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UNSATURATED COPOLYMER OF ETHYLENE AND

PROCESS FOR PREPARING THE SAME

FIELD OF THE INVENTION
The present invention relaﬁes to an unséturated
copolymer of ethylene and a process for preparing said
copolymer. More particularly, the invention relates to a
novel unsaturated copolymer of ethylene excellent in

weathering resistance, heat resistance and ozone resistance
and having a high vulcanizing rate, and to a process for

preparing said_copdlymer.
Unsaturated copolymers of ethylene are vulcanizable

‘polymers, and becauSe;of their excellent weathering

reSistance, heat resistance and ozone'resistahce, they have

- beén.usedzﬁor-varigps rubber products, for exémplé(

'automotivé_industxial parts, industrial rubber products,

eléctrical insulatinqjmaterials,'civil engineering -
méterials, buildihg.materials and rubberized fabrics.
Further, they have been widely used as blending materials
for plastics such as polypropyléne and polystyrene.
Conventionally known unsaturated cobolymers df
ethylene include an ethylene-propylene-5-ethylidene-2-
norbornene copolymer, an ethylene-propylene-
dicyclopentadiene cobolymer and an ethylene-propylene-1,4-

hexadiene copolymef. Of these, the ethylene—prdpylene-s—'
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ethylidene-2-norbornene copolymer is particularly widely
used, because it has a higher vulcanizing rate as compared
with other unsaturated copolymers of ethylene.

However, these conventional unsaturated copolymers of
ethylene are now desired to be further improved in the
vulcanizing rate. That is, the unsaturated copolymers of
ethylene, for example, even the ethylene-propylene-5-
ethylidene~2-norbornene copolymer, are lower in the
vulcanizing rate as compared with diene tyﬁe rubbers such
as naturdl rubber, styrene-butadiene rubber, isoprene -
rubber, butadiene rubber and nitrile rubber. Therefore,
the covulcanizability of the unsaturated-copolymer of
ethylene and the diene type rubber is insufficient.

Theruneaturated eopolymers of ethylene are low in the
vulcanizing rate, so that it is difficult to prepare |
vulcanized rubbers-therefrom with high p;oduetivitf by

shortehing the vulcanizing time, lowering the wvulcanizing

'tempefature or reducing.the consumption of energy in the -

vulcanization'stage.

The vulcanizing rate of the unéaturated copolymers of
ethylene ean be increased by increasing the amount of a
vﬁlcanizing agent used. However, if the unsaturated
copolymers of ethylene are vulcanized'using a large'amount
of a vulcanizing agent, blooming of the vulcanizing agent
onto the surfaces of the resulting wvulcanized rubbers
sometiﬁes takes place so that it is unfavorable from the

appearance viewpoint, and further, there is a possibility
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of pollution by the blooming in the use of the vulcanized
rubbers.

Accordingly, the advent of an unsaturated copolymer of
ethylene excellent in weathering resistance, heat
resistance and ozone resistance and having a high
vulcanizing rate has been desired.

The present inventors have earnestly studied on the
unsaturated. ethylene copolymers and have found that an
unsaturated copolymer of etﬁylene having constituent units
derived from ethylene, an a-olefin and a specific straight
or branchéd chain ﬁolyene and containing unsaturated bonds
is excellent in weathering resistance, heat resistance and
ozone resistance and has a high vulcanizing rate. Eased on
this finding, the present inventors have accomplished the

present invention.

OBJECT OF THE INVENTION

The present invéntion is intended to solve the . S

"problems associated with the prior art technique as

described above, and it is an object of the invention to
provide. an unsaturated.copolymer of ethylene which is
excellent in weathering resistance, heat resistance and
ozone resistaﬁce and which has a high vulcanizing rate and

to provide a process for preparing said copolymer.

SUMMARY OF THE INVENTION
The unsaturateq copolymer of ethylene according to the

present invention is characterized in that:
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() said copolymer is a random copolymer of:

(1) ethylene,
(ii) an a-olefin of 3 to 20 carbon atoms, and
(iii) at least one straight chain or branched

chain nonconjugated triene or tetraene having one vinyl

group in the molecule;
(B) said copolymer comprises:

(i) constituent units from ethylene in amounts

of 30 to 92 % by mol,
(ii) constituent units from the a-olefin of 3 to

20 carbon atoms in amounts of 6 to 70 % by mol,
(iii) éonstituent units from the nonconjugated
triene or tetraene in amounts of 0.1 to 30 % by mol, in

which
(iv) a molar ratio of the constituent units

derived from ethylene (i) to the constituent units derived -

from the a-olefin of 3 to 20 carbon atoms (ii) is in the

range of 40/60 to 92/8; and | | -
(C) said cépolyMei has an intrinsic viscosity (W), as
measured in Decalin (decahydronaphthaiene - E.I. Du Pont de
Nemours & Co.) at 135 °C, of 0.0S5 to 10 dl/g. |
In one preferred embodiment of the unsaturated
copolymer of ethylene according to the invention, the
nonconjugated triene or tetraene (iii) in (a) is a
nonconjugated triene or tetraene in which one straight
chain or branched chain hydrocarbon group and two hydrogen

atoms are bonded to the carbon atom adjacent to the vinyl

group.
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In a particularly preferred embodiment of the
unsaturated copolymer of ethylene according to the
invention, the nonconjugated triene or tetraene (iii) in

(A) is represented by the following formula (H-1), and the

constituent units from the nonconjugated triene or tetraene .

(iii) in (B) are represented by the following formula (H-

2):

Rl RS

Hy C=CH-CHpChH—CI—~CR®=CR*)—C}CRT =CRB RS
. q g ' .

I | |

CH
CHg

-(H-1)

wherein p and q-are each 0 or 1, with the proviso that each

of.p'and g-is not 0 at the same time; £ is_én_integer of 0_
to 5, with the proviso that when p and g are each.1, f is
not 0; g is an integer of 1 to 6; R!, R?, R3 R%, RS, R® and
R? are each hydrogen or an alkyl group of 1 to 5 carbon
atoms; R8® is an alkyl group of 1 to 5 carbon atoms; and R®
is hydrogen, an alkyl group of 1 to 5 carbon atoms or a
group represented by the formula - (CHp),-CR0=CR11R12, where
n is an integer of 1 to 5, R!? and R!! are each hydrogen or
an alkyl group of 1 ﬁo 5 carbon atoms, and R!2 is an alkyl

group of 1 to 5 carbon atoms, with the proviso that when p
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and q are each 1, R% is hydrogen or an alkyl group of 1 to

5 carbon atoms;

5 Rl RO
CHp-4Cl—Cr—CR®=CR*}—~Ci—CrT=CcrE R
1 | ]
CH3 ‘
10
(H-2)

wherein p, q, £, g and R* to R® have the same meanings as
described in the formula (H-1). |
S In anotﬁefip;eferred embodiment of the unsaturated”
'15' cdpolymerl6f~eﬁhYIene dccording to the inventibn,.tﬁe. |
honconjugatéd’triene-or tetraene (iiiy'in (&) is
' represented. by the'folléwing formula (Ia), and the
-COnstituent:units'frém the nonconjugated triene ortetraene_

(iii) in (B) are . represented by the_foilowing formula:

20  (IIa):

gl RS
. | l
Hy C=CH-CHy {-¢ cr3=cr¢ ¢ crT=cRr8RS
f C

(Ia)
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wherein f is an integer of 0 to 5; g is an integer of 1 to
6; R, R?, R3, R%, R3, RS and R’ are each hydrogen or an
alkyl group of 1 to 5 carbon atoms; R® is an alkyl group of
1 to 5 carbon atoms; and R? is hydiogen, an alkyl group of
1l to 5 carbon atoms or a group repreéented by the formula

- (CHj) ,~CR10=CR!1R12, where n is an integer of 1 to 5, R!® and
Rl are each hydrogen or an alkyl group of 1 to 5 carbon

atoms, and R}2 is an alkyl group of 1 to 5 carbon atoms;

H .
CH2 c’:—}cpﬁ_cw1 ca-cpf’:c'nﬁag
RTT. . Tge® -

(IIa).
wherein £, .g and R! to R® have the same ﬁeanings as
‘described in the formula (Ia).

Of these, preferred are the compounds of the formulas -

(Ia) and (IIa) wherein R, R?, RS and R6® are each hydrogen.

In another preferred embodimgpt of the unsaturated
copolymer of ethylene according to the invention, the
nonconjugated triene or tetraene (iii) in (A) is
represented by the following formula fIb), and the

constituent units from the nonconjugated triene or tetraene
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(iii) in (B) are represented by the following formula

(IIb):

H2C=C&CH2~ﬁ%CR1R2)f-(CRsRs)g—CR7=CR8R9

CH(CHg)

(Ib)

‘wherein f is an integer of 0 to 6; g is an integer of 1 to

5; R, R%2, RS, R® and R? are each hydrogen or an alkyl group
qf._ 1 to 5 _carbon_ atoms; ‘R® is an alkyl group of 1 to 5

carbon atoms; and R? is hydrogen, an alkyl.groiip of 1 to 5
carbon atoms or a gfoup represented by the formula - (CHp) -

‘CR19=CR11R12, where n 'is an intéger of ‘1 to 5, R? and Rl are

- each hydrogen ox an alkyl group of 1 to § qarbdn' atoms, and_

- R12 is an’ alkyl group of 1 to 5 carbon atoms;

1
CHz-ﬁwcnan)
CH(CHg)

;-(crR5R8) -cR7=CcRrO®R?

(IIb)
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wherein £, g, R!, R2 and RS to R® have the same meanings as
described in the formula (Ib).

More preferably, the nonconjugated tetraene (iii) in
(B) is_represented by the following formula (Ib'), and the
constituent units from the nonconjugated tgtraene (iii) in

(B) are represented by the following formula (IIb'):

H'2c=CH-CH2—(c)—~€c)}——{c5;C=C—+C32’ zc=crlltrl?
i | |
CH &
: g2 R
CHgz

(Ib')
wherein f is an integer of 0 to 5; g is an integer of 1 to 
'6; R1, R2, RS, R6-and R7 ‘are each hydrogen or an alkyl

group of 1 to 5 carbon atoms; R8 is an. alkyl group of 1 to

'5 carbon atoms; ‘n is an integer of 1 to 5; R10'and R!! are

each hydrogen or an alle group of 1 to 5 carbon atoms; and -

R12 is an alkyl group of 1 to 5 carbon atoms;

CHZ—(C)—-(-c)-f——(C);C=C—(-CH2?—nC=C311B12
1l I [
6
?H rR2 R
CHg

(IIb')
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wherein £, g and R, R2, R> to R¥, n and R0 to R1Z have the

same meanings as described in the formula (Ib').

In a still further preferred embodiment of the .
unsaturated copolymer according to the invention, R!, R2?, RS
and R in the formulas (Ib), (Ib'), (IIb) and (IIb') are
each hydrogen.

Of these, preferred is the nonconjugated triene

represented by the following formula (Ic), and the

‘constituent units from the nonconjugated triene represented

by the following formula'(IIc);

" Hy C=CH-CH,-C-{CR1R2) ;- (CRSRB) _-cRT=CR8R?

i o
CH(CHg)

o (Ie)

 wherein f is an integer of 0 to 5; g is an integer of 1 to

6; R!, R?, R5, R® and R? are each hydrogen or an alkyl group

of 1 to 5 carbon atoms; R® is an alkyl group of 1 to 5

" carbon atoms; and R? is hydrogen or an alkyl group of 1 to-

5 carbon atons;
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——FtHoy C-CH 33—
I
CHg-C-(CRYR2) .- (cR5R®) -cR7=cRr8R?

I
CH(CHg)

{(IIc)

wherein £, g, R!, R? and RS to R? have the same meanings as

. described in the formula (ic).

In a still further preferred embodiment of the

- unsaturated copolymer of ethylene according to the

invention, R!, R2, RS and RS in the formulas (Ic) and (IIc)

‘are each hydrogen.

In a Stili fur£her:preferred'embodiment df.;he

}unsaturated ethylehe3¢opolymer acéording to the invention,

the total number of the hydrogen atoms dlrectly bonded to
the carbon atoms adjacent .to all the carbon-to—carbon
double bonds,ln the.nonconjugated triene qr.tetraene (;11)
in (&) is 9 £0-33,.préfé£ably.12 to 33, more preferablyi14
to 33. | -
The process for preparing an unsaturated copolymer of

ethylene according to the present invention comprises

" copolymerizing:

(i) ethylene,
(ii) an o~-olefin of 3 to 20 carbon atoms, and



(-

‘ __.._

},

e

- 10

15

20

25

- 20 carbon atoms in amounts of 6 to 70. % by mol,

12
(iii) at least one straight chain or branched chain
nonconjugated triene or tetraene having one vinyl group in
the molecule;
in the presence of a catalyst formed from a transition

metal compound, and an organoaluminum compound and/or an

ionized ionic compound, to obtain an unsaturated copolymer

~of ethylene characterized in that:

(A) said copolymer is a random copolymer of:

(1). ethylene,

(ii) an o~olefin of 3 to 20 carbon atoms, and
(iii) at least one straight chain or branched
chain nonconjugated triene or tetraene having one vinyl

group in the molecule;
(B) .s§id'copolymer'comprises:

(i) chstituent units from ethylené in amounts

' 0f 30 to 92 % by -mol,

"(ii) constituent units from the o-olefin of 3 to

{iii) constituent units from the nohconjugated
triene or tetraene in ‘amounts of 0.1 to 30 % by mol, in.

which
(iv) a molar ratio of the constituent units from

ethylene (i) to the constituent units from the o-olefin of
3 to 20 carbon atoms (ii) is in the range of 40/60 to 92/8;

and
(C) said copolymer has an intrinsic viscosity M), as

measured in Decalin at 135 °C, of 0.05 to 10 dl/g.
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In a preferred embodiment of the process for preparing
an unsaturated copolymer of ethylene according to the
invention, the nonconjugated triene or tetraene (iii) in
(A) is a nonconjugated triene or tetraene in which one
straight chain or branched chain hydrocarbon group other
than vinyl group and two hydrogen atoms are bonded to the
carbon atom adjacent to the vinyl group, and the
conetituent,units derived from the nonconjugated triene or-
tetraene (iii) in (B) are constituent units in which one
straight.chain_or branched chain hydrocarbon group and two
hydrogeém atoms are bonded to a carbon atom adjacent to a
cafbon atom ‘contained in the main chain of the copolymer.

' In a more preferred embodiment of the process for
preparing an'unsaturated~copolymef of'ethyiene'according to
the invention,'the'ndnconjugated triene16r=tetraene (iii)..
-ih:(ﬁ)'is represented by the above formula (H-1), and the
censtitﬁent units from the nonconjugated'triene or tetraene
{iii) in. (B) are.represented by the above formela (H-2) .

In one of more preferred embodiments of the process

- for preparing:en unsaturated copolymer of ethylene

according -to the invention, the nonconjugated triene or
tetraene (iii) in fA) is represented by the above formula
(Ia), and the constituent units from the nonconjugated
triene or tetraene (iii) in (B) are represented by the
above formula (IIa), and desirably R!, R2, RS and R® in the
formulas (Ia) and (IIa) are each hydrogen.

In. another more preferred embodiment of the process

for preparing an unsaturated copolymer of ethylene
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according to the invention, the nonconjugated triene ox
tetraene (iii) in (A) is represented by the above formula
(Ib), and the constituent uniﬁs from the nonconjugated
triene or tetraene (iii) in (B) are represented by the
above formula (IIb), preferably the nonconjugated tetraene
(iii) in (A) is represented by the above-formula (Ib'), and
the constituent units from the nonconjugated tetraene (iii)
in. (B) are represented by the above formula (IIb'), and

partiéularly R!, R?, RS and RS in the formulas (Ib), (IIb),

(Ib') and (IIb') are each hydrogen.

In a still further preferred embodiment of the process

_For preparing an unsaturated copolymer of ethylene

according to the invention, the nonconjugated triene or
tetraene (iii) in (A) is represented by the above formula
_(Ié), and the consfituent-units from the nonconjugated .
triene or tetraene (iii) in (B) are represented by the

above .formula (IIc), and desirably R', R?, RS and Rf in the

formulas (Ic) and (IIc) are each hydrogen.

In a still. further preferred embodiment of the ﬁrocéss
for preparing an unéqturated copolymer.of éthylene
according to the invention, the total number of the
hydrogen atoms directly bonded to the carbon atoms adjacent
to all of éhe-carbon-to-carbon double bonds in the
nonconjugated triéne or tetraene (iii) in (A) is 9 to 33,
preferably 12 to 33, more preferably 14 to 33.

The rubber composition according to the present

invention comprises:
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the unsaturated copolymer of ethylene as described
above, and

at least one component selected from the following
agents (a), (b) and (c):

(a) a reinforcing agent in an amount of not more than
300 parts by weight based on 100 parts bylweight of the

unsaturated ethylene copolymer,

(b) a softening agent in an amount of not more than
200.parts by weight based on 100 parts by weight of the
unsaturated ethylene copolymer, and

(c) a vulcanizing agent.

‘The rubber composition according to the invention is
excellent in Qeathering resistance, heat resistance and

ozone resistance, and has a high vulcanizing rate.

TATILED D ' E INVEN
The unsaturated copolymer of ethylené_and the' process

for preparing said copolymer according to the invention

wi;l be ‘described in detail hereinafter.

Unsaturated copolymer of ethvlene
The unsaturated copolymer according to the invention
is (A) a random copolymer of:

(i) ethylene,

(ii) an o-olefin of 3 to 20 carbon atoms, and
(iii) at least one straight chain or branched chain

nonconjugated triene or tetraene having one vinyl group in
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the molecule (triene and tetraene are sometimes referred to

as "polyene").

Examples of the a-olefins (ii) of 3 to 20 carbon atoms
include propylene, l-butene, l-pentene, l—hexene; 3-methyl-
l1-butene, 3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-
l-pentene, 4-methyl-l-hexene, 4,4-dimethyl-l-hexene, 4,4-
dimethyl-l—pentene, 4-ethyl-l-hexene, 3-ethyl-l-hexene, 1-
octene, l-decene,. l-dodecene,'l—tetradecene, l1-hexadecene,

l-octadecene and l-eicosene. Of these, pqeferred are

propylene, l-butene, l-hexene and l-octene. These -

olefins may be used singly or in combination of two or more

kinds.

In the present invention, the nonconjugated triene or

tetraene (iii) in (&) is a_hydrocarbon-compound; The total

number of carbon atoms of the hydrocarbon compound (in case

..0of two or more compounds; an average of carboh atoms

- thereof) ié not-specifically limited, but it is preferably

9 to 30, more preferably 10 to 25, pa:ticularly preferably

10 to 22. .These compounds having the total number of

carbon atoms within the above range'haﬁe advantages, e.g.,

good handleability due to their ease of purification. The

term "triene" means a compound (hydrocarbon compound)

having three carbon—to—carboﬁ double bonds (C=C), and the
term "“tetraene" means a compound (hydrocarbon compound)
having four carbon-to-carbon double bonds. The carbon-to-
carbon double bonds include the carbon-to-carbon double

bond of the vinyl group (CHp=CH-).
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The nonconjugated triene or tetraene (iii) in {(A) has
one vinyl group (CH,=CH-) in the molecule.

The nonconjugated triene or tetraene (iii) in (A) has
three (in the case of triene) or four (in the case of
tetraene) carbon-to-carbon double bonds (C=C), inclusive of
the vinyl group. There is no specific limitation on the
total number of the hydrogen atoms directly bonded to the
carbon atoms adjacent to all the carbon-to-carbon double
bonds contained in the molecule of the nonconjugated triene
or tetraene (iii), Sut it is preferably 9 to 33, more
preferably 12 to 33, particularly preferably 14 to 33.
Theée compounds having the total number of hydrogen atoms.

within the above range are preferred from the view point of

‘obtaining copolymers having a high vulcanization rate.

In the invention, preferred is a nonconjugated triene

or tetraene in which a methylene group (-CHy-) is bonded to

- the vinyl group. 'When two or more of the nonconjugated

trienes or tetraenes are used, the number of hydrogen atoms

- is expressed by an average of the hydrogen atoms thereof.

" The number of hydrogen atoms:is now described in more
detail.

For example, in the following compound, the éarbon-to—
carbon double bonds are present at the positions of 1-2
cafbons (of vinyl group), 4-5 carbons, 12-14 carbons and
16-17 carbons, and the carbons adjacent to the carbon-to-
'ca¥bon double bonds are those of 3,. 6, 7, 11,‘13, 15 and 18
(carbons of 8, 9, 10 and 19 are not included). Therefore,

the total number of the hydrogen atoms bonded to the carbon
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atoms adjacent to the carbon-to-carbon double bonds amounts
to 16 (2 (carbon 3) + 3 (carbon 6) + 2 (carbon 7) + 2
(carbon 11) + 3 (carbon 13) + 2 (carbon 15) + 2 (carbon 18)

= 16).

In the following compound (5-ethylidene-2-norbornene)
which is used in the Comparative Examples described later,
the carbon-to—-carbon double bonds areipresent_at the |

positions of 2-3 carbonS'and-S-B'carbohs, and the carbons

'adjacent to the cafbon-thcarbon double bonds are those of

1, 4, 6:and 9 (carbon -7 is not included). Therefore, the
total number of the hydfogen atoms bonded to the ‘carbon
atoms adjaceht to the carbon-to-carbon.double bonds amounts -
to 7 [1 (carbon 1) + 1 (carbon 45 + é (carbon 6) + 3
{carbon 9) = 7).

CH
9 3

e
H
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In the present invention, at least one straight chain
or branched chain nonconjugated triene or tetraene may be
used.

The nonconjugated triene or tetraene (iii) is

preferably represented by the following formula (H-1):

R! RS
Hy C=CH-CH ,4C)}—Cr—+CR3=CR%}—C}+cCRT=CRBRY
P f q g '
N |- |
CH

(H-1)
wherein p and q are each 0 or 1, with the proviso that each

of p and q is not 0 at the same time; f is. an integer of 0

-to'S;"with_the p;oviso'that when p and- q are each 1, £.is

. not 0; g is-an integer of 1 to 6; R!, R?, R3, R4, R5, RS and

R’ are each hydrogen or an alkyl group of 1 to 5 carbon

atoms; R® is an alkyl group of 1 to S carbén atons; aﬁd R
is hydrogen, an alkyl group of 1 to 5 carbon atoms or a

group represented by the formula - (CHjz),—-CR9=CR!!R!2, where
n is an integer of 1 to 5, R!? and R!! are each hydrogen or
an alkyl group of 1 to 5 carbon atoms, and R!2 is an alkyl
group of 1 to 5 carbon atoms, with the proviso that when p
and q are each 1, R9 is hydrogen or an alkyl group of 1 to

5 carbon atoms.
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Of the nonconjﬁgated trienes or tetraenes represented
by the formula (H-1), preferred are the nonconjugated
trienes or tetraenes represented by the formulas (Ia) and
(Ib). Of the nonconjugated polyene (Ib), more preferred

are the tetraene (Ib') and the triene (Ic).

Details of these preferred nonconjugated triene or

tetraene (iii) are described below in order.

N . | tri _ Lot ne (Ia)
The preferred nonconjugated. triene or tetraene (iii)

-among the above compounds (H-1) is a straight chain triene

o:'tetraene'(sometimés-referred to as "straight chain

polyvene"™) repfesentéd by the following formula (Ia).

5 .

o R

cr3¥=cRr* C'%QR"_;CRB-RQ
L%

R~ -

%l

d Q)

(Ia)

This nonconjugated triene or tetraene (Ia) is a
nonconjugated triene or tetraene of the above formula (H-1)
wherein p is O; g is 1; £ is an integer of 0 to 5; and g is
an integer of 1 to 6; and R! to RY have the meanings as

defined above.

Preferably, R}, R2, R3, RY, RS and RS are each hydrogen

or an alkyl group of 1 to 5 carbon atoms, more preferably
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hydrogen or an alkyl group of 1 to 3 carbon atoms,
particularly preferably R!, R?, R® and R® are each hydrogen.

Preferably, R’ is hydrogen or an alkyl group of 1 to 5
carbon atoms, more preferably hydrogen or an alkyl group or
1 to 3 carbon atoms.

Preferably, R® is an alkyl group of 1 to 5 carbon
atoms, more preferably an alkyl group of 1 to 3 carbon
atoms. .

Preferably, R? is hydrogen, an alkyl group of 1 to 5,
preferably 1 to 3 carbon atoms, or a'group represented by
‘the formula ~{CHp) ,-CR19=CR11R12, where n is an integer of 1
to 5, preferably 1 to 3; R and R!! are each hydrogen or an
alkyl group of 1 to 5, preferably 1 to 3 carbon atoms; and

R12 is an alkyl group of 1 to 5, preferably 1 to 3 carbon

"atoms.

Examples.ef the alkyl groups of 1 to 5‘carbon atpms in
the:formula (Ia) include.ﬁethyl, ethyl, n-probyl, i-propyl,
n—butyl, i-butyl, sec-butyl, t4butyl and pentyl.

Listed below are examples of the straigﬁe ehain
trienes or teteaenes (iii), and preferablyfusedfarel6,10-.
dimethyl-1, 5, 9-undecatriene (DMUT), 5,9-dimethyl-1,4,8-
decatriene (DMDT) and the compounds (17), (26), (58) and

(78) .
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6,10-Dimethyl-1,5,9-undecatriene (DMUT)
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These compounds are used singly or in combination of
two or more kinds. |

The straight chain triene or tetraene (iii) can be
prepared by, for example, a conventionally known process.

For example, a vinyl group-containing halide (e.g.,
allyl halide or vinyl halide) is reacted with metallic Mg
to prepare a Grignard reagent (e.g., allyl-MgX or vinyl-
MgX) . This. Grignard reagent is then reacted with a
halogenated product of nonconjugated double bond-containing
'étraight_éhain-hydrocarbon (e.g., geranyl halide) by free.
radical reaction, so as to prepare the straighE'chain

polyene (iii).

. The preferred nonconjugated triene or tetraene (iii)
among the above compound (H-1) is a branched chain triene

or tetraene represented by the following formula (Ib)

. (sometimes referred to as branched chain polyéne).

HyC=CH-CH,-C-(CR!R2) .~(cR5RS) -CR7T=cR8R?Y
2 i f g
CH (CHg )

(Ib)
This nonconjugated triene or tetraene (Ib) is a

nonconjugated triene or tetraene of the above formula (H-1)
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wherein p is 1; g is 0; f is an integer of 0 to 5; g is an
integer of 1 to 6; and R! to R%® have the meanings as
defined above.

Preferably, R!, R%?, RS, R® and R’ are each hydrogen or
an alkyl groﬁp of 1 to 5 carbon atoms, preferably hydrogen
or an alkyl group of 1 to 3 carbon atoms. Particularly
preferably, R!, R%?, RS and R6 are all hydrogen.

‘Preferably, R® is an alkyl group of 1 to 5, preferably

1 to 3 carbon atoms.
Preferably, R? is hydrogen, an alkyl group of llto S,
preferably 1 to 3 carbon atoms, or a group represented by
the for;-mula.- —(CH,) ,~CRY0=CR!1R}2, where n is an integer of 1
to 5, preferably 1 tp.3;.R}° is hydrogen or an alkyl group
of 1 to 5 carbon atoms, preferably 1 to 3; Rﬁllis_hydrogen
or an alkyl of 1 to 5, preferably 1 to 3 carbon atoms; and
R12 is an alkyl group of 1 to 5, preferably 1 to 3 carbon
étpms. .Most préferred as R? is an élkyl group of the
_above—mentionedrcarbon atoms. : _ .
Of thé nonConjugéted trienes or .tetraenes (Ib), |
preferably used are the nonconjugateéed trienes of the
formula (Ic) or the nonconjugated tetraenes of the formula
(Ib'), p@rticularly preferably the compound of the formula
(Ib), wherein R!, R?, R5 and R® are each hydrogen, that is,
a nonconjugated triene'represented by the following formula
(Ib-1) (branched chain triene) or a nonconjugated tetraene
representea by the following formula (Ib') (branched chain
tetraene). The noncénjugated triene (Ib~1) is especially

preferred.
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"

H2C=CH-CH2WT(CH2)f~(CH2)g—CRT=cR8R9
CH (CHg )

{Ib-1)
wherein £, g and R7, R® and R? have the same meanings as
described in the formula (Ib), and preferréd ones are the
same as above.

_ Examples of the branched chain polyenes (iii) (Ib-1) "
,:-in;lude the following compounds fl) to (24), and of the

compounds, preferably used are.the compounds (5), (6), (9),

. (11), (14), (19) and (20).

(1) 4fEthyiidene-1,6—octadiene,
(2) 7~-Methyl—-4-ethylidene-1, 6-octadiene,

: (3):- 7—M€thy}-4—ethy;idehe-1,6—nonadiéne,
(4) 7-Ethyl-4-ethylidene-1,6-nonadiene,
(5) 6;7;Dimethyl—4-ethy;idene;l,6-oc£adiene,
(6) 6,7-Dimethyl-4-ethylidene-1, 6-nonadiene,
(7) 4-Ethylidene-1, 6—-decadiene,
(8) 7-Methyl—4-ethylidene-1,6—decadieﬁe,
(9) 7-Methyl-6-propyl-4-ethylidene-1,6-octadiene,
(10) 4-Ethylidene-1, 7-nonadiene,
(11) B8-Methyl-4-ethylidene-1, 7-nonadiene (EMN),
(12) 4—Ethyliggne—l,7—undecadiené,

(13) 8-Methyl-4-ethylidene-1, 7-undecadiene,
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(14)
(13)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)

36

7,8-Dimethyl-4-ethylidene-1, 7-nonadiene,
7,8-Dimethyl—-4-ethylidene-1, 7-decadiene,
7,8—Dimethy1—4—ethylidene-1,7—undecadiene,
8-Methyl-7-ethyl-4~ethylidene-1, 7-undecadiene,
7,8-Diethyl-4-ethylidene-1, 7-decadiene,
9-Methyl-4-ethylidene-1, 8-decadiene,
8,9-Dimethyl-4-ethylidene-1, 8—-decadiene,
10-Methyl-4-ethylidene~1, 9-undecadiene,
9,10—Dimetﬁ§1:4—ethylidene—l,9—uﬂdecadiene,
1ll-Methyl-4-ethylidene-1l,10-dodecadiene, and ..

10,11-Dimethyl-4-ethylidene-1, 10-dodecadiene.

The chemical formulas of the above compounds (1) to

(24) are described below.
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H .

_ o
H2C=CH7CH2—C—CH2—CH=C : (1)
Il AN

CH (CHw CHs

CHs
| s
HzC'—?CH—CHz—ﬁ—CHz—CH=C (2)
) .. )
CH (CHa CHs

CHs
_ -/
H2C=CH—CH2—C—CH2—CH=C (3)
' {l S AN
. CH (CHz3 C2Hs

. /CzHé-
Hz'-c=CH—cHz—ﬁ-'—_CHz—CH~=c- . @)
| | NN |
CH (CHO .  Caffs

| -  CHaz
| S
HzC=CH—CHz—ﬁ-—CHz—C (CH2 =.c\ (5)

CH (CH» ' CHa

CHa:

HzC=CH—CH2—C—CH2—C (CHa) = N (6)
il :

“CH (CH9 CHs
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H
/ .
H2C=CH-CH2—C—~CHz—CH=C (7)
I AN
CH (CHY) CH2CH:CHs

CH;s
- /S
H2C=CH-CH2—-C—-CHz:—CH=C

N N @
CH (CH2 . CHzCHzCH_a

"CHs
/.

H2C=CH-CH2-C—CH2~C (CH2CH2CHY =C (9 .. |

I L N
CH(CH2 =~ - CHs

H
H2C=CH—_CH2'—C-CHzCHz_—-_CH=C

TR N\

10) .
CH (CHa) CHs :

. -C.Hz ’

. H2C=CH—-CH#C~CH2CHz—CH=C (1)

H2C=CH— CHz—ﬁ—CHzCHz—CH=é (2)

CH (CH9) }  CH2CH2CHs

¥

| ANGsnEen
Al .
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CHa
- -
H:C=CH—-CH:—C-CHa2CH2—CH=C (13)
I \
CH (CHx)' . CH2CH:CHs
CHs
/-
H2C= CH—CHz—ﬁ CH2CH2—C (CH =C (14
\
CH (CH2 CHs
CHa
/
H:C=CH- CHz—c”: CH2CH2~C (CHa) =C (15)
N T
' CH (CH2 " Cafs
-/ _ .
HaC= -CH- CHz-—ClZ CH:CHz—C (CHD =C a6)
_ o [ N
' CH (CH:) CHzCH-zCHs
CH:

Il
CH (CHa

H2C=CH-CHz—C—CHzCHz—C (C2Hs ) =C. (17)
N

CH2CH:CHs

CzHs

- o /
H2C=CH-CH2—C—CH2zCHz—C (C2Hs ) =C (78)
AN

|
CH (CH®

CaHs
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CH;

y .
H2C=CH—-CH2:—C—CH2CH2:CH2~-CH=C 79
| - I N

CH (CHa) CHa
| CHs
: /
H2.C=CH-CH2—C—CH2CH2CH:—C (CHa =C. (20
o N o N\ :
CH (CHy | . CHa
CHa

H2C=CH—-CHzs—C—CH2CH2:CHCHs—CH=C. @0

i | -' AN
CH (CHa ~ CHz
. : _/-CHa
- Hzc=CH-—CHz_—ﬁ—CHgCHzCHz_CHz—,_C (CH2) =c\ (22
| ' CH(H® . ° -~ CHs .
| CHs
/.

