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1 PRODUCTI ON PROCESS OF OLEFI N POLYMERI ZATI ON

CATALYST COVPONENT, OF COLEFI N POLYMERI ZATI ON

CATALYST, AND OF CLEFIN POLYMER 5 Field of the

I nvention The present invention relates to a process

for producing a solid catalyst conponent for olefin

pol yneri zation, a process for .producing an olefin

pol ymeri zation catal yst, and J‘process for producing

an ol efin polymer. 10 Background of the Invention JP

10- 212319A (corresponding to US 6,187,883B) discl oses

a MRHUETEONr eBRegE$Ar ©OF ef PREPY ynkOLPEEIG8Ed0Hy CATALYST
pol ynmeri zing an olefin in the presence of a

pol GFMEHONENT i oPF 18-E¢dtaPYBYMER WA T A af §EAL 0 NGl PoP Fre@LEFIN
according to a process conprising the steps of (1)
redifit¥§Ra titani um conpound with an organomagnesi um
compound in the presence of a conbination of an
organosi li con conpound with an ester conpound, thereby

produci ng_a_soljd product, (2) contacting the solid
pr&%ﬁ%F gé 5???#@¥4%§P8@enatipn conpound, an interna
electron HANGEo Ak A QAN & AL Al d e dNBE e oducing
produci ng a ol cata?yst conponent cont ai ni ng

triyakenia t thegl 40 atoRBonand £ oﬁéﬂirﬁcfbbﬂﬁnéﬂ%ation, a
solid catal yst conponent containing trival ent

ti t@deRsat O rodlcQh g a0 al AL N WHIGRRRe WAL d&adAlyst, and
external 25 electron donor. 2 Summary of the
| nvenrioeBss for producing an olefin polymer.

Background ¢f the Invention

JP 10-212319A (corresponding to US 6,187,883B)
discloses a highly stereoregular olefin polymer produced by
polymerizing an clefin in the presence of a polymerization
catalyst, the catalyst being formed according to a precess
comprising the steps of (1) reducing a titanium compound with
an organomagnesium compound in the presence of a combination
of an organosilicon compound with an ester compound, thereby
producing a solid product, (2) contacting the solid product
with a halogenation compound, an internal electron donor and
an organic acid halide, thereby producing a solid catalyst
compenent containing trivalent titanium atoms, and (3)
contacting the solid catalyst component containing trivalent
titanium atomS, an organcaluminum compound and an external

electron donor.
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However, the above highly stereoregular ol efin polyner
is not sufficient in stiffness of its injection-nolded
article, nanely, is not sufficient inits
stereoregularity, whereas 5 injection-nolded articles
havi ng superior stiffness are particularly required.
In view of the above circunstagces, the present

i nvention has an object to provide: (i) a solid
cat al yst conponent for olefin 10 pol ynerization
capabl e o&hgrodu0|ng a highly stereoregular olefin
poﬁyﬁﬁﬁry dﬁmt&ﬁvﬁétHﬁPded into an |nject|on nDIded

ticl
S?ohﬁcien FeaSandlE eBrre nardrynie eshabhEh g T ' e
"’{té’rPﬁec%% Lof, B odueing, dé‘l &l 'e@tEQANﬁrdeéatf M 1e,
caﬁalys usi'ng the above so ﬁ st conponen 5

andmeh ¥) Of‘se]? esi%{l%rleHEogHCh{‘QaéﬂﬂTféo%fe Bl%?%ﬁe/};(}erwhereas

using a merization c

acggﬁQbﬁgoﬁih&ﬂa%dabQYficﬂEEOCﬁ§§1ﬁd' %Lpeggbirh%tgfgﬁégg are
invention is a solid catal yst conponent for olefin

pokywer EZal 410N, reGQAPEESI NG titani um atons, nagnesi um
atons, hal ogen atons and hydrocar byl oxy groups,

wher ei n tie viel!l @# nghd i labbate Eiorumspantdd,anktte) present
atons in a concentration of 0.08 ng-Ti/m-filtrate or
| overentrbas Utead aacebt e d @ravidd: net hod conpri sing
the steps of: (1) preparing a suspension of the solid
catal yst @) coaporsritidf or catafyst pobymesnerdt i ofiokn olefin
hept ane having a
polymerization capable of producing a highly stereoregular
olefin polymer, which can be molded into an injection-melded
article having superior stiffness;

(ii) a process for producing the above solid catalyst
component (i) ;

{(iii) a process for producing an olefin polymerization
catalyst using the above solid catalyst compconent {(i); and

(iv) a process for producing an olefin polymer using an
olefin polymerization catalyst produced acceording to the above
process {iii).

The present invention is a solid catalyst component for
olefin polymerization, comprising titanium atoms, magnesium
atoms, halogen atoms and hydrocarbyloxy groups, wherein the
following filtrate contains titanium atoms in a concentration
of 0.08 mg-Ti/ml-filtrate or lower, measured according to a

method comprising the steps of:

(1) preparing a suspension of the solid catalyst
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concentration of 0.1 g-solid catalyst
conponent/ m - suspension; (2) heating the suspension at

70t for 30 minutes under 5 stirring; (3) filtering

the suspension, thereby obtaining a filtrate; and (4)
measuring a concentration of titaniumatons contained
inthe filtrate. 10 Al so, the g{esent invention is a
process for producing the above solid catalyst

conmponent for olefin polynerization, conprising the
following steps (1) and (4) in this order, or
coPenagt t ferf otllafwinngesiyewrizitiomneior heptene having a
repetitions of a conbination of the follow ng steps
(2)°Rs@nEBFtien this otfder, 15land t h@BeLEidw ng stepalyst
(4), inthis order: (1) contacting a solid materia
corCHPRPRYE MRLTRSIPSRS18Roms and hydr ocar byl oxy gr oups,

a hal ogenati on conmpound and an intergal_ electron

Gonor and/r PBFGLTH ¢ THCPIFREITER B R oot dndtigEes under
th%&pb¥.ob§aining a solid conmponent; 20 (2) washing

thé "s6 ?ngonponent Wi th a hydrocarbon solvent; (3)

Cont ot P e YOS, SOl Sy SRR, ol oLl

compound, dnd a el ectron doénor a
or gani¢,aci dyfipl i de with one another; and 25 (4)
washi ng the solid conponent with a hydrocarbon

sol vent afs)70Q@a0firiigher EQMbe M rdMbs BT itdnium atoms
Further, the present 1nvention is a process for
contained in the filtrate.

Also, the present invention is a process for producing
the above solid catalyst component for olefin polymerization,
comprising the following steps (1) and {4) in this order, or
comprising the following step (1), one or more repetitions of
a combination of the following steps {2) and (3) in this order,
and the feollowing step (4), in this order:

(1) contacting a sclid material containing magnesium
atoms and hydrocarbyloxy groups, a halogenation compound and
an internal electron donor and/or organic acid halide with one
another, thereby obtaining a solid component;

(2) washing the solid component with a hydrocarbon
solvent;

(3) contacting the washed solid component, a
halogenation compound, and an internal electron donor and/or
organic acid halide with one another; and

(4) washing the solid component with a hydrocarbon

solvent at 70°C or higher four or more times.



produci ng an ol efin polynerization catal yst,

conprising the step of contacting a solid catal yst
conmponent for olefin polymerization produced

according to the above production 5 process, an

or ganoal um num conpound and an external el ectron

donor with one another. Furtherjgore, the present

invention is a process for producing an olefin

pol ymer, conprising the step of contacting an olefin
wth an olefin polynerization catalyst produced 10

accor di ngFrsthtie abbve PieEGHct | BV PHIEBssis Dét aPFeerss for
Description of the ] nvention As expl ai ned above, the

pr oRESITME BB pteSehtPAlyTent PN ot G terdahici AR ising the

lid tal yst ' t for. olefi 15 I I zati .
ol LS B LaL SO 0L STl BOLYEEL! L1 .
th St 1 d (4 t h t .
o BR 9 5R Phoded o@D 05° IR srosucrion

' t
s COMBLb 285 {08 cAPNE,ShERA Doyl B Sy pppey spectson

andd&ﬁ%r_#ﬁ?ﬁ Eng_éﬁ%ﬁﬁ%rﬁtep (4), and those steps 20

are carried out inthis order. In case that the second

enbodi Mengy r fRSriM@, r @R6! b8t Of nfeRAMRI NRl 0B BLess for
t he above steps (2) and 3), all the steps are

car predhidy &M otlbeif 19wk RY on@el 5184 @fe(ddep oBt®PBtacting
(2) ~ step (3)-" step (2) -> step (3) - step (4). 25
It shoulédfire widredart heite fiat poayhedi st ey haata ltylse pirepuced
(4) after the step (1) in case of the first

10 enbadcomtiting 6o tlfi¢ eabaviee pkpdatt on grepeé8) in case of
t he second enbodi nent. Regarding the step (1):

Detailed Description of the Invention

As explained above, the process of the present invention
for producing a -solid catalyst component for c¢lefin
15 polymerization has two embodiments. The first embodiment
comprises the above steps (1) and (4), and those steps are
carried out in this order. The second embodiment comprises the
above step (1), one or more repetitions cf a combination of the
above steps {2) and (3), and the above step (4}, and those steps
20 are carried out in this order. In case that the second embodiment
has two repetitions of a combination of the above steps (2) and
{3), all the steps are carried out in the following order:
step (1) — step (2) — step (3)— step (2) — step ({3}
— step (4).
25 It should be noted that both embodiments have the step (4} after

the step (1) in case of the first embodiment, or after the final




The solid conponent obtained in the step (1) may be
known 5 in the art, which is disclosed in prior arts
such as JP 10-212319A corresponding to US 6, 187, 883E
and JP 7-216017A corresponding to US 5, 608, 018A.
Exanpl es of the solid material used in the step (1)
are the following solid nateri%ls (i) to (ii1), and
the solid 10 material (iii) is*preferable anong them
(i) dihydrocarbyl oxymagnesi uns represented by the
formula, Mg(OR') (OR2) , wherein Rl and R2 is
i ndepserdént | yn ofaseacli tid heycandhpadbodandntd. group
having 1 to 20 carbon atons; (ii)
hydr ocar byl oxymagnesi um hal i des represented by 15 the
formula, My(OR3) X1, wherein R3 is a hydrocarbyl group
havifsgarding oy eierowlht ons, and X1 is a hal ogen
ii).solid materials containing trival ent

atom and (i
titani um éﬁ%ﬁ@%lQﬁﬁﬂﬁﬁﬂQHﬁ%ﬁ?ﬂﬁ§e§m§’h?@ﬁé@ﬁrﬁV“@%&beknown

5groggstngaqples qof _the dj hydrocarbyl oxymagnesi uns 20
ente

représented (i) "By PheSaldve1PePtula, PREPOREFLE ORRFD as JP
o g e U S e Ao 8hYE ana g2 7-216017

di propoxymagnesi um o
di eS] [ gnesi um
pgeggéﬁg@gﬁf@u%@ ggpéﬂee% oxypam

di oct oxy ‘enoXynmagnesi um

di cycl Ohe)ﬁgaﬁ}Sngg{feﬁﬁé‘@olqtghﬂ rqtaﬁo%yé@qge%%]@teés(l) are

met hoxypr opoxymagnesi um et hoxybut oxymagnesr u

et hexy¥ PrepoXyIRYNESIidMna@Bdi 81 HOXyPUt OXYBINeS M he 501144
Among 6 them preferred is dinethoxymagnesi um

10di enhoxy @Y NESIiYMi 61 pr&iHz0neX ¥iRgnasicssm and nore

preferred is di ethoxymagnesi um A process for
produci ng (di}hydiiocaobpbxyomegitesiedilBns represented by the

formula, Mg (OR') (OR?), wherein R and R? is independently of each
other a hydrocarbyl group having 1 to 20 carbon atoms;

(ii) hydroéarbyloxymagnesium halides represented by

156 the formula, Mg(OR®)X!, wherein R’ is a hydrocarbyl group having

1 to 20 carbon atoms, and X' is a halogen atom; and
(iii) solid materials containing trivalent titanium
atoms, magnesium atoms and hydrocarbyloxy groups.

Examples of the dihydrocarbyloxymagnesiums

20 represented (i) by the above formula, Mg(OR!) (OR?), are

25

dimethoxymagnesium, diethoxymagnesium, dipropoxymagnesium,

dibutoxymagnesium, dipentoxymagnesium, dihexyloxymagnesium,

dioctoxymagnesium, diphenoxymagnesium,
dicyclohexyloxymagnesium, methoxyethoxymagnesium,
methoxypropoxymagnesium, methoxybutoxymagnesium,

ethoxypropoxymagnesium, and ethoxybutoxymagnesium. Among



(i) represented by the above formula, MgJ(OR) (OR ),

is not 5 1limted. Preferable exanples thereof are (1)

a process conprising the step of reacting a nmagnesi um
nmetal, an alcohol and a small anmount of a

hal ogen- cont ai ni ng conpound and/or hal ogen, with one

anot her, and (2) a process conptising the step of
reacting a dial kyl magnesi um conpound with an

al koxysilicon 10 conpound. Exanples of the

hydr ocar byl oxymagnesi um halides (ii) represented by

t he theBy P Fafidared, 1mydierhoxymagae el umetdierhnragnesiamun or
chl ori de, ethoxymagnesi um chloride, propoxynagnesi um

chl BFPEROBEEK T ERe ANeRe grieferze8 is diethoxymagnesium.
pent oxymagnesi um chl ori de, hexyl oxymagnesi um chl ori de,

oct oxymag es?ﬁﬁﬁ%fﬁld??ﬂe?r%W§ﬁﬁ%&n%tﬁﬁ%ﬂQQﬁFéhi@#YmﬁﬂneSiumS

and,, cycl ohexyl oxymagnesi um chl ori de, and conpounds
obté%ﬁeﬁe%ﬁps da@?néthég%ﬂFo PFEP%ﬁ«nﬂgd&ﬁ?E“ﬁ%drihs not

51 "1 BROVE XBIRELIAAL SoIROlS Mt R RrE i e &' Qlhcess

[=]
a bromne atomor a iod

pre Ny iymchl oride, .
eth%ﬁ%ééﬁ%ﬁgg gﬁ%c ??gg%%F%ﬁP PoXSIRGREST dRCERr 017 gécohel
andandog esd ef erfgdei sreth 5%&11 L ym ride. A
prog%ss f%r prodﬁ%iﬁgghyérgégr y g%ﬁ%%%ﬁgé um " gﬂansgd/or
(i i haIopaESeiedndYnbiBe APAKE (297 ITHl8oe MIEORR) #ling

25 not limted. PreFera%le exgégfgg ofethe_pr6§é§§€h%ftep
(1) of rpla@EeR§ L ANRI kPinhriche uhit @hpRlunBeAAH BY A koxysilicon
Gignard conpound 7 wth an al koxysilicon conpound,

10 andc¢ryowmdor ocess conprising the step of reacting a
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Gignard conpound wi th al cohol. Exanples of the
hydr ocar bjkexyl @ cudp tbentadneckibtyliolkgmagnesium halides (ii)

represented by the above formula, Mg (OR?) X%, are

methoxymagnesium chloride, ethoxymagnesium chloride,
propoxymagnesium chloride, butoxymagnesium chloride,
pentoxymagnesium chloride, hexyloxymagnesium chloride,

octoxymagnesium chloride, phenoxymagnesium chloride, and
cyclohexyloxymagnesium chloride, and compounds obtained by
replacing the chlorine atom contained in the above-exemplified
compounds with a fluorine atom, a bromine atom or a iodine atom.
Among  them, preferred 1is methoxymagnesium chloride,
ethoxymagnesium chloride or propoxymagnesium chloride, and
more preferred is ethoxymagnesium chloride.

A process for producing hydrocarbyloxymagnésium
halides (ii) represented by the above formula, Mg(OR®)X!, is
not limited. Preferable examples of the process are (1) a

process comprising the step of reacting a Grignard compound
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above solid materials (iii) are hydrocarbyl oxy groups
having 5 1 to 20 carbon atons. Anong them preferred

is a nethoxy group, an ethoxy group, a propoxy group,

a butoxy group, a pentoxy group, or a hexoxy group.

The solid naterial used in the step (1) is preferably

the above solid material (iii), which contains the
trivalent 10 titanium atons in‘an anount of

preferably 50% or nore, and nore preferably 90% or

nore, provided that the total anount of titanium

at orvg tbont & ke visa 1 { ben swinipdunet esridal (201 &idrdst008mprising
and contai ns the hydrocarbyl oxy groups in an anmount of

pr eftéfaBt§P 20061RpOMeRghe @rigreird, camdownt evigheteeabhdy.

25% by 15 weight or nore, provided that the amount of

the sol i d F@f@dral of (he pyfsoqaiosleyywer ol .coktpioeéstn the
for producing the solid material (iii) conprises, for .
exaﬁEP%‘? N s epebiateddéihgaze hiveaatanry koipaundps having

d the followwng fornmula [I] with an 20
g?g&ﬁ%ﬁggﬁﬁsﬁ%ﬁ %‘b‘?f‘b%uﬁ’a‘”i‘%gﬁflﬁ@' préseneed gfs amethoxy group,
ilicon_ _compound containing a Si-0 bond, or in
? ngg%zcéé’ﬁ @r8flpagppc‘é>.%’?<ﬁ§tff>aﬁr afb%ttﬁéwrrgaﬁo@mqné@ﬁy group,

conggugdhgﬁgiﬁiggog ter conpound in view of inproving

an activity polyneri zation catalyst: 25 8 x2

RA(0-Ti) ?ﬁ%el E&lic?('me/t/eﬁié’feﬁseécp 1§4tf1§' é‘ce@’d('&?c?é b}ylleferably

group having 1 to 20 carbon at ons;
the above solid material (iii), which contains the trivalent
titanium atoms in an amount of preferably 50% or more, and more
preferably 2%0% or more, provided that the total amount of
titanium atoms contained in the solid material (1iii) is 100%,
and contains the hydrocarbyloxy groups in an amount of
preferably 20% by weight or more, and more preferably 25% by
weight or more, provided that the amount of the sclid material
{iii) is 100% by weight.

A process for producing the solid material (iii)
comprises, for example, the step of reducing a titanium
compound represented by the following formula [I] with an
organomagnesium compound in the presence of an organcsilicon
compound containing a Si-0 bond, or in the presence of a
combination of the organosilicon compound with an ester
compound in view of improving an activity of a polymerization

catalyst:
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X2 is independently of one another a hal ogen atomor a
5 hydrocar byl oxy group having 1 to 20 carbon at ons;
and a is a nunber of 1 to 20, and preferably a nunber
satisfying 1 5 a < 5. Exanples of R4 in the above
formula [I] are an al kyl group such as a nethyl

group, an ethyl group, a propylggroup, an 10

i sopropyl group, a butyl group, an isobutyl group, an
anyl group, an isoanyl group, a hexyl group, a heptyl
group, an octyl group, a decyl group and a dodecyl
group; an ar group such as a phenyl group, a cresyl
group, xylyl \group and_a naphthyl group; a
cchprG%y—{mﬁ%>;{§uch adlla cycl ohexyl group and a

cycl opept yl IL5/group; an allyl group such as a
propenyl grogp; “and an aral kyl group such as a benzyl
group. Anmong them preferred is an al kyl group having
2 to 18 carbon atons, or an aryl group having 6 to 18
carbon atons, and particularly preferred is a |inear

al kyl group having 2 to 18 carbon atons. 20 Exanples
of VRRrHdl Bgdif atifirercaxbyl wawe el flokenflacarpqn atoms;
are_a chlqorine atom. a brom ne atom and an i odi ne

at ofn AhongCPHRIEI AT t9cuPBf | $RpEREer Pedisiloogn atom or a
chlorine ato Exanpl es of the h ocar.byl ox rou ,
MR R S iy S AL BN Y (e CIREE
f or I re those derived .fromth . ,

L ooTtsL e 8 £o 05 LrlCRL ¥ Akt OT, hlfoey, sasisfving 1, S a

met koxy group derived froma nmethyl group, an ethoxy
group derived froman ethyl group, etc. Anong them

particul apkym®1 Y 6F @F i@t HeSaBdv AEK Y1 DT OUR rdefd ¥Bfl1 group
fromthe above-exenplified linear alkyl group having
2 teudB Ardberthyl group, an ethyl group, a propyl group, an
isopropylgroup,abutylgroup,ahisobutylgroup,anamylgroup,
an isoamyl group, a hexyl group, a heptyl group, an octyl group,
a decyl group and a dodecyl group; an aryl group such as a phenyl
group, a cresyl group, a xylyl group and a naphthyl group: a
cycloalkyl group such as a cyclohexyl group and a cyclopentyl
group; an allyl group such as a propenyl group; and an aralkyl
group such as a benzyl group. Among them, preferred is an alkyl
group having 2 to 18 carbon atoms, or an aryl group having 6
to 18 carbon atoms, and particularly preferred is a linear alkyl
group having 2 teo 13 carbon atoms,.
Examples of the halogen atom of X* in the above formula
{I] are a chlorine atom, a bromine atom and an iodine atom. Among

them, particularly preferred is a chlorine atom.

