DESCRI PTI ON CATALYST FOR POLYMERI ZI NG AN OLEFI NI C MONOVER, METHOD F
PRODUCI NG AN OLEFIL.NI C POLYMER AND METHOD FOR PRODUCI NG A '
STYRENI. C POLYMER - TECHNI CAL F ELD The present invention relates to a
catal yst for polymnerizing an ol efinic nononer, and a nethod for producing
an olefinic polynmer or a styrenic polyner, and precisely, it relates to an
efficient and i nexpensive nethod for producing an olefinic polynmer and a
styrenic polynmer. BACKGROUND ART Recently, a nmethod has been
proposed of using a catalyst conprising a_netal |l ocene conpound and an
al um noxane for pol yneri zi ng ol ef PRECRAPTRENpr esence of the catalyst to
produce ol efin polyners (Japanese Patent Application Laid-Open (JP- A
Sho- 58- 019309, Hei-2-167307, etc.). It is known that the polynerizing
met hod of using such a catalyst is better than a mnethod of using a
convent i onafAZREEPEr FRRt PALEMERLJENGt Alt OLEEAPICs MONQMER, aMETHOSr Fo&nadi um
conpound and an organi ¢ al um ni um conpound since the pol ynerization
activity perPROUBICENG FN tQIHFINEGIPALYMER AND METHGD eROR cPROBUCING And
since the forner produces polynmers having a narrow nol ecul ar wei ght
di stribution. STYRENIC POLYMER

TECHNICAL FIELD

The present invention relates to a catalyst for

polymerizing an olefinic monomer, and a method for producing

an olefinic polymer or a styrenic polymer, and precisely, it

relates to an efficient and inexpensive method for producing

an olefinic polymer and a styrenic polymér.

BACKGROUND ART

Recently, a method has been proposed.df 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 Application Laid-Open (JP—'

A) Sho-58-019309, Hei-2-167307, etc.). It is known that fhe

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.



Anot hér net hod has been proposed for polynerizing olefins in the presence
of a catalyst that, conprises catalytic conponents of a transition netal
conpound and an alum noxane or organic alum nium conpound as carried on an
i norgani ¢ oxide such as silica, alumna or the like (JP-A Sho-61-108610,
Hei - 1- 101303, etc.). However, in order that the nethods noted above could
have a satisfactory degree of polynerization activity, a |arge anmount of
an al um noxane nust be used therein. Therefore, in those nethods, the
activity per alumniumused  is |l ow, and the nethods are uneconom cal. In

addition, sincePNAtheFge hes feen prPRCERC EpRibed Ye Gird NS P REL RS
formed, the nethods are further problematic in that the catal yst residue
nust be reh®vdde r BERERBCPOIGheRs FoEARYSENCRath. comprisegs | Fahabyhef
met hod has been proposed of using clay minerals as catalytic conponents
(JP- A Hei -componentsief m tramedtz orHametal3zempound anchps AdURHOXABREVeET ,
it is said that the clay mnerals to be used nust be pre-treated with
organi ¢ adurindanicedpudndyn esppeund|as wiarly Liest oplan dmorgamics oxide
trinmethyl al um niumwhich is extrenely expensive and dangerous. In
addi ti on, shehmeshosliliscar oblembbac dm that liike cliRxtA/sShoablt+iDBglper
alumniumtherein is not satisfactory and-the anount of the catal yst
resi due thdeinbyl0oeB@Bn dtc.t)he Hoedwetrs insorddemgehat the dethuaid noukdr, the
additional problemw th the nethod is that, when styrenic polyners are
produced asbovdi rould theve a satisfactory degree of polyderization
activity, a la-rg_e amount of an aluminoxane must be used therein.
Therefore, in those methods, the activity per aluminium used
is low, and the methods are uneconomical. 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
minerais as catalytic components (JP-A Hei-5-25214, Hei-5-
301917, Hei-7-33814). 1In this method, however, it is said that
the clay minerals to be used must be pre—tre'ated 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.

In particular, the additional problem with the method is

that, when styrenic polymers are produced according to the



met hod, the catal yst activity per alumniumis much lower than that in
produci ng other olefins according to it. The present invention has
been _made in constderation of the problens noted above, and its object is
to provide an efficient and i nexpensive nmethod for producing olefinic
pol ynmers and also styrenic pol yners havi ng a .
stereospecifically-controlled syndiotactic structure. The nethod is
characterized by using a silane conpound, and does not require a |large
anount of nethylal.ym noxane or fripethylal ym ni ym whi ch has poor, storage
arebi|i Ly Boehed: R, ARt 0T ac iy Ly e ndfbtaiiinbs iy 1oHRRLrERE " rn
addition, jn the nethod, . since the anpunt of thg,organic al um ni um
conpound t &k Jd%eﬂr‘?ﬁ(iu?%gt%?l&?rp%*?ﬁ%‘??z%??%ﬁ £9€t th 2Ean be greatly
reduced, the nmetal conponent that, may repain in the pol yners produced is
much reduced. THe? BBREERE HO R AR asHhs@ic 8@den 1PnECoRELABH2HEOR0PE
require post-treatment. DI SCLOSURE OF THE | NVENTI ON W, the present
i nvent or s Ha®ePrebhemshROteRe adig Vot anfbniFoneligpbvd scdip erevidet anel y
“attained by using a polynerization catalyst that conprises specific
cat al yti c eEbhpberht fndindnezpensiigl arethode fnrserodueiast i ohefinic

Specifically, the invention provides the follow ng: (1) A catalyst
for pol ymepdkymersl ef iamdc noabsers, swyiremiconppbipweta) ahavimg ti oa net al
conmpound, (b) at |east one o 3

stereospecifically-controlled syndiotactid structure. The
method is characterized by using a silane compound, and does
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. 1In
addition, in the method, 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
thepolymersproducaiisnmchreauced. Therefore, the polymers
produced in the method do not require post-treatment.
DISCLOSURE OF THE INVENTION

We, the present inventors have found that the object
mentioned above can be effectively attained by using a
polymerization catalyst that comprises specific catalytic
components, and have completed the present invention.
Specifically, the invention provides the following:

(1) A catalyst for polymerizing olefinic monomers, which

comprises (a) a transition metal compound, (b) at least one



menber selected fromclay, clay mnerals and ion-exchanging |ayered

conpounds, and (c). a sil ane conpound. (2) The catalyst for
pol yrreri zi ng ol efirnic nonomers of (1), which further contains (d) an
al kyl ati ng agent. (3) A catalyst for polynerizing ol efinic nononers,

which conprises (a) a transition nmetal conpound, (b) at |east one nenber
selected fromclay, clay mnerals and ion-exchanging |ayered conpounds,
(c) a silane compound, and (e) an organic al um num conpound. (4) The
cat al yst fozgﬁflynerizing ol efini.c nongners of 3), which further contains

(d) an al kjiegPeRg Sgdested from cIpvyhelaa Miparals agst yieRexahgnaisid ni c
mononers of any one of (1) to (4), wherein the silane conpound (c) is
r epr esent ed PTG EEEPHUNCEy mang: (C) a silaneRiagmpogind.err] in which R
represents a substituent of which the atomin the site directly bonding to
Si is carbon, sitZlcofhercayalvgenfoX Pelprerkning o kebstic manmmears wifi ch
the element in the site directly bonding to Si is halogen, oxygen or
ni trogen; pllirawhiRbs fanthers conftadms, (eRy are alkylsdrimgrgdtf.er ent - ones,
respectively; and n represents 1, 2 or 3. (6) The catal yst for
pol yneri zi ng ol df@)ni & ceoredingests fot pd BHymemihetedg olefiinit mondmers, which
4
comprises (a) a transition metal compound, (b) at least one
member selected from clay, clay minerals and ion-exchanging
layered compounds, (c) a silane compound, and (e) an organic
aluminum compdund.

(4) The catalyst for polymerizing olefinic monomers of
(3), which further contains (d) an alkylating agent.

(5) The catalyst for polymerizing olefinic-monomers of
any one of (1) to (4), wherein the silane compound (c) is
represented by a general formula:

RnSiX4—n
in which R represents a substituent_of which the atom in the
site directly bonding to Si is carbon, silicon 6r hydrogen; X
represents a substitutent of which the element in the site
directly bonding to Si is halogen, oxygen or nitrogen; plufal
R's and X's, if any, may be the same or different ones,
respectively; and n represents 1, 2 or 3.

(6) The catalyst for polymerizing olefihic monomers of

(5), wherein n is 1 or 2.



(7) Anmethod for producing olefinic polyners, which conprises

honmopol yneri zing or copol ynerizing ol efinic nononers in the presence of
the catal yst of anmy one of (1) to (6). (8) A nmethod for producing
styrenic polymers, which conprises honopol ymerizing or copol yneri zi ng
styrenic nmononers in the presence of the catalyst of any one of (1) to
(6). BEST MODES OF CARRYI NG OQUT THE | NVENTI ON Enbodi ment s of
carrying out the invention are described in detail hereinunder. 1.
Consti-tuent conponents for the catalyst for polynerizing olefinic
mononers: Trand?li oA matdiodobpoupdediicingomd@fanmiq apolymers, Vahichs type
of transition netal conpounds are usable as the conponent (a) in the

i nvent i on, cépprabes homopadyaer i zingf @r cegodymecdiziagmke Dinic avsbmeas
metals of Goups IVto VI of the Periodic Table and those of Goup VIII

I n vi ew of int hberpaesenceyofethpeccatbyypteber ang ane odnpainds db) .
transition netals of Goups IVto VI of the follow ng general formula (1)
to (3); and thog8)of AGmathod | foof prbautahbowtgrergenessl yihorsul ahiéh.
Qerr](derr]Herr]Rerr]b) (JerrJ]Herr]Rerr]jc)Merr]Xerr]Yerr]

e
1) &bepr | 6 65 elomodoa vimeR{ieihlgd £ keboll Mne ki 25 hey é*&%f@:ﬁi& monomers
2) “Merr]Xerr] (3)

[e

(
g rr]L[erih“ﬁﬁérbfégéﬁkg[éfrfhe catalyst of any one of (1) to (6). (4)
BEST MODES QOF CARRYING QUT THE INVENTION

Embodiments of carrying out the invention are described
in detail hereinunder.

1. Constituent components for the catalyst for polymerizing
olefinic monomers:
Transition métallcompounds for component (a):

Various type of transition metal compounds are usable as
the component (a) in the invention, for which, ‘however,
prefer:ed are compounds of transition ﬁetals of Groups IV to
VI of the Periodic Table and those of Group VIII. In view of
their activity, especially preferred are compounds of
transition metals of Groups IV to VI of the following general
formula (1) to (3); and those of Group VIII of the following

general formula (4).

0la (C5H5-a-bR1p) (C5H5-a-cR2c)MIx1 Y1y (1)
023 (C5HS-a-dR3q) 21MIx1pyly . (2)
M1x2, o (3)
Lln2M2xloyly ' (4)



wherei'n Qerr] represents a bonding group that crosslinks the two

conj ugat ed, 5-nenbered cyclic ligands (Cferr]Herr]R err]b) and
(Cerr]Herr]Rerr]); err] represents a bonding group that crosslinks
t he conjugated, 5-nenbered cyclic ligand (CJerr]Herr]R err]d) 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-contai ni ng hydr ocar bon group, a nitrogen-containing
hydr ocar bon, group, .pr_a boron-cont ai ni,n hydr ocar.bon group;. a represents
0) 1 or 2: wBErEIn O FehrRens, FobORALRN PROUDCTRGF TR DK ShmnsHoa = o,
or an integer, of fromg to 4 when a = 1, aqr, ainteger of fror110 to 3 when
a = 2; (ptendyIahsdl s PrReHRPERde GRS Jiidgnas | (G5isazbR bdquand the
val ence nunber of N% rr];q&{err] represents a transition nmetal of G oups
IV to VI ofCpHE-meeREal ¢ Fabreprasents a qandiag groun &hait: cEAsSSkEnKE of
Goup VIII of the Periodic Table; L[err:Liand' L[err] each regpresent a
coor di nat i 6Redl YR tedakamerperep cwebie Ligiendz[(€sHp-aadR>d) egrcksbat a
coval ent - bondi ng fr ioni%%bondigg ligand; X err] represents a

}

coval ent - bergIRAQZ g}%f'nd;R @ad_Rer edch Teprésent ea fydnutarbon gnosp, be
bonded to each other to forma cyclic structure. Speci fi c exanpl es of

Q err] andhglegej atoad,uae alkKoxangad iyl enel hioop-chravaimidig byditoterbonar bon
atons, or a cycloal kyl ene group, or the group substituted by a | ower al kyl
or phenyl group,at atsphespbochasrcontainiag a hethgtenkbogr oyxown et hyl ene
group, an isopropylene group, a net hyl phenyl net hyl ene group, a
di phenyl nenlhykregengconpainingchpdirays eben groomp, & .a bo2bnacontaining
° 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 Ml; Ml represents a transition metal of
- Groups IV to VI of the Periodic Tabie; M2 represents a transition
metal of Group VIII of. the Periodic Table; Ll and 12 each
represent a coordination-bonding ligand; X1, Yl and 2zl each
represent a. covalent-bonding or ionic-bonding ligand; X2
represents a covalent-bonding ligand; and L1, L2, X1 and Y1 may
be bonded to each other to form a cyclic structure.
| Specific examples of 0l and @2 incltlde (1) analkylene group
having from 1 to 4 carbon atoms, or a cycloalkylene group, or
the group substituted by a lower alkyl or phenyl group at its
side chain, such as a methylene group, an ethylene group, an

isopropylene group, a methylphenylmethylene group, a

diphenylmethylene group, a cyclohexylene group, etc.; (2) a



silyl ene g
| oner al ky
di met hyl si

hydr ocar bo
hydr ocar by
ger mani um
(CHerr])[
group, a (
(dJerr]lH e
(err]H e
etc. O t
of the act

roup, or an oligosilylene group, or the group substituted by a
| or phenyl:group at its side chain, such as a silylene group, a
| yl ene group, a nethyl phenylsilylene group, a diphenylsilylene
group, a disilylene group, a tetranethyldisilylene group, etc.; and (3)

n group [e.g., a lower alkyl group, a phenyl group, a

| oxy group (preferably, a | ower al koxy group), etc.] containing

phosphorus, nitrogen, boron or alum nium suchasa

TR 1 P P IAoPeT e SO TR GFBuptig 97ods
FE’H% i3B4R of 3 2uer %i%y?i%’r“ﬁhgwé, bip A5 Hqur%fh@aaup,

hos referr #hre alkylene groupglmand S|I¥¥ene groups in view

R IEQURry sfs.

eeret s lyLere RIEQYD, a

(qu]WeH%gﬁpkﬁﬁ qu]WeH]Hqu) are conj ugated, 5-nenbered

cyclic i g3

hydr ocar bo
silicon-co
hydr ocar bo
a boron-c
and d each

of from 0 folWiiesRrPylory graun ntrerferdblyona0lowes aﬂuknxg groxip)The

hydr ocar bo

pr ef er abl y eftCorh rondafinicwr haaresroiyn, pﬂbmph@yuspcalbnoggnpupowan b& a

L&re) | 9RPEPr] an lme@élef’nlh@pﬁ%erﬁr%p, a
n .gr.oup, a hal ogen atom an_ al koxy group

ﬁiﬂ%l#rw&&ne «Biwalacér beRramgEbipdisily epﬁm,ugt@@m@m. (ri?Q
n roup a nitrogen- containing hydrocarbon group,
@n@&ﬁ?ﬁ?%rbmcﬂw erIgr cup oWy @bkpd arnauiyo, aJplmnyzl ganoaich,

n group preferably has from1 to 20 carbon atons, nore

nono-val ent one that bonds to the

aluminium, such as a (CH3) 2Ge group, a (C6H5)2Ge group, a (CH3)2P
group, a (CgH5)2P group, a (C4H9)N group, a (C6H5)N group, a
(CH3)Bgroup,a(C4H9)Bgroup,a(C5H5)Bgroup,a(C6H5)Algroup,
a (CH30)Al group, etc. Of those, preferred are alkylene groups
and silylene groups in view of the activity of the intended
catalysts. (CSH5-a-bRlp), (C5H5-a—cR2c) and (C5H5-a-gR34)
are cohjugated, 5-membered cyclic ligands, in which 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; and 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 a integer of from 0 to 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 mono-valent one that bonds to the.

or

-
represent an integer of fromO to 5 when a-= 0, or an integer

a



cycl opent adi.enyl group of a conjugated, 5-nmenbered cyclic group. Two of

pl ural hydrocarbon groups, if any, may be bonded -to each other to forma
cyclic structure along with a part of the cyclopentadi enyl group.

Speci fic exanpl es of those conjugated, 5-nmenbered cyclic |igands are-
substituted or unsubstituted cyclopentadi enyl group, indenyl groups and
fluorenyl groups. The hal ogen atomincludes chlorine, bromne, iodine and
fluorine atons. The al koxy group preferably has from1l to 12 carbon

at ons. The s ;gontai ni ng dr ocar bon ncl.udes,. for exanpl e,
G oups of |CEFLEREBEART SOR Sl e B o T d P o Ras Te A dgraitn

r epr esent a hyd arb rou having from1 to 24 carbon atom; As:
phosphor usT¥8? p§1 %-h fresppBAn ‘SFQRR)S feaRY ¢ MsgeREDPRELH tngeaCh

hydr ocar bon gr oup and the bor on- cont ai ni ng hﬁldr ocarbon group, for exanple,

ment i oned 8FBeTgltOUISHT ] FE¥FH1S SRFBFERFS aNeRpemith @R[R2¥F)of the
and-B(R[err]) (R[err]) respectively, in which Rlerr] and Rlerr] each

repr esent QYﬁ}Gpgéﬁﬁﬁéﬁngldﬁwqﬁwwﬁ@ecﬂﬁémQBﬁmPlﬁﬁ@ﬁﬁ@@$%ﬁ@ﬁ@ugat¢@fa
Rlerr]'s, Rerr]'s andyg&err s, if any, nmay be the sane or different
ones, respécmE eyed| gyicdigulld gants are swhstiieleed ornunisubstitytedc
ligands (Cerr]Herr]Rerr]) and (Cerr]JHerr]Rerr]) my be the sane or
di fferent ogedopentadibh¥ilrroepr ebrdesyh graups tanch fiwmbalengile gepupst.
Goups IVto VI of the Periodic Table, including, for exanple, titanium
zi r coni um Thef malggemnadionm imebbdesn amdlopicenunprominst eniodigte. abl
those, preferred are titanium zirconiumand hafnium in view of the
activity oflubeinet ehded. cdlled wdtkoxy gZfosupr preferably has from 1 to 12
8
carbon atoms. The silicon-containing hydrocarbon group
includes, for example, groups of -Si(R%4) (R3) (R®), in which R4,
RO 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) (R8) , and —B(R7) (RB) , respectively,
in which R7 and R8 each represent' a hydrocarbon group having
from 1 to 18 carbon atoms. Plural Rl's, R2's and R3's, if any,
may be the same or different ones, reépectively. In formula
(1), the conjugated, 5-membered cyclic ligands (C5H5;a-bR1b)
and (C5H5-a-cR2c) may be the same or different ones.
Ml represents a transition metal element of Groups IV to
VI of the Periodic Table, including, for example, titanium,
zirconium, hafnium, vanadium, niobium, molybdenum, tungsten,

etc. Of those, preferred are titanium, zirconium and hafnium

in view of the a&:tivity .0f the intended catalysts. zl



represents a coval ent-bonding ligand, including, for exanple, a hal ogen
atom an oxygen atom (-O), a sulfur atom (-S-), an al koxy group having
from1l to 20, preferably from1 to 10 carbon atons, a thioal koxy group
having from1l to 20, preferably from 1 to 12 carbon atons, a

ni t rogen-cont ai ni ng hydrocarbon group having from1 to 40, preferably from
1 to 18 carbon atons, and a phosphorus-containi ng hydrocarbon group having
from1 to 40, preferably from1l to 18 carbon atonms. X[ err] and Y[err] each
represent a coval ent-bonding |igand or _an ionic-bonding ligand, including,
for exanpl ESPESRGRLSR FOMEHRR T endidsh 1agand, alRgdrEéngpdiP yeFaprligavi ng
froml to 20 referably from1l to 10 carbon atons, an al koxy group havi ng
from1l to Eobag?G?Er%&ﬂwvf%Qnﬂ&ngﬁ agomarlbfn) agomelfun afemol§dupamavi ng
from1l to 20, preferably from1l to 10 carbon atons, a

phosphor us 2450KYi FFRP hadidgafbom lgtod0, baeifeyaolohfiond 20,1pcefioabl y
froml to 12 carbon atons (e.g., a diphenyl phosphi ne group, etc.), a

si | i con- coatamsi ng thiydrldesmbgrrogpobavingi figom rloto120p @k faraliley droy f r om
1 to 12 carbon atons (e.g., a trinmethylsilyl group, etc.), and a boron
conmpound r éstduk? ltarbog atbpdy oz arbiorogprotgont 4 tnfngrhvidtacadhon prrelugr abl y
from1l to 12 carbon atons or having hal ogens (e.g., B((err]Herr])[err],
BF[err]). hékingoSeompr éfoerbedpae fehabbygefr@i Antoand cayiok®cidind)gaadps.
X[err] and Y[err] may be the same or different ones. X err] represents a

coval ent - banplhaspho pasre;on teed nith g Gy dreic s TP b€ oupdh &4l 9§ Aot 0Nto a0,

hydr ocar byl am no group, or a hydrocarbyl oxy group, and is preferably an

al ko-xy gropgeferably from 1 to 18 carbon atoms. X®Pand Yl each represent
acovalent—bondingligandoranlionic—bondingligand,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 lQ carbon
atoms, an amino group haviné'from 1 to 20, preferably from i
to 10 carbon atoms, a.phosphorus—confaining'hydrocarbon group
having from 1 to 20, preferably from 1 té 12 carbon atoms (e.qg.,
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 fronll.to 12 carbon atoms or having halogens (e.g.,
B(CeH5)4, BF4). Of those, preferred are halogen atoms and
hydrocarbon groups. X! and vl may be the same or different ones.
erepresentseacqvalent—bondingligand,including,forexample,

a halogen atom, a hydrocarbylamino group, or a hydrocarbyloxy

group, and is preferably an alkoxy group.



(I') As specific exanples of the transition netal conmpounds of fornul ae
(1) and (2), nentioned are the follow ng conpounds. - [1]

Transition netal - conmpounds not having a crosslinkable bonding group
but having two conjugated, 5- nenbered cyclic ligands, such as bis

(cycl opentadi enyl ) titanium dichloride,

bi s(met hyl cycl opent adi enyl )ti tani um di chl ori de, -

bi s(di et hyl cycl opent adi enyl )titani um di chl ori de,

bi s(trinet hyl cyclQpentadi en Ltani um i chl ori de
bis(tetranethylggglop taﬁpéﬁ£ Flt%ﬁﬁTﬁﬁes of tg?ckﬁ?ﬁ??&Flon' metal
bi s( pent arret cI o$ %adl tanl U(% di chl or,ide,_ bis

but yl cycl ofy 8 ? (1) ) mentlQﬂq@hP6F|§Rﬁ following
bi s(i ndenyl tltanlun1 di chl ori de, bls(fluorenyl)tltanlun1 di chl ori de,
bis (cycl ofeRPRYPESyl) titanium chlorohydri de,
b|s(cyclopentadlenyl)nethyltltanlum chl ori de,
b|s(cyclopentadléﬂyl)etﬁ?@@$%5h?%nlmetal compoundgh| ®dtde, having a
bi s(cycl opent adi_enyl ) phenyl titani um chl ori de,

bi s(cycl opExCESild %a.enm;mmq a@fewp but having two conjugated, 5-

bi s(cycl opent adi enyl ) di phenyl titani um
bi's( cycl opBerdgirettyel hrdpeandst isuali ambis (cyclopentadienyl) titanium
bi s(cycl opent adi enyl ) di hydrotitanium (cycl opentadienyl)(indenyl)titanium
di chl or i dedichdpeiideenbddi(erhylidvadopepltaditayllmitaniun dictiloride,de,
bi s(cycl opent adi enyl ) zi r coni um di chl ori de,.
bi s( et hyl &isl{diaetadileoyrlppendadiemyl) titanium di chl ori delichloride,
10 '
bis(trimethylcyclopentadienyl)titanium dichloride,

bis(tetramethylcyclopentadienyl)titanium dichloride,
bis(pentamethylcyclopentadienyl)titanium dichloride, bis(n-
butylcyclopentadienyl) titanium | dichloride,
bis(indenyl)titanium dichloride, bis(fluorenyl) titanium

dichloride, bis(cyclopentadienyl)titanium chlorohydride,

bis(cyclopentadienyl)methyltitanium chloride,
bis(cyclopentadienyl)ethyltitanium : chloride,
bis (cyclopentadienyl)phenyltitanium - | chloride,

bis(cyclopentadienyl)dimethyltitanium,
bis(cyclopentadienyl)diphenyltitanium,
bis (cyclopentadienyl)dineopentyltitanium,

bis(cyclopentadienyl)dihydrotitanium,

(cyclopentadienyl) (indenyl) titanium dichloride,
(cyclopentadienyl) (fluorenyl) titanium dichloride,
bis(cyclopentadienyl)zirconium dichloride,
bis(methylcyclopenfadienyl)zirconium , dichloride,

10



bis(diﬁethylcyclopehtadienyl)zirconium di chl ori de,

bi s(trinmethyl cycl opentadi enyl ) zirconium - di chl ori de,

bi s(teet ranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de, o

bi s(n-butyl cycl opent adi enyl ) zirconium di chl oride, bis(indenyl)

zirconium dichloride, bis(fluorenyl) zirconium dichloride,
bi s(cycl opent adi enyl ) zi rconi um chl or ohydri de,

bi s(cycl o t gdi.en t hyl zi rconj.um . . ~ chlorideg, ,

bisgczcloBgﬁfi$#%%ﬁ%i§%@#g¥¥%%ﬁﬁhﬁpyl)erconlum chl ori §g.chloride,

i i i i chl ori de, '

ol eyel o b e e BB T ) 2 reonium dichloride,

. : : | i :

b1 o( eyl opEEde B G GHEReR AP 24 zconiun dichloride,

)i | opent adi enyl ) di hydr ozi r coni um

?Liﬁfﬁﬁeﬁ'ﬁ ggise(mn)téﬂgmryﬁwﬂlp@mt@ﬁienyl) zirconigimch| ori dglichloride,

(cycl opent adi enyl) fl uorenyl )zirconiumdichloride, etc. 2]

Tr ansi t i onPist@bad¥3eyedorenkiadd enyd ) gdajcogdnad, 5- nenberdddhdpaiiide,

ligands, in which the two ligands are crosslinked wth an al kyl ene

group, bier indgayligdmponiapi s diehdoylipet atiigrmfluorenyl) zirconium

. dichloride, ethylenebis(indenyl)titanium di chl ori de,

met hyl enebiddChdeaigieyt i bdsi(gyclopentadienyl) zirciinduahy dhildeohydride,

et hyl enebi s(i ndenyl ) net hyl titani um chlori de, . .

et hyl enebi Siisri¢yatopentiadipnlylld metthyydaiireoniathy| enebi s(i nderyilptriidani um

di et hoxi de, et hyl enebi s(i ndenyl ) di met hyl titani um

et hyl enebi 4 (syelppentadienyl)ethylzirconium chloride,
bis(cyclopentadienyl)phenylzirconium chloride,
bis(cyclopentadienyl)dimethylzirconium,
bis(cyclopentadienyl)diphenylzirconium,
bis(cyclopentadienyl)dineopentylzirconium,
bis(cyclopentadienyl)dihydrozirconium,
(cyclopentadienyl)(indényl)zirconium dichloride,
(cyclopentadienyl) (fluorenyl) zirconium dichloride, etc.