HzC=CH—-CHz—%—-CHzCHzCHzCHzCHz—CH=C\ @3)

CH (CH» CHs
CHas

Hzc=c_H—-CHz—ﬁ—CHzCHzCHchzc_:Hz—-c (CH? =c\ @9
CH(CHY CH:
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These compounds may be used singly or in combination
of two or more kinds.

The branched chain triene or tetraene (Ib-1l) used in
the invention may be a mixture of a trans form and a cis
form, or may be a trané form or a cis form alone.

The branched chain triene (iii) (Ib) can be prepared,
for example,'in accordance with the process described in

Japanese Patent Application No. 154952/1995 by the present

inventor.

That is, a compound having conjugated diene and
represented by the following formula (I-a) is reacted with
ethylene 'in the presence of a cétalyst formed from a.

transition metal compound and an_organoaluminum'compound:

-C- B, ~zcpT =cRrR®R9
Hzc-;:.(c:Hz)f (CHy) g=CRT=CR®RY

CH

i
'CH2

(I-a)
wherein £ is an integer of 0 to 5; g is an inﬁeger of 1 to
6; R? is an alkyl group of 1 to 5 carbon atoms, and R? and
R® are each independently hydrogen or an alkyl group of 1

to 5 carbon atoms.
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- Details of the process for preparing the branched
chain polyene represented by the formula (Ib-1) are
described later.

Among the nonconjugated polyene (Ib), more preferred

is a compound represented by the following formula (Ib'):

7,8 gloO

—CH, yc=crllpl?
i ; -

CH

[ B2
CH,

i
H2C=CH-CH “Cr—tCr—Cr-Cc=
2 T ,8‘
R

(Ib'y

wherein £, g, n( R1, R and RS to R8 and R10 to Rlz_have-the
meéninés'described in the formula (Ib), and preferréd.bneé .
are the same as above; |

Namely, this nonconjugated tetraene (Sranched chain
tetraene) is the compound of the formula (Ib) wherein R? is
particularly a group‘represented by the aforesaid formula.
- (CH,) ,~CR10=CR!1R12, wherein n, R1?, Rl and R!? are the same
as those in the formula (Ib). Employable as tﬁe compound
(Ib') are for example, the following compounds (1) to
(154), and of the compounds, preferabiy used‘is 4-
ethylidene—&,12—di@§thyl—l,7,11—tridecatriene (EDT, the

compound 47) .



(1)

(2)

(3)

)
(5)
@Y"

(n

(8)

CHCHa.

. It
HzC=CH—CH¢'—C-—CHz

(':HCH:
|
Hzc=CH—'CHz"‘C'—CHz

'CHCH;
I

H:C=CH~CHa—C— CH:

CHCH.,:-

1l

"H;C=CH—C'H:*C—CH:

CHCH,

o SR |
HzC"-‘CH"CHz"‘C“CH:

CHCH,

: I
Hzc=CH""CH_3“'C"‘CHz

CHCH,

M
Hzc‘:’CH"CHz"C"CHz

CHCH;

H
HzC"‘CH"CH;"C“CH:

43

i

—-CH=CH—CH:—CH=CHCH;

..cH.—:CH—CH;-'CH"C(CH:)z

CH.

|
-CH=CH~CH:-—C=CHCH;

CH.,

|
"’C‘H-"‘CH—'CH-:‘-‘C':C(_CH:);

—CH=c~CHrCHacHCH,

CH:"I _
;c=cH—cH,-CH=CHch,

?H:CH;
—¢c = C~CH,—CH=CHCH:

.CH,
—CH=C—-CH:—CH=C(CH;);
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) _ o - S
- HsC=CH=-CH;-C—-(CH:i):~CH=CH-CH,-CH=CHCH,; -

44

CHCH:; CH,

(9) I I
H,C=CH-CH:;—-C—-CH;-C=CH-CH:-CH=C(CH,).

CHCH, CH., CH, .

(10) : ) | -
H,C=CH~-CH;-C—-CH,-C = C—-—CH.,~CH=C(CH,;),

CHCH,; CH., - CH,

(11) ' o .
Hzc=CH—CHz"C—CHz_CH=-C;‘CHz— =C(CH:)§,

CHCH, CH, " CH,
' |

(1z) T [ |
H:C=CH-CH:—-C—-CH;—C=CH—-CH:~C=C(CH3)s

o . o  CHCH,:; CH: CH. - CH,
- (13) . ' o | I R
. H:C=CH-CH:-C—-CH:;-C = C-CH:-C=C(CH;):

" CHCH,"

' _ "CHCH. . -
(15). - Il .
H:C=CH-CH;~C—(CH:):~CH=CH-CH,-CH=C(CH,):

CHCH, - ' CH,
(16) Il . -
H:C=CH-CH:—C—-(CH:):—~CH=CH-CH:-C=CHCH,



.

(17)

(18)

(19)

(20)

T )

(22)

(23)

(24)

45

CHCH,; CH,

fl |
H:C=CH-CH:;-C—-(CH:):~CH=CH-CH.-C=C(CH:),

CHCH, CH,

I I
H:C=CH—-CH:-C—-(CH:):-CH=C-CH:~CH=CHCH,

CHCH, CH,

l I -
H:C=CH-CH:—-C—-(CH,);-C=CH-CH.,-CH=CHCH,

ﬁHCH; CH:CH:
. I I '
H:C=CH-CH;-C—(CH:):—-C = CfCHz—CH=CHCH,

IR ﬁHCH,." 'fH, .
H:C=CH-CH:—C—(CH:}:~CH=C—CH,-CH=C(CH,),

ﬁHCH. CH, . |

_ . . g ] S o

H:C=CH-CH,~C—(CHs):-C=CH-CH.,—-CH=C(CHi),
ﬁHCH; _?H;?H;

H:C=CH-CH:;—C—(CH:)2—C = C~CH:=CH=C(CH,),

CHCH, CH, CH,

Il o I
H:C=CH—-CH:-C~-(CH:):~CH=C-CH:~C=C(CH,):
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W

CHCH. CH, CH,

(25) il I |
H,C=CH-CH:-C—(CH:):—C=CH-CH:~C=C(CH,).

CHCH, CHs CH, CH,

(26) il | | |
H:C=CH-CH,~C~-(CH:):—C = C—CH:~C=C(CH,):

CHCH,

(27) il :
" H:C=CH—-CH:-C—CH:-~CH=CH-(CH:).~CH=CHCH,

CHCH,

(28) : - f :
H:C=CH-CH;-C-CH,-CH=CH-=(CH:).—CH=C(CH,).

CHCH, o  CH,
(z9) - = . _ ' '
H:C=CH-CH:~C—-CH:~CH=CH-(CH:):~C=CHCH,
o CHCH, CH.
(s0) . . I o . _

- A o
H.C=2C H- CH:~C—-CH:-CH=CH~-(CH:):~C=C(CHs)s

CHCH,: CH;

(31) o . l :
H:C=CH—~CH:-C—-—CH:-CH=C-{(CH:):—CH=CHCH;

CHCHs CH,

(32) o i |
H:C=CH~CH,-C—-CH;—-C=CH-(CH:):~CH=CHCH,:

PR — -
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(33)

(34)

(35)

(36)

(37)

(38_)'

(39)

(40)

H.C=CH-CH.—

C
Il

47

iyl

CHCH., CH, CH,

l I I '
C-CH,-C = C—(CH,).~CH=CHCH,;

HCH, (lZH:

H;C=CH-CH:~C—CH.,-CH=C—(CH:):-CH=C(CH,).

CHCHs; CH,

i : B

H:C=CH-CH,-C—-CH,-C=CH-(CH:)a~CH=C(CH,).

CHCH; -CH, CH.,

f

H.C=CH—-CH:~C—CH:s;—C = C—(CH:):—CH=C(CH,):

H:C=CH-CH:-—

H'3C.'= CH- CHz—

H:C=CH-CH.—-

..CH

CHCH, CH. CH,
C-CH:-~CH=C-(CH:):=C=C(CH,):

CHCH, ?H. ?H:
] . - _
C‘CH:"’C= CH-(C H:):~C=C(CH,):

CHCHffH;fH.' Z?H.
| I : ' }
C—CH:- = C—{(CH;)a—C=C(CH,):

CH,

: il
Hzc=CH"'-CH:‘C‘(CH:):"CH=CH_(CH3)3-CH=CHC.H:
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CHCH,

(41) I :
H:C=CH-CH.-C-(CH.:),—CH=CH-(CH:).~CH=C(CH.).

CHCH, ' CH,

(42) Il ' l
Hzc=CH"CH:'C"(CH:):“CH:CH"(CHz)_z—C'=CHCH;

CHCH: _ CH,

(43) I . | . :
H:C=CH=-CH.-C-(CH;):—CH=CH-(CH:):~C=C(CH,),

CHCH, CH,
] I C
H.zc.=CH-CH:'.C"‘(CH:):"€H=C'.'(C'Hz):"‘CH=CHCH:

L - CHCH., CH,
(48). - - . B | I R . . T
HzC=:C H—'CH}‘_C-(.-C_H:)_E-_C= CH-(CH:):—CH= CH'.C'H.;“

" 'CHCH, CH; CH,
48). . . . . A [ [ - o
H:C=CH—-CH:-C=(CH:),-C = C-(CH:):-CH=CHCH,

fﬁncn,_”‘ CH.

(47) L : ] . :
H1C=CH—CH3"C‘(CH1)¢—CH=C‘(CH3):_CH=C(CH:)Z .

' CHCH,; CH,
(48) Il i :
HzC—"-CH—CHz-C—’(CH;)z—C=CH"(CH2)2"CH=C(CH:):

A

o
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| CHCH; CH, CH,
(49) I | |

H;C=CH—CH:—C—(CH:):—C = C—(CHz):I_CH_—'C(CH:);

CHCH,  CH, CH,

(50) | il | [
HzC=CH—'CH:"C"(CHz)z_CH'—""._C“(CHz)z—C=C‘(CH;);

. ‘ _ CHCH, CH, CH,
(51) I | O
HzC‘*‘_CH"CH:"'C“(CHz):"C"'—jCH_(CH;)z"‘C_=C(CHs)z
"CHCH, CH; CH, CH,
(52) i | | .
i Hzc=CH—CHz"C"(CH:)z_C = C"(CH:):"C=C(CH1)3
CHCH, _
(53) - - T o R ' .
H:C=CH-CH.,—C—-CH;,-CH=CH-(CH.):—~CH=CHCH,
S CHCH,
(54) - - B '

H:C=CH-CH:,~C—-CH,~CH=CH-(CH.),—CH=C(CH,):

o : . "CHCH, : . CH.
s5). S | - |
H:C='C-H—CH:'-'Cl—CH:-C-H’-'CH—(C-H’)*__C'-_-CHCH’

CHCH, CH.

(s6) ] ) |
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iyl

CHCH; CHi;.

(57) i |
H.C=CH-CH:-C-CH:-CH=C—-(CH.:);—CH=CHCH,

CHCH; CH,

(58) ) |
H.C=CH-CH,;—-C-CH:;—C=CH-(CH:;);:—CH=CHCH,

CHCH; CH, CH, .
(59) ' fi I | :
- H,C=CH-CH:-C-CH:;—C = C—(CH:):-CH=CHCH,

-~

CHCH, CH,

(60) i : | o
H:C=CH-CH:~C—-CH:~CH=C—(CH:);—CH=C(CH,):

o CHCH, CH, | |
{61) . - | - R
"H:C=CH-CH:~C-CH:-C=CH—-(CH,),~CH=C(CH,),

CHCH. CH. CH,
HeC=CH-CH,~C~CH:,~C = C—(CH.),—CH=C(CH:);

CHCH, . ' CH, ~ CH,
(63) - : ! | [ :
'H3C=CH‘;-CH1—C"‘CH:—CH=C“(CH3)3-C=C(CH1)2
CHCH, CH., CH,
(64) il : [ | '

Hzc=CH"’CHz“‘C—CHz"C=C'H""(CH:):—C=C(CH3)2
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CHCHs CH, CH;: CH,

(65) l | | I
H:C=CH-CH:-C-CH:—-C = C—(CH:):-C=C(CHa).

CHCH.

(66) il
IhC-CH—CHr%%%CHﬂrCH*CH—CHrCH-CHCHs

CHCH:

(67) ' Il
H:C=CH—-CH;-C—(CH:)a—CH=CH-CH:~CH=C(CH,),

(68) _ i !
H:C=CH—-CH:—C—-(CH:);—CH=CH-CH:-~C=CHCH,

CHCH, CH,
(69) ' il ' |
"H. C—CH CHr—c-mHnr—CH—CH—CHrw-C(CH):

- ~ CHCH, _ CH,
(10) . i | ,,
"HsC=CH-CH:~C—(CH:),—CH=C-CH:~CH=CHCH,

- - CHCH., CH,
NGV I S ’ |
Hzc=CH—CH:—'C-'(C_H:):_C_'—'CH—CHz— CH=CHCH,

CHCH. CH, CH,

(72) il : [ |
H.C=CH~— CH:—C—WH)r—C= C—CH:;-CH=CHCH,
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o

(13)
H

(14)
H

" (15)

(76)

an - [ .
v  HyC=CH=CH:—C—(CH:)y~C=CH—-CH:=C=C(CH,):

(78)

(19)
H.C

(80)
H.C

S2

i

CHCH. CH,
- |
;C=CH—CH:—C—(CH:):—CH=C—CH:—CH=C(CH;);

CHCH,; CH,

ll I ) ,
,C=CH—-CH,;,—C—(CH:)a—C=CH=-CH.-CH=C(CHa),

ﬁHCH; ?H,?H;
H=C=CH—-CH3‘—C"(CH2)3_C = C"CHS__CH=C(CH;)3

CHCH, CH, CH,

i . l
HiC=CH-CH;~C—(CH:):—CH=C—CH:-C=C(CH:).

?HCH.""?H; . CH,
[

'ﬁHCH, CH. CH. ?H,

 HiC=CH-CH.~C=(CH:):=C = C=CH:=C=C(CH.):

fHCH:
| - :
=CH-CH;—C—(CH,):—CH=CH-(CH.:):~CH=CHCH;

fHCH:
I - .
=CH=-CH:-C-(CH:):~CH=CH-(CH,);— CH=C(CHj):
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o@Ee) e - |
. -H='§-=CH—-CH:-—'_'C—_(CH:);-C_H=C—(CH:).,-—CH=C(CH3).="

53

iyt

CHCH. CH,;

(81) I |
H,C=CH-CH.-C-(CH.:),-CH=CH-(CH,);,-C=CHCH,

CHCH, CH.

(82) I I,
Hzc=CH"CHz’C'(CHz)z"CH=CH‘(CH;):"C=C'(CH3)2

CHCH, CH,

(83) , : | .
Hzc'.'—"'CH"CH:"C"(CHz):'cH'—"C‘(CHz):—CH=CHCH;

CHCH, CH,

(84) ) I !
""H:C=CH—-CH,-C-(CH:):~C=CH-(CH:)s—CH=CHCH,

| . CHCH, CH, CH,
(85) : Il P

H.C=CH~CHs-C~(CH.):-C = C~(CH:):~CH=CHCH: -

CHCH, ?H,

CHCH: CH,
(87) - i |
H:C=CH-CH:-C-(CH:):~C=CH-(CH:);~CH=C(CH:):

' CHCH; CH:; CH,
(88) il [ l '
Hzc=CH"‘CH:—C"(CHz)z—C = C"(CH:):"CH=C(CH3)1
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CHCH, CH., CH,

(89) I | l
H2C=CH—CH:‘C—(CH:)z_CH=C—(CH1):—C=C(CH;)3

CHCH, CH, CH,

(90) I . l |
HC=CH~-CH:~C—~({(CH:):—C=CH=-(CH,);=C=C(CH3).

CHCH; CH;:; CH, CH,

(91) B l | { '
_Hzc='CH'—CHz—C"(CHz)3"C = C"(.CH:){‘C""‘C(CH;):

CHCH,

(s2) f . :
H:C=CH-CH,~C—(CH:);:—CH=CH-(CH:)i-CH=CHCH,

, CHCH, S
(93) : it : o '
H:C=CH-CH,;-C~(CH;);—=CH=CH-(CH:):— CH=C(CH,)s

CHCH, o ?H:

(94) - '
H-zc=_CH‘CH:"'C"(CHz):_¢H=CH—(CH2):—-C=CHCH;

CHCH, - . CH,
(95) o - 1
HzC_= C H‘CH:"C"(C'H:):"CH= CH-(CH:):‘C=C(CH;)1
CHCH, CH,
(96) i |

H:C=CH-CH.-C-(CH;);-CH=C-(CH,);-CH=CHCH;
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CHCH, CH,

(97) : i - |
. H2C=CH"CH:'C"(CH:):‘C'—'CH‘(CH:);"CH=CHCH;

CHCH,; CH: CH.,

- (98) i l

| .
H;C-—CH—CH:-—C—(CHz);—C = C—~(CH:)s—CH=CHCH,

CHCH, CH,

(39) | 2 S

CHCH:. CH,

(100) il | |
H,C=CH-—- C'H_z"C".‘(-C_EEA&)#;_:C.:= CH",(CHz)q-CH;C(C'Ha)_z

CHCH:; CH, CH,
{101) ' || . - '

| [ )
.H;‘_C__:-"—"l..CH—CH:_—‘“C—.-(.CHz_):—C = C"‘(CH:):"'.CH_;T'-'C(C'-I'_Ia.).z_

. N CHCH, CH, CH,
©o(e2) i : | | . o
: . H;C=CH— C H:"‘ Cc — (C Hz_)_sf‘ CH= C_" (CH:);"’ C= C (CH ;.)z_:'
: CHCH., -CH, - CH,s
-{103) o I |

l. -

CHCH,; CH, CH,; CH.,
(104) i S I |
H:C=CH-CH:-C—-(CH3:);~C = C—(CH:):—-C=C{(CH3s;):
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i

CHCH, C H,

(105) I |
H,C=CH—-CH:—-C~-CH;-CH=C~-(CH.)—CH=CH(C:Hy)

CHCH, CH,

(106) i | ’
H:C=CH-CH:;—C-CH;-CH=C—-(CH:):-CH=CH(n~C:H,)

CHCH, CH,

(107) | I | | .
H,C=’CH-—CH;—C—CH:—CH=C—(CHz)z—CH=CH(i-C;H,)

CHCH, (lZH;

(108) : I . ' -
H:C=CH-CH:-C-CH,~-CH=C-(CH:):~CH=C(CH,4)(C.H,)

- CHCH, CH.
(109) - N | S
Hzc =CH-CH.~C-~C Hz"CH=C"(C Hz):"c H= C(CH:)(R"'C aHt)

o CHCH, - CH,
(110) . Il :

: oo : SR
- H:C=CH-CH.-C-CH,-C H=C-—(CH=)=—CH=C(CH;)(i-C;H,)-

CHCH, CH,

(111) il . - : . '
Hz-C=CH—CHz—C-CHz—CH=C—(CH:):"CH=C(C3H:)3

CHCH, CH,
(112) | |
Hzc-""'CH"'CH:"‘_C'-CHz"-CH=C"(CH:):‘-CH=C(H"C3H1):
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CHCH, CH,;

(113) i |
H.C=CH-CH:-C—-—CH:-CH=C—-(CH:).—CH=C(i~-C;H,),

CHCH, CH,

(114) i | ,
H.C=CH-CH:-C~(CH:);—CH=C-CH,~-CH=CH(C.Hs)

CHCH, : CH,

(115) It | -
Hzc=CH""CH:"C"‘(CH:):"CH-——C—CH:"CH=CH(0'C:HT)

CHCH, CH,

(1168) - o i L
H:C=CH-CH:;-C—-(CH:).—CH=C—-CH:~CH=CH(i~-C,H,)

: CHCH, " CH.
(117 _ - - oo ' : : :
H:iC=CH-CH,-C-(CH,:):-CH=C-CH:~ CH=C(CH;)(C:Hi)

CHCH,; -(l:Hs
H:C=CH-C H:-C-({CH,:);-CH=C-CH,~-CH=C(CH,) (n-.C"a'H.y)

: CHCH, "CHs
(119) il | ' _
H:C=C_H—C H;"C.‘(CH:):‘CH=‘C;'CHz‘CH=C(CH:)(i‘C3H1)

CHCH,; CH,

(120) I |
H3C=CH'CH:"C'(CH:):‘CH""’C"CH:"CH=C(C:Hs).z



(126)

S8

Wi

CHCH. CH,

(121) il [
H.C~= CH'CH:‘C"(CHI):“CH"—"C‘CH:'CH=C(H-C;H1)1

CHCH,; CH,

(122) 1 | .
H:C=CH-CH:-C-(CH:)s-CH=C-CH,-CH=C(i-C:H:):

"CHCH. CH,

(123) I oL -
- Hzc-'-"CH""CHz'C_"(CHz)z'CH-=C“(CH:):"CH=CHC:H;

CHCH, CH,

(124) - I
H.C=CH-CH:-C-(CH,:);,~CH=C-(CH:):-CH=CH(-C:H)

(128) . - - L I - L .
H:C=CH-CH;-C-(CH:),~CH=C-=(CH:);~CH=CH{i-C:H)

ﬁHCH: ?Hs. ?Ha
HsC=CH-CH,;~C-(CH:),;~CH=C-(CH:):~CH=1C(C:H:)

) : CHCH, ° CH,. : CH,
(1z21) H ' : | I
H:C=CH-CH:-C-(CH:):-CH=C-(CH:):-CH=C(n-C.Hy)

CHCH; CH, ('ZH:

(128) I : I
H.C=Z¢C H-CH.-C-C Hz):’CH-” C"(CH:):"CH= C(i‘C:Hr)
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CHCH, CH.

(129) I |
Hzc=CH“CH3_C"(CH:):'—CH=C_(CH:)1—CH=C(C2H5)1

CHCH: CH,

(130) I . .
H.C=CH-C H.-C-(CH:):-CH= C-(CH:):-CH=C(n-CsH:):

. CHCH. CH,

(131) It _ I _ .
H.C= CH"CH:'C"(CH:);-CH= C"(C Hz)z"CH= C(i‘CiH-r)z

CHCH. CH,

(132) I I :
H:C=CH-CH:-C-CH:~-CH=C~-(CH:)s-CH=CH(C:Hs)

CHCH, (!:H;

(133 I . o
H;C=CH-CHs~C-CHs-CH=C-(CH:)s-CH=CH(n-C3Hy) =

. "CHCH, CH., _
(134) il | - '
: H:C=CH-CH:-C-CH:-CH=C-(CH:)s-CH=CH(i-CaH:) =

' : CHCH,- CH: ~ . CHs
(135) Il N _ [ '
H:C=CH"'CH:"‘C"‘CHz—CH=C"'(CH1):—CH=C(CSH:)

CHCH, CH, : CH,

(136) ll | l
H:C=CH-CH,-C-CH,-CH=C-(CH,:);-CH=C(a-C:H57)
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CHCH., CH,; CHs

i | |
H2C=CH“'CH1—C"C Hz‘CH=C‘(CH:):'CH=C(i'C:H1)

CHCH, CH,

: i I .
C=CH-CH:;-C-CH,-CH=C-(CH:),-CH=C(C.H:):

CHCH. CH,

il | .
H3C=CH"CH2-C"C Hz-CH=C-(CH:)S-CH=C(H‘C:H1)3

CHCH, (l:Hs
. o :
H.,C= CH‘CH:"C"CH:TCH’—'C"'(CH:)I"CH=C(i"C;H7)z'

ﬁHCH: C:Hi _
HzC=CH'-CH:-C-(CH:):-C=CH-CH3-CH=C('CH;)z_

| CHCH. C.H,
H:C=CH-CH:C-(CH#)s=-C=CH-(CH:):~CH=C(CH:):

ﬁHCHi - ?,H.”
H:C= CH"CH:‘C'(CH:):"CH=C"CH:"CH"‘C(C:HI):

CHCH,. C:H,

i I : ~
H:C=CH-C H:‘C‘(CH:):"CH=C'(CH3):"CH=C(C2H:)3
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(149)

~(150)

C(151)
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3yt

: CHCH. “n-C:H,
: f |
H,C=CH-CH:~C-(CH:):-CH=C-(CH:);-CH=C{(CH,),

CHCH, i-CsH»

i I :
H:C=CH-CH,~C-(CH:):~-CH=C-(CH.:):-CH=C(CH,),

CHCH, n-C.H,

i [
H:C=CH-CH:~C-(CH,;):.-C=CH-{(CH:):,-CH=C(CH,).

fHCH: i‘-C;H_r-
[ -
H:C=CH-CH:-C-(CH:).~C=CH-(CH:).-CH=C(CH,).

CHCH., - C:Hs CH,
f ' '

c | , ; o o
"HsC=C H‘C H.-C-(C H-__z)z"_c H=C-(CH:).-C=CHCH,

L

CHCH,  CaHi . CH

 H:C=CH-CH:C-(CH:)s-C=CH-(CH:):-C=CHCH,

ﬁHCH;f— Tcgﬂ ?H,
H=c=éHéCHrc4CHdrdH=c%cnnrcécnCH,

CHCH: : i"C:H'r ?H;

I | .
H:C=CH-C Hz‘C’(CHz):"CH= C‘(CH:):'C":CH CH,
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i

CHCH: n'CaHr CH;
. | I
H:C=CH-CH.-C-(CH:).-C=CH-(CH.).-C=CHCH,

CHCH; i-CIHT CH;

ll [ |
H=C=CH‘CH="C‘(C Hz)z‘c"—'CH"(CHz)z"C‘—‘-CHCH:
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These noncqnjugated polyenes may be used alone or in
combination, for example, the branched chain nonconjugated
triene (1lc), preferably (Ib-1) and the branched chain
nonconjugated tetraene (1b'); or the straight chain
noncdnjugated triene or tetraene (Ia) and thelbranched
chain polyene (Ib).

The structure of the brénched chain tetraene (Ib') can
be determined by, for example, mass spectrometric analysis
or by measuring infrared absorption séectrﬁm or proton NMR-
spectrum. The branched chain tetraene (Ib') generally has
a geometrical isomeric struct;re'(trans form or cis form).
In the inventibn,.the branched chain triene or tetraene may
be a mixture of the above stereoisomers, or.may be any one
of the stereoisomers. '

The branched‘chain_tetraene (Ib*) can.beféynthesized
by a similar procesé~to=that of the nonconjﬁgated triene or
tetraene (Ib);lwhigh will be described later.

- In.the unsaturated:copolymer of ethylenetaccording to.

- the invention, thé'constituént units derived from ethy;ene._

(i), ‘the a—-olefin (ii) and the noncbnjugatéd triene or
tetraene (iii) (sometimes referred to as polyene) are
arranged at random and bonded to each othe;. Further, the
unsaturated copolymer of ethylene has a branched structure
caused by the nonconjugated triene or tetraene {(polyene)
(iii), and its main chain is of a substantially linear
structure. That this copolymer has a substantially linear
structure and does_pot substantially contain a polymer of

crosslinked gel structure can be confirmed by the fact that
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the copolymer is dissolved in an organic solvent leaving
substantially no insoluble component. For example, this
can be confirmed by the fact that the copolymer is
completely dissolved in Decalin at 135 °C in the
measurement of the intrinsic viscosity (M).

The unsaturated copolymer of ethylene according to the
invention comprises:
-~ the constituent units from ethylene (i) in amounts of

30 to 92 % by mol, preferably 40 to 90 % by mol, more

preferably 45 to 90 % by mol;

the constituent units from the o-olefin of 3 to 20

carbon atoms (ii) in amounts of 6 to 70 % bY"mol,

'preferably 8 to 60 % by mol, more preferably 10 to 55 % by

”'mol; and

the constituent units from the noncbnjugated'trienefor

tetraene (nonconjugatéd pdlyéne)'(iii) in amounts of 0.1 to

30.% by mol, preferably 0.1 to 20 % by mol, more preferably

0.2 to 10-% by mol. When the copolymer containing the

_ nonconjugaﬁed'polyene (iii) is within the above range, the

vulcanizing rate of the resulting rubber cbmposition is
inc;eased and the vulcaniied products therefrom have
excellent properties.' \

In the unsaturated copolymer of ethylene, a mdlar

ratio of the constituent units from the ethylene (i) to the

constituent units from the oa-olefin of 3 to 20 cérbon atoms
(ii) (ethylene (i)/c-olefin (ii)) is 40/60 to 92/8,
preferably 45/55 to 90/10, more preferably 50/50 to 88/12.

By the use of the unsaturated copolymer containing the
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ethylene (i) and the ¢-olefin (ii) within the above range

of molar ratié, a composition excellent in wvulcanizing
properties and low-temperature properties can be obtained.
In the unsaturated copolymer of ethylene according to
the invention, when the nonconjugated triene or tetraene
(iii) in (A) is represented by the aforesaid formula (H-1),
the constituent units from the nonconjugated triene or .
tetraene (iii) in (B) spbstantially have a structure

representéd by the following formula (H-2):

—CHy—CH— |
CHZ—(C)'I,—(-C')'—f—{cR?* =CR*y—CrCcR7=CRERS®
N TR AT S
1 . 32._ . '.Rs.
CHg

{H-2) .
wherein:p;fq,'fi.g and R! to R® ﬁave'the'samé-meanings as -
described in the formula (H-1). ‘ |

In the unsétufated éopolymer of ethylene, when the
nonconjugated'triehe or tetraene (iii) in (A) is
represented by the aforesaid formula (Ia), the conétituent
units from the nonconjugated triene or tetraene (iii) in
(B) substantially have a structure represented by the

following formula (IIa):
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| w
I
CH, -C;LCR3=CR4 c—cr'=cr8R?
| 9% W
5 R R
] (IIa)
wherein £, g and R! to R? have the same meanings as
described in the formula (Ia). )
10 In the unsaturated copolymer of ethylene, when the

nonconjugated triene or tetraene (iii) in (&) is
represented by the aforesaid formula (Ib), the constituent
units derived fr6m the hoannjugated triene or tetraene
'(iii)gin;(B)-sﬁbstantially-ha&e'a structure'représented by

15 the .following formula (IIb): .

~—Hgy C-CH}— x | .
, N o _
| CHy-C-(CRIR2Z) - (cR5RB) -cR7=cRr8RY
20 T I
CH (CHg )

(IIb)
25 wherein £, g and R!, R? and R® to RY have the same meanings
as described in the formula (Ib).
That the ConsE}tuent units derived from the -

nonconjugated triene or tetraene (polyene) have the above
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structures can be confirmed by measuring the 13C-NMR
spectrum of the copolymer.

The. unsaturated copolymer of ethylene according to the
invention has an intrinsic viscosity (M), as measured in
Decalin at 135 °C, of 0.05 to 10 dl/g, preferably 0.1 to 7
dl/g, more preferably 0.2 to 5 dl/g.

The unsaturated copolymer of ethylene according to the
invention is excellent in weathering résistance, heat

resistance and ozone resistance and has a high vulcanizing

rate.- e _....... e e e e e . e
The unsaturated copolymér of ethylene may be used in

the unvulcanized state, or may be used in the vulcanized

_state by vulganizing-the copolymer through vilcanization
‘'methods described later. 'When.the éopolymer is used in the .

* yulcanized 'state, its excellent properties are promiﬁently

exhibited.

The unsaturated copolymer of ethylene can be'usgd'as a.

- resin modifier, or it can be used particularly preferably

for various-rubber pfoducts.

For example, if the unsatu:ated;copolfmer of ethylene
is added as a'resin.modifier to polypropyléne,
polYéEhylene, ﬁolybutene 6r polystyrene, the impact
resistance and the stress crack resistance is remarkably
enhanced. |

The unsaturated copolymer of ethylene may be used by

vulcanizing it singly or in 'combination with other rubber

materials.
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Since this unsaturated copolymer of ethylene has a
high vulcanizing rate, it can be vulcanized for a shorter
period of time or ét a lower temperature even when a large
amount of a wvulcanizing agent is not used, as compared with
the conventional-unsaturated copolymers of ethylene to
produce vulcanized rubbers with high productivity.

