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1 TITLE,PCkYANIDE RESI N COVPOSI TI ON FI ELD OF THE | NVENTI ON 5 . The
present Ynvention relates to a pol yani de resin conposition, éﬂd@@pﬂ%—za
part¥eul arly to a pol yanide resin conposi tion having excel l ent nol dability
and capabl e of, provi ding nol ded products of excellent flexibil iJggg | ow
tenperature inpact resistance, resistardce to water 10 absorption and
resi stance to saline solutions. BACKGROUND COF THE | NVENTI ON Because of
excel l ent properties of polyam de resin ey are expected to be in great
dermand as engi neeri-ng 15 plastics Ho , sone properties of the

pol yanm de resins, such as fled %¥fﬁé Rththgggbggrnglnpact resi stance,
resi stance to water absorptlon and resistance to saline solutions, are not
al ways sufficient, and therefore various inprovenents of these properties

have 20 - been studied. If the polyam de resins are inproved in the
flexibility and | owtenperat ur epTRPACOF I B8E StNvENTIdNey can bé applied to

w de uses of from sports goods such as ski boots and sports shoes to
i ndustrialS parts sthé psesertOMbidrt: ipar relatkek tobaspolyenidd erddihes and

air hoses, 25 and a great denand therefor can be expected. For 'inproving
the flexibilitympaditihenyedret mess geatdeudachyator @spsl pagide oremssitrer
absorption or resistance to saline solutions of the polyamde resins, a
met hod of composition having excellent moldablllty and capable of
providing molded products of excellent flexibility, low-
- temperature impact resistance, resistance to water

10 absorption and resistance to saline solutions.

BACKGROUND OF THE INVENTION
Because of excellent properties of polyamide resins,

they are expected to be in great demand as engineering
15 f plastics. However, some properties of the polyamide

iesins, such as flexibility, low-temperature impact

resistance, resistance to water absorption and resistance

to saline solutions, are not always sufficient, and

therefore various improvements of these properties have

-~ 20 been studied. If the polyamide resins are improved in the
. . flexibility and low-temperature impact resistance, they can
'ifff“'_be -applied to wide uses of from sports goods such as ski
) boots and sports shoes to industrial parts such as
'automobile parts, oil tubes, flexible tubes and air hoses,
25 and a great demand therefor can be expected.

v { s *For impfoving the flexibility and the water resistance

such as resistance to water absorption or resistance to

e e S ST

saline solutions of the polyamide resins, a method of



2 adding:ethylene/[err],[err]-unsaturated nonocarboxylic acid copolyner
neutral i Zed products (|ononer resins) to the polyamde resins is proposed
i n Japanese Patent Lai d-Qpen Publications No. 80014/1978, No. 167751/1981,
No. 5 109247/1981 and No. 157451/1981. However, the polyam de resin
conposi tions proposed in these publicatpons exhibit poor inproved effects
in the inmpact resistance such as |zod inpact strength, particularly inpact
resi stance at |ow tenperatures, though 10 they can be inproved in the

wat er resi st arﬁxtdmretiwlreaﬁ/@t,&wesabumted nbsocprhaxy bl acdsi st ance to
saline solutions. For inproving the inpact resistance such as |zod inpact
strength of theopwlymen deutesilizedapratibods of i adshier) Adsins) to the
ethylene/[err]-olefin copolymer grafted with [err],[err]-unsaturated

car boxylic aC|RElem%dﬁaqﬁﬂknﬁnuﬁeprespﬁsdlsan@mﬁnﬁﬁﬁlBaténn'hamdwppen
Japanese Patent Publications . 12546/ 1967 and No. 44108/ 1980 and Japanese
Patent Lai d- QRPRAA%ICRS e N§°°966291§80N°20157751/1$%Me@%W t he

pol yam de gesi S tlons ropo ese publications show
insufficieﬁ {ﬂvi ﬁpa& Fé%?%%g hce at | ow tenperatures. In

addi ti on, these ol an1de resin _c osi,tions, have poor noldability
dependi ng on thep #éﬂ%ﬁfﬁdr%%@é?oqggmlde resin ?ﬂWégsﬁﬁ&qﬂﬁjHﬁ9p°ﬁﬁpoﬁﬁ t he

(Lo LTy cleodie MRN8 w8 TRODE 510088 "W ip, e
car boxylic aC|fh§gc@ukégﬁg@éyyg %uQHtQQeIEQ&OiMEEEtQgéﬁéﬁaiﬁv th said acid to
particularly impact resistance at low temperatures, though

10 they can be improved in the water resistance such as
resistance to water absorption and resistance to saline
solutions.

For improving.the impact resistance such as Izod
impact strength of the polyamide resins, a method of adding

15 ethylene/a-olefin copolymer grafted with o,B-unsaturated
carboxylic acids to the polyamide resins is proposed in,
for example, Japanese Patent Publications No. 12546/1967
and-No. 44108/1980 and Japanese Patent Laid-Open
Publication No. 9662/1980.

20 However, the polyamide resin compositions proposed in
these publications show insufficient flexibility and impact
resistance at low temperatures. In addition, these
polyamide resin compositions have poor moldability
depending on the molding process.

25 As other method to improve the flexibility of the
polyamide resins, a method of adding an ethylene/propylene

copolymer grafted with ¢,PB-unsaturated carboxylic acid or

an ethylene~-l-butene copolymer grafted with said acid to



3 the polyami de resin in the anbunt exceeding 2/3 of the amount of the
pol yam d€ resin and not nore than 6 tines by weight as nmuch as . the
pol yam de resins is proposed in, for exanple, Japanese Patent Publication
No. 13379/1987. 5 However, the polyam de resin conposition proposed
in this publication still shows insuffigZient inpact resistance at |ow
tenperatures and poor noldability, though the flexibility is satisfactory.

Accordi ngly, devel oprment of a polyam de resin 10 compositi,on_havi ng
excel | ent nol & quyag}ﬁﬁecéﬁagPeY%ftrb? AR Hy er’ﬁ‘fle(?éf:}p rééécf’é ©excel | ent

flexibility, | t ' t | St ISt

absor ptf on andHPESES CanEE=t BOLKIRTE® SEFSHT bt et BBSE Sher: £ac B F cPhow
15 OBJECT OF T T [ wvent i S i i gol h
probl ens asso@#%ﬁ%%végghggﬁeggr?%?Sér%yggy e§%r|rgﬁlgﬂ%gggggﬁgofﬁpigggﬁuc

obj ect “of 1t he dyild, OfabBnBL8VEdEe s MALYAIBAA G No f 937 990580 i On

havi ng excel | ent dabi Fity and capabl e of providing nol ded products of

excel I ent £l exi bi | ifohevle@) th8TBEL ghH{Ge | PO dRfcdidion prepbseanis to
wat er absorption and resistance to saline solutions.” 25

SUMVARY OF THEHiNVEND1GNafAipal ¥ail Ueshess nimsufiixiilémn iapaetdiragitbahbe
I nvention is a polyam de resin conposition conprising: [I] 100 parts by
wei ght of a patydiiweempeirat(Aps and poor moldability, though the
flexibility is satisfactory.
Accordingly, development of a polyamide resin
10 composition having excellent moldability and capable of
providing molded products of excellent flexibility, low-
temperature impact resistance, resistance to water
absorption and resistance to saline solutions has been
desired up-to now.
15 _
OBJECT OF THE INVENTION
The present invention is intended ;o solve such
prohlems associated with the prior art as described above,
and it is an object of the invehtion to provide a polyamide
- 20 resin composition having excellent moldability and capable
of providing molded products of excellent flexibility, low-

temperature impact resistance, resistance to water

absorption and resistance to saline solutiqns.

25 SUMMARY OF THE INVENTION
A polyamide resin composition according to the
invention is a polyamide resin composition comprising:

(I] 100 parts by weight of a polyamide resin (A), and



[11] 5 tea 200 parts by weight of a graft-nodified ethylene/[err]-olefin
random copol ymer (B) bei ng obtained by graft-nodifying an

et hykene/[err]-ol efin random copol yner-of ethylene and an [err]-olefin of 6
to 20 carbon atonms with an 5 unsaturated carboxylic acid or its derivative
and having a graft quantity of 0.01 to 40 % by weight, wherein the
graft-nodified ethyl ene/a-olefin random copolyner (B) is a graft-nodified
product of an ethylene/[err]-_olefin random copol ynmer having . the follow ng
properties: 10 [II?(é)t?h%O@oPﬂﬁﬁﬁ Ry wete ePF]ﬁoﬁgﬁsﬁ'BgdBf%%dZO car bon

atonms is int t 25. 9 : ' LOS] L Scosit
([err] I) 1’3.8 n%g?ﬁ?ggg(ﬁ 82%}5 ?né%@%éﬁﬂeorlﬁ{é% g(léi))ntb{éﬁg'gpg%?g?d‘éﬂ?g toI 5?/0

di/g. The ethyharelh8bilyohg’af EANPRALARI RN Balneich CoBoigmedr ST
nodi fication is preferabe an et hyl'ene/ a-ol efin random copol yner obt ai ned

by copol yneri zithglehBybhfgeaand-alefi®l &f id «f 29 tcarHdnCatbas #ieABahn the
presence of a netall ocene catalyst. The ethyl ene/a-ol efin random copol yner

before t hes 20unghalirafBdi EhFBLLPNd Sadi LI Aklsy d@ rlilvaeakeOknk ORGy £HG &
branched ethyl ene/[err]-ol efin random copol ymer having the properties

descri bed bel gwarthequbhtgeey efhylena/a-1d &f by wengam,copol ynmer has the
followi ng properties: 25 (a) the content of the [err]-olefin of 6 to
20 carbon atons isWharehe EhAfgeraftgnadi Didaphviene/Crplefani nandesi c

viscosity ([err]), as neasured in .
copolymer (B) is a graft-modified product of an ethylene/o-

olefin random copolymer having the following properties:

10 (a) the content of the a-olefin of 6 to 20 carbon

atoms is in the range of 6 to 25 % by mol; and

(b) the intrinsic viscosity (n), as measured in

decalin at 135 °C, is in the range of 0.5 to 5.0 dl/g.
The ethylene/o-olefin random copolymer before the
15 graft modification is preferably an ethylene/c-olefin

random copolymer obtained by copolymerizing ethylene and an

a-olefin of 6 to 20 carbon atoms in the presence of a

metallocene catalyst.

The ethylene/0-olefin random copolymer before the

20 graft modification is preferably a linear or long-chain

branched. ethylene/0-olefin random'copolymer having the

properties described below.

The linear ethylene/c-olefin random copolymer has the '

following properties:

25 (a) the content of the a-olefin of 6 to 20 carbon

atoms is in the range of 6 to 25 % by mol;

(b) the intrinsic viscosity (1), as measured in

decalin at 135 5C, is in the rangé of 0.5 to 5.0 dl/g;



decalin at 135 [err], is in the range of 0.5 to 5.0 dl/g; (c) the gl ass
transition tenperature (Tg) is not higher than -50 [err]; (d) the
crystallinity, as nmeasured by X-ray diffractonetry, is less than 30 % 5
(e) the nol ecul ar weight distribution (Mv M), as determ ned by GPC, is not
nore than 3.0; (f) the B value, as detefm ned by the 13C-NWR spectrum and
the followi ng equation, is in the range of 1.0 to 1.4, B = [J[err] 10

wherein [err] and Q%ELth?ES}?§%F%$%?§{€¥XA(gé %r%Q%r%tpﬁbgngscggPonent and

a nolar fraction of component, respec ely, contained in

the unnodified. I [ eeR]o0l efin random copol yner, and PCE is a
proportion of%%ﬁégﬁuﬁggé o?btﬁg et hyl ene/ a-olefin alternating sequences to

the nunber of all tlhe dyadc3eoUENtesit AN Meddidekpiyoxteny] of the
intrinsic viscosity ([err]) determned in the property (b) to the intrinsic

viscosity ([edilprtalcabhedtyd Lineass eiyrl e3e/yr opyl ene copol yner having the
sane wei ght - aver age nnlecu?ar wei ght (nmeasured by a.light 20 scattering

met hod) as§sai d et hgenae| abLécol &f i we ightd el stoitiutien gNe/Mayi ngsan

et hyl ene content of 70 % by nol, ([err])/([err])blank, is nore than 0. 95.
The | ong- chai ridueamihed byhgPepeli§emot -rodredf itharar®démn copol yner has the
follow ng properties: 25 (a) the content of the Qgr%kaglefin of 6 to
20 carbon atoms is (fd the BaMgtues &stdetarmingd fay the ~°C- spectrum

and the following equation, is in the range of 1.0 to 1.4,
B = Pog/ (2Po"Pg) '

10 wherein Pg and Py are a molar fraction of the ethylene
component and a molar fraction of the a-olefin component,
respectively, contained in the unmodified ethylene/a-olefin
random copolymer, and Pog is a proportion of the number of.
the ethylene/a-olefin alternating sequences to the number

15 of all the dyad sequences; and

(é) the ratio gn* of the intrinsic viscosity (M)
determined in the property (b) to the intrinsic viscosity

(M) nrank ©f -2 linear ethylene/propylene copolymer having the

same'weight—average molecular weight (measured by a light

20 scattering method) as said ethylene/a-~olefin random

copolymer and having an ethylene content of 70 % by mol,
(M) 7/ M) blanks is more than 0.95.
| The long-chain branched ethylene/c-olefin random
copolymer has the following properties:
25 (a) the content of the a-olefin of 6 to 20 carbon
atoms is in the range of 6 to 25 % by mol;

(b) the intrinsic viscosity (1), as measured in

decalin at 135 °C, is in the range of 0.5 to 5.0 dl/g;



(b) the i-ntrinsic viscosity ([err]),. as neasured in decalin at 135 [err],

isin thé range of 0.5 to 5.0 dl/g; 6 (c) the glass transition
tenmperature (Tg) is not higher than -50 [err]; (d) the crystallinity, as
measured by X-ray diffractonetry, is less than 30 % 5 (e) the

nmol ecul ar wei ght distribution (Mv M), @s determ ned by GPC, is not nore
than 3.0; (f) the B value, as determ ned by the [err] CNVR spectrum and 't he

bove- ti d tiopn, is inth ! f 1.0 1.4, d 10

fhe ratio [orr] of (Ehethht PLASPctOTatauy HABAHAr Uidk SRHned MRtthe
t b he intrinsicCeVi it bl ank of a |i

property (b) &\%8%‘&%;8%8?’;25 C éal(l scosity ([err])blank of a linear

et hyl ene/ pr op h&avi ng the sanme wei ght - average nol ecul ar

wei ght (neasured by i.gh j W x-

et hylene/[err]-ol ef(idﬁ lrtg‘%d%%%ggig%%oi%/%Aﬂlg&r?c?%}\ﬁé}@an gtaxyl ene cont ent
of 70 % by noly; dd,&f, t]b}r{e(-,%?”ﬁb!téé‘i‘,tﬂ&ijbt%}e range of 0.2 to 0.95. The
| i near ethylene/[er rci-o efih random copol ynmer 'havi ng t he. above properties

is preferagly a cop@yweie ablaciedrbyeigidam fopeiutivn g May hykene and an
[err]-olefin of 6 to 20 20 carbon atons in the presence of a netall ocene

cat al yst cont aidtidtnine®E byl Gecenescaspansek remreserit;ed by the fol | owing
formula [C-a] or [B-a]: [err] [err] ' !
: (f) the B value, as determined by the 13C-NMR spectrum
and the above-mentioned equation, is in the range of 1.0 to
1.4; and
10 (g) the ratio gn* of the intrinsic viscosity (M)

determined in the property (b) to the intrinsic viscosity
(M blank ©f @ linear ethylene/propylene copolymer having the
same weight-average molecular weight (measured by a light _
scattering method) as said ethylene/o-olefin random

15 copolymer and having an ethylene content of 70 % by mol,
M)/ (M) blank, is in the range of 0.2 to 0.95.

The linear ethylene/a-olefin random copolymer having
the .above properties is preferably a copolymer obtained by
random copolymerizing ethylene and an tt-olefin of 6 to 20

20 carbon atoms in the presence of a metallocene catalyst
containing a metallocene compound reprqsented by the

following formula [C-a] or [B-a]:

X! X

/
AN

R Y R* .. [c-a]



7 wherein Mis a transition netal of Goup |VB of the periodic table, [err]
and [err] are each hydrogen, a halogen atom a 5 hydrocarbon group of 1 to
20 carbon atonms which nmay be substituted for hal ogen, a silicon-containing
group, an oxygen-contai ning group, a sulfur-containing group, a

ni trogen-contai ning group or a- phosphor@s-containing group, R13 and R14 are
each an al kyl group of 1 to 20 carbon 10 atons, [err] and [err] are each
hydrogen, a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons, a
hal ogenat ed hydrocarbon group of 1 to 20 carbon atons, an oxygen-

cont ai ni ng groyp or. a ul fur i ent

hydr ocar bon grg{)ﬁf iﬁs %0 § %g{;,}[‘%{?gmﬁ%&f’fpodf ci’}'ﬂ:l% }t aI gge\r%g%ed

hydr ocar bon gr. %&Ro 1ol ehB1 go car bon atons, a divalent silicon-containing

group, a di valFent gernanlun}contalnlng group, -0-, -CO, -S-, -SO, [err]
is 20 hydrogen, agial ggenr2t g 828N HEEASRUH] H HALfenl atemZ0acar bon
atons or a hal ogenat ed hydrocarbon group of 1 to 20 carbon atons); [err]
[err] 5 hydrocarbon group of 1 to 20 carbon atoms which may be

substituted for halogen,_a silicon-containing g;pup, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group or a phosphorus-containing group,

R13 and R4 are each an alkyl group of 1 to 20 carbon

.10 atoms,

X! and X2 are each hydrogen, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group, and

15 Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, -0-, -CO-, -$-, -S50-,
-S0,~, -NR7-, -P(R7)-, -P(0) (R7)~-, -BR’- or -AlR7- (R7 is

20 hydrogen, a halogen atom, a hydrocarbon group‘of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

carbon atoms);



wherein Mis a transition nmetal of Goup |VB of the periodic table, 5

[err] may be the sane as or different fromeach other and are each

hydr 6gen, a hal ogen atom an al kyl group of 1 to 10 carbon atonms whi ch may
be hal ogenated, an aryl group of 6 to 10 carbon atons, [err], -SR [err] or
[err] (Ris a halogen atom an alkyl gr8up of 1 to 10 carbon atons 10 or an
aryl group of 6 to 10 carbon atons), [err] to [err] are each the sane as
[err], or adjacent two of [err] to [err]‘ﬁay fopm an aromatic or aliphatic
ring together wth at onk* o mhicx3they e bgnd&d, [err] and [err] may be
the same as or diffegpent f r ggaseach\15/0t herRand lar e RZh hydrogen, a

hal ogen atom an OH an gi2kyl pgr ogF2of ‘ 0 carbon atoms, an

al koxy group of 1 to rbon ;at 633 p of 6 to 10 carbon
Syy"an pPkenyl group of 2 to

0 carbon atons, an

atons, an aryl oxy %£ of &
10 carbon atons, armrcaryl I

al kyl aryl group of 7t _ Vgt |gd7kenyl group of 8 to 40
‘carbon atoms, and z iR¥ 9 [err er [err]l-Ge-, -Sn-, -0-, -S-, =80,
[err], =CO, [err] or [err]R®and [erd nmay be RB® sane as or 5 digfgr ent
from each other and are each hydrogen, a hal ogen atom an alkyl group of 1
to 10 carbon atom a fl uoroal kyl ' :

Q

wherein M is a transition metal of Group IVB of the
periodic table,

S R?ls may be the same as or different from each other
and are each hydrogen, a halogen atom, an alkyl group of 1
to 10 carbon atoms which may be halogenated, an aryl group
of 6 to 10 carbon atoms, -NR;, =-SR, -0SiRg, -SiRa or -PR; (R
is a halogen atom/ an alkyl group of 1 to 10 carbon atoms

10 or'an aryl group of 6 to 10 carbon atoms),
R22 to R28 are each the same as R2l, or adjacent two of
R22 to .R?® may form an aromatic or aliphatic ring together
wit? atoms to which they are bonded,
X? and X4 may be the same as or different from each
15 other and are each hydrogen, a halogen atom, an OH group,
an alkyl group of 1 to 10 carbon atoms, an alkoxy group of
1 to 10 carbon atoms, an aryl group of 6 to 10 carbon
atoms, an aryloxy group of 6 to 10 carbon atoms, an alkenyl’
group of 2 to 10 carbon atoms, an arylalkyl group of 7 to
20 40 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms
or an arylalkenyl group of 8 to 40 carbon atoms, and

Z is



group of .1 to 10 carbon atons, an aryl group of 6 to 10 carbon atons, a

fl uoroaryl group of 6 to 10 carbon atoms, an al'koxy group of 1 to 10 carbon
atons, an al kenyl group 10 of 2 to 10 carbon atons, an arylal kyl group of
7 to 40 carbon atons, an arylal kenyl group of 8 to 40 carbon atons or an

al kylaryl group of 7 to 40 carbon atons9 or R29 and [err] may forma ring
together with atons to which they are bonded, and [err] is silicon,
germaniumor tin). 15 The | 8pg- chaipebragched et hy e/[err]-olefin
random copol yner havilﬁzé t he al?gse l%?opertilgg i@pr ef er abl g; copol yner
obt ai ned by randon1cob9|ynerijingIethylend and an [err]-ollgfin of 6 to 20
carbon atons int he“pMe‘sence-Mz-al\fﬁafal | oéerre Catab ystO coMtai 9 g - a

net al | ocene compound RO ‘reprdsentled by tHe following fordula [11]: 10
[err] [err] wherein B¥®s a tra&di ®Hn met #%0R*E oup 1 VB RE® the periodic
table, 5 [err] is a hydrocarbon group of 1 to 6 _carbon atons, [err]

and [err] may be the gdhe as or diR¥erent freff each oRfér and are each
hydrogen, a hal ogen ajom or a hydrjocarbon grpup of 1 tjo 6 carbon atons, R3
is an aryl group of _6cto 16 cappomg@tons, _which may 1@42-he substituted for
a hal ogen atom a hyd[ocarbon group of 1 to 20 carbon jatons or an
organosi |l yl group, [eR§d and [err]Rﬁre each fydrogen, I@Ohal ogen atom a

=BR2%, =AlR?%, -Ge-, -Sn-, -O-, -S-, =SO, =S0Oz, =NR?%, =CO,
=PR29 or =P (0)R2% (R2? and R3® may be the same as or

5 different from each other and are each hydrogen, a halogen
atom, an aikyl group of 1 to 10 carbon atom, a fluoroalkyl
group of 1 to 10 carbon atoms, an aryl group of 6 to 10
carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms,
an'alkoxy group of 1 to 10 carbon atoms, an alkenyl group

10 of 2 to 16 carbon atoms, an arylalkyl group of 7 to 40
carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms
or an alkylaryl group of 7 to 40 carbon atoms, or R2%9 and
R30 ﬁay form a ring togéther with atoms to which they are
bonded, and M2 is silicon, germanium or tin).

15 The long-chain branched ethylene/a-olefin random
copolymer having the above properties is preferably a
copolymer obtained by random copolyme:izing ethylene and ant.
o-olefin of 6 to 20 carbon atoms in the presence of a
metallocene catalyst containing a metallocene compound

20 represented by the following formula (II]:



hydr ocarbon group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group
of 1 to 20 carbon atons, an oxygen- 15 containing group or a

sul fur-containing group, and Y is a dival ent hydrocarbon group of 1 to 20
carbon atons, a dival ent hal ogenated hydrocarbon group of 1 to 20 carbon
atons, a divalent silicon-containing grQup, a dival ent gernmani um cont ai ni ng
group, -0-, -CO, -S, -SO, 20 [err] or [err] [err] is hydrogen, a

hal ogen atom a hydrocarbon group of 1.to 20 carbon atons or a hal ogenat ed
hydr ocarbon group of 1 to 20 c&tbon a#ons). DETAI LED DESCRI PTI ON OF THE
| NVENTI ON A pol yam de resin conﬁbsh(ion according to the invention is
described in detail herrRPnafg®r. ™ R2 TR pol yam de resin conposition
of the invention compffis amde resi (A rt@ind a specific graft-

nodi fied ethylene/[er (B) in a specific ratio.

Pol yam de resin (A) 10 ific limtation on the

pol yam de resin (A) uges \ d™tRe term "pol yam de resin"
used herein nmeans alR3the polyn conposed of am no acid | actans
or conposed of diami nes Bnd carb §§Iic aci d$ and have mekt-pbt¥herizability
and nelt noldability. 15 Exanpl es of the polyam de resin (A) used in
the invention include the follow ng resins: (1) polycondensates of organic

di carboxylic acids .
y wherein M is a transition metal of Group IVB of the

periodic table,
5 Rl is a hydrdcafbon group of 1 to 6 carbon atoms,

RZ, R%, R5 and RS may be the same as or different from
each other and are each hydrogen, a halogen atom or a
hydrocarbon group of 1 to 6 carbon atoms,

R3 is an aryl group of 6 to 16 carbon atoms, which may

10 be substituted for a halogen atom, a hydrocarbon group of 1
to 20 carbon atoms or an organosilyl group,

Xl and X2 are eéch hydrogen, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydfocérbon group of 1 to 20 carbon atohs, an oxygen-

15 containing group or a sulfur-containing group, and

Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, -0-, -CO-, -S-, -SO-,

20 -s0,-, -NR’-, -P(R7)-, -P(0) (R")-, -BR7- or -AlR’- (R? is
hydrogen, a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

carbon atoms).



having 4 to 12 carbon atons and organic diamnes having 2 to 13 carbon
atons, e.g., polyhexanethyl ene adi pam de 20 (nylon 6,6) which is a

pol yeondensat e of hexanet hyl enedi am ne and adi pi ¢ aci d, pol yhexanet hyl ene
azel am de (nylon 6,9) which is a polycondensate of hexanet hyl enedi am ne and
azel ai c acid, polyhexanethyl ene sebacabhide (nylon 6,10) which is a :
pol ycondensate of 25  hexanet hyl enedi am ne and sebaci c aci d,

pol yhexamnet hyl ene dodecanoam de (nylon 6,12) which is a pol ycondensat e of
hexanet hyl enedi am ne and dodecanedi oi ¢ acid, and pol ybi s(4- 12

am nocycl ohexyl ) met hanedg@qgﬂgov\ﬁg%ﬁﬂ%mgﬂq@m%m;@q .

bi s- p- am nocycl ohexyl net hane an odecanedi ol ¢ acl d; (2) polycondensates of
[err]-am no acids, Aef@-lyamhgueegﬁﬁn@@rw&&mﬂ Atcbbaiy &b khed

pol ycondensate of 5 [erf]-am noundecanoic acid; and (3) ring-opened
polymers of | aGghaiftioh s deskyeBRbalh detdyl Aer@inditedt.is a ring-opened
pol ymer of [err]-am nocaprolactam and polylauric lactam (nylon 12) which
is a ring-8pened pahygwolghmiaer keaihnobmpssitaiciraraf Hhe invent@bnt hese,

pol yhexanet hyl ene adi pam de (nylon 6,6), polyhexanethyl ene azel am de (nyl on
6,9) and pol ycapipanisskes @nypledyatlidar eepirf &klaknd enprgaddid grafie—pr esent

invention, a polyamnide resin prepared,fromadi pic acid, isqphthalic acid
and hexanethyﬂﬁd&ﬁ%ﬁﬁlﬁ?hﬁ@e“eéﬁﬂoéeSF@nHaﬁébTvﬁPQ§i¥Rﬁ% éﬁnd? &f pol yani de

resins, e.g., a blend of nylon 6 and nylon 6,6, are al so enpl oyabl e.
specific ratio.

P mi resin

10 There is no specific limitation on the polyamide resin
(A) used in the invention, and the term "polyamide resin"
used herein means all Ehe polymers which are composed of
amino acid lactams or composed of diamines and carboxylic
acids and have melt polymerizability and melt moldability.

15 Examples of the polyamide resin (A) used in the
invention include the following.resinsf

(1) polycondensates of organic dicarboxylic acids

having 4 to 12 carbon atoms and organic diamines having 2
to 13 carbon atoms, e.g., polyhexamethylene adipamide

20 (nylon 6,6) which is a polycondensate of
hexamethylenediamine and adipic acid, polyhexamethylene
azelamide (nylon 6,9) which is a polycondensate of
hexamethylenediamine and azelaic acid, polyhexamethylene
sebacamide (nylon 6,10) which is a polycondensate of

25 hexamethylenediamine and sebacic acid, polyhexamethylene
dodecanoamide (nylon 6,12) which is a polycondensate of

hexamethylenediamine and dodecanedioic acid, and polybis (4-



The pol yam de resins (1) can be prepared by, for exanple, polycondensation
of organic dicarboxylic acids having 4 to 12 carbon atons and organic

di ami.nes having 2 20 to 13 carbon atons in equinolar anmounts. |f desired,
the organic dicarboxylic acid can be used in a | arger anmount than the
organi c diamne so that the amount of ftthhe carboxyl group becones | arger
than that of the amno group in the resulting polyamde resin. To the

- of the am inthe resulting poly .
amount T han ¢ ABLAPgHRE anare] REC Rt sade e fdon Tar TRt Ietndfhiady,
b I t hat .of t ' Ny | i d
resin | 13 Prahace orifet SFORRHRen Ml RobiREaRERIM R B YT ¢

acid, pimelic acid,25upeliyeoR8bAsatedast w-amithantidrgeeagedi oi c acid.
Exanpl es of the organic diam nes include 5 hexanet hyl enedi am ne and

oct amet hyl ene?oﬁ%’u’ﬁ@eclﬂ@aﬂ?h¥ aph@for esiNyHikn GaN ab@oaksenpespatedof rom
derivatives capabl e of producing carboxylic acids, such as esters and acid

chl ori des, 5 and-datiincaindeeanodpabtédpfamd oduci ng am nes, such as am ne
salts, in a manner simlar 10 to that described above. The pol yam de
resins (2) can be prepaiad-bpenédrpekgmpte ofpdlactamdengagi-on of [err]-am no
aci ds under heating in the presence of a small anount of water. In many
cases, a Vi scasiliycagtlabiidiezdny3oohéaswhaichdet i rdeigropengddealynes of

g-aminocaprolactam, and polylauric lactam (nylon 12) which

is a ring-opened polymer of €-aminolaurolactam.

-~

10 Of these, polyhexamethylene adipamide (nylon 6,6),
polyhexamethylene azelamide (nylon 6,9) and polycaplamide
(nylon 6) are breferably employed.

In the present invention, a polyamide resin prepared |
from adipic acid, isophthalic acid and hexamethylenediamine

15 and a blend of two or more kinds of polyamide resins, e.g.,
a blend of nylon 6 and nylon 6,6, are also employable.

The polyamide resins (1) can be prepared by, for
exapple, polycondensation of organic dicarboxylic acids
having 4 to 12'carbon atoms and organic diamines having 2

20 to 13 carbon atoms in equimolar amounts. If desired, the
organic dicarboxylic acid can bé used in a larger amount
thgg the organic diamine so that the amount of the carboxyl
group becomes larger than that of the amino group in the '
resulting polyamide resin. To the contrary, the organic

25 dicarboxylic acid can be used in a smaller amount than the
organic diamine so that lhe amount of the amino group
becomes larger than that of the carboxyl group in the

resulting polyamide resin.



smal | amqunt. The pol yam de resins (3) can be prepared by, for exanple,

ri ng-openi ng polynerizing | actans under heating in the presence of a smal
anount of water. In many cases, a viscosity stabilizer such as an acetic
acid is added in a 20 small amount. G aft-nodified ethylene/a-olefin
random copol yner (B) The graft-nodifiegzethylene/[err]-olefin random
copolyner (B) used in the invention is obtained by graft-nodifying an
ethyl ene/[err]-ol efin random_copol ymer conprising ethylene and 25 an
[err]-olefin of 6 E&xP®les BSnt Foﬂ%gi%kﬁég)QﬁﬁPQ%¥¥%Fré§lF§ &§Ciaﬁﬁnd|f|ed
ethylene/[err]-qlefin randomc nmer " reinafter h CIfIC anmount
of an unsat ur &8P A5 IP&mﬁgg %?l?tss RN se% Elﬁx ﬁbpeénﬁf t he
[err]-olefirusé% 6 tod20 .carbon atons include 1- hexene 1- hept ene,
1-octene, 1-nd éﬁ? aNEO3&EENEC T undecene, 1-dodecene, 1-tridecene,

1-tetradecene, %3%%1 %gegg Eﬁeh§ﬁ€$§ aﬁ&&ggﬁfygiﬁgge 1- oct adecene,

1- 5 nonadecene osene itene 1- pentene,

3-ethyl - 1- Be“tﬂ&m&hﬁhgﬁhlimﬁﬁﬁyﬁﬁ'ﬁ oé‘ta{ﬁ‘é le%e&l%ﬁ

4, 4- di met hyl - 1- hexene pentene - ethyl-l-hexene
3-et hyl - 1- hexene, ?](aﬁaldécﬁéhnél(lW’QﬁahWbel‘diCs@gﬁ@@a%Ed from
12-et hyl - 1- tetradecene ese [err]- 10 ol efins can used in

combi nati on. Herivetidiels edpabhyl eneprodbeind damdxpldepakide; baghaas
[err]-olefin content of 6 to 25 % by nol, preferably 8 to 22
esters and acid chlorides, and derivatives capable of
producing amines, such as amine salts, in a manner similar
10 to that described above.
The polyamide resins (2) can be prepared by, for
example, polycondensation of w-amino acids under heating in
the presence of a small amount of water. In many cases, a
viscosity stabilizer such as an acetic acid is added in a
1S small amount.
The polyamide resins (3) can be prepared by, for
example, ring-opening polymerizing lactams under heating in
the .presence of a small amount of water.. In many cases, a
viscosity stabilizer such as an acetic acid is added in a
20 small amount. |
- ifi hylen - i ndom . B
The graft-modified ethylene/0-olefin random copolymer
(B) used in the invention is obtained by graft-modifying an
ethylene/a-olefin random copolymer comprising ethylene and

25 an a-olefin of 6 to 20 carbon atoms (sometimes referred to

as "unmodified ethylene/a-olefin random copolymer"”

hereinafter) with a specific amount of an unsaturated

carboxylic acid or its derivative.



% by nol,, nore preferably 10 to 20 % by nol. Wen the unnodified

et hyl ene/ a-ol efi n random copol ynmer having an [err]- 15 olefin content
wi t hi-n the above range is used, a graft- nodified ethylene/a-olefin random
copolynmer (B) having good flexibility and ease of handling can be obtained.
Further, when this graft-nodified ethyjgne/[err]-olefin random copol yner
(B) is used, a polyam de resin conposition capable of 20 providing nol ded
products of excellent |owtenperature inpact resistance and flexibility can
be obtained:. The uf¥eaiiliesdoét iheeticplefrls wlff te Acrabopolagems has an
intrinsic viscosity ([err]), as nmeasured in decalin at 135 C, of 0.5 to 5.0
dl /g, preferalinclude flohgxeng|/ §-hapeeds, 1-pctfenaypdi-fiopene, l-decene,
ethylene/[err]-olefin random copol yner (B) obtained fromthe unnodified

et hyl ene/ [ er r L 3IeRiceneandorrdepeng el -tmidegenm ilmtetrsidecensecodity
([err]) within the 15 above range exhi bits good bl ending properties with
t he pol yani de Be&&iailecane, Fdrhaspdecprdy t hiherfadacaensdi fli-egtadecene, 1-

et hyl ene/ a pol yamide resin

Compost t1 oh hAHRGSGB0R i BABPPFES CATRERA O SRSy J-nethyina-

oroper i 65 can BE Bspar SRy P SRRG Kbl IR A T BT Ero 4oRAL RKL 1"
Compt 151 ng 8 SoTOBIE SAtadey ROmOURT el o AU AGbChar pee £8 7S
conpound or 2 eihyqoni-Ekeabal ¥Sbr PP Id iha MRIRHRARAR geeBRAYNE) Of

zi rconi um and an or ganoal um num oxy- conpound,
methyl-l-dodecene and 12-ethyl-l-tetradecene. These a-

10 olefins can be used in combination.

The unmodified ethylene/a-olefin random copolymer has

an o-olefin content of 6 to 25 % by mol, preferably 8 to 22
% by mol, more preferably 10 to 20 % by mol. When the
unmodified ethylene/a-olefin random copolymer having an o-

15 olefin content within the above range is used, a graft-
modified ethylene/o-olefin randbm copolymer (B) having good
flexibility and ease of handling can belobtained. Further,
wherr this graft-modified ethylene/a-olefin random copolymer
(B) is used, a polyamide resin coﬁposition capable of

20 providing molded products of excellent low-temperature

impact resistance and flexibility can be obtained. ]

The unmodified ethylene/t-olefin random copolymer has
an intrinsic viscosity (M), as measured in decalin at 135
°C, of 0.5 to 5.0 dl/g, preferably 1.5 to 3.0 dl/g. The
25 graft-modified ethylene/a-olefin random copolymer (B)
obtained from the unmodified ethylene/0-~olefin random

copolymer having an intrinsic viscosity (1) within the

i



as described later. O various unnodified ethylene/[err]-olefin random
copol yners having the above properties, preferably used are 15 l i near and
| ong~chai n branched ethylene/[err]-olefin random copol yners having the
following properties. The a-olefin content and the intrinsic viscosity of
the linear ethylene/[err]-olefin randopgcopol ynmer preferably used in the

I nvention are descri bed above. 20 The linear ethylene/[err]-olefin
random copol yner further has a glass transition teg¥§rature

(T
det er ni ned by 3T FePLer &FPLRECS CIARAT R LU BT FOHD 16 ﬁ’d%hﬁkaﬁgf t han
-50 . W t he , ft-nodified ethyl / - ol efj ] |
() ot ol ned FRUSATHEC,TESAPT (BU- | | HEETRSR T e AT RSREE £88, andom

copol ymer havi&%a@ AR5 el thRBohCEBSE By e € @g)isﬂnjdééda tthgoakbamedeange
is used, a polyami de resin conposition capable of providing nolde 16

Pl oxi bi iy caE i Qs O R L ST o Freneatin

flexibility can he un I near et'hylene/[err]-olefin
random cop§l yner haghed uiitlddifd efoethy Déne ot ~di @i dradond & dperliyjne x5
The unnodified |linear ethylene/[err]-olefin random copol yner has a

crystal l'i ni ty, nhAs dPany oy Xroperdiéérest aretgnepafed &8s rahdom30 %
preferably not nore than 20 % Wen the graft-nodified

et hyl ene/ [ er r |capetyme rizidemetdydepseand Ban obral el feHrk iR A FdPrred
linear 10 ethylene/a-olefin random copolynmer having a crystallinity
atoms in the presence of a vanadium catalyst comprising a
soluble vanadium compound and an alkylaluminum halide
10 compound or a zirconium catalyst comprising a metallocene
compound of zirconium and an organoaluminum oxy-compound,
as described later.

