1 PRODUCTI ON PROCESS OF OLEFI N POLYMERI ZATI ON CATALYST COMPONENT, OF OLEFI N
POLYMERI ZATI ON CATALYST, AND OF OLEFIN POLYMER 5Fi el d of the Invention

The present invention relates to a process for producing a solid catalyst
conmponent for olefin polynerization, a process for producing an olefin

pol ynmeri zation catalyst, and a process fgr producing an olefin polyner. 10

Background of the Invention JP 10-212319A (corresponding to US
6, 187, 8838) discloses a highly stereoregular oIefin pol yrer produced by
polyner|2|ng an olefin in the presence_of g merization 15 cataly t he

catal yst bei N§OPOTrTEY addd g ©5 acﬁﬁgéﬁss 3¥ﬁ5¥§ophec§géb§5%f (1)
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conpound, thE?EQME%roducing_a solid product, (2) contacting the solid
product 20 w al ogenati on conpound, an internal electron donor and an

organic acid halide, thereby producing a solid catal yst conponent
containing trivalent titaniumatons, and (3) contacting the solid catalyst

conponeng cogt ai Qi dh%iYﬁ%%ﬁ% 1dd tanium atons, an organoal um num conpound
and an external 25el ectron dono 2 Summary of the Invention However, the
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stiffness are
process for producing an olefin polymerization catalyst, and
a process for producing an olefin polymer.
10
Background of the Invention
JP  10-212319A (corresponding to US 6,187,883B)
discloses a highly stereoregular olefin pélymer produced by
polymerizing an olefin in the presence of a polymerization
15 catalyst, the catalyst being formed according to-a process
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
20 with a halogenation compound, an internal electron donor and -
an organic acid halide, thereby producing a solid catalyst
component containing trivalent titanium atoms, and (3)
contacting the solid catalyst component containing trivalent

titanium atoms, an organoaluminum compound and an external

25 electron donor.



particularly required. In view of the above circunstances, the
present invention has an object to provide: (i) asolid catalyst
conponentfor olefin 10 polynerization capable of producing a highly
stereoregul ar ol efin polyner, which can be nolded into an injection-nol ded
article having superior stiffness; 9 (ii) a process for producing

t he above solid catal yst conmponent (i); 15(iii) a process for producing an
ol efin polymerization catal yst using the above solid catal yst component

(i); and RY rocess, for producing an ol efin polymer using an
ol efin poIyngPP?3§Yd%f%ﬁ%ﬁ??anbyﬁhuced according to the above process
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pol ymeri zation, conprising titaniuma magnesrum at ons, €n atomns

and hydr ocar byl Vs QUREn e €] fedde §0k L owhng {1l raha 6ntaLng titani um
atons in a concentration of 0.08 ng-Ti/m -filtfate or |ower, neasured
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of the solid catalyst 3 conponent for olefin polynerization in heptane

havi ng a5coneefécatdrdimoalde. lagrisQleisd Kafaly stusoranest i MnsdssSpepsi on;
(2) heating the suspension at 70C for 30 m nutes under 5stirring;
particularly required.
In view of the above circumstances, the present
invention has an object to provide:
(1) a solid catalyst component for olefin

10 polymerization capable of producing a highly stereoregular
olefin polymer, which can be molded into an injection-molded
article having superior stiffness;

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

15 (iii) a process for producing an olefin polymerization

catalyst using the above solid catalyst component (i); and

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

20 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

25 method comprising the steps of:

(1) preparing a suspension of the solid catalyst



(3) filtering the suspension, thereby obtaining a filtrate; and

(4) neasuring a concentration of titaniumatons contained in the filtrate.
10Al so, the present invention is a process for producing the above solid
catal yst conmponent for olefin polynerization, conprising the follow ng
steps (1) and (4) in this order, or conpgising the following step (1), one
or nore repetitions of a conbination of the following steps (2) and (3) in
this order, 15and the following step (4), in this order: 1
contacting acsolid nat%rial c%ntainin magnesi um at ons. and hydr ocar byl oxy
groups, a hal“S§BRAET bn TREMFOTHd aP I ReF hERr Rl LT eBEPbA YoRBY 1B%idPor
organi c aCidc%ﬁ%EQ@r%%Ih one anat her, %hﬁreby obtaiﬂigg a solid _conponent;

20(2) washi ng the solid conponéit with “a‘hydrocdrBBhtSol ventcatalyst: (3

contacting the was ol J nent, a hal ogenati on conpound, and an
i nt er nal electggg %ﬁggﬁ‘ﬁﬁgpgggggﬁanic acid halide with one another; and

25(4) washing the sgli gegpmbgreﬁgtsu@pteaﬁg?madg %ﬁ]@%@ §@h¥§9£e§tunéoc or

hi gher four or nore tines t her, € presen rAventron is a

process kor preduchpg an ol efin polynerization catalyst, conprising the
step of contacting a solid catal yst conponent for olefin polynerization

produced according (30 thelrhave Mh@d%AMSQBEPCQ%%IeEQ eLganRadimy num

conpound and an external electron donor with one another.
filtrate; and

(4) measuring a concentration of titanium atoms
contained in the filtrate.

10 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,

15 and the following step (4), in this order:

(1) contacting a solid 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;

20 (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

25 (4) washing the solid component with a hydrocarbon

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



Furthernore, the present invention is a process for producing an olefin
pol ymer, conprising the step of contacting an olefin with an olefin

pol ymeri zation catalyst produced 10according to the above production
process. Detail ed Description of the Invention As expl ai ned above,
the process of the present invention forgproducing a solid catalyst
conponent for olefin 15 polynerization has tw enbodi nents. The first
enbodi ment conprises the above steps (1) and (4) , and those steps are
carried out in thl%,o g T e second enbodi nent conpri ses the above step
(1) , one or more reBetFEron fpﬁe%%ﬁblﬁQY?Qﬁﬂ%ﬁ the @bBYECSE2pSOr2) and

3) , dth t d tho s O are carrjed out in this
(()rzjer aInn case ?ﬁ\é?nqshg 50583%18 B rr:h%ﬁ lﬂ%sg":ﬁ/éyrsépefzi"f‘?ﬁh%m&f the

conbi nati on %g éh%fagg%%a?£e8§ §2g2§1€ % %%ggﬁgé %gargé%%rrled out

in the follow ng order step

- h
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5 step (8) ipreasssOfant B§g§§&£ﬂﬂllﬁmog&m}nd RRgaldidng ot ey SheR (L)

The solid conponent obtained in the step (1) maybe known 5in the art, which
i s discl oseddbAoprwidh dnkSagdeheas JP 10-212319A corresponding to US
6, 187, 883B and JP 7-216017A

Furthermore, the present invention is a process for
producing an olefin polymer, comprising the step of contacting
an olefin with an olefin polymerization catalyst produced

10 according to the above production process.

Detailed Description of the Invention

As explained above, the process of the present invention
for producing a solid catalyst component for olefin
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 of 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



corresponding to US 5,608, 018A. Exanpl es of the solid materia
used in the step (1) are the followng solid materials (i) to (iii), and
the solid 10material (iii) is preferable anmong them (1)

di hydr ocar byl oxynmagnesi uns represented by the formula, Mg (OR) (OR2),
wherein Rl and R2 is independently of eacyi other a hydrocarbyl group having
1 to 20 carbon atons; (i1) hydrocarbyl oxymagnesi um hal i des
represent ed by 15the formula, Mg (OR3) XlI, wherein R3 is a hydrocar byl
group having 1 éﬁ carbon atons, and X1 is a hal ogen atom and

(iii) solid n%ﬁ%ﬁl 1RofPSF Mingher PoapPRhtemPedARPYM at ons, nagnesi um at ons
and hydrocar byl oxy groups. Exanpl esoft hedi hydrocar byl oxymagnesi uns 20
represented (i) by the above formula, M(ORL)(0R2), are dinmethoxymagnesi um

di et hoxymagnegi Wm4.di.p Qpoxy.Na si um di but oxynmagnesi um
d|pentoxynagneé#ghr—gfgexfie%ygggﬁesiun1

di oct oxynagnesi um dip,
d|cycIohexyloxynagnes?gﬁgﬁggﬁgg %%%&9%%}%%%13&Pesmep (1) may be known

25nethoxypropg¥y@@gn§§gun&gg&hqﬁyq§%cﬁxg%gn %Qg eth%ing%%%g§§gggp65|um

and et hoxybut oxymagnesi um Anpng em pre §S|un1

di et hoxymagnesj-pmoan ofli BBWQHGS'tHWUSa@dl@%%%r &har 5897151 6017a
di et hoxymagnesi um A proceSs for producing

di hydr ocar byl exxeagbaai e d ivs Eepseserded by the above formul a,
My(OR1) (OR2), is not 5 limted. Preferable exanples thereof are (1) a

process conprising Edenpstespo fthkeesstidgate fRgnaseymiehal st (8] gelol and a
smal | amount of a hal ogen-contai ni ng conpound and/ or hal ogen, wth one

anot her, and {1® f®lderetegsschinprisiargatibe ($f epoofif £ACt 4 the solid

' diaIkyln%pne5|un1conpound wi th an al koxysilicon
1 material (iii) is preferable among them:

(1) dihydrocarbyloxymagnesiums 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;

(1i) hydrocarbyloxymagnesium halides represented by

15 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
dimethoxymagnesium, diethoxymagnesium, dipropoxymagnesium,

dibutoxymagnesium, dipentoxymagnesium, dihexyloxymagnesium,

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

ethoxypropoxymagnesium, and ethoxybutoxymagnesium. Among



10conpound. Exanpl es of the hydrocarbyl oxymagnesi um hal i des (ii)
represent ed by theaboveformul a, MJ(OR3) X1, are :

met hoxymagnesi uncthl ori de, et hoxynmagnesi unchl ori de,

pr opoxymagnesi unchl ori de, but oxymagnesi untchl ori de, 15 pent oxynmagnesi um
chloride, hexyl oxymagnesi um chloride, octgpxynmagnesi um chloride,
phenoxymagnesi um chl ori de, and cycl ohexyl oxymagnesi um chl ori de, and
conpounds obt ai ned by replacing the chlorine atomcontained in the
above-exenplified compounds with a fluorine atom a bromne atomor a

i odi ne atom OV ARSAGST hetnt SHrefet ety Ragnest KB x yRriesivilroens bl de,
ethoxynagnesh%ﬂlchloride or. pro o%yna%nesiun1chloride, and nore preferred
i s et hoxynmagnedi ThCEKI T oet " 8? dEEE POFIPrisduds i ethoxymagnesium.

hydrocar byl oxymagnegi ym hgli@e L) represented_by the above

fornul a, Ng(ORB)Xl,gi 98R3% [Phi PEQT %%%eFéBV r géﬁ%mlgéyﬁ?gT?ﬁ%ﬂﬁﬁocess
are (1) a progces ISl ten of eac ing, a, G yd conpound wth
an alkoxysiIi@gnggﬁﬁggéﬁg%@g%%hﬁffEggbfbéggsué%hp¥?gﬁ%éggﬁé’sﬁépnBF

reacting s Giisgnakd. comaupdyydt i akeobol - app| eg of the
hydr ocar byl oxy group contained in thg a o&geggffdaﬁgﬁe ial § (799%°8re

hydr ocar byl 0xr@rouRsg N BEeS oflra9c8ﬁ§arrp%e%tiqmeérﬁgngntﬁ%yhom eferred
is a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a
pent oxy grou@ndola 8mBEXOXMo@HtOWE a ha1ogen1$@hggyﬂiggnggﬁgéﬁﬂdlgﬁaqokn t he
step (1) is preferably the above solid material (iii), ich contains the
trival ent 10haﬂbganimﬂtaknnxaﬂdtham,aﬁﬁuni)a&n@beggkﬂhkyiéggéQﬁe@@gg, and
nore preferably 90% or nore, provided that the total anount of titanium
atons cont ai wédréacting soliad kyahegned i cohpondl00h aandl kenisiinsoh he
hydr ocar byl oxy groups in an anount of preferably 20% by wei ght or nore, and
nore pr &fer alsoyroBog by

Examples of the hydrocarbyloxymagnesium halides (ii)

represented by the above formula, Mg (OR®) X!, are
methoxymagnesium chloride, ethoxymagnesium chloride,
propoxymagnesium chloride, butoxymagnesium chloride,
15 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 atomn.
20 Among  them, preferred is 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
25 not limited. Preferable examples of the process are (1) a

process comprising the step of reacting a Grignard compound



15wei ght or nore, provided that the ambunt of the solid material (iii) is

100% by wei ght . A process for producing the solid material (iii)
conprises, for exanple, the step of reducing a titani um conpound
represented by the following formula [I] with an 20 organonmagnesi um

conpound in the presence of an organosilifon conpound containing a Si-0
bond, or in the presence of a conbination of the organosilicon conpound
with an ester conpound in view of inproving an activity of a polynmerization
catalyst: 8 X2 RO Ti_. [I] ., a wherein R4 is a hydrocarbyl group having 1
to 20 carbon "HOhED ¥Bk9%iddepBneRrRIUndef atel 2Anet hevcesshabogens atom or a

hydrocarbylo&xﬁgr ug hgvin 1 to 20 carbon atons; and a is a nunber of 1 to
20, and prefera Isge REnb¥reSRg &f GF hgrard ovmpound withEwdephes. of R4 in the
above fornula [1] e an al kyl group such as a nethyl group, an ethyl

group, a propyl grg%ﬁfmp 5518¥F§%%3%%§PC§F?XﬁRX¥aQEBFQIC%ﬂﬁﬂh@?dahmiﬁh@butyI

group, an any. o] ; i.soanyl gr.auyp, a hexyl group, a heptyl group, an
octyl group,Egm%%cgplﬁfgﬁ%egﬁgya gﬂ& c?Fedpﬁﬁﬁfagﬁyé?§ﬂ Fryap katmdas a

phenyl "group,; eo@roeéyibcg{Q'egmsaAﬁX%:th%ﬁnoﬁre}%grng@ggth' Ve oup: an

cycl oal kyl group such as a cycl ohéex gro
allyl group sicdtmsyayAhepenyl f%ﬂﬁ n al kyl group such as a benzyl
group. Anong them g?%fg?rggyfg an angrqgigﬁbyﬁﬁ%%ﬁbqﬁp?{¥9ﬁ¥3ﬁﬁWﬁon at ons,
or an aryl greup hawbHg Hdu@.18 carbon atons, and particularly preferred is
a linear alkyl group having 2 to 18 carbon atons.

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

the above solid material (iii), which contains the trivalent

10 titanium atoms in an amount of preferably 50% or more, and more
p;eferably 90% or more, provided that the total amount of
titanium atoms contained in the solid material (iii) is 100%,
and contains the hydrocarbyloxy groups in an amount of
preferably 20% by weight or more, and more preferably 25% by

15 weight or more, provided that the amount of the solid material
(iii) is 100% by weight.

A process for producing the solid material (iid)
comprises, for example, the step of reducing a titanium
compound represented by the following formula (I] with an

20 organomagnesium compound in the presence of an organosilicon
compound containing a Si-O 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:

25



20Exampl es of the hal ogen atomof X2 in the above formula [I] are a
chlorine atom a brom ne atomand an iodine atom Anong them particularly
preferred is a chlorine atom Exanples of the hydrocarbyl oxy group having 1
to 20 9 carbon atons of X2 in the above formula [I] are those derived from
t he above-exenplified hydrocarbyl groupsgas R4, such as a nethoxy group
derived froma nethyl group, an ethoxy group derlved froman ethyl group,
etc. Anmong them particularly 5 preferred is an al koxy group derived from
the above-exenplified |inear alkyl group having 2 to 18 carbon atons as R4,
such as an et hoxy grdﬁp derived froman ethyl group, etc.

