*159159* DESCRI PTI ON  ALUM NI UM OXY COVPOUND, CATALYST COVPONENT FOR
POLYMERI ZI NG OLEFI N, AND METHOD FOR PRODUCI NG POLYOLEFI N TECHNICAL FI ELD
The present invention relates to a novel alum nium oxy co carrier
for olefin polymerization catalyst conprising the al umnmmﬂ @l“ @ ound,

a catal yst conponent for olefin polynerization, and a odu0|ng
polyolefins. Mrre precisely, it relates to a novel alum ni umseégy conpound
havi ng hi gh polynmerization activity and capable of giving polyolefins with
good pol yner norphol ogy, a carrpesckppsrhgfin pol ynerization catalysts
conprising the alum niumoxy conpound, a catalyst conponent for olefin
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vapor - phase pol ynerization, merization a for
catalyst§5§%ﬁg§éiggibﬁgon net al conpounds typically IV Goup transition
netal co d on |norgan|c porous carriers (these will be
her ei nafter eierred go S, trgn tnon gﬁ% arryln ﬁ?t%d&fﬁ?um1he
pol yreri zati on SystRhE FRGuiPE ﬂ OR"pbF ?Fz a
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 relates to a novel
aluminium-oxy compound having high polymerization activity
and capable of givingpolyolefins with good polymer morphology,
a carrier for olefin polymerization catalysts comprising the
aluminium-oxy compound, a catalyst component for olefin
polymerization, and a method for producing polyolefins.
BACKGRQUND OF THE INVENTION
In the field of polyolefin production, forwarded is the
development of catalyst systems applicable to bulk
polymerization,‘ vapor-phase polymerizaticn, 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
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activity and good pol ynmer norphol ogy, for which is desired the devel opnent
of high-activity catalysts capable of giving high 1 *@0002* bul k-density
pol yol efins. On the other hand, it is known that al um nium oxy conpounds,
especi al |y nmet hyl al unoxane are useful pronoters for netall ocene catalysts.
For exanpl e, various techniques of producing on-carrier catalysts have
been discl osed, for exanple, using a solution of nethylal unoxane in the
step of carrying transition nmetal conpounds on inorganic porous carriers.
However, bull ki-dekBowy bbatoakfiihsi.um oxy compounds produced from
organoal um ni uns often contain inpurities of non-reacted organoal um ni uns

and i.nsol ubl e sofletpeoditiesr HALS) it FReredione, thhe palummEiizetdan
activity per alum nium atom of al um nium oxy conpounds is |low, and a |arge

anmount oEombbanaerrp@gaecmas_tlyb&et&wiaflgfno&glrﬁérr%rﬂezaiée%l theniders
i nevitably resultlng In the increaSe in the production costs. 1In addition,

a large QHEUﬁEtQEl@EHanbHHhT&EksrG”@Bf‘éihﬂﬂﬁ% R YIRIS tRIAHGRILs Such
probl enms with al um niumoxy Conpounds are serious for their in strlal
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pr oposed,

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

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



al um ni um conpound of al um ni um oxy conpounds could be increased in sone
degrée, but such alum noxanes are still problematic in that they are
poorly soluble and are difficult to handle, and, in addition, they often
worsen the quality and 2 even the tone of the polyners produced. Therefore,
further inproving the conpounds is desired. Al so proposed is a nethod of
conbi ning nethyl al um noxane and sone ot her organoal um nium conpounds
(Japanese Patent Laid-Qpen Nos. 260602/1985, 130604/1985, 89506/1988,

178108/ 1988n 2h8706n4988, tBR0B61988r 34240812389, Ther384d 9% urther
167310/ 1990). According to the techni ques proposed, the anmpunt of

met hyl al ypiaexang tacbeotsedneaulid hesieduced in some degree, but the
activity per alum niumof the conbineg systens is still unsatisfactory.

Therefore, furtﬂggoinpbgg%ggehhengk§ q§sir§gthégart(;gcnné{m#fﬁgg%ens Wi th
an

al um ni um oxy conpounds hensel ves noted above, there is still another
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various Bu9RRY3kd A A 08B 9818707/1988, 9206/1989, 315407/1989,
22306/1990, 167310/1990).

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



For exanple, International Patent Publication No. 507515/1997 discloses a
nmet hod 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 polynmer norphol 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/ 1891, andcb0d503/ 19 Fhadimethosle varioud ffiettiddsocoingseageatiroxane
solutions for producing on-carrier catalysts. However, the on-carrier

cat al yst acpioduyed £ ather dangliyett he et h@dst a5, peabl emdthind due that their
catalytic activity is much | ower than that of non-carrier

honbgeneawprphas @ ol Fhaly sbsphdIobat et 1N t2dl57, 137 di scl oses a nmet hod of
processing an al unoxane soFﬁtion with alkali to renove the gel conponent

fromit. Howeverntéhgateshai qua tdingc! poed; becinel kel v {014/ 19¢ easi ng
the activity of catalysts, and, in addition, the alkali treatnent is

pr obl emabiogooR /tbat ,i tsd IHIEASRE thgd C88Y 5197 13byMeNaRass A, AEN i oned
above, the current situation in the art regarding transition

met al - capkyhBEsCaE Aty Y ShENEAENAL 1L COIRE 186G BrbaaARShE! L LB Al e £OMPOUNT,

an inorgani c porous
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
homogeneous-phase catalysts.

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

As mentioned above, the current situation in the art
regarding transition metal-carrying catalyst systems that
comprise a 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 umoxy conpound is that no one coul d

obtain

on-carrier catalysts of which the polynerization activity is on the sane
Ilevel as that of non-carrier honogeneous-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

havi ng hi gh

pol ymeri zation activity and capable of giving polyolefins with good

pol ynmer nowvehdiogyframcine ierevwmsimt efiatedabpver,i 2atli dhe cath o istcst
conprising the alum niumoxy conpound, a catalyst conmponent for olefin

pol yneri taki daveantdona igettioog doarider edunived olwlrefunisox yDISHEESSIRE OF THE
| NVENTI ON W&, the present inventors have assiduously studied, and, as a
resul t, havenbowidha moeaid ozl A naet exyy cenpovagamiiech £ igiwihigi ned
froma reaction product of an organoal um nium conpound and water and which
cont ai nsppReibherias estildabd 96 IFMEAIMEATHIB LRI H0Ec2 Led £ igppound;
a carrier for olefin polynmerization catalysts which is obtained fromthe

al umi ni UBKAXNEIFRRURH andh ) Y4y 9aRbfp £08PAYNdihand ANl B oxy

pol yneri zation catal yst which’is obtained by Contacting the

carrier with a

transiti ey pBlLak,ce qzasstv\ﬁfggﬁﬁehwf@frolefﬂlﬂnﬂoﬁ.pﬂérﬁ.QQtj%ﬁf idha

pol ymeri zation cat al yst

a method for producing 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 organoaluminium
compound and water and which contains neither a residual
organocaluminium component nor a gel compound; a carrier for
olefin polymerization catalysts which is obtained from the

aluminium-oxy compound and an inorganic compound; and anolefin

polymerization catalyst which is obtained by contacting the

carrier with a transition metal compound. We have further
found that the olefin polymerization catalyst has 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



pol ymeri zation activity and that polyolef ins with good pol yner norphol ogy
can be obtained by the use of the catalyst. On the basis of these

fi ndi ngs, we have conpleted the present invention. Specifically, the

i nvention provides an al um niumoxy conpound, a carrier for olefin

pol ynmeri 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 ni um
conpound pwicidu cdatge po Iwail&t iins , s eihtildhe arien dsy dicddamsan sol vents and in which
t he amount of the organoal um ni um conmpound remaining is at nost 10 % by

wei ght as neasuredid Bl amgh iuli-bdKR cohpdurchbbteinéarthdltighr @atyi@fii zat i on
catal ysts, which conprises the al um ni umoxy conpound of above 1 and an

i nor gani @ fcampewgdnbaviund ndinl eamboane fiereRhtsel eghednhfiomoFwLps 2 to 4
or Groups 12 to 14 of the Periodic Table. 3. The carrier for olefin

pol yneri Zaf | RPd£SERFYSH S s%flve%t&%Vean?d wher gh Dol Ne HeNof AR € ¢FPeyed is an
oxi de. 4. A catalyst conponent for olefin polymerization, which conprises

the carriflyfdfa 10kt ebupelhgdtbRlin¢akal ¥S46 s@heve @y%e§gﬁ9d a
transition netal conpound. The catal yst conponent for olefin

polynerl4ﬁgﬁﬁy5§g}edaQ%%%u@m_mﬁeﬁﬁkn the transition netal conpound is

selected from
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 polymerizationof
above 4, wherein the transition metal compound is selected from
Group 4 or Groups 8 to 10 of the Periodic Table.

6. The catalyst component for olefin polymerization of
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):



Goup 4 or Goups 8 to 10 of the Periodic Table. 6. The catal yst conponent
for olefin polynerization of above 4 or 5, wherein the transition netal
conmpound of Group 4 of the Periodic Table is any one selected from
transition netal conpounds of the follow ng general forrmulae (1) to (II1)

© 6 (1) where RL to R 6 each independently represent a hydrogen atom a
hal ogen atom a hydrocarbon group having from1 to 20 carbon atons, or a
hal ogen- contai ni ng hydrocarbon group having from 1 to 20 carbon atons;
the groups of at |east one pair ofkR3xand R4, R4 and R5, and R 5 and
R6 may be bonded to eah othee to gg?ﬁ1a ring; X1 ad X2 each

i ndependent |y represen 3 fal ogen ht om or a hydr ocar bon

group having fr& % i s\.a dialentRcrosslinking

N a
at ons;

group via which th¢ re bonded er, repyepenting a
hydr ocar bon group hg fo 20 caRgo hal ogen- cont ai ni ng
hydr ocar bon group z a1l to 2 0 carbon 2 kkicon-containing
group, a gernmanium coftai ni ng™~group, [ ng group, -0-, _co-,
-S-1 _S02_1 -NR7_1 gPR7_" -P(ORJL -BR 7_or gAlIR 7_ ; R7 represents

a hydrogen atom _a hal ogen atom a hydrocarbon group having from1 to 20
carbon atons, or a hal ogen- containing hydrocarbon group having from 1 to

20 carbopnateny! #4 KepaesenhdepbhaBhtly 2bpeaBeHM ArnyBAbGHeNMton,
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 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 -AIR’-; 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;



7 R12 R11 where R8 to R18, X3 and X4 each independently represent a
hydrogen atom a hal ogen atom a hydrocarbon group having from1 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 R', as well as R15 and R16 may be
bonded to each other to forma ring; X3 and X4 each independently represent
a hal ogen atom a hydrocarbon group havi ngrff om R*to 20 carbon atons, a
hal ogen- cont ai ni ng hydrocar bon group having to 20 carbon atons, a
silicon-containing group, an oxygen- containi W oup, a sulfur-containing
group, a nitrogen- containing group, omRla—ph ds-rd8nt ai ni ng group; Y
is a divalent crosslinking!group i a which | i gands are bonded to
each other, representing afhydrogarbon group from1l to 20 carbon
atons, a hal ogen- coRta{ni z~pydrucarbon gro
atonms, a silicon-contai '

tin-containing group, —S-Y -PR -, -P (0) R7-,
-BR - or -AR7-; R[ifepresef a, hydrog 8 a hal ogen atom a
hydr ocarbon group having fflrom 1 tN 20 ca or a
hal ogen- cont ai ni ng
ML
X3///’ \\\X4

where R® to R'®, X® and X* each independently represent a hydrogen
atom, a halogen atom, a hydrocarbon group having from 1 to 20
carbon atoms, a halogen-containing hydrocarbon group having
from 1 to 20 carbon 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 sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y! is a
divalent crosslinking group via which the two ligands are
bonded to each other, representing a hydrocarbon group having
from 1 to 20 carbon atoms, a halogen-containing hydrocarbon

group 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 MM Y2 g r where ML represents titanium
zirconiumor hafnium E1 and E2 each represent a ligand selected froma
cycl opent adi enyl group, a substituted cycl opentadi enyl group, an indenyl
group, a substituted indenyl group, a heterocycl opentadi enyl group, a
substituted heterocycl opentadi enyl group, an am do group, a phosphido
group, a hydrocarbon group and a silicon-containing group, and they forma
crossl i nigedust, r acgeremarniamAtoahnaiAPng ayjwbug hey timycbatthaisgneroup,
different; X5 represents a a-bonding |ligand, and plural X5j s, if any, may
be the sai®e,0rCOHf fe$ent5S0anRd-NRY- be PR’ esstp (erl -yi tBRANWroEAORRey X5, El,
E2 or Y2; Y2 represents a Lewis base, and plural Y2's, if any, nmay be the

sane or &'ffepessentada Mydege eadn NkedalolyBnagyonf atMpdrod@rbdd, E2 or
X5; A and A2 each are a divalent crosslinking group via which the two

li gands @@ upoRdednyERACH 1 Dercariedt agehkl N ashdlVslhOcaEdona i omp having
from1l to 20 carbon atons, a 9 hal ogen-contai ni ng hydrocarbon group havi ng

from1 toydrQGaRen gAbePS haritld | €08mCant 8hNiJtY ghPHBN a&toms; M
ger mani umcontai ni ng “group, a tin-containing group, -0-, -CO, -S, -S02-,

-NR -, 'ﬂ@%f@séﬂ%é(Qiﬂgﬁium;B@irchiu%;%r'haﬁ%ﬁu&hey may be the sane or

different; "R7 represents a hydrogen atom a ogen atom a
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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 Yi'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



hydrocarbon group having from1l to 20 carbon atons, or a

hal ogen- cont ai ni ng hydrocarbon group having f rom1 to 20 carbon atons; (¢
represents an integer of froml to 5 equaling to [(atom c valency of M)
- 2]; and r represents an integer of fromO to 3. 7. The catal yst
conponent for olefin polynerization of above 5 wherein the transition
nmetal conmpound of Goups 8 to 10 of the Periodic Table has a diimne
conpound as the ligand. 8. A catalyst conponent for ol efin polynerization,
whi ch comerlicsres ~tdoa tedindingsh yd oopaneon ofroupdiafimg fpolyinesi2fata oponf any
one of above 5 to 7 and an organoal um nium conpound. 9. A nethod for

pr oduci ngtoaisyol &f s b¥icahtcontaipingegropp, yrer germgn bhef cost & in i he
presence of the catalyst conponent for olefin polynerization of any one of
above 4 tgrofip,BaSTiNEDESt@EnCARRY MG QUFOFHE-COWENTSON 3@, i, nvaRi+pn i s
described in detail hereinunder. [1] Al um nium oxy conpound: The

al um ni umpeKy , CORPOLRY- Of-BRIe bAVERLIRDN ismdhiriynedy blreHghsegacéton of an
or ganoal um ni um conpound with water. 10 This is soluble in hydrocarbon

sol vent s 4 i i ;ambupbpebsbhes Qr 8aAeskEAl ALYA) EOHRPH%QRM&EF&BWQQ in
this is at nost 10 % by wei ght as neasured through 'H NVR 1In the

;P\Jﬁ]nh: 3%yg(r§>%arr@oino gr¥up NRat QL 92Bbe QOMROUNE EQrBEnCaInRd Y the
halogen-containing hydrocarbon group having from 1 to 20 carbon
atoms; q 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.