Of various unmodified ethylene/a-olefin random

copolymers having the above properties, preferably used are

15 1linear and long-chain branched ethylene/c-olefin random
copolymers having the following properties.
The a-olefin content and the intrinsic viscosity pf

the .linear ethylene/tc-olefin random copolymer preferably

used in the invention are described above.

20 The linear ethylene/a-olefin random copolymer further
has a glass transition temperature (Tg), as determined by
DSC (differential scanning calorimeter), of not higher than
-50 °C. When the graft-modified ethylene/c-olefin random
copolymer (B) obtained from the unmodified linear

25 ethylene/o~olefin random copolymer having a glass
transition temperature (Tg) within the above range is used,

a polyamide resin composition capable of providing molded



of less than 30 %is used, a polyam de resin conposition having good

nol dability can be obtained. It is preferable that the unnodified |inear

et hyl-ene/ a-ol ef i n random copol ynmer has a nol ecul ar wei ght 15 distribution
(MM Mn), as determ ned by GPC, of not nore than 3.0, and has a paraneter (B
val ue), which indicates randomess of ke nonomer sequence distribution in
the copolyner, of 1.0 to 1.4. The B value of the unnodified |inear

et hyl e“e/[e”gx bekka 2@ eQQ@Pié(t’i@aled_ @hdddex ref iFnB@cEOE‘EQ§§E£1ﬁ& and

di stribution constituent units rived fromeach nononmer in the
sequences in ke ¢eRRLYHBLre aPflek in LRIt P ARIRUba adnbY .t he fol | owing
equation: B = POE/ [err] 25 wherein PE and Po are a nolar fraction of the
et hyl ene conponent Theduamodl fiiedr htnean efhitlend/erdledliaf kandomponent ,
respectively, contained in the unnodified ethylene/a-olefin 17 random
copol ynmer, an¢opdEyim@rahpsopoméloimgfpdire mfiimet dfighees than 90 °C.
ethylene/[err]-olefin alternating sequences to the nunher of all the dyad
sequences.dThe val J8¢ poropEfied hinearreghwlanad/@Rdedim F889PR the 5
following manner. In a test tube having a dianmeter of 10 mm about 200 ny
of the unnodi fdom®lomeyl BAs/ a- erestal Epdiymes MeAsSHRSSeR¥odSF$Y di ssol ved in

1 nml of hexachl orobutadi ene to give a sa e, and err] spectrum of the
sanpl e was diffractometry, ofgless thaéqgo %/ pré%é?a%lb ngg more than

20 %. When the graft-modified ethylene/c-olefin random

copolymer (B) obtained from the unmodified linear
10 ethylene/c-olefin random copolymer having a crystallinity
of less than 30 % is used, a polyam;de fesin composition
having good moldability can be obtained.
It is preferable that the unmodified linear
ethylehe/a—olefin random copolymer has a molecular weight
15 distribution (Mw/Mn), as determined by GPC, of not more
than 3.0, and has a parameter (B value), which indicates
randomness of the monomer sequence distribution in the

copQlymer, of 1.0 to 1.4.

The B value of the unmodifiedllinear ethylene/o-olefin
20 copolymer is an index of the composition distribution of
constituent units derived from each monomer in the
sequences in the copolymef, and it can be calculated by the
following equation: -
B = Pog/ (2Po*Pg)
25 wherein Pg and Py are a molar-fraction of the ethylene
component and a molar fraction of the a-olefin component,

respectively, contained in the unmodified ethylene/a-olefin



10 obtai ned by measuring under the foll owi ng neasuring conditions.
Measuring conditions Measuring tenperature: 120 [err] Measuring frequency:

20. 05 MHz 15 Spectrumw dth: 1,500 Hz Filter width: 1,500 Hz Pul se
repetition time: 4.2 sec Pulse width: 7.usec Integrating times: 2,000 to
5, 000 20 The PE, Po and [err] vhfues can be deternined fromthe

[err]-NVR spectrum thus obtained in accordance with the reports by GJ. Ray

(Macr onol ecul eEnHdm’ 3pbl9hél) . add PogRABIE! bropBst 0om! 6€ W RS nkiba33 o1 982) )
and K. Kimura (Polyner, 25,441 (1984?3 25 The B val ue cal cul ated by

‘the above equatheorthgdemesoZ2onbEint Akt ootdt inoncreenerares dlot ¢hrahahper
distributed in the unnodified ethylene/[err]-olefin random copol yner, and
it 18 becomss N whele deadbeeusncesers are conpl etely separated and
pol ynmerized to forma conpl ete bl ock copol yner. Wen the graft-nodified
et hyl ene/ a- ol ef i n ThedymluegoforePe( Bo ebtaPor¢aiy b& deseynipedf irdthe
ethylene/a- 5 olefin random copol yner having a B value within the above
range i s uded,fod Jesip@ninganessi n conposi tion capabl e of providing nol ded

products of excellent |owtenperature inpact resistance can be obtai ned.
In a test tube having a diameter of 10 mm, about 200

mg of the unmodified ethylene/a-olefin copolymer is
homogeneously dissolved in 1 ml of hexachlorobutadiene to
give a sample, and a !3C-NMR spectrum of the sample was
10 obtained by measuring under the following measuring
conditions.
Measuring temperature: 120 °C
Measuring frequency: 20.05 MHz
15 _ Spectrum width: 1,500 Hz
| Filter width: 1,500 Hz
Pulse repetition time: 4.2 sec
. Pulse width: 7 usec
Integrating times: 2,000 to 5,000
20 The Pg, Po and Pgg values can be determined from the
13Cc-NMR spectrum'thus obtained in accordance with the
reportssby G.J. Ray (Macromolecules, 10,773 (1977)), J.C.
Randall (Macromolecules, 15,353 (1982)) and K. Kimura
(Polymer, 25,4418 (1984));
. 25 The B value calculated by the above equation Secomes 2

when the both monomers are alternately distributed in the

unmodified ethylene/t~olefin random copolymer, and it



The linear ethylene/[err]-olefin random copolyner has a 10 [err] value, as’
determ ned by the intrinsic viscosity ([err]) of said copolyner, of nore
than-0.95. The [err] value is defined by the follow ng equation: [err] =
([err])/([err]) blank wherein ([err]) is an intrinsic viscosity of the
ethylene/[err]- 15 olefin random copd&ner neasured as above, and
([err])blank is an intrinsic viscosity of a |linear ethyl enel/propyl ene

| whi t he gkt | Lght d b
copol VI W01 il e AT ARV AL R b L Rstg o

| i ght scattering nmethod err]-ol m copol yner and

has an ethyl enga2B016RBEEREGOE0 7o Y dBMpLteOW1bbR kbB8@Ymer. _
ethylene/[err]-ol efin random copol yner havi ng such properties as nentioned

above, a pol yanm dewWhesai bheogpast +madi £iexk|dtdntl ene /al-Holeff inheandohani cal
properties, weathering resistance, ozone resistance, |ow 25 tenperature
resi stance (| ospodyperat(Bi eobtakndd|f1on thed ungetdifdeidseshyéenadoa nol ded
product of the conposition can be obtained. 19 The [err]-olefin content,
i ntrinsic ¥i sodeiftin, rghdea toposynéeorhawimeraaBuveluer yithlihi thée yabowd ecul ar
wei ght distribution and B value of the |ong-chain branched

et hyl ene/ [ er r jrapigef ils ramdendcppbyimide prasfiar gigmpogdsdonncapabbke of nventi on
are the same as those of the linear ethylene/[err]- olefin random copol yner
descri bed abow&ovisdnpemplded| pEodCthHeo ] apedtent BranERBASERRYF@ne/ [err] -

impact resistance can be obtained.

The linear ethylene/o-olefin random copolymer has a
10 gn* value, as determined by the intrinsic viscosity () of

said copolymer, of more than 0.95.

The gn* value is defined by the following equation:
gn* = M)/ (M) brank

wherein (1) is an intrinsic viscosity of the ethylene/o-
15 olefin random copolymer measured as above, and {(N)plank iS

an intrinsic viscosity of a linear ethylene/propylene

copolymer which has the same weight-average molecular

weight (measured by a light scattering method) as the

ethylene/0~olefin random copolymer and has an ethylene
20 content of 70 % by mol.

From the linear ethylene/a—olefin random copolymer
having such properties as mentioned above, a polyamide
re;in composition excellent in all of the mechanical
properties, weathering resistance, ozone resistance, low-

25 temperature resistance (low-temperature flexibility) and
heat resistance and a molded product of the composition can

be obtained.



ol efin rgndom copolynmer is in the range of 0.2 to 0.95, preferably 0.4 to
0.9, nore preferably 0.5 to 0.85. This 10 [err] value can be determned in
the af orenmentioned nmanner. By the fact the [err] value of the

et hyl ene/ a-ol efin random copol yner is not nore than 0.95 is indicated that
a long-chain branch is fornmed i.n the i ecule. The linear and | ong-chain
branched ethylene/[err]-olefin 15 random copol yners preferably used in

t he invention can be each epared by random cqpol yneri zi ng et hyl ene and an
[err]- olefin of 61P% %Oo%gfbgﬁmﬁl 'i&nFﬁ&nﬁﬁgsgﬁégoﬁﬁtXQngiﬁgﬁocene

cat al yst containigg t he correspondi ng specich,netaIIocenﬁécoggound. 20
Preparati on oFFBNABELPR cBCBRERA BHE a RYSERt LLBAGEm BEPEFYARF REIRhnodi fi ed

t hyl / < f] d I d i.in the_in ti b
repared by rHIRbAEBRLY RN 25 N e Eea G EnCParF] PEPEFIRAor 6 (o 20
carbon atoms LpnhlREendPa-oPEESRNESn m%dﬁﬂ%e%”?%_tf@lr&%ﬁycggga' $hhgnhé

sol ubl e vanadi um conpound and an al kyl al'um™nu al i de coimpound or a

zi rconi umgat ahysht §8APAEET Dife asdfid Ad AR GFMRONd iakar e2AyZbhépi-um and
an organoal um num oxy- conpound, as described above. Exanples of the soluble

vanadi um conpgyBResnUSEHAbAT céBE1 Y HdUBGHal ¥Bbvel.nCl ude vanadi um
tetrachl oride, 5 vanadi um oxytrichloride, vanadi um nonoet hoxydi chl ori de,

vanadi um tri acet yl Zhet gnat eatmel o ywhenddingnchain branched ethylene/o-

olefin random copolymer is in the range of 0.2 to 0.95,

preferably 0.4 to 0.9, more preferably 0.5 to 0.85. This

10 gn* value can be determined in the aforementioned manner.
By the fact the gn* value of the ethylene/o-olefin
random copolymer is not more than 0.95 is,indiéated that a
long-chain branch is formed in the molecule.
The linear and long-chain branched ethylene/d-olefin
15 random copolymers preférably used in the invention can be
each prepared by random copolymerizing ethylene and an o-
olefin 6f 6 to 20 carbon atoms in the presence of a
metallocene caﬁalyst containing the corresponding specific
metallocene compound.
20 ion nmodi £ thylene/c- i m
copolymer
The unmodified ethylene/0-olefin random copolymer used
in the invention can be prepared by random copolymerizing
ethylene and an a-olefin of 6 to 20 carbon atoms in the
25 presence of a vanadium catalyst comprising a soluble
vanadium compound and an alkylaluminum halide compound or a

zirconium catalyst comprising a metallocéne compound of



triacetyl,acetonate. Exanples of the al kylalum num hal i de conpounds used for
t he vanadi um catal ysts i nclude ethylal um num 10 dichl ori de, ,

di et hyl al um num nonochl ori de, ethyl al um num sesqui chl ori de, diethylal um num
nonobr om de, dii sobutyl al um num nonochl ori de, isobutyl al um num di chl ori de
and isobutyl al um num sesqui chl ori de. B{nples of the netall ocene conpounds
of zirconium 15 used for the zirconiumcatal ysts include

ethylenebiS(ig%gg%é}é&;&gﬁ;#ﬂ]géﬁ%f | %15 num oxy-cpmpound, as described

di et hyl si | yl in Zirconi um
bi s(cycl opent gdigayl ) zi rconi um di brom de and
bi s(di met hyl cycl opent adi enyl ) zi rconi um di chl ori de. 20 Exanpl es of

the organoal um NUMEQXiEEEEPOENESe USSdIBIY ViR daiuiC eBdBLUGEL ahysh Sedpcl ude
al um nooxane and benzene- insol ubl e organoal um num oxy- conpounds. The

zi rconi um cat gahgsaiByi GANEAL AL Pt TGNl Hahdd)icampedrdchogeide) wWith the
net al | ocene conpound of 25 zirconi um and t he organoal um num oxy- conpound.

21 Exanpl € ofvahhdiamgargat iich howi dompainady um aonde thokydObhl gt Bdieym num

di et hyl al um num chl ori de and net hyl al um num sesqui chl ori de.

-Copol yneri zat venadfiust hyl enet nhacetmngte rdndoloedfyivanadiing 5 t he vanadi um
catal yst or the zirconiumcatalyst can be carried out in either a solution
state, a susp&firegtylacetonat®.internedi ate state between those states,

and in each ) )
Examples of the alkylaluminum halide compounds used

for the vanadium catalysts include ethylaluminum

10 dichloride, diethylaluminum monochloride, ethylaluminum
sesquichloride, diethylaluminum monobromide,
diisobutylaluminum monochloride, isobutylaluminum
dichloride and isobutylaluminum sesquichloride.

Examples of the metallocene compounds of zirconium

15 used for the zirconium catalysts include
ethylenebis(indenyl)zircénium dibromide,
dimethylsilylenebis (2-methylindenyl)zirconium dichloride,
bis(cyclopentadienyl)zirconium dibromide and
bis (dimethylcyclopentadienyl)zirconium dichloride.

20 Examples of the orgapoaluminum oxy—-compounds used for
the zirconium catalysts include aluminooxane and benzene-
insoluble orgénoaluminum oxy-compounds.

The zirconium catalyst may contain an organocaluminum
compound together with the metallocene compound of

25 zirconium and the organoaluminum oxy-compound.



case an i,nert solvent is preferably used as a reaction nedium 10 . As
descri bed above, the.linear and | ong-chain branched ethylene/[err]-olefin
random copol yners preferably used in the invention can be each prepared by
random copol yneri zing ethylene and an [err]-olefin of 6 to 20 carbon atons
in the presence of a netallocene catalypt containing the 15 correspondi ng
specific netall ocene conpound. There is no specific |[imtation on the

net al | ocene catal yst used herein, except that the nmetall ocene_catal yst
contains a metallo éﬁQPESﬁpSGthTa?Fg Al COMPOURESaiPELEAR cat al yst
may be fornmed_fr.omih al Locene 20 ¢ ound [a] ., .and .an_or.ganoal um num
oxy- conpound [ lgﬁéPgVTEEE%hBBﬁhddTQﬁt !g;? ShACER9ER8 et al | ocene -
conpound [ a] H@t59ﬁghﬂﬂihﬁﬂ Qgé uiéﬁléfi&@y be formed fromthe netall ocene

conmpound [a], the~“organoal unt num oxy-conpound [b] and/or-the ion

pai r-formng conpoudgoll¢herabdt 86n 26t et@iadianldiy twa ecmesid Ldling
Met al | ocene conpound [ a] 22 The netal | ocene conpound [a] used in the

preparati o oknkh@ahkean ehbylgse/ erdde o 8fddhitmP Y FBY sk UBREIbES, for
exanpl e, a conpound represented by the following formula™[I]. 5

[err] carried out. in eithén 4 heoTwrivi atatle, M istspehbadsi st Qe et al
selected from Goup IVB of the periodic table, specifically,
or an intermediate state between those states, and in each
case an inert solvent is preferablyuused-as a reaction
medium.
10 As described above, the linear and long-chain branched

ethylene/a-olefin random copolymers preferably used in the

invention can be each prepared by random copolymerizing
ethylene and an a-olefin of 6 to 20 carbon atoms in the
presence of a metallocene éatalyst containing the

15 corresponding specific metallocene compound.

There is no specific limitation on the metailocene
catalyst used herein, except that the metallocene catalyst
contains a metallocene compound [a]. For example, the
metallocene catalyét may be formed from the metallocene

20 compound [a], and an organoaluminum oxy-compound [b] and/or
a compound [¢] which reacts with the metallocene compound
[a] to form an ion pair, or it may be formed from the
metallocene compound (a)l, the organocaluminum oxy-compound
[b] and/or the ion pair-forming compound [c], and an

2S5 organoaluminum compound [d].

M m n



zirconium titaniumor hafnium and x is a valence of the transition netal.
10 L is aligand coordinated to the transition netal. At |east one
ligand L is a ligand having cycl opent adi enyl skeleton, and the |igand
havi ng cycl opent adi enyl skeleton may have a substituent. Exanples of the

| i gands havi ng cycl opent adi enyl 15 skelzton include cycl opent adi enyl group;
al kyl or cycl oal kyl substituted cycl opentadi enyl groups, such as

met hyl cycl opent adi | , ethyl cycl opent adi enyl,, n- .or, - .
propylcyclopentadiiﬁél@eﬁé?y?g,“% -mQﬂ“WQ-qé&tVFS?CEBpEH?aBF%PSW?tlon_
hexyl cycl opentadigRYh indQ@r OChyl&NE/ARANEAY R0l HeFRERK¥bEeYCEopepsadi enyl
trimethyl cycl opentadi enyl, tetTanethyl cycl opentadienyl, -

pent anet hyl cy adie ' | apent,adicgRY by £ 1
nethylpropylc%%?@%g%faéig%@??@ﬁ%Pﬁ%ﬁ%%%%ﬁ%ﬁk?%pgn?agﬁenér}ng ormuta

met hyl hexyl cyghgpent adi enyl, net hyl benzyl cycl opent adi enyl, 25

et hyl but yl cycl opent adi enyl, et hyl hexyl cycl opent adi enyl and

met hyl cycl®hexyl cymippent adi enyl ; indenyl. dmqup; 4,5,6,7- tetrahydroi ndeny

group; and fluorenyl group. 23 These groups nmay be substituted with
hal ogen atonms or tThatkgl sotyhlgrpups.M s tsherabsieighompsal pselectedr |y
preferable are al kyl substituted cycl opentadi enyl groups. 5 ° When t he

conpound repr Exemt dobp TWR 6OHruhe gpdriodias tiakdeor specéfgralips, havi ng
cycl opent adi enyl skel eton as the
zirconium, titanium or hafnium, and x is a valence of the
transition metal.

10 L is a ligand coordinated to the transition metal. At
least one ligand L is a ligand having cyclopentadienyl
skeleton, and the ligand having cyclopentadienyl skeleton
may have a substituent.

Examples of the ligands having cyclopentadienyl

15 skeleton include cyclopentadienyl group; alkyl or
cycloalkyl substituted cyclopentadienyl groups, such as
methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-
propylcyclopentadienyl, n-, i-, sec- or t-
butylcyclopentadienyl, hexylcyclopentadienyl,

20 octylcyclopentadienyl, dimethylcyclopentadienyl)
trimethylcyclﬁpentadienyl,'tetramethylcyclopentadienyl,
pentamethylcyclopentadienyl, methylethylcyclopentadienyl,
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,
methylhexyicyclopentadienyl, methylbenzylcyclopentadienyl,

25 ethylbutylcyclopéntadienyl, ethylhexylcyclopentadienyl and
methylcyclohexylcyclopentadienyl; indenyl group; 4,5,6,7-

tetrahydroindenyl group; and fluorenyl group.



ligands L, two of them may be bonded to each other through an al kyl ene
group such as ethylene or propylene, a substituted al kyl ene group such as

i sopropylidene or 10 di phenyl nethyl ene, a silylene group, or a substituted
silylene group such as dinethylsilylene, diphenylsilylene or .

met hyl phenyl sil yl ene. Exanples of L oth&r than the |igand having

cycl opent adi enyl skeleton (sonetines referred to sinply as "other L"

herei nafter) incl uqﬁeggdﬁgﬁ%pwa rgélp%kggdﬁiltgt%dl%,&%% g%gﬁia%gngtoagkgggy

groups, aryl oxy groups, en atons, ogen and su

acid-containiQgigﬁqgggiﬁgirkr$@§ggin the [err] is an alkyl group, an alkyl
group substituted with a halogen atom an aryl group, or an aryl 20 group

substituted with adfakageapaienyssups, apd idi)y JreFdragleohrbhglkyl
hydr ocarbon groups of 1 to 12 carbon atons include al kyl groups, cycloal kyl

groups, aryl eubstdtatddacgtkybegtadpeny Mywowgeci fically, there can be

ment i oned: 25 al kyl groups, such as nethyl, ethyl, n-propyl,

i sopropyl ,Sn-butyl Whesobbeytpmpevndutepresernnad/ by pevet \Hormudayl(I]obayl ,

decyl and dodecyl; cycl oal kyl groups, such as cycl opentyl and cycl ohexyl;

24 aryl group$wos@rhresepgsayPsahaviog y¢yckorenad ey lgskedetonchsathéenzyl

and neophyl. Exanples of the al koxy groups include nethoxy, ethoxy,

n- propoxy, i sdp9epEey Linthat 8%y the@oRay B banded fip8pach other through
an alkylene group such as ethylene or propylene, a
substituted alkylene group such as isopropylidene or

10 diphenylmethylene, a silylene group, or a substituted
silylene group such a§ dimethylsilylene, diphenylsilylene
or methylphenylsilylene.

Examples of L other than the ligand having
cyclopentadienyl skeleton (sometimes referred to simply as

15 T"other L" hereinafter) include hydrocarbon groups of 1 to
12 carbon atoms, alkoxy groups, aryloxy groups, halogen
atoms, hydrogen and sulfonic acid-containing groups (-SOsjR2
wherein the R® is an alkyl group, an alkyl group
substituted with a halogen atom, an aryl group, or an aryl

20 group substituted with a halogen atom or an alkyl group) .

Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups, cycloalkyl groups, aryl groups
and aralkyl groups.

More specifically, there can be mentioned:

25 alkyl groups, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl,
hexyl, octyl, decyl and dodecyl;

cycloalkyl groups, such as cyclopentyl and cyclohexyl;



5 but oxy,. pentoxy, hexoxy and octoxy. Exanples of the aryl oxy groups

I ncl ude phenoxy. Exanples of the sulfonic acid-containing group (- SO3Ra)

i ncl ude met hanesul fonato, p-toluenesul fonato, trifluoronethansul fonate and
p- chl or obenzenesul fonato. 10 Exanpl es of the hal ogen atons incl ude
fluorine, chlorine, bromne and iodi ne24The netal | ocene conpound of the
above formul a wherein the valence of the transition netal is 4 is nore is

specifically repreg;&&egrﬁgpghe8&5%Ié%w§ﬁéiyqrgﬁdatbhgﬁLagﬁgl [err]

[1-a] wherein i's ’the"above-menti‘one ransiti R2 is a group

(1igand) having cyelaagyhadieny! skek elObed A hndfiebphyh .are each

I ndependently a group having cycl opentadi enyl” skeleton of the other L in

the above forml a [ExlamphesSo@NtRE aliditedffoutfs Nelc1heesmebABxy, apkoky) +mn
= 4. Listed bel ow are exanples of the netall ocene conpounds contai ni ng

zi rconi um as M-prdposyt, aiBbpgopbxy castbutexy,i dantathayl, ngeeybloped] agh enyl
skel eton. Bi s(cycl opent adi enyl ) zi rconi um nonochl ori de 25 nonohydri de,

Bi s(cycl op®nt dditemxyl,) pentoriyunhekoky candlegctBixy(.cycl opent adi enyl ) zi r coni um
di brom de, Bi s(cycl opent adi enyl ) net hyl zi r coni um nmonochl ori de, 25

Bi s(cycl opent adi enj@xprplesnplntbéemoydonsnastups daclude phenoxy.

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

Examples of the sulfonic acid-containing group (-
SO3R2) include methanesulfonato, p-toluenesulfonato,
trifluoromethansulfonate and p-chlorobenzenesulfonato.

10 Examples éf the halogen atoms include fluorine,
chlorine, bromine and iodine.

The metallocene compound of the above formula wherein
the valence of the transition metal is 4 is more is
specifically represented by the following formula'[I—a]:

15 R2xR3;RY, RS M ... [I-a]
wherein M is the above-mentioned transition metal, R? is a
group (ligand) having cyclopentadienyl skeleton, R3, R? and
RS are each independently a group having cyclopentadienyl
skeleton or the other L in the above formula [(I], k is an
20 integer of not less than 1, and k+l+m+n = 4;

Lfsted below are examples of the metallocene compounds
containing zirconium as M and containing at least two
ligands having cyclopentadienyl skeleton.

Bis (cyclopentadienyl)zirconium monochloride

25 monohydride,
Bis(cyclopentadienyl)zirconium dichloride,

Bis (cyclopentadienyl) zirconium dibromide,

Bis (cyclopentadienyl)methylzirconium monochloride,



B
B
B
B
B
B
Bi
Bi
Bi
di
Bi
Bi
Bi
di
Bi
Bi
Bi
Bi
Bi

s(et hyl.cycl opent adi enyl ) zi rconi um di chl ori de,

s(n-propyl cycl opent adi enyl ) zi rconium di chl oride, 5

s(i'sopropyl cycl opent adi enyl ) zi rconi um di chl ori de,

s(t-butyl cycl opent adi enyl ) zi rconi um di chl ori de,

s(n-butyl cycl opent adi enyl ) zi rconi um gl§chl ori de,

s(sec-butyl cycl opent adi enyl ) zi rconi um di chl ori de,

s(i sobutyl cycl opent adi enyl ) zi r coni um dj chl ori de, 10 ]

s( hexyl cycl opent EdiSRYFLPPREBATLAN YL L} B GRfeim phenoxymonochloride,

hi or | do. Bi (4, 7 PEE By LERGUPBT BERISTEL FELRA NN cHebiesce,
s(indenyl)zircon%ﬁg&%&@ggEg§?38%%§é§%§#{#f%ﬁg%gégagjéqc%ﬁggkggldinethyl,

s(cycl opent adi enyl’) z

s(cycl opent adi enys; )kZin_C QR L deyy Bi : LEgani um
chloride, Bis( cygl)gsgn?ggFg%?§:g?é%%ﬁ%ﬁ%%)néﬁésu ?‘gﬁg‘%ﬁago
s(cycl opgnt adi enyi)sziilsepRbHYRESE PopShtEdBS HNHDnium dichloride,
s(cycl opent adi enyl ) zi rconi unbi S(tr’i fl uoronet hane- sul fonato),

s(met hyl cycl opentead (@.M&)’.Z/h&?@ﬂ]h#@@i&ﬁiéﬂﬁfi)ﬂ&oﬁl&ﬁnﬁ@l@%&bﬁ:@&& 0), 25

s(et hyl cycl opent adi enyl ) zi rconi unbi s(trifl uoro- nethanesul fonato),
s( propyl cycl opentEddi (@rpl) pil cgobopebt 84 1¢n 1 )unino mirinh aliehubi-aaat o) ,
Bis (sec-butylcyclopentadienyl)zirconium dichloride,
Bis (isobutylcyclopentadienyl)zirconium dichloride,
10 Bis (hexylcyclopentadienyl)zirconium dichloride,
Bis (octylcyclopentadienyl) zirconium dichloride,
Bis(indenyl)zirconium dichloride,
Bis(4,5,6,7—tetrahydroin§enyl)zirconium dichloride,
Bis(indenyl) zirconium dibromide,
15 . Bis(cyclopentadienyl)zirconium dimethyl,
Bis(cyclopentadienyl) zirconium methoxychloride,
Bis (cyclopentadienyl)zirconium ethoxychloride,
- Bis(fluorenyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconiumbis(methanesulfénato),
20 Bis (cyclopentadienyl) zirconiumbis (p~toluenesulfonato),
Bis (cyclopentadienyl)zirconiumbis (trifluoromethane-
sulfonato),
Bis (methylcyclopentadienyl)zirconiumbis (trifluoro-
methanesulfonato),
25 Bis (ethylcyclopentadienyl) zirconiumbis (trifluoro-
methanesulfonato),
Bis (propylcyclopentadienyl) zirconiumbis (trifluoro-

methanesulfonato),

26



B
B
B
B
bi
B
bi
Bi
bi
di
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi

s(butchyCIopentadienyl)zirconiunbis(trifluoro- met hanesul f onat 0) ,
s(hexyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- nethanesul fonato), 5

s( 1, 3-di net hyl cycl opent adi enyl ) zi rconi um bi-s(trifl uoromet hanesul f onat o),

s(| - met hyl - 3- et hyl cycl opent adi enyl ) zi rconi um
s(trifluoromethanesul f onat o), 26

s(1- met hyl - 3- propyl cycl opent adi enyl )zi rconi um 10
s(trifluoromethanesul fonato),

s(I-nmethyl - 3- but§Péﬁ@thk@ﬂ%&ﬁEﬁﬂﬂ%@éﬂﬂﬁdﬁﬂ&ﬁﬁonlumblS(trlfluoro'

s(trlfluoronethanesulfonato% Bi s(1, 3-di net hyl cycl opent adi enyl ) zi rconi um
ylcyclopentadlenyl)2|rconlun115 di chl ori de,

chl ori de BW?FTaHEFH}Foﬁa%@
1- et hyl - 3- | t di.ch
S(1- et hyl -3 EL?§¥83§§6§ AL G ki ARBE P GEEL Stysoro-

s(l-nethyl-%egﬁ g¥9k8359§ dlenyl)2|rconlun1d|chlor|de

s(1- net hyl cyc openta Hlenyl)2|rconlunldlchlorlde
l-eth 3- but d

(71 methyl oyol SoeR AL ea SOl T R 20 LEBh B

s(t et ramet nipheyeLapeab AdherALdIIEINLD) di chl or de,
s(pent anet hyl cycl opent adi enyl )Z|rcon|un1d|chlor|de
Bis{l-methyl-3-ethylcyclopentadienyl)zirconium-
bis(trifluoromethanesulfonato),
Bis(1—Methyl—3—propylcyclopentadienyl)zirconium—
10 bis(trifluoromethanesulfonato),
Bis(;—methyl—3—butylcyclopenfadienyl)zirconium—
bis(trifluoromethanesulfonato),
' Bis (1, 3-dimethylcyclopentadienyl)zirconium dich;oride,
Bis (1-methyl-3-ethylcyclopentadienyl)zirconium
15 dichloride,
Bis (1-methyl-3-propylcyclopentadienyl) zirconium
dichloride, |
- Bis(1—methyl-3—butylcyclopentadiényl)zirconium
dichloride,
20 Bis(l-methyl-3-hexylcyclopentadienyl) zirconium
dichloride, '
Bis(l-methyl-3-octylcyclopentadienyl) zirconium
dichloride,
Bis(l-ethyl-3-butylcyclopentadienyl) zirconium
25 dichloride, |
Bis(trimethylcyclopentadienyl) zirconium dichloride,
Bis(tetramethylcyclopentadienyl)zirconium dichloride,

Bis (pentamethylcyclopentadienyl) zirconium dichloride,



27 Bi s(nmet hyl benzyl cycl opent adi enyl ) zi rconi um di chl ori de,

Bi s( et hyl hexyl cycl opent adi enyl ) zi rconi um di chl ori de, and

Bi s( et hyl cycl ohexyl cycl opent adi enyl ) zi rconium 5 di chl ori de. Al so

enpl oyable in the invention are conpounds wherein the 1, 3-position
substituted cycl opentadi enyl group is yeplaced with a 1,2-position
substituted cycl opentadi enyl group in the above-exenplified conpounds. 10

Further, also enployable is_a bridge type netallqQcene conpound represented
by the above fbrnuPésﬁWQEPY%h%?€¥¥é&ﬁl¥' AG1FEY, )zﬁéFPquﬂddﬁépigré¢%<,

[err] and [err], are gro | i gand havi cycl gpent adi enyl , skel. eton, and
these at |east two éFgﬁBEBZP x%gﬂﬂ% Q?ﬁhﬁéﬁ%QﬁﬁiﬁlqﬂﬁP&H@hgéﬁhigrlg?kylene
group, a substihuted al kyl ene group, a silylene group or a substituted

silyl ene grouﬁ. In this case, R4 and R5 are each independently the other L,

which is d i bedgi; L : : f h
i ch, 5, SeSEh! Dol Benl oLl s s o raLgs of e

Et hyl enebis (i gdenybydigget hyl zi rconi um Et hyl enebi s(i ndenyl ) zi rconi um
di chl ori de, Ethylenebis(indenyl)zirconiunbis(trifluoromethane- sulfonato),

25 Et hyl eneliis6i BABDYYABLE CONi thdi s{varidivte sl @dapolinds wherein
Et hyl enebi s(i ndenyl ) zi r coni unbi s(p-t ol uenesul f onat o),
Et hyl enebi s(i nthenyl, Bzpbbeanionbsebst i vt ed aheriapeetddienytiogroup is

| replaced with a 1,2-position substituted cyclopentadienyl
group in the above-exemplified compounds.

10 Further, also employable is a bridge type metaliocene
compound represented by the above formula [I-a] wherein at
least two of R2, R3, R4 and R%, e.g., R? and R3, are groups
(ligands) having cyclopentadienyl skeleton, and these at
least two groups are bonded to each other through an

15 alkylene group, a substituted alkylene group, a silylene
group or a substituted silylene group. 1In this case, R?
and R% are each independently the other L, which is
deseribed in the formula ([I]. .

Listed below are examples of such bridge type
20 metallocene compounds.
Ethylenebis (indenyl)dimethylzirconium,
Ethylenebis (indenyl)zirconium dichloride,
Ethylenebis (indenyl) zirconiumbis (trifluoromethane-
sulfonato),

25 Ethylenebis (indenyl) zirconiumbis (methanesulfonato),

Ethylenebis (indenyl) zirconiumbis (p-toluenesulfonato),
Ethylenebis (indenyl) zirconiumbis (p-

chlorobenzenesulfonato),



28 Et hyl enebi s(4, 5, 6, 7-tetrahydr oi ndenyl ) zi rconi um di chl ori de,

| sopropyl i dene(cycl opent adi enyl -fl uorenyl ) zirconiumdichloride, 5

| sopropyl i dene(cycl opent adi enyl - net hyl cycl opent adi enyl ) zi r coni um

di chl ori de, Dinethylsilylenebis(cyclopentadienyl)zirconiumdichloride,
Di net hyl si | yl enebi s( et hyl cycl opent adizgyl ) zi rconi um 10 dichl ori de,
D et hyl si | yl enebi s(di met hyl cycl opent adi enyl ) zi r coni um di chl ori de,

D net hyl si | yl enebi rimet hyl cycl opent adi enyl -,zirconiun1dich|oridé, 15
Di met hyl si | yl enebi ?ﬁ“ﬁ&&ﬁﬁwiﬂ c%n?uﬂﬁﬁ%%ﬁir&é,ndenyl) zirconium

Di nethylsilylgﬁg hs%Lgdenyl)zirconiunbis(trifluoro- met hanesul f onat o) ,
D et hyl si | yl 94951 6, 7- t et rahydr oi ndenyl ) zi rconi um di chl ori de, 20

DI pheryl 51 11 encbi SCURAGRY LIS & oy Chan B L1 eHTL L EREBAL G

Met hyl phenyl sid;hgRehigg(i ndenyl ) zi rconi um di chl oride. Furthernore, a
net al | ocene conpound of the follow ng 25 formula [A], which is described

in Japanes® Patent rlsapbgop@Releft Pty ERSpett MA.endd8307/ 1992, is also
enpl oyabl e.

methylcyclopentadienyl)zirconium dichloride,
Dimethylsilylenebis(eyclopentédiényl)zirconium
dichloride,
Dimethylsilylenebis (methylcyclopentadienyl)zirconium
10 ‘dichloride,
Dimethylsilylenebis (dimethylcyclopentadienyl) zirconium
dichloride,
Diﬁethylsilylenebis(trimethylcyclopentadienyl)-
zirconium dichloride,
15 Dimethylsilylenebis (indenyl)zirconium dichloride,
Dimethylsilylenebis (indenyl)zirconiumbis (trifluoro-
methanesulfonato),
-« Dimethylsilylenebis(4,5,6,7-
tetrahydroindenyl) zirconium dichloride,
20 Dimethylsilylenebis (cyclopentadienyl-
fluo;enyl)zirconium dichloride,
Diphenylsilylenebis (indenyl) zirconium dichloride, and
Methylphenylsilylenebis (indenyl)zirconium dichloride.
Furthermore, a metallocene compound of the following
25 formula [A], which is described in Japanese Patent Laid-

Open Publication No. 268307/1992, is-also employable.



29 [err] .[A] In the formula (A), [err] is a metal of Goup |IVB of the
periodic table, specifically, titanium zirconiumor hafnium 5

[err]” and [err] may be the sane as or different fromeach other and are
each hydrogen, an al kyl group of 1 to 10 carbon atons, preferably 1 to 3
carbon atons, an al koxy group of 1 toZk§ carbon atons, preferably 1 to 3
carbon atons, an aryl group of 6 to 10 carbon atons, preferably 6 10 to 8
carbon atons, an aryl oxy group of 6 to 10 carbon atons, preferably 6 to 8
carbon atons, an al kKen group of 2 to 10 carbon atons, preferably 2 to 4
carbon atons, an a I group of 7 to 40 carbon atons, preferably 7 to
10 carbon atons, an otp—of (CR®®?4Q carbon atoms, 15
preferably 7 to 12 carby/# , an aryljal kenyl group of 8 to 40 carbon
atons, preferably 8 t Canson atons, |or a halogen atom preferably
chlorine. R3 and R4 mmay he the sanme as- or, different fromeach other, and
are each hydrogen, a fal ogen atom prefd%ably 20 fluorine, chlorlne or

brom ne, an al kyl group 1to RO 30 carbon atons, preferably 1 to 4
carbon at ons, which ngy/be
: R 4 89
R (CR°R7),
. A

In the formula (A), M! is a metal of Group IVB of the
periodic table, specifically, titanium, zirconium or
hafnium.