[2] Transition metal compounds having two conjugated,

S-membered cyclic ligands, in which the two ligands are

crosslinked with an alkylene group, such as
methylenebis (indenyl)titanium : : dichloride,
ethylenébis(indenyi)titanium ' dichloride,
methylenebis(indenyl)titanium chlorohydride,
ethylenebis (indenyl)methyltitanium : chloride,

ethylenebis (indenyl)methoxychlorotitanium,

ethylenebis (indenyl) titanium diethoxide,

11



t et r ahydr oi ndenyl ) tit ani um di chl ori de, et hyl enebi s( 2-

nmet hyl i ndenyl ) titani um di chl ori de, et hyl enebi s( 2, 4-
di et hyl i ndenyl) titaniumdichloride, ethylenebis (2-nethyl-
4-trinmethyl silylindenyl)titani um di chl ori de,

et hyl enebi s(2, 4-di met hyl -5, 6, 7-tri hydroi ndenyl )titani um dichloride,
et hyl ene( 2, 4-di net hyl.cycl opent adi enyl ) (3", 5" -

di met hyl cycl opent adi enyl )titani um dichloride, ethylene(2-

nmet hyl - 4-t - | cy Iopentadlenyl)(3 -t-butyl-5"-

met hyl cycl %ﬁﬁeﬂ Oy d@é’rﬂdﬁl&ﬁe&m’é@&én%yl etdylepebis (4,5,6,7-
trimet hyl cycl opent adi e 5' tr|nethylcyclopentadlenyl)tltanlum
di chl ori de tetiradyds dé@ﬂéﬁ ZuﬁﬁWhyllﬁd§@}PFul ni umethylengbdisi (@ de,
|sopropyl|deneb|s(|ndenyl)tltanlum di chl ori de,

i sopropyl i detépildmulenyd) witpplivmdenyl ﬁtlucﬂnamnme,du chl ethgdenebis (2, 4-

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

di net hyl cysligsamvddinstepiy)lld itidzainimm dichloride, emhMﬂemebds(z—methyl-

I sopropyl i dene(2- et hyl - 4-t-butyl cycl opent adi enyl ) (3" -t-

but yl - 5' - ngttoydimedihydsdtladiieaenwtli) ttd iiammum . dichloridéichloride,

met hyl ene(cycl opent adi enyl ) (3, 4- _ di met hyl cycl opent adi enyl)titani um

di chl ori de ethydtemelbersd(2; eldiperthydi-enyd, )73 rdhydroindenyl) titanium

di met hyl cycl opent adi enyl ) titani um chl or ohydri de,

met hyl ene( didhdparitdedi enythiyd.ete (2, 4~-dimethylcyclopentadienyl) (3,5~

di met hyl cycl opent adi enyl ) di net hyl titani um

12 dime thtiycdppetitelddiretdiieayniumd, 4ichloride, ethylene(2-

methyl-4-t-butylcyclopentadienyl) (3'-t-butyl-5'-
methylcyclopentadienyl)titanium dichloride, ethylene(2,3,5-

trimethylcyclopentadienyl) (2',4',5'-

trimethylcyclopentadienyl) titanium dichloride,
isopropylidenebis (2-methylindenyl)titanium dichloride,
isopropylidenebis (indenyl) titanium dichloride,

isopropylidenebis (2, 4-dimethylindenyl)titanium ~dichloride,
isopropylidene (2, 4-dimethylcyclopentadienyl) (3',5'-
dimethylcyclopentadienyl) titanium dichloride,
isopropylidene (2-methyl-4-t-butylcyclopentadienyl) (3'-t-
butyl-5'-methylcyclopentadienyl)titanium dichloride,
methylene (cyclopentadienyl) (3, 4~
dimethylcyclopentadienyl)titanium dichloride,
methylene (cyclopentadienyl) (3, 4- '
dimethylcyclopentadienyi)titanium | chlorohydride,
methylene (cyclopentadienyl) (3, 4~

'dimethylcyclopentadienyl)dimethyltitanium,

12



di met hyl cy
nmet hyl ene(
di chlori de
titaniumd
di et hyl cy
i sopropyl i
t et ramet hy
i sopropyl i
i sopropyl i
i sopropyl i
di chl ori de
di et hyl cy
i sopropyl i
di chl ori de
di et hyl cy
et hyl ene(c
et hyl ene(2
et hyl ene( 2
di phenyl ne
di et hyl cyc

cl opent adi enyl ) di phenyl titani um

cycl opent adi-enyl ) (tri met hyl cycl opentadi enyl)- titanium

, methyl ene(cycl opent adi enyl ) (tetramet hyl cycl opent adi enyl ) -
i chl oride, isopropylidene (cyclopentadienyl) (3,4-

cl opent adi enyl ) titani um di chl ori de,
dene(cycl opent adi enyl ) (2, 3, 4, 5-
| cycl opent adi enyl ) titani um di chl ori de,

den cl gpent adi enyl ) (3- et hyl i ndenyl )titani um dichl ori de,
B&F}E&%EFEEEH 88?8?%99}%%&&%%%) titani um dichloride,
genegg- nethylcgclopentad{enyl) fluorenyl)titani um

dimelgyl Gyl PRERERIISNYL hEE RYPPRYLaSaRda M eny| ) ( 3, 4-

cl opent adi enyl ) titani um . di chl ori de, '
E}Sﬁgé’é ene (CyChePRpLagdipsiéht faimsrhylioyed opeptpdieayilim

., . ethyl ene(cycl opent adi enyl ) (3,5-

ERépBAYAdI enyl )titani um di chl ori deliichloride,
ycl opent adi enyl ) (fluorenyl)titanium dichloride, _
nethyienkycyygdbopataddenmy) ) tELranethly)licyicadvpent adiienlyarn -de,

, 5- . di et hyl cycl opent adi enyl ) (fluorenyl)titani um di chl ori de,

thykshuhc ydi cpkort iadk enyEppBodylidene (cyclopentadienyl) (3, 4-
| opent adi enyl ) titanium di chl ori de,
dimethylcyclopentadienyl) titanium dichloride,
isopropylidene (cyclopentadienyl) (2, 3, 4, 5~
tetramethylcyclopentadienyl)titanium dichloride,
isopropylidene (cyclopentadienyl) (3-methylindenyl)titanium
dichloride, |
isopropylidene(cyclopentadienyl)(fluorenyl)titanium
dichloride, isopropylidene (2~
methylcyélopentadienyl)(fluorenyl)titanium dichloride,
isopropylidene (2, 5~dimethylcyclopentadienyl) (3, 4-
dimethylcyclopentadienyl)titanium | dichloride,
isopropylidene (2, 5- .

dimethylcyclopentadienyl) (fluorenyl) titanium dichloride,
ethylene(cyclopentadienyl)(3,5—
dimethylcyclopentadienyl)titanium dichloride,
ethylene (cyclopentadienyl) (fluorenyl)titanium dichloride,
ethylene (2, 5-dimethylcyclopentadienyl) (fluorenyl) titanium
dichloride, ethylene (2, 5~
diethylcyclopentadienyl)(fluorenyl)titanium dichloride,

diphenylmethylene (cyclopentadienyl) (3, 4~

13
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di phenyl net hyl ene(cycl opent adi enyl ) (3, 4- di et hyl cycl opent adi enyl )titani um
di chl oride, cyclohexylidene(cycl opentadienyl)(fluorenyl)titanium

di chl ori de, . cycl ohexyl i dene( 2, 5-

di met hyl cycl opent adi enyl ) (3',4' - di net hyl cycl opent adi enyl )titani um

di chl oride, nethyl enebis(indenyl)zirconium di chl ori de,
et hyl enebi s(i ndenyl ) zi rconi um di chl ori de, '

nmet hyl enebi s(i ndenyl ) zi rconi um chl or ohydri de,

et hyl enebi s(i ndenyl ) met hyl zi r coni um _ chl ori de,

ethyleneb|§Gﬁﬁ@§ﬂﬂ¥ﬁ#@pﬁ®$¢dhbawdj¢a¢@mumm et hyl enebi s(i ndemtloxdidesoni um
di et hoxi de, ethyl enebi s(i ndenyl)di nmet hyl zi rconi um ethyl enebi s(4,5, 6, 7-
tetrahydrodﬂ@@@ﬂYﬂmeﬁhmﬂema(cymLQMemhadaenyl)aﬁhwhenebls(2-

met hyl i ndenyl ) zi rconi um di chl ori de, et hyl enebi s( 2, 4-
dinethylinddn&hﬁiaynﬂdpamuﬂddhhgﬂn&axaaﬁmMienebis(2-nethy|dich10ride,
4-trimethyl'silylindenyl)zirconium di chl ori de,

et hyl enebi sfy214hdixyatitened ciclopientudii @inydg 1 usbireeqii) et athiiell or i de,
et hyl ene( 2, 4-di net hyl cycl opent adi enyl ) (3",5' - di net hyl cycl opent adi enyl )

zi rconi um diiehleodide, ethyl ene (2- nethyl 4- t - buteyicaydleaRaniaagieqny s 3'

-t-butyl-5"- nethyl cycl opentadi enyl ) zirconi um dlchlorlde

et hyl ene( ZdSH%tHylfﬁydlﬂp“eYﬁ'a@ﬁ%ﬂtyﬂql @nylgr2' , 4", 5" -

trlnethylcyclopenta i enyl ) zirconium di chl ori de,

14 dimeth§ARVINYD @RS IHA ) FRIRYhadenyl ) zi rconi umg; o3 (Fiigfal or i de,
methylenebis (indenyl) zirconium - dichloride,
ethylenebis (indenyl) zirconium dichloride,
methylenebis (indenyl) zirconium 1 chlorohydride,
ethylenebis (indenyl)methylzirconium chlofide,

ethylenebis (indenyl)methoxychlorozirconium,
ethylenébis(indenyl)zirconium _ diethoxide,
ethylenebis(indenyl)dimethylzircpnium, ethylenebis{4,5,6,7-
tetrahydroindenyl) zirconium dichloride, ethylenebis (2-
methylindenyl) zirconium dichloride, ethylenebis (2, 4~
dimethylindenyl)zirconium dichloride, ethylenebis (2-methyl-
4—trimethyisilylindenyl)zirconium dichloride,
ethylenebis(2,4-dimethyl—5,6,7—trihydroindenyl)zirconium
dichloride, ethylene (2, 4-dimethylcyclopentadienyl) (37,5'~
dimethylcyclopentadienyl)zirconiuml dichloride, ethylene(2-
methyl—4-t-butylcyclopentadiényl)(3'—t—butyl—5'—
methylcyclopentadienyl) zirconium ) dichloride,
ethylene(2,3,5—trimethylcyclopentadienyl)(2',4',5'—

trimethylcyclopentadienyl) zirconium dichloride,

14



| sopropyl i denebi s(i ndenyl ) zirconi um di chl ori de,

| sopropyl i denebi s(2, 4-di net hyl i ndenyl ) zi rconi um di chl ori de,

i sopr.opyl i dene( 2, 4-di met hyl cycl opent adi enyl ) (3",

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

| sopropyl i dene(2-methyl -4-t- butylcyclopentadlenyl)(S“-t-

butyl -5' - met hyl cycl opent adi enyl ) zi rconi um di chl ori de,

met hyl ene(cycl opent adi enyl ) (3,4' - di net hyl cycl opent adi enyl ) zi r coni um
dichl oride, nethylene(cyclopentadienyl)(3,4-

di met hyl cyéﬁ@EéﬁPﬁéP@ﬁ?? i5A eomethylindenyl) zwnbon@nydru ddichloride,
met hyl ene(cycl opent adi enyl ) (3, 4-

di met hyl cyéeepeapadidapebdstbntdehyil) edncomium _ dichloride,
met hyl ene(cycl opent adi enyl ) (3, 4-

di et hyl cyésopeapxdidapebdsBedytdinethplindenyl) zirconium dichloride,
met hyl ene( cycl opent adi enyl ) (tri met hyl cycl opent adi enyl)-  zirconi um

di chl ori deisopethylédefey2| dpanmathgbylribpenaadibyhayq3opantadi enyl ) -
zirconiumdi chl oride, isopropylidene(cycl opentadienyl) (3, 4-

di net hyl cydimpéhyadiebyppataddehyl) zirconium di chl ori d@ichloride,
| sopropyl i dene(cycl opent adi enyl ) (2, 3, 4, 5-

t et r anet hyli sppropentiddhengtheth QnuUﬁLbutylcyclo éh%ﬁh@éhQ@)é
i sopropyl i dene(cycl opent adi enyl ) ( 3- net hyl 1 ndenyl §2|rcon|un1 |chlor|de

|sopropy||BaayaescLﬁeenyady@m&béﬁthaeéﬁpybkakaeﬁmhMHl dichloride,

15 di chl ori de, i sopr.opyl i dene(2-
‘methylene (cyclopentadienyl) (3,4'~
dimethylcyclopentadienyl) zirconium dichloride,
methylene (cyclopentadienyl) (3, 4~
dimethylcyclopeﬁtadienyl)zirconium ~ chlorohydride,
methylene (cyclopentadienyl) (3, 4-
.dimethylcyclopentadienyl)dimethylzirconium,
methylene (cyclopentadienyl) (3, 4-
dimethylcyclopentadienyl)diphenylzirconium,
methylene(cyclopentadienyl)(trimethylcyclopentadienyl)—
zirconium - dichloride,
methylene(cyclopentédienyl)(tetramethylcyclopentadienyl)—
zirconium dichloride, isopropylidene (cyclopentadienyl) (3, 4-
dimethylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl)f2,3,4,5—
tetramethylcyclopentadienyl) zirconium dichloride,
isopropylidene(cyclopentadienyl)(3—methylindenyl)zirconium

dichloride,

isopropylidene(cyclopentadienyl)(fluorenyl)zirconium
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met hyl cycl opent adi enyl ) (f1 uorenyl ) zi rconi um di chl ori de,

i sopropylidene(2,5-di met hyl cycl opent adi enyl ) 3, 4- :

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

i sopropylidene(2,5- dinethylcyclopentadienyl)(fluorenyl)zirconium
di chl oride, ethylene(cyclopentadienyl)(3,5-

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

et hyl ene(cycl opent adi enyl ) (fl uorenyl) zirconium dichloride,

ethylene(ZdQEthFg?%Lcyclopentadienyl)(fluorenyl)zir&gg%gghygkggkgkkde,

et hyl ene( 2, 5- yl cycl opent adi enyl ) (f1 uorenyl) zi ori de,

o e e BRI 50 oty SN EOP" AR o o
O R S it TS e,
cycl ohexyl iden

2. 5-_dimethyl, tadi enyl ) (3", 4' - . .
dinethylcygﬁ@ﬁ&&?&&?@&?bg%&Fé&%%&hygggcgn&%&y 2 di chl ori dgichloride,

met hyl enebi,s(i nden L)hafqizg1 di chl ori de,

et hyl enebi ¢EPREL ilgmP | di chl ori de,
nethylenebis%%ngenyl haf ni um_ chl or ohydr.i de, _

et hyl enebi SEPREENJCYRACRFPRaAARDML) (fluorenyl) zircoppimr i ddichloride,

ethylenebisgindenyl)nethoxychlQrohafniun]
16 ethylepRfcyrdprentaddapyihdBnPum | di et hoxi de,
dimethylcyclopentadienyl) zirconium dichloride,

ethylene (cyclopentadienyl) (fluorenyl)zirconium dichloride,
'ethylene(2,5—dimethylcyclopentadienyl)(fluorenyl)zirconium
dichloride, ' ethylene (2, 5-
diethyléyclopentadienyl)(fluorenyl)zirconium dichloride,
'diphenylméthylene(cyclopentadienyl)(3,4—
diethylcyclopentadienyl)zirconium | dichloride,
diphenylmethylene(cyclopentadienyl)(3,4—
diethylcyclopentadienyl) zirconium dichloride,
cyclohexylidene (cyclopentadienyl) (fluorenyl) zirconium
dichloride, cyclohexylidene (2, 5-

dimethylcyclopentadienyl) (3',4"~

dimethyicyclopentadienyl)zirconium dichloride,
methylenebis (indenyl)hafnium dichloride,
ethylenebis(indenyl)hafnium . dichloride,-
methylenebis(indenyl)hafnium chlorohydride,
ethylenebis (indenyl)methylhafnium | ' chloride;

ethylenebis(indenyl)methoxychlorohafhium,
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et hyl énebi s(i ndenyl ) di net hyl haf nium et hyl enebi s(i ndenyl ) di net hyl haf ni um
et hyl enebi s(4,5,6,7- tetrahydroi ndenyl) hafni um di chl ori de,

et hyl enebi s(2- met hylindenyl) haf ni um di chl ori de,

et hyl enebi s(2, 4- di met hyl i ndenyl ) haf ni um di chl ori de,

et hyl enebi s(2-nmet hyl -4- trimethylsilylindenyl)hafniumdichloride,

et hyl enebi s( 2, 4- .dinethyl-5,6,7-trihydroindenyl)hafnium

di chl oride, ethylene(2,4-dinethylcyclopentadienyl) (3",

di met hyl cycl opent adi enyl ) haf ni um_di chl ori de, ethylene(2-

net hyl - 4- t ebhyderglispendenybhpafplum: - putyl - 5' - diethoxide,

met hyl cycl opent adi enyl ) haf ni um di chl ori de, ethyl ene(2, 3, 5-

tri net hyl cgchppenebds éhpdignpl) dimgthylhafnbuny| cycl opent adi enyl ) haf ni um
di chloride, isopropylidenebis(2-nethylindenyl)hafnium di chl ori de,
i sopropyl i dehgbesébhdénptghyul hdimethylhafnium, dihilenegbés (4,5,6,7-

| sopropyl i denebi s(2, 4-di net hyl i ndenyl ) haf nium di chl ori de,

| sopropyl i teheéBydrdindéhyl thafnpent adi ehiydhl(c ide,- ethylenebis (2-

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

i sopropyl i flebR{y2ifeehyl) Bafnbuhy| cycldiptiicardideyl ) (3' ethylenebis (2, 4-
butyl -5' - met hyl cycl opent adi enyl ) haf ni um di chl ori de,

met hyl ene( aypkbenoniadeany) hédndun dishibyliaec! eprptadepnyl(2hnephym-4-
di chl oride, nethylene(cycl opentadienyl) (3, 4-

di met hyl cyekeperhgdsenyhihabAiy¥Phafnium dichlddidy,ohgdhiydenebis (2, 4-
17 nmet hyl ene(cycl opent adi enyl ) (3, 4-
dimethyl-5, 6, 7-trihydroindenyl)hafnium dichloride,
ethylene (2, 4-dimethylcyclopentadienyl) (3',5"'-
dimethylcyclopentadienyl)hafnium dichloride, ethylene (2-
methyl-4-t-butylcyclopentadienyl) (3'-t-butyl-5'-
methylcyclopentadiényl)hafniunl dichloride, ethylene(2, 3,5~

trimethylcyclopentadienyl) (27,4',5'-

trimethylcyclopentadienyl)hafnium dichloride,
isopropylidenebis (2-methylindenyl)hafnium dichloride,
isopropylidenebis (indenyl)hafnium dichloride,

isopropylidenebis (2, 4-dimethylindenyl)hafnium dichloride,
isopropylidene(z,4—dimethylcyclopentadienyl)(3',5'— |
dimethylcyclopentadienyl)hafnium dichloride,
isopropylidene (2-methyl-4-t-butylcyclopentadienyl) (3'-t-
butyl-5'-methylcyclopentadienyl)hafnium -dichioride,
methylene (cyclopentadienyl) (3, 4~
dimethylcyclopentadienyl)hafnium dichloride,
methylene(cyclopeﬁtédienyl)(3,4—

dimethylcyclopentadienyl)hafnium chlorohydride,
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di et hyl cycl opent adi enyl ) di met hyl haf nium  net hyl ene(cycl opent adi enyl ) (3, 4-
di met hyl cycl opent adi enyl ) di phenyl haf ni um

met.-hyl ene(cycl opent adi enyl ) (tri met hyl cycl opent adi enyl )- haf ni um

di chl oride,” nethyl ene(cycl opent adi enyl ) (tetranethyl cycl opent adi enyl ) -
haf ni um dichloride, isopropylidene(cyclopentadienyl)(3,4-

di met hyl cycl opent adi enyl ) haf ni um di chl ori de,
isopropylidene(cyclopentadienyl)(Z 3,4, 5-

t et t hyl d f di chl ori de,

|§0L?g§yl¥%§%%¥g 368 If%%?%ﬁg??%ég%ﬁéﬁyffndeny|)Lgfn?Lh1edich|oride,
I t ad I di chl d

Sopr opyl | Sﬁ%%é%fj&%?aéa%%&i L%?ré%%if#?faﬁiﬁﬁ"w Shatnium

dichloride, . js ro Ii ene ycl opent adi enyl ) (3, 4-

di et hyl cy®eb Xﬁg i f H%ﬁﬁ?g nJE} 0¥, 52 di chl ori de,

|;g§ro%yf¥dené 2, 5- danth | cycl o entadleng %(tlhgreg;:)ﬁafnium

di chl ori dedimg h¥@§ﬁ6{€9%?5§@h?ﬁ&?gﬁypy%éys atnium,

dlnethylcyclogentadlen ) haf ni um di chl ori de,

et hyl ene( cyetBpeanadcer}PPentadienyl) harimakhylcyrdapsptadienyl) -

et hyl ene( 2, 5- di net hyl cycl opent adi enyl ) (f1 uorenyl ) hafnium dichloride,
et hyl ene( 2hgfnium 18 dichloride,

di et hyl cycl opent adi enyl ) (fl uorenyl ) haf ni um di chl ori de,
methylene(cyclopentadlenyl)(tetramethylcyclopentadlenyl)—
hafnium dichloride, isopropylidene (cyclopentadienyl) (3,4~
dimethylcyclopentadienyl)hafnium dichloride,
isopropylidene (cyclopentadienyl) (2, 3,4, 5-
tetramethylcyclopentadienyl)hafnium dichloride,
isopropylidene (cyclopentadienyl) {(3-methylindenyl)hafnium
dichloride, | |
isopropylidene(cyclopentédienyl)(fluorenyl)hafnium
dichloride, ' isopropylidene (2-
methylcyclopentadienyl) (fluorenyl)hafnium dichloride,
isopropylidene (2, 5-dimethylcyclopentadienyl) (3, 4-
dimethylcyclopentédienyl)hafnium dichloride,
isopropylidene (2, 5-
dimethylcyclopentadienyl) (fluorenyl)hafnium dichloride,
ethylene (cyclopentadienyl) (3, 5-
dimethylcyclopentadienyl)hafnium dichloride,
ethylene(cyclopentadienYl)(fluorenyl)hafnium dichloride,
ethylene (2, 5-dimethylcyclopentadienyl) (fluorenyl)hafnium |

dichloride, _ ethylene (2, 5-
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di phenyl net hyl ene(cycl opent adi enyl ) (3, 4- di et hyl cycl opent adi enyl ) haf ni um
di chl oride, diphenyl nethyl ene(cycl opent adi enyl) (3, 4-

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

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

cycl ohexyl i dene(2,5- dinethylcycl opentadienyl)(3',4'-

di met hyl cycl opent adi enyl ) haf ni um di chl ori de, etc. [3] Transition
metal conpounds having two silylene- crosslinked, conjugated, 5-nenbered
cyclic ligands, such as dinethylsilylenebis(indenyl)titanium :
di chl ori dediethybchgl cpenptadbengl 1 (Sleo7engl ) bafdivindeny| fichiaride,

di chl ori de, di met hyl si | yl enebi s(2-nmet hyl i ndenyl )titani um dichloride,
di net hyl si dypeerpiné¢hilendl{opthgbentedyenyil) 48) dm

di chl oride, dinethylsilylenebis(2,4-dinethylcyclopentadienyl) (3, 5'-

di met hyl cygdiepkpladciopéntadbenyb) hafnium di chl ori dedichloride,
di.met hyl si1yl enebi s(2-nmet hyl -4, 5-benzoi ndenyl )titanium dichloride,

di met hyl si dypreapiaéthybehelcdclopanbiglenganyB) g+t ani um di chl ori de,

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

di chl ori degiePhgn¥,8BbP¥heblyeRPEPhEEhNERAY LR bEaaEYM di chl ori de,
phenyl met hyl si | yl enebi s(4,5, 6, 7-tetrahydroi ndenyl )titani um dichloride,
pheny|”EFh&&élbﬁéﬁ?@bﬁéﬁ@(éyclopentadienyl)(fluorenyl)hafnium19

~di net hyl i ndenyl ) titani um di chl ori de,

dichloride, ' cyclohexylidene (2, 5~
dimethylcyclopentadienyl) (3',4'-
dimethylcyélopentadienyl)hafnium dichloride, etc.

