; e3e~Ph~M66Th, 1 0 MAR 2003 *cooooz* DESCRI PI TI ON ALUM NI UM OXY COVPOUND,
CATALYST COVPONENT FOR POLYM ERI ZI NG OLEFI N, AND METHOD FOR PRODUCI NG
PG.YO#MWWMWWL FI ELD The present invention relates to afriod 2003

al um ound, a carrier for olefin polymnerization catalyst
conpri Si Nnggddae al um ni um oxy conpound, a catal yst conponent for olefin

pol yneri zation, and a nethod for producing polyolefins. Mxre precisely, it
relates to a novel al um nium oxy conpound havi ng hi gh pol ynerization

activity and capabl e of giving poltyed gf+nsyw th good pol yner norphol ogy, a
carrier for olefin polynerization catal ysts conprising the al um ni um oxy

b oduci ra Bol et e BACRGRUND B S TR T Ehe g g oo T
pol yol efin pr Od%é%,yfﬂﬁﬁ%dﬁ?of) sFéEpeP ; @éﬁ%@é%%hﬂ%st syst ens

applicable to bu meri zati'on, vapor- slurry

pol yneri é'q dF Lhers, for catalysts with transition netal conpounds,
typicalFéifgbggggp—ﬁfgﬁsition nmet al compounds carried on inorgani c porous
carriers (these will be hereinafter referred to as transition |

met al - carryi ng it P59t #%%6%5}9%EF?§§F?6nt§y§t@ﬁgeﬁe&dWPénHP@ﬁ

pol ynmeri zation activity and good pol yner norphol ogy, for which is desired

t he deve?dpnePiPorlfi gh- aetFVEEy feat alpdis oapaBeeisrtdion sgtRitget 1 0
MAR 2003 bul k-density pol yolefins. On the other hand, it is known that

al um ni UPRTBIRY 1 & oRf otinel s L WAt ¢y rremiiyd i Aok et &dres usempenepitonot er s
for nmetal |l ocene catal ysts. For exanple, various techni ques of producing
on-carri®er carls §ist s v diee® tdisol osad, formekbepl efowsiprgdacdobut i on of
met hyl al unoxane in the step of carrying transition netal conpounds on

i nor ganieo by besivarri et reHowevesrisalty i s iKnowre tdats altomi ki umeory
conpounds produced from organoal um niuns often contain inpurities of

non- r eact Bdnbr janoakunteirpaendndaivasel bbke sedempridaction( geltsyitTher ef ore,
t he pol ynerization activity per alum nium atom of al um ni um oxy conpounds
is | ow @@ndcaprkeilgeo amduntngafo el ebinpowhatihmestd bel vsed roaophpdbygreri zat i on,
thereby inevitably resulting in the increase in the production costs . In
addi ti o @darge roorefoh abuwhalupepibh cEhml st e dadmempaiymetsepr oduced.
Such problens with al um ni umoxy conmpounds are serious nor their industrial
appl i catd basinTNensokye caoregprobl eas,cai@livis proposahs htwve héeétiof ore been
made (Japanese Patent Application Laid-Open Nos. 2|1307/1986, 130601/ 1988,
16803/ 1989 yrii67307t 1990) andAcz oreingd t Hot heredehhngquesl po bpdses, t he
activity per alum ni um conpound of al um ni um oxy conpounds coul d be

i i ( D deigr Bl Y pNal um noxanes are still problematic in
that they are poorly soluble and are difficult to handle, and, in addition,
t hey often wor senthhef igilad iotfypahgolef 1n @rivaR 2008 e¥enwthdetidnetbe t he

pol ymers produced . Therefore, further inproving the conpounds is desired.
Al so pr oposetoprert nephiod aftalormi ni agsetnhy| agpiiinedre amel sbogkot her

or ganoal um ni um conpounds (Japanese Patent Lai d-Open Nos. 260602/ 1985,
130604/ 1985ym89506¢ 1988, 1728108/11988e 218 T0/ving88,229206/,1 98951815407/ 1989,
22306/ 1990, 167310/1990). According to the techni ques proposed, the anount
of polymerization and others, for catalysts with transitionmetal

compounds, typically IV Group transition metal compounds
carriedon inorganicporous carriers (thesewill be hereinafter
referred to as transition metal-carrying catalysts).

The polymerization systems require high polymerization
activity and good pclymer morphology, for which is desired the

development of high-activity catalysts capable of giving high

] AR
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met hyl al um noxane to be used could be reduced in sone degree, but th

activity per alum nium of the conbined systens is still unsétﬂ@ﬁ&&ﬂ%ry
Therefore, further inproving themis desired. Apart fromthe problens with
al um ni um oxy conpounds thensel ves noted above, there is still another

problemw th transition nmetal -carrying catal yst systens conprising a
transition netal, an inorganic porous carrier and an al um ni um oxy conpound
in that their catalytic activity is nmuch |ower than that of non-carrier
honogeneousk phasei catad yed - systens. To solve this problem various
proposal s have been nade. For exanple, International Patent Publication No.

507515/ 1997 di sl osies athethoednef, prepasi Rgodh argar# i @fi: cattysy, for
whi ch the al unoxane solution to be used is pre-treated to renove the ge

conponentchpOihis, d: e@?k??ﬁ R4 t 1 18 haedn ronies €l sed osed 1 Soh@:d pProve
pol yner nor phol ogy, AR 2003 but, according to the nethod, it is

di ffi cu|§og%é@g[§@é&gr@a@§fsryﬂgy ?grt Qgcﬁﬁli;é', Y§£r1$usa‘fd(g&1t41 %\%{j Bat ent

techni que to inprove pol yner norphology ..s [ nternati

Publ i cat jon, PoLes:  S110441 1995, 803001 3/1997, g@#%lg 20 507517/ 1997

di scl ose”val 1 ous met hods 0 usi ng a ane sol'U oF° proﬂucrng
on-carrier_catal ysts Fbmever t he con %ﬁﬁ r_cat ysts roched §ccording
Pr

to the n%%ﬁ%%s are %ﬁ%ﬂﬁ utlo%1ofth u@ﬁ?ﬁP?t%% cti v ?% s nuch

| ower than th nor..-carri eneous- phase .catal ysts. US Patent No.
50157, G97EGTRE | GSA0eE G o ng88§§F§§ o arla%%ﬁé CSofUETbn with

al kali to renove tgg?gV’ conpone n%%%. gb er, the techni
discloseﬁaFgl?ﬁﬁff &5 ort ihﬁ Thg antid ' BFydﬁ?B??%? and, in
addi ti on, e alkg treatnen i problematic in that |ncrease§ t he cost
of al urm%‘ﬁ 4CeAsT It ¢ HAREC AV l%nrﬁa TurFentor HH&HW% e @rt
regarding transition netal - arr cat al yst systens that conprlse a

tranS|tl%ﬂnnﬁ?%Ft%%nﬁSGﬁ&oa R 6Pg§nffxbor%%% “at¢ i 8- IEndP BT EF b ni um oxy

conpound is_that no one could
(gels). Therefore, the polymerization activity per aluminium

atom of aluminium-oxy compounds is low, and a large amount of
the compound mwmust be used for polymerization, thereby
inevitably resulting in the increase in the production costs.
In addition, a large amount of aluminium will remain in the
polymers produced. Such problems with aluminium-oxy
compounds are serious for their industrial applications.
To solve the problems, various proposals have
heretofore been made (Japanese Patent Application Laid-Open
Nos. 211307/1986, 130601/1988, 16803/1989, 167307/1990).
According to the techniques proposed, the activity per
aluminium compound of aluminium-oxy compounds could be
increased in some degree, but such aluminoxanes are still
problematic in that they are poorly soluble and are difficult

to handle, and, in addition, they often worsen the quality and



obtain on-cattier catal ysts of which the polynerization activity is on the
sane | evel as that of non-carrier honogeneous-phase catal ysts and1meMhmm
coul d give high bul k-density polyolefins. W, the ;resent inventors have
made the present 4 ~ 0 r~aR 200 invention fromthe vi ewoints noted
above, and the object of the invention is to provide a novel alum nium oxy
conpound havi ng hi gh pol ynerization activity and capabl e of giving

pol yol efins with good pol ynmer norphol ogy, a carrier for olefin

pol yneri zat i cat al yst onprising the alum niumcxy.conpound, . a catalyst
conponeﬁ%”?%gngfg?fﬁyﬁb f%%?ﬁ%gﬁpb S éﬁ@dé*ﬁﬁfhodnf5¥18f8dutPﬁ§h“r

pol yol efins. DI SCLOSURE OF THE | NVENTION W\, the present inventors have
assi duouSIRF SHUH dd'€ &fdPATS res TS e found a specific al umi ni um oxy
conpound whi ch i s obtained froma reaction product of an organoal um ni um
conpound and WAtEC and®IMRTEIEEont 4Fns Aei t FETI® G esi@ual 6PHAABANEM ni urn
conponent nor a gel conpound; a carrier for olefin polynerization catalysts
whi ch i snegbtal ledn Frrorancheazl updnge uptloxy corpoonaduandian taopganie
conpound; and an ol efin polynerization catal yst which is obtained by

cont act i Wpndrerer rPetend t haadtOprsi tNoen et & 0 LONPRHuUNdl 3We0hAVE8burt her
found that the olefin polynerizaticn catal yst has high polynerization
activit ek ATERS pdl §oDer i agswals iPidd 86!, yred ¢ hD? phoBady 0Gdn 5B, obt ai ned
by the use of the catalyst. G the basis of these findings, we have

conpl et exb 30y I EEenei3mefid o). . Specifically, the invention provides an
al um ni um oxy conpound, a carrier for olefin polynerization catalysts,

cat al yst conpolherbrtiohgoltef ithepod ddretinhld O r &tsk &d et e daf®find of~ 0 p~AR
2003 producing polyolelins, which are as follows: 1 . :alum niumoxy
conpouneh i Al 418 th QU thepeth O&d @fovanl PEJAB@at & it YaineoapeHed, Wi t h

wat er, which_is soluable in hydrocarbon solvents and in which the anount
of the gnganaalawi %Ny GeRPOLRE: f BRI Nge icomati ndaist v40e%6 Q) wei ght as
measured through HNVR 2. A carrier for olefin polymnerization catalysts,
whi ch cemydsiestdde @l um niriarexyreonpeundnet abpyeoinapd aneimnofganic
conpound having at | east one elenent selected from Goups 2 to 4 or G oups
12 to 140fitde Periodic Table. 3. The carrier for olefin polynerization
catal ysts of above 2, wherein the inorganic conpound is an oxide.

Apart from the problems with aluminium-oxy compounds
themselves noted above, there 1s still another problem with
transition metal-carrying catalyst systems comprising a
transition metal, an inorganic porous carrier and an
aluminium-oxy compound in that their catalyticactivity ismuch
lower than that of ncn-carrier homogeneous-phase catalyst
systems. To solve this problem, various proposals have been
made.

For example, International Patent Publication No.
507515/1997 discloses a method of preparing an on-carrier
catalyst, for which the alumoxane solution to be used 1is
pre-treated to remove the gel component from it. The cbhject

of the technique cisclosed is to imprcve polymer morphology,



4. A catalyst conmponent for olefin polynerization, which conprises the
carrier for olefin. polynerization catalysts of above 2 or 3 and a
transition metal conpound. 5. The catal yst conponent For olefin 10 MAR 2003
pol yneri zati on of above 4, wherein the transition netal conpound is
selected fromGoup 4 or Goups 8 to 10 of the Periodic Table. 6. The

cat al yst conponent for olefin polynerization of above 4 or 5, wherein. the
transition nmetal conpound of Group 4 of the Periodic Table is any one

sel ecte omtransiti ounds of..the follow.ng genes_al fornulae
15 et e U TR BB05 5 Sy et 50 P SRR R R
R1RI1\R.RE YL R6 where Rl to R6 each jndependently represent a hydrogen
atom a Fatb§ehYafdmt I hyat ot4t bon gPo@ﬁmﬁg\}i%Hg f6m tlcqe}g]%lecaF%on at ons,
or a hal ogen-cont ai ni ng hydrocarbon, group having From 1l to 20 carbon atons;
the groulf3PH?VatPPexBer ot Par+osf R8 A3t - R4 and R5, and R5 and R6 may
be bonded to each other to forma ring; X1 and X2 each i ndependently
represent a hydriogemadtiomala Raregen Pafdmcasdioa Risdrocat bl 4 98p, havi ng
from1l to 20 carbon atons; Y1 is a dival ent crosslinking group via which
the two $03Ps18Pé, boAdEd OY & C84cknet el ] S iefrdsenti aglee shydavtanbon group
having from1l to 20 carbon atons, a hal ogen-contai ni ng hydrocarbon group
havi ng frmenhdds @ 20s¢apbahumt:oimss sa lsitliicoent comt@iduicigggrouparaier

ger mani um cont ai ni ng group, a tin-containing group, -0-, -CO, -S, -SOz-,
-idR -, cPRlystPR. (O HRweyerBR thor ctAldRrridR reprégents prdbyderegen at om
a hal ogen atom a =Hydrocarbon group having from1l to 20 carbon atons, or a
hal ogen-zoms ai hihngg tuy dtbeamzamogisouprbadinag Ifeamit t on 2@ hear bome &t ons; M
represents titanium zirconiumor hafnium 7 ~ p | ~AR 2003 R12 R71 R15 16
R Rl~ Pl3at&APt¥d RetlvIityX3b Yw¥@h lower than that of non-carrier

homogeneous-phase catalysts.

US Patent No. 5,157,137 discloses amethod of processing
an alumoxane solution with alkali to remove the gel component
from it. However, the technique disclosed is ineffective for
increasing the activity of catalysts, and, in addition, the
alkali treatment is problematic in that it increases the cost
of alumoxanes.

As mentioned above, the current situation in the art
regarding transition metal-carrying catalyst systems that
comprise a transiticn metal compound, an inorganic porous
carrier and an aluminium-oxy compound is that nc one could
obtain on-carrier catalysts of which the polymerization
activity is on the same 1level as that of non-carrier
homogeneous-phase catalysts and which could give high
bulk~density polyolefins.

We, the present inventors have made the present



Rlo R~ (1) where Re to R18, X3 and X9 each independently represent a
hydrogen atom a hal ogen atom a hydrocarbon group having from 11 @ A AR @0
carbon atons, a hal ogen-contai ni ng hydrocarbon group having from1l to 20
carbon atons, a silicon-containing group, an oxygen-containing group, a

sul fur-containing group, a nitrogen-containing group, or a
phosphorus-contai ning group; Rl and R11, as well as R15 and R16 nay be
bonded to each other to forma ring; X3 and X4 each independently represent
a hal ogehn#e0Ri0B Ayen ddar bdevWpcou shaviceg fponel ad ZGicalies tabéns, a

hal ogen- cont ai ni ng hydrocarbon group having from1l to 20 carbon atons, a

si | i con-tbat annéngignoup, tanporygen ecnbabﬁia@ugnoupm—axsubbmp@uodtaining
group, a nitrogen containing group, or a phosphorus-containing group; Yl is
a di val entvenosalphkiong voreaup atii@nwi cadi ey tavd | ¢ gadidse ape banded to each
ot her, representing a hydrocarbon group having from1 to 20 carbon atons, a
hal ogen-genyai &f ngs M&@@@b@%WnB@}étho&beﬁ tat0i20 G bearahons, a

si | i con- Cont ai ni ng 1 a ~~n~ zaa~ group, a gernani um contai ni ng goup, a
tin- Cont@bmfﬂgl 92 8€Pon - Ocata®@sits - SFompS@mng - MR - a1ukRn1iem=Bx(O P,
-BR - or - -; R represents a hydrogen aton1 a hal ogen atom a

hy dr ocar@&@ 8 Qup NRYEng LML, 1,0:20 A1 BOD-8h OBl 3 1Al agedrgont ai ni ng

hydrocarbon group having from carbon atons. 1 represents

titanium ﬁéEﬁQ@'Pglu%]géuP*Hﬁ]%oléot Fi A/ J~I~INBC~ 2r (rrr; 2~ E where

ML represents titani ZITco mor hatnrum E1 and E2 each represent a

| i gand S@£§£££§¥—- argyclopent adi;enyl group, a substituted
cycl opentadren %Tg%p‘—éﬁ“rt“ group, a substituted i ndenyl group, a
het eer cycl o—entadLeny Faun,, & subst LLyLed Deteroaxel epent gdigny! oroup.

an am do group, grou rocarb

%2, and TR Pf%éu?%e%[a%‘eépfom Bkl Fet &%ﬁélﬁ%g G,

is obtained from a reaction product of an organcaluminium

compound and water and which contains neither a residual
organcaluminium component nor a gel compound; a carrier for
olefin polymerization catalysts which is obtained from the
aluminium-oxy compound and an inorganic compound; and anolefin
polymerization catalyst which is obtained by contacting the
carrier with a transition metal compound. We have further
found that the olefin polymerization catalyst has hicgh
polymerization activity and that polyolefins with good polymer
morphology can be obtained by the use of the catalyst. On the
basis of these findings, we have completed the present
invention.

Specifically, the invention provides an aluminium-oxy
compound, a carrier for olefin polymerization catalysts, &

catalyst component for olefin polymerizaticon, and a method for

{n



ligand, and plural Xy's, if any, may be the sane or diferent, and nmay be
crosslinked with any of other X5, E1, E2 cr Y2; Y2 represents a Lemn§M%a@é,
and plural Y2's, if any, nay be the sane or different, and may be
crosslinked with any of other Y2, El1 E2 or X5; Al and A2 each are a

di val ent crosslinking group via which the two |igands are bonded to each

ot her, representing a hydrocarbon group having from1l to 20 carbon atons, a

0 1 0 MAR 2003 hal ogen-ccntai=iilig hydrocarbcn group having from1l to 20
car bon apowspcangi bbé¢gniednha, - nhaghgrokenasafgeéroeai unm cont ai ni ng croup, a
tin-containing group, -u-, -C-, -S, -S02-, -NR-, -PR-, -P (0) R -,

-BR - cr -AR -1.anth & heyinaynbexy henpane dato it fifet entoud reeprtesants a
hydrogen atom a hal ogen atom a hydrocarbon group having from1 to 20

carbon abenen 8kgarbal Qgen: GaANtahPbRed hydFoce don gnouR. havisagubnem 1 to 20
carbon atons; q represents an integer of from1 to 5 equaling to [ (atomc

val ency of, Marodrnb@Ndsh1GEREESEMNS @R iw@xtieﬁler%fi’eg Erom,@ tof 3¢ng. The

catal yst conmponent forolefin polymerization of above 5, wherein the

transiti BQgpﬂﬁbé uﬁ?%ﬁg”g?g%%%&gf&%&ﬁ& 10 of, t hssPer g adig, Tabbg has a

di i m ne conpound as t cat af yst “conponent for ol éefin

polyneriégthggSu Echbgggeﬁiqg§wﬁ£e catal yst conponent for olefin
pol yneri zati on of ~any one-’of ‘above 5 to 7 and an organoal um ni um conmpound.

9 . Anmethod fo roduci_n ol yol efjn which comprises pol rizin
olefins in the %rgs§n€85F @%a%éﬁa?%%fi%oﬁﬁgﬁgﬁfgg%Flgpegﬁﬁ%ggﬁ§ﬁér?zation
of any ong.oL above. 4 to_S8. %EFT MODES OF CARRYIN%AEUT THE | NVENTI ON The

i nvent i off & deSBPT hRE° i WUt & HeFEi RUhFEFPT RF Ut Tk GXY* E8npound:
The aluniniun}cx§ comgoun of the invention is Pbtained thgggp?rg%action of

an or gano3PUAPRM Gy EBRPOT M With Amt-&fs t1ene elegnt selsg

Groups 2 to 4 or Groups 12 to 14 of the Periodic Table.

3. The carrier for olefin polymerization catalysts of
above 2, wherein the incrganic compound i1s an oxide.

4. A catalyst component for olefin polymerization,
which comprises the carrier for olefin polymerization
catalysts of above 2 or 3 and a transition metal compound.

5. The catalyst component for olefin polymerizationof
above 4, wherein the transitionmetal compound is selected from
Group 4 or Groups 8 to 10 of the Periodic Table.