Examples of the hydrocarbyloxy group having 1 to 20
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atonms as R4, such as an ethoxy group derived from an

ethyl group, etc. Exanples of the titani um conpound

represented by the 10 above forrmula [I] are

tetranet hoxytitanium tetraethoxytitani um

tetra-n-propoxytitanium tetrai sopropoxytitani um

tetra-n-butoxytitanium tetrai gobutoxytitani um

n- but oxytitaniumtrichl oride, i -n-but oxytitani um

di chl oride, tri-n-butoxytitanium 15 chloride,

di -n-tetrai sopropyl pol ytitanate which is a m xture of

conpeuhels drawsngt 4" infthe aboue farmile Abbwaef bhese alerived

[1], tetra-n-butylpolytitanate which is a mxture of

conpéoRddie [hevAgexemrIgif igdt bydorqarbiResa®iéRAe asoRnulsaich as

[1], tetra-n-hexylpolytitanate which is a m xture of

conpoliRtO0 IRSYP i rigedof rom 13 ey h §IHRPapaPesthoxy group
and te n-octygﬁplytitanate whi ch i

formul a ra- S

m x ﬁFé"‘%‘il]%‘a?p&%&% Yﬁa%%}’f' of Aopg teemn Earfétlcu%arlﬁ’
above %ornq{a %I] , andéﬂ1condensate 0 taang b%: n
r ealE FhG 1%t r adPkox§t i t SMiTAYwi t B DR ma P aRBUnt £ 5F ©
wat ng t.hen eferred,l s a_tjtaniumc ou

hav kg SR Re 1A P bl S, Bebhp NI HTRAS caspor
and [ ar [ t.ra-.n- ' '

ot PRoht BB T P EhBy R it A beR M Boue,

teteazn-butyltitaniumtetranmer. Those titani um
conmpounds may be used in a conbination of two or nore

thereof. Exanples &f dhketaboyEuRI@GARRShLI EOPr SURRUNEyY the

are those represented by the foll ow ng respective

forepbas: 5 SortGRd) t RG4-t, are tetramethoxytitanium,
tetraethoxytitanium, tetra-n-propoxytitanium,
tetraisopropoxytitanium, tetra-n-butoxytitanium,
tetraisobutoxytitanium, n-butoxytitanium trichloride,
di-n-butoxytitanium dichloride, tri-n~-butoxytitanium
chloride, di-n-tetraisopropylpolytitanate which is a mixture
of compounds having “a” of 2‘to 10 in the above formula [I],
tetra-n-butylpolytitanate which is a mixture of compounds
having “a” of 2 to 10 in the above formula ([I],
tetra-n-hexylpolytitanate which is a mixture of compounds
having *“a” of 2 to 10 in the above formula [I], and
tetra-n-octylpolytitanate which is a mixture of compounds
having “a” of 2 to 10 in the above formula [I], and a condensate
obtained by reacting tetraalkoxytitanium with a small amount
of water. Among them, preferred is a titanium compound having

“a” of 1, 2 or 4 in the above formula [I], and particularly

preferred is tetra-n-butoxytitanium, tetra-n-butyltitanium
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R7 (RB2Si O)"Si R93, and (R102SiO1,, 10 wherein R5 is

a hydrocarbyl group having 1 to 20 carbon atons; R6,

R7, R, R9 and R10 are independently of one another a

hydr ocar byl group having 1 to 20 carbon atons, or a
hydrogen atom t is an integer satisfying 0 <t c 4,

uis an integer of 1 to 1,000;gnd v is an integer of

2 to 1,000. 15 Exanples of the organosilicon conpound

are tetranethoxysil ane, dinethyl di met hoxysil ane,

tetraet hoxysil ane, triethoxyethylsilane, . .
di eCABRYdi SFhyiiddaRePubY HoddAiiugt Hiatdiargse, Those titanium

tetrai sopropoxysi | ane, diisopropoxydiisopropyl sil ane,
20 COTPAPIEPIRYRT H8S i BrOPURGrpPBEY SiP difemore thereot.

tetrabut oxysi | ane, dibut oxydi butyl si.l ane,

dicyclopeﬁ%@?’ ?%ﬁﬁsfg?léﬁ e %F%ﬁhﬂi&}dFBﬂéﬁ?ﬁ?PPﬁn@Ee those
cyc [ ylsilan henoxyt ri et hyl si | ane,

oL e b T O oL R R Ty Ve G L &2
hexamnet hyl di si | oxane, hexaet hyl di si | oxane,
hexapr opyl di si |l oxane, octaethyltrisiloxane, 11

di met hyl pel;ysktqxane, di phenyl pol ysi | oxane,

met hyl hydr opol ysi | oxane and phenyl hydr opol ysi | oxane.

Among t heny (pr,ef @y jsed®d, saa8 al koxysi | ane conpound
represented by the above fornula, Si(OR5)tR69 t,
wherein t (R$%sbopseferably an integer satisfying 1 <t
< 4, and nore preferably 4 (nanely, tetraal koxysil ane
compound). Tetraethoxysilane is the nost preferable
conpound.

wherein R® is a hydrocarbyl group having 1 to 20 carbon atoms;
RS, Ru Rﬂ R? and R are independently of one another a
hydrocarbyl group having 1 to 20 carbon atoms, or a hydrogen

atom; t is an integer satisfying 0 < t = 4; u is an integer

of 1 to 1,000; and v is an integer of 2 to 1,000.

Examples of the organosilicon compound are
tetramethoxysilane, dimethyldimethoxysilane,
tetraethoxysilane, triethoxyethylsilane,
diethoxydiethylsilane, ethoxytriethylsilane,
tetraisopropoxysilane, diisopropoxydiisopropylsilane,
tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane,
dicyclopentoxydiethylsilane, diethoxydiphenylsilane,
cyclchexyloxytrimethylsilane, phenoxytrimethylsilane,
tetraphenoxysilane, triethoxyphenylsilane,
hexamethyldisiloxane, hexaethyldisiloxane,

hexapropyldisiloxane, octaethyltrisiloxane,




The above organomagnesi um conpound may be any conpound
contai ni ng a nmagnesi um car bon bond therein. The

or ganomagnesi um 10 conpound is preferably a Gignard
conmpound represented by the followng first fornula,

or a di hydrocar byl magnesi um represented by the
follow ng second fornula: RL1IMg¥3, and 15 R12R13Mj,
wherein R' is a hydrocarbyl group having 1 to 20
carbon atons; X3 is a halogen atom and R12 and R13
are lnd%PendentL of each other a hydrocarbyl group
hav?ﬁ@ﬁﬁ.X%?QéyséiP%ﬁﬂ$“atons. Anong 20 thehenwbip@lysiloxane,
preferred is a Gignard conmpound, and particularly

pr elf‘%?f?%ﬂwldsmaoas%%qweoﬁng PR PR roprpBEhtPtanean
ether, in__order to obtain a polynerization catalyst

having a §883¢ shAfFE: E%Sﬁﬁf@%EoFstiﬂ ROHFd RS geapound
o o e A YA S vando B Sk bR S8 oue et 19
o o P B el Be & PBOrY Bt i more
Lorbedtiadoll2 07 OUBnaiflf SOBIM: ALOWRY AN UsBuna) .

an octyl group, a hex group, enyl gro
andreéx ReREKkyS! Ok iEhener 4anoRYIesLUM CO &, may

be used as its conplex soluble i n a hydrocarbon

sol vent, whé CiboeenPlncaagnbei ePl-3pednd %a@béealﬁﬁl L:Blgpound

t he organomagnesi um conpound with an organoneta

conpoured ndugh negyniebatmofa tion HWhd the rAinQIThéb r a%aRRL8Ss i um
of the above ester conpound are nonocarboxylic acid

10 estermpoamd polpyedebaxly iacCaijrth ek tensourdiTesgré fieed by the
preferred are unsaturated aliphatic carboxylic acid
estitldowing first formula, or & dihydreocarbylmagnesium

represented by the following second formula:

R™Mgx3?, and

15 RR'’Mg,

wherein R is a hydrocarbyl group having 1 to 20 carbon atoms;

X’ is a halogen atom; and R'? and R!? are independently of each
other a hydrocarbyl group having 1 to 20 carbon atoms. Among

20 them, more preferred is a Grignard compound, and particularly
preferred is a solution of a Grignard compound in an ether, in
order to obtain a polymerization catalyst having a good shape.
Examples of R', R™ and R' are an alkyl group having 1

to 20 carbon atoms, anaryl group, an aralkyl group and an alkenyl

25 group, such as a methyl group, an ethyl group, a propyl group,

anisopropyl group, abutyl group, a sec-butyl group, atert-butyl
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10 such as nethacrylic acid esters and nal eic acid
esters, or aromatic carboxylic acid esters such as
phthalic acid esters, and particularly preferred are
phthalic acid dial kyl esters. Specific exanples

t hereof are saturated aliphatic carboxylic acid
esters, unsaturated aliphatic cpyboxylic acid esters,
15 allcycllc carboxylic acid esters, and aronatic
carboxylic acid esters. Mire speC|f|c exanpl es
thereof are nethyl acetate, ethyl acetate, phen
acePEP®r Mt Hy1oFWpidsAEPe. 2 ePPFL VIR o@@t@CtﬁﬁhﬁFOUPr a
but%rate eth val erate, ethyl acrylate, nmethy

I
AT e eﬁﬁwpfbéhf&&fl@l %{R‘iﬂ a@@n?oﬁ?‘ézy%&’%%ﬂp
20 | uat t ol uat t
sucgsng?e$h I@%Pﬁpggﬁ%%ﬁﬂ%F8m¥ﬂF5Fﬂ§?k%h?% ifﬁ 1ts complex
d b hyl di b
' %y4bl@glg%ﬁﬁafdroc% ggﬁl siyolvg?uaggkzétch cI:o u%%ét(ﬁaq lge o%’talned

Bm lﬁg: rga:ag*t 1&?“@?}@3@:8EH%H$% ﬁg%rgunc?'ﬁméht %%loartganometal

25 dbiSORIORYERP AL, ﬂa ngbuty| apht haya
di i sobutyl ph?h§§2?L deenfy Qpﬁ?hgﬁagg n hexyl

pht hal at egx \gplég oR-tRPiNSvPBEPAL 3bRpodha @r@%&{ocarboxyllc
pht hal at e, I (2-ethyl hexyl) phthal ate, diisodecyl

pht hed it estefh cyad opeiytaphdhaliat eacind dépdhenyl among them,
pht hal ate. Each of the above organosilicon conpound,

ti tereflenred @erpatsstardteestadi phatpoussrbaxyirief acahbl gsters
conbined wwth a solvent. Exanples of the solvent are

al i phedt iss medhecaybonsaciglicistag shendmeg ldieptaarid, esters, or
octane and decane; aromatic hydrocarbons such as

t ol FATE tARACKSRLHELL Cap ¢ 1Y @ISEE TS IBpdhosathéhe Lincir ias esters,

cyclohexane met hyl cycl ohexane and
and particularly preferred are phthalic acid dialkyl esters.

Specific examples thereof are saturated aliphatic carboxyiic
acid esters, unsaturated aliphatic carboxylic acid esters,
alicyclic carboxylic acid esters, and aromatic carboxylic acid
esters. More specific examples thereof are methyl acetate,
ethyl acetate, phenyl acetate, methyl propionate, ethyl
propionate, ethyl butyrate, ethyl valerate, ethyl acrylate,
methyl methacrylate, ethyl benzoate, butyl benzoate, methyl
toluate, ethyl toluate, ethyl anisate, diethyl succinate,
dibutyl succinate, diethyl malonate, dibutyl malonate,
dimethyl maleate, dibutyl maleate, diethyl itaconate, dibutyl
itaconate, monoethyl phthalate, dimethyl phthalate, methyl
ethyl phthalate, diethyl phthalate, di-n-propyl phthalate,
diisopropyl phthalate, di-n-butyl phthalate, diiscbutyl

phthalate, dipentyl phthalate, di-n-hexyl phthalate,
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10 decalin; and ether conmpounds such as diethyl ether,

di -n-butyl ether, diisoanyl ether and

tetrahydrofuran. A tenperature of the above reduction
reaction is usually -50 to 70C, preferably -30 to

50cC, and particularly preferably -25to 35C. Atine
thereof is not particularly limted, and 15 it is

usual |y about 30 minutes to abodf 6 hours. The

reduction reaction nmay be foll owed by heating at 0 to
120C. The solid material prepared in the above
red@étRoReri¥act i onphilabetesuppor t ed-mroatydar ri erplsticdlate,
as a porous inorganic oxide and a porous organic

pol Yhef ~etelheaydi er maythel&tfown 2Gliisctheyart. phthalate,
Exagples of the carrier are inorganic oxides such as

Si 021 AT HEX N BN R bRt A zddphennd BYihakets - such as

pol ystyrene, . a styrene-divinyl benzene copol yner, a
styrene-egﬁfpeﬁg dififc AL enetvadpry L bt e opoigaid, titanium
tQXA acryl at e, po%%pthgl,acr¥late, a methyl 25
acryl & e-ocllvai‘rh%//leose e EGPBHy i r PXpbiiARthyfombined with a

met t net hyl,_.net hacry] at e- di_vi nyl benzene
Cop?)?ﬁ%lj}? ‘i:Bi(am (Jj f/a%?yﬁhoenisf)?ivie%% e allpﬂgtlc hydrocarbons
acryleni t4d | gdiyvinyl benzene ol yner,,, pal yvi nyl ,
chl ori de, polﬁetﬁ%fedﬁ an?g'poﬁgg?g%yﬁgﬁe.gi%%%%'tﬁ%ﬁ?ﬁtlc
Pr eh@af&chrrondn QRN G POl YiRlene ar}aqlcpar%y‘l%%lea;rl Yalicyclic
preferred is a styrene-divinylbenzene 5 copolyner or

an Bgdydeitdonis! eswini Byl ZIH_ x6RRO! W@cﬁj‘yll:pcgélg&aﬁeo and
support effectively the solid material on™ a carrier

10t hedeeaXimr ahastacpaidnpoahtstuweh £ aieeapl vtherd GBLGuty1
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or nore, and nore preferably 0. 4 cnB/g or nore, in a
por ethewi ¥sisokmPD ¢tthe20@ndntetratatdrefatahhe above
pore volune is preferably

A temperature of the above reduction reaction is usually
-50 to 70°C, preferably -30 to 50°C, and particularly preferably
-25 to 35C. A time thereof is not particularly limited, and
it is usually about 30 minutes to about 6 hours. The reduction
reaction may be followed by heating at 0 to 120C.

The solid material prepared in the above reduction
reactionmay be supported on a carrier such as a porous incrganic
oxide and a porous organic polymer. The carrier may be known
in the art. Examples of the carrier are inorganic oxides such
as 8i0z, Al,03;, Mg0Q, TiO; and Zr0O,; and polymers such as
polystyrene, a styrene-divinylbenzene copelymer, a
styrene-ethylene glyceol dimethacrylate copolymer,
polymethyl acrylate, polyethyl acrylate, a methyl

acrylate-divinylbenzene copolymer, polymethyl methacrylate,

a methyl methacrylate-divinylbenzene copolymer,
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10 35% or nore, and nore preferably 40% or nore,

provided that a pore volune in a pore radius of 3.5

to 7,500 nmis 100% The above organosilicon conpound

is used in an amount of usually 1 to 500 nol,

preferably 1 to 300 nol, and particularly preferably

3 to 100 mol, in terms of an ampynt of 15 silicon

atons contained in the organosilicon conmpound, per nol

of titaniumatoms contained in the titani um conpound

used. The above organonagne3|un1confound is used in

an ERBUAtTrYBInifgdarly 0. 12R0 10 ABFYPrdrédgppyvinyihepzene
5.0 nol, and particularly preferably 0.5 to 2.0 nol

in CEPALYBIT4 he RRBHNLNYD of “RAGAEIFUM atH?Hfé’eEBh%%ﬁ%ed and

in th anonagnesi um conpound _ use
t ot BPTBTPI hel ifouRteB? S 'cé’ﬁeﬁﬁﬁﬁ%‘? Jc‘gﬁPaPﬁ%lmr% RGrgMer

| d d th t .
R P %ﬂ?gi”%%?%wet aglﬁ. tafmla lf%&ﬁﬁ@awylbemne
d th the tit
25 CBRROUNGE i T Sohy BaHaghoar T warsoana sraollz.
r espect | VellryorHE'?dtc?%%%ng@t @fsescce'lk,g#ga{@ U310 material on

conponent contal ns magnesi um 1 I n an anopunt

usugldyrrli 0 Bl BREridF ﬁggraa;%ﬁ’e S0l @bt ﬂ]@fer@ﬂgy 0.3 cm®/g

part|cularly preferably 4 6 nol, per of
titaRikihe a&:@df&o%@rﬂ@f@@gblﬁ ot he®okidk ﬁ@félJ ¥8ta pore radius
conmponent. The above ester conpound is used in an

anoufit 20k oUst@niy A 2a0i0%ft 0hd GRokelporey ebRimbliy grelferably
to 60 nol, and particularly preferably 0.2 to 30 nol,

10per 368! o 0fmolriet, amidimoakopse rorbaynelk ornméte, pirbahdednthat a

conpound used. The solid material obtained by the
abopereevubinonn pepetrt orpdigisusfiably weparap edn frorh0Q% .

reaction mxture, and then,
The above organosilicon compound is used in an amount

of usually 1 to 500 mol, preferably 1 to 300 mol, and

particularly preferably 3 to 100 mol, in terms of an amount of

15 silicon atoms centained in the organosilicon compound, per mol

of titanium atoms contained in the titanium compound used.
The above organcomagnesium compound is used in an amount
of usually 0.1 to 10 mol, preferably 0.2 to 5.0 mol, and

particularly preferably 0.5 to 2.0 mol in terms of the amount

20 of magnesium atoms contained in the organomagnesium compound

used, per mol of the total of the amount of silicon atoms
contained in the organcsilicon compound used, and the amount
of titanium atoms contained in the titanium compound used.

Also, the organosilicon compound, the titanium

25 compound and the organomagnesium compound are respectively

used such that a solid catalyst component contains magnesium
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10 i s washed several tines wth an inert hydrocarbon

sol vent such as hexane, heptane and tol uene. The thus
obtained solid material contains trivalent titanium
atons, magnesi um atons and hydrocar byl oxy groups. The
solid material generally has an anorphous structure,

or a very weak crystalline structure, and 15 the

former structure is particularly”%referred. The

hal ogenati on conpound used in the above step (1)

means a conmpound capabl e of replacing the _

hy dra¥c@sbyhoxy agreonp of arstailhedl it thensh| pdemBESFIRL to 31
with a hal ogen atom The hal ogenation conpound is

pr effétlab?yd Rahed Gyer Lyamsdendbof 420 6 oup, $erkd105f tdtanium
elements in the Periodic Table of the elenents, and

mor & 5FEF EPABRIPSA HaY s§ensebipotatd Lokt Groypnknar. 14

el ements. _Wen the solid material contains no

titani um athfbare |eeast epmprandgienueedpousn] apbuat of usually

25 e abovEoh i geRTEaREoN ot CPoap Tl emenpertscularly
For Rerae-{ay i 2 B FERa P fioret i ini on At omegwnained
car bon e ont A GKBRSER Meias et st . “they are ¢he

hal ogon ator | SAis Mol BB ANy s e spanction
pr efrezabl i Gs bl yaedapatid sUbALl XA ELE g%%'téré’, and'then,

Exanpl es of the above are a titaniuma

10zi r denkdtMedl H=ad M @!Jﬂeéiwﬁ@ﬁ@ﬂ%@f@@yd@@@&JIDSB’lvent such

preferred is a titanium atom
as hexane, heptane and toluene. The thus obtained solid

material contains trivalent titanium atoms, magnesium atoms
and hydrocarbyloxy groups. The solid material generally has an

amorphous structure, or a very weak crystalline structure, and

15 the former structure is particularly preferred.

The hélogenation compound used in the above step (1)
means a compound capable of replacing the hydrocarbyloxy group
contained in the solid material with a halogen atom. The

halogenation compound is preferably a halcgen compound of

20 Group 4, 13 or 14 elements in the Periodic Table of the elements,

25

andmore preferably a halogen compound of Group 4 or 14 elements.
When the solid material contains no titanium atom, at least a
halogen compound of a titanium atom is used as the halogenation
compound.

