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'SOLI'D CATALYST COVPONENT FOR USE | N POLYMERI ZATI ON OF
~a%C%FFLNS , . This invention relates.to a solid catal yst
conponent for ‘use in the pol ynmerization of [err]-ol&fins. 5 Mre
particwWarly, this invention relates .to a solid = = catalyst conponent for-
use in the polynerization of [err]=olefins, which is quite excellent

in catalytic activity and stereospecificity and inproved in resistance
to grinding, characteristics ofSP&FRiCABRLERT %é%@@ﬂ?@ﬁce 10 in handli ng.

As a genéral process for Eroducing a yol mer of &err%- Igfin such as
propyl ene  and but ene-EOR USE INhROL ME%%%ASFOFhQFs =% FgH Ziegler-Natta
catal yst .consisting of 15 a conpound of transition netal belonging to

G oup |V-VI of t he periodic table and an organonetal conpound

bel ongi ng ~ to Goup I-11l of the periodic table is well known.

In such a Hroduction process, however, an anor phous pol yner is forned
as a by-product in addition to 20 a highly stereospecific [err]-olefin
pol ymer having a high i ndustrial val ue.

This invention relates to a solid catalyst
component for ﬁse in the polymerization of «-olefins.

5. More particularly, this invention relates to a solid
.catalyst component for use in the polymerization of
a-olefins, which is quite excellent in catalytic
activity and étereospecificity and improved in resistance
to grinding, characteristics of particles and convenience

10 1in handling.

As a generai process for producing a polymer of
a-olefin such as -'propylene and butene-1, the
use of the so-called Ziégler-Natta catalyst consisting of

15 a compound of transition metal belonging to Group IV-VI o§
the periodic table and an organometal compound belonging
to Grduﬁ I-III of the periodic table is well known.l

| In such a préduction process, however, an.
amorphous polymer is.formed as a'by-product in addition to

20 a.highly stereospecific.a-olefin polymer having a higp
industrial value. |

The:amorphoqs polymer ié'low in industrial
utilizability and exercises a very adverse influence upon

mechanical properties of the a~olefin polymer when the
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The anor phous polymer is lowin industrial utilizabikity and exercises

a very adverse influence upon nmechani cal propertLeS of the
[grr]-olefin polymer when the 2 1
polyner is processed into film fiber and others and put to use.
Further, formation of the above-nentioned z - anor phous pol yner causes a
| oss of starting_nononer and 5 makes it_.indi spensably necessary to
provi de an ppEg&FU§r 1s processsoyithEa i Who é%RﬁE yHeRer nPRA put
quite dlssdvantageous fromthe industrial point of V|ew

Accordi ngly, pfocess entirely free from formati on of such an

h | f | ty of
anor phous pol ynor is - FUgE ésavgﬁfgamaql%”h o e tRns fARaL Y ©

On th th t | 1
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apparatus for Eeafo\fbaﬁvtlhg %ﬁtealamtrpme;%lsdtpﬂolmr, whidibid i ghget he

pol ymer. his fault can be ovércone by increaSing the
catal ytic acti mutshdemrte@%adsbfrbhxet\h@ didudft fidMBsbint of view.

Accordingly, if a process entirely free from
formation of such an amorphous polymer or a process for

10 forming only a siight quantity of amorphous polymer is
discovered, it will be quite advantageous.

On the other hand, in such a polymerization
process as above, caralyst residue remains in the
resulting «-olefin polymer, which makes troubles in

15 various points such as stability, processability, etc. of
the a-olefin polymer. Thus, it is necessary to provide'
an apparatus for removing the catalyst residue and

- stabilizing the polymer.

This fault can be overcome by increasing the

20 'catalftic activity cxpressed by the weight of formed
a-olefin poiymer per unit weight of catalyst. By this
increase, the apparatus for remo?ing catalyst residue

- becomes unnecessary and production cost of a-olefin
polymer can be reduced. |

25 | The present inventors previously proposed a
process which comprises treating, with an ester compound,
dn ether compound and titanium tetrachloride, a solid

product obtained by reduc1ng an alkoxytltanrumﬁcompound
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[err]-olefin polymer per unit weight of catalyst. By this- I ncrease,

t he apparatus for renoving catal yst residue becomes unnecessary and
pgoduction cost of [err]-olefin pol ymer can be’'reduced. 25

The present inventors previously proposed_a process which conprises
treating, with an ester conpound, anether conpound and titanium

tetrachloride, .a solid r oduct obt ai ned gy,reducin an al koxytitani um
conpound 1 with an organomagnesium compoundjin EhﬁﬂPﬂeaﬁnS?gaﬁoﬁﬂgnesium

.conmpound in the presence of an organic. siljico onpound hayi.n i -0

bond LU S PapERARic 51 penmkemenitd Hafudeos £20 BORRCTECS T Haldnt! 1

cat al yst obtain ' di ng_t hj s rocess could overcone the

above-nentionéd%ﬁgﬁﬁﬁﬂ{h gp'gftng%%Q%fficity and catal yst activity.

The solid catal yst conponent c*ﬁgﬂggg%#QEéhgbB?ing oggégggghﬁn@g ?5ggess S
a I di t

usually dried until it reaches | zabl'e state an ereafter put

to use, forgt r enc _ + 16 &S
5 ggqg§;§”§§§E§1ag&é§§ggﬂﬁﬁarsyéfé M&ftibReARRYuTRSEH

As a drier us po materials, various driers have been
proposed. For s@a@ydpedticityBird iddesipodi agragdeynt erial - conveyance
type dri.ers; vacuum box type drier, freeze dried box type drier, 15

ordinary pressure drum driérsoVeL st 41 pet debmponeatt bbgkined by the
above-mentioned process is usuallf dried until it reaches
a fluidizable state and thereafter put to use, for the
10 reéson of convenience for use, in many cases.

As-a drier used for drying powdery materials,
various driers have been proposed. For example, as
material-standing and material-conveyance type driers;
vacuﬁm box type drier, freeze dried box type driér,

'15: ordinary pressure drum drier, vacuum drum drier, vertical
drier, cylindriéai drier and band drier can be ‘
referred to. As material-agitation type driers; ventila-
tion rotary drier, ventilation agitation drier, £1uidized
bed drier, cylindricél agitation drier, multi-stage disc

20 grier and grooved agitation drier can be
- referred to. Further, as hot air convéyance type driers,
.Spray drie:, air stream drier and the like can be referred'
to. - A variety of driers constituted of.combination of
these driers are also used. In the case of a solid
25 .catalyst COmpodent for olefin polymerization which must be

handled in an inert gas and made free from orgapic solvent
by a drying process, there are often used driers in which

ventilation and agitation are combined such as ventilation



drier, cylindrical drier and band drier can be referred to. As

material -agitation type driers; ventila- tion rotary drier, ventilation
agitation drier, fluidized bed drier, cylindrical agitation drier,

mul ti-stage disc 20 drier and grooved agitation drier : can be
referred to. Further, as hot air conveyance type driers, spray drier,
air streamdrier and the |Iike can be referred to. Avariety of driers
const it ut edt of ceoudyY ndrien, ofencilathesezditericar 6takse Gesdsdazxthe case
of a solid 25 catalyst conponent for olefin polynerization which nust be
handl ed in an #RéeFf 3BS AhHiRkgedrpeé @rdmvcoer Hakhc comsideration WL a drying
process, there are often used driers in which ventilation and
agitation are. SBABFRedCON¥RNASNGENEP B2PgAing and cost.

-4- rotary drier, entilation agi.tation_drier, ga tream . rier
and f1 ui di zed )l;ed dri er,%WFNEEOngi &83&9 8:"1*%6‘111’5“- c°§'§°f°2"ts,t c%h%’rﬁ%‘?'ng’é‘lri n
handl i ng ang c : _ . r, sql i t . .CO e

obt ai ned byg Bﬁ%hgbgggvggﬁgﬁ P89e§9§§§§§s§%ﬁa§ égﬁﬁgﬁﬁgﬁﬁFﬂgiEﬁ@%é&%ga%%r
is formed by fEiCtj e s RAL L L.C in .t : . |

treat ment agpoﬁr}%aslbg egy gﬁ%é?%? I"%‘wbggh’? %narbggﬁlgﬂ%%s lq{:eftha? y%{géé%ér}%o%%nt
Contaln'ng'fln&r?Qﬁge%rQQEﬁéhQr%EE%mbEﬁied bﬁp%budHfEEﬂéﬁ%(“Sﬂéﬂt%ﬂééiﬁ&f

the resulting [err]-olefin 10 polymer which Copies the shape of the solid
cat al yst catalyst component containing fine powder deteriorates the
particle size distribution of the resulting «-olefin
10 polymer which copies the shape of the solid'catalyst
component, and thereby forms a fine powdery polymer.
Further, the fine powder agglomerates in the course of
polymerization to clog the lines of polymer-producing
apparatus and makes it impossible to produce a polymer
15 stably. Accordingly, elimination of such a fine powder
from the solid catalyst component will bring about a greag
“merit.
As a technique.for improving éhe crushability of
solid catalyst component, there has been disclosed a
20 method which comprises preliminarily polymerizing an
| olefin in the presence of a solid cataiyst component and
thereby preventing the formation of fine powder at the
time of supplfing a slurry of the solid catalyst component
into polymerization reactor by means of a circulating pump
25 _' : . ' [sp-a- 57-
151602]. However, such a method has a problem that the
soiid catalyst component comes to coexist with an organo-

aluminum compound during the period from completion of



conponent, and thereby forms a fine powdery pol yner. ..Further, the fine

powder aggl onerates in the course of - pol ynmeri zationh to clog the |ines
of pol ymer - produci ng apparatus and rmekes it inpossible to produce a
pol ymer 15 stably. Accordingly, elinination of such a fine powder
fromthe solid catal yst conponent will bTth'about a great merit.

As -a technique for_ inproving the crushability of solid catal yst

conponent, % heReehbBipREY H?lsl‘f’!‘%EbEa‘élOEOtﬁeﬁﬁéd fReddmac dmiq Rxlymeriza-
prelimnarily pg olefin,in the presence of a solid

|
catal yst conpoh gﬁgng%%éégg a?ﬂer@59169e§gﬁﬁlﬁﬁrﬂﬁ§ Pér FHOTGF S ¥5Se powder
t th t f h Lid t t
ool yrer | ATt Ev FENRs Ot fiduREed @ t@- Epd AP Ghmbing Further,

JP- A- 602 d h bl that th
£O|Id catalystt%%ﬂ$1%%%%b%%ﬂggver13%§§ méE‘ﬁaan g?ggngto en]alﬁninu;

conpound duing the period fron]coan iﬁ&l =89509] whi h comprlses
-5- 1 prelimnary polynerization to Its feedlng |Ato po yneriza-

s orcs o oo LA BkapRet! pleplashitsopolbibyizan Bl 0 - dihin
a.nethod_ 5 into the step of synthédPzfng63- 88248 cWitaaky sxoBYmpifent
and thereafter treating the catalyst component with a
titanium compound to obtain a solid catalyst component in

'10 order to prevent the pulverization of the particles of
solid catalyst component in the course of synthesizing the
solid catalyst component. However, even if such a method
is applied to the'technique previously proposed by the
pricr arts [U.S. Patent 4,672,050,

15 JP-A- 1-319508], the
preliminarily poiymerized polymer dissolves into solvent
at the time of treating the solid catalyst component with
‘a titanium compound and filtration cannot be effected
satisfactorily or the remaining orgénoaluminum compound

20 reacts with the titanium compound to form an undesirable
compound deéreasing the polymerization.activity and

~ stereospecificity.

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

solid catalyst component for use in the polymerization of



inserting a step of prelitmnary polynerization of [err]-olefin into
the step of synthesizing a solid-catalyst conponent . ~ and thereafter
treating the catalyst conponent with a ~titanium conpound to obtain a
solid catal yst conmponent in - 10 order to prevent the pulverization of the
particles of solid catal yst conponentéin the course of synthesizing
t he - sol'id catal yst conponent. However, even if such a nethod S
applied to 1 hextebéfinueapinyi soshyghr aposedlpyithactivitgriamd arts [U. S.
Patent 4,672,050, 15 JP-A-  1-319508], the
prelimnarily steseespectf pol yyreas dtesmbhesitnuonecksssry to reEmaves tine
of treating the solid catal yst conponent with a titani um conpound and
filtration carﬁﬁ)‘iabé‘s*éﬂf%%%%‘de and agershausopplymer.t weichmdisniimproved
or ganoal um num conmpound 20 reacts with the tjtani um ¢conpound to form an
undesirable R %ﬁbuﬁ%ﬁ’cﬂ%‘&?%%i nBathecps| Gharpsherastacsi @ and

stereospecigicit In view of the above-nentioned state

of things, i&f?ﬁ%f?ﬁ%ﬁﬁ%nﬁ?qh%@déﬁrved by this invention or the object
O T o R, Bl PLRUREE S8, PRASHIE 88 3 sonsd Ldhaye
- 6- component for use in the polymerization of a-olefins
-obtained by reducing a titanium compound represented by
general formula Ti(ORl)nX4_n wherein R1 represents a
10 hydrocarbon group having 1 to 20 carbon atoms, X repre-
sents 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 a Si-O bond
to obtain a solid product, tréating the so0lid product with
15 an ester compound, thereafter treating it Qithla mixzture
of an ether compound and titanium tetrachloride or a
mixture of an ether compound, titanium fetrachloride and
an ester compound to obtain a trivalent titanium compound-
containing solid catalyst precursor, and treating the
20 solid catalyst érecursor with a small quantity of an
_ oléfin in the presence of an organoaluminum compound.
By adopting the process of this invention, the
above-mentioned object and particularly aﬁ improvement of

the solid catalyst particle in crush resistance can be

25 achieved.

Fig. 1 is a particle size distribution curve of



T [err]-olefin having so high a catalytic activity and a.

stereospecificity as to make it unnecessary to renove. cat al yst residue
anrd anor phous pol yner, which is inproved in crush resistance, particle
characteristics and 5 conveni ence to handl e. Thus, this
invention relates to a solid catalyst - 7 ceonponent for use in the

pol yneri zation of [err]-ol efins obt ai ned by reducing a titanium
conpound r epr RHYREOBylene powder, wherein the detted line illustrates

general fornula T|%C3£err§l£err ] X[err] wherein Rrepresents a_ 10
hydr ocar bon grdud®hi ® 9bs E%BBﬁlapoﬁﬁrvﬁ PépPelYPTOPYI&Re; Rpwder

hal t d t mbe f 4, with
an or ganoragnd Pt BeTpbAnt IR ffet andp?b'siﬁ?&”%f LigeorddHe AT gh

d havi Si . b i d h
oIt product MATHCIE SEEbreEiRRBnR 3?%@?83& o PRV BAG RO T o
1 Xt t I d
M xture of %in SRRReE ORERERERCHY cOftataLEPR RRSREIA 110 °° O;naester

conpound to obtain a trly?%enﬁ iétﬁgfyggcggﬁggnﬁlagfam_%th¥g3f¥1éﬁﬂiﬁ%

catal yst precursor, and fréating t catal'yst “precursor
smal | quanti thrﬁﬁeﬁé‘tandm&' @f'f‘hié‘ iBgeREESANCE TRR 2109 ¢RAGAH Yg num

conpound. By adopting the process of this invention, the

above- ment i oneth Ok 8§t mepée @Eé$|sUtfﬁidaﬁnekﬁﬁbQéeﬁEDEh@fembodﬂdéhﬁsﬂdﬁi
catal yst particle in crush resistance can be 25 achieved.
this invention, and.this invention is by no means limited

10 thereby.

Next, this invention will be explained below

more concretely.

(a) Titanium Compound
15 _ The titanium compound used in this invention is

téprésénted by the following general formula:

- 1
Ti(OR )nx4-n

wherein R1 represents a hydrocarbon group having 1 to 20
carbon atoms, X represents a halogen atom, and n

represents a number satisfying 0 < n = 4.

20 Concrete exémples of R; include alkyl groups
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

amyl, isoamyi, héxyl, heptyl, octyl, decyl and dodecyl:;



Fig. 1 is a particle size distribution curve of .

-7- 1 pol ypropyl ene powder, wherein the dotted line illustrates a
particle size distribution curve of polypropyl ene powder obt ai ned in
Exanple 1, and the solid line illustrates a particle size distribution
curve of the polypropyl ene 5 powder obt & Ted in Conparative Exanple 1.
Fig. 2 is aflowchart diagramfor facilitating under standing of. this
i nvention. 1The fl ow chardry group e s0pRehR@n areypilcaligianp)g of

t he enbodi nents of this invention, and this invention is by no nmeans
limted 10 tmapdinhyl ; - ' cycMexlkyl hgsoupsestichnasi tyche-
expl ai ned bel ow nore concretely: (a) Titani um Conpound 15

The titani um demydunands exydlopgentyli;nventi on i sallyl gopupsesustt Bg t he

foll owi ng general fornula: Ti(OR[err])[err] X err]
‘propenyl . and aralkyl groups such as benzyl,

5 Among them, alkyl groups having 2 to 18
carbon atoms and aryl groups having 6 to 18 carbén atoms
are preferable, and straight chain alkyl groups having 2
to 18 carbon atoms are particularly prefer;ed} It is also
possible to use two or more kinds of titanium compounds

10 'different in OR'.

Examples of the halogen atom represented by X
include chlorine, bromine and iodine. Amohg them,
chlorine give a particularly good result.

