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Thi s-i.nvention relates to a process for producing a solid c aI FB ,“E!LI"'

t he ptoduction of 5 olefin polyners, and nore part|cularly L
prodyci ng a novel solid catalyst having a-very high polyner|2|ng activit

per solid catalyst and p?ﬁoét$§“?b'ﬁ‘ ﬁﬁ@ﬁb&’&h&h s'oifd’rcp.‘ﬁ‘?uﬁé&' pgducing .

ol ef i*n pol ymers containing only very smal anounts of catal yst reS|dues

and anor phous 10 pol yners angsbaymngoggggh&Q@@ﬂ@Nﬂyyndnﬁpmmppert|es and
processability. As a process for producing polymers of [err]-olefins such

as propyl ene or butene-1, - t he process 15 wusing the so-called
Ziegler-Natta catal yst constituted of
1 .-

. This invention relates to a process for

producing a solid catalyst used in the production of

5 olefin polymers, and more particula;ly to a process for
producing a novel solid catalyst having a very high
polymerizing activity per £o0lid catalyst and per titanium
atom which is for use in producing olefin polymers containing only

very small - amounts of catalyst residues and amorphous.
- 10 gﬂymaﬁ;andlﬁvnxyemxﬂlentnecmuucalpquntuﬁ;and

processablllty.

As a process for producing ;olymers of a-olefins
such as propylene, butene-1 and the like, the process
15 ‘using the so-called Ziegler-Natta éatalysf'constituted of
a transition.metal compound belonging to Group IV to Group
VI of the periodic table and an organometallic compound
belonging to Group I to Group III is generally well
knowh. Particulaily,_in the industrial production of
20 a-olefin polymers, titanium trichloride catalysté are
widely used.
-In this production process, hdwever, amorphous
PQENETSEﬂé formed as a by-product in addition to the

valuable highly stereospecific a-olefin polymers.
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periodic table and an organonetal lic conpound bel onging to G oup
I Pl is generally well known. Particularly, in the industrial pro
20 [err]-olefin polynmers, titaniumtrichloride catalysts are w
In this production process, however, amorphous polymers are formed as a
by- pﬁbduct In addition to the: valuable hi ghl'y stereospecific [err]-olefin

polyimers.1  -2- 1  tnese. amdbPBEGuSTRAPHIUSaRO! HHET SabigbDet val uable

industrially and exercise a greatly adverse -influence

upon fhe mechanical prope:ties of a-olefin polymersin

the form of e.g. films, fibers - or other processed
5 products or shaped articles.

Further, formatlon of the amorphous product
brings about a loss in startlng monomer. At the same
time, it indispensably requires -equipmgnt for removing
the amorphous polymers, and theréby brings about a very

10 large industrial disadvantage.

Accordingly, if formation of such amorphous
~polymerscan be prevented or suppressed to a low deg:ee; -
it will bring about a very great merit.

On the other ﬁand, in a-olefin polymers

15 produced according to such a polymerization process,
catalyst.residues-iemain and cause various problems as regards
stability and proceésability of d-olefip polymers. Thus,
it becomes necessary to provide equipment for removing
catalyst residuesand stabilizing the polymems.

20 These difficulties can be overcame by enhancing the.:

| catalyst activity represented by the weight of formed
a—-olefin polymef per unit weight of catalysﬁ, by which
the equipment for removing a catalyst residue becomes
unnecessary and the production cost of «-olefin polymers

25 Ean be reduced.

As production'processﬁof titanium trichloride,
1) redhction of titanium tetrachloride with hydrogen,

followed by activation of the reduced product by its
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I ndustrially and exercise a greatly adverse influence upon the Al
properties of [err]-olefin polymersin the form of e.g. filns, ﬁﬁm'mmul”“
or other processed 5 product or shaped articles. Further, formm d '

- anor phous product "brings about a loss in starting mononmer. At the sane
time, it indispensably requires equi predit =for renovi ng the anor phous

pol yhers, and_t hereb ;i . 0.l ' ' .sad )
Accor di ﬁgES, Py 9%%}%3?5%93?&533@' lﬁ%ﬁ%&ﬁs e U SE £ EanBhaic o0 20
suppressed t ow. degr.ee, .i i Al it. Onth
otﬁgr hand,_?ﬁéfé?ﬁ?96?8F5H1§§|§%§P§q}§P%P§§§§%‘ h¥§%¥llag&EB§§LLL a Hhe
pol'ymerization, pLQ¢83% of the reduced product by its pulverization in

ball mill, 3) redﬁction of titanium tetrachloride with an

5 organoaluminum compound at a temperature of -30 to 30°C,
followed by heat—tfeatment of the reduced solid product at
a temperature of 120 to 180°C, etc. can be referred to.

However, titanium trichloride produced by these
processes is not satisfactory in catalyst activity and

10 stereospecificity.

In Japanese Patent Publication No. 53-3356,!;
process which-compfises reducing titanium tetrachloride
with an organocaluminum compound to obtain a reduced solid
material, followed by treating the reduced solid material

15 with a complexing agent and further reacting it with |
titaniﬁm tetrachloride is mentioned. Further, in Japanese
?aﬁent Application Kokai (Laid-Open) No. 59-125401, a
process which
comprises reducing a titanium compound represented by the

20 following general formula:

'I'1(OR)nX4__n
with an organoaluminum compound,'followed by tréating the
reduced product with a mixture consisting of an ether
compound and titanium tetrathloride is mentioned. Ifan a-

25 olefin is polymerized with a catalyst system comprising a

solid catalyst component obtained according to these
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catal yst residues remain and cause various problens as regards

and processability of [err]-olefin polyners. Thus, it becones n%iﬂ I{ Ilm HI |II
p*ovicde -equi prent for renoving catal yst resi duesand stabilizing

polymers. 20 These difficulties can be overcone by enhancing the
catal yst activity represented by the melghﬁ of formed [err]-olefin polyner

per anit ht of catal hbthe eqU| nent ory |ng st
resi dues ecgﬁg§e&ﬁﬁ'§c@§@ﬂp é‘#(?%rf?e L}%lcﬂljcx{'l% é f’err% Cfat%al&aéé/

pol ynmers. 25 ca r.edyc ,gﬂuigg S le,

1) reduction 5:% Q’ nlq% t-“Afeiﬁ 1"or 1 %%ﬁ%r%ﬁ%f #%ﬁpg\%enyhbely%ﬁltd
'aCtlvatlon'Oﬁnhp%—é¥¥f¥ﬂjﬁyfyﬁé¥ WY 4 Shigh stereo- specificity.

It is also known that titanium trichloride can

5 be synthesized by reducing titanium tetrachloride with an
organomagnesium compound suchasa Grignard reagent.

The present inventors previously proposed a
process which comprises feducing titanium tetrachloride
with an organomagnesium compound to obtain a solid product

10 and tfeating said solid product with a Lewis acid
(Japanese Patent Publication No. 57-24361) and a process
which comprises reducing an alkoxytitanium compound with'
an organomagnesium compound in the preseﬁce of ah organic
silicon compound having Si-O bond to obtain a solid

15 product end treating said solid product with a mixture
consisting of an ester compound and an ether compound
_(Japanese Patent Application Kokai (Laid-Open) No.
61-287904).

"The catalysts obtained by these processes cannot

20 yet give a-olefin polymer having a sétisfactory |
stereospecificity,_thouéh they exhibit a high catalytic

activity in the polymerization of a-olefins.

In view of the above-mentioned situation, the
25 problem to be solved by this invention, or the object of
this invention, is to provide a process for producing a

solid catalyst for use in the polymerization of olefins
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-3- 1 pulverization in ball nmill, 2) reduction of tltanlun1teFW n Replaced
with nmetallic al um num foIIovved by activation of the redu ed “U“‘
its pulverization in ball mll, 3) reduction of titaniumt '
an 5 organoal um num conpound at a tenperature of -30 to 30[ rr]C follomed

by heat-treatment of the reduced solid prodiict at a tenperature of 120 to

'180[ &rr] C can be referred to. However, titaniumtrjchloride

produced by tha¥éngrsecbisl psCAbPlyhirsPtiyiEY mnthise RI9BcRivity and 10

stereospecificit I n Japanese Patent Publicati on No.. 53-3356, .a
P ste¥eospec1g1c$ty as to mai %e removal of catalyst

re51due and amorphous polymer unnecessary.
By the use of the solid catalyst of this
5 invention, the following effects can be achieved.
(1) .Since catalytic aétivity per solid catalyst'and
per titanium atom is very high, the contents of halogen
atom and titanium atom in the resulting polymer, closely
related to color, stability and corrosive property of the
10 resuiting polymer, can be made quite low without practis-
ing any particular procedure for removing catalyst |
residue. That is, the equipment for removing catalyst
residue becomes unhecessary and production cost of olefin
polymer can be reduced. '
15 (2) Since ;he decrease in catalytic activity and
stereospecificity in the lapse oflpolymeriiation time is
" very small, formation of polymer per unit quantity of

catalyst can be increased by prolonging the polymerization

time. .

20 o Further, the.following effects are also.
expectable. |
(3) The use of the solid catalyst of this invention

makes it possible to produce an a-olefin polymer having
a2 very high stereospecificity. In other words, the

25 formation of amorphou§ polymer as by;proauct is very
small. Accordingly, an a~olefin polymer excellent in
mechanical properties can be produced without'removing

amorphous polymer.
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or ganoal um num conpound to obtain a reduced solid material, foll '
treating the reduced solid material 15 wth a conpl exi ng agent . I
reacting it with titaniumtetrachloride is nmentioned. Further, in p
Pat ent Application Kokai (Laid-Open) No.-56-426401, a process which
conprises reducing a titani um conpound represented by the 20 faollow ng
general farmifad: [err] Sinae dher 1R R EBAEBARASOABPLEWES by
treating the reduced product with a m xture ionsisting of ap ether conpound
and titani unPPe¥PEIHZALIRD iSOIMERYE o RK. 3 IPOLKMEE, PRYIDE 8| dPFn i s
olynerized with a catalyst, system conpri sSi a _
poLy stereospeéigﬁcit , 1s ver smafg, process troubles such as
deposition of polymer onto reactor wall, pipings, flash
5 hoppef, etc. do not occur. Further, since formation of
soluble polymer is very small, the starting monomer can be
utilized effectively.
This invention relates to a trivalent titanium
compound-containing solid catalyst for use in the
10 production of olefin polymers which comprises treating a
solid product, obtained by reducing a titanium compound
represented by the following general formula:
Ti(ORY) X
n4-n
(Rl represents hydrocarbon group having 1 to 20 carbon
15 'Btoms, x represents halogen atom, and'n represents a
number satisfying 0 < n £ 4) with an organomagnesium
compound in the presence of an organic silicon compound
having Si-O borid(s)',with an ester cdmpound, followed by
treating it with a mixture consisting of an ester compound
20 and titanium tetrachloride or a mixture consisting of an
ester compound, an ether compound and titanium tetra-
chloride. |
By the use of the catalyst system of this
invention, the above-mentioned object of this invention

25 can be achieved.
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an organoal um num conpound, however, catalyst activity is.n
satisfactorily high, though the result- ing [err]-olefin poI"!EE"”HﬂH'MH}
stereospecificity It is also known that titaniumtrichlorid

synt hesi zed by reduci ng titaniumtetrachlor¥de with an organonmagnesi um
conpdund such as a Grignard reagent. The present inventors previously

pr oposed a?process whi ch conprises reducing titaniumtetrachloride with an

or ganomagnesi um conpoungd.to_obtai.n a gqlid prqodu
igure 19 2 $9W° AT

(giagram for facili-
tatihg understanding of this invention. This flow chart
diagram is nothing other than a typical embodiment of this

5 invention, and it does not limit this invention.

Hereunder, this invenfion will be explained more
. concretely. |
{(a) Titanium compound
10 Titanium compound used in this invention is

represented by the following general formula:

T1(OR ) X4 -n
-(R1 represents hydrocarbon group having 1 to 20 carbon
'_atoms, X represents halogen atom, and n represents a

15 number satisfying 0 < n £ 4).

Concrete examples of R1 include alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyi,
amyl, isoamyl, hexyl, ﬁeptyl, octyl, decyl, dodecyl and
the like; aryl groups such as phenyl; creéyl, xylyl,

.20 naphthyl and the like; cycloalkyl groups such as

cyclohexyl, cyclopehtyl and the like; allyl groups such as
propenyl and the like; and aralkyl groups such as benzyl
and the like. Among them, alkyl groups having 2 to 18
carbon atoms and aryl groups having 6 to 18 carbon atoms

25 are preferable, and straight chain alkyl groups having 2
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10 and treating said solid product with a Lewis acid (Japane
Publ i cati on No. 57-24361) and a process which conprises reduci "ﬂ

atkoxytitani um conpound with an organonagnesi um conpound in
of an organic silicon conpound having Si.Ogband to obtain a solid 15
“product and treating said solid product with a m xture consisting of an-

ester conpoupd 28dcaRbehhakomenaeensaridminesa Pai e Apiplécat Lonikokai
(Lai d- Open) No. 61-287904). The catal ysts obtained by these processes

cannot 20 - ygl s@8i pBskebik- @belise RHloyorr nivwe imisadf st ataniym
stereospecificity, though they exhibit a high catalytic activity in the

pﬁ'Y”EFIZatl@Bm@buhﬁ@rhthebldﬂfﬂerenﬁm@ girwumbove- nenti oned situation,
e Examples of the halogen atoﬁ.represented by X
5 include chlorine, bromine and iodine. Among them{
chlorine gives a particulafly good result.

The value of "n" in the titanium compound
represented by general formula T1(0R ) 4-n is é value
satisfying 0 < n S 4, preferably 2 s n = 4, and

10 particularly n = 4.
As the synthetic method of titanium compound

represented by general formula T1(OR ) . X (0 ¢<n = 4),

n 4 -n
any of the known methods can be adopted. For example, a
method of reécting Ti(OR1)4 with Tix4 at a desired ratio,

15 or a method of reactlng T1X with the correapondlng
alcohol at a de51red ratio can be adopted.

(b) Organic silicon compound having Si-O bond(s)
. The organic silicon compounds hav1ng Si-0 bond(s)

whlch can be used in this invention 1nc1ude those

20 represented by the following general formulae:

. 3 4
Si(OR )mR 4-m

5,.6 o:, .7
R7(R 281Q)pSIR3

and/or (RBZSiO)q

3

wherein R™ represents hydrocarbon group having 1 to 20



25 problemto be solved by this invention, or the obj ect Bfis Shiaétdlai BeeeRépiao0,
Is to provide a process for producing a solid catalyst for ' : 1111
pel yreri zation of ol efins 1 having so high a catalytic !'ﬂmlu"!) k
high a stereospecificity as to nake the renoval of catal yst resi

anor phous pol yner unnecessary. By the use ®f-the solid catalyst of this 5

i nvedtion, the follow ng effect% caQ;be.ﬁchieveg. (D ' Since catal ytic
activity &r_eekbdnca&@hwstRéndRperRwieﬂﬂLﬂnéubnﬁ¢%CMe¥?Pﬁ¢§ﬁPt§he contents

of hal ogen atomand titaniumatomin the resulting polgner,-closgly
hydrocarbon group having 1 to 20 carbon atoms or hydrogen

~atom; m represents a number satisfying 0 ¢ m = 4; p
represents an integer of 1 to 1,009; and q repfesents an
5 integer of 2 to 1,000.

Concrete examples of the organic silicon
compound include tetramethoxysilane, dimethyldimethoxy-
silane, tetraethoxysilane, triethoxyethylsilane,

-diethoxydiethylsilane, ethoxytriethylsilane,.tetraiso-

10 propoxysilane, diisopropoxydiisopropylsilane,
tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane, dicyclo-
pentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilane, phenoxytrimethylsilane,

15 tetraphenoxysilane, triethoxyphenylsilane, hexamethyl-
disiloxane, hexaethyldisiloxane, hexapropyldisiloxane,

 octaethy1trisi1oxane, dimethylpolysiloxane, diphenylpoly4
siloxane, methylhydropolysiloxane, phenylhydropoly-
siloxane, and the like.

20 Among these organic silicon compounds'
alkoxysilane compounds represented by general formula
Si(OR3)m344_m wherein m satisfies 1 = m = 4 are
preferable, and tetraalkoxysilane compounds satisfying m =
4 are particularly preferable.

25 (c) Organomagnesium compound-

AsS tﬁe organomagnesiﬁm compound of this
invention, arbitrary types of organomagnesium compoﬁnds

having magnesium-carbon bond can be used. Particularly,
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pol ymer, can be nade quite |ow without practis- ing any parti ’(ﬁ' j’ lll”’””/ X

T | .

procedure -for renoving catalyst residue. That is, the equi pme
renovi ng catal yst resi due becomes unnecessary and production cost of olefin
pol ymer can be reduced. 15 (2) Si AckOt ke decrease in catalytic
activity and ;{ereospeC|ficity in the | apse of polynerization tige is very
smal |, fonmaGirdgnalrdpciompeunder nepreserded thy ceretal yEerevA3pB MI&r eased
by prolonglng_bhe pol ymeri zation tinme. 20 . Further, the follow ng
effects are 4RSo represendise hyd@ocarbon GroURdYindel sBPi 40cGREPPS: of
this invention ' '

atoms and X represents halogen atom), dialkylmagnesium
compounds and diarylmagnesium compounds represented by

10,11 11

5 general formula R™ R Mg (R10 and R each represents

hydrocarbon group having 1 to 20 carbon'atoms) are

- preferably usable. In these formulas, Rg, Rlo and Rll,
which may be identical or different from one another,
represent alkyl, aryl, aralkyl and alkenyl groups having 1

10 to 20 carbon atoms such as methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, tert-butyl, amyl, iébamyl,
hexyl, octyl, z?ethylhexyl, phenyl, benzyl and the like.

Concrete examples of the organomagnesium
compounds are as follows. Thus, exémples of thé Grignard

15 compound include methylmagnesium chloride, ethylmagnesium
chloriée, ethylmagnesium bromide, ethylmagnesium iodide,

 propy1magnesium chloride, propylmagnesium'bromide,
‘butylmagnesium chloride, butylﬁagnesium bromide, sec-~
butylmagnesiﬁﬁ chloride, sec-butylmagnesium bromide,

20 * tert-butylmagnesium chloride, tert-butylmagnesium bromide,
amylmagnesium chloride, isoamylmagnesium chloride,
phenylmagnesium chloride, phenylmagnesium bromide, and the
like. Examples of the compounds represented by RloRllMg
include diethylmagnesium, dipropylmagnesium, diisopropyl-

25 magnesium, dibutylmagnesium: di-sec-butylmagnesium,
di-tert-butylmagnesium, butyl-sec-butylmagnesium,

diamylmagnesium, diphenylmagnesium, and the like.



nakes it possible to produce an [err]- olefln ‘pol ymer havi ng B &mhwd
stereospecificity. In other words, the 25 formati on of am)rph ﬁiﬂ l”ﬂ,

by- product is very small. Accordingly, an a-ol efin polyner ex
nmechani cal properties can be produced w thout renoving anorphous polyner
-6- 1 (4) Since the formation of poPyn®r soluble in polynerization

sol vént, or a pol yner haV|ng a |.ow stereqspeci.fi

process troubl es such A8 &BFoSPLVEREMSES Yierthh ﬁi%Ekﬁiﬁgréglgggplplngs

or above-mentioned organomagnesium compounds, ethereal
solveﬁts such as diethyl ether, dipropyl ether,
diisopropyl ether, dibutyl ether, diisobutyl ether, d1amy1
5 ether, diisoamyl ether, dihexyl ether, dloctyl ether,
diphenyl ether, dibenzyl ether, phenetole, anisole,
tetrahydrofuran, tetrahydropyran and the like can be
used. Apart from them, hydrocarbon-éolvents suéh as
hexane, heptane, octane, cyclohexané, methylcyclohéxane,
10 benzene, toluene, xyléne and the like or mixture of the
ethereal solvent and the hydrocarbon solvent are alsd
usable. The organomagnesium compound is preferably used -
in the state éf an ethereal solution. As the ether
compound used for this purpose, an ether compound having 6
15 or more carbon atoms in molecule or an ether compound
| having cyclic strﬁcture is used.
From the viewpoint of catalytic performance,-it
is particularly preferable to use a Grignard compound

represented by Rg

MgCl in the state of an ethereal
20 solution.
| Hydrocarbon-soluble complexes formed betweeh the
above-mentioned organomagnesium compound and an organo-
metallic compound are also usable. As examples of said
organometallic compound, ofganic compounds of Li, Be, B,
25 Al and Zn can be referred to..
(d) Ester compound

As the ester compound of this invention, mono-

and poly-valent carboxylic esters including éliphatic
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5 flash hopper do not occur. Further, since formation of solu

very small., the starting nononer can be utilized effectively. tlmlﬂmﬂm |”" j
invemtion relates to a trivalent titani um conpound-contai ni ng :
catalyst for use in the 10 production of olefin polymnmers which conprlses
treating a solid product, obtained by redué@ng a tltanlun1conpound

wepresenteﬂ the f llomﬁgg_ enecal .fornmul a; %err% %E%%éé%h rese?ts a

hydr ocar bo d¥ }ﬁgei EbS200L8F hBAC15aThe ( t3ECHSf bgen

atom and n re resen S_a_nunber tigsf ] 4) wth an

or ganonngnes! SH EOREbLRdeF heFRe 2 PRe2EREBEF SATBPIRHE HT98%R CERpBEnd

having Si-0O Q9nq£s) with an ester conpound, foll owed by

Concrete examples of sa2id ester compounds include

_5' methyl acetate, ethyl acetate, phenyl acetate, methyl
?;oPionate, ethyl propionate, ethyl butyrate, ethyl
valerate, methyl acrylate, ethyl acrylate, methyl
méthacrylate, ethyl benzoate, butyl benzoate, methyl
toluate, ethyi toluate, ethyl anisate, diethyl succinate,

10 dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate,
dibutyl itacénéte, monoethyl phthalate, dimethyl
phthalate, methYl ethyl phthalate, diethyl phthalate,
dipropyl phthalate; diisopropyl phthalate, dibutyl

15 phthalate, diisobutyl phthalate, diheptyl phthalate,
dioctyl phthalate, diphenyl.phthalate and the like.

Among these ester compounds, olefinic carboxylic
esters such as methacrylic esters, maleic esters and the
like and phthalic esters are preferable, and phthalic

20 diesters are.particularly preferable.
(e) Ether compound

As the ether compoundswhich can optionally be
used in this invention, diethyl ether, dipropyl ether,
diisopropyl ether, dibutyl ether, diamyl ether, diisoamyl

25 ether, dineopentyl ether, dihexyl ether, dioctyl ether,
methyl butyl ether, methyl isoamyl ether, ethyl isobutyl
ether and the like are preferable, among which dibutyl

ether and diisoamyl ether are particulariy preferable.
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treating it with a mixture consisting of an ester conpound 155*@ﬂ¢d#wd
tetrachloride or a m xture consisting of an ester conpound

conmpaund and titaniumtetra- chloride with the provisos give I

and 2. By the use of the catalyst systemof this invention, the
above- menti oned object of this invention_ 2p3can be achleved - -7- Figure
1 is®a flow chart diagramfor facili- tating understanding of this

invention.l Thify flopMitdils dRFANG cawdlysg other than a typical
enbodi nent of this

' The solid catalysts of this invention are
synthesized by treating a solid prodﬁct obtained by
reducing a titanium compouhd with an organomagneéium

5 compound in the presence of an organic siiicon compound
with an ester compound and thereafter treating it with a
mixturé comprising an ester compound and titanium
tetrachloride or a mixture comprising an ester compound,
an ether compound and titanium tetrachloride.