The above halogen compound of Group 4 elements is

preferably a compound represented by the following formula:




Exanpl es of the above R14 are an al kyl group such as a

met hyl group, an ethyl group, a propyl group, an

i sopropyl group, a butyl group, an isobutyl group, a
tert-butyl group, an anyl 15 group, an isoanyl group,

a tert-anyl group, a hexyl group, a heptyl group, an
octyl group, a decyl group and a_dodecyl group; an

aryl group such as a phenyl gro 6, a cresyl group, a

xylyl group and a naphthyl group; an allyl group such

as a propenyl group; and an aral kyl group such as a
benzyl group. Anong them 20 preferred is an al kyl

group having 2 to 18 carbon atons, or an aryl group
having 6 t6 (2B"¢ta¥'ben atons, and particularly

preferred is a linear alkyl group having 2 to 18

carbon atons. Exanples of X4 are a chlorine atom a

brom ne atom and an iodine atom Anmong them

par WREGEER My 1pro@f dreef F5oup 425 chF dr hyir eragivy 1 group having
5Exaqp|es of the hal ogen congound of G oup 4 elenents

17 *r EPrids EATRY K Ffie HBbYESRRP A Bré existaihgmare the

tetrahalide sych_as titaniumtetrachloride, titanium
aﬁb £ i ;

t et PABF o 'd& TN FERT (R 3POHRGe: XantS @ halogen atom;

al kgxyty tanium trihalide_such as. nmethoxytitaniu
trig Féo]%il}e,a rel?rﬁ%?(ﬁ/tslattal\ﬁlfﬁ%ﬁ}? I‘O?C_'ﬁ|b0r<IE dag %gemrabf} 0=bs=

but Qxyg]i“‘tl (a]%[%nmghﬁégg%ggée%ragﬁin?xytd t ani um

trichiori ytitani umtribrom de; and a

dial koxyt iphaRpugs dichald Qﬁovéﬂcgr@%\ Qif'%ﬁei'lﬂ?‘éfi&ﬁ,agiﬂ%onium

di chl ori de, diethoxytitani um dichlor

10di butexydrd anhafh dir¢ Rlcehl d8morll RREAOXYLd A MMM s 5 titanium
di chl ori de and di et hoxytitani um di brom de; and haf ni um

10 soapounds obtai ned by replacing the titani um atom

contained in the above-exenplified titani um conpounds
with a haEmuples ari the above R are an alkyl group such as a
methylgroup,anethylgroup,apuopylgroup,anisopropylgroup,
a butyl group, an iscbutyl group, a tert-butyl group, an amyl
15 group, an isoamyl group, a tert-amyl group, a hexyl group, a
heptyl group, an octyl group, a decj’l group and a dodecyl group;
an aryl group such as a phenyl group, a cresyl group, a xylyl
group and a naphthyl group; an allyl group such as a propenyl
group; and an aralkyl group such as a benzyl group. Among them,
20 preferred is an alkyl group having 2 to 18 carbon atoms, or an
aryl group having 6 to 18 carbon atoms, and particularly
preferred is a linear alkyl group having 2 to 18 carbon atoms.
Examples of X! are a chlorine atom, a bromine atom and
an iodine atom. Among them, particularly preferred is a

25 chlorine atom.

Examples of the halogen compound of Group 4 elements
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Among them nost preferred is titaniumtetrachl oride.

The above hal ogen conpound of G oup 13 or 14 elenents

is preferably a conpound represented by the foll ow ng
formula: 15 M2 R15m cXSc wherein M2 is an at om of

G oup 13 or 14; R15 is a hydrocarbyl group having 1

to 20 carbon atons; X5 is a halpgen atom mis 20 the

val ence of M2; and c is a nunber satisfying 0 < c : m
Exanpl es of the atomof G oup 13 are a boron atom an

al um num atom a galliumatom an indiumatom and a

t ha¥enuppengednpy AfvngheNenfoprefemredai §itemoimirearshplide
or an alum numatom and nore preferred is an '

al uUtHHuM Bt bhardsreteisreslofidere bitfahisn Gesapbignide and
a carbon atom a silicon atom a germaniumatom a

ti nttBhEnde4rPéadt S iondn ARDIIE YIS TaRR B, tﬁF]é?JelrraeedS‘F@ as
a silicon atom a ger, iumatomor a tin  atom .a ,
o RREe R e SrICBRIat ot bR loride,
ex l e, when,M is a.silicon_.ato is.4, and I

or aNETEIty T3 AHR 4 S TLRRASE e ok T R | g e ide and
at O&homgkgp%&% A 33 qelr aRLng éﬁigﬁ @i Al B8na1ide
at om ng em preferred s a Cchlorinme atom

ExaﬁPc%rFS £ tcﬁ‘?ne%%ﬁa:fﬂa%i%e %ﬁcﬁhgi‘id?,m%e%ﬁ%ﬁyi@ténium
met hyl group, an et group, a n-propyl group, an

| SOPFQRWriadd @i BYPox R UKl cHEAYEridd) | S kytitanium
group, an amyl group, an isoanyl group, a hexyl group,

a hepinlorgHeuPand@n AGkWbx gt Othhiumd deBYbmOdOUP addd Bafnium
dodecyl group; an aryl group such as a phenyl
compounds obtained by replacing the titanium atom contained in
the above-exemplified titanium compounds with a hafnium atom.
Among them, most preferred is titanium tetrachloride.

The above halogen compound of Group 13 or 14 elements

is preferably a compound represented by the following formula:
Mlesmmcxsc

wherein M? is an atom of Group 13 or 14:; R*® is a hydrocarbyl
group having 1 to 20 carbon atoms; X° is a halogen atom; m is
the valence of M?; and ¢ is a number satisfying 0 < ¢ = m.

Examples of the atom of Group 13 are a boron atom, an
aluminum atom, a gallium atom, an indium atom and a thallium
atom. Among them, preferred is a boron atom or an aluminum atom,
and more preferred is an aluminum atom.

Examples of the atom of Group 14 are a carbon atom, a

silicon atom, a germanium atom, a tin atom and a lead atom. Among



group, a tolyl group, a cresyl group, a xylyl group

and a naphthyl group; a cycl oal kyl group such as a

cycl ohexyl group 15 and a cycl opentyl group; an allyl

group such as a propenyl group; and an aral kyl group

such as a benzyl group. Anong them preferred is an

al kyl group or an aryl group; qﬁp nore preferred is a

nmet hyl group, an ethyl group, a n-propyl group, a

phenyl group or a p-tolyl group. 20 Exanples of the

above hal ogen conmpound of Group 13 elenents are

t rieriror obefanesd et By b Hl tdiropEPBr shaermanium atom or a tin

et hyl di chl or obor ane, phenyl di chl or obor ane,

cyc@%ﬂ%xﬁmél@ﬁF%dﬁﬁﬁFﬁﬁéd H?ﬁ%ﬁﬁ&PéﬁPo?%@bﬁHh@ tin atom.

met hyl et hyl chl oroborane, trichloroal um num 25

met hy! di cﬁ?%r?ﬁ‘aﬁ“\ﬁ’ﬁﬁnuﬂ?e‘é%yf‘ﬂl%rﬂlérlﬁﬁpuﬁ??f&mm is 4, and ¢
rﬁsr‘%/Idlchloroalﬁmnum cycl ohexyl di chl or oal um num 19

hYFERT B dnPhuft di et hyl chl or oal uni num

nethyleth num

| chl |
5 s ol B THE LR P gﬁ?c%efée%aéneg%% i R a5 2

te{h%“aﬁg%?%%%*gzﬁﬁ SIS OQAL W, cererrea 1s o

% Id59P$orogaII|un1 dlnethylchlorogallium
ert | chl'orogal lium indium chloride, indium

trl chl 0r'ﬂ§am Shylei g WP CRI0E &l eyn a@H?DYéfcMH 4dkh as a
di chl ori de, met hyl i ndi um chl oride, thallium

chlgadga, gEB@#J'dﬂTEEﬁyErﬁﬁHUpdea iyt hakblip)Man isopropyl
di chl oride, 10 phenylthalliumdichloride and

10 di ngtdug,t hahtbutplchkoup desn asdbuecppaungs abtaiyiedrbyp, an
replacing the chlorine atomcontained in the
abovesagmydnptodp,.ed texnpogmdspwia heptyl wooupe @t emtyd group,

a decyl group and a dodecyl group; an aryl group such as a phenyl
group, a tolyl group, a cresyl group, a xylyl group and a
naphthyl group; a cyclealkyl group such as a cyclohexyl group

15 and a cyclopentyl group; an allyl group such as a propenyl group;

and an aralkyl group such as a benzyl group. 2Among them,
preferred is an alkyl group or an aryl group; and more preferred

is a methyl group, an ethyl group, a n-propyl group, a phenyl

group or a p-tolyl group.

20 Examples of the above halegen compound of Group 13
elements are trichloroborane, methyldichloroborane,
ethyldichlecroborane, phenyldichloroborane,
cyclohexyldichloroborane, dimethylchloroborane,
methylethylchloroborane, trichloroaluminum,

25 methyldichleoroaluminum, ethyldichloroaluminum,

phenyldichleoroaluminum, cyclchexyldichloroaluminum,



brom ne atom or an iodine atom Exanples of the above

hal ogen conpound of Goup 14 15 elenents are

tetrachl oronet hane, trichl oronet hane,

di chl or onet hane, nonochl or onet hane,

1,1,1-trichl oroethane, 1, 1-dichloroethane,

1, 2- di chl or oet hane, 1,1,2,2-tei achl or oet hane,

tetrachl orosilane, trichlorosiftane,

met hyltrichlorosilane, 20 ethyltrichlorosil ane,
n-propyltrichlorosilane, n-butyltrichlorosilane,

pheayhé th hihdposk Lanieyun,benzyl t ri chl oddskhghehloroaluminum,
p-tolyltrichlorosilane, cyclohexyltrichlorosilane, .

di chéonplsitranehlones hgnidiveh| oreddivilaheninum  sesquichloride,
et hyl di chl orosi | ane, 25 di met hyl di chl orosil ane,

di phehyiwi cliindessile anedalldwrhy fbemyardiden! of b5FiFegallium,
monochl or osi | ane, 20 trimethyl chl orosil ane, . .

t ri PRyl EhdeserrAhEIm, t et r achl or oger f&RELdichlorogal livm,
trichl orogermane, _nethyltrichloro

5 v 1 um, O TR ichlorogallium,
et hPPERY thl BrEGEFARRET™ phenyl tri cHTrPOGEY hHEhe"

di chl , S dinmethyldi¢h .

i cOHPT TP ERER hbhE | AT SRORYY H RGP b3 HhHE
??Pgﬁ égﬂﬁgerW§%EUm t%&@?ﬁfgif lor%&ﬁﬁg??ﬁﬁium dichloride,

indium

chi’or oger mane, r1-n-butylch oger nane,
tet NAMIE 8L T chlanl Bng; hloride, thallium
N e

di - pp byt ¥ddi chl OnQLinn £ ri18h1bSoRUL Yledinght BE0Liwn dichloride,
di phenyl di chl orotin, divinyldichlorotin,

10net pybhyiedd 0k aiciphanylkt shedigeehiyDthallium chloride; and

compounds obtained by replacing the chlorine atom contained in

the above-exemplified compounds with a fluorine atom, a

bromine atom or an iodine atom.

Examples of the above halogen compound of Group 14

15 elements are tetrachloromethane, trichloromethane,

dichloromethane, monochloromethane, 1,1,l-trichloroethane,

1,1-dichloroethane, 1,2~dichlorcethane,

1,1,2,2-tetrachloroethane, tetrachlorosilane,

trichlorosilane, methyltrichlorosilane,
20 ethyltrichlorosilane, n-propyltrichlorosilane,
n-butyltrichlerosilane, phenyltrichlorosilane,
benzyltrichlorosilane, p-tolyltrichlorosilane,
cyclohexyltrichlorosilane, dichlorosilane,
methyldichlorosilane, ethyldichlorosilane,
206 dimethyldichlorcsilane, diphenyldichlorosilane,

methylethyldichlorosilane,

monochlorosilane,
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di chl orol ead, nethyl chl orol ead and phenyl chl orol ead;
and conpounds obtai ned by replacing the chlorine atom
contained in 15 the above-exenplified conpounds with a
fluorine atom a bromne atomor an iodine atom
Among them preferred is tetrachlorosil ane,
met hyl trichl orosilane, ethyltrigchlorosilane,
n- propyl trichl orosil ane, n-butgﬁtrichlorosilane,
phenyl trichlorosilane, 20 tetrachlorotin,
methyltrichlorotin or n-butyltrichlorotin. The
hal dgénath vichdorpeihaneés preferably titmimhgnylchlorosilane,
tetrachl ori de, nethyldichl oroal um num
et hfPEFeFt 2 SERRABM tetrachl orosil ane, trichlorogermane,
phenyltrjchlorosilane, methyltrichlorosilane, 25
et hJFERY tHI G dSEPaREmaR pr opyl t ri chl orddiMlafechtorogermane,
tetrgchlfroIng or a conbination of two or nore

P

t hePBBRY L Ui 2 PTOBaF 4%l ar |y preferably tifafitgsogermane,
tetrachloride.qor tetrachl orosilane, fro Vi ewpoi nt
SARE ¥lvcgtc3?q8fogerr%rﬁ/neri zation ¢ ea’f:%’ifi.lc GFermane,

0
o R AN Ao SLRGHL ON 0N . vani PfBcifdupdesnane,

e an ac y dr copol yneri zabi f'PFy°

pol yperiaalien cabalyste,in the pr eSenttrii%\éﬁgiéﬁfmogemane,

Exanpl es of the internal el ectron donor ar

oxyg§D=ﬁIHH€?ﬂ%%mgr§éé¥HJH@) donors such as e{é%%éhh orotin,
ket ones, al dehydes, carboxylic acids, organic aci

est pesShyltalc@gasir6tagj d esters, organi ¢ achde M Heh1okBtin,

i norganic acid am des and acid anhydri des; and

ni t dbgertydaetitcailnkagigl ect ron donors sughnasueyr@iibdcrotin,

amnes, nitriles and isocyanates. Anong them

pr efieriexbudiyd dorhhoratin, diphenyldichlorotin,
divinyldichlorotin, methyltrichlorotin, phenyltrichlorotin,
dichlorolead, methylchlorolead and phenylchlorolead; and
compounds obtained by replacing the chlorine atom contained in

the above-exemplified compounds with a fluorine atom, a

bromine atom or an iodine atom. Among them, preferred is

tetrachlorosilane, methyltrichlorosilane,
ethyltrichleorosilane, n-propyltrichlorosilane,
n-butyltrichlorosilane, phenyltrichlercsilane,

tetrachlorotin, methyltrichlorotin or n-butyltrichlorotin.

The halogenation compound is preferably titanium

tetrachloride, methyldichlorcaluminum,
ethyldichlorocaluminum, tetrachlorosilane,
phenyltrichloresilane, methyltrichlorosilane,
ethyltrichlorosilane, n-propyltrichlorosilane or

tetrachlorotin, or a combination of two or more thereof, and




acid esters and/or ethers, and nore preferred are

carboxylic acid esters and/or ethers. 15 Exanpl es of

t he above carboxylic acid esters of the interna

el ectron donor are nobnocarboxylic acid esters and

pol ycar boxylic acid esters. Mre specific exanples

thereof are saturated aliphatiﬁ nmonocar boxylic acid

esters, saturated aliphatic po }carboxylic acid

esters, unsaturated aliphatic 20 nonocar boxylic acid

esters, unsaturated aliphatic polycarboxylic acid

estéﬁStl%ﬂlaﬂkﬂl c mmfecabbpxyl té¢taciun estersgchloride  or

alicyclic polycarboxylic acid esters, aromatic

non@@ﬁ?'b@k%ﬂq%léép@reﬁfémsa aniewpogmat icf an activity of a
carboxylic acid esters. Preferred are unsaturated

aI|%ﬂéYW?F%ﬁ%Q68%yFﬁEa%ﬁﬁﬁj 25 esters such as

met hacrylic acid esters and nmaleic acid esters, or

aromatic CEFEUXYIE @Perrd darand %{Rﬂ?—’é’él deitol e thei etep (

ers 22 and phthalic acid esters. eci fic_ exanples

st
5?here%f are” ?ﬁﬁtnﬁn é&gﬁﬁPéy ePﬁyIcﬁE% %ﬂ%¥lﬁéﬁéﬁ9FY of a

but ra e, et

netBﬁgryﬁég{?ﬁle%ﬁgthSQZQ oﬁ §¥g)”ﬁ£§enéo§t?%ﬁnlng eq%ctron

tol uate toluate ani sa

SUCGLRA L, b Ci di
di but yl r?xlallggnﬁ gth%:fr%e }F@tf&es'egéggkl’y U Bglﬂ%ﬁylﬁc acids,

dle&f@ﬁnldéé&&%@ﬁé&sCﬂﬂBﬂdéhlb%@QQQ%&%rsa%@gﬁﬂi@@ki&amldes,

acid esters represented by the follow ng fornul

ace t |on eth 0 |onate eth
efE%ah an ng%ﬂ§%§lg y@xghples of

10[ 1 1 IncddhrRE6 OacRd7 amides and acid anhydrides; and
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nitrogen-containing electron donors such as ammonia, amines,
nitriles and isocyanates. Among them, preferred are organic
acid esters and/or ethers, and more preferred are carboxylic
acid esters and/or ethers.

Examples of the above carboxylic acid esters of the
internal electron donor are monocarboxylic acid esters and
pelycarboxylic acid esters. More specific examples thereof are
saturated aliphatic monocarboxylic acid esters, saturated
aliphatic polycarboxylic acid esters, unsaturated aliphatic
monocarboxylic acid esters, unsaturated aliphatic
polycarboxylic acid esters, alicyclic moneocarboxylic acid
esters, alicyclic polycarboxylic acid esters, arocmatic
monocarboxylic acid esters, and aromatic polycarboxylic acid
esters. Preferred are unsaturated aliphatic carboxylic acid
esters such as methacrylic acid esters and maleic acid esters,

or aromatic carboxylic acid esters such as benzoic acid esters




X6 Rls X7 R19 [I1] wherein R16, R17, R18 and R19

are i ndependently of one another a hydrogen atom or a
hydr ocar byl group; and X6 and X7 are 15 i ndependently

of each other a group consisting of hydrogen atons

and carbon atonms, or a group consisting of hydrogen

atons, carbon atons and one or re oxygen atons

contai ned in ether bonds. R16,2 7, R18 and R19 are
preferably a hydrogen atomor a 20 hydrocarbyl group
having 1 to 10 carbon atons, and two or nore
hydﬁagé?WIalQF(ﬁJP(j-@l OF L6, SRITI TR examull 62 OhaByoDare methyl
linked to one another to forma ring;, X6 and X7 are

pr efERERTS, £Hyidr GepEate ouphenyl aretiakeoxymgtioud heag ingate,
1lto go carbon atons; and when an 23 aromatic ring

exi £§ %%h@FOPh%ﬂ?¥he REBY R ugsraye ngebbnkenveleirage, ethyl

t he arogqﬁlc ri may be partially or totally
hy df 6genated™e Ib%*if}%wéaéer@t@é#.h,eamoaés, butyl benzoate,

rep he abqv formula are preferably
5pht'ﬁgﬁ?£f amog)éa A kygftqﬁ'zt er8luakey HtHart | é‘[!ljr%lﬂ%h diethyl
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20

ters whose t

ht h d di
pregfégg%%ﬁg ha%%bgtail sé§%%¥ %ﬁ%ﬂﬁ%lWF%QHﬁéﬁv dibutyl

Ex of t al |d derlv ti.ves are ,
dlﬁg?kgﬁmﬁhtha 2}2H5P h% ?g et’hy| ﬁﬁf 4l at® Legitgr hyAiethyl

pht hed dritedi - ArRIQRY te r ,
phthalate,edl nlbutyl ph§¢§4gﬂ§a ﬁ%%% 9?§| acid esters

pht hep aisentdbpeptotle Fathal ot f@'rmﬂlgleﬁlylll phthal ate,

di - n- heptyl phthal at e, diiso eptyl pht ate,
R™® o
17
R «6
R18 Y
R19 (111

wherein R'®, R, R'™ and R' are independently of one another
a hydrogen atom or a hydrocarbyl group; and X and X’ are
independently of each other a group consisting of hydrogen
atoms and carbon atoms, or a group consisting of hydrogen atoms,
carbon atoms and one or more oxygen atoms contained in ether
bonds.

R'®, RY, R' and R! are preferably a hydrogen atom or a
hydrocarbyl group having 1 to 10 carbon atoms, and two or more
hydrocarbyl groups of R*®, R, R and R'® may be linked to one
another to forma ring; X% and X7 are preferably a hydroxyl group

or an alkoxy group having 1 to 20 carbon atoms; and when an
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di -n-octyl phthal ate, di(2-ethyl hexyl) phthal ate,

di - n-decyl phthal ate, diisodecyl phthalate,

di cycl ohexyl phthal ate, di phenyl phthalate, and

phthalic dichloride, and a 15 conbi nati on of two or

nore thereof. Anong them preferred is diethyl

pht hal ate, di-n-propyl phthalatﬁﬁ di i sopr opyl

pht hal ate, di-n-butyl phthal ate,” or diisobutyl

pht hal ate. Exanpl es of the above ethers of the

internal electron donor are dialky ethers, cyclic

et heF en&ihi Ching exHet eflory Ehatthe 8 cRipoards neaviengent ring,
| east one ether bond (-COC) in their rings, and

1, 3thF RS ICEX g I ey B PRECHbove odi APkl EY Herdsogenated.
di met hyl et her, dLethyJ et her, di-n-propyl ether,

di i sopr opyleethdrlicqicifl gativateiifer represstedypy the above

th thyl - n- | eth 5 met hyl -n-butyl et her,

ct NGTERG GT BEHAR=d i chebie y Pt AorLishaeRetid and
xyl, et her th referred.is 24

S e e T

" di bt ¥h o, BtHELS JQr. " but y] " Exanples of t

abovh aytt £ EoREHE ST Y K M DRE BT AEOR proy o Eransies

oxi g, c£&1 BREAY] £Ne, 0X] de 1 £1i3RYdr QL Ur
2,5-dinethggytetrah@drofu?%ﬁ%&?g?¥aﬁ§§rég§Fgﬂg% phthalate,
hexaomthy| eRgyoXigienala3edi 0xenana, bndrsi @neq; n- 1
1, 4- di oxane, X,B}%?onlaﬁe, 2-nethyl%1,3-dioxolaﬁe? propy
2, Zprciatalgl, - 1d 8t shgpeplyanephihaeiday! - 4i 3ndhaxal apRthalate,
2,4-di nethyl -1, 3-di oxol ane, furan, 2,5-dinethylfuran

10 anddiliGoput il ox giehadabag t kidgenpyef epheHadsies CYyCHi 6n~hexyl
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ethers containing at least one -COCOGC bond in
t hethrthalage, di-n-heptyl phthalate, diischeptyl phthalate,

di-n-octyl phthalate, di(Z-ethylhexyl) phthalate,
di-n~decyl phthalate, diisodecyl phthalate, dicyclohexyl
phthalate, diphenyl phthalate, and phthalic dichloride, and a
combination of two or more thereof. Among them, preferred is
diethyl phthalate, di-n-~propyl phthalate, diisopropyl
phthalate, di-n-butyl phthalate, or diisobutyl phthalate.

