CATALYSTS FOR OLEFI N POLYMER PRODUCTI ON, METHODS FOR PRODUCI NG THEM
AND METHODS FOR PRODUCI NG OLEFI N POLYMERS BACKGROUND OF
THE | NVENTI ON  FI ELD OF THE | NVENTI ON The present invention relates
to catalysts for olefin polynerization, nethods for producing them and
met hods for producing olefin polyners. Mre precisely, the invention
relates to high-activity catalysts for olefin polynerization, to efficient

met hods f or QAAEHeTROFGH 8k FRROIINMER BIRSISUCI 1016 METHODE FORBRIBUCING |
pol yneri zation catalysts for efficiently producing high-quality zlefln

polymers.  BACKGRELBY ARl MeTrOD® %R |BRODUCIRENBEEREY BBERMPREPOSE Of
using a catalyst conprising a netallocene conpound and an al um \'ﬁoxane for
pol ymeri zing olefins in the presence of the catalyst to produce olefin
pol ymers (Japanese Patent Lai d-Open Nos. 19309/1983, 167307/1990). It is

known that the polynerizin .20 atal yst is better than

a method of using a conve%@?%&%ﬁ%%ggggﬁyst that conprises a

titanium or adi_ um conpound_and an organi ¢ al um ni um conmpound since the
i Tl

pol yneri zat i% cpvaiTW REOYr ansition netal in the former is

extremely high and since the forner, produces polynmers. having a _narrow
nol ecul ar wei ght TRtPFeRRRpinvention relates to’catalysts for olefin

polymerization, methods for producing them, and methods for
producing olefin polymers. More precisely, the invention
relates to high-activity catalysts for olefin polymerization,
to efficient methods for producing them, and to methods of using
the olefin polyinerization catalysts for efficiently producing
high~-quality olefin polymers.
BACKGROUND ART

Recently, a method has been proposed of using a catalyst
comprising a metallocene compound and an aluminoxane for
polymerizing olefins in the presence of the catalyst to produce
olefin polymers (Japanese Patent Laid-Open Nos. 19309/1983,
167307/1990). It is known that the polymerizing method of
using such a catalyst is better than a method of using a
conventional Ziegler-Natta catalyst that comprises a titanium
or vanadium compound and an organic aluminium compound since
the polymerization activity per the transition metal in the
former is extremely high and since the former produces polymers

having a narrow molecular weight distribution.
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resi due that nayHeeengn, in eitemptbabdhe nethadgeoted above could have

a satisfactory degree of polymerization activity, a large
amount of an aluminoxane must be used therein. Therefore, in
those methods, the activity per aluminium used is low, and the
methods are urlleconomical. In addition, since a large amount
of aluminium remains in the polymers formed, the methods are
further problematic in that the catalyst residue must be
removed from the polymers formed therein.

Still another method has been proposed of using clay
minerals as catalytic components (Japanese Patent Laid-Open
Nos. 25214/1993, 301917/1993, 33814/1995). 1In this method,
however, it is said that the clay minerals to be used must be
pre-treated with organic aluminium compounds, especially with
methylaluminoxane or trimethylaluminium which is extremely
expensive _and dangerous. In addition, the method is
problematic in that the catalyst activity per aluminium therein

is not satisfactory and the amount of the catalyst residue that

may remain in the products is large.
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2 In particular, the additional problemwth the nethod of
using such clay mnerals is that aqueous suspensions of the clay mnerals
nmust be repeatedly pre-treated with magnesium chloride or the |like and
nmust be thereafter further treated w th hydrochloric acid and then washed,
and the treatnent requires a lot of tine. The present invention has
been made in consideration of the problens noted above, and its object is

to provide catal ysts p(?&%;icglig;i,ntggl ng{%;_@%épp%{% g‘%iq%git{%&n?ﬁgglggar ed

within a short perio time'and to provide

catal ysts fo JCl Y, ls d P uci LLE 0 [S.
Speai 11 cal |yt BUEbYC AN nt HEFRERS Y Bk ARSI s Jon 8 B2 ERE

met hyl al um n e or trymethylalumniu i ch_has oor storage stability
and is dange%%g %’g‘a& :llégﬁm‘}%t %?ef?PS??eéﬂgtp’é%gE/’?%t‘?fgr%t& m%ﬁ“&ﬁ&f‘f“i on,
in the nethods.,of . ysing the_ .catalysts for olefin polynerization, since the
anount of th8ﬁ18ﬂ; ﬁi%lgatrllﬁn'lrﬁ Bﬁﬁdb?ot%r?%&?‘%/rf%ecroﬁﬁate

pol yneri zati on system can be greatly reduced, the netal component that may
remain i n t hE1pB| Yuerechienicecacid apdntherdyashedThanrds she, trgatpenfners
produced in the nethods do not require post-treatnment. In particular, the
catal ysts ar&edeispesiallgt fef/dii@s.e to producing styrenic polyners having a

The present invenfion has been made in consideration of
the problems noted above, and its object is to provide catalysts
for olefin polymerization capable of being prepared within a
short period of time and to provide methods of using the
catalysts for efficiently and inexpensively producing olefin
polymers. Specifically, the catalysts do not require a large
amount of methylaluminoxane or trimethylaluminium which has
poor storage stability and is dangerous and which is therefore
not easy to handle. In addition, in the methods of using the
catalysts for olefin polymerization, since the amount of the
organic aluminium compound to be used in the total
polymerization system can be greatly reduced, the metal
component that may remain in the polymers produced is much
reduced. Therefore, the polymers produced in the methods do
not require post-treatment. In particular, the catalysts are
especially favorable to producing styrenic polymers having a
stereospecifically-controlled syndiotactic structure.

SUMMARY OF THE INVENTION

The present invention encompasses three aspects, which



stereospecifically-controlled syndiotactic structure.

SUWWARY OF THE | NVENTI ON The present invention enconpasses three
aspects, which 3 are nmentioned in
detai|l herei nunder. W, the present inventors have found that the

object of the invention noted above can be attained by using a
pol yneri zation catal yst that conprises catal ytic conponents having been

speci fical | ytd ’on%'&j’inbﬁe?tgﬁlbﬁékéiﬂén&&s finding, we have conpl eted

the first aspect of the 1nvention. pecitfically, the first aspect of

the invention is &g H%ﬂr‘l%gﬁgcﬁﬁe?%%%&%% Hand %E{;{ldpé’ljxawf‘trhg%ﬂ 5856:%"; 2

nmet hod for prodUC|hg | an using it for produc
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transition metal conplex containing a transition metal of Groups 4 to 6 or
G oups 8 to MARYIdY bieenpsPredfécrhby ctreated, andy og dhesbapdf of cthis
pol ymer production, which is obtained by contacting a product as prepared
by cont act i fg-RdEng chayhave coapleitadr the firat repeekdfateninyeneken
conpound, (B) an organic silane conmpound and (C) water with each ot her,
Specifically, the first aspect of the invention is to
provide a catalyst for olefin polymer production, a method for
producing it, and a method of using it for producing olefin
polymers, which are as follows:
1. A catalyst for olefin polymer production, which is
obtained by contacting a product as prepared by contacting (A)
clay, a clay mineral or an ion-exchanging layered compound,
(B) an organic silane compound and (C) water with each other,
with (D) a transition metal complex containing a transition
metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table.
2. A catalyst for olefin polymer production, which is
obtained by contacting a product as prepared by contacting (A)
clay, a clay mineral or an ion-exchanging layered compound,
(B) an organic silane compound and (C) water with each other,
with (D) a transition metal complex containing a transition
metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table
and (E) an alkylating agent.

3. The catalyst for olefin polymer production of above

1 or 2, wherein the component (A), clay, a clay mineral or an
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5. The catalyst for olefin polymer production of any one

of above 1 to 4, wherein the amount of the component (C}), water

is at least 1 % by weight relative to the dry weight of the

component (a).

6. The catalyst for olefin polymer production of any one
of above 1 to 5, wherein the component (D), a transition metal
complex containing a transition metal of Groups 4 to 6 or Groups

8 to 10 of the Periodic Table has a 1igand having a carbon-carbon

6,

unsaturated bonding group or a carbon-nitrogen unsaturated

bonding group.

7. The catalyst for olefin polymer production of any one
of above 1 to 6, wherein the component (D), a transition metal
complex containing a transition metal of Groups 4 to 6 or Groups
8 to 10 of the Periodic Table is represented by any of the

following general formulae (I-1l) to {(I-4):

Q', (C;H,_,_yR',) (CsH,_, . R%) M!X'Y? (1-1)
Q2a (051{5—3‘;dR3d) ZIMIXIYI - (1_2)
(C,H;_.R*,) M'X'Y'W! (I-3)
LLZM2X1Y? . (I-4)



conplex containing a transition netal of Goups 4 to 6 or Goups 8 to 10
of the Periodic Table is represented by any of the follow ng general

formulae (I1-1) to (1-4):. Qerr] (Cerr]Herr]Rerr]) (CHerr]Rerr])
Merr] X err]Y[err] (-2 Qerr] (Cerr]JHerr]Rerr])
Z[err]Merr] X err]Y[err] (1-2)

(Jerr]Herr]Rerr]) Merr]Xerr]Y[err]Werr]

E: :ig L[w%rerx.]el‘[(f{:gMeesféxlt)g ear rtJoY :Lrnrg] group that cro%ﬁ.%kﬁ télﬁ]two
represents a bandi roup that crosslinks _the two ,gonjugateg,

fi \F/)e-nenberé%?rbjg}éa\r}%qgfégf a’§‘e‘%? & rcﬁ-qlfje’rcf 1REEneF) Sﬁd%gg-—beﬁ ») and
(derr]Herr]Rerr]) ; szr:epresents a bonding group that crosslinks the
conj ugat ed f eﬁﬂ%mgr%dc yclic ligand (derr]Herr]Rerr]) and the group

Rlerr], Rerr], Rerr] and Rerr] each representahydrocarbon group,
ahal ogen at®@n¥eRRCEPRER Y2 Mool NgagsprPchha & omaasliimg shbeRenbigrrduUp, a
phosphor us-cont ai ni ng hydrocarbon group, a nitrogen- containing
hydr ocar bon Figreomembeaed gychbcohigandai (€rgl s hy.dr Béad boandyrthe; groub a
plurality of these groups, if any, my be the sane or different, and may
be bonded tZéach other to forma cyclic structure; a represents 0, 1 or
2; b, c and d each represent an integer of from0O to 5 when a = 0, or an
i nteger of fROMRO®tR *and®T 8ach kepresantiznhggdebcafbon group, a halogen

atom, an alkoxy group, a silicon-containing hydrocarbon group,

a phosphorus-containing hydrocarbon group, a nitrogen-

containing Thydrocarbon group,' or a boron-containing

hydrocarbon group; and a plurality of these groups, if any,

may be the same or different, and may be bonded to each other

to form a cyclic structure;

a represents 0, 1 or 2;

b, ¢ and d each represent an integer of from 0 to 5 when a =

0, or an integer of from 0 to 4 when a = 1, or an integer of

from O to 3 when a = 2;

e represents an integer of from 0 to 5;

M?! represents a transition metal of Groups 4 to 6 of the

Periodic Table;

M? represents a transition metal of Groups 8 to 10 of the
Periodic Table;

L! and L? each represent a coordination-bonding ligand;

X',Y!, Z' and W! each represent a covalent-bonding or

ionic-bonding ligand; and



fromO to 3 when a = 2; e represents an integer of fromO to 5, Merr]
represents a transition netal of Goups 4 to 6 of the Periodic Table; M
represents a transition netal of Goups 8 to 10 of the Periodic Table;
L[err] and L[err] each represent a coordination-bonding ligand; Xerr],
Y[err], Zerr] and Werr] each represent a coval ent-bondi ng or

I oni c- bondi ng |Iigand; and

Llerr], L[eryh, [zer?d:, \Qe'”alnd"‘p‘g‘vgl%%rﬂe dg?gnéjae‘ﬁ%tp%heégc#goofm to

form a cyclTc’strdcture. catalys or o I n polyner
production qf 1% Qltkave 2 to 7, wherein the conponent (E), an
al kylating agent is an organi c al uni ni um conpound. 9. A nethod for

produci ng a catal yst for ol.efin er. roduction, whi cConprises
contacting (A cl §y, gh%l%?ta}%ﬁeifg%& &J.egﬁni Bﬁi&SHaﬁﬁ?ﬂégPa?/%r%% a?‘é’rrpound,
(B) an organic silane conpoynd.and (C)  at least 1 %hy weight, relative to
Lhe dry" Seidiia S5t SPREe doBofeigERin S eyERBRoaRTh (lun=0 PR Giithued
by further contacting the resulting product with (D) a transition netal
conpl ex cont38STithd Sa 3 QEGRPEEN2HETAPLIWR COFRRIEAY to 6 or Groups 8 to 10

of the Periodic Table. 10. A nethod forproducing a catal yst for
ol ef i npol yner 9. A method for producing a catalyst for olefin polymer

production, which comprises contacting (A) clay, a claymineral
or an ion-exchanging layered compound, (B) an organic silane
compound and (C) at least 1 % by weight, relative to the dry
wéight of the component (A), of water with each other, followed
by further contacting the resulting product with (D) a
transition metal complex containing a transition metal of
Groups 4 to 6 or Groups 8 to 10 of the Periodic Table.

10. A method for producing a catalyst for olefin polymer
production, which comprises contacting (A) clay, a claymineral
or an ion-exchanging layered compound, (B) an organic silane
compound and (C) at least 1 % by weight, relative to the dry
weight of the component (A), of water with each other, followed
by further contacting the resulting product with (D) a
transition metal complex containing a transition metal of
Groups 4 to 6 or Groups 8 to 10 of the Periodic Table and (E)
an alkylating agent.

11. The method for producing a catalyst for olefin
polymerization of above 9, wherein the step of contacting (A)

clay, a clay mineral or an ion-exchanging layered compound,



production, which conprises contacting (A) clay, a claymneral or an

I on-exchangi ng | ayered conpound, (B) an organic silane conpound and (C) at
|l east 1 % by weight, relative to the dry weight of the conponent (A), of
water with each other, followed by further contacting the resulting
product with (D) a transition netal conplex containing a transition netal
of Goups 4 to 6 or Goups 8 to 10 of the Periodic Table and (E) an

al kylating a he net hod for u0|n st _f.or ,olefin
ol yier i zat.gﬁ?o?na%%% “sidane Gonun 859 rfefehid BT Vg atl by

m neral or on-excha n er ound
7 "R} 551Vttt Sry 1 e ahe é’ﬁ&pf’ﬁ?nﬁt (NeaSF REHYI ght
relative to the_dry weight of the congonent , of water with %Tach ot her,
fol l oned by F8FPh&thegnt ac?3iRyachePY eSurEhey cs%ae&%m {the( BErsRitLagsi ti on
metal conplex containing a transition netal of Goups 4 to 6 or G oups 8
to 10 of thePrPERrsdivithabll) i3 trareitirn nmekahnrpaPbel §OPSRLBLRGI Pent .
12. The nethod for producing a catalyst for olefin polynerization of above
10, wherein tthensti&ponf mebal acfi Groypy 4 ctaye or ddroupd fertal 16 ofn the
I on-exchangi ng | ayered conpound, (B) an organic silane conpound and (C) at
| east 1 % byPeeighic Tablatiwsefifediesl dnyancaghydobus hepominipo saitvepk)., of
water with each other, followed by further contacting the resulting
12. The method for producing a catalyst for olefin
polymerization of above 10, wherein the step of contacting (2)
clay, a clay mineral or an ion-exchanging layered compound,
(B) an organic silane compound and (C) at least 1 % by weight,
relative to the dry weight of the component (A), of water with
each other, followed by further contacting the resulting
product with (D) a transition metal complex containing a
transition metal of Groups 4 to 6 or Groups 8 to 10 of the
Periodic Table and (E) an alkylating agent is effected in an
anhydrous aprotic solvent.
13. A method for producing olefin polymers, for which
is used the catalyst for olefin polymer production of any one
of above 1 to 8.
We, the inventors have further found that the object of
the invention can be attained by a method of producing a
catalyst for olefin polymerization from a transition metal
compound and a silane compound-processed clay, which comprises

contacting a transition metal compound with a silane

compound-processed clay as prepared by contacting an aqueous



product with (D) a transition netal conplex containing a transition netal
of Goups 4 to 6 or Goups 8 to 10 of the Periodic Table and (E) an

al kylating agent is effected in an anhydrous aprotic sol vent. 13. A
met hod for producing olefin polynmers, for which is used the catalyst for
ol efin polyner production of any one of above 1 to 8. W, the

I nventors have further found that the object of the invention can be
attained b net hod_of_. produci ng .a, .catal yst .for _olefin pol ri i on
from o tr andieBERioEnds RLECHSIA Bl S leY R b hehn BoPBotlE, A Lo
whi ch conpri se contacti ctransiition netal conpoun | t.h a sil ane
cohpound?gréee3§§d%@Fé§ éggﬁgéﬁaféﬂab§gcdﬁ?ak?Y?mégbpiékéanﬁie second

8 di spersion of water-swellable claywith a silane conpound, and,
on the basi 8SBeSthPE thRdiRgenticmave conpl eted the second aspect of the
I nvention. Specifically, the second aspect of the inventionis to

provi de the fol | Fwerifically,) thepsaeendrered eduthrgiaventiey ks ftor
olefin polynerization froma transition netal conpound and a sil ane
conpound- pr preyide theyfohhoebngonprises contacting a transition netal
conmpound with a silane conpound-processed clay as prepared by contacting a
clay di spersion of. watZer method of producing a catalyst for olefin
polymerization from a transition metal compound and a silane
compound-processed clay, which comprises contacting a
transition metal compound with a silane compound-processed
clay as prepared by contacting a clay dispersion of water-
swellable clay in water with a silane compound.

2. The method of producing a catalyst for olefin
polymerization of above 1, wherein the water-swellable clay
is a phyllosilicate.

3. The method of producing a catalyst for olefin
polymerization of above 1, wherein the water-swellable clay
is of the smectite family or the mica family.

4. The method of producing a catalyst for olefin
polymerization of above 1, wherein the water-swellable clay
is an alkali metal or alkaline earth metal salt of
montmorillonite.

5. The method of producing a catalyst for olefin
polymerization of any one of above 1 to 4, wherein a clay

dispersion as prepared by dispersing water~swellable clay in

water of at least 40 times by weight the clay is contacted with



swellable clay in water wth a silane conmpound. 2. The nethod of
produci ng a catalyst for olefin polynerization of above 1, wherein the
wat er-swel l able clay is a phyllosilicate. 3. The nethod of
produci ng a catalyst for olefin polynerization of above 1, wherein the
water-swel lable clay is of the snectite famly or the mca famly.

4. The nethod of producing a catalyst for olefin polynerization of above
1, wherein th le clay is an alkali netal or alkaline earth
netal salt o %f%%ﬂ ?@Phgg 5. The net hod of producing a

catal yst for ol ef} nmer,i.za |o one of _a t rein a
clay ydi spersi on gs p&@ﬁy x'b‘ifj{ l\?\’ﬂte"’}‘ Eﬁgﬁ(yﬁ)& fcélrayol\i,%}grbvater
of at least 4 ﬁht the cI y i s cont ah%

9 Rp RBoYh@nY one of aboig, 1nkp dw&ﬁrﬁﬁé}dﬁﬁ?rﬁl%’t%t al yst

for olefin polynerlzatlon of any one of above 1 to 5, wherein the silane
conpound i s GBROMNEhLEd TBPraSERERAPY f Broemery} |fogmula (II-1)R) n- Sj - X(4- n)
(I'1-1) where Rrepresents a substituent of which the atomin the site
directly bonding R at@izf(4-gon atomis a cakbbm) silicon or hydrogen
atom X represents a substituent of which the atom

where R represents a substituent of which the atom in the site

directly bonding to the silicon atom is a carbon, silicon or
hydrogen atom; X represents a substituent of which the atom
in the site directly bonding'to the silicon atom is a halogen,
oxygen or nitrogen atom; plural R's and X's, if any, may be
the same or different ones, respectively; and n represents 0
or an integer of from 1 to 4.

7. The method of producing a catalyst for olefin
polymerization of any one of above 1 to 5, wherein the silane
compound is represented by a general formula (II-2):

(Rym-Si-X(4~-m) (11-2)
where R represents a substituent of which the atom in the site
directly bonding to the silicon atom is a carbon, silicon or
hydrogen atom; X represents a substituent of which the atom
in the site directly bonding to the silicon atom is a halogen,
oxygen or nitrogen atom; plural R's and X's, if any, may be
the same or different ones, respectively; and m represents an
integer of from 1 to 3.

8. The method of producing a catalyst for olefin

polymerization of any one of above 1 to 7, wherein the

10



inthe site directly bonding to the silicon atomis a hal ogen, oxygen or
nitrogen atom plural Rs and X's, if any, may be the sane or different
ones, respectively; and n represents O or an integer of from1l to 4.

7. The method of producing a catalyst for olefin polynerization of any
one of above 1 to 5, wherein the silane conpound is represented by a
general fornmula (I1-2): (R[err]-Si-Xerr] (Ir-2) where R

represents avsust b uE e Oy Wikl blie: 8LOTL e 8T Lec i Lectly shgndi no to

the silicon atomis car i con or

substituent g MLsHetIecat e Bhd e t%r#' %*aﬁe‘ié‘w%;%g o%e%g%ﬁ%csék'y“’”
be the sane or dlff rent on e tlvel and m represents an

imr?/eger of f?‘brr?l ?%b%re ring as %%‘Pnilﬂ‘g’?‘ﬁo&roPy‘fﬁm RE & trangifdens or

ol efin polyne n of any one of above 1 to 7, wherein the

10 IL'%n‘Zw ’% 85ﬂuﬁ§t8d¥°étﬂrﬁgu% PeriodippTabl @ hayingamncrgeniget al

of Groups 4 to 6 of the Periodic Table having a conjugated five-nenbered

ring as the +igard, agrbendedptesxthd transifdion metajewval ef nGtoogen8oro 10

of the Periodic Table having an organic |igand as bonded to the transition

metal via a PhesRReyusratehddnehetwaeom t her ebet ween.
9. The method of producing a catalyst for olefin

polymerization of any one of above 1 to 8, wherein the
components are further contacted with an organicmetal compound
with a metal of Groups 1, 2, 13 and 14 of the Periodic¢ Table.

10. A catalyst for olefin polymerization, which is
produced according to the method of any one of above 1 to 9.

11. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for
olefin polymerization of above 10.

We, the inventors have still further found that the cbject
of the invention can be attained by a catalyst for olefin
polymerization, which comprises a transition metal compound
and a silane compound-processed clay that gives absorption
peaks in a specific wavelength range in infrared absorption
spectrometry, and, on the basis of this finding, we have
completed the third aspect of the invention.

Specifically, the third aspect of the invention is to
provide the following:

1. A catalyst for olefin polymerization, which

11



9. The nethod of producing a catalyst for olefin polynerization of any
one of above 1 to 8, wherein the conponents are further contacted with an
organic netal conpound wth a nmetal of Goups 1, 2, 13 and 14 of the

Peri odi c Tabl e. 10. A catalyst for olefin polynerization, which is
produced according to the nmethod of any one of above 1 to 9. 11. A
nmet hod for producing olefin polyners, wherein olefins are polynerized in
the presence gfptigesat al Y%ra}m%&tﬁ%ef h%t%?' Y B BhHON 2 f a%?"esﬁ.il%ne

We, the inventors have still turther found that € obj ec t
I nvention ca e al f.or ol.efi pal ynerizatiqn, which
conprises a t% ?gt E]’S?%Pohggng?g#%ggﬁ%ﬁ%g{ ghdes as??%ﬁ?atlco&résﬁ%ﬁ}ﬁ’r BEENESY ay

that gives a IO eaks, Al a_S i_fic wavel.ength range in jnfrared
absor pti on ?%gé?%gng?};&eg%ﬁ]d@bor?rﬁgg%ggs|°§' anEiZP 15 rﬁi’?f’d’}g aﬂ.&\}@g
conpleted th hird ct 0 he .j nvent i on. Specifically, the third
as ggct of t hgei%ﬁﬁgﬂtﬁgﬁ’eﬁgdt %gg FoviBetienest pBRP glm‘ spectromekry.
catalyst for olefin_ polynerization, = which _ _
11 conprd sedheacatalyet 1o olefia podympsiaatiendof &bayg dne
conpound- processed clay that gives absorption peaks in a range falling
bet ween 1090%AfigeiB5thenfFélrpeangmpeund-nrogagsedatl ayigishprepenedOby and
995 cnferr] in infrared absorption spectronetry.

processing a phyllosilicate with a silane compound.

3. The catalyst for olefin polymerization of above 1 or
2, wherein the silane compound-processed clay is prepared by
processing amineral of the smectite family or a compound having
a smectite structure with a silane compound.

4. The catalyst for olefin polymerization of any one of
above 1 to 3, wherein the silane _compound—processed clay is
prepared by processing montmorillonite with a silane compound.

5. The catalyst for olefin polymerization of any one of
above 1 to 4, wherein the transitionmetal compound is a complex
of a transition metal of Groups 4 to 6 of the Periodic Table
having a conjugated five-membered ring as the ligand, or a
complex of a transition metal of Groups 8 to 10 of the Periodic
Table having an organic ligand as bonded to the transition metal
via a nitrogen or phosphorus atom therebetween.

6. The catalyst for olefin polymerization of any one of
above 1 to 5, which further contains an organic metal compound
with a metal of Groups 1, 2, 13 and 14 of the Periodic Table.

7. A method for producing a catalyst for olefin

12



2. The catalyst for olefin polynerization of above 1, wherein the silane
conpound- processed clay is prepared by processing a phyllosilicate with a
si | ane compound. 3. The catalyst for olefin polynerization of above
1 or 2, wherein the silane conmpound-processed clay is prepared by
processing a mneral of the snectite famly or a conpound having a
snmectite structure with a silane conpound. 4. The catal yst for

ol efin poly. fé%ré%\t:. %%'tﬂgn any . g0ey, of g WSl tocé%itavgﬁ{n%:]i%hesihgﬁge

conmpound- proc ay I's prepare processi ng non lonite with a

si | ane corrpg&ggc?%dz?r% sSe'@el%gt ?hfﬁta ft(}ran%li f 'oﬂ x@%lr:%f%é Hjn%ﬁagﬁ

_any
one of above erern ranst tion meta ound s a conpl ex

of atransitio tal of G.oups 4 to 6. of the Periodic .Table havi a
OO, uga od +h oS Rah SRR cirhRuRrhraCSred Sa A preparet B i on
metal of Groups 8 to 10 of_ the Periodic _Table having an organic ljigand as
bonded to tFRENERGHLRS i dSHARe cqpreundyiof §geRPEraphoepmBtds (REbmt) ¢

t her ebet ween. 6. The catalyst for olefin palynerization of any one of
above 1 to 5, whi®nr&irHdd-vdntains an orgddildd-ddtal compound with a
metal of Goups 1, 2, 13 and 14 of the Periodic Table. 7. A nethod
for produci ng ¥hezeaRympregensiefi aubstituent of which the atom in the1?
pol ynerization, which conprises contacting a silane
conpound- procesid¢e diapchilyvhbentiingsikoi thenefidiconnptomdiand carbon,
silicon or hydrogen atom; X represents a substituent of
which the atom in the site directly bonding to the silicon
atom is a halogen, oxygen or nitrogen atom; plural R's and
X's, if any, may be the same or different ones,
respectively; and n represents an integer of 2 or 3,
with clay, and gives absorption peaks in a range between falling
1090 and 1050 cm™ and/or in a range falling between 1015 and
995 cm™ in infrared absorption spectrometry.
8. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for
olefin polymerization of any one of above 1 to 6.
9. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for
olefin polymerization as obtained according to the method of

above 7.

BRIEF DESCRIPTION OF THE DRAWINGS
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I n which said silane conpound-processed clay is prepared by contacting a
sil ane conpound of a general fornmula (I11-1): (R[err]-Si-Xerr]
(rrr-12) where R represents a substituent of which the atomin the

site directly bonding to the silicon atomis a carbon, silicon or
hydrogen atom X represents a substituent of which the atomin the site
directly bonding to the silicon atomis a hal ogen, oxygen or nitrogen

atom piural Rsé“i\’};g 1 18 Stndf 138¥%s  DBY 8oy t&?onsg%ﬂaeft%{“"gi hi‘ﬁ,.‘r?’?clay

ones, respectively, and A Tepresents an | nteger

d gi i Kk bet f II 1090 d 10
enierr] anarbp et PR e iteaat FOTY ARPRRRTRI PR et r ar ed
absorption z&ic ronetry. 8. A nethod for producing olefin poI yners,

wher ei n *are polynerized in the presence of the catalyst for

ol efin polynerlzatlon of .any one, of above 1 to 6. . A method for
produci ng ol ef i n P yner &5 WS eLRTTBFER; ﬁ?sé’lrEtﬁSPyrﬁ?qczté'dm} n{Bhe 9fr esence
of the catalyst for olefin polynerization as obtained according to the

net hod of HBowenymorillonite used R thepESERFPTY ra & iRHE iDREWENES e

13
I1I-1.

Fig. 3 is the difference spectrum (C) between the infrared
absorption spectrum (A) and the infrared absorption spectrum
{B).

Fig. 4 is the difference spectrum (D) between the infrared
absorption spectrum of triethylchlorosilane-processed clay as
prepared in Example ITII-2 and the infrared absorption spectrum
of the starting clay.

Fig. 5 is the difference spectrum (E) between the infrared
absorption spectrum of trimethylchlorosilane-processed clay
as prepared in Example III-3 and the infrared absorption
spectrum of the starting clay.

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the invention are described

below.
First Aspect of the Invention:
1. Catalyst for Olefin Polymer Production:

The catalyst for olefin polymer production of the first
aspect of the invention (this will be simply referred to as

“the invention” in this section) is obtained by contacting a

14



Fig. 1 is the infrared absorption spectrum (A) of

di et hyl di chl or osi | ane-processed clay as prepared in Exanple 111-1.

Fig. 2 is the infrared absorption spectrum (B) of Na-nmontnorillonite used
as the starting material in Exanple Fig. 3 is the difference
spectrum (C) between the infrared absorption spectrum (A) and the infrared
absorption spectrum (B). Fig. 4 is the difference spectrum (D)

bet ween t he | ' PR yl k processed
lay as | pr oSN s BRaSHEG BY SBRERELIG] gbr LY £ B RShBELIGO TR CL
the starting clay. Fig. 5.1s the difference.spectrum (E) befween the
I nfrared a%gBrké§(ﬁ%%ﬂ%ﬂ%ﬁﬁ%ﬂ%ﬁyﬁﬁ' qﬂﬁﬁqyﬁpdro p|§ﬂ%-?ﬁ%ﬁé%§ﬁﬁﬁiﬁ%ﬁ/ as
prepared in Exanmple Il11-3 and the ipfrared absorptjon pectrum of t he
D P ng ¢l £Prbound and (Chprkeron P SaerothRR Co e (BN 4RgL tion
Preferred enbodi nents _of the invention are described below First Aspect
of the I nvefeieH complex: apptrining @ srprspéigreretrbRic Growps 4 to fhe
catalyst for ol efin polyner production of the first aspect of the
i nvention (t9% $SBGURSs e tsi APl 9f ridhe Raniadi mFablenandnophieemlly With s
section) is obtained by contacting a 14

(E) an alkylating agent.

Component {A):
(1) Clay and clay minerals:

Clay or clay minerals may be used as the component (3).
Clay is an aggregate of fine hydrous silicate minerals. It
is plastic when kneaded with a suitable amount of water, and
is rigid when dried. When baked at high temperatures, it is
sintered. Clay minerals are hydrous silicates which are the
essential components constituting clay.

These are not limited to only natural ones, but synthetic
products of those substances are employable herein.
(2) Ion-exchanging layered compounds:

“As the component (2), also usable are ion;exchar;ging
layered compounds, which are characterized by the crystal
structure of such that a plurality of crystal planes formed
through ionic bonding or the like are laminated in parallel
layers via weak bonding force between the adjacent layers, and
in which the ions are exchangeable. Some clay minerals are

ion-exchanging layered compounds.
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product as prepared by contacting (A) clay, a clay mneral or an

| on- exchangi ng | ayered conpound, (B) an organic silane conpound and (C)
water with each other, with (D) a transition netal conplex containing a
transition netal of Goups 4 to 6 or Goups 8 to 10 of the Periodic Table
and optionally with (E) an al kylating agent. Conponent (A): (1) Cay and
clay mnerals: Clay or clay mnerals nay be used as the conponent

(A). day is an %8 f fi hgr.ous siJdjcate mnerals. | S
pl astic when knea?%glr %Q %gsﬁilbaigpgx Ffﬁﬁﬁtacolfd ﬁg?é??ngﬁ&eli‘)é‘grf'%ic&%en
dried. Wien baked_ at high .te ratures, it is i ntece H’Sﬁ m.nerals are
hydrous silicat'es® rchq‘é’rlelﬁg casashd ﬁ?mB‘B%%ﬁéﬁFéu ) Ylmﬂsilardc&f"ay.
These are not i m'tid t onl,é-_natural ones, but synthetic products of
those subst aR€&g 2B Péwgﬂ-eﬁ igakeFei rbs nePrpd Py RS iR tage kogvn
conpounds: As the conponent (A), also usable are ion-exchanging
| ayer ed conpBaRdECNHRPEHL Rl tharsadodditecangyheqtoriatell the ﬁﬁ'@s‘—‘%ﬁéeof
such that a plurality of crystal planes formed through ionic bonding or
the |ike arefpBiivatiddiite ard skirdci teafe tbeizarEani bpnaindgnixed dayetrween
t he adjacent layers, and in which the ions are exchangeable. Sone cl ay
m neral s ar emihenadsclofngimertidiesm edndonpaasds.or those of micas and
15
vermiculites.
As synthetic products, known are fluoro-tetrasilicon
mica, laponite, smectone, etc.
Also mentioned are ionic crystalline compounds having
a layered crystal structure, such as a-Zr (HPO4) 2, Y-2xr (HPO4) 2,
a-Ti (HPO4)2, y-Ti (HPO4)2, etc. These are not clay minerals.
Examples of clay and clay minerals which do not belong
to ion-exchanging layered compounds and which are usable as
the component (A) include clay having a low montmorillonite
content and referred to as bentonite; kibushi clay comprising
montmorillonite and many other components; gairome clay;
sepiolite and palygorskite having a fibrous morphology; and
amorphous or low-crystalline allophane, imogolite, etc.
The component (A) is contacted with the components (B)
and (C), and it is desirable that clay, clay minerals and
ion-exchanging layered compounds for the component (A) are

chemically treated for the purpose of removing impurities from

them or for modifying their structures and functions.
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For exanple, phyllosilicic acid conpounds belong to clay mnerals.
Phyl | osi i ci caci dconmpoundsi ncl udephyllosilicic acid and phyllosilicates.
As natural phyllosilicates , known are nontnorillonite, saponite and

hectorite of the snectite famly; illite and sericite of the mca famly;
and m xed layer mnerals of snmectites and m cas, or those of m cas and
verm cul i tes. As synthetic products, known are fluoro-tetrasilicon

ica, | ite, s8LC. Al t d ar.e Loni talli

Comounds. havihg o9 SyersiE reptpent it diiEd Bifie At ofh fpbed Bty orr).
-Zr (HP , - Ti (HP I, Jerr]-Ti(HP ,

crc. | These S8 TTTLrSErerlene tbFendv inpraTise Lreg SiEades Hiher al

whi ch d t I to _i.on: hangi | d d d which

loable as RBScBASRE AFS| RORRAY (4 REVFBLa SRGHCRIEIRE | FaAv:

content and peferred to . as, bentonite; Kkibushi clay conprising
nont nori | | on{:f’ﬁcﬁﬁ‘&e}ﬁén)}to’c’l‘fé]ru%ﬁ@B%ﬁtrﬁtﬁﬁprtorﬁeu‘%ﬁldyiire%@m@t} selind
pal ygorskite _having a fibrous norphol ogy; and anorphous or |owcrystalline
al | ophane, | Fbg8tpeRt, eprganic trepfmendhpetent (A) is contacted with the
conponents (B) and (C), and it is desirable that clay, clay mnerals and
i on- exchangi ng | ay@ecacidpeahuentdrs theenovpdmmiritiesaf som shefiacak|,y
treated for the purpose of renoving inpurities from themor for nodifying
their structvhdle sred easiog cafsions such as aluminium, iron, magnesium and
the like from crystal structures to thereby enlarge surface
areas. The alkali treatment is to destroy the crystal
structure of clay, thereby modifying the structure of clay.
The salt treatment and the organic treatment are to form ionic
complexes, molecular complexes, organic complexes, etec. P
whereby surface areas and layer-to-layer spaces may be changed.
Owing to their ion-exchanging ability, the interlayer
exchangeable ions in the compounds may be exchanged with any
other bulky ions to give layered substances having enlarged
interlayer spaces.
(3) The substances of the component (A) noted above may
be directly used as they are, or, if desired, additional water
may be adsorbed onto them, or they may be heated and dehydrated
prior to being used.
(4) As the component (4), preferred are clay and clay
minerals. Most preferred are phyllosilicic acid compounds,

of which smectite is desirable, and montmorillonite is more

desirable.
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16 The chem cal treatment referred to herein indicates both
the surface treatnent to renove inpurities fromsurfaces and the treatnent
to nodify the crystal structure of clay. Concretely, it includes acid
treatnment, alkali treatnent, salt treatnment, organic treatnent, etc.

The acid treatnent is to renove inpurities fromsurfaces, while releasing
cations such as alumnium iron, magnesiumand the |ike fromcrystal
structures ar eas. alkali treatnment is to

there nl arge surface T
destroy the rotﬁ%/rgéllst%ﬁs%eu&‘Li‘?‘%}dsc%gﬁ C?ﬁg?%%?/tn@% fying the structure of
clay. The salt freatnent and fhe organi.c treatnent _are to formionic
conpl exes, nol ec%?‘g?nﬁo‘?%‘fp S ?ﬁﬁé’%lagﬂ(,eo Fek&s Eﬁ .‘:,om%"‘gm(/ggwface
areas and | ayer-to-layer spaces pay be changed.. Oni.ng .to their
ion-exchang‘i‘%‘/ﬁ;1 REL y,f%eeﬁﬁ?g}?aye‘?neeuﬁ%aﬁdé@tﬂh&qr&ﬁ@si nSERR RFpounds
may be exchanged with any other bulky ions to give |ayered substances
havi ng enl d%jeeethyisddivirbrlogidees. (3) traetbybsidnichloridese
conponent (A) noted above may be directly used as they are, or, if
desired, adetidsoropndisdlylnelyldwridaisbebbdowey bdimethylsilteghhoyide, heat ed
and dehydrated prior to being used. (4) As the component (A,
preferred arertimytydaiphemylsiilyéchlleoritibst preferred are phyllosilicic

aci d conpounds,
phenethyldimethylsilylchloride,ete.;

C

dialkylsilyldichlorides such as dimethylsilyldichloride,
diethylsilyldichloride, diisopropylsilyldichloride,
bisdiphenethylsilyldichloride,

methylphenethylsilyldichloride, diphenylsilyldichloride,
dimethylsilyldichloride, ditolylsilyldichloride, etc.;

alkylsilyltrichlorides such as methylsilyltrichloride,

ethylsilyltrichloride, isopropylsilyltrichloride,
phenylsilyltrichloride, mesitylsilyl- trichloride,
tolylsilyltrichloride, phenethylsilyltrichloride,etc.;

other halides to be derived from the compounds noted above by
substituting the chloride moiety with any other halogens;
silylamines such as bis(trimethylsilyl)amine,
bis(triethylsilyl)amine, bis(triisopropylsilyl)amine,
bis (dimehtylethylsilyl)amine, bis(diethylmethylsilyl)amine,
bis(dimethylphenylsilyl)amine,
bis(dimethyltolylsilyl)amine,
bis(dimethylmesitylsilyl)amine,

(dimethylamino) trimethylsilane,

18



of which snectite is desirable, and nontnorillonite is nore desirable.

17 Organi ¢ silane conpounds for conponent (B): Si | ane
conpounds are usable herein as the conponent (B), including, for exanple,
trialkylsilylchlorides such as trinmethylsilylchloride,
triethylsilylchloride, triisopropylsilyl chloride, tert-butyldinethylsilyl
chloride, tert-butyldiphenylsilylchloride,

o L At ol Y st st
e eP AL Ao A AR o e
e A ik 1 ¥ U o e
L st ARG AL AU e

tolylsilyltrichloride, phenethyl silyltrichloride,etc.; other halides
to be deri VP ThIgh tricnetdnifiddd ) aeeéamagsve by substituting the chloride
moi ety with any other hal ogens; silylam nes such as
bis(trinetH?#%{#SﬂweﬁﬁY#ﬁl1m&)§@ﬂﬁﬂ§pﬁya§et9m}dﬁine,

bis(triisopropylsilyl)amne, bis (dinmehtylethylsilyl) amne, bis
(di et hyl metbis &itingthylisidyl) acetamide, bis (trimethylsilyl)urea,

trimethylsilyldiphenylurea, etc.; linear siloxanes such as
1,3-dichlorotetramethyldisiloxane, etc.; cyclic siloxanes
such as hexamethyltrisiloxane, etc.; tetraalkylsilanes such
as dimethyldiphenylsilane, diethyldiphenylsilane,
diisopropydiphenylsilane, etc.; and trialkylsilanes such as
trimethylsilane, triethylsilane, triisopropylsilane, tri-
t-butylsilane, triphenylsilane, tritolylsilane,
trimesitylsilane, methyldiphenylsilane,
dinaphthylmethylsilane, bis(diphenyl)methylsilane, etc. Of
those, preferred are organic silane compounds having at least
one alkyl group directly bonded to the silicon atom. More
preferred are alkylsilyl halides, and even more preferred are
dialkylsilyl halides. One of those compounds may be used as
the component (C). As the case may be, however, two or more
of the compounds may be used, as combined in any desired manner.

The catalyst of the invention contains the product to
be prepared by contacting the components (A), (B) and (C) with

each other. The product may be hereinafter referred to as a
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bi s(di met hyl phenyl silyl)am ne, bis(dinmethyltolylsilyl)am ne,
bi s(di methyl mesitylsilyl)am ne, (dinmethylam no)trinethylsilane,

18 (diethylam no) trinethylsilane, N (trinmethylsilyl) imdazole,
etc.; pol ysi | anol s general ly referred to as

per al kyl pol ysi | oxypol yol s; silanols such as
tris(trinmethylsiloxy)silanol, etc. silylam des such as

AL P A el B s
tri rret hyl'si k)c%(et r%ﬂeel?% #J%-a teetcf W‘lt %acli\ %}k.?;’éa?_gs i%Chra:S.n an 1nert

1, 3-di chl or oxane I'c”Si Foxanes™ sUch
hexanet hyl trj si | qQxane, tc tetraal | si | apes, suc

i et nyl o AERyPRT e ot a50en, GLERASN Hrohyeet ke, Brorerably, they
d||sopropyd|§$ | silane, etc.; and trialkylsilanes such as

trimet hyl si?ehes ‘?‘ﬁ‘é’ﬁﬂ/l“&tihaﬁé"ht pthespiBpensinahe, 2HresPhergyt v si | ane,
tri phenyl sil ane, tritolylsilane, trinesitylsilane,

net hyl di phenyl si Fag&e thp SLPROREPEEL (M ardafR) aescontRersd Jidbnerah| ane,

etc. O those, preferred are organic silane conpounds having at |east

one al kyl g¢6®®rditbetwyt§9ndéﬂ the t hwosidomponeatsmisviprefqnadiler red are

al kyl silyl halides, and even nore preferred are
controlled that the amount of the component (B) is from 0.001
to 1000 mols, more preferably from 0.01 to 100 mols in terms
of the silicon atom, relative to 1 kg of the component (A).

Water for the component (C) may be derived from the
component (A) or (B) that naturally contains water, or
additional water may be added to the system from an external
source. In the case where additional water is added thereto
from an external source, the component {(C), water may be
previously added to any of the component (A) or (B) before the
components (A) and {(B) are contacted with each other, or may
be added to the components (A) and (B) after the two components
have been contacted with each other, Preferably, the
component (A) and the component (C) are first contacted with
each other and then with the component (B), or the components
(A), (B) and (C) are contacted with each other all at a time.
The component (C), water breaks the crystal structure

{(especially the layered crystal structure) of clay, clay

minerals and ion-exchanging layered compounds, thereby

enhancing the contact efficiency between silane compounds and
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di al kyl silyl halides. One of those conpounds nmay be used as the conponent
(©. As the case may be, however, two or nore of the conpounds nay be
used, as conbined in any desired manner. The catal yst of the

i nvention contains the product to be prepared by contacting the conponents
(A, (B) and (C) with each other. The product may be hereinafter referred
to as a 9 si |l ane

1
i 1h each ot by hecrvkeh A BERT i hartbe and 1 SBrexrigndTie ERYBBRG: Che

with each other 1n alr or in oS
i ke. Prefer e..contacted wi.th each ath in an iner
at mosphere. 85y ou%%%’e eeuggr‘ﬁ?g‘ri]gm YAERF §Ffﬁ’afléf %’F’& g@h’?ﬁéf:@aiﬁ}’?ﬁ each

other, the ratio of.the two conponents .is preferably so controlled that
t he anount ogé%%%sdﬂﬁﬁﬁﬁéﬁ?Yﬁﬁ '§§??GWF6?0@f Y1068 aHoménerpte and

preferably from0.01 to 100 nols in terms of the silicon atom relative to
1 kg of the TOMPTREANGIAY laveredyqamuiindshe EhapebsniPR@Eting btheeri ved
fromthe conponent (A) or (B) that naturally contains water, or
addi tional VAtEFUSERR IRF adeblpRe qomponpck dntor e dihusctespaadedsspaces | n
the case where additional water is added thereto from an external source,
t he conponemth (e apMstrlmsfrvetupeeef otisdge sxltatarceamy BdEcohdinghppnent
(A) or (B) before the conponents (A) and (B) are contacted with each
ot her, or nefhe Heresktare taf thateroimorthet step) ofndonBacaihgr cldg, t ¥hay
conponent s
minerals and ion-exchanging layered compounds with a silane
compound is important, and a larger amount of water existing
in the step produces better results in the invention.
The amount of the component (C), water is preferably at
least 1 % by weight, more preferably at least 10 % by weight,
even more preferably at least 100 % by weight, relative to the
dry weight of the component (A). Anyhow, it is necessary to
positively make water present in the step of contacting the
components (A) and (B) with each other.
The dry weight of the component (A) is measured as
follows: A sample of the component (A) is heated up to 150°C
in a muffle furnace over a period of 30 minutes, and kept at
the temperature for 1 hour, and its weight is measured. This
indicates the dry weight of the component (2).
Water for the component (C) may be dei:ived from the
component (A) that naturally contains water, whichis desirable

for simplified operation. If, however, the system requires

additional water, the component (A) may be suspended in water,
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have been contacted wth each other. Preferably, the conponent (A) and
the conponent (C) are first contacted with each other and then with the
conponent (B), or the conponents (A), (B) and (C) are contacted with each
other all at a tine. The conponent (C), water breaks the crystal
structure (especially the layered crystal structure) of clay, clay

m neral s and ion-exchangi ng | ayered conpounds, thereby enhancing the

contact effici i . q;mou g .
20 °© tﬁg¥ﬁ%§%§%§? %’?ggn&c a;? gr??f??% sa“é“n%“ oiuke g%gh%%lg‘lrenrbt‘l ayered
conpounds. %cifically wat er .expands the | ayer-to-|laye spaces in the
crystal str u?ﬁgﬁ?lﬁlsa%&v%ﬂetaﬁnﬁigﬁg?ﬁr ) %ﬂ(?’élng’ -eéxéﬁéﬁéﬂﬁﬁ’ Ieai/ete%resd
conpounds, thereby pronpting th di ffusion of ,a silane co oung into the
t hus- expand&F&F5ces hg£°9 °}é¥‘$€‘i‘%ﬁﬂ§qﬁrct uPeiBP2thBse 1‘5)(}{2‘? S,
Accordingly, the presence of water in the step of contacting clay, clay
m neral s an@reBRtéednarpIrraonfer efhe fepberasurpiat which dhe cataiythi® i s
i mportant, and a larger amount of water existing in the step produces
better resulcoyponenis anecpenbacted with EHachapther 4h the pvesresitof O) ,
water is preferably at least 1 %by weight, nore preferably at |least 10 %
by wei ght, water ppefepaslelerfHlllys betleast-3IATC dnmdythvebghifllingepainveod 0 t he
dry weight of the conmponent (A). Anyhow, it is necessary to positively
make wat er heseolvientt bsedtep of contacting the

Transition metal complexes for component (D):

Various type of transition metal complexes are usable

as the component {(B) in the invention, for which, however,

preferred are compounds of transition metals of Groups 4 to

6 of the Periodic Table and those of Groups 8 to 10. As the

compounds of transition metals of Groups 4 to 6 of the Periodic

Table, preferred are those of the following general formulae

{(I-1) to (I-3); and as the compounds of transition metzls of

Group 8 to 10 of the Periodic Table, preferred are those of

the following general formula (I-4).