Exanpl es of the titaniu conpound represented by the

10abovef or mul Rf H-ey et i hoxytfli ani um

tetraethoxytltanlunltﬁtra n- propoxyti tani um

tetralsopropoxytltanrﬁn]tetra n- but oxytitani um

t et rai sobut oxytitani um n-butoxytitaniuntrichloride,

di - n- but oxyti tani undi chl oride, tri-n-butoxytitanium 15 chl ori de,

di -n-tetrai sopropyl pol ytitanate mhich is a mxture of conpounds having "a"

of 2 to 10 in the abqve fornula [I], tetra-n-butylpolytitanate which is a
m xt ure of c&WﬁBEhﬂéih&%@n@yd%PCQﬁbyé FEOURD PR IRGE B0t CREPATI S OMST

tetra-n- hexy&pol tit ate mh a nlxtur of co unds 20 having "a" of
2to 10 in tRe aBove BFHHF 'f aﬁﬁeté¥F5 roétf%&ﬂ%ﬂﬂt%ﬁ%ﬁeoﬂhﬁch is a

t f "a" th b f 11, d
e 8, COTRERR IS BB 8 0000 IE PR e L ond

. A f " f 1, 2
S A e of 95 9, 3. LSOO oy D0 58 <0 1 7

4 in the above y pre erred
tetra-n-but oxytg tanium tetra-n- butyltltanl um

Examples of R® in the above formula [I] are an alkyl group
such as a methyl group, an ethyl group, a propyl group, an
10 isopropyl group, a butyl group, an isobutyl group, an amyl group,
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
15 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 to 18 carbon atoms.
20 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



10 dinmer, or tetra-n-butyltitaniumtetraner. Those titani um conpounds may
be used in a conbination of two or nore thereof. Exanpl es of the
above organosilicon conpound are those represented by the follow ng _
respective fornulas: 5 Si (OR5) tR64-t, R7 (R82S10 uSi R83, and R102s i0 )
v 10wherein R5 is a hydrocarbyl group ha\éi ng 1 to 20 carbon atoms; R6, R7,
R8, R9 and R10 are independently of one another a hydrocarbyl group having
1 to 20 carbon atons, or a hydrogen atom t is an integer satisfying 0 <'t
4, uis aninteger of 1to 1,000; and v is an integer of 2 to 1, 000.
15Exanpl esof @8R garfEs PEchnieopoahavargormula [I] are those derived

t et ramet hoxysi | ane, di net hyl di met hoxysi | ane,

t et r aet hoxy)s/i ToRet T i3 FEERL Siieghaydrocarbyl groups as RY, such as

di et hoxydi et hyl si ] ane, et hoxytrj et hyl si |l ane, _
tetraisopr op%%ﬂ‘%’%,gtﬂoiu?o ?%JDVC?)&%FPEO?)HWIY%I §EGHP, an ethoxy group

20tetraprOpo%%@&bggefggﬁnéﬁxggﬂg&p5983lFléégFLAmong them, particularly
5 preferred is an alkoxy group derived from the

above-exemplified linear alkyl group having 2 to 18 carbon

atoms as R?*, such as an ethoxy group derived from an ethyl group,

etc.
Examples of the titanium compound represented by the
10 above formula [I] are tetramethoxytitanium,
tetraethoxytitanium, tetra-n-propoxytitanium,
tetraisopropoxytitanium, tetra-n-butoxytitanium,
tetraisobutoxytitanium, n-butoxytitanium trichloride,
di-n-butoxytitanium dichloride, tri-n-butoxytitanium
15 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 [1],
tetra-n-hexylpolytitanate which is a mixture of compounds
20 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
25 “a” of 1, 2 or 4 in the above formula [I], and particularly

preferred is tetra-n-butoxytitanium, tetra-n-butyltitanium



t et rabut oxysi | ane, di but oxydi but yl si | ane,

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

cycl ohexyl oxytri net hyl si | ane, phenoxyt ri met hyl si | ane,

t et raphenoxysi |l ane, tri et hoxyphenyl si | ane,

25hexanet hyl di si | oxane, hexaet hyl di si | oxa

hexapr opyl di si | oxane, octaethyltrisil oxane, 11

di et hyl pol ysi | oxane, di phenyl pol ysi | oxane, nethyl hydropol ysi | oxane and
phenyl hydr opol ysi | oxane. Anmong them preferred is an al koxysil ane
conmpound repr gg‘&%’edo’by tFﬁéaé‘bﬂ?Peth&lgﬁPé?m StEBREIYR64TROSShEt BRTHLYN | S
Spreferably an integer satisfyi 1t4, and npre

pref er abl y4( n%ﬁ%ﬁ’%’%@t?‘%l o‘i%//es‘ipgﬁnae(?(? OO Pét e PRARFS FamESqfs t he
nost preferabl e conmpound. The above organomagnesi um conpound may be
any conpound cont airrgf(%mdlaesrrﬁgn%}%ﬁ Ghe LRrBeR B8N l(f%f:gﬁ“ﬂ‘?u“leﬂ]ére@hose

or ganomagnesi i ferably a Giignard conpound represented
by the follow# dx%%?gggpgyﬁgﬁhﬁogﬁggld?H?%%Efa%%%l%ﬁﬂﬁ§350n1represented by
the foll oy ng second fornul a:

Si (OR®) ¢R%-¢,
R’ (R%,810),SiR%;, and

(R'%,510) +,

10 wherein R’ is a hydrocarbyl group having 1 to 20 carbon atoms;
RS, R’, R® R® and R are independently of one anotﬁer 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.

15 Examples of the organosilicon compound are
tetramethoxysilane, dimethyldimethoxysilane,
tetraethoxysilane, triethoxyethylsilane,
diethoxydiethylsilane, ethoxytriethylsilane,
tetraisopropoxysilane, diisopropoxydiisopropylsilane,

20 tetrapropoxysilane, dipropoxydipropylsilane,
tetrabutoxysilane, dibutoxydibutylsilane,
dicyclopentoxydiethylsilane, diethoxydiphenylsilane,
cyclohexyloxytrimethylsilane, phenoxytrimethylsilane,
tetraphenoxysilane, triethoxyphenylsilane,

25 hexamethyldisiloxane, hexaethyldisiloxane,

hexapropyldisiloxane, octaethyltrisiloxane,



Rl 1My- A3, and 15R12R13ng wherein R11 is a hydrocar byl

group having 1 to 20

carbon atons; X3 is a halogen atom and R12 and R13 are independently of

each ot her a hydrocar byl

solution of a Gignard conpound in an ethgr, in order to obtain a

pol yneri zati on catal yst having a good shape.
and R13 are an aIkyI group having 1 to 20 carbon atons, an aryl group,
25group, such as a nethyl group, an ethyl

o, propy%re] u%gi%sﬁqoé‘SB?opyl group, a but%ﬂiph@"qéfﬁﬁ"lésjs]&@'@m’y'

group,

group

group, a ter

gr oup,

nesi um corpe its co X sol.uble in
ﬁ;gfgggﬁgon solvent CE én%fgéﬂgégabe “obt r%g %ﬁvlﬁgﬁchW§QPﬁg

Be

B, Al
5

10

15

20

25

or ganorragneSIr%gkegga;)@émy%hQ A gangnetal o

or

preferably an integer satisfying 1 = t = 4, and more
preferably 4 (namely, tetraalkoxysilane compound) .
Tetraethoxysilane is the most preferable compound.

The above organomagnesium compound may be any compound
containing amagnesium-carbonbond therein. The organomagnesium

compound is preferably a Grignard compound represented by the

- following first formula, or a dihydrocarbylmagnesium

represented by the following second formula:

RllMgX3, and

R12R13Mg,

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

anisopropylgroup, abutyl group, a sec-butyl group, atert-butyl

Exanpl es of RII

group having 1 to 20 carbon atons. Anbng 20 them
nore preferred is a Grignard conpound, and particularly preferred is a

R12
an

I
2 2 ethyT ey ?I%Dr e B R s i sy, ) The

%Hasnﬂtgt,su eraeslnt hat of Li ,



Exanpl es of the above ester conpound are nonocarboxylic acid esters and

pol ycarboxylic acid esters. Anong them preferred are unsaturated aliphatic
carboxylic acid esters 10 such as nethacrylic acid esters and naleic acid
esters, or aromatic carboxylic acid esters such as phthalic acid esters,
and particularly preferred are phthalic ggid dialkyl esters. Specific
exanpl es thereof are saturated aliphatic carboxylic acid esters,
unsaturated aliphatic carboxylic acid esters, 15 alicyclic carboxylic acid
esters, and aromatic carbox%lic acid esters. Mire sggcific exanpl es t her eof

are methyl ad8iPe, 2Bt AyPIBLet VP pReMFEYAcEFaIR, Mt AV orE&iBnate, et hyl
ropi onate, efh tyrate, ethyl valerate, ethyl acrylate, neth

et hacr vl at o 2GRy EREERS ciosD: ph ASHan S65PR ST h eSOt oP B ot hyl

toluate, ethyl ani teebrdégémzaylnesugcicn%t %Ungimbutgl Su Czilsn? %,cdi at hyl

mal onate, dibutyl nalonate, dnetnyl nal sate. gibt yIoral dace,” f & hvi

i taconate, di i.ta 0 h I I | at e,
Laconate, OGR! bAS9AL o IAPELIVA, OhLAALAL S ALIRLDML, BV SALA'

25di i sop%%ylggh&@@&@}@% tille- Oz Qo2 SRR DA Al oAbl SePUE ¥h BhLfRl-ALg di pentyl
pht hal at e, di - n- hexyl phthal at®, lg

di - n-heptyl phihabahg, dicih-Qckyhphthaliat @, B, al or zn.
di (2- et hyl hexyl phthalate,dllsodecylphthafate, di cycl ohexyl phthal ate and

di phenyl pht hal at e.Exzaghesfoft BBe alpRve Ht@aNESHddBANa LOMPAYBSrbJA1ari um 5
conpound and ester conpound is preferably conbined with a solvent. Exanples

~of the sol vericidr esaldrghadric pydreaaolobsc suehdas:shexane Amdapt askem, oct ane
and decane; aromatic hydrocarbons such as tol uene and xyl ene; alicyclic
hydr ocar bons psechrasd cycd olresedme atret Aylphedichexabexahik 19diet addtrrsand
et her conpounds such as diethyl ether, di-n-butyl ether, diisoanyl ether
and tetﬂthdp@pbran_methacrylic acid esters and maleic acid esters, or
aromatic carboxylic acid esters such as phthalic acid esters,
and particularly preferred are phthalic acid dialkyl esters.
Specific examples thereof are saturated aliphatic carboxylic
acid esters, unsaturated aliphatic carboxylic acid esters,

15 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

20 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,

25 diisopropyl phthalate, di-n-butyl phthalate, diisobutyl

phthalate, dipentyl phthalate, di-n-hexyl phthalate,



A tenperature of the above reduction reaction is usually -50 to 70C, _
prengany -30 to 50C, and particularly preferably -25 to 35C. Atine
thereof is not particularly limted, and 15it is usually about 30 m nutes
to about 6 hours. The reduction reaction may be followed by heating at 0 to
120C. The solid material prepared jn the above reduction reaction
may be supported on a carrier such as a porous inorganic oxide and a porous
organi c polyner. The carrier may be known 20 in the art. Exanples of thg
carrier are inorganic oxides such as S|023 AL203, MO, Ti Q2 and Zr02; an
pol yners such®ag J6PFstyr ene, Phthstlptene- di vidiyhbenzehe copehyReLata,

styrene-et hyl enegl ycol di net hacryl at ecopol yner, o
ponnethyIang}ggﬁﬁﬁﬁﬂpéfﬁ%Hacrwwﬁﬂ@}atﬁethyldQBamhyhaIe-dp%mhylbﬁnzene

th | at e,
et hyl et hact VTGO EYBI T i BizaoebpatiEhany] i holyaoryl oni
riIe,gnacronnitriI -di vi ygﬁenzene copol ymer, pol yvinyl chloride,
pol yet hyl ene and po??%}o €I B. ARABRgOF SRR S Prierer coaPPEnadn b gamium

i i st yr ene-di vi nyl benzene Scopol yner

pol ymer, mnd parti.eyl gklﬂy Ee{*erred 15 a mé% ferably combined with

or an acrylonit |Ie-d|V|n§E ehz SR LBl ymete y combilned with a
solvent. Examples of the solvent are aliphatic hydrocarbons

such as hexane, heptane, octane and decane; aromatic
hydrocarbons such as toluene and xylene; alicyclic
hydrocarbons such as cyclohexane, methylcyclohexane and

10 decalin; and ether compounds such as diethyl ether, di-n-butyl
ether, diisoamyl ether and tetrahydrofuran.

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

15 it is usually about 30 minutes to about 6 hours. The reduction
reaction may be followed by heating at 0 to 120%C.

The solid material prepared in the above reduction
reaction may be supported on a carrier such as a porous inorganic
oxide and a porous organic polymer. The carrier may be known

20 in the art. Examples of the carrier are inorganic oxides such
as Si0;, Al,03, MgO, TiO, and Zr0Oz; and polymers such as
polystyrene, a styrene-divinylbenzene copolymer, a
styrene-ethylene glycol dimethacrylate copolymer,
polymethyl acrylate, polyethyl acrylate, a methyl

25 acrylate-divinylbenzene copolymer, polymethyl methacrylate,

a methyl methacrylate-divinylbenzene copolymer,



In order to support effectively the solid material on a carrier, the
carrier has a pore volune of preferably 0.3 cnB/g or nore, and nore
preferably 0.4 cnB/g or nore, in a pore radius of 20 to 200 nm A ratio of
t he above pore volune is preferably 1035% or nore, and nore preferably 40%
or nore, provided that a pore volune in g 4p0r € radius of 3.5 to 7,500 nmis
100% The above organosilicon conpound is used in an anount of
usually 1 to 500 nol, preferably 1 to 300 nol, and particularly preferably
3 to 100 nol, in ternms of an ampunt of 15silicon atons contained in the
or ganosi | i coPToRsstiheniberlawl of an t ani @wraionst cortaiimédy lrertdwmet i t ani um
conpound used. The above organomagnesi um conpound is used in an
amount of usUEBAYYESI  to RPIGHEDYpr ef FHIIT}dE, 2 t PSLWBthElenand and
particularly referab# 0.5to 2.0 nol in ternms of the amount 20 of
magnesi um at oits YEORPAT et i PHe LBFBaivifd§resf uht conpednat aseel ysar nol  of
the total of tQ@ amount of silicon atops contained in the organosilicon
conpound used.*“an§?® ﬁ%?%&ﬁﬁﬁ%: SFe??fﬁ urh®at BnsS Lot Aeyd LR et ani um
conpound gused, Al the arganosilicon conpound, the titanjum 25conpound

54 QZO oégrger &N crxg eesﬁlgg

and the organo &T U COmpotRaCar e tP¥er§ ArdEd “8Beh M Hat a sol i d

cat al yst conponent nt-aLns i atonms. i n an.amunt of usually 1
to 51 nol, preferabllq{; 2 Fg %{%ﬁ%%%@iﬁlﬁfgﬁpf&ﬁ Prefelabts 4 €8 26 nol ,

per nol of tidfagmuma.at ons -cepi sk ned ABoié‘%o%%&gf%%el\éékég%o%r}%?t-

The above ester conmpound is used in an amunt o f00 nol ,
preferably 0.ck hord0af®lmoranskdrirhbeyl@rl ¥nPyelrably i@ 262:3% 410k, Per

nol of titanium atons contained
of 20 to 200 nm. A ratio of the above pore volume is preferably
10 35% or more, and more preferably 40% or more, provided that a
pore volume in a pore radius of 3.5 to 7,500 nm is 100%.
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 contained in the organosilicon compound, per mol
of titanium atoms contained in the titanium compound used.
The above organomagnesium 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 organosilicon 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



i i tani um conpound used. The solid material obtained by the
:agotlgerfaducti on reggti on is usually separated froma reaction mxture, and
then, 10 is washed several tinmes with an inert hydrocarbon solvent such as
hexane, heptane and tol uene. The thus obtained solid material contai nsh
trivalent titanium atons, magnesi um at omslgnd hydr ocar byl oxy groups. The
solid material generally has an anorphous Structure, or a very weak
crystalline structure, and 15the former structure is particularly.
preferred. . The hal ogenation conpound used in the above step (1)
nmeans a conpo@hd™¢afaBRed Wit piaes vy tvha hy drlovat byd ety rgbdye ¢oentai ned in
the solid materjial wth a hal ojgwen atom The hal ogenati on corrpqun_d IS
preferably a ﬁiﬁb@‘@ﬂ PESHPEUREE bf Profergdup? 49 263ndr, delr BbEMEMtisahbut he f
Periodic Table of the elements, and more preferably a hal ogen conmpound o
Goup 4 or 14°EPERERtY2iRENTE HS solddnfie el elt compaierst no titani um atom
at | east a hal ogen ¢RI und of a titaniumatomis used as the hal ogenation
conpound. 25The above: Hal°oget: €onbTRYHt 1&9566 ¥ ercamomns o6 ugpeibyrably a

i ; 4-b wh in M
'S Bn At o of oLy 4 DRI T S R aPaal byl “hre0uBChavt iy Fot Asuser tar bon
is an ; _
d ex} t are the sane as, or different from
gﬁlgng’noiiﬂer; %%sﬂéquaﬁéztﬁ g?gﬁrﬁl’aﬁ%bmollsog tfﬁhtr%’éflmiﬁtg?”éﬁ‘ gPRGRER.d | p <
4, preferabl yiQ-theb t2¢afhgh Rl GULaL LY preferably b = 0.