Examples of the above ethers of the internal electron
donor are dialky ethers, cyclic ethers which are heterocyclic
compounds havingat least one etherbond (-C-0-C-) intheirrings,
and 1, 3-diethers.

Examples of the above dialky ethers are dimethyl ether,
diethyl ether, di-n-propyl ether, diisopropyl ether,
di-n-butyl ether, diisobutyl ether, methyl-n-propyl ether,
methyl-n-butyl ether, ethyl-n-propyl ether, ethyl-n-butyl

ether, and methyl cyclohexyl ether. Among them, préferred is



Exanpl es of the above 1, 3-diethers are those

represented by the following formula [I11]: H IR 20 H
R22-0-CC~OR23 [I1l] 15 H R21 H wherein R20, R21,

R22 and R23 are independently of one another a Cl-20

I'i near al kyl group, a branched al kyl group, an

alicyclic alkyl group, an aryl group or an aral kyl

group, and R20and R21 20 nay be 4*ndependently of each

ot her a hydrogen atom and may be |I|inked to each

other to forma ring. Exanples of the 1,3-diethers

r eprésanbetybythhe, atidvd if bereizafddd Fefeered to as “dibutyl
2, 2-diisobutyl -1, 3-di net hoxypr opane,

2- | S6peEpYyPr 2Mhwopestyert ; 3- di met hoxypr opane, 25

2, 2-bi s(cycl ohexyl net hyl ) -1, 3-di net hoxypr opane,

2- i sopr opyi*aRP3e7_ofi B Aot §Yclic3ethenst horypropane, oxide,
2,2-diisopropyl -1, 3-di net hoxypropane,

. BEEPELTIE o Etithexyt HEXHPLERSs. dsehoxystsphneroBiran,
2,2édic - di. met hoxypr opane,

cl ohexyl -1,3 :
52-'308F b??gkﬁ%%5§ﬁﬁ?9Vg¥?%¥ﬁﬁnnethoxypropané?trahydIOPYrane,
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2, 2. di.i oyl -1, 3- di_nmet hoxypr ne, ‘
2 2}%%{%1?1%%@)1%63 di n%’flh?(;eXypr oB]a?Fg,%loxepane' t,3-dioxane,

2-i sopL - 2-cycl ohe -1, 3-dinmetho r opane 0.
2-i§6gr§g%*%%%fczclogéﬁ¥éﬁqﬁéi§pgfneth§¥%ﬁggﬁgﬁ%{}_dlox°1a“e'

2, 22dbeyehopgntYl, sLas dinpihoxypropang, and, , 5 ;.

2-hepty|72-pentyr-l,3-d|nefﬂoxypropanefegﬁ lal'3 dioxolane,

conbi, nadimdt A1 -1t Bod O xR, t hef £91 2,5-dimethylfuran and
s-trioxane. Among them, preferred are cyclic ethers containing
at least one -C-0-C-0-C- bond in their rings.

Examples of the above 1,3-diethers are those

represented by the following formula [III]:
H R H
R22~—0—¢~——(JT‘,—¢——O—R23 iy
H R H

21

wherein R*®, R®!, R®* and R?® are independently of one another

& Ci-20 linear alkyl group, a branched alkyl group, an alicyclic
alkyl group, an aryl group or an aralkyl group, and R?® and Rr?
may be independently of each other a hydrogen atom, and may be
linked to each other to form a ring.

Examples of the 1,3-~diethers represented by the above
formula [III] aré 2,2-diisobutyl-1, 3-dimethoxypropane,

2-isopropyl—Z—isopentyl—l,3—dimethoxypropane,




The organic acid halide used in the step (1) is 15
pref erabl y nonocar boxylic acid halides or
pol ycarboxylic acid halides. Exanples thereof are
al i phatic carboxylic acid halides, alicyclic
carboxylic acid halides, and aromatic carboxylic acid
hal i des. Specific exanpl es theggpf are acetyl
chl oride, propionic acid chlori butylic acid
chloride, 20 valeric acid chloride, acrylic acid
chloride, nmethacrylic acid chloride, benzoic acid
chl ord-dd,s (cgbldkexcint tol or i d&;diasitbosypaepaheashl ori de,
succinic acid chloride, malonic acid chloride, nmaleic
aci 4 id@sicaerté; 2'r3,awﬁn@tbizil@icmﬂ{.iSdéimaﬁldownmahe,
acid chl oride. em preferred are aromatic 25
noﬁbé%FBéﬁ?PF@Ph%ﬁH%EﬁP@FFH@%&B&RH@H&S benzoi ¢ acid
chloride and toluic acid chloride, or aromatic
ééﬁﬁﬁ%ﬁpp§la%l?VQ&?he&V&ﬁ?B?¥H€%3sﬁéﬁe%%°¥ﬂﬁqﬁﬂape'

aC| di chl ori de, rther referred are aromatic

5 di cégrzo&%ﬁyf:i oREF ¥ ¢ 3‘1 CRPSTE LK YEFR®2 Gar ti cul arl y

preferred is.p thall ci d, di hI ride. The step (1) is
ca‘rsgrl ec?pgﬁpyﬁsga 3P4 Pﬁa?ﬁ - At WESTREFEPBPP % ran | ner t

| f d
o HonL A TRE Lifeser Mo oRn IR the hal ogenat i on
CO@Wp@BQyW? 3{}:‘1%&%&% %n donor and/ or

organic acid halide are t omnng (1) to (10):
(1)2-addichep 1 hal Qganmkon- posm%qhaﬁgp%barrg ernal 10

el ectron donor to a solid material in an optiona

10 or dBriscpZbpatd Ngy A dpahegennl 3 - me@RPRYBELEINE ,an
organic acid halide to a solid material in an

optd,aralicgrilepent(yd)-1addHnge thadypiropenef a hal ogenati on and
conpound, an

2-heptyl-2-pentyl-1, 3-dimethoxypropane, and a combination of

two or more thereof.
The organic acid halide used in the step (1) is
156 preferably monocarboxylic acid halides or polycarboxylic acid
halides. Examples therecf are aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides, and aromatic
carboxylic acid halides. Specific examples thereof are acetyl
chloride, propiconic acid chloride, butylic acid chloride,
20 valeric acid chloride, acrylic acid chloride, methacrylic acid
chloride, benzoic acid chloride, toluic acid chloride, anisic
acid chloride, succinic acid chloride, malonic acid chloride,
maleic acid chloride, itaconic acid chleride, and phthalic

acid chloride. Amcong  them, preferred are aromatic

25 monocarboxylic acid chlorides such as benzoic acid chloride

and toluic acid chloride, or aromatic dicarboxylic acid
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internal electron donor and an organic acid halide to

a solid 15 material; (4) adding a m xture of a

hal ogenati on conmpound and an internal electron donor,

and an organic acid halide, in an optional order, to

a solid material; (5) adding an internal electron

donor to a solid 20 material, 3 d then, adding a

hal ogenati on conpound t hereto; %6) addi ng an interna

el ectron donor to a solid material, and then, adding a

hal ogenati on conmpound and an internal electron donor

t hedétbl oniglemn epthonad qhdérlivhesecidy dibeléotdeer further
internal electron donor or the latter internal 25

el epretrrdohorrd samditiiicoddcbybaxtger; {7A)d atfdihigrades, and
internal electron donor to a solid 27 material, and

t heR2rabeiiag la rirrferecdfisarhahabenatdichdéohpouite. and

an internal electron donor thereto, wherein the forner

i nternal &PBCIYTh (dbricr coFr ik orhtBIalilyt BF @l atmosphere of
electron donor is additionally added; 5 (8) adding a

sol PO Thsdr PaF SH &R Hiktockal a@l‘ é‘(’FQPBn ’ifd%’&lest of ¢n order
as8 egcatﬁ{&?%};?fgﬁ 30 PR ey Rat dgher (e odend son
ndde PP B TRE Vs “agﬂel?%té-‘?ﬁglOSC?S?‘%%HWO%%C acid
ol R eI 8L R dore orders (1)

to (10) myfbsdﬁ%é_;oz@eplapag&{geu% as%suﬁ&eaﬁdosn internal

addi ng a hal ogenat1 on conpound or m xt ure of
electron donor to a solid material in an optiocnal order;

{2) adding a halogenation compcund and an organic acid
halide to a solid material in an opticnal order;

(3) adding a mixture of a halogenation compound, an
internal electron donor and an organic acid halide to a solid
material;

(4) adding a mixture of a halogenation compound and an
internal electron donor, and an organic acid halide, in an
optional order, to a sclid material;

{5) adding an internal electron donor to a solid
material, and then, adding a halogenation compound thereto;

(6) adding an internal electron donor to a solid
material, and then, adding a halogenation compound and an
internal electron donor thereto, in an optional order, wherein
the former internal electron donor or the latter internal
electron donor is additionally added;

{7) adding an internal electron donor to a solid



a hal ogenati on conpound and an internal electron
donor. 15 Anong them preferred is the order (2); the
order (4); the order (4) followed by one or nore
steps of adding a m xture of a hal ogenati on conpound
and an internal electron donor; or the order (7),
wherein the second step of addigg a mxture of a
hal ogenati on conpound and an inft'ernal el ectron donor
may be 20 repeated. More preferred is the order (4);
the order (4) followed by one or nore steps of adding
a nimgterszbf and thahegeiddhpenmipigpoun aamal careniamt en rampound
el ectron donor; or the order (7), wherein the second
st epndf aaddh tryrre lmiedegk ecnf denothdlhegehat | omecompdured former
and an internal electron donor may be 25 repeat ed.
Par LtREeF2 1 plpFEFer dedorson heeokatdrer( Aytemgiadgedpctron donor
ether as an internal electron donor, followed by the
st epSofddBioaddiliiga@adefixt ure of a hal ogenati on
conmpound and an internal el ectron donor, wherein the
Sinternal &PecPPEHGha°lE Beteiri & 6R bRternal electron
car?o§élic acidlester and an eth;rq and fgrth [ rder:
f ol PBIeE 1y A& L8P MRS CEPROBPY ddtiafy BT hP5d urE 965 a
5 hal ogenat,ion, co upd a n_internal electron _. '
donor . uhare: TS 8 AL 28y LA B S nspahi8pia nattce
et hey,; t 4N C [ i d ter
A
conbi nat i qApPfaR16BTPOXYd fa et h1€SLLnYe i PRI ELPEIN donor
as the second internal electron donor, followed by one
100r BR4eard Bbr5faeRs 8fi@ddiingeat sl XInHI® Rhadi bRl @FRRANHONN an
compound and an internal electron donor, wherein the
i nt ephadnLl eadeen donor is an ether. A nethod for
contacting the solid material, the
The above orders (1} to (10} may be followed by one or

more steps of adding a halogenation compound or a mixture of
a halogenation compound and an internal electron donor.

15 Among them, preferred is the order (2); the order {4):
the corder (4) followed by one or more steps of adding a mixture
of a halogenation compound and an internal electron donor; or
the order (7), wherein the second step of adding a mixture of
a halogenation compound and an internal electron donor may be

20 repeated. More preferred is the order (4); the order (4)
foliowed by one or more steps of adding a mixture of a
halogenation compound and an internal electron donor; or the
order (7), wherein the éécond step of adding a mixture of a
halogenation compound and an internal electron donor may be

25 repeated. Particularly preferred is the order (4) using an

ether as an internal electron donor, followed by the step of



hal ogenati on conmpound, the internal el ectron donor

and/or 15 organic acid halide with one another is not

particularly Iimted. Exanples of the nethod are _

conventional nmethods such as a slurry nethod, and a

nmechani cal Iy pul verizing nethod using a ball mill.

The mechani cally pul veri zi ng od is preferably

carried out in the presence of diluent, in order to

suppress 20 production of fine powders, thereby

obtaining a solid conponent having a narrow particle

si z&dddingt ©i buktere ofthe hbbeeendiigentcompoprdfandalehy internal

inert to the solid naterial, the hal ogenation

conprfifdont Keneat ehareeh eEbe oANt gopRly aiRFided® clajedi ds 2

acid halide. Exanples of the diluent are 25 aliphatic

hy dFFRAFBEAST Sch casP et ndc i hexedre anfAept el targnd further

octane; aromatic hydrocarbons such_as benzene, tol uene

andt 29 °"ef die; °M9 ¢yl PerhyaF BRAr BOngddien 4s mixture of a

cycl chexane,and cycl gpent ane; .and_hal.ogenat e .
5 by drRRa RS OB omPRand BT5. A cin‘GPBas feRe CAH Sonor, wherein

nnntcthEobeggng. Annggnthenl g&gferred are

.Lhe % erna gctron cris a ﬁr; ofr the drder (7) using
al i phati' c "hydr ocar bons "or “aromati ¢ hydrocarbons, 5

m’rf o%&%%ﬁlwsﬁg &%&8 ALQUBLL Gy fi*ﬁ?rﬁgria o\%gagrgléé{rrtoﬂeéonor,

prererre t uene or xyI ene uent Is

useghd Bs By 8 nQf 1 89 Wl d ¥aPrdxytiQ doi DO ML i 8AGn ether
preferably" 1 to 100 nL, per one g of the solid

mat £y ik 8k, sdRMc0Ne &oRhagt ecthbrAdbhdE, 81146 B8ROV or more
contact is not particularly limted, and is

10 pr edmmably 8ddin® Smiautuse &t Manegphef ssmldonpduhe #nd an
hours. Its tenperature is usually -50 to 150C
pr efrereadnlay OledtrchdBo8H r andhefreit higre pnetenableie®d rbo donor
135C.
is an ether.
A method for contacting the solid material, the
halogenation compound, the internal electron donor and/or
15 organic acid halide with one another 1s not particularly
limited. Examples of the.methcd are conventional methods such
as a slurry method, and a mechanically pulverizing method using
& ball mill. The mechanically pulverizing method is preferably
carried out in the presence of a diluent, in order to suppress
20 production of fine powders, thereby o¢btaining a solid
component having a narrow particle size distribution.
The above diluent is preferably inert to the solid
material, the halogenation compound, the internal electron
donor and the organic acid halide. Examples of the diluent are

25 aliphatic hydrocarbons such as pentane, hexane, heptane and

octane; aromatic hydrocarbons such as benzene, toluene and




The above contact is carried out preferably under 15
agitation, in order to maintain a honogeneous slurry
state. Too week agitation may result in insufficient
contact, and therefore, the finally obtained

pol yneri zation catalyst may be insufficient inits
stereoregularity or activity. Too strong agitation

may break the solid conponent oBPai ned. 20 The

hal ogenati on conmpound is used in an anmount of usually

0.5 to 1,000 mol, preferably 1 to 200 mml, and

fur theenepr ef eradlliy 2h{erd&ypmmel , spek o Gvambpéxike and
solid material. The hal ogenati on conpound is used

pr efcgrabbyntanegonbiandt | dizlogehhtéde hptesoatb@iLct EGBL  as
donor, which is used in an anmount 25 of usually 1 to

100 InBHdiphkfmreiblapel. Bndo #wnmehloasiderfasricher Among  them,
preferably 2 to 50 nol, per one nol of the

hal sgehart et acemidnndti30ydThes ibrer ombrehecis bpddonorbons,
is used in an anount of usually 0.01 to 100 mol,

pr ef@E8bl Hr Ot T edo §OC nmaiomagag f hydhesarbonst er abily further
0.1 to 20 mm), per one gramof the solid material.
Thep6re§ﬁﬁ¥%da1cﬁ &OHHPP%IeOIF SY€88-in an amount of

usually 5 o 100, .ol referably 0.3 to 50 mmol ,
and fu%/theT?1 ﬁ%%?%r%ﬂﬁ%fnﬁ BQt%?%ﬂ)lﬁnﬁP amoyntoRé @rgnly 0.1

Py BT ot SR R Bl e
e m atons contained in the
SO|I %%%%? é#ﬁjfggvggﬁﬂ?ﬁ%u|nternal el ectron donor or
100r gani ¢ agj glrﬁ@kbgghe'a%oléé%{]'tgc@rls gér@del% ?rlnﬁnlted

than 100 mml per one gram o the so mat eri al

obt ahBeds sldrd repipanentchavidig A aaarrﬁéféﬂp%te@et:%m 1to 6
may be broken.

hours. Its temperature is usually -50 to 150C, preferably 0

[}

to 140C, and further preferably 60 to 135C.
The above contact 1is carried out preferably under

16 agitation, in order tomaintain a homogeneous slurry state. Too
week agitation may result in insufficient contact, and
therefore, the finally obtained polymerization catalyst may be
insufficient in its stereoregularity or activity. Too strong
agitation may break the solid compohent obtained.

20 The halogenation compound is used in an amount of
usually 0.5 to 1,000 mmol, preferably 1 to 200 mmol, and further
preferably 2 to 100 mmol, per one gram of the solid material.
The halogenation compound is used preferably in combination
with the internal electron donor, which is used in an amount

25 of usually 1 to 100 mol, preferably 1.5 to 75 mol, and further

preferably 2 to 50mol, per one mol of the halogenation compound.




5

10

15

20

25

15 Regarding the step (2): The step (2) washes away
fromthe solid conponent such conpounds as titanium
compounds unfavorable in view of the object of the
present invention. Exanples of the hydrocarbon sol vent
used in the step (2) 20 are aliphatic hydrocarbons

such as pentane, hexane, heptane oct ane and decane;

and aronmati c hydrocarbon sol venf® such as benzene,

t ol uene, ethyl benzene and xyl ene. Anpbng them

preferred is an aromati c hydrocarbon, and nore
preferredThs ihbtuesle @reckybendon?b Exampddsirdfard ount of
hydr ocar bon solvent used in the step (2) are aromatic
hydreeat bioh - 8bkveftlsnsic hpraest erebz grie 05ttal B@nepl 3knd further
et hyl benzene and xyl ene. Anong them preferred is

t ol Bepgeblx )t brie. 2 Thendly dpot @anbosravbyetite isolugethtiemrial .
an anmount of wusually 0.1 to 1,000 niL, and preferably

1 to 100 Ahe perandmreagidhal hée i5 yoed drconpoment, oHersually
one Mfshing. A washing tenperature in the step (2) is
usullt f yt2580P o mmespcPrpt e apl §-d e 340@moandand further

furth f | to 1350C. A hi ti

BB PSPt 80 £, 950C, A VSN LBy pseriar,
bly 1 . 120 m nutes, f ly 2.tg 60

L0l 10l 120 TGS LR BGST BT R K20 8 901 o

Th f ot [ [ N fi .

ncgRRbtg! o108 1ESDI el s SUELLYRSPoof iy crons

I's camdd 8ot pPrefLiakl waboder; agitation, in order to
mai ntai n a honogeneous slurry state. Too week

agi tati onwABy thesthile rind 1l OSdH e &Ho8S HiinidNgkid halide
t heref ore,
is used in an amount of larger than 100 mmol per one gram of

the solid material, the obtained solid component having a

particulate form may be broken.

Regarding the step (2):

The step (2) washes away from the solid component such
compounds as titanium compounds unfavorable in view of the
object of the present invention.

Examples of the hydrocarbon solvent used in the step (2)
are aliphatic hydrocarbons such as pentane, hexane, heptane,
octane and decane; and aromatic hydrocarbon solvents such as
benzene, toluene, ethylbenzene and xylene. Among them,
preferred is an aromatic hydrocarbon, and more preferred is
toluene or xylene.

Examples of the hydrocarbon solvent used in the step (2)

are aromatic hydrocarbon solvents such as benzene, toluene,




15 the finally obtained polynerization catal yst may be
insufficient inits stereoregularity or activity. Too
strong agitation nmay break the solid conponent.