6. The catalyst component for clefinpolymerizationct
above 4 or 5, wherein the transition metal compound of Group
4 of the Periodic Table is any one selected from transition

metal compounds cf the following general formulae (I) to (III):



This is soluble in rlyd' O-*arb~~n solvents, and the ano~..:r_t QMR J003~e
or ganoal um ni um conpound remainir:g in this is at nost 1~ % ; oy weight as
measured through 1HNVIR Tn the ir.~. ~enti on, the ratio of tl-~e

i norgani ¢ conpound to be carried cn the al um nium oxy conpound (this

t~, ~ill be hereinafter referred to as cr~-carrier ratio) increases. ".here
fore, it is desirable that the anobunt of the crganoalum niumremining in
t he al um niumcxy ccnpo~ar_d falls between 3 and 5 o by weight, nore
preferably between 2 and 4 o by wef hgx‘lf t he amount of the remaining
organoaluniniun1conpomﬁd is karger than 20 ~ by wei ght, such is
unfavorable, singe thg on-carrier i i
pol ymeri zati on &ct vityw of tlhe

conmpound of the inv; 1& soluble in €A vents. (Therefore,

or _e advantage of t " on fs that & 3 ' oxy conpound not
carrying an ino&g,'i >onp d thereon coul d D« : .5l n addition, the
al um ni um oxy conpour:|d has st e properti€s . Ther|lefore, another

advant age of the invertion is that al um ni um oxyéconpound does net
require any specific treatnment before its use. Tf the al um ni um oxy
conmpound contains some inpurities not soluble in hydrocarbon solvents, such
i's ur_faygrabl g 8 @@eeé&s%_ir{@%é&ba&wg%gﬂ@@ewa RMES (2QMB cBRgat i ve
influences cn the nean grain size and the grain size distribution (these
are known \general I as HR{RNA) QOo 0l %!pyHE@EhQSfP&QQUESdzo heupet ?zod of
obt ai ning the al um ni um cXy conpound "hawing a 1 1 G N AR 20a renai ning
or ganoal 4nLymRi U CORLERL LA Bek -4 -ahgeh vkt 58U b8n g PYudel bl iHg 'exams T _Ot
speciflca :@ de |ne§. FEF eganp%_g, %npy?ogagfe Psga %%?%od’é% ﬁggking a
sol ution; of japya LRI U nder_fe ) £ 4o Lconp'
etely renné% t%eg%gﬁégr_?Bﬁﬁyoggﬁpgggg%gagﬁoﬁﬁtggéggeggs r%gso d (this raay
be refersed {0 a8 dife upndn @t Libadke 51 L8 HENAUPo MBI Od: et Bl abl Y,
the so~vent s evaporated away ur_dertheat up to 80C, nore preferably up to
60C, und e pre 2 Jf.th 1 ion . i ted above
B0C, the ) ol UBr e cmonent 11 O BR Ty T eact” ERer i Vahd Fhe
activity_ pf t It nmetal - Vi o IS t.h

a1 U i Uy Oy oo bPSaiced o ToGa s Brtd BRTREL Bt %0 he
degree o rggu? ressuge fo - .be. . |1y, .30 n or

| owner, b%? pre(g?ggﬁy%Zognﬁfbgéél %%éﬁg“% ﬁgggégﬁﬁgﬁﬂﬁgﬁFgﬁfgbHggnﬁgay be
determn eneralqly. according L he t d i bed ] nopetal |ics,
Vol . 1_7,6%. lE18, ﬁléjﬁg‘,%_fspp&%ﬁ%giéa;s.tg?h%%g] u(sﬁs%%m g>e< P%%n%ggﬁge%f t he

| nvent i opyii5oeRR0aEt eriged LoyLRAl Llod s isobubls i B bydrocarhan sal vents.
COnvent|o¥_a? al um ni‘um oxy conp unds generally contain sone substances not

sol ubl e EQ%’QQ‘QBQE%PQ%%%Y?&%% s trlt(?'fo@ﬂv Ui ni,ung, ﬁlgﬁngggaqbek the

i nventi on dose not contali k uch subst ances not sol ub rocar bon
sol vents or di ngl.y:, . th vant:a e al ym.ni X npound of the
inventio%tégg' % %gﬁrﬁﬁkbgﬁggﬁgﬂg' af%%i&g.t. %%g&aggg |§Oﬁ?§ly~c i za~i on

i's ~~~at Lhe,Line oo e deling group, -O-, -CO-, =S-, -S0,~, -NR'-,

-PR’-, -P(0O)R’-, -BR’- or ~AlR’-; R’ represents a hydrogen atomn,
a halogen atom, a hydrocarkon group having from 1 to 20 carbon
atoms, or a halogen-containing hydrocarbon group having from
1 to 20 carbon atoms; M! represents titanium, zirconium or

hafnium;



ccntezit of the polymer p'~cducea is small and tue grans of the polyner
have a |l arge nead grain size, or that is, the polyner has good nqmpwmﬂﬁﬁy.
The hydrocarbon solvei.ts include aromati ¢ hydrocarbons such as benzene,
tol uene, xylene, cunene, cyrlene, etc.; aliphatic hydrocarbons such as

pent ane, hexane, heptane, octane, decane, dodecane, hexadecane, cctadecane,
etc.; alicyclic hydrocarbons such as cycl opentane, cycl ohexane,

cycl ooct ane, nethyl cycl oper _tane, etc.; petroleumfractions such as

napht ha, kerosene, light gas oil, etc. Of thtse, pféferred are aromatic
hydr ocar bons. The net hod of renoving the substanges insoluble ir_

hydr ocar bon sol vent such as chose nentioned 2 fromthe al um ni um oxy
conpound is not specifically defined. Eét—e enp? oyabl e is a net hod
of spont aneously depositing!the hydrocarbon-
hydr ocar bon sol vent foll ow novi ng the4f~sosit ~~hr ough decantati on.

Apart fromthis, aIBBSeane able/is a nmethod enovi ng the insoluble
subst ances through cent g cr thetikeF t*ﬁgthis, it ip) desirable
that the recovered, sol Yis filfefed through a Gé glass filter
her eby the insol uble

y. e al um ni um oxy conpound
t hus produced in tl:e manngrs as above wig 1 gel, s~~hW stored, to have | ~
1 0 MAR 2003 ar_ increased gel ccwpor~e.zi.. Therefore, it is des~ral~~le
t ~at the al um niumoxy co~r~ucv.r_dMs ~~:sed ~~,~i th~.r. a peri od of 48
| ours after its preparation, nor /ﬁ?efe bly Imnedlately after its
preparation. The ratio of tl:e & um ni um Hxv conmpound of the inven~ion to
tre hydrocarbon sol "Je:mis not s~ ecifical | y~ defined, but is preferably
O nahnLbe EANCRN 1l 58Ol AP, ALUTLALRY LB LR, ALHTLOLY™ Oy

atom, a halogen atom, a hydrocarbon group having from 1 to 20
carbon atoms, a halogen-containing hydrocarbon group having
from 1 to 20 carbon atcms, a silicon-containing group, an
oxyger-containing group, a sulfur-containing group, a
nitrogen-containing group, or a phosphorus-containing group;
R'® and R', as well as R!® and R'® may be bonded to each othex
to form a ring; X and X* each independently represent a halogen
atcem, a hydrocarbon group having from 1 to 20 carbon atoms,
a halogen-containing hydrocarbon group having from 1 to 20
carbon atoms, a silicon-containing group, an oxygen-
centaining group, a sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y' is a
divalent crosslinking group via which the two ligands are
bonded to each other, representing a hydrocarbon group having
from 1 to 20 carbon atoms, a halogen-containing hydrocarbon

group havirg from 1 to 20 carbon atoms, a silicon-containing



10 nots relative to one li~~er of the hydrocarbon solvent. The 4 MAR 2003
al um ni um oxy conpound of the invent-on is not specifically defined,
provided that it is obtained thro~~gh reaction of an organoal um ni um
conmpound with water, arid includes various types of a'.uminiumoxy
conpounds. For exanple, It includes comercial products from Al bemarl e
Corpor _aticn, these f-om Fthyl Corporation, those froir. Steering
Corporation, etc. In addition, it includes alum niumoxy conpounds of

so- cal | edriiupeas @ uwH mMoxanest ofmh itrige cf-olbbowk Nyl rgenerzd L ifiorgnglza vl V) - as
wel |l as cycli c alum noxanes of the fol _ow-ing general fornula (V). The
basi ¢ skebet onsoef those scoapouris, aFERdeSCPIbB@ , ~BR'rany KKiowh ;

references. R19 R19 R19~"".~1-~-p-..~1 ~~p-p.I'r 19.r'" ~ 19 RR ( V)
wher ei n RV 9r¢18ps €5 1 aRiydigeeakben, 95 ol o gais ha tasn an alykithcaabkenyl, aryl
or aryl alky' grQOLl~ havllig fromi to 20, bat ~ C ~~,~ Z00S p~ t~

~er' a~l Wby I M dg 0 ok21 €672 6 Q%r%oﬁ aT‘QréSorOi 1aicg‘ene—%%@tt3 -6 ihdl Cgeri

atom ~,a indicates a meGh regree of pclyneriza~ion of tine conpound and is

genefa"xga%cé%%ﬁa R T 8EL2n50 Ay, DUt preber bl yod ramgstonG and

pl ural nay be t~~e sane erent. RI9 ~.- -Ir-11( ~1 ) w

W _zer ei g R19.and W haug e SIURoATANI 085 38n ]y ormia (1Y . For
produci ng those a uri i oxanés, "f6r exanple, ~an or ganoal um ni um conpound nay
be contacted with a condenS|ng agent such as water or the |ike. However,

the nethod for producing themis not spe0|f|cally defined. The

al um noxa~zes coul d be produced. i wn manner. For exanple, (1) an
organoalunlnlun1con1~oyhd/r§’d S ved in a Qﬁga?uc solvent(I%qd t hen
contacted wi th water; ( 2 anoal u ohpound is previously

added to the pon~nerizat|0|~ SysS t hat” requi res the al um noxane, and
Ovate= is added to the systemm | ater

where M! represents titanium, zirconium or hafnium; E! and E?

each represent a ligand selected froma cyclopentadienyl group,

)

a substituted cycloperntadienyl group, an indenyl dgroup,

o))

substituted indenyl group, a heterocyclopentadienyl group,

substituted heterocyclcopentadienyl group, an amido group,

m

phesphido group, a hydrocarbon group and a silicon-containing
group, and they form a crosslinked structure via A and A?, and
they may be the same or different; X° represents a c-bonding
ligand, and plural X*'s, if any, may be the same or different,
and may be crosslinked with any of other x°, E!, E? cr Y?; Y’
represents a Lewis base, and plural Y?' s, if any, may be the
same or different, and may be crosslinked with any of other
Y%, 2!, E® or X°; A’ and A? each are a divalent crosslinking group
via which the two ligands are bonded to each other, representing

a hydrocarbon group having from 1 to 2C carbon atoms, a

o]



stages; (3) crystal water existing ire netal salts and others, or h&k?%'
havi ng adsorbed to inorganic or organic materials -s reacted witiz J
or ganoal um ni um conpound; or (4) a tetraal kyl di al um noxane is reacted
wit~r~ a trial kyla~L1nilnlLl m and then with water. The al un~i noxanes may be
insoluble In toluene. -a J .~ 1 0 MAR 2003 ~".I~lj~ Qrler5
p?:&J. "I ~Ce::l .il11l ;'":n.Ov:nted'li~IC~.les C'~SC0S~~d |:i kno~n~n
references are al so .sable herein. Tl=a ~cno~~~n reference include, for
exanpl e, hadpg@nesenkatieint haixdhGperohgsou285201d 979278828/ cretc. I n
the irwention, one or nore of those al ~.:am noxanes may be used either
sil~gly earoas,conbi net:or+ den of aain@abusubl, WM Eonpelingd donthe dikey starting
material for the alum nium oxy conpcur_~d of the invention is not

speci fi cakbypdeti e@ﬁrc@ﬂeahﬂ%udgsowr i.ogs, types, ofs-or gapgal unygium

conpounds. Fcr exanple, ~ :sable are aIkyI gr oup- haV|ng alunlnlun1conpounds
of a genepal-f ormh A (V1 )5 RRROMALGGRR!) NX3rMm 13- y(ML) whesiel 1D and K21
eacr represent an al kyl' group having from71 to pr e erably fron11 to 4
carbon a ; r.epr d I mS 3,
prefer ab%ﬂﬁt_}re‘%g R els %%%%?%f%ﬂ%&%&m%{ r@ haikg E&é pr efWér a%bl y n =
or retel h u trlgllcy al.um i um ou ds such as tr
pnethylapgd %%a¥b05 tﬁﬁi%rqwn nluhl tf?%rop??gﬁunpn U Q

triisopr ~~| a u~ |n|u -nbut yl met h um.ni um trilsghut Ialunlnlun1
LT s0pr o Lo U gJ}%{dﬁﬁa e%%éf@ﬂwaﬁngﬁ%%&m PRt

tripentylal um ni um trlhexy al um ni um trJoc iuln,
tr_IdecngpﬁﬁqulﬁﬁPrFF 8§él§ﬁe%§F§QGml?ﬁuhr 3%1 sctSARRTITm et c.

ooty ko ey o, IVaton Couk e g slolalum L ain©
7_de, d'%&gm-Qltgl3§||"l-:~fl Chl O ~~_dGC,
7. The catalyst component for olefinpolymerization of
above 5, wherein the transition metal compound of Groups 8 to
10 of the Periodic Table has a diimine compound as the ligand.
8. A catalyst component for olefin polymerization,
which comprises the catalyst component for olefin
polymerization of any one of above 5 to 7 and an organocaluminium
compound.
9. Amethod for producing polyvolefins, which comprises
polymerizing oclefins in the presence of the catalyst component

for olefin polymerization of any one of above 4 to 8.

BEST MODES OF CARRYING OUT THE INVENTION

The invention 1s described in detail hereinunder.
(1] Aluminium-oxy compound:
The aluminium-oxy compound of the inventicn is obtained

through reaction of an organoaluminium compound with water.



et hyl al um nlum sesauir_hloride, dinmeth~, % a_u:niniumneth_oxide, 10 MAR 2003
diethylalum niumr, :ethoxide, dinetlylalu~r_~i:iu:r. hydrox_de, diethylal
um ni um hydroxi de, etc. ; ydrogen ato_n-having al um ni um conbounds such as
di met hyl al umi ni ~. u.. hydride, diiscbutylalum nlumhyci-ide, etc. In the
-nven~l on, one or nore of those orcanoa~.um ni um conpounds may be used
either singly or as conbined. [2] Carrier fcr olefin polynerization
cata~.ysts: The carrier for olefin polynerization Catal ysts of the
ir_venti @hiissisbtcaiveld by kontactiig: the vaindm, ndudcdiey anonpound it h an

i norgani c conmpound contain:~ng at |east one el ement selected from G oups 2
to 4 andoc@raups lliziitnd ukdcohpdimed Remid irrg Tabteis The aithapgani ¢ £oypound i s
preferably an inorganic oxide, as ir_creasing the on-carrier ratio of the

al umir:i yarexy comeewndedM e Ritefienam y, thend neraanieongxise ria¥ ilon the
form of porous fine grains, as further increasing the or:-carr’'er ratio.

In tre carrkge j‘.%r&b%ﬁ& rl:cﬁ@*d/dﬁ%f itZzabk0oR, cat ah yst s A tlhh%lhﬁ\é%ﬂfokg the
on-carrier rat?o of "she alumr_iumoxy conpound rmay fall between 30 and 90

~., prefera ?b%ggeR%ﬁ§Ee4PanQa%@ré%nggigrpESEEF?QEyU?%&M?%nC%qugd 90 -~

even nore preferably tween 60 an nore preferably between 70
and 90 %0 her e, gL LL e fatie ol gaeﬁ %fesa@%b%' Up, L.l 418 QXY GQMPOU Nd
to one gram of the |norgan|c conp 0~~ arrler ratio |s preferabl %
hi gher, |rerra MAR 20 iiid
t0 be Li O%éhe Frgn%#aflumm&ﬂ% FeHhd. blit‘ iﬁif‘dmum O Ccmpf“}r and

Ther ef or roc: uct ul ~~1 _be_ reduced i tpon, the

gl ver T8 leaPPLarHari aﬁgt ﬁaf'g%*avcm@eorc%fepfa%ﬂryn% SEa y

i ~npvovener,. t the i rrpuIrh| ties main. iu the, ~2L% ner _pr.oduced coul d

be reducéd Af feaskfy ofi& *&l&ment L eI egteedali‘"?ldﬂjf@%up td ﬁla&ﬁld "& oups 12

t 14 of the P di Tabl | ~d C, B, T1,

Co. Sn. fﬁgea@g%r 'is(ﬁu'n%umgfogﬁ%%t# Srer e, Tore By wEhaly o éue@npeur 4
i ncl udes ,Si 02, ,, ~| . Zr.Oz, Ti 02, Fe~03, BzGQ, Cf Zn~, BaO, ThO-,
g ther o B sy | el e o S bR 1 Y EL%er PSS fi ber s,

t Th d t t
i trates, %SF%%%?‘&E R4 gL SeRL ol 2Rl acpount of sarhonates.

e R P e

I In th f t | k h f 1t
SS”EJEEEIM% %4?02{1”% Sip FRAGHE Promor cYSUTEar Bonoht S8, or an
aryl grou nph 20.carbon atoms;, X6 regr eseT~ts a hal ogen atom
or an al &;E/)‘l hﬁv‘? St UEG 200 RFBoRO B SRS 30 aﬂalrsr Vﬁé%%\één 0 and

2, falls bet | |
X6 %, if l&ﬁﬁaﬁﬁ%”sewgnéaﬁ@ feduiedufaze %wan% qarfie %@ﬁﬁ&%ﬁdpf or use

EPC;hCAlé Ve% tlfﬂ;ﬁﬁ— ngogggupdxmmsgkableﬁ%opéftlee. Tnere OC~H ) Z,

another advantage of the invention is that the aluminium-oxy
compound does nect require any specific treatment before its
use. If the aluminium-oxy compound contains some impurities
not soluble inhydrocarbon solvents, such is unfavorable, since
the insoluble impurities will have some negative influences
cn the mean grain size and the grain size distribution {these
are known generally as morphology) of polyclefins produced.

The method of cobtaining the aluminium-oxy compound having a

L1
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b 1 0 M~R 2003 those, especially v~reierred are Si Oz az~d A zCH { Whke 2003
properties of ;she incrgaz~ic coznpcund vary, depending on t:~e type of the
conmpound and al so cn the net: h~ed of producing it. In general, the conpound
is. granular, raving a nean grain size of from 1 to 300 ym preferably
f=om1C to 200 ~. m nore preferably from20 to 100 Vim |If the grain size
of the conpound is too small, fire powder will increase in the pol yner
produced; but if too large, coarse grains will increase in the polyner

wher eby thezabulikgdenginyabdbnthienpodyinert wii Inclie Lkoweretdharn ~dd tthe ypol yner
v% 11 cl og hoppers. The specific surface area of the inorganic conpound
gener al | yehghksibetcaeeredl fand 11000tz hgd . buro prefearald y betwegenl150 and 5C0
ne/g; and the pore volune thereof generally fa' |Is between 0.1 arad 5

cm /g, but prefeiabby hetveen 0s31ande3d MBAGs 1 il @nymodx ¥ hengpeelf i C
surface area and the pore volune of the conpoLnd oversteps the defined

range, theqeatalifle AEEEYLLY oW doe POOTy rohBGSRECEEL GeBHRhaCE8r €a and
she pore vol unme can be obtained, for exanple, fromthe volume of "Illtroger_

gas absorpt] 9,he ed ordi rag o d hey BEL T ! e.d. Am
_ é@%bB%@?ﬁTogoFgﬁ)??g%g, AEGosSTq9 410 d e ey,&ﬁ]éi%a(%% 1

Cheri. Soc., Fore desirab e I norganic

conpc~~: nd,i.s_hak ral ly at a tenperature falling between 150 and
| 000C, b%td%ﬁepgrﬁ%FHSEmeeen 200 and 800C. The carrier for olefin

p0|ynerlzatlonIﬁ?t%%%St§r§Luélﬁf%t%%d4 preferably, the soivent is

evaporated away under neat up to 80°C, more preferably up to
60°C, under reduced pressure. If the aluminium-oxy solution
is heated above 80°C, the insoluble component will greatly
increase therein, and the activity of the transition
metal-carrying catalyst comprising the aluminium-oxy compound
procduced at such high temperatures will be low. The degree
of reduced pressure for the method may be generally 30 mmHg
or lower, but preferably 20 mmHg or lower.

The organcaluminium content may be determined generally
according to the method described in Organometallics, Vol. 17,
No. 10, 1998, pp. 1941-1945,

The aluminiuvm-oxy compound of the invention 1is
characterized in that it is soluble in hydrccarbon solvents.
Conventional aluminium-oxy compounds generally contain some
substances not soluble in hydrocarbon sclvents, but the
aluminium-oxy compound of the invention cose not contain such
substances not soluble in hydrocarbon solvents. Accordingly,

the advantage of the aluminium-oxy compound of the invention

,._
[N



1 0 MAR 2003 ir~~er.tion can be ~ro~:uced by cc:~tacti_mtile

alLl _~,~~:imexy conpound with the noryam .. cc:r.ioound. In ce:~®3$@003
contacting the t;vo may be effected ~n t:~e so7_vent ntnL~_oned &

~s~:~ich the concentration cf the conpour.~c;s nay fall bet~ ~~eer~ 0 . i
and 10.0 ~~~ols/liter. Tl _~e tenperature rnay be 20C or |o;~~er, and the
time nay be 0.5 hours or lcliger. Preferably, the concen~rG, ion falls
between 0.5 and 5.0 nols/liter, the tenperature is not hlgher “than 0C, and
the timeess netashoktierr phafiin 1@ howr 23]l oBat alystt thapomenpcfderol ef i n
pol ~nneri zati on: The catal yst conponent for cle Fin pol ~nnerization of the
i nventi otchsept eparéd byl goat actddigddhéscandlleaniochel@fd mPoltytineri zati
on catal ysts nentioned above, ;naith a transi Lion nmetal conpound. The
transitigs) gletal hoesapound okone dseyitdit Be zienventon: iis, n%es;g@gﬂﬁ&ﬁal ly
defir_ed, and any and every transit:on met a7_ conpound capab' _e of being

formed iptg §abal Mstsnbesq ? yol efir~ production is enpl oyabl e herein.
T~bove all, preferred are transition netal conmpounds of G oup 4 of the

Periodic Tabl e ﬂf@h%ﬁ%éb&b@ﬂ NEtal, 1Goppounds 0 om%ﬂtao@vérée 04 ber eof .