_ The value of n in the general formula
15 Ti(or') X

4-n 15 a value satisfying 0 ¢ n £ 4, preferably

2 =n = 4, and particularly preferably n 4.

As the method for synthesizing the titanium
compound represented by.general formula Ti(ORl)nX4_n
(0 ¢ n £ 4), well known methods can be used. For example,

20 a method of reacting Ti(ORl)4 and TiX, at a predetermined

4
‘ratio, or a method of reacting Tixé with a predetermined

quantity of the corresponding alcohol can be used.

(b) Organic Silicon Compound Having Si-O Bond
| The organic silicon-compound having Si-O bond
25 used in synthesizing the solid catalyst ccmponent of this

invention is represented by the following general formulas:



wherein Rl err] represents a hydrocarbon group having 1 to 20 car bon
atons, X represents a halogen atom and n represents a nunber
satisfying 0O < n [err] 4. 20 Concrete examples of R err]

i ncl ude al kyl groups such as nethyl, ethyl, propyl, isopropyl, butyl,

I sobutyl ,. anyl, isoanyl, hexyl, hepty ,-octyl, decyl and dodecyl;

8 1 aryl groups such as phenyl, cresyl xylyl and napht hyl ;
cycl oal kyl ‘groups such as cycﬁo- 3 hexyl . and cycl opentyl ;

al lyl groups such as Sb(@@ehmk 4-m and aral kyl groups such as
benzyl. 5 - Anmong t%enl al kyl groups having 2 to 18

carbon atons and aryl groups having 6 to 18 carbon atons are
preferable, and straight_ghagn alkyl,ggoups havi ng 2 to 18 carbon
atons are particularly pRefRry@#0)81Rszal so possible to use two or
nore kinds of titanium conpounds 10 different in OR[err]. .
Exanpl es of the hal ogen atomrepresented by X I ncl ude chl ori ne,

brom ne and i odi ne. Anmong_ Th chlorine.give a particularly good
resul t. Tﬂ% 2€£%€qof nin the general fornula 15
Ti(ORlerr])[err]X[err] is a value satisfying O < n [err] 4, preferably

2 [err] n[err] 4, and particularly preferably n = 4. As the

met hod for synthesizifg the titanium .
where R represents a hydrocarbon group having 1 to 20

carbon atoms, R3, R4, Rs, R6 and R7 each represents a
hydrocarbon group having 1 to 20 carbon atoms or a
hydrogen atom, m represents a number satisfying 0 < m = 4,

5 p represents an integer of 1 to 1,000, and g represents an
integer of 2 to 1,000. -

Concrete examples of the organic silicon’
compound include tetramethoxysilane, dimethyldimethoxy-
siléne, tetraethoxysilane, triethoxyeﬁhylsilane,

10 diethoxydiethylsilane, ethoxytriethylsilane, tetraiso-
propoxysilane, diisopropoxydiisopropylsilane, Eetra—
bropoxysilane, dipropoxydipropylsilane, tetrabutoxysilane,
dibdtoxydibutylsiiane, dicyclopentoxydiethylsilane,
diethoxydiphenylsilane, cyclohexyloxytrimethylsilane,

15 phenoxytrimethylsilane, tetraphenoxysilane, triethlxy-
phenylsilane, hexamethyldisiloxane, hexaethyldisiloxane,
hexapropyldisiloxane, octaethyltrisiloxane, dimethyl-
polysiloxane, diphenylpolysilpxéﬁe, methylhydropoly-
-siloxane, and phenylhfdropolysiloxane.

20 Among these organic silicon compounds,



conpound represented by general formula Ti (OR[err])[err]X[err] - (O<n
[err] 4), well known nethods can be used. For exanple, 20 a nethod of

reacting Ti(ORerr])[err] and TiX at a predet er m.ned ratio, or a
met hod of reacting TiX[err] with a predeternined = gquantity of the
correspondi ng al cohol can be used. ~ 1Ob) Organic Silicon Conmpound

bond 25, ;?eB”ﬁmggxﬁweag}ezww&%“ SEefenbed BY SoRERE Toropnedd ° 7 ©
vention T gt by Lhe folioy ;93796“ £2L1 0% nyrs;uﬁf, .
, (Rlerr]Si 0)[92%4%15?%%r00ar £ 4. Amon |n xﬁrr]:éégggfﬁBLX51l%n V\/nere

Rlerr] repres on group a bon "at ons,

Rlerr], Rerr], éﬁ ﬂds Orbgﬂ Rieéfé ﬁ@f@l&ﬁ@ﬁ?§?nb§e§erable

hydrocarbon gro aV|ng on atons or . hydrogen atom m
represents a nunber satlsfylng O <mfJerr] 4, 5 p represents an integer
of 1 to 1,.000, and g represents an i nteger of 2 to 1, 000.

S (c) Organomagnesium Compounds
Next, the organomagnesium compound used in this
invention may be any forms of organomagnesium compounds,
SO fér as they have a magnesium-carbon bond. Among them,
Grignard compounds represented by general formula RBng,
10 wherein R8'represents a hydroéarbon group having 1 to 20
carbon atoms and X represents a halogen, and dialkyl- or
diaryl-magnesium compounds represented by general formula

9,10 10

R“R"“"Mg, wherein R9 and R each-represents a hydrocarbon

group hav1ng 1 to 20 carbon atoms, are particularly

15 preferable. 1In these formulas, RB, R9 and 310

may be
. idéntical or different one another.and each represents an
aikyl, aryl, aralkyl o£ alkenyl group having 1 to 20
carbon atoms such as methyl, ethyl, propyl, 1sopropy1,
butyl, sec-butyl, tert-~butyl, amyl, isoamyl, hexyl, octyl
20 2-ethy1hexyi; phenyl and benzyl.
' Concrete examples of the Grignard compound
-include methflmagnesium chloride, ethylmagnesium chloride,
ethylmagnesium bromide, ethylmagnesium iodide, propyl-
magnesium chloride, p;opylmagpesium bromide, butyl-
25 magnésium chloride, butylmagnesium bromide,.sec-butyl-
magnesium chloride, sec~-butylmagnesium bromidé, tert-

butylmagnesium chloride, tert-butylmagnesium bromide,



Concrete exanples of the organic silicon conmpound i ncl ude

t et ranet hoxysi | ane, di net hyl di net hoxy- si |l ane, tetraethoxysilane,
t rzi et hoxyet hyl sil ane, 10 di et hoxydi et hyl sil ane, ethoxytriethylsilane,
tetrai so- propoxysi | ane, diisopropoxydiisopropylsilane, tetra-

propoxysi | ane, di propoxydi propyl sil ane, -t gr abut oxysi | ane,
di but oxydi butyl si | ane, di cycl opentoxydi et hyl si | ane,
di et hoxydi ghegy a_&nla%%siwEﬂh%ﬂb@&ﬂfédﬁ&f%é@ﬁﬁm dRloride,
phenoxytrimet hyl'sil ane, tetraphenoXxysilane,” triethlxy- ~phenyl si | ane,
hexamet hyl di sphexglfmhaghesiam thdiotiildeXatheny 1ma eI PYE sthBd L OXAdCthe
octaet hyltrisi| oxane, dinethyl- pol ysi | oxane, di phenyl pol ysil oxane,
met hyl hydr opollike. Cosidretenexams e ik apsthysinrdxb@eres@fted. by
Anong t hese orgaq?c silicon -conmpounds,

R

- 10 -+ 1 al RoRySMoanacdadeo dies hydpragesss iad byd penepalmd gnesiiam,

2 Si ( err])[err]Rlerr] are preferable, wherein mpreferably
satisfies 2 [@iifpoprpeyimagnesivmg didmtynlmagne iy sidinsec-butyphpounds
wherein m= 4 are particularly preferable. 5 (c¢) Organonagnesi um
Conpounds magnesium, dNekerte-bytylgeanesiwei s tphpeerdbutel-in this
I nvention may be any forns of organonmagnesi um conpounds, so far as

they have a nBggBSSENTcafBanYRBRgnesis®y andndiphenylmagnesium.
As the solvent used in the synthesis of the
above-mentioned organomagnesiuﬁ-compounds, etheral
10 solvents such as diethyl ether, dipropyl ether, diiso-
| propyl ethef, dibutyl ether, diisobutyl ether, diamyl
ether, diisoamyl ether, dihexyl ether, dioctyl ether,
diphenyl ether, dibenzyl ether, phenetole, anisole,.
tetrahydrofuran and tetrahydropyran can be
15 referred to. Hydrocarbon solvents such as hexane,
heptane, octane, cyclohexane, methylcyclohexane, benzene,
toluene and xylene and mixtures of an etheral
solvent and a hydrocarbon solvent are also usable.
Preferably, the organomagnesium compound is used in the
20 form of a solution in a solution of ether compound. As
the éther compound used for this purpose, ether compounds
having 6 or more carbon atoms'in one molecule and ether
compounds having a cyclic structure can be referred to.
From the viewpoint of éatalytic activity, it is
25 particularly preferable to use a Grignard compound

8

represented by R"MgCl in the form of a solution in an

ether compound.



Gignard conpounds represented by general formula Rlerr]MX, 10 wherein

Rl err] represents a hydrocarbon group having 1 to 20. ~ carbon atons and
X represents a hal ogen, and dial kyl - or di aryl - magnesi um conpounds
represented by general fornula R[err]g%err]h@, wherein R err] and

Rl err] each represents a hydrocarbon - oup having 1 to 20 .carbon
atoms, are particularly _15 preferable, _In these formulas, Rerr], Rerr]
and Rl err] Tay be iHents s rPefsiklentoonseahBenhaboyggmersA oned

Car bon at ome. SFARRARTRRSETEN diomiound Gyl the SERTBOGE. o hyarBaRFPOn-
-butyl, tert-butyl, i h I t 20 2-ethylh |,
phenyl and bergibye ‘cdiiles AN CEitnongEat1ic FopRat) gnard o les

q Tel . . ) Lde.
cthyl magnesi uSDreR e Tt RETRELS R abhS “1ng) (M TBEGER LTLEREBRMS
chloride, pyoRy FRIN "urg’br Q‘Fd FWtyl - 25 magnesi um chl ori de,
but yl magnesi um bronm de, sec-butyl - magnesi um chl ori de,

sec- butyl magnesi um brom de, tert- but yl magnesi um chl ori de,
tert-butyl magnesi um brom de, 1 anyl magnesi um chl ori de,

i soanyl mangesiqay cligy¥dflecompoundrenyl magnesi um chl ori de, phenyl magnesi um

brom de ‘and t he i ke. é%ncrete exanpl es of the conpound represented by
' The ester compounds which can be used in this
invention are esters of mono- and poly-valent carboxylic
acids, which include aliﬁhatic carboxylic esters, olefinic

10 carboxylic esters, alicyclic carboxflic esters and
aromatic carboxylic esters.

Concrete examples of the ester compound include
methyl acetate, éthyl acetate, phenyl acetate, methyl
propionate, ethyl propionate, ethyl butyrate, ethyl

15 Qaierate, methyliacrylate, ethyl acrylate, methyl
methacrylate, ethyl benzoate, butyl benzoate, methyl
tolu;te, ethyl toluate, ethyl anisate, diethyl succinate,
dibutyl succinate, diethyl maionate, dibutyl malonate,
dimethyl maleate, dibutyl.maleate, diethyl itaconate,

20 dibutyl itaconate, monoethyl phthalate,-dimethyl
phthalate, methyl ethyl phthalate, diethyl phthalate,
dipropyl phthalate and diphenyl phthalate.
phthalate, diisobutyl phthalate, diheptyl phthalate,
dioctyl phthalate, diphenyl phthalate and the 1like.

25 Among these.ester:compounds, olefinic carboxylic
esters, such as methacrylic esters and maleic esters, and

phthalic esters are preferable, and phthalic diesters are



Rlerr] Rlerr] My include diethyl magnesi um di propyl magnesi um 5

di i sopropyl magnesi um di butyl nagnesi um di-sec-butyl - magnesi um

di -tert-bytyl magnesi um butyl -sec-butyl - magnesi um di anyl magnesi.um
and di phenyl magnesi um As the solvent used in the synthesis
of the above- menti oned organomagnesi U corpounds, etheral 10 sol vents
such as diethyl ether, dipropyl ether, diiso- propyl ether, dibutyl
ether, diigobyadtieddeiriyipdeterable et her, diisoanyl ether, dihexyl ether,
di octyl ether, di phenyl ether, dibenzyl ether, phenetole, anisole,
tetrahydrofuran and tetrahydropyran can be 15 referred to.

Hydr ocar bon sol vents such as hexane, hept ane, octane, cycl ohexane, .
met hyl cycl ohexXar)e, Bidvezer@gmpounds ol uene and xyl ene and m xtures
of an et heral solvent and a hydrocarbon sol vent are al so usabl e.
Preferably, the organondigrsi 188 ctherither scompdund uvaed 20 £8im of a
solution in a solution of_ ether conpound. As .the ether conpound used
for this purpddwenstinn, Hrippduridethers nsuehgas 8iekbrd ehkhgsn S8¥8PYH one
nmol ecul e and et her conpounds havi ng_a cg;iic strucéure an ge referred

to. 5 ether.&jfS9RF QREWRENRT of SLRYEY Yt BENGEy; R RPY L £EPET. 25

particularly preferable tq use G i gnard, conpound .. epresented b

Prer ] Mya | niisoag dtheSofinenraiah SRSy, dipexgh BERRE) Slodty1
ether, methyl butyl ether, methyl isoamyl ether and ethyl
isobutyl efher : are preferable. Among them,

dibutyl ether and diisoamyl ether are particularly

10 preferable.

(f) Organocaluminum Compounds

The organoaluminum compound used in this
invention has at leést one aluminum-carbon bond in one
molecule. Typical examples of the organcaluminum compound.

15 are those represented by the following generai formulas:

R12R13A1—O—A1R14R15

11 12 13 14

wherein R, R, R™7, R and R15

each represents a
hydrocarbon group having 1 to 20 carbon atoms, Y repre-

sents halogen, hydrogen or an alkoxy group, and y repre-

A

sents a number satisfying 2 vy = 3.

20 Conérete examples of the organoaluminum compound



- 12 - It is also possible to use the above-nentioned

or ganomagnesi um conpound in the form of a hydrocarbon- - sol ubl e conpl ex
wi.t h an organonetal | i c conpound. Exanpl es of said organonetallic
conpound i ncl ude organic conpounds 5 Qf 1l4i .. Be, B, Al and Zn. (d)
Est er Conpounds The ester- conpounds mhlch can be used in

h | I
aci s, whi an AT &5 SRt Bln {0 | AU PR e S ERYARERER oy
esters, alicy ffi 1ﬂﬁééldhfﬁﬂﬁ”saﬁﬁdtrlhﬁx ggqghhguﬁarboxyllc esters.

Concrete exanp ester conpound I nclu net hyl acetate, ethyl

acetate, phenﬂl <§? mfﬁﬂ$ﬂﬂytﬁ3q o8 aje, d?ﬁ@%&l?i& hﬁﬁﬁtﬁyd%ﬁﬁg

butyrate, ethyl erate ate, acr ate

nEthany|atE,dﬁh@ﬂbd%¥¥%¥ﬁd%ndﬁ”ﬁ@dff@@oate mBthyl mlkehBaEEofethyl
toluate, ethyl anisate, diethyl succinate, di butyl succinate, diethyl

mal onat e, Gi buwinfla I iAIGinum arl Mt dvky 1@l @ai BumdhBUi gl ; MRl egueesdiogt hyl
itaconate, 20 dibutyl itaconate, nonoethyl phthal ate, dlnethyl

pht hal at e, nettdnilaifndlyniihot g silerhylumbhal 8t Roxide ; dapgopyl

pht hal ate and di phenyl phthal ate. pht hal ate, diisobutyl phthal ate,
di heptyl pht haliys alumoxirey \dugihtdml eeeraetppddyslphbkahat @rshd-atra-t i ke.
25 Anong t hese ester conpounds, ol efinic carboxylic esters,

such as net haduliyldisskumaxanal. nal ei ¢ esters, and
Among these organoaluminﬁm compounds, trialkyl-
10  aluminums, mixtures of trialkylaluminum and dialkyl-
alumiﬁum halide, and alkylalumoxanes are preferable, and
among them triethylaiuminum, triisobutylaluminum, a
mixture of triethylaluminum and diethylaluminﬁm chloride,

and tetraethyldialumoxane are particularly preferable.

‘15 (g) ' Olefins |
The olefins used in this invention for treatment
of solid catalysf-precursor are those having 2 to 20
carbon atoms. Concrete examples of the olefin include
ethylene, propylene, butene-l, pentene-~l, hexene-1,

20 3-methylbutene-1, 3-méthylpentene-1, 4—methylpentene-l,
octene-1, decene-1. and dodecene-l. Among these
olefins, those having 2 through 8 carbon atoms are
preferable, and those having 2 through 5 carbon atoms are

particularly preferable.