[3] Transition metal compounds having two silylene-
crstlinked, conjugated, 5-membered cyclic ligands, such as
dimethylsilylenebis (indenyl) titanium dichloride,

dimethylsilylenebis (4,5, 6, 7-tetrahydroindenyl)titanium

dichloride, ~dimethylsilylenebis(2-methylindenyl)titanium
dichloride, dimethylsilylenebis (2,4~
dimethylindenyl) titanium dichloride,

dimethylsilylenebis (2, 4-dimethylcyclopentadienyl) (37,5'-
dimethylcyclopentadienyl) titanium dichloride,
dimethylsilylenebis (2-methyl-4, 5-benzoindenyl)titanium
~dichloride, ~ dimethylsilylenebis(2-methyl-4-
naphtylindenyl)titaniunl dichloride, dimethylsilylenebis (2~
methyl-4-phenylindenyl) titanium dichloride,
phenylmethylsilylenebis (indenyl) titanium dichloride,
phenylmethylsilylenebis (4,5, 6, 7-tetrahydroindenyl) titanium

dichloride, ' . phenylmethylsilylenebis (2,4~
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phenyFnet hyl si | yl ene(2, 4- di net hyl cycl opent adi enyl ) (3',5 -

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

phenyl net hyl si lyl ene(2,3,5- trinmethyl cycl opentadienyl)(21,4",5"-

trinethyl cycl opentadi enyl)titani um di chl ori de,

phenyl nmet hyl si | yl enebi s(tetranet hyl cycl opentadi enyl)titaniu m

di chl ori de, di phenyl si |yl enebi s(2,4- dinethylindenyl)titanium
di chl oride, diphenylsilylenebis(indenyl)titanium di chl oride, -
di phenyl si |l yl enebi s(2- et hyl i ndenyl ) titani um di chl oride, - .

t et r anet hyfdnethyléndphyl) hdbapiymi t ani um di chl ori déichloride,

tetranet hyl di sil yl enebi s(cycl opentadi enyl )titani um dichloride,

t et r anet hybtiesylpethpl8ilyhenayPe¢ctidpenhrdcyaybpennddagnydi ani Bimr

di chloride, dinethylsilylene(cyclopentadienyl)(3,4-

di et hyl cydimpéhyyddiyedppehtadnenyl) titanium - dichloriddichloride,

di net hyl silylene- (cycl opentadienyl) (trinmethylcycl opentadienyl)titanium

di chl ori dephenylmethylsilylene (2, 3, 5- di net hyl si | yl ene-

(cycl opent adi enyl ) (tetramet hyl cycl opent adi enyl )titani um dichlori de,

di net hyl si kylieeeagyeyepepeadaanghy(3.(2+, 4d, 8thyl cycl opent adi eny) titani um

dichloride, dinethylsilylene(cyclopentadienyl)(triethylcyclopentadienyl

ytitani um trimethylc¥ctbpentd8ienyl)titanidinmet hyl silyl enedichloride,

20 (cycl opent adi enyl ) (tetraet hyl cycl opent adienyl )titani um
phenylmethylsilylenebis (tetramethylcyclopentadienyl) titaniu

m dichloride, diphenylsilylenebis (2, 4~
- dimethylindenyl) titanium" _ dichloride,
diphenylsilylenebis (indenyl) titanium dichloride,

diphenylsilYlenebis(2—methylindenyi)titanium dichloride,
tetramethyldisilylenebis{indenyl)titanium dichloride,
tetramethyldisilylenebis {cyclopentadienyl)titanium
dichloride, ' tetramethyldisilyiene(B—
methylcyclopentadienyl) (indenyl) titanium dichloride,
dimethylsilylene (cyclopentadienyl) (3, 4-
dimethylcyclopentadienyl) titanium ' dichloride,
dimethylsilylene—

(cyclopentadienyl) (trimethylcyclopentadienyl) titanium
dichloride, dimethylsilylene-
(cyclopentadieﬁyl)(tetrémethylcYclopentadienyl)titanium
dichloride, . dimethylsilylene (cyclopentadienyl) (3, 4-
diethylcyclopentadieny) titanium ' dichloride,
dimethylsilylene (cyclopentadienyl) (triethylcyclopentadienyl

ytitanium dichloride, . dimethylsilylene-
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di chl otide, dinethylsilylene(cyclopentadienyl)(fluorenyl)titanium -
di chl ori de, di met-hyl si | yl ene(cycl opent adi enyl ) (2, 7-di -t-
butylfluorenyl)titantium dichloride, di et hyl si | yl ene-

(cycl opent adi enyl ).(oct ahydr of | uorenyl )titani um dichloride,

di met hyl silyl ene(2- nethyl cycl opent adi enyl ) (fluorenyl)titani um

di chloride, dinethylsilylene(2,5-

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

di et hyl si |yl ene( 2- t.hyl cycl opent adi enyl ) (fl uorenyl)titani um

di chl O?f/i de,(%y ﬁﬁ%@%ﬁ&lﬁ%gﬁé(tﬁ g_ae%?my?tc%c)lgpentadi)én)yl) titanium

di et hyl cycl gpent adi.enyl ) (fluorenyl)titanium di chl ori de,
diethylsiI?ﬂ@ﬁgef}ﬁﬁvhylcyclopentadienyl)(Z',7'-di-t-

butyl fl uorenyl )titanium dichloride, dinethylsilylene(2,5-

di met hyl cyéﬁg’ﬁéﬁw&aﬂéﬂ}ﬁp@z(cywlo@ienvtadlsaw|) f(fdvozepy)L) tisandnm
dichloride,  _dinethylsilylene(2- _ ' :

et hyl cycl ofdrhagrdfel) (2' dimegnyl spdvyenedoverpbentedienyl) dReR-dirte,
dinethylsiIyIeneadiethylcyclopentadienyl)(2,7-

di -t - but yl PLEyAEApPrenyanitdpanium dichloride, dichlimeitdglsilylene-
di met hyl si | yl ene(net hyl cycl opent adi enyl ) (oct ahydrof |l uorenyl )titanium
di chl ori de,(cyclopentaddemyilhybsitehlydmofluorenyl) titanium dichloride,
(di met hyl cycl opent adi enyl ) (oct ahydrof | uorenyl )titani um dichloride,

di met hyl si Bjetbylsilylene (2~ 21
(et hyl cycl opent adi enyl ) (oct ahydrof | uorenyl ) titani um
methylcyclopentadienyl)(fluorenyl)titanium dichloride,

dimethylsilylene (2, 5-
dimethylcyclopentadienyl) (fluorenyl) titanium - dichloride,

dimethylsilylene (2-

ethylcyclopentadienyl) (fluorenyl) titanium dichloride,
dimethylsilylene (2, 5-
diethylcyclopentadienyl) (fluorenyl)titanium dichloride,

diethylsilylene(2—methylcyclopentadienyl)(2?,7'—di—t—
butylfluorenyl)titanium dichloride, diméthylsilylene(2,5—
dimethylcyclopentadienyl) (2',7'~-di-t-
butylfluorenyl)titanium dichloride, dimethylsilyleﬁe(Z—
ethylcyclopentadiényl)(2',7'—di—t—butylfluorenyl)titanium
dichloride, ~dimethylsilylene (diethylcyclopentadienyl) (2, 7~
di-t-butylfluorenyl)titanium dichloride,
'dimethylsilylene(methylcyclopentadienyl)(octahydrofluorenyl
)titanium dichloride, dimethylsilylene-
(dimethylcyclopentadienyl)(octahydrofluorenyl)titanium

dichloride, dimethylsilylene-
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di chl ori de, ~di nethyl silyl ene-

(di et hyl cycl opent adi enyl ) (oct ahydr of l uorenyl )titanium dichloride,

di met-hyl silyl enebis (indenyl) zirconiumdichloride,

di met hyl silyl enebi s(4,5,6, 7-tetrahydroindenyl)zirconium dichloride,

di met hyl si |l yl enebi s(2-net hyl i ndenyl ) zi rconi um dichl ori de,

di nmet hyl si | yl enebi s(2,4- di nmethylindenyl)zirconi um

dichloride, dinethylsilylenebis(2,4-dinmethylcyclopentadienyl)(3",5"-

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

di met hyl si (stnkeyeiopentadieny . tnotaliydiosl yoreryhi Lt ari@hl ori de,

di met hyl si | yl enebi s(2-nmet hyl -4- naphtylindenyl)zirconi umdi chl ori de,

di met hyl siditkhebid¢2- met hyl - 4- phenyl i ndenyl ) zi r coddmethylsilylene—

di chl ori de, . phenyl net hyl sil yl enebi s(i ndenyl) zirconium di chl ori de,
phenyl met hidse tlyy beedl epen Badi eny kel (atiyahydnathyd JenyLohi tamiwnchl ori de,
phenyl nmet hyl si | yl enebi s(2, 4- di net hyl i ndenyl ) zirconium -

di chl ori dedichphenidertineshiyyséhgléndbdsiinbdghgl ¢ zapeonadinsdid) (@ ide

di met hyl cycl opent adi enyl ) zi rconi um di chl ori de,
phenyl et hyimétyyesel 1 Snébis (4 5Es )4 tyiot sipedit adthéetyy) 21 rdon Him
trimet hyl cycl opent adi enyl ) zi r coni um - di chl ori de,

gheﬂly | m%‘éI hyt shlyteaebi s- duﬁéﬁwmﬂWéx@ea@igm@mynyﬁaémyrpn1Mmum

d: ;heg;: s?ayéﬁneﬁiaéz, 4-di met hyl i ndenyl) zi rCO(ﬂlimléTthyls:Llylenebls(2,4-
dimethylindenyl) zirconium .dichloride,
dimethylsilylenebis (2, 4-dimethylcyclopentadienyl) (3',5'-
dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylenebis (2-methyl-4, 5~benzoindenyl) zirconium
.dichloride, dimethylsilylenebis(2-methyl-4-
naphtylindenyl)zirconium dichloride, dimethylsilylenebis(2-
methyl—4-phenylindenyl)zirconium dichlqride,
phenylmethylsilylenebis (indenyl) zirconium dichloride,
phehyimethylsilylénebis(4,5/6,7—tetrahydroindenyl)zirconium
dichloride, phenvlmethylsilylenebis (2, 4~
dimethylindenyl) zirconium dichloride,
phepylmethylsilylene(2,4—dimethylcyclopentadienyl)(3',5'—
dimethylcyclopentadienyl) zirconium dichloride,
phenylmethylsilylene(2, 3,5~ .
trimethylcyclopentadienyl) (2',47,5'~-
trimethylcyclopentadienyl) zirconium  dichloride,

phenylmethylsiiylenebis—

(tetraméthylcyclopentadienyl)zirconium dichloride,
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di chl ori de, diphenylsilylenebis (indenyl) zirconiumdichloride,

di phenyl si | yl enebi s(2- net hyl i ndenyl ) zi rconium di chl ori de,

tetramet hyl di si |l yl enebi s(i ndenyl) zirconi um di chl ori de,

tetramet hyl di si |l yl enebi s(cycl opent adi enyl ) zi rconi um di chl ori de,
tetranet hyl di silyl ene(3- nethyl cycl opentadienyl) (indenyl)zirconium
dichloride, dinethylsilylene(cyclopentadienyl)(3,4-

di met hyl cycl opent adi enyl ) zi rconi um di chl oride, dinethylsilylene-

(cycl opent adi enyl ) (trinethyl cycl opent adi enyl ) zi r coni um di chl ori de,

di net hyl si P¢PBRBY seéyé?aséhfséav éngivetbyiinaenyile ¢dr6pBAYRdI enyl ) zi r coni um

di chl ori de, d|nethyIS|Ierne(cycIopentadlen 1) (3, 4-
di et hyl cycPépbApzddenydiphenstifiijlenebis (indeny ) chqnmdzén dichloride,
di met hyl si | yl ene(cycl opentadi enyl ) (triethyl cycl opentadi enyl zi rconi um

di chl ori dediphenylsilydenebhgl(grngtbyéindenyl) zirconium  dichloride,
(cycl opent adi enyl ) (tetraet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

di et hyl si teteamethylldpenigdeserdlis((findenydyz)iricovdumum di dikblodéde,
di met hyl si |l yl ene(cycl opentadi enyl ) (2,7-di-t- butylfluorenyl)zirconium
di chl ori detetrasietrhiylylisilyllenebis (cyclopentadienyl) zirconium

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

di met hyl si kjkenetdde, met hyl cycl opent adi enyl ) ( ftlettaameyhyidicddiyiene (3-

g:ﬁglﬁ;:gsh&hﬁ@&t&ciopentadlenyl)(1ndenyl)21rcon1um dichloride,
dimethylsiiylene(cyclopentadiényl)(3,4—
dimethylcyclopentadienyl) zirconium ' dichloride,
dimethylsilylene-
(cyclépentadienyl)(trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylene-
(cyclopentadienyl) (tetramethylcyclopentadienyl)zirconium
dichloride, dimethylsilylene(cyclopéntadienyl)(3,4—
diethylcyclopentadienyl)zirconium ° dichloride,
dimethylsilylene (cyclopentadienyl) (triethylcyclopentadienyl
)zirconium dichloride, dimethylsilylene-
(cyclopentadienyl) (tetraethylcyclopentadienyl) zirconium
dichloride,

"dimethylsilyiene(cyclopentadienyl)(fluorenyl)zirconium

dichlofide, dimethylsilylene (cyclopentadienyl) (2, 7-di-t~-
butylfluorenyl)zirconium dichlbride, dimethylsilylene-
(cyclopentadienyl)(octahydrofluofenyl)zirconium dichloride,
dimethylsilylene (2-

methylcyclopentadienyl)(fluorenyl)zirconium dichloride,
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di met hyl cycl opent adi enyl ) (fl uorenyl ) zi rconium di chl ori de,

di met hyl silyl ene- (2- ethyl cycl opentadi enyl) (fl uorenyl)zirconium

di chloride, dinethylsilylene(2,5-

di et hyl cycl opent adi enyl ) (f1 uorenyl ) zirconi um di chl ori de,

di et hyl sil yl ene(2-net hyl cycl opentadienyl)(2',7"' -di-t-

butyl fl uorenyl)zirconiumdichloride, dinethylsilylene(2,5-

di met hyl cycl opent adi enyl ) (2', 7' -di-t- butyl fluorenyl)zirconium

di chl ori de, di met hyl si |l yl ene( 2-

ethylcyclogémeahyéﬂyly@en$?2 8r-t-butyl fluorenyl)zirconium dichloride,
di met hyl si | yl ene(di et hyl cycl opent adi enyl ) (2, 7-

di -t -but yl 8imetby}tyzilopentadienyl) (fluorenyl) zirdonhbmr i ddichloride,

di et hyl si | yl ene( et hyl cycl opent adi enyl ) (oct ahydr of | uorenyl ) zirconi um
di chl ori dedimethylsily@lenmet Byl sil yl ene-

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

di net hyl si kyhgteyclépehybdyehopenfadoeeayy)  edrabydunf | uor edythzortdsj um
di chl ori de, di et hyl si | yl ene-

(dlethylcyahﬁgenyadugpyéhéqg;ahydrofIuorenyl)2|rconlun1 di chl ori de,
di met hyl si | yl enebi s(i ndenyl ) haf ni um di chl ori de,

di met hyl si kykenebcgcdopefitddiehyahydnabrdanyh Xhatbhtion di chienléeide,
di met hyl si |yl enebi s(2- et hyl i ndenyl ) haf ni um di chl ori de,

gl met hyl si Bl'e%ﬂ?@b&ﬁ%lén@'(thafhymé9ﬂibbéﬁfcadbé€hy@) le'(?m'd@.:l —t-
I met hyl si | yl enebi s(
d'”?thy|Cygh@@@@ﬁﬁ@k@ﬂ%h)Q§rc051Um dichloride, dlmethy151lylene(2,5—
diméthylcyclopentadienyl)(2',7'—di—t—
butylfluorenyl)zirconium dichloride, dimethylsilylene (2-
ethylcyclopentadienyl)(2',7'~di-t—butylfluorenyl)zirconiﬁm
dichloride, dimethylsilylene(diethylcyclopentadienyl)(2(7—
di-t-butylfluorenyl) zirconium dichloride,
dimethylsilylene(methylcyclopentadienyl)(octahydrofluorényl
) zirconium dichloride, dimethylsilylene-_
(dimethylcyclopentadienyl)(octahydrofluorenyl)giréon%um
dichloride, dimethylsilylene-
(ethylcyclopentadienyl) (octahydrofluorenyl) zirconium
 dichloride, dimethylsilylene-
(diethylcyclopentadienyl) (octahydrofluorenyl) zirconium
- dichloride, dimethylsilylenebis(indenyl)hafnium dichloride,
dimethylsilylenebis (4,5, 6, 7-tetrahydroindenyl)hafnium
dichloride, dimethylsilYlenebis(2—methylindeﬁyl)hafnium
dichloride, dimethylsilylenebis(2,4-dimethylindenyl)hafnium

dichloride, dimethylsilylenebis (2,4~
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di met Ayl cycl opent adi enyl ) haf ni um di chl ori de,

di met hyl si | yl enebi s(2- net hyl -4, 5- benzoi ndenyl ) haf ni um di chl ori de,

di met hyl si | yl enebi s(2-net hyl -4- naphtylindenyl)hafnium dichloride,

di met hyl si |l yl enebi s(2- nethyl - 4- phenyl i ndenyl ) haf ni um

di chl oride, phenyl nethyl silyl enebi s(indenyl ) hafni um di chl ori de,
phenyl met hyl si | yl enebi s(4, 5, 6, 7-tetrahydr oi ndenyl ) haf ni um di chl ori de,
phenyl et hyl si | yl enebi s(2, 4- di et hyl i ndenyl ) haf ni um

di chl ori de, hen | silyl ene 'dl t hyl cycl opent adi enyl ) (3", 5
dlnethylcye}%gEhy 9Y%i9¥?ﬂ5? Fﬁﬂ¥£)(3 = di chl ori de,

phenyl nmet hyl si | yl ene(2, 3,5- _trinethylcyclopentadienyl)(2',4',5" -
trimet hyl c§&Re M%ﬁﬂ?%ﬁ?ﬁ?ﬁéﬁh?ﬁh4)hafnlum dlchlorldedIChlorlde'
phenyl met hyl si | yl enebi s(t et ranet hyl cycl opent adi enyl ) haf ni um di chlori de,
di phenyl si ﬁym@hémlguzyheaelﬁﬁﬁ hyrRabeRy T4 hathenaeigdeny b hgenium

di phenyl silyl enebi s(i ndenyl ) haf ni um di chl ori de,

di phenyl si 8§thhebiden- nethyl|ndenyl)haﬁhmﬁhhylSllﬂl@h¢b¥$ﬁ%‘methyl -4~
tetramet hyl di si |l yl enebi s(i ndenyl ) haf ni um di chl ori de,
tetranethyndphtyyiedebyilbgéhbp@ntdﬁthhyr;dafnidhmeuhzh$blyuepebis(2-
tetranet hyl di silylene(3- nethyl cycl opentadi enyl) (i ndenyl) haf ni um

di chl ori demethyireéhphenyyindefigythapeintmdi enyl ) (3, 4- dichloride,
di et hyl cycl opent adi enyl ) haf ni um di chl ori de,
25 phenylineehiybiillyybrabis (indenyl)hafnium dichloride,

phenylmethylsilylenebis (4,5, 6, 7-tetrahydroindenyl)hafnium
dichloride, phenylmethylsilylenebis (2, 4~
dimethylindenyl)hafnium dichloride,
phenylmethylsilylene (2, 4—-dimethylcyclopentadienyl) (3',5'-
diméthylcyclopentadienyl)hafnium dichloride,
phenylmethylsilylene (2, 3,5~

trimethylcyclopentadienyl) (2',4',5'-
trimethylcyclopentadienyl)hafnium dichloride,
phenylmethylsilylenebis(tetramethylcyclbpentadiényl)hafnium
dichloride, diphenylsilyienebis(2,4—dimethylindenyl)hafnium
dichloride, diphenylsilylenebis{indenyl)hafnium dichloride,
diphenylsilylenebis (2-methylindenyl)hafnium dichloride,
tetramethyldisilylenebis (indenyl)hafnium dichloride,
tetramethyldisilYlenebis(cyclopentadienyl)hafnium
dichloride, . | tetramethyldisilylene (3-
methylcyclopentadienyl) (indenyl) hafnium ' dichloride,
dimethylsilylene (cyclopentadienyl) (3,4~

dimethylcyclopentadienyl)hafnium dichloride,

25



(cycl opent adi enyl ) (tri met hyl cycl opent adi enyl ) haf ni um di chl ori de,

di ret hyl silyl ene- (cycl opent adi enyl ) (t etranet hyl cycl opent adi enyl ) haf ni um
di chl.ori de, di'met hyl si |l yl ene(cycl opent adi enyl ) ( 3, 4-

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

di net hyl si |l yl ene(cycl opent adi enyl ) (triethyl cycl opent adi enyl ) haf ni um

di chl ori de, di net hyl si | yl ene-

(cycl opent adi enyl ) (t et raet hyl cycl opent adi enyl ) haf ni um di chl ori de,

di met hyl si | yl ene(cycl opent adi enyl ) (fl uorenyl ) haf nium dichl oride,
dinethylsiﬂ%W@ﬁ%é@fﬁi Readi enyl ) (2, 7-di-t- butyl fl uorenyl ) haf ni um
di chl ori de, di met hyl si_l'yl ene-
(cyclopentd&W§ﬁﬂRﬁR§ﬁd&ﬁ@dﬁdﬂKﬁéméﬁﬁwﬂﬁatﬂpnﬁntadn@WWdﬂh@énlum
dlnethyIS|%¥Iene(2- met hyl cycl opent adi enyl ) (f1 uor enyl ) haf ni um

di chl ori de@l ielet/si l yl ene( 2, 5- dimethylsilylene-
di met hyl cyc¢l opent adi enyl ) (f1 uor enyl ) haf ni um di chl ori de,

di met hyl si | {pysderendridilenyd)) dsettratethyll il opeatgld)ieafsli) iafndumh| or i de,
di met hyl silyl ene(2,5- diethyl cycl opentadi enyl) (fl uorenyl)hafni um
di chl ori de diddiletrtiyesi | yl ene( 2 dimehilydgdlgpeneddiyenvpeh'add engil)t(3, 4~
but yl f1 uorenyl ) hafnium di.chl ori de, di met hyl si |l yl ene( 2, 5-
dinethylcycﬁmﬂﬂwﬁkuycmmﬁehtadiéhydDhhfhuhmlfIuorenyl)hafniumﬁcﬂu63ﬁa@ide,
di met hyl si |l yl ene( 2- 26
et hyl cycl opeimesthvasily(12neq cycdbpbnbﬂﬁ}ibhlyll()r(tﬁﬁb):h@ﬁ.&'y‘dﬂbpentadlenyl
Jhafnium dichloride, dimethylsilylene-
(cyclopentadienyl) (tetraethylcyclopentadienyl)hafnium
~ dichloride, |
dimethylsilylene (cyclopentadienyl) (fluorenyl)hafnium
dichloride, dimethylsilylene (cyclopentadienyl) (2, 7-di-t-
butylfluorenyl)hafnium dichloride, dimethylsilylene-
(cyclopentadienyl) (octahydrofluorenyl)hafnium dichloridé,
dimethylsilylene (2- ' -
methylcyclopentadienyl) (fluorenyl)hafnium dichloride,
dimethylsilylene (2, 5-
dimethylcyclopentadienyl)(fluorenyl)hafnium dichloride,
dimethylsilylene (2-ethylcyclopentadienyl) (fluorenyl)hafnium
dichloride, dimethylsilylene (2, 5-
diethylcyclopentadienyl) (fluorenyl)hafnium dichloride,
diethylsilylene(2—methylcyclopentadienyl)(2',7'—di-t—
. butylfluorenyl)hafnium dichloride, dimethylsilylene (2, 5-
dimethylcyclopentadienyl)(2',7'—di-t—butylfluorenyl)hafnium

dichloride, dimethylsilylene (2-
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di chl 6ri de, dimethyl silyl ene(diethyl cycl opentadienyl) (2, 7-

di -t-butyl fluorenyl)haf ni um di chl ori de,
di met hyl si |l yl ene( et hyl cycl opent adi enyl ) (oct ahydr of | uor enyl
di chl ori de, di et hyl si | yl ene-

) haf ni um

(di met hyl cycl opent adi enyl ) (oct ahydr of | uor enyl ) haf ni um dichl ori de,
di net hyl si | yl ene- (ethylcyclopentadlenyl)(octahydrofluorenyl)hafnlum

di chl oride, - di et hyl si | yl ene-

(e 1 cvakanenadspylLdegtoby ool yvouenyl MIelSh i rChGh

kge

ere

etc

Hmcycllc

L e Qi 91:’@?%215542hééoﬁ%%ﬂgfs-*SLl&?ieEﬁ??ﬁ’%géﬂ??sﬁ%é“ﬁgﬁad%ﬁ%?622.'7 bon
di ohi ori dedi- -Ha?w}?éggtﬁﬁﬁgﬁi%eméeﬁﬁﬁehf or ) 1t Eﬁ?éﬁg] siFhinrife.

di chl oride, ,nmethylalu Ieneblsglnden Ytitanium dichl orj

phenylalunﬂF@ﬁ&BV&éPﬁ &P met

M;gﬁpXopentadlenylageﬁpapyggofluorenyl

phenyl phosphyl enebi s(i ndenyl )titanium : di chl ori de

et hyl boryl éR@BPdUPndenyl )t i t arfitfhloride, di chfémegBylsilylene-
phenylalunyleneblsélnden yl)titanium di chl ori de,
‘phenyl al um/damethydcysdapanitadienyl) ocsahysiepfAnPuanyd) BAEBL e,

d|nethylgernylenebls(lndenyl)2|rcon|un1 di chl ori de,

27 dlChl@I#ﬂﬁhylgernylene(cyclopentad|enyI)(fd&@ﬁ§hyﬂﬁzﬂwé§ﬁﬁum

(ethylcyclopentadienyl) (octahydrofluorenyl)hafnium

dichloride, . "~ dimethylsilylene-

(diethylcyclopentadieny;)(octahydrofluorenyl)hafnium

dichloride, etc.