The transition metal conpounds of Greup 4 of the Periodic T Te are not

spect 11 caLLy def | pedycdhey denckide. fofe XAMDlSenla) dANS) (i gfrpt

cat al yst conponents for Ziegler-~I'atta catalysts t!~a< conprise

tranS|t|g#b£$ ?# C%”Q?BEa@b%%Eh€%$¥%O£s e%@IH %Waéﬁpnlu?y§§ hgfnlunl and

an organo our ransrtic: eta dt a corrponent S

for ;?2r { =~ ~~ea%99§ th%h act ~ V' r%%%éac nrrler C ﬁsts t hat conpri se

COHb?%%%IOh 0 any’of oCransy ti ?‘1E%on88&ﬁ Org%%%a1unln|um
conpound @ Zn tron gcuor as.carried on a carrier sg Z_as nmagnesi um
chl ori de®ot“Yh rgﬁar 8?Stﬁgﬁ§|@|oﬁWﬁﬁ%ﬁeQ§ﬁ%ﬁys§yE ApTRERt s for

netallocene ca~ tlco ri se.a conbj nation_ef éunlnoxane and a
(Taos | SveiSRchaiar c%ﬂ%% 1654 %%%ﬁaﬁ%f c@%ﬁcp@m%%\lfm KEFBLOn: ar -

i ndenyl skel eton_cr é% i ke as the, %and nnl ( tre transition
vl ConpeinaonByPRERE" PESGrETen ﬁre-tgh R QL 7 et e P Semamp e
ti~an|u n t |chI ride, titaniu trachl oride, etc. The orgar~onetalllc
conpourj%r%é ?reo?ﬁ%ﬂﬁéﬁfﬁﬁ¥é%ﬁﬁ%§ tund, including, for exanpl e,

trial kyl al I hal t t t

et a Zo?rp‘c’nTnS'T#Es B heoh EPAREH R of atHl TGS Ui R1S S
t d ab d d f d

ar e hﬁSﬁ%%?a%ﬁa??laeo Bt S s ahpgﬁ% i'ﬁgmﬁﬁf’%@%&f]&?&ax : .

esters, ers, etc exam-ol es of t oun are degcrlbed in

Cc

Japanese® Tjelﬁ%urﬁ’u%chf)f“BﬁhfmT@ Tds3r s Toq ! Gy 7251671081,
521GB/1984 3?285“%9ﬁ1 29§!I9%g et.c % % iran5|t|on net al
conpound®F TR T Gided™ Hel ¥y un&% & QSFIBédS? ﬁ?%?ﬁi ¥ o Pat g
Publlcat on.No, 5i104 /1996 anese Paten ai S,
100597/| o PYILHEGPOg T 1y é?& Fl@ L%‘h%%‘?)é?l@ééla L9536 Pfg%%f“ent
19305/ 19, 98, 7, 8397/ 1,983, 1930RL 1953, 420319/ 1989, 4200917, 98,

from this, also employable is amethodof removing the insoluble

substances through centrifugation cor the like. After this,

it is desirable that the recovered, soluble ccmponent is

filtered through a G5 glass filter or the like in a nitrogen

stream atmosphere, whereby the insoluble substances could be

removed more completely. The aluminium-oxy compound thus

produced in the manner as above will gel, while stored, to have



1 'i C MAR 203 506304/ 1995, 100579/7_994, _ 57661/ 1994, 1498i 5/ 1995,
185315/ -995, 25552/1995, etc. hbove all, transition netal ccnchn%f nybr:g
a cyclopentyl and ir:denyl skeleton are preferred for use in t he 1 0 MAR 7003
inventicr:. Concretely, p-,eferred are ~ransi~ior. netal compounds sel ected
fromthose of the fol~cwi ng general fornmulae (1) to (111). X1 X2 R3 R2 ~M
R RRRO. ~9RLRL~ (1) R\ ~~5 RS \YWR~ wherein R~ to R6 each

i ndependently represent a hydrogen atom a hal ogen atom a hydrocarbon
group havinngntremctct ge20ccapbeent at A refoa hal-ogendeor rab ae niregr

hydr ocar bor _ group having from1l to 20 carbon atons; the groups of at |east
one pair tek RBuahdiR4-oRg @ntbda;d arduRedanid IRG. aaye beoharded Ho..each ot her
to forma ring; X~ and Xz each independently represent a hydrogen atom a
hal ogen atremr €rsaphygheealon; ndAfOWR dFaMiNg Jf heMed1210120; £aE Pei s at ons;

Y is a divalent cresslinking groL:p via TNhich the two [~~. gands are
bonded t g each .@ther, freRresenting t@“eh$Qﬁ98%ri%%ﬂogr\.fo':'ﬁge&\ﬁhﬁgofrtq{g 1 Lo 20

carbon atons, a hal ogen-contai ni ng hydrocarbon group ing from1 to 20

car bon at -a.siliconyconr. tainllZg, gr o2 C; evimai.: CN: Al nin 10
M-, R 200%9?,%?“ o ~58a@?%?§-3%gol%ta§§%f’ ~5%_J‘P| ¢, §rgo%|t~r%?eci%ff‘%&%g-, -~

W' 2y W Tz o TpnER & or ~~g§~;h—\~ 7- -0, ~~2=+; R~ rEpresElitS a
i~|~:|chﬁgﬁrggéangF%%Ptﬁéﬁ$Eé%% “gvhyg%%ggﬁ ?ﬂ%oafgﬁﬁrggéeanEfT%ﬁn 1to 20

carbon mp .or..a r_al ogen-caontai ning hydrocarbon group having from1l to 20
carbon atom M g eeBnEEor U O ST cont anr e ha. A e The'>

transiti metal conpaunds of formula (1) ere t:~e groups.of at |east one
pacr of B B0 SRG S A T 0 0 G i RE AETHGATAE Y LISER ot her to
forma r=ng are_conpqunds ,eael |l known as BASF- e.conplexes., In formula (
1) " 2 he Rl 0gBRC AP Er SR OtY ROTERATGHALE chior LRESTbL b g, ot

fl uori neandi odi.neat ons, Thehydrocarbon group having from1 tq 20 carbon

at ons Inépﬁﬁég}CF&#”%%%%EﬂQ??xaﬁrgwlgEQIqﬁ?ﬁﬂdiédé?l%§¥%%Wﬁﬁf§thﬁ' p, an

et hyl group, .an n-propyl group, an jisopropyl group, an n-butyl group, an

i sobut yl *§RGGEC a rF¥bd%§ aéﬁ?ﬁﬁfl Iﬁ-ﬁ8?§gu§?odﬁ¥jhnwﬁtﬁgcyﬁﬂﬁ?oup,
etc.; an.aryl cJroup such as a phenylﬂg&qup, a 1-napht hyl group,_a

2- napht hyPCgrR6GS, BEEXOUan SPASCky? T gPoll ISHeR 8% Ya %%Q?T“gﬁoupfﬁﬁic. The
hal ogen- cont ai. ni ng hydr ocar pon group having from1 tg 20 carbon atons may
be deri vE&*Pdfvt hethyd éﬁfﬁbngﬁ@ngch§lagBV§hB§I%ug§??tdi*?%?%ﬁiq east one
hydr ogen _atol r, thereig with a su Hable hal ogen a%pnl These, Rl to R~ may
be the saPVECEA el BATS 'GP hoB¥l THEP et gHbor iThG 56 otpE BT east
clze pair, of R and R4, RO and R5, al d R and R~ s~:all be bonded to each
otter to“BOPRFATHPHy. €tC-

In addition, it includes aluminium-oxy compounds of

so-called linear aluninoxanes cf the following generzl formula
(IV) as well as cyclic aluminoxanes of the folliowing general
formula (V). The basic skeletons of those compounds are

described in many known references.

RlS

~. | )
Al O—AL — a1
Ao —argm o

19
R R (IV)

RlS ng

wherein R'? represents a hydrocarbon group, such as an alkyl,

alxenyl, aryl or arylalky:. group having from 1 to 20, but



.. ., L J 1 0 MAR 2003 The indE 1=yl ~:~~cLli G hav=ng sllICGi ~ C,6 ~ld

~.CStr~~C.tLIre ~' iC' UdeS., for exanple, Gr, ~-bei:zoinderyl |dri\R: 203
an a-acer.aphti,:om denyl grop, an~:~ their C 1-i0 al kyl -substituted
derivatives. The ha |l oger~ atomfor X1 and Xz includes chlorine, ~ ~rolm

e, fluorine and iodine atons. The hydrocarbon group hav-_ng from1l to 20
carbon atons includes, for exanp-e, an al kyl group such as a nethyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl group, a
tort - but pkedeoap,l vahromhexyl 1group;ortac.gmaan oar yErge vept Suchadscanphenyl
group, etc.; an aral kyl group such as a ber~zyl group, etc . X- and Xz may
be the samemor «di fderemes Ya hsza dievaleentofrossimer kiag @t oup ¥wra whi ch
the two |igands are bonded to etch other. The dival ent hydrocarbon group
havi ng feefpbuhe 20datier ngedarality inclindessr fOf exanpt etoapoal kylene group
such as a net hyl ene group, a dinethyl nethyl ene group, a 1, 2-ethyl ene group,
a di met hyi-1rdrabhyl e8ngpoup, & la: tetr-amethy! ene @nRURA e sk o

cycl opropyl ene group, etc.; an aryl al’kyl ene group such as a

di phenyl get-hyl ene groin, e~c. The dival ent, hal ogen containing hydrocarbon
group having from 1 to 20 carbon atons includes, “or exanple, a

chl croethyl er _e group, a chloronethyl ene group, etc. T:.~~e divalent si

| i con-contai ni ng group includes, for ex nple, a methylsilyler_e group, a

di ret hy' sil yl ene group, diethylsilyleRé group, a diphenylsilylene group, a
met | nyl phenyl si | yl ene group, etc. The|g r mani um cont ai ni ng gr ol ~ a~~d the
ti~~ccntair:ing group 29 1 P HIQ=RA i ncl u~dc, fo= c-r>al<lrle, these
cf tl:e s ~licon-conta ~ ~mng|UroLl ~ ~ 110td a':JCV% 'v!ilere ~ a
s111CJn atCn 1S re:J! aced Wt 11 germanlUmor t _n. In general, the t~ ao 1
i gands bonded to each other ma Y' are the same, but may differ as the case

ey e, TRE:Learald Lon 1eLal ccomouns ol [ami s () agudespibed. o
Speci fi c_exanpl gs, cf, Lhe Gompaunds, ar e henzolr,zdenyd, or. acenapht gi ndeny!

conpounds such as

rac di et iyl st LanedilLsbi 8 Ao (2aRE DL % Shenzel ndany] L2 Lrganiumg

di chl ori

agent such as water or the like. However, the method for
producing them is not specifically defined. The aluminoxanes
could be produced in any known manner. For example, (1) an
organoaluminium compound is dissclved in an organic solvent,
and then contacted with water; (2) an organcaluminium compound
is previously added to the polymerization system that requires
the aluminoxane, and water is added to the system i1n later
stages; (3) crystal water existing in metal salts and others,
or water having adsorbed to inorganic or organic materials is
reacted with an organocaluminium ccompound; or (4) a
tetraaikyldialuminoxane is reacted with a trialkylaliuminium
and then with water. The aluminoxanes may be insocluble in

toluene.

i
Jdoo



phenyl net hyl si | anedi y~. -bi s-1-(2-met hyl -9, 5 ber: zoindel ~yl ) zirccniur:~
dichlori de, rac-ethanediy~-bis-1 (2-nethyl-9,5-benzoindenyl)zirconlum

di chl oride, rac butanediy=:.-bis-1- (2-methyl-4, 5-benzol ndenyl )} ZMRCHH um
di chl oride, rac-dinethylsilanediyl-Lis-1-(9, 5benzei ndenyl)zirconi um

di chloride, rac-dinethylsila:ediy= bis-1-

(2-met hyl - a- met hyl - a. - acenapht| : oi ndenyl ) zirconiumdicrloride,

rac- pl =er ~yl et hyl si | anedi yl - bi s-1- (2-:r~et~~yl-aacena~rthci ndenyl)

zi rconi um di chl @y dech &t €. pio@dlcdh thoseder ineedhfirEmast kemchy ssdbsti t uti ng
zirconiumtherein with titaniumor rafn:ium In the indeny= skeleton cF the
trans't'Pﬁo&ﬁtaéf@ﬁ@@@@@@ﬁwpé1E@r@yllﬁaGd el neP@l@ﬁw&h%a@%k%%th R3 and

Via, Rar and R5, al:d Rand Rmay fo~~ma ril~g. ~'he tranS|t|on nmet a
conpoul ng |ng t. -Skel-etan af t type; .an= e % , ~ 0
- - oo e, E0: Pl s FERRE G Phhoes Az T % 4, oo

55‘;‘@%{54%@"9”?’*%%% SLFT R TS %PEeoiﬂoﬁ%ﬁl%fgmfﬁey ar e

tran5|t|on e
-.~n ~a anes tent d Cpen 2 83C8/1992
: f@% §P1g952

descri bed,. for exanol, )
366304/ 1983 holfc%é%fﬂi@@éfdniém 9o §f§|5f§19?svf§8c3i

2558321/ 1995, etc. Specific exanples of the conpounds are aryl -substi tuted
conpounds such %%e orgarcaluminiun compound the starting

di met hyl si | anedi yl - bi s-1-(2- nethyl-4phenyllndeny[£2|rccnlunldlchlorlde
d|rnethyW§FP§ﬁéél§P5|Ehﬁ T%PWER%%W Y 1=9HEpH IH%F) AdEny P EREEORT B
dichloride, dineth IS|Ianed| | - bi s-1-(2-ethyl -4phenyl i ndenyl ) zi rconi um
dich origef specifically delined, and includes various types of

d- et hyl si | anedi yl bi s- 1-[ 2- et hyl - 4- (1- napht | - yII|nden '] zi rconi um
di chl ori ggganoaluniniun compounds. For example, usable are alkyl

phenyl net hyl si | aned_yl - bi s-1- (2- met ~~yl - 4phenyl i ndenyl ) zi r con~um

di chl ori dgoup- having aluminium compounds of a general formula (VI):

phenyl et : ~yIS|I9ged|yI ?IS 1-[ 2- net hyl - 4- (1napht hyl )i ndenyl ] zi r coni um

di chl ori de, )nX3-m-n (VI)
p9~enylnethyIS|Ianed|j,~1 bi s-1- (2- et hyl - 4- phenyl i ndenyl ) zi r col ~i um

di chl or i deerphank 9P reetd Ry sitanedhsesditsab- alkyl group having from

[ 2et hyl - 4- (i - napht hyl )i ndenyl ] zi rconi um di chl oride, etc.; 2,4-substituted
Conpoundé SAch: agreferably from 1 to 4 carbon atoms; X represents a

rac- d~mnet hyl sii yl enebi s- 1- (2- net hyl - 4- et hyl i ndenyl ) zi rconi um di chl ori de,
rac di mehkgirsgkpl ehembds-d-N2-ausrhytar/i Sopropyl I ndemidoralrlgoni eny

dichloride, rac dine;.hylsilylene-bis- (2-methyl -4-ter~: 1 D MAR 20U3
butyl i ndenyB) mpstopreaferaslelmlo~3i de,< mac 3pherefkeradtiyhsFl ¢l cene- bi s- 1-
(2-meth~. ~1-4 isopr_opylindenyl) zirco=:i~~. mdichloride,

racdi net Ayl si | yl ene-bi s-1- (2-ethyl -4-net: ~ylir_denyl)zi vcom um

Concretely, they inrclude trialkylaluminium compounds

such as trimethylaluminium, triethylaluminiun,
tripropylaluminiumn, trilsopropylaluminium, tri-n-
butylmethylaluminium, triisobutylaluminium, tri-sec-
butylmethylaluminium, tri-tert-butylmethylaluminium,

tripentylaluminium, trihexylaluminium, trioctylaluminium,
tridecylaluminium, tricyclohexylaluminium,
tricyclooctylaluminium, etc.; halogen-, alkoxy group- or

hydroxyl group-having alkylaluriniuvm compounds such as

—
()



di chl oride, rac-dinethylsilylene-bis-.~ (2,4 dinethylindenyl)zirconium
di chl ori de, 1 0 MAR 2008
racdi met hyl si | yl ene-bi s- 1- (2- net hyl -4et hyl _i ndenyl ) zi rconi undi net hyl , etc.;
4, 7-substituted, 2,4, 7-substituted, or 3,4, 7-substituted conpounds such as
rac-di met hyl silyl ene-bis-1- (4, 7-di methyl i ndenyl) zirconi um di chl ori de,
rac-1, 2- et hanedi yl - bi s-1-(2-net hyl -4, 7di Tnet hyl i r _denyl) zirconi um
dichloride, rac dinmethylsi | ylene-bl5-1- (3, 4, 7- trlnethyllndenyl)
zirconiudﬂdﬁ@hwdeﬂ@e;nﬂaa+1qdhbammhbdiy@ibthvla(wrﬂu um  chloride,

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

rac- 1, 2- buhgnediylibiismls é4¢idi dh het hyd ) nitere )1z incaniium die¢hbardde, etc. ;
2,4, 6-substituted conpour_ds such as di nmethyl sil aned' yl bi s-1-

(2-~netl gyk<tdy161dhiisopropyttndenyé) zdimeairi i dinchl iafd deycroxde,

phenyl net| ~yl si | anedi yl - bi s-1- (2- et hyl -9, 6d=. i sopropyl i ndenyl ) zirconi um
di ch7_or hdesnkacdimBhRvksi hanedikybhebi seikc(2- meibybyénb ztom-having
d||sopropyI|ndeny )2|rcon|un1d|c—~lor|de

rac-1, 2e | - - hyl i SOPF, | enyl i rconi um
Grent ort e Fach o bR SR By B SRR e

Q03 r t&%%l BEQQ;W '@ﬁ?ﬁXk}r ﬁfég?gé n{eﬁc —IXigrﬂhe “mve k.lon, one

yhenylnle irane o rac d-isoprol: yF i ndenyl)

2|rccn|unlglc %IS% %Tca%%%' thﬁ'lgﬁﬁgL¥dsbh§y bg(%sgstﬁ

6-trimetl= ~y=i n ziorEénram-dicrior i ‘6§
conpounds . Sug h a§ %accghggneéIS|lanedlyl bis-1- (2, 5, 6- trlnethyllndenyl)
2|rco—~|ﬁﬁ18 ¢hior Fde 4, 5, G 7- tetrahydr0|nder~yl conmpounds such

d | | vi ,546 7-1 t
Zﬁg;§§;)%etfgh?§§i%lg?ig;igégl C mtﬁﬁ%ﬁ%ﬁﬁi§|:erﬁé¥qgo
dl et hyl i |yl ene B XoFalgem ?Olé@wegﬁﬁrt&ci ?ﬁ‘ﬁ%yfss of the
i i undi hyl h
r-tetranyia A el F%Eggﬁg%hFaP?aFné?%§1 5 fkathyrine prenpaund

7-di et hyl 7-tetrahydro-1 i ndenyl) zi _rcoi~iumdichlorid etc.
2nd ¢ oSt Ped PrERnEhe COMPRORFuRPCCRyBhRds 2by (EA5S, PRBL FRERE Eoor | um

therein \émeaectcehagllfgnrchrOJ%asf 9' to 4 artlcg Gr%%%bR}% £ 1%4 %G‘dhe %erloalc

Table. The inorganic compound is preferably an inorganic
oxide, as increasing the on-carrier ratio of the aluminium-oxy
compound. More preferebly, the incrganrnic oxide is in the form
of porous fine grains, as further increasing the on-carrier
ratio. In the carrier for olefin polymerization catalysts cf
the invention, the c¢n-carrier ratio of the aluminium-oxy
conpound may fall between 30 and 90 &, preferably between 40
and 90 %, more preferably between 50 and 90 %, even more
preferably between 60 and 90 %, still more preferably between
70 and 20 %, in terms cf the ratio of grams of the alumirium-oxy
compound to one gramof the inorganic compound. Theon-carrier

ratio is preferably higher, as the amount of the irncrganic



R13 R19 ~Y1l~ Ra ~I~I~ ,a X3 R10 RO (I1) 28 1 0 MAR 2003 wherein R~ to
Rid, Xa:.,d X~ each ~ =:¢c'Cy:.~el'ldellt=_y represent a rI,,~drodd%MNiﬁm3
alla,' cgen atciTl, aryQ=~0Cc:~bC?1 grOQ."1~ ha v'Il==frQTt 1 to 20
carbon atons, a hal ogen-contai ni ng hyd=~ocarbon group having from1 to 20
carbon atons, a silicon-cc:~taining group, an oxygei:-contain_ne group, a
sul fur-ccnta' nii:g group, a nitrogen-containing group, or a
phosphorus--contai ning group; R and R11, as well as :~15 and R1° nay be
bonded toceachndt herca oskor nr a0 raig; pX3 vand 1X4 teachcondependent.llyrr epr esent
a hal ogen atom a hydrocarbon group having from1 to 20 carbon atons, a

hal ogen- endt aihrirg orgdridcar boocgeoupn having facamd #0© 20dcasbon ahons, a
silicon-containing group, an cxygencontai ning group, a sulfur-containing

group, azahttegenCont ah NyNYr C5QUPsr Of e @ RNOSPIHA LSRR RuREngkedp; Y1 is
a dival ent crossl_nking group via which the two |igands are bonded to each

ot her, re@reé@%errgqaabydwpas DO U alhaw&g 1nrf%m11tl Q 20 caphep atons, a
hal ogen- cont ai hi ng hydr ocarbon group having from1 to 20 carbon atons, a

" ST B B eI ganiappg 0 v 3Ll mcontalnvg

represents a hygdr ogee&tatoorrg & gl agen -t ottrg afrr%d &&ar t%or} gL, odpapgvr ng from
1 to 20 carbon a~~o0: or a al ogen-con aining hydr carbon group having

f 1to 2 t t t h f
TLchonpﬁaﬁﬁsgar??%rﬁu? AR ﬁepf&sfcﬂéfé 'r‘s‘ﬁ'sr—’?he £ oof Biess 120" T o
MAR 2003.| ~ f i~ ~0 = d d
X~ i ncl %ﬁes cr@f?ﬁe“QUraﬁrsﬁé £?188LE%) g éﬁ 'géﬁﬁgrafdﬁﬁ:reT%%? ane an