25 (h) Electron Donors

When a solid catalyst precursor is treated with



phthalic esters are preferable, and phthalic diesters are

- 13 - 1 particularly preferable. (e) Ether Conpounds

Next, as the ether conpound used in this i nvention, dialkyl ethers

such as diethyl ether, dipropyl 5 ether, diisopropyl ether, dibutyl

et her, dianyl ether, di i soanyl ethers i neopentyl ether, dihexyl

et her, dioctyl ether, methyl butyl ether, nmethyl isoanyl ether and

et hyl & r rg .of AgPddnd bem -

di but yl eﬁher a#&x&iggggﬁﬁfy P ?I%f%npéétﬁgg a%?ééﬁ%% %ﬁeferable

(f) Organoal YiiKAGEPHRBRERd in this inventibA, Oﬁwmﬁémmwnd

used in this I nvention has at |east one al umi num car bon bond in one

mol ecul e. Typisaaliedx@duY @a ehet beesegesoat uahnebeconpoudanor 15i&re t hose
represented by the foll ow ng general fornulas:

Rlerr] Al Y[ errdesired. Said electRpmrddmperijAseleatef ef romR| e group

. q s . . 16
5 consisting of organic silicon compounds having Si-OR

16

bond wherein R represents a hydrocarbon group having 1

to 20 carbon atoms or a Si-N-C bond, aromatic carboxylic
ester compounds and sterically hindered amines.

As the organic silicon compound, alkoxysilane

17

. 16
10 compounds represented by general formula R tS:.(OR

17 16

Y4t
wherein R and R each represents a hydrocarbon'group
having 1 to 20 carbon atoms and t rgpresents a number
satisfying 0 £ t £ 3 are preferably used.
As the aromatic carboxylic ester compound,
15 methyl benzoate, ethyi benzoate, prépyl benzoate,
.isopropyl benzoate, butyl benzoate, phenyl benzoate,
methyl toluylaté, ethyl toluylate, methyl anisate, ethyl
| anisate, monoethyl phthalate,_dimethyl phthalate, methyl
ethyl phthalate, diethyl phthalate, dipropyl phthalate,
20 diisopropyl phthalate, dibutyl phthalate, diisobutyl
phthalate, diheptyl phthalate, dioctyl phthalate and diphenyl
phthalate can be referred to.
| As the sterically hindered amine, 2,6-substi-
-tuted piperidinés, 2,5-substituted pyrrolidines, and ~
25. substituted methylenediamine compounds such as

N,N,N*',N'-tetramethylmethylenediamine can be

referred to.



wherein Rferr], Rerr], Rerr], Rerr] and R err] each represents a

hydr ocar bon group having 1 to 20 carbon atons, Y repre- sents hal ogen,
hydrogen or an al koxy group, and y repre- sents a nunber satisfying 2
[err] [err] [err] 3. 20 Concrete exanpl es of the organoal um num
conmpound ' - 16 - - 14 - i ncl ude
trial kyl alum nunms such as triethylal um num “triisqobutyl al um num and
tri hexyl albimi num Bmanﬂytéﬁﬁﬁlﬁ&ﬁﬁﬁfeplé@§°§§0h§%¥Qﬁ¥§¥%ﬁQﬁlun num
hydri de di i sobutyl al um num hydri d mt ure cﬁs 5

trial kyl al uni SRMPARACE; ERRFRERDAP uHYhHFP&éa%n§&§ﬂ9§$(ﬁ Lg (R

trial kyl al um num and al Ialunl um, al ko and al k. Xa such
as tetraethyIﬂ?%I%nﬁxﬁHggEﬁH“Fg Hlperl 1B&Fy|& lﬁﬂB&ﬁﬁSE&ﬂa£q§ ég%h
Anong t hese or% gﬁlunlnun1conpounds, trialkyl- 10 alum nunms, m xtures of
trlalkylalun1 d di al kyl al um num hal i de, and al kyl al unoxanes are
preferable; and l.al éygggégéﬂégm ga

m xture Ofstrlethy|a|ug?§8ﬁ$§§§]% &hﬁ%%|ﬁ#ﬁﬁ§#§ﬁﬁ{%q an

tetraethyldlaiﬂgyéage ﬁéefeiﬁbbﬁﬂhérly preferable. 15 (g) dJdefins

The olefins used I'n t I'S invention for treatnent

Si-(OCH CH,-5i-(OCH,) 3,

374+ CHy

(CH,),-5i-(OCH;),, (C,Hg),-Si-(0CH,) ,

<::j>§-51-(oc33)2, (isoC4H9)2-Sl-(OCH3)2,

(C8H17)2-Si-(OCH3)2, C2H5—$1—(OCH3)3

<::>»-Si-(oca3)3, iS0C, Hy-Si-(OCHy) 4
CyHy,-Si-(OCH,) 5, <::>>-sl-(ocn3>3

CH3 Csz

<::>}—Si—(OCH3)2, <::>»—slf(ocn3)2.

Si—(OC2H5)4,.Cg3-51—(OC2H5)3,

Cc H5 -Si- (OCH 5)3, C H3 -Si- (OC 5)3,



of solid catal yst precursor are those having 2 to 20 carbon atons.
Concrete exanples of the olefin include et hyl ene, propyl ene, butene-1,
pentene-1, hexene-1, 20 3-nethyl butene-1, 3-nethyl pentene-1, o

4- et hyl pent ene- 1, octene-1, decene-|.and dodecene-1. Anong
these - olefins, those having 2 through 8 carbon atons are

preferable, and those hawng 2 through 5 ca atons are particularly
preferable. 25 (h) Sﬂ—D0E3H§)3, <iij$§-SiANQQH§9§o|id cat al yst
precursor is treated w - -15- 1 a
smal|l quantity of olefinin the presence of organo- al um num conpound
in this invention, the eat nent may be carried out in the presence of
an el ectron donor, if de s L gaid ,elcedf @i iR, selected fromthe
group 5 consisting o a%ilcqgiclzi é(gr? cor?p(?unds?dha% r#g)sssl - OR16

16 bond wherein R represents a hydrocarbon group having 1 to 20
carbon atons or a Si-N-C bond, aromatic carboxylic ester conpounds and
sterically hindered a

I OES .. - t he ¢ fcysilicon compound,
al koxysi | ane 10 corrpgl 45 SiatPSablod ad b?@“;?&tﬁ At 27
Rlerr]Si (ORerr])[err] wherein R err] and R err] each represents a

hydr ocar bon group having 1 to 20 carbon atons and t represents a nunber
CH3 ' _ K C2H5 ‘
isoC3H7fSi—(OCH3)2, isoC3H7—Si—(OCH3)2,

C3H7 ’ C4H9
isoC3H7-Si-(OCH3)2, isoC3H7-Si-(OCH3)2,
CsHyy fsﬁls
isoC3H7-Si—(OCH3)2 isoC3H7-Si—(OCH3)2,
CH3 CZHS
isoC3H7-Si—(OC2H5)2, isoC3H7—Sl-(OC2H5)2f
C3Hy | C4Hg
isoC3H7—Si—(OC2H5)2, isoC3H7-Si-(OC2H5)2,
CsHyy (I:GHIB
isoC3H7-Si—(OC2H5)2, isoC3H7—Si—(OC2H5)2,

CH C2H5

3
isoC4HQ-Si—(0CH3)2, isoC4H9—Si-(OCH3)2,



satisfying O [err] t [err] 3 are preferably used. As the
aromati c carboxylic ester conpound, 15 nethyl benzoate, ethyl benzoate,
propyl benzoate, _ i sopropyl benzoate, butyl benzoate, phenyl benzoate,
met hyl toluylate, ethyl toluylate, nethyl anisate, ethyl ani sat e,
nonoet hyl pht hal ate, di net hyl phthal atel8net hyl et hyl phthal at e,

di et hyl phthal ate, dipropyl phthalate, 20 diisopropyl phthal ate, dibutyl
pht hal at e, dii sobutyl phChd-ate, diheptyl pht%@ﬁgte, di octyl phthal ate
and di phenyl phthalate |7 can be re er{§€ t?.

As the sterically hi nd6p&gHgmSie (OfHa)qhst§eCHg~S1Tt@ pl peri di nes,
2,5-substituted pyrrolidines, and 25 substituted nethyl enedi am ne

conpounds such as N, N, N, N -tetramet hyl met hyl enedi ani ne

can be referred to. L Anong t hese el ectron
donors, al koxysil ane Qx ounds represent ed.By,general fornula
Rerr]S (ORerr])[err] . | d 2,6-substituteh_p| eridines give a
particularly good isoC  Hgyesil+(0CH,) 5 isoC H,-Si-(BRHgdpe exanpl es of
sai d al koxysi |l ane conpouné i nclude the ?o[lomﬁngs:

Si-(CCH err])[err], CHerr]-Si-(CCH err])[err],

CH, | ?zﬂs
150C,Hy-Si-(0C,Hg), 150C,Hg-8i-(0C,Hg) .,
C.H C.H

377 |4 9 |
isoC4H9-Si-(OC2H5)2, isoC4H9-Si-(OC2H5)2,

fsﬂll CeHys
150C Hy-51-(0C,Hy) 5, 150CHg-51-(0C,Hs) .
“CH, C,Hy
tertC,H -Si-(OCH,),, tertC Hg-Si-(OCH;),,
?3H7 | ?4H9
tertC,H-Si-(OCH,),, tertC,Hy-Si-(OCH;),,
| cH, C,H,
tertC,Hy-Si-(0C,Hs),, tertC,Hg-5i-(0C,Hg),,



(‘CHerr])[err]-Si-(OCH err])[err] (CerrHerr err] Si-(OCH
[err]Si-(OCHerr])[err] (isoC[err]H[err])[Earr]-]-)Si[-(O]CH[erS])[Eaﬂ]r?)[err]
(Cerr]lHerr])[err]-Si-(OCHerr])[err], Cerr]Herr]-Si-(OCCHerr])[err]
Si-(OCHerr])[err], iso(err]Herr]-Si-(OCHerr])[err], ’
Cerr]Herr]-Si-(OCCHerr])[err], [err] @ ~<OCHerr])[err],

CH err] . Cerr]Herr] [err]

[err] [err]-Si-(OCH err])[err]C3H, Cslerr]

Si-(CCH err])[err], g - %’r] rc])[err
CH err]-Si-(Oerr] H &eE B ,i-(OC H.),, tertc(g[- i—{&?l—? 9 ; 1,
C[e”]H['e”]-Si-(m*[err%:ﬁ%ergrf)[err]z, >°2 43 2572

C[err]H[err]-Si-(CI:Lerr]H[err])[err], - 17 - [err]
| CH3 ?H3 _ CH3 CZHS
CZHS-T-_-SI_(OCH3)2’ CZHS—?-—-Si-(OCH3)2,_
CH,. - CH,
CH3 ?3H7 _ ' CH3 C4H9
CZHS—?e—-Sl—(OCH3)2,'CZHS-?-——Sl-(OC33)2,
CH3 CH3
CH3 ?H3 CH3 C2H5
CZHS—?——-Sl-(OCZHS)Z’ CZHS—?__-SI-(OCZHS)Z'
CH3 CH3
| ?33 C5H, CH, C, Hg
CZHS-?-—_Sl_(OCZHS)Z' CZHS-?__-Sl-(OCZHS)Z'
CH3 CH3
CH3 _CZHS

.7 |
O—Si—(OCH3)2, O—si-(ocn3)2,

_ C3H7 1soC3H7

| ; |
Q—Si-—(OCH3)2, O—Si-(OCHB)Z,'



-+ 18 -

[err]

.[err]
[err]

- 19 -

[err]

[err]

- 20 -

- 20 -

C4Hy

| -
<::>}-Sl—(OCH3)2,

tertC4H9

|
Q—Si—(OCH3)2,

C5H13

Sl-(OCH3)2,

CoHg

l
<::>y_51-(oczns)2,

1soC3H7

I
<::>}-sl-(oczxs)2,

1soC4H9

l
(Orsoestora

CsHyy

o
<jX>F-Si—(OCH3)2,

C3H,

l
<ti$>-51-(oca3)2,

1soC4H9

|
<::>f—Si—(OCH3)2,

CgHyq

o
(Lo,

CH3

|
<::>}-slf(oczns)2,

CiH,

|

C4H9

<::>}—éi—(0C2H5)2,

tertC4H9

_ |
<::>}—Sl-(OC2H5)2,

CeHi3

Si—(OCZHS)z,

C,Hg
$i-(0CH,) 5.

:.sc)'C3H.7

|
<:i$>-31-(ocn3)2,

[err]



[err] [err] 1 Exanpl es of the

2, 6-substituted piperidine i nclude 2,2, 6, 6-tetranet hyl pi peridi ne.
(i) Synthesis of Solid Catal yst Conponent . 5 : . ,The solid
catal yst conponent of this invention _ 2 i_s synthesized by reducing a
titani um conpound with an or ganomagnesi um conpound in the presence of
an organic silicon conpo ng to forma solid grseeduet, treating the
solid product first wt ﬂeP conpound suqseqdeﬁh_ 10 ly with a
m xture of an ether c0r- d ggd bthaglun1 iaqiaw.j)de or with a
(
m xture of an ester co \ her ound and X'i4 ani um
tetrachloride to forma trlvalent tltaniunlconpound contalnlng solid
cat al yst precursor, and then treating the latter with a small 15
gquantity of olefin in the presen g %f an organoalQﬁ}nun1 conpound.
The synthetic reactions are alPrS uf'ormed in |
e
C,H
?ZHS I3 7
| @—-Si-(ocn3>2, @—s1-<oca3)2,
:i_soc4H9 . o tl:ertC4H9
<:f£}—$1—(OCH3)2, <:i£}—3i—(OCH3)2,
(I:H3 Clles .
F:@—Si-(OCHS)z, /:@-—Si-(oca3)2
?337 _TsoC3H
/C®—sl-(ocn3)2_, /C®—Si-(ocn3)2
_ ' T4H9 . J‘.SOC4H9 '
/:<Cf$}—5i~(OCH3)2. /:1:i$>—5i—(OCH3)2.
. 1I:ertC H9 ?H:;
,E@—Si--(ocn3)2, /Qfsi-(OCHe,)z,



-- 23 - 1 atnosphere of inert gas such as nitrogen, argon or the i ke
or in an atnosphere of an olefin. As the nmethod for reducing
a titani um conmpound Wi th an organomagnesi um conpound, a mnet hod which
conprlses 5 addi ng an or ganomagnesi um conpound to a m xture of a
titani um conpound and an organic silikc@z eonpound or an i nverse net hod
whi ch conprises adding a m xture of a titani um conpound and an organic
silicon conpound to a sol k3B of an organonagne ggnlconpound may bot h
be 10 adopted. Of these rrbt hods the meth ddln

or ganomagnesi um conpoun %3bi ‘tita Rg 3)2'and organic
silicon conmpound is nor eferable fromthe” |emp0|nt of catalytic
activity. " Preferably, the titani um conpound and the 15
organi c silicon conmpound are used |n the formof a solution or a
dilution in an appropriate sol veatZ As Zsal.d sol vent,

al i phatic hydrocarbons suchzas ‘hexane, hept age, octdne and decane,
aromatic hydr ocar bons such#s-{dldiene. and xyl enes 22202aELcyclic

hydr ocar bons such as cyclshexane, nethyrcyclo- — hexane and decal i ne
and et her conpounds such’ as di et hyl ether!, dibutyl ether, diisoanyl

et her and tetrahydro- furan are used. -The
t enperature of the reduction is ;ggdﬂuJCZto uertc -

1
Examples of the 2,6-substituted piperidine
include 2,2,6,6-tetramethylpiperidine.
(i) Synthesis of Solid Catalyst Component
5 : The solid catalyst component of this invention

is synthesized by reducing a titanium compound with an
organomagnesium compound in the presence of an organic
silicon compound to form a solid product, treating the
solid produét first with an ester compound and subsequent-

10 1ly with a mixture of an ether compound ‘and titanium |
tetrachloride or with_é mixture of an ester compound, an
ether compound and titanium tetrachloride to form a
trivalent titanium compound-containing solid catalyst
precursor, and then treating the latter with a small |

15 quantity of olefin in'the presence of an organoaluminum
compound.

Theﬂsynthetic reactions are all performed in an



25 70[err]C, preferably -30C to 50[err]C, and particularly prefer-

ably -25[err]C to 35[err]C |If.the tenperature of reduction is t oo

hi gh, catalytic activity is deteriorated. The production of
a solid product by the - 24 - 1
reduction of titanium conpound w th an_ ojganomagnesi um conpound may be
carried out in the presence of a porous mat eri al nmade of inorganic

oxi de, orgfnic pol ymer or_ the like in order to inpregnate tge solid
product i nk o A4MOSENETEr Gfs 1RREEr F4F. Such as nitrogenpgatdeR b Hg

material, thase having a_pqre ol f 0.3.01/g or above at a pore
(rjfadi uls of 208“???5 ci/":l ’% 668355185?%%5 §g§3§n89ﬁ§%ﬁ‘ﬁgga mean \pgart I cl ep. 4

i anmet er o] o] Lr ; . [
por ous i norganic oxide%gskgfebgfggilFé?r?éﬁg%ﬁf? : tlﬁ@%{“?i%fgﬁg?ﬁa

Zrgerr], Si L : r \88r &hiand i
B L

As said DQBCHEHdKﬁﬁﬂHdid%@ahﬁﬁhgné@ﬁﬁ&ttbﬁpeund tot ¥pmixpakgaotyhi c ester

type, polynethacrylic ester type, 15 polyacrylonitrile type, polyvinyl

chloride typetatghium coppopmidefaind Byperganyiceisd léannbeompbundedrt 8n of

whi ch typi cal exanpl es include pol ystyrene, styrene-divinyl-

benzene copol imeersetnathed Nhichacloppaisgismaddiagy Ramigsure ofcdpol yner,

styrene-ethyl te{]tear?il.gn(\:Oclort%iﬁrlr;%tdhyalndn%%h%%r alnaal.tce ;ilicon compound to a
"solution of an organomagnesium compound may both be

10 adopted. Of these two methods, the method of adding an
organomagnesium compound to a mixture of titanium compound
and organic silicon compound is more preferable from the
viewpoint of catalytic activity.