10 The synthetic reaction is carried out in an
atmosphere of inert gas such as nitrogen, argon or the
like. -

In the first step, a titanium compound is
reduced with an organomagnesium compound. The reduction

15 may be cafried out by any of a method which comprises
adding an organomagnesium compound to a mixture of a
-titanium compound and an organic'siliéon compound, and a
method which compfises,'inversely, adding a mixture of a
titanium compound and an organic silicon Compound to a

20 Solution of an organomagnesium compound.. Among these two
methods, the method of adding an organomagnesium compound =
to a mixﬁure'comprising a titanium compound and an organic
silicon compound is more preférable from the viewpoiﬁt of
cata1ytic activityf

25 Preferably;nthe titanium compound and organic
silicon compound are used after dissolving or diluting

them with an appropriate solvent.
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i nvention will be explained nore concretely. (a) Titanium cﬁmm mulml
Tt ami um.conmpound used in this invention is represented by _
general formula: [err] (Rerr] represents a hydrocarbon group having 1 to
20 carbon atonms, X represents a hal ogen étéﬁ]”and n represents a 15 nunber
sati§fying 0 < n [err] ,4). £ ex f r | ud | kyl groups
such as ngthyl, ethyI,A%rggy ,%?g%%¥bpy , gﬁ%glFﬁigd%%fgﬁgééngpg i soanyl ,
Qregg'yi h)e(sltzko%?%ﬁlngsd%%w vY AMEDEd & VA1 S RMPEC SHEBr88aRBBRY! such

~ as hexane, heptané, octane, decane and the like; aromatic

hydrocarbons such as toluene, xylene and the like;

5 alicyclic hydrocarbons such- as cyclohexane, methylcyclo-
hexane, decalin and the like; and ether compounds such as
diethyl ether, dibutyl ether, diisoamyl ether, tetra-
hydrofuran and the like.

The reduction is carried out at a temperature
10 ranging from -50 to 70°C, preferably from -30 to 50°C, and
particularly preferably from -25 to 35°C. If'temperature
of the reduction is too high, the catalyst activity |
decreases.
It is also possible to synthesize the solid
15 _product by reduction in the presence of a porous material
such as inorganic.oxide, organic polymer or the like so as
"to impregnate the porous material with the solid product.
As said porous material, those having a pore
volume of 0.3 ml/g or more as measured at a pore radius of
20 200 to 2,000 angstroms and having a mean particle diameter
of 5 to 300 microns are preferable.

As said porous inorganic oxide, Sioz, Alzo-

3'

MgO, Tloz, ZrOz, SlOZ'A1203, MgO-A1203, MgO°SiOz°A1203
and the like can be referred to.

25 As said pordus organic polymer, polystyrene

type, polyacrylic ester type, polymethacrylic ester type,
polyacrylonitrile type, polyvinyl chloride type and

polyolefin type polymers can be referred to. Their



cycl opentyl : allyl groups such as propenyl;

aral kyl groups such as benzyl. Anong them al kyl groups haV|

carbon atons and aryl groups having 6 ta. 1fscarbon atonms 25 are prefera e
and straight chain al kyl groups having 2 1 to 18 carbon atons are
partFcul arl yeppetenabkamplels iinciuge podsisiyerdme usstymenerdivinyRki-nds of
titani um conpounds having different OR err] group. Exanples of the hal ogen
at om r epr esependehg ¥opoilpmeude stiyiremierdl, Nir-anl kel emeld i met hecrdemgdehem

20 napht hyI cycl oal kyl groups such as cycl o ISSh W“”Rephced

copolymer, styrene-ethylene glycol dimethacrylate
copolymer, polymethyl acrylate; polyethyl acrylate, methyl
5 acrylate-divinylbenzene copolymer, ethyl acrylate-divinyl-
benzene copolymer, polymethyl methacrylate, methyl
methacrylate-divinylbenzene copolymer, polyethylene glycol
dimethacrylate, polya;rylonitrile, acrylonitrilef
divinylbenzene copolymer, polyvinyl chloride, polyvinyl-

10 pyrrolidine, polyvinylpyridine, ethylvinylbenzeqe-
divinylbenzene copolymer, polyethylene, ethylene-methyl
acrylate copolymer, polypropylene and the like. Among
these porous mﬁterials, Sioz, A1203 and polystyrene type
polymers are particulafly preferable.

15 Although the time pericd of dropping is not
critical, it is uéually in the range from about 30 minutes
‘to about 6 hours. After compietion of the reduction, a
fost-reaction may be carried out optionally at a tempera-
ture of 20 to 120°C.

20 The amount of organic silicon'compound is in the
range of 1 to 50, preferably 3 to 30, and particularly 5
to 25, as expressed in terms of'atamic ratio of silicon
atom to titanium atom (Si/Ti) in titanium compound.

The amount of the oréanﬁmagnesium compound is in

25 the range of 0.1 to 10, preferably 0.2 to 5.0, and
particularly 0.5 to 2;6, as expreésed iﬁ terms of atomic
ratio of the sum of titanium atom and silicon atom to

magnesium atom (Ti+Si/Mg).
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of tAe knqwn
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es a particularly god result. The val ue of "n". iThistSheetHastBaeri Replaced

resented by general forrmula Ti (OR[err])[err]Xerr}]
<n [err] 4, preferably 2 [err] n [err] 4, and 10 :

n = 4. As the synthetic nmethod of titani um conpou

hod be ads d._F I s
err] with b aasidistoauch EhERLnEn Byehd, Selhaian o

The solid product thus obtained contains
trivaleﬁt titanium, maQnesium and hydrocarbyloxy group,
and it is generally amorphous or very weakly crystalline.
From the viewpoint of catalytic performance, amorphous
structure is more desirable than the other.

The solid product obtaineﬁ by the above- 
mentioned procedure-is then treated with an ester compound.

The amount of ester compound is 0.1 to 50 moles,
preferably 0.3 to 20 moles, and particularly 0.5 to 10
ﬁoles, per one mole of titanium atom in the solid product;

Per one mole of magnesium atom in the solid
product, the estgr'compound is used in an amount of 0.01

to 1.0 mole, and preferably 0.03 to 0.5 mole. If the

" amount of ester compound is too large, destruction of

20

particle takes place.
The treatment of the so0lid product with the
ester compound can be practised according to any known

methods such as slurry method, mechanical pulverization

- using ball mill, and the like, so far as both the

25

materials can be contacted together. However, mechanical
pulverization is undesirable from the industrial point of
view because a large amount of fine powder is formed in

the solid catalyst component which makes particle size

‘distribution broad. Preferably, both the materials are

contacted together in the presence of a diluent.




20 represented by the foll owing general formulae: [err] “he“@&9$£$ﬁﬁ£
represents. a hydrocarbon group having 1 to 20 -9- 1 carbony |
Rerry, Rlerr], Rerr], Rerr] and Rierr] each represents a almﬂ[ﬂmmﬂl“u,

group having 1 to 20 carbon atons or a hydrogen atom mrepres
satisfying O < m[err] 4, p represents amihteger of 1 to 1,000; and q
represents an 5 integer of 2 to 1,000. Concrete exanples of the organic

silicon.

10

15

20

25

As the diluent, aliphatic hydrocarbons such as
pentane, hexane, heptane, octane and the like, aromatic
hydroéarbons such as benzene, toluene, xylene and éhe
like, alicyclic'hydrocarbons such as cyclohexane,
cyclopentane and the like, and halogenated hydroéarbons
such as i,z-dichlbroethane, monochlorobenzene and the like
can be used. Among them, aromatic hydrocarboﬁs and
halogenated hydrocarbons are particﬁlarly preferable.

The diluent is used in an amount of 0.1 ml to
1,000 ml and preferably 1 ml to 100 ml, per one gram of
the solid product. Temperature of the treatment is -50°C
to 150°C, and preferably O.tb 120°C. Durafion of the
treatment is 10 minutes or longer, and preferably 30
minutes to 3 hours. After completion of the treatment,
the solid material is separated'from liquid and several

times washed with inert hydrbcarbon solvent to obtain an

 ester—treated solid product.

In the next step, the ester-treated solid
product is treated with a mixture of ester compound and
titanium tetrachloride. This treatment is preferably
carried out in the state of a slurry. As the solvent used
for the slurry formation, aliphatic hydrocarbons such as
pentane, hexane, heptane, octane, decane and the like,
aromatié hydrocarbons such'as toluene, xylene and the
like, alicyclic hydrbcarbons such as cyclohexane,
methylcyclohexane, decalin and the like, and halogenated
hydrocarbons such as dichloroethane, trichloroethane,

monochlorobenzene, dichlorobenzene, trichlorobenzene and

ieen Replaced
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conpound include tetramet hoxysilane, dimethyldimethoxy- sil g{€gneetHasBeen Replaced.

tetraethoxysilane, triethoxyethylsilane, dlethoxydlethyls Ia
ethoxytriethyl silane, tetraiso- 10 propoxysil ane, l“ | “‘M\!‘\
di i sopropoxydi i sopropyl silane, tetrapropoxysilane, dlpropoxyd

t et r abut oxysi | ane, dlbutoxydlbutyIS|Iane %?cyclo- pent oxydi et hyl si | ane,

di et foxydi ph | si.l.ane cloh o) met

Ehenoxyhrrnegﬁé!;ﬁgﬁug oy %eﬁ OQV%llan ér%rle‘%ﬁbxyp eﬂ?PSFﬁane
exanet hy il d
octaethyltrlg yIp# %;ﬁ¥§¥bdgfégﬁéogg% b§ékg§§§2§'
”Ethy'hydrOPO'yS"Oxa” 5%&?@%436“&&“%&% S10P¥XENes gPeferably 0.0%0NY

t hese organic silicon conp
to 0.7 g solid/ml solvent, and particularly 0.1l to 0.5 g

5 solid/ml solvent. The reaction temperatﬁre is 30 to
150°C, preferably 45 to 120°C, and particularly 60 to
100°C. Though the reaction time is not critical, it is
usually 30 minutes to 6 hours..

As the method for feeding the ester-treated
10 301id product, the ester compound.and titanium
tetrachloride, any of a method of adding ester compound
and titanium tetrachloride to ester-treated solid and a
method of inver;ely adding ester-treated solid to a
solution cqntaining ester compound and titanium
15 tetrachloride may be adopted.
In the methdd of adding ester compound and
" titanium tetrachloride to ester-treated solid, a method of
adding ester compound and thereafter adding titanium
tetrachloride or a method of simultaneously adding ester
20 compound and titanium tetrachloride are desirable. A
method of adding a previously prepared mixture of ester
compound.and titanium tetrachloride to ester-treated solid
is particularly preferable.
The reaction between ester-treated solid pfoduct
25 and ester compound and titanium tetrachloride may be
repeated twice or more. From the viewpoint of catalyst
activity and stereospecificity, it is preferable to carry

out the reaction using a mixture of ester compound and



s R pur bty e kA LAY g
pr ef erabl e, and tetraal koxysil ane conpounds satisfying m =i 4 a | I"I"”| "”II
particularly preferable. 25 (c) Organomagnesi um conpound- As t
or ganomagnesi um conpound of this invention,l8rbitrary types of
or gahomagnesi um conpounds havi ng magnesi um car bon bond can be used.
Particul ar}y, titaniep gphrachdnapsdirdatr dgprsse &%y general fornul a
Rlerr]MgX (Rl err] represents hydrocarbon group having 1 to 20 carbon at ons
and X represents halogeﬁhﬁtéﬁ?“nﬂlﬂfk§hﬁa ﬁéﬁﬁﬂﬁ°mP° nd is 0.02 to 30

moles, preferably 0.05 to 15 moles, and particularly 0.1

to 5 moles, per one mole of titanium atom in the solid

5 product.

The amount of titanium tetrachloride is 1 to
1,000 moles, preferably 3 to 500 moles and particularly 10
to 300 moles, per one mole of titanium atom in the solid

- product. Per one mole of ester'compound, the amount of
10 titanium tetrachloride is 30 to 1,000 moles, preferébly 50
to 700 moles, and particularly 160 to 500 mqles.

The treatment of an ester-treated solid product
with a mixture of ester compound and titanium tetra-
chloride may optionally be carried out in the presence'of

15 an ether compound. Said ether compound is used in an
amount of 100 moles or less, preferably 50 moles or less
 and particulalry 20 moles or less, per one mole of.
titanium atom in the solid product.

The trivalent titanium compouhd-containing solid

20 catalyst obtained according to the above-mentioned process
is separated from liquigd, several times washed with inert
hydrocarbon such as hexane, heptane or the like, and then
put to use for polymerization.

From the viewpoint of catalyst activity and

25 stereospecificity, it is preferéble'to wash the solid .
catalyst after separated from liquid, with a large amount
of halogenated hydrocarbon solvent such as monochloro-

benzene or the like or aromatic hydrocarbon solvent such
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conpounds and di aryl magnesi um conpounds represented by 5 geénerrni S ‘Eﬁmﬁ

en Replaced
Rlerr]Rlerr]My (Rlerr] and Rlerr] each represents hydrocarbon g I”I
1-t0%20 carbon atons) are preferably usable. |In these formilas
Rlerr] and Rlerr] which may be identical _or,different fromone another,
represent al kyl, aryl, aral kyl and al kenyl "groups having 1 10 to 20 carbon
atong such a |, et r v : | £ S€6- BBt ¥ho°
tert-butykl‘e, '_grsrymléfoﬁ’?ﬁseglaeny ?/%heegy:ﬁq, éocatey%)%@ﬁeyiﬁ%%?fpﬁgnsrs %rzobecnzaﬁ :
Concr et e exa'IE'a%a Fndd ey GANBONES U SPNPPUSEPe 25 E 8Smbel kawn Thus,
exanpl es of the I gnard 15 conpounds incl ude net hyl magnesi um chl ori de,
et hyl magnesi ymigH il daydidud fiemesd e nt osicle, ast hgkangnesi whe Adilds,
propyl magnesi umchl ori de, propyl magnesi um brom de,

and thereafter to use it for polymerization.

5 The solid catalyst of this invention is used for
polymerization of olefin in combination with an organo-
aluminﬁm compound and, if desired, additionally with an
electron donor. Concrete examples of such |
organoaluminum compounds and electron donors

10 will_be shown below.

(g) Organcaluminum compounds

The organocaluminum compoundsused in this
invention in combinatioh with the above—mepﬁioned solid
catalyst .contain at least one aluminum-carbon bond

15 in their molecule. The following general foxmulae represent
typical examples.of said organoaluminum compounds:

r¥2 a1y
Y "3~y

&}3x14a1-0-a1r15R16

g18  gl9 ]

.and/or. r17

| g207>p21 da

wherein RlZ’ R13, R14, R15, R16' R17, RlB; R19' RZO and

R21 each represents hydrocarbon group having 1 to 20

carbon. atoms; ¥ and L each represents halogen atom,



-b’ut'y'l rriagnesi um chl ori de, butyl magnesi um brom de, sec- butyl,m s13<=eﬂlReplmd
chl ori de, -sec-butyl magnesi umbrom de, 20 tert- butylnagne3|un1c , ﬂ I" -

tert<butyl magnesi um broni de, anyl magnesi um chl ori de, |soanylna
chl oride, or phenyl magnesi um chl ori de/ phenyl nagnesi um brom de. Exanpl es o
the conpounds represented by Rierr] R errtMlincl ude diethyl magnesi um

di prdpyl magnesi um dii sopropyl - 25 magnesi um di butyl magnesiu

di - sec- buly| h#gaesenma tem oar eLkQEY GEWRST 0 FeRASIeRES - buﬂyghﬁéne5|um

di anyl magnesi um_or dlphenylnagne3|um
satlsfylng 2 = 3; B represents a number of 2 or 3;

a represents a number satisfying 0 < a ¢ 1; b represents a
- number satisfying 0 = b < 3; and ¢ represents a number
5 satisfying 1 £ ¢ ¢ 3; provided that (a+b+c) is -equal to
3.

Concrete examples of the'organbalﬁminum compound
include trialkylaluminums such as eriethflaluminum,
triisobutylaluminum, trihexylaluminum and the like;

10 dialkylaluminum hydrides such as dietaylaluminum hydride,

| diisobutylaluminum-hydride and the like; mixture of

trialkylaluﬁinum and dialkylaluminum halide; mixture of
trialkylaluminum and alkylaluminum'alkoxide; and
alkylalumoxanes such as tetraethyldialumoxane, tetra-

15 butyldialumoxane and the like. Sterically hindered
alkylaluminum amides synthesized by reacting an
'prganoaluminum compound such as triethylaluminum,
triisobutylaluminum, diethylaluminum halide and the like
‘with an amine compound such as 2,2,5,5-tetramethyl-

20 pyrrolidine, 2,2,6,G—tetramethylpiperidine and the like
ere also included.

Among these organoaluminum compounds, trialkyl-
aluminums, mixture of trialkylaluminum and dialkylaluminum
halide, alkylalumoxanes and sterically hindered

25 alkylaluminum amides are preferable, and triethylaluminum,
triisobutylaluminum, mixture of triethyleluminum and
diethylaluminum chloride, tetraethyldialumoxane, reaction

product of triethylaluminum and 2,2,6,6-tetramethyl-



<

- 11- As the solvent used in the synthesis of the above ms*nt,f.h _
or ganomagnesi um conpounds, ethereal solvents such as diethyl “}hSB“mRbNMEd
di prepyl ether, diisopropyl ether, dibutyl ether, diisobutyl I"' ’
5 ether, diisoanyl ether, dihexyl ether, dioctyl et her, dlphe

di benzyl ether, phenetole, anisole, tetnahyﬂr@furan or tetrahydropyran

can be used. Apart fromthem hydrocarbon solvents such as hexane, heptane,
oct ane, C<ﬂ¢§$§ﬁ£&in€?£h&'Eysb@bexaﬁeodaetbaﬁzQﬁaeﬁuynxmumimumyhade or

m xture o et hereal solvent and the hydrocarbon solvent are al so

usabl e. "The prmaﬂpsaﬁaeshmatnpmpyund1ﬁaipeehemamq¢uﬁnuianiyrmmefarebée an
et hereal solution. As the ether

The amount of the organoaluminum compound can be

variéd in as a wide range as 1 to 1,000 moles per one mole
5 of titanium atom in solid catalyst. Preferably, the
.amount of organomagnesium compound is in the range of 5 to
600 moles per one of titanium étom in solid catalyst.
(h) Electron donor
The electron donor optionally used at_the time
10 of polyméri:ation is selected from organic silicon
compounds' having Si—Othond(é)(R2 is hydrocarbon group
having 1 to 20 carbon atoms) or Si-N-Chond(s), aromatic:
carboxylic ester compounds and sterically hindered aminés.
As said organic silicon compound, alkoxysilane

15 compounds represented by the following general formula:

22 oy o2
R™7¢SHORD 4 ¢

(R22 2

and R represent hydrocarbon group having 1 to 20

A
or
A

carbon.atoms and t represents a number sati§fying 0
3) are'preferably used. ’ .

20 As said aromatic carboxylic ester compound,
methyl benzoate, ethyl benzoate, propfl benzoate,
isbp:opyl benzoate, butyl benzoatg, phenyl benzoate,
methyl toluene, ethyl'foluate; methyl anisate, ethyl
anisate, monoethyl phthalate, dimethyl phthalate, methyl'

25 ethyl phthalate, diethyl phthalate, dipropyl phthalate,



cdﬁpouhd used for this purpose, an ether conpound having 6 15 or nDre -
carbon atons in nolecule or an ether conpound havi ng cyc QIE em®R laced
t

used= Fromthe viewpoint of catal ytic perfornmance,
preferable to use a Gignard conpound represented by R[er

state of an ethereal 20 solution. HydrocarB3n-sol ubl e conpl exes

_bet wéen the above-nenti oned organomagnesi um conpound and an organo-
metal | i ¢ conpbivmbrrepyl sphikabibe, Adiextyhl pbtbhlsdied Srigaedmtind lic
conpound, organi c conpounds of Li, Be, B, 25 Al and Zn can be referred to.
(d) Ester commmhﬁﬂa%eth@lb@PEchBhbb@h@tef @hp§twﬁv@@mhiiaﬁﬁxuﬂlphenYl

phthalate and the like can be referred to.

As the stericaily hindered amine, z,é-substi—

5 tuted piperidines, 2,5-substituted pyrrolidineé, and
substituted methylenediamine compounds’ such as N,N,N‘;N'-
tetramethylmethylenediamine and the like can be referred
to. |

.Among these. electron ﬂoﬁor,-alkoxysilane.
10 compounds represented by the general formula Rzzt(0R2)4;t
and 2,6—subétituted'piperidines give a particularly good
result.
Concrete examples of said élkokysilane compounds'
include tetramethoxysilane, methyltrimethoxysilane,

15 dicyclohex}ldimetﬁoxysilane, diisobutyldimesthoxysilane,
dioctadecyldimethoxysilane, dimethyldimethoxysilane,

'_cyclohexyltrimethoxysilane, isobutyltrimethoxysilane,
octédecyltrimethexysilane, ethyltrimethoxysilane,
phenyltrimethoxysilane, phenylmethyldimethoxysilane,

20 tetraethoxysilane, methyltriethoxysilane, ethyltriethoxy-~
silane, vinyltriethoxysilane, phenyltriethox;silane,
diphenyldimethoxysilane, diphenyldiethoxysilane,
butyltriethoxysilane, tetrabutoxysilane, vinyltributoxy-
silane, diethyldiethoxysilane and the like can be referred

25 to. As example of 2,6-substituted piperidine, 2,2,6,6-
tetramethylpiperidine and the like can be referred to.

"The. electron donor is used in'an amount of 0.01

-to.S'moles, preferably 0.03 to 3 moles and particularly



and pol ytval ent carboxylic esters including aliphatic 12 iMsmﬁ&bE&&kﬁmmhmd

esters, olefinic carboxylic esters, alicyclic carboxylic ester -
aronmatic: carboxylic esters can be used. Concrete exanpl es of ngIrHHJHuUl”"l
compounds include 5 nethyl acetate, ethyl acetate, phenyl acetate, _
propi onate, ethyl propionate, ethyl butyrat® -ethyl valerate, nethyl
acryFate, ethyl acrylate, nethyl methacryl ate, ethyl benzoate, butyl

benzoate, WetdwAS5 thd ubt @, meiayi Pes| aasemodenPlf AfiuRiRIM @ E@RyLnsucci nat e,
organoaluminum compound.
(i) ?olymerization of olefin
The method for feeding the Catalyst components
S into polymerization reactor is not critical, so far as
they are fed in a moisture-free state in aﬁ inert gas such
as nitrogen, argon or the like.
The solid catalyst, the organoaluminum compound
and the electron donor (optional component) may be fed
10 either separately or after a previous contact between two
of - them.
The polymerization can be practiséd in a wide
temperature range from -. -30°C to +300°C, preferably -5 to
% 200°C. Though pressure of the polymerization is not
15 critical, a pressure of about 3 to 2,000 atmospheres is
preferable from the viewpoint of industrial applicability
and economy. The mode of polyﬁerization may be any of
continuous system and batch system. Slurrf polymerization
and solution polymerization using inert hydrocarbon
20 solvent such as propane, butane, pentane, hexane, heptané
and octane, liquid phase polymerization in the absence of
solvent, and gas phase polymerization are all adoptable, too..
Next, the olefins to which this invention is
-applicable are those having 2 or more carbon atoms.
25 Concrete examples of such olefin include ethylene,
"propylene, buténe-l, pentene-1, hexene-1l, 3-methyl-
pentene-1, 4-methylpentene-l, octene-1, decene-1,

dodecéne—l and the like, though this invention is by no



10 dibutyl succinate, diethyl malonate, dibutyl malonate, di rreﬂ‘lnySheBiHh?EéeﬁRepmcq

dlbutyl mal eate, diethyl itaconate, dibutyl itaconate, nDnoethy
d¢ methyl phthal ate, nethyl ethyl phthal ate, diethyl phthal ate, ’m!ﬂ"n"nﬁ”ﬁ
pht hal ate, diisopropyl phthalate, dibutyl 15 phthal ate, d||§obut [
pht hal at e, di heptyl phthal ate, dioctyl phktpglate or di phenyl’ phthal ate.