I~yd eca rou havrrcr from1 tc 20 c bon a ong includes, for exanp
B RS HRS L LTS %%Soéd 2ar L2 hyPCgr B #39n- pr opyl

group, i sop yl grou an_n- but gro an Isobu Yl grou
tent-bu?@?*ﬁroé 8“an%9 h%%fl BFQUpFXQH ﬁ”dg I QUp TS Saﬁha?ﬁl group
such as a phenyl .grou a 1-napht hyl group, hth | group, etc.; an
ar al kyl ﬁrguﬁasﬁcﬂmaé a 559%&% grd%ﬁx% gﬁﬁ?%af g/'(:o F%rnrhge

hydr ocarbon_group havi,ng from1l tao 20 carbon at ons na% cﬁ§ger| ed fromthe
e

hydr ocar bORT §FBLP 8% *8607é Yby UGS tut iy bt 5FeEst 9 P&ge ﬁsatom

therein w suita hal cge ~ atom including, for exanple,
trrfluor%h%fa€§F gFBE% the gFFrcon contarnrng grot p incl ude- s for

exanpl e, a tr| | si l gr ou di.met h but ro he
oxygen-contain %% ﬁgk‘udgg‘g Qé Fo&ﬁm Qﬁlgﬁhdﬁg %BBB etc.
t:~le sulfu contar p ncl udes a thiol gg % sulfonrc cid

gr oup, R ELpREInPP ggrc%ﬁta%.%grg%w.ﬁerﬂa 8895’ @it nGPARTAG gr oup,
etc. ; apd t ph sUs-Cco tar r.qupi ncl udes a ph nyl ph hi ne group,
etc . P ]alﬂld?ﬁl %OSPES" IUC gﬁg‘ %y %C%L?y ja | 88?185 éd atépégéﬂ other tc
fornra rrn of r exanpl_e, oren etG. As specific | es of R1 and
RI1 andt RS SREReE T L8R y e R anc oo g e Groney BFORR. to Rit
except drogen_at o For R11 and Riti reier~~ed are hydr ogen at om and
an al | =yt24t %eﬁgqu?IOOEQR“§85§1ﬁé@mﬁg EP ﬂﬁ%@xx‘%ﬁ?ﬁl~~ ﬁﬁ Mhor e

p~_ eferr hydrogen atCrl, a me tli ~I-I gr CUp,
o7 ek B e apeR g anjafy Erero e sPanct fo 2harEber’ mor e
preferred is a hydrogen atom For ?'', R 3, RI' and RIB,_preferred is an
al kyl grdup™Fi aiarﬁﬁrﬁﬁef556“da%%dﬁxa@6ﬁ§' fBr & fr gfel 9EQ URr B2 Tt hy
grc~ap, an ethyl group, an |sopropyljgroup, and a cycl ohexyl . group, and
e~=e: ~ n%?@“p%e‘?%r%%ocei%‘)%}h 3 Sopt opylfagrisupe trsrerRP1 20 2+ R1821KRFs a, ~d
R1', preferred is a hydrogen atom For X3 and X4, preferred are a hal ogen
atom a PREWGENGY Gl 2ancBdt kyt grodp, Phndeh for opyds well as plural

6 : 1 . -
X"'s, 1f any, may be the same or different.
The inorganic compound for use in the ainverntion is

preferably MgClg, MgCl(CCgH3>, I“Ig(OCsz)\l?, SiOz, Aleg, etc. Ct



group. Specifi ¢ ex_a nples of tl include nethyl ene, ethylene, ethylidene,
i sopropylidene, cycl ohexylidene, ?,2cyclohexylene, dinet: ~y|s
tetramet hyl di silyl ene, _; dinethylgernylene, nethyl borylidene @&M@Z@%

met hyl al um | i dene (CH; - Al =), phenyl phosphyl i dene ! Ph-P=),

phenyl phosphol i dene (PhFO=), 1, 2-phenyl ene, vinyiene (CH=C A-) ,

vi ~~ylidene (CHz=C=) , nethylimdo, oxygen (-0-) , sulfur (-S-), etc. O
those, preferred are nethylene, ethylene, ethylider_e and isopropylidene,
as givingh bé’@be@ pesiit by ovie fregpegsent $ 10 taard BiCxzi r Ebnituerer thafsni um  and
is preferably 'hafni um Specific exanples of the transition netal
co_npoundg ohef ononghai¢ deoipdumd wmdy, 2egtercianednyiné dypd oA, the

7dii soprcpyiindenyl) ) (2- (4, i-di iscpropylindenyl) ) haf Wimj 1 ~0
MAR 2003 cdheblori degd dl s@-et thaneethodlo s -ddutarenyk) (IRgefreral?

dii SCprep~'llr~denyi ) ; hafn~ L:mdlC 1lorlde, i SCprO pyl=de:ie ( 1 (4,
7-dii SOD&Q@YEbﬂQ@OMh ik d2andBar 7 HHiSAPEORKN gdenyl 3ilbast mdem 1
dic:nloride, 1, 2-ethanediyl (1(4, 7- di et hyl i ndenyl) ) (2- (4, 7-dl'

sopr opyl i.nd , hl.or 1, h LY, renyl)(2-(4,7
di met hyl F%dg%ﬂ 5{% l??’hffcfpﬁ 18%0 20t RRNREELID ST A PRELH
|sopropygbd%geg%g4u% dlnethyllndenyl))(z (4, 7-diisopropylindenyl))haf ni um
di chl ori etc. ; "and t:~ose derived fromthe hafni um conpounds by

substituting ~~§Er n%;ggﬁegp%%g%pééggq%ﬂggﬂ%#? td tani um. Ko the

I‘
conpounds are not to t e transi ti on ret a? conpounds

ef fof”“h%w&'lxﬂfff &R %QUQ$dhe 5l$%§¢§yﬁ5dﬁ%% g?ugqfkgx%q% tizod

descri bed™ i n fhe |cant S own prior anese ent ication | ~To .

/ == ~Z=. =Y
296612/ 1937, E1.p1 27 7yMRyZL (1 1L) ol egc pher el M, ecwe%%gt

titanzum 2|rco am or and represe Ilg “sel ect ed

from e cyshoneqt adi eny! pgioHR, 2 SH0SLi fateslval onans adhiondl: grayP: an
clog hoppers.

The specific surface area of the inorganic compound
generally falls between 1 and 1000 m?/g, but preferably between
50 and 500 m®/g; and the pore volume thereof generally falls
between 0.1 and 5 cm®/g, but preferably between 0.3 and 3 cr’/qg.

If any of the specific surface area and the pore volume
of the compound oversteps the defined range, the catalyst
activity will be poor. The specific surface area and the pore
volume can be obtained, for example, from the volume of nitrogen
gas absorption to be measured according tce the BET method (see
J. Am. Chem. Soc., Vol. 60, p. 309, 1983}.

More desirably, the inorganic compcund 1is bkaked
generally at a temperature falling between 150 and 1000°C, but
preferably between 200 and 800°C.

The carrier for clefin polymerization catalysts of the



a substituted | ndenyl c,~roup, a heterocyc 1 opentadi enyl group, a
substituted heterocycl opentadi enyl croup, an am do group, a phg?ﬂgb@ﬁ
group, a ~!~ydrocarbor~ grcup and a silicon-ccntainii:g ~ 2 R 2003
group, ar~d hey forma cvcsslini:ed structure ~.~~ a r:' and F_2, and they
may be the sal;~e or different; XS represents a a-bor_ding ligar_d, and
plural XJ's, -f any, .nay be she sane or different, and may be crosslink _ed
with ar_y of other_ X5, E1, ~' cr Y ; YZ represents a Lewi s base, and
plura' Yznveptiframan 'ayobectbed shpecontdicffispernte anldunedyrbexy
cros.slinked with any cf other Y2, E1, Ez or X5; Al and Az each are a

di val ent congsshidnkking gy eup rekarvwhicipdihel t winl ggaads: arenheadeactct 0 each
ot her, represer _ting a hydrocarbon group having from1l to 20 carbon atons,
a hal cgethecon aiRi kg cydroear bongranm, havined thbasikdd, Q0 ganben atons, a
silicon-containing group, a germani umcontaining group, a tin-contair_ir.g
cJroup, t&e cofPentrStionSO%- thePdBpounBR may - PalObvfweer BR - 2064 - ALR -,
and trey may be the sane or_ different; represents a hydrogen atom a

R
hal ogen %9%%@19)’9{9&?? b%egEgngPQ%ﬁQ réafr%gg%lzé% B 1%%&5%9%9 R, or a

hal ogen- contai ni ng” T~ydi ocarbon gr evaphavi rom=-."t carbon atons; q

represen ANg r .o 1 , egqg&' - Ok ¢ valency of
ril) - 2%§?%gh ngzbﬁgégﬁﬁéﬂgéo%ﬁ?gger*o %%%ﬁ% Fge .‘Q%%:ﬁé”fﬁgns.ition
nmetal co d for a (h1d), (these .w || hereinafter refereed to as
doub~.e-g$gggl?ﬁgéaegog;Fé%%%fif)&P?S?gﬁgggéngget?eﬁggfﬁigk%i¥%gﬁﬁun1or
haf ni um buE %stgref tabl 1FL|éirconi,umor r af ni ment i oned

As
her ei nabBvEleE &AL r EpF eSEM B 11 Yart ?3%%%%(5:@@& gr'c?mhgur'
| t adi ~, bstit ? t adi .94 J . ,
Senyt oo Yo SiBE oo dae R b Sre S et b e T OO

het er ocycl cpent adi enyl .crqu a heterocycl opentadienyl croup, .an am go
grou-o (-1-2<) 108 GACEISHH HETGPRER. (SPo}C 4 Y AP baarEen O SUn . SOR-,
>C< ] and a skLicon-contaLnT gk%;oin %E%LR- 2Si < &Ln ~V?@hithR

i r_dl cat 68YCR Y8 ddek “&E6M " By dPECABN T | Hdvishc Fo%f Fofmtt ™t o 20
carbon ato or. a,hetero atomcontajning.grcup), and th f or.m.a
crosslinpgg§He§ﬁFﬁEﬁ8PeC9F35K§t3nﬁe¥é?oﬁgdaﬁgo 'ﬁﬁ?“béigﬁén§af38nor
different. For El and E2, preferred are a cycl opentadienyl group, a substi
tuted cyBF&BentRBPEFNI* group, an indenyl group and a substituted =ndenyl
group. Specific_exanpl es, of the 6-bondi i gand | ncl ude .a _hal ogen

- .6~ | for X\ ]
atom a hydrocaf%%ﬁ: Iﬁﬁﬂaﬁﬁ%ﬁﬁbaﬁr8ﬂw@g38d2%3%é¥ﬁ§%n§¥5ﬁﬁpvfﬁ al%koxy group

having from 1 to 20 t | oxy . ing, f 20
car bon atoms " SRAR g “raUe” Wi Ha-P R G -L 0 ar GOR- BE LR Mg

i i con-cont ai ni i ng_f to_ 20 carbon GLoms, .a _phasphi d

a1 cup ha PG T oM I T0: 56 ToT beh SEPBRE, - B &I UG i otin: KAVSAG bm 1 to 20

carbon ato n _acyl group having fram 1. to 20 rbon atons,, etc. Plural
%S o, i 1 PR T e % RAHRHE TR BrParent 2PANE Aidy BE dreSeri Aked wi th
any of ot:~=zer. X5, E1 or Y2. .Specific ex L es_of_ the Lew ase for Yz
"hY odde GPRESE BN, MEre T BROBHNNABYS 1 hF S8k s re B PO PPN, |
any, may _be the sanme or different, and may be crcsslii_):ed vntiz ally of
ot her oatg: trantgT el ngt eI L baE5008 2D uPEatt TR T BPEERFFIi 1111 g
GrGU~O~ ~"~.1a~o', t"-~~ 1§ ~ . ~ef~="1"ct.J~~' a C&CSSILnkL ng

hydr OCar COn ~r O 2p Gradgdtnendte f2ferpoerfe S19- ettt R h& dr6eS i nki ng
g-rcup of teat type includes, for exa-r,ple, groups of a general formula: C
T R23  REGLEHRNATRER Frind Ry SRl epr ddent 1BC R oden SR or a

hydr ocar bon group having from1l to 20 carbon atons, and these may be t=rle
same or d?ﬁf%ﬁéﬁﬁ}tépnnﬁ¢t@é i@ d Stto COARORETOth P 1t & Yoo mra N&y¢ldi ¢
structure; ar_d a represents an integer of from1l to 4. Specific exanples
of the greliplasésatiethyemel gt cupraas iétieyl aaéadr eoproand et Hyll iede¢he group,
a propylidene group, an isopronylidene group, a cyclohexylidene group, a

1, 2cyl cohéxyil igrean igiroupz L acen hyhi denéagmoum,( Ciad Za@=)or,gagtoe e tEfL ltllsose,
preferred are a nethylene group, an etrylene group and an isopropylidene
group. AccapodAzimayle) t her sanet orm dinkfterlentatbhyshe tommsidhiton retra
conpounds of formula (I I | ) where E1 and E2 each represent a

cycl opent adi enyl group, a substituted cycl opentadi enyl group, an indenyl
group or a substitLted indenyl group, the bonding node of the
crosslink~.r.g groups of Al and A2 nmay be of any type of

doubl e-crosslinking (I, 1' ) (2, 2 ) or double-cresslink ing ( 1, 2' ) (2,
1' ) . Of the transition nmetal conpounds of forrmula (I11), preferred a~e

t hose having a doubl e-crosslinked I,isc,,% _cpentadi enyl derivat<<..c as
tl:e 3:



~ 0 M-,R z003 ligar~d anc: rerresented by the fc~l o~~~i ?~g ¢ ?
iu~a (I ~1_a _~n R~ R5 RE @7 1 X5~ \Y2,r, ;lll-a) Ir~ forn& @3
(rrr-a) , M, A, A2, c; and r have the carne near _ings as above. XS
represents a cr-bonding licand, and plural X5's, if any, may be the sane or
different, and may be bonded to any of other XS or YZ. For specific
exanples of Xj, referred to are the sane as those nentioned herei nabove for
XS ~~i~ formula (I I T) . Y2 =epresen is a Lewis base . Plural V2' s, if
any, nmayHiegithe Saneyor dinfferenty andhimayydies bonded t ocamyr bfe ot ker YZ or
X . For specific exanples of Yz, referred tc are 1=he sanme as those

ment i one@orn@ﬁeiartabweoﬁforaﬂg iof for_thtdas{tdod hekal RAnpouRs, each
rebresent a hydrogei: a tom a hal ogen atem a hydrocarbon group having

from 1 ter2m:canken i cndohahogen- sontiaidi e hydpecas hon- gr Quprhavi ng
from1 to 20 carbon atoms, a silicon-containing Goup, or a hete.ro

at omcontaalaym&roapabbyz fhqh e85t 0ue oF s bbeRL TUAL noLcbe aquydnogen

atom Rj. to ray be the sane or ferent, anG their nelghbcr~~ng J

T oL RAMER 2008, onplin, s MRy De §D“d68m fngach othey tiedAMcend | =-a In

the transi 1ion met conpcnic; s havir uch a dou: ~l e-c- csslln ed

'Isr—yck%%%Qyﬁw enyl a%%m%gt%geaa§okg§natlon cf an aluminoxane and

atransitionmetal compound having a cyclopentadienyl skeleton,
an indenyl skeleton or the like as the ligand moiety. 1In (a),
the transition metal compound may be a transitionmetal halide,
including, for example, titanium trichloride, titanium
tetrachloride, etc. The organometallic compound may be an
organoaluminium compound, including, for example,
trialkylaluminiums, alkylaluminium halides, etc. In (b), the
transitionmetal compound may also be a transitionmetal halide
such as that menticned above. The carrier may be a magnesium
compound, and preferred are magnesium halides, etc. The
electron donor includes, for example, esters, ethers, etc.
Specific examples of the compounds are described in Japanese
Patent Publication Nos. 19334/1983, 41676/1%72, 16167/1981,
52166/1984, 38285/19%1, 75245/1992, etc. In (c), the
transition metal compound includes the compounds described in
International Patent Publication No. 511044/19%6, and
Japanese Patent Laid-Open Nos. 100527/19%4, 25350/199%4,
184179/1994, 345809/1989, 19309/1983, 19306/1983, 19307/1983,

19308/1983, 130314/1¢86, 142005/1988, 268308/1992,



ligand, the ligand may be any of a (1,1")(2,2") double crossl inkiglwﬂzmﬁr
a(l, 22 ) (2, 1' ) dot:ble-cross'yin:~ed one. Specific exanples
transition ~r.etal conpcunds of formula (I11) include (1, 1'-ethylene) (2,
2' -ethy~.ene) bis (indenyl) zirconiumdichlcride, (1, 2' -ethyle:~e) (2, 1
et hyl ene) - bi s(i ndenyl ) zi rcenium di chl oride, (!,1 nmethylene) (2, 2
-nmet hyl ene) -bis (Zndenyl) zirconiumdichloride, (I, 2 -netrylene) ( 2,

1' -nmethylene) bis (indenyl ) zirconium dichlcride, (=~

i sopropyli@ene) (292 -1 soppopylidene) - blsiidﬂkWu9®@urconran1ﬁyt905lor|de

(I, 2" -isopropylidene) (2, 1' isopropylidene) bis (indenyl) zirconium

di chl oridesyd/: 495 - etdwiEne)od2, &Ac.

ethylene) bi s(3-met hy~.indenyl)zirconiumdicrloride, (1,2 ethylene) (2,

- et hyl ene) - bizg, (3 mahhyl i pdarnsyh) ozl r gerbYm dibghbonkde, having =
(1 1' -ethyl ene) (2, 2 -etr_ylene)-bls(4 5ben20|ndenyl)2|rconlun1d|chlor|de

(1,2 'eté'&)’éﬁﬂﬁé*(@yll a%QPXL@Bﬁlzl b s1d+ & @eb%né%%'%@yfo \)zéé GanE i di c: ~lor

ide, (1,1 -et erne)(2 2' -ethyl ene)bis 4|sopropy i ndenyl) zirconi~l m

dictzloride, (il, 2 cstbylene) ( (@_gfexewa' ene) - bi.s (i SAPTQetal

~yI|nder “yl) Zitconi um di ch

(1, -eth | ene hyl ene):-bi s dlne i ndeny| ZlEcon

dlchlorl eFQH%é Selﬁﬁ% &Tﬁf&¥h?s o thgro fﬁyﬁgﬁé¥%5%‘ﬁﬁo %E%ylene)
-H s (5, é? neL Lyllndenyl) z' rconiumd:ichlor-de, (1, 1'-ethylene) (2,
2' -ethy' neS ?dii scprcpylindenyl) zirconiuia diculoride, (1

2' ethyl ene) (2, 1’ -ethylene) -bi s (4, 7diiso~eropylindenyl)zirconium
dichloride, (1,1 ethylene)(2,2'-ethylene)-bis(4-phenylindenyl)zirconium
di c=~l o=ide, (1, 2'-ethylene) (2, X$\ eﬁhylene) bis _;

(4pheny! i ndenyl ) zi r cofti um dirchl or i dsy’ R? R

(1,1'-ethylene){2 2' e hylen ) - bis("3- methy] - 4~ sopropyl i ndenyl ) zi r coni um

di chl ori de,
(12-ethy|ene)(2 @
dichloride, (I, e 'N./’A

Z|rcon|un1d|chIBr|de

(1,2 -ethylene) (2,1 -ethyl ene) - bi perizoi ndenyl ) zi r coni um di chl ori de,

(1,1 -ethylene) (2,2 |§opr opylldene)Ybls(lndenyl)2|$cor ~i um di chl ori de,

(1,2 ethylene) (2, 1' -isopropylidene) -bis (indenyl) 2|rcon|un1d|chlor|de,
bi s nden ) Z|rc nlum

I, 1 | h

S shivor SOTLOR LO‘?@?% hancepsnE R RDE R el | IR B SOL T
di c=~|

eyl oy B Ssfen & Omfenésydﬁ.ogﬁ.rm@ngm%rc ifdEem briyg0 carbon

ks (3- metgh Iindenyﬁ}%ir_conium
S-BRer zoindenyl)
R

(1 1 -ethylene) 2 2y hyl ene bIS enyl Z|rcon|un1d l. o |ge

- y Bhe 52 ﬁﬂegs%pr%%y?l %93%9 %n enyI (%%}éonﬁ ﬁlc%lorlde
(1 2 th e sopr I|de ~i e) b|s i_ndenyl ) _zi.rconi um
dlchlorrge by 20 gﬁﬁbdn ard%§71ﬁp ﬁ%)lf%? Qf l% % O%@Lea%Fbls lé'(|ndenyl)

%Ergo?[urlet erué§¥?§ Egg%% %ggé ﬂ?ad?%l??$§ Fgﬁé %ggerenyl)

o ﬁ??é;ﬁ%éﬂﬁhi oSr SR R 8 %%‘%jﬁ?%g%%rﬁe&rﬁ Y bR
1
( 2n§¥ ﬁg?/%‘;%gg?eﬁ‘fi&geﬁ’yff? yc%&eﬁ%/&awéﬁng?%%iltﬁﬁld?%hﬁr&m deto(l

- et hyl .yl en i hyl I n i enyl)zjrconi um
di Cﬁf O?,/I%Qec)aLbov torqgt, ylg ae)dll%asieg?mg;[:egsfyrgk% g él%dee 1a)wh19}(1) u

(1,1 nethylene)(z 2' -ethyl ene)-bis 3nethy|cyc|opentad|enyI)Z|rconlum

di chl ori &ee grort ~F§86ﬁomﬁq(ﬁﬁﬂg 200 2RaCht NG o) F e &S §REing 2
nethylcyclopentadlenyl)2|rconlun1d|chlor|de

(1, 1' et hyY@ReFE20on - igOpopyt Y Hathe 1I5is ( Bretcthy POy & diferit aditéyl ) z&r coni um
di chl ori de,

(', 1' nethylene) (2ot a ety hedepcbi s Brstcw eyelopémeadi 8ayd ) garleoni um

di chl ori de,

(1, 1' mretaydeae) @2,52'-licsapropykiidéne) <ics({3net hyt cyeh opentadienylhgi r coni um
dichloride, (1,1 isopropylidene) (2,2 -isopropylidene)-b's(3

met hyl cyl opent adi enyl ) zi rconium di chicride, (1,1 ethylene) (2, 2
-metl:ylene) -bis ( 3, 4dinethyl cycl opentadi enyl)zirconium dichloride,
(I,I"ethylene) (2, 2' -isopropylideng) -bis (3, 4

di met hyl cycl opeut adi ei .yl )zirconiumdichloride, (1,1 nethylene) (2,
2'-nmethylene) -bis (3, 4 J 1 0 MAR 20a3 dl:f;e ~11ylCyC Cr~elitc~dl e: ~:;
J1) i _r COT7il~rMdlc:"110r~C1C ., ( 1, 1' r.~etr~;,:lease) (2,

2' -~soprol ~ylicene; -bis ; j, ~ d~_neth~yl cyclopentad_en~, % )