Qla (CSH5—-a-—bR1b) (C5H5-a~cR2c) MIXIYI (1-1)

Q2a (CSHS—n—dRad) ZlMIXIYl (I_Z)
(C;H, . R*,) MIX'YW! (1-3)
L'L2M2X1'Y? (I-4)

where Q' represents a bonding group that crosslinks the two
conjugated five-membered cyclic ligands (C;H,_,_,R',) and

(CSH5~a-cR2c) ;/
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conponents (A) and (B) with each other. The dry wei ght of the
conponent (A) is neasured as follows: A sanple of the conponent (A) is
heated up to 150[err]C in a nuffle furnace over a period of 30 m nutes,
and kept at the tenperature for 1 hour, and its weight is neasured. This
i ndicates the dry wei ght of the conponent (A). Water for the
conponent (C) may be derived fromthe conponent (A) that naturally
contains water, which is_desirabl.e for sinplified operation. If, however,
the system rgui FSPISEFRYS %r‘?é’lnqhé‘ge?’f°‘fl?lé:h&§n‘b’6‘h%?ﬂti0’(% theyc wgriRehded
in water, . , X 2 r may be suspended
in a mxturefdVenEerberad g¥chigahigand \ﬁéﬁbﬂsiﬁh@ %?ggniaé‘%d?hﬁar&rouP
i ncl udes, for, exanple, alcohols, esters, ethers, hal ogenohydr ocar bons,
al i phatic hydrocarbons, aromatic hydrocarbons. The tenperature at which
the catalytic  components are contacted with each other in the presence of
wat er preferzﬁafayR al Fs” and feercizoppresen hachydmodzoibamgreaap Nt teflogdre
solvent used. Transition nmetal conplexes for conponent (D): Vari ous
type of trandtemeramalkexy grphpxassilbcopabbrtaimingbydoopenboh grBup,n t he
invention, for which, however, preferred are conpounds of transition
met al s of G 8upBhdsplordsoforn e rigrg otiydréahrboandgtbose of @idtese®~t o 10.
As the conpounds of transition nmetals of Groups 4 to 6 of the Periodic
containing hydrocarbon group, or a boron-containing

hydrocarbon group; and a plurality of these groups, if any,
may be the same or different, and may be bonded to each other
to form a cyclic structure;

a represents 0, 1 or 2;

b, ¢ and d each represent an integer of from 0 to 5 when a =
0, or an integer of from O to 4 when a = 1, or an integer of
from O to 3 when a = 2;

e represents an integer of from 0 to 5;

M' represents a transition metal of Groups 4 to 6 of the
Periodic Table;

M? represents a transition metal of Groups 8 to 10 of the
Periodic Table;

L' and L? each represent a coordination-bonding ligand;
X', Y', Z' and W' each represent a covalent-bonding or
ionic-bonding ligand; and

L* L2 X' Y'and W! may be bonded to each other to form

a cyclic structure.
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Tabl e, preferred are those of the follow ng general formulae (1-1) to
(1-3); and as the conpounds of transition nmetals of Goup 8 to 10 of the
Periodic Table, preferred are those of the follow ng general formula

(1-4). Qerr] (Cerr]Herr]Rerr]) (JerrJHerr]Rerr])
Merr]Xerr]Yerr] (I-1) Qerr] (Cerr]JHerr]Rerr])
Zlerr]Merr] X[err]Y[err] (1-2)

(Jerr]Herr]Rerr]) Merr]Xerr]Y[err]Werr]

(1-3) L[ er r | BPEFAERCE¥IDRERT PF @r]r]and Q 2include (1) an alkylene
(I-4) where er represents a, bondi ng group that crosslinks the two
conj ugat ed f?%gﬂé‘%ﬁépgdte’&%ﬁi? figIree a‘?‘@[‘%'r PF I SYF]pREFYI§nRgEOUP,
(C[err]H[errlR[ﬁEé]ﬁzf; . 22

represents a®bho o FPPE LAt UERESRY ihkewere 2t bHE LR tRENY] @xowenBEr ed
cyclic Iigand (qerrgH[err] Rlerr]) and the group Zerr] ; Rerr],
Rlerr], R ertfs &SideRrrFBrip, etitgh @spadnethykens grovr: bam efityileneaghetipgen
atom an al koxy group, a silicon-containing hydrocarbon group, a
phosphor us- c¥nt aisepPrgPrin}enec agtap gr sumethylicheoydmethydehai grmp, a
hydr ocar bon group, or a boron-containing hydrocarbon group; and a
plurality ofdipleswylgueipslend guopp, sagybkohdeybate groud f fedicent (2and may
be bonded to each other to forma cyclic structure; a represents 0, 1 or
2: silylene group, or an oligosilylene group, or the group

Q2

substituted by a lower alkyl or phenyl group at its side chain,
such as a silylene group, a dimethylsilylene group, a
methylphenylsilylene group, a diphenylsilylene group, a
disilylene group, a tetramethyldisilylene group, etc.; and (3)
a hydrocarbon group (e.g., a lower alkyl group, a phenyl group,
a hydrocarbyloxy group (preferably, a lower alkoxy group),
etc.) containing germanium, phosphorus, nitrogen, boron or
aluminium, such as a (CH3)2Ge group, a (CgH5) 2Ge group, a (CH3)P
group, a (CgH5)P group, a (C4Hg)N group, a (CgH5)N group, a
(CH3)B group, a (C4Ho) B group, a (CeHs5)B group, a (CgHs)Al group,
a (CH30)Al group, etc. Of those, preferred are alkylene groups
and silylene groups.

(CSHs—a'—leb) r (CSH5~a—c ch) and (CsH5—~n~aR3d)
are conjugated, 5-membered cyclic ligands, in which Rl ’ RZ and
R3 each represent a hydrocarbon group, a halogen atom, an alkoxy
group, a silicon-containing hydrocarbon group, a
phosphorus-containing hydrocarbon group, a nitrogen-

containing hydrocarbon group, or a Dboron-containing
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b, ¢ and d each represent an integer of fromO to 5 when a = 0, or an
integer of fromO to 4 when a = 1, or an integer of fromO to 3 when a =
2; e represents an integer of fromO to 5; Merr] represents a transition
metal of Goups 4 to 6 of the Periodic Table; Merr] represents a
transition nmetal of Goups 8 to 10 of the Periodic Table; L[err] and
L[err] each represent a coordination-bonding ligand; Xerr], Y[err],

Z[err] and rrg}c clﬁre resent acovate -gondi g.or, . ionic-b ?
(l gand; - and PYEFarPF RS GFOTST J bePreBdREF N, 100 §2aRh nef pES EA,
each other to form .a_cyclic str ure. _ .
23 representsﬁﬁcjr’?#%g%’ié’%;%Egmo? Q& PR % PF FRATRRISTL) an
al kyl ene graoup. havi n% from1l to 4 carbon atonms, or _a_cycl oal kyl ene group,
or the grouPfsdBem futeddpyhar el al9gy R dnteaenyPEgfaP Gito i ¥harge
chain, such as a nethyl ene group, an ethylene group, an isogropylene
group, a ne@h?l%he'ﬁ??ﬁyﬁmcéﬁbogrmp prefiep hast FreeActq 28 gRrhen
cycl ohexyl ene group, etc.; (2) a silylene group, or an oligosilylene
group, or tk&ampsoupnoxrbpreferadlyy faomovier tal Ky earkprengtonseoup e its
side chain, such as a silylene group, a dinethylsilylene group, a
hydrocarbon group may be a monovalent one that bonds to the
cyclopentadienyl group of a coﬁ jugated, 5-membered cyclic
group. Two of plural hydrocarbon groups, if any, may be bonded
to each other to form a cyclic structure along with a part of
the cyclopentadienyl group. Specific examples of those
conjugated, 5-membered cyclic ligands are substituted or
unsubstituted cyclopentadienyl groups, indenyl groups and
fluorenyl groups. The halogen atomincludes chlorine, bromine,
iodine and fluorine atoms. The alkoxy group preferably has
from 1l to 12 carbon atoms. The silicon-containing hydrocarbon
group includes, for example, groups of -Si (R5) (Re) (R7) ; in
which RS, R® and R7 each represent a hydrocarbon group having
from 1 to 24 carbon atoms. As the phosphorus-containing
hydrocarbon group, the nitrogen-containing hydrocarbon group
and the boron-containing hydrocarbon group, for example,
mentioned are groups of -P (R8) (R9) ;, =N (Ra) (R9) , and -B (RB) (R%) p
respectively, in which R8 and R? each represent a hydrocarbon

group having from 1 to 18 carbon atoms. Plural Rl's, R2's and

R3's , 1f any, may be the same or different ones, respectively.

In formula (I-1), the conjugated, 5-membered cyclic ligands
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met hyl phenyl sil yl ene group, a diphenylsilylene group, a disilylene group,
a tetranmethyl disilylene group, etc.; and (3) a hydrocarbon group (e.g., a
| ower al kyl group, a phenyl group, a hydrocarbyl oxy group (preferably, a
| ower al koxy group), etc.) containing germanium phosphorus, nitrogen,
boron or alum nium such as a (CH3)2Ge group, a (Cerr]Herr])[err] Ge
group, a (CH3) P group, a (C[err]H[err])P group, a (Cerr]Herr])N group,

(o] H or ARt o fos ofoiTalify Bryhs ol einperF S e,

etc. O thosg, preferred are al kyl ene groups and silyl ene groups.
(qmrﬂﬂyﬂﬁ%w]),(quHMH]HmTD md(qmﬂHMH]Hmﬂ) are

conj ugated, 5-nmenbered cyclic ligands, in which err] err and R3 each
represent a hydr o‘égrmetjr%ﬁ a transiddem el ol emeik P GFQHBS t®
silicon-containin hydr ocar bon osphorus cont ai ni ng

hydr ocar bon & @fohe Pérlﬁidtlpoaéhlercbﬁﬁgﬁﬁﬁ@r E@ﬁ S  HriWor  a
bor on- cont ai ni ng 24 hydr ocar bon

group; a repicsoniyng hafpium; mirbiumc reddhdesyon toagsseantet@. | @feger of
fromO to 5 when a = 0, or an integer of fromO to 4 when a = 1, or a

i nteger of fohome) preBexparhare titaniTing hydeonhurhenddgrafipiym cépndaisine has
from1l to 20 carbon atons, nore preferably from1l to 12 carbon atons.

The hydr ocgre@ergicdun ST i v Nova efdprifertdiata beswsl 4o tBhding

cycl opent adi enyl group of a conjugated, 5-nenbered cyclic
ligand, including, for example, an oxygen atom (-O-), a sulfur
atom (-8-), an alkoxy group having from 1 to 20, preferably
from 1 to 10 carbon atoms, a thiocalkoxy group having from 1
to 20, preferably from 1 to 12 carbon atoms, a nitrogen-
containing hydrocarbon group having from 1 to 40, preferably
from 1 to 18 carbon atoms {(e.g., a t-butylamino group, a
t-butylimino group, etc.), and a phosphorus-containing
hydrocarbon group having from 1 to 40, preferably from 1 to
18 carbon atoms. X1 and Y¥! each represent a covalent-bonding
ligand, including, for example, a hydrogen atom, a halogen atom,
a hydrocarbon group having from 1 to 20, preferably from 1 to
10 carbon atoms, an alkoxy group having from 1 to 20, preferably
from 1 to 10 carbon atoms, an amino group, a phosphorus-
containing hydrocarbon group having from 1 to 20, preferably
from 1 to 12 carbon atoms (e.g., a diphenylphosphine group,
etec.), a silicon-containing hydrocarbon group having from 1

to 20, preferably from 1 to 12 carbon atoms (e.g., a

trimethylsilyl group, etc.), and a boron compound residue
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group. Two of plural hydrocarbon groups, if any, may be bonded to each
other to forma cyclic structure along wwth a part of the cyclopentadienyl

group. Speci fic exanpl es of those conjugated, 5-nenbered cyclic |igands
are substituted or wunsubstituted cycl opentadi enyl groups, indenyl groups
and fluorenyl groups. The hal ogen atomincludes chlorine, brom ne, iodine

and fluorine atons. The al koxy group preferably has froml to 12 carbon
atonms. The gLl - [l BTN e,
ar oups of - BRVRER RaRRdch R LR Al 58 i 0, RS rer P RN

hydrocarbon gy ko i Q§¥ﬂ: o'in%”b% Hallri éJﬁQi{?ﬁé‘né‘t{é"g;g - éégﬁg )4 BF4) -

phosphor us- LoRe didni ng Fdrocarbon gr e ni

hydrocarbon and t ron ontainin droc rou for exanpl e,
ment i onedar & &B%rﬁbpr ﬁ["é'F ]3“&&{%" ag° $¥$ O \JTONRF - B
(Rlerr]) (Rlerr]), .respectively, in mhlch R[err] and R[err] each represent
a hydrocar béiﬁ fo¥p mayﬂng thensame ox gligiapentaoses. Plural Rerr]'s,
Rlerr]'s and R[err] S, Cy may be the sanme or different ones,
respectively. |n% G?Qﬁmléa(l 13) it ME tepresentsl a Snanmidien @atialc ofi gands
25 (Jerr]Herr]Rerr]) and (CJerr]J]Herr]Rerr]) may be the sanme
or differenGroupes4 to 6 of\fthe |Perdpddceinble,t suelias crhatementdlomesht of
Goups 4 to 6 of the Periodic Table, including, for exanple, titanium

zi rconi um habreumXhi adeprgsemilsy bdemwalanigdicmdingt cli@hnd and is

concretely a halogen atom or an alkoxy group.

(1) As specific examples of the transition metal
compounds of formulae (I~1) and (I-2), mentioned are the
following compounds.

(1) Transition metal compounds not having a
crosslinkable bonding group but having two conjugated, 5-
membered cyclic ligands, such as
bis(cyclopentadienyl) titaniumdichloride,
bis(methylcyclopentadienyl)titaniumdichloride,
bis (dimethylcyclopentadienyl) titaniumdichloride,
bis (trimethylcyclopentadienyl) titaniumdichloride,
bis(tetramethylcyclopentadienyl) titaniumdichloride,
bis (pentamethylcyclopentadienyl) titaniumdichloride,
bis{n-butylcyclopentadienyl) titaniumdichloride,
bis{indenyl) titaniumdichloride,
bis{(fluorenyl) titaniumdichloride,
bis (cyclopentadienyl) titaniumchlorohydride,

bis {cyclopentadienyl)methyltitaniumchloride,
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t hose, preferred are titanium zirconiumand hafnium and nore preferred
Is zirconium Z[err] represents a coval ent-bonding Iligand, including, for
exanpl e, an oxygen atom (-O), a sulfur atom (-S), an al koxy group havi ng
from1l to 20, preferably from1 to 10 carbon atons, a thioal koxy group
having from1 to 20, preferably from1 to 12 carbon atons, a nitrogen-
cont ai ni ng hydrocarbon group having from1 to 40, preferably froml to 18

carbon atons.(e. - but,yl ani po, gr a t]ﬁut.l'nino group, etc.), and
a phosphorusPé%éggp%%ﬁéngﬁ?%?gggpﬁgﬁyéﬁikﬁp*l ' %%4ﬁﬂ 1 to 40, preferably
from1l to 1%,0 rbo& atogs..XLe%{ anqu err, %gﬁh represent a
coval ent - bon EﬁgcyF'agﬁa,aFﬁE ¥ 2Ny Lt , Qf%%%jrogen atom a
hal ogen atom, , % hygrocarbon group. having from1l to 20, preferably from1l
to 10 car boR*SiGHEoRANERAGRYY L} Sipe Hetanigm A to 20, preferably from
1 to 10 carbon atons, an am no gropp, a phosphorus- contai ni ng hydrocarbon
group havi ngPREdryelepentadpenybl dipRenykigitaniun,12 carbon atoms (e.g., a
diphenylphosghine group, etc.), a silicon-containing hydrocarbon group
havi ng from Pist{eyedcppntadianyy)dinsogenty lit2 teavibon at ons (e.g., a
trimethylsilyl group, etc.), and a boron conpound residue
26 bhaicyglepkytadtanpbnd giydyp ti tanifumom 1 to 20, preferably from
1 to 12 carbon atons or having halogens (e.g. B((err]Herr])[err],
BF[err]). Oictybbspenpadienyb) (Rideryl Jogictharaihmidh aldriadr,ocar bon groups.
{cyclopentadienyl) (fluorenyl) titanium dichloride, etc.

(2) Transition metal compounds having two conjugated,
5-membered cyclic ligands, in which the two ligands are
crosslinked with an alkylene group, such as
methylenebis (indenyl) titaniumdichloride,
ethylenebis(indenyl)titaniumdiéhloride,
methylenebis (indenyl) titaniumchlorohydride,
ethylenebis (indenyl)methyltitaniumchloride,
ethylenebis (indenyl)methoxychlorotitanium,
ethylenebis (indenyl) titaniumdiethoxide,
ethylenebis (indenyl)dimethyltitanium,
ethylenebis(4,5,6,7-tetrahydroindenyl) titaniumdichloride,
ethylenebis (2-methylindenyl) titaniumdichloride,
ethylenebis (2,4~-dimethylindenyl) titaniumdichloride,
ethylenebis (2-methyl-4-trimethylsilylindenyl) titanium-
chloride,

ethylenebis (2,4-dimethyl-5,6,7-trihydroindenyl) titanium-

dichloride,
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X[err] and Y[err] may be the same or different ones. In formul a
(I-3), Merr] represents a transition netal of Goups 4 to 6 of the
Periodi c Tabl e, such as that nentioned above; X err] represents a

coval ent-bonding ligand and is concretely a hal ogen atom or an al koxy

gr oup. (I') As specific exanples of the transition netal conpounds
of fornmulae (1-1) and (I1-2), nentioned are the follow ng conpounds.

(1) Transggkgf?n 5 a, ?d£§%%§§5%§Elrun t_@Plﬁg‘:/iainl;l;g)(<'i;,,l§r,osslinkable bondi ng

group but havin cobnj uga yclic | i gands,

such S g's;c CLO entq%%;n |).titani ungdi chl ori de,

bi s( et hyl cy@%’&ﬁ YAV e 9&9‘???? T AR ichloride,

bis(dinethylc%clo ent?dienyl)titaniundichloride, i

bi s(trinet hyl 9‘%¥ﬁ%‘é% et i) A ttahutydicyrierenasadienyl) (37 -t-butyl-

bi s(tetranmethyl cycl opent adi enyl ) titani undichloride,

bi s( pent anet Ayregehvbaviehereniadienyiiitifandvmsiichdoride,

bis(n-butylcyclogentadienyl)t]taniunﬁichloride,

bi s(i ndenyl ) eth¥henedi? cBi ortafane thylspvidlepeabadienyahi(ivdd e b bri de,

bi s(cycl opent adi enyl ) titani unchl or ohydri de, :

bi s( cycl opentatinetlyy] apthypen tatianyiltdrbiaod umdichloride,

27 bi s(cycl opent adi enyl ) et hyl titani unchl ori de,
isopropylidenebis (2-methylindenyl) titaniumdichloride,
isopropylidenebis (indenyl)titaniumdichloride,
isopropylidenebis(2,4-dimethylindenyl) titanium dichloride,
isopropylidene{2,4-dimethylcyclopentadienyl) (37,5~
dimethylcyclopentadienyl) titaniumdichloride,
isopropylidene (2-methyl-4-t-butylcyclopentadienyl) (37-t-
butyl-5'-methylcyclopentadienyl) titaniumdichloride,
methylene (cyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
titaniumdichloride,
methylene{cyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
titaniumchlorohydride,
methylene (cyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
dimethyltitanium,
methylene (cyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
diphenyltitanium,
methylene (cyclopentadienyl) (trimethyleyclopentadienyl) -
titaniumdichloride,

methylene (cyclopentadienyl) (tetramethylecyclopentadienyl) -

titaniumdichloride,
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bi s(cycl opent adi enyl ) phenyl ti tani unthl ori de,
bi s(cycl opent adi enyl ) di net hyl titani um

bi s(cycl opent adi enyl ) di phenyl titani um

bi s(cycl opent adi enyl ) di neopentyl titani um

bi s(cycl opent adi enyl ) di hydrotitani um

(cycl opent adi enyl ) (i ndenyl ) ti tani undi chl ori de,

| t adj | ) hi ' ' i e, etc. 2
T hmsi 4 on iR B YRR R G2 48, S renbered cybiic
i ' ' h | i . LI nked " .with | kyl
oo, | SR e B e D EA SR PR S OF S or e,

et hyl enebi s(j ndenyl )titani undi_chl ori de,
nethylenebis%#?ﬁﬁﬁ%&% nefylrPsPsRgarPYL) (2,3,4,5-

et hyl enebi s(i ndenyl ) met hyl_ titani unchl ori de, i .

et hyl enebi s(iefeaig heielpPerspei PPy titaniumdichloride,

et hyl enebi s(i ndenyl ) titani undi et hoxi de, . . ]

et hyl enebi s (i srrrspyldidenefpviclopsntadieayhy (3reethykimenyl) titanium-

7-tetrahydroi ndenyl )titani undi chl ori de,

et hyl enebi s(@iakekdrddendenyl )titani undi chl ori de,

et hyl enebi s(2, 4-di met hyl i ndenyl ) titani undi chl ori de,

et hyl enebi s(Psopmtdpytl-ididnd (Bidlypentpdi adeby ( F1udaanybh) ti tdrdinm-de,

et hyl enebi s(2, 4-di methyl -5, 6, 7-tri hydroi ndenyl )titani um dichlori de,

28 dichloride,
isopropylidene (2-ethylcyclopentadienyl) (fluorenyl) -
titaniumdichloride,
isopropylidene (2,5-dimethylcyclopentadienyl) (3,4-
dimethylcyclopentadienyl) titaniumdichloride,
isopropylidene(2,5-dimethylcyclopentadienyl) (fluorenyl) -
titaniumdichloride,
ethylene (cyclopentadienyl) (3,5-dimethylcyclopentadienyl) -
titaniumdichloride,
ethylene (cyclopentadienyl) (fluorenyl) titaniumdichloride,
ethylene(2,5~dimethylcyclopentadienyl) (fluorenyl) titanium-
dichloride,
ethylene(Z,5-diethylcyclopentadienyl)(fiuorenyl)titanium—
dichloride,
diphenylmethylene (cyclopentadienyl) (3,4~
diethylcyclopentadienyl) titaniumdichloride,
diphenylmethylene (cyclopentadienyl) (3,4-

diethylcyclopentadienyl) titaniumdichloride,
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et hyl ene( 2, 4-di net hyl cycl opent adi enyl ) (3", 5, -

di met hyl cycl opent adi enyl ) ti tani undi chl ori de,

et hyl ene(2-met hyl - 4-t-butyl cycl opent adi enyl ) (31-t-butyl -
5' - et hyl cycl opent adi enyl ) ti tani undi chl ori de,

et hyl ene(2,3,5-trimethyl cycl opentadienyl)(2',4",5" -
trimethyl cycl opentadi enyl )titaniundichloride,

i sopropylide i - pet hyl i it ani ' ' . N

| copr opyl | deAiE S TE AR e orehi-aABHTLL CELRREORAL i o
(2’4'di”Ethy,£ngE¥g¥ titani um di chl ori de,

| sopropylide éi,o-; %ﬁﬂhylcyclopentadienyl)(3',5'-

di met hyl cycl opent.adi eny] ) titani undi chl ori de, , C A

onr ony || GBS Rdne (- e E P bu e Sapentagienyl) (31,41 -

butyl -5' - met hyl cycl opent adi enyl ) ti tani undi chl ori de, .

net hyl ene( cy&iidntlicdppentadi sayid thiprpiEnofiarber g4 Jete.
titani undi chl ori de,

met hyl ene( cycl opefBadi Brgnsi Bian dnekahyteypowpdathaviarg | fwo silylene-
titani unchl or ohydri de,

met hyl ene( cyetagadnirddidan won(3gatedned penyerep antcldicedyiigpnds, such as

di ret hyl titani um
met hyl ene( cydtimpentladilglyebnebd sA-iddeat/hy i yahdpredi alll eride -

di phenyl titanium nethyl ene(cycl opent adi enyl ) (trinmethyl cycl opent adi enyl) -
titani undi chdimettgslsilylenebis(4,5,6,7-tetrahydroindenyl) titanium-
met hyl ene(cycl opent adi enyl ) (t etranet hyl cycl opent adi enyl ) -
titani umdi chdisiidsride,
dimethylsilylenebis (2-methylindenyl) titaniumdichloride,
dimethylsilylenebis(2,4-dimethylindenyl)titanium ichloride,
dimethylsilylenebis (2-methyl-4-phenylindenyl) titanium-
dichloride,
dimethylsilylenebis (2-methyl-4-naphthylindenyl) titanium-
dichloride,
dimethylsilylenebis (2-methyl-4,5-benzindenyl) titanium-
dichloride, |
dimethylsilylenebis (2,4-dimethylcyclopentadienyl) (3',5"-
dimethylcyclopentadienyl) titaniumdichloride,
phenylmethylsilylenebis (indenyl) titaniumdichloride,
phenylmethylsilylenebis(4,5,6,7~
tetrahydroindenyl) titanium~dichloride,

phenylmethylsilylenebis(2,4-dimethylindenyl) titanium-

dichloride,
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I sopropyl i dene(cycl opent adi enyl ) (3, 4-

di met hyl cycl opent adi enyl ) ti tani undi chl ori de,

I sopropyl i dene(cycl opent adi enyl ) (2, 3, 4, 5-

t et rramet hyl cycl opent adi enyl ) ti tani undi chl ori de,

| sopropyl i dene(cycl opent adi enyl ) (3-net hyl i ndenyl ) titanium dichloride,
isopropylidene(cyclopentadienyl)(fluorenyl)titaniun} di chl ori de,

e L e

di met hyl cycl |ta undl rlde
|sopropyl|de§g§§£§9%$¥%iﬁé ANHERchdPEidey -
titani undi chloride .
et hyl ene(cycP ﬁ@%PB%FQ¥%§3%¥%?ﬁ%ﬁ%nﬁ4ﬁﬂ95%ﬂq§ﬂ§ﬁFﬂﬁﬂeﬁ§Pf§dlenYl)“
titani undi chl ori de, ) . . . ] i
ethylene(cycﬂg' ﬂfaﬁfEﬁ@*ﬁ??h!ﬁﬁﬁﬁ%ﬂ?ﬁﬁtﬁéﬁﬁﬁﬁﬁpGﬁﬁéﬁiﬁ@dlChlorlde:

et hyl ene( 2, 5- dlnethylcyclo ent adi enyl ) (fluorenyl)titanium dichloride,
et hyl ene( 2, SPeRYH)® %&i&k h&?%y cycilopahbadienytht ori de,
di phenyl net h ene(cyclopentadlenyl)(S 4-
diethylcyclo%bhﬂnnwaﬁy¢bl¢xxﬂednmhchlorlde,

di phenyl net hyl ene( cycl opent adi enyl ) (3, 4-

di et hyl cycl optphentysilylertemisiiyidcllimeitig] indenyl) titaniumdichloride,

diphenylsilylenebis (indenyl) titaniumdichloride,
diphenylsilylenebis(2-methylindenyl) titaniumdichloride,
tetramethyldisilylenebis (indenyl) titaniumdichloride,
tetramethyldisilylenebis{cyclopentadienyl) titanium-
dichloride,

tetramethyldisilylene (3-methylcyclopentadienyl) (indenyl) -
titaniumdichloride,
dimethylsilylene(cyclopentadienyl) (3,4-
dimethylcyclopentadienyl) titaniumdichloride,
dimethylsilylene(cyclopentadienyl) -
(trimethylcyclopentadienyl) titaniumdichloride,
dimethylsilylene (cyclopentadienyl) -
(tetramethylcyclopentadiényl)titaniumdichloride,
dimethylsilylene (cyclopentadienyl) (3,4-
diethylcyclopentadieny) titaniumdichloride,
dimethylsilylene-

(cyclopentadienyl) (triethylcyclopentadienyl) titanium

dichloride,
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30 cycl ohexyl i dene(cycl opent adi enyl ) (fluorenyl)titani um

di chl oride, cycl ohexylidene(2,5-dinethylcycl opentadienyl)(3',4"-

di met hyl cycl opent adi enyl )titani um dichlori de, etc. (3) Transition
nmet al compounds having two silylene- crosslinked, conjugated, 5-nenbered
cyclic ligands, such as dinethylsilylenebis(indenyl)titaniundichloride,
di nmet hyl si |l yl enebi s(4,5, 6, 7-tetrahydroi ndenyl )titanium dichloride,

e A F T AT

i et hyl o1 | §FRRERPECEL TR emtaﬁciépame” R e t't%ﬁéﬁraﬁ}‘?' G chl or  de.

O e o | SRR TR e oot RN B ShEhL 0o

di met hyl cycl opent adi enyl )titani undi chl ori de,

pheny| net hyf3FhyPER@8i s(i ndeny! ) ti t ani undi chl ori de,

phenyl et hyl si | yl enebi s(4,5,6,7- tetrahydroindenyl)titani umdichloride,

phenylnethydgmeyhﬁhéblz%@gaiqy¢kﬂngnﬂad*§ﬂﬂlﬁritaniun} di chl ori de,
(2,7-di-t-butylfluorenyl) titaniumdichloride,
dimethylsilylene(cyclopentadienyl) (octahydrofluorenyl}) -
titaniumdichloride,
dimethylsilylene (2-methylcyclopentadienyl) (fluorenyl) -
titaniumdichloride,
dimethylsilylene (2,5-dimethylcyclopentadienyl) (fluorenyl) -
titaniumdichloride,
dimethylsilylene(2-ethylcyclopentadienyl) (fluorenyl} -
titaniumdichloride,
dimethylsilylene(2,5-diethylcyclopentadienyl) (fluorenyl) -
titaniumdichloride,
diethylsilylene (2-methylcyclopentadienyl) -
(2',7'~di-t-butylfluorenyl) titaniumdichloride,
dimethylsilylene(2,5-dimethylcyclopentadienyl) -
(2',7'-ai—t—butylfluorenyl)titaniumdichloride,
dimethylsilylene(2-ethylcyclopentadienyl) -
(2',7'-di-t-butylfluorenyl) titaniumdichloride,
dimethylsilylene(diethylcyclopentadienyl) -

(2,7-di-t-butylfluorenyl)titaniumdichloride,
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31 phenyl net hyl si | yl ene( 2, 4-di net hyl cycl opent adi enyl ) (3',5" -

di met hyl cycl opent adi enyl ) ti tani undi chl ori de,

phenyl et hyl si |l yl ene(2, 3, 5-tri nmethyl cycl opentadi enyl)- (2',4

, 5" -trinmethyl cycl opentadi enyl)titani undi chl ori de,

phenyl met hyl si | yl enebi s(tetranet hyl cycl opent adi enyl)- titaniundichlori de,
diphenylsilylenebis(z 4-di met hyl i ndenyl ) titani undi chl ori de,

diphenylsil %g ﬁe _

di phonyl of | TeERv 38 %ﬁg)‘&‘é%’gﬁ BAATE 13ri de,

t et ramet hyl |5| g g# |nde t%ﬁlta nqi | de,

t et ranet hyl tﬁéﬂ 8hr-¥ 5§3¥ % Qﬁéh m dichl ori de,

t et r amet hyl SI| neth opent.adi e (|n nyl) -

L o o iBeichy 88 V?@Pﬁ# SrehS edﬁé%:fdﬂ 71113 4

di met hyl cycl opent adi e )titanj undi chl ori

i ot hyl o1 | yPERBPEPEbURE ROy LHGA bani umdi chioride,

(tr|nethylcyclopentadlenyl)tltanlunﬁlchlorlde

di net hyl si | M&}énéwéﬁva&eleqyclOPentadlenyl) -

(tetranet hyl cycl opent adi enyl )titani undi chl ori de,

di met hyl si | flcetrahydebfpearedybhid €@ umdichloride,

di et hyl cycl opent adi eny) titani undi chl ori de,
dimethylsilylene{diethylcyclopentadienyl) -
(octahydrofluorenyl) titanium dichloride, etc.

(4) Transition metal compounds having two conjugated,
5-membered cyclic ligands, in which the two ligands are
crosslinked with a germanium-, aluminium-, boron-,
phosphorus~- or nitrogen-containing hydrocarbon group, such as
dimethylgermylenebis (indenyl) titaniumdichloride,
dimethylgermylene (cyclopentadienyl) (fluorenyl) -
titaniumdichloride,
methylalumylenebis {indenyl) titaniumdichloride,
phenylalumylenebis (indenyl) titaniumdichloride,
phenylphosphylenebis (indenyl) titaniumdichloride,
ethylborylenebis (indenyl) titaniumdichloride,
phenylaminylenebis (indenyl) titaniumdichloride,
phenylalumylene (cyclopentadienyl) (fluorenyl) -
titaniumdichloride, etc.

(5) Transition metal compounds having one conjugated,

5-membered cyclic ligand, such as pentamethylcyclopentadienyl

{(diphenyl)aminotitaniumdichloride,
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di et hyl silyl ene- (cycl opentadi enyl) (triethylcycl opentadi enyl)titani um
di chl ori de, 32

di met hyl si | yl ene(cycl opent adi enyl ) -

(tetraet hyl cycl opent adi enyl ) titani undi chl ori de,

di met hyl si |l yl ene(cycl opent adi enyl ) (fluorenyl)titanium dichloride,

di met hyl si | yl ene(cycl opent adi enyl ) -

(5 opent s SERASARBHMTEN IR BB e
[ [ 2_ adi i i i i i
di gt h§| :i | yﬁ%"ﬂ%’é‘*@%%ﬁ%g eg%%gﬁ%%&ﬁ#{%ﬁg%?%mﬁttan umdi chl ori de,

E:E:E:ﬂgﬁ:g{%ﬁgé E?taﬁ¥JHBJEQf%Q§éE€ne(2 et hyl cycl opent adi enyl ) (fl uorenyl)

di met hyl si lyl ene(2, 5-di et hyl cycl opent adi enyl ) (f| uorenyl) - ,

titani umdi cPeFFEaRe thyiialarsintacd eBY 2 PhepAyY E?Bb‘é'ﬂ%/%ﬁhwqer

(2',7 -di-t-butyl fluorenyl)titani undichlori de,

di net hyl si | yligihyIsidiveneltefceeshvagyehgppntadienyl) -

(2',7 -di-t-butyl fluorenyl)titani undi chl ori de,
phenylaminotitaniumdichloride,

dimethylsilylene (tetramethylcyclopentadienyl) ~t-
butylaminotitaniumdichloride,

dimethylsilylene (tetrahydroindenyl) -
decylaminotitaniumdichloride,

dimethylsilylene (tetrahydroindenyl) -
[bis(trimethylsilyl)amino]titaniumdichloride,
dimethylgermylene (tetramethylcyclopentadienyl) -
phenylaminotitaniumdichloride,
pentamethylcyclopentadienyltitaniumtrimethoxide,
pentamethylcyclopentadienyltitanium trichloride, etc.

{6) Transition metal compounds having two conjugated,
5-membered cyclic ligands in which the ligands are double-
crosslinked, such as (1,1'~dimethylsilylene)-
(2,2'-dimethylsilylene)bisindenyltitaniumdichloride,
(1,1'-dimethylsilylene) (2,2'-isopropylene) -
bis{(cyclopentadienyl) titaniumdichloride,

(1,1’ ~-dimethylsilylene) (2,2’ -dimethylsilylene) -

bis (cyclopentadienyl) titaniumdichloride,
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di met hyl si |l yl ene(2-et hyl cycl opent adi enyl ) -

(2,7 -di-t-butylfluorenyl)titani undi chl ori de,

di met hyl si | yl ene(di et hyl cycl opent adi enyl ) -
(2,7-di-t-butyl fluorenyl)titani undi chl ori de,

33 di met hyl si | yl ene( et hyl cycl opent adi enyl ) -
(oct ahydrof l uorenyl ) titani undi chl ori de,

di met hyl si |yl m?l( di e?:é&ﬁ%%y@ %??%Z?yl—léopropylidene) -

(octahydroflu r'ényl
di et hyl si | yl eng(et.hyl cycl apen %len g s .
(oct ahydr of | 4%354%%@%%4%%&#@& 6??% ltitanium,
dlnethyIS|Ierne(d|ethyI cl.o entadlen¥ (oct ahydr of | uorenyl ) titani um
di chl ori de, ~ etlo. h@ifl% 4R8# (Bn ne%%ﬁ ERPOtARRSHavi ng” t wo
conj ugat ed, . 5- member ed cyclic _ligands, in which the two |igands are
crossl i nked Py# tarclppefdacianyiy d1beppyhitAtaRium, boron-, phosphor us- or
ni trogen-containi ng hydrocarbon group, such as .
di met hyl ger mAledebidifietdaydplilviena) (Zu? thiseprepylidene) -
di et hyl ger nyl ene(cycl opent adi enyl ) (fluorenyl)- titaniundichloride,
met hyl al uny|leinetrstlioygertadienyd)biusdichnethdbsilyl) titanium,
phenyl al unyl enebi s(i ndenyl ) titani undi chl ori de,
phenyl phosphylignebidimettienpli)l i/l eng) (212 chi sopriepylidene) -
bis (cyclopentadienyl)bis (trimethylsilylmethyl) titanium,
(1,2'-dimethylsilylene) (2,1'-ethylene)bis(indenyl) -
titaniumdichloride,
(1,1'-dimethylsilylene) (2,2"'-ethylene)bis(indenyl) -
titaniumdichloride,
(1,1'-ethylene) (2,2"'-dimethylsilylene}bis(indenyl) -
titaniumdichloride,
{(1,1*'~dimethylsilylene) (2,2'-cyclohexylidene) ~
bis{(indenyl) titanium dichloride, etc.

(7) Derivatives from compounds of ( lj to (6) noted above,
which are produced by substituting the chlorine atoms in those
compounds of (1) to (6) with any of a bromine atom, an iodine
atom, a hydrogen atom, a methyl group, a phenyl group and others,
and by substituting the center metal, titanium in those
transition metal compounds with any of zirconium, hafnium,
niobium, molybdenum, tungsten and others.

(8) Of the compounds of (1) to {7), the transition metal

compounds having one conjugated, 5-membered cyclic ligand of

36



et hyl boryl enebi s(i ndenyl)titani undi chl ori de,

phenyl am nyl enebi s(i ndenyl ) titani undi chl ori de,

phenyl al unyl ene(cycl opent adi enyl ) (fl uorenyl)- titaniundichloride, etc.
(5) Transition metal conpounds having one conjugated, 5-nmenbered cyclic
| i gand, such as pent anet hyl cycl opent adi enyl

(di phenyl)am noti tani undi chl ori de, 34

i ndenyl - (di pgnyl.la il loved 4
ng styr .
pent anet hyl cy Ioﬁ%hggﬁgé%%fi# fgya%h ng ?¥e l?ﬁ%ﬁ%:?ﬁéng %Torlde,
pent anet hyl 0 ent lLen heno Lund chl e,
et hyl of | FREnBRR FRYErRy e soraseheati Snspriotize®
phenyl am noti t ani g? chloride, .
di met hyl si | yl ene(? hﬁ&%}’afdﬁen%’é%ﬂ‘%]rﬁﬁ )of . the transition metal
butylan1notltanlundlchlorlde di met hyl silyl ene(tetrahydroi ndenyl):
decyl ani not iABRURAST HPHr f@gmulg; ngt‘t%)llrsﬂ‘?’l‘%%@%‘% ¢t pERY Fh& ﬁ%ﬁ?‘ilng
[ bis(trimethylsilyl)am no]titaniundichloride,
di et hyl ger rg& -ranet hyl cycl opent adi enyl ) -
phenyl am noti tani undi chl ori de, _ ‘
pent anet hyl cycl opéhl adfransittiitcanneha icoorieyridgchaving a 1igand, such as
pent anet hyl cycl opent adi enyltitaniumtrichloride, etc.
cyclopentadienyltitaniumtrichloride,
methylcyclopentadienyltitaniumtrichloride,
dimethylcyclopentadienyltitaniumtrichloride,
trimethylcyclopentadienyltitaniumtrichloride,
tetramethylcyclopentadienyltitaniumtrichloride,
pentamethylcyclopentadienyltitaniumtrichloride,
n-butylcyclopentadienyltitaniumtrichloride,
indenyltitanium trichloride, fluorenyltitanium trichloride,
cyclopentadienyltitaniumdichlorohydride,
cyclopentadienylmethyltitaniumdichloride,
cyclopentadienylethyltitaniumdichloride,
fluorenyltitaniumtrichloride, etc.
(2) Transition metal compounds having a ligand, such as
4,5,6,7-tetrahydroindenyltitaniumtrichloride,
2-methylindenyltitaniumtrichloride, etc.
{(3) Transition metal compounds having a ligand, such as
octahydrofluorenyltitaniumtrichloride, etc.

(4) Transition metal compounds having one conjugated,

five-membered cyclic ligand, such as
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(6) Transition nmetal conpounds having two conjugated, 5-nmenbered cyclic
| igands in which the |igands are double- crosslinked, such as
(1,1 -dinmethylsilylene)-
(2,2 -dinethylsilyl ene)bisindenyltitani undichl oride,
(1,1 -dinethylsilylene) (2,2 -isopropyl ene) -
bi s(cycl opent adi enyl ) ti tani undi chl ori de,

(11 -0 el Sl AR A obenTali iYL £ L¥h B 2 imethoxide,

bi s(cycl opent adi enyl”) t1tan
35 evel on @ OIS LIR £ 2201 SRPELON L10RE) et
bi s{cyel opent adi SRy JSRTIEATER ERPLEPTPPSRds o () 9 4 SFEsRFPeve.
(1 AP thA S Rppraduses Br it e she chiorine ateds ih*Thosd
bi s(cycl opent adi en I)bisitrinethylsilylneth | )titanium _ e
(1, 2' - di net$fMRURASRL) (2) 1te difly Fahb )N @fhachyenine Fhomi ardie®ing i de,
(1,1 -dinethylsilylene) (2,2 -ethyl ene)bis(indenyl)- titaniundichloride,
(1, 1' - et hylakrm( 2 hydrgigentafomi fyedhyligrzqumde ppenyl gragmapdwitbersri de,
and by substituting the center metal, titanium in those
transition metal compounds with any of zirconium, hafnium,
niobium, molybdenum, tungsten and others.
(6) Of the compounds of (1) to (5), the transition metal
compounds having one conjugated, S5-membered cyclic ligand of
(4) are especially preferably employed in producing styrenic
polymers having a syndiotactic structure.
(III) In the transitionmetal compounds of formula (I-4),
M represents a transition metal of Groups 8 to 10 of the
Periodic Table, concretely including cobalt, nickel,
palladium, platinum, etc. Of those, préfe:;red are nickel and
palladium. Ll and 12 each represents a coordination~-bonding
ligand; and x1 and Y1 each represent a covalent-bonding or
ionic-bonding ligand. As mentioned hereinabove, X! and yi
include, for example, a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 20, preferably from 1 to
10 carbon atoms, an alkoxy group having from 1 to 20, preferably

from 1 to 10 carbon atoms, an amino group, a phosphorus-

containing hydrocarbon group having from 1 to 20, preferably
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(1,1 -dinethyl silylene) (2,2 -cycl ohexylidene)- bis(indenyl)titanium

di chl oride, etc. (7) Derivatives from conpoundsof (1) to (6)

not edabove, which are produced by substituting the chlorine atons in those
conpounds of (1) to (6) with any of a brom ne atom an iodine atom a
hydrogen atom a methyl group, a phenyl group and others, and by
substituting the center netal, titaniumin those transition netal

conmpounds Witrherany tef 12i eseﬁwratmé nidlg. , B eRbHBhyIBhYSERINE) giduigst en

and ot hers. (8) O the conpounds of (1) to (7), the transition netal
conpounds h@ﬂcng ansEQE!JcHQa&SHtaﬁﬁf%ﬁ‘?% YL grbdpNHading from 1
36 are especially preferably enployéd in produCing styrenic

pol yners ha\wg 8, S Alag ma,g BLEWCU B0 12 gpr %h) LemPeqil fe, exanpl es

of the tranS|t|on unds of fornmula ment 1 on

A C g e e

| i gand, such as

met hyl cycl opent.adi e i taniuntrichl orj

di met hyl cycl éﬁ&%&%ﬁéﬁ?ﬁbﬁ*ﬁﬁf?ﬂ%b&* ffirom 1 to 20, preferably from
trinmethylcy ad| tanlu i chl ori.de,

et amot byl & ERoTL AR ERh BT 2 HTTTE ACERDS (e.g. , B(C6HS)4, BFY) .

pentanethyl%yclopentadlenyltltanluntrlchlorlde
£ those, preférred are halogen atoms and hydrocarbon groups.

X1 and Y1 may be the same or different ones. Specific examples
of 1l and 12 include triphenylphosphine, acetonitrilé,
benzonitrile, 1,2-bisdiphenylphosphinoethane, 1,3-
bisdiphenylphosphinopropane, 1,1'-bisdiphenyl-
phosphinoferrocene, cyclooctadiene, pyridine,
bistrimethylsilylaminobistrimethylsilyliminophosphorane,
etc.

1l, 12, x1 and Y1 may be bonded to each other to form
a cyclic structure.

The compounds of transition metals of Groups 8 to 10 of
the Periodic Table preferably have a diimine compound as the
ligand, including, for example, complex compounds of a general

formula (I-5):

R!®
l
R” \/N'\,‘ /X
R!? /QN/"M\Y ..... (1-5)
I
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n- butyl cycl opent adi enyl titaniuntrichloride, indenyltitaniumtrichloride,
fluorenyltitaniumtrichloride, cyclopentadienyltitaniundichlorohydride,
cycl opent adi enyl net hyl ti tani undi chl ori de,

cycl opent adi enyl et hyl titani undi chl oride, fluorenyltitaniuntrichloride,
etc. (2) Transition nmetal conpounds having a |igand, such as
4,5,6,7-tetrahydroindenyl titaniuntrichloride,

compounds hSTTReE 1 gand. € o St @ndndencty reptefbifiah RAAe | e

conpounds havi ng I gand, sucC

etc. by B olhagoh 0Bt h: AATRRUATT 80 B HOUMIRY S an

five-nenbere
37 ent amet hyl cycl opent adj enyl ti tani unt ri et hoxi de .
bent anet hyl BFEFBIERIRATNYTYF 0% A IHATHSARRSN GROURPP the Fing apghhaving
Derivativesfrom conpounds _of (1) to (4) notegdabove, which are produced by
substi t ut i nd TR’ &9 27 FREPAR AREMSLR 1; RnpagHis e3Fh(AMdREEAsNtAM h any
of a bromine atom an iodine atom a hydrogen atom a nethyl group, a
phenyl gr ouFeRF@senited YSnagenptenpRy AUbYARCEREDeR SreuP R ¥ing ti 19 um i n
those transition netal conpounds vwﬁh anyzof zirconium hafnium niobium
nol ybdenum 1t ta?Q earkad attdms sand R™ and Bj® refy becbended hedeach qthen o (5),
the transition netal
to form a ring; X and Y each independently represent a hydrogen
atom, or a hydrocarbon group having from 1 to 20 carbon atoms;
and M represents a transition metal of Groups 8 to 10 of the
Periodic Table.
In formula (I-5), the aliphatic hydrocarbon group having
from 1 to 20 carbon atoms for R* and R* may be a linear or
branched alkyl group having from 1 to 20 carbon atoms or a
cycloalkyl group having from 3 to 20 carbon atoms, concretely
including a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isocbutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, a hexyl
group, an octyl group, a decyl group, a tetradecyl group, a
hexadecyl group, an octadecyl group, a cyclopentyl group, a
cyclohexyl group, and a cyclooctyl group, etc. Into the ring
of the cycloalkyl group, a suitable substituent such as a lower
alkyl group may be introduced. The aromatic group having a
hydrocarbon group on the ring and having from 7 to 20 carbon

atoms in total includes, for example, phenyl ahd naphthyl

groups with at least one linear, branched or cyclic C1-10 alkyl
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conpounds havi ng one conjugated, 5-nenbered cyclic ligand of (4) are
especially preferably enployed in producing styrenic polyners having a
syndi otactic structure. (1) In the transitionnetal
conpoundsoffornula (1-4), Merr] represents a transition netal of G oups 8
to 10 of the Periodic Table, concretely including cobalt, nickel,
pal l adium platinum etc. O those, preferred are nickel and palladium

L d ‘ - -dinatd on- | Nghas | i ; d
Xorr] and FEvpPEREY EPNR om0 tlon ™ RO RO et L AR
| i gand. As r ei nabov err] é(}rin xanpl e,

ntioned he X d Yl.err Lnel

a hydrogen g?oﬁ{’ aarcﬁ%?h%lg%ﬁrgtug aXlLﬂya(‘:lrhagé;ﬁqoc@[ﬁ%é)rogﬁoﬁévgﬁgﬂ}rom to 20,
preferably fram1l ta 0 car onéﬁcﬂm, ap al kox rQup having fromd to 20
D ef orabl y SPPRAERALIY SRLRITSH SHe 2 Ao S arp st hely, uE
cont ai ni ng h{drogarbon group having from1l to 20, preferably
38 and, By may beothe, s3Re aPHrdifke%enta di phenyl phosphi ne group,
etc.), a silicon-containing hydrocarbon group havigg from1l to 20,
preferably from The hyfirogasbenagsasp (kaving £ram InEehdP ssaxhoryedems etc. ),
and a boron conpound residue having a hydrocarbon group with from1l to 20,
preferably Epork™ andoR' 2 nedniders af orexemphaviangihebogenbrarcied alkyl
B(Cerr]Herr])[err], BFferr]). O those, preferred are hal ogen atons and
hydr ocar bonggeoppbaviXgefrémahdtd| 20 r fantgn betdme, saneyalroadikiyfle getupones.
Speci fic exanpl es

having from 3 to 20 carbon atoms, an aryl group having from

6 to 20 carbon atoms, and an aralkyl group having from 7 to

20 carbon atoms. For examples of the linear or branched alkyl

group having from 1 to 20 carbon atoms and the cycloalkyl group

having from 3 to 20 carbon atoms for R* and R, referred to

are those of the C1-20 aliphatic hydrocarbon group mentioned

hereinabove for R and RY™. The aryl group having from 6 to

20 carbon atoms includes, for example, a phenyl group, a tolyl

group, a xylyl group, a naphthyl group, a methylnaphthyl group,

etc.; and the aralkyl group having from 7 to 20 carbon atoms

includes, for example, a benzyl group, a phenethyl group, etc.