[4] Transition metal compounds having two conjugated,

S-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) titanium dichloride,

dimethylgermylene (cyclopentadienyl) {fluorenyl) titanium

dichloride, methylalumylenebis (indenyl)titanium dichloride,

phenylalumylenebis {(indenyl)titanium dichloride,
phenylphosphylenebis (indenyl) titanium dichloride,
ethylborylenebis (indenyl) titanium dichloride,

- phenylalumylenebis (indenyl)titanium dichloride,

phenylalumylene(cyclopentadienyl)(fluorenyl)titanium

dichloride, dimethylgermylenebis (indenyl) zirconium

dichloride,
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di chl 6ride, nethylalunylenebis (indenyl) zirconium dichloride,

phenyl al unyl enebi s(i ndenyl ) zi r coni um di chl ori de,
phenyl phosphyl enebi s(i ndenyl ) zi r coni um ~dichloride,
et hyl boryl enebi s(i ndenyl ) zi rconi um _ di chl ori de,
phenyl al unyl enebi s(i ndenyl ) zi rconi um di chl ori de,

phenyl al unyl ene(cycl opent adi enyl ) (fl uorenyl ) zirconium dichloride,
di met hyl ger nyl enebi s(i ndenyl ) haf ni undi chl ori de,

et ) SR BUEAASEILELETALALRUTERDY) L sl

met hyl al uny

phenyl al umgl. enebi s(i ndenyl )haf ni um s di chl Qri .
Phenyl phos BGTRRETE( HERMAS AN aReDLS (indenyl) z{fdeh i ffentorice,
S SRRl stzcomson. 0% P,
phenyl al uny| ene(cycl opent adj enyl.) (.f |l uorenyl ) haf ni um di chl qri de, etc.
oyt ansi EPERVIBRAPERSAEBRRAS (HAUERY Lo AL EbA MGt o0, | 5. neiGBLRaLde)
cyclic | i gand, .. such . as ) .

pent anet hy PEPYLBPENL 8BFRATI(IBACRERLAFFFRRLNBL i t ani um di chPéFPderide,

I ndenyl - bi s(phenyl)am notitanium dichloride, pentanethylcyclopentadienyl-
bi s(tri net REEBYLALBLEBEPLSALNAENY]) zirconium ~ (j ch| ori §éChloride,
pent anet hyl cycl opent adi enyl phenoxyt it ani um di chl ori de,

di net hyl si PReaNdelenyareelgre)erepéadagnyay|(florepyly AFCABLPMani um

di chloride, _dinethylsilflene- o ] . .. 28
(t et r amet hfiepdrspeer Aireihylgriaryd enslios ( ingenyd thafnbm déichloride,

dimeth?lgermylene(cyclopentadienyl)(fluorenyl)hafniﬁm

dichloridé; methylalumylenebis(indenyl)hafnium dichloride,

phenylalumylenebis (indenyl) hafnium dichloride,
phenylphosphylenebis (indenyl)hafnium . dichloride,
ethylborylenebis (indenyl)hafnium . dichloride,
phenylalumylenebis (indenyl)hafnium ~dichloride,

phenylalumylene (cyclopentadienyl) (fluorenyl)hafnium
dichloride, etc.

[5] Transition metal compounds having one conjugated,
S-membered cyclic ligand, such as
pentamethylcyclopéntadienylFbis(phenyl)aminotitanium
dichloride, _indenyi—bis(phenyl)aminotitaniumx dichloride,
pentamethylcyclopentadienyl-
bis(trimethylsilyl)aminotitanium - dichloride,
pentamethylcyclopentadienylphenoxytitanium dichloride,

dimethylsilylene (tetramethylcyclopentadienyl)-t-

butylaminotitanium dichloride, ~ dimethylsilylene-
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di met hyl sil yl ene (tetrahydroi ndenyl)decyl am notitani um dichloride,

di met hyl si |yl ene(tetrahydroi ndenyl)- [bis(trimethylsilyl)amno]titanium
di chl.oride, dinethylgernylene- (tetramethylcyclopentadienyl)

phenyl ami notitani umdichloride, pentanethylcyclopentadienyltitanium
tri nmet hoxi de, pentanethyl cycl opentadi enyl titani um _ “trichloride,
pent anet hyl cycl opent adi enyl - bi s( phenyl ) am nozi rconi um dichl ori de,

i ndenyl - bi s( phenyl ) am nozirconi um dichl ori de,

t t hyl I ' | - isGtrimethyl silyl.)ami.nozi.r conij .
Bt et Y| UG ARER 3L SR bR B L AT AL A0 E00 Mo
di et byl Lk RRGH 4 ARV e ARRNLAT ) ey BT R foonT um

t et neth’Lc | opent adi enyl ) phenyl.am. nozi r.coni um .di chl orj de,
<(1Ii rGre{ ﬁyl Si @Féﬁr«? tlglel’ahydr)c/)i )ngeny%‘}ﬁ‘@&%yiﬁﬂﬁr&ﬁn@ﬁrﬁ%ﬁahﬁﬁ%%%l) -

: L : ) . . . m
o e e AL SR L e =1 1Y) el el gl goni
(tetraneth&LcycIopentadienyl)phenylaninozircbniun1 di chl ori de,
pent anet hy Cdyetbyd FeZaYe 8RRz r coni um tri met hoxi de,

pent amet hyl cycl opent adi enyl zi rconi um trichloride, ] . _
pent anet hyl{¢pErapestydicymyprentadienyl) phenylaminotitanium digigloride,

bi s( phenyl ) am nohaf ni um di chl ori de, i ndenyl - _
pentamethylcyclopentadienyltitanium trimethoxide,
pentamethylcyclopentadienyltitanium trichloride,

pentamethylcyclopentadienyl-bis (phenyl)aminozirconium
dichloride, indenyl-bis(phenyl)aminozirconium dichloride,
pentamethylcyclopentadienyl-
bis(trimethylsilyl)aminozirconium : dichloride,
pentamethylcYclopentadienylphenoxyzirconium dichloride,
dimethylsilylene (tetramethylcyclopentadienyl)-t-
butylaminozirconium dichloride, dimethylsilylene-
(tetramethylcyclopentadienyl)phenylaminozirconium
aichloride,

dimethylsilylene(tetrahydroindenyl)decylaminozirconium

dichloride, dimethylsilylene(tetrahydroindenyl)—
[bis(trimethylsilyl)amino]zirconium dichloride,
dimethylgermylene~-

(tetramethylcyclopentadienyl)phenylaminozirconium

dichloride, pentamethylcyclopentadienylzirconium
trimethoxide, ' pentamethylcyclopentadienyliirconium
trichloride, pentamethylcyclopentadienyl-
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bi s( phenyl ) ani nohaf ni um ' di chl ori de,

pent anet hyl cycl opent adi enyl - bi s(tri nmet hyl silyl)am nohafnium dichloride,
pent anet hyl cycl opent adi enyl phenoxyhaf ni um di chl ori de,

di met hyl si |l yl ene(tetramet hyl cycl opentadi enyl)- t-butyl am nohaf ni um

di chl ori de, di et hyl si |l yl ene-

(tetramet hyl cycl opent adi enyl ) phenyl am nohaf ni um di chl ori de,

di met hyl si | yl ene(t et rahydroi ndenyl ) decyl am nohaf ni um di chl ori de,

di met hyl si Lyl ene(tetrahydroi ndenyl)- [bis(tripnethylsilyl)am no]hafnium
di chl ori de?ﬁsgPﬁéPP{ PSE‘XWBBEBAUX‘ élchlorlger indenyl-
(tetranet hyl.cycl opent adi,enyl ) phenyl am nohaf ni um di chl ori de,. i
pentanethy%&?épbﬁgﬂagaméﬁ9¥ﬁgﬁﬁP@n1 tri net hoxi déichloride,
pentanethylcgc . i ) . [

metal conpBEREEMRADYAGYEREPeBRpddan¥d bisFrinetbyleydils amigahasninmani
the |ligands are double- crosslinked, such as
(1,11_dineéﬂyhgprgﬁgne)(z,2-pentamethylcyclopentadienylphenoxyhafnium

| sopropyl i dene)-bi s(cycl opentadi enyl)titanium dichloride,

(1, 1' - di redighdprjdene) dimethyl mbliyesel(yetmepethylcyclopentadienyl) -

bi s(cycl opent adi enyl )titani um di chl ori de, (1,1 -

di et hyl si tybutylerinohafopunpyl i dedéfrhloride, dimethylsilylene-

bi s(cycl opent adi enyl )di net hyl titani um (1,1 -

di et hyl si l(fe&mene2hlcysdppepybdideng)l) phenylaminohafnium dichloride,

bi s(cycl opent adi enyl ) di benzyl titani um (1,1 -

di net hyl si Byhettbyl2i2yleneftepybhgdnreindenyl)decylaminohafnium

bi s(cycl opent adi enyl )bis(trinmethylsilyl)titanium (1,1 -

dichloride, dimethylsilylene (tetrahydroindenyl) -
[bis (trimethylsilyl)amino]lhafnium dichloride,
dimethylgermylene-

(tetrémethylcyclopentadienyl)phenylaminohafnium dichloride,
pentamethylcycloﬁentadienylhafnium trimethoxide,
pentamethylcyclopentadienylhafnium trichloride, etc.

[6] Transition nmetal compounds having two conjugated,
5-membered cyclic ligands in which the'ligands are double-
crosslinked, such as (1,1"'-dimethylsilylene) (2,2'-
isopropylidene)-bis(cyclopentadienyl) titanium dichloride,
(1,1'-dimethylsilylene)(Z;2'—dimethylsilyiene)—
bis (cyclopentadienyl)titanium dichloride, (1,1'-
dimethylsilylene) (2,2"-isopropylidene) -
bis(cyclopentadienyl)dimethyltitanium, (1,1'-
dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)dibenzyltitanium, (1,1'-

dimethylsilylene) (2,2'-isopropylidene) -

30

| opent adi enyl haf nium trichloride, etc. 6] Transition

ch
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di met hyl silylene)(2,2" -isopropylidene)-

bi s(cycl opent adi enyl )bis(trinmethylsilylnmethyl)titanium

(1,2 -dinmethylsilylene)(2,1" -ethyl ene)-bis(indenyl)titanium dichloride,
(1,1 -dinmethylsilylene) (2,2 -ethylene)- bis(indenyl)titanium dichloride,
(1,1 -ethylene)(2,2'- dinmethylsilylene)-bis(indenyl)titanium dichloride,
(1,1'- dinethylsilylene) (2,2 -cyclohexylidene)- bis(indenyl)titanium
di chl ori de, (1,1'- dinmethylsilylene)(2,2" -isopropylidene)-

bi s(cycl oppnsadiyedpbeataa9ahyl bis (trimebholsdeyl) titanlud) - (1,1'-

di met hyl silylene) (2,2 -dinmethylsilylene)- bis(cyclopentadienyl)zirconium
di chl or i dedimethyf#i1yiend) 12} byLskbpkepg)idede) -sopropyl i dene)-

bi s(cycl opent adi enyl ) di met hyl zi r coni um (2,1 -
d!”Ethy|S'bYE?E?EigFahtbQQBh?QYBEQQEglmethylsilylmethyl)titanium,

bi s(cycl opent adi enyl ) di benzyl zi r coni um (1,1 - :

di et hyl si Iyl eme}éReRhut Kehqoner=eth -bis (indenyl) titani
bis(cyclopénfgdig%éﬁ%%?%%???%&t%335|Fyl?%i?%Sﬁfanfls(l?l??y-)'l antHm

d!”EthylSihXEEES}ﬁaF%L'iSOprOpxE;ﬂgﬁﬁéﬁethx§ﬁf%ylene)(2,2'—ethylene)-

s(cycl opentadi eny I s(trimet met rconi um

b'l . . \ . ! . .
g%éﬁlbfig§%9¥k§hh¥h9ﬂ?%§?fﬁ;hﬁtm”dHEHIoeréﬁ'”d?@¥h)leﬁ9ﬂbH€b(2,2'—

di methyl si 'pxh@@gg&gﬁg;g@?x'yﬁgsfapgggy_w%%g}ﬁwOa&emo%ae',Of (8-

(1,1'-ethylene _ yl _ 31
bi's(i ndenyl) gl L8OV 1 ene) (2, 2 3eGM 8HeY$1 1 dene) - (1,1°-
bis (indenyl) titanium dichloride, (1,1'~

dimethylsilylene)(2,2'—isopropylidene)—
bis(cyclopentadienyl)zirconium dichloride, {(1,1'-
dimethylsilylene) (2,2'-dimethylsilylene)~
bis(cyclopentadienyl)zirconium dichloride, (1,1~
dimethylsilylene) (2,2'-isopropylidene)-
bis(cyclopentédienyl)dimethylzirconium, - {1,1-
dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)dibenzylzirconium, (L,1'-
dimethylsilylene)(2,2'—isopropylidene)—

bis (cyclopentadienyl)bis (trimethylsilyl) zirconium, (1,1'-
dimethylsilylene) (2,2'~isopropylidene) -
bis(cyclopentadienyl)bis(trimethylsilylmethyl)zirconium,
(1,2'-dimethylsilylene) (2,1"'-ethylene) -

bis(indenyl) zirconium dichloride, {(1,1'-
dimethylsilylene)(2,2'—ethylene)—bis(indenyl)zirconium

dichloride, (1,1'-ethylene)(2,2'—dimethylsilylene)-
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di met’hyl silyl ene) (2, 2" -cycl ohexylidene)- bis(indenyl)zirconium

di chl ori de, (1,1'- dinethylsilylene)(2,2" -isopropylidene)-
bi s(cycl opent adi enyl ) haf ni um di chl ori de, (1,1 -

di met hyl silylene)(2,2'-dimethylsilylene)- bis(cyclopentadienyl)hafnium
di chl ori de, - (1,1'- dinethylsilylene) (2,2 -isopropylidene)-

bi s(cycl opent adi enyl ) di net hyl haf ni um (1,1 -

di met hyl silyl ene) (2, 2' -i sopropyl i dene) -

bis(cyc'Op‘?ei;%@ﬁ’g{%@‘diibféﬁimf”‘ um = gichloride, (M1 (1,10

di et hyl si -I’'sopropyl i dene) -
e S el e
e R TR S T ik,
O TR Ml e e e e
(1,1'- dimethylsilylene)(2,2' -cycl ohexylidene)-bis(indenyl)hafnium
di chl ori dé?l%f%YClOPenta%Wnybehﬁ‘%Wes fr orftkSARRy of [1] tb $6] noted
above, which are produced by substituting the chlorine atons in those
conpounds &ingtlyisilpleng) (¥ ahy dmethybed helenodht an i odi ne |
bonzyl  bis(cyeiopentadiensiihatnitm . o VaiditeRiad, P! PP @
-dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)dimethylhafnium, (1,1'-
dimethylsilylene) (2,2'-isopropylidene) -
bis{cyclopentadienyl)dibenzylhafniun, | (1,1'-
dimethylsilylene)(2,2'—isopropylidene)—
bis(cyclopentadienyl)bis(trimethyisilyl)hafnium, ‘ (1,1'~-
dimethylsilylene) (2,2'-isopropylidene) -
bis(cyclopentadienyl)bis(trimethylsilylmethyl)hafnium,
(1,2'—dimethylsilylene)(2,l'—ethyléne)—bis(indenyl)hafnium
dichloride, (1,1'-dimethylsilylene) (2,2'-ethylene) -
bis(indenyl)hafnium dichloride, (1,1"-ethylene) (2,2'~-
dimethylsilylene)-bis(indenyl)hafnium dichloride, (1,1'-
dimethylsilylene) (2,2'-cyclohexylidene)-bis(indenyl)hafnium
dichloride, etc. .
[7] Derivatives from compounds of [1] 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
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groupf a nmet hoxy group, a dinethylam no group and the |ike. [ 8]
O t heconpoundsof [1] to [7] notedabove, transition netal conpounds having
one conjugated, 5-nenbered cyclic ligand described in [5] are particularly

preferred in producing styrenic polynmers. (1'l) As specific exanples
of the transition nmetal conpounds of fornula (3), nmentioned are the
follow ng conpounds. Tet ra- n- but oxytitani um :

tetra-i-propoxytitanium tetraphenoxytitani um

tetracresoxytitanju tetrachl orotjtani um

ot r aki ( it E¥y IRV AGPEIPRAA Uin @ REEhUbITHANR 1+ 2HPRFRYLETRIR, et
derivatives as produced by substituting the tjtaniumatomin those
conmpounds KW/ 72 rRYFRARY oF TR ni A LRE LR HHAIBLRQ GEPYR FRFetRE Hofounds,
preferred are al koxytitani um conmpounds, al koxyzirconium conpounds, and

al koxyhaf ni um cb®bo@fdshe compounds 9f |3 ]t b 7laneted Ghover aFr 2RTotRRIS of
formula (4), M represents a transition nmetal _of Goup (VIII) of the
Periodi c TRbRE compoyngisdraving ope canigiuates, Prvgmberegavnclicn}igand
pal |l adium platinum etc. O those, preferred are nickel and .palladium
L[err] anddegeribedadn rEpl essnt partcionrldmiat i pnebendedg in i preeducbng
X[err] -and Y[err] each represent a coval ent-bonding or ionic-bonding

| i gand. Asstgnenboepobemersmabove, X/ err] and Y[ferr] include, for exanple,
a hydrogen atom a hal ogen atom a ' 33

hydr ocar bon at ofibavi s f specific XMxanplkd=er alfl ythe oranisdtion metal

compounds of formula (3), mentioned are the following

compounds.

Tetra-n-butoxytitanium, tetra—i—propoxytitanium,
tetraphenoxytitanium, 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,
preferred are alkoxytitanium compoﬁnds, alkoxyzirconium
compounds, and alkoxyhafnium compounds.

(III) In the transition metal compouﬁds of formula (4),
M2 représents a transitionmetal bf Group (VIIIj of the Periodic
Table. Concretely, it .includes iron, cobalt, nickél,
palladium, platinum, etc. Of those, preferfed are nickel and
palladium. Ll and L2 each represenfs a coordination-bonding
ligand; and X! and Yl each represent a covalent-bonding or
ionic-bonding ligand. As mentioned hereinabove, X! and Y1

include, for example, a hydrogen atom, a halogen atom, a
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carbon atons, an al koxy group having from1 to 20, preferably from1 to 10
carbon atons, an am no group, a phosphorus- containing hydrocarbon group
having from1l to 20, preferably from1l to 12 carbon atons (e.g., a

di phenyl phosphi ne group, etc.), a silicon-containing hydrocarbon group
having from1 to 20, preferably from1 to 12 carbon atons (e.g., a
trimethylsilyl group, etc.), and a boron conpound resi due having a .
hydrocarbon group with from1l to 20, preferably from1 to 12 carbon atons
or having hal ogens (e.g., B(C[err]Herr])[err], BFferr]). O -those,
preferred BHERARGEN 258nBadhBINfERBC r‘bbr?‘{grwﬁ.erx yr framdl ierkd may
be the sane or different ones. Specific exanples of L[err] and L[err]

i ncl ude t rG33tROTYy BSRBSphARecalkoxyanam thaving fromedzoni20, Ipkeferahly

bi sdi phenyl phosphi noet hane, 1, 3-bi sdi phenyl phosphi nopropane, 1, 1

- bi sdi phenyigsiibsbhtaoflér reaxan ayohspceadiamaio pgrodpnea phosphorus-

bi strinmethyl silyl am nobi strinmethyl silylimnophosphorane, etc.

Llerr], L[eordtaixierwy hydrdcerbon] greypbhatndefirom acd 20,herdfiedapiy a
cyclic structure. Specific exanples of the transition netal conpounds

of fornul &xof) 1itecl iderdohradoms ¢ 1 ¢ pheandi piesphvliesph ke broup, etc.),
di chl orotri phenyl phosphi ne ni ckel, di bronodi acetonitrile nickel,-

di br onodi benziriiitodn-ontaiindke) hydrodarbyi (Ghotp having from 1 to 20,
bi sdi phenyl phosphi noet hane) ni ckel , : di brono( 1, 3-

bi sdi pheny lpefephiblgprepane) to 12 cabbéelatoms (e &by WM lihekylsilyl -
34 ' di phenyl bi sphosphi nof errocene) ni ckel ,
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{(CgHs5) 4, BF4); Of those, preferred
are halogen atoms and hydrocarbon groups. X1 and v1 may be the
same or different onés. Specific examples of L1l and 12 include
triphenylphosphine, acetonitrile, benzonitrile, 1,2-
bisdiphenylphosphinoethane,1,3—bisdiphenylphosphinopropane,
1,1'—bisdiﬁhenylphoSphinoferrocene,cyclooctadiene,pyridine,
bistrimethylsilylaminobistrimethylsilyliminophosphorane,
etc.
Ll, 12, X! and Yl may be bonded to each other to form a
cyclic structure.
Specific examples of the transition metal compounds of

formula (4) include dibromobistriphenylphosphine nickel,

dichlorotriphenylphosphine nickel, dibromodiacetonitrile

nickel, dibromodibenzonitrile nickel, dibromo (1, 2-
bisdiphenylphosphinoethane) nickel, dibromo (1, 3-

bisdiphenylphosphinopropane) - nickel, dibromo(1,1'-

34



di et hyl bi stri phenyl phosphi ne nickel, di met hyl (1, 2-

bi sdi phenyl phosphi noet hane) ni ckel , nmet hyl (1, 2-
bi sdi phenyl phosphi noet hane) ni ckel tetrafl uoroborate, (2-
di phenyl phosphi no- 1- phenylethyleneoxy)phenylpyr|d|nenlckel
di chl or obi stri phenyl phosphi ne paIIadlum

di chl orodi benzonitrile palladi um di chl orodi acetonitrile palladium

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

bi st ri phenyl phosphi ne pal | adi um bistetrafl uoroborate,

bi s(2, 2" - p%%P@?hﬁ}h%$m§®$thn0féff@ﬁﬁﬁ@?oborate etherate, etc.nickel, ¢y
‘those, preferred are cationic conpl exes such as

met hyl (1, 2dbhethpheihst phpkehy hphosphinai ckel nicketaf | uor dboetbpl (1, 2-

bi stri phenyl phosphi ne pal | adi um bi stetrafl uoroborate, and

bi s(2, 2' - pyisdipbéneliphbspbhnoethané) uor oborniekelherate. methylAs, 2he
conponent (a) in the catalyst of the invention, one ornore transitionnetal
conpounds hbséilphényiphagpeinsethanehrickel ngltetorafducombuinede, CdBponent
(b): [1] Cay or clay mnerals: Clay or clay mnerals nmay be
used as theishengbphtsphino-T-pliehglabthalgnegayephénylperbyineus cidl,cate
mnerals. It is plastic when kneaded with a suitable anmount of water, and
is rigid abenldropdstipnehgkpHoabhlingh tenperatures, it ipalladium,

35 sintered. Cay mnerals are hydrous silicates which are the

dichlorodibenzonitrile palladium, dichlorodiacetonitrile

palladium, dichloro (1, 2-bisdiphenylphosphinoethane)
palladium, bistriphenylphosphine palladium
bistetrafluoroborate, bis(2,2"-pyridine)methyliron

" tetrafluoroborate etherate, etc.

Of those, preferred are cationic complexeé such as
methyl (1, 2-bisdiphenylphosphinoethane) nickel
tetrafluoroborate, bistriphenylphosphine palladium
bistetrafluoroborate, and bis(2,2'-pyridino)methyliron
tetrafluoroborate etherate.

. As the component (a) in the catalyst of the invention, one
ormore transitionmetal compounds noted above may be used either
singly or as combined.

Component (b):

[1] Clay.or 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
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essential conponents constituting clay. These are not limted to only
nat ural ones, but synthetic products of those substances are enpl oyabl e
her el n. [ 2] 1on-exchanging | ayered conpounds: . As the conponent
(b), also usable are ion-exchanging |ayered conpounds, which are
characterized by the crystal structure of such that a plurality of crystal
pl anes forned through ionic bonding or the like are lamnated in parallel
| ayers via weak bonding force between the adjacent |ayers, and in which
the ions are exchangeable. Sone clay m nerals are . ion-exchanging |ayered
conpounds. Sinteredsr elaynerang 1458 Mydrousisd daatamyd i 85% Fgeclay
m nerals. Phyllosilicic acid conpounds include phyllosilicic acid and

phyl | osi | i eefeBtiad rampearngAyFPBSELLEEEBY, Cka¥wn are nmontnorillonite,

saponite -and hectorite of snectite famly; illite and sericite of mca .
family; and m xZbepgya¥e matelimdtedfte madiyi nauzad onesis bwh syrsbetdr nicas
and verm culites. As synthetic products, known are

f | uor o- t et paeductsnpifc thoskapuhstanceseerenempépyable herafine nentioned are
I on- exchangi ng conpounds having a |ayered crystal structure, such as
a-Zr(HPg err]) [ ded], I¢eretckandiy clayofed rfompouddg HPO err])[err],
[err]-Ti(HPO err])[err], etc. These are not clay mnerals. Exanpl es
of clay and cl apsmuley a¢ampdnedt dgbhpt alislbongsdlil e | ane eiohaegichgniganegr ed
conpounds and which are usable as the 36
conponent (hyeired wianpdwlidshawiicln bow rhaERterierid ey othenttrystal
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.

For example, phyllosilicic acid compounds belong to clay
minerals. Phyllosilicic acid compounds include phyllosilicic
acid and phyllosilicates. As natural phyllosilicates, known
aremontmorillonite, saponite and hectorite of smectite family:;
illite and sericite of mica family; and mixed layer minerals
of smectites and micas, or those of micas and vermiculites.