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 producing polyolefins, 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 organocaluminium compound with water.

10



conmpound (this will be hereinafter referred to as on-carrier ratio)

i ncreases. Therefore, it is desirable that the amount of the
organoal um nium renmai ning in the alum niumoxy conpound falls between 3
and 5 % by weight, nore preferably between 2 and 4 % by weight. If the
amount of the remaining organoal um nium conmpound is |arger than 10 % by
wei ght, such 1is unfavorable, since the on-carrier ratio wll |ower and
therefore the polynerization activity of the catalyst will |ower. The

al um ni urhdosy 16 spbuinie din hhdroosebbhso iversiod ulaingl tha dmadior afbolne

sol vents. Therefore, one advantage of the invention is that the

al um ni u@ancedduidimebmpanhyi Agmabnihgoigayhis ¢enpPoUNskt N&r oy coul d be
recycled. In addition, the alum nium oxy conpound has stable properties.

Ther ef or eve i @tOh B efe sadMalt 8BBE0QFh ' HONMRYENt h Athd Sni &Rt iéhEe taleUnd Bidm oxy
conpound does not require any specific treatnment before its wuse. If the

al um ni URBOXYheCOHBRYAL i €0BbAbHSNE OFE B M iR onNehe SOl Wl €1 hi-&y¢r ocar bon
sol vents, such is unfavorable, since the insoluble inpurities will have

SOMe Negalompdur |(YBAGER110MNbé Nee FBATh S 4 T SH AT Aol BE GRAEArB1&8.
distribution (these are known generally as norphol ogy) of polyolefins

produced..,+kRg ARLhAd @k, ObH@L AL AGr P%@'i‘é”ii@ék‘%ﬁg% %@g@daﬂéﬂﬁ g all

remai ni ng or ganoal um ni um content of not lTarger t y weight is not

speci fi cgyd i’hg%frjg%‘?l%al'fﬂ{inqméﬁaiﬁgmgq}ff’lphg alufhnih TR0 QhmPE@hENY @

sol ution of an al'umniun¥oxy conpoun
falls between 3 and 5 % by weight, more preferably between 2
and 4 % by weight. If the amount bf the remaining
organocaluminium 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

11



under reduced pressure to conpletely renove the sol vent through
evaporation to give a dry solid (this my be referred to as a dry-up
nethod). In the dry-up nmethod, preferably, the solvent is evaporated away
under heat up to 80C, nore preferably up to 60C, under reduced pressure.
I f the alum niumoxy solution is heated above 80C, the insoluble conponent
wll greatly increase therein, and the activity of the transition

nmetal -carrying catal yst conprising the alum nium oxy conpound produced at
such hi glremeripéngt argsnealimbeihnwcofhenteyf ewt dfangeducbdnpitéssure for the
met hod may be generally 30 mHg or |lower, but preferably 20 mmHg or | ower.
The or gamweadlglu misumo t cspesrit £ gl be dédtiered .ne@ogearamply, anchyyhlige to t he
nmet hod described in Organonetallics, Vol. 17, No. 10, 1998, pp. 1941-1945.

The al unmisi amethod ofpociating 4 belunieatodan slunbatantekiyzashpdsuddiat it is
sol ubl e in hydrocarbon solvents. Conventional alum nium oxy conpounds

gener al | ynclent védusedpressgbancesnpé t &0l i et iy doas@nkoihsalgtent s, but
the al um nium oxy conpound of the 1nvention dose not contain suc

subst ancevapelratdlonbhe ghveydr aegr benigol ¥yenEsmapcsor £ fdtved tdheasrdvant age
of the alum nium oxy conpound of the invention 12 as a catalyst for olefin

pol yner i zatirgRuips reltdabdyhe fine powder content of the polymer produced is
small and the grains of the

In the dry-up method, preferably, the solvent 1is
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 organoaluminium content may be determined generally
according to the method described in Organometallics, Vol. 17,
No. 10, 1998, pp. 1941-1945.

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



pol ymer have a |l arge nean grain size, or that is, the polyner has good

mor phol ogy. The hydrocarbon sol vents include aromatic hydrocarbons such as
benzene, toluene, xylene, cunene, cynene, etc. ; aliphatic hydrocarbons
such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane,

oct adecane, etc.; alicyclic hydrocarbons such as cycl opent ane,

cycl ohexane, cycl ooctane, nethylcycl opentane, etc.; petroleumfractions
such as napht ha, kerosene, light gas oil, etc. O those, preferred are
aromat i ¢ aisyalicedalysiisfoTied afdtrhpdl gher énavioy itshehstibdteafices pawtdmwbl e in
hydr ocar bon sol vent such as those nentioned above, fromthe alum ni um oxy
conpound cesteot: spettid podlymerdpfodeded For smeddnphe, trenplrayialsl efitshea et hod
of spontaneously depositing the hydrocarbon- insoluble substances in a
hydr ocar poni yaelrvkatve 4 ddmyeccay yeabui 9z¢ heordepeasi i st hthegho Desant at i on.
Apart fromthis, also enployable is a nethod of renoving the insoluble
subst ancasst kwodghoeehbliokygati on or the like. After this, it is desirable
that the recovered, soluble conponent is filtered through a G5 gl ass

filter or the |Tke HytrdddddR0es]1 veht 8aMAIRS BREME t 1 whefehycdsoddisol ubl e
substances could be renoved nore conpletely. The al um ni um oxy conpound

thus predesedas Nbeh8eRBNNEF o BferddOV Ry Mehbk , I&umdiH | €c§hehed. 41 have 13 an
i ncreased gel conponent. Therefore, if is desirable that
aliphatic hydrocarbons such as pentane, hexane, heptane,
octane, decane, dodecane, hexadecane, octadecane, etc.;
alicyclic hydrocarbons such as cyclopentane, cyclohexane,
cyclooctane, methylcyclopentane, etc.; petroleum fractions
such as 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 is 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
from this, also employable is amethod of removing the insoluble
substances through centrifugation or the like, After this,
it is desirable that the recovered, soluble component is
filtered through a G5 glass filter or the like in a nitrogen
stream atmosphere, whereby the insoluble substances could be

removed more completely. The aluminium-oxy compound thus

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

13



t he al um ni um oxy conpound is used wthin a period of 48 hours after its
preparation, nore preferably imediately after its preparation. The ratio
of the al um nium oxy conpound of the invention to the hydrocarbon sol vent
is not specifically defined, but is preferably such that the concentration
of the alumniumatomin the alum niumoxy conmpound is fromO Sto 10
nols relative to one liter of the hydrocarbon sol vent. The al um ni um oxy
compound of the invention is not specifically defined, provided that it is
obt ai ned arhisggieasesageilopovponantr gaiteet efd e urh tcdrispdend rabile tWaaer, and

i ncl udes various types of alum niumoxy conpounds. For exanmple, it

i ncl udes tWenadnonial uprodyctempeamd Alsbesad! wi tiCom popatiod,of H8skotirem Et hyl
Cor poration, those from Shering Corporation, etc. In addition, it includes
al um ni umfiber cosppuadsrefiocsp-watd ai-d fareas] vlimmenteaards, afftelreitsol | owi ng
general formula (1V) as well as cyclic alum noxanes of the foll ow ng
gener al prepadat idn .Thehkasatisket etlons lafmitriose ccxoneompdsinal e f drecri bed
in many known references. RI9 R19 R19 A --~-OA + OAR1g.." W2 1 11-1

R 19 wherieiverRi%m eps estbt shyaldyadireal bedl geupissudt aspasial &yl 1yal kenyl,
aryl or arylal kyl group having from1l to 20, but 14
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
specifically defined, provided that it is obtained through
reaction of an organocaluminium compound with water, and
includes various types of aluminium-oxy compounds. For
example, it includes commercial products from Albemarle
Corporation, those from Ethyl Corporation, those from Shering
Corporation, etc.
In addition, it includes aluminium-oxy 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
19
R

|
Al—{-0—Aljr—0—a1Z
19" ™N,19
R R (IV)

R19

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

alkenyl, aryl or arylalkyl group having from 1 to 20, but

14



preferably from1l to 12 carbon atons, or represents a halogen atom w

i ndi cates a mean degree of pol ymerization of the conmpound 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 F-1 0 -A (V) wherein R19 and w have
the sane neanings as in formula (1V). For producing those al um noxanes,
for exanpl e, an organoal um ni um conpound nay be contacted with a condensing
agent such as water or the |ike. However, the nmethod for producing themis
not specipiedgnapldefiraedl tthd 2atenbroxahess, coulrépyesendduecalogeamy known
manner. For exanple, (1) an organoal um ni um conpound is dissolved in an
organi ¢ Sdlowgnty indidcébes eomtezot edegwéed wht @olyfi2)r iza taogaro@al time ni um
conmpound is previously added to the polynerization systemthat requires

t he al umcoompaned and] vied egensraledahoihhegeysbEmfivon & eto 30 adgest (3)
crystal water existing in netal salts and others, or water having adsorbed
t o i nor gatiefedfablygdtion Mater 4e saha plaael el Wst hagnber gaaOgLMHET & UM
conmpound; or (4) a tetraal kyldialum noxane is reacted with a
trial kyl @liffgtieyn, and then with water. The al um noxanes may be insol uble
in toluene. 15

R19

—eo-z'A.le-;— (v)

wherein R and w have the same meanings as in formula (IV).

For producing those aluminoxanes, for example, an
organcaluminium 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
organocaluminium compound is dissolved in an organic solvent,
and then contacted with water; (2) an organcaluminium compound
is previously added to the polymerization system that requires
the aluminoxane, and water is added to the system 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 organocaluminium 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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Any ot hers produced in known techni ques disclosed in known references are
al so usabl e herein. The known reference include, for exanple, Japanese
Pat ent Lai d- Open Nos. 328520/1997, 278824/1997, etc. In the invention, one
or nore of those al um noxanes may be used either singly or as conbined.
The organoal um ni um conpound to be the starting material for the

al um ni um oxy conpound of the invention is not specifically defined, and
i ncl udes various types of organoal um ni um conpounds. For exanple, usable
are al kyl groupnlavethgral prpdigetconpbnods béchnienes alli sotosed (v ):
R20mAl (OR21) nX3-mn (VI) wherein R20 and R21 each represent an al kyl group
havi ng f rkomowrl rede8enpeef @araldlsd neablet bedetnar bdheakapwn 2efepsesents a
hydrogen atom or a halogen atom 0 < mb5 3, preferably m= 2 or 3, nost
pref erablinabuded; Cor rexanhlgyr efEpdiesa PoHait 1. LE&omemedel YWos hey

i nclude trial kyl al um ni um conpounds such as trimethylal um ni um

triethyl d2g820/Mm97,t e7EBRRYLBLTNI &tdM I theoPhe@yt BdMidHBY héte N-
butyl met hyl al um nium triisobutylalumnium tri-sec- butyl nmethylal um ni um

tri-tert dautybpetdliminsidtddthaytid DeBbYS BEWEH Rii WL yi 6+ Rexybmb imaai um

trioctylalum nium tridecylalumnium tricyclohexylal um nium

tricyclooctyl al gaEni §pyagbslumiat @9€comPd KXY 1Y O¥R- he starting
material for the aluminium-oxy compound of the invention is
not specifically defined, and includes various types of
organocaluminium compounds. For example,.usable are alkyl
group-having aluminium compounds of a general formula (VI):

R20pA1 (OR21) nX3-pm-n (VI)
wherein R20 and R21 each represent an alkyl group having from
1l 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
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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hydroxyl group-havi ng al kyl al um ni um conpounds such as 16
chl oride, diethylalum niumchloride, ethylalumniumsesqu
di met hyl al um ni um et hoxi de, di et hyl al um ni um net hoxi de,

hydr oxi de, di et hyl al um ni um hydroxi de, etc.; hydrogen ato
al um ni um conpounds such as di net hyl al um ni um hydride, di

di met hyl al um ni um
i chl oride,

di et hyl al um ni um
m havi ng

i sobutyl al um ni um

hydride, etc. In the invention, one or nore of those organoal um ni um
conpounds may be used either singly or as conbined. [21 Carrier for olefin
pol ymer i Zdfiedh datlamigtigim Thehtarider f orieshefliad updinimer i zehlonidat al ysts

of the invention is obtained by contacting the alum nium

oxy conpound

wi t h an ietdrygadivemicdngmo sed quachdioning , atihedsylahemeéhémentetlsetedé ed from

Goups 2 to 4 and G oups 12 to 14 of the Periodic Table.

The inorganic

conpound dis tpryafednahind an meehgaide, odidethasalamnirashnohydecoidearri er

rati o of the alum niumoxy conpound. More preferably, the

i norgani c oxi de

“i's in theliffeyhpl adfurieriaus fHyratidld)s, e fur thedrdded east Bg-Roeigq- carri er

ratio. In the carrier for olefin polynerization catalysts

i nvent i or1unie e C&ofipdiindat | gueh t e adufé Oh % DXMin CQAD
between 30 and 90 % preferably between 40 and 90 % nore

of the

oAl 1y, f al |l
preferably

bet ween 20 ianabudd, 141 eMeNL UMD d IR, elally bet ¥REN: #PRRU-R0 Shesdt! | nore

preferably between 70 and 90 % in terns of the ratio of

grans of the

al um ni URPEY of those organoaluminium compounds may be used either

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 inorganic 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 90 %, preferably between 40
and 90 %, more preferably between 50 and 90 %, even more
preferably between 60 and 90 %, still more preferably between
70 and 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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conmpound to one gram of the inorganic conpound. The on-carrier ratiois
preferably higher, as the amount of the inorganic 17 conpound to be used in
ol efin polymerization could be smaller and therefore the production costs
could be reduced. In addition, the higher on-carrier ratio has another
advantage of polymer quality inprovenent, as the inpurities to remain in
t he pol yner produced coul d be reduced. At |east one el enent selected from
Goups 2 to 4 and Goups 12 to 14 of the Periodic Table includes C, M,

A, Si, ceaprogid fp bguspd igeolsfiinzpolBaer Ppation goulthbeessal toncretel y,
t he inorganic conmpound includes Si 021 A1203, MB0O, Zr02, Ti 02, Fe203, B2031
CaO, ZnOamBaGhay@orenghehginodvcttivressostuehcasldside ceedilard na, Izeol ite,
ferrite, glass fibers, etc. The 1inorganic oxide may contain a small anount
of car boraldsd,iomi thhat s ghewl bat-earreeer. réther hexsaapbekenf atihentagegani ¢
conpounds than those nentioned above include nmagnesi um conpounds of a

general dforpadlyane Vgl a2 26 inpravemeas ,t wpi ¢akl ympy€l2iebhto6Cetdin2, and
also their conplexes. In the formula, R 2 2 represents an al kyl group

havi ng friemthd @Gmear oo Aicats .coall Aldeedidcadp, having from 1 to 20
carbon atons, or an aryl group having from6 to 20 carbon atons; X6

represents a hahegesastobheOklaneabkybl1gE0ER Ba¥hNGrofipeMp1tb 04 28ngar bon
atons; x falls between 0 and 2, y falls between 0 and 2, and x + vy = 2;
plural RGEupss1astvels o5 thlaubaliodic Table includes C, Mg, Al, Si,
Ca, 8¢, Ti, B, Tl, Ge, Sn, Zn, Ba, Pb, Y, Sr, Th, etc. Concretely,
the inorganic compound includes SiOz,.Algx, MgQO, Zr0,, TiOQq,
Fe;0;, B203, CaO, Zn0O, Ba0, ThO;, and their mixtures, such as
silica-alumina, zeolite, ferrite, glass fibers, 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. 1In 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 + v = 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),, Si0,, Al,0s;, etc. Of
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X6,S if any, may be the sane or different. The inorganic conpound for use
inthe invention is preferably MyCl2, Md (OC2H5), M(OC2H5)2, Si 02, A1203,
etc. O 18 those, especially preferred are Si02 and A1203. The properties
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 granular,
having a nean grain size of froml to 300 m preferably from10 to 200 m
nore preferably from 20 to 100 m If the grain size of the conpound is too
smal |, fithesepoddpechpllyinrafrasted aren?i Qoinddrl fs odddedproperiies oo

| arge, coarse grains wll increase in the polynmer whereby the bul k
density off tthe pobygeniwi tompeuhdweaed, ahebdmdi polomethenitlybe cfogh&oppers.
The specific surface area of the inorganic conpound generally falls

bet ween Tcapbu@anaPéfsobart tireehertabldyobep nedncishd isnd 580geRégal and t he
pore vol une thereof generally falls between 0.1 and 5 cnB/g, but

pr ef er ablphebetompeund 3sagdadutad), ghatvingny mdani her Sipeaiifzec ofuftamel ar ea and
t he pore volunme of the conpound oversteps the defined range, the catal yst

activity vy BoobgnpoSFfe sl BPEGidn 4 0SULF 266 \af SdApBecPAREy ¥RLHTE Can
be obtained, for exanple, fromthe volunme of nitrogen gas abSorption to be

neasur ed x3cqQy digtg f0 the BET nethod (see J. Am Chem Soc., Vol. 60, p.
309, 1983).