R and R™ may be the same or different, and may be bonded to

each other to form a ring.

For examples of the hydrocarbon group having from 1 to
20 carbon atoms for X and Y, referred to are those of the C1-20
hydrocarbon group mentioned hereinabove for R™ and RY“. For

X and Y, especially preferred is a methyl group. X and Y may

be the same or different.
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of L[err] and L[err] include triphenyl phosphine, acetonitrile,
benzonitrile, 1, 2- bi sdi phenyl phosphi noet hane, 1, 3-

bi sdi phenyl phosphi nopr opane, 1, 1' - bi sdi phenyl -

phosphi nof err ocene, cycl ooct adi ene, pyri di ne,

bi strinmethyl silylam nobistrinethylsilylimnophosphorane, etc.

Llerr], L[err], Xerr] and Y[err] may be bonded to each other to form a

cyclic structure. The tranahelgﬁnugﬁnﬂ%fOErsﬁﬁssettéﬂldﬂafakﬁe0§e£iaaﬂ§ 8 to

10 of the Periodic Table preferably have a diimne conpound as the

|('| gg)nfi i ncl i Ngrob o 1 SX PR E; fSP@R’aﬁxﬁl‘é?'Hl%S P41 Pl lat{REHY! a
39 ' er R i e n
aliphatic %caf%oﬁ[tdr %1&832%\’}1 n%%g%%%bt glﬂg e%%oon ad ape §'?Qief

aromatic gr oup haV|qg#a.hydrocarbon group on the ring and haV|ng from?7 to
20 carbon at%r% 1t e Rlerr] and R err] each independently

represent a
hydrogen atom or a hX?igcé‘&Q}R&é’é Oéjfo tmae\”crclagnplex compounds of formula
(I-5) are compounds of the following formulae (1], [2], [3],

(41, 51, (el1, (71, (8],

{101, [11] and (12].
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1 to 20 carbon atons,
forma ring; X and Y each independently represent a hydrogen
hydr ocarbon group having from1l to 20 carbon atons;
of Goups 8 to 10 of the
drocar bon group havi ng

St hay i

transition netal
formula (I-
atons for

t he aliphati
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and Rlerr] may be the sanme or different. The hydrocar bon group
having from1l to 20 carbon atons for R err] and R err] includes, for
exanple, a linear or branched al kyl group having from1 to 20 carbon
atons, a cycloal kyl group having from3 to 20 carbon atons, an aryl group
having from 6 to 20 carbon atons, and an aral kyl group having from7 to

20 carbon atons. For exanples of the |inear or branched al kyl group having

from1l to 20 carbqn ons_and _fhe cycl oal kyl grou havi from3 tqg 20
carbon atons for %f‘e%%‘f AREERFEY? ,‘y‘}eei"@r F‘éﬁet SP §?% ‘E‘WE’Q%’%F%?@”& $20

al i phati c hydrocarbon group nentioped. . hereinabove for err nd Rlerr].
The aryl gr oﬁﬁtﬁg\ﬁbkﬁ%"gr’ﬁf i d’sefg e4hsdn siPg Pﬁc?ﬁdgéS“Lf'%?gexanpl e, a
phenyl group, a tolyl group, a xylyl group, a naphthyl group, a

met hyl napht hyl gr mplfgpcezraram%ie$ HE é;%ﬁ %yang%b'aﬁnﬁeﬁfﬁé GARAURdS, o5
carbon atons includes, for exanple, a benzyl group, a phenethyl group,
etc. R err]farmmulR efF 14 hainekuda ddidramahi sfirfipheaynl phosphing Décggﬁded to
each other to forma ring. For exanpl es of the hydrocarbon group
havi ng from ditblofdbisthiphatdrhdsphieaidkel ,referred to are those of the
Cl1-20 hydrocarbon group nentioned herei nabove for R err] and R err]. For
X and Y, espaibabhmydisedesnictiilerd areiihy| diamodibemtoritay lehéckkd , sanme
or different. 41 The
transition neiBlrom (13 DipiSsdi ghenkfl phiosidhd nBethadef nickel,

dibromo (1, 3-bisdiphenylphosphinopropane)nickel,

dibromo (1,1 '-diphenylbisphosphinoferrocene)nickel,
dimethylbisdiphenylphosphinenickel, dimethyl (1,2-
bisdiphenylphosphinoethane)nickel, methyl (1,2~
bisdiphenylphosphincethano)nickeltetrafluoroborate,

(2-diphenylphosphino-1-phenylethyleneoxy)phenylpyridine-

nickel, dichlorobistriphenylphosphinepalladium,
dichlorodibenzonitrilepalladium, dichlorodiacetonitrile-
palladium, dichloro(l,2-bisdiphenylphosphincethane) -
palladium, bistriphenylphosphinopalladium-
bistetrafluoroborate, bis(2,2'-bipyridino)methyliron
tetrafluoroborateetherate, etc. Of those, preferred are
cationic complexes such as methyl(1l,2-

bisdiphenylphosphinoethano)nickeltetrafluorcborate,

bistriphenylphosphinopalladiumbistetrafluoroborate, and

bis(2,2'-bipyridino)methyliron tetrafluoroborate etherate.
In the invention, it is desirable that the component (D)

is contacted with the product from the components (A), (B} and
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Table forMincludes, for exanple, nickel, palladium platinum iron,
cobalt, rhodium ruthenium etc. Preferred are nickel and palladium
Speci fic exanpl es of the conpl ex conmpounds of fornula (I-5) are conpounds

of the followng formulae [1], [2], [3], [4], [5], [61, [7], [8], [9],
[10], [11] and [12]. [err]
42

{C) in the absenc;e of an_active hydrogen which is harmful to
the catalyst to be .prod;:lced and which will be from water,
hydroxyl groups, amino groups and others. For example, it is
desirable that they are contacted with each other in an inert
atmosphere of, for example, nitrogen or the liké, or in a
hydrocarbon of , for example, pentane, hexane, heptane, toluene,
xylene or the like. If the components are contacted with each
other in the presence of water, hydroxyl groups, amino groups
or the like, the activity of the catalyst to be produced will
be low. 1In general, the amount of the component (D) to be
contacted with the product of the corhponents (A), (B) and (C)
may be from 0.01 to 1000 umols, preferably from 0.1 to 200 umols,
relative to the unit weight (g) of the silane compound-
processed clay.

Where the component (E) is further contacted with the
components (A) to (D), it may be directly contacted with a
solution of the component (D) having been contacted with the
product of the components (a), (B) and (C); or, alternatively
it may be separately contacted with the product of the
components (A), (B) and {(C) and with the component (D), and
thereafter the product of (A), (B) and (C) and the component
(D) thus having been contacted with the component (E) may be
finally contacted with each other. The latter of previously
and separately contacting the component (E) with the product

of (A}, (B) and (C) and with the component (D) is preferred,
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[err] 43

since active hydr‘ogen—having compounds that are harmful to the

catalyst to be formed, such as water, hydroxyl-having compounds,
amino-having compounds and others, can be removed from the
reaction system. In general, the amount of the component (E)

to be contacted with the components (A) to (P) may be from 1

to 300 umols, preferably from 5 to 50 umols, relative to the
unit weight (g) of the clay compound to be processed.

It is not always necessary to finish the step of
contacting the component (E) with the other components in the
process of producing the catalyst. As the case may be, the
component (E) may be contacted with the other components in
situ in the polymerization system where the catalyst to be
produced is to be present.

Mixing and contacting the constituent components with
each other may be effected at a temperature at which monomer
polymerization is effected in the presence of the catalyst to
be produced, and may also be effected at a temperature falling
between -30°C and the boiling point of the solvent used, but
preferably between room temperature and the boiling point of
the solvent used.

Alkylating agent for component (E):

In the invention, optionally used is an alkylating agent

as the component (E) for the catalyst. It includes organic

magnesium compounds, organic zinc compounds and organic
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In the invention, one or nore of the conplex conmpounds noted above may be
used either singly or as conbi ned. Speci fic exanples of the
transition nmetal conpounds of formula (1-4) include

di br onobi stri phenyl phosphi ne ni ckel, dichl orobistriphenyl phosphi neni ckel,
di bronodi acetonitril eni ckel, dibronodi benzonitril enickel,

di brono( 1, 2- bi sdi phenyl phosphi noet hane) ni ckel ,

di brono( 1, 3-bj sdi phenyl phosphi nopr o e)ni ckel , :
di bromo( 1, 1° "iddﬁ“bh‘g%‘w bi"g’ﬁ't? Srof eg)%gc%e.’ﬁ@fﬁi' ckRfeferred are organic
di et hyl bi sdi pheny] phosphi neni ckel , . . di net h 1,2 .

bi sdi pheny! PHOSEH UL CRERERARE i béing inexpenSifigand ¢4s5ly available.

bi sdi phenyl phosphi noet hanp) ni ckel t etraf | uor obor at e, .

( 2- di phenyl phosphPfoeX2BREas| X ANgeReSxFREREAY IR FeRpoRNds gngkerganic

di chl orobi stri phenyl phosphi nepal | adi um  di chl orodi benzoni tril epal | adi um
di chl or odi acet®mi eempeundg gusallenherein, mentioned are the following

di chl oro( 1, 2- bi sdi phenyl phosphi noet hane) - pal | adi um

bi st ri phenyl ptraspindmpef |gatianal forgudeeaf(fu6) obodal&;7) :

bis(2,2" -bipyridino)nmethyliron tetrafluoroborateetherate, etc. O those,
preferred are carlépig conpl exes such (1I-6)s met hyl (1, 2-
bi sdi phenyl phosphi noet hano) ni ckel t et raf | uor obor at e,

bi st ri phenyl phespin NePal e sdn €4 edd adl el 0OPRE@S ehaving 8fFbm 1 to 8,
bis(2,2" -bipyridino)nmethyliron tetrafl uoroborate etherate. In the

i nvention, ipréSefasiy aren tihalo theaeeEpOReBins(D) is contacted with the
product fromthe conponents (A), (B) and

Rldozn (1-7)

wherein R4 represents an alkyl group having from 1 to 8,

preferably from 1 to 4 carbon atoms.

The compounds include, for example, dialkylmagnesiums
such as dimethylmagnesium, diethylmagnesium, di-n-
propylmagnesium, diisopropylmagnesium, dibutylmagnesium,
etc.; dialkylzinecs such as dimethylzinc, diethylzing,
ethyl-n~-propylzinc, diisopropylzinc, etc.

Organic aluminium compounds employable herein are not
specifically defined. For example, preferred are alkyl-
having aluminium compounds of the following general formula
(I-8), linear aluminoxanes of the following general formula
{I-9), and cyclic aluminoxanes and their associates of the
following general formula (I-10):

R15pA1 (OR16) nX3-m-n (I-8)
wherein R1® and R16 each represent an alkyl group having from

1 to 8, preferably from 1 to 4 carbon atoms; X represents a
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44 (O in the absence of an active hydrogen which is harnful to
the catal yst to be produced and which will be fromwater, hydroxyl groups,
am no groups and others. For exanple, it is desirable that they are
contacted with each other in an inert atnosphere of, for exanple, nitrogen
or the like, or in a hydrocarbon of, for exanple, pentane, hexane,

hept ane, toluene, xylene or the like. If the corrponents are contacted with

each other e presence_of ter drox am_no oups .or the
like, the ac;h&dtr% eg’f t%ﬁﬁ ‘BEtaaI%Pqed’ B&S éuﬁ w ,| PTRECFARLY I Jeneral ,
t he anmount of the co one £ﬁ% to be ontacted w th the product of the
conponents (AF, 2¢BI*°% dp{:%%e 1% e‘“f'ro‘?ﬁ ® L™ & Pooprperphbysn = 0 or

pr ef er abl yfr m 0.1 to200 [err]mols, relative to the unit weight (g) of the
si |l ane compound- processed cl ay. Where the conponent (E) is further
contacted with the conponents (A to (D), it may be directly contacted
with a solution of the conponent (D) having been contacted with the
product of the components (A), (B) and (©; or, alternatively it nmay be
separately contacted with the produ& ‘of the conponents (A), (B) and (O
and with the conponent %*E]) and thereafter the product of (A), (B) and (C)
and the conponent (D) s havjf Hee contacte W th the corrponent (B
may be finally contacted %{i%(:h otm

—Al—0-A1 = v
Rl/ \ 7;2 \Rn

wherein RY represents an alkyl group having from 1 to 20,
preferably from 1 to 8 carbon atoms, and plural RY/s may be
thé same or different; p and r are integers, falling 0 < p <
40, and 1 < r < 50.

Examples of the compounds are trialkylaluminiums such
as trimethylaluminium, triethylaluminium, tripropylaluminium,
triisobutylaluminium, tri-t-butylaluminium, etc.; halogen-,
alkox&— or hydroxyl-having alkylaluminiums such as
dimethylaluminiumchloride, diethylaluminiumchloride,

dimethylaluminiummethoxide, diethylaluminjiummethoxide,
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and separately contacting the conponent (E) with the product of (A), (B)
and (C) and with the conponent (D) is preferred,

45 si nce activehydrogen-havi ng conpounds that are harnful to the
catal yst to be formed, such as water, hydroxyl-having conpounds,

am no- havi ng conpounds and others, can be renoved fromthe reaction
system In general, the anmount of the conponent (E) to be contacted with

t he conponeng. - [ 1 to ahly from
5to 50 [err ﬁnﬁ@lfg‘gf’g\t@ |}1\l/e %(%g§ﬂ;é18%nhit m?é%&%%%%ﬁ%i%ﬂg%o%%&r%ound to
be processed. . l.t..0s not al.ways negessary to.finish the step of
contacting teﬁ:g’éorrpor{grﬂro(gén ath.%e ot Z‘Pa@(‘} SHaRE i n tsllilé:h procaesss of
produci ng the catalyst. .As the.case be, .the. conponent ) be
cont act ed vm%l"ﬁ'etﬁ?éfaéﬁﬂ@?'n& Xﬁﬁﬁé@ ’ ﬁ)’{ sé’gf’ﬁy&ﬁl%ggwg’ﬁ@?&g&v iF syst em
where the catal yst to be produced is to be present. M xi ng and
contacti ng PRETEHRERRETe MU R BatRY IRl uninoxane Rthval BElP RS ed at a
tenperature at which nononmer polynerization is effected in the presence of
t he cat al ysisoputydajpuminesaneandeatrey al sPbe thesei edpxefgrredpedneur e
falling between -30[err]C and the boiling point of the solvent used, but
preferably Bfetfiwddyladumindupe; atorecoreferted boeltinigeatbyialofinibe 2wl vent
used. Alkylating agent for conponent (E):

triisobutylaluminium; and even more preferred is

triisobutylaluminium.

In the invention, one or more of the organic aluminium
compounds noted above may be used as the component (E), either
singly or as combined,

2. Method for producing polyolefins:

In themethod for producing polyolefins in the invention,
favorably used is the catalyst noted above optionally along
with an organic aluminium compound for homopolymerization of
oclefins or for copolymerization of olefins with other olefins
and/or other monomers (that is, copolymerization of different
types of olefins, or copolymerization of olefins with other
monomers, or copolymerization of different types of olefins
with other monomers).

As the organic aluminium compound, preferred are the
compounds of formulae (I-8) to (I-10) mentioned above. The
amount of the organic aluminium compound to be used may be

generally from 0.5 to 100 umols, preferably from 2 to 20 umols,

relative to one g of the silane compound-processed clay.
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In the invention, optionally used is an al kyl ating agent as the conponent
(E) for the catalyst. It includes organic nagnesium conpounds, organic

zi nc conmpounds and organic 46
al um ni um conpounds. O those, preferred are organic alum nium
conpounds as bei ng i nexpensive and easily avail abl e. As exanpl es of

organi ¢ magnesi um conpounds and organi ¢ zinc conpounds usabl e herein,

mentioned are the.follow ng' .conpounds of gener h farnul ge gJ-G and, (1-7):

Rlerr] My oA8riRY' Y 15 ngoj(ylm%%zecghé?ei% RIS VERF ST =S aRCHI Ky

group having from1l to 8, _preferably from1l to 4 carbon atons.

Rlerr]zn  specifically defined, byl pyefegred &ne R121PEPRENAVLDGAT A Ky |

group havin%%fron11 to 8, preferably from1l to 4 carbon atons. The

conpounds i EERES crEPoRREREEe, Hrefiing Aldhedi tiRe inginde, for example,

di met hyl magnesi um di et hyl magnesi um di -n- propyl magnesi um

di i sopropyl magpkefims slidhutas mndsinen propyleng,allkputenes Somathgl-

di met hyl zi nc, diethylzinc, ethyl-n-propylzinc, diisopropylzinc, etc.

Or gani ¢ al un rhutrercnpbimeihyeingdl-dbpdiene  hdrphenylelnbutespecilfPentéye,

defined. For exanple, preferred are al kyl- having al um ni um conpounds of

the foll ow rrmetierladl fprmdre, 4-methyl-1-pentene, 3,3-dimethyl~-1-
pentene, 3,4-dimethyl-l-pentene, 4,4-dimethyl-l-pentene,
l-hexene, 4-methyl-l-hexene, 5-methyl-l-hexene, 6-phenyl-
l1-hexene, 1l-octene, 1l-decene, l-dodecene, 1l-tetradecene,
l-hexadecene, l-octadecene, l-eicosene, vinylcyclohexane,
ete.; halogen-substituted a-olefins such as
hexafluoropropene, tetrafluorocethylene, 2-fluoropropene,
fluoroethylene, 1,1-difluorocethylene, 3-fluoropropene,
trifluorocethylene, 3,4-dichloro-l-butene, etc.; and cyclic
olefins such as cyclopentene, cyclohexene, norbornene, 5-
methylnorbornene, 5-ethylnorbornene, 5-propylnorbornene,
5,6~dimethylnorbornene, 5-benzylnorbornene, etc.. Styrenic
compounds are also usable as olefins herein. They include,
for example, styrene; alkylstyrenes such as p-methylstyrene,
p-ethylstyrene, p-propylstyrene, p-isopropylstyrene, p-
butylstyrene, p-tert-butylstyrene, p-phehylstyrene, o-
methylstyrene, o-ethylstyrene, o-propylstyrene, o-
isopropylstyrene, m—methylstyrene, m-ethylstyrene, m-

isopropylstyrene, m-butylstyrene, mesitylstyrene, 2,4-

dimethylstyrene, 2,5-dimethylstyrene, 3,5-dimethylstyrene,
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(1-8), linear alum noxanes of the follow ng general fornmula (I1-9), and
cyclic alum noxanes and their associates of the follow ng general formula

(1-10): RlerrJ]Al(OR[err])[err] X err] (1-8)
wherein R15 and R16 each represent an al kyl group having from 1 to 8,
preferably from1l to 4 carbon atons; X represents a

47 hydrogen atom or a hal ogen atom O < m[err] 3, preferably m=

200 M8k P o AR e o0 LR N £, PELSLaRL D o1 L

havi ng fronx]nelt}tlgx%soﬁyrene, m-methoxystyrene, etc.; halogenostyrenes
such as p-chlorostyrene, m-chlorostyrene, o-chlorostyrene,
p-bromostyrene, m-bromostyrene, o-bromostyrene, p-
fluorostyrene, m-fluorostyrene, o-fluorostyrene, o-methyl-
p-fluorostyrene, etc.; and also trimethylsilylstyrene,
vinylbenzoates, divinylbenzene. The other olefins to be
copolymerized may be suitably selected from thé olefins noted
above.

In the invention, one or more olefins may be
homopolymerized or copolymerized either singly or as combined.
Where two or more different olefins are -copolymerized, the
olefins noted above may be combined in any desired manner.

In the invention, olefins such as those mentioned above
may be copolymerized with any other comonomers. The
comonomers include, for example, linear diolefins such as
butadiene, isoprene, 1,4-pentadiene, 1,5-hexadiene, etc.;
polycyclic olefins such as norbornene, 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-norbornene, etc.;
cyclic diolefins such as norbornadiene, 5-
ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene,
etc.; and unsaturated esters such as ethyl acrylate, methyl
methacrylate, etc.

The mode of olefin polymerization is not specifically

defined, and herein employable is any desired polymerization

51



preferably from1l to 8 carbon atons, and plural Rerr]'s may be the sane
or different; p and r are integers, falling O < p [err] 40, and 1 <'r

[err] 50. Exanpl es of the conpounds are trial kyl al um ni uns such as
trinmethylalumnium triethylalumnium tripropylal um nium
triisobutylalumnium tri-t-butylalumnium etc.; halogen-, alkoxy- or

hydr oxyl - havi ng al kyl al um ni uns such as dinethyl al um ni unchl ori de,

di et hyl al um ni uncthl ori de, -di nethyl al um ni umret hoxi de,

di et hyl al uriefie pfes hosapolymerization, solution polymerizatigm, vapor

di et hyl al um ni umhydr oxi de, di et hyl al um ni umhydr oxi de, etc.;

hydr ogen- ha®tiage podvkprakahiahundulk spohymerizatiidpmetchry| ahapensionydri de,
di i sobutyl al um ni unhydri de, etc.; alum noxanes such as nethyl al um noxane,
et hyl al um nexdaymerizisgdimrt.yl al um noxane, etc. O those, preferred
are trialkylalumniuns, nore preferred are trinethylal um ni um and
triisobutylal um Bolitentsansly bewded iROpOlym@reigticrt. They include,

triisobutylal um nium In the invention, one or nore of the organic
al um ni um  EOFMEKEIRS O IR RRABOIRY 2B hSRdgetochPar68aFE6es!t sl , agi t her
singly or as conmbined. 2. Method for producing polyol efins: In the

met hod for sosicd neclelardl ek end & DSekaMEN-HoptahsyOEgbl dnussse] s the
catal yst noted above optionally al ong
chloromethylene, chloroform, 1,2-dichloroethane, and
chlorobenzene. One or more such solvents may be used either
singly or as combined. Depending on their type, monomers to
be polymerized may also serve as solvents.

In view of the catalytic activity for polymerization and
of the reactor efficiency, it is desirable that the amount of
the catalyst tobe in the polymerization systemis so controlled
that the amount of the component (D) could fall generally
between 0.1 and 100 umols, but preferably between 0.5 and 25
pmols, in one liter of the solvent in the system.

Regarding the polymerization condition, the pressuremay
fall generally between ordinary pressure and 2000 kg/cm’G. The
reaction temperature may fall generally between -50 and 250°C.
For controlling the molecular weight of the polymers to be
produced, the type and the amount of the catalytic components
to be used and the polymerization temperature will be suitably
selected. If desired, hydrogen may be introduced into the
polymerization system for that purpose.

Second Aspect of the Invention:
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wi th an organi c al um ni um conpound for honopol yneri zation of olefins or
for copolynerization of olefins with other ol efins and/or other nononers
(that is, copolynerization of different types of olefins, or

copol yneri zation of olefins with other nononers, or copol ynerization of
different types of olefins wth other nononers). As the organic

al um ni um conpound, preferred are the conpounds of fornulae (1-8) to
(I-10) nentioned above, The: anount of the orga(gi_ c_al um nj um conpound to be

used may be?-genef P EreRt 0. SOTRORRES orF 9ol AL et PABMREFIZRFIPR 0 20

[err]mols, relative to one g of the silane conpound-processed cl ay.

49 catalysgiefins to be polynerized in the invention are not
specifically defined, but preferred are a-olefins having from 2

t 020car bonat ons. T'@ f3tlorathafey peliefdiinudoivmeniaaiiion diertte gaganss such
as et hyl ene, propylene, 1-butene, 3-nethyl- 1-butene, 4-nethyl-1-butene,
4- phenyl - 1- bspect, of- prat omeentPmettthils wigdnbeneimplly neefigtrdad pentaene,
3,3-dinmethyl-1- pentene, 3,4-dinethyl-1-pentene, 4, 4-dinethyl-1-pentene,
1- hexene, 4Ytrhehihvdntierenén thieskyelkidnhedepeepbrpidy bontichingni@a)
1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene,
1- ei cosene, avtpxhEyEl Ohanetiza, cofibbund wifitlz0gelagbbsdhpdtit-procassd®ef i ns

such as hexafl uoropropene, tetrafluoroethylene, 2-fluoropropene,
clay as prepared by contacting an aqueous dispersion of (b)
water~-swellable clay with (¢) a silane compound, to which is
optionally added (d) an organic metal compound with a metal
of Groups 1, 2, 13 and 14 of the Periodic Table.

Constituent components that are favorably used for
preparing the catalyst are mentioned below.

{a) Transition metal compounds:

As the component (a) in the invention, usable are
compounds of transition metals of Groups 4 to 6 or Groups 8
to 10 of the Periodic Table. As the compounds of transition
metals of Groups 4 to 6 of the Periodic Table for use herein,
preferred are those of the following general formulae (II-
3) to (II-5) in view of their activity; and as the compounds
of transition metals of Groups 8 to 10 of the Periodic Tablé,
preferred are those of the following general formula (II-6)
also in view of their activity.

Qla (C5H5-a-bR1b) (CBH5-a-cRZc)MIXIpYlg  (II-3)

022 (CBH5-a-dR3g) 2iMlxlpyly (11-4)

Mix2, ' (II-5)
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fl uor oet hyl ene, 1, 1-di fl uor oet hyl ene, 3-fl uoropropene,
trifluoroethylene, 3,4-dichloro-1-butene, etc.; and cyclic olefins such as
cycl opent ene, cycl ohexene, norbornene, 5- nethyl norbornene,

5- et hyl nor bor nene, 5-propyl norbornene, 5, 6-dinethyl norbornene,

5- benzyl norbornene, etc.. Styrenic conpounds are al so usable as ol efins
herein. They include, for exanple, styrene; alkylstyrenes such as

p- met hyl styrene, _p-.ethyl styrene, p-propylstyrene, p-isopropylstyrene, p-
but yl styrene, plﬂéf@&B%uy ytyrene, p-phenyl styrene, (fi‘éimnhylstyrene,
o- et hyl styrene, 0- propyl styrene, o- isopropyl styrene,

m net hyl st ynéwegein Qileltégat@qnteme, beonding igroppopha t tarreersd, inkisbbheg | 9ty r ene,
mesityl styrene, 2,4- dinethylstyrene, 2,5-dinethylstyrene,

3, 5- di net hyl=tmyjugated, 5S-membered cyclic ligands (EQHs_a-leb) Z|id .

al koxyst yr enes such as p-net hoxystyrene, o- et hoxystyrene,

m et hoxyst yiosms—eidR2c)hal ogenost yrenes such as p-chl orostyrene,

m chl or ostyrene, o-chl orostyrene, p-bronostyrene, m br onost yr ene,

0- br onpst yr gy repreBents 4186081 K Oupthh¥OEASE ST A& 8l bo R tdENe,
o-nmethyl- p-fluorostyrene, etc.; 7and also trinethylsilylstyrene,

Viny|benZOa@ﬁ%maﬂﬂéﬂéayE@%ﬁ%%nﬁi?aﬁae(@éﬁflaEQﬁﬁéfﬁéﬁd)ﬁﬁé SRRy yreri zed may
be suitably selected fromthe olefins noted ~above.

R1, R2 and R3 each represent a hydrocarbon group, a halogen

atom, an alkoxy group, a silicon-containing hydrocarbon group,
a phosphorus~containing hydrocarbon group, a nitrogen-
containing hydrocarbon group, or a boron-containing
hydrocarbon group;

a represents 0, 1 or 2;

b, ¢ and d each represent an integer of from 0 to 5 when a =
0, or an integer of from 0 to 4 when a = 1, or a integer of
from 0 to 3 when a = 2; |

(p + Q) equals the valence number of Ml minus 2;

r equals the valence number of MI:

Ml represents a transi tion metal of Groups 4 to 6 of the Periodic

Table;

M2 represents a transition metal of Groups 8 to 10 of the
Periodic Table; |

{u + v) equal the valence number of M2;

Ll and 12 each represent a coordination-bonding ligand;

Xl, Y1, Zl, X2 and Y2 each represent a covalent-bonding or

ionic-bonding ligand;
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In the invention, one or nore olefins may be honopol ynerized or
copol yneri zed either singly or as conbined. Were two or nore different
ol efins are copolynerized, the olefins noted above nmay be conbined in any

desi red manner. In the invention, olefins such as those nentioned
above may be copolynerized with any other conononers. The conononers
I ncl ude, for exanple, linear diolefins such as butadiene, isoprene,

1, 4- pent adi eqge, %,S-hexadi ne, etc.; polycyclic olefins such as

nor bor nene, 11, 4L8, dkianet KAy be, bomded 40 aghsatisex iy Apsmanieedicne,
2-nor bornene, etc.; cyclic di ol efins such as nor bor nadi ene,

5- ethyl i d8&&HEEBELRene, 5-vi nyl nor bor nene, dicycl opentadi ene, etc.; and
unsaturated esters such as ethyl acrylate, nmethyl nethacrylate, etc.

The nmode of ol ef iSpeul fineckaapiles b Gbtarsp@d incabilg (Hefimedkydedeher ei n
enpl oyabl e i s any desired pol ynerization 51

node of sl ugrpupdiamerg £adtmdnto dotartbanapohy rer Z ayicdnalkppene grivape
pol ymeri zation, bul k polynerization or suspension polynerization.

Sol vent s mayprbehasgtoum ubgtivuitad bena Idweyr iadlehlder phaliye gl at
hydr ocar bons and hal ogenohydr ocar bons such as benzene, toluene, xylene,

n- hexane, nikkepéode cHait ,08E¥ANEs a RELRYDERE YHRE, an EhPIaddighoup,
1, 2-di chl or oet hane, and
an isopropylene group, a methylphenylmethylene group, a
diphenylmethylene group, a éyclohexylene group, etc.; {(2) a
silylene group, or an oligosilylene group, or the group
substituted by a lower alkyl or phenyl group at its side chain,
such as a silylene group, a dimethylsilylene group, a
methylphenylsilylene group, a diphenylsilylene group, =a
disilylene group, a tetramethyldisilylene group, etc.; and (3)
a hydrocarbon group (e.g., a lower alkyl group, a phenyl group,
a hydrocarbyloxy group (preferably, a lower alkoxy group),
etc.) containing germanium, phosphorus, nitrogen, boron or
aluminium, such as a {CH3)2Ge group, a (CgH5) 2Ge group, a (CH3)P
group, a (CgHs)P group, a (C4H9)N group, a (CgH5)N group, a
{CH3)B group, a {C4H9)B group, a (CeHs)B group, a {CeH5)Al group,
a (CH30)Al group, etc. Of those, preferred are alkylene groups
and silylene groups in view of the activity of the intended
catalysts.
(C5H5-3-bRlp), (C5H5-a-cR2c) and (Cs5H5-a-gR34) are
conjugated, 5-membered cyclic ligands, in which R}, RZ2 and R3

each represent a hydrocarbon group, a halogen atom, an alkoxy
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chl orobenzene. One or nore such solvents may be used either singly or as
conbi ned. Depending on their type, nononers to be polynerized may al so
serve as sol vents. In view of the catalytic activity for

pol yneri zation and of the reactor efficiency, it is desirable that the
anount of the catalyst to be in the polynerization systemis so controlled
that the amount of the conmponent (D) could fall generally between 0.1 and

100 |s, but preferably bet s it
of the" Sof VEFRURM (b oySrd %-c%n@hegapd. EYRRRREOLr | $50%n cohi 1 on.

t he pressur fall eneral en ordi nar ressure and
2000kg/ cni (ﬁ%?ig OFHfs CO?”é’-Q&ﬁl e‘?ﬁ‘?‘%ﬁ nrraygFg r geffer aM FF9LE/een - 50
and 250[err]C.. For controllin the nol ecul ar wei ght of the polyners to be
produced, t$RME3ATE mﬁ@r%%%mn of 9FABPcat &yt i cHBAPBACAPRTAIBLIR used
and the poI ynerization tenperature will be suitably selected. If desired,
hydr ogen ndjydroganhanigeeupi m epresepseyderl 2at 2 bransy by eghangt dr ereh
pur pose. Second Aspect of the Invention:
52 represent @onsnitegentof dopoflehe S5 whem ack el or pol imeegeati on
catal yst: The catal yst for olefin polynerization of the second
aspect of td® fronertt iten 4( whiea i +| 1 peosiamintegireiofedrom asto 3 when
a=2., The hydrocarbon group preferably has from 1 to 20 carbon
atoms, more preferably from 1 to 12 carbon atoms. The
hydrocarbon group may be a monovalent one that bonds to the
cyclopentadienyl group of a conjugated, 5-membered cyclic
group. Two of plural hydrocarbon groups, if any, may be bonded
to each other to form a cyclic structure along with a part of
the cyclopentadienyl group. Specific examples of those
conjugated, S-membered cyclic ligands are substituted or
unsubstituted cyclopentadienyl groups, indenyl groups and
fluorenyl groups. Thehalogen atomincludes chlorine, bromine,
iodine and fluorine atoms. The alkoxy group preferably has
from 1l to 12 carbon atoms. The silicon-containing hydrocarbon
group includes, for example, groups of -Si (R4) (R5) (RG) , in
which R4, R® and R® each represent a hydrocarbon group having
from 1 to 24 carbon atoms. As the phosphorus-containing
hydrocarbon group, the nitrogen-containing hydrocarbon group
and the boron-containing hydrocarbon group, for example,

mentioned are groups of -P(R7) (R8) , -N(R7) (R¥) , and -B(R7) (R®),

respectively, in which R’ and R8 each represent a hydrocarbon
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"the invention" in this section) is prepared by contacting (a) a
transition netal conmpound with a silane conpound-processed clay as
prepared by contacting an aqueous dispersion of (b) water-swellable clay
with (c) a silane conpound, to which is optionally added (d) an organic
metal compound with a netal of Goups 1, 2, 13 and 14 of the Periodic

Tabl e. Constituent conponents that are favorably used for preparing
the catal yst are nentioned below. (a) Transition netal conpoupds: As
t he conponegrogr)havind&romvkric 58, caduy stame. RNpRIngs 'ef RT heaind on
netal s of Groups 4 to 6 or Goups 8 to 10 of the Periodic Table. As the
conpounds oR3t sanisf tingn mane el thefsaeoap L fexreh tobnéde reapieandiicrelybl e f or
use herein, preferred are those of the follow ng general forrmulae (11- 3)
to (I1-5) i Anviexngla t (Idi+3)actheiconjwatad, Shaenbepednascliof ligangist i on
metals of Goups 8 to 10 of the Periodic Table, preferred are those of the
fol | owi ng gqoensLalgRAY) aar(d |(CBH5 -aLeR2LD mae e fthihgimhe ast iddifferent
derr](Cerr]Herr]Rerr]) (Cerr]lHerr]Rerr])Merr]Xerr]Yerr] (11-3)

Qerr] (CepnkblL.err]Rerr]) Zerr] I\/[err]X[err]Y[err] (rr-4)
Merr] X err] (11-5)
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(I'1-6) wherein &1err E%%%%Eérein?%%r @B§]§I H&‘X{gﬁ{% r;[t gfocé'g?u%?(s‘l ttf?e t wo

6 of the Periodic Table, including, for example, titanium,
zirconium, hafnium, vanadium, niocbium, molybdenum, tungsten,
etc. Of those, preferred are titanium, zirconium and hafnium
in view of the activity of the intended catalysts. 2zl
represents a covalent-bonding ligand, including, for example,
a halogen atom, an oxygen atom {-0-), a sulfur atom (-S-), an
alkoxy group having from 1 to 20, preferably from 1 to 10 carbon
atoms, a thiocalkoxy groﬁp having from 1 to 20, preferably from
1 to 12 carbon atoms, a nitrogen-containing hydrocarbon group
having from 1 to 40, preferably from 1 to 18 carbon atoms (e.g.;
a t-butylamino group, a t-butylimino group, etc.), and a
phosphorus-containing hydrocarbon group having from 1 to 40,
preferably from 1 to 18 carbon atoms. X1 and Y1 each represent
a covalent-bonding ligand or an ionic-bonding 1ligand,
including, for example, a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 20, preferably from 1 to
10 carbon atoms, an alkoxy group having from 1 to 20, preferably
from 1 to 10 carbon atoms, an amino group, a phosphorus-

containing hydrocarbon group having from 1 to 20, preferably
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conj ugat ed, 5-nenbered cyclic ligands (CJerr]Herr]bRerr]) and
(Jerr]JHerr]Rerr]); {err] represents a bonding group that crosslinks

t he conjugated, 5-nenbered cyclic ligand (Cerr]JHerr]Rerr]) and the
group Zferr]; Rerr], Rerr] and R err] each represent a hydrocarbon
group, a halogen atom an al koxy group, a silicon-containing hydrocarbon
group, a phosphorus-containi ng hydrocarbon group, a nitrogen- containing
hydrocarbon _group, or. a :boron-containing hydrocarbon group; a
represents Ot,'rqmof to 12, cagbgrgagosache répr e sHiPhanryilp ije BreHPO to 5
when a = 0, or an integer of fromO to 4 when a = 1, or a integer of from
0 to 3 when ete.p; a (giliopn-egnirining bufrvacarbemigrourt hevdng) fwomud 2; r
equal s the val ence nunber of Merr]; Merr] represents a transition netal
of Goups 4 to @0f pheférablyli £rofabl e;to M 2r rdanher eaboms af€.gansi &i on
metal of Goups 8 to 10 of the Periodic Table; (u + v) equal the val ence
nunber of M erineth¥lsiIyl agwbuy eretc Sachardpa ebendn acompodndatesidbendi ng
ligand; X err], Y[err], Zerr], Xerr] and Y[err] each represent a

coval ent - borghwn®ra hiyltbeabbsodididbdpy ¢akl; from 1 to 20, preferably from

> 1 to 12 carbon atoms or having halogens (e.g., B(CgH5)4, BF4) -
Of those, preferred are halogen atoms and hydrocarbon groups.
%1 and Yl may be the same or different ones. X? represents
a covalent-bonding ligand, including, for example, a halogen
atom, a hydrocarbylamino group, or a hydrocarbyloxy group, and
is preferably an alkoxy group.

(I) As specific examples of the transition metal
compounds of formulae (II-3) and (II-4), mentioned are the
following compounds.

(1) Transition metal compounds not having a
crosslinkable bonding group but having two conjugated, 5-
membered cyclic ligands, such as
bis (cyclopentadienyl) titaniumdichloride,
bis (methylcyclopentadienyl) titaniumdichloride,
bis(dimethylcyclopentadienyl) titaniumdichloride,
bis (trimethylcyclopentadienyl) titaniumdichloride,
bis(tetramethylcyclopentadienyl) titaniumdichloride,
bis (pentamethylcyclopentadienyl) titaniumdichloride,
bis(n-butylcyclopentadienyl) titaniumdichloride,

bis{indenyl) titaniumdichloride, bis(fluorenyl) titanium-
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Ll[err], L[err], Xerr] and Y[err] may be bonded to each other to forma
cyclic structure.
al kyl ene group having from1 to 4 carbon atons, or a cycl oal kyl ene group
or the group substituted by a | ower al kyl or phenyl group at its side
chain, such as a nethyl ene group, an ethylene group, an isopropylene
group, a nethyl phenyl net hyl ene group, a di phenyl net hyl ene group, a

cycl ohexyl ene oup, etc.;.(2), a .silylene group, or_ an _aqligqsi]ylene
group, or tHécgiBEgdesubstPg85€H°B9P§XF%ak?g%fk§%t§ﬁ1?WE§%ﬂé§h da its
side chain, _such as a silylene group, a dinethylsilylene group, a

met hyl phenyP3SI(GYehePep badl eny i paldigA & tanigmetdesidse a  disilyl ene group
a tetramethyl di si

| ower al kyl Papdawc

{

Specific exanples of QL and @ include (1) an

| ene group, etc.; and (3) a hydrocarbon group (e.g.,

epphtagiery blpthyldtitaniomatdwrdde .group (preferably, a

| ower al koxy group), etc.) containing germanium phosphorus, nitrogen,
boron or abdsi(riaippentadieny X XPIBMRAGLtamp, umchlordde],H err] ) [ er r] Gegr oup,
a (Jerr]Herr])P group, a (Cferr]Herr])N group, a

(d err] H er bipNcgebapentadi€hfEydindigrlotipard unCl err] Herr] ) B group, a
(derr]Herr])B group, a (Cerr]Herr])A group, a (CHerr]O Al group,
etc. O thopés (prelepertadienyl ki sehWirismivad)d sil yl ene groups in view

a (CH3)P group,

of the activity of the intended catalysts.