—



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

(1,2 ethylene) (2,1 -isopropylidene)-bis(3nmethylcycl opentadi eqyrMARziggiconi um
dichloride, (1,2 rnethylene) (2, 1'-nethylene) -bis

(3met hyl cycl opent adi enyl ) zi rconium c~. chloride, (i,2' net_~y7 _ene) (2,
1'-isopropylidene)-bis (3neti?ylcyclopentadier_yl) zircor_-_umdichloride,
(1, 2' iscpropylidene)(2,1' -isopropylidene)-bis(3

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

(1, 2' et hylreng) ( 2, 11 = Aetnyi ene) < bisg, Adioret hyloeycl-epent-adienyND) zi, r coni um
dichloride, (1,2 ethy7_ene) (2, 1'-isoprcpylidene) -bis (3,

4di net hyl pey<) opent) &di eryR) zi d:c onil e dirchl gt desn (sl a2 et hydreaedn( 2,
1'-nmethyl ene)-bis (~, 4 dinethyl Cyd Opentadi eny7_) zirconium di chl ori de,

(1, 2" et Byh £ne &R .t ond, SQRL &Py d A58 )r R $( 32 8ing from 1 to 20 carben

di met hyl _cycl opent adi enyl )zi rconi u~n "di chl oride, (1,2' isoprop ylidene) (2,
1' -isepropylizdege), vhi - dine st Iy i ~: [WERFAIE zi.rconi um

di ch7or (aerca Te > T ey ol TRand IRy RER S A gl R Tes ot
t!~1ose ¢cnypaun: .+ L~a, = ing,ki = 0= resm~. <=~ my .ace qf

2 ooni . PR a Rk Bt e FRee S B TR WP s B e o

t hese e.~g¢ :G%es. The catal yst conponent for olefin. polynerization of the
i nvention may contain, as the transition nmetal cem oound, one or nore of

t he above-nenti.oned conpounds (] BASF conpl ex. or ecghst conplex), (Il
(single-crossliﬁ%% *@8%3&&??Iﬁ%ﬁg%&FW?m%ﬁﬁgg?éf6F8§g%igkidﬂh Fé?; efthér
singly or as congipegﬁ§i ntacting thg carrier, for ol efi;n ~ool yeri zation
cat a~yst §T8HESt ARG 4 &5 GRenBEaF fbrboand dF )32 X rifydtay2be effected

in an i pert a%pnsgh ere of nitrogen %as or tl:elike or in a hgdrocarbon
such as geﬁFﬁh ONRERaRE, EHEPtATET 119 GERE XYY & BICFRE W dRe "< Eont act i ng
themw tl~ each other nay be effected at tenperatures at which nononers
are pol yrBP'2edSt Bgr vEYBBI yABP$SX8F - even at tenperatures falling between
-30C and tl ~e boiliqgwﬁpint of the solvent used, ;cyt is preferably
effected at tenper 35 (fa~ [hRghBERGERM FbmAerpef atr dR6hEYERe boiling
point of the solvent used. On the other hand, the transition netal
conpoundSRoPTEPGupY BTG 161 $FL the 2PEri YHI e TABRE - f orPSEEREREPA ar _e not
al so specifically defir _ed, and various types of trans-.tion netal
conpoundg*PaPl i a%bn?/—irioﬂ Lifet40 §arr§ﬁ§‘eaé9%5elrﬁﬂ]d§)%%?'e feer er TRl e,

an alkyl group such as a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a tert-butyl group, an n-hexyl group, an
n-decyl group, etc.; an aryl group such as a phenyl group, a
l-naphthyl group, a 2-naphthyl group, etc.; an aralkyl group

such s a Dbenzyl grcup, etc. The halogen-containing

o)

hydrocarbon group naving from 1 to 20 carbon atoms may ke
derived from the hydrccarbon group as above by substituting
at least one hydrogen atom thereinwith a suitable halogen atom.
These R' to R® may be the same or different. OFf those, the
neighboring groups of at least one pair of R®> and R', R! and

R, and R’ and R® shall be bonded ¢ each otrher to form a ring.



Preferred are these hawWng a diimne conpour_d as the ligand. They i ncl ude,
for exanple, conplex cor~u~ou~eds of a general fornmula (VII) qy103ﬂﬁHMNAR
2003 il F r,.~1i,._3s ~ 1,j" ~~~~ P (Vil) wherein R- an q
eact: inaependently represent an alipratzc hydrocarbon group having from1
to 20 carbon atonms, or an aromatic group having a hydrocarbon group on the
ring ar_d having from7 to 20 carbon atons in total; R3z and R3' each
nde~endently represent a hydroaeu atom or a hydrocarbon group having from
1 to 20 Ththoniatwie;rcapdh&K32narsudhRe'cymy. betbandecct oveacte ot ier zo form
a ring; X anc: Y each independently represent a hydrogen atom or a
hydrOPaFQQQmﬁi@UDahaWWJEbJHiHBﬁHéﬁyﬁxh§@%§Pna§t%;%%én%?@thﬁ%n&%ﬁ&@ser_tS a
transition netal of Cﬁoups 8 to 10 of "the Periodic Table. In forfrula (VII),

the aliphatig, hydroegebencgroyps havi nguhsem 1-£0 20, carbop.atons for R31

and R q my be a linear or branched al kyl group having from1 to 20 carbon

atoms or a CVC'%E}‘;%QEH%&@J’%% amrﬂz%fé)l-@e§85?8Pi§&9%§1om9%9rete' y

i ncluding a net group, an et group, "ar_ n-propyl “grodp, an i sopropyl

, - but yi oan. | | -butyl .gro - but yl
S0 abyPUL!, @G L SRRV SEOURC 3RS DAL BN Rgherl by

group, a pen u~~, a

tetradecyd. ou a hexadecyl . group,. an oct adecy] up, a cyci Cpen' ~; ~7.
grou. 4 to $0gRa R S KRS G ey BBt E e ALRYE et
C?2~0:~~"'7,. CtC TntG -~£'1f rln%)of tre cyclca: Kk I.crouB , .a

su~. ~abl 8° UBSEMYdeht O Forc F a8 oY + G Pal @ BhPP Yy SbBU%y;rbésPﬁtf Bdlced. The
aro~l atic group hav'n% hydr ocar bon royg on the ring and hav__ng from?
Lo 20 cafBURbalie P gt 81O Fhe FUBESE Por ¥ bxibite, “BHHYT™ &nd *REBNL hyl
groups wit: at least one linear, branched or cyclic Cl1-10 al kyl group being
on the afbfafi T ringt FEHURSEENGSRR-DPLHREF 7781 £ i ‘ardnaf e “§toup
havi ng a_hydrocarpbon group on the ring, and .especially preferred is a 2,
o-diisop?B%?Ppﬁ%?ay?sgﬁéﬁﬁﬂzﬂi YTRNE R3RCmay’ bethd” Srh&Sothai FEBRent .

or different. Y is a divalent crosslinking group via which
the two ligands are bonded to each other, The divalent
hydrocarbon group having from 1 to 20 atoms for it includes,
fcr example, an alkylene group such as a methylene group, a
dimethylmethylene group, a 1,2-ethylene group, a dimethyl-
l1,2-ethylene group, a 1,4-tetramethylene group, a 1,2-
cyclopropylene group, etc.; an arylalkylene group such as a
diphenylmethylene group, ezc. The divalent, halogen-
containing hydrocarbon group having from 1 to 20 carbon ators
includes, for exanmple, a chloroethylene group, a
chloromethylene group, etc. The divalent silicon-containing
group includes, for examnple, a methylsilylene group, a
dimethylsilylene roup, diethylsilylene group, a
diphenylsilylene group, a methylphenylsilylene group, etc.

The germanium-containing group and the tin-containing grcup

R}
=Sy



The hydrocarbon group havir_g from1 to 20 carbon atons for Ry2 and

i ncludes, for ex arr~ple, a | ~_near or branched al kyl group havil er‘Wr?B% 1
to 20 carbon atons, a cycl oaI kyl group havil~g from3 to 20 carbon atons,

an aryl group having from6 to 20 carbon atons, ar~d an aral'tyl group
having from7 to 20 carbon atons . For exanpl es of the 1 inear or branched
al kyl group having from1 to 20 carbon atons an d the cycl oal kyl group
having from3 to 20 carbon atonms for R3z ar_d R33, referred to are those of

tl~e Cl-20.a IJLQhatf;A(: bydr.gear bprrp,géo doﬂgarft%tlll ed her.ei.nabove %grﬁ R31 and

R3~. The aryl "gfoup having ffomb5 on at onms i ncludes,” for exanpl
e, a phen rroup, a tolyl ggo group, .a,na Loup, a
| net | ~yl néé(lk)hél = grvdluere et €.y lEP T%“Cﬁélbkfl?og?%%b pRﬂ ¥%“F‘g m'7 to 20
car bon at ons, i ncludes, for exanple .a benz or he roup,
etc. RO1OB-od R~ Ty 58 X bUEAHE o Ty %P@ b S e Tsonded Lo 3
10MAR7003e =ach o then to forrn ar . Fcr exanpl es of the
“r:ydr ochr Betf a=uupsaliani iyt SR il L fer 23€ﬁ HtDHorF R S FBr X and Y,
referred to are these of the Cl1-20 hydrocarbon group menti o: ~ed
: ~er ei nabo~~e fe RtPaaRdtROB. rEdrlX epfPoungy ePér Jed s aa nkt hgkFecroup. X
and Y may be the sane or different. The transition netal of Goups Rto 10
of the PéepodiecTablfexf axa® lienclivdefzrdpzsexanptel hRcKePpepalNpPadi um
platinum iren, cobalt, rhodium ruthenium etc. Preferred are nickel and
pal | adi ubB45peciPPé ., exar>at%s 961 ,t het ccnpBercédipeundsidfesf arfrukbhe(V . | )
are conpounds of the follo:~~ing fcrrulae [ ~_ ] , [ 21 , [ 3], and [7
2] ~ etccofp@EBC)y ardCHerze@HAENGH & rc2ndphTpo1a6ehyd cddp\CHBs 6GEB) ZCH~ ~
,CHCH)z [1] ( CHg ) ZzZCH~ ~CH( C-lg) z CHB N, /CH3 .Nip CH3 N~ ~ CH3
(CH3) zGxkCH (CH3) z O ﬁzkﬁﬁimeth&lsiinbmiyl—bis~l—(2—methyl—4,5—
benzoindenyl) zirconium dichloride, rac-
phenylmethylsilanediyi~bis-1-{2-methyl~4, 5-
benzoindenyl) zirconium dichloride, rac—ethanediyi-bis-1-
(2-methyl-4, 5~benzoindenyl) zirconiun dichloride, rac-
butanediyli-bis-1-{(2-methyl-4,5-benzoindenyl) zirconium
dichloride, rac~dimethylsiianediyl-bis-1-(4, 5-
benzoindenyl)zirconium dichloride, rac-dimethylsilanediy:-
bis-1-(2-methyl-oa-methyl-o~acenaphthoindenyl)zirconium
dichloride, rac-phenylmethylsilanediyl-bis-1-(2-methyl-a-
acenaphthcindenyl)zirconium dichloride, etc.; and those
derived from them by substituting zirconium therein with
titanium or hafnium.
In the indeny. skeleton of the transition metal
compcunds of formula (I), none of the pairs of R® and R, R’

. g & I -
and R’, and R® and R may form a ring. The transition metal

compounds having an indenyl! skeleton of that type, and even



/| CHC~-h 3tCl13) zCHN. iGHs :r~i~CH3 N,, Ca ;GH3) ( C -i stpM@mmi [37
TH)z ~Ch IC3t,vH3) zCH _-N~, , CH CTc= 3 N "Tri CH3 N.. CalchH> z
(CH3) zCHvYyi ( ~1 "i I L Cr (CH31 2C ~ ~CI3 N'"~HN,. C-i CCQL3 ~ z
(CH3) zCH/ L[5 / Al tGRB) z (C-ig) zC~i ~'N,.:Ni~ h ~NN~ CHtC ~3~~ 2
(CHJI zcHo~ L~ ~~\ i~Il ~~h3~z | & 3 ~4CGHN~, /" ~H3 :N, CH (CH3) z
(CH3 !ZCH/[~/~H(CH;I z C,CH1 zcHcH N1~ 3\ ~ -~~%I. CH3 t3 C1
tCLI3) Gtcl~3) ~cI~Ls~s,a,~

otherg corresponding tc those and having a 4,5,6,7-

tetrahydroindenyl skeleton are also usable herein. These

transition metal compounds are “nown as Eoechst complexes.
They are describec, for example, in Japanese Patent La.d-Cpen
Nos. 268308/1992, 306304/1993, 100579/19%%4, 157661/1994,
149815/1995, 188318/1995, 258321/1995, etc.

Specific examples of the compounds are aryl-substituted
compounds such as dimethylsilanediyl-bis-1-(2-methyl-4-
phenylindenyl)zirconium dichloride, dimethylsilanediyl-
bis-1-[2-methyl-4-(l-naphthyl)incdenyl]zirconiumdichloride,
dimethylsilanediyl-bis-1-(2-ethyl-4-
phenylindenyl)zirconium dichloride, dimethylisilanediyi-
bis-1-[2-ethyl-4-(l-naphthyl)indenyl]zirconium dichlcride,
phenylimethylsilanediyl-bis-1-(2-methyl-4-
phenylindenyl)zirconium dichloride,
phenylmethylsilanediyl-bis-1-[2-methyl-4-(1-
naphthyl) indenyl] zirconium dichloride,
phenylmethylsilanediyl-bis-1-(2-ethyl-4-phenylindenyl) -
zlrconium dichlcride, phernylmethy:silanediyl-kis-1-[2~
ethyl-4-(l-naphthyl)indenyi]zirconium dichloride, etc.;
2,4~-svbstituted compounds such as rac-dimethylsilylene-
bis-1-(2~methyl-4-ethylindenyl)zirconium dichloride, rac-
dimethylsilylene-bis-1-(2-rethyl-4-
isopropylindenyl)zirconium dichloride, rac-

dimetchylsilylene-bis-(2-methyl-4-tert-

N
(2



1 0 MAI~ 2003 (Chi) 2C1: ~C~. (CH ~1 O ~T" Hw ,N~rr is ( ﬁi?@% @M
CH( ~H~j) O[] 0O (CH3 ) ZCHC=l (CH3) 2 /Br -~li~ N~ Br (CH3) Z )
2 [11] . ~O, . (ch,) Zc~c:~ (A-13) z ~~I , \y ON. Br (CH) 2CH ,CH
(CH3) z [10] O ( CH3 ) zCl-I ~'"CH( CHl ) 2 CH3 N~ Br ;Nip CH3 N~~ Br (
CH3 ) ZCHCH ( CH3 ) 2 ['2] In ~he invention, one or nore of the conpl ex
conpounds noted above nmay be used either singly or as conbi:=ed. Contacting
the carrier for olefin pol~rnerizatior~ catalysts and the conpl ex conpound
may be ebuégtleddiemyadn ziimeph iatcnmospher e ofdmltYo@gede gas or the lbdske or in a
hydr ocar bon such as pentane, hexane, heptane, toluene, xyie:~e or tl=a
li ke. Cophagtilpetntyhemiwlczreceagsz1ot2>=petAgy-he effected at tenperatures at
cN ~ich rno:~cme~~s ai-e p olynme: ~ized to rive :polynmers, cr even | ar,
isopropylindenyl) zirconitm cichloride, rac-
dimethylsilylene~-bis-1-(2-ethyl-4-methylindenyl)zirconiunm
dichloride, rac-dimethylsilylene-bis-1- (2,4~
dimethylindenyl) zirconium dichloraide, rac-
dimethylsilylene-bis-1-(2-methyl-4-
ethylindenyl)zirconiumdimethyl, etc.; 4,7-substituted,
2,4, 7-substituted, or 3,4,7-substituted compounds such as
rac-dimethylsilylene-bis-1-(4,7-dimethylindenyl) zirconium
dichloride, rac-1,2-ethanediyl-bis-1-(Z2-methyl-¢,7-
dimethylincenyl)zirconium dichloride, rac-
dimethylsilylene-bis~-1-(3,4,7-trimethylindenyl} zirccnium
dichloride, rac-1, 2-ethanediyl-bis-1-(4,7-
dimethylindenyl)zirconium dichloride, rac-1,2-butanediyl-
bis~1-(4, 7-dimethylindenyl) zirconium dichloeoride, etc.;
2,4, 6-substituted compounds such as dimethylsilaneciyl-
bis-1-(2-methyl-4, 6-diisopropylindenyl) zirconiumn
dichloride, phenyinethylsilanediyl~bis~-1-(2-methyl-4, 6-
diisopropylindenyl)zirconium dichloride, rac-
dimethylsilanediyl-bis-1-(2-methyl-4, 6-
diisopropylindenyl)zirconium dichloride, rac-1,2-
ethanediyl-bis-1-(2-methyl-4, 6~

diisopropylindenyl)zirconium dichloride, rac-

diphenylsilanediyl-bis-1-(2-methyl-4, 6~



1 0 MAR 2003 at tenperatures fall~ _ng between -30C a::c: t,~ e :~c;il~na
point of the solvent used, bvt is preferabl y ef ~ ected at te ~'ﬁgﬁﬂhfres
failing veto.~een roomvernpc-ratt:re and the boiling poi nt or &

solve~~.. ~~~sed. In the inventio:~, if desired, the carrier fcr o _efir_
pol vireri zaticn catal ysts and the conpl ex conpound nmay be ultrasonicall vy
contacted with each other to give the catalys'~ conponent for olefin

pol ymeri zation. U trasoni c waves used could inprove the efficiency in

cont act i gl thier @y £ iedeand) 2 hecanrdmsi ti cn nmetial loonpleund, wher eby-t he

cat al yst produced coul d have nmuch :pore inproved activity. This ~.rm | be
because jheny gact i phs bet wedhy I-He 4 +lanst tnomytetals-conpound and the carrier
could be effected in the deeper area owing to the action of the ultrasonic
waves usedisdpeoppden@én@ppt yideniwht rasoni ¢iwavesitie,t he conpeaents is not
specifically defined. per exanple, they may be app=led to ei ~her the
carrier @rndinges CoOaRLexy coMpound;o> of ¢.0- Potsz, he dup, 1 the &aiger and the
conpl ex conpound. U trasonic waves may be appli‘ed theretc twice or nore in

th 1 tion. s The.eutprutr o3 th ‘ es-.to b
erpl oyed aay Pl 1 betueeh 1’ 3na TaD0 KFE: “but” prer el anty et een 10 and 500
s bt elod: olaiogusing. Pol yol alins, The, rELNad, of; el e
nolynerlzat~_o% cal, alyst éIong W't h an ‘organoal um w.” ~~um conp ound for
| yol ' duct i f,td° | .nJenl,. : . 1S f | _

[ onc ot Ter 46 28T 00 ¢ e ¥ LB BYORERENS pugn 65 1

~ ~, =~rr~er | tic..of qlet~ niotr ~c~tl~e~_ ¢ f d/ th
monomer & 21t P 61 kool Lkt S ek e S e Ty REE Bt o of i ne, or

I i .za~jon.of clefi: ~s.~~=vtloth : | ~ izat 1011
of i 11 GTeHT Y bpes” T B s ISHETEEHC5t het = oRorer &5 The™ b GAF bal b ni um
compouna, i céu les, for gxagpje | i near. al um noxanes_ of f%rnula (IV), cyclic
alunlnox%hgs e? ?%?ﬁ%?%.f?o A G Y SUp=Havi iﬁhgpﬁﬁlﬁl’um}é‘()ﬁpounds of
f I VI),. Co tely,.it.incl trial’ ~cylal i ni d t
s, 111 et SR by ORTY 6t TS U Tt ] P o om o
triisobutylal um ni tri-nbutyl methyl al um ni triisob | al um ni
Lri - SocbUIYTREL ! Hot oF UM R br 1t or L0C- BOP Yt HREHpT ol GiF et
tri t | uni nj trih |l al umi ni.um_tri.octyl cmr_iLV tri
decyl al Ut 1 Gl EF T BT SREy O F T S edbe — Tal untAFum etc.
hal - I - hy. - havi | kyl al um ni d
Such s Rk PO o L i Ui M oYt S Skt SRy it ol or de T
t hyl al um ni i chlorid di. et hyl al um ni hoxi de,
Gi o hyl al CHTHY Lt WRto okl BC R8P Rt Ry SR urh AP Qrh Ry R HECC GrerhGPSI uni ni um
hyd id tc. . hyd t ~..Ting. al i niur d h
et e 2156 0 T PGaNT b Sy SEBUT oA Ui Fr O 1y | ES it o1 _-oxanes
such as nethylaluniq9xg~re eH;;yIaIurninoxane, _
i scnLlt ~-SrE UM ST o A, §F92 0 1 0 MAR 2003 G-tc . yr ~n0''.e, pre-ei
red ar~? ~L 1 alOvldlu~nir_~L1I1 Ccnl; ~~CU11GS, al=~:a
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nore preferred is triisorutylalumm'~um Ir the inT,enticn, one or_u.-~ore
of ~:~.o0se orga: ~oa=u:rinlum conpounds Noted above may be used e|ﬂi)MN22 003
singly cr as cor.~bined. The olefins are not specifica 1 1y defined, but
preferred are a-olef=ns having from2 to 20 carbon atons. T:-ie a-olefins
include, for exanp 1 e, a-clef i:~s such as a thylene, propyl ene, 1-butene,
3-net hyl - ~. - but ene, 4-nethyl -1-butene, 4-phenyl 1-butene, 1-pentene,

3-net hyl - 1- pent ene, 4-nethyl -1-per_tene, 3, 3-dinethyl-1-pentene,

3, 4- di metrzeykid- pértsen¥, 4’4dioethykadkpentienenddnhexenepresent a

4-met hyl -1- _~exene, 5-nethyl 1-hexene, 6-pheny~_-i-hexene, 1-octene,

1- deceney ydrdadacentsy, b-hetbadecant, 4+ endecentgrivaaiadeceheon
1- ei ccsene, V|nylcyclchexane etc.; hal ogen-substituted a-ol efi nssuch as

hexaf|UcﬁoﬁﬁqnﬁQﬁutkﬁi%@Bh%orQG%QYééénftoéiiJ%EH&HHVH%%@%rHHnUQEeﬁbhy|ene
1, 1-di fl ucroet hyl ene, 3-fluoropropene, trifluoroethyl ene,

O dl oul on@uinbut eng ELCag: cacaT/&J ¢ glefins s 16 %”E‘FBS

cycl ohexene, norgornene ~yl'nor bér nene, ~et y nor borner .
R i e
o pr cpyl B b BRE 50115%%1?%&%‘@?%?1?%“ B ol B oy SLOYp S YT ene
E{i?”if’#‘”%&ﬁ?@i“ (FLAE, 5 St%{“’ﬂ@%w@m 0L B B Retene,

me th tyr ene, iscpropylst arere m but yl sty~rel
n}et|v~~Fé3§31%ﬁéfIHbs%t 8¥eéF 3€‘@PGWGEDEH/HF%%FH?PEE?P@H@GCH

2,5-d" nme~ hélst%reng 3, 5- dlnetr%%lLtyrene etc al koxystyrenes such as
~~- met hokySFyr enBYIonet Hoxystye ehGYF“giﬁ%W%dRt&é@&réﬁggon afgms,

hal ocf enostyrenes suc; -~ as p-chl orosty :e, mchi orostyrene,

c- chl or 03t ReREERD C%PBﬁﬁ@%99eﬁédrﬁ?BF%ﬂ%sg§?%ﬂehaBlBgoﬁﬁ%@yfeﬁ% 20

pfl uorostyrene, mfluorostyrene, o--fluorcstyrene, o-nethyl

p- f | uor 0SE§PeRe, 2hPTFuor Bst JReneCNoCP it DG effRUP, an oxygen-

onet hyl -p-fluorcstyrene, etc. ; ar_ d a 1 so trineth~, ~Isilylstyrene,

vi nyl beng@RfENINg| GiryiPbenz efd: THECCOTRa1BE Rer 951081 ns? ~B1hgogen-
copolyl:lerized my be suitably selected frcmt:~e olefins nqted above. In
t he |nveﬁ?TBﬁlnéngedﬁ?uﬂnr%roﬁe$h%%pHﬁ?“béxW&ﬁﬂﬂﬂ%ﬂmﬂW¥éﬁ or édpélymerized
either sing~,~y or as conbir_ed. where tsae or :pore different olefins are
copol y- n%%V%EENttﬁéoéﬁéfpﬁénﬁopéﬁugbdﬁé ﬁﬁ?‘%b‘éﬁ%b?ﬁ%dl HERRY 8ESi r ed
manner. In the inventicr_, olefir_s such as arose nentioned abo~, Te may be

copol yZPORASH @G3R P ATERy OUHETS ) 2| BiFRCarqfR gToup havihg

frem 1 to 20 carbon atoms, a halogen-containing hydrocarbon
group having from 1 tc 20 carbon atoms, a silicon-containing
group, a germanium-containing group, & tin-containing group,

~

-0-, -CO-, -8-, -S0,-, -NR'-, -PR’-, -P(0)R’-, -BR'- or -ALR’-;
R’ represents a hydrogen atom, a halogen atom, a hydrocarbon
group having from 1 to 20 carbon atons, or a halogen-containing
hydrocarbon group having from 1 to 20 carbon atoms; M!
represents titanium, zirconium or hafnium.

