], Rerr] and Rerr] is a hydrocarbon
group having 1 to_20 carbon atons or a hydrogen atom mis a nunber

sati sfying 0LRE®UlaeEs an integer of 1 to 1000 and q is an integer of 2 to
1000 with an organﬁm%nﬁ 'ym c_or%g#nd selected fromthe group consisting of
or ganonmagnesi um conpdunds’ T &pf € ted by the general formulae:

Rl err] MgX; and R*2R! a1 R)e1d Rpers ;M wherein each Rlerr], Rerr] and
Rlerr] represents a hydrocarbon group having 1 to 20 carbon atonms and X
represents awherejeneacbhnof Rtheqidsenepresentseat Aydobearbani gresp d
selected fromthe group consisting of saturated aliphatic carboxyl ates,
unsat ur at ed g]FT’bP:St ?-ctga??)cﬁéﬁboﬁ‘bé,t%ﬁrcyc KePresepstyrahatogad, aromatic

car boxyl at esp{§r8LR1 Or faf UMb YUy and 7 is a number satisfying
25 7.513.

20. A process for producing an a-olefin polymer
according to claim 10, wherein the amount of the
organocaluminum compound used is 0.5 to 1000mol per lmol of
the metal atom belonging to the 4th to 6th Groups in the

Periodic Table contained in the solid catalyst component.

21. A process for producing an a-olefin polymer
according to claim 10, wherein the amount of the electron
donative compound (C) is 0.1 to 1000mol per 1lmol of the"
metal atom belonging to the 4th to 6th Groups in the
Periodic Table contained in the solid catalyst component
(7).

22. A process for producing an a-olefin polymer
according to claim 10, wherein a preliminary polymerization
has been carried out prior to the polymerization of the
a -olefin.

23. A process for producing an a -olefin polymer
according to claim 10, wherein the polymerization is carried
out in the form of a slurry polymerization, a solution

polymerization, a bulk polymerization or a gas phase



washing the solid product with an inert solvent,

- 39 - treating the washed solid product with an ester of organic
acid selected fromthe group consisting of saturated aliphatic
carboxyl ates, unsaturated aliphatic carboxylates, alicyctic carboxylates,

and aromati c carboxylates to obtain an ester-treated mllmlmuﬂ“ m”mll
treating the ester-treated solid with a mxture of a a um
conpound represented by the general formula:

Ti(ORerr])gXerr]-g wherein R err] is a hydrocarbon group having 1 to 20
carbon atonms, X is a hal ogen atom and g-4$-a nunber satisfying 0<g<4 and an
et her conpound, or a mxture of the tetravalent-titani um conpound, the

et her conpound_and an ester conpound; (B) an organoal um num conpound;
and ( Cpodymerdgatdfndonat i ve conpound.

24. A process for producing an « -olefin polymer
according to claim 10, wherein the compound having the M-0
bond is an organosilicon compound having an Si-O bond, the
electron donor used in the contact and the treatment each is
an ester compound, and the halide compound of the metal of
the 4th to 6th Groups in the Periodic Table is a titanium
halide.