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 polymer whereby the bulk
density of the polymer will be lowered and the polymer will
clog hoppers.

The specific surface area of the inorganic compound
generally falls between 1 and 1000 m*/g, but preferably between
50 and 500 m?/g; and the pore volume thereof generally falls
between 0.1 and 5 cm®/g, but preferably between 0.3 and 3 cm®/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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More desirably, the inorganic conpound is baked generally at a tenperature
falling between 150 and 1000C, but preferably between 200 and 800C. The
carrier for olefin polynerization catalysts of the 19 invention can be
produced by contacting the al um niumoxy conpound with the inorganic
conpound. In general, contacting the two may be effected in the sol vent
nment i oned above, in which the concentration of the conpounds may fal
between 0.1 and 10. O nols/liter. The tenperature nay be 200C or | ower,
and t he imvesnbimybecdn Behpupduoed| bygerontRrafigrabtlys @ henenhernexat i on
falls between 0.5 and 5.0 nols/liter, the tenperature is not higher than
O C, and ddmpdumiewishntte dhorgan itthaomgoufidhouln gehelraCat abysactomponent
for olefin polynerization: The catal yst conponent for ol efin polynerization
of the itheettoatay Seprparted by wensatveng rdie icatgd ebotrer 0l wiiiah

pol yneri zation catal ysts nentioned above, with a transition netal

conpound.thEhedrcahdird tapreifal heodpapgadnter maye fenlt BetwB¥andl dnands not
specifically defined, and any and every transition netal conpound capable

of Dbeing frgTRA15n1 962t al ¥18d ¢ hpfe RONQ BE i be PHRIUE 1 ORet S SRPLRYADI €
herein. Above all, preferred are transition netal conpounds of G oup 4 of

the Peri adine hablR 029hduranst ticeyeFet abre@EPAHNYS tHe &HRERSE Bat Pod0
thereof. The transition netal conpounds of G oup 4 of the Periodic

falls between 0.5 and 5.0 mols/liter, the temperature is not
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 not specificallydefined, and any and every transitionmetal
compound capable of being formed into catalysts for polyolefin
production is employable herein. BAbove all, preferred are
transition metal compounds of Group 4 of the Periodic Table
and transition metal compounds of Groups 8 to 10 thereof.

The transitionmetal compounds of Group 4 of the Periodic
Table are not specificallydefined. They include, 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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Tabl e are not specifically defined. They include, for exanple, (a)
transition netal catalyst conponents for Ziegler-Natta catalysts that
conprise a transition nmetal conpound with any of titanium zirconium or
haf ni um and an organonetallic conpound; (b) transition netal catalyst
conponents for 20 high-activity on-carrier catalysts that conprise a

conbi nation of any of a transition netal conpound, an organoal um ni um
conmpound and an el ectron donor as carried on a carrier such as nmagnhesi um
chl ori de hdrghteec iy andntcprriieansi taoalyetal dateal ystompmperents f or
nmetal | ocene catalysts that conprise a conbination of an al um noxane and a
transiti conEat iconpodndamaviay a cyciopenieni emmtalskebaponnd, anam ndeny
skeleton or the like as the ligand noiety. In (a) , the transition netal
conpound oxartee lantimansd domponeidabnbadn del ect et wibnvg; akotaexaspl eén
titaniumtrichloride, titanium tetrachloride, etc. The organonetallic

conpound aTeya e @ seEigangahdghak uihcenperide bRCltud ng.kd;orapxang) e,
trial kylalum niunms, al kylalum nium halides, etc. In (b), the transition

metal corpoud tiRh alBecde acheadghti ORCIRLRlenR3l | d&r SUsb: 261 db&te
menti oned above. The carrier may be a magnesi um conpound, and preferred

are magnedtiMiAd dest elhprilke aeE%ﬁbEQQtQBROBfiQﬁlgggﬁin59£%§X§ﬂ@le’

esters, ethers, etc. Specific exanples of the conpounds are described in

Japanese 5 PaL£81 t PoR et Qi MAsha A233441983 14366402y 1 181824181,

an indenyl skeleton or the like as the ligand moiety. 1In (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
transitionmetal compoundmay 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, 25350/1994,
184179/1994, 345809/1989, 19309/1983, 19306/1983, 19307/1983,

19308/1983, 130314/1986, 142005/1988, 268308/1992,
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52166/ 1984, 38285/ 1991, 75245/1992, etc. In (c), the transition netal
conpound i ncl udes the conpounds described in International Patent
Publ i cati on No. 511044/1996, and Japanese Patent Lai d-Cpen Nos.

100597/ 1994, 25350/ 1994, 184179/1994, 345809/1989, 19309/1983, 19306/ 1983,
19307/1983, 19308/1983, 130314/1986, 142005/1988, 268308/1992, 21

306304/ 1993, 100579/1994, 157661/1994, 149815/1995, 188318/ 1995,

258321/ 1995, etc. Above all, transition netal conmpounds having a

cycl openBylk38dd 108deny| SKEE/APH e prébebceédlPerd,use 14981/ 199enti on.
Concretely, preferred are transition netal conpounds selected fromthose
of the fabBowWSrgogéneraB3lbayaebae efk) to (I11). wherein R to R 6 each

i ndependently represent a hydrogen atom a hal ogen atom a hydrocarbon
group having framoitet aPD, catbonsittions, notah hadmgemEontedning a

hydr ocar bon group having from 1 to 20 carbon atons; the groups of at | east

one pair cgt1Bp3ntandai4nddhl aned1Rton a2Bdpfe Be thdd Rormaygeben hotwled to
each other to forma ring; X and X2 each independently represent a

hydr ogen i n@kefioa . hal eegirait@My,or pelikdiresar RP8 Of PMPs NaVdRY fdiom 1 to 20
carbon atons; Y is a divalent crosslinking group via which the two

| i gands @bﬁggaa@%dsél%@@é&lf%mecrhogee@f%@fé%@m@gﬁh@%g%ﬁ%p&w havi ng

from1l to 20 carbon atons, a hal ogen-contal ni ng hydrocarbon group having f

rom1l to(gg %%VQQQI).

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 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
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a

atons, a silicon-containing group, a gernmani um containing 22 group,
tin-containing group, -0-, -CO, -S, -S®2-, -NR-, -PR-, -P(0) R -,
“BR - or -AIR -; R7 represents a hydrogen atom a hal ogen atom a

hydr ocar bon group having from1l to 20 carbon atons, or a
hal ogen- cont ai ni ng hydrocarbon group having from 1 to 20 carbon atons; M
represents titanium zirconiumor hafnium The transition nmetal conpounds
of formula (1) where the groups of at |east one pair of R3 and R4, R4 and

R5, and RScawd aR6iareobtadedngogeach,otfey +00fpras4a, r+3@p-ar eNedapounds
known as BASF-type conplexes. In formula (1), the hal ogen atom for

wel |

to R6 inciRRdes -Ri)& -nesBhr-oornea 1K' -yoRl repandenadi aevaromen Jhen,
hydr ocarbon group having from1l to 20 carbon atons includes, for exanple,
an al kyl aghalipgsucht@s, a hgptibygbagboupgréanp eidyingredn, 1 afd 20- PALPyh group,
an isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl

group, amrtRmkgxplk grieanrs

phenyl
group

%fﬁL
group, a 1-naphthyl group, a 2-naphthyl group, etc.; an aral

sui tabl e hal ogen atom These RL to R6 may be the sane or different.

t hose,

t he

The transition metal 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 are 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
1—naphthyl group, a 2-naphthyl group, etc.; an aralkyl group

such as a benzyl 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.
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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nei ghbori ng groups of at |east one pair of R3 and R4, R4 and R5, and R5
and R6 shall be bonded to each other to forma ring. 23 The indenyl group
havi ng such a cyclic structure includes, for exanple, a 4, 5-benzoindenyl
group, an a-acenaphthoi ndenyl group, and their C-10 al kyl -substituted
derivatives. The hal ogen atomfor X1 and X2 includes chlorine, brom ne,
fluorine and i odi ne atons. The hydrocarbon group having from 1 to 20
carbon atons includes, for exanple, an al kyl group such as a nethyl group,

an et hyl Theoupdemy broopypr havipyg such sopyobyt stguaipireahnalvdeyt Tpoup, a
tert-butyl group, an n-hexyl group, etc.; an aryl group such as a phenyl
group, ebgampas,aral Kyb-b@iosindereyll agraupenay ogfagmapgittho fideand X2 may
be the sane or different. Y' is a divalent crosslinking group via which
t he two birgapdsaartie thendedltaOeatkhydt-bebstTheatdidvakeentathydisocar bon group
having from1 to 20 atons for it includes, for exanple, an al kyl ene group

such as a net hytka®adoeep, attom oret addet byt eneegradlpriael, Reahivyd ene
group, a dinmethyl- 1,2-ethylene group, a 1,4-tetranethylene group, a 1, 2-

cycl opropyligRenar 848, i clihe akBm@r.y! ah&H Rive G ih eelpdBafing from
di phenyl net hyl ene group, etc. The dival ent, hal ogen- contai ni ng hydrocarbon

group hayifg 2o e8rBoh % th$ 3hBe0GREOEor IRGid@S, ah Q1 18NAFRLEp Hich

chl oroet hyl ene group, a chloromnethyl ene group, etc. The dival ent

silicon-gant ity g9haHpP dekH9esard @5, @XBFPbeL FrdtRy yhsidoh-isy0r oup, a
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 ligands 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 1,2-ethylene group, a dimethyl-
1,2-ethylene group, a 1l,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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di met hyl silyl ene group, diethylsilylene group, a diphenylsilylene group,
met hyl phenyl si | yl ene group, etc. The germani um contai ning group and the
t'i n-contai ning group 24 include, for exanple, those of the
silicon-containing group noted above where the silicon atomis replaced
with germanium or tin. In general, the two |igands bonded to each ot her
via Y are the sane, but nmay differ as the case may be. The transition
nmet al compounds of fornula (1) are described, for exanple, in Japanese
Pat ent Land1Gaen Mosx. ex284189/ tA94e 3456R8/ 49D4cort ConSpeeihd cgexappl es of
the conpounds are benzoi ndenyl or acenaphtoi ndenyl conpounds such as
rac- di metidytlesi bBoedi whebé THe 621BbAYA tdm 5 HeREiaRdenyh LB ¢ SERAHim

di chl oride, phenyl nethylsilanediyl-bis-I-(2-nethyl-4,5 rac

benzoi nd@&rytiﬁl r conigen&hLhl ehicdewor 8EghBanssiadd BcSedeh other via

(2-met hyl -4, 5- ben20|ndenyl)2|rconlun1d|chlor|de rac-
but anedi yt - bi-&- théZSaﬁéEybué rabeazeradenyl Lﬁereagéumgﬁl g8l oride,
rac-di met hyl si |l anedi yl -bi s-1-(4,5- benzoi ndenyl )2|rcon|un1d|chlor|de

rac- d'”Ethy|s'|@H@dEWan51tlon metal compounds of formula,K (I
bi s-1-(2-nethyl-(x-methyl-(x- acenaphth0|ndenyl)2|rconlun1d|chlor|de

o el ol sl (£ TRDleg” s e o

therein W%%E79/1994, 345809/1994, etc. Specific examples of the
compounds are benzoindenyl or acenaphtoindenyl compounds such
as rac—dimethylsilanediyl-bié—1—(2—methyl—4,5—
benzoindenyl) zirconium dichloride, rac-
phenylmethylsilanediyl-bis-1-(2-methyl-4,5-
benzoindenyl) zirconium 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 subsﬁituting 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 R, R!
and R°, and R® and R® may form a ring. The transition metal

compounds having an indenyl skeleton of that type, and even
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titaniumor hafnium In the indenyl skeleton of the transition netal
conpounds of formula (1), none of the pairs of R3 and R, R4 and R5
and R5 and R6 may forma ring. The transition netal conpounds having an
i ndenyl skeleton of that type, and even 25 others corresponding to those
and having a 4,5,6,7- tetrahydroi ndenyl skeleton are al so usabl e herein.
These transition netal conpounds are known as Hoechst conplexes. They are
descri bed, for exanple, in Japanese Patent Laid-Open Nos. 268308/ 1992,
306304/ 19%3e rE00 T rEGPONdEHE66 101 99hosel438Eb/ 1886 ngl883184,199%5, 7~

258321/ 1995, etc. Specific exanples of the conpounds are aryl-substituted
conpounds esucih vailxr odindeinipll S5 ’elradiny | abe sal s62-usabhygl -Hergileny | Thetenyl )

zi rconiumdi chl oride, dinethylsilanediyl-

bi s-1 - [ 2-trRinkyltidn( Itanhtdapcurdenid ez ivan W didddrt demplexes.
di met hyl si | anedi yl -bi s-1-(2-ethyl -4 phenylindenyl) zirconiumdichloride,

di net hyl q‘ﬂe%ﬂ&@lbydies@rﬁbéd,[ ot BybmAie]- ﬂ@mtﬂawe)slenﬂ&ﬂéhtzna{mpéﬁ
di chl oride, = phenyl net hyl si | anedi yl - bi s-1- (2- net hyl -4 phenyl i ndenyl)

zi rconi umiodi chbes e, 19phenyigeidw/id BnedioybTbisodal 2- 18t byl F oddl-

naphthyl)|ndenyl]2|rconlun1d|chlor|de

phenyl et igesid ot v el GBest sty | adeny!) - 2irconi um
di chl ori de,” phenyl'mét hyl si' | anediyl -bi s-