Preferably, the titanium compound and the

15 organic silicon compound are used in the form of a
solution or a dilution in aﬁ appropriate solvent.

As said solvent, aliphatic hydrocarbons such as
hexane, heptane, cctane and decane, aromatic
hydrocarbons such as toluene and xylene,

20 alicyclic hydrocarbons such as cyclohexane, methylcyclo-
héxane and décaline and ether compounds such as
diethyl ether, dibutyl ether, diisoamyl ether and tetrahydro-
furan . are used..

The temperatufe of the reduction is =-50°C to

25 70°C, preferably -30°C to 50°C, and particularly prefer-
ably -25°C to 35°C. If the teﬁperéture of reduction is

too high, catalytic activity is deteriorated.

The production of a solid product by the



20 copol yner, nethyl polyacrylate, ethyl polyacrylate, nethyl

acryl ate-di vi nyl benzene copol yner, ethyl acryl ate-divinyl - benzene
copol yner, pol ynethyl nethacrylate, nethyl nmet hacryl at e- di vi nyl benzene
copol ynmer, polyethyl ene gl ycol di et hyl met hacryl ate,

pol yacrylonitrile, acrylonitrile- 25 dianﬁﬁbénzene copol yner, pol yvi nyl
chl oride, polyvinyl- pyrrolidine, polyvinylpyridine, )

et hyl vi nyl benkeneediatinm -of titapdmmecompopsdy with pol pcghppEAgnesium

et hyl ene-net hyl acryl ate copol ymer and _pol ypropyl ene.

Anpng t hese por cggmpound may be carried out in the presence,gf_a porous

ials, SiQo2, A 1. d I . -
pretorabi e, matesial agdld lafdaciRarie o XA B sk Y Eohures, PE

[ [ [ 1 30 h .\ A : [ f th
s ol 00 30 S d 0 R U s BUEOTELEL 280 L1

reduction, a pos on na carri

to 120[err] C §0rp0eyd Onbrerialhours. . . As expressed in terms of
atomc ratio of silicon atomto titaniumatom (Si/Ti), the organic
silicon 10 conpound is usgdl 4di@portRieNmadlerialy Thoser abetiall ¥ Bote

30 and particularly preferably 5 to 25. _ As expressed.-in terns
of atomc ratio whlume SEM.3 mlAfg tort adove artd asigddreoradiass ofo 200ghesi um
atom (Ti +Si / My), the organonmagnesi um conpound is used in an

2,000 angstroms (A) and having a mean partic;e diameter
of 5 to 300 um are preferable.

10 As said porous inorganic oxigde, Sioz, A1203,
MgO, TiO,, 2:0,, §i0,, Al,0,, Mg0-Al,0, and
MgOfSiOZ-A1203 . can be referred to.

As said porous organic polymer, polystyrene
type, polyacrflic eéter type, polymethacrylic ester type,

15 polyacrylonitrilg type, polyvinyl chloride type and
polfolefin type polymers can be referred to, of which
typical examples include.polystyrene, styrene-divinyl-
benzene copolymer, styrene-N,N'-alkylenedimethacrylamide
copolymer, styrene-ethylene glycol dimethyl methacrylate

20 copolymer, methyl polyacrylate, ethyl poly;crylate, methyl
acrylate-divinylbenzene copolymer, ethyl acrylate-divinyl-
senzene copolymér, polymethyl methacrylate, methyl
methacrylate-divinylbenzene copolymer, polyethylene glycol
dimethyl methacrylate, polyacrylonitrile, acryionitrile—

25 divinylbenzene copolymer, polyvinyl chloride, polyvinyl-
pyrrolidine, polyvinylpyridine, ethylvinylbenzene-divinyl-
benzene copolymer, polyethylene, ethylene-methyl acrylate

copolymer, and polypropylene. Among these porous



15 anmpbunt of 0.1 to 10, preferably 0.2 to 5.0, and particularly
preferably 0.5 to 2.0. The solid product obtained by the
reduction is separated fromliquid matter and several tinmes washed with
an inert hydrocarbon solvent such as hexane and heptane. 20 _
The solid product thus obtained contain3 25 ~trivalent titanium magnesium

and hydrocar byl oxy group, and generally exhi bits an anor phous character
or a very 1 mm@akiaﬂ;stsﬁb?neAagaéaehdrpoﬁwsmmﬁaheﬂuygnﬂpﬂlxmerQS

catal ytic performances, anofphou tructure is nore pr ef er abl e.

The solid proguoet pobferabdeby the above- menti oned procedure is then
treated with an ester conpound. o - 26 -
1. The ester c8Abbaughi §hgs&dmenofn agdfddriorofi ot crigircsh,

mol es, preferably 0.3 to_20 noles_and particularly preferably 0.5 to

110 ol es, peribnésnBpuaddyt REORT &R Banutes FOo@HARY e BT pr . 5

conpound 1 & USREPTACAANARbIASoF SBUBELoR % BOFt) BACEL S dVEF BBy 0. 03 to

cster | CoRRboha% QuEkeEed TamperaRRE" At PRl B 110 & LY 0y to '8
hours.

As expressed in terms of atomic ratio of silicon
atom to titanium atom (Si/Ti), the organic silicon .

10 compound is used in an amount of 1 to 50, preferably 3 to
30 and particularly preferably 5 to 25.

As expressed in terms of étomic ratio of the sum
of titanium and silicon atoms'to magnesium atom
(Ti+Si/Mg),.thg organomagnesium compound is used in an

-15 amount of 0.1 to 10, preferably 0.2 to 5.0, and
particularly preferably 0.5 to 2.0.

‘ The solid product obtained by the reduction is
separated from liguid matter and several times washed with
an inert hydrocarbon solvent such as hexane and heptane.

20 |

The solid product thus obtained contains
trivalent titanium, magnesium and hydrocarbyloxy group,
and generally exhibits an amorphous character or a very
weak crystalline character. From the viewpoint of

25 catalytic performahces, amorphous structure is more
preferable.

The solid product obtained by the above-

mentioned procedure is then treated with an ester compound.



¥0 product particle takes place. The treatnent of the solid

product with an ester conpound may be carried out by any known net hods
capabl e of contacting both the materials such as slurry. nmethod,
mechani cal pul verization using ball mll and the Iike. 15 However, .
mechani cal pul verization is undesirable ?ron1the V|emp0|nt of |ndustry
because it generates a | arge quantlé of flae owder |n%hefs%l

catal yst conmponent TQﬂuF%F%EuER@P?%% ph¥ t HEE EndFEPP uti-orn
Preferably, bot h t he nmat e cont ted toget .t ence
20 of a dilué'-m50 moles, prefe éhf¥h -Ji ?%eﬁﬁ BFFBth hy %8@3?%2 s such

as penta hta%’alﬂ":nozr%% angq e}%ilggt Sggr 0%8 mole o' @RRt 't‘itan:.um

hydrocarbons uene ah alicyclic
hydrocarbons 6¢Fh cyclopentane and
hal ogenat ed hy rocarbons as’ 1 2-di chl or oet hane and

monochl or apenzene Pé¥”bﬁ&5m§F@ oéﬁﬁﬂ@néb@ﬁh ateﬁBEthMMdkmﬂambons and

hal ogenat ed hydrocarbons are particulalry preferable.

- 27 - 1 product, HHe dit@nicodpoerd i asedminnanokmduht @fl 1ol 08
m and preferably 1 to 100 m, per 1 g of solid product. The

tenperature<ﬁotiuntmdmérmgtefsrasnfeoroﬁ:to 056[ el pC, aadd most preferably
OC to 120[err]C. The tine period of the treatnent
. preferably 0.05 to 0.4 mole. If the amount of the ester
oompound is exoessively large, disintegration of solid
10 produot particle takes place.

The treatment of the solid product with an ester
compound may be carried out by any known methods capable
of contacting both the materiais such as slurry method,
mechanical pulveriiation using ball mill, and the like.

15 However, mechanical pulverization is undesirable from the
viewpoint of induétry because it generates a large
quantity of fine powder in the solid catalyst component
and broadens its particle size distribution. Preferably,
botn the materials are contacted together in the presence

20 of a diloent. |

As the diluent, aliphatic hydrocarbons such as
pentane, hexane, heptane and octane, aromatic
hYdrocarbons such as'benzene, toluene and xylene,

alicyclic hydrocarbons such as cyclohexane and

25 cyclopentané, and halogenated hydrocarbons
such as 1,2-dichloroethane. and monochlorobenzene |
oan be used. Among them, aromatic hydrocarbons and

halogenated hydrocarbons are particulalry preferable.



5 1s 10 mnutes or |longer, and preferably 20 m nutes to 3 hours. After
conpletion of the treatnent, the mxture is allowed to stand to
‘'separate the solid matter fromthe liquid matter, and the solid matter
i's several tines washed with an inert, hydrocarbon solvent to obtain an
10 ester-treated solid. ek , the ester-treated solid is _
further treated with a mxture of an ether conpound and titaniumtetra-
chloride. IThi s treat menThesdpteentabFyusgdr iad apuRmopng of Ostlgtto o, 000
slurry. The solvents which can be used for 15 fqormation qf the slurry

i ncl ude al i pHedi2ndyBrFeéarpBhy 1 to i08nmis BeXt dnd, ofedAldd RFRCHR: -

Wyl ong; | The temperabuescof ERGUE EEAFBBAE B0 SC (ol it Snd
t hyl | oh d lLne; . nqo hal t 0
uch a5 i ChIBFBERFRRLY D fchpoba8t faneTne Tlhe BRHEROLE pie (el rdioons
hi | : d IGhl
Atong theri net opritBRceS SEEERGEEN ana prilr Ay A IR ST 52 Y

preferable. [ t I | OB Atufe A9 25
solid/m soLJ%% Fsén 5?% e§§ﬁ?§8%;?htg@oﬁgegQggﬁﬁﬁgﬁt Etﬂésolvent.l

Tenperature of1ibRedcest 50BnaSt80EepaEELEO the0sNildCmatter Fimertad v
45[err]C to 120C, and particularly preferably 60[err]C to 100[err]C
Though the repLgud@ hbtteks BAH €het 50aid matiter is several times
Qashed with an inert hydrocarbon solvent to obtain an
10 ester-treated solid. i
Next, the ester-treated solid is further treated
with a mixture of an ether compound and titanium tetrg—
chloride. This treatment is preferably carried out in a
state of slurry. The solvents which can be used for
15 formation of the‘slurry include aliphatic hydrocarbons
such as pentane, ﬁexane, heptane, octane and decane;
aromatic hydrocarbons such as toluene and xylene;
alicyclic hydrocarbons such as cyclohexane,
methylcyclohexane znd decaline: and halogenated
20 hydrocarbons such as dichloroethane, trichloroethane,
trichloroethylene, monochlorobenzene, dichlorobenzene and
trichlorobenzéne. Among them, halogenaﬁed
hydrécarbons and aromatic hydrocarbons are preferable.
Concentration of the slurry is 0.05 to 0.7 ¢
25 solid/ml solvent, and preferahly 0.1 to 0.5 g solid/ml
solvent. Temperature of the reaction is 30°C to 150°C,
preferably 45°C to 120°C, and particularly preferably 60°C

to 100°C. Though the reaction time is not critical, it is



-2 8 1 wusually 30 mnutes to 6 hours. . As the nethod for
feeding the ester-treated solid, the ether conpound and titanium
tetrachloride, a . met hod which conprises adding an ether conpound and 5
titaniumtetrachloride to an ester-treate%éuﬂiclaﬂd an i nver se met hod
whi ch conprises adding an ester-treated™ solid to a solution contai ning
an et her conpound and titaniumtetrahcloride are both adoptable.

L borer L oated ol B0 oot bet oot ol ag ha ehhor cnvbound g | ¢
(hreaftonaicng 1 an rvEe Fushat it BB EhEROGEF S e
Egrtgﬁﬁgaghé Ef%fﬁfagfgg 3a€?él?%mﬂé?P y %&e%ggéglﬁth%Fga%fgobﬁﬁg'héﬂ'
compa ALEREEVALLR 2ELNRELOEs | SaddRdahOctner BbnEREIE BRI o0

ether compaund A}k apbufbLRlsAERLOLb IgnBY LBE -CREHEE s01idUnd an

repeatedly Tw Ce Or nore. e viewpolnt o 20 catalytic activity and
stereospeci fiCf¥arkb hétﬁ&&fﬁﬁ§éhecom?riﬁesrQaaihgtQQ'éﬁﬂéﬂiﬁtééﬂéﬁla

m xture of an ether conpound and titaniumtetrachloride at |east

twce. solid toTEGSSEBEEoﬁOHBﬁﬁaﬂniﬁgusﬁﬂéﬂhéﬁWdﬁmyﬂﬁndﬁaﬂh1

to 100 noles, preferably 0.5 to 50 noles and particularly 25 preferably 1

to 20 nol es, peit@AcuRvktetebhtlbad8enmaseobbkh adoptiabdesol i d product.
In the method of adding an ether compoﬁnd and
10 titanium tetrachloride to an ester-treated solid, a method
of adding an ether compound and thereafter adding titanium
tetrachloride and a methqd of simultaneously adding an
ether compound and titanium tetrachloride are preferable.
Particularly preferably, a preliminarily prepared mixture
15 of ether compound and titanium-tetrachloride is added to
- an estef-t:eated.solid. |
The reaction of the ester-treated solid with the
ether compound and titanium tetrachloride may be carried L
out repeatedly twice or more. From the viewpoint of
20 catalytic activity and stereospecificity, it is preferable
to repeat-thé reaction using a mixture.of an ether
compound and titanium tetrachloride at least twice.
The ether compound is used in an amount of 0.1
to 100 moles, preferably 0.5 to 50 moles and particularly
25 preferably l_to 20 mo;es, per_one mole of titanium atom in
the solid product.
The titanium tetrachloride is added in an amount

of 1 to 1,000 moles, preferably 3 to 500 moles and



The titaniumtetrachloride is added in an anount of 1 to 1,000 nol es,
preferably 3 to 500 nol es and ' - 29 -
l.particulalry preferably 10 to 300 nol es, per one nol e of the titanium
atomin the solid product. The treatnment of the ester-treated
solid with a m xture of ether conpound9and titaniumtetrachl oride may

5 be carried out in the presence of an ester conpound. The ester
conpound fQr phirtipwlRASs ipTefeatbHly A0 APWO0 dhoBds, pefDORE MH1kEsS,
preferably 15 noles or |ess and particul ar- ly preferably 5 noles or

| ess, per onethel &€idfantifen atont iimrthemsatlo iprddwectsol i d product. 10

The trivalent titanium conpound-containing solid cat al yst precursor
obt ai ned by t he above- ndite diredtmentprodtdthe eestsesubifested soldd with a
solid-liquid separation, and then the solid matter is several tines
washed -wi t h amixturen@fi efhgrocompounshlanchititenive heknachlagidepmare 15
and thereafter put to treatnent with an olefin. From t he

vi ewpoi nt &f &%t SAFGIEGHOUL/ Iy TRy Presencyd 5 paki ¢FERF ycoppopadyr efBRabI e

to wash the solid natt e aving been separated fromliquid matter at
| east onc&SkeTh S0 cgj?intth%ys (ﬁu"'r%ﬂ%@eh%t‘éﬂe‘iyﬂ?oﬁgr BBAuUNSQOEL 30

sol vent such go TIOCh Q SbeleeNE rabty 15 morSh 8EOTELLCana pRYEEEETaR0"

ly preferably 5 moles or less, per one mole of the
titanium atom in the solid product..

10 The trivalent'titanium compound-containing solid
catalyét precursor obtained by the aboveémentioned
procedure is subjected to a solid-liquid separation, and
then the solid matter is several times washed with an
inert hydrocarbon solvent such as hexéhe and heptane

15 and thereafter put to treatment with an olefin.

From the viewpoint of catalytic activity and
stereospecificity, it is preferable to wash the solid
matter.having been separated from liquid matter at least
once with a la;ge quantity of halogenated hydrocarbon

20 solvent such as monochlorobenzene ~ or aromatic
hydrocarbon solvent such as toluene at a
temperature of 50°C to 120°C, then additionally wash it
with an aliphatic hydrocarbon solvent such as hexane

several times and thereafter put it to treatment

25 using an olefin.