Anmong these ester conpounds, olefinic carboxylic esters such as nethacryllc
esters, mil emeamst dimitzed biye thielse sohpomnds.i c But cpalymer pzatépabld, and -
phthallc 20 diesters are particularly preferable. (e) Ether conmpound As the
et'‘her conpourddsishiigivendriompmayndiel pnlye ofsdwnapalymeriwahieonandi et hyl

et her, di propyl. .ether, .
copolymerlzatlon. In the copolymerization, two or more

kinds of olefins are mixed together and they are contacted
5 with catalyst in this state to obtain a copolymer. A

heteroblock copolymerization carrying out the polymeriza-
tion in two or more steps can also be carried out easily.
-A_chain transfer agent such as hydrogen and the like may

be addéa for the purpose of regulating molecular weight 9?

10 the resulting polymer. - | ”

Next, this in§ention will be illustrated in more

detail by way of the following examples and ‘comparative

examples.

Example 1l
15 (A) Synthesis of the-organcmagnesium compound
- After replacing the inner atmosphere of a one
liter flask equipped with a stirrer, a reflux condenser, a
dropping funnel and a thermometer with argon gas, 32.0 g
of sliced mefallic magnésium for Grignard reaction was
20 charged into the flask. 1Into the dropping funnel were
| 'chérged 120 g of butyl chloride and 500 ml of dibutyl
ether, and their about 30 ml was dropped onto the
magnesium placed in the flask to start a reactibn. After
start of the reaction,-they ﬁére continuously dropped at
25 50°C over a period of 4 hours. After completion of the
dropping, the.reaction was continued for an additional one

hour at 60°C. Then, the reacted solution was cooled to



di i'sop'ropyl' ether, dibutyl ether, dianyl ether, diisoanyl f2'5’I@isrﬁmet_HaS'Beén:'Replaced-"..'

di neopentyl ether, dihexyl ether, dioctyl ether, or met hyl ~ but : i
met hyl isoanyl ether/ ethyl isobutyl ether are p ' b
anong whi ch di butyl ether and diisoanyl ether are particulbrly prefer o

-h. 13 - 1 (f) Synthesis of solid cat#® yst The solid: catal ysts of
this*invention are synthesized by_treating.g solid.product ined b
reduci ng ;WNQQQWLﬁﬁ%gﬁﬁﬁﬁﬁﬁemﬁ?ﬁda %raaﬂbﬁa@ﬁggF&ﬁl was £P1ELPEE 8.

The butylmagnesium chloride dissolved in dibutyl

ether was hydrolyzed with 1N sulfuric acid and excessive
-sulfqric acid was back-titrated with 1IN sodium hydroxide
5 solution to determine the concentration of butylmagnesium
.chloride, using_phenolphthalein-as indicator. As the
resu;t, its concentration was 2.1 moles/liter.
'(B) Synthesis of solid product
After replacing the innef atmosphere of a 500 ml
10 flask equipped with a stirrer and a dropping funnel with.
argon gas, 240 ml of hexane, 5.4 g (15.8 mmoles) of tetra-
butoxytitaniuﬁ and 61.4 g (295 mmoles) of tetraethoxy-
silane were charged to form a homogeneous solution. Then,
150 ml of the organomagnesium compound synthesized in (A)
15 was slowly dropped thereinto froﬁ the dropping funnel over
a period of 4 hours, while keeping the inner temperature
_of the flask at 5°C. After dropping it, the mixture waé
stirred at room temperétﬁre for an additional one hour;
The solid product was separated from liquid, thrice washed
20 with each 240 ml portions of hexane and dried under
reduced pressure to obtain 45.0 g of a brown éolored solid
product. | |
The solid product contained 1.7% by weight of
titanium atom, 33.8% of ethoxy group and 2.9% by weight of
25 butoxy group.
In the wide angle X ray diffraction paftern of
this solid product by Cu-Ke ray, no clear diffraction

peak was observable at all, demonstrating .its amorphous
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5 conpound in the presence of an organic silicon conpound mnth an ester
conpound and thereafter treating it with a mxture conpri Sﬁﬁrel’rﬂasBeenRe plac

cenmpeund and titaniumtetrachl oride or a mi xture conpri si ng an e ,I”"u
i et e e AT
ni trogen, r n or the like. In the first steB a tltanpﬁnfcdﬁgozng IS
reduced widt h S nagne5|un1conpound The reduction 15 nay be carried
Co o b xur o (6D ”"ém R T R R A
met hod whi ch conpri ses,, LOver 56l Yac AYS [n8: "h¥hidpnete? of a 100 ml
- flask with argon gas, 8.6 g of the solid product
5 synthesized in (B), 43 ml of toluene and 5.8 ml (22
mmoles) of diisobutyl phthalate were charged and reacted
at 95;C forlone hour.
After the reaction, the solid material was
separated from liquid and thriee washed with each 35 m;
10 portions of toluene. |
(D) Synthesis of solid catalyst (activating treatment)
After completing the washing Step in (C), 21 ml
of toluene, 0.48 ml (1.8 mmoles) ef diisobutyl phthalate
and 12.8 ml (116 mmoles) of titanium tetrachloride were
15 charged into the flask and reacted at 95°C for 3 hours.
.After the reaction, the solid product was separated frqm
‘liquid and washed at thaf temperature twice with each.43
ml portions of toluene. The ebove-mentioned treatment
using a mixture of diisobutyl phthalate,and titanium
20 tetrachloride was repeated once more under the same
conditions as above and the solid was thrice washed with
each 43 mi.portions of hexane to obtain 6.6 g of en ocher
colored solid catalyst.
The solid catalyst thus obtained contained 2.1%
25 by weight of titanium atom, 20.2% by weight of mégnesium
atom and 17.3% by weight of phthalic ester.
(E) Polymerization of.propylene

After replacing the inner atmosphere of a 3



titani um conpound and an organic silicon conpound to a 20 SOl ufti¥8hed HasHBeen Replaced
or ganomagnesi um conpound. Anong these two nethods, the nmethod o :
or garonmagnesi um conpound to a m xture conprising a titani um’con‘&)u'HEllm nﬁl‘ I“
organi c silicon conpound is nore preferahl ggf romthe viewpoipnt )
activity. 25 Preferably, the titanium conpound and organic

ppropri ser SRz EE R i Wipd! SR AV | UF BEASRAG BN |

pur pose, the

with argon gas, 2.6 mmoles of triethylaluminum, 0.39 mmole -
of.phenyltrihethoxysilane and 7.1 mg of the solid catalyst
synthesized in (C) were charged and hydrogen was
5 introduced until its pertial pressure reached 0.33
kg/cmz. Then, 780 g of liquefied propylene was charged,
temperature of autoclave was elevated to 80°C, and
polymerization was continued for 2 hours at 80°C. After
the polymerization, the unreacted monomer was purged. The
10 resulting polymer was dried under reduced pressure at 60°C
for 2 hours to obtain 116 g of powdery polypropylene.

This means that the yield (grams) of polypro-
pylene per one gram of soiid catalyst component (herein-
efter, abbreviated to PP/cat) was 16,300. ,Proporticnl(%

15 by weight) of cold xylene-soluble coﬁponent in the total
éolymer (hereinafter refer;ed to as ”CXS"’ was 1.3. Bulk
density (g/ml) of the poﬁdery polypropylene (hereinafter

referred to as BD) was 0.42.

Example 2 _

20 (A) Synthesis.of ester-treated solid products
| o After replacing inner atmosphere of a 100 ml
flask with argon gas, 6.5 g of the solid product
synthesized in Example 1 (B), 16.2 ml of toluene and 4.3

~ ml (16 mmoles) of diieobutyl phthalate were charged and
25 reacted at 95°C for one hour.
After the reaction, the solid was separated from

1iquid and thrice washed with each 33 ml portions of



fbflomings can be referred to: al i phatic hydrocarbons such as_he Been Replaced:
hept ane, octane or decane; aromati c hydrocarbons: e o
tol uene. or xylene; 5 alicyclic hydrocarbons such as cycl ohexdr | |I“HII
di ethyl ether, dibutyl ether, diisoanyl eth® -or tetra- hydrofuran ‘The

met hyl cycl o- hexane or decalin; and et her conpounds
reducti on |s n rmal |y carrled out at a tenperature 10 ranging from-50 to

7OC,_pref Y& -30 to 50[err]C, and part|cularly preferably from-25
to 35[err]C If t rature of the_reduc is too high, the.catalyst
activity decr(@a?segyr?"(eh‘?%lsal% SR FRER Y§ nt hesi ze the solid 15 product

by reduction in the presance lnfi Ry eH8 §ikRling step of (a), 16.2

ml of toluene, 0.35 ml (1.3 mmoles) of diisobutyl
5 phthalate, 2.2 ml (13 mmoles) of butyl ether and 38.0 ml
(346 mmoles) of titaniumhtetrachloride were charged into
the flask and reacted at 95°C for 3 hours. After the
- reaction, the solid was separated from liquid at 95°C and
twice waShed'et that temperature with each 33 ml portions
10 of'toluene, after which the above-mentioned treatment
using a mixture of diisobutyl phthalate, butyl ether and
titanium tetrachloride was repeated once more under the
same conditions as above and the solid was thrice washed
with each 33 ml portions of hexane to obtain 5.0 g of an
15 ocher colored solid catalyst.
| The solid catalyst contained 2.1% by weight of
titanium atom. 19.9% by weight of magne51um atom and 12.7%
by weight of phthalic ester.
(C) Polymerization of propylene
20 Propylene was polymerized in the same manner as

in Example 1 (E). PP/cat = 22,100; CXS = 1.5; BD = 0.44.

Comparative Example 1
(A) Synthesis of solid catalyst

25 | - A solid catalyst was synthesized in the same
manner as in Example 2, except that, at the time of

synthesizing solid catalyst, activating treatment was



or ‘such as I norgani ¢ oxi de/ organic polyner so as to |npregnaﬂamsheum@3a#k
material with the solid product. As said porous material, thos

poregvol ume of 0.3 ni/g or nore as neasured at a pore radi us ogim ,m E”m",
200 nm (200 to 2,000 angstrons )and having a nean particle dia

300 [err]n1(5 to 300 n1crons)are preferabléo As sald porous i nor gani c

oxide, Sigerr], Aferr]Jerr], MO TiQ errL) 5

Sigerr]. Al [EPFF&EEr PRt Mdbal é‘lflr’ﬂt(!ireq’ r9f Jpuky SF{If—érP]‘ AFP-&"‘F‘]"G"@H] can

be referred sai d, or us or anj c pol ystyrene

type, poIyacL?FFécgépéﬂdﬁy&@tW&HS/ +%°E 215 ?55qugﬁﬁyacrylonitrile

type, polyvinyl Chlorl%%élggifg1catalyst thus obtaxned contained 2.2%
by weight of titanium atom, 20.4% by weight of magnesium
5 atom and 7.4% by weight of phthalic ester. .
(B) Polymefization of propylene
| Propylene was polymerized in the same manner as
in Example 1 (E) |
PP/cat = 18,200; CXS = 2.4; BD = 0.42. Since
10 activafing treatment was carried out with a mixture of
butyl ether and titanium tetrachloride without using
diisobutyl phthalate in this comparati&e example, the
polymer obtained in this cbmparative example was inferior
in stereospecificity to the polymers obtained in Examples

15 1 and 2.

Compérative Example 2
(A) antheéis of solid catalyst
| A solid catalyst was syntﬁesized in the same

manner as in Example 2, excepﬁ that the ester-treatment
20 -preceding thé Synthesis of solid catalyst was omitted and

the ‘amount of titanium tetrachloride used in the

activating treatment was decreased to 13.5 mmoles per one

gram of solid product. The solid catélyst.thus obtained

cdntained 6.5% by weight of titanium atom, 19.8% by weight
25 of magnesium atom and 10.0% by weight of phthalic ester.

(B) Polymerization of propylene

Propylene was polymerized in the same manner as



polyolefin type polyners can be referred to: Their - 15ThisIShiey. fm#anhwd
exanpl es include polystyrene, styrene-divinyl- benzene cop
styrene-N, N - al kyl enedi net hacryl am de copol ynmer, styrene- e !I “

di et hacryl at e copol yner, pol ynethyl acryl ate, polyethyl.

acryl ate-di vi nyl benzene copol yner, ethyl=atkytate- divinyl benzene
copofyner, polynethyl nehacrylate, nethyl nethacrylate-divin Ibenz%ee

copol ynerl péhyExagpdee 1g/GEdol (ﬁPr(é-‘t%cr)ﬂl"avt%oop XAcrytBmi 8P

acrylonitrile- divinyl'benzene copolyner, polyvinyl chl
’ Y Since thel%segr tr ataentybrece ghgethPO|yv'nyl

activating treatment was omltted in this comparative
example, the polymer obtained herein was much inferior to
5 the polymers obtained in Examples 1 and 2 in

stereospecificity and bulk density.

Example 3 to 5
A solid catalyst was'synthesized'in the'same .
manner as in Example 2, except that the amounts of
10 chemicalé used in the ester—treatment-and activating
treatment were varied as shown in Table 1. Then,
propylene'was polymerized in the-same manner as in Example
1 (E). Conditions of the synthesis and the results are

summarized in Table 1.
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10 pyrrolidine, polyvinyl pyridine, ethylvinyl benzene- divinyl (jSbeveHas Bess Replac
copol ymer, - pol yet hyl ene, - et hyl ene-net hyl or acryl ate .copol yrrer/ w m, "ﬂ m

padl ypt opyl ene. Anong t hese porous naterials,
Al ferr]Jerr] and polystyrene type polynmers are particularly prefera
Although the tine period of dropping is ;pt-critical, it is usually in the
range from about 30 minutes to about 6 hours. After corrpl etion of the
reduction, a post-reaction nay be carried out optionally at a tenpera- ture
of 20 to 120[err]C 20 The anount of organic silicon conmpound is

in the range o o 50} preferbbly 3 to 30 _and particular]y 5'to 25, as
expressed in tqrms ¢f atdmic ret]o of silicon X
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atomto titanium atom(SllTl) in titanium conpound. The anount of the
or ganomagnesi um conpound is in 25 the range of 0.1 to 10, preﬁﬁ’srsﬁmtﬁas(h.,gnﬁeglaced

5 0, -and particularly 0.5 to 2.0, as expressed in terns of- ato Iw Jm

the sum of titaniumatomand silicon atomto magnesium ato
- 16 - The solid product obtained by the3Becduction is sepa ate

and several tines washed with inert or hydrocarbon sol vent such as hexane/
hept ane. '
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The solid product -t hus obtai ned contains 5 trival ent titéﬁTﬁﬁT‘ﬁﬁgnes%ﬂﬂk—__
and hydrocar byl oxy group, and it is generally anorphous or ﬂh&smﬁgﬁgb& R
crystalline. Fromthe viewpoint of catalytic perfornmance,: anqwm " Seplaced

structure is nore desirable than the other. The solid pr o_bluc?, mm",

t he above- 10 nentioned procedure is therr t¥eated with an es
usuafFly The anount of ester conmpound is usually 0.1 to 50 noles, preferably
0.3 to 20InpExampded articularly 0.5 to 10 noles, per one nole of titanium
atomin the solid product. Per one nole of magnesiumatomin the solid

usual |y 15 prdductSynthesdss @f shbliRre@uesual Iy used in an amount of 0.01

After replacing inner atmosphere of a 300 ml
flask equipped with a stirrer and a dropping funnel with
5 argon gas, 18.6 g of a styrene-divinylbenzene copolymer
.which had beéh dried under reduced pressure at 100°C for 3
hours (mean particle diameter was 40 microns; pore volume
in pore radius range of 200 to 2,000 angstroms was 0.99.
ml/g as measured by means of porosimeter), 93 ml of
10 heptane, 1.29 g (3.8 mmoles) of tetrabutoxytitanium and
13.3 g (63.8 mmolés) of tetfaethoxysilane were charged
into the flask and stirred at 30°C for 30 minutes. Then,
33.8 ml of the organomagnesium compound synfhesized in
Example 1 (A) was dropped thereinto from fhe dropping
15 funnel over a period of 45 minutes, while keeping the
inner temperature of the flask at 5°C. After dropping it,
the mixture was stirred at 30°C fbr 45 minutes, twice
washed with each 95 ml pOrtioﬁs of heptane, and dried
under reduced pressure to obtain 29.5 g of a brown colored
20 solid product.
| The solid éroduct thus obtained contained 0.5%
by weight of titaniuﬁ atom.
(B) Synthesis of ester-treated Solid
After replacing inner atmosphere of a 100 ml
25 flask with argon gas, 4.3 g of the solid product |
synthesized in the reduction step of (a), 14.3 ml of
toluene and-0.77 ml (2.3 mmoles) of diisobutyl phthalate

were charged and reacted at 95°C for 30 minutes. After



to 1.0 nol e, and preferably 0.03 to 0.5 nole. If the anount @his Siecias Been Replaced |

conpound is too large, destruction of particle takes place| T : _
of the solid product with the 20 ester conpound can be prac¢tis ' :
za

to any known nethods such as slurry method,_ jrechanical pul veri 'on usl
ball mll, and the like, so far as both fh@ﬁnﬁeﬁials can be contacted

t ogether. _However, nechanical_pul verizatjon is undesirable frqomthe .
i ndustri att p&ff ISRSE1LGR e\ F HEER RRE ST 131 B2 S 8BRS L ﬁé"ﬂb&d&u’i%' f or med

oL 2oLt B A0S £OpBIe T ML N B oA S BB T O
presence of %oqdégg@. _ .
(C) Synthesis of solid catalyst (activating treatment).
5 Affer completing the washing step of (B), 14.3
ml of toluene, 0.066 ml (0.24 mmole) of diisobutyl.
phthalate, 0.57 ml (3.4 mmoles) of butyl ether and 8.6 ml
.(78 mmoles) of titanium tetrachloride were charged and
reacted at 95°C for 3 hours. After the reaction, solid
10 material was separated at 95°C from liquid and twice
washed with each 14.5 ml portions of tolueﬁe at the same
temperature. The ébove-mentioned.treatmeht using a
mixture of diisobutyl phthalate, butyl ether and titanium
tetrachloride was repeéted once more over a period of one
15 hour, and the solid was twice washed with each 14.5 ml
portions of heptane_and'then dried.under reduced pressure
to obtain 3.9 g of a brown colored solid product. |
' The solid catalyst thus obtained contained 0.5%
by weight of titanium atom, 4.5% by weight of magnesium
20 atom and 3.8% by weight of phﬁhalic ester.
(C) Polymerization of propylene
Propylene was polymerized in the same manner as

in';xample 1 (E). PP/cat = 3,240; CXS = 1.4; BD = 0.45.

Example 7.
25 (A) Synthesis of pre-polymerization catalyst
After replacing inner atmosphere of a 300 ml

flaks equipped with a stirrer with argon gas, 7.6 ml of a



- 17 - 1 - As the diluent, aliphatic hydrocarbons such as entane
hexane, heptane or octane, _ : aromati ¢ hydrocar wahwd
‘beénzene, toluene or xylene, alicyclic hydrocarbons such as ﬁg

cycl opent ane .-and hal ogenat ed hydrocarbons su
1,2-di chl oroet hane or nonochl or obenzene _cgp he used. Anmong them aronatlc
hydr ocar bons and hal ogenat ed hydrocarbons -are particularly preferable

usual Iy Ehegﬁrﬁ 1 %%é,g;f ﬁya@oﬁ‘ggé'f'in?f 8071mftbibe 8@ 2L 00 g and

preferably per- one gram o
tetramethylplperidlne with 100 ml of a 0.29 mole/llter

solution of triethylaluminum in heptane at 60°C for 3
hours, 250 ml of heptane and 1.25 g of the solid catalyst
5 synthesized in Example 5 were charged into the_flask and
kept at 30°C. Then, propylene was introdﬁced into the
flask at atmospheric pressure and polymerized for 20
minutes. A part of-the resulting slurry Qas sampled out
and the quantity of polymerization was determined. PP/cat
10 was 4.7. _ |
{B) Polymerization of propylene
After replacing inner étmosphere of an 8 liter
agitation type autoclave made of stainless steel with
~argon gas, 9.0 ml of the solution prepared in (A) by
15 contacting 2,2,6,6-tetramethylpiperidine with triethyl-
aluminum and 1 ml of the pre-polymerization catalyst
slurry synthesized in (A) were charged, and then hydrogen
was fed unti; its partial pressure reached 0.33 kg/cmz.
Then, 780 g of liquefied propylene was charged and
20 temperature of the autoclave was elevated to B80°C, after
which polymerization was continued at 80°C for 2 hours.
After the polymerization, the unreacted monomer was
purged, and the formed polymer was dried under reduced
pressure at 60°C for 2 hours to obtain 255 g of powdery
25 polypropylene. '
The polymer thus obtained contained 4.0 ppm by

weight of magnesium atom. CXS = 3.6; BD = 0.40.



usual ly the soli-d product. Tenperature of the treatnent is/- quﬁ*ﬁ&ﬁgﬁé%lmmmxd
150[err]C,- and preferably O to 120[err]C Duration of the:tre

usualdy 10 m nutes or longer, and preferably 30 m nutes to 3 m&u’# ﬂl’”
conpletion of the treatnent, 15 the-solid material is separate -
and several tinmes washed with inert hydrocai®on sol vent to obtain an
ester-treated solid product. In the next step, the ester-treated solid
product isltrpaeducti phepamedt byecontastdngc dnpjourtobesl 26 £i 2ahi, 6m
tetrachloride. This treatnment is preferably carried out in the state of a
slurry. As thtetsemenhylpdperddinge wiltly AP 0f SHmaf oh, 0 aRPpRaipdliter

hydr ocar bons such ‘as or
solutlon of triethylaluminum in heptane at 60°C for 3

hours, 250 ml of heptane and 1.25 g of the so0lid catalyst
5 synthesized in Example 5 were charged into the flask and
kept_at 30°C. Then, propyiéne was introduced into the
flask at-atmospheric pressure and polymerized for 20
minutes. A part of the resulting slurry was sampled out
and the quantity.of polymerization was determined. PP/cat
10 was 4.7.
'(B) .Polymerization of propylene
| After replacing inner atmosphere of an 8 liter
agitafion'type autoclave made of stainless steel with
argon gas, 9.0 ml of the solution prepared in (A) by
15 contacting 2,2,6,6-tetramethylpiperidine with triethyl-
aluminum énd'l ml 6f the pre-polymerization catalyst
.slurry synthesized in (A) were charged, and then hydrogen
was fed until its partial pressure reached 0.33 kg/cmz.
Then, 780 g of ligquefied propylene.was charged and
20 temperature of the autoclave was elevated to 80°C, after
which polymerization was continued at 80°C for 2 hours.
After the polymerization, the unreacted monomer was
purgeg, and the formed polymer was dried under reduced
pressure at 60°C for 2 hours to obtain 255 g of powdery
25 polypropylene. | :
The polymer thus obtained contained 4.0 ppm by .

weight of magnesium atom. CXS = 3.6; BD = 0.40.



e

pent ane, hexane, heptane, octane/ decane, aromatic hydrocarbonsiﬁ

t ol uene or- xyl ene, 25 alicyclic hydrocarbons such as cyCI_ ﬁEﬂ§asBe Replace
met hyt cycl ohexane or decalin, . and hal ogenat ed "hyd u”m
such as dichl oroet hane, trichl oroethane, or nonochl or obenzene,
di chl orobenzene/ trichl orobenzene . -18- 88n~be referred to. AnDng then1 )
hal ogenat ed hydrocarbons and_ aronatic hydrocarbons are, pref bl e

g 1 y The polymer %hus %%talne contalgeg ? g ppm by

weight of magnesium atom. CXS = 1.6; BD = 0.40.