Spec1f1cexamplescxfthecompoundsarearyl -substituted
compounds such as dimethylsilanediyl-bis-1-(2-methyl-4-
phenylindenyl) zirconium dichloride, dimethylsilanediyl-
bis-1-[2-methyl-4-(l-naphthyl) indenyl]zirconiumdichloride,
dimethylsilanediyl-bis-1-(2-ethyl-4-
phenylindenyl) zirconium dichloride, dimethylsilanediyl-
bis-1-[2-ethyl-4-(l-naphthyl)indenyl}lzirconium dichloride,
phenylmethylsilanediyl-bis-1-(2-methyl-4-
phenylindenyl) zirconium dichloride,
phenylmethylsilanediyl-bis-1-[2-methyl-4-(1-
naphthyl) indenyl]zirconium dichloride,
phenylmethylsilanediyl-bis-1-(2-ethyl-4-phenylindenyl) -
zirconium dichloride, phenylmethylsilanediyl-bis-1-[2-
ethyl-4-(1-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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et hyl - 4- (1- napht hyl )i ndenyl ] zi rconium di chl oride, etc.; 2,4-substituted

conpounds such as rac-di nethylsilylene- bis-I|-(2-nethyl-4-ethylindenyl)

zirconiumdichloride, rac- dinethylsilylene-bis-1-(2-nmnethyl-4-

i sopropylindenyl) zirconiumdichloride, rac-

di et hyl sil yl ene-bis-(2-nmethyl-4-tert 26 butylindenyl)zirconiumdichloride,

phenyl met hyl si |l yl ene-bi s-1-(2-nmethyl -4 rac isopropylindenyl)zirconium

dichloride, rac- dinethylsilylene-bis-1-(2-ethyl-4-nethylindenyl)zirconium

di chl ori daltwaadan)milsianiusne- bi s- | - (2d4chdprédiy| i ndenyl ) zkaeoni um

di chloride, rac- dinethylsilylene-bis-I-(2-methyl-4

et hyl i ndénanyAnetdy LnidiWengibisetle (2-methytibst t uted, 2, 4, 7- substi t ut ed,

or 3,4, 7-substituted conpounds such as

r ac- di nmetisgpridpp lemaldsiwl-) i onridimret hyl i ndédgh)lzirideni um di chtac+de,

rac-1, 2-et hanedi yl - bi s-1- (2-nmet hyl -4, 7- di met hyl i ndenyl ) zirconi um

di chl ori demetdgrl sdilndtemnd -4 il s lene@—m thyt 143w thyt Iriirrdegriyl )i idego dyuzd r coni um

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

di chl ori de chrlax-iBe2- but anedi yl - bi srdc{didethobs byyiedenyl$zi+cppium

dichloride, etc.; 2,4,6-substituted conpounds such as di nethyl sil anedi yl -
dimethylindenyl) zirconium dichloride, rac-
dimethylsilylene-bis-1-(2-methyl-4-
ethylindenyl)zirconiumdimethyl, etc.; 4,7-substituted,
2,4, 7-substituted, or 3,4,7-substituted compounds such as
rac-dimethylsilylene-bis-1-(4, 7-dimethylindenyl) zirconium
dichloride, rac-1,2-ethanediyl-bis-1-(2-methyl-4, 7-
dimethylindenyl) zirconium dichloride, rac-
dimethylsilylene-bis-1-(3,4,7-trimethylindenyl) zirconium
dichloride, rac-1l,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) zirconium dichloride, rac-

diphenylsilanediyl-bis~-1-(2-methyl-4, 6-
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bi s-1-(2-nmethyl -4, 6-diisopropylindenyl)zirconium dichloride,

phenyl net hyl si | anedi yl - bi s-1-(2-nmethyl -4, 6- diisopropylindenyl) zirconium
di chl oride, rac- dinethylsilanediyl-bis-1-(2-nethyl-

di i sopropylindenyl) zirconiumdichloride, rac-1, 2-

et hanedi yl - bi s-1- (2-net hyl -4, 6- diisopropylindenyl) zirconiumdichloride,
rac- di phenyl sil anediyl-bis-1-(2-nethyl-4,6 27 diisopropylindenyl)zirconium
dichloride, rac- phenyl methyl silanediyl -bis-1-(2-nethyl -
d||soproéynsﬁﬁéﬁpvyl@ﬁe@&ﬁo@wrép@humrude ragichloride, rac-

di met hyl si | anedi yl -bi s-1-(2, 4, 6-trimethylindenyl)zirconium dichloride,
etc.; 2,Bhensmmsthyﬁsédanedﬁg&nbsssmchZametagl—4,6—

di et hyl si | anedi yl -bi s-1-(2,5, 6-trinmethylindenyl)zirconium dichloride,

etc.; 4,ddisbprdpyétindkygiozidenyliumonpoundsdsaichonsde, rac-

rac-di met hyl sil yl ene-bi s(2-nethyl-4,5,6,7-tetrahydro-|- indenyl) zirconium
di chl ori démecagietyhedeyi-s4i621re0NY], 6-trimethylindenyl) zirconium

4,5,6, 7-tetrahydro-|-indenyl)zirconiumdichloride, rac-

di met hyl aikylenedbi seZ2cnet Ryls, 4-5ubstiteitcahyd@dundsnd’in )as rac-
zi rconi undi met hyl , rac-ethyl ene-bi s(2-net hyl -

4,5,6,7-a@mé@hygeaihnbadgmybiéanqah@U@L&&ﬁﬁhkhyua@denyl)zirconium
et hyl ene-bi s(4,7-dinmethyl-4,5,6,7-tetrahydro-1- indenyl) zirconium

di chl ori dechebgideqnstd hogesder UVQQtE%ﬁ%EBQndéhWQfBMB&Qi@QHBHSaé)y
substituting zirconiumtherein wth
rac-dimethylsilylene-bis (2-methyl-4,5,6,7-tetrahydro-1-
indenyl) zirconium dichloride, rac-ethylene~bis-(2-methyl-
4,5,6,7-tetrahydro-1-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-1-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.

RlB
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titaniumor hafnium etc. Rig RL1 28 wherein R8 to R18, X3 and X4 each

i ndependently represent a hydrogen atom a hal ogen atom a hydrocarbon
group having from 1 to 20 carbon atons, a hal ogen-contai ni ng hydrocarbon
group having from1 to 20 carbon atons, a silicon-containing group, an
oxygen-contai ning group, a sul fur-containing group, a nitrogen-containing
group, or a phosphorus-containing group; R10 and R11, as well as R15 and
R16 may be bonded to each other tg forma ring; X3 and X4 each

i ndepend@helrginefr esenk a hRal @geh X argsh dNehescHRiclY FeRREIRG My from 1
to 20 carbon atons, a hal ogen-containing hydrocarbon group having from1
to 20 chybosnganoatona ashbilogancommi @i hgdyeoapboarymmiyeavisanizdmi ng
group, a sulfur-containing group, a nitrogen- containing group, or a
phosphor Gstcod® aiatban grious, ¥ hedogendvakenniogosgtirokangoygraeguwi a whi ch
the two |igands are bonded to each other, representing a hydrocarbon group

havi ng haeinl £eoR0l car DOncatios®s,atvonw! @gehitoohacahbgihydgagaslon group
having from1 to 20 carbon atons, a silicon-containing group, a

ger mani UBnC B Yg e -NEbrif DAind@ birbuppntaai suDgugreoptaindng o@oup,- &, - SO2-,
-NR-, -PR-, -P (0) R7-, -BR - or -AlR7-; R7 represents a hydrogen atom
a hal ogeniatrofend condadeanogrogppupr Raghbgphbetslcbatddneaghprods ons, or a

hal ogen- cont ai ni ng

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 sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y' is a
divalent crosslinking group via which the two ligands are
bonded to each other, representing a hydrocarbon group having
from 1 to 20 carbon atoms, a halogen-containing hydrocarbon
group having from 1 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.

The compounds of formula (II) are single-crosslinked

complexes.,
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hydr ocar bon group having from1l to 20 carbon atons; ML represents
titanium zirconiumor hafnium The conpounds of formula (11) are

singl e-crosslinked conplexes. 29 In forrmula (11) , the hal ogen atomfor R8
to R18, and X3 and X4 includes chlorine, bromne, fluorine and iodine
atons. The hydrocarbon group having from1 to 20 carbon atons includes,

for exanple, an al kyl group such as a nethyl group, an ethyl group, an

n- propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
tert-butyl groupn formubhexyllgr cipe haiogerdetyh GoouR® tet 8'%, andakyl group
such as a phenyl group, a 1-naphthyl group, a 2-naphthyl group, etc.; an
aral kyl @nouf’ isudhucass ehbemrzylke, g popinet cf 1ukhel e laggie hodont ad thonng.

hydr ocar bon group having from1l to 20 carbon atons nay be derived fromthe

hydr ocar oo g9y @udc o6 @ ubyh Suhisd ift-dhi NPo 28t ch LBSH a@dEhshiigk Dgeds at om
therein with a suitable halogen atom including, for exanple, a

trifluorawet bxamgleypanTaekysi §60H- SH %iﬁian&eﬁh%pgi:aﬁbl,ldéﬁeiﬂf]l exanpl e,
a trimethylsilyl group, a dinmethyl (t-butyl)silyl "group, etc.; the

OXygen- CQRGRIY) A rdipd INGHHEES 8 B HeNYy D¥eRhip, 8dh nthRXY Y, etc. .

t he sul fur-containing group i ncl udes a  thi ol group, a sulfonic acid group,

BLC | L SrlibEaaen CoBLA) NGOrauRlICLUAES, afll APROX) aThAGL! Op, ©TC-
and the phosphorus-containing group incfudes a phenyl phosphi ne group,
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-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,
including, 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'Y, 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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etc. R10 and R11, as well as R15 and R16 may be bonded to each other to
forma ring of, for exanple, fluorene, etc. As specific exanples of RI10
and R11, and R15 and R16 of that type, nentioned are the groups of R8 to
R18 except hydrogen atom For R' and R16, preferred are a hydrogen atom
and an al kyl group 30 having at nost 6 carbon atons; nore preferred are a
hydrogen atom a nethyl group, an ethyl group, an isopropyl group, and a
cycl ohexyl group; and even nore preferred is a hydrogen atom For R', R 13

, R 15 arnth'RIBy air ebertr édcasban atdwyd; graep grafiery adp arkoabhgdrbgen at ons;
nore preferred are a nmethyl group, an ethyl group, an isopropyl group, and

a cycl ohextydm,gmompthabdgevenm, amweehglefesnpd il iFodraW108Ybugl osd For
R',, R12 , R', R and Rl17 , preferred is a hydrogen atom For X3 and X,

preferred @SleloﬁehglﬂQ?ﬁmpﬂﬁ afy evérehibyle BF OEOr réd i@t ydHoeen a fHf, @ Pr opy!
group. Specific exa of Y' include nethylene, ethylene, ethylldene

I sopr opylgienes, wtl *hexdd denNeprbréy re¥ich 8hexyd eag Qi beé
tetranethyld|3|lylene dlnethy gernyl ene, net hyl boryl i dene ( - ),

hyl al I =
gﬁénzl ghgﬂgpﬁg??glg%%%rﬁé:horghgfﬁgﬁg Jg%ﬂé %?ﬁg?ﬁgb icgu(g-lzaﬂ-?thxl nyl i dene

e PP e PR epetll Hierbnai SLBopllptA0SEen
9i ving be{d RS preferred is an isopropyl group. For R'', RY), RM, R and
7, preferred is a hydrogen atom. For X® and X!, preferred are
a halogen atom, a methyl group, an ethyl group, and a propyl
group.
Specific examples of Y' include methylene, ethylene,
ethylidene, isopropylidene, cyclohexylidene, 1,2-
cyclohexylene, dimethylsilylene, tetramethyldisilylene,
dimethylgermylene, methylborylidene (CH;-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 (II) are 1,2-ethanediyl (1-(4,7-

diisopropylindenyl)) (2-(4, 7-diisopropylindenyl))hafnium
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results. ML represents titanium zirconiumor hafnium and is preferably
haf ni.um Specific exanples of the transition netal conpounds of formula
(1) are 1, 2-ethanediyl (1-(4,7-

di i sopropylindenyl))(2-(4,7-diisopropylindenyl))hafnium 31 dichloride,

1, 2-et hanedi yl (9-fluorenyl) (2-(4,7- diisopropylindenyl))hafniumdichloride,
i sopropylidene(1l- (4, 7-diisopropylindenyl)) (2- (4, 7

di i sopropyl i ndenyl)) haf ni um di chl ori de, 1, 2-ethanediyl (1-

(4, 7- di metilpnliodetsyl ) ) (2- (4, 7- di 1 sopsopyhedtenyd) fhad némyn ) d2€hd pv+ de,

1, 2-et hanedi yl (9-fluorenyl)(2-(4,7- dinmethylindenyl)) hafniumdichloride,

i sopr opy ldidesprbp 14 ndediyint) myd finideny ) h 204 d€; di i soprepyl i deeayl ) ) haf ni um
dichloride, etc.; and those derived fromthe hafnium conpounds by

substi t ut(img aEfidopaddiarieidenwilhh @+ @gri-um or titanium However, the
conpounds are not limted to these exanples. The transition netal conpounds

of fornuuqﬁgdﬁkdﬁylﬂﬁaenQQQQWQQ%du&PFd@éﬁﬂ@k@de@CCPfﬁuéﬁhéﬁﬁéfﬁiPFIhOd

described in the applicant's own prior Japanese Patent Application No.

E2 oach regresons i o d B S R pan A A e, = o
substi t utgdrgysljopent adi enyl group,_an, 1.0deny] (9L PHURsreny1) (2- (4, 7-
dimethylindenyl))hafnium dichloride, isopropylidene(1-
(4,7-dimethylindenyl)) (2- (4, 7-diisopropylindenyl) )hafnium
dichloride, etc.; and those derived from the hafnium compounds
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.