The unsaturated copolymer of ethylene according to the
invention shows good covulcanizability with, particularly,
diene rubbers such as natural rubber, styrene-butadiene
rubber, isoprene rubber, butadiene Fubber, nitrile rubber
and chloroprené rubber, and thus the resulting
covulcanizates of the unsaturated.copolYmer of ethylene and
the diene rubbers not only have excellent propertiesz

inherent in the diene rubbers such as high mechanical

properties, abrasion resistance, dynamic fatigue resistance

and oil resistance, but also excellent weathering
resistance, ozone resistance and heat aging resistance.”

For examplé, a covulcanizate of the unsaturated

. copolymer of ethylene  according to the invention and a -

natural rubber exhibits excéllent propertiés such as
strength, weathering resistance, ozone resistance and
dynamic properties. -

A covulcanizate of the unsaturated copolymef of
ethylene according to the invention and a pitrile rubber is
excellent in weathering resistance, ozone resistance and
oil resistance.

" A covulcanizate of thé unsaturated copolymer of

ethylene according to the invention and a butadiene rubber
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is excellent in weathering resistance, ozone resistance and

abrasion resistance.

n_of r m n

The unsaturated copolymer of ethylene according to the
invention can be obtained by copolymerizing (i) ethylene,
(ii) an a-olefin of 3 to 20 carbon atoms and (iii) the
nonconjugated triene or tetraene, preferably the
nonconjugated triene or tetraene represegtéd by the formula
(H-1), mo?e preferably (Ia) and (Ib'), in the presence of a
catalyst. ~Among the_nonconjugated polyene (Ib),
particularly prefered are (Ib-1) and (Ib').

As the catalyst, catalysts comprising compounds of

. transition metals such as vanadium (V), zirconium (Zr) and

titanium (Ti),'and'oiganoal&minum compéunds.(drganoaluminum
oxy—-compound) and/or an ionized ionic compound are..
employable, and particularly breferably'used in the
invention are

(a) a-catalyst comprising-a soluble vanadium compound
and an organoaluminum compound, and’ .

{b) a catalyst cpmprising a metallocene compound of a
transition hetal selected from elements of Group IVB of the
periodic table and an organoaluminum oxy-compound and/or an
ionized ionic compound.

‘The soluble vanadium compound for forming the catalyst
(a) is Specifically represented by the following formula:

VO (OR) oXp, ©Or V(OR) Xg
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wherein R is a hydrocarbon group, X is a halogen atom, and
a, b, ¢, d are numbers satisfying the conditions of 0 < a <
3, 0 £b<£3, 2<a+thb£3, 0£c<4, 0£d<4 and 3 £ c+d
< 4.

Particular examples of the soluble vanadium compounds

represented by the above formula include VOCl;, VO(OCH3)Cl,,

VO (OC2Hs5)Cly, VO(OCzHs)1.5Cly.s, VO (OCéHs) 2C1l, VO (0-n-C3H7)}Cl,,

VO (0-iso~-C3Hy)}Cla, VO(0-n~C4Hg)Cly, VO (O"'iSO"C4H_9) Cl,, VO(0O-
sec—-C4Hg) Cl,, VO (O-t-C4Hg)Cly, VO(OCzHs) 3, VOBrz, VClyg, VOCl,,
VO (O—n—-C4Hg) 3, and VOCljz- 20CgH;70H.

These compounds are used singly or in combination of

" two or more kinds.

The soluble vanadium compounds may be used in the form
of .electron donor addition products of the:solublé vanadium

compounds which can be obtained by contacting these soluble .

- vanadium compounds with.the following electron donors.

Examples of the electron donors include:
foxygen-containing_electrqn donors, such'as alcohols,.
phenols, ketones, aldehydes, carboxylic acids, organic-acid
halides, esters of organic. acids or'inorgahic acids, |
ethers, diethers, acid amides, acid anhydrides and

alkoxysilanes; and

nitrogen-containing electron donors, such as ammonias,

‘amines, nitriles, pyridines and isocyanates.

More specifically, there can be mentioned:
alcohols of 1 to 18 carbon atoms, such as methanol,
ethanol, propanol, butanol, pentanol,.hexanol, 2-

ethylhexanol, octanol, dodecanol, octadecyl alcohol, oleyl
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alcohol, benzyl alcohol, phenylethyl alcohol, cumyl
alcohol, isoprépyl alcohol and isopropylbenzyl alcohol;

halogen-containing alcohols of 1 to 18 carbon atoms,
such as trichloromethanol, trichloroethanol and
trichlorohexanol;

phenols of 6 to 20_carbon atoms which may have alkyl
groups, such as phenol, cresol, xylenol, ethylphenol,
propylphenol, nonylphenol, cumylphenol and naphthol;

ketones of 3 to 15 carbon atoms, such as acetone,

* methyl ethyl ketone, methyl isobutyl ketone, acetophenone,

benzophenone and benzoquinone;

aldehydes of 2 to 15 carbon atoms, such as
acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde,
tolualdehyde and naphthaldehyde;

ordahic acid esters of 2 to 18 carBon'atoﬁs, such as :
methyl fofmate,-methyi acetate, ethyl acetate, vinyl
acetate, propyl acetate, octyl acétate, cyciohexyl'acetété,ﬁf
ethYl propionateé, methyl butyrate, ethyl valerate, methYli.; "
Chloréacetate) éthyl dichloroacetate, methyl methacrylate, .
ethyl crotonate, ethyl cyclohexanecérboxyléte,”methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoété}
octyl benzoaﬁe, cyclohexyl benzbate, phenyl benzoate,
benzyl benzoate, methyl toluate, ethyl téluate, amyl

toiuate, ethyl ethylbenzoate, methyl anisate, ethyl

anisate, ethyl ethoxybenzoate, y-butyrolactone, 0-

valerolactone, coumarin, phthalide and ethyl carbonate;
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acid halides of 2 to 15 carbon atoms, such as acetyl
chloride, benzoyl chloride, toluoyl chloride and anisoyl
chloride;

ethers of 2 to 20 carbon atoms, such as méthyl ether,
ethyl ether, isopropyl ether, butyl ether, amyl ether,
tetrahydrofuran, anisole and diphenyl ether;‘

acid anhydrideé, such as agetic anhydride, phthalic
anhydride and benzoic anhydride;

alkoxysilanes, éuch as ethyl silicate and
diphenyldimethoxysilane;

acid amides, such as N,N-dimethylacetamide, N,N-
diethylbenzamide and N,N-dimethyltdluamide;.

amines, such as trimethylamine, triethylamine,
tributylamine, tribenzylamine and
tetfamethylethylenediamine;.

" nitrilés, such as acetonitrile, benzonitrile and

tolunitrile; and

pyridines, such as pyridine, methyipyridine,
ethylpyridine and dimethylpyridine. -

In the preparation of the electron doﬁor addition
products of the soluble vanadium compounds, the above

electron donors may be used alone or in combination of two

" or more kinds.

. In the present invention, the organocaluminum compound
used for forming the catalyst (a) is represented by the

following formula (III):
R,A1X3-a ' (1I11)
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wherein R! is a hydrocarbon group of 1 to 15, preferably 1
to 4 carbon atoms, X is a halogen atom or hydrogen,_and n
is 1 to 3.

The'hydrocarbon grbup of 1 to 15 carbon étoms is, for
example, an alkyl group, a cycloalkyl group or an aryl
group, and particular examples include methyl, ethyl, n-
propyl, isopropyl, isobutyl, pentyl, hexyl, octjl;
cyclopegtyl, cyclohexyl, phenyl and tolyl.

) Egamples of such organoaluminum compounds include:
trialkylaluminums, éuch as trimethylaluminum,
triethylaluminum, triisopropyléluminum, triisobutylalumium,
trioctylaluminum and tri-2-ethylhexylaluminum;

alkenylaluminums represented by the formula

(iC4Hg) xAly (CsHjp) z (X, y and z are each a positive number,

.and z 2 2x), such as isoprenylaluminum. ;

trialkenylalpminums, such as triisopropenylaluminum;
dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum

chloride, diisobutYlaluminum chloride and dimethylaluminum

‘bromide;

alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,

isopropylaluminum sesquichloride, butylaluminum

. sesquichloride and ethylaluminum sesquibromide;

alkylaluminum dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylalumium

dichloride and ethylaluminum dibromide;
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dialkylaluminum hydrides, such as diethylaluminum

hydride and dibutylaluminum hydride; and
alkylaluminum dihydrides, such as ethylaluminum
dihydride and propylaluminum dihydride.

Also employable as the.organoaluminum compound is a
compound represented by the following formulé (IV) :

R1,AlY3-n (IV)

wherein R' is the same as in the above formula (III); Y is
-OR® group, -OSiR!l3 group, —OAlR!2; group, *-NR3; group,
R!2 and R1¢ are

SiRl43 group or -N(R3)A1R%, group; R!?, R1},

each methyl, ethyl, isopropyl, isobutyl, cyclohexyl or
phenyl; R!3 is hydrogen, methyl, ethyl, isopropyl, phenyl
or trimethylsilyl; R and R!S are each methyl or ethyl; and
nis 1 to 2. | |

The organocaluminum éompounds rep:ésented:by:the
formula (IV) include compounds of the.fOllowing.fcrmulas
whéfein Me is methyl, Et_is ethyl, Bu'iS'butyl, and R! to -
R16 are the same as those in the formula (IV).

(1) Compounds of the formula R1,A1 (0R1°)3.n, e.g. .,
diélkylaluminum alkoxides, such as dimethylaluminum
methoxide, diethylaluminum ethoxide and diisobutylaluminum-
methoxide; partially alkoxylated alkylaluminums, such as -
ethylaluminum sesquiethoxide, butylaluminﬁm sesquibutoxide
and those having an average éomposition represented by,

e.g., Rl; sAl1(OR2)q.5; and partially alkoxylated and

halogenated alkylaluminums, such as ethylaluminum

ethoxychloride, butylaluminum butoxychloride and

ethylaluminum ethoiybromide;
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(2) Cbmpounds of the formula R! Al (0OSiRl13)i,, e.qg.,
EtzAl (OSiMe3), (iso-Bu).Al (0SiMez) and (iso-Bu)2Al (0SiEt3);

(3) Compounds of the formula R! Al (OAlR}2;)3.,, e.g.,
EtsAlOAlEt,; and .(iso-Bu)A10A1 (iso-Bu)a;

(4) Compounds of the formula R} Al (NR13,)3.,, e.qg.,
Me,AlNEt,, Et,A1NHMe, Me,AlNHEt, Et,AlN(SiMes), and (iso-

Bu) 2A1N(SiMes) 2;

(5) Compounds of the formula R!,Al (SiR43)3_,, e.g.,
(iso~Bu)2AlSiMe3; and )

(6) Compounds of the formula klnAl (N(R13) A1R16,) 3.,
e.g., EtsAlN(Me)AlEt, and (iso-Bu)AIN(Et)Al(iso-Bu);.

Of the above compounds, preférred are -a;-kylalpminum._‘
halides, -alkylaluminum dihalides or combinations thérepf, ,

The or‘ganoa_lum_inum_ compound used in the invention may
contain an.o:ganometallig compound cdmponeﬁt of;éthefimepal;.
than aluminum in a small amount.: i |

Next, the catalyst {(b) used in the .in'{réntiori; which

comprises a metallocene compound and an organoaluminum. oxy-

compound or an- ionized ionic compound, is -described.

The metallocene .compounld of a _transiti_on metal
selected from elements qf Group IVB of‘ the periodic téble
is represented by the followiné formula (V).

ML, (V)

In the formula (V), M is a transition metal selected
from elements of Group IVB of the periodic table, e.g.,

zirconium, titanium or hafnium, and x is a valence of the

transition metal.
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L is a-ligand coordinated to the transition metal. At

-t

least one ligand L is a ligand having a cyclopentadienyl
skeleton which may have a substituent.

Examples of the ligands having a cyclopentédienyl
skeleton include alkyl or cycloalkyl substituted
cyclopentadienyl groups, such as cyclopentadienyl,
methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-
propylcyclopentadienyl, n-, i-, sec—- or t-
butylcyclopentadienyl, hexylcyclopentadienyl,
octylcyclopentadienyl, dimethylcyclopentadienyl,
trimethylcyclopentadienyl, tetramethylcyclopentaé;enyl,
pentametbylcyclopentadienyl, methylethylcyclopentadienyl, -

‘methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,

. methylhexylcyclopentadienyl, methylbenzchyclopentadienyl}a

ethylbutylcyclopentadienyl, ethylhexleyclopenfadienyl,and

methylcyclohexylcyclopentadienyl.

Further, an indenyl group, a 4,5, 6,7-tetrahydroindenyl -

grbup and a fluorenyl -group can be also mentioned. -
Those -groups may be substituted with halogen atoms or

trialkylsilyl groups.
Of the above ligands, particularly preferred are alkyl

substituted cyclopentadienyl groups.

When the compound represented by the formula (V) has
twb or more ligands L having a'cyclopentadienyl’ékéIéton,
two of the ligands having a cyclopentadienyl skeleton may
be bonded to each other through an alkylene group such as
ethyleﬁé or propylene, isopropylidene, ‘a substituted

alkylene group such as diphenylmethylene, a silylene group,
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or a substituted silylene group such as dimethylsilylene,
diphenylsiiylene or methylphenylsilylene.

Examples of L other than the ligand having a
cyclopentadienyl skeleton include a hydrocarbon group of 1
to 12 carbon atoms, an alkoxyl group, an aryloxy group, a
sulfonic acid-containing group (-SO3R2), a halogen atom or
hydrogen, where R® is an alkyl group, an alkyl group
substituted with a halogen atom, an aryl group, or an aryl
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:

alkyl groups, such as methyl, ethyl, n4propyl,
isopropyl, n-butyl, isobutyl, sec—butYl, t-bu£§1f pentyl,
hexyl, octyl, decyl and dodecyl; - )

cycloalkyl groups,'such as cyclopéntyl.and cyclohgxyl;

aryl groups, such as phéﬁyl and tolyl; and '
aralkyl'group)'such as benzyl and neophyl.

Examples of the aikoxy groups include-methoxy, ethoky,
n-propoxy, isopropoxy, n-—butoxy, isqbutoxy, sec-butoxy, t-
butoxy, pentoxy, hexoxy and octoxy.

The aryloxy group is, for example, phenoxy.

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

Examples of t@f halogen atoms include fluorine,

chlorine, bromine and iodine.
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The metallocene compound of the above formula wherein
the valence of the transition metal is 4 is more
specifically represented by the following formula (VI):

R2gxR3; R4 RS M (VI)
wherein M is the above-mentioned transition metal, R? is a
group (ligand) having a cyclopentadienyl skeleton, R3, R4
and RS are each independently a group having a
cyclopentadienyl skeleton or the same as L other than the
ligand having a cyclopentadienyl skeleton in the above.
fo;mula (V), k is an integer of not less than 1, and .
k+l+m+n = 4.

Listed below are examples'df.the metallocene compounds

containing zirconium as M and containing at least two

ligands having a ‘cyclopentadienyl skeleton.
Bis (cyclopentadienyl)zirconium monochio:idé

monohydridé, ‘ | .
Bis(éyclopentgdieny;)zirconium dichloride,
Bis{dyclopentadiepyl)ziréonium dibromide,
Bis(cyclopentadieny;)methﬁléi;coniﬁmnmohochloride,
Bis(cyclopentadienyl)zirconium'phénox&monochloride,
Bis(methylcyclopentadienyl)zirconium dichlo?ide,
.Bis(ethylcycloéentadienyl)zirconium dichloride,

: Bis(n4propylcyclopentadienyi)zirconium dichloride,
Bis(isopfopylcyclopentadienyl)zirconium_dichloride,
Bis(t—butylcyclopentadienyl)zirconium dichloride,
Bis (n-butylcyclopentadienyl)zirconium dichloride,
Bis (sec-butylcyclopentadienyl)zirconium dichioride,

Bis (isobutylcyclopentadienyl)zirconium dichloride,
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Bis (hexylcyclopentadienyl) zirconium dichloride,
Bis{octylcyclopentadienyl)zirconium dichloride,
Bis{indenyl)zirconium dichloride,
Bis(4,5,6;7-tetrahydroindenyl)zirconium dichloride,
Bis (indenyl)zirconium dibromide,
Bis{cyclopentadienyl)zirconium dimethyl,
Bis(cyclopentadienyl)zirconium methoxychloride,
Bis (cyclopentadienyl)zirconium ethoxychloride,
Bis{(fluorenyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconiumbis(methanesﬁlfon;to),
Bis(cyclopentadienyl)zirconiumbis (p—-toluenesulfonato),
Bis(cyélopentadienyl)Zirconiumbis(trifluoromethanef
sulfpnato), | :
Bis(méthylcyclopentaQienyl)zirconiumbis(frifluorojn

methanesulfonato),

Bis(ethylcyClopentadienyl)zirconipmbis(tfifluoro-_

‘methanesulfonato),

.'Bis(propyléyclopentadienyl)zirconiumbis(triflUOror;

methanesulfonato), | R -

Bis(butyicyclopentédiéﬁyl)zirconiumbié(trifluoro~
methanesulfonato),

Bis (hexyleyclopentadienyl) zirconiumbis (trifluoro-
methanesulfonato),

Bis(1,3-dimethylcyclopentadienyl) zirconium-
bis(trifluvoromethanesulfonato),

Bis(1—méthyl—3-ethylcyclopéntadienyl)zi;conium—

bis (trifluoromethanesulfonato),
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Bis (1-methyl-3-propylcyclopentadienyl)zirconium-

. bis(trifluoromethanesulfonato),

Bis (1-methyl-3-butylcyclopentadienyl) zirconium~-
bis(trifluoromethanesulfonato)},

Bis(l,3-dimethylcyclopentadienyl) zirconium dichloride,

Bis(1—methy1—3—ethylcyclbpentadienyl)zirconium
dichloride, |

Bié(1—methyl—3-propylcyclopentadienyl)zirconium
dichloride, )

Bié(1-methyl—3-butylcyclopehtadienylyzirCOnium
dichloride,

Bis(1—methyl—3-hexy1cyclopentadienyl)zirconium
dichloride,

Bis(;—methyl73;octylcyclopentadieny1)zircbnium

idiChloride,

'Bis(i-ethyl—3-butyl§yc10pentadieny1)zircohium
dichloride, '

Bis(triméthylcyclopentédienyl)zirconiumudichloride,

BisKtetramethyicyclopéntadienyl)zirconium dichloride,

Bis(pentamethylcyciopentadieﬁyl)zircohium dichloride,

Bis(methylbenzylcyélopentadienyl)zirconium dichloride,

Bis (ethylhexylcyclopentadienyl)zirconium dichloride,
and |

Bis (methylcyclohexylcyclopentadienyl)zirconium
dichloride.

Also employable in the invention are those compounds

wherein the 1,3-position substituted cyclopentadienyl group
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is replaced with a 1,2-position substituted
cyclopentadienyl group.
.Other examples are bridge type metallocene compounds

of the above formula (VI) wherein at least two of R2?, R3, R4

‘and R5%, e.g., R? and R3, are groups (ligands) having a

cyclopentadiehyl skeleton, and the at least two groups are
bonded to each other through an alkylene group, a
substitu£ed_alkylene group, a silylene group or a
substituted silylene group. In these compounds, R?Y and RS
are each indépendently the same as L other than the iigand

having a cyclopentadienyl skeleton, as described in the

‘formula {V).

Listed below are examples of such ‘bridge type

- metallocene compounds..

' Ethylenebis (indenyljdimethylzirconium, - .-
Ethylenebis (indenyl) Zirconium dichloride, -

Ethylenebis (indenyl) zirconiumbis (trifluoromethane~-

‘sulfonato),

Ethylehébis(indenyl)zirqoniumbis(méthanesuifonato),

Ethylenebis (indenyl) zirconiumbis (p-toluenesulfonato),

Ethylenebis(indepyl)zirconiumbis(p—
chlorobenzenesulfonato),

Ethylenebis (4,5, 6, 7-tetrahydroindenyl) zirconium
dichloride,

Isopropylidene (cyclopentadienyl-fluorenyl)zirconium
dichloride,

Isopropylidene(éyclopentadienyl—

methylcyclopentadiéhyl)zirconium dichloride,
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Dimethylsilylenebis (cyclopentadienyl)zirconium
dichloride,

Dimethylsilylenebis (methylcyclopentadienyl)zirconium

dichloride,

Dimethylsilylenebis(dimethylcyclopentadienyl)zirconium

dichloride,
Dimethylsilylenebis (trimethylcyclopentadienyl) zirconiu
m dichloridg,
Dimethylsilylenebis(indenyl)zirconium dichloride,
Dimethyléilylenebis(indenyl)?irconiumbis(trifluoro~
methanesulfonato),
Dimgthylsilylenebis(4;5,6,7—
tetrahydroindenyl) zirconium dichloride,
Diﬁethylsilylenebis(cyclopentadienyl—
fluorenyl)21rcon1um dlchlorlde, |
Dlpheny151lylenebls(1ndenyl)21rcon1um dlchlorlde, and,
Methylpheny151ly1enebls(1ndenyl)21rcon1um dlchlorlde.-
' ”Eu;pher, a metallocene compound of the follow;ng |
;fpymula KAﬁ, whlch;is_descr;bed_ln Japanese Pa;ent Laldf

Opeanub;icatibn No. 268307/1992, is also employable.

89
(cr8Rr®) _
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In the formula (&), Ml.is a metal of Group IVB of the
periodic table, e.g., titanium, zirconium or hafnium.

R! and R? may be tﬁe same or different, and are each
hydrogen, an alkyl group of 1 to 10, preferably 1 to 3
carbon atoms, an alkoxy group of 1 to 10, preferably 1 to 3
carbon atoms, an aryl group of 6 to 10, preferably 6 to 8
carbon atoms, an aryloxy group of 6 to 10, preferably 6 to
8 carbon atoms, an alkenyl group 6f 2 to 10, preferably 2
to 4 carbon atoms, an arylalkyl group of 7 to 40,
preferably 7 to 10 carbon atoms, an alkylaryl group of 7 to
40, preferably 7 to 12 carbon atoms,.an arylalkenyl group
of 8 to 40,.prefera51y 8 to 12 carbon atoms, or a halogen
aﬁom, preferabiy chloriné.' | |

R3‘and R may be the same or different, and are each

' hydrbgén}'a'haldgen.atom,'preferably fluorine,'chlorihe;df_
bromine, an-alkyl group of 1 to 10, preferably 1 to 4 -
',barbon atomS'Which may.be halogenated, an aryl group of 6

: ;o;lor.preferébly'G to 8 carbon -atoms, or a group of -NR0,, -.

-.-SR1°,"- ~0SiR104, -5'S_iRi°3 or -PR19;, where R!® is a halogen °
atom, preferably chlorine, an alkyl §roup éf 1 to 10,
preferably 1 to 3 carbon atoms, or an aryl group of 6 to
10, preferably 6 to 8 carbon atoms. . |

R3 and R? are each particularly preferably hydrogen.

RS and R® may be the same or different, preferably the -
same, and have the same meanings as described for R3 and RY
with the proviso thaf.each of RS and R® is not hydrogen. RS
and RS are each prefgrably an alkyl group of 1 to 4 carbon

atoms which may be halogenated, for example, methyl, ethyl,
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propyl, isopropyl, butyl, isobutyl or triflueoromethyl,

preferably methyl.

R? is

T’l 1 rll Rl 1 F’l 1

l

~M%- \ -M2-M2 \ —-I\Iflz—('CR132)-—

111 2 -R[ '1“‘2"."'}1-'12 pl2.

ril " gpll rll

| | [,
~0-M2-0- | —-CII- \ -O—Ile - .

II,L1:z _312 rR12

=BR!!, =AlR!l, -Ge-, -Sn-, -O-, -S-, =SO, =S0p, =NRl, =CO,

=PR11 or =P (0)R!!, where Rl!, R12 and R13 may be the same or .

different¢ and are each-hydrogen} a“halogeniétdm,.ahfalkyl
group of 1 to 10, preferably 1 to 4 barbon:atoms, more |
preferably methyl, a fluoroalkyl group of 1 to 10 carbon
atoms, preferably CF3, an aryl group of 6 to 10, preferably
6 to 8 carbon atoms, a fluoroaryl group of 6 to 10 carbon
atoms; preferably pentafiluorophenyl, an alkoxy group of 1
to 10, preferably 1 to 4 carbon atoms, particularly
preferably methoxy, én alkenyl group of 2 to 10, preferably
2 to 4 carbon atomsi an érylalkyl Qrodp of 7 to 40, .

preferably 7 to 10 carbon atoms, an arylalkenyl group of 8
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to 40, preferably.8 to 12 carbon aﬁgms, or an alkylaryl
group of 7 to 40, preferably 7 to 12 carbon atoms, or Rl
and R2: or R and R13 ﬁay form together with the carbon
atoms to which they are bonded a ring.

M2 is silicon, germanium or tin, preferably tin or
germanium.

R’ is preferably =CR!R}2, =SiR1lR12, =GeR!1Rl12, -0O-,
-S-, =80, =2R?1 or =P (O)R1l,

R® and R? may be the same or different, and have the

. same meaning as described for R!I.

m and n may be the same or different, 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
satisfying the above gonditions are compounds represented

by ﬁhe foliowing fdrmﬁlas (i) to (iii).

In the above formulas (i), (ii) and (iii), M! is Zr or

Hf, R! and R? are each methyl or chlorine, RS and RS are



10

15

20

25

86

each methyl, ethyl or trifluoromethyl, and R®, R%, RI° and
R12 have the same meaniﬁgs as described above.

Of the compounds represented by the formulas (i), (ii)
and (iii), partiéularly preferred are the following
compounds:

rac—ethylene (2-methyl-l-indenyl);-zirconium

dichloride,

rac-dimethylsilylene (2-methyl-1-indenyl)z~zirconium

dichloride,

rac—-dimethylsilylene (2-methyl-1-indenyl) ;-zirconium

dimethyl,

rac-ethylene(2—methy1-l—indenyl)z-zircdnium dimethyl,

rac—phenyl(methyl)silylene—(Z-methyl—l—indehyl)z—
zirconium dichloride,

racfdiphenylrsilylene~(2-methyl—1findeny1)é-zirconium
dichloride, .- |

'rac—methfiethylene(Zfethyl-l—ihdeny;)z—ziréonium
dichloride, ahd

rac—dimethy;silyiené(2—ethyl—1—indenyl)2—zirconium
dichloride.

These metallocene compounds can be prepared by
conventionally known processes (see}.for example, Japanese
Patent Laid-Open Publication No. 26830/1992).

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

-

(B).is also employable.
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In the formula (B), M is a transition metal atom of

Group IVB of the periodic-table, specifically, titanium, .

zirconium or hafnium.

R! and R? are each independently hydrogen, a halogen
aiom, a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms, a7

silicon-containing group, ‘an oxygen-containing‘ group, a

.phosphorus-containing group.’

_ Examples bffthe'halbgén atoms include fluorine,
chlorine, bromine‘and iodine. ~ | |

' Examples of the hydrocarbon.grdups of 1 to 20 carbon °
atoms include alkyl groups, such as methyl, ethyl, propyl,
butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,
norbornyl and adamantyl; élkenyl groups, such as vinyl,
propenyl and cyclohexenyl;.arylalkyl groups, such as
beniyl, phenylethyl and phenylprOpyl;-and aryl groups, such
és phenyl, tolyl, dimethylphenyl, trimethylphenyl,

ethylbhenyl, propylphenyl, biphenyl, naphthyl,

- methylnaphthyl, anthracenyl and phenanthryl.
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Examples of the halogenated hydrocarbon groups include
the above-exemplified hydrocarbon groﬁps which are
substituted with halogen atoms.

Examples of the silicon-containing groups include
monchydrocarbon-substituted silyls, such as methylsilyl and
phenylsilyl; dihydrocarbon-substituted silyls, such as
dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted
silyls, such as trimethylsilyl, triethylsilyl,
tripropylsilyl, tricyclohexylsilyi,.triphenylsilyl,
dimethylphenylsilyl, methyldiphenylsilyl, tritolflsilyl and .
trinaphthylsilyl; silyl ethers of hydrocarbon-substituted
silyléjfsuéh as trimethyl;ilyl ether; silicon-substituted

alkyl gfeups, such as_trimethylsilylmethyl; and silicon-

substituted aryl groups, such as trimethylsililphenyl. .

‘Examples of;the'oxygen-bontaining groups include

hydrogy groups; alkoxy groups, such as methoxy, ethoxy,

‘Propoxy and*butéxy: aryloxy groups, such as phenoxy,

méthylphenoxy,”dimethylbhenoXy and naphthoxy; and
arylalkbxy grqups;:such'as phenylmethoxy and. phenylethoxy:

Exémples-of thé sulfur-containing-groﬁps include those
ﬁherein oxygen is~feplaced with sulfur in the above-
exemplified oxygen-containing Qroup.

Examples of the nitrogen-containing groups include

. amino group; alkylamino groups, such as methylamino,

‘dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,

dinaphthylamino and—methylphenylamino.
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Examples of the phosphorus—-containing groups include
phosphino groups, such as dimethylphoéphino and
diphenylphosphino;

Of these, R! is preferably a hydrocarbon group,
particularly preferably a hydrocarbon group of 1 to 3
carbon atoms (methyl, ethyl or propyl). R? is preferably
hydrogen or a hydrocarbon group, particularly preferably
hydrogen or .a hydrocarbon group of 1 to 3 carbon atoms
(methyl, ethyl or propyl). ’

R3, R4, RS and R® are each independently hydrogen, a

halogen atom, a hydrocarbon group of 1 te 20 carbon atoms

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

Of these, preferred is hydrogen, the hydrocarbon group or

the halogenated hydrocarbon group. At least one
combination of R3 aﬁd Rﬁ;:R4 and RS, br'Rﬁland 2 may form
together'with the carbon atoms to which. they are bonded a
monocyclic aromatic ring. |

When there are two. or more hydrocarbon groups or
halogenatéd;hyd:ocarbon“groﬁps, e#cluding-the groups for
forming the aromatic riﬁg, they may be bonded to each other
to form a ring. When R® is a substiﬁﬁent other than the
aromatic group, it is prefefably hydrogen.

Examples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms and the halogenated hydrocarbon
groups of 1 to 20 carbon atoms are those described for R?
and R2.

As the ligand which contains a monocyclic aromatic

ring formed by at least one combination of R3® and R4, R? and
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R3, or RS and R% as mentioned above, and is coordinated to

M, there can be mentioned the following ones.

(LD

(2) Y

(3)

Of ‘these, preferred.is the ligand represerted by the

formula (1) .

The aromatic ring mentioned above may be substituted

with a halogen atom, a hyqrocarbonfgroup of 1 to 20 carbon’

atbmSgor_a 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
groups of 1 to 20 carbon atqms for substituting the
aromatic ring are those described for R! and R2.

X! and X2 are each independently hydrogen, a halogen .
atom, a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbén group of 1 to 20 carbon atoms, an

oxygen—containing gioup or a sulfur-containing group.
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Examples of the halogen atoms, the hydrocarbon groups

of 1 to 20 carbon atoms, the halogenated hydrocarbon groups

of 1 to 20 carbon atoms and the oxygen-containing groups
are those described for R! and R2.

Exaﬁples of the sulfur-containing groups include those
described for R! and R2?; and further sulfonato groups, such
as methylsulfonato, trifluo;omethanesulfonato,
phenylsulfonato, benzylsulfonato, p-tolﬁenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzehesulfonato, P-
chlorobenzenesﬁlfonato and pentafluorobenzenesulfonato; and
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato{ p-toluenesulfinato,
trimethylbenzenesulfinato.and pentafluorobenzenesulfinatb;

Y is a divalent hydrocarbon group of 1 to 20 carbon

.atoms,  a divalent halogenated hydrocarbon group'of'i to 20

carbon atoms, a divalent silicon-containing group, a

divalent germanium-containing group, a divalent tin-

-P(R7) -, -P{0) (R7).-, -BR7- or -AlR’-, where R7 is hydrégen;-
a halogen atom, a hydrocarbon groﬁp 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
carbon atoms include alkylene groups, such as methylene,
dimethylmethylene, 1,2~ethylene, dimethyl-l,Z-ethylene;
1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
1,4-cyclohexylene, and arylalkyleng groups, such as

diphenylmethylene and diphenyl-1,2-ethylene.

