\xTITLE UNSATURATED COPOLYMER OF ETHYLENE AND PROCESS FOR PREPARI NG THE SAME
) FI ELD OF THE | NVENTI ON The present invention rel ates

to an unsaturated copol ynmer. of ethylene and a process for preparing said
copol ymer. More particularly, the invention relates to a novel unsaturated
. copolynmer of ethylene excellent in 10 weathering resistance, heat
Lae5|stance and ozone resistance and havi ng a high.vul canizing rate, and to
process for preparing said copolyner. BACKROJND OF THE | NVENTTON 15

~Unsat urated copolyners of ethylene are iﬂiﬁgnhzable pol ymers, and because
»of their excellent weathering resistance, heat resistance and ozone

tesi stance, they have begis MSRATEY COROLOMERN OBt HPLOIGND for exanpl e,
aut onoti ve industri al parts I n ustrlal rubber products, 20 electrical

i insulating materials, civil papgrpseroRprEizaring THEGaM@di ng material s and
Lrubberized fabrics. Further, they have been w dely used as bl endi ng
materials for plastics such as pol ypropyl ene and pol ystyrene.

i Conventionally known unsaturated copol yners of 25 ethyl ene include an
Lwethylene-ﬁropylene-S-ethyIideneEZELD_QgLIHE—INEENIIQN

; The present invention relaﬁes to an unséturated

L: copolymer of ethylene and a process for preparing said

K .. copolymer. More particularly, the invention relates to a
novel unsaturated copolymer of ethylene excellent in

) = " 10 weatherihg"resistance, heatlresistance and ozone resistance
and having a high vulcanizing rate, and to a process for

preparing said_copdlymer.

i ' 15 - Unéaturéted copolymers of ethylene are vulcanizable

gfi' g 'poiymers, énd-becaQSe;bf their excellent weathering -
gi; reSisﬁance, heaﬁ resistance and ozone'resistahcé, théj have

o . 5eéh.u$edﬁ§o;-varigps rubber products, for exémplé( oo
5L4 : _;;5u 'autombpivé_igdustxial parﬁs, industrial rubber producés,

§ : g;;fZO : eIectrical insulatinqjmatefials,'civil engineering .-

Lﬁ méterials, buildihg.materials and rubberized fabrics.

1; Further, they have been widely used as blending materials

; for plastics such as polypropyléne and polystyrene.
_iQ - Conventionally known unsaturated cobolymers df

Ef" 25 ethylene include an ethylene-propylene-5-ethylidene-2-

= norbornene copolymer, an ethylene-propylene-

i; dicyclopentadiene copolymer and an ethylene—propylene-l 4~

s hexadlene copolymer; of these, the ethylene—propylene 5—'

i



“hor bor nene copol ynmer, an ethyl ene-propyl ene- di cycl opent adi ene copol yner

;and an et hyl ene-propyl ene-1, 4- hexadi ene copolyner. O these, the

i et hyl ene- propyl ene- 5- et hyl i dene- 2- nor bor nene copol ynmer is particularly

~w dely used, because it has a higher vulcanizing rate as conpared with

~other unsaturated copolyners of ethylene. However, these conventional

i unsaturated copolyners of 5 ethylene are now desired to be further inproved

“+n the vulcanizing rate. That is, the @nsaturated copol ynmers of ethylene,
for- exanpl e, even the ethyl ene-propyl ene-5- ethyli dene-2-norbornene

: copol ynmer, aretHydvietenier2-ne rivolrcanezcogol wter ass gamidoed anilyhwddehe type

‘rubbers such 10 as natural rubber, styrene-butadi ene rubber, isoprene
rubber, butadisesh ResiBaseany hiasr Bl bigheberulcandizdingr atehas compared

; covul cani zabi l ity of the unsaturated copol yner of ethylene and the diene
_type rubber "&GhQHETCEsRLUTRECHNSIPA HRYT hAWYELESf et hyl ene are | ow

in the 15 vul canj zing rate, so that jt is difficult to prepare
. vul cani zed rubber OWW?%E?r%EFﬁFtﬁoﬂVﬁﬂéiﬁT) (HQ%ﬁqﬁfaﬁfd%ﬁ8BP§§Wﬁﬁstﬂg
_vul cani Zi§'g teit'?'E'lenleO%rei At QSSXHE&aE'J) Zﬂ)é'gfurther 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
10 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
15 vulcanizing rate, so that it is difficult to prepare |
. _ vulcanized rubbers-therefrom with high p;oduetivitf by
;L-_; . L shortehing the vulcanizing time, lowering the wvulcanizing
'tempefatﬁre or reducing.the_consumptioﬁ of energy in the' .
- vulcanization'stage.

20 The vulcanizing rate of the unsaturated 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
25 onto the surfaces of the resulting vulcanized rubbers

sometimes takes place so that it is unfavorable from the

appearance viewpoint, and further, there is a possibility



—tenperature or reducing the consunption of energy in the vul cani zation

~ stage. 20 The vul cani zing rate of the unsaturated copol yners of

. ethyl ene can be increased by increasing the amount of a vul cani zi ng agent

‘~used. However, if the unsaturated copol yners of ethylene are vul cani zed
using a | arge amount of a vul cani zi ng agent, bl oom ng of the vul cani zi ng

. .agent 25 onto the surfaces of the resulting vul cani zed rubbers sonetines

_takes place so that it is unfavorable fromthe-zappearance vi ewpoint, and
further, there is a possibility 3 of pollution by the bloomng in the

~use of the vubEapeklekiubier Shaddeding yn the Bacedt Wie am 2§t ed

_copol ynmer of ethylene excellent in weathering resistance, heat 5 resistance
and ozone resF@PR®%E®- and having a hi gh vul cani zing rate has been desired.

: -The present inventors have earnestly, studied_gn r ylgne
. .copol yners and hav%p??ﬁ§&PQ#%ﬂr€h?tﬁéﬁ%ﬁérggeagcgég$§§€$a%¥ et ysgﬁgrﬁ§€ing

constituent u@éﬁ?lene excellent in weathering resistance, heat

5 resistance and ozone resistance and having a high
vulcanizing rate has been desired.

= _ The present inventors have earnestly studied on the

P unsaturated. ethylene copolymers and have found that an

unsaturated copolymer of ethylene having constituent units

i : 10 derived from ethylene, an o-olefin and a specific straight

- ,
. or branched chain polyene and containing unsaturated bonds
E; is excellent in weathering resistance, heat resistance and
; ozone resistance and has a high vulcanizing rate. Eased on
i - o this finding, the present inventors have accomplished the
g 15 present invention.
:’ OBJECT OF THE INVENTION
: The present invéntion is intended_to solve the . e T
L4 | - . "problems associated‘ﬁith the prior art technique as
L - 20 described above, and it is an object of the invention to
= provide. an unsaturated.copolymer of ethylene which is
L‘ excellent in weathering resistance, heat resistance and
ozone resistaﬁce and which has a high vulcanizing rate and
i— to provide a process for preparing said copolymer.
| 25 _
- : SUMMARY OF THE INVENTTON
{3 The unsaturatgg-copolymer of ethylene according_to.the
- present invention i; characterized in that:
j



10 derived fromethylene, an [err]-olefin and a specific straight or
branched chai n pol yene and contai ning unsaturated bonds is excellent in
weat hering resi stance, heat resistance and ozone resistance and has a high

VUIcanizing rate. Based on this finding, the present inventors have
acconpl i shed the 15 present invention. OBJECT OF THE | NVENTI ON The present

?invention Is intended to solve the - robl ens associated with the prior
art technique as 20 described above, and it is an object of the invention

to provide an unsaturated. copolyner of ethylefe which is excellent in
.weat hering resistant®, eid cepodymaceiand ozmien regicdiyaese odnd whi ch has a

thi gh vul cani zing rate and to provide a process for preparing said
copol ymer. 25 SUMMARY ORITHE etRYERTPON The unsat urated copol yner of

rethyl ene according to th&ﬁﬁ;%%?@% gg ﬁgﬁl - €?§ EP%§1§%%%%%mEQ th%;:

«(A) said copolyner is a
(iii) at least one straight chain or branched

— 5 chain nonconjugated triene or tetraene having one vinyl

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

: (i) constituent units from ethylene in amounts

of 30 to 92 % by mol,

L; ) 10- (ii) constituent units_from.the o-olefin of 3 to
i 20 carbon atoms in amounts of 6 to 70 % by mol,

— _ _ (iid) éonstituent units from the nonconjugated

} ' ' triene or tetraene in amounts of 0.1 to 30 % by mol,'in

-%T which
ii, 15 | (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 copolyMei has an intrinsic viscosity (W), as

s 20 measured in Decalin (decahydronaphthalene - E.I. Du Pont de

. Nemours & Co.) at 135 °C, of 0.0S5 to 10 dl/g.

L- In one preferred embodiment of the unsaturated

| copolymer of ethylene according to the invention, the

~ nonconjugated triene or tetraene (iii) in (a) is a

:i_ 25 nonconjugated triene or tetraene in which one straight

. chain or branched chain hydrocarbon group and two hydrogen
L, atoms are bonded to the carbon atom adjacent to the vinyl
P group. .

-



(i1) an [err]-olefin of 3 to 20 carbon atons, and (iii) at |east one
.straight chain or branched 5 chain nonconjugated triene or tetraene having
-one vinyl group in the nolecule; (B) said copolymer conprises: (i)
constituent units fromethylene in amunts of 30 to 92 % by nol, 10

-(11) constituent units fromthe [err]-olefin of 3 to 20 carbon atons in
lanmounts of 6 to 70 % by mol, (iii) cons§ituent units fromthe nonconjugated

“triene or tetraene in anounts of 0.1 to 30 % by=nol , in whi ch 15
(iv) a nolar ratio_of the ons# entr |ts r|ve %n1%1@§Iene (1) to
' the constituent uni é&u ?5 t & F ??? §P § carbon atons

i) is in the jrange %f ﬁ@oggégaeggggurggﬁl r@Deacﬁ%g B Ry IR e ehal ene

intrinsic viscosity
.- E 1. Du Ponﬁng%nmggﬁur%h& G8ntoAbubstéd . tfﬁeﬂb(gi tetlledk/ qiikh oRe

—preferred enbodi ment of the unsat uf af ed copol ynmer of ethylene according to
the invention,(a)hd sneepeeaisegabadbyr tBeeroIldwinaeamulial )(H-1) ( AxndStBe25

lnonconjugated triene or tetraene in which one straight
constituent units from the nonconjugated triene or tetraene .

-
! (iii) in (B) are represented by the following formula (H-
- 2):
L. 10 |
. rl _ RS
L H, C=CH- c1~12-(ﬁ)——ec::);—(ca3—ca }——-((l!)—CR"-CRBRg
| i m2- R ®
Lf C}{S
L 15
' | wherein p and q-are each 0 or 1, with the proviso that eaéh; .
- B of.p-and g.-is not 0 at the same time; f is_éﬁ_inteéer of 0_
P 20 to' 5, with the proviso that when p and q are each.1, ‘f is
- not 0; g is an integer of 1 to 6; R!, R?, R3 R%, RS, R® and .
i‘ R? are each hydrogen or an alkyl group of 1 to 5 carbon
o 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
.. 25 group represented by the formula -(CHp),-CR19=CR11R!2, where
- n is an integer of 1 to 5, R19 and R!! are each hydrogen or

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

group 0f 1 to 5 carbon atoms, with the proviso that when p



Chain or branched chain hydrocarbon group and two hydrogen atonms are bonded

“"to the carbon atom adjacént to the vinyl group. In a particularly
ipreferred enbodi nent of the unsaturated copol yner of ethylene according to
The invention, the nonconjugated triene or tetraene (iii) in (A) is
represented by the following fornula (H 1), and the 5 constituent units
;from the nonconjugated triene or tetragpe (iii) in (B) are represented by
“the following formula (H 2): 10 [err] 15 [err]. wherein p and q are each 0
or 1, with the proviso that each of and g is hot 0 at the same tine; f is
‘an integer ofand2@ are CRith Rghéspgﬁdi-”%e{‘h% Imenthy lamrogracd dakh |, f
s not O; gis an integer of 1 to 6; [err] and R7 are each hydrogen or an
al kyl group of 22¥BO® 2LLMon atons; [err] is an alkyl group of 1 to 5

I carbon atons; and R9

-

j ~——+CH o —CH¥}—
CH2—(ﬁ)-P—-(-C)-f—(CR3=CR4 ;;—scl:);cn7=cn8ag
. |
CH

- ] R'2 RG

. -

, (H-2)

— wherein p, q, £, g and R* to R® have the same meanings as
P described in the formula (H-1).
_bJ e - In anotﬁefip;eferred embodiment of the unsaturated”
P “" 15 copolymer of ethylene according to the invention, the.

o honconjugatéd’triene-or tetraene (iii) in (&) is

. ' represented by the following formula (Ia), and the
I ‘constituent units from the nonconjugated triene or tetraene_ = -
fJ ' - ”: (iii) in (B) are . represented by the_foilowing formula
L 20 (11a): '

.

-

. | Rl RS

B 2 g f g

L—. -

i (Ia)



Ts hydr ogen, an al kyl group of 1 to 5 carbon atons or a 25 gr oup
;represented by the formula [err] where nis an integer of 1 to 5, [err] and
and R12

i[err] are each hydrogen or an alkyl group of 1 to 5 carbon atons,
Ts an alkyl group of 1 to 5 carbon atons, with the proviso that when p

cand q are each 1, RO is hydrogen or an aIkyI group of 1 to 5 carbon atons;
T'err] 10 (H2) mhereln p, g, f, g and RL to RO have the sane neani ngs as
‘described in the formla (HLD. In another preterred enbodi nent of the

unsaturated 15 oLymer_of. et Iene |n to the.invention,
' nonconj ugat ed¥ P?F%hg ¥1fe??akﬂﬁﬁgv g Fép?@séﬂ?%ﬂeﬁy°¥h% &

**O||OMAng for 1(I and.i he,scongt r nopcon ugat ed
triene or tetréene (|||F’ R %‘ér%‘r%%#ggi edgéﬁktﬁghfggF% ormula 20
. (ITa): alkyl group of 1 to 5 carbon atoms; R® is an alkyl group of

6

_ 1 to 5 carbon atoms; and R? is hydiogen, an alkyl group of
k_ 5 1l to 5 carbon atoms or a group repre.sented by the formula

_ - (CHj) ,~CR10=CR!1R12, where n is an integer of 1 to 5, R!® and
L 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 " 10

t -ﬁﬁzc—CH%— q . 5 :
U '

3 CHy - c—}cnﬁ":ca’*-{c}ca":c'aﬁﬁg

.) B ' l.ng_ o ‘.1115 g R

'

: - (IIa). : s
L - . wherein £, g and R! to R? have the séme ﬁeanings as

P - 20 . described in the formula'(Ié). |

%- ' .Of these, preferfed are the compounds of the formulas -
L‘ (Ia) and (IIa) wherein R, R?, RS and R6® are each hydrogen.
o In another preferred embodimgpt of the unsaturated

. copolymer of ethylene according to the invention, the

. 25 nonconjugated triene or tetraene (iii) in (A) is

= ) represented by the following formula fIb), and the

L; constituent units ffdm the nonconjugated triene or tetraene
g



rérr] 7 wherein f is an integer of 0 to 5; gis an integer of 1 to 6;
[err] and [err] are each hydrogen or an al kyl group of 1 to 5 carbon atons;
[err] is an alkyl group of 1 to 5 carbon atons; and [err] is hydrogen, an
al kyl group of 5 1 to 5 carbon atons or a group represented by the formul a
[err] where nis an integer of 1 to 5, [err] and [err] are each hydrogen or
ian al kyl group of 1 to 5 carbon atons, gand R12 is an alkyl group of 1 to 5
carbon atons; 10 [err] wherein f, g and [err] to [err] have the sane

nmeani ngs as 20 described in the formula (la). O these, preferred are the
iconpounds of tHéoddul@Bd erg) rargefergasd Wnekks f Jldraviagd foarplaare each
ydrogen. In anqther preferred enbodi nent of the unsaturated copol yner of
et hyl ene accoﬁ&#ﬁ@:to the invention, the 25 nonconjugated triene or
itetraene (iii) in (A is represented by the followng fornmula (I1b), and the

(S

3
- S

- H2C=CH—CH2-ICI—(CR1R2)f-(cnsns)g_CR7___CRsR9
L | CH(CHg)
3 " 10 ' -
L .-
(Ib)
~ ‘wherein f is an integer of 0 to 6; g is an integer of 1 to
‘i S; R, R2, R5, R® and R’ are each hydrogen or an alkyl group
L

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

15 carbon atoms; and R? is hydrogen, an alkyl.groiip of 1 to 5

T

? carbon atoms or a gfoup-represented'by the formula - (CHp),-

“ ‘CR10=CRI1R!2, where n ‘is an inteéger of '1 to 5, R® and R! are

: - each hydrogen of'an alkyl group éf l1toS qarb§n'atoms, and_ -
g.LJ_ - - R12 is an'alkyl group of 1 to 5 carbon atoms; o
a0

~ ——tHy C~-CH}—

L | le-owcnan)f-(cnsns)g-cn7=cnsn9

: 25 CH(CHg)

%

(IIb)



Constituent units fromthe nonconjugated triene or tetraene (iti) 1n (B)
,are represented by the followng formula (I1b): [err] 10 wherein f is an
iinteger of O to 6; g is an integer of 1 to 5; [err] and [err]. are each

“hydrogen or "an al kyl group of. 1 to 5 carbon atons; R8 is an al kyl group of
1to 5 15 carbon atons; and [err] is hydrogen, an alkyl group of 1 to 5

. carbon atons or a group -represented bygthe fornula - [err] [err] where n
“t+s an integer of 1 to 5, [err] and [err] are each hydrogen or an al kyl -
group of 1 to 5 carbon atons %gp [err] ég Sp al kyl group of 1. to 5 carbon

: at oIs; 20 [erWFeE?FB)f' g9 Ri, and 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

5 constituent units from the nonconjugated tetraene (iii) in

-

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

¥

L 10 H'2c=CH-cH2—(c)—~ecs}——{c5;c=c—+CH2a—n—c-=cal-1312

i | |
. H 5]

‘I' R2 R

L CHg
i : : - : (Ib')

E 15 wherein £ 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
Lv 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 -

- . o R _ :
= oL each hydrogen or an alkyl group of 1l to 5 carbon atoms; and -

C 20 R!2 is an alkyl group of 1 to 5 carbon atoms;

L

| cnz—(c;—-emf——my;c:c—(-crizTc:ca“alz

- 1l I [

: CH 5]

!

L ) (IIb')

L



—wherein f, g, [err] and [err] to [err] have the same neani ngs as descri bed
in the formula (Ib). Mre preferably, the nonconjugated tetraene (iii) in
i (A) is represented by the following formula (Ib"), and the 5 consti tuent
“units fromthe nonconjugated tetraene (iii) in (B) are represented by the
following formula (I1b"): [err] 15 wherein f is an integer of 0 to 5; ¢
i is an integer of 1 to 6;. [err] and [gfr] are each hydrogen or an alkyl
—group of 1 to 5 carbon atons; [err] is an alkyl group of 1 to 5 carbon
atons; nis an integer of 1 to [ery] and [egr] are each hyd en or_an
. ‘al kyl group whereip 5.cdrpdd Blomks, &Tdt20R [Rr#d| al%a*n"’af’*%l)ﬂ‘@‘f%ﬁ‘%f 1

¢ .to 5 carbon atons; [err 10 wherein f, a rr]l.n,and [err] to [err]

have the sanéaﬁﬁaﬁ?%@%n§§ ﬂ%s@??%ﬁip?a:¥h§gfb&%ﬁﬂgielélﬁ.?rn a stil

. further preferred_enbod]ment _of, .the un rding to the

- linventi on, [err] 18 Snakggfi%uf?éﬁﬁd$ﬂdﬁéé&?£%? %gﬁgﬁﬁgfé??fﬁgre -
unsaturated copolymer according to the invention, R!, R2?, RS

§ and Rf in the formulas (Ib), (Ib'), (IIb) and (IIb') are

L

. each hydrogen.

L Of these, preferred is the nonconjugated triene

P represented by the following formula (Ic), and the

= ‘constituent units from the nonconjugated triene represented
¢ 10 by the following formula (IIc);

. '-H'ZC="CH-.C'H__2._.C;..(CR1'R2)'f'_'(CR'__S-RB)'g_CR-‘T':'CRgRQ.
- 15 _ | il o - B -
L . CH(CHg)

. 20" o | - - L (Ie)

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

L " carbon atoms; and RS is hydrogen or an alkyl group of 1 to-
: 25 5 carbon atoms;



“each hydrogen. O these, preferred is the nonconjugated triene represented
by ‘the following fornmula (Ic), and the constituent units fromthe

s nonconj ugated triene represented 10 by the following forrmula [err]; [err]

~20 (lc) wherein f is an integer of 0 to 5; gis an integer of 1 to 6; Ri,
R2, R5, R6 and R7 are each hydrogen or an alkyl group of 1 to 5 carbon

}atons R8 is an alkyl group of 1 to 5 rbon atons; and [err] is hydrogen

~or an al kyl group of 1 to 25 5 carbon atons; . [err] L [err] wherein f,
g, [err] and [err] to [err] have the sane neanings as 10 described in the
i formula (lIc). In a still further preferred enbodi nent of the unsaturated

w.copol yner of ethylene according to the invention, [err] and [err] in the

fornulas [err] and (Ilc)
———GH C-CH$—

l

CHg-C-(CRYR2) .- (cR5R®) -cR7=cRr8R?
- i

- 3 CH(CHg)

(IIc)

wherein £, g, R!, R? and RS to R? have the same meanings as
| 10-- described in the formula (Ic).

In a still further preferred embodiment of the
L; - unsaturated copolymer of ethylene according to the
invention, R%, ﬁ?,-Rﬁ and R® in the formulas (Ic) and (IIc)
‘are each hydrogen. | | |
L 15 :' In a Stili fur£her:preferrediembodiment 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)

20 in (a) 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

L; " copolymerizing:

25 (i) ethylene,

s (ii) an o-olefin of 3 to 20 carbon atoms, and



—are each hydrogen. 15 In a still further preferred enbodi nent of the
.unsaturated ethylene copolyner according to the invention, the total nunber
of the hydrogen atoms directly bonded to the carbon atons adjacent.to al

“the car bon-t o-carbon doubl e bonds in the nonconjugated triene or tetraene

(i) 20 in (A is 9to 33, preferably 12 to 33, nore preferably 14 to

i 33. The process for preparing an unsalfgaled copol yner of ethyl ene

-accordlng to the present invention conpfises capol yneri zing: 25 (1)
~ethylene, (ii) an [err% olefin of 3 to 20 carbon atonms, and (iii) at
' | east one stralght(éhé naBrlﬁﬁﬁﬁuﬁﬂﬁi%ﬂﬁﬁ%?hﬁoﬁﬁéﬁPuﬁétéﬂaﬂﬁh%%ec%ﬁlﬁetraene

vhaV|ng one vin rqu t he. nol ecule; in th presence of a_ catal
forned 11om anbPaRBIUBaHeg CRLTRR CormRrRAFeaavin oo PGanEaT T FERHR cifbound
1 and/ or an IOﬂIEgd Qecglgonpound to obtain an unsat ur at ed copol yner

;..

in the presence of a catalyst formed from a transition

metal compound, and an organoaluminum compound and/or an

[
1%

ionized ionic compound, to obtain an unsaturated copolymer

‘ __.._

},

~of ethylene characterized in that:

i ' (A) said copolymer is a random copolymer of:

H
— .

(i). ethylene,

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

| (iii) at least one straight chain or.branched
L chain nonconjugated triene or tetraene having one vinyl
group in the molecule;
. ' ' (B) .s§id'copolymer'comprises:
S 15 ) () chstituent units from ethylené in . amounts
' 0f 30 to 92 % by -mol, |
(i) constituenﬁ units from the o-olefin of 3 to
: | : 20 c5rBon atoms in amounts of 6 to 50.% by mol, : -
— S . (iii).consﬁituent units from the nohconjugated
20" 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
L 3 to 20 carbon atoms (ii) is in the range of 40/60 to 92/8;
| 25 and

= (C) said copolymer has an intrinsic viscosity M), as
» measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

e



of ethylene characterized in that: (A) said copolynmer is a random copol yner
.of: (i). ethylene, 10 (ii) an [err]-olefin of 3 to 20 carbon
ratonms, and (iii) at |least one straight chain or branched chain

“fonconj ugated triene or tetraene having one vinyl group in the nol ecul e;
(B) said copolyner conprises: 15 _ (i) <constituent units from
et hyl ene in amounts of 30 to 92 96byIT§, (ii) constituent units fromthe
“a-olefin of 3 to 20 carbon atons in arbunts of 6 to 70 %by nmol, (iii)
constituent units fromthe nonconjugated 20 triene or tetraene in anounts
;of 0.1 to 30 % by Edla prefgieed (SMPOHMeatacts AheoPHPCERE EORRIIRAMANINI t S
dromethylene (i) to the constituent units fromthe a-olefin of 3 to 20

carbon atoms £Pi YRFILPRREER] FORRYYNT AY 6§h¥dene/ 8SCoEAING kP (e saj d

i C I r has.an iptrinsjc vi i rrl.o. red in calin at
| COPOTYTTE as:a { Sﬁﬁe ngﬁégthﬁ %d ktlggenggsgetraene 11i) 1in

‘[err], of 0.05°Y8™1d°%/

(A) is a nonconjugated triene or tetraene in which one
5 S straight chain or branched chain hydrocarbon group other

than vinyl group and two hydrogen atoms are bonded to the

o

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

! - 10 straight.chain_or branched chain hydrocarbon group and two

hydrogém atoms are bonded to a carbon atom adjacent to a

-

carbon atom ‘contained in the main chain of the copolymer.

In a more preferred embodiment of the process for

- _ T preparing an'unsaturated~copolymef of'ethyiene'according to

15. the invention,'the'ndnconjugated triene16r=tetraene (iii)..
-iﬁj(ﬁ)'is represented by the above formula (H-1), and the

. - | constitﬁent units from the nonconjugated'triene or tetraene

{iii) in. (B) are.represented by the above formela (H-2) . oo

— - . 7 - In one of more pfeferred embodiments of the process

‘ " . 20 for preparinéien unsaturated copolymer of ethylene

according to the inventiee, the nonconjugated triene or

5 tetraene (iii) in fA) is represented by the above formula

. (Ia), and the constituent units from the nonconjugated

L triene or tetraene (iii) in (B) are represented by the

25- 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



~13 In a preferred enbodi nent of the process for preparing an unsaturated

. copol ynmer of ethylene according to the invention, the nonconjugated triene

.or tetraene (iii) in (A is a nonconjugated triene or tetraene in which one
~5 straight chain or branched chain hydrocarbon group  other than vinyl group
and two hydrogen atons are bonded to the carbon atom adjacent to the vinyl
1group and the constituent units derived fromthe nonconjugated triene or
tetraene (iii) in (B) are constituent units in which one 10 straight.chain

or branched chai n hydrocarbon group and two hydroger atons are bonded to a
car bon aton1a&F&€éH%nﬁot8 E%?bbﬂV%HEﬁﬁQﬂmﬂﬁ% NQ&CPHJPHétﬁﬁlﬁrtﬁ%?nOBf t he

| | f d f th
PR L R B Rl o e b 0 DYy RS, Abghe [EREmere.
| ‘nonconj ugat ed (Efozg”?ﬂgrtfxgt Qr‘?&_engdéﬂt) -url 'Es( '%X:o Sthgphgﬁégﬁgg%%é/?&he above

[ formul a (H1), cons Itue units e nonconj ugat ri ene or

“tetraene (iii ﬁr&QnEBbraﬁétfg&'i@S@ﬁﬁd iy (tshe a%b:oxf@pisegaytéd(twahel n one of
- nmore preferred enbodi nents of the process 20 for preparing an unsaturated

Q_COpol ymer f abBykeperaater ¢ing ; pidfedabignthennohbeniogaesd uget esernd i ene
o (iii) in (A) is represented by the above-formula (Ib'), and

L the constituent units from the nonconjugated tetraene (iii)

in. (B) are represented by the above formula (IIb'), and

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

10 (1b') and (IIb') are each hydrogen.

o In a still further preferred embodiment of the process

LU _For preparing an unsaturated copolymer of ethylene
accérding'to the invention, the nonconjugated triene or

L‘-,_:l,’ tetraene (iii) in (A) is represented by the above formula

15"_(I¢), and the constituent units from the nonconjugated
-ﬁriene.or tetraene (iii) in (B) are represented by the
above formula (IIc),. and deéirably R!, R?, R® and Rf in the
e formulas (Ic) and (IIc) are each hydrogen. o "tf -
L N In a still. further preferred embodiment of the ﬁrocéss
20 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,
25 preferably 12 to 33, more preferably 14 to 33.

— The rubber composition according to the present

invention comprises:

I



4
I
i

‘are represented by the 25 above formula (Il1a), and desirably [err]

Herr]

“tetraene (iii) in (A is represented by the above formula (la), and the

constituent units fromthe nonconjugated triene or tetraene (iii) in (B)

and

in the formulas (la) and (kla) are each hydrogen. In.another nore

preferred enbodi nent of the process for preparing an unsaturated copol yner

, of ethyl ene _
Ltetraene (iii) in (A is represented the above formula (1b), and the

constituent units fromthe nonconjugated triené or tetraene (iii)

14 according to the invention, the nonconjugated triene

or

in (B)

»are represent ed bythbBeubsatboxeed oropdlyn(dd W, epheflenabhy tbscnibednj ugat ed
i tetraene (iii) in (A is represented by the above-formula (Ib'), and the

constituent uAbP¥etranft he nonconjugated tetraene (iii) in (B) are
. represented by the above formula (11b'), and particularly %err] and [err]

'in the formulas (IB¥, 1€p§5)ongocomqqqut;ﬁﬁ}%FFPS frﬁWEtEﬁC

.-unsaturated c8

3}
—

.

-

“still further

5

10

‘15

20

25

ohyer Hyn.
referre odi of the process for preparing an
§8P§ﬁeﬁagf gg hy#R e

(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 weathering 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

In a



according to the invention, the nonconjugated triene or tetraene (iii)- in
(A) is represented by the above formula.15 (lc), and the constituent units
.fromthe nonconjugated triene or tetraene (iii) in (B) are represented by
“the above formula (Ilc), and desirably [err] and [err] in the fornulas
(Ic) and (llc) are each hydrogen. In a still further preferred enbodi nent
tof the process 20 for preparing an urs@&turated copol yner of ethyl ene
-according to the invention, the total nunber of £he hydrogen atons directly
bonded to the rb | acent (A car xfQ-C n_doubl e
ibonds in the ngﬁgoﬁ?tﬁgg?gg ??#le%rge oargc?ettaérégg%él e( iglgle) gloﬁg?%sngf SQ%P %)red(g,%ézS
Lpreferably 12 hg 3§olggﬁg"p[eferably 14 to 33. The rubber conposition

according to the present invention conprises: L
i 15 the unsaturat ed Egpop¥yesrodftisd hytehefias desior idfed aboge, casainon adt dreast

. one conponent selected fromthe follow ng agents (a), (b) and_(c):
include propylene, l-butene, l-pentene, l-hexene, 3-methyl-

P S 1-butene, 3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-
l-pentene, 4-methyl-l-hexene, 4,4-dimethyl-l-hexene, 4,4-

3 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

i 10 propylene, l-butene, l-hexene and l-octene. These -

(.

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

- kinds.

L

: In the present invention, the nonconjugated triene or

?315 tetraene (iii) in (&) is a_hydrocarbon-compound; The tatal

15 numbé; Qf.cafbon atoms of the hyd;ocarboh compound (in case
.of two or more-cdmpouﬁds{ aﬁ average of carbon atoms

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

B
" | 9 to 30, more preferably 10 to 25, pa:ticularly preferably
;; - . “. 10 to 22. .These compounds having the total number of

20 _carboﬁ.atomé within the above range'haﬁe advantages, e.g.,
- good handleability due to their ease of purification. The
; _term "triene"™ means a compound (hydrocarbon compound)
fﬁ having three carbon—to—carboﬁ double bonds (C=C), and the
L, term "“tetraene" means a compound (hydrocarbon compound)
; _ 25 having four carbon-to-carbon double bonds. The carbon-to-
- carbon double bonds include the carbon-to-carbon double
| bond of the vinyl graup_(CH2=CH—).
L =
?
-



-5 (a) a reinforcing agent in an anount of not nore than 300 parts by
- wei ght based on 100 parts by weight of the unsaturated ethyl ene copol yner,
' (b) a .softening agent in an anount of not nore than 200 parts by wei ght
“based on 100 parts by weight of the 10 unsaturated ethyl ene copol yner, and
(c) a vulcanizing agent. The rubber conposition according to the invention
‘is excellent in weathering resi stance,j-heat resistance and ozone
—resistance, and has a high vul canizing rate. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The unsat urated copol ynmer of ethylene and the process for
. preparing said cop'B‘P?n%?n%%H%Qﬂtlﬂji & ieRe PRVEREF 3R Hl’de ides@®i &S in

i L detail herelnaﬁtegln %#? u _EHcepQLy£§£ 21 &t erne The unsat urat ed
copol yrer acc% qin e |n ift 17on a ran n1copo|yner of : (i)

. et hyl ene, lsP k&S (o] a 0 (i)

_at | east one strai g (% %al n %ﬁga[)treé}(r)\chlggcehéfnt%gﬁ%%rl\?ug% edaittnr ir@r%e%%%

tetraene haviog.o0e Vh "Whe X4 df triene) or four (in the case of
5 tetraene) carbon-to-carbon double bonds (C=C), inclusive of
the vinyl group. There is no specific limitation on the
b 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
.10  or tetraene (iii), Sut it is preferably 9 to 33, more

preferably 12 to 33, particularly preferably 14 to 33.

These 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.
15 " In the inVentien; preferred is a nonconjugated triene
| or.tetraene in whieh a methylene group (-CHp-) is bonded to
I o - the vinyl group. 'When two or more of the nonconjugated
_ trienes or tetraenes are used, the number-of hydrogen atoms .= -
Pl - . - is expressed by.an_aveiage of the hydrogen atoms thereof.

20 .  The number of hydrogen atoms is now described in more

detail.

For example, in the following compound, the earbon-to—

=

carbon double bonds are present at the positions of 1-2

cafbons (of vinyl group), 4-5 carbons, 12-14 carbons and

[

25 16-17 carbons, and the carbons adjacent to the carbon-to-
- ‘carbon 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



—16 the nolecule (triene and tetraene are sonetines referred to as
"pol yene"). Exanples of the [err]-olefins (ii) of 3 to 20 carbon atons
. 1 nclude propyl ene, 1-butene, 1-pentene, 1-hexene, 3-nethyl- 5 1- but ene,
—3-net hyl -1-pentene, 3-ethyl-1-pentene, 4-nethyl- 1-pentene,
4- et hyl -1 - hexene, 4, 4-di net hyl - 1- hexene, 4, 4- di net hyl - 1- pent ene,
- "4-ethyl -1- hexene, 3-ethyl-1-hexene, 1ygoctene, 1-decene, 1-dodecene,
. 1-tetradecene, 1-hexadecene, 1-octadecene and 4-eicosene. O these,
preferred are 10 propyl ene, 1-butene, 1-hexene and 1-octene. These a-
. ol efins may BECHRSe@dIrRENY BP_Fﬂec%ﬁﬁFQERWQﬁF%ﬁEQﬁJ§°8PYﬁDP8n?fnﬁ@?uT5sthe
|_present invention, the nonconjpugated triene gr tetr ibi),.iHm (A is a
hydr ocar bon ESnEguﬁé.?c?ﬁ °Po§§|§1§ (FRIsaH f+62ré§§9§?éng$o¥ ?he
. _hydrocar bon d,gin.case.of, I O € GRMHRAUAYS, +aD EFBES D)
. carbon atonsq?%ggggf}§?5+ngt?gpec% ié%lly Ii%ited, but it is preferably 9.
—to 30, nore preggrably 10 to 25, particularly preferably 10 to 22. These
conmpounds having the total nunber of

5

10

In the following compound (5-ethylidene-2-norbornene)
é— wﬁich is used in the Comparative Examples déscribed latef,
| 15 the carbon-to-carbon double bonds areipresent_at the |
positions of 2-3 carbonS'and-S-B'carbohs, and the carbons
{ , k-'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
20' atoms adjaceht to the carbon-to-carbon.double bonds amounts -
- to 7 [1 (carbon 1) + 1 (carbon 45 + 2 (carbon 6) + 3
{carbon 9) = 7).
///,C5H13
H

25




~20 carbon_atons wthin the above range have advantages, e.g., good

. handl eability due to their ease of purification. The term"triene" nmeans a

- conmpound (hydrocarbon conpound) having three carbon-to-carbon doubl e bonds

—(C=C), and the term"tetraene" neans a conpound (hydrocarbon conpound) 25
havi ng four carbon-to-carbon double bonds. The carbon-to- carbon double

. bonds include the carbon-to-carbon doyyl e bond of the vinyl group [err] L

.17 The nonconjugated triene or tetraene (iii) i4n (A) has one vinyl group

(CH2=CH) in the nol ecul e. The nonconjugated triene or tetraene (iij) in
- (A) has three (inIthé&hgapEesent 1R HINF Sl 1EAFTt RBecEE2B9DE ChRaMY gene)

._carbon-to-carbon doubl e bonds (C=Q)..inclusive of the vjnyl group. There is
no specificIqr'qﬁiﬁééégoﬁgﬁﬁg 8 %%ﬁﬂﬁﬁ§§¥f5flﬁﬂg ﬁ§dF8§E%e%%dWEP&F?ectly

. bonded to th d %{bon atons adjacent to all the carbon-to-carbon doubl e

- bonds containéd 1’'n the nol ecul e of the nonconjugated triene 10 or tetraene

T(iii), but it is phefeoABbYi8ghPed3 riBHE or tetraene (iii) is

S5 preferably represented by the following formula (H-1):

_ R 1 RS
10 HZc=CH~cH2_—(ﬁ);——(-c);—(cp.3=CR4');—ec)—g—cri7=CR-3_Rg
— - [ I

CH
| R2 . " : Rs-

CHg

15 | | o (H-1)
.wherein p and q are each 0 or 1, w;ith the proviso that each
of p and q is notjo at the same time; f is.éh integer of 0
-to'S;"with_the p;oviso'that whén P and-élare‘eaqh 1, £.is I
o - - . not 0; gis an integer of 1 to 6; Rl, RZ., R3, R4,. R53, R6 and
20 R? are each liydrogen or an alkyl group of 1 to 5 carbon
atoms; R® is an alkyl group of 1 to S carb_'on atons; ar;d 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
| 25 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, R9 is hydrogen or an alkyl group of 1 to

5 carbon atoms.



“preferably 12 to 33, particularly preferably 14 to 33. These conpounds
havi ng the total nunber of hydrogen atons within the above range are

.preferred fromthe view point of obtaining copolynmers having a high

—vul cani zation rate. 15 In the invention, preferred is a nonconjugated
_triene or tetraene in which a nmethylene group [err] is bonded to the vinyl

" group. Wien two or nore of the nonconjygated trienes or tetraenes are used,

«~t he nunber of hydrogen atonB is expressed by an._average of the hydrogen
atons thereof. 20 he nunmber of hydrogen atons is now described in
' nore detail. For eRanphe, nPﬂC?%épg%ﬂqQMﬁﬁﬁ?“@@nﬁéuﬁ&trﬁﬁéeéaF%Bﬁe%%Dt%%rbon

..doubl e bond t at f f

45 carbons, 3. SHeCBPBBALE o 51?"55%? BB At R aRRPERSEEF b s a0] acent
e oot 1113, 45 and
8 ar bor OnFr enégr ?8” gygér?are easre%tﬁgige%) QI.l?l‘l(?,‘l’(i‘ %;%S %ﬁa} & o

5 . 18 (carbons o nc

~nunber of the (BB, Og@gog{ﬁnﬁ%onﬂgﬁ%é&& h®15RhRON D), 1§o§é0ﬂ§eﬂgﬂ:f&?m to

 the carbon-to- carbon nount S
L 5 are the tetraene (Ib') and the triene (Ic).

Details of these preferred nonconjugated triene or

— tetraene (iii) are described below in order.

- ) < . R n

10 The preferred nonconjugated. triene or tetraene (iii)
among the above compounds (H-1) is a straight chain triene
or tetraene (sometimes referred to as "straight chain

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

15

B Rl RS

L H2C—CH-+CH2‘€C12 CR3—CR4—€%9~CR7—CRBRQ
_ .sz ng _
. 20

- - o (1a)

i_ This nonconjugated triene or tetraene (Ia) is a

’ nonconjugated triene or tetraene of the above formula (H-1)
L: wherein p is O; g is 1; £ is an integer of 0 to 5; and g is

2S5 an integer of 1 to 6; and R! to R? 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



“to 16 (2 (carbon 3) + 3 (carbon 6) + 2 (carbon 7) + 2 (carbon 11) + 3

~carbon 13) + 2 (carbon 15) + 2 (carbon 18) = 16) 5 [err] 10 In the

~foll owi ng conpound (5-ethylidene-2-norbornene) which is used in the
—Conpar ati ve Exanpl es described later, 15 the carbon-to-carbon doubl e bonds
are present at the positions of 2-3 carbons and 5-8 carbons, and the

. carbons adj acent to the carbon-to-carbpp double bonds are those of 1, 4, 6

~and 9 (carbon 7 is not included).. Therefore, the total nunber of the

hydrogen atons bonded to the carbon 20 ataons égjacent to the
- car bon- t o- car BEATAGEBI X bR AR Eb IR @57 1 £O( daFBBROR) 24°MS car bon 4) + 2

. b 6) + 3 b = . 9 t t i ] t
| ast one st r BRGFLCERAFIY P B SFRASH RohaRhy ionc8t Badiet Ao AL 5388 aene
may be Preferably, R’ is hydrogen or an alkyl group of 1 to 5

B carbon atoms, more preferably hydrogen or an alkyl group or
S5 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,
{ 10 preferably 1 to 3 carbon atoms, or a'group represented by
_. ‘the formula ~{CHp) ,-CR19=CR11R12, where n is an integer of 1
| o ' 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
T R2 is an alkyl group of 1 to 5, preferably 1 to 3 carbon
1S atoms. |
| Examples.ef the alkyl groups of 1 to § carbon atpms in
the:formula (Ia) include.ﬁethyl, ethyl, n-probyl, i-propyl,
n-butyl, i-butyl, sec-butyl, t-butyl and pentyl. - : .
Listed below are examples of the straigﬁe ehain '
20 trienes or teteaenes (iii), and preferably used are 6,10-
- dimethyl-1, 5, 9-undecatriene (DMUT), 5,9-dimethyl-1,4,8-
decatriene (DMDT) and the compounds (17), (26), (58) and

(78) .



—

used. The nonconjugated triene or tetraene (iii) is 5 preferably
represented by the followng formula (H1):.[err] 15 .
(H1) wherein p and q are each 0 or 1, with the proviso that each of p and
gis not O at the same-tine; f is.an integer of 0O to 5 wth the proviso
that when p and q are each 1, f.is not 0; gis an integer of 1 to 6; [err]
and 20 R7 are each hydrogen or an 2%I group of 1 to 5 carbon atons; RS
is an al kyl group of 1 to 5 carbon at ; and [err] is hydrogen, an al kyl
group of 1 to 5 carbon atons or a group represénted by the fornula [err]

- where n is an integan-ofinkthgl5]l, bebrindacaferere atBdch hydrogen or 25

[

an al kyl group of 1 to 5 carbon atons, and R12 is an al kyl group of 1 to 5
carbon atons, with the proviso that when p and q are each 1, RO is hydrogen
or an al kyl group of 1 to 5 carbon atons. 20 O the nonconj ugat ed
trienes or tetraenes represented

4 8 10
1 3 S 7 g 11



by the formula (H1), preferred are the nonconjugated trienes or tetraenes
represented by the formulas (la) and (Ib). O the nonconjugated pol yene

. (I'b), nmore preferred 5 are the tetraene (Ib') and the triene (Ic). Details

_of t.hese preferred nonconjugated triene or tetraene (iii) are described
bel ow i n order. Noncon-jugated triene or tetraene (la) 10 The

- preferred nonconjugated triene or tetgsene (ii1) anong the above conpounds

. (H12) is a straight chain triene or t€traene (sonetimes referred to as

—"straight chain polyene") represented by the following formula (la). 15

_[err] 20 (la) This nonconjugated triene or tetraene (la) is a nonconjugated

i triene or tetraene of the above formula (H 1) wherein pis 0; qis 1; f is

—an integer of 0 to 5; and g is 25 an integer of 1 to 6; and RL to RO have

t he meani ngs_as defined above. Preferably, o[err] and [err]

hydrogen or an al kyl group of 1 to 5 carbon atons, nor




—21 hydrogen or an alkyl group of 1 to 3 carbon atons, particularly
preferably [err] and [err] are each hydrogen. Preferably, R7 is hydrogen or
. an al kyl group of 1 to 5 carbon atons, nore preferably hydrogen or an al kyl
.group or 51 to 3 carbon atons. Preferably, R8 is an alkyl group of 1 to 5
carbon atons, nore preferably an al kyl group of 1 to 3 carbon atons.
Preferably, R9 is hydrogen, an al kyl oup of 1 to 5 10 preferably 1 to 3
._carbon atons, or a group represented the forrmula [err] where n is an
integer of 1 to 5, preferably 1 to 3; [err] and [err] are each hydrogen or
~an alkyl group of 1 to 5, preferably 1 to 3 carbon atons; and R12 is an
__alkyl group of 1 to 5, preferably 1 to 3 carbon 15 atons. Exanpl es of the
“alkyl groups of 1 to 5 carbon atons in the fornula (la) include nethyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butys, sec-butyl, but'yl and pentyl.
Listed belbW are exanpl ( ralght chain 20 tetraenes
‘“(|||) and preferably

18




—di met hyl -1, 5, 9-undecatri ene (DMJT), 5,9-dinethyl-1,4,8- decatriene (DVDT)
and the conpounds (17), (26), (58) and (78). 22

, 6,10-Di nethyl -1,5, 9-undecatriene (DWMJT) [err] 5,

—9-Dinethyl-1,4,8-decatriene (DVDT) [err] 23 [err] 24 19

25

28

217 . | =<

\_/




~25 [err] 26 39 4 1 4 3 [err] 47 27 [err] 57 2858




'?__'59'60[err] 6 5 29 66 67 [err] 6 9 70 71 L 30 [err] 81

27




—31 [err] 32 [err] 33 These conpounds are used singly or in
conbi nation of two or nore kinds. The straight chain triene or tetraene
i (iii) can be prepared by, for exanple, a conventionally known process. 5
‘.For exanple, a vinyl group-contai-ning halide (e.g., allyl halide or vinyl
halide) .is reacted with netallic My to prepare a Gignard_reagent (e.g.,
i allyl-MgX or vinyl- MgX). This Gignard reagent is then reacted with a
._hal ogenat ed product of nonconjugated dRibl e bond- cont ai ni ng 10 st rai ght
chain hydrocarbon (e.g., geranyl halide) by freé radical reaction, so as to
. prepare the straight chain '

s

58

58

80

61

62

6 3

64




pol yene (iii). Nonconjuagated triene or tetraene (lb) 15 The
preferred nonconjugated triene or tetraene (iii) anong the above conpound
(H1) is a branched chain triene or tetraene represented by the follow ng
formula (Ib) (sonetinmes referred to as branched chain polyene). 20 [err] 25
(Ib) This nonconjugated triene or tetraene (Ib) is a nonconjugated triene
lor tetragne of the above fornmula (H 1) 34 wherein pis'l, qis 0; f is
‘an integer of 0 to 5, g is an integer 8P 1 to 6; and Rl to RO have the
meani ngs as defined above. Preferably, [err] and@ [err] are each hydrogen or
=5 an al kyl group of 1 to 5 carbon atons, preferably hydrogen or an al kyl
group of 1 to 3 carbon atons. Particularly preferably, RlL, R2, R5 and R6

“are-aLI hydr ogen.

1
i

68

§
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—Preferably, [err] is an alkyl group of 1 to 5, preferably 1 to 3 carbon
atons. 10 Preferably, [err] is hydrogen, an al kyl group of 1 to 5,

» preferably 1 to 3 carbon atons, or a group represented by the fornula [err]

L. wWhere nis an integer of 1 to 5, preferably 1 to 3; [err] is hydrogen or an
al kyl group of 1 to 5 carbon atons, preferably 1 to 3; [err] is hydrogen 15

; or an alkyl of 1 to 5 preferably 1t @ carbon atons; and [err] is an

{ ‘alkyl group of 1 to 5, preferably 1 to carbon_atons. Mst preferred as
RO is an al kyl group of the above-nentioned carbon atons. - - O

. the nonconjugated trienes or tetraenes (Ib), 20 preferably used are the

: ‘nonconj ugatd trienes of the formula (lc) or the nonconjugated tetraenes of

~the formula [err] particularly preferably the compound of the fornula (tb),
wherein [err] and [err] are each hydrogen, [that is, a nonconjugated triene

. represented by the follow ng formula 25 | b-1) (branched ghgin triene) or

—a nonconj ugat ed e Lyow ng formul'a®(1b'")

~ (branched chai The nonconjugated triene (Ib-1) is especially

. preferred.

lh—l‘
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=35 [err] [err] wherein [err] g and [err] and [err] have the sanme meani ngs
as described in the fornmula (Ib), and preferred ones are the 10 sane as

; above. Exanples of the branched chain polyenes (iii) (Ib-1) include the

i foll ow ng conpounds (1) to (24), and of the conpounds, preferably used are
t he conpounds (5), (6), (9), (11), (14), (19) and (20). (1)
. 4- Et hyl i dene-1, 6-oct adi ene, (2) 7- N@t | - 4-et hyl i dene-1, 6-oct adi ene, (3)

t _7- Met hyl™- 4- et hyl i dene- 1, 6- nonadi ene, Zg

" 7-Et.hyl - 4- et hyl i dene- 1, 6- nonadi ene, 20 (5)
. 6, 7-Di net hyl - 4- et hyi dene- 1, 6- oct adi ene, (6) '
. 6, 7-Di met hyl - 4- et hyl i dene- 1, 6- nonadi ene, (7) 4-Ethylidene-1, 6-decadi ene,
“(8) 7- Met hyl - 4- et hyl i dene- 1, 6- decadi ene, (9)
7- Met-hyl - 6- propyl - 4- et hyl i dene>1, 6- oct adi eae, 25 (10)
! 4-Et hyl i dene- 1, 7-nonadi ene, (f11) 8- Met hylf 4-et hyl i dene-1, 7- nonadi ene (EWN),
L(12) 4- [ ' /// 82 -
L
L 83
B
; - 84
=
8.5
‘88
I
.
L
L'
Lf
B
L) -
L
L
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—(13) 8-Methyl-4-ethylidene-1,7-undecadi ene, 36 (14)
~7,8-Dinethyl -4-ethylidene-1, 7-nonadi ene, (15)

7, 8-Di met hyl - 4- et hyl i dene- 1, 7- decadi ene, (16)

7, 8- Di net hyl - 4- et hyl i dene- 1, 7- undecadi ene, (17) .

8- Met hyl - 7- et hyl - 4- et hyl i dene- 1, 7- undecadi ene, 5 (18)
7

9-

8,

(,

, 8-Di et hyl - 4-et hyl i dene- 1, 7- decadi ene,7 (19)
Met hyl - 4- et hyl i dene- 1, 8- decadi ene, (20) -
9- Di net hyl - 4- et hyl i dene-1, 8-decadi ene, (21)

i 10- Met hyl - 4-et hyl i dene- 1, 9-undecadi ene, (22.)

. 9, 10-Di net hyl - 4-et hylidene-1, 9-undecadi ene, 10 ' (23)

11- Met hyl - 4- et hyI i dene-1, 10- dodecadi ene, and (24) .
-10, 11- Di et hyl - 4- et hyl i dene- 1, 10- dodecadi ene. The chem cal formulas of the
; .above conpounds (1) to (24) are described bel ow [err]

i
L
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“38 H [err] 39 [err] 40 [err] 41 These conpounds may be used singly
-or in conbination of two or nmore kinds. The branched chain triene or
‘tetraene (Ib-1) used in the invention'may be a mxture of a trans form and

“a cis )

B 33 .

3 “ ' These compounds are used singly or in combination of
- two or more kinds.

i: The straight chain triene or tetraene (iii) can be

; prepared by, for example, a conventionally known process.
L; 5 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-

;E MgX) . This. Grignard reagent is then reacted with a

- halogenated product of nonconjugated double bond-containing
-i; -n10 'étraight_éhain-hydrocarbon (e.g., geranyl halide) by free.
- radical reaction, so as to prepare the straighE'chain

L polyene (iii).

=~L;~' .' Nonconjugated triene or tetraene (Ib)

1; 15 . The preferred nonconjugated triene or tetraene (iii)

. | among ﬁhe above compound' (H-1) is a branched chain triene
EJ: or tetraene ;epresented_by the'foliowing formula (Ib)

i' . (sometimes referred to a# branched chain polyene). S
L 20

—~ .

y | H2c=CH-CH2-[c[—'(cnlnz)f-(cnsns)g—cn7=cnsl?.9
o

: CH (CHg )

L

- 25

~ (Ib)

L; This nonconjuq?ted triene or tetraene (Ib) is a

- nonconjugated trieﬁ; or tetraene of the above formula (H-1)
i; .



5 form or may be a trans formor a cis formalone. The branched chain
stri.ene (iii)(Ib) can be prepared, for exanple, in accordance with the
'process described in Japanese Patent Application No. 154952/1995 by the
‘present inventor. 10 That is, a conpound having conjugated di ene and
represented by the following formula .(l-a) is reacted wwth ethylene in the
tpresence of a catalyst formed from a. t§§£sition netal conpound and an

ter ganoal umi num conpound: 15 [err] (I-a) ereinf is an integer of 0 to 5;
gis an integer of 1 to 6; [err] is an alkyl group of 1 to 5 carbon atons,
rand R7 and 25 whRBedime pedshliindepentent |is ardriogegear odnOakRyb: ggolp af 1
ito 5 carbon atons. 42 Details of the progess for preparing the branched
chai n pol yene ré¥egeantodd 1ot Re FBANRT £9 RS- PRVEr BEcBeRRIRGS (31 er .

defined above.

U
| Preferably, R!, R%?, RS, R® and R’ are each hydrogen or
LJ S 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
hf 1 to 3 carbon atoms. )

E: ) 10 . Preferably, R? is hydrogen, an alkyl group of lnto 5,

= preferably 1 to 3 carbon atoms, or a group represented by

L the for;-mula.- —(CH,) ,~CRY0=CR!1R}2, where n is an integer of 1
i. | to 5, preferably 1 t9.3;.R}° is hydrogen or an alkyl group
Li of 1 to 5 carbon atoms, preferably 1 to 3; Rﬁllis_hydrogen
E; - 15 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

ig' étpms. Most préferred as R? is an élkyl group of the

| _above—mentionedrcarbon atoms. : _ .
. ; ; Of thé nonConjugéted trienes or .tetraenes (Ib), |
;l_ 20  preferably used are the nonconjugatéd trienes of the

Lﬁ formula (Ic) or the nonconjugated tetraenes of the formula
i; (Ib'), p@rticularly preferably the compound of the formula
K (Ib), wherein R!, R?, R5 and R® are each hydrogen, that is,
L a nonconjugated triene'represented by the following formula
;. 25 (Ib-1) (branched chain triene) or a nonconjugated tetraene
= represented by the following formula (Ib') (branched chain
i; tetraene). The noncénjugated triene (Ib~1) is especially

‘ preferred. -

{;



7Anong t he nonconj ugat ed polyene (Ib), nore preferred 5 is a conpound
.-represented by the followwing formula (Ib): [err] 15 (Ib") wherein f, g, n,
'[err] and [err] to [err] and [err] to [err] have the meani ngs described in
‘Mhe formula. (Ib), and preferred.ones are the sane as above. 20

Nanely, this nonconjugated tetraene (branched chain tetraene) is the
iconpound of the formula (Ib) wherein RO is particularly a group represented
by the aforesaid fornula [err] wherei®dn, [err] and [err] are the sanme as
those in the formula (Ib). Enployable as the commpound 25 (I'b) are for
sexanpl e, the follow ng conpounds (1) to (154), and of the conpounds,
Joreferably used is 4- ethylidene-8,12-dinethyl-1,7,11-tridecatriene (EDT

t he conpound 47). 43 CHCHJerr]

b H2C=CH-CH2WT(CH2)f-(CHz)g—CRT=CRSRg

; CH (C}i3 )

- s

!

- ' {Ib-1)

L: wherein £, g and R7, R® and R? have the same meanings as

described in the formula (Ib), and preferréd ones are the

S 10 same as above.

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

j' | compound;, preferably used are.the compounds (5), (6), (9),
N @1, (14), (19) and (20). | o

L 15

: - (1) 4fEthyiidene-1,6—octadiene,
‘iJ : }_ (@) 7~-Methyl—-4-ethylidene-1, 6-octadiene,

(;. .; (3):- 7—M€thy}-4—ethy;idehe-1,6—nonadiéne, _'-' .
= T (4) 7-Ethyl-4-ethylidene-1,6-nonadiene, '

L; 20 (5) 6;7;Dimethyl—4-ethy;idene;l,6-oc£adiene,

. | (6) 6,7-Dimethyl-4-ethylidene-1, 6-nonadiene,

Lf (7) 4-Ethylidene-1, 6~decadiene,

| (8) 7-Methyl—4-ethylidene-1,6—decadieﬁe,

- (9) 7-Methyl-6-propyl-4-ethylidene-1,6-octadiene,

j % 25 "~ (10) 4-Ethylidene-1, 7-nonadiene,

%f (11) B8-Methyl-4-ethylidene-1, 7-nonadiene (EMN),

if (12) 4—Ethyliggne—l,7—undecadiené,

w 13) 8—Methyl-4-ethylidene—l,7¥undecadiene,

L



10

(14)
(13)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)

46 CHCH CH- : CHIJerr] 47 [err]

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.



-48 [err]
[err]

L_ .

RN

49 50 [ )
52 [erherr] Lerr] >L L
37 _
H
_ ya
H2C=CH7CH2—C—CH2—CH=C : (1)
Il AN
CH (CHw CHs
CHs
. / .
HzC'—?CH—CHz—ﬁ—CHz—CH=C (2)
) - )
CH (CH2 - CHs
CHs
_ 4
H2C=CH—CH2—C—CH2—CH=C (3)
: {l S AN
. CH (CHz3 Cz2Hs
. C2Hs
: , . : / .
Hz‘C=CH—C_Hz—ﬁ—_CHz—CH-=C\ : @)

CH (CHD .  Cafls™~

C.H3
| | o

HzC=CH—CHz—ﬁ-—CHz—C (CH2 =.c\ (5)

CH (CH? ‘ CHs

CH:z
- | /
H,C=CH-CHs—C—CH2—C (CHa = N (6)
I :
“CH (CH9 C2Hs



53 [err]

54 [err] 55 [err] 56 [err]

38

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
HiC=CH-CHrC-CH:ICHCH=C_ . (0) |
CH (CH2 CH3 '

. -C.Hz ’
/

. H2C=CH—-CH#C~CH2CHz—CH=C (m

£ N\
CH (CH2) g‘ CHs

(2)

|
| ASGSREeER -
LT )
3




!