Exanpl es of the above 111 are a titaniumatom a zirconium 10atom and a
haf ni um at om AnongThdesd1 d eherdad i %}:ﬁ%atihganbymtﬂgog’bove reduction
reaction is usually separated froma reaction mixture, and then,
10 is washed several times with an inert hydrocarbon solvent such
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 halogenation 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 halogen compound of

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

25 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 nethyl group, an

et hyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a tert-butyl group, an amyl 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 group, a cresyl group, a
xylyl group and a naphthyl group; an all 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 to 18
carbon atons, and particularly preferred is a linear alkyl group having 2
to 18 carbon atons. Exanpl es of X4 are a chlorine atom a brom ne
atom and an iodi ne Mt@&*)A¥bng them particularly preferred is a 25chl orine
atom Exanpl es of the hal ogen conpound of Goup 4 elenments 17 represented
by the above fornula are a titaniumtetrahalide such as titanium
tetrachloride, titaniumtetrabronide and titaniumtetraiodide; an

al koxyt i t ani URSEELRA! i ideasatam 85 GrstRdeyR| tignd bt et ydr §ereup having
ethoxytitaniumtrichloride, 5 butoxytitaniumtrigchloride, phenoxytitanium
trichioridde andethBAFEPR Ut ARBrBIRdBLIUERY R Wie&LREx yiavaRF ekl hal i de

such as di nmet hox titaniﬁnlgichloride, di et hoxytitgni um dichloride,
di but oxyt i t arfi¥fin 8F et EEST e pHENBXYRT tRNTHRT di thEBrd délgrgn atom;

di et hoxytitaniumdi brom de: and .haf nium 10 co unds obt ai.ne repl acin
’ Th & umgﬁri%a e YéBS\%-%xBn%F ?fipe]bef%rtagr]r?’u& %)cl)ﬁ’p'%gnds ’

the titani umatom cont aine

~with a hafniuymatg a@gﬂﬁgj%$9g;6%%§éggfeggLrgd is titaniumtetrachl oride.

The above hal'dgen conpou or 14 elenments is preferably a

compound T epresent &g up168% ¢ ehi 600 1 LB &5 c 13 BRELIM CoLOE GRSl N M2
is an atomof Goup 13 or 14; R15 is a hydrocar yf group havi ng o 20
carbon aonsat¥m hida MAlFAYIEA AL ARLhE them, preferred is a titanium
atom.
Examples of the above R are an alkyl group such as a
methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl 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 decyl 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 ilodine atom. Among them, particularly preferred is a

25 chlorine atom.

Examples of the halogen compound of Group 4 elements



20t he val ence of M2; and c is a nunber satisfying O < cm Exanpl es
of the atomof G oup 13 are a boron atom an alum numatom a gallium atom
an indiumatomand a thalliumatom Anong them preferred is a boron atom
or an alum num atom and nore preferred is an alum num atom 25Exanples of
the atomof Goup 14 are a carbon atom ﬁsilicon atom a gernmanium atom a
tin atomand a |lead atom Anong 18 them preferred is a silicon atom a
germaniumatomor a tin atom and nore preferred is a silicon atomor a tin
atom For exanple, when M2 is a silicon atom mis 4, and c is
preferably 3reprasesg@ealyl te FoXs dpemald |aks ienéispphym Sdhlebrlhde at om a
brom ne atom and an i odine atom Anong them preferred is a chlorine atom
Exanpl es of €HERaBsvEIRBL B e tEdiR AILRY LG r obpt 3V a<etd akEPRY e grdp, an

et hyl group, a n-propyl group, an isopropyl. 10 group, a, n-butyl group, an
i sobut yl gronFa%H“%ng?tiﬁﬁﬂﬁbﬁeénaPséghﬁ¥§iﬁﬁﬁﬂ&F%atﬁé%?ﬂlﬁ?oﬁb?ha?ﬁeptyl
group, an octyl group, a decyl, group .and a dodecyl group; .an_aryl group
such as a ph@%§?g%ﬁ§ﬂﬁfﬁl&mto¥?ﬁé&ﬁ9ﬁ38?(a %?Qﬁ§£%%§PBgB? ef%éﬂhﬁpré?%Up and a
napht hyl _group; a .cycl oal kyl . grou uch_as a .cycl ohexyl. gr.oup .15 nd a
cycl openPyl ég%ﬁﬁXt%%?ﬁ&PPy t #ﬁﬁﬁ?igéchp%%“%F%ﬁ%§%Sﬁ§W %?%éh%orgﬁﬁ %ﬁgaralkyl

group such ag, o%‘iztyalniggnmﬂ?ibm%;t 'L‘?lr@ylapréﬁfa%%? titsarﬁy algsyl, ggoup or an

aryl group; an e preferred 1s a 'net roup, an et group, a

n-propyl group.pa g@enaime&rh%s@t@{a@i@ﬁtO&yéhlg)rr%e; 2Qkxamy RS «9hi bhe above
hal ogen conpound of G oup 13

el enent sar et g £h] OFQROT ane.uBk iyl € LI ORGNBREde, diphenoxytitanium
et hyl di chl or obor ane, phenyl di chl or obor ane,
dichloride and diethoxytitanium dibromide; and hafnium
10 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:

15

Mlesm—-cXSc

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
20 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.
25 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



cycl ohexyl di chl or obor ane, di net hyl chl or obor ane,

nmet hyl et hyl chl or obor ane, tri chl oroal um num

25met hyl di chl or oal um num et hyl di chl or oal um num

phenyl di chl or oal um num cycl ohexyl di chl oroal um num 19
dinethylchloroaluninunldiethylchloroaluanunl met hyl et hyl chl or oal um num

et hyl al um num sesqui chl oride, galliumchloride, galliumdichloride,
trichlorogallium methyldichlorogalliumethyldichlorogallium

5phenyl di chl orogal I i um cycl ohexyl di chl orogal | i um di net hyl chl orogal | i um
met hyl et hyl cHitemegar¢femed adi ansichlconi afeom,i rdiganmeniwhlagonder angtihyl i ndi um
di chl oride, phenylindiumdichloride, dinethylindiumchloride, thallium
chloride, tha49unfReéirtuorirgéerned WA ehallicen dite ori detin(rtom.

phenyl thal I i umdichloride and dinmethylthalliumchloride; and conpounds

obt ai ned by repl acifRf €Fé"Ehtoriif® ¥t ofi Goftaimed 3P heE aboYe-a¥esrplifi ed
conpounds with a fluorine atom a brom ne atomor an iodine atom

Exanpl es of tife BHUVEF 34Moged conpound of G oup 14
15e|enen%§aretetrag§!or nethgﬁg,trichlﬁronﬁtha@e, dic@hpronethane,
monochl oronet hane, “FAAPLEErPTR ot efhgngorine atom, a chlorine atom,” a

1’1-d|Chloro%ﬁ%ﬁggelaé%ﬁhégalg£0§ggﬁﬂgbtom. Among them, preferred is a

chlorine atom.
Examples of the above R'® are an alkyl group such as a
methyl group, an ethyl group, a n-propyl group, an isopropyl
10 group, a n-butyl group, an isobutyl group, an amyl group, 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 tolyl group, a cresyl group, a xylyl group and a
naphthyl group; a cycloalkyl 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. Among 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 halogen compound of Group 13
elements are trichloroborane, methyldichloroborane,
ethyldichloroborane, phenyldichloroborane,
cyclohexyldichloroborane, dimethylchloroborane,
methylethylchloroborane, trichloroaluminum,

25 methyldichloroaluminum, ethyldichlorocaluminum,

phenyldichloroaluminum, cyclohexyldichloroaluminum,



1,1, 2,2-tetrachl oroet hane, tetrachl orosi | ane,
trichlorosil ane, nethyltrichl orosil ane,

20et hyl trichl orosi | ane, n-propyltrichl orosil ane,

n-butyl trichl orosil ane, phenyl trichl orosil ane,
benzyltrichlorosiIane,p-tolyltrichlorosiHgne,

cycl ohexyltrichl orosil ane, di chl orosi | ane;

met hyl di chl or osi | ane, et hyl di chl or osi | ane,

25di net hyl di chl or osi | ane, di phenyl di chl orosi | ane,

met hyl et hyl diddhkohpsih laneafonéstihor osi | ane, 2@liethylchloroaluminum,
trimethyl chlorosil ane, tri phenyl chl orosi | ane,

t et r achl or ogeefrhméstrylctillorogépmamaey, ethylaluminum  sesquichloride,
met hyl tri chl or oger mane, et hyl tri chl or oger mane,
phenyltri(:hl@ﬁégéﬁmmuﬁﬁ%ﬁnéﬁpwro@@##ﬁﬂﬁe,diChlorider trichlorogallium,

5di et hyl di chl or oger mane, di et hyl di chl or oger mane, .
methyldichlorogallium, ethyldichlorogallium,

5 phenyldichlorogallium, cyclohexyldichlorogallium,
dimethylchlorogallium, methylethylchlorogallium, indium
chloride, indium trichloride, methylindium dichloride,
phenylindium dichloride, dimethylindium chloride, thallium
chloride, thallium trichloride, methylthallium dichloride,

10 phenylthallium dichloride and dimethylthallium.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, 1,1,1-trichloroethane,

1,1-dichloroethane, 1,2-dichloroethane,
1,1,2,2-tetrachloroethane, tetrachlorosilane,
trichlorosilane, methyltrichlorosilane,
20 ethyltrichlorosilane, n-propyltrichlorosilane,
n-butyltrichlorosilane, phenyltrichlorosilane,
benzyltrichlorosilane, p-tolyltrichlorosilane,
cyclohexyltrichlorosilane, dichlorosilane,
methyldichlorosilane, ethyldichlorosilane,
25 dimethyldichlorosilane, diphenyldichlorosilane,

methylethyldichlorosilane, monochlorosilane,



di phenyl di chl or oger mane, nonochl or oger mane,

tri met hyl chl or oger mane, tri et hyl chl or oger mane,
tri-n-butyl chl orogermane,tetrachlorotin,

met hyltrichlorotin,n-butyltrichlorotin,
10dinethyldichlorotin,di-n-butyldichloro%%g, di -i sobutyl di chl oroti n,

di phenyl di chl orotin, divinyldichlorotin, thyltrichlorotin,
phenyltrichlorotin, dichlorolead, nethylchlorolead and phenyl chl orol ead;
and conpounds obt ai ned by replacing the chlorine atom contained in 15the
above- exenpl i friectheApblodss Mianle, a fl uori ne at obyriphdrydmhderasodharg, an

i odine atom Anong them preferred is

t et rachl or osi tetir@cirdhgernagtd,or osi | ane, trichlorogermane,
ethyltrichlorosilane, n-propyltrichlorosil ane,

n- but yl t ri chiestdsilltaheh pprerganmanehl or osi | ane, 20teY}Yedhdpgpparmane,
methyltrichlorotin or n-butyltrichlorotin. The hal ogenation conpound is
preferably tiRhaiiYdirtehtaerdoreas, met hyl di chl or oal uniHighlorogermane,

et hyl di chl oroal um num tetrachl or osi |l ane, _ .
phenyl t rithl St oS AAE: FBt PRAISTERPor osi | ane, diethyldichlorogermane,

diphenyldichlorogermane, monochlorogermane,
trimethylchlorogermane, triethylchlorogermane,
tri-n-butylchlorogermane, tetrachlorotin,
methyltrichlorotin, n-butyltrichlorotin,
10 dimethyldichlorotin, di-n-butyldichlorotin,
di-isobutyldichlorotin, diphenyldichlorotin,

divinyldichlorotin, methyltrichlorotin, phenyltrichlorotin,
dichlorolead, methylchlorolead and phenylchlorolead; and
compounds obtained by replacing the chlorine atom contained in
15 the above-exemplified compounds with a fluorine atom, a

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

tetrachlorosilane, methyltrichlorosilane,
ethyltrichlorosilane, n-propyltrichlorosilane,
n-butyltrichlorosilane, phenyltrichlorosilane,

20 tetrachlorotin, methyltrichlorotin or n-butyltrichlorotin.

The halogenation compound is preferably titanium

tetrachloride, methyldichloroaluminum,
ethyldichloroaluminum, tetrachlorosilane,
phenyltrichlorosilane, methyltrichlorosilane,
25 ethyltrichlorosilane, n-propyltrichlorosilane or

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



25ethyltrichl orosil ane, n-propyltrichlorosilaneor tetrachlorotin, or a
conbi nati on of two or nore thereof, and 21

particul arl ypreferablytitaniuntetrachl orideor tetrachlorosilane, froma
vi ewpoi nt of an activity of a polynerization catal yst. Use of the
above internal electron donor in the step (1) may inprove an activity or
copol ynerizability of a polynerization cépalyst in the present invention.
Exanpl es of the internal el ectron donor are oxygen-containing el ectron
donors such as ethers, ketones, al dehydes, carboxylic acids, organic acid
esters, inorgeitccadpdlest epseforagdni ¢ aciténanmindes tefbadiorngari ¢ agi d

am des and acid anhydrides; and nitrogen-containing electron donors such as
anmoni a, am nextraghilprpeslaned | Sowyamavéswpditongef hem aptéfery edrare
organic acid esters and/or ethers, and nore preferred are carboxylic acid
esters and/ orPREFrd 2285 £inleégsbf the above carboxylic acid esters of the
internal electron donor are npnocarboxylic acid esters and pol.ycarboxylic
acid esters. Mre spEePfitdeexantn éaterersteatrosdoneadadtha sphnt il

nnnocarbgﬁylic aci,d esters, saturated aliphatic_polycarboxylic acid esters,
unsat ur at®ed 313 phatPéZ8 nBRocarbbdiY ¢ Uci FESLEreritaliditrat @4 aki phatic

pol ycar boxyli ¢ -acid.esters | i cycl.ic_.nonocarboxylic acid_esters, alicyclic
pol ycar boxyl i€ ACrg &3 bag?Jo’F%tt it %%858?%%&)*%?’8“530‘?% EXprpLes 24d

sters,

aromatic polxﬁlrg%{gkhgla&ié%#%%%e%%PR?rgi%{é§g¥%%ggéggiéﬂéﬁéad %&% hatic

carboxylic aci esters suchas nethacry acid

esters. of ArQRLLCsGal hayl Lo ACk:RLET el hengle acid esters 22
Sp n%%hyl

.and phthalic acid esters. ecific exanp1e$ thereof are _ é 8t at e,
ethyl acetat erqphesxkiacatats, iHBLOW 1 PLOR 00aLS;, SidWtc cqa'a%ﬂ%{eggll et hyl
e

butyrate, ethyl valerate, ethyl acrylate, nethyl nethacryl ate,

benzoat 40 butibrbenzeat &acid  amides and acid  anhydrides; and
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.

15 Examples of the above carboxylic acid esters of the
internal electron donor are monocarboxylic acid esters and
polycarboxylic acid esters. More specific examples thereof are
saturated aliphatic monocarboxylic acid esters, saturated
aliphatic polycarboxylic acid esters, unsaturated aliphatic

20 monocarboxylic acid esters, unsaturated aliphatic
polycarboxylic acid esters, alicyclic monocarboxylic acid
esters, alicyclic polycarboxylic acid esters, aromatic
monocarboxylic acid esters, and aromatic polycarboxylic acid
esters. Preferred are unsaturated aliphatic carboxylic acid

25 esters such as methacrylic acid esters and maleic acid esters,

or aromatic carboxylic acid esters such as benzoic acid esters



5net hyl toluate, ethyl toluate, ethyl anisate, diethyl succinate, dibutyl
succi nate, diethyl nmalonate, dibutyl nalonate, dinethyl maleate, dibutyl

mal eate, diethyl itaconate, dibutyl itaconate, and phthalic acid esters
represented by the followng fornula [I1] : 10 wherein R16, R17, '-'111 tc
and R19 are independently of one another a hydrogen atom or a hydrocar byl
group; and X6 and X7 are 15 independent|y%f each other a group consisting
of hydrogen atonms and carbon atons, or a group consisting of hydrogen
atons, carbon atonms and one or nore oxygen atons contained in ether bonds.

