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The present invention relates to a novel aluminium-
oxy compound, a carrier for olefin polymerization catalyst
comprising the aluminium-oxy compound, a catalyst component
for olefin polymerization, and a method for producing
polyolefins. More precisely, it relétes to a novel
aluminium-oxy compound having high polymerization activity
and capable of giving polyolefins with good polymer morphology,
a carrier for olefin polymerization catalysts comprising the
aluminium-oxy compound, a catalyst componenﬁ for olefin
polymerization, and a method for producing polyolefins.
BACKGROUND OF THE INVENTION

In the field of polyolefin production, forwarded is the
development of <catalyst systems applicable to bulk
polymerization, vapor-phase polymerization, slurry
polymerization and others, for catalysts with transitionmetal
compounds, typically IV Group transition metal compounds
carriedon inorganic porous carriers (thesewill be hereinafter
referred to as transition metal-carrying catalysts).

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

development of high-activity catalysts capable of giving high



carried on inorganic porous carriers (these will be hereinafter referred
to as transition netal-carrying catalysts). The pol ynerization systens
require high polymerization activity and good pol yner norphol ogy, for
which is desired the development of high-activity catalysts capable of
giving high 1 bulk-density polyolefins. On the other hand, it is known that
al um ni um oxy conpounds, especially methylal uroxane are useful pronot ers
for netal |l ocene catalysts. For exanple, various techni ques of producing
on-carrietlkatiahysty paveobeénndi.scl osed, for exanple, using a solution of
met hyl al unoxane in the step of carrying transition nmetal conpounds on

i norgani c porousn €REliAer Hoxeyer iti tid skkowmn thizat sl wmdmi wm axy
conpounds produced from organoal um niunms often contain inmpurities of

non-r ea%sﬁl?eﬁaa@oateggte@wm yaR@ trRs allwlox ssicdey oy adistisl faehsers

Therefore he po ynmerization activity per alum nium atom of al um ni um oxy

corrpoundmsmwm%aeg a Latge,ameunt pof g CONMPEANLL HYISE e blen Lges f or

pol ymeri zati on, ere Inevitably resulting in the increase in the
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the pol ymers pro tuc ich “pr obl°ems “Wi t h alunlnlun}oxy conpounds are

serious Lor 1 8'rpg?gﬁsgrgghuQEBB'8§t@89ﬁ lgguéﬁkgﬁetgﬁ Fﬁ@bgfgﬁ oyarious

proposalg Adve “he ofore~been made ( apa ese Pat ent I cat1 on Lai d- Open

carrying transition metal compounds on inorganic porous
carriers. However, it is known that aluminium-oxy compounds
produced from organcaluminiums often confain impurities of
non-reacted organocaluminiums and insoluble side products
(gels). Therefore, the polymerization activity per aluminium
atom of aluminium-oxy compounds is low, and a large amount of
the compound must be wused 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, variocus proposals have
heretofore been made (Japanese Patent Application Laid-Open
Nos. 211307/1986, 130601,/1988, 16803/1589, 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
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Nos. 211307/1986, 130601/1988, 16803/1989, 167307/1990). According to the

t echni ques proposed, the activity per alum nium conpound of al um ni um oxy
conmpounds coul d be increased in some degree, but such al um noxanes are
still problematic in that they are poorly soluble and are difficult to
handl e, and, in addition, they often worsen the quality and L even the tone
of the polyners produced. Therefore, further inproving the conpounds is
desired. Al so proposed is a nethod of conbining nethylal um noxane and sone

ot her organoal_um ni_.um und Japan Pat ent L.d- n

260602/ 18957 £§8662?1f9§§%%§9§§é/y§f§3§, pﬁg‘fﬁ%@gsgb%%%% 13886506/ 1080,
315407/1989, 22306/ 1990, 1673 0L199%g“ Acgording to the techniques

pr oposed™PRE Varu it Sofc M Sa (i to be used could be reduced in
sone degree, but the activity per alum niumof the conpbined systens is
still unsatisf&é88ry. PIREOSESr e, ¥urthdr i MS\Ahg tHem i §OMFeSiPEd. Apart

fromthe problens with alum ni umoxy conpounds thenselves noted above,

t her e i smethvl adiatiffexageo Hnsin sateh othansP¥ ¢ enoabvRLDEBRr FORFOERCS| yst

systens conprising a transition nmetal, an inorganic porous carrier and an

al um ni urJeppnesepRaiterith Laad-Ohenr Nost.al 340 @061 9851 y 188 oA 98%ewer t han

that of non-carrier honogeneous-phase catalyst systens. To solve this

pr obl em 8@arliedl 8B, oposhP &/ have, Ba8A07/1988, 9206/1989, 315407/1989,
22306/1990, 167310/1990).

According to the techniques proposed, the amount of
methylaluminoxane to be used could be reduéed in some degree,
but the activity per aluminium of the combined systems is still
unsatisfactory. Therefore, further improving them 1is
desired.

Apart from the problems with aluminium-oxy compounds
themselves noted above, there is 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 is much
lower than that of non-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 is

pre-treated to remove the gel component from it. The object

of the technique disclosed is to improve polymer morphology,



made. For exanple, International Patent Publication No. 507515/1997

di scl oses a nethod of preparing an on-carrier catalyst, for which the

al unoxane solution to be used is pre-treated to renove the gel conponent
fromit. The object of the technique disclosed is to inprove polyner

nor phol ogy, 3 but, according to the nethod, it is difficult to increase the
activity of the catalyst. In addition, the technique to inprove polyner
norphology is limted. International Patent Publication Nos. 511044/ 1996,

503008/ 1997, 505340/ 1997 and 507517/ 1997. di scl.ose. vari ot ods.of using
al unoxan uEOIﬁ??%ﬁ l?%rt%ﬁglugﬁggog%-%gr%?éflé%ﬁ%ﬁwgéfégﬁﬁﬁ§g%gr?ﬁ?he

on-carrier _catal ysts produced. according a§4 he e Eod P I ticin
t hat the??tl¥é$¥lfFic %tF@%F%ng‘nu ) TEfﬂ%h %‘gtﬁggﬂﬁgﬁi%grﬁgzr
honbgeneous- phase catal ysts. US Patent No. 5, 157, 137 discloses a nethod
of procesBPREYeaRCaMIREX ARE PEGLGEYonr Swiltf iS¢l i to renove the ge
component fromit. However, the technique disclosed is_jneffective for
i ncreasi ng the deteynelyionatafabesits PuhdicahiaadiNoson, Ot he44 4l Rapi
treatnent is problematic in that it increases the cost of alunbxanes. As
ment i oned03PO6E 1 9FHe AT/ 9T Larndn 50 SLAE 1857 FeghrihgVeFansfti on
met al -carrying catal yst systens that conprise a transition netal conpound,
an i nor gaetboperofisising alumoxane solutions for producing on-carrier
catalysts. However, the on-carrier catalysts produced
according to the methods are problematic in that their
catalytic activity is much lower than that of non-carrier
homogenegus-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 catalysfs, 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 transition metal compound, an inorganic porous
carrier and an aluminium-oxy compound is that no one could
obtain on-carrier catalysts of which the polymerization
activity is on the same level as that of non-carrier
homogeneous-phase catalysts and which could give high

bulk-density polyolefins.

We, the present inventors have made the present



carrier and an al um ni um oxy conpound is that no one could obtain
on-carrier catalysts of which the polynerization activity is on the sane
| evel as that of non-carrier honobgeneous-phase catal ysts and which could
gi ve high bulk-density polyolefins. We, the present inventors have nade
the present 4 invention fromthe viewpoints noted above, and the object of
the invention is to provide a novel alum niumoxy conpound having high
pol ymeri zation activity and capable of giving polyolefins with good
pol ynmer ronehdaliogy francahei etekooiot efiatepalyowes, zatd amecabdleyst s f
conprising the alum niumoxy conpound, a catalyst conmponent for olefin
pol yneri zafe dmveand ona iretdogioridy aducd gl pol wel ef ifisox Pl SERESURE OF THE
| NVENTI ON W&, the present inventors have assiduously studied, and, as a
resul t, haverfooumidig spegidt £z a4 Uk NEEEY 0XY yCanpowrbaichor i §19bhagi ned
froma reaction product of an organoal um nium conpound and water and which
cont ai ns Ja@ii1err id of 5t HURlod BBQ?B@%'M&&@&P,”@P@@P&QPrfoar_ gek rganpound;
a carrier for olefin polymerization catalysts which is obtained fromthe
al um niu a I gapj nd; d L efi.n_
pol ymer i gﬁﬁﬁﬁ%ggﬁgﬁggt:5%§§F¥€P%btg%ﬁggggsggongg%?ingﬂ?ﬁgﬁgggrﬁﬁgr with a
transiti |, c v r r ) t.hat t. lefin

e Rate! g%gmﬂ)asstvﬁpg%o%e Y %Q?.ole{fpﬂpgolﬁe-_ 1@%tq§q},hapd

pol ymeri zatron cdtaly pol ynerizati-onTacti vity an
pol yol ef Ia”?nev’r\:nhto% qf%ord pp:%ld%ré%rng polyolefins.

We, the present inventors have assiduously studied, and,
as a result, have found a specific aluminium-oxy compound which
is obtained from a reaction product of an organcaluminium
compound and water and which contains neither a residual
organoaluminium component nor a gel compound; a carrier for
olefin polymerization catalysts which is obtained from the
aluminium-oxy compound and an inorganic compound; and an olefin
polymerization catalyst which is obtained by contacting the
carrier with a transition metal compound. We have further
found that the olefin polymerization catalyst has high
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, a

catalyst component for olefin polymerization, and a method for



nor phol ogy can be obtained by the use of the catalyst. On the basis of

t hese findings, we have conpleted the present invention. Specifically, the
i nvention provides an al um ni umoxy conpound, a carrier for olefin

pol ymeri zation catal ysts, a catalyst conponent for olefin polynerization,
and a nethod for 5 producing polyolefins, which are as follows: 1. An

al um ni um oxy conpound obt ai ned through reaction of an organoal um n-Jum
conmpound with water, which is soluble in hydrocarbon solvents and in which

the anouptoaflict e p@ug@u@@m@,nwﬂc@pm@m reyEidvig i s at nmost 10 % by
wei ght as neasured through "H-NVR 2. A carrier for olefin polynerization

catal ysts, whigh 919{@!1hﬁ%ihiﬂeoﬁp%ﬂn@d&m&ébt@@ﬂ@@m&igrﬁb@ﬁetloand an

i norgani ¢ conpound having at |easf one el enent selected from Goups 2 to 4

or cyoupgflgnt8ré?aﬁglhR§nEﬁhiggb§o§ﬁgl%it%:wgm%rgawﬁﬁ%ﬁ far sehebne

pol ynerizatron c ysts of a wherein the inorganic conpound is an

oxide. 4. A .catalyst, conponent .for ef.in pol rd,zat i | ghrg@nprises
the carri-8r l}%cﬁr%%(aeﬁ%n pglogﬁe%htzsat?rgéril l@at‘gﬁ%ﬁg eo a%@glemlz_vw(;%ﬁ?) and a
transition netal conmpound. 5. The catalyst conmponent, for olefin.

pol yner i 2A6PGR G IZEEe CETPRY eFﬁmFﬁQXPﬂaﬁE?E?dﬁb%%téﬁ %oﬁ%ggﬁgth
selected from Goup 4 or Qups to 10 of the Periodic Table. 6. The

cat al yst 2BoMFGREFES HPIS nEpHneri zati on of

2. A carrier for olefin polymerization catalysts,
which comprises the aluminium-oxy compound of above 1 and an
inorganic compound having at least one eleﬁent selected from
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 inorganic compound is 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 polymerization of
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 olefin polymerizationof
above 4 or 5, 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):



above 4 or 5, wherein the transition netal conpound of Goup 4 of the
Periodic Table is any one selected fromtransition netal conpounds of the
foll owi ng general fornulae (I) to (I1l) : 6 (1) where RL to R6 each

i ndependently represent a hydrogen atom a hal ogen atom a hydrocarbon
group having from1l to 20 carbon atons, or a hal ogen-contai ning

hydr ocar bon group having from 1 to 20 carbon atons; the groups of at |east
one pair of R3 and R4, R4 and R5, and R5 and R6 nay be bonded to each
other to forma ring; X and X2 h imaependently represent a hydrogen
atom a hal ogen at om p% a hydrocarb group QQV|ng ffom 1 to 20 carbon
atons; Y is a dlvalen sl 1 nki pg

which| the two |igands are

bonded to each &’ g a hyo A |ng from1l to 20
carbon atons, a ha bl Ni ng hydroqar-i Naving franl to 2 O
carbon atons, a sil ATNiNg grou —a ontaining group, a

tin-containing -S, -S2-,
-BR - or -AR - =
hydr ocar bon group havi & 20,03 bon at ons, gor a
hal ogen- cont ai ni ng hydrocar bon group HaV|ng from 1 to 20 carbon atons; M

represents titanium zirconiumor hafnium 7 Rl2 R15
where R' to R® each independently represent a hydrogen atom,

s -P (0) R -,
atom a

a halogen atom, a hydrocarbon 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 other to
form a ring; X! and X? each independently represent a hydrogen
atom, a halogen atom, or a hydrocarbon group having from 1 to
20 carbon atoms; 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 having from1l to 20 carbon
atoms, a silicon-containing group, a germanium-containing
group, a tin-containing group, -0-, -CO-, -S-, =-50.-, -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
atoms, or a halogen-containing hydrocarbon group having from
1 to 20 carbon atoms; M! represents titanium, zirconium or

hafnium;



M [/ X 3 X4 R11 where R8 to R18, X3 and X' each independently represent a
hydrogen atom a hal ogen atom a hydrocarbon group having from1l to 20
carbon atons, a hal ogen-contai ni ng hydrocarbon group having from1 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; R10 and R11l, as well as R15 and R16 may be
bonded to each other to forma ring; X3 and X4 each independently
represent a halogen atom a hydrocarbon gr@®ip haviktig from1 to 20 carbon
atons, a hal ogen-contai ni ng hydrocarbon growp hayYing from1 to 20 carbon
atons, a silicon-containing group, an oxygen-/€oR{ai ni ng group, a

sul fur-contai ning group, a nitrogen- cogtai <) Jpribr a
phosphorus-contai ning grougtsY' is,a divale gsslinking group via which
the two |igands are bonded to eath other, reprFelenting a hydrocarbon group

having from1l to 2@%é , a ha Ai ni ng hydrocarbon group

having from1 to 20 carDb a sili 'ﬂg 8 groupy I

ger mani um contai ning gro oritral ni ng /gr pup, -0-, -CO, -S-, -S2-,
-NR -, -PR -, -P(ORZ~_ N-A R -; epresents a hydrogen atom a

hal ogen atom a hydfocarbon group\havi ng f to 20 carbon atons, or a
hal ogen- cont ai ni ng

where R® to R*®, X® and X! each independently represent a hydrogen
atom, a halogen atom, a hydrocarbon group having from 1 to 26
carbon atoms, a halogen-containing hydrdcarbon 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 R!', 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 oxygen-
containing group, a sul fur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Yl 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 having from 1 to 20 carbon atoms, a silicon-containing



hydr ocar bon group having from1l to 20 carbon atons; ML represents
titanium zirconiumor hafnium Al 2 1Mo Y2 g r where M represents
titanium zirconiumor hafnium E1 and E2 each represent a 1 igand

sel ected froma cycl opent adi enyl group, a substituted cycl opentadi enyl
group, an indenyl group, a substituted indenyl group, a

het er ocycl opent adi enyl group, a substituted heterocycl opentadi enyl group,
an am do group, a phosphido group, a hydrocarbon group and a

si | i con- et niange rgaadpn-and teheynfognrap crapgsin-deed asitrrivct greupi,a Al and
A2, and they may be the same or different; X5 represents a 6-bondi ng

| i gand, ang plaral, X8-,s-s0f-,aruR’ARy- e t,heP$aI)TR of -d'teceAlrrd may be
crosslinked with any of ot her X5, E1, E2 or Y2; Y2 represents a Lewi s base,
and pl ural" ¥@p§esbht§nx hgeyoeentgeomsaar&laqrogaﬂfaercﬁnt a BRdreeyrben
crosslinked wth any of Y2, E1, E2 or X5; Al and each are a

di val ent egggoqggm Qlﬁh@gfﬂélﬂgpto‘é'oacg‘@bSH dignd Werld aam@% edLedbended o each

ot her, ing rocarbon group having fromZI to 20 carbon atons,
a 9 hal ogeps Oégr%crﬁ“ r% gJ Og2rPon group having,from 4o 20.karban  atons,
a silicon- co al ni ng rou a germani umcontaining group, a tin-containing

group, -Oréprecsoeﬂts 5titan1um, zﬂ%onlum or hafnium;

(III)
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\\\\\\\MlMS
/

A

where M! represents titanium, zirconium or hafnium; E' 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-containing
group, and they form a crosslinked structure via A! and 2%, 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? or Y?; Y?
represents a Lewis base, and plural Y?’s, if any, may be the
same or different, and may ke crosslinked with any of other
v?, 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 hydrocarbon group having from 1 to 20 carbon atoms, a



-PR-, -P (O R-, -BR- or -AlIR -, and they nmay be the sanme or different;
R7 represents a hydrogen atom a hal ogen atom a hydrocarbon group havi ng
from1l to 20 carbon atons, or a hal ogen-containing hydrocarbon group
having from1 to 2 0 carbon atons; g represents an integer of froml to S
equaling to [(atomc valency of ML) - 21; and r represents an integer of
from0O to 3. 7. The catal yst conponent for ol efin polynerization of above
5, wherein the transition nmetal conpound of Goups 8 to 10 of the Periodic
Tabl e ha$ad odidnHcee teanmioundyasocthebbnganshp BavAngaf mdry $tt o paenn f or

ol efin polynerization, which conprises the catalyst conponent for olefin

pol ymeri zalon@) of anyiess-ebnabeveny tfroumnda ageeh@anea-Wontadinimpnmpound.
9. A nethod for producing polyolefins, which conprises polyner|2|ng

ol efins if3dhe %r%i%ﬂ%%anl%Hﬁmf%&%J t eonparent, -fsor olsefin -Nr7-
polynerlzatlon of any one of above 4 to 8. 'BEST MODES OF CARRYI NG OUT THE

| NVENTI ONpRhe i pyeRt Ran isgideseni badgin det Qi {h&grﬁé pulerhe dable or

Al umi ni umy oxy’ conpound:” The al um ni um oXy conpound of the invention is

obt ai ned 4 %ﬁw&f%?%leg gén%@ Veg@%‘ G4 Riym C%”F?u%%g%éﬁ thaater. 10

This is soluble in hydr ocarbon so and t he "anount
o gancal D WL GRPOUL TSR0 oL L RO, M, g 2
halogen—containinghydrocarbongrouphavingfromltx>20carbon
atoms; g represents an integer of from 1 to 5, equaling to
| [ (atomic valency of M') - 2); and r represénts an integer of

from 0 to 3.