S Rl and R? may be the same as or different from each
other and are each hydrogen, an alkyl group of 1 to 10
carbon atoms, preferably 1 to 3 carbon atoms, an alkoxy
group of 1 to 10 carbon atoms, preferably 1 to 3 carbon
atoms, an aryl group of 6 to 10 carbon atoms, preferably 6

10 to 8 carbon atdms, an aryloxy group of 6 to 10 carbon
atoms, preferably 6 to 8 carbon atoms, an alkenyl group of
2 to 10 carbon aﬁoms, preferably 2 to 4 carbon atoms, an
arylalkyl group of 7 to 40 carbon atoms, preferably 7 to 10
carbon atoms; an alkylaryl group of 7 to 40 carbon atoms,

15 preferably 7 to 12 carbon atoms, an arylalkenyl group of 8
to 40 carbon atoms, preferably 8 to 12 carbon atoms, or a
halogen atom, preferably chlorine. |

R3 and RY may be the same as or different from each
other, and are each hydrogen, a halogen atom, preferably

20 fluorine, chlorine or bromine, an alkyl group of 1 to 10



hal ogenat.ed, an aryl group of 6 to 10 carbon atons, preferably 6 to 8
carbon atons, or a group of [err], [err] (the [err] is a halogen atom 5
preferably chlorine, an alkyl group of 1 to 10 carbon atons, preferably 1
to 3 carbon atons, or an aryl group of 6 to 10 carbon atons, preferably 6
to 8 carbon atons). R3 and R4 are eachypreferably hydrogen. R5 and R6 may
be the sane as or different fromeach 10 other, preferably the sane as
each other, and [err] and [err] are the sanme as R3 and R4, but each of R5
and R6 i s not cﬂ?ﬂ?%g%%omferﬁﬂegﬂﬁfqléfr A tqr 8 €8ERopPr %I’—‘é‘ﬁ%bl‘gfh’éw ¥y Pegr oup

f 1to4 t h be hal ted fical l thyl,
cthyl . propyl RATSORRORAY B (ZoR ST 8, ce510 BRrbpRoRtaanyl

pref or ably mepbuberbiy]6 % 'SRLEAANL QLK | BE §oLtoghnge fatY) cigder 1)

[err] 20 erf]
wherein the [epglrald Lﬁiﬁ NBy bsrid)e Sadrerias;er, dhéi@?fﬁﬁaﬁ&%"neaCh
y

ot her; and they are~eac rogen a ha ogen atom an a group of 1 to

10 carbons = Bledbpdbiy péﬁi@fﬁtéy ah AK9108EBAR 8EOTLo D6 ecagﬁrﬁ&ﬁrab' y

met hyl, a fluoroal kyl group of 1 to 10 carbon atons, prefera
aryl group of afoh8, 19r&fé PAHL R0 wrca&gbabbyoﬁswoﬁ SRT &P

fluoroaryl group of 6 to 5 10 carbon atons, preferably pentafluoropﬁgkyl
an al koxy 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms).
R3 and R?* are each preferabiy hydrogen.
RS and R® may be the same as or different from each
10 other, preferably the same as each other, and RS and R6 are
the same as R3 and R%, but each of R’ and R® is not
hydrogen. RS and RS are each preferably an alkyl group of
1 to 4 carbon atoms which may be halogenated, specifically,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl.or
15 trifluoromethyl, preferably methyl.

R? is represented by the following formulae:

Rll Rll Rll Rll
I I l I
. —1}42—, -M*— M2—, - M’— (CR%)— ,
I I
R!2 R12 R12 I{‘z
Ri! RU R |
I |- I
- 0— 1;/12 o—,— F—’ -0~ M*—
I
R12 RI2 RI2

20 =BR11' =A1R11’ -Ge-, -Sn-, -O-[ —S_I =SO[ =SOZ, =NR11' =CO,
=PR!1! or =P (0)R!! wherein the R!!, R!2 and R!3 may be the same
as or different from each other; and they are each

hydrogen, a halogen atom, an alkyl group of 1 to 10 carbon



group of .1 to 10 carbon atons, preferably 1 to 4 carbon atons, particularly
preferably nmethoxy, an al kenyl group of 2 to 10 carbon atons, preferably 2
to 4 -carbon atons, an arylal kyl group of 7 to 40 carbon atons, preferably 7
to 10 10 carbon atons, an aryl al kenyl group of 8 to 40 carbon atons,
preferably 8 to 12 carbon atons, or argjal kylaryl group of 7 to 40 carbon
atons, preferably 7 to 12 carbon atons; or R and [err] or [err] and [err]

may forma rin toget arbon atomto which the nded. 15

M is silicon? at ?ha?r’f blﬁ?? Ctp?r bpf? §FPW§0nm8Fegé¥?r€1‘?ﬁ%thy [err] is
preferably [e ery] O.lerr]. .o rel. R9 may be the
sane as or %%%r%i #r%&#%ﬁﬁﬁ%ﬁgi g Lfa%dLghéé g?r ﬁea%%m%'as [err]. m
and n may be bhersaam @y, Ginf he Qn%rf)ﬁﬁ”bﬁa@ht&tf@rca%aé fon2dch 0, 1 or
2, preferably 0 or 1, and mtn 1s O, or 2, preferably 0 or 1. Partlcularly

preferrec' met g ké@é?&@l}ﬁom@sc%on %%Tohéthnﬁlhbgoé 9Yeg£-8~5k%“<5f061
those represented by the follow ng fornul ae (1) (ri1 2 [err [err]

In the abdve iorsutBen (dgomd, ipredabiliyi benﬁ:@f&botépﬂén?l Hin dB¢ddy and
[err] are each nethyl or chlorine, [err] and [err] are each net hyl,
ethyl or trifgonoupnefhyltoadl cdmyorn aamths, preferably 1 to 4 carbon
atoms, particularly preferably methoxy, an alkenyl group of
2 to 10 carbon atoms, preferably 2 to 4 carbon atoms, én
arylalkyl group of 7 to 40 carbon atoms, preferably 7 to 10
10 carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms,
preferably 8 to 12 carbon atéms, or an alkylaryl group of 7
to 40 carbon atoms, preferably 7 to 12 carbon atoms; or R!
and R12 or R!! and R!® may form a ring together with a
carbon atom to which they are bonded.
15 M2 is silicon, germanium or tin, preferably silicon or
germanium,
R? is preferably =CRl1R!2, =SjiR!1R12, =GeR!lR!2, -0O-,
-S-, =S0, =PR!l or =P (QO)R!!,
R® and R® may be the same as or different from each
20 other, and they are the same as Rli.
m and n may be the same as or different from each
other, and are each 0, 1 or 2, preferably 0 or 1, and m+n
is 0, 1 or 2; preferably 0 or 1.
Particularly preferred metallocene compounds
25 satisfying the above conditions are those represented by

the following formulae (i) to (iii).



R12 are the sanme as ones descri bed above. O the conpounds represented by
the formulae (i), (ii) and (iii), the follow ng conpounds are particularly

preferable. 10 rac- Et hyl ene(2-net hyl - 1-i ndenyl )[err]-zirconi um
di chloride, rac-D nethylsilylene(2-methyl-1-indenyl)[err]-zirconium
di chl oride, rac-Dinethylsilylene(2-nmet3®l -1-indenyl)2-zirconi um di net hyl,

rac- Et hyl ene(2- net hyl - 1-i ndenyl )[err]-zirconi um di net hyl ,

rac- Phenyl (net hyl)silyl eng- (2;met hyl - 1-isndenyl )[err]- zigconium di chl oride,
rac- Di phenyl - si | yl ene- ( Rmgth -1-indeﬁy ey -zirconi% D-Mi chl ori de,

33 rac- Met hyl et hyl ene( 2- net T-1 N rconiun1oqa

rac- Di met hyl si |l yl ene( 2- et h) ) i i gitio i
The net al | ocene conpedpde nert iNpNed q@gwr ‘
known processes (see: Japanese Ratent™Lal d- Cprh Publ i a{ion:No 1
268307/ 1992). In the preQentbpﬁVention,sﬁ tmansi tion netal %ﬁﬂﬁbund
(metal | ocene corrpouriq%(ﬁ%ores'eﬁﬁREd by xHhe fp‘l‘k%w’ ng forayl a O R2 [B] is
al so enpl oyabl e. [&FT i R6 L RE R12

‘- e

can\be_gr epared/ by

(1) (i1) (iii)

In the above formulae (i), (ii) and (iii), M! is Z2r or
Hf, R! and R2 are each methyl or chlorine, R3 and R® are

5 each methyl, ethyl or trifluoromethyl, and R®, R%, R!'! and
R12 are the same as ones described above.

Of the compounds represented by the formulae (i), (ii)
and (iii), the following compounds are particularly
preferable.

10 rac—Ethylene(2—methyl-1—indenyl)2-zirconium-
dichloride,
rac—Dimethylsilylene(2—methyl-1—indenyl)2—;irconium
dichloride,

rac-Dimethylsilylene (2-methyl-1-indenyl)-zirconium

15 dimethyl, |
rac—Ethylene(2—methyl-1—indenyl)z—zirconium dimethyl,

rac-Phenyl (methyl) silylene- (2-methyl-l-indenyl) 2-
zirconium dichloride,

rac-Diphenyl-silylene- (2-methyl-1l-indenyl)-zirconium

20 dichloride,



[err] ....[B] Inthe fornula [B], Mis a transition nmetal atomof Goup |IVB
of the periodic table, specifically, titanium 15 zi rconi um or haf ni um
[err]” and [err] are each independently hydrogen, a hal ogen atom a
hydrocarbon group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group
of 1 to 20 carbon atons, a silicon-comd3ining group, an oxygen- containing
group, a 20 sulfur-contalnlng group, a nitrogen- contalnlng group or

phosphor us-cont ai n al:

fluorine, chlorlnekggrgégﬁgleg§§]o |§%fMe HQ}Jl 1%Q%ﬁ PE%##%%ngﬁocarbon

groups of 1 t81%918?58 ?ﬁﬁns i ncl ude al kyl groups, such as nethyl et hyl,

propyl, butyl, hexy cyc exyl, octyl, nonyl, dodecyl, eicosyl, norbornyl

and adamantyl ; al keaw-ngﬁl@ﬂnﬁlsﬁwrereé(zuétwl-i—riheué@\wbzaﬂﬂr@d&imexenyl
aryl al kyl groups, such as benzyl, phenylethyl and phenyl propyl; and aryl
groups, such @sicphemybe.tolyl, dlnethylphenyl tri nmet hyl phenyl , :

et hyl phenyl, propyl phenyl, biphenyl, naphthyl, met hyl napht hyl, ant hracenyl
and phenarfi hryl. 1@he metal Execemé esomgourits helntigenatdedbbydr oaarben gr oups
i nclude those wherein the above-exenplified hydrocarbon groups are
substitut ed werepazedgby aoovient Rxaadleskngiwn pogielsisesn-(sert adapagege oups

i ncl ude
Patent Laid-Open Publication No. 268307/1992).

In the present invention, a transition metal compound
(metallocene compound) represented by the following formula

10 [B] is also employable.

2
X! X
AN
. RP RZ M., g R
R R4
R ' R?
6 8
R Y R ... [B]

In the fnrmula [Bl], M is a transition metal atom of
Grogp IVB of the periodic table, specifically, titanium,
15 zirconium or hafnium.
R! and R2 are each independently hydrogen, a halogen
atom, a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms, é
siiicon—containing group, an.oxygen-containing group, a
20 sulfur-containing group, a nitrogen-containing group or a *
phosphorus-containing group.
Examples of the halogen atoms include fluorine,

chlorine, bromine and iodine.



nonohydr acar bon-substituted silyl groups, such as 15 nethylsilyl and
phenyl silyl; di hydrocarbon-substituted silyl groups, such as dinethylsilyl
and di phenylsilyl; trihydrocarbon-substituted silyl groups, such as
trinmethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl,
triphenylsilyl, dinmethylphenylsilyl, ZZ4 nmethyldiphenylsilyl, tritolylsilyl
and trinaphthylsilyl; silyl ethers of the hydrocarbon-substituted silyls,

such as trinmethylsilyl ether; silicop-substituted alkyl  groups, such as

tri methylsilylneth ﬁ;mgﬁass?fiihﬁhQ¥§%ﬁqﬁr ng§PVPsgP§ubsF°sg€hc on
trinmethylsilyl yl; | es of ..t -C ainin roups

i ncl ude hydrof@ ﬁgr%ﬂﬁ?ég?k%&§yhﬁé%%§¥LS§EChag%ngéﬁgggf §Fﬁ%xy,P€# Xy and
but oxy; arylo ROU uc Iﬁgsﬁox 3 thy y i
dinethylphenoé%tg%d QEEX?ho§§€f%n aﬂy%gFﬁgiy%ggg&ésPeggggfgseh%%ﬁﬂ%hethoxy
and phenyl et hgx¥ooEnaPhRd bahdier il faikerRnt @rBhBQ,QEQFﬁZaEn@iWR

substituents wherein oxygen is replaced with sul fur i

above- exen®l i piregedyYJendCont B e rehydl,0 WIS 1 aExg1PYesupk, t Bech as
ni t rogen-contai ni ng groups 1 nclude am no group; al kylam no groups, such as

met hyl anmi no, themehy| phenplethyel hyndnpheny lirppeay| andnarydi dudybsyi suctand
di cycl ohexyl am no; and arylam no or al kylarylam no 10 groups, such as
phenyl am no, @isphbepkanm holydi tdimethy iphendilnaphrimeiagilnbeant,
nethylphenylagkggipgéggglegrggy{£§;£¥¥seﬂg&g%&ionggLRnglgroups i ncl ude
' ' ' '
methylnaphthyl, anthracenyl and phenanthryl.

10 Examples of the halogenated hydrocarbon groups include
those wherein the above-exemplified hydrocarbon groups are
substituted.with halogen atoms.

Examples of the silicon-containing groups include
monohydrocarbon—substituted silyl groups, such as

15 methylsilyl and phenylsilyl; dihydrocarbon-substituted
silyl groups, such as dimethylsilyl and diphenylsilyl;
trihydrocarbon-substituted silyl groups, such as
trimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl,

20 methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl;
silyl ethers of the hydrocarbon-substituted silyls, such as
trimethylsilyl ether; silicon-substituted alkyl groups,
such as trimethylsilylmethyl; and silicon-substituted aryl
groups, such as trimethylsilylphenyl.

25 Examples of the oxygen-containing groups include

hydroxyl group; alkoxy groups, such as methoxy, ethoxy,

propoxy and butoxy; aryloxy groups, such as phenoxy,



phosphi nq groups, such as di net hyl phosphi no and di phenyl phosphi no. 15

O these, [err] is preferably a hydrocarbon group, particularly preferably
a hydrocarbon group of 1 to 3 carbon atons, i.e., nmethyl, ethyl or propyl.
R2 is preferably hydrogen or a hydrocarbon group, particularly preferably
hydrogen or a hydrocarbon group of 1 t3® 3 carbon 20 atons, i.e., nethyl,
ethyl or propyl. [err] and [err] are each independently hydrogen, a hal ogen

hyar ocar bon oFStnrp By ocs e thyARHRRRRn” o REelEnRl 288" PC

hydr ocar bon groap rogen, the

hydrocar bon géeygaﬁﬁokgfg%paa' ALpHRNIRERABRY Qh@ufhéﬁypé@ﬁ@iyam e.

At | east one pa out pairs of [err] "and"[err]and [err] and [err] and
[err] may form a nBRagYELs Cofri@tdfl fu@dn@@ehiay Yirblipsa €acbedeatomto
whi ch they are bonded. 36 When there are two or nore hydrocarbon groups

or hal ogenat edub¥€i 06anbe i LaHs , odergricupepdtaed whah shoferfom €los i ng
the aromatic ring my be bonded to each other to forma ring. Wen R6is a

substituerf otnbervetbaamphif bedraxgderc-aggmiining gsoppsf.er abl y hydrogen.
Exanpl es of the hal ogen atons, the hydrocarbon groups of 1 to 20 carbon
atoms and t he hal ogsampies hgfir tharkidrqgenneengRining ggovrsbbnchudes are
the sane as those described for RL and R2. 10 - Exanpl es of the
| i gands, whi cAmépat graun; ndhleglamire groups, such as methylamino,
. ' dimephylamino, diethylamino, dipropylamino, dibutylamino

and dicyclohexylamino; and arylamino or alkylarylamino

10 groups, such as phenylamino, diphenylamino, ditolylamino,

dinaphthylamino and methylphenylamino.

Examples of the phosphorus-containing groups include
phosphino groups, such as dimethylphosphino and
diphenylphosphino. |

15 Of these, R! is preferably a hydrocarbon group,
particularly preferably a hydrocarbon group of 1 to 3
carbon atoms, i.e., methyl, ethyl or propyi. R2 is
preferably hydrogen or a hydrocarbon group, particularly
preferably‘hydrogen or a hydrocarbon group of 1 to 3 carbon

20 atoms, i.e., methyl, ethyl or propyl.

R3, RY, RS and R® are each independently hydrogen, a
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon atoms.'
Of these, hydrogen, the hydrocarbon group or the

25 halogenated hydrocarbon group is preferable. At least one
pair out of pairs of R?® and R%Y, RY and R3, and R3 and R® may

form a monocyclic aromatic ring together with a carbon atom

to which they are bonded.



aromatic.ring formed by at |east one pair of R3 and R4, R4 and [err] and
[err] and [err] and which is coordinated to M include the follow ng ones.
(1) - [err] (2) 15 (3) o
these, the ligand represented by the fornmula (1) is preferable. The
aromatic ring may be substituted wth aGhal ogen atom a hydrocarbon group
of 1 to 20 carbon atons or a 20 hal ogenated hydrocarbon group of 1 to 20

b t . Ex f, hal t d b f 1t
S oo bon A o i, Unehid 18 SH8T0 8! A0Bs G SIS 8PP 0o °
b t
fﬁLSZ”dZ‘sﬁffbé?%ﬁer%%ﬁ*&z%ﬁ%%%sa?@u%ea%@% @%ee%aeﬁ% %‘5@ 2
hydrogen, a ha¢Q9efbinind He %remget@g%mﬁga PUR %rﬂdéoot%oe%%beehé a

hal ogenat ed hydr ocar bon “group of on atoms, an oxygen-con alnlng

group or a sulfaIreaentainicgg JwakR. REETY ek ikhenhabeaen #heRSynd he
hydr ocarbon groups of 1 to 20 carbon atoms, the hal ogenated hydrocarbon

groups 10 Sof drdmat2® cado@) atods ﬁﬁdféfﬁbn%ﬁg&ﬂxgﬂﬂialnlng groups are the
sane as those described for [err] and [err]. Exanples of the

sul fur-contai ni ng @Fxamplesnolfutibet helsger arauns tdee dasirodastiohoyrpaps] and
[err]; sulfonato groups, such as nethylsul fonato,
trifl uoronethaﬁ%ékann%&(9arb0n atoms and the halogenated hydrocarbon
groups of 1 to 20 carbon atoms are the same as those
described for R! and R2.
10 Examples of the ligands, which contain a monoéyclic
aromatic ring formed by at least one pair of R3 and R4, R4

and R3, and R5 and R® and which is coordinated to M, include

the following ones.

o e,

(1) Y

(J o
15 3

Of these, the ligand represented by the formula (1) is
preferable.
The aromatic ring may be substituted with a halogen
atom, a hydrocarbon group of 1 to 20 carbon atoms or a
20 halogenated hydrocarbon group of 1 to 20 carbon atoms.
Examples of the halogen atoms, the hydrocarbon groups

of 1 to 20 carbon atoms and the halogenated hydrocarbon



15 phenyl sul fonat o, benzyl sul fonato, p-tol uenesul fonato,

tri met hyl benzenesul fonato, triisobutyl benzenesul fonato, p-

chl orobenzenesul f onat o and pent af | uor obenzenesul fonato; and sul finato
groups, such as nethyl sul finato, phenylsulfinato, benzyl sul finato,
p-toluenesul finato, 20 trinethylbenzegesul finato and

pent af | uor obenzenesul finato. Y is a dival ent hydrocarbon group of 1 to 20

carbon atons, a divaI%pt halggenated hgdrocarq%$vggou of 1 to 20 carhon
atons, a di val%RuRs 9fcdntOokPafArRgngRbops Bs e MR HRPESn LA ni ng
group, a divalent .tin- .25 _.containj roup, - - 4£;-, -SO . [err]
[err] or [err]*H& RETEL irénﬁyar‘rSgéﬁ,g g“ﬂ%l%ﬁe%%ﬁ%%%%f o ERFLEN gr oup
of 1 to 20 caQREQE@tOWB 38 or a hal ogenat ed hydrocarbon group of 1 to 20
carbon atons). anpl es of the dival ent hydrocarbon groups of 1 to 20

carbon atons includa ghﬁy%€ﬂ§féﬂ | ngfﬁ%%@f@%ﬁngcFgﬁgggﬁés-a haloge

di net hyl net hyl ene, 1, 2-ethyl ene, trimethyl ene,

1,4-tetramgt e, al naeteaebexybesspadd 1. do C¥e! &NBoH et¥msand
aryl al kyl ene groups, such as di phényl net hyl ene and di phenyl - 1, 2- et hyl ene.

Exanpl es of thmaldigalated hyldegeasbed §ydiupcaf boned R0 garteh iatomsge ahhose
wherei n the above-exenplified dival ent hydrocarbon groups of 1 to 20 carbon

atons are hal cgeygretborsiadiniayg gltbopooet Aysehfur fo@and iesimef dgrempdi val ent
si licon-contai ning groups
- EBxamples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms, the halogenated hydrocarbon groups

10 of 1 to 20 carbon atoms.and the oxygen¥containing groups
are the same aé those described for R! and R2.

Examples of the sulfur-containing groups include the
same groups as described for R! and R2; sulfonato groups,
such as methylsulfonato, trifluoromethanesulfonato,

15 bhenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-
chlorobenzenesulfonato and pentafluorobenzenesulfonato; and
sul:inato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinatp, p—toluenesulfinatq,

20 trimethylbenzenesulfinato and pentafluorcbenzenesulfinato.

Y is a divalent hydrobarbon group of 1 to 20 carbon
atoms, a diyalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-

25 containing group, -0-, -CO-, =-S-, -SO-, =-SO,—, -NR7-,
-P(R7) -, -P(0) (R7)-, -BR7- or -AlR’- (the R’ is hydrogen, a

halogen atom, a hydrocarbon group of 1 to 20_carbon atoms



i ncl ude al kyl silylene, alkylarylsilylene and arylsilylene 15 groups, such
as nethyl silylene, dinethylsilylene, diethylsilylene, di(n-propyl)silylene,
di (i - propyl)silylene, di(cyclohexyl)silylene, nethylphenylsilylene,

di phenyl silylene, di(p-tolyl)silylene and di (p-chl orophenyl)silyl ene; and
al kyl di silylene, 20 alkylaryldisilyle® and aryldisilylene groups, such as
tetranethyl -1, 2-disilylene and tetraphenyl -1, 2-disilyl ene. Exanples of the

di val ent gernmani um containjn roups. i.ncl hose rghn.sidicon is
Fepl aced w t h 2GerBATIHEPAE ERe it A L ST iy S 2 oBbbb
siIiconﬁcontakgb%g)groups. 25 Exanpl es of the dival ent

tin-containing groups include those wherein siliconis replaced with tinin

the above- exenpli gkadpde¥abeninsi &i v fOHAIrYcaGbehodRsups o891 Rio o t he
sane hal ogen atom hydrocarbon group of 1 to 20 carbon atons or hal ogenat ed

hydr ocar bon greaspodf atome 20cCasdonlial e agrclgsyg! isheth her mBdhplef®, O the
above groups, preferable are divalent silicon- 5 containing groups,

di val ent g8&r nmatiméthgdmethylegegr Dupse el ehieyaldmethiyl-2eBt-at hy hgngr oup, and
nore preferable are divalent silicon-containing groups. Anong them

particul arly pr,&-¢rdmethglenal k¥ 4+tet mameetgndigpe, Al Rykacybbekylene apdups
and aryl silylene groups. 10 Li sted bel ow are exanpl es of the
transition netlald-cyedobedyleapr eavdt 2y A HE O GRAURS) BUch as

diphenylmethylene and diphenyl-1,2-ethylene.
Examples of the divalent halogenated hydrocarbon
10. groups include those wherein the above-exemplified divalent
hydrocarbon groups of 1 to 20 carbon'atoms are halogenated,
such as chloromethylene.
Examples_of the divalent silicon-containing groups
include alkylsilylene, alkylarylsilylene and arylsilylene
15 groups, such as methylsilylene, dimethylsilylene,
diethylsilylene, di (n-propyl)silylene, di(i-
propyl)silylene, di(cyclohexyl)silylene,
methylphenylsilylene, diphenylsilylene,-di(p—tolyl)silylene
and di(p-chloroéhenyl)silylene; and alkyldisilylene,
20 alkylaryldisilylene and aryldisilylene groups, such as
tetramethyl-1,2-disilylene and tetraphenyl—l,2-disilylene.
Examples of the divalent germanium-containing groups
include those wherein silicon is replaced with germanium in-
the above-exemplified divalent silicon-containing groups.
25 Examples of the divalent tin-containing groups include
those wherein silicon is replaced with tin in the above- |

exemplified divalent silicon-containing groups.



40 [err] Jerr] [err] [err] [err] '[err] [err] [err] [err]

Y [err] [err] MH- H H H H H H H - S Me2
[err] Q1 Zr CH3 H H H H H H H SiMe2 CL Cl
Zr CH3 H H H H H H H SivePh Cl1 C1 Zr CH3 H
H H H H H H Si Ph2 3’ a Zr CH3 H H H H
H H H Si (pMePh)2C1 CH3 H H H H H

[Z?‘rg{% a H Zr CR8 1s {{1 I—f%ﬁ—i h«ﬂo&e‘ﬂ ddont! n R//ggocagson HW% ]CIC-EBP Cl
H H H Hzo Har]cohI atoms oPMEPogeddted Hydrocdrbdi grouf of I to b H
H H H Sive2  Br  Br czr B H H CHTHE R BT H

SiMe2 A [ekchkbodr a@bﬁs as Hie'scﬂbed Hor |'ﬂt1 Br RH. H . Sivez d
[err] Zr CH3 H H H H Si Me2 d d Ti
CH3 H H Hof HheHabbive gi'bups, preﬁn‘&ﬂe &k dl@hlentHE:L[LQébﬂl— H
H H H H H H Si Me2 d d Zr nC3H7 H H
H H HS contas$nibg gr@ips, Giivalént [gemjaniud-contdainibg gHoup’s &dhd H
Si Me2 d d Zr CH3 [err] H H H H H H Si Me2

a d Zr d@f»@lennzetlip coptaining ¢roup, aad moge preferpbie]ared O

Zr [err] [ead] err] H H H H Si Me2 d d Zr
CH3 H 1valﬂnt pillp.icon]:pontqnlng JEqURs> Among ghem, 7y [err] H
CH3 H Zr [err] H [err] H

H H 2
H H H H partlcuéiaﬁég prgeralg/:fe arlea]dggsny}]*ene[g,rp}xps,H H H H

H Si Me ..., Zr [err H H H
Si Me2 o élkygazylsn.lylene éroulls anci_| aryls:.ly?épfle groups.
10 Listed below are examples of the transition metal

compounds represented by the formula [B].



[err] H Jerr] CH3 H H H H Si Me2 d d Zr [err]

H [err] [err] H H H, [err] [err] d d Zr [err] H H

H H H H [err] [err] d d Zr *1: [err] and [err] are bonded
to each other to forma five- nenbered ring. Me: nethyl; Et: ethyl;

Ph: phenyl . 41 [err] [err] H H 40H H H H H H [err]
[err] H H H H H H H [err] AdZr [err] H*' H

H H H H H [err] AdZr [erlr] Qerr] H go H H H
-H H J[err] Q4 d Zr [ergp H [eX] X H H H

rr

[err] 4 O Zr [err] H pigenr]
[err] H [err] [err] [er
[err] CH3 'H H [err]
and [err] are bonded to edgt

o
@ 5 [err] A O Zr
fr CH3 H [err]
e ~and,herr] and [err]

respectively. Me: nethylR (] [err]
RS Y

Rl R2 RS R6 RrR8 RY R10 Rl1 Y x1 X2 M

H H H H H H H H SiMe, Cl1. Cl Zr
CHs H H H H H H H SiMe, Cl1 cC1 Zr
CH3 H H H H H H H SiMePh Cl Cl Zr
CH3 H H H H H H H Siph, Cl1 1 Zr
CH3 H H H H H H H Si(pMePh)> C1 Cl Zr
CHj H H H H H H H Si(pClPh)2 Cl Cl Zr
CH3 H H H H H H H C2Hq cl cC1 Zr
CH3 H H H H H H H GeMe; Cl Cl zZr
CHy H H H H H H H SnMe; .C1 Cl  2r
CH3 H H H H H H H SiMez Br Br zr
CH3 H H H H H H H SiMe; Cl OSOCH3 Zr
CHj H H H H H H H SiMep Cl SO0zCH3 2r
CH3 H H H H H H H SiMe; Cl Cl Ti
‘CH3 H H H H H H H SiMe, Cl Cl Hf
CsHs H H H H H H H SiMe, €1 cC1 Zr
nC3H7 H H H H H H H SiMe, Cl1 Cl Zr
C¢Hs H H H H H H H SiMe, Cl Cl Zr
CH; CH3 H H H H H H SiMe Cl Cl  2r
CH; CH3 H H H H H H Siph Cl1 Cl Zr
CH3 CH3 CH3 H H H H H SiMe, Cl1 ~C1 Zr
CHj H Cl H H H H H SiMe> Cl Cl Zr
CH3 H CH3 H H H H H SiMes Cl Cl Zr
CH3 H CHs H H H H H SiMe; C1 Cl Zr
CH3 H CegHs H H H H H SiMesp Cl Cl Zr
CHs H H CH3 H H H H SiMe, Cl1 Cl Zr
CH3 H CH3 CH3 H H H H SiMej Cl Cl 2r
CHj3 H CHp*l CH3 H H H CHp*! SiMejp Cl Cl Zr
CHs H H H H H H CgHs SiMe, Cl1 C1 Zr

*1: RS and R!l are bonded to each other to form a five-
membered ring.
S Me: methyl; Et: ethyl; Ph: phenyl.



H H H H [err] A C1L Zr H [err] H H [err] d Cl1 Zr H CH3 H
[err] [err] d d Zr H CH3 CH3 CH3 [err] O d Zr [err] H H J[err] d
C zr [err] [err] H [err] [err] A d Zr [err] CH3 [err] Me: nethyl.

43 Also enployable in the invention are transition netal conpounds wherein
zirconiumis replaced with titani um-orthafniumin the above-nentioned
conpounds. A racemc nodification of the transition netal 5 conpound is
generally used as the ol efin polyneri zgti opz2cat al yst conponent, but R type
or Stype is also enployable. The indene gerivative |ligands of the
transition metal conpounds can be synthe#i zed i g2accRt dage with ordi nary

10 organi ¢ synthesis thrbugR3 f & ex I thq reafctiop routge described
bel ow. 44 [err] or Hérj . R
O " RL- .
R6 RIS
Rl R2 RrR3 R6 R12 R13 Rr1l4 R1S Y X1 x2 M

Rl4

H H H H H H H H SiMe; Cl Cl 2r
CH3 H H H H H H H SiMes Cl Cl 2r
CHs3 H H H H H H H SiPhy Cl Cl Zr
CH3 CH3 H H H H H H SiMez Cl Cl 2r
CH3 H CHj H H H H H SiMey Cl Cl 2r
CH3 H CH3 CH3 H H, H H SiMe; Cl Cl Zr
CH3 H CH2*2 CH»*? CH2*2 H H CH»*2 SiMey Cl Cl 2r
CH3; H CH3 CH3 CH3 H H CH3 SiMez Cl Cl Zr

*2: R3 and R!2, and R® and R!5 are bonded to each other to
form a five-membered ring, respectively.
S Me: methyl; Ph: phenyl



n-butyl lithium[err] A B and D represent hal ogen atons. 45 The
transition netal conpounds enployable in the invention can be synthesized
from't hese i ndene derivatives in accordance with conventionally known
processes, for exanple, a process described in Japanese Patent Laid-Qpen 5
Publ i cati on No. 268307/1992. In the pﬁgéent invention, a transition netal

- conmpound (netall ocene conpound) represented by the followng formula [C] is
al so enpl oyable. [err] 10 1 2 . C
[C] Inthe formula [C], M Rl, R2, R3, éq,,%é‘and R6 are the sane as those
in the aforesaid fornmula [B]. Among R3, R#_R5 apd R8 two groups including
[err] are preferably al kyl grou A P
or R3 and R6 are al kyl groups.
or tertiary al kyl groups, and
sil i con-containing groups.
20 contai ni ng groups incluI
and [err]. O the groups inf

g Stbs & i th hal ogen atons or
e hal gg€én 3 By and the silicon-
i : escribed for [err]

H H H H SiMez Cl Cl Zr
SiMez Cl Cl Zr
CH3 H CH3 SiMep Cl Cl Zr

H CH3 CH3 CH3 SiMez Cl Cl Zr
CH3 CH3 H H SiMez Cl Cl 2r
CH3 CH3 H CH3 SiMez Cl Cl Zr
CH3; CH3 CH3 CH3 SiMez Cl Cl Zr

o
Q
a5}
w
o o
fa o

Me: methyl.



46 Exanpl.es of the al kyl groups (the hydrocarbon groups of 1 to 20 carbon
atons) include chain alkyl groups and cyclic al kyl groups, such as nethyl,
et hyl’, n-propyl, i- propyl, n-butyl, i-butyl, sec-butyl, tert-butyl,
pentyl, 5 hexyl, cyclohexyl, heptyl, octyl, nonyl, dodecyl, eicosyl,
norbornyl and adamantyl; and aryl al kyl43roups, such as benzyl, phenylethyl,
phenyl propyl and tol yl nethyl. These groups nmay contain a double bond or a

triple bond. Two gmgaseﬁﬁi@ﬁsﬂefmm_r%%,lr%nt%nara@eR@r%Bw@oﬂom pended
to each other to forma nonocyclic or polycyclic ring other than t%

aronmati c ri ngcohpaopieswhéréhe bﬁ&é&ﬁﬁhmﬂﬁﬁﬂ&éylacb@ew&@ﬂEt&Eahh@ﬁeor
described for [err] and [err]. X1, X2, Y and R7 are the sane as those in
t he af or esai dha¥niufmoinuthe | povetmdradi dreddwcmpeuexdanpl es of the

nmet al | ocene conpounds (transition netal conpounds) represented by the
formula [C]. rac- DRAneahense| poadngidatsion piithet lydansit20n metal

i ndenyl ) zi f coni um di chl ori de, rac-Di nmethylsilylene-bis(2,4,7-trimethyl-I-
i ndenyl ) zi coﬁPGHPHPéhFérgﬁéerﬁk&y[N%ﬁﬁfﬂﬁ5?“%”@%%§M® 9@2ymeslzatnenhy| 1-
|ndenyl)2|rconlun1d|chlor|de

25
r ac- Di nethyIS|PﬁﬁéﬁétngﬁEOBe%ttr??ﬁnﬁnﬂyﬁﬁ At FeryPLziiEc8ASAm di chl ori de,
rac- Di nethyIS|I Iene le(z 4,5, 6-tetranet hyl - 1-

The indene derivative ligands of the transition metal
compounds can be synthesized in accordance with ordinary
10 organic synthesis through, for example, the reaction route

described below.



i ndenyl ) zi rconi um di chl ori de, 47

rac- Di met hyl si |l yl ene-bis(2, 4,5, 6, 7-pentanet hyl -1- indenyl)zirconium
di chl'ori de, rac-D nethyl silyl ene-bis(2-nmethyl-4-n-propyl -7-nethyl -
1-indenyl)zirconiumdichloride, 5 4

rac- Di met hyl silyl ene-bi s(4-i-propyl-7-nethyl-1- indenyl)zirconium
di chl oride, rac-Di nmethylsilylene-bi s(2-net hyl - 4 i -propyl -7-net hyl -
1-indenyl ) zi rconi um di ch] ori de,

rac- Di met hyl si | yl ene- bi Rt 2- net hyl - 4- |-pr8pyl 6- et hyI RI0 g2

1-i ndenyl ) zi r coni urR%i ch ori de,

.rac-Di net hyl silyl ene- 2- rretﬁgld;ﬁécf(ét_mﬂ 6-+—-pr opy rl%ll ) zi rconi um
di chl ori de, rac-Di%tg ilyl ene- bIS(2 met hyl - 4- i Feg t
1-indenyl ) zirconi um di chi ori de,

rac- Di nmet hyl si |l yl - bi s(213rret hyl - 4, 6- dig{ i -propyl )-1- i ndBﬁyI )2| rconi um
dichl oride, rac-Di nmethylsilykemg= @Rséactfgllmdﬁgz 6-di (i-propyl)-7-

met hyl -1 -i ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl si |yl ene- bi s(2- et hyl - 9,-|-butyl 7-met hyl - 20

1-indenyl ) zirconiumdichl oride, :

- rac- D met hyl si | yl ene- bi s(2- nBr¥yf = éugRt= @ygtyl 7- methyl -1-indenyl)zirconi um
di chl oride, rac-Di nethylsilyl ene bi 5?2 nmet hyl - 4, 6- di (sec- butyl)-1-

i ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl si | yl ene- bi s(2 rretﬁnyl RE-tert-butyl -

R3 R2
R4
n-butyl lithium O@ 1
R
R® Lit
RE

R3 R2 ' R2
4 4
D-Y-D R R
o Y yw
Rs . RS
R5 y R6

A, B and D represent halogen atoms.



met hyl - 1-.i ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl si |l yl ene- bi s(2-net hyl -4-cycl ohexyl -

met hyl -1 -i ndenyl ) zi rconi um di chl ori de, 48

rac- Di met hyl si |l yl ene-bi s(2-net hyl - 4-bepzyl - 7-nmet hyl - 1- i ndenyl ) zi rconi um
di chl oride, rac-D nethylsilylene-bis(Z*methyl - 4- phenyl et hyl -

nmet hyl - 1-i ndenyl ) zi rconium di chl oride, 5

rac- Di net hyl sil yl emhebtsé2s et diylmakal compounds employable in the
phenyl di chl or onet hyl - 7- net hyl - 1-i ndenyl ) zi r coni um di chl ori de,

r ac- Di net hyl sithykehéobi sé2- pet siyhthesidesdt dinarhyheae indene derivatives
met hyl - 1-i ndenyl ) zi rconi um di chl ori de, 10

r ac- Di nethy|sppyp§§@rgaggg wpthy¢omuentlonally known processes, for

trinmethylsilyl nethyl-7-nethy I-I-|ndeny1g2|rconlun1d|chlor|de

r ac- Di nethylsﬁF?WEﬁGJstP?9ﬁ§§ﬁy¢eﬁgrlb d in Japanese Patent Laid- Open
trimethyl si on I-7 net hy )zirconium 15 dichloride,
rac-Dieth EFQFZNﬁet%9§3QfF1%¥ pyl - 7-nmet hyl - 1-i ndenyl ) zi r coni um

di chl ori de, rac D " ﬁfé?%h Lfﬁﬁkﬁkﬁéﬁzrgﬂégﬁnéﬁtlo%r%£¥al compound

met hyl - 1- |ndenyI)Z|Pc
rac-Di (n- b“ty'%%§%¥h%B%nQ'8é&gﬁ§38yd%épfeégﬁﬁéd'ﬁ§ the following formula

nmet hyl - 1- |nde Zi rcont um

rac-Di (cycl ohggjl higl latkenem Bigﬁgbﬁgghyl-4-i-propyl-
met hyl - 1-i ndenyl’) zi r coni um di chl oride,

2

x! X
AN

RR R2 M r2 R?