*
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Examples of the divalent halogenated hydrocarbon
groups include the above-mentioned divalent hydroca:bon*
groups of 1 to 20 carbon atoms, which are halogenated, such
as chloromethylene.

Examples of the divalent silicon-containing groups
include alkylsilylene, alkylarylsilylene and arylsilylene
groups, such as methylsilylene, dimethylsilylene,
diethylsilylene, di(n-propyl)silylene, di(i-
propyl)silylene, dikcyclohexyl)silylene,
methylphenylsilylene, diphenylsilyleﬁe and di (p-
toiyl)silylene; and alkyldisilylene, alkylaryldisilylene
and aryldisilylene groups, such as tetramethyl-1,2-
disilylené and tétraphenyl—;,2-disilylene.

Examples.ofﬁthe divalent germanium-containing groups
include those wherein silicon is replaéed'withEgermanium in
the above-mentioned divalent silicon—coptaining groups.

Examples of the divalent tin-containing groups include
those wherein silicon is replaced with tin in the above-
ménfioned divalent silicon-containing groups.

R? is a halogen afém, a hydrocarbon grbup of 1 to 20
carbon atomé or a halogenated hydrocarbon group of 1 to 20
carbon atoms, examples of which are those described for R!
and R2.

Of the above groups, preferred are divalent silicon—
containing groups, divalent germanium-containing groups and
divalent tin-containing group, and more preferred are

divalent silicon-containing groups. Of these, particularly
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preferred are alkylsilylene, alkylarylsilylene and

arylsilylene.

Listed below are examples of the transition metal

compounds represented by the formula (B).




R! R R® R* R? R? B¢ R Y . X Y
H H 'HE H ® H H H side cL € Ir
CHs B H B H - H. H i SiMe. - L (I ir
G f g H B B H H = siserh L1 Cl - Ir
G f E H E H H H sirh €l C1 Ir
Ce H E H H H H H si(pMerh): Cl Cl ZIr
B B H H o g H H si(pciph), CL ClI Ir
CHs H H H H H- E E C: H Cl° CI Ir
C& H H " H B H H H GeMe; €l C1 ir
. B B H B H H H SnMes 1 C Ir
& - H _H -H. H H B H siMe: Br Br Ir
& H H H H E. H H  siMe: Cl 0S0.CH: Ir
CE H E H H H H H side Cl S0.CH: Ir
CH: H E H H H B H SiMe; ¢l ¢ Ti
Chs H B | H H H H SiMe; cl ¢Ci
C.E H g E- H B H H SiMe, c1-C Ir
nGE H -H H H H H H - sise CL CI ir
GE H B B H H H B SiMe; ¢l Cl . Ir
G GG . H H H E H B side,” . cL ¢ Ir
B G f E H H  H H SiPha c1 CI .Ir
B CB c&s -H.. B H#H- HE H  side ¢l c1 Ir
& § ca & .H H _H H = side ¢t C Ir
G | s B K H H SiMe; ci1 ¢ Ir
C& H GE § E -H H H- siMe c1 Cl ir
B H CGH | B i H B SiMe, 17 B | ir
oc: H & *H H H H = siMe cr ¢ I
ca H & e ©§ B H B SiMes ¢l C Ir
. H CH.»' & H H H = CH:*' siMe, ¢l C1 Ir
e H ‘H H B H H GH side ci Cl Ir

x1: RS and RI! are bonded to each other to form a five-

membered ring.

Me: methyl;

Et: gyhyl;

Ph: phenyl.
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Xl- XZ .
N/ R* R* R
R'* R*' R? M
R13 R13
(J)—®
R14
R14
R!'* . R® Y
Rl Rz Rz Rl sz _Rl: th RIS Y Xl Xz M
H H H H H H H H siMe; Cl €I ZIr
¢ H H H H H H H SiMe. (Cl1 Cl1 Zr
C&s H H H H H H H Sifh. (1 €l Zr
CH: C& § H H _H- H H SiMe, (CI €1 . ZIr
¢« H & H H H H H SiMe: . ¢} €1 ZIr
G H & c& g 'H H H SiMe:  ¢1 ¢1 1Ir
C&  H  CH.*® CH.®* CH."2 H H CH,** Si¥e: ¢y ¢ zr
B H & & cg H H cm S (1 ¢1 7r

*2: R3 and R!2, and RS and RS are bonded to each other to

form a five-membered ring, respectively. : _ T

‘Me: methyl; Ph: phenyl.



96

Xl

XZ

.gﬁﬁmmmm“
g7

—Me: ﬁeﬁhyl.

BR=RR== |

SiMe;
SiMe;
SiMe;

SiMe;

SiMe;
SiMe;

SiMe;

Cl1
Cl
Cl

cl.

Cl
€1

_u

cl
cl
Cl
Cl
Cl

Cl.
Cl

h'
ir

r

Zr

ir

ir .
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Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium or
hafnium in the above-mentioned compounds.

The transition metal compounds mentioned above are
used generally in the form of racemic modification as the
olefin polymerization catalyst component, but they can be

used also in the form of R type or S type.

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

described below.
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R3 . R] R1
O .
Rx " R‘
+ R? CH=CR' -CA —
R? R®
or |
R*® 0O O R® O

TRI
R* CH=CR!' COCCR' =CHR*

or 0

- I
BR* CH-CH. Rt —CA

R? R?
RI»
—
Rs
o R® OH

~R* R?

n-Butyl lithium R*-
R §

- ¢-Y-C R
RS

R‘

wherein A, B, and C are each a halogen atom.



oo

10

15 .

20

25

99

The transition metal compounds used in the invention
can be synthesized from these indene derivatives in
accordance with conventionally known processes, for
example, describéd in Japanese Patent Laid-Open Publication
No. 268307/1992.

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

(C) is also. employable.

(€

In the formula (C), M, R!, R%?, R3, R, RS and R® have..

ﬁhe Samefmeanings-described for those in the-aforesaid'ﬂ
formula (B). _

Of R3, R4, RS and RS, at least twé groups including .R3
are preferably alkyl groups, and it is more preferred that
R3 and R%, or R3® and R® are alkyl groups. These alkyl
groups are preferably secondary or tertiary alkyl groups,
and may be substituted with halogen atoms or silicon-
containing groups. As the halogen atoms and the silicon-

containing groups, there can be mentioned those

substituents as described for R! and R2.
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Of the groups R3}, R?Y RS and RS, other groups than the
alkyl groups are each preferably hydrogen.

Examples of the hydrocarbon groups of 1 to 20 carbon
atoms include.straight chain and branched chain alkyl
groups and cyclic alkyl groups, such as methyl, ethyl, n-
propyl, i-propyl, n-butyl, sec;butyl, tert-butyl, pentyl,
hexyl, cyclohexyl, heptyl, octyl, nonyl, dodecyl,._eicosyl,
norbornyl and adamantyl; and arylalkyl groups, such as
benzyl, phenylethyl, phenylpropyl and tolylmethyl. These
groups may contain. a double bond or a triple bond. |

Two groups selected from RP; R4, R3 and R® may be
bonded to each other to form a monocyclic or polycyclic
hydrocarbon ring other than the aromatic ring.

Examples -0of the haiogen atoms are those described_for.
Rl and RZ. -_ |

X, X2, Y and R7:have the same ‘meanings described for
those in the aforesaid formula (B) .. - |

Listed below aré-examples.of,the'metallocene compounds _ -
(ﬁfansition meﬁal”compounds)-represented by the fofmula— |
(C).

rac-Dimethylsilylene-bis (4, 7-dimethyl~1-
indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis (2,4, 7-trimethyl-1- -
indenyl)zirconium dichloride,

raé-Dimethylsilylene—bis(2,4,6;trimethy1—l—
indenyl) zirconium dichloride,
rac—Dimethylsil}lene-bis(2,5,6—trimethyl-1—

indenyl) zirconium dichloride,
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rac-Dimethylsilylene-bis(2,4,5, 6-tetramethyl~-1-
indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis(2,4,5,6, 7-pentamethyl-1-
indenyl)zirconiﬁm dichlo;ide,

rac-Dimethylsilylene-bis (2-methyl-4-n-propyl-7-methyl-
l1-indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis (4-i-propyl-7-methyl-1-
indenyl)zirconium dichloride,

;ac-Dimethylsilylene—bis(2—methylr4-i-bropyl-7-methyl-
l-indenyl) zirconium dichloride,

rac-Dimethylsilylené-Bis(2—methyl—4—gfpropyl—G—methyl-
i-indenyl) zirconium dichloride,

rac—DimethyLSilylqufbis(2-methyl€4—methyl—6—i—propyl—
_1—indeny1)zirconium'dichloride,_ '

rac—DimethYlsilylehe—bis(2-methy1—4-ifpro§y1—5¥methyl—

'1-indenyl)zirconium dichioride;

rac-Dimethylsilylehe—bis(2-methyl—4;6—di(i-propyl)—l-
indenyl) zirconium dichlofidé,
' rac*Diﬁethylsilylene—bis(2-methyl*4,6—di(i—propyl)-?r
methyl—l-indenyl)zircohium'dichloride, .
rac-Dimethylsilylene-bié (2—methyl-4—i-butyl-—’Fmethyl-—
l-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,
rac-Dimethylsi;ylene—bis(2—methyl-4—tertébuty1-7-

methyl-l1-indenyl) zirconium dichloride,



10

.18 - - -

'.trimethYlsiloxymethyl47-méthyi-l—indenyl)zirconium

- 20:

25

102

rac-Dimethylsilylene-bis (2-methyl-4-cyclohexyl-7-
methyl-l—indenylizirconium dichloride,

rac—Dimethylsilylene-bis(2—methyl—4—benzyl-7—methyl—1-
indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis (2-methyl-4-phenylethyl-7-
methyl-l-indenyl) zirconium dichloride,

rac-Diﬁethyisilylene—bis(2—methyl—4-
phenyldichloromethyl-7-methyl-1-indenyl) zirconium

dichloride,
rac—Dimethylsilylene—bis(2~methyl—44chloromethyl—7-
methyl-l-indenyl)zirconium dichloride, |
rac-Dimethylsilylene-bis (2-methyl-4-
trimetﬁylsi1ylmethyl-7—methyl—1¥indenyl)zirconiﬁm
dichloride,-

rac-Dimethylsilylene-bis(2-methyl-4- -~ -

dichloride, _ .
| rachiethylsilylene~bis(Zémethyl-4-i-propyl-7-methyl-
1-indenyl) zirconium dichloride;
rac—Diki*propyl)silyiene—bis(2-méthyl;4—i-prop§l—7-'
methyl?l—indenyl)zircoﬁium dichloride,'
rac-Di (n~butyl) silylene-bis {2-methyl-4-i-propyl-7-
methyl-l-indenyl)zirconium dichloride,
rac-Di (cyclohexyl) silylene-bis (2-methyl-4-i-propyl-7-
methyl-l-indenyl)zirconium dichloride,
rac—Methylphehylsilylené;bis(2—methyl-4—i—propy1—74

methyl-l-indenyl)zirconium dichloride,
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rac-Diphenylsilylene-bis (2-methyl-4-i-propyl-7-methyl~-
l-indenyl) zirconium dichloride,

rac-Diphenylsilylene-bis (2-methyl-4, 6-di (i-propyl)-1-
indenyl)zirconium dichloride,

rac—Di(p-tolyl)sily;ene—biskZ-methyl—4-i-propyl—7—
methyl-l-indenyl) zirconium dichloride,

rac-Di (p-chlorophenyl)silylene-bis (2-methyl-4-i-

" propyl-7-methyl-l-indenyl)zirconium dichloride,

rac—Dimethylsilylene—bis(2-methyl-4—i;propyl—7-methyl—
1-indenyl)zirconium-dibromide,

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

.1-indenyl)zirconium_dimethyl,

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

-1-indenyl) zirconium methylchloride, .

rac—Dimethyléilylehe-bis(2—methyl-4—i—prdpyl-7-methyl-_

l1-indenyl)zirconium-bis (methanesulfonato),

rac—Dimethylsilyléné—bis(2-methyl—4-i-propyl-74methyl—.

1- lndenyl)21rcon1um—bls(p—phenylsulflnato),

rac—Dlmethylsllylene-bls(2—methyl 3—methyl 4—1-propy1— '

6-methyl- 1—1ndenyl)21rcon1um dichloride,
rac-Dimethylsilylene-bis (2~ethyl-4-i~propyl-6-methyl-
l-indenyl)zirconium dichlofide, and
rac-Dimethylsilylene-bis(2-phenyl-4-i-propyl-6-methyl-
l-indenyl) zirconium dichloride.
Also employable in the invention are transition metal
coﬁpounds wherein zirconium is replaced with titanium metal

or hafnium in the above-mentioned compounds.
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The transition metal compounds mentioned above are

used generally in the form of racemic modification, but

they can be used also in the form of R type or S type.

The indene derivative ligands for the transition metal

compounds can be synthesized in accordance with ordinary

organic synthesis through, for example, the aforementioned

reaction route.

The transition metal compounds (metallocene compounds)

represented by the formula (C) can be'syntﬁesized from

these indene-derivatives in accordance with conventionally -

khown'procésses, for example, described in Japanese Patent

Laid—-Open Publication No. 268307/1992.

In the present invention, a transition metal coﬁpound

{(metallocene compqﬁnd) represented'by the following formula

(D) is also employable.

In the formula (D), M, R!, X!

’

(D)

X2 and Y have the same

meanings as described for those in the aforesaid formula

(B) or (C).
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Rl is preferably a hydrocarbon group, more preferably
a hydrocarbon group of 1 to 4 carbon atoms, e.g., methyl,
ethyl, propyl and butyl.

X! and X? are each preferably a halogen atom or a
hydrocarbon group of 1 to 20 carbon atoms.

R? is an aryl group of 6 to 16 carbon atoms, for

example, phenyl, oa-naphthyl, B-naphthyl, anthracenyl,

phenanthryl, pyrenyl, acenaphthyl, perinaphthenyl or
aceanthrylenyl. Of these, phenyl or naphth&l is preferred.
These aryl groups may be substituted with halogen atoms,

hydrocarbon groups of 1 to 20 carbon atoms or halogenated

‘hydrocarbon groups of 1 to 20 carbon atoms such as

described for R!.

Listed below are examples;of.the transition metal
compounds (metallocene compoﬁndé) répresented by the
formula (D).

rac-Dimethylsilylenefbis(4-phenyl-1-indenyl)zirgonium._.

'dlchlorlde,_ - ' - S

rac-Dlmethylsllylene-bls(2-methyl—4~phenyl ~1-
indenyl) zirconium dichloride, '
rac—Dlmethy151ly1ene-bls(2-methyl 4- (x-naphthyl)-1-
Andenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (B-naphthyl) -1~
indenyl)zirconium dichloride,
rac-Dimethylsilyleﬁe—bis(2—methyl—4—(1—anthracenyl)—1—
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis(2-methYl—4—(2—anthracenyl)—1~

indenyl) zirconium dichloride,
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rac-Dimethylsilylene-bis{(2-methyl-4-(9-anthracenyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl~4~(9~phenanthryl) -1-
indenyl)zirconium dichloride, _
rac-Dimethylsilylene-bis (2-methyl-4- (p-fluorophenyl) -
l-indenyl) zirconium dichloride, .
rac-Dimethylsilylene-bis (2-methyl-4-
(pentafluorophenyl)—1—indehyl)zirconium dichloride,
rac—DimephyLsilyleng;bis(2—methyl—4—(ﬁ;chlorophenyl)-
l-indenyl)zirconium dichloride, _ - -
| rac-Dimethylsilylene-bis (2-methyl-4-{(m-chlorophenyl) -
_1-indenyljzirconium dichioride, B
rac-Dimethylsilylene-bis (2-methyl-4-(o-chlorophenyl) ~
1—indeny1)zirconiuﬁ'dichloridé,
rac-Dimethylsilylene—bis(ZPMethyl—4—(o,p—‘
-aichlopﬁphenyl)phenyl—l—indenyl)zirconium dichloride,
-rac—Dimethyisilyleng—bis(2-methyl-4—(p—bromophenyl)-l—
indenyl)zirconium'dicthridé, . |
rac—Dimethylsilylene—bis(2-methyl-4-(p—tolyl)—l—
indenyl) zirconium dichloride, -
rac-Dimethylsilylene-bis (2-methyl-4- (m-tolyl)-1-
indenyl) zirconium dichloride, .
rac-Dimethylsilylene-bis(2—methylé4—(o—tolyl):i-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-(o,0'~-
dimethylphényl)-1—indenyl)zirconium dichloride,
rac-Dimethyls%}ylene—bis(2-methyl—4—(o—ethylphenyl)—1—

indenyl) zirconium dichloride,’
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rac-Dimethylsilylene-bis (2-methyl-4-(p-i-
propylphenyl) -l-indenyl) zirconium dichloride,

rac-Dimethylsilylene-bis (2-methyl-4- (p-benzylphenyl) -
l1-indenyl)zirconium dichloride,

rac-Dimethylsilylene-bis (2-methyl-4-(p~biphenyl)-1-
indenyl) zirconium dichloride,

rac—Dimethylsilylepe—bis(2-methyl—4—(m—biphenyl)-1-
indenyl)zirconium dichloride,

-rac-Dimethylsilylene—bis(2-methy1—4—(§;
trimethylsilylphenyl)-1éindeny1)zirconium-dichloride,

rac;Dimethylsilylene—bis(2—methyl-4-(m—
trimethylsiiylphenyl)-l—indenyl)zirconium dichloride,

rac—DimethylsilYlene—bis(2-ethyl-4—phenyl-1—

'1ndenyl)21rcon1um dichloride,

rac—Dlpheny151lylene—bls(2—ethyl 4-phenyl 1-
indenyl) zirconium dichloride,

rac-Dlmethy151ly1ene-bls(2—pheny1 4—phenyl i-
1ndenyl)21rcon1um dichloride,

rac—DImethy1311ylene-bls(2—n—propyl 4—phenyl 1-
indenyl)21rcon1um dlchlprlde,

rac—Diéfhylsilylene-bis(vaethyl-4—phenyl—1—
1ndeny1)21rcon1um dlchlorlde,

rac-Di- (1-propyl)51lylene—bls(2—methyl 4-phenyl-1-
indenyl) zirconium dichloride, _

rac-Di- (n-butyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dithoride,

rac-Dicyclohe§ylsilylene-bis(2-methyl-4—phenyl—1-

indenyl) zirconium dichloride,
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rac-Methylphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,

rac-Diphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,

rac-Di (p-tolyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride, .

rac-Di {(p-chlorophenyl)silylene-bis (2-methyl-4-phenyl-
1-indenyl) zirconium dichloride,

rac—Methylene-bis(2—methy1—4—phenyl—l;
indenyl) zirconium dichloride,

rac-Ethylene-bis (2-methyl-4-phenyl-l-indenyl) zirconium
dichlpride, |

rac-Dimethylgermylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride, . |

_rac—Dimethylstannylene-bis(2-methyl—4—phehyl—1—
indgnyl)zirconium'dichloride,

rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-

'indényl)zirconium dibromide,

rac-Dimethylsilyleneris(2—methyl-4-phenyl-14
indenyl) zirconium dimethyl, .

rac-Dimethylsilyléne—bis(2-methy1—4-phenyl-1—-
indenyl)zirconium methylchloride,

rac—Dimethylsilylene-bis(2—methy1-4—pheny1—1—
indenyl)zirconium chloride SO;Me, and

rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-

'indenyl)zirconium chloride 0SO;Me.
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Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium or
hafnium in the above-mentioned compounds.

The transition metal compounds represented by the
formula (D) can be prepared in accordance with "Journal of
Organometallic Chem.", 288(1985),'pp.'63—67, and European
Patent Publication No. 0,320,762 (specification and

examples), for example, in the following manner.

Z-Y-Z

9H,R% +2Butyl-Li — 2HR2Li
2 Butyl-L i
HR*—Y-R*H -
S MCl.
LiR:-Y—-R2Li
Rz ClI ' Rz XV
/S N\ / X'Li /s N\ /
Y M - Y M
ANV N/ \
R Cl . RE Cl
a Xl
X*Li '/R\M/
N / N\
Rz X

wherein Z is Cl, Br, I or o-tosyl,

R?
H. R? is

Rl
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The transition metal compounds (D) are used ggnerally
in the form of racemic modification, but they can be used
~ also in the form of R type or S type.

In the present invention, a compound represented by
;J' _ 5 the following formula (E-1) can be also employed as the
P metallocene compound.
L LaMX, (E-1)
wherein, M is a metal of Group IV of the periodic table or

o
—

a metal 6f lanthanide series;

10 12 is a derivative of deloqélization n.bond group and.
imparts restraint geometriéal shape to the metal M actiye-
— | site; and _
the X's are -each indépendently hydrogen,_halogen,ﬁa
| ﬁydrocarbon group of 20 orlless cérbon, silicon or.
15 germanium étdms, a éilyl groﬁp of a germyl~groﬁp;
" Of the coﬁpouﬁds of the formula (E-l);-preferred are

compounds represented by the following formula (E-2).

20

r-
N

-
Q
o

P

<

—

(E-2)
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wherein M is titanium, zirconium or hafnium; X is the same

as described above;

Cp is a substituted cyclopentadienyl group which is ©—
bonded to M and has a substituent Z;

Z is oxygen, sulfur, bbron or an element of Group IVA
of the periodic table (e.g., silicon, germanium or tin);

Y is.a ligand containing nitrogen, phosphorus, oxygen
or sulfur; and

Z and Y may together form a condensed ring.

Listed below are examples of the compounds rep:esented
by the formula (E-2). |

' (Dimethyl (t-butylamide) (tetramethyl-n5-

cyclopentadienyl) silane)titanium dichloride,

((t—Butylamide)(tet;amethyl—n5—cyclopentadienyl)-1ﬁ2—

~ethanediyl)titanium dichloride,

-(Dibenzyl(t—butylamide)(tetramethyl-n5— 
cyclépentadienyl)silaﬁe)ﬁitanium dichlori§e,
| (Dimgthyl(t-butylamide)(tetramethYl—n?—
cyclopéntadienyl)silane)dibenéYltiténiuﬁ,
(Dimethylgp—butylamide)(tetramethyl-ns-
cyclopenta&ienyl)silane)dihethyltitanium,
((t-Butylamide)(tetrameth&l—n5—cyclopentadienyl)—1,2j
ethanédiyl)dibenzyltitanium,

( (Methylamide) (tetramethyl-1nS-cyclopentadienyl)-1,2-

ethanediyl)direopentyltitanium,

( (Phenylphosphide) (tetramethyl-nS~cyclopentadienyl) -

methylene)diphenyltitanium,
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(Dibenzyl(t—butylamide)(tetramethyl—n5—

cyclopentadienyl) silane)dibenzyltitanium,
(Dimethyl (benzylamide) (15-
cyclopentadienyl)silane)di (trimethylsilyl)titanium,

(Diﬁethyl(phenylphosphide)-(tetramethyl—ns—

cyclopentadienyl)silane)dibenzyltitanium,

(Tetramethyl-n5-cyclopentadienyl) -1, 2-

ethanediyl)dibenzyltitanium,

(2-15- (Tetramethyl-cyclopentadienyl) -1-methyl-"

éthanolate(Z*))dibenzyltitanium,
(2-M5~ (Tetramethyl-cyclopentadienyl) -1-methyl-
ethanolatelz-))diﬁethyltitanium,'
| (2-((4a,4b, 8a, 9, 9a-n) -9H-fluorene~9-
yl)cyclohexanolatécz—))dimethyltiﬁénium, and
(2-( (4a, 4b, 8a, 9, 9a-n) ~9H-Fluorene~9- '
yl)cyclohexanoiate(z—))dibenzyltiﬁanium.

In the present ‘invention, the metallocene compounds

mentioned above can.be used in combination.of two or more

kinds.

Some examples of titanium compounds are mentioned -
above as the metallocene compounds, but compouhds wherein
titanium is replaced with zirconium or hafnium in the
above-mentioned titanium compounds can be also. exemplified.

Those compounds may'bé:used alone or in combination of
two or more kinds.

As the metallocene compounds (E-1) and (E-Z),

zirconocene compourds which have zirconium as the central
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metal atom and have at least two ligands containing a
cyclopentadienyl skeleton. In the ﬁetallocene compounds,
the central metal atom is preferably titanium.

The ﬁegallocene cémpounds may be used by diluting with
hydrocarbons or halogenated hydrocarbons.

The metallocene compounds may be used by contacting
with the particulate carrier compounds.

As the. carrier compounds, there can be used inorganic
carrier compounds su@h as Sibz, A1203,'B203,'Mgo, ZrQO,, Cao,

TiOz, ZnO, Sn0O, BaO and ThO; and resins such as

polyethylene, polypropylene, poly-l-butene, poly-4-methyl-

1—pentene'and-styrene-divinylbenzene copolymer. These

carrier compounds may be used in combination of two or more -

kinds.
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Next, the orgaﬁoalqminum oxy—-compound and the ionized
ionic compound used for forming the catalyst (b) (catalyst
comprising a.metallocene compound of a transition metal
selected from elements of Group IV of the periodic table,
and an organocaluminum oxy compound or an ionized ionic
compound) are described.

The organoaluminum oxy-compound used in the invention
may be either aluminoxane conventionally known or a
benzene-insoluble organoaluminum oxy-compohnd.

The conventionally known aluminoxane is represented by

the following formula (1) or (2).

Ry-Al—+O0A1}—OALR,

(1)

R R
. _ ——(—OP’& e (2) o
. R - L

wherein R is a hydrocarbon group such as ﬁéthyl, ethyl,
propyl and butyl, preferably méthyl or etpyl, particularly
preferably methyl, and m is an.integer of not less than 2,
preferably an integer of 5 to 40.

This aluminoxane may be formed from mixed
alkyloxyaluminum units consisting of alkyloxyaluminum units
represented by the formula (OAl(R!)) and alkyloxyaluminum

units represented by the formula (OAl(R?)) (in these

'formulas, R! and R? are each the same hydrocarbon group as
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described for R, and R! and R? are different from each
other) .

The conventionally known aluminoxane can be prepared
by, for example, the following procedures, and the
aluminSkane is generally recovered in the form of an
aromatic hydrocarbon solvent solution.

(1) An organcaluminum compound such as
trialkylaluﬁinum is added to a hydrocarbon solvent
.suspénsion of compounds containing adsorbea water or salts
containing water of crystallization;‘e.g.j magnesium
chloride hydrate, copper sulfate hydrate, aluminum sulfate
hydrate, nickel sulfate hydrate and cerous chloride
hydrate, so as to allow'the orgahoalumihum compound to
‘react with the adsorbed water or the water of - |
crYstallization, and the reaction product is recovered as-_
-an” aromatic hydrocarbon solvent solution.

{2) Water, ice or water vaﬁor”ié‘allowed to diiectly
act on. an organoaluminum cémpound such as trialkylaluminum-.

fﬁn a'ﬁedium such as bénzene, toluene, ethyl ether or
tetrahydrofuran, and the feéction'product‘iS'recovered as-
‘an aromatic hydrocarbon solvent solution.

Of the above procedures, the procedure (1) is

preferably used.

Examples of the organoaluminum compounds used for

; preparing the solution of aluminoxane include the aforesaid

organoaluminum compounds. More specifically, there can be

mentioned:
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trialkylaluminums, such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisopropylaluminum,
tri-n-butylaluminum, triisobutylaiﬁminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tripentylaluminum,
trihexylaluminum, trioctylaluminum, tridecylaluminum,
tricyclohexylaluminum and tricyclooctylaluminum;

alkenylaiuminums represented by the formula -
(iC4Hg) xAly (CsHip) 2 (%, y and z are each a positive number,
and z 2 2x), such as isoprenylaluminum;

dialkylaluminum halides, such as dimethylaluminum
éhloride, diethylaluminﬁm chloride, diethylaluminum bromide
and diisobutylaluminum chloride;

dialkylaluminﬁm.hYdrides, such as diethylaluminum
hydfide and di;isobutjzlélumin‘um hydride;

" dialkylaluminum alkoxides, such as dimethylaluminum

“methoxide and-diethyla;uminum ethoxide; and

dialkylaluminum aryloxides, such d&s diethylaluminﬁm
phenoxide. :  - | : .

of these}-breferredjaxe trialkylaluminums.

The.organcéluminum compounds mentioned above are-uséd'_
singiy or in combination.

The benzene-insoluble organoaluminum oxy-compound used
in the invention can be obtained by, for example,
contacting the solution of aluminoxane with water or an

active hydrogenecontaining compound or contacting the

organocaluminum compound with water.

In the benzene-insoluble organoaluminum oxy-compound

used for the invention; a ratio of the absorbance at about
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1,260 cm™ (D;p¢0) to the absorbance at about 1,220 cm™
(D1220) obtained by the infrared spectroscopic analysis of
the compound, (Diz60/Di1220), is not more than 0.09,

preferably not more than 0.08, particularly preferably in

‘the range of 0.04 to 0.07.

The benzene-insoluble organoaluminum oxy-compound is
presumed to have alkyloxyaluminum units represented by the

following formula:

R!

——f—Al—O——

wherein R’ is a hydrocarbén group of 1 to 12 -carbon atoms.

- 'Examples of such hydrocarbon groups include methyl, ethyl;

népropyl,nisoptbpyl, n-butyl, isobutyl, pentyl, hexyl,

octvyl, deéYl,'Cyclphexyl and cyclooctyl. Of these,

'pfefer:ed*are methyl and ethyl, and particularly preferred

is. methyl.. . a0 0 L

This benzene-insoluble organoaluminum oxy—-compound -may

“have, in addition'to the alkyloxya;uminum.un;;sfrépresented

by the above-formuia, oxyaluminum units represented by the

following formula:

RS

‘ .
—f—Al—O——

wherein R® is a hydrocarbon group of 1 to 12 carbon atoms,

LI ML . IS

an alkoxy group of 1 to 12 carbon atoms, an aryloxy group



10

15

20

25

118

of 6 to 20 carbon atoms, a hydroxyl group, halogen or
hydrogen.

R® is different from R’ in the aforesaid formula.

When the organocaluminum oxy-compound contains the
oxyaluminum units, it is desired that the alkyloxyaluminum
units are contained in an amount of not less than 30 % by
mol, preferably not less than 50 % by mol, particularly
preferably not less than 70 % by mol.

The organocaluminum oxy-compound used in the invention
may contain-a small amount of an organic compound component

of other metal than aluminum.

- The ionized ionic compound used in the present

invention includes Lewis acids, ionic compounds; borane:

. compounds .and carborane compounds.

The Lewis acids include, for example, a_eompound -
represented by the formula. BR3 wherein each-R is.

independently -a phenyl group which may have substltuents

suchsas!fluorlne,-methyl and'tr;flqoromethyl, or a fluorine:

etem. L.

Examples of the compoundé'represented by the above:
formula include trifluoroboron, triphenylboron, tris(4-
fluorophenyl)boron, tris(3,5~difluorophenyl)boron, 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-

dimethylphenyl)boron.
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Examples of the ionic compounds include trialkyl-
substituted ammonium salts, N,N-dialkylaniliniﬂm salts,
dialkylammonium salts and triaryiphsphonium salts.

Particular examples of the.trialkyl-substituted
ammonium salts include:

triethylammoniumtetra(phenylfboron,

tripropylammoniumtetra (phenyl)boron,
tri(n-butyl)ammoniumtetra(phenyl)boron,
trimethylammonihmtetra(p—tolyl)boronf
triﬁethylammoﬁiuﬁfetia(o—tol§l)boron,
tributylammoniumtetra (pentafliuorophenyl)boron,
tripropylammoniumtetra (o,p-dimethylphenyl)boron,
tributylammoniumtetra (m, m~dimethylphenyl)boron,
tributylammoniumtetra(p-trifluorbmethylphenyl)boron,
and s ’
~tri(n-butyl)ammoniumtetra (o-tolyl)boron.

Particular examples of the N,N,-dialkylanilinium salts

-inc¢lude: : e - . S

N,N—dimethylaniliniumtetra(phenyl)boron,

N,N-diethylaniliniumtetra(phenyl)borén; and

N,N-2,4,6-pentamethylaniliniumtétra(phényl)bordn-

Particular examples of the dialkylammonium sélts
include:

di (1-propyl) ammoniumtetra (pentafluorophenyl)boron, and

dicycloheinammoniumtetra(ﬁhenyl)boron.