7. The catalyst component for olefin polymerization 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 producingpolyolefins, which comprises
polymerizing olefins in the presence of the catalyst component
for olefin polymerization of any one of above 4 to 8.
BEST MODES OF CARRYING QUT THE INVENTION

The invention is described in detail hereinunder.
(1] Aluminium-oxy compound:

The aluminium-oxy compound of the invention is obtained

through reaction of an organcaluminium compound with water.

10



of the inorganic conpound to be carried on the alum niumoxy conpound
(this will be hereinafter referred to as on-carrier ratio) increases.
Therefore, it is desirable that the anount of the organoal u-ni ni um

remai ning in the alum niumoxy conpound falls between 3 and 5 % by wei ght,
nore preferably between 2 and 4 % by weight. If the anmount of the
remai ni ng organoal um ni um conpound is |arger than 10 % by weight, such is
unf avorabl e, since the on-carrier ratio will |lower and therefore the

pol yner i Zatiisonsagd Iwh 1y iof htyieocatrbbystowréhts) awet thEhanahumiafi Gireoxy
conpound of the invention is soluble in hydrocarbon solvents. Therefore,

one advaphage el urtig i umefbbend sehbahihieial ti NiiyneaxyiosonpdLEnd ynot
carrying an inorganic conpound thereon could be recycled. In addition,

the al umpli Qﬂ?0§¥I&Qﬂﬂﬂﬂﬂgtﬂﬁéu%BaQLﬁMﬁr0p§ﬁﬁﬂﬁ§1n$@ﬁt@ﬁﬁr&ﬂuaQ@Qhﬂer
advant age of” the invention is that the alumniumox-y conpound does not

require apy t@geghg%gaw féawﬁp&uﬁaf pEeLd téar%@d dd e sabHAhRLWTERXY

conmpound contai ns sone inpurities not soluble in hydrocarbon sol vent s,

such is %I%%V%rn%ol ’hl%l Qgﬁl Hhe L psolubl e i PpEL di‘f(%]@stcw d cRaversane

negative uences nean grain Silze an e grain size distribution

(t hese %_%65 rJnnﬁgeneral yTﬁgrgygpholggy) 8f8925$9|e{h9§1ﬁﬁ9Q%&%%t The

nmet hod o & 4l um' nf Gnv ox oun avin 1 renai ni ng

o genonl et i LGOS AT 0 BB el

SO|Ut|(”]é§lfg1gg€£24H anéy C%ngqmglght, more preferably between 2
and 4 % by weight. If the amount of the remaining
organoaluminium compound is larger than 10 % by weight, such
is unfavorable, since the on-carrier ratio will lower and
therefore the polymerization activity of the catalyst will
lower. The aluminium-oxy compound of the invention is soluble
in hydrocarbon solvents. Therefore, one advantage of the
invention is that the aluminium-oxy compound not carrying an
inorganic compound thereon could be recycled. In addition,
the aluminium-oxy compound has stable properties. Therefore,
another advantage of the invention is that the aluminium-oxy
compound does not require any specific treatment before its
use. If the aluminium-oxy compound contains some impurities
not soluble in hydrocarbon solvents, such is unfavorable, since
the insoluble impurities will have some negative influences
on the mean grain size and the grain size distribution (these

are known generally as morphology) of polyolefins produced.

The method of obtaining the aluminium-oxy compound having a
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under reduced pressure to conpletely renove the solvent through
evaporation to give a dry solid (this my be referred to as a dry-up

met hod). In the dry-up nmethod, preferably, the solvent is evaporated away
under heat up to 80'C, nore preferably up to 600C, under reduced pressure.
I f the alum niumoxy solution is heated above 800C, the insoluble
conponent will greatly increase therein, and the activity of the
transition netal-carrying catalyst conprising the al um ni umoxy conpound
pr oducedramasuchghogbahempenandrascontentbef| not Tegeedriean 1df % dduced
pressure for the nmethod may be generally 30 mmHg or |ower, but preferably
20 MmHg weibhwets fdde spegaintiadald yideficond entForay xhepdet, eenphegabéreral |y
according to the nethod described in Organonetallics, Vol. 17, No. 10,

1998, ppisl@ukthitbor Thes 8l hidi N sdmueXyncoraurd vafi rtiRen-oxe abin@d uhs
characterized in that it is soluble in hydrocarbon solvents. Conventional

al um ni ughe&f LARUNds cgepeeald ¥osgNtakn ySmsvs ¥het cesn ehrsakubl e in
hydr ocar bon sol vents, but the alum niumoxy conpound of the invention dose

not cont ai,n,such ; ;fubgt @ggsana%nggPQB?(kHiEVQQQC%%bQQf%QE%%n%%-as

Accordi ngly, the advantage of um ni um oxy “conpound of the invention

12 as a ca y l.ef in polynerization is that the fine powder
cont ent %fg?keﬁ%ok§%%?dbfoduced is small and the grains of the polyner

have a large mean gral ng3z6, QYedild, | PrlrlG89AY™tne solvent is

evaporated away under heat 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
produced 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 organocaluminium content may be determined generally
according to the method described in Orgenometallics, Vol. 17,
No. 10, 1998, pp. 1941-1245.

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

the advantage of the aluminium-oxy compound of the invention

12



has good nor phol ogy. The hydrocarbon sol vents include aronmatic hydrocarbons
such as benzene, toluene, xylene, cunene, cynene, etc. aliphatic
hydr ocar bons such as pentane, hexane, heptane, octane, decane, dodecane,

hexadecane, octadecane, etc.; alicyclic hydrocarbons such as cyclcpentane,
cycl ohexane, cyclooctane, ne,.-hylcyclopentane, etc.; petroleumfractions
such as naphtha, kerosene, light gas oil, etc. O-'L':' those, preferred

are aromati c hydrocarbons. The method of renoving the substances insol uble
in hydresa banadglstefit r Ut iaspbhygser ieationeids dbete;hd fdmet hewder

al um ni um oxy conpound is not specifically defined. For exanple,

enpl oyabteniksna oetirod pofl yveranpaseaustyi depedilt Eng thdedaidroodr boa-

i nsol ubl e substances in a hydrocarbon solvent followed by renoving the

deposit LBiowel Heeand atd e mRRar Yrafihositbj Sor allsn: enpl epabbel ymea met hod
of renoving the insoluble substances through centrifugation or the I|ike.

After thigg gbbdiﬁo%§%bﬁ%%be that. the recovered, soluble conponent is
filtered through a glass filter or +%-he like in a nitrogen stream

at nospher e, V‘he’fﬁ?h}d}%dé}%ﬁrpgbﬁvé%%tﬁ%ﬁ?d&%b%a@ﬁc K $APYEL BBHE
conpl etely. The alum n-Jum oxy conpound thus produced in the manner as

above MﬁghcﬂelaSMQEEEeﬁ 0r%&ﬁ%§8n%ﬁé§ 2@ | agheased galeconpepent .

Therefore, it 1i's desirable "um Ai um oxy conpound is used within

gf Pg;i iogg?gpﬁ%tr}.%urhsydz?oféa%bci)}xg ghggaraagt i Bgntggé,e Q{egcfa%rea}bl Mefzggﬁgi ately
octane, decane, dodecane, hexadecane, octadecane, etc.;
alicyclic hydrocarbons such as cyclopenténe, cyclohexane,
cyclooctane, methylcyclopentane, etc.; petroleum fractions
such &s naphtha, kerosene, light gas oil, etc. Of those,
preferred are aromatic hydrocarbons.

The method of removing the substances insoluble in
hydrocarbon solvent such as those mentioned above, from the
aluminium-oxy compound 1is not specifically defined. For
example, employable is a method of spontaneously depositing
the hydrocarbon-insoluble substances in a hydrocarbon solvent
followed by removing the deposit through decantation. Apart
framthis,alsoemployablejjsamethodofremovingtheinsoluble
substances through centrifugation or the like. After this,
it is desirable that the recovered, soluble component 1is
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
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preparation. The ratio of the alum niumoxy conpound of the invention to
t he hydrocarbon solvent is not specifically defined, but is preferably
such that the concentration of the alumniumatomin the alum nium oxy
compound is fromO0.5 to 10 nols relative to one liter of the hydrocarbon
solvent. The al um ni um oxy conpound of the invention is not specifically
defined, provided that it is obtained through reaction of an

or ganoal um ni um conpound with water, and i ncludes various types of

al um ni umoxpceemseuhds.l Fompoarafpl eThérefackudes torasicialdlpridgiict s from
Al bemarl e Corporation, those from Ethyl Corporation, those from Shering
Cor por at ittre, aétiminbinmaddivt compoutdiinchuydeswakhimn gearmod odnd® druds: of
so-call ed |inear alum noxanes of the follow ng general formula (I1V) as

wel | as eyeldrC iglsufi-epxanes ool hbee fotd ok a9 genefiediafor ynd s dt e basic
skel etons of those conpounds are described in many known references. R19

R19 | RIQ A Ar-#An ZTQeA&mtlBl&f FHO 10 : Mg eb Ry RS SRR @Sehtteh &

hydr ocar bon group, such as an al kyl, al kenyl, aryl or arylal kyl group

having fr %We%ttl%r’?otob‘%thel4ﬁﬂféﬂ%z¥ Epomeltt o 2n6ar YR Aton®, 1 10F
represents a hal ogen

defined, but is preferably such that the concentration of the
aluminium atom in the aluminium-oxy compound is from 0.5 to
10 mols relative to one liter of the hydrocarbon solvent.

The aluminium-oxy compound of the invention is not
specificelly defined, provided that it is obtained through
reaction of an organocaluminium compound with water, and
includes wvarious types of aluminium-oxy compounds. For
example, it includes commercial products from Albemarle
Corporation, those from Ethyl Corporation, those erm Shering
Corporation, etc.

In additicn, it includes aluminium-cxy compounds of
so-called linear aluminoxanes of the following general formula
(IV) as well as cyclic aluminoxanes of the following general
formula (V). The basic skeletons of those compounds are

described in many known references.

19
R
Rl9 RlS

|
Al—(—o —Al O—aA 1
19/’ w-z N1

R (IV)

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

alkenyl, aryl or arylalkyl group having from 1 to 20, but
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atom w indicates a nmean degree of polynerization of the conpound and is
generally an integer of from2 to 50, but preferably from2 to 40; and
plural R19's may be the sanme or different. RI9 1 i (-OA) (V) wherein
R19 and w have the sanme neanings as in fornmula (1V). For producing those
al um noxanes, for exanple, an organoal um ni um conpound nmay be contacted
with a condensing agent such as water or the |like. However, the nethod for
producing themis not specifically defined. The al um noxanes could be

pr oduced pre fama Knpvit cmaines . 1 Fara rdanpltems(, 1p ranep be gamoal alfadiagrarc onpound
is dissolved in an organic solvent, and then contacted with water; (2) an
or ganoal wtidi ;umy Corpadatdesi S pri€yh odshyecadde pol ther podyieni odt itdre syst em
that requires the alum noxane, and water is added to the systemin |ater

stages; (Dngdsd ahndvat er gexkshiing ian Metdgesalds apemothebs 50, 0muAt er
havi ng adsorbed to inorganic or organic materials is reacted W|th an

or ganoal elry SOPPAMRE > Ay (); and glrlﬂaglkyﬁldn Sl nxang: issnfeagted with
I'al um n| u

atrialk m and then wi'th water. The al um noxanes may be insol uble
in tol uene 15 Any ot hers produced in known techni ques disclosed in

R19

|
— (V)
——EO Al%;-—

wherein R'® and w have the same meanings as in formula (IV).
For producing those aluminoxanes, for example, an
organocaluminium compound may be contacted with a condensing
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 dissolved in an organic solvent,
and then contacted with water; (2) an organoaluminium compound
; is previously added to the polymerization system that requires
the aluminoxane, and water is added to the system in later
stages; (3) crystal water existing in metal salts and others,
or water having adsorbed to inorganic or organic materials is
reacted with an organcaluminium compound; or (4) a
tetraalkyldialuminoxane is reacted with a trialkylaluminium
and then with water. The aluminoxanes may be insoluble in

toluene.
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known references are al so usabl e herein. The known reference include, for
exanpl e, Japanese Patent Lai d-Open Nos. 328520/1997, 278824/1997, etc. In
the invention, one or nore of those al um noxanes nmay be used either singly
or as conbi ned. The organoal um ni um conpound to be the starting nmaterial
for the alum nium oxy conpound of the invention is not specifically
defined, and includes various types of organoal um ni um conpounds. For
exanpl e, usable are al kyl group-having al um ni um conpounds of a general
formula (VI) RROgAREDR2%) pX8duead(Vh) knhenekacRa0cand R2scéaskdr eépr esent
an al kyl group having from 1 to 8, preferably from1 to 4 carbon atons; X
representdoan hydeegancat omn ol o hakddenhatremn. 0 ?henkﬁdmn peéterabey m = 2
or 3, nost preferably m=3; 0 <- n < 3, preferably n 0 or 1. Concretely,

they i ncliwde ddd,al kidal widgina conposdtss e supht st t FLHEHh@béhurTNEblsum
trlechylalunlnlun1 tripropylalumnnium triisopropylalumnium tri-n-

but yl met hylgalAyyiydm otkisbaohuioyl, akvel ni it el inseat 1bHY YdRRIYY halrem ni um
tri-tert- butylnethylalunlnlun1 trlpentylalunlnlun1 trioexyl al um ni um

trioctyl %'fugqueFafaluﬁfﬂmfésahagwé La@edtéigugf ehexl\abHE NcBAbined .

tricycl ooct umnium etc l'ogen-, al koxy group- or hydroxyl

OB, b 9. S AL B R TROURI=cHED A8 160 Tl U
material for the aluminium-oxy compound of the invention is
not specifically defined, and includes various types of
organcaluminium compounds. For example,-usable are alkyl
group-having aluminium compounds of a general formula (VI):

R20pAl (OR?1) nX3-m-n (VI)
wherein R20 and R21l each represent an alkyl group having from
1 to 8, preferably from 1 to 4 carbon atoms; X represents a

hydrogen atom or a halogen atom; 0 < m £ 3, preferably m = 2
or 3, most preferably m = 3; 0 £ n < 3, preferably n = 0 or
1.
Concretely, they include trialkylaluminium compounds
J such as trimethylaluminium, triethylaluminium,
tripropylaluminium, triisopropylaluminium, tri-n-
butylmethylaluminium, triisobutylaluminium, tri-sec-
butylmethylaluminium, tri-tert-butylmethylaluminium,
tripentylaluminium, trihexylaluminium, trioctylaluminium,
tridecylaluminium, tricyclohexylaluminium,
tricyclooctylaluminium, etc.; halogen-, alkoxy group- or

hydroxyl group-having alkylaluminium compounds such as
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et hyl al um ni um sesqui chl ori de, dinethyl al um ni um et hoxi de,

di et hyl al um ni um net hoxi de, di net hyl al um ni um hydr oxi de, di et hyl al um ni um
hydr oxi de, etc.; hydrogen atom having alum nium conpounds such as

di et hyl al um ni um hydri de, diisobutylalum nium hydride, etc. In the

i nvention, one or nore of those organoal um ni um conpounds nmay be used
either singly or as conbined. [2] Carrier for olefin polynerization

catal ysts: The carrier for olefin polynerization catal ysts of the

i nvent i odims toiytlailned rhyircontheo hget he il it i afokyl wonpedde r idierh an

i norgani c conmpound contai ning at | east one elenent selected from G oups 2
to 4 andeGhgupd utd rtimml 4 eciyutited IReriidedi dinEahlys.a ITind riingr gaerthoxddepound i s
preferably an inorganic oxide, as increasing the on-carrier ratio of the
al um ni uay @xyyleaRRaWihn Make hexalder, abby metthe lian@inganive okiydeoixsiden t he
form of porous fine grains, as further increasing the on-carrier ratio.

- I'n the cankicef, 1f0nummiefi RejyrBiidat i ogrgat al Hghgogbn t e cPhertingn, the
on-carrier ratio of the alum niumoxy conpound rmay fall between 30 and 90

% prefecably W?E%n@%un@&d WK A ed@?n%ftﬁﬁ’lq@lﬁnﬁ%ti‘ﬁ%ﬁnh@@x@'@ﬁ,go %

even nore preferably between 60 and 90 9% sti nore preferably between

70 and 94 ;¥ i ARl L LA DT IATS 10f chfae sl Qe szormpound

to one gramo I'norgani ¢ conpound. e on-carrier ratio is preferably

BL?S?& 8RN AN, of, JNi6o L NORBRNLE ddmSOERAUNHlalOpRe uiRed &iftrRef i n
singly or as combined.
[2] Carrier for olefin polymerization catalysts:

The carrier for olefin polymerization catalysts of the
invention is obtained by contacting the aluminium-oxy compound
with an inorganic compound containing at least one element
selected from Groups 2 to 4 and Groups 12 to 14 of the Periodic
Table. The incrganic compound is preferably an inorganic
oxide, as increasing the on-carrier ratio of the aluminium-oxy
compound. More preferably, the inorganic oxide is in the form
of porous fine grains, as further increasing the on-carrier
ratio. 1In the carrier for olefin polymerization catalysts of
the invention, the on-carrier ratio of the aluminium-oxy
compound may fall between 30 and 20 %, preferably between 40
and 90 %, more preferably between 50 and 90 %, even more
preferably between 60 and 90 %, still more preferably between
70 and 90 %, in terms of the ratio of grams of the aluminium-oxy

compound to one gram of the inorganic compound. The on-carrier

ratio is preferably higher, as the amount of the inorganic
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and therefore the production costs could be reduced. In addition, the

hi gher on-carrier ratio has another advantage of polyner quality

i nprovenent, as the inpurities to remain in the polyner produced could be
reduced. At |east one elenent selected fromGoups 2 to 4 and Goups 12 to
14 of the Periodic Table includes C, My, A, Si, Ca, Sc, Ti, B, T, Ce,
Sn, Zn, Ba, Pb, Y, Sr, Th, etc. Concretely, the inorganic conpound

i ncl udes Si 02, A1203, MBO, Zr02, TiO02, Fe203, B2031 CaO, zZnO BaO ThO02,
and t hei ICORPAURBEO BackSed insplledanaPahyRar 1zabl PRecot bt liq emagileds
fibers, etc. The inorganic oxide may contain a small anmount of carbonates,
nitrates@ﬂdﬂthﬁeeﬁoeecthetmedygﬂﬁﬂm5C©$tsh@Omd@rd&hiEedbﬁﬁdund§fthan
those nentioned above include magnesi um conpounds of a general formula,
MyR22. , X&additsiooh d&hd ypighedd wriMyp@l2,i ey re@d2HRE 2 anantieal sdvatieige
complexes. In the formula, R22 represents an al kyl group having from1l to
20 car bow fatTBmean cAlKXyy ghup idsmy fasomhel itmpu2Q tdarsban atar®n or an
aryl group having from6 to 20 carbon atons; X6 represents a hal ogen atom

or an al kYl HOHp AW NG rddiered dudd K@rp@@u@é@ms x falls between 0 and
2, y falls betmeen 0 and 2, and x +y = 2; plural R22, s as well as plural

X 6V s, if any, Aﬁaﬁeg%ttB%eséq%m%htd%Eﬁ%k%%H fPQﬁltﬁ%Eﬁ%nQCt%pmeMQﬂ for
use in the invention is preferably MyCl2, MO ( H5), My(OC2H5) 2, Si 02,

A1203, etGoffs 18 ttBOz“?@’oPslﬂ’?é;'P%Jrjl%d%rcefl“ﬁbrl%dlﬁ[ﬂu§b92ca"l@g AR203.siThe

properties
Ca, Sc, Ti, B, Tl, Ge, Sn, Zn, Ba, Pb, Y, Sr, Th, etc. Concretely,
the inorganic compound includes Si0,, Alzog, MgQ, Zr0O;, TiO,,
Fe,03, B»03;, CaO, Zn0O, Ba0, ThO,;, and their mixtures, such as
silica-alumina, =zeolite, ferrite, glass fikers, etc. The
inorganic oxide may contain a small amount of carbonates,
nitrates, sulfates, etc.