The compounds of formula (II) are single-crosslinked

corplexes.

o
w0



cononeners include, for exanple, linear diolefins such as but adi ene,
i soprene, 1,9-pentadiene, 1,5-1:exadiene, etc.; polycyciic olefingsMeHi&Es
=~or bornene, 1,4,5,8-dinethano 1, ?, 3, 4, 9a, 5 8,

8a- oct auydr onapht hal ene, 2-no:rbornene, etc. ; cyclic diolefins such as

nor b~r nadi ene, 5 E?trIyIIde:iencrbO?‘ll?:~e, 5-v111ly1!i Or bor nene,

dl ¢yd Cpenl =ad- 2ne, 50 ~ 0 MAR 2003 etC. ; .~,:d ul-lSatLlrateC e~.te-~
SI.'".C'1 GSetii,vvl aC~ylate, nC11,J1 netl'_aC~ry7 _at-~', etC The

nbde of clef: ~n]Noh%ﬂﬂgﬁgzqq~anh@ AAtogpe stdm. &l [y defi'nedhnand hereir_
enpl oyabl e is any desired r~c|y merl zaticr. node of slurry poI

y-meri zatp,any+ $alytbhen pol ypreE ~ Q. £YAROK & Qhﬁ%@ ﬁo;i)fmeﬂtéﬁts' on, bulk

pol ~rne, =i zati or_, s~sper:sion po ynerlzatlon or the Iike. Solver:ts nay be

used in E Sﬁdééﬁ%za&kﬁlUAIr§¥bquk'qu? %4r2§%%@@q%a{%%§9ﬁ85989§ and

~al cgeno ons suc nzel uene, X

n- hept an clch xane roneth Ien ~I orof or 1, 2-dich etrai:
c'_LIoro§8ﬁzéﬁ8m %ﬁ%ﬂbﬁl Ig&&ﬁ s%Fveh?etﬁﬁyq%xnﬁéear egﬁgﬁer S|ngly
or as conbi ned. pependln on theL[ t noners to b nerized . nay
2l 50 ser §80HE" S5T VGRFSPY Fé ARy 6F lts)r/‘f SRR GET I et VTS Y DB BbPy ey | 2t ;
on and of the reactor eFficiency, is desirable that the anmount of the
cat al yst 2RolB&PHAYE g%°%%#y%e¥?zaf@%%ﬁl§&§Féh1F§1§ch@6ﬁtr8FPéH t Rat the
transition netal catalyst conponent could fall generally between 2 and -00
~mol s, bt dpEefeFBBIY, betGeer?!y and I50LPndESh #h DREITeS6EPrhé sol vent

in the system Regardlng the polyneri zation condition, the pressure
l-naphthyl group, a 2-naphthyl group, etc.; an aralkjl group

such as a benzyl group, etc. The halogen-containing
hydrocarbon group having frem 1 to 20 carbon atoms may be
derived from the hydrocarbon group as above by substituting
at least one hydrogen atom thereinwith a suitable halcgen atomnm,
including, for example, a trifluoromethyl group. The
silicon~ceontaining group includes, for example, a
trimethylsilyl group, a dimethyl(t-butyl)silyl group, etc.;
the oxygen-containing group includes a methoxy group, an
ethoxy group, etc.; the sulfur-containing group includes a
thiol group, a sulfonic acid group, etc.; the nitrogen-
containing group includes a dimethylamino group, etc.; and the
phoschorus-containing group includes a phenylphosphine group,
etc. R and RY, as well as R'® and R'® may be bonded to each
other to form a ring of, for example, fluorene, etc. As
specific examples of R and R, and R' and R*® of that type,
mentioned are the groups cf R® to R'® except hydrogen atom. For

R'' and R'®, preferred are a hydrogen atom and an alkyl group



may fall generally between ordinary pressure and 2000 kg/ cn2G The 1 @&aR 200h
tenperat~.:.re may fa7_1 generally bet~een -SC and 250 ' C. For controlling
tl _e nolecular u~eig::t of the po7_y~ners to |lie produced, the type and the
ar~~cunt of tl:e catalyst ~1 ~ 0 AR 2003 cc;~.o00r.er~ts to be used anti t
he poly~r.c~~i z~:tiG=1 te:,perature ~,~;: ~=! be sultarly selected. 1 i
deslr2d, 1:,,~drogen may he intr;~u~_|~ced into the polymer-nation s, >>stem
for th~:t pur;Jcse. Ti_e in-, rention is ::escribed in nore detail with

refer encﬁalfon&hgtfr%éﬁ)% %r@&lﬁ”ﬁk% apd-copparative HRinhyhesqewhi ch,
however, are not Intended to restrict the scope of the i nvent | on [Exarrpl e

i (1) Pre epay al ian o al i U oy, Conound:, MeL Qy#@wg%%ne\ was jused as

the starring al unmni mexy conpouncr 2 0 liter o ution o

met hyl al z!ﬁj Ce)/CX]% eex:jypcg(%l l[l,le‘n %r e"P%e r(er%%t‘lfre%g g Iecp’%j"?tll_gpl of 1. S

mol I/ ~ Tt ntarmng wei cht “ef u-rrni'am from

Al b I d 1650l t t hi d
reduced BrESLur 6 (/170 ﬁﬁgﬁf)sngrve?;%%r?% gfsvr%%iri‘%? S Gtk

condition, the g}so solid eras left for 9 hours, %the_n cool eg \X/g room

t enper at t? & CPHESTWAS OBt af " RS g e ﬁéffhwaentu nBkare: thPS"fas again
di ssol ved in dewatered toluene so that i is vo7.unme could be the sane as
tl~e or ¥grval <ol hﬁ@PHQQthgE%%Eai el 3 HerShsrent 9rorve FESUSFFiig
solution was subjected to 'H 1V MR tc neasure the tlrllgt;tf%! al um n| um
content BPrefuieigraecum ABXxEFRL T AMAl HE Uont EAF Kas By ¢2&ight . On
the other hand, tl~e total. alL.:Tillliu~:~ content of the sclut~en was
measur edit’ hr@ﬁ@ﬁefraér%‘%@e]ﬁfdfﬁ@g%}y agmal ysFST (P *endP R er zec3gre

nols/liter. ro
a halogen atom, a methyl group, an ethyl group, and a propyl

group.

Specific examples of ¥' include methylene, ethylene,
ethylidene, isopropylidene, cyclohexylidene, i,2-
cyclohexylene, dimethylsilylene, tetramethyidisilylene,
dimethylgermylene, methylborylidene {CH;3~-B=),
methylalumilidene (CHs;~Al=), phenylphosphylidene (Ph-P=),
phenylphospholidene (PhFO=), 1,2-phenylene, vinylene (-
CH=CH~-), wvinylidene (CH,=C=), methylimido, oxygen (-C-),
sulfur (-5-), etc. 0f those, preferred are methyliene,
ethylene, ethylidere and isopropylidene, as giving better
results.

M!' represents titanium, zircenium or hafniur, and is
preferably 'hafnium.

Specific examples of the transition metal compounds of
formula (IT) are 1,2-ethanediyl(1-(4,7~-

diisoprepylindenyl)) (2-(4,7-diiscpropylindenyl))hafnium

(O8]
—



~ 0 LI AR 2003 Nex~, the s~~lutiou ~,.~as left s~at~.c for full 2 says, a'~c
th:e -hSCluble CO G pOr?ell~ ~n~aS all;~"sICGd t0 Sett.e vut . |~lcx~
resultinc_r supernatGit vaas filte:=ed through a G5 c-pass f' Ieeﬂ(inhmm
nitrocJen atnosphere, and the fil trite of the supernatant was recovered.
Thus was obt ai ned net hyl al unoxane (a) of the ir_tended al um ni um oxy
conpound. Trrough ICP, this was found to have a concentration of 1.G5. In
the process, 1C.9 o by wei ght of organoal um niumand 17. 3 o by wei ght of

the i nsohubhecaonponent were rempved fiyemd:he produet-enid) Prepa?ation of
carrier for olefin polynerlzatlon catal ysts: 27.1 g of Si02 (F-iO from Fuj i

Si 1ol asChenteal), wasdojedrunder, eduoed, Pressune 3 200C Lok (§ O hours

in a mnor en stream'to obtain 2 The gry Si 02 was
put into 40 gf ] e . (this was preV|oust cool d to -78C
inadry ﬁéglgé%haﬁoﬁwﬁr%h%%n hg?gtI%de W th s ~irring, . 45. 5 nt of

the tol ugne sol uti

| al unoxane r epar i n.above

dr opwi se adé88f95&3ﬁ8%F8§u59%ﬁgntBTuéﬁb ﬁ%bgﬁ i ont gfeégaefle iaa dr oppi ng
funnel , ?gd |ge .aken nt| the canpl ete addition hours. Next,
this was 'St éHEF ¥ LANGRYhr & 2T hén' ﬁeéteBPFPB %%%pﬁﬁat%aﬁ@ty%ver a
period of 6. 0 hours, ar_~d thereafter | eft as such f O izours .
Next, thfschlogddeyr ther heaté&@ ﬁﬁ@ﬁﬁ?@@Vﬂﬂ*tél8@CeBVéﬁ‘§ “Bér 'ircd of 1
hour, and Ief t at 8CC for . 0 hours a, hereby tl:e reaction between
silica aﬁamet?yllmdenwﬁimhzeesuﬁe~~ﬁyFauorlﬁenoxaﬁéopaepdéﬁ§Eéeéé T "j
res~.:ltma cv:s Jens:~cri ~,~as filtered at 80~C, and the solid t:
cIJtained4+Jg§§m@¢é§Hﬁ@dePYﬂ)642=14aﬁddth$©E£OPMﬁe@O$HYtb>MthiW@O m Of
dewat ered toluene a with 400 nl of dewatered n-~ue~tane at 60C. The
t hus- wasReghdoliide" at &s- drinddt undederédgced pr édsural mrogenpernds0 hour s
to obtain 33. 69 g O Ir~2thyl al urni noxa= e-carrying Si O-, which serves as
a carr_ebvyf epbskétifilpel padnizat thwr at af g stirfosd vonogatiicenipna~i o of
me~hyl al um r ~oxar _e was 30.1 o per gram of

However, the compounds are not limited to these examples.

The transition metal compounds cf formule (II) can be
produced, for example, according to the method described in
the applicant's own prior Japanese Patent Application No.

296612/1997.

Y2, (II1)

\

1
E
— T~
2
wherein M! represents titanium, zirconium or hafnium; E' and
E? each represent a ligand selected from a cyclopentadienyl
group, a substituted cyclopentadienyl group, an indenyl group,
a substituted indenyl ¢group, a heterocyclopentadienyl group,

a substituted heterocyclopentadienyl group, an amido group,

a phosphido group, a hydrocarbon group and asilicon-containing

¢
N



SiOz . Dewatered n-reptane was added to the whol e of the thus-obtained,
methylal u::nii:cxar_e-carrying SiOz to :nuke a total volunme of BOMMNIThe
resul ti ng suspensi on had a net hyl al um nexane concentrati on of 0.27

mol s/liter. (3) Preparation of catalyst conponent: As a transition netal
conpound of Group 4 of the Periodic Table, herein used was rac-Me2Si
(2-Me-4-ahind) Zzrd z (chem cal nane: cclinetrylsilanediyl-bi s-1-

(2- nmet hyl - - 4phenyl i ndenyl ) zi rconiumdichloride). 2.0 nntls (7.91 m) of the
met hyl al gnbopxaned caernyfognS, c~Cz spriepacedt i ncaboyer(2p! erasaputnid: .to a
50-m cor_tainer havir_g been purged with ni trogen, to which was added 20

m of dewatered, tiol uene, sand St inred .10 ;t he resussdding Suspeirgshen, added
was 0.2 m (2.0 ~.nols) of a toluene solution of rac-1~~e2Si (2-Me-4-phlnd)

~~r QA z (105krhMod,sd M And>F4r then gt i 1£ 6, At nk0OME &IPeR dlrzrhatf Or 0.5

hour s . Flex ~, s ~irrincr ~~as stopped, and the sol id catalys J ~~ i U
MhR 203 Ti L5014 as 1 Vnkds Helo I 2. the opiat.2. Ttorr~i2S ::01'7
L'1' ~2I %(g t%%%?ﬁ?%se%ﬁlgéeéol Jﬁill*c%%{%a}glCilfs%t@ce\:o% %(’)eﬁe’l ~t. O,E. £~'asg red and

the Sl:;perii t1a . s~ 0l Cr. 1.esS and tranSpG.e: +t. The
sol uti onpfggiggéggr%mi%eqd&f'h? obuagﬁﬂe ’de‘“”é%ﬁtpgluﬁ:oarf, jS{a. %’ dlgocnn* 0 alolfligehé:t[cp)lteane ~~as
added tc_t he rgsédg TN '"~s WGS](%%)'[ ai ned .al I}(DSQ" Qz-carri ed mgttgl | ocene
catal yst°sfarfy. “t ?ef’%ﬁﬁme‘f’li@ﬂﬁrb DFC T opyIEHE YA U A7 Cdr OT8E4i nl ess,
pressur e, autocl ave equipped whth a stirrer, s heated at 80C, and then

PUl Ty drF adCandor h Galcod bt boSHD: SR % AE LPBSt TGP+ 175y 8 4P

at nospheric pressure wth dry r.,~t.roge al gid cooled to room,
tenperatYqu%.“RN&j]t%nﬁé(‘.’)’o l%%x%w}—’e %&?P@@%‘H%?%ﬂéeﬁﬁﬁsﬁﬁlﬁﬁols of
tri i sobutﬁll al um ni u: nrﬂ(jrin tol uene) were put into the autoclave in a dry

ni t r ogen?® at¥oSPREFEC artE SR rPRYIRY 560 pm CAf £8r IFRRGYy BeeRShedted up to
50C over_ a period of 5 mnutes, this was further stirred for 5 mnutes. To
this wasTatees T el Sf &2 L Bd M ide@ GRettan) dEehe Nedtapystomt épat @FarR bove (3),
and heated up r~o 6CC. In that condition, propylene was continuously

i nt r oduc®eCT At 02t He- ldRBEIE U der 90 Yauge Pressaremsrorte ikgreme, and
polynerized therein fcr ~.~ .5 hours. After the reaction, the catal yst was
deact i va¥edUii th &l Rttt el 4T P mesttan 61O and Sthe ~ABn-1 edbt &d

propyl ene_caas renoved by _dcgassir_g.the autoc' aae. The reaction m-. xture
was put THEG a TFal®d-a/ aTPROUMRT o it ~anel tamd s e G K3, °4l =d

thereafter filtered.,a:-d dried. ?"'-~S a result, 182.8 g cf 5 ~~,
different; R’ represents a hydrogen atom, a halogen atom, a

hydrocarpon group having from 1 to 20 carbon atcms, or a
halogen-containing hydrocarbon grcuphaving from 2 to 20 carbon
atoms; g represents an integer oI from 1 to 5, equaling to
[ (atomic valency of M') - 2]; and r represents an integer of
from 0 to 3.

In the transition metal compounds of formula (III)
(these will be hereinafter referred to as double-crosslinked
complexes), M' represents titanium, zirconium or hafnium, but
1s preferably =zirconium or hafnium. As so mentioned
hereinabove, E' and E? each represent a ligand selected from

a cyclopentadienyl group, a substituted cyclcpentadienyl



~ 0 MAR 2003 I.JvJl ~~iJL(upyiel_h V~a~ ol J~tG-l : H~~. Ine :ral.al J~JC- GC(,
~V-t~l ~ "~ " J AC. (kg/g-Zr~l:r; , and ti:e :oul ~c d~e::sity cf?@mﬁRymj
pol ymer obtained ,-:as 0.39 (g/cc). [Exanple 2 The sane process as -n
Exanple 1 was repeated, except that SiO- was clried at 150C b~:t not at
200C ill the step (2) of preparing the carrier for olefin polynerization
cata~~ysts. ~ls a result, the on-carrier ratio of nethvlalumr~oxane of the
carrier obtai ned herein was 70 . 0 % per arum of Si02. The anount of

pol ypr epygroeme prroducddnheér eimupya. s ist®s@igutdtie wcatcalystcawtp vi by was
654.2 ;'.~cg/g-Zr~hr) , an d the bulk density of the pol~~ner ~. ~as 0.38

(9/ CO) . nkkxanplel3pelitadsanglprocesgraspi n Exanpl e 1 wasbsepeated. In
this, however, the conpound of formula [11] (4.0 ~.unols) (this is a

transiti %@t@@baljccg'ﬂéﬁ'ﬂ@@leftv@ odpsuB, t 02k 0 6fi dche gR@u»oodl cnkabl e} was used
in the step (3), in place of the ~ran5| .ion netal conpound of Group 4 of

the Per i gdie TGheq ka6 VEaS { 2 Mesd-Rhind) 225 Cl 2042, Qbimals) used in

Exanpl e hus was o 02-carrieu | ocene catalyst slurry

(b) . P. t‘ico@ogort%'%' ﬂéeéfutf Lt(e %%HQEG?H? ?ﬁ;‘i&@@@%%&gtéﬁt rrer

was heat 6d .€d =n re ced pressure. This

T-Cs restgred.Lo.have an armsnly pog&m (gt Fbodlny iZd 0gens, and

ccoled to v enpera ‘ure gen ree 1 acne

and 0 . 7 ru t,0| 3 Of h5etero atom~containing droup) and they form a

crosslinked structure via A! and A*. E' and E° may be the sane

1

-

or different. For %! and E?, preferred are a cyclopentadienyl
group, a substituted cyclopentadienryl group, an indenyl group
and a substituted indenyl group.

Specific examples of the o-bonding ligand for X° 1nclude
a halogen atom, a hydrocarben group having from 1 to 20 carbon
atoms, an alkoxy group having from 1 to 20 carbon atoms, an
aryloxy group having from 6 to 20 carbon atoms, an amido group
having from 1 to 20 carbon atcms, a silicon-containing group
having from 1 to 20 carbon ztoms, a phosphido group having from
1 to 20 carbon atoms, a sulfido group having from 1 to 20 carbon
atoms, an acyl group having from 1 to 20 carbon atoms, etc.
Plural Xs’s, if any, may be the same or different, and may be
crosslinked with any of other x°, E!, E? or Y°.

Specificexamples of the Lewis base for v? include amines,
lethers, phesphines, thioethers, etc. Plural virs, if any, may

be the same or different, and may be crcsslinked with any of

other Y%, B!, E* or X°.