As synthetic products, known are fluoro-tetrasiliconmica,
laponite, smectone, etc.

Also mentioned are ion-exchanging compounds having a
layered crystal structure, such as a-Zr (HPO4)2, yY-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
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and referred to as bentonite; kibushi clay conprising nontnorillonite and
many ot her conponents; gairone clay; sepiolite and pal ygorskite having a
fi brous norphol ogy; and anorphous or |lowcrystalline allophane, inopgolite,
etc. The conponent (b) is contacted with the silane conmpound (c) and
‘optionally the alkylating agent (d), and it is desirable that clay, clay
m neral s and ion-exchangi ng | ayered conpound for the conponent (b) are
chemcally treated for the purpose of renmoving inpurities fromthemor for
nodi fying their strﬂ%tures and functi ons. The chem cal treatnent

referred t COMBCIERY R} ARCANOEIRY PRY1nG 2 dow mortmaehl lonl tegonsent

impurities fromsurfaces and the treatment to nodify the crystal structure
of clay. é&qcr gedryredt Facl adledenianiteat feushil kdlay r eempeasingal t
tr eat nent, ani ¢c _treatnent, etc. The acid treatnment is to renove
i npurities megidddendse ad | manyl ethery componendsch gaixdmer oilayy iron,
magnesi um and the like fromcrystal structures to thereby enlarge surface
areas. The sgPigiliter eacnpal vgorskiteshawjinghe dipsoals siorphblogy;otnd ay,
t hereby nodifying the structure of clay. The salt treatnent and the
or gani c tr exoxphougr ort doWocmyistaild inenpllévephanenvlimogod tepnpkexes,
organi-c conpl exes, etc., whereby surface areas and |ayer-to-|ayer spaces
may be changed. TDei ngmponehél (b) i be- mcltwaﬂlgedlgﬂﬁﬁh liHey ,smhelel abapbaxar
exchangeabl e ions in the :
conpounds rtey ded epthangddyvilidadkylathey dpdky (dInNSand igi i@desuable
that clay, clay minerals and ion-exchanging layered compound
for the component (b) are chemically treated for the purpose
of removing impurities from them or for modifying 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.
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 1ike.from crystal structures to thereby enlarge surface
areas. Thealkali treatment is to destroythe crystal structure
of clay, thereby modifying the structure of clay. The salt
treatment and the organic treatment are to form ionic complexes,
molecular complexes, qrganic complexes, etc., whereby sufface

areas and layer-to-layer spaces may be changed. Owing to their

ion-exchanging ability, the interlayer exchangeable ions in the
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| ayer éd substances'having enl arged interlayer spaces. [3] The
subst ances of the conponent (b) noted above may be directly used as they
are,.or, if desired, additional water my be adsorbed onto them or they

may be heated and dehydrated prior to being used. [4] As the
conmponent (b), preferred are clay and clay mnerals in view of their
activity. Most preferred are phyllosilicic acid conmpounds, of which

snectite is desirable, and nontnorillonite is nore desirable Si | ane

COWDOU_”dSO% cﬁg SENTORE b(ec)e'ﬁé:haﬁxgeﬁlAﬁl%R”Bflhsbgﬂig ?2 Sﬁgpé)é':}_glo vd he

cat al yst |nve tion actrv 13he o unds for
the conponent referred are tha e eneral formul a.
(5): Teyer hf@FaH‘ Cem AR t%‘%e ]Izﬂ:‘é‘?ﬁt %f which the

atomin the sit directl onding Lo.Si is carbaqn,, siligo r _hydrogen

represents a su '#hﬁeﬁ?gﬁgaﬂﬁ?ﬁhO%rﬁP%HQQﬂBHPq B EP?@Q %??%%

bondi ng t I S h | ogen,, oxygen or nitro ; ny,

nay be thgg%QH%eG tlyi ¥eed A sarere%’ﬁeg’(qng@ﬂ;‘regndaﬂd?‘Eb?’égﬁﬁfaste_Lr 2 or
npounds of formula g i ncl ude bis-silyl conmpounds

X[err] nslm@HP@raaiWé\P?qlmt{%?c By vPerthey mavibefentes apd defrdrated 2 or

3) having plural Si's in the nolecule, and al so poly-nuclear

38 - prior dep yagingated- pol ysil azanes, etc. The substituent R

i ncl ude, :

! Haes [4] As the component (b), preferred are clay and clay

minerals in view of their activity. Most preferred are
phyllosilicic acid compounds, of which smectite is desirable,
and montmorillonite is more desirable.

Silane compouﬁds for component (c¢):

As coﬁprising a silaﬁe compound, the catalyst of the
inventi‘o-n has higher activity. As the silane compounds for the
component (c), p;eferred are those of the following general
formula (5):

RnSiX4-n (3)
wherein R represents a substituent of which the atom in the site
directly bonding to Si is carbon, silicon or hydrogen; X
represents a sﬁbstitutent of which the element in the site
directly bonding to Si is halogen, oxygen or nitrogen; plural
R's and X's, if any, may be the same or different ones,
respectively; and n represents 1, 2 or 3.

Compounds of formula (5) 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
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an al Kyl group, a phenyl. group, a silyl group, and a hydride group, and is
preferably an al kyl group. More preferred is an al kyl group not having an
aromatic unit. The substituent X includes a halide, a hydroxide, an

al koxi de and an am de, and is preferably a halide. Most preferred is a
chloride. Specific exanples of the silane conpounds include trialkylsilyl
chlorides such as trinethylsilyl chloride, triethylsilyl chloride,
triisopropylsilyl chloride t-butyldinmethylsilyl chloride,

t- butyldlpheg§ sll chl oride, phenet hyl di net hyl si

chl ori de g1l an&ﬁal?&%%ﬂ%ﬂ”’b‘?%ﬁﬁ@ﬂ de%hw@W%tén%Mmlmes

di chl ori de, th I'sily di chl oride, diisopropylsilyl dichloride,

“di - n- hexyl &R ﬁrel SHPHPr d@, PheRYE| SFeWD1 s3 |SALY N .dend a hydride
docosyl et hyl silyl djichloride, bi s(phenet hyl ) si | yl

di chl ori de 9TORBY hgREhkh @mefegialblly ancallyl droun phynyeSprgfeJdrealm iatte,
dlnethyIS|I | dichloride, ditolylsilyl dichloride, etc. al kyl si |yl
trichl ori daskydc Hreupmachy heviplg @n eMomatde; urdtthy| Fheey substiituendr Xde,

i sopropyl silyl trichloride, dodecylsilyl trichloride, phenyl si |yl

trichl ori déncludeist gl balide, athydﬁdxmdedean alkogrligksahglan antideghlankd de,

phenethyl silyl trichloride, etc.; other halides to be derived fromthe

conpounds ASt eprebewab by subbaiidei ng Mbet c drerfiederedii gt ya Wichl oarideqt her

hal ogens; disilazanes such as bis(trinmethylsilyl)am de,

bi s(tri et hpbeclifliyeaxatgples of the silane compounds include 8%ialkylsilyl

bi s(triisopropylsilyl)amde, bis(dinethylethylsilyl)am de,
chlorides such as trimethylsilyl chloride, triethylsilyl ...
chloride, triisopropylsilyl chloride, t-butyldimethylsilyl
chloride, t-butyldiphenylsilyl chloride,
phenethyldimethylsilyl chloride, etc.; dialkylsilyl
dichlorides such as dimethylsilyl dichloride, diethylsilyl
dichloride, diisopropylsilyl dichloride, di-n-hexylsilyl
dichloride, dicyclohexylsilyl dichloride, docosylmethylsilyl
dichloride, _ bis (phenethyl)silyl dichloride,
methylphenethylsilyl dichloride, diphenylsilyl dichloride,
dimethylsilyl dichloride, ditolylsilyl dichloride, etc.:
alkylsilyl trichlorides such as methylsilyl trichloride,
ethylsilyl trichloride, isopropylsilyl trichlofide,
dodecylsilyl trichloride, phenylsilyl trichloride,
mesitylsilyl trichloride, tolylsilyl trichloride,
phenethylsilyl trichloride,.etcf; other halides to be derived
from the compounds noted above by substituting the chloride

moiety with any other halogens; disilazanes such as

bis(trimethylsilyl)amide, bis(triethylsilyl)amide,
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bi s kdiethylnethylsilyl) am de, bis (dinethylphenylsilyl) am de,
bi s(di methyltolyl)am de, bis(dinmethylnmesityl)amde, etc.; trialkylsilyl
hydr oxi des such as trinethylsilyl hydroxide, triethylsilyl hydroxide,

triisopropylsilyl hydroxide, tert- butyldi nmethylsilyl hydr oxi de,
phenet hyl di net hyl silyl hydroxide, etc.; polysilanols generally referredto
as peral kyl pol ysi | oxypol yol s; bi ssilyls such as

bi s(met hyl di chl orosi | yl ) met hane, 1, 2-

TR émlg' lﬁé”ﬁ L
i 1 Sobut B el ﬁﬁsbﬁﬁﬁsh@%{t&y A eI S A 1) amd g e

are those wh o he conpounds be used as the
conponenplsdé}meﬁgyﬂﬁel¥5§§mﬁﬁ§ beblﬁéﬁéWGthﬂméséﬁy%gﬁglgﬁ'th@ tEofpounds
may be used, as conbined in any desired manner Al kyl ati ng agents for
conponentrea}ky181lyl|hyﬁWQxaﬁé§emﬁqhnﬁﬁntéhmegbvléh&ylyhugéQXFéean

al kyl ati-ng agent as_the conponent (d) for the catalyst. The al kyl ating
agent, itraesbyledyyiluhvAsexiggr otsliBePaePy sty yéf hwﬁlefoeiasial,yf,?rt Var i ous

types of alkylating agents are known. For exanple, enployable herein as
al kyl at i bytyddimetaydsaliyl - haiydrosidev ni unpbenpthyddioethydsadyal
formula (6): R[err]AI(CR[err])[err]X[err]
(6) hydroxide, etc.; polysilandDs generally refemtwmleito Reerr]1l and
Rl err] each represent an al kyl group having
- peralkylpolysiloxypolyols; bissilyls such as
bis(methyldichlorosilyl)methane, ' 1,2~

bis (methyldichlorosilyl)ethane,

bis (methyldichlorosilyl)octane, bis(triethoxysilyl)ethane,
etc.; and silane hydrides such as dimethylchlorosilane,
(N, N-dimethylamino)dimethylsilane, diisobutylchlorosilane,
etc. Of the compounds of formula (5), preferred are those where
n is 1 or 2. One of the compounds may be ﬁsed 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 .

Alkylating agents for component (d):

In the present invention, optionally used is an alkylating
agent as the component (d) for the catalyst. The alkylating
agent, if used, may further improve the activity of the catalyst.
Various types of alkylating agents are knowh. For example,
employable herein as alkylating agents are alkyl-having
aluminium compounds of a general formula (6):

Ro9pnAl (OR10) nX3-m-n - (6)
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from1to 8, preferably from1l to 4 carbon atons; X represents a

hydr ogen atom or "a hal ogen atom 0 < m[err] 3, preferably m= 2 or
3, nost preferably m=3; 0 [err] n < 3, preferably n = 0 or 1;

al kyl - havi ng magnesi um conpounds of a general formula (7): '

Rl err] My (7) wherein R err] has the
sane neani ng as above; and al kyl - havi ng zi nc conpounds of a general
formula (8):" Rl err]Zn (8)
wherein R9 has the sane ani n s above. O those al kyl -havin
conpounds, pr ef‘é??%%l%r%gg"’rr@lfg&I‘Ei‘\ﬁfhgeé’lrﬁlﬁeﬁ’ituWcﬁﬂ%%ﬁnﬂg?gﬁskb%ﬂ%‘?l y
trial kyl alum niumand dial kyl al um ni um conpounds. As the preferred

conpounds, conE¥efefly toreftv i BReferapty €rem Wyl &P ufli FRaReT afRmF/ of
trinmethylalumnium triethylalumnium tri-n-propylal um nium _
triisopropyl al URRRF@AeNts a hydrogen atomy prnaphedpgeumipml <m £ 3,
triisobutylal um ni um tri-t-butylal um nium etc.;
di al kyl al umi ni upraderaelysuch Z9xdBrenbptapuafaramyimctidre,0 < n < 3,
di et hyl al um ni um chl oride, di-n-propylalum nium chlori de,
di i sopropyl al unpnefiergblyrnde, 0doxnlbut yl al um ni um chl ori de,
di i sobutyl al um ni um chl oride, di-t-butylalum niumchloride, etc.;
di al kyl al uailLlkiylirhavkngi tdegnssitmasompoetdiy| af uai generahefbdomata, (7) :
di et hyl al um ni um et hoxi de, etc.; dialkylalum nium hydrides such as
di met hyl al umi ni um hyHPpHeg, di et hyl al uni ni um (7)
41 hydri de, diisobutylal um niunmhydride, etc. Al so nentioned are
wherein R2 has the same meaning as above;
and alkyl-having zinc conipounds of a general formula (8):
R97n - (8)
wherein R2 has the same meaning as above.

Of those alkyl-having compounds, preferred are alkyl-
having aluminium compounds, especially trialkylaluminium and
dialkylaluminium compounds. _Aé the preferréd compounds,
concretely mentioned are triélkylaluminiums such as
trimethylaluminium, triethylaluminium, tri.—n—propylaluminiu.m,
triisopropylaluminium, tri—n—butylaluminium,
triisobutylaluminium, tri-t-butylaluminium, etc.;
dialkylaluminium halides such as dimethylaluminium chloride,
diethylaluminium chloride, di-n-propylaluminium chloride,
diisopropylaluminium chloride, di-n-butylaluminium chloride,
diisobutylaluminium chlofide, di-t-butylaluminium chloride,
etc.; dialkylaluminiﬁm alkoxides such as dimethylaluminium

methoxide, dimethylaluminium ethoxide, etc.; dialkylaluminium

hydrides such as dimethylaluminium hydride, diethylaluminium
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di al kyl magnesi uns such as di net hyl magnesi um - di.et hyl magnesi um

di - n- propyl magnesi um dii sopropyl magnesi um di butyl magnesi um

but yl-et hyl magnesi um etc.; dial kylzincs such as dinethyl zi nc, diethyl zinc,
et hyl - n- propyl zi nc, diisopropylzinc, etc. Organic alum nium conpounds for
conponent (e): In the present invention, further optionally used is
an organic al um nium conpound as the conponent (e) for the catalyst. The
organi ¢ al um ni um conmpound, if used, may further inprove the activity of

the catal ygl,qA%ePr 5§k . ﬂyqi. rgapic um hium conmpound for
use in theﬁlglnvéntei'o(%{,férr%n one %?Jé&g y -lh&a%\fi Cal d %ﬂﬂﬁ?&%gﬁf&? of
the follow r f, %g§9%§¥§#é ar, al unoxanes .of the foll ow ng
gener al fopﬁgﬂgﬁaﬁfg%Fsé@@giél & IE? m%?ﬂfﬁ%HwbﬁﬂﬁﬁhﬁzﬂégﬁﬁsFBWnuIa
(11), and gheir m'x;tures. . . er%AléORLlerr]g). err]Xerr]
(9)  wherel %[ FEPYARRIRLS I S QRTPREUAR 906S Lty A1GNE YA MR GResd Uy om 1
to 8, prefgr%bI% Lran11 to.4 carpbon atons; X represents a hydrogen atom or
a hal ogen KPS SSPYIRREResSivg, oFef iRl zincs such assimefhaflaiss,y m =
3; O [err] n <3, preferably n = 0 or 1. . lerr]
42 diethylzinc, ethyl-n-propylzinc, dllsopropy121nc, etc.

Organic aluminium compounds for component (e):

In the present invention, further optionally used is an

organic aluminium compound as the component (e) for the catalyst.

The organic aluminium compound, if used, may further improve

the activity of the catalyst. As preferred examples of the

organic aluminium compound for use in the invention, mentioned

are alkyl-having aluminium compounds of the following general

formula (9), linear alumoxanes of the following general formula

(10), cyclic alumoxanes of the following general formula (11),

and their mixtures.

Ro9pnAl (OR10) nX3-p-n (9)

wherein R2 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, preferably m = 2

or 3, most preferably m = 3; 0 £ n < 3, preferably n = 0 or 1.

Rll ( Rll \ Rll

S N
oA N\

\. JL—2

- -(10)
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[err] wherein R err] represents an al kyl group having from1l to
20, preferably from1l to 8 carbon atons, and plural Rerr]'s, if any, .
maybe the same or different ones; L is an integer falling within the range
of 2 [err] L [err] 40, preferably 2 [err] L [err] 30; and Nis an integer

falling within the range of 1 [err] N [err] 50, As the preferred
conpounds, concretely nentioned are trialkylal um niuns such as
trimethylalumnium triethylalumnium tripropylalum nium :
triisobutylalumnium tri-t-butylalumnium etc.; halogen- or

al koxy-having al kyl alL.um niunms such as di met hyl al umi nium chl ori de,

di et hyl al um nium c ii de, di met hyl al umi ni: nmet hoxi de,

di et hyl al um ni um t'Roxi de, etc.; alunoxangs such as nethylal unoxane,
et hyl al unoxane, i soput ¥ al unoxane, etc. those, especially preferred is
triisobutylal umniu catalyst: (1) How to m X

| al | . Method for preparin
the constituent conpopend: O
The neans of m xi ng| tfhe¢. constituent conp q? t

-+ -43 1)
to prepare

N

wherein R11 represents an alkyl group having from 1 to 20,
preferably from 1 to 8 carbon atoms, and plural Rll's, if any,
may be the same or different ones; L is an integer falling within
the range of 2 <L <40, preferably 2 <L <30; and N is an integer
falling within the range of 1 <N < 50.

As the preferred compounds,.concretelj mentioned are
trialkylaluminiums such as _ trimethylaluminium,
triethylaluminium, tripropylaluminium, triisobutylaluminium,
tri¥t—butylaluminium, etc.; halogen- or alkoxy-having
alkylaluminiums such as dimethylaluminium chloride,
diethylaluminium chloride, dimethylaluminium methoxide,
diethylaluminium methoxide, etc.; alumoxanes such as
methylalumoxane, ethylalumoxane, isobutylalumoxane, etc. Of
those, especially preferred is triisobutylaluminium.

2. Method for preparing catalyst:

(1) How to mix the constituent components:
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the catalyst of the invention is not specifically defined. For exanple,
the conponents may be m xed in the nmanner nentioned below For the

i nvention of clainms 1 and 2: Where the conponents (a), (b) and (c)
areusedforpreparing the catalyst, for exanple, enployable are [1] a nethod
of contacting the conponent (a) with the conponent (b) followed by adding
the conponent (c) to the resulting mxture; [2] a nmethod of contacting the
conponent (a) with the conponent (c) followed by addi ng the conponent (b)
to the resulting mxture; [3]. a nethod of contacting the conponent (b)
with the conpo meaRy ¢HMiGIaY bhefrRr ikl Frernt SR tEaFotRy eRfF €
resulting mxture, and [4] a method of contacting the three conponents

al | toget Hete gatapyssok thentnveytionds n@teemq:e%q%l%éeﬁwﬁéd Foa of
contacting the conponent. (b) with the conmponent (c fol l oned by adding the
conponent §x3mnkeit e eomponepts meyr be mixed Pnekhethrnremmenthioned s
used in addition to the three conponents noted above, the neans of m xing
themis ndelopecifically defined. Preferably, as inthemethods [1] to [4]
not ed above, a.m xture of the conponent (a) and the conponent (d) is
further nmked the¢ hiraventdaen eobfckdigns ohpomdn?: (b) and the conponent (c).
Wiile or after the constituent conponents are m xed together, a polyner
such as pol yet lgtherethpadomponeiteanéa) , (b) and (c) are used for preparing 44

pol ystyrene or the |like, and even a solid inorganic oxide such

the catalyst, for example, employable are [1] a method of
contacting the component (a) witﬁ the component (b) followed
by adding the component (c) to the resulting mixfure; (2] a
method of contacting the component (a) with the component (c)
followed by adding the component (b) to the resulting mixture;
[3] a method of contacting the component (b) with the component
(c} followed by add_ing the component (a) to the resulting
mixturé';' and [4] a method of contacting the three components
all together at the same time. Of thbse, preferred is the method
(2] of contacting the compénent (b) with the component (c)
followed by adding the component {(a) to the resulting mixture.

Where the component (d) is used in addition to the three
components noted above, the means of mixing them is not
specifically defined. Preferably, as in the méthods [1] to [4]
noted above, a mixture of the component (a) and the component
(d) is further mixed with a mixture of the component (b) and
the component (c).

While or after the constitueﬂt components are mixed

-together, a polymer such as polyethylene, polypropylene,
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as silica, alumina or the like may be present in the nixing system or nmay
be added to the m xture for the catalyst. For the invention of clains 3
and 4. Where the conponents (a), (b), (c) and (e) are used for
preparingt hecat al yst, forexanple, enployableare [1] anmethod of contacting
t he conponent (a) with the conmponent (b) followed by adding the conponent
(c) and the conponent (e) to the resulting mxture; [2] a nmethod of
contacting the conponents (a), (c) and (e) together followed by adding the
conponent (b to the resulting mxture; [3] a nethod of .contacting the
conponent R#Y%X?ﬁ?%@r&éhﬁ%e g e¥rB 2 SoKisl LoREgapy CaauLAg SYHe
conponent (a) to the resulting m xture; and [4] a method  of contacting the
f our conpor®fidigpy atldg@tn?e@rgbeth@c%aﬁy kg pgesent iMBRR Mi¥ABGIYEERT s t he
met hod [3] of contacting the conponent (b) with the conponents (c) .and (e)
- fol l owed b9 derlY ree tadded dipdtmictiure foe thewwatakyst xture. Where .
the conponent (d) is used in addition to the four conponents noted above,

t he means BOr nilxe npnvéripion obtclaiyesid iamd|4: defined. Preferably, a

m xture of the conponent (a) and the conponent (d) is further mxed with a
m xture of theWkengortentcduponedrtis cd@pornéit, (c) and fee zvepesedtfde).
Wiile or after ‘the constituent conponents are m xed together, a polyner

such as popyeddylegeheped typl gyl o, exgny st gnpbeyablelrerd [ ke a metheden a
solid inorgani c oxide such 45

~as silica, oflotmtarting bRe lddapoadiaprasanitl oheheompoments (bY) efwllowed
by adding the component (c) and the component (e) to the
resulting mixture; [2] a method of contacting the components
(a), (c) and (e) together followed by addiné the component (b)
to the resulting mixture; [3] a method of contacting the
component (b) with the components (c) and (e) followed by adding
tﬁe component (a) to the resulting mixture; and [4) a method
of contacting the fo;.lr components éll together at the same time.
Of those, preferred is themethod [3] of contacting the compo1;1ent
(b) with the componen_ts (c) and (e) followed by adding the.
component (a) to thé resulting mixture.

Wherg the component (d) is used in addition to the four
componenfs noted above, the means of mixing them is not
specifically defined. Preferably, a mixture of the component
(a) and the component (d) is further mixed with a mixture of
the component (b), the component (c) and the component (e).