RL6, RL7, -18amhghRiSlar ecpdelserabl spachydeagempabonai«a 20 ydigsar byl
group having 1 to 10 carbon atons, and two or nore hydrocarbyl groups of
R16, R17, R18aeeichtRl9 emhylbecttateed phengheaasoiter erhiar MraphbRgie X6 and
X7 are preferably a hydroxyl group or an al koxy group having 1 to 20 carbon
atoms; and whefhwbn PPIiarerret i cetthiydg lext trsatet, hest Hyhanvs herR16- Rihy1

carryi ng-benzene ring, the aromatic ring may be partially or totally

hydr ogenat ed. acrylate, mptdypmethbreybete dehylhehvestq cpnegehtrtodne,t he

above forgrul a are preferably phthalic acid dialkyl esters; and
methyl toluate,” ethyl toluate, ethyl anisate, diethyl

succinate, dibutyl succinate, diethyl malonate, dibutyl
malonate, dimethyl maleate, dibutyl maleate, diethyl
itaconate, dibutyl itaconate, and phthalic acid esters
represented by the following formula [II]:

10
R o

17
R X8

7
R18 X

wherein R'®, RY, R™ and R!® are independently of one another

a hydrogen atom or a hydrocarbyl group; and X°® and X’ are

15 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'®, R', R' and R" are preferably a hydrogen atom or a

20 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 form a ring; X® and X" are preferably a hydroxyl group

or an alkoxy group having 1 to 20 carbon atoms; and when an



5 particularly preferably phthalic acid dial kyl esters, whose two al kyl

groups have 8 or |ess carbon atons in total. Exanples of the phthalic acid

derivatives are dinethyl phthalate, nethyl ethyl phthalate, diethyl

pht hal ate, di-n-propyl phthal ate, diisopropyl phthalate, di-n-butyl

pht hal ate, 10 diisobutyl phthal ate, dipentyl phthalate, di-n-hexyl

pht hal ate, di-n-heptyl phthalate, diisohéptyl phthal ate, di-n-octyl

pht hal at e, di (2-ethyl hexyl) phthal ate, di-n-decyl phthal ate, diisodecyl

pht hal ate, dicycl ohexyl phthal ate, dlphenyl phthalate and phthalic

di chl ori de, a®éPmatify identtinat o tde rothangdheor’ mBFeﬁKM5na@*bed¥amqyﬂdgen1

preferred |s dlethyl ghthalate di -n-propyl phthal ate, diisopropyl

pht hal at e, R RFCYRt At REIhmey Bf RRYGERAYYPT pietvdllat bydrogenatedExanpl es

of the above ethers of the internal electron donor are dial ky ethers,

cyclic ethers mhlchT%?é”ﬁ@?é%%é?%ﬂl%e§mﬁﬁﬁﬁ85ﬂa§”ﬁéﬁpﬁgdébfFéagﬂmWﬁe

etherbond (-GOC.) in their hgg and 1, 3-di et hers. Exanpl es of
%yP

t he above di ?ﬁﬁ?qéﬁhgf§ FHELET hE@?&ﬁc ?ﬁ%ﬂfﬂﬂakﬁﬂ%mesqﬁrsm gRepy|
t her, digd | t di b t th

et byl - n-br oy AR TG etfﬁrﬁBEYﬁﬁm% dehars s ﬁg%%? strige,

t hyl - n- - but | th f d

4 i 1 butyl S %b’%“ BpReK g §¥ﬁia?9?exavﬁbeee?‘?5em st et her - or

"butyl ether’or the htr@aq@plﬁaldofdemag?% gy&'agrrn t; ﬁa npr?{hal 3Lyl ene

oxi de, propyl ene oxide,trinet ene oxl rah
52, 5- di et hoxd@ gﬂahéﬁﬁ§ﬂl“ﬁ%@hg§5E@hVQﬁ%EM§@n%ﬂmhalate, di-n-propyl

hexanethyleneOX| di oxepane, 1 '3- di oxane
1, 4- di oxane, bhdhdiexe) aneLidopebpyl - ohhdl0¥8] and—n-butyl phthalate,
10 diisobutyl phthalate, dipentyl ©phthalate, di-n-hexyl
phthalate, di-n-heptyl phthalate, diisoheptyl phthalate,
di-n-octyl phthalate, di (2-ethylhexyl) phthalate,
di-n-decyl phthalate, diisodecyl phthalate, dicyclohexyl
phthalate, diphenyl phthalate, and phthalic dichloride, and a
15 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

20 compounds havingat least one etherbond (-C-0-C-) intheir rings,
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,

25 methyl-n-butyl ether, ethyl-n-propyl ether, ethyl-n-butyl

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



2, 2-di net hyl- 1, 3- di oxol ane, 4- net hyl - 1, 3- di oxol ane,

2, 4-di net hy1- 1, 3-di oxol ane, furan, 2,5-dinethylfuran and 10s-tri oxane.
Anmong them preferred are cyclic ethers containing at |east one -C-0-C0-C
bond in their rings. Exanpl es of the above 1,3-diethers are those
represented by the following formula [II;J 0-CGCGCO-R3 [III] I'l oil 15H
IR -' H wherein R20, R21, R22 and R23 ar 41ndependent|y of one another a
Cl1-20 linear al kyl group, a branched al kyl group, an alicyclic al kyl group,
an aryl group or an aral kyl group, and R2 and R21 20maybe i ndependently of
each ot her a diydrbgenl attdmr, ardiampys berkinketet 0c eache Ot eSS f‘@lﬁ@cry'l‘ a ring.
Exanpl es of the 1,3-diethers represented by the above fornmula [II are

2, 2- dllsobutf¥3@r3 di nBetiaxdy preopafie,
2-isopropy|-2-isopenty1-1,3-dinethoxypropane, 25

2, 2- bi s(cycl ohexyl netdplEs10 B téemBtdvexypr biganehers are ethylene oxide,
2-1sopropyl -2-3, 7- dlnethyloctyl 1, 3-di net hoxypr opane,

2, 2- d||sopr06VTP¥ Snﬂln@ﬁh@%ypréﬁé@ﬁihylene oxide, tetrahydrofuran,

2- |sopr0@yl-% %yclohex | met hyl-1, 3- di net hoxypr opane,

dimethoxytetrahydrofuran, tetrahydropyrane,
hexamethylene oxide, 1, 3-dioxepane, 1, 3-dioxane,
1,4~dioxane, 1,3-dioxolane, 2—methyl—1,3-dioxolane,
2,2-dimethyl~1, 3-dioxolane, 4-methyl-1, 3-dioxolane,

2,4-dimethyl~1, 3-dioxolane, furan, 2,5-dimethylfuran and

10 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]:

)
C—O0—R?® [IO]
|

15 H

wherein R?°, R*', R?? and R? are independently of one another

a Ci-20 linear alkyl group, a branched alkyl group, an alicyclic

alkyl group, an aryl group or an aralkyl group, and R¥ and R?!

20 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 [II1] are 2,2—diisobutyl—l,3—dimethoxypropane,

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



52, 2-di cycl ohexyl- 1, 3-di net hoxypr opane,

2-isopropyl -2-isobutyl-1, 3-di met hoxypr opane,

2, 2-di i sopropyl-1, 3-di net hoxypropane, 2, 2-di propyl-1, 3-di met hoxypropane,
2-i sopropyl - 2-cycl ohexyl-1, 3- di net hoxypr opane,
102-isopropy|-2-cyc|openty1-1,3-dinethox§gropane,

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

2- heptyl-2-pentyl-1, 3-di met hoxypropane, and a conbi nation of two or nore

t hereof. The organic acid halide used in the step (1) is 15 preferably
monocar boxyl i 2aet € (6ad1ddesy0hepbY VAl Boxy heehaotkdpahkedes. Exanpl es
thereof are aliphatic carboxylic acid halides, alicyclic carboxylic acid
hal i des, and zarieoatopy Lar130XyKine dley b dialli-de 3 -d Speadiokivo rexangl es t her eof
are acetyl chloride, propionic acid chloride, butylic acid chloride, 20
val eri ¢ aci d Zl2-0i ii dep raorlyli, 8 -donet sidyprricdene et hacryl i c acid chl ori de,
benzoic acid chloride, toluic acid chloride, anisic acid chloride, succinic
aci d chl ori d&-isaboapyl aciaycdhhexytesthydl-éi ¢ -dvietrheklygrpp@aned t aconi ¢ acid
chloride, and phthalic acid chloride. Anong them preferred are aromatic
25nmonocaPboxydri2c daey el @Hori-ded-dirst ek YB&AR®RR aci d chl ori de and tol uic
acid chloride, or aromatic dicarboxylic acid 26 dichlorides such as
phthal i ¢ aci & dSERFOPY U ~iPHREL ~ bristieéBORYR R %at i ¢ di car boxyl i ¢ aci d

di chl orides, ,and particularly_preferred is phthalic acid dichloride. The
step (1) is éﬁ%FPEBSQREOHY '&Ppyd?TFEﬂP%ﬁPWBBEH%Te of 5 an inert gas such as

ni trogen and  argan. Examples of an order of contacting the solid materi al
~wWith the ha|&b§n§%P6ﬂ?@gﬂﬁ§uHam%ﬁ%P%¥R§%PﬁPSrna| el ectron donor and/ or
.organi ¢ aci d hal_i > 4 | ng . X (1)

addi ng a hal ozggrslg ?%%hgoztrr% ﬁ%gkg’?\ﬁ grf ##%lreﬂ%g%ﬁg;%orﬁpg&efon donor to a solid
materialigi N 31588bEGHA - IR openty1-1, 3-b2he ARG BaR3) 0geNat i on compound

and an organic acid halide'to a solid material in an optional order;
2,2-dicyclopentyl-1, 3-dimethoxypropane, and
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
15 preferably monocarboxylic acid halides or polycarboxylic acid
halides. Examples thereof are aliphatic carboxylic acid
halides, alicyclic carboxylic acid halides, and aromatic
carboxylic acid halides. Specific examples thereof are acetyl
chloride, propionic 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 chloride, and phthalic
acid chloride. Among them, preferred are aromatic

25 monocarboxylic acid chlorides such as benzoic acid chloride

and toluic acid chloride, or aromatic dicarboxylic acid



(3) adding a m xture of a hal ogenati on conpound, an internal electron donor
and an organic acid halide to a solid 15materi al; (4) adding a

m xture of a hal ogenati on conpound and an internal el ectron donor, and an
organic acid halide, in an optional order, to a solid nmaterial

(5) adding an internal electron donor to a solid 20material, and then,
addi ng a hal ogenati on conpound t hereto; 26 (6) adding an internal

el ectron donor to a solid material, and then, adding a hal ogenati on
conpound and an internal electron donor thereto, in an optional order,
wherei n the fdrampridéer nalctel eet rpmtiddner acitthedi@titoetident efudher

25el ectron donor is additionally added; (7) adding an

i nternal el eqrederdedorrtoaaocsatid dRanmixgilial acadddi biehgriadi,ngra@ m xt ur e
of a hal ogenati on conmpound and an internal electron donor thereto, wherein
the fornmer imaataghlerkbetwxnfedondrinrphthelliat tekdiditeylpalidel ectron donor is
additionally added; 5(8) adding a solid material and an internal electron
donor to a hal ogenath®ftebpnpdund darrasdoptti ogaplby daran atmospherg @F addi ng
a solid nmaterial and an organic acid halide to a hal ogenation conmpound in
an optiorfal GiHépreriyfes such as nitrogerppngddar #R -a EEBIP e hrefer 15 degn

i nt ernal elegﬁ{on donor, 10and an organic acid halide to a hal ogenati on

conpound in oPPHGHAI Gy dbpe  solid mafgriafoyethr dets P3ICIFAUESP may be
foll db f di hal ti d or,

i xt e of a AAPUBRA TSR "o POt aRACSr ThrRraA: el et PEREdDnAE Lol
Among them preferred is the qrder (ﬁ);t%hﬁ%ggder (4); the order (4)

foll owed by one or nore 'steps o add g a mxture of a hal ogenation

compound and an i nteMNAaeCld bAoAt 18 LR AP ad)an Wil he
second step of adding a m xture o al ogenati1'on conpound and an i nternal
el ectronodonQ1 ¥ oR€donor to a solid material in an optional order:;

(2) adding a halogenation compound and an organic acid
halide to a solid material in an optional order;

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

15 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 solid material;

(5) adding an internal electron donor to a solid

20 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

25 electron donor is additionally added;

(7) adding an internal electron donor to a solid



20 repeated. More preferred is 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
adding a m xture of a hal ogenati on conpound and an internal electron donor
may be 25repeated. Particularly preferred_is the order (4) using an ether
as an internal electron donor, followed Bv the step of 28 adding a m xture
of a hal ogenati on conmpound and an internal electron donor, wherein the
internal electron donor is a conbination of a carboxylic acid ester and an
et her, and f undteeriafoldraivelehyadtings inmterstoFps haf ogeldh tignacaipdumde of a 5
hal ogenati on conpound and an internal electron donor, wherein the internal
el ect ron dono#nd saranngkhherl ered¢thmnordepr (7henrssiong waecaiboklyd | oraeird est er
as the first internal electron donor, and using a conbination of a

car boxyl i ¢ acimtegsedregatrcandetrderrasha hetsecdmndeirneeralaictebectanem donor,
foll owed by one or nore 10 steps of adding a m xture of a hal ogenati on
conpound and sh dadtiéiansl by eéddedn donor, wherein the internal el ectron
donor is an ether. A method for contacting the solid material, the
hal ogenatd on conpouf®, adtErontepphid dlederiah dMc” didesralsemawinc acid
hal i de with one another is not particularly |imted. Exanples of the nethod
are convent i SICTIMEChB AR EWEN3EL°8 SPRRIMP IR hdY, ORIHE L net i cal |y

pul veri zi ng nmet hod ing .a ball mll. The pechanically ,pulverizing nethod
's preferably carribd GUELPR 81 pF dREES T AP GEFRCLY ACE? dE LS

suppr ess ZOpQQg%p%E fine powders,. thereb obtaining,aagglid conponent

n_of , .
havi ng a narrOM/par??%?%FEﬁ??ec FEET T Dut gﬁ.Opylonal Ofﬁg above diluent is

preferably inert to e i tepial,,. & Iﬁggﬂﬁ i t he
internal electron dgﬁgraiﬁﬁkfﬁgﬁgﬁggﬁﬁgrggﬁagﬁa I e.Bé%Qﬁ%%ggﬁgRQP e
diluent gy e Znal Lphakisn Iy HACRRRONS SUCR 88108MANGn BEXEHENd NEPLANE and
octane; aromatic hydrocarbons such as benzene, "t ol uene and

optional order.

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 order (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)
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

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

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



29 xylene; licyclic hydrocarbons such as cycl ohexane and cycl opentane; and
hal ogenat ed hydr ocarbons such as 1, 2-di chl oroet hane and nonochl or obenzene.
Anmong them preferred are aliphatic hydrocarbons or aromatic hydrocarbons,
5 nore preferred are aromatic hydrocarbons, and further preferred is

t ol uene or xyl ene. The above diluent is used in an anmount of
usually 0.1 to 1,000 nL, and preferably £3t 0 100 m., per one g of the solid
material, per one contact. 10A tine for the above contact is not
particularly limted, and is preferably 0.5 to 8 hours, and nore preferably
1 to 6 hours.addiagt enpiertairer efi s hslajangtib toukb0Q apdederaidegn@lt o 140C,
and further preferably 60 to 135C. The above contact is carried out
preferably urdectibn dgntatiemereim ortderintermmailntediectaochodogenebdsisas| urry
state. Too week agitation may result in insufficient contact, and

t herefore, thompbinatign obteatadrbyydliymeridzenticonahenlefser mapdofairithsuf fi ci ent
inits stereoregularity or activity. Too strong agitation nmay break the
sol i d conmpond®tlevedi h¥d.cn20 e talogeiriRS onf cedpbithdei B8igsetr i af ad anount
of usually 0.5 to 1,000 mvol, preferably 1 to 200 nol, and further

pref er ablfy 2 hadogenatimsl copepusheéngrainidf e el SIRFET FRerPPar . WiRTEin

hal ogenati on conpound i.s used preferably in conbination wt he .i nt ernal
el ectron dondfe Wﬁ?ﬁ?ailse%%og‘nd%f}?raﬁﬁl?ﬁte%’ 85 a1 ?,rc%gn[ 27i0ﬁlﬁﬁl ,
preferably 1.5 to 75 nol, and further preferably 2 t 0 I er_one nol
of the hal ogénSeTRW HoipdGhd estss 25 the glﬁﬂ%lp FE?%ngSFgg??éﬁmﬁénor is

d i t_.of ly_0.01 0 l. .ef : 0 I,
used 1n an arg%%nusf)rtﬂ é;sc%r-aﬂ%l%{a iy (rDTTJI:r%I c?‘argoeo?ﬁlc G &L t%g@%%ﬁe&%e? o

t .
and further prefera 0 One gram o mat eri al

The organic %Csl gheb%leicgﬁdii%tlé§ﬁgli&&%r@%orqf fyﬁr@mleldyby one or more

10 steps of adding a mixture of a halogenation compound and an
internal electron donor, wherein the internal electron donor
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 is not particularly
limited. Examples of the.method are conventional methods such
as a slurry method, and a mechanically pulverizing method using
a 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 obtaining 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



5 0.1 to 100 mol, preferably 0.3 to 50 mmol, and further preferably 0.5 to
20 mmol, per one gramof the solid material, and is used in an anount of
usually 0.01 to 1.0 nol, and preferably 0.03 to 0.5 nol, per one nol of
magnesi um atons contained in the solid material. 10Wen the interna

el ectron donor or organic acid halide is used in an anmount of |arger than
100 mmol per one gramof the solid materi2Ql, the obtained solid conponent
having a particulate formmay be broken. 15Regarding the step (2)

The step (2) washes away fromthe solid conponent such conpounds as

titani um conpguerds ; unf amariakl envarydamels t Becbjact Qbi1bhexesant
i nvention. Exanples of the hydrocarbon solvent used in the step (2) 20 are

al i phati c hydryedapbotsnesuchaas pentiagenabexaneydhepi angs octame and decane;
and aromati c hydrocarbon sol vents such as benzene, toluene, ethyl benzene

and xyl ene. Anmgndithbmoguheher r ethdi S naihoah08BbhEn 2@, OC ARG, amdmor e
preferred is toluene or xylene. 25Exanpl es of the hydrocarbon sol vent used
in the step (2rfarecdrosstliiphhytc bgdrbomnrisolsventsosatchc agdbernzenas, t ol uene,
31 et hyl benzene and xyl ene. Anong them preferred is toluene or xylene.