Example 9: Copolymerization of ethylene and butene-1
After sufficiently replac1ng 1nner atmosphere of
5 a 0.4 11ter autoclave equipped with electromagnetlc
| stirrer with argon gas, 90 g of butane, 1.0 mmole of
triethylaluminum and 10 g of butene-l were charged. Aftei
elevating the temperature to_60°C,-hydrogen was fed until

2 and thereafter

the total pressure reached 9 kg/cm

10 ethylene was fed until the total pressure reached 15
kg/cmz. Then, 2;1 mg of the'solid catalyst synthesized
in Example 5 was added to start a polymerization
reaction. Thereafter, copolymerization of ethylene and
butene-1 was continued for one hour at 60°C, while

15 maintaining the total pressure constant by feeding
ethylene continuously. After completion of the
poljmerization, the formed polymer was collected by
filtration and dried under reduced pressure at 60°C.
Yield of the polymer was 29 g. 1In this experiment,

20 catalyst activity was 630,000 g polymer/g titanium, the

copolymer had 16 ethyl groups per 1,000 carbon atoms.



Cbhceniration of the slurry is preferably 0.05to 0.7 g sol i d/ m—sotveRt—

and particul to 0.5 5 solid/mM solvent. The react Ireipsfeg! 9tﬂpe
is 30 to 150iﬂ !I ﬂ Hlﬂk 45 to 120[err]C, and particul digan fouy "'P'acéd_
-100[err]C T ¥Wh tine is not critical, it is u? Ma ,”"Il _

mnutes to; 6 hours. As the nethod for feedBRg-the ester-trea
prodeact, the ester conpound and titaniumtetrachloride, any of -a nethod of
addi ng ester conpound and titaniumtetrac@GLaZM8e to ester-treated solid and
a nethod of |nversely addin% ester-treated solid to,a solution cqntaining

ester conpouhd and tit AnPERCES St EOTa@FOTNTNHed Bl ¥RibpREdt 1 EARENE et hod

Qf adding eségkpggn 9%%%€?¥%ing solid catalyst for use in the '

polymerization of_olefins which comprises treating, with
an ester compound, .a solid pfoduct obtained by reducing a
titanium compound represented by the following general
formula:
Ti(oRY) X, _
(R1 represents hydrocarbon group having 1 to 20 carbon
atoms, X represents halogen atom, and n represents a
number satisfying 0 < n = 4$.with an organomagnesium
compound in the presence of an organic siiicon compound
having Si-O bond{s),and thereafter treating the ester-
treated solidlprpduct with a mixture of an ester compound -
and titanium tetrachloride.
2. A process according to claim 1,.wherein éfter
treating the solid product with an ester compound, the
esteretreated'éolid product is treated with a mixture of
an ester compound, an ether compound ahd titanium
tetrachloride.
3. A process according to claim 1, wherein Rl in
the titanium compound represented by the genefal formula
-Ti(le)nx4-n is alkyl groﬁps having 2 to 18 carbon atoms
and aryl groups having 6 to 18 carbon atoms.
4, A process according to claim 3, wherein R1 in

the titanium compound represented by the general formula



titani umtetrachiorideto—ester-treated solid, a nmethod of EdShee HesBeer Replaced. -
conpound and ummﬂugm i titaniumtetrachloride or ‘a m ] T :
si mukt aneousl yi# Hﬂmjﬂm conmpound and titanium tetrachl Vm l”m
desirable. A met hbd 'of "addi ng a previously prepared m xture of est :

conpound and titaniumtetrachloride to-edter~treated solid-is particularly
preferable. Theqreaction between ester-treated solid product ﬁ%r nd .ester
conpound afd (ORf Ap¥ym 4 €t K Brghfe GhBiDe2 1 EBLaFEAUPRi B@v&pg 3:_0 Flre%m t he
vi ewpoi nt of catalyst activity and stereospecificity, it is preferable to
carry out CREBO®EGAMSusing a nixture of .ester conpound and '

5. - A process according to claim 1, wherein the
value of n in the titanium compound represented by general

formula Ti(ORl)nX is 2 £n = 4.

4-n

6. A process according to claim 5, wherein the
value of n is 4.
7. A process according to claim 1, wherein the

organocmagnesium compound is one having magnesium-carbon

bond.
8. A process accofding to claim 7, wherein the

organomagnesium compound is Grignard compounds represented

9

by general formula R"MgX (R9 represents hydrocarbon group

having 1 t6 20 carbon atoms and X rerresents halogen

atom), dialkylmagnesium compounds or diarylmagnesium

‘compounds represented by general formula RlpRl1

R

Mg (Rlo and'
each represents hydrocarbon group having 1 to 20

carbon atoms), among which Rg, R10 and R11

are identical
or different from one another.

9. : A procéss according to claim 1, wherein the -
organic silicone compound having Si-0 bond(s) is a campound

represented by the general formula

. 3 4
Si(OR )mR 4-m r

5,056 @ s
R (R 2SlO)P51R3 ,

: .
and/or | (R 2S:l.O)q



’ taniumtetrachl ori ast tw ce. The anmpunt of the ester
corrpound i.s ﬂm““}l““ I TﬁE nol es preferably 0.05 to 15 Ha Replaced-
parthuIarIy one nole of titaniumatomi ﬁl
product . usually “Thé anmount of tltanlunltetrachlorlde IS usu

mol es, preferably 3 to 500 noles and pattdtutarly 10 to 300 noles, per one
nol e of tltanlunlatog1|n the solid product. Per one nole of ester conpound,

t he anount wheneinl Ry Ieptﬁﬁanﬁﬁnhwéﬁnﬁﬂﬂhﬂn(ﬁ§QQﬂ:h§Wkﬁﬁ.bobon%Pes

preferably 50 5 6 7
carbon atoms;- R , R, R°, R" and R each represents

hydrocarbon group having 1 to zo'carbon atoms or hydrogen
atom; m represents a number satisfying 0O «<m=4;0p
reéresents an integer of l-to 1,000; end q represents an
integer of 2 to 1,000.

10. A process according to claim 9, wherein the
-organi-c silicone compound is an'alkqusilane compound
represented by the general fonﬁula- S:i.(OR3)mR44.-_'m wherein

m satisfies 1 = m = 4.

11. A process according to claim 10, wherein the
alkoxysilane compound.isa tetraalkoxysilane compound.
satisfying m = 4.

12, A process according to claim 1, wherein the
‘ester compound is mono- or poly-valent carboxylic ester
including aliphatic carboxylic esters; olefinic carboxylic
esters, alicyclic carboxylic esters and aromatic
carboxylic esters.

13. A process according to claim 1, wherein the
ether compound is diethyl ether, dipropjl ether,.
diisopropyl ether, dibutyl ether, diamyl ether, diisoamyl
ether, dineopentyl ether, dihexyl ether, dioctyl ether,
methyl butyl etﬁer, methyl isoamyl ether, or ethyl
.isobutyl ether. |

14. A process according to claim 13, wherein the
ether compound is dibutyl ether or diisoamyl ether.

15, A process_aecording ts cleim l, wherein the

organomagnesium compound is added to a mixture of titanium



B

t%‘700an|ES7 and—partTtcutariy 100 to 500 nol es. The treat-rent—of—an
gster-treated IH "E ﬂﬁl“ rh a mixture of ester conpound_ang ti
tetra- chIoEi&Em be carried out in the presTnc ! °F

t ani um :
R ced -
an ether compound® Shi d® ether® conpound is usual Iy used i”-""“* Wﬁﬁ'{ﬁl :

nmol es or |less, preferably 50 noles or | &s$%amd particularky 2
| ess* per one nol e .of titaniun1atpn1ini1he solid progduct. The trival ent

titani um cofoBRPERG, Ay AT F DL TSRRE ySPBPERP ned according to-the
cbove- Tent et P 00ERE AARGSRALELALON L1V finSPYST BheluR agshed 11
use for po'%ﬁ%@ﬂ?ﬂﬂ(ﬂbmpound and organic silicone compound are used
after disolving or diluting them with an appropriate
solvent._ '
17. A process according to c;aim 16, wherein the
solven£ is aliphatic hydrocarbons, aromatic hydrocarbons,
aliCyclic hydrocarbons, or ether compounds. |
18. A process according to claim 1, wherein the reduc-
tion is carried out at a temperature rarnging from -50 to 70°C.
19, A proéess according to claim 1,'wherein the
reduction is carried out in the presence of a porous
material having a pore volume of 0.3_m1/g Oor more as
measured at a pore radius of 206 to 2,000 angstroms and
having a mean particle diameter of 5.to 300 microns.
20. Alprocess according to claim 19, wherein the
pproué maéerial is inorganic oxide or organic polymer.
21. A process according to claim 20, wherein the
porous inorganic oxide is Sioz, A1203, Mgo, Tioz, 2r0,,
$i0,+A1,05, MgO+Al,0, or Mg0+S5i0,+Al,0,.
22. A process according to claim 20, wherein the
porous organic polymer is polystyrene type, polyacrylic
ester type, polymethacrylic ester type, polyacrylonitrile
tYPE,.polyvinyl chloride ‘type or polyolefin type polymers.
23. A process according to claim 1, wherein the
amount of organic silicon. compound is in tﬂe range of 1 to
50 as expressed in terms of atomic ratio of silicon atom

to titanium atom (Si/Ti) in titanium compound.



FFon1the vie activity and 25 stereospeC|fIC|ty, it is '
preferable to m@ lm Im i] iat al yst after separated fromli dﬁhlsc$heevﬁ145l$ealReplacﬂ'
| ar ge~ anount of+ hal ogenat ed hydr ocar bon sol vent ‘such as m)n chI |m“m u“ﬂ"

or aromatic hydr ocar bon sol vent such -20- 1 as toluene
several ir%s W th ahl §Ir;_1%%|e%§négc§%?rllg%n t%m Vleanfm si.lcmﬁaf% iaéagge and -

a tenperature of 50 to 120[err]C at | east3once and thereaft
thereafter™10 use it™f Sol rd-cat al yst of

this inventhonntSo¥Setlel 8'rganomagnesium compound is in the range of
0.1 to 10 as expressed in terms of atomic ratio of the suﬁ
of titaﬁium atom and silicon atom to magnesium atom
(Ti+Si/Mg).
25. A process according to claim 1, wherein the
amount 6f ester compouﬁd for treating the solid product is
0.1 to 50 moles per one mole of titanium atom in the solid
product. - |
26. A process accordiﬁg to claim 1, wherein the
amouht of ester compound for treating the solid p;oduct is
used in.an-amount of 0.01 to 1;0 mole per one mole of
magnesium atom in the solid product.
27. A process according to claim 1, wherein the
solid product is treated with the ester compound in the
presence of a diluent. | o
28. A process according to claim 27, wherein the
diluent is aliphatic hydrocarbons, aromatic hydrocarbons,
alidyclic hydrocarbons.or halogenated hydrocarbons.
29, A process acbording to claim 27, wherein the
amount of diluent is 0.1-1000 ml.per one gram of the solid
product.
30. A process accordihg to claim 1, wherein the
solid product is treated with the ester compound at -50 to
150°C for 10 minutes or more. .
31. A process according to claim 30, wherein the
' solid product is treated with the ester compound at

0-120°C for 30 minutes to 3 hours.
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(9) Crganoalun1nun1conpounds The or ganoal um num conpounds Use
I nvention in conbination with the above-mgationed solid catalyst contain-

at | east on
general for
conpounds:

Rerr], R

alunfnuh1cbnﬂbunds and el ectron donors 10 wll: be

i on mmﬂm[“mmmmm nation with an organo- al um num conmpound
i reu th an el ectron donor. @ncret@smEﬂ)"”

e al uni num carbon bond 15 in their mol-ecul e. The followi ng
A8l ae repr 8seAOCEES esicosfimg &P flaidm dl orvee®alt Bnfhem
[err] wherein

eftpr-treatep éﬁ’dl% arﬂd%ﬁﬁméfﬁ%@ﬂm eréquﬂR%EéFLBﬁREELL]p

having 1 to 20

an ester compound and titanium tetrachloride in a slurry
state.
33. A process accordfng to claim 32, wherein a

solvent used foi slurry is aliphatic hydrocarbons,

~aromatic hydrocarbons, alicyclic hydrocarbons or

halogenated hydrocarbons.

34, A process according to claim 32, wherein a
concentration of slurry is 0.05—0.7'g-solid per ml of
solvent. |

35. A process according to claim 32, wherein the
treatment is carfied out at a temperature.of 30-150°C for
30 minutes to 6 hours.

36; - A process according to claim 1, the amount of
the ester compound in the mixture for treating the
éster-treated solid product is 0.02 to 30 moles per one
mole of titanium atom in the ester-treated solid product.
37. A process according to claim 1, wherein the
amount of titaniuﬁ tetrachloride in the mixture for
treating -the ester-treated solid product is. 1 to 1,000
moles pér one mole of titanium atom in fhe ester-treated
solid product. |

38. A trivalent titanium compoundlcoﬂtaining solid
catalyst for_use in the poiYmerization of olefins which is
produced by treating, with an ester compound, a solid

product obtained by reducing a titanium compound

represented by the following general formula:

laCPd

_i
v



. Carbon at ons it ’ presents/halogen atom - an 1 hydrogen
atom or/ al: kou mm :” mepresents a nunber sati sfyi ng 2 ['BFS( e H@s&BeEdRep]aced
3 [err] represents au Juelfof 2 or 3; a represents a nunber
< a<1 brepresents a nunber satisfying O [err] b < 3; and c I |
"nunber 5 satisfying 1 [err] ¢ < 3; providded that (a+b+c) is equa
Concret e exanpl es of the arganoal um num conpound i ncl ude trlalkylalun1nuns
such as trlethylalqu%ﬁﬂR n>4-n

wherein R1 represents hydrocarbon group having 1 to 20

carbon atoms, X represents halogen atom and n represents a

number satisfying 0 < n = 4, with an organomagnesium

compound in tlie presence of an organic silicon compound

having Si-Obond(s)and thereafter treating the ester-treated

solid product with a mixture of an ester compound and

titanium tetrachloride.

39. A trivalent titanium compound-containing solid

catalyst according to claim 38, wherein after treating the

' solid product with an ester compound, the ester-treated

solid product is treated with a mixture of an ester

compound, an ether compound énd titanium tetrachloride.

40. A process for polymerizing olefins which

comprises polymerizing olefins by using a trivalent

titanium compound-containing solid catalyst produced by

treatipg, with an ester compound, a solid product_obtaihed

by reducing a titanium compound represented by the

following general formula:

T:L(OR ) X4 -n
(R1 represents hydrocarbon group having 1 to 20 carbon
atoms, X represents halogen atom, and n represents a
number satisfying 0 ¢ n £ 4) with an organomagnesium
compound in the presence of an organic silicon compound

having Si-Obond(s),and thereafter treating the ester-
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or “triisobut ' j hexyl al.um num 10 dial kyl al um mushbgtﬂﬁélﬁeﬂ{eplaced |
such as di etl ﬂﬁiﬂ'ﬂ}ﬂiﬂﬂﬁlﬂde or diisobutylal um.num hydri de] {IMEIIBERLTIE (RLA0E:
i xtyre of t L nd di al kyl al um num hal i de; i xt uj , IHLII, '",

trial kyl al umi num and al kyl al-um num al koxi de; and al kyl al unoxah
t et raet hyl di al unoxane or tetra- 15 butyl difal-unoxane. :

Stertcally hindered alkyl al uni num amdes hesi zed ti an. . o

or ganoal u?/n' ER cﬁﬂ?c?‘yéstﬁﬁ? Cuif r‘i"b‘flﬁy? aﬁ%%"ﬁgghl% rP?ZS%E:%% %rﬁ%nhunrﬁ or

di et'hyl al um n hal i de wt n 1 he-co n . - | -

20" pyr ol 1 e otk ddk AL AL Lo TREM Men UE e ABa b ufni Buly SnfTEAY
41. A process for pol_ymerizing olefins according to

claim 40, whei‘ein the organoéluminum compound has

the general ' formula

gpl2

AlY '
Y U3y

r¥3rMa1-0-a1r15R16 -

— gl8 19 N

Rl7
“~Sa1—-x s (CH.)
and/or T A2l
: . Lb/ _ \/
RZO 21

_

R ~da
wherein Rlz, Rls, RM, Rls, Rls, R17, Rla, ng, Rzo and
R21 each represents hydrocarbon group having 1 to Z0

‘carbon atoms; Y and L each represents halogen atom,
hydrogen atom or alkoxy group; y represents a number
satisfying 2 £ y £ 3; B represents a number of 2 or 3; a
represents a nﬁmber.satisfying 0 ¢ a < l; b represents a
number satisfying 0 = b « 3; and c represents a number
satisfying 1 £ ¢ ¢ 3; provided that (a+b+c) is equal to
3.

42, . A process for polymerizing olefins according to
claim 40, wherein én electron donor selected from organic
silicon compounds having Si-Osz::Jnd(s)(R2 is hydrocarbbn
group having 1 to 20 carbon atoms) or Si-N-C bond(s),

aromatic carboxylic ester compounds and sterically



Anong these. or gan ' ounds, trialkyl- alum nums, mpgt G.6 1f Been Replaced
trialkylalum rﬂm W!H“ﬂ!ﬁﬂliﬁm num hal i de, al kyl al unoxanes . i
hi ndgred 25 a | «aes are preferable, and-triethyl %mmmrl I
triisobutylalum num mxture of triethylalum num and di et hyl al : r
chloride, tetraethyl di al unbxane, reaction®product of triethylalumnumand

2,2,6,6-tetranethyl- . -22 - 1 pi.peridine and reaction product, of
Criethyl ol dHERShemines aTeorPaRE: A She Gr 13 PO YRRRIAAR SR ¢
preferablen4gﬁe annqu 8§oé§§s°£8%”88 %%Egggfﬂan% ¢ 1ﬁ§”¥é§%rding to

claim 40, wherein the olefin is at least one member
selected from the groﬁp consisting of ethylene, propylene,
butene-1, pentene-1, hexene-l, 3-methylpentene-1,
_4—methy1pentene-l, octene-1, decene—l, and dodecene-1.

44. A process for polymerizing olefins'according'to
claim 40, wherein the éolymerization is cariied out at a
temperature of -30°C to 300°C upder a pressure of about 3
to 2,000 atmospheres.

45, A prpdess_for.polymerizing_olefins which
comprises polymerizing olefins by'using a trivalent
titanium compound-containing solid_catalyst produced by
treating, with an éster compound, a solid product obtained
by reducing a titanium éomppund.represented by the
.following general formula: |

Ti(oRY) X,

(R1 represents hydrocarbon group having 1 to 20 carbon
atoms, X represents halogen atom, and nlrepresenté a
number satisfying 0 ¢<n = 4) with an organoﬁagnesium
compound in the presence of an organic silicon compound
having Si-Opond(s),and thereafter treating the ester-
treated solid product with a.mixture of an ester compound,
‘an ether compound and titanium tetrachloride,‘and an |
organoaluminuﬁ_pompound;

46. A process for polymerizing olefins according to



varied in as to 1,000 noles per one nole. Qﬁnnqﬂmxd
atomin SO|I \“m‘“ ﬂabl y, the anount of organoal Um u ’”f“"l
is in the ran | es per one of titaniumatom.in:. ?
catalyst (h) ectrbn'Honor The el ectron donor optionally used at the t.

10 of pol ymerization is selected from orgagi ¢ silicon conpounds having:
Si-CR[err]bond(s) (Rerr] is hydrocarbon group having 1 to 20 carbon atons)
or Si- N Choadésdin, 4&r,0mdiere ioa rtdhex \digarest amioup ocioidsoand skerical |y

hi ndered am nes. As said organic silicon conmpound, al koxysilane 15
conpounds reppeesentedopyt hef gehenihgfgemetal fornula: [err] (R err] and
Rl err] represent a hydrocarbon group having 1 to 20

R12

AlY,
Y T 3-y
r13r1%a1-0-a1r15r16
g18 .19 .

27p

QL7 )\
c
and/or \\\Al-;—N\\\\>K<////(CH

wherein RY2, '3, r!4, g!5, g16, 17, g18, 19 (20 . 4

R21 each represents hydrocarbon group having 1 to 20
carbon atqms; Y and L each represents halogen atom,

- hydrogen atom or alkoxy group; y represents a number
satisfying 2 £ y £ 3; B represents a number of 2 or 3;
a represents a number satisfying 0 ¢ a ¢ 1; b reprasents a
number satisfying 0 = b ¢ 3; and ¢ represents a number
satisfying l scc«< 3; provided that (a+b+c) is equal to
3. |
473 _ A process for polymerizing olefins according to
claim 45, wherein an electron donor selected from organié
silicon compounds having Si—ORz}:x:.nd(s)(R2 is hydrocarbon
group having 1 to 20 carbon atoms) or Si-NeCEomi@), |
aromatic_carboxylic ester compoﬁnds and sterically
hindered amines are added at the time of polymerization.

48. A procéss for polymerizing olefins according to

claim 45, wherein the olefin is at least one member



Garbon at os and T represents a number satisfying O [err] tn e rl 3) are
preferably uiﬂ'“llﬂﬂ“lﬁ“tﬂ!‘!um As said aromatic carboxylilc e m h@laced
net hyl benzo e, propyl benzoate, |sopropyInE
benzoat e, phenyl ‘befizokt e, met hyl toluate et hyl toluate -

ethyl ani sate, nonoethyl phthal ate, dinethyl phthalate, nethyl 25 ethyl
pht hal at e, di et hyl phthal ate, dipropyl phtﬁglate, - 23 - d||sopropyl

- phthal ate, diRyprl RN Se YA BdlsXHting of ethylene, propylene,

butené-l, pentene-1, hexene-1, 3-methylpentene-l,
-4—methy1pentene—1, octene-1, decene-1, and dodecene;l.
49, A process for polymerizing olefins éccording to
claim 45, wherein the,polymerizatiqn is carried out at a
temperature of -30°C to 300°C under a pressure of about 3

to 2,000 atmospheres.



ﬁhfhafate di heptyl phthal ate, dioctyl phthal ate/ diphenyl

can be referred to. As the sterically hindered am ne, 2,6- subs fﬁBadqumal
pIperldlnes 2,5-substituted pyrrolidines, and substltuted net

conpounds suech as N,N,N , N - tetranethyl nethyl enedi ami ne

be referred to. Anong these el ectron donof al koxysi | ane 10 conpounds
repreésented by the general formula R[e CR[err )[err] and 2, 6-substituted

pi peridines give a particularly good rd l cret@:eﬂanples of said

al koxysi | ane conpounds i ncl ude tetranet hoxysil ane, hyl t ri met hoxysi | ane,

15 di cycl ohexyl di met hoxysi | ane, dii sobutyl di met joxysidsar|e,
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di oct adecyl! di net hoxysi | ane, dlnethyldlnethoxy5|lane i
cycl ohexyl tri met hoxysi | ane, isobutyltrinethoxysila This SheetHasBeenRepl'lced
oct adecyl tri met hoxysi | ane, ethyl trinmethoxysil ane, phenyltr| ,
phenyl net hyl di met hoxysi | ane, 20 tetraethoxysil ane, met hyl tri '
ethyl triethoxy- silane, V|nyltr|eﬁﬁ§@ﬁﬁq ne, phenyltriethoxysilane,

di phenyl di met hoxysi | ane, %E%n Idleth0x1+y3||anes butyl tri et hoxysil ane,

tetrabutoxy5|IER@CE§§n§pﬁrP Etﬁ'ﬁh4§ﬁmﬁ§5|lane

‘can be referred 25 to. OLAHAFRE 2T IO QR IN:d pi peri dine. 2, 2,6, 6-
tetramet hyl pi peri di ne " can he referred.to. e electron donor
is usual |y used in an dhRFACSHTS ofDE PB°§“E&P@S SF&V@&%& B B31EM3 1ol es

and parthU|%gdéound-contalnlng solid catalyst for use in the
polymerization of olefins which comprises treating, wiﬁh
an ester compound, a solid product obtained by reducing a
titanium compound represented by the following general
formula: |
Ti(orY) x
n 4-n
(Rl represents hydrocarbon group having 1 to 20 carbon
atoms, X represents halogen atom, and n represents a
humber satisfying 0 < n = 4) with an organomagnesium
compound in the presence of an organiq silicon compound

having Si-0 bond (s), and thereafter treating it with a

mixture of an ester compound and titanium tetrachloride.