Regarding the step (3): 20 Contact conditions in the

step (3) are the sane as those in the step (1) ,

except that the solid material in the step (1) is

repl aced with the washed solid cPnponent. Regarding

the step (4): 25 Exanples of the hydrocarbon sol vent

used in the step (4) are aliphatic hydrocarbons such

as peritvdbenzhegane] xgépraneindddy thehaAne Fedrd8CaN®oluene or
aromati ¢ hydrocarbons such as benzene, tol uene,

et hytydemegene and xyl ene. Anong t hem preferred is an
aromatic h drocarbon, and nore preferred is tol uene or

xyl ene. %ﬁﬁNﬁFOQ@IWMESh&ﬁ%@tasbanxsmhwanhmueeﬂcﬁwﬁsually
washi ng 5 and a washing tine are sinmlar to those in

t he Qstleﬁo(%bo%ﬁ% ofiedl PIaifevabl naohl 0y nilenper adrer @ of the
S 7oqQ or hi generally 70 to 1501, preferably

90 %5 t#oEem %r €°pr eferdihingeo to 1350C. 10 A
washing is carﬁled out four or nore tines, preferably

five or £1 S FIRG I ADIES frethe a6ED & )x lorusildy -50 to
ti mggc TB?e%%P 1(4?5 FAARNAE, Y. Qeg}l}ggéglagly 60 to 135T,

conponent Suc

unf %V%éhhﬁﬂo&ﬁ{é ki ibhes 8BL gt ol e, pr g;gln'%‘?fi't fgd to

I nventi on re strong

ext @ik rbhabl rletgoiid)}%.ﬂgt%é |t gg%&‘}%ﬁﬁwsl 31280 Ylnutes,

atons In a concentration o tra
10 andfurtherpreferablyEito40nunutes.Thenumberoftheumshing

(o

is usually one to five times, and six or more times if needed.

Thg washing is carried out preferably under agitation,
in order to maintain a homogeneous slurry state. Too week
agitation may result in insufficient washing, and therefore,
the finally obtained polymerization catalyst may be
insufficient in its stereoregularity or activity. Too strong

agitation may break the solid component.

Regarding the step (3):

Contact conditions in the step (3} are the same as those
in the step (1), except that the solid material in the step (1)

is replaced with the washed solid compenent.

Regarding the step (4):

Examples of the hydrocarbon solvent used in the step (4}

are aliphatic hydrocarbons such as pentane, hexane, heptane,




| ower, neasured according to a nmethod conprising the

steps of: (1) preparing a suspension of the
finally-obtained solid catal yst conponent for olefin

pol yneri zation in heptane 20 having a concentration

of 0.1 g-solid catalyst conponent/m -suspension; (2)
heating the suspension at 7000 for 30 m nutes under
stirring; (3) filtering the susﬁ@nsion usi ng, for

exanple, a &4 25 filter, thereby obtaining a

filtrate; and (4) measuring a concentration of

tit avitameatons dddaneponbadvmed d mydreckichbéfiat €uch as benzene,
according to an anal ytical nethod known in the art
suchcdsenn, Wtopbeoaendemsi kyleret.hadoandhen, pfFerred is an
em ssion nmethod. The solid catal yst conponent for

ol effirempbl g erdirpaeiorn, Bnimarseppriesert intehtémnor xylene.
contains preferably chlorine atons as the hal ogen

atons, andcéRparhpEbe draliogasbhnygp lyestipssecdafdtorashing,
but oxy groups as the hydrocarbyl oxy groups. The solid

cat &< eetiuhbite pERE SGrdf AR todiRaRS iy aﬁe Giepi () thRntioned
present invention conprises titaniumatons in an
ampldff¥®10 of 0.1 to 3.0% by wei ght and preferably 0.5

to 2.5% by, wei ght, nmagnesium ato in an anmount of 5
to 30% %y)ﬁ\/\é”iaﬁﬁtm%n%er%re@ﬁécruéﬁl i e GG - WaERHally 70

hal qQge ' nt o to 70%_ Db ight. a
prerer oy agstEe B AL R ot 0E,  nd s KBS B  100 o
groypg@d n an anount of 0.1 to 3.5% by wei ght and
preferably 0.5 15 to 3.0% by wei ght, the total weight

100f the soly gasid gy X§tca&(i'$@0&%‘tf099iJlgmgpg%imés\!‘%@'fte'rably

o

five or more times, and more preferably six or more times.
The step (4) washes away from the solid component such
compounds as titanium compounds unfavorable in view of the
object of the present invention, more strongly than the step
15 (2}, to the extent that the following filtrate contains
titanium atoms in a concentration of 0.08 mg-Ti/ml-filtrate or
lower, measured according to a method comprising the steps of:
(1) preparing a suspension of the finally-obtained
solid catalyst component for olefin polymerization in heptane
20 having a concentration of 0.1 g-solid catalyst
component /ml-suspension;
(2) heating the suspension at 70°C for 30 minutes under
stirring;
(3) filtering the suspension using, for example, a G4
25 filter, thereby obtaining a filtrate; and

(4) measuring a concentration of titanium atcoms
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The solid catal yst conponent for olefin polynerization

may be used for polynerization in a formof its slurry

in an inert solvent, or may be used for

pol ynerization in a formof 20 its fluid dry powder.

Exanpl es of a drying nmethod for obtaining the fluid

dry powder are a reduced-pressugg dryi ng net hod, and

a method conprising the step of “fenoving vol atile

matters contained in the solid catal yst conmponent

under a flow of an inert gas such as nitrogen and

ar geantJheediniyi hige | &l ldarteedacedrddhgat o mrefaerdbt ycdl trethod

200t, and nore preferably 50 to 100C, and for

pr ekepdéblin ghelaro N@hhearan Ehrdptorel plefdtabhytied and an

to 10 34 hours. The organoal um num conpound used in

t he IpF e¥htsidm{erbP@n i s a compound havi ng one or

more al um num carbon bonds in its nolecule, and may _

be a conpdURdEKnGhA2F Rl ¥He carponentEE i et ithee bgfe rdrzat ion
ounds represented by the followi ng formulas,

( o8 pBCTIS, BTS2 o AN KA ATl N SFOEFERRPI0. AR Rsgatons as
10 %ger [ R24 to R28 a i ndependent | o%'one not her

a hylF oRaIBIT" §raly hat nGodt 1o 0 T L i 8o
[ hyd {

or ot SRRy ko fhe BELARC Ry SR 80y p0 .

Exanpl es ef  the ;o Qﬁﬁﬂ}mwﬁ'&ﬁ%?%%ﬂﬂn polymerization

trial kyl al'um nunms such "as triet um num
trihsoet yladdid o e EbReXAl Hf {4Wm atoms in an amount

di al kyl al um num

of 0.1 to 3.0% by weight and preferably 0.5 to 2.5% by weight,
magnesiumatoms in an amount of 5 to 30% by weight and preferably
10 to 25% by weight, halogen atoms in an amount of 40 to 70%
by weight and preferably 45 to 65% by weight, and hydrocarbyloxy
groups in an amount of 0.1 to 3.5% by weight and preferably 0.5
to 3.0% by weight, the total weight of the solid catalyst
component being 100% by weight.

The solid catalyst component for olefin polymerization
may be used for polymerization in a form of its slurry in an
inert solvent, or may be used for polymerization in a form of
its fluid dry powder. Examples of a drying method for obtaining
the fluid dry powder are a reduced-pressure drying method, and
a method comprising the step of removing volatile matters
contained in the solid catalyst component under a flow of an
inert gas such as nitreogen and argon. The drying is carried out

at preferably 0 to 200°C, and more preferably 50 to 100°C, and

for preferably 0.01 to 20 hours, and more preferably 0.5 to 10




hydri des such as di et hyl al um num hydri de and

di i sobut yl al um num hydri de; dial kyl al um num hal i des

such as 20 diethyl al um num chl ori de; m xtures of
trial kyl al um nunms. and di al kyl al um num hal i des such as

a mxture of triethylalumnum and diethylal um num

chl oride; and al kyl al unbxanes such as

t et raet hyl di al unoxane and tetraﬁﬂtyldialunnxane. Anong
them preferred are trialkylalum nuns, m xtures of 25
trial kylalum nuns with dial kyl al um num hal i des, or

al kybaksroxanes; and particularly preferred is 35
triethylalum num triisobutylalum num a m xture of
triethyl alliwe nopyandal chieuhy| edmpraundm chedr iice, tbé present
tetraet hyl di al unobxane. Exanples of the externa

el edhrent domars us edbripwunbiehabipy egentod moert ednmangr-carbon
oxygen-cont ai ni ng conpounds, nitrogen-contai ni ng
conpouddsin phssphecusecomaimay e acormunnds kagigh in the art.
sul fur-cont ai ni ng conpounds. Anobng them referred

R

areEgiy@bﬁchnﬁquﬁiﬁgecgﬁﬂpﬂymgg pepresented by the following
ni t rogen- cont ai ni ng, conpounds. 10 Exanpl es of the
oxy@céﬁmk&%‘?ﬁai’ﬁ*ﬁsﬁﬁ’cgé

conpounds, ethers, esters and ketones. Anong them
preferred are al koxysilicon conpounds or ethers.
Exanpl es %ﬁﬂ%gﬁga|k0XﬁSi|i00n conmpounds are conpounds
represent ed

Kpoiinds are al koxysilicon

e O owi ng fornul a: 15 R29rSi ( OR30)

4-r mherehpsﬁﬁghjdiﬂaRhMgfpcarbyI group having 1 to 20

10
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carbon atons,

wherein R?** to R?® are independently of one another a hydrocarbyl
group having 1 to 20 carbon atoms; X® is a halogen atom, a
hydrogen atom or an alkoxy group; and w is a number satisfying
2 = w S3,

Examples of the organcaluminum compeound are
trialkylaluminums such as triethylaluminum,
triisobutylaluminum and trihexylaluminum; dialkylaluminum
hydrides such as diethylaluminum hydride and
diiscbutylaluminum hydride; dialkylaluminum halides such as
diethylaluminum chloride; mixtures of trialkylaluminums and
dialkylaluminum halides such as a mixture of triethylaluminum
and diethylaluminum chloride; and alkylalumoxanes such as
tetraethyldialumoxane and tetrabutyldialumoxane. Among them,
preferred are trialkylaluminums, mixtures of
trialkylaluminums with dialkylaluminum halides, or

alkylalumoxanes; and particularly preferred is



on

a hydrogen atom or a hetero atom containing group,

and when 20 plural R29s exist, they are the sane as,

or different fromone another; R30 is a hydrocarbyl

group having 1 to 20 carbon atons, and when plura

R30s exist, they are the sane as, or different from

one another; and r is a nunber satisfying O <r < 4.
Exanpl es of the above hydrocarb@ﬁ group of R29 are a

25 linear al kyl group such as a nethyl group, an ethyl
group, a propyl group, a butyl group and a pentyl

gr oujxieahpi ahahiedmnchai Br8bsotaltylh 1 ghotgm SUCR asm@Rture  of
i sopropyl group, a sec-butyl group, a tert-butyl

gr oup isndydalenimany| wgtbup; daecyldaimkybmgr oupl sticte, or
as a cyclopentyl group and a cycl ohexyl group; a
cycltedlrreblyvldiglomezsneh as a cycl opent enyl group; and

an aryl group such as 5 a pheny group and a tolyl

group. Th&Edppeands teprextanred IsfechecmbdyreSf orgad dn the
are preferably conpounds having at |east one

hy dFEEERBYI gt BIRPIOPD R29rewhi eRYEdmtEinTsiaisgcondemgounds,
or tertiary carbon atomlinked to the silicon atom
10 ERAAPPEY- A4 HE 1 hEL er o CHPBANEGHL ai neRNASRPPRES 3Pt ining

het ero_at om cont ai ni roup of _R29 are an oxygen
at o TR OURTY ¢ ngﬁ?ggf?ﬂ%aﬁﬂFn%toﬁﬁ%ﬁﬁ?qgspho§ﬁﬂﬁiu§hem'

ato es f the hetero atqom.contai nin r ou
ar elygegié%g?%yl amgﬁ(e) gr oﬁé?’geré_%%”t%ﬁﬁlnéfjﬁyl amcg’é}‘%a%@%, or

a diethyLam 09,5Q4Rg Ahgbungshy! - n- propyl amno group,
a di -n-propylam no g?oup, a pyrrolyl group, a pyridyl

109roup, a pEkphkdi Nyt HHUPox gelﬁ’ié@{ﬂaq.)ﬁlingr OlPmpdhinds  are

per hydroi ndol yl group, a perhydroisoindolyl group, a
per hydoe@si o @hPYRAndS, ethers, esters and ketones. Among

them, preferred are alkoxysilicon compounds or ethers.
Examples of the alkoxysilicon compounds are compounds

represented by the following formula:

15

20

25

R?*.81 (OR¥) 4,

wherein R* is a hydrocarbyl group having 1 to 20 carbon atoms,
a hydrogen atom, or a hetero atom-containing group, and when
plural R?%g exist, they are the same as, or different from one
another; R is a hydrocarbyl group having 1 to 20 carbon atons,
and when plural R¥s exist, they are the same as, or different
from one another; and r is a number satisfying 0 = r < 4,
Examples of the above hydrocarbyl group of R* are a
linear alkyl group such as a methyl group, an ethyl group, a

propyl group, abutyl group and a pentyl group; a branched-chain



per hydr oi soqui nol yl group, a perhydrocarbazol yl group,

a 20 perhydroacridinyl group, a furyl group, a pyranyl
group, a perhydrofuryl group and a thienyl group.

Among them preferred are hetero atom containing

groups, whose hetero atomis directly linked to the
silicon atom Exanples of the above al koxysilicon
conpounds as the 25 oxygen-contd®i ni ng conpounds are

di i sopropyl di met hoxysi | ane, dii sobutyl di met hoxysil ane,

37 di-tert-butyl di met hoxysil ane,

t er talylly bEBhH Y4 BB E O YiSich@BBy1 group, a sec-butyl group, a
tert-butyl ethyl di net hoxysil ane,

t er teehttt-pht pi propyl didetthexysh)BBCouS; a cycloalkyl group such
tert-butyl-n-butyl di met hoxysi |l ane,

t er tasapyd yrettdpeindiyired oy shll an@yclohexyl group; a cycleoalkenyl
tert-anyl et hyl di met hoxysi | ane,

t er tgramp| swelprepy [cdiciebboersill gheup; and an aryl group such as
tert-anyl -n-butyl di met hoxysil ane, 10

i soBuPRERE opropy |adidret hokysid g,
tert-butylisopropyl di met hoxysil ane,
dicyc|obut%hq“qﬁﬂ99§%9§iﬁggggsented by the above formula are
cycl obut yl i sopropyl di net hoxysi | ane,
cycPEELEYRPEOBRIPPER ARt )8i dtafgasy mne hydrocarbyl group of
cyc%gbuéét-tert-but | di met hoxysi | ane,

on

di cycl’o ﬁfmqﬂnﬁf&lﬁ @gﬁpgrﬁ%&:\ry or tertiary carbon atom linked
cycl.op yLisopropyl di met hoxysi | ane,
cycfgpgﬁ%y?}éﬁﬁﬁ}ﬁ¥aphethoxysiIane,

10 Examples of the hetero atom contained in the above

hetero atom-containing group of R* are an oxygen atom, a
nitrogen atom, a sulfur atom and a phosphorus atom. Examples
of the hetero atom-containing group are a dimethylamino group,
& methylethylamino group, a diethylamino group, an
ethyl-n-propylamino group, a di-n-propylamino group, a
pyrrolyl group, a pyridyl group, a pyrrolidinyl group, a
piperidyl group, a perhydroindolyl group, a
perhydroisoindolyl group, a perhydroquinolyl group, a
perhydroisoquinolyl group, a perhydrocarbazolyl group, a
perhydroacridinyl group, a furyl group, a pyranyl group, &
perhydrofuryl group and a thienyl group. Among them, preferred
are hetero atom-containing groups, whose hetero atom is
directly linked to the silicon atom.

Examples of the above alkoxysilicon compounds as the
oxygen-containing compounds are

diisopropyldimethoxysilane, diisobutyldimethoxysilane,




5 er tteBET

cycl opentyl -tert-butyl di met hoxysil ane, 20
di cyl ohexyl di net hoxysi | ane,

cycl ohexyl net hyl di net hoxysi | ane,

cycl ohexyl et hyl di met hoxysi | ane,

cycl ohexyl i sopropyl di net hoxysi | ane,

cycl ohexyl i sobut yl di net hoxysi | ane, 25
cycl ohexyl -tert - butyldlnethoxysﬂ7ane

cycl ohexyl cycl opent yl di net hoxysi | ane, 38
cycl ohexyl phenyl di met hoxysi | ane,

di pharykdt b bpXdisidtaneysiphanyl met hyl di net hoxysi | ane,

phenyl i sopropyl di met hoxysi | ane,

pherheritsbbuy ek mptdiax y 8ok e, aned

phenyl -tert-butyl di met hoxysi | ane,

pherpglrtybhbpesttht ldiinet hoxysi 1l zare,

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

di - ttert-butyl di-ettepyydihariexysilane,

tert-butyl nmet hyl di et hoxysi | ane,
gP%Y}M‘dH%UﬁéXW%wW ilape,

tert-butyl -n-propyl di et hoxysil ane,

t er LSBETTY By Fdret hosysiliaase,

tert- | di eth |

{or £oh Ff@if%ﬁyfarl'éﬁws% Fraiiase,
Eiie b e
di ng QQ&%}%’ d'b%tt Qé¥r§+tlhac>n(§751lane,

di cycl oh di eth XysiTane

10cycl; QBeXy f@gctﬁilog
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n
cycl ohexy ethyldlg ony5|}g%é?ag?bhenyldiethoxysiIane,

tert-butylisopropyldimethoxysilane,
dicyclobutyldimethoxysilane,
cyclobutylisopropyldimethoxysilane,
cyclobutyliscbutyldimethoxysilane,
cyclobutyl-tert-butyldimethoxysilane,
dicyclopentyldimethoxysilane,
cyclopentylisopropyidimethoxysilane,
cyclopentylisobutyldimethoxysilane,
cyclopentyl-tert-butyldimethoxysilane,
dicylohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
cyclohexylisopropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane,
cyclohexyl-tert-butyldimethoxysilane,

cyclohexylcyclopentyldimethoxysilane,



51,3

phenyl met hyl di et hoxysi | ane, 20
2- nor bor nanenet hyl di net hoxysi | ane,
bi s( per hydr oqui nol i no) di net hoxysi | ane,
bi s( per hydr oi soqui nol i no) di met hoxysi | ane,
( per hydr oqui nol i no) ( per hydr oi soqui nol i no) di et hoxysi |l a
ne, (perhydroqui nolino)nethyl di et hoxysil ane, 25
( per hydr oi soqui nol i no) net hyl di m88hoxysi | ane,
( per hydr oqui nol i no) et hyl di met hoxysi | ane, 39
(per hydr oi soqui nol i no) et hyl di net hoxysi | ane,
( perchydo Ry IHanRohi A OB 18hEBT hoX¥sHdrANimethoxysilane,
( per hydr oi soqui nol i no) (n- propyl ) di met hoxysi | ane,
( pephydyogetimaldinel hbeydideyl ) di met hoxysi | ane, 5
(per hydroi soqui nolino)(tert-butyl) dinmethoxysilane,
di ephyhah sodiopgilhoxyshdarnd,l aand
di et hyl am nodi et hoxysi | ane. Exanpl es of the ethers of
t heraboykl snbydeddéoat abxisig anepnpounds are those
exenglified above as the cyclic ethers or 10 the

pafRY herer tobut édimetdraxaisidkeet ron donor. Exanpl es
of the njitrogen-containing conpounds of the above
ext BRFAY 1 @ HOPeshy doHmt rers2 18nsubst i t ut ed
pipgrldines such_as 2, 6-di net hyl pi peri di ne_and .
2, 2051 R EARVARERY PR Perd dirne; substiksobegyhiietheisilane,

15 di am nes' such,as 2, 5-substituted piperidines, ,

NN OR TP AR e Pene - oF S e may La et hoxysi Lane,
N,b%g&tjgdtfyégggig é{g%%pg§ﬁne di am ne; and substituted

i m uch as ¥, °3-

azol 1 di'nes apﬁénzylinidazolidine.