The hydr Scar Béaesop¥effrres used |aramtagpuhydofcardeals,y 8nd timrthe00 i,
and preferably 1 to 100 nL, per one of the 5solid conponent, per one
washi ng. prefepr¢ihsisi fgluerpeatnlenen the step (2) is usually -50 to
150C, preferably 0 _to 140C, and further preferably 60 to 135C. A washing
time therein is not''FafPPEuIH PN #f t¥Ed dRd2TP samsusfte PADRS UL Vo 0120

m nutes, nore p. rably 2 to 60 mnutes, l10and further preferably 5 to 40
i nut es. The%ﬁu{n‘ggeoﬁ) 8?’ e %%ﬁ‘?’?‘?é’]iysl FSudP? Plonket O0ei 905t FRe$oladd six or

nmore times 'f’nagggggp; per one contact.

10 A time for the above contact is not particularly limited,
and is preferably 0.5 to 8 hours, and more preferably 1 to 6
hours. Its temperature is usually -50 to 150°C, pre.ferably 0
to 140°C, and further preferably 60 to 135C.

The above contact is carried out preferably under

15 agitation, in order to maintain a homogeneous slurry state. Too
week agitation may result in insufficient contact, and
therefore, the finally obtained polymerization catalyst may be
insufficient in its stereoreqularity 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 50 mol, per one mol of the halogenation compound.



The washing is carried out preferably under agitation, in order to nmaintain
a honogeneous slurry state. Too week agitation may result in insufficient
washi ng, and therefore, 15 the finally obtained polymerization catal yst nmay
be insufficient in its stereoregularity or activity. Too strong agitation
may break the solid conponent. Regarding the step (3): 20Contact
conditions in the step (3) are the same &9 those in the step (1), except
that the solid material in the step (1) is replaced with the washed solid
conponent. Regarding the step (4): 25Exanples of the hydrocarbon sol vent
used in the step (4harimtarnphatiectydr apaolkons sHeh as Penimngt kexane,
hept ane, 32 octane and decane; aromati c hydrocarbons such as benzene,

t ol uene, et hyishedzgme Odnc k30 enel, Arefigrdidigny. QF eb S0me li, Saranf wr ot | C
hydrocarbon, and nore preferred is toluene or xylene. An anobunt of the

hydr ocar bon sulefenablsdd 1f or Masthe hgpes ocrandramwes hhagdliimematerisiin | ar to
those in the step (2) nentioned above. A washing tenperature Is 70C
or higher, general |The7organiisecidpradfigieabs ys8@ im aMd@@urand fnorwlpyef er abl y
100 to 135C. 10A washing is carried out four or nore tinmes, preferably five
or nore i med-lad® mt% Hdr erkisiferabkyol - Aoite ti0negnol, and further

preferably 0.5 to 20 mmol, per one gram of the solid material,
and is used in an amount of usually 0.01 to 1.0 mol, and
preferably 0.03 to 0.5 mol, per one mol of magnesium atoms
contained in the solid material.

10 When the internal electron donor or organic acid halide
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.

15 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)

20 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.

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

are aromatic hydrocarbon solvents such as benzene, toluene,



The step (4) washes away fromthe solid conponent such conpounds as

titani um conpounds unfavorable in view of the object of the present
invention, nore strongly than the step 15 (2), to the extent that the
following filtrate contains titaniumatons in a concentration of 0.08
ng-Ti/m-filtrate or | ower, nmeasured according to a nmethod conprising the
steps of: (1) preparing a suspen%li on of the finally-obtained solid
catal yst conmponent for ol efin polynerization in heptane

20havi ngaconcentrati onof 0. 1g- sol i dcat al yst conponent/ nl - suspensi on;

(2) heating téhkibsperseomdtyZ6Qef Am@BEY mhaut erafedesd sid bl ghe or

(3) filtering the suspension using, for exanple, a &4 25filter, thereby
obt ai ni ng a f¥Yhtengt-e; and (4) measuring a concentration of
titaniumatons 33 contained in the filtrate, according to an anal yti cal
met hod known in theTh¢ thyserarzerarolvenptiiscasedénsin ymnethed asd Ay | CP
em ssion nethod. The solid catal yst conponent for ol efin polynerization 5
in the presert-} A9eht Y Yh ontad r%reéreéﬁgfatﬂ yFoch?dmilnepat oires gsof hehehal ogen
atons, and contains preferably ethoxy groups and/ or butoxy groups as the
hydr ocar Byl 0x3PgfoGpEPONent, perrRRe s §hindat al yst conponent for ol efin

pol yneri zation in t t invention c rises titaniumatons in an

amount 10 of 0.1 t%%?%%g?g %e§ﬁf’u§%d'np%g$egﬁ:&& {015 1rallys by trei ght ,
ot um el o gn e oo, yde W By e and bl 10 Fo s

by wei ght, ha o_geh atons i'm an anou _

SRRt SR S T S A R

solid Cata|Y§ireferably 1 to 120 minutes, more preferably 2 to 60 minutes,

10 andfurtherpreferablyS1x>40minutes.Thenumberofthewashing

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

The 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,

15 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):

20 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 component.

Regarding the step (4):

25 Examples of the hydrocarbon solvent used in the step (4)

are aliphatic hydrocarbons such as pentane, hexane, heptane,



conponent bei ng 100% by wei ght. The solid catal yst conponent for

ol efin polynerization may be used for polynerization in a formof its
slurry in an inert solvent, or may be used for polynerization in a form of
20 its fluid dry powder. Exanples of a drying nmethod for obtaining the
fluid dry powder are a reduced-pressure drying nmethod, and a net hod
conprising the step of renoving vol atil eXatters contained in the solid
catal yst conponent under a flow of an inert gas such as nitrogen and argon.
The drying is carried out 25at preferably 0 to 200C, and nore preferably 50
to 100C, and dayranpr efmer alelcynd; 0drbea 2 howdrecaahdnsosectpr £5 ep@blans). 5 to 10
34 hours. The or ganoal um num conpound used in the present invention
i s a conpounddiaenng @rieylbengene alduryhema .cambog thendspiafdrirednbds equl e, and
may be a conpound known in the art. 5Exanpl es thereof are conpounds
represent ed Bromaéifedivdawicagbbor mnlasorer pspiotiegel y toR24mAIOX88y ] erand
R25R26A1- 0- ALR27R28, 10 wherein R24 to R28 are independently of one anot her
a hydrocarbyl group*ha&frrgt 104 ¢heohydasarban ocimivexs wsed fhal vygriratom a
hydrogen .atom or an al koxy group; and wis a nunber satisfying 2 :5- w3.
15Exanpl s offCe "BP R AL UREA G EEApE IRdt e se iR tARIGFERI (71 PemsLadeeh as
triethylalumnum triisobutylalum numand trihexylalum num dial kyl al um num
hydri des sucK®&¥%di et hyl al uni num hydri de and dii sobutyl al umi num hydri de;

dlalkylalun]nun]hau&%%%higghtggperature’is 70°C or higher, generally 70

to 150°C, preferably 90 to 140°C, and more preferably 100 to
135C.
10 A washing is carried out four or more times, preferably
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 atoms



20 diethyl al um num chl oride; mxtures of trialkylalum nums and

di al kyl al umi num hal i des such as a mixture of triethylal um num and

di et hyl al umi num chl ori de; and al kyl al unbxanes such as tetraethyl di al umoxane
and tetrabutyl di al unoxane. Among them preferred are trialkylal um nuns,

m xtures of 25trial kyl al um numswi t hdi al kgykal um numhal i des, or

al kyl al unoxanes; andparticul arl ypreferredis 35
triethylaluninunltriisobutylaluninunla m xt ur eof

trlethylalunlnunmnth th um nunchl ori de, or tetraethyl di al unoxane.
Exanpl es of (H& 8xPE rﬁﬂ tg %{ I tGondr U@ ROt 3 analytical method

Spr esenti nveq{tl onar e gen: cont ai_ni gr% ounds, nit rog}en cont ai ni ng

conpounds, phospﬁorus coﬁfglﬂfﬁbaéo HEPtaRa! sIP Y BAERSHidRG éBnpounds.

Among them pref r en- cont ai ni ng conpounds or
ni t rogen- conﬁa?ngﬁggggglgﬁﬁﬁgg 10Exanp|es of the oxygen-containing

conpounds are al koxygi 6?%] é‘@%%mg %br #]ef’lsn S‘ggymeerlnggig Among

them preferred are al koxysi |co compou Bpl es of

the al koxysi liihciHe EQWQ%V%&W@%% f)?@f&sa%%eghpélrltn@ 'Icgrllsl g)sM ng
formula: 15 R29rSi~ (OR39) 4-

the halogen atoms, and contains preferably ethoxy groups
and/or butoxy groups as the hydrocarbyloxy groups.

The solid catalyst component for olefin polymerization
in the present invention comprises titanium atoms in an amount

10 of 0.1 to 3.0% by weight and preferably 0.5 to 2.5% by weight,
magnesium atoms 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

15 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

20 its fluid dry powder. Examples of a drying method for obtgining
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 nitrogen and argon. The drying is carried out
25 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



wherein R29 is a hydrocarbyl group having 1 to 20 carbon atons, a hydrogen
atom or a hetero atomcontaining group, and when 20 plural R29s exist,
they are the sane as, or different fromone another; R3 is a hydrocarbyl
group having 1 to 20 carbon atons, and when plural Rns exist, they are the
sanme as, or different from one another; dr is a nunber satisfying 05.- r
< 4. Exanpl es of the above hydrocarbyl group of R29 are a 25linear alkyl
group such as a nethyl group, an ethyl group, a propyl group, a butyl group
and a pentyl group; a branched-chain 36 al kyl group such as an i sopropyl
group, a secHBUEYF group, a tert-butyl group and a tert-amyl group; a

cycl oal kyl group such as a cycl opentyl group and a cycl ohexyl group; a
cycl oal kenyl group K§chCagaPEWEigpent €MACUGFoupsehnd fant e yIPT§EB0P such as
5a pheny group and.a tolyl group. _ The conpounds represented by the
above fornul d"4FBpPR1ER aaol%P“%’Gﬁ‘%uHﬁ%l%\m‘?g %t MPEgs £ L YRE TGRSR ER by

group of R29 i ch contai.ns ngecquar or tertiary carbon atomlinked to

the silicon &CBHT TOEXAMSIESUSF tHE FaY &% at BREST S N8 Pt ar bbove
het er o at-om ¢Qnt ai ni roup_.of R29 are an oxygen atom..a nitrogen atom a
sul fur a;50m %%?ﬂgif)%on%p c??jﬁsaﬁ oﬁmp&lélﬁﬁl o &trﬁéa%hg?'e?%e argo&rhogﬁlﬁ? ai ni ng
group are a q%gﬁﬁp%éaqgggegnggl a methyl et hyl am no group, a diethylam no
group, an 15 et hyl-n-propy am 110 group, a di-n-propylam no group, a
pyrrolyl group, a pyridyl group, a pyrrolidinyl group, a piperidyl group, a
per hydr oi ndol yl group, a perhydroisoi ndolyl group, a perhydroquinolyl

group, a perhydroi sequhRyl yl sgpoup, a perhydrocarbazolyl group, a 20

per hydroacri di nyl group, a furyl group, a pyranyl group, a perhydrofuryl
group and a thi enylrR*ttamp-o-Anedig?t,hem preferred are hetero at om contai ni ng
groups, whose hetero atomis. directly linked to the silicon atom

Exanpl ed0of the above al koxysilicon conpounds as the
250xygen- cont ai ni ngconpoundsar e

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 =3.
15 Examples of the organoaluminum compound are
trialkylaluminums such as triethylaluminum,

triisobutylaluminum and trihexylaluminum; dialkylaluminum
hydrides such as diethylaluminum hydride and
diisobutylaluminum hydride; dialkylaluminum halides such as
20 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
25 trialkylaluminums with dialkylaluminum halides, or

alkylalumoxanes; and particularly preferred is



di i sopropyl di net hoxysi | ane, di i sobut yl di met hoxysi | ane, 37

di -tert-butyl di net hoxysilane, tert-butylnethyldi methoxysil ane,
tert-butyl ethyl di net hoxysil ane, tert-butyl-n-propyl di met hoxysil ane,
S5tert-butyl-n-butyl di met hoxysil ane, tert-anyl et hyl di net hoxysil ane,
tert-anyl et hyl di met hoxysi | ane, tert-anyl-g-propyldinethoxysilane,
tert-anyl - n-butyl di met hoxysi | ane, 10isob& yl i sopropyl di net hoxysi | ane,
tert-butylisopropyl di net hoxysil ane, dicycl obutyl di net hoxysil ane,

cycl obut yl i sopropyl di net hoxysi | ane, cycl obutyl i sobutyl di net hoxysil ane,
15cycl obut yl -teietthydayimi mist.-hox §si L setait vdiad yeiopent yladi nBi koxgssi  lodne,
cycl opentyl i sopropyl di met hoxysil ane, cycl opentylisobutyl di net hoxysil ane,
cycl opent yl - teriethyt gL enHsihox ydithane A1 20y AHUBREXY| di Akt Hobdesi | ame,
cycl ohexyl met hyl di net hoxysi | ane, cycl ohexyl et hyl di met hoxysi | ane,

cycl ohexyl i sOptGEFcaY HethoBPsiePsne, cycl ohexyl i sobut yl di met hoxysi | ane,

25cycl ohexyl -tert-butyl di net hoxysil ane, 1 el d q i
cyclohexylcyclopent@% hG y§ ?aﬁéFerna electron donor used in the

5 present invention are oxygen—containing compounds,
nitrogen~containing compounds, phosphorus-containing
compounds and sulfur-containing compounds. Among them,
preferred are oxygen-containing compounds or
nitrogen-containing compounds.

10 Examples of the oxygen-containing compounds are
alkoxysilicon compounds, 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
R*°;S1 (OR) 4y
wherein R?° is a hydrocarbyl group having 1 to 20 carbon atoms,
a hydrogen atom, or a hetero atom-containing group, and when
20 plural R®’s exist, they are the same as, or different from one

another; R is a hydrocarbyl group having 1 to 20 carbon atoms,
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
25 linear alkyl group such as a methyl group, an ethyl group, a

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



38 cycl ohexyl phenyl di net hoxysi | ane, di phenyl di net hoxysi | ane,

phenyl met hyl di met hoxysi | ane, phenyl i sopropyl di net hoxysi | ane,

phenyl i sobut yl di net hoxysi | ane, 5phenyl -tert-butyl di net hoxysil ane,
phenyl cycl opent yl di met hoxysi | ane,

di i sopropyl di et hoxysi | ane, di i sobutyl di et hoxysi | ane,

di -tert-butyl di et hoxysilane, tert-butyl metthyl di et hoxysil ane,
tert-butyl ethyl di ethoxysilane, 10tert-butyl-n-propyl di et hoxysil ane,
tert-butyl-n-butyl di et hoxysilane, tert-anyl nethyl di et hoxysil ane,
tert-anyl et hyhtlkel haoysi bacte,ast ent : spdopy1 pg oy, diaesbexyiaiiageoup, a
15tert-anyl - n- butyl di et hoxysi | ane,

di cycl opent y| téettoxysi dang, ahd yclcahexyl tigebhpx st y@inelkyl group such
cycl ohexyl net hyl di et hoxysi | ane,

cycl ohexyl et h§$ di evhoxysitydnerdiphkendys divetlbbrysgl lgawep; a cycloalkenyl

10

15

20

25

group such as a cyclopentenyl group; and an aryl group such as
a pheny group and a tolyl group.

The compounds represented by the above formula are
preferably compounds having at least one hydrocarbyl group of
R?®, which contains a secondary or tertiary carbon atom linked
to the silicon atom.

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,
a methylethylamino group, a diethylamino group, an

ethyl-n-propylamino group, a di-n-propylamino group, a

b}

pyrrolyl group, a pyridyl group, a pyrrolidinyl group,

piperidyl group, a perhydroindolyl group, a

[V}

perhydroisoindolyl group, a perhydroguinolyl group,
perhydroisoquinolyl group, a perhydrocarbazolyl group, a
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 atom is
directly linked to the silicon atom.