R* %l Rl\@ R4

RS
10 R® gs Y R ... [C]
In the formula [C], M, R!, R2, R3, R4, RS and RS are
the same as those in the aforesaid formula [B].
‘Among R3, R¢, RS and RS, two groups.including R3 are
15 preferably alkyl groups, and it is more preferred that R3
and R5, or R3 and R® are alkyl groups. These alkyl groups
are preferably secondary or tertiary alkyl groups, and they
may be substituted with halogen atoms or silicon-containing
groups. Exampies of the halogen atoms and the silicon-
20 containing groups include the same substituents as
described for R! and R2. |
Of the groups indicated by R3, R%, R5 and R%, groups

other than the alkyl groups are each preferably hydrogen.



rac- Met hyl phenyl si |l yl ene-bi s(2-net hyl -4-i-propyl -7- 25

nmet hyl - 1-i ndenyl ) zi rconi um di chl ori de,

rac- Di phenyl si |yl ene-bi s(2- et hyl - 4- i -propyl - 7-nmethyl - 1-indenyl) zirconi um
di chl ori de, 49 rac-Di phenyl silyl ene-bi s(2-nmet hyl -4, 6-di (i-propyl)-1-

i ndenyl ) zi r coni um di chl ori de, 46

rac-Di (p-tolyl)silyl ene-bis(2-nethyl-4-i-propyl-

met hyl - | -.i. ndenyl ) zj r 1 the hvd b
rac- Di (p- chIoropheE% ﬁéigylengh%?éigs%e?ﬁoﬁPs-ﬁ- © fycrocarbon groups

propyl - 7- met hyle- 1- £ dePYLEA Zbdi Ot 38 diigR1@bled@hain alkyl groups and
rac- Di net hyl silyl ene-bi s(2-nethyl-4-i-propyl-7-nethyl- 1-indenyl)zirconi um

di bromi de, ragybiABt QYk§l|§f&EtﬁsP|§1&riﬂ%t|ﬁ1)é|th9-1| peEBpY| - d-peépyl; 10

1- |ndenyl)2|rcon|un1d|nethy :

rac- Di met hyl sphpbene- A-B(Ry Ipt inkbutdrli - peeplutyinetbyt - bﬁtyhdepgmﬁglxconlun1
nmet hyl chl ori de, rac-Di nethyl silyl ene-bis(2-nethyl-4-i-propyl-7-nethyl-

1-i ndenyl )&i r teryum byslob¢kpheshegtyrlat @ctyl, nonyl, dodecyl, eicosyl,

rac- Di met hyl si |l yl ene-bi s(2-nethyl -4-i-propyl -7-met hyl -

1-i ndenyl ) zi r@ombgwnmﬂsepdpmmwlm e prylalkyl groupsr such as

rac- Di net hyl sil yl ene-bi s(2-neth net_hyl - 4- |-pro€

6- met hyl - 1- |n@@ﬁ?V}Z|PBSHY&%?HWghIRﬂQQ¥§PrOPYl and tolylmethyl. These

rac- Di met hyl si | yl ene-bi s(2-ethyl-4-i-propyl -6- net -
1-i ndenyl ) zi r 85RMEM HF&h&B‘PFﬂ %rféf’urpl Bord” oF rlP-ZLe bond.

rac: D et hylstlyl eqgePy2bes BNs0ydaded “AlcaPRs; OrIPIY lang! REMgHYbd 21 M cont um

10 Dbonded to each other to form a monocyclic or polycyclic

ring other than the aromatic ring.
Examples of the halogen atoms are the same as those
describéd for R! and R2.
X!, X2, Y and R? are the same as those in the aforesaid
15 formula [B].
Listed below are examples of the metallocene compounds
(transition metal compounds) represented by the formula
(cl.
rac—Dimeﬁhylsilylene—bis(4,7—dimethyl—1—
20 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2,4, 7-trimethyl-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2,4, 6-trimethyl-1-
indenyl) zirconium dichloride,
25 rac-Dimethylsilylene-bis (2,5, 6-trimethyl-1-
indényl)zirconium dichloride,
rac-Dimethylsilylene-bis(2,4,5,6-tetramethyl-1-

indenyl) zirconium dichloride,



Al so enpl.oyable in the invention are transition netal conpounds wherein
zirconiumis replaced with titaniumor 25 hafniumin the
above-exenplified conmpounds. A racem c nodification of the transition netal
conpound is generally used, but Rtype,or S type is also enployable. 50
The i ndene derivative |igands of the t%gnsition met al compounds can be
synt hesi zed in accordance with ordinary organi c synthesis through, for
exanpl e, the react rag-Dantehpl evl plshg-lulies (2 i He5.6,5 -pentamethglt-iansi tion
met al compounds (netal |l ocene conpounds) represented by the formula [C] can
be synt hesi zed ndeomlt Régeonnusnadideléxidévyes in accordance with
conventi.onal Iy known processes, for exanple, a process described in
Japanese Patent Lair@copamephplpthyleomenpls tbgmrivigdo-n—propyl-7-mefhyhs
nmet al | ocene compounds nentioned above, conpounds represented by the
fol I owi ng for fTiRgengliz izRanfunfighkonides cul arly preferably enpl oyed.

{he compounds T opr SAETPAReEFVLRSLY HoNaTHL - ToP i TR A ocone.
COmpounS ¢ SP SRR AR OB fghBag) e el uded 1 the compounds
rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
1—indenyl)zifconium dichloride,
rac—Dimethylsilylene—bis(2—methyl-4—i—propyl—6—methyl-
10 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-methyl-6-i-propyl-
l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-5-methyl-
l-indenyl) zirconium dichloride, |
15 rac-Dimethylsilyl-bis (2-methyl-4, 6-di (i-propyl) -1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(Z—methyl;4,6—di(i—propyl)—7—
methyl-1-indenyl) zirconium dichloride,
rac-Dimethylsilylene—bis(2-methyl—4—i—butyl—7—methyl-
20 1—indenyl)zirconium.dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-sec-butyl-7-
methyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene—bis(2-methyl—4,6—di(sec—butyl)-1-'
indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4-tert-butyl-7-
methyl-1-indenyl)zirconium dichloride,:
rac-Dimethylsilylene-bis (2-methyl-4-cyclohexyl-7-

methyl-l-indenyl)zirconium dichlofideh



In the formula [CGa], Mis a transition netal atomof Goup |IVB of the
periodic table, specifically titanium zirconiumor hafnium preferably
zirconium J[err] and [err] [err] and [err] are each hydrogen, a hal ogen
atom a hydrocarbon group of 1 to 20'q2%bon atons whi ch may be hal ogenat ed,
a silicon-containing group, an oxygen--€ontaining group, a

sul fur-containing group, a nitrogen- 5 containing group or a

phosphor us- cont ai nifag-ghiaephy EXa0pl €se @i (Te-nuthydcar-ben zgledpfethyi-10 20
carbon atons include: al kyl groups, such as nethyl, ethyl, propyl, n-butyl,
i sobutyl, sec-imdenyl)tzdrtohitpl dipehdyideneopentyl, hexyl, 10 cycl ohexyl,
octyl, nonyl, dodecyl, eicosyl, norbornyl and adamantyl; al kenyl groups,
such as vinyl, propaeyDiarthy)shbhbsrenis 6dyrietiinll-4grhepylesbhrh-3as benzyl,
phenyl et hyl and 15 phenyl propyl; and aryl %roqps, such as phenyl, tolyl,
di met hyl phenymethyilrdr ipIdehgAY E 1repnipp 0%y | phenyl , bi phenyl

[err]- or Lerr]-naphthyl, nethyl naphthyl, t hracenyl, phenanthryl,
benzyl phenyl , pyreﬁﬁc,‘%é@@ﬁéﬁﬁﬁh}yge%ﬁé?ﬂa? gwn'ﬁ?t%g"‘l'aceant hryl enyl ,

Subst 11 ut od_ wHIRAYACHGET SKemRE Ry ek ety Lk el e iPom e and
i odi ne, or cwggygETgﬁgdegroups such as trinethylsilyl,
rac-Dimethylsilylene-bis (2-methyl-4-chloromethyl-7-
methyl-1l-indenyl)zirconium dichloride,

10 rac-Dimethylsilylene-bis (2-methyl-4-
trimethylsilylmethyl-7-methyl-1l-indenyl)zirconium
dichloride, ‘

rac-Dimethylsilylene-bis (2-methyl-4-
trimethylsiloxymethyl-7-methyl-1-indenyl) zirconium

15 dichloride, | |

rac-Diethylsilylene-bis(2-methyl-4-i-propyl-7-methyl-
1-indenyl)zirconiﬁm dichloride,
_ rac-Di (i-propyl) silylene-bis (2-methyl-4-i-propyl-7-
_ methyi—l-indenyl)zirconiuﬁ dichloride,
20 . rac-Di(n-butyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl-1-indenyl)zirconium dichloride,
rac-Di (cyclohexyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl-1l-indenyl)zirconium dichloride,
rac-Methylphenylsilylene-bis (2-methyl-4-i-propyl-7-

2S5 methyl-l-indenyl)zirconium dichloride,

rac-Diphenylsilylene-bis(2-methyl-4-i-propyl-7-methyl-

l-indenyl) zirconium dichloride,



triethylsilyl and triphenylsilyl. 25 Exanpl es of the
oxygen-cont ai ni ng groups include hydroxyl group; alkoxy groups, such as

nmet hoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as phenoxy, 52
met hyl phenoxy, di net hyl phenoxy and napht hoxy; and aryl al koxy groups, such
as phenyl met hoxy and phenyl et hoxy. Exanpl es of the sul fur-containing groups
i ncl ude substituents wherein oxygen is replaced with sulfur in the 5
above-exenplified eaggphphenyhsil nie e -tuiss(2 -sadtfhgriatdo 6gddupsprepeh) as-

met hyl sul fonat o, trifluoronethanesul fonato, phenyl sul fonat o,

benzyl sul f onatiodepyidkdeaesimnhotievl ox¥devet hyl benzenesul f onat o,

triisobutyl benzenesul fonato, p- chlorobenzenesul fonato and
pentafluorobenzene§apf8hépo§°£hh)%iﬂylgﬁﬁTb%ﬁﬁafﬂﬁﬁﬁﬂé§ﬁ‘éU€H°H¥1‘7‘

met hyl sul fi nat o, phenyl sul fi nato, benzyl sul finato, p-toluenesulfinato,

tri met hyl benzBREBYLTLRAPECARY) PEREAP D rIUEHATTESUl fi nat 0. Exanpl es of the

Trothylam i, 15 GFAET R RERE RGO OPRO Ry oL A RS LA Rt yi ami no

oD Svel SR 05 nBy SE L RRR, O K Al amiagdiaups, Such as
T e o o seb BRhEERD ol berabospl sy g agotns paekyde 20
hydr ocar bon gqaqueg§&§ggygaﬁiumadigygﬁg@@;bon group of 1 to 3 carbon
Ao, rac-Dimethylsilylene;bis(2—methyl—4—i—propyl—?—methyl—
10 1-indenyl)zirconium dimethyl, |
rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
l-indenyl)zirconium methylchloride,
rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-methyl-
l-indenyl)zirconium-bis (methanesulfonato), |
15 rac-Dimethylsilylene—bis(2—methyl—4—i—propyl-f-methyl—
l-indenyl) zirconium-bis (p-phenylsulfinato),
rac-Dimethylsilylene-bis (2-methyl-3-methyl-4-i-propyl-
6-methyl-l-indenyl) zirconium dichloride,
rac~-Dimethylsilylene-bis (2-ethyl-4-i-propyl-6-methyl-
20 1-indenyl)zirconium dichloride, and
rac-Dimethylsilylene—bis(2-phenyl-4-i—propyl—G—methyl-
l1-indenyl)zirconium dichloridei
| Also embloyable in the invention are transition metal
compounds wherein zirconium is replaced with titanium or
25 hafnium in the above-exemplified compounds.
A racemic modification of the transition metal
compound is generally used, but R type or S type is also

employable.



i.e., metshyl, ethyl or propyl. R12 is preferably hydrogen or a hydrocarbon
group, 25 partlcularly hydr ogen or a hydrocarbon group of 1 to 3 carbon
atons, i.e., nmethyl, ethyl or propyl. [err] and [err] 53 R13 and R14 are
each an al kyl group of 1 to 20 carbon atons, and exanples thereof are the
sane as those described above. R13 issﬁ}eferably a secondary or tertiary

al kyl group. R14 may contain a double bond or a triple bond. 5 X1 and X2

[err] and [err] nayh@elﬁ&&éQi@n%t%edllfﬂ;@haat Ereﬂée@EQnQMn i A e
each hydrogen, a halogen atom a hydrocarbon group of 1 to 20 carbon atons,

a hal ogenat edcbigbaRas bein BOWYrithek iz@d2@ncatberdahedswie ordinary
oxygen-contai ning group 10 or a sulfur-containing group. Exanples of

these groups atrgahbe s@MEh&sid s WRSCIEokedxahpye, trerteandidrerddutay e
each preferably a hal ogen atom or a hydrocarbon group of 1 to 20 carbon-
atons. 15 prevYouslp dks@fiddd.hydrocarbon group of 1 to 20 carbon atons,
a dival ent_ hal ogenat ed hydrocarbon group of 1 to 20 carbon atons, a
di val ent s¥licon- cﬁheatnamgpgquumeuahmowmpenndgeﬁmahahhwcemnenqmnqugsdup, a
di valent tin- containing group -S-, -S0O, Aerr [err]
-P(O [err] &PPFepepte rhy[%ﬂq]fQQ@H@@dHSQeﬁanabﬁaﬁbﬁﬁ et o %F@Wdrocarbon
group of 1 to ﬁo carbqn atons, or a halogenateg gdroc bon group of . .1 to 20
car bon ese indene derivatives in” accordante w1 conventionally
| known processes, for example, a process described in
Japanese Patent Laid-Open Publication No. 268307/1392.
10 Of the metallocene compounds mentioned above,
compounds represented by the following formulas ([C-a] and
[B-a] are particulafly preferably employed. The
metallocene compounds fepresented by the formula [C-a] are
included in the compounds represented by the formula [C],
1S and the metallocene compounds represented by the formula
[B-a] are included in the compounds represented by the

formula [B].

20 R¥ Y R ... [C-a]

In the formula [C-a], M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,

zirconium or hafnium, preferably zirconium.
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atons). Exanpl es of the dival ent hydrocarbon groups of 1 to 20 25 car bon
atons include al kyl ene groups, such as nethyl ene, di nethyl net hyl ene,

1, 2-ethyl ene, dinethyl-1,2-ethylene, 1,3-trinethylene, 1,4-tetranethylene,
1, 2-cycl ohexyl ene and 54 1, 4-cycl ohexyl ene; and aryl al kyl ene groups,
such as di phenyl net hyl ene and di phenyl 31, 2- et hyl ene. Exanpl es of the

di val ent hal ogenat ed hydrocarbon groups include those wherein the

above-exenplified qilya%ﬁgthﬁ gﬁglr QQ%b@d% &p'so?fq%leé%rg/%t(bﬂ{ bgn atons are

hal ogenat ed, such as chl oronet hyl ene. anpf es ent

si |i con- cont ai i HrMRS Jridabude al Kyl 5! ¥hepen A dd ami & IndyerR and
aryl silyl ene groups, such™as nethylsilylene, dinethylsilylene, 10

di ethyl silyl erwaldi;iéﬂktrérd;mél k8ili¥baReontathin®r @eyhp S1dry | ShRyen-
di (cycl ohexyl)silyl ene, methyl phenylsilylene, diphenylsilylene,

di (p-tolyl)silydrareimingy droppehkosapliapytdst byhieneg; grngo al Ky idirsigeyi-,

al kylaryldisilyl and aryldisilyl groups, such as 15

t et r amet hyb- 1, Gndisiniylg ayrdupebraghphybphegudirephyainxangptep .of t he

di val ent gernmani um cont ai ni ng groups include those wherein silicon is
repl aced with ger néigamnlas pﬁétaﬁogﬁdéﬁéﬁpbpﬂi@§0@@$awﬁﬂﬂ to 20 carbon
silicon-containing groups. [err] is the same hydrogen, hal ogen atom

hydr ocar bon 2Rt YrOURNGUERt 0 20 carbon atons or hal ogenated hydrocarbon

roup of 1 to 20 carhon atons as descri bed above. . _
g P afky groups, sucﬁ as metﬁy?, ethyl, propyl, n-butyl,

isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl,
10 cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and
adamantyl; .
alkenyl groups, such as vinyl, propenyl and
cyclohexenyl;
arylalkyl groups, such as benzyl, phenylethyl and
15 phenylpropyl; and
aryl groups, such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, O~ or
B—ngphthyl, methylnaphthyl, anthracenyl, phenanthryl,
benzylphenyl, pyrenyl, acenaphthyl, phenalenyl,
20 aceanthrylenyl, tetrahydronaphthyl, indanyl and biphenylyl.
These hydrocarbon groups may be substituted with
halogen atoms such as fluorine, chlorine, bromine and
iodine, or organosilyl groups such as trimethylsilyl;
. triethylsilyl and triphenylsilyl.
25 Examples of the oxygen-containing groups include
hydroxyl group; alkoxy gfoups, such as methoxy, ethoxy,

propoxy and butoxy; aryloxy groups, such as phenoxy,



O these,- Y is preferably a divalent silicon- containing group or a

di val ent germani um cont ai ni ng group, nore preferably a dival ent
silicon-containing group, 25 particularly preferably an al kyl silylene
group, an al kylarylsilylene group or an arylsilylene group. Listed bel ow
are exanpl es of the netallocene conpounds represented by the formula [Ca].
rac- Di net hyl sil yl ene-'bi s(2, 7-di net hyl -4-et hyl -1- indenyl)zirconium

di chl ori de, r%etﬁ%yrrehaﬁb,%yl yhﬁgsmbyf&?er?o@ rm{dﬂwapﬁmo&wpxhdl-

i ndenyl ) zi rconi um di chl ori de

rac- D met hyl sidryli@n&oliys G2odpd| Metty| ad-phediiyamdthnbxy RAGNBhEAYLEOROY
di chl ori de, racwal metoh)hl(l gl on?e}ne-bi s(a2 7‘i di net hyl - yln butsrlS - y o

i ndenyl ) zi r coni um dixehbaesdef the sulfur-containing groups 1nc1ude

rac- Di net hyl si |l yl ene-bi s(2, 7-di net hyl -4-sec-butyl -1- 10 i ndenyl ) zi rconi um
di chl ori de, rasubBtmtuleyksi Wibeabnbosy@ery-idi mepiylcedt wibbt gulfur in the

I ndenyl ) zi rconi um di chl ori de,

rac- Di net Y| siabpverexempl2f¥edi asygsgn-apnti-aiaving groupsdesylfprateoni um

di chl ori de, rac-D nethyl si.lyl ene-bis(2,7-di nethyl - 4-n- hexxl-l-
,ndeny|)2,r(umqqgﬁgﬁ,cﬁpgp, a8, methylsulfonato, trlfluoromet anesulfonato,

rac- Di nethyIS| | ene- Qi s di net hyl - 4- eéflohex 1- indenyl)zirconi um

di chl ori de, Q§M%§PHngPF9YeH%nBY FOLEONAY Gt Q4UGQGSUlf°nat°r

nEthleyCthe¥4lme QE ékéé& g%é%%fhé%gfggﬁﬁiylbenzenesulfonato, p-

chlorobenzenesulfonato and pentafluorobenzenesulfonato; and

10 sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato.

Examples of the nitrogen-containing groups include
amino group; alkylamino groups, such as methylamino,

15 dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenYlamino, ditolylamino,
dihaphthylamino and methylphenylamino.

Examples of the phosphorus-containing groubs include

20 dimethylphosphino and diphenylphosphino.

Of these, Rl is éreferably a hydrocarbon group,
particularly a,hydrocarbon.group of 1 to 3 carbon atoms,
i.e., methyl, ethyl or propyl.

R12 is preferably hydrogen or a hydrocarbon group,

25 particularly hydrogen or a hydrocarbon group of 1 to 3
carbon atoms, i.e., methyl, ethyl or propyl.

Bl3 and 514



rac- Di net.hyl sil yl ene-bi s(2, 7-di met hyl - 4- phenyl et hyl - 1- i ndenyl ) zi rconi um
di chl oride, rac-D nethylsilylene-bis(2,7-dinethyl -

phenyl di chl or onet hyl - 1-i ndenyl ) zi r coni um di chl ori de, 25

rac- Di met hyl sil yl ene-bi s(2, 7-di met hyl - 4-chl oronet hyl - 1-indenyl) zirconi um
di chl oride, rac-D nethylsilylene-bis(Z3¥-dinethyl-

trinmethylsilylnmethyl-1- indenyl)zirconiun1dich|oride

rac-Di met hyl silylen bIS( {-dinmeth

trimet hyl siloxyneth % 2nd Ry rﬁﬁ? z‘?ar%brﬁ”uﬁll&y&thSPFHeOf 1 to 20 carbon

Di et hyl si Lyl
é?ghljo(ral Fl)g}sl atoms, a’?‘i(?ﬁrﬁ&eﬁ O%Sesqél ;#ege*bl (‘ig‘enggn %;]éqér(?%é“lb%‘%??eo%y -
-i nden zi rconium or '
rac- Di (%-butyﬁﬁ |Fylech I”s §%$e5a Yh I§ic??%?€% ?r %eﬁﬁﬁﬁﬁﬁﬂéﬁg }conlum
Sirgglyf’”ld.en deg%@;fggg%ﬂ@%%:c)g@; xbeaedéhﬁig Bohh 62 e Aigre Hond.
rac- Met hylphegyl ghg ykene- bi s(2, 7- dlnethyl 4-i-propyl- 1-indenyl)zirconium

di chl ori de, rac-Methyl phenyl silyl ene-bi s(2, 7-di net hyl -4-t-butyl -
i ndenyl ) zi r coni um gt chh@rkdeaylbe the same as or different from each
- rac-Di phenyl silyl ene-bi s(2, 7-di methyl -4-t-butyl -1- indenyl)zirconi um
di chl ori de, ramwarphedyhsélghenehpdségsﬂ}cﬁrnaﬂqgen4dtopmopyhygrocarbon
i ndenyl ) zi rconi um di chl ori de,
rac- Di phenyl sidrpugnefbilsEa, ZOdcaebhqlatDmﬁknﬁ -hplogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group
10 or a sulfur-containing group. Examples of these groups are
the same as those described above. X! and X? are each
preferably a halogen atom or a hydrocarbon group of 1 to 20
carbon atoms.
X
15 Y is a divalent hydrocarbon group of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-
contéining group, -0-, -CO-, -S-, -80-, -S0z2-, -NR15-,
20 -p(R'5)-, -P(0) (R!S)-, -BR!S- or -AlR!S- (The R!® is hydrogen,
a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon
atoms) .
Examples of the divalent hydrocarbon groups of 1 to 20
25 carbon atoms include alkylene groups, such as methylene,

dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,

1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and



20 I ndenyl ) zi rconi um di chl ori de, _ _
rac-Di (p-tolyl)silylene-bis(2, 7-dimethyl-4-i-propyl-1- indenyl)zirconium
di chl oride, rac-Di (p-chlorophenyl)silylene-bis(2,7-dinmethyl-4-i-
propyl -1-indenyl ) zirconi umdichloride, 25 _ _ _
rac- D met hyl silyl ene-bis(2-nmethyl-4-i-ggopyl -7-ethyl- 1-indenyl)zirconium
di brom de, rac-Di nethylsilylene-bis(2,3,7-trinethyl-4-ethyl-1-
i ndenyl ) zi rconj um di chloride, 57 _ _
rac- Di net hyl sﬁy‘{ne%ﬁtﬁt’se(’% Al PPF?E?HW@h]S)ﬁl%‘F%p%T‘&iSf! rﬁj’éfﬁylal)szar coni um
di chloride, rag-Di hyl.si l.yl ene-hi s(2. 3, 7-tri et -4-i-propyl -1-
indenyl)zircoﬁ?ﬁéﬁ%ﬁ%ﬁﬁ%ﬁhy Pe5ang agphehyl {,fm%gu@leée. N |
rac- Di met hyl si | yl eng; i , Qe b L - 4-n- - 1- i n i rconi um
dichloride, rac-Di %t 'ﬁ?dﬁsly élfer%é?bgg%g?(é?%-@?fﬁ%&@%c}l-@g@%&%p
1-indeny|)zirq§gg di il Qi dg . _ Fi .
rac- Di nethylsi.yﬁgﬁz-gﬁgfg%%§7?§$iﬁg?ﬁif?4g??tﬁﬁgxq]?xﬁﬂfll led divalent
indenyl)ZiSCCWhYHBdBégﬂdﬂ'?Q%u?s of 1 to 20 carbon atoms are halogenated,
rac-Di met hyl sil'yl ene-bis(2,3, 7-trimethyl-4-n-pentyl-1- indenyl)Zirconium
dichloride, rasudb red fHlsidomeehgibhe(2, 3, 7-trimet hyl - 4-n- hexyl - 1-
i ndenyl ) zi rconi um di chl ori de, 15 . . .
rac- Di met hyl si | yl erSxanips(ed, 3£7thei ditvayént- syTiadrexydnt aliniindegyohpir coni um
dichloride, rac-Dinmethylsilylene-bis(2,3,7-trinethyl-4- .

include alkylsilylene, alkylarylsilylene and arylsilylene

[41]

groups, such as methylsilylene, dimethylsilylene,-
10 diethylsilylene, di(n-propyl)silylene, di(i-
propyl) silylene, di(cyclohexyl)silylene,
methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene
and di (p-chlorophenyl)silylene; and alkyldisilyl,
alkylaryldisilyl and aryldisilyl groups, such as
15 tetramethyl-1,2-disilyl and tetraphenyl-1,2-disilyl.
| Examples of the divalent germanium-containing groups
include those wherein silicon is replaced with germanium in
the -above-exemplified divalent silicon—containing groups.
R15 is the same hydrogen, halogen atom, hydrocarbon
20 group of 1 to 20 carbon atoms or halogenated hydrocarbon
group of 1 to 20 carbon atoms as descriped above.
Of these, Y is preferably a divalent silicon-
- containing group or a divalent germanium-containing group,
more preferably a divalent silicon-containing group,
25 particularly preferably an alkylsilylene group, an
alkylarylsilylene group or an arylsilylene group.
Listed below are examples of.the metallocene compounds

represented by the formula [C-a].



met hyl cycl ohexyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac-Di net hyl silylene-bis(2,3,7-trinmethyl-4- 20

trimethyl silylmethyl-1-indenyl)zirconium dichlori de,

rac- Di net hyl silyl ene-bis(2,3,7-trinethyl-4-

trimethyl sil oxynet hyl - 1-i ndenyl ) zi rcorBm di chl ori de, :
rac-Di net hyl silyl ene-bis(2,3,7-trinethyl-4- phenyl ethyl-1-indenyl)zirconium

di chl ori de, 25 bR DhIPL D UYL NE A A T AR By -4

phenyldichloroneth§ﬁ91-|n en coni um di chl ori

rac- Di met hyl sijhyulbg08) Bii £8n Burk - 41 ENES Pdde 4-

chl or onet hyl - 1-i ndenyl ) zi rconi um di chl ori de, 58 :

rac-Di et hyl silyl engabi-plideBny sl yEéhetn s (2 pr-apvlethy li-ad@rplppgilFTeni um
dichloride, rac-Di (i-propyl)silylene-bis(2,3,7-trinethyl-4-i-

propyl - 1-i ndedyldeaiy§@fird6h dis hd Ot h Tex i de,

rac-Di (n-butyl)silylene-bis(2,3,7-trinmethyl-4-i- propyl-1-indenyl)zirconium
di chl ori de§ rac- D agebdhexil)silylemne-bis (2, B;dinatihydt-Hyli-propyl-1-

propyl - 1-i ndenyl ) zi r coni um di chl ori de,

r ac- Met hyl phenyideinnl) edgcbnsp®, dighlterigdehyl -4-i - 10

propyl - 1-i ndenyl ) zi rconi um di chl ori de, | )

rac- Met hyl phenyl si faceRémBERY2s3lylene iRt $1{4 - - imefRRA 4T BYERY M Zi r coni um
di chl oride, rac-Di phenylsilylene-bjs 2,&,7-trinethyl-4-t-buty|-1-

i ndenyl ) zi r corinRileFiigFPRaum dichloride,

rac-D phenylsilyleq2&9;§ %tﬁyiégi§fgﬁgyﬁi§7§;{ué¥ﬁgfﬁ§l-4-sec4butyl—1-
10 indenyl)zirconium dichloride, .
rac-Dimethylsilylene-bis (2, 7-dimethyl-4-t-butyl-1-
indenyl) zirconium dichloride;
raé-Dimethylsilylene-bis(2,7—dimethyl—4—n—pentyl-1—
indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis (2, 7-dimethyl-4-n-hexyl-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2, 7-dimethyl-4-cyclohexyl-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2, 7-dimethyl-4-
20 methylcyclohexylfl-ihdényl)}zirconium dichloride,
rac—Dimethylsilylene—bis(2,7-dimethyl—4-phenyléthyl—l—
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2, 7-dimethyl-4-
phenyldichloromethyl-l-indenyl) zirconium dichloride,
25 . rac-Dimethylsilylene-bis(2,7-dimethy1-4—chloromethyl-
l-indenyl)zirconium dichloride,
rac—Dimethyléilylene—bis(2,7-dimethyl—4—

trimethylsilylmethyl-l1-indenyl)zirconium dichloride,



I ndenyl ) zi rconi um di chl ori de,

rac- Di phenyl silylene-bis(2,3,7-trinethyl-4-ethyl-1- indenyl)zirconium
dichloride, rac-Di(p-tolyl)silylene-bis (2,3,7-trinethyl-4-i- 20

propyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac- Di (p- chl orophenyl ) sil yl ene-bi s(2, X5G-trimethyl - 4-

| - propyl - 1-i ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl si | yl epgrlaing ofahs “H=dWetdPHv1 -l ndenyl) zi r coni um
di methyl, 25 Ry g'gﬁe ?i?u%’( #@?%%%%’(72- et hyly-ldfq i - proopyl - 7- et hyl -
1-indenyl) zi rG:Q&'rdé'ﬂh@iﬂs'ilbﬁbh@ﬁh?&-l—indenyl.) zirconium dichloride,

rac- Di net hyl si |l yl ene-bi s(2-net hyl -4-i-propyl -7-net hyl -
1-indenyl ) zirconi umaki-pieehhasesyl éeeab 08 (2, 7-dimethyl-4~i~propyl-1-
rac- Di met hyl si |l yl ene-bi s(2-net hyl -4-i-propyl -7-met hyl -
1-i ndenyl) zi r comlenpldizifpophenyd schionade,) ,
rac- Di net hyl si |l yl ene- bi s(2-net hyl - 3- net hyl - 4-i - propyl -
7- met hyl - 19i ndeny| aic-®drinprdpgh) 9ilykendgbis (2, 7-dimethyl-4~i-propyl-
rac- Di met hyl si | yl ene-bi s(2-ethyl -4-i-propyl-7-nethyl- 1-indenyl)zirconium
di chl oride, rac-imidasuryiisiirgpenembfsePL REdRM - 4-i - propyl - 7- net hyl -
1-i ndenyl) zirconiumdichl ori de, i . . .
rac- Di net hyl si | yl eF@GP((B-REEKY SklylepeRis R srdiperhyd -4-1-propyl-1-
1-indeny|)titaq ewngSCQIoride nd lori '
rac- Di net hyl si™ ﬁJé’P( ) §EQPﬂr§’F‘h§fgﬁ-?’fb‘?%py| -7-methyl - 1-indenyl ) haf ni um
dichloride. O thesg, rt.l %; : ere] having a
branched al kyl groas%cs—@gh(rcgg%ﬁ%lr%%ﬁﬂgfe%p Silfﬁr&dr {Hg.&‘é%%?;l L
10 propyl-l-indenyl)zirconium dichloride,
rac-Methylphenylsilylene-bis (2, 7-dimethyl-4-i-propyl-
l-indenyl) zirconium dichloride,
rac-Methylphenylsilylene-bis (2, 7-dimethyl-4-t-butyl-1-
indenyl)zirconium dichloride,
15 rac-Diphenylsilylene-bis (2, 7-dimethyl-4-t-butyl-1-
indenyl)zirconium dichloride,
rac—Diphenylsilylene-bis(2,7—dimethyl—4-i—piopyl—1—
indenyl) zirconium dichloride,
rac-Diphenylsilylene~bis (2, 7-dimethyl-4-ethyl-1-
20 indenyl)zirconium dichloride,
rac-Di (p-tolyl)silylene-bis (2, 7-dimethyl-4-i-propyl-1-
indenyl) zirconium dichloride,
rac-Di (p-chlorophenyl) silylene-bis (2, 7-dimethyl-4-i-~
propyl-l-indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4-i-propyl-7-ethyl-
1—indehyl)zircohium dibromide,

rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4~ethyl~-1-

indenyl) zirconium dichloride,



15 butyl. at the 4-position. In the invention, a racem c nodification of

t he above- nentioned netall ocene conpound is generally used as the olefin
pol yneri zati on catal yst conmponent, but R type or S type is al so enpl oyabl e.
20 The netal | ocene conpounds can be synthesized fromindene
derivatives by known processes, for exafple, a process described in
Japanese Patent Lai d-Open Publication No. 268307/1992. In the present

invention, a conpoynd. peREeREDLEDyP¥neIbis ?‘,93,f'PJtqu‘Me'%%yflo-rf;!IHLBrB?yQ]-l—
whi ch is described in European Pa¥ent No. 549,900 and Canadi an” Pat ent Noi

2,084,017, is jddeayl)efiecahlymeAPERYSFide, 60 [err] [err] [err]
[B-a] In the formula [B-a], Mis a transition netal atom of Goup |IVB of

the periodic tabl eragpeimbthglbylylénatvis (B, ¥ T-aingvhyrl Hafirpopyl-1~
particularly preferably zirconium.- [err] may be the sane as or different
from each ot hémdemyd)aieceadbhmhgitichyenide, hal ogen atom preferably fluorine
or chlorine, an alkyl group of 1 to 10 carbon atons, preferably 1 to 4
carbon at ods, whi clracePimethuleginiene-bi®(2, Juv drimeptlyioh-butyltd-
carbon atons, preferably 6 to 8 carbon atonms, [err] -SR [err]or [err] (The
R is a hal ogedngtedvil) giscepapmydéahnber#@e, an al kyl group of 1 to

rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-sec-butyl-
l-indenyl) zirconium dichloride,
rac—Dimethylsilylene-bis(2,3,7—trimethyl—4—ﬂ—butyl—l—
10 indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2,3,7—trimethyl-4-n—peﬁtyl—1-
indenyl) zirconium dichloride,
rac—Dimethylsilylene-bis(2,3,7—trimethyl-4-n—hexy1—l-
indenyl)zirconium dichloride,
15 rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-cyclohexyl-
l-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-
methylcyclohexyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-

20 trimethylsilylmethyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-
trimethylsiléxymethyl—l-indeﬁyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2,3, 7-trimethyl-4-

phenylethyl-l-indenyl)zirconium dichloride,
25 rac—Dimethylsilylene-bis(2,3,7—trimethyl;4-
phenyldichloromethyl-1-indenyl) zirconium dichloride,
rac-Dimethylsilylene;bis(2,3,7—trimethyl-4-

chloromethyl-l-indenyl)zirconium dichloride,



10 carbon-atons, preferably 1 to 3 carbon atons, or an aryl group of 6 to
10 carbon atons, preferably 6 to 8 carbon 15 atons). R22 to R28 nmay be
the sane as or different fromeach other, and are each the same atom or
group as described for R21, and adjacent two or nore groups out of R22 to
R28 may forman aromatic or aliphatic 58ng together with an atomto 20

whi ch they are bonded. [err] and [err] may be the sane as or different from

each other, and ar efaezemeiﬂs%@cﬁgieaeh@iew,n3,at%ingtrmmnmi-@@ogg,M-group
of 1 to 10 carbon atons, préferably 1 to 3 61 carbon atons, an-al koxy

group of 1 to ifHerarhoniioniwm Biehesably, 1 to 3 carbon atons, an aryl
group of 6 to 10 carbon atons, preferably 6 to 8 carbon atons, an aryl oxy

group of 6 to 10 cardmibiaticpropplebélabéyetoion(B T artrinetaivard ~ian al kenyl
group of 2 to 10 carbon atons, preferably 2 to 4 carbon atons, an aryl al kyl
group of 7 to PRPR¥yDoringdesys) zprepaiabl gighlariide.car bon atons, an
al kyl aryl group of 7 to 40 carbon gtons, Preferabl 7 to 12 caibgn at ons,
or an aryl al kenyl dJraPoN-Putylagitytienn v, pididmaahylrd-i-g to 12
Earbon atons. Z is £5¥19n er&%z%gcgggﬂé &f%ﬁlééﬁgé -0-, -S-, =SO [err],
=C0, [err] or BERY eny ’ |
rac-Di (cyclohexyl)silylene-bis (2, 3, 7-trimethyl-4-i-
propyl-l1-indenyl)zirconium dichloride,
rac~Methylphenylsilylene-bis (2,3, 7-trimethyl-4-i-
10 propyl-l-indenyl)zirconium dichloride,
rac—Methylphenylsilylene-bi§(2,3,7-trimethyl-4-t—
butyl-l-indenyl)zirconium dichloride,
rac-Diphenylsilylene-bis (2,3, 7-trimethyl-4-t-butyl-1-
indenyl) zirconium dichloride,
15 rac-Diphenylsilylene-bis (2,3, 7-trimethyl-4-i-propyl-1-
indenyl) zirconium dichloride,
rac—Diphenylsilylene4bis(2,3,7—trimethyl—4—ethyl-1—
indenyl) zirconium dichloride,
rac-Di(p—tolyl)silylene;bis(Z,3,7—trimethyl—4—i-
20 propyl-l-indenyl)zirconium dichloride,
rac-Di(p-chlorophenyl)silylene—bis(2(3,7-trimethyl—4-
i-propyl-1-indenyl)zirconium dichloride,
rac-Dimethylsilylene—bis(2—methyl—4—i—propyl~7-methyl—.
l-indenyl)zirconium dimethyl,
25 rac-Dimethylsilylene-bis (2-methyl-4-i-propyl~7-methyl-
l-indenyl) zirconium methchhloride,
rac-Dimethylsilylene-bis(2-methyl-4—i-propyl—7-methyl—'

l-indenyl) zirconium-bis (methanesulfonato),



In the above fornulas, [err] and [err] may be the same as or different from
each other and are each hydrogen, a hal ogen atom an alkyl group of 1 to 10
carbon atom 20 preferably 1 to 4 carbon atons, particularly preferably

met hyl, a fluoroal kyl group of 1 to 10 carbon atons, preferably CF3, an

aryl group of 6 to 10 carbon atons, lwiﬁerably 6 to 8 carbon atons, a
fluoroaryl group of 6 to 62 10 carbon atonms, preferably

pent af | uor ophenyl , rag- guﬁ@w gépwla{e-'lbT@(2%&&@@&@-@L9%Fymtetﬁé@my-1 to
4 carbon atons, particularly preferably methoxy, an al kenyl "group of 2 to

10 carbon atOlIS-ﬂ.nﬂéﬁf(Qf@bf&oﬁlﬁ@—Hrl@Qf'kiﬂférﬁil@iﬁfl@ﬁt@)ary| al kyl group of 7
to 40 carbon atons, preferably 7 to 10 carbon atons, an aryl al kenyl group

of 8 to 40 carbon atorPimptkyEsiabylere tmid @ -cmthyl -St-awshydr4ah-pkayplyaryl
group of 7 to 40 carbon atons, preferably 7 to 12 carbon atons. R29 and R30
may form a ri Agmesyglhérindeny ihz aroem twn ichilimilde;hey are bonded. M is
silicon, germaniumor tin. The alkyl group is a straight chain or branched
al kyl gro&%, and t FachBisgehylsbty Qmﬁ#ﬁﬁaTﬁﬁhﬂk§ﬁﬁhmmrpﬁﬁl‘ahmﬁFhMé'

brom ne or iodine, preferably fluorine or chlorine. O the conpounds
of the formul 4 LBIgRY1)rerepRbIB @%%h%?ﬁkﬁ?mmereln Mis zirconium or

AR SR AR A LRGN e G Rl
l-indenyl)zirconium dichloride,
rac—DimethYlsilylene—bis(2-methyl-4—i—propyl-?—methyl—
10 1-indenyl)titanium dichloride, and

‘rac—Dimethylsilylene—bis(2-methyl—4—i—propyl—7—methyl-
l-indenyl)hafnium dichloride.