(Figure 1)
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‘of ;them The polynerlzatlon can be pract|sgpéluca;myﬁecxenper&ﬂﬁlﬁ(ﬂﬁﬂﬁﬁﬂ‘SHEET
from - 30[err]Cto +300[ err] C, preferably

oft:t he pol ynerization is not 3 to 2,026 bar 15 critical, a gr
abBuy 3 to 2,026 bar(3 to 2,000 atnnspheres)ls preferable frgmit
vi ewpoi nt of industrial appl|cab|I|ty-aﬂd-econony The

e . i (T

to 200[err] C. Thg
ShL3 38 1998

of

pol ymeri zati on may be amprogESSOFORN PRODKYSNEGNSODUDDEATALYBI{&OR Sl urry
pol ymeri zati on and sol uti on polynerization using inert hydrocarbom26
sol vent such as propane, butisEe INOUIMMERIZXTANEON OEpORBEINSd oct ane,

l i qui d phase pol ynerization in the absence of solvent, and gas phase
pol yneri zation are all adoptable, too Next, the olefins to which this
invention is

1

10

15

20

This invention IEIQtEi tg a process for
-producing a solid catélyst used in the production of
olefin polymers, and more particularly to a process for
produc1ng a novel solid catalyst having a very hlgh
polymer1z1ng activity per =0lid catalyst and per titanium

atom which is for use in prcducing clefin polymers containing only

“very small - amounts of cétalyst residues and amorphous

polymers and having excellent mechanical properties and -

processability.

As a process for producing éolymers of e-olefins
such as propylene or butene-1. ' . " the process
‘using the so-called Ziegler-Natta catalyst constitutea of
a transition metal compound belongihg to Group IV to Group
VI of the periodic table and an organometallic compound
belonging to Group I to Group III is generally well
known. Particularly, in the industrial produdtion of
a-olefin polymers, titanium trichloride catalysts are
widely used.

In this production process, however, amorphous

polymers are formed as a by—p_ro-duct in addition to the

valuable highly stereospecific a-olefin polymers.



applicable are those having 2 or nore carbon atons. 25 Concr gt-e—e

: S-exahphes.

of 'such ol efin include ethylene, propylene, butene-1, pentene{REPIWKERENT, SHE
pent ene-1, 4-nmethyl pentene-1, octene-1, decene-1, andi T

- 25 - The polynerization of this invention nmay be any of

3-met hyl -

les .

honopol yneri zati on and copol ynerization. In the copol yneri zat 01,1t 8"6
nore kinds of olefins are mxed together gnd they are contactedis.with

catalyst in this state to obtain a copolyner. A

1

10

15

20

25

i
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ET,

dodecene=t-—

These- amorphous polymers are not valuable ™~
industrially and exercise a greatly adverse influence
upon the mechanical properties 6f a-olefin polymersin
the form of e.g. films, fibers . or other processed
products or shaped articles.

Further, formation of tﬁé ;morphous product
brings about a loss in starting monomér. At the same
time, it indispensably requires equipment for removing
thé amorphous polymers,and thereby brings about a very
large industrial disadvantage. )

Accordiany, if formation of such amorphous
polymerscan be prevented or suppressed to a low degree;
it will bring about a very great merit.

On the other hand, in «-olefin polymers

ptdduced according to such a polymerization érocess,

catalyst.residues-remain and cause various problems’ as regards

stability and proceésability of ¢-olefin polymers. Thus,

it becomes necessary to provide equipment for removing

catalyst residuesand stabilizing the polymes. |
These difficulties can be overcame by enhancing the. :

catalyst activity represented by the weight of formed

. @-olefin polymer per unit weight of catalyst, by which

the equipment for removing tcatalyst residues becomes
unnecessary and the produ;tion cost of a-olefin polymefs
can be reduced.

As production process of titanium trichloride,
1) reduction of titanium tetrachloride with hydrogen,

followed by activation of the reduced product by its



het.er obl ock copol yneri zation carrying out the polyneriza- tion RF A@E@ﬂﬂngﬁEET
nore steps can also be carried out easily. A chain transfer agent such as
hydr ogen may be added for the purpose of regulpti n$3 vur 98
moRecul ar wei ght of 10 the resulting polyner. Next, this invegntfion will be
illustrated in nore detail by way of the foll ow ng exanpl es and conparative
exanpl es. Example 1 15 (A) Synthesis of £he organomagnesi umlcanpound

Sirrer TR uh e ntaRhe A B RE Ny PhrEr ok e RE AR L D o
gas. 320 gLeshEsqd MRt HAUIY U Al ANV 12590 Y oS

activation of the reduced product by its pulverization in

ball mill, 3) reduction of titanium tetrachloride with an

5 organoaluminum compound at a temperature of -30 to 30°C,
followed by heaf—treatment of éﬁ;'réduced solid product at
a temperatﬁre.of 120 to 180°C | can be referred to.

However, titanium trichloride produced by these
processes is not satisfactory in catalyst activity and

10 stereospecificity. )

In Japanese Patent Publication No. 53-3356,.2
process which compfises reducing titanium tetrachloride
with an organoaluminum compound to obtain a reduced solid
.material, followed by treating the reduced solid material

15 with a complexing agent and further reacting it with
titanium tetrachloride is mentioned. Further, in Japghese
Patent Application Kokai (Laid-Open) No. 59-126401, a
process which

comprises reducing a titanium compound represented by the

20 following general formula:

Ti(OR) X,
with an organoaluminum compound, followed by treating the
reduced product with a mixture consisting of an'ether
compound and titanium tetrachloride is mentioned. Ifan a-

25 olefin is polymerized with a catalyst system comprising a

solid catalyst component obtained according to these



20 . charged into the flask. Into the dropping funnel were charge ﬁ,'
butyl chloride and 500 M of dibutyl ether, and their about 30j REP v i L
dropped onto the magnesium placed in the flask to start a reacé|0n TAfter ]

stgrt of the reaction; they were continuously dropped at 25 50[er g, Queros |

a period of 4 hours. After conpletion of_ tye droppi ng, the reacti on was :

continued for an additional one hour at 60[err]C Then, the reacted—

sol ution \ﬁ’aspsggbgcietso and -~#6-0 A 5 RO LATRERMACURD oA, tHeweekid eart@uwt

was flltered The butyl magnesi um chl ori de di ssolved in dlbutyf
activity is not yet satisfactorily hlgh though the result-

ing «-olefin polymer has a high stereospecificity
It is also known that titanium trichloride can
5 be synthesized by reducing titanium tetrachloride with an
organomagnesium compound such'a'-s'a'Gfignard reagent.

The present inventors previously proposed a
process which comprises reducing titanium tetrachloride
with an organomagnesiﬁm compound to obtain_a solid product

10 and treating §aid solid product with a Lewis acid
.(Japanése Pateﬁt Publicatioﬁ No. 57-24361) and a process
which comprises reducing an alkoxytitanium compound with
an organomagnesium compound in the presence of an organic
silicon compound having si—o bond to obtain a solid

15 product and treating said solid product with a mixture
consisting of an ester compound and an ether compound
- {Japanese Patent Application Kokai (Laid-Open) No. |
61-2875904).

 The catalysts obtained by these processes cannot

20 yet give e-olefin polymer having a satisfactory-

stereospecificity, though they exhibit a high catalytic

activity in the polymerization of «-olefins.

In view of the above-mentioned situation, the
25 problem to be solved by this invention, or the object of
this invention,_is to provide a process for producing a

solid catalyst for use in the polymerization of olefins



ether was hydrolyzed with 1N sulfuric aC|d and excessive sulfu REPEA Emﬂﬁ?Tl T
back-titrated with 1N sodi um hydroxide 5 sol ution to determ ne|t ¢ SHEE

concentration of butyl magnesi um chl ori de, using phenol pht hal ei -
ingicator. As the result, its concentration was 2.1 noles/litkr Igﬁ"“'- 1998
Synthesis of solid product After replacing the inner atnospher a.500 _ni
10 flask equipped with a stirrer and a droppinhg funnel with arjgon gas, 240

%‘gof’fes?eg g &arvg&eﬂ PR @%%%ﬁéé&i%itt%%ﬁ% hedus ;o?ui on
T , 15

sl g\r/]\,i y dropp %éebreeﬁ? ?@Wﬁéuﬁgtg%?%gg unne %gfléel?eéjf Ipcgartlgo ? 4 hours
whi | e keep'nQeé%ﬁdé"@%dt§EG¥¥ﬁﬁﬁ§epolymer unnecessary.

By the use of the solid catalyst of this

5 invention, the'following effects can be achieved.
(1) Since catalytic activity per solid catalyst and
per titanium atom is very high, the contents of halogen
atom and titanium atom in the resulting polymef, closely
related to color, stability and corrosive property of the
10 resulting polymer, can be made gquite low without.practis-
~ing any particﬁlar procedure for removing catalyst
residue. That is, the egquipment for removing catalyst
residue becomes unnecessary and production cost of olefin
polymer can be reduced. '
1s (2) Since the decrease in catalytic activity and
stereospecificity in the lapse 6f polymerization time_is
~ very small, formation of polymer per unit guantity of

catalyst can be increased by prolonging the polymerization

time.

20 Further, the following effects are also
expectable.
(3) The use of the so0lid catalyst of this invention

makes it possible to produce an a-olefin polymer having
a very high stereospecificity. In other words, the

25 formation of amorphous polymer as by-product is very
small. Accordingly, an a-olefin polymer excellent in
mechanical properties can be produced without removing

amorphous polymer.



of the flask at 5[err]C. After dropping it, the mxture was stirred at room
tenperature for an additional one hour. The solid product masfseparatedwww¢m
fromiliquid, ief
under reduced pressure to obtain 45.0 g of a brown col ored sokld product T
The solid product contained 1.7% by wei ght of titanium atom 33 8% Dyrs:
wei ght of ‘ethoxy group and 2. 9% by wei ght 6éf =25 but oxy groupj
angle X ray diffraction pattern of this solid product by Cu- .
clear difiraéfdon peak Sknceobshe iarmabionl Pf godoman &dlwpig slﬁnnrphous

10

15

20

25

thrice washed 20 with each 240 m portions of he ahe ang”

polymerization solvent, or a polymer having 2 low
stereospecificity, is very small, process troubles such as

deposition of polymer onto reactor wall, pipings or

flash hopper do not occur. Further, since formation of

soluble polymer is very small, tgé.;tarting monomer can be
utilized effectively. .

This invention relates to a trivalent titanium
compound-containing solid catalyst for use in the

production of.olefin polymers which comprises treating a

-s01id product, obtained by reducing a titanium compound

represented by the following general formula:

T1(OR ) X4 -n

a .
(Rl represents;hydrocarbon group having 1 to 20 carbog

atoms,yrepresents a halogen atom, and n represents a

number satisfying 0 < n £ 4) with an.organomagnesium
compound in the presence of an organic silicon compound
having Si-Obond(s), with an ester compound, followed by
treating it ‘with a mixture consisting of an ester compound
and titanium tetrachloride or a mixture consisting of an
ester cdmpouné, an ether compound and titanium tetra-
chloride with the provisos given in claims 1 and 2.

By the use of the catalyst system of this
invention, the above-mentioned object of this invention

can be achieved.

'\r\-q
In the wi de-
erri-rays--ne-




- 27 -1 structure. (O Synthesis of ester-treated solid pfoduc
repl aci ng i nner atnosphere of a 100 ml flask with argon gas, 8.
solid product 5 synthesized in (B), 43 m of toluene and 5.8 m

PLECEMENT SHE!

(22 mmoles)

of zdi i sobutyl phthalate were charged and reacted at 95C for one[hpur.3 801 ety

the reaction, the solid material was separgted fromliquid and {hfice
washed with each 35 ml 10 portions of toluéné. (D) Synthesis of|sbtd

cat al yst
21 nm

{activating treatnment) After conpleting the washing stgp in (O,
Figure 1 is a flow chart diagram for facili-
tating understanding of this invention. This flow chart

diagram is nothing other thén a typical embodiment of this

5 invention, and it does not limit this invention.

T e .

Hereunder, this invention will be explained more
concretely.

(a) Titanium compound

10 Titanium compound used in this invention is

represented by the following general formula:

A |
Ti(OR) X,

(31 represents?hydrocarbon group having 1 to 20 carbon

_atoms, X represents?halogen atom, and n represents a

.15 number satisfying 0 < n = 4).

Concrete examples of R1

include alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
amyl, isoamyl, hexyl, heptyl, octyl, decyi or

~dodecyl:; 2aryl groups such as phenyl, cresyl, xylyl or

20 naphthyl. cycloalkyl groups such as
cyclohexyl, or cyclopentyl; allyl groups such as
propenyl; and aralkyl groups such as benzyl.

Among them, alkyl groups having 2 to 18

carbon atoms and aryl groups having 6 to 18 carbon atoms

25 are preferable, and straight chain alkyl groups having 2



of ;toluene, 0.48 mM (1.8 mwoles) of diisobutyl phthalate and--12.8--m...(-116..
mol es) of titaniumtetrachloride were 15 charged into the fikagkié K
reacted at 95[err]C for 3 hours. the After the reaction, the goftid produc
wag separated from |iquid and washed at that tenperature twice.wth each-
43 ml portions of toluene. The above-nenLiqﬁeg t r eat ment usﬁng a mXture of
diisobutyl phthalate and titanium 20 tetrachloride was repeated..once.nore__|
under the jsafe QBNHAIBIE Afond e Wtﬁb@ui@kh? pae fletiaie washedi wi t h
each 43 m portions of hexane to obtain 6.6 g of an ocher cotored-soti-d
catal yst. Thalsel ipbsxiibkilley Ho tuses tohd adv nedloecenkanded o ht2ZmIymwei ght of -
titaniumatom 20.2% by wei ght of nagnesiuT

compounds having different OR™ group.

Examples of the halogen atom represented by X
5 include chlorine, bromine and iodine. 2among them,
chlorine gives a particu;arly”bbdd'result.
The value of "n* in the titanium compound
represented by gengral formula Ti(ORl)nX4_n is a value
sétisfying 0<n §.4, preferably 23S ns 4, and

4 . . -

10 particularly n
As thé synthetic method of titanium compound

-represented by general formula 'ri(ORl)nX4_n (0 ¢n = 4),

any of the known methods can be adopted. For example, a

method of reacting Ti(OR1)4 with TiX, at =2 desired ratio,

4
15 or a method of reacting'TiX4 with the corresponding
alcohol at a desifed ratio can be adopted.
- (b) Organic silicon compound having Si-O0 bond(s)
The organic silicon compounds having Si-0O bond(s)

which can bg used in this invention'inélude those

20 represented by the following general formulae:

:cor3y pd
Si(orR*) R,

7
3

5,.6 .. .
R(R 2510)pSlR
and/or (R%.si0)
n or 2 q

a .
wherein R3 represents/ hydrocarbon group having 1 to 20



atom and 17.3% by wei ght of phthalic ester. (E) Polynerizat?REPbACENE%H1SHEET

Aft'er replacing the inner atnosphere of a 3 - 28- 1 liter pagrrarron

type: aut ocl ave nmade of stainless steel with argon gas, 2.6 ol qu.wqa
ﬁ?oythe.
s .5

triget hyl al um num 0.39 mol e of phenyl trinmet hoxysilane and 7.1
solid catal yst synthesized in (C) were charged and hydrogen
i ntroduced until its partial pressure reached 0.32 bar(0.33{kg/cnferr]).

Then, 780 g of l|iquefies pr pylgne pas gharged,atenperature of—autoctave
was el evat e¢cdrb@d[atoh€; RNd R, R°, R' and R° each represents a
hydrocarbon group having 1 to 20 carbon atoms oyahydrogen
atom; m represents a number satisfying 0 ¢ m = 4; p
represents an integer of 1 to 1,000; and g represents an
5 integer of 2 to 1,000. |
Concrete examples ofufﬂé Grganic silicon
compound include tetramethoxysilane, dimethyidimethoxy--
silane, tetraethoxysilane, triethoxyethylsilane,
diethoxydiethylsilane, ethoxytrieth&isilane, tetraiso-

10 propoxysilane, diisopropoxydiisopropylsilane, )
.tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane, dicyclo-
pentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilane, phenoxytrimethylsilane,

15 tetraphenoxysilane, triethoxyphenylsilane, hexamethyl-
disiloxane, hexaethyldisiloxane, hexapropyldisiloxane,
octaethyltrisiloxane, dimethylpolysiloxane, diphenylpoly-
siloxane, methylhydropolysiloxane or phenylhydropoly?
siloxane. . '

20 'Among these organic silicon compounds
alkoxysilane compounds represented by general formula
Si(OR3)mR44_m wherein m satisfies 1 = m £ 4 are

preferable, and tetraalkoxysilane compounds satisfying m =

4 are particularly preferable.
25 (¢) Organomagnesium compound-
As the organomagnesium comﬁound of this
invention, arbitrary types of organomagnesium compounds

having magnesium-carbon bond can be used. Particularly,



pol yneri zation was contlnued for 2 hours at 80[err]C. After therc: .-~
pol’ymeri zation, the unreacted nononmer was purged. The 10 resulitihg *pal yaer 2t
was dried under reduced pressure at 60[err]C for 2 hours to obtéln 116 g of |
powdery pol ypropyl ene. This neans that the yield (grams) of pol yprio3 opyl edd |
per one gram of solid catalyst conponent (herein- after, abbreviated to ,
PP/ cat) was 16, 300. Proportion (% 15 by weil@ht) of cold xyl eng¢-soltpre "
conponent in the total polynmer (hereinafter referred to _as "CXS é% gwas 1.3.
Bul k densit yGt#omaxdoicanpeundsdiap rrisnkedhyPneeppsrdi fermela & di9¥d to '
as BD) was 0.44. Exanple 2 20 _(A) Synthesis of ester tre%ted sqlid

products Aft &R r EEPFESRP S AW LAGRFRE TF P N 3¥pNE 1 to 20 carbon

atoms and X represents halogen atom), dialkylmagnesium

compounds and diaryimagnesium compounds represented by

10,11 11

S general formula R™ R "Mg (R and R each represents

hydrocarbon group having 1 to Zo*éa}bon atoms) are

preferably usable. In these formulas, Rg, Rlo and R

11'
which may be identical or different from one another,
represent alkyl, aryl, aralkyl and alkenyl groups having 1

10 to.20 carbon agoms such as methyl, ethyl, propyl)
.isopropyl, butyl, sec-butyl, tert-butyl, amyl, iscamyl,
hexyl, octyl, 2-ethylhexyl, phenyl or benzyl.

Concrete examples of the orgénomagnesium
compounds are as follows.. Thus, examples of the Grignard

15 compound include methylmagnesium chloride, ethylmagnesium
chloride, ethylmagnesium bromide, ethylmagnesium iodide,

:propylmagnesium chloride, propylmagnesium bromide,
butylmagnesium chloride, butylmagnesium bromide; sec-
butylmagnes;um chloride, sec-butylmagnesium bfomide,

20 tert;butylmagnesium chloride, tert-butylmagnesium bromide,
amylmagnesium chloride, iggamylmagnesium chloride,
phenylmagnesium chloride; phenylmagnesium bromide.

Examples of the compounds represented by RloRllMg
include diethylmagnesium, dipropylmagnesium, diisopropyl-

25 magnesium, dibutylmagnesium, di-sec-butylmagnesium,
di~-tert-butylmagnesium, butyl-sec-butylmagnesium,

. or
diamylmagnesiumy diphenylmagnesium.



flgsk wth argon gas, 6.5 g of the solid product synthesized in
(B), 16.2 mM of toluene and 4.3 mM (16 mmol es) of diisobutyl pht
charged and 25 reacted at 95C for one hour. After the reaction,
was separated fromliquid and thrice washed with each 33 ml por

-29- 1 toluene. (B) Synthesis of solid c§t§gyst After conpletin

washi ng step of (A), 16.2 m of toluene, O 6 m (1.3 nmoles) of diisobutyl
1 As the Solvent used in the synthesis of :

above-mentioned organomagnesium compounds, ethereal

solvents such as diethyl ether, dipropyl ether,

diisopropyl ether, dibutyl éther, diisobutyl ether, diamyl
5 ether, diisoamyl ether, dihexyl ether, dioctyl ether,

diphenyl ether, dibenzyl ether, ﬁhéﬁetole, anisole,

tetrahydrofuran or tetrahydropyran _ | can be

used. Apart from them, hydrocarbon solvents such as

hexane, heptane, octane, cyclohexané, methylcyclohexane,
10 benzene, toluene or Xylene or mixture of the

ethereal solvenﬁ and the hydrocarbon solvent are also

usable. The organomagnesium compound is preferably used

in the state of an ethereal solution. As the ether

compound used for this purpose, an ether compound having é_
15 or more carbon atoms in molecule or an ether compdund

having cyclic structure is used.

From the viewpoint of catalytic performance;_it

is particularly preferable to use a Grignard compound

9

represented by R"MgCl in the state of an ethereal

20 solution.

Hydrocarbon-soluble complexes formed between the
above-mentioned organomagnesium compound and an organo-
metallic compound are also usable. As examples of said
organometallic compound, organic compounds of Li, Be, B;

25 Al and Zn can be referred to..
(d) Ester compound |
As the ester compound of this invention, mono-

and poly-valent carboxylic esters including aliphatic



5 phthalate, 2.2 m (13 mmoles) of butyl ether and 38.0 m (346 rmules).:iof
titaniumtetrachl oride were charged into the flask and reacted|at 95[err] C i
for 3 hours. After the reaction, the solid was separated fron1|§qﬁLﬂ¢5L 998 |
O5err] C and tw ce washed at that tenperature with each 33 m portions 10 }
of toluene, after which the above-nentioped,treatment using a fnxture or
diisobutyl phthalate, butyl ether and titaniumtetrachl oride s repeated

once nore 1un‘i%rrﬂcf:))3§?15?€‘9e§9@£'£3 | 9Vef f‘ﬁié‘bEX‘Fbég?ﬁEeg%%'éé& .Waéliggi:ﬁ%

washed with each nm portions of hexane to obtain of an ocher
colored soli ¢arHcitybic db€esd! bHdcCatonyeicCORLBLRSY it Bodwr yetght pef
titaniumatom 19.9% by wei ght of magnesi um atom and 12. 7% by wei ght of
pht hal i ¢ est gsed.

Concrete examples of szid ester compound include

5 methyl acetate,'ethyl acetate, phenyl acetate, methyl
propionate, ethyl propionate,-éfﬂyi’butyrate, ethyl
valerate, methyl acrflate, ethyl acrylate, methyl
methacrylate, ethyl benzoate, butyl benzoate, methyl
toluate, ethyl toluate, ethyl anisate, diethyl succinate,

10 dibutyl succigate, dieihyl malonate, dibutyl malonate,
ldimethyl maleaté, dibutyl maleate, diethyl itaconate,
dibutyl itacénéte, monoethyl phthalate, dimethyl
phthalate, methyl ethyl phthalate, diethyl phthalate,
dipropyl phthalate; diisoprcéyl phthalate, dibutyl

15 phthalate, diisobutyl phthalate, diheptyl phthalate,
dioctyl phtha late/'or;iiphenyl phthalste.

Among these ester compounds, olefinic carbox&lic
esters such as methacfylic esters, maleic esters and the
like and phthalic esters are prefer;blé, and phthalic

20 diesters are particularly preferable..
(e) Ether compound

As the ether compoundswhich can optionally be
used in this invention, diethyl ether, dipropyl ether,
diisopropyl ether, dibutyl ether, diamyl ether, diisoamyl

25 ether, dineopentyl ether, dihexyl ether, dioctyl ether,
methyl butyl ether, methyl isoamyl ether;n;thyl isobutyl

ether are preferable, among which dibutyl

ether and diisoamyl ether are particularly preferable.



