; e3ep* 6Tpll7 APR 2003 DESCRI PTI ON  CATALYST COMPONENT FOR OLEFI 7 APR_ 2003
POLYMERI ZATI ON TECHNI CAL FI ELD The present invention relates to a ca aPJEZ

5 conponent for olefin polynerization, aycatal yst and a process for
produci ng pol yol efin using said catalyst. Particularly, the preseatew:

i nvention provides an ol efin polynerization catalyst having a high activity

and having an ability of stably producing polyolefin wt houifmmmmm on
a polynerization reactor wall and the Iike by using an ion- W mred

silicate having a specific StrUCt“T%SQ?fﬁﬂﬁﬁN the present inventi.on

provi des a prepol ynerization cat al ously prepol ynerized, which

has excellent powderoprpBer ébASoRANTIPER OEriR pEdMERTAAteEldue Of the
eg ap

catalyst leading to radatron of an outer appearance o roduct .

BACKGROUND %;QI@@H}%‘;@W catal yst for olefin polynerization conprises a

nmet al | ocene ocatal yst 20 activating the netal |l ocene conpl ex.

As the above coeaidlislsentariRisn CONP UL sdIch a5 fBtdi s @l unmi noxane,
boron type conpounds or the |ike have been proposed. Inthe production of

pol yol efd n ughiperRntP e icd dH1QL @Slynidr iizS tieal red 4t 1Rame sdmet al | ocene
catal yst supported on a 25 carrier in view of process properties and

handl i ng pr gpeiddses fok paloyriarddlside fAroducerd teieidaaalice a
net al | ocene catal yst used by conbining well known 17 APR 2003
Particularly, the present invention provides an olefin
polymerization catalyst having a high activity and having
an ability of stably producing polyolefin without fouling
10 on a polymerization reactor wall and the like by using an
ion-exchange layered silicate having a specific
structure. Further, the present invention provides a
prepolymerization catalyst homogeneously prepolymerized,
which has excellent powder properties and does not
15 produce a residue of the catalyst leading to degradation

of an outer appearance of a product.

BACKGROUND ART

A metallocene catalyst for olefin polymerization

comprises a metallocene complex and a cocatalyst

20 activating the metallocene complex. As the above
cocatalyst, various compounds such as methyl aluminoxane,
boron type compounds or the like have been proposed. In
the production of polyolefin using a specific process, it
is required to have a metallocene catalyst supported on a

25 carrier in view of process properties and handling
properties of polymer particles produced therefrom.

Since a metallocene catalyst used by combining well known

R

*G00002*



2 met hyl al um noxane and boron type conpounds is often soluble in a 1P
organic solvent) it is used by being supported on an inorganic carrigr BJ@W
as silica or an organic carrier such as &an organic polyner. 5 Also, a
cocatal yst other than these cocatal ysts has been reported. EP511665

di scl oses an exanpl e of producing an ol efin polyner by using clay or clay

m neral as an ol efin polynerization catalyst conponent and conbining it
with a netal ocene catalyst. In this 10 catal yst system the carrier is

characteriz h t r:@ﬁjae{ val i
met al | ocene%%at I y%‘ﬁd}%r?o{alil{kt? allrgaquge%roo?% edt at(%;én \g{%ﬁ% |j'ral'°I po yrrerl zation
activity isg rmm\éegrpya Sd ﬁ'alr]: i q;gm_ang& '1353’35 5 Sac]f).t;rqpéasy}gg treated by an

acid, a salt or |on w th an acid an a catal yst

cormponent (&R ?al $318Q0s M atrheirﬂil}bf%m'@%rflexhasﬁlé}?% R OPASLch farry out

prepol ynerization for purposes of |nproving powder properties of a polymer

obt ai ned, preVRRLIANG fQuUld NG\ & 2QPUYEIIZ3id Bnd.2act or or preventing
occlusion in a line of transporting a polymer after the pol ynerization

reactor gJP-A-52200022) . c €Y Bfst L dEnhabomeant echad guescatisly ey endeen
further inproved, and it has been difficult to prevent production 25 of
fine pol ymebepar tdep@x . ag@lbenenat doecabspel yielexpidlicclogs during

pol ymeri zation. Particularly) in production of a |ow nelting point polyner,
t hese 17 APRG2@(3g .ar3 qilehiomansl vieare Hyeers iregrer kab | gr callse dniared-d her e
have been serious problens that an industrial scale production plant could
not be oper @iSe@rc et friw it hyread s tailwiry dairalalst)r@m@@reenﬂ:mdrer accordi ng
to. the methods disclosed 5 in these publications, a polynerization activity
per solid c&tomb)}s’ltl%rﬁorw—rﬁhl% nRia ldorere saRtaihet or;}y &hdsdevel oprment  of
a cat al¥st satl |ng bot h at%?lyrrerl zation activi t%%land an operatl on

stabi | ity h&&H /sarlrrrlﬁrdbaé‘&a%ﬁcr iﬁ%s@ﬁt FRRtRon is

broperti es §Hﬁ%tta'r o 5 1P R e g oA e BT B i ng bt h
Rl gh acti Vi L cang.5at §hact ony pa rrgfperreaat LeLe propartdies. More 15

particularly, in-production of a nelting point polyner, it is demanded

to satisfy theyaReve e raaimrmlsty A seaivb g 66 Widdeprasent invention
is to provide a catalyst systemable to carry out a stable 20

pol yneri zat iesehehoe |leawardd idgnpoind paauel bycaneradid, avdedilt or a
pol ymerization is supported out by using the same catalyst under the sane
pol yner}Zzat combtieaiercat m@kmiadiﬁﬁn%@mlmraﬁ)e&mwwset degraded as a

melting point of a pol(y oduced becones | ower) and 25 therefore there
is a lower Iciofﬁppnteélta Yo nt of a polyner allowable to be
st Va1 o et e, PressRt 10venon i s Lo BLRNTds &R alys!

syst em capabl e

prepolymerization for purposes of improving powder

properties of a polymer obtained, preventing fouling of a
20 polymerization reactor or preventing occlusion in a line

of transporting a polymer after the polymerization

reactor (JP-A-5-295022).

However, the above technigues must have been further

improved, and it has been difficult to prevent production
25 of fine polymer particles or agglomeration of polymer

particles during polymerization. Particularly, in

production of a low melting point polymer, these



17 APR 2003 4 of lowering this lower Iimt of a nmelting point of a polyner
all owabl e to be produced. A third object of the present invention i$7tA8R 2003
provi de a catal yst having a high upper limt to a 5 polynerization
tenperature. Wien polynerization is carried out by using the sane catal yst
under such a polynerization conditions as to produce a pol ynmer having the
sane nelting point, particle properties of a polynmer having a higher

pol ymeri zation tenperature are degraded, 10 and therefore there is an upper

limt to a polymerd zanlan temeratung a1 pwableed 0,08 LA t}'iég%'léfeé'ﬁed-

The present invention 1s to provide a catal yst system capabl e I nprovi ng

this upper 'éé?:itoﬁ O NO1 SR T AN L RIRErA A esbnpuShrsRhdyiygable. 15 A

fourth object of e present 1nvention is to provide a prepolynerization

catal yst horpggiequsi i HEPRY Bibd Zat$ L ast iR beslgearar 8d e pbraa
catal yst | eading to degradation of an outer appearance of a product. 2 0

DI SCLOSURE  GRoniHE: 4 NVENFUGNhERE RicRe@El nigh v @NttdfeS nltatR deaidiausilds & udi ed,
and have di scovered that the above probl ens can be solved by using an

inorgani § siid el gL Ga 508 f 1 £ S HEd T £a @50 &at abysy seAponent for
ol efin polynerization. The 25 present invention has been acconplished on

the basis ofsdlhid ¢HiSCOYEr Yoorp@ients,id heotprebeays | sevehs f e enp) oysdan i on
17 APR 2003 5 exchange | ayered silicate having the foll ow ng properties as
a carrier: (GvdinpmEnta shecidatahorte sAtzestystgilbutihhom; and (b) having a
carrier strength within a specific 5 range. Such a carrier as having these
physi cal prapeinmegization activity and an operation stability has
) been demanded.
10 A first object of the present invention is to
provide a catalyst system producing satisfactory polymer
particle properties and particularly to provide a
catalyst system satisfying both a high activity and
satisfactory polymer particle properties. More
15 particularly, in production of a low melting point
polymer, it is demanded to satisfy the above
requirements.
A second object of the present invention is to
provide a catalyst system able to carry out a stable
20 polymerization of a low melting point polymer.
Generally, when polymerization is supported out by using
the same catalyst under the same polymerization
temperature conditions, powder properties are degraded as
a melting point of a polymer produced becomes lower, and
25 therefore there is a lower limit to a melting point of a

polymer allowable to be industrially produced. The

present invention is to provide a catalyst system capable



may be a material occurring in nature as far as having these propeLzm§§ @ﬁ
naturally occurring material having these properties as it is has t g
found by the 10 present inventors up to now) or a naterial treated so
specifically as to have these properties. Exanples of such treatnments as to
provi de the ai ned physical properties include: (a) a chem cal treatnent
illustrated below 15 (particularly acid yreatment) so as to be carried out
under specific conditions to provide a specific pore size distribution; (b)

a granulatiog Lrgatnent ﬁarr'ed out , under sgeci i C const'ong to provide a
specific caPtiePWeHRer ERyEh; O¥RAY E&Tl Pfedt REAE 1Rt ROARSp&Ei fi ¢ or gani ¢
al um num co und, re, satisfactory.effect can be expected by conbini ng
t hese treat ﬁY@?rAﬁ Eﬁ@?b hg gSrp5§ﬂP8$§ng t he above- nentioned 25

objects of the nggggéckuggg%iogngﬁﬁtgggéﬁg%_gé&ggﬁxggaLzaEbon cat al yst

havi ng a specif o] ri ésspecific structure

motal| ocend kAT ATESh SRESHRFF ol AT S e Bprela  REER f i isarp Bl e of a -

C are u i Spe n~a particle of a

prepol yger igéﬂ,ﬂ@ﬁ@&@&xﬁt teﬁ'geggtﬁ?s. mekRll AGENenEAl 2Ly sl has a high

pol ymerization activity, it
carried out by using the same catalyst undexr such a

polymerization conditions as to produce a polymer having
the same melting point, particle properties of a polymer
having a higher polymerization temperature are degraded,

10 and therefore there is an upper limit to a polymerization
temperature allowable to be industrially used. The
present invention is to provide a catalyst system capable
of improving this upper limit of a polymerization
temperature industrially usable.

15 A fourth object of the present invention is to
provide a prepolymerization catalyst homogeneously
prepolymerized so as to reduce a residue of a catalyst
leading to degradation of an outer appearance of a
product.

20 DISCLOSURE OF THE INVENTION

The present inventors have variously studied, and
have discovered that the above problems can be solved by
using an inorganic silicate having a specific structure
as a catalyst component for olefin polymerization. The

25 present invention has been accomplished on the basis of
this discovery.

That is, the present invention employs an ion-



5 inportant to efficiently renove reaction heat generated by

pol yneri zation. If the active precursor sites of the netall ocene caﬂﬂlﬁ@ﬂmﬂ
are not uniformy dispersed, heat is not satisfactorily renoved at the part
and a tenperature is locally raised. As this result, there are caused 10
probl ens that a produced polyner is dissolved in a solvent, that a produced
polymer is nelted or polyner particles arge agglonmerated to each other and
that a produced polyner is adhered to a reactor wall. In the present
invention, it has been intensively 15.studied.as ow uniformy the
active pr ec PEBENGY cUSRAT & e S SpdIRES 6 i T e EP e o2
abovenenti oned roblen§% and it has been discovered that it is possible to
observe a df§b§F§%ﬁ¥%ﬁeﬂe of active precursor sites of a nmetall ocene
catalyst in a particle 20 b S- 0 re nt . l ysis,. Ac ding to
the present i nve{ﬁhl g?\%%l}% %b%eggﬁlo%lé%gc%%g%eéégpgﬁ%a#?o%h %ﬁ%ex show ng
a uniformdispergsipility (pre i i | zat | k X: Hval ue)
is within a specf%fégéigé .52 %§£§%|%§f%?£%£§ﬁ§9§£$ %aﬁﬁﬁahgggalue Wi t hin
a specific r in the present invention include: (a) to use an

i on- exchange | %e’r ed silicate having 17 APR 2003 the above-nentioned
specific struct ufigsn anted0)1d:0 ASen SPELd fE ke HE ﬁ@%é’ﬂ@élzﬁ%ﬁ@r@%@ tions. A
nore satisfactory effect can be achieved by conbining these operations. 5
BRI EF DESCRhZM Q% GF mEHe RRAWNGS: i ihg Lid lldisirates faPoi€e BhEEng

di stribution curve of an ion-exchange |ayered silicate used in Exanple 1.
Fig. 2 illutdiheateeproogearel e zi@a disstuddiliyy e curfvenPfmaet Dt exahbmge

| ayered silicate used in Exanple 2. 10 Fig. 3 illustrates a pore size
di stri buti orthesaes eoxfpeart dieon-sex chianige Hagy erad Isedn chvendisiey time Conpar ati ve
Exanple 1. Fig. 4 illustrates prepolynerization activity patterns of

Exanpl 1 &, BEAgA JramP Orhaiatiy e ®amy @ material treated so

specifically as to have these properties.
Examples of such treatments as to provide the aimed
physical propertiesg include:
(a) a chemical treatment illustrated below
15 (particularly acid treatment) so as to be carried out
under specific conditions to provide a specific pore size
distribution;
{b) a granulation treatment carried out under
specific conditions to provide a specific carrier
20 strength; and
(c) a treatment with a specific organic aluminum
compound. A more satisfactory effect can be expected by
combining these treatments.
Another means for achieving the above-mentioned
25 objects of the present invention is to use a
prepolymerization catalyst having a specific structure

for main polymerization. The specific structure means a



15 3. Fig. 5 illustrates various states of prepolynerization activit]y]APR ]
patterns. EXPLANATI ON OF MARKS DVM represents a maxi num peak intensity; dWP
20 represents a pore size dianeter showi ng a maxi num peak intensity, and
Dml/ 2 represents a pore size dianeter on the smaller dianeter side
corresponding to a point, the peak intensity of which is 1/2 of the maxi num
peak intensity. 25 BEST MODE FOR CARRYI Ng OQUT THE | NVENTI ON Herei nafter,

the present invention is described in nore details. 17 APR 2003 s

(Catal yst conpnent of grcoLel ACROLUTBLLERLLAN 1) PRy Logle danapsrties of

carrier Ac onent” for olefin polynerization of resent

| nvent i on egpLoysspnslonyeXshands LauseedeS ghllsale havingihed ol o ng

features 1 an ur e Size ribution ¢urve calcul at ed

from desor pbighol $ALDES I\ bnNLLEgsa.adoer pii opn desarpti 00-Et hod, @ por e

di anet er _ maxi mum peak~intensity D to 200 A and 10
feature 2. pprajperengkzg dishr bng@mgmencalcgawt% firomgdesorpti on

i sot herm by nitrogen adsorption-deSorption metho a pore dianeter Dml/ 2

(A) on the spBbLeEnPOt8 &kZecSkde 160ERSRANEERE tiOna ntat p%l&ﬂa&%@nsi ty of
t he maxi num peak intensity DVM has a 15 rel ation of Dml/2/Dm of at | east

D. 65 and | eps pbapmdritheibargest viaeUgctsvenpleyedswihepither efatiea
plurality of Dnl/2 values ) . Nitrogen adsorption-desorption nethod

Measur enent metadllsoepti oatdegerparennosouhe Eorhy yv2Q iddar@@d) heat is

adsor ption-desorption nmethod is explained hereinafter. A nitrogen gas is
used for thnstneasiséaehbrilienecevakdabitngha pere sinze aditeimpiehattivore a
nitrogen gas is used since it has satisfactory properties as a general
adsorption gasloe8lIvieraysedatidn bhisheepote, stherdi sreipaviefl in the
present inventjon enp] oys desorptiaon i sotherm The desorption isothermis a
curve % ai REAPHATFetPRBURI RgOFuced7PapMsods dissolved in a

solvent, that a produced polymer is melted or polymer
particles are agglomerated to each other and that a
produced polymer is adhered to a reactor wall.
In the present invention, it has been intensively

15 studied as to how uniformly the active precursor sites
should be dispersed in order to prevent the above-
mentioned problems, and it has been discovered that it is
possible to observe a dispersion state of active
precursor sites of a metallocene catalyst in a particle

20 by means of fluorescent analysis. According to the
present invention, the above problems can be solved if an
index showing a uniform dispersibility (prepolymerization
homogenization index: H-value) is within a specific
range.

25 Examples of means for making H-value within a
specific range in the present invention include:

(a) to use an ion-exchange layered silicate having



9 relative pressure. The desorption isothermshows a |ower relative
pressure to the same desorpted gas ampunt as conpared with adsorptiohl APR 200
i sothern) and consequently shows a | ower free energy state) and is
generally considered to 5 be closer to a state of real thernodynam cal
stability. Exanples of the above anal yzing apparatus include comrercially
avai | abl e products such as Autosorb of Quanta Chrone Conpany) Bel sorp, of

Ni ppon Bell Co. or Omisorp of Coulter Inc. or the like. The present 10
 nvention ermpl oys, B IBIhod, apst, genaral. 3%, & gal culgd fon method of pore

si ze di stributi on.” ‘An exafipl'e of "a rmeasuring nmethod 15 illustrated bel ow

The easureront | a8 Qoo OIS e L LTICHEL ol ol ve

pressure P/ Po (Pb=atnospherit rom n accor dance

with the BJ t ). i (A te g ﬁﬂiﬁy e axis of
absci ssas an%tfr%f gcrlesﬁcgi&\)g{%%%% %gevﬁcﬁe%eﬁj%f:séc gj)ﬁggre
expressed b)ﬁhtslr%% |- 0of; pdinates. It is sufficient that the neasurenent
time is genera ya&gjneaZ(Slcﬁne. Pore size distribution Dmrepresents a pore

di anmet erg copasRoOdrk 1ridie dgr s Pf val ues of ordinate
(differenti a—vatues of pore volunes), and 13 generally expressed as "nost
25 frequently appgaring PRES: h deRtLpordighizd didtsipat 86n apuexanpte of a
graph showi ng pore size distribution. Wth regard to the pore size

di stri buti orrcurote HBictErhe N ayehkedARR 14003 el X airp | mxajpla pore di aneter
of 101 A corresponds to the nost frequently appearing pore dianeter, i.e, a
pore di anet er appiearihgilhudstestheghestons opozre | ds animgt &1 @oree voEunes.
The ordinate value of Dmis the nmaximum5 peak intensity DVM Dml/ 2
represents a&mpcraa-dixa@rge dorvessysbradi g ate agrsl nitn dxamelemdl | er di anet er
si de showi ng a half value of the maxi nrumval ue Due.,, of ordinate. In Fig.
1, a por® di anet®to of3 LW HFF eRHAIRCTD DHF XLLighatbrsion ¢MlYS/®hratio
is taken as a neasure.10 of i stri({)ut.i on hased on the small er. pore si de,
and this valife WESHEL AR 1Y 551 e dicqTT BRSO SWRFRetVe In Fig. 1,
Dil/ 2/ Dm i SEZZa/ %:QLlZOI 76. Al so) dependi ng on shapes of pore size

di stributi o Cur vees, ‘there is a case in which there are a plurality of

D/ 2 val ues) anghd n AS Suedt B €88 GorddiE1hd9e8 + V&) Ugci 5, degi ded to be the
D/ 2 val ue. A pore dianeter size show ng the maxi mum peak intensity

(general |y rpefterdvet tof axkanlsd o, episiiley AppeRrddigpPadtei ek aamedmasle 1S in
a range of from60 to 200 20 A) preferably from70 to 190 A nore
preferabby fBrom 80 to 180 A If the pore dianmeter Dm showi ng the maxi num
peak intensity Due, exceeds 200 A, a carrier strength is |owered, and
properties of pdligerd pakluetest ool eipretaied| 9t poor.

prepolymerization activity patterns.

EXPLANATION OF MARKS

Dyy represents a maximum peak intensity, Dn
20 represents a pore size diameter showing a maximum peak
intensity, and Dni,; represents a pore size diameter on
the smaller diameter side corresponding to a point, the
peak intensity of which is 1/2 of the maximum peak
intensity.

25 BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention is described in

more details.



25 On the other hand) if the Dnvalue is |less than 60 uniforn1activ3gyﬁgd@&
a catalyst and uniformgrowth of polyner particles are hardly achie

aggl onerati on 17 APR 2003 11 of polyner particles or deposition of

pol ymer particles on a reactor are caused. A pore dianmeter Dnl/2 1S present
at | east one respectively on both sides of Dn i.e. on the larger 5

di aneter side of Dmand on the snaller diganeter side of Dm but a value on
the smaller dianeter side is taken as the Dnl/2 value in the present
invention. Als i f. ther re.aplural it f Do/ 2 val. on the smaller

di anet er sidg?%?ﬁgsFaféggf%ﬁgFuggfsOgﬁgﬁﬁygﬁlygﬁrgg g&%ﬁ@ion. A 10 Dni/ 2/ Dm

val ue is prﬁgzr?§&¥i%gli%g%bsgéggsig@rgae&q%§rably at least 0.70. If the

DL/ 2/ Dm va ess i S not preferable since a considerable

anount of small A;sic%%fgg;secs C%rm%fogl%@lttaif%%g.oaln iﬁ?ﬁﬁgféﬁﬁ@%a&pe | ayer ed

silicate having the above ature or an olefin

pol yneri zat i t t alyst:)...a J i gent for a
ot A1 T ocenc Bl St ha o au g Paner, oh AensA Tende daY R o
wor k. Thus, sthecherexghange chayeoedoni hiCala thaea 1peedeter m ned size pore,
20 but its pore size i1s sufficiently lafge to a netall ocene conplex, an
organi ¢ al um numegerReUNd anRd -2 JHRRORERZe AREIAIRA 6N thesR conpounds
participating in the reaction easily enter into pores in respective stages
of formatioraQtudatadalfysh, dagcbiyatonani sptepahy s ndaticeen25 and

pol yneri zation, and conpl exes are highly dispersed in carriers, and
consequent | pdsetaltlionedesoatalipsat methode si freseakdd ameitieor M,y showted. 17
APR 2003 12 Further, it is very inportant for uniformgrowh of catalyst
particles te haxémsar peeks igitepeisydDim e floram of0 fine2 Parki cded al ong with
grow h of polyner particles, and carriers having such a specific pore size
5 di st fibuti on €aFeened it Ch®PreeSee i%ﬁﬁ%ﬂf% CHS dered to

ool ove, UL 3ot Sgagl Tl ROLUIRLL2LLODLSRCU O, gl 2 catal v
adsorption-desorption method, a pore diameter Dp,2 (A) on
the smaller pore size side corresponding to a 1/2 peak
intensity of the maximum peak intensity Dyy has a

15 relation of Dyi,/2/Dn of at least 0.65 and less than 1 (the
largest value is employed when there are a plurality of

Dp1/2 values).

Nitrogen adsorption-desorption method

Measurement of adsorption-desorption isotherm by

20 nitrogen adsorption-desorption method is explained
hereinafter. A nitrogen gas is used for this -
measurement. When evaluating a pore size distribution, a
nitrogen gas is used since it has satisfactory properties
as a general adsorption gas.

25 The evaluation of the pore size distribution in the
present invention employs desorption isotherm. The

desorption isotherm is a curve obtained while reducing a



on the catalyst as conpared with a conventional catalyst. Particul ar Icl))/d@@ﬁ
producing an easily neltable or soluble 10 polyner, it is possible t @”
out a highly active polynerization in a state of nmintaining satisfactory
particles) e.g. in a propylene type |low nelting point random

pol yneri zati on, which could not be conventionally achieved. 15 Carrier
strength In the present invention, it is preferable to maintain a carrier
strength of an ion-exchange |ayered silicate within a predeterm ned range.
Thus, it is erable to IS t follow ng_"f r " 20.Feature 3:
an aver age clf%g%%ln\ge s‘?l?éesnsg\fﬁé of fTér? ?%rslog gﬁanggs%@%%gd%% i &t é O%rr%éfsur ed
by a mnute QGBFe sion t r, i t f e ier.strength
is too | ow, Iga a lys? %%?A%Sg?}egn%d [S)to}fi%/r#ea?r?e;adr% cpgjsedargeg%aasr? yl{dcréusshed to
produce fine [ i ﬂﬁg-r i erti ﬁgg i
properties an %P\A%g%él %\H %Del Si d}gﬁééctg%;gd{}%g%r@ié\&i%:q pr es%?ﬁfénvy/&gnti on,
it is inportant t aver = APR 2003 I [ a
carrier shouﬁagl%‘%é%tfﬁaéebast asfta]Ptree'f er é%l Y, #%e%#?&ag%ﬁlﬁ%&g és) rength
i's at |egst 1 MAg,s PN, N efgf@abl of dled PaerhdRman@td Do der ipnd, if
the carrier strength is too 5 high, particle growth during _

prepol ymeri zat i oficfhp PO YHET  Zat 4106k b esodTes, Uiy fod i ans 1hereaés a fear
of producing fine powders. Accordingly, the upper limt of the carrier
strengt h i s qumeieradid Vv eairage asiidig Suangid aftddor®sdf 20 MPa, nore
preferably at nost 18 10 MPa. Even when prepol ynerization is carried out,

t he upper | iQuantand tiend aeerpdny tBaifs carp aver abipernusselilg Giresngt h are
adjusted in the same nanner as above, and are effectively in a range of
from3 to 1®mvEEortheof divwkutanye | ayertde siikiecat 8hef priesemtesent

10 invention employs BJH method most general as a
calculation method of pore size distribution.

An example of a measuring method 1s illustrated
below. The measurement is carried out at a temperature
of 77K under a relative pressure P/Py (Py=atmospheric

15 pressure) of from 0.02 to 1. In accordance with the BJH
method, pore diameters (unit: A) are expressed by the
axis of abscissas and differential values of pore volumes
(unit: cm®/g) are expressed by the axis of ordinates. It
is sufficient that the measurement time is generally one

20 time.

Pore size distribution

Dy represents a pore diameter corresponding to the
maximum value of values of ordinate (differential wvalues
of pore volumes), and is generally expressed as “most

25 frequently appearing pore diameter”. Fig. 1 illustrates
an example of a graph showing pore size distribution.

With regard to the pore size distribution curve of Fig. 1



15 invention preferably has the feature 3 in addition to the above fgﬁ%?ﬁ?%3
1 and feature 2, but further has the following features (feature 4

described hereinafter). Feature 5: in a pore size distribution curve

cal cul ated from desorption isothermby nitrogen 20 adsorpti on-desorption

met hod, a pore dianeter Dml/3 on the smaller pore size side corresponding

to a 1/3 peak intensity of the naxinun1p§§k intensity DVM has a rel ation of
D/ 3/ Dm of at |east 0.55 and | ess than (provided that if there are a

lurality of Dml/3 values, 25 the | argest value,i s enpl oyed for /3) .
guch a p)c/)re(g?‘tﬁ1 & 1D P2 RPERU Jiaéneﬁ%éséjrf‘t %rogséec?ﬂr\g}ésﬁ%c‘?%so&ton ede)s of
Dm i.e. at | east one on 17 APR.,2003 14 %@e I%r er .di aneter side of Dm
and at | easT'O8te T34 A2 e ¥a PPEE A TR E5F S HETST ) ikt h HHE pr esent
i nventi on, .val%e on _the snull.er di aneter side is q§fined as /3. Al so,
when there SPETSCSELPRECRT SE (oL/ 3% TUSTSSS &7 CERE o IFICTH et or si de.
the | argest _val ue i.s_enpl oyed fo&.cakcula&i n.fADDnﬂ/3/ value is
preferably ggrfeg§9U8?§6, Fe® ré?%rgbV§ gg Peast 0 57:° 1Tt HE B/ 3/ Dm
value is le h a.considera f I i ter pores

Sl nBa ke A SRy PP rtor Sof SUCHEL, 8 BORE! bEpdieEP ST P

are contain such " unprEfera a pore Size

distribut! 0 oealeul Alaedf MR 10N trit0IhBNMad N8N s1ge
ah y uni no ﬁ

adsor pti on-desorption nmét hod has substanti al peak. at is,

there is notnBLRsgNL Ra3¢CeRdRER)E 3R rahitm balhePiggedt, Its intensity
is at nost 50%, preferably at nost 40% particularly at nost 300 of a

maxi mum peakrdniharsi.t yihueigfFeat uaepdreBEIamgtéacefangaii soktregpdbdst o 250
n2/g. The surface area controls a site capable of being an 20 active site,
and has a possiDRi/kityriaft preventdng Misranioand aakennaexehargeukayer ed
silicate having a BET surface area value within this range is preferable.
Feat ur é ®: afpoistudbutdons besedl O the Zreldes/ gons efisieabland rtdvh0. 25 to
1.8 cnB/g) nore preferably from25 0.3 to 1.5 cnB/g. Feature 9: in a pore
si ze di striBatienPEGrTEScaMedlated T -o1f FeSSHRONEA OFs dEh& IRt r ogen

17 APR 20Q@3_15 adsorption-g sor pti.on I&?ﬁ% wherein e%f intensity at a
pore di anet &P 6f9501A Par/g g?ﬁﬁg'gg/%ﬁgO ' 50§ﬁ59/ii§é%n E551°™0. 01 and at
most 0. 40, Bﬁ%[a%{ga%'fy P%&e' 238k %3208 Al e 238, IV L s &f @rahl vy at
| east 0.05 and at nDs
in which there are a plurality of Dm,; values, and in
15 such a case, the largest value is decided to be the Dpisz
value.
A pore diameter size showing the maximum peak
intensity (generally referred to as “most frequently
appearing pore diameter”) is in a range of from 60 to 200
20 A, preferably from 70 to 190 A, more preferably from 80
to 180 A. If the pore diameter D, showing the maximum
peak intensity Dyy exceeds 200 A, a carrier strength is
lowered, and properties of polymer particles become
unpreferably poor.
25 On the other hand, if the D, value is less than 60 A,

uniform activation of a catalyst and uniform growth of

polymer particles are hardly achieved and agglomeration



5 0.3& If the DV50A?DVM val ue exceeds 0.38, a considerable anmount of
snmal | er di ameter pores are contained, such being unpreferable. (2) 17 APR 2003
| on- exchange | ayered silicate 10 In the present invention) an ion-exchange

| ayered silicate used as a starting material is a silicate conpound having
a crystal structure wherein planes forned by ionic bond are lamnated in
parallel with nmutual bonding force and iggs cont ai ned between planes are 15
exchangeabl e. Most of ion-exchange |ayeréd silicates naturally occur as a
mai n conponent of. clay mnerals, and, often contain iympurities (such as
Quart 7, or1 SboBa P EHe G 19)o BIRPIE § SRt RGN RANE S TET hese
inpurities. Also, the starting material of the present 20 invention neans a
silicate atqgfﬁeﬁﬁ§éiaﬁnég§ﬁ1 At treatment of the present invention as

descri bed bel ow.., Furt he t he ian-exchange | ayered .sili.cates used in the
present inventi dh %e° b i%%?t%lﬁloé}”ﬁatlusr Ieysed%:/tcua‘rscrilr?gas%?oélr‘al als but also

artificiall t I t.erd.al s. 5 25 | @s _of th i-Qn-exchange

| ayered sil %gzstype%s&erg\}ygﬁg L{Fﬁeb#do}f I%vﬁeﬁsg %’?ﬂér'fp i a?iLI'ée 'aggldgz%r il%% %:%n "Cl ay

M ner al sc ( Kaohut s, aGa(#‘l i5t t.en iq:am ~ ~APR 2003
16 (publ5| jswgg%@ly Asaksalr_L%_ S otD«iS‘n\éllhg1 %8‘9%?% ?%gali _eg‘hrr&l%?eé%raﬁli%n-gchange
llayered silipgcat £,608PL3R00A Thi LAKEN 23S B MRRLANS LWt itn& Jraver

i ncl ude kaolin group silicates such as dickite, nacrite, 5 kaolinite,

anauxi te, netzhallgysiatiee hal kaysbi-esenhtt Rednt@onandasespenti BRegEOUP
silicates such as chrysotile, lizaldite, antigorite or the like. (b)

Exanpl es of zare izpplexedlange dBygs gdvailbie@aloss ecorPErzilngra @ ahdtayger as a
mai n constituting layer 10 include snmectite group silicates such as

nont nori | | omiitde,, Zéwe dmtegstberadeld iite,emuhtyedhi fery cEponidEeomectrorite,
stephensite or the like, vermculite group silicates such as vermculite or
the 1i kel niPea2gPoupabifi tateseferabdy atcheapr| Pt 68, seereite, gl auconite
or the like, and 15 attapulgite, sepiolite, palygorskite, bentonite,
pyrophyl | i t ®Xafarablohiay iteasarft e Hifk&healai 7 Bt iR 251953t ar t i ng
material in_the esent. i nvention b | ayer-1ike silicate having a

m xture | ayé&r ot Fq'hf’tsaae'abjt)‘ilelS( JﬁOtar?d:né(B% rag?g%p%%?%‘? fed 5 Etkﬁ%ee present
invention, it Js dreferable %iozéjﬁ?olaeéiéf:gaé&%vﬂé@. the 2:1 type layer as
the mai n conponent, preferably the snmectite group, particularly

mont nori [l oni te g ki ngly odn i NeroadBdh 98 TaLEL8E 51 NOAtSPEST B Yrhem ted,
but a silicate having an alkali nmetal 25 or alkali earth nmetal as a main

conponers f ebore iTMeitnatationmeatifaatiwrPref et@bla idglgferpect that such a
silicate is relatively easily available at a | ow cost as
polymerization catalyst component {(cocatalyst) as an
activating agent for a metallocene complex, the following
function mechanism is considered to work. Thus, the ion-
exchange layered silicate has a predetermined size pore,
20 but its pore size is sufficiently large to a metallocene
complex, an organic aluminum compound and a monomer.
Accordingly, these compounds participating in the
reaction easily enter into pores in respective stages of
formation of a catalyst, activation, prepolymerization
25 and polymerization, and complexes are highly dispersed in

carriers, and consequently metallocene catalyst active

sites are uniformly formed.



17 APR 2003 17 an industrial starting material. Chem cal treatnent AP?

i on-exchange | ayered silicate used in the present invention nmay be a APR 2003
naturally occurring material or a 5 material available for an industrial
starting material as it is, but it is preferable for obtaining a highly
active catalyst to have the ion-exchange |ayered silicate subjected to a
chem cal treatnent. Exanples of the chemgal treatment include an acid
treatment, an alkali 10 treatnent, a salt treatnment, an organic materi al
treatnment and t l.i.Lke. The chem cal. treat nent. empl oyed may be.any. of a
surface treatmne tuﬁté}err'erf&/ﬁ?g Y?ﬁ?’urjinﬁl?o 21;%-2%0155%6 %ﬁoxé{“ s%‘??"gté‘é%d a
treatment having.an bhfluence qn g structune. of Sl ddg i, nosoid e to 15
enpl oy the chenical” tréatnent in order to obtaln such propéerti es of pore
size distribuyti a fi i I.es e\ iL.on.. The i.d _treat ment
renmoves |i rrp%#i tficl(glsfe 5 glsf:ur aca(rai%% “Q‘Itglo%rcygr‘f’t& E‘infte pgﬂa’é"retr} @%‘?é:cllflfga’r ations
such as Al, Ee, t i hn.a tal . St uctur An acid used in
the acid trggtgng%trr:y%r%relhggﬁgg %ﬁleétl’graabsﬁ’/e\e?lr%ﬁ ﬁayor&lréocsﬂl%ri c acid, sulfuric
acid, nidrig;aeidnRAGSPRA I AGdh BPEHSL AN Rl oAt Lsual .

t he aci déi S ﬁse irlll a%?’g_rmof an acild aqueous scl)’fcuﬁ"l on. 'I;h_e acid 25 used in
the treat megbnEBBRRE@ 8 MR t3id @aFledio EhneﬁeO{oo@?gndﬁz%mshal
treating conditions with acid nmay be ~ ~ aPR 2003 18 optionally sel ected
froman aci gegerGemt,r adcd d R d13Rge iofhifyian Qokalo Hld tMgenedaltrieat i ng
tenperature in a range of fromroomtenperature to a boiling point and a
treating ti ow ithea dearde of de amuonfpanedutvatt @ 2briveurtssiomall tecadtalgrsaf.er abl e
to carry out the treatnment under such conditions as to elute at |east a
part of a nReetiisiulegrdst ivther my ctudiewms taro e skilyd mefl tednisowd ssdhuddteed from
the group of ion-exchange |ayered silicates. A particularly preferable
enbodi t ePLYHEpr ddertts FPSShRR itoh 9o o @ ey hothly acddieent with an
acid having a_specific concentration. That is, /it is preferable to carry

out a treat REAYTGEHFET Ueild Ko bid S Tadlad "EGEemS &30 a9t &3t i sfyi ng

the foll ow ng fcirc Isa aet Iea:.Lsht once. Iln tehecé%ree ent | ] vention,. this
operation i £35 3% %r ref 1 0 Thd TESR et aciy fFearieht* M. 0 The
aci d concent.ratq i f ) pT¥Tanc) j er of
261 )| Cvor ume e B e o L s Y Odpalaneeanyh;
coexi sts, azeBieryst.al water anpunt contained in a salt conpound is

consi dered, but a volune change by the salt is not considered. A specific
gravityl®f the ardx isgpientrserspthuti on was sited fromBasic Edition 11-4 of
Chem cal Handbook (Kagaku Binran) (by the Japan Chenical Society, 25

publ i shed by Marluzede resgsst thivehtedin o) .19 toieferabld ¢ar why t he

treatnent of an iaon-exchange | ayered silicate under such specific
conditi ons fM@intain a carrier strength of an ion-exchange layered

silicate within a predetermined range. Thus, it is
preferable to satisfy the following “feature 3.

20 Feature 3: an average crushing strength of an ion-
exchange layered silicate measured by a minute
compression tester is at least 3 MPa.

If the carrier strength is too low, catalyst powder
and polymer particles are easily crushed to produce fine

25 powders which degrade flowing properties and adhesive
properties and lower a bulk density. Accordingly, in the

present invention, it is important that an average



17 APR Z003 19 effective, but it is considered as described bel ow.
Generally, it is known that by subjecting the silicate to acid treatrrpmpq %003
inpurities on its surface are renoved and cations such as Al, Fe, My or e
like inits 5 crystal structure are eluted, thereby increasing a surface
area. Thus, in accordance with the progress of acid treatnent) it is
considered that a surface area and a porejvol ume axe increased. However, in
case of such concentrated acid treatnent "as carried out in the present 10

invention, a surface area value.of a silicate t ted by. the c entrated
aci d 1 oat mET I, i ich G B T eHI TR R aTe (N LSPer 1 HGeP i n t he
pr esent invggpteiatgn isjrrat er smaller than a surgace ar ea of a]asi licate
treated by ar ScTif Hreat S EHAS i T 51 thet "o H R ot et r B3N 15 to
have the sa constriet utien rcatfng})netntls esltut,/equThi s fact means that a pore
size of the 511 dat'E BECONES rgaer. 3% s exp%'ct ed that this change

achi eves an eff easi kNQ. erial. et outer_part and an
i nner part of ae@ét a %s@%u@?xg st i@g‘% eéé)%%?ga%\gg'g%%n*%c#%ghavi ng a

hi gh congenty.afi o vides ; ' ::@Qp-' | S, expected that

mat eri al grr[)\/}{e'ﬂ%teﬂn’t i oftqaéirjr&étgaﬁa?‘%%g%grclo Ieber?(é,&gl nolrrie%t,iéar}l %lfgani c al um num

conpound or J A& rid K&)a RGP GRS Jrilid P iSidle Qhefe CAL 8 y%éaxorof

constituting particles 1n the sane 25 nanner as in the outside.