Other examples of the inorganic compounds than those
mentioned above include magnesium compounds of a general
formula, MgR?%,X%, such as typically MgCl,, Mg (OC;Hs),, and also
their complexes. In the formula, R?? represents an alkyl group

| having from 1 to 20 carbon atoms, an alkoxy group having from
1 to 20 carbon atoms, or an aryl group having from 6 to 20 carbon
atoms; X® represents a halogen atom, or an alkyl group having
from 1 to 20 carbon atoms; x falls between 0 and 2, y falls
between 0 and 2, and x + y = 2; plural R**'s as well as plural
X®'s, if any, may be the same or different.

The inorganic compound for use in the invention is

preferably MgCl,, MgCl (OC:Hs), Mg (OC;Hs),, S1i0,, Al;0;, etc. Of
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of the inorganic conpound vary, depending on the type of the conmpound and
al so on the nethod of producing it. In general, the conmpound is granul ar,
having a nean grain size of froml to 300 pm preferably from 10 to 200
~tm nore preferably from 20 to 100 ~Lm |If the grain size of the conpound

is too small, fine powder will increase in the polynmer produced; but if
too large, coarse grains will increase in the polyner whereby the bulk
density of the polyner will be | owered and the polymer will clog hoppers.

The specithbsesuefpeeialég wfe fdwer ¢thanrgadi 0. eonpdluid . ke PAICPE ritdlelss
between 1 and 1000 M2/ g, but preferably between 50 and 500 M2/g ; and the
por e vol yfethbetaotgganer abhypohiabl sarbet wepanfing andtite cryde,obuthe
preferably between 0. 3 and 3 CM3/g. If any of the specific surface area

and the pemrgovweldaed 8f sbhen corpethoryerspepauthagdet | neth amge,alt he
catalyst activity will be poor. The specific surface area and the pore

vol ume capecbecgbbainteds g@érﬁ&@@‘}?' BaviheMut H8aNOf HEEN 0f 1 1é td OIRIbI gas
absorption to be nmeasured according to the BET net hod (see Am Chem

J.
Soc. Vol 880 fin, 305149831, M esiy 3BYun oot aar g cooamaund <

baked genera at” a tenper e falling between 15 10
preferabb% ?%}Wﬁﬁﬁ 00 and 800' C. The carrier for olefin polynerization
catal yst§ of 't he 19 i'nventi on can be produced by contacting the

al umi ni um oxy If the grain size of the compound is too small, fine

powder will increase in the polymer produced; but if too large,
coarse grains will increase in the polymef whereby the bulk
ldensity of the polymer will be lowered and the polymer will
clog hoppers.

The specific surface area of the inorganic compound
generallyfallsbetween].anleOOn@/g,butpreferablybetween
50 and 500 m?’/g; and the pore volume thereof generally falls
between(L].and5(3f/g,butpreferablybetwemuO.3and3<uﬁ/g.

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 to the BET method (see
J. Am. Chem. Soc., Vol. 60, p. 309, 1983).

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

The carrier for olefin polymerization catalysts of the
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conpound with the inorganic conpound. In general, contacting the two may
be effected in the solvent nentioned above, in which the concentration of
t he conpounds may fall between 0.1 and 10. O nols/liter. The tenperature
may be 20'C or lower, and the tine may be 0. 5 hours or |onger.
Preferably, the concentration falls between 0.5 and 5.0 nols/liter, the
tenperature is not higher than OOC, and the tine is not shorter than 1.0
hour. [3] Catalyst conponent for olefin polynerization: The catal yst
conponentirfweniol@fi canpblkymeraatddrowfcoheact hugnthen alsimpmepar-edck oy
contacting the carrier for olefin polynerization catalysts nmentioned
above, wWddnpolnd@nsitti ehe 1edadarciodeomphunthe ThamshétoHh, meinddaatdnpound for
use in the invention 1is not specifically defined, and any and every

transiti amdrehalma ¢ oEpeEnec eapabl ehdfsoheicta hertedntdlad Gat,al ¥ sirs dror
pol yolef in production is enployable herein. Above all, preferred are

transiti omdeidhc&onpounss O FOUibAndhenerd adi Gkahld @nd ddansition

met al compounds of Groups 8 to 10 thereof. The transition nmetal conpounds

of Group b 9 pife R asl CnnTRble A1 508 paReELI@a! LY d8liged, Tha ncl ude,

f or exanpl'e, transition metal” catalys nponent s i er tta

gﬂ a)%lsbfnc%ﬁ‘eahmg %bi.%%ﬁléé ansi 4l &.mtﬁef%%%ﬁdt%été}b%tr%f&r} ani um
m’ ~“and an organoret al’l'i ¢ conpdund; rﬁ transition netal

gat alyst £oMponent,s. £,0%o 20 08 3ChLYLYY 0 CarfL el Rl Al ¥ste {3, comprise

higher than 0°C, and the time is not shorter than 1.0 hour.

[3] Catalyst component for olefin polymerization:

The catalyst component for olefin polymerization of the
invention is prepared by contacting the carrier for olefin
polymerization catalysts mentioned above, with a transition
metal compound.

The transition metal compound for use in the invention
is:notspecificallydefined,andenu/andeverytfansitionnmtal
compound capable of being formed into catalysts for polyolefin
production is employable herein. Above all, preferred are
transition metal compounds of Group 4 of the Pericdic Table
and transition metal compounds of Groups 8 to 10 thereof.

The transitionmetal compounds of Group 4 of the Periodic
Table arenot specificallydefined. Theyinclude, for example,

(a) transition metal catalyst components for Ziegler-Natta
catalysts that comprise a transition metal compound with any.

of titanium, zirconium or hafnium, and an organometallic

compound; (b) transition metal catalyst components for
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conmbi nation of any of a transition nmetal conpound, an - organoal um ni um

conpound and
chloride or t
net al | ocene

an el ectron donor as carried on a carrier such as magnesi um

he like; and (c) transition netal catalyst conponents for
catal ysts that conprise a conbination of an al um noxane and

transition netal conpound having a cycl opent adi enyl skel eton, an indenyl

skel eton or t
conmpound nay

he like as the ligand noiety. In (a) , the transition netal
be a transition netal halide, including, for exanple,

titani umhtigihctaladriivde,y t i bamicamr ieet r achteliydés etthaThe amypanionet ald i ¢

conmpound may

be an organoal um ni um conpound, including, for exanple,

trial kyl alowidimavign abkKyl ahumod um hakedestiehc. méal b)gondmaind r aresi ti on
nmetal compound nay al so be a transition netal halide such as that

ment i oned rakene. 1 ullie 08l Idckipoteyl BedaanBgDest Hoh Semeo i cand ¢f eher r ed
are magnesi um halides, etc. The electron donor includes, for exanple,

esters, @thens;i&t CsuciopPesi hk

Japanese Pat

: gnexa
ent Publication Nos. 19334/1983, 41676/1972, 16167/ 1981,

52166/ 19845138285/ 1 99t 1924051999 s et Gomgbdénts t heor t I @RIl SRt al

conpound i ncl

udes the conpounds déscribed’in International Patent

R %108 itde compesindskark eadascid)bed in

a

5382B??ES%%F”§§§§%ﬁ%§§£?%%?ﬁﬁ%%gfaégﬁ?ﬂg%ﬁﬁggi%8%5?@%3§%E?%%£§§% 8506/ 1983,

19307/ 1983
306304/ 13932

T3 EEPhF Hede 1008 Gd By 1 PR Y Rn BRGAAY I ORE o En,

an indenyl skeleton or the like as the ligand moiety. In (a),

the transition metal compound may be a transition metal halide,
including, for example, titanium trichloride, titanium
tetrachloride, etc. The organometallic compound may be an
organocaluminium compound, including, for example,
trialkylaluminiums, alkylaluminium halides, etc. In (b), the
transition metal compound may also be a transitionmetal halide
such as that mentioned 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, 41676/1972, 16167/1981,
52166/1984, 38285/1991, 75245/1992, etc. In (c), the
transition metal compound includes the compounds described in
International Patent Publication No. 511044/1996, and
Japanese Patent Laid-Open Nos. 100597/1994, 25350/199%4,
184179/1994, 345809/1989, 19309/1983, 19306/1983, 19307/1983,

19308/1983, 130314/1986, 142005/1988, 268308/1992,
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188318/ 1995, 258321/1995, etc. 149815/1995, Above all, transition netal
conpounds having a cyclopentyl and indenyl skeleton are preferred for use
in the invention. Concretely, preferred are transition netal conpounds
selected fromthose of the follow ng general fornulae (1) to (I111). (1)
wherein RL to R6 each independently represent a hydrogen atom a hal ogen
atom a hydrocarbon group having from1l to 20 carbon atons, or a

hal ogen- cont ai ni ng hydrocarbon group having from 1 to 20 car bon atons; the
groups ofoaBOKgast3ene pel050¥/RB94and RP76RA/ARP4R5, ahdoRESAREORE may be
bonded to each other to forma ring; X1 and X2 each independently
represent ggzhpgnogen 2aieoml /a ckal,ogerr.atom or a hydrocarbon group having
from1l to 20 carbon atons; Y1 is a divalent crosslinking group via which

the two |igandspgkgebopded torgashtobher mek8Rr esepbieda hydhagar bon group
having from1 to 20 carbon atoms, a hal ogen- cont al ni ng hydrocar bon group

having f oL@ 20,68 Pofen & WTB 1 & Y 14rG0RrE@RE kDI Agr ATSWIAN 8he

gernanlu containifng 22 group, a tin-containing group, -0-, -CO, -S,
- SQ2-, R -, gﬁ%f Oed ARe | tRankeRResENkE a1 hydr ogen
atom §IEaIecr‘g)lg;cér?ll:')lat om a yoFr ocar b reoupe ha\?l ng from1l1l to 20 carbon

atons. o 4 al-adens £o0L 2l g mgggg%r@r?@fgamlnavwge;gp%rawagezo

car bon represents titanium zi.rconiumo
(I) to (ITII).

wherein R! to R® each independently represent a hydrogen atom,
a halogen atom, a hydrocarbon 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 RY, R’ and R®, and R® and R® may be bonded to each other to
form a ring; X' and X? each independently represent a hydrogen
atom, a halogen atom, or a hydrocarbon group having from 1 to
20 carbon atoms; 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 having from 1 to 20 carbon

atoms, a silicon-containing group, a germanium-containing
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haf nium The transition netal conpounds of fornula (1) where the groups of
at least one pair of R3 and R4, R4 and R5, and R5 and R6 are bonded to
each other to forma ring are conpounds well known as BASF-type conpl exes.
In formula (1), the halogen atomfor RL to R6 includes chlorine, brom ne,
fluorine and iodine atons. The hydrocarbon group having from1 to 20
carbon atons includes, for exanple, an alkyl group such as a nethyl group,
an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group,
an i sobuindurgr @up.ina coarttaibutyg ogoawy, -an ,n-kexyl -groupsoan, +FNEReGy!
group, etc.; an aryl group such as a phenyl group, a 1-naphthyl group, a

2- napht hylprRIFQUPR (@R~ aBR& alrkyh1QT-OUR" reiele Amtes Bevdto@éRWrongt €. The
hal ogen- cont ai ni ng hydrocarbon group having from1l to 20 carbon atons may

be derivedafbgant Beohyd 8GRALRRR Y HRUR B8 paRoY EnfYs SUbSt EE Wb NG 1Ry | east
one hydrogen atomtherein Wwth a suitable hal ogen atom These RlL to R6 may

be th i f - i j ; I t
ai 1ot RECARY R, S mnae e i PR SR I Be Tes other
to f i 2 i | hayi . i t

el udes ? 165 2orangt aanes Bt B ratkhs or shati B e BREdR SFnaeny
group, and:gheir Cl -10 al kyl -substituted derivatives. The hal ogen atom for

X1 and X?% necltdes chlorine, bromne, fluorine and iodine atons. The

hydr ocarbon gro%gehggégghg{égpmetal compounds of formula (I) where the

groups of at least one pair of R® and R!, R* and R°, and R® and
R® are bonded to each other to form a ring ére compounds well
known as BASF-type complexes.

In formula (I), the halogen atom for R! to R® includes
chlorine, bromine, fluorine and iodine atoms. The hydrocarbon
group having from 1 to 20 carbon atoms includes, for example,
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 as a benzyl group, etc. The halogen—cdntaining
hydrocarbon group having from 1 to 20 carbon atoms may be
derived from the hydrocarbon 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. Of those, the
neighboring groups of at least one pair of R® and R, R* and

R®°, and R® and R® shall be bonded to each other to form a ring.
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1 to 20 carbon atons includes, for exanple, an alkyl group such as a

nmet hyl group, an ethyl group, a propyl group, an isopropyl group, an
n-butyl group, a tert-butyl group, an n-hexyl group, etc.; an aryl group
such as a phenyl group , etc.; an aralkyl group such as a benzyl group,
etc. X1 and X2 may be the same or different. Y' is a divalent crosslinking
group via which the two |igands are bonded to each other. The dival ent
hydr ocarbon group having from1l to 20 atons for it includes, for exanple,
an al kyl &ine gndapyéughowap reenetdhpliehea gnoup,c atrdictetrhyl met bhyéendogr oup, a
1, 2-ethyl ene group, a dinethyl- 1, 2-ethylene group, a 1, 4-tetranethyl ene

group, aelsa%rplcé/dé)plzl(?ﬁ)‘lb%ﬂf%ogh@'é@l 1et@rgumn éﬁy|aa|ai©é|n%®$1t%bquﬂ§1§ah as a
di phenyl net hyl ene group, etc. The dival ent, hal ogen- contai ni ng hydrocarbon

group hayrghdr and e 20 @ﬁlb@r\am@msuw@wdeéd feriexanpks,. a
chloroethylene group, a chloronethyl ene group, etc. The dival ent

si licon-containirRg h 1 Q4P LREKULSS k! ERK »EXHWI fde RcARLRY hSI Nt Sig group, a
di mret hyl si | yl ene group, diethylsilylene group, a dlphenyIS|Ierne group, a

met hyl phenylsyiilvd eng %BHHe &t Gms T%@%gx%%'&'a{f@on%%@?%%r% quyR@nd the

tin-containing group I ncl ude, for exa hose™ of
silicon-co i [0 of e e | | aced
with ger %aﬁ%ﬁén@ C%l%b% HP Irﬁlggelﬁéejlrﬁf?gé/t ﬁ\g}t é\gaﬁtn gandﬁlri % &fr% each ot her

O VL T B ] TR L o5, TSS050, TR0 oIS o
group, an n-butyl group, a tert-butyl group, an n-hexyl group,
etc.; an aryl group such as a phenyl group; etc.; an aralkyl
group such as a benzyl group, etc. X' and X? may be the same
or different. Y! is a divalent crosslinking group via which
the two 1ligands are bonded to each other. The divalent
hydrocarbon group having from 1 to 20 atoms for it includes,
for example, an alkylene group such as a methylene group, a
dimethylmethylene group, a 1l,2-ethylene group, a dimethyl-
1l,2~ethylene group, a 1,4-tetramethylene group, a 1,2-
cyclopropylene group, etc.; an arylalkylene group such as a

} diphenylmethylene group, etc. The divalent, halogen-
containing hydrocarbon group having from 1 to 20 carbon atoms
includes, for example, a chloroethylene group, a
chloromethylene group, etc. The divalent silicon-containing
group includes, for example, a methylsilylene group, a
dimethylsilylene group, diethylsilylene group, a
diphenylsilylene group, a methylphenylsilylene group, etc.

The germanium-containing group and the tin-containing group
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described, for exanple, in Japanese Patent Laid-Open Nos. 184179/1994,
345809/ 1994, etc. Specific exanples of the conpounds are benzoi ndenyl or
acenapht oi ndenyl conpounds such as

rac-di nmet hyl sil anedi yl -bi s-1-(2-nethyl-4,5 benzoi ndenyl ) zirconi um

di chl oride, phenyl nethyl sil anediyl-bis-1-(2-nmethyl-4,5 rac

benzoi ndenyl ) zi rconi um di chl ori de, rac-ethanediyl-bis-1-

(2- nmet hyl -4, 5- benzoi ndenyl ) zi rconi um di chl ori de, rac-

but anedi hrddistel - (f%rrmit)@irlp‘fé 5‘tbl%@%0|o"fd%'ﬁ)é| k2111 CoR-WandiaGield deoup
rac- dlnethyIS|Ianed|yI bi s-1-(4,5- benzoi ndenyl) zirconiumdichloride,

rac- d'nﬁ§ﬁ99éﬂ Ly 'Mhe*e the 5111co atom is replaced with germanium
bi s- 1- (2- net hyl - (x- et hyl - a- acenapht 0|ndenyl)2|rcon|un1d|ch | oride,

r ac- phengggn%agy.'fth @g.g%ygzb' i3, TR Mg ngenapht ol ndamil) zjoont um

di chl ori osSe erlve hem ut1ng zirconi um
therein w,th tkanlunlor fnlun1 the i enyI skeletgp of the
I

transition ftfa c(?ﬁff‘gun(? ofnaP’ofjr]ngl r( Ia)S ene %" e paiTs of R3 and R4,
R4 d R5, d_R5 f d
haviﬁg an inggngg €K H¥ tﬁég]?yrlgﬂﬁﬁﬂl eﬂ 2 6#ﬁgfgeig$ré§%gﬁgrzgs

to those and havi a 4 5 6, 7_tetrahydroi ndenyl skeleton are al so usable
herei n. 1q§é;6f?¥oﬁxﬁ@PéF'céﬁp&ﬁﬂﬁ?%ﬁ%&?ﬁ%ﬁﬁtagaHSeeﬁ§P C6pl exes.