(derr] H erpiBleyel

cyclic Iigands,

In

((err]Herr]Rerr]),
%éﬂ%&ﬂ@liﬂﬁdﬂﬂ@fﬂﬁtﬁi@m,cOnj ugat ed, 5-nmenbered

ich Rerr], Rerr] and Rerr] each represent a

gédrocarbOnb@é?&?elép@ﬁf&ﬁﬁ%hﬁﬁfﬁﬂh§ﬁkéﬂf%&ﬁ&um,

(cyclopentadienyl) (indenyl) titaniumdichloride,

(cyclopentadienyl) (fluorenyl) titaniumdichloride,

bis{cyclopentadienyl)zirconiumdichloride,

. bis (methylcyclopentadienyl)zirconiumdichloride,

bis (dimethylcyclopentadienyl) zirconiumdichloride,

bis(trimethylcyclopentadienyl)zirconiumdichloride,

bis (tetramethylcyclopentadienyl)zirconiumdichloride,

bis{pentamethylcyclopentadienyl)zirconiumdichloride,

bis (n-butylcyclopentadienyl) zirconiumdichloride,

bis (indenyl)zirconiumdichloride, bis(fluorenyl)zirconium-

dichloride, bis (cyclopentadienyl) zirconiumchlorohydride,

bis{cyclopentadienyl)methylzirconiumchloride,

bis(cyclopentadienyl)ethylzirconiumchloride,

bis(cyclopentadienyl)phenylzirconiumchloride,

bis(cyclopentadienyl)dimethylzirconium,

bis{cyclopentadienyl)diphenylzirconium,

bis {cyclopentadienyl)dineopentylzirconium,

59

a



group, a silicon-containing hydr ocar bon group, a

phosphor us-contai ning hydrocarbon group, a nitrogen- containing

hydr ocar bon group, or a boron-containing hydrocarbon group; a represents
O, 1 or 2; and b, ¢ and d each represent an integer of fromO to 5 when a
=0, or an integer of fromO to 4 when a = 1, or a integer of fromO to 3
when a = 2. The hydrocarbon group preferably has from1 to 20 carbon
atons, nore grefera ly from'l to 12 carbon atons. The hydrocarbon group
may be a nonBYE(EKE!oRER Eadt eBvhA hinazd reopdBhent adi enyl group of a
conj ugated, 5-nenbered cyclic group. Two of plural hydrocarbon groups, if
any, may be bE¥gbterertrdieryh) figdeny)@imaendpmdichdoradeure along with a
part of the cycl opentadienyl group. Specific exanples of those

conj ugat ed, Scﬁéhﬁee@ﬁaéy%mYk)gﬁbanusudﬂ@imﬂmmdmmdﬁeuloridamsebstituted
cycl opent adi enyl groups, indenyl groups and fluorenyl groups. The hal ogen
atom i ncl udes chl d)neTrénshtien mdétad cempodntlsuhaiiwg aivsrEonfugaglklioxy
group preferably has from1l to 12 carbon atons. The silicon-containing

hydr ocar bon 5S¢nenipered| ugedicf Aigandsn! ein owRUEE @he Siwd Rl e§&dds (Bkerr])
(Rlerr]), in which Rerr], Rerr] and Rlerr] each represent a hydrocarbon

group havi ngerésoMdkéd 24we&hbon A ONMBa1061LHE PhegRY US- Cadi Ni Eg
hydr ocar bon group, the nitrogen-containing hydrocarbon group and the

bor on- cont ai rié figy Tk IOCal BI04 t Qi@ 2FR bideNENt i oned are groups of
-P (Rerr]) (Rerr]) , -N(Rerr]) (Rerr]) , and -B (Rerr]) (Rerr]),

ggspectiveIyetﬁfugwggjg({ﬂﬁédyfygiggﬂg5ﬁhi%ﬁggrgag5esent a hydrocarbon

methylenebis (indenyl) titaniumchlorohydride,

ethylenebis (indenyl)methyltitaniumchloride,

ethylenebis (indenyl)methoxychlorotitanium,
ethylenebis (indenyl) titaniumdiethoxide,

ethylenebis (indenyl)dimethyltitanium, ethylenebis(4,5,6,7-
tetrahydroindenyl) titaniumdichloride, ethylenebis (2~
methylindenyl) titaniumdichloride, ethylenebis (2,4~
dimethylindenyl) titaniumdichloride, ethylenebis(2-methyl-
4-trimethylsilylindenyl) titaniumdichloride,

ethylenebis (2,4-dimethyl-5,6,7-trihydroindenyl) titanium-
dichloride, ethylene(2,4-dimethylcyclopentadienyl) (3,5 -
dimethylcyclopentadienyl) titaniumdichloride, ethylene (2-
methyl-4-t-butylcyclopentadienyl) (3'-t-butyl-5'-
methyleyclopentadienyl) titaniumdichloride, ethylene(2,3,5~-
trimethylcyclopentadienyl) (2',4',5'~
trimethylcyclépentadienyl)titaniumdichloride,

isopropylidenebis (2-methylindenyl) titaniumdichloride,
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group having from1l to 18 carbon atons. Plural Rerr]'s, Rerr]'s and
Rerr]'s, if any, nay be the sane or different ones, respectively. 1In
formula (11-3), the conjugated, 5-nenbered cyclic |igands
(Jerr]Herr]Rerr]) and (Cerr]J]Herr]Rerr]) may be the sanme or different
ones. Merr] represents a transition nmetal elenment of Goups 4 to 6
of the Periodic Table, including, for exanple, titanium zirconium
haf ni um vanadi um ni obi um: nol ybdenum tungsten, etc. O those, preferred
are tltanlumSQBWQRM%HﬂﬁQQRQSH&PﬁPBHﬂ)thﬁPéEm6¥°¥%@P%é§4V|ty of the

i ntended cat al ysts. Z[err] represents a coval ent-bonding |igand,

i ncl udi ng, fkﬂonyqpﬁiuﬁeneblﬁdQoéedlaebhylandeaybbhlt&mwwmdxyblon%dﬁn fur
atom (-S-), an al koxy group having from1l to 20, preferably from1 to 10
car bon atomﬁopxquhiddQEWQ,grdmpehhylqgclopentadteﬁ&n)(3twikably from 1
to 12 carbon atons, a nitrogen-containing hydrocarbon group having from1l
to 40, pref atiadtphyfllayralbpentidieayhphissniemfeciloridef - butyl am no group, a
t-butylimno group, etc.), and a phosphorus-containing hydrocarbon group
havi ng fromilsdproyl i denef(@-aRkyiyl Fartlbheyl8yersbermtad syl p{Fr-1- and
Y[err] each represent a coval ent-bonding I'igand or an ionic-bonding

l'igand, | nadutgjng- JHE%M%&%@E&%peﬁtQMQéﬁg@?tﬂﬁgﬂluﬁufﬁﬁlﬁﬁﬁaéﬂ(”n a

hydr ocar bon group haV|ng fromlto , preferably from1 to 10 carbon

atoms, an algoty, 1uIRRA E 88.thu9Bhi1 § ¢328-aPhELRy PEY 1 ofdiftdk driy13Q carbon

atons, an am no “group, phosphor us- _
tltanlumdlchlorlde, methylene(cyclopentadienyl) (3,4~

dimethylcyclopentadienyi)titaniumchlorohydride,
methylene (cyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
dimethyltitanium, methylene (cyclopentadienyl) (3,4-
dimethylcyclopentadienyl)diphenyltitanium,

methylene (cyclopentadienyl) (trimethylcyclopentadienyl) -
titaniumdichloride,
methylene (cyclopentadienyl) (tetramethylcyclopentadienyl) -
titanium dichloride,

isopropylidene {cyclopentadienyl) (3,4-
dimethylcyclopentadienyl) titaniumdichloride,
isopropylidene (cyclopentadienyl) (2,3,4,5-
tetramethylcyclopentadienyl) titaniumdichloride,
isopropylidene (cyclopentadienyl) (3-methylindenyl) titanium-
dichloride,

isopropylidene (cyclopentadienyl) (fluorenyl) titanium
dichlo:ide, isopropylidene (2-methylcyclopentadienyl) -

(fluorenyl)-titaniumdichloride, isopropylidene(2,5-
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cont ai ni ng hydrocarbon group having from1 to 20, preferably

57 froml to 12 carbon atons (e.g., a diphenyl phosphi ne group
etc.), a silicon-containing hydrocarbon group having from1 to 20,
preferably from1l to 12 carbon atons (e.g., a trinmethylsilyl group, etc.),
and a boron conpound residue having a hydrocarbon group with from1l to 20,
preferably from 1 to 12 carbon atons or having hal ogens (e g

yar ocar bon GRS cvelarkn tamheny Ll 15 Regiiet :‘r’ﬂec""séciwﬁoa' AT 0l

X err] represent a .c valent bondi ng | i gand, |nclud|n for exa
{%;Szand S

hal ogen PEYA&mi no group or a hydrbﬁ%?

preferably an alkoxy group (1) As specific exa Ies of t he
transition thydswisdores tadiepy il Buereny)) titariundiichlaziteoned are
t he follomnng conpounds. (1) Transition netal conpounds not
having a ctwdlenedsyicdopentrdiengydip3bitdinethyl eyl armt) iaghienyl)5-
menber ed cyclic | i gands, such as

bi s( cycl opertiddhirdrpniditahilamideti chl ori de,
bi s(met hyl cycl opent adi enyl ) ti tani undi chl ori de,
bi s(di net hy lettsilepenicydilepehk bl eniyL g chbpendr) titaniumdichloride,

bi s(trinet hyl cycl opent adi enyl )titani undi chl ori de,

bi s(t et r anetdtHyaeHe0s 5-adime Yyl Eiyfb28beRBa&é®¢1 YEEluorenyl) titanium~
dichloride, ethylene(2,5-diethylcyclopentadienyl) -
(fluorenyl) titaniumdichloride,
diphenylmethylene (cyclopentadienyl) (3,4-
diethylcyclopentadienyl) titaniumdichloride,
diphenylmethylene (cyclopentadienyl) (3,4~
diethylcyclopentadienyl) titaniumdichloride,
cyclohexylidene (cyclopentadienyl) (fluorenyl) titanium-
dichloride,
cyclohexylidene(2,5-dimethylcyclopentadienyl) (37,4 '-
dimethylcyclopentadienyl) titaniumdichloride,
methylenebis (indenyl) zirconiumdichloride,
ethylenebis (indenyl) zirconiumdichloride,
methylenebis (indenyl) zirconiumchlorohydride,
ethylenebis (indenyl)methylzirconiumchloride,
ethylenebis (indenyl)methoxychlorozirconium,
ethylenebis (indenyl)zirconiumdiethoxide,
ethylenebis{indenyl)dimethylzirconium,

ethylenebis(4,5,6,7—tetrahydroindeny1)zirconiunudichloride,
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bi s( pent anet hyl cycl opent adi enyl ) ti tani undi chl ori de,
bi s(n-butyl cycl opent adi enyl )titani undi chl ori de,
bls(|ndenyl)t|tan|unﬂlchlorlde bi s(fluorenyl)titani um
di chl ori de, bi s(cycl opent adi enyl ) titani unchl or ohydri de,
b|s(cyclopentad|enyl)nethyltltanlunnhlorlde
bi s(cycl opent adi enyl ) et hyl ti tani unchl ori de,
bi s(cycl opent adi enyl ) phenyl ti t ani unchl_ori de,
bi s( cycl open®EAYEeRED S (Rsmsthylissenyl ) zirconiundichloride,

bls(cyclopentadlenyl)dl henyl titani um
bi s(cycl opene &y é%uﬂnﬁﬂ%ﬁhhﬂ#&ﬁd&ﬁwl)21rcon1umdlchlor1de,

bls(cyclopentadlenyl)dlhydrotltanlun1

(cycl opent adétnyl efelide(RAme ihydnidrdiioeitbyildé lylindenyl) zirconium-
(cycl opent adi enyl ) (fl uorenyl )titani undi chl ori de,

bi s(cycl opendiachkomwide, r coni undi chl ori dethylenebis (2,4-dimethyl-5,6,7-
bi s(met hyl cycl opent adi enyl ) zi r coni undi chl ori de,

bi s(di et hyl eyThydest mibram) 2izidendnindidhe bredede,

bi s(trimet hyl cycl opent adi enyl ) zi rconi undi chl ori de,

bi s(t et r amet hatsycdrepenadiiiahya i e2BpEAELE NERY1 Fe3 ", 57 -

b|s(pentanethylcyclopentadlenyl zi rconi undi chl ori de,

bi s(n-butyl cy @@gﬂ@%& a@adl%@»wq%@@h@mne{%hlaﬁdé' ndenyl)

zi rconi undi chl ori s (fluorenyl) zirconium dich [ofi de,

bi s(cycl opentagianyd @ hfetpid ek 0f 9oy dE d8opentadienyl) (3'-t-butyl-
5'-methylcyclopentadienyl) zirconiumdichloride,
ethylene(2,3,5-trimethylcyclopentadienyl) (2',4',5"'~
trimethylcyclopentadienyl) zirconiumdichloride,
isopropylidenebis (2-methylindenyl)zirconiumdichloride,
isopropylidenebis (indenyl) zirconiumdichloride,
isopropylidenebis(2,4-dimethylindenyl)zirconiumdichloride,
isopropylidene(2,4-dimethylcyclopentadienyl) (3',5'-
dimethylcyclopentadienyl) zirconiumdichloride,
isopropylidene(2—methyl-4—t—butyldyclopentadienyl)(3'—t-
butyl-5'-methylcyclopentadienyl)zirconiumdichloride,
methylene (cyclopentadienyl) (3,4~
dimethylcyclopentadienyl) zirconiumdichloride,
methylene (cyclopentadienyl) (3,4~
dimethylcyclopentadienyl) zirconiumchlorohydride,
methylene (cyclopentadienyl) (3,4-
dimethylcyclopentadienyl)dimethylzirconium,

methylene (cyclopentadienyl) (3,4-
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bi s(cycl opent adi enyl ) net hyl zi r coni uncthl ori de,
bi s(cycl opent adi enyl ) et hyl zi rconi unthl ori de,
bi s(cycl opent adi enyl ) phenyl zi r coni unthl ori de,
bi s(cycl opent adi enyl ) di met hyl zi r coni um

bi s(cycl opent adi enyl ) di phenyl zi r coni um
bis(cyclopentadienyl)dineopentylzirconium

59 pen di.en i.h dro on um
(cyclopent &ﬁ ?FFE%Xl ium,

oIl
(cycl opent.adi en I)(quorenyI%2|rconlundlchlorlde etc.
Transition GhePeRLerhgnY hb (EBHPeE ke clopsidask ety ycllc
ligands, in mhlch the two |igands are crosslinked W th an al kyl ene
group,  sEirconjamdiehdprddehi s(i ndenyl )titani undichl ori de,
et hyl enebi s(i ndenyl ) ti tani undi chl ori de,
met hyl enebimsthydemng (cvicl epentetienph) (¢ teamethylcyclopentadienyl) -
et hyl enebi s(i ndenyl ) nmet hyl titani unchl ori de,
et hyl enebi siiroderiyimdiehioxydel, onsbptrapyliidene (cyclopentadienyl) (3,4~
et hyl enebi s(i ndenyl ) ti tani undi et hoxi de,
et hyl enebi sliimetemicydilopehyhtil eapl Vol rebhyhmdiedh Sdxdi ds 6, 7-
t et rahydroi ndenyl ) titani undi chl ori de, et hyl enebi s( 2-

met hyl i nden\dodridpdiliidatieqélyel bfiéntadien %1) 2 o) £ebi s( 2, 4-
di met hyl i ndenyl ) titaniundi chloride, yl enebi s (2-nethyl -

4-trinEthy*éﬁﬂﬂ&ﬂéﬂﬁ%ﬂ%&h&bb@ﬁEﬂaﬂéﬁﬁiPiigébnlumdlchlorlde,

isopropylidene(cyclopentadienyl) -

(3-methylindenyl) zirconiumdichloride,

isopropylidene (cyclopentadienyl) (fluorenyl) zirconium—
dichloride, isopropylidene (2Zmethylcyclopentadienyl) -
(fluorenyl) zirconiumdichloride,
isopropylidene(2,5~dimethylcyclopentadienyl) (3,4-
dimethylcyclopentadienyl) zirconiumdichloride,
isopropylidene(2,5-dimethylcyclopentadienyl) (fluorenyl) -
zirconiumdichloride, ethylene (cyclopentadienyl) (3,5~
dimethylcyclopentadienyl) zirconiumdichloride,
ethylene(cyclopentadienyl)(fluorenyl)zirconiumdichloride,
ethylene(2,5~dimethylcyclopentadienyl) (fluorenyl) -
zirconiumdichloride, ethylene (2,5~
diethylcyclopentadienyl) (fluorenyl) zirconiumdichloride,
diphenylmethylene (cyclopentadienyl) (3,4~
diethylcyclopentadienyl) zirconiumdichloride,

diphenylmethylene (cyclopentadienyl) (3,4-
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et hyl enebi s(2, 4-di methyl -5, 6, 7-tri hydroi ndenyl )titani um dichlori de,
et hyl ene (2, 4-di net hyl cycl opentadi enyl) (3, 5'-

di met hyl cycl opent adi enyl ) titani undi chl ori de, et hyl ene( 2-

met hyl - 4-t-butyl cycl opentadi enyl ) (3" -t-butyl-5"-

met hyl cycl opent adi enyl ) ti tani undi chl ori de, ethylene(2, 3, 5-
trimethyl cycl opentadienyl)(2',4" ,5"-

trimethyl cyc] opentadi enyl )titani undi chl orijde,, .

| sopr opyl | UGHEHYLENIORSRERGARYYT] 74 EPRHEM Pt i

.60 i_sopropyl idenebi s(indenyl)titani undi chloride,

i sopropyl i déVeidexydiderelRyriapentrdienyhl (FQrRmF) Jfl reconium-

i sopropyl i dene(2, 4-di met hyl cycl opentadi enyl ) (3',5' -

di et hyl cycl dengrilchenyihdenaldr Pudimethylcyclopentadienyl) -
| sopropyl i dene(2-nmet hyl - 4-t-butyl cycl opentadi enyl ) (3" -t-

butyl -5' - netd3/l ,&ycidipernthydicgnybpentadi enyll thd oeomdoymdichloride,

met hyl ene( cycl opent adi enyl ) (3, 4-di et hyl cycl opent adi enyl ) -

titani undi clrethydenebis (indehhy) raghtyaddalehdeideny! ) (3, 4-

di met hyl cycl opent adi enyl ) ti t ani unchl or ohydri de,

net hyl ene( cytimienieddisganbeagl fhadEnehmyl exrdbenesf adi enyl) -
di mret hyl titani um nmet hyl ene cycl opent adi enyl ) (3, 4-

di met hyl cychRreptaiepa ! (L AuBRODY hh th k&M orohydride,
met hyl ene(cycl opent adi enyl ) (tri net hyl cycl opentadi enyl ) -

et hyl ene( oyRTBASRE b SRS PYA PR Ry bR et erider 1
ethylenebis (indenyl)methoxychlorohafnium,
ethylenebis (indenyl)hafniumdiethoxide,
ethylenebis(indenyl)dimethylhafnium, ethylenebis(4,5,6,7-
tetrahydroindenyl)hafniumdichloride, ethylenebis (2~
methylindenyl)hafniumdichloride, ethylenebis(2,4-
dimethylindenyl)hafniumdichloride, ethylenebis(2-methyl-4-
trimethylsilylindenyl)hafniumdichloride, ethylenebis(2,4-
dimethyl-5,6,7-trihydroindenyl)hafniumdichloride,
ethylene(2,4-dimethylcyclopentadienyl) (3',5'~
dimethylcyclopentadienyl)hafniumdichloride, °
ethylene (2-methyl~-4-t-butylcyclopentadienyl) (3'-t-butyl-
5'-methylcyclopentadienyl)hafniumdichloride,
ethylene(2,3,5-trimethylcyclopentadienyl) (27,47 ,5'-
trimethylcyclopentadienyl)}hafniumdichloride,
isopropylidenebis (2-methylindenyl)hafniumdichloride,
isopropylidenebis (indenyl)hafniumdichloride,

isopropylidenebis (2,4-dimethylindenyl)hafniumdichloride,

65



titaniumdichloride, isopropylidene(cyclopentadienyl)(3,4-

di met hyl cycl opent adi enyl ) ti tani undi chl ori de,

I sopropyl i dene(cycl opent adi enyl ) (2, 3, 4, 5-

tetramet hyl cycl opent adi enyl ) titani undi chl ori de,

| sopropyl i dene(cycl opent adi enyl ) (3-net hyl i ndenyl ) titanium dichloride,

| sopropyl i dene(cycl opent adi enyl ) (fluorenyl)titani um dichloride,
isopropylidene(2-nethy|cyclopentadienXI)- (fluorenyl)-titaniundichloride,
isopropylide%ﬁﬂﬁfqpylldene(2'4'd1methy cyclopentadieng}) (37,57~ .
dinethylcyclopentadienyl)(3,4-Qinethﬁlgyglopentadienyl)-

titani undi cHiBrethylcyclopentadienyl) hafpiypdbphleuide( 2, 5-

di met hyl cycl opent adi enyl ) (fl uorenyl )titani undi chl ori de,

et hyl ene( cyclsprarmpatli isiene (B rethivdedhf-bptvopral apentgdienyl) (37 -t~
titani undi chl ori de,

et hyl ene( cy duwpeantHidtinethylcviclopenyhiiti ehgh) hafinttindi clhikboride,

et hyl ene( 2, 5-di et hyl cycl opent adi enyl ) (fl uorenyl)titani um dichloride,

et hyl ene( 2, melttetlyHeiaiclpprnadicdeyiyly (3( 8Haonetly) &veébopemthadidrorl)de,
di phenyl net hyl ene(cycl opent adi enyl ) (3, 4-

di et hyl cycl opefiagiEeHldrdildy)i undi chl eidtdfslene (cyclopentadienyl) (3,4~

di phenyl net hyl ene( cycl opent adi enyl ) (3, 4-
dimethylcyclopentadienyl)hafniumchlorohydride,
methylene(cyclopentadienyl)(3,4—dimethylcyclopentadienyl)—
dimethylhafnium, methylene{cyclopentadienyl) (3,4~
dimethylcyclopentadienyl)diphenylhafnium,
methylene (cyclopentadienyl) (trimethylcyclopentadienyl) -
hafniumdichloride, methylene (cyclopentadienyl) -
(tetramethylcyclopentadienyl)-hafniumdichloride,
isopropylidene (cyclopentadienyl) (3,4-
dimethylcyclopentadienyl) hafniumdichloride,
isopropylidene (cyclopentadienyl) (2,3,4,5-
tetramethylcyclopentadienyl)hafniumdichloride,
isopropylidene(cyclopentadien&l)(3—methylindenyl)hafnium—
dichloride,
isopropylidene (cyclopentadienyl) (fluorenyl)hafnium-
dichloride; isopropylidene (2-methylcyclopentadienyl) -
(fluorenyl)hafniumdichloride, isopropylidene{2,5-
dimethylcyclopentadienyl) (3,4-dimethylcyclopentadienyl) -
hafniumdichloride, isopropylidene(2,5-

dimethylcyclopentadienyl) (fluorenyl) hafniumdichloride,
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di et hyl cycl opent adi enyl ) titani undi chl ori de,
cycl ohexyl i dene(cycl opent adi enyl ) (fl uorenyl)titanium dichloride,

cycl ohexyl i dene( 2, 5-di met hyl cycl opent adi enyl ) (3',4" -
di met hyl cycl opent adi enyl ) titani undi chl ori de,

met hyl enebi s(i ndenyl ) zi rconi undi chl ori de,
ethylenebis(indenyl)zirconiundichloride

met hyl enebi s(j nden zi rconi unthl or.ohydri de,

ethylenebis?&hﬂ%ﬁ?g %%? 9P%n$%§§ﬁ“aﬂeh 3ri-gimethyleyclopentadienyl) -
et hyl enebi s(i ndenyl ) met hoxychl or ozi rconi um

ethylenebis%ﬁﬁﬂéﬂ?ﬁ}?h%% @ndi et hoxi de,
ethylenebls(lndenyl)d|nethyI2|rcon|un1 et hyl enebi s

(4,5, 6, 7- t eeFhy}enel avehgren tadiemiintfilananydd hafniumdichloride,
62 et hyl enebi s(2- net hyl i ndenyl ) zi rconi undi chl ori de,

et hyl enebi sé¢2hy¢ldne¥? h§t+dimetyy)oyclapanhatiicnyd)i{dd uvorenyl) hafnium
et hyl enebi s(2-net hyl -4-trimethyl silylindenyl)zirconium dichloride,

et hyl enebi s@2cidridéhyl - 5, 6, 7- ethyl &yd( 2} hredingth vl eyclropentactilemyilde,
et hyl ene( 2, 4-di net hyl cycl opent adi enyl ) (31, 5" -

di met hyl cycl(epestadyenysfzi utdidhaskicdd or i de,
et hyl ene(2-met hyl - 4-t-butyl cycl opent adi enyl ) (3' -t-butyl -

2;h”9thy|CY&hEH@H&ﬁHéEH?iéﬁé( SpBH &l i @(3 a-

ylene(2,3,5-trinmeth cyclopentadlenyl)( 475 -
diethylcyclopentadlenyl)hafnlumdlchloride,
diphenylmethylene {(cyclopentadienyl) (3,4-
diethylcyclopentadienyl)hafniumdichloride,
.cyclohexylidene(cyclopentadienyl) (fluorenyl)hafnium-
dichloride, cyclohexylidene(2,5-dimethylcyclopentadienyl)-
(37,4 '-dimethylcyclopentadienyl)hafniumdichloride, etc.

(3) Transition metal compounds having two silylene-
crosslinked, conjugated, 5-membered cyclic ligands, such as
dimethylsilylenebis{indenyl) titaniumdichloride,
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl) titanium-
dichloride, dimethylsilylenebis(2-methylindenyl)titanium-
dichloride, dimethylsilylenebis (2,4-dimethylindenyl) -
titaniumdichloride, dimethylsilylenebis(2,4-
dimethylcyclopentadienyl) (3',5"-dimethylcyclopentadienyl) -
titaniumdichloride, dimethylsilylenebis (2-methyl-4,5~
benzindenyl) titaniumdichloride, dimethylsilylenebis (2~
methyl-4-naphtylindenyl) titaniumdichloride,

dimethylsilylenebis (2-methyl~-4-phenylindenyl) titanium-
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tri met hyl cycl opent adi enyl ) zi r coni undi chl ori de,

| sopropyl i denebi s(2-net hyl i ndenyl ) zirconi undi chl ori de,

i sopropyl i denebi s(i ndenyl ) zirconi undi chl oride, isopropylidenebis
(2, 4-di nmet hyl i ndenyl ) zirconiumdichloride,

| sopropyl i dene(2, 4-di met hyl cycl opent adi enyl ) (3',5" -

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

i sopropylid ne%i-nethyl-4-tubuty|cyclopentadienyl)(S'-t-
butyl -5 - mePAPPEPERBBent adi enyl ) zi r coni undi chl or i de,

met hyl ene(cyc¢l opentadi enyl ) (3,4-. . . . , .

G 1ot hy | cycPBBBMIBAERNYF) b} b imtindamarid tantumdi chloride,
nethylene(cyclopentadienyl)£3,4-. .

di met hyl cycPbganiratbyy e viereristh Dronyiqtg@hydroindenyl) -

met hyl ene(cycl opent adi enyl ) (3, 4-

di met hyl cyctépeninadeahlodide: hyl zi r coni uphenylmethylsilylenebis (2,4~
nmet hyl ene( cycl opent adi enyl ) (3, 4- 63
di net hyl cycHopethgdli edghyd) phesayl wndicahdiamde ,

met hyl ene(cycl opent adi enyl ) (tri net hyl cycl opent adi enyl ) -

zi rconi undi pheayilferhylsilylene(2,4-dimethylcyclopentadienyl) (37,57~
met hyl ene(cycl opent adi enyl ) (t etranet hyl cycl opent adi enyl ) -

zi rconi undi ghiekthgecytsepenpadi seey eed ronaiiatilionilde( 3, 4-

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

I sopropyl i dgnehgYmkeRDERILEONE {2 23 B4 imethyleyclopentadienyl) -
(2',4',5"'-trimethylcyclopentadienyl) titaniumdichloride,
prhenylmethylsilylenebis (tetramethylcyclopentadienyl) -
titaniumdichloride, diphenylsilylenebis(2,4-
dimethylindenyl)titaniumdichloride,
diphenylsilylenebis (indenyl) titaniumdichloride,
diphenylsilylenebis (2-methylindenyl)titaniumdichloride,
tetramethyldisilylenebis(indenyl)titaniumdichloride,
tetramethyldisilylenebis (cyclopentadienyl) titanium-
dichloride, tetramethyldisilylene(3-
methylcyclopentadienyl) (indenyl) titaniumdichloride,
dimethylsilylene(cyclopentadienyl) (3,4~
dimethylcyclopentadienyl) titaniumdichloride,
dimethylsilylene (cyclopentadienyl) -
(trimethylcyclopentadienyl) titaniumdichloride,
dimethylsilylene(cyclopentadienyl) -
(tetramethylcyclopentadienyl) titaniumdichloride,

dimethylsilylene(cyclopentadienyl) (3,4~
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t et ramet hyl cycl opent adi enyl ) zi r coni undi chl ori de,

| sopropyl i dene(cycl opent adi enyl )- (3-nethylindenyl)zirconi undi chl ori de,
i sopropyl i dene(cycl opent adi enyl ) (fluorenyl)zirconium dichloride,

I sopropyl i dene( 2nmet hyl cycl opent adi enyl )- (fl uorenyl)zirconi undi chl ori de,
| sopropyl i dene(2, 5-di met hyl cycl opent adi enyl ) (3, 4-

di met hyl cycl opent adi enyl ) zi rconi undi chl ori de,

i sopropyl i dene(2, 5-di et hyl:cycl opent adi.enyl) (fl uorenyl) -

zi rconi undi ‘gh?gWh@°1°Pe3’t¥¥ﬂrﬁmgﬁé(t@M°6ﬁ'éﬁ§’iaFéﬁ?|f) (3, 5-

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

et hyl ene( cyetBpEhy bet BrlAne feshnantrdiceydl andi chl ori de,

et hyl ene( 2, 5-di met hyl cycl opent adi enyl ) (fl uorenyl)- zirconiundi chl ori de,
ethylene(2,Stri€t@Yﬁ9YQ$Q9QRﬁﬁQ#ﬁﬂX&hﬁ#ﬁ@Pﬁ@@ﬂéﬁ?ﬂ??iﬁ@@niunﬂichloride,
di phenyl net hyl ene(cycl opent adi enyl ) (3, 4-

di et hyl cycl dpmeathyl ehiy)ene teydloptindisiddengd) -

di phenyl net hyl ene( cycl opent adi enyl ) (3, 4-

di et hyl cycl ¢pentadtieyViyal smamtadicdinsgtllydariitad@i umdichloride,

cycl ohexyl i dene(cycl opent adi enyl ) (fl uorenyl) zirconium dichloride,

cycl ohexyl i deRethy bs il ybdrey{ oyl siertiaatliedii) (£ luorenyl) -
(3',4" -di net hyl cycl opent adi enyl ) zi rconi undi chl ori de,

met hyl enebi g{ + 86 emxdi el siuali chl ori de,
dimethylsilylene(cyclopentadienyl) (2,7-di-t-~
butylfluorenyl) titaniumdichloride, dimethylsilylene-
(cyclopentadienyl) (octahydrofluorenyl) titaniumdichloride,
dimethylsilylene (2-methylcyclopentadienyl) (fluorenyl) -
titaniumdichloride, dimethylsilylene(2,5~
dimethylcyclopentadienyl) (fluorenyl) titaniumdichloride,
dimethylsilylene(2-ethylcyclopentadienyl) -
(fluorenyl) titaniumdichloride, dimethylsilylene(2,5-
diethylcyclopentadienyl) (fluorenyl) titaniumdichloride,
diethylsilylene(2-methylcyclopentadienyl) (2°,7'-di-t~-
butylfluorenyl) titaniumdichloride, dimethylsilylene(2,5-
dimethylcyclopentadienyl) (27,7'-di-t-butylfluorenyl}) -
titaniumdichloride,
dimethylsilylene (2-ethylcyclopentadienyl)~-{2',7'-di~t~
butylfluorenyl) titanium-dichloride,
dimethylsilylene (diethylcyclopentadienyl) (2,7-di-t-
butylfluorenyl) titaniumdichloride, dimethylsilylene-

(methylcyclopentadienyl) (octahydrofluorenyl) titanium-
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et hyl enebi s(i ndenyl ) haf ni undi chl ori de, nethyl enebis

(i ndenyl) haf ni unchl orohydri de, ethyl enebi s(indenyl) net hyl haf ni unchl ori de,
et hyl enebi s(i ndenyl ) met hoxychl or ohaf ni um

et hyl enebi s(i ndenyl ) haf ni undi et hoxi de,

et hyl enebi s(i ndenyl ) di met hyl haf ni um et hyl enebi s(4, 5, 6, 7-

t et rahydr oi ndenyl ) haf ni undi chl ori de, et hyl enebi s( 2-

met hyl i ndeny].) haf ni.undi chl oyf.i d . th nebi s{ 2, 4- .
di net hyl i ndé’h&ﬁq} i ¢ ’6‘}%6"‘5‘%(,1Sé%ﬁ}?@ﬁég%‘é‘%léﬁ%g%‘#9E?ntadlenY1) -
trimethylsilylindenyl)hafniungdichloride,  ethylenebis(2,4-

G ot hyl - 8. (R ATRRRE A CRaERyY L) EaERR LD LI STAAe
ethylene(2,4-dinethilg clopentadienyliéi? , 5" -

di net hyl cycl G3EethYLeAYY}RAe A tB] e¥eiorentadienyl) -

et hyl ene(2- net hyl - 4-t-butyl cycl opent adi enyl ) (3" -t-butyl -

5' - met hyl cyclasi@hyvsiofdyoreavh) thtiariindi caloride,

et hyl ene(2, 3, 5-trinet hyl cycl opentadi enyl)(2',4',5" -

tri net hyl cydiopdinydsiidmiienednethil chitbopertadienyl) -

| sopropyl i denebi s(2- net hyl i ndenyl ) haf ni undi chl ori de,

i sopropyl i defeattiahydrdEiybrbai/h) tirdaninmdi deloride,
i sopropyl i denebi s(2, 4-di net hyl i ndenyl ) haf ni undi chl ori de,

65 dimetPRNeallildaant 2 (4ndefipl Nyl yeh DR @licrive (3", 5' -

di met hyl cycl opent adi enyl ) haf ni undi chl ori de,
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium-
dichloride, dimethylsilylenebis(2-methylindenyl)zirconium-
dichloride, dimethylsilylenebis(2,4-
dimethylindenyl) zirconiumdichloride,
dimethylsilylenebis(2,4-dimethylcyclopentadienyl) (3',5'-
dimethylcyclopentadienyl)zirconiumdichloride,
dimethylsilylenebis(2-methyl-4,5-benzindenyl)zirconium-
dichloride, dimethylsilylenebis (2-methyl-4-
naphtylindenyl)zirconiumdichloride, dimethylsilylenebis(2-
methyl-4-phenylindenyl) zirconiumdichloride,
phenylmethylsilylenebis (indenyl)zirconiumdichloride,
phenylmethylsilylenebis(4,5,6,7-tetrahydroindenyl) -
zirconiumdichloride, phenylmethflsilylenebis(2,4-
dimethylindenyl) zirconiumdichloride,
rhenylmethylsilylene(2,4~dimethylcyclopentadienyl) (3',5%-
dimethylcyclopentadienyl) zirconiumdichloride,
phenylmethylsilylene(2,3,5~trimethylcyclopentadienyl) -

(2',47,5"-trimethylcyclopentadienyl) zirconiumdichloride,
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| sopropyl i dene(2-nmet hyl -4-t-butyl cycl opentadi enyl ) (3" -t-

butyl -5' - met hyl cycl opent adi enyl ) haf ni undi chl ori de,

met hyl ene( cycl opent adi enyl ) (3, 4-di et hyl cycl opent adi enyl ) -

haf ni undi chl ori de, met hyl ene( cycl opent adi enyl ) (3, 4-

di met hyl cycl opent adi enyl ) haf ni unchl or ohydri de,

nmet hyl ene( cycl opent adi enyl ) ( 3, 4- di net hyl cycl opent adi enyl ) -

di met hyl haf niu . met hyl. ene(cycl opent adi enyl ) (3, 4-

di met hyl cycl %%%%\Y%&?Wi’d]r %?aétﬁt&ﬁ‘f“ethylcycl°l°entadlenyl) -

met hyl ene( cyc| opent adi enyl ) (tri met hyl cycl opent adi enyl ) -  haf ni undi chl ori de,
met hyl ene( cy?Hd %ﬁ&%ﬁﬁ%ﬁ%& ride, diphenylsilylenebis (2,4-
(tetranet hyl cycl opent adi enyl ) - haf ni undi chl ori de,

i sopropyl i defrEpetlybinrdantl Jainoord wpdichloride,

di met hyl cycl opent adi enyl ) haf ni undi chl ori de,

i sopropyl i defrphshybpiclilafiahiy (ipZleBya ) 3irconiumdichloride,

t et ramet hyl cycl opent adi enyl ) haf ni undi chl ori de,

i sopropyl i dedrlogmry Jogickit loetiedmiyd (2(-Bethiyhy hidedeby k) habniwndickli skl j de,

| sopropyl i dene(cycl opent adi enyl ) (fl uorenyl)hafnium dichloride,

i sopropy! i detet Pameetyll diyil lonemeddisqayienyl § £i vesgthd ik Tbrak chl ori de,
i sopropyl i dene(2, 5-

di et hyl cycl aperimstarmnd)gidyi-terR shyley sbeﬁeaaﬁéiéfﬂyl) -

haf ni undi chl ori de, | sopropyl i dene( 2, 5-
ggnEthylCyCliﬂﬁﬁgﬁihﬁabéﬁﬁagﬂagnenyl)hafn'u”d'QQEQ%hQ%hyldisilylene(B-

methylcyclopentadienyl) (indenyl)zirconiumdichloride,
dimethylsilylene(cyclopentadienyli(3,4-
dimethylcyclopentadienyl) zixconiumdichloride,
dimethylsilylene (cyclopentadienyl) -
(trimethylcyclopentadienyl) zirconiumdichloride,
dimethylsilylene (cyclopentadienyl) -
(tetramethylcyclopentadienyl)zirconiumdichloride,
dimethylsilylene (cyclopentadienyl) (3,4-
diethylcyclopentadienyl)zirconiumdichloride,
dimethylsilylene(cyclopentadienyl) -
(triethylcyclopentadienyl)zirconiumdichloride,
dimethylsilylene (cyclopentadienyl) -
(tetraethylcyclopentadienyl) zirconiumdichloride,
dimethylsilylene(cyclopentadienyl) (fluorenyl)zirconium-
dichloride, dimethylsilylene(cyclopentadienyl) (2,7-di-t-
butylfluorenyl)zirconiumdichloride, dimethylsilylene-

(cyclopentadienyl)(octahydrofluorenyl)zirconiwmdichloride,
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et hyl ene(cycl opent adi enyl ) (3, 5-di et hyl cycl opent adi enyl ) -

haf ni undi chl ori de, ethylene(cycl opentadi enyl) (fluorenyl)hafniundi chl oride,
et hyl ene( 2, 5-di et hyl cycl opent adi enyl ) (fl uorenyl ) haf ni um di chl ori de,

et hyl ene( 2, 5-di et hyl cycl opent adi enyl )- (fl uorenyl) haf ni undi chl ori de,

di phenyl net hyl ene(cycl opent adi enyl ) (3, 4-

di et hyl cycl opent adi enyl ) haf ni undi chl ori de,

i Bt by cycl CHESBR e L 5 Figpentadienyl) (fluorenyl) -
cycl ohexyl i dene( cycl opent.adi.enyl ) (fl uorenyl)hafni um dichloride,
cyclohexyli(ﬁé’rﬁa‘éeﬁé‘él’?#1 RSl opent adi enyl ) - dimethylsilylene(2,5-

(3',4' -dinet hyl cycl opent adi enyl ) haf ni undi chl oride, etc. (3)
Transition thgipsiepentadiggyl ML inpyeayd) 21 reeniundichil oxislg ugat ed,
5-nmenbered cyclic |igands, such as _

di net hyl si | yisehel(sidadepe)-efhviedctopentadienyl) (fluorenyl) -

di met hyl si |l yl enebi s(4,5, 6, 7-tetrahydroi ndenyl )titanium dichloride,
di met hyl si | ydiaredriismdd amdomidendenyl ) titani um ddmekhglsilkylene(2,5-
di met hyl si |l yl enebi s(2, 4-di net hyl i ndenyl)- titaniundichlori de,

di met hyl si | ydisxiHylsflépentadienyl) (fluorenyl) zirconiumdichloride,

di met hyl cycl opent adi enyl ) (3', 5" -di net hyl cycl opent adi enyl ) -

titani undi cldicstitdd, silylendi(zemayhgl bytbeopbhtidi emyhyt2 4, br-di-t-

benzi ndenyl ) titani undi chl ori de, di met hyl si |l yl enebi s( 2-

met hyl - 4- napdi ey F1dRBEnll) LaRcBRELAAL 8h188ide, - dimethylsilylene(2,5-

di met hyl si | yl enebi s(2- et hyl - 4- phenyl i ndenyl )titani um

67 dimethylcyclopentadienyl) (2',7'-di-t-
butylfluorenyl)zirconiumdichloride,
dimethylsilylene(2-ethylcyclopentadienyl) (2',7"'-di-t-
butylfluorenyl)zirconiumdichloride,
dimethylsilylene (diethylcyclopentadienyl) (2,7-di-t-
butylfluorenyl) zirconiumdichloride, dimethylsilylene-
(methylcyclopentadienyl) (octahydrofluorenyl) zirconium-
dichloride,
dimethylsilylene (dimethylcyclopentadienyl) -
{octahydrofluorenyl) zirconiumdichloride,
dimethylsilylene{ethylcyclopentadienyl) -
(octahydrofluorenyl)zirconiumdichloride,
dimethylsilylene (diethylcyclopentadienyl) -
(octahydrofluorenyl) zirconiumdichloride,
dimethylsilylenebis (indenyl)hafniumdichloride,
dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)hafnium-

dichloride, dimethylsilylenebis (2-methylindenyl)hafnium-
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di chl oride, phenyl nethylsilyl enebis(indenyl)titaniundichloride,

phenyl met hyl si | yl enebi s(4,5, 6, 7-tetrahydroi ndenyl )- titani undi chl oride,
phenyl et hyl si | yl enebi s(2,4- dinmethylindenyl)titaniundichloride,

phenyl net hyl si | yl ene( 2, 4- di net hyl cycl opent adi enyl ) (3',5" -

di met hyl cycl opent adi enyl ) titani undi chl ori de,

phenyl nmet hyl si |l yl ene(2, 3, 5-tri nmet hyl cycl opent adi enyl ) -

2' 4", 5 -trE I t'adi I)titani undi ¢chl of.i . .
et v STEL LR PP o o) O S i o,
di ph | silyl | S(2. 4- | hyl i nd | ).tj taniundi chlorid
O 1 RERRR oy el o o
di ph | silyl | S(2; hyl.i nd J tani undi ¢hl ori de,
O PR BT BT M 2 5 ey 31,1

tetranet hyl di sil yl enebi s(cycl opentadi enyl)titanium dichloride,
tetranethyldgﬁm? pg%g¥glopenta ienyl)hafniumdichloride,

met hyl cycl opent adi enyl ) (i ndenyl ) titani undi chl ori de,

di met hyl si | yAémetbyt$ nebis(d e hyl -4, 5-benzindenyl) -

di et hyl cycl opent adi enyl )titani undi chl oride, dinethylsilylene

(cycl opent adhafigiwndi¢hkexiddiy| cycl opend ok eyl § it livtlsriali (Rrimathgd -4 -

di met hyl si | yl ene(cycl opent adi enyl ) -

(t et r anet hyl ogphtpkindeheh)ha fnitvml ivhlicdilder,i de,dimethylsilylenebis (2-

di et hyl si | yl ene(cycl opent adi enyl ) (3, 4- 68 -
methyl-4-phenylindenyl)hafniumdichloride, '
phenylmethylsilylenebis (indenyl)hafniumdichloride,
phenylmethylsilylenebis(4,5,6,7-tetrahydroindenyl)hafnium-
dichloride, phenylmethylsilylenebis (2,4~
dimethylindenyl)hafniumdichloride,
pheﬁylmethylsilylene(2,4—dimethylcyclopentadienyl)(3',5'-
dimethylcyclopentadienyl)hafniumdichloride,
phenylmethylsilylene(2,3,5-trimethylcyclopentadienyl) -
(27,4",5"'-trimethylcyclopentadienyl) hafniumdichloride,
phenylmethylsilylenebis (tetramethylcyclopentadienyl) -
hafniumdichloride, diphenylsilylenebis{2,4-
dimethylindenyl)hafniumdichloride,
diphenylsilylenebis{indenyl)hafniumdichloride,
diphenylsilylenebis (2-methylindenyl)hafniumdichloride,
tetramethyldisilylenebis (indenyl)hafniumdichloride,
tetramethyldisilylenebis(cyclopentadienyl)hafnium
dichloride, tetramethyldisilylene (3~

methylcyclopentadienyl) (indenyl)hafniumdichloride,
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di et hyl cycl opent adi eny) titani undi chl ori de,

di met hyl si | yl ene(cycl opent adi enyl ) -
(triethylcycl opentadi enyl)titaniundichloride,

di met hyl si |l yl ene(cycl opent adi enyl ) -

(tetraethyl cycl opent adi enyl )titani undi chl ori de,

di nmet hyl si | yl ene(cycl opent adi enyl ) (fluorenyl)- titani undi chloride,

di met hyl si | _eny! —di - 1
buty! 11 uor euyFS ERPLE RERG o alilnginy @ear ) ) one.

| | hydr of | ).t anj.undi chlori de,
éfryé: EEFQ} f@fﬁ% (%iﬁi%ﬂaﬁ%éﬁ%%ﬁm””%%% RIPEAGR) . it ani undi chl ori de,
I e SI ene -
di et hzl cyc%%’ﬁ%ﬁ’?&?ﬂ?%m}?’m%@%ﬁ’)ﬁ%%ﬂy&r}m chl ori de,

dinethylsiIylene(z-ethylcyclopen;adienyu?- (fluorenyl)titaniundi chlori de,
di et hyl si | yFeH@ephgleyclopentadienyl) hafniumdichloride,

di et hyl cycl opent adi enyl ) (fl uorenyl)titani undi chl oride,
di et hyl si | yfizmethyvhei hyleve( apeinreatitadienyd) -7' - di - t -

butyl fl uorenyl)titaniundi chloride, di met hyl si |l yl ene( 2, 5-

di et hyl cycl{ bpentmetbnlty¢Ropet tatiianiltha fininmoddéehlpridei t ani undi chl ori de,

di met hyl si | yl ene( 2- et hyl cycl opent adi enyl )-(2",7" -di-t-

but yl f1 uor edymethinai Iyt ehedywsligientadienyl) (3,4~

di met hyl si |l yl ene(di et hyl cycl opent adi enyl ) (2, 7-di -t-

but yl f 1 uor eayéthil 6peLEBeEtd DT driifl ) hafniundiigel byt giel, y| ene-
dimethylsilylene(cyclopentadienyl) -
(triethylcyclopentadienyl)hafniumdichloride, -
dimethylsilylene (cyclopentadienyl) -
(tetraethylcyclopentadienyl)hafniumdichloride,
dimethylsilylene (cyclopentadienyl) (fluorenyl)hafnium-
dichloride, dimethylsilylene (cyclopentadienyl) (2,7-di~t-
butylfluorenyl)hafniumdichloride, dimethylsilylene-
{(cyclopentadienyl) (octahydrofluorenyl)hafniumdichloride,
dimethylsilylene(2-methylcyclopentadienyl) (fluorenyl) ~
hafniumdichloride, dimethylsilylene(2,5-
dimethylcyclopentadienyl) (fluorenyl)hafniumdichloride,
dimethylsilylene{(2-ethylcyclopentadienyl) (fluorenyl) -
hafniumdichloride, dimethylsilylene(2,5-
diethylcyclopentadienyl) (fluorenyl)hafniumdichloride,
diethylsilylene (2-methylcyclopentadienyl) (2',7'-di-t-

butylfluorenyl)hafniumdichloride,
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(et hyl cycl opent adi enyl ) (oct ahydr of | uorenyl )titani um

9 di chl ori de, di met hyl si | yl ene(di net hyl cycl opent adi enyl ) -
(oct ahydrof l uorenyl )titani um di chl ori de,

di met hyl si |l yl ene(et hyl cycl opent adi enyl ) -

(oct ahydr of | uorenyl ) titani undi chl ori de,
dinethylsiIyIene(diethylcyclopentadienyl)

(octahydrofh ﬁé@g&g% f@ﬁ ?g'§-éfmé¢§¥1ﬁﬁclogfntadlenyl)(2' 7'~-di-t-

di et hyl si | yl'ene rconiu
di et hyl si | S etr r0|nd nyI)Z|rcon|un} di chl ori de,
dinethylsilé?gﬂggﬁg% ﬂ%fh??lnd @? |?(xnﬁtun di chl ori de,
di met hyl silyl.enebi s(2,4- _di nden ni hiqri,de
di met hyl si | éF@ﬁgBVi%klﬁlﬁ?ﬁéfE w5 @@ﬁ%a&%ﬁ li(quc' oaiZe-
d|nethylcyclopentadlenyllzlrconlundlchlorlde
di met hyl si | PREXSELePYeREl Wypfni wndhigh) QRRQEM)erconlun} di chl ori de,

di met hyl sil yl enebi s(2- net hy I-4- aphtyl i ndenyl) zirconi undichl oride,

d|nethyIS|I?P@ﬁébY%S§2¥19ﬁ%( %ﬂﬁﬁﬁg QﬂkﬁggﬁﬂﬂﬂrdgnlUﬁﬂF@hlorlde

phenylnethyI5|Iernebls(lndenyl)2|rconlundlchlorlde

phenyl nmet hybutiyfénebenyl) Batniumdiehlonirds ndenyl ) -  zi rconi undi chl ori de,

phenyl met hyl si | yl enebi s(2, 4- di net hyl.i ndenyl ) zi r coni undi chl ori de,

phenyl met hyHdsmeyhghef 2ylexie (rad¢ tiyy gyt oyt teedliemptl)) (3" |, 5' -
{octahydrofluorenylyhafniumdichloride,
dimethylsilylene{(dimethylcyclopentadienyl) -
(octahydrofluorenyl) hafniumdichloride,
dimethylsilylene(ethylcyclopentadienyl) -
(octahydrofluorenyl)hafniumdichloride,
dimethylsilylene(diethylcyclopentadienyl) -
(octahydrofluorenyl)hafniumdichloride, etc.

(4) Transition metal compounds having two conjugated,
5~memberéd cyclic ligands, in which the two ligands are
crosslinked with a germanium-, aluminium-, boron-,
phosphorus- or nitrogen~-containing hydrocarbon group, such as
dimethylgermylenebis (indenyl) titaniumdichloride,
dimethylgermylene (cyclopentadienyl) (fluorenyl) titanium-
dichloride, methylalumylenebis (indenyl) titaniumdichloride,
phenylalumylenebis (indenyl) titaniumdichloride,
rhenylphosphylenebis (indenyl) titaniumdichloride,

ethylborylenebis (indenyl) titaniumdichloride,

phenylaminylenebis (indenyl) titaniumdichloride,
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di met hyl cycl opent adi enyl ) zi r coni undi chl ori de,

phenyl met hyl silyl ene(2, 3,5-trinmethyl cycl opentadi enyl)- (2

, 4", 5" -trimethyl cycl opent adi enyl ) zi rconi undi chl ori de,

70 phenyl met hyl si | yl enebi s(t etranet hyl cycl opent adi enyl ) -
zi rconi undi chl ori de, di phenyl si |l yl enebi s( 2, 4-

di met hyl i ndenyl ) zi rconi undi chl ori de,

di phenyl si | isLi ) 7] - , . . .
G Pyt o 1 EAPSR A AACRRINLEDL Pk Serenyi o camtom
tetramet hyl 45ﬂ#&%£ﬂ£ﬂﬂ s(i ndenyl ) zi r coni undi chl ori de,

SI1y

t et ranet hyl di en€bi s(cycl opent adi enyl )-  zi rconi undi chl ori de,
tetramet hyl di si

ot ho oy el O AR S ansbig (:oeEYH) FiERRRT EPRRLoTide,
di net hyl si I y| | i enyl ) (3, 4-.
i ot 1 oy TR RARARS (YR GREPERRSPIEL) (Fluorenyl) -

di met hyl si |l yl ene(cyc| opent adi enyl ) - o . .

(trimet hyl GAFRRmmsH rADige: c e hdiadirarieaebis (indenyl) zixconium-

di net hyl silyl ene(cycl opent adi enyl )- ‘ i ) ‘

(tetranet hﬁlﬂecg)tllqmeh,aﬂmwla}mmc ah## (dndenydd zirconiumdichloride,

di net hyl sil yl ene(cycl opent adi enyl ) (3, 4- '

di et hyl cyclmipnylahicaphylenebdsi(dndepil dbeidepniumdichloride,

di met hyl si |l yl ene(cycl opent adi enyl ) -

(tri et hyl cy=thopdiadieardisAindenyl fdichboiimléichloride,

di met hyl si | yl ene(cycl opent adi enyl ) -
phenylaminylenebis (indenyl)zirconiumdichloride,
phenylaminylene (cyclopentadienyl) (fluorenyl) zirconium-
dichloride, dimethylgermylenebis(indenyl)hafniumdichloride,
dimethylgermylene (cyclopentadienyl) (fluorenyl)hafnium-
dichloride, methylalumylenebis(indenyl)hafniumdichloride,
phenylaminylenebis (indenyl)hafniumdichloride,
phenylphosphylenebis (indenyljhafniumdichloride,
ethylborylenebis (indenyl)hafniumdichloride,
phenylaminylenebis (indenyl)hafniumdichloride,
rhenylaminylene (cyclopentadienyl) (fluorenyl)hafnium-
dichloride, etc.