Accor di ngl y prax&atidyy/ stifd epafed-d r omcRe asidigat e vef e dnesant dmvention
has active sites nore uniformy dispersed, and it is 7 APR 2003 20

consi dered that endcat hesdngeneratper oreibhe Satabysige Scridhbid ed as
conpared with a conventional catalyst. Particularly) when producing an
easily mel t adreergrtlsalfubd te nood ty rar \MEs g.méone goxaberably ek mebst Ng8 point 5
random pol yneri zation of a propyl ene type nononmer, it is possible to carry
out pol Yfer MBati ofven whiengprapolyimey iged lion & sstoatre ifd waitnt dihei ng

di spersed particles, which_ could not be conventionally achieved, A nore

preferabl e MERFEF dfiftife a9 RO atibHt 19f rahgev of aqfieC HeFing

trati | f i | b f id)/ | f
ol 0 Aqueou RETIRTD AT S IS 194 o) TS 1R BUtiE | 0 AT o (e | omst
6.0, f 7,0, T i 40 i trati N
s e ot or abir S T B g o R RS oL e R SO e hand T ng

safety) easi nessm@di@r%maﬁ%e rayaeed ssedcboe thergongeateated acid
treatnment may be the sane as those used in an ordinary acid treatnent, but

i s prefesabligaddfiwn reidhaliliy Hax atid fFatd@rdyIrpehdddici @eith s e
preferably sulfuric acid. By such a specific treatnent) an ion-exchange

| ayered sil isdwtvee Hapsatng ¢ He abbvisatenie chedodeafurtehdr draks figad ure 2 and/ or
at | east one properties selected fromfeature 3 and feature 5 to feature 9
can be 0btdﬁﬂ&1°WﬁﬂQfﬁﬁ%tqﬁﬁs ({feature 4 is described hereinafter).

Feature 5: in a pore size distribution curve
calculated from desorption isotherm by nitrogen
20 adsorption-desorption method, a pore diameter Dpi,;3 on the
smaller pore size side coxresponding to a 1/3 peak
intensity of the maximum peak intensity Dyy has a
relation of Dni,3/Dn of at least 0.55 and less than 1
(provided that if there are a plurality of Dpi,3 values,
25 the largest wvalue is employed for Dpi/3) .
Such a pore diameter Dp,3 value is present

respectively on both sides of D, i.e. at least one on



25 the present invention, it is preferable to carry out a salt treatnent.
The salt treatnent neans a treatnent carried out for the purpose Of17APR2W3
exchanging rations in an 17 APR 2003 21 ion-exchange | ayered silicate.

The treating conditions with a salt are not specially Iimted, but it is
preferable to carry out the salt treatnent under conditions of a salt
concentration of from0.1 to 50 ww% 5 a.treating tenperature of fromroom
tenperature to a boiling point and a treating time of from5 minutes to 24
hours in sucqaa manner as to elute. at %east part of materials

constituting™3® 13F ke a%%t?ﬁy@r@ﬂ QF 1 P N SE2SHhET&I dddf be used
in an organic s Lven such as $ tﬁsne h%f a} et hanol or the liKke,
or may be u§§8af ef hdl apskRt e ‘Veﬁwq1ﬂ RS BESRRE i ke at the
treating tenperature but i referab used. as_an aqueous _sol uti on.
Fbmeverg Yﬁﬂbl " kT u%fag g% ?%R%@é%lamﬁﬁegagfg?rﬁﬁtnent

achi eves an f%ect S|n1§§ Q_an Cld r eat ment g .Rres n?

i nvention, i$ 3 %?e?%r e té F8h 3 ERaf égrgtargagtpiara 6E¥f8§a My/3 at

|east 60z of, | pexchanggable. 1 A1) 0gs. ol & oubsd Ml £, co0Lal ped,Ln; an

i on- exchange ayer e fcate wit T ONs

fol lowing sabisoybable, salisyincl yde a eprpound, ohtai ne Ié?g}gb@tlon

cont ai ni ng at one af om sel ected e group consisting of" Goup 1

to 14 atonms andy @hsi egstes ONRoADI 9P B8 8618 da £ rom theg gspup Longlsting of a
hal ogen 25 atom an inorganic acid and an organic acid, preferably a

conmpound obtmj,ned,f Kemua ratleesCenkai 0i.Bg, ak Least depapakoamsehected from
the group conS|st|ng of Groups 2 to 14 17 APR 2003 22 atoms and at | east

one ani on sedmel bdr f d baméber gpotps cansi sohtgiwéd Clgudn, béing) P04, SO,

NO03, C03) C208, OCOCH3 , CH3COCHCOCH3 , OC 13, O ( N3 ) 2, 0 ( C10g ) 2
, 0 ( Sb2 ) ynErefed@ile, OC13, OCOH, OCOCH2CH3, C2HgQg and C6H50~. 5
Exanpl es of the salts include Li2S04, Cad 2, CaSQg, CaC20% , Ca ( NO3 ) 2 (
Ca3 ( CBH507 ) 2Femfeare, 6Sca(P€IEI:FBZ§ letsazhetlosw@écu Ftedoboems )

MR Wi e MEME E Mt DAL
ISR D R e e
TaC 15 , O (CII%ﬁ£t29§ E%e£50§% Aot égégg) 3se5@£§jéeaﬂbcgggc%agl4 2

Mol S, MoF6, WC14, WBrs,

Fe (NO31k 3,1Eeiﬁgﬁrébeﬁ£II£&B in@en£b@y(f§lbﬁ abs@x@me ééefbﬁ@ﬁly NIC209
, Pb ( OCOCH3 ) 4, Pb ( OOCH3 ) 2, PbCD3 , Pb ( NO3 ) 2, Qu 12, CuBrz ,
CuC204 , Zn 4t GaXHB 0%, , pa@nt { cHRCOCHOOGK3s ) 20% dﬁsa4max£mmm BEEH2CH3 )
2, CdF2, AICl3, Al2 ( C204 ) 3, Al ( CH3COCHCOCH3 ) 3, GeC g, GeBrg,

Sn( OCOCH3) g, 1'Spé¢seiy? Dand the |ike. At |east two kinds of salts and acids
may be used. 20 When conbining a salt treatnent and an aci d trea;nent
there are a net hB82bFrEarls yPRY sv¥fancagfset eafheft 1°0 to 250 m%/g.

The surface area controls a site capable of being an
20 active site, and has a possibility of preventing fusion,
and an ion-exchange layered silicate having a BET surface
area value within this range is preferable.
Feature 8: a pore volume is from 0.2 to 2.0 cm3/g,
preferably from 0.25 to 1.8 cm’/g, more preferably from
25 0.3 to 1.5 em®/g.
Feature 9: in a pore size distribution curve

calculated from desorption isotherm by nitrogen



after conducting a salt treatnment, a nethod of carrying out a salt

treatnent after conducting an acid treatnent, and a nmethod of carrying out

a salt treatment and an acid 25 treatnent at the sanme tinme. Exanpl es 7ofPRa2003
chem cal treatnent with other conpounds include an alkali treatnment with

Li OH, NaOH, ~ ~ aPR 2003 23 KOH, Mg(OH)2) Ca(OH)z, Sr(OH)2, Ba(OH) 2 or
the li ke, and an organic materi al treatnqg; with trimethyl ammonium
triethyl anmoniumor the |ike. Exanples of an anion constituting an organic

material treating agent _i nclude 5 hexafl uorophosphate, tetrafl uoroborate,
t et r aphenyl %Rng ORREEFPRREIPT B '??onw?grﬁﬁgoﬁspﬁ?#uéPFﬁFéatgsaﬁn

anion constituting a salt treat] a ené but .shoul d no&lbe bintted
thereto. G dhfatT o FBEAR" & r%\ggAp Tt REFERER 285 oPvaarsilvewaPe 3F (e

(O ti j f bl { t 5 t t_100 Lf .th
B present TSt 10 Rl pRrd i £ dlofd e arP B ErBOE RarEi tralti 9608 Shdes
than 5 [ h , d
an 15 unpr oF it AT <ot - RRCEe oS Trag Y ek FeeBhr Tonti SoaanEeOhEhendi ng

on a polgnerd;fgion process. On the other hand, coarse particles having an
average particle size of at least 100 umare liable to cause occlusion (for

exanple, at the yineyafpeatalysyafeediagieasuhyg0 betngsyaprghesabl e If

particles do not cause such problens, they may be'a naturally occurring

mat erial or ZSQHRESEi @hbylavahl Al eeroberéal arvhichcgByhe Used as it is,
and al so these materials nmay be used after adjusting their particle sizes

by classificsdioh operatepabled separation operation or the like. A
granul ation nethod is not specially limted as far as it is a nmethod for

providing particles 3ahiskyhaggehkayet@dAPR12088e24 above- nenti oned
particle size and shape conditions, but a spray granulation nethod is
pref erabPe. As nént Fbaedrabene, iavepakipol east Aengercbangbe leyrred! | ed

during granul ation step. In order to obtain a crushing strength 5in a
preferabl e rahgeSate F5ePrasf of abt* tREcHYraRtlat el pupveiizeatsilicate

articles of the present,invention. The siljcate nhay be | veri zed by an
hethod. As LPURVEPE ATV HRG bt FoGS E oy REPRGUE 6f VRS S L) SPOATRTI S8FTSH | o

o et systep pubYeLi 2aLhon. IRy be uised: (I0oDUL el gyBhem.pybyerization is

preferable. t” systempul Verization neans veri zation nethod enpl oyi ng
swel l'ing propsidies PbraeShhd CoERs DYoHEL NHeMBbEEw8EnapULaRE akan medium

Exanpl es of the nethod include a nethod of enploying conpul sory stirring
system wet h bbcpahyésioDe Or Md¥: |d ke, orpk dharaid Adhvadr € Oy dge sy nomi | 1
naturally occur as a main component of clay minerals, and
often contain impurities (such as guartz, cristobalite orx
the like), but it is all right to contain these
impurities. Also, the starting material of the present
20 invention means a silicate at a stage before chemical
treatment of the present invention as described below.
Further, the ion-exchange layered silicates used in the
present invention may be not only naturally occurring
materials but also artificially synthesized materials.
25 Examples of these ion-exchange layered silicates may

be the following materials as described in “Clay Minerals

(Nendo Xobutsu Gaku)” written by Haruo Shiramizu



pearl mll or the |like. Before granul ation, particle size and a vol une
fraction of particles of less than 1 ~xm are an average particle sizr gé
from0.01 to 5 ~zmand a particle fraction of less than 1 ~zm of at é R 2003
10~, 20 preferably an average particle size of from0.1 to 3 umand a
particle fraction of less than 1 urn of at |east 400. A dispersing agent
used for spray granulation is usually water. G anul ated particles
preferably have a sphere-like 25 shape. concentration of a silicate in a

starting material, slurry for spray.granulatio go obt ai n spherelike
particles dé@@rﬁslsg}?%%’l &W"&asc%%tﬁﬁ bt ]i% )1 ~ A PR 2003 25 generally
from0.1 to 50% regera I fcgafﬁml 1o 309 m)renﬁefer bl%lfromz to 20% A
tenperature at a'HotEXATPETR rAdhc® 1S %ﬁlaréﬁ% YRTOh TR 0BEET n
sphere-like parti.cl.es varies _dependi ng on .a disper.sion nmediu but in 5 a
chse of et AT A o (0GBt A A 700 1V S20C 1n or der
to produce a_siligcate having a _speci.fi or i ze di.strd.bution of the
present i nvelﬁ]tcllt%,e iL}iaol slnp efoélrpabsllgljtcoactcegs’r rssl ngutasggialn%gla% on’ Ce’%)lotr%’ a

chemi calg 10 k%%ﬁqm%ti a%%re;]%{iaéé,y1m&%ﬂaqrqo§>gghh§éﬂ,g%gﬁws%%éiAf‘ cate contains

adsor bed wat er "a Ht er cal ati on water. resent” 1nvention, it is

preferabl e 4qyemyey adsorhad Wateloand i NGl abjap patgr s usly

before using'the silicaté. 15.1t 1's usual to enploy a heat treatnent for

removi ng wat@r.aildis Tethad dor it spegialilakd imted, but it is necessary to
sel ect such conditions as not to remai n adsorbed water and intercal ati on

water and not t o(ishe shdanp lielsS ot fHCtidbie-exBiRtRAtliay@ tdd®s ii1s @it d east 0.5
hour, 20 preferably at |east one hour. In such a case, a water content
after the remonadidincta rfost 13 wd¥ga preefreriabl goratt innstidy vit®gems conpar ed
with a water content of 0 wt% defined when the silicate is dehydrated at a
t enper atQr e iofc 12CFC ameddri tee ey rsal loifcatt eatp drora s nrguimen v P51 oy el ment
wi t h organic al um num conpound In the present invention, in order to
prevent a c&edRiitactisideditid S AP TY oi TR W h "etritas APR

2003 26 ' a hydroxyl ent. J i on- exch | d
Sili cate, t &SRO S arge 1y drotF s/ T e iHy” BE b B e 1 ctftact

cai ol WA ARG ST OAPO (il AR, SRS g2t on

such an 5 organi ¢ al um num conpoun

referred toyags’ organie Aldebi'di el e rapal o e idal 110 or /R N .
pol yneri zation. As the organic AL(1l), an organic alum num conpound havi ng

an optiimal sstraysrildie d,s @eyieylaldey, ysablersiiad obanaiangs, | ayered 10
silicate nmentioned herein is preferably a silicate treated as nmenti oned
above (i ncl weirgley ldords  natalen afhlaoyplwgalandy e tridad ment s) .
A silicate used as a starting material in the
present invention may be a layer-like silicate having a
mixture layer of the above (a) and (b) groups formed. 1In
20 the present invention, it is preferable to use a silicate
having the 2:1 type layer as the main component,
preferably the smectite group, particularly
montmorillonite. A kind of intercalation cations is not
specially limited, but a silicate having an alkali metal
25 or alkali earth metal as a main component for an

intercalation cation is preferable in respect that such a

silicate is relatively easily available at a low cost as



Particularly, by using the silicate treated with an organic alum n
conpound having a specific structure, 15 not only its activity is |§%MQWE%
but also it is possible to reduce aggl oneration of polyner particles and a
pol ymer anpunt fused onto a polynerization tank wall or a pipe wall in

pol ynmeri zati on at nosphere. The organi ¢ al umi num conmpound having a specific
structure is 20 expressed by the follomﬁgg formula (X). AIRNY3 n (X) (Ris
a hydrocarbon group having a carbon nunb of from4 to 12, Y is hydrogen,

hal ogen, an al kox r a siloxy rQu and n is a nunber larger than 0
and at 25 nB&t 1§‘d)‘y‘ %%é I §§a6ftlé‘gp|”\§’ftglré6 organi ¢ al um num conpound
include tri-n-butylalum num triisobutylalumnum tri-n 17 aPR 2003 27
pentylaluninun)Eﬁ%ﬂEﬁfﬁgiﬁfﬁﬂﬂﬁfﬁhn] tr|-n heptyl al umi ni um

tri-n- octylalunlnun) tri-ndec umi tr.i-n-dodec Ial

di i sobut yi al uni Adm*ER 3@*@%61? AMHGRRE ¢ )trEe Tlesent

di i sobutyl al.um num 5 h | al um_num hydr.i

i | sobut Y1 aAEATCZ: Y| 6 cuPar g e ar G dre ﬁ&&eofela 28 fhe 1 ke.

Al so, |t is R ssi.ble to.ys onblnatl n I nym.conrpaunds
wherein n |s gef":flé’1 eft Valgc?r%leex rrpl éEm i |u§=’%p055| eac;rttgL g’ éna;terﬁcixnﬂtjre of

| 1 d d 1.l
(o) 2. (LIS, SR WGy o Cob 2o S as B - CORE AN, PHERL e G
preferabl e %é%%ﬁ&%% lkRChide %h%rh%%K%&c%%HG%“Q%héﬂﬂﬁﬁ Ang < di al kyl

al um num hydride” 15 More preferable exanples include a C4-C12 tri al kyl
al um num  ceng el <X &P lae T hefni\WailC h redGhiede .t r EkapBUkYl oal uRknum and

tri-n-octyl alum num

chemical treatment include an acid treatment, an alkali

10 treatment, a salt treatment, an organic material
treatment and the like. The chemical treatment employed
may be any of a surface treatment for removing impurities
deposited on a surface and a treatment having an
influence on a structure of clay. It is possible to

15 employ the chemical treatment in order to obtain such
properties of pore size distribution as defined in the
present invention.

The acid treatment removes impurities on a surface

but also can elute a part or all of cations such as Al,

20 Fe, Mg or the like in a crystal structure. An acid used
in the acid treatment is selected preferably from
hydrochloric acid, sulfuric acid, nitric acid, phosphoric
acid, acetic acid and oxalic acid. Usually, the acid is
used in a form of an acid aqueous solution. The acid

25 used in the treatment may be a mixture of at least two

kinds of acids.

General treating conditions with acid may be



It is not clear why the above effect can be achi eved, but when treating a
carrier with an organic 20 al um num conpound such as tri-n-octyl alpﬂmemma
(Tn®A) having a |l onger al kyl chain and a nore bul ky substituent as conpared
wi th conventionally used triethyl alumnum it is considered that a
cohering force of primary particles constituting a carrier is |owered and a
carrier 25 strength is weakened, and accgédingly a uni formgrowt h becones
possi bl e. Consequently, it is expected that a polynerization heat and a
heat renoval per unit vol une 7 APR 2003 28 are considerably well

bal anced, afBtaggtorter &SLGE R FFOTbFH&EWER f POITEAL 100 defodidfi%h of a
mel ted pol yner .on a paql ynerization tank wall can be prevented. Al so, by

rel axi ng agg‘foﬁéf’é{‘t iooar 5P phr it e &HESS IR S K Uéh P Sor a

pol ymer, progu%tivipy can be i rovecj(3 Cont act, bet wee an(%on-exchange

| ayered silPtatdCEnd 8RN SEJRSFEE ALY 1° SaPPe 8% Aoed ot Urfder an i nert

t h h it [ I t of . ' t d b
dian a5 noxaRE>HES BITC JEnEararas AoHorane, THanITe 4 LIy Syl ene or

the likeg, a .he IRV, b 0 or, _i i f 1 or nore.
An anoun o?gaésopggr?ie%%h}%?%o Eés?g}%ipsoq%r et er atg:ey%t%‘frﬂer(é#h{%rgfﬁco 1, 000
mol , mor € Bgﬁtﬁ"tﬁ%'n)é farsomoo'e:h.utt% ]an:o 1@@@ aogahrjt g)iofa L d -aq]xphange_
| ayered silicaté. concentration of an i1 on-exchange layered silicate in a

sol vent is ppgkenabliny @ Q.20% W l00 M M5 B Rund selected from

the group of ion-exchange layered silicates.
A particularly preferable embodiment of the present
10 invention is to carry out a treatment with an acid having
a specific concentration. That is, it is preferable to
carry out a treatment with an acid having an acid
concentration (N) satisfying the following formula at
least once. In the present invention, this operation is
15 referred to as “concentrated acid treatment”.
N26.0
The acid concentration N is defined as (mol number
of acid)x(valence number of acid)/(volume of acid agqueous
solution) (unit: mol/L). However, a salt coexists, a
20 crystal water amount contained in a salt compound is
considered, but a volume change by the salt is not
considered. A specific gravity of the acid agueous
solution was sited from Basic Edition II-4 of Chemical
Handbook (Kagaku Binran) (by the Japan Chemical Society,
25 published by Maruzen, revised third edition).
It is not clear why the treatment of an ion-exchange

layered silicate under such specific conditions is



preferably from0.01 to 10 g/nL, and a concentration of 20 an organic,Z AL

(1) is preferably from0.001 to 100 nmol/nL, nore preferably from 0.0/ 4B 2003
10 mol . Contacting nmay be carried out by dispersing an i on exchange

| ayered silicate in a solvent and then bringing an organic AL (1) in

contact therewith. Alternatively, 25 contacting may be carried out by

adding an organic AL (1) to a sol vent ang t hen di spersing an ion-exchange

| ayered silicate therein. 17 APR 2003 8 The contacting treatnent is

i ed t |1 t t tur, f :50C t boj | i i nt of
ol vent . pr RS T O T oS GO S sbiat IFe ek g i Sthe bont acti ng
ti is f 1 m.nut 48.5 h f bly f .mnute to 24 h .
The order | of contaittimlin b gan ETAPY ()5 hi ok SrPS SRE e naige |ayer od

ilicate i t. ially linmt far. t he. obj ect..of th t
Phventl on | S BRI 11T (LT C e e Ve T EhiSE T SReS iRt act i ng
10 treatnent_after.chem cal

. f.th N f bl f
drying carrireedm(%?d atter© %él—gﬁgtu%nta%) Alt’ Nt Mgiﬁgéf %%g&gr& ¥t€héer

cal Ieat ment . 0, order "o

comact L?g;&%ﬁgtsﬁw@?g{e an, or gany d,ALtﬁége@g%%éeaoﬁﬁcgange | ayer ed

a anu on step of ‘anion- red silicate is

not speci al Iy, L {2 d eegréé%.e f 3 RS tihe eRiceehne tREPrEeRePl gt ign is

achieved) but i1t 1s pr rable to carry out the treatnent wth an organic

AL (1) aftergr@nihteHdmént heisild calres i O dUrthey \a i duit B ROSSIbA €248
enhance the effect of the present invention by conbining the

above- nent i engsb¥&€spEriny eatd et dRid Sed Thuswealdrer iepnrtasel ldmgwatparticle
size distribution and a carrier particle strength by granul ating an

i on- exchangedrayettechiséd | 2ai@) t 2&a tamear ra sercat bediedut hirougine tpreeseht ow ng
Step 1 and Step 2 is used as a catal yst conponent for olefin

pol ynmer L 2at iforwentiIgh ARR 2003ace area value of a silicate treated by

the concentrated acid treatment employing such an acid
concentration (N) as defined in the present invention is
rather smaller than a surface area of a silicate treated
by an acid treatment employing a lower acid concentration

15 to have the same constituting components eluted. This
fact means that a pore size of the silicate becomes
larger. It is expected that this change achieves an
effect of easily moving a material between an outer part
and an inner part of a catalyst. Thus, a silicate

20 treated by an acid having a high concentration provides a
larger pore size, and it is expected that material
movement (of a metallocene complex, a monomer, an oxganic
aluminum compound or the like) becomes easy in the inside
of a catalyst or constituting particles in the same

25 manner as in the outside. Accordingly, a catalyst
prepared from the silicate of the present invention has

active sites more uniformly dispersed, and it is



30 Step 1: after granulating an ion-exchange | ayered silicate, the silicate
is treated with an acid having an acid concentration (N) satisfying thdPR 200
following formula (1), 5 N6.0 (Formula (1) ) wherein the acid concentration
N is expressed by (mol nunber of acid)x(val ency nunber of acid)/(vol une of
aci d aqueous solution)(unit: liter). Step 2: after carrying out the step 1,
the silicate 10 is treated with an organi gbAL (1) which is an organic

al um num conpound havi ng an aIkyI group ing at | east 4 carbon nunber.
(Aefin polynerlzatlon catalyst) In the present invention, an olefin

pol ymer i zat | S 959@HEAI YRRE c%nl%abr%%& esae%?r%h@acw ngh%oﬁ%ﬁéﬁﬁ t(A) and
conponent (B), , naII co nent (C onent a net al | ocene
conpound of k?oﬁ%%lhf 8Ga%f @l%ﬂ?é %a%?%ggﬂﬁﬁBHQ t CPBFLY SR

i on- exchange_| a eref |ICﬁ£e 20 havi ng t he aboy neni d feature 1 and
feature 2 %%%T §{$y, %?g%ﬁ?gu%} %1%ﬁn?%%ﬁ§¥uﬂﬁ 5@ ﬁeOEonponent (B)
such various |nen as described_in_the abov ai raph ' catal yst
conponent fcﬁ ?hp% %Eri?a?tohn 2an®pe ﬂge 2§ Egﬁgaﬂaf?gn of

Conponeng (lyandom polymerization of a propylene type monomer, it is
possible to carry out polymerization at a high activity
and in a state of maintaining dispersed particles, which
could not be conventionally achieved.

A more preferable range of the acid concentration

10 range of the acid concentration (N) (mol number of
acid)x(valence number of acid)/(volume of acid aqueous
solution) (unit: liter) of the present invention is at
least 6.0, preferably at least 7.0. The upper limit of
the acid concentration N is preferably at most 20,

15 particularly at most 15, in view of handling safety,
easiness and eguipments.

An acid used for the concentrated acid treatment may
be the same as those used in an ordinary acid treatment,
but is preferably sulfuric acid, nitric acid orx

20 hydrochloric acid, more preferably sulfuric acid. By
such a specific treatment, an ion-exchange layered
silicate having the above-mentioned feature 1 and feature
2 and/or at least one properties selected from feature 3
and feature 5 to feature 9 can be obtained. Further, in

25 the present invention, it is preferable to carry out a
salt treatment. The salt treatment means a treatment

carried out for the purpose of exchanging cations in an



A netal | ocene conmpound used in the present invention is a transition netal
conpound of Groups 4 to 6 of the 17 APR 2003 31 5 10 Periodic Tabl @,/ APR 2003
whi ch has at | east one conjugated 5nenbered ring |ligand. Preferable

exanpl es of such a transition nmetal conpound include conmpounds expressed by
the followng fornmulae (1) , (2) , (3) and (4 . AXAX\M/ /[ \ /[ \ (1) a
\''/ M\ (2) AYA YA\ /XT /AN IXIM) (3) QV/M\ (4) ZYZY
Wherein A and A are conjugated 5-nenbered ring 15 20 25 |igands which may

have a subsgosquee@}cg% S Res Y LA oo LeLept b AR L

conmpound) roup cross ing two conju

ligands at an.qpti %%Iq't %q_,sel QN géc% 9anqd LNt Niing J:fas ni trogen atom

an oxygen atom a silicon atom orus "atorh or a SU| atom Q is a

bondi ng gfogge%fe%% 'enkeon%a%fg to*ﬁtat%%mgéqaé dderdpiengiedd ng |igand at an

opti onal aton1se|ecte fromthe group consi sting of

G oups 4 tOc@n%l the Pey %d's%l@*%'o%ce%'?:‘}a%;@%d of ah&@ drQoe alam a

hal ogen atom a hy rocar on group, an al koxy group, an am no group, a

phosphoryis- goRtNIiRG MEREARIR YRR R o Ideapreentalding Sydrocarbon
group (X and Y may be the sane or 17 APR 20D3 32 different in the sane

conpound) . Bxamphes ofink ard A drReltusey aieeclomeHadiemintiairo The

cycl opent adi enyl group nmay contain 5 hydrogen atons (CoH5-), or its
derivati ve, hangssdme safcH lze nfarmedr egen catedni atayt Nessiths idattedii th a
substituent. Exanples of the substituent include a Cl-C9o0, preferably

Cl- C30 hydr pearchdr lgr aoms thtivs imgd eoc ardnerexgihheung endya vieer dob reddd st e
nonoval ent group to a cycl opentadi enyl group, or if there are present a 10
plurality oPlgroupde tomd tofmaphdin meechd Iy éspedgandley solvent such as

10 toluene, n-heptane, ethanol or the like, or may be used
in the absence of a solvent if it is liguid-like at the
treating temperature, but it is preferably used as an
agqueous solution. However, depending on a kind of a salt
employed, the salt treatment achieves an effect similar

15 to an acid treatment.

In the present invention, it is preferable to ion
exchange at least 40%, preferably at least 60% of ion-
exchangeable cations of Group 1 metals contained in an
ion-exchange layered silicate with cations dissociated

20 from the following salts.

Usable salts include a compound obtained from a
cation containing at least one atom selected from the
group consisting of Group 1 to 14 atoms and at least one
anion selected from the group consisting of a halogen

25 atom, an inorganic acid and an organic acid, preferably a
compound obtained from a cation containing at least one

atom selected from the group consisting of Groups 2 to 14



bonded to other termnals (c~termnal) to forma ring together with a part
of cyclopentadienyl. Later exanples include a condensed 6-nenbered 1§n8R 200)
wherein two substituents are respectively bonded to wterm nals 15 together
wi th adjacent two carbon atons in the cycl opentadi enyl group such as an

i ndenyl group) a tetrahydroi ndenyl group or a fluorenyl group, and a
condensed 7-nenbered ring such as an azuhenyl group or a tetrahydroazul enyl
group. 20 Thus, exanples of conjugated 5-nenbered ring |igands represented

by A and A _include .a_cycl opent adi enyl group, .an indenyl grou a fluorenyl
group or an2&Piref{r 6&038? oG Be = §ﬁ%§nﬁ;§"bﬁ}ﬁ%§ﬁﬁggftuted.
Anmong them _a_pr.ef erabl anpl.e i.s ul epyl up.~25 npl es of a
subst i t uent SR K& EFc P pgﬁfa ﬁen§r gpogéyrn§¥ﬁﬁgﬁ@ﬁeC§%0vg§ﬁ@ntioned

Cl- C9o re I - ocarhon gr a 1]\ as Nej atom

gr oup éugh Bg?ggAgﬁg%ﬁggﬂggxgé’fl&gfrngfﬂgﬁ1%riAgﬁé#)bTéﬁ{ggg’g - Cl12

| k 1 ) t Ao q ac-az
R e e e e b Al

-P(R1 , : i) - b
(R1) (Rz), or %h%;&{g%sc%“ftadﬂ?é 1% yl@fﬁ%.ﬁ%@gfqgtﬁggpcgégge% y

-B(RL) (R2). If ¢ are present a plura e substituent's, these

subst | T uent g9y, b4 Afo99mecal (hlbsy enisacie abouerentj pnedRl, Rz and R3

may be the sane or differéent, and are al kyl groups havihg a carbon nunber

of from1l teca4,, 19 (pretenabl v.afoom das asdf s, Qsinsoroband] nEndrqyup
crosslinking two conjugated 5 nenbered ring |ligands at an opti onal

position, amth(Q0;)s abarib,ng, groypcocsssd,i nki@y;a, groupsogpresery,ed by Z
with a conjugated 5-nenbered ring ligand at an optional 15 position.
Exanpl es of TQCand TXx (b@eCHde, Ea)(Ca:kyl edre(POupszsOCh, asHA(B®@1i)hyl ene
group, an ethylene group, an isopropylene group, a phenyl nethyl net hyl ene
group) 1 di Pliday| FEBhyl ehe€CHpCOGHCHCHs) 3, VOSO,, VCl,, VBry,

Nb (CH3COCHCOCH;3) 5, Nb,(CO3)s, Taz(C0O3;)s, Ta(NO)s, TaCls,
Cr (OOCH;3) 20H, Cr (NO3)i3, Cr(Cl0O4)3, MoOCl,, MoCls, MoCl,,
MoCls, MoFg, WCl,, WBrs, Mn (CH3COCHCOCH3),, Mn (NOs),,
Fe (OCOCH3)3, Fe(NO3)s, FeSOy, Co(OCOCH3),, Co3(P0O4)2, CoRXs,
15 NiCOj, NiC04, Pb(OCOCH3)4, Pb(OOCHj3),, PbCO;, Pb(NO3)g,
Cul,, CuBr;, CuC;04, Zn(OOCH;)z, Zn(CH3COCHCOCH3),, ZnS0,,
Cd (OCOCH;CH;y)2, CdF,, AlCl;, Al,(Cy04)3, Al (CH3COCHCOCH;)s,
GeCly, GeBry, Sn{OCOCH3)4, Sn(S04)2, and the like.
At least two kinds of salts and acids may be used.
20 When combining a salt treatment and an acid treatment,
there are a method of carrying out an acid treatment
after conducting a salt treatment, a method of carrying
out a salt treatment after conducting an acid treatment,
and a method of carrying out a salt treatment and an acid
25 treatment at the same time.
Examples of a chemical treatment with other

compounds include an alkali treatment with LiOH, NaOH,



20 a cycl ohexyl ene group) (b) silylene groups such as a dinethylsilylEhapr 2003
group, a diethylsilylene group, a dipropylsilylene group, a

di phenyl sil yl ene group, a nethyl ethylsilylene group) a methyl phenyl silyl ene
group, a methyl-t-butylsilylene 25 group, a disilylene group or a
tetramet hyl di silyl ene group, and (c) hydrocarbon groups containing

ger mani um 17 APR Z003 34 phosphorus, pnitrogen, boron or alum num

concrete exanples of which include (CH3) 2GCe, (CBFE) 2CGe, (CH3) P, (CoHb) P,

COH9) N~ \ §§ﬁ9 B g§H§ Al Pre rabl e
éxanp?es fnc udebgf é%e grgﬁﬁﬁ) br&éﬁgs é%iﬁﬂg oups%%M%%g a t%gﬁ5|t|on
nmetal atom e o t he
Peri odi c Tasaﬁ{ &fp(faq} ergﬁg%ﬁ &leeg taI 1% O&f %Werl od'c %’bl e,
concrete e C 0 f m and t he
i ke. Part??ﬂﬁg Qg'z.ré%%?ﬂﬂu%ﬂg@?%}%?ﬂinggég{g%%i%ﬁ?Sk ag?s%;ullgand

including a Adog8e AlPMn b QXYIEhALOM R Sidd €Oy alfR e & phasRhor us

atomor a sulfur atom ‘or a hydrogen atom a hal ogen atom or a hydrocarbon

15 groups Prgfesahl 8 Sxasapiest & NCEdides B P9 Bd OM e Br S dF 1138 0 e @
Cl- C20, preferably Cs-Cl2 thioal koxy group, a Cl-C9o, preferably Cl-C-e

si |i con- contey nimg 1yl Ocid hadld O Dok, c @ L7l &9, i Prederatdy £&l-4+48
ni t rogen-cont ai ni ng hydrocarbon group, a Cl1-CQO preferably Cl-C18

phosphor us 2(h teiteds thige utyicti® car doht groey; iy hydemgerowt ahochd atdne,
brom ne, ~ or a Cl-C20 hydrocarbon group. X and Y are respectively

hydr ogen) a Wl geited amereti- C20, preferably Cl-Clo hydrocarbon group, a
Cl- C20, preferably Cl-C o al koxy group, an am no group, a Cl-C2o, 25
preferably Cl-CIgramababbems- cont ai ni ng hydrocarbon group such as a
dlphenylghosphlno group. or a Cl-C2o0, , preferably Cl1-Cl2 silicon-containing
hydr ocat Bon grouﬁns%%%r%%eaParE?C%PF?2€®3°§Sat?%%%?ﬁ??s?fyF roup or a

brsCtri et hyl si] 410 TELIL BEQUP: X BRG L1 e £ %85 oL {1 Shent-

100 ym. If there are present many fine particles having
an average particle size of less than 5 pm, polymers are
agglomerated and easily adhered to a reactor, and an

15 unpreferable short pass or a long term retention is
caused depending on a polymerization process. On the
other hand, coarse particles having an average particle
size of at least 100 pm are liable to cause occlusion
(for example, at the time of catalyst feeding), such

20 being unpreferable. If particles do not cause such
problems, they may be a naturally occurring material or a
commercially available material, which may be used as it
is, and also these materials may be used after adjusting
their particle sizes by classification operation,

25 separation operation or the like.

A granulation method is not specially limited as far

as it is a method for providing particles satisfying the



them a hal ogen atom a hydrocarbon group, particularly a Cl1-C8 hydrﬁZi@ﬁ?%3
group, and an amno group are 5 preferable. (a) Exanples of a conpou
expressed by the formula (1) include bis(nmethylcycl opentadienyl)zirconium
di chl ori de, bis(ethylcycl opentadienyl)zirconiumdichloride,

bi s(propyl cycl opent adi enyl ) zi rconi um 10 di chl ori de,
bis(n-butylcyclopentadienyl)zirconiun1dig%:oride,

bi s( 1, 3-di met hyl cycl opent adi enyl ) zi r coni di chl oride, bis(l-ethyl-3

met hyl cycl opent adi enyl ) zi r coni um di chl ori de, o

bi s( 1- nbut y PRViRsTIRfItdPIesh ERddiceiRy 1914 Gat e B idelons but a

bi s(1-i-butyl -3-net hyl cycl opent adi enyl ) zi r coni di chl ori de,,

bi s( 1- t - but PP FYe OFANE T &N i |l)% iprr&ﬁﬁf&uﬁ% -chP§r figgtioned

bi s(1, 3di net hyl cycl opent adi_.enyl ) zi r coni um di net hyl , ,

i S( T 3di MEEIE ¢ PO B A o AT AR TR el Sugging

bi s(1, 3-di net hyl [, t adi ) zi i iethyl, .

b o1 3o YR Syt SRR AT RSBy e vening strengen
bi s(1, 3-di net hyl I di ) zi, i | ori.d hyd
TREREE R e O R L C

di met hyl Cyckga%&q%ie%n%li)l 'icract i lé.rPtq'chetJ'% o (ﬁ I%%syﬁnatmidqexgention.

bi s( 1, 3di net'hyl cycl opentadi enyl yzi rconi um

bi's(1-n- but yh3-JTBGRY - Yl ORRNEAANRIM e TP U Mme thb PR220Q3 36
dlethylanldonDnochIorléz,

bi s(1- net hy kbu3kidrfilderompdnes| eprgnthrdirey |Jzidrsordywyadgi chl ori de,

bi s(1-met hyl-3-trinethylsilylcycl opentadi enyl)zirconium dichloride)

bi s(1- cycl oberylerd & girthylrC wedtopardtaai enyllv)en iraeanidimnti e dorustal, bi s(1
met hyl - 3- phenyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( 1- Behzybu3- metthdyereno paritvadiiemdia ricomuenadiadiilleor i et system

bi s(1-n-butyl -3trifluoronethylcycl opentadienyl)zirconiumdichloride, 10
bi s(i ndenyl Prilvegdizaniginc Megrisde, Mildarazedhiyaly Fiatdeasy|9mn raomam

di chl ori de, bis(2-nethyltetrahydroi ndenyl zirﬁgniun1dichloride, and the
like. (b) ER¥P §90Pré’p€6r?d&§n(?fe>?pfé§'§ézf‘t’€y Yh & S8 §2)25 rfel ude

di met hyl si | yl.enebi s{1- (2-et hyl -.4-i sopropyl 4H azul.enyl i rconi um

i Chl or 1 de. SAFRERRITE MFFATEL: SEroFD ae, Bl LheohehbRee I iREnST) ) o1 v coni um
di chl ori de, : e d ;

di net hyl si | i/nleé:r}?gtc)il so 1-efnf)-1r?gtlﬁﬁ -cé(f-m é‘ll-lfslour(%’r ospthlgr%f)/llx.l)g’- leaSztuﬁmer}'g/llt}l] zirconi um
diCh|0ﬁi§e)polytron or the like, and a method of employing dynomill,

di met hyl si |l yl enebi s[ 1- ~2net hyl - 4- (4- chl or ophenyl ) - 4H azul enyl } ] zi r coni um 20
di chl ori de, peizmat mil1gi loy ehebildlke.( 2BeEblagl gdafd@lation, particle

chl or ophenyl ) - 4H azul enyl }] zi rconi um di chl ori de,

di met hyl si | pheselaing] & 2lmpehyiraatizprs-ofi e qdiesnydd sy uirey| 3 Jur r coni u
m di chl ori de,

di met hyl si | frénébi VEradre PRILIL L diliZSostfodyiomiG-£2ultehyA )% iandbi um 25
G R 1) 0 RePERA B SRT b Tt T A e T B
20 preferably an average particle size of from 0.1 to 3 um
and a particle fraction of less than 1 um of at least
40%. A dispersing agent used for spray granulation is
usually water.
Granulated particles preferably have a sphere-like
25 shape. A concentration of a silicate in a starting
material slurry for spray granulation to obtain sphere-

like particles depends on a slurry viscosity but is



37 azul enyl)}zirconiumdichl ori de, 17 0PR 2003
dinethylphenylsiIyIenebis[l-{2-nethy|-4-(1-naphthy|)-4kbzu|enyl}]zircon|3$
di chl ori de, nethyl phenyl silyl enebi s[ 1-{2-nethyl-4-(4-chl orophenyl) 5

4H azul enyl )] zi rconi um di chl ori de,

met hyl phenyl si | yl enebi s[ 1- { 2- et hyl - 4- (4-f | uor ophenyl ) 4H azul enyl }] zi rconi u
m di chl ori de, 25

met hyl phenyl si | yl enebi s[ 1- { 2- net hyl - 4- ( 3-Chl or ophenyl ) 4H azul enyl }] zi rconi u
m di chl ori de, dinmethylsilylenebjs{ 0

(2-ethyl - 4- &@ﬁﬁ%iﬁ?’ﬁn@ f}"z‘? r%%%’i SRty derom L to 30%, more

g; e 2{: g'e' vl enebl sl {2 8yl £ &-4ds haphty)e ARgy eyl bzl qan um

di met hyl si |yl enebi s[ 1- { 2et hyl - 4- ( 4- chl.or ophenyl.) - 45 azul enyl +1.zi rconi um

i chl of | de. ‘TTRAHNT 5| BT LT AT - o6 (abadth hen e

fl uor ophenyl) - £ i i i chl ori : : .

di met hyl si | ﬁa@%ﬁ%’%_i %l}e%%y(?gﬁ%%%c%%?o%h%ﬂ%%r% l}urilee%%}luﬁ zllmr“%:olnxl1 um

di chl ori de, Cas o

di met hyl gi I yaI enebi s?ﬁ_L"f %’ﬁw EEl-J(sz-fnraop t %/I 3? 42FE%§dI ggflﬂﬁrzaibrl onfﬁ?%

di chl oride, digethydsidy! enebis[1-{2-ethyl-~-(1-anthracenyl)-4H 20

azul enyl }] zi rconi um di chl ori de, dinethylsilylenebis[1-{2

et hyl - 4- (2-ant hr ggepyher 4bbagub@iyd }d 2 {1 CORLHEN HAGDhOr4 dSpecific

di met hyl si |l yl enebi s[ 1-{2- et hyl - 4- (9ant hracenyl ) - 4H azul enyl }] zi r coni um
dichloride, ghretdwisidysentbisidn {@f ettty pAhefdnphinasityon) - #H 25

azul enyl }] zi rconi um di chl ori de)

di net hyl si | yhentdisplle { 2et tytrA-O phearant dr 1) -ldEazall @ngthdrhzeaoni um

di chl ori de, dinethyl nmet hyl enebi s{1-[2-nethyl-4-(4 ~ 7 aPR 2003 38

bi phenyl 9l ) -@reatgretyl ]} zi rconi um di chl ori de,
dinethylgelnylenebis{l-iZ-nethyI-4-(4-biphenylyl)-4kbzulenyl]}zirgonium

di chl ori de) et hyP@RebRs{y: [ 20 nebPRyPASRARGE phek§T§T) s UM G20 eR9PFE2RFconi um
dichloride, 5. dinethylsilylenebjs{1-[2-i-propyl-4-(4-biphenylyl)-4H

a;ul enyl | }Ziar%%c?#%?#df%%?%r?]a%,1néeréa21atjpon \Xéter. In F%he %xyes)en%: .

di met hyl i1yl anahi 541- [ 20701 DY)z d¢ {21 SO 9-FebPhenyl e SHhazul etk ) zi o

ni um di chl or’i de,

di met hyl si | yi,enebd s{de { &n ediydr dokedy {11019 Ybi Phenyd Mg -kt agyl enytd }zircon
iumdichloride, 10 di methyl silyl enebis{1l-]2-nethyl-4-(2",6'-dinethyl-4

bi phenylgl ) -BH g ubenyl | @i eapnopina dhedd ofte€tment for removing

di met hyl si |l yl enebi s{1-[ 2- net hyl - 4- (1- napht hyl ) - 4Hazul enyl ] } zi r coni um

di chl ori de, water. Its method is not specially limited, but it is

di met hyl si |l yl enebi s{1-[ 2i - propyl - 4- (1- napht hyl ) - 4H azul enyl ] } zi rconi um 15
di chl ori de, ®RREIIGTSI F9| 2REDF S{IGR-Fp bpyPnA-F%-Rot to rémain

but yl phenyl ) - 9H zq%en |1}zirconiumdichl oride

di met hylsim%%%’{aﬁ@ 2%%%% DG ¥R FHERYVT O ) YHHED AEh YIS S {32 [SEHRTRY | - 4- (4
- bi phenyl yl )i nde I% Lrconium di chl.orj .

di ot byl si 1 v Shebis ‘%‘f’é-'et hye-%’-e(agl%@ Wme 1s at least 0.5 hour,

bi phenybyl ) - -Let r ul 1Tz, i umdi.chl ari de)

di net h_y]lzgi | ﬁ%ﬁ_%g&’?éﬁy{%‘%’%h@%l -ﬁfl-%azul}lenyl §d (C%-S%ét %yﬁ’_%}eg_ benzoi nde
nyl)}zirconidmpebeh! ft e, the removal is at most 3 wt%, preferably at

di met hyl si | yl enebi s{1- (2- et hyl - 4- phenyl - 6i sopropyl - 4H azul enyl )} Zi r coni um
dichloride, ®wbst 1 wt%, as compared with a water content of 0 wt$%

di met hyl si |l yl enebi s{1-(2-et hyl -4, 6-di phenyl - 4Hazul enyl ) } zi r coni um

di chl ori de, defined when the silicate is dehydrated at a temperature

di met hyl si | yl enebi s[ 1- { 2net hyl - 4- (pent af | uor ophenyl ) - 4H azul enyl }] zi rconi um
of 200°C under a pressure of 1 mmHg for 2 hours.