Of these, particularly preferable are compounds having
a branched alkyl group such as i-propyl, sec-butyl or tert

1S butyl at the 4-position.

In the invention, a racemic modification of the above-
mentioned metallocene compound is generally used as the
olefin polymerizatibn catalyst component, but R type or S
type is also employable.l

_20 The metallocene compounds can be synthesized from
indene derivatives by known processes, for example, a
process described in Japanese Patent Laid-Open Publication
No. 268307/1992.

In the present invention, a compound represented by

25 the following formula [B-a], which is described in European
Patent No. 549,900 and Cénadian Patent No. 2,084,017, is

also preferably employed.



20 ot her, and are each hydrogen or an al kyl group of 1 to 4 carbon atons;
X3 and X4 may be the sane as or different fromeach other, and are each an
al kyl' group of 1 to 3 carbon atons or a hal ogen atom and Z preferably is
[err] 25 [err] 63 [err] is silicon, and [err] and [err] may be the
sane as or different from each other are each an al kyl group of 1 to 4
carbon atomor an aryl group of 6 to 10 carbon atons). Anong such :
conmpounds, nore preferag%@ are thpse 5 erein pMe substituents R22 and R28
are each hydrogen, and 3 to R¥ are h al kyl Joup of 1 to 4 carbon
atons or hydrogen. g2¥l| nnqé”preféraﬁfezgﬁgﬂc Q ngs wherein Mis

zirconium [err] are me R% eadh otRiér a e each an 10 al kyl

N /?V(? any gach hydrogen; [err] to

[err] may be the s D i er gnt L f NOR %

al kyl group of 1t 0 ﬂb [err] and [err] are each
sherr] [errh rRZilicon, and [err] and

[err] may be the saneRas rgdi ffe€ th ‘ ot her and are each an al kyl

group of 1 20 to 4 carbdh atom or“an aryl gR8up of 6 to.10 casban atomns).

group of 1 to 4 carbo

ot heR?” and are each an
chlorine; and Z prefer
Particularly preferable are conmpounds wherein Mis

In the formula {B-a], M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,
S zirconium or hafnium, particularly preferably zirconium.
R?ls may be the same as or different from each other,
and are each hydfogen, a halogen atom, preferably fluorine
or chlorine, an alkyl group of 1 to 16 carbon atoms,
preferably 1 to 4 carbon.atoms, which may be halogenated,
10 an aryl group of 6 to 10 carbon atoms, preferably 6 to 8
carbon atoms, -NR,, -SR, -0SiR3, -SiR3 or -PR, (The R is a
halogen atom, preferably chlorine, an alkyl group of 1 to
10 carbon atoms, preferably 1 to 3 carbon'atoms, or an aryl
group of 6 to 10 carbon atéms, preferably 6 to 8 carbon
15 atoms).
R22 to R28 may be the same as or different from each
other, and are each the same atom or group as described for
R21, and adjacent ﬁwo or more groups out of R22 to R2® may
form an aromatic or aliphatic ring together with an atom to
20 which they are bonded.
X3 and X4 may be the same as or different from each
other, and are each hydrogen, a halogen atom, OH group, an

alkyl group of 1 to 10 carbon atoms, preferably 1 to 3



zirconium [err] are each nethyl; [err] to [err] are each hydrogen; X3 and
X4 are chlorine; and Z preferably is [err] 25 64 (M2 is silicon, and R29
and R30 may be the sane as or different fromeach other and are each nethyl
or phenyl). Listed bel ow are sonme exanples of the conpounds represented by
the fornmula [B-a]. 5 rac- Di met hylsi |l yl ene-bi s(1-(2-nethyl -4, 5-

benzoi ndenyl )} zi rconi um di chl ori de,

rac- Di met hyl si |yl ene-bhis{1-(2- hyl -4, 5-
acenaphthocychééﬁPaag8ﬁyr)§§igg%%¥%ﬁ?%§kﬁﬂ%ﬁi%ﬂ§° 10 carbon atoms,

rac- Di met hyl si LSE £ (213,64 L1 - - i péepyl X} zpr coni um
di chl ori de, rké%?%’?khin%s? |§$€%‘J—’ giﬂsﬁ%'( garﬁeét’#)% g%gég BgeRYEL) 20

benzoi ndenyl ) }zi ni i C j n arvlox
rac-thhyIphe%%f??ﬁy?ggggbig%g?%g?%%¥h§IE%”%kcarbon acoms, an aryloxy
acenapht hocycloepept adi en¥b) 181 £88PbN MDY Prdkdrably 6 to 8 carbon

rac- Met hyl phenyl si |l yl ene-bi s{1- (4, 5- benzoi ndenyl)}zirconi um di chl ori de,
rac- Met hyl phenrylons,yeanaikesafl - §2obp dbfre2 hyd -1) cadienv eitoteny pypferabhiyum
di chl oride, and rac- Met hyl phenyl silyl ene-bis{1-(2,3,6-trimethyl-4,5- 20
benzoi ndenyl ) }Zitrc dnicarbdinc Bt omi dean A spl &by byafsdhup arfe 7cswpddndsrirhar ei n

zirconiumis replaced with titaniumor hafniumin the above-exenplified
atoms, preferably 7 to 10 carbon atoms, an alkylaryl group

of 7 to 40 carbon atoms, preferably 7 to 12 carbon atoms,
or an arylalkenyl group of 8 to 40 carbon atoms, preferably

10 8 to 12 carbon atoms.

Z is
R R® R¥ R® R® R
N P N S
1|{30 11130 Il{so Lso 11\30 Il(so
R R R® R%
B R S
_ :{30 1I{:'.o {130 :{30

15 =BR2%, =AlR?%, -Ge, -Sn-, -O-, -S-, =SO, =SO, =NR2%, =CO,
=PR2% or =p (0O)R29.
In the above formulas, R2% and R30 may be the same as
or different from each other and are each hydrogen, a
halogen atom, an alkyl group of 1 to 10 carbon atom,
20 preferably 1 to 4 carbon atoms, particularly préeferably
methyl, a fluoroalkyl group of 1 to 10 carbon atoms,

preferably CF3, an aryl group of 6 to 10 carbon atoms,

preferably 6 to 8 carbon atoms, a fluoroaryl group of 6 to



conpounds.

In the invention, a racemc nodification of the 25 netall ocene

conpound represented by the fornmula [C-a] or [B-a] is generally used as the
ol efi'n pol ynmeri zation catal yst conponent, but R type or S type is also

enpl oyabl e.

65 The netal | ocene conpounds nenti oned above can be used in

conbi nati on of two or nore kinds. The ©2tall ocene conpound [a] enpl oyabl e
for preparing the |ong-chain branched ethylene/[err]-olefin copolyner

bber 5 that;q ' ' i i s
rubber aty ¢ %ﬂg%@)e/%t%ﬁleng ; g??gféPakS%ré%l:ﬁ#dpﬁern&?ﬁ[ gfg?pksxya

conmpound represente

oW ng e

.- 1] 10 I'n theydpigihach! bb, cbbén dat 6idlSigiere aH1al 1ak@maotaeherp | VB of
the periodic tablé, specifically titanium zirconium or hafnium

particul arly pieiney,aplaytiicueariynprSdsibIpastiedny,] atbalkenyl pebup o8 a
hydrocarbon group of 1 to 6 carbon atons, and exanpl es thereof include

al kyl groups, Zurh 185 caboyl atembyl| praferaply ,2 itoptr agadbonnabomgl, , an

| sobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl and

cycl ohexyl d araryldlawll ggooppsf Futh 48 sariyen atoms,opaeflerapdy 7 to 10y

t hese, preferable are al kyl groups whose carbon bonded to the indenyl group
is primary car¢rRonv@tems, an arylalkenyl group of 8 to 40 carbon atoms,

10

15

20

25

preferably 8 to 12 carbon atoms, or an alkylaryl group of 7
to 40 carbon atoms, preferably 7 to 12 carbon atoms.

R29 and R3° may form a ring together with an atom to
which they are bonded.

MZ is silicon, germanium or tin.

The aikyl grbup is a straight chain or branched alkyl
group, and the halogen (for halogenation) is fluorine,
chlorine, bromine or iodine, preferably fluorine or
chlorine. |

Of the compounds of the formula [B-a], preferable are
those wherein M is zirconium or hafnium; R?ls are the same
as each other, and are each an alkyl group of 1 to 4 carbon
atoms; R22 to R2% may be the same as or different from each
other, and are.each hydrogen or an alkyl group of 1 to 4
carbon atoms; X3 and X? may be the same as or different
from each other, and are each an alkyl group of 1 to 3

carbon atoms or a halogen atom; and Z preferably is

R2 R® R? R
I l | l

I

R0 R R R30



preferabl.e are al kyl groups of 1 to 4 carbon atons, and particularly
preferred are nethyl and ethyl. Substituents [err] and [err] 66 [err]
and [err] may be the sane as or different fromeach other and are each

hydr ogen, a hal ogen atom or the sane h%grocarbon group of 1 to 6 carbon
atons as described for Rl. 5 The®Ral ogen atomis fluorine, chlorine,
brom ne or iodine. Substituent [err] [err] is an aryl group of 6 to 16
carbon atons. @ §s2kYhi8bAYPaRBYRDE asidDRE tidebanithie dahal agegratom a 10
hydr ocarbon group of 1 to 20 carbon atonms or an organosilyl group. Exanples
of the aryl groupFeddi] Wonpkaay othetr Andnapétéydh derdalkeyiagiiduy of 1 _
ant hracenyl, phenanthryl, pyrenyl, acenaphthyl, phenal enyl, aceanthryl enyl,
15 -tetrahydr omaphtdashon ratanylorand birphegybyp.of Gb tdelk, catenylatoms) .
napht hyl , ant hracenyl and phenanthryl are preferable. Exanples of the

hydr ocar bon groups Asiornlg tsmc?0 comploondst omereepréferakle s ithaset s of the
aryl groups include: 20 al kyl groups, sgch as nethyl, ethyl, propyl,
butyl, hexpl, wWerekethe ssOspitugdsgl REYECR are R3gh hsinegeny| aadd
adamant yl ; alﬁggytogagpps, such as V|n¥H,gE£8£eg¥I and

are each an alk 1 to 4 carbon atoms or
hydrogen.
Still more preferable are compounds wherein M is
zirconium; R2ls are the same as each other and are each an
10 alkyl group of 1 to 4 carbon atoms; R22 and R2® are each
hydrogen; R23 to R?7 may be the same as or different from
each other, and are each an alkyl group of 1 to 4 carbon

atoms or hydrogen; X3 and X! are each chlorine; and 2

preferably is

15
R R® RY
I : |
- M%— or ~-C—=-C —,
| - I
R30 R30 R30

-

(M2 is silicon, and R2% and R3° may be the same as or
different from each other and are each an alkyl group of 1
20 to 4 carbon atom or an aryl group of 6 to 10 carbon atoms).
Particularly pfeferable are compounds ‘wherein M is
zirconium; R2ls are each methyl; R22 to R2® are each
hydrogen; X3 and X% are chlorine; and Z preferably is

R29
o
- M%*
|



cycl ohexenyl; 25 aryl al kyl groups, such as benzyl, phenylethyl and
phenyl propyl ; and 67 aryls groups, such as the above-exenplified aryl
groups, tolyl, dinethylphenyl, trinethylphenyl, ethylphenyl, propyl phenyl,
met hyl napht hyl and benzyl phenyl . Exanpl es of the organosilyl groups include
5 trimethylsilyl, triethylsilyl and trbfghenylsilyl. [err] and [err] [err]
and [err] are each hydrogen, a halogen atom a hydrocarbon group of 1 to 20

carbon atons WizC MYy Do ubd (RbCn &igxgggfgsnt?agﬁ%gg-&pm ai ni ng

group or a 10 sulfur-containing group. es o ogen atons and

the hydrocar bei r@e@dps 2:8m! 88cRAFENSS éﬁw%era%atanom@@hgliow- ph¥ayP] €s of
t he oxygen-contai ning groups include hydroxyl group; alkoxy groups, such as

met hoxy, ethoxy, 1%isRedpPB¥YoRNSrduseney ;eadmpidey off @URS cofmpelinds phenoxy,
met hyl phenoxy, di net hyl phenoxy and napht hoxy; and aryl al koxy groups, such
as phenyl met hoepraseénpkanplethexformxbanpl|Eslaf t he sul fur-containi ng groups
I ncl ude substituents wherein oxygen is replaced with sulfur in the 20
above-exendlified eaggbimebhyishinbene dofrst1-sifA-metinyd -4 Sups, such as

met hyl sul fonato, trifluoronethanesul fonato, phenylsulfonato,

benzyl sul f onat®nzgingengedairepniyn di¢hatidesenzenesul fonat o,

triisobutyl benzenesul fonato ?-, )
rac-Dimethylsilylene-bis{1-~ (2-methyl-4, 5-

acenaphthocyclopéntadienyl)}zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2,3, 6-trimethyl-4, 5-
10 Dbenzoindenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1l-(2-methyl-4,5~-
benzoindenyl) }zirconium dichloride,
fac—Methylphenylsilylene-bis{1-(2-methyl—4,5-
acenaphthocyclopentadienyl) }zirconium dichloride,
15 rac-Methylphenylsilylene-bis{1-(4,5-
benzoindenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1-(2, 6-dimethyl-4, 5-
benzoindenyl) }zirconium dichloride, and
rac-Methylphenylsilylene-bis{1-(2,3,6~-trimethyl-4,5-
20 benzoindenyl) }zirconium dichloride.
Also employable are compounds wherein zirconium is
'replaced with titanium or hafnium inhthe above-exemplified
compounds. |
In the invention, a racemic modification of the
25 metallocene compound fepresented by the formula {C-a] or
[B-a] is generally used as the olefin polymerization
catalyst component, but R type or S type is also

employéble.



chl or obenzenesul f onat o and pent af | uor obenzenesul f onat o; and 25 sul finato
groups, such as nethyl sul finato, phenylsulfinato, benzenesul fi nato,
p-tol'uenesul fi nato, trinmethyl benzenesul finato and

pent af | uor obenzenesul fi nat o. 68 O these, [err] and [err] are each
preferably a hal ogen atom or a hydrocagon group of 1 to 20 carbon atons. y
Y is a dival ent hydrocarbon group of 1 to 20 carbon 5 atons, a dival ent

hal ogenat ed hydroc on grgggcgg?éﬁ%ﬂggg &é”*gﬂkfg(gﬁiaﬂ%dﬁ %%hegg BFed-CI}

silicon-cont ai ni ng mani um CO alning g

S, -SO, [ery] c%np[ga athobTBR Rhol 5 MGEQYEMag. hal ogen atom &

hydrocarbon group o carbon atons or a hal ogenated hydrocarbon

group of 110 20 cai0RcRLATB)enEX8BRbEINES (4N il16Y it UK 9aabRANG OUPS

of 1 to 20 carbon atons 1 nclude al kyl ene groups, such as nethyl ene,

di net hyl net hylwere, 1ohg2ctialiyl erapctedeehhyién@/ et i Bire, capd-yimemetiippleene,
1, 4-tetranet hyl ene, 1, 2-cycl ohexyl ene and 1, 4-cycl ohexyl ene; and
aryl al kyl efe giratpds preffeaabdiyphesyl et tiyé etrevendi ahi plsgnyior] eXagplpl, ene.
Exanpl es of the dival ent hal ogenat ed hydrocarbon groups include those
~wherein the abmmpeetmiepivesendedabgnth@0fohyow brarfomuraoddslof 1 to 20
carbon atons are hal ogenated, such as chl oronet hyl ene. Exanpl es of the

di val ent silicon-containing groups

1
X\\ yZ

R?.
R* R?

5
R™ g¢ Y RS ... [IT)

X2

10 |
In the formula [II), M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,
zirconium or hafnium, particularly preferably zirconium.
Substituent R!

15 R! is a hydrocarbon group of 1 to 6 carbon atoms, and
examples thereof include alkyl groups, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, séc—butyl,
tert-butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl;
and alkenyl groups, such as vinyl and propenyl.

20 Of these, preferable are alkyl groups whose carbon
bonded to the indenyl group is primary carbon. More
preferable are alkyl groups of 1 to 4 carbon atoms, and

particularly preferred are methyl and ethyl.
Substituents R2, RY, RS and RS



i nclude al kyl silylene, alkylarylsilylene and aryl silyl ene groups, such as
net hyl silyl ene, dinethylsilylene, 25 diethylsilylene,

di (n-'propyl)silylene, di(i- propyl)silylene, di(cyclohexyl)silylene,

met hyl phenyl si |l yl ene, di phenylsilylene, di(p-tolyl)silylene and

di (p-chl orophenyl)silyl ene; and al kyl do6i | ylI, 69 al kylaryldisilyl and
aryldisilyl groups, such as tetranethyl-1,2-disilyl and

tetraphenyl - 1, 2-di %42%4 ngafm!de%q&a)}h:?ed&?’é’" Q8" Ny FEcppL Al Pg&gt e

groups include those’wherein siliconis replaced wth germaniumin

above- exenpl i fdR4 GrvaleBhaShkbCo8ek ORy@dudl, H HNDgR atomt Be £AEE
hal ogen at om hydrocarbon group of 1 to 20 carbon atons or hal ogenated

hydrocarbon greaie ®lydkocarB6nCgebap &f OB @ss dnstydrbed oalzove. dekcthnee, Y-
is preferably a divalent silicon- 10 contai ning group or a dival ent :

ger mani um contfgnirRdg group, nore preferably a divalent silicon-containing
group, particularly preferably an al kylsilylene group, an al kylarylsilylene
group or ab aryl si ITHeehalggenpatbinstedf bed vimesr echdxarniplegs bobmiihe or

nmet al | ocene conpounds 15 represented by the above fornula [I1].

r ac- Di met hyl siiodiges- bi s(4- phenyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac- Di nethylsiIﬁlene-bis{lé(z-nethyl-4- phenyl i ndenyl )} zirconi um
di chl oride, 2

rac-Dimethylsilyleng bis(2 DRy arous ¢ e Wbt atons.  This
aryl group may be substituted with a halogen atom, a

10 hydrocarbon group of 1 to 20 carbon atomé or an organosilyl
group.

Examples of the aryl groups include phenyl, o-
naphthyl, B-naphthyl, anthracenyl, phenanthryl, pyrenyl,
acenaphthyl, phenalenyl, aceanthrylénYl,

15 tetrahydronaphthyl, indanyl and biphenylyl. Of these,
phenyl, naphthyl, anthracenyl and phenénthryl are
preferable.

~ Examples of the hydrocarbon groups of 1 to 20 carbon
atoms serving as substituents of the aryl groups include:
20 alkyl groups, such as methyl, ethyl, propyl, butyl,
hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,
norbornyl and adamantyl;

alkenyl groups, such as vinyl, propenyl and
cyclohexenyl;

25 arylalkyl groups, su;h as benzyl, phenylethyl and

phenylpropyl; and



i ndeny! ) zi r coni um di chl ori de,
rac- Di net hyl sil yl ene-bi s(2-nethyl-4-([err]-naphthyl)-1- indenyl)zirconium
di chlrori de, rac-Di nethyl silyl ene-bis(2-nmethyl-4-(1-anthracenyl)-1- 25
i ndenyl ) zi rconi um di chl ori de,
rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4- (26Ant hracenyl )-1- i ndenyl)zi rconi um
di chl ori de, 70 rac-Di nmet hyl sil yl ene-bi s(2-net hyl -4-(9-ant hracenyl ) -1-
i ndenyl ) zi rconi um di_chl ori de _ s
rac-Di nethyl silyle éY%Fs?ESHBth?‘Ei@(%S- pthheenaan Vreyle)x-ef‘Plilr%gﬁny%llr coni um
dichloride, 5 P Mgt byl sl i%x&g? bisd szl I HnehyaR- f | uor ophenyl’) -
1-indeny|)zirg%ﬁP ﬁfd%ggyofrge,.ra%-.'ne Hylsilylene-bis anethyl-4-
(pent af | Uorop?é%wlbhéhwd%%ﬁ%ﬁ Um gy Hdf#hyl and benzylphenyl.
rac- Di net hyl si | yFene-bi s{2-net hyl - 4-(p- chl orophenyl )- 10
1-indenyl) zi r coni upxdinphleer béethe organosilyl groups include
rac- Di net hyl si |l yl ene-bi s(2-net hyl -4-(m chl orophenyl )- 1-indenyl)zirconium
di chl ori deS r agikieteifplidivlyl epéebhgl2i el hyid 4fiphenydrsdplyanyl ) - :
1-indenyl ) zirconiumdi chloride, rac-Di nethyl silylene-bis(2-nethyl-4-(o, p-
di chl or ophenyIXt- BadnH&nyl ) zi r coni um di chl ori de,
rac- Di net hyl si |l yl ene-bi s(2-net hyl - 4-( p-bronophen Ii-l- I ndenyl ) zi rconi um
di chl oride, rac-D ¥t BptisKf yarmeasnhs hydregep) - a- %E Pgey| §tam, a
hydrocarbon group of 1 to 20 carbon atoms which may be
substituted with halogen, an oxygen-containing group or a
10 sulfur-containing group. Examples of the halogen atoms and
the hydrocarbon groups are the same as those mentioned
above.
Examples of the oxygen-containing groups include
'hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
15 propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy; and
arylalkoxy groups, such as phenylmethoxy and phenylethoxy.
- Examples of the sulfur-containing groups include
substituents wherein oxygen is replaced with sulfur in the
20 above-exemplified oxygen-containing groups; sulfonato
groups, such as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-
chlorobenzenesulfonato and pentafluorobenzenesulfonato; and
25 sulfinato groups, such as methylsulfinato, phenylsulfinato,

benzenesulfinato, p-toluenesulfinato,

trimethylbenzenesulfinato and pentafluorobenzenesulfinato.



20 indenyl)zirconiumdichloride,

rac-Di net hyl silyl ene-bis(2-nethyl-4-(mtolyl)-1- indenyl)zirconium
di chl’ori de, rac-Di nethylsilylene-bis(2-methyl-4-(o-tolyl)-1-

i ndenyl ) zirconi um di chl ori de, 25

rac- Di met hyl si | yl ene-bi s(2- net hyl - 4- (68" -

di met hyl phenyl ) - 1-i ndenyl ) zi r coni um di chl ori de,

-Di net hyl si |yl - Qi -mpi h -t h #5514 | ) |
Gonoride, - 71 PR TBRRE Tl 1S I Enerh SY3 nE RO o e Srelogd

propyl phenyl)-J-i Q§Q%J i nj i Bl prigle2o carbon atoms.

rac- Di net hyl si yfgn - F%?f?%gtggﬁyg-%g-%éﬂgylphenyl)- 1-i ndenyl ) zi r coni um
dichloride, 5y rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4- ( p- bi phenyl ) - 1-
i ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl silyl ene-ily 3 Ziralbyit- Bydretapbenyddodp didemyl RO ceshbom

di chl oride, rac-D nethylsilylene-bis(2-nmethyl-4-(p- 10

tri met hyl sBl yl stuaghery ldivhlientde hpll pgenasoed unydif etd drardgroup of 1 to 20
rac- Di net hyl silyl ene-bis(2-nethyl-4-(m o

trinet hyl si | yl endpiterations)- andénplprt r 8bhi o IeXMH ¥ Y group, a

rac- Di met hyl si |l yl ene- bi s(2-phenyl - 4-phenyl )-1- indenyl)zirconi um

di chl ori de, 15ivalent germEBnduRyCeNt9ieHBY ISR netdiy —AYhemyry- 150

T ) b coy G PRI Weng ) Rl B0 o MR- (The K is
hydrogen, a halogen atom, a hydrocarbon group of 1 to 20

10 carbon atoms or a halogenated hydrocarbon group of 1 to 20
carbon atoms) .

Examples of the divalent hydrocarbon groups of 1 to 20
carbon atoms include alkylene groups, such as methylene,
dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene,

15 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
1,4-cyclohexylene; and arylalkylene gréups, such as
diphenylmethylene and diphenyl-1l,2-ethylene.

. Examples of the divalent halogenated hydrocarbon
groups include those wherein the above-exemplified divalent

20 hydrocarbon groups of 1 to 20 carbon atoms are halogenated,
such as chloromethylene.

Examples of the divalent silicon~-containing groups
include alkylsilylene, alkylarylsilylene and arylsilylene
groups, such as methylsilylene, dimethylsilylene,

25 diethylsilylene, di(n-propyl)silylene, di(i-
propyl) silylene, di(cyclohexyl)silylene, .
methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene

and di (p-chlorophenyl)silylene; and alkyldisilyl,



I ndenyl )} zirconiumdi chl ori de,

rac-Di (n-butyl)silyl ene-bis(2-nethyl-4-phenyl-1- 20 I ndenyl ) zi rconi um
di chltoride, rac-Di cycl ohexyl silyl ene-bi s(2-nethyl -4-phenyl -1-

i ndenyl ) zi rconi um di chl ori de,
rac-N@thyIphenyIsiIerne-bis(2-nethy|-@9phenyl-1- I ndenyl ) zi rconi um

di chl oride, 25 rac- Di phenyl si |l yl ene- bi s(2-net hyl - 4- phenyl - 1-

|ndeny|)2|rCO@HH?ﬂQﬂ?hHQ%&@?l and aryldisilyl groups, such as

rac-Di (p-tolyl)silyl éne-bis{2-nethyl-4-phenyl-1- indenyl)zirconium
dichloride, tetZam&hbilCR;2hbiosoPPENMQ Sidudaphenyils(1?2ratibyly4- phenyl -
1-indenyl)zirconiumdichloride, rac-Methyl ene-bis(2-nethyl-4-phenyl -1-

i ndenyl ) zi r coni um @ixampaesdef bhe divalent germanium-containing groups

rac- Et hyl ene- bi s(2- met hyl - 4- phenyl - 1-i ndenyl ) zi r coni um di chl ori de,

rac- Di net hyl gemmlugiee those2whetrayh - gi bigory|isl-repldeed withcearuanium in

di chl oride_ rac-Di nethyl st annyl ene-bi s(2-net hyl - 4- phenyl -1- 10
indenyl)zi5comhﬁnaEQMﬂﬂgﬁﬁmEllfa@dtﬂ¥ﬁﬁlﬁnQH3%ﬂkﬁﬂ@ﬂﬁQ§G21HéPHy9rQuBﬁenyI-1-
indenyl)zirconiun1d%b(onide, rac- Di met hyl si |l yl ene- bi s(2-net hyl - 4- phenyl - 1-
i ndenyl ) zi r coni um & mé€hyhe ?%&ﬁ[ﬁ%ﬁQQﬂﬂ:ﬁqgmfeH¥QEP§€§bﬁﬁtﬂ?gua-%ﬁe% Q1.

20 carbon atoms or halogenated hydrocarbon group of 1 to 20
carbon atoms as described above.
Of these, Y is preferably a divalent silicon-

10 containing group or a divalent germanium—cohtaining group,
more preferabiy a divalent silicon-containing group,
particularly preferably an alkylsilylene group, an
a1KYlarylsilylené group or . an arylsilylene group.

ﬁisted below are examples of the metallocene compounds
1S represented by the above formula [II].
rac-Dimethylsilylene-bis (4-phenyl-l1-indenyl)zirconium
dichloride,
. rac-Dimethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dichloride, |
20. rac-Dimethylsilylene~bis (2-methyl-4- (d-naphthyl) -1-
indenyl)zifconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(B-naphthyl)-1-
indenyl) zirconium dichloride,
" rac-Dimethylsilylene-bis (2-methyl-4-~(l-anthracenyl)-1--
25 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(2-anthracenyl)-1-

indenyl)zirconium dichloride,



I ndenyl ) zi rconi um et hyl chl ori de,

rac- Di net hyl si |l yl ene-bi s(2-net hyl -4-phenyl -1- indenyl)zirconium chl oride
[err], rac-Di nethylsilylene-bis(2-nethyl-4-phenyl-1- 20 i ndenyl ) zi rconi um
chloride [err], rac-Di nethylsilyl ene- bls{l (2-ethyl -

phenyl i ndenyl )} zi rconi um di chl ori de, T4k - EmnethyI5|Ierne bi s{1-(2-ethyl -4-
([err]- naphthyl)indenyl)}zirconiumdichloride, 25

rac-Di Wethy|SI|y|eﬁsttbfﬁétﬁéiéﬁﬂuMen%=bh%nQ}meﬂnpmtmyk9+amkﬂﬁddédyHﬂRMN um
di chl oride, rac-D nethylsilyl ene-bis{1l- (2-ethyl-4- (2-nethyl-

napht hyl ) i ndenyddh¢iy £0rd ot chlgiioddde, 73

rac- Di net hyl sil yl ene-bi s(l-(2-ethyl-4-(5- acenaphthyl)lndenyl)}2|rcon|um
di chl ori de, rac- D natHylsedhylenid-Hienetrbiz-(@t-hekthyl 9= (9-phenanthryl) -1~
ant hracenyl )i ndenyl )} zirconi umdichloride, 5

rac- Di net hyl sihgénpg) bis¢dnium etignloride, phenanthryl)|ndenyl)}2|rcon|um
di chl oride;, rac-D nethylsilylene-bis{l-(2-ethyl-4-(o-

met hyl phery| ) i ndenyagiRimediy e i keneoiiigd 2-methyl-4- (p-fluorophenyl) -
rac- Di net hyl si |yl ene-bis{l-(2-eth l_]6§31 10

met hyl pheny! ) RABAGNY } L7 HESHRLHR

ehrorr e rae o e PSRty s R gRgL) ooy 7 eent
(pentafluorophenyl)-1-indenyl)zirconium dichloride,
rachimethylsilylene—bis(2—methyl—4-(p-chlorophenyl)—
10 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(m-chlorophenyl) -
l-indenyl) zirconium dichloridé,
rac-Dimethylsilylene-bis (2-methyl-4-(o-chlorophenyl) -
1—indenyl)zirconium dichloride,
15 rac-Dimethylsilylene-bis (2-methyl-4-(o,p-
| dichlorophenyl)-1-indenyl) zirconium dichloride,
rac—Diméthylsilylene—bis(2—methyl*4—(p—bromophenyl)-1—
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(p-tolyl)-1-
20 indenyl)zirconium dichloride, | .
rac-Dimethylsilylene-bis(2-methyl-4-(m-tolyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(o-tolyl)-1-
indenyl) zirconium dichloride,
25 rac-Dimethylsilylene-bis(2-methyl-4-(o,0'~
dimethylphenyl) -1-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(p-ethylphenyl) -1~

indenyl) zirconium dichloride,



di met hyl phenyl )i ndenyl )} zi rconi um di chl ori de, 15
rac-Di net hyl sil yl ene-bi s{1-(2-ethyl-4-(2, 4-

~di mret hyl phenyl )i ndenyl )) zirconi um di chl ori de,
rac- Di net hyl sil yl ene-bi s{1-(2-ethyl-4-(2,5-

di met hyl phenyl )i ndenyl )} zirconi um di chi bri de,
rac- Di net hyl sil yl ene-bi s(1-(2-ethyl-4-(2,4,6- 20

trimethyl phenyl) i ndgeyblhathg o8l i ehebd of {Llamechy1-a- (p-i- | |
rac- Di net hyl sil yl ene-bi s(1-(2-ethyl-4-(o- chlorophenylflndenyl)}2|rcon|um

di chloride, rarddyIphnks)yl-engeRy 52t fcoreiy ldi4hldride,
chl or ophenyl )i ndenyl)}zirconium dichl oride, 25

rac- Di met hyl sil yl erecbDifdthgiel bylede{pis (rnetdiytiedy (pi-beenylphenyLbni um
di chloride, rac-D nethylsilylene-bis(1l-(2-ethyl-4-(2, 3-

di chl or opheny|)+imdiemyil) k1 rcoohumndilclchd oidele, 74

rac- Di nethélsiIyIene-bis(l-(2-ethy|-4-(2,6- .

di chl or oph2nyl ) i nderg-Pimetbyhsiihy tendtloks thrmethyl-4- (p-biphenyl) -1-

rac- Di met hyl si |yl ene-bi s{1-(2-ethyl-4-(3, 5-

di chl or ophenyl|iidedery iZi)rsopd ymi ditliertdri de, 5

rac- Di met hyl sil yl ene-bi s{l-(2-ethyl-4-(2: henvl )i | _ _
dichlorideY raCYD FEAP™ F%Véﬁé%gLE“%%P{§E%§%§$u§?%§&hﬂg?gﬁehbf5Lfgn'um

br omophenyl )i ndenyl ).}.zi.r coni,um di.chl ori de,
rac- Di et hyl sit %&*@J§P§ffp&§megﬁ§Fi35t 2710 bronophenyl )i ndenyl ) zi r coni um

dichloride, rac-Di mrihy;glhyl,$0¢10180d-625 B3 M erffnAr- o~

10 trimethylsilylenephenyl)-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(m-
trimethylsilylenephenyl) -1-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-phenyl-4-phenyl)-1-
indenyl)zirconium dichloride,
15 rac-Diethylsilylene-bis (2-methyl-4-phenyl)-1-
indenyl)zirconium dichloride,
rac-Di (i-propyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl) }zirconium dichloride,
rac-Di (n-butyl)silylene-bis (2-methyl-4-phenyl-1-
20 indenyl)zirconium dichloride,
rac-Dicyclohexylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Methylphenylsilylene-bis(2—methyl—4—phenyl-1—
indenyl)zirconium dichloride,
25 rac-Diphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac?Di(p—tolyl)silylene—bis(2—methylf4-phenyl-l-

indenyl) zirconium dichloride,



bi phenyl yl )i ndenyl )} zi rconi um di chl ori de,

rac- Di met hyl silyl ene-bis{l-(2-ethyl-4-(4-

trimethyl silyl phenyl)indenyl)}zirconiumdichloride, 15

rac- Di nethylsiIyIene-bis{l-(2-n-propy|7€~ phenyl i ndenyl )} zi r coni um

di chloride, rac-D nethyl'silylene-bis(I~{2-n-propyl-4-([err]-

napht hyl )i ndenyl )} zi rconi um di chl ori de, _

rac- Di met hyl si | yl erachDs{g-¢R1 or@plogw k) i(lydremle~b3@ (2-methyl-4-phenyl-
napht hyl )i ndenyl ) } zi rconi um di chl ori de,

rac- Di net hyl silHindeeyb) g{Fe¢2ium pdibpylotider- net hyl - 1-

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

rac- Di met hyl si | yl ew@cbMsthylene=pisRtnethyy-dapdeayitiRyl )i ndenyl )} zi-r coni um
di chl oride, 25 rac- Di met hyl sil yl ene-bi s{1-(2-n-propyl -4-(9-

ant hr acenyl ) i FASPY)) ZL FEBRAL W A etk ridfe,

L = e 1 P i BTt

phenyl i ndenyl ) }.zi rconi,um.di chl ori de, rac-Di nethylsilyl ene-bis
{1-(2-i-propyﬁﬁfbefgﬁgf! napht hyl )i ndenyl )} zi rconi um di chl oride, 5