(5) Transition metal compounds having one conjugated,
5-membered cyclic ligand, such as
pentamethylcyclopentadienyl (diphenylamino) titanium-
dichloride, indenyl (diphenylamino) titaniumdichloride,

pentamethylcyclopentadienylbis (trimethylsilyl) -

aminotitaniumdichloride,
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(tetraet hyl cycl opent adi enyl ) zi rconi undi chl ori de,

di met hyl si | yl ene(cycl opent adi enyl ) (fl uorenyl)zirconium dichloride,
di met hyl si |l yl ene(cycl opent adi enyl ) (2, 7-di -t -

but yl f1 uorenyl ) zi rconi undi chl ori de, di et hyl si | yl ene-

(cycl opent adi enyl ) (octahydrofl uorenyl) zirconiumdichloride,

71 di met hyl si | yl ene(2- et hyl cycl opent adi enyl ) (fl uorenyl) -
zi r coni undi chl

Gt et nyl cycPsgﬁﬁfﬂsﬁmwi%??%F%%ﬁsyﬁé%@a{?%?#a# Gpantoride,

di net hyl sil yl. en et cIo enta fluore zi.rconi undi chl ori de,
di met h§|si| P@ﬁgf‘ 815%9 § (ERENLRSPEY i opdde o 21yl)- -

di et hyl cycl o entadlené %(fluorenyl)2|rconlundlchlorlde

di et hyl si | yP Rl 2mARe Ry FREWBHETH LR R/ )(2' 7' - di dimethlaidyisngny| )
zirconiundi chl oride, dinethylsilylene (

di met hyl cyc|<§9§ﬁ@aei:bﬁ§/¢yfelzop%t ignyl )mhe;mhaa@mﬁyrc?mm@ﬁphhﬁrbﬂeon de,
di met hyl si |l yl ene(2-et hyl cycl opentadi enyl)(2',7" -di-t-

but yl f | uor edyinpzhyt ehiyvhene ftefkrahydroindenyl) decylaminotitanium-

di met hyl si |l yl ene(di et hyl cycl opent adi enyl ) (2, 7-di -t -

but yl f | uor edygkhzbriédal undi chl ori déimethyl sl ysdrhey/{ t tndgmiroindenyl) -

(et hyl cycl opent adi enyl ) (oct ahydr of | uorenyl ) zi rconi um di chl ori de,

di met hyl si | ybesetdimethyl ¥y Dyt rasl teiidniumdi chloride,

(oct ahydr of | uorenyl ) zi r coni undi chl ori de,
dimethylgermylene(tetramethylcyclopentadienyl)—
phenylaminotitaniumdichloride,
pentamethylcyclopentadienyltitaniumtrimethoxide,
pentamethylcyclopentadienyltitaniumtrichloride,
pentamethylcyclopentadienyl—bis(phényl)aminozirconium—
dichloride, indenyl-bis (phenyl)aminozirconiumdichloride,
pentamethylcyclopentadienylbis (trimethylsilyl) -
aminozirconiumdichloride,
pentamethylcyclopentadienylphengxyzirconiumdichloride,
dimethylsilylene(tetramethylcyclopentadienyl) ~t-
butylaminozirconiumdichloride, dimethylsilylene-
(tetramethylcyclopentadienyl) phenylaminozirconium-
dichloride,
dimethylsilylene (tetrahydroindenyl)decylaminozirconium-
dichloride, dimethylsilylene (tetrahydroindenyl) -
[bis (trimethylsilyl)amino]lzirconiumdichloride,
dimethylgermylene (tetramethylcyclopentadienyl) phenyl -

aminozirconiumdichloride,
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di met hyl si |l yl ene(et hyl cycl opent adi enyl ) -

(oct ahydr of | uorenyl ) zi rconi undi chl ori de,

di met hyl si | yl ene(di et hyl cycl opent adi enyl ) -

(oct ahydr of | uorenyl ) zi r coni undi chl ori de,

di met hyl si | yl enebi s(i ndenyl ) haf ni undi chl ori de,

di net hyl si | yl enebi s(4,5, 6, 7-t etrahydroi ndenyl ) haf nium di chl ori de,

75 Y e Y OO I kR sl e RPEL 91 e o2, 4-

or
dlnethyllnd

glnetﬂy:5|ll ené%ﬁig%&g?&é%%ﬁﬁﬁﬁ%9?@E§3§ﬁf§8péﬁyrf%ghlgrlde,
i methyl o)1 O%hﬁ%?%%w%%% PR RhL R Pheny AP DA EN P de.

di met hyl si |yl enepi s(2- net hyl - 4- naphtyl|ndenyl)hafnlundlchlorlde

di met hyl si | yPESREPEYER, et hiAdenyshidid (Bheswi) pranshafaisndschyeride,
phenyl met hyl si | yl enebi s(i ndenyl ) haf ni undi chl ori de,

phenyl net hy| B¢} S lquelorentadienyhbasdtnimayhyhat lvlhe  di chl ori de,
phenyl net hyl si | yl enebi s(2,4- di met hyl i ndenyl ) haf ni undi chl ori de,

phenylnethyI%m4§@hﬁﬁﬂ¥pmd¥ﬂhhgﬂi¢bcycIopentadienyl)(3', 5'-

di met hyl cycl opent adi enyl ) haf ni undi chl ori de,

phenyl et hy | Benfamet(yl §A-dpentadighyypheperyhdf eiyhdichloride,

(2',4",5 -trinethyl cycl opent adi enyl ) haf ni undi chl ori de,
dimethylsilylene (tetramethylcyclopentadienyl) -t-
butylaminohafniumdichloride, dimethylsilylene-
(tetramethylcyclopentadienyl)phenylaminchafniumdichloride,
dimethylsilylene (tetrahydroindenyl)decylaminchafnium-
dichloride, dimethylsilylene (tetrahydroindenyl) -
[bis(trimethylsilyl)aminolhafniumdichloride,
dimethylgermylene(tetramethylcyclopentadienyl)-
phenylaminchafniumdichloride,
pentamethylcyclopentadienylhafniumtrimethoxide,
pentamethylcyclopentadienylhafnium trichloride, etc.

(6) Transition metal compounds having two conjugated,
5-membered cyclic ligands in which the ligands are double-
crosslinked, such as (1,1'-dimethylsilylene) (2,2'-
isopropylidepe)-bis(cyclopentadienyl)titaniumdichloride,
(1,1'-dimethylsilylene) (2,2'~-dimethylsilylene) -
bis (cyclopentadienyl) titaniumdichloride,

(1,1'-dimethylsilylene) (2,2'-isopropylidene) -

bis(cyclopentadienyl)dimethyltitanium,
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phenyl nmet hyl si | yl enebi s(t etranet hyl cycl opent adi enyl )- haf ni undi chl ori de,
di phenyl si |yl enebi s(2,4- di met hyl i ndenyl ) haf ni undi chl ori de,

di phenyl si | yl enebi s(i ndenyl ) haf ni undi chl ori de,

di phenyl si |l yl enebi s(2- et hyl i ndenyl ) haf ni undi chl ori de,

tetramet hyl di si |l yl enebi s(i ndenyl ) haf ni undi chl ori de,

tetranet hyl di si |l yl enebi s(cycl opent adi enyl ) haf ni um di chl ori de,

tetramet hyl di@i hyl-eagednyl "o -
nethylcyclopéﬁtadlenyl)(lngé }eﬁe¥ U%dl%?ﬁ%ﬁ?p ‘idene)

g?nethylcyclopea$¥%¥qgﬂ%€%ﬁ3%5&§%§#§%ﬁQ&fgiggxl&*3 4-
?It ?FEQ%/LBS/: Lgl:(ﬁgg(e'%t&%'% %?giﬂ&%y%fﬁ or}§Rpropylidene) -

(1 0t 1 et hy RGO BETERRBHg PG HE B AEFLRPERY L LYL) £l tanium,

di methylsily ne( cl gpent adi en ) )
di et hyl cycl d éﬂy %yﬂéﬂﬁwaﬁéﬁi &1?0? | gksopropylidene) -

dinethylsiIi;ene(cyclopentadienﬁl)- ) ) ) _
(triethylcy ReRFRrAgnNL L REs (hrbnetlylsilylmethyl) titanium,
di met hyl silyl ene(cycl opent adi enyl ) -

(tetraet hyl cylol2d hydplilvdeneh (@i thtethylbene) -
di met hyl si |l yl ene(cycl opent adi enyl ) (fl uorenyl ) haf nium di chl ori de,

di net hyl si | pislddenydpantadiendiyioride; t -
(1,1'-dimethylsilylene) (2,2'-ethylene) -

bis(indenyl) titaniumdichloride, (1,1'-ethylene) (2,2'~
dimethylsilylene)-bis{indenyl) titanium dichloride,
(1,1'-dimethylsilylene) (2,2'~-cyclohexylidene) -
bis(indenyl) titaniumdichloride,
(1,1'-dimethylsilylene) (2,2'~isopropylidene) -
bis(cyclopentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene) -
bis(cyclopentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene) (2,2'~isopropylidene) -
bis(cyclopentadienyl)dimethylzirconium,
(1,1'-dimethylsilylene) (2,2"'~isopropylidene) -
bis(cyclopentadienyl)dibenzylzirconium,
(1,1'-dimethylsilylene) (2,2'-isopropylidene) -
bis{cyclopentadienyl)bis (trimethylsilyl)zirconium,
(1,1'-dimethylsilylene) (2,2'~isopropylidene) -

bis(cyclopentadienyl)bis(trimethylsilylmethyl)zirconium,

79



but yl f1 uor enyl ) haf ni undi chl ori de, di et hyl si | yl ene-

(cycl opent adi enyl ) (oct ahydr of | uor enyl ) haf ni undi chl ori de,

di met hyl si | yl ene( 2- net hyl cycl opent adi enyl ) (fl uorenyl)- haf ni undi chl ori de,

di met hyl si |l yl ene(2, 5-

di met hyl cycl opent adi enyl ) (f| uor enyl ) haf ni undi chl ori de,

di met hyl si | yl ene(2-et hyl cycl opent adi enyl ) (fl uorenyl)- hafni undi chl ori de,

di met hyl si | yhene(dinat i ivl T 1 -

di et hyl cycl z)(pe'nt adi eﬁy?ﬂﬁ u%reerﬁ?/)l S%’alf nieuth i C 1ﬁgri de,

diethylsily . 2= ' (2,7 -di-t-
R A SRR Y popRGR A fob o,

butyl fl uoreny

di met hyl sil yleng(2,.5-dj h) clap di enyl.) (2,7 -di-t-

butyl f1 uor enﬁ)ﬁéf‘ﬂ%‘ﬂ?ﬁrﬁﬁﬁﬂﬁﬁé &AL Ry -

di met hyl silyl.ene(2-ethyl cycl opentadienyl)(2', 7 '-dj-t- .
butylfluoreﬁ???ﬁgéﬁPﬁ ?t%??ﬁ ?m§15L1°33 €, (i,17-ethylene) (2,2'-
di met hyl si | yl ene(di et hyl cycl opent adi enyl) (2, 7-di -t - .

but yl f1 uor eRyMphEYhFLk¥l eRebrpie(indenylyzirconiumdichloride,

di met hyl silyl ene(net hyl cycl opent adi enyl ) - i

(oct ahydr of |(&oﬁ'-én91wﬁ}a/h¥i Sy Eemne) {%ae'g,/ '-cyclohexylidene) -

di met hyl si | yl ene(di met hyl cycl opent adi enyl )'-

(oct ahydr of basdéngdenid) ai naohtirndi¢hforide,

di met hyl si |l yl ene(et hyl cycl opent adi enyl ) -

(oct ahydr of | by &MHydIhethnyleddiylere) (8,2 '-isopropylidene) -
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bis(cyclopentadienyl)hafnium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene) -
bis (cyclopentadienyl)hafniumdichloride,
(1,1'-dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)dimethylhafnium,
(1,1'-dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)dibenzylhafnium,
(1,1'-dimethylsilylene) (2,2'-isopropylidene) -
bis{cyclopentadienyl)bis (trimethylsilyl)hafnium,
(1,1'-dimethylsilylene) (2,2 "'-isopropylidene) -
bis(cyclopentadienyl)bis(trimethylsilylmethyl)hafnium,
(1,2'-dimethylsilylene) (2,1'-ethylene) -
bis(indenyl)hafnium~-dichloride,
(1,1'-dimethylsilylene) (2,2'-ethylene)-
bis(indenyl)hafniumdichloride,
(1,1'-ethylene) (2,2'-dimethylsilylene) -

bis(indenyl)hafniumdichloride,
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di met hyl si |l yl ene(di et hyl cycl opent adi enyl ) -

(oct ahydr of | uor enyl ) haf ni undi chl ori de, etc. (4) Transition netal
conpounds having two conjugated, 5-nenbered cyclic ligands, in which the
two ligands are crosslinked with a germanium, al um ni um, bor on-,

phosphorus- or nitrogen-containing hydrocarbon group, such as
di met hyl ger nyl enebi s(i ndenyl )titani undi chl ori de,

di met hyl ger nyl ene(giwdieRantiadi f bua 4 P —dichloride,
et hyl al unyl ol S, ndenyll)q’lt?%?n)(grrgi cﬁ?gﬁ’%ﬁ fase)

Bhenyl phos ey ERLAAN Al AR B R
o e I B AL AL LR N fleBBs of (1) o (6) noted above,

phenyl am nyl enebi's(i nd€n

75 enyl al unyl ene(cycl.opent adi en fluorenyl)titan

6 chl or i de, "R BER PR TS AL R S Ehb S pEPRE AR those

di mret hyl ger nyl ene clo tadi enyl ).(fluorenyl)- zirconjundichl or.j de,
el ol ol e fmendd e RE01 88 YD U80S ) broRane Aka 2 AOPLASDI o
(i ndenyl) zirconiumdichloride,

phenyl phos §®Rn8phEdT PRRM PEPH r3 BRithidi $TPUR i 8¢ohenyl group, a benzyl

et hyl boryl enebi s(i ndenyl ) zi r coni undi chl ori de,

phenyl am nyd%eiibi H imeideMy) gicoypni Bndieathbylamine group and the like.

phenyl am nyl ene(cycl opent adi enyl ) (fl uorenyl ) zi rconi um
(8) Of the compounds of (1) to (7), the transition metal

compounds having one conjugated, 5-membered cyclic ligand of
{(5) are especially preferably employed in producing styrenic
polymers.

(II) As specific examples of the transition metal

compounds of formula (II-5), mentioned are the following

compounds.

Tetra-n—butoxyti tanium, tetra-i-propoxytitanium,
fetraphenoxytitanium, tetracresoxytitanium,
tetrachlorotitanium, tetrakis (diethylamino) titanium,

tetrabromotitanium, as well as their derivatives as produced
by substituting the titanium atom in those compounds with
zirconium or hafnium. Of those transition metal compounds,
éreferred are alkoxytitanium compounds, alkoxyzirconium
compounds, and alkoxyhafnium compounds.

(ITI) In the transition metal compounds of formula

(II-6), M2 represents a transition metal of Groups 8 to 10 of

the Periodic Table. Concretely, it includes iron, cobalt,
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di chl ori de, dinethyl gernyl enebis (indenyl) hafniumdichloride,

di net hyl ger nyl ene(cycl opent adi enyl) (fluorenyl)hafnium dichloride,
met hyl al unyl enebi s(i ndenyl ) haf ni undi chl ori de,

phenyl am nyl enebi s(i ndenyl ) haf ni undi chl ori de,

phenyl phosphyl enebi s(i ndenyl ) haf ni undi chl ori de,

et hyl boryl enebi s(i ndenyl ) haf ni undi chl ori de,

phenyl am nylieacbi s (ddemslukhatlizp gl @ticde, of those, preferred are
phenylan1nyIene(cyclopentadlenyl)(fluorenyl)hafnlun} I chloride, etc.

(5) Transi o5 et %affggwdsnﬁa\i oy Onilcogaagirae%acé TERSISL -

cyclic

pent aret hy| gy r;,eglgla%qi Aok ﬁ%ﬂagir@ag%{ﬁ&aéu Yhe +9b6050ELASmetal

|ndenyl(d|p eny am no |tan|u
pentanethylcyclo ent adi enyl bi s(trinethyl sil am not i t ani wndi ghlori de,
76 v’~3p éﬁﬁ?ﬂ?’Pé{FcPBBéRPaHPé R RERROARA PO F‘Hé 2

di et hyl si | ne(tetrangt hyl cycl opent adi en .

butyl ani not9ASNFGHEFERT oA vaylentp-%on%qn%%ﬁépmngpy%ﬂg.llgan& As
(tetramet hyl cycl opent adi enyl ) phenyl am noti {ani undi chl ori de,

di net hyl si Imgndieneast rmwr!ﬁhm@wylff%leéyda ndincladieumfondi exampliale, 2
d|nethyIS|Ierne(tetrahydr0|ndenyI

[ bi s(tri methydragen p&emnod th atlmea!nat@rm & hyerocarbon atom having from

di et hyl ger nyl ene(t etranet hyl cycl opent adi enyl ) -
1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy group

having from 1 to 20, preferably from 1 to 10 carbon atoms, an
imino group, an amino group, a phosphorus-containing
hydrocarbon group having from 1 to 20, preferably from 1 to
12 carbon atoms (e.g., a diphenylphosphine group, etc.), a
silicon~-containing hydrocarbon group having from 1 to 20,
preferably from 1 to 12 carbon atoms (e.g., a trimethylsilyl
group, etc.), and a boron compound residue having a hydrocarbon
group with from 1 to 20, preferably from 1 to 12 carbon atoms
or having halogens (e.g., B{CgH5)4, BF4). Of those, preferred
are halogen atoms and hydrocarbon groups. X2 and Y2 may be

the same or different ones. Specific examples of Ll and 12

include triphenylphosphine, acetonitrile, benzonitrile,
1,2-bisdiphenylphosphinoethane, 1,3-
bisdiphenylphosphinopropane, . 1,1°'-
bisdiphenylphosphinoferrocene, c¢yclooctadiene, pyridine,
quinoline, N-methylpyrrolidine,

bistrimethylsilylaminobistrimethylsilyliminophosphorane,
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phenyl am noti t ani undi chl ori de,

pent anet hyl cycl opent adi enyl ti tani untri nmet hoxi de,

pent anet hyl cycl opent adi enyl titaniumrichl oride,

pent anmet hyl cycl opent adi enyl - bi s(phenyl ) am nozi rconi um di chl ori de,

I ndenyl - bi s(phenyl ) am nozi r coni undi chl ori de,

pent anmet hyl cycl opent adi enyl bi s(trinmethylsilyl)- am nozirconiundi chl ori de,

pent anet hyl ¢ opeRt adbenybphenaxyzi rcqni yndi ride,
di met hyl si | y%/t%]ﬁ‘e(?et’rgrrét #yl%@%%péﬁ%g?ee rﬁdceg %o €3ch other to form

but yl am nozi C%Fh [ , di met hyl si |l yl ene-
(tetranethyf%y ogggta Fgﬁéﬁgﬁhenylaninozirconiun} di chl ori de,

di ret hyl si |l yl ene(tetrapydroi ndenyl)decyl ami nozj rconi u di chl ori.de,
di met hyl si | yl ene( REFL %ﬁr?ﬁﬁﬂ? f&'%ﬁe Q%ans1tlon.me al compounds of

[bis(trimethylsilyl)amne]zirgconiupdi chlqride,. L
di met hyl ger Eﬁﬂ%ﬁeﬁ%ﬁéggth9?£9@$ QQﬁg%ﬁﬁFFEPQHVﬂPh°SPh1ne nickel,
am nozi r coni undi chl ori de, ) . ) o7
pent anet hy| GiGRsintadrbeprirhesrhinepiakehoxi ddibromodiacetonitrile-
pent anet hyl cycl opent adi enyl zi rconi untrichl ori de,
pent anet hyl @idksHont adi edybroneditengonidmidemifokelm  di ctiibrome(l, 2~
i ndenyl - bi s( phenyl ) am nohaf ni undi chl ori de,
pent anet hyl &icdiphsradiphegpbispethanehpickéy) ) - ami nohaf ni undi chl ori de,
dibromo (1, 3-bisdiphenylphosphinopropane) nickel,
dibromo (1,1'-diphenylbisphosphinoferrocene)nickel,
dimethylbistriphenylphosphinenickel,
dimethyl (1,2-bisdiphenylphosphinocethane)nickel,
methyl (1,2bisdiphenylphosphinoethano) nickel -
tetrafluorocborate,
(2-diphenylphosphino-1-phenylethyleneoxy) -
prhenylpyridinenickel,
dichlorcbistriphenylphosphinepalladium,
dichlorodibenzonitrilepalladium, dichlorodiacetonitrile-
palladium, dichloro(l,2-bisdiphenylphosphinocethane) -
palladium, bistriphenylphosphinopalladium-
bistetrafluoroborate, bis(2,2'~-bipyridino)methyliron

tetrafluoroborateetherate, as well as the following

compounds.
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pent amet hyl cycl opent adi enyl phenoxyhaf ni undi chl ori de,
di nmet hyl si | yl ene(tetranet hyl cycl opent adi enyl ) -t -
but yl am nohaf ni undi chl ori de, di et hyl si | yl ene-
(tetramet hyl cycl opent adi enyl ) phenyl am nohaf ni um di chl ori de,
di met hyl si |l yl ene(tetrahydroi ndenyl)decyl am nohaf nium di chl ori de,
di met hyl si | yl ene(tetrahydroi ndenyl) -
[bi s(trimethylsilyl)am no] haf ni undi chl ori de,
di et hyl ger nyl ene(t et
phenylaninohafniundic
pent anet hyl cycl o ‘
pent anet hyl cycl ope tadl iniumtrichloride, etc.
nmet al conpounds havi pgetTwo., co'fygﬁ;ed 5- nenber e
the |igands are double- crqg§ nked such
(1, 1" -di net hyl silyl el K
i sopropyl i dene) - bi 'opent;dleyl)tltanlundlchlor| :
(1, 1' - di net hyl si |yt et hyl si | yl ene) - =N
[ [ undi chl ori de,
" -1 sopropylidene)-
bi s(cycl opent adi enyl )di met hyl titani um 78
(1,1 -dinethylsilylene)(2,2 -isopropylidene)-
bi s(cycl opent adi enyl ) di benzyl titani um
(1, 1' - di net Rheseiy Meeftpdioatesodr BRLRYHeHRIUP-
bis(cyclopentadiengl)bls(trlnethyIS|IyI)t|tan|un1

Of those, preferred are cationic complexes such as

'untrinethoxidé

methyl (1,2-bisdiphenylphosphinocethano) nickel
tetrafluorcborate, bistriphenylphosphinopalladium
bistetrafluorcborate ,. and bis-(2 ,2'-bipyridino)methyliron
tetrafluoroborate etherate, as well as the compounds
represented hereinabove by their structural formulae.

As the component (a) in the catalyst of the invention,
one or more transition metal compognds noted above may be used
either singly or as combined.

(b) Water-swellable clay:

Water-swellable clay which is used as the starting
material in preparing the catalyst of the invention includes
clay, clay minerals and ion-exchanging layered compounds of
the following (1) to (4), and they are capable of absorbing
a 1arge amount of water to swell. Depending on their swelling

‘ degree which is the index of their swellability and which is

obtained by dividing the maximum amount of water that a dry
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(1,1 -dinethylsilylene)(2,2" -isopropylidene)-

bi s(cycl opent adi enyl )bi s(trinmethylsilylnmethyl)titanium

(1,2 -dinmethylsilylene)(2,1 -ethylene)- bis(indenyl)titaniundichloride,
(1,1 -dinethylsilylene) (2,2 -ethylene)- bis(indenyl)titaniundichloride,
(1,1 -ethylene)(2,2'- dinethylsilylene)-bis(indenyl)titaniumdichloride,
(1,1 '-dimethylsilylene)(2,2 -cycl ohexylidene)-

bis(indenyl% ' i+¥n€ I
(1,1 -dinet %/Ll'né??y eng‘) ]Qé; g%ssgﬁpggy g ggr%}-by the mass of the sample,
bi s(cycl open gi I%zirconi ndich%orid , .
(11 Gi mot RYESPPUFeRBrpotar B SRIGFAT jfagm them for use herein.
bi s(cycl opent adi | ) zi rcaoni undi chl qri de,
(1,1 -dinet R;ﬁls.‘ﬁ}&r@é f?]?Y i‘%‘&%ﬁ;ﬂ-i dene) -
bi s(cycl opent adi enyl ) di net hyl zj r coni um
(1, 1' - di net hyl si IS138hEF( 812V -MRgKals FRYehe)used as the component (b).
bi s(cycl opent adi enyl ) di benzyl zi rconi um o i
(1, 1' - di met R}PY¥i L§| aReag@regate f diyid duiskpus silicate minerals. It
bi s(cycl opent adi enyl ) bi s(trimethylsilyl)zirconi um
(1, 1' - di net byl Blégtenasyifen Xneagedr wpyhi alem)table amount of water, and
bi s(cycl opent adi enyl ) bi s(trinmethyl silyl methyl)zirconium
79 is(tigiddwmen kidisid.y| ¥hed (akied etthyligheremperatures, it is
bi s(i ndenyl ) zirconi undi chl ori de,
sintered. Clay minerals are hydrous silicates which are the
essential components constituting clay.

These are not limited to only natural ones, but synthetic

products of those substances are employable herein.
(2) Ion-~exchanging layered compounds:

As. the component (b), also usable are ion-exchanging
layered compounds, which are characterized by the crystal
structure of such that a plurality of crystal planes formed
through icnic bonding or the like are laminated in parallel
layers via weak bonding force between the adjacent layers, and
in which the ions are exchangeable. Some clay minerals are
ion-exchanging layered compounds.

For example, phyllosilicic acid compounds belong to clay
minerals. Phyllosilicicacidcompounds includephyllosilicic
acid and phyllosilicates. As natural phyllosilicates, known

are montmorillonite, saponite and hectorite of the smectite

family; illite and sericite of the mica family; and mixed layer
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(1,1 -dinmethylsilylene)(2,2 -ethylene)- bis(indenyl)zirconiundichloride,
(1,1 -ethylene)(2,2' - dinethylsilylene)-bis(indenyl)zirconiundichloride,
(1, 11-dinmethylsilylene) (2,2 -cycl ohexylidene)-

bi s(i ndenyl ) zirconiundi chloride, (1,1 -dinethylsilylene)(2,2
'-isopropylidene)- bis(cyclopentadienyl)hafniumdichloride,

(1,1 -dinethylsilylene) (2,2 -dinethylsilylene)-

275, oY JESBALILED Sffacng, or trome of micas ans

bi s(cycl open [ ). di net hyl haf ni um

(fl, (1 Y ngf"r?y&ﬁg;‘i@%??&fy( 2. 2 i sop? gpyl i dene) -

(L1 G o ny o1 591 svabested PEedidfy ko are fluoro-tetrasilicon
bi s(cycl opent adi enyl ) hi s(trinmethyl silyl)hafni um

(1, 1' - di mefHyRgi LpPeRdfez, 2‘“99?59%& oﬁgﬁ dene) -

bi s(cycl opent adi enyl ) bi s(trimethyl silyl methyl)hafnium
(1, 2' - di net hyl siA}senpenbianedaxe chel)-exghanginte HeRmmduhaviad & i de,
(1,1 -dinethylsilylene) (2,2 -ethylene)- bis(indenyl)hafniundichloride,
(1, 1" - et hy lenysrez, ZrYdtahtWﬂqﬂaang)lch 88 A 13HIEIBOY) Il m-THRM k2 i de,
°0 o-Ti (HPO4)2, y-Ti (HPO4)2, etc. These are not clay minerals.
Examples of clay and clay minerals which do r;ot belong
to ion-exchanging layered compounds and which are usable as
the component (b) include clay having a low montmorillonite
content and referred to as bentonite; kibushi clay comprising
montmorillonite and many other components; gairome clay;
sepiolite and palygorskite having a fibrous morphology; and
amorphous or low-crystalline allophane, imogolite, etc.
The component (b) is contacted with the component (c),
a silane compound, and optionally with the component {(d), an
organic metal compound with a metal of Groups 1, 2, 13 and 14
of the Periodic Table, and it is desirable that clay, clay
minerals and ion-exchanging layered compounds for the
component (b) are chemically treated for the purpose of
removing impurities from themor formodifying their structures
and functions.
The chemical treatment referred to herein indicates both

the surface treatment to remove impurities from surfaces and

the treatment to modify the crystal structure of clay.
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(1,1 -dinmethylsilylene)(2,2 -cycl ohexylidene) -

bi s(i ndenyl ) haf ni undi chl ori de, etc. (7) Derivatives from conpounds
of (1) to (6) noted above, which are produced by substituting the chlorine
atons in those conpounds of (1) to (6) with any of a brom ne atom an

i odine atom a hydrogen atom a nethyl group, a phenyl group, a benzyl
group, a nethoxy group, a dinmethylam no group and the |iKke. (8) O

the comoundgngletdly!dd fc1ides LEARYIdARIR A oaoundachayisag one

conj ugat ed, menber el “cyclic ar'e especi y prefer

enpl oyed i ntg%ggﬁghg?aﬁ%g&g%gﬁr%%é% IE r’z'rerﬁﬁ'a (0 SI ) As specific exanples

of the transi C n 5), nentioned are the
following conpoypds. . I%}r -n-gutox titanium, .
tetra i - propoxyt TG rPBtPEBRcTD Ry CIFaYA HPUT: ties from surfaces,
tetraCresoxg%L aniuym tetrachlorotitanium . . . .
t et r aki s( di #PRYPHRIFATNGAREHODS SYCPAT ST RARP M Ty RRIPeSEUR Rec
derivatives as E[oduced by substituting the titaniumatomin those
conpounds withR likecHremraxss s mtamctoreshssetherely temhangs suré@asounds,
preferred are al koxytitani um conpounds, al koxyzirconium conmpounds, and
al koxyhaf ni afreggnpolfids. alkali treatment tie trardsstizay nthal cwstednds of
formula (11-6), Merr] represents a transition netal of Goups 8 to 10 of
t he Peri odi stFabktereCoficeletyel ytharehynmodd€éyingohhe cotral¢ture of clay.
81
The salt treatment and the organic treatment are to form ionic
complexes, molecular complexes, organic complexes, ete.,
whereby surface areas and layer-to-layer spaces may be changed.
Owing to their ion-exchanging ability, the interlayer
exchangeable ions in the compounds may be exchanged with any
other bulky ions to give layered substances having enlarged
interlayer spaces.
{(3) The substances of the component (b) noted above may
be directly used as they are, or, if desired, additional water
may be adsorbed onto them, or they may be heated and dehydrated
prior to being used.
(4) As the component (b), preferred are clay and clay
minerals. Most preferred are phyllosilicic acid compounds,
of which smectite is desirable, and montmorillonite is more
desirable. Alkali metal salts and alkaline earth metal salts
of montmorillonite are favorably used in the invention, and

they have a swelling degree of at least 20 (ml/2 g), generally

falling between 30 and 50 (ml1/2 g).
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ni ckel, palladium platinum etc. O those, preferred are nickel,
palladiumand iron. L[err] and L[err] each represent a

coordi nati on-bonding |igand bonding to the transition netal via a nitrogen
or phosphorus atom therebetween; and X[ err]. and Y[err] each represent a
coval ent - bondi ng or ionic-bonding |ligand. As nentioned herei nabove, X err]
and Y[err] include, for exanple, a hydrogen atom a hal ogen atom a

hydr ocar bo to N m .l to 20, preferably from1l to 10 carbon
atons, an a%oxghgg}éép& %‘i“ﬁ%éfrom 1 to 20, preferably from1 to 10 carbon
atons, an imno,group,_ an.am no oup, a phosphoyr.us-cont.ai nin

hydr ocar bon grouﬁghﬁeﬁ' ot F1 & ?%[?bg ‘f)?r&é)%"?’é‘g'l Y o?ﬁ“iaf%& fgf H%on
atonms (e.g..,, a diphenyl phosphi ne group, etc.), a ,silicon-containing

hydr ocar bor}”@’re&}[}qﬁ‘a\ll‘?ﬁghi"ggﬁf’la? YHLY . pASt é:;}‘ébFﬁPPSrfFf‘LmPB“‘l‘és E8Pon
atons (e.g., a trimethylsilyl group, etc.) , and a boron conpound residue
havi ng a hydyocemRanen ol® wi Preferred pse2fhoseeads dinsmylEon{iIth 12
carbon atons or having halogens (e.g., B ((Jerr]Herr]) 4, BFferr]). O

t hose, premantdgonesy behelnrfoveai and moke bydefecued aregtbops ofXfermyland
Y[err] may be the sane or different ones. Specific exanples of L[err] and
Llerr] incllid@)t cilseementhospti herednabowetril e,. benzonitrile,

1, 2- bi sdi phenyl phosphi noet hane, 1, 3-

bi sdi phenyl phosp$i hame opamgounds of formula (II-1) include lbis-silyl

bi sdi phenyl phosphi nof errocene, cycl ooct adi ene, pyridine, quinoline,

N- et hyl pyraotdgotingi®,, X4-nSi (CH2)mSiX4-n (where m is from 1 to 10; and

bi strimethyl silyl am nobi strinmethyl silylimnophosphorane,

82 n is 1, 2 or 3) having plural Si's in the molecule, and also .

poly-nuclear polysiloxanes, polysilazanes, etec. The
substituent R in formulae (II-1) and (II-2) includes an alkyl
group, a phenyl group, a silyl group, and a hydride group, and
is preferably an alkyl group. The substituent X therein
includes a halide, a hydroxide, an alkoxide and an amide, and
is preferably a halide.

Specific examples of the silane compounds include
trialkylsilylchlorides such as trimethylsilylchloride,
triethylsilylchloride, triisopropylsilylchloride, t-
butyldimethylsilylchloride, t-butyldiphenylsilylchloride,
phenethyldimethylsilylchloride, ete.; dialkylsilyl-
dichlorides such as dimethylsilyldichloride, diethylsilyl-
dichloride, diisopropylsilyldichloride, di-n-hexylsilyl-
dichloride, dicyclohexylsilyldichloride,
docosylmethylsilylichloride, bis (phenethyl)silyldichloride,

methylphenethylsilyldichloride, diphenylsilyldichloride,
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etc. L[err], L[err], Xerr] and Y[err] may be bonded to each other to form

a cyclic structure. Specific exanples of the transition netal
conmpounds of formula (I1-6) include dibronobistriphenyl phosphi ne ni ckel,
di chl orot ri phenyl phosphi neni ckel , di bronodi acetonitrile- nickel,

di br onodi benzonitril eni ckel, di brono(1, 2-

bi sdi phenyl phosphi noet hane) ni ckel ,
ool kS EORH PSRN el U I BY o
0o MRS, ) s petirtstcrientonan,
e AR LR AL 00 o G e
di chl orobi stri phenyl phosphi nepal | adi um  di chl Qr odi_ benzoni tri | epal | adi um
di chl or odi adedefylFitel trighiorideam phenylsilyltrichloride,
di chl oro( 1, 2- bi sdi phenyl phosphi noet hane) - pal | adi um
bistriphenymghbt$h$h&wi&rtﬁhlnﬁidqnstetrafluordhﬂm&ﬁilyltrichloride,
bis(2,2" -bipyridino)nmethyliron tetrafluoroborateetherate, as well as the
foll owi ng pbepethgbsilyl trichloride, etec.; other halides to be derived
from the compounds noted above by substituting the ch;oride
moiety with any other halogens; disilazanes such as
bis(trimethylsilyl)amide, bis(triethylsilyl)amide,
bis{triisopropylsilyl)amide, bis(dimethylethylsilyl)amide,
bis (diethylmethylsilyl)amide,
bis(dimethylphenylsilyl)amide,
bis{dimethyltolylsilyl)amide,
bis(dimethylmesitylsilyl)amide, etec.; trialkylsilyl-
hydroxides such as trimethylsilylhydroxide, triethylsilyl-
hydroxide, triisopropylsilylhydroxide, tert-
butyldimethylsilylhydroxide, phenethyldimethylsilyl-
hydroxide, etc.; polysilanocls generally referred to as
peralkylpolysiloxypolyols; bissilyls such as
bis{methyldichlorosilyl)methane, 1,2-
bis (methyldichlorosilyl)ethane,
bis(methyldichlorosilyl)octane, bis(triethoxysilyl)ethane,
etc.; and silan; hydrides such as dimethylchlorosilane,

(N, N-dimethylamino)dimethylsilane, diisobutylchlorosilane,

etc. Of the silane compounds of the formula noted above,
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83 Me [err]

wherein Me indicates a met hyl group. O those, preferred are cationic
conpl exes such as nethyl (1, 2-bi sdi phenyl phosphi noet hano) ni ckel
tetrafl uoroborate, bi st ri phenyl phosphi nopal | adi um

bi stetrafl uoroborate, and bis(2,2'-bipyridino)nethyliron

tetrafl uoroborate etherate, as well as the conpounds represented

her ei nabov ' r for s 0 nt in the
cat al yst o?p ’F%feéllrkﬁév&eﬁt%%oﬁt%g%ﬁleh e&% gngirsg &1 §ﬁ§?9?§§°fmﬁa gg?r&p(%ndég%ot ed
above may be_uysed .either singly or conbj ned (b). Water-swel | apl e cl ay:
Vater - sval 19513 AT o corir s, FoyBe 690 25! Ehg SHRREITH Y0 -prBBar | ng
the catal yst, of the invention includes clay, clLay mnerals and

i on- exchangFy BEFPeY RomPsYeTar gw?t%r F‘tﬂx‘ﬁoﬂ#né‘? eGP e hey are
capabl e of absorbing _a | arge_anmount of water to swell. Depending on their
swel ling ™ay be used, as combined in any desired manner.

{(d) Organic metal compounds with a metal of Group 1, 2, 13
or 14 of the Periodic Table:

In the invention, optionally used.is an organic metal
compound with a metal of Group 1, 2, 13 or 14 of the Periodic
Table, as the component (d) for the catalyst. Xnown are
various types of organic metal compounds with a metal of Group
1, 2, 13 or 14 of the Periodic Table. For example, preferably
employed herein are alkyl-having aluminium compounds of a
general formula (II-7): |

Rmal (OR10) nX3-m-n (II-7)
wherein R® and R10 each represent an alkyl group having from
1 to 8, preferably from 1 to 4 carbon atoms; X represents a
hydrogen atom or a halogen atom; 0 < m £ 3; and 0 < n < 3.

In formula (II-7), m is preferably 2 or 3, and most
preferably 3. In the same, n is preferably O or 1.

Also preferred are alkyl-having magnesium compounds of
a general fomula (I11-8):

R92Mg (11-8)
wherein R® has the same meaning as in formula (II-7),
and alkyl-having zinc compounds of a general formula (II-9):

R%22Zn (I1-9)
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degree which is the index of their swellability and which is obtained by
di vidi ng the maxi num anount of water that a dry

84 sanpl e of them has absorbed to swell by the mass of the
sanple, suitable ones nay be selected fromthem for use herein. (1) day
and clay mnerals: Clay or clay mnerals may be used as the conponent
(b). day is an aggregate of fine hydrous silicate mnerals. It s

pl asti c when kneaded9m$th ‘suitable anpunt of water, and__is rigid when
dried. When"hEEEANaR hPER FREpEFME JPRANING 3% inifqradd @G%a/)nminerals are

hydrous silicates which are th essential conponents. constitutin | ay.
These are not Iirﬁqﬁﬁf{i?(ﬁﬁﬁw P%Itgﬁegfgﬁﬂ csVﬁﬁﬂ%t??mP?HQéﬁnﬁighﬁ

t hose substances are_enpl oyabl e herein. (2) .1on-exchangi ng | ayered
conpounds: 2 Metahof (EEBIBorant1Y B, 14156 Wi Besiarac BbLa Aoy

| ayered conpounds, which are characterized by the crystal _structure of

such that atphativipjupiniumstal pfedles ford®ed t hEpimethoRIlameHdhg or

the like are lamnated in parallel layers via weak bonding force between
t he adj acentriggbydalumiinium, whi ch the ions ar etekchaprerilal urdgyiam| ay
m nerals are ion-exchanging |ayered conpounds. For exanpl e,

phyl | osi | i ctriasbgropgpalomsniehpng to clay m nerats-butylaluminium,

Phyl | osi | i ci caci dconmpoundsi ncl udephyl l osilicic
triisobutylaluminium, tri-t-butylaluminium, ete.;
dialkylaluminium halides such as dimethylaluminiumchloride,
diethylaluminiumchloride, di-n-propylaluminiumchloride,
diisopropylaluminiumchloride, di-n-butylaluminiumchloride,
diisobutylaluminiumchloride, di-t-butylaluminiumchloride,
etc.; dialkylaluminium alkoxides such as
dimethylaluminiummethoxide, | dimethylaluminiumethoxide,
etc.; dialkylaluminium hydrides such as dimethylaluminium
hydride, diethylaluminiumhydride, diisobutylaluminium
hydride, ete. They further include dialkylmagnesiums such as
dimethylmagnesium, diethylmagnesium, di-n-propylmagnesium,
diisopropylmagnesium, dibutylmagnesium, butylethylmagnesium,
etc.; and dialkylzines such as dimethylzinc, diethylzinc,
ethyl-n-propylzinc, diisopropylzine, ete. Of those compounds,
preferred are trialkflaluminiums and dialkylaluminium
monohalides.

As the component (d), further usable are 1linear

alumoxanes of the following general formula (II-10), cyclic
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acid and phyllosilicates. As natural phyllosilicates, known are

nmontnorillonite, saponite and hectorite of the snectite famly; illite and
sericite of the mca famly; and m xed | ayer

85 m nerals of snmectites and micas, or those of mcas and

verm culites. As synthetic products, known are fluoro-tetrasilicon

m ca, |aponite, snectone, etc. Al so nentioned are ion-exchangi ng
conmpounds haw r a [err],
o T e Pt S Y Pl ISt U e ekl
(HPerr])[ ‘?ﬂr:l Ie%ai. These are not clay m nerals. Exanpl es of cl ay
and clay m néra ich do not belong to ion-exchanging |ayered conpounds

and which are usable as the conmponent (b) include clay having a | ow
nontnorillonite content and referred to a3 bentonite; kibushi clay
conprising nontnorilRBnite and nl&My ot her tonBbnents; gairone clay;
sepiolite and pal ygoré\l;i te havi n% a fibrous| nor phol ogy; and anorphous or
| ow-crystalline allophane, inogollite, etc. The conponent (b) is
contacted with the congonent (¢), 5@ silane| conpound, and FFiiMal ly with
t he conponent (d), an organic taI conpound w §h a netal of Goups 1, 2,
13 and 14 of the P?/i odj c Tabl , /d/esilr\%e that clay, clay
m neral s and i on-ex€hangi I;;vjered ou,Pf:is for tNe

R 0 R

1

L JL -2
- BN
" o

o A

(II-11)

wherein R* represents an alkyl group having from 1 to 20 carbon
atoms, and plural RY¥'s may be the same or different; L
represents an integer of from 2 to 40; and N represents an
integer of from 1 to 50.

In formulae (II-10) and (II-11), the alkyl group having
from 1 to 20 carbon atoms for R* is preferably one having from
1 to B carbon atoms. More preferred are a methyl group, an
ethyl .group, an n-propyl group, an i-propyl group, and all types

of butyl groups. In those, L preferably falls between 2 and
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conponent (b) are chemcally treated for the purpose of renoving
impurities fromthenor fornodifying their structures and functions.

The chemical treatment referred to herein indicates both the surface
treatnment to renove inpurities fromsurfaces and the treatnent to nodify
the crystal structure of clay. 86
Concretely, it includes acid treatnent, alkali treatnent, salt treatnent,

0rgani ¢ {1 gl Menbtbtos of tlBEe UM LEAIPNL LS A HAMNSIRY, (| oS

from surfaces, rel easi ng cations suc s alu iron, magnesi um
and the i [ al ; st ur t.o ther enl arge surface areas.
The al kal i e{érﬁgg?%g}ﬁﬁﬁ%ﬁzét ol%%%mlya %%'éoxcarr&?s’t zfl%%xst ructure of clay, thereby
nodi fying the structure of clay.., The salt treatnent and the organic
treatment are to'ﬁ'f%rﬁ?’f‘g‘?f?%ntcéﬁf)l é’ﬁys,b?mf’é’é‘%?&iteaor’fﬁ&gkeg},‘eof’&gﬁfc

conpl exes, etc., ereby surface areas and | ayer-to-| a¥er Spaces may be

wh
changed. ERPAGILBERRGFPORRNER HRREPPREASNEIGRLLMSE Phithe ingntion.

exchangeabl e ions in the conpounds may be exchanged with any other bul ky
i ons to gi Feriexamrle sthe corpesenk{dgnay berpreviourly rapbactedwdsh
(3) The substances of the conmponent (b) noted above may be directly used
as they arenyoef thie teansitiomuaeitail orrripawnd fornge bompdsenbethlornd t hem
or they may be heated and dehydrated
the silane compound-processed clay for the component (b) before
the components (a) and (b) are mixed to prepare the catalyst.
Pre-treating the components (a) and (b) with the component (d)
improves the activity of the intended catalyst for olefin
polymerization. Alternatively, after the components (a) and
(b) are contacted with each other, the resulting mixture may
be further contacted with the component (d).
If desired, the component {d) may be added to the system
of olefin polymerization in which is used the catalyst having
been or not having been contacted with the component (d). 1In
that manner, the catalyst being present in the polymerization
system may be contacted with the component (d) in situ in the
polymerization system. Adding the component (d) to the
polymerization system is favorable, as the component (d)
attenuates the action of impurities that may exist in the
polymerization system and may have some negative influences

on the olefin polymerization.

2. Method for preparing catalyst:
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prior to being used. (4) As the conponent (b), preferred are clay
and clay mnerals. Mst preferred are phyllosilicic acid conmpounds, of
whi ch snectite is desirable, and nontnorillonite is nore desirable. Al kal
netal salts and alkaline earth netal salts of nontnorillonite are
favorably used in the invention, and they have a swelling degree of at

| east 20 (mM /2 g), generally falling between 30 and 50 (nm/2 g).

87 (c) Silane_corpounds: Ag onprd.si a 'gan . CO und,
the catalyst of (R BiSBeALPEn Tacatrdver fof Mhay s Rerdperdr B B hounas
for the conponent preferred ,are those of formul [1-1 nent,i oned
her ei nabove%&nﬂn}’rﬁ gl?)l?ef"gﬁ EFPES HPRBE TPV é‘oqzﬁa %?Q'ﬁlw ti oned
her ei nabove. Si |l ane conpounds of forrmula (I1-1)_.i nclude bis-s%LyI
conmpounds, RPBERFEPECH Y 2T QLRSI X pRrapRher £GRI*EiINGER thedraiiodng n
is 1, 2 or 3) having plural Si's in the nolecule, and_also poly-nuclear
pol ysi | oxanBentigppidelornedn the pethodrHd isdesirebdaitit thedtaRse
(I1-1) and (11-2) includes an alkyl group, a phenyl group, a silyl group,
and a hydri @ftgrofpe dveatimenty offemaiier-swedllkplegicday. Wikd sulsitliansent X
therein includes a halide, a hydroxide, an al koxide and an am de, and is
preferably aohpbudd. are all effected in an inert gas atmosphere.
First, water-swellable clay for the component (b) is
added to water of which the amount is enough to prepare aqueous
¢lay colloid, preferably at least 40 times by weight the clay
to prepare aqueous clay colloid.
Next, a silane compound for the component (c¢) is added
to the resulting aqueous clay colleoid, and stirred under heat,
by which the clay is treated with the silane compound. The
temperature for the treatment may fall between -30 and 100°C.
In order to shorten the time for catalyst preparation, it is
desirable that the temperature for the treatment is 100°C or
so. Though varying depending on the type of the water-
swellable clay to be treated and on the temperature for the
treatment, the treatment time may fall between 30 minutes and
10 hours.
The amount of the silane compound to be used herein for
the component (c¢) may fall between 0.001 and 1000 mols,
preferably between 0.01 and 100 mols in terms of the silicon

atom, relative to one kg of the component (b), water~swellable

clay to be treated therewith. If the amount of the silane
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Specific exanples of the silane conpounds include trialkylsilylchlorides
such as trinethylsilylchloride, triethylsilylchloride,

triisopropylsilylchloride, t- butyldinmethylsilylchloride,

t- butyl di phenyl silylchloride, phenethyldinethylsilylchloride, etc.;
di al kyl silyl- dichlorides such as dinethylsilyldichloride, di et hyl silyl -
di chl oride, diisopropylsilyldichloride, -n- hexyIS|IyI di chl ori de,

i 1y i ohl G mRsend Saad 1 cama i %dehﬁbi s - End pOTimarzARISRC )
G oe ol ol 1o At Ehe catadysEte peaiRIRdGe willope Tow; and if

di net hyl si |

alkyl'silyltrichlorides such as nethylsilyltrichloride,

et hyl si | yl tYaxganrihan 1000 mols,; §hgy asymt | ¥41Eratse ke low.
dodecyl silyl trichloride, phenyl si | Itrlchlorlde

mesitylsilyltri cﬁbnpuqb the treatment woEDIssidane p@mpgunée,thq:mmml si |yl
trichloride, etc.; other halides to be derived fromthe conpounds noted
above by SLmkaYtanIhqjdlmha@bhsrideo apsespensidn of) ali=hesluxkygenthe

di sil azanes such as bis(trinethylsilyl)am de,

bi s(triet hytesdurayriclay dluxityr iiiss agaapy waishgd) afrtdewater, and then

bi s(di methyl ethylsilyl)amde, bis (diethylmethylsilyl)am de,

bi s(di et hyfjihesndd) | Thpapededue bi s (ahkied hyd tisd Vd sidwyIskadiade,

To the resulting silane compound-processed clay,
optionally added is the component (d). The amount of the
component (d) may fall between 0.1 and 1000 mols, preferably
between 1 and 100 mols in terms of the constituent metal atom
in the component (d), relative to one kg of the silane
compound-processed clay. If its amount is smaller than 0.1
mols, the component (d} added could not satisfactorily exhibit
its effect to improve the polymerization activity of the
catalyst produced; but even if larger than 1000 mols, the effect
of the component (d} added could not be augmented any more.
For the treatment of contacting the silane compound-processed
clay with the component (d), preferably employed is a method
of suspending or dissolving the two components in an organic
solvent such as, for example, pentane, hexane, heptane, toluene,
xylene or the like, in which the two are mixed.