25 Treatment with organic aluminum compound

In the present invention, in order to prevent a

catalytic active site from being poisoned with water



~ ~ a~R 2003 39 dichloride)

di met hyl si | yl enebi s{ 1- ( 2- et hyl - 4- phenyl - 7f | uor o- 44 azul enyl )} zi r coniiIniPR 2003

di chl ori de, dinethylsilylenebis{l-(2-ethyl-4-indolyl-4Hazul enyl)}zirconium

di chl oride, dinethylsilylenebis{1l-(2 5

di met hyl bor ano- 4-i ndol yl - 4H azul enyl )} zi rconi um di chl ori de,

di met hyl si | yl enebi s[ 1-{2-et hyl - 4- (3, 5bi spgi f| uoronet hyl phenyl ) - 4H azul enyl }

] zi rconi um di chl ori de,

di et hyl si |yl i s{1-(2- vl - 4- nyl - l.enyl )3 zi.r conj i met hyl)
Yre%%ei%e%{ ]frg %gﬁ{ée}t%yﬁ %}& A ﬁi{%%t WA SO R A

di met hyl si |l yI'enébis

et hyl si | yIheb™S{ (210 o
i ot hyl &1 1 JPRT R g ARt o S Ham Ry 1 Y b e 2h S A1 e

di hyl si | y| i.sf{1-(2- T i JhZ ] ichloride, 1
i ot byl 51 1 Y oA eay ST o Ro T L WBPCnT Y NGl 1A Eoni um

di chloride, 57my; in th resent specif ti h an
dinethylsiI?Igﬂ%ﬁﬁg%f¥T%¥ﬁg¥%¢lfh,6 |F§opropylﬁhdéhfl zﬁ?qknﬁ%ﬁn @

di chl origle, odigahany lsidm-eRekicHonRr e dedt 20 phanl indenyd )] zi rconi um
di chl ori de, néthyl phenyl silyl enebi s{1-(2-nethyl-4phenylindenyl)}zirconium
di chl ori de, sdilmethy sid Weamalted kd Zeetytigadriphenyliindenyd gz r coni um

di chl oride, dinethylsilylenebis[1l-{2-ethyl-4-(1 25

napht hyl ) i nderyoilymdrdes tiordicthinerirdeolymerization. As the organic

di met hyl si |l yl enebi s[ 1-{2-et hyl -4-(9ant hryl )i ndenyl }] zi rconi um di chl ori de,
17 APR 20032101), an organic aluminum compound having an optional

di met hyl si | yl enebi s[ 1- { 2- et hyl - 4- (9phenant hryl )i ndenyl }] zi r coni um

di chl ori de, structure is generally usable. The ion-exchange layered
dinethylsiIyLene{l-(Z-ethyI-4-pheny|indenyllg{l-(ZnethyJ-4,5-benzoindenyl)}
zi r conitfin diSdREGEItGe MeRtdi RSN dfeixgiE R nethyiiicate

tafl h 1)i_nd 1.}.] zi ' di.chl.ori.d : .
(o ot hy 1| SPEREEE T, (AR HHRR | 4 SHGich e AT A C 2
di chl ori de, %QEHQQg;%EZ%Qi%%$&%ﬁﬂgphyl-4-phenylindenyl)}zirconium
p? 1,fi Is{1l

di chl ori de, et hyFene- -('2- et hyl - 4- phenyl i ndenyl ) }zi rconi um

di chloride, ethygnerch byl I 2rdBIhW nd-ddnapit byl )d ndeahidgi L,goni um
di chl ori de, isopropylidenebis{I1-(2-nmethyl-4-phenylindenyl)}zirconium
di chl ori de, oeighylienerllud-hins {consuret MphridrgphenydeddH ikb ezl eyt } zi rconi um
di chl oride) ethylene-1,2-bis{1-(2 ethyl-4-phenyl-4H azul enyl)}zirconium
di chl oride, netthyhndye-it,s2-awtsivi-t2 -ire tilnd rodrgdl rraphtaie ) i ind ey |34 s ¥lglomi um
di chl ori de, , _
et hyl ene- 1, £I5i SERVECE. R@ITHAMSF-AE4-Fh |G GFHemAY REFFEAHS A9 A rconi um 20
di chl oride, isopropylidenehbi s{1-(2-nethyl-4-phenyl-4H azul enyl)}zirconium
di chl ori de, P@ﬁﬁ@\eé’né‘!“f,u?-tbiéé’{sf?a( P& 12 @qlﬁﬁfgﬁﬁﬂz%%oéﬁzlﬁmwya}}zﬁ r¥orft um
di chl ori de, _di net hyl-gel myl enebi s{1-(.2-met.hyvl - 4phenyl i.ndenyl )} zi r coni um
d!chlor!de,pégedﬁﬁét ﬁﬁg é%%ﬂﬁﬂggﬁﬁﬂﬁ% -%a%ﬁﬁgﬂﬁhepygfn eﬁ? ffzirponium
g; gm or! gg, TR RIHA P il e Lt e e Rh el gy 14 zi reoni um
20 expressed by the following formula (X).
AlR Y3, (X)
(R 1is a hydrocarbon group having a carbon number of
from 4 to 12, Y is hydrogen, halogen, an alkoxy group oxr
a siloxy group, and n is a number larger than 0 and at
25 most 3.)

Examples of a preferable organic aluminum compound

include tri-n-butylaluminum, triisobutylaluminum, tri-n-



17 APR 2003 41 phenyl phosphi nobi s{1- (2-et hyl - 4- phenyl i ndenyl )} zi r coni um

di chl ori de, phenyl am nobi s{1-(2-net hyl -4phenyl i ndenyl)}zirconi um 17 APR 2003
dichloride, and the like. (c) Exanples of a conmpound expressed by the
formula 5 (3) include (tetranethylcyclopentadienyl)titaniumbis t

but yl am de) di chl ori de)

(tetranet hyl cycl opent adi enyl ) titani un(bi shsopropyl am de) dichloride,
(tetramet hyl cycl opent adi enyl )titani un(bi scycl ododecyl ami d 10 e)dichl ori de,
(tetramet hyl cycl apent adi enyl) t.i t ani n'(%lb Q{.ri t hyl.si|yl) am de}dichloride,
( 2- met hyl - 4P%‘gcﬁ’31aﬁfﬂ§%&’1men}|r)lt BT ltnruﬁe%yll &7yl ) ani ded di chl ori de,
(2- et hyl - 44 | ~4H. L : e
azulenyl)ziF%%%&ﬁﬁﬁgyg%?Pﬂhet;ﬁl&I%ﬁ%%%%%ﬁ%ﬂ%%ﬂﬂ(ﬁﬁ%ﬂ?

(2-methylin thi [ i t-] tel) ' [ or4. :
(quorenyI)?@% %%&u P%Mpfgﬁ?y|a%#ﬁ%cﬁﬁkﬁ1orﬁﬁgy df%gObUtylalumlnum

(3, 6diisopr s Qr eyl Lt if-aRi Wt 15 AP Wyl a%p) j1C 1.de) :
(tetranethy?@%gfggghta i€h§1 éﬁgﬁn!dh{%ﬁeﬁ%fﬁgé digﬁﬁg#?%“%?afa%lnum_

(t et ramed hy hoyeliopentadiend izt e HRIA19RPT Rl SRsNidehdingh ori de,
and the Tike. (d) Exanples of a conpound expressed by the formila (4)

include 25 ethoxide, di-n-octylaluminum ethoxide, and the like.
di met hyl si ~anedi il (tetramnet hyl cycl opentadi enyl ) (tbutylam de)titani um

di chl ori de, di metind siiltanedigdddieiranss e« Wdapentrad any | Jf rdodede 17
APR 2003 42 cylam de)titani umdichloride)

di net hyl si | aiediinug? retripphindee mler(eirbut Vlsamiddetricrani ufodi ekbapllde,

di met hyl sil anediil (fluorenyl) (t-butyl am de)titani umdichloride, and the

li ke. 5 Conpénést POREsidder éssadehyy thethgramefa@rgrn itco gl4mimayn be used in a
m xture of two or nore conpounds expressed by the same fornula and/or

di fferefl fEOMPCANACoFFERESS SCOPYCSHForfeitl MeErg £oamvddgani ¢ al umi num
conmpound, and 10 is optgogaléﬁJused. A conpound expressed by the follow ng
formula (5) is p(roecfte)rzafbl%}: st Al ROpX3 p Fornula ( 5 ) wherein R4 is a

Cl- Czo hydr I up, ..an i.s _hal.ogen, hydrogen, an al koxy group or an
am no group%%%ﬁ%g%Sg%%rgaﬁﬁ %néange 6P5Tron11 to 3. Rgis preferably an

al kyl group, anqs &L AMIGHOT gl r g d telandd 0961 L CB
al koxy group when it is an al koxy group, and a Cl-Ce am no group when it is
an am no grewpalxyll Bihe RFeSeR3 ) RreNtd @lalayQ0EIHIh 8X PheESed by
15 More preferable examples include a C4-C3; trialkyl
aluminum, concrete examples of which include triisobutyl
aluminum and tri-n-octyl aluminum.
It is not clear why the above effect can be
achieved, but when treating a carrier with an organic
20 aluminum compound such as tri-n-octyl aluminum (TnoOA)
having a longer alkyl chain and a more bulky substituent
as compared with conventionally used triethyl aluminum,
it is considered that a cohering force of primary
particles constituting a carrier is lowered and a carrier
25 strength is weakened, and accordingly a uniform growth

becomes possible. Consequently, it is expected that a

polymerization heat and a heat removal per unit volume



this fornmula may be used alone or in a mxture or in a conbination 0L7§
plurality of conmpounds. This can be used not only at the tinme of prepa FR]
a catalyst but also at the tinme of prepolynerization or polynerization. 2
Accordi ngly, preferable conpound exanpl es include trinethylal um num
triethylalum num tri npropylalum num tri n-butylal um num

triisobutylal um num 17 APR 2003 43 trpgn-hexyl al um nun) tri

n-octylal um num tri ndecyl al um num diethyl al um num chl ori de,

G L T, A Ry gy o
ot ude & L ALAR AR AHORE 2 St T T A A1 deo aner 6l n
p=2 and X=hydnogen. and. thabide. M weherable exarpl es.Loglude 2

trial kylalu m wherein has & carbon nu and nost
pref erabl e | €] riJ: t inum_ ( {1 of ecatalyst) A
catal yst of %;&ha%mprqa se%n(:%lé#nl\?1 ﬁ%@%%?%%ﬁ%r% y@lcépir%]%_c?rllcgg t he above
respecti %/e GHRREM S 4 BH1e Ul e O Hips Ry MBI SaLd Oy {SACI Y or the

inside of the polynerization reactor at the sane tine or continuously or by
one tine or 1 pluyrdidy. of times. It is usual to carry out the contacting
treatment of respective conponents in a solvent of an aliphatic hydrocarbon
or an 20 aronat i o4k ©Cse haslen At ONdracé k Figah GEPEEPéHEQ E51NEktEpecdal |y
limted, but is preferably from-20C to 150C. Dependi ng on an ai ned obj ect,
an optional acorigraticonica beamidoyesd-ased aontwaciemngaor desyt byds a
preferable contacting order with regard to the respective conponents 25 is
i |l ustrat ed ataiasphdisiadugh aconmponerder B)n iz sohtarct edf wit himenponent (A)
at first. Addition of conponent (C) to conponent (B) may be carried out

bef ore 1017 laPRIEOPAY St &8 iNRKAHS h RepfporentPE)aRe. at the same tine
or after contacting with conponent (A), but it is preferable to add
conponent (&Y% kteg??ﬁ%erhe eyt Y <SHme ’fXJrT‘Eé“easCPJ%oW%ngr]ﬁ%' vt
conponent (A). or_ &SI Con ael inayaih & commonent: (A, o ALk ep cont acting

t he respective conponents,” it i'S p033|Q0 e 10 Wash "W an aliphatic

hydr ocar bonpr.aromati c hydrocarbon sol vent. Respective anmounts of
conponents (A), (B) and (C) used in the present invention are optional. For
exanpl e, 10 an aWuto@it CONPnestgdMc t O, conponead {8)prerprgheyably from
0.1 to 1,000 unol, nore preferably from0.5 to 500 unol to | g of conponent
(B). An &anountonof0 .danmpenento (Cmmad ¢ onponesite (B)ablsy pfeder @bl yed rom 0. 001
to 100 ~znol, preferably from0.005 to 50 pnol, in terns of an anmount 15 of
a transitiommedt.alpent d b gplfarcamporemhyRe laacordl el Ydcae anount  of
conponent (C) to conponent (A) is preferably from10-5 to 50, _ nore
preferably fromACGHIPTINMTerHe B LOWOFXFRAPI® of 2¥C¥ PANST L1 6RALFret al .

(Pr epolyn‘erliznata! Osnol(;vaetna}:I yiss:[ )preferably from 0.001 to 100 g/mL, more

2003
5

preferably from 0.01 to 10 g/mL, and a concentration of
20 an organic AL (1) is preferably from 0.001 to 100
mmol/mL, more preferably from 0.01 to 10 mmol.

Contacting may be carried out by dispersing an ion-
exchange layered silicate in a solvent and then bringing
an organic AL (1) in contact therewith. Alternatively,

25 contacting may be carried out by adding an organic AL (1)
to a solvent and then dispersing an ion-exchange layered

silicate therein.



20 The catalyst of the present invention may be subjected to PR 2003
prepol yneri zation treatnment by contacting the catalyst with a polynerléﬁbgg
nononer to polynerize a small anount of nononer, and it is preferable to
enpl oy the prepolynerization treatnent. It is usual to enpl oy 25 m | der
conditions for the prepolynerization treatnment than conditions of main

pol ymerization. As a prepolymerization mggorer) a-olefin, preferably

et hyl ene 17 aPR 2003 45 or propylene) I's usable. A prepolynerized pol yrer

anount is usuallﬂhgr 8@939%} %Pgagég%gg%gl¥§£r.§§§ ﬁEa r9gt a& to 50

g/ g-catal yst, nore prefera from g/ gca pre erably

from1.5 to t%gj ol st f'trcgnthtéocat%U%t Hoaldm%ﬁ%%ﬂt’ S s too

properties St yner ?ai hied" becorre Poor

large, it isgnQfe efp%{@é)%lea SI%”%P&PW'E‘ Ct%' av henRai ﬁoo-liaec

prepolynerlzatlon Cat btai ned by conblnlng t ove- ment i oned

components. () @ ( Blca AL AN QA 18l USRI GATRANNGJ hay e naf ter

an organi ¢ al um num conpound use r prepolymerization is referred to as

"organi Cs AL )y, Ysedr apdhonatt ymi 1 n‘ijﬁ?ﬂtf@dto-ri"@ kompenent (A) is a

met al | ocene conpound and the conponent (B) is an ion-exchange | ayered

silicate. The iomdSexehapgecbaygeedngi dhcatganict BE QQWDQB@HtaﬁB) may be
such various enbodi nents as fully described in the paragraph "catal yst

conmponent f arorpleafdinrmpd yr@yézed i ohl'icdionevernot tspsc paElerbhheréd ase a
catal yst having a specific structure obtained by conbining the above 20
ment i oned spict fasc theatbiats. oA sphe@fesest ructemel omans achhaved ) f eat ure
1" and "feature 2") and preferably to have, in addition to these features,
at | east onéyr ogeriy mufectbiedrone "feaare Iuanthe feantaetdugo feature
9". The organic AL (2) is not specially limted, 25 but the sane materi al

as the h%ﬁm&aﬁm%@%ﬁ&@m%@ tieatment| of Prefelhbfatendddi ments of
t he prepol yneri 7 2003 46 cat st tp achjeve the, effect of
the prosent ’?ﬁ/{%erﬁ ol Aot | Gt T8 er e T e ol Foae o HEARERE b (1) t o
(5. (1) It J i q&%ant that prepol yneri zation catal yst particles obtained
by contactlng a nmet'all ocene catal yst 5 supported on an ion-exchange | ayered

silicate wth olgfd® the order of the contacting treatment step of
an organic AL (1) and an iocon-exchange layered silicate

15 and the granulation step of an lon-exchange layered
silicate is not specially limited as far as the object of
the present invention is achieved, but it is preferable
to carry out the treatment with an organic AL (1) after
granulating the silicate.

20 Further, it is possible to enhance the effect of the
present invention by combining the above-mentioned
respective treatments. Thus, after controlling a
particle size distribution and a carrier particle
strength by granulating an ion-exchange layered silicate,

25 a carrier obtained through the following Step 1 and Step

2 is used as a catalyst component for olefin

polymerization.



have the followi ng "feature 4". Feature 4: A prepolyznerization

honogeni zati on i ndex (H val ue) obtained by subjecting respective catldl }& 2003
particles before prepolynerization and after 10 prepol ynerization to

fl uorescence observation is at nost 60~. An ion-exchange |ayered silicate
mentioned herein is not specially limted, and such various silicates as
fully described with regard to "catal yst,gonponent for 15 ol efin

pol ymeri zati on" as conponent (B) are usa%?e. The present inventors have

carried out norphol ogi cal _anal ysi s .of .a prepal ynerization catalyst to study
rel ation betweerr o %@raqu%ﬁ%q%gwia rt Eppesr € o]fa%eﬁ‘%/%duct , and
as this result), it has. been.di scovered 20 . that . a aqgl rated materi al
of pol yrrer - FHIICASS ST B oISy AR OH h Y B ARG T ¢ 1 ol os
causi ng a poor, .outer_ appear.ance.qQf a_praduct ch fish eyes and gel have
cl ear chara&ef SO°E .nl%lrt‘?;l £ H&en S&%@%&éngd%h?atta@ﬁ@%l%ﬁm&a t he

pr esent inveg%ion can 25 be solved by reducing such particles, and the
t

pr esent invé i‘on has been acconplished on the basis of this discovery.

7 APR 2Q03 47 Itgig @ well knoquQE%Qﬁqu%)go prepol yneri ze a netal |l ocene
catal yst] but its solving neans was sinply to change a kind of each

catal yst_copanent, Qhlaeno! WIRIIGAi-A SORNi Upr A dmAS die present 5

inventors know, there was no exanple of solving the above-mentioned
probl ems of guyeaPQsy MYl (e £k YSiodd @F &dHT)PhQ}DGintlo fvigwrei nt. I'n

the present invention, the prepolynerization catalyst has been studied from
i ts norphol egiealsvisdM@iitn) (unit: liter).
Step 2: after carxrying out the step 1, the silicate
10 is treated with an organic AL (1) which is an organic
aluminum compound having an alkyl group having at least 4
carbon number.
(Olefin polymerization catalyst)
In the present invention, an olefin polymerization
15 catalyst can be prepared by contacting component (A) and
component (B), and optionally component (C).
Component (A): a metallocene compound of Groups 4 to
6 of the Periodic Table
Component (B): an ion-exchange layered silicate
20 having the above-mentioned feature 1 and feature 2
Component (C): an organic aluminum compound
As the component (B), such various embodiments as
described in the above paragraph “catalyst component for
olefin polymerization” can be used.
25 <Explanation of component (A)>

A metallocene compound used in the present invention

is a transition metal compound of Groups 4 to 6 of the



10 Fl uorescence analysis is enployed as a neans for analyzing the

mor phol ogy. Particles before prepol ymerization enmit a fluorescent |ifhtPR 2003
but its fluorescent light density varies after the prepol ynerization. The
fluorescent light density nmeans a 15 fluorescent light intensity emtted
when applying Wrays to a catalyst. An H value which is a norphol ogi cal

i ndex is expressed by percentage indicating a proportion of a nunber of
"fluorescent light-emtting particles" présent anong prepol ynerization

catal yst particles., The 20 "fluqrescent light-emtting, particles” are
defined as CHREASEIC petie é@“ﬁﬁ?/ﬁfﬁ 2% 1 HATs O TPHHIIESi Y of at

| east 1 after prepolynerization when an ayerage fl yorescent |ight density
of catal yst ?’%és“ﬁ%q Jegad?%'polpﬁﬁgﬁirfﬁieo XBIPER AleFUH %‘e 1. 25
Cat al yst particl es causing .aggl onerati.on .of. polynerizati on powder are (a)
particles haf\ﬁar’i"g“atjt%r?:ﬁ%ﬂol C?‘%"é‘%ijd?fﬂd%‘gé:eg u %C%X%zfpe%%t‘? ie or
(b) 17 APR_200 8 partigcles havi a rt | ow p ol ynmeri zation

degr ee renmqhﬁjégﬁiﬁ¢$Qﬁu ?%W%;aﬁhgge p tﬁcﬁ%EEQ%% Qfgarly charact eri zed
by subjegting a catalyst to fluorescence observation. Their 5
characteristics ang a nec&anisn1of exhi biting,the ch&racteristics are
estimated as nenti belfow. (a) Particles é | ow prepol yneri zation
[

ed vkrgdg
degree per piece of p icle Yﬁfn carrying% ut fhE rescence observation,
these 10 particles ar anrac i zed by h kggqg, uorescddd |ight density
not | ower than a kh orestgnt light density o atal ygt particles before
prepol yneri zation:” A mechanismthat the catal yst emts a fluorescent |ight
is not clear, but it is estimated that the fluorescent light is emtted 15
froma conponent of an organic netal conpound whi ch becones an active site
when considering an inorganic carrier before contacting with the organic
nmet al cb®rpound (such as a netal | ocene conpound) which becones an active
site does not subspantialky emt a fluorescent |ightyand 20 a catal yst
after contacting w t the organic nmetal conpound epts a fluorescent Iight.
A fluorescent light depsity vggies depengi'ng on g prepol yi#yization degree
of particles, and the fNyorescent |ight density begones |arger at a stage
of 25 | ow prepol yngrizati¥n degree than that »f a cayal yst before
prepol yneri zati on. The stage of |ow prepolynerization degree is a stage in

which a vol urme Qﬁherein A and A' are conjugated 5-membered ring

15 ligands which may have a substituent (A and 2' may be
same or different in the same compound), Q is a bonding
group crosslinking two conjugated S5-membered ring ligands
at an optional position, Z is a ligand containing a
nitrogen atom, an oxygen atom, a silicon atom, a

20 phosphorus atom or a sulfer atom, Q' is a bonding group
crosslinking Z with a conjugated 5-membered ring ligand
at an optional position, M is a metal atom selected from
the group consisting of Groups 4 to 6 of the Periodic
Table, and X and Y are a hydrogen atom, a halogen atom, a

25 hydrocarbon group, an alkoxy group, an amino group, a
phosphorus-containing hydrocarbon group or a silicon-

containing hydrocarbon group (X and Y may be the same or



17 APR 2003 49 a prepol ynerization polyner is smaller than a pore vdilubf® 2403
an inorganic carrier, and at this stage, the prepolynerization polyner is
accurul ated within pores of the inorganic carrier and this is a stage in
which the 5 inorganic carrier is not crushed nor dispersed. At such a stage
that the prepolynerization polyner is being filled in these pores,

fl uorescence observation shows that the gatal yst provides a fluorescent

| i ght density higher than that before prepol ynerization. 10 Wen the
prepolynerléﬁég%%e%&p% eq%éf AR e%b”%O%%ﬁﬂge of the prepol ynerization

pol ymer beco arger "t han the pore<vo of the inorganic carrier, and

in proportion t f- th lymer., -t i i I i's crushed
and di sper sed. 2%g%ﬁ¥%ﬂigg%é%gggpf%ngfgaé?ﬁ%ﬁgqégﬁgg%gﬁ%{:br@é%ic net al
conpound) emitting I k I §.-8QiN o] Lsper i he
prepol yneri %EO}J n ng%rrg?E{fﬁﬁggg%?%gﬂ é %ltgﬁbdgggeﬁgﬁggagf gt ﬁggflr?g’reéani C
carrier, andeandengiy. of dhes corponeple (oL gafis ampalogompound) emtting a
fl uorescent |ight 20 present per unit volunme becones snaller as the
prepol yreri 23l He MLy e lsuaen r G eduent vu dilturigscent | i ght
density becones snaller. However, not all of catal yst particles grow until
this stage, and mawiheolon Har tsufsiarddrd eshdangies syspgnded at a stage
of | ow prepol ynerizati on degree dependi ng on prepol ynerization conditions.
These parti ghresapamlyde, acpotlydadicerr appeacance vhia pyaduetrboh7 APR 2003
50 due to poor particle properties, fish eyes or gel. The present invention
sol ves the gtowuy men ikendéongiecblaems mprpreMictitng raour épolayneri zat i on
catal yst having a uniform prepol yneri zation degree anong particles. 5 (b)
Particl es haviodgrensadiesyll ewoycepdry ndr itwricomrdepraserdng ned at a part
W t hin £$rticle Dependi ng on prepol ynerization conditions, particles having
I

a part B UFPEIOY R ISZQUEen G & AR MEY A° £ 9SRACHAMTIN cat al yst
ticl f . Thiis is 10.b wh - api | yi i.zati i
Parr i ad-out PR iR s HESMIRER S o OECCTPRE) chPl BOHEVEI G368 i n t he
insid f j - «and | I ZAat | f )
accor di ng ¢SRS vt SRR WE A HACEE it el ek dBpd e e

light 15 densidphf 4 ReRRsf &-nisre] YWiBRIJ 7a1dQn degfee becones hi gher
than that of a catal yst before prepolynerization, and other part provides a

| ow f 1 uor eseridsdiitgidndensid Festhe vieason pdnddda pas t tefmiowl s
prepol yneri zati on degree provides a higher 20 fluorescent |ight density is
t he sank5 as tdesgtidiedviith telds eatemie tper agrdpEm (@)omsanc ithe s consi dered t hat
this is because a density of a conponent (organic netal conpound) providing
a fl uor escefyaliqantcesentl g&oumisuciolasmer eyl PEWdT:s ehavi ng t hese
characteristics al so c,age?gﬁ 25 bad out er__appear aince of a prdoduct due to

a

poor powder GFERIdREER SFELPARF Gelflucrenyl group, &n

condensed 7-membered ring such as an azulenyl group or a
tetrahydroazulenyl group.

20 Thus, examples of conjugated S5-membered ring ligands
represented by A and A’ include a cyclopentadienyl group,
an indenyl group, a fluorenyl group or an azulenyl group,
which may be substituted or unsubstituted. Among them, a
preferable example is an azulenyl group.

25 Examples of a substituent on the cyclopentadienyl
group include the above-mentioned C;-C4¢, preferably Ci1-Cig

hydrocarbon group, as well as a halogen atom group such



As described in the above paragraph (b), the present 17 APR Z003 5,17 PR 2003
i nvention solves the above problens by providing a catal yst havi ng mhoA@
particle of each particle uniformy fully polynerized. Conparison of
fluorescent light density of catalyst 5 particle after prepolynerization
The present invention is characterized in that there are present only a
smal | nunber of catalyst particles (fluoggscent light-emtting particles)
after prepolynerization, the fluorescent light density of which 10 is at

least 1 to a f'@gresce”,t 9ohxt-1r9ee”3r' te/r(%ﬂ_?a a?yét daréi}% en‘ﬁe%!’ro Pt’Oa"f‘al yst

prepol yneri 74t d proportion a nu
e ol east TG %%%‘Esce?é %‘d#‘%&%ﬁ‘?@ﬁoﬁfﬁ %—X LEE particles
gg]; ?irgl g;eggit%f%i é@g: ?;‘n%a #ﬁa?.t 0 CBI’QI@QO/ I sﬁ%{eﬁi M%Cea% n{J)r/r;ter of
pref er abl v Qf‘%&t%ﬁé% AR St Z{'B%LEI o Ga2 prer ar abl y at
e oo (ALY b B e e
bri ght ness @freadd UpnEsGaNCE Y1 &F Oseane NS D@k s O ide basi s of a
substituents may be the same or different. The above-
mentioned R!, R? and R® may be the same or different, and
are alkyl groups having a carbon number of from 1 to 24,
10 preferably from 1 to 18.
Q is a bonding group crosslinking two conjugated 5-
membered ring ligands at an optional position, and Q' is
a bonding group crosslinking a group represented by Z
with a conjugated 5-membered ring ligand at an optional
15 position.
Examples of Q and Q' include,
(a) alkylene groups such as a methylene group, an
ethylene group, an isopropylene group, a
phenylmethylmethylene group, a diphenylmethylene group or
20 a cyclohexylene group,
(b) silylene groups such as a dimethylsilylene
group, a diethylsilylene group, a dipropylsilylene group,
a diphenylsilylene group, a methylethylsilylene group, a
methylphenylsilylene group, a methyl-t-butylsilylene
25 group, a disilylene group or a tetramethyldisilylene

group, and

(c) hydrocarbon groups containing germanium,



fl uorescent photograph of a catal yst before prepol ynerization taken % t he
foll owi ng nethod, 17 APR 2003 52 | argeness and snal | ness of a fl uor édeRrf0]
light density are eval uated by conparing a brightness between this

phot ograph and a phot ograph of a catal yst after prepolynerization. As the
brightness is higher, the 5 fluorescent |ight density becones | arge.
Conparison of the brightness can be vi sughly made, but it can be nade by

usi ng an i mage-anal yzi ng apparatus using a conputer. GCbservation conditions
by m croscope Both fluorescent |ight observation and transmitting 10 |ight
obser vat i on PASTREGSd R WP hatIGR? L& i iRiiEFF affin. An

ordinary catal yst. i s deact.ivated when contacting wth air, hut_the
measur ement W%%M whiET e ¢ PeSi s%@%ﬁéﬁ??at éﬁ}.{bl% is

I [ i 1. f fl i gh
Bhot ogr aph 6 <Gagh a NSl G660 e Gsfe To BdPuBre (Cargeneetihnd
smal | ness of fluorescgent. l.i ght density of. cat st rticles after
prepol yneri z(é‘t%ﬁé#) §£ cgprﬁ?éfreér i hexai—’m?qlfc?r é?ccgh%aé%i%]rﬁy esigﬁm‘}ﬁs particles
bef ore PE ep%lquner.ilz tej an. rloql Qr der 20 to nake evaluation easier) it is
possi bl e to se et Yeonti t3°5h® %0 as not to be phot osensitive when a

[ uonescent L1005 dereiiyals oL fealon o lcneesi sl osians,

prepol yneri zati on.” Fl uorescen g ensi t par

before prepolyyerdzald U flclps & WASRAT &le I ahiophotegraph of a
catal yst before prepol yneri zozlipison is taken aned a nuonber of 17 APR 2003 53

particles i eHGuAteGAININ fdts Visiidls fdelthantdthan @ fdwrs escent

| i ght photograph is taken in the sane visual field. Wth regard to a

cat al yst befcorne ratepeyamrliesatd Orwh ixannqlardd o ieandignyz pagdnmir hi n a
particle have substantially the sanme fluorescent |ight density per area,

but wheh0 an hiarftréni tandy articesl idepen@engionlarparnt zdkreoofiuvakaldyst particl es
before prepol ynerization, their average value is enployed. It is preferable
to use 10 amefmagd ereafdnef emsdreat us for cal cul ating an average value. |t
is preferable that, there are at |east 50 pieces of particles in the sanme
visual field, bt 4% & 23R FFAHTID 2 ke WRh A Phot Fyr¥pHE e pendi ng

on a 15 particle size.ar_ dispersi b'l'toysr%{ a_ cat In}/gotr aasodlu allttyoof

phot ogr aphs 248 't &k &t WTdat A& s fmd  Eomai Fions o at® 18ust 50" pieces of

particles arg evalatefln atom, a halogen atom or a hydrocarbon

15 group. Preferable examples include an oxygen atom, a
sulfur atom, a Ci1-Czp, preferably C;-Ci; thiocalkoxy group,
a C;-Cy40, preferably C;-C;g silicon-containing hydrocarbon
group, a C3;-C4p, preferably C;-C;y nitrogen-containing
hydrocarbon group, a Ci-Cyo, preferably C;-C;g phosphorus-

20 containing hydrocarbon group, a hydrogen atom, chlorine,
bromine, - or a Ci1-Cyo hydrocarbon group.