-Di net hyl si |yl - bi i e 5451 -4~ -1-
e S

rac- Di et hyl sislgeeRay)bii$£dnt dni apERRYErds (8- et hyl - o-
napht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- D et hyl si | yl engebbshéthgi bt BhRPYénd-dis (2-methyl-4-phenyl-1-
| 10 indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dibromide,
rac-Dimethylsilylene—bis(é—methyl—4-phenyl—1-
indenyl) zirconium dimethyl,
15 -rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium methylchloride,
rac-Dimethylsilylene—bis(2-methyl—4-phenYl—1—
indenyl) zirconium chloride SO;Me,
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-
20 indenyl)zirconium chloride 0SO;Me,
rac-Dimethylsilylene-bis{1-(2-ethyl-4-
" phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{l—(2—e£hyl-4—(a—
naphthyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-ethyl-4- (B-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2-methyl-1-

naphthyl) indenyl) }zirconium dichloride,



10 acenapht hyl )i ndenyl)}zirconiumdichl oride,

rac- Di net hyl sil yl ene-bi s{1-(2-i-propyl-4-(9- anthracenyl)indenyl)}zirconium
di chl'oride, rac-Dinethylsilylene-bis{1-(2-i-propyl-4-(9-

phenant hryl )i ndenyl )} zirconi um di chl or_i_de, 15

rac-Di nethylsiIyIene-bis{l-(z-s—butyljﬁi phenyl i ndenyl )} zi rconi um
dichloride, rac-D nethylsilylene-bis{l-(2-s-butyl-4-(a-

napht hyl) i ndenyl ) } gh&cpivhetif el Sl yfdndebis {1- (2-ethyl-4- (5-
rac-Di net hyl si tyl ene-bi s{1-(2-s-butyl-4-([err]- 20

napht hyl ) i ndeagkhaphtispD) imdetichl jeriird®nium dichloride,

rac- Di net hyl sil yl ene-bi s{1-(2-s-butyl-4-(2-nethyl-1-

napht hyl )i ndenyl ) } zac €bimetrhydi <ihll ydrenge-bis{1- (2-ethyl-4-(9-

rac- Di met hyl sil yl ene-bi s{1-(2-s-butyl-4-(5- acenaphthyl)indenyl)}zirconium
di chl ori de, 25nthracenybbimﬁ¢mannmzinqﬂména-BﬁgbloFngrbutyl 4-(9-

ant hracenyl )i ndenyl ) }zirconi um di chl ori

rac- Di net IS|IyIeﬁéCbP5@%?HZ@%%%ﬂhﬁﬂeﬂ?l@§l BReRBRYAF§T Y9 ndenyl )} zi r coni um
di chl ori de, 76 rac-Di net hyl silyl ene-his{1 yl - 4-
phenyl|ndenylPPEPFEBRF%%%%PQ%hXﬁ%kﬁ%rQQQ}uﬂ Hé%ﬁ}?gggﬁfene bi s
e DB s o LRRElp L RERE R e b or 0 D
dichloride, rag: P IELONY £ | NAGIWDD S.L{r]co(\%.uﬂl Bytkhogibberrl-
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(m-
10 methylphenyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis({1-(2-ethyl-4- (p-
methylphenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(2,3-
dimethylphenyl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(2,4-
dimethylphenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1~-(2-ethyl-4-(2,5-
dimgthylphenyl)indenyl)}zirconiﬁm dichloride,
| rac-Dimethylsilylene-bis(1-(2-ethyl-4-(2,4, 6~
20 trimethylphenyl)indenyl) }zirconium dichloride,
 rac-Dimethylsilylene-bis(l-(2-ethyl-4-(o-
chlorophenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-ethyl-4- (m-
. chlorophenyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-ethyl-4-(p-
chlorophenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(2,3-

dichlorophenyl) indenyl) }zirconium dichloride,



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

rac- Di net hyl sil yl ene-bi s{1-(2-n-butyl-4-([err]- 10

napht'hyl )i ndenyl )} zi rconi um di chl ori de,

rac- Di net hyl sil yl ene-bi s(1-(2-n-butyl-4-(2-nmethyl-1-

napht hyl )i ndenyi )} zirconi um di chl ori de/4

rac- Di net hyl sil yl ene-bi s{1-(2-n-butyl -4-(5- acenapht hyl)indenyl)}zirconi um

~dichloride, 15 5. pagabhyes iy sddedmngbi @ krhg1rqbypyk-4- (9-
ant hracenyl )i ndenyl)}zirconium dichl ori de,

rac- Di met hyl sidi¥haeeophshii { 2ndeddpl ) z rddiriyaherianllori el ndenyl ) } zi rconi um
di chloride, rac-D nethylsilylene-bis{l1l-(2-i-butyl-4- 20
phenyl i ndenyl )} zi r eag-Dimdt il o1 1 gleene-bis{1-(2-ethyl-4-(3,5-
rac- Di met hyl si |l yl ene-bi s{1-(2-i-butyl-4-(a- naphthyl)indenyl)}zirconium
di chl ori de, radchloebphksiylyledenpl s{Zifnivmutdilchdoffider] -
napht hyl )i ndenyl )} zirconi umdichloride, 25
rac- Di met h§l si | yl emachPépethol sibyigne il Irptdngthyl-4-(2-
napht hyl )i ndenyl )} zi rconi um di chl ori de, . )
rac- Di met hyl sikopmepkenyd) ingeoylhlzfrcopiun HHAMARy! )i ndenyl )} zi r coni um
di chl ori de, 77 rac-Di et hyl si ene-bj.s{1-(2-i-bytyl-4-(9-
anthracenyl)indenyFﬁFZPFBSEPéH?HL%Lﬁ?ﬁTQﬁﬁél'{ééeth;i‘4 &
rac- Di met hyl si.l yl ene-bi s{1-(.2-isbutyl-4-(9- ; | )i ndenyl )} zirconi um
dichloride, 5 ornthepy]] Ibpﬁ’gm@Fglz%%ﬁ%rh]é‘-?%i&s)%ﬁﬁ%glnwe%pent yl - 4-
rac-Dimethylsilylene-bis{1l-(2-ethyl-4- (4~
10 bromophenyl)indenyl) }zirconium dichloride,
rac—Dimethylsilylene—bis(1—(2-ethyl-4—(4—
biphenylyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene~bis{1-(2-ethyl-4-(4-
trimethylsilylphenyl) indenyl) }zirconium dichloride,
15 rac¥Dimethylsilylene-bis{1-(2-n—propyl—4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{l-{(2-n-propyl-4- (-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(B-
20 naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-n-propyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l=-(2-n-propyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1l-(2-n-propyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-n-propyl-4-(9-

phenanthryl)indenyl)}zirconium dichloride,



phenyl i ndenyl )} zi rconi um di chl ori de,

rac- Di net hyl sil yl ene-bi s{1-(2-neopentyl-4-([err]-

napht'hyl )i ndenyl )} zi rconi um di chl ori de,

rac- Di net hyl sil yl ene-bi s{1-(2-n-hexyl-4- 10 phenylindenyl)}zirconium
dichloride, rac-Dinethylsilylene-bis(#Y2-n-hexyl-4-([err]-

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

rac- Met hyl phenyl si LyLependigdl s { &7 1&8dsidr1rhenyLppdgpyLlad zi rconi um
di chl oride, 15 rac- Met hyl phenyl si | yl ene-bi s{1-{2-et hyl - 4-(a-

napht hyl ) i ndegybh}2i he&R{ UM £ £dBoiri@ichloride,

rac- Met hyl phenyl si | yl ene-bi s{1-(2-ethyl -4-(9-

ant hr acenyl ) i ndenyka¢zbigenhyhs i cldrer-bde, {1-(2-i-propyl-4-(o-

rac- Met hyl phenyl si |l yl ene-bi s(1-(2-ethyl-4-(9- 20

phenant hryl ) i ndphyhy} yindemy lim =i mddrdnindelichloride,

rac- Di phenyl silyl ene-bi s(l-(2-ethyl-4- phenylindenyl)}zircogpiumdichloride,
rac- Di pheE%lsiIyIeﬁécbpéTﬁtQZQ%&#ﬁﬂeﬂﬁiﬁkﬁﬁﬂff2ﬁéﬁﬁFHQV}Fﬂdéﬁ?I)}zirconium
di chl oride, 25 rac- Di phenyl si |l yl ene-bi s{1-(2-ethyl -4-(9-

ant hr acenyl ) i R@ehhyl yindeny tin & xaprgymgglichloride,

e e ek W e S e dd gt o
bi phenyl yI) i ndenyth ) {8QBhG TN F4 A P a1 BT oYRhAY! ene-bi s{l-(2-ethyl -4-
rac-Dimethylsilylene-bis{1l-(2-i-propyl-4-(5-
10 acenaphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-i-propyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-i-propyl-4-(9-
phenanthryl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene~bis{1l-(2-s-butyl-4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-s-butyl-4-(0-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis(1-(2-s-butyl-4-(B-
20 naphthyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-s-butyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-s~butyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1l-(2-s-butyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis(1l-(2-s-butyl-4-(9-

phenahthryl)indenyl)}zirconium dichloride,



phenyl i ndenyl )} zirconiumdichloride, 5 ,

rac- Met hyl ene-bi s{1-(2-ethyl-4- (a- naphthyl)indenyl)}zirconiumdichloride,
rac- Et hyl ene- bi s{1- (2- et hyl - 4- phenyl i ndenyl )} zi r coni um di chl ori de,

rac- Et hyl ene-bi s(1-(2-ethyl - 4-([err]-,ég napht hyl )i ndenyl )} zi rconi um

di chl oride, rac-Ethyl ene-bis{l-(2-n-propyl-4-([err]-

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

rac- Di met hyl ger nyl raicsHimé2hel ¥y Yendheinyili-ndemybehziyneani um di chl ori de,

15 rac- Di met hyl gernyl -bi s(l-(2-ethyl-4-([err]-

napht hyl ) i ndephlenyiindeny i gi cédmiuneiicmdride,

rac- Di net hyl gernyl -bis(1-(2-n-p | - 4- phenyllndenyl)}2|rcon|um
di chl oride. Al so eﬁﬁpo§ABPEh&F§lkb mRisS WhetrsinrPaintydmidantt-s 20

replaced with titaniumor ‘hafniumin the above-exenplified conpounds. In
the inventionnagphtiydiiadapylf i ebreoniwt diehlestigelocene conpound is
general ly sed as the catalyst co onent but R pe or Stype is also

enpl oyabl rac-ppperRy bl by TORt¥ndd above can be used
in conblnatlon of

nd The ocene conpounds can be
prepared in a®O&H 3&&88eﬁﬁﬁﬁ zﬁfﬁﬁ?éhmc§LQ§2§f Tetal lic gﬁeﬁ1"? 288 79
(1985), pp. 63-67 and-BYnEPRDNs PRy E&te AP ( 1CAIA-ON IR v1-4- (-

naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-n-butyl-4-(f-
10 naphthyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{l-(2-n-butyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride,
_ rac-Dimethylsilylene-bis{1-(2—n—butyl—4—(5—
acenaphthyl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2-n-butyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{l-(2-n-butyl-4-(9-
phenanthryl)indenyl) }zirconium dichloride,
rac~-Dimethylsilylene-bis{1l-(2-i-butyl-4-
20 phenylindenyl) }zirconium dichloride, .
rac-Dimethylsilylene-bis{l-(2-i-butyl-4-(o.-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(B-
naphthyl)indenylf}zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(2-methyl-1-
naphthyl) indenyl) } zirconium dichloride, '
rac-Dimethylsilylene-bis{1l-(2-i-butyl-4-(5-

acenaphthyl)indenyl) }zirconium dichloride,



0,320, 762. O her than the netall ocene conmpound of the formula [Il], a
conpound represented by the following fornula [I11] 5 is also enployable.
[err] .. [I11] wherein Mis a netal of Goup IV of
the periodic table or a netal of |anthanide series; La is a derivative of
del ocal i zation [err] bond group and 107 I nparts restraint geonetrica

shape to the netal Mactive site; and Xs are each independently hydrogen, a

hal ogen atom a hyggecsy Roih £l HUR, 16H-dikI(NG (20i0put §8S4<@gbon at ons,

silicon or germanium a silyl group or a gernyl group. 15 O the
conpounds of ahehtecsmy ) {ddddyl)prAafeioalilue aienhlbesaey epresented by the
followng formula [IIl-a]. [err] [Ill-a] In the formula [IIl-a], Mis

titanium zirconi unao+D Rflet Hxaf i lyhensrdbiX {ils (Rhé-bahplad—(2scri bed above.
Cpis [err]-bonded to Mand is a substituted cycl opentadi enyl group having
a subst it uent pEepanthsyteindenyMe.zircogdum dédcokggede, sul fur, boron or an

el ement of_ Goup | VA of the periodic table (for exanple, silicon, gernmani um

or tin). Pis a |iganddiwekhyks iy iane-bded 1-sRospaBeasylokygen 5 or

sul fur.
phenylindenyl) }zirconium dichloride,

rac—Dimethylsilylene—bis{1—(2-neopentyl—4—(d-
naphthYl)indenyl)}zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-n-hexyl-4-
10 phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-n-hexyl-4-(o-
naphthyl) indenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride,
15 rac-Methylphenylsilylene-bis{1-(2-ethyl-4-(a-
naphthyl) indenyl) }zirconium dichloride,
rac-Methylphen§lsilylene—bis{1—(2-ethyl—4-(9—
antﬁracenyl)indenyl)}zircbnium dichloride,
rac-Methylphenylsilylene—bis{1—(2—ethyi-4—(9-
20 phenanthryl)indenyl) }zirconium dichloride,
rac-Diphenylsilylene-bis{1-(2-ethyl-4-
phenylindenyl) }zirconium dichloride,
rac-Diphenylsilylene-bis{1l-(2~ethyl-4-(a-
naphthyl) indenyl) }zirconium dichloride,
25 rac-Diphenylsilylene-bis{1l-(2-ethyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Diphenylsilylene-bis{1l~(2-ethyl-4-(9-

phenanthryl) indenyl) }zirconium dichloride,



Z and Y may together forma condensed ring. Listed bel ow are exanpl es of

t he conpounds represented by the formula [I1I1-a].

(Di met hyl (t-butyl am de)(tetranethyl-[err]- 10

cycl opent adi enyl )si |l ane)titani um di chl ori de,

((t-Butylam de)(tetranmethyl-[err]-cycl®fentadi enyl)-1, 2-

et hanediyl )titaniumdichloride, (D benzyl(t-butylamde)(tetranethyl-[err]-

cycl opent adi enyl ) si |; g@%&é%gg%%g%?}%%%%ﬁ%é&&_géiethyl_4_(4_

(Di met hyl (t-butyl am

cycl opent adi enysl 4 i ; i ' _
ety (1 - b SAd) 1oBeAL) ) o1 200MlAn dichioriae,

CyC|0pentad!eny|)S&b%“ﬁb@h?@bh¥Lbi§@DiF@lethyl—4-
((t-Butylam de)(tetranmethyl-[err]-cycl opentadi enyl)-1,2- 20

et hanedi yl ') di pgrenglltiindanyam} z§ c&bh byh adicig)oride,
(tetranethél-[err]-cyclopentadienyl) -1, 2- ethanediyl)dineopentyltitani um
((Phenyl phdsphi de) @asrMetbyAghefFbis] 1oyl tephint o4 @yl ) -

met hyl ene) di phenyl titanium 25 '

(Di benzyl (t - butaphdamiyde iodeny ke hycofum |dichloride,

cycl opent adi enyl ) si | ane) di benzyl titani um (D nmethyl (benzylam de) ([err]-
cycl opent adi enyl ) sinagn&rdyiepeneiafl si?yeyhykhinhgnylinglenyl) }zirconium

(Di net hyl (phenyl phosphj de)-(tetramethyl-[err]-
cyclopentadied&%ﬁ$QQﬂﬁﬂdibenzyltitanLum

(Tetramethyl - [err] 4oy ChoReALAdLEDYk] - 13- & hy1-4- (-
10 naphthyl)indenyl) }zirconium dichloride,
rac-Ethylene-bis{1l-(2-n-propyl-4- (0-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylgermyl-bis{1-(2-ethyl-4-
phenylindenyl) }zirconium dichloride;
15 rac-Dimethylgermyl-bis{1-(2-ethyl-4- (o~
naphthyl) indenyl) }zirconium dichloride, and
rac-Dimethylgermyl-bis{1l-(2-n-propyl-4-
phenylindenyl) }zirconium dichloride.
Also employable are compounds wherein zirconium is
20 replaced with titanium or hafnium in the above-exemplified
compounds. |
In the invention, a racemic ﬁédification of the
metallocene compound is generally used as the catalyst
component, but R type or S type is also employable.
25 The metallocene compounds mentioned above can be used
in combination of two or more kinds.
The metallocene compounds can be prepared in

accordance with "Journal of Organometallic Chem.", 288



et hanedi yl ) di benzyl titanium 5 (2-[err]-

(Tetramet hyl - cycl opent adi enyl ) - 1- et hyl - et hanol ate(2-))di benzyltitanium
(2-[err]- (Tetranethyl -cycl opent adi enyl)-1-net hyl -

et hanol ate(2-))dinethyltitani um (2-(9Aa,4b,8a,9,9a-[err])-9H—FIuorene-9-
10 yI)cycIohexanoIate(2-))dinethyltitéhiunl an

(2-((4a, 4b, 8a,9,9a-[err])-9H Fl uor ene- 9- -

yl ) cycl ohexanqi ag s{ Zy%di érgyldrid anireeahnpbbent Nxpplieas iéheyget al | ocene
conpounds represented by the fornmula [I11] can be used in conbination 15 of

two or nore kopdso, HerE of titani um conpounds are |isted above as exanpl es
of the netall ocene conpounds, but conpounds wherein titaniumis replaced
with zirconium or oaherurham thee retaddoeearpkbmpedndi ¢ fintluen Hoxmpuollends ar e
al so 20 enpl oyable. These conpounds may be used al one or in conbination of
two or nore kilAd}, &Ff compowhdvspnesieindeddbyatheufoboningcerenelenpdifiids,
the netal | ocene conpound represented by the formula [I1] is 25 preferably
used in thke pi8pataei eMPPYaMee | ong- chai n branched ethyl ene/[err]-olefin
copol ymer rubber. g%%?noaluninun1oxy-conpound [?E 82 The organoal unm num
oxy-conpound [b] u 4 n the invention nmay "be al A hoxane conventional ly

known or a wherein M is a metal of Group IV of the periodic table or a

metal of lanthanide series;
L2 is a derivative of delocalization m bond group and
10 imparts restraint geometrical shape to the metal M active
" site; and
Xs are each independently hydrogeﬁ, a halogen atom, a
hydrocarbon group containing 20 or less carbon atoms,
silicon or germanium, a silyl group or a germyl group.
15 Of the compounds of the formula (III], preferable are

those represented by the following formula [III-a].

Z — Y
Cp———M
/N
% (III-a]
In the formula [III-a], M is titanium, zirconium or
20 hafnium, and X is the same as described above.
Cp is m-bonded to M.and is a substituted

cyclopentadienyl group having a substituent Z or its

derivative.



benzene-i-nsol ubl e organoal um num oxy-conpound exenplified in Japanese

Pat ent Lai d- Qpen Publication No. 78687/1990. 5 The conventionally
known al umi noxane can be prepared by, for exanple, the follow ng .
procedures. (1) An organoal um num conpound such as trial kylalum numis
added to a hydrocarbon nediun1suspensﬁ5% of conpounds cont ai ni ng adsor bed
water or salts 10 containing water of crystallization, e.g., nagnesium

chloride hydrate, goppesxpaddatsulsidh,atRroal b BHMesEhéAt eohYCF Qi TVH ckel
sul fate hydrate or cerous chloride hydrate, so as to allow the

or ganoal um NUBECEAROPAL: @i¢ egadlam (ot haxampipousdldcohhegeadnidmwldwwed by
recovering 15 al um noxane as its hydrocarbon solution. (2) Water, ice or
wat er vapor isiabl.owed to directly act on an organoal umi num conmpound such
as trialkylalum numin a nmedium such as benzene, toluene, ethyl ether or
tetrahydrofuran, f8l iswedlbyamecovdrdingng mitrogene RBOFPBODES, ox¥IeItar bon
solution.é§3) An or%anotin oxi de such as dinethyltin oxide or dibutyltin
oxide is | o@sdsudfusact with an organoal umi num conpound such as

trial kylalum numin a nedium such as decane, benzene qr toluene. 25

The al uni nooxane néy2B8n¥ ARy LWRANICTFART SCORACBFEENEHRPal | i ¢ conponent .

Further, it i I, bl t th | f. { 1

compound 15 - B3 hiaterI BALeY rARS AR b ody Shed coRPhinas SEPERHRALT e
by the formula [III-a].

(Dimethyl (t-butylamide) (tetramethyl-n3-

10 cyclopentadienyl)silane)titanium dichloride,

((t-Butylamide) (tetramethyl-n3-cyclopentadienyl)-1,2-

ethanediyl)titanium dichloride,

(Dibenzyl (t-butylamide) (tetramethyl-nS5-

cyclopentadienyl)silane)titanium dichloride,

15 (Dimethyl (t-butylamide) (tetramethyl-n3-

cyclopentadienyl)silane)dibenzyltitanium,

(Dimethyl (t-butylamide) (tetramethyl-n3-

cyclopentadienyl) silane)dimethyltitanium,

( (t-Butylamide) (tetramethyl-n3-cyclopentadienyl)-1,2-

20 ethanediyl)dibenzyltitanium,
( (Methylamide) (tetramethyl-n5-cyclopentadienyl) -1, 2~

ethanediyl)dineopentyltitanium,

( (Phenylphosphide) (tetramethyl-n3-cyclopentadienyl) -

methylene)diphenyltitanium,
25 (Dibenzyl (t-butylamide) (tetramethyl-n3-

cyclopentédienyl)silane)dibenzyltitanium,

(Dimethyl(benzylamide)(ns—

cyclopentadienyl)silane)di(trimethylsilyl)titanium,



and that -the remainder is redissolved in a solvent. Exanples of the

or ganoal um num conpounds used for preparing the al um noxane include: 5
trialkyl al um nuns, such as trinethylal um num triethylalum num '
tripropylalum num triisopropylalumnum tri-n-butylal um num
triisobutylalumnum tri-sec- butylaldﬁknunl tri-tert-butylal um num
tripentylalum num trihexylalumnum trioctylalumnumand tridecyl al um num

10 tricyclo ' ?HE% t Lygd num and
tricyclooctylalunighﬁ¥gg#glb§lal{} nu #ﬁ%ﬁ)dég%egggﬁEéggdﬁnethyIaIuninun1
chloride, diethylalumnymchloride .t hyl al. ym brom de and

di i sobut yl al urnt &HPEﬁFSafagyiﬁé&fgnefaf%ﬁ%%ﬂ%&ﬁgkﬂﬁghﬂn1hydrides, such as

di et hyl al uni num hydrideaaseh @i igohutitbakurbayanydeides- dial kyl al uni num
al koxi des, such as di net hyl al um num net hoxi de and di et hyl al um num et hoxi de;

and diaIkyIaI%ghgggh§§x#g§ggg§yl§igghfg%“diethyIaIuninun120 phenoxi de. O
these, particularly preferable are trialkylalum nuns and

tricycl oalkyl al um n2rR3- At sorenghylatye lapenhedbeguhbal tméthyd tonpound used
for preparing the al um noxane is isoprenylal um num 25 represented by the
formul a [err] ethagiotiafeX2-y)dibemney Baictaraiyrgsi ti ve nunber, and z [err] 2x).

The organoaluninun1con€ounds ment i oned above can be_used in conbination of
two or nore kinds. (2-n3-(Tetramethyl-cyclopentadienyl)-1-methyl-

ethanolate (2-) )dimethyltitanium,

(2-((4a,4b,8a,9,9a-n) ~9H-Fluorene-9-

10 yl) cyclohexanolate (2-) )dimethyltitanium, and

(2;((4a,4b,8a,9,9a—n)—9H-Eluorene—9-
yl) cyclohexanolate (2-))dibenzyltitanium.

In the invention, the metallocene compounds
represented by the formula ([III] can be used in combination

15  of twé or more kinds.

Some of titanium compounds are listed above as
examples of the metallocene compounds, but compounds
wherein titanium is replaced with zirconium or hafnium in
the above-exemplified titanium compounds are also

20 employable.

These compounds may be used alone or in combination of
two or more kinds.

Of the above-mentioned various metallocene compounds,
the metallocene compound represented by the formula (II] is

25 preferably used in the preparation of the long-chain

branched ethylene/a-olefin copolymer rubber.

inum -



84 Exanples of the solvents used for preparing the alum noxane incl ude:
aromatic hydrocarbons, such as benzene, toluene, xylene, cunene and cynene,
5 al i phati c hydrocarbons, such as pentane, hexane, heptane, octane,
decane, dodecane, hexadecane and octadgegane; alicyclic hydrocarbons, such
as.cycl opent ane, cycl ohexane, cycl ooctane and net hyl cycl opent ane; 10
petroleum fractions, such as gasoline, kerosine and gas oil; and halides of
t hese aromatic, al Theabrgaaodlahimymeld:xytompmeaxdbdind, ugatt iauthel y

chl orides and brom des thereof. Al so enployable are ethers such as et hyl
ether and 15 imeenshpdrohyrbe. a Dimimexasd \aamventpjaniaildyl knbynpeoefarabl e are
aromati ¢ hydrocarbons. Conpound [€¢] which reacts with the netall ocene
conpound [a] benzengranspoubpai pre@noaluninumh@xyowederdnpcpxenpthfiedct s
with the netall ocene conpound ai to forman ion pair includes Lewi s acid,

i oni ¢ conpound®, JBBRBAESCBARBNRJs2 M PRED FoRli€atdPpotinds 7868¢( 1 BRQ- i n
Nat i onal P, incatiogs of internatlonql Pat ent No. 501950/ 1989 and No.
502036/ 1989, JapanebS€ BYPERRTLgRallvs n‘@ﬂbr?llb\ﬂ‘w’ioé‘épﬁoﬁaﬂopeﬂ%%%’f‘i‘ém,

No. 179006/ 1981, N, 291703199, 2gh 1us AOLIGWeHgL, 200 U S Patent No

(1) An organoaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium
suspension of compounds containing adsorbed water or salts

10 containing water of crystallization, e.g., magnesium
chloride hydrate, éopper sulféte hydrate, aluminum sulfate
hydrate, nickel sulféte hydrate or cerous chloride hydrate,

° 80 as to allow the organocaluminum compound to react with
the compound or the salt, followed by recovering

15 aluminoxane as its hydrocarbon solution.

(2) Water, ice or water vapor is allowed to directly
act on an organoaluminum compound suéh as trialkylaluminum
in g medium such as benzene, toluene, ethyl ether or
tetrahydrofuran, followed by recovering aluminogane as its

20 hydrocarbon solution.

(3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organocaluminum
compound such as trialkylaluminum in a medium such as
decane, benzene or toluene.

25 The aluminooxane may contain a small amount of an
organometallic component. Further, it is possible that the

solvent or the unreacted organcaluminum compound is



85 The Lewis acid includes My-containing Lewis acid, Al - containing Lew s
acid and B-containing Lewws acid. O these, B-containing Lewis acid is
preferred. The Lewis acid which contains a boron atomis, for 5 exanple, a
corrpound represented by the followi ng formul a: BRLR2R3 wherein [err] and
[err] are each independently a phenyl 88oup which nay have a substituent
such as fluorine, nethyl or trifluoronethyl, or a fluorine atom 10

Exanpl es of trya§E¥ﬂ¥§H“§%fr%Q ﬁsﬁﬂgegiggy%Pgda? <§Loronlh%ﬁn%g§ane

trifluoroboro boron, trrs uor o

tris(3,5-diflug pé}?d}ylr)hléorr%alhm( If %Qméw'ﬂh%@&m

:trls(pentafluorophenyl)boron tris(p- to oron, tris(o- toInI boron and

tris(3,5- 15 di net ipiane beoras. o%aﬁ&@ﬁ@muﬂﬁﬁtdc%ﬂ&fddé ws%tie%%d s
tris(pentafluorophenyl)boron. The ionic conpound enployable in the

invention is qaﬁqiarlrfgowe 10fidogahe 0OphE1LE@Pound and an anionic
conpound. The anion reacts with the netall ocene conpound 20 [a] to render

t he conpoubd [a] catdiedikyladdmiaufie; nsachi a6 thedniet Hylerlemi num, st abi | i ze the
transition metal cation seed. Exanples of such anions include organoboron

conpound ani orkrigtdurnedugeniue, cbrppuapy balwuninemd torigsopalopyiladoméonppund
anion. Preferabl e are anions which are relatively 25 bulky and stabilize

t he tran5|t|anWﬁﬂQﬂbQQﬂﬁadeéééG/ Exhiprlest phakuminum, &rd ses-ude netal lic
cation, organ II|c cation, ,carbonium cation, tripiumcation, joxoni um

cation, sulfo UM, h 5 EARBRF ERPRRY T @k miipm, tripentylaluminum,

trihexylaluminum, trioctylaluminum and tridecylaluminum;
10 tricycloalkylaluminums, such as tricyclohexylaluminum
and tricycléoctylaluminum;
dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diethylaluminum bromide
and diisobutylaluminum chloride;
15 dialkylaluminum hydrides, sucy as diethylaluminum
hydride and diisobﬁtylaluminum hydride;
dialkylaluminum alkoxides, such as dimethylaluminum
methoxide and diethylaluminum ethoxide; and
dialkylaluminum aryioxides, such as diethylaluminum
20 phenoxide.
Of these, particularly preferable are
trialkylaluminums and tricycloalkylaluminums.
Also employable as the organocaluminum compound used
for preparing the aluminoxane is isoprenylaluminum
25 represented by the formula (i-CqHg) xAly (CsHyg) ; (wherein x,
Y, z are each a positive number, and z 2 2x).
The organocaluminum compounds mentioned above can be

used in combination of two or more kinds.



86 ammoni-um cation. Mre specifically, there can be nentioned

tri phenyl carbeni um cati on, tributylamonium cation, NN dinethyl anmoni um
cation, ferroceniumcation, etc. In the invention, ionic conpounds
containing an 5 organoboron compound ani on are preferred, and exanpl es
t hereof include: trialkyl-substituted monium salts, such as

tri et hyl ammoni unt etra( phenyl ) boron, tripropyl ammoni untetra(phenyl ) boron,

tri(n- 10 butyl L unt h I i mNi t -
ol yi)boron, t 11 reERGRRHEOnS bk B ra BtV B 1i5sk GeE prepdTTRY ebetralp
tr!butyIannnngﬁgh?hggg?gnggélggéophenyl)boron,

tri propyl ammoniuntetra(o, p- di met hyl phenyl ) bor on,

tributyl ammoni unt et,r-g HETEdﬁ?%E@MéfHEKBU)gﬂﬁﬂnks benzene, toluene,

tri butyl ammoni untetra(p-triffuoronethylphenyl)boron, tri(n-

butyl) ammoni U'ﬁy‘iﬁab@éﬁchﬁébﬂé)@@dﬁo@ ek tri(n- o

butyl ) anmoni untetra 4-f|uoropheny¥)boron; N, N, -di al kyl ani | i nium salts, such
as N, N- di%et hyl anialliphettet hadpbeayd oy duciNay- pdhtane, hexane,

di et hyl ani |'i ni unt et ra( phenyl ) boron and N, N-2, 4, 6-

pent anet hyl anitleiptianet, ebcaépbengéddme ordodbcarieyl dexadiegansabnd, such as

di (n- propyl)anmmoni unt et ra( pent af | uor ophenyl ) boron and

di cycl ohexyl ametadeseser a( phenyl ) boron; and 25 triaryl phosphoni um

salts, such as triphenyl phosphoni untetra(phenyl ) boron,
alicyclic hydrocarbons, such as cyclopentane,

cyclohexane, cyclooctane and methylcyclopentane;
10 petroleum fractions, such as gasoline, kerosine and
gas oil; and
halides of these aromatic, aliphatic and alicyclic
hydrocarbons, particularly chlorides and bromides thereof.
Also employable are ethers such as ethyl ether and
15 tetrahydrofuran.

Of the solvents, particularly preferable are aromatic

hydrocarbons;
m which r with th 1 n mpoun
ﬁg form an ion pair
20 The compound [c¢] which reacts with the metallocene

compound [a] to form an ion pair includes Lewis acid, ionic
compounds, borane compounds and carborane compounds
described in National Publications of international Patent
No. 501950/1989 and No. 502036/1989, Japanese Patent Laid-
25 Open Publication No. 179005/1991, No. 179006/1991, No.
207703/1991 and No. 207704/1991, and U.S. Patent No.

5,321,106.



tri (et hyl phenyl ) phosphoni unt et ra( phenyl ) boron and

tri (di met hyl phenyl) phosphoni unt etra( phenyl ) boron. 87 As the ionic
conpounds contai ning a boron atom

tri phenyl car beni unt etraki s(pent af | uor ophenyl ) borate, N, N

di met hyl ani | i ni unt etraki s( pent af | uor o@%enyl ) borate and
ferroceniuntetrakis(pentafluorophenyl)borate are also 5 enployable in the

vention, Furthermnd ool o | QUG .30 cCOPRUnde, ont 3 010 Jﬁgre%goatom

are al so enpl oyabl e i"onic conpoun enuner a unt er

ion is tri(n- QHMM‘?%%@%, A id Q%dC%UBBﬁEa!LHPn SL&H £1% gy ted

thereto.) 10 ere can be nentiongd salts of anion, for

exanmpl e, bi s[thééa; bwﬁdQHEHHHEHdJEh@&@aQEEat?s BtekLFLéa:
butyl)annnnlun]decaborate bi s[tri(n-butyl)amoni uni undecaborat e,

bi s[tri(n-butyl)antmaiveddodecabendicd, contains a boron atom is, for
bi s[tri (n-butyl)ammoni unm decachl or odecaborate, bis[tri(n- 15

but yl ) ammdni uekaepbe Ach| congstadel aepiraisentedi bp-the following formula:

but yl ) anmoni um 1- car badecaborate, tri (n-butyl)anmoni uml -

car baundecabor at e, BRYH2RA- but yl ) ammoni um | - car badodecabor at e,
tri(n-butyl)anmmoniuml-trinmethylsilyl-I- carbadecaborate and

tri (n-butyl) aWhRereimRonR?1andoR? axg ieagbddadssradent Wur 2 opieeny b EFrawp
conmpounds and carborane conpounds are al so enpl oyabl e. , These conpounds are

used as the LERMSRABRY Q#V§tﬂaﬁqﬂﬁtétHGHﬁo§H8§ aExQﬁ%?%%“?ﬁ L

conpounds, Ca{??%f@§r5$£§h§?( or a fluorine atom.

10 Examples of the compounds represented by the above
formula include trifluoroboron, triphenylboron, tris (4-
fluorophenyl)boron, tris(3,5-difluorophenyl)boron, tris(4-
fluoromethylphenyl)boron, tris (pentafluorophenyl)boron,
tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-

1S dimethylphenyl)boron. Of these, particularly preférred is
tris(pentafluorophenyl)boron.

The ionic compound employable in the invention is a
salt comprising a cationic compound and an anionic
compound. The anion reacts with the metallocene compound

20 [a] to render the compound [a) cationic and to form an ion
pair, thereby to stabilize the transition metal cation
seed. Examples of such. anions include organoboron compound
anion, organoarsenic compound anion ‘and organcaluminum
compound anion. Preferable are anions which are relatively

25 bulky and stabilize the transition metal cation seed.
Examples of the cations include metallic cation,
orgaﬁometallic cation, carbonium cation, tripium cation,

oxonium cation, sulfonium cation, phosphonium cation and



25 conpounds and salts of carborane anions include decaborane(14),

7, 8-di car baundecabor ane(13), 2,7- dicarbaundecaborane(13), ‘
undecahydri de- 7, 8-di net hyl - 7, 8- di car baundecabor ane,

dodecahydri de- 11- et hyl - 2, 7- 88 di car baundecabor ane,
tri(n-butyl)amoni um 6- carbadecaborat8§ 14), tri (n-butyl)anmmoni um 6-

car badecaborate(12), tri(n-butyl)amoni um 7- carbaundecaborate(13),
tri(n-butyl)a LM 7, 8x di nhat.e :
tri(n-butyl )ar%r g’%‘gﬁwﬁ‘z,cg’fl‘g? bar%ﬁj{%&gﬁgt%el?b) ?ﬂ‘a*e can be mentioned
tri(n-butyl) amaheﬂg%gf@éwﬂsm dst RsriTtehbulyIafheat RRUBSELAROMNE, tri (Nn-
but yl ) anmoni unundecahydri de- 8-et hyl - 7,9- di caf baundecabor at e,
tri(n-butyl)agHRetHYUARREADXAT dfterdh, Herdddknliuh, 8adiea) batwdecaborate,
tri(n- butyl)ammoni unundecahydri de-8-allyl-7, 9- dicarbaundecabor at e,
tr.i(n-butyl)amontdnyngecabysitiste Fonic compounds containing an
trimethylsilyl-7,8-di carbaundecaborate and tri (n-

but yl ) anmdni ueirgdaocbbydni demgowndi dxriann-afke Prefearbdundedadramplkes Exanpl es
of carborane conpounds and salts of carboranes include

4- car banonabotheeédf) indl3de di car banonabor ane( 13),

6, 9- di car badecabor ane(14), dodecahydri de-I-phenyl -1, 3-di car banonabor ane, 20
dodecahydri de- 1- neth§plky3-sikst baiathpompad ugngalts, such as
undecahydride-1, 3-di neth I;1,3-dicarbanon%porane. Furthernore, the

fol |l owi ng conpéaRBbyapmmgnigmtetra(phenyl)boron,

tripropylammoniumtetra (phenyl)boron, tri(n-

10 butyl)ammoniumtetra(phenyl)boron, trimethylammoniumtetra (p-
tolyl)boron, trimethylammoniumtetra(o-tolyl)boron,
tributylammoniumtetra (pentafluorophenyl)boron,
tripropylammoniumtetra (o, p—~dimethylphenyl)boron,
_tributylammoniumtetra(m, m~dimethylphenyl)boron,

15 tributylammoniumtetra (p-trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtétra(o—tolyl)boron and tri(n-
butyl)ammoniumtetra(4—fluorophenyl)boroh;

; N,N,-dialkylanilinium salts, such as N,N-
dimethylaniliniumtetra(phenyl)boron, N,N-

20 dieﬁhylaniliniumtetra(phenyl)boron and N,N-2,4,6-

pentamethylaniliniumtetrg(phenyl)boron;
dialkylammonium saits, such as di (n-

propyl)ammoniumtetra(pentafluorophenyl)boron and

dicyclohexylammoniumtetra(phenyl)boron; and

25 triarylphosphonium salts, such as
triphenyiphosphoniumtetra(phenyl)boron,
tri(methylphenyl)phosphoniumtetra(phenyl)boron and

tri(dimethylphenyl)phosphoniumtetra (phenyl)boron.

-



enpl oyabl-e. (In the ionic conmpounds enunerated bel ow, the counter ion is
tri(n-butyl)amonium but the counter ion is 25 in no way linmted
thereto.) That is, there can be nentioned salts of netallic carboranes and
metal i c borane anions, faor exanple, tri(n-

but yl ) anmoni unbi s(nonahydri de-1, 3- &P di carbanonaborate)cobaltate(lll),
tri(n- butyl)anmmoni unbi s(undecahydri de-7; 8-

di b d b f L1 i (n- .
DUt y1 ) ammont unbi o( ARASEENYAP HietomReeds FoRFALRTe BaBBFRReFEBal tat e(111),
érLgpbagﬁggL;%@qgﬁgyggEEQ#%Sg?ﬁ?%?EéQ@E{%éﬁtafluorophenyl)borate, N,N-

bUtY')a”“Dn'UQﬁh@@ﬂ@@ﬁﬁ@@Yﬂihﬂ@e@ré&xéﬂé%?ﬁ%%ﬁﬂﬁ%%@%%&@ﬁ?bSHQEét§£é")

tri(n- 10 butyl)amoni unbi s(undecahydri

dlCarbaUndeC&E@&%b%kﬂH&ﬁEéffékis(ééhﬂéfluorq?henyl)borate are also
but yl ) anmoni unbi s(nonahydri de- 7, 8- di net hyl

di car baund®calkempaiogpbaer dhethé | ynvérnt {ioh.

but yl ) anmoni unbi s( nonahydri de- 7, 8- di met hyl -7, 8- 15
dlCarbaundecaboratEpchhenatehélfqll¢w1dg11on1c compounds contalnlng a
but yl ) anmoni unbi s(tri bronooct ahydri de-7, 8-

di car baundecab9rancpEepanrat 21$9 |gmploygale. (In the ionic compounds
but yl ) anmoni unbi s(dodecahydri dedi car badodecabor ate) - cobal tate(!|

bis[tri(n- 20SNHREFRFaABALAM bFae RRIKET didndd@o8&d4Pobut g} ) anmonium,

but the counter ion is in no way limited thereto.)