Next, the solid catalyst precursor thus obtainéd
is treated with a small quantity of olefin in the presence

of an organocaluminum compound. This treatment is



tenmperature of 50[err]C to 120[err]C, then additionally wash it with an
al i phatic hydrocarbon sol.vent such as hexane several times and
thereafter put it to treatnment 25 wusing an olefin. - Next ,
the solid catal yst precursor thus obtained is treated with a snal
quantity of olefin in the presence ?ﬁ3%ﬂ‘organoalun1nun1conpound Thi s
treatnent is - 30 - 1 preferably
carried out |?W¢f@¢3bbrecarraEQlgutylnAshehetate o6l westluryatt f drs ftdveri ng
the slurry, inert hydrocarbon sol vents such as propane, butane,

pent ane, hexatRlverptuned forafarwinantheanlBsryef dnead tydrosarbon

The anmount of the organoalunlnunlcongougd may be sel ected from w de
range such asS®%eRbS 788CRoPESPRRP2BRe “taﬁﬁkeP@Pt@PFamhﬁﬁéﬂﬁmnq%PQQR?

solid catal yst precursor 8 to 500 nole is preferable, and 1

However
- to 200 noles 2™ ?%tﬁﬁ?t?EﬂIB?l§mg?EFspaBPe 10 The amount of
e ol efngused or nerht BAREE 5, cb,8p8Rnbg il oG ok B
O of ™ 207 SR BEEEU Phon, wide. Fpgog pucBORSCOLEPY AdRE A bl 1o
partlcular'y ﬁﬁféeéfb£¥t§pi9m3ggoﬂ 3Rl tHe! 5b8iaS¥atdlyst precursor.
' However, 0.8 to 500 mole is preferable, and 1 to 200 moles
is.particularly preferable.
10 ' The amount of the olefin used for the treatment
is 0.05 to 1,000 g, preferably 0.1 to 500 g and | _
particularly préferably 0.2 to 200 g, per one gram of the
solid catalyst precursor.
Concentratioq of the slurry at the time of
15 treatment is preferably 1 to 500 g solid/liter solvent and
particularly preferably 3 to 300 g solid/liter solvent.
Temperature of the treatment is preferably -20°C to 100°C
and particularly preférably 04C to 80°C. Partial pressure
of the olefin in gas phase at the time of the treatment is
20 0.01 to 20 kg/cm2 and preferably 0.1 to 16 kg/cmz.
Though the time of the treatment is not critical, it is
usually 2 minutes to 15 hours.
As the method for feeding the solid catalyst
precursor, organocaluminum compound and olefin, a method
25 which comprises contacting a solid catalyst precursor with
an organoaluminum compound and thereafter feeding an

olefin and é method which comprises contacting a solid

catalyst precursor with an olefin and thereafter feeding



Tenperature of the treatnent is preferably -20[err]C to 100[err]C and
particularly preferably O[err]C to 80[err]C. Partial pressure of the
olefin in gas phase at the tine of the treatnment is 2
2 20 0.01 to 20 kg/cnferr] and preferably 0.1 to 10 kg/cnferr].

Though the tinme of the treatnent is not‘c?ﬁtrcal, it is usual ly 2

m nutes to 15 hours. As the nethod for feeding the solid
catal yst 1 pheetganbalamdanmalcompound e butlantatbbdi n,As tkehneth@d
whi ch conprises contacting a solid catalyst precursor with an

or ganoal unm nufiocofipedidgantiet bdedimn,cre medtiady venich camepriseandradvel hvd

whi ch conpri ses contactin% a solid catal yst precursor wi th an olefin
and t her eaf t efepdéddgngn olefin while maintaining a predetermingd. 1 gp

or ganoal um num conpound are both usable. As the nethod for feeding the
olefin, a net BE&SEMITehidokpe Seafiadudiank and radughed Wi eRi RORAT 2SS

Whi h compB SBBO 15 TuRER e St TEHE (bt YRR HBreF (9167151 BF RPSL
e et PO RGO SO Sisame, o o b ORI 2 0l 1
yst prec \ _ antity of olefin in the presence of
I i ST P S LS U Pk e BRI R e 1
mol es, preferahly10e0%ntd 9% 18¥i % n the presence of an organo-
aluminum compound, an electron donor may be added to the
10 system if desired. The amount of the electron donor is
0.01 to 400 moles, preferably 0.02 td 200 moles and
particularly preferably 0.03 to 100 moles, per one mole of .
titanium atom in the solid catalyst precursor; and 0.005
to 5 moles, preferably 0.01 to 3 moles_and particularly
15 preferably 0.015 to 1.0 mole per'one mole of |
organoaluminum compound. .

The method for feeding the electron donor is not
critical, and it may be fed separately from the
organoaluminum compound or may be fed after a previous

20 contact with the organcaluminum compoun@. It is also
possible to préviously react an electron donor with an
organoaluminum compound chemically and feed the reaction
product for the'sake of treatment using an olefin.

The trivalent titanium compound-containing solid

25 catalyst component obtained by the above-mentioned
procedure is subjected to a solid-liquid separation and
thereafter either dried directly or washed several times

with an inert hydrocarbon solvent such as butane, pentane,



pérticdlarly preferably 0.03 to 100 nol es, per one nole of titani um

atomin the solid catal yst precursor; and 0.005 to 5 noles, preferably
0.01 to 3 noles and particularly 15 preferably 0.015 to 1.0 nole per one
nol e of or ganoal um num conpound. _ The net hod for feeding
t he el ectron donor is not critical, anflt may be fed separately from
t he or gano&l uni num conpound or may be fed after a previous 20 contact
with the o%gaﬁt%iﬁmﬁ nfs deR@ned. |1t i s al 884 thepodgiigde t Subseguantily.
react an el ectron donor_ wth an organoal um num conpound cheni cal Iy and

feed the reactilonis “5%9o@%EtPQEYm?ﬁbzéﬁk@nof treatnent using an ol efin.
The trivalent titaniumc oun c ntg $ SO|Id 55 Catg ést cgﬁponent
obt ai ned by the above-ne PP BREREr &5i 2of, dimdte -

o ST e g D RO, 38, s o

several times th™an ent “such a

pent ane, ' : - 32 - hept ane
and t hen dr| edme Sub ae%useucf}r as argon is used for polsyrar‘eﬁlé%ﬁagrgr

The met hod of ﬂnyfdm;wn;ﬂ%eée naeeeih@afime of dryihdl,! ¥heSpetNoddS d& Hot
carried out in an atnpos ere of i nert gas such as argon.

ﬁsta method fqjas heat niﬁﬂf’@'“éﬁhd@@l@ﬁ hégtt h.H@qu ¢aliA¢ionN@emt hods of
0 input and high frequency wave heat 1nput are also usable.
As the drying type of powder, material'standing type,

10 material conveying type, material agitating type and hot
gas conveying type are also usable. Concretely speaking,
the drying can be effected by the use of vacuum_box type
drier, freeze drying apparatus, box fype drier, ordinary
pressure drum drier, vacuum drum drief, vertical drier,

15 cylindrical drier, band drier, ventilation rotary drier,
ventilation agitﬁtion drier, fluidized bed drier,
cylindrical agitation drie;, muiti-stage disc drier,
grooved agitation drier, spray drier or gas stream drier.

Further, the drying can also be carried out by

20 the use of combination of these driers. Among these
drying methods, a drying method using ﬁ drier in which
ventilation and agitafion are combined exhibits a
particularly remarkable effect of this-inventién.

The solid catalyst component of this invention

25 1is combined with an organoaluminum compound and an
electron donor and put to use in polymerization of
oléfin. ?ne prganoalﬁminum cémpoﬁnd and the electron

donor used for this purpose can be selected from those



gas heat input, conduction heat input, radiation heat I nput and hi gh
frequency wave heat input are al so usable. As the drying type of
powder, material standing type, 10 nmaterial conveying type, materi al
agitating type and hot gas conveying type are also usable. Concretely
speaki ng, the drying can be effectéd The use of vacuum box type
drier, freeze drying apparatus, box type drier, ordinary pressure drum
drier, vacuumméntishiédrabowstigatherpetagriphcyki pdeicsal- tdeiadmentand

drier, ventilation rotary drier, ventilation agitation drier,
fluidized bed svlid,catalysylprekrucsdbragi tation drier, nulti-stage disc
drier, grooved agitation drier, spray drier or gas streamdrier.
Further, the drying can al so be carried out by 20 the use of conbination
of these driers. Anong these dryi ng nethods, a drying nmethod using a
drier in which(3) MQ%hﬂﬁl%ﬂﬂch%NmBE@F@biﬂcnoﬁr@leémnlned exhibits a
particularly remarkable effect of _this invention. The solid
cat al yst conponent of tHiRe |Wﬁ&#ﬁqO%Pr2§e¢§166nﬁhﬁeeaﬁﬁﬂﬁsénC@W@8ﬁ§§¢§n1num

conpound a e] ectron donor and put,to use in nerlz tion of
olefin The orgdifod ZRAARAEE SEOT hES PRt FEALLCaLdosE, 2aTedSt or

hi b | d f h
v ‘”p°se ey are R T, 1 1 terteres s hts, i APy FREfeRR%FuCh 28

nitrogen, argon or the like.
The solid catalyst component, organoaluminum
compound and electron donor may bé fed Separatéiy, or any
10 two of them may be previously contacted together and then
fed. It is also.possible to feed an organoaluminum
compound and an electron donor after previously reacting
. them chemically.
The polymerization can be carried out at a
15 temperature of -30°C to 300°C preferably -20°C to 240°C,
particularly preferabliy 0°C to 120°C. Though pressure of
the polymerizaéion is not critical, a pressuré ranging
from about 3 atmospheres to about 2,000 atmospheres is
preferable from the viewpoint of ihdus:rial practicability
20 and economicity. As the process of polymerization,
continuous process and batch process are both adoptable.
Slurry polymerization or solution polymerization using an
inert hydrocarbon solvent such as propane, butane,
pentane, hexane, heptane or octane, liquid polymerization
25 using no solvent, and gas phase polymerization are also
adoptable. As the organcaluminum compound and electron

donor, the same compounds as used in the previous steps



solid catal yst precursor. - “(j) Method for Polynerization of Aefin
The nmethod for feeding the catal yst conponents 5 into polynerization

reactor is not critical, so far as they are fed in a water-free state
in an inert gas such as ni trogen, argﬁn or the I|ike.
The solid catal yst conponent, organoal umihum conpound and el ectron

donor may be fed separately, or any 10 two of them nay be previously
cont act ed ¥ ogeihese ansed hen fed. It is also possible to feed an

or ganoal um num compound and an el ectron donor after previously
reacting t hem chenThel kyolefins which canThe pollymerized o tdan be
carried out at a 15 tenperature of -30[err]C.to 300[err]C preferably
-20[err] C to @[poljerizatiparcatalystycpmppaeall pEotsis] gnventigs
Though pressure of the polynerization-is not critical, a pressure
rangi ng drenthooet havingond ppEr BereoCaphar 2te06 -at FONGHT is
preferable fromthe viewoint of_industrial practTc%biIit 20 nd
econoni ci ty. eyamphesppbckle ®rob8FRetnSAlPEN PLOPY 180G | 'grocess and

P 2o SrEhEe b, REBLARL T, srpe B IR Sl

b , h , 4 N |9l qui | ' 25
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the Organoa'“”‘”“”‘§?gﬁ§§§9 RYsCiRGERRon is W' Yo deihsSATRAYPBAAS as

used in.the previou
them. The polymerization according to this invention can

10 be practised in any modes of homopolymerization and
copolymerization. 1In case of copolymerizatioh, two or
more species of olefins selected from the group consisting
of ethylene and u-olgfins are mixed together and
contacted with the catalyst, whereby a copolymgr can be

15 obtained. A hete:oblock copolymerization in which the
polymerization is carried out in tﬁo or more steps can
also be effected easily. For regulating molecular weight
of the polymer, a chain transfer agent such as hydrogen
and the like can also be added.

20 ﬁext,.this jnvention will be illustrated in more
detail by way of the following examples and comparative
examples. This invention is by no means limited by the

examples.

Example 1
25 (a) ‘Synthesis of Organomagnesium Compound
After feplacing inner atmosphere df a one liter

'flask equipped with a stirrer, a reflux condenser, a



- 34 - can be used. The [err]-ol efins which can be

pol yneri zed with the pol ynerization catal yst conponent of this

I nvent i on are those having 3 or nore carbon atons. Concrete 5
exanpl es of the [err]-olefin include propﬁlene but ene- 1, pent ene-1,
hexene- 1, 3-nethyl butene-1, 3- nethylpenfe 4- et hyl pent ene- 1,
octene-l; decene-1 and dodocene-l, al though this invention is by
no neans |ilni Ge¢pping funneh ande pdhermanetevrvitboadyoy gasthd2.0 g

i nvention can 10 be practised in any nodes of honopol ynerizati on and
copolynerlzatPénsh%?QQmﬂﬁﬁﬁlkiﬁuﬂ%ﬂﬁﬁﬁ%Hﬁ|§9F Grbgnar reﬁﬁ?étsﬁééies of
ol efins selected fronlthe oup conS|st|n of etshyl ene_a

[err]- oIeflns1 e digsk Ehﬁﬁ%&t%@aﬁﬁiﬁgtﬁ%ocataFyEPtyl

uher by, cop ”“ S a7 S0 b SR SRR " 1
also e el S Olad S G TG WMo e bt prses
et e epstBn U AT, Bt B
invention is Ry BRNhd AW, e aropFERAYPES  continued at S0°C
for 4 hours. After completion of dropping, the reaction
was continued for an'aéditional one hour-at 60°C. Then,
10 the reaction mlxture was cooled to room temperature and
the liquid matter was separated f£rom solid.
The butylmagnesium chloride dissolved in the
dibutyl_ether was hydrolyzed with 1IN sulfuric acid, and
the remaining sulfuric acid was back titrated with 1N
15 aqueous solution pf sodium hydroxide to determine the
concentration of butylmagnesium chloride, using
phenolphthalein as an indicaﬁor. As the result, its

concentration was 2.1 moles/liter.

(b). Synthesie of Solid Prodﬁct

20 After replacing inner atmosphere of a 500 ml
flask equipped with a stirrer, a dropping.funnel and a
thermometer with argon gas, 240 ml of hexane, 6.70 g (19.7

. mmoles) of tetrabutoxytitanium and 61.4 g (295 mmoles) of

tetraethoxysilane were charged and made into a uniform

.25 solution. Then, 150 ml of the organomagnesium compound
synthesized in (a) was slowly drppped.from the dropping

funnel over.a period of 5.75 hours, while keeping the



Exanple 1 25 (a) Synthesis of O ganomagnesi um Conpound

After replacing inner atnosphere of a one liter flask equi pped with a
stirrer, a reflux condenser, a - 35 -
1 dropping funnel and a thernmoneter wth aLgon gas, 32.0 ¢ of sliced
metallic magnesium for Gignard reagent wa i ntroduced into the fl ask.
After charging 120 g of butyl chloride and 500 mM of dibutyl ether into
t he droppi hg indefuhemperaboue 86 theofliab& @itxBINIC: WasE tom pve el estricerd ont o
the.magnesiumin the flask to start a reaction. After start of the
reaction, theofirdpppPpingastbencponbedtarfsbpher £fl@sk was gitisctedirat 201Qr
conpl eti on of dropping,_the reaction was continued for_ an additional
one-hour at 6BPErepCadghtionaipopfiehpBict 258 MUt S 1ish IRt f&F Mfsim

t enperature and tter, was separated frqm sol.id,

he 1iquid
Tho  butyl Mg aSePRRRERROEFOR 4iGuaR, BR0; Fasge WAShed BUGH SAGH: 2 hhdl
hydrol yzed_wi th_1N sul

uric acid, d the r Lni n Ul furic aci S
back t1 11 o ePUFERORNPE 1 EOSHREB 0. 2BPRri 80 PBR Tt S HH AL (AT 5 T T8 me
t he conceniratio bu esl Al qr.i d i
phenolphtha!eﬁ%EaSEQnafg%gCagébﬁggg ?h@gbééﬁﬁPP %ﬁéh%d¥h¥§ﬁ%m§1r%ﬁx%ﬁ}mas
2.1 moles/1itepat the solid product contained 2.0% by weight of

titanium atom, 34.1% by weight of ethoxy group and 3.1% by
weight of butoxy group.

10 ‘ Wide angle X ray diffraction chart, using Cu-Ka
ray, of the solid product exhibited no clear diffraction.

peak at all, demonstrating its amorphous structure.

. (c) Synthesis of Ester-Treated Solid
After completing the washihg step of (b),
15 toluene was added into the-flask to prepare 250 ml of
slurry. Then, 27.0 ml (101 mmoles) of diisobutyl
‘éhthalate was added and reacted at 95°C for 30 minutes.
After the reaction, the solid matter was
separated from liquid and once washed with 217 ml of

20 toluene.

(d) Syhthesis of Solid catalyst Precursor

| - After completing the washing step of (c),
toluene was added into the flask to prepare 107 ml of a
slurry. Further, 1.2 ml (4.5 mmoles) of diisobutyl

25 phthalate, 2.3 ml (14 mmoles) of butyl ether and 90 ml



(b) Synt hesis of Solid Product 20 After replacing inner

at nosphere of a 500 m flask equipped with a stirrer, a dropping
funnel and a t hermoneter with argon gas, 240 ml of hexane, 6.70 g
(19.7 mol es) of tetrabutoxytitaniumand 61.4 g (295 nnDIes) of

t'et r aet hoxysi | ane were charged and made 1ntd & uniform 25 solution.