X and Y are respectively hydrogen, a halogen atom, a

C;~-Ca0, preferably C;-C;o hydrocarbon group, a C;-Cag,
preferably C;~Cip alkoxy group, an amino group, a C;-Cjp,

25 preferably Ci;-Ci; phosphorus-containing hydrocarbon group
such as a diphenylphosphino group, or a C;-Cizy, preferably

C1-Ci3 silicon-containing hydrocarbon group such as a



A catal yst before prepolynerization for nmeasuring a 20 fluorescent |ight
density may be enployed by taking a part thereof in the process of 17 APR 2003
obtaining a catalyst after prepolynerization, or a catal yst nay be
separately prepared under the sane conditions as in the preparation of a
catal yst after prepolynerization but w thout 25 carrying out a

prepol ymeri zation step. Fluorescent |ighgcdensity of catalyst particles
after prepolynerization 17 APR 2003 54 I'n the sane manner as above, a
transmtting |l hat.ogr aph of a catal yst .after prep merization is
taken fi rst,%r&rq%%lﬁlﬁﬁ} c&%ﬁ?t?%l%?ﬁ%ﬁﬁ%ﬁ%%ﬁ%ﬁ%?t& are

cal cul ated and an ar.ea gf each ggrt%ple on the .5 hoto%ra Ls determ ned
g

fromthe tr&FSHRti gaP Hfmﬁﬁb SQF ﬁh?aE&rPﬁeF}f eFF&oFeE%@%Pglight
hot h is tak der_th it ' h
(F:)a? af)%? Iobe:ct reéna}preagg’lcjﬁqfeﬁer@eﬁ zagft(%g’ge o%fn%lo%éai(’)rgéfo%als%llo&é}s’cgarlafc llecgﬁa-l}ewt?i ng
ticles. j ' ~abt I j ion, th [
par i el es-  F0-Eenandl g, o0aRaLELCLES.ARL8E BRERDI YPBLLZELLON, there i @

case that o each™par e emts a fltorescent light. In such a
case, asg anﬁc}\éa_;le;yadtﬂ]]@_ standard as to whether that is a fluorescent
lightemtting particle or not, a particle having an effective 15

fluorescent |ightyemtdidile Pabt AT EoMSMurdd &885¢sdéd 00 ton@nrarmalf the
particle on the transmtting |ight photograph is judged to be a fluorescent

light-em tting pardivdes bild(idlsy TanIeped ddi dregay £k #@oblupi eces  of
particles, their fluorescent |ight density is conpared 20 with that of a
cat al yst befadrct Jprephd y merd cathvolcy draisdreth diadral ysi i yordiure powder - | i ke
catal yst particles are not preferable as a catal yst for polynerization, and
i f such par didhds rErce addied(imorhel apasureat)ad erunberioforpam i cl es to be
measured is increased and conseguently an 25 H val ue becones a | ower val ue,

t hus appfar estiioflamids t g & fraver s el ResiarEmmtl kekigenivm order to

APR. 2003 55 AR g Toe o AT SRR SPe % S oy
[l or eacencd S e Setof Be GROtH Bod at page 421 of R Kougaku Jiten” -
Fo 74 of " KeBTRISS o O aReE T e by Ko o o Searira e g By proes 0
f 1 uor escenceuhar-GSGRG NG} M &h ¢ ARSI 15)51 0t drh UGK @SLEIICE Td £ oscope and

: 15 bis(l-i-butyl-3-methylcyclopentadienyl)zirconium
dichloride, bis(l-t-butyl-3-
methylcyclopentadienyl)zirconium dichloride, bis(1,3-
dimethylcyclopentadienyl)zirconium dimethyl, bis(1, 3-
dimethylcyclopentadienyl)zirconium methylchloride,

20 bis(1,3-dimethylcyclopentadienyl)zirconium diethyl,
bis(1,3-dimethylcyclopentadienyl)zirconium diisobutyl,
bis (1, 3-dimethylcyclopentadienyl)zirconium chloride
monohydride, bis(l-n-butyl-3-methyl-
cyclopentadienyl)zirconium dihydride, bis(1l,3-

25 dimethylcyclopentadienyl)zirconium dimethoxide, bis(1,3-

dimethylcyclopentadienyl)zirconium bis (dimethylamide),

bis(l-n-butyl-3-methyl-cyclopentadienyl)zirconium



10 reflection fluorescence m croscope, and the reflection fluorescenff

m croscope i s enployed for observation in the present specification. Aﬁ%%?ma
it is preferable for preventing a sanple from bei ng damaged to make the
time of applying a fluorescent light to a sanple shorter, and 15 the
measurenent is finished preferably within at nost 5 mnutes, nore
preferably within at nost 1 mnute. A catalyst conponent and

prepol yneri zati on conditions to be usedare not specially limted as far as
a prepol yneri zation taI avi, t ove tioned 20 feature 4 can be
obt ai ned. (Q}eﬁ£§2éﬁb QEPBhggatgF§Zf Wﬁ%ﬂeg’#éature 4 can be obtai ned
by using a silicate hav eci structure forned.b i ning such
specific trEﬁfﬁgﬁpgoﬁﬁthggEYFggﬁeF% gﬁ%“%%ﬁ%érﬁa?éﬁ?aﬁﬁcxkﬁfé §st conponent
for 25 ol ef] I a " e.s fic,stru ns_to_have feature
1*hnd t et upo=BT-BRERRF AR S HapT RS ?$YR5M%18PePﬁa§feaﬁi?a%658?99m5e|ected
fromthe gr 3 5G of feature 3 and feature 5 to

feature 9, ﬁﬁggéggﬁbgﬁ'ﬁﬁg %ESYC?%EE o? a prepolyrnerization catal yst
navi ng. feal yee, 41690185.APLAL BRg: DY: SR oG BhiLEASE OB, 0t ° Lhe

follomnng proce It is’e conbi ne the

above met hogls (3) _andrCh)a cf2lobt Lsgt BROL 20L cLRsEAPON: 2BeekL] C

prepol ynerl zat| n co CCOI’ Ing to prior arts ere was no

di sclosure BQEQ@LBEHQY Bﬂﬂékﬁﬂgéy&90§§§9&&§Eﬁym®EBr@oHQﬁM”EV'Zat'on
performance of a catalyst obtained in relation to a feeding method of a

mononer in QfepdbyrBel zBLEOD-nlbubas-been di scovered in the present
invention that a feeding 15 nmethod of olefin in prepolynerization system
provi des antripdubanhethi/lugotepentadtatal ysirpentiommdncrloathdet he
above-mentioned problenms of the present invention have been solved on the
basi s @f0 t hbssdisdevrlyziThariin, didklerédent invention relates to a

catal yst 20 for ol efin_polynerization) which is_a prepolynerization
cat al yst obeﬁrﬁéGtB?hE@ﬁP%@PﬁélbZ%FSPFB’@eﬁéCEéPéF%t Buppermeghyh-an

h I d h f h b d
LS”(S?CnZP%?aF%¥ﬁaﬁaoE%ﬁ§ﬁ§ﬁ?Fﬁ%%Pﬂguﬁa%2c5¥“ 8¢ 6 o in ALBer 25 g of |
t he ion- exchangqb&a %r%%lél|0%agecg%%oﬂggl Xgﬁegggal% Ehzeg ?%hxner in an

anount of corre t0 a pore volune o e ion-¢e chang avered

silicate isq 2)1ZnéE86309§méZh§9£ﬂ?91e3961§P9V?2ﬂﬁ&éﬁbQCﬁﬂgssﬁké#yit
supported i s obtained by conbi ning the above-nentioned conponents (A) and
(B). The coaporenlief) )l sifcoRiahl 6¢eREoeOEPOUAIMEDHY I BE1ylenebis {1-
(2-methyl-4-phenyl-4H-azulenyl) }zirconium dichloride,
dimethylsilylenebis([1l-{2-methyl-4-(4-fluorophenyl)-4H-
azulenyl}]zirconium dichloride, dimethylsilylenebis[1-{2-
methyl-4-(4-chlorophenyl)~4H-azulenyl}]zirconium
20 dichloride, dimethylsilylenebis[l-{2-methyl-4-(3-
chlorophenyl)-4H-azulenyl}lzirconium dichloride,
dimethylsilylenebis[l-{2-methyl-4-(2, 6-dimethylphenyl) -
4H-azulenyl)lzirconium dichloride, dimethylsilylenebis{l-
(2-methyl-4, 6-diisopropyl-4H-azulenyl) }zirconium
25 dichloride, diphenylsilylenebis{l-(2-methyl-4-phenyl-4H-

azulenyl)}zirconium dichloride,

methylphenylsilylenebis{1l-(2-methyl-4-phenyl-4H-



5 conponent (B) is an ion-exchange |ayered silicate. Various types of APR 200]
materials as fully described in the above paragraph "catal yst conponent for
ol efin polynerization" can be used as the ion-exchange |ayered silicate of
t he conponent (B). However, it is preferable 10 to use a carrier having a
specific structure obtained by conbining the above-nenti oned specific
treatnents. The specific structure has "feature 1" and "feature 2", and in
addition to these properties, preferably has at | east one property sel ected
from"feature 3 ure 5 ture 9". Cenerally, olefin

polyrerlzaI|%%P%ﬁn%fké?éf?g?lgﬂpéb??gﬁ €4 carrier Lakfs a step mhereir

t t t

IT a growh QP @ﬂ%fﬁa%w%’ﬁai%a%ﬁ%"r B efa it 9ioHT 1 2haBRL MRS AR TS
are not well @ﬂg@ﬁfg]z %gpﬁﬁ Qicﬂﬁé%Iﬁées and generatlon of fine powder

are caused. %Zromt I'S necessary to carry out

prepo'yner'%ﬁ¥¢§h% gQ?ﬂY$§£éﬂ£§[%‘I ﬂeE fLEL ( ﬁTQEB hBngider to

pr event growt orm partl C rt| CU nce an

i on- exchgngeﬁkqggufgn§15IEg%goggﬁmadg&ﬁgggggeproperty, a bal ance between a
growth speed of polyner particles and a 17 APR 2003 58 col | apse speed of

carriers haﬁn@t%f-ﬁﬁehﬁigyﬁppéneﬁlgﬁiatySﬁe@ﬁpﬁoanm@ce§uoIB§hEh9§ nt
i nventors considered this point very inportant. The polyner growth speed in

prepol yneri zati &puTany be) oipdbustedabyntentiael | i ng reaction conditions

i ncluding an ol efin concentration, a conmponent (A) concentration, an
organi ¢ AL (mBtlcphckeahynsibyleaeslsl(ly{2eneehyilatoh-ohlareahahyi) -
conponent, a prepolynerization tenperature, a prepolynerization pressure
and the |ikeH+Forukbsaydp) bzirconhuinsdtonvenidat fomethissplypesebis{dontrol
a rate of suRflylng olefin to polynerization system an olefin partial
pressur &0and tIYke4 eheryh-filyapel Ry 1) oF AT 6PRERGURdChE ogasein the

I i zal b d I
prepolyrer | 2ation system CLe(Lp,my be LiLiotced Lo prpviqusly ine

b f I I b
SUb by SLob A0 CO0L | PURUELYL UL Lyl sspEerScable 0, sl oot st ep by

conti nuousl yetr%(iegﬂ Egcﬁ%ﬁoﬁﬁén§9 h@yra%leh%wzwceﬁy%l y from 0. 001 to
100 g, prefera romO.01 to 10" g, per g of conponent (B). Mre

particul arl ydlémO{rg@@h ngivécpl ek Dyleyebessuspendedyingermittently during
prepol yneri zation, or the feeding rate may be varied as a | apse of tine.

Al so, i15is Zhuposshahel | ednsazhyenpyehziogenhem dithlokedien for adjusting
a nmol ecul ar weight if necessary. Also, it is possible to control the
reaction by<myn©ghmhsihzlengbss[11?2ﬁ@¢b2®e$ 5@ §héﬁraEhﬁnVﬂ¢géﬁ- | ower i ng
a pressure by purg|£g%dur|n the_reaction, g.W,th_an |jnert saqlvent

or varying #PrEFeY ?IE%?PmetgﬁﬁﬁI%fﬁﬁﬁ t91§8FB¥ISé1%B??ﬁPFSf6rﬁ?ng

rate. ethyl-4- (2-naphthyl)-4H-azulenyl}]zirconium dichloride,
dimethylsilylenebis[l-{2-ethyl-4-(l-anthracenyl) -4H-

20 azulenyl}lzirconium dichloride, dimethylsilylenebis{l-{2-
ethyl-4-(2-anthracenyl)-4H-azulenyl}Jzirconium
dichloride, dimethylsilylenebis[l-{2-ethyl-4-(9-
anthracenyl)-4H-azulenyl}]zirconium dichloride,
dimethylsilylenebis[l-{2-ethyl~4- (l-phenanthryl) -4H-

25 azulenyl}]zirconium dichloride, dimethylsilylenebis|[1l-{2-
ethyl-4- (9-phenanthryl)-4H-azulenyl}}zirconium

dichloride, dimethylmethylenebis{l-[2-methyl-4-(4-



5 When carrying out prepolynerization in accordance with a slurry 17 APR 2003
pol yneri zation nmethod in an inert solvent, a conponent (A) concentration is
usually from0.001 to 100 unol/nL, preferably fromO0.01 to 10 unol/nL. In

t he sane manner, a conponent (B) concentration is usually 10 from0.001 to
100 g/ nL, preferably fromO0.005 to 10 g/nL. Also, an organic AL (2)
concentration is usually fromO0.01 to 1,000 unol/nL, preferably fromO0.1 to
100 unol /nL. Prepol ynerization by contacting the above catal yst 15

conponent with,ol efin.i g..carri t . I re.i-n a range of usually
from-50C t 1?888¥ Bﬁéfzya Fylgggﬁﬁ663%5%58g%p§5?%ﬁ8§ ggry, when an ol efin
concentratign_i I t ratur lhoyed ,i_$ . Ly L.ower to

cont rol theg%gggppéﬁgi?kg%Pgﬁggﬁétd?e%ﬁgggée%cgﬁs%éﬁggkgggg&t4#ay be varied
as a | apse LOE,  Rarticul.-arl v. i he i niti frq_ _
prepolyneri%%FES%Elﬂgaﬁécggé é}ﬁﬁf@ﬂﬁ%ﬁgfé ﬁabghgi%%?gégrJ%a?ﬁgﬁy%peed

hi gher, and,thys)..:i.t. .l nef arahl t r y i L isinitiated
at a reIatiéeP% %3€kfgﬁéggztgﬁgggﬁégggg]gggggpgﬁgbe@?ghgﬁg%8%5 rai sed.

Al'so, itsis3pReshbheitQIepRiQl 1 (BOkYERLLEALE-NG -LALERY198h eaking a kind
of olefin. Tn thegprésgnt _fY{AFﬁ ?00§§68§?nve2tiop? Sa?t?c&larly_in the
initial stageudbnpnepekyeenizat vaenibheqabovendessishediphepakymeriipzation
conditions are appropriately selected to maintain a polyner-formng rate at
a proper vahdgehyand-tRi-glcetio-al-nIphenyhelmua-aasilkyyindeibyoaanmi ni ng at
Least two of a plurality of conditions. It is necessary for the

pr epol yneri dathaprdfiet héipeedeitsilmientebads (e [Raienhgilnda (Pefy merof-drnm ng
rate at nost 10 ng/mn per g of conponent (B) until a 10 prepol ynerized

pol ymer is béphedyilylanidneamlepoldegpondnagm dighperedeol une of the
conponent (B). After forningﬂa prepol ynerized pol ynmer in an_anount

cor r espdhdi RgmeshyReipyleng i@ﬁé'd?‘ﬂﬁéhﬁéﬁﬁoﬁgﬁvG(Bﬂ}matbﬁﬂyﬁﬁr-forning
rate is not _specially limted. Th 5.prepoal rization of the present
vent on i BIEREPRLYAR 48 2By L5 | BEFBe EORPLGFRBa at the i Ll al
stage. For gx eq L f. hat.ch- W oper,at | it .hS,necessary to
pregisely c%ﬁﬁggkygfl? ggﬁﬁngéﬁ'é?aggkigé‘PadaﬁﬁﬁﬁPéé?lga# fcularlg for 50

20 ”?nutes,aEh@@h&ﬁq}EEEEbﬁabgnaqahﬂgkxa%niéﬁthﬂyléh§g1eheb§§§@-qb-__
continuous operation, It is necessary to precisely control at the initial

zone for 100-gkBpl,ess-parhapucarhy -hora2018hpulesirebniif retention tine.
As nentioned above, the pore volune of the conponent 25 (B) is varied
dependilitg odiahRbmddef dimeahvésdihaigecbaygdied2silpcapgled-d4treati ng
met hod enpl oyed, but it is usually from0.2 to 2.0 cnB/g. Accordingly, by
taki ng an butyAPRe2yd3 -6 -arvdenyel tesmpgonanin GBrhdosddand its pore vol une
into
dimethylsilylene{l-[2-methyl-4-(4-biphenylyl)~-4H-
azulenyl]}{1l-[2-methyl-4- (4-biphenylyl)indenyl]}zirconium
dichloride, dimethylsilvlenebis{l-[2-ethyl-4-(4-

20 biphenylyl)-4H-5,6,7,8-tetrahydroazulenyl]}zirconium
dichloride, dimethylsilylene{l-(2-ethyl-4-phenyl-4H-
azulenyl)){1-(2-methyl-4, 5-benzoindenyl) }zirconium
dichloride, dimethylsilylenebis{l-(2-ethyl-4-phenyl-6-
isopropyl-4H-azulenyl)}zirconium dichloride,

25 dimethylsilylenebis{l-(2-ethyl-4, 6~diphenyl-4H-~

azulenyl)l}zirconium dichloride, dimethylsilylenebis[l1-{2-

methyl-4- (pentafluorophenyl)-4H-azulenyl)}]zirconium



consideration, a polyner-formng rate and an anount to be fornmed in qge R 2003
prepol yneri zation are controlled. Prepolynerization activity pattern Ag
polymer-formng rate may be at nost 10 ng/mn as a polynmer-formng rate per
g of conmponent (B). If the form ng rate exceeds 10 ng/gnmin, a

prepol yneri zed polyner is non-uniformy fornmed, and a polynerization active
site of a catalyst is hardly increased. | arge 10 anmount of polyner is

| ocally forned, which causes aggl oneratioh of the catal yst conponent.

pol yror | 2at PaRORIGE S FEERSTE LAt PR A 1 gl Ay MY W

and (15 our FAEEYa G- PeReEdd B ToA R S ool ymer | zati on The.
oo | ow, o FaRG DN 19 EEEeaty Por BRanch YRS TH {reat ront, and it |
ol oot ed pr SFEPAIRY IR EE FANGE OF H RGN0 T TR T I G B 14 from 2
as far an i i e R RO PR AR 2B RIS I Lot ymer i

formed I aR;aRAL O LaSRARYING 1L SO 1Ol f cprponent (B). 1T it

is at nost gm n, any conbination of a constant R 2003 62

rate, an ingheasiing uodbeethyd plechAdSiang JSANR TR 108 iBl Qyed. As nenti oned
above, after formng a prepolynerized polynmer i'n an anmount corresponding to

a pore vol uge cafl ceaRONEAnet hB)L s id yR@heHErls (f1or (b A vrate- 4 -Sorhempt - speci al |y
limted. When carrying out prepolyrnerization in batch-wi se manner, a

remai ni ng okehilenynQrel camy uhe Jqiteg®dy 1gr ddire trariad irliviigerraXicEr-s(2ry be
polymerized in a short tine by raising a tenperature. 10 Hereinafter, a
f or m nd O at meshyprdpohemyli-A&t-i on pol ynmer (prepol ymerization activity
pattern) is exg!aiqeq;gtklGgfe[ence,t% various enmbodinents illustrated in
t he drawi ngdzVpegyl1s lizipgeoniared sgiepdilyreamedthcore fatlifanic 5@kt er ns
(sinply rEfSE%%%hB%s?ifi%%%%gg¥qgnb%%%k @1—4—phenylindenyl)}
zirconium dichloride, dimethylsilylenebis{l-(2-methyl-
4,5-benzoindenyl) }zirconium dichloride,

15 dimethylsilylenebis{1~-{2-methyl-4-(1-
naphthyl)indenyl}]zirconium dichloride,
dimethylsilylenebis{l-(2-methyl-4, 6-
diisopropylindenyl)}zirconium dichloride,
diphenylsilylenebis{l-(2-methyl-4-

20 phenylindenyl))zirconium dichloride,
methylphenylsilylenebis{l-(2-methyl-4-
phenylindenyl) )}zirconium dichloride,
dimethylsilylenebis{1l-(2-ethyl-4-phenylindenyl) }zirconium
dichloride, dimethylsilylenebis[l-{2-ethyl-4-(1-

25 naphthyl)indenyl}lzirconium dichloride,
dimethylsilylenebis[1l-{2~ethyl-4-(9-

anthryl)indenyl}]zirconium dichloride,



pattern") by batch-w se nmethod. The axis of abscissas indicates a

polyneri zation tinme (mnute) and the axis of ordinates indicates aIﬂoNWiW@3
rate of a prepolynerized pol yner (g-polyner/g-B conmponentmn). Also, (Pl)
20 indicates an initial stage polynerization peak and (PS) indicates a

| atter stage polynerization peak. Fig. 5 illustrates patterns (1) to (4),
and pattern (1) illustrates a pattern whgfein after supplying a smal

anount of a nononer to a prepolynerization system the 25 supplying of a

[ ded, f . A [ I f I is f d
' the i n t PATCEPHg 107 {BPERUFy ToRPZBEr O Jand the formation of & 17 APR
2003 63 I is.then.d d.and_th f I is f d at
2 most consPARPAPEUEHL) AROERE 1 ALt o C2t Afle COF "gPERBFymer i 2ati on, ol | apse
and a5 bol JrEFCraL At Ag PAB LT QACREET A doRECrGPaaPYa) ) (A Ramal ning
monorer di sappgass, and an amaunt,9h 3. RALYIR sfanied neaches 0. Pattern

(2) i|lustraresya pattern erei er ‘supplyrng a small anount of a

nnnonerE;ohgﬁéggggggghéqgékpg%ﬁgaﬁ§yﬁ%@g?1LQQ supplying of a nononer is

suspended onc _ apse of a predetermned tine) a | arge
amount  of a(gBHEHEﬁub§o§ﬂ@ﬂ&h?@nd@ﬂ§lﬁq&EQ%BnQEheBiéhh%E§ee9f a

predeterm ned tine, a remal hing nmononer is conpulsorily purged to 15 finish
the prepol ygepzaiheniydenepia (hargecanpuny -gheayiononer is present at the
| atter stage of prepolynerization, a polynmer-formng rate reaches maxi num
at the end sfiupebymaenzalijedrcBatiuer Aich) oirlilkdest eahes eaepat Lembi swher ei n
after 20 supplying a small anount of a nononer to a prepol ynerization
system the (uppkiyiglebhanyiiodenyils }zédeoad umalbifchdpridesuch a manner as
to make a polynerformng rate constant. Since a polynerization activity of
a catallyst pshivheneaded-iastbe (Raetbylstapbesy128dpngpol gaecioratiion, an
amount of a _nononer supplied is reduced in the |latter stage of

prepol ymer i 2achéRradecofpayeg G tth2r ke Slldriermsthyé-4wAén a nononer is ~

~ aPR Zoa3 64 Egg&éieddin g}ionstant anﬁyn a.%repplynerization

t enper at ur e”FE’ P &8 6FYa’ cEtarySr "o ERTPArTEn is | owered so as to
prevent ex??%ﬁ?¥%p§9ké@ﬁ%h€@&hgq2Q&eEﬂ§1§%9§Ebﬁ 1QBB%H§ﬁIJéE§%bn§hﬁpe a
prepol yneri zatton B activity correlated to a nodomer partial pressure or

tenperat ureqithepeie, 2 c&ase che-Whbchia (suppl-i@edngaoynpnehya -mpoomer and a
pressure are in an equilibriumrelation depending on conditions, and such a
case pnovi desullbhylpattieconMinhdithilbi-édel, orghly eneducrpia {10 (uppl i ed
anount of nononer. Pattern (4) illustrates a nodel pattern wherein after
suppl yi ng aeshmlll4apbeny lofiHaarmiemyd )@ iaconépol doehilpatden system
conditions of the prepolynerization are changed half way and operation is
15 made in steWlgngadneérPds (Lo (rametaivd -4 pgélynmer-forming rate in the

vicinity Ofn%%ﬁtﬁ%ﬁ%?% e%%h??zggc%g?u%h%EE%Hoiggg?'ethylene—l,z—

bis[1-{2-methyl-4- (4-chlorophenyl)~4H-azulenyl}]zirconium

20 dichloride, isopropylidenebis{l-(2-methyl-4-phenyl-4H-
azulenyl)l}zirconium dichloride, ethylene-1,2-bis{1-(2-
ethyl-4-indolyl-4H-azulenyl) }zirconium dichloride,
dimethylgelmylenebis{1l- (2-methyl-4-
phenylindenyl) )zirconium dichloride,

25 dimethylgelmylenebis{l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride, methyl aluminum

bis{l-(2~ethyl-4-phenylindenyl)}zirconium dichloride,



In any case of patterns (1) to (3), a polynerformng rate reaches a peak
(Pl in the initial stage of 20 prepolynerization, and is then once

| owered. The polymer-formng rate at this peak (Pl) is naintained Al AR
10 ng/ g~mn per g of conponent (B). The polynerformng rate is rapidly
increased in the latter stage of prepolynerization, and reaches a peak (PS)
in some cases. 25 The pol ynmer-form ng rq%f at this peak may exceed 10 ng/ g~
m n per g of conponent (B). In the case pattern (4), a polynmer-formng
rate is nmaintained constantly in the @~ 7 APR Z003 65 vicinity of maxi num
in the totaPheaNGPherPPiapsivieri(Zaeithil ~thoherypangesyildatd it e vst
thus obtained nmay be used as_it is_i,n nain polynerization, or nay be used 5
after washi AgCRHOR 188 | REFEYRVILHORABIA ~dar et Y IFdrt her, the catal yst thus
obt ai ned naéhbe ried b?for i mportant to optimze an

, e using. (3). Lt i )
amount of aRPEPYARREERY @éylagg&lgm gl’r@htlioﬁé '+ BREpSP e Fation. 10 It
has been discovered _in the present inventjon that igh catalytic activity
can be achi eved \ii't ﬁ@i?f“pg&f’r 59351’?9 SOt rQB%Dé"recsisé% g:fl’ge{:]”tfol%%?u]tfot ai ned
by reduci ng ,an anount, of _an_or i ¢ _al ym num_conpound ,used substantially to
0" or ol 2 Grarrea e BT oRE B G T PP E B QR B R G P G e
conventi ona L¥ he %h%?%ik 1%Ih%%ge anount, and the present invention has
been acconplTs ed on € ‘basisof this discovery. An organic AL (2) used at
the time of pr [ [ : ) /AL 120
amount of aéQg?%%h%?%k&E?%§8§553$92%P&2§F%%%§1%%(%%%?%% rémgré?g?a)ly at
nmost 8.5 molyichaokitml, of conponent (A). The above-nentioned anmpbunt of an
organic AL (2) indicates the whol e anobunt of an organic al um num conpound
present at thettafmetdllpiepobyitkidiahian . idaeizh (bislydasmaamutidf an
organic AL (1) remaining in the solution, which is used for the
above- ment | enéd chileatident of silicate. 17 APR 2003 66 Al so, an
i on-exchange | ayered silicate nmentioned herein is not specially limted,
and vari ous (tepeanethyilcycdopentaylisayds &d t apiiuoH bdsd thrdimer ddseirlivded  as
conponent (B) .in_the_ above paragraph "catal yst conponent 5 for olefin
pol yneri zat Pdde)Adwederider il Pesf¥lald-@reavdsd®s carrier having a

specific structure t.ai_ned .comnmbi.ni n he .ahqve-, ti.oned specific

P oat ment 5. i SEgad i RS b S E S A R AT S e et ¢ ) and

preferably ig_ htj0on _ sa.features, at |east 10 one feature sel ected

fromfeaturé%ﬂlg%lgyflegtg?lgtn gt%erature 9. An anount of conponent (H) and a

ratio tis coppenent,1()A% rake ieaPaRant irek N e 1aRh) ehdlge yRuttc ra amuunt - of

conponent (A) is generally from0.1 to 1,000 unol)
(2-methylindenyl)titanium(bis t-butylamide)dichloride,

(fluorenyl)titanium(bis t-butylamide)dichloride, (3, 6-
diisopropylflucrenyl)titanium(bis t-
butylamide)dichloride,

20 (tetramethylcyclopentadienyl) titanium(phenoxide)dichlorid
e, (tetramethylcyclopentadienyl)titanium(2, 6-
diisopropylphenoxide)dichloride, and the like.

(d) Examples of a compound expressed by the formula
(4) include

25 dimethylsilanediil (tetramethylcyclopentadienyl) (t-

butylamide)titanium dichloride,

dimethylsilanediil (tetramethylcyclopentadienyl) (cyclodode



1S preferably fromO0.5 to 500 ~znol, nore preferably from1 to 100 unol) to
1 g of conponent (B). Accordingly, an anpunt of conmponent (C) is fromO to
10 mol, preferably fromO to 4.2 muol, nore preferably fromO to ‘P?%@R 2003
mml, to 1 g of conponent (B). 20 It is desirable to inprove a catalytic
activity, but a polynerization heat per unit tinme naturally becones |arge.
Accordingly, unless heat is effectively‘éfnnved inthe vicinity of a

pol ymeri zation catalyst, a tenperature is°locally raised at a mcrosite,
and 25 consequently there is a fear that polynmer particles_agglonerate each
ot her by di §¥8butPentotanrebi Agchionligel y%ﬁ?tm&éﬂéﬁﬁeﬁhélégﬁ ci ency of
the heat renoval can ~ 7 APR 2003 67 be controlled by using a catalyst
conponent aRgrbylandgpylyst-Rutvhgmife) AbbseinBntichéaripeci fic properties
or a catalyst used_for prepolynerization under the abovenentioned specific
condi tions. A8MALEYlshyapEABLAI AgUPKENEbOVE-RERY L eHadeEL R8BI UM he ef fect of
the present .inventiqgn can _be reparkably inproved. Thus, when carrying out
the prepol yReFPzarieR) PP §RBréf&Rabl e to enpl oy specific conditions (a)
and (b) and to adjust an unt of an_organic al um num d 10 at the tinme
of prepéfynering Qﬁnﬁﬁttag?aﬁﬁpéﬁﬁéﬁgib%e&hﬁagﬁgﬁmﬂﬁﬁi%ﬁs,t ﬂié pol ymer
formng rate_is naintained at.ngst 10fng&g-g§nm%§r 2 g ofngn i on- exchange

| ayer ed siIP8¥tge(3fe anIaambﬁ Bgﬁyﬁerlzatlon poFyﬁg P& Srmed 15 in an
anmount corr ' o] o] Lan I silicate.
After finis%%ﬁggg%%gp%gnggnégpéa%?gﬁ?gghéggéFgléé??%ggﬁﬁe§é§@§q§§ it is

dependi ng on it%o%ﬁgﬂeﬁQer)bUt it is possible to dry the catalyst if

necessary. Wen catalyst, in order to prevent the catal yst
from bei ng poi seragoWERR (UKt i2@S orbhniis BNehenakl @ dhpored,arner ganic
al um num conpound havi ng the sanme structure as conmponent (C). During
cont actiing tiBeophovaalbtnt nepdd rEspenddwel 2bqcoapoadrbyg e aft er
contacting) or after finishing the prepolynerization or after drying the
prepol ynmeri Zafllowiogt Abymtilaa (80| iid nueéerablinukeadi.-ng a pol yner such as
17 APR Z003 68 pol yet hyl ene) polyprogylene or the like, and an inorganic
oxi de such as sPHRc&s-#itani um 8PTPRe2| (Ré, may be coexisted or nay be

contacted therewith._,A so, it is possible to enploy a gethpd of contacting
component ( eEeipi Br Torft 4 1738 @Yﬁgqqﬁf%ﬁﬂeﬁ%@%pcdﬁ$€ﬁ%n%§ of the present

et On O5e3EKEh, CALBYANRnb! U BLEPALYIE LEAL Oy ) gHUBD, gL 10
netalIq@gnepcggpgﬁxalpaﬁggtg@t@gomightg get al | ocene catal yst on a carrier.
R* is preferably an alkyl group, and X is preferably
chlorine, when it i1s halogen, a C;-Cg alkoxy group when
it is an alkoxy group, and a Ci-Cy amino group when it is
an amino group.
20 In the present invention, a compound expressed by
this formula may be used alone or in a mixture or in a
combination of a plurality of compounds. This can be
used not only at the time of preparing a catalyst but
also at the time of prepolymerization or polymerization.
25 Accordingly, preferable compound examples include

trimethylaluminum, triethylaluminum, tri n-

propylaluminum, tri n-butylaluminum, triisobutylaluminum,



As mentioned above, in the present invention, conponent (A) and conponent
(C) optionally used, together with a netallocene catal yst supportedldniPR 200
conponent (B), are contacted with olefin to forma prepol ynerization 15
catal yst. As nentioned above, in the prepolynerization step, by
accurul ati on of a prepol ynerized pol yner, coll apse and di spersion of
conponent (B) proceeds and a surface area_is increased. In proportion to

t he procedure of prepolynerization, a poFynerization active 20 site is
fornmed on the dispersed conponent (B) by contacting with conponent (A), and
an active sité préeupsiGluingturte § N1ASH%A F R | £ 1he& present

i nvention, formation of a new active site on _the active site precursor
structure i §ey ledaaiarat e S IRFROGRIEEHTE (DLoF 18y BN @B iyl ex and
(b) a new organic alum num conpound qptionally used with the rnetall ocene

cat al yst ef F&&QGWg ChiPr QSR 2HEF 80 Hrdhdl ¥ itGeon S IHd Ve A g

prepol yneri zati on catalyst i.n _which conponent. (B).is highly dispersed, can
be provi ded ShyFPEdife] %e&é’m]ia&ugg%i%%{c YR ol yneri zati on degree

(growth is suspended r 5 remvi part, of 10 repol yneri.zati on degree
Wi 2 pafttEaRt S b ot | st SRR T

net al | ocene _¢ l. ex ded during.the prepal i.zation.step._t e contacted
WLt ho oAt Bend T al SHERET et hG TSRy R EAPIeR RRY 1BEC16  he

same or di fft?i%ﬁtk%lgé%rﬂnflwe%igp Jfed, %%Maaf\*nﬁcfﬁﬂ? W{% g' ready

supported as cbnp nount used I's selected 1I'n su

manner as tQuEke . a1 o ammtodn commPne (iAe angiodenew rnetal |l ocene
conplex in a range of the abové-nentioned 15 anount of conponent (A) used

t o conmponentor(eBer s 1@l exzaid 10 Ofi rearmNentt A iA)1 18/t Mg WnTefed  ice e’
conplex is optional, but preferably 1:0.01-1:100, nore preferably

1: 0. 1- 11dO0. hAlss@a arisw ongedrdc cfl o conpourschdptdsanadde/f Xahised may be
the sane or different froma conpound defined as conmponent (C), and its
anmount used ex@yniee dief i raid sty YIatumwiane manner. Contacting of the

nmet al | ocene catal yst effecting prepolynerization with (a) a new netall ocene
conpl ex and 25 (Frerdest Hryant CatahHivn conpound optional Iy used, may be

carried out ot ORI LU, Sl 00l ROl urelizell on siep gortl
e e, SHRYRIEIL LTSRN TR AL, RN, e LG SR 00
once sa@@en@ifn& 81 yind¥ BRA TR Rl AN oPTafeeriald dae td¥e wgantacting is
carre polymerization reactor at the same time or continuously
or by one time or a plurality of times. It is usual to
carry out the contacting treatment of respective
components in a solvent of an aliphatic hydrocarbon or an
20 aromatic hydrocarbon. A contacting temperature is not
specially limited, but is preferably from -20°C to 150°C.
Depending on an aimed object, an optional combination can
be employed as a contacting order, but a preferable
contacting order with regard to the respective components
25 is illustrated below. Usually, component (B) is

contacted with component (A) at first. Addition of

component (C) to component (B) may be carried out before



out after a prepolynerized polynmer is fornmed in an anmount sufficiently

| arger to collapse or disperse conponent (B). For exanple, it is necEsapr 9003
to optim ze by taking a pore volunme, a pore size distribution and a carrier
10 strength of conmponent (B) used into consideration, but the contacting is
carried out usually after formng a prepol ynerized polyner in an anount of
at least 0.1 g) preferably at least 0.2 g4 nore preferably at least 0.5 g,
per 1 g of component (B). In order to fullTy achieve 15 an effect by a new
net al | ocene cogglex, prep?#ynerization is carried out until a

prepol ymer i Z8QEPEFYREr Wid I GRS Sy i &t MAMF GG st 0.5 g,
referably at _least 1.0 g, nore.preferably at |east 2.0 .9, per.1 of
Component (85 TeB0CPBI A e OB TOF . epoirert 2 P SHATbR L it
is inportanf to bj ect a _netall ocene cat al yst,_an rrier prepared under
Speci 11 coRBl CFnECrE By yl Dl AW oL iyt GEmban Borrent  or
| i quefied a-ol gfi @i%ndwtihc nto carry O(I.K[ ocgrefai e2r5 c:porn(-;coaoclty.rgeriwzi tﬂ on. In
the step ofCBPeﬁgrln et a6cene catalyst on a carrlerjbf;con acting

componen (éémﬁﬁﬂeﬁ%m{% ent A@G)efocéﬁtS‘E’Bi?ngo%h@g%?g%@.@%lay used Wi th

conmponent ( I'S necessary optrmze~the ¢ cting conditions to

form an act LifipShisiel having de.ponpanents it Lk spRarad on the

I
conmponent ( this is rable for formng a 5 uni

prepol ymeri 23588 ae®oal Y3t -aricia t@@MRI® o ddrdch NRARRSATY 10 take a _
sufficient contacting tinme for conplétely effecting the carrying reaction.

However, accor dirrgder extenmamty dhe-aaidaaitngd) me(sdegener@ti on of
conponent (A) as a side reaction also 10 proceeds, and consequently

non- uni f or mupedpahy i zatdsemt dnvansdcthn Rud herticwiponent eArmadeor bed in
a carrier during prepolynerization wthout being supported on conponent (B)
causes Y0r nani smogh ta odfe mosincedntol (Wiert dwdmmrpneitnh (ol yreemnafdr@hlvls
Thus, the present invention is acconplished by providing a uniform

pr epol yner i £40MoR -datt8l yistO HWakied  c HiFchérie {3 Mg HI5P™iSpersed 0 Ghi ch i s
obtai ned by the steps of (a roceeding the carrying reaction by contactin
conpgnent {Eﬁo i £ @oﬁb&ﬁéﬁ%mgﬁfepgru§ﬁ'le ?taﬁﬁzéﬁgﬁﬁn695§9n68¥ éﬁ&rry o
washi ng the_co t terni al tain er.atd a) with an
i nert ﬁydr ogér g%ﬁgggﬁ%\?ﬁt&gr %151 3%8 ieer%q;alg%l)léelf‘}?nn%?g\bﬁe%govel%g g{/}nprldziuct

derived from-c@ERARANL A NG OEC) LY Yirfl 0Uln A J3 &Pl BRIz at i on

with the washed material 25 obtained by the above operation (b) to renobve
particlies ha¥i 89 taah@w direpalarr,i zat 1oy deUreensndrx r@ywyve a part of | ow

prepol yneri zati on degree in a particle. ~ 7 APR 2003
Accordingly, an amount of component (C) to component (A)
is preferably from 10™° to 50, more preferably from 107¢
to 5 in terms of a mol ratio of a transition metal.
(Prepolymerization catalyst)

20 The catalyst of the present invention may be
subjected to prepolymerization treatment by contacting
the catalyst with a polymerizable monomer to polymerize a
small amount of monomer, and it is preferable to employ
the prepolymerization treatment. It is usual to employ

25 milder conditions for the prepolymerization treatment

than conditions of main polymerization. As a

prepolymerization monomer, a-olefin, preferably ethylene



72 The contacting operation of conponent (A) and conponent (B) is carried
out under such conditions as described in the above paragraph "preﬁfrgéi@@
of catalyst”, but the contacting tinme is preferably at least 5 30 $ g ;
nore preferably at | east one hour. The contacting tenperature is not
specially limted, but it is necessary to avoid such a high contacting
tenperature as to cause degeneration reagkion of conponent (A), and it is
preferable to enploy a contacting tenperature of at 10 npost 100C,
preferably at nost 80C _mpre preferably 6 ( f

cat al yst/ polo;yngfio?é’ﬁiegﬁ'oflsolugf:‘f%%)e'As)l‘apg%]fj?/nﬁl?lzg%?% gg;f?ﬁ%gfi ﬁ{nogn&z- Czo
olefin is preferahl X l.e$ 10 in&h J ncl yl r e,

I butene, 1 RetEae 1Y SEFIN”3Aa tend oF1 R4S R T Uy ERS S S B
kind of a c n I AU -0 i.n I I t he

illustrat ed%ggl %gler?g %\?\:%I g%)éfg@g’t%he%n%tfrﬁaﬁﬁ%ﬁg%%ﬁﬁ; gg%oﬁentt%?%?ﬁ ga/r‘CrJJDunt of
a conononer ct nder C it Qn s LQ _pr. pelymer
havi ng desifgﬁﬁg%gﬁys?QS# ?86%%??%?0??Ekigége%% gfgé%ngﬁggﬁégﬁgin?% a

mol ecul & weight ardudil hkNees, s@ia1the Pl F@%éﬁ B & refdl @il
selected so as to provide a low nelting point polynmer. 25 Any

pol ymer i zat io@ a8 il Wet@med @ oin| ayed i@s thak amcantatial Yoo aemmeenent: and
each nonomer are efficiently contacted. For exanple, a slurry method using
an inert 1% ARR 20Q@3Ief3rsel ¥eoin e2omohildsqnviiehy@Ehiczati on method, a bul k
met hod enpl oyi ng propyl ene as a solvent substantially w thout using an

i nert solvent, @ha mapqihase ivetthieoh redtelaiat nigs edda ingRbrigr in a gas
state substantially without using a 5 liquid solvent may be enpl oyed. Al so,
t hey are appglomédntiogcsine piroye -penronieacoowomentsst di-wiage pd lynaridat i on.
In case of slurry polynerization, a saturated aliphatic hydrocarbon or an
ar omat i hy@m%ﬂ@@ﬁ%@éﬁ%@um@m,ouﬁépﬂé}%,el@@ffftgﬁe, aro @ difexane,
benzene, tolyene or the |ike may b; used alqne or, in.a mxture as

pol yrer i zat PONSEFe fOTPRUFS WHE &K1 &F PEmpEREEAE 10T oS 1§ 2boc, and
as a nol ecultar V\BI“%I}t -arng%ukitbgg " g%gte?s%grio%%rh%agfb%,eag%leiég?g%é used.

An operatablg 551ynegizat|on ssure romo to Al so,

a metal | ocepenER@ntsta9f 1Lhe RtSaNb MRy Uy YSed el irgRInefor
produci ng a random copolyner, and is particularly suitable for "producing a

propyl ene- et(lpyl are x60RN\@chaflb®0.1ahvle riesl SUiltiakite .f orhd0iproduci ng a | ow
melting point polyner, and is particularly suitable for producing a

propyl erfe- eelxphemg er drgemecosdllyimertehati ndpea cowlconeg tpaiEnt mefy ate nost 140C,
preferably at nost 135C, nore preferably at nost 130C, nost preferably at
nost 125C. Bmctheagriesentemoedamends s fydltvedasdridedatied thiet h ref er ence

to the foll owi ng Exanpl es, _but should not be limted thereto. )
paragraph “catalyst component for olefin polymerization”.