While or after the constituent components are mixed
together, a pélymér such as pol-yefhylene, polypropylene,

polystyrene or the like, and even a solid inorganic oxide such -
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or may be added to the m xture for the catalyst. (2) Ratio of constituent
conponents: For the invention of clains 1 and 2: It is desirable

t he constituent conmponents are so contacted together that the nolar nunber
of the metal atomin the transition netal conplex of the conponent (a) and
the nolar nunber of the silicon atomin the silane conpound of the
conponent (c) could be from0.0001 to 0.5, and from0.001 to 1000,
respectively, nore preferably from0.001 to 0.2, and from 0.01 to 100,
respectivel lative to 1 kg of .t.he conponent of any of clay, clay

I (b%
minerals afd 3% -C@Xcﬁgﬂﬁ%ﬂﬁ ALGRe &&keggﬁgggﬁrﬂﬁgsqqt RENFRLXIRG SYSTEB t he
transition nehal #s ag&llgr %gan Q. 0001, the polynerization activity of
the catal §5t™P¥ PEWACBEE P FRPGBLXEHER 60F, thReCBSRJ#Sti-zation activity
.of the cat % st reJatige to the transition netal unit 1is extrenely |ow.
If the nol: niibetC 7t tFRPST BiReRE oRpmRPReNES: | ower than 0. 001, the
pol yneri zation activity of the catalyst is low But if l[arger than 1000,
the activifQri §hg| iBveBhionpér elppmscat argds@:additional |y contains the
al kyl ating agent of the conponent (d), the anount of the al kylating agent
in the catalysftwils BasinpdpPendithe osoratityentancompenemosintame ishe
pol yneri zati on solvent to be used. Preferably, the nolar ratio of the
component €Eantagtedetegenberitherdthe mod arhaumbepooénthe (@tatayytioa Linf rom 0
to 10000/1 (but exclusive of 0). If the 46
nmol ar rat i Shesttansjeriammetadooonplar ot thei ¢cgmpdnétie (@)t ahgisthe molar
number of the silicon atom in the silane compound of the
component (c) could be from 0.0001 to 0.5, and from 0.001 to
1000, respectively, more preferably from 0. 001 to0 0.2, and from
0.01 to 100, respectively, relative to 1 kg of the component
(b) of any of clay, clay minerals and ion-exchanging layered
compounds. If the molar number of the transition metal is
smaller than 0.0001, the polymerization activity of the
catalyst is low. But if larger than 0.5, the polymerization
activity of the catalyst ;elative to the transition metal unit
is extremely low. If the molar number of the silane compound
is lower than 0.001, the polymerization activity of the catalyst
is low. But if larger than 1000, the activity is also low.
Where the catalyst additionally cbntains the alkylating agent
of the component (d), the amount of the alkylating agent in the
catalyst will vary depending on the type and the amount of the
polymerization solvent to be used. Preferably, themolar ratio

of the component (d) to the transition metal in the component

(a) may fall from 0 to 10000/1 (but exclusive of 0). If the

46



relative to the anount of the conponent (d) will be low. For the invention
of clains 3 and 4: It is desirable the constituent conponents are so
contacted together that the nolar nunber of the nmetal atomin the
transition nmetal conplex of the conponent (a), the nolar nunber of the
silicon atomin the silane conmpound of the conponent (c) and the nol ar
nunber of the alum niumatomin the organic alum nium conpound of the
conponent (e) could be from 0.0001 to 0.5, from0.001 to 1000, and from

0.1 to 1000,. respecti,vely, nor referably from0.001 t .2, frompD.01 to
700, and (POWE T4 065 EbgREShA . 000 atne ATHLUL I O tPRecatiiTbRent
(b) of any of clay, clay mnerals and ion-exchangi 28) | ayered conmpounds. |f

the nol ar Fe&H®EIVSF Lt HERE r 2AQHRT oAl nERAI COMRORAR t ¥kl 0°B0RY - t he

pol ymeri zation activity of the catalyst is low But if larger than 0.5,
t he pol ymeFeEatheningentipryobfciimead apydt4fel ative to the transition
metal unit is extrpnehé | ow. If the nolar nunber of the silane conpound
is lower than 0Ib01is t Kesgaiapheri Bhei orrngtitieybl qamPanandisysare sSPow.
But if larger than 1000, the activity is also low. If the amount of the
‘organi ¢ al aenhaahedobparithex dhato the moneacranbeni of tthee rmedagositomohn
conprising the conponents (b) and (c) is snmaller than 0.01, the
pol yneri zathentagnsvtignoietale calewtof e domponeatsdead sf tbeorplgr
i nproved. But even if larger than 1000, such a | arge anount of the
conponent fenbeoulod rtherosklicon atom in the silane compoundd»f the
contribute to further inproving the activity of the catal yst.
component (c) and the molar number of the aluminium atom in the
organic aluminium compound of the component (e) could be from
0.0001 to 0.5, from 0.001 to 100.0, and from 0.1 to 1000,
_ respectively, more preferably from 0.001 to 0.2, from 0.01 to
100, and from 1 to 100, respectively, relative to 1 kg of the
- component (b) of any of clay, clay minerals and ion-exchanging
layered compounds. If the molar number of the transitionmetal
is smaller than 0.0001, the polymerization activity of the
catalyst is low. But if larger than 0.5, the polymerization
activity of the catalyst relative to the transition metal unit
is extremely low. If the molar number of the silane compound
is lower than 0.001, the polymerization activity of the catalyst
is low. But if larger than 1000, the activity is also low. If
the amount of the organic aluminium compound (e) to be contacted
with the composition comprising the components (b) and (c) is
smaller than 0.01, the polymerization activity of the catalyst

could not be satisfactorily improved. But even if larger than

1000, such a large amount of the component (e) would no more
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Where the catal yst additionally contains the al kylating agent of the
conponent (d), the amount of the al kylating agent in the catalyst wll
vary.depending on- the type and the amount of the polynerization solvent to
be used. Preferably, the nolar ratio of the.conmponent (d) to the
transition netal in the conponent (a) may fall fromO to 10000/1 (but
exclusive of 0). If-the nolar ratio is |arger than 10000, the activity of
the catalyst relative to the amount of the conponent (d) will be low (3)

Condi t i | i i v '
ndi ] onSe g QAR 20 EAR LiUEOLIAQBAN Sy Lcy o FHE CaRSiydwent

conponents nmay be contacted toget aspent arie, hexane,

hept , I | ' | 5 t

i ogen oRPREtd Latalyet addBeibifLL LARANN o FRRLEE IS b .

- 30 C the boilinpg [ f_th t fer fall

betveen robioapaparspE Uil the BbHRna SR 2 LRFFa e BB e 'S

Production_of ol efini al rs and_styrenic,pol yners: etinc '
| ST re R S R T R R SR R D T

ﬁgngg:: iCn he T)resenc'e E?th% JIBc%?al S hr:gt ec% ab%%g of. the i%ventj OEI.C

Styrenic p%q’ YRekizalion solvent to be used. referably, themolar ratio

al sobepr oducedbyhonopol yner,i iggorcopolgm&r | Zi n%‘ol efinic _nononers in the

presence off tHE Sompapsnt f POt MerdA T IRP MetaludBstRB pePBRRR¢ RSt i on
of two or nore different types of olefinic nonomers, copolynerization of

two or nor @Hima¥r el 555 do LAl tatorecdusdng €dp8i ymet T ZER¢ on of
styrenic o 48 R nmononer s_ and

ol efi ni c AAbREIRLIR ighi2RIer LhaHdP0O9, the activity of the catalyst

relative to the amount of the component (d) will be low.

(3) Conditions for contacting constituent comporients:

The constituent components may be contacted together in
a hydrocarbon such as pentane, hexane, heptane, toluene, xylene
or the like, in an inert atmosphere such as nitrogen or thé like.
The temperature for the contact may fall between -30°C and the
boiling point of the solvent used, but preferably falls between
room temperature and the boiling point of the solvent used.
3. Productioﬁ_.of olefinic polymers and styrenic polymers:

Olefinic polymers can be produced by homopolymerizing or
copolymerizing olefinic monomers in the presence of the
catalyst noted above of the inventién. Styrenic polymers can
also be produced by homopolyméri zing or copolymerizing olefinic
monomers in the presence of the catalyst. The copolymerization
includes copolymerization_of two or more different types of
olefinic‘ monomers, copolymerization of two or more different

types of styrenic monomers, and copolymerization of styrenic
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copolyners. (1) Mononers to be used: A efinic nonomers for use in
the invention include, for exanple, a-olefins such as ethyl ene, propylene,
1- but-ene, 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-

met hyl - 1- but ene, 3-nethyl - 1- pentene, 4-nethyl-1-hexene, 5-

met hyl - 1- hexene, 3, 3-dinethyl-1-pentene, 3,4-dinethyl-1- pentene,

4, 4-di net hyl - 1- pent ene, vinyl cycl ohexane, etc.; dienes such as
1,3-butadi%pe, 1 4-butﬁdie?e . 1, 5-hexadi ene, etc.; hal ogen-substjtuted
[err]- ol ef PRECRGER a80fex@t FEPbDr JPEMIRCT S et 3 | WIS hEEne PrOduced

2-fl uoropropen fl uoroethylene, 1,1- difluoroethylene, 3-fluoropropene,
triquoroeFﬁ?Pgﬁg?r§:4- di chl oro-1-butene, etc.; cyclic ol efins such as
cyclopenteqﬁ, ggclohexene, nor bor nene, 5- met hyl nor bor nene, 5-
et hyl nor bor'rénd OB EHFARBRFRAL, 5, 6- di net hyl nor bor nene,

5- benzyl nor bornene, etc. Styrenic nononers for use in the invention

i ncl ude, for ex2hpEdnist peramers| k9T s¥se efedhadmvent isminigiudeyr Soe,

p- et hyl styrene, p- propyl styrene, p- isopropyl styrene,
p~buty|styﬁéﬁ@PleIpDFQ&ﬁ%%Qﬁy$@©@,aS ethydlesrey| spyopynkene, l-butene,

o- net hyl styrene, o- et hyl styrene,, 0- propyl styrene,

o- i sopropyRsPgnéeae, lthexensl dtyrepriene, hrocethy) si-yrereme, l-decene,

m i sopropyl styrene, m butyl styrene, nesitylstyrene,

2, 4- di met hFphengael-baténdi néthhksyyrénbexene, 3-methyl-l-butene, 4-

49 3, 5-di net hyl styrene, etc.; al koxystyrenes such as p-

methyl-l-butene, 3—methyl-1—pentene, 4-methyl-1-hexene, 5-
methyl-1l-hexene, 3,3—dimethyl—1—pentene, 3,4-dimethyl-1-
pentene, 4,4-dimethyl-l-pentene, vinylcyclohexane, etc.;
dienes such as l,3—5utadiene, 1l,4-butadiene, 1,5-hexadiene,
etc.; halogen-substituted oc.—olefins such as hexafluoropropene,
tetrafluoroethYlene,'2—fluoropropene, fluoroethylene, 1,1-
difluoroethylene, 3-fluoropropene, trifluorocethylene, 3,4-
dichloro-l-butene, etc.; cyclic olefins such as cyclopentene,
cyclohexene, norbornene, S5-methylnorbornene, 5-
ethylnorbornene, 5-propylnorbornene, 5, 6-dimethylnorbornene,
5—benzylnorbornene/ etc. Styrenic monomers for use in the
invention include, for example, styrene; alkylstyrenes such as
p—methylstyrene, p—ethylstyrene, .p—propylsfyrene, P~
isopropylstyrene, p-butylstyrene, p-t-butylstyrene, jol
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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met hoxyst yrene, o-nmethoxystyrene, m nethoxystyrene, etc. hal ogenost yr enes
such as p-chlorostyrene, mchlorostyrene, o- chlorostyrene

p- bronost yrene, m br onost yr ene, 0o- bronostyrene, p- quorostyrene
m f | uor ost yr ene,. o- fluorostyrene, o-nethyl-p-fluorostyrene, etc.; as
well as trinmethylsilylstyrene, vinylbenzoates, divinylbenzene, etc. (2)
Pol ynmeri zati on conditions: The pol ynerization may be effected in the
absence or presence of a solvent. The solvent nmay include, for exanple,
hydrocarbons such as butane, pentane, = hexane, toluene, ~cyclohexane,

etc.: and JiXEMERYSTYIRIYf | netCThe EdORYSTHTEN ST ?‘F\"éhpola?rrerl? zati on
may faII bet ween -50[err] C and 250[err]C. The pressure for it is not
speci f i caMSEhRtYHeE e PrBeEhepyy tyrsnes b@rmEEho?iBPﬁﬁFeB?essQF‘é and
2000 kgf/cnmferr]. Hydrogen may. be present in the polynerlzatlon system
whi ch act hakogenosfivienes seflyhescemohdionossyasas,. ntdlargsteynene,
pol ymers: - Styrenic polyners having a hi gh-degree syndiotactic
st ruct ur e archimrestyrere chai P-ipriodog tiyreniee pr odubedmpatyhnenenet haet of
using the catal yst of the invention. The high-degree syndiotactic
struct ur e bdmerstegreree her eipr- fluotdet wtgnene cherfluomdstyremet he sd-yrenic
pol ymers produced is neant to indicate that the stereochem cal structure
of the styflmogpoyyeress bamethyhi-ghfllagrestygkengndiaiicact i @st weliln adi ch
t he side chains ‘of 50 ' phenyl
groups or taiméthyl el phetytene ouptn pliseposatéonedivinylbenzene, 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 butané, pentane, hexane, toluene,
cyclohexane, etc.; and liquefied a-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/cmz. Hydrogen may
be present in the polymerization system, which acts as a
nmolecular weight-controlling agent.

(3) Styrénic polymers:

Styrenic 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 styrenic polymers produced is meant to indicate

that the stereochemical structure of the styrenic polymers has

a high degree of syndiotacticity, in which the side chains of
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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 through nucl ear magnetic resonance with an isotopic carbon
([err]G-NMR). The degree of tacticity to be determ ned through this
method 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 "styrenic polyners
havi ng a syndi ofactic structure" as referred to herein are neant to

d%/}} %‘SEWQ%t t he

i ndi cate pIISRYYr8RRIPHaPEnFH St e hrPhegYHi GFQEPFcREE JO
racem di ad proportion is not smaller than 75 % preferably not smaller
than 85 %abreintatelwnddhithencrposidsosites relasivenhP| ehre thadh Fha4n
preferably not smaller than 50 % as well as their mxtures, and
copol ymer scoRmEed 19 gagbanmaagiaop dongdsoh Bheydegrencel taskigiies.of
The invention is concretely described hereinunder with reference to the
fol | owi ng Bx@npodymensi ghay hbsevdetenménedt thuguahdegucbeassimagnetidr scope
of the invention. The intrinsic viscosity i%err]], t he
st er eospecrésonanyce yitthhmgn isotepicteacbepeltfCciMy) [ rriyd degraceofel ting
point Tmthat are referred to hereinunder were obtained according to the
met hods neattboktly el be. determined cthicwgisithi  ethpf: is represented
51 A sanpl e was dissolved in decalin, and its intrinsic
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 "styrenic
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.
Examples:

The invention is concretely described hereinunder with
reference to the following Examples, which, however, are not
intended to restrict the scope of the invention. The intrinsic
viscosity inl,. the stereospecificity [ mmmm] , the
stereospecificity [rrrr] and the melting point Tm that are
referred to hereinunder were obtained according to the methods

mentioned below.

Intrinsic viscosity [n]:
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viscosity was nmeasured at 130[err]C. For the measurenent, sanples of
syndi ot acti c pol ystyrenes were dissolved in 1,2,4- trichlorobenzene.
Stereospecificity [ mmi: A pol yner sanple was dissolved in a mxed
solvent of 1,2,4-trichlorobenzene and deutrated benzene (90/10, by

vol une), and subjected to a proton conpl ete decoupling nethod for 13C NWR
(using Ni ppon Electronics' LA-500) at 130[err]C Based on the signals for
the nethyl group obtained in the nmethod, the stereospecificity [nmm] of
the sanpl e was deternmi.ned. Thé., stereqQspecificity was proposed by A.

Zanbel Ii et al .iir?am%?crml tafesve ,ngﬁeefé?@y "a}ncgnﬁg% LREFeREAS t he

I sotactic _fraction in the pentad unit_ of a pol ypropyl ene nol ecul ar chain

.  of
as nmeasur e§ BROFIEYWRT dsesiE§itett L ¢ lonakes Sheaeasvaienent ,Fsanphes

attribution _of the peaks seen in the 13C nucl ear nagnetic resonance

spect ronet Py, SIPEAPERCLEChaROLHET R eRgfbelRFeet daFSe1veHopdBal 1i A, 4-
“Macronol ecul es, 8, 688 (1975)". Stereospecificity [rrrr]: Thi s was
det er mi ned tZd€HLarRgen&enRe met hod described in JP-A Sho- 62- 104818.

Mel ting point Tm .. The nelting point of each sanple was neasured,
using a dSteseespegificabi fyrmmlori meter of Perkin Elner's DSC-7 Model .
52 ~Exanpl es of invention of clains 1 and 2:

A polymer sample was dissolved in a mixed solvent of
'1,2,4-trichlorobenzene and deutrated benzene (90/10, by
volume), and subjected to a proton complete decoupling method
for 13C-NMR (using Nippon Electronics' LA-500) at 130°C. Based
on the signals for the methyl group obtained in the method, the
stereospecificity [mmmm] of the sample was determined. The
stereospecificity was propoéed by A. Zambelli et al. in
"Macromolecules, §, 925 (1973)", and it indicates the isotactic
fraction in the pentad unit of a polypropylene molecular chain
as measured in 13C nuclear magnetic resonance spectrometry.
For the attribution of the peaks seen in the 13C nuclear magnetic
resonance spectrometry, referred to was the A. Zambelli et al's
proposal in "Macromolecules, 8, 688 (1975)".
Stereospecificity [rrrx]:

This was determined according to the method described in
JP-A Sho-62-104818.

Melting point Tm:
The melting point of each sample was measured, using a

differential scanning calorimeter of Perkin Elmer's DSC-7

Model.
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[ Exanpl e 1 (production of polyethylene)) (1) Chem cal treatnent of clay-
m ner al : 40 g of a comercial product of nontnorillonite (Kunipia -F,
manufactured by Kunimne Industry Co.) was ground in a grinder ‘for 4
hours. 20 g of the powdered nontnorillonite was put into a three-neck
separabl e flask having a capacity of 500 m, and dispersed in 100 m of
dei oni zed water containing 20 g of magnesiumchloride 6-hydrate dissolved
therein. This was stirred at 90[err]C for 0 5 hours. After having been

thus processed t he_.so h water. This treatnent
repeaﬁ’éﬁml%ﬁﬁ 35a?"i’lvepi’f1ﬁgnv\%§ %ﬁ?ﬁf“ﬁeg én%m um chl ori de- processed
nDntnDrlll |te t s di spersed,_jn. 160 of an aqueous sol ution
of 6 % HJ | ’éﬂlapé?ui éarﬂﬂﬁ‘é}\éva?’éf‘? xp?f#et%%%ﬁ? After having been thus
processed, this_was, washed with V\I&er t hrough repeated filtration until
the filtrafibn GhamicabHrRAtHRNK laghdingtel dried. . Thus was
obtained chemcal-treated nontnorillonite. (2) Contact wth sil ane
conpound: 49 @ of of comeeERbA edudaady meaimesdililosditee (KHaiPhad
been prepared in (1) (this hada water content of 15 % by weight; the water
content waE: Semaifiast ureshpy Kendmigaiindiss oy €or ) Washgaeand 4 aiggéndasat at

150[err]C for 1 hour, and the sanme shall apply hereinunder) was put into a
Schl enk's fabéel llmmrrsg a20 ghpicthy powdzgRdmongngrdildpaisedvas 8 fntef
toluene to obtain 53 a slurry,

to which awskreecuedk S_Leg&akgle (ﬂiazk havliny aofapacity of 500 ml, and
dlspersed in 100 ml of deionized water containing 20 g of
”_m:agn,es1um chloride 6-hydrate dissolved therein. This was
stirred at 90°C for 0.5hours. After having béen ti’lus processed,
the solid residue was Q_ashed with wa'ter. This treatment was
repeated once again. Thus was obtained magnesium chloride-
processed montmorillonite. Next, this was dispersed in 160 mi
of an aqueous solution of 6 % HC1l, and stirred under reflux for
2 hours. After having been thus processed, this was wéshed with
water through repeated filtration until the filtration wash
""'b.ecame ﬁeutral, and then dried. Thus was obtained
chemical-treated montmorillonite.
(2) Contact with silane compound:

1.0 g' of the chemical-treated montmorillonite that had
been prepared in (1) (this had a water content of 15 % by weight;
the water content was obtained from the weight loss after
dehydration under heat at 150°C for 1 hour, and the same shall
apply hereinund'er; was put into a Schlenk's tube having a

capacity of 300 ml, and dispersed in 25 ml of toluene to obtain
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met hyl phenet hyl silyl dichloride. The resulting slurry was stirred at room
tenperature for 60 m nutes, then heated, and reacted at 100[err]C for 1
hour . After the reaction, the supernatant was renoved fromthe reaction
m xture, and the remaining solid phase was washed with 200 m of tol uene.
This washing filtration was repeated once again. Next, toluene was again
added to the thus-washed slurry to be 50 ml in total. This was processed
in the next step. (3) Contact with.transition nmetal conpound: " 50 m
of the slurry that had been prepared in (%) was put intg a Schlenk's tube
having a capadteyrys 30 Mhichy Waschanded adad® 160 [(erf] nBels! of
zirconocene dichloride at roomtenperature, and stirred for_ 0.5 hours at

t he t enperBetRElPhenethryindlyl eéég}?‘éﬁrhﬁﬁt ur Ehgag ekt incht $EUFRY Wadhil e,
the supernatant was renoved fromit, and the renmaining residue was washed
with 200 atisredoatiareon Tanraratize fpu ®Caddagtes t faenhhsatgdheand
residue to prepare a catalyst slurry of being 50 mM in volune. (4)

Pol yneri zareanted athyl88EC for 0bour.of Rbteeneth®. Teawdlionef the
triisobutylalumnium and 5 m (corresponding to 0.1 g of the solid

cat al yst) stpehpatgntabgst relovey tfirem Hiae bhesciprapaniitine & hengr ehieous
step (3) were put into a 1.6 liter autoclave in that order, and heated at
70[err] C. Abheinihgssabid iphpiseawathea sieeperisthuco0f nl & rolwees,. Bhiigl ene
was continuously fed thereinto to have a pressure of

54 washihgkfy et idn wasdr@odyved icned agail0 next 2tolhexie wast hanol

h again added to the thus-washed slurry tobe 50ml in total. This
was processed in the next step.
(3) Contact with transition metal compound:

50 ml of the slurry that had been prepared in (2) was put
into a Schlenk's tilbé ‘having a éapacity of 300 ml, to which was
added 100 umols of zirconocene dichloride 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 frdm it, and the remaining residue was washed with
2OQ ml of toiuene._ Toluene was again added to the thus—wéshed
residue to prepare a catalyst slurry of being 50 ml in volume.
(4) Polymerization of ethylene: |

400 ml of toluene, 0.5 muols of triisobutylaluminium, and
5 ml (corresponding to 0.1 g of the solid catalyst) of.the
catalyst slurry that had been prepared in the previous step (3)
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

54



‘addedto this to stop the polynerization. The pol ymer thus preduced was
taken out through filtration, and dried at 90[err]C wunder reduced pressure

for 12

hour s.

The pol ynert hus obtai ned weighed 52.5 g. The pol yneri zation

activity per the catalyst wused was 1050 g/g-catalyst/hr. [Exanple 2
(production of polyethylene)] (1) Chemical treatnent of. clay mneral:

This is the same as in (1) in Exanple 1. (2) Contact with silane conpound:
Thi s was effected in the same nmanner as in (2) in Exanple 1, except that
5.2 mmols 9f
met hyl phen@ét

conpound

Pol ymer

in (4) in Exa
In this, Bb?

T %'SEE%FV 80 Bar TR a'ﬁi.fﬁ%t%ﬁnﬁ%tw

Thi

.za??%ﬁdoFoefmyfeﬁ% s tﬁ?thl&ﬁ%réFngPEa i RO Lmer EhHE: as

Gea s L tt&at L A -t e

per the catalyst used was 18096%¥%:catalyst/hr [ Conpar ati ve

(product i oORRGETr ﬂ%ﬂ%ﬁﬂd’%ﬁ%ﬂ

Biades . | The hehiher Lhus oRt achas:

This is the same as in (1) in Exanple 1. (2) Contact with transition netal
conpound: Weighed 52.5 g. "The polymerizationmrtivity per the catqﬁy§tmas

effected in the sane manner as in (3) in Exanple
used was 1050 g/g-catalyst/hr.

[Example 2 (product;on of polyethylene)]

(1)

(2)

Chemical treatment of clay mineral:
This is the same as in (1) in Example 1.
Contact with silane compound:

This was effected in the same manner as in (2) in Example

1, except that 5.2 mmols of phenethylsi.lane trichloride was used

in place of methylphenethylsilane dichloride.

(3)

(4)

Contact with transition metal compound:
This is the same as in (3)_in'Example 1.
Polymerization of ethylene:

This was effected in the same manner as in (4) in Example

1, except that the polymerization time was 15minutes. Inthis,

obtained was 45.0 g of a polymer. The polymerization act,ivi"ty

per the catalyst used was 1800 g/g-catalyst/hr.

- [Comparative Example 1 (production of polyethylene)]

(1)

(2)

Chemical treatment of clay mineral:
This is the same as in (1) in Example 1.

Contact with transition metal compound:
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1, except that 1 g of the clay having been processed in the previous step
(1), in place of the silane-processed clay in (3) in Exanple 1, was
suspended in 50 m of toluene to prepare the catalyst slurry. (3)

Pol yneri zation of ethyl ene: This was effected in the sane manner as
in (4) in Exanple 1, but no polyner was produced herein. [Exanple 3
(productlon of polypropylene)] (1) Chenical treatment of clay mneral:
This is the sane as in (1) in Exanple 1. (2) Contact with silane conpound:

This is the sa in ( anple 1. 3 PoI nerlzatlon of propyl ene:
400 m of tolue ;9 ﬁn‘ﬁaﬁ ?)eﬁﬁf&@d’ln thei sy Si 4 (erd Bﬁ?mPE?o a6

liter autoclave, and heated-at 75[err]C. Next, 1 [err] o
di met hyl si fyl 8X56PE( 5hatt hye- 2fsthepg EMlHé@h?g)b??ﬁcBﬁPGﬁﬁéPéhP@rth@ mas
put thereinto, .and kept stirred at the tenperature for 2 mnutes. Next ,

5nm (cor Pé?ﬁ&ﬁ&?r@t% @)1 §n&rlagrodothel sddeaeyprpcesserectay dinyds)
slurry that had been prepared in the previous step (2) was added thereto,
and heat edinupxapple gy sas suspepded, 1n ftGpll efietoliaene donpinepers heed
thereinto to have a pressure of 7 kg/cnferr], and polynerized for 30
m nutes.” NERfalysthahvkrias added to this tostopthepolynerization.
Thepol yner t huspr oducedwast aken 56
out through3fi | RPelyneni zaptonrofdetttyDOierr] C under reduced pressure
This was effected in the same manner as in (4) in Example
1, but no polymer was produced herein.
[Example 3 (production of polypropylene)]
(1) Chemical treatment of clay mineral:
This is the same as in (1) in Example 1.
(2) Contact with silane compound:
This is the same as in (2) in Example 1.
(3) Polymerization of propylene:
400 ml of toluene and 2.0 mmols of triisobutylaluminium
were put into a 6 liter_autoclave, and heated at 75°¢. Next,
1 pmol of dimethylsilylenebis (2~methyl-4, 5-
benzoindenyl) zirconium dichloride was put thereinto, and kept
stirred at the temperature for 2 minutes. Next, 5 ml
(corresponding to_Q.l g of the solid catalyst) of the catalyst
slurry that had been prepared in the previous step (2)' was added
thereto, and heated up to 80°C. Then, propylene was
continuously fed thereinto to have a pressure of 7_kg/cm2, and

polymerized for 30 minutes. Next, methanol was added to this

to stop the polymerization. The polymer thus produced was taken

56



for 3 hours. The pol yner thus obtained weighed 27.1 g. The polynerization
activity per the transition nmetal in the catalyst used was 594 kg/g-Zr/hr.
Thi s *pol ynmer had Tm = 138[err]C, [[err]] = 0.94, and [mmm] = 83 % This
was isotactic-structured pol ypropyl ene. Exanples of invention of clains 3
and 4: [Exanple 4 (production of polyethylene)] (1) Chem cal treatnent of
clay mneral: 40 g of a comercial product of nontnorillonite

(Kuni pia F, manufactured by Kunimne Industry Co.) was ground in a grinder

for 4 hour§utk@;x%tﬂllpfiiﬂﬁa@éé‘ﬂ,e%%@f@%’fé%rtiéd%béaem e‘?hg%gﬁaﬁf‘ of

four-neck flask having a capacity o 00 m, and di sperse

dei oni zed wgtes i ni r%glrge ' : s r,ate di.ssol ved
therein. This vvalggg%igrrelggeaﬁ%l%?‘grrr] fo%fie(?.lgﬁf@ogfrésl%;&ﬁ te%ﬁd'ﬁla ‘ngbﬁéen

thus procepsedmetgagobhd adiaydupvpspaghedvi thyater o Bstaky dies i,

Thi st r eat nent Wwasr epeat edonce ~ ag

o nquoonC EAPREE TR VAR b SR HRS SR RE B o 2t o

havi b hu . this_ d with wat ti| th
Cuper nat antMboc e Hoatin mdha TrE 4 di3oTas daetaghidpbaucturea

chemi cal -téﬁﬁt ed m)ft norillonite. (2) Contact with silane conpound and
organi c al igpy-Lene. ' 57

h 00 of thgaGRPaL o8t LheRLelo Ot R Alng" Sad "]t "

=

[Example 4 (production of polyethylene)]
(1) Chemical treatment of clay mineral:

40 g of a commercial product of montmorillonite (Kunipia
F, manufactured by Kunimine Industry Co.) was Qround in a grinder
for 4 hours. 19.9 g of the powdered montmorillonite wasl put
into a four-neck flask having a capacity_of 500ml, 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, fhe solid
residue was washed withwater. This treatment was repeated once
again. Thus was .obtained magnesium chloride-brocessed
montmorillonite. Next, this was dispersed in 160 ml of an
aqueous solutionof 6 $ HC1, and stirred under reflux for 2 hours.
After having been thus processed, this was washed with water
until the supernatant became neutral, and then dried. Thus was
obtained chemical-treated montmorillonite.