!-57 [err]

58 [err] 59 [err] 60 [err] L [err]

N

39 =
CHa
- %
HzC-'—:_CH—CHz—ﬁ—CHzCH'z—CH=C (13)
N
CH (CHx)'. CH2CH2CH:
CHs
/.-
HsC= CH—CHz—ﬁ CH2CH2—C (CH =C (14)
N
CH (CHa) : CHs
_ CH:;
/
HaC=CH-CHy=C-CH:CHi=C (CHD =C_ 15)
' CH(CHY - | CaHfs
-/ _ :
HaC= CH- CHz—% CH:CHa—C (CHD =C a6)
_ o N
' CH (CH:) L CHzCHzCHs
. . CHs
S R
.Hzc=CH—c_Hz—lc—c-HzCHz—c (C2Hs ) =C. (17)
l N
CH (CH2 CH:CH2CHs
_ . CzHs
- o /
HzC.=CH—CHz—IC—CHzCHz—C (C2Hs ) =C (18)
[ _ AN
CH (CH2 C2Hs



Terr] 62 [err] 63. These nonconj ugat ed pol yenes may be used alone or in
.conbi nation, for exanple, the branched chain nonconjugated triene (1lc),
-preferably (1b-1) and the branched chai n nonconiugated tetraene (1b'); or
Ythe straight chain 5 nonconjugated triene or tetraene (la) and the
branched chai n polyene (Ib). The structure of the branched chain tetraene
l(Ib ) can be determined by, for exanple, mass spectronmetric analysis or by
wAeasuring infrared absorption spectrunﬂbr proton NVR 10 spectrum The
branched chain tetraene (1b") generally has a géonetrical isoneric
istructure (trans formor cis form. In the invention, the branched chain
.lrlene or tetraene may be a m xture of the above stereoi soners, or may be

any one

DT

L CH;
/
H2C= CH CHz—C—CH2CH2CH2~CH=C (19)
= i N\
‘ CH (CH2) CHa
|
. CH;
— HzC CH- CHZ—? CHzCHzCHz—C (CH:) c\ (20)
?- - - l )
L o CH (CH3) ' , CH3
i; _ | : _ " 'CHas
) ' Ve _
P H.C=CH- CHz—ﬁ CHzCHzCHzCHz—CH c @D
L 2
CH (CH3)  CHs
. ' | . . CHs
o _ / |
L . HsC= CH—CHz—ﬁ CHzCHzCHzCHz—C (CHy = c\ 22)
. - CH(CHd - < ° . CHs . -
*" _ ‘ . : ' o/
. HzC=CH—-CHz—%—CHzCHzCHzCHzCHz—CH=C\ @3
- o CH (CHD CHs
- CEiaf
L Hi:C= CH-—-CHz-—(IZ CHzCHzCHzCHzCHz—-C (CH2) = c\ 9
| CH (CH» CHs



of the stereoi soners. The branched chain tetraene (Ib') can be synthesized
by a simlar process to that of the nonconjugated triene or tetraene (IDb),
which will be described later. In the unsaturated copol yner of ethylene
‘according to. the invention, the-constituent units derived from ethyl ene 20
(i), the a-olefin (ii) and the nonconjugated triene or tetraene (iii)
‘(sonetines referred to as polyene) are ranged at random and bonded to
weach other. Further, the unsaturated co%élyner of ethylene has a branched
structure caused by the nonconjugated triene or tetraene (polyene) 25
i(iii), and its mai n Thaien dompolindsstbgt Batused ysirngiganstihuecbmbeénathah this
icopol ynmer has a substantially linear structure and does not substantially
contain a pol ymsft tofo erogwirienkéddgel structure can be confirned by the fact
ithat ~ 64 L t he copol yner is dissolved in an organic sol vent
\l-eavi ng subst anti al IRpenbriaRsbrdorBadBnbbHeERR . OFdreteaenst dIrh) susad be

confirmed by the fact that the copol r is compl et el i ssolved in Decalin
‘at [err] inythéheiinvent?on may bg ayg?xture of 'a traﬁé orm ang a cis

5 form, or may be a trans form or a cis form alone.

{"

1 The branched chain triene (iii) (Ib) can be prepared,

L for example,'in accordance with the process described in

;; Japanese Patent Application No. 154952/1995 by the present

fF _ inventor. )

i; ) 10 That is, a compound having conjugated diene and

. represented by thé following formula (I-é)lis }eacted with

L: ethylene 'in the presence of a cétalyst formed from a.

j- ' transition metal compound and an_organoaluminum'compound:

. |

= | Hzc=;:-(CH2)f-(cnz)-g'—'cn"f:é_:nsag_

. I -
: - . 'Cfiz

20 -

L

L o (I-a)

- wherein £ is an integer of 0 to 5; g is an inﬁeger of 1 to

L5 6; R? is an alkyl group of 1 to 5 carbon atoms, and R? and

?; 25 Rrs are each independently hydrogen or an alkyl group of 1
| to 5 carbon atoms.

L

-



—5 neasurenent of the intrinsic viscosity [err]. The unsaturated copol yner

. of ethylene according to the invention conprises: the constituent units

" fromethylene (i) in amunts of 30 to 92 % by nol, preferably 40 to 90 % by

—nol, nore 10. preferably 45 to 90 % by nol; the-constituent units fromthe
[err]-olefin of 3 to 20 carbon atons (ii) in anpunts of 6 to 70 % by nol,

: preferably 8 to 60 % by nol, nore preferably 10 to 55 % by nol; and 15
. the constituent units fromthe nonconpidgat ed triene or tetraene
(nonconj ugat ed polyene) (iii) in amounts of 0.T to 30 % by nol, preferably

{70.1 10 20 % by molp iy Qﬁe“t?{ea%'r%cgsg £0: 10- 860y AP lche Wikhchia@ copol yner

cont ai ning the nonconjugated polyene (iii) is wthin the above range, the
20 vul cani zi ggs { Rt Bferdd & drieidlenitea bybbre £ormosd t{Iw+1)s arecr eased and
, the vul cani zed products therefrom have excellent properties. In the

E,unsaturated COPHE yimed dfatairhy| ene, a nolar ratio of the constituent units
~fromthe ethylene (i) to the 25 constituent units fromthe a-olefin of 3
to 20 carbon at onsarfong tret mdreem JGgRtEEr PPlveRE | MK i Moxnes PaB/AEFes 92/ 8,

; preferably 45/55 to 90/10, nore referablg 50/50 to, 88/12.
~ S is a compound represented by the following formula (Ib'):

3
|
=

rR! RS p7y8 glo
L | 10 H, C=CH-CH 4ﬁy—ﬂ;;4%§g=é_+CH2fFé=CR11312
L T ;2 RS
CHg

L_._
N 15

(Ib')

ij . wherein f, g, n, R, RY and RS to R® and R10 to Rlz_have-the
'?? meéninés'described in the formula (Ib), and preferréd.bneé -
- - are the same as above; |

g-, 26 Namely, this nonconjugated tetraene (Sranched chain

Lj | tetraene) is the compound of the formula (Ib) wherein R? is
LQ particularly a group‘represented by the aforesaid formula.
o - (CH,) ,~CR10=CR!1R12, wherein n, R1?, Rl and R!? are the same
-~ as those in the formula (Ib). Employable as tﬁe compound
0 25 (Ib') are for example, the following compounds (1) to

Tq (154), and of the compounds, preferabiy used is 4-

Lj ethylidene-8,12-dimethyl-1,7,11-tridecatriene (EDT, the

; compound 47) .

—



~the aforesaid formula (la),

By the use of the unsaturated copol yner containing the 65 et hyl ene (i)
and the [err]-olefin (ii) within the .above range of nolar ratio, a
conposition excellent in vulcanizing properties and | owtenperature
properties can be obtained. In the unsaturated copol yner of ethylene
according to 5 the invention, when the nonconjugated triene or tetraene
(iii1) in (A is represented by the Qforesaid formula (H 1), the constituent
units~fromthe nonconjugated triene ér tetragne (iii) in (B) substantially
have a structure represented by the follewing formula (H2): 10 [err]

wherein p, q, f, g and [err] to [err] have the sane nmeani ngs as 20
described in the fornula (H1).

In the unsaturated copol yner of ethylene,
when the nonconjugated triene or tetraene (iii) in (A) is represented by

the constituent units fromthe nonconjugated
.~ triene or tetraene (iii) in 25

(B) substantially have a structure
represented by the CHCH.

=CH- -C- ~CH= ~-CH= H
M 4. c=cH-CH: g CH.,-CH=CH-CH,-CH=CHCH:
2

CHCH:

@ H C"CH"’CH:"‘P:"CHz""CH=CH_CHz"CH=C(CH:)z
2L = : |

'CHCH, CH,

L ‘

- . ~ -Cc= H

@) 4.c=cH-CH, g—CH,—CH=CH CH.-C=CHCH:
. 2 - . B

CHCH, - ' CH.

(4) 1

. .

I
2 i . s

CHCH: (‘:H: -
il

o) H'C""CH-—CH'z-.-C-—CHz—CH=C~CH; CH CHC_ 3
2z

| ‘ CHCHs CHs" -~ o
e . . . o _ _ -- H

BLN H C—CH—‘CHz—-p:-CH;—-C=CH—CI-_I-. CH=CHCH:

) . ’ - ’ B -

o CHCH; c'H,t‘:H,
_ ] ) ]
) H,'c=cn-—cnz-4g—cm—-c= C-CH,-CH=CHCH,

CHCH; .CH,

®) H C"C'H—CH;-—g*CH:—CH=C—-CH:—CH=C(CH;):
1 L= " |



1

?follomjng formula (11a): 66 [err] [err] wherein f, g and [err] to [err]

~ have the sane neanings as described in the fornula (la). 10 In the
' unsaturated copol ymer of ethylene, when the nonconjugated triene or
—tetraene (iii) in (A is L represented by the aforesaid

formula (Ib), the constituent units derived fromthe nonconjugated triene
i'or tetraene (iii) in (B) substantiallylgave a structure' represented by 15
tthe following formula (l1I1b): [err] (l* ) 25 wherein f, g and [err] and
[err] to [err] have the same neani ngs as described in the formula (Ib).
. That the constituent units derived fromthe nonconjugated triene or
{ tetraene (polyene) have the above
CHCH. CH,

1 (8) 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) . ] I - _
8
P . | CHCH; CH; ' CH,
L az I [ R .
HiC=CH-CH,—C-CH;,—C=CH-CH.-C=C(CH:)~
e . .
: - . L  CHCH,:; CH: CH. - CH,
- (13) R | R | S
L _  H:C=CH-CH,-C—-CH,~C = C-CH,~C=C(CH,):
AR - . |
= | : " CHCH, |
| ©  _H;C=CH=CH:-C-(CH;i);~CH=CH-CH,—-CH=CHCH: -
L_I - - - . . ’ . |
T | "CHCH, . .
L (15). . I _ ~r
| H:C=CH-CH:~C—(CH:);—CH=CH-CH,-CH=C(CH,).:
v : '
L
CHCH, - | CH,
e (16) I | |
- H:C=CH-CH:~C-(CH:;);~CH=CH~-CH,~C=CHCH,
-
L
—



~67 structures can be confirned by neasuring the [err] spectrum of the

. copol ynmer. The unsaturated copol yner of ethylene according to the invention

i has an intrinsic viscosity [err], as neasured in 5 Decalin at [err] of

~-0.05 to 10 dl/g, preferably 0.1 to 7 dl/g, nore preferably 0.2 to 5 dl/g.

~The unsaturated copol yner of ethylene according to the invention is

i excel lent in weathering resistance, hggt resi stance and ozone resistance

.and has a high vulcanizing 10 rate. The unsatyrated copol ynmer of ethylene
may be used in the unvul cani zed state, or may be used in the vul cani zed

. state by vul cani zing the copol yner through vul cani zati on net hods descri bed

i later. \Wen the copolyner is used in the 15 vulcanized state, its
excellent properties are proqéﬁqp&fy exhi bited. The uns gfated copol yrer

. of ethylgqg can be used as ay resin nodifier, or it canq%e Used

| particul arl'y ppef erghl ¥ for— variug Jjybbery preduct g.4 20 ¢ = ¢ (¢ Bop ,exanpl e,

~if the unsaturated copolyner of ethylene is added as a resin nodi fi'er to

.pol ypr opyl ene,
\

— CHCH, CH,

(18) fi !
T H.C=CH-CH.-C~-(CH.);—~CH=C-CH.,-~-CH=CHCH,
a ' CHCH, CH,
— (19) f l T
| " HaC=CH-CH:i~-C—-(CH:):~C=CH-CH,~CH=CHCH,
ia ' |
P (20) ll . | i
— ' H:C=CH-CH:-C—-(CH:):-C = C-~CH,-~CH=CHCH,
FE N ¢ 39 3 . I = 1 . o
| H:C=CH—-CH:~C—(CH:}:~CH=C—CH.-CH=C(CH,):
BR | S | CHCH, CH, |
T (22) 5 : N g l S S B
S  H:C=CH-CH,~-C—(CH4):~C=CH-CH.—~CH=C(CH3), .
: - - CHCH, CH, CH,
L (23) _— il B | o
: |

CHCH, CH, CH,

- (24) ] . I 1
L H:C=CH-CH:~C=(CH:):~CH=C—-CH:~C=C(CH,):



L

¥bolyethylene, pol ybut ene or--pol ystiyrene, the inpact resistance and the
~stress crack resistance is remarkably enhanced. 25 The unsat ur ated

f copol ymer of ethylene may be used by vulcanizing it singly or in
~conbi nati on with other rubber materials. 68 Since this unsaturated

copol ymer "of ethylene has a high vulcanizing rate, it can be vul canized for

; a shorter period of tinme or at a | ower éenperature even when a | arge anopunt

{
—

; resulting?®ovul cani zates of th

o

_of a vulcanizing agent is not used, onpared with 5 the conventi onal
unsat urat ed copol yners of ethyl ene to produce vul cani zed rubbers.with high

. productivity. The unsaturated copol yner of ethylene according to the

invention shows good covul canizability with, particularly, diene rubbers
such as natural rubber, styrene-butadiene 10 rubber, isoprene rubber,
~ but adi ene rubber, nitrile rubbérHéhH=chlor§6¥ene r ubber Céﬁd t hus the

urate poly of ethy ne and t he
~di ene rubber s ot D V T&vE exeT| é:n{'[ [Bf‘op i e’g IEB{‘ ¢= 28

CHCH, CHs CH, CH,

(26) il | | |
H:C=CH-CH,~C~-(CH:):—C = C—CH:~C=C(CH,):
CHCH,
(27) ] .

H.C=CH-CH.— C—CH:—'CH"‘CH—(CH ):-CH=CHCH,

CHCH,

(28) : - i
H C—CH'-CH:‘C"‘CH:‘CH"CH"(CH:):"CH"C(CH:):

CHCH, o .CH:
(z9) - : - _ B
H=C=CH—CHr£—CHz CH=CH-(CH.:):~ C—CHCH,

' _ CHCH. CH,

(30) . i - A

HiC: CH CHr~c—CHrcH—CH—(CHA,c C(CH): .

: CHCH; CH,;

(31) il |

HzC=CH—CHz—C—CHa—CH C—(CH:): CH‘—';C'HCHs

CHCHs CH,

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



—~inherent in the diene rubbers such as high mechanical 15 properties,
abrasi on resistance, dynam c fatigue resistance and oil resistance, but

i -al so excellent weathering resistance, ozone resistance and heat aging

resistance. For exanple, a covul cani zate -of the unsaturated copol ynmer of

et hyl ene according to the invention and a 20 natural rubber exhibits

excel l ent properties such as strengt h, at hering resistancée, ozone

resi stance and dynanmic properties. A C vul cani zate of the unsaturated

copol ymer of ethylene according to the invention and a nitri e rubber is 25
- excellent in weathering resistance, ozone resistance and oil resistance. A

L covul cani zate of the unsaturated copol ymer of ethylene according to the
Tinvention and a butadiene rubbgrg ¢ 569 ksugxeeklent in weathering
resistanggy ozone resistance apd abraS|Qn resgi stance. Preparation of
unsat ura ed capat yrerg of ce by gnecbH . — ¢ = The- YgsHL )L ated eopat gnrr, of
~et hyl ene according to the

—

L CHCH, CH,
(34) i |
i rhc=CH—CH,—c—CHer—c—(CHnrcH~C(CHg,
l : CHCH, CH,
L~ (35) - {

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

. ' CHCH; -CH,; CH,
b : (36) i - t
L _ H,C=CH—-CH:;—~C-=CHi—C = C—(CH:):~CH=C(CH,),

~ . CHCHu‘" CH, CH,
(37) | I I
. H.C=CH-CH.,-C-CH.-CH= C—(CHdr—C - C(CH,)s

| - | . ' CHCH: CH, CH,
= . (38) - Il I .
- H:C=CH-CH.- c—CHz c—CH—(CHdz =C(CH,):. _ -
l.. . . '. .
. CHCH, CH, CH, ' CHs
. (39) i . { | |
"" H:C=CH—C'Hz—C—CHz—C = —(CH:):—C—C(CH;):
- .CHCH,
(40) ll

H. C—CH-‘CH C‘(CH:):"CH=CH"(CH3):"CH=CHC'Hs

.

{



Lbinvention can be obtained by copolynerizing (i) ethylene, (ii) an
~[err]-olefin of 3 to 20 carbon atonms and (iii) the nonconjugated triene or
. tetraene, preferably the nonconjugated triene or tetraene represented by
the formula 10 (H 1), nore preferably (la) and (Ib'), in the presence of
a catal yst. Anong t he nonconjugated polyene (Ib), particularly prefered are
' (lb-1) .and (Ib"). As the catalyst, @l ysts conprising conpounds of
_transition netals such as vanadlun1(€% zircoaium (Zr) and 15 titanium
(T|) and or ganoal um num conpounds (organocal um num oxy-conpound) and/or an
. ionized ionic conpound'are enpl oyabl e, and particularly preferably used in
Lwthe invention are (a) a'-catalyst conprising a soluble vanadi um conpound 20
and an organoalun1nun1coneq§QgH and (b) a catalyst conprising a
;,netallogﬁﬂe conmpound of a transi'tion metal selected fromelenents of G oup
- I VB of thg ped edjc taﬁol ecang m)QLg@rmeJ UTH DUNE @XY)-,CoRneune engl or, an
~'i oni zed i oni ¢ conmpound. 25 The sol ubl e vanadi um conpound for form ng
. the catalyst (a) is speC|f|caIIy represented by the follow ng formnula:
| VOAOOR)axb or V(OR) Xd .
- CHCH, CH,
(42) Il ' |
HzC=CH"CHz'C‘(CH:)z—CH=CH“(CH2)2—C=CHCH:

t
|
[

B " CHCH, _CH,
- (43) I !
H:C=CH-CH.,-C-(CH:):—CH=CH=(CH:):~C=C(CH.),

| CHCH, CH,
B (44) I | l
- HsC=CH-CHaC-(CHi)sm €H=C—(CHa)s—CH=CHCH,
A S © CHCH.: CH;
sy N | .
: H,c:cnacn,C(Can C=CH-(CH.);—CH=CHCH,
i " CHCH, CH;CH:
e (46). . . . A [ [ ' .
- H:C?CHfCHrCﬂCHdz_==C(CHdr—CH CHCH. -
'CHCH;'.‘ CH.)"
(41) . ' |

- H, c—CH—CH,c(CH)r—CH—c(CHnrmn C(CHJ)s .

' CHCH, CH,
. (48) I : |
P H,C=CH-CH:—C—(CH:);—C=CH-(CH:):-mCH=C(CH3s):

A

o



=70 wherein R is a hydrocarbon group, X is a halogen atom and a, b, ¢, d
,are nunbers satisfying the conditions of O [err] a [err] 3, O [err] b [err]
t3, 2 [err] atb [err] 3, O [err] c [err] 4, O [err] d [err] 4 and 3 [err]
—+d < 4. 5 Particul ar exanpl es of the sol ubl e vanadi um conpounds
represented by the above formula include [err] [err] [err] 10 [err] and
I[err] These conpounds are used singly %é in conbination of two or nore
ki nds. The sol ubl e vanadi um conpounds y be used in the formof electron
donor addition products of the soluble vanadium 15 conpounds which can be
, obtai ned by contacting these sol ubl e vanadi um conpounds with the follow ng
Lel ectron donors. Exanples of the el ectron donors include: oxygen-containing
el ectron donors, such as aI@dﬁ61%= phedbﬁs (kgvones al dehydes, carboxylic

el ectron, don:
Tords o e P “acf;oréwﬁeier%cf’% T Radg R - e ¢

-

L : CHCH, CH, CH,

(50) fl o { '
| HzC=CH—'CH:"C"(CHz)z_CH:"__C’(CHz)z—C=c(CH;);
|

L aad

CHCH,. CH, CH,

L (51) ST | 1
HzC‘*‘_CH-CHz—C"‘(CHz):"C"'—j-CH_(CH;)z‘:'C_=C(CHs)z

" CHCH, CH; CH, CH.,
Do (52) { | | P
L © HsC=CH-CH:~C-(CH:):—C = C-(CH;:):~C=C(CH,):
- . CHCH,
(53) - : A L '
L H,c—CH—CHz " C—CH:-~CH=CH-(CH,;)s—~CH=CHCH,
. - CHCH,
L {54) - - :
H, C—CH-CH; c—cxrcH CH—(CHﬂ:CH=C(CHO: _
» I _ 'CHCH, ' - . CHi
» ¢55) o _ B 1
L H. C—CH—CHrw—cnz CH=CH-(CH:);—C=CHCH,
;
s '
CHCH, CH,
. (56) I ' !
l H:C=CH-CH;~C—~CH:;—CH=CH-(CH:);~C=C(CH,):
[
i
I
[N
L -
[



-al koxysi | anes; and nitrogen-containing el ectron donors, such as ammoni as,
~amnes, nitriles, pyridines and isocyanates. 25 . More specifically,
i there can be nentioned: alcohols of 1 to 18 carbon atons, such as nethanol,
~et hanol , propanol, butanol, pentanol, hexanol, 2- ethyl hexanol, octanol,

dodecanol , octadecyl al cohol, ol eyl 71 al cohol, benzyl al cohol,
phenylethyl al cohol , cunyl alcohol |so8ropyl al cohol and i sopropyl benzyl
_alcohol hal ogen- contalnlng al cohol's 0901 to 18 car bon atons, such as

trlchloronethanol trichloroethanol and 5 trichlorohexanol; phenols of 6
. to 20 carbon atons whi ch may have al kyl groups, such as phenol, cresol,
i xyl enol, ethyl phenol, propyl phenol, nonyl phenol, cunyl phenol and naphthol;
ketones of 3 to 15 carbon atons, such as acetone, 10 nmet hyl et hyl ket one,
-nethyl i sobutyl ketone, acetophqmquu benzoplgegqne and benzoqui none;
;aldehydergf 2 to 15 carbon atgns, such as |
H.C=CH-CH:-C-CH:-CH=C—-(CH.);—CH=CHCH,

CHCH; CH,

(58) o |
3 H.C=CH-CH:-C—-CH:;—C=CH-(CH:)s~CH=CHCH,
— ' CHCH: CH, CHs )

(59) ' ] | :
-i ] H.C=CH-CH:~C—-CH:~C = C—{(CH.):—CH=CHCH,
P CHCH, CH,
~ (60) i |

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

B
o CHCH, CH, |
S 61 T | -
L Hs C—CH-—CH:—C-—CH;—C—CH—(CH:): CH—C(CH;):
! |
L - ] CHCH, CH, CH, | . -
- ) i B .
% HzC-—CH—CHz C~CH,-C = C—(CH:);—CH C(CH,).
. . ) .
- CHCH, .  CH, ~ CH,

(63) ' 8 | [ :
HsC=CH-CH:—C—CH:=CH=C—{(CH:)s—C=C(CH)s
_1' CHCH: CH: CH:
: (64) I : l I
— HiC=CH-CHy=C—-CH:~C=CH=(CH:):-C=C(CH, )z
i
L
L

B



i

[

acet al dehyde, propi onal dehyde, octyl al dehyde, benzal dehyde, tol ual dehyde

and napht hal dehyde; 15 organic acid esters of 2 to 18 carbon atons,
such as nethyl formate, nethyl acetate, ethyl acetate, vinyl acetate,
propyl acetate, octyl acetate, cyclohexyl acetate,.- ethyl propionate,

met hyl butyrate, ethyl valerate, nethyl chloroacetate, ethyl

.di chl oroacetate, nethyl nethacryl ate, iﬁ) et hyl crotonate, ethyl

. _cycl ohexanecar boxyl ate, mnethyl benzoat et hyl benzoate, propyl benzoate,

butyI benzoate, octyl benzoate, cyclohexyl _benZoate, phenyl benzoate,

. -benzyl benzoate, nmethyl toluate, ethyl toluate, anyl toluate, ethyl

. et hyl benzoate, nethyl anisate, ethyl 25 ani sate, ethyl ethoxybenzoate,

“[err]-butyrol actone, [err]- vaﬁéHéJHGtoﬁeHacﬁuﬁarln phtﬁéi de and ethyl

.carbonat é§5) 72 acid _halides #f 2 to 13 carfon atong S chzﬁk
i2

‘chloride, benFoyf T Brt &eH :tofuo Hert &r iTe Cand @Riz=ey ¢ chlo zethers

"of 2 to 20 carbon atonms, such as nethyl ether, 5 ethyl ether, |sopropyl

U

et her, butyl ether, anyl et her,

CHCH.

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

CHCH:

(67) ' Il
H:C=CH-CH;—C—(CHa)s—CH=CH-CH:~CH=C(CH.),

(68) _ f !
H:C=CH—-CH:—C—(CH;)s—CH=CH-CH:.-C=CHCH,;
CHCH: CH,
(69) ' il |
" Ha C—CH CH;—C-(CH:):-CH—CH—CH:—C—C(CH ):
. . CHCH, | CH,
(10) o - - | .
'-H,¢C='C_-H_—.CH3—C-(CH:);—CH='C—CH;—lCH=CHCH;
- - CHCH. _ CH, _
NGV I S ’ |
Hzc=CH—CH:—'C-'(C_H:):_C_'—'CH—CHz— CH=CHCH,
CHCH, CH, CH,
(12) il : |

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



__tetrahydrofuran, anisole and di phenyl ether; acid anhydrides,. such as
acetic anhydride, phthalic anhydri de and benzoi c anhydride; al koxysil anes,

5 such as ethyl silicate and 10 di phenyl di net hoxysil ane; acid am des, such

i -as N, N-di net hyl acetam de, N, N- di et hyl benzam de and N, N-di net hyl t ol uam de;
am nes, such as trinethylamne, triethylamne, tributylam ne,

. tribenzylam ne and 15 tetranethylethylenediamne, nitriles, such as

. ‘acetonitrile, benzonitrile and toluni’ile; and pyridines, such as

“pyridine, nethylpyridine, ethylpyridine and difret hyl pyri di ne.

. 20 In the preparation of the el ectron donor addition products of

i the sol ubl e vanadi um conpounds, the above el ectron donors may be used al one

—or in conbination of two orcnpreyki nds. In the present invention, the

_organoakqg}nun1conpound 25 jused for formingjthe catalyst (a) is

represent egy by 4 geyfold gying fqoml.a, H¢lH=Cc~CH.—~ CH=C(CH,):

pr— =

T CHCH, CH,
(14) Il | . ,
- H,C=CH—-CH:—C—(CHs):~C=CH—-CH.-CH=C(CH,):
R . CHCH, CH. CH,
. TA{18) Il [ [ .
: H:C=CH-CH:—C—{(CH,;)s—C = C—CH:—CH=C(CH,).
| ) |
CHCH, CH, CH,
(76) _ il | |
L ' HiC=CH-CH:-C—(CH:);—CH=C—CH:—C=C(CH,):
. S . CHCH, ™ CH, _ CH,
' S ¢4 5 T : It [ . b .
- Y HyC=CH=CH:-C—(CH:),~C=CH-CH:=C=C(CH.,):
= "CHCH, CH: CH, CH,
— 18) . _ |- S |
: H:'C"—'CH--C'Hz""(_:"‘.(C-Hz):“C =, C.—C_Hz_-C"'—"C(C-H.J): . -
. L . CHCH,
| 19 0 . |
L H:C=CH-CH:—C—(CH,;):—CH=CH~-(CH;:);—CH=CHCH,
= f CHCH,
L (80) Il -
L H,C=CH=-CH:;~C-(CH:):-CH=CH=-(CH,):—CH=C(CH3):
:
|-
|
|
L



+#3 wherein [err] is a hydrocarbon group of 1 to 15, preferably 1 to 4
carbon atons, X is a halogen atomor hydrogen, and nis 1 to 3. The
‘hydrocarbon group of 1 to 15 carbon atons is, for 5 exanple, an al kyl
igroup, a cycloal kyl group or an aryl group, and particul ar exanpl es include
met hyl, ethyl, n- propyl, isopropyl, isobutyl, pentyl, hexyl, octyl,
.cyclopentyl; cyclohexyl, phenyl and tolyl. Exanples of suth organoalunlnum
iconmpounds i ncl ude: 10 trial kyl al nuns, such as trlnethylalunlnun1
triethylalum num triisopropylal um num trllsobutylalunlum
trioctylalumnumand tri-2-ethyl hexyl al um num al kenyl al um nuns represented
iby the formula [err] (x, y and z are each a positive nunber., 15 and z
Terr] 2x), such as isoprenyl al ! trial kenyl al um nu such as
_triispproaﬁnylalunlnunl dlalky al um num hal i des, such as |nethylalun1num
chloride et Ryl @Lupi punechl, otl_gq-, udi)i, sepg ngl;@memym.cm ar¢ dec H,
'dl|sobutylalun1nun1ch|or|de and di net hyl al um num 20 brom de; al kyl al um num
,sesqui hal i des, such as nethyl al um num

1

L : CHCH, CH,

(82) Il |
H: C—CH"CHz’C (CH:): CH=CH- (CH:):"C=C(CH3)2

{7

[' CHCH, CH.,
— (83) il | .
| H,C= CH—CH-C(CHﬂzCH=C%CHﬂr—CH=CHCH:
!l - . .
CHCH, CH,
- (84) . If ! _
- . H:C=CH=-CH:~C-(CH:):~C=CH-(CH:),~CH=CHCH,
L |
— | . CHCH; CH;CH, . _
¢ 1) N Lo
|  H:C=CH—CH:-C~(CH,);-C = o%caner ‘CHCH,
| :  CHCH, CH,
- @ I n |
. ’ - Ha2 C-—CH CH:“C‘(CH:): CH c- (CH:):"CH C(CH:): . -
L'_ ) .
. CHCH, CH, )
P © (8T : il P
~ H:C=CH-CH:~C-(CH:):—C=CH-(CH:)s~CH=C(CHs)s
l.
|-
' CHCH, CH, CH.
(88) il [ l

Hzc=CH"‘CH:—C"(CHz)z—C = C"(CH:):"CH=C(CH3)1

I

|

r



sesqui chl oride, ethylalum num sesquichloride, isopropylal um num
sesqw chl oride, butyl al um num sesqui chl ori de and et hyl al um num
lsesqw brom de; 25 al kyl al um num di hal i des, such as net hyl al um num
‘di chl oride, ethylalum num dichloride, isopropylalum umdichloride and
et hyl al um num di brom de; 74 di al kyl al um num hydri des, such as
idi et hyl al umi num hydri de and di butyl al num hydri de; and al kyl al umi num
«di hydri des, such as ethylal un numdih i de and propyl al um num di hydride. 5
Al so enpl oyabl e as t he organoal um num conpound s a conpound represented by
ithe following formula (1V): R nAlY3-n (1v)
iwherein [err] is the same as in the above fornula (I11); Y is [err] group,
[err]- group, [err] group, [e(ErIj CgHoup, 10 [CeHrs] . group 6rHEerr] group;
iferr] & [err] are each nit et hyl , |sd ropyl |so but yI cl ohexyl
ior phenyl; HerGF €4 nyflrtbgent ‘WZFH”% )23t = G sdift By — Briedyl C d¥
trimethylsHyI [err] and [err] are each rrethyl or ethyl and

CHCH, CH,; CH,

h (30) I l |
H.: C—-CH—CH:*C-(CHz)z_C—CH"'(CH )s-C~C(CH3)z

|- CHCH,; CH, CH., CH,

L. (s1) o | l
_Hzc='CH'—CHz—C"(CHz)3"C = C"(CHz)l C-C(CH;)z

CHCH,

(92) ' i
H, C—CH—CHr—O—WHdr—CH—CH—WH)r—CH—CHCHz

- CHCH,

. o (93)y : it '
L . : Hzc CH- CH: C- (CH:):"'CH"CH"(CH:):"'CH C(CH:):
o CHCH, o CH,
— (84) - { ' | :
. Ha: C—-CH CH.-C- (CH:):—CH CH—(CH:): C=CHCI—I_;
| : . S .
. CHCH., - _CH,
P (95) i B . C |
- _ HzC_=CH—CH:-C-(C-H:):-CH=CH-(CHz)s—C=C(CHs)z
K |
CHCH, CH,
(96) il

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

o



N is 1to 2. 15 The organoal um num conpounds represented by the
fornmula (1V) include conpounds of the follow ng fornulas wherein Me is
methyl, Et is ethyl, Bu is butyl, and [err] to [err] are the sanme. as those
~in the formula (1V). (1) Conpounds of the fornmula [err] e.g., 20
di al kyl al um num al koxi des, such as di net hyl al um num net hoxi de
~di et hyl al um num et hoxi de and dii sobuty, % | um num net hoxi de; partially
—al koxyl at ed al kylal um nuns, such as et @I al um num sesqui et hoxi de,
but yl al uni num sesqui but oxi de and those havi.ng & average conposition
.represented by, 25 e.g., [err]; and partially al koxylated and hal ogenat ed
al kyl al um nuns, such as et hyl al um num et hoxychl ori de, butyl al um num
“but oxychl ori de and et hyl al umgyng et hoxybram de; 75 (2) Conpounds of the
- formula {@nr] e.g., Et2A (CSijve3), [erlr] and [err]; (3) Conpounds of the
‘formula [err] He 9= CEH2A HAI—IHQ(carhizlz)[zerﬁrj= QH-(CH:);~CH=CHCH,

! CHCH,; CH, CH,

- (98) I l I X
H;C-—CH—CH:-—C—(CHz);—C = C—~(CH:)s—CH=CHCH,

CHCH, CH,

L (39) o y .
‘ H:C=CH-CH:;—C—-—(CH;:)s~CH= C—(CH:): CH=C-(CH;)1

CHCH, . CH.,

(100) 0 |
H., C—CH—CH:*C"‘(CH“;);—C—CH—(CH:):—CH C(\.Ha)z

- CHCH: <CH, CH,

' - (101) ' [ o [ .

; H: C—CH—CHz—C—(CHz):—C = C"‘(CH:):‘-.CH_?'C(C'-Ha.)z_

L I - o

§ . . CHCH, CH, . CHs

— Soo(Le2) o il |- | :

. . ".H:C—CH—CH:"‘C“(CH;):"CH':C"(CH:);—C=C(CH:)3 .
CHCH, . ICH: . " CH,

- - (109) E Il l I

- CHCH, CH, CH, CH,

i (104) i | | |

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



5 (4) Conpounds of the formula [err] e.g., [err] and (iso- Bu)
2AIN [err]; (5) Conpounds of the formula [err] e.g., (iso-Bu) [err]; and
10 (6) Compounds of the formula [err] , e.g., [err] and [err] O
the above conpounds, preferred are al kyl al um num halides, alkylal unm num
di hal i des or conbinations thereof. The organoal um num conpound used in the
“finvention may 15 contain an organonetal lic conpound conponent of other
aetal than aluninumin a small amount. S%ext, the catalyst (b) used in the
invention, which conprises a netallocene conpoufid and an organoal uni num
joxy- conpound or an ionized ionic conpound, is described. 20 The
nmet al | ocene conpound of a transition netal selected fromelenments of G oup
VB of the periodic table is represented by the follow ng fornula (V).
[err] - CHCH(V) In thédfornmula (V), Mis a transition
metal sel@déd 25 fromel dhents of Groupl I VB of the periodic tahle, e.g.
Zi rconi um H & Camii @ orC Waf nium € dha—xC Hs=€ val edte vt G He GBAS tHoﬁ net al .

g —

CHCH, CH,

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

l | " CHCH, CH,
(107) i . I oo
HiC=CH—~CH:~C—CH,~CH=C—(CH:):~CH=CH(i-C,H,)

i -

_ CHCH, CH,
L (108) 3 Il | 1 .
H:C=CH-CH:-C-CH,-CH=C-(CH,):— CH=C(CH.)(C:H,)

- - CHCH, CHs
. o109y - - . R
P H:C=CH-CH,~C~-CH;~CH=C-(CH:).-CH=C(CH,){n-C,H,)
L - CHCH, - CH, .
(110) .= = I o ; o o
| . H1C=CH"’CHz"C"CHa‘cH=C"‘(CH:):’CH=C(CHx)(i“C3H7) -
!_ . .. . . - . .
L . CHCH, CH, -
(111) il . 1 : . '
Hz-C=CH—CHz—C-CHz—CH=C—(CH:):"CH=C(C3H:)3
| CHCH, CH,
| {112) I |
L H:C=CH-CH:-C—-CH:;-CH=C—-(CH:):-CH=C(n-C.H1):



76 L is a ligand coordinated to the transition netal. At |east one |igand
L is a ligand having a cycl opentadi enyl skel eton which nmay have a .
!substituent. Exanples of the |ligands having a cycl opentadi enyl 5 skeleton
=T ncl ude al kyl or cycl oal kyl substituted cycl opentadi enyl groups, such as
cycl.opent adi enyl , met hyl cycl opent adi enyl , et hyl cycl opentadienyl, n- or i-
' propyl cycl opent adi enyl, n-, i-, sec- t- butyl cycl opentadi enyl
—hexyl cycl opent adi enyl, - 10 octylcyclé%%ntadienyl,
di et hyl cycl opent adi enyl, trimethyl cycl opent adi*fenyl ,
tetranethylcyclopentadlenyl pent anet hyl cycl opent adi enyl ,
_nethylethylcyclopentadlenyI nmet hyl propyl cycl opent adi enyl
met hyl but yl cycl opent adi enyl , _net hyl hexyl ¢ opent adi enyl ,

gnethylb tcyclopentadlenjﬁHiﬁéi’ et hyl 1cyc|opentadieny|
et hyl hexyl I§ ta cyclo l\C ycI Furt her,
an i ndenyl H %EEQ% f té?rahy&yﬁgn eny?gggodp an tC?‘Fuoren)} *group

; can be also nentloned Those-groups may be substituted with hal ogen atons
- or _
' " CHCH, CH,

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

CHCH, : CH,

- (115) I l
HiC=CH-CH,=C-(CH:),=CH= C—CH:~CH=CH(n-C.H,)

' CHCH, CH,
L (e ol 1 -

' H:C=CH-CH:-C—(CH:);—CH=C~-CH;~CH=CH(i-C;H,)
| (117) _ - N : : :
T H.C= C_-H-C H:-C~(CH,.):-CH=C-CH:—~CH= C(C-H:)(‘C'zH~i)_

— o CHCH, CH,

- (118) il N

;' H:C—CH CH: -C- (CH:): CH C CH,- CH C(CH:)(H"C:Hv) -

; : CHCH, " CH,

R ¢ ST ) i [ '
H.C=CH-CH.-C- (CH:): CH=C-CH.:- CH—C(CH:)(! C;Hr)

; CHCH, CH,

. (120) I I

i H3C=CH'CH:"C'(CH:):‘CH""’C"CH:"CH=C(C:Hs).z



—20 trialkylsilyl groups. O the above ligands, particularly preferred are
al kyl substituted cycl opent adi enyl groups. Wen the conpound represented by

i the formula (V) has two or nore ligands L having a cycl opent adi enyl

.skel eton, 25 two of the ligands having a cycl opent adi enyl skel eton nay be
bonded to each other through an al kyl ene group such as ethyl ene or

i ‘propyl ene, isopropylidene, a substit%ﬁfd al kyl ene group such as

—di phenyt net hyl ene, a silyl ene group, 77 or a substituted silylene group
such as di met hyl silyl ene, di phenylsilylene or “et hyl phenyl silyl ene.
Exanples of L other than the |Iigand having a cycl opentadi enyl skel eton
: include a hydrocarbon group of 1 5 to 12 carbon atons, an al koxyl group,
Tan aryl oxy group, a sulfoel aﬁld contaleﬁpg group [err] , a hal ogen atom

. or hydr where [err] |s an al kyl groyp, an al kyl group substituted.

é with a ggn yl<cgﬁoyg,cq;=a@_q;r;ql ,-@ guUp csuPt j Huhed with a

~hal ogen at® or an aFkyf group Exanpl es of the hydr ocar bon
groups of 1 to 12 carbon

— CHCH, CH,

122) 1 |
( H,C=CH-CH.,-C-(CH:),-CH=C~- CH-—CH—C(1CH)z

"CHCH. CH,

- (123) i !
H.C=CH-CH.-C- (CH:):-CH C-{(CH;:):-CH= CHC:H;

CHCH, CH,

(124) I 1
— HsC=CH-CH,~C-(CH.),-CH=C- -(CH:)s-CH=CH@-C.:H1)
- B CHCH: . CH,

(125) S B | I

H,C=CH-CH:-C-(CHa)s- C:H-_= C<(CH:):~CH=CH{i-CsH,)

L . CHCH, CH: . ?H;

(126) Il I
-'H C—CH CH:C(CH:): CH=C- (CH:): CH C(Cz s). -

) : CHCH: CH,. : CH,
(121) { | I
H:C=CH-CH.~-C-(CHi).~ CH C-(CH:):-CH=C(n-C:Hs)

CHCH; CH, ('ZH:

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



i
—

i
1

—

| S—

atons include al kyl groups, cycloal kyl groups, aryl groups and aral kyl
groups, nore specifically, there can be nentioned: al kyl groups, such as
nmet hyl, ethyl, n-propyl, 15 isopropyl, n-butyl, isobutyl, sec-butyl,
t-butyl, pentyl, hexyl, octyl, decyl and dodecyl; cycloal kyl groups, such
as cycl opentyl and cycl ohexyl; aryl groups, such as phenyl and tolyl; and

: aral kyl group, such as benzyl and neo gil Exanpl es of the al koxy
._groups +tnclude nethoxy, ethoxy, n-prog

|sopropoxy, n- but oxy, i sobut oxy,
sec- but oxy, t- butoxy, pentoxy, hexoxy and oct®xy. The aryl oxy group is,

. .for exanple, phenoxy. Exanples of the sulfonic acid-containing group (- 25
._[err] include nethanesulfonato p-t ol uenesul f onat o,

trifluoronethansulfonate hIorobenzqugulfonato Exanpl es of the
. hal ogen gﬁs i ncl ude qu |ne chlorlne Qronlne and i odi ne. 78 The
__mi‘talloc(% CCQFBJQUDQ;ﬁf,lg.e aoye, )f,ar pua- when@i g ,), - CH=C (C.H).

CHCH: CH,

(130) i |
H. C—CH CH:-C- (CHz)z‘CH—C (CH:):'CH"'C(R C 'H» )z

. CHCH. CH,

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

CHCH. C]:Hs

(132) il
H:C=CH-CH,~-C-CH.-CH=C-(CH:),-CH= CH(C: Hd

CHCH, CH:

(133) I ! . R
H3C_= CH-CH.,-C~-CH.-CH -='C—'(C Hz):"c H=2C H(ll'C_fs-H 1)

"CHCH. CH,
(134) Il I o
: H.C=CH-CH.-C-CH.:- CH—-C (CH:): CH= CH(I‘Ca 1) -

' : CHCH,- CH;" S CH,
(135) | | | '
H,C=CH—-CH:—~C—CH;—CH=C~(CH:)s—CH=C(C:H)

CHCH, CH, : CH,

(136) I 1 l _
H:C=CH-CH;,-C-CH;-CH=C~(CHai);-C H=C{(n-C;H3)



—the val ence of the transition metal is 4 is nore specifically represented
by the followng formula (VI): [err] (VI) 5
i wherein Mis the above-nentioned transition netal, R2 is a group (ligand)
—having a cycl opent adi enyl skeleton, R3, R4 and [err] are each independently
a group having a cycl opentadi enyl skeleton or the sanme as L other than the
: |'igand having a cycl opent adi enyl ske on in the above I0 formula (V), k
::is an i'nteger of not less than 1, an (§err] = 4. Listed bel ow are exanpl es
of the netall ocene conpounds containing zircomumas M and containing at
| east two |igands having a cycl opent adi enyl skel eton. 15
|_Bi s(cycl opent adi enyl ) zirconi um nonochl ori de nonohydri de,
Bls(cyclopentadlenyl)2|rcon|@@@ igghl ori de, yBi s(cycl opentagi enyl) zi rconi um
dlbronlg Bi s (cycl opent adijgny )nethylzqrconlun1nnnochhor|de 20
‘Bi s(cycl opgntypdcemxd Hzi¢ gop ¢iocpienexy oty ari)dec H=C (i-C . H,)
B|s(nethylcyclopentadlenyI)Z|rconlun1d|chlor|de Bi s
(et hyl cycl opent adi enyl ) zi rconi um di chl ori de,
i Bi s(n-propyl cycl opent adi enyl ) zi rconi um di chl ori de,
-B|s(|sopropylcyclopentadléﬁyK)Hhrconluﬁiﬂichlorlde

(138) .
H.C=CH-CH:;-C-CH.-CH=C-(CH:),-CH=C(C. H. s)2

s : . CHCH, CH,
- (139) il |
H:C=CH-CH,-C-CH;-CH= C-{CH:)s-CH=C(n~-C:H:)»

CHCH, CH,

g . (140) i l
— H.C=CH-CH,~C-CH., CH—C(CHJ:CH=CW€;Hﬂr

- CHCH;:; <C.H,
(141) Il |
H:C=CH-CH,-C-(CH:),-C=CH-CH,-CH= c(cns)z

. _ CHCH; C:H,
= (142) - |
H C=CH- CH-C(CHJ:C—CH(CHJ:CH C(CH)y;_ .

CHCH, - C:Hs

_ (148) Il | -

H:C= CH"CH:‘C'(CH:):"CH= C"CH:"CH‘_—' C(C:Hl)z
|
L .

CHCH, C:H:,

; (144) 1 |
| H:C=CH-CH.-C-(CH:).~-CH= C(CHJ:CH C(c,.h
L



25 Bi s(t-butyl cycl opent adi enyl ) zi rconi um di chl ori de,
Bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de,
‘Bi s(sec-butyl cycl opent adi enyl ) zi rconi um di chl ori de,
“Bi s(i sobutyl cycl opent adi enyl ). zi rconi um di chl ori de, 79 Bis
(hexyl cycl opent adi enyl ) zi rconi um di chl ori de, Bis _
i(octyl cycl opent adi enyl ) zi rconi um di chl ggi-de, Bi s(i ndenyl)zirconi um
dichloride, Bis(4,5,6, 7-tetrahydroindényl)zirconiumdichloride, 5
Bi s(i ndenyl ) zirconi um di broni de, Bi s(cycl opent adi enyl ) zi r coni um di net hyl ,
: Bi s(cycl opent adi enyl ) zi r coni um net hoxychl ori de,
iBi s(cycl opent adi enyl ) zi rconi um et hoxychl ori de, Bis(fluorenyl)zirconium
di chl oride, 10 Bi s (cyclwment,adi enyl)gziceomni unbi s
; (et hanesglggpnat o), 10 i |
. Bi s(cycl opent aHi.ehyl § H ¢ €A t1Gbi(S( B-:0 oF Gelies GI-f(@nHtd) s C H= C (C H,).
Bi s(cycl opent adi enyl ) zi rconi unbi s(trifl uoronet hane- sul fonato),
: Bi s(nmet hyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- 15 nethanesul fonato),

‘—' CHCH; I‘C:Hr

" {146) il | i
H:C=CH-CH,~C-(CH,;),~-CH=C-(CH:):-CH=C(CH,).

: . : . CHCH; n-C.H,
» (147) i | _
H:C=CH-CH:-C~-(CH,;):-C=CH-{(CH:);-CH=C(CH,;);

CHCH,., i-CsH..

| (148) " i T
L  H C=CH-CH:;~C-(CH:)s-C=CH-(CH:):-CH=C(CH,):

— | - ' CHCH, -  C:H:  CH, |
(149) -~ i ' ' | . i L .
: ' H_z'_c'=CH‘CH':“C'(CH-_:):"_CH=C"(C_Hz):"C_-':'C,'-HCH:

L

| CHCHs; C:H;s . CH,
= " (150) : il | L ;

. ’ HzC=CH"CH:"C"(CH:):_"C'=.CH‘(CH;)'3‘C=.CHCH:
i ] . . CHCH; - n"C_:_H; CH: . ’ -
E (151) . Il : I b
= H3C=CH-CH:-C"(CHz)z"CH=C“(CH:):'C=CHCH;
-

' CHCH: ) i"C:H'r CH;

| (152) Il . |
} Hzc=CH"CH:‘C’(CH:):"CH=C‘(CH:):'C":CHCH:
(- .
i:'.
i:.'.
-



_:bls(trlfluoronethanesulfonato) GHCH

Bis(ethylcyclopentadienyl)zirconiunbié(trifluoro- met hanesul f onat 0) ,

Bi s(propyl cycl opent adi enyl) zirconiunbis (trifluoro- nethanesul fonato),

Bi s(butyl cycl opent adi enyl ) zi rconi unbi s(trifl uoro- methanesul fonato),
Bi s( hexyl cycl opent adi enyl ) zi rconi unbi s(trifluoro- nethanesul f onato),
Bi s(1, 3-di net hyl cycl opent adi enyl ) zi rconi um 25

- bis(trifluoronethanesul fonato),

Bi s(| ~met hyl - 3- ethylcyclopentadleny622|rconlun}
bi s(trifluoronmethanesul f onat o), 80

Bi s(1- et hyl - 3- propyl cycl opent adi enyl ) zi r coni um
bi s(trifluoromethanesul fonat o),

Bi s(I - nmet hyl - 3- butylcyclopentadlenyl)2|rconlun}

n-C:H, CHz-
" Bis(1,3-di métH®I cycl opent adi enyll) zi r co i

: ; chl ori de, Bi
L (1- met hyl - 3- et hyFeyElDfeRtddHemf 7¢F %‘MFéﬁrb!ﬁifhe),z-C.= CHCH,

CHCH; i-CIHT CH;
(154) il [

|
Hzc=CH‘CH:"C‘(CHZ)Z"C—‘:CH"(CHZ):" =CHCH:

20



“Bi s(I| -net hyl - 3-propyl cycl opent adi enyl ) zi rconi um di chl ori de, 10 Bi s
. (1-met hyl - 3-butyl cycl opent adi enyl ) zirconi um di chlori de, o
" Bi s(1- et hyl - 3- hexyl cycl opent adi enyl ) zi rconi um di chl ori de,
—Bi s(1- net hyl - 3-oct yl cy-cl opent adi enyl ) zi rconi um 15 di chl ori de,
Bi s(1-ethyl - 3-butyl cycl opent adi enyl ) zi rconi um di chl ori de,
i Bis(trinethylcycl opentadi enyl)zirconium dichloride,
“Bi s(tetranet hyl cycl opent adi enyl ) zirc@ﬁiun1dicbloride, 20 Bi s
(pent anet hyl cycl opent adi enyl ) zi r coni um di chl or'de,
+ Bi s(met hyl benzyl cyploneHaficaybheelaCpBl pandi ol P'dd@ised alone or in
.Bi s(et hyl hexyl cycl opent adi enyl”) zi rconi um di chl ori de, and
Bi s( et hyl cyctariexyd ot o actiaepyl) zthe opiamaldn oliailhl aondenjAbsated
“enpl oyable in the invention are those conpounds wherein the 1, 3-position
_substituted cyxdepentladi,eppefgrebpy (Ib-1) and the branched chain

nonconjugated tetraene (1lb'); or the straight chain

= S noncdnjugated triene or tetraene (Ia) and the branched

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-
- 10 spectrum. The branched chain tetraene (Ib') generally has
a geometrical isomeric struct;re'(trans form or cis form).

= " In the invention, the branched chain triene or tetraene may

Lo be a mixture of the above stereoisomers, or .may be any. one

of the stereoisomers.
{J - 15 "~ 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.. -
o T - the invention, thé'constituént uniﬁs derived from ethy;éne._
Lj 20 (i), ‘the a—~olefin (ii) and the noncbnjﬁgatéd triene or
. tetraene (iii) (sometimes referred to as polyene) are
L; arranged at random and bonded to each othe;. Further, the
I unsaturated copolymer of ethylene has a branched structure
~ caused by the nonconjugated triene or tetraene {(polyene)
. 25 (iii), and its main chain is of a substantially linear
fJ structure. That this copolymer has a substantially linear
i; . structure and does_pot substantially contain a polymer of
Lo crosslinked gel stgucture can be confirmed by the fact that
i

.



—81 is replaced with a 1,2-position substituted cycl opentadi enyl group.
QG her exanples are bridge type netall ocene conpounds of the above fornula
! (VI) wherein at least two of [err] 5 and [err] e.g., [err] and [err], are
igroups (ligands) having a cycl opent adi enyl skeleton, and the at |east two
groups are bonded to each other through an al kyl ene group, a substituted
. alkylene group, a silylene group or a substituted silylene group. In these
{_conpounds, [err] and [err] 10 are a&h i ndependently the sane as L ot her
than the |igand having a cyclopentadienyl skel#ton, as described in the -

Lomrounds ) 1 gne” Bho Rl Eearisy enyof SU%prﬁyplgggowQstnféﬂm&ene

L__COI'TpOUﬂdS Zlrconit um

Et hyl enebi s(inden Ehﬁig”hag}aﬁ%@%@ﬁ omponent . For example, this

Ethylenebls(ln ényl’)zirconiu et hane-  sul f ona 0), Ethyl enebis

(i ndenyl) zi r copi wabidhFethagesyl {oatit tHat the copolymer is
Ethylenebls(lndenyl)2|rcon|unb|s(p t ol uenesul f onat o) ,

. Ethyl enebi s(ieg@nekkalyr 698580066 (i médadrivbeitz a56s bC f omathes |
. S measurement of the intrinsic viscosity (n).
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
L 10 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 | -
R . 15 the constltuent units from.the nonconjugated trlene or
o tetraene (nonconjugated polyene) (iii) in amounts of 0.1 to
- : -30:% by mol, préferably 0.1 to 20 % by mol, more preferably
o ' 0. 2lto 10-% by mol. When the copolymer contalnlng the -~ .
T Co nonconjugated polyene (111) is w1th1n the above range, - the
"20- vulcanizing rate of the resulting rubber comp081tlon is

increased and the vulcanized products therefrom have

- excellent properties.'
In the unsaturated copolymer of ethylene, a molar

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

25 constituent units from the a-olefin of 3 to 20 carbon 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



LEthylenebis(4 5,6, 7-tetrahydroindenyl)zirconium dichloride, 25
I sopropyl i dene(cycl opent adi enyl - fl uorenyl)zirconi umdi chl ori de,
' I'sopr opyl i dene(cycl opent adi enyl - net hyl cycl opent adi enyl ) zi r coni um

“dlchlorlde 82 Di net hyl sil yl enebi s(cycl opent adi enyl ) zi r coni um
.dichloride, D nethylsilylenebis(nethylcyclopentadi enyl)zirconium
:dichloride, 5 Di nethylsilylenebh (di met hyl cycl opent adi enyl ) zi r coni um
~—di chl ori de, Dinmethylsilylenebis(trinet §Icyc|opgntadienyl)zirconiu m

.di chl oride, Dinethylsilylenebis(indenyl)zirconiumdichloride, 10
- Di met hyl si |yl esabysdrierdgny lanél keenioahieg{hr i1 posdeh iretdra eddvieo Rangk,
Di net hyl si |l yl enebi s(4, 5, 6, 7- tetrahydroi ndenyl ) zirconi umdichloride,
of molar ratio, a composition excellent in wvulcanizing

properties and low-temperature properties can be obtained.

{ In the unsaturated copolymer of ethylene according to
w 5 the invention, when the nonconjugated triene or tetraene
?F (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);
L 10
_ —+CHgy—CH}— )
. rR1 : RS
u« o - o CHZ—('Ci)-—(-(Ii)—f—{CRS—CR‘L)—-—-(C:I)-—CR7—CR8R9
15 SR S L - %
- _ : CHg
L;
(H-2) -
;T T wherein:p;fq,'fi.g and R! to R® ﬁave'the'samé-meanings as -
L; 20 described in the formula (H-1). - |
: In the unsétufated éopolymer of ethylene, when the
i—. ) 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
L; 25 (B) substantially have a structure represented by the
- following formula (IIa):
L;



Di et hyl si | yl enebi s(cycl opent adi-enyl - 15  fluorenyl)zirconi um dichl ori de,
D phenyl si | yl enebi s(i ndenyl) zi rconi um di chl ori de, and

'Met hyl phenyl si | yl enebi s(i ndenyl ) zirconium di chl oride. Further, a

‘et al | ocene conpound of the following formula (A) , which is described in
Japanese Patent Laid- 20 Open Publication No. 268307/1992, is also

ienpl oyabl e. [err] 83 In the formula (A), [err] is a nmetal of Goup |IVB
of the periodic table, e.g., titanium rconium or hafnium [err] and
[err] may be the sane or different, and are each hydrogen, an al kyl group
of 1 to 10, preferably 1 to 3 5 carbon atons, an al koxy group of 1 to 10,
.preferably 1 to 3 carbon atons, an aryl group of 6 to 10, preferably 6 to 8

carbon atons, an arfHe S gEFlpof 6355 10, preferably 6 to 8 carbon atons,

;an al kenyl group of 2to 1 pre ly 2 to 4 carb ﬂ. to an aryl al kyl
igroup of 7 to 40, 10 pref r abl 10 carbon at n aIkyIaryI group
—GUR YJR rogpR 8 RI

of 7 to 40, preferably 7 tGHZ

_ 5

L - . (IIa)

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

Ih- described in the formula (Ia). )

a_: ) 10 In the unsaturated copolymer of ethylene, when the |

i nonconjugated triene or tetraene (iii) in (&) is

L o represented by the aforesaid formula (Ib), the constituent

units derived fr6m the-honconjugated triene or tetraene
'(iii)gin;(B)-sﬁbstantially-ha&e'a structure'représented by

S 12 the following formula (IIb):

L
T mgeeme—

B | CHy-C-(CRIRZ) - (cR5RB) -CcR7=cR8RY

- CH(CHg)

]

LJ (IIb)

{} 25 wherein f, g and R!, R? and RS to R? have the same meanings

1 .

as described in the formula (Ib).