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

diisopropyldimethoxysilane, diiscbutyldimethoxysilane,



phenyl nmet hyl di et hoxysi | ane, 202- nor bor nanenet hyl di met hoxysi | ane,

bi s( per hydr oqui nol i no) di met hoxysi | ane,

bi s( per hydr oi soqui nol i no) di net hoxysi | ane,

(per hydr oqui nol i no) (per hydr oi soqui nol i no) di met hoxysi | ane,

(per hydr oqui nol i no) met hyl di net hoxysi | ane,

25( per hydr oi soqui nol i no) net hyl di met hoxysid7ane,

(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,

(per hydr oqui nel +tet-bupy D toxghoxys) | ane,

(per hydr oi soqui nol i no) ( n- propyl ) di net hoxysi | ane,

(per hydr oqui noditnduttyent t bytdinedhary hoxyrsd,| ane,

5( per hydroi soqui nolino) (tert-butyl)di net hoxysil ane,

di et hyl am nodtemttrontysd et ank] iared hdikes hydreari nodi et hoxysi | ane.

Exanpl es of the ethers of the above oxygen-contai ni ng conpounds are those
exenplified abviebasylhe-rpyadvildinehersysoirlabét he 1, 3-diethers of the
internal electron donor. Exanpl es of the nitrogen-containing
conpounds® of & -RbévVé-eskwenigimeteetysidadenor are 2, 6-substitut ed
pi peri di nes such as 2, 6-di net hyl pi peridi ne and

2,2, 6, 6-t et r drfftthPrgipetr e Haesnpeystianednet hyl ene

15di am nessuchas?2, 5- subst ]t ut edpi peri di nes,
N, N, N, N -t et 'Fﬁ‘ﬁﬁ’élﬂ BREAPERT TR

tert-amyl-n-propyldimethoxysilane,
tert-amyl-n-butyldimethoxysilane,

10 isobutylisopropyldimethoxysilane,
tert-butylisopropyldimethoxysilane,
dicyclobutyldimethoxysilane,
cyclobutylisopropyldimethoxysilane,
cyclobutylisobutyldimethoxysilane,

15 cyclobutyl-tert-butyldimethoxysilane,
dicyclopentyldimethoxysilane,
cyclopentylisopropyldimethoxysilane,
cyclopentylisobutyldimethoxysilane,
cyclopentyl-tert-butyldimethoxysilane,

20 dicylohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane,
cyclohexylethyldimethoxysilane,
cyclohexylisopropyldimethoxysilane,
cyclohexylisobutyldimethoxysilane,

25 cyclohexyl-tert-butyldimethoxysilane,

cyclohexylcyclopentyldimethoxysilane,



N, N, N ,N -tetraet hyl net hyl ene di am ne; and substituted im dazolidines such
as 1, 3-di benzyl i m dazolidine. Arong them preferred are 2,6-substituted

pi peri di nes. 20The external electron donor is particularly preferably

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

di i sopropyl di net hoxysi | ane, tert-butyl ethyl di met hoxysil ane,

25t ert-butyl - n-propyl di net hoxysi | ane, ph | di met hoxysi | ane,

di phenyl di net hoxysi | ane, di cycl obut yl di net hoxysi | ane, 40

di cycl opent yl di et hoxysi | ane, 1, 3-dioxol ane, 1, 3-di oxane, 2,

6- di met hyl pi peyddinRey13heylBimbhbl s ar@idly ! PuRghe N Neimethoxysilane,
2-isopropyl -2-isobutyl-1, 3-di methoxypropane, 2-i sopropyl-2-isopentyl-1,
3- di met hoxyproepandnebByl 2imbtlseuetiydnd, 3-di met hoxypropane, 2,

2-dii sopropyl-1, 3-dinethoxypropaneor 2, 2-dicyclohexyl-1,

3- di met hoxyproparyd.isopropyldiketbkedi Tate,contacting the solid catal yst
conponent for olefin polynerization with the organoal um num conpound and
the 10 exterpienydieobronl dioredhoxgsnband, nited. Exanples of the nethod are
(1) a nethod conprising the steps of (1-1) contacting the solid catalyst
conponent® wi t#henye ~segaroHhidingbheonpome, and the external el ectron donor

in the presence or absence of a solvent, and then (1-2) feeding the
obt ai ned ni xtRiye@Yiegyglopentyldimethoxysilane,

diisopropyldiethoxysilane, diisobutyldiethoxysilane,
di—tert—Butyldiethoxysilane, tert-butylmethyldiethoxysilane,
tert-butylethyldiethoxysilane,

10 tert-butyl-n-propyldiethoxysilane,
tert-butyl-n-butyldiethoxysilane,
tert-amylmethyldiethoxysilane,
tert-amylethyldiethoxysilane,
tert-amyl-n-propyldiethoxysilane,

15 tert-amyl-n-butyldiethoxysilane,
dicyclopentyldiethoxysilane, dicyclohexyldiethoxysilane,
cyclohexylmethyldiethoxysilane,
cyclohexylethyldiethoxysilane, diphenyldiethoxysilane,
phenylmethyldiethoxysilane,

20 2-norbornanemethyldimethoxysilane,
bis(perhydrogquinolino)dimethoxysilane,
bis(perhydroisoquinolino)dimethoxysilane,
(perhydroquinolino) (perhydroisoquinolino)dimethoxysilane,
(perhydroquinolino)methyldimethoxysilane,

25 (perhydroisoquinolino)methyldimethoxysilane,

(perhydroquinolino)ethyldimethoxysilane,



15 polynerization reactor, (2) a nethod conprising the step of feeding the
solid catal yst conponent, the organoal um num conpound and the externa

el ectron donor separately to a polynerization reactor, thereby contacting
t hose conponents with one another in the polynerization reactor, and (3) a
met hod 20 conprising the steps of (3-1) contacting any two of the solid
catal yst conponent, the organoal um num ccotbhound and the external el ectron
donor with each other, thereby obtaining a m xture, and (3-2) feeding the
m xture and the remai ni ng conponent to a polynerization reactor, thereby
contacting theme2hwirbhseqeihctiten ek Ayl dendt®loxBEL 234, on reactor. The above
feeding to a polynerization reactor 1s carried out preferably 41 in a

wat er - free st gierhgaidoynimsl atdyospbesey Dfdiae thoeysi gag , such as nitrogen and
ar gon. The olefin in the present invention nmeans ethyl ene or

a- ol ef i ns haviperhykireésoquirerlea noan bepr aiydnelimExaopy €l ofe, t he 5a - ol efins
are |linear nono-ol efins such as propyl ene, 1-butene, 1-pentene,

1- hexene, 1- hefreawdrogetimneirand térdemernd;) dimethoxysilane,

br anchednono- ol ef i nssuchas3- net hyl - | - but ene,

3- et hyl -3 - pefRehvdneis et indLinopéheerdwdnd ) diimgteyisiierane. Those ol ef i ns
may be used in combination of 10 two or nore thereof, and may be used in
conbi nati on vitGFIRABRRPSIRGACHYEL B! ural unsaturat ed bonds suémdas

conj ugat ed dhﬁn%ﬁygnd.non;conjugated di enes. The ol efin pol yner
in the presert*§ ATF R horePétabty a propyl ene honopol yner, a 1-butene

honmopol yner, a 151-£ent%2g Q9m8&9g¥gg£éab%}ﬂ§§g e hongpolyner,an

Xamp ove oxygen=containing
compounds are those exemplified above as the cyclic ethers or

10 the 1,3-diethers of the internal electron donor.
Examples of the nitrogen-containing compounds of the

above external electron donor are 2, 6-substituted piperidines

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

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

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

25 tert-butyl-n-propyldimethoxysilane, phenyldimethoxysilane,

diphenyldimethoxysilane, dicyclobutyldimethoxysilane,



et hyl ene- propyl ene copol yner, anet hyl ene-| -but ene

copol yner, anet hyl ene-1 - hexenecopol yner, a

propyl ene-1| - but enecopol yner, apropyl ene-1 - hexene copol yner, an

et hyl ene- propyl ene-1 - but ene copol yner, an 20 et hyl ene-propyl ene-| - hexene
copol ynmer, or a hetero-block copolyner; nore preferably a propyl ene
honmopol ynmer or a propyl ene copol yner cont8i ni ng nmai nly propyl ene units;
further preferably a propyl ene honopol ynmer or a propyl ene copol yner
cont ai ni ng 50% by wei ght or nore of a propylene unit, 25the total of the

'propy|ene COQQ&XQQE Q§£§EH£H¥¥%bQ¥SY@%ﬁHu; 18Rdgioxolane, 1,3-dioxane,
partlcuIarIypreferaglyastereoregularpropylene 42 honnpofyner. The above

"het er o- bl ocky coRALYERY I p IRANSG 1A Xt Ur ©,0f 6t WO O r SR KFBQ@rﬂirﬁQ' ymers,
such as a m xture of a propyl ene ﬁonnpolyner with an etgy ene- propyl ene

copol yner, wh-chdpgopty DeRicbradqordj i@ tAoRYPEGSTheGONPri Sing the steps 5
of (i) honopol ynerizing propyl ene, thereby form ng a propyl ene honopol yner,

and (ii) copd-yisepirapny-2tindrene yid1 Bariapyhergptspdrlee presence of the
propyl ene honopol yner. Stereoregularity of a propyl ene honopol yner
or a propyl enk opokyberycant3aidimaghemigrdopapeppyl ene units can be 10
represented by an anount of soluble parts in xylene at 20C (CXS) of the
honopol yner o, 2dé igopodanerl., Stlémerrddwrrophee CXS val ue is, the hiogher the
stereoregularity is. A CXS of a propylene honopol yner is preferably 0.6% by
wei ght or snedd%edicEadokeie prefeiaptiryrsopppewei ght or smaller, the total
of the propyl ene 15honopol yner bein%.loowbby wei ght . Prior to
pol ymeri zi ng an ol &k PRERAC ERE GesEndRd dhetitd IdHrfé WAt A3PrresE foref i n
polynerizatiqgj which is referred_%o s "real golynerizatioq;, th
Fol | owi ng " predsforyianTEAt PO L ai  BAT 6014308 0 P IbFHEP YIS BB Jer i zat i on
IS Carrlfaj OLgxfé%hg éiectron donor is not limited. Examples of the method

are (1) a method comprising the steps of (1-1) contacting the

solid catalyst component with the organocaluminum 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 organoaluminum

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



conmbi nation of the above solid catal yst conponent for olefin polynerization
with a nononer such an olefin, in order to make a pre-polynerized catal yst
conponent whose surface is covered by a polymer such as a pol yol efin fornmed
by pre-polynerizing 25t he nononmer such as an ol efin. The real

pol ynmeri zati on uses the solid catal yst conponent for olefin polynerization
wi t hout 43 nodification, or uses the abd¥de pre-polynerized catal yst
conmponent . The pre-polynerized catal yst conponent is preferably
produced by slurry polynerization of a small amobunt of an olefin 5 in the
presence of theaahows -3okkdtGakadystnCNMRORSSEh QN o018l 1K ROLY SR IRat | on
and or ganoal um num conpound. Exanples of a solvent used for the slurry

pol ymeri zat i o4 arie rbgen taky dirgear bon sol vents such as propane, butane,

i sobut ane, pentane, isopentane, hexane, heptane, octane, cycl ohexane,
10benzene and tol ueTiee Aefpantimlther pretait dmpentiof ndaesi Benyldnedpecar bon
solvents may be replaced with liquid ol efins. The or ganoal um num
conmpound i n theopefimpolhpgreng zAtreenot snarseda riroraptampurixaofpplesuat kyie0. 5 to
700 nmol, preferably 0.8 to 500 nol, and particularly preferably 1 to 200
mol , per fone 45abefbis &i¢ anhear aboeso bofing neath énproey bold, dl dattangst
conponent for olefin polynerization used. An anmount of an ol efin
pre- pol yneri Zewepsensubiigrepeol tlohepbeweg, prefiansbl yaml 05114 B0/ g, and
particularly preferably 0.1 to 200 g, per. 1 g of the solid catalyst
conponent 20fnGRefi n” PORPABLEEHRS on B8, 2@s  3-Re§hutri RUeEent rati on
of the above sl ur pol yneri zation is preferably 1 to 500 g-solid catalyst
'conponentllit%ﬂm9§B¥%éﬁT,eQ£%?epartiEﬁgarly'{%%ﬁﬁﬁ%%ﬁﬂyp%nY?P§§00 g- 88fi d

catal yst CCHH¥¥A§ EQLiéﬁgiéﬂ%tvfﬁgse olefins may be used in combination of

10 two or more thereof, and may be used in combination with monomers
containing plural unsaturated bonds such as conjugated dienes
and non-conjugated dienes.

The olefin polymer in the present invention is

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

15 l-pentene homopolymer, a l-hexene homopolymer, an
ethylene-propylene copolymer, an ethylene-1l-butene
copolymer, an ethylene-l-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
copolymer; 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



25The pre-polynerization is carried out at preferably -20 to 100 C, and
particularly preferably O to 80C. A partial 44 pressure of an olefin
contained in a gas phase of the pre-polynerization is preferably 1 kPa to 2
MPa, and particularly preferably 10 kPa to 1 MPa, except an olefin having a
liquid state under a pre-polynerization pressure and Stenperature. A
pre-pol ymerization tinme is not particulafd®y linited, and is preferably 2

m nutes to 15 hours. Exanpl es of a nmethod for feeding the solid
catal yst conponent, the organoal um num conpound and an olefin to a

pre- pol ymeri zafiogB1 {RECE OFhal @pbdd ahRERE, COMPr EshaDyidie 1Resiepg oOf
(1-1) feeding the solid catal yst conponent and the organoal um num conpound,

and then (1-2)ixkteedidgcad & abkd kiaad §2poayretHodueandy iashigrdheost eps of
(2-1) feeding the solid catal yst conmponent and an olefin, and then (2-2)

feedi ng the erganedldnd RemdpaRmeynd.t hExagphes coé-mromsiikad dapolfy@ed, ng an 15
olefin to a pre-polynerization reactor are (1) a nethod conprising the step
of feedi ng amhakifis pepduaéd efccanot e rconhigdeseptongp s ingnetie prtepsure of a
pre-pol ynerization reactor at a predeterm ned pressure, and (2) a method
conpri si Bg t & silepondpdleedirmginherpredeter rhaeeby doahizgreurnorafiean ol efin
at the 20 beginning. In order to control a nolecular weight of an obtai ned
pr e- pol yner , hemehaiyner.ansfiefiidgenrosyredtizs neydilagenaraytheoziydenteo a
pre-pol ymeri zati on reactor. The pre-polynerization nmay use a
partial or téfathandigierse Phetl RioralleBE PGP dBREr to be used in the
above- nenti oned 25producti on, of, the ﬁolynerization catal yst. An anount of

an external el ectrorFed6REPIESE G The 2prREPOINREr | PABSHYRET £ @

propylene copolymer containing mainly propylene units can be

10 representaﬂbyanamouﬁtofsolublepartsinxyleneatZOT)(CXS)
of the homopolymer or the copolymer. The smaller the CXS value
is, the higher the stereoregularity is. A CXS of a propylene
homopolymer is preferably 0.6% by weight or smaller, and more
prefe»rably 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 polyolefin formed by pre-polymerizing

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

solid catalyst component for olefin polymerization without



usually 0.01 to 400 nol, preferably 0.02 to 200 nol, and particularly
preferably 0.03 to 100 nol, per one nol of titaniumatons contained in the
solid catal yst conponent, or is usually 0.003 to 5 nol, preferably 0.005 to
3 nol, and particularly 5 preferably 0.01 to 2 nol, per 1 nol of the

or ganoal um num conpound used. In the pre-pol ynerization, a nethod
for feeding the organoal umi num conpound &dd the external electron donor to
a pre-polynerization reactor is not particularly limted. 10 Exanples of
the nethod are (1) a nethod conprising the step of feeding the external

el ectron dongfodiltarat9oseparateky frhem 4 corngangah vk AL ospaaind: and (2)
a nethod conprising the steps of (i) contacting the external electron donor

w th the orgaf@@dnennum conpound, thereby formng a mixture, and then 15
(ii) feeding the mxture to the pre-polynerization reactor. An olefin used
for the pre-pol ynmerTzatpenpodyhéel salreaasalyst dofdercant ibr ppetdoaibiysed for
the real polynerization. The or ganoal um num conpound in the real

pol yneri zat i @rddncesdd $ ey podounerichtisualf]ay/ siallbato @D o fwn, olaenfd n
particularly 20preferably 5 to 600 nol, per one nol of titanium atons

cont ai ned i n irhehgpkederne af e admveorEnd ested.ysTheompenenhdloredledtimon donor
in the real polynerization is used in an anmount of usually 0.1 to 2,000
mol , preferalitgiymerizapicn tand  QoRNPEILUNARE paPTPRXWIchr | BramPaeer 861 ¢ 0.5 to
800 nol, 25per one nol of titanium atons contained in the solid catalyst
conponent usetPVENti sutRdd fF afP@nDIMTTSF BSLAPEIARGOT t B8BTS U Tiol |

preferably 0.005 to 3 nol, and particul arl grefer bIX 0.01 to 1 nol, per
one ol of tHYGPGARBAT ufPAYRT ConPothd® s @CPThE r BHFEHY yrErP YN i s

carried out: pentane, isopentane, hexane, heptane, octane, cyclohexane,
10 benzene and toluene. A partial or total amount of the inert
hydrocarbon solvents may be replaced with ligquid olefins.