(2) Contact with silane compound and organic alu.minium:
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been prepared in (1) (this had a water content of 15% by wei ght; the water
content was obtained fromthe weight |oss after dehydration under heat at
150[err] C for 1 hour, and the sanme shall apply hereinunder) was put into a
Schl enk' s tube having a capacity of 300 m, and further dehydrated at room
tenperature under reduced pressure for 30 mnutes. Next, this was

di spersed in 50 m of toluene added thereto to prepare a slurry, to which
was added 3 m (24 mmols) of trimethylsilyl chloride, and heated at

90[err]Cwith stirring for 30m nutes, Next,, while this was still _ kept at
o0l er 11, "3t 0B Sk e FREmRBLRFFERISR BRPSRoRd ke 1ts: diah Rydadded
thereto oyer a period.of 10 minuytes, .and further heated faor 30 .nm nutes.
Af ter the\é’re@QCPF%ﬂ?r?ﬂi@ \hak (EHdshpd @ WRESm IR G Phr k2 %gk?ﬁﬂ"‘ﬁ&g d twice
with 200 m of toluene. Next, 100 [err]nols of triisobutylalum nium was
added t heit®€o Wafigh rerptent réesn ekipérgdudaomortis wWehgheslogad afked kept
static for a while. The resulting solid residue was washed tw ce wth 200

m of tol dekydratdovoupflesiheatt @&ndSRaS Havecd hoyrrhandhtie waneghaddsi due.

Thus was obtained a trinethylsilyl chloride and

triisobut yPmLlyihenedpstans edr PR REPO/ tScklenk (s tyise hapisgaeati on
of transition netal conpound-carrying catalyst: To the slurry
obt ai ned icapaed Gy efi IUS mdt, epnd Ay r ki dehysirate@ perrdomltemperstiugenocene,
and stirred at roomtenperature for 30 mnutes. .After the resulting
m xt ure wasidegpteduaed pressure for 30 minutes. Next, this was dispersed
a while, the supernatant was renoved, and the renmaining residue
in 50 ml of toluene added thereto to prepare a slurry, to which
was added 3 ml (24 mmols) of trimethylsilyl chloride, and heated
at 90°Cwith stirring for 30 minutes. Next, while thiswas still
kept at 90°C, 3 ml (24 mmols) of trimethylsilyl chloride was
gradually added thereto over a period of 10 minutes, and further
heated for 30 minutes. After the reaction, this was cooled to
room temperature, and washed twice with 200 ml of toluene. Next,
100 pmols of triisobutylaluminium was added thereto, stirred
at room temperature for 30 minutes, and then kept static for
a while. The resulting solid residue was washed twice with 200
ml of toluene, and 50 ml of toluene was added to the thus-washed
residue. Thus was obtained a trimethylsilyl chloride and
triisobutyléluminium—processed montmorillonite slurry.
(3) Preparation of transition metal compound-carrying
catalyst:
To the slurry obtained in the previous step (2), added was

100 ymols of zirconocene, and stirred at room temperature for

30 minutes. After the resulting mixture was kept static for
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was washed twice with 200 ml of toluene. Then, toluene was added to the

t hus-washed residue to prepare 50 m of a catalyst slurry. (4)

Pol yreeri zati on of ethyl ene: 400 M of toluene, 0.2 mol s of
triisobutylalumnium and 5 m (corresponding to 0.1 g of the solid
catalyst) of the catalyst slurry that had been prepared in the previous
step (3)  were put into a 1.6 liter autoclave in that order, and heated at
70[err]C. After this was kept at the tenperature for 5 mnutes, ethylene
was contiruungif f%gﬁthereinto to have a pressure of 5 kg/cnferr], and.
pol yneri zeft Yor+%0 tAERHRRINAAAT Wast hgReVedaandighedrenaiming gesidyg t he
pol ynmeri zati.on. The polymer thus produced was taken out through

filtrati onwaam%ﬁdegwaa@e Yot 29Eml P luengeedThers solaenerwag adeds. The
pol ymer thus aobtai ned meighed.19g. The pol ynerization activity per the
cat al yst u§ed-hewBussgaghgd dssdidps: tapredapeadipnd 6f gpradatysoslokry.

pol yethylene)] (1) Chemical treatnent of clay mneral: This is the
sane as in{(fl) Folmemigation ¢D)etdunteme: with silane conpound and organic
al um ni um 1.0 g of the chem cal-treated nontnorillonite that had

been prepared i A00M1 pifhtelhenlea Ovdt mmodsnd £ritr iofsckagoya Weiighitum, &he wat er

content was obtained fromthe weight |oss after dehydration under heat at

150[ err] C bomll (kowrespnddihg tanm®.dhat lof afipé ysbriei cavdeytyasfpihei Nto a
9

Schl enk' s tube having a 5
capaci ty ota8Qyst,skhndyithperised beer?brepagbdt Dh UdReptevpbepatRp (3)
were put into g' 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 pre.ssure of
5 kg/cm?, and polymerized for 30 minutes. Next, methanol was
added to this to stop' the polymerization. The polymer thus
produced was taken out through filtra-tidﬁ, and dried at 90°C
under reduced pressure for 12 hours. The polymer thus obtained
weighed19¢g. Thepolymerizationactivityper the catalyst used
was-380 g/g-catalyst/hr. |
[Example 5 (production of polyethylene)]
(1) Chemical treatment of clay mineral:
This is the same as in (1) .in Exampie 4.
(2) Contact with silane compound and organic aluminium:
1.0 g of the chemical-treated montmorillonite that had
been prepared in (1) (this hlad a water content of 15 % by weighf;
the water content was obtained from the weight loss after

dehydration under heat at 150°C for 1 hour, and the same shall

apply hereinunder) 'was put into a Schlenk's tube having a
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aslurry. Wth stirring, 0.95 gofsilanol-silicone (trade nane of DMS-S12,
manuf actured by Asmax Co. - this had a nol ecular weight of from400 to
700) was added to the slurry. After the addition, the slurry was
reacted at room tenperature for 60 m nutes, then heated and further
reacted at 80[err]C for 1 hour. Next, this was cooled to roomtenperature,
‘to which was added 200 m of toluene. After the resulting mxture was kept
static for a while, the supernatant was reaned through filtration. The

washing filtrati eat%g nce he thus-washed
slurry, adﬁé@ ﬁbg é§?§PB o&hﬁﬂ%rﬁ 8§%@f°¢r??i%%ﬂ? HOPERPAFEmM (0. 5
mol /liter) nd g at .100 err Cfor 1 hour The resultrng m Xt ure was
washed tmr‘%? U\ﬁrtyh 2BthiStaf e9° SRf FofaBAL-Fad i5aBEN TTRdTRaMAS hed
m xture to re ar%%g slurry of belng 50 M in total volune. This was
processe a | n
d? + Ranapfachumedsdiy fegmaz 9 -t rafbiisi Badnatmeleswbating:
50 m of the sIurr t hat had been Brepared in (2) was put into a Schlenk's
t ube havi njeagkbpa i £50mf 4800ted 700b wascadded tadtle sberf¥rr]nols of
zi rconocene dlchlorlde at roomtenperature, and stirred for 0.5 hours at
t he tenperatur eAftaFt dhe heddieden: orthe xslnervasasef reschedc aftor raomhi | e,
the supernatant was renoved fromit, and the remaining residue was washed
three tintemperateoe for G0 minudres, tBemheaftedsl sedefuathagareaatdéd to
t he thus-washed residue to prepare a catal yst slurry.
60 at 8Q°4 fpul tewirzat Nertoftlisipiasneooled to Weongtémperataryst that
had been prepared in the previous
to which was added 200 ml of toluene. After the resulting
mixture was kept static for a while, the supernatant was removed
through filtration. The washing filtration was repeated once
again. Next, to the thus-washed slurry, added was 25 ml of a
toluene solution of triisobutylaluminium (0.5 mol/liter), and
heated_at 100°C foi 1 hour. The resulting mixture was washed
twice with 200 ml of toluene, and toluene was added to the washed
mixture to prepare a slurry of being 50 ml in total volume. This
was processed in the next step.
(3) Contact with transition metal compound:
50 ml of the slurry that had been prepared in (2) was put
into a Schlenk's tube having a capacity of 300 ml, to which was
added 100 umols of zirconocene dichloride 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 remaining residue was washed three

times with 200 ml of toluene. - 50 ml of toluene was again added

to the thus-washed residue to prepare a catalyst slurry.
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step (3), ethylene was polynerized in the same manner as in (4) in Exanple
4. As a result, obtained was 76 g of a polyner. The polynerization
activity per the catal yst used was 1520 g/ g- catalyst/hr. [Exanple 6
(production of polyethylene)] (1) Chemical treatnent of clay mneral:

This is the same as in (1) in Exanple 4. (2) Chemcal treatnment with

sil ane conpound and organic al um ni um This was effected in the sane
manner as in (2) in Exanple 5, except that 1.13 g (5.2 mmls) of

met hyl phengg)hy IPsilyle r idiadilodr iode ewtsyylemed i n pl ace of silanol-silicone.

(3) Contact with transition netal conpound: This is the sanme as in

(3) in Exanpl e Usind 4hePeh¥8By5E NN held BbBYI ®repared in Thespr@siqid ect ed
in the sane manner as in (4) 1n Exanple 4, except that the polynerization

time was Igdp nat)eSethPleRksSias %ﬁ%@%‘iz‘é@slﬁklﬁb ebmd ROhNEETas THe(4)

pol ynerization activity per the catalyst used was 2270 g/g-catal yst/hr.

[ Conpar at i ¢ E@&ﬂ@i‘e% 2 (FPé QdHesh P QJbb%‘l'rﬁé‘ﬁ hekenel of (@l o@bﬁ@kcm The

treatment of clay m neral is is the same as in in Exanple 4.

(2) Conta
61 - <5oryﬁ£kf§g@g%§dﬁ%¢f%£% W%g%ﬂ??%%} Str%ﬁﬁ?hﬁl?lcﬁﬁ?égt%at had

been prepqégfgi§%£)ﬂrgtlﬂ s had a mater content of 15 % by wei ght;

[Example 6 (production of polyethylene)]
(1) Chemical treatment of clay mineral:

This is the same as in (1) in Exampie 4.
{(2) Chemical treatment with silane'compound and organic
aluminium:

This was.effécted in the same manner as in (2) in Example
5, except that 1.13 g (5.2 mmols) of methylphenethylsilyl
dichloride was used in place of silanol-silicone.
(3) Contact with transition metal compound:

This is the same as in (3) in Example 5.
(4) Polymerization of ethylene:

This was effected in the same manner as in (4) in Exémple
4, except that the polymerization time was 15minutes. In this,
obtained was 57 g of a polymer. The polymerization activity
per the catalyst used was 2270 g/g-catalyst/hr.
[Comparative Example 2 (production of polyethylene))
(1) Chemical treatment of clay mineral:

This is the same as in (1) in Example 4.

(2) Contact with organic aluminium compound:
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the water content was obtained fromthe weight |oss after dehydration
under heat at 150[err]C for 1 hour, and the sane shall apply herei nunder)
was put into a Schlenk's tube having a capacity of .300 m , and di spersed
in 25 mM of toluene to obtain a slurry, to which was added 25 m of ‘a
toluene solution of 0.5 nols of triisobutyl alum nium and reacted. After
the reaction, the supernatant was renoved fromthe reaction m xture, and
the remaining solid phase was washed with toluene. Next, 50 m of

br ovessed | n (b SckiObt e CaeCa LE R AnBhSRE) fofi Bp chh oparl ©
() Pol yroe A HERSRE L (sis h}hd gf'rﬁ}et%?%s%%?ﬁgiésa'&%. fﬁyh"eg%gﬁﬁ%ﬁni;

' 4) | 4. _As . ' 7, . :
The | pol yrEh? ABLBA SoTiorty R T i) Eematon wadohio 1ped atter

talyst/ht.. [Exanple 7 duct | | | 1) Chenj cal
Crea ot OFP¥REy ERbRGmres RSt Rk e Ol el BOARE CEld g Semersibagt e 4.

(2) Contact_with_silane conmpound and orq?nic al um ni um This is the
same as ina?égyiHeE?éHﬁP eg) was put into a Schlenk's tube hgwing a
(3) Polynerization of prop{Iene: i 400 m_of toluene and 2.0 mmol s of
triisobut y‘F%P%l?ﬁ-FYlﬂﬁ_ 300 mI, and dispersed in 25 ml of toluene to obtain

a slurry, to which was added 25 ml of a toluene solution of 0.5
molsoftriisobutylaluminium,andreacted. After the reaction,
the supernatant was removed from the reaction mixture, and the
remaining solidjphase.was washed with toluene. Next, 50 ml of
tol_uene was added to the thus-washed residue to prepare a slurry.
This was processed in the next step.

{3) Preparation of transition metal compound-carrying

- catalyst:
This is the same as in (3) in Example 5.
(4) PQlyﬁerization of ethylene:
This was effected in the same manner as in (4) in Example
4. .As a result, obtained was 7 g of a polymer. The

polymerization activity per the catalyst used was 140 g/g-
catalyst/hr. '

[Example 7 (production or polypropylene)]
(1) Chemical treatment of clay mineral:
This is the same as in (1) in Example 4.

(2) Contact with silane compound and organic aluminium:

This is the same as in (2) in Example 6.
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were put into a 1.6 liter autoclave, and heated at 75[err]C. Next, 1

[ err] nol of di nmet hyl si |yl enebi s(2-nethyl -4,5- benzoi ndenyl)
zirconiumdichloride was put thereinto, and kept stirred at the
tenperature for 2 hours. Next, 5-m (corresponding to 0.1 g of the
solid catalyst) of the catalyst slurry that had been prepared in the
“previous step (2) was added . thereto, and heated up to 80[err]C

Then, .propylene was continuously fed thereinto to have a pressure of 7
kg/cnferr],_and polynerized for 20 m_nutes. Next, nethanol was added to
this tostG%}héﬁﬂmﬂﬁ§¥§%HF@h9f'ﬂﬁ?ﬂ&%ﬁﬂﬁ& thus produced was taken
outthroughfiltration, and dried at 90[err] C under reduced pressure, for 3
hours. The pol yH&? ®h@f sodaenedand gnldmrols gf HRELSQRN YRR ymiR by
activity per the transition netal in the catalystusedwas2630 kg/g-Zr/hr.
Thi s pol yrgereantraRicd ar 6] Liter [artqqlave. gad hagteddi’5=C85 NeXtthi s was
i sotactic-structured polypropylene. [Exanple 8 (production of

et hyl ene/ but ene copollymer)] of(1) Chedimethyieilykenelbis (?ayethyibréd 5-

This is the same as in (1) in Exanple 4. (2) Contact with silane conpound
and or gani bentobndényl ) zirconifim sliich ide demwe sasut thedeintcexangl ket ( 3)
Contact with transition nmetal conpound: .

63 stirred atS rdheof tehpeslaiurme ( fomceft raduos. 1 Yezx@,n p thht had

been prepared in (2) and 1 m of a toluene solution of _
(corresponding to 0.1 g of the solid catalyst) of the catalyst
slurry that had been prepared in the previous step (2) was added
thereto, and heated up to 80°C. Then, propylene was
continuously fed thereinto to have a pressure of 7 kg/cmz, and
polymerized for 20 minutes. Next, methanol was added to this
to stop the polymerization. Thepolymerthusproducedwastéken
out through filtration, and dried at 90°C under reduced prés sure
for 3 hours. The polymer thus obtained weighed 79.9 g. The
polymerization activity per the transition metal in the
catalyst used was 2630 kg/g-Zr/hr. This polymer had Tm= 133°C,
[n] = 0.84, and [mmmm] = 85 %. This was isotactic-structured
polypropylene.
[Exémple-s (production of ethylene/butene copolymer)]
(1) Chemical treatment of clay mineral:
This is the same as in (1) in Example 4.
(2) Contact with silane compound and organic aluminium:
This is the same as in (2) in Example 5.

(3) Contact with transition metal compound:
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tetramet hyl cycl opent adi enyl di net hyl silyl-t- butyl am doti tani um di chl ori de
(concentration: 40 pnols/m) were successively put into a Schlenk's tube
having a capacity of 50 m at roomtenperature, and then stirred at the
tenperature for 1 hour. The resulting m xture was kept static for a while,
and the supernatant was renoved fromit. The renai ning residue was washed
three tines with 10 ml of toluene. Finally, the supernatant was renoved,
and hexane was added to the residue to ' prepare a slurry havi ng a total

vol ume of 10 ni % Ecthe slurr revea ed-that the anmount of
titani um carried ]tﬂg i&§r¥ ?ﬁﬁ?PY%ﬁ? 1 @450 addothathachbren of
et hyl ene/ but ene: ?g of toluene 2 nnDIs of triisobutylalumnium
and 5 n PESPREEPondtng (£b 0288 glofMineofol #d Baluepst)sefuthen of

T|-carry|ng catal st_slurry prepared previously were put-into a 1 liter
aut ocl ave FRtYARmE BYHGYCl?BeREP@heR&%daEQEHYlSSlglot- 1-butene at 70[err]C
whi | e i ntroducing ethyl ene thereinto under a pressure of 0.6 negapascal s.
Et hyl ene mlagtzbﬂwﬁ%agwlumn@iﬁ@a&@éadent(s:qn@rmnamlcuv.e 40 pmelsémihe
constant pressure in the polynerization system and the polynerization was
cont i nued W@remmmzev,elmu’ramtwvassmu@mkts tubes Havistop chhacity
pol ymeri zati on. 64 The
pol yner t he§ 3% mladecromsenplesatome, tandtpknistirmed ah, thabemderaduat
90[ err] C under reduced pressure for 12 hours. The

for 1 hour. The resulting mixture was kept static for a while,

and the supernatant was removed from it. The remaining residue

was washed three times with 10 ﬁl of toluene. Finally, the

supernatant was removed, and hexane was added to the residue

to prepare a slurry having a total volume of 10 ml. ICPanalysis

of the slurry revealed that the amount of titanium carried

therein was 1.6 mg/g-carrier.

(4) Copolymerization of ethylene/butene:

400 ml of toluene, 2 mmols of triisobutylaluminium,'and

5 ml (corresponding to 0.05 g of the solid catalyst) of the

Ti-carrying catalyst slurry prepared previously were put into

a 1l liter autoclave in that order, to which was added 1.5 g of

l-butene at 70°C while introducing ethylene thereinto under a

‘pressure of 0.6 megapascals. Ethylene was continuously

introduced into the autoclave to ensure the constant pressure

in the polymerization syStem, and the polymerization was

continued for 30 minutes. Methanol was added to this to stop

the polymerization.
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pol ymer thus obtai ned wei ghed 13 g. The pol ynerization activity of the
catal yst used was 325 kg/g-Ti/hr. 13C-NVR analysis of the polyner
reveal ed that the butene content of the polynmer was 2.5 % by weight. The
polymer had a limting viscosity [[err]] of 14.5 (dl/g). [Conparative
Exanple 3 (production of ethylene-butene copolyner)] - Cat al yst
preparation and polynerization was effected in the sanme manner as in
Exanpl e 4, except that 5 mmols of Si2-carried MAQ( net hyl al um noxane) was
used in place of the _ claym neral andt hatt heanount of

t het r ansi t i onnmef BF AARBRIILLYS PFodiicedeas sakepautcBrroysh fddipatden was 10
[err]mols. The polymer obtained herein weighed 19 g, and had a limting
vi scosity PPerfriedfas. 29° anundepureducednpagssyres forylBy hawirght . Th&he
- polynerization activity of the catalyst used was 79.4 kg/g-Ti/hr.
[ Exanpl e 9PPp¥BELctERE oPbEaRPREna/eighrg ndde TopolBheer pplymerization
Pol yneri zation was effected in the sane manner as in Exanple 8, except
that 3 g ofchadvbbynefie thes asded Vst plsad wis 325 ggdg—Tibhrenel3¢hHMBolyner
obt ai ned herein weighed 8 g, and had a norbornene content of 1.2 % by
wei ght . analypdbyafetheagpo bymec trieridal eaf thhe et dlureheusentewts ocF00hkg/ g-
Ti/hr. 65 - " [ Exanpl e 10
(product i opodimeynaiast 15 c% pblyy steirgirte) ]| THd) poheneeahad eat benitohgcl ay
m neral :
viscosity [m] of 14.5 (dl/q).
[Comparative Example 3 (production of ethylene-butene
copolymer)]
Catalyst preparation and polymerization was effected in
the same manner as in Example 4, except that 5 mmols of
SiO2-carried MAO(methylaluminoxane) was used in place of the
claymineral and that the amount of the transitionmetal compound
used as the essential- catalyst component was 10 pmols. The
polymer obtained herein weighed 19 g, and had a limiting
viscosity [n] of 8.13 and a butene content of 5.0 % by weight.
The polymerization activity of the catalyst used was 79.4
kg/g-Ti/hr.
[Example 9 (production of ethylene/norbornene copolymer) ]
Pblymerization was effected in the same manner as in
Example 8, except that 3 g of norbornene was used in place of
‘1.5 g of 1-butene. The polymer obtained herein weighed 8 g,
and had a norbornene content of 1.2 % by weight. The

polymerization activity of the catalyst used was 200 kg/g-

‘Ti/hr.
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This is the same as in (1) in Exanple 4. (2) Treatnent with silane
conpound and organi ¢ al um ni um This is the same as in (2) in Exanple
6. (*3) Contact with transition nmetal conpound: 13.4 m of toluene,
0.25 mM (0.5 mmols) .of a toluene solution of triisobutylal um nium
(concentration: 2 nols/liter), 6.0 mM of the slurry prepared in (2), and
0.4 mM (0.02 mols) of a toluene solution of :

pent anet hyl cycl opent adi enyl titanium trinethoxide-(concentration:

50mol s/ lit é re.successivel. t into 50 .m Schlenk' s tube at room
tenperaturé?& H§ﬁ§tﬂ§r38r°§8F%i¥§ B%u?¥ngﬂ° ﬁ@tﬂgnﬁ@ﬁgﬁﬁﬁéepﬁ)drepare a
~catalyst sluyrry 6&4%? roducti on of _syndi otactic_pol ystyrene: 10 m
of styrene(gﬁd Gheml f(%?%@@m%%BI%§ %fa$.¥bmﬁéﬁéz solution  of
triisobutylal um_ ni,um, goncentrati on: 0.5 nols/liter) were put into a
30 nl anpoul e bdtiifelSi khg SATMEr 8§erhcHad gd@ BERmPIRI 4.anpoul e bottle was
set in an oil bath at 70[err]C After 10 mnutes, 1.25 nm of the catalyst
slurry prédpar edreALRARE JrEth oklane pcompovpd pad ongani@eabemindumThe
monomer was polénerized at 70[err]C for 1 hour, and then the bottle was
taken out of théhdsl igathe ®mBRMRaAs| inad2addedExemphis 6t0 stop the
pol ynerization. The polyner thus produced was taken out of the anpoule
bottle, di pged GorEacHHFith fpamkenblon anettal heompourd: at 200[err]C in
vacuum for 2 hours. The yield of the 66
pol yner was 0.488.4. mIThef podlumné za0i2h mdti(0i.ty mfoldle ofatalkpitiensed was
7. 8 kg-polyner/g-Ti. The limting viscosity .

solution of triisobutylaluminium (concentration: 2mols/liter),

6.0 ml of the slurry prepared in (2), and 0.4 ml (0.02 mmols)

of a toluene solution of pentamethylcyclopentadienyltitanium

trimethoxide(concentration:50nmmls/liter)weresuccessively

put into a 50 ml Schlenkl' s tube at room temperature, and stirred

for 1.5 hours at the temperature to prepare a catalyst slurry.