L: That the constituent units derived from the -

‘- nonconjugated triene or tetraene (polyene) have the above

{i-‘l .

“



“of 8 to 40, .preferably 8 to 12 carbon atons, or a hal ogen atom preferably
.chlorine. R3 and R4 may be the sanme or different, and are each 15
: hydrogen, a hal ogen atom preferably fluorine, chlorine or bromine, an
“al kyl group of 1 to 10, preferably 1 to 4 carbon atonms which may be
hal ogenated, an aryl group of 6 to 10, preferably 6 to 8 carbon atons, or
a group of [err] [err] or [err] wher%g[err] I s a hal ogen 20 atom
“preferably chlorine, an al kyl group of to 10, _preferably 1 to 3 carbon
atonms, or an aryl group of 6 to 10, preferably 6°to 8 carbon atons..- R3
. and R4 are eachtpacturces acdry lpr efrrfahimechipgr ngesurieg rfheartdCHeMR] may be
..t he sanme or different, preferably the 25 sane, and have the sanme neani ngs
as described fspecBrundofR4thg tdrrdieymerevi so that each of [err] and [err] is

: not hydrogen. [err] _and R6 are each preferably an alkyl group of 1 to 4
! carbon atons whi ch F&§ BRSHAHGHERCOPOLEBEeRANBRY L9RR ACOEING to the

84 propyl, ISopLoDNLioR WAL ad SORYHs1Q i EEDE O O MYls A HR

. net hyl .
— S 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.
L ' The unsaturated copolymer of ethylene according to the
invention is excellent in weathering résistance, heat
resistance and ozone_resisﬁance and haé a ﬁigh-vulcanizing
oL, 10 rate: . e e e e e -
The unsaturated copolymér of ethylene may be used in
L;_ o . the unvulcanized stater or may be used in the vulcanized
_state-bf vulgahizing-the copolymer through vilcanization
‘'methods described later. 'When.the éopolymer is used in the .
Sy 15 *fvﬁlcanized'stéte, its éxcellént properties are promiﬁently
exhibited. ' -
The unsaturated copolymer of ethylene can be'usgdsés a.
- resin modifier;. or it can be used particularly preferably
5Lf R :'for various rubber pfoducts. | -
e - 20 ' For example, if the unsaturated;copolfmer of ethylene
is added as a'resin.modifier to polypropyléne,

polYéEhylene, polybutene or polystyrene, the impact

: resistance and the stress crack resistance is remarkably
'Lf - enhanced. |
-é: 25 The unsaturated copolymer of ethylene may be used by
$ vulcanizing it singly or in 'combination with other rubber
é; materials. ?_'

i;



—R7 is [err] 20 group of 1 to 10, preferably 1.to 4 carbon atons, nore
\_preferably met hyl, a fluoroal kyl group of 1 to 10 carbon atons, preferably
. [err], an aryl group of 6 to 10, preferably 6 to 8 carbon atons, a '
~fl uoroaryl group.of 6 to 10 carbon atons, preferably pentafluorophenyl, an
. al koxy group of 125 to 10, preferably 1 to 4 carbon atons, particularly
i preferably nethoxy, an alkenyl group of 2 to 10, preferably 2 to 4 carbon
{_atons, an arylalkyl group of 7 to 40,6§referabLy 7 to 10 carbon atons, an
aryl al kenyl group of 8 85 to 40, preferably™8 to 12 carbon atons, or an

. alkylaryl group ofsimde® t4i.s Rirebeuzbt¥d’cbpolynenrdbretdiyiene hasRaand [err]
i_or [err] and [err] may formtogether with the carbon atons to which they

are bonded a Hidtg.viblcanizind efatk,i $tsthhcbe, vgramiradnfor & shoptefer ably

_.tin or germanium R7 is preferably [err] -S-, =SO, [err] or [erri
: period of time or at a lower temperature even when a large

L
amount of a wvulcanizing agent is not used, as compared with
LJ 'S5  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
% | : 10_- 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 properties.

inherent in thé'diene rubbers such as high meéhanical
15 _properties, abrasidn':esistance; dynamic fatigﬁe résistance

and oil resistance, but also excellent weathering
O 5  - resistance, ozone resistance agd heat aging resistancé."

For examplé, a covulcanizate of the unsaturated .

'L'.ﬂ . -.-  copolymer of ethylene according to the invention and a
20 ‘natural rubber exﬁibits excéllent propertiés such as

strength, weathering resistance, ozone resistance and
-LJ : dynamic properties. -

A covulcanizate of the unsaturated copolymef of

——

L

ethylene according to the invention and a pitrile rubber is
25 excellent in weathering resistance, ozone resistance and
0il resistance.
" A covulcanizate of thé unsaturated copolymer of

ethylene according to the invention and a butadiene rubber



b
i

"R8 and R9 nmy be the sane or different,- and have the 10 sanme neaning as
.-described for [err]. mand n may be the sane or different, and are each O,
.1 or 2, preferably 0 or 1, and mtn is O, 1 or 2, preferably 0 or 1.
“Particularly preferred netal |l ocene conpounds 15 satisfying the above
~conditions are conpounds represented by the following fornulas (i) to
C(iii). [err] 25 1n the above fornulas é%), (ii) and (iii), [err] is Zr or
“Hf, [err] and [err] are each nmethyl or’<Chlorine, [err] and-[err] are 86
~each nmethyl, ethyl or trifluoronethyl, and [err] and R12 have the sane
i meani ngs as ddscexiced labbvén @kather conpmsidsanepr eseotedrdyidttendeorand as
(i), (ii) and (iii), particularly preferred are the follow ng 5

conpounds: r a@PERRHOBNEERLFERAGE- 1-i ndenyl ) 2-zirconi um di chl ori de,

[
—

n of r m n
— ) The unsaturated copolymer of ethylene according to the

invention can be obtained by copolymerizing (i) ethylene,

L (ii) an o-olefin of 3 to 20 carbon atoms and (iii) the

P nonconjugated triene or tetraene, preferably the

%‘ nonconjugated triene or tetraene represegtéd by the formula
L; | - 10 -1y, mo?e preferably (Ia) and (Ib'), in the presence of a
- catalyst. ‘Among the_nonconjugated polyene (Ib), '
L _ particularly prefered are (Ib-1) and (Ib').

ﬁlﬁ N As the catalyst, catalysts comprising compounds of

- . transition metals such as vanadium (V), zirconium (Zr) and
'i; © 15 titanium (Ti),'and'oiganoal&minum compéundé.(drganpaluminum.
i oxy-compound) and/or an ionized ionic compound are..

- | employable, and particularly breferably'used in the

L invention are - ' g .
- = (a) a-catalyst comprising-a soluble vanadium compound
f' 20 and an organoaluminum compound, and’ .

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

?E 25 ' The soluble vanadium compound for forming the catalyst
- (a) is Specifically represented by the following formula:

ij VO (OR) .X;, oOr VkQR)ch



“Tac-di met hyl silylene(2-nethyl-1-indenyl) 2-zirconiumdichloride, 10

~rac-dinet hyl silyl ene(2-nethyl -1-indenyl)2-zirconi um di net hyl, -

' rac- et hyl ene(2- et hyl - 1- i ndenyl ) 2- zi r coni um di net hyl ,

~1ac- phenyl (net hyl )silyl ene-(2-met hyl -1-indenyl) [err] zirconiumdichloride,
15 rac-di phenyl -sil yl ene-(2-nmethyl -1-indenyl)[err]-zirconium

tdichloride, rac-nethyl ethyl ene(2-ethylsd-indenyl)2-zirconiumdichloride,

iand rac-dinethylsiIerne(2-ethyI-1-ind% yl)2-zirconium 20 dichloride. These
met al | ocene conmpounds can be prepared by conventionally known processes

. (see, for exampegeipapansse Prdepcartldn-agyarp,Pébliscat hahoglen PEIRO/AGD2) .

Jn the present invention, a transition netal conpound 25 (netall ocene
conpound) repres&nt & By arReNPBPEER FRf §HNGa thB) cPadaFsenendf oY abla <

§.87 3, 0£pbp <3, 2<ath<£3, 0£c<4, 0<d<=<4 and 3 £ c+d
i: _ , 5 Particular examples of the soluble vanadium compounds
represented by the above.formula include VOCl3, VO (OCH3)Cl,,
— VO (OCHs) Clp, VO (OCzHs).sCly.s, VO (OCzHs) 2C1, VO (0-n—-C3Hq) Cla,
VO (0-is0o—-C3H7)Cly, VO(0-n~C4Hg)Cls, VO(O-isé-C4H9)C12, VO (O-
sec—C4Hg) Clz, VO(O-t--C4H9)C12,-VO('0C2H5)3,- VOBry, VCls, VOCly,

10 VO (0-n-C4Hg)3, and VOCljz-20CgH;;0H.

These compounds are used singly'or in cbmbin;tion of

. S " two or more kinds.

: The soluble vanadium compounds may be used in the form

il S of .electron donor addition products of the:solublé vanadium

“15 compounds which can be obtained by contacting'thesé soluble .
: vanadium_compounds with. the following electron donors. |

| o Examples of the electron donors include:

e
; foxygen-containing_electrqn donors, such'as alcohols, = -
- R S phenols, ketones, aldehydes, carboxylic acids, organic-acid
if 20 halides, esters of organic. acids or'inorgahic acids, |
\f ethers, diethers, acid amides, acid anhydrides and
L; alkoxysilanes; and
nitrogen-containing electron donors, such as ammonias,
= ‘amines, nitriles, pyridines and isocyanates.

25 More specifically, there can be mentioned:

alcohols of 1 to 18 carbon atoms, such as methanol,

ethanol, propanol, butanol, pentanol,.hexanol, 2-

3
(S —

ethylhexanol, octanol, dodecanol, octadecyl alcohol, oleyl



Terr] In the fornmula (B), Mis a transition nmetal atomof 10 G oup |VB of
‘the periodic table, specifically, titanium * zirconiumor hafnium Rl
‘and R2 are each independently hydrogen,. a hal ogen atom a hydrocarbon
group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group of 1 to 20
_carbon atons, a 15 silicon-containing group, an oxygen-contai ni ng group,
‘a sulfur-contalnlng group, a nitrogen-containing group or a

~phosphorus cont ai ni ng group. Exanples?df the hal ogen atons include

fluorine, chlorine, bromine and iodine. 20 - ™ Exanples of the
{ hydrocarbon ggedgseof ﬁeﬂgyﬁ%fﬁﬂw phanp1E06) Lde Ao, G@gAs, such-as
unethyl ethyl, propyT . butyl, hexyl, cycl ohexyl, octyl nonyl ,

dodecyl ei CanbohﬁDr bmsdsy:fowm AdoRwLt ;hd ahapfwym@tm 2¢ohods Vi nyl,

.propenyl and cycl ohexenyl; aryl al kyl groups, such as 25 benzyl, phelyl ethyl

Lgnd phenyl propyl ; bhatogeytcartrigsingsadkohslphefiyl ,t¢ dl§/Icarbon atoms,
di nmet hyl phennonyt ri net flphenyl et hyl phenyl, propyl phenyl, biphenyl,
- napht hyl , et Aythapht by Ch%ﬂﬁqmeihﬂﬁpﬂ,aﬁalph%@%9ﬁ¢h§nql and

- 5 trichlorohexanol;

b phenols of 6 to 20_carbon atoms which may have alkyl

groups, such as phenol, cresol, xylenol, ethylphenol,
i: propylphenol, nonylphenol, cumylphenol and naphthol;
: i ketones of 3 to 15 carbon atoms; such as acetone,
L- 10 - methyl.ethyl ketohe, methyl isobutyl ketone, acetophenone,
}~ | benzophenone and benzoquinone; .
- . aldehydes of 2 to 15 carbon atoms, such as
%; acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde,
:ﬁ tolualdehyde and naphthaldehyde;
{: 15 . organic acid esters of 2 to 18 carbon atoms, such as
ﬁ- methyl formate, methyl acetate, ethyl acetate, vinyl
U acetate, propyl acetate, octyl acetate, cyclohexyl'acetété,ﬁf
:WE ' R ethYl propionateé, methyl butyrate, ethyl valerate, methYli .
- T Chloréacetate) éthyl dichloroacetate, methyl methacrylate,
;j ' | 20 ethyl crotonate, ethyl cyclohexanecérboxyléte,”methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoété}
LQ octyl benzoaﬁe, cyclohexyl benzﬁate, phenyl benzoate,
i benzyl benzoate, methyl toluate, ethyl téluate, amyl
= toiuate, ethyl ethylbenzoate, methyl anisate, ethyl
5 ; 25 anisate, ethyl ethoxybenzoate, Y-butyrolactone, 6-
ij Mvalerolactone, coumapin, phthalide and ethyl carbonate;
|
L



88 Exanpl es of the hal ogenated hydrocarbon groups include the
~above-exenplified hydrocarbon groups which are substituted w th hal ogen
.atoms. Exanples of the silicon-containing groups include 5
“ronohydr ocar bon-substituted silyls, such as nmethylsilyl and phenylsilyl;
di hydr ocar bon-substituted silyls, such as dinethylsilyl and di phenylsilyl;
itri hydrocarbon-substituted silyls, such,as trimethylsilyl, triethylsilyl,
“ripropylsilyl, tricyclohexylsilyl,trib%enylsilyl, 10 di et hyl phenyl si |l yl,
met hyl di phenylsilyl, tritolylsilyl and. trinaphthylsilyl; silyl ethers of
i hydrocar bon-subst i tagiedhailliges, osUght@s13 rdamiday lasiolng| stibRras acetyl
tsilicon-substituted al kyl groups, such as trinethylsilylnmethyl; and
silicon- . s siridet, etbearpy 1 gcblpsidasudiolamytlr icimdoirybei bhd phebydyl 15
. Exanpl es of the oxygen-containing groups include hydroxy groups; al koxy
Lgroups, such &3 lexiFgxy, ethoxy, propoxy and butoxy; aryloxy groups, such
as phenoxy, nethyl phenoxy, dinethyl phenoxy and napht hoxy; and aryl al koxy
. groups, such as ph&hferet RbxY Eﬂdgﬁh%ﬁéhQﬁ%ﬁiaVszosuc a$ E&Eﬂ%fe%tQﬁrthe
-{3”3??2 Dy &g 19 e2hlz, 0EbHaS, L O8GRIy 10%YERY, | Snf PPLAREY, W Lh
| tetrahydrofuran, anisole and diphenyl ether;

e acid anhydrideé, such as acetic anhydride, phthalic

anhydride and benzoic anhydride;

_ alkoxysilanes, éuch as ethyl silicate and
L; 10 diphenyldimethoxysilane;
T acid amides, such as N,N-dimethylacetamide, N,N-
= diethylbenzamide and N,N-dimethyltdluamide;.
i , amines, such as trimethylamine, triethylamine,
- tributylamine, tribenzylamine and
L; 15 tetfamethylethylenediamine;.
:.. " nitrilés, such as acetonitrile, benzonitrile and
_L- tolunitrile; and
f' pyridines, such as pyridine, methyipyridine, N
- i ethylpyridine and dimethylpyridine. - | |
i} 20 In the preparation of the electron doﬁor addition
; products of the soluble vanadium compounds, the above
L: electron donors may be used alone or in combination of two
P - or more kinds.
L . In the présent invention, the organoaluminum compound
;? 25 used for forming the catalyst (a) is represented by the
- following formula (III):
L R1,A1X3-n ' (1I1)



exenplified oxygen-containing group. Exanples of the nitrogen-containing
.groups include am no group; alkylam no groups, such as nethylam no, 25

.di met hyl am no, di et hyl am no, dipropyl am no, dibutylam no and

~di cycl ohexyl am no; and arylam no or al kyl aryl am no groups, such as
phenyl am no, di phenylam no, ditolylam no, dinaphthylam no and

‘met hyl phenyl am no. ‘89 Exanples of t phosphor us- cont ai ni ng groups
dincl ude phosphino groups, such as di nethyl phosphino and di phenyl phosphi no.
O these, [err] is preferably a hydrocarbon group, 5 particularly

preferably a hyhesedmb®h §¢ocaphydracarpon gxopenoat dnko (het Hrefagaply dr
tpropyl). R2 is preferably hydrogen, or a hydrocarbon group, particularly
preferably hdeﬁgénQiFhﬁnhﬁﬁPBEarﬁohsg?dﬁﬁﬁﬁFﬂiaF8m3°gaPB§ﬁ°§f%MBa??mﬁhyI,
ethyl or propyl,). 1% [err] and [err] are each independently
_hydrogen, a haﬁﬁbén gtgﬁl a hydrocarbon group of- 1 to 20 carbon atons or a

:halogenated hydr ocamhanhg6RHBaPhotk {fod® FAMPY d50%Brbon atoms is, for

f’ 5 example, an alkyl group, a cycloalkyl group or an aryl

- group, and particular examples include methyl, ethyl, n-
L propyl, isopropyl, isobutyl, pentyl, hexyl, octjl;
j: cyclopegtyl, cyclohexyl, phenyl and tolyl.
=~ ) Egamples of such organoaluminum compounds include:
{ ; 10 tfialkylaluminums, éuch as trimethylaluminum,
5¥ - triethylaluminum, triisopropyléluminum, triisobutylalumium,
L; trioctylaluminum and tri-2-ethylhexylaluminum;
; alkenylaluminums represented by the'formulé
5114 . - (iC4Hg) xAly(CsHyo); (X, y and z are each a Qositive qumber,
g?' 15 _.and z 2 2x), such as isoprenylaluminum. ;
fﬁ | ﬁrialkenylalpminums, such as triisopropenylaluminum;
i; dialkylaluminum halides, such as dimethylaluminum
- ¢hlgride, diethylaluminum-éhloride, diisopropylaluminum .
. Lj : - chloride, diisobutYlaluminum chloride and dimethylaluminum
i 20 . bromide; .
= alkylaluminum sesquihalides, such as methylaluminum '
Lj sesquichloride, ethylaluminum sesquichloride,
- isopropylaluminum sesquichloride, butylaluminum
E; . sesquichloride and ethylaluminum sesquibromide;
[ 25 alkylaluminum dihalides, such as methylaluminum
L; dichloride, ethylaluminum dichloride, isopropylalumium
i; dichloride and ethyléluminum dibromide;
|
L

|



O these, preferred is hydrogen, the hydrocarbon group or the hal ogenat ed
hydrocarbon group. At |east one 15 conbi nation of [err] and [err] and
[err] or [err] and [err] may formtogether with the carbon atons to which
they are bonded a nonocyclic aromatic ring. When there are two or nore
hydr ocar bon groups or hal ogenat ed hydrocarbon groups, excluding the groups
for 20 formng the aromatic ring, thgyg nay be bonded to each other to
forma ring. Wien R6 is a substituent other tham. the aromatic group, it is

pref erably hydrogen |.es .of the hal.ogen_atons drocarbon groups
of 1 to 20 carbon a %i? HW%?”W&P@&%&&ng AV o %.%ké%%gé L of 1to
20 car bon ato [ d Ry As the Ilgand whi ch
contains a nD |c aroﬁgtlcybgﬁgmﬁgpﬁe§§gilé€ | east one conbi nation of

'R3 and R4, R4 and 21180 d Rinfilnudd Jl%&ahagg [§ﬁé}}ua§15etffﬁ}'ﬂdlm¢mﬁzb0Ve and
lis coordlnated to M there can be nentioned the follow ng ones. 5

dihydride and propylaluminum dihydride.

Also employable as the organocaluminum compound is a

wh

compound represented by the following formulé (IV) :
R1AlY¥3-n | (IV)
P wherein R' is the same as in the above formula (III); Y is
= -OR® group, -OSiR!l3 group, —OAlR!2; group, *-NR3; group,
Y 10 siR4; group or -N(RS)AlRYS, group; R!9, R, R!2 and R6 are
each methyl, ethyl, isopropyl, isobutyl, cyclohexyl or
oo phenyl; R!3 is hydrogen, methyl, ethyl, isopropyl, phenyl
or trimethylsilyl; R and R!S are each methyl or ethyl; and
P n is 1 to 2. | |
15 " The organocaluminum éompounds rep:ésented:by:the
formula (IV) include compounds of the.fOllowing.fcrmulas
ﬁ . 1 . whéfein Me is methyl, Et_is ethyl, Bu 'is butyl, and Rl to -
R16 are the same as those in the formula (IV).
L ' j-‘. -~ (1) Compounds of the formula FGnAl(OR“U3.n, e.g. }
! 20 'diélkylaluminum alkoxides, such as dimethylaluminum
= : methoxide, diethylaluminum ethoxide and diisobutylaluminum-

methoxide; partially alkoxylated alkylaluminums, such as -

-

ethylaluminum sesquiethoxide, butylaluminum sesquibutoxide

and those having an average éomposition represented by,

-

25 e.g., RY; sAl(OR2?)gy.s; and partially alkoxylated and

halogenated alkylaluminums, such as ethylaluminum

{7

ethoxychloride, butylaluminum butoxychloride and

-

ethylaluminum ethoxybromide;

{

.



10 [err] 15 O these, preferred is the ligand represented by the
 formula (1). The aromatic ring nentioned above may be substituted with a

. hal ogen atom a hydrocarbon group of 1 to 20 carbon atons or a hal ogenat ed
~hydr ocarbon group of 1 to 20 carbon 20 atons. Exanpl es of the hal ogen
~atons, the hydrocarbon groups of 1 to 20 carbon atons and the hal ogenat ed

i hydrocarbon groups of 1 to 20 carbon agons for substituting the aronmatic
“ring are those described for [err] and [err]. 25 [err] and [err] are

Carbon atoms, & hal Oy SHIREN P c S BoROEToL Brht (5 TH0Sburboh St oms, an

—pryger cortoufh 08 GURAPL B MLA BT R ke puShy RISELSS of (e

Lgigggﬁ?ggﬁ?ar%?LgcgﬁggggﬁkQﬂﬁé B LnkOordPm&as BanNatieATR2OM, { hee o,
EtsAlOAlEt,; and .(iso-Bu)A10A1 (iso-Bu)a;

‘ | 5 (4) Compounds of the formula R} Al (NR13,)3.,, e.qg.,
Me,AlNEt,, Et,A1NHMe, Me,AlNHEt, Et,AlN(SiMes), and (iso-

— Bu) 2A1N (SiMe3s) 2;

(5) Compounds of the formula R!,Al (SiR43)3_,, e.g.,

- (iso-Bu)2AlSiMe;; and

E 10 (6) Compounds of the formula RizAl (N (R13) A1R16,) 5.,

e.g., EtsAlN(Me)AlEt, and (iso-Bu)AIN(Et)Al(iso-Bu);.

Of the above compounds, preférred are-a;kylalgminum ‘

halides, -alkylaluminum dihalides or combinations thérepf, ,

—_ . ’.}-f - The organoaluminum compound used in the invention may

D 15 contain an.o:ganometallig compound cdmponeﬁt of;éthefimepal;.

than aluminum in a small amount.: i |

; o Next, the catalyst {(b) used in the.inQéntion;-which'
comprises a metallocene compound and an organoaluminupydx§-_ -

Q.' - . 'h_compound or an~ionized iohic compound, is~déscribed. 2

20 The metallocenencompouﬁd of a transitipn 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

25 from elements of Group IVB of the periodic table, e.g.,

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

transition metal.

£
l'.!



are those described for [err] and [err]. 5 Exanpl es of the

sul fur-containing groups include those described for [err] and [err]; and
further sul fonato groups, such as nethyl sul fonato,
Trifluoronet hanesul fonat o, phenyl sul fonato, benzyl sul f onat o,

p-toluenesul fonato, trinethylbenzenesul fonato, triisobutyl benzenesul fonato,
‘p- 10 chl orobenzenesul fonat o and pent af¢ uor obenzenesul fonat o; and sul finato
groups, such as nethylsulf|nato phenylsulf|nat0 “benzyl sul finat o,

p-t ol uenesul fi nato trlnei ¥ benzene U|f| g N 1 c
' pent af | uor obenzene&uf-Fi Aat 9284 €O 3 FobAPBEATHPBURCR 1 8 20
: b 15 t hal b 0
earbon ators, it gfie ?L§9f‘?c§n°%§§nffae‘?ﬂﬁn%q‘ 9485790 cGEPpettadiddy s

iger mani um con g | ining group, [err] , [err]
_or wher e [er% bggeﬁ?dﬁgggﬁ ﬁ%g ﬂg&fgiéggﬁﬁéﬁggﬁea hydr ocar bon group of 1

to 20 carbon atonseabmplBal gefRé el JWHHD TG 8r eyplebedtid@igdyrar bon
vatons. Exanples of the dival ent hydrocarbon groups of 1 to 20 carbon atonB

i Linclude alkyl erelgtonpinciudéd alkyetdrylmmdoadkydt bubseibytede,
1, 2- et hyl ene, dinethyl-1, 2-ethyl ene, 25 1, 3-trinethyl ene,
, 1, 4-tetranet hyysﬂ;epemtadcganh@wame suah amcwyépphekydeﬁ@yland

arylalkylene %;gggicyggggeggadlenyl, ethylcyclopentadienyl, n—- or 1-
propylcyclopentadienyl, n-, i-, sec—- or t-
butylcyclopentadienyl, hexylcyclopentadienyl,

- 10. octylcyclopentadienyl, dimethylcyclopentadienyl,

| trimethylcyclopentadienyl, tetramethylcyclopentaé;enyl,
pentametbylcyclopentadienyl, methylethylcyclopentadienyl, -

_ ‘methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,

L{ . methylhexylcyclopentadienyl, methylbenzchyclopentadienyl}a

[ - 15 ethylbutylcyclopentadienyl, ethylhexyléyclopentadienyl,andi

| methylcyclohexylcyclopentadienyl.

i . _ ' Furthef, an.indenyl group, a 4,5,6,7-tetrahydroindenyl

grbup and a fluorenyl-group'cén-be also mentioned. - . f '_ -

- I Those -groups may be substituted with halogen atoms or

1 ' 20 trialkylsilyl groups.

Of the above ligands, particularly preferred are alkyl
i; substituted cyclopentadienyl groups.
e When the compound represented by the formula (V) has
LQ twb or more ligands L having a'cyclopentadienyl’ékéIéton,
. 25 two of the ligands having a cyclopentadienyl skeleton may
L

be bonded to each other through an alkylene group such as

ethyleﬁe or propylene, isopropylidene, ‘a substituted

-

alkylene group such as diphenylmethylene, a silylene group,



—di phenyl net hyl ene and di phenyl -1, 2- et hyl ene. 92 Exanpl es of the dival ent

~hal ogenat ed hydrocar bon groups include the above-nentioned dival ent '

I hydrocarbon groups of 1 to 20 carbon atons, which are hal ogenated, such as

chl oronet hyl ene. 5 -Exanpl es of the divalent silicon-containing
groups include al kylsilylene, alkylarylsilylene and arylsilylene groups,

» 'such as nethylsilylene, dinethylsilylene, diethylsilylene,

di (n-propyl)silylene, di(i- propyl)si??lene, di (cycl ohexyl)silylene, 10
met hyl phenyl si |l yl ene, di phenylsilylene and di (p- tolyl)silylene; and

- al kyl di silyl ge.a adescakykdiusishyleare agebws ydubirsiadsy dénetbydapsyleneh as

t tetramethyl-1,2- disilylene and tetraphenyl -1, 2-disilylene. Exanples of
t he di val ent ighsnyilgihigoeha birngeghpipiserdyl siigiliede .t hose wherein silicon
}1i$ replaced m@th germani umin the above-nentioned dival ent o
i sll|con-conta|n|n@xgmwdps:oExanptbgroth@mmtkﬂ\kﬂ%ﬁﬂ@_hﬁﬁlégnﬁalnlng gr oups
~include those wherein silicon is replaced with tin in the above-
~ cyclopentadienyl skeleton include a hydrocarbon group of 1
o 5 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'aﬁ alkyl group.
10 -ﬁxamples of the hydrocarbon groups of 1 to 12 cérbon.
atoms include alkyl_groups, cycloalkyl groups, aryl groups
= and aralkyl groups, more specifically, there can be.
mentioned: |
alkyl groups, such as methyl, ethyl, n4propyl,
L | 15 ' isopropyl, n-butyl, isobutyl, sec—butYl, t-but§1f pentyl,
hexyl, octyl, decyl and dodecyl; ' )
cycloalkyl groups,'such as cyclopéntyl.and cyclohgxyl;
o aryi groups, such-as phéﬁyl and tolyl; and S 'j- .
- - B aralkyl'group)'such as benzyl and neophyl. '
20 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.
e Examples of the sulfonic acid-containing group (-
25 SO3R2) include methanesulfonato, p-ﬁoluenesulfonato,
trifluoromethansulfonate and p-chlorobenzenesulfonato.
Examples of t@f halogen atoms include fluorine,

chlorine, bromine and iodine.



—mentioned dival ent silicon-containing groups. 20 R7 is a hal ogen
~atom a hydrocarbon group of 1 to 20 carbon atons or a hal ogenat ed

i hydrocarbon group of 1 to 20 L carbon atons, exanples of which
~are those described for [err] and R2. O the above groups, preferred are

di valent silicon- 25 containing groups, divalent gernmani um containing

1 groups .and dival ent tin-containing gr gp, and nore preferred are dival ent
tsilicon-containing groups. O these, z rticulagly 93 preferred are

al kyl silyl ene, alkylarylsilylene and arylsilylene. Listed below are
J'exanpl es of the tThesimeted loceae compowndsoF ditee sdbmved foympha vherein (B).

' 94 [err] Me: nethyl; Et: ethyl; . Ph: phenyl
' the valence of the transition metal is 4 is more

specifically represented by the following formula (VI):

R2gR3,R4,R5 M (VI)

5 wherein M is the above-mentioned transition metal, R? is a

T

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.

i”- . 10 fo;mula (V), k is an integer of not less than 1, and .

. k+l4+m+n = 4.

_ Listed below are examples'df.the metallocene compounds

containing zirconium as M and containing at least two

e ‘ - ligands having a ‘cyclopentadienyl skeleton.

15 Bis (cyclopentadienyl)zirconium monochio:idé

i"i“—_f

monohydridé, ‘ ' .

Bis (cyclopentadienyl)zirconium dichloride,

Bis{dyclopentadienyl)ziréonium dibromide, - .' - . -

i

Bis(cyclopentadieny;)methylzirconiﬁmnmohochloride,

?j 20 Bis(cyclopentadienyl)zirconium'phénox&monochloride,

¥f' Bis(methylcyclopentadienyl)zirconium dichlo?ide,

Lj .Bis(ethylcycloéentadienyl)zirconium dichloride,

; : Bis(n4propylcyclopentadienyi)zirconium dichloride,

LJ ' Bis(isopfopylcyclopentadienyl)zirconium_dichloride,

i 25 Bis(t—butylcyclopentadienyl)zirconium dichloride,

h ' Bis (n-butylcyclopentadienyl)zirconium dichloride,

{? Bis (sec-butylcyclopentadienyl)zirconium dichioride, )
. Bis(isobutylciilopentadienyl)2irconium dichloride,

-

o



95 *2: [err] and [err] and [err] and [err] are bonded to each other to form

~a five-nmenbered ring, respectively. M: nethyl; Ph: phenyl . 96
‘lerr] 97 Also enployable in the invention are transition netal conpounds

“wherein zirconiumis replaced with titaniumor hafniumin the
~above-nentioned conpounds. The transition netal conpounds nentioned above

§are 5 used generally in the form of raﬁfnic nmodi fi cation as the olefin
~pol yneri zation catal yst conponent, but’ they can be used also in the form of

"R type or S type.

o Bis (hexylcyclopentadienyl) zirconium dichloride,

= Bis{octylcyclopentadienyl)zirconium dichloride,
Bis{indenyl)zirconium dichloride,
Bis(4,5,6;7-tetrahydroindenyl)zirconium dichloride,

i ) Bis(indenyl)zirconium dibromide,

: Bis{cyclopentadienyl)zirconium dimethyl,

— Bis(cyclopentadienyl)zirconium methoxychloride,

Bis (cyclopentadienyl)zirconium ethoxychloride,

_ Bis{(fluorenyl)zirconium dichloride, )

P 10 ' Bis(cyclopentadienyl)zirconiumbis(methanesﬁlfon;to),

. Bis(cyclopentadienyl)zirconiumbis (p—-toluenesulfonato),

L; Bis(cyélopentadienyl)Zirconiumbis(trifluoromethanef

sulfpnato), | :

*’T; . _' Bis(méthylcyclopentaQienyl)zirconiumbis(frifluorojn

- 15 methanesulfonato),

Bis(ethylcyClopentadienyl)zirconipmbis(tfifluoro-_

‘methanesulfonato),

‘ .'Bis(propyléyclopentadienyl)zirconiumbis(triflUOror;_- .-
Lo methanesulfonato), | R o

}f 20 : Bis(butyicyclopentédiéﬁyl)zirconiumbié(trifluoro~

~ methanesulfonato),

é“ Bis (hexyleyclopentadienyl) zirconiumbis (trifluoro-

- methanesulfonato),

Lv Bis(1,3-dimethylcyclopentadienyl) zirconium-

{_ 25 bis(trifluoromethanesulfonato),

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

bis (trifluoromethanesulfonato),



—The indene derivative ligands for the transition netal conpounds can be.
synthesized in accordance with ordinary 10 organic synthesis through, for,
;exanpl e, the reaction route described bel ow. 98 [err] 99 The
transition nmetal conmpounds used in the invention can be synthesized from

t hese i ndene derivatives in accordance with conventionally known processes,
ifor exanple, described in Japanese Patent Laid-Open Publication 5 No.
1268307/ 1992. In the present i nvention,8@ transition netal conpound
(et al | ocene conpound) represented by. the following formula (C) is
{also.enployable. 1QiEQ1Fhethyl~3—propylcyclopentadienyl)zirconium—

e

. bis(trifluoromethanesulfonato),

Bis (1-methyl-3-butylcyclopentadienyl) zirconium~-

. bis(trifluoromethanesulfonato)},
é 5 Bis(l,3-dimethylcyclopentadienyl) zirconium dichloride,
Bis(1—methy1—3—ethylcyclbpentadienyl)zirconium

- dichloride, |

P . Bié(1—methyl—3-propylcyclopentadienyl)zirconium

B dichloride, -

10. Bié(1-methyl—3-butylcyclopehtadienylyzirCOnium

| dichloride,

L— Bis(1—methyl—3-hexy1cyclopentadienyl)zirconium

dichloride,

s . _' Bis(;—methylf3;octylcyclopentéqieny1)z;rcbnium

5 "+ 15 “dichloride, | | '

| : 'Bis(i-ethyl—3-butyl§yc10pentadieny1)zircohium

L dichloride, '

_ Bis(triméthylcyclopentédienyl)zirconiumudichloride, -

— R . ’_ Bis(tetramethyicyclopéntadienyl)zirconium dichloride,

e .20 Bis(pentamethylcyciopentadieﬁyl)zircohium dichloride,.
Bis(methylbenzylcyélopentadienyl)zirconium dichloride,
Bis (ethylhexylcyclopentadienyl)zirconium dichloride,

and |

Bis (methylcyclohexylcyclopentadienyl)zirconium

-

- 25 dichloride.

Also employable in the invention are those compounds

wherein the 1,3-position substituted cyclopentadienyl group

e —



715 (O In the fornula [err] have the sane neani ngs described for those in
-the aforesaid 20 formula (B). O [err] and [err], at |east two groups
‘including [err] are preferably al kyl groups, and it is nore preferred that
~R3 and R5, or R3 and R6 are al kyl groups. These al kyl groups are preferably
secondary or tertiary al kyl groups, 25 and may be substituted with
. hal ogen atons or silicon- containing %roups. As the hal ogen atons and the
Lsilicon- cont ai ni ng groups, there can menti oned those substituents as
described for [err] and [err]. 100 O the groups [err] and [err] other
| groups than the séiViced auith ar 4 ,@apsptebar altbyt tpareajen. Exanpl es of the.
hydr ocarbon groups of 1 to 20 carbon atons include straight chain and
branched chai ayealdgénttadigrotuipgraveg.cyclic al kyl groups, such as nethyl,

~ethyl, n- propyl, i-propyl, n-butyl, sec-butyl, tert-butyl, pentyl,
f f y pPropy .Otﬁgrrggamples éée bridge t¥pe metallocgge J%mp&%nds

—

of the above formula (VI) wherein at least two of R2?, R3, R4
{. 5 -and R%, e.g., R? and R3, are groups {(ligands) having a

cyclopentadienyl skeleton, and the at least two groups are

- bonded to each other through an alkylene group, a

substituted alkylene group, a silylene group or a

substituted silylene group. In these compounds, R?Y and RS
10 are each indépendently the same as L other than the iigand
having a cyclopentadienyl skeleton, as described in the
L - . " formula {V).
- - Listed below are examples of such:bridge type
- metallocene compounds.. |

15 S Ethylenebis (indenyl)dimethylzirconium, - .

e

Ethylenebis (indenyl) Zirconium dichloride, -

Ethylenebis (indenyl) zirconiumbis (trifluoromethane~-

7

‘sulfonato), PR - | - o
= -'a' : Ethylehébis(indenyl)zirqoniumbis(methanesuifonato),
20 " Ethylenebis (indenyl) zirconiumbis (p-toluenesulfonato),
Ethylenebis(indepyl)zirconiumbis(p—
chlorobenzenesulfonato),
Ethylenebis (4,5, 6, 7-tetrahydroindenyl) zirconium
- dichloride,
25 Isopropylidene (cyclopentadienyl-fluorenyl)zirconium
dichloride,

Isopropylidene (cyclopentadienyl-

i

methylcyclopentadiéhyl)zirconium dichloride,

-



“hexyl, cycl ohexyl, heptyl, octyl, nonyl, dodecyl,..eicosyl, norbornyl and
adanantyl and arylalkyl groups, such as benzyl, phenyl ethyl, phenyl propyl
-and tonInethyI These 10 groups may contai na double bond or a triple
“bond. Two groups selected from [err] and [err] may be bonded to each ot her
to form.a nonocyclic or polycyclic hydrocarbon ring other than the aromatic
rlng Exanpl es of the hal ogen atons ale those described for 15 J[err] and
~{err] [err], Y and R7 have the sane ani ngs described for those in the

af or-esai d fornula (B). Listed below are exanpl €5 of the netall ocene

. conpounds (tran5|tmkmﬁﬁﬁxkﬂlLM%%@@@n@§FY¢éppé§@ﬂﬁkﬁpiﬁﬂ44ﬁ§qn§ﬂwula 20 (O.
Lrac- Di met hyl si | yl ene-bi s(4, 7-di net hyl - 1- i ndenyl)zirconi umdi chl ori de,
rac-Di nethyls?%%@%ﬁﬁ%%ﬁ@(2,4,7-trinethyl - indenyl)zirconlun1d|chlor|de

25 - Di et hyl.si Lyl.ene-bi s(.2, |-1- .ind
i chi ori de, rac. D 'Y&%l&”ﬂéﬁ@%ﬁé(@eghgiﬂf? Hr A IS um

di chl ori de, dichloride,

l_ 5 Dimethylsilylenebis(dimethylcyclopentadienyl)zirconium
. dichloride,
L Dimethylsilylenebis (trimethylcyclopentadienyl) zirconiu
m dichloridg,

Dimethylsilylenebis(indenyl)zirconium dichloride,

10 Dimethyléilylenebis(indenyl);irconiumbis(trifluoro~

methanesulfonato),
Dimgthylsilylenebis(4;5,6,7—

- tetrahydroindenyl) zirconium dichloride,

L= B _\': Diﬁethylsilylenebis(cyclopentadienyl—_

15 fluorenyl)21rcon1um dlchlorlde,

I

Dlpheny151lylenebls(1ndenyl)21rcon1um dlchlorlde, and”

Methylpheny151ly1enebls(1ndenyl)21rcon1um dlchlorlde--

”Further, a metallocene compound of the follow;ng L.

~ ; P ;formula KAL, whlch;is described in Japanese Pa;ent Laid-~
[ 20" _Opeanub;icatibn No. 268307/1992, is also employablé.
L | 88
(CR®RY)
¢ =
(cr8Rr9)




7

—101 rac-Dinet hyl silyl ene-bis(2,4,5,6-tetranmethyl-1- indenyl)zirconium
di chloride, rac-D nethylsilylene-bis(2,4,5,6,7-pentanethyl-1-

i indenyl)zirconiumdichloride, 5

rac-Di net hyl sil yl ene-bi s(2-net hyl -4-n-propyl -7-nethyl - 1-indenyl) zirconi um
di chl ori de, rac-D nethyl silyl ene-bis(4-i-propyl-7-nethyl-1-

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

._rac- Di met hyl si | yl ene- bi s(2- et hyl - 4-i 83ropyl - 7-met hyl - 10
1-i ndenyl ) zi rconi um di chl ori de, ' _ -

| rac- D met hyl silyl ene+ieS v aylagd; | wPropy et BY! crdop Ne@BYSs ZxLoni um

Ldi chl oride, rac-Di nethylsilylene-bis(2-nethyl-4-nethyl-6-1i-propyl-
1-indenyl ) zi rEgRigiNditgibher,i deg. }5titanium, zirconium or hafnium.
- .-rac-Di met hyl si |l yl ene-bi s(2-nmet hyl -4-i-propyl -5-nethyl - 1-indenyl)zirconium
. dichloride, rac-Dr¥ethyl B? Iyaertse sy Zamet byl didffededt - mropydne kBach
~indenyl)zirconiumdichloride, rac-Di nethylsilylene-bis.(2-nethyl-4,
. 6-di (i - propyBydtogem, met aypkyl- grdenyps zi revnt Umrredergpildel to 3
L— 5 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,
10 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"
'[ ' at.om, preferably chlori_.né.' | |
| R3‘and R may be the same or different, and are each
Lo 15 - hydrbgén}'a'haldgen.atom,'préferably fluorine,:chlorihe;df_
'bromine,'an.alkyi group of 1 to 10, preferably 1 to 4 0
L e ,E:a_rbon atoms v:ihich may'j be halogenated, an aryl group of 6
: ;o;lor.preferébly'G to 8 carbon -atoms, or a group of -NR0,, -.
= PR -.-SR1°,.'--OS:i_.R1°3,' -5'S_iRi°3 or =PR10,, _wheré R0 is a halogen
20 atom, preferably chlorine, an alkyl group of 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 R6 may be the same or different, preferably the -
25 same, and have the same meanings as described for R3 and R
with the proviso thaﬁ. each of RS and R is not hydrogen. RS

and RS are each pref_erably an alkyl group of 1 to 4 carbon

atoms which may be halogenated, for example, methyl, ethyl,

-



-=rac- D met hyl si |l yl ene-bi s(2-nethyl -4-i-butyl-7-methyl- 1-indenyl)zirconium

di chl oride, rac-D nethylsilylene-bis(2-nethyl-4-sec-butyl-7-

" et hyl - 1-i ndenyl ) zi rconi um'di chl ori de, 25
.rac-Di net hyl silyl ene-bis(2-nethyl -4, 6-di(sec-butyl)-1- i-ndenyl)zirconi um

di chl oride, rac-D nethylsilylene-bis(2-nmethyl-4-tert-butyl-7-

. met hyl -1-indenyl ) zi rconi um di chl ori de 102

[_rac-u nethylsiIyIene-bis(2-nethy|-4-c§6lohexyl;j-

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

- rac- Di net hyl gdoplyane-ikioptdpyat hht ¢1 benzybutly i\ i1 uordaBy hy i r coni um
. dichloride, 5 ' rac- D net hyl si |l yl ene- bi s(2- net hyl - 4- phenyl et hyl - 7-
" met hyl - 1- i ndgmefeziabdgnimehgilchl ori de, rac- Di met hyl si |l yl ene- bi s(2- net hyl - 4-

phenyl di chl or onet hyl - 7- met hyl - 1-i ndenyl ) zi r coni um di chl ori de, 10
‘rac- Di met hyl si | yl &leibi s(2- net hyl - 4-chl oronet hyl - 7- met hyl - 1-i ndenyl )

—zirconi um di chl ori de,

- 5 -
11

| T 1111 Fll
L |

-M2 - M2 _M2 - \ -?12-— (crl3 o) —
- 10 gl1 gll pll
! IZ —é— -0-M2 -
- -0-M“° -0~ l \ l A
f rl2 rl2 rl2 .

.15
L
=PR11 or =P (0)R!!, where Rl!, Rﬁz-énd R!3 may be the same or . -

iLJfﬂ ;-- . different¢ and are each-hydrogen} a“halogeniétdm,.ahfalkyl

20 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

25 to 10, preferably 1 to 4 carbon atoms, particularly
preferably methoxy, én alkenyl group of 2 to 10, preferably
2 to 4 carbon atoms, an érylalkyl Qrodp of 7 to 40,

preferably 7 to 10 carbon atoms, an arylalkenyl group of 8



—rac- Di net hyl si | yl ene- bi s(2-net hyl -

trimethylsilylnmethyl-7-nmethyl-1-i ndenyl )zirconiumdichloride, 15
~ rac-Dinet hyl si |yl ene- bi s(2- net hyl -
—trimet hyl sil oxynet hyl - 7- et hyl - 1-i ndenyl ) zirconi um di chl ori de,

rac-Di ethyl silyl ene-bis (2-nethyl-4-i-propyl-7-nethyl- 1-indenyl) zirconium
| dichloride, 20 rac-Di (i1 -propyl)8glyl ene-bi s(2-nethyl-4-i-propyl -
et hyl - 1-i ndenyl ) zirconiumdichloride, rac-Di (_n butyl)silylene-bis

2- met hyl - y 2| r coni um di chl or
. rac-Di (cycl oﬁgx%Q%Isﬂ 7l é*ﬁép%é’sf’z*‘ Fg RN A PE 28 @ r]rgé’l"'l?iry?‘ i ndenyl )

~zi rconi um di glj‘%‘; & 7 25 hék?%%ﬂ:ﬂ"/'ﬁcgglzb'c%(x%oﬁegmﬂns? bz PRAPY! - 7-

nmet hyl - 1-i nd Zi rconi-um di

rac- Di phenyl sirlgylreRe-dy $12- g4 hyls- ﬂla%' Pswyéog?eﬂfféﬂwnhlthad69%«);5' rconi um
di chloride, rac-Di phenylsilylene-bis{2-nmethyl=-4,6-di(i -propy ) -

atoms to which they are bonded a ring.

|
|
[

5 M2 is silicon, germanium or tin, preferably tin or
germanium.
R’ is preferably =CR!R}2, =SiR1lR12, =GeR!1Rl12, -0O-,
-S-, =80, =P_R11 or =P (O)RIL,
- . R® and R® may be the same or‘-different,- and have the
"10  same meaning as described for RIl.
m and n may be the same or different, and are each 0,
1 or 2, _pre.ferably 0 or 1, and m+n is 0, 1 or 2, preferably
0 or 1.
— _ _ Partlcularly preferred metallocene compounds
15 satisfying the above cond:.tlons are compounds represented

by ;he fo.llow:mg f—ormula_.s (i) to (iii).

20

25

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



—i ndenyl ) zi rconi um di chl ori de, 5
rac-Di (p-tolyl)silyl ene-bis(2-nethyl-4-i-propyl-
. methyl -1 -indenyl)zirconium di chl ori de,
—rac- Di (p-chl orophenyl)silyl ene-bis(2-nethyl-4-i-
propyl - 7- met hyl - 1-i ndenyl ) zi r coni um di chl ori de,
. rac-Di net hyl si |yl ene-bi s(2-net hyl -4-igg@ropyl -7-methyl - 10
__1-indenyl ) zi rconi um di br om de,

-Di net hyl si | yl bi s(2- et |-4 - eth ' ' i
dimethyl, 1 agaEhnBeRPYLT | SRRb-OF S M T BB 5% e ngi s and O U
__1-indenyl)zi g? I um r%t hyl chl ori d ahove.

rac- Di met hyl é] (sfmﬁef"ﬁﬁplﬂgs-%? o%??crf' C% }‘1
- 1- lndenyI)ZIrconIBQ} ?%Aé@@ﬁ&%'ééﬁ?ﬁé&hted by the Formulas (i), (ii)

. rac- Di net hyl si |l yl éne- propyl

—1- 'ndeny|)z'%ﬁﬁnkﬁﬁlp'Sﬁﬂrﬁ&@ﬁWﬁﬁ&prfﬁﬁéﬁned are the following
, rac-Di nmethyl silylene- f)ls 2- et hyl -"3- et hyl - 4-i - propyl - 20

. 6-nethyl -gl-i admpbshhaslfcom um di chl ori de, '
—rac-Di met hyl si |yl ene-bi s(2-ethyl-4-i-propyl-6-nmethyl- 1-indenyl)zirconium

~dichloride, and razecbehbyhgnel?yhetlerlils(indshedyb- ZIMFC?}?JO}F}/I - 6- net hyl -
| 1-indenyl)zirconiumdichloride. 25 Al so enpl oyabl e in the invention
‘—are transiti dachbpgideonpounds wherein zirconiumis replaced with titanium

nmet al
rac—dlmethy151lylene(Z—methyl—l—lndenyl)2—21rcon1um

dichloride,
~10 _ rac—dimgthylsilylene(2—methyl-i—indenyl)z—zirconium
dimethyl,
rac-ethylene(2—methy1-l—indenyl)z-zircdnium dimethyl,

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

— ‘ : 21rcon1um dlchlorlde,
15 rac—dlphenyl—51lylene~(2-methyl 1-1ndeny1)2-21rcon1um
dichloride, . _

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

i_ ' rac—dimethy;silyiené(2—ethyl—1—indenyl)2—zirconium
20 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

25 (metallocene compound) represented by the following formula

-

(B).is also employable.



or hafniumin the above-nenti oned conpounds. 104 The transition netal
.conpounds nentioned above are used generally in the formof racemc
,nDdlflcat|on but they can be used also in the formof R type or S type.
“The indene derivative ligands for the transition nmetal 5 conpounds can be
~synt hesi zed in accordance with ordinary organic synthesis through, for
.exanpl e, the aforenentioned reaction route. The transition netal conpounds
L(netallocene conpounds) represented byY%fhe formula (C) can be synthesized
from 10 these indene derivatives in accordance with conventionally known
. processes, for exanple, described in Japanese Patent Lai d-Open Publication
«No. 268307/1992. In the present inv ulon @ transition met al conpound

(et al | ocene conpound) represented ths ollomnng formula 15 (D) is
al so enpl oyable. [err] 20R(§)) R 2 R 3
I 4 .
- S
5 (B)
i _ In the forﬁula (B, M is a transition metal atom of
- 10 Group IVB-of the periodic-table, specifically, titanium,.
- 'zirconium or hafnium.
- k Rl and R? are each independently hydrogen, a halogen
? aiom, a hydrocarbon group of 1 to 20 carbon atoms, a
_ halbgénated'hy&rocarbon grOUp of 1 to 20 carbon atoms,_a
_i; :iS‘ silicon-containing group, ‘an oxygen-contalnlng group, a

| 1sulfur—conta1n1ng group, a n1trogen-conta1n1ng group o£ a:i*w

— i 3phosphorus—containing group.’
; _ Examples bffthe'halbgén atoméTinClude_flﬁorine,- .
- X" chlorine, bromine and iodine. | | |
L; 20 ' Examples of the hydrocarbon groups of 1 to 20 carbon °
i atoms include alkyl groups, such as methyl, ethyl, propyl,
L— ‘ butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,

norbornyl and adamantyl; élkenyl groups, such as vinyl,
propenyl and cyclohexenyl; arylalkyl groups, such as

25 beniyl, phenylethyl and phenylpropyl; and aryl groups, such

as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,
- methylnaphthyl, anthracenyl and phenanthryl.



25 In the formula (D), M [err] and Y have the sane neani ngs as

,described for those in the aforesaid formula (B) or (CO. 105 [err] is.
tpreferably a hydrocarbon group, nore preferably a hydrocarbon group of 1 to
~4 carbon atons, e.g., nmethyl, ethyl, propyl and butyl. [err] and [err] are

each preferably a hal ogen atomor a 5 hydrocarbon group of 1 to 20 carbon
catons. R2 is an aryl group of 6 to 16,garbon atons, for exanple, phenyl,
—ferr]-naphthyl, [err]-naphthyl, anthr§ enyl, phenant hryl, pyrenyl,
acenapht hyl , peri napht henyl or aceanthrylenyl. O these, phenyl or napht hyl
tis preferred. 10 ERwsspdear pf gheupsloggndeed ustbidazrbdnnigicoubal dgehudeons,
._hydr ocarbon groups of 1 to 20 carbon atons or halogenated hydrocarbon
groups of 1 tiheEkesihsrerPrdisisdchyasoerERqn BEPURSr “hdeh] argj st ed bel ow
~are exanples of the transitjon Tgtal 15 conmpounds (netal |l ocene conpounds)

_represented FPhste Fitpppalogen atoms.

l ' Examples of the silicon-containing groups include
L. S monohydrocarbon-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,

trinaphthylsilyl; silyl ethers of hydrocarbon-substituted

- ' silyléjfsuéh as trimethyl;ilyl ether; silicon-substituted
alkyl groups, such as_trimethylsilylmethyl;.and silicon-
.substituted aryl groups, such as trimethylsililphenyl. .

a5 - -E#ampleé 5f5the'oxygen—bontaining groupé include
hydrogy groups; alkoxy groups, such as methoxy, ethoxy,
‘Propoxy and*butéxy:laryloxy groups, such as phenoxy,

méthylphenoxy,”dimethylbhenoXy and naphthoxy; and = = f'- -

%“; : -. arylalkoxy grqups;'such'as phenylmethoxy and. phenylethoxy:

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

§' exemplified oxygen-containing Qroup.

Exanmples of the nitrogen-containing groups include

L= . amino group; alkylamino groups, such as methylamino,

i 25 ‘dimeéhylamino, diethylamino, dipropylamino, dibutylamino

and dicyclohexylamino; and arylamino or alkylarylamino

groups, such as phenyiamino, diphenylamino, ditolylamino,

dinaphthylamino and—methylphenylamino.

10 . dimethylpkenylsilyl, methyldiphenylsilyl, tritolylsilyl and. -



—L rac- Di met hyl si |l yl ene- bi s(4-phenyl -1-i ndenyl ) zi rconi um

_dichloride,. rac-D nethylsilyl ene-bis(2-nethyl-4-phenyl-1- 20

i ndenyl ) zirconi um di chl ori de, '

—r ac- Di et hyl si | yl ene- bi s(2-net hyl -4-(a-naphthyl) -1- indenyl)zirconium
di chl oride, rac-D nethylsilylene-bis(2-nmethyl-4-([err]-naphthyl)-1- L

i indenyl)zirconiumdichloride, 25

Lrac-Di nethylsiIerne-bis(2-nethy|-4-@%1anthracenyl)-1- i ndenyl ) zi rconi um
di chl oride, rac-Dinethylsilylene-bis(2-nethyl-4-(2-anthracenyl)-1-

. indenyl) zi r coni unedamples icke, the phdSphorus-containing groups include

_rac-Di net hyl silyl ene-bi s(2-nethyl -4-(9-anthracenyl)-1- indenyl)zirconium
di chl ori de, phesPhimt hyteips) enshhias( dimethylpaosphprerand hryl ) - 1-

. indenyl)zirconiumdichloride, 5

| rac-Di met hyl ¢iphernioesghinget hyl - 4- (p-fl uor ophenyl ) - 1-indenyl) zirconi um

—dichl oride, rac-Di methyl silyl ene- bi - -4-
of theyse,' RY1 (?Ls prl_ei'ggagﬂr hg/ Ih)flclrocarbon group,

i 5 particularly preferably a hydrocarbon group of 1 to 3

—

carbon atoms (methyl, ethyl or propyl). R? is preferably

r“f"

hydrogen or a hydrocarbon group, particularly preferably
hydrogen or .a hydrocarbon group of 1 to 3 carbon atoms
(methyl, ethyl or propyl). ’
10 R3, R4, RS and R® are each independently hydrogen, a
. .halogen atom, a hydrocarbon group of 1 to 20 carbon atoms
;— ' . or a halogenated hydrocarbon group of 1 to 20 carbon atoms.
| Of these, preferred is hydrogen, the hydrocarbon group or“-
the'halbgenated hydrocarbon group. At least one
15 combination of R3 aﬁd Rﬁ;:R4 and RS, br'Rﬁland 2 may form
. together with the carbon atoms to which. they are bonded a
L; monocyclic aromatic ring. |
: When there are two. or more hydrocarbon groups or .
= - halogenated;hydrocarbon“groﬁps, e#cluding-the groups for
20 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 preferably hydrogen.
Examples of the halogen atoms, the hydrocarbon groups

— of 1 to 20 carbon atoms and the halogenated hydrocarbon

? 25 groups of 1 to 20 carbon atoms are those described for R

and R2.
1; As the ligand which contains a monocyclic aromatic
i ring formed by at least one combination of R3 and RY, R? and
5



{pent af | uor ophenyl ) -1-indenyl)zirconi um di chl ori de,

.rac-Di met hyl si | yl ene-bi s(2-net hyl -4-(p-chl orophenyl)- 10

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

~t ac- Di met hyl si | yl ene- bi s(2- et hyl - 4- (m chl or ophenyl )- 1-indenyl)zirconi um
di chl ori de, rac-D nethylsilylene-bis(2-nethyl-4-(o-chlorophenyl) -

:1-i ndenyl ) zirconiumdi chl oride, 15

rac-Di nethylsilylene bi s(2- nethyl-4-(o,p-

di chl or ophen henyl.- 1-i nden zir Qniun1d'chf5r |

. r ac- Di et hyl d |r5|°§né bPeg PREt 3 Rt (lﬁ-“SPo H‘éhy?’)‘g is ?ﬂfeﬁ%ﬂ’)aﬁ%&r?l um
idichloride , ra thyl sil (2:1me tolyl)-1- 20

i ndeny! ) zi rcon’ Etnl?lacF cia}d/} %(? %\e%%ioplea ghe %gﬂowu{é) onesy.