A1/2/

A

\

El\

1,5 2
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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



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

hydr ocar bon group and a silicon-containing 32 group, and they form a
crosslinked structure via A and A2, and they nay be the sane or

different; X5 represents a 6-bonding ligand, and plural X5 s, if any, may
be the sane or different, and nmay be crosslinked with any of other X5, E,
E2 or Y2; Y2 represents a Lewis base, and plural Y2's, if any, nmay be the
same or dGFEreand BhelY fprTbe cresslimked stinuctame viaddhend &2, afd, E2 or
X5; A and A2 each are a divalent crosslinking group via which the two

| i gands drhebordedet theashmet bierdif épresentihgepachpatecar §epogaong havi ng
from1l to 20 carbon atons, a hal ogen-containing hydrocarbon group having f
rom 1 to l2Zgenshr bod phtvas, X4 ssi L camy contyabei tige grameppradifferent,
germani um containing group, a tin-containing group, -0-, -CO, -S-, -S-,
-NR -, PR may Bg @roRslinkBR with afiyRof, oghdrt Rey mtgy EBeoct he? ;safe or
different; R7 represents a hydrogen atom a hal ogen atom a hydrocarbon

group haviepydsenhsl at hek@scbhaben ahanpluilay?’hgl ageAng9NkhakNbBdthe
hydr ocar bon group having from1l to 2 0 carbon atons; g represents an

i nteger ofare @n HitfdeTenequahidnéalobel cabarilenkalene¥nohnW £-oherand r
represents an integer of fromO to 3. In the transition netal conpounds of
formula ()18, £t bese; vl knbenhesehnafd arafef aihed e a3 ngauly §z6h9ss! i nked

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-, -CO-, -S-, -S0,-, -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 1 to 20 carbon

atoms; gq 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 preferably =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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conpl exes), M represents titanium zirconiumor hafnium but is
preferably zirconiumor hafnium As so nentioned hereinabove, E and E2
each represent a ligand selected from a cyclopentadi enyl group, a
substituted cycl opent adi enyl 33 group, an indenyl group, a substituted

i ndenyl group, a heterocycl opentadi enyl group, a substituted

het er ocycl opent adi enyl group, an am do group (-N<), a phosphido group
(-P<), a hydrocarbon group [>CR-, >C<] and a silicon-containing group
[>Si R, S&ioyp, (| anwhHineenRli e e esa SUlalridgeiedt dhfleayhy dirsss,bod gr oup
having from1 to 20 carbon atons, or a hetero atom containing group), and
t hey for medenagayssldpedbditanict ure vigraup.and A 2a. El asdo&t2tubgdbe t he
same or different. For El and E 2 , preferred are a cycl opent adi enyl
group, aswistriaapacmyrdaapientadi erplupgr oae, amidodegybugr oupN<apd a
substituted i ndenyl group. Specific exanples of the a-bonding Iigand for X5

i ncl ude rindsdhngen gatowm (aPkydr ackaydoscgrioon dwaumg farHn ckq 20dcar bon
atons, an al koxy group having from1 to 20 carbon atons, an aryl oxy group

havi ng f radiedre-2hteairhiony gtren®, [2BiRA1, des g¢ DUpin haMidhgRf i Ra1tat s 20
carbon atons, a silicon-containing group having from1l to 20 carbon atons,

a phosphi-dhygregenhendmg af fipirodativor iy RARiALEom @ &2l d9rBsuUP
having from1 to 2 0 carbon atons, an acyl group having from1l to 20

carbon atafehs,eldr a Rldiddo XatnSsontfa Bling "@Yols) | hensarRe @r r@HAT T ent,
and may be
crosslinked structure via A! and A?. E! and E? may be the same
or different. For E' and E?, preferred are a cyclopentadienyl
group, a substituted byclopentadienyl group, an indenyl group
and a substituted indenyl group.
Specific examples of the o-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
1l 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,
Iethers, 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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crosslinked with any of other X5 , El, E 2 or y2. Specific exanples of the
Lew s base for y2 include am nes, ethers, phosphines, thioethers, etc.
Plural y2,S, if any, may be the sane or different, and may be crosslinked
with any of other y2 , E, E 2 or X5. 34 At | east one crosslinking group
of A and A" is preferably a crosslinking hydrocarbon group having at

| east 1 carbon atom The crosslinking group of that type includes, for
exanple, groups of a general formula: -t7'c \,\ . e R 23 R 24 wherein R 23
and R 24 each r &rkeasit casyhroylemkitnangronpr® £ Ayandddrizonrgfenabhsvi ng
from1l to 20 carbon atons, and these may be the same or different, or may
be bonded cvoeathnsiherhydmodayrhnrageyubilmsitrqiet uregstahdarhapatsent s an
integer of from 1 to 4. Specific exanples of the group are a nethyl ene
group, diheetdndshelgeioup, gmruretdl| tenet groupnchupespyfodearagpbap, an

i sopropylidene group, a cyclohexylidene group, a 1, 2- cyl cohexyl ene group,
a vinyli dereeipy aup § GE=G9] ,fetmuld¥ those, preferred are a nethyl ene
group, an ethylene group and an isopropylidene group. A andA 2 maybe the

same or different. In the transition nmetal conpounds of forrmula (I I 1)
where El and E 2 each representj?_CﬁcLagenIadienyI group, a substituted
cycl opent adi enyl group, an inden /grbqe @ a substituted

R23 R24

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
1l 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’maybe the same or different.

In the transition metal 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 (1,27)(2,1’). Of the transition metal
compounds of formula (III), preferred are those having a

double-crosslinked biscyclopentadienyl derivative as the
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i ndenyl group, the bonding node of the crosslinking groups of A and A 2
may be of any type of double-cross linking (1, 11 ) (2, 21 ) or

doubl e-cros slinking (1, 21 (2, 11 ) . O the transition nmetal conpounds
of fornmula (111) preferred are those having a doubl e-crosslinked

bi scycl opent adi enyl derivative as the 35 |ligand and represented by the
follow ng general formula (lIll-a) : R29 In formula (Ill-a) , M, A, A2, ¢
and r have the sanme neani ngs as above. X5 represents a a-bonding Ilgand
and pl urdigaxg! sangf represemiease bhe tdemefollavifier @eneradd foaymbka bonded
to any of other X5 or Y2. For specific exanples of X5, referred to are the
sane as t{Hdde-arenti oned hereinabove for X5 in forrmula (I11) . 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 fohose nenti oned herei nabove
for Y2 in formula (I11). ﬁ@S to R3 Pé.ch represent a hydrogen atom a

hal ogen atom a hydrocarb gro ) 1 to 20 carbon atons, a

hal ogen- cont ai ni ng hydrocar roup havi hg B*% 0 20 carbon atons, a
silicon-containing group, o at ony ining group, but at |east
one of them nust not bg2 en atom R30 may be thersage or
different, and their neighboring 27

In formula (III-a), M', A', A?, q 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
(III). R¥ toR¥ eachrepresent ahydrogen atom, a halogen atom,
a hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from 1 to 20 carbon
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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groups may be bonded to each other to forma ring. In the transition netal
conpounds havi ng such a doubl e-crosslinked biscycl opentadi enyl derivative
as the ligand, the ligand nay be any of a (1,1')(2,2") double- crosslinked
one or a (1,2')(2,1') double-crosslinked one. Specific exanples of the
transition netal conpounds of formula (111) include
(1,1"-ethylene) (2,2 -ethylene)- bis(indenyl)zirconiumdichloride, (1,
2' -ethylene) (2, 1'- ethylene)-bis(indenyl) zirconiumdichloride, (1,1"-
met hyl ene{AIRB et A drd)ddsl s(a ey |9Ziec din ufpxd ¢hl winidle,
(1,2 -nmethylene)(2,1"'-nmethyl ene) bis(indenyl)zirconiumdichloride, (1,1
i sopropyl i dene) (2, 2thé sdprayns/tiidene pelvied (| adepylddsr dmwimgy  diuchl oai de,
(1,2 -isopropylidene) (2,1 -isopropylidene)- bis(indenyl)zirconium
di chl ori dnuklle-raetdiyireae) (Bidcycébbghend) ehiyd( Aert hwtindemd ) thaer coni um
dichloride, (1,2 - ethylene)(2,1'-ethylene)-bis(3-nethylindenyl)zirconium
di chl ori de,gdrild,1' tkeé hyligaed( Znay - BEhydreneg £ bias (4L ,3:" )benziindasybl a-r coni um
dichloride, (1,2 -ethylene)(2,1' - ethylene)-bis(4, 5-benzoindenyl)zirconium
di chl ori demosqllinked -qtdndene) (1,27 )2(2 - ethhydans)e i o< irsiesd afpyd | ndenyl )
zirconiumdichloride, (1,2 -
ethyl ene) (2, 1" - gbbyligne) ehhsf feb SOPRORYLEAHEDYE DR IHOON Wm0k Ede,
(1,1 -ethylene) (2,2 -ethyl ene)-bis(5,6-

formula (ITI) include (1,1’ -ethylene) (2,2’ -ethylene) -

bis(indenyl)zirconium dichloride, (1,2’ -ethylene) (2,1 -
ethylene)-bis(indenyl)zirconium dichloride, (L,17-
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, (1,2'-ethylene) (2,1'~
ethylene)~-bis (4, 5-benzoindenyl) zirconium dichloride,

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

isopropylindenyl) zirconium dichloride, (1L,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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di met hyl i ndenyl) zirconiumdichloride, (1,2" 37

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

(1,1 -ethylene) (2,2 -ethylene)-bis(4,7 diisopropylindenyl)

zirconiundi chloride, (1,2 - ethylene)(2,1' -ethyl ene)-bis(4,7-
dichloride, (1,1 - diisopropylindenyl) zirconium ethylene)(2,

2' - et hyl ene) - bi s(4- phenylindenyl)zirconiun1 di chl ori de,

(1, 2'-ethy|ene)(2 1'-ethy|ene) bi s( 4- Ilndenyl) 2|rcon|un1d|chlor|de
(1,1' - et ®APSHENS, 2/-1 'erhivdale) mksqss(% et hyslapydsig i rrdersan i coni um
dichloride, (1, 2'-ethy|ene) (2, 1'-ethy|ene)-b|s(3 met hyl - 4-
|sopropyﬁhﬂhégﬂ¥ﬂ32|rconlun1dlchl0¢t@ﬁlen4212 2'-ethylene)-bis (4,7~

et hyl ene) (2, 2' - et hyl ene) - bi s(5, 6-benzoi ndenyl ) zi rconi um dichl ori de,

(1, 2" - et ldilisopropyll instemyle rrd)rdursi(® 6- benzaichdemydezi r coni ufl g2 thl ori de,
(1,1 -ethylene) (2,2 - isopropylidene)-bis(indenyl) zirconiumdichloride,

(1, 2" - etednydrme)e() 22,1 —Hesdyyrlemd ) i-derse()4,0is (i ndenyl ) zi rconi um di chl ori de
(1, 1'-isopropylidene)(2,2' -ethylene)- bis(indenyl) zirconiumdichloride,

(1, 2' - metdiyilsema)od, Li'nd estyiiy | zdneoriitsd | ndenylizhieedidem di chl ofige!-(1, 1" -
met hyl ene) (2, 2'-ethylene)-bis(indenyl)zirconiumdichloride,

(1, 1" - et kyhheneed, (2 ,-2retdtHare)e) biksi(d (ueemEn i e wim z idi g i0fn de,

(1,1 -nmethyl ene) (2, 2" -i sopropyl i dene) -
dichloride, (1,2'-ethylene) (2,1'-ethylene) -bis (4-
phenylindenyl)zirconium dichloride, (1,1'-ethylene) (2,2'-
ethylene)-bis(3-methyl—4—isopropylindenyi)zirconium
dichloride, (1,2'-ethylene) (2,1'-ethylene)-bis(3-methyl-4-
isopropylindenyl) zirconium dichloride, (L,1'-
ethylene)(2,2'—ethylene)—bis(5,6—benzoindényl)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 (indenyl) zirconium dichloride, (1,17~

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

(1,1’—ethylene)(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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bi s(i ndenyl)zirconiumdichloride, (1,2 -nmethylene)(2,1"-

i sopropyl i dene)-bis(indenyl) zirconiumdichloride, (1,1'-

i sopropylidene) (2, 2'-nethylene)-bis(indenyl)zirconium 38 dichloride,
(1,1 -nmethyl ene) (2, 2" - et hyl ene) ( 3-

met hyl cycl opent adi enyl ) (cycl opent adi enyl ) zirconium dichloride,

(1,1 -isopropylidene)(2,2"-isopropylidene)(3-

met hyl cycl opent adi enyl ) (cycl opent adi enyl ) zirconium dichloride,

(1, 1" - pr opyahilderiade;2, 2' - propyl i déhe) (3methylene) (2, 2'-methylene) (3-
met hyl cycl opent adi enyl ) (cycl opent adi enyl ) zirconium dichloride, (1,
1'-ethylam&ﬁ@lcyehnndnﬂadﬁﬁnyﬁkﬂdydﬁﬁggdtadﬂanyﬁﬂzﬂﬁ&nnmmmjrconium
dichloride, (1,1 - nmethylene) (2,2 -ethylene)-bis(3- (1,1"-

met hyl cydiepariradiesnyl Yz 1 tonsopropehl dende (2,2 -isopropylidene) (3-
i sopropylidene) (2,2 -ethylene)-bis(3- (1,1"-

met hyl cy ededperiiad lepdnzddicon umdiciparteiienyl) zirconium
et hyl ene) (2, 2' -i sopropyl i dene)-bi s(3- nethyl cycl opentadi enyl ) zirconi um

di chl ori deLdhlLoli-ddyet hyl ene) (2, 2' -peé byl eaehe bis( 3+ -pRodytidene) (3-

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

met hyl engydth 2 ol Sl d 18Dy il i(13pdnlsadienyl) 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, (L,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~
methylcylopentadienyl) zirconium dichloride, (L,1'-
ethylene) (2,2'-methylene)~bis (3,4~
dimethylcyclopentadienyl)zirconium dichloride, (L,1'-
ethylene) (2,2'-isopropylidene)-bis(3,4-
dimethylcyclopentadienyl) zirconium dichloride, (L,1'-

methylene) (2,2'-methylene)-bis (3,4~
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met hyl cycl opent adi enyl ) zi r coni um di chl ori de,

i sopropylidene) (2,2 -isopropylidene)-bis(3- nethylcyl opentadi enyl)
zirconiumdichloride, (1,1 - ethylene)(2,2 -nethylene)-bis(3,4- (1,1"-

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

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

di met hyl cycl opent adi enyl ) zi rconi undi chl ori de, (1, 1" -
nethyleng%ﬁZ,Z'-nethylene)-bis(3,41 39 di met hyl cycl opent adi enyl ) zi r coni um
di chl ori d&mefthy Leymkapardma ien 2 )-2igsmropi | dedéyrhbisigdes- (1(11'-

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

i sopr opy IMeddnd)erE ) 2! 2/ S'oprsgpr dpdeniadents )s(8, s4:3, 4-
di met hyl cycl opent adi enyl ) zi r coni um di chl ori de, (1, 2' -
et hyl ene)diyel-hyntetvhyll core) tatal isq(rBx1 ) (2, X2 on et hy| dychapettiadi enyk ) zit€oni um
di chl oride, ethylene)(2,1" -isopropylidene)-bis(3-
net hy| cy clsapentadi ety d)zi 2, iwophodtlardgte ) (-hid 3, 4- '
met hyl ene) (2, 1' - met hyl ene) -bi s(3- (1,2 - methylcycl opentadi enyl) zirconium
di chl or i demetiyiydetie)deh tle dil 0N doiang) - bi 863hloride, (1,2'-
ethylene) (2,1'-methylene)-bis (3-
methylcyclopentadienyl) zirconium dichloride, (L,2'~
ethylene) (2,1'-isopropylidene) -bis (3-
methylcyclopentadienyl) zirconium dichioride, (1,2'-
methylene) (2,1'-methylene) -bis (3-
methylcyclopentadienyl) zirconium dichloride, (1,2'~
methylene) (2,1'-isopropylidene) -bis (3-
methylcyclopentadienyl) zirconium dichloride, (1,2'-
isopropylidene)(2,l'—isoprobylidene)—bis(3-
methylcyclopentadienyl) zirconium dichloride, (L,2'-
ethylene) (2,1'-methylene)~bis (3, 4-
dimethylcyclopentadienyl) zirconium dichloride, (1,2'-
ethylene) (2,1'~isopropylidene)-bis (3, 4-
dimethylcyclopentadienyl) zirconium dichloride, (1L,2'-
methylene) (2,1'-methylene)-bis (3, 4~
dimethylcyclopentadienyl) zirconium dichloride, (L,2'-
methylene) (2,1'-isopropylidene)-bis (3, 4-
dimethylcyclopentadienyl) zirconium dichloride, (1L,2'-
isopropylidene) (2,1'-isopropylidene) -bis (3, 4-

dimethylcyclopentadienyl)zirconium dichloride, etc.; and
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(1,2 - methyl cycl opentadi enyl ) zirconi um di chl ori de,

i sopropylidene) (2,1 -isopropylidene)-bis(3-

met hyl cycl opent adi enyl ) zi rconi um di chl ori de, (1, 2' -

et hyl ene) (2, 1' - net hyl ene) -bi s(3,4- (1,2 -

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

et hyl ene) (2,1' -i sopropylidene)-bis(3,4-

di met hyl cycl opent adi enyl ) zi r coni undi chl ori de, (1, 2' -

met hyl en@q2 VE tieashpife ibpsbi s¢Bpdunds dhdorngle; (thrglum or hafnium in

di et hyl cycl opent adi enyl ) zi r coni um net hyl ene) (2, 1' -i sopropyl i dene) - bi s(3, 4-
(1, 2' - diptetdey lafy digmemntiadi.enyeedil esentansdiychkbei deppounds are not

i sopropylidene) (2,1 -isopropylidene)-bis(3,4-

di met hyl dyiedidpehttadittrede Axaoqriiasn di chl oride, etc.; and 40 derivatives of
t hose conpounds having titaniumor hafniumin place of zirconium