(C%'Polynerization of propyl ene 20 Propyl ene was p
the sanme manner as in Exanple 1 (E). PP/cat = 22,100; CXS =

BPTACTAZENT SHEET

0.44. Conparative Exanple 1 (A) Synthesis of solid catalyst 2 _ _ A
soli d catal yst was synthesized in the sane manner as in Exanpl e 27 Seiéle3998
that, at the tinme of synthesizing solid catalyst, activating eatnent was
1 carried out with a mxture of butyl ethkenl3and titaniun1tetJach|or|de
wi t hout u5|n diisobutyl phthalate. The solid catalyst thus ohtained
‘cont ai ned12. % Synthesis of solid catalyst

The so0lid catalysts of this invention are

synthesized by treating a solid product obtained by

reducing a titanium compound with an organomagnesium

5 compound in the presence of an organic silicon compound

-

with an ester compound and thereafter treating it with a

mixture comprising an ester compound and titanium

tetrachloride or a mixture comprising an ester compound,

an ether compound and titanium tetrachloride.
10 The. synthetic reaction is carried out
. atmosphere of inert gas such as nitrogen, argon

like.

in an’

or the

In the first step, a titanium compound is

reduced with an organomagnesium compound. The
L5 may be carried out by any of a method which com
adding an organomagnesium compound to a mixture
-titanium compound and an organic silicon compou
‘method which comprises, inversely, adding a mix
titanium compound and an organic silicon compou

20 solution of an organomagnesium compound. Among

reduction
prises

of a
nd, and a
ture of a
nd to-a

these two

methods, the method of adding an organomagnesium compound

to a mixture comprising a titanium compound and
silicon compound is more preferable from the vi
catalytic activity.

25 Preferably, the titanium compound and
silicon compound are used after dissolving or 4

them with an appropriate solvent.

an organic

ewpoint of

organic

iluting




by . melght of titaniumatom 20.4% by wei ght of magnesium5 at@' 17 0
wei ght of phthalic ester. (B) Polynerization of propylene Phopylene mas
pol ynerized in the same manner as in Exanple 1 (E). PP/cat I3 18, 200/0!ICXS:¥
2.4, BD = 0.42. Since 10 activating treatnent was carried odt,mnth a i
m xture of butyl ether and titaniumtetrachloride without uﬁlng ﬁrrsoburyrw~
phthalate in this conparative exanple, the ﬂolyner obtainediin this

conparatiye exanpl e was, i i t s t T T
obt ai ned :in Exanpl es 1?‘§ njheer Sg;wcég‘tsa‘% g PE Hﬁ% )ﬁk‘t’%ﬁg% %%a s of
solid Cataly%tOllOWlngs can be referred to: aliphatic hydrocarbons such

as hexane, heptane, octane or decane; aromatic

hydrocarbons such as toluene, or xylene;

5 alicyclic hydrocarbons such as cycloheéxane, methylcyclo-
hexane. or decalin; ‘énﬁ‘éther compounds such as
diethyi ether, dibutyl ether, diisocamyl ether or tetra-
hydrofﬁram

normally
The reduction is garried out at a temperature
10 ranging from -50 to 70°C, preferably from -30 to 50°C, and
_particularly preferably from -25 to 35°C. I1If temperature.
of the reduction is too high, the catalyst activity
decreases.
It is also possible to sypthesize the solid
15 .product by reduction in the presénce of a porous material
such as inorganic oxide;n;rganic polymer so as
"to impregnate the porous material with the solid prodﬁct.
As said porous material, thosé-having a pore
volume of 0.3 ml/g or more as measu?ed at a pore radi&§>g¥7
20 zgﬁléiog 000 angstroms 2nd having ‘a mean particle diameter
5 to 300 um
of/(5 to 300 microns)are preferable.

As said porous inorganic oxide, Sioz, Al
or

203~

M Ol T. ’ ’ 1 L] > » ] ']
g i0,, 2r0,, $i0,-A1,0;, MgO A1203,[Mgo sio,<Al,0,
can be referred 0.
25 As said porous organic polymer, polystyrene

type, polyacrylic ester type, polymethacrylic ester type,
polyacrylonitrile type, polyvinyl chloride type and

polyolefin type polymers can be referred fo. Their



5% 43 by .
A solid catal yst was synthesized in the same manner as in Exgﬁﬁﬁ ftl ée%hEEr
that the ester-treatnent 20 preceding the synthesis of solid catalyst mas
omtted and the amount of titaniumtetrachloride used in the|attiGGtuagiss3
treatment was decreased to 13.5 nmol es per one gram of solid]pfoduct. The "
solid catalyst thus obtained contai ned 6-5%5by wei ght of titganrumatom

19. 8% by melg 25 _of magnesi ym atom and, 10. 0% by wei ght of phthaljc ester.
(B) Polyn%rl PPSRloﬁx@mﬂ%ﬂ%ﬂh¥qiqﬂﬁﬂ&ﬁkY%égrﬁﬁpyméﬁﬁiﬁP?T#¥ﬁﬁugéne

franner as benzene c&?%lyﬁ%é,)styggze N‘-alquen:§§me€hécr§ﬁ;mgd%6
copolymer, styrene-ethylene glycol dimethacrylate
copolymer, polymethyl acrylate, polyethyl acrylate, methyl
5 acrylate-divinylbenzene copolymer, ethyl acrylate-divinyl-
benzene copolymer, polymethyl methacrylate, methyl
methacrylate-divinylbenzene copolymer, polyethylene glycol
dimethacrylate, polyacrylonitrile, acrylonitrile-
divinylbenzene copolymer, polyvinyl chloride, polyvinyl-

10 pyrrolidine, polyvinylpyridine, ethylvinylbenzene-
divinylbenzené copolymer, polyethylene, ethylene-methyl
-acrylate copolymer/o;olypropylene. _Among
these porous materials, Sioz, A1203 and polystyrene type
polymers are particularly preferable.

15 : Although the time pericd of dropping is not
critical, it is usually in the range from about 30 minutes
‘'to about 6 hours. After completion of the reduction, &
post-reaction may be carried out optionally at a tempera-
ture of 20 to 120°C.

20 _The amount of organic silicon compound is in the
range of 1" to 50, preferably 3 to 30, and particularly 5
to 25, as expressed in terms of atomic ratio of silicon
atom to titanium atom (Si/Ti) in titanium compound.

The amount of the organomagnesium compound is in

25 the range of 0.1 to 10, preferably 0.2 to 5.0, and .
particularly 0.5 to 2.0, as expressed in terms of atomic
ratio of the sum of titanium atom and silicon atom to

magnesium atom (Ti+Si/Mg).



'.-...

Since the ester-treatnent preceding the actlvatlng treatnentl ey
thi's conparative exanple, the polyner obtained herein was nu¢h!

5 the polynmers obtained in Exanples 1 and 2 in stereospeC|f|¢|vy ahd:bul=k3

dersity. Exanple 3 to 5 A solid catalyst was synthesized in Qhe same manner

as in Exanple 2, except that the anpunts of 10 chemicals used i the ==~
ester-treatnent and actlvatlng t r eat ment “wdie -vari ed as showp _in _Table 1.

Then, propyl ene was pol nerl mann as | a
Oonditiong‘ of the synt t%°$‘é§€lfq§téflé‘e§.nﬂ%r‘i%dr ﬂ;?“‘l’%b?ﬁ 1}‘
’/// separated from 11qu1d and several times washed with inert

/_ or

o hydrocarbon solvent such as hexane/ heptane.

IR —

2
L—. A AL L AMAAVEE SN s e e e v

The solid product thus obtained contains
5 trivalent titanium, magnesium and hydrocarbyloxy group,
and it is generally amdrphousfdravé}y weakly crystalline.
From the viewpoint of catalytic performance, amorphous
structure is more desirable thah the other.
The solid product obtaineﬁ by the above-
10 mentioned procedure is then treated with an ester compound.
usually
_ The amount of ester compound is/0.1 to 50 moles,
preferably 0.3 to 20 moles, and particularly 0.5 to 10
moles, per one mole of titanium atom in the solid product.
Per one mole of magnesium atom in ﬁhe solid
usually
15 product, the ester compound isf/used in an amount of 0.01
to 1.0 mole, and preferably 0.03 to 0.5 mole. If the
 amount of ester compound is too large, destruction of.
particle takes place.
The treatment of the solid product with the
20 ester compound can be practised according to any known
methods such as slurry method, mechanical pulverization
using ball mill, and the like, so far as both the
materials can be contacted together. However, mechanical
pulverization is undesirable from the industrial point of
25 view because a large amount of fine powder is formed in
the solid catalyst component which makes particle size

distribution broad. Preferably, both the materials are

contacted together in the presence of a diluent.



_ INEPLACER
-32- [err] - 33 - [err] Exanple 6 (A) Synthesis of solifd prodoct
' ' 13 Ul 958
- 17 -
1 As the diluent, aliphatic hydrocarbons such as
pentane, hexane, heptane orfmtmw, aromatic

hydrocarbons such as benzene, toluene or xylene,

alicyclic hydrocarbons such as cyclohexane,or

wn

cyclopentane and halogenated hydrocarbons
r"'..'w.
such as 1,2-dichloroethanef)monochlorobenzene
can be used. Among them,'aromatic hydrocarbons and
halogenated hydrocarbons are particularly preferable.
- usually .
The diluent is/used in an amount of 0.1 ml to-
10 1,000 ml and preferably 1 ml to 100 ml, per one gram of
) usually
.the so0lid product. Temperature of the treatment is/-50°C
to 150°C, and preferably 0 to 120°C. Duration of the
usually
treatment is/lo minutes or longer, and preferably 30
minutes to 3 hours. After completion of the treatment,
15 the so0lid material is separated from liguid and cseveral
times washed with inert hydrocarbon solvent to obtain.an
' ester-treated solid product.
In the next step, the ester-treated solid
product is treated with a mixture of ester compound and
20 titanium tetrachloride. This treatment is preferably
carried out in the state of a slurry. As the solvent used
for the slurry formation, aliphatic hydrocarbons such as
_ or _

pentane, hexane, heptane, octane/ decane,

. or
aromatic hydrocarbons such as toluene/ xylene,

25 alicyclic hydrocarbons such as cyclohexane,
or
. methylcyclohexane/ decalin, and halogenated

hydrocarbons such as dichloroethane, trichloroethane,
or

monochlorobenzene, dichlorbbenzene/ trichlorobenzene



i SOV 4 G e e
After replacing inner atnosphere of a 300 M flask equi pped v@ﬁ%ﬁi stirter:
and a dropping funnel with 5 argon gas, 18.6 g of a styrene-di vi nyl'befizere
copol yner whi ch had been dried under reduced pressure at 100[pr3]§}g5gl35¢3 i
hours (mean particle dianmeter was 40 microns; pore volume in jpore radius™ =
range of 200 to 2,000 angstrons was 0.99_nl /g_as neasured by jneans-of- wee ..l
porosinmeter), 93 m of 10 heptane, 1.29 g 6?.8 nmol es) of ]

t et rabut Oﬁyt i tani um a%&glezti%réeg%% r%Bo)l esﬂff%ﬁ?é?ﬁé@?t Hg){ﬁgg}l—%@%%re

charged into the flask an Ierr _ m nut €s. Then, 33.8
m of the orgaRRERIIG AN HARAYKh SHNeSt 888 bnEX 2RI Eré_f(e&)am. dr opped

thereinto fromthe dropping 15 funnel over a period of 45 minutes, while
keepi ng the inner tenpeerdir it idie i aEkeat1bkey i€ phbEeradIgPO NS L,
to 0.7 g so0lid/ml solvent, and particularly 0.1 to 0.5 g
5 solid/ml solvent. The reaction temperature is 30 to
150°C, preferably 45 to 120°C;'éﬁd particularly 60 to
100°C. Though the reaction time is not critical, it is
usually 30 minutes to 6 hours.. |
As the method for feeding the ester-treated
10 s01lid product, the ester compound and titanium
‘tetrachloride, ﬁny of a method of adding ester compound
and titanium tetrachloride to ester-treated solid and a
method of inversely adding ester-treated solid to a
solution containing ester compound and titanium
15 tetrachloride may be adopted.
In the method of adding ester compound and
 titanium tetrachloride to ester-treated solid, a methéa of
adding ester compound and thereafter adding titanium
tetrachloride or a method of simultaneously adding ester
20 compound and titanium tetrachloride are desirable. A
method of adding a previously prepared mixture of ester
compound and titanium tetrachloride to ester-treated solid
is particularly preferable.
The reaction Between ester-treated solid pfoduct
25 and ester compound and titanium tetrachloride may be
repeated ;wice or more. From the viewpoint of catalyst
activity and stereospecificity, it is preferable to carry

out the reaction using a mixture of ester compound and
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the mixture was stirred at 30[err]C for 45 minutes, twice ma<& S qeérh“
95 m portions of heptane, and dried under reduced pressure gofobtain 29 5
g of a brown colored 20 solid product. The solid product thu$ ébtlad H&d 179
cont ai ned 0.5% by weight of titaniumatom (B) Synthesis of}e ter-treated

¢

solid After replacing inner atnosphere of a 100 m 25 flask wth argon gas,
4.3 g of the solid product synthesized in ~th& reduction steplof (A, .14 3

m of tol d(%eggh{haftg¥6%gggoggggeél 9 g%'%ﬂgﬂkyl pht hal at e were char ged

and react err nat usually
The amount of the ester compound is/0.02 to 30

moles, preferably 0.05 to 15 moles, and particularly 0.1
to 5 moles, per one mole of titanium atom in the solid
5 product.
usually

The amount of t;tanlum tetrachloride 15/1 to
1,000 moles, preferably 3 to 500 moles and particularly 10
to 300 moles, per one mole of titanium atom in the solid
product. Per one mole of ester compound, the amount of

usually
10 titanium tetrachlorlde 1s/30 to 1,000 moles, pref=rab1y 50
~to 700 moles, and particularly 160 to 500 moles.

The treatment of an ester-treated solid product
with a mixture of ester compound and titanium tetra-
chloride may optionally be carried out in the presence of

usually
15 an ether compound. Said ether compound isfused in an
amount'oﬁ 100 moles or less, preferably 50 moles or lgss
" and particularlj 20 moles or less, per one mole of
titanium atom in the solid product.

The trivalent titanium compound-containing solid

20 catalyst obtained according to the above-mentioned process
is separated from liquid, several times washed with inert
hydrocarbon such as hexane/c:;ptane, and then
Put to use for polymerization.

From the viewpoint.of catalyst activity and

25 stereospecificity,'it is preferable to wash ﬁhe solid
catalyst after separated from liquid, with a.large amount

of halqgenated hydrocarbon solvent such as monochloro-

benzene or aromatic hydrocarbon solvent such
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R
35.1 the reaction, solid material was separated fromliquid, [E“
tw ce washed with each 14.3 ml portions of toluene. (C Synt he$|s of SO|Id ;
catal yst (activating treatment) 5 After conpleting fhe‘ “’hl'}?ga j
step of (B), 14.3 m of toluene, O. 066 m (0 24 mol e) of di Espbut i
phthalate, 0.57 m (3.4 mmoles) of butyl _ tcaer and 8.6 nl (78 mol es) 6f "
titaniumtetrachloride were charged and redctéd at 95[err]C kor-3.haurs.

After thelregﬁtek,igli ues® id 10 materialy vgastez@pg?{ ﬁ?eangg[oeric] Gigea Eltqu"fd

and twi ce wa with each 14.5 nml portion uene at the sane
tenperature. 1238 talboid N itk @At RREh USt Ndederal times with

eatr e s v pyn

aliphatic hydrocarbon solvent such as heaxane,
and thereafter to use it for polymerization.

5 The so0lid catalyst of this invention is used for
polymerization of olefin in combination with an organo-
aluminum compound and, if desired, additionally with an
electron donor. Concrete examples of such
organoaluminum compounds and electron donors

10 will be shown below.

_ (g) Organoaluniinum compounds .

The organoaluminum compoundsused in this
invention in combination with the above-mentioned solid
catalyst .contain at least one aluminum-carbon bond

15 in their molecule. The following general foxmulae represent

typical examples of said organocaluminum compounds:

R a1y
Y

3-y

r13r14p1-0-a1r15R16

and/or R17c . /\
\Al-— \/

wherein R¥2, r'3, r14, gl5, 16, 17, 18 19 20 .4
: a

R:"1 each represents/hydrocarbon group having 1 to 20

a
carbon atoms; Y and L each represents/halogen atom,



m xture of diisobutyl phthalate, butyl ether and titaniumtet ‘%ﬁﬁ%iﬁ*'“
repeated once nore over a period of one 15 hour, and the soli pvas tw ce
washed with each 14.5 m portions of heptane and then dried u dér Bduse?d
pressure to obtain 3.9 g of a brown colored solid product. Th¢ $olid :

catal yst' t hus obt ai ned contai ned 0.5% by wei ght of titani um agom 4. 5% by
wei ght of magnesi um 20 at om 3.8% by meRfht of phthalic ester. (D)

Pol yneri zation_of propyl ene Pr | ene was pol ynerized in the same nmanner as
in Exanpl¥ 1h3(%59ggp/ gg?mzog(ﬁ%xgxgrgugq;y BSRreSents BaRPMeeT 25 (A

Synthesis of precpoLyrepi gali gnycapalyst, ALSr: TeRLASIL0 LPNST o3t Tpsphere
a represents a number satisfying 0 ¢ a ¢ 1; b represents a
number satisfying 0 £ b ¢ 3; and c represents a number

5 satisfying 1 £ ¢ < 3; provided that (a+b+c) is equal to
. e

Concrete examples of the organcaluminum compound
include trialkylaluminums such as triethylaluminum,
triisobutylaluminum/ozrihexylaluminumr

10 dialkylaluminum hydrides such as diethylaluminum-hydride?r-
diisobutylaluminum hydride; mixture of
trialkylaluminum and dialkylaluminum halide; mixture of
trialkylaluminum and alkylaluminum alkoxide; and
alkylalumoxanes such as tetraethyldialumoxane?rfetra-

15 butyldialumoxane. Sterically hindered
alkylaluminum amides synthesized by reacting an
‘organoaluminum compound such as triethylaluminum,
tri isobutylaluminum/ofiiethylaluminum halide
with an amine compound such as 2,2,5,5-tetramethyl-

20 pyrrolidine/og,z,ﬁ,6-tetramethylpiperidine
are also included.

Among these organoaluminum compounds, trialkyl-
aluminums, mixture of trialkylaluminum and dialkylaluminum
halide, alkylalumoxanes and sterically hindered

25 alkylaluminum amides are preferable, and triethylaluminum,
triisobutylaluminum, mixture of triethylaluminum and

diethylaluminum chloride, tetraethyldialumoxane, reaction

product of triethylaluminum and 2,2,6,6-tetramethyl-



- flask equipped with a stirrer with argon gas, 7.6 nl of a
prepared by contacting 8.7 mvol es of 2,2,6,6- tetranethyl pi pe

100 M of a 0.29 nole/liter solution of triethylalumnumin hepiam%iggLfmgg §
60[err]C for 3 hours, 250 nl of heptane and 1.25 g of the solidi catalyst 5"
synt hesi zed in Exanple 5 were charged into the flask and kept] at--306f-eft}Crni !
Then, propyl ene was introduced into the fl §k_at at nospheric jpressure and i
pol ymeri zed for 20 minutes. A part of the Té€sulting slurry was Safipl ed out— -

and the quantity, of; Q! YE" L28LE 28RBS BT B 1 EERGEE 16h 1M 4ada

10

15

20

25

‘compounds having Si-OR

(R

2,2,5,5-tetramethy1pyrrolidine are particularly preferable.
The amount of the organoaluminum compound can be
varied in as a wide range as 1 to 1,000 moles per one mole
of titanium atom in solid cata;yit.“ Preferably, the
amount of organoaluminium .compouna is in the range of 5 to
600 moles per one of titanium atom in solid catalyst.
{h) Electron donor
The electron donor optionally used at phe time
of polymerization is selected from organic silicon |
zhxﬂis)(kz is hydrocarbon group
having 1 to 20 carbon atoms) or Si-N-Chbond(s), arcmatic:
carboxylic ester compounds and sterically hindered amines.

As said organic silicon compound, alkoxysilane

compounds represented by the following general formula:

R22

s 2
] tS:L(OR )4-t

_ a
22 and R2 represent/ hydrocarbon group having 1 to 20

A
(a
A

carbon atoms and t represents a number satisfying 0O
3) are preferably used. .

As said arqmatic carboxylic ester compound,
methyl benzoate, ethyl benzoate, propyl benzoate,
isopropyl behzoate, butyl benzoate, phenyl benzoate,
methyl toluate . ethyl toluate, methyl anisate,'ethyl
anisate, monoethyl phthalate, dimethyl phthalate, methyl

ethyl phthalate, diethyl phthalate, dipropyl phthalate,



(B), Pol ymeri zation of propyl ene After replacing inner athDsp'*7

liter agitation type autoclave made of stainless steel with argon gas, 9.0
m of the solution prepared in (A) by 15 contacting 13 JUL 198
of the -

2,276, 6-tetramet hyl piperidine with triethyl- alumnumand 1 i

pre-pol ynerization catalyst slurry synthesized in (A were cphakget—atd
then hydrogen was fed until its partial pr@sswe reached 0.3pP bar (0.33
kg/cnferr]). Then, 780 g of |iquefied propyl ene was charged and 20

t enper at une @fiitdepropel| piehadatel edabetylopdthearlrdt®, adidsobbitynd

pol yneri zation was continued at 80[err]C for 2 hours. After th&®Tr

pol ymeri zat i @hthdkate; edihedtFdnphthalasepudjedtheh bralatsyd dd@hanarl

was dried under

powdery

10

15

20

- 25

reduced pressure at 60[err]C for 2 hours to obtain 255 g of
phthalate can be referred to.

As the stericaily hindered amine, 2,6-substi-
tuted piperidines, 2,5-substituted pyrrolidines, and
substituted methylenediamine éEm}éﬁ%ds such as N,N,N',N'-
tetramethylmethylenediamine can be referred
to.

Among these electron Jonor, alkoxysilane

compounds represented by the general formula Rzzt(OR2)4_t

. and 2,6~substituted piperidines give a particularly good

result.

Concrete examples of said alkoxysilane compounds
include tetramethoxysilane, methyltrimethoxysilane,
dicyclohexyldimethoxysilane, diisobutyldimsthoxysilane,

dioctadecyldimethoxysilane, dimethyldimethoxysilane,

'_cyclohexyltrimethoxysilane, isobutyltrimethoxysilane,

octadecyltrimethoxysilane, ethyltrimethoxysilane,
phenyltrimethoxysilane, phehylmethfldimethdxysilane,
tetraethoxysilane, methylfriethoxysilane, ethyltriethoxy-
silane, vinyltriethoxysilane, phenyltriethoxysilane,
diphenyldimethoxysilane, diphenyldiethoxysilane,
butyltﬁifthoxysilane, tetrabutoxysilane, vinyltributoxy-
silane/ diethyldiethoxysilane can be referred
to. As example of 2,6-substituted piperidine 2,2,6,6~
tetramethylpiperidine _ can be referred to.

. usua
The electron donor 1S/use&l¥n an amount of 0.01

to 5 moles, preferably 0.03 to 3 moles and particularly



25 polypropylene The pol yner thus obt ai ned cont ai ned 4.0 ppniby Wer

magnesi um atom CXS = 3.6; BD = 0. 40. -37 - Exanple 8 (A)'S : i.siiof
pre-polymeri zation catalyst After replacing inner atnosphere pf!a 300 n1 :
flask equi pped with a stirrer with argon gas, 2.2 nl of a 5 proﬁucb'dva Bl j
prepared by contacting 15 nmol es of phenyltri- methoxysilane with 100 M of |
a 1.0 nole/liter solution of triethylalum my+n heptane at 60[err]C‘for"”

hours, 250 ml of *m.“ e
1 0.05 to 1.0 mole, per one mole of aluminum atom in

e et e e et v

organocaluminum compound.
(1) folymerization of olefin
The method for feeding the catalyst components
5 into polymerization reactor is not critical, so far as
they are fedcﬁ? a m01sture—r£eé.;t;te in an inert gas such
as nitrogen/ argon.