“rac- D net hyl sil yl ene-bi s(2- nethyl 4-(mtolyl)-1- indenyl) zirconium

i dichloride, rac-Di nethyl silyl ene-bi s(2-nethyl-4-(o-tolyl)-1-

|ndenyl)2|rcon|un1d|chl 25
: rac- Di met hyl sil yl ene- bi § et hyl -4- (0, 0' -
. di met hyl pBenyl ) -1 -i ndeny n di chl oride,

“tac-Di net hyl silyl ene-bis(} (o-etat’ ( ndenyl ) zi rconi um

;dichloride,
L;

Y

P (1) (2) Y
"10
g (3)
b

"'.;,15 S Of~these, preferredtis the ligand_represegtéd by the
- formula (1). |
_i'- : S The aromatic ring mentloned above may be substituted
' with -a halogen atom, a hyqrocarbon.group of 1 to 20 carbop .
[— I atbmSgor_a halogenated hydrocarbon group of 1 to 20 carbon
%. - 20 atoms. | '
= 'Examples of the halogen atoms, the hydrocarbon groups
§_ of 1 to 20 carbon atoms and the halogenated hydrocarbon
1 groups of 1 to 20 carbon atqms for substituting the
L | _ aromatic ring are those described for R! and R2.
. 25 X! and X2 are each independently hydrogen, a halogen .
— atom, a hydrocarbon group of 1 to 20 carbon atoms, a
L; halogenated hydrocarbén group of 1 to 20 carbon atoms, an
- oxygen—containing é;ﬁup or a sulfur-containing group.
L;



—107 rac-Di met hyl si | yl ene-bi s(2-net hyl -4-(p-i-
. propyl phenyl ) - 1-i ndenyl ) zi rconi um di chl ori de, .
. rac-Di net hyl silyl ene-bi s(2-net hyl - 4- (p-benzyl phenyl)- 1-indenyl)zirconium

—di chl oride, 5 rac- Di net hyl si |l yl ene- bi s(2-net hyl - 4- (p- bi phenyl ) - 1-
i ndenyl ) zirconium dichl ori de,

i rac- D net hyl si |yl ene-bi s(2- net hyl bi phenyl )-1- indenyl)zirconium

idi chl oride, rac-D nethylsilylene- bls(g thyI 4-(p- 10

trinethylsilyl phenyl)-1-indenyl)zirconiumdichlride,
i rac- Di met hyl sil yl epeatp 3L -atind hellogen atoms, the hydrocarbon groups
I trimethylsilyl phenyl)-1-indenyl)zirconium dichloride,
rac- Di net hyl sofyl epe- %Qs%érhndHAtomﬁph@hylhﬁlogﬁﬂ@ﬁ9¢)QY¢EQﬂﬁﬁhﬂWM9§WP@§|de
-_15 rac- Di phenyl si |l yl ene-bi s(2-ethyl -4-phenyl -1- indenyl)zirconi um
' dichloride, reg- Dmtml%a#mre:ﬁ%%@@ﬂ%
dlchlorlde rac- Di nethyIS| ene bi s - 4-phenyl -1- 20
|ndenyl)2|rcoﬁ?%h?%ﬁ?ﬁHQﬁﬁ ibed, Lo é?h?? Iene bls(g met hyl - 4- phenyl -

- 5 Examples 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, pP-
..~10 chlorobenzenesulfonato and pentafluorobenzenesulfonato; and
suifinato groups, such as methylsulfinato, phenylsulfinato,
_ benzylsulfinato{ p-toluenesulfinato,
trimethylbenzenesulfinato.and pentafluorobenzenesulfinatb;
Y is a divalent hydrocarbon group of 1 to 20 carbon
15' .atoms,  a divalent halogenated hydrocarbon group'of'i to 20 -
carbon atoms, a divalent silicon-containing group, a
jL. o _ divalent germanium—containing.group,.a divalent tin-
= _ : cpntaining'grdup; -0-, -CO0-, -S-, -S0-, —SOze}'-NR74, : .
EL“_ Sl -P(R7) -, -P{0) (R7).-, -BR7- or -AlR’-, where R7 is hydrégen;- |
20 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;

o 25 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and
. 1,4-cyclohexylene, and arylalkyleng groups, such as

L; diphenylmethylene ggd.diphenyl—l,z—ethylene.

L;

ﬁéﬁnyﬂg%e‘Fmtailn% SRAYPZi r coni um



indenyl ) zirconi um di chl ori de,

rac-Di - (i-propyl)silylene-bis(2-methyl-4-phenyl-1- indenyl)zirconi um

:«di chl ori de, 25 rac-Di - (n-butyl)silyl ene-bis(2-nethyl-4-phenyl -1-
‘ndenyl ) zi r coni um di chl ori de,

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

;di chl ori de, 108 rac-N@thyIphenylsih%%ene-bis(2-nethy|-4-pheny|-1-
+ndenyl ) zi rconium di chl oride, rac-Dip yl si |l yl ene- bi s(2-net hyl - 4- phenyl - 1-
indenyl)zirconiumdichloride, 5 =

irac-Di (p-tol yl)si | gkemelbss62- aBéE hylvagitemdlofenabdany{d 2o d L8 m

i chl oride, rac-Di (p-chlorophenyl)silyl ene-bis(2-nethyl-4-phenyl-

1-i ndenyl) zi r gooups dnchbdei the albovdindndiomedbidd2lant hyydrogreod - 1- 10
.i'ndenyl ) zi rconi um di chl ori de, '

irac- Et hyl ene- BEOEPsnefny| £2- hepgrban jatd@msy| pRLERoAFA MY eIRRAL]IL, such

as chloromethylene.

- 5 Examples of the divalent silicon-containing groups

include alkylsilylene, alkylarylsilylene and arylsilylene

groups, such as methylsilylene, dimethylsilylene,
E; diethylsilylene, di(n-propyl)silylene, di(i-
! propyl)silylene, dikcyclohexyl)silylene,
-L; 10 methylphenylsilylene, diphenylsilyleﬁe and di (p-
\ toiyl)silylene; and alkyldisilylene, alkylaryldisilylene
- and aryldisilylene groups, such as tetramethyl-1,2-
é disilylené and tétraphenyl—;,2-disilylene.
- Examples.ofﬁthe divalent germanium-containing groups
-L; 15 include those wherein silicon is replaéed'withEgermanium in
_ the above-mentioned divalent silicon—coptaining groups.
L— o Examples of the divalent tin-containing groups include
f:' those wherein silicon is replaced with tin in the above-
- :-'- | méntioned divalent silicon-containing groups.
i; 20 R? is a halogen atom, a hydrocarbon group of 1 to 20
‘ carbon atomé or a halogenated hydrocarbon group of 1 to 20
L; carbon atoms, examples of which are those described for R!
: and R2.
#' : Of the above groups, preferred are divalent silicon—
{ l 25 containing groups, divalent germanium-containing groups and
- divalent tin-containing group, and more preferred are
L; divalent silicon-containing groups. Of these, particularly



Tac- Di net hyl ger nyl ene- bi s(2- et hyl - 4- phenyl - 1- i ndenyl ) zi r coni um
.dichloride, 15 rac- D met hyl st annyl ene- bi s( 2- net hyl - 4- phenyl -1 -

‘i ndenyl ) zi rconi um di chl ori de, rac-Di nethyl silyl ene-bi s(2-nethyl -4-phenyl - 1-
“Tndenyl ) zirconium di brom de, rac-Di nethyl silyl ene-bi s(2-nethyl -4-phenyl - 1-
20 indenyl)zirconi um di net hyl,

.r-ac- Di et hyl si | yl ene-bi s(2-net hyl -4-phenyl -1- indenyl) zirconium

—et hyl chl oride, rac-Di net hyl silyl ene- 8%(2- net hyl - 4- phenyl - 1- i ndenyl)
~zirconiumchloride [err] and 25 5
i rac- Di met hyl splykepeeli 8£&- aBk Ve + Ay hr))Ylarky1bpdesyl y1&hé capd um chl ori de
Jderr]. 109 Also enployable 1n the invention are transition netal
‘conpounds whereyhszilyteneumis replaced with titaniumor hafniumin the

, above-nenti oned conpounds. The transition netal conpounds represented by
the 5 formul a (D) baated belparack iexamgdesdafcthei thangiuiom maifal '

compounds represented by the formula (B).

.
)

%
A

t
[

rf



. Organonetallic Chem", 288(1985), pp. 63-67, and European Patent
, Publ i cati on No. 0, 320,762 (specification and exanples), for exanple, in the
followi ng manner. 10 [err]- | 110 The transition nmetal conpounds (D) are
. -used generally in the form.of racem c nodification, but. they can be used
also in the formof Rtype or Stype. In the present invention, a conpound

. .represented by 5 the follow ng forrruég (E-1) can be also enployed as the

+ ‘metal |l ocene conpound. LaMxX2 . - (E-1) wherein, M
“is a metal of Goup IV of the periodic table or a nmetgl of I|anthanide

. series; 10 [e:#L Is a derivative of delocalization [err] bond group
. and. inparts regtygai georretricalvshapexao theRmetaI | Mactiye site; and
—the X' s are each inde enden%l.y hydf*egey hal Qgen, rbon group of
. 20 or less carbon\ _sN Or.p2 M .
\L-: .Rll
i. 11 1
L R RY
. R* Y
L- B! R: Rs' R* R® R? Rto R Y i Xt Xz M
i . H H " H H i H H B  siMe - CcL C Ir
L c& § H H® H B E H side - ck CI Ir
— C& g § H# HE HE HE H siderh £l € Ir
& g H E H H H sirh €l ¢ Ir
P c&: § HE H H HE H H si(psech) €l Cl Ir
- c« § ® & ® E H H siqpciehh, €l Cl Ir
' & H H B H H G - ¢ ¢ Ir
- G | B H 8 H_ H H  GeMee = °"CI €1 Ir
. % § ®§ ® H E H E sode ¢t ¢l Ir
= & -H H ‘B H H B H  siMe. . Br Br Ir
CB H B H E. H H side Cl 0S0.CHx Ir
B & H B H " H HE  H  side Cl S0.CHs Ir
- c® § H B HE HE E H side €L ¢ T
: C& H H ¥ H H B H  side cl1 ¢1 Hf
. GE H ®§ H- E B H H sise cL-¢C Ir
L nGE H -H H H H H H - sise, cL € Ir
w «x § H H HE H HE H 9sime, _ CI Cl . Ir i
L G G H H H B H H SiMe;,’ . L C1 Ir -
b c& & §F HE H H- H B sirh ¢t Cl .1Ir
- - % & & -H.H #H- E HE sise ~ C Cl° Ir
s HE <« § .H ® H H = sime., - € C Ir
- CB H & H H K H H SiMe, c1 G Ir
_ C&' H GE H E -H H B-  siMe; ct ¢ Ir
S CH § H H H H SiMe, c1 ¢ I
& H @& E HE H E sive ¢ € Ir
. cs H & & HB H®H K B side c1 ¢ Ir
h . H CH,"' c& H H H ~ CH:*!' siMe, ¢l C Ir
. g, H H H H H B GBH  sige ct C Ir
: *1: RS and R!! are bonded to each other to form a five-
|
~ membered ring.
e Me: methyl; Et: ethyl; Ph: phenyl.



=15 gernmanium atons, a silyl group or a gernyl .group. O the conpounds of
~the formula (E-1), preferred are conpounds represented by the foll ow ng
v fornmula (E-2). 20 / I Cp M[err] 25 (E-2) wherein Mis
“~titanium zirconiumor hafnium X is the sane as described above; Cp is a
substituted cycl opent adi enyl group which is [err] bonded to M and has a
i substituent Z; 5 Z is oxygen, sulfQf, boron or an elenent of Goup |VA
Lof the periodic table (e.g., silicon, germaniumor tin); Yis a ligand
cont ai ni ng nitrogen, phosphorus, oxygen or sulfur; and Z and Y may toget her
; forma condensed ring. 10 Li sted bel ow are exanpl es of the conpounds

_represented by the formula (E-2).

X' X -
] Rt re ome ), & R OR®
Rl3 R13
i (J)—®
%\ Rl4
R14
D R!'% . RS Y
- R!? R2 R3 R® Rtz i R!¢ Rt Y X' X2 i
_ H H H H H H H H SiMe:. (1 CI Z
! r
¥ ¢ H H H H H H H SiMe. (Cl1 Cl1 Zr
c& H H H H H H H  sih. (] ¢l 2r
“ CH: C& § H H _H- H H SiMe, (CI €1 . ZIr
L ¢« H & H H H H H SiMe: . ¢} €1 ZIr
Ch H & & H H H H SiMe:  ¢1 €1 1Ir
& B CH:** CHp'* CH.** H H CH,** SiMe: ¢y o] 7p
L % H & & @ H H cm SMe ] o 70
5-__: *2: R® and R!2, and R® and R!5 are bonded to each other to
.  form a five-membered ring, respectively. : R
: 'Me._:' methyl ; Ph: phenyl.



~(Di met hyl (t-butyl ani de) (tetranet hyl

~dichloride, ((t-Butylamide) (tetranethyl-[err]-cyclopentadienyl) -1,2- 15
t et hanediyl)titaniumdichloride, (D benzyl(t-butylamde)(tetramethyl-[err]-
w-cycl opent adi enyl )sil ane)titani um di chl ori de,

(D methyl (t-butyl am de). (tetranethyl - [err]

; cycl opent adi enyl ) si | ane) di benzyl tit anj

cyclopeﬂtadlenyl)3|Iane)dlmethyltltanlgt(i;m ((t-Butyl am de)
(tetramethyl-[err]-cycl opentadi enyl) -1,2- eth&nediyl)dibenzyltitanium
i ((Methylam de) (tetranethyl-[err]- cyclopentadienyl) -1,2- 25

3 . _et hanedi yl ) di neopentyl titanium ((Phenyl phosphide)

“(tetranethyl-[err]-cycl opent adi enyl ) et hﬁ-‘ene) di phenyl ti tanl um 112
: (Di benzyl (t-butyl am de) (tetranethyl

rrj
i cyclopentadlenyl)5|Iane)dlQenzyltétanlf;RA//D netﬁ9l(bengylan1%§l [err]

R*

- R .B* R' R Y X ox
H H H H SiMe  Cl Cl Ir
H c H K siMe:  Cl Cl Zr .
i = H & siMe:  Cl Cl Ir
H cE CB  CB SiMe; Cl Cl IZr
cm cm’ BB siMe:  Cl Cl Ir

—Me: ﬁeﬁhyl. . .

-[err]- cyclopentadi enyl)silane)titani um



tycl opent adi enyl )silane)di (trimethylsilyl)titanium 5

(.Di met hyl (phenyl phosphi de)-(tetranmethyl -[err] -

rcycl opent adi enyl ) si | ane) di benzyl titani um

“Tetramethyl -[err]-cycl opentadi enyl)-1,2- ethanediyl)di benzyltitanium
(2-Terr]-(Tetramet hyl -cycl opent adi enyl)-I-nmethyl - 10

' et hanol at e(2-))di benzyl titani um
LéZ-[err]-(TetranethyI-cyclopentadienyﬁﬂ-l-nethll-

et hanol ate(2-))dinmethyltitanium (2- ((4a,4b,8a;9,9a-[err])-9H fl uorene-9-
tyl) cycl ohexanol at eXPsq )shipRiyubid tianithe iavenibon are tfahsiibm métala, 9,
9a-[err]) -9Hfluorene-9- yl)cycl ohexanol ate(2-))di benzyltitanium In the
present i nventompoundie whediad o caneondnpoiedsepbatéd nelklaboiteamiam ke used i n
sconbination of two or nore kinds. 20 Sone exanpl es of titanium

L conpounds ar ehafmiwoned v abere-meationgtl gempeurdspounds, but conpounds

wherein titaniumis replaced with zirconiumor hafniumin the
above- nenti oned t i Thhi tFAROHPRM AEtEdn CRRPAPEES Rt $19% RPOMB $E S ompounds

i . ! . .
Ly be used alone of, L comnation of, 25 Lyenol ARLE KN, A% e

olefin polymerization catalyst component, but they can be

1
[ -

used also in the form of R type or S type.
- The indene derivative ligands for the transition metal
N compounds can be synthesized in accordance with ordinary
L; 10 organic synthesis through, for example, the reaction route
- described below.
[ :
[
:E -
1 ™
- . i
L
B
—
L
L
o .
1
L
= T
?
L



—~zi rconocene conpounds whi ch have zirconiumas the central 113 netal atom
~and have at least two |igands containing a cyclopentadienyl skeleton. In
 the netal |l ocene conmpounds, the central nmetal atomis preferably titanium
The netal | ocene conpounds nay be used by diluting with 5 hydrocarbons or
hal ogenat ed hydrocarbons. The netal | ocene conpounds may be used by
: contacting with the particulate carrier conpounds. As the carrier
L_conpounds, there can be used inorgani@ arrier_conpounds such as [err] 10
[err] and [err]; and resins such as pol yet hyl"ene, pol ypropyl ene,
. ‘pol y-1-butene, poly-4-nethyl- 1-pentene and styrene-divinyl benzene
_copolyner. These carrier conpounds nmay be used in conbiqg;io&zof two or
nmore kinds. 15 R? ' :

| Q
- R I R* '
- + R? CH=CR' -CA —— R
. RS Rs | :
L - R “ o0 R® O
' il o
‘. R? CH=CR' COCCR' =CHR?®
. or ﬁ
- ~ BR* CH-CH: R? -Ca
o ) R? R? - R® R?
R* -
1 1
o ____.Rsiinl R
i - R® OH - R
5 ‘ R* R?
- n-Butyl lithimm R4\ "
. R . |
. | R.‘ : N L -
= - R: R?
L c-Y-C R
RS
L R*
L wherein A, B, and C are each a halogen atom.



~114 Next, the organoal uni num oxy-conmpound and the ionized ionic conpound

~used for formng the catalyst (b) (catalyst conprising a netall ocene _
‘conpound of a transition nmetal selected fromelenents of Goup |V of the

“periodic table, 5 and.-an organoal um num oxy conpound or an ionized ionic
conpound) are described. The organoal um num oxy-conpound used in the

i i,nvention may be either alunm noxane c entionally known or a

“benzene-i nsol ubl e organoal um num oxy- conpound. _10 The conventionally
known al umi noxane is represented by the following formula (1) or (2). [err]
1 15 [err] The trangi))iqp mefipdr iompRUNES auigdr b i ritngienid-uch as

et hyl , ethyl, propyl and butyl, preferably methyl or ethyl, particularly
preferably met®ylDbeapnthesizad ifragyshese Appepesderhgt/eridterably an

cinteger of 5 to 40. This alun noxane may.be. forned fronlnix%f 25

_al kyl oxyal ui ASRPEIFEES CHHT OB ORI F o kP SFBP RUSFLIT T 3%pr esent ed by
ngr { OE i”ﬁ' ?hg{é&d\pf‘é‘,‘j S S BRI AADAAALT Bk ERE CEETE SN Pl il A T2

. 5 No. 268307/1992.

-

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

: (C) is also. employable.

10

RO
. 15. g
— (C)
. In the formula (C), M, R}, R?, R}, RY, R’ and RS have . _ -
= - . the Samefmeanings-described for those in the-aforesaid'ﬂ

- 20 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

L; ' groups are preferably secondary or tertiary alkyl groups,

25 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.



Tornmulas, [err] and [err] are each the sane hydrocarbon group as
described for [err] and [err] and [err] are different fromeach other). The
‘conventionally known al um noxane can be prepared by, for exanple, the
*follomnng procedures, and the 5 alum noxane is generally recovered.in the
formof an aromatic hydrocarbon sol vent solution. (1) An or ganoal um num
Conpound such as trial kylalum numis_added to a hydrocarbon sol vent
Lsuspen5|on of conpounds cont ai ni ng ad&8 bed water or salts 10 cont ai ni ng
‘water of crystallization, e.g., nagne3|un1chlorlde hydrate, copper sulfate
thydrate, alum numeslfias eloipsare, RICkE asdl RE ot afreup’d thahOUBe
_chlorlde hydrate, so as to allow the organoaruninunlconpound to react with
t he adsor bed akty¥er qrougmse awat evachf prefergblnl hydatgem, and the reaction
- product is recovered as an aromatic hydrocarbon sol vent solution. (2)
L Water, ice or watdFxammies iof dheohwdrogagbercgrguretoford & @0ggagkPom num

conpound such as trjalkylalumnum in a mediumsuch as _benzene, _tol uene,
et her @toms include stralght chain and branched chain alkyl

: et hyl
L— 5 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,
é . norbornyl and adamantyl; and arylalkyl groups, such as
o benzyl, phenylethyl, phenylpropyl and tolylmethyl. These
i; ) 10 groups may contain. a double bond or a triple bond. |
| Two groups selected from RP; R4, R3 and R® may be
-L4 bonded to each other to form a monocyclic or polycyclic
?” hydrocarbon ring other than the aromatic ring.
~i Examples -0of the haiogen atoms are those described_for.
L: .. 1§ R and R2. |
i . X, X2, Y and R?ehave the same ‘meanings described for
L - those in the aforesaid formula (B) . |
‘ Listed below are examples of. the metallocene compounds -
= - : (trans;tlon metal compounds) represented by the formula |
= 20 (.
i
rac-Dimethylsilylene-bis (4, 7-dimethyl~1-
'L; indenyl) zirconium dichloride,
- rac-Dimethylsilylene-bis (2,4, 7-trimethyl-1- -
- indenyl)zirconium dichloride,
{ 25 rae-Dimethylsilylene—bis(2,4,6;trimethy1—l—
%‘ indenyl) zirconium dichloride,
i; rac—Dimethylsil}lene-bis(2,5,6—trimethyl-1—
| indenyl) zirconium dzchloride,'



~20 tetrahydrofuran, and the reaction product is recovered as an aromatic

~.hydrocarbon sol vent solution. O the above procedures, the procedure (1) is

. preferably used. Exanpl es of the organoal um num conpounds used for 25

“preparing the solution of alum noxane include the aforesaid organoal um num
conpounds. More specifically, there can be nentioned: 116

. trialkylalum nunms, such as trinmethylal um num triethylal um num -

tripropylal um num triisopropylalunﬂH@h] tri-n-butylal um num
triisobutylalumnum tri-sec- butylalumnum tri-tert-butylal um num .

. tripentylal um numeag-bihBexyl 8t Wi endnbid (00, \, 8-yet peiethyideeyl al um num

tricycl ohexyl al um num and tricycl ooctyl al um num al kenyl al um nuns
represent ed indehglhaiprobaifmerdicoridend z are each a positive nunber,

-and z [err] 2x), such as isoprenylal um num 10 di al kyl al um num

' halides, such as dereDhpethubsiblydeng drisie, 4diSethyraenrdmerhyhtbri de,

—di et hyl al um num br oni de '

- indenyl) zirconium dichloride,
L; ) 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-
10 1-indenyl)zirconium dichloride,

rac-Dimethylsilylené-Bis(2—methyl—4—gfpropyl—G—methyl-

ro

i-indenyl) zirconium dichloride,

rac—DimethyLSilylqufbis(2-methyl€4—methyl—6—i—propyl—

-

l-indenyl)zirconium dichloride, .

- 15 rac—DimethYlsilylehe—bis(2-methy1—4-ifpro§y1—5¥methyl—
| '1-indényl)zirconium dichloride, | ' -
L; raé-Dimethylsilylehe—bis(2-methyl—4;6—di(i-propyl)—l-
- - indenyl) zirconium dichloiidé, ' . ' L
" - _ : racabimethylsilylene—bis(2-methyl*4,6—di(i—propyl)-?r
B 20 methyl—l-indenyl)zircohium'dichloride, .
rac-Dimethylsilylene-bié (2—methyl-4—i-butyl-—’Fmethyl-—
L l-indenyl)zirconium dichloride, '
) rac-Dimethylsilylene-bis (2-methyl-4-sec-butyl-7-
L‘ .methyl—leindenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4, 6-di (sec-butyl)-1-
indenyl) zirconium dichloride,
rac-Dimethyls%}flene—bis(2—methyl-4—£ertébuty1-7-

methyl-l1-indenyl) zirconium dichloride,



—and di i sobutyl al unmi num chl ori de; dial kyl al umi num hydri des, such as
~di et hyl al um num hydr.i de and diisobutyl al um num hydride; 15
i di al kyl al um num al koxi des, such as di met hyl al um num et hoxi de and
i et hyl al um num et hoxi de; and di al kyl al um num aryl oxi des, such as

di et hyl al um num phenoxi de. O these, preferred are trialkylalum nuns. 20
. The or ganoal um num conpounds nentioned above are used singly or in
Lconbi nati on. The benzene-insol ubl e oﬂé&hoaluniqyn1oxy-conpound used in the
i nvention can be obtained by, for exanple, contacting the solution of

v al um noxane Wi th WahgLp dhe iy PHi 1 AEHD i RYE-ABEAY LONL &y &l Kk GaIpRUNd Of
icontacting the organoal um num conpound with water. In the benzene-insol uble

or ganoal um numeokyl €DADOdERl Lisetrdariuddichiepiden , a ratio of the
- absor bance at about 117 1,260 [err] to the absorbance at about 1,220
ferr] [err] obtai nedctyinetehy ks ¥larlenhespdst(2opebhy &-neyzy b bfmethyl-1-
indenyl) zirconium dichloride,
— S rac-Dimethylsilylene-bis (2-methyl-4-phenylethyl-7-
methyl-l-indenyl) zirconium dichloride,
L rac-Diﬁethyisilylene—bis(2—methyl—4-
phenyldichloromethyl-7-methyl-1-indenyl) zirconium
- dichloride, | )
10 rac—Dimethylsilylene—bis(2~methyl—44chloromethyl—7-
methyl-l-indenyl)zirconium dichloride, |
~ : rac-Dimethylsilylene-bis (2-methyl-4-
. ' trimethylsi1ylmethy1-7—methyl—14indenyl)zirconiﬁm
dichloride,-
=15 -rac—bimeihylsilyieneAbis(zfmethyl-4— o
| '.trimethYlsiloxymethyl47-méthyi-l—indenyl)zirconium
L: - dichloride, . .
| rachiethylsilylene~bis(Zémethyl-4-i-propyl-7-methyl- .
-+ 1-indenyl)zirconium dichloride;
- 20: rac—Diki*propyl)silyiene—bis(2-méthyl;4—i-prop§l—7-'
methyl?l—indenyl)zircoﬁium dichloride,'
L 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-
25 methyl-l-indenyl)zirconium dichloride,
rac—Methylphehylsilylené;bis(2—methyl-4—i—propy1—74

methyl-l-indenyl)zirconium dichloride,



P
—~t he conpound, [err] is not nore than 0.09 preferably not nore than 0.08,
particularly preferably in 5 the range of 0.04 to 0.07. The
' benzene-insol ubl e organoal um num oxy-conpound .is presuned to have
«al kyl oxyal umi numunits represented by the following fornmula: [err] wherein
~[err] is a hydrocarbon group of 1 to 12 carbon atons. Exanpl es of such
. hydrocarbon groups include nethyl, Qﬁi 15 n-propyl, isopropyl, n-butyl,
1 sobutyl, pentyl, hexyl, octyl, decyl ycl ohexyl and cycl ooctyl. O
these, preferred are nethyl and ethyl, and particularly preferred is
v methyl. This benZEfi&cJ}-l]_Slﬁ}ﬁlhéMEsﬂerliﬁi(IZHmEﬂhyleé)ﬁijpjrmbyfajﬂ-Zﬂatl‘rwNe, in
' addition to the al kyl oxyalum numunits represented by the above formul a,
oxyaluninun1uh+isdeeplbsbrmqnidm/dﬂuhhﬁﬂﬂdﬁm ng formula: 8 [err] 25 wherein
"R8 is a hydrocarbon group of 1 to 12 carbon ato an al koxy group of 1 to
12 carbon at ons, agagygigbgnxﬁﬁﬁky1ene—bls(2—methyi 6-di (i-“propyl) -1-

indenyl)zirconium dichloride,
L 5 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-
P " propyl-7-methyl-l-indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2-methyl-4—i;propyl—7-methyl—
10 1-indenyl)zirconium-dibromide,
rac-Dimethylsilylene—bis(2;methyl-4—i—propyl-7—methyl—
L .1-indenyl)zirconium_dimethyl,
i _ ' rac-Dimethylsilylene—bis(2—methylf4-i-propyl-7—methyle
| -1-indenyl) zirconium methylchloride, . ) -
* 15 rac—DimethyiSilyléhe-bis(2-methyl-4—i-prdpy;-7-methyl-_
_ l1-indenyl)zirconium-bis (methanesulfonato),
L; ;i | rac—Dimethylsiiyléné—bis(2-methyl—4-i-propyl-74methyl—.
_ o 1- lndenyl)21rcon1um—bls(p—phenylsulflnato), . . .
o~ S - rac—Dlmethylsllylene-bls(2—methyl 3—methyl 4—1-propy1— '
'ZO ' 6-methyl- 1—1ndenyl)21rcon1um dichloride,
rac-Dimethylsilylene-bis (2~ethyl-4-i~propyl-6-methyl-
b 1-indenyl) zirconium dichloride, and
rac-Dimethylsilylene-bis(2-phenyl-4-i-propyl-6-methyl-
— © l-indenyl)zirconium dichloride.
: : 25 Also employable in the invention are transition metal
coﬁpounds wherein zirconium is replaced with titanium metal

P or hafnium in the above-mentioned compounds.



“118 of 6 to 20 carbon atoms, a hydroxyl group, hal ogen or hydrogen. R8 is
different fromR7 in the aforesaid formul a. Wien the organoal um num
toxy-conmpound contains the 5 oxyalum numunits, it is desired that the

-al kyl oxyal um numunits are contained in an amount of not |ess than 30 % by
nmol, preferably not |ess than 50 % by nol, particularly preferably not |ess
Lhan 70 % by nol. The organoal um num oxy-conpound used in the invention 10
_nay contain a small anmount of an orgahOé conmpound conponent of other metal

than al um num * The ionized ionic conpound tsed in the present
tinvention includes fyfans-2G i@ onl ﬁQtSlCQHHB&W&s R RO RIS rand
_car bor ane conpounds. 15 The Lewi s acids include, for exanple, a

conpound repr esrit efbrdraling fier ghkaroBiR3o hed cdnl cawdtif iicatiiodepeodent |y a
phenyl . group which may have substituents such as fluorine, nethyl and
tr| f | uor onet hydheyrcam Heuarsiedie alsoaionth@0form of Foxayps es &f tiybe.conpounds

represented by the above
The indene derivative ligands for the transition metal

— 5 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

10 these indene-derivatives in accordance with conventionally
khown'processes, for example, described in Japanese Patent

Laid—-Open Publication No. 268307/1992.

{7

In the presenﬁ'invention, a transition metal coﬁpound
{(metallocene compound) represented by the follow1ng formula.

g . V?77:~15e. (D) is also employable.

o

o

B 20 N

)

—

- | | B (D)

§ : 25 In the formula (D), M, R!, X!, X2 and Y have the same
meanings as described for those in the aforesaid formula

L (B) or (C). _



formul a include trifluoroboron, triphenylboron, tris(4- f 1 uor ophenyl ) bor on,
tris(3,5-difluorophenyl)boron, tris(4- fluorophenyl)boron,

tiri s(3, 5-di fl uorophenyl)boron, tris(4- fluoronethylphenyl)boron,

twi s(pent af | uor ophenyl ) boron, 25 tris(p-tolyl)boron, tris(o-tolyl)boron

and tris (3,5- dinethyl phenyl)boron. 119 Exanpl es of the ionic conpounds
i.nclude trial kyl- substituted amoni u lts, N, Ndialkylaniliniumsalts,
di,al kyl ammoni um salts and triaryl phsp umsalts. Particul ar exanpl es of

the trialkyl-substituted 5 ammonium salts incl ude:

t.ri et hyl ammoni unt etrB(iEhemgfeiabar, at hiygropytaomoirauy,e troalep perfkexbbign
tiri (n-butyl)amoni unt et ra( phenyl ) boron,

tri met hyl anmona uny@tecdppemigtodmrai,l t@ 4 carbon atoms, e.g., methyl,
t.r:i met hyl anmoni unt et ra(o-tol yl ) boron,

tiri butyl anmoni &Hrel ¢ RFRH A0 BNy ) bor on,

tTi propyl anmoni unt et.r a( o, p-,di net hyl phen bqr.on,
yributylannoniuntet¥%x- 4n¥§iﬁ€?h§¥ﬁﬁe$@%%%ﬁ§gﬁ¥ a halogen atom or a
L; S5 nhydrocarbon group of 1 to 20 carbon atoms.

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

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

;3 phenanthryl, pyrenyl, acenaphthyl, perinaphthenyl or

- aceanthrylenyl. Of these, phenyl or naphth&l is preferred.
i; ) 10 ?hese aryl groups may ﬁe'substituted with halogen atons,

. hydrocarbon groups of 1 to 20 carbon atoms or halogenated

LJ -hydroca:bon groups of 1 to 20 carbon atoms such as

ig described for R!. .

~ .Listed_beloh'are examples of the transition metal™ =~ - -
-iil .'1§ compounds (metalloceﬁe compoﬁndé) represented by the.

h formula (D). |

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

dichloride, = ' .
.5_ rac-Dimethylsilylene~bis (2-methyl-4~phenyl~1-

20 indenyl)zirconium dichloride,

—

rac-Dimethylsilylene~bis (2-methyl-4- (0~naphthyl)-1-

Li dindenyl) zirconium dichloride,

rac-Dimethylsilylene—bis(2—methylf4-(ﬁ—naphthyl)-1-

———,
i

- indenyl)zirconium dichloride,

25 rac-Dimethylsilylene-bis(2-methyl-4-(l-anthracenyl) -1~

-

indenyl) zirconium dichloride,

{ ; ' rac-Dimethylsilylene-bis(2-methYl—4—(2—anthracenyl)—1~

indenyl) zirconium dichloride,



—tributylammoniuntetra(p-trifluoronethyl phenyl) boron, 15 and -
~tri(n-butyl)ammoniuntetra(o-tolyl)boron. Particul ar exanples of the
! NN, -di al kyl anil'inium salts include:
—N, N-di et hyl ani | i ni unt et ra(phenyl )boron, 20
N, N-di et hyl ani | i ni unt etra(phenyl)boron, and
5_N,N-2,4,6-pentanethy|aniIiniuntetra(fagnyl)boron. Particul ar exanpl es of
~t he di al kyl ammoni um sal ts i ncl ude: : = _
di (1- propyl ) ammoni unt et r a( pent af | uor ophenyl ) boron, and 25
: di cycl ohexyl amoninaun-Stimetpydsy Ly benenbis\ SonetipyloyiatiSeanshrheenphl tl-
—conpound (b) are triphenyl carbeniuntetrakis(pentafluorophenyl)borate, N, N
120 di net hy| amdenyilmiccoains( géahler i@ ophenyl ) borat e and

hernocentumt et ol per of ot ople Tyl ) 00r et o1 RSN YysBpemRheatl g (he
- indenyl)zirconium dichloride, _
N ) rac-Dimethylsilylene-bis (2-methyl-4- (p-fluorophenyl) -
l-indenyl) zirconium dichloride, .
L rac-Dimethylsilylene-bis (2-methyl-4-
(pentafluorophenyl)—1—indehyl)zirconium dichloride,
rac—DimephyLsilyleng;bis(2—methyl—4—(ﬁ;chlorophenyl)-

10 1-indenyl)zirconium dichloride,

| rac-Dimethylsilylene-bis (2-methyl-4-{(m-chlorophenyl) -
o ' .1-indenyljzirconium dichioride,
v _ . ' rac-Dimethylsilylene-bis (2-methyl-4-(o-chlorophenyl) ~

1-indenyl) zirconium-dichloride,

Lfl : 3 15 ' rac-Dimethylsilylene—bis(Zrmethyl—4-(o,p—‘

iw _ -aichlopﬁphenyl)phenyl—l—indenyl)zirconium dichloride,

E: ' _ . ;- -rac—Dimethyisilyleng—bis(2-methyl-4—(p—bromophenyl)-l—

i indenyl)zirconium'dicthridé,, : : | : .

. - rac-Dimethylsilylene-bis(2-methyl-4-(p-tolyl)-1-

%' 20 indenyl) zirconium dichloride, -

~ rac-Dimethylsilylene-bis (2-methyl-4- (m-tolyl)-1-

L_ indenyl) zirconium dichloride, .
rac-Dimethylsilylene-bis(2—methylé4—(o—tolyl):i-

L indenyl)zirconium dichloride, '

; 25 rac-Dimethylsilylene-bis (2-methyl-4-(o,0'~

= dimethylphényl)-1—indenyl)zirconium dichloride,

i: rac-Dimethyls{}ylene—bis(2-methyl—4—(o—ethylphenyl)—1—

indenyl) zirconium dichloride,’



~sal ts of anion, such as bis(tri(n-butyl).ammoni um nonaborate,
- bis(tri(n-butyl)anmmoni un) decaborate, bis(tri(n-butyl)ammoni um undecabor ate,
.10 bi s(tri(n-butyl)amoni um dodecaborate, bis(tri
—(n-butyl)amoni unm decachl or odecabor at e, and
bi s(tri (n-butyl)amoni um) dodecachl or ododecaborate; and salts of netallic
| borane anion, such as tri(n-butyl)anmmnium 15
i_bis(dodecahydridedodecaborate)cobalté@@(lII), and bis(tri(n-butyl)
ammoni um) - bi s(dodecahydri dedodecabor at e) ni ckelate(l11). Further,

f.particular exanplegééﬁpﬁﬁyﬂy?yg q ygenporie sz imednide:42@-i~ salts of anion,
: ‘'such as 4-carbanonaborane(14), 1,3-dicarbanonaborane(13),

6, 9- di car badesedisy BirelriiA)) - 1ddaceaky e i deed tyrhedidhgx3.dsi,car banonabor ane,
- .25, dodecahydri de- 1- net hyl - 1, 3- di car banonabor ane, and

i.undecahydride-l,3-mﬁaﬁﬂﬂnﬂthhl3idy¢anbahbﬂé@meﬁngl—4-(p—benzylphenyl)—
—7, 8-di car baundecabor ane(13), 2, 7-di car baundecabor ane(13),
. l1-indenyl)zirconium dichloride,
L— 5 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—(§;
'i' - 10 trimethylsilylphenyl)-1éindeny1)zirconium-dichloride,
: rac;Dimethylsilylene—bis(2—methyl-4-(m—
- trimethylsiiylphenyl)-l—indenyl)zirconium dichloride,
Y i - rac-Dimethylsilylene-bis (2-ethyl-4-phenyl-1- '
‘indenyl) zirconium dichloride,
- 18 -rac—Diphenylsilylene—bis(2—ethy1—4-phen§l¢1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-phenyl-4-phenyl-1-
indenyl)zirconium dichloride, ' ' L.
}‘_ R raé—Dimethylsilylenefbis(Z—n—p;opyl—4—phenyl—l—
v 20 indenyl)iifconium dichloride, |
rac—Diéfhylsilylene-bis(vaethyl-4—phenyl—1—
indenyl) zirconium dichloridé,
rac-Di—(i;propyl)silylene—bis(2—methyl-4-pheny1—l-
— indenyl) zirconium dichloride,
= 25 rac-Di- (n-butyl) silylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride, '
rac-Dicyclohe§ylsilylene-bis(2-methyl-4—phenyl—1-

indenyl) zirconium dichloride,

L.



—121 undecahydri de-7, 8-di net hyl - 7, 8- di car baundecabor ane,
dodecahydri de-11- net hyl - 2, 7- di car baundecabor ane, tri

! (n-butyl)amoni um 1- car badecabor at e,

Etri(n-butyl)anmmoni um 1-car baundecabor at e,
tri(n-butyt)amoni um 1- car badodecabor at e,

| Tri(n-butyl)annnniun}l-trinethylsilyggé% car badecaborate, and

[ tri(n-butyl)anmmoni unbrono- 1-car badod orat e,
tri(n-butyl)ammoni um 6-car badecabor at e(14),

. tri(n-butyl)amoni gateMetn Pasieaanoridtydeh2)ypbid@2-methyl-4-phenyl-1-

cotri(n-butyl)amoni um 7-car baundecabor at e( 13),

Ttri(n-butyl) aimdanyl} 71 Becch Daw bHohdesdlder at e( 12) ,

i tri(n-butyl)annnniun}2,9-dicarbaundecabqrate(lé%, *

| tri(n-butyl)ammoni pacoeitekenk s derl@nesbigl(27methy § 54 -Rhe¥aindecabor at e,
tri(n-butyl)ammoni unundecahydri de-8-ethyl -7, 9- di carbaundecaborate,

g_tri(n-butyl)ahﬂ%ﬂ?ﬂ%hﬁﬂ@%%ﬂ%&ﬂiQﬁQQ%QE&F?P-7,9- di car baundecabor at e,

L_ 5 rac-Di (p-tolyl)silylene-bis (2-methyl-4-phenyl-1-
; indenyl) zirconium dichloride, .
- rac—Di(p;chlorophenyl)silylene-bis(2-methyl—4-phenyl-
P 1-indenyl) zirconium dichloride,
- rac—Methylene-bis(2—methy1—4—phenyl—l;
L ) 10 indenyl)zirconium dichloride,
rac-Ethylene-bis (2-methyl-4-phenyl-l-indenyl) zirconium
Lo dichloride, |
; rac-Dimethylgermylene-bis (2-methyl-4-phenyl-1-
L{ indenyl) zirconium dichloride, |
g _ 15 o _rac—Dimethylstannylene-bis(2-methyl—4—phehyl—1—
N indenyl)zirconium'dichloride,
- rac—Dimethyisilylenerbis(2—methyl-4-phenyl-1-
'indényl)zi;conium dibromide, _ _ oL -
— i rac-Dimethylsilyleneris(2—methyl-4-phenyl-14
g : 20 indenyl)zirconium dimethyl, .
~ | rac-Dimethylsilyléne—bis(2-methy1—4-phenyl-1—-
Lé indenyl) zirconium methylchloride,
_ rac—Dimethylsilylene-bis(2—methy1-4—pheny1—1—
i_ indenyl)zirconium chloride SO;Me, and
i' 25 rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-

'indenyl)zirconium chloride 0SO;Me.

|'.!



—20 tri(n-butyl)ammoni unundecahydri de-8-allyl-7,9- dicarbaundecaborate, .
- tri(n-butyl)amoni unundecahydri de-9-trimethylsilyl -
. 7, 8-di car baundecabor ate, and
“tri(n-butyl)ammoni unundecahydri de-4, 6-di brono-7- 25 carbaundecaborate; and
salts of netallic carborane anion, such as: L
;tri(n-butyl)annnniunbis(nonahydﬂ(k%%p§- di car banonabor ate) cobaltate(lI1),
122 tri(n-butyl)anmmoni unbi s(undecahydride-7, 8-=
di car baundecaborate)ferrate(lll), . ) ) o .
[ tri(n-butyl)amonPdesi srekaseRksdip ddiey igwvention are transition metal
i di car baundecabor at e) cobal t at e( | |

= )a%, D, i 1 d with titanium or
tri(n-butyl)SPMBRPERS ¥PERELEARVETHENY 1§ replaced Wi

. di carbaundecabaqrat e) ni ckel ate(] 11 ‘

© tri(n-butyl )%&P&%ﬁf‘s%ﬁﬁd%@éﬁ%’?‘?“ whopsgl compounds.

" erbaundesator helcupiaolibhineca) cpmpouge represenced by che

. di car baurglec #oq:ah ) 385 aESn(bé'ﬂ)}epared 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.

| 10-
- Z-Y-Z
; 9H,R% +2Butyl-Li — 2HR2 Li
2 Butyl-L i
i | HR*—Y—-R3H -
- | SR MCl.
: 15 _ LiR*-Y—-R2L1i
- Rz ClI ' R: XV
/ \N/ X'Li /N /
L Y M _— Y M
N/ N\ N/ N\ )
- Rz ClI . R  Cl .
.o . . . _ a -Xl
| '20_ . XL /I\ /
N/ N\
R* x*
1
- wherein Z is Cl, Br,.I or o—tosyl,
L ' " p
| 25 H: R? is
- y
~ * HH



“tri (n-butyl)amoni unbi s(nonahydri de- 7, 8-di net hyl -7, 8

~di car baundecaborate)ferrate(ll1), tri.(n-butyl)anmoni unbi s(nonahydri de-7,

: 8-di net hyl -7, 8 di carbaundecaborate) chromate (111), 15 tri (n-butyl)

ramoni unbi s (tribronooct ahydri de-7, 8- di car baundecabor ate) cobal tate(l11),
tris(tri(n-butyl)amoni um bi s(undecahydri de-7-

{ car baundecaborate)chromate(l11), bis (tri (n-butyl) amonium bis

. (undecahydri de-7- 20 carbaundecabor atE)manganate(1V), ‘bis (tri (n-butyl)
amoni um bi s (undecahydri de-7- carbaundecaborate) cobaltate (I11) , and

. bis (tri (n-butyl) raEMPRAHELtDbS heEIECAIMIHUNGS- (D) are used generall

. car baundecabor at e) ni ckel ate(1V). 25 The ionized ionic conpounds
ment i oned aboye Ghg Berwsefl racenidimsdifitaafionywobat theg kandse used23 In

. the present invention, the organoal um num oxy- conpound or the ionized

. Ioni ¢ conpoundlsayibetheefioby sfipporypengr tS diypehe af orenentioned carrier

conpound.
_ 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 L2 is a derivative of delocalization =.bond group and.
imparts restraint geometriéal shape to the metal M active.
= site; and

the X's are -each independently hydrogen, halogen, a

| hydrocarbon group of 20 or less cérbon, silicon or.
15 'germanium atdms, a silyl group or a germyl~groﬁp.
" Of the compounds of the formula (E-1), preferred afé

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

20

r-
N

—
Q
i)

—

25

(E-2)



—For preparing the catalyst (b), the aforenmenti oned 5 organoal um num
~ conpound may be used together with the organoal um num oxy-conpound or the
., ionized ionic conpound. In the present invention, (i) ethylene, (ii) the a-
tolef in and (iii) the nonconjugated triene or tetraene (nonconjugated
pol yene) are copol ynmerizedd generally in a 10 liquid phase in the presence
. of the catalyst (a).(catalyst conpriigig t he sol ubl e vanadi um conpound and
i _the organoal um num conpound) or the alyst (b) (catalyst conprising the
met al | ocene conpound of a transition netal sel&cted fromelenents of G oup
- 1V of the penitasheind ablie t5taatdm} heiocganoelamniafiniowy- &odsothd spmehe
. ionized ionic conpound). In the copolynerization, a hydrocarbon solvent is
usual |y used,addesuoribedr pbovefi n such as propyl ene may be used as a
. sol vent. Exanples of such gﬁdrocarban SO vents(incl de_ 20 which inRhatic
| hydrocarbons, suchPadSHéntHRStIRBLkEHeCY RN ST S B &he S 'dodelane
—and kerosi ne, and halo%Fnated derivatives of these aliphatic hydrocarbons;

~alicyclic hydradahdts M 8achhas gy EPBREXEMNT et hyl cycl opent ane and

; t hyl h , d hal t 25 . der [ ' i
priovekonenane, aud hokenalefy 22 nSeG) A WERbeREeo? phumiohls

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'fing.

10 . Listed below are examples of the compounds represented

r

by the formula (E-2).

—_—

= , (Dimethyl (t-butylamide) (tetramethyl-n5-

cyclopentadienyl) silane)titanium dichloride,

.

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

15  ethanediyl)titanium dichleride,
'(Dibenzyl(t—butylamide)(tetramethyl-nS—-

cyclépentadienyl)silane)ﬁitanium dichlori§e,
. (Dimethyl(t-butylamide)(tetramethYl—n?— - . ' -
- '.; | cyclopentadienyl)silane)dibenzYltiténium,
. 20 (Dimethylgp—butylamide)(tetramethyl-ns-
cyclopentadienyl)silane)dihethyltitanium,
((t-Butylamide)(tetrameth&l—n5—cyclopentadienyl)—1,2j

: ethanédiyl)dibenzyltitanium,
- ' ( (Methylamide) (tetramethyl-1nS-cyclopentadienyl)-1,2-

25 ethanediyl)dimeopentyltitanium,
( (Phenylphosphide) (tetramethyl-nS~cyclopentadienyl) -

methylene)diphenyltitanium,



-xyl ene,

and hal ogenat ed derivatives of these hydrocarbons,
chl or obenzene. These solvents nmay be used in conbi nation.

124 such as
The et hyl ene

t(i), the [err]-olefin (ii) and the nonconjugated polyene (iii) may be

igopol yneri zed either 5 batchw se or continuously.
copol ynerization is carried out continuously,

When t he
the catalyst is used in the

ifollowi ng concentration. If the catalyst (a), i.e., catalyst conprising the
.sol ubl e vanadi um conpound and the orgapRal um num conpound, 10 is used in

the i nventi on,

t he concentration of the sol ubl e*vanadi um conpound in the

polynerlzatlon systemis in the range of usually 0.01 {o 5

nnDI/I|ter-polyner|QH#P@HY@dFuHBth?%%@@%&ﬂ%FR?WﬁFU&}‘

“sol ubl e vanadi um_conpound i s deS|rabL% fed as a solution

,concentratlonchhﬂﬂﬁnﬁéﬂéeﬂﬁéhsiéaﬂ?

| preferably 1 to 5 t ggﬁpyiﬁg?ﬁe %Tigg% centration of

vanadi um conpound pr

ati on system

mol/liter. The

in a 15

sbepgeftatamipm,1 to 7 tines, nore

the sol ubl e
The or ganoal um num

; compound  i's cyclopentadienyl)silane)dl(trlmethylsllyl)tltanium,

-

S (Diﬁethyl(phenylphosphide)-(tetramethyl—ns—

cyclopentadienyl)silane)dibenzyltitanium,

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

ethanediyl)dibenzyltitanium,

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

10 ethanolate(2-~))dibenzyltitanium,

(2-M5~ (Tetramethyl-cyclopentadienyl) -1-methyl-

ethanolatelz-))dimethyltitanium,'
(2-((4a,4b, 8a, 9, 9a-n) -9H-fluorene~9-

yl)cyclohexanolatecz—))dimethyltiténium, and

15 - (2-( (4a, 4b, 8a, 9, 9a-n) ~9H-Fluorene~9-

yl) cyclohexanolate (2-) )dibenzyltitanium.

In the present ‘invention, the metallocene compounds

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

kinds.

20 Some examples of titanium compounds are

mentioned

above as the metallocene compounds, but compounds wherein

titanium is replaced with zirconium or hafnium in the

above-mentioned titanium compounds can be also. exemplified.

Those compounds may be used alone or in

25 two or more kinds.

As the metallocene compounds (E-1) and

combination of

(E-2),

zirconocene compourds which have zirconium as the central



ted in-a molar ratio of the alum numatomto the vanadi um 20 atom (Al /V)
Jn the polynerization systemof not less than 2, preferably 2 to 50, nore
.preferably 3 to 20. The sol ubl e vanadi um conpound and the organoal unm num
-<€onpound are generally fed after being diluted with the hydrocarbon sol vent
and/or the a-olefin (ii) inaliquid 25 formand the nonconjugated triene
jor tetraene (nonconjugated polyene) (iii) inaliquid form In this case,
Lthe sol ubl e vanadi um conpound is desililably diluted in the above-nentioned
concentration, and the organoal um num 125 c6Grpound is desirably fed

tafter control hepg1t BEok ONGEHAAL 12N 1l RN QB 1 958ha§ 0PERd {idPm of not
[nore than 50 times as nuch as the concentration of the organoal um num

compound i N tBecPOPYREEd Zaiy OIEkRIERMA. 5In the méfalhecemd atorgdounys, i.e.,
icatalyst conprising the netall ocene conmpound and t he organoal um num

| oxy- conpound ohet bent pal zest da bratorc dsperedetabip retaniwd. to as "ionic

i oni zed conpound” or "ionic conpound”), is used, the concentration of the
{netallocene conpoufle metdjelocene compounds may be used by diluting with

R S 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 such as Sibz, A1203,'B203,'Mgo, Zr0,, Cao,

10 Tio,, ZnO, Sn0,, 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.

15



710 polymerization systemis in the range..of usually 0.00005 to 0.1

mmol /liter-polynerization volune, preferably 0.0001 to 0.05 nmol/liter.

i The organoal um num oxy-conpound is fed in a nolar ratio of the al um num
~atomto the transition netal of the nmetall ocene conmpound (Al /transition
metal) in the 15 polymerization systemof 1 to 10,000, preferably 10 to
:5,000. In the case of using the ionized ionic conpound, this conpound is
“fed in a nmolar ratio of the ionized 1b%ic conpound to the netall ocene
~conpound (ionized ionic 20. conpound/ netallocefe conpound) in the
 Polymeri zation sygel Okrl Bl Rl SLe R cbbBuhl sk HhE 4338 .84

using the organoal um flum compound, thi's conpoun s Used I'n such an arpunt

that the congemilctddaipiind s GRI0HMMiHGMtGHRMRARD yish tg Spesicamgconmes
25 wusually about 0 to 5 mmol/liter-polynerization volunme, preferably about

| 0 to 2 Mol / ldokgirisSdhen & heteildene (dompdunel [of a] +talagfsiin ilon Jnetad t he
nonconj ugat ed polyene (iii) are copolynerized in the 126

selected from elements of Group IV of the periodic table,
= S and an organoaluminum 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-compound.

- 10 The conventionally known aluminoxane is represented by

(7

the following formula (1) or (2).

Ry-Al—+O0A1}—OALR,

R -

el .'-(1)
15

S ' o '._ -—-—-fC)j.lﬁqur—-— (2) o

L . B B

20 wherein R is a hydrocarbon group such as methyl, 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

25 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



—presence of the catalyst (a) conprising the soluble vanadi um conpound and
- the organoal um num conpound, the copol ynerization reaction is carried out
‘ under the conditions of a tenperature of -50 to [err], preferably 5 -30 to
[err] nore preferably -20 to [err] and a pressure of higher than 0 kg/cn®
_and not higher than 50 kg/cnR, preferably higher than 0 kg/cn2 and not
. higher than 20 [err]. \Wen the ethylene (i), the [err]-olefin (ii) -and the
.10 nonconjugated polyene (iii) areild@pol ymerized in the presence of the
catal yst (b) conprising the netall ocene conpownd and t he organoal um num
| OXy- conpound { l,opi zed .i Qni,.C,£0 - the. | yoerd zatign,reaction
| is carried *dgécrgﬁ?duﬁagrgthgngoﬁgfgﬁg#gdgfeé l%%%%?éfufgogfe?f to
[err], * 15 @ﬁﬁ{gfably.o to [err] nore preferably O to [err], and a
i ‘pressure of %lg er than [err] and not higher than 80 kg/cnR, preferably
._higher than 0 [erfie aeshtoht NbGAET v Libedw® Oa Kot ik anld cdrfasd igedd F&g (Whi ch
IS an average residence tinme 20 in case of continuous copol ynerization)
varies depernsy NgEoposxampelépnthéi o5l owihg asreeddbyss, canderti¢ ati on and
' pol ymerization tengerature, but it is in the range of usually 5 mnutes to
—5 hours, Spr edmbhgxdfe nisugeseragl By 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
— -10' 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 organoaluminum compound to -

G

‘react with the adsorbed water or the water of
15 crYstallizaﬁion, and the reaction product is recovered as-_
-an” aromatic hydrocarbon solvent solution.
. o " (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
20 tetrahydrofuran, and the feéction'product‘iS'recovered as’
‘an aromatic hydrocarbon solvent solution.
L Of the above procedures, the procedure (1) is
preferably used.
Examples of the 6rganoaluminum compounds used for
25 preparing the solution of éluminoxane include the aforesaid

organoaluminum compounds. More specifically, there can be

— mentioned: .



—hours. 25 In the present invention, the ethylene (i), the [err]-
~olefin (ii) and the nonconjugated polyene (iii) are fed to the
! polymerization systemin such anpbunts that the unsaturated copol ymer of
‘et hyl ene having the aforenenti oned 127 specific conposition i-s obtai ned.
~In the copol ynerization, a nolecul ar wei ght regul ator such as hydrogen is
i al so enpl oyabl e. Wen the ethylene (i the [err]-olefin (ii) and the 5
Lnonconj ugat ed polyene (iii) are copo ﬁerized as described above, the
unsat urated copol yner of ethylene is obtained in the formof usually a
; pol ymer sol uti on coritedikylred untinufis,s spelhy @sr tedmetihyd aillyminggyed in a
—conventional nmanner to obtain an unsaturated copolyner of ethylene. 10
(Graft nodi f ited givhethiumsiinums fUFRIARY EdpH ey,  $F 1dSaprony)L afyginumn,
- unsaturated copol yner of ethyl ene according . tq the invention can be used by
nmodifying it q%*@'@?@f%%uw%rﬁ%%%tgﬁlat WSyt frrdt EF Copol ymer  of
. ethylene butylaluminum, tri-tert-butylaluminum, tripentylaluminum,
i 5 trihexylaluminum, trioctylaluminum, tridecylaluminum,
: tricyclohexylaluminum and tricyclooctylaluminum;
L ' alkenylaiuminums represented by the formula -

(iC4Hg) xAly(CsHio) 2 (%X, y and z are each a positive number,

and z 2 2x), such as isoprenylaluminum;
10 dialkylaluminum halides, such as dimethylaluminum
éhloride, diethylaluminﬁm chloride, diethylaluminum bromide
;a o and diisobutylaluminum chloride;
| : dialkylaluminﬁm-hjdrides, such as diethylaluminum
hydfide and di;isobutjzlélumin‘um hydride;
15 . '_dialkylaiumihum aikoxides,-such as dimethylaluminum
“methoxide and-diethyla;gminum ethoxide; and '
dialkylaluminum aryloxides, such d&s diethylaluminﬁm
phenoxide. :  o | : | -
= R o of these}-breferredjaxe trialkylaluminums.
20 : 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,
L: - contacting the solution of aluminoxane with water or an
25 active hydrogenecontaining compound or contacting the
lorganoaluminum compound with water.