Need| ess-t 0- say Thiehea topotirdmpahentofor bilkiftiedpd Dyhdesea EXeARIeshe The
catal yst conmponent for olefin polynerization of the invention nay contain,

as the trianairdtioh mRlatoaeaRaYNgs EHNE trindM & rohelthe abayeurBnt bpaed

conpounds (1) (BASF conplex or Hoechst complex), (Il) (single-crosslinked

conpl ex) cAndolkl bf the above-mentioned compounds (I) (BASF complex or
Hoechst complex), (II) (single-crosslinked complex) and (III)
(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 room
temperature and the boiling point of the solvent used.
On the other hand, the transition metal compounds of

Groups 8 to 10 of 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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(doubl e-crosslinked conplex) either singly or as conbined. Contacting the

carrier for olefin polynerization

conmpound of (1) to (I11l1) rmy be effected in an inert atnosphere of

nitrogen gas or the |like or in a hydrocarbon such as pentane, hexane,
t ol uene, xylene or the like. Contacting themw th each ot her
be effected at tenperatures at which nononers are
pol ymers,

hept ane,

falling between room

catal ysts and the transition netal

pol yneri zed to give
or even at tenperatures falling between -30C and the boiling
point of the solvent used, butgsiis preferably effected at tenperatures
t enper atjure and the boiling point of the sol vent

may

used. On the other hang3:the %Lansitioginetal conpounds of G oups 8 to 10

of the Periodic Table for

erei,p~are not also specifically defined,

and various types of transiftion .ﬁbLgL conpounds falling within the range

are enpl oyabl e herein.
the |igand.

(VII)

wherein R® and R* each independently represent an aliphatic
hydrocarbon group having from 1 to 20 carbon atomé, or an
aromatic group having a hydrocarbon group on the ring and having
from 7 to 20 carbon atoms in total; R* and R*? each independently
represent a hydrogen atom, or a hydrocarbon group having from
1 to 20 carbon atoms, and R* and R*® may be 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, a pentyl group, a hexyl
group, an octyl group, a decyl group, a tetradecyl group, a

hexadecyl group, an octadecyl group, a cyclopentyl group, a
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.ed are™whose having a diimne conpound as

They inclBde, forf exanpl e, conplex compounds of a general

formula (MI1): 41 R31 R 32 R3 N 134 (M1 )
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wherein R31 and R34 each independently represent an aliphatic hydrocarbon
group having from1 to 20 carbon atons, or an aromatic group having a

hydr ocar bon group on the ring and having from7 to 20 carbon atons in
‘total; R32 and R33 each independently represent a hydrogen atom or a

hydr ocarbon 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 i ndependently represent
a hydrogen atom or a hydrocarbon group having from1l to 20 carbon atons;
and M2 r eprdsberylagreansi andre pycadlbost v&r gupeprs etc 10 Iofta hbe Pergodi c
Table. In formula (VII1), the aliphatic hydrocarbon group having from1l to
20 car borfathesyicdioaRXylagdoR84 arayibebael suiesti twenthsacthes aal dwer gr oup
having from1 to 20 carbon atons or a cycloal kyl group having from3 to 20
carbon atdkyl gooopemalyybel nalttudidngea .neThyl| agonapicagretpyhaygingpa an

n- propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a

sec- but yhygtrecprbant gtbububyl tBeotpng sapeiattigy dom 8 hexgb carioop, an
octyl group, a decyl group, a tetradecyl group, a hexadecyl group, an

oct adecyht@h@UANn &£l OPeAL YHe 8f O¥Br @xé&ﬁqxéql YW1 HUPnapREhfl
cycl ooctyl group, etc. Into the ring of the cycloalkyl group, a suitable

substit ugRbupachi €18 a& L e¥BE o KYhe8FOUPriMOh e oirné yOHic ed~1Bhgr Ry oMati C
group having a hydrocarbon group on the ring and having from?7 to 20
carbon gtoup bBihgl 8h tREl HEERatier reXgIP! for AFeWhd affd, NgPEELYLeq

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

and especiallypreferredis a2, 6-diisopropylphenyl group. R*

and R may be the same or different.

The hydrocarbon group 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
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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groups with at |east one linear, branched or cyclic Cl-10 alkyl

being on the aromatic ring. For

i ncl udes, for
car bon at ons,

exanpl e, a |inear
a cycl oal kyl

R31 and R34, preferred
group having a hydrocarbon group on the ring,
a 2, 6-diisopropyl phenyl

or branched al kyl

group having from3 to 20 carbon atons,

gr oup
is an aromati c

and especially preferred is
group. R31 and R34 may be the sanme or different.
The hydrocarbon group having from1l to 20 carbon atons for

R32 and R33
group having from1 to 20
an aryl

group hawawh faw@mr 6-q of @0n cartiony at ons,

to

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

and an aral kyl

group having from7
group

having from 1 t @#o20egambbasat Hrtheahgdirbeacponogkbyp lgawimg had ngtérom 3 to

20 carbon atons for

R32 and R33,

referred to

are those of the Cl1-20

al i phat i @ thydrboar boomgrintp Xnemnd ivgned febeed takovethose R tardcR349 The

aryl

group having from®6 to

20 carbon atons incl udes,

for exanple, a

phenyl  grmoyodatisdy lgra@iouen td ongldy he@dedwRboen @Bt R agHORP,, aror

met hyl napht hyl

group, etc.;

and the aral kyl group havi

ng from7 to 20

carbon atoemd YNChrdesrré@ri £xanBkRy13gPOMZY! WLeWPY rﬁ’aﬁ@%‘h@ygaﬂéoum

etc.

R31 and R34 may be the sane or different,

and

may be bonde

to 43

each ot heyr to iy ri ng. For exanpl es of the hydrocarbon group having

fromlto

20 carbon atons for

X and Y,

referred to are those of the Cl1-20

hydrocarbon growpemephhenedohenei MR @ {05 sR82: ANt B3B+1hE%eriodic

TableforMZincludes,forexample,nickel,palladium,platinum,

iron, cobalt, rhodium, ruthenium, etc.

and palladium.

Preferred are nickel

Specific examples of the complex compounds of formula

(VII) are compounds of the following formulae [1], [2], [3],
(41, (351, (61, [7], (8], [9], [10], [11] and [12], etc.
(CH,4) ,CH CH(CHy) , (CH3) ,CH CH(CH;),
CH
—N-.__cH, IN=N-._ _cH,
o e l\ — "le\
N CHj3 CHj N CH;
(CHj3) ,CH CH(CHy) , (CH3) ,CH CH(CHj),
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X and Y, preferred is a nethyl
The transition netal
for exanpl e,
Preferred are nickel
exanpl es of the conpl ex conpounds of formula

[2],

di fferent.
for M2 includes,
r hodi um

followng formulae [1],
and [12], etc.
ICH (CH3) 2 ,
(CH3) 2 ~N. H

N1~,

(CH,) ,CH

(@
@)

\

rut henium etc.

Nl

ni

[3],

ckel ,

CH(CH,),

. ~CH
,f' 1\\

(CH,) ,CH. % ,

CH,

CH (CHj,) ,

[4],

group. X and Y may be the sane
of Groups 8 to 10 of the Periodic

pal | adi um pl ati num

[5], [6], [7], [8],

(CH;) ,CH

(4]

or

i ron,

[9],

(CH,) ,CH CH(CH,) ,
(6]
(CH,) ,CH CH(CH,) ,
CH
3I/'N\\\ ./H
—— ,—Nl\
CH N~ H
3
(CHj) ,CH CH (CH,) ,
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Tabl e
cobal t,

and pal |l adium Specific
(VI'l) are compounds of the
[10],
(CH3) 2CH CN CH3 CH3 (CH3)2CH ,CH(CH3)2 [1] (CH3) 2¢CH T
CH3 1-11 44 (CH3) 2CH (CH3) 2CH [3] [5] CH

[11]



- '/ . "Nl.-- ri [7] CH (CH3) 2 (CH3) 2CH (CH3) 2CH CH (CH3) 2 /CH3 - Ni
NHI[4] [6] [8] CH (CH3) 2 45 (CH3) 2CH [9] (CH3) 2CH CH (CH3) 2 CH (CH3) 2
N, ,Br Br (CH3) 2CH

@ H @ /'N\‘\ /Br
\ le\ — ‘—Ni\
‘ @ N’. Br

2CH. % CH (CH;) , (CH,) ,CH CH(CH,),
(10]
(CH,) ,CH’ % "CH (CH;) , (CHj) ,CH CH (CH,)
/N CH3IN\\‘ ./Br
\ _—Nl\ S— ,—Nl\
N~ Br CHj N~ Br
(CHs) ,CH CH (CH,3) , (CHj) ,CH CH(CH,),
(11] [12]

In the invention, one or more of the complex compounds
noted above may_be used either singly or as combined.

Contacting the carrier for olefin polymerization
catalysts and the complex compound may be effected in an inert
atmosphere of nitrogen gas or the like or in a hydrocarbon such
as pentane, hexane, heptane, 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
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CH (CH3) 2 (CH3) 2CH, NCH (CH3) 2 [10] [12] In the invention, one or nore
of the conpl ex conpounds noted above may be used either singly or as
conbi ned. Contacting the carrier for olefin polynerization catal ysts and
t he conpl ex compound nay be effected in an inert atnosphere of nitrogen
gas or the like or in a hydrocarbon such as pentane, hexane, heptane,

tol uene, xylene or the like. Contacting themwth each other naybe
effected at tenperatures at which nononers are polynerized to give

pol yner s atoreamperatiirats tfariidmat beesefeal H309C behaeehe -BOLCL tng pdenboi |l i ng
point of the solvent used, but is preferably effected at tenperatures
falling bétveesoloant esper diutr £s e flhadigi & f ige ped Bt témpdea tsoeéyent
used. In the invention, if desired, the carrier for olefin polynerization

cat al yst £adnd righBetagphexosm et a@myr dandut he aseinl g oy ieanbactied with
each other to give the catalyst conponent for olefin polynerization.
U trasoniselwawnes ugserl could inprove the efficiency in contacting the
carrier and the transition nmetal conpound, whereby the catal yst produced

could have nuchnnmere iAPEAYEEnACtEVEEYirdB] sthel tapeibecaysesibeinreaction
between the transition netal conpound and the carrier

polymerization catalysts and the complex compound may be
ultraéonically contacted with each other to give the catalyst
component for olefin polymerization. Ultrasonic waves used
could improve the efficiency in contacting the carrier and the
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 organocaluminium compound for polyolefin production of

the invention is favorable to homopolymerization of olefins
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coul d be

waves used. The node of applying ultrasonic

effected in the deeper area owwng to the action of the ultrasonic

waves to the conponents is not

specifically defined. For exanple, they may be applied to either the

carrier or the conplex conmpound, or to both the two, the carrier and the
conpl ex conpound. U trasonic waves nmay be applied thereto twce or
the series of the reaction. The output of the ultrasonic waves to be

enpl oyed
500 kHz.

am

pol yneri zation catalyst along wth an organoal um ni um conpound for
pol yol ef iamdgiogdatheomafomatse (itinaent 5 preds fyanaorisds te dro ofiodibpié yerer | zat i on
of olefins 47 and al so to copol ynerization of olefins with other ol efins
and/ or ottlypesnofomeesfifshabri sppobpnkyireatiahi ofi ofefif§enetit ottlyges of

ol efi ns,

or copolynerization of olefins with other nononers, or

copolynembnmmemm obrdcbbeﬂgmbrtyaeionfoﬁlaifﬂsremtthypéﬁeéfﬁﬂﬂ@ﬂﬁﬁ§)
or ganoal um ni um conpound i ncl udes, for exanple, I|inear alum noxanes of
formul a @ivh othelrn moalowi@rzoxanes of formula M and al kyl group- havi
al um ni um conpounds of fornmula (VI). Concretely, it includes

trial kyl al um ni gRecerBaHBES ums HE Ama S ot ind 1wy, UMBo i rdeddyl &l uni ni um

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,
tripropylaluminium, triisobutylaluminium, 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
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,
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nore in

dy fall between 1 and 1000 kHz, but preferably between 10 and
IEst90 d- Qo fe qraddims gz agoll opo | asff iqise £ iFtee wigttthoak g r uslefinde

The

ng



tripropylalumnium triisobutylalumnium tri-n- butylnethylal um nium
triisobutylalumnium tri-sec- butyl nmethylal um ni um
tri-tert-butylmethylalum nium tripentylalumnium trihexylalum nium
trioctylalum nium tridecylalumnium tricyclohexylal um nium
tricyclooctylalum nium etc.; hal ogen-, al koxy group- or hydroxyl

gr oup- havi ng al kyl al um ni um conpounds such as di nethyl al um nium chlori de,
di et hyl al um ni um chl ori de, ethyl al um ni um sesqui chl ori de,

di et hyl adtum niQdntines &0 ired e r reided iy k akl adikgil adumiet noxcagoounds, and

di met hyl al um ni um hydr oxi de, di et hyl al um ni um hydroxi de, etc.; hydrogen
at om havinngre abraf du ted cosTpoEiCkso UEYL Alsumh ddy | al um ni um hydri de,

di i sobutyl al um ni um hydride; al um noxanes such as nethyl al um noxane,

et hyl al um noxanen taebutyéet Ush NeNer ASretes tHoddegsganphelininedmar e
trial kyl al um ni um conmpounds, and nore preferred is triisobutylalum nium