Also employable as-the ionic compound (b) are

triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N,N-
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dimethylaniliniumtetrakis(pentaflﬁorophenyl)borate and
ferroceniumtetré(pentafluorophenyl)borate.
Further, also émployable as the borane compound are
the following compounds:
"decaborane (14);
salts of anion, such as
bis(tri(n-butyl)ammonium)nonaborate,
bis(tri (n-butyl)ammonium)decaborate,
bis(tri(n—butyl)ammonium)undecaborate;
‘bis (tri{n-butyl)ammonium)dodecaborate,
bis(tri(h—butyl)ammonium)decachlorodecabo;ate, and
:biS(tri(n-butyl)ammonium)dodecachlorododecaborate;_and.
-ﬁai;s:of metallic borane anion, such as
'itri(n—butyl)ammbnium—.
bié(dodecahydridédodec?borate)cobaltate(III),-an@«; o
?Hbié(tri(n-butyl)ammonium)— o
bis(dodécahydfidedodecaboratéynickelateiIII).

' Further, -particular-examples-of carbordne compounds

~include: -

' salts of anion, such as

4-carbanonaborane(14),

1,3-dicarbanonaborane(13),

6, 9~-dicarbadecaborane(14),
dodecahydridérl-phenyl—l,3-dicarbanonaborane,
dodécahydride—l-methyl-l,3-dicarbanonaborane, and
undecahydride-1,3-dimethyl~1, 3-dicarbanonaborane,

7,8-dicarbaundecaborane (13},

2,7-dicarbaundecaborane (13),



N

R

L

- 10

gf;sh

20

25

121

undecahydride-7,8-dimethyl-7, 8—-dicarbaundecaborane,
dodecahydride-1l-methyl-2, 7-dicarbaundecaborane,
tri (n-butyl)ammonium-l-carbadecaborate,
tri(n—butyl)ammonium—l—carbaundebabofate,
tri(n~-butyl)ammonium-l-carbadodecaborate,
tri(n-butyl)ammonium-l-trimethylsilyl-1-
carbadecaborate, and
tri (n-butyl) ammoniumbromo-l-carbadodecaborate,
tri (n-butyl) ammonium-6-carbadecaborate (14},
tri (n-butyl)ammonium-6-carbadecaborate (12),
tri(n—butyl)ammonium—?—carbaundecaborate(13),
tri(n—butyl)ammonium—?,8—dicarbaundecaboréte(12),
tri{n-butyl)ammonium-2, 9-dicarbaundecaborate (12),

tri(nebutyl)aﬁmoniumdodecahydride-s—methyl—7;9—

- dicarbaundecaborate,-

- tri (n-butyl) ammoniumundecahydride-8-ethyl-7, 9-
dicarbaundecaborate, -

'tri(n-butyl)ammoniumundecahydride—8—butyl—7,9— '

“dicarbaundecaborate,

tri(n-butyl)ammoniumundecahydride-B-éllylé7,94,,

‘dicarbaundecaborate,

tri (n-butyl)ammoniumundecahydride-9-trimethylsilyl-
7, 8-dicarbaundecaborate, and

tri (n-butyl)ammoniumundecahydride-4, 6-dibromo-7-
carbaundecaborate; and

salts of metallic carborane anion, such as:

tri(n-butyl)ammoniumbis (nonahydride~1, 3-

dicarbanonaborate)cobaltate (III),
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tri (n-butyl) ammoniumbis (undecahydride-7,8-
dicarbaundecaborate) ferrate (III),

tri(n—butyl)ammoﬁiumbis(undecahydride—7,8—
dicarbaundecaborate)cobaltate (I1I),

tri(n—butyl)ammoniumbis(undeéahydride-?,8—
dicarbaundecaborate)nickelate (III), .

tri (n-butyl)ammoniumbis (undecahydride-7, 8-
dicarbaundecaborate) cuprate (III),

tri (n-butyl) ammoniumbis (undecahydride-7, 8-
dicarbaundecaborate) aurate(lll),

tri (n-butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7,8
dlcarbaundecaborate)ferrate(III),

trl(n—butyl)ammonlumbls(nonahydr1de—7 8-d1methyl 7 8 -

-dicarbaundecaborate)chromate(III),

trl(n-butyl)ammonlumbls(trlbromooctahydrlde—7 8—

._dlcarbaundecaborate)cobaltate(III),

tris(tri(n-butyl)ammon;um)bls(undecah&dride—7- :

carb;undecaboraté)chrémate(III); ‘
. bis(t:i(n—butyl)ammbnium)bis(uqdecahyd;iderf

arbaundecaborate)manganate(IV), '

bls(tr1(n-butyl)ammonlum)bls(undecahydr1de—7-
carbaundecaborate)cobaltate (III), and

bis (tri (n-butyl)ammonium)bis (undecahydride-7-
carbaundecaborate) nickelate (IV) .

The ionized ionic compounds mentioned above may be

- used in combination of two or more kinds.
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In the present invention, the organcaluminum oxy-

~compound or the ionized ionic compound may be used by

supporting it on the aforementioned carrier compound.

For preparing the catalyst (b), thé aforementioned
organoaluminum compound may be used together with the
organoaluminum oxy-compound or the ioﬁized ionic compound.

In the present invgntion, (i) ethylene, (ii) the -

olefin and (iii) the nonconjugated triene or tetraene

_(nongppjugated polyene) are copolymerizeéd generally in a

liquid phase. in the presence of the catalyst (a). (catalyst

- comprising the soluble vanadium compound and the

organoaluminum compound) or the .catalyst (b) (catalyst

cémprising'the metallocene compound of a transition metal

.selected from,elgments,of'Group IV of the periodic table

and the organocaluminum oxy-compound or the ionized ionic

chpound). In the copolymerization, a hydrocarbon .solvent.

. is usually used, but an a-olefin such as propylene may be

- used as a solvent.

Examples of sich hydrocarbon solvents.include
aliphatic hydrocarbons, such as penténe, hexane,
heptane, océane, decane, dodecane and kerosine, and
halogenéted derivatives of these aliphatic hydrocarbons;
alicyclic hydrocarbons, such as cyclohexane, -
methylcyclopenﬁane and_methylcyclohexane, and halogenated
derivatives of these alicyclic hydrocarbons; and
aromatic hydrocarbons, such as benzene, toluene and

xylene, and halogenated derivatives of these hydrocarbons,
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such as chlorobenzene. These solvents may be used in

combination.

The ethylene (i), the a-olefin (ii) and the

nonconjugated polyene (iii) may be copolymerized either

batchwise or continuously. When the copolymerization is

carried out continucusly, the catalyst is used in the

following concentration.

If the. catalyst (a), i.e., catalyst comprising thez;
soluble vanadium compound and the organoalhminum compound,
is used in the inventioen, the concentration of the soluble
vanadium compound in the po1ymerization system is in the
range of usually 0.01 ﬁo-s mmol/liter-polymerization
volume, preferably 0.05 to 3 mmol/liter. The soluble
vanadium cqmpound is.desirably-fed'as'a-soiution-in a
qoncéntratioﬁiof not more -than 10 times,-préférably 1to 7

times, more preférably;l to 5 times, as much as the

- concentration of the soluble vanadium‘compound-pfesent in -

~the polymerization system. .The organoaluminum compound -is_ .

fed in-a molar raﬁio of the aluminum atom to the vanédium:
atom kAl/V) in the'bbiymerization system of not less than.
2, preferably 2 to 50, more preferabiy 3 to 20.

The soiuble vanadium compound and the organoaluminum
compound are generally fed after being diluted with the
hydrocarbon solvent and/or the a-olefin (ii) in a liquid
form and the nonconjugated triene or tetraene

(noncbnjugated polyene) (iii) in a liquid form. In this

'~ case, the soluble vanadium compound is desirably.diluted in

the above-mentioned concentration, and the organoaluminum
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compound is desirably fed after controlling the
concentration to an optional concentration of not more than
50 times as much as the concentration of the organoaluminum
compound in the polymerization system.

If the catalyst (b), i.e., catalyst comprising the
metallocene compound and the organoaluminum oxy-compound or
the ionized ionic compound (also éeferréd to as "ionic
ionized compound" or "“ionic compound"), is used, the
concentration of the metallocene compound in the
polymerization system is in the range.of usually 0.00005 to
0.1 mmol/liter-polymerization volume, preferably 0.0001 to
0.05 mmol/liter. The organoaluminum oxy-compound is fed-in
a molar ratio of the aluminum atom to the'transition metal -
of the metallocene compound jAl/transi;ioh_metalx:ih_;he.

polymerization system of 1 to 10,000, .preferably 10 to-

-5, 000.

In the qase.offusing the ionized ionic-compoundi this
compound is fed in a molar ratio qf the ionized ionic .
compound_tb.the metallécene“cqppound (ioﬁized;ionic, .
compound/metallocene compouséf in the pol&merization system
of 0.5 to 20, preferably 1 to 10.

In the case of using the organocaluminum compound, this
compound is used in such an amount that the concentration
of the organoaluminum compound in the system becomes
usually about 0 to 5 mmol/liter-polymerization volume,

preferably about 0 to 2 mmol/liter.

When the ethylene (i), the a-olefin (ii) and the

nonconjugated. polyene (iii) are copolymerized in the
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presence of the cétalyst {(a) comprising the soluble
vanadium compound and the organoaluminum compound, the
éopolymerization reaction is carried out under the
conditions of a temperature of -50 to 100 °C, preferably
-30 to 80 °C, more preferably -20 to 60 °C, and a pressure
of higher than 0 kg/cm? and not higher than 50 kg/cm?,
preferably higher than 0 kg/cm? and not higher than 20
kg/cmZ. -

_When the ethylene (i), the a-olefin (ii) and the .
nonconjugated polyene (iii) are copolymerized in the
presence of the catalyst (b) comprising thé metallocene
compoﬁnd and-fhe organoaluminum oxy-compound or ‘the ionized
ionic compound, the copolymerization reaction is carried-
out under the conditions of a temperature of -20 to:150,°C(
preferably.p t6_120 °C,. -more preferably O-tO'iOO °c, and a -
pressure of hiéher_than 0. kg/cm? and not higher than‘Bpufﬁ
kg[cmz, preferably higher than 0 kg/cm? and not higher;thans
So;kg/cm?.'_ S L - .4'

. The reaction time (which is an average residence time .

. in case of continuous copolymerization) varies depending-

upon the conditions such as catalyst concentration and
polymerization température, but it is in the range of
usually 5 minutes to 5 hours, preferably 10 minutes to 3

hours.

In the present invention, the ethylene (i), the - .
olefin (ii) and the nonconjugated polyene (iii) are fed to
ﬁhe polymerization_s&stem in such amounts that the

unsaturated copolymer of ethylene having the aforementioned
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specific composition is obtained. 1In the copolymerization,
a molecular weight regulator such as hydrogen is also

employable.
When the ethylene (i), the a-olefin (ii) and the

nonconjugated polyene (iii) are copolymerized as described
above, the unsaturated copolymer of ethylene is obtained in
the form of usually a polymer solution containing it. This
polymer solution is treated in a conventional manner to
obtain an unsaturated copolymer of ethylené.

(Graft modified product of unsaturated copolymer of
ethylene)

The unsaturated copolymer of ethylene according to the
invention can be used by modifying it through graft
polymerization of'ﬁhe'unsaturated copolyme# qf ethylene
with a polaf monbmer. L

The unsaturated ;opdiymer-of_ethylene-having beeh

graft modified (sometimes referred to_as:"gfaft modified

unsaturated copolymer,of ethylene") can bé'obtained by .

allowing the'unsatura;ed §6po1ymer of ethy;ené to react
with a polar;monbher deécribed below in tﬁe pfesence or the
absence of a radical initiator.

The polar monomer is, for example, a hydroxyl group-
containing ethylenic unsaturated compound, an amino group-
containing ethylenic unsaturated compound, an epoxy group- .
containing ethylenic unsaturated compound, an aromatic
vinyl compound, an unsaturated carboxylic acid or its

derivative, an vinyl ester compound or vinyl chloride.
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Particular examples of the hydroxyl.group—containing
ethylenic unsaturated compounds include (meth)acrylates,
such as hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2—hydroxyF
3-phenoxypropyl (meth)acrylate, 3-chloro-2-hydroxypropyl
{meth)acrylate, glycerol mono (meth)acrylate,
pentaerythritol mono (meth)acrylate, trimethylolpropane
mono {meth) acrylate, tetramethylolethane mono (meth)acrylate,
butanediol mono (meth)acrylate, polyethyleﬁé glycol
mono{meth)acrylate and 2-{6-hydroxyhexanoyloxy)ethyl
acrylate; 10-undecene-l-ol, l-octene-3-ol, 2-.

methanolnorbornene, hydroxystyrene, hydroxyethyl vinyl:

~ether, hydroxybutyl vinyl ether, N-methylolacrylamide, 2-

(meth)acroyloxyethyl-acid phosphate, glycerol.monoallylf.--

‘ether, allyl alcohol, allyloxyethanol, 2-butene-1,4-diol

and glycerol monoalcohol. -

’. ‘The amino group-containing ethylenic unsaturated

: compound'is a compound having-an ethylenic double bond and_

an amino group, and such compound is, for example, a vinyl .

monomer having-at leéast one amino group - or substituted

amino'group represented by the following formula:

R !
...__.N/ -

AN

R 2

wherein R! is hydrogen, methyl or ethyl, and R? is

hydrogen, an alkyi group having 1 to 12 carbon atoms
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(preferably 1 to 8 carbon atoms) or a cycloalkyl group
having 6 to 12 carbon atoms (preferably 6 to 8 carbon
atoms) . The alkyl group and the cycloalkyl group may have
a substituent.

Examples of the amino group—containing ethylenic
unsaturated compounds include alkyl ester derivatives of
acrylic acids or methacrylic acids, such as aminoethyl
(meth) acrylate, propylaminoethyl (meth)acrylate,
dimethylaminaethyl (meth)acrylate, aminopfbpyl
(meth) acrylate, phenylaminoethyl methacrylate and -

cyclohexylaminoethyl methacrylate; vinyl amine derivatives,

‘such as N—vinyldiethylamine and N-acetylvinylamine;

allylamine derivatives, such as allylamine, methacrylamine,

-N—methylacrylamine, N,N-dimethylacrylamide and N,N-

-.dimethylaminopropylacrylamide; acrylamide derivatives, such -

as acrylamide and N-methylacrylamide; aminostyrenes, -such

' as p-aminostyrene; 6-aminohexylsuccinimide; and 2-

aminoethylsuccinimide. ' . .
" The epoxy'gfbupécontainiﬁg'ethylenic unsaturated
compound is a monomer having at'leasf one.polymerizablé
unsaturated bond and at least one epoxy group in one
moleculé. Examples of such epoxy group-containing
ethylenic unsaturated compound§ include glycidyl acrylate
and glycidyl methacrylate; dicarboxylic acid mono and
dialkylglycidyi esters (number of carbon atoms of the alkyl
group in the case of monoglycidyl ester: 1 - 12), such as
mono and diglycidyl esters of maleic acid, mono and

diglycidyl esters of fumaric acid, mono and diglycidyl
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esters of crotonic acid, mono and diglycidyl esters of

tetrahydrophthalic acid, mono and diglycidyl esters of

itaconic acid, mono and diglycidyl esters of

butenetricarboxylic acid, monco and diglycidyl esters of

citraconic acid, mono and diglycidyl esters of endo-cis-

bicyclol(2,2,1l]lhepto-5-ene-2, 3-dicarboxylic acid (nadic

acid™), mono and diglycidyl esters of endo-cis-
bicycleo(2,2,1]hepto-5-ene~-2-methyl-2, 3-dicarboxylic acid
(methylnadic acid™), and mono and diglycidyl esters of
allylsuccinic acid;. alkylglycidyl esters of p- ———
styrenecatboxylic acid, allylglycidyl ether, 2-

methylallylglycié&l ether, styrene-p-glycidyl ether, 3,4-

lepoxyél—bﬁtene, 3,4-epoxy-3-methyl-1l-butene, .3,4-epoxy-1-

pentene, 3;4-epoxy—3:methyl-1—pentene; S,S—epoxy-l—hexéne,'

and: vinylcyclohexene. monooxide.
. 'The aromatic vinyl compound-is, for example,; a

compound represénted-by-thegfollowingjformula:;

- . _rlc=cr?%

wherein R! and R? are each independently hydrogen or an
alkyl group of 1 to 3 carbon atoms, such as methyl, ethyl,
propyl or isopropyl, R3® is a hydrocarbon group of 1 to 3
carbon atoms or a halogen atom, such as methyl, ethyl,

chlorine, bromine or iodine, and n is

propyl, isopropyl,
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usually an integer of 0 to 5, preferably an integer of 1 to
5.

Examples of such aromatic vinyl compounds include
styrene, o-methylstyrene, o-methylstyrene, p-methylstyrene,
m-methylstyrene, p-chlorostyrene, m-chlorostyrene, p-
chloromethylstyrene. Heterocyclic aromatic vinyl compounds
may also be utilized and include 4-vinylpyridine, 2-
vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-5-
vinylpyridine, 2-isopropenylpyridine, 2—vihyl§uinoline, 3=
vinylisoquinolihe,mN-vinylcarbazole and N-vinylpyrrolidone.

Exampleé.of the unsaturated carboxylic acids include
unsaturated carboxylic acids, such as acrylic acid,

methacrylic acid, maleic acid, fumaric acid, )

;tetrahydrophthalic acid, itaconic acid, citraconic acid,

crotonic acid, isocrotonic- acid, norbornenedicarboxylic

-acid. and bicyclb[2,2,thepto—Z-ene-S,G-dicarboxylic acid;

acid anhydfides of these acids; and derivatives of these.

_ acids (e.g., acid halides, amides, imides and esters). .

Particularggkamples of such compounds include malenyl

chloride, malenylimide, maleic anhydride, itaconic
anhydride, citraconic anhydride,.tetrahydrophthalic
anhydride, bicyclo[z,2,1]hepto—2-ehe-5,G—dicarboxylic
anhydride, dimethyl maleate, monomethyl maleate, diethyl
maleate, diethyl fumarate, dimethyl itaconate, diethyl
citraconate, dimethyl tétrahydrophthalate; dimethyl
bicyclo[2,2,1]hepto—2-ene-5,G-dicarbdxylate, hydroxyethyl
{meth) acrylate, hydréxypropyl (meth)acrylate, glycidyl

(meth)acrylate, aminoethyl methacrylate and aminopropyl
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methacrylate. Of these, preferred are (meth)acrylic acid,
maleic anhydride, hydroxyethyl (meth)acrylate, glycidyl
methacrylate and aminopropyl methacrylate.

Exémples of the vinyl ester compounds include vinyl
acetate, vinyl propionate, vinyl n-butyrate, vinyl
isobutyrate, vinyl pivalate, vinyl caproate, vinyl
versatate, vinyl laurate, vinyl stearate, vinyl benzoatg,
vinyl p-t-butylbenzoate, vinyl salicylaEe and vinyi

cyclohexanecaboxylate.
The polar monomer is used in an amount of usually 1 to
100 parts by weight, preferably 50 to 80 parts by weight, -

based on 100 parts by weight of the unsaturated copolymer

"of ethylene.

The radical initiator is, for example, an organic -

‘peroxide or an azo compound.

Examples of the organic peroxides include dicumyl.
peroxide, di-t-butyl peroxide; 2,5-diméthyl—2,5-bis(t¥

butylperoxy)lheéxane; 2,5-dimethyl-2,5-bis(t= - . = . - = -

- butylperoxy)hexyne-3, 1,3-bis(t-:

'butylperoxyisopropyl)benzene, 1,1-bis(t- -

butylperoxy)valeérate, benzoyl peroxide, t-butyl
peroxybenzoate, acetyl peroxide, isobutyryl peroxide,
octanoyl peroxide, decanoyl peroxide, laurojl peroxide,
3;5,5-trimethylhéxanoyl-peroxide, 2,4-dichlorobenzoyl
peroxide and m-toluyl peroxide. Examples of the azo
compounds iﬁclude azoisobutyronitrile and

dimethylazoisobutyronitrile.
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The radical initiator is desirably used in an amount
of usually 0.001 to 10 parts by weight based on 100 parts
by weight of the unsaturated copolymer of ethylene.

The radical initiator can be used by mixing it with
ﬁhe unsaturated copolymer of ethylene and the polar
monomer, but it may be used after dissolving it in a small
amount of an organic solvent. As the organic solvent, any
organic solvents can be employed without specific
limitation as far as they dissolve the radical initiator.
Examples- of the organic solvents include aromatic
hydrocarbon solvents, such as benzene,'toluene and xylene;
aliphatic hydrocarbon solvenfs, such as pentane, hexane,
heptane, octane, nonane and decane; alicyclic hydrocarbon
solvents, such as cyclohexane, methylcyclohexane and
decahydronaphthalene; chlofinatedahyd;ocarbcns, such as.
chlorobenzene, diéhlofobgnzene, trichlorobenzene, methylene
chloride, chloroform, carbon tetrachloride: and |

tétrahcloroethylene; alcohol:solvehts; such -as .methanol, -_ -

‘ethanol, n-propanol, iso*propanol, n-butanol, sec-butanol

and tert-butanol; ketone'solvénts; such aé acetone, methyl

ethyl ketone and methyl isobutyl ketone; ester solvents,

" such as ethyl acetate and dimethyl phthalate; and ether

solvents, such as dimethyl.ether, diethyl ether, di-n-amyl
ether, tetrahydrofuran and dioxyanisole.

In the present invention, a reducing material_may-be
used in the graft modification of the unsaturated copolymer

of ethylene. The réducing material serves to enhance the-
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graft amount in the graft modified unsaturated copolymer of
ethylene obtained.

The reducing material includes not only iron(II) ion,
chromium ion, cobalt ion, nickel ion, palladium ion,
sulfite, hydroxylamine and hydrazine but also compounds
containing groups such as -SH, SO3H, -NHNH; and —COCH(OH) -.

Examples of such reducing materials include ferrous
chloride, ‘potassium bichromate, cobalt chloride, cobalt
naphthenate, palladium chloride, ethanolamine,
diethanolamine, N,N-dimethylaniline, hygrazine,
ethylmercaptan, benaenesulfonic'acid and p-toluenesulfonic

ac1d.

.The redu01ng material is used in an amount of usually

0. 001 to 5 parts by welght, preferably 0. 1 to 3 parts by

115

20

25

'_welght,-based on:lOO parts by welght of the unsaturatedﬁ;_

'"copblymer:of ethylene.

~ The graft modification of,the.unsaturated copdlymerﬁof
ethylene can be carried out in a conventlonal manner.,zFOQ;

example, the unsaturated copolymer of. ethylene is dlssolved

"in an prganlc solvent, and to the sqlutlon~1s then added"

the polar monomer and the radical initiator to react them
at 70 to 200 °C, preferably 80 to 190 °C, for 0.5 to 15
hours, preferably 1 to 10 hours.

There is no specific limitation on the organic solvent
used for graft modifying the unsaturated copolymer of
ethylene, and any organie solvents can be used as far as

they dissolve the unsaturated ethylene copolymer.
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Examples of such organic solvents include aromatic
hydrocarbon solvents such as benzene, toluene and xylene;
and aliphatic hydrocarbon solvents such as pentane, hexane
and heﬁtane. |

The unsaturated copolymer of ethylene can be reacted
with the polar monomer in the absence of any solvent using
an extruder or the like'to prepare a graft modified |
unsaturated copolYmer of ethylene. In this case, the
reaction temperature is usually'not lower than the melting'
point of the unsaturated copolymer of ethylene, .
specifically, in the rangé_of 120 to 250 °C. The reaction
time under such teméerature condition is usually in the
range of 0.5 to 10. minutes.

In the graft modified unsaturated copolymer of
ethylene thus-preparéd,“ﬁhe]gréft amount of the:graft_group:
derived from the-polar'mohomer is in the range of usually
0.1 to 50 % by weight,-preférably 0.2 to 30 % by weight;_

The modified unsaturated copolymer of éthylené I
obtained as. above is excellent in adhesion-strengfhhto-_ |
metals and polar resins. Further, when the modified
unsaturated copolymer of ethylene is blended with a polar
resin, the polar resin can be improved in impact
resistance, particularly, low-temperature impact.
resistance.

Furthermore, molded articles obtained from the
modified unsaturated copolymer of"ethylene (modified
ethylene random cogoiymer) afe excellent in prihfability

and paintability onto the surfaces thereof. Moreover, if
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polyolefins are blended with the modified unsaturated
copolymer of ethylene (modified ethylene random copolymer)
together with fillers such as glass fibers or inorganic
compounds, resin Compositions improved in dispersibility of
fillers can be obtained, whereby advantages given by using
the fillers can be maintained and the resulting resin
compositions are improved in mechanical strength.
(Vulcanizable rubber composition)

The rubber.composition containing theiunsaturated
copolymer of ethylene according to the invention.is a
vulcanizable rubber comoosition.._(The rubber composition
of the invention is_sometimes referred to as;“vﬁlcsnizable
rubber composition hereinafter.) This rubber composition .

can be used in the unvulcanized state, but.if it.is used as

“the vulcanized product, much more~improved,prope;tieSgcan:

be exhibited.

The vulcanizable rubber composition according to the

" vulcanizing agent-or:irradiating it with eleotron-rays

-~ without using a vulcanizing agent.

The vulcanizable rubber composition of the invention
may appropriately contain other components according to the
purpose in addition to the unsaturated copolymer of
ethylene, and it is desired that the unsaturated copo;ymer
of ethylene is contained in an amount of not less than 20 %
by weight, preferably not less than 25 % by weight, based

on the whole amount of the rubber composition. When the

rubber composition contains the unsaturated copolymer of
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ethylene in the above range of amount, the composition
exhibits fgvourable properties.

Examples of the other components which may be
incorporated into the composition include various chemicals
such as reinforcing agents, inorganic fillers, softening
agents, antioxidants (stabilizers), processing aids,
compounds which constitute a foaming system (e.g., foaming

agent and foaming aid), plasticizers, colorants, blowing

‘agents and other rubbers. The kinds and the amounts of the

additives are. properly determined depending on the purpose..
Of the above additives, preferably used are reinforcing
agent, inorganic filler;_softening agent, etc. Details of

these additives are described below.

Reinforcing agent and inorganic filler

Examples of thé-reinforcing_agents include.carbon

blacks such as SRF, CPF, FEF, MAF, HAF, ISAF, SAF, FT and

- MT, surface treated materials obtained by'surface treating

of.the-above-carbdn.blacks with silane coupling agents,

) silica,-calciumﬁcarbonaté,'powdery talc and powdery silicic

- acid.

Examples of the inorganic fillers include precipitated
calcium carbonate, ground limestone, talc and clay.

The rubber composition of the invention may contain
the reinforcing agent énd/or the inorganic filler in an
amount of usually not more than 306 parts by weight,
preferably 10 to 300 parts by weight, more preferably 10 to
200 parts by_weight,.based on 100 parts by weight of the

unsaturated copolymer of ethylene.
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From the rubber composition containing the reinforqing
agent in the above-mentioned amount, a vulcanized rubber
improved in mechanical properties such as tensile strength,
tear strength and abrasion resistance can be obtained.

If the inorganic filler is added in the above-
mentioned amount, the hardness can be improved without
deteriorating other properties of the vulcanized rubber,
and the qostican be lowered.

Softening agent

‘As the softening agents, those conventionally,addéd to

- rubbers can be widely used, and examples thereof include:

petroleum tYpe softening agents, such as process oil;

lubricant, paraffinL liquid paraffin, petroleum-asphalt and

- vaseline;

. coal ;ar.typefébftening agents, such as coal tar and..

' coal.tar pitch; -
...~ fatty oil type. softening agents, such-gs castor .oil,

.. linseed .0il, rapeseed .oil-and coconut oil; ... ~ ,. . . _

- . Wwaxes, such: as tall oil, factice, beeswax, carnauba ..

-wax .and .lanolin; .

fatty acids and fatty acid salts, such as ricinoleic;
acid, palmitic acid, barium stearate, calcium stearate and
zinc.lauraﬁe; and

synthetic polymer materials, such as petroleum reésin,
atactic polypropylene and coumarone-indene resin.

Of these, preferred.are petroleum type softening

agehts, and partiqglarly preferred is process oil.
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The softening agent may be contained in the rubber
composition of the invention in an amount of usually'not '
more than 200 parts by weight, preferably 10 to 200 parts
by weight, more preferably 10 to 150 parts by weight,
particularly preferably 10 to 100 parts by weight, based on
100 parts by weight of the qnsaturated ethylene copolymer.
Antioxidant

_The gntioxidant.is preferably contained in the rubber
composition of the'invention because the material life can
be lengthened. |

Examples of the antioxidants include:

aromatic secondary amine type stabilizers, such. as

phenylnaphthylamine, 4,4'-(0,0- .

dimethylbenzyl)diphenylamine, and N,Nf-difZ;naphthYL-pﬁf_.”-

phenylenediamine; . _
phenol type ‘stabilizers, such as. 2,6-di-~t-butyl-4-

methylphenol,'and.tetrakis—(mgthylenef3-(3175‘-di—t-bﬁtyl—.

© 4'~hydroxyphenyl)propionate)methane; ~ . o .l ol

_"thioether'type stabiiizers;rsﬁch as bis(z-méthyi-4—(3-
n-alkylthiopropionyloxy)-S-t—butylphenyl)sulfide;;1" o
benzimidazole type stabilizers, such as 2- .
mercaptObenzimidazole;

dithiocarbamate type stabilizers, such as nickel

"dibutyldithiocarbamate; and

quinoline type stabilizers, such as a polymer from:
2,2,4-trimethyl-1,2-dihydroquinoline. These stabilizers

may be used in combination of two or more kinds.
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The antioxidant may be usedlin an amount of not more
than 5 parts by weight, preferably not more than 3 parts by
weight, based on 100 parts by weight of the unsaturated
copolymer of ethylene. |
Processing aid

As the processing aids, those conventionally added to
rubbers can be widely used. Examples ﬁhereof include
various acids, such as ricinoleic acid, stearic acid,
palmitic acid and lauric acid; salts of these highef fatty'
acidSi such as barium stearate, gzinc stear;te and calcium
stearaée; and esters of the aboye acids.

The processing éid may be used in an amount of not
more than 10 parts by weight, preferably not-mofe-than 5
patts byfweight}.based on 100 parts by weightjdf;ﬁhe3+:_.
unsaturated copdlymer .of ethylene.

When the rubber composition .of the invention is

'.vulcanized:by.héating,_compounds;which conétitute_a e .

" wvulcanization system‘sUch as*vulcanizing_agent,i\,--

vulcanization accelerator and vulcanizatibn;aid are
generally added to the rubber composition.
Examples of the vulcanizing agents employable herein
include sulfur, sulfur compounds'anahorganic peroxides.
There is no specific limitation on the type of sulfur,
and, for exampie, powdery sulfu:,_precipitated sulfur,
colloidal éulfur, surface-treated sulfur and insoluble

sulfur can be employed.
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Examples of the sulfur compounds include sulfur
chloride, sulfur dichloride, high-molecular weight
polysulfide, morpholine disulfide, alkylphenol disulfide,
tetramethylthiurém disulfide and selenium -
dimethyldithiocarbamate.

Examples of the organic peroxides include:

alkyl peroxides, such as dicumyl peroxide, di-t-butyl
peroxide, di—t—butylperoxy-3,3,S—tr%mgthylcyclohexane, t-
butylcumyl peroxide, di-t-amyl peroxide,'i,s-dimethfl-z,s-u
di (t-butylperoxy) hhexyne-3, Z,S-dimethylfz,s—

di (benzoylperoxy)hexane, 2,5-dimethyl-2,5-di (t-
butylperqx§)hexane, a,a'—bis(t—butylpefoxy—m—
isopropyl)benzene and t-butyl hydropefoxide;

peroxf esters~such-as,t—butyl,peroxyacetate, t-butyl .

peroxyisobutyrate, t-butylsperbxyinalate,.t—ﬂ

| butylperoxyméleic acid, t-butyl peroxyneodecanocate, t-butyl

peroxybenzoate, and'dietdbutyl,peroxyphthalate; and

- ketbﬁe}peroxides; such as dicyclohekanone.péroxide."»
These drganic peroxides maYIbeﬁused in combination of.;wé
or.more.kinds. o | )

_.Ofnthese, preferred are organic peroxides having a
temperature, at which the half-life period'thereof is one
minute, of 130 to 200 °C, for example, dicumyl peroxide,
di-t-butyl peroxide, di-t-butyiperoxy—3,3,5-
trimethylcyclohexane, t-butylcumyl peroxide, di-t-amyl
peroxide and t-butyl hydroperoxide.