Then, 150 ml of the organonagnesi um conpound synt hesi zed in (a) was
slomﬁy dropped(azmnmmbbed)ooﬁih@taniuhunaekaoh&br&daemb&@ efdded/ arddur s,
whi | e keeping the - 36 - 1 inner
tenperature ofredectédask 25°C[Eor| T hawrer cafpeest the reackfiadr,offieng, the
content of the flask was stirred at 20[err]C for an additional one

hour, and thensehidswattenawasrseparatedsépamatéquiidomt! 9T andd andece
washed with each 217 ni 5 portion of toluene. Then, a part of the solid
was sanpl ed washedamithr2d mhnﬂflt@lééﬁﬁogtttbﬁtmﬁ§m@@m§ﬁﬂﬂﬁt()ﬁhﬁﬂ%ﬂ
that the solid product contalned 2. 0% by wei ght of titaniumatom 34.1%
by wei ght Jf e‘%%x@bw%ﬂpe%aoaeqwﬁ?atmenﬁepghpgofilaﬁpWYg}r Af-hal@gre,
Wde angle X r djffraction_chart,  usin ray, of the solid
product “exhi bi BEEF hos EREA 384 1 F1 Eahi bR tgtraﬁaier&éeamas FERGREEANE i ¢ 5

anDrphous StrUthgeinder the sgmesgon 1 5gngfa§s%%5v£ieat%q Ol@%lld

matter was washed first three times with each 217 ml
portion of toluene at 95°C and thereafter three times with

10 each 194 ml portion of hexane at room tempgrature to
obtain a solid catalyst precursor. Then, 194 ml portion
‘of hexane was introduced to obtain a slurry containing 2
solid catalyst precursor. One milliliter of the slurry
thus obtained contained 0.18 g of solid catalyst

15 precursor. The solid catalyst precursor contained 2.2% by
weight of titanium atom, 19.1% by weight of magnesium atom

and 12.2% by weight of phthalic ester.

(e) Synthesis of Solid Catalyst Component
After replacing inner atmospbere of é 300 ml

20 flask equipped with a stirrer and a thermometer, with
argon gas, 34 ml of the slurry containing a solid catalyst
precursor which had been obtained ih (d), 156 ml of
hexane, 9.0 mmoles of triethylaluminum and 1.35 mmoles of
phenyltrimethoxysilane were charged, and then inner

25 atmosphere of the flask was replaced with propylene gas.
Further, 8 g of propylene gas was fed into the flask over

a period of 33 minutes at room temperature, after which



After conpleting the washing step of (b), 15 toluene was added into the
flask to prepare 250 m of slurry. Then, 27.0 m (101 mmol es) of

di i sobutyl pht hal at e was added and reacted at 95[err] C for 30 m nutes.
After thé reaction, the solid matter was separated fromliquid and once
washed with 217 m of 20 tol uene. - B8) -Syhthesis of Solid catal yst
Precur sor After conpleting the washing step of (c),

tol uene was jaddemhdMtatnidi®Hd@Sle £t @ HY e H 19, '
Further, 1.2 m (4.5 mol es) of diisobutyl 25 %E%%ﬁ{%?%sp%§§é§1 %Ei

mmol es) of but Wrgeimhefasandnd slirring was continued for one hour. - 37
- 1 (820 mmoles) of titaniumtetrachl oride were added and reacted at

95C for 3 hours. After tR&teracompletion of th®litdadbid®) Yme sSepadat ed
fromliquid at 95[err] C and once washed with 217 m of toluene at that
t enperature. Thatter was: separarednEmanoiddiuidcamendrisd ngndler sabsityeéam -
pht hal at e, butyl ether and titaniumtetrachl oride was repeated once
nore under Bheofa@EIOen@iasi vishastiraiag atd THC st 2 hoursmte epbhain
washed first three tinmes with each 217 m portion of toluene_at

95[err] C and t Hérdaf &F @nsedif mesatvst QH?PQQQRF194Iﬁ1C$E#§}%ﬂd09 %éiane

at room tenperature.t
. Al % wel %t of hydrocarbon solvent and 49% by weight of

solid catalyst precursor.

(£) Polymerization of Propylene

10 After replacing inner atmosphere of a stainless
steel autoclavé equiped with a magnetic.stirrer and a
thermometer having a capacity of 130 ml with argon gas,
0.57 mmole of triethylaluminum, 0.057 mmole of phenfl-
triethoxysilane,“lo.l mg the solid'catalyst component

15 obtained in (e) and 80 ml of liquefied propylene were
charged into the autoclave.

Whiie stifring the confent of the autoclave, it
was ke?t at 60°C for one hour. After discharging the
excessive propylene, the formed polyprqpylene was

20 air-dried for 24 hours. Thus, 16.36 g of polypropylené
was obtained.

This means that yield (g) of polypropylene per
one gram of solid catalyst component (hereinafter referred
to as "PP/cat") was 1,620. -

25 _ When the polypropylene powder thus obtained was
extracted with boiling heptane for 6 hours, the percentage

of residue [hereinafter referred to as "IY" (% by weight)]



obtain a solid catal yst precursor; Then, 194 m portion of hexane was
I ntroduced to obtain a slurry containing a - solid catal yst precursor.
One milliliter of the slurry t hus obtai ned contained 0.18 g of solid
catal yst 15 precursor. The solid catalyg; precursor contai ned 2. 2% by
wei ght of titaniumatom 19.1% by wei ght “magnesi um at om and 12. 2%
by wei ght of phthalic ester. (e) Synthesis of Solid Catalyst
Conponent 1 was 98.5 (% byteeigkp) aci BylknAensitiodpeased ¥ t8B00 ni 20
flask equi pped with a stirrer and a thernoneter, w_.th ar gon s, 34 m
of the slurryrefereedi by assoBPY £ar@iydt of theppodyPLOPYARG Ff?&t%i’%en
obtained in (d), 156 m of hexane, 9.0 nmol es of trtiethylal um num and
1. 35 nmol es dfas 0-4bhéﬂ§m@?inethoxysiIane were charged, and then inner 25
at nosphere of the flask was replaced with propyl ene gas. Further, 8 g
of propylene gas was fed into the flask over a period of 33 mnutes at
roomtenperatyurge, after _whic . . . . . £ - 38 -
1 inner atnosg%b eﬁ%?sPﬁgm p sﬁfmggrgég%ﬁ Péﬁﬁaggéﬁﬁﬁﬂ¥tlon_%ugon gas, and
stirring was conti _ h After conpletion of the
reaction, 1he solig8f9p£8é§??§? gggéggparated fromliquid and dried under a
stream 5 of argon gagnyi ph15hibplIend! poWa¥r ldbtadined aurer f aradt ain

fractionated by means of JIS Standard Sieve having a mesh.

size of 88 to 1,400 pym. The polymers remaining on

sieves were weighed, and their proportions to total

10 polymer weight were determined and cumulated from the side

of smaller particle diameter. The results of the sieving

were shown in Table i and Fig. 1 as cumulative fractions

(% by weight). Bulk densities (BD) are alsv shown in

Table 1.

15 Comparative Example 1
"(a) Drying of Solid Cstalyst Precursor
After replacing a 200 ml flask equipped with a
stirrer with argon gas, 27 ml df the slurry containing a
solid catalyst pfecursor, obtained in Ekample 1(4), was
20 added into the flask and the solid catalyst precursor was:
separated from liquid by evacuating the liquid through
glass filter\which was connected with tube and inserted
into the slurry. Then, the residual catalyst precursor
was dfied with stirriﬁg under a strgam of argon gés at
25 75°C for 2 hours to.obtain 4.8 g of a solid catalyst

| precursor. It contained 0.59% by weight of hYdrocarbon



12.5 g of a solid catalyst conponent. It contained 0.34% by wei ght of
hydr ocar bon sol vent and 49% by wei ght of solid catal yst precursor.
(f) Polynerization of Propylene 10 After replacing inner

at nosphere of a stainless steel autoclave equiped with a nmagnetic
stirrer and a t hernoneter having a-cafmcity of 130 mM with argon gas,
0.57 mmol e of triethylalum num O0.057 mmol e of phenyl -
triethoxysi{angs1348nt.my the solid catal yst conponent 15 ‘obtained in (e)

and 80 m of liquefied propyl ene were charged into the autocl ave.
While stirring the content of the autoc|ave, it was kept at 60[err]C
for one hour. After discharging the excessi ve propyl ene, the forned
pol ypropyl ene pay £201gmerdebedohodf2Brbpyienelhus, 16.36 g of

pol ypr opyl ene was obt ai ned. This means that yield (Q)
of pol ypropyl ene per Propglgnanwas polimlecdizaldydm chep@wwe nfdrenet ned t er
referred to as "PP/cat") was 1,620. 25 When t he

pol ypropyl ene jpovwBeamphesl{bdai asdephsthat tbert sadiidd cattdlysdi |0 recumgi@ane
for 6 hours, the percentage of residue [hereinafter referred to as

"1Y" (% by %eighty}ned in (a) of this example was used as Bplid catalyst
component. The results were as follows: PP/cat = 3,570,
IY¥Y = 97.7% by weight, BD = 0.44 g/ml.
Partiéle size distribution of the polypropylene
powder thus obtained was determined in the same manner as
10 in Example 1(g). The results are shown in Table 1 and
Fig. 1. |
Since no. treatment using small guantity of
olefin was carried out in this example, the cumulative
fraction of polymer having smaller particle diameter
1s having remained on the sieves up to a sieve dimension of
125 um was 2.67% by weight, indicating that the
proportion of fine pﬁwdery polymer was much greater than

in Example 1. Further, the polymer had a low bulk density.

Example 2
20 © {(a) Synthesis of Solid Catalyst Component
A so0lid catalyst component waé synthesized in
the same manner as in Example l(e), except that the
quantity of propylene gas fed-info'the flask was 5 g. The
solid catalyst component thus obtained contained 0.42% by
25 weight of hydrocarbon solvent and 61% by weight of solid

catalyst precursor.



1" was 98.5 (% by weight). Bulk density [hereinafter referred to as "BD'
(g/m)] of the polypropyl ene powder was 0.47 (g/m). (9) )
Measurenent of Particle Size Distribution of 5 Pol ypr opyl ene Powder
The pol ypropyl ene powder obtained in (f) was fracti onated by means of
JI'S Standard Si eve having a nesh si zed4af -88 to 1,400 [err]m The

pol ynmers remai ni ng on si eves were wei ghed, and their proportions to

total 10 pol ywgr p@hgﬁbrwgheiagt@mﬁyyyﬁymghénwnnaIed fromthe side of
smal l er particle dianeter. The results of the sieving were shown in

Table 1 and Fig. 1 as cpi¥dpailievie WadCipodimerizddoiyy t¥e Obéne MahKer as
densities (BD) are also shown in Tabl e 1. 15 Conparative Exanple 1
(a) Drying of iBoExdmBaeally£t) ,Peaceptorthat the solid ddtalyseptempogeat 200
m flask equipped with a stirrer with argon gas, 27 ml of the slurry
cont ai ni ng a obtasokddicat(al)ysf phdsuesamp lehtvwdheawsed. Exanpl e 1(d), was
20 added into the flask and the solid catal yst precursor was
separated Brom |iquid bfhevzesulitsgwere lgsgfial dawpughP/cat gl hs880; | L¥r
whi ch was connected with tybe and inserted into the slurry. Then, the
resi dual cat aFy87 -pre®lr ¥849ht," BRas @-i4fd 9% stirring under a stream of
argon gas at 25 75LerrhC Q13 194" i Ik of B TSBrbopFi !
powder thus obtained was determined in the same manner as

in Example l(g). ‘The results are shown in Table 1.

10 Example 3
(a) Preparation of Organoaiuminum Component
After replacing inner atmosphere of a 100 ml
flask equipped with a stirrer and a thermometer, with
argon gas, 41.7 ml of heptane, 5.74 g'(50 mmoles) of
‘15 triefhylaluminum and 1.49 g (7.5 moles) of phenyltri-
methoxysilahe.were Charged and reacted at 60°C for 6 hours

with stirring.

(b) Synthesis of Solid Catalyst Component
A solid cataiyst component was synthesized in
20 the same manner as in Example 2(a), except that the
triethylaluminum and phenyltrimethoxysilane used in
Example 2(a) were replaced with the reaction product of
(a) of this example. The so0lid catalyst component thus
obtained contained 0.35% by weight of hydrbcarbon solvent

25 and 57% by weight of solid catalyst precursor.



precursor. It contained 0.59% by wei ght of hydrocarbon

- 40 - 1 sol vent. (b) Polynerization of Propyl ene

Propyl ene was pol ynerized in the sane manner as in Example 1(f),
except that the solid catal yst precursor 5 obtained in (a) of this
exanpl e was used as solid catal yst <ddohent. The results were as
follows: PP/cat = 3,570, Y = 97. 7% by weight, BD = 0.44 g/m .
Particl e size (di)st IPolytreai zaft itdme gfo[Bopyddrene powder thus obt ai ned

was determned in the sane manner as 10 in Exanple 1(g). The results are
shown in Table 1 and  Propyjenk was polymerized SimcthecSameanaRRer udsng

smal | quantity of olefin was carried out in this exanple, the

cunul ative  1in Exaswlen 1dff)polexaarthdhaly %IS@%)&H‘F%}ES’EH apBPenents
havi ng remai ned on the sieves to a S|eve dlnen3|on of 125 [err]m
was 2.67% by ®btghined ddy (& r?gg)t S tqa@mp e ‘tﬁf%ﬂ%ﬁ? on?®f ¥PRe powdery
pol ymer was much greater than Fur t he polyner had a
| ow bul k dénsit&ye hYlaluWE&%ﬁﬂ@?@ZPhﬁ? et a?ﬁ ed g2 Bat al yst

Cbnponght Example 1(f) were replaced with the reaction product

6btained in (a) of this example. The results were as
follows: PP/cat = 2,750, IY = 99.1% by weight, BD = 0.46
g/ml. Further, particle size distribution of the

10 polypropylene powder obtained herein was determined in the
same manner as in Example 1(g) to obtain the results shown

in Table 1.

Exampie 4
(a) Syhthesis of Solid Catalyst Component

\15 ' After replacing inner atmosphere of a 300 ml
flask equipped with a stirrer. and a thermometer with
argon gas, 36 ml of the slurry containing a solid catalyst
precursor, obtained in Examplell(d), was éharged together
with 161 ml of hexane and 9.2 mmoles ofltriethylaluminum.

20 Then, ethylene gas was introduced into the mixture at
ordinary pressure at a rate of 300 ml/minute, over a
period of 15 minutes. After completion of the reaction,
the solid matter was separated from liquid and dried with
stirring at 75°C for 2 hours under a stream of argon gas

25 to obtain 10.0 g of a solid catalyst component. The solid
catalyst component contained 0.56% by weight of

hydrocarbon solvent and 60% by weight of solid catalyst



A solid catal yst conponent was synthesized in t he .sane manner as in
Exanpl e 1(e), except that the quantity of propylene gas fed-into the
flask was 5 g. The solid catal yst conponent thus obtained contained
0.42% by 25 wei ght of hydrocarbon solvent and 61% by wei ght of solid

catal yst precursor. - 43 - .- 41 - 1 (b)

Pol ynmeri zati on of Propyl ene Propyl ene was pol ynerized in the
same mannerlasprecursfrfExanple 1(f), except that the solid catalyst '
conponent obtained in (a) of this exanple was used. 5 The
results were as follows: -PP/cat = 1,980, 1Y = 97.1% by weight, BD =
0.46 g/ m . Particle size distribution of the pol ypropyl ene
powder thus ob(h) neBolwmedézatidnedfi Rrop¥lease nanner as i n Exanpl e
1(g). The results are shown in Table 1. 10 Exanple 3 (a)
Preparation of O ganoal uRFAD¥lEnEpYAsnpolymerized in thfe SameMaRNIeR) Fhner
at nosphere of a 100 m flask equipped with a stirrer and a thernoneter,

wi th argoniBaBxagple HEds @EpemRethat7ihg £93 idnRERLYst qepmponent
were charged aRBAbABReARat 0P Er FRES bXaBRGuRES used. The reddied"®
: were as follows: PP/cat = 1,900, IY = 92.3% by weight, BD
= 0.46 g/ml.
Further, particle size distribution of the
polypropylene powder obtained herein was determined in the

10 same manner as in Example 1(g) to obtain the results shown

in Table 1.

Example 5
(é) Synthesis of Solid Catalyst Component

A solid catalyst component was synthesized in

15 the same manner as.in Example 2(a), except that the

phenyltrimethoxysilane used in'Example 2(a) was replaced
with cyclohexylethyldimethoxysilane. The sblid catalyst
component thus obtained contained 0.47% by weight of
hydrocarbon solvent and 62% by weight of solid catalyst

20 precursor.

(b) Polymerization of Propylene

Propylene was polymerized in the same manner as
in Example 1(f), except that the solid catalyst component
obtained in (a) of this example was used and the

25 phenyltriethoxysilane was replaced with cyclohexylethyl-



with stirring.

(b) Synthesis of Solid Cat al yst Conponent

A solid catal yst conmponent was synthesized in 20 the sane nmanner as in

Exanple 2(a),

except that the triethyl al um num and

phenyl tri met hoxysi | ane used in Exanple 2(a) were replaced with the

reaction product of
t hus obt ai ned cont ai ned 0;35@6by wei ght of hydrocarbon sol vent

57% by melght
- 42 -

solid catal yst conponent 0 talne

(a) of this exanpKd. -The solid catal yst conponent
25 and

f /st . =
qgﬁ“#%k#%éﬁqon 8${ ropy (ﬁﬁawere as fOHOWSP Pplfgﬁe'mas
pol yneri Ze‘d ' Q 259 sare Jreyeyy asy C?Htﬂ Be ¢, 46f3/mfxce?hrfthét: the

(b) of this exanple was used,

and

the 5 triethyadeyd e sy Ghapidud v X veié ape1ysedpiyDene pbwaspl e 1(f)
were replaced with the reaction product obtained in (a) of this -

exanpl e. The pétwinedwerein was fddtdenasindd®/ ixat tire 25 306, méNnar98s1¥mnby
wei ght, BD = 0.46 g/m. Further, particle size distribution of the
pol ypr opy! éne Exampdre dbtgi rivd dbdradim thees mhstwk s nelowm iheTable dane nmanner
as in Exanmple 1(.g) to obtain the results shown in Table 1.