However, it is preferable to use a catalyst having a
specific structure obtained by combining the above-

20 mentioned specific treatments. A specific structure
means to have “feature 1” and “feature 2”, and preferably
to have, in addition to these features, at least one
property selected from “feature 3” and “feature 5 to
feature 9”. The organic AL (2) is not specially limited,

25 but the same material as the above-mentioned component
(C) is suitable.

Preferable embodiments of the prepolymerization



17 APR 2D03 74 In the follow ng Exanpl es and Conparati ve Exanpl es, physical
properties were evaluated in the follow ng manner. (1) Conposition ?mgb%mhs
of ion-exchange |ayered silicate 5 Chem cal analysis is carried ou! i
accordance with JIS nethod to prepare an analytical curve) and
determnation is carried out with fluorescent X-rays. (2) Measurenent of
pore size Measurenent conditions of pore4€ize distribution by 10 nitrogen
adsorption-desorption nmethod are illustrated. Apparatus: Autosorb 3,

Tot hoa' NbacGREBIE e AAPCTARYS BEPAaaRen fent FCoRAFErSHs B0BE108 hours,
under vecu (2t B0Sk 3022 Lo L SRS AT SO0 5.9 1901, veo:
Tanuf act ured by (S ot AAGFSKAEY T BerS MBSO A VL AT od out
by U510, oL B0l 93,281 3068 80, Ul 9B E RS RS S st o
in ternmg Ofsﬁpported on an ion-exchange layered silicate with olefin
have the following “feature 47",
Feature 4: A prepolymerization homogenization index
(H value) obtained by subjecting respective catalyst
particles before prepolymerization and after
10 prepolymerization to fluorescence observation is at most
60%.
2An ilon-exchange layered silicate mentioned herein is
not specially limited, and such various silicates as
fully described with regard to “catalyst component for
15 olefin polymerization” as component (B) are usable.
The present inventors have carried out morphological
analysis of a prepolymerization catalyst to study
relation between polymer properties and outer appearance
of a product, and as this result, it'has been discovered
20 that (a) a agglomerated material of polymer particles
obtained by polymerization and (b) catalyst particles
causing a poor outer appearance of a product such as fish
eyes and gel have clear characteristics. It has been
discovered that the problems of the present invention can
25 Dbe solved by reducing such particles, and the present

invention has been accomplished on the basis of this

discovery.



refractive index of 1.33 and a shape coefficient of 1.0. 1 ? APR 2003 75
(4) MFR neasurenent A nelt index value of a pol ypropyl ene type p0|yﬂPﬁPM%ﬁ3
measured in accordance with JIS-K-67S8, and a nelt index value of a

pol yet hyl ene type pol ymer was neasured S in accordance with JIS-K-6760. (5)
Pol ymer BD A pol ymer bul k density was neasured in accordance with ASTM
D1895-69. (6) Aggl onerated anmpbunt of polynmer 10 By using a sieve of 1,690
um a polymer wt~ on the sieve shaken for 10 m nutes was neasured. (7)

Eval uation of buylk id_gr&siy\f%ﬁdlo?gw“gp é@?ﬁ{:ﬂqz.?é i&nﬁ%}%ﬁ]ﬁa%nt%i density was

measured by flowng a so cat al yst conpone nl ess- made

funnel havi Qo2 190dnARerltR (i BRI 8F Ofsqd yTH irr%{%?ls"é\\/%%u%n%q@; gigner to

measure a wel ght as expressed by wei ght per n-of flow

properties %Ea&@%P%lxq%ﬁi%@t@%%hZQa%%h§E¥$% QWeRORer ties were nmeasured
by placing 14 cC of a solid catal yst conponent powder into respective
stai nl ess- nmpde JounArhS Raviord ca3neQriieals .angkergf 89 8RE present
5 inventors know, there was no example of solving the

above-mentioned problems of a prepolymerization catalyst

from a morphological viewpoint. In the present

invention, the prepolymerization catalyst has been

studied from its morphological viewpoint.

10 Fluorescence analysis is employed as a means for
analyzing the morphology. Particles before
prepolymerization emit a fluorescent light, but its
fluorescent light density varies after the
prepolymerization. The fluorescent light density means a

15 fluorescent light intensity emitted when applying UV rays
to a catalyst. 2An H value which is a morphological index
is expressed by percentage indicating a proportion of a
number of “fluorescent light-emitting particles” present
among prepolymerization catalyst particles. The

20 “fluorescent light-emitting particles” are defined as
catalyst particles having a fluorescent light density of
at least 1 after prepolymerization when an average
fluorescent light density of catalyst particles before
prepolymerization is defined to be 1.

25 Catalyst particles causing agglomeration of

polymerization powder are {(a) particles having a low

prepolymerization degree per piece of particle or (b)



various flow aperture diameters of 5mMm~, 6 . 5 m”Mm~, 8 "M 25 Q- , 12
mm~ ) and 20 mm~ . Nunerical values indicate a m ninum aperture dia?§t$k
whi ch causes flowi ng. (9) Measurenent of average crushing strength -APR. 2003
APR 2003 76 By using a mnute conpression tester "MCTM 500" manuf actured by
Shi madzu Cor poration, crushing strengths of optionally selected at |east 10
pi eces of particles were neasured and thgir average value was calculated to
5 be a crushing strength of an inorganic carrier. (10) Evaluation of

prepol ymer i é%&@t%l@%”?x%%}gﬁﬁ%%ft”%xg%ﬁ' 95 %glfﬁr%?ri@accg%%c% &

fl uorescence m Croscope (‘manufact ar Kon fporation) having

a Epi‘f'Uor%%&%@%ggﬁhH%%H%P@%r%ﬂcﬁ@Fz (100 Wnercury |l anp) equipped is

referred to as a orescen m croscope. Fl uorescence observati on was

carried out b r.d- s i-ter Tla) - ili.ersd cited b
y %‘%ts%g?faérgchlgglé‘é(%xtéecl@é?lyg AL ddd {884 ]%é Led by

330-380 nm WV ray to this fluorescence mcrosco

(Preparati og,gf e@tqhgs BC 101 A Iy 23661 LAR e AIBIRIMALH I WagnRE epar ed
by using emul sion oil' TYPE DF"for fluorescence observation manufactured by

Ni kon Cof potabhak t@Rd skA%e Ll A ndRBhE shebweka 1GanmRy ¢l |y avail abl e
slide glass and a cover 20 glass. (M croscopic observation)
characteristics are estimated as mentioned below.

(a) Particles having a low prepolymerization degree
per piece of particle

When carrying out fluorescence vbservation, these

10 9particles are characterized by having a fluorescent light
density not lower than a fluorescent light density of
catalyst particles before prepolymerization. A mechanism
that the catalyst emits a fluorescent light is not clear,
but it i1s estimated that the fluorescent light is emitted

15 from a component of an organic metal compound which
becomes an active site when considering an inorganic
carrier before contacting with the organic metal compound
(such as a metallocene compound) which becomes an active
site does not substantially emit a fluorescent light and

20 a catalyst after contacting with the organic metal
compound emits a fluorescent light.

A fluorescent light density varies depending on a
prepolymerization degree of particles, and the
fluorescent light density becomes larger at a stage of

25 low prepolymerization degree than that of a catalyst

before prepolymerization. The stage of low

prepolymerization degree is a stage in which a volume of



The above prepared m crosecti on was observed by ordinary transmtting |ight
observation to confirma part wherein particles to be observed are 17 App {903
appropriately 25 present, and its image was recorded in accordance with the
foll owi ng nethod. Thereafter, the sane visual field was observed by

fl uorescence observation and its inage 17 APR 2Q03 was recorded in
accordance with the same nethod. (Observgd inage-photographing apparatus) A
digital m croscope VH 7000 nanufactured by KEYENCE Conpany was connected

with a tringcul ar tube cone .of the 5 above f| escence m croscope. by way
of "TV Lens SCH) SR SREIA P B R kot COHor et | Gt & 1o & A Bbser ved

i mage (nmagni ffidcéz;{ }i%%r(%aa%%;%]u%%prié)r ’30a31:é iﬁ?}ﬁsc%:d'&é’on& of CCD of VH 7000

were gain: 0 i Xe er- spee 1 i Xe and Whi te bal ance: 1

PUSH 10 A $9LdRaRAuld Lo LIS LUnGhia0s Vel S o0 Setio e 981 1

correction: garma “cor using a digi or painter

VH P40 f . ; , had
manutaet rn%fl(g%ﬁlo'éf%e%’gﬁg@y%}%é@s%[ %&é‘tﬂyi@bﬂ@{s%&?&t erm ne

by printing conditl and contrast’ n the

VH 7000 i dgp M, ieqand- i1 candidd ans, Qidemdhag dhe-ahpve- nenti oned
conditions, the initially fixed conditions for VH 7000 and VH Pg0 were

enpl oyed as they@ardich ld)s Vb 08a f atfe 20 pyBphe PPz & 81 6n | PEl GRdes a

washi ng degree of decantation washing of a silicate of the present
invention afitsehdimgatd Md N ran osgan er &d Uni NUBE argoce bbsfe tadtal oranount

of an organic al um num conpound contained in a solution after reaction,
wer e defi nedhiove25 Heer Itheanthttal ydre rodal desrount Juare sceuntl iofhtan or gani ¢
al um num conpound remnai ned after washing was determ ned in accordance with
the fol | ow Wgrealtoulteidlmy ftrarulthat et aRR 2003 Itheecat aud@ati on was nmade
on the assunption that an organic alum num conpound was not separated from
the sol3® side BAhehethmadhi e byjeeht 2RI OF RERCADES afldbERed. For exanpl e,
in case of decantati shing 5 o%)e,rati,on, a washi rate is calculated in

n . wa
the foll owi NG é’rff) SRS RE SRR GMGT 423 AR IO HY N HESANSS YT vs+Pz )

W= ( Vn—l_%%éhltﬁgpﬁgre volume of the inorganic carrier, and in
proportion to growth of the polymer, the inorganic
carrier is crushed and dispersed. At this proceeded

15 stage, the component (organic metal compound) emitting a
fluorescent light is going to be dispersed in the
prepolymerization polymer in accordance with dispersion
of the inorganic carrier, and a density of the component
(organic metal compound) emitting a fluorescent light

20 present per unit volume becomes smaller as the
prepolymerization degree becomes larger. Consequently, a
fluorescent light density becomes smaller.

However, not all of catalyst particles grow until
this stage, and growth of a part of particles are

25 suspended at a stage of low prepolymerization degree
depending on prepolymerization conditions. These

particles provide a poor outer appearance of a product



10 Washing rate=W. x W X Wh (wherein Wh represents n th washing rate,
Vn_z represents a solution amount after (n-1)th washing, do represehfs\PRITI(]
extracted anmount at the tinme of n th washing, and Pn represents an adde

sol vent amount at the tinme of n th 15 washing. O time neans the tine after
organi ¢ al um num conpound treatnent). (12) Melting point (Tm By using
DSC6200 manufactured by Seiko InstrumentgyK K., 5 ng of a sheet-|ike sanple
was packed into an 20 al um num pan, and a tenperature was raised fromroom
t enperature

mai ntai ned FUF EonPRGte0o<aia 1PNET BRADI"G Yeis Tfeh ¥5dl 60 P U0CTEE &
e ng B e RO h e SR vh e P B B i e e e o 20
(Cneri cal  tPERTTOREof PARTRXENERGE ATk SF e N otar ey P & 475 T7J ass- made
separ abl e f#@gégﬁgﬁi&gggt\éﬁ&hdgggegt %%“roig}%f\eé%{ﬁ’dje’ 130 mL of distilled

wat er was pfrac eréein, and rated sul furic acid (96% was

sl ow y ded t herst 0 néggy'l i J%gﬂjcl :

manuf ac?ﬁr ed byqﬁgz%gg\?\cg%_ll% uggrv?gjlg!%n m cﬂalésfqé“g.p;( veleggeel%zaar%% e size:
25 pm partli%%eéor%&n%‘in@ki?%@ RURLER: wEQRHER pagMicq@mposition (w%: Al
18.45) My 2.14, Fe 2.34) SI 32.8 and Na 2.62) was di spersed therein, and
the resultant mpeper@itRs o3 ptedldlynkedtRt toh Wadiari chdhousareih éde

tenperature was nmaintained for 5.5 hours, and the m xture was then
gradual |y chaledgla bar30Cff abwlphepol yvilee idatrign s cebtrainmechadisat
filtrated under a reduced pressure to obtain a cake. The cake thus obtai ned
was washed wi phrdi stiithlied caavéystnpil ttilnd o iarad fwergleidng Watier isad a pH of
exceeding 3.5, and the washed product was dried overnight at 110C under a
20 ni t Adgenbacabsphehen KepsfdPigrre YRISTAFGe cadS6r eIt afetditd, t he
product had_a nost frequently appearing pore diameter (Dm of 101 a ratio
of pore di afeféEsdRBUCAgE1MONGMSE BEak GGl Bt Wh dSTEeORS R ddent | y
appeari ng pgfae di am§t er 25 g)Dr n~i/ ﬁ/e1~ f Oe. 7 a ratiq of a ore sdi anet er
showi ng 1/ 3°8F a"Fe8K i it &n FFS? 6t St h& oSt 5] g A5 d REmss
(Drnii 3/ Dm 01,080 n@and. 3 saBxi M. & 0L 8084 ¥ 00k 188 Escelid APR 2003
observation of these particles, a fluorescent light
15 density of the part of low prepolymerization degree
becomes higher than that of a catalyst before
prepolymerization, and other part provides a low
fluorescent light density. The reason why the part of
low prepolymerization degree provides a higher
20 fluorescent light density is the same as described in the
above paragraph (a), and it is considered that this is
because a density of a component (organic metal compound)
providing a fluorescent light present per unit volume is
high. Powders having these characteristics also cause a
25 bad outer appearance of a product due to poor powder

properties, fish eyes and gel.

As described in the above paragraph (b), the present



80 dianeter 50 $~ to the maximumintensity (D~SQA/ D~, ~) of 0.26. A SF?@W?U[B
peak intensity was about 30% (Pore size distributionis illustrated

Fig. 1.) A pore volune of particles of less than 1,000 ~ was 0.42 cn8/g,

and a 5 surface area by BET nmet hod was 225 ne/g. This carrier had an
average crushing strength of 13 MPa as measured by a minute conpression
tester. The conposition (W% of this chgrin cally treated nontnorillonite

was Al 4.80, My 0.70, Fe 1.20, Si 41.2 10"and Na of |ess than detectable

limt (0.2). Eluted rates of resp ctive onents vvere 1 55% My 74% Fe
59% and Na $3%SMBiCT &9'9€% %@%\P& L8 erre AL 0.121, My

0.0196, Fe Q0. an Nales than0009 r ratiqn

catal yst/pré& %Eéﬁ@fﬁ S AT P 'Ieheoﬁtﬁal g\mpr?gf &ﬁg‘reatuirﬁr#so%ye
carried out b3i usi 2;81 deoxl dlr%zed and dehydrat ed sol vents and nononers under
an inert gag WE caIIytreated montnorillonite was dried at

200C for 2 hoursC Snsler; a1 edfjc ql éa 129 tzode%soif Y& drigd o

nont mori | | on| t e A8

vol une t %pg e cont ai ni ng 3% of toluene
(hereinatte AN S sl T 2 and 84 nL of a hept ane

sol uti on cont ai njsyng éfé&ﬁy'lrﬁfﬂﬂl%ﬂ(&%f\éc 1ese gldadd hegelo, and

the resultant m xture was stirred at room tenperature. our

m xture was aweshad it JHixed herhangmashidly dadlea st Y tlie 1kt ai n 200 n

(fluorescent light-emitting particles) after

prepolymerization, the fluorescent light density of which

10 is at least- 1 to a fluorescent light density of catalyst
particles before prepolymerization. That is, a
proportion (H value) of a number of catalyst particles
after prepolymerization, the fluorescent light density of
which is at least 1 to a fluorescent light density of

15 catalyst particles before prepolymerization, is at most
60% to a number of whole catalyst particles after
prepolymerization.

Thus, it is preferable that a number of fluorescent
light-emitting particles is smaller, and an H value is

20 preferably at most 50%, more preferably at most 40%, most
preferably at most 30%.

The fluorescent light density is an intensity of
fluorescent light emitted when UV rays are applied to a
catalyst, and is evaluated by a brightness of

25 fluorescence microscope photograph. On the basis of a
fluorescent photograph of a catalyst before

prepolymerization taken by the following method,



17 APR 2003 81 of a silicate slurry. Thereafter, 87 nL of m xed heptane was
added to 218 ng (0.3 mml) of (r)- 17 AP 200
dinethylsiIyIenebis{l-[2-nethy|-4(4-ch|orophenyl)-4H—azuIenW]}zﬂrconid%
dichloride, and 5 the m xture was fully stirred, and 4.25 nL of a heptane
solution of triisobutyl alum num (0.706 M was added thereto, and the

resul tant m xture was reacted at roomtegperature for 1 hour. Thereafter,

t he above prepared silicate slurry was added thereto, and the resultant 10
m xt ure was [ f 1 I d m xed-h -gﬂgg refo to

6%&*%58%% Qﬁglg spx%ﬁlne%@ g@sﬁ %lu%qlleas%%q\'*‘fglcl A ddé]ﬂfie

adjust to 5 e above prepare i cate/meta conp slurry

was i ntrodu i ut.ocl i /| \, huﬂgE . 1 and a
stirring sygﬁgme \%\‘E}lgﬁe%ass&f S%%%aﬁ%g%sﬁ}tl eg{evﬁst?h ni %)‘Ibngétn}?l%‘l hen a
tenperature a 0C;. Rr S l.J to at a rate of
10 g/ hour, gﬁgggﬁgaégn%&@%ﬁaéu go\%g e ﬁt%af;,\%e&%%%gt})e{tdf%f}fé ours, the
supplying o t opped nd..t erat yr raj.sed to 50C,
and was the%rgggg%#%?gfﬁggoﬁdr %ﬁr%ﬂgrggaﬁgabggeAE%rgé%ﬁ&%érF?gtion

catal ysts sl ¥ipy wascpel heghed f¥sa Sy Hadbmeand AUt  30apEk1@bnacs
supernatant |iquid was renoved, and the slurry was dried at 45C under a
reduced prespdr BriBythBiss eper ald of.suwd INiepRigaehzationLatied Wedde
containing 1.9 g 25 of pol ypropylene per 1 g of catal yst was obtai ned.

Cat al yst pabli @s@agbehoramapicepolayyerirzatbdppraatdi caiaintsta pagripies. after
prepol yneri zati on were Subj ected 17 APR 2003 82 to fluorescence
observation to Chleertvediirorphairobirtaghss andnwerescgppar ed, and an H val ue
was 25~. (Propyl ene-ethylene random pol ynerization) A stirring system

aut ocl ave havi n@odh ifdwerassiante BLAft Phsqpia i yardbSransmedt wig h
propylene, and 2.76 nL (2.02 nmol) of a triisobutyl alum num-heptane

sol uti ofP was 188de@PEREVSItA CRaRd S3F 3F *fC Rt e Patdoi e dfsHRrdgEh and
1,500 nL of _Liquid_propyl.ene re_i.ntroduce herei,n, .and .a_tenperature was
Faised (o rBLOG PRESH TampbRatEP e RaY RELALHFRedS TR8 asRioNe v
prepared prgpglymerizalian, Ake) sl vas.age IRl A SIUIE Y L, nhept ane,
and 10 ng (except for a i ght "of "a ‘prepol ynmeri zed po ynerS of "the sTurry
was chargedetRer 6hendsnd kRISt UndeIcta Ritessure to initiate 15

pol yneri zati on. The tank tenperature was maintained at 70C. After 0.5 hour,
5 nL of ethanol mas saddedddmneivy suitbar psHyt®RIr Ot ptdedohyi plsgs ng t he
remai ni ng gas was dried at 90C for 10 hours. As this result, 175 g of a
pol ynerlias odbkraifdedr ekceattallygihtagtiotidor apds i36,80h (@ manner as to

be able to evaluate largeness and smallness of a
fluorescent light density of catalyst particles after
prepolymerization as compared with a fluorescent light
density of particles before prepolymerization. In order

20 to make evaluation easier, i1t is possible to select
conditions so as not to be photosensitive when a
fluorescent light density is smaller than that of a
catalyst before prepolymerization.

Fluorescent light density of catalyst particles

25 before prepolymerization

First, a transparent light photograph of a catalyst

before prepolymerization is taken and a number of



20 PP/ g-catal ysthour. The polyner had a bulk density (BD) of 0.45 (g/cc) ,
an MFR value of 8.5 (dg/mn) and a nelting point of 126.8C. A aggl onerated
pol ymer anmount of the powder thus obtained was neasured and was 0. 8F.APRT7803
results are shown in the followng Tables 1 and 25 2. Table 1 shows
physi cal properties of an ion-exchange |ayered silicate and a catal yst) and
Tabl e 2 shows pol ynerization results. % APR 2003 83 EXAMPLE 2 (Chem cal
treatment of ion-exchange |ayered silicate) In a 10 L separable flask, 9G%
sul furic acid(3..05kg_)t \A%% dded. tao kg of .distille

art i@

.5 wat er , . and
pencl ay Sl B HGESD S DI TP 13 S SREuf ST SR P us ava
Industrial Chemicals, Ltd...as an.ign-exchange |ayered silicate
(mont mori | | &i%ow%é&q r@?O&Oa?traé%’C,l%aﬁ@?{eﬁe ltréffﬁ‘@r e was
mai ntai ned ta react_.far, 5 10 hours. After finishing the reaction, the
reaction ni XtUtE <ol ed and was washed with pure water to pH 3. A solid

obt ai ned was pre-dr.ied at 0oC for_.2 S, n-a nitr st.r.eam. and coarse
particl es of nosmstr%ﬁeeqa]i%}no 7 cﬁta\‘/\%ﬁ% rBeen%D%re%.pﬁ%%%ﬁr&zmﬁmfnwt her
dried atg 15 |0 .8, tr r.eam.t. t aj chem cally
treated %rrec%lg'togfé#hlgclc grﬁ%ggﬂr}i}f/t%ar eat"éghg?rle%t irbtagftg%ull;egc?%&aei ned had a
conposi tion of iy Fheds : % + 0,60 WmPo Fe., 1.3 W % and
Na<0.2 wt % sglr}lj(f%ﬁ%ag&glot?e?nsoaln%rsm u\.%’TﬁiCISQrcta(r%rllgglrt ké%jsé%ya\#g?age 20

crushing strengt hQft IhdMPa s fRasuned Ry i& MU CoPIess on tester.
This carrier had a frequently appearing pore di ameter (Dm of 101 ~ by

nitrogen adgeiticre m hethaly Jatde wic 1Re e iiieshomerd zbk2 of, a peak
intensity of 25 the nost frequently appearing pore dianmeter (Dmiz/Dr of
0. 82, a ratithedfr aveaegdivaieteri ssteopilyety.3 ot asppakfentbhei ty aket he
nost frequently appearing pore di aneter ~ ~ aPR 2003 84 (Dnil/3/Dm of
0.71, andl aamaximags-itmestsing asfogyerteisdifaretasr]l S0 a4 iing tahe avexiamem
intensity (Dvso,,/D-",~) of 0.26. Also, a second peak intensity was about
20~. (Pore ¥PzZ&€istribution is illustrated in Fig. 2.) A pore volume of 5

|l ess than 1,000 ~ was 0.44 c ,.and surface area b T nmet hod was 221
nez/g. This carri®r %@’%ﬁ?%ﬁ%et}iﬁ%sﬁ}%ge STt ﬁ?ﬁgtl% “$Sreasured

by & LIS (SOTLASRA, LSPLSl PN O 0 £y ey vrer zelon

difficult to taken such a photograph depending on a

15 particle size or dispersibility of a catalyst, a
plurality of photographs are taken under the same
conditions, and at least 50 pieces of particles are
evaluated.

A catalyst before prepolymerization for measuring a

20 fluorescent light density may be employed by taking a
part thereof in the process of obtaining a catalyst after
prepolymerization, or a catalyst may be separately
prepared under the same conditions as in the preparation
of a catalyst after prepolymerization but without

25 carrying out a prepolymerization step.

Fluorescent light density of catalyst particles

after prepolymerization




Into a netallic reactor having an inner volunme of 13 L and having a

stirrer) a mxture of 0.20 kg of the above-nentioned dry silicate ang 0.74
L of heptane containing 3~ tol uene (hereinafter referred to as "nixed! 28R 2003
hept ane”) was introduced, and 1.26 L of a heptane solution of tri n-octyl

al um num (0.40 M was added thereto, and an inner tenperature was

mai nt ai ned at 25C. After reacting for 1 Bgur) the reaction m xture was
fully washed with m xed heptane to prepare 2.0 L of a silicate 20 slurry.

On the other handy, 0805k, 0f nIhXefl DEPLANSe Wag AALELNELL2nd719gk8 00 mmol)

of

-di chl ' dj h i | i -4-{4- 4 I I
1327 reon umPiegegh st Wi o |08 CIEPLO LA T (We e g LOPARTYS edia B
0.71 wa d ret t,,, 4m r : t room
gerrper 21/{ ur esﬁgfgﬁ' h%ﬁu?,gaﬁﬂofn?%g %%%ﬁ%%ﬁ% %:E%lg%ﬁne g\v\gil%‘g%iéd??%??he 17

APR 2003 85 %PﬁV@aP&?P%E&@' Shd i gate sl Wi Ydadndodhei Eesubt apte M xture was

stirred for our, and m xed heptane was added thereto to adjust the

vol ume tg 5.4hdtodhesieaf elet &niAEEr £ @RPEL AL thF £n ¥yaSt £ Bh§ el digr 40C 5 and
was stabilized, and propyl ene was supplied thereto at a rate of 67 g/ hour,

and the tenpsictogeapRs MRirthrired fAlitestdmruns.gihesitRynagy o

propyl ene was stopped, and the m xture was mai ntai ned for further 1 hour.
After finishiakget hendesepohy neame atdrod t 1dres remeimi tige 10as@nofreth&as pur ged,
and a catal yst obtained was fully washed with m xed heptane. Thereafter,
0.17 L of a drepinet sodfvienpndépelymnaeobzatd ol e hoek (Do7 1£f Midyesmsnadded
thereto, and the product was dried at 45C under a reduced pressure. As this
result, a pretimenivhingeanttatesyst containing 2.12 g of pol ypropyl ene
per 1 g_of catal }\{]St was obt ai ned. , Cat al %st garti cl es before,

prepol yi8ri zat i oRCBRACERY aPy sP2phat €1 8F o3 HET P Prepyl§hefftaPTon were

subj ected to.fluorescence observatipn tao tlatkeo}_ hei r. phot o rfghs gg gnd

were conpar 6d'SBhd At K VAT U HasCibd, @ P2 each 'partrcfé emi

fluorescent light. In such a case, as an evaluation
standard as to whether that is a fluorescent light-
emitting particle or not, a particle having an effective

15 fluorescent light-emitting part area of at least 1/100 to
an area of the particle on the transmitting light
photograph 1is judged to be a fluorescent light-emitting
particle, In this manner, with regard to 50 pieces of
particles, their fluorescent light density is compared

20 with that of a catalyst before prepolymerization.
Crushed catalyst or fine powder-like catalyst particles
are not preferable as a catalyst for polymerization, and
if such particles are added to be measured, a number of
particles to be measured is increased and consequently an

25 H wvalue becomes a lower value, thus apparently exhibiting
a favorable measurement result. In order to remove this

influence, catalyst particles having a particle size of



(Propyl ene-et hyl ene random pol yneri zati on) The sane procedure as in Exanple
1 was repeated, except that the above obtai ned prepol ynerization Catﬁ*Xﬁf
was used. As this result, a catalyst activity was 52,100 25 2003
g/ PP/ g-cat al yst hour) and a polymer had a bul k density (BD) of 0.475 (g/cc),
an MFR value of 8.1 (dg/mn) and a nelting point of 125.7C, and a

aggl oner at ed pol yner ~ 7 APR Z003 8G a nt was 2.5% EXAMPLE 3
(Propyl ene- et hyl ene random pol yneri zati o The sane procedure as in Exanple
1 was repeated, 5 exceEt that the prepol ynerization, catal yst obtained in
Exanpl e 2 was diptloyed® apll @ pdY Sy ¢ 288 FBhYEENPRFALGFE B12658F&nR°85 g of
et hyl ene were enployed. As this result, a catalyst activity was 48, 500
g/PP/g-catmgﬁﬂégiﬁl? and a polyner had a bul k density (BD) of 0.483 10

(g/cc), an MFR value of 1.6 (d /nin% and a nelting point of 121.7C) and a
aggl oner at ed poIgi%?EQESEBEEMEEEEQQJSEEXANPLE 4 (Chenical treatnent of

i on- exchange | ayer g silicate% 15 In a separagle flaské g&@bsulfuric acid
(750 g) was added tb 2 FI6CHCEr TArSOPFPRE RAPPY SinaEBnEr Ayt SECERGEr age
parti cl egsi 28 RoHM . 200 N IR a¢ 4t b Dy Mguspuasl DuSLEL ab Chem cal s,

Ltd. as an io0n-exc ayered siTica rilloni was addéd

t hereto, and, 1 r r gg a : 1 Thereafter,
t he reactio%uﬁgﬁ%%g?yugéwvgsﬁeg W?%ﬁé ist%f?ggéégpeggg%ﬂkﬁgégﬁipsoIid

obtai ned wasyipigs drd£d; atpd30C 101 @ #ay§ei PranBi k{09eH, SERLEAREL fRdpgoar se
particles of not snaller %han 53 um were renoved, and t%e 25 product” was

further driegtrala 209G éacaral t rHeem 1My @amd of DA d Ml hdrshempeal |y
treated snmectite. The chemically treated snectite thus obtained had a 17
APR 2003 include a transmission fluorescence microscope and a
10 reflection fluorescence microscope, and the reflection
fluorescence microscope is employed for observation in
the present specification. 2lso, it is preferable for
preventing a sample from being damaged to make the time
of applying a fluorescent light to a sample shorter, and
15 the measurement is finished preferably within at most 5
minutes, more preferably within at most 1 minute.
A catalyst component and prepolymerization
conditions to be used are not specially limited as far as
a2 prepolymerization catalyst having the above-mentioned
20 feature 4 can be obtained.
(a) A prepolymerization catalyst having feature 4
can be obtained by using a silicate having a specific
structure formed by combining such specific treatments as
described in the above paragraph “Catalyst component for
25 olefin polymerization”. The specific structure means to

have feature 1 and feature 2, preferably further to have

at least one property selected from the group consisting



8~ conposition of Al: 4.6 % Si: 41.5 w% M: 0.60 wt~, Fe: 0.9 wt~ and
Na<0.2 wt% and Al/Si=0.115 (nol/npl). This carrier had an average frqufng
strength of 8 MPa as neasured by a mnute conpression tester. 5 Th]sA 200d
carrier had a frequently appearing pore dianeter (Drm) of 101 ~ neasured by
nitrogen adsorption nethod, a ratio of pore dianeter show ng 1/2 of a peak
intensity of the nost frequently appearhﬂg pore dianmeter (Dmliz/Dnm of

0.83. A pore volune of particles of less 10 than 1,000 ~ was 0.43 cnB/g.
(Preparation _of catal yst/prepolynerizatiop catalyst) A three-forked flask
havi ng a voPénéeéﬁufeLgmégdsgﬁé Pfﬁtédtﬂﬁ?ﬁaHP§en§tréﬁeﬁgd&ﬁ&°§0 g of the
aboveobtainag chemcally treated snectite was placed therein, 15 and 116 niL
of heptane W84§Y&88ed thereto to prepare a slurry, and 25 nmmol of tri

n-octyl al um num was .added thereto, and s_stirred for 1 .hour, and the
resul tant produd®/wid SRasReB PP yﬁgﬁﬁéﬁggeﬁagﬁﬁﬁ Y4t &2VEPR00), and

hept ane was .added thereto, to just .the total volu Q_to 200 . On the
other hand. SFRUaAS: AGFEP! BEkCRUBETRE BBotfbfoviBs"aE 12240 232 U

(dimethy silyle [ - %- - (p=C rpph | ) - 4Hazul enyl )) zi r coni um
dichlorf%e f§f8%§g?ggg§gﬁ§g¥ eéﬁgggdggg ?g ﬁgﬁfane cont ai ning 3~ of toluene
to obtain a 2S %o and toiisehutyl akum-num; 3 | 51426 nL of a

hept ane solutio%hﬁg&iﬁg g coﬁcgﬁtratioﬁ OP 1%? ﬁg/nﬁ?ﬁvég added thereto,
and the resylLtaplsm¥i UkgaWes)stirred at 17 APR 2003 as room tenperature
for 60 mnutes to react the mxture. The solution thus obtained was
introduced into @)1k ﬁgag&pgqmgﬁmnkageﬁpgbyr@begﬁfﬁge above- obt ai ned
chemcally treated snmectite reacted with tri n-octyl 5 alum num and the
resul tant npxewoeywagishtiovadcbagitibagr. 213 nL of heptane containing 3~
of toluene was added to the flask containing the above-obtai ned catal yst

sl urry Igef ore plepordivci zat bgncrandtishe thesel wamst sl @isyr kG uwees i nt roduced
into a1 L autoclave. Into the autoclave, propylene was supplied at a rate
of 10 g/ houF°oR6FrRiRguRskRaNdepEBpbPYREFPSAREBNWHES EaPPLEdesirafion

mai ntai ning a tenperature at 40C. Thereafter, the suppl.ying of propylene
was st oppedPEEARTTRNGR P n@rcﬁéﬁﬁ¥ﬁﬁtHgéaﬁﬁ§drépsﬁﬁgﬁglgﬁcgpr'5 m nut es,
and renaini I ri [ S ried o ther .2 _hours., The

catal yar ol Gy rHEebBRl Bt abrctp tt PSR ARS8 o 1 ErBTe

super nat ant pbieguigd s c80drb& kSOPHEYbrakint yﬂ};(eﬁ)%i@;ﬁvlchav aMe fgidept ane

Ln
20 solution having a concentration of 140 ng/nL) as a

deacti viad | OfeRheWEBEI BYeBYENE nVBSepddoflet DzEREcheBRREAY RO/ IR, sand t he
resultant m xture was stirred for 10 minutes. A solid obtained was dri ed at

40C for 3 hawmpsruader iafileducedopr essatelyotoptaifnridndeqg ehda tthey 25
prepol yneri zation catal yst. A prepolynerization magnification (a val ue
obt ai ned bya@'pV'ﬁdmﬁgtéow@p@mgéﬁmﬁeafpéhw.’éreaﬁﬁ@ntinwnai@@l héveat al yst
amount) been solved on the basis of this discovery.
That is, the present invention relates to a catalyst
20 for olefin polymerization, which is a prepolymerization
catalyst obtained by contacting a metallocene catalyst
supported on an ion-exchange layered silicate with
olefin, wherein the catalyst is obtained by (b)
maintaining a polymer-forming rate at most 10 mg/min per
25 g of the ion-exchange layered silicate (a) until a

prepolymerized polymer in an amount of corresponding to a

pore volume of the ion-exchange layered silicate is



17 APR 2003 89 was 2.42. Catal yst particles before prepolynerization and
catal yst particles after prepolynerization were subjected to quore*yapgzDJ
observation to take their photographs, 5 and were conpared, and an H val %
was 28% (Propyl ene-et hyl ene random pol yneri zati on) The sanme procedure as
in Exanple 1 was repeated, except that the above-obtained prepol ynerization
catal yst was used. As this result, a cata%yst activity was 40,500 10

g- PP/ g- cat al yst ~hour, and a pol yner had a’bul k density (BD) of 0.484
(g/cc), an MFR value of 6.1 (dg/mn) and a nelting point of 125.9C, and a
aggl oner at eflopBRfrer amount was 1.2% EXAMPLE 5 15 (Chenical treatnent of

i on-exchange | ayered silicate) In a separable flask, 96% sul furic acid
(2,500 g) was adéed abeve 1sfaHl osensu s talist IRPArtod i Abtdird cial |y
avai l abl e monnorillite (Benclay SL 20 manufactured by M zusawa | ndustri al
Cheni cal s, RPYdcpmRasingddédet RBPELoMSHTd Res! PRIP e Sa @urdid ByP)stirring
at 60C. The _slurry thus obtained was gradually heated to 90C for 1 hour,
and was reatPedcaiPenentorl s RSufsinedrd Lore e sOrEPUAILANF € gradual |y
cooled to room 25 tenmperature for 1.5 hours, .and shed with distilled
wat er umti | CAMRRERPhg (Bl qufd e PR SRS MeEanEY5Hes A ISH3%F obt ai ned was

pre-dried a%a%%%%sf &p%sd%¥sm5%e%ials as fully described in the

above paragraph “catalyst component for olefin
polymerization” can be used as the ion-exchange layered
silicate of the component (B). However, it is preferable
10 to use a carrier having a specific structure obtained by
combining the above-mentioned specific treatments. The
specific structure has "“feature 17 and “feature 27, and
in addition to these properties, preferably has at least

one property selected from “feature 37 and “feature 5 to

15 feature 9”.