10Annﬁgrﬁlﬁﬂgyl—n—propyldiethoxysilane,

16

20

25

tert-butyl-n-butyldiethoxysilane,
tert-amylmethyldiethoxysilane,
tert-amylethyldiethoxysilane,
tert-amyl-n-propyldiethoxysilane,
tert-amyl-n-butyldiethoxysilane,
dicyclopentyldiethoxysilane, dicyclohexyldiethoxysilane,
cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane,
2-norbornanemethyldimethoxysilane,
bis(perhydroquinolino)dimetﬁoxysilane,
bis(perhydroisoquinolino)dimethoxysilane,
(perhydrogquinolinoe) (perhydroisoquinolino)dimethoxysilane,
(perhydroquinolino)methyldimethoxysilane,
(perhydroisoquinolino)methyldimethoxysilane,

(perhydroquinolino)ethyldimethoxysilane,




o

preferred are 2,6-substituted piperidines. 20 The
external electron donor is particularly preferably
cycl ohexyl net hyl di net hoxysi | ane,

cycl ohexyl et hyl di et hoxysi | ane,

di i sopropyl di met hoxysi | ane,
tert-butyl et hyl di net hoxysil ane, 25
tert-butyl - n-propyl di net hoxysi | @fle,
phenyl di met hoxysi | ane, di phenyl di met hoxysi | ane,

di cycl obut yl di net hoxysi | ane, 40

di cylpleopeat yishqmEbbaxys| ¢ ana.dihe3ndikpxol Ane,

1, 3-di oxane, 2, 6-di net hyl pi peri di ne,

2, 2, (®edhyeteqnietdiyhpi pefprbma,) dimethoxysilane,
2-1isopropyl - 2-i sobutyl -1, 3-di net hoxypr opane,

2-i spprbpyreisdmdpent yb) In-3eipye) Hbxyhiopaneanb,

2, 2-diisobutyl -1, 3-di net hoxypr opane,

2, 2- @R pprepyinol igo i ret thdyrpr.dpametlorxysilane,

2, 2-di cycl ohexyl -1, 3-di net hoxypr opane. A met hod for
conﬁﬁ&?%ﬁ%F?%ﬁ99§éPPél%%&%ﬂ%ﬁﬁfbééﬂbbﬁﬁmﬁtﬂbzwsibhﬁéJn
pol%nergz€%ipn wi t h the organoal um num conpound and
t he 16 ST WAL MEF R YO a6mor is not |imited. and
Exanpl f the. hod are (1) a nethod conprising the
steggegﬁy{%m¥ﬂf%&gﬁﬁgf¥? "he solid catal yst

conponent .\ he .organoal um n conpound and the =
ext er nal 3@8@ Jr“%% Horior ?ﬁ“?ri‘?e 0_3%3% Y6 C&bERtcEGpining
a  eehyv&Mds Q%—lg ttp QL Llagd Qe Q}gotg]%so tsalcgz%ﬁ%{:h% ers or

mxture to a ol ynmeri zati1 on reactor,

10conphéSi MG-dikenst 8Pe O nd eding1 @1&%1§ioan§§1§(ﬁ% yst
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conmponent, the organoal um num conpoun

external eke@pron SONYe PG R AiRing compounds of the
pol yneri zati on reactor, thereby contacting those

conporentsternal electron donor are 2, 6-substituted piperidines

such as 2,6-dimethylpiperidine and
2,2,6,6-tetramethylpiperidine; substituted methylene
diamines such as 2,5-substituted piperidines,
N,N,N’,N’—tetramethylmethylene diamine and

N,N,N',N’wtetraethylmethylene diamine; and substituted
imidazolidines such as 1, 3~dibenzylimidazolidine. Among them,
preferred are 2,6-substituted piperidines.

The external electron donor is particularly preferably
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
diisopropyldimethoxysilane,
tert~butylethyldimethoxysilane,

tert-butyl-n-propyldimethoxysilane, phenyldimethoxysilane,

diphenyldimethoxysilane, dicyclobutyldimethoxysilane,




with one another in the polynerization reactor, and

(3) a nethod 20 conprising the steps of (3-1)

contacting any two of the solid catalyst conponent,

t he organoal um num conpound and the external electron

donor with each other, thereby obtaining a mxture,

and (3-2) feeding the mxture and the renai ning

conmponent to a pol ynerization réfctor, t her eby

contacting them 25 with each other in the

pol yneri zation reactor. The above feeding to a

pol yrericzape oty IBari-6bxy Si Tald,i ed, aulli Pkef1eabl ¥, 41dioxane,

in a water-free state and in an atnosphere of an inert

gas Séehimashyigipegediaad ar gorz, 2Thec ot @fnaneitAyl Peperidine,

present invention neans ethylene or a-olefins having

t hr €eigpphop el caribobuay bk, 3-Eiarphesypfortdne, 5 a

-olefins are linear nono-ol efins such as propyl ene,

1- biréreprarpert-disepenhekehe -dimhthteym;opbnect ene and

1-decene; branched nono-ol efins such as

53 netrRyFiisphittere .l  33dime Hydxprpearene and

4- et hyl -1 - pent ene;. and, vinyl cycl ohexane. Those

ol efir A5 IS HPRYIed - PRC ERHIIGKYPEBR2RE 10 two or nore or

t hereqf , . and e_used, in _combi nation wth nononers
‘ﬂ?%‘lyqﬁﬁsifg‘r

con@a'ﬁpﬁay?ﬂ DREG*BBRER2R%ch as conj ugat ed

di enes and non-conjugated di epnes. The ol efin pol yner

in the pr gs’sré%&cl’dﬁ\g%%t i 8%‘_’1?%1“9[3?%? &%B(ﬁfagraéygb%‘:@ﬁgent for
Eg%g%k% ro:lygte%:. %%%(ﬁ&%}:v.’g%gggg :oé:%%?ag%miln%mlégfﬁgu%%eand the

108t N @825 21 QOXLERSH CORSEWIPhot A0net B! H8nb1 BUIEEhe method
copol ynmer, an et hyl ene-|-hexene copolyner,  a

propykener l- Retiene LAReLYIRY tha HaYbenerdnheXePscting the

s0lid catalyst component with the oi:ganoaluminum compound and

the external electron donor in the presence or absence of a

solvent, and then (1-2) feeding the obtained mixture to a

15 polymerization reactor, (2) a method comprising the step of

feeding the solid catalyst component, the organcaluminum

compound and the external electron donor separately to a

polymerization reactor, thereby contacting those components

with one another in the polymerization reactor, and (3) a method

20 comprising the steps of (3-1) contacting any two of the solid

catalyst component, the organcaluminum compound and the

external electron donor with each other, thereby obtaining a

mixture, and (3-2) feeding the mixture and the remaining

component to a polymerization reactor, thereby contacting them

25 with each other in the polymerization reactor. The above

feeding to a polymerization reactor is carried out preferably




copol ynmer, an et hyl ene-propyl ene-1I -butene copol yner,

an 20 et hyl ene-propyl ene-| - hexene copol yner, or a

het er o- bl ock copol yner; nore preferably a propyl ene
honmopol ymer or a propyl ene copol yner contai ni ng

mai nly propylene units; further preferably a

propyl ene honopol yner or a propyl ene copol yner

cont ai ni ng 50% by wei ght or noré&lof a propylene unit,

25 the total of the propyl ene copol yner being 100% by

wei ght; and particularly preferably a stereoregul ar

propy enet4d-fresopnoltyn®id ithen abeyepndiet 8 bk REK: gas such
copolymer" means a mxture of two or nore Kkinds of

pol yaeens tregeh asd angoxt ure of a propyl ene

honmopol ynmer wi th an et hyl ene- propyl ene copol yner,

whi ch i s prlodwdediactortdiengrésest pmoeass$ocamarisSienlylene or
the steps 5 of (i) honopol ynmeri zi ng propyl ene, thereby

f or & nglef proppvéne thrseopolnorer cagpeh @tiols. Examples of the
copol ynerizing ethylene with propylene in the

pr esenete b g fEe pLBPFT BARC HoYApeIsyFieth as propylene, 1-butene,
Stereoregularjty of a propyl ene honopol ynmer or a

pr opy PERECRDPLTRATEN Sc ontlaPRPREN S nl yORF sy | edrd un}tdecene;
can,be O .represented_ by an anmount of soluble parts

in f?ﬁgﬁéegt 26@&0(8§@§1 t h8'Honop8Fyner ethKe-1-butene,
copag)_ ~JThe smal ler the CXS value is, . the higher
the%sﬁgﬁég%egLﬁ%ﬁgagﬁ is. AMExs oflEP?ﬁhggyFéﬂ%“te“e; and
ho ' refe % ight aqr.smaller,,.

and oy LR SR SRR LR P DS Moli A BBnb e on of

10t ot ak,oQfr hdies PHOPYI £NEnd A3y BeMRRAY W&H@lﬁ%@gﬁé%%qyonomers

wei ght. Prior to polynerizing an olefin i

prezeneeifind Reurabait eat M §$boh8s Al&f LH conjugated dienes
pol yneri zation, which is referred to as "rea

pol wher haatdanugatbe doéd«wr ng " pre-pol ymeri zati on”

o

The olefin pelymer in the present invention is

preferably a propylene homopolymer, a l-butene homopolymer, a

15 l-pentene homopeol ymer, a l1-hexene homopolymer, an
ethylene-propylene copolymer, an ethylene-1l-butene
copolymer, an ethylene-1-hexene copolymer, a
propylene-l-butene copolymer, a propylene-l-hexene

copolymer, an ethylene-propylene-l-butene copolymer, an
20 ethylene-propylene-l-hexene copolymer, or a hetero-block
copeclymer; more preferably a propylene homopolymer or a
propylene copolymer containing mainly propylene units;
further preferably a propylene homopolymer or a propylene
copolymer containing 50% by weight or more of a propylene unit,
25 the total of the propylene copolymer being 100% by weight; and

particularly preferably a stereoregular propylene



can be carried out. 20 The pre-polynerization is
carried out using a conbination of the above solid
cat al yst conponent for olefin polynerization with a
nmononer such an olefin, in order to make a

pre-pol ynmeri zed catal yst conponent whose surface is
covered by a polyner such as a pol yolefin forned by
pre-pol ymeri zing 25 the nononer 48uch as an ol efin. The
real polynerization uses the solid catalyst conponent
for olefin polynerization wi thout 43 nodification, or
usesiohBgo affke, PRz PALYIEN VZRecat Rl ¥St 6P . means  a
The pre-pol ynerized catal yst conmponent is preferably

produgedrdypstus ror pekynankzadt @o19heds SHakh MMUALxOfre of
an olefin 5 in the presence of the above solid

cat al ysipydemponendp dighe olvefthnapekyreehgapdiaryiand copolymer,
or ganoal um num conpound. Exanples of a solvent used

f or whhehslauprydpodd recbzdtnoroas erdwests cdiydriadanboite steps
sol vents such as propane, butane, isobutane, pentane,
5i sopéntiankomdrexamerinépy arnepy benanehe tolnt Ghemame s m®pylene
benzene and toluene. A partial or total anmount of the

i nePPTORYHMSTar BBA 6idl)veapal yisr igd ngepthicletewi b propylene
liquid olefins. The organoalun1nun1conpound in the
pre150F§@mﬁq%ﬁ9ﬁc8n°?§jﬁéé&09ﬁ18hedﬁﬁﬁﬁ%’dﬂeasually 0.5

to 700 nol refer bI, to 500 mol, and

parti cul argltﬁ BPEF B LAFIHF Y1 ‘i’% E‘Od”iﬁﬂyleﬁér hamopoiymgp) or 2

conta ned in t

O onBELER 4R 2R oD BrRe ey (i g Y;J%’é%?ﬁt KAelRhiing can be
f 0
1097 BHpPeLon kAP SR AIRE L2 BT LY s fonc' Sk 2080 cxs)

of the homopolymer or the copolymer. The smaller the CXS value
is, the higher the stereoregularity is. A CXS of a propylene
homopeolymer is preferably 0.6% by weight cor smaller, and more
prefelrably 0.5% by weight or smaller, the total of the propylene

15 homopolymer being 100% by weight.

Prior to polymerizing an olefin in the presence of the
above catalyst for olefin polymerization, which is referred to
as “real polymerization”, the following “pre~polymerization”
can be carried out.

20 The pre-polymerization is carried out using a
combination of the above solid catalyst component for olefin
polymerization with a monomer such an olefin, in order to make
a pre-polymerized catalyst component whose surface is covered
by a polymer such as a polyclefin formed by pre-polymerizing

26 the monomer such as an olefin. The real polymerization uses the

solid catalyst component for olefin polymerization without



preferably 0. 1 to 200 g, per 1 g of the solid

catal yst conponent 20 for olefin polynerization used.

A slurry concentration of the above slurry

pol yneri zation is preferably 1 to 500 g-solid catal yst
conponent/liter-solvent, and particularly preferably 3

to 300 g-solid catalyst conponent/liter-solvent. 25

The pre-polynerization is carri éd out at preferably

-20 to 100 C, and particularly preferably 0 to 80t. A
partial 44 pressure of an olefin contained in a gas
phasediffitheiompr eepolypper ithat iakvies geefelghbyidekPaatalyst
to 2 MPa, and particularly preferably 10 kPa to 1
MPa,cagpeephtan olefin having a liquid state under a
pre-pol ynmerization pressure and 5 tenperature. A

pr e- pol ynerhie atricopol ymerizdortpayst codrardnent! iimi pedferably
and is preferably 2 mnutes to 15 hours. Exanples of a

met REF@IRERd foaetl Y vt Welriidatdemb§ st smalbnpoment of tameolefin
organoaluninun1conpound and an olefin to a

Bor e- Bt SABF FRRRTORE £BE SN il 10192 te ISt HstoeBRDE ifsitnglefin
the 1Q steps of (1:%# feeding the solid catal yst
componehE T AAy4He 2 éﬁﬁ@QPGgPﬂﬁﬂ¥%oﬁ@ﬁﬁﬁﬂﬂd-aﬁ&aﬂﬁéﬁs of a

1-2) .f i | efi an 2) a thod conpri sing .
{ e SoauBREL NGRS 2ol Bne 8Mat8) | BaligeS IR 2189 inere
in, dth 2-2) feeding the ‘
or oIS PO SO S B0 AP eBLE R BTy Sopucane

f eedicRgaR8, 1§S%§Ma%et, Onh@xPhE; pﬁéggg@{ei'zg,fc'#:gﬁ r e§§%%§hexane,

are (1) a netho conprising the step'o eedl ng

100! efleRzene &fd efcragathex whidig:r keepifdh ahohAREEF the inert
pressure of a pre-polynerization reactor at a

tpLe(BthHEEBif&Eh RIRFSHE &, m@AN tbe( 2kpBa8BY NOA HCARBLESI M fins.
° P The organcaluminum compound in the pre-polymerization
is used in an amount of usually 0.5 to 700 mol, preferably 0.8
to 500 mol, and particularly preferably 1 to 200 mol, per one
15 mol of titanium atoms contained in the solid catalyst component
for oclefin polymerization used.

An amcunt of an olefin pre-polymerized is usually 0.01
te 1,000 g, preferably 0.05 to 500 g, and particularly
preferably 0.1 to 200 g, per 1 g of the soli;i catalyst component

20 for olefin polymerization used.

A  slurry concentration of the above slurry
polymerization is preferably 1 to 500 g-solid catalyst
component/liter-solvent, and particularly preferably 3 to 300
g-solid catalyst component/liter-solvent.

25 The pre-polymerization is carried out at preferably -20

to 100 C, and particularly preferably 0 to 80°C. A partial




of feeding the predeterm ned total anount of an ol ef
in at the 20 beginning. In order to control a
nol ecul ar wei ght of an obtained pre-polymer, a chain
transfer agent such as hydrogen nmay be added to a
pre-pol ynmerization reactor. The pre-pol ynerizati on may
use a partial or total anobunt of the externa
el ectron donor to be used in thd4above-nentioned 25
production of the polynerization catalyst. An anount
of an external electron donor used in the
pre-elsyieel zat | &M bIefibn WoHehived 04 W0 400 PRlse of the
preferably 0.02 to 200 nol, and particularly
pr efperealploy yRle 3241 ch00i 80l praFei-zpne MOl x@h tid ani URba, and
atons contained in the solid catal yst conponent, or is
usualdnricQl1863y poeberadly po &berabl Mpd, QRBep® ad dMfin having
and particularly 5 preferably 0.01 to 2 nol, per 1 nol
of teheldaghoakabd numdecompopnd-pskBtherlinrathén pressure and
{ﬁre-polynerization, a nmethod for feeding the

r gFERPGAT R orprumid lamer t et ioxt eimal iel sotrparticularly
donor, to a pre-polynerization reactor is not

par tiiEdt et yand rist egefevrlBmafpmésubss the Lyehhodsar e

(1) a nmethod conprising the step of feeding the

ext ernal EPEEELEA BbnBr "eHBtP s d5gdans| Yhe repd ihecatalyst

or ganoal um num conpound, and (2) a nethod conprisin
the CSFBBESREr (1Y CHRRELIRGtheC IR HARS| 68t cafitin to 2

dongc O L UL LRSI EBY s e

formng a ure, "an

10M XWepst 9r t he qBr %é?gﬁ(%im{ﬂez abh 08 é?etiiaqy%&hg'gggor?%} f iarr]1d the

used for the pre-polynerization Is € ’sa

di f besenbafdMun@dndigd, f g then rﬁab) Ff%l ﬁ;azr%h%?%?f and

The organoal um num conpound i n the real polyneriza

(2) a method comprising the steps of (2-1) feeding the solid

catalyst component and an olefin, and then (2-2) feeding the

organocaluminum compound. Examples of a method for feeding an

15 olefin to a pre-polymerization reactor are (1) a method

comprising the step of feeding an olefin one after another while

keeping an inner pressure of a pre-polymerization reactor at

a predetermined pressure, and (2) a method comprising the step

of feeding the predetermined total amount of an olefin at the

20 beginning. In order to control a molecular weight of an obtained

pre-polymer, a chain transfer agent such as hydrogen may be
added to a pre-polymerization reactor.

The pre-polymerization may use a partial or total amount

of the external electron donor to be used in the above-mentiocned

25 production of the polymerization catalyst. An amount of an

external electron donor used in the pre-polymerization is




is used in an amobunt of usually 1 to 1, 000 nol, and
particularly 20 preferably 5 to 600 nol, per one nol
of titaniumatoms contained in the solid catalyst
conponent used. The external electron donor in the
real polynerization is used in an anmount of usually
0.1 to 2,000 nol, preferably 0.3 to 1,000 nol, and
particularly preferably 0.5 to 8@® nol, 25 per one nol
of titanium atons contained in the solid catalyst
conponent used, or is used in an anount of usually

0. 00 f.erabl 1594 3
part %i%elmalﬁ ;l/(ﬁ porlg?d er aﬁ@ r&g)l Olé/ rte%e%g %%mjb‘:”]egﬁgl mgt, and

t he law eeABOYRd 04580 o oThE
polyﬁi??gg?fbgyﬁgﬂiarrleg ouf : (3 at uguaﬂnenm§00§81tan1um

300tgtamd poeferad yn %Qetébl:k%lo&tal@s%@on#:%ggﬁt (T 18 usually

pressure, which is not particularly

usual 180 Jrrcabmsphesiar gpaessus eod® 10 3MRa: , and particularly
£referably 200 kPa to 5 MPa, froman industrial

corifeaiabpyi At 00f tovRemnl ( SPemcCaidhi NG 11he@ organoal umsinum
bat chwi se method or a continuous 10 nethod; and (4)

accotdegndougadl) a slurry or solution
polynerlzatlon method with an inert hydrocarbon
sol vent suth th&s propedemebitarion,i sobetana, fPENteAing the

hexane, tane and octane, (4-2) a bulk
pol )PI‘F@PPQQEF%W%HQB‘HOH‘%@ rﬁjldaﬁhél@ftarmaASelécia:on donor to a

sol vy olefinis liquid at a polynerization
tenﬁ%rapuigme%ﬁ27§i°§) EeYALHhaS e 96 yrertixatliaony limited.

er o- bl ock

e et IU B oo ebepeatos sporeer of
feeding the external electron donor thereto separately from the
organocaluminum compound, and (2) a method comprising the steps
of (i) contacting the external electron donor with the
organoaluminum compound, thereby forming a mixture, and then
15 (ii) feeding the mixture to the pre-polymerization reactor. An
olefin used for the pre-polymerization is the same as, or
different from that used for the real polymerization.

The organcaluminum compound in the real polymerization
is used in an amount of usually 1 to 1,000 mol, and particularly
20 preferably 5 to 600 mol, per one mol of titanium atoms contained
in the solid catalyst compenent used.

The external electron donor in the real polymerization
is used in an amount of usually 0.1 to 2,000 mol, preferably
0.3 to 1,000 mol, and particularly preferably 0.5 to 800 mol,
25 per one mol of titanium atoms contained in the solid catalyst

component used, or is used in an amount of usually 0.001 to S



pol yneri zation steps. 20 In order to control a

nmol ecul ar wei ght of an olefin polyner produced, a

chain transfer agent such as hydrogen nay be used.
According to the present invention, there can be

provided (i) a solid catalyst conponent for olefin 25

pol yneri zati on capabl e of producing a highly

stereoregul ar olefin polynmer, wA6ch can be nolded into

an injection-nolded 47 article having superior

stiffness, (ii) a process for producing the above

sol h\@l?albﬁéﬂétabCl?UDQ@S‘ttc( 19 moll} 1 hld Bpar¥i®ee88 1§ Wreferably
produci ng an olefin polynerization catalyst using the
above0sald U n@at, abaiS bne WHIO0BE Rhe(d)gancANmi A @mpound used.
process for 5 producing an olefin polynmer using an

ol efi n polTyrerezatparymegatat ysit iy edueeddasensr ding to

t he above process (iii). Exanple The present

i nvention (il$ sxplsabbdyd 439 tore0d2t and midferabQy 20 to 180C;
reference to the foll ow ng Exanpl es, which do not

51imt the (2presissta preestionvh ExtanplretlpdrtiRPrdpat gtliion ted,
of a solid catal yst conponent 15 A reactor equi pped

wi t Rfaustarlve prvaEngiinhgad cvb e sutiet Eagkh Mfas, aaddbnafenably
800_liters of hexane, 6.8 kg of diisobutyl phthalate,
3502RE B2 & PallkvoXiFsT aneindhFtagag aaf Gconomical point of

tetra-n-butoxytitaniumwere put into the reactor. The
resUft8ht nmixture was stirred. To the mxture, 900

|2| g_e:rgl ?}c i(t%gr %c%#?gfﬁg teot haerba%%hyzgisgnm tC}?oncPeonrt raatc:ioonrtlz:inuous
10 method; and

{4} according to (4-1) a slurry or solution

polymerization method with an inert hydrocarbon sclvent such

as propane, butane, isobutane, pentane, hexane, heptane and

octane, (4-2) a bulk polymerization method using an olefin as

15 a solvent, which olefin is liquid at a polymerization
temperature, cor (4-3) a gas-phase polymerization method.