10

Example 6
(a) Synthesis of Solid Catalyst Component

A solid catalyst component was synthesized in
the same manner as in Example 2(a), except that the
phenyltrimethoxysilane used in Example 2(a) was replaced

with t-butylmethyldimethoxysilane. The so0lid catalyst

. component thus obtained contained 0.39% by weight of

15

20

hydrocarbon solvent and 57% by weight of solid catalyst

precursor.

(b) Polymerization of Propylene

Propylene was polymerized in the same manner as
in-Exampié 1(£f), except that the solid catalyst compqnent
obtained in (a) of this.example was used, and the phenyl-
triethoxysilane'was replaced with t-butflmethyldimethoxy-
silane. The results were as follows: PP/cat = 2,070, IY
99.3% by weight, BD = 0.46 g/ml. Further, particle size

disﬁribution of the polypropylene powder obtained herein

-was determined in the same manner as in Example 1(g) to

obtain the results shown in Table 1.

10



Exanpl e 4 (a) Syhthesis of Solid Catal yst Conponent 15

After replacing inner atnosphere of a 300 m flask equi pped with a
stirrer and a thernonmeter with argon gas, 36 nl of the slurry
containing a solid catalyst precursor,_ obtained in Exanple 1(d), was
char ged toget her with 161 m of hexaf® and 9.2 mol es of
triethylalum num 20 Then, ethylene gas was introduced into the m xture
at ordLnaEyappéesdre at a rate of 300 m/mnute, over a period of
15 m nutes. After conpletion of the reaction, the solid matter was

separ at ed from(k)quBgthahesdsi ef Woilhd Catadyistr CoqpamezBi err]C for 2 hours
under a streamof argon gas 25 to obtain 10.0 g of a solid catalyst,
conponent. The solid A safladysetadwsSneamposend Wa$ GYSBUReSAZRA gt of
hydr ocar bon sol vent and 60% by wei ght of solid catal yst
- 43 - prethesspme manneghpspiny FERMPAL| of 3t BEGRAtetdrat the 1.35
Propyl ene was pol ynerized_ in the sa manner as Jan anpl e f),
except that?>t hE™S FFd°§a?§P9§ﬁtE6Wﬁgﬁ85Fs1?3n8bF§Fﬁedqlgiéﬁ %éﬁi;was
exanpl e was used. . The_result were as fql Lbows: PP/cat =.1.000, IY =
92. 3% by meighf?PEEFed w&%g_§67alwppies of Q,Z,W%S-tetf%methyfl
: piperidine. The solid catalyst ¢omponent thus obtained
contained 0.37% by weight of hydrocarbon solvent and 60%

by weight of solid catalyst precursor.

10 (b) Polymerization of Propylene

Propylene was polymerized in the same manner as
in Example 1(f), exqept.that the solid catalyst component
obtained in (a) of this example was used, and the 0.057
mmole of phenyltriethoxyﬁilane used in Example 1(f) was

15 replaced with 0.114 mmole of 2,2,6,6~tetramethyl-
piperidine. The results were as follows: PP/cat = 3,790.
IY = 93.7% by weight, BD = 0.46 g/ml. Further, particle
size'distribution of the polypropylene powder obtained
herein was determined in the same manner as in Example
20 1(g) to obtain the resuits shown in Tasle 1.

As has been mentidned above, the use of the
solid catalyst component of this invention brings about
the fdllowing effects:

(1) Since the solid catalyst component of this
25 invention has a very high catalytic activity per one
titanium étom. coloration of polymer can be prevented and

the contents of halogen and titanium atoms closely related



Further, particle size distribution of the pol ypr opyl ene powder
obt ai ned herein was determned in the 10 sane manner as in Exanple 1(g) to
gbtain the results shown in Table 1. Exanpl e 5 (a)
Synthesis of Solid Catal yst Conponent A solid catalyst
conponent was synthesized in 15 the sane #6@n@Rer as in Exanple 2(a), except
that the phenyl tri met hoxysi | ane used in Exanple 2(a) was replaced

wi th cycl ohexytet BykdbaRvBAKYS| bensol}h.@rg%la@k tal #livdmized, EVEONBAIn hus
obt ai ned cont ai ned 0.47% by wei ght ~of hydr ocar bon sol vent and 62% by

wei ght of soligagaiahyst p26cragesr §6%. removing( PatRaysErigsidws D
Pr opyl ene Propyl ene was polynerized in the sanme nmanner as

in Exanpl e 1(fproexdedt tihistimekes! ktecabpplayattusofoanaEmoving obdizad Ineske i n
" (a) of this exanple was used and the 25 phenyltriethoxysilane was replaced
with cycl ohexyteshg§lie unnecessary and makes it possible to -relduce the
di net hoxysilane. The results were as follows: PP/cat = 2,250, 1Y =
99. 0% by we$ ghpro@Bction4eogtnbf aFadelfidn, polymegarticle size distribution
of the polypro?Z;ene pomggg use of the solid catalyst component of this
invention makes it possible to produce a very highly
stereospecific «-olefin polymer. Since only a very
'small quantity of amorphous polymer is formed as
10 by-product, an «-olefin pélymer excellent in mechanical
properties can be produced without removing amorphous
polymer. |
- (3) Since_poiymer having a low stereospecificity and
soluble in polymerization medium is formed only in a very
15 small quantity, there occur no troubles in process such as
depbsition of polymer onto reactor, pipings, flash hopper,
etc. Further, since soluble pbly&er is formed only in a
small quantity, the starting monomer can be utilized
effectively.
20 (4) By the use of the solid catalyst component of
this invention, «-olefin polymers having a very high
bulk density can be produced. This makes it possible to
reduce the size of productién apparatuses such as reactor
and thereby to enhance productivity greatly.
25 (5) Since the solid catalyst component of this
invention is excellent in crush resistance, formation of

fine powder from it is much prevented and it retains an

-excellent particle size distributidn. This means that



obt ai ned herein was deternined in the same manner as in 5 Exanple 1(g) to

obtain the results shown in Table 1. Exanpl e 6 (a) Synthesis of
Solid Catal yst Conponent A solid catal yst conponent was
synthesi zed in t he sanme manner as i <anpl e 2(a), except that the 10
phenyl tri met hoxysi | ane used in Exanple 2(a) was repl aced W th

o SRR O e ThBEL € 6B SRR BE
Propyl ene — Preven€ed; neran bt SN Ceksui i hg, 2 ba RN RO 8RR ranner as
in Exampl e 1( t i t ne obtained in
(a) of this é%%%%ﬁéfﬁgstﬁggéﬁfgﬁd§?h%ﬂ£ﬁ§ﬂ§#¥§5n%%¥P?9ég gf??ilane was
replaced wt 5 hy{ li 5 bla I

fol | ows: PP/ (%%C%Y%% (L e S s 55%9‘655\[3@ gmf,yi“%ob?%’é’.ei‘% SHgh s
Further, partdrd@qfhdein pipfhdé | iMasonoehatienPany RedRitode dtwWafan
obt ai ned herein was determ ned in the sane manner as in Exanple 1(Q)
to45 obt aiﬁe.t@ﬂeﬁéﬁﬂéasfﬁmvmd:ﬂﬂrfﬁhbe 1..



¥ Exanple 7 (a) Syhthesis of Solid Catal yst Conponent A

solid catal yst conponent was synthesized in. the same manner as in
Exanpl e 2(a), except that the 1.35 5 mol es of phenyltrimet hoxysil ane
used in Exanple 2(a) was replaced with 2. 70 mml es of
2,2,6,6-tetranmet hyl - pi peri di n€. “fhe solid catal yst conponent thus
obt ai ned contained 0.37% by wei ght of hydrocarbon sol vent and 60%
by wei ght of solid catal yst precursor. 10 (b) Pol ynerization of
Pr opyl ene Pr opyl-ene—was—pol-yer-zed—+hr—t+hie nner as
in Exanple 1(f)} except [that the solid catalygt goppogeny optained in
(a) of this exanpl ¢ Las |usedy andh téhe 9. 85T < onwle of
phenyl tri et hoxyjsi | anB'uged i Exahpbe d(&) dasi 450 répkat 0.114
mol e of 2,2,6,6-t¢t BamgtByI™ @ @ Pi Rrfdithe. The results s foll ows
PP/ cat = 3, 790, |l Y|= 93. 7% by weight, BD = 0.46 g/n r,
particle S ze [distyTbutTom of The por ypr opyl eNe pOWder obt ned
herein was detefnifefl i § she sane NBNREr masyi & Exapl-e 20 1=g) to obtain
the results sho in%‘[@tlg L o o o oo « ~ 65 Kiag héew frenid oned above,
the use of the golidgc abysy gorpodrerf® of this invehtion byings about
the follow ng effe¢gtm: 1) Since the solid catalyst cpnponent of
this 25 invent)ontas—<a very tmghrTtatatytitactivity per[one titani um
atom coloratiop off Bol yngr sag he prevented ands 3 S S -
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the contents of hal ogen and titanium atons closely rel ated l1to
corrosiveness of polyners can be mnimzed, even if no parti cul ar
procedure for renoving catal yst residue is provi ded. This makes the
apparatus for renoving catal yst resi due unnecessary and nmaekes it
possible to reduce the 5 productior d0st of [err]-olefin polynmner.

(2) The use of the solid catal yst conponent of this I nvention
makes it posgiddMs to produce a very highly stereospecific [err]-olefin
pol ymer. Since only a very smal | quantity of_anorphous Eolyner S
formed as 16 by- proéuéplléﬁqQEQHMQﬂ(ﬁqWPRﬂﬁ%#m§°E | BRt SRR mechani ca
properties can be produced thogﬁgaanV|n anor phous pol ynmer.

(3)  SPRAFMSAILAAEHL O Gitn & fP%ity and ~ soluble in
| i zat di i s f d | | Ly, .th
L%, S P o SO

react or, s..:flas QRRPEr,, etc. Further, since soluble polyner is
f or med onIy |ﬁq wing i%n ﬂg%nﬂ%ﬁﬂ%la'the starting nononer can be utilized
effectively. 20 (4) By the use of the solid catal yst conponent of
this invention, [err]-olefin polymers having a very high bul k density
can be produced. This nakes it possible to ‘

1
Ti(OR™) n¥a-n

wherein Rl 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 organomagnesium
compound in the presence of an organic silicon compound
having Si—o.bond to produce a solid product,

treating the solid product with an ester
compound, '

treating the ester-treated solid product with a
mixture of an ether compound and titanium tetrachloride or
with a mixture of an ether compound, titanium
tetrachloride and an ester compound to obtain a trivalent
titanium compound-containihg solid catalyst precursor, and

tfeaéihg the solid catalyst precursor with a
small quantity of an olefin in the'presence of an
organocaluminum compound to obtain a solid catalyst
component for use in the polymerization of az-olefins.
2. A solid catalyst component according to Claim 1,
wherein Rl in the general formula Ti(ORl)nX4_n is an alkyl

group having 2 ﬁo 18 carbon atoms or an aryl group having

HIIIIII llIIH ] lllll | llll



reduce the size of production apparatuses such as reactor and t hereby

to enhance productivity greatly. 25 (5) Since the solid catal yst
conponent of this i nvention is excellent in crush resistance,
formati on of fine powder fromit is ggch prevented and it retains an

excel lent particle size distribution. This neans that

- 47 - 1 for%akhpqaogagbgg geuder [err]-olefin polymer can also be
prevent ed, becausethe resulting [err]-olefin polyner resenbl es the

solid catalysty conponenf, sB13A2BEtalystAS6MpEhEEtYacédLdingubb esieamsed by
fine powders such as mﬁ cl oggi ng i n pipings, mass foination [n reactor,
etc. can bhetfedve R ed nf the genetalnformula Ti(OR ) X448 is 2 [err]
| straight chain élkyl group haviné 2 to 18 carbon atoms.
4; A solid catalyst component according to Claim 1,
wherein the halogen atom is chlorine, bromine or iodine.
5. A solid catalyst component according to Claim 1,
wherein n in the general formula Ti(OR;)ﬁX4_n is 2 s n = 4.
6. A solid cat;lyst component accordigé to any one of Claims 1

to 5 wherein the organic silicon compound is one represented by

the folldwing general formulas

: 2 3
Si(OR™) R, o

4,.5 ain czab
R°(R 2810)p81R 3 or

7 as
(R 2SLO)q

where R2 represents a hydrocarbon group having 1 to 20

carbon atoms, R3;_R4, Rs, r®

and'R7 each represents a
hydrocarbon group having 1 ﬁo 20 carbon atoms or a
hydrogen atom, m represents a number satisfying 0 < m s 4,
p represents an integer of 1 to 1,000, and q rgp;esents an
integer of 2 to 1,000. |

7. A solid catalyst component according to Claim 6.

wherein the organic silicon ‘compound is analkoxysilane

3

: : 2
compound represented by the general formula Si(OR ) IO

' * € L M 5 *



= 49 - CLAIM 1. A solid-catal yst conponent for use in the

pol yneri zation of [err]-ol efins obtained by . reducing a titani um

conpound represented by the follow ng general fornmula: _

Ti(OR[err])[err]x[err] wherein R rep% sents a hydrocarbon group having 1

to 20 carbon atoms, X represents a hal geﬁ atomand n represents a nunber

satisfying O < n [err] 4, with an organonagnesi um conpound in the presence

of an orgamibesel| mcoatitofipeandl =hamvEngd-Si - O bond to produce a solid

pr oduct, ' treating the solid product with an ester conpound,

treating th&-ester-tréaﬁ@ngoFFEabYéSu@PmRPPﬁnﬁ AFCREGA@ Dot arf I Her7 -

conpound and titaniumtetrachloride or with a mxture of .an eth

conpound, t¥haredm thet PREANSE| B&1aRA aRCRREE Tofp ﬁ?fkﬁﬁ%ﬂﬁiﬁfe

trival ent titaniug1cgnFound;c ntaining solid catal yst precursor, and

treating thePBBPPACCHPEFGsT Brécursor with a small - quantity of an olefin

In the presgnce_of an rganoal um num _co und bt al | tqal yst
gf uéesqlﬁdt%ea%bs{?:ycom one accg?cﬁ[ngr Ftﬁ %n ec#n% Be q;‘l%QJné q. &8 éiA

conponent f mert zatron o Ins. 2

solid catal ygL &PHPPRENS r§5H0MILALsE AmCeBiPotind is a Grignard

compouhd represented by general formula R8ng, wherein

R8 represents a hydrocarbon group having 1 toc 20 carbon
atoms and X represents a halogen, or a dialkyl- or diaryl-
magnesium compound represented by general formula

R9R1°Mg, wherein R9 and R10

each fepresents a hydrocarbon
group having 1 to 20 carbon atoms.
10. A solid catalyst component according to Claim 9,.
wherein the Grignard compouhd is methylmagnesium chloride,
ethylmagnesium chlqride, ethylmagnesium bromide,
ethylmagnesium iodide, propylmagnesium chloride,
propylmagnesium bromide, butylmagnesium chloride,
butylmagnesium bromide, sec-butylmagnesium chloride,
sec-butylmagnesium bromide, tert-butylmagnesium chloriﬁe,
tert—butylmagnesium bromide, amylmagnesium chloride,
isoamylmagnesium chloride, phenylmagnesiuﬁ chloride or
phenylmagnesium bromide.
11. A solid catalyst component according to Claim 9,
wherein.the dialkyl- or diaryl-magnesium compound is
diethylmagnesium, dipropylmagnesium, diisopropylmagnesium,
dibutylmagnesium, di-sec-butylmagnesium, di-tert-butyl-
magnesium, buty;fsec—butyimagnesium, diamylmagnesium or

diphenylmagnesium.

* [ L M ] *



wherein R err] in the general fornmula Ti(ORlerr])[err]Xerr] is an alkyl
group. having 2 to 18 carbon atons or an aryl group having

- 50 - 6 to 18 carbon atons. 3. A solid catalyst conponent
according to Caim1, wherein R err] in the general fornmula
T|(CR[err])[err]X[err] s a stratgh® ehain alkyl group having 2 to 18
carbon at ons. A solid catal yst conponent accordlng to Caim
1, whenegi n th n.atomis hIor| ?ron1ne or di.ne. 5

A solid cat a]f?ys cglr%gonen(f?y%ltcé:g? ne"g glmr?l > ey °"ev\/I9|ere AR 1 et he

general for gyl Q:el'n(ﬁeeers]t)e[re;cré)]nigo‘%{rfd 1r§ 'asllgpl[l?fgl é‘a{'ﬁciﬂ'hc ester®: A

solid catal yst component acco g to any on &F&in the

organi ¢ sil i,Q@FiGAW AHYhIxE 1GRE erseo%esea”nt%%@ym carbbeyipb! ovtag general
f or mul as ylerr[Rerr

Rlerr] (R er arSn@ti® 'dayddx3lrile esterar _
(Rlerr]SiOferr] where Rlerr] represents a hydrocarbon group having
1to 20 13carbon atorsnlid eatlaly§teradmpdient |acédedingatd &l eim] 12ach

represents a hydr ocar bon group having 1 to 20 carbon atons or a
wherein the ester compound is methacrylic ester, maleic
ester or phthalic ester.