Next, the silane compound-processed clay having been

prepared in the manner noted above is c¢ontacted with a

transition metal compound for the component (a). For this,
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bi s(di met hyl nesi tyl silyl)am de, etc.; trial kylsilyl- hydroxides such
as trinethylsilylhydroxide, triethylsilyl- hydroxide,

triisopropylsilylhydroxide, tert- butyldi methyl silyl hydroxide,
phenet hyl di net hyl silyl- hydroxide, etc.; polysilanols generally referred
to as peral kyl pol ysi | oxypol yol s; bissilyls such as

bi s(met hyl di chl orosi | yl ) nmet hane, 1,2- bis

bl St L1 ot hox} °S'$¥%%@£ea@ﬁam% Py ph oS ST eI dieREAL compound

di et hyl chl t hyl di et hyl si |

G [ obut v chFoRes e £al N e tugen eoa%”éa“i S A aRE oFrwRLy BesHPg ot ed
above, preferred are those

where n is af-PAteRed Q2 madh in Gesmsoaé the tm@mmmaﬁe@ ARy be

used as the conponent (c). As the case may be, however, two or nore of the
si | ane conpoﬁhqscown9ubé,ugeaatayec¢nbmmajhqmqmthQSSLbaneannmpoun@d)
Organic netal conpounds with a netal of Goup 1, 2, 13 or 14 of the
Peri odi ¢ Tabbrocessed clhy.t hEf theamdwrt oﬁmmomadqitmané'sahnompgandc
metal conpound with a netal of Goup 1, 2, 13 or 14 of the Periodic
Tabl e, as thaddedjienemdllel than @ B0GhAMmal ¥S tthdkpolwmartza vbdn avtirypes of
organic netal conpounds with a netal of Goup 1, 2, 13 or 14 of the
Peri odi c Tabbf. th@lcaedRte prolatedariyl be low; but if larger than 0.5

mols, the activity of the catalyst per the transition metal

will be low.

While or after the constituent components are contacted
with each other to prepare the intended catalyst, a polymer
such as polyethylene, polypropylene, polystyrene or the like,
and even a solid inorganic oxide such as silica, alumina or
the like may be present in or may be added to the mixture for
the catalyst.

3. Production of olefin polymers and styrene polymers:

Olefin polymers can be produced by homopolymerizing or
copolymerizing olefins in the presence of the catalyst for
olefin polymerization noted above of the invention. Styrene
polymers can also be produced by homopolymerizing or
copolymerizing styrene compounds in the presence of the
catalyst. The copolymerization includes copolymérization of

two or more different types of olefins, copolymerization of

two or more different types of styrene compounds, and
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enpl oyed herein are al kyl -havi ng al um ni um conpounds of a general formula
(rr-7): Rlerr]Al (OR[err])[err]Xerr] (Ir-7) wherein
Rlerr] and Rerr] each represent an al kyl group having from 1 to 8,
preferably from1l to 4 carbon atons; X represents a hydrogen atomor a

hal ogen atom O < m[err] 3; and O [err] n < 3. In formula (11-7), m
Is preferably 2 or 3, and nost preferably 3. In the same, nis preferably

00 ki or Rl TR B L AL AL DAL SR PR G 8 o

gener al wherein
R9 has the sane n|n n formula (11-7), and al kyl-having zinc
conmpounds o?r%fﬁﬁ fQﬁHﬂﬁx?ﬁﬁﬁ 9) : Rl err]zn

(rr-9 90 wherein RO has the sane
meani ng as (h f SAafi&sE |- 7). Specific exanples of the organic neta

conpounds with a nmetal of Goup 1, 2, 13 or 14 of the Periodic Table
include trial kyPdefansi figs use igudhe invention in¢ludew |Eoexampie,

triethylal um nium tri-n-propylal um ni um
triisopropykablefimsinguch as ethylene, tprepybumqjemibuﬁunan lipentene,
triisobutyl al um nium tri-t-butylal um nium etc.
diaIkylaluniﬂ&eumﬁeni(ﬂﬁhepnﬂne#;(ﬁﬁuﬂﬁeﬂealumAMGmmnbLorﬂdaecene, 4~
di et hyl al um ni uncthl ori de, di - n- propyl al um ni unchl ori de,

phenyl-l-butene, 6-phenyl-l-hexene, 3-methyl-l-butene, 4-
methyl-l-butene, 3-methyl-l-pentene, 4-methyl-l-hexene, 5-
methyl-l1-hexene, 3,3-dimethyl-l-pentene, 3,4-dimethyl-1-
pentene, 4,4-dimethyl-l-pentene, vinylcyclohexane, etc.;
dienes such as 1,3-butadiene, 1,4-butadiene, 1,5-hexadiene,
etc.; halogen-substituted a-olefins such as hexafluoropropene,
tetrafluoioethylene, 2-fluoropropene, fluorocethylene, 1,1-
difluorocethylene, 3-fluoropropene, trifluorcethylene, 3,4-
dichloro-l-butene, etc.; cyclic olefins such as cyclopéntene,
cyclohexene, norbornene, 5-methylnorbornene, 5~
ethylnorbornene, 5-propylnorbornene, 5, 6-dimethylnorbornene,
5-benzylnorbornene, etc. Styrene monomers for use in the
invention include, for example, styrene; alkylstyrenes such
as p-methylstyrene, p-ethylstyrene, p-propylstyrene, p-
isopropylstyrene, p-butylstyrene, p-t-butylstyrene, p-
phenylstyrene, o-methylstyrene, o-ethylstyrene, o-
propylstyrene, o-isopropylstyrene, m-methylstyrene, m-
ethylstyrene, m-isopropylstyrene, m-butylstyrene,

mesitylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene,
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di i sopropyl al um ni unchl ori de, di-n-butylal um niunchl ori de,

di i sobutyl al um niuncthl oride, di-t-butylalumniunchloride, etc.;
di al kyl al um ni um al koxi des such as

di et hyl al um ni unmet hoxi de, di et hyl al um ni unet hoxi de, etc.;
di al kyl al um ni um hydri des such as di nethyl al um ni um hydride,

di et hyl al um ni urmhydri de, di i sobutyl al um nium hydride, etc. They further

i ncl ude di al_kyl nesi such as  di met hyl magnesi um di et hyl magnesi um

< e pr opy! RGBS PG L GEYEBRT opy FhEgnos P PRIPBYE P REgn 85t o5~ B~

but yl et hyl magnesi um etc.; and dialkégzincs such as dinethyl zinc,

di et hyl zi nc MetEERYEINTBREpy IrMALhOFYESY LBy | FIie thory s trepRos S npounds,

preferred are trial kylalum niuns and di al kyl al um ni um nonohal i des.

As the conpbrdrgepg@Ftyrapefefugladf cParblefpetyreng uidxAnkraFtyane,

foll ow ng general formula (11-10), cyclic
o-ghdowestysede, t he pFOropastyrgeser al m-bmemostyrenel), a&rd their

m Xt ur es. [err] ’
bromostyrene, p-fluorostyrene, m-fluorostyrene, o~
fluorostyrene, o-methyl-p-fluorostyrene, etc.; as well as
trimethylsilylstyrene, vinylbenzoates, divinylbenzene, etc.
(2) Polymerization conditions:

The polymerization may be effected in the absence or
presence of a solvent. The solvent may include, for example,
hydrocarbons such as butane, pentane, hexane, tolueneg,
cyclohexane, etc.; and liquefied c-olefins. The temperature
for the polymerization may fall between -50°C and 250°C. The
pressure for it is not specifically defined, but preferably
falls between normal pressure and 2000 kgf/ om?, Hydrogen may
be present in the polymerization system, which serves as a
molecular weight-controlling agent.

(3} Styrene polymers:

Styrene polymers having a high-degree syndiotactic
structure in the styrene chain moiety may be produced in the
method of using the catalyst of the invention. The high~degree
syndiotactic structure referred to herein for the styrene chain
moiety in the styrene polymers produced is meant to indicate

that the stereochemical structure of the stryene polymers has

a high degree of syndiotacticity, in which the side chains of
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wherein R err] represents an al kyl group having from1l to 20 carbon atons,
and plural Rerr]'s may be the sane or different; L represents an integer
of from2 to 40; and N represents an integer of from1l to 50. In
formulae (I1-10) and (I11-11), the alkyl group having from1l to 20 carbon
atons for Rerr] is preferably one having from 1 to 8 carbon atons. Mire
preferred are a nethyl group, an ethyl group, an n-propyl group, an

-propyl oroug, and, oLl ¥R°unlts RUEKL 91OHDE- GLBubO5Se boithenal v

sobut T al uRbFaREACeTY 1 the OPRESTbAYEHEN Rl GHIP bE ERRILETRPh t he

ot her constituent conmponents to prepare the catalyst of the invention.
composed of carbon-carbon bonds. The degree of tacticity of
the polymers may be determined through nuclear magnetic
resonance with an isotopic carbon (13c-NMR) . The degree of
tacticity to be determined through this method is represented
by the ratio of continuous plural constituent units existing
in polymers. For example, diad indicates 2 units; triad
indicates 3 units; and pentad indicates 5 units. The "styrene
polymers having a syndiotactic structure” as referred to herein
are meant to indicate polystyrenes having a degree of
syndiotacticity of such that the racemidiad proportion is not
smaller than 75 %, preferably not smaller than 85 %, or the
racemipentad proportion is not smaller than 30 %, preferably
not smaller than 50 %, as well as their mixtures, and copolymers
consisting essentially of such polystyrenes.
Third Aspect of the Invention:
1. Constituent components for olefin polymerization
catalyst:

The catalyst for olefin polymerization of the third
aspect of the invention (this will be simply referred to as
“the invention” in this section) is prepared by contacting (a)
a transition metal compound with a silane compound-processed
clay. The silane compound-processed clay is prepared by

contacting (b) a clay material with (¢) a silane compound of
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For exanple, the conmponent (d) may be previously contacted with any of the
transition netal conmpound for the conponent (a) and the silane

conpound- processed clay for the conponent (b) before the conponents (a)
and (b) are mxed to prepare the catalyst. Pre-treating the conponents (a)
and (b) with the conponent (d) inproves the activity of the intended
catalyst for olefin polynerization. Alternatively, after the conponents

(a) and ( are c cted wi.th each other, the resulti m xture may be
further co °&6’P"§f& \(}fi&llt’rﬁ_ﬁﬁeaﬂ&% 'h%htg:'(‘fﬁs. a’bs°rptl"Pnd§’§P2gd’,'ntﬂer?:’b?ﬁ)ohent
(d) may be ed t he sy m of olefin_polymerization in which is used
t he cat al ysfl% gng’etfH&&H ibgﬂo‘t‘n‘ﬁa&ﬂ% FeRHAadPel TR R R honent
(d). In that manner, the catal yst being present in the polynerization

syst em ray BeEvesm: 4018 @nd PRSIHR " donboitated @PsoFpion speghrometry.
pol yneri zation system Adding the conponent (d) to the polynerization

systemis fQptdoasildy atdk an argapdgere tyldFompourd witbs natabofi Grouss
impurities that may exist in the polynerization systemand may have sone
negati ve i rif,| 2ed8end da dfhthePetiadpo|Taimd e =gt beraddedl td/ehbah tfadysir.epar i ng
catal yst: 93 For preparing
t he cat al y<lonfstni taleafti coppbyart s Atadtoaref fatvdeaby erddd fort heepamisig t uent
conponent s noted above nay be

the catalyst are mentioned below.

(2) Transition metal compounds:

For the transition metal compounds for the component (a)
herein, referred. to are those mentioned hereinabove in the
section of the second aspect of the invention.

{b) Clay materials:
(1) Clay and clay minerals:

Clay or clay minerals may be used as the component (b).
Clay is an aggregate of fine hydrous silicate minerals. It
is plastic when kneaded with a suitable amount of water, and
is rigid when dried. When baked at high temperatures, it is
sintered. Clay minerals are hydrous silicates which are the
essential components constituting clay.

These are not limited to only natural ones, but synthetic
products of those substances are employable herein.

(2) Ion-exchanging layered compounds:
As the component (b), also usable are ion~exchanging

layered compounds, which are characterized by the crystal

structure of such that a plurality of crystal planes formed
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contacted with each other, for exanple, according to the nethod nentioned
below. In the nethod, it is desirable that the steps after the treatnent
of water-swellable clay with a silane conpound are all effected in an

i nert gas atnosphere. First, water-swellable clay for the conponent
(b) is added to water of which the anmount is enough to prepare aqueous
clay coll oid, preferably at least 40 tines by meight the clay to prepare
aqueous cl ay_.col | Next, a silan conp nd fo c (c)
e added o“’ﬁ?é‘gg"eéﬁf’tlf‘nﬁ%ﬂh’é%u%rc%a&gﬁ 22 13 n 8 er Eh T fiba

by whi ch th s treated Wth the S|Iane C ound. The_ tenperature for
Che 1 oat ronENREP TER Mtk b %Vin%éogﬁ& ki%%‘[’%‘?’i‘%gp QA IR R BB B i ¢ he
time for catal yst aration, is desirable that the tenperature for
the treatnedt? whi [tgﬁr ]Lenﬁrar%oexcwld%rry?ﬁ@‘%@b@ﬁdf‘*@e’c'ﬁl? ¥R ype of

the water- swellable clay to be treated and on the tenperature for the
treatnent, tien-eXshapging: la¥enag cempowrdsieen 30 mnutes and 10 hours.
The amount of the silane conmpound to be used herein for the conponent (c)
may fall between Bope@kampdel ey isisd,1iqgireaeidboppoundsdre Doy ternelad0 nol s
in terms of the silicon atom relative to one kg of the conponent (b),
wat er - swel | alilneradlsay Pbybbosikiadiatlatid icenpioiindsfindiademphyt ledi Xiwi i | ane
. acid and phyllosilicates. As natural phyllosilicates, known
are montmorillonite, saponite and hectorite of the smectite
family; illite and sericite of themica family; and mixed layer
minerals of smectites and micas, or those of micas and
vermiculites.
As synthetic products, known are fluoro-tetrasilicon
mica, laponite, smectone, etc.
Also mentioned are ion-exchanging compounds having a
layered crystal structure, such as o-Zr (BPO4)2, Y-Zr (HPO4) 2,
a-Ti (HPO4)2, Y-Ti(HPO4)2, etc. These are not clay minerals.
Examples of clay and clay minerals which do not belong
to ion-exchanging layered compounds and which are usable as
the component (b) include clay having a low montmorillonite
content and referred to as bentonite; kibushi clay comprising
montmorillonite and many other components; gairome clay;
sepiolite and palygorskite having a fibrous morphology; and
amorphous or low-crystalline allophane, ‘imogolite, etc.

The component {b) is contacted with the silane compound

{c) and optionally the alkylating agent (d), and it is desirable
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compound used is smaller than 0.001 nols, the polynerization activity of
the catalyst to be produced will be low, and if larger than 1000 nols, the
activity will also be | ow. Through the treatnent with a si |ane
conpound, the aqueous clay colloid changes into a suspension of clay
slurry. The resulting clay slurry is again washed with water, and then
filtered. The residue is dried to be a dry solid. To the resulting

si |l ane compgun roces ed cla opt i,qnal | dded i s e c oonent The
amount of tﬁ]%g dn‘é St apdt lﬁ&'\%‘gﬁaﬁgi 8ana3i%’Eﬁf9|‘ﬁ b fi%f erably
between 1 apd 100 rmlsmterms of the constituent t at om inthe
component (H9Y T8 gompenentofk) k@r%fc*’(qrf@-%a’illé(n regh ‘the,parpegec| ay.

If its anpunt is smaller than 0.1 nols, the conpone d% added_coul d not
sati sf act orpfy TeFRVBRY lintmlréftﬂ-@@t fxom nﬁh@veoﬁ“hef%l‘%é? YiRG ofthgdti vity
of the catalyst produced; but even if larger than 1000 nols, the effect

of the conpoherctirys antkfumtiidnsot be augnented any nore. For the
treatment of contacting the silane conpound-processed clay with the
conponent (d), pThececkdshicahpirestuent e fatrdeddto dieredspomdi ertes bditbsol vi ng
the two conponents in an organic solvent such as, for exanple, pentane,
hexane, hepthsesutfidaeeteeatmphento aferidua Limberiiheshf edm the favesanadn xed.
Next, the silane conmpound-processed clay having been prepared in the
manner not egh@b@tealthen@nt &5t AEANEYH auetaﬁystilo@trmb%hréoramuada&or the
conponent (a). For this, 95

Concretely, it includes acid treatment, alkali treatment, salt

treatment, organic treatment, etc.

The acid treatment is to remove impurities from surfaces,
while releasing cations such as aluminium, iron, magnesium and
the like from crystal structures to th.ereby enlarge surface
areas. The alkali treatment is to destroy the crystal
structure of clay, thereby modifying the structure of clay.
The salt treatment and the organic treatment are to form ionie
complexes, molecular complexes, organic complexes, etc.,
whereby surface areas and layer-to-layer spaces may be changed.
Owing to their ion-exchanging ability, the interlayer
exchangeable ions in the compounds may be exchanged with any
other bulky ions to give layered substances having enlarged
interlayer spaces.

{3) The substances of the component (b) noted above may
be directly used as they are, or, if desired, additional water
may be adsorbed onto them, or they may be heated and dehydrated

prior to being used.
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it is desirable that the anbunt of the transition nmetal conpound to be
used falls between 0.0001 and 0.5 nols, preferably between 0.001 and 0.2
nols in terns of the transition nmetal atomin the conpound, relative to
one kg of the silane conpound- processed clay. |If theanmountof the
transition netal conpound added is smaller than 0.0001 nols, the

pol yneri zation activity of the catalyst produced will be low but if

| arger than 0.5 l's, t e actlv he_c er the tr tion
metal will be Ié&? As 't 5fﬁ£$’tﬁ§e% é?%t ﬁ?? are

contacted wth e ch.other to are t I nt ende ol
such as pol JERFEA Ehel " pdiiist o Eﬁﬁlrpé‘l‘:?%tvﬁ gne g*]l ¥e§%rrecg 8ven a

solid inorganic OXIde such as silica, alum.na or the | i ke may be_ present

in or may DRMGHIRSLMIFiheciieReynsgs, phevighspectits 19!3F16§&€?P5ﬁf0f

ol efin polyners and styrene pol yners: O efin polymers can be produced

by honopol yaRd i penignerillerpidie ey money deisépkdein t he presence of the

catalyst for olefin polynerization noted above of the invention. Styrene

pol yners cakbchl $4lsaepootponstdBy honopol yneri zi ng or  copol yneri zi ng

styrene conpounds in the presence of the catalyst. The copol ynerization

I ncl udes copol ynasi zafmpori siing tavosDtamer eonipdhimd-emtodegsmesd oflay ef ithe,

copol ynmeri zation of two or nore different types of styrene compounds, and

96 catalyst of the invention has higher activity. As the silane
compounds for the component {c), preferred are those of formula
(ITI-1) mentioned hereinabove.

Silane compounds of formula (III-1) include bis~silyl
compounds, X4-nSi{(CH2)mSiX4-n (where m is from 1 to 10; and
n is 1, 2 or 3) having plural Si's in the molecule, and also
poly-nuclear polysiloxanes, polysilazanes, etc. The
substituent R in formula (III-1) includes an alkyl group, a
phenyl group, a silyl group, and a hydride group, and is
preferably an alkyl group. The substituent X therein includes
a halide, a hydroxide, an alkoxide and an amide, and is
preferably a halide.

Specific examples of the silane compounds include
trialkylsilylchlorides such as trimethylsilylchloride,
triethylsilylchloride, triisopropylsilylchloride, t-
butyldimethylsilylchloride, t-butyldiphenylsilylchloride,
phenethyldimethylsilylchloride, etc.; dialkylsilyl-
dichlorides such as dimethylsilyldichloride, diethylsilyl-

dichloride, diisopropylsilyldichloride, di-n-hexylsilyl-
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copol yneri zati on of styrene conpounds and ol efins, by which are produced
copolyners. (1) defins: O efins for use in the invention include,
for exanple, [err]-olefins such as ethylene, propylene, 1-butene,

1- pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene, 1-decene, 4-
phenyl - 1- but ene, 6-phenyl -1-hexene, 3-nethyl-1-butene, 4- nethyl-1-butene,
3-net hyl - 1- pent ene, 4-nethyl -1- hexene, 5- nethyl-I|-hexene, 3,
3-di et hyl - 1- pent eng, 4-dj net hyl -.1- ent.ene,. 4,4-dinethyl -.1- ene,

vi nyl cycl ot%fgﬁé’,n%?ﬁ’c.g{"Wﬂiéﬁ%’&iﬁéﬂ%%@‘&&%d?@ﬁg?ﬁ?ﬂ- ;ﬂ%:gf@]&

1, 5- hexadi epe et.c,; hal ogen-substituted rr]l-olefin o S_. o
hexaf | uor op?ﬁ(?ﬂ'@"r?&ldec'et raf | uor oet hyl en ,1Sékgﬁﬂgf'—ﬁ}fﬂﬁéiléﬂ%%ﬁ?’é’e‘ﬁy| ene,
1,1- difluoroeth¥1ene 3-fluogropropene, trifluoroethylene, 3, 4-

di chl or o- | MkREAFPhanatbylsjdridighierades chdaphepyl shevidhehlorifde ohexene,
nor bor nene, 5- met hyl nor bor nene, 5- _ethyl norbornene,

5- pr opyl nordigatdng sid yddichdonjdeer bratvibsilyléehlonisaoatche, etc.
Styrene nononers for use in the invention include, for exanple, styrene;
al kyl st yrenes sutheyafupthmert hydaltudeemdhgr dallyjdesytenbe gepivey| Ergmene, p-
| sopropyl styrene, p-butylstyrene, p-t-butylstyrene, p- phenyl styrene,
o- net hyl st ystenepompoundstintieat gbewe, by substifmuapnbstlye ehdpride moiety

o-i sopropyl styrene, mnethylstyrene, m ethylstyrene,

m i sopropy &t eneany  ofhédt yl abybgaas; nedilsilatyhese, such  as

2, 4-di net hyl styrene, 2,5-di nethyl styrene,
bis(trimethylsilyl)amide, bis(triethylsilyl)amide,
bis(triisopropylsilyl)amide, bis{dimethylethylsilyl)amide,
bis(diethylmethylsilyl)amide,
bis(dimethylphenylsilyl)amide,
bis{dimethyltolylsilyl)amide,
bis(dimethylmesitylsilyl)amide, etc.; tfialkyl silyl
hydroxides such as trimethylsilylhydroxide, triethylsilyl
hydroxide, triisopropylsilylhydroxi de ’ tert-
butyldimethylsilylhydroxide, phenethyldimethylsilyl~
hydroxide, etc.; polysilanols generally referred to as
peralkylpolysiloxypolyols; bissilyls such as
bis{methyldichlorosilyl)methane, 1, 2 -
bis (methyldichlorosilyl)ethane,
bis (methyldichlorosilyl)octane, bis (triethcsxysilyl) ethane,
etc.; and silane hydrides such as dimethylchlorosilane,
(N,N-dimethylamino) diméthyl silane, diisobutylchlorosilane,

etc. One of the silane compounds may be used as the component
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97 3, 5-di net hyl styrene, etc,; al koxystyrenes such as p-

nmet hoxyst yrene, o-nethoxystyrene, m nethoxystyrene, etc.; hal ogenostyrenes
such as p-chlorostyrene, mchlorostyrene, o-chlorostyrene,

p- br onost yrene, m br onost yr ene, 0o- bronostyrene, p- fl uorostyrene,
m f | uor ost yr ene, o- fluorostyrene, o-nethyl-p-fluorostyrene, etc.; as
well as trinethylsilylstyrene, vinylbenzoates di vi nyl benzene, etc. (2)

Pol yreri zatjon cqnditions: zation nma ffec edlnthe
Tosince or (S ochickherOase grase e SRESYBEycHEo fh MO (e thPosS bR
hydrocarbons such as butane, pentane, hexane, toluen clohexane etc
and | i quef i RIMPJNGs MF % usege ?énﬁ@?‘-?i‘-ﬂ?@ 1Fo?n¥h§e§b¥ ANR4 on nmay
fall between -50[err]C and 250[err]C. The pressure for it is not

speci fi cal | {8dePrgagichmetpl cearpPRyds 1wl thy B @atddn ofoFxePPples3ur &3 and
2000 kgf/cnferr]. Hydrogen may "be present in the polynerization system
whi ch servesr al oof MieedAgriodisi Jableontrol ling agent. (3) Styrene

pol ymers: Styrene pol ynmers having a hi gh-degree syndiotactic
structure in theIstyhenencaatiompiaptyiormllye useaducedni nrghpicmeetal of
using the catal yst of the invention. The high-degree syndiotactic
structure redmpsat Wd theaemetiDrofl Ceospyl e, dl3abk l4mRithel RethedBéyr ene
pol ymers produced is nmeant to indicate

Table, as the component (d) for the catalyst. For the organic

metal compounds with a metal of Group 1, 2, 13 or 14 for the
component (d) herein, referred to are those mentioned
hereinabove in the section of the second aspect of the
invention.

Also for the method for contacting the component (d) with
the other constituent components, referred to are those
mentioned hereinabove in the section of the second aspect.
2. Method for preparing catalyst:

The catalyst of the invention comprises a silane
compound-processed clay giving specific absorption peaks in
a specific range in infrared absorption spectrometry. For
preparing the silane compound-processed clay, a layered
compound as produced through intercalation of a clay material
with a tertiary ammonium hydrochloride may be treated with a
silane compound, or a clay hydride as produced through acid
pretreatment of a clay material may be treated with a silane
compound. The resulting, silane compound-processed clay

gives absorption peaks in a range falling between 1090 and 1050
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that the stereochem cal structure of the stryene polynmers has a high
degree of syndiotacticity, in which the side chains of
98 phenyl groups or substituted phenyl groups are positioned
alternately in the opposite sites relative to the main chain conposed of
car bon-carbon bonds. The degree of tacticity of the polyners may be
determ ned t hrough nucl ear magnetic resonance with an isotopic carbon
(13GNWR). Thg degree of tacticity to be determ ned through thig nmethod is
r epr esent ed<Ppy 2PREOFatPo 20288kt FALOHEIpPEFYPERoACL Pt #BAL YBRI £8 edPsting
in polymers. For exanple, diad indicates 2 units; triad indicates 3 units;
and pentad ihfrasedabsqrmtion spectrenens washywhicah fhe ertalvshdiost actic
structure"” as referred to herein are neant to indicate pol ystyrenes having
a degree of olefhdipstilamerdizafion ofuthe timventionhashi gh aplymepdzeitdon s not
smaller than 75 % preferably not snmaller than 85 % or the racem pentad
proportion astineitgmaller than 30 % preferably not smaller than 50 % as
wel |l as their mxtures, and copolynmers consisting essentially of such
pol ystyrenes. TlEordpAspaein@ithehei larve abnpbiindiprocé®ssd idlagnta cdagponent s
for olefin polynerization catalyst: The catal yst for olefin
pol yneri zat h@Bepial N€othithd component (b) is first added to water to
prepare aqueous clay colloid. Next, a silane compound for the
component (c) is added to the resulting aqueous ¢lay colloid,
and stirred under heat, by which the clay material is treated

with the silane compound. The temperature for the treatment
may fall between -30 and 100°C. In order to shorten the time
for catalyst preparation, it is desirable that the temperature
for the treatment is 100°C or so. Though varying depe_nding on
the type of the clay material to be treated and on the
temperature for the treatment, the treatment time may fall
between 0.5 and 24 hours.

For producing the catalyst for olefin polymerization of
the invention, a claymaterial is treated with a silane compound
for the component (c), preferably with that of formula (III-1)
noted above, thereby preparing the silane compound-processed
clay that gives absorption peazks in a range falling between
1090 and 1050 em™, preferably between 1090 and 1060 cm™, and/or
in a range falling between 1015 and 995 cm™ in infrared
absorption spectrometry. Depending on the type of the silane

compound used for the clay treatment, for example, when a silane

106



aspect of the invention (this will be sinply referred to as "the

I nvention” in this section) is prepared by contacting (a) a transition
metal compound with a silane conpound-processed clay. The sil ane

conpound- processed clay is prepared by contacting (b) a clay nmaterial with
(c) a silane compound of

formula (111-1) and which gives absorption peaks in a range falling
bet ween 109 nd. 1050 e nd o e falli bet 015 and
055 cn[err]g?&?w??%ae‘%“% a5 pErEhe 8&?15%&%@ &}F?% 73 43

organi c rret+ ound with a al_of Go I‘ld 140 t he
Peri odi ¢ TabHeY Fﬁh&éduFﬁdqﬁﬁréthl S8 eﬁﬁns????&ﬁﬁ cdhfofient8et hat
are favorably used for preparlng t he catal yst are nentioned below . (a)
Transi ti on FETRPURGTRRRFRRSSD clay ERRt: giVes ARFITRIH GhePeRXSoABoRAER f or
the conponent (a) herein, referred to are_those nentioned hereinabove in
the sectiobhefrange betveen 4490.andrl a5k omrivasd ithe rangs katxeemi@ibal s:
(1) day and clay n1nera|s Clay or clay mnerals may be used as the
conponent (¥d 9%% agm| simnTRghrsayattd oof spiecdrbpetoys silicate mnerals. It
Is plastic when kneaded with a suitable anmount of water, and is rigid when
dried. Wen bake@h&tabbghptéapepeahseseehtihstheimhﬁradedChbyonpnéoals are
hydrous silicates which are the

spectrum of the thus-produced, silane compound-processed clay

are not seen in that of the starting clay material.

Specifically, the absorption peaks are peculiar to the products

as produced through contact treatment of a clay material with

a silane compound for the cofnponent (c) such as that mentioned

hereinabove.

The amount of the silane compound to be used herein for

the component (c) may fall between 0.001 and 1000 mols,

preferably between 0.01 and 100 mols in terms of the silicon

atom, relative to one kg of the clay material for the component

(b) to be treated therewith. If the amount of the silane

compound used is smaller than 0.001 mols, the polymerization

activity of the catalyst to be produced will be low; and if

larger than 1000 mols, the activity will also be low.

Through the treatment with a silane compound, the aqueocus
clay colloid changes into a suspension of clay slurry. The

resulting clay slurry is again washed with water, and then

filtered. The residue is dried to be a dry solid.
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essential conponents constituting clay. These are not limted to only
natural ones, but synthetic products of those substances are enpl oyabl e
herein. (2) lon-exchanging | ayered conpounds: As the conponent (b),
al so usabl e are ion-exchanging |ayered conmpounds, which are characterized
by the crystal structure of such that a plurality of crystal planes forned
100 t hrough ionic bonding or the like are lamnated in parall el

| ayers via weak hondi force, pet ween t he adjacent Jayers, and _in which
the ions are exc&gngtggl et® 2 oS Hidng aléfnﬁo@n4' pé’?('?ﬁgfagi ﬁzja?’ayer ed

conpounds. , For ex le, phyllosilicic ac¢jd conmpounds pel gng. to clay
mnerals. PRVIRAIY & d’c%rr%&%nﬂ%’m%‘l‘%’a%pﬁ% t osTR c?‘E°u%£i ﬁgaﬂae

phyll osilicates. As natural phyllosilicates, knowm are nontnoril]onite,
saponi t e anSoPRAGYE t‘@)oﬂathazM'G‘ﬁ?n Padi ppd 1999 molerdPsefeerbYof the
mca famly; and m xed layer mnerals of smectites and m cas, or those of
m cas and Ketveen |l rad 100 molspinstenme o theodorsti tiernimetad atom
fluoro-tetrasilicon mnmica, |aponite, smectone, etc. Al so nmenti oned
are ion-exchangheg comppoends (dlvi ngehativwgerted ave/skgl ot rtkot usdlasech as
[err]-Zr (HPO err])[err], [err]-Zr(HPO err])[err],

[ err]-Ti ( HR¢pmpsynd-gprdcedsard el HPEE el t$ )anowitc.is Ereddear €¢hant Oclay

mnerals. mols, the component (d) added could not satisfactorily exhibit
its effect to improve the polymerization activity of the
catalyst produced; but even if larger than 1000 mols, the effect
of the component (d) added could not be augmented any more.
For the treatment of contacting the silane compound-processed
clay with the component (d), preferably employed is almethod
of suspending or dissolving the two components in an organic
solvent such as, for example, pentane, hexane, heptane, toluene,
xylene or the like, in which the two are mixed.

Next, the silane compound-processed clay having been
prepared in the manner noted above is contacted with a
transition metal compound for the component (a). For this,
it is desirable that the amount of the transitionmetal compound
tobeused falls between 0,0001 and 0.5mols, preferably between
0.001 and 0.2 mols in terms of the transition metal atom in
the compound, relative to one kg of the silane compound-
processed clay. If the amount of the transition metal compound
added is smaller than 0.0001 mols, the polymerization activity

of the catalyst produced will be low; but if larger than 0.5
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Exanpl es of clay and clay m nerals which do not belong to ion-exchanging

| ayered conpounds and which are usable as the conponent (b) include clay

having a low nontnorillonite content and referred to as bentonite; kibush
clay conprising nontnorillonite and many ot her conponents; gairone clay;

sepiolite and pal ygorskite having a fibrous norphol ogy; and anorphous or

| ow-crystalline all ophane, inogolite, etc. The conponent (b) is

contact ed L (NS SAAN%, QR I, ola 208, sl Rl g B LatLge agent

clay, clay mnerals and ion-exchangi ng | ayered conpounds for the conponent
(b) are che‘ﬁar%lall'P%/ }9%ated for the purpose of renoving inpurities from
themor for nodifying their structures and functions. The chem cal
treatment referr é’éltle eeadterd fhecanstijment cheponente ;ne eantantedo
renove inpurities fromsurfaces and the treatnment to nodify the crysta
struct ure oFith agach Cartenettel preparenthediestended teadstlivmtt,, aapkdymer
treatnment, salt treatnent, organic treatnent, etc. The acid

treat nent isudlo ascpo¥gethplend ) eplivpaspyliehacanlyathdena ek adsd hgkeat i ons
such as alumnium iron, magnesiumand the like fromcrystal structures to
t her eby enlaf@eeva f06e1id easrganIBeoridal sudh ed NNt daS bQuBeRkr 8y t he

crystal structure of clay, thereby nodifying the structure of clay.
the like may be present in or may be added to the mixture for
the catalyst.
3. Production of olefin polymers:

Olefin polymers can be produced by homopolymerizing or
copolymerizing olefins in the presence of the catalyst for
olefin polymerization noted above of the invention. Olefins
herein are meant to include a-olefins, dienes, cyclic olefins,
and also styrene compounds; and olefin polymers are meant to
include homopolymers and copolymers of «@-olefins,
homopolymers and copolymers of styrene compounds, and even
copolymers of a-olefins and styrene compounds. As cOmonomers
for producing styrene copolymers, usable are various
unsaturated compounds generally used as comonomers for styrene
polymerization. For example, they include unsaturated
carboxylic acids, unsaturated esters, etc.

(1) Preferred monomers for polymerization:

As monomers for polymerization herein, for example,

preferred are a-olefins such as ethylene, propylene, 1-butene,

l-pentene, 1-hexene, l-heptene, 1l-octene, 1-nonene, l1-decene,
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The salt treatnment and the organic treatnent are to formionic conpl exes,
nol ecul ar conpl exes, organic conpl exes, etc., whereby surface areas and

| ayer-to-|ayer spaces nmaybe changed. Oaing to their ion-exchanging
ability, the interlayer exchangeable ions in the conpounds may be
exchanged with any other bulky ions to give | ayered substances having
enlarged interlayer spaces. (3) The substances of the conponent (b)

not ed above, e directl'y used.as they.are,  or, ,if gﬁs'g QB ddi ti onal
P e i { BEC s YO
prior to bejn sed. 10§ (4)
As the comfbRRbIL-BRteNEr 3 B thyl 2 ReRESRey 4APREPHESITRETPRS, of
their activity. Myst preferred are . phyllosilicic acid conpounds, of which
smectite | ©dREELlhexane nehGreimetdnied-Penksre, ddsArabrethylci- sl ane
conpounds: As conprising a silane conpound-processed clay, the
cat al yst ofrentenewedt.dodimeshl ghepentens; t Wwinyd ayvied oberane, cebPoinds for
the conponent (c), preferred are those of formula (I11-1) nentioned
her ei nabovelienes swsih aselc3npotmdbend, flordmbutadikenel) 1i Achedadbéresi | yl
conpounds, Xlerr]Si(CHerr])[err]Si X[err] (where mis from1l to 10; and n
is 1, 2 or eljchanhbggehusdbsl tstadiotBEefDhs Gulch, afiRdxafS@oropropene,
tetrafluoroethylene, 2-fluoropropene, fluoroethylene, 1,1-
difluorcethylene, 3-fluoropropene, trifluorcethylene, 3,4-
dichloro-l-butene, etc.; cyclic olefins such as cyclopentene,
cyclohexene, norbornene, 5-methylnorbornene, 5~
ethylnorbornene, 5-propylnorbornene, 5,6-dimethylnorbornene,
5-benzylnorbornene, etc. Styrenenmnomersérealso;meferred,
including, for example, styrene; alkylstyrenes such as p-
methylstyrene, p-ethylstyrene, p-propylstyrene, P-
isopropylstyrene, p-butylstyrene, p~t-butylstyrene, p-
phenylstyrene, o-methylstyrene, o—ethylstyrene, o-
propylstyrene, o-isopropylstyrene, m-methylstyrene, m-
ethylstyrene, m-isopropylstyrene, m-butylstyrene,
mesitylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene,
3,5-dimethylstyrene, etc.; alkoxystyrenes such as p-
methoxystyrene, o-methoxystyrene, m-methoxystyrene, etc.;
halogenostyrenes such as p-chlorostyrene, m-chlorostyrene,

o-chlorostyrene, p-bromostyrene, m-bromostyrene, o-

bromostyrene, p-fluorostyrene, m-fluorostyrene, o-
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pon nucl ear pol ysil oxanes, polysilazanes, etc. The substituent Rin
formula (I111-1) includes an al kyl group, a phenyl group, a silyl group,
and a hydride group, and is preferably an al kyl group. The substituent X
therein includes a halide, a hydroxide, an al koxide and an am de, and is
preferably a halide. Specific exanples of the silane conpounds

i nclude trialkylsilylchlorides such as trinethylsilylchloride

triethylsil ichlorlde trii opyl.si |yl chl ori de,
but yl di net hé CPFF TG 0 e "{‘eisﬁﬁﬂg" YRARE| cﬁ’%“der ‘as well as
phenethyldlnethyIS|I Ichl oride, ; di al kyl silyl- dichlorides
such as di nk §¥ Hhitormehe . HFBYE9?§FP9F95 cﬂ%ﬁﬂ%ﬁ% zene, etc.
d||sopropyIS|IyIdlchIorlde di - n-hexyl silyl -
103 Rdpmsrigationc gendhbxgRsi i yl di chl ori de, docosyl met hyl silyl
di chl ori de, _bi s(phenet hyl)si |yl dichloride,
nethylphenethylsﬂhpl@bdwmernaaﬁlondmpMeh?lsff?buedhkorthe,absence'or
di ret hyl silyl dichloride, ditolylsilyldichloride, etc. They further
i ncl ude ot hpresaheeest hosdievaleri v@Hef sabver henayoipoinds, riwredxapie, by
substituting the chloride noiety wth any ot her hal ogens;
di si | azaneshydsoc¢drbos shich(tasmdutdrs,| ypbpataAe, hexane, toluene,
bis(triethylsilyl)amde, bis (triisopropylsilyl) anmide, bis
(di met hyl et BybsbhdkandMede. ; Bha (i fidBaldebyh ekl ¥k) aMHe temperature
for the polymerization may fall between -50°C and 250°C. The
pressure for it is not specifically defined, but preferably
falls between normal pressure and 2000 kgf/cm?. Hydrogen may
be present in the polymerization system, which serves as a
molecular weight-controlling agent.
(3) Styrene polymers:

Styrene polymers having a high-degree syndiotactic
structure in the styrene chain moiety may be produced in the
method of using the catalyst of the invention. Thehigh~degree
syndiotactic structure referred to herein for the styrene chain
moiety in the styrene polymers produced is meant to indicate
that the stereochemical structure of the stryene polymers has
a high degree of syndiotacticity, in which the side chains of
phenyl groups or substituted phenyl groups are positioned
alternately in the opposite sites relative to the main chain
composed of carbon-carbon bonds. The degree of tacticity of

the polymers may be determined through nuclear magnetic

resonance with an isotopic carbon (13C-NMR). The degree of
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bls(dlnethylphenyI5|IyI)an1de bi s(dinmethyltolylsilyl)amde, bis

(dimethyl mesitylsilyl) am de, etc.; trial kylsilyl hydroxides such as
trimethyl silylhydroxide, triethylsilyl hydroxide,
triisopropylsilylhydroxide, tert- butyl di methyl silyl hydroxide,
phenet hyl di net hyl silyl- hydroxide, etc.; polysilanols generally referred
to as peral kyl pol ysiloxypol yols; bi ssilyls such as

bi t hyl dj chl [yl . . A, 2-
D et ) HA Ry | %%Ercf%a%@nemsﬁsﬂeﬁ%?wt&l@hﬁnsF‘agwm FepresRBted); s

(triethoxysilyl) ethane, etc.; and silane hydrides such as
di met hyl chi®¥ d21q Za&io oK JenFinianA RAPFBY cPFREFtUsnEmits existing

d||sobutylchlor05|lane etc. One of the silane conpounds may be used as
t he conponeft polymers. For example, diad indiggtes 2 unitsycfriad the

case may be, however, two or nore of the silane conpounds nmay be used, as
conbi ned i ringdicakss Bazhiftgmand pe(lmaotﬁgdm!etﬁstfauni;bﬂpom"M:Yheaerret al
of Goup 1, 2, 13 or 14 of the Periodic Table: In the invention,
opti onal | y pekyingrss haviongansyndisdtact icospoucthre 't Asxafetraledofo kepapnl, 2,
13 or 14 of the Periodic Table, as the conponent (d) for the catal yst. For
t he organi caréreirantonpoundtlivaite apdbfetyeinds obRving?, a 1¥yrekd &66r the
syndiotacticity of such that the racemidiad proporxtion is not
smaller than 75 %, preferably not smaller than 85 %, or the
racemipentad proportion is not smaller than 30 %, preferably
not smaller than 50 &, as well as their mixtures, and copolymers
consisting essentially of such polystyrenes.

The invention is concretely described hereinunder with
reference to the following Examples, which, however, are not
intended to restrict the scope of the invex_'ltion.

First Aspect of the Invention:
Example I-1:
{1) Chemical-treated clay A:

40 g of a commercial product of montmorillonite (Kunipia
F, manufactured by Kunimine Industry Co.) was ground in a
grinder for 4 hours. 20 g of the powdered montmorillonite was
put into a three-neck separable flask having a capacity of 500
ml, and dispersed in 100 ml of deionized water containing 20
g of magnesium chloride 6-hydrate dissolved therein. This was

stirred at 90°C for 0.5 hours. After having been thus

processed, the solid residue was washed with water. The
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conponent (d) herein, referred to are those nentioned hereinabove in the
section of the second aspect of the invention. Al so for the nethod
for contacting the conponent (d) with the other constituent conponents,
referred to are those nentioned hereinabove in the section of the second
aspect. 2. Method for preparing catal yst: The catal yst of the

I nvention conprises a silane conpound-processed clay giving specific

absorption peaks in aq  specific range_.in infrared agsorptio . spectronetry.
For pr epar&?g“?‘f?é‘%i"?ﬁ‘e“@&?ﬁ&&ﬁﬂ‘- %F‘&&%%g@dfi?ﬁ'i we PXy@?%gmgo%Blﬂmd as
produced through intercalation of a clay material wth a tertiary amoni um
hydr ochl or i"REeRy'ase nepeated RPER agaip} anUsHopsurttadped BrEPeRyYPi de as
produced through acid pretreatment of a clay nmaterial may be treated with
a silane @Hputde-proqessesinen iprigilanideconerhd thiscomsdispengedgi ves
absorption peaks in a range falling between 1090 and 1050
105 in 160 i r4f amdaguedus sqlartgerf afl 6 AgHOR| vaoeh st rFednundes
cnferr] in infrared absorption spectronmetry, with which the catal yst for
ol efi n pol yefliwatfican 20hohirs .i Nt traiasy Hegin thugnprozessed, thisvity.
‘For preparing the silane conmpound-processed clay, a clay material for the
conponent (s ivadtddwidtdedte® vRESlgh Orepeated filtration until the
filtration wash became neutral, and then dried. The resulting
clay slurry was filtered under pressure.
The residue was dried in vacuum at room temperature for
18 hours. Thus was obtained a chemical-treated clay A.
The water content of the chemical-treated clay Awas 15 %.
To determine its water content, a dry sample of the
chemical-treated clay A was put into a muffle furnace, heated
up to 150°C over a period of 30 minutes, and kept at the
temperature for 1 hours, and the weight loss in the sample was
measured. The weight loss thus measured indicates the water
content of the sample.
{(2) Modification with silane compound:
1.0 g of the chemical-treated ¢lay A (having a water
content of 15 % by weight) and 50 ml of distilled water were
put into a three-neck flask having a capacity of 300 ml, and
mixed to prepare clay slurry. With stirring the clay slurry,
1.13 g (5.2 mmols) of methylphenethylsilyl dichloride was

gradually and dropwise added thereto over a period of 15 minutes.

The mixture was further stirred for 2 hours to prepare a slurry
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prepare aqueous clay colloid. Next, a silane conpound for the conponent
(c) is added to the resulting aqueous clay colloid, and stirred under

heat, by which the clay naterial is treated wth the silane conmpound. The
tenperature for the treatment nmay fall between -30 and 100[err]C. In order
to shorten the tine for catalyst preparation, it is desirable that the
tenperature for the treatnent is 100[err]C or so. Though varyi ng dependi ng

on the ty f the clay material .tq be treated and _on the te rature for
Lhe tr eat mER T PRETREAFRBAT - 11T hAYPERPF S bt vt esS AR Bu HRitrs.
For producing the catal yst for ol efin_ polynerization of he inventjon, a
ol ay mater MAE SR EATeR) APYNEEOR; 1A TOS Gbe TR T USSR e o) |
preferably with that of formula_(l111-1) noted above, _.thereby preparing the
si | ane conP¥EREVERIRSBERING ) lRRATPEPTRISeHTORpPEE 1 henkseinewderange
falling between 1090 and 1050 cnéerrg, preferably between 1090 and 1060
cnerr], aRk8@/®mt off hohuenagas affed b Ebamewder andneit Dosed Fpar ¥ haur
infrared absorption spectronetry. Depending on the type of the silane
conpound u$edpkeparaeacdagprensiximerintafiodingx dimel powdben drits |smisrent
106 conpound having an aliphatic al kyl group such as nethyl and
et hyl groupasi evapedated dwey tfeai rohiet suepbasher at rodh|tamperature
conmpound- processed clay that gives absorption peaks in both the range
bet ween 1098dafd fdibitcRlr] Srédsdryl, t hRek@ngamet veel 4iH® powder was
further treated with 25 ml of a toluene solution of 0.5
mol/liter of triiscbutylaluminium, and washed. Then, the
silane-processed clay was suspended in 50 ml of toluene to
prepare a clay slurry A,
(3) Contact with transition metal compound:
50 ml of the clay slurry A that had been prepared
previously, and 100 pmols of zirconocene dichloride were put
into a Schlenk's tube having a capacity of 300 ml at room
temperature, and stirred for 0.5 hours at the temperature.
After the reaction mixture was left static for a while, the
supernatant was removed from it, and the remairiing residue was
washed twice with 200 ml of toluene. Toluene was again added
to the thus-washed residue to prepare a catalyst slurry of being
50 ml in volume.
(4) Polymerization of ethylene:
400 ml of toluene, 0.5 mmols of triisobutylaluminium,

and 5 ml (corresponding to 0.1 g of the solid clay) of the

catalyst slurry that had been prepared in the previous step
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and 995 cnferr] in IR absorption spectronetry. The absorption peaks
seen in the infrared absorption spectrumof the thus-produced, silane
conmpound- processed clay are not seen in that of the starting clay
material. Specifically, the absorption peaks are peculiar to the products
as produced through contact treatnment of a clay material with a silane
conpound for the conponent (c) such as that nentioned hereinabove.