The real polymerization may be a hetero-block
copolymerization carried out according to two or more
polymerization steps.

20 In order to contrecl a molecular weight of an olefin
polymer produced, a chain transfer agent such as hydrogen may
be used.

According to the present invention, there can be
provided (i) a solid catalyst component for olefin

26 polymerization capable of producing a highly steréoregular

olefin polymer, which can be molded intc an injection-molded



but yl magnesi um chl ori de were added dropw se at 7C over

5 hours under stirring. After conpletion of the

dropwi se addition, the mxture was stirred at 2000

for one hour. The obtained reaction mxture was

filtered to separate a solid. The separated solid 25

was washed three tines at roomtenperature wth each

1,100 liters of toluene to obtd&’n a washed soli d.

Tol uene was added 48 to the washed solid, thereby
obtaining 625 liters of a toluene slurry of the

sol edtidhe trolwiege shpesiomastheatad at (79C for r8P€ss  for
hour under stirring, and then was cooleé down tg t he

r ooprotienprey athy eabderaiy OklzakiyBg dohdiene ghurryiiy »
of a solid 5 material. A part of the toluene slurry

was pdpress iedep redudeioigcanl o e aspt Bmelriek ebyn Qakal pkAGising
a dried solid material. The dried solid material was

f oufietapavensal id zatalWdy omepghénof(ifi;tand Yiv) al pEBcess for
38. 9% by wei ght of ethoxy groups, and 3.4% by wei ght
Sof ROOBMEERY gr cupdint pelyoenl usiighin ofl ethe dolwthrization
solid naterial being 100% by wei ght, and the above

tit SAFTY St GROMErE fermrdlingothethe jakdvenprostep (ili)i) .

15 A 100 ni-flask equipped with a stirrer, a dropping
funnel and a thernoneter was purged with nitrogen gas.
TheﬁﬁamWﬁ? put into the flask the above solid
material-containing toluene slurry, the total of the

tol uene s r nt ai.nin 38 Qf the dried solid .

TRt EOR Bt Pt lrptic Sergenstallwien

mat eri al . er nat an

10t akparOmdndd kb ¢ t-al., . vol t he. tol uene slyrr
was _decr eased tggz%ggﬂ%%nggg?¢égﬁﬂ’uFP&F a %ﬂ%ﬁtﬁémﬁF the
16. frederd invention.

Example 1
1. Preparation of a solid catalyst component
15 A reactor equipped with a stirrer was purged with
nitrogengas,andthenBOOlitersofhexane,6.8kgofcﬁisobutyl
phthalate, 350 kg of tetraethoxysilane and 38.8 kg of
tetra-n-butoxytitanium were put into the reactor. The
resultant mixture was stirred. To the mixture, 900 liters of
20 a dibutyl ether solution (concentration: 2.1 mol/liter) of
butylmagnesium chloride were added dropwise at 7C over 5 hours
under stirring. After completion of the dropwise addition,>the
mixture was stirred at 20°C for one hour. The obtained reaction
mixture was filtered to separate a solid. The separated solid
25 was washed three times at room temperature with each 1,100

liters of toluene to obtain a washed solid. Toluene was added



titaniumtetrachloride with 0.8 nL of dibutyl ether

was added at 400C, and further, a mxture of 2.0 nL

of phthalic acid dichloride with 2.0 nL of toluene

was added dropw se over five 25 mnutes. After

conpl etion of the dropw se addition, the resultant

reaction mxture was stirred at 1150C for four hours.

49 The obtained reaction mixturdd was filtered at 115C

to separate a solid conmponent. Step (2): 5 The

above-separated solid conponent was washed three

Ui meso ahe WdeGedl 4d1 iRACHR&ELHY 0Bt a1 91 1L BE5 150@R (3 2 toluene

Tol uene was added to the above-washed solid conmponent,

10 tdlenefyodhthal H6Ng 2606 tHl@heds LhotMENEs Hedtel a1 F0°C for

the toluene slurry, a mxture of 0.8 nL of dibutyl

et hame Bodb urldeaf st thitisohutyd phinhakateolaaddéwd tiltBE room

titaniumtetrachl ori de was added. The resultant

m xtigreenatuse i rited ety ¢DELifiorg ecnetdiawne sThery of a solid

obtai ned reaction mxture was filtered to separate a

50l imptersatonponent. Step (2) repeated: The .

above-separated solid conponent was washed two tines

at 105C wit RagAcht #hentobienoplensy w25 Sriépd E}x@?jder T_xaeduced

repeated: Tol uene was added to the above-washed soli .

ComBOREREES, (HEFERY THEAPANAG: 96259rAPIGN o tan iidneThe aried

S e aa e e ot e R und® ot e R 9 Qi T Yantum
atoms, 38.9% by weight of ethoxy groups, and 3.4% by weight of

10 butoxy groups, the total weight of the dried solid material

being 100% by weight, and the above titanium atoms were found

to be trivalent.

Step (1):
15 A 100 mL-flask equipped with a stirrer, a dropping

funnel and a thermometer was purged with nitrogen gas. There
was put into the flask the above solid material-containing
toluene slurry, the total of the toluene slurry used containing
8 g of the dried solidmaterial. Supernatant toluene in the flask
20 was taken out till the total volume of the toluene slurry was
~decreased to 26.5 mL. To the slurry, a mixture of 16.0 mL of
titanium tetrachloride with 0.8 mlL of dibutyl ether was added
at 40°C, and further, a mixture of 2.0 mL of phthalic acid
dichloride with 2.0 mL of toluene was added dropwise over five
25 minutes. After completion of the dropwise addition, the

resultant reaction mixture was stirred at 115°C for four hours .




25 titaniumtetrachl ori de was added. The resultant

m xture was stirred at 105C for one hour. The

obtai ned reaction mxture 50 was filtered to separate
a solid conponent. Step (2) further repeated: The
above-separated solid conmponent was washed two 5
times at 1050C with each 40 M. of toluene. Step (3)
further repeated: Toluene was adfled to the
above-washed solid component, thereby obtaining 26.5
m. of a toluene slurry. To the toluene 10 slurry, a
m XtiieeotfaieB Fdacafi odiiuityiretidier i WdhrBad 105° @0 separate
titaniumtetrachl ori de was added. The resultant

m xtauselwdascombdiened at 105C for one hour. The

obtai ned reaction mxture was filtered to separate a
solid conponent. 15 Step (4): The above-separated
solid conponent was washed six tines at 10500 with
eaclet40 itE) of tol uene, and was further washed three
times at a roomtenperature with each 40 nL of hexane.
5The washed'solabgveopponatednasl dd | exnnamgst Has edagedl three
pressure, 20 thereby obtaining a solid catalyst
conpreR&at aF ot dtefith a36hy ARz 4th SRluThe.
above- obt ai ned solid catal yst conponent for olefin

pol yneri zati on was found to contain 1.6% by wei ght of

tit niun& 5 atons, 0.06% by wei ght of ethoxy groups,

0.1 ght of butoxy groups, 7.6% by wei ght of

di ethyl p I %e 0.8% by 5# ight of. ethyl-n-butyl

oht hal at ef&tota]%&% vga(% Sgd/(\?\gitgoh h%fa ogre washect{ S%llg comp%nent,
10 thereby obtaining 26.5 mL of a toluene slurry. To the toluene
slurry, a mixture of 0.8 mL of dibutyl ether, 0.45 mL of
diiscbutyl phthalate, and 6.4 mL of titanium tetrachloride was
added. The resultant mixture was stirred at 105°C for one hour.

The obtained reaction mixture was filtered to separate a solid

component.

Step (2) repeated:

The above-separated solid component was washed two

times at 1057 with each 40 mL of toluene.

Step (3} repeated:

Toluene was added to the above-~washed solid component,
thereby obtaining 26.5 mL of a toluene slurry. To the toluene
slurry, a mixture of 0.8 mL of dibutyl ether with 6.4 mL of
titanium tetrachloride was added. The resultant mixture was

stirred at 105C for one hour. The obtained reaction mixture




di i sobutyl phthalate, the total weight of the solid
catal yst conponent bei ng 100% by wei ght. 5 There was
added 5.07 g of the above solid catal yst conponent
for olefin polynerization to 51 nL of heptane
mai nt ai ned at 70C, thereby preparing a suspension of
the solid catalyst conponent for olefin
pol ynmeri zation in heptane having50a concentration of
0.1 g-solid catalyst 10 conmponent/ m -suspensi on. The
prepared suspension was stirred at 70r for 30
M nuwes, f ANt reas thi séeied vt Bo Hd fddrd@henThe
obtained filtrate was found to contain titani um atons
in a concentration of 0.023 ng/m, neasured according
to the follow ng nmethod conprising the steps of: 15
(1) pigpid 40rpnheofrddeatkditrate into a 50 niL
nmeasuring flask; (2) evaporating the total anount of
hept ane cofikai abdvetiserdratkil tsodtd womboRemd t #OgERagGRSd two
%ﬂomr (3) deconposing the solid catal yst conponent

t ht Ut 20580 wathotach oy mal of 2t Njuedid.ut e sul furic
acid; (4) adding 3 nL of hydrogen peroxi de water
having a concentration of 3% by wei ght, thereby
preparin lLiquid sanple; (5) neasuring a
chargt 3, s €8t the liquid 25 sanple at

410 nn1MAtF doubl e- da e&}ro hot oneter, U 2001,
nanufacturedﬂbrmif?iéﬁfe o waEEEdf $akfichgomponent

cConcg, e g gﬁkégnfﬂ t?@' mLat ﬁ Tﬂ%?% Zyurggatf% t%% tg&uene

onthec racter|S|casorp|o
10 siurry, a mixture of 0.8 mL of dibutyl ether with 6.4 mL of

titanium tetrachloride was added. The resultant mixture was
stirred at 105C for one hour. The obtained reaction mixture

was filtered to separate a solid component.

15 Step (4):

The above-separated solid component was washed six
timesathST)witheach401m;oftoluene,andwasfﬁrtherwashed
three times at a room temperature with each 40 mlL of hexane.
The washed solid component was dried under a reduced pressure,

20 thereby obtaining a solid catalyst component for olefin

polymerization.

The above-obtained solid catalyst component for olefin
polymerization was found to contain 1.6% by weight of titarnium
25 atoms, 0.06% by weight of ethoxy groups, 0.15% by weight of

butoxy groups, 7.6% by weight of diethyl phthalate, 0.8% by



calibration curve prepared in advance. 5 2.

Pol ynmeri zati on of propylene A stainless stee

aut ocl ave having a 3-liter inner volune was nade

vacuum and hydrogen gas was added thereto till its
partial pressure reached 0.15 MPa. There were put into

the autoclave 7.81 ng of the above-obtained solid

catal yst 10 conponent, 2.6 nmol 9&f triethyl al um num
(organoaluninun1 compound) and 0.52 mol of
tert-butyl-n-propyl di met hoxysil ane (external electron
donek)ghandrt kehy78R-gufl | priHad aRePP¥hENe . B8S pRUtyeight of

therein. The autoclave was heated up to 70C , and
proﬂyhenﬁuﬁﬁsphBhpD&M@Ethéedt&tan@Qgﬁ@ﬁx@BBehﬂﬂﬁxicatalyst

thereby obtaining 319 g of a powdery propyl ene
honopobynent beiynigelld0dfby heepyibpyl ene honopol yner per

one g of the solid catalyst conponent was 40,800 g/g.

The propyl ene honopol yner had 0. 48% by wei ght of

sol uble parts in xylene at 20 20t (CXS) , the total

5me|ght of'RW%§epWé§yPéﬁédhénﬁbogyﬁﬁrtb@lﬁgOVQO£@%1ﬂ/Catalyst

10

16

20

25

% an intrinsic viscosity ( [ ] ) of 1.71 dl/g
and OQPBWP& dERTI P}eanopahsm@thlvﬁe tehove Blt & mﬁptane
aton1content 96b ht) was 25 neasured accordi ng

to FeMBEHUFT fﬁ& RBY PrEREr P9 a(ﬂljswééﬁﬁd%ﬁ hge solid
about , 2 t.h ab ut 30 53 _
nor mFa?%%OaP?ﬁ?%”EaFPE“PF&% érmema% h‘@%@PﬁE“e having

(exgess drogefy pero wat er . having a
con%entratlon of %@B%y melg%t Ee eby ﬁrgﬁar ng Latalyst

i qebﬂp§ﬁgﬁﬂfﬁl—suspen51on. The prepared suspension was stirred
at 70C for 30 minutes, and was filtered with G4 filter. The
obtained filtrate was found to contain titanium atoms in a
concentration of 0.023 mg/ml, measured according to the
following method comprising the steps of:

(1) putting 40 mL of the filtrate into a 50 mL measuring
flask;

(2) evaporating the total amocunt of heptane contained
in the filtrate with a nitrogen gas flow;

(3) decomposing the solid catalyst component with about
30 mL, of 2 normal (2 N) dilute sulfuric acid:

(4) adding 3 mL ;f hydrogen peroxide water having a
concentration of 3% by weight, thereby preparing a liquid
sample;

(5) measuring a characteristic absorption of the liquid

sample at 410 nm with a double-beam spectrophotometer, U~2001,

manufactured by Hitachi, Ltd.; and



5 (3) neasuring a characteristic absorption of the
liquid sanple at 410 nmw th a doubl e-beam .
spectrophotoneter, U 2001, manufactured by Hitachi
Ltd.; and (4) finding a titanium atom content, based
on the characteristic absorption, wth a calibration
curve prepared 10 in advance. The above al koxy group
content (% by weight) was neasusgd according to a

met hod conprising the steps of: (1) deconposing about
2 g of a sanple with 100 nL of materntlaftgnogfigﬂo?
liquid sampke; £ i {Eas WdnRd,an u ;. , 0 ‘
(cgrrespoggfﬁg g%alﬂi a#ﬁ%gy gr%ﬁgﬁléght CRBHUR AtqRs in the

i QUE B sErd e BNgehd cRaPAS SALQTRLQILAPOY, L
!In?grnalﬁsgaandwrrethod; and (3 ecoﬁvg?tlnﬁogﬁgmn with e

takibrarmvnt cofvanadgeehal 140;@mn20 al koxy group
ggaﬁent. The above cg;boxylic acid ester content (% by
wei ght) was measured according to a method conprising
the steps of: (1) dissolving 30 ng of a sanple in 100
L of- B wmRrdieabtdy| ek etrapi; Uene t her eby prepari ng a
solution; and (2) neasuring a content of a carboxylic
acid ester®iAt8Unledre stalt iortcateoedhdgit® & 8aSiter inner
chromat ogr aphy internal standard method. The above |
val effte™ 53§ Pafe wmcatonsand hydadgent gds wasiad@edSthereto t111

asured according to a nethod conprising
? Lg@s'eﬁg’?tgﬁﬁ P(T?S!a?%g@ﬁvhﬁg CaB&UMPH.0Thgrefwexespht dnto the

natgﬁJé%Elggeahgﬂﬁ. mg of the above-obtained solid catalyst

10 compenent, 2.6 mmol of triethylaluminum (organcaluminum

compound) and 0.52 mmol of

tert—butyl~n—propyldimethoxysilane {external electron

donor), and then 780 g of liquid propylene was put therein.

The autoclave was heated up to 70°C, and propylene was

15 polymerized at 70°C for one hour, thereby obtaining 319 g of
a powdery propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst compcnent was 40,800 g/g. The propylene
homopolymer had 0.48% by weight of soluble parts in xylene at

20 20C (CXS), the total weight of the propylene homopolymer being
100% by weight; an intrinsic viscosity ([n]) of 1.71 dl/g; and

a bulk density of 0.448 g/mL.

The above titanium atom content (3 by weight) was
25 measured according to a method comprising the steps of:

(1) decomposing about 20 mg of a sample with about 30



30 nL of an aqueous sol ution consisting of 240 mL of
purified water, 113 g of tartaric acid and 260 niL of
two normal (2 N) 10 sulfuric acid, thereby preparing
a solution; and (2) measuring a val ence of titanium
atons contained in the solution wth a pol arographic
anal yzer, P-1100, nmanufacture by Yanagi noto
Corporation according to a DC (@3rect-current)
electricity nethod. 15 The above anount of sol uble
parts in xylene at 209C (CXS) was neasured accordi ng

to amnﬁmhqﬁrﬁﬂﬂ@ni$tng)Qﬁgu§gegﬁlfﬁfic Gk} gdi ssolving 1
g of a polymer in 200 nL of boiling Xxylene; 20 (2)

cool i ng thezsohuaiﬁgugm@dwakkys§Q%ﬁnﬁgq5952h%&QO en peroxide
further cooling the solution under stirring 1n ah

| ce-water hbat iy dovundent2090sn 64)3%ab{ QWE pG: ¢ .tﬂﬁge?@ﬂvﬂg'rggaring
to stand at 20cC for 3 hours, thereby precipitating

pol yarekiqu2sl (S3mdlid;tering off the precipitated

olyner, thereby obtaining a filtrate, and 55 (6)
#easuri ng thkreasuninof ¢hequokyiet i diapsobyetbr Bt 1iguid
filtrate, which polynmer is the above soluble parts in

xy| etfEP1& 29 dE0 helshnal deyb tdrdeaXSsnaitwephstotdte:r, U-2001,
Iarq&r stereoregularity the 5 polyner has. The above

i nt rTHSTECyPEedshy ViteRDy - whisd measdr ed at

(4) finding a titanium atom content, based on the

characteristic absorption, with a calibration curve prepared

10 in advance.

The above alkoxy group content (¥ by weight) was
measured according to a method comprising the steps of:

(1) decomposing about 2 g of a sample with 100 mL of water
15 to obtain a liquid sample;

(2) measuring an amount of an alcohol (corresponding to
an alkoxy group) contained in the ligquid sample according to
& gas chromatography internal standard method; and

(3) converting the obtained amount of an alcchol to an

20 alkoxy group content.

The above carboxylic acid ester content (% by weight)
was measured according to a method comprising the steps of:

(1) dissclving 30 mg of a sample in 100 mlL of
25 N,N-dimethylacetamide, thereby preparing a solution; and

{2) measuring a content of a carboxylic acid ester in



135 C using an Ubbel | ohde vi sconeter in TETRALI NE
(tetrahydronapht hal ene) as a solvent. 10 The above
bul k density was neasured according to JIS K 6721
(1966), "JIS" being Japanese Industrial Standard.
Exanple 2 15 1. Preparation of a solid catalyst
conponent Exanple 1 was repeated except that "washing
six times at 10500 with each 4054L of toluene, and
further washing three tinmes at a roomtenperature
with each 40 nL of hexane” in the step (4) of Exanple

1 washehangedite awashiing fiye a | Bhr dalcGraBn ¥ LRy
each 40 nL of toluene, and furthé?ﬁﬁashfng fhree ?AJ' srnal

at ataodird erpebature with each 40 nL of hexane",
thereby obtaining a solid catal yst conponent. The
above- obt ai ned solid catal yst conponent was found to
contain 1.7% by weight of titanium atons, 0.07% by
wei ght 25Tbf adtdvexye lgroepst tQtib6Yubyters ghitr ieb 168 @XYanium
%Boups 7.696by wei ght of diethyl phthalate, 0.76% by

i ghtoot) EehyleasupatydcB@diphttivak atethodncbrhr53%ihy the steps
wei ght of diisobutyl phthalate, the total weight of
the 8blid cat al yst conponent being 100% by wei ght.
There was ded 4.98, g of the above solid catalyst 5
conponent ( ) fgsgohting QQQEFdH%"ﬁa?ﬁﬁhﬁﬂbﬁiE@tQOtﬁl in about

ther%))ﬁ1 8%e aring a suspension of the solid cata
conponéhit “F " ﬁgg?g tﬁan UBHSERPP R 8.400mLo> ) Burified

g- Sowéﬁjedrcatl%hy tof Cc mg Qg%‘ta/rc{}‘é%suépfé‘t? m%nof two normal (2 N)

prepar ed 'suspensi on Wwas
10 sulfuric acid, thereby preparing a solution; and

(2) measuring a valence of titanium atoms contained in
the solution with a polarographic analyzer, P-1100,
manufacture by Yanagimote Corporation according to a DC
(direct-current) electricity method.
16
The above amount of scluble parts in xylene at 20°C (CXS)
was measured according to a method comprising the steps of:
(1) dissclving 1 g of a polymer in 200 mL of boiling
Xylene;
20 (2) cooling the solution gradually down to 50,
(3) further cooling the solution under stirring in an
ice-water bath down to 20°C,
(4) allowing the solution to stand at 20C for 3 hours,
thereby precipitating a polymer,
25 (5) filtering off the precipitated polymer, thereby

obtaining a filtrate, and



at 70cC for 30 mnutes, and was filtered with 4

filter. The 10 obtained filtrate was found to contain

titaniumatons in a concentration of 0.029 ng/m ,

nmeasured according to the above nethod. 2.