The solid catalyst, the organocaluminum compound
and the electron donor (opfional componeht) ma} be fed

10 either_separakgly or after a previous contact bétween two
. of them.

The polymerization'can be practised in a wide
temperature range from - -30°C to +300°C, preferably -5 to
200°C. Though pressure of the polymerization is not

15 critical, a pressure of aboiyt(:g %:00226 O%%r atmospheres)is

- preferable from the viewpoint of industrial applicability

and economy. ° The mode of polymerization may be aﬁy of
continuous_systeﬁ and batch system. Slurry polymerization
and solution polymerization using inert hydrocarbon

20 solvent such as propane, butane, pentane, hexane, heptane
and octane, liquid phase polymerization in the absence of
solvent, and gas phase polymerization' are‘all'adoptable, teco..

Next, the olefins to which this invention is
applicable are those having 2 or more carbon atoms.

25 Concrete examples of'such olefin include ethylene,
propylene, butene-l, pentene-l, hexene-l, 3-methyl-
éentene-l, 4-methylpentene-1, octene-l, decene-1, and

dodecene-1,



heptane and 1.25 g of the solid catal yst synthesized in Exa
charged and kept at 30[err]C. Then, propylene 10 was introducg
under at nospheric pressure and polynerized for 30 minutes. Ajpdrt of the

resulting slurry was sanpled out and the quantity of polynerilzdti b8 Jids 1398
determned. As the result, PP/cat was 5.5. (B) Polynerizatior qf propyl ene

15 After replacing. inner atnosph®ge-of a 3 liter ggitation TYpe
aut ocl ave nmade of stainless steel with argon gas, 2.6 m of the.solution

prepared iln (A) by contacting tr|nethylalun1nun1Whﬁhq@immﬁt**ﬁﬁlhaxyﬁlIane
and 2 ml of the_ pre- olénerlzatlon catalé slurry 20 synthesized in (A
wer e char ged,tkis et nVANREROAYBRHgERA ARY © dh9H9PP1VW§ﬁ%%ﬁ§¥9np?%@sure

reached 0.32 bar (0.33 kg /gn{err}
copolymerization. i the copolymerization, two or more

kinds of olefins are mixed together and they are contacted
5 with catalyst in this state to obtain a copolymer. A
heteroblock copolymerization éargfi;g out the polymeriza-
tion in two or more steps can also be carried out easily.
A chain transfer agent such as hydrogen may
be added for the purpose of regulating molecular weight of
10 the resulting polymer. ) |
Next, this invention will be illustrated in more

detail by way of the following examples and comparative

examples.

Example 1
15 (A) Synthesis of the -orgencmagnesium compound
' After replacing the inner atmosphere'of a one
liter flask equipped with a stirrer, a reflux condenser, a
dropping funnel and a thermometer with argon gas, 32.0 g
of sliced metallic magnesium for Grignard reaction was
20 charged into the flask. Into the dropping funnel were
| charged 120 g of butyl chloride and 500 ml of dibutyl
ether, and their about 30 ml was dropped onto the
magnesium placed in the flask to start a reaction. After
start of the reaction, they were continuously dropped at
'25 50°C over a period of 4 hours. After completion of the
_dropping, the reaction was continued for an additional one

hour at 60°C. Then, the reacted solution was cooled to



Then, 780 g of liquefied propylene was charged t enper at ur e of." {-he e

autoclave was el evated to 80[err]C, and pol ynerization was cofti nued at 80C
~for 2 hours. After 25 conpletion of the polynerization, the ubreacted - e
nmononer was purged, and the formed pol ymer was dried under reputed pressure .

at 60[err]C for 2 hours to obtain 377 g of gomdery pol ypropyl ene. = - 38 - g
1 The pol yner thus obtai ned cofit fnad wei ght of nagnecnnnmarnn1 §

Cxs = 1. 6 BD OOYQ égmpera lI%,gan(&O%?lleyg%rllléa aotneng.aftw lSe § ateretyt ePg:l

The butylmagnesium chloride dissolved in dibutyl

ether was hydrolyzed with 1N sulfuric acid and excessive
sulfuric acid was back-titrated with 1N sodium hydroxide
'S_ solution to determine the concentration of butylmagnesium
chloride, using phenolphthaleiﬁ'aswindicatqr, As the
result, its concentration was 2.1 moles/liter.
(B) Synthesis of solid product
After replacing the innef atmosphere of a 500 ml
10 flask equipped with a stirrer and a droppiné fur.mel-with=
argon gas, 240 ml of hexane, 5.4 g (15.8 mmoles) of tetra-
butoxytitanium and 61.4 g (295 mmoles) of tetraethoxy-
silane were charged to form a homogeneous solution. Then,
150 ml of the organomagnesium compound synthesized in (A)
.15 was slowly dfopped thereinto from the dropping funnel over
a period of 4 hours, while keeping the inner temperature
.0f the flask at 5°C. After dropping it, the mixture was
stirred.at room temperature for an additional one hour.
The solid product was separated from liquid, thrice washed
20 with each 240 ml portions of hexane and dried under
reduced pressure to obtain 45.0 g of a brown colored solid
product. |
The solid product contained 1.7% by weight of
by weight
titanium atom, 33. Ss/of ethoxy group and 2.9% by weight of
25 butoxy group.
In the wide angle X ray diffraction pattern of

this so0lid product by Cu-Ka ray, no clear diffraction

peak was observable at all, demonstrating its amorphous



A

N

i)

Af ter suffrcrently repl aci ng i nner atnDsphere of 5a0.4 IlteeREEE;§gﬁg‘z
equrpped with el ectromagnetic stirrer with argon gas, 90 g of| bptarer—+-0
mmol e of triethylalumnumand 10 g of butene-1 were charged. Afteﬁ "0 e

el evating the tenperature to 60[err]C, hydrogen was fed untilfthe G%fgr'wga

—+

pressure reached 9 bar (9 kg/cnferr])and t eafter 10 ethyl enelwas_fed
until the total pressure reached 15 bar (1 g/cnferr].). Then, 2.1 ngy of

the solidjcat qggnhe5|zed in Exanpl e 5 was added to starlt—e
polynerlzatlon reac Thereafter, copolynerization of ethylene and

?utene 1 was rnlgyggh ég ggggrjgrggégarLgllahgf%dgégmuntalnrng t he
ot al pressure constant y feeding ethylene continudusly. After conpletion
of the polynmerization, Afeef ofdFEradiny "BAndRSathblsphied® BWE a 100 ml
P-flask with argon gas, 8.6 g of the solid product |
S synthesized in (B), 43 ml of toluene and 5.8 ml (22
mmoles) of diisobutyl phthalafe ttere charged and reacted
at 95°C for one hour.
After the reaction, the so0lid material was
separated from liquid and thriée washed with each 35 ml
10 portions of tpluene. )
(D) 5ynthesis-of solid catalyst (activating treatment)
After completing the washing step.in (C), 21 ml
of toluene, 0.48 ml (1.8 mmoles) ef diisobutyl phthalate
and 12.8 ml (116 mmoles) of titanium tetrachloride were
15 charged into the flask and reacted at 95°C for 3 hours..
.After the reaction, the solid product was separated frggf
liquid and washed at ihat temperature twice with each-43
ml portions of toluene. The above-mentioned treatment
using a mixture of diisobutyllphthalate and titanium
20 tetrachloride was repeated once more under the same
conditions as above and the solid was thrice washed with
each 43 ml portions of hexane to obtain 6.6 g of an ocher
colored solid catalyst.
The solid catalyst thus obtained contained 2.1%
25 by weight of titanium atom, 20.2% by weight of magnesium
~atom and 17.3% by weight of phthalic ester.
(E) Polymerization of propylene

After replacing the inner atmosphere of a 3



filtration and dried under reduced pressure at 60[err]C YleIHkﬁf the N
polyner was 29 g. In this experiment, 20 catalyst activity was 630 000 g

pol ymer/g titanium the .copolynmer had 16 ethyl groups per 1, ODO catbont 8
at ons. -39- trivalent. titaniumconpound-containing 1. A pTocess for
DFOdUClng al solid catal yst systemfor use iggthe polymerization 6f 6I€FTHS™

whi ch conprises (1) reducing a titani um conpound represented by the ...
follow ng) geRgedlr YiBY oA Hy¥de autoclave made of stainless steel

with argon gas, 2.6 mmoles of triethylaluminum, 0.39 mmole

)

of phenyltrimethoxysilane and 7.1 mg of the solid catalyst
synthesized in (C) were charged and hydrogen was
5 introduced until its partial pressure ;eached D.32 bar(0.33

kg/cmz;, Then, 780 g of liéuefiéa‘ﬁiopjlene was charged,
temperature of autoclave was elevated to 80°C, and
polymerization was continued for 2 hours at 80°C. After
the~polymérization. the unreacted monomer was purged. The

10 resulting polymer was dried under reduced pressure at 60°C
for 2 hours to ﬁbtain 116 g of powdery polypropylene.

This means that the yield (grams) of polypro-
pyYlene pe£ one gram of solid catalyst component (herein-
after, abbreviated to PP/cat) was 16,300. Proportica (%

15 by weight) of cold xylene-soluble coﬁponent in the total
polymer (hereinafter réferre@ to as "CXS") was 1.3. Bulk
density (g/ml) of the powdery polypfopylene (hereinaffer

referred to as BD) was 0.42.

Example 2
20 (A) Synthesis of ester-treated solid products
' After replacing inner atmosphere of a 100 ml
flask with argon gas, 6.5 g of the solid product
synthesized in Example 1 (B). 16.2 ml of toluene and 4.3
ml (16 mmoles) of diisobutyl phthalate were charged and
25 reacted at 95°C for one hour.
After the reaction, the.solid was separated from

liquid and thrice washed with each 33 ml portions of




(Rkérr] represents a hydrocarbon group having 1 to 20 car baRIRLAGEMENT SIE

e ]

T

represents a hal ogen atom and n represents a nunber sati sflyifig o= {er+

4) . with an or-ganmagnesi um conpound in the presence of an on

g nLF %di ;
conpound having Si-O bond(s) to obtain a solid product, foljl wedsbyl'(%gié
treating the solid product with an ester cogpound and ther ¢aflt-er—{3)..
treating the ester-treated solid product W a mxture of jan ester
compound 3nd ¢hittldm tetrachloride with the exception that—tte—step—of
treating the ester-treated solid product (3) does not conprise treating

with a mxturg)of Syhadels G¥mands aatglhar conpound and titani um

- tetrachloride. trivalent titanium conpound-containing 2. A process for-
produci ng a catal yst sypt«dn f@¥mpB€tilg the washing step of (A), 16.2

- 10

15

20

25

ml of toluene, 0.36 ml (1.3 mmoles) of diisobutyl
phthalate, 2;2 ml (13 mmoles) of butyl ether and 38.0 ml
(346 mmoles) of titanium tetr;dﬁiofide were charged into
the f£lask and fgacted at 95°C for 3 hours. After the
reaction, thé éolid was separated from liquid at 95°C and
twice washed at that'temperature with each 33 ml portions

of toluene, after which the above-mentioned treatment

~using a mixture of diisobutyl phthalate, butyl ether and

titanium tetrachloride was repeated once more under the

- same conditions as above and the so0lid was thrice washed

. with each 33 ml portions of hexane to obtain 5.0 g of an

ocher colored solid catalyst.

The solid catalyst contained 2.1% by weight of

titanium atom, 19.9% by weight of magnesium atom and 12.7%

by weight of phthalic éstér.
(C) Polymerization of propylene
Propylene was polymerized in the same manner as

in Example 1 (E). PP/cat = 22,100; CXS = 1.5; BD = 0.44.

Comparative Example 1
(A) Synthesis of solid catalyst

A solid catalyst was synthesized in the same
manner as in Example 2, except that, at the tiﬁe of

synthesizing solid catalyst, activating treatment was



“{:Yf ; .
the polynerization of olefins conprising conbining (A) a soll iéatalyst
conponent obt ai nabl e by (1) reducing a titani um conpound represented by theg
foll owi ng general fornula: [err] -40 - (Rerr] represents a ﬁydTotarbbn[
grqQup having 1 to 20 carbon atonms, X represents a hal ogen atonl and.n .1
represents a nunber satisfying O < n [err] a wi th an organonagnesi um
having Si-0 bond(s) and in the absence of~ ah@ oTgani ¢ por ous—pet-yef.--t.0.-.

obtain & 01 (g iiohe G LRVEnbYell HEBINR (DEngs aPRRdiS 1D o0
| tetrachloride without usihg diisobutyl phthalate.
The solid catalyst thus obtained contained 2.2%
by weight of titanium atom, 20.4% by weight of magnesium
5: atom and 7.4% by weight of phthalzc ester.
(B) Polymerization of propylene o
Propylene was polymerized in the same manner as
in Example 1 (E).
PP/cat = 18,200; CXS = 2.4; BD = 0.42. Since
10 activatﬁng treaﬁment was carrieé out with a mizfﬁre of
.butyl ether and titanium tetrachloride without using
diisobutyl phthalate in this comparative example, the
polymer obtained in this comparative example was inferior

in stereospecificity to the polymers obtained in Examples

15 1 and 2.

Comperative Example 2
(A) Synthesis of solid catalyst
A solid catalyst was synthesized in the same

manner as in Example 2, except that the ester-treatment
20 preceding the synthesis of so0lid catalyst was omitted and

the amount of-titanium tetrachloride ﬁsed in the

activating treatment was decreased to 13.5 mmoies per one

gram of solid product. The solid catalyst thus obtained

contained 6.5% by weight of titanium atom, 19.8% by weight
?5 of magnesium atom and 10.0% by weight of phthalic ester.

(B) Polymerization of propylene

Propylene was polymerized in the same manner as

B, v e ..

-
oo



conpound and thereafter (3) treating the ester-treated soli PLAGE@?
m xture of an ester conpound, titaniumtetrachloride and op{i ¢nal ly an

et her conpound: (B) an organoal um num conpound; and (C) an el ectirdp.dopes
conprising an organic silicon conpound having Si-OR[err] bopdf{s) (R err] is
a hydrocarbon group having 1 to 20 carbon atons) or Si-N C bofdtsy—an

aromati c carboxylic ester compound or a sStédically hindered{amne, with the
exception that when the m xture of ( ri ses an _et her qgngoggd, The

A (3
or ganoal uki ntifh EFRRRAR ¥ B{E has ?Wecﬁ‘zen’ér £:98 ruCES & 407 BD

Since the ester-treatment preceding the

4% BHEET

activatiné treatment was omitted in this comparative
example, the polymer obtained herein was much inferior to
5 the polymers obtained in Examples 1 and 2 in

stereospecificity and bulk density.

Example 3 to §
A solid catalyst waS'synthesized in the same
manner as in Example 2, except that the amounts Bf
10 chemicals used in the ester-treatment and activating
treatment were varied as shown in Table 1. Then,
propylene was polymerized in the same manner as in Example
1 (E). Conditions of the synthesis and the results are

summarized in Table 1.



-241s wherein Rerr], Rerr], Rerr], Rerr] and R[err] eachérpmrgsant,ww Tom
hydr.ocar bon group haV|ng fron11 to 20 carbon atons; L represepts—a-haldgen--'*i
atom hydrogen atom or an al koxy group; B represents 2 or 3} a represents a |
nunber satisfying O<a<l; b represent a nunber satisfying O }err}hh“Téf¥?33f !
and c represents a nunber satisfying 1 [err] c [err] 3; provided that -
(atb+c) is equal to 3 and/or the el ectToh2donor (C) does noT consi st of a “';

silicon conpound represented by the general fornula — .
R[err]R[err]S|(OR[err])[err] (R[err] represents an alicyclic hydrocarbon
group having 5/ to 20 carhon atonp, Rlerr] represents an 1
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acyclic hydrocarbon group having 2 to 12 car bon at ons,
defined above). 3. A process according to claim1l or

the titani um conpound represented by the general fornula
Ti (OR[err])[err]Xerr] is an al kyl group having 2 to 18 car bg
anaryl group having 6 to 18 carbon atanszz 4. A process accord

2™ wner JREPRACEEE

3, wherein Rerr] in the. titanium conpound represented by th
formula Ti (OR[err])[err]X[err] is a straight chain al kyl
18 carbon atons. 5. A process according to claim1 or 2, wherein the

value of n in the titanium conpound represented by general

grou

g r—v'«\

msi.:

ifg to claim

n jatPFRIL 558

gemerat
having 2 to

A

fornmul a

Ti (OR[err])[err]X[err] is 2 [err] n [err] 4. 6. A process according to

claiml or 2, wherein the val ue
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The amounts of reagents are expressed by
millimoles reagent/one gram solid product,



of nis 4. 7. A process according to claim1l or 2, wherein T
or ganomagnesi um.conpound i s one having a nagnesi um carbon : .QiﬁﬂEET
A process according to claim?7, wherein the organonagnesi umjcgnpound is a
Gi;gnard conpound represented by general fornmula R err] MgX ([Rljertd vor v8
represents a hydrocarbon group having 1 to 20 carbon atons gnd X represents
a hal ogen atom), a dial kyl magnesi um conpounddor a di aryl magnesT UM ToMpotme

represented by general
Example 6

(A) Synthesis of solid product
After replacing inner atmosphere of a 300 ml
flask equipped with a stirrer and a dropping funnel with

S argon gas, 18.6 g of a styrene-divinylbenzene copolymer

- T

which had been dried under reduced pressure at 100°C for 3
hours (mean particle diameter was 40 microns; pore volume
in pore radius range of 200 to 2,000 angstroms was 0.99
ml/g as measured by means of porosimeter), 93 ml of
10 heptane, 1.29.g (3.8 mmoles) of tetrabutoxytitaﬁium and
. 13.3 g (63.8 mmoles) of tetraethoxysilane were charged
into the flask and stirred at 30°C for 30 minutes. Then,
33.8 ml of the organomagnesium compound synthesized in
Example 1 (A) was dropped thereinto from the dropping
15 funnel_ovef a period.of 45 minutes, while keeping the
inner temperature of the flask at 5°C. After dropping it,
~.the mixture was stirred at 30°C for 45 minutes, twice
washed with each 95 ml portions of heptane, and dried
under reduced pressure to obtain 29.5 g of a brown colored.
20 solid product.
The solid product thus obtained contained 0.5%
by weight of titanium atom.
(B) Synthesis of ester-treafed solid
After replacing inner atmosphere of a 100 ml
25 f£lask with argon gas, 4.3 g of the solid product
synthesized in the reduction step of (A),.;4.3 ml of
" toluene and 0.77 ml (2.3 mmoles) of diisobutyl phthalate

were charged and reacted at 95°C for 30 minutes. After



forrula Rlerr]Rlerr]M) (Rlerr] and Rlerr] each represents a hy
group having 1 to 20 carbon atons), anong which Rerr], Rerr] nd“ﬁqerrj
are identigal or different fromone another. 9. A process accprﬁ 9, Fove
clatm1 or 2, wherein the organic silicon conpound having Sr-d bon Cs§ S
conpound’ represented by the general fornulg [err] wherein R etr]
represents a hydrocarbon group having 1 to 50 carbon atons; Rjerr], R[erﬂ

Nerrl. RerfheaadaBioh, $ild SIS f0VELgEenked ¥ 1*?&’1{;‘{‘87*??@ -

20 carbon at

and it was twice washed with each 14.3 ml portions of
toluene.
(C) Synthesis of solid catalyst (activating treatment)

5 After completing the washing step of (B), 14.3
ml of toluene, 0.066 ml (0.24.ﬁ551e3 of diisobutyl
phthalate, 0.57 ml (3.4 mmoles) of butyl ether and 8.6 ml
(78 mmoles) of titanipm tetrachloride were charged and
reacted at 95°C for 3 hours. After the reaction, solid

10 material was separated at 95°C f£rom liquid and twice
. washed with each 14.5 ml portions of toluene at the same
temperature. The above-mentioned treatment using a
mixture of diisobutyl phthalate, butyl ether and titanium
tetrachloride was repeated once more over a period of one
15 hour, and the solid was twice washed with each 14.5 ml
portions of heptane and then dried under reduced pressure
to obtain 3.9 g of a brown colored solid product. |
The solid catalfst thus obtained contained 0.5%.
by weight of titanium atom, 4.5% by weight of magnesium
20 atom and 3.8% by weight of phthalic ester.
(D) Polymerization of propylene
' Propylene was polymerized in the same manner as

in Example 1 (E). PP/cat = 3,240; CXS = 1.4; BD = 0.45.

Example 7

25 (A) Synthesis of pre-polymerization catalyst
After replacing inner atmosphere of a 300 ml

flask equipped with a stirrer with argon gas, 7.6 ml of a



hydrogen atom mrepresents a nuitber satisfying O < m[err]
an integer of 1 to 1,000; and q represents an integer of 2t
process according to claim9, wherein the organic silicon cg
al koxysi | ane conpound represented by.the general formula :
Si(ORlerr])[err]R err] wherein msatisfies 1 [err] m[err] §#. 11. A proce
according to claim10, wherein the al koxysid@&rme conpound i ska—
t et raal koxysi | ane conpound satisfyingan1: 4. roces

: 12. Aé) ? gc%ordiag to
claim1 od 2prasiiet rorepared by c6Apbarbirg £ -fommo 18s pBfy ¢areft 6
carboxylic ester including an, aliphat| rboxylic esfe an .ol af.i.ni ¢
car boxyl i ¢ eﬁ%ﬁ??@ﬁﬁ%ﬁl%&E?Fbdbﬁgbﬂigﬁigﬁgsﬁ;'Q#:%n6‘£9 mo18/1ites

solution of triethylaluminum in heptane at 60°C for 3

hours, 250 ml of heptane and 1.25 g of the solid catalyst
5 synthesized in Example 5 were charged intoc the flask and
kept at 30°C. Then, propyleﬁé.dgkwintroduced into the
flask at atmospheric pressure and polymerized for 20
minutes. A part of the resulting slurry was sampled out
and the quantity of polymerization was determined. PP/cat
10 was 4.7.
- (B) Polymerization of propylene
After replacing inner atmosphere of an 8 liter
agitation type autoclave made of stainless steel with
#rgon-gas, 9.0 ml of the solution prepared in (A) by
15 contacting é,z,6,S-tetramethylpiperidine with triethyl-
aluminum and 1 ml of the pre-polymerization catalyst
.slurry synthesized in (A) were charged, oa.n:;i2 %t;in hydrogen
was fed until its partial pressure reached/m.33 kg/cmz).
Then, 780 g of liquefiéd propyleﬁe was charged and
20 temperature of the autoclave was elevated to 80°C, after
which polymerization was continued at B80°C for 2 hours.
After the polymerization, the unreacted monomer was . )
purged, and the formed polymer was dried under’ reduced
pressure at 60°C for 2 hours to obtain 255 g of powdery
25 polypropylene. |
The polymer thus obtained dontained 4.0 ppm by

weight of magnesium atom. CXS = 3.6; BD = 0.40.



arowatic carboxylic ester. 13. A process according to claim 2,

et her conpound Is diethyl ether, dipropyl ether, diisopropyl efhe?, (YEAV: :
et'ner, - di anyl ether, diisoamyl ether, dineopentyl ether, di hexyli ether ;
dloetyl et her,’ nethyl butyl ether, methyl isoamnyl ether, or ethgl %Wa :
ether. 14. A process according to cIa|n113 wherein the ether cmnpggﬂg_Lghwm |
di butyl ether or diisoanyl ether. 3 I5. A process acg¢ording to -

claim1l or ?Exé/\t{lg{gig the_ . SRPETI

10

15

20

25

(A) Synthesis of pre-polymerization catalyst

After réplacing.inner atmosphere of a 300 ml
flask equipped with a stirrer with argon gas, 2.2 ml of a
product prepared by contactlng 15 mmoles of phenyltri-
methoxysilane with 100 ml of a 1 0 mole/llter solution of
triethylaluminum in heptane at 60°C for 6 hours, 250 ml of
heptane and 1.25 g of the solid catalyst synthesized in
Example 5 were charged and kept at 30°C. Then, propylene

was introduced thereinto under atmospheric pressure and

polymerized for 30 minutes. A part of the resulting

slurry was sampled out and the quantity of polymerization
was determined. As the result, PP/cat was 5.5.
{(B) Polymerizétion of propylene

After réplacing inner atmosphere of a 3 liter
agitation type autoclave made of stainless steel with
argon gas, 2.6 ml of the solution ‘prepared in (A) by
contacting trimethylaluminum with phenyltrimethoxysilane
and 2 ml of the pre-polymerization catalyst slurry
synthesized in (A) were charged, aftgr which hydrogen was
fed until its partial pressure reacheé;g.ggrkg/cmzq_
Then, 780 g of liquefied propylene was charged,
temperature of the autoclave was elevated to 80°C, and
polymefization was continued at 80°C for 2 hours. After
completion of the polymerization, the unreacted monomer
was purged, and the formed polymer was dried under reduced
pressure at 60°C for 2 hours to obtain 377'g of powdery

polypropylene.



or ganomagnesi um conpound is added to a m xture of the titani@ﬁwg‘ PRANGT @ ——
the organic silicon conpound. 16. A process according to cldi Y ar=t, fH%ET
the titani um conpound and the organic silicon conmpound are
di ssolving or diluting themw th an appropriate solvent. 17
according to claim 16, wherein the solvent_conprises an al

hydr ocar bon, an aromatic hydrocarbon, an”a ﬁciblic hydr ocar

conp d. 18. A | cor di | QiJn - ¥ i
o Rarridd out at'a tohperRsLrEerarbisg hehingd Gonbifhca T oY
according to Gl 3lm Je Ohagne iGhCLRok® cxs = 1.6; BD = 0.40.