The organoaluminum 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 olefin polymerization used.

An amount of an olefin pre-polymerized is usually 0.01
to 1,000 g, preferably 0.05 to 500 g, and particularly
preferably 0.1 to 200 g, per 1 g of the solia.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



(1) at usually -30 to 300C, and preferably 20 to 180C, 5 (2) under a
pressure, which is not particularly limted, of usually an atnospheric
pressure to 10 MPa, and preferably 200 kPa to 5 MPa, froman industrial and
econom cal point of view (3) according to a batchw se net hod
or a continuous 10net hod; and (4) according to (4-1)a slurry or

sol ution polynerization nethod with an i ddrt hydrocarbon sol vent such as
propane, butane, isobutane, pentane, hexane, heptane and octane, (4-2) a
bul k pol yneri zati on nethod using an olefin as 15a solvent, which olefin is

liquid at a j jon. t t 4 a - I rization
i qui &%@gﬁ%za&f‘ %lsﬁf@?{r@ UERea Hed bu%) a %gfogﬁ%egk&? Y{E

nmet hod. e real polynerization nay be a he

copol yneri zatd,Qnealhi £d, AUlLrACEOr ARG ek api Yo 107 kBRT & POby sl zatign steps.
20l n order to control a nol ecular weight of an ol efin polynmer produced, a

chai n transf gfaragent a sUf Brase AAROIERPERY PRPESCHcept an olefAGORGHRY tO the
present invention, there can be provided (i) a solid catal yst conponent for

ol efi n 25pol yrenigatd osteapahingedf Hr pduchsmyrizgblyn streeesnegulan ol efin
pol ymer, which can be nolded into an injection-nolded 47 article having
superi or ti ffameesat(te) A greoeeisméol zgiaduciing tthenabopersinddidreat al yst
conponent (i), (iii) a process for producing an olefin polynerization
cat al yst usi dgrtihedabave isolpirdfeatlal yst mdonpenerd 15 hpuasd (iv) a process
for Examples of a method for feeding the solid catalyst
component, the organocaluminum compound and an olefin to a
pre-polymerization reactor are (1) a method comprising the
10 steps of (1-1) feeding the solid catalyst component and the
organoaluminum compound, and then (1-2) feeding an olefin, and
(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-mentioned

25 production of the polymerization catalyst. An amount of an

external electron donor used in the pre-polymerization is



5produci ng an ol efin polynmer using an ol efin polynerization catal yst
produced according to the above process (iii). Exanple

pr esent

invention is explained in nore detai

The

with 10reference to the

foll owi ng Exanples, which do not limt the present invention. Exanple 1 1.

Preparation of a solid catal yst conponent 15A reactor equipped with a

stirrer was purged with nitrogen gas, and4then 800 liters of hexane,

of diisobutyl

pht hal ate, 350 kg of tetraethoxysilane and 38.8 kg of

6.8 kg

tetra-n-butoxytitaniumwere put into the reactor. The resultant m xture was

stirred. To thguailx{ubeg; 999 hbbeﬁélpf?ré¥EEEHQBb%F$? %Eh35gzgéfghgga

(concentration: 2.1 nol/liter) of buty

magnesi um chlorrdé

dropui se at 7@a0veeabahoiipse e S8 03 L0900 AL OO 41 08 Of; Lhe,

dropwi se addition, the m xture was stirred at

or one nour.

obt ai ned reactitonsmothyaenvas nfild g6 ety Lor SRPA! ligd. ;Th ar at ed
solid 25was washed three tines at roon1tenperatﬁ%@?%%ﬁﬁg'égéhgfgfggPY

of toluene to0ebaito & washedrsotiablyTol vener nas rddednq 43.4Q Lhe

t hereby obtaining 625 liters of a toluene slurry of the so
t ol uene sPurrprafsraeat €d 0dt tH0C frol , oper hdunoUNEET tisd | FddHba18REnEHhen was

solid,

cool ed down to the DOOM t enperat ure,

a solid

10

15

20

25

compound used.

In the pre-polymerization, a method for feeding the
organocaluminum compound and the external electron donor to a
pre-polymerization reactor is not particularly limited.
Examples of the method are (1) a method comprising the step of
feedingtheexternalelectrondonortheretoseparatelyfromthe
organoaluminum 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
(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 organocaluminum compound in the real polymerization
is used in an amount of usually 1 to 1,000 mol, and particularly
preferably 5 to 600 mol, per one mol of titanium atoms contained
in the solid catalyst component 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,
per one mol of titanium atoms contained in the solid catalyst

component used, or is used in an amount of usually 0.001 to 5

iters
shed
The

t hereby obtaining a toluene slurry of



Smateri al . A part of the toluene slurry was dried under a reduced
pressure, thereby obtaining a dried solid material. The dried solid
material was found to contain 2.1% by weight of titanium atonms, 38.9% by
wei ght of ethoxy groups, and 3.4% by weight of 10 butoxy groups, the total
wei ght of the dried solid material being 100% by wei ght, and the above
titanium atonms were found to be trivalend6 Step (1): 15A 100 ni-fl ask

equi pped with a stirrer, a dropping funnel and a thernonmeter was purged
with nitrogen gas. There was put into the flask the above solid

mat eri al - contgiini pg-kQlueNe Slusr ¥o 3 K@it okak ﬁﬁrﬂﬂﬁ%l%Qh?e?EéééﬂHHI& used
containing 8 g of the dried solid nmaterial. Supernatant toluene in’the

flask 20 wasy toaked 10M1 t bel dremd pbal cneob eEn 1 R 8uh Qldr@Rena | usddy was
decreased to 26.5 nL. To the slurry, a mxture of 16.0 nL of titanium

tetrachloride wth ftheé ddalopotyieitilatebhels vas aededuat 40C, and further, a
m xture of 2.0 niL of phthalic acid dichloride with 2.0 nL of toluene was
added dropwi se over (1) ue Zhaingt €30 tAf 1@ Cecama ptéteraflyt he wdr DpoiCse
addition, the resultant reaction m xture was stirred at 115C for four

hours. 40 The obt ai?edndeactpr@ssoirgt whechas fiot peredcwtarliSCiicesigpar ate a
solid conponent. Step (2): 5The above-separated solid conponent was washed
three tines af L$BEL tan edvhsHitemilc phesoliene. 18R, 3nd preferably

200 kPa to 5 MPa, from an industrial and economical point of
view;
{3) according to a batchwise method or a continuous

10 method; and

(4) according to (4-1) a slurry or solution
polymerization method with an inert hydrocarbon solvent 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, or (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 control 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

25 polymerization capable of producing a highly stereoregular

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



Tol uene was added to the above-washed solid conmponent, 10 thereby obtaining
26.5 nL of a toluene slurry. To the toluene slurry, a mxture of 0.8 nL of
di butyl ether, 0.45 nL of diisobutyl phthalate, and 6.4 niL of titanium
tetrachl ori de was added. The resultant m xture was stirred at 105C for one
hour. The obtained reaction mxture was filtered to separate a solid
15conponent. Step (2) repeated: T4p above-separated solid
conponent was washed two tines at 105C with each 40 nmL of toluene. 20 Step
(3) repeated: Tol uene was added to the above-washed solid

conponent, theaebyciebt abht 282 il of luene slurry. To the tol uene
slurry, a mxture of 0.8 rrli?cgof i Eutf/l S&?ﬁgge\g/l\ngth @lj rﬁ)’f G OF5EPt affitum
tetrachl ori de pasiwdadgd.chEhapbesukbang 11X t|rre at 105C for one
hour. The obtained reaction m xture 50 was Lg’;Sl%lter Ba T sgb%naf%“d solid
conponent . St eprd@ssf fiot peoduepeptedsoleri 1 e sep ar at ed
solid conponent was washed two 5tines at rl1 % aet-zli—?ﬁ c?f%a\éﬁ f Stld)lguene

Step (3) furtHedre pepeatsedid catalyst component (i); and (iv) a process for
5 producing an olefin polymer using an olefin polymerization

catalyst produced according to the above process (iii)

Example
The present invention is explained in more detail with
10 reference to the following Examples, which do not limit the

present invention.

Example 1
1. Preparation of a solid catalyst component
15 A reactor equipped with a stirrer was purged with
nitrogen gas, and then 800 liters of hexane, 6.8 kg of diisobutyl
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



Tol uene was added to the above-washed solid conmponent, thereby obtaining
26.5 nmL of a toluene slurry. To the toluene 10 slurry, a mxture of 0.8 nL
of dibutyl ether with 6.4 nL of titaniumtetrachl ori de was added. The
resultant m xture was stirred at 105C for one hour. The obtained reaction
m xture was filtered to separate a solid conponent. 15Step (4):

The above-separated solid conponent was washed six tines at 105C with each
40 nmL of toluene, and was further washed three tinmes at a roomtenperature
with each 40 nL of hexane. The washed solid conponent was dried under a

reduced pressyge, 2‘95%0\%93 (?t %h OB%%%@?% St ”%Ce) c;pgﬁr)\t%;%i gl efin

pol ymeri zat i on. bt%i héd

| t 0.b t1t Sat
0. 08% by nei oht- o7 E?h%%ygé%%ﬁgtﬁ'”t T, Yl raa PRI GapRE 7. 5% by

wei ght of di etfwlhcphthadat e 0 b t t ht hal at e,
and 2. 5% by wei ghto of dil soﬁﬁtg/lﬁl{‘? tiéﬁ%l?%}[e‘é\{ehg ecQtOoltea Q%"érllg t%% rtcﬁjgl solid

catal yst conpengitrbei-eg L00%RY wekohing %T%l%ewés safded S 5% %{Of the

above solid catal yst conponent for olefin polynerization to

hept ane mai ntdywdzat 70C, thereby preparing a suspension of the solid
cat al yst conponent for olefin polynerization in heptane having a
concentration of 0.4 msobf dratalysie 3Quregnponeant Lol ursldSPENSIQRcgThe
prepared suspension was stirred at 70C for 30 mnutes, and was filtered
with G4 filteazesBueepbttainebg dhidimdhng avalsibausnsl iiomeoet adin trhe adiem at ons
in a concentration of 0.023 ng/m, neasured according to the foll ow ng
met hod conpr issilig néfeesittdpeapffound to contain 2.1% by weight of titanium

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 thedried 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 mlL of
titanium tetrachloride with 0.8 mL 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.



15(1) putting 40 nmL of the filtrate into a 50 nL neasuring fl ask;

(2) evaporating the total amount of heptane contained in the filtrate with
a nitrogen gas flow, (3) deconposing the solid catalyst
conponent wi th about 2030 nL of 2 normal (2 N) dilute sulfuric acid;

(4) adding 3 nL of hydrogen peroxide water having a concentration of 3% by
wei ght, thereby preparing a liquid sanpl ap (5) neasuring a
characteristic absorption of the liquid 25sanple at 410 nmwith a

doubl e- beam spect rophot oneter, U 2001, manufactured by Hitachi, Ltd.; and
52 e A B S N e A B B e e

based on the aracteris absorption, Fepar ed

i n advance. §230E95y3§%é&ggﬂton of propyl ene A stainl ess steel
autocl ave having a 3-Titer inner volune was made 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 catalyst

1000nponent,g%e% KZ?l of triethylal um num (organoal um num
conmpound) and0- 5Z2Zmol of tert-butyl -n-propyl di met hoxysil ane (external

el ectronsdonor), anghd h@Rvé8fegh @ftdd gul da piadrene was pPadnddenekn. The
aut ocl ave was heated up to 70t , and propyl ene was 15pol yneri zed at 70C for

one hour, therieky abtrlFCNGF1Ra@ho#0 mL of toluene.

Step (3):

Toluene was added to the above-washed solid component,

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
diisobutyl 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

15 component.

Step (2) repeated:

The above-separated solid component was washed two

times at 105C with each 40 mL of toluene.

20
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

25 titanium tetrachloride was added. The resultant mixture was

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



a powdery propyl ene honmopol yner. A yield of the propyl ene honopol ynmer per
one g of the solid catal yst conponent was 40,800 g/g. The propyl ene
honopol ynmer had 0. 48% by wei ght of soluble parts in xylene at 2020C (CXS),
the total weight of the propyl ene honmopol ynmer being 100% by wei ght; an
intrinsic viscosity ([71 ]) of 1.71 dl/g; and a bulk density of 0.448 g/niL.
The above titanium atom content (% by weigiht) was 25nmeasured according to a
met hod conprising the steps of: (1) deconposing about 20 ng of a sanple
wi th about 30 53 nL of 2 normal (2 hD dilute sulfuric acid; (2)
adding 3 nmL ( e n ro erOX|de wat er having a
concentration%%% gg%%ﬂgﬁgﬁéh?£p$%g?e y p?eparl ﬁngn fquid sanple; 5(3)
measuring a characteristic absorption of the liquid sanple at 410 nmwith a
doubl e- beam spect rophot oneter, 0-2001, manufactured by Hitachi, Ltd.; and
(4) finding asteham)umuatab}y CAPERey:based on the characteristic
absorption, wth a calibration curve prepared

The above-separated solid component was washed two

5 times at 105°C with each 40 mL of toluene.

Step (3) further repeated:

Toluene was added to the above~washed solid component,

thereby obtaining 26.5 mL of a toluene slurry. To the toluene

10 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

was filtered to separate a solid component.

15 Step (4):

The above-separated solid component was washed six
times at 105°C with each 40 mL of toluene, and was further washed
three times at a room temperature with each 40 mL 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 titanium
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



10i n advance. The above al koxy group content (% by wei ght) was

nmeasured according to a nethod conprising the steps of: (D
deconposi ng about 2 g of a sanple with 100 nL of water 15to obtain a |iquid
sanpl e; (2) measuring an anount of an al cohol (corresponding to an
al koxy group) contained in the liquid sanple according to a gas

chromat ography internal standard net hod; 5and (3) converting

t he obtai ned amount of an al cohol to an 20al koxy group content. The

above carboxylic acid ester content (% by wei ght) was neasured according to

a method comyd;ShRg Jeh ps_of. _ (1) <di 50l vi:ng 30 .ng of a
sanple in 1ooeﬁéhgfO%S%Fﬁ&giﬁe?&@¥%c@&%ﬂ%%ﬁ§?’tﬁgge%ySprzgéﬁfﬁﬁgg gglution;

and diisobu&gﬁpﬁ%ﬁgyéiggtﬁeCOQgggﬁVﬁﬁgﬂtQﬁfQHé%&hﬁd@&hﬁﬁS&éer in

54 the solution according to a gas chromatography 1 nternal stan met hod.

The above vakgﬁ@@neﬁttgéﬁﬁg Q@b@tggsw@gghyalent titani um 5atons) was
nmeasured according to a nethod conprising the steps of: (D

di ssol ving about 70 ng of a solid material in about 30 nL of an aqueous
solution consisting of 240 nL of purified water, 113 g of tartaric acid and
260 nL ofb two nor mathegr2 Mpas added 5.07 g of the above solid catalyst

component for olefin polymerization to 51 mL of heptane
maintained at 70°C, thereby preparing a suspension of the solid
catalyst component for olefin polymerization in heptane having
a concentration of 0.1 g-solid catalyst

10 component/ml-suspension. 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:

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

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

(3) decomposing the solid catalyst component with about

20 30 mL of 2 normal (2 N) dilute sulfuric acid;

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

(5) measuring a characteristic absorption of the liquid

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

manufactured by Hitachi, Ltd.; and



10sul furic acid, thereby preparing a solution; and (2) measuring a
val ence of titaniumatons contained in the solution with a pol arographic
anal yzer, P-1100, manufacture by Yanagi noto Corporation according to a DC
(direct-current) electricity nethod. 15 The above anmount of sol uble
parts in xylene at 20C (CXS) was neasured according to a nethod conprising
the steps of : (1) dissolving 1 g of a pokymer in 200 nL of boiling xylene;
20(2) cooling the solution gradually down to 50t, (3) further
cooling the solution under stirring in an ice-water bath down to 20C,

(4) allow ng the souﬁéiggaéo stand at 20C for 3 hours, thereby

precipitating a poly ¥ F iI9PEFPhEROH (e thEariwh taticed pol yrer
6) neasuring the anmount of

t her eby obt ai il n ,
the pol ymer d|@ %2(9) %te% |Msa% |€’F%t ‘éh%ﬁﬁt@ﬁlﬁgilyrréi@spépﬂ@labm@ sol ubl e

parts in xyl epg; at-20G, T naller the CXS value is, the larger
stereoreqularity the 5pof§ﬁ%? ac %red ghﬁﬂ? €above intrinsic viscosity

(n]) was neasured at 135 t u5|ng an Ubbel | ohde vi scometer in TETRALI NE

(tetrahydronapht hal ene) as a sol vent.
5 2. Polymerization of propylene

A stainless steel autoclave having a 3-liter inner
volume was made vacuum, and hydrogen gas was added thereto till
its partial pressure reached 0.15 MPa. There were put into the

autoclave 7.81 mg of the above-obtained solid catalyst

10 component, 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 component was 40,800 g/g. The propylene
homopolymer had 0.48% by weight of soluble parts in xylene at

20 20°C (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 (% by weight) was
25 measured according to a method comprising the steps of:

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



10 The above bul k density was neasured according to JIS K 6721 (1966),

"JI'S" being Japanese | ndustrial Standard. Exanple 2 151. Preparation of a
solid catal yst conponent Exanple 1 was repeated except that
"washing six tinmes at 105C with each 40 nL of toluene, and further washing
three tines at a roomtenperature with each 40 nL of hexane" in the step
(4) of Exanple 1 was changed to "washing §s4ve tines at 105C 20 with each 40
m. of toluene, and further washing three tinmes at a roomtenperature with
each 40 nL of hexane", thereby obtaining a solid catal yst conponent.