In the benzene-insoluble organoaluminum oxy-compound

— .

used for the invention; a ratio of the absorbance at about



15 with a polar nononer. The unsaturated copol ynmer of ethylene having been
graft nodified (sonetinmes referred to as "graft nodified unsaturated

. copol ymer of ethylene") can be obtained by L - al l owi ng the

.unsat urated copol yner of ethylene to react 20. with a pol ar nononer
described below in the presence or the absence of a radical initiator. The

. pol ar nononer is, for exanple, a hydrq&yl group- containing ethylenic

. unsat urated conpound, an am no grouﬂ= cont ai hi_ng et hyl eni c unsaturated
conpound, an epoxy group- 25 containing ethylenic unsaturated conpound, an

c aromatic vinyl,geopennt, (3 nSed Wied exbswardaonce iak @bicditorl [i229) dart vati ve,

tan vinyl ester conpound or vinyl chloride. 128 Particul ar exanpl es of

“the hydroxyl ¢Poise)cobtainedgbgt hpeehhéranedt sPacerceemPbandBainelgdet

. (meth)acryl ates, such as hydroxyethyl (neth)acryl ate, 2-h¥dé8xypropyl

. (met h) acryl at ehe3chprevRdpr dPyteof Retde) act 5| APk, ML fyeaRy? - 82/

e et Apabhy: mbs move-than 0008, "ESLOXYRIRYY LIEHOIEBTY' b
1; ' 5 the range of 0.04 to 0.07.
The benzene-insoluble organoaluminum oxy-compound is
L presumed to have alkyloxyaluminum units represented by the
following formula:
. _.-3:0. .. . . f’T e e e et e e e e e _—
——Al—O0——— "

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

r”“

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

% | 15 n-propyl, -isopropyl, n-butyl, isobutyl, pentyl, hexyl,

| octvyl, deéYl,'Cyclphexyl and cycléoctyl. Of these, -
'pfefér:ed*are méthyl.and ethyl, and pa;ticularly prefer;ed
is. methyl. - = . . _.-  R 4 i . IEER
— ST . This benzene-insoluble organoalumiﬁﬁm oxy—compodndimay_
| - 20 have, in addition'to“the alkyloxya;uminum:un;;sfrépresented
by the above-formuia, oxyaluminum units represented by the

following formula:
B | g8

a 25 ——f—Al—O———

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

e e A T

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



~pentaerythritol nmono(meth)acrylate, trinethyl ol propane

~nmono(neth)acryl ate, tetramethyl ol et hane mono( et h) acryl ate, butanedi ol

. nono(net h)acryl ate, polyethylene glycol 10 nono(neth)acrylate and

«-2- ( 6- hydr oxyhexanoyl oxy) et hyl acryl ate; 10-undecene-1-o0ol, 1-octene-3-ol,

2-. net hanol nor bor nene, hydroxystyrene, hydroxyethyl vinyl ether,

hydr oxybutyl vinyl ether, N-nethylolacrylam de, 2- (neth)acroyl oxyethyl

_acid phosphate, glycerol nobnoallyl 3 égther, al Iyl al cohol,

al | yl oxyet hanol, 2-butene-1, 4-diol and gl ycerol™nonoal cohol. The ami no

© group- containbﬂgsetbyEenbarboaaEUbﬁbedaChynnungligrauponpahqdehavrng an

% et hyl eni ¢ doubl e bond and an am no group, and such conpound is, for
exanple a vihydrogénnononer having at |east one am no group or substituted

- am no group represented by the follomnng7fornula err] 25 mhe in RLis
hydrogen, nethyl oR®ethydiffererrp fromit ddefhead é’II]%?Ial&r aF ng 1 to

“12 carbon atons 129
When the organocaluminum oxy-compound contains the

i
i
1
i

'
i

- 5. 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 ipvention
% - 10 may contain-a small amount of an organic compound component
of other metal than aluminum.

— - The ionized ionic compound used in the present

i ' invention includes Lewis acids, ionic compounds; borane:

_ . ccmpounds.and-carborane'compounds.
%- 15 - The Lewis acids include, foé example, a_eompound ;.
B represented by the formula. BR3 wherein each-R is.
i;' independently -a phenyl group which may have substltuents
. suehvaSSfluorlne,-methyl and'tr;fluoromethyl, or a fluorine. -
- - etqm. S | - -
3. 20 . _Examples of theé compoundé'represented by the above:
L

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,

25 tris(p-tolyl)boron, tris(o-tolyl)boron and tris (3,5-

dimethylphenyl)boron.



tpreferably 1 to 8 carbon atons) or a cycloal kyl group having 6 to 12
carbon atons (preferably 6 to 8 carbon atons). The al kyl group and the
‘cycl oal kyl group may have a substituent. 5 Exanpl es of the am no

‘gr oup- cont ai ni ng et hyl eni ¢ unsat urated conpounds i nclude al kyl ester
derivatives of acrylic acids or nethacrylic acids, such as am noet hyl
[(nmeth)acryl ate, propylaninoethyl.(nethsgcrylate, di nmet hyl am noet hyl

et h)acryl ate, am nopropyl 10 (et cryl ate, phenyl am noet hyl

met hacryl ate and cycl ohexyl ani noet hyl net hacrylate; vinyl amine
iderivatives, such axalplesybdi ehbylantiBecangodnaseintviayl apiaekyakl yl am ne
derivatives, such as allylam ne, nethacrylam ne, N-nethylacrylam ne, N,

N- di et hyl acr ghbsicde uied Npamdnibm saditset Ny Nadindpydppiddngbansdéts,
.acrylam de derivatives., such as acryl am de and N-nethyl acryl am de;
an1nostyrenesdl§&&Nl&@mpnammn§§ﬂyﬁeﬁ@d traprydrbRphenéBmNEMLEE: and 2-
an1noethyISUCC|n|n1de The epoxy group-containing._ethyl eni c, unsaturated 20

.conpound i s a nonoRBrthshiay gxarRase 8§etBSIﬁﬁé?%EﬁﬁréuBﬁEéfﬂFﬁ?ed bond

rand at t gne epo neup.in.o nol ecul e. Exanpl es of such epoxy
~gr oup- contalnFW8 Eﬁﬁyréﬁ g uﬁ?&éﬂ%ﬁted conpounds i nclude glycidyl acrylate

triethylammoniumtetra (phenyl)boron,
L‘ l _ tripropylammoniumtetra (phenyl)boron,
tri(n-butyl)ammoniumtetra(phenyl)boron,
_ trimethylammonihmtetra(p—tolyl)boronf
10 . triﬁethylammoﬁiuﬁfetia(o—tol§l)boron,

tributylammoniumtetra (pentafliuorophenyl)boron,

L tripropylammoniumtetra (o,p-dimethylphenyl)boron,

tributylammoniumtetra (m, m~dimethylphenyl)boron,
. tributylammoniumtetra(p-trifluorbmethylphenyl)boron,

15 and e '
~tri(n-butyl)ammoniumtetra (o-tolyl)boron.
Particular exémples of the N,N,-dialkylanilinium salts

‘inélude: : SR - ’ oo
— - :__ | N,N—dimethylaniliniumtetra(phenyl)boron,
i | 20 N,N-diethylaniliniumtetra (phenyl)boron; and

N,N-2,4, 6-pentamethylaniliniumtetra (phenyl)boron.

Particular examples of the dialkylammonium salts

include:

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

o

25 dicyclohexylammoniumtetra (phenyl)boron.

Also employable as-the ionic compound (b) are

triphenylcarbeniumtetrakis (pentafluorophenyl)borate, N,N-

T

("



—and gl yci dyl nethacryl ate; dicarboxylic acid nono and 25 di al kyl gl yci dyl
esters (nunber of carbon atons of the al kyl group in the case of :
- monogl ycidyl ester: 1 - 12), such as nono and diglycidyl esters of naleic
wacid, nono and diglycidyl esters of fumaric acid, nono and diglycidyl
1.30 esters of crotonic aci d, nono and diglycidyl esters of
! tetrahydrophthalic acid, nono and di&héﬁidyl esters of itaconic acid, nono
tand diglycidyl esters of butenetrica ylic acid, nono and diglycidyl
esters of 5 citraconic acid, nono and diglycidyl esters of endo-cis-
. bicycl o[ 2, 2, 1divesitoy Pareied 2] Gnitk €04 DX Yib e et &l uib X opetek oy B)dd aif sere [dnd nono and
. diglycidyl esters of endo-cis-
bi cycl o[ 2, 2, e oerbi untes x artpdyt a Pl o xhpizemokyexatei d (et hyl nadi c
;acid[err]), and nono and digl ycidyl esters of 10 allylsuccinic acid,
| al kyl gl yci dyl est ey AIFeRRIBPRAS @hdhe RAYaNSISAARRHN GRS, 2-
“met hyl al | yl gl yci dyl_ ether, styrene- -glycidyl ether, 3,4- epoxy-1-butene,
.3, 4- epoxy- 3- fEthyi QUL BIARA COMRPWIEHHxy- 1- pent ene, 3,
\_’4 epoxy- 35 met hyl - %enceari)toerra%e 5( 164-)e,_poxy- 1- hexene,

salts of anion, such as

— ' bis(tri(n-butyl)ammonium)nonaborate,
bis(tri (n-butyl)ammonium)decaborate,
bis(tri(n—butyl)ammonium)undecaborate;

10 ‘bis (tri{n-butyl)ammonium)dodecaborate,

| bis(tri(h—butyl)ammonium)decachlorodecabo;ate, and

L o ' :biS(tri(n-butyl)ammonium)dodecachlorododecaborate;_and.

-ﬁai;s:of metallic borane anion, such as

'itri(n—butyl)ammbnium—.

15 bié(dodecahydridédodecéborate)cobaltate(III),-an@«;__'

" bis (tri (n-butyl)ammonium) -

- bis(dodécahydfidedodecaboratéynickelateiIII).
'7-”Further;~pérti¢ular;éxaﬁples-of_Carbordne comﬁgunds. .o
— - include: - "
20f . salts of anion, such as
- 4-carbanonaborane(14),
. ' 1, 3-dicarbanonaborane (13),
6, 9~-dicarbadecaborane(14),
- _ dodecahydridérl-phenyl—l,3-dicarbanonaborane,
- 25. dodécahydride—l-methyl-l,3-dicarbanonaborane, and
undecahydride-1,3-dimethyl~1, 3-dicarbanonaborane,
7,8—dicarbaunq§éaborane(13),

2,7-dicarbaundecaborane (13),



15 and vinyl cycl ohexene nonooxi de. The aronmatic vinyl conpound is, for
-exanmpl e, a conpound represented by the followng fornula: [err] 20 wherein
‘[err] and [err] are each independently hydrogen or an al kyl group of 1 to 3
“earbon atons, such as nethyl, ethyl, 25 propyl or isopropyl, R3is a
“hydrocarbon group of 1 to 3 carbon atons or a hal ogen atom such as net hyl,

‘ethyl, propyl, isopropyl, chlorine, :ﬁ%fn1ne or iodine, and n is 131
'~usually an integer of 0 to 5, prefer y an integer of 1 to 5. Exanples of

such aromati c vinyl compounds include styrene, "Terr]-nethylstyrene,

- 0- net hyl styrene, pondechhysiridend, 85dameehiy3t $rdaeprpavhbiecabbyanae,
,n}chlorostyrene p- chloronet hyl styrene. Heterocyclic aronatic vinyl
compounds nay al s@oslecahydiride-aAdmefbydde, 4-diaprpprndpaabopane,

cvinylpyridine, 5-ethyl-2-vinylpyridine, 2-nethyl-5- vinylpyridine,
L 2- ISOprOpenyIpyrl&Fﬁén'ﬁuﬁyﬁgp&ﬁpﬁéPPn cgrbadecaborate,

trl(n—butyl)ammon1um—1—carbaundecabofate,

L« 5 _ 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},

L; - 10 . tri(n-butyl)ammonium-6-carbadecaborate (12),

. tri(n—butyl)ammonium—?—carbaundecaborate(13),

LQ g . tri(n-butyl)ammonium—?,8—dicarbaundecaboréte(12),

f ' tri (n-butyl) ammonium-2, 9-dicarbaundecaborate(12),

- . tri (n-butyl) ammoniumdodecahydride-8-methyl-7,9-

'i: S:18 ;dicarbaundecaborafe,- | :

f* | : tri(n;butyl)ammoniumundecahydride—s-ethyl—?,9;

1; dicarbaundecaborate, -

?  'tri(n-butyi)ammoniumundecahydride—8—butyl-7,9v" . -
=  ' ~T; j'----c_'l_icarba'i:tndecalooz_-a*l;e,- .
i}' 20 tri(n-butyl)ammoniumundecahydride-B—&llylé7,94;,

%~ - :dicarbaundecaborate,

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

L tri (n-butyl)ammoniumundecahydride—-4, 6-dibromo-7-

ff 25 carbaundecaborate; and

- salts of metallic carborane anion, such as:

i; : ' tri(n—butyl)aﬁmoniumbis(nonahydride—1,3—

dicarbanonaborate)cobaltate (III),



10 vinylisoquinoline, N-vinylcarbazole and N-vinyl pyrrolidone. Exanpl es of
the unsaturated carboxylic acids include unsaturated carboxylic acids, such
. as acrylic acid, methacrylic acid, naleic acid, fumaric acid,
gletrahydrOphthallc acid, itaconic acid, C|traconic acid, crotonic acid,
| socrotonic-acid, norbornenedicarboxylic acid and bicyclof 2, 2,
: 1] hept o- 2- ene- 5, 6-di carboxyl it aci d; aC|d anhydri des of these acids; and
. derivatives of these acids (e.g., acldZ hal i des, am des, im des and esters).
“Particul ar exanples of such conpounds i ncl ude®mal enyl 20 chl ori de,
-mal enyl i m de, ﬁ{ﬁmdf&)ﬂ%mdﬁqgf[bl% @niedangeiricied-7g@eni ¢ anhydri de,
3 tetrahydrophthallc anhydr i bi cycl o 2, 2, 1] hept 0o- 2- ene- 5, 6-di car boxylic
“anhydride, diqmidubaurdesdisorapapreitate (B Bat e, di ethyl maleate, diet hyl
. fumarate, dinmethyl itaconate, diethyl 25 citraconate, dinethyl
tetrahydrophthalawmlﬁhﬂhnﬁnm)&mmqnﬂuﬂh!SKQHQ%Q&Q?@F%Q%;ﬁi&FcHcarboxylate,
—hydroxyethyl (met h)acryl ate, hydroxypropyl (neth)acrylate, glycidyl
(meth)acryl atds,cah esAboratRkeghat atm %ﬁﬁ'nopropyl 132

;J 5 trl(n—butyl)ammonlumbls(undecahydrlde -7,8-
dicarbaundecaborate)nickelate (III),
L . tri(n-butyl) ammoniumbis (undecahydride-~7,8-
dicarbaundecaborate) cuprate (III),

tri (n-butyl) ammoniumbis (undecahydride-7, 8-

| - 10 dicarbaundecaborate)aurate(IlI),

tri (n-butyl) ammoniumbis (nonahydride-7, 8-dimethyl-7,8
o dlcarbaundecaborate)ferrate(III),
3 S . trl(n—butyl)ammonlumbls(nonahydr1de—7 8-d1methyl 7 8 -
- -dicarbaundecaborate)chromate(III), .
1: tfx;;15 o trl(n-butyl)ammonlumbls(trlbromooctahydrlde—7 8—
.._dlcarbaundecaborate)cobaltate(III), ' |
L; tris(tri(n-butyl)ammon;um)bls(undecah&dride—7- :
: carb;undecaboraté)chréma;e(III), ' S LT
'LJ'.I¥1-: ' . bis(t:i(n-bu;Yl)ammbnium)bis(uqdecahyd;idef7f
j 220 - carbaundecaborate)manganatei(IV), '
- bis(tri(n-butyl)émmonium)bis(undecahydride—7-
i; carbaundecaborate) cobaltate (III), and
; bis (tri (n-butyl)ammonium)bis (undecahydride-7-
v carbaundecaborate) nickelate (IV) .

25 The ionized ionic compounds mentioned above may be

- used in combination of two or more kinds.

[

o



et hacryl at e.
hydr oxyet hyl

i met hacryl at e.

“acet at e,

pi val at e,
benzoate, vinyl p-t-butylbenZOfgg vinyl salicylate and vinyl
| ar

fvinyl
Lcycl ohexanecaboxyl ate. 10 The

O these, preferred are (neth)acrylic acid, mal ei c anhydride,
(nmeth)acrylate, glycidyl nethacrylate and am nopropyl
Exanpl es of the vinyl ester compounds include vinyl 5

vi nyl propionate, vinyl n-butyrate, vinyl isobutyrate, vinyl
vinyl caproate, vinyl versatate, vinyl laurate, vinyl stearate,

nonomer i s used in an anount of

usually 1 to 100 parts by weight, preferably 56 to 80 parts by weight,
: based on 100 part Smbyheeipgteisenft timeursiatnyr athed cogpalopdemiotmeblytene. The

r adi cal

initiator is, for exarrpl e, an or ganl C per oxi de or an azo

| éonpound Ex aopipesingt athe:he gpenﬂxzq;brmnldes:qﬂmqmﬂt@wcmmsﬁé‘rw de,
di -t-butyl
. 2,5- di met hy| SEPRAItimg %ﬁnqn;ﬁ#qDQ§Qﬁ9§ﬁﬂ;gyn gngag; csmpound.

butylperox¥|zaf;F%yl)benzene, 1, bIS t1y6§r6§' é%bg%%%stbggg

_ peroxide

L

. octanoyl ger

10

15

20

25

per oxi de, 2,5-di net hyl 5-bis t- butylperoxy)hexane

%Xrlg%%oa eu%nai%% éjo%p%ﬂrﬂne’méyalﬂeoﬂse%e rt%e%‘f'xer with the
organoaluminum oxy-compound or the ionized 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. - 3 e _ -

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,



~—3,5,.5-trimet hyl hexanoyl peroxide, 2,4-dichlorobenzoyl 25 peroxide and

- mtoluyl peroxide. Exanples of the azo conpounds include

' azoi sobutyronitrile and di nmet hyl azoi sobutyronitrile. 133 The radi cal

initiator is desirably used in an anount of usually 0.001 to 10 parts by
wei ght based on 100 parts by weight of the unsaturated copol yner of

i ‘ethylene. The radical initiator can be used by mixing it with 5 the

\_unsat ur at ed copol yner of ethyl ene and24he pol ar nononer, but it may be used
after dissolving it in a small anobunt of an organic solvent. As the organic

- solvent, any (HanC $loteileh £ De 16HYOXRd viink ROty BRCILE liian t at Fon
_as far as they ssol ve the radical initiator. Exanpl és-of the organic
T solvents i ncluyg 1 3=9N®H C . - hydrocarbon solvents, such as

benzene, toluene and xyl ene; aliphatic hydrocarbon solvents, such as
__‘pentane, hexane, Heptameyl@@Eada),n@h&n@1&¥§fd@cdhé) &Pﬁcﬁ@ﬁlc hydr ocar bon
~solvents, such as cycl ohexane, nethyl cycl ohexane and 15
decahydronaphbmddmymgaﬂddmpqtyani hyidridc aayolpe, copoi yaerized either

iv 5 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,
LQ . 10 is used in the inventieon, the concentration of the soluble
vanadium compound in thehpolymerization 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 compound is.desirably-fed'as'a-soiution-in a

.15 concentration of not more -than 10 times, preferably 1to 7

6L

times, more preférably;l to 5 times, as much as the
— - concentration of the soluble vanadium‘compound-pfesenthin'-
g "the polymerization system. . The organoaluminum compoundVis;. -
= o fed in-a molar ratio of the aluminum atom to the vané@ium:
'1; : 20 atom kAl/V) in the'bbiymerization system of not less than.
‘ 2, preferably 2 to 50, more preferabiy 3 to 20.
' L; The soiuble vanadium compound and the organoaluminum
CoLl compound are generally fed after being diluted with the
= hydrocarbon solvent and/or the a-olefin (ii) in a liquid
L 25 form and the nonconjugated triene or tetraene
o

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

L - case, the soluble vanadium compound is desirably.diluted in

the above-mentioned concentration, and the organoaluminum



—chl or obenzene, dichl orobenzene, trichlorobenzene, nethylene chloride,
~chloroform carbon tetrachloride and tetrahcl oroet hyl ene; al cohol solvents,
t such as net hanol, ethanol, n-propanol, iso-propanol, n-butanol, sec-butanol
20 and tert-butanol; ketone solvents, such as acetone, nethyl ethyl ketone
and nethyl isobutyl . ketone; ester solvents, such as ethyl acetate and
. di met hyl phthal ate; and et her SOlVGE#%_ such as di net hyl ether, diethyl
—ether, di-n-anyl ether, tetrahydrof % and di gxyani sole. 25 In the
present invention, a reducing material may be Used in the graft
; modi fi cat i oncofippledudsadesdred loofeidy méiteaf coniylbdAdngTiéer educi ng
. material serves to enhance the 134 graft anount in the graft nodified
“unsat ur at ed @@ﬁ@?ﬁ#ﬁﬁtépneﬁﬁy@@n@H&ﬂﬂaaﬂe&onFﬁ§tFéB&@Pn@fnﬂpérW&Felﬁ@@@des
. not only |rongll) ion, chromumi i on, aIIadlun1|on

n, cobalt ion, ni h
. 5 sulfite r SAPEEnPe ™G Bd ﬁ@nﬁﬁpt§P§6°Eoﬁ%oﬁ §s°¢§ QF&PWQDQPoups

?25?032 - SH, ch&gLndand k%rr¥o§§£3%lzatlon %ggtg%dUC|ng mat eri al s i nclude
.

i S If the catalyst (b), i.e., catalyst comprising the
metallocene compound and the organoaluminum oxy-compound or

L the ionized ionic compound (also éeferréd to as "ionic

ionized compound" or "“ionic compound"), is used, the

concentration of the metallocene compound in the

-& B 10 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 -

o~ - ' of the metallocene compound jAl/transi;ioh_metalx:ih_;he.

i 15 polymerizatibn system of:l to 10,000,.préferably-10 to:

‘5,000, .

B . In the qase.offusing the ionized ionic-compoundi this

compound is fed in a molar ratio qf the ionized ionic . .

S - compound_tb.the metallécenelcqppound (ioﬁized;ionic, .

20. compound/metallocene compouséf in the polymerization 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
L{ ' of the organoaluminum compound in the system becomes
25 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



‘chl ori de, potassium bichromate, cobalt chloride, cobalt naphthenate,
pal | adi um chl ori de, ethanol am ne, 10 diethanol am ne, N, N-di nethyl anili ne,
hydrazi ne, ethyl nercaptan, benzenesul fonic acid and p-toluenesul fonic acid,.
~ The reducing material is used in an anount of usually..0.001 to 5 parts
by weight,.preferably 0.1 to 3 parts by 15 weight, based on. 100 parts by
‘wei ght of the unsaturated... copolyner_of ethylene. The graft nodification
lof the unsaturated copol yner. of ethyl%&@ can be carried out in a
conventi onal manner. For exanple,. the unsaturated copol ymer of ethylene
;s dissolved Hredehcrh o @¥ €atQllYRR ,(adNeomPrikREngOlhkl @d1uplehen added
‘the polar nononer and the radical initiator to react themat 70 to [err],
preferably 80 viamaddhim ,coimpouddd ahd thehouganoplemdnahl yohpband) kbers.
.There is no specific limtation on the organic solvent 25 wused for graft
:nodi fyi ng t he copsdiymeatied tdopo Ingaet ioh dishylagrd edamtitampdergdiiec sol vent s
¢an be used as far as they dissolve the unsaturated et hyl ene copolgner.
conditions of a temperature of -50 to 100  preferably

3
Y

L 5 -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?,

T

preferably higher than 0 kg/cm? and not higher than 20

E:.‘ kg/cm2. |
~When the ethylene (i), the a-olefin (ii) and the .
Lj -]I) nonconjugated polyene (iii) are copolymerized in the
‘ presence of the catalyst (b) comprising thé metallocene
L: .'. _ compoﬁnd and-fhe organoaluminum oxy-compound or ‘the ionized
3: TS ionic compound, the copolymerization reaction is carried-
= out under the conditions of a temperature of =20 to:150,°C(
_is | - +15  preferably .0 to 120 °C, more preferably 0 to 100 °C, and-a-
) | pressure of hiéher_than 0. kg/cm? and not higher than‘Bpufﬁ
-_i;' S kg[cmz, preferably higher than 0 kg/cm? and not higher;thans'
B | So;kg/cm?.'_ S L . .4'
oy - 1-The-reaction time (which is_aﬁ average residenqe timeu;lf
i; - 20 . in.casé.of-continuous copblymerization)_vérieé &epending~
| upon the conditions such as catalyst concentration and
L; _ polymerization température, but it is in the range of
) usually 5 minutes to 5 hours, preferably 10 minutes to 3
w hours.
. 25 - In the present invention, the ethylene (i), the - .
Lj olefin (ii) and the nonconjugated polyene (iii) are fed to
i; ﬁhe polymerization_system in such amounts that the -

unsaturated copolymer of ethylene having the aforementioned



135 Exanpl es of such organic splvents include aromatic hydrocarbon sol vents
~such as benzene, toluene and xyl ene; and aliphatic hydrocarbon sol vents
: such as pentane, hexane and heptane. 5 The unsat urat ed copol ynmer of
et hyl ene can be reacted with the polar nmononer in the absence of any
sol vent using an extruder or the Iike to prepare a graft nodified
. unsaturated caopol yner of ethylene. this case, the reaction tenperature
iJs usually not |ower than the neltlng ZO poi nt. of the unsaturated
copol ymer of ethylene, specifically, in the range of 120 to [err]. The
:reactlon t|rnsnﬁukﬁl%LQﬂanﬂquqnLN%&QhﬁﬂﬂﬁQQH1|EPLEREMQ%PQ%YWQﬁ%?%%&RP{ﬁ
1 0.5 to 10 mnutes. In the graft nodified unsaturated co ol ymer of 15
Tethylene thu® BERAERT weldhtyRaqUARRMISWR 13k MdRQIsR dub eiq ved from
. the polar nononer is in the range of usually 0.1 to 50 % by wei ght,
preferably OQFH%PXEP,%by wei ght. The nodified unsaturated copol yner of
“ethylene - obt aigied, %cm,re%ee §l| e i AdESI oL 9t raRgtthd 0 20
nmetal s and pol ar reS|ns ther en t he nodi fi ed unsaturated copol yner

L of ethyl ege i5, hlended widhé RHET (185 hrd Nopl jifer Badd) LA iiBuved

—=in |npact

, above, the unsaturated copolymer of ethylene is obtained in
Lo

— the form of usually a polymer solution containing it. This

polymer solution is treated in a conventional manner to

r

obtain an unsaturated copolymer of ethylené.
1; ) -10 (Graft modified product of unsaturated copolymer of
. ethylene) |
L: . ' The unsaturated copolymer of ethylene according to the
; invention can be used by modifying it through graft
L _:- polymerization of'ﬁhe'un$aturated copolyme# qf ethylene
L 15 with a polar monomer . L
- The unsaturated ;opdiymer-of_ethylene-having beeh
L; graft modified (sometimes ieferred to_as:"gfaft modified
A unsaturated copolymer,of eﬁhylene“) can bé'obtained by . T
L - ~ allowing the'unsatura;ed §6po1ymer of ethy;ené to react
; ; 20 with a polar;monbher deécribed below in tﬁe pfesence or the
. absence of a radical initiator.
i; The polar monomer is, for egample, a hydroxyl group-
: containing ethylenic unsaturated compound, an amino group-
L | containing ethylenic unsaturated compound, an epoxy group- .
[ 25 containing ethylenic unsaturated compound, an aromatic
[ _

vinyl compound, an unsaturated carboxylic acid or its

| - derivative, an vinyl ester compound or vinyl chloride.



Fesistance, particularly, |lowtenperature inpact resistance. 25
Furthernore, nolded articles obtained fromthe nodified unsaturated
‘copol yner of ethylene (nodified ethyl ene random copol yner) are excell ent
‘printability and paintability onto the surfaces thereof. Mreover, if
136 polyolefins are blended with the nodified unsaturated copol ynmer of

in

tet hyl ene (nodified ethyl ene random copol ymer) together with fillers such as

&glass fi bers or inorganic conpounds, IrZ8in conpositions inproved in

dispersibility of 5 fillers can be obtained, whereby advantages given by

e s AR PERTLRAB et DEe B ID SESLE ERPOTALAL"S

are II'TpI’OVGd I n nmec

rubber COWDOSE&hg@eﬁeetaheaegrahedueaﬁbuﬁagsdlﬁglusepqh¥e35aezy@sbx%ene

raccording to Invention 1s a vul cani zabl e rubber conposition he
(rubber conposihiAnagQf nyBeokPueRYNONmbEhs QBRYLHEE, I 2ERYBLExYPrapyl

vulcanlzable rubber conposition hereinafter.) Thi s rubber conposition

(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2-hydroxy-

= 5 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

= TJI) mono {meth)acrylate and 2~ (6-hydroxyhexanoyloxy)ethyl

? acrylate; 10-undecene-1-0l, l-octene-3-ol, 2-.

= methanolnorbornene, hydroxystyrene, hydroxyethyl vinyl:

L’ _ether, hfdroxybutylﬁvinyl ether, N-methylolacrylamide, 2-
;: : (meth)acroyloxyethyl acid phosphate, glycerol monoallyl
1&4 - ;'15 ‘ether, allyl alcohol, allyloxyethanol, 2-butene 1,4 diol . .
i  and glycerol monoalcoholf . '
‘L‘_f "fif : . 7. 'The amino group-containing ethylenic unsaturated

% :  compound is a compound having-an ethylenic double bond and_
fﬁ ~ - an'amino.group,_and‘suchicompound'ist for_exaﬁple, a vinfl.
L: 20  monomer having at’ least one aminO'groupfof substituted

- amino'group represented by the following formula: |

L

B R
L ____D;’/’ )

\. 2
Vo 25 R

- . .

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

hydrogen, an alkyi group having 1 to 12 carbon atoms



“can he. used in the unvul cani zed state, but if it is used as 15 the
vul cani zed product, nuch nore inproved properties can be exhibited. The
‘ vul cani zabl e rubber conposition according to the invention can be
“vul cani zed by heating it with a vulcanizing agent or:irradiating it with
el ectron rays 20 wi thout using a vul cani zing agent. The vul cani zabl e rubber
i conposition of the invention may appropriately contain other conponents
Laccording to the purpose in additionl2® the unsaturated copol yner of
ethylene, and it is desired that the unsaturaté&d copolymer L 25 of

i ethylene is Cﬁpﬁtgf&?‘.ﬂéﬁ?} 32 g”té‘/o upL 9% t”&’é% £5So 1 hane 0 J4 Dy 1&g

| preferably no ess y welig ased on the whole annunfaof t he

rubber COWO%&&&P&;} 515 hea Fybhest SRETOSTHé FFas Dt Qi s 8 hearmsmt ur at ed
. copol ynmer of ethylene 1 n the above range of anount, the conposition

. exhibits favouwahde. propersirgl Gxeapl &5dothé h@y@ldsmlky:brmmmtmy\/rnm may
“be incorporated into the conposition include various chem cals

a substituent.

— 5 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

-~ 10 (meth)acrylate, phenylaminoethyl methacrylate and -

E cyclohexylaminoethyl methacrylate; vinyl amine derivatives,

- f ' ‘such as N—vinyldiethylamine and N-acetylvinylamine;

allylamine derivatives, such as allylamine, methacrylamine,

-N—methylacrylaminé, N,N-dimethylacrylamide and N,N-

3 ' 15f:.diméthylaminopropylacrylamide;‘acrylamide derivatives, such -

as acrylamide and y—ﬁéthylacrylamide; aminostyrenes, -such

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

am1noethylsucc1n1m1de. ' | N <

- ' ' - The epoxy group-contalnlng ethylenlc unsaturated

i: - 20 compound is a monomer having at least one polymerlzablé
unsaturated bond and at least one epoxy group in one

i% " moleculé.’ Examples of such epoxy group-containing

ethylenic unsaturated compound§ include glycidyl acrylate

and glycidyl methacrylate; dicarboxylic acid mono and

g - 25 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



.

T

O

i

5 -such as reinforcing agents, inorganic fillers, softening agents,
antioxidants (stabilizers), processi-ng aids, conpounds which constitute a
foam ng system (e.g., foam ng agent and foam ng aid), plasticizers,

tol orants, blow ng agents and ot her rubbers. The kinds and the anbunts of
the 10 additives are properly determ ned depending on the purpose. O the

?bove additives, preferably used areégﬁgnforcing agent, inorganic filler,
sof tening agent, etc. Details of the dditives are described bel ow.

Rei nforcing agent and inorganic filler 15 Exanpl es of the reinforcing
‘agent s i ncl udestamsomw hlaskorsie s, SREncCRRd BEE1yMABY IHaELelrSABE SAF, FT
‘and MT, surface treated materials obt ai ned by surface treating of the above

car bon bl acks tRtmehsidraphtdedplq RFighemodio inG daglysicydmesiepenaite,

powdery talc gnd powdery silicic 20 acid. Exanples of the inorganic

111 ers incl udda5oddipiddced MOAciAM ST §566%3 Pfnestone, talc and

clay. The rubgﬁr conpasi_tion qf, the .invention .contai.n.the_reinfaqrcing

.agent and/ or &%q%g%ﬁﬁﬁﬁ?qﬁﬂ & 35 %n 50 gﬁgﬁﬁfggyc&ggélﬁﬁtﬁSF ﬁ%re t han

1300 parts dy Welp\s referably 10t 8% Q RAILLSLRY L.ght preferably

710 to 200 %ar\t@?t%{%cv?enﬁgfhta?lgigseg g’n T‘ %pgfi?s? §§ m&%hggo?fgﬁé% cts

b bicyclo(2,2,1llhepto-5-ene-2,3~-dicarboxylic acid (nadic

L 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

weee . - .10 allylsuccinic acid;. alkylglycidyl esters of p- o
styrenecatboxylic acid, allylglycidyl ether, 2-

- .: _ methylallylglycié&l ether, styrene-p-glycidyl ether, 3,4-

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

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

15 :'and-#inylcyciohexenenmonoox;de.

O

. 'The aromatic vinyl compound-is, for example,; a

compound represénted-by-thegfollowingjformula:;

_Rlc=cr?

20

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

carbon atoms or a halogen atom, such as methyl, ethyl,

propyl, iSopropyl, chlorine, bromine or iodine, and n is



v

wnsat ur at ed copol yner of ethyl ene. 138 From the rubber conposition
containing the reinforcing agent i.n the above-nentioned anount, a

ivul cani zed rubber inproved in mechanical properties such as tensile
strength, tear strength and abrasion resistance can be obtained. 5

If the inorganic filler is added in the above- nentioned anmount, the
har dness can be inproved w thout deteriorating other properties of the
vul cani zed rubber, and the cost can b3l owered. Softening agent 10

As the softening agents, those conventionally a&ded to rubbers can be

widely used, and£@apRlesiddeseniof nelusles, patdrleibny e SHdRN e agady s,

isuch as process oil,” lubricant, paraffin, liquid paraffin, petroleum
asphalt and vaseline; 15 coal tar type softening agents, such as coal
tar and coal tar pitch; fatty oil type softening agents, such as castor
i l, linseed oil, Fxzepded wf suah commatticoivinyl compounds include

styrene, o-methylstyrene, o-methylstyrene, p-methylstyrene,
L:. S m-methylstyrene, p-chlorostyrene, m-chlorostyrene, p-
chloromethylstyrene. Heterocyclic aromatic vinyl compounds
- may also be utilized and include 4-vinylpyridine, 2-
P vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-5-
vinylpyridine, 2-isopropenylpyridine, 2—vihyl§uinoline, 3~
§’ j.10 vinylisoquinolihe,mN-vinylcarbazole and N-vinylpyrrolidone.
. Exampleé.of the unsaturated carboxylic acids include
L ' : unsaturated carboxylic acids, such as acrylic acid,

methacrylic acid, maleic acid, fumaric acid,

N

;tetrahydrophthalic acid, itaconic acid, citraconic acid,

15 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).
e AR Particular.examples of such compounds include malenyl

20 chloride, malenylimide, maleic anhydride, itaconic

| anhydride, citraconic anhydride,.tetrahydrophthalic

i: ' ' anhydride, bicyclo[z,2,1]hepto—2-ehe-5,G—dicarboxylic

¢ anhydride, dimethyl maleate, monomethyl maleate, diethyl
L maleate, diethyl fumarate, dimethyl itaconate, diethyl

;; 25 citraconate, dimethyl tetrahydrophthalate, dimethyl

fﬁ bicyclo[2,2,1]hepto—2-ene-5,G-dicarbdxylate, hydroxyethyl
L} (meth) acrylate, hydréxypropyl (meth) acrylate, glycidyl

(meth)acrylate, aminoethyl methacrylate and aminopropyl



Wwaxes, such as tall oil, factice, beeswax, carnauba 20 wax and | anolin;
fatty acids and fatty acid salts, such as ricinoleic acid, palmtic acid,
ibarium stearate, calciumstearate and zinc |aurate; and synthetic pol ymer
“materials, such as petroleumresin, 25 atactic pol ypropyl ene and
courmarone-indene resin. O these, preferred are petrol eumtype softening
‘agents, and particularly preferred is process oil. 139 The softening
Lagent may be contained in the rubber 13a@mosition of the invention in an
anount of usually not nore than 200 parts by wétght, preferably 10 to 200

;parts by weig fergpl t0pleBe PRESSa DY WREGH parségdlarly
tpreferably 10H%Bh%g89é§F§s b? mgPéﬁ?, %ase% g%al%o pgﬁ%s %@ca%%gﬁt %f t he

unsat urated enhhybepeagRparyde| . hpakopyetapl Therwnicoxiseel ¢bypiayerably
-contained in the rubber conposition of the invention because the materi al

(Iife can 10 hetheogybenedand aminopropyl methacrylate.
Exémples of the vinyl ester compounds include vinyl
L 5 acetate, vinyl propionate, vinyl n-butyrate, vinyl
P isobutyrate, vinyl pivalate, vinyl caproate, vinyl
versatate, vinyl laurate, vinyl stearate, vinyl benzoatg,
vinyl p-t-butylbenzoate, vinyl salicylaEe and vinyi
. cyclohexanecaboxylate. - )
L e 10. The polar monomer is used in an amount of usually 1 to
| ‘100 parts by weighg, preferably 50 to 80 parts by weight, -
- based on 100 parts by weight of the unsaturated copolymer
L "of ethylene. |
' The. radical initiator is, for e#ample,“an'p#ganic_ﬂ
15 :peroxide“of.ag azo-Qompohnd. '

| Exampleéuof.the organic peroxides include dicumyl.
— S perdxide,-dirt—butyl'peroxide; 2,5-diméthyl—2;5-bis(t¥
butylperoxy)heéxane; 2,5-dimethyl-2,5-bis (t- - PN

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

N

20. '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-trimethylhexanoyl-peroxide, 2,4-dichlorobenzoyl

25 peroxide ahd m-toluyl peroxide. Examples of the azo

compounds include azoisobutyronitrile and

dimethylazoisobutyronitrile.

o



~Exanpl es of the antioxidants include: aromatic secondary am ne type
~stabilizers, such as phenyl napht hyl am.ne, 4, 4'-(a, a-
: d|nethylbenzyl)dlphenylan1ne and N, N -di - 2- napht hyl -p- L 15
\vphenylenedlanlne phenol type stabilizers, such as. 2,6-di-t-butyl-
met hyl phenol, and tetrakis-(nmethylene-3-(3",5 -di-t-butyl-
' 4" - hydr oxyphenyl ) pr opi onat e) net hane; |oether type stabilizers, such as
L.bi s(2-nethyl-4-(3- 20 h-alkylthiopr B nyloxy) -t- butylphenyl)sulfide;
benzi m dazol e type stabilizers, such as 2-
;' mer capt obenzi m dazrhe; r@kilictabcmhamucertwed&mbhyersgd siure e rasamoe wikie |

_di but yl di t hi ocar bamat e; and 25 qui noline type stabilizers, such as a
polyner from@f 2usdaityn@t B9l - 1o 21 & Py Hguy netight Dhes %@a%@¢|2%¥%snay
be used in conmbination of two or nore Kinds. 140 The ant j oxi dant may be

_used in an anRYintedghhopf nbhe PRSAC B HERE SCORP LEMYRtOf REEISBEY not nore

than 3 parts b . . "
P y The radical initiator can be used by mixing it with

— 5 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.
i . 10 Examples-of the organic solvents include aromatic e
hydrocarbon solvents, such as benzene,'toluene and xylene;
- '.-- g aliphatic hydrocarbon solvenfs, such as pentane, hexane,
heptane, octane, nonane and decane; alicyclic hydrocarbon
solvents, such as cyclohexane, methylcyclohexane and
15 decahydronaphthalene; chlorinated hydrocarbons, such as.
RS ff: - | chlorobenzene, diéhlofobgnzene, trichlorobenzene, methylene
L; L chloride, chloroform, carbon tetrachloride: and |
_ tétrahcloroethylene; alcohol:solvehts; such~as.methanol,
' - -': ‘ethandl, ﬁ*propanoi, isoépropénol, n-butanol, sec-butanol .
S 20 and tert-butanol; ketone ‘solvents, §uch as acetone,_methyl.
| ethyl ketone and methyl isobutyl ketoné; ester solvents,
" such as ethyl acetate and dimethyl phthalate; and ether
solvents, such as dimethyl.ether, diethyl ether, di-n-amyl
L éther, tetrahydrofuran and dioxyanisole.
L : 25 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-



-~ ~wei ght, based on 100 parts by weight of the unsaturated copol yner of
~ethylene. 5 Processing aid As the processing aids, those conventionally
- added to rubbers can be wi dely used. Exanples thereof include various
~—acids, such as ricinoleic acid, stearic acid, palmtic acid and lauric
acid; salts of these higher fatty 10 acids, such as barium stearate, zinc
' stearate and cal cium stearate; and ers of the above acids. The
—processing aid may be used in an anotnt of not_nore than 10 parts by
wei ght, preferably not nore than 5 parts by weight, based on 100 parts by
i wei ght of theyddft uamsainty atm¢1t®mﬁqﬁmmaﬁl@tqwlwtwt@&hlcﬂwymt°%en
{_the rubber conposition of the invention is vulcanized by heating, conpounds
: mhlch const i tafthy kene @ i@d on system such as vulcan|2|ng agent,
i vul cani zation accel erator and vul cani zat,i on

i d d h
| rubber conpositi orfheexad @R D Matied 13 d‘é’ﬁ’llﬂ%ﬁ& %’gn gﬁgm\éﬁﬁeﬁé’?“%; ©

i nclude sul fur, su]fur, conp and or perOX| |s no
. specific IlrnQQﬁQWﬂPQNfQQKEQ%hé} %S fuy +O8H %ﬁ aéé%%ﬂp e’ powdery

é;sulfur pSECIé) f&é%{sﬁgéfﬂkylamlne and hydra21ne 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,
" 10 diethanolamine, N,N-dimethylaniline, hygrazine,
ethylmercaptan, benaenesulfonic'acid and p-toluenesulfonic
S _} ac1d. _
TP . .The reduc1ng material is used in an amount of usually
f; o ,';,_0 001 to 5 parts by welght, preferably 0. 1 -to 3 parts by
» :;.,.1L15l:_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.,zFog.- -
- _::' example, the unsaturated copolymer of. ethylene is dlssolved
20 " in an organic solvent, "and to the solution-is 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

[

. 25 used for graft modifying the unsaturated copolymer of
ethylene, and any organic solvents can be used as far as

! they dissolve the unsaturated ethylene copolymer.

L —



¢ol | oi dal sul fur, surface-treated sul fur and insol uble sul fur can be

enpl oyed. 141 Exanpl es of the sul fur conpounds include sul fur chloride,
sul fur dichloride, high-nolecular weight polysulfide, norpholine disulfide,
al kyl phenol disul fide, tetranethylthiuramdisulfide and seleniumb5

di met hyl di t hi ocar bamat e. Exanpl es of the organic peroxides include: alkyl
per oxi des, such as di cunyl peroxide, di-t-butyl peroxide,

di:- t - but yl per oxy- 3, 3, 5- trlnethylcyclo&éﬁane t- butyl cunyl peroxide,

di -t- anyl peroxide, 2,5-dinethyl-2,5- 10 di(t-Butyl peroxy)hexyne-3,

2,5-di methyl -2, 5- di4henzoy! per e ic 2O Agms e Zade diddmatic
butylperoxy) hexane a, a '-bis(t-butyl peroxy-m isopropyl)benzene and
t-butyl hydropey@xbEerboR! 9¥YvEent £1 SuShiCs aseniemell Yt o PoEX yaeet &f Bene ;
t-butyl 15 peroxyisobutyrate, t-butyl peroxypivalate,.t-
butyl per oxymal #nd arighat ibuhydirpeanhymesolbeamost 2uch - dsityénpenex yibexaoat e,
and di-t-butyl peroxyphthal ate; and -

. and heptane.

L 5 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'

-

10 point of the unsaturated copolymer of ethylene, .

specifically, in the range of 120 to 250 °C. The reaction

.

time under such temperature condition is usually in the

range of 0.5 to 10. minutes.

In the graft modified unsaturated copolymer of
15 ethylene thus-preparéd,“ﬁhe]gréft amount of the:graft_group:
derived from the-polar'mohomer is in the range of usually
L.3 -_ 0.1 to 50 % by weight,-preférably 0.2 to 30 % by weight;_

The modified unsaturated copolymer of ethylene . .-

-

o obtained as above is excellent in adhesion strength. to -

© 20 metals and polar resins. Further, when the modified

o

unsaturated copolymer of ethylene is blended with a polar

(-

resin, the polar resin can be improved in impact

resistance, particularly, low-temperature impact

resistance.

25 Furthermore, molded articles obtained from the
modified unsaturated copolymer of ethylene (modlfled

{- : ethylene random copolymer) are excellent in prlntablllty

and paintability onto the surfaces thereof. Moreover, if



|

- ket one peroxi des, such as dicycl ohexanone peroxi de. These
organi ¢ peroxides may be used in conbination of two 20 or nore kinds. O
ithese, preferred are organi c peroxides having a tenperature, at which the
thal f-1ife period thereof is one minute, of 130 to [err], for exanple,

di cunyl peroxide, di-t-butyl peroxide, di-t-butylperoxy-3,3,5- 25
trimethyl cycl ohexane, t-butyl cunyl peroxide, di-t-anyl peroxide and t-butyl
:hydr operoxi de. O the above- ment i oned!3@ri ous vul cani zi ng agents, sul fur or
t he sul fur conpound, especially sulfur, is 1a2 preferred in the
dnvention, begaus IR ilds Wi ) d B WES P ORE ModeF ield Line atiieked

iconposi tion can be exhibited. Wen the vul canizing agent is sulfur or the
sul fur conpoummpdiynes wsfedthy laneaniurti fdfed) et hiyd eh@ pamnideorbyopo lwaieght |
.preferably 0.5 to 5 parts by weight, based on 100 parts by wei ght of the
unsat ur at ed ettiogedriec ofidihy rfisrl Lefisesudie asulodasisz ifddpeagemr ilgiorgandCgani c

peroxide, it is used in an anount of 0.0003 to 0.05 nol, preferably.
' compounds, resin compositions improved in dispersibility of

L 5 fillers can be obtained, whereby advantages given by using

the fillers can be maintained and the resulting resin

i compositions are improved in mechanical strength.
[ " . (Vulcanizable rubber composition)
The rubber.composition containing theiunsaturated

L ~10 _ copolymer of ethylene according to the .invention.is a

- vulcanizable rubber composition. . (The rubber composition

P . :

- - -+ of the invention is sometimes referred to as "vulcanizable
rubber composition hereinafter.) This rubber composition .

can be used in the unvulcanized state, but if it.is used as
15'ifthe_vulcanizea product, mﬁch more~improved,prépe;tieégéan;
‘ "be-e#hibifed. | | :
L S . The vulcanizable rubber composition according to the
A L -inventio#:cén be vulcanized by heating it with a
= . - vulecanizing agen;uor:irradiating it_with eleqtron-fays
ZOPf withdut-ﬁsing a- vulcanizing agent. |

The vulcanizable rubber composition of the invention

b may appropriately contain other components according t6 the
purpose’ in addition to the unsaturated copolymer of .
_ L " ethylene, and it is desired that the unsaturated copo;ymer
25 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

[~



~—0. 001 to 0. 03 nol, based on 100 g of the unsaturated 10 ethylene
~copolynmer.. WVul cani zation accel erator Wen sul fur or the sulfur conpound is
: .used as the vul cani zi ng agent, a vul cani zati on accelerator is preferably
—used in conbination. 15 Exanpl es of the wvulcanization accelerators
i nclude : sul fenam de conpounds, such as N-cycl ohexyl-2 - benzot hi azol e
. sul fenam de (CBS), N-oxydiethylene-2-_benzothiazole sulfenam de and
N, N-di i sopropyl - 2- benzot hi azol e sul¥¥hani de; 20 t hi azol e conpounds,
such as 2-nercapt obenzot hi azol e. (MBT), =
' 2-(2,4-dini praphenyl JinrE6apLebeez @bhgazekeamdunt?, Bhe composition
. di et hyl - 4- nor phol i not hi 0) benzot hi azol e and di benzot hi azyl di sul fide;
guani di ne cogppiBdes Fuobuzabdieppeoyeguarisdi ne, 25 triphenyl guani di ne,
- diorthonitril eguanidine, orthonitrile biguanide and di phenyl guani di ne
i phthaliate; al dehgdemphenesfothel dehgdecamponeatsonwhbahdsaysbeh as

acet al dehyde-aniline reaction product, butylal dehyde- . .
incorporated into the composition include various chemicals

5 such as reinforcing agents, inorganic fillers, softening

T

P 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

- - 10 . additives are. properly determined depending on the purpose.
Of the above additives, preferably used are reinforcing

'Lf_ s agent, inorganic filler;_softening agent, etc. Details of

. these additives are described below.

-15 Examples of the reinforcing agents include.carbon

blacks such as SRF, CPF, FEF, MAF,-HAF; ISAF,.SAF, FT and
L f.. -*'- - MT, éurface treated: materials obtained by surface treating
| of.the-above-carban.blacks with silane coupling agents, ; -
i*.a - e | silica,-gélciumﬁéarbonaté,'powdery talc and powdery siliéic
20 . 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
25 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.



=143 ani |l i ne condensate, hexanethyl enetetram ne and acet al dehyde anmoni a;
. i mdazol i ne conpounds, such as 2-nercaptoi m dazoline; thiourea conpounds,
i such as thiocarbanilide, 5 diethylthiourea, dubutylthiourea,
~trimethylthiourea and diorthotolylthiourea; thiuram conpounds, such as
tetranet hyl t hi uram nonosul fide, tetramethylthiuramdisulfide (TMID),
jtetraethylthiuramdisul fide, tetrabutylthiuramdisulfide, 10
tpent amet hyl enet hi uram tetrasul fi de ant38i pent anet hyl enet hi uram tetrasul fi de
(DPTT); dithio acid salt conmpounds, such as zin& di nethyl dithi ocar bamat e,
»zinc diethyldithiogarha € ey Ad | =N~ i t-hi bR :
;ethylphenyldithiocgggﬁh?g% fgﬁﬂﬁﬁhg*%§¥§¥%ﬁgﬁyFg??%?g?g?ﬁ%ﬁgtEFQ§§§fﬁﬁPg
di et hyl di t hi qeanRan @ nes YR RHIRIHRY dnldtinegarbaiacanizéd hibierum
¢ di met hyl di t hi oCar bamat e; xanthate conpounds, such as zinc dibutyl xant hate;
and zinc whit @mp2dved inlhRcHHmNANY gidopemdesl euahoasi sededilealsityenged,in
an anopunt of 0.1 to 20 parts by weight, preferably 0.2 to 10 parts by
~wei ght, basedtearl 3t femgth @ndvebgtasian ttesistance can be obtained.

L— S "~ If the inorganic filler is added in the above-

! ' mentioned amount, the hardness can be improved without
- deteriorating other properties of the wvulcanized rubber,

and the qostican be lowered.

Softening agent

'L. 10 "As the softening agents, those conventionally,addéd to
- rubbers can be widely used, and examples therebf include:

S S S petroleum tYpe softeniqg agents, such as process oil[ .

lubricant, paraffinL liquid paraffin, petroleum-asphalt and

: vaséline;
L; 15 - . coal ;ar.typefébftening agents, such as @palutéklapd;,
!' ' coal.tar pitch; - -
L‘.',f'w '-';-ﬂfatﬁyfoil-typéISOftehing:agents, such-gs castor .oil,
;- h”lihseed,qil,-raﬁeseeduqil=aﬁd_cocbnut oil; S  ; .
- - --'. l, waxes; sudﬁTaﬁ.tall_qil, factiée, beeswax,:ca;nauﬁa .
. 20 wax and .lanolin; . -

fatty acids and fatty acid salts, such as ricinoleic;
e acid, palmitic acid, barium stearate, calcium stearate and
. zinc.lauraﬁe; and
— synthetic polymer materials, such as petroleum reésin,
N 25 atactic polypropylene and coumarone-indene resin.

Of these, preferred.are petroleum type softening

agehts, and partiqglarly preferred is process oil. .



Unsat ur at ed et hyl ene copol yner. Wul cani zation aid 25 When t he
organi c peroxide is used as the vul cani zing agent, a vulcanization aid is
greferably used in an amount of 0.5 to 2 nol based on 1 nol of the organic
per oxi de, preferably alnmost in the equinolar anount. 144 Exanpl es of the
vul cani zation aids include: sulfur; quinonedi oxi me conpounds, such as

p- qui nonedi oxi ne; and especially polyfunctlonal nmononrs, such as: 5
(neth)acrylate conmpounds, such as trimgoyl ol propane triacryl ate and

pol yet hyl ene gl ycol dlnethacrylate; al Iyl conpounds, such as diallyl

pht hal ate and trlalhﬁl X?ﬁ g%ﬁ;eﬁghglgg bgogggyggéﬁdsyﬁhtgé %%nggylene

bi smal ei m de; 10 -a FOam ng agen e€ru
Conp05|t|on Ofcgﬂﬁobgﬁgeh'e@ €8B! 3hdention 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,

- - S particularly preferably 10 to 100 parts by weight, based on
E 100 parts by weight of the qnsaturated ethylene copolymer.
- Antioxidant |

L: The gntioxidant.is preferably contained in the rubber
|'T composiﬁion of the'invention because the material life can
I__ ) 10. be lengthened. |

i Examples of the antioxidants include:

L‘_ ) - aromatic secondary amine type stabilizers, such.as_

phenylnaphthylamine, 4,4'-(0,0- .

Nt

dimethylbenzyl)diphenylamine, and N,Nf—difZ;naphthYL-pﬁg

N -

15 phenylenediamine;.
. phenol type 'stabilizers, such as.2,6-di4t+butyl-44

methylphenol, and tetrakis- (methylene—3 (3' 5‘-di—t-bﬁtyl—.

. r‘ -

s 4'-hydroxyphenyl)proplonate)methane, SR a;';“a?ﬁx..*s-'
- - ‘thioether type stablllzers, such as bls(z-methyl 4- (3-
'-(' 20 .n-alkylthloproplonyloxy)—5-t—butylphenyl)sulflde,5”

benzimidazole type stabilizers, such as 2- .
L : mercaptObenzimidazole;
dithiocarbamate type stabilizers, such as nickel
"dibutyldithiocarbamate; and .
25 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.

-



—a conpound whi ch constitutes a foam ng system such as a 15 foam ng agent
or a f.oam ng aid, the conposition can be subjected to foam nolding. As the
: foam ng agents, those conventionally used-in the foam nol di ngof rubbers can
—be widely used. Particular exanples there of include inorganic foam ng

agents, such as 20 sodi um bi carbonate, sodi um carbonate, ammoni um
. bi carbonat e, ammoni um carbonate and anmoniumnitrite; nitroso conmpounds,
_such as N, N -di met hyl -N, N - di ni t rosotle&pht hal am de and
N,N'-dinitrosopentanethylenetetranine azo conpeunds, such as

{ azodi car bonam de, b%§£§8gy&¥59nhg§lgg ?géd agogyclobexy! ot thdd Emore

. azodi am nobenzene an arium azodi car boxyl at e; sulfonylhydra2|de conpounds,

“such as benzepgghl 5opykhykdpgzivdeghto! peaesuhbopyhby dhaze dehaR, B’ parts by
ioxybls(benzenesulfonylhydra2|de) and di phenyl sul fone-3, 3" - 145

. di sul fonyl hydwazyHe, basda eanpoOngartsubk aeightcofintheidesaturated
4, 4- di phenyl di sul fonyl azi de and p- tol uenesul fonyl azide. O these,
. preferred arecopblgmercofipethgidenazo .

. S 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'
10 acids, such as barium stearate, gzinc stearate 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+._.
; . 15 . unsaturated copdlymer .of ethylene.
- __:-' - When the rubber composiﬁion;of the invention is
'.vulcanized:by.héating,_compounds;which conétitute_a e .
- ' wulcanization systemLSUCh as*vulcaniiing_égént,i\,--
20 vulcanization accelerator and vulcanizatibn;aidlare
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,
25 and, for exampie, powdery sulfur, precipitated sulfur,

colloidal sulfur, surface-treated sulfur and insoluble

sulfur can be employed. o - ]



5 conpounds and azide conpounds. The foam ng agent may be used in an
.amount of 0.5 to 30 parts by weight, preferably 1 to 20 parts by wei ght,
“based on 100 parts by weight of the unsaturated copol yner of ethylene. From
~t he rubber conposition containing the 1Q foam ng agent in such-anount,
~foanmed products havi ng-an apparent specific gravity of 0.03 to 0.8 g/cnB
i can be .produced. In conbination with the foam ng agent, a foanming aid can
Lbe enployed. Wen the foaning aid ik4lsed in 15 conbination, various
effects such as | owering of deconposition tenpérature of the foani ng agent,

taccel eration of desQmpASd idH tHelseaffuand owpiol ot thcalidehauiesy ting foam
.can be exerted. Exanples of the foam ng agents include organic acids, such

as salicyliccomliotidd) st idicdiotidy,eariigh-anilécanadroxaliightaci d, urea
cand its derivative. The foam ng aid may be used in an anount of 0.01 to 10
_parts by wei gatlyspriefigteablmorthhb ltimes dianutls ilgle ,weilddytl phieaodd disul@ddeart s by
wei ght of the unsaturated copol yner of 25 ethylene. Oher rubber
tetramethylthiuram disulfide and selenium

l
_ 5 dimethyldithiocarbamate.
Examples of the organic peroxides includé:
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
10 di(t-butylperoxy)hexyne-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 .
| .15 peroxyisobutyrate, t-butylsperbxyinalate,.t—é
| butylperoxyméleic acid, t—butyl.peroxyneodecanoate; t-butyl
i— R peroxybenzoate, and'dietdbutyl,peroxyphthalate; and

" ketone peroxides, such as dicyclohexanone peroxide. ..

[

- These organic peroxides may be ‘used in combination of. two

20 or more. kinds.