Example 9: Copolymeriiation of ethylene and butene-l
After sufficiently replacing inner atmosphere of
5 a 0.4 liter autoclave equipped“Q{%hwelectromagnetic
stirrer with aigon gas, 90 g of butane, 1.0 mmole of
triethylaluminum and 10 g of butene-1 were charged. After
elevating the temperature to 60°C, hydrogen was fed until

_ 9 bar -
the total pressure reachequ kg/cmz)and thereafter

10 .ethylene was fed until the total pressure reacheé%i?ar
kg/cmzq. Then, 2.1 mg of the solid catalyst synthesized
in Example 5 was added to start a polymerization
reaction. Thereafter, copolymerization of ethylene and
butene-l was continued for one hour at 60°C, while

15' maintaining the total pressure constant by feeding
eth&lene continuously. After completion of the
polymerization, the formed polymer was collected by
filtration and dried under reduced pressure at 60°C.
Yield of the polymer was 29 g. In this experiment,

20 catalyst activity was 630,000 g polymer/g titanium, the

copolymer had 16 ethyl groups per 1,000 carbon atoms.



reduction is carried out in the presence of a porous material having a pore.
volume of 0.3 m/g or nore as neasured at a pore radius of 20 to 200 (200

to 2,000 angstrons) and having a nean_B rticle diameter. of"5 to 300 [err]nﬂ
(5 to 300 mcrons). 20. A process acco -

porous material is inorganic oxide or organic polymer. “'““'Q&@ i1
accordi ng to'climn120 wherein The porous inorganic ox[de i S Siderr],

a S Al r e UL ys
SREEERI TT T R C L L

MJO. Al [err]d e
claim 20, wherein the porous organi ¢ pol ymer conprlsesia po]ysTyrEﬂE'ty
polyacrylic ester type, polynethacrylic ester type, polyacrylonitrile type
pol yvinyl chloride type or polyol efinguagmsool yrer. . o

trivalent titanium compound-containing -
1. A process for producing a/%alxd catalyst.eysEea ‘for use

in the polymerization of olefins which comprises (1)
reducing a titanium compound represented by the
following general formula:

Ti(OoR") X, ,

(R' represents a hydrocarbon group having 1 to 20 carbon
atoms, X represents a halcgen atem, and n reprééents a
number satisfying 0 < n £ 4) with an organcmagnesium
compound in the presence of an organic silicon compound
having Si-0 bend(s) to cbtain a solid product, followed
by (2) treating the solid product with an ester '
compound and thereafter (3) treating the ester-treated
solid product with a mixture of an ester compound and
‘titanium tetrachloride with the exception that the step
of treating the ester-treated solid product (3) ddes
not comprise treating with a mixture of an ester
compound, an ether compound and titanium tetrachloride.

trivalent titanium compound-containing
2. A process {or producing 2/catalyst system for use 11

the polymerizatiqn of olefins comprising combining

(a) a solid catalyst component cbtainable by (1)
reducing a titanium compound represented by the
following general formula:

Ti(oR") X,



-45- 23. A process according to claim1 or 2, wherein the anount of organic
silicon conpound present during titanium conpound reduction ' e range
of 1 to 50 as expressed in terns of a’gg{?’c ratio of silico
oun £
_ ( _ uq% iml n thé
range of 0.1 to 10%as expressed in terhs of atomic ratio df fthe s'{l P98
titanium atomand SilTicon atomto nmagnesi um atom (Ti +Si/

titaniumatom (Si/Ti) in titanium conpound. 24. A process
" ——

claiml or 2, wherein the anount of the organomagnesi um co

(R! represents a hydrocarbon group having 1 to 20 carbon
atoms, X represents a halogen atom, and n represents a
number satisfying 0 < n £ 4) with an organcmagnesiunm
ccn!jcundangl'n inﬂ%ﬁe %ﬁgrﬁ:%c%f °a$1 gr%a%fg%%guss%%ﬁ%? compound
having Si~0 bond(s) /to obtain a sclid product, followed )
by (2) treating the solid product with an ester '
compound and thereafter (3) treating the ester-treated
solid product with a mixture of an ester compound,
titanium tetrachloride and optionally an ether
compound ;

(B) an organcaluminum compound:; and

(C)- an electron dcnor comprising an organic silicon
compound having Si-o0R® bond(s) (R® is a hydrocarbon
group having 1 to 20 carbon atoms) or Si-N-C bond(s),
an aromatic carboxylic ester compound or a sterically
hindexred émine, with the exception that when the
mixture of (A)(3) comprises an ether compound, the
organcaluminum compound (B) has the general formula

z17 )\
c
X
20”21

b— R R -—d




;--—\

25. A process according to claim1 or 2, wherein the anount o eféte
conpound for treating the solid product is 0.1 to 50 nol es pel Eﬁ't-:f“ma :
titani um at omin-the—setd—product. 26 A process according to *cl alm1l o "'fi
2, Wwherein the treatl ng the solid product }I d ubed'iln 4 ’
anount  of 0 Ollmlmml m%mﬂmgne mol e of magnesium atomin|the.salid
product . pFecess mccovrding to claiml or 2, wherein t{‘ue solid e
product |s treat ed with the ester conpound in the presence of "a-dituent, _ !

28." A process according to claim 27, wherein the diluent conprises an .

al i phatic hydrocarbon an aromatic hydrocarbon an alicyclic hydrocarbon or
a hal ogenat ed

‘wherein R7, R, R, R and R¥ each represents 2
hydrocarbon group having from 1 to 20 carben ztoms; L
represents 2 halogen atom, hydrogen atom oé?alkoxy
gTonp: 8 represents 2 or 3; a represents 2 number
satisfying 0 < 2 < 1; b represents a number satisfying
0 £ b < 3; and c represents a number satistying

1 £ c < 3; provided that (a+bic) is equal to 3 and/er
+he electren doner (C) does not consist of a silicen
compound represented by the general formula |
R'E’si(0R%), (X' represents an alicyclic hydrscarbon
group having 5 to 20 carben atoms, R represents an
acyclic hydrocarbon group having 2 toc 12 caxbon atoms,
and R? is as defined above).

3. A process according to claim 1 or 2, wherein R" in"the
titanium canpcund :epresem:ed by the general formula
- Ti(oR') X, is /a.lkyl grour baving 2 to 18 carben atems
or anaryl group .having 6 ts 18 carben atoms.

4. A process according ts claim 3, wherein R' in the
titanium compound represented by the general formula
. Ti(oR") X,  is/straicht chain alkyl group having 2 to
18 carbon atcms. '

5. A process according to claim 1 or 2, wherein the value
of n in the titanium cempound represented by general
formula Ti(O0R") X, , is 2 < n s 4.

€. A process accerding tos claim 1 or 2, wherein the value
ef n is 4.

7. A process according ¢s claim 1 or 2, wherein the

organcmagnesiu:z compound is one having a magnesium-
carbon bond.



hydrocarbon. 29. A process according to claim 27';-’ wherein T —

di | uent i gramof the solid product. EPLAE A IR0T SHRETH

process acco 2, whergin the solid producti TS Treated
wi th the est gmgmﬂmﬂMImO to 150[e %]C for 10 m nuteg gr {T§ 3{
process accoréi ng to o aism 830, wherein the solid product ifsjtr of‘

t he ester conmpound at 0-120[err]C for 30 m nutes to 3 hourfs.

‘8. _ A pProcess according to claim 7, wherein the

' organomagnesium compound is a Grignard compound
represented by general formula R°MgX (R’ represents a
hydrocarbon group having 1 to 20 carbon” atoms and X
Trepresents a2 halogen atom), a2 dialkylmagnesium “compound
or a diarylmagnesium compound represented by general
formula RR'Mg (R and R'! each represents a

- hydrocarbon group having 1 to 20 carbon atoms), among

which R’, R and RY are identical or different from one
ancther.

S. A process according to claim 1 or 2, wherein.the
organic silicon compound having Si-0 bond(s) is a
compound represented by the general formula



4TS Y=y

roduct is treated with a mxture of an ester corrpound and,&i},:ﬂ niu
tetrachl or HH mmamuuﬂmnr até. 33. A pyocess according to ctai-m-32,
wherein a he slurry (@Tprl ses an ali phatu ci h drocarbon,
an aromatic hydrocar bod, &n ali cyclic hydrocarbon or a halgogen tetht wou |
hydrocarbon. 34. A process according to claim32, wherein it he_con- !
centration of slurry is 0.05-0.7 g.solid per m of sol venq 35. A process

according to claim32, wherein the treatnent is carried oGt~at-a-... .. . F
tenperature of 30- 150[err]C‘s{wR3§Cg6£ﬁ nutes to 6 hours. _ o
) . L e ]

R (R%,510) ’sin’s ,
and/or  (RSi0),

wherein B represents a hydrocarbon group having 1 to 20
carbon atoms; R*, R®, R®, R’ and R® each represents a
hydrocarbon group having 1 to 20 carbon atoms or -
hydrogen atom; m represents a number satisfying

0 <m < 4; p represents an integer of 1 to 1,000; and g
represents an integer of 2 to 1,000. -

10. A process according to claim 9, wherein the organic
- silicon compound is an alkoxysilane compound
represented by the general formula Si(OR3).R“ .o Wherein m
satisfie_s l1<mn-= 4.

11. A process according to claim 10, wherein the
alkoxysilane compound is a tetraalkoxysilane compound
satisfying m = 4. :

12. A process according to claim 1 or 2, wherein the ester
compound is a mono- or polyvalent carboxylic ester
including an aliphatic carboxylic ester, an olefinic
carboxylic ester, an alicyclic carboxylic ester or an
aromatic carboxylic ester.

13. A process according to claim 2, wherein the ether -
compound is diethyl ether, dipropyl ether, diisopropyl
ether, dibutyl ether, diamyl ether, diisocamyl ether,
dineopentyl ether, dihexyl ether, dioctyl ether, methyl
butyl ether, methyl iscamyl ether, or ethyl isobutyl
ether.

14. A process according to claim 13, wherein the ether
compound is dibutyl ether or diisocamyl ether.



36 A process according to claim1l or 2, wherein the anour
corrpound | eating the ester-treated sol

0.02 to 30 ‘mj of tltanlgﬂ_atomlnthe est ¢
product. 'ﬂﬂmlﬁl ng to clarm1 or 2, wherein
tltanlumtetrac ellathe m xture for treating the es
product is 1 to 1, 000 nol es per one nole of titanium atom

.

REP LA’ ;ﬁﬁ? SHEET
br{treated solid
t he 1adrouiht 998

ef-treated solid
in the

ester-treated solid product. .-47- 38. A solid catalys

for use in the

pol yneri zati on of

1S. A process according to claim 1 or 2, wherein the
organcmagnesium compound is added to a mixture of the

titanium compound and the organic silicon

compound.

16. A process according to claim 15, wherein the titanium

compound and the erganic silicon compound
after dissolving or diluting them with an
sclvent.

are added
appropriate

17. A process according te claim 16, wherein the solvent
comprises an aliphatic hydrocarbon, an aromatic

hydrocarbon, an alicyclic hydrocarbon, ox
compound.

an ether

18. A process according to claim 1 or 2, wherein the

reduction is carried out at a temperature
-50 to 70°C. '

ranging from

19. A process according to claim 1 or 2, wherein the

reduction is carried out in the presence of a porous

naterial havzng a pore. yglume of 0.3 ml/g
measured at a pore ra&us ) (‘381'9 3%:: fl ,000

or more as
angs ..rons) and

having a mean particle diameter oof to 300 mcrons).

20. A process according to claim 19, wherein the porcus
material is inorganic oxide or organic polymer.

21l. A process according to claim 20, wherein the porous

inorganic oxide is sio,, Al,0,, Mgo, Tio,,
S10,°A1,0;, MgO-Al,0, or MgO-Sio,<Al,0,.

Zxo,,

22. A process according to claim 20, wherein the porous
organic polymer comprises a polystyrene type,
polyacrylic ester type, polymethacrylic ester type,
polyacrylonitrile type, polyvinyl chloride type or

polyolefin type polymer.



ol ef i ns whi-ch—eenprises—poelyireri zi ng olgglns in the presencé

catal yst of or ganoal um num conpound. 41. A P ces7$ f i
poI ymeri zi MM'HWHHIELEHMl ng to cl ai m 40, wherein the orgpnoal WHHm,,u ] J

npound has' t e gener [err] [err] wherein Rlerr], R.err], } i
R[err] Rlerr], Rerr], Rerr], R[err] Rlerr], Rerr] anle[err] each™ " |
represents a hydrocar bon group having 1 to 20 a carbon atons=—¥-and | _ each
represents a hal ogen atom

23. A process according to claim 1 or 2, wherein the amount
of organic silicon coﬁpound present during titanium
compound reduction is in the range of 1 to 50 as
expressed in terms of atomic ratio of silicon atom to
titanium atom (Si/Ti) in titanium compound.

24. A process according to claim 1 or 2, wherein the amount
of the organcmagnesium compound is in the range of 0.1
to 10 as expressed in terms of atomic ratio of the sum
of t:.tam.un atom and s:r.l:.ccn atom toc magnesium atom

(Ti+si/Mg) .

25. A process according to claim 1 or 2, vwherein the amount

" of ester compound for treating the solid product is 0.1

to 50 moles per one mole of titanium atom in the_; solid
product. -

26. A process according to claim 1 or 2, wherein the
ester compound for treating the solid product is
used in an amount of 0.01 to 1.0 mole per one mole of
magnesium atom in the solid product. '

. 27. A pz:ocess according to claim 1 or 2, wherein the seclid
product is treated with the ester compound in the
presence of a diluent.

28. A process according to claim 27, wherein the diluent
comprises an aliphatic hydrocarbon, an arocmatic
hydrocarbon, an alicyclic hydrocarbon or a halogenated
hydrocarbon.

29. A process according to claim 27, wherein the amount of
diluent is 0.1-1000 ml per one gram of the solid
product.



an hydrogen atom or/al koxy group; Y represents a nunber EJE @W“@' EHEET
[err] £ ¥, PANE LY

Y [err] 3;

represents a nunber of 2 or 3; a repres

satisfyingO0cta—cT; € ‘J < 3iqand
represents [Im asfEming 1 [err] © < 3: provided thaf (a3n#d) 1478
equal to Smlm _ ]Iﬁﬁﬂlﬁ”‘ﬂ)rocess for polynerizing ol efilng according to
cl ai m40, wheréintan"el &ctton donor conprising- an organi
having Si-OR[err] bond(s) (R err] is a hydrocarbon group thaving-l-to0-20
carbon atons) or

30.

31.

32.

33.

34.

" 3s.

36.

" 37.

O
N
-0 4
QD

>

Y

b—rTepresénts a n er satisfying Of[ ¢rr

silicon conpound

A process according to claim 1 or 2, wherein the solid
product is treated with the ester compound at =50 to
150°C for 10 minutes or more.

A process according to claim 30, wherein the solid
product is treated with the ester compound at 0-120°C
for 30 minutes to 3 hours. '

A process according to claim 1 or 2, wherein the ester-
treated solid product is treated with a mixture of an
ester compound and titanium tetrachloride in a slurry
state.

A process according to claim 32, wherein a solvent used
for the slurry comprises an aliphatic hydroc.ar_bq;_':,_ gn
aromatic hydrocarbon, an alicyclic hydrocarbon or a
halogenated hydrocarboen.

A process according to claim 32, wherein the con-
centration of slurry is 0.05-0.7 g-soclid per ml of

. sSelvent.

A process according to claim 32, wherein the treatment
is carried out at a temperature of 30-150°C for 30
minutes to 6 hours. '

A process according to claim 1 or 2, wherein the amount
of the ester compound in the mixture for treating the
ester—-treated solid product is 0.02 to 30 moles per one
mole of titanium atom in the ester-treated solid
product.

A process according to claim 1 or 2, wherein the amount

of titanium tetrachloride in the mixture for treating
the ester-treated solid product is 1 to 1,000 moles per one mole of

titanium atom in the ester-treated solid product. .



Si -N-C bond(s), an aromatic car boxyl ic ester conpound or a steri cal | y
hi-ndered amne is added at the tine of polynerization. 43. [ Sprocess for.
pol ymeri zing ol efins according 'to clai 3 0, wherein the ol d ‘ﬁ”’n_ o.mou ses'_"
| east one of _ethyl ene, propylene, but ene-1, pentene-1, hexq‘n 1, ey
3- met hyl penum m’ mum ﬂl ‘decene-1, and dodecene-1. 44. process for |
pol yneri zin ng to claim40, wherein the pol‘yr‘rerl zatl off ‘s f {,
carried out at a terrperature of -30[err]C to 300[err]C undér a-pressure.Qf i |
3 to 2,026 bar (3 to 2,000 atnospheres). 45. A process for! Lpol yneri zi ng i
ol efins which conprises polynerizing olefins by using the. catal ystsystem-- -
of claim 39.

38. A solid catalyst for use in the polymerization of
olefins which is obtainable by the process of claim 1.

39. A catalyst system obtainable by the process of claim 2.
40. A process for polymerizing olefins which comprises
polymeriz_ing olefins in the presence of the solid

catalyst of claim 38 and an organcaluminum compound.

41. A process for polymerizing olefins according to claim
40, wherein the organcaluminum compound has the general

- formula
12 ..o o
R YM’B " -
13 141&1 -o-mlsals
u RlB' RIS -
217 )\
LN .
and/ex / Al—-N (CEZ)B
' Iy
B _RZD R22!. a
wherein R2!.2 13‘ 214' Rls' RIE’ 217, 313' ng, R2!1 and

a -
22-1 each :epresentsﬁhyﬁrocarbcn group having 1 to 20

carbon atoms; ¥ and L each rep:esents?_halogen’-.atnm.
hydrogen atom 'o:'?_glknxy group; y represents a number
satisfying 2.5 y S 3; B represents a._numb'e: of 2 or.3; a
represents a mmmber satisfying 0 < a < 1; b represents a

number :satisfying 0 S b ¢ 3; and c represents a number
satisfying 1 < ¢ < 3; provided that (a+b+c) is equal to 3.



46. A process for. polyner|2|ng ol efins according to clalnLAR wherein the

or ganoal unm num conpound- i s represented by the general fo REEB CEVEN
[err] Rerr hydr ocarfgon group having ¢

atoms; Y and a hal ogeh” atom hydrogen @t ¢m koxr
group; Y repr}ﬂm ‘lammt I“ tisfying 2 [err] Y [err] |3 1§ r’? 1553 !
represents a er of 3 a represents a nunber satfslying O [err] R

[err] 1; b represents a nunber satisfying O [err] b [err 3; and ¢
represents a nunber '

42. A process for polymerizing olefins according to claim
40, wherein an electron donor comprising an organic
silicon compound having Si-OR® bond(s) (R?® is a
hydrocarbon group having 1 to 20 carbon atoms) or
Si-N-C bond(s), an aromatic carboxylic ester compound
or a sterically hindered amine is added at the time of
polymerization. '

43. A process for polymerizing olefins according to claim
40, wherein the clefin comprises at least one of
ethylene, propylene, huﬁene—l, pentene~l, hexene-1,
3-methy1pentene—1,'octene-l, decene-l, and dodecene-1l1.

44.- A process for polymerizing olefins according to claim
40, wherein the polymerization is carried out’at a
temperature of -30°C to 300°C under a pressure of
3 to 2,026 bar (3 to 2,000 atmospheres).

45. A process for polymerizing oclefins which comprises -
polymerizing olefins by using the catalyst system of
claim 39. .

46. A process for polymerizing clefins according to clainm
45, wherein the organcaluminum compound is represented
by the gggeral formula '



satlsfyl ng 1 [err] ¢ < 3; provided that (atb+c) is equal to 47. A process

f of pol ymeri-zi-ng—etetns—aceording to clai m 45, wherein the] TeTT‘
conprises a hyl ene, pro‘pé(l ene, butene-1, peh ene ‘-:"'
hexene- 1, 3“! m'".ﬁ "3“" 4- et hyl pent ene-1, octne-1, decene 1 UL ‘

dodecene-1 A process for polynerizing ol ef| ns accord ng tg gi ai- m45 '
wherein the polyrrerlzatlon Is carried out at a tenperature fl 30 Cfo "~

300[err] C under a pressure of 3 to 2,026 bar (3 to 2,000 atj m)S”ptTe*res)

}

- e e o,

e Nev— L

12 v
S -
133141 o aig?Szls -
— 18 .1s -
r17 )\
C\
and/éx : /Al——x (CZZ)B
I.b V
| 20721 s

wherein R12, g3, pl4, 15, 1§, 317, 313, 19 20 ...

R21 each represents a hydrecarbon group having 1 to 20 -

carbez atoms- Y and I. each represents/halogen atom,
an
kydrogen aton or /alkoxy gzroup; Y :ep:esents a number

satisfying 2 S y S 3; B represeats a number of 2 or 3; a
represents a number satisfying 0 < a < 1; b represents a-
pmnber:satisfying.0 S.b ¢ 3; and C rep:es;.nts 2 nuxber’
satisfyirg 1 S ¢ < 3; provided that (a+b+.€:) is egqual to

b 0

47. ‘A process for peolymerizing clefins according to claim
45, wherein the olefin comprises at least one of
ethylene, propylene, butene-l, pentene-l, hexene-l, 3-
methylpentene-l, 4-methylpentene-l, octgne;l, decene-1,
and dodecene-l. B

48. A process for polymerizing olefins according to claim.
45, wherein the polymerization is carried out at a
temperature of -30°C to 300°C under a pressure of
3 to 2,026 bar (3 to 2,000 atmospheres).
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ABSTRACT _ _J

PROCESS FOR PRODUCING SOLID CATALYST FOR USE IN
POLYMERIZATION OF OLEFINS

A process for producing a trivalent titanium
compound-containing solid catalyst for use in the |
polymerization of olefinS which'comprises treating, with
an ester compound, a_;olid product obtained by reducing a
titanium compound represented by the following general

formula:
ri(orl) x
" ‘n"4-n

{Rl represents hydrocarbon group having 1 to 20 carbon
atoms, X represents halogen atom, and n represents a
number satisfying 0 ¢ n = 4) with an organomagnesium
compound in.the presence of an organic silicon'compound
having Si-0 bond (s), and thereafter tre.ating it with a

mixture of an ester compound and titanium tetrachloridé.
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