They are descr np i n Japanese Patent Lai d-QOpen
4179/1994 °L,8%8% 71994, etc. Specific examples of the

compounds are benzoindenyl or acenaphtoindenyl compounds such
as rac-dimethylsilanediyl—bié—l—(2—methyl—4,5—
benzoindenyl) zirconium dichloride, rac-
phenylmethylsilanediyl-bis-1-(2-methyl-4, 5-
benzoindenyl) zirceonium dichloride, rac-ethanediyl-bis-1-
(2-methyl-4, 5-benzoindenyl) zirconium dichloride, rac-
butanediyl-bis-1-(2-methyl-4, 5-benzoindenyl)zirconium
dichloride, rac-dimethylsilanediyl-bis-1- (4,5~
benzoindenyl) zirconium dichloride, rac-dimethylsilanediyl-
bis-1-(2-methyl-a-methyl~-a~acenaphthoindenyl) zirconium

) dichloride, rac-phenylmethylsilanediyl~-bis-1-(2-methyl-o-
acenaphthoindenyl)zirconium dichloride, etc.; and those
derived from them by subsfituting zirconium therein with
titanium or hafnium.

In the indenyl skeleton of the transition metal

compounds of formula (I), none of the pairs of R? and RY, R
and R®, and R’ and R® may form a ring. The transition metal

compounds having an indenryl skeleton of that type, and even
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Nos. 268308/ 1992, 306304/1993, 100579/1994, 157661/1994, 149815/ 1995,
188318/ 1995, 258321/1995, etc. Specific exanples of the conpounds are
aryl -substituted conmpounds such as dinethyl sil anediyl -bis-1-(2-nethyl -
phenyl i ndenyl ) zirconiumdichloride, dinethylsilanediyl-

bi s-1-[ 2- net hyl - 4- (1- napht hyl )i ndenyl ] zi r coni um di chl ori de,

di nmet hyl si | anedi yl - bi s-1-(2-ethyl -4 phenylindenyl) zirconiumdichloride,
di met hyl si | anedi yl - bi s-1-[2-ethyl -4-(1-napht hyl )i ndenyl]zirconi um

di chl ori deheyrhenyd meddpdrsiiranediy| -thssd - (2adet hglridgpheanyldi, Bdényl-)
zirconiumdichl oride, phenylnethylsilanediyl-bis-1-[2-nethyl-4-(1-
napht hyl Ydendemildzd incderi wim gkehé osm de@re also usable herein. These
phenyl et hyl si | anedi yl - bi s- 1- ( 2- et hyl - 4- phenyl i ndenyl )- zirconi um

d'Ch|0r'QQ@ﬂ@EﬂBﬂﬂ“ﬁJﬁﬁﬁ'é&ﬁﬁ%ﬂﬂ@st%ﬁelkﬁgwn as Hoechst complexes
et hyl - 4- (1- napht hyl )i ndenyl ] zi rconi um di chl ori de, etc. 2, 4-substituted

comound%hﬁﬁf@sdé%rgw@t Dsichthgnc, bheodpad A@swa!’cyén%a@dhbﬁoehndenyl )

zi rconi um oride, rac- 'yl ene- 1-(2- met h
i sopropy den B um r
di net hyl g\l:olr%yl e%éb /?ggrbnét hﬂ?é:%ffeir?g%G ﬁc%ous)ﬂy%/llngdgerfyl §|7r6§%r<|l e

di chl Or"l%gsl%hﬁ@’démtf%ﬁé/ylfd? B Sg3s{prgBLhyled rac

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-(1l-naphthyl)indenyl]zirconiumdichloride,
dimethylsilanediyl-bis-1-(2-ethyl-4-
phenylindenyl) zirconium dichloride, dimethylsilanediyl-
bis-1-[2-ethyl-4-(l-naphthyl) indenyl]}zirconium dichloride,
phenylmethylsilanediyl-bis-1-(Z2-methyl-4-
phenylindenyl)zirconium dichloride,
phenylmethylsilanediyl-bis-1~[2-methyl-4-(1-
naphthyl)indenyl]zirconium dichloride,

! phenylmethylsilanediyl-bis-1-(2-ethyl-4-phenylindenyl)-

zirconium dichloride, phenylmethylsilanediyl-bis-1-(2-
ethyl-4-{l-naphthyl)indenyl]zirconium dichloride, etc.;
2,4~-substituted compounds such as rac-dimethylsilylene-
bis-1-(2-methyl-4-ethylindenyl)zirconium dichloride, rac-
dimethylsilylene-bis-1-(2-methyl-4-
isopropylindenyl)zirconium dichloride, rac-

dimethylsilylene-bis-(2-methyl-4-tert-
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i sopropylindenyl)zircon-iumdichloride, rac-

di met hyl silyl ene-bis-!-(2-ethyl-4-nmethylindenyl)zirconium dichloride,
rac-di met hyl silyl ene-bis-1-(2,4- dinethylindenyl)zircon-'Lum dichloride,
rac- di nmethylsilylene-bis-I-(2-nmethyl-4 ethylindenyl)zirconiundi nethyl,
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 methylindenyl)zirconium dichloride,
rac- 1, 2- sutyiadidenydi) g-ilrco-inet hyl - 4, 7- diddehBylriiddenyl ) zi r coni wmc-
dichloride, rac- dinethylsilylene-bis-1-(3,4,7-trinethylindenyl)zirconium
di chl ori g¢&enyamel h3-etilaiedieHbilE-s- ¢ ZﬂmékhyM%mﬂhyllndenyl)2|rcon|um

di chl oride, rac-1, 2-butanediyl- bis-I-(4,7-dinethylindenyl)zirconium

di chl ori deppeteyl indehyd-)subsiortiuived conpouadshsvehdes di met hyl siakanedi yl -
bi s-1-(2-nmethyl -4, 6-diisopropylindenyl)zirconium dichloride,

phenyl m9HH%@%%'yﬁ%qqu)l'eT@—%l's—Cz' Wé’cﬂyl‘hﬁméﬂﬂyﬂ%{wﬁ NEeAYh) Zihk Coni um
di chl ori de, rac- dlnethyIS|Ianed|yI bi's-1-(2-net hyl - 4,6-

di i sopropylkihndenyle) zi rconi um di chl ofideqy; f@endids) lene bis-1-(2
et hanedi yl - bi s-1 - ( 2- net hyl - 4, 6- d||sopropyI|ndenyIYZ|rconlun1d|chlor|de

(rj?ghl glr ngmébtgﬂgl}qrgﬁglﬁx)l Qllgtéon( 2rret hyl - 4, %gg?gdh?gﬁropyl i nden¥l yzi rconium
, yl met hyl si I anedi yl - ,
dimethylsilylene-bis-1-(2-methyl-4-
ethylindenyl) zirconiumdimethyl, etc.; 4,7-substituted,
2,4,7-substituted, or 3,4,7-substituted éompounds such as
rac-dimethylsilylene~bis-1-(4, 7-dimethylindenyl) zirconium
dichloride, rac—-1,2-ethanediyl-bis~1-(2-methyl-4, 7~
dimethylindenyl) zirconium dichloride, rac-
dimethylsilylene-bis~1-(3,4,7-trimethylindenyl)zirconium
dichloride, rac-1,2-ethanediyl~-bis-1-(4,7-
dimethylindenyl)zirconium dichloride, rac-1,2-butanediyl-
bis-1-(4,7~dimethylindenyl)zirconium ~dichloride, etc.;
2,4,6-substituted compounds such as dimethylsilanediyl-
| bis-1-(2-methyl-4, 6-diisopropylindenyl)zirconium
dichloride, phenylmethylsilanediyl-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)zirconiﬁm dichloride, rac-

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



di i sopropylindenyl) zirconiumdichloride, rac-
di nmet hyl si | anedi yl -bi s-1-(2, 4, 6-trinethylindenyl)zirconium dichloride,
etc.; 2,5,6-substituted conmpounds such as rac-
di met hyl si | anedi yl -bi s-1-(2,5,6-trimethylindenyl)zirconium dichloride,

etc. ; 4, 5, 6, 7-tetrahydroindenyl conpounds such as

rac-di nethyl silylen_e-bis(2-nethyl-4,5,6,7-tetrahydro-I|- indenyl) zirconium
di chl ori de, rac-ethyl ene-bis-(2-nethyl-

4,5,6, 7-det sahydpplindadghyk)zcpodénrum di chl 8itHéPrige rac-

di mret hyl si |l yl ene-bi s(2-nethyl-4,5,6, 7-tetrahydro-I- indenyl)

zi r coni upeénelhythyitaclenhbygli ghebbiss(2-(Zemeyhyl-4, 6~

4,5,6, 7-tetrahydro-| -indenyl) zi rconi undi et hyl, rac-

et hyl enegbi s6grdpdimatbyli4:z5r6oR4itet r ahydr odi ehiodedyl) zirconraor
dichloride, etc.; and those derived fromthe zirconi um conpounds by

substitugingtBiLsONLHAKEherein-wi-t(h, 4t ict-amiiwatery IRafddnym) AlsorRhZn R11 28
wherein R8 to R18, X3 and X4 each independently represent a hydrogen atom

a hal ogep; af, 0B} i gehydrecar hor graup RaiAGd rQRpcudds 20:68r honratons, a
hal ogen-cont al ni ng hydrocarbon group having from1l to 20 carbon atons, a

si 1 con- 6ok aL01 091 dhAUPy 1 A0 0XYGN <CaNLAIBIdG ArGn AL Sl agnt al i ng

group, a n gen-cont arni ng group, or a phosphorus-containing group; R10

and Rll’d?éla‘i@%kdés K. ﬁ@dsR%E?7U%t@%hg;‘a%%%&eﬁ%ﬁgggﬂ%@ﬁ&s dferf &M 2

ring; X3 an gath 1 ndepéndently représent a
rac-dimethylsilylene-bis (2-methyl-4,5,6,7-tetrahydro-1-

indenyl) zirconium dichloride, rac—ethyléne—bis-(2—methyl—
4,5,6,7-tetrahydro-1l-indenyl)zirconium dichloride, rac-
dimethylsilylene-bis (2-methyl-4,5,6,7-tetrahydro-1-
indenyl)zirconiumdimethyl, rac—ethylene-bis (2-methyl-
4,5,6,7-tetrahydro-l-indenyl)zirconiumdimethyl, rac-
ethylene-bis (4, 7-dimethyl-4,5,6, 7-tetrahydro-1-

indenyl) zirconium dichloride, etc.; and those derived from the
zirconium compounds by substituting zirconium therein with

titanium or hafnium, etc.

r12 R
y RE 10
R R14
r16
9 II
y? R (II)
r17 R®
R18
1
M
3/ \ 4
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atom a hydrocarbon group having from1l to 20 carbon atons, a

hal ogen- cont ai ni ng hydrocarbon group having from1 to 20 carbon atons, a
silicon-containing group, an oxygen- containing group, a sulfur-containing
group, a nitrogen- containing group, or a phosphorus-containing group; Y1l
is a divalent crosslinking group via which the two |ligands are bonded to
each other, representing a hydrocarbon group having from1l to 20 carbon
atons, a hal ogen-contai ni ng hydrocarbon group having from1 to 20 carbon
atons, awidieion-RoritcaiRif ngx® gaodipx’ ae e nand epecoatal pi pgpgeedpt a
tin-containing group, -0-, -CO, -S, -S2-, -NR-, -PR-, -P (0) R -,
-BR - or hailk&en aRémy, epmhesernten atbydroaer ratcembon habopais wiodnt ram

hydr ocarbon group having from1l to 20 carbon atons, "or a

hal ogen- qontabni Bgrbby ds ©s@E Pon MR g it a8 hide 24 rGRirber catons; M
represents titanium zirconiumor hafnium The conmpounds of formula (I1)

are si nghenGrasFronked: o CaMRLexes. o 29nk N 4 MYlR(cdbaithe Nal-agen atom
for R6 to R'Fegnd X3 é%d X4ainclu%es [ Iorﬁne, gréﬁiﬁgfjgﬁﬁg%f%gﬁénd

I odine a%@ﬁ£oxy§@ﬁ—@¥%f9fﬁﬁﬁ?ﬂ lcg#g havisng ¢romh q$ﬁ%6fg ggu atgms

i ncl udes, for” exanp an a up such as a net . ah &t hyl

| . /| . ; | , -b [,
Jsobt yi e U B g RO OB o B R A N i B 5B o

i sobutyl group, a ter u gro n gro

S S hendts Andieup SSIL 20 A ARSI 910UR:y De BRI Y SR Bundy
to form a ring; X* and X' each independently represent a halogen
atom, a hydrocarbon group having from 1 tb 20 carbon atoms,
a halogen-containing hydrocarbon 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; Y' is a
divalent crosslinking group via which the two ligands afe
bonded to each other, representing 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, a germanium-containing group, a tin-containing group,
-0-, -CO-, -S~, -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 atoms, 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

complexes.
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such as a benzyl group, etc. The hal ogen-containing hydrocarbon group
having from1l to 20 carbon atons nay be derived fromthe hydrocarbon group
as above by substituting at |east one hydrogen atomtherein with a

sui tabl e hal ogen atom including, for exanple, a trifluoronethyl group.
The silicon-containing group includes, for exanple, a trinethylsilyl
group, a dinethyl (t-butyl) silyl group, etc.; the oxygen-containing group
i ncl udes a net hoxy group, an ethoxy group, etc.; the sul fur-containing

group includes an threllgr Q@ID_,),atﬁé'E@I‘é@el@céﬁbrgrw&aet@-R.”E]h@naiﬂ ogen-
cont ai ning group includes a dinethylamno group, etc.; and the

phosphor ysrL /Mt Al gk YTQUR iR UEeSrankheryLBRosRNEAE WD a8l . RLO and
R', as well as R15 and R16 may be bonded to each other to forma ring of,

f i.fi | f ' d R15
or exa”ﬁ‘heei %g???%gg,ﬁon%&uﬁamﬁ%gcﬂg of 1 AP C%%P%%gégm%%glﬁjﬂjdesa,n

and R16 of nti'oned are the groups o except

hydr ogen at E R _a 6 referred_ar ogen..atam a n al kyl
group 30 f?i)e{:\?irgﬁgmg{lerfoftn gq(}fgr%bgrrlgél orgré;Cﬁn%Seng?eewéﬁ e%[oglrpe’ aa%yeg%ééen
atom a nethyl

[ Qu an et hyl group, an isopropyl grou n a cycl ohexyl
group; and @€ engWr‘g“p?péfJe?r‘féBprsa%lﬁ§?8F85é( %E%%E/%ﬁolﬁpﬁl@yfﬁfgu 5 and
Ri 8, preferred,i n al kyl grqup having u to 6 carbon atons; nore
preferre&narlesoatf"‘%é{%hﬁro du%, Qcaﬁte”?br‘lv:l"% é’r%@dlé" &t i%‘cbs‘ﬁr’ﬁ’gylgrélr‘%p,anand a
cyclohex%lﬁ%%P p; and even nore @referred is an isopropyl. group. For R,
R12, RIADRES NPT RE?, PcefePPe@rVs AXAYErdYeh &t omPIFSHY XI TP x4

preferred are
l-naphthyl group, a 2-naphthyl group, etc.; an aralkyl group

such as a Dbenzyl group, etc. The halogen—containing
hydrocarbon group having from 1 to 20 carbon atoms may be
derived from the hydrocarbon group as above by substituting
at least one hydrogen atom thereinwith a suitable halogen atom,
includiné, for example, a trifluoromethyl group. The
silicon-containing 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, étc.; the sulfur-containing group includes a
thiol group, a sulfonic acid group, etc.; the nitrogen-
containing group includes a dimethylamino group, etc.; and the
phosphorus-containing group includes a phenylphosphine group,
etc. R' and R, 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 of R® to R'® except hydrogen atom. For

R' and R'®, preferred are a hydrogen atom and an alkyl group
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a hal ogen atom a nethyl group, an ethyl group, and a propyl group.

Speci fic exanples of Y' include nethylene, ethylene, ethylidene,

i sopropylidene, cyclohexylidene, 1,2- cyclohexylene, dinethylsilylene,
tetranet hyl di silyl ene, dinethylgernyl ene, nethyl borylidene (CH3-B=),

met hyl al um | i dene (CH3- Al =), phenyl phosphyl i dene (Ph-P=),

phenyl phosphol i dene (PhPO=), 1, 2-phenyl ene, vinylene (- CH=CH ), vinylidene
(CH2=C=), nethylim do, oxygen (-0-), sulfur (-S-), etc. O those,

preferredagiagnethybenes ceibyhensomet hdtdene @’ﬂ:écﬁ@meoayhydEB@enas
giving better results. ML represents titanium zirconiumor hafnium and

is prefgeahlya ﬂ@%ﬁ&i?%réﬁ@chﬁi%+ﬁ§§”8k6§p0faﬁr@tdﬂﬁﬁﬁﬁﬂ”@@@uﬁetéhd

conpounds of formula are 1, 2-ethanediyl (1-(4

d“soproaya@g%xmgg}e% % 'é@&pﬁgﬁwwgﬁgﬂém@@m%&ish bari de,

1, 2- et hane i i sopropyl i ndenyl )" haf’ni umdi chl ori de,

1=1{ 4,19~ |
hf?%ﬁ%%}??ﬁ?&&f% Rat ﬁ?‘@mﬁgﬂ ?%FF%Q%M%) SFiafult grope having up

B AR S men b b g eflaee,
|sopropylkg%g?(%n %oér%%ﬁﬁth %hgqen ))(Zyg4o£é%§13% ouByl genxlk)hafnlum
more preferred is an isopropyl group. Fer R, R, R, R'® and
R'?, preferred is a hydrogen atom. For X® and X!, preferred are
a halogen atom, a methyl group, an ethyl gfoup, and a propyl

group.
Specific examples of Y' include methylene, ethyiene,

ethylidene, isopropylidene, cyclohexylidene, 1,2~

cyclohexylene, dimethylsilylene, tetramethyldisilylene,

dimethylgermylene, methylborylidene (CH;3;-B=),
methylalumilidene (CH;~Al=), phenylphosphylidene (Ph-P=),
phenylphospholidene (PhPO=), 1,2-phenylene, vinylene (-
CH=CH-), vinylidene (CH;=C=), methylimido, oxygen (-0-),
sulfur (-S-), etc. Of those, preferred are methylene,

ethylene, ethylidene and isopropylidene, as giving better
results.