Generally, olefin polymerization of a catalyst
supported on a carrier takes a step wherein catalyst
particles collapse in accordance with growth of polymer
particles. If a growth speed of polymer particles and a

20 collapse speed of carriers are not well balanced,
collapse of particles and generation of fine powder are
caused. From this point of view, it is necessary to
carry out prepolymerization in a good balance with a
carrier strength in order to prevent growth of non-

25 uniform particles. Particularly, since an ion-exchange
layered silicate has a cleavage property, a balance

between a growth speed of polymer particles and a



17 APR 2003 90 nitrogen stream and was further dried at 200C for G hours

under a reduced pressure to obtain 707.2 g of chemcally treated 17 APR 2003
nontnorillonite. The chemcally treated nontnorillonite thus obtained 5 had
a conposition of Al: 5.21 wt% Si: 38.9 W% |~lg: 0.80 wt% Fe: 1.60 wt%

and Na<0.2 w% and Al/Si=0.139 (nol/nol). The product had an average
particle size of 24.5 um and an average grushl ng strength of optionally
sel ected 10 10 pi eces of sphere-like par |cles was 7 6 I\/Pa Al so, a pore

vol une was cnB/g. Th rt| cl.es t31 s obt.ai ned , nost frequently
appeari ng chr%1 pﬁ?etsé’re"(%ﬁ &a%eﬁso 1 & J@é"r?ea ?Wr@?hod and a

ratio of a pore diameter sho 1/ of _a ak Lnten of th t 15
frequent |y dFHearHy o ?Bﬁ] PZF toﬁnﬁe’? Or%PF@Be?rl

catal yst/pre O.Q/WEI‘.Irfﬁc’iltl on cat al t In a gl ass-made reactor havi ng an
i nner vol une 9. 0 € above-obtai ned chenically treated

therein, and 73. P oot Oregtvlﬁcl)e‘bjan heedH HB SR S e dhe
sol uti ongof faletivd gl uinumece, added thereto, and.d he dasutant, i xture

was stirfed & room tenp our erea e Tesul tant
product was y%esé‘%g AeRta and. Gy @ W%qéé@ast al
adj usted to 200 %1 t he rqu han 4. 26 (5 3003 m)(?r? %r}/

hept ane sol i dferhm Aﬂlmowﬁderﬁéx@mw vaassmci%ﬂ dchcenkh AFD2A08 H1 87. 2
m. (300. 37 uno of a heptane sol ution of

(r)di et hyl %éﬂé@’@blcﬁxﬁbdz‘%ﬂ@t by lprded A-vetd xareptieny | Denfddazad ey 13 zi rconi um
dichloride at roomtenperature and the m xture was stirred for 60 m nutes.
5 This conplexersalywid:min atasradded sur @@ giof ltihke abbee- ebbaipled it
nmontnorillonite treated with triethyl alum num and the resultant m xture
was stitPed i ¢mnle&r{termmﬁéﬁlf&)mmqamm0e§onﬂmle@f temte tdle resul tant

m xed slurry was introduced into a stirri ng system 10 aut ocl ave of inner

vol une of 1 SURRNITY 0PN do MAPARE IR 1HEE™h, hPiHkin esul tant

m xture was stirred. A te er at he autocl ave was stabilized at 40C)
and propyl erf@iad @H@ﬁﬁﬁr}a‘ “ate of 238.1 mmol/hr (constant rate

50C at Ja rht fe"éf@ﬁ%mn L D o PO e ) Hand B he remat ni ng
922 Yo U e, g EBURTaegL By S pDe st o e
catal ys{5 previously in a specific amount into a reactor before
prepolymerization, or may be supplied step by step or
continuously, but it is preferable to supply olefin step
by step or continuously. Particularly, when supplying
olefin step by step or continuously, a feeding rate per
20 hour of olefin is usually from 0.001 to 100 g, preferably
from 0.01 to 10 g, per g of component (B). More
particularly, the feeding of olefin may be suspended
intermittently during prepolymerization, or the feeding
rate may be varied as a lapse of time. Also, it is
25 possible to use hydrogen together with olefin for

adjusting a molecular weight if necessary. Also, it is

possible to control the reaction by using an inert gas



20 slurry was allowed to stand, and a supernatant liquid v,~as w thdrawn.
17.02 nmL (12.02 mmol) of a heptane solution of triisobutyl aluninun1wai
added to the solid conponent remai ned at roomtenperature, and the PR 2003
resultant m xture was stirred at roomtenperature for 10 m nutes, and was
25 dried under a reduced pressure to recover 61.8 g of a solid catal yst
conponent. The solid catal yst conponent %@us recovered was anal yzed, and a
prepol yneri zed 17 APR 2003 92 propyl en melght was 39.4 g. Catalyst
particles before prepolymerization and cat al particles, aft

prepol ymer i Z2HF B Sieh et EeBFBct LaWEHLRT LBriER ﬁ%€e0B¥eP95$%%ﬁ gﬁr%ﬁﬁe their
phot ographs, 5 and were c red, and an H val ue was 29~. On the, ot her
hand, under % %%%%té%%dlgfﬁﬁgl%% ¥h ?H@laﬁ%%ﬁtp?%iﬁ??ﬁe??z&??%hng a
treatnment, pre oI merization was initjiated, and.prepol rlzatlon reaction
was suspendedF %T?Bh%aﬁb?ﬁtEe%EeﬁﬁBﬂﬁelﬁoT% ?%S% ?bg Y&Haf AgmeRFanol
to purge unreacted remai ning gas), and a wei ght anmount of pol ypropyl ene

f ormed atiﬁﬁFF%spectlve points was determined to caIcuIate a

| h
ol yor opd ene. anBURE. FBFPiPg: CoheoY ERBEuTT Db T R Snects2EanEs ated 1rom

2 Dropylene ppunt charged uptacthe. tespectingappinta andee oessite and a

tenperature a he respettive p0|n 3 mnthou suspen é reac |oh An

amount of pol y, Yhene { ”Sgnc‘f‘@ﬁtgﬂ%ﬁn D@duéuQmQ EP%Q@dOQEOPW ene

amount , fron1ﬁ£ ﬂﬁ a propy[ene amount 20 in the gaseous phase and a

propyl ene ampyimtydbssalYedrkhehgpl pnerykr €. dedust ed. udbe/mesulis @€ shown
in Table 6. TabIe 6 shows a pol ypropylene-formng rate of 4 to 7 ng/ mn per

1 g of chemni sahéymafieat da mosihporiéht OB ec ot éngrht 06h 30s Masub syt 0 1 hour
after the initiation of 25 chargi ng propyl ene and al so shows that a | ow

| evel paDypriopyheheddbdroony00agémbf HréDeBably gEnom 0a80vatat Abnedmafter 1
hour. The total pore volunme of the 17 APR 2003 93 nontrnorillonite used
was 8.4 cnB Al/\#@chaléo@r@%lpbﬂd%l't 62 hbeorcanBrat bpnaipokypedbpyl énemanount .
Thus, a tine required for form ng an apount_of a prepol nerlzed pol ymer
(about 9.3 ¢f o@lpB?yerB9I%ﬂ8}/@grr%%%%%ﬁ?ﬂbytgrgmtﬂe 1t62al%Bore voi une of
t he nDntnDr|IIOf Le is about 210 mnutes. In Table 1, a pol yner-form ng
rate (ng/gHIH? é Shown by a maxi mumvalue in the initial stage of

pr epol ymer i zat i oa]-fegawnegﬁzét%ﬁpe_l,yesﬁt;@fcma PAL! 6BvLSchkbysbeated in

Fig. 10 4. (Propylene-ethylene random pol yneri zati on)

15 component with olefin is carried out at a temperature in
a range of usually from -50°C to 100°C, preferably from
0°C to 920°. Particularly, when an olefin concentration
is high, the temperature employed is preferably lower to
control the reaction. The temperature may be constant,

20 but may be varied as a lapse of time. Particularly, in
the initial stage of prepolymerization, it is preferable
not to make a polymerization speed higher, and thus, it
is preferable that the prepolymerization is initiated at
a relatively low temperature and the temperature is then

25 raised.

Also, it 1s possible to contrel a polymer-forming

rate by selecting a kind of olefin. In the present



The sane procedure as in Exanple 1 was repeated, except that the

above- obt ai ned catal yst was used. As this result, an anmount of a pol ympR 0
obtained was 170.0 g, 15 and a catal yst activity was 34, 000 ]
g- PP/ g-cat al yst hour, and a polymer had a bulk density (BD) of 0.441 (g/cc))
an MFR val ue of 10.81 (dg/mn)) an ethylene content of 3.81 wt% and a
melting point of 126.5C. The results are_summarized in Table 1 and Table 2.
20 EXAMPLE 6 (Propyl ene-ethyl ene random B@I yneri zation) The sane procedure
as in Exanple 1 was repeated, except that the prepolynerization catalyst
prepared i n iEvegmtion wer usedlandy 183 Fhet idiieches @ 3 cc of 25
hydrogen were used. As this result, a catalyst activity was 22, 000

g- PP/ g- cat alBraRfolme i E ginl yiRe 3RAY ey AR IRSSiRILRBOMIH 22 Ue3 (g/ cc),
an MFR val ue of 6.8 17 APR 2D03 94 (dg/m.n), and a nelting point of

136. 7C, and Syl et A wwl%yn&e%%i%ma@m@ 7 (Cheni cal
treatnment of ion-exchange |ayered 5 silicate) I.n a separable flask) 96~

sul furic aciRPl(y?W'g%oWsn%d%%rcF 13 2 PIPRFToVadivG i 13 160 Bencl ay

SL (average particle size 27 u 0 ) nuf.act ured by M zusa | ndustri al
Cheni cal g B R TS oﬁﬁsewhg}*ﬁfie %@Pl%ﬁﬁﬁrﬁ |5itcg]te§/~°(ﬁmtr’rf%9r' 14 oni te)
was added thﬁr et ol,eirtandor# he r(isuitant m xture was reacted at 90C for 390

m nutes. ThEFEFErtY (He TR o?‘P%‘r oduct was washed with distilled water

to pH 3. The soljd ?gt@ég%el%%‘\g\z géfg‘{ﬂﬁegja%p%%gﬁe}ga@i%y&i & hitrogen

stream and 15 coarse par mwer e renoved, and the

product was Luddiar i@t A5 200G hitk bl f QRN AP0 PhLALD g0 g of

chemcally freated snmectite. The chemcally tréated snmectite thus obtained
had a conposiddton Omg¥mirf geMyg, oS combbrznM ~B)Mlinth6Q wt ~, 20 Fe: 0.9
wt~ and Na<0.2 wt~) and Al/Si =0.115 (nol/npl). This catal yst had an average
cr ushi no st pargidlyofer8 AR rasl ymeas ursed daynead nimwre axoPrItessi on tester. This
carrier particles had a nost frequently appearing pore dianeter of 101 ~ by
ni trogen adsonptdmendtind arml oratid e off &hsoreonticamtter (BBhowi ng 1/ 2 of
a peak intensity of the nost frequently appearing pore dianmeter (Dnil/2/Dm
of 0.83. A pdteEn diaum ref apafmqrcq%e@%fm PAPAETL, IgoEn amourdpr 2003 95

corresponding to the pore volume of the component (B), a
polymer-forming rate is not specially limited. The

15 ©prepolymerization of the present invention is
characterized by being precisely controlled at the
initial stage. For example, in case of batch-wise
operation, it is necessary to precisely control at the
initial stage for 100 minutes, particularly for 50

20 minutes, from the initiation of polymerization. 2also, in
case of continuous operation, it is necessary to
precisely control at the initial zone for 100 minutes,
particularly for 50 minutes, of the retention time.

As mentioned above, the pore volume of the component

25 (B) is varied depending on a kind of an ion-exchange

layered silicate or a treating method employed, but it is

usually from 0.2 to 2.0 cm3/g. Accordingly, by taking an



was 0.43 cnB/g. (Preparation of catalyst/prepolynerization catalyst) A
three-forked flask having a volune of 1 L was substituted with dry
nitrogen, and 20 g of the above 5 obtained chenmically treated smect il { dPR8)
pl aced therein, and 116 nL of heptane was added thereto to prepare a
slurry) and 25 mml of triethyl alumnum (84 nL of a heptane sol ution
havi ng a concentration of 68 ng/nL) was ded thereto, and the resultant

m xture was stirred for 10 1 hour, and t resul tant product was washed

wi th heptane (washing rate: 1/109%, and_heptane was further added to adj ust
the total vGigENE PDOPPHRONERS0(B] M1sedt Hed 1FasROYFoVaHBM20ankP) ,

(dirnet hyl silyl enebi s(2-nethyl-4-(p-chl orophenyl)-4H15 azulenyl)%zirconium
di chl ori de (OIS HRLT - BB ) PR eiuEer T o Beht bR e2RBnERI ATMAYNSsTPoPBene to
prepare a slurry, and triisobut¥l al umi num (3 nmol : 4. 26 nlL of a heptane
sol ution haidgied cohcehe rt SRR BFeaUE P LG RaSCRE¥RH ERer et 0, and t he
resultant m xture was. reacted at 20 roomtenperature for 60 mnutes while
stirring. This P oA RaL 2T JcbdVihnd tEEENf | ask contai ning the
above- obtai ned ﬁ%urri of ¢

_?enicall séeated smeetite.r cteg with triethyl
al um nun? and t B PREPEERT RTALRr 2 hESTSY| PRedrt BPEE ROuPD/ 387288 AL of
hept t ai i 3= of . 1ol dded I i 0 th
anove ol ur 1 AT 2t Ve TR fotticst PR s L adkoe Mve, 17 APR
2003 96 Int . At ' te of 10

0C TG G e Baethan T A Ther cha JetP 2 T Sedi ng rat

g/ hr at 40C our, and was t er c ng rate of
22 glhr at 300 ¥ky 3 HOUES- 691 £6FH Yy OBbrREGPOLYEEE | B8 A8y iAa8YBRr Natant 5
liquid of a catalyst slurry obtained was renoved by decantation, and
triisobutyl adtiv@us €d2omm®| caldlyde of sanheplanensobste@n haviagya
concentration of 140 ng/nL) as a deactivation-preventing agent was added to
the renmhDni rgngant | oh, pahgnéhelis esodtdhhy Hoxhade whascht caneds10 for 10

m nutes. A solid obtained was dried at 40C for 3 hours under a reduced
pressure to adgbemendel gn off atlie yepkapos yneenpanenh . caietgsding to
prepol yneri zati on magnification (a val ue obtained by dividing a
prepolyneri2%ﬁ?cﬁF?ﬁﬁ@%E%n%ﬁ%Eﬂ¥sbyk%Pﬁ%?@@eca%%l9§%e{5tanﬁGﬁF?aﬁ&sa4.30.
Cat al yst partifles befgre pregolgnerizat%on an fatglysg Earticles fter
prepol yrer i ZAU T8RS TRF 2 50B] 2TE & 1 D1 T F udt eBcERcBT¥BEer Vht FEnTEGULARE their

phot ogr aphs, Xﬁrfoﬁﬁ’é‘}?@&'igzl%ﬁz‘?%@e&' %’i‘#@a%@sig‘lo%aé ally

(Propyl ene-et hyl ene random po Izat1on e sane procedure-as in Exanple
1 was repeatosysiedgepy Lhabrhbe pboyrepbialnedspsepelyaesi-eatiign catalyst
was used, and 15 g of ethylene and 34 cc of hydrogen were used. As this
result, a cairdysisedtini tyewasedloH0OrodbyhBrze8l ahystTealrloweel an MFR
value of 5.9 (dg/mn), and the obtained powder had a nelting point of

136. 2C and albul k denzipglwfedia8ligncravndihadosasbpstasldyy lpoitied,

il = - - ot e ]

but if it is too low, a long time is necessary for
prepolymerization treatment, and it is not industrially
20 favorable. Accordingly, the polymerization rate is
selected preferably in a range of from 1 to 10 mg/g:'min,
particularly from 2 to 8 mg/g'min.
A polymer-forming rate is not always necessary to be
constant as far as it is at most 10 mg/g'min until a
25 prepolymerized polymer is formed in an amount
corresponding to a pore volume of component (B). If it

is at most 10 mg/g'min, any combination of a constant



17 APR 2003 97 properties. EXAMPLE 8 (Propyl ene-ethyl ene random

pol yneri zati on) The sane procedure as in Exanple 1 was repeated, 5 eﬁziﬁé
that the prepol ynerization catalyst prepared in Exanple 4 was used a 2@3
of ethylene and 34 cc of hydrogen were used. As this result, a catalyst
activity was 12, 300 g- PP/ g-cat al yst ~hour, and a pol yner had an MFR val ue of
5.3 (dg/mn), a bulk density (BD) of 0.4;% 10 (g/cc), and a nelting point
of 136.0C, and had satisfactory powder properties. COVPARATI VE EXAMPLE 1
(Chem cal treatnment of ion-exchange Ial%;er ecfl silicate) 15 The sane procedure
as in Exanpl % medn rjéb@é‘?%%&n%ﬁ?g;ﬁ hft ICTRATAND I A& t3Y &ef wat er, 318
g of magnesium sul fate 7 hydrate, 26% % of %once trated sulfuric acid (96~)
and 240 g ofS"RIMRYRS 1 | PSnMES tiereuseeY Cand ta o E2ETHE9( Fai nt ai ni ng) ti e

was 8 hours. 20 this result, the obt ai ned pol yners_had a most frequently
appearing péteRf %Z?%EOW%IY l~nlﬂprﬁl??‘ﬁgteﬁy°ar&'§tﬁpﬁridoﬁl%‘i%o% and a

tio of di aret howi ng 1/.2 intensity of i t
requent |y BEr T AT bl 2/ D BP0 O (ore R 28
distribution is illustrated in Fig. .3). A | f ticl fol
Uhan 1, 000 AU TESE thby o dni s < MRS R0, BT mot hod vas 326 /g
? 7 APR 20 £ Al f i zat i on t) Th

%ﬁe%él%ﬁ&%%&n%f% %n %&@éﬂ—é‘%é’é %Pé}{ﬁéﬁr'az%tétﬁkﬁ{e’ﬁ’ia% st) The

l'y
same proceddre -as i I"'was rep ed) except tha ove

chem cal l'y tyeated midd et eNRSEMIAYES oA IhiSerf L3y Bnomers
prepol yneri zation cata~yst 5 containing 1.71 g of polypropylene per 1 g of
cat al yst wagmpptgd N8 ymerized in a short time by raising a

temperature.

10 Hereinafter, a forming rate of prepolymerization
polymer (prepolymerization activity pattern) is explained
with reference to various embodiments illustrated in the
drawings.

Fig. 5 illustrates prepolymerization activity

15 patterns (simply referred to as “prepolymerization
pattern”’) by batch-wise method. The axis of abscissas
indicates a polymerization time (minute) and the axis of
ordinates indicates a forming rate of a prepolymerized
polymer (g-polymer/g-B component-min). Also, (P;)

20 indicates an initial stage polymerization peak and (Pg)
indicates a latter stage polymerization peak.

Fig. 5 illustrates patterns (1) to (4), and pattern
(1) illustrates a pattern wherein after supplying a small
amount of a monomer to a prepolymerization system, the

25 supplying of a monomer is suspended half way. &

considerable amount of a polymer is formed in the initial

stage of prepolymerization, and the formation of a



Particles before prepolynerization and particles after prepolynerization
were subjected to fluorescence observation to take their photographs, and
were conpared, 10 and an H val ue was 910. (Propyl ene-ethyl ene randoi/ APR 2003
pol ymeri zation) Polynerization was carried out in the same manner as in
Exanpl e 1, except that the above-obtained prepol ynerization catal yst was
used. As this result, a 15 catal yst acti§i3ty was 25, 300

g- PP/ g- cat al yst ~hour, and a pol yner had bul k density (BD) of 0.32 (g/cc),
an I\/FRvaIueof93(d/mn andarreltl of 225.9C, and a

aggl oner at edPPIMFFer desr eend 'I"Jlfﬂéil asft%ﬁ-’é ZHRFVIFE t+2 f ol | owi ng

Tables 1 and 2. 20 COVPARATI VE EXAI\/PLﬁee Chem cagjgtsreat ment of

i on- exchangé‘-qrﬂﬁéiréd'— Gimash SorHea bredd &% lat te&niiags W Exanpl e
1 was repeate t, that the r actlon s C ied out at 25 0C for 5
hours. The Bt 3 AR5 IRT atC rﬁ??%’e’h STPELHER o )al n 164 g

of a chem caII tr ated, silic . The SI icate us. obt ai ned had
conposi ti on® a%?rbga qT VAL SJSteMl%/vt /apjsﬁﬁfy ﬁq%r /e anq 29 w %

0o 0 nd | /ol had
g\e/er;g?%\r,\tén ﬁ'g"strerﬁzﬁ[fl\h%gg‘ra%f I%;%C%es a19r9€a(1£r_0 T%%I)eaf-g%rs’ garrier had an

remaining monomer disappears, and an amount of a polymer
formed reaches 0.
Pattern (2) illustrates a pattern wherein after

supplying a small amount of a monomer to a

10 prepolymerization system, the supplying of a monomer is
suspended half way once. After a lapse of a
predetermined time, a large amount of a monomer is
supplied, and further after a lapse of a predetermined
time, a remaining monomer is compulsorily purged to

15 finish the prepolymerization. Since a large amount of a
monomer is present at the latter stage of
prepolymerization, a polymer-forming rate reaches maximum
at the end of polymerization.

Pattern (3) illustrates a pattern wherein after

20 supplying a small amount of a monomer to a
prepolymerization system, the supplying of a monomer is
reduced half way in such a manner as to make a polymer-
forming rate constant. Since a polymerization activity
of a catalyst is increased in the latter stage of

25 prepolymerization, an amount of a monomer supplied is
reduced in the latter stage of prepolymerization as

compared with the former stage. When a monomer is



5 (Preparation of catal yst/prepolynerization catalyst) A catal yst slurry
before prepol ynerization was prepared in the same manner as in Exanple 7)
except that 20 g of the above-prepared chenmically treated smectite bhdPRLGI03
mol of triethyl alum numwere enployed. 10 Also, a solution prepared by
reacting triisobutyl alumnum (3 mmol: 4.26 nL of a heptane sol ution having
a concentration of 140 ng/nL) wth a toluyene 87 nL sol ution of

di met hyl si | yl enebi s(2- et hyl - 4- (4- chIoro%ﬁenyl) 4Hazul enyl ) zi rconi um
dichloride (0.3 mm|), was added to the 15 above- ared slurry. The

above- pr eparBPR-btaf viR %IQQQ%t%%?o?%oﬁﬁ%po?yﬁﬁﬁé@%&%?ﬁﬁ%@@l?%troduced into
a 1l L autoclave, and 210 ntlof hept ane was ded thereto, and pr opyl ene was

suppl i ed at HIEFHE holF sLAWEEE e%Jéll‘?'ngc‘?%l D SPCRF RS tarry out

prepol yneri zation.. Thereafter, the supplyi Iene was siopped, and
remai ni ng potJHETTI 1P FF el REFYFRY %t‘ffg%ﬁ 4%@%‘? 1t E After

t | d qf, th b bt d_cat, st__sl
{17 sobut o %Ffﬁ#h i - 6 T o REBEIE SORATR havi ng a

oot o A LT S gy P s Sk
lid obt d t
113 o S e . oL gt e Uit

magni fi cat e (2 m&&&@epbé@a ned,Dys i vé déf‘& £n RLERALYIRL B2 ALL on pol ymer
anount 5 by a soli1d catal yst anmount) was 0.57. The above catal yst particles

before relation depending on condltlons, and such a case
provides this pattern without intentiocnally reducing a
10 supplied amount of monomer.
Pattern (4) illustrates a model pattern wherein
after supplying a small amount of a monomer to a
prepolymerization system, conditions of the
prepolymerization are changed half way and operation is
15 made in such a manner as to maintain a polymer-forming
rate in the vicinity of the maximum value of the initial
stage.
In any case of patterns (1) to (3), a polymer-
forming rate reaches a peak (P;) in the initial stage of
20 prepolymerization, and is then once lowered. The
polymer-forming rate at this peak (P;) 1s maintained at
most 10 mg/g'min per g of component (B). The polymer-
forming rate is rapidly increased in the latter stage of
prepolymerization, and reaches a peak (Pg) in some cases.
25 The polymer-forming rate at this peak may exceed 10 mg/g-
min per g of component (B). In the case of pattern (4),

a polymer-forming rate is maintained constantly in the



prepol yneri zati on and catal yst particles after prepolynerization were
subjected to fluorescence observation to take their photographs, and1%ﬁﬁe
conpared, 10 and an H val ue was 94~. (Propyl ene-ethyl ene random R 2003
pol yneri zati on) Pol ynerization of propylene was carried out in the sane
manner as in Exanple 6, except that the above catal yst after

prepol yneri zati on was enpl oyed. The 15 pgﬁder product thus obtained had a
mel ting point of 134.9C, and a bul k densi'ty of 0.376 g/cc, and its powder
properties were unsati sfactory. COVPARATI VE EXAMPLE 3 (Chem cal treatnent

of i on- exchaiget N derdd B kit e 0 td bf T e ti al |y avai | abl e

nmontnmorillonite (Kunipia F) manufactured by Kunimne Industries Co., Ltd.)
pul veri zed BFSPFeMshiFa W di spersed in 385 nL of pure water having 133 g
of magnesiumsulfate 7 hydrate, 25 and 109 g of sulfuric acid dissolved, and
the resul tant n1§%?w§9?@éﬂY%%£%éﬁt%?n1%@%??%?t2t%%ﬁr%?t%hﬁeaaﬂa¥og?ed to

roon1tenperatuQ§. This slurry was filtrated under a 17]§PR 2003 101
reduced pres¥ii® By dn Hppdt A KPS 13 THY Nk Mg be use

5 after washing with an inert hydrocarbon solvent.
Further, the catalyst thus obtained may be dried before
using.

(3) It is important to optimize an amount of an
organic AL (2) used at the time of prepolymerization.

10 It has been discovered in the present invention that
a high catalytic activity can be achieved without
degrading powder properties of a polymer obtained by
reducing an amount of an organic aluminum compound used
substantially to 0 or only a small amount at the stage of

15 prepolymerization, which was conventionally required in a
large amount, and the present invention has been
accomplished on the basis of this discovery.

An organic AL (2) used at the time of
prepolymerization may be the same as component (C). An

20 amount of an organic AL (2) used is from 0 to 10 mol,
more preferably at most 8.5 mol, to 1 mol of component
(A). The above-mentioned amount of an organic AL (2)
indicates the whole amount of an organic aluminum
compound present at the time of prepolymerization, and

25 includes an amount of an organic AL (1) remaining in the
solution, which is used for the above-mentioned treatment

of silicate.



panel having a dianeter of 18 cmand an aspirator connected with a suction
bottle. The filtration was finished after 1 hour. A calve was recov fﬁg aﬂﬁ
was nade 5 into a slurry again with 3,000 nmL of pure water, and was R
repeated 3 times. The filtration time was increased in proportion to tines
of washing, and the final filtration took about 3 hours. The final washing
liquid (filtrate) had a pH val ue of 3'47%H90 (Granul ati on of ion-exchange

| ayered silicate) The above chemi cally treated and washed cake solid was
made into a slurry having ,a concentration of 12 w % by addiggagare wat er

thereto) and t hePdFQrr §7t RGE-BrEHAPEE WaYCEESY Pdd 1LGE 1 MREG was

subj ected to 15 honpgeni zer trea nt . for 10 mnutes.. A part of the slurry
was recovere@e¥%lﬂeéguF8tasESFiPiE§ i??é?e nd2f evﬁﬁﬁpPEIEYQ?Eeoéas 5.1

~zm A fraction of particles of Less thﬁn 1~ yas Iess.gh n0. 1%. The
cheni cal |y 174t 6at RontASr PFI BRFFe SPAFFy>hEs 201¥pPascsr BRAl ated by a
- | at i - 8 fact d NG Kakouki K. K
Uty properoreenaRE SBLr 3ol GhLoRalEi BRe Hraoh | GELFaY el BERBURSTS urry
ties: 2,.84..5sl i Lty=30 nd density= CC;
g:)grpg{i L)%Sco]g&d?t?gﬁgzlﬁa éi zélﬁcggl}g ati OI%P‘%%V efr :Jlgtb%opl‘?%%]ragé}pepl%oed

0 U8 4P kb TRt ST yRuLet o eamReat g -120C and
combining the above-mentioned specific treatments. The
specific structure is to have feature 1 and feature 2,
and preferably in addition to these features, at least

10 one feature selected from feature 3 and feature 5 to
feature 9.

An amount of component (B) and a ratio to component
(A) and component (C) are optional, but an amount of
component (A) is generally from 0.1 to 1,000 umol,

15 preferably from 0.5 to 500 pmol, more preferably from 1
to 100 pmol, to 1 g of component (B). Accordingly, an
amount of component (C) is from 0 to 10 mmol, preferably
from 0 to 4.2 mmol, more preferably from 0 to 0.90 mmol,
to 1 g of component (B).

20 It is desirable to improve a catalytic activity, but
a polymerization heat per unit time naturally becomes
large. Accordingly, unless heat is effectively removed
in the vicinity of a polymerization catalyst, a
temperature is locally raised at a microsite, and

25 consequently there is a fear that polymer particles

agglomerate each other by dissolution or melting of a

polymer. However, the efficiency of the heat removal can



102 As this result, 60 g of granules were recovered. The granul es thus
obtai ned had a bul k density (BD) of 0.46 g/cc and an average particll A9} 2g)
of 47.0 Vim and an average crushing strength nmeasured by optionally 5

sel ecting 10 pieces of sphere-like particles was 1.2 MPa. Also, a pore

vol unme was 0.48 cnB/g. (Preparation of catalyst) A catalyst was prepared in
the same manner as in Exanple 5, except t@at 20.0 g of the above-obtained
10 granul ated silicate (total pore voluné:9.6 cnB) was used and propyl ene
was supplied at a feeding rate of 476.2 | /hr (constant rate of 20 g/hr)
for 120 ni nURRsSOME i A B FS1NG 42 6B P 0f Sh SHMPA8AE afYe{ OEofponent was
recovered. The solid catal yst conponent thus obtained_ 15 was analgzed, and
a prepol ymeriaedt ot vin vhod e v ghte - Brotht R iRsSReC 3L §C BRPREYEtCParti cl es
bef ore prepol yneri zatj on and caj al yst ticles after epol ynerj zation
Wer o Subj cotT 3 4TSS TR TS A VERT AN DA EARESR HEPTSphERBRARKE) 20

and were co d an val ue s, 28% On the other hand,

d )
pr epol ymer i %géﬁp%é§359ﬁ?} ted Uher* 2" same conditions as in the above
| i ti t t t d | i t 1oL i ded
(et hanol “vas addoh=?6 Bir GEURR: 288 URpBatteter BRar AP RGCGUET 18T ebPBet i ve
points as Sh&’?@?é@ JABL e By 1901%9&91?&'&‘?n@aﬁ@é’”%ém%g%%?yum' | the

respective points were nmedsured, and polymerrization ra
improved. Thus, when carrying out the prepolymerization,

it is preferable to employ specific conditions (a) and
(b) and to adjust an amount of an organic aluminum used

10 at the time of prepolymerization in the above-mentioned
range.

That is, (b) a polymer forming rate is maintained at
most 10 mg/g-min per 1 g of an ion-exchange layered
silicate (a) until a prepolymerization polymer is formed

15 in an amount corresponding to a pore volume of the ion-
exchange lavered silicate.

After finishing the prepolymerization, the catalyst
may be used as it i1s depending on its used form, but it
is possible to dry the catalyst if necessary. When

20 drying the catalyst, in order to prevent the catalyst
from being poisoned with impurities, it is preferable to
add an organic aluminum compound having the same
structure as component (C).

During contacting the above-mentioned respective

25 components or after contacting, or after finishing the
prepolymerization or after drying the prepolymerization

catalyst, a solid material including a polymer such as



17 APR 2003 103 at the respective points were calculated. The results are
shown in the following Table 6. It was proved from Table 6 that a

pol ypropyl ene formng rate was 10 to 17 ng/mn per 1 g of silicate 5 P %
20 to 30 mnutes after the initiation of feeding propylene, and thereafééﬁ 03
the formng rate was naintained at a high level of from6 to 11 ng/mn. The
used silicate had a total pore volunme of 6 cnB corresponding to 10.7 g of

a pol ypropyl ene meight anount . 10 Accordingly, atime required for formng

a prepolynerlzed mer (10 ro | ene) corr ondln the tota
pore vol ume RALY® '&"% $RRatROhAR h%) Fn' E%Feg ?‘?heaﬁg 58| §7H8 PZ8tfon
pattern is illu trat din Fj yl ene- etTgLene ran

copol ynmeri z&¥3 S&Tre® b%%du?%t ﬁ Bxahpfe ﬁasm?¥p ﬁted except

that the above P ymeri zatj on gatal u g his result t he
propyl ene- etHiF %%p%¥y%§¥ PRUS %B?%¥ﬁ@d@ﬁﬁ§ BELH- g2 %aiﬁﬁy%? activity
Sﬁﬁs.ltlyo?‘éa)zo%%%@%% £ PRIV R e 06 B Rk it agr BrRP YR Py ene
gapr:rgp fzgg ?né?%w? Or??%\:/\/l@}lg T%ngu?g %t% %%g%g’g@%g%&/é@%mﬁa&wm 4
(Preparation, ol Cat & ¥§lar fofabal YBLeYasSaPLepALedutNchBe same manner as in
prepolymerization.
(4) When forming a prepolymerization catalyst, it is
important to have a new additional metallocene complex
10 contacted with a metallocene catalyst on a carrier.
As mentioned above, in the present invention,
component (A) and component (C) optionally used, together
with a metallocene catalyst supported on component (B),
are contacted with olefin to form a prepolymerization
15 catalyst. As mentioned above, in the prepolymerization
step, by accumulation of a prepolymerized polymer,
collapse and dispersion of component (B) proceeds and a
surface area 1s increased. In proportion to the
procedure of prepolymerization, a polymerization active
20 site is formed on the dispersed component (B) by
contacting with component (A), and an active site
precursor structure is newly formed.
In the present invention, formation of a new active
site on the active site precursor structure is
25 accelerated by contacting (a) a new metallocene complex
and (b) a new organic aluminum compound optionally used

with the metallocene catalyst effecting



1 ~ APR 2003 104 Conparative Exanple 2, except that a prepolynerization
tenperature was 60C. As this result, a catalyst having a prepol ymer{zapp om3
magni fi cation (a val ue obtained by dividing a prepol ynerized pol ynmer anount
by a solid 5 catal yst amount) of 2.07 was obtai ned. Catal yst particles
before prepol ynerization and catal yst particles after prepolynerization
were subjected to fluorescence observation to take their photographs, and
were conpared, and an H val ue was 89~. 1&2(Propyl ene- et hyl ene random

copol yneri zation) The sane procedure as in Exanple 1 was repeated, except
that the abavecpokbpotyiextzeni cndat ahysioxmsprgpelymeribasiorwsult, a

catal yst activity was 36,000 g pp/g-catal ysthour, and the pol yner thus

obt ai ned hadcatabypol ymerhich keerapenent (BD) bf i@l gdteperaed MRewal ue of
8.2 (dg/mn)) and a nelting point of 127.0C. EXAMPLE 9 (Preparation of

cat al yst/ pr dpol grevidedikin redudirg )pavelchkae robedurelew in exanple 2 was
repeated, 20 except that propylene was supplied at a rate of 100 g/hr 'for
4 hours at tPeeR®HENeriprehyl yirITeat (HrrWEs 15 suseended) aor

prepol yneri zation catal yst containing 2.25 g of polypropylene per 1 g of a
cat al yst Swasr BB Red ©2ikal 95t ParkT LY HO At e pdtyheri whERBR and 25
catal yst particles_after prepol rization were subjected to fl uorescence
observation Q%FY%&%ethEﬁ?énﬁé#?%# jng the present invention.

A new metallocene complex added during the
prepolymerization step to be contacted with the
metallocene catalyst effecting prepolymerization may be

10 the same or different from a component defined as a
metallocene complex already supported as component (A),
and its amount used is selected in such a manner as to
make the total amount of component (A) and a new
metallocene complex in a range of the above-mentioned

15 amount of component (A) used to component (B). A mol
ratio of component (A) and a new metallocene complex is
optional, but preferably 1:0.01-1:100, more preferably
1:0.1-1:10.

Also, a new organic aluminum compound optionally

20 used may be the same or different from a compound defined
as component (C), and its amount used may be defined also
in the same manner.

Contacting of the metallocene catalyst effecting
prepolymerization with (a) a new metallocene complex and

25 (b) a new organic aluminum compound optionally used, may
be carried out at an optional time during the

prepolymerization step carried out by contacting the



and were conpared, and an H val ue was 15% 17 APR 2003 105 It was proved
fromTable 6 that a pol ypropyleneformng rate per 1 g of chemcally treated
nontnorillonite was from1 to 5 ng/nin during 30 minutes to 1 hour a&ftAPR 2003
the initiation of feeding propylene, and 5 thereafter the form ng rate was
maintained at a low level of from2 to 3 ng/mn after 1 hour. Accordingly,
atime required fox formng a prepol ymeri%)ed pol ymer in an anount of
corresponding to the total pore volune of "the nontrnorillonite was about
120 m nutes. Also, Table 1 10 shows that a, polypmer-formng rate (ng/gmn)

i ndi cat ed a TRLG HLATERE LR FRLY P WHFR | @t e SHAGRISRT prepoRYHERT zat i on
reaction. The prepolynerization pattern is jJlustrated in Fi.g. 4.

( Propyl ene- éﬁ%@e%e‘galﬁﬁ%m}i@?%ﬁ?rz]a?? oFYRABE LORT opyitetie- iR1 ene

copol ymer was contipuously produced [ n accprdance with a process Pr ovi ded
With & bul k GOTSAGHBRTEH Baric Ly St oritontt | SFnePHET PR d° pHater 17

B0 <T urry- ai 1| TS ARG G 201 PLLTACTAG | IR OR RGatks ng cystem
com: ¢80 4Bl gy Ubro¥al mhsal sxelpnas and.allow ashtaly and
2.0, mand cqilopgiuf 1 2 Batd-e.veneanavipge (lapeleraol, 110 g and ol so

A R R SR T i
concentrati ofgpf 2QMBiamtid |2 iGatid] Yde s NP Ghil e gjtj/ letlrgqyjlr,\{? of 0.42

g/ hr as a catal yst conponent. Into this reactor, 78 kg/hr

propyl ene, 2a oot hoDimef hylodwee A6 §itr Obubidydingen eaerbér 8 g/ hr of
triisobutyl alum num were continuously supplied, and polynerizati on was
carriedlout dyrermyiphadhi ogmpenémt etBal usedperat wenatdebr ids, thwts resul t,
a propyl ene-et hyl ene random copol yner having quite satisfactory powder
properti es Vidse obeaiaeuing b drahedintubfudpablyg@hter Afewningsa activity

was 52,400 gpp/ g-catal yst, and an a_ctivi}%g er 1 hour was 400300
gpp/ g- cat al YEtHOUFYMEREZ §| BB wker 2 bt P hedlt ahttheli hsfde of the

Goposi 11 on OF GUESTbh B 1HE Dol yac - HBRHRrE: SHTBLTRE Teaktor virs not
and pol ymer BDR048s B1er. SRR S osu [ B & s et 208 1h TheTaT S ng
Table 315 an effect by a new metallocene complex, prepolymerization
is carried out until a prepolymerized polymer is further
formed in an amount of at least 0.5 g, preferably at
least 1.0 g, more preferably at least 2.0 g, per 1 g of
component (B).
20 (5) In the formation of a prepolymerization
catalyst, it is important to subject a metallocene
catalyst on a carrier prepared under specific conditions
to slurry-washing with an inert hydrocarbon solvent or
liquefied a-olefin and then to carry out olefin
25 prepolymerization.

In the step of preparing a metallocene catalyst on a

carrier by contacting component (A) and component (C)



20 EXAMPLE 10 (Propyl ene-et hyl ene random copol yneri zati on) Pol ynmeri zati on
was carried out in the sanme manner as in Exanple 9) except that Q 84 Q&r

of the prepol ynerization catalyst as a catal yst conponent, 1.30 25 ké? Rdmm
et hylene, 0.30 g/hr of hydrogen and 58.0 g/hr of triisobutyl alum num were
supplied and a polynerization tenperature of 70C was used, and a

pr opyl ene- et hyl ene 1 ~ APR 2003 107 rapgom copol yner having excel | ent
powder properties was obtained in an anount of 23.2 kg/hr. A catalyst
activity was_ 27 and .an _activity per 1 hour was 21, 200

g- pp/ g- cat al%rti“%g%‘rﬂ E‘PS/‘I‘%%C"S%W l )rfr‘ic%m%od?ﬁﬂatr (tQUS Tt A SFRFLhe S nsi de of
Hop05t L1 on STDLARELE oioiCThes ST EISFE it o Tt T o S ot

ond 10 pol y Ter Bl 1t Gom R Rt SRS o e Tor o ng
Tabl e 3. EXA&\(/)I?n EO%%?élgB)Che%%ﬁgﬁfg gl;a\gelr%)itbj]r%]‘blcé aé/ofﬁﬁezrﬂl}den a 2 L flask,

200 g of commercTi vai | e rontnori’l1oni ?"anclay SL",
manuf act ur ed. b Lﬁg%@: I:;}gyjfs i 2 .G L ) i.spers in a

m xture gol ﬂflf%fn%‘? 1, 1919 0 i%ée%aﬂe \Ki}a?e%' lg_grge\é}%ﬁggf"sg!tf 3% c acid
and 96 g of ﬁéé@é&é&?%f@é% aa%fﬂecire@&mctcﬁfmadﬂfﬂdg”@iﬂ@sfo%“ rred at 90C
for 10 hours. The 20 resultant product was filtrated and washed with

desal t ed wat@dmd et 3. Sf fd)idd WHY Qfri6tiayy Hdi@orA Waibekeveent ai ni ng

solid cake obtained in the above paragraph (1) was pre-dried at 110C for 10
hours to 25 spd@tdirid todi et sad tor reatece ittt idoniige, P. nong t he
pre-dried nmontnorillonite, particles passed through a 150 nesh were further
dri ed under Gegatuced @1 e urenane0CA) B APRIZBOI <8 far A dwurs. This
carrier had an average crushing strength of 14 MPa as neasured by a mnute
conpr es$Pon REEsteReds ( HNArRIFE IR MATCOREdRE tReRMeme stz ab] e
treated nontnorillonite i ,
is caused. Further, component (A) adsorbed in a carrier
during prepolymerization without being supported on
component (B) causes formation of a deposited polymer
during main polymerization.
15 Thus, the present invention is accomplished by
providing a uniform prepolymerization catalyst having
component (B) highly dispersed, which is obtained by the
steps of (a) proceeding the carrying reaction by
contacting component (A) with component (B) for at least
20 30 minutes, (b) slurry washing the contacted material
obtained by the above operation (a) with an inert
hydrocarbon solvent or liquefied a-olefin to remove a
byproduct derived from component (A) and (c) carrying out
olefin prepolymerization with the washed material
25 obtained by the above operation (b) to remove particles

having a low prepolymerization degree or to remove a part

of low prepolymerization degree in a particle.