The amount qof the silane conmpound to be used herein for the conponent (c)
may fall betReERT®PHGHLIRI3Hod0l hbpk 2utgripEeam thakrReer  @nirem®d00 nol s
in terms of the silicon atom relative to one kg of the clay material for

the conponétt 706y tAftar théstas kerE @k the Yemneza tuweuter Sminetes) ane

conpound used is smaller than 0.001 nols, the polynerization activity of
t he cat al yathylane prsdeertinmdusie fedvtherrinto toahgve a pxrs$006 oMl s, the
activity will also be | ow. Through the treatnent with a sil ane
conpound, tth&gdgué®usndcpalynetized fohald)es nutes .a Nespemeithanol wasy
slurry. The resulting clay slurry is again washed with water, and then
filtered. Eudeddtiawhiss tadr isedpt @hbepolgmgrishtion.
107 To the resulting silane conpound-processed cl ay,
The polymer thus produced was taken out through
filtration, and dried at 90°C under reduced pressure for 12
hours. The polymer thus obtained weighed 61.8 g. The
polymerization activity per the catalyst used was 3090
g/g-catalyst/hr.
Example I-2:
{1) Chemical-~treated clay B:
A chemical-treated clay B was prepared in the same manner
as in the step of preparing the chemical-treated clay A. In
this, however, after the c¢lay slurry in the final stage was
filtered under pressure, 20 ml of distilled water was added
to the resulting filtrate, ¢clay paste, and kneaded. Then, the
resulting mixture was directly dried in vacuum at room
temperature for 24 hours to obtain the chemical-treated cléy
B. The water content of the chemical-treated clay B was 15 %.
(2) Modification with silane compound:
1.0 g of the chemical-treated clay B (having a water
content of 15 % by weight) and 50 ml of toluene were put into
a Schlenk’s tube having a capacity of 300 ml to prepare clay

slurry. With stirring the clay slurry, 1.13 g (5.2 mmols) of
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optionally added is the conponent (d). The amount of the conponent (d) may
fall between 0.1 and 1000 nols, preferably between 1 and 100 nols in terns
of the constituent netal atom in the conmponent (d), relative to one kg of
the silane conpound-processed clay. If its amount is smaller than 0.1
nol s, the conponent (d) added could not satisfactorily exhibit its effect
to inprove the polynerization activity of the catalyst produced; but even

if larger than 1000 nols,.t’ ffecgt. of, the conpone d dded coul d not
be auguent cBeEhy TRBeBStiEbs el Sf@Morine et Sttty dhs SHemase
conpound- processed, clay with the conponent (d), preferably enployed is a
rothod of SHSRRRERAESES SYSE A HARIThOE NG EORBERENt e T O ee

sol vent such as, for exanple, pentane, hexane, heptane, toluene, xylene or
the like, iRuREheR shErred £9% hidews in 2 nikggen3fEmesphare at room
conpound- processed clay having been prepared in the manner noted above is
cont act ed witempgratunasi tNext mithel resupsing sbvrryievas riprasdad Wwith Ror
this, it is desirable that the amount of the transition netal conpound to
be used fal kelbeneecesocduddod aofl Otsiimdlsytylafuwriabiuym betangen wa@hedll. and
0.2 nols in ternms of the transition netal atomin the conpound, relative

to one kg offolheneivaanaddedmherdto iy prepaed acfine cliyislarayBint Tifist he
transition nmetal conpound added is smaller than 0.0001 nols, the

pol ynmeri zat had actbt¥al YvoDimé hef 50 ahyst produced will be low, but if
| arger than 0.5 108
{(3) Contact with transition metal compound:

This was effected in the same manner as in (3) in Example
I-1, except that the clay slurry B was used herein.

(4) Polymerization of ethylene:

This was effected in the same manner as in (4) in Example
I-1, except that the polymerization time was 15 minutes. In
this, obtained was 56.6 g of a polymer. The polymerization
activity per the catalyst used was 2260 g/g-catalyst/hr.
Example I-3:

(1) Chemical-treated clay C:

A chemical-treated clay C was prepared in the same manner
as in the step of preparing the chemical-treated clay A. In
this, however, after the clay slurry in the final stage was
filtered under pressure, the resulting residue was dried in
vacuum at room temperature for 72 hours to obtain the
chemical-treated clay C. The water content of the
chemical-treated clay C was 5 %.

(2) Modification with silane compound:
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nols, the activity of the catalyst per the transition netal wll be |ow
While or after the constituent conponents are contacted wth each other to
prepare the intended catal yst, a polymer such as polyethyl ene,

pol ypr opyl ene, polystyrene or the like, and even a solid inorganic oxide
such as silica, alumna or the |like my be present in or nmay be added to
the m xture for the catalyst. 3. Production of olefin polyners:

A efin polyners n be_progdiced haqnopol ynmer.i zi ng _or pol rizing

ol of ns’ i the or BbERB T ki it SApF e Aept (8T £0 SRReD o
above of the inventiop., Aefins _herein are neant to._include [err]-olefins,
di enes, cyc&f‘g 'ofeﬁf’?ﬁg, thah thg & ast PrEFEYc SnPftnaEed SR Riih RIGSFrer s
are nmeant to_ include  honopol yners and copol yners of

[err]-ol efi RE, thRnshemiceds txratedporiaer B-of HSen¥agonperPRIed afd even
copol ymers of a-olefins and styrene conpounds. As conononers for producing
styrene cop8iyapesprasessedebay S3wy Gmsat urated conpounds general ly

used as conononers for styrene polynerization. For exanple, they
i ncl ude unsdBir femtachrbidly [timneditdon megatlucatmpdundters, etc. (1)
Preferred nononers for polynerization: As nononers for polynerization

herein, for exanflds wpsedffesibdin tthelsefmiensameh agsiet(3)| enExamply ene,
1- butene, 1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene, 1-decene,
109 I-2, except that the clay slurry C was used herein.

(4) Polymerization of ethylene:

This was effected in the same manner as in (4) in Example
I-2. In this, obtained was 26.1 g of a polymer. The
polymerization activity per the catalyst used was 1040
g/g-catalyst/hr.

Example I-4:
(1) Contact with transition metal compound:

50 ml of the clay slurry A and 1 ml of
dimethylsilylenebis (2-methyl-4,5~-benzindenyl) zirconium
dichloride (10 umols/ml) were put into a Schlenk's tube having
a capacity of 300 ml at room temperature, and stirred for 0.5
hours at the temperature. Thus was prepared 51 ml of a catalyst
slurry.

(2) Polymerization of propylene:

400 ml of toluene, 1.0 mmol of triisobutylaluminium, and
5.1ml (corresponding to 0.1 g of the solid clay) of the catalyst
slurry that had been prepared in (1) in Example I-4 were put

into a 1.6 liter autoclave, and heated at 70°C. After this
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phenyl - 1- but ene, 6-phenyl - 1- hexene, 3-nethyl - 1- but ene,

net hyl - 1- but ene, 3-nethyl -1 -pentene, 4-nethyl-1-hexene,

nmet hyl - 1- hexene, 3, 3-di net hyl - 1- pentene, 3,4-dinethyl-1- pentene,

4-di met hyl - 1- pent ene, vinyl cycl ohexane, etc.; dienes such as

, 3- but adi ene, 1, 4-butadi ene, 1,5-hexadi ene, etc.; halogen-substituted
err]-olefins such as hexafl uoropropene, tetrafl uoroethyl ene,
2-fluoropropene, fluoyroethylene, 1,1- i f1 yoroethyl ene, 3-f] uoropropene,
Crit o beriRA diet Sk The caBRsatung: She BURURER | TG Gh as
cycl opent ene, . cycl ohexene, nor bor neng, 5- et hyl nor bor neng, ,
et hyl nor borGfHe tupUS iy, Fledo thEXRARES EOchAVRER IBASRTUIRR e, ka/am'G,
5- benzyl nor bor nene, etc. Styrenenononersareal sopreferred, including, for
exanpl e, st3fnkRelyaeriretyfancl micwtes .p- Nexkt methanqhaas added to

p- et hyl styrene, p- propyl styrene, p- isopropyl styrene, p-butylstyrene,
p-t - but yl stihdendo siop henpodyvipershzation. met hyl styrene, o- et hyl st yrene,
o- propylstyrene, o-isopropylstyrene, mnethylstyrene, m

et hyl styrene, Thet | palymgy | shypsenproduced mvnmg yltskarenent nelstdydlst yr ene,
2, 4-di net hyl styrene, 2,5-dinethylstyrene, 3,5-dinethylstyrene, etc.;

al koxyst yr efifdstraitailons apd dEFREHOXYSOYTENhddr RIduREES byreeBlre for 12

4
4
5
4
1
[

m net hoxystyrene, etc.; hal ogenostyrenes such as p-chl orostyrene,
m chl or ost \HRi¥&s. OTBB! PASMErENEhus BbREORBA! Wellfhed T® DI OGRSt yewe,  o-
br onost yr ene, p-fl uorostyrene, m f | uor ost yr ene, 0-

polymerization activity per the catalyst used was 2370
g/g-catalyst/hr. The activity per zirconium in the complex
used was 1.3 tons/g-Zr/hr.

Comparative Example I-1:

(1) Chemical-treated clay D:

A chemical-treated clay D was prepared in the same manner
as in the step of preparing the chemical-treated clay A. 1In
this, however, after the clay slurry in the final stage was
filtered under pressure, the resulting residue was dried at
150°C for 2 hours to obtain the chemical-treated clay D. The
water content of the chemical-treated clay D was 0 %.

(2) Modification with silane compound:

This was effected in the same manner as in (2) in Example
I-2, except that the clay slurry D was used herein in place
of the chemical-treated clay B. Thus was preparea a
silane-processed clay slurry D.

{(3) Contact with transition metal compound:
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110 fluorostyrene, o-nethyl-p-fluorostyrene, etc.; as well as
trimethylsilylstyrene, vinylbenzoates, divinylbenzene, etc. (2)

Pol yneri zati on conditions: The pol ynerization nay be effected in the
absence or presence of a solvent. The solvent may include, for exanple,
hydr ocar bons such as butane, pentane, hexane, toluene, cyclohexane, etc.;
and liquefied [err]-olefins. The tenperature for the polynerization my

fall between -50% tr]C an?'ZSgC..Th pressure for it is_ not ecifically
Gof | ned. but profBIANISF CEEPREHATIERR TTSAPTAPEANIAE LAl LogBRRTple
kgf/cn{err]. Hydrogen q%é1 be present _in the polynerization system which
serves as a 4wlKXARh itghPecGhEY oPL PREY aetiRs uged h§%gidhe pol yners:
Styrene pol yners having a hi gh-degree syndiotactic structure in the
styrene chat4f) nBrdvperdgabioprofieEryienehe nethod of using the catal yst of
the invention. Thehigh-degree syndiotactic structure referred to herein
for the styrene Thaswasigféegted imhthetsanmmapoey ms dnptdddodixampleant to
indicate that the stereochem cal structure of the stryene polyners has a
hi gh degr eel<#. syddi othdct, cobvained wwash 128 sgdefchai peplymerphendie gr oups
or substituted phenyl groups are positioned alternately in the opposite
sites rel atpolgmiexideuting acthstiny perpehedcatalgsboassdarvms Spmdg/gIhe
degree of tacticity of the polyners may be determned through nucl ear
magnetic  catalyst/hr.

Second Aspect of the Invention:

Example II-1:

(1) Preparation of silane-processed clay slurry A:

500 ml of distilled water was put into a three-neck flask
having a capacity of 2 liters. With stirring it, 2.5 g of
Na-montmorillonite (Kunipia F from Kunimine Industry) was
gradually added thereto. The ratio, water (ml)/clay (g) was
200. Next, the resulting mixture was stirred at room
temperature for 2 hours to prepare aqueocus clay colloid.

To the agqueous clay colloid, gradually and dropwise added
was 1 ml of phenethylmethyldichlorosilane. The resulting
mixture was stirred at room temperature for 1 hour, then heated
up to 100°C, and further stirred at the temperature for 4 hours.

After having been thus stirred, the clay colloid changed to
clay slurry.

Next, 500 ml of distilled water was added to the clay

slurry, and then filtered in a pressure container, for which

was used a membrane filter having a pore size of 1 um with an
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resonance with an isotopic carbon ([err]CGNWR). The degree of

111 _ tacticity to be determned through this nethod is
represented by the ratio of continuous plural constituent units existing
in polyners. For exanple, diad indicates 2 units; triad indicates 3 units;
and pentad indicates 5 units. The "styrene polyners having a syndiotactic
structure"” as referred to herein are neant to indicate polystyrenes having

a degree of diotacticity.o0 uch_t t he racem di rQporti i s not
smal | er thgﬁﬁ%é @pﬁﬁﬁﬁ%ﬁ%ﬁ¥§ %OEQZﬁEﬁ?gﬁe%ﬂ%naEE @?go%%Fﬁgggrace rl?oentad
proportion d.§,not .snalle an, 30 % preferably not smaller than 50 % as
wel | as thégilﬁttﬁ%?ﬁﬁ’f’e§?°&n518c‘8b8’1’§7 ts consisting essentially of such

pol ystyrenes. The inventjon is congretely described herei nunder with
reference to t he"$o¥Fi olPRgreERUhbiRE, SRhtdnreRdde eFasafEifg: 25 HAMed to
restrict the scope of the invention. First Aspect of the |nvention:

Exanpl e | - temperptugeni cane 1§ &ft ddheciday Aolid wasgsugpemrded comad @lal
product of nontnorillonite (Kunipia F, nmanufactured by Kunim ne |Industry
Co.) was grduit@libene, e iwhdeh was added 25 m200f oftolmengoscbvbiion of
montnorillonite was put into a three-neck separable flask having a
capacity oftrf3@@obutylaluminium (having a concentration of 0.5

mols/liter), and stirred at 100°C for 1 hour. The resulting
slurry was washed with toluene, and toluene was added thereto
to be 50 ml in total. Thus was prepared a silane-processed
clay slurry A.
{2) Preparation of catalyst for olefin polymerization:
5ml of the silane-processed slurry Ahaving been prepared
in the previous step (1) was put into a Schlenk’s tube, to which
was added 1 ml of a toluene solution of a transition metal
complex, dicyclopentadienylzirconium dichloride having a
concentration of 10 umols/ml, and stirred at room temperature
for 30 minutes to prepare a catalyst for polymerization.
{3) Polymerization of ethylene:

400 ml of toluene, 0.5 mmols of triisobutylaluminium,
and 5 ml (corresponding to 0.1 g of the solid clay) of the
catalyst for polymerization that had been prepared in the
previous step (2) were put into a 1.6 liter autoclave in that
order, and heated at 70°C. After this was kept at the
temperature for 5 minutes, ethylene was continuously fed

thereinto to have a pressure of 5 kg/cm’G, and polymerized for
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m , and dispersed in 100 ml of deionized water containing 20 g of
magnesi um chl ori de 6-hydrate di ssolved therein. This was stirred at
90[err]C for 0.5 hours. After having been thus processed, the solid
resi due was washed with water. The 112
treatment with magnesium chloride followed by washing with water was
repeat ed once again. Thus was obtai ned nagnesi um

chl oride-processedpontmori |l onite. Next, thi s dispersed in 160 m of
an aqueous g@lﬂ%?ﬁﬂgﬁf 6N§§L{]?eEFRP%fiV?%da rtor Fﬁx%Po?t?Ph Ps.
After having been thus processed, this was washed with water through
repeat ed fiPPF¥PEEHZaRIPR - the filtration wash becane neutral, and then

dried. The resulting clay slurry was filtered unfiér pressure. The
resi due was dri efhen Peivmaratthepmiredveest uvast ofakam sy s thrpughwas
obtained a chemcal-treated clay A The water content of the

cheni cal - t rEbdl batioy, andisdntizygd atT§036t endéneredecedirressonteefior 32dry
sanple of the chemcal-treated clay A was put into a nuffle furnace,
heated up hou#s0[ erfHeC pokymer pehued aftaihed nueébghedn@3k&ptgat The
tenperature for 1 hours, and the weight loss in the sanple was neasured.
The wei ght borgmébhisatbasukedividiyCapas the vedeilysoniueal ofad hgosanpl e.

(2) Modification with silane conpound: 1.0 g of the chem cal -treated
clay A (havgpg-gav@igst/hr.

Example II-2:

(1) Preparation of silane-processed clay slurry B:

A silane-processed clay slurry B was prepared in the same
manner as in the step (1) in Example II-1, except that 250 ml
of distilled water was used in place of 500 ml of distilled
water to prepare a clay colloid. In this, the ratioc of water
(ml) /clay (g) was 100.

(2) Preparation of catalyst for olefin polymerization:

A catalyst for olefin polymerization was prepared in the
same manner as in (2) in Example II-1, except that 5 ml of the
silane-processed clay slurry B prepared in the previous step
(1) was used herein.

{3) Polymerization of ethylene:

Ethylene was polymerized in the same manner as in (3)
in Example II-1, except that the catalyst for olefin
polymerization having been prepared in the previous step (2)

was used and that the polyvmerization time was 20 minutes. In
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content of 15 % by weight) and 50 mMl of distilled water were put into a

t hree-neck flask having a capacity of 300 mM, and mxed to prepare clay

slurry. Wth stirring the clay slurry, 1.13 g (5.2 mmls) of

met hyl phenet hyl silyl dichloride was gradually and dropw se added thereto
over a period of 15 mnutes. The m xture was further stirred for 2 hours
to prepare a slurry 113 of fine

clay grains,, Wth further stiryi

g the slurr wat was, _evapor at.ed away
fromit at FooRrt SRBRTATA &% e‘[& e d c@dp"#@?&r g{'}f% %%t%ﬁfgfa%mn
si | ane-processed, pontnorjllonite powder. 25 f toluene_was ,added to the
powder and EFI%'?'Yéggf BFr1 E%u?at"i‘:‘é;) 3t HRET VRS ur{ap?g)nﬁ & c@ﬁﬁll%(rs%/ﬁﬁ "t he
powder. The_sol vent __was evaporated away fromthe suspension at room
t enper at ur eEXgMB&e fEadeéed pressure.  Next, the resulting powder was
further treated with 25 ml of a toluene solution of 0.5 nol/liter of
triisobutyl 4LuniFreparatiomedhad langeprocessed CAAE- pLVEEESEH cl ay was
suspended in 50 m of toluene to prepare a clay slurry A (3) Contact
with transition r@itnloMdsetilled vatesOwas mit ihbod Shreeumegk LlEsk had
been prepared previously, and 100 [err]nols of zirconocene dichloride were
put into ah8ghhgnk' sapabithasing hitepsci tWitdf MG rmingatitr,o@n5 g of
tenperature, and stirred for 0.5 hours at the tenperature. After the
reaction m Radméntmsritlénstat (Rundpia Phifltem Ki®imine Industry) was
gradually added thereto. The ratio, water (ml)/clay (g) was
100. Next, the resulting mixture was stirred at room
temperature for 2 hours to prepare agqueous clay c¢olloid.
To the aqueous clay colloid, gradually and dropwise added
was 1 ml of phenethylmethyldichlorosilane. The resulting
mixture was stirred at room temperature for 1 hour, then heated
up to 100°C, and further stirred at the temperature for 4 hours.
After having been thus stirred, the clay colloid changed to
clay slurry.
Next, 10 ml of concentrated hydrochloric acid (aqueous
solution having a concentration of 35 % by weight) was added
to the clay slurry, and stirred for 1 hour.
500 ml of distilled water was added to the thus-processed
clay slurry, and then filtered in a pressure container, for
which was used a membrane filter having a pore size of 1 um

with an aerial pressure of 1 kg/cm’G being applied thereto.

The filtration took 10 minutes.
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supernatant was renoved fromit, and the remaining residue was washed
twce with 200 mM of toluene. Tol uene was again added to the thus-washed
residue to prepare a catalyst slurry of being 50 m in volunme. (4)

Pol yrmeri zati on of ethyl ene: 400 M of toluene, 0.5 mmols of
triisobutylalumnium and 5 m (corresponding to 0.1 g of the solid clay)
of the catalyst sl urry t hat had been prepared In the previous step

114 | a |ter toclave n that, order, and
heated at 70[er$% rFﬁPigﬁﬁg E@ﬁf FeFﬁ u?eﬁﬁér ?ﬁ%ﬁ%?ﬁ ?P?Wnutes
et hyl ene s contlnuousl fed thereinto to _have a pressure of

kg/cnferr] ¥E%d9f9§ e A5 (8L 1A\WRE, SHEPRBASH hﬁszsdﬁﬁed to
this to stop the polynerlzatlon The polynmer thus produced was taken
out throughPt fHolueae) ofe vdnEh Wasdadded B ) ef imd@luangusedupiensefe for
12 hours. The pol yner thus obtained weighed 61.8 g. The polynerization

activity pdiritisohsdviiajamigdun waB09@ gag- cangepsrahion Exdnpl @. 5 - 2:
(1) Chenmical-treated clay B: A chemi cal -treated clay B was prepared

i n the sammolm/ldrterds andt beisted Hf JO0Rafondl tHumrcherheatestiBeimgl cl ay
Al slurry was washed with toluene, and toluene was added thereto

to be 50 ml in total. Thus was prepared a silane-processed

clay slurry C.

(2} Preparation of catalyst for olefin polymerization:

A catalyst for olefin polymerization was prepared in the
same manner as in (2) in Example II-1, except that 5 ml of the
silane-processed clay slurry C prepared in the previous step
(1) was used herein.

(3) Polymerization of ethylene:

Ethylene was polymerized in the same manner as in (3)
in Example II-1, except that the catalyst for olefin
polymerization having been prepared in the previous step (2)
was used and that the polymerization time was 20 minutes. In
this, obtained was 26.2 g of a polymer. The polymerization
activity per the catalyst used was 787 g/g-catalyst/hr.
Example II-4:

(1) Preparation of catalyst for olefin polymerization:
5ml of the silane-processed slurry A having been prepared
in(1l) in Example II-1 was put into a Schlenk’s tube having a

capacity of 300ml, to which was added 1 ml of a toluene solution
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this, however, after the clay slurry in the final stage was filtered under
pressure, 20 ml of distilled water was added to the resulting filtrate,
cl ay paste, and kneaded. Then, the resulting mxture was directly dried in
vacuum at room tenperature for 24 hours to obtain the chem cal -treated
clay B. The water content of the chemcal-treated clay B was 15 % (2)
Modi fication with silane conpound: 1.0 g of the chemcal-treated clay

B (having a water _content'of 15 % by wei.ght) and .of -toluene, were put
Pnto b SchPEnd s FAE AT T tala TP LaR 208 et rul i SsupSeRERf2 Sl Ui Py
Wth stirring.the cl slurry, 1.13 5.2 | s). of . '

115 megth;‘}é't N #I’?F‘rgf’éﬁ]‘ﬂr mlﬁ%%"ﬁ’r%%ualli‘?"% drdpwi se
added thereto over a period of 15 m nutes. The m xture was further stirred

for 3 days geneenfinatdqm oft Ausp/anlapty soam tempRTatiune. aRdxetirned

resulting slurry was treated with a toluene solution of
trii sobutylal tenitempreradures foy. 30 mirites s prepadet peratalystpfepare a
fine clay slurry B. This had a total volunme of 50 m. (3) Contact with
transiti on pehyhericgitiond: This was effected in the same nmanner as in
(3) in Exanple 1-1, except that the clay slurry B was used herein. (4)
Pol ynmeri zat {Z)n ®bleibylieation of pddpwlews: effected in the sane manner as
in (4) in Exanple
400 ml of toluene and 2.0 mmol of triisobutylaluminium

were put into a 1.6 liter autoclave, and heatéd at 70°C. Then,

6 ml (corresponding to 0.1 g of the solid clay) of the catalyst

for polymerization that had been prepared in the previous step

(2) was put into the autoclave, and heated at 70°C. After the

mixture was kept at the temperature for 5 minutes, propylene

was continuously fed thereinto to have a pressure of 5 kg/cm’G,

and polymerized for 30 minutes. Next, methanol was added to

this to stop the polymerization.

The polymer thus produced was taken out through

filtration, and dried at 90°C under reduced pressure for 12

hours. The polymer thus obtained weighed 75.5 g. The

polymerization activity per the catalyst used was 1510

g/g-catalyst/hr. The activity per the zirconium atom in the

transition metal complex used herein was 830 kg/g-Zr/hr!

Example II-5:

(1) Preparation of silane-processed clay slurry D:

In the same manner as in (1) in Example II-1, except that

dicyclohexyldichlorosilane was used in place of
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-1, except that the polynerization tine was 15 mnutes. In this, obtained
was 56.6 g of a polymer. The polynerization activity per the catal yst used
was 2260 g/ g-catalyst/hr. Exanple I-3: (1) Chenical-treated clay C

A chem cal -treated clay C was prepared in the same manner as in the step
of preparing the chemcal-treated clay A In this, however, after the clay
slurry in the final stage was filtered under pressure, the resulting

o510, Y e KISV B QP TPSE o d O AN A 1

chem cal -t e
chenical-treat%p %!%% C ma515 % é%g hkgﬁ%ication Wi th silane conpound:
116 prepare PsAnAL 1 BPRFRTRET T IR DR & as in (2) in
Exanpl e Ig%, excegt that the clay slurry Cwas used herein in place of
the cheni cdft r BEERAT2bIQy 9 catplys tde dpiiay PRI YReFAfRa pPReessed cl ay
“slurry C. (3) Contact_with transition netal conpound: ~Thi.s was
ef fected i n the 3dme afather shiapa-Processest e slurzy Bxhaping haen he cl ay
slurry C was used herein. (4) Polynerization of ethylene: Thi s was
ef f ect ed | Prepareshen terprevousstep () Frapiie intoz Schlgnkhsstubsht ai ned
was 26.1 g of a polyner. The :

having a capacity of 300 ml at room temperature, and stirred

for 30 minutes at the temperature.

(3) Polymerization of propylene:

400 ml of toluene and 2.0 mmols of triisobutylaluminium

were put intoa 1.6 liter autoclave, and heated at 70°C. Then,

1 ml of toluene solution of a transition metal complex,

dimethylsilylenebis (2-methyl~4,5-benzindenyl) zirconium

dichloride having a concentration of 1 umol/ml was added

thereto. 5 minutes after the addition, 5 ml (corresponding

to 0.1 g of the solid clay) of the catalyst for polymerization

that had been prepared in the previous step (2) was put into

the autoclave. After themixture was kept at 70°C for 5minutes,

propylene was continuously fed thereinto to have a pressure

of 5 kg/cm?G, and polymerized for 30 minutes. Next, methanol

was added to this to stop the polymerization.

The polymer thus produced was taken out through
filtration, and dried at 90°C under reduced pressure for 12

hours. The polymer thus obtained weighed 39.3 g. The

polymerization activity per the catalyst used was 786 g/g-
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pol ynmeri zation activity per the catal yst used was 1040 g/ g-catalyst/hr.
Exanple 1-4: (1) Contact with transition netal conpound: 50 m of
the clay slurry A and 1 nl of.
di met hyl si | yl enebi.s(2- nmet hyl - 4, 5- benzi ndenyl ) zi rconi um dichloride (10
[err]mol s/m) were put into-a Schlenk s tube having a capacity of 300 m
at roomtenperature, and stirred for 0.5 hours at the tenperature. Thus
was prepar f.a I . r ) JRal 2r.Lzaty pyl ene:
SR el T ot ehel ATReNRT e B 868

400 m of um ni um —an
(correspondi Q.0 1 of, the solid_cl of the c lysy _slurry that had
been prepa%xc[}g?énﬁ(]ﬁn fr%t@)%aﬁ‘ﬁmgi 3‘4uﬁ§fi2%éﬁ?lni‘ﬁ?% #@%’fq t% ocl ave,

and heat ed Eat 7 [e%t]e%é After this 117

was kept at™¥H® Si%ture for 5 minutes, propylene was continuously fed
thereinto to have a pressure of 5 kg/cnferr]G_. and _polynerized for 20

m nut es. Nebt?, %ﬁﬁ&gﬁpﬂﬁs°ﬁdﬂ%ﬁah§tt 5 Qlpiimy paly@meFdizg®drnzat i on.
The pol yner thus_produced was taken out through filtration, and dried at
90[ err] C under r &ducef theaidanenocessedriurry Ahayipgibean preperedt ai ned

wei ghed 79.1 g. The
in(1l) in Example II-1 was put into a Schlenk’s tube having a

capacity of 300ml, to which was added 1 ml of a toluene so]jution
of a transition metal complex, nickel complex of the following
formula having a concentration of 5 umols/ml, and stirred at
room temperature for 30 minutes to prepare a catalyst for

polymerization.

/N /M e
NN
' Me

(2) Polymerization of ethylene:

A l.6 liter autoclave was heated at 80°C, fully evacuated
and dried, then purged with dry nitrogen to be at atmospheric
pressure, and cooled to room temperature. In that condition,

400 ml of toluene, 0.5 mmols of triisobutylaluminium and the
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polynerlzatlon activity per the catalyst used was 2370 g/g-catalyst/hr.
The activity per zirconiumin the conplex wused was 1.3 tons/g-Zr/hr.
Conparative Exanple 1-1: (1) Chemical-treated clay D: A
chem cal -treated clay D was prepared in the same manner as in the step of
preparing the chemcal-treated clay A. In this, however, after the clay
slurry in the final stage was filtered under pressure, the resulting

id d 150 h h d
Clay D Thee sEY Com ﬁ[#Y%'F*]‘EHE%&RB sarg?f@a?i%gé{‘sé b8l S opnd 5] °

Modi fication w h5| ne co %was effected.in the sane

manner as iif % Lo ee? PE?E%ﬁ?dt’Hht heRreyLous | (i Yepe Rt used

herein in place of the chenical -treated cl a&m Thus was prepared a
sphe

si | ane- pr odddethe pfostaveine dryfi txpgee Fanapdithembeared
conmpound: 118 Thi s was

ef fected it HO°CaneAfitemethasnixty’d) was Bepiplad 40°¢, fexcBprinntesihe cl ay
slurry D was used herein. (4) Polynerization of ethylene: Thi s was
ef f ect ed | rethyd esenwageeortimpuisiy fidi théxaimte tol have a preshuge @bt ai ned
was 12.8 g of a polyner. The
8 kg/cm*G, and polymerized for 1 hour. Next, methanol was added
to this to stop the polymerization.
The polymer thus produced was taken out through
filtration, and dried at 90°C under reduced pressure for 12
hours. The polymer thus obtained weighed 15.2 g. The
polymerization activity per the catalyst used was 152 g/g-
catalyst/hr.
Comparative Example II-1:
(1) Preparation of silane-processed clay slurry:
The same process as in Example II-1 was repeated, except
that 50 ml, but not 500 ml, of distilled water was used in
preparing aqueous clay colloid. In this, the ratio of water
{(ml) /clay (g) was 20. However, the aqueous clay colloid wholly
.gelled, while being prepared, and could not be stirred to
uniformly mix the silane compound added thereto.
Comparative Example II-2:
(1) Preparation of silane-processed clay slurry:
20 g of magnesium chloride 6-hydrate and 100 ml of

distilled water were put into a three-neck flask having a

capacity of 500 ml. With stirring them, 20 g of Na-
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pol ynmeri zation activity per the catal yst used was 510 g/g- catalyst/hr.
Second Aspect of the Invention: Exanple Il1-1: (1) Preparation of

sil ane-processed clay slurry A 500 mM of distilled water was put
into a three-neck flask having a capacity of 2 liters. Wth stirring it,
2.5 gof Na-nmontnorillonite (Kunipia F from Kuni m ne | ndustry) was
gradual |y added thereto. The ratio, water (m)/clay (g) was 200. Next ,
the result m xt.ure .was ‘stirred_at_rqoom t erature for .2 hou to
prepare aqnt\J%o c'rc:llJ‘ali‘f%cl\(l){%1 oiﬁg’.m'“"pla El'o e a‘%’rﬂ%%’ﬁls"% g[fc%gltlr&gd,&g?adual |y
and dropw se added s . 1. .m_of phenethylnethyl dichlorpsilane. The

resul ting g’ﬁﬁ“ﬁf%ﬁé’ \ﬁ?ggeglt Thereia &gSHl’tJét?ﬁ)é:%ﬂ’glténFo?fﬂy I‘?gtﬁﬂ"',r% K2R heat ed
up to 100[err]C, and further stirred at_the tenperature for 4 hours. After
havi ng beestirred atidd’edon fed bruyseolAfher baukpe deen thuspreresssd,

Next, 500 ml of distilled water was added to the clay slurry, and then
filtered ithe splddseomrenpntaipsrvaghad whtbivaters uTbis PRANAHIGTVRS| ter

having a pore size of 1 [errlmwth an 119
aerial presepaated 1okgecnpgRiNG bei Mhpuspplvasl theepared Thwaghesivmt i on
took 10 m nutes. Next, the resulting solid residue was dried at room

chloride-processed montmorillonite.

Next, this was dried, and dispersed in 160 ml of aqueous
6 % HCl, and stirred under reflux for 2 hours. After having
been thus processed, the slurry was filtered, and 1 liter of
distilled water was added to the resulting residue. Thus was
prepared HCl-processed montmorillonite slurry.

The HCl-processed montmorillonite slurry was filtered
in a 1.5 liter pressure container. The resulting residue was
dispersed in 5 liters of water, and again filtered in a 7.5
liter pressure filter, for which was used a membrane filter
having a pore size of 1 um with an aerial pressure of 3 kg/an’G
being applied thereto. Thus was obtained 14 g of a
chemical~processed clay (aftef having been dried in vacuum at
room temperature for 20 hours). In the final step, the
filtration took a lot of time of 36 hours.

Next, to 1 g of the chemical-processed clay, added were
10 ml1 of toluene and 1.0 ml of phenethylmethyldichlorosilane,
and stirred at room temperature for 72 hours. The resulting
silane-processed clay was washed with toluene, and suspended

in 25 ml of toluene, to which was added 25 ml of a toluene
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tenperature. One g of the dry solid was suspended in 25 m of toluene, to
whi ch was added 25 m of a toluene solution of triisobutylalum nium
(having a concentration of 0.5 nols/liter), and stirred at 100[err]C for 1
hour. The resulting slurry was washed with tol uene, and tol uene was added
thereto to be 50 ml in total. Thus was prepared a sil ane-processed clay
slurry A. (2) Preparation of catalyst for olefin polynerization: 5

m of the sjilane-pro sed' sl ur A havi hg_heen prepared jn th revi ous
Step (1) waASLBTEoTrl taT EERPUR Lo iifnn HavaRd s CoIeR BRiPioR T G &
t ol uene soluéion,of a transition_netal rpogplex, .
di cycl openfRdSEhitery cBRAURTFLTESE AF dP RSV KRG 4 heBRcenthatT PR
[err]mols/m,, and stirred at roomtenperature _for 30 mnutes to prepare a
cat al yst f SLUFENyHRFivAfheshwith jolmanayeandateiens vasnsided thereto 490
of toluene, 0.5 mmols of triisobutylalumnium and 5 m (corresponding to
0.1 g of tke bel B8 Blain Botakhe ThuSaWpsSt Prepaped yaeyilanewragsasesad been
prepared in the previous step (2) were put into a 1.6 liter autoclave in
that ordeclaynéluzaveB.at 70[err]C. After this was kept at the
tenperature for 5 mnutes, ethylene was continuously fed thereinto to have
a pressure (@) SPkepardeicr] §f aetaigisindfiorzedefdn polymerization:
120 10 m nutes. Next, nethanol was added to this to stop the
A catalyst for olefin polymerization was prepared in the
same manner as in (2) in Example II-1, except that the silane
processed clay slurry E prepared in the previous step (1) was
used herein,
(3) Polymerization of ethylene:
Ethylene was polymerized in the same manner as in (3)
in Example II-1, except that the catalyst for olefin
polymerization having been prepared in the previous step (2)
was used herein. In this, the polymer produced weighed 31.6
g. The polymerization activity per the catalyst used was 1895
g/g~catalyst/hr.
Third Aspect of the Invention:
Example III-1:
(1) Preparation of silane-processed clay A:
500 ml of distilled water was put into a three-neck flask
having a capacity of 2 liters. With stirring it, 2.5 g of

Na-montmorillonite (Kunipia F from Kunimine Industry) was

gradually added thereto. Next, the resulting mixture was
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pol ymeri zati on. The pol yner thus produced was taken out through
filtration, and dried at 90[err] C under reduced pressure for 12 hours.

The pol yner thus obtained weighed 33.5 g. The polynerization activity per
the catal yst used was 2010 g/g-catalyst/hr. Exanple 11-2: (1)

Preparation of silane-processed clay slurry B: A si |l ane-processed
clay slurry B was prepared in the sarre manner as in the step (1) in

Exanpl e 11 exc t hat 250 ml ep illed water was used in place of
500 M of JRLAFFPARt ARCEPALTRLOr & hyits Foaterae pAREOUP R i o of

water. (m)/clay. gg) was 100. (2) Preparation of catalyst for olefin
pol yneri zat cohloi A catalyst for olefin polynerization was prepared in

the same manner as in (2) in Exanple Il-1, except that 5 m of the
si | ane- processed %q&yegwsmp%ésalléeldm qn?@qﬁlévmdgﬁgﬁlsefﬁdﬁés used
herein. (3) Polynmerization of ethylene: Et hyl ene was pol ynerized in

the same nmamasr lagli of( 3) silanExgeppeund, 1diekbepdichioresiclans al e f or
olefin polynerization having been prepared in the previous step (2) was
tiZid and t haxesubéipgl piretuzsatiasns tineedast: 20omi tenpesratiure for 1 hour,

then heated up to 100°C, and further stirred at the temperature

for 4 hours. After having been thus stirred, the clay colloid

changed to clay slurry.

Next, 500 ml of d.istilled water was added to the clay
slurry, and then filtered in a pressure container, for which
was used a membrane filter having a pore size of 1 um with an
aerial pressure of 1 kg/cm’G being applied thereto. The
filtration took 15 minutes.

Next, the resul ting solid residue was dried under reduced
pressure at room temperature for 8 hours. Thus was prepared
a silane-processed clay A.

2 mg of the thus-prepared, powdery, silane-processed
clay A and 200lmg of potassium bromide were ground and mixed
in an agate mortar. The resulting powder mixture was shaped
into tablets. The tablet was subjected to infrared absorption
spectrometry. The pattern (spectrum A) is in Fig. 1.

On the other hand, 2 mg of the starting clay, Na-

montmorillonite and 200 mg of potassium bromide were ground,

mixed and shaped into tablets in the same manner as previously.
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this, obtained was 46.1 g of a polyner. The polynerization activity per
the catal yst used was 1380 g/g-catalyst/hr. Exanple I1-3: (1) Preparation
of silane-processed clay slurry C 250 m of distilled water was put
into a three-neck flask having a capacity of 2 liters. Wth stirring it,
2.5 g of Na-nmontnorillonite (Kunipia F from Kuni m ne | ndustry) was
gradual |y added thereto. The ratio, water (m)/clay (g) was 100. Next ,

the resul ti I xture was stirred .at.room ée erature for %Bhou s to
brepare. aqddbuEebLeh S Fypaected & 1523Rke iRy SERFFEPRCEEY adual | y
and dropwi se added was 1 ml. of phenethyl net hy] di chl orosil ane. The
resul ting ﬁ%%dﬁﬁ§§3ﬁ%s(§PﬁFF€Hma Y d8miPebp@rafure for 1 hour, then heated
up to 100[err]C, and further stirred at the tenperature for 4 hours. After
havi ng been t husTBesReakrumha andrheosPertrwhdhijed edmpPares wiithr egch
Next, 10 ml of concentrated hydrochloric acid (aqueous solution having a
concent r at iafthest B35 obhy dieffgmenamdelitran the t tiwoc| Hraom ukhis wexestirred
for 1 hour. 500 mM of distilled water was added to the thus-processed
clay sl urrygaland atiesh thel speecilfia pegdrestan eheodiethyilditbioreditimeas used
a menbrane filter having a pore size of 1 [err]m wth an aerial pressure
of 1 kg/ cniteredtmeiti ngdditi dretll Isheapbearifdde ini | theat pantémk ALO nThet es.
122

specific absorption peaks are at 1071 cm™ and 1009 cm™. The

difference spectrum C is in Fig. 3.

(2) Preparation of catalyst for olefin polymerization:

One g of the silane-processed clay A that had been
prepared in the previous step (1) was suspended in 25 ml of
toluene, to which was added 25 ml of a toluene solution of
triisobutylaluminiumhaving a concentration of 0.5mols/liter,
and stirred at 100°C for 1 hour. The resulting slurry was
washed with toluene, and toluene was added thereto to be 50
ml in total.

5 ml of the slurry was put into a Schlenk’s tube, to which
was added 1 ml of a toluene soclution of a transition metal
compound, dimethylsilylenebis (2-methyl-4,5-
benzindenyl)zirconium dichloride having a concentration of 1
umol/ml, and stirred at room temperature for 30 minutes to
prepare a catalyst for polymerization.

(3) Polymerization of propylene:

400 ml of toluene and 2.0 mmols of triiscbutylaluminium

were put into a 1.6 liter autoclave, and heated at 70°C. To
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Next, the resulting solid residue was dried at room tenperature. One g of
the . dry solid was suspended in 25 m of toluene, to which was added 25 ni
of a toluene solution of triisobutylalumnium (having a concentration
of 0.5 nols/liter), and stirred at 100[err]C for 1 hour. The resulting
slurry was washed with tol uene, and tol uene was added thereto to be 50 m
in total. Thus was prepared a silane-processed clay slurry C (2)

Preparation,af catal yst,for.o]efin ol¥ﬁ§ri atj an; A cat.al for
ol efin pol Bc#érsl sti%&lné ssorﬂlr’ eécé)rr&?‘e'%ﬁ g é%rge'qrrgn'ﬁfért i 1?23:]}%'1 Exanpl e
I1-1, except éggt 5 §é he %%£ ne- processed clay.slurry. C prepared in
the previ o®& 8p°az:r'111)1y s&ﬁ‘éoh iﬁ . PXEPRTE, frﬁnf%P?aPF%%l%‘f’gei ene:
Et hyl ene was pol ynmerized in the same manner as in (3) in Exanple I1-1,
except t hat{%@he catal yst for olefin polynerization having been prepared in
the previous step (2) was used and that the polynerization tine was 20
m nutes. In thiBhe sisrdiends efistirsantgcdave ety mgeinThes ped wrie?9%u i on
activity per the catal yst used was 787 g/g-catalyst/hr. Exanple I1-4: (1)
Pr epar at i o@ngf keptadpsthé drempegkityrpofone? imignites, and prépylefe twas
si | ane- processedsl| urryAhavi ngbeenprepared in(1) in Exanple I1-1 was put
I nto a Schlcemitinuousd yhferdngheretapacte yhawe 3 Pragsure wifi Shkgdem¥zided 1 m
of a toluene solution
and polymerized for 30 minutes. Next, methanol was added to
this to stop the polymerization.
Polypropylene thus produced was taken out through
filtration, and dried at 90°C under reduced pressure for 12
hours. Its yieldwas 29.4g. The polymerization activity per
the catalyst used was 588 g/g-catalyst/hr. The activity per
the zirconium metal in the catalyst was 650 kg/g-Zr/hr.
Example III-2:
(1) Preparation of silane-processed clay B:
A silane-processed clay B was prepared in the same manner
as in (1) in Example III-1, except that a silane compound of
triethylchlorosilane, but not diethyldichlorosilane, was used
herein.
The silane-processed clay B was subjected to infrared
absorption spectrometry in the same manner as previously.
This gave specific absorption peaks at 1078 em™, 1065 cm™ and

1003 em™. The difference spectrum D is in Fig. 4.

(2) Preparation of catalyst for olefin polymerization:
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123 of a transition nmetal conplex, dinethylsilylenebis(2-

nmet hyl - 4, 5- benzi ndenyl ) zi rconium di chl ori de havi ng a concentration
of 2 [err]nols/m at roomtenperature, and stirred at the tenperature for
30 mnutes to prepare a catalyst for polynerization. (2) Polynerization
of propyl ene: 400 M of toluene and 2.0 mmol of triisobutylalum nium
were put into a 1.6 liter autoclave, and heated at 70[err]C. Then, 6 n
(corresponding to 0.1 of 'the_saqlid clay) of the catalyst for

pol yneri zati on t&n&?tﬁégsﬁe%ﬁ’ B?@Séf‘&?%ﬂ@”ﬁéaﬂ?‘é\ﬂ Bas pa“%/et?ﬁre(i?’)n\ﬁé’? put
into the autocl ave, and heated at 70[err]C. After the mxture was kept at
t he t enper &80fe MaADeY AHutBs (2pr dpy I BRIPIRsIEENt i n8¥asPYy Batt fdSinto to
have a pressure of 5 kg/cnferr]G and polynerized for 30 m nutes. Next,
met hanol w&élangeprooessad slay Blagpaboee pSuinet the silane-procrssesbl yer

t hus produced was taken out through filtration, and dried at 90[err]C
under reducddypheswasecuted H@reimurs. The pol yner thus obtai ned wei ghed
75.5 g. The polynerization activity per the catal yst used was 1510

g/ g- cat al y4B) hr polymeericta tiidry gferprddpylaneconi umatomin the transition
metal conpl ex used herein was 830 kg/g-Zr/hr. Exanple I11-5: (1)

Preparati on of splaifigiedeRsSpolomayisedriy e same mahfiethgs san(Iyanner as
in (1) in Exanple I1-1, except that

in Example III-1, except that the catalyst for olefin

polymerization having been prepared in the previous step (2)

was used herein. The yield of the polymer obtained herein was

20.8 g. The polymerization activity per the catalyst used was

417 g/g-catalyst/hr. The activity per the zirconium metal in

the catalyst was 458 kg/g-Zr/hr.

Example III-3:

(1) Preparation of silane-processed c¢lay C:

A silane-processed clay C was prepared in the same manner
as in (1) in Example III-1, except that a silane compound of
trimethylchlorosilane, but not diethyldichlorosilane, was
used herein.

The silane-processed clay C was subjected to infrared
absorption spectrometry in the same manner as previously.
This gave specific absorption peaks at 1086 cm™, 1072 cm™, 1005
cm™ and 997 am™. The difference spectrum E is in Fig. 5.
(2) Preparation of catalyst for olefin polymerization:

A catalyst for olefin polymerization was prepared in the

same manner as in (2) in Example III-1, except that the
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di cycl ohexyl di chl orosil ane  was used in pl ace  of

124 phenet hyl met hyl di chl orosi | ane for silane treatnent, herein
prepared was a silane-processed clay slurry D. (2) Preparation of catalyst
for olefin polynerization: 5 mM of the silane-processed clay slurry D

havi ng been prepared in the previous step (2) was put into a Schlenk' s
tube having a capacity of 300 m at roomterrperature, and stirred for 30

' . m
of "t of uenc AREP-EF %é%‘%%‘é%c%&?’%eab T BRI e i Haas o2 6 1 fer

aut ocl ave, nd Feat ed at Zolgerr Then, 1 m of toluene solution of a
transiti onChE¥afs cBAp|I Bged herein.

di met hyl si | yl enebi s(2- met hyl - 4, 5- benzi ndenyl ) zi rconi um dichloride having a
concentratlé °J¥“[°e“r‘rﬂa\fﬁﬂ‘?“m°ﬁ/v§§°§éf&§&e thereto. 5 mnutes after the

addi tion, corresponding to 0.1 g of the solid clay) of the catalyst

for pol erEI’I zat| Pyliche Hag Bebympriied di ithe sampreanees 2% ép () was put
into theautoclave. After them xture was kept at 70[err]C for 5 m nutes,
propyl ene #ns Exampleioddly1f edexerntei thatt othay ecadapyetsfer oflefin
kg/cnferr] G and polynerized for 30 m nutes. Next, nethanol was added to
this to stpplyhherpshiienilmatirgnbeen prefaregadlry ke phesipuedicasl (ds t aken
out through filtration, and dried at 90[err] C under reduced pressure for
12. was used herein. The yield of the polymer ocbtained herein was

31.8g. The polymerization activity per the catalyst used was

636 g/g-catalyst/hr. The activity per the zirconium metal in

the catalyst was 700 kg/g-Zr/hr.