10 MAR 2D03 try.lsO-~Jutylc~l"~~mI~i'",~~ (=ntd~ ::eni_~! ~r'§ -re
iJLIt 1nO tiW~™:: . tU-IG~"~in a dry :nitrogen atrnosph_ere, algi&i% ﬁﬁ?@bd
at 5rO0 rl~~ I~ ftehavir.c i;Eel~ heated up to 3CC over a period of ~

ml~utes, th-s was further stirred for 5 mnutes. To t _nis vas added the
catalyst (b) , and heated up tc 40C. Ira that condit-on, ethy=ene ~s:as
contih:ucusly ir_trod~aced into the autoclave cancer a gauge pressure of
7.0 kg/cm, and pclylnerized therein for 1 hou-. After the reaction, the
catal yst was deactievatethavtbsalspnl~g.crmuat 20famethasele randst e
non-reacted etl:~ylene was renoved by degassing th a autocl ave. The

reacti ong mpddye i as; RYErbRLenanlalas BARUAL af 1 BREhanel riand awashed with
it, and thereafter filtered and dried. As a fesult, 21.3 g of polyethylel~e
was obt aiyed,. .- catal yst.-aghi Wit $+90.7:(, K90l ~=i,zhr. ). yand the

bul k dengﬁgycogggﬁgﬁpgféngrggbo§5a¥3§g &2560}§§’%§%§é).0fcgﬁ%5 égfve
Exampl e =] ' The_ sape S - .n_Exanple 1 was repeated, except that

n~et hyl a %ﬂf'?o?gné gﬁgﬁgiJIS§ﬁBTBéen sL:b~i ected to tze insclub 1 a
conmponent renov ing Lr eatnment was used herein in place of the net:ayl al

um ncxane (a) prepared in ( 1) yn Exanpl a 1 . "_"he oll-Carrier ratio of
meLhyl ai um ncxane in the nmethy? &l <. hexar.e-cnrr_ying SiO- ca~.ricr
preparea herein was 6G 7 ~ of t sae-~gl,zt of Si O-. The alr~.ount. of

pol ypropyl ene [JrCdLI Cer” I~ERC/Il=~i~~s ~5, 0 g. T-:e CatSiySi _
acll."1t";%lviaS GL . 4 r~ i 0 MAR 2003 ( )'~clcr-:~r ~r ) .

P,egardi==g i.ts, ,snorpl:olo t: ~e ~~olyner, cbh~~a fined herein ~. ~as not
granularvhgn?l%oﬁ%aiﬂ%gmﬁﬁs'?ggps]%ﬁﬂﬁ?%ﬂﬁ eYal¥5 T OPhae 6§§¥%ar?reﬁ cat al yst
prepares; arid used uereir|l was ineffective for realjzing the |T~tended

bl yrrer ERRHOTE BGY. I T O 6 EXanpi® 23] CTRROSaVES Br 0cabs "885Fn Exampl e
1 eras repeated., In this, however, a toluene solution of nethylal um noxane
(1.5 r roRer I % 72 (520R Alfbendricer Vhas Odi FE¥LPS DR thae hatheg

subj ected to the solvent and insol ubl e conmponent renpvin eatnent, in

. tr
pl ace of "¢ HETRENYY at tmiShdxate *E4) 2 pr &pafBdc PR )21 ﬁnéfgﬁﬁl 1% he

on-careier_ratio_of methylal um noxane in the
met hyl al hrfithdxanGCEat Fy PGSt raT Ptk P d & %i6r 3171 WL oS 950Uy ¢ he
wei ght of

Si Oz.. The anmpount cf | ropyl ene produced herein was 19.0 g.
The cat Aty st REL TR 1 S G5 SCLYAUPGIS TRy, RaGHA g 4 SORRhol ogy
t he polyner,obtaineq,herein contained(sgn? a%gte ates and was :~gt good.
[ Conpar atit TEORXERSIe S8 STHE Ytre pr 6¢ESENEE VA FEREMFI @ el Fepéated. I n
t~~i s, however, a toluene solutiaon of nethylalu~njnox _ane (1.5 mols/liter,
from Al befhr PRY*HAS i FECEPY ds&d™Wit2R6he BEiNg s\jEtted EGCtheogolvent
and insol uble co nent renoving treatnment, i n place of tl:e
ot hyl al B7 Hox & () 5 @5t BT HIY 1907 7 HERRmPe 1L EAhe rilakft PEF ratio of
~r.ethyl a7..u: ni noxane in the rnethyl al umr~oxar,_e-carryi SIiC2 cai~ri er
pr epar ed*herEFT RS 75 % b P he Mprf\l fit méi"%ﬁ Bre SPRE %1 gﬁﬂe—ﬁe&t ‘pol yet h;

S ~l.eue r 1~ L= L
In the transiticnmetal compounds of formula (III) where
E' and E® each represent a cyclopentadienyl group, a substituted
cyclopentadienyl group, an incenyl group or a stbstituted

indenyl group, the bonding mcde of the crosslinking groups of

A' and A* may be of any type of double-crosslinking (1,17)(2,2")
or double-crosslinking (1,2') (2,1"). Of the transitionneta
cecmpounds of formula (III), preferred are those having a

double-crosslinked biscycicpentadienyl derivative as the



| U MAft LI~!'1,5 produced |.~erei:~ vas 6.2 g. 'The catal ~~st acti~: ~.t~y;
;.,~as 2C.4 ( kc/g-G ~l~r j , Gzd t~e bul:~ der:si ty of t:ue
~~-ol,,~me= ~~:~as. 0 . 15 (g/ cc) . I\TDUSTRIAL A ' PLI C~I LI TY T:~d 0 MAR 2003
al um ni um oxy conpound, the careier =or olefir_. polynerization catalysts,
and the catal yst conponent for olefin polynerization of the invention are
better than conventier_al transition.netal conpound-carryingcatal ysts, as
being able to increase t~~e catal yst activity to give ~zigh bul k-density
pol yners.lithese afe frayerabine o bl tkepodynmesiizat i gorevaporrophase

pol ynmeri zation, slurry polynerization, etc. JG 1 0 ~fAR 2003 CLAIM5S 1. A
carrier farrolgf.in polynerization catalysts, which conprises an

al um ni um oxy conpound obt ai ned through reacting an organoal um ni um
conpound with water and then renmoving a liquid fromthe obtained sol ution
of an al um ni um oxy conpound to give a dry sog%d, which is soluble in

hydr ocar bon sol vents and inmmhich t hgi1amount Rot t he or ganoal umi ni um
compound remaining is at myst 10 oy Wwei ght {as neasured through 1H NWR and
an inorgani c conpound havi ng nt el ected fromGoups 2 to
4 or Goups 12 to 14 of the e carrier fir olefin

pol ynmeri zation catal ysts, as 5 wher ei n the,iﬁgt ni c
conpound is an oxide. B. ‘ t conponeght r,.ol efin poPﬁ ri‘zation

whi ch conprises the carrier fm{ olefin p ynerizuﬁion catal ysts of claim1l
or 2 and a transition netal cEﬁbound.B 7 The catal yst conponent for olefin
pol yneri zation as clainmed in claim3/ rein the transition netal conpound
is selected fromGoup 4 or C}oupsxﬁ,to 1 ng the Periodic Table. 5. The
cat al yst conponent for olefin polynerization as clainmed in claim3 or 4,
wherein the transition nmetal conpound of Goup 9 of the Periodic Table is
any one selected fromtransition netal conpounds of the follow ng general
formulae“(1) to (I11): 60 ~ UMR 2003 Rgq RS x'- a2 3 R~2 ~\ rRs R6 v=

In formula (III-a), M}, A', A?, g and r have the same

meanings as above. X° represents a o-bonding ligand, and
plural X%'s, if any, may be the same or different, and may be
bonded to any of other X® or Y?. For specific examples of X°,
referred to are the same as those mentioned hereinabove for
X® in formula (III). Y? represents a Lewis base. Plural ¥?'s,
if any, may be the same or different, and may be bonded to any
of other Y? or X°. For specific examples of Y?, referred toc
are the same as those mentioned hereinabove fcr Y? in formula
(ITI). R* toReachrepresent ahydrogen atom, a halogen atorn,
a hydrocarben dgroup having from 1 to 20 carbon atoms, a
halogen-containing hydrocarben group having from 1 to 20 carbon
atoms, a silicon-containing group, or a hetero atom-containing
group, but at least one of them must not be a hydrogen aton.

R*® to R* may be the same or different, and their neighbcring

(O8]
(Y



Rs R2 R~ (11 \RJ R6 wlThere R to R6 each independently represent EHngm@gen
atom a hal ogen atom a hydrocarbon group having from1l to 20 caf

or a hal ogen-cont ai ni ng hydrocarbon group having from1l to 20 carbon atons;
the groups of at |east one pair of R3 and Ry, RO and R5, and RS and RG may
be bonded to each cthe~ to forma ring; X1 and XZ each independently
represent a hydrogen. atom a halogen atom or a hydrocarbon group having
from1l to 20 carbon atons; Yl is a divalent crosslinking grcup via which
the two Lirgapdsmakebbondadetio teaehcat berherr epr €sent kngiachydrocarbon group
having from1 to 20 carbon atons, a~ hal ogen-cont ai ni ng hydrocarbon group
having from 1 te,2Gicar beRn8teaBy ansiAi congRNRIN RgvERgUPsu@h  a

ger mani um cont ai ni ng group, a tin-containing group, -O, -CO, -S-, -S02-,
“NR -, - BRynil 6ROk Ruxed BR 5 9F psérﬁ £y 1 epresents R hé(QrCtgFé" atom a
halogen atonleachyg oégrgon gr%ug %P In ?%on%l to 20 carbon atons, or a

hal ogen- ?98 nlqgmpygfgggéb%ﬁvgrqyp ? beg(%;oql% iqug,ganggﬂq;pns; ML

represents énlun1 Zirconi unmro i um BAR R16 ~1'J ~
13 Y Rlo 0 R’ j ML' X3/ X 18, X3 and. X

ir ~depeﬁﬁ§ﬁ?ﬁﬁq}§8rQESnFraahQE gggﬂﬁ ﬁ?dgL §Fo§§ﬁsﬁf6q‘r ﬁyﬁrocarbon
group having fr rbon ato a h en-containir ocar bon
group havi ng frgﬂ?ilﬁbcéﬁgﬁﬁ} gtBW£%”§”§FﬁF6%hm@%ﬁ%a?%?%ﬁug dﬁ{
oxygen-cant ai ni ng rou a su| fur-containin oup a nltro en contalnlng
group, Oémﬁﬁéspthug cont’ i grﬁug‘ %éﬁéf 1\ %’égmﬁ's and R1G
may be bonded to each other to forma ring; X q¥each i ndependent |y
repr esenPig (ARAGGER éﬂ6ﬁ?néuﬁydr%t%9%%%%%@oup %%0%n MRt ¢ 20 Tar bon
atons, a hal ogen-cont ai ni ng hgdrocarbon group I:av~-ng from1l to 20 carbon
atons, ac5PViLesf) cBABALAPREYYY 8t CORAUBXy gen JdEREAIMIORg gr ouplld’ -

sul fur- conta|n|ngﬁqroup a n|trogenconta|n|ng roup, cr a

phosphor isLegAearnildg2graapnyy¥enps —is (1ndenyl]zirconium
dichloride, {1,2’ -methylene) (2,1’ ~-methylene) -
bis(indenyl)zirconium dichloride, (1,17 -

isopropylidene) (2,2’ -isopropylidene)~bis (indenyl)zirconium

dichloride, (1,2’ -isopropylidene) (2,1’ -isopropylidene) ~
bis(indenyl) zirconium dichloride, (1,1’ -ethylene) (2,2’ -
ethylene)-bils(3-methylindenyl)zirconium dichloride, (1,2'-

ethylene) (2,1'-ethylene)-bis(3-methylindenyl)zircenium

dichloride, (1,1'"-ethylene) (2,2"~-ethylene)-bis (4,5~
benzoindenyl)zirconium dichloride, (1,2'-ethylene) (2,1'~
ethylene)-bis (4, 5-benzoindenyl) zirconiun dichloride,

(1,1'-ethylene) (2,2'~-ethylene)bis (4-

isopropylindenyl) zirconium dichloride, (1,2'-
ethylene) (2,1'-ethylene)-bis(4-isopropylindenyl) zirconium
dichloride, (1,1'-ethylene) (2,2'-ethylene)-bis (5, 6~

dimethylindenyl)zirconium dichloride, (1,2'-

~J

L



TDP\lf-\ 2

di val ent crosslinking group vi a which the two |ligands are bonded to ea ch
ot her, representing a hydrocarbon group having from1l to 20 Carbon atons, a
hal ogen-cciitaining hydrocarbon group having from1l to 20 carbon atons, a

silicon-containing 62 R12 ~, il R 15 Q19 1 0 MAR 2003 group, a
germani um contaioirg croup, a tin-centain~i~g group, -C, -C-, -S-, -S0~-,
-T~n~, -Ff,'-, -F10) R-, -BF.'"- or -~1F~; R represents a hydrogen

atom a hal ogen atom a hydrcca~bcn group having from~ to 20 carbon atons,
or a hal egén-leont) di2nilng chydl.ecan bbh sgbovp dhaeirhg lindmli o 2Cooaubon at ons;
ML represents titanium zirconiumcr hafnium E~ A2" ~-MIMb YZ,- (I 1 1 ) g
E where Nicrepresents titani umi zdtgonidi)or? haf-nduglehk and sE2, gach

represent a ligand selected froma cyc~ oper.tadie?zyl group, a substituted

cycl openyadiseRylgnouRendn ) izndenyk ygroup, agsuhstiied ed i ndenyl, 2group, a
heterocyclopentadlenyl group, a substituted heterocyclopentadlenyl group,

a: ~ am dggroup aszOs hde gLoup; 4hydrocarbon group and a
silicor -ccﬁtaPﬁ|r~g gr%gpg 5 g E Sq forma crosslinked structure via Al

and A2, gngbvo gggnalszﬁeg%ngﬁmdlffereg;chf§v{§gresents a, g-bondi ng

| i gand, an prur be the sane or different, ‘and may be
crossI|r~ d mnth n of ther X5, LE resents a Lew s
base, V&Fﬁﬁ’ % 2’ § eQe’nﬁy Bé Pﬁ&ngéﬁEHSPyéFF "and may be

c~~ossI| ked w t.h any of ot her Y. 2 or y _each ,are a
dlvalentQ&Foégr %ﬁYC ng group Vlé’mﬁ%hgiﬂﬂ§tKéfi' 3PM §q§Re%B5ﬁ6ed to each
other regres;ntlngy nggge&goqjgégﬂgrhggjng ngnm%hyﬁezc c%rgqn a~~cns,
ethylene)-bis (3-methyl-4-isopropylindenyl) zirconium
dichloride, (1,2'-ethylene) (2,1'-ethylene)-bis(3-methyl-4-

isopropylindenyl) zirconium dichloride, (1,1'-

ethylene) (2,2"'-ethylene)-bis (5, 6-benzoindenyl)zirconium

dichlorice, (1,2'-ethylene) (2,1'-ethylene)-bis (5, 6~-
benzoindenyl) zirconium dichloride, (1,1'-ethylene) (2,2'~
isopropylidene)-bis (indenyl)zirconium dichloride, (1,2 -

ethylene) (2,1’ ~isopropylidene) -bis (indenyl) zirconium

dichloride, (1,1’ ~-isopropylidene) (2,2’ —ethylene) -
bis(indenyl)zirconium dichloride, {1,2"-methylene) (2,1’ -
ethylene)-bis (indenyl)zirconium dichloride, (1,1~

methylene) (2,2’ ~ethylene)-bis(indenyl)zirconiumdichloride,

(1,1 -ethylene) (2,2’ -methylene) ~bis (indenyl) zirconium

dichloride, (1,1 -methylene) (2,2’ -isopropylidene] -
bis(indenvl)zirconium dichloeorice, (1,2’ -methylene) (2,1’ -
isopropylidene)~-bis(indenyl)zirconium dichloride, (i,1"~

iscpropylidene) (2,2’ -methylene)-bis (indenyl)zirconiun



hal cgeo-co: ~td nl nC rydrocarLen group rm~~:ing from1l to 20 carbon al oes,
a 51~.1CC1':-CC.Itc.ll:1:~g grQUp, ~ gerTlanlu:"-Colitalnlng gmq%mqgﬂ
tir.~-containing group, -0-, -CO, -S, -SCE-, -1~IR -PR -,

-BR - cr -Al R-, arld they may be the sankt or differel~t; R represents a
hydrogen atom a hal ogen atom a hydrocarbon group raving from1 tc 20
carbon atons, cr a hal ogen-containi ng hydrocarbon group having from1l to 20
carbor_ atoms; c represents an integer of froml1l to 5 equaling tc [(atomc
val ency efchtbrlide,2]; and r repnesenrte caylienteger, 20f-rkromlento (3~ (. The
catal yst conmponent for olefin polynerization as clainmed in claim4~ wherein

the trangithon Je t@bcﬁ@a89uﬂglpfc§%9@§§r8d&0eﬁ91pﬁ thenReri odic Table has a
di I m ne conpouné as the ligand. 7. A catalyst conmponent for olefin

pol yrer | é@tmemy@' ch @10ripr'l%%%rto%w%ta%'ey%tz @om%%mowquadah%f n_
polynerlzatlon of any one of clains arid an organoalunlnlum

conpound,, Fg? §9n18§58£99gg&ﬂ818§%M? §§%§§1f%h£88n98ﬂp5 I ces

polyner|2|ng & pr ySt “corr~por~ent for
Ok?;'glp§@¥gﬁr a;‘i? lea2é3qnep%%D%h%hene) 5C“‘ “%%vllde1e)(3—
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&E. A A& RYTREICAG2OREDT HE“)&%L AGF LOARE %@E@A@ A FRU SRR, A59. AGE. A82. AaE

DAL A A@. A2. A&S. A2. A& A, . A&N. A2. A&Y. A. f. A(2. AY9. ALR Aa: O0n045 nQC
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(" #. #. pebhydepel(2p45-pethylene) -bis (
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LL(L#. #. 2>x?8<<~?~>p<p<ppp8888ppx8888<4 :}>445 >C
A4( A#. #. Eﬁﬁﬁﬁéﬁﬁﬁé@BﬁBSSé@SbBé 8820?P8%$x9|xﬁbugvh@agnyo<>sod4 1't45 C
tt(t# # <| Xx8ppx p<x0p?>>x<???<pyp8 x < x " ° 00 ?2°? 70 < x 0 < ?2?2<kp<xp<
<X>8p isopropylidene) (2,2'-isopropyiidene) - s (3-

MNJ347DVWe uoj e [V]ca]ca]ca]ca]cTa]cTAa]ca]ca]calca]ca]ca]cAa]ca]ca]ca]ca]c
a] ca] ca] safbalcalloapeapeapera) earecnlen] cal cdj-calirgbde,

<p8p < pOp8p82<pp0’ > | * " 8p0<| <x>x " >8| >
8F§PEFQR8 f@§n®b5?b§bar|pxx7><<xp|<?| p88" <~0p8x?08| 8

ethyiene) (2,2'~methylene)~bis (3,4~
dimethylcyclopentadienyl)zirconium dichlorice, (1,1~
ethylene) (2,2'-isopropylidene) -bis (3, 4-
dimethylcyclopentadienyl)zirconium dichloride, (1,1'-

methylene) (2,2"'-methylene) ~bis (3, 4-
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like or in a hydrocarbon such as pentane, hexane, heptane,
toluene, xylerne cr the like. Contacting them with each other
may be effected at temperatures at which monomers are
polymerized to give polymers, or even at temperatures falling
between -30°C and the boiling point of the solvent used, but
is preferably effected at temperatures falling between room
temperature and the beoiling pcint of the solvent used.

On the other hand, the transition metal ccmpounds of
Groups 8 to 10 of the Periodic Table for use herein are not
also specifically defined, and various types of transition
netal compounds fallingwithin the range are employable herein.
Preferred are these having a diimine compound as the ligand.
They include, for example, complex comwounds of a general

formula (VII):
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wherein R> and R™ each independently represent an aliphatic
hydrocarbon group having from 1 to 20 carbon atoms, o¢or an
aromatic group having a hydrocarbon group on the ring ard having
from 7 to 20 carbon atoms in total; R* and R>® each independently
represent a hydrogen atom, or a hydrocarbon group having from
1 to 20 carbon atoms, and R and R** may be bondec tc each other
to form a ring; X and Y each independently represent a hydrogen
atom, or a hydrocarbon group having from 1 to 20 carbon atoms;
and M? represenrts a transition wmetal of Groups 8 to 10 of the
Pericdic Table.

In formula (VII), the aliphatic hydrocarbon group
having from 1 to 20 carbon atoms for R*' and R* may be a linear
or branched alkyl group having from 1 to 20 carbon atoms or
a cycloalkyl group having from 3 to 20 carbon atoms, concretely
including a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl ¢group, a tert-butyl group, a pentyl group, a hexyl
greup, an cctyl group, a decyl group, a tetradecyl group, a

hexadecyl group, an octadecyl group, a cyclopentyl group, a
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of the cycloa’kyl group, a sultable substituent such as a lower

alkyl ¢group may be introduced. The aromatic grou;; having a

hydrocarbcen group on the ring and having from 7 tc 20 carbon

atoms 1n total includes, for example, phenyl and naphthyl

groups with at least one lirear, branched or cyclic C1-10 alkyl

group being on the aromatic ring. For R* and R*, preferred

is an aromatic group having a hydrocarbon group on the ring,

and especiallypreferredis a2, 6~diisopropylphenyl group. R

and R* may be the same or different.

The hydrocarbon group havirg from 1 to 20 carkon atoms

for R* and R*® includes, for example, a linear or branched alkyl

group having from 1 to 20 carbon atoms, & cycloalkyl group

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

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

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

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

having from 3 to 20 carbon atoms for R’ arnd R*}, referred to

are those of the C1-20 aliphatic hydrocarbon group mentioned

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

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

group, a xylyl group, anaphthyl group, a methylnaphthyl group,

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

incluces, for example, & benzyl group, a vhenethyl grcup, etc.

R’! and R* may be the same or different, and may be bonded to

£3
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hydrocarbon group mentioned hereinabove for R*? and R*. For
X and Y, preferred is a methyl c¢roup. X anc Y may be the same
or different.

The transition metal of Groups 8 to 10 of the Periodic
Tablefoerincludes,forexample,nickel,palladium,platinum,
ircon, cobalt, rhodium, ruthenium, etc. Preferred are nickel

and palladium.