M! represents titanium, zirconium or hafnium, and is
preferably ‘hafnium.

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

diisopropylindenyl)) (2-(4,7-diisopropylindenyl))hafnium
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dichloride, etc.; and those derived fromthe hafnium conpounds by
substituting hafniumtherein with zirconiumor titanium However, the
conpounds are not limted to these exanples. The transition netal conpounds
of formula (I1) can be produced, for exanple, according to the nethod
described in the applicant's own prior Japanese Patent Application No.
296612/ 1997. wherein ML represents titanium zirconiumor hafnium E and
E2 each represent a ligand selected froma cycl opentadi enyl group, a

subst i t uttadrayad iepent adi enyl  gr oupz-aBhkAdenyl (9-FURored yaYht tayted
i ndenyl group, a heterocycl opentadi enyl group, a substituted

het er ocy @it ﬁﬁbyﬂmﬁdéﬂ§¥%3hé¥hﬁﬂﬁd@l&%qw%ldéip@%%%&b%%lﬁ@@ﬁ% a
hydrocarbon group and asi'licon- containing 32 group, and they forma

CFOSS|IHKQQ"ﬁLffggdggbﬁgfﬁﬁ%eq§qqu%%_ and;_they may be the same or

different; X5 represent’s a a- ing ligand, and plural X5' s, if any, may
be the s r e I ed h f her_ X5, E1
E2 or Y2%ﬂ§%§gpf%éi£§§§%?¥§ Lew's éggedq 3%6F3ﬁ3| ¢Eb e%%% %d &H<% be the

Xo a and as S e TR SR LRl bR 2%?%’%1% tvo

| i gands ed to each other epresentin a dr ocar gr,oup havi ng

from1 t%ﬁﬁ§(ﬁﬁ S at oms, a ha}0%—g£%6ﬂ?§?Hgﬁa"ﬁ§§P5€§WB§Hggrou “havi ng

from1l to 2 r.oon si | i con-cont ai ni ng

gernanluﬁﬁg ni} [R;fQ%qWI1(ﬁHﬁ%&?ﬁhﬁegrou SOPGOPYleéﬁne Q- -sce-,
R -

' (4, 7-dimethylindenyl)) (2-(4, 7-diisopropylindenyl))hafnium
dichloride,etc.;andthosederivaﬂfrmnthéhafniumcompounds
by substituting hafnium therein with zirconium or titanium.
However, the compounds are not limited to these examples.

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

296612/1997.

(ITI)

1
E
A}<::::::§E§§§z::i \\\\\\\MlMs
B2
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 a silicon-containing



-PR-, -P(0) R-, -BR- or -AlR -, and they may be the sanme or different;
R represents a hydrogen atom a hal ogen atom a  hydrocarbon group havi ng
from1l to 20 carbon atons, or a hal ogen-containing hydrocarbon group
having from 1 to20 carbon atoms; g represents an integer of from1l to 5,
equaling to [(atomc valency of M) - 2]; and r represents an integer of
fromO to 3. Inthe transition nmetal conpounds of fornmula (Il11) (these
will be hereinafter referred to as doubl e-crosslinked conplexes), M

r epr esenigs otuipt,aphdnhey rfeam encoss Haf nked s thtictuse prief B abldyAZi modni um or
haf nium As so nentioned hereinabove, E1 and E2 each represent a |igand

Se|eCtedtﬁk®”ha% e¥ckapeBLAdi SPYHi gEQUANL R ﬁ“@%&h&é&§ﬂ1§¥ﬁbQE%&bﬁ%@eny| 33
group, an indenyl croup, a substituted |ndeny group, a

het er ocygligpent, agh@ﬂpfiuﬁépwfsa subst it yiadpeheher osynelppentradi-emyl, group,
an amdo group (-N<), a p osphldo group (-P<), a hydrocarbon group [>CR-,

>C<] and a4 $idy ¢@n g‘i%’%ts‘i'l@ﬂk’égj gﬁgﬁ’ﬁ a[n>ys'o'% ’ot%%'rqx (18 Whizch -Ryk ndycat es a

hydrogen atom “a hydrocarbon gr aving f ron1 to 20 ‘carbon “atoms, or

hot er 0 Ao COLAINNg gQUB) < and Lhey Laimyar o crosslipked Stdigiyr e vi 2

Al and may "Be € sane - or erent

preferred_are a ¢ pentadlen I LQUR i |enyI
group, an |ﬁdenypx%%o eim‘fmj'y ﬁﬁgtltEFQ5s' gbnﬁfuﬁﬁghﬁ'ggggigkﬁg exanpl es

of the aYboqglngzllggnd f9 d%é Eggk areeadivalent 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 from 1l to 20 carbon
atoms, a silicon-containing group, a germanium-containing
group, a tin-containing group, -0-, -CO-, -8-, -50;—, ~NR’-,
-PR’-, -P(0)R’-, -BR’- or -AlR’-, and they may be the same or
different; R’ represents a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 20 carbon atoms, or a
halogen-containing hydrocarbon group having from 1l to 20 carbon
atoms; g 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.

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
is préferably zirconium or hafnium. As so mentioned
hereinabove, E! and E? each represent a ligand selected from

a cyclopentadienyl group, a substituted cyclopentadienyl
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a hal ogen atom a hydrocarbon group having from1 to 20 carbon atons, an
al koxy group having from1l to 20 carbon atons, an aryl oxy group having
from6 to 20 carbon atons, an am do group having from1 to 20 carbon
atons, a silicon-containing group having from1l to 20 carbon atons, a
phosphi do group having from 1 to 20 carbon atons, a sulfido group having
froml to 20 carbon atons, an acyl group having from1 to 20 carbon atons,
etc. Plural X5's, if any, nmay be the same or different, and may be

crossl i nkEtbuw t haanyinsferothegrX8p, E'a F2bet iyt e@pdriddanylexanplips &f the
Lew s base for Y2 include am nes, ethers, phosphines, thioethers, etc.
Plural YZlessrodyaimpemegdidieyl he sangroupdi ffereat, and sms the utreass! i nked
with any of other Y2, E, E2 or X5. 34 At |east one crossl-Lnking group of

A and Alkterdred Bipdityad Seroy DS Sdidikd Ng diy drpgaidory@ngup hawi)ng at | east
1 carbon atom The crosslinking group of that type includes, for exanple,

groups ofpre geed@lgdapul-e<)C e hﬁdzécgirgénV@?dS@anftl_23, anek R 4t each

represent a hydrogen atom or a hydrocarbon group having from1 to 20

car bon atone; c AN ISt i iR R hessame o8;dif{ehe; R TRy ike anded to

each other to forma cyclic structure; and e represents an iInteger of from

1to 4. %Oﬁ?ljfrioﬁgﬁxéﬁ%?% H&dEBSa%?IHQ;P&?p AaTBLAYEEDE 9L ARG Nyl ene

group, an efhyli"dene group, a propy ene ‘group,
atoms, or a hetero atom-containing group), and they form a

crosslinked structure via A' and A?. E!

and E? may be the same
or different. For E' and E?, preferred are a cyclopentadienyl
grcup, a substituted Cyclopentadienyl group, an indenyl group
and a substituted indenyl group.

Specific examples of the 6-bonding ligand for X° include
a halogen atom, a hydrocarbon 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 atoms, a silicon~containing group
having from 1 to 20 carbon atoms, 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 X°'s, if any, may be the same or different, and may be
crosslinked with any of other X°, E', E? or YZ.

Specific examples of the Lewis base for Y? include amines,
-ethers, phosphines, thicethers, etc. Plural Y¥s, if any, may
be the same or different, and may be crosslinked with any of

other Y?, E!, E? or X°.
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an isopropylidene group, a cyclohexylidene group, a 1,2- cyl cohexyl ene
group, a vinylidene group (CH2=C=) , etc. O those, preferred are a

nmet hyl ene group, an ethylene group and an isopropylidene group. Al andA 2
maybe the sane or di f f e rent. In the transition netal conpounds of
formula (1 I 1) where E and E2 each represent a cycl opentadi enyl group, a
substituted cyclopentadi enyl group, an indenyl group or a substituted

i ndenyl group, the bonding node of the crosslinking groups of Al and A2 may
be of any type oft Hoabt enerosss$l nkkigg kot of A Bnda’ s xore ket les cr os
slinking (1, 21 ) (2, 11 ) . O the transition nbtal conmpounds of formnula
(111) , pretessednariadg hpseobaybog gadoudonbl engraxssbapkedcarbon atom.

bi scycl opent adi enyl derivative as the 35 |ligand and represented by the

foll owi ngrrgenergdsfoxmhg grbhpads: tR30 RZBeRAA(Ch W sY Zoxq @xdrpeor nul a
(rrr-a) , M, Al, A2, q and r %ave t he sanme neani ngs as above. X5

represents 8,8 hopdi ng. b i gands,apdiaplural X5's, if any, nmay be the sanme or
differenfﬁ:aﬁﬁsnay bggebonded ?o an@ of other X5 or Y2. For specific
exanpl es of X5,

AN
Rza/ \R”
wherein R?® and R* each represent a hydrogen atom, or a
hydrocarbon group having from 1 to 20 carbon atoms, and these
may be the same or different, or may be bonded to each other
to form a cyclic structure; and e represents an integer of from
1 to 4. Specific examples of the group are a methylene group,
an ethylene group, an ethylidene group, a propylidene group,
an' isopropylidene group, a cyclohexylidene group, a 1,2-
cylcohexylene group, a vinylidene group (CH;=C=), etc. Of
those, preferred are a methylene group, an ethylene group and
an isopropylidene group. A'and A’may be the same or different.
]klthetransitionnmtal compounds of formula (III) where
E' and E? each represent a cyclopentadienyl group, a substituted
cyclopentadienyl.group, an indenyl group or a substituted
indenyl group, the bonding mode 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 transitionmetal
compounds of formula (III), preferred are those having a

double-crosslinked biscyclopentadienyl derivative as the
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referred to are the sane as those nentioned hereinabove for X5 in fornula
(Irr) . Y2 represents a Lewis base. Plural Y2's, if any, nay be the sane
or different, and may be bonded to any of other Y2 or X5. For specific
exanples of Y2, referred to are the sane as those nentioned herei nabove
for Y2 in formula (l11l1) . R25 to R30 each represent a hydrogen atom a
hal ogen atom a hydrocarbon group having from1l to 20 carbon atons, a

hal ogen- cont ai ni ng hydrocarbon group having from1 to 2 0 carbon atons, a
si | i con- ddmtaanichi agdgrmagy e santedchebgr drat offetonwangi rgenegralup footulat | east
one of them nust not be a hydrogen atom R25 to R30 nmay be the sane or

di f f er ent(,I1dnd )t:hei r nei ghboring 36 groups may be bonded to each other to
forma ring. In the transition nmetal conpounds having such a

doubl e-crossl i nked bi scycl opent adi enyl derivative as the |igand, the

i gand may be any of a (1,1')(2,2") double- crgsslinked one or a
(1,2")(2,1") doubl e-crossligked one.;ﬁ-ecificRexanples of the transition

netal conpounds of formul & Pclude (1,[1'-ethylene) (2,2 -ethyl ene)-
bi s(i ndenyl ) zi rconi um di chl o (1,2 -ety 229" -

et hyl ene) - bi s(i ndenyl ) zi r conj §ide, -
nethylene)(2,2'-nethylﬁme )Z di chl ori de,

I1IT-
) zi hcemi um di chi oride. (1, 1

(1,2 -methyl ene) (2, 1' - net hyl enye)
ndenylfzirconium

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 Y?'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 to
are the same as those mentioned hereinabove for Y? in formula
(ITI). R*toR*®eachrepresent a hydrogen atom, a halogen atom,
a hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from 1l 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 atom.

R?** to R** may be the same or different, and their neighboring
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dichloride, (1,2 -isopropylidene)(2,1'-isopropylidene)-

bi s(i ndenyl)zirconiumdichloride, (1, 1'-ethylene) (2, 2'-

et hyl ene) - bi s(3-net hyl i ndenyl) zirconiumdichloride, (1,2 -
ethylene) (2,1 -ethyl ene)-b ss(3-nethylindenyl)zirconiumdichloride,

(1,1 -ethylene) (2,2 -ethyl ene)-bis(4,5- benzoi ndenyl)zirconi um di chl ori de,
(1,2 -ethylene) (2,1 - ethylene)-bis(4, 5-benzoindenyl)zirconiumdichloride,
(1,1 -ethylene) (2,2 -ethyl ene)bis(4 isopropylindenyl) zirconiumdichloride,
(1, 2" - eghyuerelzd;, e eidndehe)e bsdi4-d sogr opy | fadeny| ¥ zhgconi um
dichloride, (1,1 -ethylene)(2,2'-ethylene)-bis(5,6-

di met hyl i ndenyl Yai repai wpchd idd dewetel, 2coBfounds having such a

et hyl ene) (2, 1' - et hyl ene) - bi s(5, 6-di met hyl i ndenyl ) zi r coni um di chl ori de,

(1,1 'etQﬁb%@%ﬁ%%d%sfﬂﬂk@&mglst%ﬁépEntadlenyl derivative as the

d||sopropyI|ndeny zi rconi undi chl or
ethyl eney (2, éF & engls BBSQna] pdi }Prbgee(1 L1 ) double-
d||sopropy ényl) zi Fconium

?5?¥!?QS%§%§néf?ﬁ&%i%ﬂf% q%ﬁé? |s(4linﬂeny#%%%%%g$%g§%%g%%?éﬁ$h|chlorlde
1,1 -ethyl 2, 2", hy 3- hyl - 45 | i I

i ohl or de. ( 0 | Pé&&ﬁ&?@%eft“%ﬂisl.oef CIIEEaN G £abaoRLpRY St dg g cont um
eyl enafC3TS LA nJaig) - bRBCSTREbendol hd ﬁém.epsaa.zu% ~ethylene) -

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

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

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

dichloride, (1,1'~ethylene) (2,2'-ethylene)-bis (4, 5-
benzoindenyl) zirconium dichloride, {(l1,2'-ethylene) (2,1'-
ethylene)-bis (4, 5-benzoindenyl) zirconium 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'-
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dichloride, (1,2 -ethylene) (2, 1'-ethylene) -bis (5, 6-

benzoi ndenyl ) zi rconi um di chl oride, (1,1 -ethylene)(2,2'-

i sopropylidene)-bis(indenyl)zirconiumdichloride, (1,2'-

et hyl ene) (2, 1" -i sopropyl i dene) - bi s(i ndenyl ) zi rconium dichloride, (1,

| ' -isopropylidene) (2,2 -ethylene)- bis (i ndenyl) zirconiumdichloride,
-nmethylene) (2, 1' - ethylene)-bis(indenyl)zirconiumdichloride,

(1,2
(1,1
(1,1
(1,1
(1,2
(1,1
(1,1

(1,1"-

nmet hyl ene) (2, 2'-ethyl ene)-bis(indenyl)zirconiumdichloride,

- et lyhenen(€?, 2 -Inetdtyl \Eree)e bilsi(s haetryd)mé tlophi ngenyl thi beddeym
-met hyl ene) (2, 2' -i sopropyl i dene)- bis(indenyl)zirconiumdichloride,
- metdiyrene)i(d,1' - 1 sopr opyli deptkryibne(i(adenyktniyieari) vimidi(@hlieri de,

i sopropylidene) (2,2 -nmethyl ene)-bis(indenyl)zirconium 38 dichl ori de,

- thmls%ﬁac(_ 12 detyyl sne)dBrum dichloride, (1,2'-
met hyl cycl opent adi enyl ) (cycl opent adi enyl ) zirconium dichloride,

(1, 1"-1 sepran Béﬂéje@)l('l@thylsé}%)a%/ié dene) (3-

nethylcyclopenta |eny (cycl opentadlenyl) zirconium dichloride,

dichlorid

I :%gqgg ]gpyl deng)A{ 3-
nethylcyc gﬁ% ta |eny (cyclopentadlenyl) Z|rcon|un1EH|chIor|ée

G o o) RS-SRS B e Sls Pl Fenfi gy goept pl edubl i con um
”EthleyC|gﬁl Iﬁgkgny )Z|rcon|¥g}9hchk8&hgge (2,1'-ethylene)-bis (4~

|sopropyI|

T- et hyl ene) -bi 5( 3-

phenylindenyl)zirconium dichloride, (1,1'-ethylene) (2,2'-
ethylene)—bis(3—methyl—4—isopropylindenyl5zirconium

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

dichloride, (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(incenyl) zirconium dichloride, (1,1" -

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

(l,l’—ethyiene)(2,2’—methylene)—bis(indenyl)zirconium

dichloride, (1,1"-methylene) (2,2 -isopropylidene) -
bis(indenyl)zirconium dichloride, (1,2’ -methylene) (2,1’ -
isopropylidene)-bis(indenyl)zirconium dichloride, (1,1'-

isopropylidene) (2,2’ -methylene) -bis(indenyl)zirconium
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(1,1 - methyl cycl opentadi enyl ) zirconi um di chl ori de,

et hyl ene) (2, 2' -i sopropyl i dene)-bi s(3- nethyl cycl opent adi enyl ) zi rconi um
dichloride, (1,1 - nmethylene) (2, 2' -ir.ethylene) -bis (3- (1, 1'-

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

(2, 2T-isopropylidene)-bis(3- nethylcycl opentadi enyl)zirconiumdichloride,

i sopropylidene) (2,2 -isopropylidene)-bis(3- nethylcyl opentadienyl)zirconium
dichloride, (1,1 - ethylene) (2, 2' -nethylene) -bis (3, 4- (1,1 -

di net hyl cyicdperitcadi enyl ) zi r coni yin di ehkdhiydene) (2,2'-methylene) (3~

et hyl ene) (2, 2' -i sopropyl i dene) - bi s(3, 4-

di net hyl epahepentcadipem 9z dropni ungh dp et aei dyl) zirconium
nmet hyl ene) (2, 2' - met hyl ene) - bi s( 3, 4- 39 di net hyl cycl opent adi enyl ) zi r con4~um

di chl ori dg.chibkhike ,met byl ene) £8p2dpi 50REABYI(DAENE) sBprobFlddene) (3-
di met hyl cycl opent a |enyI52|rcon|un1d|chlor|de,

iSODrODyHéyﬂyﬂ#ﬁgé§§é Qi dengrdh s{Badtenyl) zirconiun
I tadienyl)

di et hyl cycl ope en zi rconi urh di chlori de,
ethylene%ﬁ%ﬁﬁ%&Qﬁﬁnylene)'b'?ﬂ?l'—propylidene)(2,2‘—propylidene)(3—

methylcyclopentadienyl) (cyclopentadienyl) zirconium
dichloride, (1,1'-ethylene) (2,2'-methylene)-bis (3~
methylcyclopentadienyl)zirconium dichloride, (1,1'-
methylene) (2,2'-ethylene)-bis (3~
methylcyclopentadienyl) zirconium dichloride, (1,1'-
isopropylidene) (2,2'-ethylene) -bis (3-
methylcyclopentadienyl) zirconium dichloride, (1,1'-
ethylene) (2,2'~isopropylidene) -bis (3-
methylcyclopentadienyl)zirconium dichloride, (1,1'-
methylene) (2,2'~-methylene) -bis (3-
methylcyclopentadienyl)zirconium dichloride, (1,1'-
methylene) (2,2"'-isopropylidene)-bis (3~