Of the abovefggntioned various vulcanizing agents,

sulfur or the sulfur compound; especially sulfur, is
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préferred in the invention, because particularly improved

properties of the rubber composition can be exhibited.
When the vulcanizing agent is sulfur or the sulfur

compéung, it is used in an amount of 0.1 to 10 parts by

weight, preferably 0.5 to 5 parts by weight, based on 100

parts by weight of the unsaturated ethylene copolymer.
When the vulcanizing agent is the organic peroxide, it

is used in an amount of 0.0003 to 0.05 mol, preferably

0. 001 to 0.03 mol, based on 100.g of the unsaturated

ethylene copolymer.. : :

v nizat i ler r _ | ~
When sulfur or the sulfur compound is used as the

vulcanizing agent, a vulcanization accelerator is

 pfeferably'used-in-dombination;,

Exémples.of the“Vulcanizétionlacceleratofs inélude:-
sulfenamlde compounds, such as- N-cyclohexyl 2- '

benzothlazole sulfenamlde (CBS), N—oxydlethylene—Z—

'benzothlazole-sulfenamlde_and'N;N-dllsopropyl—Z- R

'benzothiaiole:éulfenamide}'

thiaiole'compouhds, such as,2-mercap£§benzothiézoleﬁ
(MBT),“2—}2,4-dinitrophen§l)mercaptobenzothiazole, 2-(2,6-
diethyl-4-morpholinothio)benzothiazole and dibenzothiazyl
disulfide;

guanidiné compounds,-such.as diphenylguanidine,
triphenylguanidine, diorthonitrileguanidine, orthonitrile
biguanidé and diphenylguanidine'phthaliate;

aldehYde amin%§ or aldehyde-ammonia compounds, such as

acetaldehyde-aniline reaction product, butylaldehyde-
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aniline condensate, hexameihylenetetramine and acetaldehyde
ammonia;

imidazoline compounds, such as 2-mercaptoimidazoline;

thiourea compounds, such as thiocarbanilide,
diethylthiourea, dubutylthiourea, trimethylthiourea and
diorthotolylthiourea;

thiuram compounds, such as tetramethylthiuram
monosulfide, tetramethylthiuram disulfide (TMTD),
tetraethylthiuram disulfide, tetrabutylthiuram disuifide,..
pentamethylenethiuram tetrasulfide and
dipentamethylenethiuram tetrasulfide (DPTT);

dithio acid salt compounds, such as zinc

- dimethyldithiocarbamate, zinc diethyldithiocarbamate, zinc

di-n-butyldithiocarbamate, zinc ethylphenyldithiocabamate,

.zinc butylphenyldithiocarbamate, sodium

dimethy;dithiocarbémate,ﬁselenium dimeﬁhyldithiécarba@ate

aﬁditeilu:ium-dimethyldithiocarbamate;-

. xaﬁthaté.Compdunds;fEuch as.zinchibutylxanthate; aﬁd.‘
zinc~white;,‘

The vulcanization accelerator is desirably used in an

~amount of 0.1 to 20 parts by weight, preferably 0.2 to 10

parts by weight, based on 100 parts by weight of the
unsaturated ethylene copolymer.
—W .. 2 i i

When the organié peroxide is used as the vulcanizing
agent, a vulcanization aid is preferably used in an amount

of 0.5 to 2 mol based on 1 mol of the organic peroxide,

. preferably almost in the equimolar amount.
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Egamples of the vulcanization aids include:

sulfur;

quinonedioxime compounds, such as p-quinonedioxime;
and especially polyfunctional monomrs, such as: .

(meth)acrylate compounds, such as trimethylolpropane
triacrylate and polyethylene glycol dimethacrylate;

allyl compounds, such as diallyl phthalate and

.triallyl cyanurate;

maleimide compounds, such as m-phenylene bismaleimide;

and
divinylbenzene.

When the rubber composition of -the invention contains

“--a?compound-which.constitutes a foaming ‘system, such as a

20

25

foaming”agentfor-a foaming:aid,;the-éomposition can be

?subjected to foam molding.

As ‘the foaming- agents, - those conventlonally used in

the foam moldlng of rubbers can. be w1dely used. Partlcular'

examples thereof include 1norgan1c foamlng agents, such-as’

sodlum blcarbonate, sodium” carbonate, -ammonium bicarbonate,

ammonium carbonate and ammonium nitrite; nitroso compounds,

such as N,N'—dimethyl—N,N'-dinitrosoterephthalamide and
N,NF—dinitrosopentamethylenetetramine; azo compounds, such
as azodicarbonamide, azobisisobutyronitrile,
azocyclohexylnitrile, azodiaminobenzene and barium
azodicarboxylate; su;fonylhydrazide oompounds, such as
benzenesulfonylhydgazide, toluenesulfonylhydrazide, p,p'-

oxybis (benzenesulfonylhydrazide) .and diphenylsulfone-3,3"'-
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disulfonylhydrazide; azide compounds, such as calcium
azide, 4,4—diphenyidisulfonylazide and p-
toluenesulfonylazide.

Of these, preferred are nitroso compounds, azo
compounds and azide compounds.

The foaming agent may be used in an amount of 0.5 to
30 parts by Qeight, preferably 1 to 20 parts by weight,
based on 100 parts by weight of the unsaturated copolymer
of ethylene. From the rubber compdsition-containiné the
foaming agent in such-amount, foamed produpts having -an
apparent specific gravity of 0.03 to 0.8 g/cm® can be
produced. |

In combination with the foaming agent, a foaming -aid.

' can be employed. When the foaming aid is used in-

combination, various effects such as lowering of

'decomposition temﬁe:ature_of the foamihg agent,

acceleration of decomposition ;hereof_and uniformity of the

‘resulting foam-can'belexer;ed. Examples of the foaming .

‘agents include organic acids, such as ‘salicylic acid,

phﬁhalic acid, Stearié acid aﬁd oxalic acid, urea and its
derivative.

The foaming aid may be used in an amount of 0.01 to 10
parts by weight, preferably 0.1 to 5 parts by weight, based
on 100 parts by weight of the unsaturated copolymer of
ethylene.

Other rubber

0
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The rubber composition of the invention may contain
other known rﬁbbers as long as the objects of the invention
are not marred.

Examples of such rubbérs include natural rubbers (NR);
isoprene type rubbers, such as isoprene rubber (IR); and
conjugated diene type rubbers, such as butadiene rubber
(BR), styrene-butadiene rubber (SBR), acrylonitrile-
butadiene rubber (NBR) and chloroprene rubber (CR).

Also employable are conventionally known ephylehe-a—

olefin copdlymer rubbers, for example, ethylene-propylene

random copolymer (EPR) and ethylene-a—dlefin—polyéne

terpolymer.other than the unsaturated copolymer of

ethylene, such -as EPDM.

The vulcanizable rubber composition of the invention

can be prepared_ffom.the unsaturated copolymer of ethylene
 apd the above-mentibhed other components by.conventional
'ipr¢cesses for preparing rubber blends. For example, the
lunsatufated-copolyméf~of:ethy1ene and other components are.
 kneaded at -80 to 170° °C for 3 to 10 minutes using an
- 20

internal mixer such as Banbury mixer, kneader and

"intermixer, then the vulcanizing agent and the

vulcanization accelerator or the vulcanization aid are
added if necessary, and the resulting mixture is kneaded at
a roll temperature of 40 to 80 °C for 5 to 30 minutes using

a roll (e.g., an open roll) or a kneader, followed by

delivering. Thus, a rubber composition (rubber blend) in

the form of usually ribbon or sheet can be obtained. If

the temperature for kneading by the use of the internal
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mixer is low, the wvulcanizing agent, the vulcanization
accelerator and the foaming agent may be simultaneously
kneaded.

(Vulcanized rubber)

A vulcanizate (vulcanized rubber) of the rubber
composition of the invention can be obtained by generally
preforming the unvulcanized rubber composition into a
desired shape using various means such as an extrusion

molding machine, a calender roll, a press, an injection

‘'molding machine and a transfer molding machine; and

. simultaneously or thereafter heating the preform in a

vulcanizing bath or.irradiating it with electron rays 'so as
to vulcanizé it. .

" When the rubber composition is vulcanized by heating,
the rubber composition is preferably heated aﬁ a.

temperature of.150 to 270 °C for 1 to 30 minutes using . a

heating bath of hot air, glass bead fluidized bed, UHF -

(ﬁltrahigh ffeqﬁéncysglectromagnetic wave), steam or LCMI .
(molten sait bath) . B |

When the rubber composition is vulcéﬁized by
;rradiaﬁion with electron rays without using a vﬁlcanizing
agent, the preformed rubber composition is irradiated with
electron rays having energy of O.l to 10 MeV, preferably
0.3 to 2 MeV at an absorbed dose of 0.5 to 35 Mrad,
preferaﬁly 0.5 to 10 Mrad.

In fhe preforming andlvulcanization, a mold may be

used or'may not be used. If a mold is not used, preforming
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and vulcanization of the rubber composition are generally
carried out continuously.

The rubber composition thus preformed and vulcanized
(vﬁlcanizéd rubber) can be used for automotive ‘industrial
parts such as weatherstrip, door glass run channel, window
frame, radiatbr hose, brake parts and wiper blade;
industrial rubber parts such as rubber roll, belt, paéking
and.hose; eleétrical insulating materials such as anode cap
and grommet; civil engineering and buildiﬂé materia¥s such
as building gasket and civil engineering sheet; and

rubberized fabrics.

The vulcanized foamed product obtained by foaming the

- rubber blend containing the foaming agent under heating can

‘be used for heat insulating materials, cushioning

materials, sealing materials,'étc.
Next, a proceés for preparing the aforesaid branched

'chain'pdlyeng (Ib). {(branched chain triene or tetraene (Ib))

“5'iéfdescribed'in'detail. ' - ' .

- 20

25

Process for preparing branched chain polvene (IDb)
'Amohg'the polyenes represented by thé formula-(H—lj
for use in the invention, the branched chain triene or
tetraene in which p = 1 and g = 0 can be synthesized by
allowing ethylene to react with a conjugated diene compound-

(H-1la) represented by the following- formula (H-1la).
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Rl g5
T
HpC=CH-C——CH+CrCR” =CR®R?
| I
rR2 Rrb (H-1a)

wherein f, g and R! to R® are the same as those in the
formula (H-1).

A straight chain polyene compound represented by the
following formula (H-1b), which is sometimes produced as a

subproduct in the reaction of ethylene with the conjugated )

-diene compound represented by the formula (H-la), can be

separated and removed usually by distillation. However, a
mixture of the polyene (H-1) and the subproduct (H-1b) can

be also used in polymerization without separation of (H-

1b).

CHgR! R
I

Ho, C=CH-CHsCH=C —(C+<tCr—CR7T=cR8RS
2 2 o l-f I-S - )

rR2 RE

| (H-1b)
wherein £, g and R! to.R? are the same as those in the
formula (H—la).

Furthermore, the branched chain polyene (Ib) used in

the invention can be prepared by, for example, allowing a
compound which has conjugated diene and is represented by
the following formula (I-a) (hereinafter someﬁimes referred
to as “éonjugated_giene compound (I-a") to react with

ethylene.
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rnT —rr8p9

I

CH

Il
CH,

(I-a)

wherein f is an integer of 0 to 5, g is an integer of 1 to

6, R7 is an-alkyl group of 1 to 5 carbon atoms, and R® and

R? are each independently hydrogen or an aikyl group of 1

to 5 carbon atoms.

Examples of the alkyl groups of 1 to 5 carbon atoms

include the same groups as described in the aforesaid

formula (Ib), .such as methyl.

The conjugated diene compounds represented by the .

formula (I-a) are, for example, the following compounds (1)

to :(24) :

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)

3-methylene~1,S5~heptadiene,

6-methyl-3-methyiene—1,5—heptadieneh_ .

. 6-methyl-3-methylene-1, S~octadiene, -

6—ethy1—3—methyiene-1,5-octadieﬂe,
5,6-dimethyl—3—methylene—1,theptadiene,.
5,6-dimethyl-3-methylene-1,5~octadiene,
3—me£hylene—1,5—nonadiene,
6—-methyl-3-methylene-1, 5-nonadiene,

6-methyl-5-propyl-3-methylene-1, 5-heptadiene,

(10) 3-methylene-1l, 6-octadiene,

(11) 7—methyl:}-methylene-1,6—octadiene,

(12) 3-methylene-1l, 6-decadiene,
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(13) 7-methyl-3-methylene-1, 6-decadiene,

(14) 6,7—d;methyl—3—methylene—l,6—octadiene,
- (15) 6,7—dimethyl—B-methylene—l,G-nonadigne,

(16) 6,7-dimethyl-3-methylene-1, 6-decadiene,

(17) 7-methyl-6-ethyl-3-methylene-1, 6-decadiene,

(18) 6,7-diethyl-3-methylene-1, 6-nonadiene,

{19) 8-methyl-3-methylene—1,7-nonadiene,

(20) 7,8—dimethyl~3-methylene—1,7-ﬁonadiene,

(21) 9—methylf3-methylene—l,8—decadiehe,

(22) 8;9-dimethyl-3-methylené-l,a-decadiene,

(23) 10-methyl-3-methylene-~1, 9-undecadiene, and

(24)?é,10-dimethyl—B—methylene-l,9-undecadiene,

Through the above reaction, the branched chain polyene
(Ib) is obtained generally as a mixture of a trans form and

& cis form. The trans form and the cis form can be

- separated from each.other by distillation depending on the

- structure -of the branched chain polyene (Ib), but a mixture

of both isomers can be used in polymerization without - _
separationr In-certain.cases; only one geometrical isomer
can be obtained. ‘

In the above reaction, a straight chain polyene
compound represented by the following formula (I-b) is
sometimes produced as a subproduct together with the
branched chain polyene.

| HyC=CH~CHp~CH=C (CH3) - (CH3) £~ (CH2) g~CR7=CR8R? (I-Db)
wherein £, g, R?7, R® and R? are the same as those in the

formula (I-a).
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This subproduct can be separated usually by
distillation, but the mixture containing the subproduct can
be used in polymerization without separation.

Though the conditions for the reaction of the
conjugated diene compound (I-a) with ethylene vary
according to the type of the compound (I-a) having
conjugated diene, in general, the reaction'is carried out
at a temperature of usually 50 to 200 °C(_preferably 70 to
150 °C, an ethylene pressure of 0.5 to ibo_kg/cmz, :
preferably 1 to 100 ké/cm?, more preferably S to 70 kg/cm?,
for a reaction time of 0.5 to 30 hours. Ethylene may be
fed to the reactor continuously or intermiﬁtently.

‘This reaction may be carried out in an atmosphere of
inert gas such as nitrogen or'argon. The reaction'hay be
conducted without using—any.Soivent,.or may bé conducted in_
the presence-of én inert ﬁgdrocarbon solvent such ‘as

hexane, heptane, octane, nonane, decane, undecane,

..dodecéne, tridecane, toluene or xylene. : e .

This reaction is carried out generally in the presence

of a catalyst. Especially when the reaction is carried out

in the presence of a catalyst compfising a transition metal
compound and an organoaluminum compound, the branched chain
polyene (Ib) can be efficiently obtained.

Examples of such transition metal compﬁﬁnds include

chlorides, bromides, acetylacetonato salts, 1,1,1,5,5,5-

~hexafluoroacetylacetonato salts and dipivaloylmethane salts

- of a transition metal selected from Group VIII of the

periodic table such as iron, ruthenium, cobalt, rhodium,
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iridium, nickel and palladium. Of these, preferred are
compéunds {chlorides) of cobalt, iron, nickel, rhodium and
palladium; particular preferred are compounds (chlorides)
of cobalt; and most preferred is cobalt chloride.

The transition metal compound (e.g., transition metal
chloride) can be used, as it is, in the reaction for
preparing the catalyst. In the preparation of the
catalyst, however, the transition metal compound is
preferably used in the form of a transitién metal cémplex
in which an organic ligand is coordinated to the transition

metal compound. That is, it is preferred that an oxrganic

compound (coordination combound).which is able to become a

ligand of the transition metal is allowed to exist in the
reaction system together wi;h the transition_ﬁetal'
bompound; or a transition metal complex is préliminarily
formed from the transition metal compound, followed by
using it in the reaction for preparing a catalyst.

‘Examples of the coordination compounds include . -

bis(diphenylphosphino)methane, 1,2-

bis (diphenylphosphino)ethane, 1,3-

bis (diphenylphosphino)propane, 1,4-
bis (diphenylphosphino)butane, triethylphosphine,
tributylphosphine, triphenylphosphine, cyclooctadiene and
cyclooctatetraene. |

Preferably used as the complex in which the organic
ligand is coordinated to the transition metal compound are

(1,2—bis(diphenylggosphino)ethane)cobalt(II) chloride,
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(1, 2-bis (diphenylphosphino)ethane)nickel (II} chloride and
bis (triphenylphosphine)nickel (II) chloride.

As the organoaluminum compound, the aforesaid ones can
be used, and preferably used is triethylaluminum. The
organoaluminum compound may be used as it is, or may be

used in the form of a toluene solution or a hexane

‘'solution.

In the reaction of the compouﬁd (I-a) having
conjugated diene with.ethylene, the transition metai
compdund is used in an amount of preferably 0.001 to 10 %
by mol, more preferably 0.01 to 1_% by mol, based on the
amount of the compound (I-a) having a conjugated diene.
The coordination compound is used in an amount of
preferably 0 to 20 mol ﬁimes, more preférably.o.l to'S
times, .as much as thg amount of the transitioﬁ metal

.-

compound.

The organoaluminum compound is used in an amount of

preferably 1 to 200 mol times, particularly-preferably 3to -

100 mol times, as much as the amount of the transition

metél compound.

In the reaction system containing the compound (I-a)

having conjugated diene and ethylene, the transition metal

‘compound (or the transition metal complex) may be allowed

to react with the organocaluminum compound in situ to
prepare a catalyst, but it is preferred to use, as a
catalyst, a reaction product which is preliminarily

obtained by contacting the transition metal compound (or
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the transition metal complex) with the organcaluminum

compound.

In more detail, the catalyst can be érepared by, for
example, mixing'the transition metal compound with the
coordination compouhd-in a solvent similar to the above-
mentioned reaction solvent, e.g., decane, in an inert
atmosphere, and then adding the organcaluminum compound,
followed by stirring at room temperature.

For preparing the branched chain tetfaene (Ib')
(branched chain polyene (Ib')) used in the invention; in
which there are four carbon-carbon double bonds in the
formula (H-1) (in other words RY% is - (CH2)n-CR10 = R11R12 jp
the formula (H-;))!_a conjugated diene compéund represented
by, for example, the following formula (I-aa). is used.in.-
Place of the coﬁjugated diene compound-repreéenteé'by the -
formula (I-a) in the above-mentioned reaction of ethylene’
with the conjugated diene compound represented by the

formula (I-a)Q- .

e i P
Ho C=CHC (CHy rgf{CHgy 3z C=C+4CHy+5C=CcrRI!IR!2

(I-aa)
wherein £ is an integer of 0 to 5; g is an integer of 1 to
6, preferably an integer of 1 to 3; n is an integer of 1 to

5; R? to R!l are each independently hydrogen or an alkyl
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group of 1 to 5 carbon atoms, préferably 1 to 3 carbon
atoms; and R!2 is an alkyl group of 1 to 5 carbon atoms.

In this reaction, ethylene is desirably fed to the
reactor under a pressure of usually 0.5 to 100 kg/cm?,
preferably 1 to 50 kg/cmé. Other reaction conditions are
the same as those in the reaction of ethylene with the
conjugated diene compound represented by the formula (I-a).

In the'reagtiqn of ethylene with the conjugated diene
compound (I-aa), a straight chain polyene ;ompound |
repreSented by . the following formula (I-bb) is sometimes
produéed as a subproduct together with the branched chain
polyene (Ib')} and this subproduct can be separated and
removed in the same manner as described above. Hdwéver,
the mixture obtained can be used in polymerization without

separation of the subproduct.

_ CHg
Hzc=CHCH2—CH=&(CH2+T—- | -
rR7rRE® - Rr1O
‘CH +—éFéch-T4é~cnllalz
2/g>~" 2°n™~" ik
(I-bb)

wherein f, g, n and R? to R!2 are the same as those in the

formula (I-aa).

" EFFECT OF THE INVENTION

.-
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According to the present inventién, an unsaturated
copolymer of ethylene which is excellent in weathering
resistance, heat resistance and ozone resistance and has a

high vulcanizing rate can be obtained.

EXAMPLE
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’

examples. '

Reference Example ]

(Synthesis of 6,10-dimethyl-1,5,9-undecatriene (DMUT{)
(p=0, gqg=1, £ =1, g = 2, total number of hydroéen atoms -
directly bonded to the ca;bdn_atoms'adj#éent'to all the
carbon-to-carbon double bonds: 17) |

(DMUT)

To a l-liﬁer three-necked flask equipped with a
stirrer, a Dimroth condenser, a dropping funnel and a.
thermometer were introduced 25.5 g (1.05 g-atom) of flaky
metallic magnesium, 200 ml of anhydrous diethyl ether and
200 mg of 1,2-dibromoethane with stirring in a nitrogen
atmosphere, and thereto was dropwise added a small amount
of a solution of allyi-bromide (127 g, 1.05 mol) in

anhydrous diethyl ether (200 ml).
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After the exothermic reactipn of the content in thé
flask was initiated and allylmagnesium bromide (Grignard
reagent) began to be produced, to the flask was added 400
ml of anhydrous diethyl ether, and was further dropwise
added the rest of the anhydrbus diethyl ether solution of
allyl bromide under cooling in an ice bath over a period of
5 hours (flask internal temperature: not higher than 5 °C).
After the dropwise addition of the anhydrous diethyl ether
solution of allyl bromide was.completed, the mixture was
stirxred for 0.5 houi to obtain an allylmagnesium bromide
solution. |

The insoluble portion remaining in the_allylmagnesium
bromide solution was removed by decantation, and the
solution was trangférred into a 2-liter threeﬁheCked flask
in-a nitrogen .atmosphere.

‘While the three—necked_flask_contéining the
allylmagnesium bromide solution was cooled in an ice bath,

to the flask was dropwise added a solution of geranyl

‘bromide (150 g, 0.69 mol) in anhydrous diethyl ether (200

ml) over a period of 2 hours with keeping'the flask
internal temperature at not higher than 5 °C.

After the dropwise addition of the anhydrous diethyl
ether solution of geranyl bromide was completed, the
mixture was further stirred at room temperature for 8
hours.

With cooling the reaction mixtufe in an ice bath, to

the mixture was dropwise added sloﬁly a saturated ammonium

chloride aqueous solution and were further added diethyl
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ether and water to separate the mixture into an organic
phase and an aquebus phase.

The organic phase was washed with a saturated sodium
hydrogencarbonate solution and a saturated saline solution
and then dried over anhydrous magnesium sulfate.

The solvent was evaporatedlfrom the dried product and
the residue was subjected to vacuﬁm distillation. Thus,
104 g of the aimed product (6,10-dimethyl-1,5,9-
.undeéatriene jDMQT)) was obtained (yield: 85 %, based on
geranyl bromide). _

The state and the properties of the 6,10-dimethyl-
1,5,8%-undecatriene (DMUT) are described below. |

State: colorléss, oily

Boiling point: 58 - 60 °c/2 mnHg

-MS'spectfum: 178 (M*: molegule idn peak):

1H-NMR spectfum (CDC1; solution):

61.64 (6H, singlet)
1.70 (3H{'singlet)r'
2;1 (8H, multiplet)
5.0 (4H, multiplet)
5.8 (1H, multiplet)
IR spectrum (neat, cm™l):
3075, 2970, 2920, 2850, 1640, 1440, 1386; 1105,

995, 905

Reference Example 2

(Synthesis of 5,9-dimethyl-1,4,8;decatriene (DMDT) )
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(p =0, g=1, f =0, g =2, total number of hydrogen atoms
directly bonded to the carboh atoms adjacent to all the
carbon-to-carbon double bonds: 15)

(DMDT)

To a l-liter three-necked flask equipbed with a
stirrer, a Dimroth condenser, ‘a dropping funnel and a
thermometer was introduced 500 ml1 (0.435 mol) of an
anhydrous tetrahYdrofurén solution of vinylmagnesium
bromide (0.87 mol/liter) in a nigfdgen atmosphere,.énd the
content in the flask was cooled in an ice.bath.

‘Then, with stirring the content in the flask, 100 ml
of an anhydrous tetrahydrofuran splution of geranyl bromide
(75 g, 0.346 mol) Wés dropw{ée added-to the flaék over a
period'of 3b minutes, and the mixture was stirred for 8 - .
‘hours.

While the reaction mixture was coble& in an ice bath,
to the flask was dropwise added slowly a saturated ammonium
chloride aqueous solution and were further added diethyl
ether and water to separate the mixture into an organic
phase and an adueous phase.

The organic phase was washed with a saturated'sodium
hydrogencarbonate so}ution and a saturated saline solution

and then dried over anhydrous magnesium sulfate.
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The solvent was evaporated from the dried product and
the residue was subjected to vacuum distillation. Thus,
21.9 g of the aimed product (5,9-dimethyl~1, 4, 8-decatriene
(DMDT)) was obtained (yield: 39 %, based on geranyl
bromide) .

The state and the properties of the 5,9-dimethyl-
1,4,8-decatriene (DMDT) are describeq;below.

§tate:-colorless, oily

Boiling point: 56 - 58 °C/2 mmHg

MS spectrum: 164:(M+r - N

1H-NMR spectrum (CDCl; solution):

51.64 (6H, singlet)
1.70 (3H, singlet)
2.04 (4H, singlet)
2.76 (2H, multiplet)
5.0 (4H,mmultiplet)
5.8 (1H; -multiplet)
IR spectrum -(neat) :- . S - .
;3075}-2970, 2920, 2850, 1640, 1440, 1380, 1105,

995, 905

Example 1

In a 2-liter polymerizer equipped with a stirring
blade, terpolymerization reaction qf ethylene, propylene
and the 6,10-dimethyl-1,5, 9-undecatriene (DMUT) synthesized
in Reference Example 1 was continuously carried out.

The terpolymerization reaction was conducted in a

manner described below.
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To the polymerizer were continuously fed, from the top
thereof, a toluene solution of DMUT at a feed rate of 0.5
1/hr so that the concentration in the polymerizer became 80
mmol/l, a toluene solution of bis(1,3—
dimethylcyclopentadienyl)zirconium dichloride as a catalyst
at a feed rate of 0.5 1/hr so that the zirconium
concentration in the polymerizer became 0.02 mmol/l, a
toluene solution of methylaluminoxane (-Al (Me)-0-) as a

cocatalyst at a feed rate of 0.5 l/hr so that the aluminum °

- concentration -in the polymerizer became 10.0 mmol/l, and

'tolﬁene at a feed rate of 0.5 1l/hr.

On the other hand, the polymer solution was
continuously drawn out from the top of the polymerizer so
that the'polymer'solutidn-in,the polymerizef was kept

constant in an amount of 1 liter and the average residence

time became 30 minutes.

Further, to the polymerization  system were fed

ethylene at a feed rate of 100.1/hr and propylene at a feed

.rate of 140 1/hr using bubble tube. The copolymerization.

reaction.was carried out a£'20 °c by circﬁlating a cooling
medium through a jacket provided outside the polymerizer.
Through the copolymerization reaction under the above
conditions, a polymer solution containing an ethylene-
propylene-DMUT copolymér was obtained.
The polymer solution was deashed using hydrochloric
acid and then introduced into a large amount of methanol to

precipitate the polymer (ethylene-propylene-DMUT
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copolymer), followed by vacuum drying at 100 °C for 24
hours.

Thus, an ethylene-propylene-DMUT copolymer was
obtained in an amount of 123 g per hour (polymer

concentration: 61.5 g/liter).

In the ethyléne-propylene—DMUT copolymer, the ethylene
units were contained in amounts of 71.3 % by mol, the
propylene units were contained in amounts of 27.6 % by mol,
the DMUT ﬁnits were contained in amounts of 1.1 % by mol,
and the molar .ratio of the.ethylene units to the propylene.
units was 72/28 (ethylene units/propylene units). The

intrinsic viscosity (1) (measured in Decalin at 135 °C, the

same shall apply-hereinafter) of this ethylene-prbpylene—

DMUT copolymer was 1.5 dl/g.

Then, a compqsition containing 100'parts:by weight of
the ethylene-propylene-DMUT copolymer obtained ab9ve,;5.
parts by weighg of zinc white_No. 1, 1 part by weight of .
stearic -acid, 80 barﬁs by weight of N330 (tréde name: Seast
3f.availablé from‘Tokai-Carbon K.K.), 50-parts by weight of
oil (tradeiname:,Sunthéne 4240, available'from Sun Oil
K.K.), 1.0 part by weight of a vulcanization accelerator A
(trade name: Nocceler TT, available from Ouchi Shinko
Kagaku K.K.),'O;S part by weight of a vuléanizaﬁion

accelerator B (trade name: Nocceler M, available from Ouchi

. Shinko Kagaku K.K.) and 1.5 parts by weight of sulfur as

shown in Table 1 was kneaded by means of a 6-inch open

roll, to obtain an unvulcanized rubber blend.
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The vulcanizing rate of the rubber blend was
evaluated. As a result, TS0 was 4.7'minute§.

The result is set forth in Table 2.

The evaluation of the vulcanizing rate was carried out

. in the following manner. As a measuring device, JSR

curelastometer 3 type (produced by Japan'Synthetic Rubber
Co., Ltd.) was used. A difference between the minimum
value ML and the maximum value MH of-the torque obtained B
from the vulcanization curve was taken as ME (MH - ML =
ME), and the vulcanizing rate was evaluated based on the
period of time required for attaining 90 % ME, i.e., T90
(minute) . |

Further, the_ﬁnvulcanized rubber blend having a

composition shown in Table 1 was press molded under the

- conditions of a ;emperatﬁre-bf 160 °C and a molding time of

'T90 {(minuteé) + 5 minutes. T90 (minute) of the unvulcanized

rubber blend, -and modulus at 100 %, 200 % and 300 % (M100,

;MZOO and M300), tensile strength (Tg), elongation (Eg) and _

hardnéés (Hs) of the resulting vulcanized rubber were

measured. These properties were measured in accordance

with JIS K 6301.

The results are set forth in Table 2.
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Table 1
Composition of unvulcanized rubber blend ‘part(s) by
weight
Ethylene-propylene-DMUT copolymer 100
Zinc white No. 1 5
Stearic acid 1
N330 (Seast 3, from Tokai Carbon K.K.) 80
0il (Sunthene 4240, from Sun Oil K.K.) 50
Vulcanization accelerator A (Nocceler TT, 1.0
_ from Ouchi Shinko Kagaku K.K.) . :
' Vuicaniiation accelerator B (Nocceler M, 0.5
- - from Ouchi Shinko Kagaku K.K.)
Sulfur 1.5
Example 2 -

fAn ethylene-propylene-DMDT copolymer was

obtained in

an amount of 110 g per hour (polymer concentrétion: 55.0

g/liter) in the same manner -as described in Example 1

except that the DMDT synthésized in Reference Example 2 was

used in place of the DMUT.
"In'the ethylene-propylene-DMDT copolymer, the ethylene

units were contained in amounts of 69.0 % by mol, the

propylene units were contained in amounts of 28.5 % by mol,

the DMDT units were contained in amounts of 2.5 $% by mol,

and the molar ratio of the ethylene units to the propylene

units was 71/29 (ethylene units/propylene units). The

intrinsic viscosity (1) of this ethyléne-propylene—DMDT

copolymer was 1.42 dl/g.

Then,'aﬁ'unﬁulbani;ed rubber blend was obtained in the

Ssame manner as described in Example 1 except that the

y
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ethylené-propylene-DMDT copolymer obtained above was used
in place of the ethylene-propylene-DMUT copolymer of
Examplé 1.

The vulcanizing rate of the rubber blend was
evaluated. As a result, T90 was 5.2 minutes.

Further, the unvulcanized rubber blend obtained in the
same compésition of Table 1 except that the ethylene-

propyvlene-DMUT copolymer of Example 1 was replaced with the

ethylene-propylene-DMDT copolymer obtained above was press'

.molded under the conditions of a temperature of 160 °C and a

mélding time of T90 (minute) + 5 minutes. T90 (minute) of
the unvulcanized rubber blend, and modulus at 100 %, 200%
and 300 % (M100, M200 and M300), tensile strength (Tg).

.elongation-(Eg) and hardness (Hg) of the resu;ting

"vulcanized rubber were measured.

The results are set forth in Table 2.

(S—ethylidene-z—norborhene (ENB) )
(total number of hydrogen atoms directly Bonded to the

carbon atoms adjacent to all the carbon-to-carbon double

bonds: 7)

In a 2-liter polymerizer equipped with a stirring
blade, copolymerization reaction of ethylene, propylene and
S5-ethylidene-2-norbornene (ENB) was continuously carried
out.