1l4. A solid catalyst component aqcording to any one of Claims 1 to 13
wherein the ether compound is diethyl ether, dipropyl

ether, diisopropyl ether, dibutyl ether, diamyl ether,
diisoamyl ether, dineopentyl ether, dihexyl ether, dioctyl
ether, methyl butyl ether, methyl isocamyl ether or ethyl
isobutyl ether.

15, "~ A solid catalyst component according to Claim 14,
wherein the éther compound is dibutyl ether or diisocamyl
ether.

le. . A solid catalyst component according to any one of Claims 1 to 15,
wherein the olefin is one having 2 to 20 carbon atbms.

17. A solid catalyst component according to Claim

16, wherein the olefin is ethyiene, propylene, butene-1,
pentene-1, hexene-l, 3—methy1butgne-l, 3-methylpentene-1,
4—methy1pentene-1, octene-1, decene-i or dodecene-l.

18. A solid catalyst component according to any one of Claims 1 to 17 .
wherein the organoalumlnum compound is that represented by

the following general formulas:

IIIIIIII Hllll IIIII lllll | ll



hydrogen atom mrepresents a nunber satisfying 0 < m[err] 4, p
represents an integer of 1 to 1,000, and g represents an I nteger of 2
to 1, 000. 7. A solid catal yst conponent according to C aim 6,
wherein the organi c silicon conpound i sanal koxysi |l ane conpound
represented by the general formula Sr(GR[err])[err]R[err]

- 51 - where msatisfies 1 [err] mJ[err] 4. A solid catal yst
conponent according to daij7, wherein the organlc silicon conpound is a
t et raal koxysil ane conpour ¥&;m= 4. 9. A solid catal yst component
according to any one of Clains 1 to 8 wherein the organomagnesi um conpound -
Is a Gignard conpound represented by general formula R err] MgX, wherein

Rlerr] represents a hydrocarborm gy o 4 951 to 20 carbon atons and X
represents a hal ogen, or }g Hg{ gdbr‘ﬂgyz# magnesi um conpound

represented by general fornula R[err]R[err]Ng wherein R err] and R err]
each represents a hydrocarbon group having 1 to 20 carbon atonms. 10.

A solid cawe\ﬁ% eIQIZa mdlwyt&é]@l% ga‘:h“@ﬁ??ﬁ?g gegl gnard

conpound is yl magnesi uni chl ofi'de, et hyl nagnési u

et hyl magnepyPRI B grcﬁh%‘| IPONES] WP 'W'é’&rb&ﬁoﬂ?%ﬁgg”?s&-%‘rgh' ori de,
propylnagne5|un1bron1de but yl magnesi um chl or1
sents halogen, hydrogen or an alkoxy group, and vy
represents a number satisfying 2 = y £ 3.
19. A soligd cétalyst componeﬁt according to Claim
18, wherein the organocaluminum compound is trialkyl-
aluminum, a mixture of trialkylaluminum and dialkyl-
aluminum halide 6: alkylalumoxane.
20. A solid catalyst component according to Claim 1 o
wherein the organoaluminum éompound is triethylaluminum,
triisobutflaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane.
21, =a sollid catalyst component according to any one of Claims 1 to 20
wherein treatment of the solid catalyst component with a
small quantity of olefin in ﬁhe presence of 6rganoa1uminum
compound is carried out in the presence of an electron
donor. |
22. A solid catalyst component according to Claim
21, wherein the electron donor is one selected from the
group consisting of organic silicon compoﬁnds having

16 bond wherein Rls'represehts a hydrocarbon

- Si-OR
group having-l to 20 carbon atoms or a Si-N-C bond,

aromatic carboxylic ester compounds and sterically

* [ L L S *



but yl magnesi um brom de, sec-butyl magnesi um chl ori de, sec-butyl magnesi um
brom de, tert-butyl magnesi umchloride, tert-butylimgnesium brom de,

anyl magnesi um chl ori de, isoanyl magnesi um chl ori de, phenyl magnesi um
chlori.de or phenyl magnesi um brom de- s31- A solid catal yst conponent
according to Caim9, wherein the dialkyl- or diaryl-magnesium conpound is
di et hyl magpesi di | magnesi um dii sopropyl magnesi um

dibutylnag §P§QEd F%§§%¥butylnagne5|unt d|-tert butyl - magnesi um

butyl - sec tyl magnesi [ A g FEEd ngsi dMbim
- 52 - 129gA solid %a%gplgt%§% gnent accor |ng to angﬁgne of Clainms 1 to

11 wherei ot Ngratelh Q@t@o@q@@ez%rﬁ'do%@ttt%ncatmwéipa@étcampoahaf| nic
carboxylic“éster, alicyclic carboxylic ester or aronﬁnig carboxylic ester.
2

13. ée%%bls@nmlbxﬁkh@owt Foasiakt b1 ¢0 (berein the
ester conpound is nethacrylic ester nalelc este or phtharlc ester. 14.

A solid catalyst C t accaor, 10f 13 wherein
t he et her @o qg;qg%il%ﬁ Pekt (hﬁ eth%%éagllsopropyl et her,
di butyl etggkréﬁé% s a % focafﬂ&%xggﬁuﬁﬂﬁgwing feegefbyka?BQﬂratghgexyl

ether, dio
and t represents a number satisfying 0 = t = 3.

24. A solid catalyst component according to Claim

23, wherein the 2,6-substituted piperidine is 2,2,6,6-
tetramethylpiperidine. -

25. A solid catalyst component acctording to any one of Claims 1 to 24
wherein the production of soiid product by the reduction
of a titanium compound with an organohagnesium compound 1is
carried out in the presence of a porous material made of
inorganic oxide or organic polymer.

26. A solid catalyst component according to any one of Claims 1 to 25
wherein in the reduction, the organic silicon compound is
used in an amount of 1 to 50 in terms of atomic ratio of
‘silicon atom to titanium atom (Si/Ti), and the organo-
magnesium compound is used in an amount pf 0.1 to 10 in
terms of atomic ratio of the sum of titanium and silicon
atoms to magnesium atom (Ti+Si/Mg).

27. | A solid catalyst component according to any one of Claims 1 to 26
wherein the reduction is carried out in a solvent at -50

to 70°C for 30 minutes to 6 hours.

28. A solid catalyst component according to any one of Claims 1 to 27
wherein in the e;fer—treatment, the ester compound is used

in an amount of 0.1 to 50 moles per one mole of the

HIIIIII IHIII IIIIl ||Il| !l IIII



ether, methyl butyl ether, nethyl isoanyl ether or ethyl isobutyl ether.

15. A solid catal yst conmponent according to Caim14, wherein the
et her conpound is dibutyl ether or diisoanyl ether. 16. A solid

cat al yst conponent according to any one of ainms 1 to 15, wherein the
olef inis one having 2 to 20 carbof &Poms. 17. A solid catalyst

conponent according to Claim 16, wherein the olefin is ethylene,

propyl enetibdndmen Btonpam ahee ko ek @modyctS-amd his bam eaeount of

3-net hyl pentene-1, 4-nethyl pentene-1, octene-1, decene-1 or dodecene-1.
18. A sobi.dlcawally.d nmdrq)mtormcmlcﬁ Rf (MRS bR @Eom BRnkhe to 17
wherei n the organoal um num conpound is that represented by the follow ng
gener al fspdddagproduct. -53-

17132 98 10 sonis el e ’é%xq:?s”?é’ STF Chpbert coua

Rlerr] each represents a ocarQﬂn hayi 1 to_2 arh toms, Y
repre- s¥ReIeid (ﬁ%ﬁ? Eé) ?@ b?% tahd B g}gBFggeﬁ?
nunber sati_sf 1 {é [err rr 19 A solid catalyst
conponent é@c&%g‘ﬁ%’ (ﬁ ‘allrd dimfldd J¢ 1dger.

30. " A solid catalyst component according to any one of Claims

whg%é?n in the treatment of the ester-treated product, the

ether compound is used in an amount of 0.1 to 100 moles

and the titanium tetrachloride is used in an amount of 1

to-1,000 moles, and the ester compound is used if

necessary in an amount of 30 moles or less per one mole of

the tltanlum atom in the solid product, respectively.

any one of

31. A solid catalyst component according to/Claims 1 to 30

wherein the treatment of the ester-treated product is

carried out in a slurry state in solvent at 30 to 150°C

for 30 minutes to 6 hours.

_ any one of

32. A solid catalyst component according to/Claims 1lto 31

wherein in the olefin-treatment, the organcaluminum

compound is used in an amount of 0.5 to 700 moles per one

mole of titanium atom in the solid catalyst precursor, and

the elefin is used in an amount of 0.05 to 1,000 g per one

gram of the solid catalyst precursor.

) any one o_f

33. A sclid catalyst component according to/Claims 1 to 32

wherein the olefin-treatment is carried out in a slurry

state at -20 to 100°C for 2 minutes to 15 hours with

2
olefin-partial pressure of 0.01 to 20 kg/cm".

34. A process for polymerization of a-0lefins

IIIIIIII ||l||| IIIII IIIII |I IIII



18, wherein the organoal um num conpound is trialkyl- alumnum a m xture
of trialkylalum num and dial kyl- al um num halide or al kyl al unoxane. 20.

A solid catal yst conponent according to Claiml1 9 wherein the

or ganoal um num conpound i s triethylalug%nun1 triisobutylalum num a

m xture of triethylalunnumand diethyfal um num chloride, or
tetraet hyl di al unoxane., 21. A solid catalyst conponent according to any one
of C ai ns Wwhigh2oomppReEess treatment of the solid catal yst conponent with a

smal |l quantity of olefin in the presence of,organoaluninun1 %ngound S
carried out in the pPRI¥MBELBENG>aPLeELBS 1RoNEE. PEESENCe OL R gq) g
cat al yst conponent according to.Claim 21. wherein the electron_donqr is
one select%&P¥¢oﬁ?FﬂgysgrSHﬁPBBﬁE s?Fﬁaré?nSr 8n?@'§??ﬁﬁgﬁg%ﬁﬁbbuﬁﬂ§3h§Wing
Si-ORlerr] bond erein R, _r S [0 QR hayd fato 20
car bon atd%ﬁg%?9§Q%$}RE% 88%8?85§rgﬁégﬁgegéggo§?f?%@E or c&hg%tn s and
sterically ' - 54 - hindered am nes. 23.
A solid catal yst conponent according to Claim 22, wherein the electron
donor is an al koxysilane conpound represented by the general fornula
Rlerr]Si (ORerr])[err] Réi A2y6- subsphirt ut ed pi peridine wherein Rl err] and
Rl err] each Y o3y

r12gr13a1-0-a1r14R15

11 12 13 14 15

wherein R™", R™™, R™7, R and R each represents a
hydrocarbon group having 1 to 20 carbon atoms, Y repre-
sents halogen, hydrogen or an alkoxy group, and y
represents a number satisfying 2 £ y £ 3, and

an electron donor.
35. A process accerding to Claim 34, wherein the
a-olefin is ethylene, propylene, butene-1, pentene-1,
hexene-1, 3-methylbutene-l, 3-methylpentene-l, 4-methyl-
pentene-1l, octene-1l, decene-1 or aodecene—l.
36. A process according to any one of_ Claims 34 and 35, wherein th_e
organoaluminum compound is triethylaluminum, triiso-
butylaluminum, a mixture of triethylaluminum and
diethylaluminum chloride, or tetraethyldialumoxane.
37. A process according to any one of Claims 34 to 36, wherein the

electron donor is alkoxysilane compound represented by the

general formula R17t5i(0R16)4_t and 2,6=-substituted

16 17

'piperidine wherein R and R each represetns a hydro-

carbon group having 1 to 20 carbon atoms and t represents a

T



represents a hydrocarbon group having 1 to 20 carbon atons and t
represents a nunber satisfying O [err] t [err] 3. 24. A solid

cat al yst conmponent according to Caim 23, wherein the 2,6-substituted
piperidine is 2,2,6,6- tetranethylpiperidine. 25. A solid catalyst
conponent according to any one of Claifass1l to 24 wherein the production of
solid product by the reduction of a titaniumconpound with an

or ganomagneshyhepNBa¥Rd fiy3ngCar ki @d<oyt in the presence of a porous
material made of inorganic Oxide or organic polyner. 26. A solid

catal yst conpg@nenk RetsiRGolddndb ARE HE &F ¥1Bnd 340 &P 37WNGgkh ithet he
reduction, the organic silicon conmpound is wused in an anmount of 1 to 50 in
terns of atopblymerieabdfionsiki cagrdednoug tict aBiourbat3o0 (Siddder and t he
organo- magnesi um conpound is used in an anount of 0.1 to 10 in terns of
atom c rati opoéssheesafh 38F2000antmasaharesl.i con atons to nmagnesi um at om
(Ti+Si/My). 27. A solid catal yst conponent according to any one of
Clains 1 to 26 wherein the reduction is carried out in a solvent at -50

to 70[err]C for 30 mnutes to 6 hours. 28. A solid catal yst coenponent
according to any one of Clains 1 to 27 wherein in the ester-treatnent, the
ester conpound is used in an amount of 0.1 to 50 noles per one nole of the
- 55 - '

L



titaniumatomin the solid product and in an amount of 0.01 to 1.0 nole
~per one nole of magnesiumatomin the solid product.

any one of 29. A solid catal yst conponent according/to Clains 1 to 28
wherein the ester-treatnent is carried out in a diluent at -50 to
150[err]C for 10 m nutes or |longer. 30. A solid catal yst conponent

according to any one of Cains 1 to 29 yhepein in the treatment of the
ester-treated product, the ether conpoundis used in an anount of 0.1 to
100 noles and the titaniumtetrachloride is used in an amobunt of 1 to
1,000 nol es, and the ester conpound is used if necessary in an anount of
30 noles or | ess per one nole of thefrllaqsun1pton1|n the solid product,
respectively. any one of 31.

A solid catal yst conponent according to/Clains 1 to 30 wherein the
treatnment of the ester-treated product is carried out in.a slurry state in
solvent at 30 to 150[err]C for 30 mnutes to 6 hours.

any one of 32. 100 TS gat al yst c;nponemt amoo d danme 1 tq 31

3 9

wherein in the ol efih-tjrdat t, the organoal m |Cefmpbupd [s used in an
amount of- 0.5 to 700} ngl gs iphjthe solid
catal yst precursor, Bngq |tH pf1 0. 05 to 1,000 g
per one gram of thefsqgrid
any one of 33. Alsdli
wherein the ol efin-t}edtnen
100[err]C for 2 m.nufeqy tjo
to 20 kg/cnferr]

N
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definis dsed im anla
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ils carriediout i a
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= 56 - which conpri ses: polynerizing [err]-olefins in the
~presence of a solid catal yst conponent according to any one of Clains 1 to
433, an organoal um hum conpound represented by the general formula '
Rlerr]A Y[err] ©oor . Rerr]Rerr] Al -0 A R14R15

wherein R err], Rerr], Rerr], Rerr] and Rerr] each represents a

hydr ocarbon group having 1 to 20 car borR4tans, Y repre- sents hal ogen,
hydrogen or an al koxy group, and [err] represents a nunber satisfying 2
[err] [err] [err] 3, and an el ectron dongr——385- A
process according to Caim34, wherein the [err]-oldfin is 4qthylene,

propyl ene,” butene-1, pentene-1, hexene-1, 3-nethyl but egeel,
- 3-net hyl pentene-1, 4-methyl- pentene-1, octene-1, ddcede¥l |¢r dodecene-1.
36. A process according to any one of clainms 34 and 35,zZwverdin the

or ganoal um num conmpound is triethylalumnum triiso- | byt§ aljuminum a

m xture of triethylalumnumand diethylalumnumchlgri :he§ or

t et r aet hyl di al unoxane. ot
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37. A process according to any one of Clains 34 to 36, wherein the

el ectron donor is al koxysilane conpound represented by the general formula
Rerr]Si(ORerr])[err] and 2, 6-substituted piperidine wherein R err] and
Rlerr] each r apsas@oTs a hydro- carbon group having 1 to 20 carbon atons

and t represents a - 57 -  nunber
satisfying O [err] t [err] 3. A process accordi ng g—_q?&@é @‘ez)of
-30

Clains 34 to 37, wherein the d
| O§B§igf§# £4dh iGNt ©

300[err] C under a pressure eres.
: FOR USE IN POLYMERIZATION OF a-OLEFINS

A solid-catalyst component for use in the
polymerization of a-olefins obtained by
| reducing a titanium compound represented by the

following general formula:

T1(OR ) nX4-n

wherein Rl represents é hydrocarbon group having 1 to 20
carbon atoms, X represents a halogen atom and n represents
a humber satisfying 0 < n = 4, with an organomagnesium
compound in the presence of an o;ganic silicon compound
having Si-0'bond to produce a solid product,

treating the solid product with an ester
compound,’

| treéating the ester-treated éolid product with a

mixture of an ether compound and titanium tetrachloride or
with a mixture of'an ether compound, titanium
tetrachloride and an ester compound to obtain a trivalent
 titanium compound-containing solid catalyst precursor, ;nd_

treating the solid catalyst precursor with a |
small quantity of an olefin in thé presence of an
organoaluminum compound to obtain a solid catalyst

component for use in the polymerization of a-olefins.
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