, methylcyclopentadienyl)zirconium dichloride, {(1,1'-
isopropylidene) (2,2'-isopropylidene) -bis (3-
methylcylopentad;enyl)zirconium dichloride, (1,1'-
ethylene) (2,2"'-methylene)-bis (3, 4~
dimethylcyclopentadienyl)zirconium dichloride, (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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met hyl cycl opent adi enyl ) zi rconi um di chl ori de, (1, 21-

et hyl ene) (2,1' -i sopropylidene)-bis(3 nethyl cycl opent adi enyl) zi rconi um
di chloride, nethylene)(2,1'-nethylene)-bis(3- :
n, et hyl cycl opent adi enyl ) zi rconi um di chl ori de,

nmet hyl ene) (2, 1' -i sopropyl i dene)-bis(3- (1,2'-

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

i sopropylidene) (2, 11-isopropylidene)-bis(3-

met hyl cy clioedntyddiverlydpezi traciaird nyn )di ictd coriiude, (1d3thloride, (1,1'-
et hyl ene) (2, 1' - net hyl ene)-bi s(3,4- (1,2 -

di met hyl epchepemeadize pyl-)izomeen Wi dbirehl -ari de3, 4-
et hyl ene) (2, 1' -i sopropyl i dene) - bi s(3, 4- di met hyl cycl opent adi enyl ) zi r coni um

di chl ori deme tMgRW AR 2 1Bl YA en@mihing ( 3, 41 cHileHierd de, (1221 -

di et hyl cycl opent adi enyl ) zi r coni um et hyl ene) (2, 1' -i sopropyl i dene) - bi s(3, 4-

(1,2 - diig%b&quld&@)t<@qizeﬂyﬂ SN B G0 0 { ey - -
i sopropylidene) (2, 11-isopropylidene)-bis(3,4-
dimethylcycleopentadienyl) zirconium dichloride, (1,2'~
ethylene) (2,1"'-methylene)-bis (3~
methylcyclopentadienyl) zirconium dichloride, (1,2'-~
ethylene) (2,1'-isopropylidene) -bis (3~
methylcyclopentadienyl) zirconium dichioride, (1,2'~
methylene) (2,1'-methylene)-bis (3~
nethylcyclopentadienyl) zirconium dichloride, (L,2'~
methylene) (2,1'-isopropylidene)-~bis (3-
methylcyclopentadienyl) zirconium dichloride, (1,2'-
isopropylidehe)(2,1'—isoprobylidene)—bis(3—
methylcyclopentadienyl) zirconium dichloride, (1,2'-
ethylene) (2,1'-methylene)-bis (3,4~
dimethylcyclopentadienyl) zirconium dichloride, (L,2'-
| ethylene) (2,1'-isopropylidene)-bis (3,4~
dimethylcyclopentadienyl) zirconium | dichloride, (1L,2'-
methylene) (2,1"'-methylene)-bis (3,4~
dimethylcyclopentadienyl) zirconium dichloride, (1,2'-
methylene) (2,1'-isopropylidene)-bis (3, 4-
dimethylcyclopentadienyl)zirconium dichloride, (1,2'-
isopropylidene) (2,1'-isopropylidene) -bis (3, 4~

dimethylcyclopentadienyl)zirconium dichloride, etc.; and
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di et hyl cycl opent adi enyl ) zi r coni um di chl ori de, etc.; and 40 derivatives of
t hose conpounds having titaniumor hafniumin place of zirconium

Needl ess- to- say, the conpounds are not |inmted to these exanples. The
catal yst conponent for olefin polynerization of the invention nmay contain,
as the transition nmetal conpound, one or nore of the above-nentioned
conpounds (I) (BASF conplex or Hoechst conplex), (lI1) (single-crosslinked
conplex) and (I111) (double-crosslinked conplex) either singly or as

conbi neddeCantadtviengothehcae re@ipdondol ledvingpal erizatdroma fedtal yats and
the transition netal conpound of (1) to (Il1l) may be effected in an inert

at nosphepgagfe Bift zQgenndas .orNéd@lebbkeookayn anbydbrpanber swehnas
pent ane, hexane, heptane, toluene, xylene or the like. Contacting them

with eachipthey toYnRecekkeghadat tenperatures at which nononers are
pol ymeri zed to give polymers, or even at tenperatures falling between -30C

and the boi | i ngrpoicakfy JecBhUBRE HEd: dpl, pb S, REETELALY &f Lected at

tenperatures falling between room tenperature and t I'ng point of the

sol vent ysed. Qo he,oLher - hand, . te, L1ty on, FRkal compaunds gf, G oups

8 to 10 o eriodi c for use herein are not specdifically

del ! ned G300V LPAS, YRER O RLSNELL SOaTELAL FEMRAMICE Lalligopu th
;gggf;lndﬂ%%ctn@% L5k , TREY | 0¢hY9E: L85 TA AW oSO TRL £, P TRYNdS of a
(double-crosslinked complex) either singly or as combined.
Contacting the' carrier for olefin polymerization
catalysts and the transition metal compound of (I) to (III)
may be effected in an inert atmosphere of nitrogen gas or the
like or in a hydrocarbon such as pentane, hexane, heptane,
toluene, xylene or 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 rcom
temperature and the boiling point of the solvent used.
On the other hand, the transition metal compounds of
Groups 8 to 10 c¢f the Periodic Table for use herein are not
also specifically defined, and various types of transition
metal compounds fallingwithin the range are employable herein.
Preferred are those having a diimine compound as the ligand.

They include, for example, complex compounds of a general

formula (VII):
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formula (M1): 41 34 F (VII ) wherein R31 and R31 each independently
represent an aliphatic hydrocarbon group having from1l to 20 carbon atons,
or an aromatic group having a hydrocarbon group on the ring and havi ng
from7 to 20 carbon atons in total; R32 and R33 each i ndependently
represent a hydrogen atom or a hydrocarbon group having from 1 to 20
carbon atons, and R32 and R33 may be bonded to each other to forma ring;
X and Y each independently represent a hydrogen atom or a hydrocarbon
group having from1l to 20 car atons; and M2 represents a transition
metal of Goups 8 to 10 of thef Periodic Table. In formula (VII1), the

al i phatic hydrocarbon gfdup hEving frgml to 20 carbon atons for R31 and
R34 may be a linear or b d\akgyr group having from1l to 20 carbon
atons or a cycloal kyl group havi®#from3 to 20 carbon atons, concretely
including a nmethyl grou ,hyﬁgg?bup, an n-propyl group, an isopropyl
group, an n-butyl grouB;” an isbbutyl group, a sec-butyl group, a
tert-butyl group, a pentyl grdup, a hexyl group, an octyl group, a decyl
group, a tetradecyl group, a riéxadecyl group, an(petadecyl group, a

cycl opentyl group, a 42 cycl ohexyl group, and a cyclooctyl group, etc. Into
the ring

wherein R® and R* each independently represent an aliphatic
hydrocarbon group having from 1 to 20 carbon atoms, or an
aromaticgrouphavingarudrocarbongrouponfheringandhaving
from 7 to 20 carbon atoms in total; R*? and R*® each independently
represent a hydrogen atom, or a hydrocerbon group having from
1 to 20 carbon atoms, and R* and R*’ may be bonded to 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? represents a transition metal of Groups 8 to 10 of the
Periodic 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, & pentyl group, a hexyl
group, an octyl group, a decyl group, a tetradecyl group, a

hexadecyl group, an octadecyl group, a cyclopentyl group, a
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of the cycloal kyl group, a suitable substituent such as a | ower al kyl
group may be introduced. The aromatic group having a hydrocarbon group on
the ring and having from?7 to 20 carbon atonms in total includes, for
exanpl e, phenyl and naphthyl groups with at |east one |inear, branched or
cyclic C1-10 al kyl group being on the aromatic ring. For R31 and R34,
preferred is an aromatic group having a hydrocarbon group on the ring,
and especially preferred is a 2, 6-diisopropyl phenyl group. R31 and R34
may be theciahexgl drbhpremtd alkgchpdcaydr bonugr oepc havimp fubemringo 20
carbon atons for R32 and R33 includes, for exanple, a linear or branched
al kyl  gpeumdaviongfnegm drbop2G eatbablatsuisst atuyet caldtybsgr doperhavi ng
from3 to 20 carbon atons, an aryl group having from 6 to 20 carbon atons,

and an agakkyl ¢86RBPnAgYiRY ihteddtckd. 20neakbenaatemgrober haxdnpl @s of the
| i near or branched al kyl group having from1l to 20 , carbon atons and the

CyC|Oa|kMPgQBEHBboﬁaﬁEaﬂpfEﬂ”tﬁetPiQQ &3d hofy 2l @er drer7 K32 2andzRB3n

referred are those of the Cl-20 aliphatic hydrocarbon group nmentioned

her ei ”?bQ?AS for; R3%, and ﬁ%éiuagg ary %&%&h@ﬂ@viﬁwfsﬁwn&@dtgap%th,qr bon

atons inclu es,I}or exanpl €, a phenyl group, a tolyl” group, a xylyl group,
ht h : - | |

havi ho 1 o Stbt ol AFas BErt Ao eer (e B 6 o aher et B heR e o otp, a

R R i s e S e

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

31

andespeciallypreferredjjsa2,6fdiisopropy1phenylgroup. R
and R** may be the same or different.

The hydrocarbon group having from 1 to 20 carbon atoms
for R* and R* includes, for example, a linear or branched alkyl
group having from 1 to 20 carbon atoms, a cycloalkyl group
having from 3 to 20 carbon atoms, an aryl group having from
6 to 20 carbon atoms, and an aralkyl group having from 7 to
20 carbon atoms. For examples of the linear or branched alkyl
group having from 1 to 20 carbon atoms and the cycloalkyl group

1 having from 3 to 20 carbon atoms for R®? and R**, referred to
are those of the C1-20 aliphatic hydrocarbon group mentioned
hereinabove for R*! and R*. The aryl group having from 6 to
20 carbon atoms includes, for example, a phenyl group, a tolyl
group, a xylyl group, a naphthyl group, a methylnaphthyl group,
etc.; and the aralkyl group having from 7 to 20 carbon atoms
includes, for example, a benzyl group, a phenethyl group, etc.

R** and R* may be the same or different, and may be bonded to
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For exanpl es of the hydrocarbon group having from1l to 20 carbon atons for
Xand Y, referred to are those of the Cl1-20 hydrocarbon group nenti oned
her ei nabove for R32 and R33. For X and Y, preferred is a nethyl group. X
and Y may be the sane or different. The transition netal of Goups 8 to 10
of the Periodic Table for M includes, for exanple, nickel, palladium
plati num iron, cobalt, rhodium ruthenium etc. Preferred are nickel and
pal | adi um Specific exanples of the conplex conpounds of fornmula (VII) are
conpoundsaeth tdtehdwldowiowgn formdae [1], [2], [3], [4], [5], [6], [7],
[8], [9], [10], [11] and [12], etc. ,CH3 ZZZ7 NN~ N'- CH3 (CH3) 2CH,

,CH(CHB) 2 [1] (E3) eREmPleb@B) e BitiMcar@dh gebdpChidviehBiréeH @d (CH3) 2
[2] 44 (CH3) 2CH
20 carbon atoms for X and Y, referred to are those of the C1-20
hydrocarbon group mentioned hereinabove for R* and R*. For
X and Y, preferred is a methyl group. X and Y may be the same
or different.
The transition metal cf Groups 8 to 10 of the Periodic
Table forM? includes, for example, nickel, palladium, platinum,
iron, cobalt, rhodium, ruthenium, etc. Préferred are nickel

and palladium.

Specific examples of the complex compounds of formula

(VII) are compounds of the following formulae [1), [2], [31,
(4), (51, (e}, (7], (8], (9], [10]), [11] and [12], etc.
(CH,) ,CH CH (CH,) , (CHj) ,CH CH (CHj) ,
CH
E,N\\ ._CH, 3)\5—1\7\ __CH,
T ,’Nl\_ T ,le\
N~ CH,4 . CH; N~ CH;
(CH;) ,CH CH(CH;), (CH;) ,CH CH (CH,),
(1] (2]
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~1V /CH3 CHN(CH3) 2CHCH3 N. ~ .Ni- CH3 N H (CH3) 2CH [5] (CH3) 2CH
[3] /CH3 CH(CH3)2 CH (CH3) 2 N, H H (CH3) 2CH CH (CH3) 2 [7] (CH3) 2CH [4]
[6] (CH3) 2CH CH (CH3) 2

(CH,) ,CH CH(CH;), (CH;) ,CH CH(CH,),
@ /N\\ ._~CHg IfN‘\ _~CHs
S~ ','Nl\ T~ ,'Nl'\
@ N’ CH3 N’ H
(CHj) ZCH\@/CH (CH;) , (CH;) ,CH % .CH(CH,3) ,
[3] (4]
)
(CHj) ,CH CH(CH,), (CH3) ,CH ] CH(CH;) ,
CH
3I/N\ __CH, /N\ _cH,
T ,’Nl\ T ,—Nl\
(CH;) zCH@CH (CH;) , (CH,) ,CH { ,CH (CH3) ,
[3] (6]
l
(CH;) ,CH CH(CH;), (CH;) ,CH CH(CH3) ,
N. E CH3 N.
s . W e S o s
g L -NI J; LN
N~ H CH; N~
' (7] (8]
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CH (CH3) 2 CH (CH3) 2 CH3 H CH3/ H (CH3) 2CH CH (CH3) 2 [8] 45 no,
2CH Y CH (CH3) 2 [9] (CH3) 2CH CH (CH3) 2 N, Br Er (CH3) 2CH CH (CH3) 2

[ 10]
[12]

may be used either singly or as conbi ned.

(CH,) ,CH CH (CH,) , (CH,) ,CH CH (CH,) ,
N N Br
(IE g (I i<
ot Sl e St
(CH3)2CH©/CH(CH3)2 (CH,) ,CH CH (CH,) ,
(3] [10]

(11] [12]

In the invention, one or more of the complex ccmpounds
noted above may be used either singly or as combined.

Contacting the carrier fo'r 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, toluene, xylene or the like.
Contacting themwith each other may be effected at temperatures

at which monomers are polymerized to give polymers, or even
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In the invention, one or nore of the conplex conmpounds noted above



Cont act i
conpound
i ke or

or the |
t enper at

46 at tenperatures falling between -30C and the boiling point

sol vent

used Coyémm@rﬁgﬁwébﬁ £5dth G A d th SO RhACEhB DL A 18] £

transiti

nore i mpLgyednactisuisty. This will be because the

transiti
area ow

appl yi ng

ng the carrier for olefin polynerization catalysts and the conpl ex
may be effected in an inert atnosphere of nitrogen gas or the

in a hydrocarbon such as pentane, hexane, heptane, toluene,

i ke. Contacting themw th each other may be effected at

xyl ene

ures at which nononers are polynerized to give polyners, or even

of the

used, but is preferably effected at tenperatures falling between
room t enper atupe rand relke fa0illingg beeklerof-3tthe agal veatbosedngl pothe
invention, if desired, the carrier for olefin polynerization catalysts and

the conpbexoapaouRd theye®e butl 1§ gseficaaldly contacted i énpeashuetber to
give the catalyst conponent for olefin polynerization. Utrasonic waves

dieft dxdihhbe

on netal conpound, whereby the catalyst produceéfcou | d have nuch

reacti on between the

on netal conpound and the carrier could be effected in the deeper

ng to the @Hé'?ﬂv@ﬂgléﬂe “kt&QEQPégéV"EMSSc%FQerT Ex ?8 gefi fed.

ul trasoni ¢ ~waves he conponen I'S not speciTica

compound By EE SRS e 1 Wb The BAPT ehféercaﬁﬁ&?r%éﬁ%fﬁ“dtc?‘ﬁp% R <

I %%ggﬁﬁg%¥lg?cgggac%gd¢£§%§né%ch ot% OEorggG% %%e cgtEEQE%S of the

U trasonj
reaction

component for olefin polymerization. Ultrasonic waves used
could improve the efficiency in contacting fhe carrier and the
transition metal compound, whereby the catalyst produced could
have much more improved activity. This will be because the
reaction between the transition metal compound and the carrier
could be effected in the deeper area owing to the action of
the ultrasonic waves used. The mode of applying ultrasonic
waves to the components is not specifically defined. For
example, they ﬁay be applied to either the carrier or the
complex compound, or to both the two, the carrier and the
complex compound. Ultrasonic waves may be applied thereto
twice or more in the series of the reaction. The output 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 organcaluminium compound for polyolefin production of

the invention is favorable to homopolymerization of olefins
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the ultrasonic waves to be enployed may fall between 1 and 1000 kHz, but
preferably between 10 and 500 kHz. 4. Method of producing polyol efins: The
nmet hod of using the polynerization catalyst along wth an organoal um ni um
conpound for polyolefin production of the invention is favorable to
honmopol ynmeri zati on of olefins 47 | and also to copol ynerization of ol efins
with other olefins and/or other nononers (that is, copolynerization of
different types of olefins, or copolynerization of olefins with other
nonomer sandr aéa@poltyomerdzat yneer idfatdidif esent1¢ Hjppes witol ethas owetfhnet her
nmononers). The organoal um ni um conpound i ncludes, for exanple, |inear

al um noxanegoef ot BemMmendhdds @yt €sal cvpabxaanesz of iof erfrdidafeYenand al kyl
group- havi ng al um ni um conpounds of formula (VI). Concretely, it includes
trialkyl em[éahnb_lfrrbqgrm%r)d@r sueB 19mel izt Byl alrupl BiftRk i@t Byhakuni ni um
tripropylalumnium triisobutylalumnium tri-n- butylnmethylal um nium
tr"SObUEMBQREQEU'QQ‘cb&bl%%%TiQ%RMB%EBQVB@E%%E%h%”kgpes of olefins

tri-tert-butylmethylalumnifum trinmentylalumnium frihexylal um nium

trioctyI@EgHiBE%@r_ﬂagdkgggﬁﬂunir_ium tricycl ohexyl al um ni um
tricyclooctylaluninium etc.; hal ogen-, alkoxy group- or hydroxyl

group- havi ng al%Mga%%g%%%%ﬂh%&%&%ﬂpQ§xﬁﬁgah&ﬁﬂncludes, for example,

linear aluminoxanes of formula (IV), cyclic aluminoxanes of
formula (V) and alkyl group-having aluminium compounds of
formula (VI).