100 g of the dry nontnorillonite particles obtained in the above paragraph
(2) was placed in a 3 L flask under a nitrogen atnosphere, and was 7APR2M3
di spersed in 118 niL of n-heptane. Further, 483 nL of a n-heptane sol ution
of 10 triethyl alum num (concentration 0.622 nol/L) was added thereto at
roomtenperature with stirring, and the m xture was reacted for 1 hour, and
the resul tant product was subjected to sgk{ling separation to renove 400 nL
of a supernatant l|iquid. Thereafter, 400 of n-heptane 15 was added
thereto, and the m xture was stirred for 10 m nutes) and the resultant
product was subjEeeedorbacbingi pgesepheat PHnCARECORABts(B) e8®8d t o washi ng
steps three tinmes to renove 400 nL of a supernatant |iquid, (4) Catalyst
prepar at i on FYNEQERE of B h- hept et eh P Ul O DI SYSh 900% 1 bF otbe 3 #

but yl cycl opent adi enyl ) haf ni um di chl ori de were di spersed in 2.0 L of

n- hept ane i rf&FaLRE ‘?e?‘alét%}i* e%f@ﬁ‘ﬁ%&lawaﬁa@d RYY2F#E12i 9% er under a
nitrogen atnosphere, and t m xture was stjrred at 75C for 10 ninutes.
Further, 25 %B-D-%ol - (lilé)t 9’61"%)C%‘Ftal‘?1i3é?$y'fl%? uh? nﬁﬁ?@\%’éa]%ijﬂeﬂtt%‘%?%’fo, and
t he resu#tarﬁ m Xt ure was furthe% stirtred fﬁ 10 mn tes. reafter, while
it af i ng thei e ARRE 008 0% et 729 OBF PO di o g’iﬁsmn of 0. 90

L of n-k d 100 g of th d-
ot mor 11 oR P8 BB A h i TR T T BhobE Bt “%%%%%%”pﬁﬁ”w% FbibetCi nto the

react or. and 4 e CesllLanto MALE o SRS SEALT €8 L0010 TLaHL s, (51

Prepol yneri i'on an tenperatur Feagt | o systemof the

above par agraph:d Qo yes n@?ééﬁéﬁgt{&q%c@%a@feéwﬂ:&@&ﬂa% Suh 8t roduced

at arate of 10.0 NL/m 75 mnutes to 10 carry out prepol ynerizati on.

The supplyi rliQtO:fs gb Iy f &ReH Na St St ORPESy ancohtgc ethy| earpasthRet§e seact or
was substituted with nitrogen. The above-obtai ned prepol ynerization

cat al ys10 sl ufgst Was0 g s ack fidrtadb Inheqt aross turdtd®e, t herpr edectrablyg washi ng
rate becones 15 1/8.6. The above-obtai ned prepol ynerization catal yst slurry
was pl aced impst 1609C.t ank type vibrating syst em vacuum dri er equi pped with
a steamjacket for conducting heat, and 4 L of heptane was then added into
the reactor, (sl @ 1cdfatnet WS FRFHPRI P PREERR) reactor were 20

transferred to the drier. After ||OWI g%%o stand to r nmove about 5 L of
super nat ant quu‘?’ﬁ 3 5RO IBFT 18P ;GL g) o fim i Lot Tro A4S umSas added

thereto at rQqg L at ur %f(?g 14 @?gﬁg llgél&gegg%lﬁ)é g}ééol id powder of

bi s(n-butyl (?yc ope adi eny ni um I'ori de was added thereto,
and was; gli swaﬁﬁlme,shfkwge@é 40G d0end0 MHUEESe AhheEnEONikOYI Ny the

shaking for “10 m nutes, the resultant m xture was subjected to dryi'ng under
a 17 APR 20053 1dH copolymerization, a kind of a comonomer used may
be o -olefin selected from the above illustrated o-
olefins, which is other than the main component. AaAn
amount of a comonomer is selected under such conditions
20 as to produce a polymer having desirable physical
properties (in respect of a melting point, a molecular
weight, a stiffness, or the like), and is more
effectively selected so as to provide a low melting point
polymer.
25 Any polymerization system may be employed as far as

a catalyst component and each monomer are efficiently

contacted. For example, a slurry method using an inert



reduced pressure at 70C to distill the solvent off. While maintaining the
tenperature, after visually recognizing that the sol vent was substant;?ubyzma
distilled off, drying under a reduced pressure was carried out for 5

hours, and as this result, 1,016 g of a prepolynerization catal yst powder
was recovered. (6) Prepol ynerization and drying 900 g of a

prepol yneri zati on catal yst powder obtain in the paragraph (5) was
introduced into the 10 reactor of the above paragraph (4) under a nitrogen
at nosphere, and was nmade jnto a slurry again with 4.2 L of n-heptane. After
adj usting ardOiEr tRnfRiEt e ROLZERE L Fﬂcpwtln%ag%qajﬂsfm ‘i']il‘é‘ghyl

al um num was added, thereto and the resultant m.xture was stiyred for 10 15

m nut es. Af (9P LY RS iNPRVECI e rat IR P (TP SR et b 86 PARE et hyl ene
gas was introduced at, a rate of 1%.0 NL/min fqr 75 mnutes to carry out
pr epol yrer i i%ﬁ”i%.arﬁ'ﬁéjesﬂtbp??f‘ﬁﬁq f Tt HYy I EHe %t%ep%é%g,: I%ﬁfd“faﬁen%?%yl ene
gas in the reactor was substituted vm'%h nill;ro an. The 20t repol yneri zation
catal yst sl FFY* HIECTOB at'hetl 9@l ?)tra(";lceedgl’il ns%%le la‘—"rlr ef %%el'goﬁltg 1‘3%]en%1b%ve

par agr aph (S)ucad 4.4, . et ane Js: Jfien added Q.1 reaglon g Lranst er

all of the contents renaining i rintd the-drier. ter all ow ng

to stand to gemys ahouts 59451%613122&7%%9%{'3%@{%':*% d, drying under a

reduced pressure was carri‘ed out at a solvent off. Wiile
mai nt ai ni ng 48 ASPA B €. 13 (RlseVicTuahhy rheeRANE NG atr ibh ABR Z003 111
that the solvent was substantially distilled off, "drying under a reduced

pressure Wass:0aiFdtesh Qi g e 2o hopisdcansbrasod Mg desmitic 1,851 g of a
prepol yneri zati on catal yst powder was recovered. 5 (7) Qbservation of

cat al yst by Hyjdimseatdent esualeras dopeardde loaitadyst pattdcd es before

prepol yneri zati on of the above paragraph (4) and the catal yst particles
after ptepoloyrEidlrtaon dendmnabovel yeragraphe 6)ikwe e tosubsetted to

fl uorescence observation to take their photographs, and were conpared, and
anong the c@&HNBtODHIIR & PrEPOTS AT i T 7 oM H okt t3OH DIt a Aunber of
particles having a fluorescence density, nof | ower ”r:ZaQ t he fl uorescence

density of 1 PYFH 3 EChFYRETE Prepst vttt Zatiort (HYValfis) A% 3% (8)
el ehect. I rore: Hval ;
Ethyl ene-1 ?nulﬁ@tle&% P Qvé’ﬁé—éﬁ%}%ﬁ%&?ﬁ P%e%ﬁ],gqgf&y%%ﬂ er"i‘a'h'%ane 0

et hyl ene- 1- but'ene 'was cartie epof yneri ion catal yst

of the above naraghaph, (Wea Thus, LT3 ehithe 40 Rrepo chaadion
cat al yst powder obtal ned ien t he at?o@\%eaparagerg)phﬁ%), 10(% ng/ hr of

triisobutyl ia urgdmwn arsl 5 Tndrefic.di et hyl al um num et hoxi de were
intermttently supplied into a continuous type gas phase pol yneri zation
reactor in whi chalseni xé unetghsooénet byt zhest buf etiee apde2&ntiydr ogen

(but ene/ et hyl ene=1. 8% hydrogen/ et hyl ene=0.038% is circul ated.

Pol yrer i zat 18y eresicarn ove coAril thxrise vy 90€ mur@idinere ynddral pressure

of 18 kg/cnR, an ) , . .
copolymer, and is particularly suitable for producing a

propylene-ethylene copolymer. Also, it is suitable for

20 producing a low melting point polymer, and is
particularly suitable for producing a propylene-ethylene
random copolymer having a melting point of at most 140°C,
preferably at most 135°C, more preferably at most 130°C,
moét preferably at most 125°C.

25 The present invention is further illustrated with
reference to the following Examples, but should not be

limited thereto.



1 ~ ,4PR z003 112 average production amount of polynmer of 292 g/hr, and an
average retention tine of 4.1 hours. (9) Blending of additives The
foll owi ng antioxi dant and neutralizing agent 5 were blended with t Hé Bl
obt ai ned et hyl ene-ce-ol efin copol yner as additives, and the bl ended product
was kneaded and granul ated by a nonoaxi al extruder having an aperture
di aneter of 20 mm Anti-oxidant: 1,000 pﬁg;of oct adecyl - 3-(3,5-t-butyl 10
4- hydr oxyphenyl ) propi onate (Irganox 1076 nuf actured by Chiba Speciality
Chem cal s Conpany); 700 ppm of tetrakis _
(2, 4- di - but y| phéhylthe £o8ilowdmg Exergilgsosms CoMPrERG iven dp@stdrasd by
Clariant K. K.) Neutralizing agent: 300 Epnlof calciumstearate (Ca 15 St
(B. K nmanuPargiFad ByONﬁfgéeﬁayérecsvsa beger ¢royhr Emlfeaag on and
eval uation Bl own-filmnolding was carried out under the follow ng operation
condi ti ons B§*B8Fng a nonoaxi al extruder having an aperture diameter of 30
mm 20 Screp%éagerture di aneter 3 ./ D=25, full flight type Screw

re

0 _mm
rotation nu CHBBELt298 PPMIBFES Spi FAF-RERGRBESIILEY CAFEr Sirlé CGitEet er
25 mm %ip mjdtgh%mgcgqlanalysis is carried out in accordance with
JIS method to prepare an analytical curve, and
determination is carried out with fluorescent X-rays.
(2) Measurement of pore size
Measurement conditions of pore size distribution by
10 nitrogen adsorption-desorption method are illustrated.
Apparatus: Autosorb 3, manufactured by Quanta Chrome
Company
Measurement method: gas adsorption method
Measurement conditions:
15 Pretreatment conditions: 200°C, 2 hours, under
vacuum (at most 107% torr)
Sample amount: about 0.2 ¢
Kind of gas: nitrogen
Gas liguefaction temperature: 77 K
20 (3) Particle size measurement of ion-exchange layered
silicate
A Laser micronizer (“LMS-24", manufactured by
Seishin Kigyo K.K.) was used. Measurement was carried
out by using ethanol as a dispersion medium, and a
25 vparticle size distribution and an average particle size

(median diameter) were calculated in terms of a

refractive index of 1.33 and a shape coefficient of 1.0.



25 Resin tenperature: 180C Filmsize: folding dianmeter 78 nm thickness 20
um The fil mthus obtained was visually observed, and a 17 APR 2003 113
nunber of fish eyes having a size of a long dianeter of at |east O./1AMDASs
calculated per 1 g of filmwas neasured to be 7.8 pieces/g. The results are
summarized in the following Table 4 and Table 5. 5 COMPARATI VE EXAMPLE 5
Cat al yst observation by a fluorescence m'7groscope, et hyl ene- 1- but ene

copol ynmeri zation, blending of additives, and filmformation and eval uati on
were carried out in the sane manner as in Exanple 11 (7), (8), (9) and 10
(10) by usi ndk AEHMEFAWRS Y at i on cat al yst powder obtained in Exanple 11
(5). The results_are su| rizezg}in the fol]owi ng Table 4 and Tabl e

5.
EXAMPLE 12 (1) ARiTFth SHiTRhtVRURI QY iRt A5y bejer g-3dte hEred al |y
avail able swell able nontnorillonite ("Bencgl S, uf actured .hy M zusawa
PP -ER: R M) S QPRI RR SRRl R i ST LIRS S S
and the resul tc‘%”;% m.xt ur OC for -2 hours. The resultant

ef was stirre at .
product was a e at SC¢ %t %tuh §IF dedA tpégdl%%rerwas( f}ea§éﬁe r eat nent

and drying of_ c eral ALl > S| ic acid-treated nontnorillonite
cake obtgi ngﬁqign Ye aacc‘)evé'“é;hra:}gfr]%plﬁﬁ’;l was dispersed in 1,276 g of a

comerci al | y(ﬁv?é%gﬁ anyl sulfate 25 aqueous solution (containing 7.5~
of Ti02 and .5 0 . manuf actured by Sakai Chem cal I|ndustry Co.,

Ltd.), and the resubianl: dhoperabon; vas,ad IdRthdla 3C dQloztiandd APR 2003
114 hours. The resultant product was Tiltrated and washed wth desalted
water to pHy3.tn 2wty awatserecont ai ni ng solid cake obtained was pre-dried
at 110C for 10 hours to obtain titaniumsalt-treated nontnorillonite. Anobng
5 the pre-dri®d agylidmydddeaidreyurpardf gdedsmpassed t hrough a 150 nesh sieve
were further dried under a reduced pressure at 200C for 2 hours. This

carrierlhad an aEernagenacraishiene s¢f ehgdid0 ofm, 18 Malvsemeastread tyea m nute

conpr essi on t,est er. )
sieve shaken for 10 minutes was measured.

(7) Bvaluation of bulk density of prepolymerization
catalyst
A bulk density was measured by flowing a solid
15 catalyst component through a stainless-made funnel having
an exit aperture diameter of 5 mm¢ into a 10 cc
container to measure a weight as expressed by weight per
1 cc.
(8) Evaluation of flow properties of prepolymerization
20 catalyst
Flow properties were measured by placing 14 cc of a
solid catalyst component powder into respective
stainless-made funnels having a conical angle of 30° and
various flow aperture diameters of 5 mm¢, 6.5 mm¢, 8 mm
25 ¢, 12 mm¢d, and 20 mm¢é . Numerical values indicate a
minimum aperture diameter which causes flowing.

(9) Measurement of average crushing strength



10 (3) Preparation of catalyst 2.41 L of n-heptane and a slurry dispersion

of 0.90 L of n-heptane and 100 g of the dry nontnorillonite obtained UW mapz
above paragraph (2) were introduced into a 10 L reactor equipped with a 003
dielectric stirrer under a 15 nitrogen atnosphere. A tenperature in the
system was adjusted to 30C, 24. O nol (11.8 g) of bis
(nbutylcyclopentadienyl)hafniun1dich|orid§ was dispersed in 0.9 L of

n- hept ane, and 96.0 nmol (10.96 g) of trie?hyl al um num was i nmedi ately

added thereto, and the 20 tenperature in the systemwas rai Lo 40C. The
resul tant m xt ur EXnadS e eh&F G CIHGEBE TR, AdMiad Lool ed to 30C

and was washed with n-h p%}zs’ne yntil a _washi n%.rate
a

f 1/,69. (4
Prepol ymer i z 360 255 U ﬁ?%ﬂﬁéz§d885p95atH@ncafgpféﬁngl&&F%ngﬁﬁﬁ ned in
th b h (3) .t K i quid t of 4.21 L d 96.0 |
(10.5670) of os PeRA e dsciag =3 SaPR 2003 EFs addca RIrats at 30C
and the tenperature was im"re%i %thel% rai sedet% 50 .and tﬂe TXteltéLE was
stirred for P&FEn BRI L RO GPSs SPFREr BXFEERSF R “Fefpér &arE o %yst em
was adj ust edBteO.aBQ:%us q%ga%t%%%gﬁ”%fg%% %%r?;alnqj[cr %‘%%?%rat a rate of 10.0

NL/mn for 80 mnutes to~carr repol ymerrzation.” The suppl yi ng of

ethyl ene was (?Lto?g) 11304 oG fe%a%:pggg}n%% zl 1bhe h%ﬁ%:e?l% 5‘%%% fitj ﬁgatdewt ed

wi th nitrogen. yi ng of pr i zation cata

prepol ymeri zat i on i@l oterd i U@jgeed in the above paragraph (4) was
transferred into a dryer used in Exanple 17. (5) under a nitrogen

atnosphere. 4 L of fiephaneamse addeddoddormeatior  (rath @bk d:he ggntent s
remaining in the reactor were transferred into a drier. 15 The

prepol yneri zatikon Catgoyat ishur hpvtinansf @pred ludtre sicka ceeacttachmwasital | oned
to stand to renove about 5 L of a supernatant |iquid, and drying under a
reduced g esEOFE VA9 Ocalr meedugyt lampl0€qudpiest ills aedelvedt tof fs Wil e

mai ntaining the tenperature, it was visually recognized 20 that the sol vent
was subst ant faMpyegicenicel 8d caPErored df YRAGCERERFSacPeatvebipReYare was
then carried out .fqor 2 hours, and _as this result,

982 f )
prepol yneri zSBF6H SCaCHty Y FoRGEPNES PYC6FErEGT ((@fléfgh)?flvé%@- fiRdeare
copol yner i Za%k%@t%% %&S 3@'363%%009;9105%%&75 tiQn o ot hyl %ﬁ%sand 1-hexene was
hé™p y ro thée

carried out By Using e prépol yreri za catalyst o above paragraph
(5). Thus, 366, Bhcokbet R8crotécpBR 2003 116

15 (Preparation of microsection)

A microsection for observation was prepared by using
emulsion oil TYPE DF for fluorescence observation
manufactured by Nikon Corporation and inserting a sample
between a commercially available slide glass and a cover

20 glass.

(Microscopic observation)

The above prepared microsection was observed by
ordinary transmitting light observation to confirm a part
wherein particles to be observed are appropriately

25 present, and its image was recorded in accordance with
the following method. Thereafter, the same visual field

was observed by fluorescence observation and its image



prepol yneri zati on catal yst powder obtained in the above paragraph (6), 100
mg/ hr of triisobutyl alum numand 68 ng/hr of diethyl alum num ethoxide
were intermttently supplied into a continuous type gas phase 17 APR 200
pol ynerization 5 reactor in which a m xture gas of ethylene, hexene and
hydr ogen (hexene/ et hyl ene=1. 20, hydrogen/ethyl ene=0.0360 is circul ated.

Pol yneri zation reaction conditions were 96C, an ethylene partial pressure
of 18 kg/cnR, an average production anmount of polynmer of 265 g/hr, and an

catal yst by SF | torBseeRob nrerareanes BT that s Srr et ReRsy (T
Exanpl e 11 (7) - 08 5ndeprorecknebpEdartbnife’ 2ERRRMESER TN (he 1011 owi ng
Table 4 and Tabl g éig%@Aﬁég&XEc eWkE;QSQégagg?gaggyﬁanb frgakRbyst 2.41

L of n-heptane and a“Slurry dispersSion o -heptane and 100 g

of the dry 'eghgRhy! 00! LeaRbLaLacditn SXaPhEcdfak 2ule! o DlspdUREd 1Nt O

a 10 L reactor ‘equl ppe ielectric stirrer under a nitrogen

at nosphege. Jihs, L epPEEALUEEnER hDErSYSEEE ¥RSwad] Yst efly L 0e39 & - @nelk24. 0
mml (11.8 g) of bis(n 25 butyl cycl opent adi enyl’) haf ni um di chl ori de was

di spersed | m&nPfact @bl BOPLEREN @BEPSFa i BADE0 (28860 Bn Obbséreeay!
al um num was i nmedi ately added thereto, and the 17 APR 2003 117

tenperature iMaybe(Bygherivasibat sedot® ¥56C, tansotheitiesyl tant m xture was
stirred for further 10 m nutes. (2) Prepolynerization The tenperature in

t he system oforidiet Ay eopacagr aphvB-T741)0 wasradgast edo t @B 80L) xadh) et hyl ene
gas was introduced at a rate of 10.0 NL/mn for 80 mnutes to carry out

pr epol yneri zeitwbrer Theesdpplyilhg( dixed hydrdewhate shappede : ahdP¥He. et hyl ene
gas in the reactor was substituted with nitrogen. The tenperature in the
system 16 wekledol HH2g8 I0T} I BNILPRECY B3Y| FURET pPBAURET Dt fhed Wi t h
n-heptane unti]| a mashing rate 8f 1/69. EXying of the-prepol ymerization
catal yst wasIFHPrFRUTBatIPR ¢ At s3He HAMRRr 35T FREERRApI R 127 (5) to recover

783 g of a prep%%”ﬁé%ﬁgt EOBiQ?ES‘EVEE%BP‘r"gggntQ &ﬁ)-PEUa‘Jn%%ifgg{?uged

Et hyl ene- 1- hexené” cop nerrzation, obse I'on of a catalys

f 1 uor escence,yn g£PEEOPCcoRLEAYI NGnQE gL LT ¥E8put k! Mefor 8BLE AN A0E by
eval uation were carried out I1n the sanme manner as in Exanple 12 (6) ‘and

Exanpl e 11 20-{}ing 9% odade (383 . oThBrigsthéssar €26 UsNAr¢3etrasit i he20
follow ng Table 4 and Table 5.

15 on the VH-7000 side. With regard to conditions other
than the above-mentioned conditions, the initially fixed
conditions for VH-7000 and VH-P40 were employed as they
are.

(11) Washing rate

20 A washing rate indicates a washing degree of
decantation washing of a silicate of the present
invention after treated with an ocrganic aluminum
compound. A total amount of an organic aluminum compound
contained in a solution after reaction, were defined to

25 be 1, and to the total amount, an amount of an organic

aluminum compound remained after washing was determined

in accordance with the following calculation formula.
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solid side by the washing operation or was not adsorbed.
For example, in case of decantation washing
5 operation, a washing rate is calculated in the following
manner.
Wi=(Vp~dy) / (Vot+Py)
W= (V31~d3) / (V1+P3)
Wn= (Vyp-1-An) /Vn-1
10 Washing rate=W; X Wy * * x Wy,
(wherein W, represents n th washing rate, V,.; represents
a solution amount after (n-1)th washing, dn represents an
extracted amount at the time of n th washing, and P,
represents an added solvent amount at the time of n th
15 washing. 0 time means the time after organic aluminum
compound treatment) .
(12) Melting point (Tm)
By using DSC6200 manufactured by Seiko Instruments
K.K., 5 mg of a sheet-like sample was packed into an
20 aluminum pan, and a temperature was raised from room
temperature to 200°C at a raising speed of 100°C/min, and
the temperature was maintained for 5 minutes, and the
sample was then cooled to 40°C at a cooling speed of
10°C/min to have the sample crystallized, and the sample
25 was then heated again to 200°C at a raising speed of

10°C/min to measure a maximum peak temperature (°C) of

melting.
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EXAMPLE 1

(Chemical treatment of ion-exchange layered
silicate)

Into a 3 L glass-made separable flask equipped with
a stirring vane, 1,130 mL of distilled water was placed
therein, and 750 g of concentrated sulfuric acid (926%)
was slowly added thereto, and 300 g of montmorillonite
(Benclay SL, manufactured by Mizusawa Industrial
Chemicals, Ltd.; average particle size: 25 um, particle
size distribution: 10-60 pm, composition (wt%): Al 18.45,
Mg 2.14, Fe 2.34, Si 32.8 and Na 2.62) was dispersed
therein, and the resultant mixture was gradually heated
to 90°C for 1 hour, and the temperature was maintained
for 5.5 hours, and the mixture was then gradually cooled
to 50°C for 1 hour. The slurry thus obtained was
filtrated under a reduced pressure to obtain a cake. The
cake thus obtained was washed with distilled water until
the final washing water had a pH of exceeding 3.5, and
the washed product was dried overnight at 110°C under a
nitrogen atmosphere.

According to nitrogen adsorption method, the product
had a most fregquently appearing pore diameter (D,) of 101
A, a ratio of pore diameter showing 1/2 of a peak
intensity of the most frequently appearing pore diameter
(Dmi1/2/Dp) of 0.76, a ratio of a pore diameter showing 1/3
of a peak intensity of the most appearing pore diameter

(Dm1/3/Dm) of 0.60, and a maximum intensity of pore
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diameter 50 A to the maximum intensity (Dyso,/Dyu) of 0.26.
A second peak intensity was about 30%. (Pore size
distribution is illustrated in Fig. 1.} A pore volume of
particles of less than 1,000 A was 0.42 cm®/g, and a
surface area by BET method was 225 m?/g. This carrier
had an average crushing strength of 13 MPa as measured by
a minute compression tester.

The composition (wt%) of this chemically treated
montmorillonite was Al 4.80, Mg 0.70, Fe 1.20, Si 41.2
and Na of less than detectable limit (0.2). Eluted rates
of respective components were Al 55%, Mg 74%, Fe 59% and
Na 93%. Mol ratios of respective components to Si were
Al 0.121, Mg 0.0196, Fe 0.0146 and Na less than 0.0059.

(Preparation of catalyst/prepolymerization catalyst)

The following operations were carried out by using
deoxidized and dehydrated solvents and monomers under an
inert gas.

The above chemically treated montmorillonite was
dried at 200°C for 2 hours under a reduced pressure.

20 g of the dried montmorillonite was introduced
into a glass-made reactor having an inner volume of 1 L
and a stirring paddle, heptane containing 3% of toluene
(hereinafter referred to as "mixed heptane”) and 84 mL of
a heptane solution containing triethyl aminium (0.596 M)
were added thereto, and the resultant mixture was stirred
at room temperature. After 1 hour, mixture was washed

with mixed heptane (washing rate<l1/100) to obtain 200 mL
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(4-chlorophenyl)-4H-azulenyl] }zirconium dichloride, and

5 the mixture was fully stirred, and 4.25 mL of a heptane
solution of triisobutyl aluminum (0.706 M) was added
thereto, and the resultant mixture was reacted at room
temperature for 1 hour. Thereafter, the above prepared
silicate slurry was added thereto, and the resultant

10 mixture was stirred for 1 hour, and mixed heptane was
added thereto to adjust to 500 mL.

The above prepared silicate/metallocene complex
slurry was introduced into an autoclave having an inner
volume of 1.0 L and a stirring system, which was fully

15 substituted with nitrogen. When a temperature became
stably 40°C, propylene was supplied thereto at a rate of
10 g/hour, and the temperature was maintained. After
four hours, the supplying of propylene was stopped, and
the temperature was raised to 50°C, and was then

20 maintained for further 2 hours. A prepolymerization
catalyst slurry was collected by a syphon, and about 300
mL of a supernatant liguid was removed, and the slurry
was dried at 45°C under a reduced pressure. By this
operation, a prepolymerization catalyst containing 1.9 g

25 of polypropylene per 1 g of catalyst was obtained.

Catalyst particles before prepolymerization and

catalyst particles after prepolymerization were subjected
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A stirring system autoclave having an inner volume
5 of 3 L was fully substituted with propylene, and 2.76 mL
(2.02 mmol) of a triisobutyl aluminum'n-heptane solution
was added therein, and 30 g of ethylene, 100 cc of
hydrogen and 1,500 mL of liquid propylene were introduced
therein, and a temperature was raised to 70°C and the
10 temperature was maintained. The previously prepared
prepolymerization catalyst was made into a slurry with n-
heptane, and 10 mg (except for a weight of a
prepolymerized polymer) of the slurry was charged therein
as a catalyst under a pressure to initiate
15 polymerization. The tank temperature was maintained at
70°C. After 0.5 hour, 5 mL of ethanol was added therein,
and a polymer obtained by purging the remaining gas was
dried at 90°C for 10 hours. As this result, 175 g of a
polymer was obtained. A catalyst activity was 35,600 g-
20 PP/g-catalyst-hour. The polymer had a bulk density (BD)
of 0.45 (g/cc), an MFR value of 8.5 (dg/min) and a
melting point of 126.8°C. A agglomerated polymer amount
of the powder thus obtained was measured and was 0.8%.
The results are shown in the following Tables 1 and
25 2. Table 1 shows physical properties of an ion-exchange

layered silicate and a catalyst, and Table 2 shows

polymerization results.
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scal e, and productivity can be inproved.zﬁlso, the present invention solves
such problens that fine powders are produced since catalyst particles 15
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drawi ngs and summaries are incorporated herein by reference in its

entirety. 1dyer8BRs7008a125 (kbAtMBrilibneatal ysk aeapanentrter akefin
pol ymeri zati on, which conprises an ion-exchange | ayered silicate having the
foll ow ng featar esmd @ 2emperature was maintained to react for 5
10 hours. After finishing the reaction, the reaction
mixture was cooled and was washed with pure water to pH
3. A solid obtained was pre-dried at 130°C for 2 days in
a nitrogen stream, and coarse particles of not smaller
than 70 pm were removed. The solid was further dried at
15 200°C in a nitrogen stream to obtain 0.80 kg of
chemically treated smectite. The chemically treated
smectite thus obtained had a composition of 2Al: 4.0 wt%,
Si: 38.8 wt%, Mg: 0.60 wt%, Fe: 1.3 wt% and Na<0.2 wt$%,
and Al1/8i=0.107 {(mol/mocl)}. This carrier had an average
20 crushing strength of 11 MPa as measured by a minute
compression tester.
This carrier had a frequently appearing pore
diameter (D,) of 101 A by nitrogen adsorption method, a
ratio of pore diameter showing 1/2 of a peak intensity of
25 the most frequently appearing pore diameter (Dpi,2/Dn) oOf

0.82, a ratio of a pore diameter showing 1/3 of a peak

intensity of the most frequently appearing pore diameter
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a pore size distribution curve 10 cal cul ated from desorption isotherm by

ni trogen adsorption-desorption nethod, a pore dianeter Dml/z (~) on the

smal | er pore size side corresponding to % 1/ 2 peak intensity of the maxi num
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followi ng s step - after granul ating, e | on- xchange

| ayered sil 'c%ts%l'n@ gl WidA 1an 16l 4 N g.a ag) & Gengad ration (N
satisfying the foll'owmng formula (1), N6.0 (Fornula I') wherein the acid

concentratlQ@ﬁgﬁéggq&grqggegﬂby acid mol 10 nunber x acid val ence nunber /
aci d aqueous solution volunme (unit: liter); and step 2: after the above

step 1, the ion-exxchenge iayesedsidlieat orepdInaasetzat 1 dn adw 0s Dast ©
aluninun1conpound havi ng an al kyl group having at |east 4 carbon
10 (Preparation of catalyst)

Into a metallic reactor having an inner volume of 13
L and having a stirrer, a mixture of 0.20 kg of the
above-mentioned dry silicate and 0.74 L of heptane
containing 3% toluene (hereinafter referred to as “mixed

15 Theptane”) was introduced, and 1.26 L of a heptane
solution of tri n-octyl aluminum (0.40 M) was added
thereto, and an inner temperature was maintained at 25°C.
After reacting for 1 hour, the reaction mixture was fully
washed with mixed heptane to prepare 2.0 L of a silicate

20 slurry.

On the other hand, 0.80 L of mixed heptane was added
to 2.17 g (3.00 mmol) of (r)-dichloro{l,1’'-
dimethylsilylenebis{2-methyl-4-(4-chlorophenyl)-4H-
azulenyl]}zirconium, and 21.1 mL of a heptane solution of

25  triisobutyl aluminum (0.71 M) was added thereto, and the

resultant mixture was reacted at room temperature for 1

hour, and the mixture thus obtained was added to the



15 atonms. 5. The catal yst conponent for olefin polynerization according to
any one of Clains 1 to 4, wherein the ion exchange | ayered silicatg | ﬁ
snectite group silicate. 6. A catalyst for olefin polynerization Hgvhpﬁg Dhe
20 following features 3 and 4) which is fornmed into a prepol yneri zation
catal yst by contacting a netall ocene catal yst supported on an ion-exchange
| ayered silicate with olefin: feature 3: gthe ion-exchange | ayered silicate
has an 25 average crushing strength of at | east 3 MPa as neasured by a

m nut e conpression tester; and feature 4: a pr | ynerization .

hompgeni zat POR VN BECERER AR 15605 T2 R NATob) BhU ok T odi % scent
observation_results of ch .of_ catalys articles hefore prepolynerization
and after tWé‘spFé'rr}&rﬁ?e iFath 3}?1‘]1'5' a%nmx%%ewa%ewacsat%&%é for olefin
pol yneri zatign_accordi ng, to .5 .Cl ai.m-6 erel n i on-exchange | ayered
silicate as t%gfrieﬁgd 5% G35 t%et c}’qsh%mse usoe?. rthabA catalyst for olefin

pol yneri zati on, chis a F%r??/ls Iyégeré%‘?éée%lt&aé %ggtrgpgﬁé ned
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rate is maintained at nost 10 'm _ 1 g of thei'on exchange 1ayered
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corresponding to a pore
After 6 hours, the supplying of propylene was stopped,
and the mixture was maintained for further 1 hour.

After finishing the prepolymerization, the remaining

10 monomer was purged, and a catalyst obtained was fully
washed with mixed heptane. Thereafter, 0.17 L of a
heptane solution of triisobutyl aluminum (0.71 M/L) was
added thereto, and the product was dried at 45°C under a
reduced pressure. As this result, a prepolymerization

15 catalyst containing 2.12 g of polypropylene per 1 g of
catalyst was obtained.

Catalyst particles before prepolymerization and
catalyst particles after prepolymerization were subjected
to fluorescence observation to take their photographs,

20 and were compared, and an H value was 12%.

(Propylene-ethylene random polymerization)

The same procedure as in Example 1 was repeated,
except that the above obtained prepolymerization catalyst
was used. As this result, a catalyst activity was 52,100

25 g/PP/g-catalyst-hour, and a polymer had a bulk density
(BD) of 0.475 (g/cc), an MFR value of 8.1 (dg/min) and a

melting point of 125.7°C, and a agglomerated polymer



vol une of the ion-exchange |ayered silicate. 15 9. A catalyst for olefin

pol ynmeri zation which is a prepol ynerization catal yst obtained by cog%a@%iﬁ&,
a nmetall ocene catal yst supported on an ion-exchange |ayered silicate’d
defined in Caiml1 with olefin, wherein (b) a polyner-formng rate is

mai ntai ned at nost 10 ng/mn per 20 1 g of the ion-exchange |ayered
silicate (a) until a prepolynerization pglyner is fornmed in an anpunt
corresponding to a pore volunme of the ion-exchange | ayered silicate. 10. A
catalyst for olefin gol rrggization, which is a 25 prepol ynerization

catal yst obtH'NeUtby28ohtaéting a netal | ocene catal yst supported on an

i on- exchange Ia§ered silicate as defined in Claiml with olefin, wherein
(a) a 17 328 new netal | ocene conpl ex and (b) an organic al um num

d [ I d dwth . | | I
Supported on ¢ he FERPESERARBEAY A5BF et B PICRESMaF bor Beaht hat the
net al | ocene conmplex 5._(a)_na Qe the same_or _different fromthe netall ocene
conpl ex al ready tﬁﬁpﬁ?%gdprf¥? sta?ﬁl§§tE¥8Wp%Fe$iWa%ofﬁﬁﬁ?ﬁﬁgtion, whi ch
. I . ! I . .
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contacted with a netall ocene c or east 30 m nut es,

mat eri al Obt@f”@@cb%ﬂd1%@gfvcﬁf CAHHAGNORRHA i URed .S Washedgwith a

slurry of a liquefied a-oléfin or inner 15 inert hydrocarbon sol vent, and

(c) olefin prepelynesi2zatidpst sacedivied was by, siSo g/ op )@t €5 2l yobt ai ned by
t he above washi ng operation (b). 12. A process for producing pol yol efin,

whi ch conpr ils@sr pohiydres i go hgmet ehad dHybwkk ndems tay al Bt c¢dbnprisdng a 20
nmet al | ocene conpound and a catal yst conponent for ol efin polynerization as
defined1lPn dades)l. 43 MPRpvatessof of. pr bduthig potdg ok efieht indi pbiconpri ses
pol ymerizing olefin Qy using a catal yst E?rcgﬁeg n pol ymerization as
defined in @&Hi¥%b.7°C, and a agglomerated polymer amount was 0.9%.
EXAMPLE 4
(Chemical treatment of ion-exchange layered
silicate)
15 In a separable flask, 96% sulfuric acid (750 g) was
added to 1,130 g of distilled water, and Benclay SL
(average particle size 27 pm, 300 g) manufactured by
Mizusawa Industrial Chemicals, Ltd. as an ion-exchange
layered silicate (montmorillonite) was added thereto, and
20 the mixture was reacted at 90°C for 390 minutes.
Thereafter, the reaction product was washed with
distilled water to pH 3. A solid obtained was pre-dried
at 130°C for 2 days in a nitrogen stream, and coarse
particles of not smaller than 53 um were removed, and the
25 product was further dried at 200°C in a nitrogen stream

to obtain 140 g of chemically treated smectite. The

chemically treated smectite thus obtained had a
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carried out by maintaining a temperature at 40°C.
Thereafter, the supplying of propylene was stopped, and

15 an inner temperature was raised to 50°C for 5 minutes,
and remaining polymerization was carried out for further
2 hours. The catalyst slurry thus obtained was subjected
to decantation to remove a supernatant liguid, and
triisobutyl aluminum (12 mmol: 17 mL of a heptane

20 solution having a concentration of 140 mg/mL) as a
deactivation-preventing agent was added to the remaining
portion, and the resultant mixture was stirred for 10
minutes. A solid obtained was dried at 40°C for 3 hours
under a reduced pressure to obtain 68.4 g of a dry

25 prepolymerization catalyst. A prepolymerization
magnification (a value obtained by dividing a

prepolymerized polymer amount by a solid catalyst amount)
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to fluorescence observation to take their photographs,
5 and were compared, and an H value was 28%.

(Propylene-ethylene random polymerization)

The same procedure as in Example 1 was repeated,
except that the above-obtained prepolymerization catalyst
was used. As this result, a catalyst activity was 40,500

10 g-PP/g-catalyst-hour, and a polymer had a bulk density
(BD) of 0.484 (g/cc), an MFR value of 6.1 (dg/min) and a
melting point of 125.9°C, and a agglomerated polymer
amount was 1.2%.

EXAMPLE 5

15 (Chemical treatment of ion-exchange lavered
silicate)

In a separable flask, 96% sulfuric acid (2,500 g)
was added to 3,750 mL of pure water, and 1,000 g of
commercially available monmorillite (Benclay SL

20 manufactured by Mizusawa Industrial Chemicals, Ltd.) was
added thereto, and was made into a slurry by stirring at
60°C. The slurry thus obtained was gradually heated to
90°C for 1 hour, and was reacted at 90°C for 5 hours, and
the reacted slurry was gradually cooled to room

25 temperature for 1.5 hours, and was washed with distilled

water until a washing ligquid (filtrate) became pH 3. A

solid obtained was pre-dried at 130°C for 2 days in a
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The product had an average particle size of 24.5 um,
and an average crushing strength of optionally selected
10 10 pieces of sphere-like particles was 7.6 MPa. Also, a
pore volume was 0.42 cm®/g. The particles thus obtained
had a most frequently appearing pore diameter (Dy) of 90
A by nitrogen adsorption method and a ratio of a pore
diameter showing 1/2 of a peak intensity of the most
15 frequently appearing pore diameter (Dm,2/Dm) of 0.76.
(Preparation of catalyst/prepolymerization catalyst)
In a glass-made reactor having an inner volume of
500 mL, 20.0 g of the above-obtained chemically treated
montmorillonite (total pore volume 8.4 cm®) was weighed
20 and placed therein, and 73.7 mL of heptane and 84.0 mL
(50.0 mmol) of a heptane solution of triethyl aluminum
were added thereto, and the resultant mixture was stirred
at room temperature for 1 hour. Thereafter, the
resultant product was washed with heptane, and a slurry
25 amount was finally adjusted to 200.0 mL.