10 That is, there can be mentioned salts of anion, for
“example, bis[tri(n—butyl)ammonium]nonaborate, bis[tri (n-
butyl)ammonium])decaborate, bis{tri (n-butyl)ammonium]
undecaborate, bis[tri(n—butyl)ammonium]dodecaboréte,
bis[tri(n-butyl)ammonium]decachlorodecaborate, bis([tri(n-

15 butyl)ammonium]dodecachlorododecaborate, tri(n-
butyl) ammonium-1~carbadecaborate, tri(n-butyl)ammonium-1-
carbaundecaborate, tri(n-butyl)ammonium-1-
ca;badodecaborate, tri(n—butyl)ammonium-l-trimethylsilyl—l-'
carbadecaborate and tri(n-butyl)ammoniumbromo-1-

20 carbaaodecaborate.

Moreover, borane compounds and carborane compounds are
also employable. These compounds are used as the Lewis
acid or the ionic compounds .

Examples of borane compounds, carborane complex

25 compounds and salts of carborane anions include
decaborane(14), 7,8-dicarbaundecaborane(13), 2,7-
dicarbaundecaborane (13), undecahydride-7,8-dimethyl-7,8-

dicarbaundecaborane, dodecahydride-11l-methyl-2,7-



ni ckel ate(l11

), tris[tri(n- butyl)ammoni un]bi s(undecahydride-7- .

car baundecaborate)chromate(l11), bis[tri(n-
nl bi s(undecahydri de-7- 25 carbaundecabor at e) manganat e(1V),

- butyl’) ammoni u
bis[tri(n- bu

tyl ) ammoni um bi s(undecahydri de- 7-

car baundecabor ate)cobaltate(l11) and EW&[tri(n- 90
but yl ) anmoni um bi s(undecahydri de-7- car baundecabor ate)ni ckel ate(lV). The

conmpounds [ c]
or nore Kkinds
or ganoal um nu
for exanple,

(a) 10 where
a hal ogen ato
hydr ocar bon g
cycl oal kyl gr
15 ethyl ,5n-
cycl opentyl,

conpounds inc
triethylalum

10

15

20

um num conpound [d] The

ATERLL S SO R B, S8 Sh Tl RE ahDecoTbI nat | on of wo

?th?g?FQQb££Qek¥%¥iiﬂkﬁéﬁiqu@y?z%hﬂenﬁéﬁ—be represented by,

ow ng general fornula c [err]

m or hydrogen, a nis lto In the formula (a), [err]
carBalhddchBoddt € 81 PON AtioE-bukyd) amAbnaliky?, §roup, a

Eﬁrfaﬁaé]:ai)éré‘t@}’ﬂfdp,cQfﬁo(h-@fu@_gil)Qfmén‘i@miﬁ-Car bon atoms, X is
n .

oup or an aryl group. Exanples of such groups include nethyl,

piepybauhdepaopyat e { Bhuttdi (nputyll) ahaepiymoz; 1,

S

a

cycl ohexyl, phenyl and tolyl. Exanples of such organoal um num

di¢erbanndekgbarame Midds, teticin-putyd) pBpppiLundedecapydride-
%EthL;aLg?Bing;Sg;ggégggboraté, trifn—

butyl) ammoniumundecahydride-8-ethyl-7, 9-
dicarbaundecaborate, tri (n-butyl)ammoniumundecahydride-8-
butyl-7, 9-dicarbaundecaborate, tri (n-
butyl)ammoniumundecahydride-8-allyl-7,9-
dicarbaundecaborate, tri (n-butyl)ammoniumundecahydride-9-
trimethylsilyl-7, 8-dicarbaundecaborate and tri (n-
butyl)ammoniumundecahydride—4,6—dibromo—7—
carbaundecaborate.

Examples of carborane compounds and salts of
carboranes include 4-carbanonaborane(l14), 1,3-
dicarbanonaborane (13), 6,9-dicarbadecaborane(14),
dodecahydride-1-phenyl-1, 3~dicarbanonaborane,

dodecahydride—l—methyl-l}3-dicarbanonéborane and

'undecahydride-l,3-dimethyl-1,3—dicarbanqnaborane.

25

Furthermore, the following compounds are also
employable. (Iﬁfthe ioniclcompounds enumerated below, the
counter ion is tri(n-butyl)ammonium, but the counter ion is
in no way limited thereto.)

That is, there can be mentioned salts of metallic
cérboranes and metallic borane anions, for example, tri(n-

butyl) ammoniumbis (nonahydride-1, 3~



20 triisobutylalum num trioctylalumnumand tri-2- ethyl hexylal um num

al kenyl al um nunms, such as isoprenyl al um num dial kyl al um num hal i des, such
as di net hyl al um num chl ori de, diethylal um num chl oride, diisopropylalum num
25 chloride, diisobutylalum num chl-orjde and di net hyl al umi num brom de;

al kyl al um num sesqui hal i des, such as &ﬁlhylalun1nun1sequ|chIor|de

et hyl al um num sesqui chl ori de, 91 isopropyl al um num sesqui chl ori de,

but yl al um nunh%@ﬁﬂﬂaﬁbﬁ%éld@c@%ﬁaﬂwt@ GmIyMgegAyi bromi de; al kyl al umi num
di hal i des, such as net hyl al um num di chl ori de; ethyl al um num di chl ori de,

|sopropylalunbaggn5aﬂm§ﬁi&mbi&x@ﬁubdﬁﬂyﬂrabbﬁnn8n1d|bronlde and
al kyl al um num hydri des, such as diethyl al um num hydri de and

di i sobut yl al uaisaebhyfte cebordtss) fapdanealIlId) as ticliénor ganoal um num conpound
[d] is a conpound represented by the following fornmula (b): 10 [err]
(b) wher ebntRS) ammohbusabe(@sddaahydhiger-fe8fornula (a); Y is [err]
group, [err] group, [err] group, [err] group, [err] group or [err] group; n
is1lto 29 [ehpprbﬁunﬁé¢a?0€ﬁﬁﬁkﬁﬂ?ﬁhﬁﬂﬂ?ﬂlIIébh?Fl(Pgopropyl i sobutyl,

cyclohexyl 15 phenyl or the like; RO s hydrogen met hyl , ethyl

i sopropyl , ph®NjYl) eRmaRLwYPLs (Yadegahueriderd s 8and R10 and [err] are each

met hyl |, eth | rt
y y gcargaundecaborate)nlckelate(III), tri(n-

butyl) ammoniumbis (undecahydride-7, 8-
dicarbaundecaborate) cuprate(III), tri(n-

10 butyl) ammoniumbis (undecahydride-7, 8-
dicarbaundecaborate)aurate(III), tri(n-
butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7,8-
dicarbaundecaborate) ferrate(III), tri(n-
butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7, 8-

15 dicarbaundecaborate)chromate (III), tri(n-
butyl) ammoniumbis (tribromooctahydride-7, 8-
dicarbaundecaborate)cobaltate (III), tri(n-
butyl) ammoniumbis (dodecahydridedicarbadodecaborate) -
cobaltate(III), bis{tri(n-

20 butyl)ammonium]bis (dodecahydridedodecaborate) -
nickelate(III), tris(tri(n-
butyl) ammonium]bis (undecahydride-7-
carbaundecaborate) chromate (III), bis(tri(n-
butyl) ammonium]bis (undecahydride-7-

25 carbaundecaborate)manganate (IV), bis(tri(n-
butyl) ammonium]bis (undecahydride-7-

carbéunaecaborate)cobaltate(III) and bis(tri(n-



Exanpl es -of such or ganoal unm num conpounds include: (i) conpounds of the
formula [err]. e.g., 20 di met hyl al um num net hoxi de, di et hyl al um num

et hoxi de and dii sobutyl al um num net hoxi de; (ii) conpounds of the fornmula -
[err] e.g., [err] [err] and (iso- [err] 25 (iii) conmpounds of the
formula [err] e.g., [err] and [err] 992 (iv) conmpounds of the fornula
[err] e.g., [err] [err] and [err] and (v) conpounds of the fornmula [err]

e.g., 5 [er: t hese ferable an, oal um num conpounds of the
f or mul ae [erFFtX&aaﬁ@?Pf“ﬁiﬁlﬁéY??%ﬁﬁ ferred are conpounds of said

formul ae wher%arb d%cggo §3L5¥ék§%§#%( d nis 2. The 10 organoal um num
abov

conpounds mentione € US€ nblnatlon of two or nore Kkinds.

The specific netall %e@?mggﬁghgstchEg egHéa|égoggecbgv§gthggdc$pﬁg {{ys the

nmet al | ocene conpoun the catal yst can be fornmed from é&anple

the netallocerg 1% cor@iBaREnl8F &l dhend¥edaneRlsum num oxy- conpound [ D]
as nentioned above. The netall ocene catalyst nay be fornmed fromthe

met al | ocen® conmpound [a] and oheaseapowirdin] compound [d]

The organoaluminum compound [d] used in the invention
can be represented by, for example, the following general
formula (a):

RS, A1X3-, ce. (@)

10 wherein R3 is a hydrocarbon group of 1 to 12 carbon atoms,
X is a halogen atom or hydrogen, and n is 1 to 3.

In the formula (a), R® is a hydrocarbon group of 1 to
12 carbon atoms, e.g., an alkyl group, a cycloalkyl group
or an aryl group. Examples of such groups include methyl,

15 ethyl, n—propyi, isopropyl, isobutyl, pentyl, hexyl, octyl,
| dyclopentyl, cyclohexyl, phenyl and tolyl.

Examples of such organocaluminum compounds include:

. trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triisopropylalumiﬁum, -
20 triisobutylaluminum, trioctylaluminum and tri-2-
ethylhexylaluminum;

alkenylaluminums, such as isoprenylaluminum;

dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum

HZS chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;

alkylaluminum sesduihalides, such as methylaluminum

sesquichloride, ethylaluminum sesquichloride,



whi ch reacts with the conpound [a] to forman ion pair, or it may be forned
fromthe nmetal | ocene conpound [a], the 20 organoal um num oxy-conpound [ b]
and the conpound [c] which forns an ion pair. In these enbodinents, it is-
particularly preferable to further use the organoal um num conpound [d] in
conbi nation. In the present invention, %he netall ocene conmpound [a] 25 is
used in an anmount of usually about. 0.00005 to 0.1 mmol, preferably about

0.0001 to 0-05i€§§%??%fhféﬁfﬁh fséQHEﬂEng%%EE?anP%fé}ﬁﬁfW&nbased'On 1

liter of the po at1on vol une. e or gahoal um num oxy- conpound

[D] ©'s used insgyqhiam G add de 18 18R H0R 98 s&lifpAbmddium at om becones .
usual |y about 1 to 10,000 nol, preférably 10 to 5,000 nol, per 1 nol of the

transition metal at@mkyfaluminum Hi®aQaeReYNduba] a¥hihétny EaDIsi i h t he
nmet al | ocene conpound [a] to forman ion pair is used in such an anount that

t he anount of #bhehboride atethydedomEsunsdakchyoabad 0s&pitepPlhItminum
preferably 1 to 10 nol, based on 1 nol of the transition netal atom 10
The or ganoa& unihahlcoigeant [atlhyils lusedunptibpaiige; namd anount of usual |y
about 0 to 1,000 nol, preferably about 0 to 500 nol, based on 1 nol of the
al um num at om i n t hallkybphasinum mydrddescospobnas| diethy idkumbigram at om i n
t he conmpound [c] which forns an ion pair. \Wen ethylene and the

[err]-ol efin ohY8rige 2an¢ fhigiebutykgluminum hydride.

Also employable as the organocaluminum compound [d] is
a compound represented by the following formula (b):
10 RS,AlY3 , ... (b)
wherein R® is the same as RS in the formula (a); Y is -ORS
group, -0SiR7; group, -OAlR8, group, -NRY group, ~-SiR10,
group or -N(R!1)AlR!2, group; n is 1 to 2; R%, R7, R8® and R12
are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, |
15 phenyl or the like; R® is hydrogen, methyl, ethyl,
isopropyl, phenyl, trimethylsilyl or the like; and R!? and
Rl are each methyl, ethyl or the like.
. Examples of such orga’noa.luminum compounds include:
(1) compounds of the formula RS5,A1(OR®)3.,, e.g.,
20 dimethylaluminum methoxide, diethylaluminum ethoxide and
diisobutylaluminum methoxide;
(1i) compounds of the formula R5,Al1(0SiR73)3-,, €.9.,
(C2Hs) 2AL (OSi (CH3) 3), (iso-CqHg) oAl (OSi (CH3)3) and (iso-
C4Hg) 2A1 (0Si (CoHs) 3) ;
25 (iii) compounds of the formula RS,Al (OAlez)j_n, e.g.,

(C2Hs) 2A1 (OAl (CaHs) ) and (iso-C4Hg)2Al (OAl (is0-CqHg) 2)



are copol'yneri zed usi ng such- a netal | ocene catal yst as nenti oned above, a

|l i near or |ong-chain branched ethylene/[err]-olefin random copol yner can be
obtained with high polynerization activities. 20 However, even if

et hyl ene and the a-olefin of 6 to 20 carbon atons are copol yneri zed using a
G oup VB transition met al conpound caﬁéﬁyst such as a vanadi um catal yst, a

| i near | ong- chai n branched ethyl ene/a-ol efin random copol ymer cannot be

obt ai ned wi th suf figlpnéomebuied igmtthen f%§maozal RS 18RO, f e . g
copol yneri zati on of ethylene and the [err]-ol efin of 6 to 20 carbon at ons,

t he netal | ocenensmIOMNG,{a],) ,t (E,BGANGRHYOHIUM 0pCH:¢ SRDPANENCCHR) ) And t he
I on pair-formng 94 conpound [c], and optionally, the organoal um num

conpound [d], (GbHs)eR1\iNI(8h (CHIISH k1 Udrd t hiesaret,&h | Lclel SAaCak Y ity] ;mapdbe
separately fed to the polynerization reactor, or a prelimnarily prepared
met al | ocene cat al y$v) copmpoundsy ahah® rferahﬂee%ﬁékld@mﬁbwd f.ale.gay be added
to the polynerization reaction system In the preparation of the

net al | ocent c4L&PYSiHs) Y Bt 4FH0s) sol vents which are inert to the catal yst
conponents can be enpl oyed. Exanpl €s of the inert 10 hydrocarbon solvents
include aliphatic AydERdes®bIRSTANAH A RTEr OFFABCABURAALT PRARMRAS Rthane,

Cueh as’ cyol obBht BRERILYS EEans Al ohel fyl 85 Shafanfeaton "SR OnS
particularly preferred are compounds of said formulae
wherein RS is an isoalkyl group and n is 2. The

10 organocaluminum compounds mentioned above can be used in
combination of two or more kinds.

The specific metallocene catalyst employable in the
invention contains the metallocene compound [a], and the
catalyst can be formed from, for exampie, the metallocene

15 compound [a] and the organoaluminum oxy-compound [b] as
mentioned above. The metallocene catalyst may be formed
from the metallocene compound [a] and the compound [c]
whigh reacts with the compound [a] to form an ion pair, or
it may be formed from the metallocene compound (a], the

20 organoaluminum oxy-compound [b] and the compound [c] which
forms an ion pair. In these embodiments, it is
particularly preferable to further use the organoaluminum
compound [d] in combination.

In the present invention, the metallocene compound [a]

25 is used in an amount of usually about 0.00005 to 0.1 mmol,
preferably about 0.0001 to 0.05 mmol, in terms of the
transition metal atom, based on 1 liter of the

polymerization volume.



aromati c “hydrocar bons, such as benzene, toluene and xyl ene; 15 and

hal ogenat ed hydr ocarbons, such as ethyl ene chloride, chlorobenzene and

di chl oronet hane. These hydrocarbon sol vents can be used singly or in

conbi nati on. The netal | ocene conmpound [a], the organoal um num oxy- conpound
[b], the ion pair-form ng conpound [c]9%nd the 20 organoal uni num conpound
[d] can be contacted at a tenperature of usually -100 to 200 [err],

preferably -70 to pr.ese i ntion, c yperjization of
et hyl ene and the [égg]ggéé%?%i@T£%S¥éﬁgg%%%Fﬁgé%aééisigaﬁggé g@r%?éhl%ﬁn 25
under the condighi,gRS+RE+ & r f |l 0 2 r y 50
to 150 C, par??%&ﬁgrF?ggrgﬁgpgﬁégﬁ%dﬁgng%%H%Tléﬁ gEg?eggﬁ§%e%fﬁg&gfi¥ '

at nospheric pagsstr e £6 100000 HSL kP rdbrap16f @abby saboDSRBE! i SeprEsSSUr €
to 50 kg/cnR2, particularly preferably atnospheric pressure to 30 kg/cnR.

The copol yner mpat o@ntheattansichvn btetednditeimed by various pol yneri zation
processes, but it is preferably 5 conducted by a solution polynerization
process. |¥ the solChei oompoliydef¢ athiorh peacess withetaéomnesal todamks ocar bon,
sol vents are enpl oyabl e as the polynerization solvents. Though the

copol yneri zat icompoandbéatatei Eerman biorampaiaf ilsavtskdi $B, sseli axomdoumimus
and continuous processes, it 10 Is preferably carried out continuously.
The pol yneri z&beéntBgnapeushref eeheogan t%@"béeﬁﬁmésstlagéé,we@kwibfo vhi ch

i's conduct ed und%r different reaction conditions.
to 20 mol, preferably 1 to 10 mol, based on 1 mol of the

transition metal atom.

10 The organocaluminum compound [d] is used optionally in
an amount of usually about 0 to 1,000 mol, preferably about
0 to 500 mol, based on 1 mol of the aluminum atom in the
organocaluminum oxy-compound [(b] or the boron atom in the
compound [c] which forms an ion pair.

15 When ethylene and the o-olefin of 6 to 20 carbon atoms
are copolymerized using such a metallocene catalyst as
mentioned above, a linear or long-chain branched
ethylene/0-olefin random copolymer can be obtained with
high polymerization activities.

20 However, even if ethylene and the a-olefin of 6 to 20
carbon atoms are copolymerized using a Group VB transition
metal compound catalyst such as a vanadium catalyst, a
linear or long-chain branched ethylene/a-olefin random
copolymer cannot be obtained with sufficient polymerization

25 activities.

In the copolymerization of ethylene and the a-olefin
of 6 to 20 carbon atoms, the metallocene compound [&], the

organcaluminum oxy-compound (b] and the ion pair-forming



The |inear - and | ong-chai n branched et hyl ene/ a-ol efin random copol yners
which are preferably used.in the 15 I nvention are obtained by the process
nment i oned above, and the nol ecul ar wei ght of these copol yners can be
nodified by controlling the polynerization conditions such as

pol ymeri zati on tenperature or controIﬁth t he amount of hydrogen (nol ecul ar
wei ght nodifier). 20 G aft-nodified ethylene/[err]-olefin random

copol yner As degsbhiRad[appvend tépr Wrafilyodink edgahByl anehlRr Edmpalgd i n
random copol ynmer (B) used in the invention is obtained by graft-nodifying

t he above-desqdibedlunspdihiel et iana/d ehe mekallilbceasdoatabpst ymety Wit h
a specific anmount 25 of an unsaturated carboxylic acid or its derivative.
The graft quabki sgpatratédyufiedt s athed prdrjmexeilziat iaci deectdrs oeravative in
the graft-nodified ethyl ene/a-olefin random copolymer (B) is in the range
of 0.01 to 10pxebyminagblynepyeparen aefefraldioredel cesadyssbgones yhing bred on
100 % by wei ght of the unnodified ethylene/[err]-olefin random copol yner.
The graft -Fodimetedlechpecpenpoendf (3 Mmaydde Ay fer the( BPLlype T Al Yt af t
quantity within the above range exhibits high dispersibility in the
pol yan de resitfaCEAPBsPYFBAM - and besides it has excellent heat stability,
so that the resin i_s not col ored when |.t ed. queover, mEeT“tQis graft-
modi fied ethyl ene/ F8rF ?OPE?Pﬂr?Eﬁﬂﬂnﬁﬁgiﬂﬂ VREALLBFePE G8EALYEE10 pol yani de
resin COﬁpOSI%&%Qo%gggghesgivgﬂggl&u{ghrgﬁ&k%%ert to the catalyst
components can be employed. Examples of the inert
10 hydrocarbon solvents include aliphatic hydrocarbons, such
as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons, such
as cyclopentane, cyclohexane and methylcyclopentane;
aromatic hydrocarbons, such as benzene, toluene and xylene}
15 and halogenated hydrocarbons, such as ethylene chloride,
chlorobenzene and dichloromethane. These hydrocarbon
solvents can be used singly or in combination.
. The metallocene compound [a], the organocaluminum Oxy-
compound [b], the ion pair-forming compound [c] and the
20 organcaluminum compound [d] can be contacted at a
temperature of usually -100 to 200 °C, preferably -70 to
100 °c.
In the present invention, copolymerization of ethylene
and the o-olefin of 6 to 20 carbon atoms can be carried out
25 under the conditions of a temperature of usually 40 to 200

°C, preferably 50 to 150 °C, particularly preferably 60 to

120 °C, and a pressure of atmospheric pressure to 100



product s-of high nmechanical strength can be obtai ned. Exanples of the

unsat urated carboxylic acids enpl oyable herein include acrylic acid, naleic
acid, fumaric acid, tetrahydrophthalic acid, itaconic acid, 15 citraconic
acid, crotonic acid, isocrotonic acid and Nadic [err]

(endoci s- bi cycl o[ 2, 2, | | hept 0- 5- ene- 2, 39%i car boxyl i ¢ acid). Exanples of the
derivatives of unsaturated carboxylic acids include acid halide conpounds,

ani de. conpoundgy, dni?i, dgrefe r S0P OIS prAG ¢ RYALI-des o288 Rg)&H2,conpounds
of the above-nentioned unsaturated carboxylic acids. Mre specifically,

there can be RRiYdieAdrT® riFeehboyi demosPHet i e JHRIrQ ‘E.oaBbYQ?VQ;QZ.
citraconi c anhydri de, nononethyl naleate, dinethyl maleate and glyci dyl

mal eate. 25  of timekecopoeipeabbetboe tewed ivrateth oy koxduiceedcbgds and
anhydrides thereof, and particularly preferable are maleic acid, Nadic
[err] and anhydhides golymesézatids. procd&dselderot Stndsspeeifbirablliym tati on
on the position of the unnodified ethylene/[err]-olefin random copol yner,
at which the coydlupted by gr ablutiiontbolymetirattiorapedcesshoxEhi theci d or
its derivative, and it is enough that the unsaturated 5 carboxylic acid or
“its derivati veqlitiond @ lypeahZaE bpr raF9cest bdhantadinrgisaie hydrocarbon,

et hyl ene/ a-ol efin randonlcgﬁglyner for formng the graft-nodified

et hyl ene/ [ er r |SUIVERYS RXRIEAPLBEBPYRe?S (1B)S MELZAtHOG; SPdyents.

ethylene/a-olefirlrﬁggﬁay %ggokxggiymerization can be carried out by any
of batchwise, semi-continuous and continuous processes, it
10 is preferably carried out continuously. The polymerization
can be carried out in two or more stages, each of which is
conducted under differént reaction conditions.
The linear and long-chain branched ethylene/a-olefin
random copolymers which are preferably used in the
15 invention are obtained by the process mentioned above, and
the molecular weight of these copolymers can be modified by
controlling the polymerization conditions such as
polymerization temperature or controlling the amount of
hydrogen (molecular weight modifier).
20 ft-modifi h -olefin ran lymer
As described above, the graft-modified ethylene/o-
olefinlrandom copolymer (B) used in the invention is
obtained by graft—modifying the above-described unmodified
ethylene/a-olefin random copolymer with a specific amount
25 of an unsaturated carboxylic acid or its derivative.
The graft quantity of the unsaturated carboxylic acid

or its derivative in the graft-modified ethylene/a-olefin

random copeolymer (B) is in the range of 0.01 to 10 % by



10 (B) 'can be prepared by various processes conventionally known, for
exanpl e, the follow ng processes. (1) Melting the unnodified
‘ethylene/[err]-olefin random copol yner, to the nolten copol ynmer is added
t he unsaturated carboxylic acid or its derivative to performgraft 15
copol yneri zation. (2) Dissolving the @tmodified ethylene/[err]-olefin
random copol yner in a solvent, to the obtained solution is added the

d . . ; der.i i . f f
Copolyrer 2at o8 oRGLek 15 68 ENLIE, KBAPELLIMBERHL ygoy o

reaction is preéeghbl yf ceid iathanilfidl hdyneasence18kia radisal initiator
to efficiently graft copol ynerize graft nononers such as the unsaturated

carboxylic aci dop&xpm@tes of the radical initiators include organic 25
per oxi des and azo conpounds. More specifically, there can be nentioned:
organi ¢ peroxi des, B hyeaftharadiiiegeethiydenedoiehlef bhenangdm pesmxd e r
di cunyl peroxide, di-tert-butyl 98 per oxi de,

2, 5-di net hyl - 2(B) dhdpndey kereftatompneiygewdthindthe above range exhibits
bi s(tert-butyl peroxyi sopropyl ) benzene, |auroyl peroxide, tert-butyl
peracet ate, 2,BigRn@isgeroilnldityt dnt theupglpenbdy) heximez@yposition, and
2,5-dinmethyl-2,5-di(tert- 5 butyl peroxy)hexane, tert-butyl perbenzoate,
tert-butyl perppehdeackt hias ecx@retllﬁﬂﬂ'—yi/‘eﬁ‘ér psabul vt eso tEhat tteylresin

er-sec-octoate, tert-hbutyl rpi valLate, cunyl perpival ate
P 15 not coloégdlxié% melted. Mg¥eogerP when this graft-

modified ethylene/0-olefin random copolymer (B) is used, a

10 polyamide resin composition capable of providing molded
products of high mechanical strength can be obtained.

Examples of the unsaturated carboxylic écids
employable herein include acrylic acid, maleic acid,
fumaric acid, tetrahydrophthalic acid, itaconic acid,

15 citraconic acid, crotonic acid, isocrotonic acid and Nadic
acid“'(endocis—bicyclo[2,2,1]hepto-5-ene—2,3-dicarboxylic
acid).

. Examples of the derivatives of unsaturated carboxylic
acids include acid halide compounds, amide compounds, imide

20 compounds, acid anhydrides and ester compounds of the
above-mentioned unsaturated carboxylic acids. More |
specifically, there can be mentioned malenyl chloride,
maleimide, maleic anhydride, citraconic anhydride,
monomethyl maleate, dimethyl maleate and glycidyl maleate.

25 of these, preferable are unsaturated carboxylic acids and

anhydrides thereof, and particularly preferable are maleic

acid, Nadic acid™ and anhydrides of these acids.



and tert-butyl perdiethylacetate; and azo conpounds, such as

azobi si sobutyronitrile and 10 di nethyl azoi sobutyrate. O these, preferably
used are dial kyl peroxides such as dicunyl peroxide, di-tert-butyl

peroxi de, 2,5-dinethyl- 2, 5-di(tert-bytyl peroxy)hexyne- 3,
2,5-dinmethyl-2,5-di(tert- butyl peroxy)ytfexane and 1, 4-bis(tert-

but yl per oxyi sopropyl ) benzene. The radical initiator is used in an anount of
usual |y 0.001 to 1TRaré by w&ighdcificefldmdblyi6n008 the Opsspardn byf vaeght ,
more preferably 0.05 to 0.3 part by weight, based on 100 parts by wei ght of
t he unnodi f i ednwoyfbed/ ¢ehyleng ginlefiin random COPSLYREE: FhevWiyteh tthe
reaction using or not using the radical initiator is carried out at a

t enper at ure otopelmhey 66 ¢af5ed [wirth] ther sheptbrgtedocasbegpli®raqid|n the
present invention, the graft-nodified 25 ethylene/éerr]-olefin random
copol ymer (B) orsitsederivanivgwand dit 3 enpoghphhas BheweRgREUrded erabl y
10 to 100 parts by weight, nore preferably 10 to 60 garts by wei ght, based
on 100 parls bprierghicoRcifeopotimfrd idddive ¢A) bon e@QtW%% qﬁgltrary

graft-nodified %égéhgggALgEr%@%h§%ég¥éﬁgy&ugrgggg!¥gﬁhO&BLohglg§§g &t he

above- nent i on&d a po esi'n conmposition havi

mol dabi l'ity a%rﬁ\gngrgkﬁeoérgf@wamg@!&@fi«l@rn@%%ie@&nefsﬁhbﬁm 5
owte

flexibility, erattre Inpact resistance, resistance
copolymer (B).

The graft-modified ethylene/a-olefin random copolymer

10 (B) can be prepared by various processes conventionally
known, for example, the following processes.

(1) Melting the unmodified ethylene/a-olefin random
copolymer, to the molten copolymer is added the unéaturated
carboxylic acid or its derivative to perform graft

15 copolymerization.

(2) Dissolving the unmodified ethylene/a-olefin
random copolymer in a solvent, to the obtained solution is
added the unsaturated carboxylic acid or its derivative to
perform graft copolymerization.

20 In any of the above processes, the graft reaction is
preferably carried out in the presence of a radical
initiator to efficiently graft copolymerize graft monomers
such as the unsaturated carboxylic acid.

Examples of the radical initiators include organic

25 peroxides and azo-compounds. MoFe specifically, there can
be mentioned:

organic peroxides, such as benzoyl peroxide,

dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butyl



to wat er-absorption and resistance to saline solutions can be obtai ned.

QG her additives To the polyam de resin conposition of the invention 10
conprising the polyam de resin (A and the graft-nodified ethylene/a-olefin
random copol yner (B), various additives such as antioxidant, ultraviolet

| i ght absorber, light- protective ager®8 phosphite stabilizer, peroxide
deconposer, basic co-stabilizer, nucleating agent, 15 plasticizer,

| ubricant, an igéggh&lﬁ ?%L?iééég§ijf¥§ud¥ﬁ§%ﬁj gﬁggggatgyﬁegpgeigjI§;4£an

be optionally S Imts not” prej to the object of the

i nventi on. Fu?oggqeeretggfypgéyﬁﬁmqm)M%an Lharpolypsterid€si n

conposi ti on of the invention, hin limts not prejudicial 20 to the
obj ect of the tigp¢eBLi9n. pExadet &6 of2 thatifdthgns 2i, Bekideeearbon bl ack,

asbestos, talc, silica and silica alumna. Preparation of polyanide resin
conposi ti on Thetpabraskdehergha-sopGtdinmtefl-2hé-diverrten can 25  be
prepared by nelt mxing the polyam de resin (A), the graft-nodified
et hyl ene/ a5ol efutylperday) hepehgmerelB)hutarld perbed@ oapel ohaktybubddi ti ves,
by various nethods conventionally, known. That is, the polyam de resin
conposi tion ofpeiphenylenetahecahebe-bivh Mar ispbutyrrtancbasFyPyEyL
successively ieﬁfgﬁgqggﬁhggefhge?ffgfiffqﬁﬁﬁﬁﬂéﬁakgﬁoc%mgHXLQQpQSX'§€eS“Ch
and tert-butyl perdiethylacetate; and
azo compounds, such as azobisisobutyronitrile and
10 dimethylazoisobutyrate.
Of these, preferably used are dialkyl pe;oxides such
as dicumyl peroxide, di-tert—ﬁutyl peroxide, 2,5-dimethyl-
2,5—di(tert—butylperoxy)hexyne—3, 2,5-dimethyl-2,5-di (tert-
butylperoxy)hexane and 1,4-bis(tert-
15 butylperoxfisopropyl)benzene.
The radical initiator is used in an amount of usually
0.001 to 1 part by weight, preferably 0.003 to 0.5 part by
weight, more preferably 0.05 to 0.3 part by weight, based
on 100 parts by weight of the unmodified ethylene/da-olefin
20 random copolymer.
The graft reacﬁion using or not using the radical
initiator is carried out at a temperature of usually 60 to
350 °C, preferably 150 to 300 °C.
In the present invention, the graft-modified
25 ethylene/c-olefin random copolymer (B) is used in an amount
of 5 to 200 parts by weight, preferably 10 to 100 parts by
weight, more preferably 10 to 60 parts by weight, based on

100 parts by weight of the polyamide resin (A).



as Henschel m xer, V-type blender, tunbling m xer or ribbon blender to m x
themin the device and then nelt kneading the m xture thus obtained by a
kneadi ng devi ce such as single-screw extruder, mnulti-screw extruder
kneader or 10 Banbury mxer. O the kneadi ng devices, those of good
kneadi ng performance such as nulti-scr@® extruder, kneader and Banbury.

m xer are preferably used, whereby a pol yam de resin conposition of high

btai nod. In any of "RRG ERAGHRET TS HTARE ARV BHBACHAPERDoEondon

The. i nventi on GBPATKBE aloh oy arteth e HhR ABVERTEGAPReRsSRtbes By 20
ol ding, ext r uBPSRARERE: RE° S LR, RéRa! HeS e BB B e e o
peci {1 anpuntoBIOReopoly ot e aay K TAp o o BEC PREATLERER 07 R

graf t - nodi f§ ed rebRyLenel ¢; o] & it AN LORRLYRE! r£B) sPRhED izsesopét.?alr{&d by

graft-nodifying 101 an ethylene/[err]-olefin randon1copo1yner 0
et hyl ene and afoawate&f+ab®brpr iéh 4hd H2aRtaheBE W 581 8Re USSBItH L Ean

carboxylic acid or its derivative and has a graft quantity of- 0.01 to 10 %
by wei ght. Thebgrebtaimedfi ed et hyl ene/ a-
Other additives
To the polyamide resin composition of the invention

10 comprising the polyamide resin (A) and the graft-modified

ethylene/0~olefin random copolymer (B), various additives
'.such as antioxidant, ultraviolet light absorber, light-

protectivé agent, phosphite stabilizer, peroxide

decomposer, basic co-stabilizer, nucleating agent,

15 plasticizer, lubricant, antistatic agent, flame retardant,
pigment, dye.and filler can be optionally added within
limits not prejudicial to the object of the invention.
Further, other polymers may be added to the polyamide resin
composition of the invention, within limits not prejudicial

20 to the object of the invention.

Examples of the fillers include carbon black,
asbestos, talc, silica and silica alumina.
r i amide resin i
The polyamide resin composition of the invention can
25 be prepared by melt mixing the polyamide resin (A), the

graft-modified ethylene/0-olefin random copolymer (B), and



5 ol efin random copolyner (B) is a graft-nodified product of an

ethyl ene/[err]-ol efin random copol yner having a specific a- olefin content
and a specific intrinsic viscosity. Hence, the polyam de resin conposition
of the invention has excellent nmelt flowability, i.e., excellent

mol dability, 10 and a capability of HpOvi di ng nol ded products of excellent
flexibility, lowtenperature inpact resistance, resistance to water

absorption and_r.esi nce . L pe | E .
present i nventqpé:r%ovn\nsaltll ybea%igrl?%léégﬂeégr#%felg wthr g‘aesr g#ggePSl?ﬂgIng | owi ng
exanpl es, but it . should be construed that the invention is in no way

linmted to those exanpl es. Exanple 1 20 Preparati on of

et hyl ene/ 1- oct ene raRYONSCORALY BBy &l £RA Bdd ) Hmportidlivst ofFotHei on To a
glass flask thoroughly purged with nitrogen, 0.5 ng of

bi s( 1, 3- di net dverelieperbadbenybl 2ine@byns il rdrdousdy ioxt sadueedivd@dyt he
flask were then added 1.57 ml of a 25 t ol uene sol ution of

met hyl al unbnoaxaneduwdlingl themabblry aomp@nditt srlindfo taolmieviagt devltei auah
catal yst solution. Pol ynerization 102 To a 2 liter stainless steel

aut ocl ave t horamidlensghelged xeirt hVntypegehend®n Humdil inek i&ezn@r3gdbhpnof
1- octene were introduced, and the tenperature of the systemwas el evated
to 60 [err]. THender mepmigf them §Bbtky| dekeHARd then melt kneading

the mixture thus obtained by a kneading device such as
single-screw extruder, multi-screw extruder, kneader or
10 Banbury mixer.

Of the kneading devices, those of good kneading
performance such as multi-screw extruder, kneader and
Banbury mixer are preferably used, whereby a polyamide
resin composition of high quality wherein the components

15 are homogeneously dispersed can be obtained.

In any of the stages, the above-mentioned additives,

e.g., antioxidant, can be optionally added.
.  The polyamide resin composition of the invention
obtained as above can be molded into various shapes by
20 wvarious melt molding methods conventionally known such as
injection molding, extrusion molding and compression

molding.

EFFECT OF THE INVENTION

25 The polyamide resin composition of the invention

comprisés a specific amount of the polyamide resin (A) and

a specific amount of the graft-modified ethylene/a-olefin

random copolymer (B) which is obtained by graft-modifying



S and 05 mM (0.001 mml in ternms of Zr) of the catalyst solution prepared
above were injected into the autoclave together with ethylene to initiate
pol yneri zation. Thereafter, only ethylene was continuously fed to maintain-
the total pressure at 3.0 kg/[err]-G and the polynerization 10 was
continued at 70 [err] for 60 mnutes.]QRfter a small anmount of ethanol was
fed to the systemto term nate the pol ynerization, the unreacted ethyl ene
was purged out. The reaction solution was introduced into a |arge excess of
net hanol to precieshvaeaedopelofibh. randomtRrkyngds ofs ethydgaeatBd BY
filtration and dried overnight _under reduced pressure to obtain a |inear
ethylene/l-oc@@ﬁéeﬁ&ﬁd8§1éogelgﬂe??rbho%F%E$6P§ﬁbﬁ”{ﬁﬁ?aGHFéFﬁQd had a
1-octene content of 17 % by nol, an intrinsic viscosity g[err]), as.
measured in 2Garpexylis acld3er[bks|depkvaLive)gng hasgieagsaffafepht by

f -60 | 140 d _
gfﬂ’?;it Eﬁ PP g0y 88 48T Kl e ST LT o e st R T e Rty TehY o
terni . of 2.5 B val 1.1, 1..val .0 25
b epar at o o IrEie E2AARDaFPRRl EP4F . Boate i ey 48 BRefbet Bfiom
copol yner In %A*%%@h%:nevag&eflﬁ KSn@bmt 86pd i e RiHERE/shecagtiena-

random copol ynmer was bl ended with a solution 103 obt ai ned by di ssol vi ng
gge?OﬁL_”ale'QH%RQ¥Q%bﬁ@eﬁedaﬁdgaoépéQiffﬁtfﬁEFﬂHsiQ?%Qéb@%it?.30Hgn8é,
the polyamide resin composition of the invention has
excellent melt flowability, i.e., excellent moldability,
10 and a éapability of providing molded products of excellent

flexibility, low-temperature impact resistance, resistance

to water absorption and resistance to saline solutions.