Concretely, it includes trialkylaluminium compounds

such as trimethylaluminium, triethylaluminium,
tripropylaluminiumnm, triisobutylaluminium, tri-n-
butylmethylaluminium, triisobutylaluminium, tri-sec-
butylmethylaluminium, tri-tert-butylmethylaluminiumn,

tripentylaluminium, trihexylaluminium, trioctylaluminium,
tridecylaluminium, tricyclohexylaluminium,
tricyclooctylaluminium, etc.; halogen-, alkoxy group- or
j hydroxyl group-having alkylaluminium compounds such as
dimethylaluminium chloride, diethylaluminium chloride,
ethylaluminium sesquichloride, dimethylaluminium methoxide,
diethylaluminium methoxide, dimethylaluminium hydroxide,
diethylaluminium hydroxide, etc.; hydrogen atom-having
aluminium compounds such as dimethylaluminium hydride,
diisobutylaluminium hydride; aluminoxanes such as

methylaluminoxane, ethylaluminoxane, isobutylaluminoxane,

48



di met h yl al um ni um chl ori de, diethylal um niumchloride, ethylalumnium
sesqui chl ori de, dinmethyl al um ni um net hoxi de, diethyl al um ni um net hoxi de,
di met hyl al um ni um hydr oxi de, di et hyl al um ni um hydroxi de, etc.; hydrogen
atom having al um ni um conpounds such as di net hyl al um ni um hydri de,

di i sobut yl al um ni um hydri de; al um noxanes such as nethyl al um noxane,

et hyl al um noxane, i sobutyl al um noxane, 48 etc. O those, preferred are
trial kyl al um ni um conpounds, and nore preferred is triisobutylal um nium
In the i nvent i @t, tbasepmmaier rafd & hese ierigancsdl wmi miuwmtonpopadsdsandt ed
above may be used either singly or as conbined. The olefins are not

speci fi caldde defé pedlreQUi s ptef escd: a1 £l amoOhetins having from 2 to 20
carbon atons. The a-olefins include, for exanple, a-olefins such as

ethyl ene, propylenene inbuhensn, IR hokePyEeNes s 4-dRfdM a1l uPui 808
4- phenyl - 1-butene, 1-pentene, é-nethyl-l-pentene, 4- et hyl -1 - pent ene,
p

3, 3-di mt%ﬁn‘%ﬁ’ﬁﬁ%]h%{*%d §bévgir§%é?§;q%é{_%2ttﬁ%% sfnd %ginrggél@ i TNt ene,

1- hexene, t exene, 5 exene, 6= exene,

L ortene, 1 doce, o1 dRIScRnPgy ek L pcpens k DaOREenl. e pdecene.

1-ei cosene, vinylcyc exane, etc. ns such as

hexaf | uor opropene,_.tetrafluoroethyl ene,  2-fl uoropropene fl uar oet hyl ene,
1, 1-di £ GroSCIISE® B2PEG BrrBpene, 20 CATIUbroe Ryl ehge a-oletind

- di -1 - - [ | ef i h |
3,4 0t ohl arey abutene. eterr, oYelicr; QLelLig 3USh 25 YS! oRent NS,

l1-butene, 3-methyl-1l-butene, 4-methyl-l-butene, 4-phenyl-
} 1—butene,1—pentene,3—methyl-l—pentene,4;methyl—1—pentene,
3,3-dimethyl-1l-pentene, 3,4-dimethyl-1-pentene, 4,4~
dimethyl-l-pentene, l-hexene, 4-methyl-l-hexene, 5—methyl—
l-hexene, 6-phenyl-1-hexene, l-octene, 1-decene, 1-dodecene,
l-tetradecene, l-hexadecene, l-octadecene, l-eicosene,
vinylcyclohexane, etc.; halogen-substituted a-olefins such as
hexafluoropropene, tetrafluorocethyléne, 2-fluoropropene,
fluorocethylene, 1,1-diflucroethylene, 3-fluoropropene,
trifluoroethylene, 3,4-dichloro-1-butene, etc.; cyclic
) olefins such as cyclopentene, cyclohexene, norbornene, 5-
methylnorbornene, 5-ethylnorbornene, S-propylnorbornene,
5, 6-dimethylnorbornene, S5~benzylnorbornene, etc. Styrenic
compounds are also usable as olefins herein. They include,
for example, styrene; alkylstyrenes such as p-methylstyrene,
p-ethylstyrene, p-propylstyrene, p-isopropylstyrene, p-
butylstyrene, p-tert-butylstyrene, p-phenylstyrene, o-

methylstyrene, o-ethylstyrene, o-propylstyrene, o-



met hyl nor bor nene, 5-ethyl norbornene, 5-propyl norbornene,

5, 6-di net hyl nor bor nene, 5-benzyl norbornene, etc. Styrenic conpounds are
al so usable as olefins herein. They include, for exanple, styrene;

al kyl styrenes such as p-nethyl styrene, p-ethylstyrene, p-propylstyrene,
p-isopropyl styrene, p- butylstyrene, p-tert-butylstyrene, p-phenylstyrene,
o- nethyl styrene, o-ethylstyrene, o-propylstyrene, o 49 isopropyl styrene,
m net hyl styrene, methyl styrene, m isopropyl styrene, mbutyl styrene,

mesi tyl si ¥ppRepy2 séyreénet hyinswtapgstgzran@i, met hykshylengrene,  m-
3,5-dinethyl styrene, etc.; al koxystyrenes such as p-nethoxystyrene, o-

et hoxyswbgespy%@&@%yst Mﬁ%\?tyﬁé@%reﬁ@ 0g@RQStY 18 erfdiCh a54-
p- chl orostyrene, mchl orostyrene, Iorostyrene p- br onost yr ene,

nwbronvsayﬁsesglgt9gg%%§}XfgﬁgFﬂ%tq¥%§H agen§u5ﬂaiﬁeeﬁ9§£¥9@eﬁe,

o-fl uorostyren uoro or ostyrene,

o-f1 uor ogiyr ene, ,ox BLAY) R 'uogggbg;eggivigy?%tﬁeg 3L 50ene,

trimethy SI'Tyl styreng-, “viny Pben €nze The ot her
e SR AT S B STl TSR R RMAL, e
O £9pOl YIET Zed oL L1t SlGLy, OF 2%, COMDLIEL, o IMCLec {1, OFcBcegd! [ orent
desired Bﬁg?gkoskgr%%%,'”Ve”thromogkﬁléﬁé,S“ChoﬁﬁrEHSE yTBAL! oned above
fluorostyrene, m-fluorostyrene, o-fluorostyrene, o-methyl-—
p-fluorostyrene, m-fluorcostyrene, o—fiuorostyrene, o~
methyl-p-fluorostyrene, etc.; andalso trimethylsilylstyrene,
vinylbenzoates, divinylbenzene, etc. The other olefins to be
copolymerized may be suitably selected from the olefins noted
above.
In the invention, one or more olefins may be
homopolymerized or copolymerized either singly or as combined.
Where two or more different olefins are copolymerized, the
olefins noted above may be combined in any desired manner.
) In the invention, olefins such as those mentioned above
may Dbe copolymerized with any other comonomers. The
comonomers include, for example, linear diolefins such as
butadiene, isoprene, 1,4-pentadiene, 1,5-hexadiene, etc.;
polycyclic olefins such as norbornene, 1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-norbornene, etc.;

cyclic diclefins such as norbornadiene, 5-

ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene,
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may be copol ynerized with any other conmononers. The conononers incl ude,

for exanple, linear diolefins such as butadiene, isoprene, 1,4-pentadiene,
1, 5- hexadi ene, etc.; polycyclic olefins such as norbornene,
1,4,5,8-dinmethano- 1, 2, 3, 4, 4a, 5, 8, 8a-octahydronaphthal ene,
2-norbornene, etc.; cyclic diolefins such as norbornadi ene, 5-

et hyl i denenor bor nene, 5-vi nyl norbornene, dicycl opentadi ene, 50 etc.; and
unsaturated esters such as ethyl acrylate, nmethyl nethacrylate, etc. The

node of etef}napal yneatzatten kstBet spewi hkcathyl detinede,andthenein

enpl oyabl e is any desired polynerization node of slurry polynerization,
sol uti onypehyAByL 28kl OBy .vapor- phase pol ynerization, bulk polymerization,
suspensi on polynerlzatlon or the like. Solvents may be used in

pol yneri zati on.qJhey, d¢jidg e 1nQEo§§% tO%ath%%r9%a599n§p@89f1cally

hal ogenohydr ocar bons such as benzen | uene, xyl ene, n-hexane

el ange ¢ EXEhONAR ro GNIALATRIIN £1c, A6 8EQLOEM oy gadl eDlptBg! hane

chl or obenzene, étcC. € or er singly or

nb th t, s I
Serve achetvatt o R eRPAF ERC BT iarr | SoRerh bl o ERRERTERE 592?¥0ﬁ >
and of the reactor efficiency, is desirable that the anDunt
catal stV EBOBGSPASENRODEFGRBFEREACPonP 8y Bt BATYEC 5022 EOtr oF PEHCRAAE™! e

ransition | | n |
transition, petal gatalysl ¢RTPngY!, could

Solvents may be used in polymerization. They include,

\ for example, hydrocarbons and halogenohydrocarbons such as

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

chioromethylene, chloroform, 1,2-dichloroethane,

chlorobenzene, etc. One or more such solvents may be used

either singly or as combined. Depending on their type,
monomers to be polymerized may also serve as solvents.

In view of the catalytic activity for polymerization
and of the reactor efficiency, it is desirable that the amount
of the catalyst to be in the polymerization system is.so

) controlled that the transition metal catalyst component could
fall generally between 2 and 100 umols, but preferably between
7 and 25 umols, in one liter of the solvent in the systemn.

Regarding the polymerization con&ition, the pressure
may fall generally between ordinary pressure and 2000 kg/cméG.
The reaction temperature may fall generally between -50 and
250°C. For controlling the molecular weight of the polymers

to be produced, the type and the amount of the catalyst
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fall generally between 2 and 100 ~tnols, but preferably between 7 and 2S
~Lnols, in one liter of the solvent in the system Regarding the

pol ymeri zation condition, the pressure nay fall generally between ordinary
pressure and 2000 kg/ CM2 G The reaction tenperature may fall generally
between -50 and 2500C. For controlling the nol ecul ar wei ght of the
polynmers to be produced, the type and the anount of the catal yst 51
conponents to be used and the pol ynerization tenperature will be suitably
sel ect edcompodenteeth Uy dsegeantayhdedlymeaducad o neapkheatpekyneiizati on
system for that purpose. The invention is described in nore detail with
referencee 40itael § &Jd1owia Exanphesiand, Goympas @dih v JExanpheseodubigh,
however, are not intended to restrict the scope of the invention. [Exanple
1] (1) Prgepar 8hkoRo0lmakuahkpi by QXY teRRWNE: 2 tMRfAldMDXane was used as
the starting alum ni um oxy conpound. 1.0 liter oOf & solution of

met hyl al umoxanery o én"v%‘&%% i’@%f%rcglfl%;egndixﬁ RRNGe 82 £0GS tf?%%?é‘n@é

1.5nmols/liter, and containing y wel ght of trinethy um nium from
Al bemar | [ 1o lwent was ev af e om i S under a
reduced g%eggérgoﬁﬁg&ﬁgﬁg%QEF&§55 ?%1gi6§%§3d$§gh§§?l%.k%%githig%hdition,
the dry ﬁolig was | eft f%r 4 hoqis and_t hen. cool.ed to roon1%§ rature.

HetHyT tHe i 68

Thus was %?a?ﬁédaﬁﬁiga-uﬁ?ﬁﬁ$ S%Iﬁﬁéﬁﬁﬁc%hi %C%%%iﬁ Bl ved in
invention.
[Example 1]

1 (1) Preparation of aluminium-oxy compound:

Methylalumoxane was used as the starting aluminium-
oxy compound. 1.0 liter of a sclution of methylalumoxane in
toluene was prepared (having a concentrationof 1.5mols/liter,
and containing 14.5 % by weight of trimethylaluminium from
Albemarle) was prepared. The solvent was evaporated away from
this under a reduced pressure (10 mmHg) at 60°C to give a dry
solid. 1In this condition, the dry solid was left for 4 hours,
and then coocled to room temperature. Thus was obtained
dried-up methylaluminoxane. This was again dissolved 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 methylaluminoxane, and the
content was 3.6 % by weight. On the other hand, the total
aluminium content of the solution was measured through

fluorescent X-ray analysis (ICP), and was 1.32 mols/liter.
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dewat ered toluene so that its volune could be the same as the original

vol unme havi ng contai ned the solvent. The resulting solution was subjected
to IHNVMR to neasure the trinmethylal um niumcontent of methyl al um noxane,
and the content was 3.6 % by weight. On the other hand, the total

al um nium content of the solution was neasured through fluorescent X-ray
analysis (1CP), and was 1.32 nols/liter. 52 Next, the solution was |eft
static for full 2 days, and the insoluble conponent was allowed to settle
out. NexNexthetheesulluitignsuper natanktwas of ifbtrerred 1t r dugh ,a a6l ghass
filter in a nitrogen atnosphere, and the filtrate of the supernatant was

recover ednsbhus1wastaidied wes hyl abyaaxane )t the. intgadedne

al um ni um oxy conpound. Through ICP, this was found to have a
concent r%bgmt%glsg erh@ttah% p£96§§:§te§9d9u{9@u h Vil 16fs Orgareal um ni um
and 17. 3 % by weight of the insolub conponen% were renoved fromthe

27y &S %ﬁp@% RRSReEiTe ST fﬂi?éecﬁiﬁ%%% P T B a®, Laucea
bressuTe g ZOEIOLL RIPU ha R b M
e o L L g
prepar ed Inha%goaec cew% '%%wo%ela}%%e.d &n Egg galer%lé”etslsr,]g %9'9“%”%3/
weight of organocaluminium and 17.3 % by welght of the insoluble
| component were removed from the product.
(2) Preparation of carrier for olefin polymerization
catalysts:
27.1 gof Si0; (P-10 from Fuji Silicia Chemical) was dried
under reduced pressure at 200°C for 4.0 hours in aminor nitrogen
stream to obtain 25.9 g of dry $i0;. The dry Si0, was put into
400 ml of dewatered toluene (this was previously cooled to -78°C
inadry ice/methanol bath), and stirred. Withstirring, 145.5
ml of the toluene solution of methylalumoxane (a) prepared in
) above (1) wés dropwise added to the resulting toluene
suspension of Si0;, via a dropping 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 period of 1 hour, and left at 80°C for 4.0

hours whereby the reaction between silica and
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suspension of SiQ2i via a dropping funnel, and the time taken wuntil the
conplete addition was 2 hours. Next, this was stirred for 4.0 hours, then
heated from -78C up to 20C over a period of 6.0 hours, and thereafter |eft
as such for 4 . 0 hours. Next, this was further heated from20C up to 80C
over a period of 1 hour, and left at 80C for 4.0 hours whereby the
reacti on between silica and 53 net hyl al um noxane was conpl eted. The
resulting suspension was filtered at 80'C, and the solid thus obtained was

washed meithg lailtimidkane ofadey@iEreted ol uehe ats80t hgndukhenstwince W th
400 M of dewatered n-heptane at 600C. The thus-washed solid was dried

under reguced;presed 5@ 8b°@0 Hd And L ihunsud %b%we@t 33s6%a8neaf Ne

thyl a | unmi noxane- carrying Si 02, Ich serves as carrler for olef in

pol yrrer' %a,ab%nwiepawétgl o Rt 12 't%fl e%té gt%o‘te é:l %ﬂ}@%%@e nas

Sg. %)per gran1o ane was ad 3 e V\/noleI

t I , Si t

vorune of 1EB0 %Y %f”ﬁ%a%f;%ﬁ?%ég‘sﬁé'%éi‘ﬁ%c” REEQE L 0Bl §|P”%1 Reghig
0,27 3), P

T ansi EPbAY Bbs) deas%”aﬁaeiﬁ B R P HEE e et Since 2otubie, SRR sed

was rac 2S 4- Phlnd I nane:
dlnEthylg?lahgél?P%3 69 (5 ﬁ&&%&&umlnoxane carrying Si0,;, which

serves as a carrier for olefin polymerization catalysts. The
on-carrier ratio of methylaluminoxane was 30.1 % per gram of
_\, Si0;.

‘Dewatered n-heptane was added to the whole of the
thus-obtained, methylaluminoxane-carrying SiO, to make a total
volume of 500 ml. The resulting suspension had a
methylaluminoxane concentration of 0.27 mols/liter.

(3) Preparation of catalyst component:

As a transition metal compound of Group 4 of the Periodic
Table, herein used was rac-Me,Si (2-Me-4-PhInd),ZrCl, (chemical
name: dimethylsilanediyl-bis-1-(2-methyl-4-

) phenylindenyl)zirconium dichloride). 2.0 mmols (7.41 ml) of
the methylaluminoxane-carrying Si0, prepared in above (2) was
put into a 50-ml container having been purged with nitrogen,
to which was added 20 ml of dewatered toluene, and stirred.
To the resulting suspension, added was 0.2 ml (2.0 umols) of
a toluene solution of rac-Me,Si(2-Me-4-PhInd),ZrCl, (10
umols/ml), and further stirred at room temperature for 0.5

hours. Next, stirring was stopped, and the solid catalyst

54



phenylindenyl) zirconiumdichloride) . 2. 0 mmls (7. 41 nl) of the ne

t hyl al um noxane- carrying Si 02 prepared in above (2) was put into a 50-m
cont ai ner having been purged with nitrogen, to which was added 20 m of
dewat ered tol uene, and stirred. To the resulting suspension, added was 0.2
m (2.0 pnols) of a toluene solution of rac-Me2Si (2-Me-4-Phlind)2z2rd 2 (10
p.nmols/m), and further stirred at roomtenperature for 0.5 hours. Next,
stirring was stopped, and the solid catalyst 54 conponent was allowed to

settle owomgdnavs wonfdTrmeed had sdhersedid ed ohjgh calpd iste£oRANENt vas
red and the supernatant solution was colorless and transparent. The

solutionwps Iarmied, licoudh deeantatl OBegBBdeal Magl pegheplangyas added
to the residue. Thus was obtained an Si02-carried netallocene catal yst

I ) i i : : C4-13t iLnless, pressure
aut Lcr:?/avg‘l)epq{%%%%% 5??%921? i?{agﬁyégggﬁé%%dgﬁd sg][c‘?‘n%%%lf?ﬂ ¥ ful'ly dried
W th dry o rogeh "ahd 5555 £5TPBem ConparAURE Tekt J0aBo W o dry.