I'n the i nvaidd s 2R o ai®¢E ndly B@%%&éﬂ@l@@ﬁ'é«i 3}18\: £&PepRyadagnot ed
above may be used either singly or as conbi ned € olefins are not

specifically defliRed;ebihs RIS n@frs%cﬁrﬁcfd(ll%} @Ef'ﬂﬁeaa%ﬂgpﬁ:(e?@r%eho 20
carbon atons. The cc-olefins include, for exXanple, a-olefins such as

ey 4L YRS RO Pl hend: TR b B,

3,3 m'ﬂﬂfﬁgldd@FQ&ﬁDQXa%pie, &gngklnspggéEQ§§é%hylene, propylene,
l-butene, 3-methyl-1l-butene, 4-methyl-l-butene, 4-phenyl-
l—butene,1-pentene,3—methyl—l—pentene,4?methyl—l-pentene,
3,3-dimethyl-1l-pentene, 3,4-dimethyl-1-pentene, 4,4-
dimethyl-1l-pentene, 1l-hexene, 4-methyl-l-hexene, 5-methyl-
l-hexene, 6-phenyl-l-hexene, l-octene, l1-decene, l-dodecene,
l-tetradecene, l-hexadecene, l-octadecene, l-eicosene,
vinylcyclohexane, etc.; halogen-substituted a-olefins such as
hexafluoropropene, tetrafluoroethyléne, 2-fluoropropene,
fluorocethylene, 1,1-difluorocethylene, 3-fluoropropene,
trifluoroethylene, 3,4-dichloro-1-butene, etc.; cyclic
olefins such as cyclopentene, cyclohexene, norbornene, 5-
methylnorbornene, 5-ethylnorbornene, 5-propylnorbornene,
5,6-dimethylnorbornene, S-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-
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di et hyl -1 - pent ene, 1-hexene, 4-nethyl-I|-hexene, 5-nethyl- 1-hexene,

6- phenyl - | - hexene, 1-octene, 1l-decene, 1-dodecene, 1-tetradecene,

1- hexadecene, 1-octadecene, 1-eicosene, vVvinyl cyclohexane, etc.; hal ogen-
subs t i tuted (x-olef ins such as hexafl uoropropene, tetrafl uoroethyl 6ne,
2-fluoropropene, fluoroethylene, 1,1-difluoroethylene, 3-fluoropropene,
trifluoroethylene, 3,4-dichloro-I|-butene, etc.; cyclic olefins such as
cycl opent ene, cycl ohexene, norbornene, 5- nethyl norbornene,

5- et hyl nasbproenéstyrenepyl norinethehetyrbné,; di netbyhndsbpraree, m-

5- benzyl nor bornene, etc. Styrenic conpounds are al so usable as ol efins

herein. Thepropylledgrenkor axanptElstSiyeeae; allsyltsiyrenenesuchn as-
p- met hyl styrene, p-ethylstyrene, p-propylstyrene, p-isopropylstyrene, p-

but yl st ysemehplkefiehet yIstoHERe tHy IRSPEr, yr?ﬁ@vdﬂne’i@}m&% d&ene,
o-et hyl styrene, o-propylstyrene, 0 49 isopropyl styrene, m nethyl styrene,

m et hyl skyeene, a&m&%&%&hggyregﬁcnm baléyl %yﬁ@@ﬁ@xyﬁyfaﬁétyr%@ 2, 4-
dlnethylstyrene 2, 5-.di meét hyl styrene, 5- di et hyl st yr ene, etc.

alkOXyStME%H%§y§%9Qei% p- Hehggﬁ¥§%¥f PSne Su%ﬁéhoxyﬁﬁ%ﬁi§ﬁbst renes

m net hoxystyrene, “etc. hal ogenos nes r ost ene,

m chl or ogf,xpene, é?&g%@géﬂga m Jesder & 5“ PIDSL YT £08a |
5- éﬁ Uor 0s % ?§

O- bronDstyrene uorostyrene rene uor ost’yr ene,

o-met hyl & _gyEhiargstuLene. H‘—ELH%Q%E&ESQ? 0- Ll—}‘:5'9588§¥{/§3§e,0' p-

fluorostyrene, m-fluorostyrene, o-fluorostyrene, o-methyl-
p—-fluorostyrene, m-fluorostyrene, 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 be copolymerized with any other comonomers. The
comonomers include, for example, linear diolefins such as
butadiene, isoprene, 1,4-pentadiene, 1,5-hexadiene, etc.;
polycyclic olefins such as norbornene, 1,4,5,8-~dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-norbornene, etc.;
cyclic diolefins such as norbornadiene, 5-

ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene,
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met hyl -p-f luorostyrene, etc.; and also trinmethylsilylstyrene,

vi nyl benzoat es, divinyl benzene, etc. The other olefins to be copolynerized
may be suitably selected fromthe olefins noted above. In the invention,
one or nore ol efins may be honopol ynerized or copol ynerized either singly
or as conbined. Where two or nore different olefins are copol ynerized, the
ol efins noted above may be conbined in any desired manner. In the

i nvention, olefins such as those nenti oned above nmay be copol ynerized with
any ot hegtecopomdenssafbeatedmnaanoses ssudciel amlestydr sexanptes, Imetdarl

di ol efins such as butadiene, isoprene, 1,4-pentadiene, 1,5-hexadi ene,

etc.; peéykyetiytadkefena.such as norbornene, 1,4,5, 8-di methano-

1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht hal ene, 2-norbornene, etc.; cyclic

di ol efi ns such ‘g MyWICFadileren polohByhizdenenordaidenpecifically
5-vi nyl nor bor nene, dicycl opentadi ene, 50 etc.; and unsaturated esters such

as ethyl qaeiytal eandeidbdin @&ﬂ?ﬁfaﬂl@t €s She ddderd®eR 19 i8fdtlion

pol ymeri zation 1s not specifically defined, and herein enpl oyable is any

desired pOLyMeIf 2ahiQhy NBYeyREr$LHEEYnPO! ¥OBAL ZA | b1 Rl on,
pol ymeri zation, vapor-phase” polynerization, bul k polynrerization,

poryonr: ZA¢FRobKTRE,BOLI B Shab1on) 1 1 B HARLSS TR, Spdbson
polymerization or the like.

Solvents may be used in polymerization. They include,
for example, hydrocarbons and halogenohydrocarbons such as
benzene, toluene, xylene, n-hexane, n-heptane, cyclohexane,
chloromethylene, chloroform, 1l,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 pmols, but preferably between
7 and 25 umols, in one liter of the solvent in the system.

Regarding the polymerization condition, the pressure
may fall generally between ordinary pressure and 2000 kg/cm’G.
The reaction temperature may fall generally between -30 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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for exanpl e, hydrocarbons and hal ogenohydrocarbons such as benzene,

tol uene, xyl ene, n-hexane, n-heptane, cycl ohexane, chloronethylene,

chl orof orm 1, 2-di chl oroet hane, chl orobenzene, etc. One or nore such
solvents may be used either singly or as conbi ned. Depending on their
type, nononers to be polynerized may al so serve as solvents. In view of
the catalytic activity for polynerization and of the reactor efficiency,
it is desirable that the amount of the catalyst to be in the

pol yner i zamponenyst embes used endttriod Iped videati zaltd or Aemperabupetval L at al yst
component could fall generally between 2 and 100 pnols, but preferably

bet ween bé aundt2blpmdssctaed ond fl destrod, tiedsoderefiayi bet 1ret Sydiesd
Regardi ng the polynerization condition, the pressure may fall generally

bet ween andionahy poeymere zard oA0QY skant HE tthte[p'u_Q@@tsieQn tenperature may
fall generally between -50 and 250C. For controlling the nol ecul ar wei ght

of the pol ymer sthiq RIS s Ge 18 HaiPen 3G ot et AP YR HOf e fdveag@d al yst 51

conponents to be used and the pol ynerization tenperature will be suitably

sel ect edtol frndesiyiad imydEogem Y He ididRaused e P A Nes ,quwf@fla,i zation

system for that purpose.” The invention is described innore detail wth

ovever , SYEREl o (5 TRy ot o e Cenne of ‘ehe TRt ons
, pe of the I1'nvention.
invention.
[(Example 1]
(1) Preparation of aluminium-oxy compound:

Methylalumoxane was used as the starting aluminium-
oxy compound. 1.0 liter of a solution 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 cooled 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 lH-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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[ Exanpl e 11 (1) Preparation of alum niumoxy conpound: Methyl al unbxane was
used as the starting al um nium oxy conpound. 1.0 liter of a solution of
met hyl al unoxane in toluene was prepared (having a concentration of 1. 5
nols/liter, and containing 14.5 % by weight of trinethylal um niumfrom

Al bemarl e) was prepared. The solvent was evaporated away from this under a
reduced pressure (10 nmHg) at 60'Cto give a dry solid. In this condition,
the dry solid was left for 4 hours, and then cooled to roomtenperature.
Thus was Nelt:ai nee sdluedoupwaet hykFal yohooxaner Thls edapgai andisisel ved in
dewat ered toluene so that its volune could be the sanme as the original

vol ume havisagueqet ajorgbridie selyealloWde tesulklitne saltuti aemgs sy ect ed
to "HNVR to neasure the trinethylalum nium content of nethyl al um noxane,

and the reenlieihgWaspdrn8tinbywiaei Oilte ¥y therfidiera Bandrabberi ptat
al um nium content of the solution was neasured through fluorescent X-ray

anal ysi s 6l £i e Ageitnbshdi, shhitt ehie H2 darde diens ikl ofatae | of ¢

static for full 2 days, the i nsol ubl e conmponent was allowed to settle

out. Nexisst Becotesult i nﬂm@é’wéq%tb%%t n"%g ol 88t ? woh,a G @hass

filter in a nitrogen atnosphere, frate o e supernatant was

recover e Thus d1as.Abh RS IIdNY oadrtegivxw%o(lg}l e SRR

al um ni um oxy conpoun
to have a concentration of 1.06. In the process, 10.92 % by

weight of organocaluminium and 17.3 % by weight of the insoluble
component were removed from the product.
(2) Preparation of carrier for olefin polymerization
catalysts:

27.1g0£f51i0; (P-10 fromFuji 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

in a dry ice/methanol bath), and stirred. With stirring, 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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to have a concentration of 1.06. In the process, 10.9 % by weight of
organoal um niumand 17.3 % by wei ght of the insoluble conponent were
renoved fromthe product. (2) Preparation of carrier for olefin

pol yneri zation catalysts: 27.1 g of SiQ2 (P-10 fromFuji Silicia Chemcal)
was dried under reduced pressure at 200C for 4. 0 hours in a m nor
nitrogen streamto obtain 25.9 g of dry SiQ2. The dry SiQ2 was put into
400 M of dewatered toluene (this was previously cooled to -78C in a dry

i ce/ met hapahybatjninoxades tiarsr exbmplNdtedt | rMHiengseshAx ing duspetdison ol uene
sol ution of nethylal unoxane (a) prepared in above (1) was dropw se added

to the rgsyl EhingerablugnesosyspeRsitdr 8b19dRnhuYi 8b8aUhearvas waswmed, and
the tine taken wuntil the conplete addition was 2 hours. Next, this was

stirred tqnc4. QlEHU!i@@ rﬁi“?ﬁ H%%%@rfeﬁo%flgréﬁ@ §e é@czgﬁdofﬁénahféé od of

6.0 hours, and t ereafter as such 0 hours S was

further ts;%e@otarﬂtm% Qtéf’et?l £ 1St a R PR | RO nlagogiﬁ%{whg?aét at 80C

for 4.0 ours where e reac ween silica a um noxane

s comOELeE e LB HoRO Wy deed 4 gt g he
(P SadREnsBhMce; WLl dA0nEbsol dpuatesahnthenlane Saf0URLTEe,

serves as a carrier for olefin polymerization catalysts. The
on-carrier ratio of methylaluminoxane was 30.1 % per gram of
510;. |

‘Dewatered n-heptane was added to the whole of the
thus-obtained, methylaluminoxane-carrying $i0, 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 transitionmetal 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),Z2rCl, (10
pumols/ml), and further stirred at room temperature for 0.5

hours. Next, stirring was stopped, and the solid catalyst
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to obtain 33.

69 g. of nethyl al um noxane -carrying Si 021 which serves as

carri'er for olefin polynerization catalysts. The on-carrier ratio of

net hyl al um noxane was 30.1 % per gram of Si 02 . Dewatered n-heptane was
added to the whole of the thus-obtained, nmethyl a | um noxane- carrying
Si02 to make a total volunme of 500 ml. The resulting suspension had a
nmet hyl al um noxane concentration of 0.27 nols/liter. (3) Preparation of
catal yst conmponent: As a transition netal conpound of G oup 4 of the

Peri odi c cofgdresnthevad mluseddvas rsac-tdie?Sut(.2- Ve- daPhtodfiz2Hhed 2héchem cal
name: di nmet hyl sil anediyl -bis-1-(2-nmethyl-4- phenylindenyl) zirconium

di chl ori dgye .

s2ttQedmobslid. 4dtalysof cdfiom@ithylwas | W 0xaae- tgarryi ng

Si 02 prepared in above (2) was put into a 50-m container having been

purged WsupdHidtQ@en, sol @t Wh Chrawascaisere 29 ghdoft dawiaread t ol wgae, and
stirred. To the resulting suspension, added was 0.2 nml (2.0 ~Lnols) of

tol uene QJ14tih Gfad afFelibdsd Eﬁr&@qﬂ BEEBﬁXa%%BEIZaBEQZO*ﬂﬁﬂéf”ﬁl and

further stirred at roon1tenperature

hours. Next, stlrrlng was

st opped. ARl dfie 5ol dopatal yst chd R wag, al Lawedta satdle out.
h ed soli

was confirne

that the sett cat al’yst conponent was red and the

super nat Qbsghgglga ?F%%Eg%h§8§8%%§y%%a%§8§r§Qt The sol ution was

renoved thradug

(4)

ecan

Polymerization of propylene:

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

with a stirrer was heated at 80°C, and then fully dried under

reduced pressure. This was restored to have an atmospheric

pressure with dry nitrogen, and cooled to room temperature.

Next,

400 ml of dry, 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

SiO;~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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hept ane was added to the residue. Thus was obtained an SiO2-carried

net al'l ocene catal yst slurry. (4) Polynerization of propylene: A 1l.4-liter,
stai nl ess, pressure autoclave equipped wth a stirrer was heated at 80C,
and then fully dried under reduced pressure. This was restored to have an
at nospheric pressure with dry nitrogen, and cooled to roomtenperature.
Next, 400 m of dry, oxygen-free n-heptane and 0.7 nmol s of
triisobutylalumnium(in toluene) were put into the autoclave in a dry

ni t r ogenpatllypspbgiencandssohta cmedt IWE cproalAfstteacthaytpogwdbeesbheat ed up
to 50C over a period of 5 mnutes, this was further stirred for 5 m nutes.

To this vag/gddecthr)heandi OReGRITHR %{‘én@&t? becene peatydleSboph eRaneshd N above
(3), and heated up to 60C. In that condition, propylene was continuously

i ntroduced3bnt(g/thke .aut ocl ave under a gauge pressure of 7.0 kg/cn2, and
pol yneri zed therein for 1.5 hours. After the reaction, the catal yst was
deactiangqam%ua 2@ smal | anmount of nethanol, and the non-reacted propyl ene
was renoved by degassing the autoclave. The reaction mxture was put into

a | arge amount e n@ih@noloaduk Washed ewatip 1l 1 RRY répesesd] edxdddi ered and
dried. As a result, 182.8 g of 55 pol ypropyl ene was o tai ned. The cat al yst

ACU1 Y1y i 608, 1 d Ik iorc 0 e L o RBES el 18, PPApTe
obt ai ned wa 39 ? 5
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]
The same process as in Example 1 was repeated. 1In 'this,
however, the compound of formula [11] (4.0 umols) (this is a
transition metal compound of Groups 8 to 10 of the Periodic
Table) was used in the step (3), in place of the transition
metal compound of Group 4 of the Periodic Table, rac-
MezS1i(2-Me-4~PhInd).2rCl, (2.0 pmols) used in Example 1. Thus
was obtained an SiO,-carried metallocene catalyst slurry (b).
A 1l.4-liter, stainless, pressure autoclave equipped
with a stirrer was heated at 80°C, and then fully dried under
reduced pressure. This was restored to have an atmospheric

pressure with dry nitrogen, and cooled to room temperature.