EXAMPLE
15 The present invention will be further described with
reference to the following examples, but it should be

construed that the invention is in no way limited to those

exambles.
Example 1
20 rati 1- ne random 1
P ion of 1l i n

To a glass flask thoroughly purged with nitrogen, 0.5
mg of bis(l,3-dimethylcyclopentadienyl)zirconium chloride
was introduced. To the flask were then added 1.57 ml of a
25 toluene solution of méthylaluminooxane (Al: 1.1 mol/l) and
2.76 ml of toluene to obtain a éatalyst solution.

Pol ization



Then, the bl end obtai ned above was fed to a single- screw extruder having a
screw di aneter of 40 mmand L/D of 5 26 through a hopper and extruded into,
strands under the conditions of a resin tenperature of -280 [err] and an
extrusion rate of 6 kg/hr. The strands were cooled with water and then
pelletized to obtain a mal ei c anhydril@® graft-nodified ethyl ene/ 1-oct ene
random copol yner. Fromthe graft-nodified ethyl ene/ l-octene

10
oo copol e shey 2 SREE SRk IbAg St gt bty

acetone. Then, a gr . qua malerc an

graf t-modi fi eggggaa' &0eh 5 DL | gélggﬂg%%;rsﬁewaﬁdn@@@ UL dor AS- @

result, the g quantity by weight. Preparation of

-pol yam de resppreREPRSHE | PRt ALY ! kY twel gBihpelatukenof €ren & gt &aM017,
avai l able from Toray Industries, Inc., MFR (235 [err], load of 2.16 kg): 33

g/ 10 min) andwgs paevsrdy vei@htecaf trhenpmi eisio 20o £ anttyidlae: yradfuiminmel f i ed
et hyl ene/ 1- oct ene random copol yner pellets were bl ended by neans of a
Henschel B xeantoOp6epar ¢0 a00r ymrid enich tHres, ofh@rir pfbtbadcakaslysd to a

tw n-screw extruder (L/D = 40, diameter: 30 mm) preset at 245 [err] to
prepare 25 pebletionfprepatgdnibive osine dojecsedi dntoThhepapteekawd t he
pol yam de resin conposition was dried at 80 [err]]C for 24 hours and

subj ected to tegethesnwithieghydsnri g dmddriatiee PPIYMERLAGEEDPdi tions to

prepare speci nens ) ‘ )
Thereafter, only ethylene was continuously fed to maintain

the total pressure at 3.0 kg/cm?-G, and the polymerization

10 was continued at 70 °C for 60 minutes. After a small
amount of ethanol was fed to the system to terminate the
polymerization, the unreacted ethylene was purged out. The
reaction solution was introduced into a large excess of
methanol to precipitate a polymer. The polymer was

15 separated by filtration and dried overnight under reduced
pressure to obtain a linear ethylene/l-octene random
copolymer.

. The copolymer thus obtained had a l-octene content of

17 % by mol, an intrinsic viscosity (M), as measured in

20 .decalin at 135 °C, of 2.2 dl/g, a glass transition
temperature (Tgf of -60 °C, a crystallinity, as measured by
X-ray diffractometry, of 2 %, a molecular weight

distribution (Mw/Mn), as determined by GPC, of 2.5, a B

value of 1.1, and a gn* value of 1.0.
25 ' lei ' -modi £ =
octene random copolymer
In a Henschel mixer, 10 kg of the linear ethylene/1-

~octene random copolymer was blended with a solution



for property tests. Injection nolding conditions Cylinder tenperature: 245

[err]. 5 - I njection pressure: 400 kg/cn2 Ml d tenperature: 80 [err]
Subsequently, properties of the polyam de resin conposition were eval uated
by the followi ng nethods. (1) Flexural test 10 A flexural nodul us

(FM kg/cnR) of a specinen having a tidtkness of 1/8 inch was neasured in
accordance with ASTM D 790. Conditioning of the specinen was carried out at

25 Lo 1151 BRAREPeAeR BRI OLRs S B 8,0, 90t

not ched 1zod inpac i pecitren having a t ness of
Was neasur ed @iti-tégt[-ﬁ[lgl%']?ef‘gff’%%aiqp%mé R AREMLBné26. Conditioning of

t he speci nen was carrie u [err] Tor 2 days in a dry state. The

results are set forhlnlNthabbeedd Mt ErwladoleAwael Yaal e sesingle-
conposition was prepared in the sane manner as in Exanple 1 except that the

anount of the gtle®i ex@rliydri Hev Unafd -soiv icddnetlky! efedld- oot ané LADdeM
copol ynmer 25 was varied to 100 parts by weight. The flexural nodulus and
t he not chell i PBathreugingt hoppet hanghodstaniddel riegion strapdsi thderwehe
measured by the nethods previously descri bed.

conditions of a resin temperature of 280 °C and an

extrusion rate of 6 kg/hr. The strands were cooled with

water and then pelletized to obtain a maleic anhydride

graft-modified ethylene/l-octene random copolymer.

10 . From the graft-modified ethylene/l-octene random
copolymer, the unreacted maleic anhydride was extracted
with acetone. Then, a graft quantity of the maleic
anhydride in the graft-modified ethylene/l-octene random
cdpolymer was measured. As a result, the graft quantity

15 wa$ 0.90 % by weight.

ration lyami in m iti
100 Parts by weight of nylon 6 (Amilan CM1017,
avaiklable from Toray Industries, Inc., MFR (235 °C, load of
2.16 kg): 33 g/10 min) and 25 parts by weight of the maleic

20 anhydride graft-modified ethylene/l-octene random copolymer
pellets were blended by means of a Henschel mixer to
prepare a dry blend.

Then, the dry blend was fed to a twin-screw extruder
(L/D = 40, diameter: 30 mm) preset at 245 °C to prepare
25 pellets of a polyamide resin composition.

The pellets of the polyamide resin composition was

dried at 80 °C for 24 hours and subjected to injection



105 The results are set forth in Table 1. Exanple 3 A catal yst sol ution was
prepared in the sane manner as 5 in Exanple 1 except that -

rac-di met hyl silyl ene-bi s{1-(2- nethyl-4-phenylindenyl)}zirconiumdichloride
-was used in place of bis(1, 3-dinmethylcycl opentadienyl)zirconium chlori de.
Using this catal yst solution, a |ong-X®in branched et hyl ene/ 1-oct ene
random copol yner was prepared in.10 the sanme manner as in Exanple 1. The

copol ymer thu .aln d 1; ene content .of 17 % by nol, an jntrinsic
vi scosity ([e§$??$%§ssﬁ%§§uF§% ?éﬁ%ﬁ%ﬁﬂqr$%ﬂ Jfégnfeip]p5¥piF§ WFGmEL Yl ass
transition te r err], a crystallinity, as neasured by X- 15
ray diffracto%&?rg%gggrg§@§§gt%blecular wei ght distribution (Mv M), as

det erm ned by 16Rect®bn2mdidan® ¥ahde: ngl- 0, and a [err] value of 0.86. The
| ong- chai n branched et hyl ene/ 1- oct ene random copol yner was graft-nodified

wi th mal ei ¢ anhydr cg@ihBeth€edfersaiE: MPywLrecas in Exanple 1 to obtain a
graft-nodified ethylene/1l-octene random copol yner. Using the graft-nodified

et hyl ene/ IS oct ene rarjdoticnpptys®ire PeidEiky/@m2a pol yanm de resin
conposition were prepared in the sanme manner as in Exanple 1. The fl exural
25 nodul us and t h¥ohdt thmpetaigire nt°Cst rength of the pol yani de resin
conposition were neasured by the nethods previously described. The results
are set forth in T&ppeegquently, properties of the polyamide resin
composition were evaluated by the following methods.
(1) Flexural test
10 A flexural modulus (FM, kg/cm?) of a specimen having a
thickness of 1/8 inch was measured in accordance with ASTM
D 790. Conditioning of the specimen was carried out at 23
°C for 2 days in a dry state.
(2) Izod impact test
15 A notched Izod impact strehgth of a specimen having a
thickness of 1/8 inch was measured at -40 °C in accordance
with ASTM D 256. Conditioning of the specimen was carried
out -at 23 °C for 2 days in a dry state.
The results are set forth in Table 1.
20 |
Example 2
A polyamide resin composition was prepared in the same
manner as in Example 1 ekcept that the amount of the maleic-
anhydride graft-modified ethylene/l-octene random copolymer
25 was varied to 100 parts by weight. The flexural modulus
and the notched impact strength of the polyamide resin
composition were measured by the methods previoﬁsly

described.



106 Conparative Exanple 1 Preparation of ethylene/l-butene random copol yner
In a polynerization reactor, vanadiumoxytrichloride 5 and ethylal um num
sesqui chl ori de were enpl oyed as a polynerization catal yst, a m xed gas of
et hyl ene and 1- butene and a hydrogen gas were fed to hexane serving as a
pol yneri zati on sol vent, and pol ymeri 285 on of ethyl ene and 1-butene was
continuously carried out under the conditions 10 of a tenperature of 40

[err], a pressure 9%%gré%ﬁfgszyy%a%éEe%%q%ﬂc nt&HB%Qfll hour. Fromthe

reaction sol ution, vent was separated to obtain an ethyl ene/ 1-but ene
random copol ynmer as the ai med product. The copol yner thus obtained had a
1-butene content of 15 19 %by nol, an intrinsic viscosity ([err]), as
measured in dggamphea 135 [err], of 2.2 dl/g, a glass transition
tenperature of -65 [err], a crystallinity, as nmeasured by X- ray
diffractonetry, ofa2c&tangst soMaditn ofasl ptepRregaiat the sémermha@irer as
anhydri de graft-nodified ethylene/1l- 20 but ene random
copol ymer 3 n anHerampiké I ecereptltHer ofact-démethylendylehatiebe{ katom

copol yner was bl ended with a solution obtained by dissolving 50 g of maleic
anhydri de andmgthydf4dpherylindgnyd) jpdirepindam dishlgréfegeas opged 2n
Then, the bl end obtai ned above was fed to a single- screw exfiruder having a
screw di anet ePlare40fnhi ahl, 37H RatnE aMGlORERLACAEPBE) ZARE°RX R uded i nto

strands under the conditiops of resin tenperature of 260 rr] and an
chlorgde. Usfng thfg catélysgn%olukgon, a onngha n

branched ethylene/l-octene random copolymer was prepared in
10 the same manner as in Example 1. '

The copolymer thus obtained had a l-octene content of
17 % by mol, an intrinsic viscosity (1), as measured in
decalin at 135 °C, of 1.9 dl/g, a glass transition
temperature.of -60 °C, a crystallinity, as measured by X-

15 ray diffractometry, of 2 %, a molecular weight distribution
(Mw/Mn), as determined by GPC, of 2.5, a B value of 1.0,
and a gn* value of 0.86.
« The long-chain branched ethylene/;-octene random
éopolymer was graft-modified with maleic anhydride in the
20 same manner as in Example 1 to obtain a graft-modified
e;hylene/l-octene random copolymer. .

Using the graft-modified ethylene/l-octene random
copolymer, pellets of a polyamide resin composition were
prepared in the same manner as in Example 1. The flexural

25 modulus and the notched Izod impact strength of the
polyamide resin composition were measured by the methods
previously described.

The results are set forth in Table 1.



107 extrusion rate of 6 kg/hr. The strands were cooled with water and then
pelletized to obtain a mal ei ¢ anhydride graft-nodified ethyl ene/ 1l-butene
random copol yner. Fromthe solution of the graft-nodified ethylene/1- 5
but ene random copol yner, the unreacted nal eic anhydride was extracted with
acetone. Then, a graft quantity of tHeGmual eic anhydride in the
graft-nodified ethyl ene/ 1-but ene random copol yner was neasured. As a
result, the graft quantity was 0.43 % by wei ght. 10 Preparation
of polyam de resin conposition 100 Parts by weight of nylon 6 (Am | an

CMLO017, avail abheakbem,d 0k ANm ustries, Inc., MFR (235 [err]mload of 2.16
kg): 33 g/10 nin§ and 25 parts by melght of the mal ei ¢ anhydri de
graft-nodifiegre oh 1o b us Ene] & ,  \HA ahbaes were bl ended
by neans of a anschel m xer to prepare a dry bl end. Then the dry bl end
was fed to a tw n-gsarewpexymeteiat 1dD reattordi arraataeirlumBny’a}i@m:e@ﬁid@t 245
[err] to prepare pellets of a polyam de resin conposition. 20 The
pel | ets ofSthandokyhyildiuntsim sesqoisitlicndsasvedel edpaby88 asra] for 24
hours and subjected to injection nolding under the follow ng.conditions to
prepare speci PeAymMEEizpt bpereytakysts. aNmixedegescoft ethiiéespi and Itow, the
pol yam de resin conposition was injected into a half-round 25 nold

(di aneter: 3. ®ukgpeppsdi dclydre¥er @aalweicofrss tondexangesesvingi ag a

conditions and the fl ow di stance was neasured.
polymerization solvent, and polymerlzatlon of ethylene and

l1-butene was continuously carried out under the conditions
10 of a temperature of 40 °C, a pressure of 5 kg/cm? and a
residence time of 1 hour. From the reaction soluﬁion, the.
soivent was 'separated to obtain an ethylene/l-butene random
copolymer as the aimed product.
The copolymer thué obtained had a l-butene content of
15 19 % by mol, an intrinsic viscosity (1), as measured in
decalin at 135 °C, of 2.2 dl/g, a glass transition
temperature of -65 °C, a crystallinity, as measured by X-
ray ,diffractometry, of 2 % and a B value of 1.1.
ration of mll i nhydri raft-modifi n -
20 ne random lymer
In a Henschel mixer, 10 kg of the ethylene/l-butene
random copolymer was blended with a solution obtained by
dissolving 50 g of maleic anhydride and 3 g of di-tert-
butyl peroxide in 50 g of acetone.
25 Then, the blend obtained above was fed to a single-
screw extruder having a screw diaméter of 40 mm and L/D of
26 thfough a hopper and extruded into strands under the

conditions of a resin temperature of 260 °C and an



I njection nol ding conditions 108 Cylinder tenperature: 245 [err]

I njection pressure: 1,000 kg/cn2 Mdld tenperature: 80 [err] Then, using the
speci nens obt ai ned above, the flexural 5 nodul us and the notched | zod

I npact strength were neasured by the nethods previously described. The
results are set forth in Table 1. Tabt@71 10 Unit Ex. 1 Ex. 2 Ex. 3
Conp. Ex. 1 Ethylene/[err]-ol efin random copol yner Content of

[err]-olefin extBvnmRhte of76 k%/grl7 The strbhds werel@oblbai ISR

vi scosity dl /g 2.2 1.9 2.2 G ass transition
[err] “Water and GBen peliffized tdDBtHPELrAMIISiCcTanhGayssal linity
% 2 2 2 2 Mwv Mh _

2.5 2.5 graf-modified- eBhyaéne/l-butene random copolymer. 1.1

1.1 1.0 1.1 [err] value 1.0 1.0
0.86 - G aft - o itbg prédtton Chfirgee ofrafitamddified ethydepent - 0.5
0.5 0.5 0.5 of MMAH Graft quantity of MAH % by wt . 0.48

0. 48 0.50 butgnes random copolymer, the unreacted maleic anhydride was

extracted with acetone. Then, a graft quantity of the
maleic anhydride in the graft-modified ethylene/l-butene
random copolymer was measured. As a result, the graft

quantity was 0.43 % by weight.
10 ; f polyami

100 Parts by weight of nylon 6 (Amilan CM1017,
available from Toray Industries, Inc., MFR (235 °C, load of
2.16 kg): 33 g/10 min) and 25 parts by weight of the maleic
anhydride'graft—modified ethylene/l-butene random copolymer

15 pellets were blended by means of a Henéchel mixer to
prepare a dry blend.

Then, the dry blend was fed to a twin-screw extruder
(L/D = 40, diameter: 30 mm) preset at 245 °C to prepare
pellets of a polyamide reéin composition.

20 The pellets of the polyamide resin composition was
dried at 80 °C for 24 hours and subjected to injection
molding under the following gonditions to prepare specimens
for property tests. With respect to the spiral flow, the
polyamide resin composition was injected into a héif—round

2S5 mold (diameter: 3.8 mm) provided with spiral grooves under
the following conditions ‘and the flow distance was
measured.

Indecti 1d] it



Conmponent's of pol yam de resin conposition Nylon-6 parts by

100 100 100 100 wei ght Modified ethyl ene/a- parts by 25
100 25 25 ol efin copol ymer wei ght 25 100

25 25 Properties of polyig%pe resin conposition nolded product
FM [err] 6500 19200 18600 Not ched

| zod inpact strength 23 C kg cmcm N B N. B. N.B. -20 [err]
kg cmfcm  N.B. CY¥J4§er temperature 245-40 [err] kg cm cm 20

N. B. 18 16 Reny MAH: nal ei ¢ _anhydride N. B.: non-breakable The

[err]-olefin for coﬁ%???&%*‘Br?ﬁ%P%ﬁhﬁvgﬂglf ‘.ol efin 15 copol ymer is

1-octene in each of 3.g28d it is 1-butene in Conparative
Exanpl e 1. 109 V\ﬁ&&@é@%éd? 80a 8 A pol yam de resin conposition

conprising: [I] 1007R&f} S,diw \A@hghépé&n@ne%y@ﬁm @oha, (Ale fARGukAl] 5 to
200 parts by weight of a gra?t nodified 5 ethylene/[err] ol efin random
copol yner (B) heidoguebémd e hytched Izod impact strength were measured

by the methods previously described.

The results are set forth in Table 1.

Table 1
10
. Comp.
. Bx. 2 Ex.
‘ Unit Ex. 1 x. 3 Bx. 1
Ethylene/a-olefin random
copolymer -
Content of 0-olefin $ by mol 17 17 17 19
Intrinsic viscosity
() dl/g 2.2 2.2 1.9 2.2
Glass transition ° _ _ _
temperature (Tq) C -60 60 60 65
Crystallinity "% 2 2 2 2
Mw/Mn - 2.5 2.5 2.5 -
B value - 1.1 1.1 1.0 1.1
gn* value - 1.0 1.0 0.86 -
Graft-modified product
Charge of quantity % by wt. 0.5 0.5 0.5 0.5
of MAH
| Graft quantity of MAaH % by wt. 0.48 0.48 0.50 0.43
Compgonents of polyamide
resin composition
Nylon-6 parts by
weight 100 100 100 100
Modified ethylene/c-~ parts by
olefin copolymer weight 25 100 25 25
Properties of polyamide
resin composition molded .
product
M kq/cm? 19400 6500 19200 18600
Notched Izod impact ’
strength
23 °c kg cm/cm N.B. N.B. N.B
-20 °C - kg-cm/cm N.B. N.B. N.B -
-40 °C kg-cm/cm 20 N.B. 18 16
Remarks:

MAH: maleic anhydride
N.B.: non-breakable
The a-olefin for constituting the ethylene/a-olefin

15 copolymer is l-octene in each of Examples 1 to 3, and it is
l1-butene in Comparative Example 1.



graft-nodifying an ethylene/[err]-olefin random copol ynmer of ethyl ene and
an [err]-olefin of 6 to 20 carbon atons wi-th an unsaturated carboxylic acid
or its derivative and having a graft quantity of 0.01 to 10 % by wei ght, 10
wherein the graft-nodified ethylene/a-olefin random copolyner (B) is a
graft-nodi fied product of an ethyl endQ® ol efin random copol yner having the
foll owing properties: (a) the content of the [err]-olefin of 6 to 20 carbon
atons is int ange : 0: 25 % by nol; and 15 (b) the intrinsic’
Vi scosity ([e?ﬁf&,ggscgég@ﬁéel in decalin at 135 [err], is in the range of

0.5 1t0 5.0dl/g. .12.  ATHE! POhYEN LS i YompoRTRESh! Lempassthgi med in claim
1, wherein the ethylene/a-olefin random copol yner 20 before the graft '

modi fication is anpefhybensiec o8 iweiighitdan eopellyaridebtasned(Ay, rarmdiom
copol ynmeri zing ethylene and an [err]-olefin of 6 to 20 carbon atons in the
presence of a netalllntebetcaz® ysdrtLoy weight3of aTheapotmedifleedesin
conposition as clainmed in claim1, wherein the ethylene/[err]-olefin random
copol yner bef 6tbylreedpapiefbi Fardan PRl vRay (&4r PedRgl eREALBRR|BY ef i n

random copol ynmer having the follow n roperties: 110 (a) .the coptent of
t he [err]-oleﬂFﬁfBFdePSYQGgC%?U%FP%#%#%J&%P%%?¥Ph§apgﬁﬁeCgP%éyPﬁrZ%f96by

nol; (b) the in{rinsic viscosit err]),,.as asured in _decalip at 135
ferr], isin Fﬁbyrl&ﬁﬁea{}?i 5?‘_5“?%1%%’0“ o‘H F %5’ car%(%‘) af‘ﬁglsgwégg an
transition teﬁ%%g%h%gge&ngrégx§T%c acid or its derivative and having a

graft quantity of 0.01 to 10 % by weight,

10 wherein the graft-modified ethylene/c-olefin random
copolymer (B) is a graft-modified product of an ethylene/o-
olefin random copolymer having the following properties:

(a) the content of the a-olefin of 6 to 20 carbon

atoms is in the range of 6 to 25 % by mol; and

1S5 (b) the intrinsic viscosity (M), as measured in

decalin at 135 °C, is in the range of 0.5 to 5.0 dl/g.

o 2. The polyamide resin composition as claimed in

claim 1, wherein the ethylene/a-olefin random copolymer

20 Dbefore the graft modification is an ethylene/da-olefin

random copolymer obtained by random copolymerizing ethylene

and an a-olefin of 6 to 20 carbon atoms in the presence of

a metallocene catalyst.

25 3. The polyamide resin composition as claimed in

claim 1, wherein the ethylene/a-olefin random copolymer

before the graft modification is a linear ethylene/o-olefin

random copolymer having the following properties:

[

I



hi gher than -50 [err]; (d) the crystallinity, as neasured by X-ray
diffractonetry, is less than 30 % (e) the nolecular weight distribution
(MM M), as 10 determined by GPC, is not nore than 3.0; (f) .the B value, as
determ ned by the 13C NWR spectrum and the follow ng equation, is in the
range of 1.0 to 1.4, B = POE/ (2PO PB)1@herein PE and PO are a nol ar. .
fraction of the ethylene 15 conponent and a nolar fraction of the

[err]-ol efin conponent, respectively, contained in BF unodi fi ed

et hyl ene/ a-ol efi n RgﬁdBHFCSBBFﬁﬂEr?gaﬁRFF%i?%%ﬁi? ﬁF% o C 6 6RTPRB nunber
of the-ethylen%/a-oLean aLternatin ﬁfgge% egir 0 the nunber of all the
dyad sequence&tOHfgisoln the rapge; q (% &?’HP he intrinsic

viscosity ([err]) qESeEHEn?ﬂg%gﬁé?g Nty fe@ gggvgﬁgﬁgﬁagﬂgghnﬁﬁc viscosity

([err])blank of a l1nhear e propyl ene “c aving the sane

meight-averag?Fggl gu @rlggiqptjgp§g§%%%drgﬁgg gkgagssggyigggﬁg,nethod) as

said ethylene/Terf]-olefin rarfdom copolymer and™ havi eﬁ%ylene

content of§70 % by @pl cnElgiLl) ér£§§{diéﬂ‘ﬂgﬁp%ﬁ%tﬁgge(% ?niQ-R?%e Iiﬁéar

The pol yam de resin conposition as almed 1nclarm 3, erern
et hyl ene/ [ err highefi Rhaandgp «opol yner is an ethylene/[err]-olefin random
copol yner obtai ned by random copol yneri zing ethyl ene and an [err]-ol efin of

6 to 5 20 carbon at@ystha thespseremngy,0fas mkisaldedc @pexeatgal yst contai ni ng
a netal |l ocene conpound represented by the
diffraqtometry, is less than 30 %;
(e) the molecular weight distribution (Mw/Mn), as
10 determined by GPC, is not more than 3.0;
(f) the B value, as determined by the 13C-NMR spectrum
and the follQQing equation, is in the range of 1.0 to 1.4,
B = Pog/ (2Pg*Pg)
wherein Pg and Pp are a molar fraction of the ethylene
15 component and a molar fraction of the a-olefin component,
respectively, contained .in the unmodified ethylene/a-olefin
random copolymer, and Pgg is a proportion of the number of
the ~ethylene/a~-olefin alternating seqﬁences to the number
of all the dyad sequences; and
20 (g) the ratio gn* of the intrinsic viscosity (n)
determined in the property (b) to the intrinsic viscosity

(W biank of a linear ethylene/propylene copolymer having the

same weight-average molecular weight (measured by a light

scattering method) as said ethylene/a-olefin random

25 copolymer and having an ethylene content of 70 % by mol,

(M) / (M) blank, 1S more than 0.95.

N0 O ;



followi.ng formula [C-a] or [B-a]: [err] 10 wherein Mis a transition netal
of Gioup IVB of the periodic table, [err] and [err] are each hydrogen, a

hal ogen atom a hydrocarbon group of 1 to 20 carbon atons which may be 15
substituted for hal ogen, a silicon-containing group, an oxygen-containing

group, a sulfur-containing group, a niitlrlogen-contai ni ng group or

a

phosphor us-contai ni ng group, R13 and R14 are each an al kyl group of 1 to 20

carbon atons, 20 err and .[err are _each. dro
a hydrocarbon group®of 1 éﬁ} @gP%§ Féﬂscogpﬁﬁfgé%ﬂa cF*ﬁhﬁ?A:
group of 1 to gﬂafﬁfim"hﬁﬁféﬂh tHe QK%@%Q'eGH?EéhQ/agogéPQQ Pindom

sul fur-contai ni ng group and | 11111121171111171 112111 11111111111

en at om

112 Yis a

di val ent hydr ogapdDymait o1 0f ekHyd et /edicheriat eARdoR dbyel gidr hedragienad ed
hydr ocarbon group of 1 to 20 carbon atons, a dival ent silicon-containing

group, a di val ent rgedomniepn oo miziingg egh@lpne- Bnd afrol&Ein -&O6 tho
[err] -P (0) (R7) -, [err] or [err] [err] is hydrogen, a hal ogen atom a
hydr ocar boiy gr 20ipc@fbdn tax il Gar htie aregenee arfhal ageanl ecerdy draearnkzan

group of 1 to 20 carbon atons); [err]

containing a metallocene compound represented by the

following formula [C-a] or [(B-al:

X! x?
\

\\

12 R13

wherein M is a transition metal of Group IVB of the

[C-a]
10

periodic table,
Rl and R!2 are each hydrogen, a halogen atom, a
hydrocarbon gfoup of 1 to 20 carbon atoms which may be
15 substituted fo; halogen, a silicon-containing group, an

oxygen-containing group, a sulfur-containing group, a

nitrogen-containing group or a phosphorus-containing group,

R13 and R4 are each an alkyl group of 1 to 20 carbon
atoms,
20 X! and X2 are each hydrogen, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-

containing group or a sulfur-containing group, and

T



[err] 10 'wherein Mis a transition netal of Goup |VB of the periodic
table, R21s may be the same as or different fromeach other 15 and are
each hydrogen, a hal ogen atom an al kyl group of 1 to 10 carbon atons which
may be hal ogenated, an aryl group of 6 to 10 carbon atons, [err] -SR [err]
or [err] (Ris a halogen atom an alkylzgroup of 1 to 10 carbon atons or an
aryl group of 6 to 10 carbon atons), 20 R22 to R28 are each the sane
as R21, or adjacenty 40 a04iR82ehe RES-oBYrHH BruAldMat ke 0b ahkpHALic
ring together with carbon atons to which they Jare bonded, [err] and [err]
may be the sankoass,Ola diivheendt nhlegeeacdd dififocutbod groaghoydregen a
hal ogen atom an OH group, 113 an al kyl group of 1 to 10 carbon atons,
an al koxy grouarifonl atom$) eadboaleationsilicorargdntgriouipgolréupp 40 car bon
atons, an aryloxy group of 6 to 10 carbon atons, an al kenyl group of 2 to
10 carbon at oivadengr geamkpliugroopt @ainihg qroup,46-Ccar bEA-at 68, a0-,

al kylaryl group of 7 to_40 cargon atons or_an ar¥$alkenylb§gou%‘of 8 to 40
carbon atofs, a8~z T¥R{er rP &I rp 1B (PLFR) ~GsBR'-spr, “BER'- (87 issQ

err] =CO
[ ] hydrogen, a halogen atom, a hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

carbon atoms) ;

10 : R?s_ . [B-a]

wherein M is a transitioﬂ metal of Groub IVB of the
periodic table,
'Eﬂls may be the same as or different from each other
15 and are each hydrogen, a halogen atom, an alkyl group of 1
to 10 carbon atoms which may be haldgenated; an aryl group
of 6 to 10 carbon atoms, -NR,, =-SR, -0SiR3, —-SiR3 or —PRZI(R
is_a halogen atom, an alkyl group of 1 to 10 carbon atoms
or an aryl group of 6 to 10 carbon atoms),
20 R22 to R?8 are each the same as R2!, or adjacent two of
R22 to R28 may form an aromatic or aliphatic ring together
with carbon atoms to which they are bonded,

X3 and X% may be the same as or different from each

other and are each hydrogen, a halogen atom, an OH group,

R

| O A W T |



[err] or“[err] [err] and [err] may be the sane as or different from each

ot her. and are each hydrogen, a hal ogen atom an al kyl group of 1 to 10
carbon atom a fluoroal kyl 15 group of 1 to 10 carbon atons, an aryl group
of 6 to 10 carbon atons, a fluoroaryl group of 6 to 10 carbon atons, an

al koxy group of 1 to 10 carbon atons,llh al kenyl group of 2 to 10 carbon
atons, an arylal kyl group of 7 to 40 carbon atons, an aryl al kenyl group of
8 to 40 carboRnabW§128rous’ ofM adé<ﬂ@rdﬂrkﬂfrpléﬂoﬂlfs,7a_hoaﬂﬁoﬁ§‘r§’95'u%tc9fm’ or
R29 and R30 may forma ring together with atons to which they are bonded,
and [err] is 4gilcen, cgebsRnatdn®; dd BWryl grblp 2f 6 tBelpotyapdge resin
conposition as clainmed in claiml, wherein the ethylene/[err]-olefin random
copol ymer bef atemsheagr aty1lowydi §ress ich 6 $0a llorgrbbai atbmapchedalkenyl
ethylene/[err]-olefin random copol ymer having the following 5 properties:
(a) the-contewroup pfie2atol bf i srdford dtor2) ear boylalégd gsoup ¢ofe7 ramge of
6 to 25 % by nol; (b) the intrinsic viscosity ([err]), as neasured in
decal i n atd 1330[ 8arPon; atpms han radgel asfy10 goue 9£07dEpgd010arbon atdmy t he
glass transition tenperature (Tg) is not higher than -50 [err]; (d) the
crystal linityCfadnnéa¥dpelenyl xaFeup A & &t dfeccAyronrsareds, t#ad 30 % (e)
t he nol ecul ar mengt.distribution (Mv M), as 15 determ ned by GPC, is not
nore than 3.0; 1s

R R® R RY R R
I ) I | I I |
TM-, MM, -C=C =, —0- M- 0—,
. I | I I |
R30 R30 R30 R30 R30 R30
R R R R®
| | I |
- C -, - O_ MZ - . C — s hl/lz_ ’
| | I
R3O R3O R3° R30

10
=BR2?, =AlR29, -Ge-~, -Sn-, -0-, -S5-, =50, =80, =NR2%, =CO,
=PR29 or =P(O)R?9-(R?9 and R3% may be the same as or
different from each other and are each hydrogen, a halogen
atom, an alkyl group of 1 to 10 carbon atom, a fluorocalkyl

15 group of 1 to 10 carbon atoms, an aryl group of 6 to 10
carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms,
an alkoxy group of 1 to 10 carbon atoms, an alkenyl group
of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40
carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms

20 or an alkylaryl group of 7 to 40 carbon atoms, or R2% and
R30 may form a ring together with atoms to which they are

bonded, and M2 is silicon, germanium or tin).
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(f) the B value, as determ ned by the 13C-NWR spectrum and the foll ow ng
equation, is in the range of 1.0 to 1.4, B = PCE/ (2PO. PE) wherein PE and
Po are a nolar fraction of the ethylene 20 conponent and a nolar fraction
of the [err]-olefin conponent, respectively, contained in the unnodified
ethyl ene/[err]-ol efin random copol ynetl4and POE is a proportion of the
nunber of the ethylene/[err]-olefin alternating sequences to the nunber of

all the dyad sequenses: mddpddyamide redf Ldifddildivd &d liglimbheshnt rinsic
viscosity ([err]) determned in tﬁe property to the intrinsic viscosity

([err])blank daflain ilneatheretihythseéphpbyhene-cebiy netndmy icopollytezane
wei ght - aver age nol ecul ar wei ght (neasured by a |ight scattering nethod)

as sai d et hyl esefidmey theolgehifs moadonts0POh Yi®ra alshdraHaieg araathgbene
content of 70 % by nol, ([err]) / ([err]) blank, is in the range of 0.2 to
0.95. 5 e®ylem{&75154e¢am gendeni aopohymel thaving tdieifsdd oWwdngl ai m 5,
wherein the | ong-chain branched ethylene/[err]-ol efin random copol yner is
an ethylenﬁ/[éﬁﬁ%EGWéﬁSn random copol yner obtai ned by random copol yneri zi ng
ethylene and an [ery]-olefin of 6 tg 20 carbon_atons in the presence of a
met al | ocene 10 cat @y GROEPAFNGE at ARt Are bl Rorfhdithd & &87898nt ed by
the following fornula [II11; [err] ... %II] 15 wherein Mis a transition
netal of G oufHAS df° tife thEr raape PELPLO 25 % by mol;

(b) the intrinsic viscosity (M), as measured in

decalin at 135 °C, is in the range of 0.5 to 5.0 dl/g;
10 (c) the glass transition temperature (Tg) is not
higher than -50 °C;
(d) the crystallinity, as measured by X-ray
diffractometry, is less than 30 %;
(e) the molecular weight distributioﬁ {(Mw/Mn), as
15 determined by GPC, is noﬁ more than 3.0;
(f) the B value, as determined by the 13C-NMR spectrum
and the following equation, is in the range of 1.0 to 1.4,
- B = Pog/ (2Pg*Pg)
wherein Pg and Po are a molar fraction of the ethylene
20 component and a molar fraction of the a-olefin component,
respectively, contained in the unmodified ethylene/a-olefin
random copolymer, and Pog is a proportion of the number of
the ethylene/a-olefin alternating sequences to the number
of all the dyad sequences; and
25 (g) the ratio gn* of the intrinsic viscosity (ﬁ)
determined in the property (b) fo the intrinsic viscosity

(M) brank ©f a linear ethylene/propylene copolymer having the

same weight-average molecular weight (measured by a light

R DO L




[err] hs”é hydr ocarbon group of 1 to 6 carbon atons, [err] and [err] may be
the sane as or different fromeach other and are each hydrogen, a hal ogen
atomor a 20 hydr ocarbon group of 1 to 6 carbon atonms, R3 is an aryl
group of 6 to 16 carbon atons, which may * be substituted for a hal ogen
atom a hydrocarbon-group of 1 to Zoﬁhbgbon atons or an organosilyl group,
116 [err] and [err] are each hydrogen, a hal ogen atom a hydrocarbon group
of 1 to 20 carbon, atons, a hal ogenat ed, hydracar bon graqup of to 20 carbon
otoms., Can_oxyGEALEE5ANG: RERGODS onp trie SEHelahcletiR 2arhah” and s

Y is a dival ent hydrocarbqgn group of 1 tao 20 carbon at | val ent

hal ogenat ed hy@P8 XPSSnaﬁaoﬁ%Vb? 137 Y BiH &P 8ﬁ59%258i§a %nTof'

si |'i con-cont ai i ngnRgroup, J i gmycpyt @i e ng group, -0-, -CO,
-S-, -SO, [e#r OngFﬁ?g] %%guygh%%ga%ﬁ%gggggh, a hal ogen atom a

hydr ocarbon group of 1 to 20 carbon atons or a hal ogenated hydrocarbon
group of 1 to 20 carbon atons).

S 6. The polyamide resin composition as claimed in

claim 5, wherein the long—chain branched ethylene/a-oclefin
random copolymer is an ethylene/a-olefin random copolymer
obtained by random copolymerizing ethylene and an o-olefin
of 6 to 20 carbon atoms in the presence of a metallocene
10 catalyst containing a metallocene compound represented by

the following formula ([II]:

X! x?
N/
. R g2 M r2 R?
R R4
R’ R?
RS Y RS ... [II]

15 wherein M is.a transition metal of Group IVB of the
periodic table,
R! is a hydrocarbon group of 1 to 6 carbon atoms,
R2, R%, R% and R® may be the same as or different from
each other and are each hydrogen, a halogen atom or a
20 hydrocarbon group of 1 to 6 carbon atoms,
R3 is an aryl group of 6 to 16 carbon atoms, which may
- be substituted for a halogen atom, a hydrocarbon group of 1

to 20 carbon atoms or an organosilyl group,

R

A



10

116

X! and X2 are_each hydrogen, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group'pf 1l to 20-carbon.atoms, an oxygen-
containing group or a_suifur—containing g;dup, and

Y is a divalent hydrocarbon QrOUp of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divélent Siiicon—containing grouﬁ, a
divalent germanium?containing group, -0-, -CO-, -S-, -50-,
-S0,-, -NR’-, -BP(R")-, -P(0) (R))~, -BR’- or -AlR7- (R? is
hydrogen, a halogen atom,_a'hydrocarbon group of 1 to 20
carbon atoms or a halogenated hydrocarbon group of 1 to 20

carbon atoms) .
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