Pol ynmeri zation of propylene 15 Exanple 1 was repeated

except that 7.81 ng of the solig cat al yst conponent

was changed to 4.48 ng of the a Bve- obt ai ned sol i d

cat al yst conponent, thereby obtaining 203 g of a

powdery propyl ene honopol yner. A yield of the

propyl ene (Romsseuyipe theramnmtgobfthehpr 1 @@ rsdlsgblved in the

cat al yst conponent was 45,300 g/g. The propyl ene

honﬁﬁg¢§ﬁﬁﬁ' WA CD. BHY sy ME|@ﬂﬁ agpvegotwbibd epartssiim xylene

xyl ene qt 2000 (CXS), the total weight of the

proﬁ?l%% *honopol yner being 100% by meight an

intr£n5|c V|scosit§ ([.a] ) of 1.68 dl/g; and a

bul kK"Yersilt oo’ BOYRHHPL 1S D B ARpTRr §t5¥e<>169ularltv the

PreB i on of a solid catalyst conponent Exanple 1
L%% except that "washing six tinmes at 105t

MAth each 40 nmL of toluene, and further washing three

times at a roomtenperature with each 40 nL of hexane”

}2u$h$|ﬁeghggaéoéﬁgkt Epeaé# %%ing gpgﬁglhgﬁenm%glggd at
foi@§f%mﬂ%Ehﬂ€ t%hee[hkﬂﬁ§oﬁﬁ vﬁgeg%éﬁgper@Bur%ETRéLINE

wi th each 40 of hexane" ereby obtaining a sol

cat gt ¢staSQIFBAARLHEha 1EMR ) AR VE- ahtainged solid catal yst
conponent was found

10
The above bulk density was measured according to JIS K
6721 (19€6), “JIS” being Japanese Industrial Standard.
Example 2
15 1. Preparation of a solid catalyst component

Example 1 was repeated except that “washing six times
at 105°C with each 40 mL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane” in the
step (4) of Example 1 was changed to “washing five times at 105C

20 with each 40 mL of toluene, and further washing three times at
a room temperature with each 40 mL ¢f hexane”, thereby obtaining
a solid catalyst component.

The above-obtained solid catalyst component was found

to contain 1.7% by weight of titanium atoms, 0.07% by weight
26 of ethoxy groups, 0.16% by weight of butoxy groups, 7.6% by

weight of diethyl phthalate, 0.76% by weight of ethyl-n~butyl



10

15

20

25

10 to contain 1.8% by weight of titaniumatons, 0.07%

by wei ght of ethoxy groups, 0.18% by wei ght of butoxy
groups, 7.8%by weight of diethyl phthalate, 0.8% by

wei ght of ethyl-n-butyl phthalate, and 2.5% by wei ght

of diisobutyl phthalate, the total weight of the

solid catal yst conponent being 0% by 15 wei ght.

There was added 4.83 g of the above solid catal yst
conponent to 48 nlL of heptane maintai ned at 70cC,

thereby preparing a suspension of the solid catalyst
conplorertatien ahdptab® Paweaighd odndémnselbwton mfthalite, the
g-solid catal yst 20 conponent/nl -suspensi on. The

pr eplrEd "igpsnsfobhgwsokitd rqad¢dlyat gonpdnmnt3®eing 100% by
m nutes, and was filtered wwth 4 filter. The

obt4 &t filtrate was found to contain titani um atons
ina concentration of 0.074 ng/m, measured accordi ng

to the abbVere nfhatfdess 4298P61 Vfertibgatahgieomsolid CatalySt
5 P ST EoFPat Bal dity S ORBONEA® WM LERarged (5. 5t Bareby
é? qbﬁgg?xfnggégéqgg ?Ea pomd%riJyStggynEogompénent in
R G Tk Va0 e B B EErpcidn: Dved b BobeLvet

per one g o 301574 cat conponen

9/ Geord m%eeemylﬂgepen@mpofwg&%pg%%s%@g%wl%'w%%t sPfrred

sol ubl'e parts in Xyl ene at X he tota
vei ght708f #die 3pr apyhedls RaADRSY ymrtel}%HnGJ.tﬂ-%/‘)f@Xter The

weight; an intrinsic viscosity ( [ 77 ] ) of
dl /gstedndd filtrate was found to contain tltanlum atoms in a
concentration of 0.029 mg/ml, measured according to the above

method.

2. Pelymerization of propylene

Example 1 was repeated except that 7.81 mg of the solid
catalyst component was changed to 4.48 mg of the above-obtained
solid catalyst component, thereby obtaining 203 g of a powdery
propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst component was 45,300 g/g. The propylene
homopolymer had 0.55% by weight of soluble parts in xylene at
20°C (CXS), the total weight of the propylene homopolymer being
100% by weight; an intrinsic viscosity ([n]) of 1.68 dl/g; and

a bulk density of 0.450 g/mL.

Example 3



10

15

20

25

10 a bulk density of 0.442 g/nL. Conparative Exanple 1
1. Preparation of a solid catal yst conponent Exanple 1
was repeated except that "washing six times 15 at 105
with each 40 nL of toluene, and further washing three
times at a roomtenperature with each 40 nL of hexane"
inthe step (4) of Exanple 1 changed to "washi ng
three tines at 10500 with each 40 nL of toluene, and
further washing three tinmes at a roomtenperature
with each 40 nL of hexane", thereby 20 obtaining a
sol 1 d Rxsipakgsion orfpenent 1 d Thaet dlysre cobpanered sol i d
cat al yst conponent was found to contain 2.1% by
m5|grn of EX&nrRlf dnvas orakealed69stspiweinght “washigihety times

groups %: 9% by ME|8ht of butoxy groups, 7.7% by
wei thtloé d’lébh‘iﬁlc%ﬁ h‘&II*é’tfetOJOJGB%bW@\élUgﬁbeéfwasmng three
eth - n- but ht hal ate, and 2. 5% ht o
di | %iﬁoﬁ’g‘l FRPe AtETet Hi ] e\ﬂépg’ﬁ%l gHée)Saé’iel"dl“ the
cat &y one bei n 009:%% 59 weight. There was

P! % g

adde TPRG LtibYEhEBes atAPYY T RpomERat §05C
46 f h t d

o R R TR AR R RS s o
in a"3 B&{?E%ﬂg P@é’dr@g %I‘nggﬁﬁbﬁr&tégﬂﬁgne”, tgese Yy obtalnlng
cat afyst rrponenty suspensit on

suspenRsi;an-Yes 5 Q%ﬁgon 70t for 30 n1nutes and was
filtered with Iter. The obtained filtrate was

found to 'ﬂ%‘b@bﬁ}etbﬁﬂﬂr&é@ abol® ddtaa s@oa&@uﬁe%ttl 8s %ound

0.085 ng/ M, neasured according to tﬁe above

metdw@dontain 1.8% by weight of titanium atoms, 0.07% by weight
of ethoxy groups, 0.18% by weight of butoxy groups, 7.8% by
weight of diethyl phthalate, 0.8% by weight of ethyl-n-butyl
phthalate, and 2.5% by weight of diisobutyl phthalate, the
total weight of the solid catalyst component being 100% by
weight.

There was added 4.83 g of the above solid catalyst
component to 48 mL of heptane maintained at 70°C, thereby
preparing a suspension of the solid catalyst component in
heptane having a concentration of 0.1 g-solid catalyst
component/ml-suspension. The prepared suspension was stirred
at 70°C for 30 minutes, and was filtered with G4 filter. The
obtained filtrate was found to contain titanium atoms in a .

concentration of 0.074 mg/ml, measured according to the above

method.

2. Polymerization of propylene



2. Polynmerization of propylene Exanple 1 was repeated
except that 7.81 ng of the solid catalyst component
was changed to 8.21 ng of the above-obtained 15 solid
cat al yst conponent, thereby obtaining 432 g of a
powdery propyl ene homopol ymer. A yield of the

propyl ene honopol yner per one of the solid catalyst
conmponent was 52,600 g/g. The E-}bpylene honopol ymer
had 0.62% by wei ght of soluble parts in xylene at 20
2090 (CXS), the total weight of the propylene

- honopol ynexafgeing wdO@Hpbytewdieghtpt arhatn? ré N&igCof the solid

10
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25

viscosity ( [ n] ) of 1.66 dl/g; and a bulk density

of TRUYAT s/ eampB@ntGlaN MearigedAr g6l Bd readAltyistabove-obtained

conponent for ol efin polynerization, conprising

titehilghratohsst regpesinim thomby bt obemoat diw ahd poudery

hydr ocar byl oxy groups, wherein the following filtrate

cor TPy eP Pt AATORA Bt6¥s i n a concentration of 0.08

ng-Ti/m-filtrate or |ower, mnmeasured according to a

met hod conprSis R the RECPY4eae : hNEPdFBREIRSY ofgle g of the

suspensj on _of. the solid catalyst 10 conponent for

ol e%elﬁdpo‘f?/%aelrﬁfs at F%’PP?%Wep‘t’%%ef’ﬂa%?%g 949- The propylene

cong rat.iop .of, Q. -solid catalys .

co%;og[{r%%ﬁ?&ﬁn%shuasdpghéle%rﬁy 539 ?i %%Lfkhlee ?ﬁﬁ?%lri@i gHlggpe at

70 0 i i ng; iltering .

e 2o FRER LB I8k Sl i Pl Ry Ao glgetbetna
100% by weight; an intrinsic viscosity ({n]) of 1.60 dl/g; and

a bulk density of 0.442 g/mL.

Comparative Example 1
1. Preparation of a solid catalyst component

Example 1 was repeated except that “washing six times
‘at 105°C with each 40 mL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane” in the
step (4) of Example 1 was changed to “washing three times at
105C with each 40 mlL of toluene, and further washing three
times at a room temperature with each 40 mL of hexane”, thereby
cbtaining a solid catalyst component.

The above-obtained solid catalyst compcnent was found
to contain 2.1% by weight of titanium atoms, 0.06% by weight
of ethoxy groups, 0.19% by weight of butoxy groups, 7.7% by
weight of diethyl phthalate, 0.8% by weight of ethyl-n-butyl
rhthalate, aﬁd 2.5% by weight of diiscobutyl phthalate, the

total weight of the solid catalyst component being 100% by
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(4) measuring a concentration of titanium atons

contained in the filtrate. 20 2. The solid catal yst
conmponent for olefin polymerization according to

claiml1l, wherein the filtrate contains titanium atons

in a concentration of 0.05 ng-Ti/m-filtrate or

|l ower. 25 3. The solid catal yst conponent for olefin

pol ynmeri zation according to cla§ﬁ11, wherein the

filtrate 61 contains titaniumatons in a

concentration of 0.04 ng-Ti/m-filtrate or |ower. 4.
ThevweahhH. cat al yst conponent for olefin 5

pol ynmeri zation according to claim1l1, wherein the

filtrate Theaeawas widdani drbatonsfi hha ebmeentshitd arutalyst
of 0.03 ng-Ti/m-filtrate or lower. 5. The solid

cat &PPEPeMpohetht Moroh| kdgrtenel @apotyimed zt i BTHC, thereby
according, to claim1, wherein the solid catalyst
conﬁBﬁBﬁ?l%%n$r$%ﬁﬂ$qﬁl°E ©é 3heushyiderghelicft tdompenent in
at ops t5 to 30% by wei ght of nmagnesium atons, 40 to

70965 E0RS ghEVID?  Fal SORTFHIGIECBNPD. 9- 1 0 935534 8y catalyst

wei of _hydr.ocar byl ox oups, the total weight of
thegg’t(‘%??’ae“gﬁ% y8TP %?ﬂp%he%[‘e 1SRG LI5S URRFASHY Pvigd it A rred
6. Ihe;sell l; onponent for ol efin .
poIyner??a%?%gﬂgg%éigfggqggpgﬁgi%%g?e reith Fhefilter. The
hal ggen: AP 1S 22 CHLOT m 7. The solid .
catalys% Conﬁbneﬁ?ef§%§0<ggrﬁk% co%galn titanium atoms in a
concentration of 0.085 mg/ml, measured according to the above

method.

2. Polymerizatibn of propylene

Example 1 was repeated except that 7.81 mg of the solid
catalyst component was changed to 8.21 mg of the above-obtained
solid catalyst component, thereby obtaining 432 g of a powdery
propylene homopolymer.

A yield of the propylene homopolymer per one g of the
solid catalyst component was 52,600 g/g. The propylene
homopolymer had 0.62% by weight of soluble parts in xylene at
20°C (CXS), the total weight of the propylene homopolymer being

100% by weight; an intrinsic viscosity ([n]) of 1.66 d1/g; and

a bulk density of 0.443 g/mL.




pol yneri zation according to claim1, wherein the

hydr ocar byl oxy group is an ethoxy group and/ or butoxy

group. 25 8. A process for producing a solid catalyst

conmponent for olefin polynerization, conprising the

following steps (1) 62 and (4) in this order, or

conprising the follow ng step (16, one or nore

repetitions of a conbination of6®he foll owi ng steps

(2) and (3) in this order, and the follow ng step (4),

inthis order: 5 (1) contacting a solid materia

confBi s rg magnesi um atons and hydrocar byl oxy groups,

a hal ogenati on conmpound and an internal electron

donor and/or organic acid halide with one another,

t hereby obtaining a solid conponent; (2) washing the

sol i d conperfesrlial ¢#tal ywrdeaoameon 0o 5of MEPS Lyt zation,

contacting the washed solid conponent, a hal ogenation

conPIUId, 3 18Adt Bt ivres brihs elmeghesiumanons And/leken atoms and
5org]gfln'c acid_halide wth one another; and (4) washing

t he"¥HIIFEIAPORend TSR a Whgdedoar bom 16l kelivent faltrate

70C or her four or nore times; the solid catal yst

hi
coﬁﬁgﬁﬁﬁfgfoFléﬁéfP% pdF §ifer i Hat i dn censimmticskhgn  of  0.08
titani-um ator magnesi_.um at ons, hal ogen at onms and
hydr chl/B% g@t@%ﬁ%p%ﬁ & ei ASERRrIDIAGRING T Eor at method
co ' Ltapum.atons .in a concentration of 0.08 20
e s bl e B e B

ny- rate o r, measured according to a

met hod Cpﬂprh§58§rﬁﬂfd§t%R%Pgé%ié%)o@r%H&Jigg&fh catalyst

suspensi on of "the so cat
10 component for olefin polymerization in heptane having a
concentration of 0.1 g-solid catalyst

component/ml-suspension;
(2} heating the suspension at 70°C for 30 minutes under
stirring;
15 (3) filtering the suspension, thereby obtaining a
filtrate; and
(4) measuring a concentration of titanium atoms

contained in the filt;ate.

20 2. The solid catalyst component for olefin
pelymerization according to claim 1, wherein the filtrate
contains titanium atoms in a concentration of 0.05

mg-Ti/ml-filtrate or lower.

25 3. The solid catalyst component for olefin

polymerization according to claim 1, wherein the filtrate



conmponent for olefin polynerization in heptane having
a concentration of 0.1 g-solid catalyst 25
conmponent/ m - suspensi on; (2) heating the suspension at
70cC for 30 mnutes under 63 stirring; (3) filtering
t he suspension, thereby obtaining a filtrate; and (4)
measuring a concentration of titaniumatons 5
contained in the filtrate. 9. Th8lprocess for
produci ng a solid catal yst conponent for olefin
pol yneri zation according to claim8, wherein the
hydr ceatdors sof Memtivinn themst epn(4) | SoAeIBINC of (.04
hydrocarbon 10 solvent. 10. The process for producing
a sorguTtatlalfjist repapondntwerf.or ol efin pol ynmeri zati on
according to claim8, wherein the hydrocarbon sol vent
inthe step (4) is toluene or xylene. 15 11. The

process for producing a solid catalyst conponent for

ol efin pol §mer T i otPpkictor debaliss cl apmp@enther 2bn  olefin

he solid material containing nmagnesi um atons and

ydr B2 I1GRYy 1°Qr BEPRr $iia He stldn( 1), ivhexedol itthe filtrate
nateéénlagpnt LQin trival ent 20 titani um atons,
nmagnésdi Ut 4t ors "2Rd"Ry df 6¥%F bytxy? gréiprentrepiorheot  0.03
process..f or _produci ng a.solid catal yst conponent for

oleﬁﬁ %ﬁgﬁgng%?gﬁ'?%%”é&88?ﬁrng to claim8, wherein
the solid material containing nagnesi um atons and 25
hydr ocar byl oxy groups in the step (1) is a solid

material s,  The solid catalyst component for olefin
10 polymerization according to claim 1, wherein the solid
catalyst component comprises 0.1 to 3.0% by weight of titanium
atoms, 5 to 30% by weight of magnesium atoms, 40 to 70% by weight

of halogen atoms and 0.1 to 3.5% by weight of hydrocarbyloxy
groups, the total weight of the solid catalyst component being

16 100% by weight.

6. The solid catalyst component for olefin
polymerization according to claim 1, wherein the halogen atom

is a chlorine atom.

20
7. The solid catalyst component for olefin
polymerization according to claim 1, wherein the
hydrocarbyloxy group is an ethoxy group and/or butoxy group.
25 B. A process for producing a solid catalyst component

for olefin polymerization, comprising the following steps (1)



produced according to a process conprising the step of
reducing 64 a titanium conpound represented by the
following fornula [I] wth an organomagnesi um

conmpound in the presence of an organosilicon conmpound
containing a Si-0 bond, or in the presence of a

combi nati on of the organosilicon compound with 5 an

ester conpound: X rll R4~0-Ti--§2 it 1] 1, 8

wherein R4 is a hydrocarbyl group having 1 to 20

carbon atoms; 10 X2 is independently of one another a

hal oyth @t ofmokhis olyldr ocar loyhpxys iPumenayi ngoihd @2 (1),
carbon atons; and a is a number of 1 to 20. 13. A

pr oc¥ES OF o Lr vritiig cam ofl efdonbpok yimt bZatHeofol ldving steps
catal yst, conprising the step of contacting a solid

cat aiz)y)sﬁndcb}fpéﬁe‘frﬁlsf order efnd Pol foetoweatd anepr pduced this

according to the process of claim8 with an
orgéﬁ%%FUninunlconpound and an external electron
onor. 20 14 process for producing an ol efin

oty ot Sl oty lososmer o
\émcf:[)ért Iﬂmﬁgg?%Il{‘yﬁé:%%%ggggézygglrgep% R j}é;ogenation compound and
an internal electron donor and/or organic acid halide with one
another, thereby obtaining a solid compcnent;
{(2) washing the solid component with a hydrocarbon
10 solvent;

{3) contacting the washed solid component, a
halogenation compound, and an internal electron donor and/or
organic acid halide with one another; and

(4) washing the solid compeonent with a hydrocarbon
15 solvent at 707C or higher four or more times;
the solid catalyst component for olefin polymerization
comprising titanium atoms, magnesium atoms, halogen atoms and
hydrocarbyloxy groups, wherein the following filtrate
contains titanium atoms in a concentration of 0.08
20 mg-Ti/ml-filtrate or lower, measured according to a method
comprising the steps of:

(1) preparing a suspension of the solid catalyst
component for olefin polymerization in heptane having a
concentration of 0.1 g-solid catalyst

25 component /ml-suspension;

(2) heating the suspension at 70°C for 30 minutes under
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stirring;

(3) filtering the suspension, thereby obtaining a
filtrate; and

(4) measuring a concentration of titanium atoms

contained in the filtrate.

9. The process for producing a solid catalyst component
for olefin polymerization according to claim 8, wherein the
hydrocarbon solvent in the step (4) is an aromatic hydrocarbon

solvent.

10. The process for producing a solid catalyst component
for olefin polymerization according to claim 8, wherein the

hydrocarbon solvent in the step (4) is toluene or xylene.

11. The process for producing a solid catalyst component
for olefin polymerization according to claim 8, wherein the
sclid material containing magnesium atoms and hydrocarbyloxy
groups in the step (1) is a solid material containing trivalent

titanium atoms, magnesium atoms and hydrocarbyloxy groups.

12. The process for producing a solid catalyst
component for olefin polymerization according to claim 8,
wherein the solid material containing magnesium atoms and
hydrocarbyloxy groups in the step (1) is a solid material

produced according to a process comprising the step of reducing
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a titanium compound represented by the following formula [I]
with an organomagnesium compound in the presence of an
organcsilicon compound containing a Si-0 bond, or in the
presence of a combination of the organosilicon compound with

an ester compound:

R4~< %7\ m
¥

T~

wherein R? is a hydrocarbyl group having 1 to 20 carbon atoms;
X* is independently of one another a halogen atom or a
hydrocarbyloxry group having 1 to 20 carbon atoms; and a is a

number of 1 to 20.

13. A process for producing an olefin polymerization
catalyst, comprising the step of contacting a solid catalyst
component for olefin polymerization produced according to the
process of claim 8 with an organcaluminum compound and an

external electron donor.

14. A process for producing an olefin polymer,
comprising the step of contacting an olefin with an olefin
polymerization catalyst produced according to the process of

claim 13.