_ .. Of these, 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,
L

di-t-butyl peroxide, di-t-butylperoxy-3,3,5-

25 trimethylcyclohexane, t-butylcumyl peroxide, di-t-amyl

peroxide and t-butyl hydroperoxide.
Of the above-mentioned various vulcanizing agents,

sulfur or the sulfur compound; especially sulfur, is



7146 The rubber conposition of the invention may contain other known rubbers_

.as long as the objects of the invention are not marred. Exanples of such

- rubbers include natural rubbers (NR); 5 isoprene type rubbers, such as

=i soprene rubber (IR); and conjugated di ene type rubbers, such as but adi ene

~rubber (BR), styrene-butadiene rubber (SBR), acrylonitrile- butadi ene

- rubber (NBR) and chl oroprene rubber (CR). Al so enployable are

—conventional ly known ethyl ene-a- 10 14Refin copol ymer rubbers, for exanple,
ethylene-propylene random copol yner (EPR) and &t hyl ene-[err]-ol efin- polyene

terpol ymer otfiele rﬂg%ierﬂ? 4 A JU A S r?o@éé'a{@e arectlgéjlarel SUChro‘fivscg

_The vul cani zabl e conposition ot the |nven can b epa

fromthe unsgrgplad LORM WHE ﬂibféﬁyéﬁiyoﬁ&qam%ﬁpwr&%{ml | ot her

. conponents by conventional processes for preparing rubbe For
_exanpl e, the unsatweat etheCUAAHTEZ g eidardtens and Rkher %@@p@,ﬁhqm are

kneaded at 80 to [err] for 3 to 10 mnutes using an 20 internal m xer such
i as Banbury mcoespounthaddr izndised in an amount of 0.1 to 10 parts by
— 5 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
LQ ' 10 ethylene copolymer.. :
Vulcanization accelerator : |
When sulfur or the sulfur compound is used as the
5 o ' vulcanizing agent, a wvulcanization accelerator'is
-ﬂpfefefablY'used-in-dombinationux '
- 158 ﬁxémples.uf the“Vulcanizétion‘acceleratofs inéludeé-
sulfenamlde compounds, such as- N-cyclohexyl 2- -
- . benzothlazole sulfenamlde (CBS), N—oxydlethylene—Z—
'benzothlazole-sulfenamlde_and'N;N-dllsopropyl—Z- SR S
'benzothisiole:sulfensmide}'
.20 thiaiole'compouuds, such as 2-mercaptobenzoth1azoleﬁ
. (MBT), 2- (2 4—d1n1trophenyl)mercaptobenzothlazole, 2-(2,6-
i— : diethyl-4-morpholinothio)benzothiazole and dibenzothiazyl
disulfide;
guanidiné compounds,-such.as diphenylguanidine,
25 triphenylguanidine, diorthonitrileguanidine, orthonitrile
biguanidé and diphenylguanidine'phthaliate;
aldehYde amin%s or aldehyde-ammonia compounds, such as

acetaldehyde-aniline reaction product, butylaldehyde-



~tnterm xer, then the vul cani zing agent and the vul cani zati on accel erator or
“the vulcanization aid are added if necessary, and the resulting mxture is

: kneaded at a roll tenperature of 40 to [err for 5 to 30 mnutes using 25 a
—+oll (e.g., an open roll) or a kneader, followed by delivering. Thus, a
rubber conposition (rubber blend) in the formof usually ribbon or sheet

. can be obtained. If the tenperature for kneading by the use of the internal
1147 mixer is low, the vulcanizing agdf, the vul cani zati on accel erator and
the foam ng agent may be sinultaneously kneaded: (Vul canized rubber) 5

L A vul cani zat eaxgifﬂxgén&&ﬁ&eﬁy@@@,r)h@,tara@@mu@fh@ge@msé il etdBdehyde

“invention can be obfalned by generally preform ng the unvul cani zed rubber
conposi tion ighMoiisesi red shape using various neans such as an extrusion
. ol di ng machine, a calender roll, a press, an injection 10 nolding nachine
fand a transfer nolihige2mcine ecomrulirsdsul swrte aus | 3-maraadpraiaiidez heené ng
the preformin a
) thiourea compounds, such as thiocarbanilide,
b 5 diethylthiourea, dubutylthiourea, trimethylthiourea and
diorthotolylthiourea;
thiuram compounds, such as tetramethylthiuram
i- monosulfide, tetramethylthiuram disulfide (TMTD),
tetraethylthiuram disulfide, tetrabutylthiuram disuifide,..
L . 10 pentamethylenethiuram tetrasulfide and
dipentamethylenethiuram tetrasulfide (DPTT);
- _ dithio acid salt compounds, such as zinc
| ; : dimethyldithiocarbamatgf zinc diethyldithiocarbamate, zinc
di-n-butyldithibcarbamage, zinc ethylphenyldithiocabamate,
E; .. 15~ _iinc butylphenyldithiocarbamate, sodium | -
dimethy;dithiocarbémate,ﬁselenium dimeﬁhyldithiécarba@ate
. L%f"'ll B aﬁditeilu:ium-dimethyldithiocarbamate;-
| xaﬁthaté.Compdunds;fEuch as.zinchibutylxanthate; aﬁd.‘ -
s -i. zinc~white;,‘
.20 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.
— Vul izati i d
25 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.



“Vul cani zing bath or irradiating it with electron rays so as to vul cani ze

-it. When the rubber conposition is vulcanized by heating, 15 the rubber
‘conposition is preferably heated at a tenperature of 150 to [err] for 1 to
=30 minutes using a heating bath of hot air, glass bead fluidized bed, UHF
(ul trahigh frequency el ectronagneti c wave), steamor LCM (nolten salt

i bath). 20 When the rubber conposition is vul canized by irradiation
‘i th electron rays w thout using a vdWcani zi ng agent, the preformed rubber
_conposition is irradiated with electron rays having energy of 0.1 to 10

. MeV, preferably O. &&ﬁﬁewfa&hénvﬁpé@ﬁp@&tm%eapés O pei@uedd Mad, 25

_preferably 0.5to 10 I'n the preformng and vul cani zation, a nDId may
be used or may notsbefised. |If a nold is not used, preform ng 148 and

- vul cani zati on of the rubber conposition are generally carried out

i continuously. The quirierediogiyse t¢ampdinds preoajah nesl @rgh Mo rosdi aethe ;

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;.
3 10 and |
3 divinylbenzene.
| 'When the rubber composition of -the inﬁention contains
“--a?compound-which.constitutes a foaming ‘system, such as a
' 15. foaming”agentfor-a foamibg:aid,;the-éomposition can be
- -subjected to foam molding. |
- “_r:;7"- - - ‘As ‘the foaming ‘agents, those conventlonally used in
. | the foam moldlng of rubbers can. be w1dely used. Partlcular
et examples thereof include 1norgan1c foamlng agents, such-as’
.:20 sodlum blcarbonate, sodium- carbonate, -ammonium bicarbonate,
'ammonium carbonate and ammonium nitrite; nitroso compounds,
L. such as N,N'—dimethyl—N,N'-dinitrosoterephthalamide and
N,NF—dinitrosopentamethylenetetramine; azo compounds, such
as azodicarbonamide, azobisisobutyronitrile,
25 azocyclohexylnitrile, azodiaminobenzene and barium
azodicarboxylate; su;fonylhydrazide oompounds, such as
benzenesulfonylhydgazide, toluenesulfonylhydrazide, p,p'-

oxybis (benzenesulfonylhydrazide) .and diphenylsulfone-3,3"'-



~ vul cani zed rubber) can be used for autonotive industrial 5 parts such as

_weat herstrip, door glass run channel, w ndow frame, radiator hose, brake

| parts and w per bl ade; industrial rubber parts such as rubber roll, belt,

«packi ng and hose; electrical insulating materials such as anode cap and
gronmmet; civil engineering and building materials such 10 as buil di ng

. gasket and civil engineering sheet; § rubberi zed fabrics. The vul cani zed
.foamed product obtained by foam ng the rubber bl end containing the foan ng
agent under heating can be used for heat insulating materials, cushioning
15 materi aldiswednynhydnagidd s, azmide IRIROUIELr GekEs ForcahEpHt i ng t he
. aforesaid branched chain polyene (Ib). (branched chain triene or tetraene

(1b)) is des@idisiay % 4edighen G 373G d0Y Bt anched chai n pol yene
. (I'b) 20 Anong the paol yengs represented by the fornmula (H 1) for use
in the i nventiiengsiyy ain triene or tetraene in which p = 1 and

diene compound (HOTa) FEL AR By TRE FaTESRtG TerRas  AE0) '35
o 5 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
10 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.

o ' can be employed. _When:the_foaming aid is used in-
, 1S  combination, various effects such as lowering of
f; 'decomposition temﬁe:ature_of the foamihg agent,
%ﬂ acceleration of decomposifion ;hereof_and uniformity ofsﬁhe
: 'reéulting foam-can'beléxér;ed. Examplés-of_the foaming .
Lo . "agents include organic acids, such as 'salicylic acid,
oo 20 phﬁhalic acid, stearic acid aﬁd oxalic acid, urea and its
- | derivative.
i; 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
L on 100 parts by weight of the unsaturated copolymer of
L 25 ethylene.
.

Other rubber

f

O



149 [err] 5 wherein f, g and [err] to [err] are the sanme as those in the
{fornula (H1). A straight chain polyene conpound represented by the
‘followng formula (HIb), which is sonmetinmes produced as a subproduct in
~the reaction of ethylene with the conjugated 10 di ene conpound represented
by the formula (H 1a), can be separated and renoved usually by
tdistillation. However, a mxture of the polyene (H 1) and the subproduct
“{H1b) can be also used in polyneriZ&#®on without separation of (H [err]
.20 : = (H1b) wherein f, g and

. [err] to [err] argnbhe.8aRe 28mpbBeseibA bEecher AHbantHohahayFebhbgifor €,

-t he branched chain polyene (Ib) used in the invention can be prepared by,
for exanpl e, oghbeWkRgwa 2opbedEadnd ondi Gz kae odRkddat od dhenenaeAtisn

: represented by the following formula (I-a) (hereinafter sonetinmes referred
t to as "conj ugakedodi eaerednpound (I-a") to react with ethyl ene.
Examples of such rubbérs include natural rubbers (NR);
- ' 5 isoprene type rubbers, such as isoprene rubber (IR); and
conjugated diene type rubbers, such as butadiene rubber
(BR), styrenefbutadiene rubber (SBR), acrylonitrile-
butadiene rubber (NBR) and chloroprene rubber (CR).
Also employable are coﬁventionally known ephylehe-a—
L 10 olefin copolymer rubbers, for example, ethylene-propylene
| random copolymer (EPR) and ethylene-a—dlefin—polyéne
}' - 'terpolymeruoﬁher than the unsaturated copolymer of
| ethylene, such -as EPDM.

The vulcanizable rubber composition of the invention

"715:'-can'be prepared_ffom.the unsaturated copolymer of ethylene
 and the above-mentibhed other components by.conventional
;41 R '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
B 20 internal mixer such as Bahbury mixer, kneéder and
‘intermixer, then the vulcanizing'aggnt and the
o vulcanization accelerator or the vulcanization aid are
addéd i%”necessary, and the resulting mixture is kneaded at
a roll temperature of 40 to 80 °C for 5 to 30 minutes using
25  a roll (e.g., an open roll) or a kneader, followed by
delivering. Thus, a rubber compoéition (rubber blend) in
L: the form of usually ribbon or sheet can be obtained. If -

the temperature for kneading by the use of the internal



7150 [err] (l-a) wherein f is an integer of 0 to 5, g is an integer of 1 to
-6, [err] is an alkyl group of 1 to 5 carbon atoms, and R8 and R9 are each
‘independently hydrogen or an al kyl group of 1 10 to 5 carbon atons.
~Exanpl es of the al kyl groups of 1 to 5 carbon atons include the sane groups
as described in the aforesaid fornmula (I1b), such as nethyl. The conjugated
. di ene conmpounds represented by the 15 fornula (I-a) are, for exanple, the
—io1|omnng compounds (1) to (24): (1)147- nethylene , 5- hept adi ene, (2)

6- met hyl - 3- met hyl ene- 1, 5- hept adi ene, (3) -
t 6- met hyl - 3- nﬁﬁﬂyéfnfslléwocf '@ch?§921ng agent A)the vulcanization

_6-et hyl - 3- et hyl ene-1, 5- oct adi ene

S5, 6-di net hyl -Z-cel&ytese- dnd- bROt B6aRDLy &£6nt may be simultaneously

5, 6-di net hyl - 3- et hyl ene- 1, 5- oct adi ene, (7) 3-nethyl ene-1, 5- nonadi ene,
L kneaded.
| (Vulcanized rubber)
- 5 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 injeéﬁion
'ig"' 10 ‘molding machine andfa'transfér molding machine; and
. simultaneously or thereafter heating the preform in a
T | : vulcanizing bath or.irradiating it with electron rays 'so as
to vulcanizé it. .
When the rubber composition is vulcanized by heating,
15 the rubber composition. is preferably heated aﬁ a
temperature of 150 to 270 °C for 1 to 30 minutes using . a
_ : _heatlng bath of hot air, glass bead fluldlzed bed,
| (ultrahlgh frequency electromagnetlc wave), steam or LCMI .
C - (molten salt bath)
26 . When the rubber composition is vulcéﬁized by
irradiaﬁion with electron rays without using a vﬁlcanizing
L; 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,
L 25 preferaﬁly 0.5 to 10 Mrad.

In the preforming and vulcanization, a mold may be

L used or'may not be used. If a mold is not used, preforming



8) 6-nethyl-3-nethyl ene-1, 5-nonadi ene, 25 (9)

.6- net hyl - 5- propyl - 3- nethylene 1, 5- hept adi ene, (10)

'3- net hyl ene- 1, 6- oct adi ene, (11) 7-nethyl -3-nethyl ene-1, 6-oct adi ene, (12)

‘3~ net hyl ene- 1, 6- decadi ene, 151 (13) 7-nethyl-3-nethylene-1, 6-decadi ene,
(14) 6,7- dlnethyl 3- et hyl ene- 1, 6- oct adi ene, (15)

16, 7- di net hyl - 3- net hyl ene- 1, 6- nonadi ene, (16)

8, 7-di met hyl - 3- net hyl ene- 1, 6- decadi enb48(17)

-net hyl - 6- et hyl - 3- met hyl ene- 1, 6- decadi ene, (18}

-me

|3thy| Fﬁ?}@%&%%%%Qaﬁl %p%&i% 2&&%%%r'composition are generally

-d
t hyl - ene- nonadi ene
8 d'm%‘thy' dameliy ene- Lofnenadiane. (21)

t hyl - 3- et hyl ene- 1, 8- gﬁ%agiene %ﬁ (22)
dlnEthyI 3- nEthMbe@ﬁbﬁeg dempdiseReon( 2Blis preformed and vulcanized
10 nmet hyl - 3- net hyl ene- 1, 9- undecadi ene, and (24) 9,
,10- di net hyl - 3{rellkghndred] ribiiedgcadinebe. uBedodglr theoabbtiger éadustmialhe

‘branched chain polyene (1b) is obtained generally as a mxture of a trans
Lformand 5 parts such as weatherstrip, door glass run channel, window

frame, radiater hose, brake parts and wiper blade;

PR

industrial rubber parts such as rubber roll, belt, paeking
and.hose; electrical insulating materials such as anode cap
and grommet; civil engineering and buildiﬂé materia¥s such
— - 10 -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 1nsulat1ng materlals, cushlonlng
L - 15'_.mater1als, sealing materials, etc.
Next, a procees for preparing the aforesaid branched
- s - 'chain'pdlyene (Ib). {(branched chain triene or tetraene (Ib))
- f'T{.i§;aescribed'in'detail. - - .
e Process for preparing branched chain polvene (Ib)
|+ 20 "Among the polyenes represented by the formula-(H—l)
| 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).
25 '



715 acis form The trans formand the cis formcan be separated from each

.other by distillation depending on the structure of the branched chain

"polyene (Ib), but a mixture of both isonmers can be used in polynerization

“—M t hout separation. |In certain cases, only one geonetrical isoner 20 can

. be obtained. In the above reaction, a straight chain polyene conpound

. Fepresented by the following formula_ (1-b) is sonetinmes produced as a

«subproduct together w th the branched4fhain polyene. [err] wherein f, g,
[err] and [err] are the sanme as those in the L™ formula (1-a).

£ 152 Thi s subproduct can be se aratedRpsuaI % by distillation, but the

Lm xture containing the subpro dﬂu;oan be J%ed I n polynerization w thout
separation. Though the conditﬂ ns foJ the reaction of the 5 conjugated

- di ene conpound (1-g), W thcahyl eneyay—eespd pg’to ¢ heStype of the
g

i_compound (I-a) having | f L
. - R2 RS (H-1a)
~ S 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
1; following formula (H-1b), which is sometimes produced as a
‘ subproduct in the reaction of ethylene with the conjugated'
~{; - -]1) -diene compound represented by the formula (H-la), can be
_ separated and removed usually by distillation. However, a
L‘..k mixture of the polyene (H-1) and the subproduct (H-1b) can
P be alsé_used in polymerization without separation of (H--
- 1b).
2 15
f'”' o - | ﬁH3T1 T5
H.2c=cH--CH2—CH=c-—(c-)f—fc.;_r;cn7=CR$_RQ .
- | o rlté R 6
g 20 | o | (H-1b)
‘ wherein £, g and R! to.R? are the same as those in the
. formula (H-la).
;1 Furthermore, the branched chain polyene (Ib) used in
= the invention can be prepared by, for example, allowing a
E t--- 25 compound which has conjugated diene and is represented by
~T the following formula (I-a) (hereinafter someﬁimes referred
i; to as “éonjugated_giene compound (I-a") to react with
' : ethylene. i
L;



—¢onj ugat ed diene, in general, the reaction is carried out at a tenperature
.of usually 50 to [err], preferably 70 to [err], an ethylene pressure of 0.5
"to 100 [err], 10 preferably 1 to 100 kg/cn2, nore preferably 5 to 70
Herr], for areaction tine of 0.5 to 30 hours. Ethylene nay be fed ta the
~reactor continuously or intermttently. This reaction may be carried out in
. an atnosphere of inert gas such as nitrogen or argon. The reaction nmay be
15 conducted without using any sol vé80, or may be conducted in the
presence of an inert hydrocarbon solvent such &as . hexane, hept ane,
. octane, nonane, decane, undecane, dodecane, tridecane, toluene or xylene.

_This reaction is carried out generally in the presence 20 of a catalyst.

Especially when the rgactjon is ca{ried * - i‘h t B eséhce of a
. catal yst conpri si %gzaét—r ?n'si t¢ g{nZn{atﬁl ‘.:g#fb[o’br?d gang- %n or g’gﬁoaﬁm num
__conpound, the branched chai n pol yene (1b) can be efficiently obtained.
Exanpl es of such transitggp netal conpounds include 25 chlorides,
. brom des, acetyl acetonatg salts, 1,1,1,5,5,5- hexafl uoroacetyl acet onato

"'salts and_di pival oyl nethdédne salts of a transition netal selected from G oup
“VI11 of the periodic t abfdlsuch as iron, ruthenium cobalt, rhodium

(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

2 R? are each independently hydrogen or an aikyl group.of 1
L -~ 10 to 5 carbon atoms.
}} Examp;es of the alkyl groups of 1 to 5 carbon atoms
= include thé_same éroups as described in the aforesaid
5. formula (Ib), .such as methyl.
f‘ _ The conjugated diene compounds represented by the . .
’ L;: . ' 15 formula (I-a) are, for example, the followin§;compounds (1)
_ to (24): |
- R (1). 3-methylene~1,S5~heptadiene,
ffl S (2) 6-methyl-3-methyiene—1,5—heptadieneh_ e T
- - . (3) . 6-methyl-3-methylene-1,5~octadiene, -
i~j‘ 20 . C(4) 6—ethy1—3—methyiene-1,5-octadieﬂe,
{ (5) 5,6-dimethyl—3—methylene—1,theptadiene,.
LJ (6) 5,6-dimethyl-3-methylene-1,5-octadiene,
jf . (7) 3—me£hylene—1,5—nonadiene,
- (8) 6-methyl-3-methylene-1,5-nonadiene,
}' ' 25 ' (9) 6-methyl-5-propyl-3-methylene-1,5-heptadiene,
| (10) 3-methylene-1l, 6-octadiene,
L; (11) 7—methyl:};methylene—1,6—octadiene,

- ' (12) 3-methylene-1l, 6-decadiene,



153 iridium nickel and palladium O these, preferred are conpounds
(chlorides) of cobalt, iron, nickel, rhodiumand palladium particular
preferred are conpounds (chlorides) of cobalt; and nost preferred is cobalt
chloride. 5 The transition netal conpound (e.g., transition netal
chloride) can be used, as it is, in the reaction for preparing the
catalyst. In the preparation of the catal yst, however, the transition netal
conpound is preferably used in the folddlof a transition metal conplex 10
in which an organic ligand is coordinated to thé-transition netal conpound.
That is, it is prefeispdiifatn@D- 9LASM F1 &APOUEdcRpididat i on conpound)
which is able to becone a ligand of the transition netal is allowed to

exi st in the reacti Qn4pys} BriimgehPEr 3Whdthlend ypeiddtauiamial 15
conmpound, or a transition nmetal conplex is prelimnarily formed fromthe
transition metal cowpdunél, 7+diherieyl by-mestigl érie+ln G+reonadicinegn f or
preparing a catal yst. Exanples of the coordinati on compounds i nclude

bi:s(di phenyl phosphi fb$het han@imgtlzy 1 29-mefihy nsrehyb irsashiens et hane, 1, 3-

- 5 - (17) 7-methyl-6-ethyl-3-methylene-1, 6-decadiene,
L; (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-nonadiene,

(21) 9—methyl—3-methylene—l,8—decadiehe,

L - 10 © (22) 8,9-dimethyl~-3-methylene-1, 8-decadiene,
(23) 10-methyl-3-methylene-1, 9-undecadiene, and
= : , {(24) 9,10-dimethyl-3-methylene-1, 9-undecadiene.

Through the above reaction, the branched chain polyene

o (Ib) is obtained generally as a mixture of a trans form and
L; 15 a cis form. The trans form and the cis form -can be

'f - separated from each.other by distillation dependin§ on the
La -structure-of-the branched chain polyene (Ib), but a mixture

of both isomers can be used in polymerization without - _

—

- separation. In certain .cases, only one geometrical isomer

20 can be obtained.

o

X In the above reaction, a straight chain polyene

L; compound represented by the following formula (I-b) is
P sometimes produced as a subproduct together with the

- branched chain polyene.

P 25 | HpC=CH~CHp~CH=C (CH3) - (CH2) £~ (CH2) g~CR7=CR8R?  (I-D)
%' wherein £, g, R?7, R® and R? are the same as those in the
i; formula (I-a). |



%ﬁs(diphenylphosphino)propane, 1, 4- bi s(di phenyl phosphi no) but ane,
triethyl phosphine, tributyl phosphine, triphenyl phosphi ne, cycl ooctadi ene

land cycl ooct at etraene. 25 Preferably used as the conplex in which
the organic ligand is coordinated to the transition netal conpound.are
(1, 2- bi s(di phenyl phosphi no) et hane) cobal t (11) chl ori de, 154

i(1, 2- bi s(di phenyl phosphi no) et hane) ni ckel (11) chloride and
doi s(tri phenyl phosphi ne) ni ckel (11) chl @6izde. As the organoal um num conpound,
the aforesaid ones can be used, and preferably Gsed is triethylal um num

iThe 5 organoal um nug%%grgﬁglggbg@%t bgalysrgg %%pééaé%% l?%%%%a% used in the

] 4
formof a toluene s exane sol ution. ction of the

conpound (I -a) dbeﬂggaeeahygaﬁédtﬂée:ﬂfxw;ir@ ELhYA EREng tige L& @S ddtde N4
;10 conpound is used In an anount of preferably 0.001"to 10 % by nol, nore

preferably 0.0Ofet 9sdd% AypsDimebsgeion wihenea®usépafat hen conpound (I -a)
Having a conjugated diene.
- Though the conditions for the reaction of the

— 5 conjugated diene compound (I-a) with ethylene vary

- according to the type of the compound (I-a) having

L 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, :

i; - 10 preferably 1 to 100 ké/cm?, more preferably S to 70 kg/cm?,

P for a reaction time of 0.5 to 30 hours. Ethylene may be

fed to the reactor continuously or intermiﬁtently.

l : _ ‘This reaction may be carried out in an atmosphere of

inert gas such as nitrogen or'argon. The reaction'hay be

'i: “;-'ils conducted without using—any.Soivent,.or may bé conducted in_

the presence-of én inert ﬁgdrocarbon solvent such ‘as _ |

AR  . hexane, heptane, octane, nonane, decane, undecane,

[ L _..dodecéne, tridecane,itolueng or xXylene. : e .

| LS - _This reaction is carried out generally in the,preéence
20 'of:a catalyst. Especially wheﬁ 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 compounds include

25 chlorides, bromides, acetylacetonato salts, 1,1,1,5,5,5~

e .

~hexafluoroacetylacetonato salts and dipivaloylmethane salts

-

- of a transition metal selected from Group VIII of the

periodic table such as iron, ruthenium, cobalt, rhodium,

o



Fhe coordi nation conmpound is used in an anount of preferably 0 to 20 nol
tinmes, nore preferably 0.1 to 5 15 tines, as nmuch as the anount of the
transition netal conpound. The organoal um num conpound is used in an anount
wof preferably.1 to 200 nol tinmes, particularly preferably 3 to 100 nol
times, as nuch as the amount of the transition 20 netal conpound. In the
reaction system containing the conpound (I-a) having conjugated diene and
et hyl ene, the transition netal conmpoud83(or the transition metal conplex)
may be allowed to react with the organoal um num7 onpound in situ to 25
prepare a cataj ysluRUlnilykbs BAETHAILEGIGn USCyE A& LAl yBdrrédI£AELI ON
product which is prelimnarily obtained by contacting the transition netal
conpound (Or compEuhdE Y(ERDNELLHE8) NBE abobATD) exPoy trht dieL Or PleE@Rht NEREM
;compound. I n nore detail, the catalyst can be prepared by, for exanple,

M xing the trapslladbumptphrcbopbandprefértée are compounds (chlorides)

of cobalt; and most preferred is cobalt chloride.
— S The transition metal compound (e.g., transition metal

chloride) can be used, as it is, in the reaction for

~ preparing the catalyst. 1In the preparation of the

% ' catalyst, however, the transition metal compound is
preferably used in the form of a transitién metal cémplex

L; " -'10 in which an organic ligand is coordinated to the transition
metal compound. That 1is, it is preferred that an oxrganic

-L‘ : compound (coordination comboundf.which is able to become-a

g ligand of the transition metal is allowed to exist in the

- reaction system together wi;h the transition_ﬁetal'

-i¥ : 15 ?éompound; or a transition metal complex is préliminarily

% formed from the transition metal compound, folloﬁed:by

i‘: | using it in the reaction for preparing a catalyst.

i ‘Examples of the coordination compounds_inclu@e;- -

~ - bis(diphenylphosphino)methane, 1,2- .

E% 20 .'bis(diphenylphosphino)ethané, 1,3-

L bis (diphenylphosphino)propane, 1,4-

Ed bis (diphenylphosphino)butane, triethylphosphine,

i tributylphosphine, triphenylphosphine, cyclooctadiene and

— cyclooctatetraene. |

E : ' 25 Preferably used as the complex in which the organic

&‘ ligand is coordinated to the trahsition metal compound are

i; (1,2—bis(diphenleBosphino)ethane)cobalt(II) chloride,

- .



—5 coordination conmpound in a solvent simlar to the above- nentioned

_reaction solvent, e.g., decane, in an inert atnosphere, and then adding the

' organoal um num conpound, followed by stirring at roomtenperature. For

—preparing the branched chain tetraene (1b') (branched chain polyene (1b'))
used in the invention, in which there are four carbon-carbon doubl e bonds

. in the formula (H1) (in other words RO is [err] in the formula (H1)), a

vconj ugat ed di ene conpound répresentedsﬁb, for exanple, the follow ng
formula (l-aa). is used in 15 place of the conjugated di ene conmpound

: represented byitbepfigraubhehliphokphihe) 8bRufe RDEkODEUIf eaRLbODdEf and

. ethylene with the conj ugat ed di ene conpound represented by the formul a
(1-a). 20 [erplis2briphenglphbsphias) nbtkgeIDf Ehlorbdeg is an integer of 1

i to 6, preferably an integer of 1 to 3; nis an integer of 1 to 5; [err] to

_Jerr] are each i nddpetblenorgahgaiogenunrcompabkyl the jgforesaid ones can

: be used, and preferably used is triethylaluminum. The

— ' 5 organocaluminum compound may be used as it is, or may be

used in the form of a toluene solution or a hexane

‘'solution.
?f In the. reaction of the compouﬁd (I-a) having
- conjugated diene with.ethylene, the transition metai
-i; ) 10 compoﬁnd 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
L; 15 times, as much as thg amount of the transitioﬁ metal
i éompound. T
Ld ' Thé organoaluminum compound is used in an amount of
P preferably 1 to 200 mol times,_particularly-preferably 3to -
~ - 100 mol times, as much as the amount of the transition
i;. ZO metal compound. |
f In the reaction system containing the compound (I-a)
Lj having conjugated diene and ethylene, the tiansition metal
i ‘compound (or the transition metal complex) may be allowed
L _ to react with the organocaluminum compound in situ to
é; 25 prepare a catalyst, but it is preferred to use, as a
- catalyst, a reaction product which is preliminarily
i; obtained by contaqung ﬁhe transition metal compound (or



group of 1 to 5 carbon atons, preferably 1 to 3 carbon atons; and R12 is an
al. kyl group of 1 to 5 carbon atons. In this reaction, ethylene is desirably
fed to the reactor under a pressure of usually 0.5 to 100 kg/cn2, 5
preferably 1 to 50 [err]. Oher reaction conditions are the sane as those
in the reaction of ethylene with the conjugated di ene conmpound represented
by the formula (I-a). In the reaction of ethylene wth the conjugated di ene
compound (1-aa), a straight chain pol y&66 conpound 10 represented by the
following fornmula (I-bb) is sonmetinmes produced a8 a subproduct together

with the b t ed
B e, S AL AL A R L donlf s R UGl SRl ot

obtained can b hd. pol ynmeri zation w thout 15 separatlon of the
subproduct. [err] (1-bb) wherein f, g, n and R7 to R12 are the sane as
those in the 25 fordicrd ladtdgil Eﬁﬁﬁﬂéa@%lﬂ'ﬂi IJIENE @¥epared by, for

example, mixing the transition metal compound with the
- S 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')

10 (branched chain polyene (Ib')) used in the invention; in

(.

s which there are four carbon-carbon double bonds in the

- formula (H-1) (in other words RY is - (CH)n-CR10 = R11R12 jp
:; the formula (H-;))!_a conjugated diene compéund represented
f— by, for example, the following formula (I-aa). is used.in.
i: 15° place of the coﬁjugated diene compound-repreéenteé'by the -
'? formula (I-a) in the above-mentioned reaction of ethylene’
LJ with the conjugated diene compound represented by the

| formula (I-a). .
L _ _

| 20

= | CH, RTRS r10

t H2C=CHg(CH2r?1CH2+Eé=é+CH2+EC=CR1IRIZ
- (I-aa)

g: 25 wherein f is an integer of d 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 Rl are each independently hydrogen or an alkyl

LJ



157 According to the present invention, an unsaturated copol ynmer of

et hyl ene which is excellent in weathering resistance, heat resistance and
.ozone resi stance and has a high vul cani zing rate can be obtained. 5 EXAMPLE
The present invention will be further described with reference.to the
follow ng exanples, but it should be construed that the invention is in no
way limted to those 10 exanples. Reference Exanple 1 (Synthesis of

'6, 10- di net hyl - 1, 5, 9- undecat ri ene (bMfRg (p =0, g =1, f =1, g = 2, total

nunber of hydrogen atons directly bonded to the™carbon atonms adjacent to
l-liter

‘al | the 15 carbon-tq-carbon doubl e bonds: 17). 20 Tq a
Yhr ee- necked PFRSR Q%Uﬁpﬁgd CF% 8”3?%?F§V,p eﬁF%ggE§)&o%8e§ngFb Tdr oppi ng

funnel and a ) rqere intr d (L. Q Ky
metal lic nagnég':g&%?%gl r§1 o}sa%%y%ﬁgﬁg %ﬁz%%xgy(?f e%hée)(? %n%l%ggn Z%togrhr% of
-1-2-di bronpet hane wht Bn$ki LELRY1bA, 2eBh}IQABNis desirably fed to the
{1 reactor under a pressure of usually 0.5 to 100 kg/cm?,
— .

S preferably 1 to 50 kg/cm?. Other reaction conditions are

the same as those in the reaction of ethylene with the

. conjugated diene compound represented by the formula (I-a).
i; In the'reagtiqn of ethylene with the conjugated diene
v X compound (I-aa), a straight chain polyene ;ompound .
- ' 10 represented by the following formula (I-bb) is sometimes
S% produéed as a subproduct together with the branched chain
f‘ polyene (Ib')} and this subproduct can be separated and
ij removed in the same manner as described above. Hdwéver,
}.j_ | the mixture obtained can be used in polymerization without
Lo 15 separation of the subproduct. | |
L;
e,

Hy C=CH-CH,-CH=& (CHy 55— -
b ' | | R7RS .' R1b 
i 20 ' R S0

CHy 7z C=CtCHyT7C=Cr!1Rr!?Z

»
Y.
L . . (I-bb)
. wherein f, g, n and R?7 to R!2 are the same as those in the
Lf 25 formula (I-aa).
LJ

.o



at nosphere, and thereto was dropwi se added a small anpunt of a solution of
allyl bromde (127 g, 1.05 nol) in anhydrous diethyl ether (200 m). 158
/After the exotherm c reaction of the content in the flask was initiated and
‘@l | yl magnesi um brom de (Grignard reagent) began to be produced, to the

fl ask was added 400 ml of anhydrous diethyl ether, and was further dropw se
5" added the rest of the anhydrous dleth ether solution of allyl brom de
nder cooling in an ice bath over a p od of 5 hours (flask internal
tenperature: not higher than [err]) After t he driopwi se addition of the
vanhydrous diethyl eAbesraDhgttONcRE PréyéndrDiveler Vs, canphed eohrdted

Jn xture was 10 stirred for 0.5 hour to obtain an allyl magnesi um brom de
sol ution. The ¢cosolybke p6réthpleraawhiol is ékeelhléyt nhgnesatinebingi de
1sol ution was renoved by decantation, and the solution was transferred into
\a 2-liter threeeﬂeskedcé}abkaESresnSaan¢er@g@nOEQM©SEm%¥%taW%$I@n@h@as a

three necked flask containing the
high vulcanizing rate can be obtained.

L 5

EXAMPLE

- The present invention will be further described with
referenee.to the following examples, but it should be

. construed that the invention is in no way limited to those’

i 10 examples.

o
- Reference Example ]

;o .

- (Synthesis of 6,10-dimethyl-1,5,9-undecatriene (DMUT))

?j (p=0, gqg=1, £ =1, g = 2, total number of hydroéen atoms
- directly bonded to the ca;bdn_atoms'adjeeent'to all the

E} 15 carbon-to-carbon double bonds: 17). |

P - (DMUT)

L

D -
20 -

o To a l-liﬁer three-necked flask equipped with a

i: stirrer, a Dimroth condenser, a dropping funnel and a.

v thermometer were introduced 25.5 g (1.05 g-atom) of flaky
w metallic magnesium, 200 ml of anhydrous diethyl ether and
f; 25 200 mg of 1,2-dibromoethane with stirring in a nitrogen

:; atmosphere, and thereto was dropwise added a small amount
é: of a solution of allyi-bromide (127 g, 1.05 mol) in

O anhydrous diethyl ;ther (200 ml).

g



a¥lylnagnesiun1bronide solution was cooled in an ice bath, to the flask was
dropwi se added a sol ution of geranyl bromde (150 g, 0.69 nol) in
anhydrous diethyl ether (200 20 m) over a period of 2 hours with keeping
the flask internal tenperature at not higher than [err]. After the dropw se
addi tion of the anhydrous diethyl ether solution of geranyl brom de was
conpl eted, the mxture was further stirred at roomtenperature for 8 25
hours. Wth cooling the reaction mxtdP8 in an ice bath, to the m xture was
dropwi se added slowly a saturated amoni um chl ort de aqueous sol ution and
were further added xlittdtYlhe eddch&tdid pPawbtiadrerof alfeEoradent hitn Nihe ur e

i nto an organi c phase and an aqueous phase. The organi c phase was washed

wi th a sat ur atfeichslodiasn tryilt bajead aahd nat by budgne sinma sk enisd uf@tsghaadi ne
ssolution 5 and then dried over anhydrous magnesi um sul fate The sol vent was
levapor at ed fr oreadenty iReIPR otecre apdodpeed e st el ud evall aglh)was afded vikQum

distillation. Thus, _ ]
ml of anhydrous diethyl ether, and was further dropwise

Lf 'S5 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
10 stirred 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
{ | 15 in a nitrogen .atmosphere.

‘While the three—necked_flask_contéining the
allylmagnesium bromide solution was cooled in an ice bath,
to ﬁhe flask was dropwise added a solution 6f geranyl }
b - | ‘bromide (150 g, 0.69 .mol). in anhydrous diethyl ether (200
!} ‘ 20 ml) over a period of 2 hours with keeping'the flask

internal temperature at not higher than 5 °C.
I After the dropwise addition of the anhydrous diethyl
i ether solution of geranyl bromide was completed, the
LJ ' mixture was further stirred at room temperature for 8
25 hours.
With cooling the reaction mixtufe in an ice bath, to
i: the mixture was droinse added sloﬁly a saturated ammonium

chloride aqueous solution and were further added diethyl



~104 g of the ainmed product (6,10-dinethyl-1,5,9- undecatriene (DMJT))_was
obtained (yield: 85 % based on 10 geranyl brom de) The state and the

i properties of the 6,10-dinmethyl- 1,5,9-undecatriene (DMJT) are descri bed

“bel ow. State: colorless, oily Boiling point: [err] mHg 15 VB
~spectrum 178 [err]: nolecule ion peak) [err] spectrum([err] solution):

‘[err] (6H singlet) .1.70 (3H singlet) 2.1 (8H multiplet) 20

=5.0 (4H multiplet) 5.8 (1H multilE) IR spectrum (neat, [err]): 3075,
2970, 2920, 2850, 1640, 1440, 1380, 1105, 995, B05 25 Reference Exanple 2

S(Synthesis of ePn2rdL Rt B¥kal ¢08:epadhikefRe(MMHhte into an organic

~—

phase and an aqueous phase.

The organic phase was washed with a saturated sodium

.

i hydrogencarbonate solution and a saturated saline solution
L; 5 and then dried over anhydrous magnesium sulfate.
i The solvent was evaporatedlfrom the dried product and
- the residue was subjected to vacuﬁm distillation. Thus,
L; 104 g of the aimed product (6,10-dimethyl-1,5,9-
; .undeéatriene jDMQT)) was obtained (yield: 85 %, based on
i: ‘.10- 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
: i: o 15- . 'MS ‘spectrum: 178 (M*: molecule ion peak):
{1 ) 1H-NMR spectfum (CDC1l; solution):
R ' 31.64 (6H, singlet)
: .1.70 (3H{'singlet)=' ' .
” - " 2.1 (8H, multiplet)
“ 20 - 5.0 (4H, multiplet)
5.8 (1H, multiplet)
Lﬁ IR spectrum (neat, cm™l):
; 3075, 2970, 2920, 2850, 1640, 1440, 1386; 1105,
- 995, 905
25
Reference Example 2
_L; (Synthesis of 5,ngimethyl-l,4,8;decatriene (DMDT) )
LJ



7160 (p =0, gq=1, f =0, g =2, total nunber of hydrogen atons directly
-bonded to the carbon atons adjacent to all the carbon-to-carbon double
ibonds: 15) (DMDT) 5 [err] To a 1-liter three-necked flask equipped with a
~10 stirrer, a Dinroth condenser, a dropping funnel and a thernoneter was
~introduced 500 m (0.435 nol) of an anhydrous tetrahydrofuran solution of
I vi nyl magnesi um bromi de (0.87 nol/liter) in a nitrogen atnosphere, and the
—~content in the flask was cooled in adG(ce bath. 15 Then, with
stirring the content in the flask, 100 m of arf-anhydrous tetrahydrofuran

1solution of geranyl bromde (75 g, Q.34 yas, ] iﬁEE§E o)
flask over a rTog'o? §09h1%ufegf nd ?thégituréﬂaggw%€$¥ ed dﬁ 2t s
20 Wi hi LXEHE €cWBBok O Sils | 4o fllcbfe P&t tenshe

: flask was dra%gfégeé%ggg g?%mf% %Héa?ura?ed ann%niu%?%hloride aqueous

L§plution_and MeEBoh Uk bhes reddedodbet hybn@s herspnd water to separate the
m xture into an organi ¢ phase and an aqueous phase.

. (DMDT)

- 5

| i \

: To a l-liter three-necked flask equipbed with a

L. 10 stirrer, a Dimroth condenser, '‘a dropping funnel and a

;f thermometer was introduced 500 ml1 (0.435 mol) of an

- anhydrous tetrahYdrofurén solution of vinylmagnesium

i; bromide (0.87 mol/liter) in a nigfdgen atmosphere,.énd the

. content in the flask was cooled in an ice.bath.

'i; : 15 ‘Then, with stirring the content in the fIask,-lOO ml

f of an anhydrous tetrahydrofuran splution of geranyl bromide

— a (75 g, 0.346 mol) was dropw{ée added-to the flask over a

% : period'of 3b minutes, and the mixture was stirred for 8 - .

if T ‘hours.

t; 20 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.

14 25 The organic phase was washed with a saturated'sodium
hydrogencarbonate so}ution and a saturated saline solution

L« - and then dried ovegfanhydrous magnesium sulfate.

r 8 hours.



25 The organi c phase was washed with a saturated sodi um
.hydrogencarbonate solution and a saturated saline solution and then dried
.over anhydrous nagnesi um sul f at e. 161 The sol vent was evaporated from
«the dried product and the residue was subjected to vacuumdistillation.
Thus, 21.9 g of the ainmed product (5,9-dinethyl-1,4,8-decatriene (DVNDT))
iwas obtained (yield: 39 % based on ggranyl 5 bromde). The state and the
iproperties of the 5,9-dinethyl- 1,4, Bo8ecatriene (DVDT) are. described

bel ow. State: colorless, oily Boiling point: 56 - [err] mHg 10 VS
-spectrum 164 [er i &lgilyetRe GlalsuBva@idratsd Yiroankhel aifikd( pHodsicagbet)
+1.70 (3H, singlet) 2.04 (4H singlet) 15 2.76 (2H, multiplet) 5.0

“(4H multipl e residue was subjected to vacuum distillation. Thus,

i : 21.9 g of the aimed product (5,9-dimethyl-1,4,8-decatriene

; (DMDT)) was obtained (yield: 39 %, based on geranyl

L; 5 bromide).

;“f The state and the properties of the 5,9-dimethyl-

- 1,4,8-decatriene (DMDT) are describeq;below.

§? State:.colorless, oily

f. Boiling point: 56 - 58 °C/2 mmHg

i; -10 ' MS spectrum: 164:(M+r

| 1H-NMR spectrum (CDCl; solution):

- . 51.64 (6H, singlet)

3 1.70 (3H, singlet)

- 2.04 (4H, singlet)
- L: 15 ' 2.76 (2H, multiplet)

o 5.0 (4H, multiplet)

L - - : 5.8 (1&;-mu1tip1etf

: IR spectrum -(neat) :- . S - .
~ - : : ;3075}-2970, 2920, 2850, 1640, 1440, 1380, 1105,
a 20 ' 995, 905 | |

- _

5 Example 1

i In a 2-liter polymerizer equipped with a stirring

= blade, terpolymerization reaction qf ethylene, propylene
f} 25 and the 6,10-dimethyl-1,5,9-undecatriene (DMUT) synthesized
- in Reference Example 1 was continuously carried out.

i; - The terpolymgz}zation reaction was conducted in a

» manner described below.

L



5.8 (1H, multiplet) IR spectrum (neat): 3075, 2970, 2920, 2850, 1640,
.1440, 1380, 1105, 20 _ 995, 905 Exanmple 1 In a 2-liter
ipolymerizer equipped with a stirring blade, terpolynerization reaction of
-et-hyl ene, propylene 25 and the 6, 10-di nethyl -1, 5, 9-undecatri ene (DVUT)
~synthesized in Reference Exanple 1 was continuously carried out. The
:terpolynerization reaction was conducted in a nmanner described bel ow
162 To the polymerizer were continuoh@?y fed, fromthe top thereof, a

tol uene solution of DMJT at a feed rate of 0.5/ hr so that the
rconcentration in e M WERIVE, i 228C e S ofitilnubusd t dadgne roml uthieort opf
bis(l,3- 5 dinethylcyclopentadienyl)zirconiumdichloride as a catal yst at
a feed rate afhdkrdofl/ i tsoludred ddluziorcant DMEDRIeH riaddrate tdfe 0.5
»pol ynmerizer becanme 0.02 mol /1, a toluene solution of nethylal um noxane
L(-Al (M) -O) lathm so that the concentration in the polymerizer became 80

mmol/l, a toluene solution of bis(1,3—

- 5 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

i toluene solution of methylaluminoxane (-Al(Me)-0-) as a

coéatalyst at a feed rate of 0.5 1l/hr so that the aluminum °
l; ) 10 - concentration -in the polymerizer became 10.0 mmol/l, and
s toluene at a feed rate.of 0.5 1/hr.
- On the other hand, the polymer solution was
é continuously drawn out from the top of the polymerizer so
~; that the'polymer'solutidn-in,the polymerizef Qas kept
i; 15 constant in an amount of 1 liter and the averége residence
; time became 30 minutes.
L; _ - Further, to the polymerization-system,were fed
'etiylgne at ‘a feed rate of 100.1/hr and propylene at a feed -
~ - -rate of 140 l/ﬁr-using bubble tube. The copolymerization- |
i; - 20 - reaction.was carried out a£'20 °c by circﬁlating a éooling
L medium through a jacket provided outside the polymerizer.
E; Through the copolymerization reaction under the above
P . conditions, a polymer solution containing an ethylene-
= _ propylene-DMUT copolymér was obtained.
;f 25 The polymer solution was deashed using hydrochloric
- acid and then introduced into a large amount of methanol to
1; ‘ precipitate the ppiymer (ethylene-propylene-DMUT



cocatalyst at a feed rate of Qu&-1/hr so that the alum num 10 concentr
ration in the polynerizer becane 10.0 mmvol /I, and toluene at a feed rate of
0.5 1/hr. On the other hand,.the polyner solution was continuously drawn
out fromthe top of the polynerizer so that the polynmer solution in the
pol yneri zer was kept 15 constant in an anpunt of 1 liter and the average
residence time becane 30 ninutes. Furtggr, to the polynerization system
were fed ethylene at a feed rate of 18631/ nr and propylene at a feed rate
of 140 1/ hr using bubble tube. The copol ynerizdtion 20 reaction was
carried out atcdpy¥ymdwy) CifEll@ided by €OBlumgrEhdint roude Fdraiket

provi ded outside the polynerizer. Through the copol ynerization reaction
under the abowmwonditions, a polynmer solution containing an ethyl ene-
pr-opyl ene- DMUT copol yner was obt ai ned. 25 The pol yner sol ution was
deashed usi ng hydr @& or ian &by kene 1Py lf qoRcd YEraM$E amount  of

met hanol to precipitate the pol yner (et@ylene-propylene-DNUT 163
o obtained in an amdunt of 123 g per hour (polymer

o S concentration: 61.5 g/liter).

y in the ethgléne-propylene-DMUT copolymer, the ethylene
units were contained in amounts of 71.3 % by mol, the

i" propylene units were contained in amounts of 27.6 % by mol,

the DMUT units were contained in amounts of 1.1 % by mol,

(-

-— -10. and the molar. .ratio of the.ethylene units to the propylene.

P 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—

o

DMUT copolymer was 1.5 dl/g.

15 Then, a composition containing 100'parts:by weight of

1777

the ethylene-propylene-DMUT copolymer obtained above, 5.

parts by weight of zinc white_No. 1, 1 part by weight of .

S

stearic -acid, 80 parts by weight of N330 (trade name: Seast

-

R 3, available from Tokai Carbon K.K.), 50 parts by weight of

20 oil (tradeiname:,Sunthéne 4240, available'from Sun Oil

o

K.K.), 1.0 part by weight of a vulcanization accelerator A

(trade name: Nocceler TT, available from Ouchi Shinko

Kagaku K.K.), 0.5 part by weight of a vuléanization

-~

accelerator B (trade name: Nocceler M, available from Ouchi

25  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.

o



copol ymer), followed by vacuumdrying at [err] for 24 hours. Thus, an
et hyl ene- propyl ene- DMUT copol yner was obtained in an anount of 123 g per -

“hour (polynmer 5 concentration: 61.5 g/liter). In the

et hyl ene- propyl ene- DMJT copol yner, the ethylene units were contained in
anounts of 71.3 % by nol, the propylene units were contained in anounts of
27.6 % by nol, the DMJUT unlts were _contained in amounts of 1.1 % by nol, -
10 and the. nolar ratio of the etﬁﬁ ne units to the propyl ene units was
72/ 28 (ethylene units/propylene units). The intrinsic viscosity [err]
(rmeasured in Decahénvalcieizingthetsaot sheal tulipat yohetkiwagter) of this
et hyl ene- propyl ene- DMUT copol ynmer was 1.5 dl/g. 15 : Then, a
conposi ti onevahuvatefing A80apaesslby RePghesot . 7hmiretgsene- propyl ene- DMUT

: ~ copol ymer obt ai ned aboveiilt 5. parts by weight of zinc white No. 1, 1 part

by wei ght of steBRecregplt 89 i@#t%oﬁ@hwb“g%&b%ﬂ 4B30 (trade nane: Seast -
3, available from Tokai_ Car bon wei ght of 20 i] (trade
name: Sunt hene 4229, e‘é%]a‘ﬁ?%?’é % o?ﬁ%u‘g%?ngwg 3t "b%ﬁtc"’b’i/r’v%‘% ot of a
Ll can 821 61 REcLe ShEind HLEREE, A o BEESLFLod lufiay) e oM Cven
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 =
10 ME), and the vulcanizing rate was evaluated based on the
period of time required for attaining 90 % ME, i.e., T90
(minute) . |
Further, the unvulcanized rubber blend having a
composition shown in Table 1 was press molded under the
15 - conditions of a temperature of 160 °C and a moldlng time of
'T90 (minuteé) + 5 minutes. T390 (mlnute) of the unvulcanized:
rubber blend, and modulus at 100 %, 200 % and 300 % (M100,
;MZOO aud M300),. tensile strength (Tp), elongation (Ep) and -
Peel .harduees (ﬁs)'of the resulting vulcanized rubber were
20 measured. These properties_were measured-ih accordance
with JIS K 6301?

The results are set forth in Table 2.



~accelerator B (trade nane: Nocceler M available from Quchi 25 Shinko
~Kagaku K. K.) and 1.5 parts by weight of sulfur as shown in Table 1 was

i kneaded by neans of a 6-inch open roll, to obtain an unvul cani zed rubber
wblend 164 The vul canizing rate of the rubber bl end was eval uated. ‘As .a
result, T90 was 4.7 mnutes. The result is set forth in Table 2. The
evaluatlon of the vul cani zi ng rate mq arried out 5 in the follow ng
<manner. As a measuri ng device , el astoneter 3 type (produced by
Japan Synthetic Rubber Co., Ltd. ) was used. A difference between the
v m ni mum val ue M. and the maxi num val ueTistdlef 1t he torque obtai ned fromthe
ivul cani zati on curve was taken as ME (NH M. = 10 Mg), and the vul cani zing

rate. was evabuateu based—on—thepertod—of—time Tequited oy attarni ng]90 %
TME, i.e., T9 (nm@mpegltfunthérunvhbc&nvaedanuhb@rr@@@@d b| eRdtHaVi by |a
. conposi tion shown in Table 1 was press nol ded under the 15 cgggdiphtong of a
"t enper at ur e pf—ferrt—and—a ot oMyt E of
g Ethylene-propylene-DMUT copolymer 100
L; Zinc white No. 1 : 5
o Stearic acid . 1
s N330 (Seast 3, from Tokai Carbon K.K.) 80
- 0il (Sunthene 4240, from Sun 0il K.K.) 50
: Vulcanization accelerator A (Nocceler TT, 1.0
= ~ from Ouchi Shinko Kagaku K.K.) )
$ R " Vulcanization accelerator B (Nocceler M, : 0.5
I - - from Ouchi Shinko Kagaku K.K.)
i Sulfur 1.5
L
- 5_ An ethylene-propylene-DMDT copolymer was obtained in
'%_* I anjaﬁount of 110 g per hour (polymer concentrétion: 55.0
: g/liter) in the same manner -as described in Example 1
i; except that the DMDT synthésized in Reference Example 2 was
' L " used in place of the DMUT. _ -
L; - .- 10 "In the ethylene-propylene-DMDT copolymer, the ethylene
{"_ - units were contained in amdunts of 69.0 % by mol, the
propylene units were contained in amounts of 28.5 % by mol,
P the DMDT units were contained in amounts of 2.5 % by mol,
) and the molar ratio of the ethylene units to the propylene
- 15 units was 71/29 (ethylene units/propylene units). The )

S . intrinsic viscosity (n) of this ethyléne-propylene—DMDT

copolymer was 1.42 dl/g.

- Then,'aﬁ'unﬁulbéni;ed rubber blend was obtained in the

Ssame manner as described in Example 1 except that the



F90 (mnute) + 5 mnutes. T90 (m nute) of the unvul cani zed rubber bl end,
and nodul us at 100 % 200 % and 300 % (MLOO, M200 and M300), tensile
strength [err] elongation [err]. and hardness (Hs). of the resulting

il cani zed rubber were 20 neasured. These properties were neasured in

accordance with JIS K 6301. The results are set forth in Table 2. 165
iTabl e 1 Conposition of unvul cani zed rubber bl end part(s) by wei ght

iEt hyl ene- propyl ene- DMUT copol yner 166 100 Zinc white No. 1

5 Stearic acid = 1 N330 (Seast 3, from
iTokali Carbon|%€%Qlene-propylenefghﬂ%|c& ﬂ5¥mb55§%%ed’éﬂaéa”hé§|u§$&<)
50 Wul cani zati on ‘accel erator A (Nocceler TT, 0 from Quchi Shi nko

Kagaku K. K.) \&ﬁ@mé@twmmw&wmﬁ ;B:c@ieraeémmm copolymer dE 5 from
:Quchi  Shi nko Kagaku K. K.)
' Example 1.

—

The vulcanizing rate of the rubber blend was
é— 5 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-
propylene—DMUT-copolymgrqof_Example 1 was replaced with the
'ethyiéqe—propylene—DMDT copolymer obtained aboﬁe was press'
j -11) .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%
| I and 300 % (M100, M200 and M300), tensile strength (Tg).
.elqngation-(EB) and hardness (Hg) of the resu;ting
1$= 'vulcanized rubber were measured. |

The results are set forth in Table 2.

= o (S—ethylidene-z—norborhene (ENB) )

20 (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

o blade, copolymerization reaction of ethylene, propylene and

4

25 S5-éthylidene-2-norbornene (ENB) was continuously carried

—

out.

This copolymerization reaction was conducted in a

-

manner described below.



~Sul fur ' 1.5 Exanple 2 5 An
et hyl ene- propyl ene- DVMDT copol ynmer was obtained in an anount of 110 g per
.hour (polyner concentration: 55.0 g/liter) in the sane manner as descri bed
in Exanpl e 1 except that the DMDT. synthesized in Reference Exanple 2 was
used in place of the DMJUT. 10 In the ethyl ene-propyl ene- DVDT copol yner,
"the ethylene units were contained in anounts of 69.0 % by nol, the
propylene units were contained in anbdts of 28.5 % by nol, the DVDT units
were contained in amounts of 2.5 % by nol, and® he nol ar ratio of the

cethyl ene units to ‘fc% esrPe q:ljz%r WS c%%lzlyo%%l@etf@ﬁl e'ﬁ*om the top

'unlts/propylene uni tr|nS|c viscosity [err]

et hyl ene- pr oy &ngs OV méﬂ?&mﬂmr\l 2 mliE o7 Eheﬂnaraturavwewlrm%

.tubber bl end was obtained in the same nmanner as described in Exanple 1
‘except that td® 0.5 16mel hyleneary cuoylenierDMIT VOEsEClobtti haurabble was
—used in pl ace of the ethyl ene-propyl ene- DMJT copol yner of
_ as a catalyst at a feed rate of 0.5 1/hr, a hexane solution
L¥ 5 of ethylaluminum sesquichloride (Al(CzHs);.sCl;i.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.
1 Oon the-otﬁer hand, the polymer solution was
éontinuously drawn out from the top of the-polymerizér so
— - 10 that the polymer 'solution in the polymerizer -was kept -
j constant in an amount of 1 liter. Further, to thé
— | : 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 1/hr using bubble.tube,_PThe
15 copolymerization reaction was carried out at 30 °C by
circulating a cooling medium through a jaéke; provided
b oﬁtside the pol;ﬁerizer. |
Through the copblymerization-regctioﬁ ﬁnder the above. -
- cénditions, a polymer solution containing an ethyleﬁe-
20 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.
- 25 * Thus, an ethylene-propyléne-ENB copolymer was obtained
in an amount of 64.8 g per hour.

In the ethylene-propylene-ENB copolymer, the ethylene

units were contained in amounts of 66.8 % by mol, the



‘Exanpl e 1. The vul cani zing rate of the rubber blend was 5 evaluated. As a
result, T90 was 5.2 mnutes. Further, the unvul cani zed rubber bl end
iobtained in the sane conposition of Table 1 except that the ethyl ene-

r opyl ene- DMUT copol yner of Exanple 1 was replaced with the

et hyl ene- propyl ene- DVMDT copol ynmer obt ai ned above was press 10 nmol ded
runder the conditions of a tenperature of [err] and a nolding tine of T90
i(mnute) + 5 minutes. T90 (minute) ofl®Be unvul cani zed rubber bl end, and
modul us at 100 % 200% and 300 % ( MLOO, M200O and- MB0O), tensile strength
jLerr], el ongatd ) Rddd @itk Hardnesod@lidePlid Renduey tdf193115; % WY Gl zed

xlubber were neasured. The results are set forth in Table 2. Conparative

Exanpl e 1 (5-eaidw|gntenend-$0idws nesie: i3 )i Gmourita alf uurmey wf nyidr ogen
;atons directly bonded to the carbon atons adjacent to all the

“carbon-to-car zord dthbimolrondsat il df the? -dtinydreryeo lumisrs zer tdopuipppogey Mirteh a
stlrrlng bl ade, copol yneri zation reaction of ethylene, propylene and 25

. 5-et hyl i dene- ZWSJMW@KENBQGWWNWQIPRY&@H%@WS) The

L S intrinsic viscosity () of this ethylene-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 ﬁinutesf

T 10 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
15 ‘ethylene, prqpyléne-and the DMUT obtained in.Reference
Example 1 was carried out. | ‘ |
= P : The terpolymerization reaction was conducted in a
P .~ manher descrlbed below. -
- " In ‘a stream of nitrogen, to the polymerlzer were
20 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
e - fed ethylene at a feed rate of 100 l/hr and propylene at a
'g 25 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



—This copol yneri zation-reaction was conducted in a manner described bel ow
167 To the polynerizer were continuously fed, fromthe top thereof, a
-hexane solution of ENB (7.1 g/l) at a feed rate of 0.5 |/hr, a hexane
~solution of [err] (0.8 nmmol/l) as a catalyst at a feed rate of 0.5 |/hr, a
hexane solution 5 of ethylal um num sesquichloride [err] (8.0 mmol/l) as a
jcocatal yst at a feed rate of 0.5 I/h{ and L hexane at a feed rate of 0.5
L /hr. On the other hand, the polyner églution was continuously drawn out
fromthe top of the polynerizer so 10 that thé& polyner solution in the

- pol yneri zer - vaiss Ke3-dinstayntcydil aperaraslienydf) zi ddongum dughillveridet o t he
_polymerization systemwere fed ethylene at a feed rate of 120 1/hr

propyl ene at €0 fOHe mrak/rof) 180 initriatel thedmedemestizatiosd rate of 5 |/ hr
i usi ng bubbl e tube. The 15 copol ynerization reacti on was carried out at

Terr] by circul at iMgFar 88 RRg REHHFASIAO UGS FOPACEEPRAEVRAedC Tor 80

minutes, a small amount of isobutyl alcohol was added to

L_ 5 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. ' '

10 Then, the ethylene-propylene—DﬂUT copolymer thus
preéipitated was reéovered and dried under reduced pressure

L; at 106 °C for 24 hours.

|‘ , Thus, 64;6 g of an ethylene-propylene-DMUT copolymer
was obtained. ' | . '

15 _ 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

20 units was 71/29 (ethylene units/propylene units). The
intrinsic viscosity () of this ethylene-propylene-DMUT

e copolymer was 1.35 di/g.