This copolymgfization reacfion was conducted in a

manner described below.
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To the polymerizer were continuously fed, from the top

‘thereof, a hexane solution of ENB (7.1 g/l1) at a feed rate

of 0.5 1/hr, a hexane solution of VO(OCzHs)Cl; (0.8 mmol/1)

as a catalyst at a feed rate of 0.5 1/hr, a hexane solution

of ethylaluminum sesquichloride (Al (CzHs);.sCl;.s) (8.0
mmol/l) as a cocatalyst at a feed rate of 0.5 1l/hr, and
hexane at a feed rate of 0.5 l/hr.

Oon the-otﬁer hand, the polymer solution was

éontinuously drawn out from the top of the-polymerizér so

that the polymer 'solution in the polymerizer was kept -

constant iﬁ an amount of 1 liter. Further, to the
polymerization system were fed ethylene at a feed rate of
120 1/hr, propylene at a feed rate of 180 l/hr and hydrdgen

at a feed rate of 5 1l/hr using bubble tube. -The

‘copolymerization reaction was carried out at 30 °C by

circulating a cooling medium through a jaéke; provided
oﬁtside the pol;ﬁerizer. |

Through the copblymerization-regctioﬁ ﬁnder the above.
cénditions, a polymer solution containing an ethyleﬁe-
propylene-ENB copolymer was obtained. .

The polymer solution wés deashed using hydrochloric
acid and.then introduced into a large amount of methanol to
precipitate the polymer (ethylene-propylene-ENB copolymer),
followed by vacuum drying at 100 °C for 24 hours.

Thus, an ethylene-propylene-ENB copolymer was obtained
in an amount of 64.8 g per hour.

In the ethylegg—propylene-EﬁB copolymer, the ethylene

units were contained in amounts of 66.8 % by mol, the
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propylene units were contained in amounts of 31.4 % by mol,
“the ENB units were contained in amounts of 1.8 % by mol,
‘and the molar ratio of the ethylene units to the propyléne
units was 68/32 (ethylene units/propylene units). The
intrinsic viscosity () of this ethylené-propylene—ENB
copolymer was 2.2 dl/g.
Using the ethylene-propylene-ENB copolymer, the

vulcanizing. rate was.evaluated in the same manner as
described in Example 1. As a result, T90 was 11.2 minutes.

The result is set forth in Table 2.

Example 3

In a 2-liter polymerizer equipped with a stirring
blade and .a gas—blowihg tube, terpolymerization réaction of
‘ethylene, prqpyléne-and the DMUT obtained in.Reference
Example 1 was carried out. | ‘ |

The terpolymerization reaction was conducted in a
-manhe;_describéd below. .
- In '‘a stream of nitrogen, to the polymérizér ﬁere
introduced 800 ml of dehydrated and dried toluene and DMUT
so that the DMUT concentration in the system became 120
mmol/l. The temperature of the solution in the polymerizer
was kept at 20 °C, and to the polymerizer were continuously
fed ethylene at a feed rate of 100 l/hr and propylene at a
feed rate of 140 l/hr.
| To the polymerizer were further introduced 11.1 ml of
é toluene solutiqq;of methylaluminoxane (0.72 mmol/ml in

terms of aluminum atom) and 3.2 ml of a toluene solution of
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bis (1, 3-dimethylcyclopentadienyl)zirconium dichloride
(0.005 mmol/ml) to initiate the polymerization.
After the polymerization was conducted at 20 °C for 80

minutes, a small amount of isobutyl alcohol was added to

the polymerizer sb as to terminate the polymerization. The

polymer solution obtained was washed (deashed) with
hydrochloric acid and then introduced into a large amount
of methanol to precipitate an ethylene-propylene-DMUT
copolymer.

Then, the ethylene-propylene—DﬂUT copolymer thus
preéipitated was reéovered and dried under reduced pressure
at 106 °C for 24 hours.

Thus, 64.6 g of an ethylene-propylene-DMUT copolymer
was obtained. ' | . '

In the ethylene—p;oleene—DMUT copolymer} the ethylenel
units were contained in amounts of 68.5 % by mol; the -

propylene units were contained in amounts of 28.3-% by mol,

the DMUT units were contained in amounts of 3.2 % by mol, _

and the molar.ratio of the ethyiene units to the propyléne
units was- 71/29 (ethylene units/propylene units). The
intrinsic viscosity (1) of this ethylene-propylene-DMUT
copolymer was 1.35 di/g.

Then, an unvulcanized rubber blend was obtained in the
same manner as described in Example 1 except thaf the
ethylene-propylene-DMUT copolymer obtained above was used in
place of the ethylene-propylene-DMUT copolymer of Example 1.

The wvulcanizing rate of the rubber blend was evaluated
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in the same manner as described in Example 1. As a result,
T90 was 4.1 minutes.

Further, the unvulcanized rubber blend obtained in the
same composition of Table 1 except that the ethylene-
propylené:DMUT copolymer of Example 1 was replaced with the
ethylene-propylene-DMUT copolymer obtained above was press
molded under the conditions of a temperature of 160 °C and
a molding time of T90 (minute) + 5 minutes. T90 (minute)
of the unvulcanized rubber blend, and modﬁlus at 106%,-
200°% and 300 % (M100, M200 and M300), tensile strength

(Tg) , elongation (Egp) and hardness (Hs) of the resulting

‘vulcanized rubber were measured.

The results are set forth in Table 2.

Table 2
Example No. Ex. 1 Ex. 2 | EBEx. 3 'Comp.
| - Ex. 1
Vulcanization : ; '; ) - .
properties _ _ -
'M100 (kgf/cm?) | 25 27 | 30 -
M200 (kgf/cm?) 59 - 66 707 -
M300 (kgf/cm?) 79 87 93 -
Tg (kgf/cm?) _ 145 141 135 -
Esz (kgf/cm?) 520 440 . 400 -
_Hs (JIS B) 65 66 67 -
Vulcanizing rate
T90 (minutes) 4.7 5.2 4.1 11.2

ren Ex 1

(Pregaration of éé%alyst)
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In an argon atmosphere, to a 50-ml flask equipped with
a stirrer were introduced 43 mg (0.33 mmol) of anhydrous
cobalt (II) chloride, 263 mg (0.66 mmol) ef 1,2-
bis(diphenylphosphino)ethane and 23 ml of anhydrous decane,
and they were stirred at 25 °C for 2 hours. Then, 17 ml of

a triethylaluminum/toluene solution (triethylaluminum: 17

' mmol, concentration: 1 mol/liter) was added at 25 °C, and

the mixture was stirred for 2 hours to obtain a catalyst.

. -~ ..

(Synthesis of 4-ethylidene-8-methyl-1l,7-nonadiene (EMN))
(p =1, gq=0, £=1, g =1, total number of hydrogen atoms
directly bonded to the carbon atoms adjacent te,ell the
carbon~to-carbon double bonds: 15)
{EMN) |
_)/CHgi
Hy, C=CH-CH,-C-CHy CH,-CH=C o

1 | ' CH
CH(CHg ) e

To a 300—mi stainless sﬁeel (SUS316)'autee1ave were
introduced 100 g (734 mmol) of i—methyl~3-methylene-l,6--
octadiene (B—myrcene)'and the whole amount of the catalyst
prepared above in an argon atmosphere, and the autoclave
was sealed. Then, the autoclave was connected with an
ethylene bomb, through which ethylene was introduced, so as
to pressurize the autoclave up to 35 kg/cm2. Thereafter,

the autoclave was heated to 95 °C, and ethylene was
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intermittently replenished five times to perform the
reaction for 15 hours in total.

After the reaction was completed, the autoclave was
cooled and released. The reaction mixture obtained was
poured into 100 ml of water to separate the mixture into an
organic phase and an aqueous phase. From the organic
phase, a loh—boiling substance portion was removed by means

of an evaporator, followed by vacuum precision distillation

of 20 plates.
Thus, 83 g of the aimed product (EMN) was obtained

(yield: 69 %). Further, 16 g of 5,9-dimethyl-1,4,8-
decatriene was produced as a subproduct (yield: 13 %).

The results of analysis of the 4-ethylidene-8-methyl-~

1,7-nonadiene (EMN) are described below. e o

Boiling point: 103 - 105 °C/30 mmHg
GC-MS ({(gas chromatography-masé spéCtrdmetric
analysis):
M/z 164 (m*: molecule ion péak), ' -
149, 123, 95, 69, 41, 27 |
Infrared absorption spectrum (neét, émﬁ”
Absorption peak: 3080}-2975, 2925, 2850, 1670, 1640,
1440, 1380, 1235, 1110, 985, 910, 830

1H-NMR spectrum (solvent: CDGClj)

The absorption peaks are set forth in Table 3.
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Table 3
ppm (8) (Number of protons, Peak)

1.59 ' . (3H, doublet, J = 7 Hz)
1.60 (3H, singlet)
1.68 (3H, singlet)
2.00 (2H, multiplet)
2.06 ' (2H, multiplet)
2.80 (2H, doublet, J = 7 Hz)

4.9 - 5.2 (3H, multiplet)
5.30. (1H, quartet, J_.= 7 Hz)
5.75 - (1H, multiplet)

Example 4
In a 2-liter polymerizer equipped with a stirring
blade, terpolymerization reaction of ethylene, propylene

and the mixture containing principally 4-éthy1idené—8f

-methyl—1,7-ncﬁadiene (EMN) synthesized in Reference Example
* 3 (hereinafter referred to as EMN) was continuously carried

out.

The terpolymerization reaction was conducted in a

manner described below.

To the pblyﬁerizer were continuously fed; ffﬁm the top
thereof, a toluene solution of EMN at a feed rate of 0.2
1l/hr so that ﬁhe concentratidn in the polymerizer became
180 mmol/l, a toluene solution of bis(1,3—
dimethylcyclopentadienyl)zirconium dichloride as a catalyst
at a feed rate of 0.1 1/hr so that the zirconium
concentration in the polymerizer became 0.02 mmol/l, a

toluene solution of methylaluminoxane (-Al(Me)-0-) as a
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cocatalyst at a feed rate of 0.2 1l/hr so that the aluminum
concentration in the polymerizer became 10.0 mmol/l, and
toluene at a feed rate of 0.5 1/hr.

On the other hand, the polymer solution Qas
continuously drawn out from the top of the polymerizer‘so
that the polymer solution in the polymerizer was kept
constant in an amount of 1 liter and the average residence
time became 60 minutes. -

Further, to.ghé polymerization system were fed

ethylene at a-feed rate of 100 1l/hr and propylene at a feed

-rate of 140 l/hr using bubble tube. The copolymerization

reaction was carried out at 20 °C by circulating a cooling
medium through a jacket provided outside the polymerizer.

Through :the copolymérization reaction under the above .
conditions}'a-polymer:soihtion containiﬁg.aﬁ éthylenef
propylene-EMN copolymer was. obtained. .

The polymer_solution was deashed using hydrochloric

acid and then_introducedfintd a large amount of methanol to

precipitaie the polymer7(ethylene—propylene—EMN copolymer),
followed by vacuum‘dryin§ at 100 °C for 24 hours.

Thus, an ethylene-propylene-EMN copolymer was obtained
in an amount of 32 g per hour.

In ;he ethylene-propylene-EMN copolymer, the ethylene
units were contained in amounts of 72.9 % by mol, the
propylene units were contained in'amounts of 26.2 % by mol,
the EMN units were contained in amounts of 0.9 % by mol, |
And the molar ra;%g éf the ethylene units to the propylene

units was 74/26 (ethylene units/propylene units). The
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intrinsic viscosity (M) of this ethylene-propylene—-EMN
copolymer was 1.7 dl/g. |

Then, a composition containing 100 parts-by weight of
the ethylene—propylene-EMN copolymer obtained in Example 4,
5 parts by weight of zinc white No. 1, 1 part by weight of
stearic acid, 80 parts by weight of N330 (trade name: Seast
3, available from Tokai Carbon K.K.), 50 parts by weight of
oil (rrade name: Sunthene- 4240, available from Sun 0Oil
K.K.), 1.0 part by:weight of a vuleanizatien acceleretor a
(trade name: Nocceler TT, available from Ouchi Shinko
Kagaku K.K.), 0.5 part by weight of a vulcanization
accelerator B (trade.ﬁame: Nocceler M, available from Ouchi
Shlnko Kagaku K.K. ) and 1.5 parts by weight of sulfur as
shown in Table 4 .was kneaded by means of a 6- 1nch open
roll, tq obtain an unvulcanlzed rubber blend.

The vulcanizing rate of the rubber'blend was ‘evaluated

in the Same manner as in Example-l.- As a result, T90 was-

6.3 mlnutes as 'shown in Example 4. ' T

Further, the unvulcanlzed rubber blend having a
composltlon shown in Table 4 was press molded under the
conditions of a temperature of 160 °C and a molding time of
T90 (minuﬁe) + 5 minutes. T90 (minute) of the unvulcanized
rubber blend, and modﬁlus at 100 %, 200 % and 300 % (M10O,
M200 and M300), tensile strength (Tg), elongation (Eg) and
hardnese (Hs) of.the resulting vulcanized rubber were
measured in the same:manner as in Example 1.

The results are set forth in Table 5.
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Table 4
Composition of unvulcanized rubber blend part (s) by
weight

Ethylene-propylene~-EMN copolymer 100
Zinc white No. 1 : 5
Stearic acid . 1
N330 .(Seast 3, from Tokai Carbon K.K.) 80
oil {Sunthene 4240, from Sun 0il K.K.) 50
Vulcanization accelerator A (Nocceler TT, - 1.0

:from Ouchi Shinko Kagaku K.K.) o
Vulcanization accelerator B (Nocceler M, ' 0.5

from'Ouchi Shinko Kagaku K.K.)
Sulfur . 1.5

N Polymerization was carried out in-the same manner as
ldescribed:in Example 4 excépt that the components were
continuous;y fed to the polYmerizer so that the
gogcen££é§ion$_of EMN,_zirconiuﬁ and aluminum became 250 .
| 10 mmol/l, 0.04 ﬁmo}/l~ana ?0 mmol/l, respectively, ghe_feed
rates of ethylene and propylene were varied fo 120 l/hr and
120 1/hr, respectively, and the polyﬁerization tempe:&ture
was varied to 10 °C, to obtain an ethylene-propylene-EMN
copolymer in an amount of 62 g per hour. '
15 In the ethylene-propylene-EMN copolymer, the ethylene
| units were contained in amounts of 65.6 % by mol, the
propylene units were éontained in amounts of 33.0 % by mol,

the EMN units were contained in amounts of 1.4 % by mol,

and the molar ratiS=of the ethylene units to the propylene
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units was 67/33 (ethylene units/propylene units). The
intrinsic viscosity (N) of this copolymer was 1.7 dl/g.
Then, a rubber blend (rubber composition) was prepared
in the same manner as described in Example 4 except that
the ethylene-propylene-EMN copolymer obtained above was
used in place of the ethylene-prﬁpylene—EMN copolymer
obtained in Example 4. The vulcanizing rate of the rubber
blend and the vulcanization properties of the resulting
vulcanized rubber were evaluated. - .

"—The results are set forth in Table 5.

Example 6
(Preparation of catalyst solution)

To .a glass flask thoroughly purged with nitrogen was
introduced 5.6 mg of'rac-dimethylsilylenebis{f-(2-methyl—

4,5~benzoindenyl)}zirconium dichloride, and thereto was’

‘added 2.6 ml of a toluene SOIution-of'methjlaluminogane (Al

= 1.12 mol/liter) to obtain a catalyst solution. -

(Polymerization)

To a 2-liter stainless steél autoclave thoroughly
purged with nitrogen were introduced 900 ml of heptane and
25 ml of EMN (4-ethy1idene—8—methyl—1,7-nohadiene), and was
further introdueed propylene sb that the pressure in the
system became 3.4 kg/cm?-G at 50 °C. Then, ethylene was
fed until the pressure became 8 kg/cm?-G. Thereafter, 1
mmol of triisobutyialuminum and 6.54 ml (0.002 mmol in

terms of Zr) of the catalyst component'prepared above was
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pressed into the system with nitrogen to initiate the
polymerization. Then, only ethylene was continuously fed
to keep the total pressure at 8 kg/cm?2-G, and the
polymerization was continued at 50 °C for 15 minutes. &
small amount of ethanol was added to the éystem to
terminate the polymerizafion, followed by purging of the
unreacted monomer.

‘'The polymer solution obtained was introduced into a
large excess amount of methanol to precipitaté a poiymer.
The polymer was recovered by filtration and mixed with -
.sfabilizers (30 mg of Irganox 1010.available from Ciba-
Geigy .and 60 mg of Mark 329K available from Asahi Denka
K.K.). The mixture was dried ovérnight at 120 °C under
reduced pressure. '

- As a result, 57 g of anfethylene—propyleﬂe—EMN
copolymer containing-61.8 % by mol of ethyiene units,f36;6
% by mol?of=propylene units and 1.6 % by mol of EMN units
and havingra molar rétio-of'the ethylene units to the .
pfopylene'units”of 62.8/37.2 (ethylene'unité/propylene
units) and-an intrinsic viscosity (n) of é.l dl/g was
obtained.

Then, a rubber bleﬁd (rubber composition) was prepared
in the same manner as described in Example 4 except that
the ethylene—propylené—EMN copolymer obtained above was
used in place of the ethylené-propylene—EMN copolymer
obtained in Example 4. The vulcanizing rate of the rubber
blend and the'vulqénization properties of the resulting

vulcanized rubber were evaluated. .
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The results are set forth in Table 5.

Example 7

Polymerization was carried out in the Same manner as
described in Example 6 except that 1l-butene was introduced
in place of propylene so that the pressure became 3.5
kg/cm?~G at 50 °C and the polymerization time waé varied to
30 minutes..

As a result, 48 g of an ethylene-l—buiene-EMN
copolymer containing 66.5 % by mol of ethylene units, 31.9.
% by moi of l1-butene units and 1.5 % by mol of EMN units
.and having a molar ratio of the ethylene units to the 1-
butene units of 67.6/32.4 (ethylene units/l-butene'unitsf
and an inyrinsic viscosity'(n) of 1.6 dl/g was obtained."

Then, a rubber blend (rubber compoSition)ZWas_pfepared

" . in the same manner as described in Example 4 except that

the.ethylené-ﬁutene—EMN copolymer obtained above was used
in place of the,ethylene-propylene—EMN-copolymér.obtained .
'in Example-@;:'The_vulcanizing.rate of the rubber blénd and
the vulcanization properties of the resulﬁing vulcanized
rubber were evaluated.-

The results are set forth in Table 5.

Example 8
Polymerization was carried out in the same manner as
described in Example 6 except that the amount of heptane

used was varied to 500 ml, 500 ml of l-octene was



N

15

20

25

180

introduced in place of propylene and the polymerization
time was varied to 30 minutes.

As a result, 45 g of_an ethylene-1l-octene-EMN
cépolymer containing 64.3 % by mol of ethylene units, 33.6
$ by mol of l-octene units and 2.1 % by mol of EMN units
and having a mdlar ratio of the ethylene units to the 1-
octene units of 65.7/34.3 (ethylene units/l-octene units)
and an intrinsic wviscosity (1) of 1.5 dl/g was obtained.

Then, a rubber blend (rubbef'éomposition) was prepared
-in the same manner as described in Example 4 except.that.

the ethylene-l-octene-EMN copolymer obtained above was used

: in_place of the ethylene-propy;ene—EMN-copolymer obtained

in Example 4. The vulcanizing rate of the rubber blend and

- the vulcanization properties of the resulting wulcanized

. ~N
- rubber were evaluated.

The.:esults.are set forth in Table_S;“

(Préparation.of catalyst solution)

| -To a glass flask thoroughly purged.witﬁ nitrogen was
introduced 6.5 mg of rac-dimethylsilylenebis{l-(2-methyl-4-
phenyl-indenyl) }zirconium dichloride, and thereto was added
3.1_ml of a toluene solution of methylaluminoxane (Al =

1.12 mol/liter) to obtain a catalyst solution.

(Polymerization)

Polymerization was carried out in the same manner as

described in Example 6 except that the amount of EMN used
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was varied to 20 ml, the pressure of propylene was varied
to 2.3 kg/cm?-G, the catalyst solution prepared above was
used in an amount of 0.60 ml (0.002 mmol in terms of Zr),
and the polymerization time was varied to 10 minutes.

As a result, 61 g of an ethylene-propylene-EMN
copolymer containing 64.8 % by mol of ethylene units, 33.9
% by mol of propylene units and 1.3 % by mol of EMN units
and having .a molar ratio of the ethylene units to the

propylene units of 65.7/34.3 (ethylene units/propyléne

units) and an intrinsic wviscosity (n) of 1.8 dl/g was
obtained.

Then, a rubber blend (rubber composition) was prepared
in the same manner as described in Example 4 except that
the ethylene-propylene—EMN copolymer obtained above was
usedin place of the ethyléne-propylene-EMN,cobolymer
obtained in Example 4. The vulcanizing rate of the rubber

blend and the wvulcanization properties of the resulting
The results are set forth in Table §.

Comparative Example 2

In a 2-liter polymerizer equipped with a stirring
blade, copolymerization reaction of ethylene, propylene and .
5—-ethylidene-2-norbornene (ENB) was continuously carried
out.
| The copolymerization feaction was conducted in a

manner described below.
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To the polymerizer were continuously fed, from the top
thereof, a hexane solution of ENB (7.1 g/l) at a feed rate
of 0.5 1/hr, a hexane solution of.VO(OCZHS)Clz (0.8 mmol/l)
as a catalyst at a feed rate of 0.5 1l/hr, a hexane solution
of ethylaluminum sesquichloride (Al (CzHs)1.sCl;.s) (8.0
mmol/l) as a coéatalyst at a feed rate of 0.5 1l/hr, and
hexane at a feed rate of 0.5 1/hr.

On the. other hand, the polymer solution was

continuously drawn out from the top of the polymeriier:so

that the polymer solution in the polymerizer was. kept .
constant in an amount of 1 liter. Further, to the
polymerization system were fed ethylene at a feed fatefpf_
120 1/hr, propylene at a feed rate of 180 1/hr and hydrogen

at a féed rate of 5 1/hr using bubble tube. The

'copolymeriiation:reactioh was carried out at 30 °C by -

Ccirculating a cooling medium through a jacket provided:

' outside the polymerizer.

Through the polymerization ;eaction_under_theqabove~ .
conditiéns? a pdlymef éoluﬁion“containipg an ethylené—_
propylene-ENB copolymer-was obtained. .

The polymer solution was deashed using hydrochloric -
acid and then introduced into a large amount of methanol to
precipitate the polymer (ethylene-propyleﬁe—ENB copolymer),
followed by vacuum drying at 100 °C for 24 hours. '

Thus, an ethylene-propylene-ENB copolymer was obtained
ip an amount of 64.8 g pér hdur.

In the ethyleﬂg-propylene—ENB copoiymer,'the ethylene

units were contained in amounts of 66.8 % by mol, the
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propylene units were contained in amounts of 31.4 % by mol,
the ENB units were contained in amounts of 1.8 % by mol,
and the molar ratio of the ethylene units to the propylene
units was 68/32 (ethylene units/proﬁylene'units). The
intrinsic viscosity (n) of this ethylene-propylene-ENB
copolymer was 2.2 dl/g.

Then, a rubber blend was prepared in the same manner
as described in Example 4 except that the ethylene- |
propylene-ENB cppolymer obtained above wa§ used in ﬁlace of
the'copblymer obtained in Example 4. The vuleanizing rate
of the rubber blend énd the wvulcanization properties of the
resulting vulcanized rubber were evaluated.

The results are set forth in Table 5.

Table 5

Example -No.. ‘|Ex. 4| Ex.5 |Ex. 6|Ex. 7|Ex. 8|/Ex. 9 ggmpé

| Yulcanization u' - ] 1 - ..
__ o _ o _ |

M100 (kgf/cm2) | 29 | 31-|-30 | 32 | 20°| 30 | 30

' M200. (kgf/cm2) | 70 | 13 | 74 77 | 712 70 74

'M300 (kgf/cm?2) 85 89 95 110 87 85 117
Ts (kgf.cm?) 137 | 131 | 151 | 162 | 129 | 127 | 168
Es (kgf.cm?) 380 | 310 | 480 | 490 | 310 | 480 | 400
Hs (JIS A) 66 67 66 68 67 68 68

Vulcanizing Rate| 6.3 | 5.0 | 4.6 | 5.1 | 5.4 | 4.8 [ 11.2
T90 (min.)
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Example 10

To a 2-liter stainless steel autoclave thoroughly
purged with nitrogen were introduced 900 ml of heptane and.
20 ml of EMN (4—ethylidene—8;methyl—l,7-nonadiene), and was
further introduced propylene so that the pressure in the
system became 3.5 kg/cm?-G. Then, ethylene was introduced
until the pressure became 8 kg/cm?-G.

Thereafter, 1 mmol of triisobutylaluminum, 0.004 mmol
of triphenylcarbeﬁiumtetrakis(peqtafluoroéhenyl)boréte and‘
0.001 mmol of (dimethyl (t-butylamide)
(tetramethylcyclopentadienyl)silane)titanium dichloride
were pressed into the system with nitrogen to initiate the
polymerization. Then, oﬁ;y ethylehe was continuously- fed
so thatlthe'total-preSSuré was kept at 8kg/cm?2-G, and the .
polymerization was cohtinuea at 80 °C for 10 ﬁinutes.

The subsequent operation wéé carried out in the same
manner as described in Example 6. |

As a #esUlt; 55 g of an ethylene-propylene-EMN .
cobblymer containing.63.5 % by mol of ethjlene units, 35;0
%'by-mol of propylene units and 1.5 % by ﬁol of EMN units
and having a molar ratio of the ethylene units to the
propylene units of 64.5/35.5 (ethylene units/propylene
units) and an intrinsic viscosity (1) of 3.1 dl/g was
obtained.

The vulcanizihg rate of the copolymer was evaluated in
tﬂe same manner as described in-Exampie 4. As a result,

T90 was 5.0 minutes.

~
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Reference Example 4
(Synthesis of 13-ethyl-9-methyl-1,9,12-pentadecatriene
(EMEDT) ) ‘
(p =0, g=1, £=5, g = 1,.total number of hydrogen atoms
directly bonded to the carbon atoms adjacent to all the
carbon-to-carbon double bonds: 13)

(EMPDT)
C Hy

o _
HyC=CH~ (CHy) g=C=CH=CHy = CH=C

CH,y CHy

To a l-liter three-necked flask equipped with a
stirrer, a Dimroth condenser, a dropping funnel and a
thermometer were introduced 24 g (1.0 g-atom) of flaky
metallié magnesium, 200 ml of anhydrous diethjl ether and
200¢g of 1,2—dibr6moethane with stirring in a nitrogen
atmosphere,'and thereto was dropwise added a small amount
6f-a:solution.of allyl bromide (127 g, 1.05 mol) in .
anhydrous .diethyl ether (gép ml) . |

~After the exothermic reaction of the content in the
flask is ini;iated.and allylmagnesiuﬁ bromide began to be
produced, 300 ml of anhydrous diethyl ether was added, and
the rest of the anhydrous diethyl ether solution of allyl
broﬁide was dropwise added under cooling in an ice bath
over a period of 1.5 hours (flask internal temperature: not
higher than 5 °C). The mixture was further stirred for 0.5
hour to obtain an_iliylmagnesium bromide solution. The

insoluble portion remaining in the allylmagnesium bromide
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solution was removed by decantation, and the solution was
transferfed into a 2-liter three-necked fl&sk.

With cooling the three-necked flask in an ice bath, to
the flask was dropwise added a solution of l-bromo-10-
ethyl-6-methyl-6, 9-dodecadiene (201 g, 0.70 mol) in
anhydrous diethyl ethexr (200 mli at an internal temperature
of not higher than 5 °C over a period of 2 hours. |

After the dropwise addition was completed, the mixture

was further stirred at room temperature for 6 hours. While

the reaction mixture was cooled in an icé bath, to the
mixture was dropwise addéd slowly'a'saturated ammonium 
chloride aqueous solution and were further added diethyl
ether and water tq:separate'the'mixture into an organic
phase and an aquéous phase. |

-The-orgénic phasefwas washéd‘with_a saturated sodium

.hydrogencarbohaﬁg solution and a saturated saline solution

..ahd then dried over anhydrous magnesium sulfate.

'The'solvehtiwas evaporated and_the residue was’
sﬁbjected to:va¢gum distillation, to obtain the aimed
pfoduct.§134 g of 13—ethyl—9;methyi—1,9,12-pentadecatriene)
(yield: 77 %, based on 1-bromo-10-ethyl-6-methyl-6, 9-

_dodecadiene).

State: colorless, oily
Boiling_pointﬁ 125 - 127 °C/1 mmHg
FD-MS: m/z 248 (M%)
1H-NMR spectrum {(CDCl; solution):
1.05 ~_(6H, triplet, J = 7 Hz)

1.60 (3H, singlet)
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1.2 - 1.5 (8H,

2.0 - 2.2 (8H,

2.75
4.95
5.00
5.10
5.80

(2H,

(1H,

(1H'

(28,

(1H,

187

multiplet)
multiplet)

7 Hz)

triplet, J

doublet, J 10 Hz)

17 Hz)

doublet, J
multiplet)

multiplet)

The reaction formula of the above reaction is

described below..

CHy
3

l CH,CH,

_~MgBr + Br (CHylg—C=CH-CHy,—CH=C -
44\\/f . \\CHZCHy

. CH, , :
| -/C,Hchz
—> 27~ (CHy) g=C=CH-CH; ~CH=C

Example 11

CH,CHg

Polymerization was carried out in the same manner as

described in Example 6 except that 35 ml of the EMPDT (13-

ethyl-9-methyl-1, 9,12-pentadecatriene) obtained above was

used in place

of EMN.

As a result, 45 g of an ethylene-propylene-EMPDT

copolymer contéining 62.8 % by mol of ethylene units, 35.9

% by mol of propylene units and 1.3 % by mol of EMPDT units

and having a molar ratio of the ethylene units to the
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propylene units of 63.6/36.4 (ethylene units/propylene

units) and an intrinsic viscosity () of 1.9 dl/g was

obtained.
The wvulcanizing rate of the copolymer'was evaluated in

the same manner as described in Example 4. As a result,

T90 was 6.2 minutes.

Beﬁg;eagg_ﬁzampl§_5
{Synthesis of 5,9,13-trimethyl-1,4,8,12-té£radecatetraene

(MTDT) )
(p =0, g=1, £ =0, g =2, total number of hydrogen atoms

'directly-bonded to the cafbon atoms adjacent to.all the:

carbon-to~carbon double bonds: 22)

. (MTDT)

CHjy | CHy

| - : [ .H3 -

[
A
Nen,

To a 1l-liter three—nécked flask equiﬁped with a
stirrer, a Dimroth condenser, a dropping funnel and a
thermometer was introduced 500 ml (0.435 mol) of an
anhydrous tetrahydrofuran solution of vinyl magnesium (0.87
mol/l) in a niﬁrogen atmosphere, and the flask was cooled
in an ice bath. Then, 100 ml of an anhydrous
tetrahydrofuran solution of farnegyl_bromide (100 g, 0.35

mol) was dropwise added with stirring over a period of 30
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minutes, followed by stirring at room temperature for 5

hours.

With cooling the reaction mixture in an ice bath, to

the mixture was dropwise added slowly a saturated ammonium

chloride aqueous solution and were further added diethyl

ether and water to separate the mixture into an organic

phase and an aqueous phase. The organic phase was washed

with a saturated sodium hydrogencarbonate soclution and a

saturated saline solution and then dried over anhydfous

magnesium sulfate. -

The solvent was evaporated and the

residué_was subjected to vacuum distillation, to obtain 26

g of the aimed product (5,9,13-trimethyl-1,4,8,12-

tetradecatetraene) (yield: 32'%, based on farnesyl

bromide) .

‘State:.colorless, oily

Boiling point: 117 - 120 °C/1 mmHg

-FD-MS Speétrum:-232 (M%)

.-1HfNMR spectrum (CDClz solution):

1.60 (6H, singlet)-

1.68 (6H, singlet)

2.05 (8H, multiplet)

2.75 (2H,
4.96 (1H,
5.01 (1H,
5.10 (3H,

triplet, J = 7 Hz)
doublet, J = 10 Hz)
doublet, J = 17 Hz)

multiplet)

$5.80 (1H, multiplet)

The reaction formula of the above reaction is

described below.
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Example 12

Polymerization was carried out in the same manner as
descriﬁed in Example 6 except tbat 35 ml of the MTDT_
(5,9,13-trimethyl-1, 4, 8, 12-tetradecatetraene) obtained
above was used in place of the EMN. |

As a result, 42 g of an ethylene-propylene-MIDT
copolymer containing 61.0 % by mol of_ethylené units, 37.6

% by mbl oﬁ.propylene-units.and 1.4 % by mql-bf MTDT-units

~and having a molar ratio of the ethylene units to the -
_prppyléne units of 61.9/38.1 (ethylene units/propylene

units) and an intrinsic viséosif&f(ﬂ) of 2.0 dl/g was

"obtained. ' _ S : .