-f - hept 0.7 mmpls of . triisohutylalumnjum (in tol uene
vor o put TR he aht Gtave U nBedry F 1T byen HHoeEtor 8L ARRCS: it od ot
500 rpm _After havin%ﬁgg?EBheated up .to 50C over a period of 5 m nutes,

this wasYUur CREFLEE FeBeniCReY ST Y'Y was added t he

i 02- i | | ocene catalyst prepared in above (3), and
S1 02 Carqugd g%&%mer%zation ofypro%yl%ne: (3)

A l.4-liter, stainless, pressure autoclave equipped

i with a stirrer was heated at 80°C, and then. fﬁlly dried under
reduced pressure. This was restored to have an atmospheric
pressure with dry nitrogen, and cooled to room temperature.
Next, 400 ml of dry,l oxygen~free n-heptane and 0.7 mmols of
triisobutylaluminium (in toluene) were put into 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
Si0O;-carried metallocene catalyst prepared in above (3), and
heated up to 60°C. In that condition, propylene was
continuously introduced into the autoclave 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
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heated up to 60C. In that condition, propylene was continuously introduced
into the autoclave under a gauge pressure of 7.0 kg/cnR, and pol ynerized
therein for 1.5 hours. After the reaction, the catal yst was deacti vated
with a small anount of nethanol, and the non-reacted propyl ene was

renmoved by degassing the autoclave. The reaction m xture was put into a

| ar ge anmount of nethanol and washed with it, and thereafter filtered and
dried. As a result, 182.8 g of 55 pol ypropyl ene was obtai ned. The catal yst
activitypoagpb6B8ylenekghg-dnthined. arithd hve tall s tdersiitni tof wialse6p61 Y ner
obtained was 0.39 (g/cc). [Exanple 2] The sane -process as in Exanple 1
was repeakgdg-exaepdt, ahbiathsi¥A Magk diitgdodt tAS@ I ity BB 28the002€ i N the

step (2) of preparing the carrier for olefin polynmerization catalysts. As
a resultp gbe(gncearrier ratio of nethylal um noxane of the carrier
obt ai ned herein was 7 0. 0 % per gramof Si02. The ampbunt of pol ypropyl ene
produced[ﬁgéﬁkmemg§ 179.0 g. The catalyst activity was 654.2 (kg/g-Zr. hr)

, and the bulk density of the polyner was 0.38 (g/cc). [Exanple 3] The

i Inqthis, , d
same brocess aSrhd ELAURLE 44 cpeatatnld 1 Es, «haueKel | ckbepeompoun

of fornula [11] hi's 1s. ransi tion conpou
Groups 8,40, 10,81 the £erd 0di® 1 STRB! £) - W8S USPL A NG TP oL (b Pl ace
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 Si0,;. The amount
of polypropylene produced herein was 179.0 g. The catalyst
activity was 654.2 (kg/g-Zr-hr), and the bulk density of the
polymer was 0.38 (g/cc).
[Example 3]
Thesameprocessas:nlExample];wasrepeated. In this,
however, the compound of formula [11] (4.0 pmols) (this is a
transition metal compound ofIGroups 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,Si (2-Me-4-~PhInd),ZrCl, (2.0 umols) used.in Example 1. Thus
was obtained an $i0;-carried metallocene catalyst slurry (b).
A 1.4-1liter, 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 nitrogen, and cooled to room temperature.

Next, 400 ml of dry, oxygen-free toluene and 0.7 mmols of

56



metal compound of G oup 4 of the Periodic Table, rac- Me2Si (2-Me-4-Phlnd)
2Zrc 2 (2. 0 ~Lnols) used in Exanple 1. Thus was obtained an Si02-carried
net al | ocene catal yst slurry (b) A 1.4-liter, stainless, pressure autoclave
equi pped wth a stirrer was heated at 800C, and then fully dried under
reduced pressure. This was restored to have an atnospheric pressure with
dry nitrogen, and cooled to roomtenperature. Next, 400 m of dry,
oxygen-free toluene and 0.7 mmols of 56 triisobutylalumnium(in tol uene)

- were put +i-ntQoblhieyaut agliaven i inadlryerd t egenpat nbisphedhe, aahdcsaivered at
500 rpn1 After having been heated up to 300C over a period of 5 m nutes,

this rgper &4 £ 050 5omi AUt esng T 1 sd s saxtdedrt.heAcakal yst
(b), and Regt%g§ rlelL(5(5400 |%5?hat condi tion, et hyl ene was conti nuously

i nt roduc into auto l.ave u S f: (ghen, and
gol y[rerl tgéglpﬁePg?ﬂe?%?tTl uc}our%O gﬁféerOQ7 é%gglsgnfi?hgllggtt%sststdmtsh I
eactivate snal an e non-reacted ethyl ene
was rent#&d Hﬁt&§§a§§ﬁﬁ§ ?EQ%Eutog\ave he reactlon m xture was put into
a | arge anmount t hanol e ft.er lkt-ered and
dried. As a resﬁ?tggii 423 8$ge§aﬁggtﬁg$ btgﬁgeg%%T%g'c%ingst

activity was 90.7 (kg/g-Nhr), and t he bulk de S) of, t he pal r
obt ai ned 4RaS - olrgjzh(aé/%}dl‘fﬁﬂpg Vll\%leli‘ﬁﬁﬁﬁo rﬁ ously 18 RN

into the autoclave under a gauge pressure of 7.0 kg/cm?, and
polymerized therein for 1 hour.

i After the reaction, the catalyst wae deactivated with
a small amount 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 obtained. The catalyst activity was 90.7
(kg/g-Nihr), and the bulk density of the polymer obtained was
0.37 (g/cc).

[Comparative Example 1]

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

produced herein was 25.0 g. The catalyst activity was 91.4
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The sane process as in Exanple 1 was repeated, except that

nmet hyl al um noxane not having been subjected to the insoluble conponent
renoving treatnment was used herein in place of the methyl al um noxane (a)
prepared in (1) in Exanple 1. The on-carrier ratio of methylal um noxane in
the nmethyl al um noxane-carrying SiQ2 carrier prepared herein was 69.7 % of
the weight of Si2. The anmount of pol ypropyl ene produced herein was 25.0
g. The catalyst activity was 91.4 57 (kg/g-Zr.hr) . Regarding its

nor phol ogyg/bbe ot yMeReRRalinRM 1 tRenet prh¥asghott g daulydder BUt ag@RbAI ned
whi skers and aggregates. The on-carrier catalyst prepared and used herein

was inehbesthuead abtrgaldzidg, bhe derendesy pak yrer smidhghedyates.
[ Conparative Exanple 2] The sanme process as in Exanple 1 was repeated. In

this, heusvepy.- %a&‘%‘ﬂé%“%é?'a‘i&z‘s%n o Ry abumi noxape fl-ainmolgkliter,
fron1AlbenarIe) was directly used wi thout being subjected to the solvent

byl o LB 2 LTRAn &%%H%IQ %:E% fH%qugéhﬁ) 6%§hcar?Yer ratio

thylalunlnoxane (&) "prepare

of nmet hyl thyI a | um noxane- carrylng Si02 carrier
prepared[ﬁgﬁgﬁgg¥%g% ;X§m§ he wei ght O L" Si02. The amount of

b Sl ene g e by v 550D gy T gyl BT s .

contai neg S9N 209508 ¢3.409 13,195,999 LERADAL %}n‘{%o%%rép' 913k
mols/liter, from Albemarle) was directly used without being
subjected. to the solvent and insoluble cemponent removing
treatment, in place of the methylaluminoxane (a) prepared in
(1) in Example 1. The on-carrier ratio of methylaluminoxane
in themethylaluminoxane~carrying Si10; carrier prepared herein
was 7.5 % of the weight of Si0,. The amount of polypropylene
produced herein was 19.0 g. The catalyst activity was 69.5
(kg/g-Zr-hr). Regarding its morphology, the polymer obtained
herein contained some aggregates and was not good.
[Comparative Example 3]

| The same process as in Example 2 was repeated. In this,

however, a toluene solution of methylaluminoxane (1.5
mols/liter, from Albemarle) was directly used without being
subjected to the sclvent and insoluble component removing
treatment, in place of the methylaluminoxane (a) prepared in
(1) in Example 1. The cn-carrier ratio of methylaluminoxane

in themethylaluminoxane~carrying Si0, carrier prepared herein

was 7.5 % of the weight of Si0;. The amount of polyethylene
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The sane process as in Exanple 3 was repeated. In this, however, a toluene
sol ution of nethylalum noxane (1.5 nols/liter, from Al bemarle) was
directly used without being subjected to the solvent and insol uble
conponent renoving treatnent, in place of the nethylal um noxane (a)
prepared in (1) in Exanple 1. The on-carrier ratio of nethylal um noxane

in the ne thyl alum noxane -carrying Si02 carrier prepared herein was 7.5
% of the weight of Si02. The ampbunt of polyethyl ene 58 produced herei n was
6.2 g. TheocatcaldySteraciri Widy BB @6. 4/hd ked gaXysthrictiantdyt Resbalek 4density
of the polynmer was 0.15 (g/cc). |INDUSTRI AL APPLI CABI LI TY The al um ni um cxy
conpound,(xighe-Gark i gf gﬁa %@f b1 KPRIWERI\Z & OPh&ab & yivd $,waBd ol he
cat al yst conponent for olefin pol ymeri zat'ion of the invention are better
than conyeridyonal transition netal conpound- carrying catalysts, as being
able to increase the catalyst activity to give high bul k-density polyners.
These ar gyhavanablie e \@lyneri zation, vapor-phase polynerization,
slurry polyneriza |on ) 9~ Cl AINB 1. An alunlnlun}oxy conpound

obt ai ned  hr ougk.£e3GLLA0.19k-20, 0T GANOALAT LN COMBUAD W hovaleer, whi ch

is soluble in rocar bon solv e anDu

polymerization catalysts, and the catalyst component for
olefin polymerization of the invention are better than
conventional transitionmetal compound-carrying catalysts, as
| being able to increase the catalyst actiﬁity_to give high
bulk-density polymers. These are favorable to bulk
polymerization, vapor—-phase polymerization, slurry

polymerization, etc.
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or ganoal um ni um conpound remaining is at nost 10 % by wei ght as neasured
through 1HNVR 2. A carrier for olefin polynerization catalysts, which
conprises the alum nium oxy conpound of claim1 and an inorganic conmpound
having at | east one el enent selected from Goups 2 to 4 or Goups 12 to 14
of the Periodic Table. 3. The carrier for olefin polynerization catalysts
as clained in claim2, wherein the inorganic conpound is an oxide. 4. A
catal yst conmponent for olefin polynerization, which conprises the carrier
for olefin polynerization catalyst&AdMElaim2 or 3 and a transition netal
conpound. 5. The catal yst conponent for olefin polynerization as cl ai ned
in claim4, whetei Rt heuhtanantory deipurcbopodntdedsthsaigctedctiom G oup 4
or Goups 8 to 10 of the Periodic Table. 6. The catal yst conponent for

ol efin petysmrbzahhenlasiahahmedmnpbushaivitd Qatdr, Wigtiehnithectnansi tion
metal conmpound of Goup 4 of the Periodic Table is any one selected from

transi tion mRIACOHMNNGS19knkRe 40k! aw ngn genendle forguhae of | knko (111):
60 (1) where RlL to R6 each independently represent a hydrogen atom a

hal ogen @}&)%ammﬁggﬁréefagamaprgﬁg%ﬂgnggg}ét%52@ 19500Y \,BLeMR, OF 2

hal ogen-cont al ni ng rocarbon group havi om 1 to 20 c on-atons; the

gr oups Oésaﬁlelagﬁﬁédo@ﬁrBﬁi h of-fdg and R4, R4 and R5, and RS and Rr' nay
be bonded to each ot ier to B

2. A carrier for olefin polymerization catalysts,

which comprises the aluminium-oxy compound of claim 1 and an

. inorganic compound having at least one elerﬁent selected from
Groups 2 to 4 or Groups 12 to 14 of the Periodic Table.

3. The carrier for olefin polymerization catalysts as

claimed in claim 2, wherein the inorganic compound is an oxide.

4, A catalyst component for olefin polymerization,

which comprises the carrier for olefin polymerization

catalysts of claim 2 or 3 and a transition metal compound.

5. The catalyst component for olefin polymerization as

claimed in claim 4, wherein the transition metal compound is

j selected from Group 4 or Groups 8 to 10 of the Periodic Teble.

6. The catalyst component for olefin polymerization as

claimed in claim 4 or 5, 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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forma ring; X1 and X2 each independently represent a hydrogen atom a
hal ogen atom or a hydrocarbon group having from1l to 20 carbon atons; Y
is a divalent crosslinking group via which the two |igands are bonded to
each other, representing a hydrocarbon group having from1l to 20 carbon
atons, a hal ogen-contai ni ng hydrocarbon group having from1 to 2 0 carbon
atons, a silicon-containing group, a germaniumcontaining 7 group, a
tin-containing group, -0-, -CO, -S-, S02-, -NR-PR -, -P(OOP7_' BR7_
or -AIR7-; R7 represents a hydroged atog?t a hal ogen atom a hydrocarbon
group having from1 t 20 carhon , or a,hal oger? contai ni ng

hydr ocar bon group havi arbo®R atons; | ML represents
titanium zirco®wm g 2R where R8 to
R18, X3 and X4 each atom g1bhal ogen
atom a hydrocarbon ons, a

hal ogen- cont ai ni_gg-Ny 3+ 2Q._gar bon atons, a
silicon-containfhg group, an , a §h|fur-containing
group, a nitrogen-co ot phosphor usigont ai ni ng group;

R

where R' to R® each independently represent a hydrogen atom,
a halogen atom, a hydrocarbon 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 R3
and R*, R* and R®°, and R® and R® may be bonded to each other to
form a ring; X' and X? each independently represent a hydrogen
atom, a halogen atom, or a hydrocarbon group having from 1 to
20 carbon atoms; 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 having from 1 to 20 carbon
atoms, a silicon-containing group, a germanium-containing
group, a tin-containing group, -0-, -C0O~-, -S-, -S0;-, -NR'-,
—PR7—, -P (O)R7—, -BR’- or -A1R’-; R’ represents a hydrogen atom,
a halogen afonu & hydrocarbon 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;
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RIO and R', as well as R15 and R 6 nay be bonded to each other to forma
ring; X3 and X4 each independently represent a halogen atom a hydrocarbon
group having from1l to 20 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 sulfur-containing group, a nitrogen- containing
group, or a phosphorus-containing group; Y1 is a divalent crosslinking
group via which the two ligands are bonded to each other, representing a
hydr ocarbon group having from1l to 20 carbei?atong,! a hal ogen-cont ai ni ng
hydr ocarbon group having from1l to 20 carboh 5, a Silicon-containing
62 group, a germani umcontaining group, a ti =i$aining group, -0-, -CO,
-S-, -S@-, -NR, -PR-, -P (0) R-, -BR3: m -g1® R represents a
hydrogen atom a hal ogen agom a hydr ocar bon\\gr g¥ip having from1 to 20
carbon atons, or a hal ogenqcontai®ing hydrocaagn group having from1 to

g m or hafnium where M

haf ni um Na1s each repr t a
—eayfgr oup tituted g2
substituted i ndenyl group, a
d het erocycl opent adi enyl group,
a hydf ocarbon group and a

represents titanium zi
i gand selected froma G
cycl opent adi enyl groy
het er ocycl opent adi eRyl™ gro substit ut
an am do group, a phosph
si | i con-cont ai ni ng

where R® to R'®, X® and X! each independently represent a hydrogen
atom, a halogen atom, & 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-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 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, & silicon-containing group, an oOxXydgen-
containing group, a sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y' is a
divalent crosslinkinglgroup 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 from 1 to 20 carbon atoms, a silicon-containing

62



group, and they forma crosslinked structure via A and A2, and they may
be the sanme or different; X5 represents a a-bonding ligand, and plural X5
s, if any, may be the sane or different, and may be crosslinked with any
of other X5, El, E2 or Y2; Y2 represents a Lewi s base, and plural y2,3, if
any, may be the sane or different, and may be crosslinked with any of
other Y2, E, E2 or X5; A and A2 each are a dival ent crosslinking group
via which the two |igands are bonded to each other, representing a

hydr ocar baougr, oepgdavinguhroshtat 0i2§ a6 bON AtANE.comte3 lialogeBupnt ai ni ng

hydr ocar bon group having f rom1l to 20 carbon atons, a silicon- containing
group, a- @errranoumcsm;mswzng ~§ROUD,—p&R LI N=£0H} /TN H%Rgt%w,-m(tﬁ -
-S-, -S2-, -NR - -PR -, -P (0) R-, -BR- or -A'R- , and t hey nay be

the SanERGVreISitcfeé@ﬂe@t df@@éﬁ%@ a hydrgen c%toamr zanhakggeprahom a

hydr ocar bon group having from1 to 20 carbon at ons

hal ogen- goat, 't@wgng%% f@&@ﬁ%@ﬂ%\e fot%”téﬁtg?%ocgatg Hin§t0”5: a

represents i nt eger rom equali'ng to om ¢ valency of M)
LeRr nt er of_ _fram The ¢ talys
conponenﬂyflor%%lre % ‘% r| za |g0n%lag gﬁedzg) C(‘?Ir o 52 Wﬂﬁtel t he
s 8 to f. the Periodic Table has a

transition metal .c of G
di i mi ne CORPOUNG saglt ﬁ‘@ﬁuinbar?d‘.r .annbat N¥kponent for ol efin

pol ymeri zation, which conprises the catalyst conponent for olefin

1
/E
2

E

where M! represents titanium, zirconium or hafnium; E! 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-containing
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 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?, 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 hydrocarbon group having from 1 to 20 carbon atoms, a
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pol ynmeri zation of any one of clains 5 to 7 and an organoal um ni um
compound. 9. A method for producing pol yol efins, which conprises

pol ymeri zing olefins in the presence of the catalyst conponent for olefin
pol yneri zation of any one of clains 4 to 8. 64

halogen—containinghydrocarbongrouphavingfrom].toZOcarbon
atoms, a silicon-containing group, a germanium-containing
group, a tin-containing group, -0-, -CO-, -S-, -SO,-, -NR’-,
~-pR’-, -P(0)R’-, -BR’- or -AlR’-, and they may be the same or
different; R’ represents a hydrogen atom, a halogen atom, a
hydrocarbon group having from 1 to 20 carbon atoms, or a
halogen—containinghydrocarbongrouphavingfroml1x>20carbon
atoms; g represents an integer of from 1 to 5, equaling to
[ (atomic valency of M') - 2]; and r represénts an integer of
from 0 to 3.

7. The catalyst component for olefinpolymerization as
claimed in claim 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 claims 5 to 7 and an

| organoaluminium compound.

9. Amethod for producing polyolefins, which comprises

polymerizingolefins:Ulthepresencecxfthecatalystcomponent

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