Then, an unvulcanized rubber blend was obtained in the

LJ same manner as described in Example 1 except thaf the

25 ethylene-propylene-DMUT copolymer obtained above was used in

N

place of the ethylene-propylene-DMUT copolymer of Example 1.

The wvulcanizing rate of the rubber blend was evaluated



outside the polynerizer. Through the copol ynerization reacti-on under the
,above conditions, a polyner soluti-on containing an ethylene- 20

‘propyl ene- ENB copol ynmer was obt ai ned. The pol yner sol uti on was deashed
—tsi ng hydrochloric acid and.then introduced into a | arge anount of nethanol
to precipitate the polynmer (ethylene-propyl ene-ENB copol yner), followed by
vacuumdrying at [err] for 24 hours. 25 Thus, an

—ethylene propyl ene- ENB copol yner was lg¥l ai ned in an anount of 64.8 g per
hour. In the ethyl ene-propyl ene-ENB copol yner, The ethyl ene units were
contained in aAOHALS sQhebRaBn¥rb¥smBbsctiBea iAGBxpRPEDY| N NBI hSrvenle,
_contained in amunts of 31.4 % by nol the ENB units were contained in
amounts of 1.@960 husmal. 1 andutbe.nolar ratio of the ethylene units to the
propylene units was 68/ 32 (ethylene units/propylene units). The 5
Lintrinsic viscosityufehet, othehisvel bghéned prepy¢enel Eng ebpal yedrinathe, 2

dI/g Usi ng the ethyl ene-propyl ene- ENB copol yner, the
same composition of Table 1 except that the ethylene-

- 5 propylene—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

B a molding time of T90 (minute) + 5 minutes. T90 (minute)

L_

of the unvulcanized rubber blend, and modulus at 100%,
[ -
— 10 200-% and 300 % .(M100, M200 and M300), tensile strength

(Tg) , elongation (Egp) and hardness (Hs) of the resulting
- ‘vulcanized rubber were measured.
L‘ The results are set forth in Table 2.

15 . ' Table 2
; Example No. Ex. 1 ~ Bx. 2 | Ex. 3 'Comp.
~ _ ' : . : . - Bx. 1
_ Vulcanization : L - .

L . properties _ _ -
,_ 'M100 (kgf/cm?) 25 27 30 -
L | 'M200 (kxgf/cm?) 59 - 66 707 -
_ M300 (kgf/cm?) 79 87 93 -
Ts (kgf/cm?) | 145 141 135 ~
“ Esz (kgf/cm?) 520 440 . 400 -

__Hs (JIS A) 65 66 67 -
- Vulcanizing rate

T90 (minutes) 4.7 5.2 4.1 11.2

- ren Ex 1

(Pregaration of eéEalyst)
L_



vul cani zing rate was evaluated in the same manner as described in Exanple
1. As aresult, T90 was 11.2 mnutes. 10 The result is set forth in
Tabl e 2. Exanple 31lna 2-liter polynerizer equipped with a stirring bl ade
and a gas-bl owi ng tube, terpolynerization reaction of 15 ethyl ene,

propyl ene and the DMJT obtained in Reference Exanple 1 was carried out. The
terpol ynmeri zation reaction was conducie&ein a manner described below In a
stream of nitrogen, to the polynerize re 20~ introduced 800 m of
dehydrated and dried toluene and DMUT so that tRe DMUT concentration in the
system becane 120 mmwldrd .arbuh tatmesmtidres, afo tahesGallutfilask Rduipped with
pol ymeri zer was kept at [err], and to the polynerizer were continuously fed
et hyl ene at a & edthreae wefre Olntly driucerd 0 opy | €Ehe3 htmep 15 of fagdydraius of
140 1/ hr. To the polynerizer were further introduced 11.1 ml of a toluene
sol ution of nEdRAIH &ﬁ)nml(dﬁﬂzzﬁﬁrmg M0 i&P twtHe St Aadm num at on) and
3.2 mM of a toluene sol ution of

, 1s(dlphenylphosphlno)ethane and 23 ml of anhydrous decane,

- S 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.
10 (Synthesis of 4-ethylidene-8-methyl-1l,7-nonadiene (EMN))

_ (p =1, gq=0, £=1, g =1, total number of hydrogen atoms
i_ _ directly bonded to the carbon atoms adjacent te,ell the

carbon~to~carbon double bonds: 15)

. (EMN)
B | 5 o _
H2c=cH-cH'2-c-CH2CHZ-CH=c'\ a
L o . cH,
20 To a 300-ml stainless steel (SUS316) autoclave were

introduced 100 g (734 mmol) of 7-methyl-3-methylene-1,6-

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

25 ethylene bomb, through which ethylene was introduced, so as
to pressurize the autoclave up to 35 kg/cm?2. Thereafter,

L the autoclave was heated to 95 °C, and ethylene was



I69 bis(1, 3-dinethyl cycl opent adi enyl ) zi rconi um di chloride (0.005 mmol/m)
toinitiate the polynerization. After the polynerization was conducted at
Eerr] for 80 mnutes, a snmall anmount of isobutyl alcohol was added to 5 the’
pol ynmeri zer so as to termnate the polynerization. The pol ymer .sol ution
obt ai ned was washed (deashed) wi th hydrochloric acid and then introduced
Into a |l arge anount of nethanol to precipitate an ethyl ene-propyl ene- DMUT
copol yner. 10 Then, the et hyl epig2 propyl ene- DMUT copol ynmer t hus
precipitated was recovered and dried under reduged pressure L
at [err] for 24 hour.s. Thus, 64..6 f .et hyl.ene- propyl ene- copol yner
Hettilite Rl et ed S KRR RoTBEs EOETmere (e

was obt ai ned. ene-p

et hyl ene uni t,}e\%rtq& o gi ned H&%nggpé%%gg_% 5 % by nol, the propyl ene

units were contained I n anounts o y nmol, the DMUJT units were

contained in anounhg @l 3ne %REtTRh was cepgibbearobae hatbe18bet s
ethylene units to the propylene 20 units was 71729 (et hyl ene

uni t s/ propyl eggouRid Shd rElRdsdd. NIk Heeetdiohy migtikeobbthined was

et hyl ene- propyl ene- DMJT copol ymer was 1.35 dl/g.

- S 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 evapcratdr, followed by vacuum precision distillation
of 20 plates.

— 10 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 déscribed below.

L 15 Boiling point: 103 - 105 °C/30 mmHg
GC-MS ({(gas chromatography-masé spéCtrdmetric
analysis):
- o M/z 164 (m*: moleculé ion péak), ' -
) ' 149, 123, 95, 69, 41, 27 |
g 20 Infrared absorption spectrum (neét, émﬁ”

Absorption peak: 3080, 2975, 2925, 2850, 1670, 1640,

— ) 1440, 1380, 1235, 1110, 995, 910, 830

1H-NMR spectrum (solvent: CDCljs)

The absorption peaks are set forth in Table 3.

25

"



“Then, an unvul cani zed rubber bl end was obt-ai ned in the sane manner as
descrlbed in Exanpl e 1 except that the 25 ethyl ene-propyl ene- DMJT

‘copol yner obtai ned above was used in place of the ethyl ene-propyl ene- DVMUT -
—topol ymer of Exanple 1. The vul canizing rate of the rubber blend was

eval uat ed 170 in the sane manner as described in Exanple 1. As a result,
'T90 was 4.1 minutes. Further, the un cani zed rubber blend obtained in the
Lsarre conposition of Table 1 except tﬁgﬁ t he ethyl ene- 5 propyl ene- DMUT
copol yner of Exanple 1 was replaced with the ethyl ene-propyl ene- DMUT

i copol yner obt ai ned above was press nol #iedlender the conditions of a
JmmmaUMeof[mr]amianNdetimad'WO(mnMe)+55mnMe& T90

(m nute) of [the UﬁVUlca IZed Tupber b end, and nodulus at_ 100% 10290 %
~and 300 % (NLQO,_ VPR 94 MR00) | tensi |(Numearnmfhpm3p_@§e1_&§gé£ﬂ_|_on_(£) and
_hardness (Hy) of they | §§u|t|ng vulcanlzq@Hrqugglg@reJneaeuhgg The results
are set fort/h in Table 2. Tablej2
i .60 (3H, singlet)
L 1.68 (3H, singlet)
2.00 (2H, multiplet)
{ 2.06 ' (2H, multiplet)
- 2.80 (2H, doublet, J = 7 Hz)
é 4.9 - 5.2 (3H, multiplet)
— 5.30 (1H, quartet, J_= 7 Hz)
P - 5.75 : (1H, multiplet)
| _ ' Example 4
L. _ . ' : .
) In a 2-liter polymerizer equipped with a stirring
l; blade, terpolymerization reaction of ethylene, propylene
; and the mixture containing principally 4-éthy1idene—8f
L -methyl—1,7-ncﬁadiene (EMN) synthesized in Reference'Example

' 3 (hereinafter referred to as EMN) was continuously carried

- 10 out.

The terpolymerization reaction was conducted in a

‘ ) .menner described below.

éi To the pblyﬁerizer were continuously fed; ffem the top
thereof, a toluene solution of EMN at a feed rate of 0.2

— 15 1/hr so that the concentration in the polymerizer became

L 180 mmol/l, a toluene solution of bis(l,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

— 20 toluene solution of methylaluminoxane (-Al (Me)-0-) as a



Exanpl e No.
MLOO [err]

70 MBOO [err]
435 EB [err]
67
11. 2 Reference Exanple 3 (Preparation of catalyst)
to a 50-m flask eqdi/gbed with a stirrer were introduced

66
4.1

argon at nosphere,

Ex. 1 Ex. 2 Ex. 3 Conmp. WVul cani zation properties

25 27 30 M20O [err] 59 66
79 87 93 TB [err]" 145 141
520 440 - 400 Hs (JIS A 65
- Vul cani zing rate T90 (m nutes) 4.7 5.2

43 ny (0.33 mmmol ) of anhydrous cobalt(l1) chlorifde, 263 ng (0.66 mmvl) of

.1, 2- bi s(di phepyéphespbt nay ehhasgq apde €30 81 0 05 B!ﬁwdé&tﬁméi?‘?@@ aPurR{¥lurh hey
were stirred at [err] for 2 hours. Then, 17 m of a

trlethylalunlnu@ﬁé@hueaelsﬂluﬁl0ne(p61§m@yiﬂénnmémumeJﬂb.o mmol/l, and

—

10

15

. propylene-EMN copolymer was. obtained.

20

25

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 mlnutes |

Further, to the 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 copolymerization reaction under the above .

conditions; a polymer'solhtion containing .an ethylene-

The polymer_solution was deashed using hydrochloric .

acid and then_introducedfintd a large amount of methanol to

precipitaie the polyﬁer7(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 ratio of the ethylene units to the propylene

units was 74/26 (ethylene units/propylene units). The

171 I n an



ol , concentration: 1 nol/liter) was added at [err], and the m xture was
,stirred for 2 hours to obtain a catalyst. 10 (Synt hesi s of
:4-ethylidene-8-nethyl -1, 7-nonadiene (EMN)) (p =1, q =0, f =1, g =1,
~tot-al nunmber of hydrogen atons directly bonded to the carbon atons adjacent
‘to all the carbon-to-carbon double bonds: 15) (EWN) [err] 20 To a

1 300-m stainless steel (SUS316) autgﬁ} ve were introduced 100 g (734 mol)
—of '7-nmet hyl - 3-net hyl ene- 1, 6- oct adi é?([err]-gyrcene) and t he whol e anount
~of the catalyst prepared above in an argon at nosphere, and the autocl ave
ywas seal ed. Then.; /e RISy V@) eenRaskedtWyllBndrp2opytehyl-ens bonb,

.t hrough which ethylene was introduced, so as to pressurize the autoclave up
to 35 kg/cnR. g %q&@@&t@@s thhe utecl ave was heated to [err], and ethylene

. was 172 internittently replenished five times to performthe reaction
:for 15 hours in tehah, Afcempbletieactoanavaingopbepedtst-hg matigbkavé was

: the ethylene-propylene-~EMN copolymer obtained in Example 4,
— 5 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

0il (trade name: Sunthene 4240, available from Sun 0Oil

-

- K.K.), 1.0 part by weight of a vulcanization accelerator A
— 10 (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
Shinko Kagaku K.K.) and 1.5 parts by weight of sulfur as
. shown.ih Téble 4.was-kneéded byﬂﬁeans Bf a 6-inch open
15 roll, to obtain an unvulcanized rubber blend.
The vulcanizing rate of the rubber'blend was ‘evaluated
- - in the same manner as in Example 1. As a result,jTSO*WAS-
' 6.3‘minu£e5'as shown in E#émple 4. ' : *- _€
B Fufther, the unvulcahizéd rubbér bléndihaving a '
Lo 20 composition shown in Table 4 was pressﬂmqided-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
- 25 hardness (Hs) of.the resulting vulcanized rubber were
measured in the same:manner as in Example 1.

The results are set forth in Table 5.



cool ed and rel eased. The reaction m xture obtained was 5 poured into 100 mi
of water to separate the mi xture into an organi c phase and an -aqueous
phase. Fromthe organic phase, a | owboiling substance portion was renoved
by neans of an evaporator, followed by vacuum precision distillation of 20
pl ates. 10 Thus, 83 g of the ainmed product (EMN) was obtained :
(yield: 69 %9. Further, 16 g of 5,69-dinethyl-1,4,8- decatriene was produce
as a subproduct (yield: 13 9% . The resuygs of analysis of the

4- et hyl i dene-8-net hyl - 1, 7-nonadi ene (EMN) are déscribed bel ow. 15

Boiling point: [err] /30 nmHg GC-M5 (gas chromat ography-mass spectronetric
analysis): Mz 164 [err] nolecul e ion peak), 149, 123, 95, 69, 41, 27 20

I nfrared absorption spectrum (neat, [errTabldshdrpti on peak: 3080, 2975,
2925, 2850, 1670, 1640, 1440, 1380, 1235, 1110, 995, 910, 830 [err]

Spectrum (sol Jent - [&rfr]) The absSorpiion peaks are set. forty rn Table -

- Composition of unvulcanized rubber blend part (s) by

; weight

L_ Ethylene-propylene~-EMN copolymer 100

. Zinc white No. 1 : 5

L: Stearic acid . 1
N330 .(Seast 3, from Tokai Carbon K.K.) 80

. 0il (Sunthene 4240, from Sun 0il K.K.) 50

= — Vulcanization accelerator A (Nocceler TT,” - 1.0

. - :from Quchi Shinko Kagaku K.K.) o

L ' Vulcanization accelerator B (Nocceler M, ' 0.5

‘ from'Ouchi Shinko Kagaku K.K.)

L Sulfur _ 1.5

-

Polymerization was carried out in the same manner as

described in Example 4 except that the components were

centinuously fed to the polYmerizer so that the

gogcenﬁfé;ions_of EMN,_zirconiuﬁ and aluminum became 250
L— ' ; 10 mmol/l, 0.04 ﬁmo}/l~ana ?0 mmol/l, respectively, ghe_feed
%i _ rates of ethylene and propylene were varied fo 120 l/hr and
- 120 1/hr, respectively, and the polyﬁerization tempe:&ture
1; was varied to 10 °C, to obtain an ethylene-propylene-EMN
: copolymer in an amount of 62 g per hour.
L;' 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,
i: _tﬁe EMN units were contained in amounts of 1.4 % by mol,

and the molar ratiS=of the ethylene units to the propylene



-

73 Table 3 pp
(3H, doubl et,
(3H, singlet)
2H, multiplet)
(3H, nmultiplet) 5.30

m[err] (Nunber of protons, Peak) 1.59
J =7 Hz) 1.60 - (3H, singlet) 1.68
2.00 " (2H, nultiplet) 2.06

2.80 (2H, doublet, J =7 Hz) 4.9 - 5.2

(IH quartet, J =7 Hz) 5.75

(1H, nultiplet) Exanplé 4 5 ' Iggg 2-liter polynerizer equipped with
t

a stirring blade, terpolynerizationr

i on of —et hyl ene, propyl ene and the

m xture containing principally 4-ethylidene-8- nethyl-1,7-nonadi ene (EW)
synt hesi zed | nurRef £rene 66 BXGBP{ e hydl drfee naiinaf fpafopydfertd athilts)as B was
continuously carried 10 out. The terpol ynerization reaction was conducted
in a manner degtry s HeriRgostidy h@p A s, orpdv@egomdshdodsIdt f%d, from

the top

-

10

15

25

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



Thereof, a toluene solution of EM at a feed rate of 0.2 15 1/'hr so that
the concentration in the polyneri-zer becane 180 mmol /|, a toluene solution
i of bis(1,3- dinethylcyclopentadienyl) zirconiumdichloride as a catalyst at
“a feed rate of 0.1 1/hr so that the zirconiumconcentration in the
~polynerizer became 0.02 mml /1, a 20 toluene solution of nethylal um noxane
i (-A1(Me)-O) as a 174 cocat al yst a];t7@ feed rate of 0.2 1/hr so that the
~al umi num concentration in the pol yneriZer becang 10.0 mmol /I, and tol uene
at a feed rate of 0.5 I/hr. On the other hand, the polyner solution was 5

i conti nuously Brewsedutintpotrheheystpmofvithenpokypgeni zer inattihae the pol yner
.solution i'n the polynerizer was kept constant in an anount of 1 liter and
‘the average rBSLyBRESZALAENbecTRENG0OMHUBEBY POt Has, coptihvously fed

. pol yneri zation systemwere fed 10 ethylene at a-feed rate of .100 1/hr and
1Brogylene at E°fgﬁﬁprﬁpﬁ bPtadoPIpRsuLs| A BubsY emfube. andethe

i - i j r cjrfculating a coolin
copolymeri zat Lgp, LeactLeRo3a52Lbhednduh 5L L67¢d £ 14 AL LY, @ ool ing

L_ 5 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.
.10 * The polymer was recovered- by filtration and mixed with -
.sfabilizers (30 mg of Irganox 1010.available from Ciba-
D . - Geigy and 60 mg of Mark 329K available from Asahi Denka
- . - K.K.). The mixture was dried ovérnight at 120 °C under’
reduced pressure.
?I" ¥a-f15-_ - As a result, 57 g of anfethylene—propyleﬂe—EMN
o 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 .
- " ..~ .. propylene units of 62.8/37.2 (ethylene'unité/propylene
20  units) and an intrinsic viscosity (1) of 2.1 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
25 used in place of the ethylené-propylene—EMN copolymer
- obtained in Example 4. The vulcanizing rate of the rubber
blend and the'vulgénization properties of the resulting

vulcanized rubber were evaluated. .



—medi um t hrough a jacket provided outside the polynerizer. Through the
copol yneri zation reaction under the above 15 conditions, a pol yner

. solution containing an ethyl ene- propyl ene- EMN copol ynmer was obtai ned.. The
‘pol ymer sol ution was deashed using hydrochloric acid and then introduced
into a |l arge amount of nethanol to precipitate the pol yner

' (et hyl ene- propyl ene- EMN copol yrer), ? foll owed by vacuumdrying at [err]
‘for 24 hours. Thus, an ethylene-prop§ gne-ENN gopol ymer was obtained in an
anount of 32 g per hour. In the ethyl ene-propyl ene- EMN copol yner, the
sethyl ene units werlhegesailted ane @esufiostdf ip2Tgbdeby -nol , the 25
.propylene units were contained in amunts of 26.2 % by nol, the EMN units
were contained in amounts of 0.9 % by nol, and the nolar ratio of the

; et hyl ene uni to .the propylene units was 74/ 26 (ethyl ene units/propyl ene
“units). The %%gFﬁ%%;Zrinsic viscosity [err] of this ethyl ene-propyl ene- EMN
Copol ymer was 1.7 gy reriiGR1 oh SATPREARY 608 3NEAY L3RPALLTLDY 28T ONt
. S described in Example 6 except that l-butene was introduced |

e

in place of propylene so that the pressure became 3.5

s -
L kg/cm?~G at 50 °C. and the polymerization time was varied to

30 minutes..

As a result, 48 g of an ethylene-l—buiene-EMN

L ----10 - copolymer containing 66.5 % by mol of ethylene units, 31.9.

.
;' % by mol of l-butene units and 1.5 % by mol of EMN units
L: ' .and having a molar ratio of the ethylene units to the 1-
: butene units of 67.6/32.4 (ethylene units/l-butene'unitsf
- S - .and an inyrinsic viscosity'(n) of 1.6 dl/g was obtained.’

15 Then, a rubber blend (rubber compoSition)ZWas_pfepared
" . in the same manner as described in Example 4 except that

the.ethylené-butene—EMN copolymer obtained above was used

. in place of the,ethylene-propylene—EMN-copolymér.obtained .t
_L; R in Example-@;:'The_vulcanizing.rate of the rubber blénd and
| 20 the vulcanization properties of the resulﬁing vulcanized
- rubber were evaluated.-
L; The results are set forth in Table 5.

L Example 8
25 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



vt he et hyl ene- propyl ene- EWN copol ynmer obtained in Exanple 4, 5 5 parts by
wei ght of zinc white No. 1, 1 part by weight -of stearic acid, 80 parts by
iwei ght of N330 (trade nane: Seast 3,  available from Tokai Carbon K K. ), 50
\parts by weight of oil (trade name: Sunthene 4240, available from Sun Q|
K.K. ), 1.0 part by weight -of a vul canization accelerator A 10 (trade
iname: Nocceler TT, available from QuchgnShi nko Kagaku K K.),. 0.5 part by
melght of a vul cani zation accel erat or (trade panme: Nocceler M available
From ouchi Shi nko Kagaku K. K.) and 1.5 parts by wei ght of sulfur as shown
in Table 4 waatkpedged By pdacs Of Prorvdcheopsed the pellymerd zgbti®nn an
‘unvul cani zed rubber bl end.. The V%Ican|2|ng rate of the rubber bl end was
val uated i n FRESsHAS faxied &9 | e€-1. As a result, T90 was 6.3
.m nutes as shown i t he

cunvul cani zed rubbe bFeggSH&5rn35a928f 88nﬁ5§¥%?8ﬁ %hSﬁﬁePﬁ #ggle 4 was
press ”D'dedcaﬁgﬁgykgeg%ﬂ@Q'gl%gs %ﬁp&r§ g?e ﬁ yhEhE] LaR gs ggl%lng

time of T90 (m m nu Yirval Sani-2&d Fubber

bl lend, and; mogupysmah %QO1%C%Q9e%m¢15399d%z(WQObYM%QQ a@dgkﬁog}mtfsem' le
ustrength (TB) , elongation (EB) and 25 hardness (HS) of the resulting

~vul cani zed rukher hweﬁ.ﬁgrraamuued ratibe ofathemaOnglens uAiE¥afpl ehd. 1-
LJ 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 (rubber composition) was prepared

i »-—- - ~-10 -in the same manner as described in Example 4 except.that.

fv the ethylene—l—octene—ﬁMN copolymer obtained above was used

o : in_place 6f the ethylene-propy;ene—EMN-copolymer obtained
in Example 4. The vulcanizing rate of the rubber blend and

. j __the,vulégpization prope;ties of the resulting wulcanized

P 15 rubbér were evaluatea;

- The results are set forth in Table 5.

I

U . |

l; - (Préparation.of catalyst solution)

: 20 | '-To a glass flask thoroughly purged.witﬁ nitrogen was

= introduced 6.5 mg of rac-dimethylsilylenebis{l-(2-methyl-4-

;l phenyl-indenyl) }zirconium dichloride, and thereto was added

- 3.1_ml of a toluene solution of methylaluminoxane (Al =

i; 1.12 mol/liter) to obtain a catalyst solution;

25
~ (Polymerization)
Ce Polymerization was carried out in the same manner as

described in Example 6 except that the amount of EMN used



LQThe results are set forth in Table 5. 176 Table 4 Conposition of
unvul cani zed rubber bl end part(s) by wei ght Ethyl ene-propyl ene- EMN

. copol ymer 100 Zinc white No. 1

.5 Stearic acid ' 1 N330 (Seast 3, from
Tokai Carbon K K.) 80 G| (Sunthene 4240, from Sun G| K K.)

. -50 Vul cani zation accel erator A (Noccegl TT, 1.0 from Quchi Shinko

_Kagaku K. K.) WVul cani zation accel erat or (Nocceler M 0.5 from

Quchi Shinko Kagaku K. K.) Sul fur ]
. 1.55 Exanpl eW8SPYPFAEF 28t POnMhas tBEr PFEASBEE PR PRePYLERE nédheY2hied

| described in Ex 4 t that th t t] ly fed t
~the. polymeri 2EP 26 K{ SPReScoRent ot Hre ST EAG™ 2SR atin THRP S R num

%:becane 250 used in an amount of 0.60 ml (0.002 mmol in terms of Zr),
= and the polymerization time was varied to 10 minutes.
i' S As a result, 61 g of an ethylene-propylene-EMN
copolymer containing 64.8 % by mol of ethylene units, 33.9

i;- % 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
- ~..10 units) and an intrinsic viscosity (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
L= the ethylene-propylene—EMN copolymer obtained above was

15 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

vulcanized rubber were evaluated. -

— - The results are set forth in Table S.

20
—~ 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

25 out.

- The copolymerization reaction was conducted in a

manner described below.



10 mol /1, 0.04 mol /|l and 20 mmol /1, respectively, the feed rates of
ethylene and propyl ene were varied to 120 1/hr and 120 1/ hr, respectively,
and the pol ymeri zati on tenperature was varied to [err], to obtain an

ethyl ene- propyl ene- EMN copol yrer in an anount of 62 g per hour. 15 In the
et hyl ene- propyl ene- EMN copol yner, the ethylene units were contained ih
anounts of 65.6 % by nol, the propylene_units were contained in anounts of
33.0 % by nol, the EMN unlts wer e con1§Zned in amounts of 1.4 % by nol, and
t he nol ar ratlo of the ethylene units to the prdpyl ene 177 units was

67/ 33 (et hyl ene unitcs/tHed P38 18k i €S Jwe rEN & dnfttihiuesisA y ifee)S ifinon @hle] t@p
thi s copol ymer was 1.7 dl/g. Then, a rubber blend (rubber conposition) was
prepared in thhesanet nenrterxase desbrt i af HREan( . Ag/ewce;tt & fxed tate

et hyl ene- propyl ene- EMN copol yner obtai ned above was used in &hace of the
erhyl ene- pr opyaferf-ENNTop A iFaRmt S0 Fidi 9t A AIQACH5) Fhe (R & ammet Al

rate of the rubber blend and the vul cani zation praoperties _of the resultlng
Vul cani zed rulier w3t sl 2 ) feed rate of 0.5 1/hr, a hexane solution

L— 5 of ethylaluminum sesquichloride (Al (CzHs)1.sCl;.s) (8.0

i mmol/1l) as a cocatalyst at a feed rate of 0.5 1l/hr, and

hexane at a feed rate of 0.5 l/hr.
[ ' On the. other hand, the polymer solution was
continuously drawn out from the top of the polymeriier:so

~ 10 that the polymer solution in the polymerizer was. kept

(;f'

constant in 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 1/hr and hydrogen
at a feed rate of 5 1/hr using bubble tube. The

15 copolymerization reaction was carried out at 30 °C by .

L

Ccirculating a cooling medium through a jacket provided:

' outside the polymerizer.

("

Through the polymerization reaction under the-above -

e : conditiens? a pdlymef éolution“containipg an ethylené—_
‘ 20 propylene-ENB copolymer.was obtained. .

The polymer solution was deashed using hydrochloric -
acid and then introduced into a large amount of methanol to
P precipitate the polymer (ethylene-propyleﬁe—ENB copolymer),
L - followed by vacuum drying at 100 °C for 24 hours. '

25 Thus, an ethylene-propylene-ENB copolymer was obtained
ip an amount of 64.8 g per hdur.
In the ethyleﬂe-propylene—ENB copoiymer,'the ethylene

units were contained in amounts of 66.8 % by mol, the



* 10 The results are set forth in Table 5 Exanple 6 (Preparation of
catalyst solution) To a glass flask thoroughly purged wth nitrogen was 15
introduced 5.6 ng of rac-dinethylsilylenebis{1-(2-nethyl-

%, 5- benzoi ndenyl ) zi rconi um di chl ori de, and thereto was added 2.6 m of a

t ol uene sol ution of nethylal um noxane (Al = 1.12 nol/liter) to obtain a
icatal yst solution. 20 (Polynerization) To a 2-liter stainless steel

aut ocl ave thoroughly purged with nitrd88n were introduced 900 m of heptane
~and 25 m of EMN (4-ethylidene-8-nethyl-1, 7-nonddi ene), and was further

introduced propybspEes® &hots ierHrESHEEned iherdiunty S8 ber . o1,

Lerr] at 50 [err].” Then, ethylene was fed until the pressure becane 8
[err] Ther eaf ttie ENBmmhno:i were sodnt yirmdinimumant D.62 18 (V.02namnp| i n
iterns of Zr) of the catalyst conponent prepared above was 178 pressed
into the systeanditie melagenatio iof tihe ethislgnd ymsnrusZattq drhe pronylensy
ethylene was contlnuouslg fed

units was 68/32 (ethylene units/propylene unlts) The

— 5 intrinsic viscosity (M) 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 cepolymer obtained above wae used in ﬁlace of

;' - 10 the'copelymer obtained in Example 4. The vuleanizing rate
of the rubber blend end the wvulcanization properties of the

— . resulting vulcanized rubber were evaluated.

The results are set forth in Table 5.

15 . | g " Table 5

l; f Example -No.. ‘|Ex. 4| Ex.5 |Ex. 6|Ex. 7|Ex. 8|/Ex. 9 ggmpé
P . |Mulcapization u' o - -
1 . : ] i

- Properties ' :

| M100 (kgf/cm2) | 29 | 31-|-30 | 32 | 29| 30 | 30
L | M200. (kgf/cm2) | 70 73 | 74 77 | 72 70 74

"'M300 ‘(kgf/cm?) | 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

. Hg (JIS A) 66 67 66 68 67 68 68

C Vulcanizing Rate| 6.3 { 5.0 | 4.6 | 5.1 | 5.4 | 4.8 [ 11.2
i T90 (min.)




“to keep the total pressure at 8 [err] and the polynerization was continued
at [err] for 15 mnutes. A5 snmall anmobunt of ethanol was added to the
;systemto termnate the polynerization, followed by purging of the
“unreact ed nmononer. The pol ynmer sol ution obtained was introduced into a
large excess amount of nethanol to precipitate a polymer. 10 The pol yner
‘was recovered by filtration and m xe th stabilizers (30 ng of |rganox
1010 avail abl e from G ba- Gei gy and § ng of Mark 329K avail abl e from Asabhi
Denka K. K.) The mixture was dried overnight at [err] under reduced
'pressure. 15 ExampleAkQa result, 57 g of an ethyl ene- propylene EWN
'copolyner containing 61.8 % by nDI of ethylene units, 36.6 % by nol of
propyl ene units arib la <4 enoit aEin AN (gliest mq@ﬁm @Qﬁﬂ%ﬁhhét io of
.the ethylene units to the propylene units of 62.8/37 éeth
unlts/propyldﬁerQEﬂ Wi s 1%ﬁ@g%h V%%?lh%?EOQW%%%SQQQ nere¥ %ﬁpéaaed??ﬁ was

B e
Lﬁ]gygfg;l rony! e?gygnggg%%[ﬁgﬁwﬁg SO MatBAsn @ rds&drd ni ! @€ Of
i system became 3.5 kg/cm?-G. Then, ethylene was introduced
- until the pressure became 8 kg/cm?-G.

L Thereafter, 1 mmol of triisobutylaluminum, 0.004 mmol
_ of triphenylcarbeﬁiumtetrakis(peqtafluoroéhenyl)boréte and‘
! 10 0.001 mmol of (dimethyl (t-butylamide)
(tetramethylcyclopentadienyl)silane)titanium dichloride
_ I 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/¢m?fG, and the .
15 polymerization was cohtinuea at 80 °C for 10 ﬁinutesf
The subsequent operation wéé carried out in the same
manner as described in Example 6.

As a result; 55 g of an ethylene-propylene-EMN .

= - cobblymer containing.63.5 % by mol of ethjlene units, 35;0

20 %ﬂby-mol of propylene units and 1.5 % by ﬁol of EMN units
and having a molar ratio of the ethylene units to the

i propylene units of 64.5/35.5 (ethylene units/propylene

units) and an intrinsic viscosity (1) of 3.1 dl/g was

had ) obtained.

- 'ZS The vulcanizihg rate of the copolymer was evaluated in

tﬂe same manner as described in-Exampie 4. As a result,

T90 was 5.0 minutg§.



obtai ned in Exanple 4. The vul cani zing rate of the rubber blend and the

vul cani zati on properties of the resulting vul cani zed rubber were eval uat ed.
179 The results are set forth in Table 5. Exanple 7 Polynerization was
garried out in the sanme manner as 5 described in Exanple 6 except that

1- butene was introduced in place of propylene so that the pressure becane
3.5 [err] at [err] and the polynerizahj time was varied to 30 m nutes..
As a result, 48 g of an ethyl ene-1-butere-EWN 10. copol ynmer containing 66.5
% by nmol of ethylene units, 31.9 %by nol of 1-bUtene units and 1.5 % by
rol of EMN uni RefemdnkavExgmplepdar ratio of the ethylene units to the 1-
butene units of 67.6/32.4 (ethylene units/1-butene unitsg and an intrinsic
[err] of 1.6 difynkhessst afndd -ethed -—dametbiérlbPehd PROBBERCRBAHBERt | on)
was prepared in_the sane manner as described in Exanple 4 except that the
jethyl ene- but e AEMERMY éopol yrrer obt ai ned above was used

(p =0, g=1, £ =5, g =1, total number of hydrogen atoms
5 directly bonded to the carbon atoms adjacent to all the
carbon-to-carbon double bonds: 13)

- (EMPDT)

i | ?Hs ~ CHyCHy

. ) ~H2C=CH—(CHﬂG—C=CH—CH2—CH=C\\

L 10 ' - - CHy CHgy

. | _

‘ L . To a ;—liter three-necked flask equipped with a

j} stirrer, a Dimroth condenser, a dropping funnel and a

— thermometer were introduced 24 g (1.0 g-atom) of flaky

;l; 15 - metallié magnesium, 200 ml of anhydrous diethyl ether and

T; 200¢g of 1,2—dibr6moethane with stirring in a nitrogen

Lj o 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) . |

?: 20 . .After the exotp?rmic 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

Lf broﬁide was dropwise added under cooling in an ice bath

L 25 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 allylmagnesium bromide solution. The

insoluble portion remaining in the allylmagnesium bromide

G



“+n pl ace of the.ethyl ene-propylene-EMN copol yner obtained in Exanple 4'.
~The vul cani zing rate of the rubber.blend and 20 the vul cani zati on
'properties of the resulting vul cani zed rubber were evaluated. The results
Lare set forth in Table 5. Exanpl e 8 25 Pol yneri zation was carried
out in the sanme manner as described in Exanple 6 except that the anount of
i heptane used was varied to 500 nl, 5pggm of 1-octene was 180 introduced
Lin pl.ace of propylene and the polynerlzatlon ti.me was varied to 30 m nutes.
of an et hyl ene-1-octene-EW copol yner containing 64.3 %

|
Qf/ ?mlrez:‘J tet ﬁﬂiéﬁ%e‘%ﬂass renoyes by Wmta&fl%-:o@t%é:%u%lwrz @hs% liy
| of EMN d h t f th t ts to the 1-
(r)ngt eﬁe uni tg@g]%%é%neﬁ’??%vg}’( ai‘?ymyeael { I %eoé’teg:rli% ?ﬁlteag’?( ;211 an intrinsic
V'Scos'ty [err] OhlthSc@gﬁQnga%R%bE%E%%QneEQ%ﬁ fa s%bg%r %Ig@% g %%FGEE

' conposi tion) was prepare same manner d&scr
“except t hat the flask was dropwise added a solution of l-bromo-10-

i S ethyl-6-methyl-6,9-dodecadiene (201 g, 0.70 mol) in
anhydrous diethyl ethexr (200 mli at an internal temperature
L; 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
10 the reaction mixture was cooled in an ice bath, to the
mixture was dropwise added slowly'a'saturated ammoniume
| L chloride aqueous solution and were further added diethyl
ether and water to-separate'the'mixture into an organic
e phase  and an agqueous phase.
_15 _ T ‘The- organlc phase was washed with a saturated- sodlum
.hydrogencarbonate solution and a saturated sallne solution

b ..and then drled over anhydrous magnesium sulfate.

—
;- ‘The solvent was evaporated and the residue was’ .-
L, R sﬁbjected to:vaegum distillation, to obtain the aimed

L 20 pfoduct.§134 g of 13—ethyl—9;metﬁyi-l,9,12-pentadecatriene)

- (yield: 77 %, based on l-bromo—lO-ethyl-G-ﬁethyl—G,9-

é _ dodecadiene) .

-

. State: colorless, oily

L; Boiling point: 125 - 127 °C/1 mmHg

% 25 FD-MS: m/z 248 (M%)

- 1H-NMR spectrum {(CDCl; solution):

g 1.05 (6H, triplet, J = 7 Hz) i

1.60 (3H, singlet)

e



The et hyl ene-1-oct ene- EMN copol yner obt ai ned above was used in place of the
et hyl ene- propyl ene- EMN copol ymer obtained in Exanple 4. The vul cani zi ng
rate of the rubber blend and the vul cani zation properties of the resulting
“ful cani zed 15 rubber were eval uated. The results. are set forth in Table 5.
Exanple 9 (Preparation of catal yst solution) 20 . To a gl ass flask
‘thoroughly purged with nitrogen was introduced 6.5 ng of

riac- di met hyl si |l yl enebi s(1-(2- nethyllis%henyl-lndenyl) )2|rcon|um
dichloride, and thereto was added 3.1 m of a t6luene solution of

.met hyl al um noxane (Al =11212 pob/{8Herpultimidtai n a catal yst solution. 25
(Pol yneri zation) Polynerization was carried out in the same manner as
described in Exanple 6 2x@ept2tRat8Hhenakibipltetdf EMN used 181 was vari ed
:to 20 m, the pressure of propylene was varied to 2.3 [err] the catal yst
Isol ution prepared abovezmég (2H, triplet, J = 7 Hz)

; 4.95 (1H, doublet, J = 10 Hz)
L~ 5 5.00 (1H, doublet, J = 17 Hz)
: 5.10 (2H, multiplet)
- | 5.80 (1H, multiplet)

The reaction formula of the above reaction is

described below..

10

B CH,
s : 3

. l CH,CH,
; _~MgBr + Br (CHy)lg—C=CH-CHy—CH=C -
| O~ ! *\CHZCHs_
f . CHa CH,CH
- —> 27~ (CHy) g=C=CH CHZ—CH—C\\
L
: Polymerization was carried out in the same manner as
L; described in Example 6 except that 35 ml of the EMPDT (13-
3 ethyl-9-methyl-1, 9,12-pentadecatriene) obtained above was
= used in place of EMN.

25 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

[



ased in an amount of 0.60 m (0.002 mmol in terns of Zr), and the

pol ynmerization tine was varied to 10 m nutes. 5 As.a result, 61 g of
an et hyl ene- propyl ene- EMN copol ynmer contai ning 64.8 % by nol of ethylene
tnits, 33.9 % by nol of propylene units and 1.3 % by nol of EMN units and
having a nolar ratio of the ethylene units to the propylene units of
65.7/34.3 (ethyl ene units/propyl ene - § units) and an intrinsic viscosity
[err] of 1.8 dl/g was obtained. Then,1 r ubber bl end (rubber conposition
was prepared in the same manner as described in“Exanple 4 except that the
et hyl ene- pr opypessy EME COROt ¥ 8F B! 6 Beds abomey Véase i tusashidpplae of the
et hyl ene- propyl ene- EMN copol ymer obtained in Exanple 4. The vul cani zi ng
rate of the rubbtshbland amdinteivsleant seesbiy pfopef ilesd dilihevasesul ting
vul cani zed rubber were evaluated. The results are set forth in Table 5. 20
Conpar ative BExarpdinédln a 2-liter polynerizer equipped with a stirring

bl ade, copol yneri zation reaction of ethylene, propylene.and

5- et hyl i dene- 2- nor B8 bl ENB) 1 M sT &t 9 ISR | SPROAMEE Was evjuated in

— 5 the same manner as described in Example 4. As a result,

T90 was 6.2 minutes.

Beie_;en_c_e_ﬁ.&ampl_e;_s

{Synthesis of 5,9,13-trimethyl-1,4,8,12-té£radecatetraene

--10  (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)

L 15 |

CH " CH '
: _ . l 3 ) . 3 ' ) 'CH3 .
| - - HgC=C [ , =
L ,C= H-—CHZ-—C_H=C—.(CHz)z-CI_{=c-(cuz)z-CH=c-\-
L | CHy_
Lj 20 To a l-liter three-necked 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 nitrogen atmosphere, and the flask was cooled

25 in an ice bath. Then, 100 ml of an anhydrous

[___'_._.

tetrahydrofuran solution of farnesyl bromide (100 g, 0.35

mol) was dropwise added with stirring over a period of 30

"



|
The copol yneri zation reacti on was conducted in a manner described bel ow.
182 To t-he polynerizer were continuously fed, fromthe top thereof, a
%exane solution of ENB (7. 1 g/l) at a feed rate of 0.5 1/hr, a hexane
solution of [err] (0.8 mmol/l) as a catalyst at a feed rate of 0.5 1/hr, a
hexane solution 5 of ethylal um num sesquichloride [err] (8.0 mmol/l) as a
cocatalyst at a feed rate of 0.5 1/ hr nd hexane at a feed rate of. 0.5

4/ hr. On the other hand, the polyner %%?ution was conti nuously drawn out
fromthe top of the polynerizer so 10 that the™polyner solution in the
ipol ymeri zer wasnkaj#s ,C ditsltlaowed byarstanouimg ¢t kdont eremplewaitivete, fotro St he
pol yneri zation systemwere fed ethylene at a feed rate of 120 1/ hr

propyl ene at &oesd rate of 180 1/ hr and hydrogen at a feed rate of 5 1/hr

usi ng bubbl e tube. The 15 copoﬁ%gfrlzatlon reaction was carried out at
[err] by C|rculat|m§Q§(ﬁﬂﬂ%%ﬂf FRAHAORg RIX &Sk D BRodFEeR2Ebr st@e t he

pol ymeri zer. the mixture was dropwise added slowly a saturated ammonium
L. S5 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 6ve; anhydfous
- -]I} magnesium sulfate.  The solvent was evaporated and the
: residué_was subjected to vacuum distillation, to obtain 26
Fﬂ | g of the aimed product (5,9,13-trimethyl-1,4,8,12-
{- - B tetradecatetraene) {(yield: 32'%, based on farnesyl
% bromide) . |
; ' 15- _ . 'State:.colorless, oily
Boiling point: 117 - 120.°C/1 mmHg
. -FD-MS épeétrum:-232 (M*}
 1H-NMR spectrum (CDCl; solution): - - .
Lf - o 1.60 (6H, singlet):
| 20 1.68 (6H, singlet)
i. 2.05 (8H, multiplet)
L_ 2.75 (2H, triplet, J = 7 Hz)
: 4.96 (1H, doublet, J = 10 Hz)
L o 5.01 (1H, doublet, J = 17 Hz)

25 5.10 (3H, multiplet)
5.80 (1H, multiplet)

The reaction formula of the above reaction is

described below. _



Through the pol ynerization reaction under the above conditions, a polyner
sol ution containing an ethyl ene- 20 propyl ene- ENB copol yner was obt ai ned. .
The pol yner solution was deashed using hydrochloric acid and then
introduced into a | arge anmount of methanol to precipitate the pol ymer

(et hyl ene- propyl ene- ENB copol yner), L foll owed by vacuum dryi ng
at [err] for 24 hours. 25 Thus an et hyl ene- propyl ene- ENB copol yner
was obtained L in an anobunt of 64.8 é ﬁbr hour. In the

et hyl ene- propyl ene- ENB copol yner, the ethylene“units were contained in

anounts of 66.8 % by nol, the 183 propyl ene units were contained in
amounts of 31.4 %by nol, the ENB units wafé contalﬂﬁ¢ I n anouMtes of 1.8 %
by nol, and the | ar ratio of the ethyle uni t he ropylene units
‘was 68/32 (eth ne~ MetBpr épyBene” unres) . e [ n Sity

;Lerr] of this ethylene-propyl ene-ENB copol ynmer was 2.2 dl/g. Then & rubber
‘bl end was prepared in the sane mannef,

_ 5 — \/\/I\/\/\/\/‘\

- Example 12
| Polymerization was carried out in the same manner as
descriﬁed in Example 6 except tbat 35 ml of the MTDT_
o 10 (5,9,13-trimethyl-1, 4, 8, 12-tetradecatetraene) obtained
_ above was used in place of the EMN. |
- g As a result, 42 g of an ethylene-propylene-MIDT
| copolymer containing 61.0 % by mol of_ethylené units, 37.6
et ;' %:by mol oﬁ.propylene-units.and 1.4 % by gql-bf MTDT -units
1S aﬁd_having a molar ratio of the ethylene}ﬁnits'to-the :
_prppyléne units of 61.9(3811_(ethylene units/propylene
-units) and an intrinsic viséosif&f(ﬂf of 2.0 dl/g was
“obtained. ' _ S ' .
S - The vulcanizihé rate of the.copolymer was evaluated in =
.20  the same ménner as described in Example 4; As a reéult,

T90 was 5.8 minutes.

N Reference Example 6

= (Synthesis of 8,14,15-trimethyl-1,7,14-hexadecatriene

' 25  (MHDT)) .

i' (é =0, =1, £f =3, g=15, total number of hydrogen atoms
L. directly bonded to tﬁe carbon atoms adjacent to all the |

carbon-to~carbon double bonds: 20) _



—as described in Exanple 4 except that the ethyl ene- propyl ere- ENB copol yner
obt ai ned above was used in place of 10 the copolyner obtained in Exanple
4. The vul cani zing rate of the rubber blend and the vul cani zati on
—properties of the.resulting vul cani zed rubber were evaluated. The results

are set forth in Table 5. 15 Table 5 Exanpl e

| No. Ex. 4 Ex.5 Ex. 6 Ex.. 7 Ex. 8 Ex. 9 MLOO [err] 29 31 30
132 29 30 30 M200 [err] 70191 73 74 77 72 70 74
MBOO [err] 85 95 - 110 87 85 ™ 117 TB [err] 137 131
1151 162 129 a%z )168 EB [err] 380 310 480 490 310 480
1400 Hs (JIS A RE 66 68 67 68 68 \Vul canizing

Rate 6.3 5.0 4.6 5.1 5.4 4.8 11.2 T90 (min.) 184 Exanple 10
. To a 2-liter stainless steel autoclave thoroughly purged with nitrogen were
.iintroduced 900 nl of heptane and CHjy CHg CHg

| S V4
| H,C=CH— (CHy) y=CH=C= (CHy)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
L 10 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). .
§ 15 After the exothermic reaction of the conﬁent'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 6f_ally1 -
- 'bromide was dropwise added under c;oling-in an ice bath
20 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
25 transferred into a 2-liter three-necked flask in a nitrogen
_ ‘atmosphere.
L— With cooling the three-necked flask in an ice bath, to

the flask was dropwise added a solution of 1l-bromo-5,11,12-



20 M of EMN (4-ethylidene-8-nethyl-1;7-nonadiene), and was 5 further

i ntroduced propylene so that the pressure in the system becane 3.5

kg/ cn2- G Then, ethylene was introduced until the pressure becane 8

kg/ cn2-G Thereafter, 1 mmmol of. triisobutylal unm num 0.004 mol of

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate and 10 0.001 mmol of
(di methyl (t-butylam de) (tetranethyl cycl opentadi enyl)silane)titani um

e chloride were pressed into the sysﬂ@ﬁ\Mtf1rﬂjrogen toinitiate the

pol yneri zation. Then, only ethylene was continuously fed so that the total
pressure was kephedhyhenlliapd;5b8addenkOl Yy M®rizayi 90 M) COAt ARNKGHrats
[err] for 10 m nutes” The subsequent operation was carried out in the sane
manner as desgikbR¢li 8tE¥anpbeobmifsad aRSUhterHdl Ot &hp@fature of not

‘et hyl ene- propyl ene- EMN copol yner containing 63.5 % by nol of ethylene
iunits, 35.0 2Righe byanvd W @reapyd epreriod tef dhchohrs % by nol of EMN units
and having a nolar ratio of the ethylene units to the propyl ene units of
64. 5/ 35. 5 (et hyl endbfuerteheprdpypense uvpddiyiomdian ¢onpleleed Vikeosixjurer ]
of 3.1 dl/g was obtained. 25 The vul cani zing rate of the copal yner
Was eval ut ed"?f FHELEGReSHERRRd &% HEQErFBERETACE@ntPE @ hours.rcWhiie

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 into an organic

— 10 phase and an aqueous 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 évapo:ated and the residue was
15 subjected to vacuum distillation, to obtain 130 g of the
aimed product (8,14,15-trimethyl-1, 7, 14-hexadecatriene)
S (yield: 71 %, based on l—bromo—s,ll,iZ—trimethyl-4,11-

tridecadiene) . ' - . ' .

-

- The state and the properties of the 8,14,15-trimethyl-

20 1,7,14—hekadecatriéne are described below.

r

State: colorless, oily
— ' Boiling point: 130 - 133 °C/1 mmHg
FD-MS: m/z 262 (M%)

- 1H-NMR spectrum {(CDCl3 solution):

E{ 25 1.60 (3H, singlet)
‘ 1.61 (3H, singlet)
L: 1.65 _ (3H, singlet)
| 1.68 (3H, singlet)
-



T90 was 5.0 minutes. 185 Reference Example 4 (Synthesis of

13-ethyl -9-nethyl -1,9, 12- pent adecatriene (EMPDT)) (p =0, q =1, f =5, ¢
1, total nunmber of hydrogen atonms 5 directly bonded to the carbon atons
adj acent to all the carbon-to-carbon double bonds: 13) (EMPDT) C H [err] To
a 1-liter three-necked flask equipped with a stirrer, a Dinroth
condenser, a dropping funnel and a tq nmeter were introduced 24 g (1.0 g
aton) of flaky 15 netallic nagnesium 0 m of_ anhydrous di ethyl ether and
200ng of 1, 2-di bronoethane with stirring in a ni'trogen atnosphere , and
thereto was dropw se adtezl a bn&l{1tahomtltdfpletdol uti on of allyl bromnide

{127 g., 1.05. nol) in anhydrous diethyl ether (200 m). 20 Af ter
the exothernic reactior?d? the coffenmultipHet) i

;_ 4.95 (1H, doublet, J = 10 Hz)

: - 5.02 (lH,'doublet, J = 17 Hz)

_ 5 5.17 (1H, multiplet)

: 5.80 (1H, multiplet)

= ' The reaction formula of the above reaction is

described below.

.._, -10 . }i&e B;Ie Me

| o~ MsBr + Br-(CHy)y=CH=C-(CHylg-C=C

| Me
_ Cen
CIH3 i 3‘ CHy

T B _%-/\(cﬂz)é.ec:i:c—_(c.H215—c=c\ |
. 15 o T . CHg,
i

S Example 13

Polymerization was carried out in the same manner as .

- .. described in Example 6 except that 35 ml of the MHDT
{ 20 (8,14,15-trimethyl-1,7,1l4-hexadecatriene) obtained above
} was used in place of the EMN.
L. As a result, 49 g of an ethylene-propylene-MHDT
: copolymer cdntaining 63.0 % by mol of ethyiéne units, 35.8
— % by mbl of propylene units.and 1.2 % by mol of MHDT units
Lj 25 and haviné a molar ratio of the ethylene units to the
| prﬁpylene units of 63.8/36.2 (ethylene units/propylene
L units) and an intrinéic viscosity (m) of.1.8 dl/g was

obtained.



fask is initiated and allyl magnesi um brom de began to be produced, 300 ni
of anhydrous diethyl ether was added, and the rest of the anhydrous diethyl
et her solution of allyl brom de was dropw se added under cooling in an ice
bath 25 over a period of 1.5 hours (flask internal tenperature: not higher
"than [err]). The mxture was further stirred for 0.5 hour to obtain an
@Llylnagnesiunlbronide solution. The zgapluble portion remaining in the

al'l yl magnesi um br om de 186 solution”was renoved by decantation, and the
solution was transferred into a 2-liter three-nétked flask. Wth cooling
the three-necked fIBR& Ywleanizndparafe tof ttre feeRA YREr diap i waleaiRd
solution of 1-bronmo-10- 5 ethyl-6-nethyl-6,9-dodecadi ene (201 g, 0.70 nol)
i n anhydrous df® h§3M@tPRINEDDS nfigseriked it FraPienber Atird HESRbE-

hi gher than [eréé over _a period of 2 hours. After the dropw se addition was
tonpl eted, thel B X¥3F ® A HRPERRr stirred at room tenperature for 6 hours.
Vihile 10 the reaction nmixture was cooled in an ice bath, to the mxture
was dropwi se added slowy a saturated ammoni um

S Reference Example 7

(Synthesis of 4-ethylidene-12-methyl-1,1ll-pentadecadiene

3
i
-

“— | (EMPD) )
P (p =1, =0, £ =1, g=2>5, total number of hydrogen atoms

directly bonded to the carbon atoms adjacent to all the

10 c¢arbon-to-carbon double bonds: 14) .

(EMPD)

- CH (CHjy)

; - ”

__ 1_5 : . . CHg

L_ In a nitrogen atmosphere, to a 300-ml stainless steel

i (SUS316) autoclave were introduced 110 g (O.S,mol)-of 11- . -
L - methy1—3—methy1ene;1,lO—tetradeCadiene, 264 mg (0.5 mmol)

A 20 ' of a complex preliminariiy isolated as (1,2-

- bis (diphenylphosphino)ethane)cobalt (II) chloride and 10 ml

L; of a toluene solution of triethylaluminum

(triethylaluminum: 10 mmol, concentration: 1 mol/liter),

and they were stirred at room temperature for 30 minutes.

e

25 The autoclave was sealed and then connected with an
ethylene bomb, through which ethylene was introduced, so as
to pressurize the autoclave up to 10 kg/cm?. Thereafter,

[ —

the autoclave was heated slowly to 90 °C, and ethylene was



chl oride aqueous solution and were further added diethyl ether and water to
separate the nmixture into an organi c phase and an aqueous phase. 15

The organi ¢ phase was washed with a saturated sodi um hydrogencar bonat e
solution and a saturated saline solution and then dried over anhydrous
magnesi um sul fate. The sol vent was evaporated and the residue was subjected
to vacuumdistillation, to obtain the ainmed 20 product (134 g of
is-ethyl-9-nethy|-1,9,12-pentadecatrﬂéﬁ%) (yield: 77 % based on

1- br ono- 10- et hyl - 6- met hyl - 6, 9- dodecadi ene). State: colorless, oily Boiling
point: [err]ifgtigmibtently rEpibhishka 248 (Mnys[ eor pespoehr une[ err]
solution): 1.05 (6H, triplet, J =7 Hz) 1.60 (3H, singlet) 187
1.2 - 1.5 (8Hreauttibpl et) 92. 8C-£&r 24 (IBdhrsndn i fphts ).

L After cooling, the autoclave was released, and the
reaction mixture obtained was poured into 100 ml of water

iJ S 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,

P followed by.vacuum precision distillation of 20 plates.

. Thus, 88 g of the aimed product (4-ethylidenef12-
f{; -11) 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 %).
L The physiochemical data of the 4—ethylidene-12—ﬁethyl—
- ~ 1,11-pentadecadiene are described below.
L}-w . 15. . State: colorless, oily
. Boiling point: 120 - 125 °C/1 mmHg
Lﬁ C B | Result of FD-MS analysis: m/z 248 (M*: molecule.ion
peak) | | L
— - . 1H-NMR spectrum (CDC13 solution) : . ' '
{} 20 0.90 (3H, triplet, J = 7 Hz)
{ 1.2 - 1.5 (10H, multiplet)
L 1.60 (3H, doublet, J = 7 Hz)
i 1.70 . {(3H, triplet, J = 7 Hz)
— : 2.0 (6H, multiplet)
L 25 2.80 (2H, doublet, J = 7 Hz)
- | 4.9 - 5.2 (3H, multiplet)
; 5.28 (iH, quaftet, J = 7 Hz)

5.77 (1H, multiplet)



Z.75 (2H, triplet, J =7 Hz) 4.95 (1H, doublet, J = 10 Hz) 5

5. 00 (1H, doublet, J = 17 Hz) 5.10 (2H, multiplet) 5.80

(1H, nultiplet) The reaction fornula of the above reaction is described
below. 10 [err] 20 Exanple 11 Pol ynerization was carried out in the sanme
manner as described in Exanple 6 except that 35 ml of the EMPDT (13-
ethyl-9-nethy|-1,9,12-pentadecatriengkﬂgbtained above was used in place of
EMN. 25 As a result, 45 g of t hyl ene- pr opyl ene- EMPDT copol yner
containing 62.8 %by nol of ethylene units, 35.9 %by mol of propylene
units and 1.3 % byThel reacENBRT fuemihdaand hhei agoeenpeactiahi dsof the
ethylene units to the 188 propylene units of 63.6/36.4 (ethylene

uni t s/ propyl edescribed below.

=+ F N (CHZ’S“CH=‘,3" (CHyly-CHg

: ~ 2 “

. S Me

CH (CHy)

_ —————}/\/“\ (CHy) 5—-c1—1 CIJ—(CHZ)ZCHS
Me

Aimed product

K' 10 \/\/\
: M

Subproduct

Example 14
i 15 Polymerizatidn.was carried out in the same manner as
| * described in EXample'G except that 35 ml of the ﬁMPD_(é—'

L; - 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
[ 20 copolymer containing 60.9 %.by mol of ethylene 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

| 25 obtalned

The vulcanizing rate of the copolymer was evaluated in

; the same manner as descrlbed in Example 4. As a result,

T90 was 5.7 mlnutes.