The vulcanizing rate of the.copolymer was evaluated in =
the same manner as described in Example 4. As a reéult,

T90 was 5.8 minutes.

Reference Example 6

(Synthesis of 8,14,15-trimethyl-1,7,14-hexadecatriene
(MHDT) ) .

(=0, g=1, £ =3, g=75, total number of hydrogen atoms

directly bonded to the carbon atoms adjacent to all the

carbon-to~carbon double bonds: 20) _
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(MHDT)

I 1/
H,C=CH— (CHy) 4=CH=C~ (CHyp)g=C=C_

To a l-liter three-necked flask equipped with a
stirrér, a Dimroth condenser, a dropping funnel and a
thermometer were introduced 24 g (1.0 g-at;m) of flaky
metallic magnesium, 200 ml of anhydrous diethyl ether and
200 mg of 1,2-dibromoethane with stirring ih a nitrogen
atmosphere; and thereto was dropwise_added a small améunt
of a solution of allyl bromide (127 g, 1.05 mol) in
anhydrous diethyl ether (200 ml).

After ‘the exothermic reaction of the content in the

flask was initiated and allylmagnesium bromide began to be

- produced; 370 ml of anhydrous diethyl ether was added, and

the rest of the anhyqrous diethyl ether solution df_allyl -

‘bromide was dropwise added under cooling. in an ice bath

over a period of 2 hours (flask internal temperature: not
higher than 5 °C). The mixture was further stirred for 0.5
hour to obtain an allylmagnesium bromide solution. Thé
insoluble portion remaining in the allylmagnesium bromide
solution was removed by decantation, and. the solution was

transferred into a 2-liter three-necked flask in a nitrogen

‘atmosphere.

With cooling the three-necked flask in an ice bath, to

the flask was dropwise added a solution of 1l-bromo-5,11,12-
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trimethyl-4,1l-tridecadiene (211 g, 0.70 mol) in anhydrous
diethyl ether (200 ml) at an internal temperature of not
higher than 5 °C over a period of 2 hours.

After the dropwise addition was completed, the mixture

was further stirred at room temperature for 6 hours. While

the reaction mixture was cooled in an ice bath, to the

mixture was dropwise added slowly a saturated ammonium
chloride aqueous solution and were further added diethyl
ether and water to separate the mixture iﬂfo an orgénic
phase and an aqueous phase.

The organic phase was washed with a saturated sodium
hydrogencarbonate solution and a satufated saline solution
and. then dried over anhydrous magnesium sulfate.

The solvent was évapo:ated and the residue was
subjected to vacuum distillation, tp obtain 130 g of the

aimed'prOduct (8,14,15—trimethyl-l,7,14—hexadecatriene)

{yield: 71 %, based on l—bromo—s,11,12—trimethyl-4,11-

tridecadiene) . ' - - ' .
The state and the properties of the‘8,14,15-trimethglf
1,7,14—hekadecatriéne are deséribed below;
State: colorless, oily
- Boiling point: 130 - 133 °C/1 mmHg
FD-MS: m/z 262 (M%)
1H-NMR spectrum (CDClj; solution):
1.60 (3H, singlet)
1.61 {3H, singlet)
1.65 _?(3H, singlet)
1.68 (3H, singlet)
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1.2 - 1.5 (10H, multiplet)

2.0
4.95

1 5.02

5.17

5.80

(8H,
(1H,
(1H,
(1H,

(1H,

multiplet)

doublet, J

doublet, J
multiplet)

multiplet)

10 Hz)

17 Hz)

The reaction formula of the above reaction is

described below.

4;9\\,/’M

gBr

| ]

Example 13

Polymerization was carried out in the same manner as

+ Br-(CHylg—CH=

Me
|
=C

CH,

Me

|

CH,

/

Me

N

Me

described in Example 6 except that 35 ml of the MHDT

(8,14,15-trimethyl-1,7,14-hexadecatriene) obtained above

was used in place of the EMN.

As a result,
copolymer containing 63.0 % by mol of ethyiene units, 35.8

% by mbl of propylene units and 1.2 % by mol of MHDT units

49 g of an ethylene-propylene-MHDT

and haviné a molar ratio of the ethylene units to the

propylene units of 63.8/36.2 (ethylene units/propylene

units) and an intrinsic viscosity (n) of 1.8 dl/g was

obtained.

—

CHg.
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The vulcanizing rate of the copolymer was evaluated in
the same manner as described in Example 4. As a result,

T90 was 6.0 minutes.

Reference Example 7

(Synthesis of 4-ethylidene-12-methyl-1,1ll-pentadecadiene
(EMPD) )

(p=1, =0, £ =1, g=>5, total number of hydrogen atoms
directly bonded to the carbon atoms adjacent to all the
carbon-to-carbon double bonds: 14) .

(EMPD)

CH (CHjy)

- . CH3
In a nitrogen atmosphere, to a 300-ml stainless steel

(SUS316) autoclave were introduced 110 g (O.S,mol)-of 11- . -

methy1—3—methy1ene—1,lO—tetradeCadiene, 264 mg (0.5 mmol)

' of a complex preliminarily isolated as (1,2-

bié(diphenylphosphino)ethane)cobalt(II) chloride and 10 ml
of a toluene solution of triethylaluminum
(triethylaluminum: 10 mmol, concentration: 1 mol/liter),
and they were stirred at room temperature for 30 minutes.
The autoclave was séaled and then cdnnected with an
ethylene bomb, through which ethylene was introduced, so as
to pressurize the aufoclave up to 10 kg/cm?. Thereafter,

—

the autoclave was heated slowly to 90 °C, and ethylene was
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intermittently replenished two times to perform the
reaction at 90 °C for 4 hours .in total.

After cooling, the autoclave was released, and the
reaction mixture obtained was poured into 100 ml of water
to separate the mixture into an organic phase and an
aqueous phase. From the organic phase, a low-boiling
substance porpion was removed by means of an evaporator,
followed by vacuum precision distillation of 20 plates.

Thus, 88 g of the aimed product (4-ethylidenef12-
methyl-1,1ll-pentadecadiene) was obtained (yield: 71 %).
Further, 22 g of.5,l3-dimethyl~1,4,12-hexadecatriéne
(isomer) was produced as a subproduct (yield: 18 %).

The physiochemical data of the 4—ethylidene-12—ﬁethyl—
1,1l-pentadecadiene are described below.

State: colorless, oily

Boiling point: 120 - 125 °C/1 mmHg

Result of FD-MS analysis: m/z 248 (M*: molecule.ion
peak) | | S

1H-NMR spectrum (CDCls solution): ' '

0.90 (3H, triplet, J = 7 Hz)
1.2 - 1.5 (10H, multiplet)
7 Hz)

1.60 (3H, doublet, J =

1.70 . (3H, triplet, J = 7 Hz)
2.0 (6H, multiplet)

2.80 (2H, doublet, J = 7 Hz)
4.9 — 5.2 (3H, multiplet)

5.28 (iH, quaftet, J = 7 Hz)

5.77 (1H, multiplet)
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The reaction formula of the above reaction is

described below.

=+ F N (CHZ’S“CH=‘,3" (CHg)9-CHjy

|

Me
CH (CHy)
—————}/\/“\ (CHy) 5—-c1—1 CIJ—(CHZ)ZCHS
Me

Aimed product

M

Subproduct

Example 14

Polymerization was carried out in the 'same manner as

- described in Example 6 except that 35 ml of the EMPD_(4—'

ethylidene—lz—methyl-l,11—pentadecadiene) obtained above
was used in place of the EMN. —Ju .
As a result, 47 g of an ethylene-propylene~EMPD

copolymer containing 60.9 %.by mol of eth&lene units, 37.6
% by mol of propylene units and 1.5 % by mol of EMPD units
and having a molar ratio of the ethylene units to the
propylene units of 61.8/38.2 (ethyleﬂe units/propylene
units) and an intrinsic viscosity (M) of 1.9 dl/g was
obtained.

. The vulcanizing rate of the copolymer was eﬁaluated in

the same manner as described in Example 4. As a reéult,

T90 was 5;7 minutes.
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Ref Ex
(Preparation of catalyst)

In an argon atmosphere, to a 300-ml flask equipped
with a magnetic stirrer were introduced 1.05 g (2.00 mmol)
of (1,2—bis(diéhenylphosphino)etﬁane)cobalt(II) chloride
and 100 ml of anhydrous decane, and they were stirred at 25
°c for 30 minutes. Then, at the same temperature, to the
mixture was further added 100 ml of a hexéne solutién of
triethylalﬁmihum (triethylaluminum: 100 mmol,
concentration: 1 mol/liter), and the mixture was further

stirred for 2 hours to prepare a catalyst.

(Synthesis of 4-ethylidene-8,12-dimethyl-1,7,11-

tridedatriehe (EDT, the aforesaid compound (47))) .

p=1,q=1, £ =2, g =2, total number of hydrogen atoms

directly bonded to the carbon atoms adjacent to allfthe_
carbon-to-carbon double bonds: 22) - S
To a 1—liter-stéinless steel-(SUS316) autoclave were
intfoduced 204.3 g (1,60 mol) of 7,11-diméthyl—3—methylene-
1,6,10-dodecatriene (B-farnesene, available from Tokyo
Kasei Kogyo K.K.) and the whole amount of the-catalyst
prepared above, and the autoclave was sealed. Then,
ethylene was fed until the pressure in the autoclave became
10 kg/cm2. Théreafter, the autoclave was heated to 95 °C
and ethylene was-intermiftently replenished eight times to

perform reaction for 15 hours in total.
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After the reaction was completed, the autoclave was
cooled and released. The reaction mixture obtained was
poured into 300 ml of water to separate the mixture into an
organic phase and an aqueous phase. From the organic
phase, a low-boiling substance portion was removed by means
of an evaporator, followed by wvacuunm precision distillation
using a packed column of 20 plates.

Thus, 153 g of the aimed product (EDT) was obtained as
a colorless liquid (yield: 66 %); Furthef, 26 g of.5,9,13;
trimethyl-1,4,8;12—tetradecétriene was obtained as a-
subproduct (yield: 11 ¥%).

Boiling boint: 116 - 125 °C/2 mmHg

(boiling point of a mixture of 4—ethylidene-8,12—
dimethyl-1,7,1l-tridecatriene and 5,9,13-trimethyl-
1,4,8,12-tetradecatriene) :
GC-MS: |
232 (M*: molecule ion peak), 217, 189, 163, 148,
121, 107, 95, 81, 69 ol

Infrared absofptidn épectrum (neat, cﬁf?) |
3070, 2966, 2926} 2850, 1670, 1640,'1440, 1380, -
1235, 1150, 1105, 995, 960, 910, 830

Proton NMR spectrum (90 MHz, bichloroform solution,

ppm)
1.58 (3H, doublet, J = 7 Hz)
1.60 (6H, éinglet) |
1.69 . (3H, singlet)
.= 2.01 -_~_(8H, multiplet)
2.78 -(2H, doublet, J = 7 Hz) .
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4.9 - 6.0 (6H, multiplet)

n Exam
A catélyst was prepared in the same manner as
described in Reference Example 8 except that 0.26 g (2.00
mmol) of anhydrous cobalt(II) chloride was suspended at 25
°c in 100 ml of anhydrous decane in place of the (1,2-
bis (diphenylphosphino)ethane)cobalt (II) chloride
preliminarily prepéred, then to the suspeﬁsion was édded

1.59 g (4.00 mmol) of 1,2—bis(diphenylphosphino)ethane_was

" added, the mixture was stirred at 25 °C for 2 hours, and to

the mixture was added 100 ml of a-hexane solution of

‘triethylaluminum (triethylaluminum: 100 mmol,

'concentrationﬁ,l mol/liter) at 25 °C,. followed by stirring

for 2 hours.

Using the catalyst obtained above, the reacﬁibn was
carried out in the same manner as described in Reference -
Example 8. o : : '- - : .

:As a fesult, 4-ethylidene-8,12-dimethyl-1,7,11~
tridecatriene was obtained (yield: 60 %),.and 5,9,13~
trimethyl;1,4,8,12—tetradecatfiene was obtained as a

subproduct (yield: 8 %) .

"

The reaction was éarried out in the same manner as
described in Reference Example 8 except that 1.05 g (2.00
mmol) of (1,2-bi;(giphenylphosphino)ethane)nickel(II) .

chloride preliminarily prepared was used in place of the
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(1,2-bis(diphenylphosphino) ethane)cobalt (II) chloride
preliminarily prepared.

As a result, 4-ethylidene-8,12-dimethyl-1,7,11-
tridecatriene was obtained (yield: 43 %), and 5,9,13~

trimethyl-1,4,8,12-tetradecatriene was obtained as a

subproduct (yield: 7 %).

|“
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What is claimed is:

1. An unsaturated copolymer of ethylene wherein
(3) said copolymer is a random copolymer of:

(i) ethylene,

(ii) an o-olefin of 3 to 20 carbon atoms, and
(iii) at least one straight chain or brancned
chain nonconjugated triene or tetraene having one vinyl
group in the molecule;
(B) said.copolymer cqmprises:
(i) constituent units from said ethylene in an

amount of 30 to 92 % by_mol,

(ii) COnstituent'units from said a-olefin of 3 to
20 carbon atoms in an amount of 6 to 70 % by mol, and

(111) ‘constituent units from said nonconjugated
triene or. tetraene in an amount of 0.1 to 30 % by mol, in

which

(iv) a molar ratiO'of said constituent units from

" said ethylene (i) to said constltuent unlts from- sald o

olefin of 3 to 20 carbon atoms (ii) is in the range of
40/60 to 92/8; and

" (C) said copolymer has an intrinsic viscosity (M), as
measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

2. The unsaturated copolymer of ethylene as claimed
in claim 1, wherein the nonconjugated triene or tetraene
(iii) in (A) is a nonconjugated triene or tetraene in which
one straight chain or branched chain hydrocarbon-group and

two hydrogen atoms are bonded to a carbon atom adjacent to

the vinyl group.
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3. The unsaturated copolymer of ethylene as claimed
in claim 2, wherein the honconjugated triene or tetraene
(iii) in (A) is represented by the following formula (H-1),
and the constituent units derived from the nonconjugated
triene or tetraene (iii) in (B) are represented by the

following formula (H-2):

r! RS
| godC IHcas—caéHC}—ca7=cpaq9
H2C=CH-CH2 tﬁ)P—'{'?f ' - L a IS * L
CH . 2 8
i R . . R
CH g4

(H-1)

wherein p and g are each 0 or 1, with the proviso that each

of p and g is not 0 at the same time; f is an-integer of 0
- to 5, with the prbviso that when p and g are each 1, £ is

not ‘0; g is an integer of 1 to. 6; R!, R2, R3, R4, RS, R6 and

atoﬁs; R® is an alkyl group of 1 to 5 carboh atoms; and R?
is hydrogen, an~alkyl group of 1 to 5 carﬁoh atoms or a-

group represented by the formula - (CHjz),-CR1=CR11R12, where
n is an integer of 1 to S5, R and Rl are each hydrogen or
an alkyl group of 1 to 5 carbon atoms, and R!? is an alkyl
group of 1 to 5 carbon atoms, with the proviso that when p

and q are each 1, R? is hydrogen or an alkyl group of 1 to

S5 carbon atoms;
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——+CHy—~CHPr—
Rl RO
CHQ—(C)—p——:C}}—éCPL3=CR4 )——%C);CR":CRSRQ
I | 1
CH '
CHg (H-2)

wherein p, q, £, g and R! to R® have the same meanings as

described in the formula (H-1).

4. The unsaturated copolymer of ethylene as claimed
in claim 3, whérein.the nonconjugated triéhe or tetraene
(iii) in (A) is represented by the following formula (Ia),
aﬁd the constituent units derived from the nonconjugated
triene or tetréene (iii) in (B) are represented by the

following formula (Iia):

HyC=CH-CH, - 9- d=cgt cq—ca"':cnsag
| . £ o8
R .
(Ia)

wherein £ is an-integEr of 0 to 5, g is an integer of 1 to
6; R, R?, R3, R% RS, R® and R’ are each hydrogen or an
alkyl group of 1 to 5 carbon atoms; R® is an alkyl group of
1 to 5 carbon atoms; and R? is hydrogen, an alkyl group of

1 to 5 carbon atoms or a group represented by the formula
-(CHz)n—CR1°=CR11R1-2, where n is an integer of 1 to 5, R0 and
Rl are each hydrogen or an alkyl group of 1 to 5 carbon

atoms, and R12 is an alkyl group of 1 to 5 carbon atoms;
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| I ! 3 4_1; cr7=créR?
CHy {"CJ CR°=CER \C = "
‘Zf lsg
R R

(IIa)
wherein f, g and R! to R? have the same meanings as
described in the formula (Ia).
S. ' The unsaturated copolymer of ethylene as ciaimed

in claim 4, wherein R!, R?, RS and R® in the formulas (Ia)

and (IIa) are each hydrogen.

6. The unsaturated copolymer of ethylene as c;aimed
in claim 3, wherein the nonconjugated triene or tetraene
(iii) in (A)-is_re?resented by the fdllowing:formuia (Ib),

and the constituent units derived from the nonconjugated.

. triene or tetraene (iii) in (B) are represented by the

following formula (IIb):’ ]

" - | - T~cpr8RrY
H2C=CH—CH2-'C'-(CR1Rz)f-(CRsRs)g-_CR =cr®R

CH(CHg)

(Ib)

wherein f is an integer of 0 to 5; g is an integer of 1 to
6; R, R2, R5, RS and R? are each hydrogen or an alkyl group

of 1 to 5 carbon afoms; R® is an alkyl group of 1 to 5

carbon atoms; and R® is hydrogen, an alkyl group of 1 to 5
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carbon atoms or a group representéa by the formula - (CH3),-
CR19=CR!1R12, where n is an integer of 1 to 5, R0 and R!! are
each hydrogen or an alkyl group of 1 to 5 carbon atoms, and

R12 jis an alkyl group of 1 to 5 carbon atoms;

S
~——+tH o C-CH}—
l -
CH,-C-(CR!R2) (- (cRPRE®) ,~-cRT=CcR3R?®
I o
CH (CHg)
10 - (IIb)

wherein £, g, ﬁ}, R?2 and RS to R? have the same meanings as
described in the formula (Ib). |

7. The unsaturated cobolymer of ethylene és éiaimed
in claim-G, wherein R}, R2, RS and R® in the formulag (Ib)

15 ‘and (IIb) are each h}drbgeh. -

8. The unsaﬁurated copolymer of eth&lené aé_claimed
in ciaim 6, whéréin the nonconjugated teﬁraene (iii)_in (Aa)
is represented by thé.folléwing formulalfib‘), and the

constituent units derived from the-nohéonjugated tetraene

720 - (iii) in (B) is represented by the following formula

(IIb'): =
r! RS r7gS8 r1O
H, C=CH-CH 4%%—“%;«%§l i—+CH2+;c=callalz
)5 LCH . g2 RS

CHg
(Ib')

wherein f is an integer of 0 to 5, g is an integer of 1 to

6; R, RZ, RS, R® and=R7 are each hydrogen or an alkyl
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group of 1 to 5 carbon atoms; R8 is an alkyl group of 1 to
5 carbon atoms; n is an integer of 1 to 5; R0 and R!1 are
each hydrogen or an alkyl group of 1 to 5 carbon atoms, and

R12 is an alkyl group of 1 to 5 carbon atoms;

CHfun—4c§—un;c=c—+CH2%;c=ca11312
[ | 1 ' -
i 6
th rZ2 R ;
CHg

(IIb"')
wherein £, g, n, R, R2, R5 to R® and R0 to R!2 have the
same meanings as described in the formula (Ib').

9. The unsaturated copolymer of ethylene as claimed

. in claim 8, wherein R}, R2, RS and R® in the formulas (Ib')

and (IIb') are each hydfogen.

10. The unsaturated copolymer of ethylene .as claimed

in claim 6, wherein the nonconjugated triene or tetraene

(iii) in (@A) is rgpresenﬁed'by the following formula (Ic),. -

and the constituent units derived from the nénconjugated

" triene or tetraene (iii)'in'(B) are represented by the

following formula (IIc):

Hy C=CH-CH,-C-(CR'RZ) ;-(CR®R®) ~cRT=CcRER?
il
CH(CHg)

(Ic)
wherein f is an integer of 0 to 5; g is an integer of 1 to
6; R}, R2, R5, R6 and R’ are each hydrogen or an alkyl group

of l.to 5 carbon atoms; R® is an alkyl group of 1 to &
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carbon atoms; and R® is hydrogen or an alkyl group of 1 to

5 carbon atoms;

——+H, C-CH¢—

l

CH,-c- (CR!R2) (- (crR5RB) _-cRT=crE8RS

Sl ‘ .
CH(CHg)

(IXc)
described in the formula (Ic).

11. The unsaturated copolymer of ethylene as claimed

in claim 10, wherein R!, R?, R3 and R® in the formulas (Ic)

.and (IIc) are each hydrogen.

12. The unsaturated copolymer of ethylene as clalmed
any one of claims.1l to 11,

in xbadawobx wherein the total number of the hydrogen atoms_

dlrectly bonded to the carbon_atoms adjacent to all the.

carbon-to-carbon double bonds in the nonconjugated triene

.__or tetraene Eiii) in (A) is 9 to 33. . .

13.  The unsaturated copolymer of ethylene as claimed
any one of claims 1 to 11,
in sdbwdmxdy wherein the total number of the hydrogen atoms
directly bonded to the carbon atoms adjacent to all the
carbon-to-carbon double bonds in the nonconjugated triene
or tetraene (iii) in (A) is 12 to 33.
14. The unsaturated copolymer of ethylene as claimed
any one of claims 1 to 11,
in skmbmxkx wherein the total number of the hydrogen atoms
directly bonded to the carbon atoms adjacent to all the

carbon~-to-carbon double bonds in the nonconjugated triene

or tetraene (iii) in (A) is 14 to 33.
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15. A process for preparing an unsaturated copolymer
of ethylene, comprising copolymerizing:

(i) ethylene,

{ii) an o-olefin of 3 to 20 carbon atoms, and
(iii) at least one straight'chain or branched chain
nonconjugated triene or tetraene having one vinyl group in

the molecule;

in the presence of a catalyst formed from a transition

metal compound, and an organocaluminum coméound and/or
ionized ionic compound, to obtain an unsaturated'copolymer
of ethylene wherein: i
() said copolymer.is a random copolymer of:
(i) ethylene,
(ii)_an_a—olefinibf 3 to 20 carbon atoms, andf'
(iiis at least one straight chain of branched -
chain nonconjugated triene or tetraene having one vinyl
group in the molecule;
(B) said-copolymer comprises: ' . : -

(i) constituent units from'said'ethylene in an'.

‘amount of 30 to 92 % by mol,

(ii) constituent units from said a-olefin of 3 to
20 carbon atoms in an amount of 6 to 70 % by mol, and

(iii) constituent units from said nonconjugated
triene or_tetfaene in an amount of 0.1 to 30 % by mol, in

which

(iv) a molar ratio of said constituent units from

said ethylene (i) to said constituent units derived from
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said a-olefin of 3 to 20 carbon atoms .(ii) is in the range

of 40/60 to 92/8; and

(C) said copolymer has an intrinsic viscosity (), as
measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

16. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 15, wherein said
nonconjugated triene or tetraene (iii) in (a) is a
nonconjugated triene or tetraene in which one straight
chain or branched chain hydrocarbon group énd two hydrogen'
atoms are bonded to a carbon atom adjacent to said vinyl
groﬁp, and said constituent units from said nonconjugated
triene or tetraene (iii) in (B) are constituent units in
which one straight chain or branched chain hydrocarbon
group and two hydrogeﬁ.atoms are bonded to a carbon:atom
adﬁacent to é carbon attm contained in the main chain.

17. The - process for préparing-an unsaturated
copolymer of ethylene as claimed in claim 16, wherein said

nonconjugated triene or tetraene (iii)'in (a) is ' .

'represented by the follow1ng formula (H- 1), and said

constituent units from said nonconjugated triene or

tetraene (iii) in (B) are represented by the following

formula (H-2):

rR! RS
HyC= caz—tﬁ}:—cl:);—eca""—c 41——£C}—cg7_cps 9
l
CH
i R 2 _ rRE
CH 4 '

(H-1)
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wherein p and q are eéch 0 or 1, with the proviso. that each
of p and g is not 0 at the same time; £ is an integer of 0
to 5, with the proviso that when p and g are each 1, f is
not 0; g is én integer of 1 to 6; R!, RZ, R3, R%, RS, RS and
R? are each hydrogen or an alkyl group of i to 5 carbon
atoms; R® is an alkyl group of 1 to 5 carbon atoms; and R®
is hydrogen, an alkyl group of 1 to 5 carbon atoms or a

group represented by the formula _—(CHZ),,—CR1°=CR11R12, where

‘R

n is an integer of 1 to 5, R!? and R!! are each hydrogen or ’

an alkyl group of 1 to 5 carbon atoms,'and R12 is an alle
group of 1 to 5 carbon atoms, with the proviso that when p
and g are each 1, R is hydrogen or -an alkyl group of 1 to

5 carbon atoms;

—+CHy;—~CH}—

R1 RS
CHZ-‘C)-——C)-;—'Cﬁ.g"CR }-——C)—CR7-CRSR9
I | 1
_ CH RrRZ . , R 6 i

|
CHq4

(H-2)
wherein p, q, £, g and R! to R? have the same meanihgs_as
described in the formula (H—l{.

18. The process for preparing an unsaturated
copolymer of ethylené as claimed in claim 16, wherein said
nonconjugated triene or tetraene (iii) in (A) is
represented by the following formula (Ia), and said

constituent units from said nonconjugated triene or

—

hc
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tetraene (iii) in (B) are represented by the following

formula (IIa):

R! RS
l l
H2C—CH—CH2‘€C CR3-CR4‘EC9‘CR7—CR8R9
|2f I &
| R _, RS
(Ia)

wherein f is an integer of 0 to 5, g is an integer of 1 to
6; R, R2, R3, R4, R5,-Ré and R? are each hydrogen or an

alkyl group of 1 to 5 carbon atoms; 38 is an alkyl group of
1 to 5 carbon atoms; and R® is hydrogen, an alkyllgroup of

1 to 5 carbon atoms or a group représented by the formula

-

-(Cﬁz)n—CR1°=CR11R12,' where n is an integer of 1 to 5, R0 and
Rl are each hydrogen or an alkyl group of 1 to 5 carbon

atoms, and R!2 is an alkyl group of 1 to 5 carbon atoms;

L |
|ty L
CH, c':g-ca3=ca4—(

R . .

(IIa)
wherein £, g and R! to R% have the same meanings as

described in the formula (I&).
19. The process for preparing an unsaturated

copolymer of ethylene as claimed in claim 18, wherein RI,

Tiu
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R2, RS and R® in the formulas (Ia) and (IIa) are each
hydrogen.

20. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 16, wherein said
nonconjugated triene or tetraene (iii) in (A) is |
represented by the following formula (Ib), and said
constituent units from said nonconjugated triene or

tetraene (iii) in (B) are represented by the following

formula (IIb):

H20=CH-CH2—(IZI-('CR1R2) ¢-(CRZRF) -CR"'.—CR R9
CH(CHg)

(IB)
wheréin f is an integer of 0 to 5; g is an integer of 1 to
6:; R, R?, RS, Ré and R’ are each ﬁydrbgen or:an Alkyl group
of 1 to-5=carbon étoms{ RF is an alkyl group of 1 to 5 -
carbon atoms; éhdiR9 ié hydrogen, an alkyl group bf.l to 5
carbon atoms or a group represented by thé formﬁla -(CH3) n-
CR10=CR11R12, where n is an infeger of 1 to 5, R!% and Rl are

each hydrogen or an alkyl group of 1 to 5 carbon atoms, and

R12 is an alkyl group of -1 to 5 carbon atoms;

I
CH,-C~(CR!R2Z} (~(CRSR®) -crR7T=CRER?P
-
CH (CHg)
(IIb)
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wherein £, g, R!, R2 and R3 to R? have the same meénings as
described in the formula (Ib).

21. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 20, wherein RI,
R2, RS and R® in the formulas (Ib) and (IIb) are each
hydrogen. h

22. The process for preparing an unsaturated
copclymer of ethylene as claimed in claim 16, wherein said
nonconjugated tetraene (iii) in (A) is réﬁresented By the -
following formula (Ib'), and sa2id constituent units from

said nonconjugated tetraene (iii) in (B) are represented by

the following formula (IIb'):

71 IT5 ?Taﬁ glo
Hg C=CH-CH,4Cl—CI—CI-C=C—CH,y ryC=crllrl?
1 ; | & | o
. CH .
CH -gz RS
CHg :
_ 3 (Ib')

whg:gin f is an integer'of'o tq's,_g‘is an integer of 1 to
67 R, R2, RS, R6 and R? are each hydrogen or an alkyl

group of 1 to 5 carbon atoms; R8 is an'alkyl group of 1 to
5 carbon atoms; n is an integer of 1 to 5; R and Rl are
each hydrogen or an alkyl group éf 1 to 5 carbon atoms, and

R12 is an alkyl group of 1 to 5 carbon atoms;

- | | H, allgl?
c324c%—+c§—un;0 =C—CHg y7C=C
I | {
8
?H -2 R
CHg (IIb')

i’
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wherein £, g, n, R}, R2, R5 to R® and R0 to R!}Z2 have the
same meanings as described in the formula (Ib').

23, The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 22, wherein R1,
RZ, RS and RS in the formulas (Ib') and (IIb') are each
hydrogen. -

24. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 16, wherein said
nonconjugated triene or.tetraene (iii) in-(a) is
represented by the-following formulalfIc), and said
constituent units from said nonconjugated triene or
tetraene (iii) in (B) are represented by the following

formula (IIc):

M2 C=CHCHp-C-(CRIRZ) ;- (CRSR6) _-CRT=CRr8RY.

CH(CHs)

(Ic) L

whereln f is an 1nteger of 0 to 5; g is an 1nteger of l to
6; Rl; R2, RS, R6 and R? are each ‘hydrogen or an alkyl group
of 1 to 5 carbon atoms; R® is an alkyl group of 1 to 5

carbon atoms; and R® is hydrogen or an alkyi group of 1 to

5 carbon atoms;

|
CEig‘C“((:R
il
CH (CHg)

1g2) —(casns)g-ca7=CR8R9

(I1ic)

eﬂlil‘ced

|



el

—

—

o

10

15

20

25

———

This Sheet Has Been R,

ugmij LT — NN

215

wherein £, g, R, R? and RS to R? have the same meanings as
described in the formula (Ic). .

25. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim 24, wherein RI,
R2, RS and Rf in the formulas (Ic) and (IIc) are each
hydrogen.

26. The'process for preparing an unsaturated-.
copolymer of ethylene as claimed in claim 15, wherein the
total number of the hydrogen atoms directiy bonded to the
carbon atoms adjacent to ail the carbon-to-carbon double
bonds in the nenconjugated triene or tetraene (iii) in (A)
is 9 to 33.

27. fhe process for,preparing an unsaturated
copolymer of ethylene as claimed. in claim 15,:bherein the
total number of the hydrogen atoms dlrectly bonded to the
carbon atoms adjacent to all. the carbon-to-carbon double

bonds in the nonconjugated triene or tetraene (iii) in (A)

is 12 to 33. | - . -

28. The process for preparlng an unsaturated
copolymer of ethylene as clalmed in clalm 15, wherein the
total number of the hydrogen atoms directly bonded to the
carbon atoms adjacent to all the carbon-to-carbon double
bonds in the nonconjugated triene or tetraene (iii) in (3)
is 14 to 33. |

29. A rubber compoeition comprising:

an unsaturated copolymer of ethylene as claimed in

claim 1, and

i



-

—

"'

C

—_—

gy

216

at least one component selected from the following
agents (a), (b) and (c):

(a) a reinforcing agent in an amount of not more than
300 parts by weight based on 100 parts by weight of said

unsaturated copolymer of ethylene,

(b) a softening agent in an amount of not more than
200 paéfs by weight based on 100 parts by weight of said
unsaturated. copolymer of ethylene, and

(c) a vulcanizing agent.

I'{