On the other hand, 4.26 mL (3003.58 pmol) of a

heptane solution of triisobutyl aluminum was added to
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5 This complex solution was added to 20.0 g of the

above-obtained montmorillonite treated with triethyl
aluminum, and the resultant mixture was stirred at room
temperature for 60 minutes. Thereafter, the resultant
mixed slurry was introduced into a stirring system

10 autoclave of inner volume of 1 L having 209 mL of heptane
placed therein, and the resultant mixture was stirred. 2
temperature in the autoclave was stabilized at 40°C, and
propylene was charged therein at a rate of 238.1 mmol/hr
{constant rate of 10 g/hr) for 240 minutes. Thereafter,

15 the temperature was raised to 50°C at a rate of 1°C/min,
and was maintained for 2 hours, and the remaining gas was
purged to recover a prepolymerization catalyst from the
autoclave. The total time taken for the
prepolymerization was 6 hours. The recovered catalyst

20 slurrxy was allowed to stand, and a supernatant liguid was
withdrawn. 17.02 mL (12.02 mmol) of a heptane solution
of triisobutyl aluminum was added to the solid component
remained at room temperature, and the resultant mixture
was stirred at room temperature for 10 minutes, and was

25 dried under a reduced pressure to recover 61.8 g of a
solid catalyst component. The solid catalyst component

thus recovered was analyzed, and a prepolymerized



10'" 10yZ10% & ()-10% & ()- 10% & ()-|

10% & ()-L10% & ()" Z10% & () -=>r >>>?2dENPL 10'* 1010% & ()-" 10% §()s0 o
10% & ()-10% & ()-L10% & ()- YF10% & () - ?? @@ @a@BWP1 10' ' T*APR 2003
1,110% & ()-& 10% & ()- Y(10% & ()-&L10% & ()-!": 10%u& ()-": 10% & () - @G\SAI AA
ABJEMPL 10'' 117 10% & ()-y5g 10% & ()-310% & () -

110% & ()-/10% & () - - 10% & () - BGBHBI BJBVBYBBUC_ =

1001 TL 110% (* (& ()-1L 110% & ()- le‘V&'() "SML0% & ()- 10t 10t

10t LOF10% & () \C3LE: & @ =

10° "100/‘&'()p Ring ?&W(%q "‘“iaﬁo/eé L1910\ & ()-1 " 10%a& ()-! "10%{& ()

-~FFREEEE{II§Oa 10W‘&f 10 10 10! p/ 9! 1096 v /9110% & ()-Vv
1/ 91 109KK& ( %43 %\5 %_ﬁlsr g@%@ 1ep01 $21Yad 208 E

" 10%1??&( ; ) s ‘ / &I% e]ﬁ;%ﬁ(\iwlﬁ p]OQL@ﬁgéeraé'lon were subjected

to fluorescence observation to take their photographs,
5 and were compared, and an H value was 29%.

On the other hand, under the same conditions as in
the above prepolymerization treatment, prepolymerization
was initiated, and prepolymerization reaction was
suspended at various points as shown in Table 6 (by

10 adding ethanol to purge unreacted remaining gas), and a
weight amount of polypropylene formed at the respective
points was determined to calculate a polymerization rate
at the respective points. Also, a part of a
polypropylene amount formed at the respective points was

15 calculated from a propylene amount charged upto the
respective points and a pressure and a temperature at the
respective points without suspending the reaction. An
amount of polypropylene formed was determined from a
charged propylene amount, from which a propylene amount

20 in the gaéeous phase and a propylene amount dissoclved in
heptane were deducted. The results are shown in Table 6.

Table 6 shows a polypropylene-forming rate of 4 to 7
mg/min per 1 g of chemically treated montmorillonite
during from 30 minutes to 1 hour after the initiation of

25 charging propylene and also shows that a low level
polypropylene-forming rate of 1 to 3 mg/g'min was

maintained after 1 hour. The total pore volume of the
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A prepolymerization pattern is illustrated in Fig.
i0 4.
(Propylene-ethylene random polymerization)
The same procedure as in Example 1 was repeated,
except that the above-~obtained catalyst was used. As
this result, an amount of a polymer obtained was 170.0 g,
15 and a catalyst activity was 34,000 g-PP/g-catalyst-hour,
and a polymer had a bulk density (BD) of 0.441 (g/cc), an
MFR value of 10.81 (dg/min), an ethylene content of 3.81
wt% and a melting point of 126.5°C. The results are
summarized in Table 1 and Table 2.
20 EXAMPLE 6
(Propylene-ethylene random polymerization)
The same procedure as in Example 1 was repeated,
except that the prepolymerization catalyst prepared in
Example 2 was used and 15 g of ethylene and 34 cc of
25  hydrogen were used. 2As this result, a catalyst activity

was 22,000 g-PP/g-catalyst-hour, and a polymer had a bulk

density (BD) of 0.483 (g/cc), an MFR value of 6.8
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(Chemical treatment of ion-exchange layered
5 silicate)
In a separable flask, 96% sulfuric acid (750 g) was
added to 1,130 g of distilled water, and BRenclay SL
(average particle size 27 um, 300 g) manufactured by
Mizusawa Industrial Chemicals, Ltd. as an ilon-exchange
10 layered silicate (montmorillonite) was added thereto, and
the resultant mixture was reacted at 90°C for 390
minutes. Thereafter, the reaction product was washed with
distilled water to pH 3. The so0lid obtained was pre-
dried at 130°C for 2 days in a nitrogen stream, and
15 coarse particles of at least 53 um were removed, and the
product was further dried at 200°C in a nitrogen stream
to obtain 140 g of chemically treated smectite. The
chemically treated smectite thus obtained had a
composition of Al: 4.6 wt%, Si: 41.5 wt%, Mg: 0.60 wt%,
20 Fe: 0.9 wt% and Na<0.2 wt%, and Al/Si=0.115 (mol/mol).
This catalyst had an average crushing strength of 8 MPa
as measured by a minute compression tester. This carrier
particles had a most frequently appearing pore diameter
(Dn) of 101 A by nitrogen adsorption method and a ratio
25 of a pore diameter showing 1/2 of a peak intensity of the
most frequently appearing pore diameter (Dpi;2/Dn) of

0.83. A pore volume of particles of less than 1,000 A
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slurry, and 25 mmol of triethyl alumlnum (84 mL of a
heptane solution having a concentration of 68 mg/mL) was
added thereto, and the resultant mixture was stirred for

10 1 hour, and the resultant product was washed with heptane
(washing rate: 1/100), and heptane was further added to
adjust the total volume to 200 mL.

Also, in another flask (volume 200 mL),
(dimethylsilylenebis (2-methyl-4- (p-chlorophenyl)-4H-

15 azulenyl) )zirconium dichloride (218 mg; 0.3 mmol) was
added to heptane containing 3% toluene to prepare a
slurry, and triisobutyl aluminum (3 mmol: 4.26 mL of a
heptane solution having a concentration of 145 mg/mL) was
added thereto, and the resultant mixture was reacted at

20 room temperature for 60 minutes while stirring.

This solution was introduced into a 1 L flask
containing the above-obtained slurry of chemically
treated smectite reacted with triethyl aluminum, and the
resultant mixture was stirred for 1 hour.

25 213 mL of heptane containing 3% of toluene was added

to the flask containing the above slurry, and this slurry

was introduced into a 1 L autoclave.
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10110 Into the autoclave, propylene was charged at a
feeding rate of 10 g/hr at 40°C for 1 hour, and was then
further charged at a feeding rate of 22 g/hr at 50°C for
3 hours to carry out prepolymerization. A supernatant
5 liguid of a catalyst slurry obtained was removed by
decantation, and triisobutyl aluminum (12 mmol: 17 mL of
a heptane solution having a concentration of 140 mg/mL)
as a deactivation-preventing agent was added to the
remaining portion, and the resultant mixture was stirred
10 for 10 minutes. A solid obtained was dried at 40°C for 3
hours under a reduced pressure to obtain 106 g of a dry
prepolymerization catalyst. A prepolymerization
magnification (a value obtained by dividing a
prepolymerization polymer amount by a solid catalyst
15 amount} was 4.30.

Catalyst particles before prepolymerization and
catalyst particles after prepolymerization were subjected
to fluorescence observation to take their photographs,
and were compared, and an H value was 24%.

20 (Propylene-ethylene random polymerization)

The same procedure as in Example 1 was repeated,
except that the above-obtained prepolymerization catalyst
was used, and 15 g of ethylene and 34 cc of hydrogen were
ugsed. As this result, a catalyst activity was 11,600 g-

25 PP/g-catalystrhour, and an MFR value of 5.9 (dg/min), and
the obtained powder had a melting point of 136.2°C and a

bulk density of 0.481 g/cc and had satisfactory powder
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AMPLE
(Propylene-ethylene random polymerization)
The same procedure as in Example 1 was repeated,
5 except that the prepolymerization catalyst prepared in
Example 4 was used and 15 g of ethylene and 34 cc of
hydrogen were used. As this result, a catalyst activity
was 12,300 g-PP/g-catalyst-hour, and a polymer had an MFR
value of 5.3 (dg/min), a bulk density (BD) of 0.477
10 (g/cc), and a melting point of 136.0°, and had
satisfactory powder properties.
COMPARATIVE EXAMPLE 1
(Chemical treatment of ion-exchange layered
silicate)
15 The same procedure as in Example 1 was repeated,
except that 1,590 mL of distilled water, 318 g of
magnesium sulfate 7 hydrate, 261 g of concentrated
sulfuric acid (96%) and 240 g of montmorillonite were
used, and a treating (maintaining) time was 8 hours.
20 As this result, the obtained polymers had a most
frequently appearing pore diameter (D,) of 37 A by
nitrogen adsorption method and a ratio of a pore diameter
showing 1/2 of a peak intensity of the most frequently
appearing pore diameter (Dnis2/Dn) of 0.97 (pore size
25 distribution is illustrated in Fig. 3). A pore volume of

particles of less than 1,000 A was 0.43 cm’/g and a

surface area by BET method was 326 m?/g.
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Particles before prepolymerization and particles
after prepolymerization were subjected to fluorescence
observation to take their photographs, and were compared,
10 and an H value was 91%.
(Propylene-~-ethylene random polymerization)
Polymerization was carried out in the same manner as
in Example 1, except that the above-obtained
prepolymerization catalyst was used. 2As this result, a
15 catalyst activity was 25,300 g~PP/g-catalyst-hour, and a
polymer had a bulk density (BD) of 0.32 (g/cc), an MFR
value of 9.3 (dg/min), and a melting point of 125.9°C,
and a agglomerated polymer amount was 85%. The results
are shown in the following Tables 1 and 2.
20 COMPARATIVE EXAMPLE 2
(Chemical treatment of ion-exchange layered
silicate)
The same procedure as in Comparative Example 1 was
repeated, except that the reaction was carried out at
25 90°C for 5 hours. The product was dried at 200°C in a

nitrogen stream to obtain 164 g of a chemically treated

silicate. The silicate thus obtained had a composition
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20 g of the above-prepared chemically treated smectite
and 10 mmol of triethyl aluminum were employed.

10 Also, a solution prepared by reacting triisobutyl
aluminum (3 mmol: 4.26 mL of a heptane solution having a
concentration of 140 mg/mL) with a toluene 87 mL solution
of dimethylsilylenebis(2-methyl-4-(4-chlorophenyl)-4H-
azulenyl)zirconium dichloride (0.3 mmol) was added to the

15 above-prepared slurry.

The above-prepared catalyst slurry before

prepolymerization was introduced into a 1 L autoclave,
and 210 mL of heptane was added thereto, and propylene
was supplied at 40°C for 2 hours at a feeding rate of 20

20 g/hr to carry out prepolymerization. Thereafter, the
supplying of propylene was stopped, and remaining
polymerization was carried out at 40°C for further 2
hours. After removing a supernatant liquid of the above
obtained catalyst slurry, triisobutyl aluminum (12 mmol:

25 17 mL of a heptane solution having a concentration of 140

mg/mL) as a deactivation-preventing agent was added

thereto, and the mixture was stirred for 10 minutes. A
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5 by a solid catalyst amount) was 0.57.

The above catalyst particles before
prepolymerization and catalyst particles after
prepolymerization were subjected to fluorescence
observation to take their photographs, and were compared,

10 and an H value was 94%.

{Propylene-ethylene random polymerization)

Polymerization of propylene was carried out in the
same manner as in Example 6, except that the above
catalyst after prepolymerization was employed. The

15 powder product thus obtained had a melting point of
134.9°C, and a bulk density of 0.376 g/cc, and its powder
properties were unsatisfactory.

COMPARATIVE EXAMPLE 3

(Chemical treatment of ion-exchange lavered

20 silicate)

100 g of commercially available montmorillonite
(Kunipia F, manufactured by Kunimine Industries Co.,
Ltd.) pulverized by a jet mill was dispersed in 385 mL of
pure water having 133 g of magnesium sulfate 7 hydrate

25 and 109 g of sulfuric acid dissolved, and the resultant

mixture was reacted at 100°C for 2 hours, and was cooled

to room temperature. This slurry was filtrated under a
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connected with a suction bottle. The filtration was
finished after 1 hour. A cake was recovered and was made
5 into a slurry again with 3,000 mL of pure water, and
washing was repeated 3 times. The filtration time was
increased in proportion to times of washing, and the
final filtration took about 3 hours. The final washing
ligquid (filtrate) had a pH value of 3.47.
10 (Granulation of ion-exchange lavered silicate)

The above chemically treated and washed cake solid
was made into a slurry having a concentration of 12 wt$%
by adding pure water thereto, and the slurry thus
prepared was stirred for 1 hour and was subjected to

15 homogenizer treatment for 10 minutes. A part of the
slurry was recovered to measure a particle size, and the
particle size was 5.1 um. A fraction of particles of
less than 1 pm was less than 0.1%.

The chemically treated montmorillonite slurry was

20 spray-granulated by a spray-granulating apparatus (L-8)
manufactured by Okawara Kakouki K.K. Slurry properties
and operation conditions are illustrated below.

(Slurry properties: pH=2.84, slurry viscosity=30 CP
and density=1.081 g/cc; operation conditions: atomizer

25 rotation number=15,000 rpm, supplied ligquid amount=0.7
L/hr, inlet temperature=196°C, outlet temperature=130°C

and cyclone pressure difference=60 mmH;0)
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(Preparation of catalyst)

A catalyst was prepared in the same manner as in
Example 5, except that 20.0 g of the above-obtained

10 granulated silicate (total pore volume=9.6 cm’) was used
and propylene was supplied at a feeding rate of 476.2
mmol /hr (constant rate of 20 g/hr) for 120 minutes. As
this result, 54.68 g of a solid catalyst component was
recovered. The solid catalyst component thus obtained

15 was analyzed, and a prepolymerized polypropylene weight
amount was 32.3 g.

Catalyst particles before prepolymerization and
catalyst particles after prepolymerization were subjected
to fluorescence observation to take their photographs,

20 and were compared, and an H value was 28%.

On the other hand, prepolymerization was initiated
under the same conditions as in the above
prepolymerization treatment, and prepolymerization
reaction was suspended (ethanol was added to purge an

25 unreacted remaining gas) at respective points as shown in

Table 6, and polypropylene amounts formed until the

respective points were measured, and polymerization rates
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at a high level of from 6 to 11 mg/min.
The used silicate had a total pore volume of 9.6 cm®
corresponding to 10.7 g of a polypropylene weight amount.
10 Accordingly, a time required for forming a prepolymerized
polymer (10.7 g of polypropylene) corresponding the total

pore volume of the silicate was about 50 minutes.

The prepolymerization pattern is illustrated in Fig.

15 (Propylene-ethylene random copolymerization)

The same procedure as in Example 1 was repeated,
except that the above prepolymerization catalyst was
used. As this result, the propylene-ethylene copolymer
thus obtained was 55.0 g. A catalyst activity was 11,000

20 g-pp/g-catalystrhour, and a copolymer had a polymer bulk
density (BD) of 0.365 (g/cc), an MFR value of 3.41
(dg/min), an ethylene content of 3.86 wt% and a melting
point of 125.9°C. The results are summarized in the
following Table 1 and Table 2.

25 COMPARATIVE EXAMPLE 4

(Preparation of catalyst)

A catalyst was prepared in the same manner as in



10t 10t

10t S910% & () - @10% & () -510% & () - KLLMVNNZOzX6bC0t t ! $" 109@Z& () - ! "TIOAAR<11g)

& ()-y! o "100& ()-y! "109%& ()-y9! 10% & ()-!9! 10%PpP& () - ZOOhPQQ

QOO 0P10L10% & ()-' Z10% & ()- 1000 1000

1000! R$" 10900& ()-!k$"10% "' & ()-! (" 10% <, <& () - QVRRSSTzX60P10! } "109%& ()- T
~"10%\ & ()-T3"10% F& ()-!b3" 10%x& () 1@,4" 109& ()-!t3"109%& ()- TTUNVi Vj VKVx

V{\/}oPlOlefV & ()-L' nl0% & ()- 10 10

10! -1 109%& ()- ! -1 10%& ( 0% " & () - T{ VOMKX=YYRZzX60P10! L! 10% " & ()-!sL
o () LR t(/ve a0 1) ST R 3 S TR (S ERERPPL L[ [ \r S
10! yF" 10% [ & ()- L10% & Y10%

AL 1&/«[&' qura}“'ﬁ%ﬁ/&ga(s) 616%6{]0{‘% g%(%réiﬁ“%" 18082 FFLYPC1 59O TF" 10%

&6&&&IF;lgwgi%%_l~P§meﬁ&?%_ _ﬂ)ﬁganlflcé%(gn—+a a4, 4% éé%ggned by

i B O 2 G st w1
SEEN sl s oy gl o O

10! x* m' 10%YY& 0% " 9\ y
& ?) 1090/ ()(')Czé%c%\?é ()ﬁ%lfmaz?ﬂ\fégﬁ% repdtimerizacion and

catalyst particles after prepolymerlzatlon were subjected
to fluorescence observation to take their photographs,
and were compared, and an H value was 89%.

10 (Propylene-ethylene random copolymerization)

The same procedure as in Example 1 was repeated,
except that the above prepolymerization catalyst was
used. As this result, a catalyst activity was 36,000 g-
pp/g-catalyst:hour, and the polymer thus obtained had a

15 polymer bulk density (BD) of 0.33 (g/cc), an MFR value of
8.2 (dg/min), and a melting point of 127.0°C.

EXAMPLE 9

(Preparation of catalyst/prepolymerization catalyst)

The same procedure as in example 2 was repeated,

20 except that propylene was supplied at a rate of 100 g/hr
for 4 hours at the time of prepolymerization. As this
result, a prepolymerization catalyst containing 2.25 g of
polypropylene per 1 g of a catalyst was obtained.

Catalyst particles before prepolymerization and

25 catalyst particles after prepolymerization were subjected
to fluorescence observation to take their photographs,

and were compared, and an H value was 15%.
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montmorillonite was about 120 minutes. Also, Table 1

10 shows that a polymer-forming rate (mg/g:'min) indicated a
maximum value in the initial stage of prepolymerization
reaction. The prepolymerization pattern is illustrated
in Fig. 4.

(Propylene-ethylene random polymerization)

15 A propyvlene-ethylene copolymer was continuously
produced in accordance with a process provided with a
bulk polymerization tank system comprising a liquid phase
polymerization tank of an internal volume of 400 L
eguipped with a stirrer, a slurry-circulating pump and a

20 circulating line, a degassing system comprising a double
tube system heat exchanger and a flow flash tank, and a
screw feeder type drier having an inner diameter of 115
mm and a length of 2.0 m and equipped with a paddle vane
having a diameter of 110 mm and also equipped with a

25 Jjacket in the outside.

The above prepared prepolymerization catalyst was

dispersed in liquid paraffin (Whitelex 335 manufactured
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as a catalyst component. Into this reactor, 78 kg/hr of
liquid propylene, 2.4 kg/hr of ethylene, 0.46 g/hr of

5 hydrogen and 56.8 g/hr of triisobutyl aluminum were
continuously supplied, and polymerization was carried out
by maintaining an internal temperature at 65°C. As this
result, a propylene-ethylene random copolymer having
quite satisfactory powder properties was obtained in an

10 amount of 22.0 kg/hr. A catalyst activity was 52,400 g-
pp/g-catalyst, and an activity per 1 hour was 40,300 g-
pp/g-catalyst-hour.
The polymer powder thus obtained and the inside of
the reactor were checked, but agglomeration of the
15 polymer powders and deposition or adhesion of the polymer
powders onto the reactor were not observed at all. The
polymer powder thus obtained had MFR=7.9, Tm=125.1°C and
polymer BD=0.484 g/cc. The results are summarized in the
following Table 3.
20 EXAMPLE 10
(Propylene-ethylene random copolymerization)
Polymerization was carried out in the same manner as
in Example 9, except that 0.84 g/hr of the
prepolymerization catalyst as a catalyst component, 1.30
25 kg/hr of ethylene, 0.30 g/hr of hydrogen and 58.0 g/hr of

triisobutyl aluminum were supplied and a polymerization

temperature of 70°C was used, and a propylene-ethylene
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was 21,200 g-pp/g-catalyst-hour.

5 The polymer powder thus obtained and the inside of
the reactor were checked, but agglomeration of the
polymer powders and deposition or adhesion of the polymer
powders onto the reactor were not observed at all. The
polymer powder thus obtained had MFR=7.4, Tm=133.9°C and

10 polymer BD=0.489 g/cc. The results are summarized in the
following Table 3.
EXAMPLE 11
(1) Chemical treatment of clay mineral
In a 2 L flask, 200 g of commercially available
15 swellable montmorillonite (“Benclay SL”, manufactured by
Mizusawa Industrial Chemicals, Ltd.) was dispersed in a
mixture solution of 1,019 g of desalted water, 124 g of
98% sulfuric acid and 96 g of titanium sulfate, and the
resultant mixture was stirred at 90°C for 10 hours. The
20 resultant product was filtrated and washed with desalted
water to pH 3.5.
(2) Drying of clay mineral
A water-containing solid cake obtained in the above
paragraph (1) was pre-dried at 110°C for 10 hours to
25 obtain titanium salt-treated montmorillonite. Among the
pre-dried montmorillonite, particles passed through a 150

mesh were further dried under a reduced pressure at 200°C
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strength of 14 MPa as measured by a minute compression
tester.
(3) Organic aluminum compound treatment of salt-
5 treated montmorillonite
100 g of the dry montmorillonite particles obtained
in the above paragraph (2) was placed in a 3 L flask
under a nitrogen atmosphere, and was dispersed in 118 mL
of n-heptane. Further, 483 mL of a n-heptane solution of
10 triethyl aluminum (concentration 0.622 mol/L) was added
thereto at room temperature with stirring, and the
mixture was reacted for 1 hour, and the resultant product
was subjected to settling separation to remove 400 mL of
a supernatant ligquid. Thereafter, 400 mL of n-heptane
15 was added thereto, and the mixture was stirred for 10
minutes, and the resultant product was subjected to
settling separation and was subjected to washing steps
three times to remove 400 mL of a supernatant liqguid.
(4) Catalyst preparation
20 1.3 L of n-heptane and 12.0 mmol (5.90 g) of bis(n-
butylcyclopentadienyl)hafnium dichloride were dispersed
in 2.0 L of n-heptane in a 10 L reactor equipped with a
dielectric stirrer under a nitrogen atmosphere, and the
mixture was stirred at 75°C for 10 minutes. Further,
25 96.0 mmol (10.96 g) of triethyl aluminum was added

thereto, and the resultant mixture was further stirred

for 10 minutes. Thereafter, while maintaining the
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(5) Prepolymerization and drying

The temperature of the reaction system of the above
paragraph (4) was adjusted to 80°C, and an ethylene gas
was introduced at a rate of 10.0 NL/min for 75 minutes to
carry out prepolymerization. The supplying of ethylene
was stopped, and the ethylene gas in the reactor was
substituted with nitrogen. The above-obtained
prepolymerization catalyst slurry was washed with n-
heptane until the product of a washing rate becomes
1/8.6. The above-cobtained prepolymerization catalyst
slurry was placed in a 15 L tank type vibrating system
vacuum drier equipped with a steam jacket for conducting
heat, and 4 L of heptane was then added into the reactor,
and all of the contents remaining in the reactor were
transferred to the drier. After allowing to stand to
remove about 5 L of supernatant liquid, 56 mmol (11.11 g)
of triisobutyl aluminum was added thereto at room
temperature, and 11.2 mmol (5.50 g) of a solid powder of
bis (n-butylcyclopentadienyl)hafnium dichloride was then
added thereto, and was dissolved by shaking at 40°C for
10 minutes. After continuing the shaking for 10 minutes,

the resultant mixture was subjected to drying under a
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10

10! M & 10%! () - ! p, & 10%Iu& ()-! R & 100& ()-!, & 109& ()-$, 10%& ()-iaMed! gy’ 1
098 ()-!;y"10%& ()-'y"10%& ()-'y"10% & ()-&L0%& ()-' YL0%& ()-3

10~ () * 6zl "P1&MLO%&' ()- 10"r"r 10"r"r
10"r"rIxy$"10%r"r& ()-'uy$" 109 ()-!'y$"10%& ()-y"10% & () - 69s>dENP1&ML0%Y3
"109& ()-Y yl0%&' ()- 10%& ()- 109 ()-- 11g

109&' () - L10%& () - >wO) dEAP1&MOY%A0%& ()- M~ 10%& ()-Y z10%& ()-

10% ()~ S10%6 (1 9109 ) 2] ORI QB Y0 <53 L0 D V(S

0%&f(' 9 " 9 1 100

?ﬁ‘%& f)l@$ e e e i e ey T O
10L98100%(&:)() %@C%%zort%%%} (Qlﬁ ASI&L‘;‘%Y?&&@?)“ SR ) 3 H T3 ene () -
iorelglfoog;&'( )‘#f fdg}%ﬁ%(%%ﬁ" '10§iu é@:?{% "Si‘f)ro/%1L 87&‘"?50 1CARAH T Thoesa ()
SoP 10008 () o SE LN (Al MUY 7 A00E, (3 SLONE () - TUWEZI NP1 1 1006

M& ()- 10>> 10>>
10>>! s S$" 10‘&@?&&&&&%@%@%&33%@%&98/& (Wad S&FcRRAE, () - cft 2z[ 9MPL! k*

109 ()-"109%v& ()-!1a"10%& ()-!"10% "10%E& () -s10%v& ()-L#Y3}[ M1 10
10 (6) Prepolymerization and drying
900 g of a prepolymerization catalyst powder

obtained in the paragraph (5) was introduced into the

10 reactor of the above paragraph (4) under a nitrogen
atmosphere, and was made into a slurry again with 4.2 L
of n-heptane. After adjusting an inner temperature to
75°C, 96.0 mmol (10.96 g) of triethyl aluminum was added
thereto and the resultant mixture was stirred for 10

15 minutes. After adjusting the temperature in the system
to 80°C, an ethylene gas was introduced at a rate of 10.0
NL/min for 75 minutes to carry out prepolymerization.
The supplying of ethylene was stopped, and the ethylene
gas in the reactor was substituted with nitrogen. The

20 prepolymerization catalyst slurry thus obtained was
placed in the drier used in the above paragraph (5), and
4 L, of heptane was then added to the reactor to transfer
all of the contents remaining in the reactor into the
drier. After allowing to stand to remove about 5 L of a

25 supernatant liquid, drying under a reduced pressure was

carried out at 70°C to distill a solvent off. While

maintaining the temperature, after visually recognizing
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under a reduced pressure was carried out for 2 hours, and

as this result, 1,851 g of a prepolymerization catalyst
powder was recovered.
5 (7) Observation of catalyst by fluorescence
microscope
The catalyst particles before prepolymerization of
the above paragraph (4) and the catalyst particles after
prepolymerization of the above paragraph (6) were
10 subjected to fluorescence observation to take their
photographs, and were compared, and among the catalyst
after prepolymerization, a proportion of a number of
particles having a fluorescence density not lower than
the fluorescence density of the particles before
15 prepolymerization (H value) was 3%.
(8) Ethylene-l-butene copolymerization
Gas phase copolymerization of ethylene-l-butene was
carried out by using the prepolymerization catalyst of
the above paragraph (6). Thus, 517 mg/hr of the
20 prepolymerization catalyst powder obtained in the above
paragraph (6), 100 mg/hr of triisobutyl aluminum and 68
mg/hr of diethyl aluminum ethoxide were intermittently
supplied into a continuocus type gas phase polymerization
reactor in which a mixture gas of ethylene, butene and
25 hydrogen (butene/ethylene=1.8%, hydrogen/ethylene=0.038%)
is circulated. Polymerization reaction conditions were

90°C, an ethylene partial pressure of 18 kg/cm?, an
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average retention time of 4.1 hours.
(9) Blending of additives
The following antioxidant and neutralizing agent
5 were blended with the above obtained ethylene-a-olefin
copolymer as additives, and the blended product was
kneaded and granulated by a moncaxial extruder having an
aperture diameter of 20 mm.
Anti-oxidant: 1,000 ppm of octadecyl-3-(3,5-t-butyl-
10 4-hydroxyphenyl)propionate (Irganox 1076 manufactured by
Chiba Speciality Chemicals Company); 700 ppm of tetrakis-
(2,4-di-butylphenyl)4,4-biphenylene-diphosphite (PEPQ
manufactured by Clariant K.K.)
Neutralizing agent: 300 ppm of calcium stearate (Ca-
15 St (B.X) manufactured by Nitto Kasei Co., Ltd.)
(10) Film formation and evaluation
Blown-film molding was carried out under the
following operation conditions by using a monoaxial
extruder having an aperture diameter of 30 mm.
20 Screw: aperture diameter 30 mm, L/D=25, full flight
type
Screw rotation number: about 270 rpm
Dye: spiral mandrel die, aperture diameter 25 mm,
lip width 2.0 mm
25 Resin temperature: 180°C
Film size: folding diameter 78 mm, thickness 20 um

The film thus obtained was visually observed, and a



A

z& ()-zX9uS1! y$" 10%& ()-!y$"10% "' & ()-f"10%& ()-M bf " 10%OHOH&' ()-M | f" 10988%
& ()-Mf"10%&' ()-Mk!$}oP1 109 ()-&Z10%& ()- 10 10 17 APR 2003
10! sy$" 109%& ()-!1ky$"10% "' & ()-! @$"10%=& () - $zX90P1y" 10%&' ()--!y" 109658& ()
--"109& ()-!"10%R&& ()-!"10%=& ()-!"10%0C& ()-qgrst}[MP1 10 10

10! ff- #109& ()-"!f-#10965& ()- f& 10W& ¢ ?)Qf&l 1090V () - BLOYR' ()-t/jF~ =
MP1 10! s" 10%F& ()-y9s! 10% & ()-! 9s! 1006X

9s! 109D+D& 0% & ()-L:Z10% & Ft Rl WUGQl 01 .

10! | $" 100/&'( um%’%" ?60/%&&1‘( FYe§$h% @97 ‘5#5616’5 a<§ﬁ(€’)ﬁ~‘9‘y O HE T Py 8rsi1ty
| " 109908& VR )-I 0% & ()-!kl10%&' 10% v.Z109&

10} A<11! (Lyﬁ’io Q #1Ro S()Caﬂf:%ifég?és@e(r)%ygl@%&é ;V%f?‘%w"&'() yl"1
0%&' () - C} ~uT2! ! Lz 18 &Fg h 109 f& ()zs10% & () & LZ10% & () 51000
1000 1000! j y2E8586& (@ 2¥7 T?PFFG'S{&WM f)fysuite are summarize

0 10 (12sFIeroo pyie Tobie ¢ Bk S & ite HEO TS

10! x- " 109%&' () s
109 () - \d $10%&n kb ros0% &b} zY sabor gH2 10! x10%& () - |

Catalyst observation by a fluorescence microscope,
ethylene-l-butene copolymerization, blending of
additives, and film formation and evaluation were carried
out in the same manner as in Example 11 (7), (8), (9) and

10 (10) by using the prepolymerization catalyst powder
obtained in Example 11 (5). The results are summarized
in the following Table 4 and Table 5.
EXAMPLE 12

(1) Acid treatment of clay mineral

15 200 g of commercially available swellable
montmorillonite (“*Benclay SL”, manufactured by Mizusawa
Industrial Chemicals, Ltd.) was dispersed in 800 g of 285%
sulfuric acid, and the resultant mixture was stirred at
90°C for 2 hours. The resultant product was filtrated

20 and washed with desalted water.

(2) Salt treatment and drying of clay mineral

All the sulfuric acid-treated montmorillonite cake
obtained in the above paragraph (1) was dispersed in
1,276 g of a commercially available titanyl sulfate

25 aqgqueous solution (containing 7.5% of TiO; and 25.6% of
S0, manufactured by Sakai Chemical Industry Co., Ltd.),

and the resultant dispersion was stirred at 30°C for 3
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hours. The resultant product was filtrated and washed
with desalted water to pH 3.5, and a water-containing
solid cake obtained was pre-dried at 110°C for 10 hours
to obtain titanium salt-treated montmorillonite. 2mong
5 the pre-dried montmorillonite, particles passed through a
150 mesh sieve were further dried under a reduced
pressure at 200°C for 2 hours. This carrier had an
average crushing strength of 18 MPa as measured by a
minute compression tester.
10 (3) Preparation of catalyst
2.41 L of n-heptane and a slurry dispersion of 0.90
L. of n~-heptane and 100 g of the dry montmorillonite
obtained in the above paragraph (2) were introduced into
a 10 L reactor equipped with a dielectric stirrer under a
15 nitrogen atmosphere. A temperature in the system was
adjusted to 30°C, 24.0 mmol (11.8 g) of bis(n-
butylcyclopentadienyl)hafnium dichloride was dispersed in
0.9 L of n-heptane, and 96.0 mmol (10.96 g) of triethyl
aluminum was immediately added thereto, and the
20 temperature in the system was raised to 40°C. The
resultant mixture was further stirred for 60 minutes, and
was cooled to 30°C and was washed with n-heptane until a
washing rate of 1/69.
(4) Prepolymerization
25 N-heptane was added to the catalyst slurry obtained
in the above paragraph (3) to make a liquid amount of

4.21 L, and 96.0 mmol (10.96 g) of triethyl aluminum was
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immediately raised to 75°C, and the mixture was stirred
for further 10 minutes. Thereafter, the temperature in
the system was adjusted to 80°C, and an ethylene gas was
5 introduced at a rate of 10.0 NL/min for 80 minutes to
carry out prepolymerization. The supplying of ethylene
was stopped, and the ethylene gas in the reactor was
substituted with nitrogen.
(5) Drying of prepolymerization catalyst

10 All the prepolymerization catalyst slurry obtained
in the above paragraph (4) was transferred into a dryer
used in Example 11 (5) under a nitrogen atmosphere. 4 L
of heptane was added to the reactor, and all the contents
remaining in the reactor were transferred into a drier.

15 The prepolymerization catalyst slurry transferred into
the reactor was allowed to stand to remove about 5 L of a
supernatant liquid, and drying under a reduced pressure
was carried out at 70°C to distil a solvent off. While
maintaining the temperature, 1t was visually recognized

20 that the solvent was substantially distilled cff, and
drying under a reduced pressure was then carried out for
2 hours, and as this result, 982 g of a prepolymerization
catalyst powder was recovered.

(6) Ethylene-l-hexene copolymerization

25 Gas phase copolymerization of ethylene and l-hexene
was carried out by using the prepolymerization catalyst

of the above paragraph (5). Thus, 366 mg/hr of the
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0 prepolymerization catalyst powder obtained in the above

paragraph (6), 100 mg/hr of triisobutyl aluminum and 68
mg/hr of diethyl aluminum ethoxide were intermittently
supplied into a continuous type gas phase polymerization
5 reactor in which a mixture gas of ethylene, hexene and
hydrogen (hexene/ethylene=1.2%, hydrogen/ethylene=0.036%)
is circulated. Polymerization reaction conditions were
90°C, an ethylene partial pressure of 18 kg/cm?, an
average production amount of polymer of 265 g/hr, and an
10 average retention time of 4.5 hours
(7) Evaluation
Observation of a catalyst by a fluorescence
microscope, blending of additives, film formation and
evaluation were carried out in the same manner as in
15 Example 11 (7), (9) and (10). The results are summarized
in the following Table 4 and Table 5.
COMPARATIVE EXAMPLE 6
(1) Preparation of catalyst
2.41 L of n-heptane and a slurry dispersion of 0.90
20 L of n-heptane and 100 g of the dry montmorillonite
obtained in Example 12 (2) were introduced into a 10 L
reactor equipped with a dielectric stirrer under a
nitrogen atmosphere. The temperature in the system was
adjusted to 30°C, and 24.0 mmol (11.8 g) of bis(n-
25 butylcyclopentadienyl)hafnium dichloride was dispersed in
0.9 0 of n-heptane, and 96.0 mmol (10.96 g) of triethyl

aluminum was immediately added thereto, and the
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resultant mixture was stirred for further 10 minutes.
(2) Prepolymerization
The temperature in the system of the above paragraph
5 (1) was adjusted to 80°C, an ethylene gas was introduced
at a rate of 10.0 NL/min for 80 minutes to carry out
prepolymerization. The supplying of ethylene was
stopped, and the ethylene gas in the reactor was
substituted with nitrogen. The temperature in the system
10 was cooled to 30°C, and the resultant product was washed
with n-heptane until a washing rate of 1/69. Drying of
the prepolymerization catalyst was carried out in the
same manner as in Example 12 (5) to recover 783 g of a
prepolymerization catalyst powder.
15 (3) Evaluation
Ethylene-l-hexene copolymerization, observation of a
catalyst by a fluorescence microscope, blending of
additives, film formation and evaluation were carried out
in the same manner as in Example 12 (6) and Example 11

20 (7)Y, (9) and (10). The results are summarized in the

following Table 4 and Table 5.
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according to Claim 1, the ion-exchange layered silicate
further has the following feature 3:

20 feature 3: the ion-exchange layered silicate has an
average crushing strength of at least 3 MPa as measured
by a minute compression tester.

3. The catalyst component for olefin polymerization
according to Claim 1 or 2, wherein the ion-exchange

25 layvered silicate is treated with an organic aluminum
compound having an alkyl group having at least 4 carbon

atoms.
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6. A catalyst for olefin polymerization having the
20 following features 3 and 4, which is formed into a
prepolymerization catalyst by contacting a metallocene
catalyst supported on an ion-exchange layered silicate
with olefin:
feature 3: the ion-exchange layered silicate has an
25 average crushing strength of at least 3 MPa as measured
by a minute compression tester; and

feature 4: a prepolymerization homogenization index
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prepolymerization catalyst obtained by contacting a
metallocene catalyst supported on an ion-exchange layered

10 silicate as defined in claim 1 with olefin, wherein (b) a polymer-
forming rate is maintained at most 10 mg/min per 1 g of the ion-
exchange layered silicate (a) until a prepolymerization
polymer is formed in an amount corresponding to a pore
volume of the ion-exchange layered silicate.

15 9. A catalyst for olefin polymerization which is a
prepolymerization catalyst obtained by contacting a
metallocene catalyst supported on an ion-exchange layered
silicate as defined in Claim 1 with olefin, wherein (b) a
polymer-forming rate is maintained at most 10 mg/min per

20 1 g of the ion-~exchange layered silicate (a) until a
prepolymerization polymer is formed in an amount
corresponding to a pore volume of the ion-exchange
layered silicate.

10. A catalyst for olefin polymerization, which is a

25 prepolymerization catalyst obtained by contacting a

metallocene catalyst supported on an ion-exchange layered

silicate as defined in Claim 1 with olefin, wherein (a) a
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new metallocene complex and (b) an organic aluminum
compound optionally used are contacted with (c) a
metallocene catalyst supported on the ion-exchange
layered silicate, provided that the metallocene complex
(a) may be the same or different from the metallocene
complex already supported.

11. A catalyst for olefin polymerization, which is a
prepolymerization catalyst obtained by contacting a
metallocene catalyst supported on an ion-exchange layered
silicate as defined in Claim 1 with olefin, wherein (a)
the ion-exchange layered silicate is contacted with a
metallocene complex for at least 30 minutes, (b) a
material obtained by the above contact operation (a) is
washed with a slurry of a liquefied «-olefin or inner
inert hydrocarbon solvent, and (c) olefin
brepolymerization is carried out by using a material
obtained by the abhove washing operation (b).

12. A process for producing polyolefin, which comprises
polymerizing olefin by using a catalyst comprising a
metallocene compound and a catalyst component for olefin
polymerization as defined in Claim 1.

13. A process for producing polyolefin, which comprises
polymerizing olefin by using a catalyst for olefin
polymerization as defined in Claim 6.

14. A process for producing polyolefin, which comprises
polymerizing olefin by using a catalyst for olefin

polymerization as defined in Claim 8.