The above-obt gin i atal yst .conponent was found to contain 1.7% by
wei ght of titani§ﬁ1%3%ﬁgggoggfgo6vﬁﬁgggﬁ?ﬂé§6F &Ch8xy groups, 0.16% by
wei ght of butoxy grqyps . 6% ight of diethyl phthalate, 0.76%Db

wei ght of ethyl-n- bﬁt& ad%%‘%ﬁ? L PR S 8 b9t viRY I s ParPsbtaut vl
phthal ate, thgatot ahved hto bl i ;at al yst. conponent bei ng 100% by
wei ght. There was adgedé4.§§ snng%ﬁglggéggb%g ?%hEHEEF§§?yBreEﬁﬁﬁﬁhent to

49.8 nL of heptaigimmi 8igined at 70C, thereby preparing a suspension of the
solid catal yst conponent in heptane having a concentration of 0.1 g-solid

cat al yst &Tonponent/ nBy s4SBEASHOR. cHENR REEPEY £ sion S stirred at
70C for 30 mnutes, and was fiftered With GA ?ﬁ??é??g¥ﬁgofg%eo t & ited

filtrate was $ampie &0 400NiraivDLE iat @é\hmr@-%tegﬁﬁséjé&t%oBQQ@&@{e%t I gn, g, 0. 029
ng/ M, neasured according to the above net hod. ’ !
manufactured by Hitachi, Ltd.; and

(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 liquid sample according to
a gas chromatography internal standard method; and

(3) converting the obtained amount of an alcohol 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) dissolving 30 mg of a sampie in 100 mL of
25 N,N-dimethylacetamide, thereby preparing a solution; and

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



2. Polynerization of propylene 15Exanple 1 was repeated except that 7.81 ng
of the solid catal yst conponent was changed to 4.48 ng of the
above-obt ai ned solid catal yst conponent, thereby obtaining 203 g of a
powdery propyl ene honopol ynmer. A yield of the propyl ene honopol yner per one
g of the 20 solid catal yst conponent was 45,300 g/g. The propyl ene

honopol ymer had 0.55% by wei ght of soluble4parts in xylene at 20C (CXS),
the total weight of the propyl ene honopol ynmer being 100% by wei ght; an
intrinsic viscosity (En]) of 1.68 dl/g; and a bulk density of 0.450 g/ni.

25 Exanple 3 rat.| a,.soljd t st_.canponent,
nmp tBé ko1REepar atkep grﬁg ar304 %gsa gﬂn%(ongatogr PRYc Enkertalach 40

Exanpl e 1 was repeated except t washi ng si x times-a

mL of tol uenestandafdndhgrgwashing three tines at a roomtenperature with
each 40 nL of hexane"” in the 5 step (4) of Exanple 1 was changed to
"washing four tinmes at 105C, with each 40 nL of toluene, and further
washing three tinmes at a roomtenperature with each 40 nL of hexane",

t hereby obtaining aTaeldubveatalarsle SORBOBENM aThRs ARQYS: POL Al Ded, sl i d
cat al yst conponent was found 10 to contain 1.8% by weight of titanium

atoms, 0.97% byonw) ght nefasetrhaxycgrating,tDa kadnbY Mwidghk il diet oxygr oups,
7.8% by wei ght of diethyl phthalate, 0.8% by weight of ethyl-n-butyl

pht hal ate, an€f2.5% by wei ght of diisobutyl phthalate, the total weight of
the solid catal yst conponent being 100% by 15wei ght. There was
added 4.83 g of the (AbsViesedving cdroatysl ngompensntid ead8rhdl abh fepitane

mai nt ai ned at_70C, thereby preparing a suspension of the solid catalyst
conponent in FRMLaRE HaPRHEOES COICEAPR 29N S6Ang. Af 480hT o fcpbal fistd

water, 113 g of tartaric acid and 260 mlL of two normal (2 N)
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 Yanagimoto Corporation according to a DC
(direct-current) electricity method.
15
The above amount of soluble parts in xylene at 20C (CXS)
was measured according to a method comprising the steps of:
(1) dissolving 1 g of a polymer in 200 mL of boiling
xylene;
20 (2) cooling the solution gradually down to 50C,
(3) further cooling the solution under stirring in an
ice-water bath down to 20°C,
(4) allowing the solution to stand at 20°C for 3 hours,
thereby precipitating a polymer,
25 (5) filtering off the precipitated polymer, thereby

obtaining a filtrate, and



20 conponent/ m - suspensi on. The prepared suspension was stirred at 70C for
30 mnutes, and was filtered with 4 filter. The obtained filtrate was
found to contain titaniumatons in a concentration of 0.074 ng/m, neasured
according to the above nethod. 25 2. Polynerization of propylene 58
Exanple 1 was repeated except that 7.81 ng of the solid catal yst conponent
was changed to 5.82 ng of the above-obtabhed solid catal yst conponent,

t hereby obtaining 292 g of a powdery propyl ene honmopol yner. 5A yield of the
propyl ene honopol yner per one g of the solid catal yst conponent was 50, 200
g/ g. The propyl ene mmmaP tadafe BEY B neeh Ghfmdf a sl Hikleg paths in

xyl ene at 20C (CXS), the total weight of the propyl ene honopol yner being
100% by wei ghti )t asté Nthii BEI o Min&G0Skt ¥hd Bitble0fo QR @higs BNGy108: bul k
density of 0.442 g/nlL. Conparative Exanple 1 1. Preparation of a solid
catal yst conmpanealC.Exanple 1 was repeated except that "washing six tines 15
at 105C with each 40 nL of toluene, and further washing three tines at a
room t enper afbeesmd ltlteretled CXG vdlwof ibexanelarget xestepedd)anift yExnapl e 1
was changgd to "washing three tines at 105C with each 40 nL of toluene, and
further shippgynéw deast.i nes at a roomtenperature with each 40 nmL of
hexane", thereby 20obtaining a solid catal yst conponent. The
above-obt ai ned solid catal yst conponent was found to contain 2.1% by wei ght
of titaniumatons, 0.06% by wei ght of ethoxy groups, 0.19% by wei ght of

but oxy groups, 7. 7%PBy2bRYYHtEEnglet RiFcqftithallded,) G28% A NEEGhRt of

et hyl - n- but yl §5q§thaLate, and 2.5% by weight of diisobutyl phthal ate, the
13 using an Ubbellohde “viscometer 1in °~ TETRALINE

(tetrahydronaphthalene) as a solvent.
10
The above bulk density was measured according to JIS K

6721 (1966), “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 of 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
25 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



total weight of the solid catal yst conponent being 100% by 59 wei ght.
There was added 4.55 g of the above solid catal yst conponent to 46 nL of
hept ane mai ntai ned at 70C, thereby preparing a suspension of the solid
catal yst conponent in 5 heptane having a concentration of 0.1 g-solid
catal yst component/ m - suspensi on. The prepared suspension was stirred at
70C for 30 mnutes, and was filtered witlh6G4 filter. The obtained filtrate
was found to contain titaniumatons in a concentration of 0.085 ng/m,
measured according to the above 10nmethod. 2. Pol ynerization of propyl ene

Exanpl e 1 wagHiepgated gxeeptsst Rat w&ighe "Bt Oéiiizﬁ)@ghi gherd Blost panponent
was changed to 8.21 ng of the above-obtained 15solid catal yst conponent,

thereby obtaigyuag 43298t 0ff acROWIRRY BROPYY&Ne-hpIBRAt YPBIng 1008 by A Yield
of the propyl ene honopol yner per one g of the solid catal yst conponent was
52,600 g/ g. Whagpropyl ene honopol yner had 0.62% by wei ght of soluble parts
in xylene at 20 20C (CXS), the total weight of the propyl ene honopol yner
bei ng 100% by wei ghthex®n wast rdddedc 4vb8cgsioty thp7abpvef sd1 66 cdda;ysand a
bul k density of 0.443 g/nL. 60 CLAIMS
5 component to 49.8 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 suépension was stirred
at 70°C for 30 minutes, and was filtered with G4 filter. The
10 obtained filtrate was found to contain titanium atoms in a

concentration of 0.029 mg/ml, measured according to the above

method.

2. Polymerization of propylene
15 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’aipowdery
propylene homopolymer.
A yield of the propylene homopolymer per one g of the
20 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.

25

Example 3



1. A solid catalyst conponent for olefin polynerization, conprising
titani um at ons, magnesi um atons, hal ogen atons and 5 hydrocar byl oxy
groups, wherein the following filtrate contains titaniumatons in a
concentration of 0.08 ng-Ti/m-filtrate or |ower, neasured according to a
met hod conprising the steps of: (1) preparing a suspension of
the solid catal yst 10conponent for ol efi A7pol ynerizati on in heptane having
a concentrationof0. 1g-solidcatal yst conponent/ nl - suspensi on; (2)
heati ng the suspension at 70C for 30 m nutes under stirring; 15(3)

filtering the suspeasi@ibn WreLeby: Obtaklh pg: addddnkate; and (4)
nmeasuring a concentration of titaniumatons contained in the filtrate.

202. The solid cat al sssdmpaemponeitrebek t & &fxiceppot AR Mwaahi A) AGCeHdERg tO
claiml1l, wherein the filtrate contains titaniumatons in a concentrati on of

0. 05 ng-Ti / Matf ibsCatetOredcowes mL 64 te0nkaé NSind fantien akORBnd Rhaee
concentration of 0.04 ng-Ti/m-filtrate or | ower. 4. The solid
cat al yst conpomest af ar robefianpepetyneniizat ¢ach ddcol dh@ekanet airmmche Wherein

the filtrate
5 step (4) of Example 1 was changed to “washing four times at 105C
with each 40 mL of toluene, and further washing three times at
a room temperature with each 40 mL of hexane”, thereby obtaining
a solid catalyst component.
The above-obtained solid catalyst component was found
10 to contain 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
15 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

20 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.

25

2. Polymerization of propylene



contains titaniumatons in a concentration of 0.03 ng-Ti/m-filtrate or

| ower. 5. The solid catal yst conponent for olefin 10 polynerization
according to claim1l1l, wherein the solid catal yst conponent conprises 0.1 to
3.0% by weight of titaniumatons, 5 to 30% by wei ght of nagnesium atons, 40
to 70% by wei ght of hal ogen atonms and 0.1 to 3.5% by wei ght of

hydr ocar byl oxy groups, the total weight &8 the solid catal yst conponent

bei ng 15100% by wei ght . 6. The solid catal yst conmponent for olefin
pol ymeri zation according to claim1, wherein the halogen atomis a chlorine
atom 20 Texdf s0ligh eabpalvst ccooponent a1 phefd proAlyngri zation

according to claim1,wherein the hydrocarbyl oxy group i S an et hoxy group

and/ or but oxycgfQyRt chdorrdt (ks Exhrgaiist Ob 0eF mgQsf ERERbLSE NG g kol | owi ng
step (1), one or nore repetitions of a conbination of the foll ow ng steps

(2) and (3) igvltiki satader, cansbridie, fald@miyngotsti@nngd) 92 ot Bi Sowrteder
(1) contacting a solid material containing nagnesi um at ons and
hydr ocar byl oxyragpydeps, handyal lggemat i on conpound and an internal el ectron

donor and/or organic acid halide with one another, thereby obtaining a
solid corfponent; A yield ¢2)thashiongléehe reolopdlgneparentngi ¢ hbfathe
hydr ocar bon 10sol vent;
solid catalyst component was 50,200 g/g. The propylene
Homopolymer had 0.56% 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 1.60 dl1/g; and

10 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

15 ‘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 mL of toluene, and further washing three

times at a room temperature with each 40 mL of hexane”, thereby
20 obtaining a solid catalyst component.

The above-obtained solid catalyst component 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

25 phthalate, and 2.5% by weight of diisobutyl phthalate, the

total weight of the solid catalyst component being 100% by



(3) contacting the washed solid conponent, a hal ogenati on conpound, and an
internal electron donor and/or organic acid halide with one another; and

(4) washing the solid conmponent with a hydrocarbon 15sol vent at 70C or

hi gher four or nore tines; the solid catal yst conponent for olefin

pol yneri zation conprising titanium atons, nmagnesium atons, hal ogen atons
and hydrocar byl oxy groups, wherein the fd@d9owing filtrate contains titanium
atons in a concentration of 0.08 20ng-Ti/m -filtrate or | ower, neasured
according to a nethod conprising the steps of: (1) preparing a
suspensi on ofywéhyntsolid catal yst conponent for ol efin polynerization in
hept ane having a concentration of 0.1 g-solid catalyst 63 stirring;

(3) filtering the suspensifn, adder ebysobt aimimg adovbt L3t ey A0 1t
(4) measuring a concentration of titaniumatons 5contained in the'filtrate.

9. The processoffgmeptoduciBgma %6 hdptatal ysintcampangnt 7har , olglidy
pol yneri zati on according to claim8, wherein the hydrocarboﬁzsolvent

in the step (Mepaxriag ar sumpenshyrdrof arionsdilsolaseltiyst componenkO.inThe
process for producing a solid catal yst conponent for olefin polynerization
accor di ngP t o ledrtiame8, hattievgei @ tdemcentration of 0.1 g-solid catalyst

component/ml-suspension. 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 0.085 mg/ml, measured according to the above

10 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
15 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 20°C (CXS), the total weight of the propylene homopolymer being
100% by weight; an intrinsic viscosity ([n]) of 1.66 dl/g; and

a bulk density of 0.443 g/mL.



hydr ocarbon solvent in the step (4) is toluene or xylene. 15 11.
The process for producing a solid catal yst conponent for olefin
pol ymeri zati on according to claim8, wherein the solid material containing

magnesi um at ons and hydrocar byl oxy groups in the step (1) is a solid
material containing trivalent 20titani um atons, magnesi um atons and
hydr ocar byl oxy groups. 12. The pr@%ess for producing a solid

catal yst conmponent for olefin polynerization according to claim S8,

wherein the solid material containing nagnesi um atons and 25hydrocar byl oxy
groups in theCkBff (1) is a solid material produced according to a process
conprising the step of reducing 64 a titanium conpound represented by the
following formula [I] with an organomagnesi um conpound in the presence of

an organosilicon conmpound containing a Si-0 bond, or in the presence of a

conbi nati on of the &rdefsia ¢alonl vsdnpouahenitt fp ranl eSitrepo GompauadioX? R4 (0
1) X2[1] x1,2 a wherein R4 is a hydrocarbyl group having 1 to 20 carbon

at ons: comprising titanium atoms, magnesium atoms, halogen atoms and
5 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
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 filtrate.

20 2. The solid catalyst component for olefin
polymerization 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



10 X2 is independently of one another a hal ogen atom or a hydrocar byl oxy
group having 1 to 20 carbon atons; and a is a nunber of 1 to 20. 13. A
process for producing an ol efin polynerization 15 catal yst, conprising the
step of contacting a solid catal yst conponent for olefin polynerization
produced according to the process of claig18 wi th an organoal um num
conpound and an external el ectron donor. 614. A process for producing an
ol efin polymer, conprising the step of contacting an olefin with an olefin
pol ymeri zati on catal yst produced according to the process of claim13.
contains titanium atoms in a concentration of 0.04

mg-Ti/ml-filtrate or lower.

4. The solid catalyst component for olefin
5 polymerization according to claim 1, wherein the filtrate
contains titanium atoms in a concentration of 0.03

mg-Ti/ml-filtrate or lower.

5. 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

15 100% 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 8. A process for producing a solid catalyst component

for olefin polymerization, comprising the following steps (1)
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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 following step (4), in this
order:

(1) contacting a solid 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;
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
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
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
solid 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
organosilicon compound containing a Si-O bond, or in the
presence of a combination of the organosilicon compound with

an ester compound:

}fl
R44<O —Ti—}Xz 1]

wherein R? is a hydrocarbyl group having 1 to 20 carbon atoms;
x? is independently of one another a halogen atom or a
hydrocarbyloxy 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 organoaluminum 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.