Comparative Example III-1:

(1} Preparation of silane-processed clay C:

A silane-processed clay D was prepared in the same manner
as in (1) in Example III-1, except that a silane compound of
tetra-n-butylsilane, but not diethyldichlorosilane, was used
herein.

The silane-processed clay D was subjected to infrared
absorption spectrometry in the same manner as previously. As
processed with tetra-n-butylsilane, this gave no specific
absorption peak in a range falling between 1090 and 1050 em™.

(2) Preparation of catalyst for olefin polymerization:

A catalyst for olefin polymerization was prepared in the

same manner as in (2) in Example III-1, except that the

sila'ﬁé—process‘ed clay D as above, but not the si lane-processed

clay A', was used herein.
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hour s. The pol yner thus obtained weighed 39.3 g. The polynerization
activity per the catal yst used was 786 g/g-

125 catal yst/hr. The activity per the zirconiumatomin the
transition metal conplex used herein was 864 kg/g-Zr/hr. Exanple IIl-6:

(1) Preparation of catalyst for olefin polynerization: 5 mM of the
si |l ane- processed sl urryAhavi ngbeen prepared in (1) in Exanple Il1-1 was put

into a Schkgpl;ﬁ%%ﬁri o\gj%g’t A &@?g%igxeof 300 M, to which was added 1 ni

of a toluene ran n netal conplex, nickel conplex of the

foll ow f havi : trati f.5 | s/ m d [ d at
rgomo}tMeggera? Lp?]?%(ﬁy%g?nw%ﬁfég f’ge{)%e?l) &é‘oth@a%g{nr?]s?ng?%?r ﬁ?{]ﬂre( i Iz;'[ ?aonfa1

[err] in Example III-1, except that the catalyst for olefin
polymerization having been prepared in the previocus step (2)
was used herein. The yield of the polymer obtained herein was
0.6 g. The polymerization activity per the catalyst used was
12 g/g-catalyst/hr. The activity per the zirconium metal in
the catalyst was 13 kg/g-Zr/hr.

As described in detail hereinabove, the catalysts for
olefin polymerization of the invention are prepared within a
short period of time. They have high polymerization activity,
and do not require a large amount of an organic aluminium
compound. With them, therefore, high-quality polyolefins are
produced efficiently, and the residual metal content of the

polymers is much reduced.
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(2) Polynerization of ethylene: A 1.6 liter autocl ave ted at
80[err]C, fully evacuated and dried, then purged ThisShediay B, Qgen to be

at atnospheric pressure, and cool ed to roomtenperjgy I

condition, 400 m of toluene, 0.5 mMols of triiso g’”HM and the
126 catal yst for polynerization (correspondl of the
solid clay) having been prepared in the previous (1) were put into the

autocl ave i ngRy, Aryg N .at.nosphere, and then heated at 40[err]C After
the m xture was ke?opéiaét %gl ef%’] C for 5 mnutes, ethylene was continuously

fed thereinto to have r f .8 /cn% rr%G; an ol ynerjized for 1
hour. Next, met haEdI pv‘vg%a.z;{cfglz{sf% ?S%t ﬁﬂ'?ﬂf} R g}’i"‘ he %F?Férq\nzaf” oRD 18
The pol yner t.hus. pr guced was,_taken out through filtration, and dried at
90[err]C una%l?&?"e‘g?fg ¥ FPRRGHNY 8rpii°4‘§ucl‘l"oG?SPrepﬁT@deYﬂ@%t%%lgthi ned
wei ghed 15.2 g. The_ polynerization activity per the catal yst used was 152
g/ g- catal ySt3¥r @ CEHILRErPd £XaAD| kontexchangingrldeysred onmpound,
sil ane-processed clay slurry: The sane process as in Exanple I1-1 was
repeat ed, extBh@R PEgRNED Filangcompeusdoand  (Qf waksriwi il eaxheotas, used
in preparing aqueous clay colloid. In this, the ratio of water (m)/clay
(g) was 20. ¥HdwelRr a3 thrensitdonsmetaly cohplexiwmritiaining a transition
metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table.
2. A catalyst for olefin polymer production, which is
obtained by contacting a product as prepared by contacting (&)
clay, a clay mineral or an ion-exchanging layered compound,
(B) an organic silane compound and (C) water with each other,
with (D) a transition metal complex containing a transition
metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table
and (E) an alkylating agent.
3. Thecatalyst for olefin polymer production as claimed
in claim 1 or 2, wherein the component (2), clay, a clay mineral
or an ion-exchanging layered compound is selected from
phyllosilicic acid compounds.
4. The catalyst for olefin polymer production as claimed
in any one of claims 1 to 3, wherein the component (B) , an
organic silane compound has at least one alkyl group directly
bonded to the silicon atom of the compound.
5. The catalyst for olefin polymer production as claimed

in any one of ¢claims 1 to 4, wherein the amount of the component

(C) , water is at least 1 % by weight relative to the dry weight

THIS SHEET HAS BEEN N m”mﬁ’!/’@ﬁl’m

REPLACED




gel l ed, while being prepared, and could not be st iWy m X
the silane conpound added thereto. Conparative Exanple IIl-2 —

Preparation of silane-processed clay slurry: Thig§)e 9 of magnesi um
chloride 6-hydrate and 100 m of distilled wat erw ® RaSBer Repla @

t hree-neck flask having a capacity of 500 m . ! hem 20 g
of Na- 127 ' ﬁ%l te

(Kuni pia F fgen @ﬂ&%ehr%d%ibry) was gradually added theret’d. Then, the

resulting clay slurry“was stitredat 90[err]C for 0.5 hours. After having
been thus processed, ,the_ solid conpanent was washed with water, This
operation was repeatgif C%E%Jeyss aF %eﬁ“mﬁimﬁ\ﬁ?r°ﬁPS§éP%&S%‘fﬁ%‘i‘um
chl ori de-processed nontnprillonite. Next, this was dried, and
di spersed i mPL6T ¥ Onf %‘g@cﬁféﬂs 6 hHF, ArRrein rthe eomronendt () fa 2
hours. After, having been thus processed, the slurry was filtered, and 1
liter of di¥iEAnsiddomamatalacampiex entadniag | | tpnsidiiduee mdtals ofis
prepared HC -processed nontnorillonite slurry. The HC - processed
mont nori | | off8QURS ¢r tp RaorfGroeped® ta 10 bfS thiet PerprdisuTabbertas rer. The
resulting residue was dispersed in 5 liters of water, and again filtered
ina 7.5 |iltigang beving 4 idanhon-fcarbeni chsatsrased worEEmy greubi bt ef
having a pore size of 1 [errfmw th an aerial pressure of 3 kg/cnferr]G
carbon-nitrogen unsaturated bonding group. :

7. The catalyst for olefin polymer production of any one
of above 1 to 6, wherein the component (D), a transition metal
complex containing a transition metal of Groups 4 to 6 or Groups
8 to 10 of the Periodic Table is represented by any of the

following general formulae (I-1) to (I-4):

Q*, (CsH,_,_,R") (CsH,_,_,R?) M!X'Y? (1-1)
Q?, (CsH,_,_4R?,) Z'M*X'Y?! (1-2)
(CsH,_ . R*,)) MIX'Y'W! (1-3)
L'L2M2X'y? (I-4)

where Q 1rep;:'esents a bonding group that crosslinks the two
conjugated five-membered cyclic ligands (CsH,_,_,R?!,) and
(CSHS—a—chc) ;

Q?’represents a bonding group that crosslinks the conjugated
five-membered cyclic ligand (C,H,;_,_4R®,) and the group
Z';

R, R?, R? and R* each represent a hydrocarbon group, a halogen
atom, an alkoxy group, a si licon-dontaining hydrocarbon group,

a phosphorus-containing hydrocarbon group, a ni trogen-

T

\
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—

bei ng applied thereto. Thus was obtained 14 g,of a chem cal - processed
clay (after having been dried in vacuum at rooJS lsagehu;{&) for 20 hours).

In the final step, the filtration took a |ot of 5 s.

Next, to 1 g of the chem cal -processed clay, ad | ﬁﬂ of toluene
and 1.0 ml of phenethyl net hyl dichlorosilane, and stir room
tenperature for 72 hours. The resulting silane-processed clay was washed
‘(’)V}tg {g: 3gﬂc§snp%&%i%”gspeﬂ‘;‘}'&%’oca{r%o%’ eShp! O %%ge’atobg@égbcso %J?xf?% T 01?5 i
triisobutylal mol s/liter,. and stirred

m ni_ym_havi ng a_cqncent ratj.on of \%&%

at 100[err]}é'4i6’l’caf SuBTo¥Re ?Bgu?tﬁfﬁra o R_F S8 IK8UPEy t ATt 3MYiene, and
tol uene was added thereto tq be 50 m in_ total. Thus was prEe:Rareﬁj a
si | ane- pr odBY: 08 the5PRe ¢ fiEferent, mnd Jay: PP Farhiotiefefin
pol yneri zati on: A catalyst for olefin polynerization was prepared in
the sanme rsthfErmps QAL SETERERERE |1-1, except that the silane
processed clay slurry E prepared in the previous step (1) was used herein.
(3) Pol ynerd zepingsesftsetthylleps: 2; Et hyl ene was pol ynerized in the sane
manner as in (3) in Exanple I1-1, except that the catalyst for olefin

b, ¢ and d each represent an integer of from 0 to 5 when a =

0, or an integer of from 0 to 4 when a = 1, or an integer of

from 0 to 3 when a = 2;

& represents an integer of from 0 to 5;

M?! represents a transition metal of Groups 4 to 6 of the

Periodic Table;

M? represents a transition metal of Groups 8 to 10 of the

Periodic Table;

L' and L? each represent a coordination-bonding ligand;

X', Y', Z?'!and W! each represent a covalent-bonding or

ionic-bonding ligand; and

LY L2 X' Y! and W?! may be bonded to each other to form

a cyclic structure,

8. The catalyst for olefin polymer production as claimed
in any one of claims 1 to 7, wherein the component (E), an
alkylating agent is an organic aluminium compound.
9.. A method for producing a cataiyst for olefin polymer
production, which comprises contacting (3) clay, a claymineral

or an ion-exchanging layered compound, (B) an organic silane

compound and {C) at least 1 % by weight, relative to the dry
—_—
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pol ynmeri zati on having been prepared in the previous ste as used

herein. In this, the polynmer produced wei ghed s gheet jas l% ymeri zation
activity per the catal yst used was 1895 g/ g-cat lm ‘l rd Aspect of
the Invention: Exanple Ill-1: (1) Preparation essed clay A
500 mM of distilled water was put into a three-neck flask having a
capacity of 2 liters. Wth stirring it, 2.5 g of Na-nontnorillonite

(Kunipia F fro gu I mjne_l ndustr was radual.l y added,t her . Next, the
resul ting mw?tlg‘b ?%glle componenty }A) ;, of ‘gager w1t¥1 eacgu oif%gr, ego(?l.lowedt
stirred at roomtenperature for 2 hours to prepare_aqueous .clay, colloid.
To the aqueB¥s BHE§RR| FaPERCEInduAPA, Tear ity BEOIREED VAR 1PF %t a
si | ane compound,  di ethyl dichlorosilane. The, resulting m xture was stirred
at room t enpERBELEEORoPetaf oGPTPLlEKe FOREREBANEp At FrROFEEAPRCIERE QFr t her
stirred at the tenperature for 4 hours. After having been thus stirred,
the clay cofrepes &hifgbdor Cxouns § ke 10 of thenBeriogde Frbde.distill ed
wat er was added to the clay slurry, and then filtered in a pressure
cont ai ner, for wiith Awmathabfion rmoducing 4 idatted visdioncdefbneddivmerof 1
[err]mwi th an '

production, which comprises contacting (A) clay, a claymineral

or an ion-exchanging layered compound, (B) an organic silane

compound and (C) at least 1 % by weight, relative to the dry

weight of the component (3), of water with each other, followed

by further contacting the resulting product with (D) a

transition metal complex containing a transition metal of

Groups 4 to 6 or Groups 8 to 10 of the Periodic Table and (E)

an alkylating agent.

11. The method for producing a catalyst for olefin
polymerization as claimed in claim 9, wherein the step of
contacting (A) clay, a clay mineral or an ion-exchanging
layered compound, (B) an organic silane compound and (C) at
least 1 % by weight, relative to the dry weight of the component
(A) , of water with each other, followed by further contacting
the resulting product with (D) a transition metal complex
containing a transition metal of Groups 4 to 6 or Groups 8 to
10 of the Periodic Table is effected in an anhydrous aprotic
solvent,

12. The method for producing a catalyst for olefin

polymerization as claimed in claim 10, wherein the step of

AT
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aerial pressure of 1 kg/cnferr]G being applied thereto. The filtration
took 15 m nutes. Next, the resulting soIThgsﬁeeﬁgagggmmcgirl ed under

reduced pressure at roomtenperature for 8 !I prepared a
si | ane- processed clay A 2 mg of the thus %@mgkdery,
sil ane-processed clay A and 200 ng of potassiu ground and

mxed 1in an agate nortar. The resulting powder m xture was shaped into

battorn (spEBPFAREAS: aAT iy, £ oY ASRErRE RN 1 Se‘%f”‘)”%”ﬁe e
starting cl Na- nont no nlte and 200 ot a55| om.de were
oround © i 1HeRAY SBRORY LB A5 8o % o LR et At G B

130 The tabl et was subjected to_ infrared absorption spectromatry
The pat t er n1E8BECk B BpifBes FoHRGLvS to The dry uesghE Gt Fh CHTBARRE

spectrum B was conpared wth each other for the difference between the
two. From t P}, vef sraten vithiearh Réhepectolovnchiey forther contacting

di et hyl di chl orosilane treatnment additionally appearing in the pattern A
The speciftbeabesppting preluchrwisth 10Y1acrijremsiticd fedelcdosedpex The
difference spectrumCis in Fig. 3. (2) Preparation of catalyst for olefin
pol ynmeri zat containing a transition metal of Groups 4 to 6 or Groups 8 to

10 of the Periodic Table and (E) an alkylating agent is effected

in an anhydrous aprotic solvent.

13. A method for producing olefin polymers, for which
is used the catalyst for olefin polymer production of any one
of claims 1 to 8.

14. A method of producing a catalyst for olefin
polymerization from a transition metal compound and a silane
compound-processed elay, which comprises contacting a
transition metal compound with a silane compound-processed
clay as prepared by contacting a clay dispersion of water-
swellable clay in water with a silane compound.

15. The method of producing a catalyst for olefin
polymeriéation as claimed in claim 14, wherein the water-
swellable c¢lay is a phyllosilicate.

16. The method of producing a catalyst for olefin
polymerization as claimed in claim 14, wherein the water-
swellable clay is of the smectite family or the mica family.

17. The method of producing a catalyst for olefin

polymerization as claimed in claim 14, wherein the water-
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One g of the silane-processed clay A that had been prepared in the
previous step (1) was suspended in 25 m of toluene, to which was added 25
m of a toluene solution of triisobutylalum nium having a concentration of
0.5 nols/liter, and stirred at 100[err]C for 1 hour. The resulting slurry
was washed with toluene, and toluene was added thereto to be 50 m in
total. 5mM of the slurry was put into a Schlenk' s tube, to which

G ety si 15T enin S IR pfoa bt nad b IRo 48 SR et 2P BHIEL i ng

a concentra& qponf o]ril[lernr‘]t |/m, and stirred at roomtenperature for 30
mnutes to prepare a cata %gt for polynerization. (3) Polynerization of
propyl ene:

00 of t.qluene_and 2.0.nmmol s of riisq%ytyl | yn ni um
Were put into a 186 | iMg ARG (06, PERACFLAT o8 SRLRIEY |XOF TaLetin
131 this was added 6 m (corresponding to 0.1 g of the solid
clay) of tPRVIR%HZARIAM3S Had e BRY RIS IGToERE I £0iTolsWReERIN (2) .
The contents of the autoclave were again heated at 70[err]C, and kept at
t he tenper & WY Y spegisAiene3s BREPPFID e spersipgnrpiasosrgliskle
thereinto to have a pressure of 5 kg/cnferr]G and pol ynerized for 30
m nut es. Nesday nit hdatérwaf adiddeass 40 times by weight the clay is
contacted with a silane compound.
19. The method of producing a catalyst for olefin
polymerization as claimed in any one of claims 14 to 18, wherein
" the silane compound is represented by a general formula (II-1):
(R)n-Si-X(4-n) (II-1)
where R represents a substituent of which the atom in the site
directly bonding to the silicon atom is a carbon, silicon or
hydrogen atom; X represents a substituent of which the atom
in the site directly bonding to the silicon atom is a halogen,
oxygen or nitrogen atom; plural R's and X's, if any, may be
the same or different ones, respectively; and n represents 0
or an integer of from 1 to 4.
20. The method of producing a catalyst for olefin
polymerization as claimed in any one of claims 14 to 18, wherein
the silane compound is represented by a general formula (II-2):
(R)m—Si-X(4-m) (I1-2)
where R repfesents a substituent of which the atom in the site

directly bonding to the silicon atom is a carbon, silicon or

hydrogen atom; X represents a substituent of which the atom

\\\
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this to stop the polynerization. Pol ypr opyl ene thus produced was
taken out through filtration, and dried at 90[err] C under reduced pressure
for 12 hours. Its yield was 29.4 g. The polynerization activity per the
catal yst used was 588 g/ g-catalyst/hr. The activity per the zirconium
metal in the catalyst was 650 kg/g-Zr/hr. Exanple I11-2: (1) Preparation
of sil ane-processed clay B: A sil ane-processed clay B was prepared in

the same s 82thNuiclay BUARBLS &d bnd o o0eH gl 5 8 ShlaBgeRoTPOUN

of triethylchlorosilane, not ane, was use her ei n.

The sil ane- S I ubj P ed . t]
spectronetry i&? hogrdsngntgtyor#r?\r,]%r%oglé ?‘g%gguél ?ﬂcﬁ_%:(’ $ 'gziL\a/éé%gl éc%n?'pcbe
absorption peaks at 1078 err 1065 cnf er.r and 1003 cnferr].._ The

di f ference sped&FitPd (;’sfﬁc%[%fthﬁ.s' ’(%pr%‘?%lp‘%ﬁ]%’l 8RIT TSRS BP ol efin
pol ymeri zatj on: 132 A
catal yst f orRET PHATARA £2 i%on was prepared in the same manner as in
(2) in Example 111-1, except that the silane-processed clay B as_above,

but not the sil aRé-pr s IRENQ a9f APrRaYciBed ahetaialysY 35oporyatinzati on

of propyl ene:
polymerization as claimed in any one of ¢laims 14 to 20, wherein

the transitionmetal compound is a complex of a transitionmetal
of Groups 4 to 6 of the Periodic Table having a conjugated
five-membered ring as the ligand, or a complex of a transition
metal of Groups 8 to 10 of the Periodic Table having an organic
ligand as bonded to the transition metal via a nitrogen or
phosphorus atom therebetween.

22. The method of producing a catalyst for olefin
polymerization as claimed in any one of claims 14 to 21, wherein
the components are further contacted with an organic metal
compound with a metal of Groups 1, 2, 13 and 14 of the Periocdic
Table.

23. A catalyst for olefin polymerization, which is
produced according to the method of any one of claims 14 to
22.

24. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for
olefin polymerization of claim 23.

25, A catalyst for olefin polymerization, which
comprises a transition metal compound and a silane

—_—
—_—
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Propyl ene was polynerized in the sane manner as in (3) in Exanple II11-1,
except that the catalyst for olefin polynerization having been prepared in
the previous step (2) was used herein. The yield of the pol yner obtai ned
herein was 20.8 g. The polynerization activity per the catal yst used was
417 g/ g-catalyst/hr. The activity per the zirconiumnetal in the catalyst

was 458 kg/g-Zr/hr. Exanple 111-3: (1) Prepar ation of sil ane-processed
I C A
in (1) in Egaﬁb?ﬁﬁ%aﬁfagé%i%%%?% L 51088 LU S Boghl stATSTRAr A9

[ hyl chl. 1
The si | ne. pgiﬁé%e%a%eet‘r %’s%ﬁgégﬁe gl o ?ﬁ(#i??a i n#epf‘ff’i&??r g "
bsor L??ﬁ%r%sﬁ%éaﬁ@%nﬁ%fﬁn 1877 @#fbs %igﬁ‘vrﬁ%s F Yo7

cnferr]. The difference spectrumE is in Fig (2) Preparation of
catal yst for ol efibn pgh?n%ﬁ‘Yaz]aX§1br1€°r °lef1}5l Eﬁ%&?‘?&“‘%@ |3 iG}aimed
pol ynerization was prepared in the sanme manner as in (2) in Exanple I11-1,

except t hatiphelaim 25, wherein the silane compowggi-processed clay is
si |l ane-processed clay C as above, but not the silane-processed clay A was
used her ei nprepaye®@bivpmydesstinga phyplopglénate with a silane compound.
27. The catalyst for olefin polymerization as claimed
in claim 25 or 26, wherein the silane compound-processed clay
is prepared by processing a mineral of the smectite family or
a compound having a smectite structure with a silane compound.
28. The catalyst for olefin polymerization as claimed
in any one of c¢laims 25 to 27, wherein the silane
compound-processed clay is prepared by processing
montmorillonite with a silane compound.
29, The catalyst for olefin polymerization as claimed
in any one of claims 25 to 28, wherein the transition metal
compound is a complex of a transition metal of Groups 4 to 6
of the Periodic Table having a conjugated five-membered ring
as the ligand, or a complex of a transition metal of Groups
8 to 10 of the Periodic Table having an organic ligand as bonded
to the transition metal via a nitrogen or phosphorus atom
therebetween.
30. The catalyst for olefin polymerization as claimed
in any one of claims 25 to 29, which further contains an organic
metal compound with a metal of Groups 1, 2, 13 and 14 of the

—
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Propyl ene was polynerized in the sane manner as in (3) in Exanple II11-1,
except that the catalyst for olefin polynerization having been prepared in
the previous step (2) was used herein. The yield of the pol yner obtai ned
herein was 31.8 g. The polynerization activity per the catal yst used was
636 g/ g-catalyst/hr. The activity per the zirconiumnetal in the catalyst

was 700 kg/g-Zr/hr. Conparative Exanple Il11-1: (1) Preparation of
si | ane- proceﬁéﬁdoﬂ@ym.a% ' A sil ane-processed clay D was prepared in
the sane manner ~as in “in Exanple I11-1, except that a silane conpound

of tetra-n-butylsilan but., not _di ethclé:glic_hl orosi |l ane, was_used erein..
The sil ane- procesgch-id cl ym6£%§ £QB; 39 n?ré’?gﬁ'elyéﬁscﬁ% i Bﬁegln
spectrometry in the same manner, as previously. As processed with
t et r a- n- but WY 23 HiQ ga PP spEePPFESesns 6PptRGH I BEak & n BllamRe
falling between 1090 and 1050 cnferr]. (2) Pr egar ation of catalyst for
ol efi n pol yrampeRndsiprocessedactay Hith af srapsitien matatecomporng and
prepared in the_ sane manner as in (2) in Exanple I11-1, except that the
si | ane- pr oc édxs éthighapaida §1480¢ ecomprunditprdwessddaipd apr dsepreparedidyy A, was
used herein. 134 (3)
Pol yneri zat ieamtsfctgmgpy eidane compound of a general formula (III-1):
(R)n~-Si-X(4-n) (ITII-1)
where R represents a substituent of which the atom in the
site directly bonding to the silicon atom is a carbon,
silicon or hydrogen atom; X represents a substituent of
which the atom in the site directly bonding to the silicon
atom is a halogen, oxygen or nitrogen atom; plural R's and
X's, if any, may be the same or different ones,
respectively; and n represents an integer of 2 or 3,
with clay, and gives absorption peaks in a range between falling
1080 and 1050 em™ and/or in a range falling between 1015 and
995 am™ in infrared absorption spectrometry.
32. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for
olefin polymerization of any one of claims 25 to 30.
33. A method for producing olefin polymers, wherein
olefins are polymerized in the presence of the catalyst for

olefin polymerization as obtained according to the method of

claim 31,
-

|
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Propyl ene was pol ynerized in the sane manner as in (3) in Exanple II1-1,
except that the catalyst for olefin polynerization having been prepared in
the previous step (2) was used herein. The yield of the pol yner obtai ned
herein was 0.6 g. The polynerization activity per the catal yst used was

12 g/ g-catalyst/hr. The activity per the zirconiumnetal in the catalyst
was 13 kg/g-Zr/ hr. As described in detail hereinabove, the catal ysts
for olefin polynerization of the in i are prepared within a short
period of tine. They have hi gh pol ymertZation activity, and do not require

a | arge amount of an oraa calu ym, ¢ un W. m r
hi gh-qual ity pol f}i ef 1t r?%alo cﬁr}ced eﬁ c,q% thlttEfd ctaﬁ: 19(52%13; rret al

(lzggt ent of 1 tfef:.gogﬁ.ymresrllz%tr{%%h trc:ee.ii.j g:.c:i.ent methods for producing them,

and to efficient methods of using the catalysts for producing
high-quality polyoclefins. The olefin polymerization with the
catalysts does not require a large amount of an organic
aluminium compound, and the residual metal in the polyolefins
produced is much reduced. The catalysts are characterized by
containing a product as prepared by contacting any of clay,
a clay mineral and an ion-exchanging layered compound, an
organic silane compound, and water with each other, or by

containing a silane compound-processed clay.
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What is clainmed is: 1. A catalyst for olefin polyner
production, which is obt ai ned by contacting a product as prepared by
contacting (A clay, a clay mneral or an ion-exchanging | ayered
conpound, (B) an organic silane compound and (C) at |east 100% by

wei ght, relative to the dry weight of the conponent (A), of water
with each other with (D) a transition netal conplex containing a
transition nmetal of Groups 4 to 6 or Goups 8 to 10 of the Peri odi c
Tabl e. 2. A catal ?;st for ?l Sfi n pol ymer production, which is

obt ai ned by contacting a pr dLﬁ:‘tg'as pPepared by contacting (A clay, a
clay mneral or an ion-exchanging | ayered conpound, (B) an organic
silane compound and (C) at |east 100% by wei ght, relative to the dry
wei ght of the conponent (A), of water with each other with (D) a
transition netal conplex containing a transition netal of Goups 4 to 6
or Groups 8 t & %§0¢tr—The PeT ot T Tabte—amd—( &)
3. The cat %lsl‘o?l $.6n ol ef i npol ymer producti onas cl ai med in clai
wherein the cofnpongnt (A) , clay, a clay mneral or an ion-
| ayered conpound i$_selected from phyll osilicic acid conpounds.

4. The catalyst for ol efin polyner duction as clained i nf any one
of claims 1 to 3, Wherein the ca entw organi c sil ane
compound has at |east one al group directly bonded to thel silicon
atom of the conpound. 5. [del eted] \ 136

\
\

O.GOW r 1 2 [ ‘ i L 1 ' ' st 3 ' | T : 1 1

1150.0 1180.9 1050.0 1000.0 956.0 900.@

WAVE NUHMBER



6. The catalyst for olefin polymer production as clained in any one of
clains 1 to 5 wherein the conponent (D), a transition netal conplex
containing a transition netal of Goups 4 to 6 or Goups 8 to 10 of the
Periodi c Table has a | i gand havi ng a carbon-carbon unsaturated bondi ng
group or a carbon-ni trogen unsat urated bondi ng group. 7. The
catal yst for olefin polynmer production of any one of above 1 to 6,
wherein the conponent (D), a transition netal conpl ex containing a
transition netal of Goups'4 to 6 or G oups 8 to 10 of the Periodic Table
is represented by any of the follomﬁnﬂ general fornulae (1-1) to (I-4):

0]

Qerr] (Cerr]Herr]Rerr]) (C[E(r JHRerg) Rlerr]) Merr] X err]Y[err]

(-2 Qerr] (Cerr]JHerr]R%fr]) Zerr]Merr] X err]Y[err]

(1-2) (Jerr]Herr]Rerr]) Merr]Xerr]Y[err]Werr] (I-3)
Llerr]L[err]Merr] X[err]Y[err] (1-4)
where  err] ENts—a bomdr ng-group—that—e+osst-hks—e—twe— conj ugat ed

fhmwmm%gj@mwcImmWS(quH{HHRMH])am (Jerr]H err]Rerr])
; CQrepresenf a bonding. group that crosslinks the conjugated
five-nmenbered cyclilc ligand ((err]Herr]Rerr]) and the group |Z[err];
Rlerr], Rerr], Regrr] and R err] each representahydrocarbongroup, a

hal ogen atom an al koxy group, a silicon-containing hydrocarbonjgroup, a
phosphor us- cont ai nijng hydrocar bon group, a nitrogen-

[

v

! 3 I 1 e 1 | ] ' 1 3

1000.0 950.0 $00.0
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cont ai ni ng hydrocarbon group, or a boron-containing hydrocarbon group; and
a plurality of these groups, if any, nmay be the sane or different, and may
be bonded to each other to forma cyclic structure; a represents 0, 1 or
2; b, c and d each represent an integer of fromO to 5 when a = 0, or an
integer of fromO to 4 when a = 1, or an integer of fromO to 3 when a =
2; e represents an integer of fromO to 5; Merr] represents a transition
nmetal of Goups 4 to 6 of the Periodic Table; M represents a transition
metal of Groups 8 to 10 of the Periodic Table; L[err] and L[err] each
represent a coordination-bonding ligand; _ Xerr] , Y[err] , Zerr] and
Werr] each represent a covalem?-ﬁ' di 8g pbr ionic-bonding |igand; and
L[err], L[err], Xerr], Y[err] and err] may be bonded to each other to

form a cyclic-structure. 8. The catalyst for ol efin polyner
production as glsasged —in any one of clains 1 to 7, wherein the conponent
(E), an al kyl atingj agent is an organi c al um ni um conpound. 9. A

met hod for ABRFGIENNG a catal yst for ofefin polymer production, which
conprises contacting (A) clay, a claynineral or an ion-exchanginp |ayered
conpound, (B) an organic silane und and (C) at |east 100% by

wei ght,relative to the dry q\

_0.1393 3 12 A '.l ' LA L] ] I L] * [ . l ] i 3 i l ] L} J :
j150.0 1100.0 1099.0 1060.0 950.0 900.0
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wei ght of the conponent (A), of water with each other, followed by
further contacting the resulting product with (D) a transition netal
conpl ex containing a transition netal of Goups 4 to 6 or Goups 8 to
10 of the Periodic Table. 10. Anet hodf or produci nga catal yst for
ol efin pol yner production, which conprises contacting (A clay, a clay
m ner al or an ion-exchanging | ayered conpound, (B) an organic sil ane
conpound and (C) at |east 100% by weightrel ative to the dry wei ght of

t he conponent (A) , of water with each other, followed by further
contacting the resulting pr odgctF,\/gf,thq,(@) a transition netal conplex
containing a transition netal of Golps 4 to 6 or Goups 8 to 10 of the
Periodi c Table and (E) an al kyl ati ng agent. 11. The method for
produci ng a catal yst for olefin pol ynmeri zation as claimed in claim9,
wher ei n t he 4Ps G —comtactg—(A—etay—a——ctay—Ri-Reral—or—an,
i on- exchaf@hipghow || ayered conpound, (B) an organic silane conpoupd and (Q)
at | east 100% by wei ght, rel/atinve to the dry wei ght of the conponent

(A), of water witlh each ot her o owed by further contacting jthe

resul ting productf with (D) transi\tion y conpl ex containjng a
transition netal {of Goupg”4 to 6 o \OHps 8\ to 10 of the Periodic Table
is effected in an anhydrgus aprotic sol vent | 12. The ngthod for
produci ng a cat al olefin polynerizati as clainmed in claiml0,
wherein the step _

-OASQSQ L } i H l Ll L [ 1 1 3 ) . ' | . ) s n l ] \_r ¢t
1150.0 1160.0 1050.9 . 1000.0 50.0 902.0
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139 contacting (A) clay, a clay mneral or an ion-exchanging
| ayered conpound, (B) an organic silane conpound and (C) at | east 100%
by weight, relative to the dry weight of the conponent (A, of water
wi th each other, followed by further contacting the resulting product
with (D) a transition netal conplex containing a transition netal of
G oups 4 to 6 or Goups 8 to 10 of the Periodic Table and (E) an
al kyl ating agent is effected i n an anhydrous aprotic solvent. 13.
A method for producing olefin polyners, for which is used the catal yst
for olefin polyner production ?; any, one of claims 1 to 8. 14. A
met hod of producing a catalﬁét '@ ef/in polynerization froma transition
nmet al conmpound and a silane conpound-processed clay, which conprises
contacting a transition netal compound with a silane conpound-processed
clay as prepat¥ oy conmtacting—acray—ti-spersi-en—ot—water—swe) | abl e cl ay
in water ?kgﬁm@~silane conpound. 15. The nethod of producing a
catal yst for ‘oleffin polyneréﬁ;iion as claimed in claim14, whefrein the

y

water- swel |l abl a_ |l osilicate. . 16. The nethod of
produci ng a cat al pol ymeri zation as clainmed in c]aim 14,
wherei n the wat er, swel l able clay is At hé¥strectite family or|the nica
famly. 17.¢ The net hod of phkodugcin cat st for olefip

-0.4329 ) N S T 1 ! ) S S I 'S T [ P S | [ [
1150.0 1100.9 1059.0 1600.4 o50.8 900.@
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p@elryrm;ri.zét i'on.as clainmed i'n claim 14, wherein the water- |
sweél | able clay. is an alkali nmetal or alkaline eart h netal sall{ RE%‘FACEMENT SHEET

nontnorillonite. 18. The met hod of—predueinga catalyst{fpr olefin

pal yneri zati‘on as claimed in any one of ' N‘ _ wher gi b (ab clitly 2069
di spersion as prepared by dispersing wa!)& ‘Eﬁ i “ may i n|wht er of at
lleast 40 tinppaky ;4eicaBlinde igay is ¢ 2 ' .

19. The nethod of producing a catalyst for olefin polynerizgtion as

a+si | ane} conpound.
| ai ed i ¢ clai 1 . . ) :
Cepr osent od by a generalrar R a o CheP IR Bolymipbfeqdees AP 15

I1-1) wh At _ " f
(1) e RS SRS AR Lol WUl s RO i ol 1

atom X represents a substjtuent of which the atom in the sjte directly
bondi ng to tFER¥r | cHRRIBHREERL PRI WY SERFTIRH H’iatyl’e(ﬁf'é?\ Uy al
Rs and X's, if any, nmay be__the sane or diff?r?nt ones, reSﬁgc ive%; hahnd
n represent s(®) an onganicegilape epmRpundrnd (C) at 4gasg,L0fa fyy sttt
produci ng a catal yst for_olefin ol ri.zation as clajnmed. in an ne_ of
claims 14 tor3Rt %r'é?ntg?hgr?i V’%ﬁgﬁgg%oghﬁ Fgwgﬁ?’éégﬁf%d 8% ﬁ' Stier al
formula (I1-@)eh each offer| @hitth- $b) Xa[ etadhsition metal (¢dmBlexwhenetakning

represents a substituent of which the atomin the site <directly_bonding to
the silicon attornsibicar bertalspli @omps 4 to 6 or Groups 8 to 10 of the

Periodic Table.

2. A catalyst for olefin polymer production, which is
obtained by contacting a product as Prepared by contacting (&)
clay, a clay mineral or an ion-exchanging layered compound,

(B) an organic silane compound and (C) at least 100% by weight,
relative to the dry weight of the component (A), -of water

with each other with (D) a transition metal complex containing
a transition m_etal of Groups 4 to 6 or Groups 8 to 10 of the

Periodic Table'and (E) an alkylating agent.

3. The catalysﬁ for olefin polymer production as claimed
in'claim 1 or 2, wherein the component (A), clay, a clay mineral
or an Iion-exchanging layered compound is selected from

N pl.myllosilicic acid compounds.

4. Thecatalyst for olefinpolymer production as claimed
in any one of claims 1 to 3, wherein the component (B), an
organic silane compound has at least one alkyl group directly
bonded to the silicon ;tom of the compound.

5. The catalystf o.r olefin iaolymer pProduction as claimed
in any one of claims 1 to 4, wherein the amount of the component

{(C) , water is at least 1 % by weight relative to {:he dry weight

|P0S
- This Sheet Has Been Replaced
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hydrogen atom. X represents a substituent of which the atom|REPLACEMENT SHEET
141 in the site directly bonding to the silicon at Ss—a

hal ogen, oxygen or nitrogen atom plural Rs and X's, if any, rr@y.b 32” éﬁ
sanme or different ones, respectively; and mrepresents an ijntjeger £ uf
1to 3. 21. The nethod of producing a catalyst for ollefl

pol yneri zation as clained in any one of clains 14 to 20, whgrein the

transition nmetal conpound is a conplex of a transition netal*~of—G-etps—4

to 6 of the Periaodi.c Tabl elehgvi ng a conj ugat ed five-nengbered ri as. t he
ligand, or a CORFPERIBE a BYIRFTIRA nIEEPPef @oup? 8RAFRT B ing
Peri odi c Tabl e having_an organic |igand as_bonded to the transition netal

via a nitrogeRYGEOBRESHNGFGEPat BRft RePLBERIREY of these grouniy e RRY of
produci ng a catalyst for olefin__polynerization as clainmed in any one of
claims 14 to may Rpackthe rameorcdipbasans, ard mav ber bepdedcte®agh lptder
organic netal conpound with a netal of Goups 1, 2, 13 and 14 of the
Periodi ¢ Tabte. form a g8clAdccatabgsureéor ol efin pol ynerization, which is
produced according to the nmethod of any one of clains 14 to 22. 24.
A nethod for g@redpeesgnokebdinipokryfers, wherein olefins are polynerized in

t he presence of the catalyst for
b, ¢ and d each represent an integer of from 0 toc 5 when a =

0, or an integer of from 0 to 4 when a = 1, or an integer of

from 0 to 3 when a = 2;

e represents an integer of from 0 to 5;

M! represents a tfansition metal of Groups 4 to 6 of the

Periodic Table;

M? represents a transition metal of Groups 8 to 10 of the

Periodic Table;

L! and L? each represent a coordination-bonding ligé.nd;

X', Y!, Z! and W! each represent a covalent-bonding or

ionic-bonding ligand; and

L} L% X! Y' and W! may be bonded to each other to form
. ‘a cyclic structure. |

8. The catalyst for olefin polymer production as claimed
in any one of claims 1 to 7, wherein the component (E), an
alkylating agent is an organic aluminium compound.

9.. A method for producing a catalyst for olefin polymer
production, which comprises conta'cting (A) clay, a claymineral
or an ion-exchanging layered compound, (B) an organic silane

compound and (C) at least 100% by weight,relative to the dry
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ol efi 4 pol ymeri zation of claim23. 25. A catalyst for
pol ynmeri zation, which conprises a transition nmetal conpoun
142 * conpound- processed clay that gives absorption
range falling between 1090 and 1050 cniferr] and/or in a ran
bet ween 1015 and 995 cnferr] in infrared absorption spectrom
The catal yst for olefin polynerization as clained in claim

REBLACEMENT, SHEET

hebks in a
el f 81815t 2001
bt y. 26.
PS5, Wher erm i
osilicate

si | ane compound- processed clay is preparedbyprocessi ng aphy

with a silane conpound. +27. The catalyst for olefin po
claimed in CVEFEE§5°6Fj§B?Q%B%?%?E e %fPﬁﬁéﬂbﬁhﬁ%ﬁﬁﬂﬂp@gb
prepared by processing a mneral of the snectite famly or

havi ng a smeck¥t efurther ucenkpctingsi thee resupsdng. produckg

| ymeri zation as

essdplelanedi s

a _conpound
withe (R)alay/st

for olefin polynerization as claimed in any one of clainms 25 to 27,
wher ei n the straneitionpoetdlprargdesd coridning 2 tyeiephtibon lgtal of

processing nontnorillonite with a silane conpound. 29

. The cat al yst

for ol efin potysepszattonéasrctavupd 8i toahy Ofetlpd PéAi 6Bi@5TaW1 &8,
wherein the transition nmetal conmpound is a conplex of a transition netal
of Goups 4 to 6 qfo.t ha ieeiricliFer ddudiay 800 ugak e ddiepaRghered
ring as the ligand, or a conplex of a transition netal of G oups to 10

of the Peri odbfodwdt ol AVhigharongs ikt S cbh8a8e1A§ RINEEL, a clay mineral

or an ion-exchanging layered compound, (B) an organic silane

compound and {C) at least 100% by weight,relative to the dry

weight of the component (A), of water with each other, followed

by further contacting the resulting product with (D) a

transition metal complex containing a transition metal of

Groups 4 to 6 or Groups 8 to 10 of the Periodic Table and (E)

an alkylating agent.

11. The method for producing a catalyst

for olefin

polymerization as claimed in claim 9, wherein the step of

céntacting (A) clay, a clay mineral or an ion-exchanging

layered compound, (B) an organic silane compound
least 1 % by weight, relative to the dry weight of th

(A) , of water with each other, followed by further

and (C) at
e component

contacting

the resulting product with (D) a transition metal complex

containing a transition metal of Groups 4 to 6 or

Groups 8 to

10 of the Periodic Table is effected in an anhydrous aprotic

solvent.

12. The method for producing a catalyst

for olefin

polymerization as claimed in claim 10, wherein the step of

*
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togthe transition nmetal via a nitrogen or phosphorus atom therebetween.
30 The catalyst for olefin polynerization as clained in any one of clains
25 to 29, which further contains an organic netal conpound with a netal of
Goups 1;. 2, 13 and 14 of the- 143

Periodi ¢ Tdhat is claigéd Asmet hod for producing a catalyst for olefin

pol yneri zation, which conprises contacting a silane

conpound- processad chagathliysa foansliéfdn pelvher gmpodwmdtand, whiwh dhs said
si | ane compound- processed clay is prepared by contacting a silane conpound

of a gener gy {.0ffath & bbhtakting a fprdd@dt Sk pHepaded by contactifg I(a))

where R represents a substituent of which the atomin the site directly

bondi ng to e, Si iga, g;aeaa aﬁ_aarrﬁ%n —exchSilgi SN 10f Bl QiSR-GLART, X

represents the atomin the Site directly bondlng

to the sili atom.i S. t et e
and S(%%I PraftyIfay %% our%?qﬁ]éﬂanft o%ggge ng?esl?glect Vel ys

and n repr sent t Whd €S o#b Rt on
peaks in ang%ngggfhg a??§ gegﬁdgoognd 16%%ﬁ%%£§§g Q%ZQLOQ i n ra e
falling betwegn el carinier %Stbn{@} 3 FFRGITH A ‘Eﬁ%rﬁ?’r‘B e§p€8{’ :

32. A nethod for producing olefin pol r
‘a transpltlon mgtal of Grpoupys ’go éMg:r Sroups 8 to 10 of the

Periodic Table. .

2. A catzalyst for olefin polj_(rner production, which is
obtained by contalcti'ng a product as prepared by contéciing (A)
cl'al.r , a clay mineral or an ion-exchanging layered compound,

(B) 2n organic silane compound and’ (C) at least 100% by weight,
relative to the dry weight of the component (A), of water
w1th each other with (D) a transition metal complex containing

a transition metal of Groups 4 to 6 or Groups 8 to 10 of the

Periodic Table: and (E) an alkylating agent.

3. The catalyst forolefin polyme:;: prod'uction as claimed
in-claim 1 or 2, wherein 'i:he component (a) , clay, a clay mineral |
or an ion-exchanging layered compound is selected from
pleyllosilicic acid compounds.

4. The catalyst for olefin polymer production as claimed
in any one of claims 1 to 3, wherein the component (B), an
organic silane compound has at least one alkyl group directly

bonded to the silicon atom of the compound.

s e R
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ol eBins are polynmerized in the presence of the catalyst for olefin

pol yneri zation of any one of clains 25 to 30. 33. A nethod for
producing ol efin polynmers, wherein olefins are polynerized in the presence
of the catalyst for olefin polynerization as obtained according to the

met hod of claim 31. 144

€. The catalyst for olefin polymer production as claimed
in any one of claims 1 to 5, wherein the component (D), a
tr_ansition metal complex containing a tran;ition metal of
Groups 4 to 6 or Groups 8 toc 10 of the Periodic Table has a
ligand having a carbon-carbon unsaturated bonding group or a
carbon-nitrogen unsa.turat.ed _bonding group.

7. The catalyst for olefin polymer production of any one

of above 1 to 6, wherein the 'compone'nt (D) .- @ transition metal

complex containing a transition metal of Gioups 4 té 6 or Groups
8 to 10 of the Periodic Table is represented by any of the
following general formulae (I-1) to (I-4): |
Q', (CsHe-,»RY) (CoH,s,  R2) M'X'Y'  (1-1)
Q?, (CsHs_,_4R?®,) Z*M*X'Y? S (I-2)
(C;H,_.R*,) MIX'YW? . (I-3)
L'L2M2XY? (1-4)
w.here Ql'represents a bonding group that crosslinks the two
" conjugated five-membered cyclic ligands (C;H,_,_,R',) and

(CsHs_,_.R?)) ;
Q 2rep:resents a 'bonding. group that crosslinks the conjugated
five-membered cyclic ligand (C;H,-,_,R*,) and the group
Z?1;
R?, R?, R? and R* each represent a; hydrocarbon group, a halogen
atom, an alkoxy group, a silicon-doﬁtaining hydrocarbon group,

a phosphorus-containing hydrocarbon group, a nitrogen-~

o
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weight of the componént (a) , of water with each other, followed
by further contacting the resulting product with (D) a
transition metal complex containing a transition metal of

Groups 4 to 6 or Groups 8 to 10 of the Periodic Table.

10. Amethod for producing a catalyst for olefin polymex

production, which comprises contacting (&) clay, a claymineral
or an ion-exchanging layered compound, (B) an organic silane
compound and {C) at least 100% by weight,relative to the dry
~ weight of the component (A), of water with each other, followed
by further contacting the resulting product with. (D) a
transition metal complex coz;x.taining a transition metal of
Groups 4 to 6 or Groups 8 to 10 of the Periodic Table and (l-:.‘)

an alkylating agent.
The method for producing a catalyst for olefin

11.
polymerization 'as claimed in claim 9, wherein the step of
céntacting (a) clay, a2 clay mineral or an ion-exchanging
layered compound, (B) an organic silane compound and (C) at
~ . least 100% by weight, rela_ﬁive to the dry weight of the component
(A) , of water with each other, followed by further contacting
the resulting product with (D) a transition metal complex

containing a transition metal of Groups 4 to 6 or Groups 8 to

10 of the Periodic Table is effected in an anhydrous aprotic

solvent.

12. The method for producing a catalyst for olefin

zlym\mzmi as clrlclimed in claim 10, wherein the step of
A g o

§ *
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contacting (A) célay, a2 clay mineral or an ion;exchanging
'l_ayered compound, (B) an organic silane compound and (C) at
least 100% by weight, relative to the dry weight of the component
(A) , of water with each other, followed by further contacting
t};e resulting product with (D) a transition metal complex
containing a transition metal of Groups 4 to 6 or Groups 8 to
10 of the Periodic Table and. (E) an alkylating agent is effected
in an anhydrous aprdtic solvent,
13. A method for producing olefin polymers, for which
is used j.the catalyst for olefix_n polymer production of any one

of claims 1 to 8.

14. A method of producing a catalyst for olefin
polymerization from a transition metal compound and a silane
compound-processed élay, which comprises éontacting a
transition metal compound with a silane compound-processed
clay as prepared by contacting a clay dispersion of water-
swellable clay in water with a silane compound.

15. The method of producing a catalyst for olefin
polymerization as claimed in c¢laim 14, wherein the water-
swellable clay is a phyllosilicate.

16. The method of producing a catalyst for olefin
polymerization as claimed in claim 14, wherein the water-
swellable clay is of the smectité family or the mica family.

17. The method of producing a catalyst for olefin

polymerization as claimed in . claim 14, wherein the water-
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