Next, 400 ml of dry, oxygen-free toluene and 0.7 mmols of
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[ Exanpl e 21 The sane process as in Exanple 1 was repeated, except that

Si 02 was dried at 1500C but not at 2000C in the step (2) of preparing the
carrier for olefin polynerization catalysts. As a result, the on-carrier
rati o of nethyl al um noxane of the carrier obtained herein was 70. 0 % per
gram of Si 02. The anount of pol ypropyl ene produced herein was 179.0 g. The
catalyst activity was 654.2 (kg/g-Zr.hr) , and the bul k density of the

pol ymer was 0.38 (g/cc). [Exanple 3] The sanme process as in Exanple 1 was

- repeat ederhiAsbBusylahoweveim {he teamadwelef pitilnad the {cdepimd s) (this
is. a transition netal conmpound of G oups 8 to 10 of the Periodic Table)

was usedihNat 88y St ePrddan dthddgerOf drite duianadd i:@n s0ekph. Compgand of
G oup 4 of the %erlodlc Tabl e, rac- Me2Si (2-Me-4-Phind) 2Zrd 2 (2. O

~tnol's) Hgl%g;lpgb%@g\é%éd ufes 39es Qhbaknsdy a0y 902 panhted, et pd | ocene

cat al yst 4-11ter, stainless, pressure autoclave equi pped-

wth a 5&5$r%hrW%§rh%%H%@e§Ff%90@1m§%@t%@Qn fully dried under reduced

pressure. This was restored to have an atnospheric pressure with dry

Fol uene and 0. 7 ambr & or o T O oh e SH e B I (TR GRs s R Bt i neo
the autoglaye 1) 8, d0y DL OBSY, BLIDIRNS $as UL AHLET Phn B00a 0N AT ter
into the autoclave under a gauge pressure of 7.0 kg/cm?, and
polymerized therein for 1 hour.
After the reaction, the catalyst waé 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-Ni-hr), and the bulk density of the polymer obtained was
0.37 (g/cc).
[Comparative Example 1]
The same process as in Example 1 was repeated, except
that methylaluminoxane not having been subjected to the
insoluble component removing. treatment was used herein inplace
of the methylaluminoxane (a) prepared in (1) in Example 1. The
on-carrier ratio of methylaluminoxane in the
methylaluminoxane-carrying SiQO, 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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havi ng been heated up to 30C over a period of 5 mnutes, this was further
stirfed for 5 mnutes. To this was added the catalyst (b), and heated up to
40C. In that condition, ethylene was continuously introduced into the

aut ocl ave under a gauge pressure of 7.0 kg/cnR2, and polynerized therein
for 1 hour. After the reaction, the catal yst was deactivated with a small
anount of nethanol, and the non-reacted ethyl ene was renoved by degassi ng
the autoclave. The reaction m xture was put into a |arge anount of

met hanol (agdgwaghed W Regardiardi tEhesesid BSg¥) Ither pdlandrdspedinds a
result, 21.3 g of polyethyl ene was obtai ned. The catal yst activity was

90.7 (keegehinfWas no@ngkdhiel Al kudersitai mefd Whes pety apy L seqeteyas 0. 37
(g/cc). [Conparative Exanple 1] The sane process as in Exanple 1 was

repeat edrnexceptcathabrmebhybalyfl ngxaparegt Badi ngsbgemstdigctiggs to the
i nsol ubl e conponent renoving treatnent was used herein in place of the

met hyl al 4RLRrexaRe vea)roRr eRaNeZ iny thlk M terdd @olymERe nc@RreAlddLer ratio
of nethyl al um noxane in the nethylal um noxane-carrying Si carrier

pr epar ed[b%ﬁlg'a@a‘ﬁ@%e @%-a g%oe_ofz]the wei ght of SiG2. The anpunt of

pol ypropyl en produce reinwas 25.0 g. The catal yst activity was 91.4

57 (kg/g-Zrhr) 1, BegafdLRgchEs J04RN: A8Y1 ¢ UNGa PUMEI 2Pt athethi s,
however, a toluene solution of methylaluminoxane (1.5
mols/liter, from Albemarle) was directly used without being
subjected to the solvent and insoluble component removing
treatment, in place of the methylaluminoxane (a) prepared in
(1) in Example 1. The on-carrier ratio of methylaluminoxane
in themethylaluminoxane-carrying SiQO; 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 3 was repeated. In this,

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

in the methylaluminoxane-carrying SiQO; carrier prepared herein

was 7.5 % of the weight of Si0O,. The amount of polyethylene
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herein was not granul ar, but contai ned whi skers and aggregates. The
on-carrier catalyst prepared and used herein was ineffective for realizing
the intended pol yner norphol ogy. [Conparative Exanple 21 The sanme process
as in Exanmple 1 was repeated. In this, however, a toluene solution of

met hyl al um noxane (1.5 nols/liter, fromA bemarle) was directly used

w t hout being subjected to the solvent and insol ubl e conponent renoving
treatment, in place of the methylal um noxane (a) prepared in (1) in
Exanpl e brodheednheakrrinewasatd .@ af . mThley lcal b ysax arver i viirt vt hea 9red dyd

al um noxane-carrying SiQ2 carrier prepared herein was 7.5 % of the weight
of Si Q2. (kgggampui) ofa@! YRE OBYMA RNBenBl eGueed ther ¢ yirs 3P @.19he
catal yst activity was 69.5 (kg/g-Zrhr) . Regarding its norphol ogy, the
pol ymer qbt/aicned herein contained sone aggregates and was not good.

[ Conpar ati ve Exanple 3] The same process as in Exanple 3 was repeated. In

this, hQﬂ@ﬂ?ﬂ?lﬁLLﬂ%EEEEA?QEHE&Qn of nethyl al um noxane (1.5 nols/liter,
from Al bemarle) was directly used without being subjected to the solvent
and insol ubl e cepponenk; heMRLLRY 66:@%&??&‘} thd BLaceee A1 olefin _

met hyl al um noxane (a) prepared in (1) in Exanple 1. The on-carrier ratio

ot epar o BT T ake 7. EYS BT Wil et G B T The epanETgr o

pOIyethybg@%i§8 polymerization of the invention are better than
conventional transitionmetal compound-carrying catalysts, as
being able to increase the catalyst activity to give high
bulk-density polymers. These are favorable to bulk
polymerization, vapor-phase polymerization, slurry

polymerization, etc.
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produced herein was 6.2 g. The catalyst activity was 26.4 (kg/g-Zr.hr) ,
and the bul k density of the polyner was 0.15 (g/cc). | NDUSTRI AL

APPLI CABTLTTY The al um ni um oxy conpound, the carrier for olefin

pol ynmeri zation catal ysts, and the catal yst conponent for olefin

pol ymeri zation of the invention are better than conventional transition
nmet al conpound- carrying catalysts, as being able to increase the catal yst
activity to give high bulk-density polyners. These are favorable to bul k
pol yneri zati on, vapor-phase pol yne€LA3MSon, slurry polynerization, etc. 59
CLAIMS 1. An al um ni um oxy conpound obtai ned through reaction of an

or ganoal um ni unm cofmoaihgnin i tmvex ¢ compbuakl kst siglabtkroughmedraicianrbon
solvents and in which the anbunt of the organoal um ni um conpound remai ni ng
is at nosf 4 Stdynoelghinias ceascured whtloughtet; NWMR.cH2.iA sednubley f or

ol efin polynerization catalysts, which conprises the al um ni um oxy

conpoundinf idrovakrbaid aslvenosgamd conpdiidh hanengnaiudteasf diee el ement
selected from Goups 2 to 4 or Goups 12 to 14 of the Periodic Table. 3.

The carréegahoslohehi ompedypeind atdri i@l s ta: asstclhai sl iveigdrad m 2,
wherein the inorganic conpound i s an oxide.
as measured through 'H-NMR.

2. A carrier for oiefin polymerization catalysts,
which comprises the aluminium=-oxy compound of claim 1 and an
inorganic compound having at least one element 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 clefin polymerization as
claimed in claim 4, wherein the transition metal compound is
selected from Group 4 or Groups 8 to 10 of the Periodic Table.

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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4. A catalyst conmponent for olefin polynerization, which conprises the
carrier for olefin polynerization catalysts of claim2 or 3 and a
transition nmetal conpound. 5. The catal yst conponent for olefin

pol yneri zation as clainmed in claim4, wherein the transition netal conpound
is selected fromGoup 4 or Goups 8 to 10 of the Periodic Table. 6. The
cat al yst conponent for olefin polynerization as clainmed in claim4 or 5,
wherein the transition nmetal conpound of Goup 4 of the Periodic Table is
any one selected from transitiony¥etalx€onpounds of the follow ng general
formulae (1) to (111)r360 (L where Rl to R6 ,each igdependent |y represent
a hydrogen atom s ocar BQn group having from1 to 20
carbon atons, & a4l ni ng hyd p.Raving from 1 to-:
20 carbon atons; th¢ at_,| east one and R4(IR4 and RS,
and R5 and R6 nay bg gach ot heR ng; X1 and X2 each

i ndependent |y rgﬁ{= S atom a ha \ 00 2 hydr ocar bon
group having fr atons; Yl | ent “cr ossl i nki ng
group via which 4 . ¢ her, representing a
hydr ocar bon group having from1l to 20 carbon atons, a hal ogen-cont ai ni ng
hydr ocar bon group having from1l to 2 0 carbon atons, a silicon-containing

group, a,geraRl Ui GoNLAiRl Rdependently 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 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-, -CO-, -S-, -S0,-, -NR'-,
-PR’-, -P(0)R’-, -BR’- or -AlR’-; R’ represents a hydrogen atom,
a halogen at.:om, 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;
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group, a tin-containing group, -0-, -CO1-S-, -S2-, -NR-, -PR7-, -P (0)
R7-, -BR - or -AlR7-; R represents a hydrogen atom a hal ogen atom a
hydr ocar bon group having from1 to 20 carbon atons, or a

hal ogen- cont ai ni ng hydrocarbon group having from 1 to 20 carbon atons; M
represents titanium zirconiumor hafnium 61 R12 R11 where R8 to R18, X3
and X4 each independently represent a hydrogen atom a hal ogen atom a
hydr ocarbon group having from1l to 20 carbon atons, a hal ogen-cont ai ni ng
hydrocarbon group having from1l to 20 carbgh?atongl a silicon-containing
group, an oxygen-containing group, a sulfuri\contAining group, a

ni trogen-contai ning group, or a phosphorus-c ning group; R10 and R11,
as well as R 5 and R16 may be bonded tglea oforma ring; X3 and
X4 each independently reprgsent a hal ogen hydr ocar bon group havi ng
from1l to 20 carbon atons, | a hal hydr ocar bon group havi ng
from1l to 20 carbopr?® si lfi con-cont ai gr oup, an oxygen-
cont ai ni ng group, a sul rFaNQi Ng gr oup p Qgen- contq&qﬁng group,
or a phosphor us-cont ai ni —¥s a dyv rosslinking 'group via
whi ch the two |igands,agrex—Bomeel to each her,s representing a hydrocarbon
group having from R'to 20Tcarbon\at ons halgben-containing hydr ocar bon

where R® to R'®, X® and X! each independently represent a hydrogen
atom, a halogen atom, a hydrocarbon group having from 1 to 20
carbon atoms, a halogen-containing hydrocarbon group having
from 1 to 20 carbon 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 sulfur-containing group, a nitrogen-
containing group, or a phosphorus-containing group; Y' is a
divalent crosslinking group via which the two ligands are
bonded to each other, representing a hydrocarbon group having
from 1 to 20 carbon atoms, a halogen-containing hydrocarbon

group having from 1 to 20 carbon atoms, a silicon-containing
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group having from1l to 20 carbon atons, a silicon-containing 62 group, a
ger.nhni um cont ai ni ng group, a tin-containing group, -0-, -CO, -S-, -SM2-,
*NR7-, -PR -, -P (0) R7-, -BR - or -Al R7-; R7 represents 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 from1l to 20 carbon atons; M
represents titanium zirconiumor hafnium MMQYZ r where M represents
titanium zirconiumor hafnium E1 and E2 each represent a |ligand sel ected

froma cyploapsnbadeenyhignedpntansuysirdud £ eyal-epatbadiegydrgapyp, an
i ndenyl group, a substituted indenyl group, a heterocycl opentadi enyl

group, a-cybstiotyt ed-hetegegychapentati’enylp ghpri,, appamgo gnedp; a
phosphi do group, a hydrocarbon group and a silicon-containing group, and

they formargppssthpked ﬁ;ﬁc&f@éé‘r‘i eaﬁ/dna A h%rl%g%% a%B4, hhﬁydﬁa&apsoﬁhe same
or different; X5 represents a 6-bonding |igand, and pIura X5"s, 1f any,

may be t AR i ro I| L t her X5,
El, E2 o:bervz Y%%?gpfrzfecgﬁe%&ogoi@%ﬁ@%g?gm%anﬁf Bef0odh ' SoREY “3%’;,? may be

the sarr%ﬂfroce gfﬁgfeggﬁagd HELRE eE8Rs!d nkgd ¢ Ga%xsnofa%&gr e B

E2 or X5; A re a ent crosslinking group via

t wo Ilgar]:c%raersee q&gct‘kﬁt&q{lun{%@%s%r}}ld}(g a hydrocarbon group

having fro to Ocar on dt oiis

/ \ (I11)
\\ /

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 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 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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63 hal ogen-cont ai ni ng hydrocarbon group having from1 to 2 0 carbon atons,
a silicon-containing group, a gernmani umcontaining group, a tin-containing
group, -0-, -CO, -S, -SX2-, -NR-, -PR-, -P(0) R-, -BR- or -AlR -,
and they may be the sanme or different; R7 represents a hydrogen atom a
hal ogen atom a hydrocarbon group having from1 to 20 carbon atons, or a
hal ogen- cont ai ni ng hydrocarbon group having from1 to 2 0 carbon atons; (¢
represents an integer of from1l1l to 5 equaling to [(atom c valency of M)
- 2]; antialogepreseartad namg ny@ngecaxdion grompthd wiBy f7omTheo Cdk @k yisdn
conponent for olefin polynerization as clainmed in claimb5, wherein the

transiti atongtala cotpvoon-obnt&x0ips JrbaplO 0f géhraeimedbst Iahivghas a
diimne conpound as the ligand. 8. A catalyst conponent for olefin

pol ymeri zabiugn, a WhheBoatBaphiagsgtbapratatystcooppasent-4or- ,ol-aki'A
pol ynmeri zation of any one of clains 5 to 7 and an organoal um ni um

conmpound-pR’-A AptOpR’f,or-gR odyei ARIRY! Y QlrRf ithey WakCBeCORBI k8RS or .
pol ynmeri zing olefins in the presence of the catal yst conponent for olefin

pol yner i gatrireicoft ;aRy PBEreseRtai A5nddt8g8n Bfom, 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; 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 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
organcaluminium compound.

9. Anmnmethod for producing polyolefins, which comprises
polymerizing olefins in the presence of the catalyst component

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