Specific examples of the complex compcunds of formula

(VII) are compounds of the following formulae (1], [2], (3],
(1, (51, (e}, (71, (81, (9], (107, [11] ancd [12], etc.
(CH;) ,CH CH (CH,4) , (CH3) ,CH CH(CH;3)
\ CH
N _cH, N—N-.__cH,
T ,’Nl\ T ,le\
N” CHj CH: N” CHy
3
(CHz) ,CH CH(CHj3) , (CH,) ,CH CH (CH,),

/l
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n the invention, one or more of the complex compounds

noted above may be used either singly or as combined.
Contacting the carrier for olefin polymerization
catalysts and the complex compound may be effected in an inert
atmosphere of nitrogen gas or the like or in a hydrocarbon such
as pentane, hexane, heptane, tcoluene, xylene or the like.
Contacting them with each cther may be effected at temperacures

at which monomers are polymerized to ¢ive polymers, cr even
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of the solvent used, bJL.HSprelefablY(:fib ted at Lemperatures
falling between room temperature and the boilling point oI the
solvent used.

In the invention, if desired, the carrier fcr cliefin
polymerization catalysts and the complex compound may ke
ultrasonically contacted with each other to give the catalyst
component for olefin polymerization. Ultrasonic waves used
could improve the efficiency in contacting the carrier and the
transitionmetal compound, whereby the catalyst produced could
have much more improved activity. This wi1ill be because the
reaction between the transition metal compound and the carrier
could be effected in the deeper area owing to the acticn of
the ultrasonic waves used. The mode of applying ultrasonic
waves to the components 1is not specifically defined. For
example, they may be appiied to either the carrier or the
complex compound, or to both the two, the carrier and the
complex compound. Ultrasonic waves may be applied theretoc
twice or more in the series of the reaction. The ocutput of
the ultrasonic waves to be employed may fall between 1 and 1000
kHz, but preferably between 10 and 500 kHz.

4. Method of producing polyolefins:

The method of using the polymerization catalyst along

with an organcaluminiuvm compound for polyolefin production cf

the invention i1s favorable to homopolyrerazacion of olefins
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and/or other monomers {that is, copolymerization of differenc

types of olefins, or copclymerizatlon of clefins with other

monomers, or copolymerization of different types of olefins

with other monomers).

The organcaluminium compounc includes, for exawmple,

linear aluminoxanes of formula (IV), cyclic aluminoxanes of

formula (V) and alkyl group-having aluminium compcunds of

formula (VI).

Concretely, i1t includes trialkylaluminium compcunds

such 2s trimethylaluminium, triethylaluminium,
tripropylaluminium, triisobutylaluminium, tri-n-
butylmethylaluminiumn, triisobutylaluminiumn, tri-sec-
butylmethylaluminiumn, tri-tert-butylmethylaluminrium,

tripentylaluminiumr, trihexylaluminium, trioctylaluminium,

tridecylaluminium, tricyclohexylaluminriumn,
tricyclooctylaluminium, etc.; halogen-, alkoxy group- or

hycroxyi group-having alkylaluminium compounds

such as

dimethylalumninium chloride, diethylaluminium chloride,

ethylaluminium sesquichloride, dimethylaluminium methoxide,

diethylaluminium wmwethoxide, dimethylaluminium hydroxide,

diethylaluminium Thydroxide, etc.; hydrcgen atom-having

aluminium compounds such as dimethylaluminium hydride,

diisobutylaluminium hydride; aluminoxanes such as

methylaluminoxane, etnvlaluminoxane, iscbutylealuminoxane,
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more preferred is triisobutylaluminium.
In the invention, one or more of those organca_urinium
corpounds noted above may be used either singly or as cormbined.
The olefins are not specifically defined, but preferred
are a-olefins having from 2 to 20 carbon atoms. The a-olefins
include, for example, a~clefins such as ethylene, propylene,
l-butene, 3-methyl-L-butene, 4~methyl-l-butene, 4-phenyl-
l-butene, 1l-pentene, 3-methyl~-l-pentene, 4-methyl-1l-pertene,
3,3~dimethyl-1-pentene, 3,4~dimethyl~1-pentene, 4, 4-
dimethyl-l~-pentene, l-hexene, 4-methyl-l-hexene, 5-methyl-
l-hexene, 6-phenyl—~l-hexene, 1l-octene, l-decene, 1l-dodecene,

l-tetradecene, l-nhexadecene, l-octadecene, l-eiccsene,

vinylcyclohexane, etc.; halogen-substituted a-olefins such as

hexaflucropropene, tetrafluoroethyléne, 2~-fluoropropene,
fluoroetaylene, 1,1-diflucroethylene, 3-fluoropropene,
trifluorcethylene, 3,4-dichloro-1l-butene, etc.; cyclic

olefins such as cyclopentene, cyclohexene, norbornene, 5-
methylnoroornene, S-ethylnorbornene, S-propylnorbornene,
5,6~dimethylnorbornene, 5-benzylnorbornene, etc. Styrenic
compounds are also usable as olefins herein. They include,
for example, styrene; alkylstyrenes such as p-methylstyrene,
p-ethylstyrene, p-propylstyrene, p-isoprepylstyrene, p-

butylstyrene, p~tert-butylistyrene, p-phenvlstyrene, o-

methylsiyrene, o-ethylstyrene, o-propyistyrene, o=
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iscpropylstyrene, m-butylstyrenre, mesliy-styrene, 2, 4=
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dimethylstyrene, 2,t~-dimethylstyrene, 3,5-dimethylstyrene,
etc.; alkoxystyrenes such as p-methoxystyrene, o-
methoxystyrene, m-methoxystyrene, etc.; halogenostyrenes
such as p-chlorostyrene, m-chlorostyrene, c¢-chlorostyrene,
p-bromcstyrene, m-bromostyrene, o-bromostyrene, p-
fluorostyrene, m-fluorostyrene, o-fluorcstyrene, o-metnyl-
p-flucrostyrene, m-fluorostyrene, o-fluorostyrene, o-
methyl-p-fluorcstyrene, etc.; andalso trimethylsilylstyrene,
vinylbenzoates, divinylbenzene, etc. The other olefins to be
copolymerized may be sultably selected frem the olefins noted
above.

In the invention, o¢ne or more olefins may be
homopolymerized or copclymerized either singiy or as combired.
Where two or more different olefins are copolymerized, the
olefins noted above may be combined in any desired manner.

In the invention, clefins such as those mentioned above
may be copolymerized with any other comonomers. The
comoncmers include, for examole, linear diolefins such as
butadiene, isoprene, 1,4-pentadiene, 1,5-hexadiere, etc.;
polycyclic clefins such as norbornene, 1,4,5,8-dimethano-

1,2,3,4,4a,5,8,8a-octahydronaphthaiene, 2-norbornene, etc.;

w
|

cyclic diolefins such as norbornadiene,

ethylidenencrbornene, S-vinvlnorbornene, dicyclcpentadiene,
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methacrylate, efc.

The mode of clefin polymerizaticn is not specifically
defined, and hereir employable is any desired pclymerizaticn
mode of slurxry polymerization, solution polynerization,
vapor—-phase polymerization, bulk polymerization, suspension
polymerization or the like.

Solvents may be used in polymerizaticn. They include,
for example, hydrocarbons and halcgenchydrocarbons such as

benzene, toluene, xylene, n-hexane, n-heptane, cyclchexane,

chlcromethylene, cnloroform, 1,2-dichlozoethane,
chlorobenzene, etc. One or rmore such solivents may be used
either singly or as combined. Depending on their type,

monomers to be polymerized may also serve as solvents.

In view of the catalytic activity for polymerization
and of the reactor efficiency, it is desirable that the amount
of the catalyst to be in the polymerization system is sc
controlled that the transitionmetal catalyst comporent could
fall generally between 2 and 100 umols, but preferably between
7 and 25 pumo.s, in one liter of the solvent 1in the system.

Regarding the polymerization condition, the pressure
may fall generally between ordinary pressure and 2000 kg/cm®G.
The reaction temperature may fall generally between -5C and
250°C. For controlling the molecular weight of the polymers

to be produced, the type and the amount of the catalyst
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be suitakly selected. 1If desired, hydrogen may be introduced

into the polymerization system for that purpose.

Tre invention is described inmore detail with reference
to the following Examples and Comparative Examples, which,
however, are not 1ntended to restrict the scope of the
invention.

[Example 1]
(1) Prepzration of aluminium-oxy compound:

Methylalumoxane was used as the starting aluminiuvi-
oxy compound. 1.0 liter of a solution of methylalumcxane in
toluene was prepared (having a concentrationof l.5mols/liter,
and containing 14.5 8% by weicht ¢f trimethylaluminium from
Albemarle) was prepared. The solvent was evaporated away frcom
this under a reduced pressure (10 mmHg) at 60°C to give a dry
solid. In this condition, the dry solid was left for 4 hours,
and then cooled to room temperature. Thus was obtalined
dried-up mnethylalumrinoxane. This was again dissoived in
dewatered toluene so that its volume could be the same as the
original volume having contained the solvent. The resulting
solution was subjected to ‘H-NMR to measure the
trimethylaluminium content of methylalumincxane, and the
content was 3.6 % by weight. On the other hand, the total

aluminium content of the soluticn was mneasured through

fluorescent X-ray analysis (ILCP), and was 1.32 mols/liter.

N
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out. Nexbt, <the
resulting supernatant was filtered through a G5 ¢lass filter
in a nitrogen atnosphere, and the filtrate of the supernatant
was recovered. Thus was cbtained methylalumoxane (a) of the
intended aluminium-oxy compound. Thrcough IC?, this was found
to have a concentration of 1.06. In the process, 1.9 % by
welght of organcaluminium and 17.3 % by weight of the insoluble
ccmponent were removed from the product.
(2) Preparation of carrier for olefin polymerization
catalysts:

27.1gof 810, (P-10 fromruji Silicia Chemical) was dried
under reduced pressure at 200°C for 4.0 hours in aminornitrogen

stream to obtain 25.9 g of dry $Si0,. The dxry $i0; was put into
40C ml of dewatered toluene (this was previously cooled to -78°C
in a dry ice/methanol bath), and stirred. Withstirring, 145.5
ml of the toluene solution of methylazlumoxane (a) prevared in
above (1) was dropwise added to the resulting toluene
suspension of Si0;, via a drepping funnel, and the time taken
until the complete addition was 2 hours.

Next, this was stirred for 4.0 hours, then heated from
~-78°C up to 20°C over a period of 6.0 hours, and thereafter left
as such for 4.0 hours. Next, this was further heated from 20°C
up to 80°C over a periocd of 1 hour, and left at 8C°C for 4.0

hours whereby the reaccion beltween silica and

jal
Py
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twice with 400 ml of dewatered toluene at 60°C and then twice
with 400 ml of dewatered n-heptane at 60°C. The thus-washed
solid was dried under reduced pressure at 60°C fcr 4.0 hours
to obtain 33.69 g of methylaluminoxane-carrying $i0;, which
serves as a carrier for olefin polymerization catalysts. The
on-carrier ratio of methylaluminoxanre was 30.1 % per gram of
S510;.

Dewatered n-heptane was added to the whole of the
thus-obtained, methylaiuminoxare-carrying $10; tomake a tctal
volume of 500 ml. The resulting suspension had =&
methylaluminoxane concentration of 0.27 mols/liter.

(3} Preparation of catalyst component:

As a transitionmetal compound of Group 4 of the Periodic
Takble, herein used was rac-Me;Si (2-Me-4-?hiInd),ZrCl, (chemical
name: dimethylsilanediyl-bis-1-(2-methyl-4-
phenylindenyl)zirconium dichleride). 2.0 mmcls (7.41 ml) of
the methylaluminoxane-carrying SiC, prepared in above (2 was
put into a 50-ml cortainer having been purged with nitrogen,
to which was added 20 ml of dewatered toluene, and stirred.
To the resulting suspensicn, added was 0.2 ml (2.0 pmols) of
a toluene solution of rac-Me,Si(2-Me-4-PhInd).2rCl, (10
mumols/ml), and further stirred at room temperature for 0.5

hours. Next, stirring was stopped, and the solid catalys:
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solution was removed through cdecantation,

{

heptane was adcded tc the residue. Thus was obtained an
Si0,-carried metallocene catalyst slurry.
(4) Polymerization of propylene:

A 1.4~liter, stzinless, pressure autoclave equipped
with a stirrer was heated at 80°C, and then fully dried under
recduced pressure. This was restored to have an atmospheric
pressure with dry nitrogen, and cooled to room temperature.
Next, 400 ml of dry, oxygen-free n-heptane and 0.7 mmcls of
triisobutylaluminium (in toluene) were put intc the autoclave
in a dry nitrogen atmosphere, and stirred at 500 rpm. After
having been heated up to 50°C over a period of 5 minutes, this
was further stirred for 5 minutes. To this was added the
Si0;-carried metallocene catalyst prepared in above (3), and
heated up to 60°C. In that condition, ovprcpylene was
continucusly introduced into the autcclave under a gauge
pressure of 7.0 kg/cm?, and polymerized therein for 1.5 hours.

After the reaction, the catalyst was deactivated with
a small amount of methanol, and the non-reacted propylene was
removed by degassing the autoclave. The reaction mixture was
put into a large amount of methanol and washed with it, and

thereafter filtered and dried. As a result, 182.8 g of

w
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[Example 2]

The same process as 1n Example 1 was repeated, except
that S10, was dried at 150°C but not at 200°C in the step (2)
of preparing the carrier for olefin polymerization catalysts.
As a result, the on-carrier ratio of methylaluminoxane of the
carrier obtained hereinwas 70.0 % per gram of S10,. The amount
of polyprcpylene produced herein was 179.0 g. The catalyst
activity was 654.2 (kg/g-Zrhr), and the bulk density of the
polymer was 0.38 (g/cc)

[Example 3]

The same process as in Example 1 was repeated. In this,
however, the compound of formula [11] (4.0 upmols) (this is a
transition metal compound of Groups 8 to 10 of the Periodic
Table) was used in the step (3), in place of the transition
metal compound of Group 4 of the Periodic Table, rac-
Me,S1i (2-Me-4~-PhInd),Z2xCl, (2.0 umols) used in Example 1. Thus
was obtained an Si0,-carried metallocene catalyst slurry (b).

A 1.4-liter, stainless, pressure autoclave equipped
with a stirrer was heated at 80°C, and then fully dried under
reduced pressure. This was restored to have an atmospheric
pressure with dry nitrcgen, and ccoled to room temperature.

Nexl, 400 ml of dry, oxygen-free toluene and 0.7 mrnols of
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was further stirred for 5 minutes.

To this was addec the catalyst (b), and heated up tc
40°C. 1In that condition, ethylene was continucusly irtroduced
into the autoclave uncder a gauge pressure of 7.0 kg/cm’, and
polymerized therein fcor 1 hour.

After the reacticn, the catalyst was deactivated with
a small amcunt of methanol, and the non-reacted ethylene was
removed by degassing the autoclave. The reaction mixture was
put into a large amount of methanol and washed with it, and
thereafter filtered and dried. As a result, 21.3 g of
polyethylene was cbtained. The catalyst activity was 90.7
(kg/g-Ni-hr), and the bulk density of the polymer obtained was
0.37 (g/cc).

[Comparative Example 1]

The same process as in Example 1 was repeated, except
that methylaluminroxane not having been subjected to the
inscluble component removing treatment was used herein inplace
of the methylaluminoxane (a) prepared in (1) in Example 1. The
on-carrier ratio of methylalumincxane in the
methylaluminexane-carrying Si0O, carrier preparea herein was
69.7 % of the weight of Si0;. The amount of polypropylene

producec herein was 25.0 g. The catalyst activity was 91.4
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The on-carrier catelyst prepared and used nerein was
ineffective for realizing the intended polymer mcrphology.
[Comparative Example 2]

The same process as 1in Example 1 was repealted. In this,
however, a toluene solution c¢f methylaluminoxane (1.5
mols/liter, from Albemarle) was directly used without being
subjected to the solvent and insoluble component remcving
treatment, in place of the methylaluminoxane (a) prepared in
(1) in Example 1. The on-carrier ratio of methylalumincxane
in the methylaluninoxane-carrying Si0, carrier prepared herein
was 7.5 % of the weight of Si1i0;. The amount of polypropylene
produced herein was 19.0 g. The catalyst activity was 69.5
(kg/g-Zr-hr). Regarding its morpholcogy, the polymer obtained
herein contained some aggregates and was not gcod.
[Comparative Example 3]

The same process as in Example 3 was repeated. 1In this,
however, a toluene solution of methylaluminoxane (1.5
mols/liter, from Albemarle) was directly used without being
subjected to the solvent and insoluble corponent removing
treatment, in place of the methylaluminoxane (a) prepared 1n
(1) in Example 1. The cn-carrier ratio of methylaluminoxane
in the methylaluminoxane-carrying SiC, carrier prepared herein

was 7.5 % of the weight of 5i0:;. The amount of polyethylene
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INDUSTRIAL APPLIC]

The aluminium-oxy compound, the carrier for olefin
polymerization catalysts, ana the catalyst component for
olefin polymerization of the invention are better than
conventional transitionmetal compound-carrying caetalysts, as
being able to increase the catalyst activity to give nhigh
bulk-density polymers. These are favorable to Dbulik
polymerization, vapcr-phase polymerization, slurry

polymerization, etc.
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the organoaluminium compound remaining is at most 10
weight as measured through 'H~NMR and an inorganic compound
having at least one element selected from Groups 2 to 4 or

Groups 12 to 14 of the Periodic Table.

2. The carrier for olefin polymerization catalysts
as claimed in claim 1, wherein the inorganic compound is an

oxide.

3. A catalyst component for olefin polymerization,
which comprises the carrier for olefin polymerization

catalysts of claim 1 or 2 and a transition metal compound.

4. The catalyst component for olefin polymerization
as claimed in <claim 3, wherein the transition metal
compound is selected from Group 4 or Groups 8 to 10 of the

Periodic Table.

5. The catalyst component for olefin polymerization
as claimed in claim 3 or 4, wherein the transition metal
compound of Group 4 of the Periodic Table is any one
selected from transition metal compounds of the following

general formulae (I) to (III):
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where R* to R® each independently represent a hydrogen atom,
a halogen atom, a hycdrccarbon group having from 1 to 20 carbon
atoms, or a halogen-containing hydrocarbon group having from
1 to 20 carbon atoms; the groups of at least one pair of R’
and R*, R’ and R®>, and R® and R® may be bonded to each cther to
form a ring; X! and X? each independently represent a hydrogen
atom, a halogen atom, or & hydrocarbon group having from 1 to
20 carbon atcms; Y' is & divalent crosslinking group via which
the two ligands are bonded to each other, representing a
hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from1l te 20 carbon
atoms, a silicon-containing group, a germanium-containing
group, a tin-containing group, -0-, -CO-, -S-, -S0,—, -NR'-,
~-PR’-, -P(0)R’-, =BR’- or -A1R'-; R represents a hydrogen atom,
a halogen atom, a hydrocarbon group having from 1 to 20 carbon
atoms, or a halogen-containing hydrocarkon group having from

1 to 20 carbon atoms; M' represents titanium, zirconium or

hafrniium;
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where R? to R*®, X® and X’ each independently represent a hydrogen
atom, a halogen atom, a hydrocarbon group havaing from 1 to 20
carbon atoms, a halcgen-containing hydrccarbon group having
from 1 to 20 carbon atoms, a silicon-containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, or a phosphorus-containing group;
R and RY, as well as R*® and R!'® may be bonded to each other
to form a ring; X* and X! each independently represent a halogen
atom, a hydrocarbon group having from 1 to 20 carbon atoms,
a halogen-containing hydrocarbon group having from 1 to 20
carbon atoms, a silicon-containing group, an oxvygen-
containing group, a sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y' is a
divalent crosslinking group vie which the two ligands are
bonded to each other, representing a hydrocarbon group having

from 1 to 20 carbon atoms, a halogen-containing hydrocarbon

grcup having from 1 to 20 carbon atoms, a silicon-containing
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group having from 1 to 20 carbon atoms, or a halogen-containing
hydrocarbon group having frocm 1 to 20 carbon atoms; M

represents titanium, zirconium or hafnium;

At 2 /Mzquer (IT1)

\

A

J

E

where M' represents titanium, zirconium or hafnium; =' and E?
each represent a ligand selected froma cyclopentadienyl group,
a substituted cyclopentadienyl group, an indenyl group, a
substituted indenyl group, a heterocyclopentadienyl group, a
substituted heterocyclopentadienyl group, an amido group, a
phosphido group, a hydrocarbon group and a silicon-centaining
group, and they form a crosslinked structure via A' and A?, and
) they may be the same or different; X° represents a o-bonding
ligand, and plural X’’s, if any, may be the same or different,
and may be crosslinked with any of other X°, E!, E? or Yv%; Y2
represents a Lewis base, and plural Y¥'s, if any, may be the
same or different, and may be crosslinked with any of other
Y?, E', E? or X°; A* and A? each are a divalent crosslinking group
via which the two ligands are bonded to each other, representing

a hydrccarbon group having froem 1 to 20 carbon atcms, a
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group, a tin-containing group, -0-, -CO~, -S-, -SC;-, -NR'-,
-PR’-, -P(0)R’-, -BR’- or -AlR’-, and they may be the same or

o

different; R’ represents a hydrocen atom, a halogen atom,
hydrocarbon group having from 1 to 20 carbon atems, or a
halogen-containing hydrocarbon group having from 1 to 20 carbon
atoms; ¢ represents an integer of from 1 to 5, equaling to
[ (atomic valency of M') - 2]; and r represents an integer of

~

from 0 to 3.

6. The catalyst component for olefin polymerization as
claimed in claim 4, wherein the transition metal compound of
Groups 8 to 10 of the Periodic Table has a diimine compound
as the ligand.

7. A catalyst component for olefin polymerization,
which comprises the catalyst component for olefin
polymerization of any one of clainms 4 to 6 and an

organcaluminium compound.

8. A method for producing polyolefins, which comprises
peclymerizing olefins in the presence of the catalyst component

for olefin polymerizaticn of any one of claims 3 to 7.
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