(4) Production of syndiotactic polystyrene:

10 ml of styrene and 0.01 ml (0.005 mmols) of a toluene

solution of triisobutylaluminium (concentration: 0.5

mols/liter) were put into a 30 ml ampoule bottle, in a

nitrogen-charged box. This ampoule bottle was set in an oil

bath at 70°C. After 10 minutes, 1.25ml of the catalyst slurry

prepared in the previous step (3) was put into the bottle. The

monomer was polymerized at 70°C for 1 hour, and then the bottlé

was taken out of the oil bath. Methanol was added to this to

stop the polymerization. The polymer thus produced was taken

out of the ampoule bottle, dipped overnight in methanol, and

then dried at 200°C in vacuum for 2 hours. The yield of the
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[[err]] of the polymer-(in trichl orobenzene at 135[err]C) was 1.68 dl/g.
[err] CG-NMR anal ysis of the polyner reveal ed that the pol yner was :
syndi otactic pol ystyrene having a degree of tacticity [rrrr] for the
racem pentad fraction of 84 % Tm of the polyner was 266[err]C [ Exanple
11 (production of syndiotactic polystyrene)] (1) Chem cal treatnent of
clay mneral: This is the sane as in (1) in Exanple 4. (2) Contact
W th organic al um nium - This was effected in the same nanner as in

(2) in Exapphome$, waxCepi4ddiagy. trithe hyd Bymet 12441 ¥AS aksediay tde enganic
al um ni um or the treatnment in place of triisobutylalumnium (3) Contact

with t ransbét@ﬂyg’@txféeéﬁﬁgoﬂ@ kg- Ehisg-was etfectiof dihd beseageryrnner
as in (3) in Exanple 1 except F ym he slurry prepared i'n the previous

(2) vas used, dfﬂtggg@;bgﬁ er' NEn Sl SHARA RIS Bt (195 9¢) 43168 4B/ g ()

Productlon o syn c po ystyrene: Styrene was pol ymerizéd in

the same mag efmﬁsaﬁQl%‘Qs dgs t@éa%iggégﬁgé&&?%%tﬁfée h%?ep %ﬁ%‘gﬁé& wagUl 'y

prepared in he previ e yre produced

1116, oot P RORTPRAE D, kb Ity ey e
Ly e or oDeszenge Ao dml el SRR o b 8LTELGR, 10 PO tB P
syndlotactb%698[ystyrene havi ng a degree of tacticity [rrrr]
[Example 11 (production of syndiotactic polystyrene)]
(1) Chemical treatment of elay mineral:
This is the same as in (1) in Example 4.
(2) Contact with organie aluminium:
This was effected in the same manner as in {2) in Example
6, except that trimethylaluminium was used as the organic
aluminium for the treatment in place of triisobutylaluminium.
(3) Contact with transition metal compound:
This was effected in the same manner as in (3) in Example
10, excepf that the slurry prepared in the previous (2) was used
in place of the slurry prepared in (3) in Example 10.
(4) Production of syndiotactic polystyrene:
Styrene was polymerized in the same manner as in (4) in
Example 10, except that the catalyst slurry prepared in the
previous (3) was used. The yield of the polymer produced herein
was 0.091 g. The polymerization activity of the catalyst used
was 1.5 kg-polymer/g-Ti. The limiting viscosity [n] of the

polymer {in trichlorobenzene at 135°C) was 1.63 dl/g. 13c-
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for the racem pentad fraction of 82 % Tm of the polynmer was 264[err]C.

[ Exanpl e 12 (production of polypropylene)] (1) Chem cal-treated clay A
.20 g-of nmontnorillonite (Kunipia F, manufactured by Kunimne Industry Co.)
was put into a three-neck separable flask having a capacity of 500 m, and
di spersed in 100 ml of deionized water containing 20 g of magnesi um
chloride 6-hydrate dissolved therein. This was stirred at 90[err]C for 0.5
hours. After having been thus processed, the solid residue was washed with

water. This treat nment s repeated once agajn. . Thus s obt ai ned
magnesi umBHt o??ﬂiyﬁﬁc\égsé:@entﬂﬂ]ﬁﬁ?‘ﬁ IB%Yg%ieﬂle%P?%t rﬁ% YRftspefsSed in
160 mM of an agueous,  solution of 6 % HCO, and stirred under reflux for 1
hour. Aft e3YDARRCHEePIAL e fevdng [/ deokes REsheatdFLRYwAEEFLL hr ough
repeated filtration until the filtration wash becane neutral, and was -
finally fifeertde reeeniventaicohrpeédonr ef 82 3. T ofedbet PA§YBRAYWAFUrry
was dried at roomtenperature .in vacuumfor 18 hours. Thus was obtained a
chemi cal - t2&ht@d cl ay. The chem cal-treated clay had a water content of 15
% To neasure its water content, the dried, chenmical-treated clay was put
into a nuf {Exarfipleat2, (peedectipntef 1507 wproybere) h period 30 m nutes,
and kept at the tenperature for 1 hour. Fromthe
68 (1) Ghemghtal-dsedted dayhds heat-treated clay, the water content
of the clay was obtai ned:
20 g of montmorillonite (Kunipia F, manufactured by

Kunimine Industry Co.) was put into a three-neck separable flask"

having a capacity of 500 ml, and dispersed in 100 ml of deionized

water éontaining 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.

This treatment was repeated once again. Thus was obtained

magnesium chloride-processed montmorillonite. Next, this was

dispersed in 160 ml of an aqueous solutionof 6 $ HC1l, and stirred

under reflux for 1 hour. After havingbeen thus processed, thié

was washed with water through repeated filtration until the

filtration wash became neutral, and was finally filtered under

suction pressure.

The resulting clay slurry was dried at room temperature

in vacuum for 18 hours. Thus was obtained a chemical-treated

clay. The chemical-treated clay had a water content of 15 %.

To measure its water content, the dried, chemical-treated clay

was put into a muffle furnace, heated up to 150°C over a period

30 minutes, and kept at the temperature for 1 hour. From the

68



(2) Contact with silane conmpound and organic al um nium - 1.0 g of the
chem cal -treated cl ayA (having a water content of 15 % by wei ght) and 50
m of' tol uene were put into a Schlenk's tube having a capacity of 300 m
to prepare a clay slurry. Wiile the clay slurry was stirred, 0.96 g (3.6
mmol s) of di-n- hexylsilyl dichloride

[(CH err](CHerr])[err])[err]SiC[err]] was gradually and dropw se added
thereto over a period of 15 minutes. After the addition, this was stirred

inanitro ream at no rea room tenperature for 3 days. . Next,
this was h Q%QEE Oiﬁoi%rﬁf QFMPIG%£ﬁ§-FH§N'w&?ﬁeUaFﬁFcEOQF?HtZOO n

of toluene. To resultlng slurry added was 25 ml of a tol uene solution
of trllsoBEt§P§IG ¥i U@S (9P ahBngllter) heated at 100[err]C for 1 hour
and then mashed twice wwth 200 ml of toluene. Toluene was added to this to
make it hadé)a RACHIiHe Hilare mompaind apd etganieeiumiaimy slurry
A. (3) Contact with transition netal conpound: 0.2 m of a toluene
sol ution of di mt ﬁ;ﬂ of theaham il -tnaated clay 3 beazbrpdoratidr eontentum
di chl ori de %%ngrr nmol /m) was added to 5 m of the clay slurry A at room
t enper at ure & by medgdd) aand 159 mefekaluenefwrr® phithbuts a Fotenkss
prepared 5.2 m of catalyst preparation A. (4) Polynerization of
propyl ene: tube having a capacity of 300 ml to prep&8e a clay slurry. Wh#D8 nl of
toluene and 1.0 mmol of triisobutylalumniumwere put intoa 1.6 liter
aut ocl ave, thad dieat esll wmtryrOfas r s€irAbtier (.96 g (3.6 mmols) of di-n-
hexylsilyl dichloride [(CH3(CH2)s5)2SiCl2] was gradually and
dropwise added thereto over a period of 15 minutes. ' After the
addition, this was stirred in a nitrogen stream atmosphere at
room'temperature for 3 days. Next, this'was heated at 100°C
for 1 hour, and then washed twice with 200 ml of toluene. Té
the resulting slurry, added was 25 ml of a toluene solution of
triisobutylaluminium (0.5 mols/liter), heated at 100°C for 1
hour, and then washed twice with 200 ml of toluene. Toluene
was added to this to make it have a total volume of 50 ml1. Thus
was obtained fine clay slurry A.
(3) Contact with transition metal compound:

0.2 ml of a toluene solution of dimethylsilylenebis(2-
methyl-4, 5-benzoindenyl) zirconium dichloride (1 pmol/ml) was
added to 5 ml of the clay slurry A at room temperature, and
stirred at the temperature for 0.5 hours. Thus was prepared

5.2 ml of catalyst preparation A.

(4) Polymerization of propylene:
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was kept at the tenperature for 5 mnutes, 5.2 m (containing 0.1 g of
clay) of the catal yst preparation A that had been prepared in the previous
step (3) was added thereto, and propylene was continuously fed into the
autocl ave to have a pressure of 5 kg/cnferr], and polynerized for 20

m nutes. Next, nethanol was added to this to stop the pol ynerization. The
pol ymer thus produced was taken out through filtration, and dried at
90[err] C under reduced pressure for 12 hours. The polyner t hus obt ai ned

wei ghed 73 g. T%?Qﬂl YR 7“%3" p%l?g Y] t%r E%nl}liﬂlnf;%k% t 1ur§1619mw2§e2190

?ggsfatglyst/hr e ey ( |on of r e) Modj fi cation
with gi I angﬁgoln%t%ﬁgf § ll?)cergf‘“fl ﬁ& fr&at ‘E&%@B@{ Qe(]é %\fztl‘?er this

t 1.1 4. 1nmol f
S?QCﬁ{oﬁZx'yPs.%%ﬁt %E?%%pxea 25afiEthor s ﬁ‘l“af&}ét%?rr(c?’ 3679 (bontarning of

-n-  hex iy (CHerr](CHerr])[err])[err]Si err]]
Thus prepa?seg 8|fe| %Otr?\ e FatalgssIRreRARt lf(1'2)1£ %’@a]@@émbeﬁn
transition netal conp ound 0.2 m of a toluene solution of

di net hyl si P§?Bﬁ€8?is(1@ tl’h%tR’iPV-!ou§ B&ePoi hilenypy Ziddeshi thexRtdd oande (1
[err]nmol /M) was added to 5 m of the clay slurry B at room tenperature,
and propylene was continuously fe@pinto the autoglaveetioahatvbea

tenperature for 0.5 hours héjs was prepared 5.2 m of catalyst

pr epar at i oRr@Ssure of 5 kg/cm4, and polymerized for 20 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 73 g. The polymerization activity.per.
the catalyst used was 2190 g/g-catalyst/hr. The activity per
the zirconium metal was i.2_tons/g—Zr/hr.
[Example 13 (production of polypropylene) ]
(1) Modification with silane compound:

Silane treatment was effected in thé Same manner as in (2) |
inExamplelZ;exceptthat1.1g(4.1nmwls)ofdicycléhexylsilyl
dichloride was used in place of 0.96 g (3.6 mmols) of di-n-
hexylsilyl dichloride [(CH3(CH2)5)2SiCl2]. Thus prepared
herein was 50 ml of clay slurry B.

(2) Contact with transition metal compound:

0.2 ml of a toluene solution of dimethylsﬂilylenebis@-

methyl-4, 5-benzoindenyl) zirconium dichloride (1 pmol/ml) was

added to 5 ml of the clay slurry B at room temperature, and
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(3) Polynerization or propylene: Propyl ene was pol ynerized for 14
mnutes in the same manner = as in (4) in Exanple 12, except that 5.2 ni
(cont-aining 0.1 g of clay) of the catal yst preparation B prepared in the
previous step (2) was used. The polymer obtained herein weighed 48 g. The
pol ynmeri zation activity per the catal yst used was 2050 g/g-catalyst/hr.
The activity per the zirconiumnetal was 1.1 tons/g-Zr/hr. [Exanple 14
(production of polypropylene)] (1) Contact with silane conpound and
organi ¢ al um ni um conpound: Silane treatnent was effected in the
sane mannerStEegEed @) thentempappreure, faxclp? heursi. Fhpg aas prsayast
dodecyl si l yl trlchlorlde [CH err](CHerr])[err]SiCl[err]] was used in

pl ace of 0.0& @Y 26 cakediyst p@fep@raﬁlW@x%-snw di chl ori de
[(CH[err](CH[err]i[errl)[err]SlCI[err]] Thus prepared herein was 50 m of
clay slurr ynesaeationi oh prapgienen netal conpound: 0.2 m of
a tol uene solutlon of dinethylsilylenebis(2- nethyl-4, 5-benzoindenyl)

zi rconi um di chl drogy lehepwas pollymeerd z eddited 1daumute ofintthe shag melnurery C at
roomtenperature, and stirred at the tenperature for 0.5 hours. Thus was
prepared ®:2iml (4) CotEkaymblerieharcxidept ehat( 8) 2Pal y(eontzatning .1 g

pr opyl ene: Pr opyl ene
was pol ynerdzedlafpro2@hei cat&bysn p&h@a&@l‘lﬁolmr;m‘epa&d An(#¥he iprdwddgy e 12,

except that 5.2 m (containing 0.1 g
step (2) was used. The polymer obtained hereln weighed 48 g.
The polymerization activity per the catalyst used was 2050
g/g-catalyst/hr. The activity per the zirconium metal was 1.1
tons/g-Zx/hr.
[Example 14 (production of polypropylene)]
(1) Contact with silane compound and organic aluminium
compound:

Silane treatment was effected in the same manner as in (2)
in Example 12, except that 1.3 g (4.3 mmols) of dodecylsilyl
trichloride [CH3(CH2511$iCl3] was used in place of 0.96 g (3.6
mmols) of di-n~hexylsilyl dichloride [ (CH3(CH2)5)25iCl2].
Thus prepared herein was 50 ml of clay slurry C.

(2) Contact with transition metal compound:

0.2 ml of a toluene solution of dimethylsilylenebis (2-
methyl-4, 5-benzoindenyl) zirconium dichloride (1 umol/ml) was
added to 5 ml qf the clay slurry C at‘room temperature, and
stirred at the temperature for 0.5 hours. Thus was prepared

5.2 ml of catalyst preparation C.

(3) Polymerization or propylene:
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of clay) of the catalyst preparation C prepared in the previous step (2)
was used. The pol yner obtained herein weighed 51 g. The polynerization
actiwvwity per the catal yst used was 1530 g/g-catalyst/hr. The activity per
the zirconiummetal was 0.8 tons/g-Zr/hr. [Exanple 15 (production of

pol ypropyl ene)] (1) Contact with silane conpound and organic al um ni um
Silane treatnent was effected in the sanme manner as in (2) in Exanple

12, except that 1.0 ¢ (2 4 mmol s) of docosylnethylsilyl dichloride
LT?J[ g;r]mg CI;I[ err%)gggﬁr é}%{ﬁ% :lgp\%gérz]eh gva rS 2881[161dn1.|1tnes ?na}:%ee ggme mann r(3 6
[(CI—|[err](CH[err])£er [err]SiC[err]]. Thus prepared herejn vvas 50 o]
clay slur@y amRlild erasett tBﬁtngtal ntofRRirAning 0 ]092 m
of a toluene solutlon of dinethylsilylenebis(2- nethyl-4, 5-benzoindenyl)
zi r coni um @fcBlay) ®f the[eatahpth PMrEPAZat ionIe PEePared 15f thePravipus urry
D at roomtenperature, and stirred at the tenperature for 0.5 hours. Thus
was prepar &¢ep5.(2) nvasfusedal e pedyaeat pbisabned( Byresnywetghedivh or
propyl ene: Propyl ene was polynerized for 14 mnutes in the sane
manner as The (EOlynedzahblon BGtisddaptpehaths. catiblysbnuaedi Wgs0. 153 of
clay) of the catalyst preparation D prepared in the previous

72 g/ gsedplyat Akers uSbhd. adtiev ity peer thbtzi meeh hor setadevghdd 842 g
The polynerization activity per the catalyst used was 1780

g/ g- cat al ystonts/g-Exedhacti vity per the zirconiumnetal was- 1.0

f

[Example 15 (production of polypropylene)]
(1) Contact with silane compound and organic aluminium:

Silane treatment was effected in the same manner as in (2)
in Example 12, _except that 1.0 g (2.4 mmols) o'f
docosylmethylsilyi dichloride [CH3 (CH2) 21CH3SiCl2] was used in
place of 0.96 g (3.6 mmols) of di-n-hexylsilyl dichloride
[(CH3(CH2)5)2SiCl2]. Thus prepared herein was 50 mll of élay
slurry D. -

(2) Contact with transition metal compound:

0.2 ml of a toluene solution of dimethylsilylenebis (2-
methyl—4,5—benzoi-ndenyl) zirconium dichloride (1 pmol/ml) was
added to 5 ml of the clay slurry D at room temperature, and .
stirred at the temperature for 0.5 hours. Thus was prepared
5.2 ml of catalyst preparation D.

(3) Polymerization or propylene:

Proiaylene was polymerized for 14 minutes in the same manner

as in (4) in Example 12, except that 5.2 ml (containing 0.1 g

of clay) of the catalyst prepafation D prepared in the previous
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ton/g-Zr/hr. [Exanple 16 (production of polypropylene)] (1) Contact with
sil ane conpound and organic al um nium - Silane treatnment was effected
in the same manner as in (2) in Exanple 12, except that 1.1 g (8.5 nmol s)
of dinmethylsilyl dichloride [(CHerr])[err]SiC[err]] was used in place of
0.96 g (3.6mmols) of di-n-hexylsilyl dichloride
[(CHerr](CHerr])[err])[err]SiC[err]]. Thus prepared herein was 50 ni
of clay slurry E. (2) Contact with transition netal conpound: 0.2 m

of a tol uergepol(aliwasaissld ety poll yinerebbsh2nedBéhyin dve Dytbedza denyl )
zirconiumdichloride (1 [err]Jmol/mM) was added to 5 m of the clay slurry

E at room e eyAlwedizatd onStddtifd t3f gde tiedpesehvystf akel. kabBourrgo Thus
was prepared .2 m of catalyst preparation E. (3) Polynerization or

propyl ene: g/g-catBnoR¥!/ane w@ﬁemﬁﬁwﬂfgérfﬂae AL S mkRal WP $ TR
manner as 'in (4) in Exanple 12, except” that 5.2 m (containing 0.1 g of

clay) of tQ%ﬂq@Jyﬁy§&.preparation E prepared in the previous step (2) was
used. The pol ynmer obtai ned herein weighed 65 g. The polynerization

activity pq@ﬁ%@t%atl\%lagig#ﬁ%qi%s o@%ﬁ%ﬂr@bﬁ%ﬁdﬁ” hr. The activity per

t he zirconium tons/g-Z
Gt i sy FERREE LN BEORLeCnCiagechi on 8o YELGRAERD)) (2

Silane treatment was effected in the same manner as in (2)
in Example 12, except that 1.1 g (8.5 mmols) of dimethylsilyl
dichloride [(CH3)2SiCl2] was used in place of 0.96 g (3.6 mmols)
of di—n—hexylsiiyl dichioride [ (CH3(CH2)5)2S5iCl2]. Thus
prepared herein was 50 ml of clay slurry E.

(2) Contact with transition metal compound:

0.2 ml of a toluene solution of dimethylsilylenebis (2~
methyl-4, 5-benzoindenyl) zirconium dichloride (1 pmol/ml) was
added to 5 ml of the claf slurry E at room temperature, and
stirred at thé temperature for 0.5 hours. Thus was prepared
5.2 ml of catalyst preparation E.

(3) Polymerization or propylene:

Propylene was polymerized for 30 minutes in the same manner
as in (4) in Example 12, except that 5.2 ml (containing 0.1-g
of clay) of the catalyst preparation E prepared in the previous
step (2) was used. The polymer obtained herein weighed 65 g.
The polymerization activity per the catalyst used was 1300
g/g-catalyst/hr. The activity per the zirconium metal was 0.7

tons/g-Zr/hr.
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Silane treatnent was effected in the same nanner as in (2) inExanple 12,
except that 1.4 g (8.2 mols) of tetrachlorosilane [SiC[err]] was used in
pl ace of 0.96 g (3.6 mmvls) of di-n- hexylsilyl dichloride

[(CH err](CH err])[err])[err]SiC[err]]. Thus prepared herein was 50 m
of clay slurry F. (2) Contact with transition netal conpound: 0.2 m
of a toluene solution of dinethylsilylenebis(2- nethyl-4, 5-benzoindenyl)
zirconiumdichloride (1 [err]nol/m) was added to 5 ml of the clay slurry
F at roomtenperature, and stirred at the tenperature for 0.5 hours. Thus
was prepar égorpazafiivef Exaralgst spPepdratien e pPéYPPBPYHﬁFF%étion or

pr opyl ene: Propyl ene was pol ynerized for 30 minutes in the sane
manner as (iLh (45ontagkamitd 191laRecsompeand, ang| QRIARLG nRAYRONIVY  of
clay) of the catal yst preparation F prepared in the previous step (2) was
used. The goempebndebt ai ned herein wei ghed 25 g. The pol ynerization
activity per the catalyst used was 500 g/g-catalyst/hr. The activity per

t he zirconi um nmétidbnectrengnenowesgeZfented IMbLSTRING NARPREFGABIIN 1)

In the present i nvention, a large amount of nethylal um noxane,
whi ch is nénBanplolRardicepdstimiving gp68r2 mmols) of tetrachlorosilane
74 storage stability and bei ng dangerous, is not used, and, in

addi tion, t{BeCampuntasofuddd bngediecealafim Bi2én o (3e usewblis) the dénhtre
pol ymeri zati on systemis nuch reduced. Therefore, the
' hexylsilyl dichloride [ (CH3(CH2)s5)2S8iCl2]. Thus prepared
herein was 50 ml of clay slurry F.
(2) Contact with transition metal compound:

. 0.2 ml of a toluene solution of diingthylsilylenebis(Z—'
methyl—4,_5—benzoindenyl)zirconium' ciichloride (1 pmol/ml) was
added to 5 ml of the clay slurr? F at room temperature, and
stirred at the température for 0.5 hours. Thus was prepared
5.2 ml of catalyst pr'eparation F.

(3) Polymerization or propylene:

Propylene was polymerized for 30 minutes in the same manner
as in (4) in Example 12, except that 5.2 ml (containing 0.1 g
of clay) of the catalyst prepa'ration F prepared in the previous
step (2) was used. The polymer obtained herein weighed 25 g.
The polymerization activity per the catalyst used was 500
g/g-catalyst/hr. The activity per the zirconium metal was 0.3
tons/g-Zr/hr.
INDUSTRIAL APPLICABILITY

In the present invention, a large amount of

methylaluminoxane, which is not easy to handle as having poor
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pol yners produced do not contain a |arge anount of netallic residues

remai ning therein, and do not require post treatment. Jefinic polyners
and styrenic polynmers are obtained efficiently and inexpensively according
to the invention.

75 CLAI M5 1. A catalyst for
pol yneri zi ng ol efinic rnononmers, which

storage stability and being dangerous, is not used, and, in
addition, the amount of the organic aluminium to be used in the
entire polymerization system is much reduced. Theréfore, the
ﬁolymers produced dolnot contain a large amount of metallic
residues remaining therein, and do not require post treatment.
Olefinic' polymers and styrenic polymers are obtainéd

efficiently and inexpensively according to the invention.
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conprises (a) a transition netal conpound, (b) at |east one menber
selected fromclay, clay mnerals and ion-exchanging |ayered conpounds,

and () a silane conpound. 2. The cat al yst—for—potymerizing ol efinic

mononers as clainmed in claim1, which further ¢ kyl ati ng
agent . 3. A catalyst for polynerizing ol ef jﬂ"l‘ﬂﬂ“ﬂﬂ"ﬂﬂl%ﬁ ch
conprises (a) a transition netal compound, (b) a LONe  d1e

sel ected fromclay, clay minerals and ion-exchanging |ayered compounds,

(c) a silane compound, and (e) an organi ¢ _al um num conpound. 4. The
catal yst for olyner|2|ng olefinic n3H8H@4 as clained in claim3, which
further contains (d) an al kyl ating . . The catal yst for

pol yneri zi ng ol &fi nt Catehorr §°§sp°%1”513ﬁé61¥1ﬁ %t]rﬁ/th’eC ForomgLiy vhighy,
wherein the silane conpound (c) is represented by a general formnula:

RnSi X4-n FAMRKLERSR(A pﬁe§€ﬁﬂ§151§Hb§?tﬁ&eﬁ9mﬁpuﬂﬁvc by hatatlg@sitn ohke

site directly bonding to Si_is carbon, silicon or hydrogen; X represents a
substi t ut ehembprwseéRctrd Eremenrtavn FﬁéYsm@éeréﬂSeénﬂylb@n@ﬁﬁgapﬁlsg i s
hal ogen, oxygen or nitrogen; plural 76

R s and X s$ayefedngompaynds,t padsdee grsdﬂanerenmponeg respectively; and
n represents 1, 2 or 3.

2. The catalyst for polymerizing olefinic monomers as
claimed in claim 1, which further contains (d) an alkylating
agent.

3. A catalyst for polymerizing olefinic monomers, which
comprises (a) a transition metal compound, (b) at least one
member selected from clay, clay minerals and ion-exchanging
layered compounds, (c¢) a silane compound, and (e) an organic
aluminum compound.

4. The catalyst for polymerizing olefinic monomers as
claimed in claim 3, which further contains (d) an alkylating
agent.

5. The catalyst for polymerizing olefinic monomers as
claimed in any one of claims 1 to 4, wherein the silane compound
(c) is represented by a general formula:

‘RnSiX4-n
in which R represents a substituent of which the atom in the
site directly bonding to Si is carbon, silicon or hydrogen; X

represents a substitutent of which the element in the site

directly bonding to Si is halogen, oxygen of nitrogen; plural
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6. The catalyst for polynerizing olefinic nmononmers as clained in claims§,
wherein nis 1 or 2. 7. Anethod for producing ol efinic polyners,

whi ch conpri ses honopol yneri zi ng or copolynerlﬁL nmer s

the presence of the catal yst of any one of clai ||I|mu'|u“nmmﬂl A rret hod
for producing styrenic polynmers, which conprises*hofropolywerizi'ng or

copol yneri zing styrenic nononers in the presence of the catalyst of any

one of clains 1 to 6.

77 R's and X's, if any, may be the same or different ones,

respectively; and n represents 1, 2 or 3.

6. The catalyst for polymerizing olefinic monomers as
élaimed in claim 5, wherein n is 1 or 2. |

7. A method for producing olefinic polymers, which
comprises homopolymerizing or copolymerizing olefinic monomers
in the presence 6f the catalyst of any one of c;aims 1 to 6.

8. A method for producing styrenic polymers, which
comprises homopolymerizing or copolymerizing styrenic monomers

in the presence of the catalyst of any one of claims 1 to 6.
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