—tnits) and an intrinsic viscosity [err] of 1.9 dl/g was obtained. The

vul cani zing rate of the copol yner was evaluated in 5 the same manner as
:described in Exanple 4. As a result, T90 was 6.2 m nutes. Reference
tExanple 5 (Synthesis of 5,9,13-trinethyl-1,4,8,12-tetradecatetraene (MIDT))
(p=0,g=1,f =0, g=2, total nunber of hydrogen atons directly bonded
ito the carbon atons adjacent to all the * car bon-t o-carbon doubl e bonds:
22) (MroT) 15 20 To a 1-1iterl®Hree-necked flask equipped with a
stirrer, a Dinroth condenser, a dropping funnel” and a thernoneter was
.introduced 500 m (0.435 nol) of an anhydrous tetrahydrofuran sol ution of
Lyinyl magnesi um (0.87 nol /1) in a nitrogen atnosphere, and the flask was
cooled 25 igafdvdriee dmplelleen, 100 ml of an anhydrous tetrahydrofuran
~solution of farnesyl brom de (100 g, 0.35 nol) was dropw se added with
;stirring over(Frgeitawiod &0 catalyst)

In an argon atmosphere, to a 300-ml flask equipped
— 5 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
10 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—
%- 15 tridecatriene (EDT, the aforesaid compound (47)))._
. {p = i, q=1, f=2, g=2, totai number of hydrogen atoms
— directly bonded to the carbon atoms adjacent to allfthe_

carbon-to-carbon double bonds: 22) . -

0

: o To a 1-liter stainless steel (SUS316) autoclave were

20 intfoduced 204.3 g (1,00 mol) of 7,1l-dimethyl-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
i 25 10 kg/cm?. Théreafter, the autoclave was heated to 95 °C
and ethylene was-intermiftently replenished eight times to

perform reaction for 15 hours in total.



189 minutes, followed by stirring at roomtenperature for 5 hours. Wth
cooling the reaction mxture in an ice bath, to the m xture was dropw se
added slowy a saturated amoni um 5 chl ori de aqueous sol ution and were
furt her added diethyl ether and water to separate the mixture into an
organi ¢ phase and an aqueous phase. The organi c phase was washed with a
saturat ed sodi um hydr ogencar bonat e sghgéion and a saturated saline solution
and then dried over anhydrous 10 nm iumsulfate. The solvent was
evaporated and the residue was subjected to vacuumdistillation, to obtain
26 g of the ained pfacuctthed r@ati-iton weshylompléer8dl2theetpntidedawvet wasne)
yield: 32 % based on farnesyl brom de). 15 State:.. colorless, oily
Boi | i ng poi nt copipd dnst melaaged-D- [Fhes peactden mIXtOome) opsaineshaasr um
[err] solution): 1.60 (6H, sinq!%h? 20 1.68 (6H, singlet) 2.05

iBH, nultiplePPured into 300 m water to separate the mixture into an

_ organic phase and an aqueous phase. From the organic

L; 5 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;
i; ) 10 trimethyl-1,4,8;12—tetradecétriene was obtained as a-
% subproduct (yield: 11 %).
L Boiling point: 116 - 125 °C/2 mmHg
: : (boiling point of a mixture of 4—ethylidene-8,12—
- _ ~ dimethyl-1,7,11l-tridecatriene and 5,9,13-trimethyl-
| L; | 15 1,4,8,12—tetradeéatrien§) :
) GC-MS:
i, s 232 (M*: molecule ion peak), 217, 189, 163, 148,
} 121, 107, 95, 81, 69 ol
- C - ' Infrared absofptidn épectrum (neat, cﬁf?) |
§ 20 3070, 2966, 2920, 2850, 1670, 1640,'1440, 1380, -
- 1235, 1150, 1105, 995, 960, 910, 830
é_ Proton NMR spectrum (90 MHz, bichloroform solution,
| ppm)
L 1.58 (3H, doublet, J = 7 Hz)
- 25 - 1.60 (6H, éinglet) |
- | 1.69 . (3H, singlet)
L; - : 2.01 -_~_(8H, multiplet)
: 2.78 -(2H, doublet, J = 7 Hz) .



|
2.75 (2H, triplet, J 7 Hz) 4.96 (1H, doublet, J = 10 Hz) L

5.01 (1H doublet, J 17 Hz) 25 5.10 (3H, multiplet) 5.80 (.
iAdH, multiplet) The reaction fornula of the above reaction is described
bel ow. 190 Me Me Me [err] Exanple 12 Polynerization was

carried out in the same manner as described in Exanple 6 except that 35 mi
iof the MIDT 10 -(5,9,13-trinmethyl-1,4, 8, 12-tetradecat etraene) obtained
labove was used in place of the EM\ A9 result_ 42 g of an
et hyl ene- propyl ene- MIDT copol yner containing 610 % by nol of ethylene
units, 37.6 % by nol of apoopykene (6mj tvubtdplet) % by nol of MIDT-units 15
:and having a nolar ratio of the ethylene units to the propyl ene units of
61.9/38.1 (ethyl ene units/propyl ene
1; - Reference Example 9
A catélyst was prepared in the same manner as

K 5 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
L 10 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,
‘concentration:. 1 mol/liter) at 25 °c,. followed by stirring
L 1S5 - for 2 hoﬁrs. - . ‘ .
Using the catalyst obtained above, the reacﬁibn was
| : + carried out in the same manner as described in Reference -
L : ) Example 8. o : : '- - : .
- : :As a fesult, 4-ethylidene-8,12-dimethyl-1,7,11~

20 tridecatriene was obtained (yield: 60 %),.and 5,9,13~-

trimethyl;1,4,8,12—tetradecatfiene was obtained as a

L subproduct (yield: 8 %).

L

= Reference Example 10

25 The reaction was éarried out in the same manner as
described in Reference Example 8 except that 1.05 g (2.00

Lo mmol) of (1,2-bi;(giphenylphosphino)ethane)nickel(II) .

chloride preliminarily prepared was used in place of the



|

units) and an-intrinsic viscosity [err] of 2.0 dl/g was obtai ned. The

vul cani zing rate of the copolynmer was evaluated in 20 the sanme nmanner as
{described in Exanple 4. As aresult, T90 was 5.8 m nutes. Reference
‘Exanpl e 6 (Synthesis of 8,14, 15-trinethyl-1,7, 14- hexadecatri ene 25
(MDT)) (p=0, g=1, f =3, g =25, total nunber of hydrogen atons
idirectly bonded to the carbon atons jacent to all the carbon-to-carbon
\doubl e bonds: 20) 191 (MHDT) [err] a l1-liter three-necked flask
equipped with a stirrer, a Dinroth condenser, a™dropping funnel and a

‘'t her nonet er wglg2i-bhisqdugadny4dpbokphlng) atagheptobhaky11) chdbabtbiec
ragnesi um 200 m of anhydrous diethyl ether and 200 ng of

1, 2-di br onoet pradiminhrifyr pregaireda nitrogen at nosphere, and thereto was

idropwi se added a spal | anount
o As a result, 4-ethylidene-8,12-dimethyl-1,7,11-

tridecatriene was obtained (yield: 43 %), and 5,9,13~

- S trimethyl-1,4,8,12-tetradecatriene was obtained as a

subproduct (yield: 7 %).

|“



of a solution of allyl brom 127 I n anhydr ous diethyl et her
(200 m). 15 After theTEﬂ |on of the contTé n Replaced
{flask was initiated and ally E[Fﬂ@e began to be pr ﬁiﬂ”"
Lof anhydrous di ethyl ether was added "and rest of the anh

ether solution of allyl - brom de was dropw se added under cooling in an

rice bath 20 over a period of 2 houzﬁ%(flask I nternal tenperature: not
“higher than [err]). The m xture wa ]urther stirred for 0.5 hour to obtain
an al |l yl magnesi um brom de sol ution. The insoluble portion remaining in the
§aIIyInagnesiuhabrbm’dba:’;médtian was renoved by decantation, and the
Lsolution was 25 transferred into a 2-liter three-necked flask in a

ni trogen atnosphete. &1 WW‘FW?%@‘?W@@“%&%&‘WW? BRREEER bath, to
:the flask was dropwi se added a sol utipon of g 1,.12- 192
Ltrinethyl -4, 11- trKﬁbcaiﬁ%$ép?9ﬁﬁY@Fr04%Oan5?3 ?W\%ﬁﬁﬁiﬂ%ﬁﬁ A et hyl et her
(200 M) at an |nternat eQBﬁ{?ﬂﬁ{e of not higher than [err] over a period
y of 2 hours. 1) €

L. 5 (ii) an o-olefin of 3 to 20 carbon atoms, and

l (iii) at least one straight chain or brancned

- chain nonconjugated triene or tetraene having one vinyl

g'- group in the molecule;

- (B) said.copolymer cqmprises:

i, - 10 (i) constituent units from said ethylene in an

. amount of 30 to 92 % by_mol, |

Lf (ii) COnstituent'units from said a-olefin of 3 to
20 carbon atoms in an amount of 6 to 70 % by mol, and

L;- : : (111) ‘constituent units from said nonconjugated

%i 15 triene or. tetraene in an amount of 0.1 to 30 % by mol, in

i which

LJ (iv) a molar rat;e'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

20 40/60 to 92/8; and _

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

- _

L; measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

; 2. The unsaturated copolymer of ethylene as claimed

.L~ in claim 1, wherein the nonconjugated triene or tetraene

i 25 (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.



After the dropw se addition wa , : _
;stirred at roomtenperature f-oﬂ’ MIHIMM t he reactiOdedi il BeSRWBSed
.cooled in an ice bath, to the nt uSil m/ise added te
~amoni um chl ori de aqueous sol ution and weré further added]ﬂ“&ﬂlﬂjmu ran
water to separate the mxture into an organic 10 phase a

?phase. The organi c phase was washed?§2ﬂ121saturated sodi um —-- -

“hydr ogencar bonate sol ution and a safurated saline solution and then dried
_over anhydrous magnesi um sul fate. The solvent was evaporated and the
iresidue was 15 ubj hednspturahed dienelyngy ohf e viree res 3olaingdt he
-ai med product (8,14, 15-trinmethyl-1,7,14-hexadecatriene) (yield: 71 % based
on 1- br onp- 5+ 1Ch31R 2 nptREFEHN 150€ { RONCRRAPIAEFS FhECREAPE LALTRRRE

[ .. 1he, 8, -tri hyl - , 14- d '
Beobr beg boloh Braf . My cPs BB ey, fmd: 431 IFRSECRERETE, Tiony,
FD- M5 iz F%ﬁ% égﬁé%§€ﬁ5§#;gﬁ%%%rééeré&tngg:tgé nonconjugate&'60

{ (3H, singlet
L 5 triene or tetraene (iii) in (B) are represented by the

Hi cted THeTixture 5 was further ,
X g

following formula (H-2):

L
| R R3
- | - 8 _gt | 7T _~p8ga9
, - Hg C=CH-CH,#CH—+CH——CR" =CR F—C>»>CR'"=CR"R
Q 10 b .. I P l T . q I g i
’ 51
L Ha
: (H-1)
L : )
wherein p and g are each 0 or 1, with the proviso that each
! 1S of p and q is not 0 at the same time; f is an'integer of 0
o - to 5, with the prbviso that when p and g are each 1, £ is
e not 0; g is an integer of 1 to. 6; R!, R2, R3, R4, RS, R6 and
1 R7 are each hydrogén-or an alkyl group of 1 to 5 carbon .
= - atoms; R® is an alkyl group of 1 to 5 carbon atoms; and R?
; ™20 is hydrogen, an alkyl group of 1 to 5 carbon atoms or a
group represented by the formula - (CHjz),-CR1=CR11R12, where
i“ 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
25 and q are each 1, R% is hydrogen or an alkyl group of 1 to
L_ .

S5 carbon atoms;

[
ol



765 (3H ':'Lnrllpfl 1 (3H S|ngl et) 193 1.2 - L5 ( 10H,

nul tiplet) mJItl (1H, doublet, T eenRe 1a°ed
g..oz (1H doH”l lﬂl“ Mm 5.17 (1H, H ‘I\

80 (1H, nu tlon fornula of the above rea
descri bed bel ow. 10 [err] Exanple 13 Pol ynerization

1s carried out in the same nanner ggscribed i n Exanpl e 6 except that 35
M of the MHDT 20 (8,14, 15- trlnethy; 7, 14- hexadecatri ene) obtai ned
above was used in place of the EM\. As a result, 49 g of an -
pthylene-propyTEN KA4DT CCBpotymer containing 63.0 % by nol of et hyl ene
units, 35.8 % by nol of rropylene upits and 1.2 % by npl5 of MHDT units

| |
R Cl-'g—(c»——c;—f——ca?*—ca )——-C)—CR7—CR8R9
— B[ | |

CH '

L 5 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, wherein the nonconjugated triene or tetraene

10 (iii) in (A) is represented by the following formula (Ia),
and the constituent units derived from the nonconjugated
— = triene or tetraene (iii) in (B) are represented by the

following formula (Iia):

15 -
$1 RS

Iy
L HZC—CH—CHz‘éc CR3=CR4‘€C cr7=cRr8RY
| |,/ | e
3 R : R -
20 - (Ia)
. wherein £ is an integer of 0 to 5, g is an integer of 1 to
L; 6; R, R2, R3, R%, RS, RS and 37 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
i; 25 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;

C— —



of 63.8/36:2 (ethylene units/propylene units) and an intri NHiiCShydt BEQebrd Nepl U
err] of 1.8 / 194 The vul canizing rate
B:epolyrrer was(immmmlm m"lmlsarre manner as described in Eiu ”"mmm m
o
='5, total nunmber of hydrogen atoms di tly bonded to the carboh atonB
adj acent to all the 10 carbon-to-carbon doubl e Bonds: 14) (EMPD) [err] In
264 mg (0.5 mml) 20 of a conplex prelimnarily isolated as (1, 2-
i? —+H2C CHY— RS

éB and having a molar ratio of the ethylene units to the propylene units
result, T90 was' 6.0 finlites. 5 Reference Exanple 7 (Synthe5|s
4-ethyl i dene-12-nethyl -1, 11- pentadecaqigge (EMPD)) (p =
a nitrogen at nosphere, to a 300-m stainless steel (SUS316) autoclave were
introduced 110 g (0.5 nol) of 11- nethyl-3-nethyl ene-1, 10-t et r adecadi ene,
- | I Tl [ !
s CHZ{C‘I%CR3=CR4T?%CRT=CRBRQ
Rg f R6
- (ITa)
wherein f, g and R! to R? have the same meanings as
described in the formula (Ia).
10 - S. ' The unsaturated copolymer of ethylene as ciaimed
_ in claim 4, wherein R!, R?, RS and R® in the formulas (Ia)
L:' and (IIa) are each hydrogen.
j : ' 6. The.unsaturated copolymer of ethylene as c;eimed
_in'claim 3, wherein the. nonconjugated triene or tetraene
15;i.(iii) in (A)-ie represented by the fdllowing:fo;muia (Ib),
and the constituent upits_derived from the noneonjugated.
. triene or tetraene (iii) in (B) are represented by the '

following formula (IIb):’ ]

T

PR - |

- Hz(:’=CH—CH2-<!:'-(CR'1 R2) .- (crR3R6) _-cRT=CRE®R?
B CH (CHg)

~ (1b)

; 25 wherein f is an integer of 0 to 5; g is an integer of 1 to
” 6; R, R2,'R5, R and R? are each hydrogen or an alkyl group
;ﬁ of 1 to 5 carbon_efoms; R® is an alkyl group of 1 to 5

. carbon atoms; and &9 is hydrogen, an alkyl group of 1 to 5
| .

—

r



L_ bi s(di phenytphosptimo) et hane) cobal t (11) chloride and 10 m g SHect Bls 0GR laced

sol ution of i ' (triethylalum num 10 nmol, con '
~mol/liter), Mmm “ rEIIIrr'ed at roomtenperature for_30ﬂmmgmlat u ,
+ _The autocl ave *was seal®d sand t hen connected with an ethyl ene ,

whi ch ethyl ene was introduced, so as pressurize the autoclave up to 10
i [err] Thereafter, the autoclave was heated slowy to [err], and ethylene
' .was 195 intermttently replenished two tines to performthe reaction at
“lerr] for 4 FRYXPIN| ALPBEaPr Af FEPUROBEPAYSCRERA oY oelravEo sl # et é8BBh~ and
the reaction m'xturlxg 1ozbt ai ned was poured into 100 _m of vat
eR

| , 5 t

| separate theCRIKCR &Rt ¢P&FSMgdT @PpRASEIZFd °%n LageSus Rpﬁra%’éd R]fcl)lr @Fa he

- [ h | boi | i b ti db f

" ovaporat or - S8 R BYER BEURY pf bR L] SHOME ST 1] 28 of THESRP JAGTEL. Hie.

! 88 f th ' - - | -12- -1, 11- tad di

e Jobt ai ned oy 8 An o GRH e 508, pRitboliPhRblns} 11 pent adecadi ene)
5,13-dingthyl -1, 4, 12- hexadecatri ene -

—Hy C-CH—

éHz-'Cl-.(CRlRZ)_fj(CRsRG)g-CR7=CR8R9 .

CH (CHg ) |

10 - (IIb)

L : 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. |
L 8. The unsaﬁurated copolymer of eth&lené aé_claimed

in claim 6, wherein the nonconjugated tetraene (iii)_in (Aa)

— is represented by the. following formula (Ib'), and the .
L constituent units derived from the-nohéonjﬁgated tetraene
. 20 - (iii) in (B) is represented by the following formula
. (IIb') = - |
- . B . 11g12
H2 C=CH-CH2—{C}-—£C};-{C);C=C—(-CH2')—i-C=CB. R
I i |
? CCH . o 6
- 25 1 R R

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



“'(‘I sonmer) was produced as a subproduct (yield: 18 9. The physi ochem' cal

data of the -1Z-met hyl - 1, 11- pent adecadi ene are eenRé laced
}bel ow. 15 m oily Boiling point: 120 - [er
Result of FD gmmn “IMB 48 [err]: nol ecule ion peak) [

90

lerr] sol ution)s (3H, triplet, =

‘1.5 (10H, rrultlplet) 1.60 (3H 20@Qublet, J =7 Hz) 170 H,
triplet, J =7 Hz) 2.0 (6H, multiplet) 25 2.80 (2H,
doublet, J =7 Hz) 4.9 - 5.2 (3H, rrultlplet 5. 28 rtet 7

1H, qua
'Hz) 5. 77 grems, afulk iy e'ft)carbo}.'g@tﬂ%s'r c S0 R Grlﬁéfl(lagGPaPthaBO\Fé’

reaction is described bel ow.
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;

_ 5

5 —+tH 5 C-CH }— Rl RS p7R8  ato

3 . Ny I
CHZ-{C)—-(C);—(c);C:C—GCHZ?'?C:CRI1812

s It | [ ' '

i g

L Cih rR2 R

] CHg . |
10 | . _ . (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

L o . in claim'B, wherein Rl"-'R2 R5 and R® in the formulas (Ib‘)
| 15 and (IIb') are each hydrogen |
10. The unsaturated copolymer of ethylene as claimed
| in claim 6, wherein the nonconjugated triene or tetraene _
(iii) in () is rgpresenﬁed'by the following formula (Ic),.

e s and the constituent units derived from the nénconjugated

20 ' triene or tetraene (iii)'in'(B) are represented by the

T

following formula (IIc):
~ H, C=CH-CHy-C-(CR'R2Z) - (CR5R®) ~cRT=CcRERS
» il
= CH (CHg)
25 ' (Ic)

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

! 6; R!, R2, R5, R® and R’ are each hydrogen or an alkyl group

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

r



L ——— v

R

. — oy v

| _
ame manner e 6 except that 35 m of th’éhlﬁiﬂﬁ) eenRe lac'd
thylldene 12 ne cadi ene) obtalned above was u
6f the EMN. As a ' ﬁgJ an et hyl ene- pr opyl ene- EMPD 20

inits and 1.5 @6by nDI of ENPD units @% haV|ng a nolar ratio of the

‘hyl ene units to the propyl ene units~of 61.8/ 38 2 (ethyl ene
obt ai ned. The watlami atomss aaedoR® tie hywhuigareomas eddwlatgembum dthd sane
manner as described in Exanple 4. As a result, T90 was 5.7 m nutes. 197

——tHy C-CH$——
. 3 CH,-C-(CR'RZ) .-(crR®RE) -cR7=crERS
- . .

['rr] Subproduct Exanpl e 14 15 _ Pol ymeri zation was carried dﬁ? in the
contalnlng 60. 9 ene units, 37.6 % by nol of propy
units/propylene units) and an intrinsic viscosity [err} of 1.9 dl/g was 25 .
Ref er ence Exanpl@2B8P@Prapemati on of catal yst)
. | l

CHI(CH 3 )

(I1c)
" wherein £, g, R}, R2 and RS to R® have the’same meanings as-

10 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,

. 15 in ebedmoobxx 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. . .

(T

13.  The unsaturated copolymer of ethylene as claimed
any one of claims 1 to 11,
20 in ety 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,
25 in gkabmxkx 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.



M an argon atnosphere, to a 300-m flask equipped 5 with

stirrer were introduced 1.05 g (2.00 mol) of . r%%%ﬁeetﬁasBmRe faced
(1, 2- bi s(di phenyl phosphi no)ethanejcobal t (11) chloride and mlmnluumllll “
anhydr ous decane, rred at 25 [err] for 30 n1n

at the sane terrperiﬂﬂmmwmummuture was further added 100 m of a
hexane sol ution of 10 frlthyIaIuﬁlnuﬂbétriethylalunlnunl 100 mol ,

eoncentration: 1 nol/liter), and the ture was further stirred for 2
hours to prepare a catalyst. (Synthesis of

4-et hyl i dene- 8, 12- dﬁnethybrbcésblfo}5prbpad&ﬂgtanenaséEDfatéhec@b@ﬂ@&@kd
conpound (47))) (p =1, q =1, f =2, g =2, total number of hydrogen atons
directly bonded B¢hMﬁan&ﬂtnnmpninﬁngﬂﬁqnn&ﬂmanizﬂﬂg t he carbon-to-carbon
doubl e bonds: 22) To a 1-liter stainless steel (SUS316) autoclave were L
20 introduced 20413 gethrydergel ) of 7, 11-dinethyl - 3- nethylene-

1, 6, 10- dodecatrlen err] f%rt%g%n%f §VQ|I§%I%a§E§g1%g%%g K% Kogyo

K K. ) and the mhole a unt 0 e- catalyst prepare ove

‘aut ocl l ed.. .Th t hyl f, th :
it ool ave Decame 280k AERPE SMRerEarire ha BuPEcP rg%%%%a‘@ ﬁ&geed to
Lerr] and et h)f%%houﬁ%%at@de%@?fe&l%mdryt %Qja%'i‘l' Shadialgithe! WTRY 1! YRS A0

‘reaction for t ot
- the molecule;

!' in the-p;esence of a catalyst formed from a transition
B metal compound, and an organocaluminum coméound and/or -
"L_' ] 10 ionized ionic compound, to obtain an unsaturated'copolymer
of ethylene wherein: )

- . () said copolymer.is a random copolymer of:

(1) ethylene,

(ii)_an_a—olefinibf 3 to 20 carbon atoms, andf'
15 (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'.
. . 20 1amount 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

25 which

(iv) a molar ratio of said constituent units from

said ethylene (i) to said constituent units derived from



1“198 After th et ed, the autoclave was cooled an

- rel eased. The re obtalned was poured into 30@hl lmxd

. separate the Lm'l ‘WBQH H;" gani ¢ phase and an aqueou

—organi ¢ 5 phas substance portion was rennve

~evaporator, followed by vacuum precision distillation using a packed colunn
of 20 plates. Thus, 153 g of the aizmgg product (EDT) was obtained as a

—col orl ess I|qU|d (y|eId 66 %9. Further, 26 g of 5,9,13- 10
trimethyl-1,4,8-,12-tetradecatriene was obtalned as .a subproduct (yield: 11
0/() Boi | i ngsééﬁnﬂ olpgin o 3 tanidd @Seom@tesisnt(idd 4smimt Ghe senge
—4-ethylidene-8,12- dinethyl-1,7,11-tridecatriene and 5,9, 13-trinethyl- 15
1, 4, 8, 12-t ePFad@¢&0r ten82/6c- pBd 232 (M+: nol ecul e i on peak), 217, 189,

163, 148, 121, 19&) sa1§1¢0881§822aﬁ§9 QHSQE rlRSlépgc éggléye%ﬁ) [ggr])

measured in Decalin at 135 °C, of 0.05 to 10 dl/g.

L. 5 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 end two hydrogen'
10 atoms are bended'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 hydrogee.atoms are bonded to a carbon:atom
15 adﬁacent to a carbon atem contained in the main chain.

17. The - process for preparing-an unsaturated
copolymer of ethylene as claimed in claim 16, wherein said
nonconjugated triene or tetraene (iii)'in (2) is ' .

- - 'represented by the follow1ng formula (H- 1), and said
20 constituent units from said nonconjugated triene or

tetraene (iii) in (B) are represented by the following

formula (H-2):

L rR! RS
3 -
25 HgzC=CH- cr:z-sﬁ}:—cl:};—eca CR J——tC}—ca7-c98 S
CH
[ R 2 | ~ RS
CHg

—

(H-1)



=20 70, 2960, 2920 2850, 1670, 1640, 1440, 1380 1235, 1150,
1105, 995, 960 910, 830 NMR spectrum (90 MHz, bi chI BeenR laced
. sol uti on, 'J ‘E doublet, J =7 Hz) 25

“—(6H, si ngl et) M ﬁ'”",”mum" I ngl et) 2.01 (8H, nulti pI e

(2H, doubl et, KR 6.0 (6H, nultiplet) Reference Exarrpl e
{ 9 A catal yst was prepared |n the sqyponanner as 5 described i.n Reference
—Exanpl e 8 except that 0.26 g (2.00 nnDI) of amnhydrous cobalt(11) chloride

o S DR b oyt SRR bAih (11 R G RSB Ea ISACH
_prepar ed, tla tQ e SUSRE! |00r23twq:she %gﬁ‘% Jtt mel ':}9 o (a‘}t Q.Qx rsgqg”eg 9

1, 2- bls(d|phen§1ﬁh sﬁ%lno)et ane was a € ‘mxt'ure was
[err] for %O%nswfﬁﬂjﬂﬂe proviso that when p and q are each 1, f is

!
L

not 0; g is en integer of 1 to 6; R!, RZ, R3, R%, RS, RS and
5 R7 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
n is an integer of 1 to 5, R!? and R!! are each hydrogen or ’
10 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;

15 ——%CHZ—CH%——

_ _' N R gl g
L CHZJﬁ}——%¢—CR3-CR }—;%FCR7—CRSR9
o | CH e . RS oo
L _ CHg4 '
20 | , - (B-2)

wherein p, q, £, g and R! to R? have the same meanihgs_as
described in the formula (H—lt.
18. The process for preparing an unsaturated
_ copolymer of ethylene as claimed in claim 16, wherein said
25 nonconjugated triene or tetraene (iii) in (A) is
represented by the following formula (Ia), and said

constituent units from said nonconjugated triene or

1
| — —



the m xture was added 100 ni of a hexane solutlon of trlethylalun1num
nun1 | nol/liter)

_by stirring 15 UBlng t he catalyst obtalned aonETET
Teaction was c Iﬂ#iﬂﬂ@, sanme. manner as described in R
Exanple 8. As a*res dene 8,12-dinmethyl-1,7, 11-

‘tridecatriene was obtained (yleld 60 @@ and 5,9, 13-

~%r|nethyl 1,4,8,12-tetradecatri ene wakl obtai ned as a subproduct (yield: 8

% . Reference Exanple 10 25 The reaction was carried out in the sane

| manner as desekida@thd N(iRENHENANCE)DHB R SeRINa Wiate v %19 di P mol)
of (1, 2-bi s(di phenyl phosphi no) et hane)nickel (11) chloride prelimnarily

prepar ed was fesethlian @mage of the 200
' (1, 2- bi s(di phenyl phosphi no) et hane) cobalt(11) chloride prelimnarily
_prepared As a result, 4-ethylidene-8,12-dinethyl-1,7,11-

E‘ ' : ' : (Ia)

' ' wherein f is an integer of 0 to 5, g is an integer of 1 ton
| 10 6; RI, 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

-

- (CHz) ,~CR19=CR11R12," where n is an integer of 1 to 5, R0 and
15 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;

—(-HZC CHa——

20 caz—é

1 " _ R.S
g-ca3=ca4—€c':%—'ca7=cnﬂ rY

9 f

- —

{IIa)
- wherein £, g and R! to R% have the same meanings as

2S described in the formula (I&).
19. The process for preparing an unsaturated

copolymer of ethylene as claimed in claim 18, wherein RI,



“Tridecatri ené Was obtained—(yield: 43 %, and 5,9,13- 5 5 o
.trinethyl-1,4$ ' triene was obtained as a subpro heetHao Bebn Répjaced -
L((),/'()' AVENDE mﬁllm,mﬂ&lﬂy An unsat urated copol yner of et Iiﬁ
A) said copol ynmer 18 amt copolymer of: (i) ethylene, (i ' .
[err]-olefin of 3 to 20 carbon atons, and . (i) at leas
Istrai ght chain or branched chain nonggz]ugated triene or tetraene having -
[ﬁne vinyl group in the nolecule repr nted by-.the following formula (H 1)
[err] wherein p and q are each O or I, with the proviso that each of p
tand q i s not R3,aR3t Apdsrfreint i tiee formubamsi hTageanadf (DIab &reweéabht he
lproviso that when p and q are each 1, f is not O; g is an integer of. 1 to
6; [err]and ph&drjoge@me each hydrogen or an al kyl group of 1 to 5 carbon

latons; [err] is an al k}fl group of 1 to 5 carhon atons; and RO
20. he process for preparing an unsaturated

| copolymer of ethylene as claimed in claim 16, wherein said
L5 5 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
N i formula (IIb): -
L 10
_ HyC=CH-CH,-C-(CR'R2) ;-(cRSR®) -cRT=CRER®
3 CH(CHg)
l_ 15 - o apy
| 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
w ' of 1 to-5=carbon étoms{ RF is an alkyl group of 1 Fo-S' -
- carbon atoms; éhdiR9 ié hydrogen, an alkyl group bf.l to 5
E; 20 carbon atoms or a group represented by thé formﬁla -(CH3) n-
o CR10=CR11R12, where n is an infeger of 1 to 5, R!% and Rl are
L, each hydrogen or an alkyl group of 1 to 5 carbon atoms, and

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

B 25 - —mzc-clzﬂ:——
| caz-c-.-(cnlaz)
- |-

- CH (CHg)

¢-{CrR5RE) _-cR7=CcrE®Rr?®

(IIb)



’TS hydr ogens—an—al kyl _group of 1 to 5 carbon atons or a group represented

by the fornul rr] where nis an integer of 1 to 5, [err] : eerplt
| each hydroge_i;ﬂﬂ lemmul ﬂm)Eunup of 1 to 5 carbon atons, and l” .
—al kyl group OR™T¢ t'd! wolllat oms, with the proviso that wh

20

each 1, [err] is hydrogen or an alkyl group of 1 to 5 carbon atons;
{ (B) said copolynmer conprises: (i) quitituent units fromsaid ethylene in
tan anmount of 30 to 92 % by nol, (ii) nstitueat wunits from said
[err]-olefin of 3 to 20 carbon atons in an anount of 6 to 70 % by nol, and
i (ii11) consti wherteimift,s o,r &, SRP dandnROjaidrt dchver itdree samet ateaadmegs as
i fepresented by the followng formula (H2) [err] whereinp, q, f, g and Rl
to R9 have tHessaibededn e forgederiddd -in the. fornula (H1), in an

campunt of 0.1 to 30 .%by nol, in which (iv) a nolar ratio of said
Lponstituent uni t s2fronfthe process for preparing an unsaturated

copolymer of ethylene as claimed in claim 20, wherein RI,

-

- S R?, R’ and RS in the formulas (Ib) and (IIb) are each
hydrogen.
— 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 -
10 following formula (Ib'), and said constituent units from

said noncoﬁjugated tetraene (iii) in (B) are represented by

— the following formula (IIb'):

B 71 _175 ?‘_(R_g RgloO
15 HgC=CH-CH,4Cr—C}—~Cj-C=C—CH, +—C=crllipl?
B . V4 Y ‘ £ l g 2'n
.CH . ~
| i ‘rZ RS
CH., -
L _ 3 (Ib")

_ whg:gin f is an integer'of'o tq's,_g‘is an integer of 1 to
L } 6; Rl, R2, RS, R6 and R7 are each hydrogen or an alkyl -
g. 20 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
f . each hydrogen or an alkyl group éf 1 to 5 carbon atoms, and

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

— ' - | _I‘ I_ 11gl2
CHZ-{ﬁ)——-(C.).f———(Cl)';C~C—+CH2'}_nC—CR R
|
8
CHg (IIb')

lma{]



‘sal d et hylene ( to said constituent units fromsaid [err]- lggglfeét@apéeeg‘m
5 e o R |

;copolyner has

“of 0.05 to 10 dl/g. The"ungat tir at ed copol ynmer of ethyl ene as

claim[err], wherein the nonconjugated triene or tetraene (iii) in (A) is

;represented by the follow ng formul azqlka), and the constituent units

~der|ved fromthe nonconjugated triene or tetraene (iii) in (B) are

represented by the follow ng forn% ['1a) [err], wherein f is an
¢}

integer of 0WhemRim fs @n PntRyeR%Gf R tt@ §8 ’éﬁirlf* r"é’é%t %h bRy &&€n or an

galkyl group of 1 to 5 carbon ato k{? an alk g pof 1to5

car bon at ons;S3Hd ’i‘-@aIFan?ﬁ/d?% ‘?lsc’éhé%ﬁs ré? ‘YJl {)ﬂ% Yarbon atoms or

a group represent e formulaJerr |nt [q of 1 to 5

i_{_err]- and [err] are eac empd:r ogerT of[0 #a\e%?l% c?tTpuo aji_:u[ car bon
copolymer of ethylene as claimed in claim 22, whereln R1,

S R2?, RS and R® in the formulas (Ib') and (IIb') are each
hydrogen. -

L‘ 24. The process for preparing an unsaturated

copolymer of ethylene as clalmed in clalm 16, whereln said

nonconjugated triene or tetraene (111) 1n -(A) is

'L_' - 10 represented by the-following formula (Ic), and said

constituent units from said nonconjugated triene or

tetraene (iii) in (B) are represented by the following

formula (IIc):

s H2C=CH£H2fﬁ%CR1R2)f-(CRSRSJg-CR7=CR§R35

CH(CHs)

(IC)-

— C -l whereln f is an 1nteger of 0 to 5; g is an 1nteger of l to

20 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 alkyl group of 1 to

5 carbon atoms;

—+%H, C-CH}—
a 25 ? |
e . ' CHQ-C(CR
1l
CH(CH3)

' g2) - (crRSRE) -cR7=CcROR?®

(I1ic)



1

atons, and Rlz_l_s_a,n_al—kA,LI———greup of 1 to 5 carbon atons; [e J,Slla)

wherein f, and er have the sanme neani ngs as des laced 5
for nmul a (I a) "ﬂ (ﬂ opol yner of ethylene as claine l 1
wher ei n [err] e formulas (la) and (11a)

unsat ur at ed copolyner of ethylene as clained in claim 1, mherern t he

ponconj ugated triene or tetraene (|||% En (A is represented by the

following fornmula (Ib), and the const } ent units derived fromthe

nonconj ugated triene or tetraene (iii) in (B) are represented by the

fol | owi ng formexedn . derk ®bRNANB? et® R iave the qpite gleaning$;ay is
n integer of 1 to 6; (£err ] and err] are each hydrogen or an al kyl group of
T to 5 carbond@Ssmibgdin the FPEIAA GhOup of 1 to 5

I 25. The process for preparing an unsaturated

copolymer of ethylene as claimed in claim 24, wherein RI,

5 R2?, RS and Rf in the formulas (Ic) and (IIc) are each

r

- hydrogen.

L: 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

i_ ) 10 carbon atoms adjacent to ail the carbon-to-carbon double
bonds in the nenconjugated triene or tetraene (iii) in (A)

L:. - is 9 to 33.

i 27. fhe process for,preparing an unsaturated

“Lf;u.. B copolymer of ethylene as claimed. in claim 15,:Qhérein the

i; . 15 total number of the'hYdrogen-atoms direetly.bénded to the

| carbon atoms édjacent-to allfthé carben—to—carbon,deuble

.L_ bonds in the nonconjugated triene or tetraene (iii) in ()

| is 12 to 33. | - . -

3 - | , | 28. The process fer-pteparlng an unsaturated

i‘. | 20 copolymer of ethylene as clalmed in clalm 15, wherein the

=~ total number of the hydrogen atoms directly bonded to the

_l_ carbon atoms adjacent to all the carbon-to-carbon double
bonds in the nonconjugated triene or tetraene (iii) in (3)

L is 14 to 33. |

i : 25 29. A rubber compoeition comprising:

- an unsaturated copolymer of ethylene as claimed in

L: | claim 1, and . | |

o



L

tar bon at ons; %an al kyl group of 1 to 5 car]a]gsr*s nal RS

a group represented by la [efr] [err] where nis an.in Be“Reham
to 5, [err] andi ”wm ydrogen or an al kyl group of 1 ﬂﬂﬂU Mi

&t ons, and [err WWJMW of 1 to 5 carbon atons; [err

g, [err] and [err] o qemr t he sane neani ngs as descrr bed in the

forrrul a (lb). 205 . 5. The unsat upated copol yner of ethylene as clained
in claim4, wherein [err] and [err] in the forsrulas (1b) and (Il1b) are

sherein ﬁgeﬂonl?,%rﬂ S (T PRITT Tar ] Sty g
f_oIIovmngformJI stituent units derlvedfromthe

i

nonconj ugat ec?qe rae e))(l @f éﬁ&(gpr s represented by the follow ng fornula

(11b7): Terr] wherghn 4 s bt fdgdie Gd A andlidts N AdE G86Fe ¥ ndnt O

[

300 parts by weight based on 100 parts by weight of said

u‘ .

L~ unsaturated copolymer of ethylene,
(b) a softening agent in an amount of not more than
L 200 pafts by weight based on 100 parts by weight of said
unsaturated. copolymer of ethylene, and
_ (c) a vulcanizing agent.
L.
b
r’
. .
B
L
B
.
L
L -
!
L-,

"'

C



Lﬁ; [err] and[err] are each hydrogen or an al+ylgreup—ef—1-to 5 carbon

atons; [err] is an alkyl group of 1 to 5 carbon atons; n is an integer of 1
ito 5; [err] and [err] are each.hydrogen or an BigSpeet Rdplagedt 0 5 car bon
tatons, and R12 is an alkyl group of 1 to 5 ¢ rbi y (rrb") -
wherein f, g, n, [err] to [err] and [err] to [ me neani ngs
ras described in the formula (Ib") Z0Bb 7 The unsaturated copol ynmer of
Let-hyl ene as clainmed in claim wherein [err] aRd [err] in the formul as
(I'b') and (I11b') are each hydrogen. Thgﬁgﬁiib#rated copol ynmer of ethyl ene
.as claimed in claim4, wherein the nonconjugated triene or tetraene (iii)
in (&) is represenjed byt (6<LOLLAYR0LBLTYRAr( be) ecARlehle compliisesent
units derived fromthe nonconjugated triene or tetraene (iii) in (B) are
represented byahBenf ebpewyrgrf @fmuia Ethylene, (ii) an a-olefin of 3 to
]

[T

20 carbon atoms and (iii) at least one straight chain or

branched chain nonconjugated triene or tetraene having one

(%)

vinyl group in the molecule, which contains 30 - 92 % by

mol of ethylene units (i), 6 - 70 % by mol of a-olefin

7

units (ii) and 0.1 - 30 % by mol of tfiene or tetraene
L units (iii), and whiéh has a molar ratio of ethylene units"

10 (i) to o-olefin units (ii) of 40/60 to 92/8 (ethylene units .

£

(i)/a-olefih units (ii)) and an intrinsic viscosity (M),

measured in Decalin at 135 °c, of 0.05 to 10 dl/g. This

—

novel unsaturated copolymer of ethylene is excellent in

A

- weathering. resistance, heat resistance and ozone resistance

i - .15 and has-a high vulcanizing'rate."

R G



.lerr] (1c) wherein.f is an integer of 0 to 5; Is.an integer of 1 to 6,

e e e aup of ‘1 105 Thie s the ?éﬁfﬁciﬂlﬂlﬁlﬂuﬂﬂﬂmﬂﬂll“ o

207 carbon ?h?@@ms éﬁ# S hydrogen or an al kyl group of 1" to"5 tarbon
atons; [err erein.f, [err] and [err] to [err] -have the sane

meani ngs as 10 described in the for#dta (Ic). 9. The unsaturated copol yner -

of ethylene as clainmed in claimsS8, wherein [err] and [err] in-the
formulas (lc) and (Ilc). are each hydrogen.. 10. The unsaturated copol yner
of ethylene as clained any one of clains 1 to 9: 15 I n _ wherein

the total nunberlof the hpdecyeatedogopolymer of ethylene wherein

' (A) said copolymer is a2 random copolymer of:
(i). ethylene,
(ii) an a~olefin_of 3 to 20 carbon atoms, and
(iii) at least one straight chein or-bfanched
chain .nonconjugated triepe or “tetraene ‘-having ene vinyl
group in the molecule eeéresehted by the following

formula (H-1)

] a
HgC=CH- CH 4 CHCH—CR" =GR~ C”; g7 =cada¥
: l : [ .
R ’S

wherein p and q &ara each 0 or 1, w~ith the .proviso ﬁhat each
of p and q is not 0 at the same time; f is an integer of 0
to 5;:with‘the'p;oviso that when p ahd q are.each 1, £ is
not 03 g is an integer of.1 to 6; RI, R2, R3, R4, RS; Ré and -
R7 are each hydrogen or an alkyl group of 1 to S cerbon:
atoms; Ré is an alkyl~groub.of 1 te S carbon atoms; and RS

is hydrogen, an alkyl group.of 1 to 5 carﬁon atoms or a B
'greup represented by the formula - (CHjy),~CR!9=CR11R1Z, where
n is an integer of 1 to S, R and Rl are each.hydrogen or -
an alkyl groﬁp of 1 to S carbon atoms, and R!2 is an alkyl
group of 1 ta S carbon atoms, with the proviso that when p

and q are each 1, R% is hydrogen or an alkyl group of 1 to

s carban atoms, _ . |
This is the replacement sheet . i
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- 3 - -
. directly bonded to the carbon atons adjacent to all the carbon-to-carbon
doubl-e bonds in the nonconjugated triene or temmmm‘nlI““MLqulA) Is 9to
33. The unsaturated copol yner of ethylene as cl ] - clains 1 to
9 20 in [err] wherein the total nunber -of the*hyaroben atons directly
bonded to the carbon atons adjacent 2@ all the carbon-to-carbon doubl e

bonds in the noncggj ug | e%es.(iii) in (A is 12 to 33. The
unsat urated copol 3?7#% %f%t%%g%%g %ﬁ%e any one of cl aims 1 to.9 25
in [err] "~ wherein the {pfalcduutiaiudfe Uia dy deeealorEngdikaet by handed to
t he carbon atons adjacent to all the carbon-to-carbon doubl e bonds in the

‘nonconj ugat edmbunenetoBat ebr agne byimgljn (A) is 14 to 33. 208 13 A
process for preparing an unsaturated copol ymer of et_kcliyl ene, conprising
copol yneri zi ng: (i) etﬁ&+bﬁ%€n5t*“uen“ units from said ca-olsefin of 3 to
20 carbon atoms in an amount of 6 to 70 % by mol, and
(iii) constituent units from said nonconjugated

triene or tetraene, represented by the followiang formula (H-2)

—+CH,—CH—

3

) R
CHy+4Cl—tcr—+CRI=CR* —~crcrT =cada’
it [ y g | g
CH . e
CH
3 (5-2)

whereiﬁ P, 9, £, g and R! to R® ﬁave the same meanings as
described in the formula (H-1), in an amount of 0.1 to 30-%
by mol, in which

(iv) a molar ratio of said constituent units from
said éthylene_(i) to said constituent units from said 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 Decalinm at 135 °C, of 0.0S5 to 10 dl/g. Ct

ﬁ(f The unsaturated copolymer of ethylene as claimed
in clainl;ﬂ wherein the ndncénjugateﬂ triene or tetraene
(iii) in (A) is represented by the following formula (Ia),
and the constituent units derived from the nonconjugated
triene or'tetraeﬁe (iii) in (B) are represented by the

following formula (IIa):
| This is the replacement sheet
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(||) an [err]-olefin of 3 to 20 carbon atons, and (iii) at |east one-

‘strai ght chain or branched chai n nonconj ugat ed triene or tet raeneme ng

one vinyl group in the nolecule; in the presence of‘m ! d from
a transition metal conpound, and an organoal um num oni zed

i oni ¢ conpound, to obtain an unsaturated copol yner of €t hyl ene V\,herel n: (A
sai d copolyner is a random copol yner ofyp3(i) ethylene, (ii) an a-olefin of
3 to 20 carbon atons, and (iii) at |east one straight chain or branched
chai n nonconjugated triene or tetraene having one vinyl group in the

nol ecul e represented by the following formula (H1) [err] (H1) wherein p
and q are each 0 or |, wth the pI’OVI so that each of pand g is not 0 at
the sane tinme; f is an integer o H,) to 5 with the pRvjso that when p and

g are each 1, f is not -0, gis dnlinjeger of 1 to l[e}r %nd
HyC=CH-CHy, {C CR3=CR"*TC cr'=cr¥Rr?
l | | Y
rZ RE

(Ia)

wherein £ is an- integer of 0 to 5, g is an integer of 1 to
6; R, R2, R3, R4, RS, RS and R’ are each hydrogen or an
alkyl gr.oﬁp .of 1 to 5 carbon atoms; R® is an alkyl group of
1 to S carbon atoms; and R? is hydrogen, an alkyl group of
1 to 5 -ca:rbon atoms or a group represented by the formula
- (CHp) o~CR10=CR11R12, where n is an integer of 1 to 5, R and™
R11l _are'each _hydrqégn or an alkyl group of I to S5 carbon

atoms, and R2 is an alkyl group of 1 to 5 carbon atoms;

(IIa) ;
_ wherein £, g and R! to R? have the same meanings as

described in the formula (Ia).

/ . The unsaturatéed copolymer of ethylene as claimed
in claim? wherein R}, R?, RS and R® in the formulas (Ia)
and .('I‘Ia') are each hrydrogen.

This is the replacement sheet
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209 [err] are each hydrogen or an al kyl group Q%Wms; [err]

"is an alkyl group of 1 to 5 carbon atoms; and [er, ' \m n al kyl
group of 1 to 5 carbon atonms or a group represent\ \“\& wiosmut a [err]
fe each hydrogen or an

where n is an integer of 1 to 5, [err] and [err]
al kyl group of 1 to 5 carbon atons, awod [err] is an alkyl group of 1 to 5
carbon atonsig=with the proviso that when p and g are each 1, [err] is

hydr ogen. or al KBHe greatwiatied ccapekymern 2f oRsRYiE)e 2% gledPsfyner
conprises: (1) cdpstituent units fromsaid ethylene in _an amunt of 30 to
92 % by impiclaim)fcomeereiBnthanneacPrdngasrd \F/EFP??OPEf FRtGRe3% 0 20
carbon atons in an_anpunt of 6 to 70 9% | ,.and_(idd) _constityent units
from sai d-iohcthj Rkt &8 F?PEﬁEeBT'e?e??aﬁﬁ&%?&ﬂi%’%% t’efa)‘ﬁ“y‘ ghe(I%)gl’l ow ng

f I H: __wher ej . 0 d . h
roani nge b TS crPREtLEREhelnsf s Rl 2B EnensRcprIR et RS $006 by
mol, in W Ghe (5¥) ¢ 8 PREAE (21EP 9h §B)JatentlbidaBheudl by fhem

following formula (IIDb):

' 5.6y _~rT—cn8gd
H2c=cwcnz—iwcnlnz)f—(ca RE) (-CR7T=CR®R

' CH.CHg)

(Ib)
wherein f is an integer of 0 to 5; g is an integer of 1 to
6; -RI, RZ,.RS, RS and R? are each hydrogen or an alkyl group
of 1 to 5 carbon ato;ns; R® is an alkyl group of 1 to 5
carbon atoms; and ;9 is hydrogen, an alkyl group of 1 to 5
carbon atoms- or 'a group represented by the formula - (CH3z)a—
CR1°=CR1i-RL3, 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;

—tH, C-CH—

I

CH2-OJCR1R2)f—(CRsﬂs)g-CR7=CR8R9
| - : :
CH (CHg )

(IIb)

wherein £, g, R}, R? and R® to R? have the same meanings as

described in the formula (IDb).
- This is the replacement sheet
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"sald ethyl-ene (i) to said constituent units fromsal dl‘ﬁ - olefin of 3 to

" 20 carbon atons (ii) is in the range of 40/60 |““I£[I H)E!'a sai d
lin at [err]

“copol ynmer has an intrinsic viscosity [err],
of 0.05 to 10 dl/g 210 14 The process for preparl ng an unsaturat ed
copol ymer of ethykene as clained in ckédm13, wherein said .nonconjugated

t t et db I f I

(1), and sai d colsti LR U SR aIRAo LR T1e 7 12184 aene
B t fal | af I

aher bin & o SRt NG e o0 R 8 B eé‘é””’?téé Semhfapr (1) g

[err] are eaghdydimgen &l dr&& p of 1 to 5 carbon atons; [err] is
an al kyl group ofgl to 5 carbon atons; and [err] is hydrogen, an alkyl

group of 1 to 5 Cgbon TakOmn salt i agiedliR opRillyaRantci dihyid Y Pained
in claim @, wherein the nonconjugated tetraene (iii) in (A)

is fepfesented by the following formula (Ib'), and the |

< constituent units deri&ed fxom the nohconjugated tetraene

(iii) in (B) is represented by the following formula

(IIb'"):
-Rl B.s RTRS_ . R_LO
Hy, C=CH-CH 4ﬁ%—ﬂ%?+%§é=g—4ca roc= =crllgl?
ﬂga g2 RS
CHg

(Iﬁr)

whereln f is an integer of Q to 5, g lS an lnteger of 1 to
6; R, R2, RS, RE and‘R7 are each hydrogen or an alkyl
group of 1 to 5 carbon atoms, Ra_ls an alkyl group of 1 to
S carhon atoms; n is an integer of 1 to S5; R0 and RLL 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;

—tH 2 C-CHY—

S 8 gl :

~

g1 Rl.
Cﬁzﬂc)—;ct—-—(c}-—

(U A
CH 6 .
i &% &
CHg

T R
C=C—+#CH,rzC=crllgl?

(IIb?')
wherein £, g, n, R}, R?, RS to R® and R0 to R!2 have the

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

This is the replacement sheet
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“[err] where nis an integer of 1 to 5, [err] and [err] are each hydrogen

* or.an alkyl group of 1 to 5 carbon atons, and MZ'H?Jmmmqu lto
"5 carbon atons; [err] wherein f, g and [err] to [_-ey"Im |
meani ngs as. described in the fornula [err] . ﬂmr"' ﬁ'lgﬂlﬁcemsnt
sheet Date: 3 0 OCT 1996 15 The process for prepafing an sn ur at ed
copol ymer of ethylene as clainmed in éP@im 14, wherein [err] [err] and [err]
in the formulas (la) and (lla) are each hydrogen. The process for preparing
an unsaturated copolyner of ethylene as clainmed in claim 13 wherein said
nonconjugated triene or tetraene (iii) in (A) is represented by the
followng formula (I1b), and said constituent units from said nonconjugated
triene or tetraene (iii) in (B) are represented by the follow ng formula
(1'1b): [err] (Ib)7

/ . The unsatu

Al

ated copolymer of ethylene as claimed
in claim )f, wherein R, R?, RS and R® in the formulas (Ib')
. and (IIb') are each hydrogen.
_ jgﬁ The unsaturatea.copolyme: of ethylene as claimed
in clahn/(, wherein the nonconjugated triene or tatraene
(iii) in (A) 1is rapresentad by the following formula (Ic),
and the constituent units derived from the nonconjugated

triene or tetraene (iii) in (B) are represented by the

following formula (IIc):

H, C=CH-CH,-C-(CR'R2) ;-(CRTRS) -cR7 =cr8RSY
CH(CHZ)
(Ic)
wherein £ is an integer of 0 to S5; g is an integer of 1 to
6; RY, R?, RS, RS and R? are each hydrogen or an alkyl group

- of l.tc S carbon atoms; RS is an alkyl group of 1 to S

This is the replacement sheet
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_;V\,hereln fis anmidthedfss ffn fbpla@d>: 9 is an integer—of 1 10 6; [err] an_d

[err] are each h al kyl group of 1 to'5 carbon atons; [err]

an al kyl group o ﬂl‘ﬂﬂﬂlﬁnﬂﬁﬂﬂn atoms; and R9 is hﬂi“mﬁmyﬂml'um" group
of 1 to 5 carbon oup represented by t I err]
where n is an integer of 1 to 5, [errd and [err] are each hy rogen or an

al kyl group of 1 to 5 carbon atons, and R12 iszan al kyl group of 1 to 5
carbon atons; [err] wherein f, [err] and [errl to [err] have the
sane neani ng%a’égo%le?éiai“ﬁedaﬂﬁ B?lelfF oRyeiregen b9r TeRe plbebsgrewp pEepatbng an
unsat ur at ed %o 1gmer of ethylene as clained in claim16, wherein [err] 5
[err] and [ Pt AROPSf nul as (1b) and (11b) are each hydrogen.. The
process for preparing an unsaturated copol yner of ethylene as cl ai med ‘i n

claim wher ein sai d nonconj ugated tetraene (iii) in (A is represented
by the - fallown g I'b'), and said constituent units fromsaid.
nonconj ugat ed tetr ene |||) I n (B) are represented by
S CHO-OWCR R2) ;-(cr°R®) -crRT=cRr®R?®
I
CH(CHg)
(Iic)

wherein f, g, R!, R2 and R® to R® have the same meanings as
10 described in the formula (Ic).
q;kf. The unsaturated copolymer of ethylene as claimed
in claim 10, wherein R!, R2?, RS and R® in the formulas (Ic)
..and (IIc) are each hydrogen.
10
Zéi The unsaturate% copolymer of ethylene as claimed
_ . any one of claims 1 to X
1S in mbadoooixx 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 9 to 33. ) -
1}
- 231 The unsaturat copolymer of ethylene as claimed
any one of claims 1 to 9
20 in edwdmxiy 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.
.
. The unsaturateqacopolymer of ethylene as claimed
. any one of claims 1 to.
25 in simiwokx 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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“the following formula (11b'): [err] wherein f i's anr+tnteger—of—0 to 5, g
" an integer of 1 to 6; [err] and [err] are eac | kyl 20
“group of 1 to 5 carbon atons; R8 is an al kyl ‘ " "ﬂﬂ!‘l ﬂﬂlﬁmﬁr bon atom;

nis an integer of 1 to 5; [err] and [err] are eac ogen . or an al ky
group of -1 to 5 carbon atons, and [er08 is an al kyl group of l1to5 carbo
atons; 25 [er;} 213 mherein f, g, n, [err] and [err] 'to [err] have
t he sane neaningé;%s described in the formil a (I'b.) The process for
prepari ng an uns fatzbopk’i%%?r@?ro@r%PﬁylLéﬁeaasuélséFhfé‘étﬁﬁl SloFiohymer
wherein R1, err and_errglntheforrrulas |b*) and (I1b') are each
hydr ogen. TH%f BResene or CRPBpAS

claimed in claln1é6 mhﬁégin sai d nonconjugated triene or tetraene (iii)
(A) is 10 represkhted $2%f ol 1 owing fornula (1c), and said.

(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;

in the presence of a catalyst formed from a transition
metal compound, and an organoaluminum comﬁound and/or
ionized ionic compound, to obtain‘an'unsaturated copolymer
of ethylene wherein:

(A)  said copolymer is'a random copolymer of:

| (i) ethylene,

(i1i) an a—olefin of 3 to 20 carbon atoms, and

(1ii) at least one straigﬁt chain or branched
chain nonconjugated trigne or tetraené having one vinyl
group in the molecule'feprgsented by the following

formula (H-1)

R 1 | 3‘3
7C= C H- ~CH 5 c,-—-c:;——-ec:a a%;——ec;-s-ca"’:caaag
we ot ' [
C'c: ?.2 ‘ 'B.s .
CH g4
(H-1)

wherein p and q are each 0 or 1, with the proviso ﬁhat each .
of p and q is not 0 at the same time; f is an integer of 0
to 5, with the'proviso that when p and g are:each 1, £ is

not 0, g is an integer of 1 to 6;.R1, R2) R3, R4, RS, R® and

This is the replacement sheet
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\constltuent

-are represen

units from said nonconjugated triene or t |

ted by the followng formula (Ilc): 15 Mlii ”émwm”m
is an integer of 0 to 55 g is an integejeof 1 to 20 -
rogen or an alkyl group of 1Tto 5 carbon atons; err] i s*an

of 1 to 5 carbon atons; and [err] is hydrogen or an al kyl group
of 1.to 5 caRbareatenal hydrpyepsor a-n23?~4k\%e€§¢‘|lp f° d tPeﬁrFaamh[err] to

are each hyd
al kyl group

[err] have t
process for

claim 20, wh
are each hyd

he sane ani_ngs gs descri bed | rnula é

premaf i Mg 3&n2nga %Jragfré’d’pc8 olly %F&ﬂ

roge he pro ess preparing an unsat ur at ed-
‘group represented by the formula -(CH;),-CRY=CR!R12, where

n is an integer of 1 to S5, R and Rl are each hydrogen or
an alkyl group of 1 to S carbon atoms, and R!2 is an alkyl
group of 1 tao 5 carbon atoms, with the proviso that when p
and q ;re.each 1, RY is hydrogen or an élkyl group of 1 to
S carbon étoms} -
(B) said copolymer comprises:
(i) constifuent units from said ethylene in an

amount of 30 to 92 % by mol,

(ii) constituent uvnits from said d-olefin of 3 to

20 carbon atoms in an amount of 6 to 70 % by mol, and

(iii) constituent units from said nonconjugated

The

asa‘&‘ilaq‘ med in
fé%g&%&l ah a[lsz agubr [ nl tbnstégrga{ HoaS ggc; and (11c)

triene or tetraene, represented by the following formula (H-2)

—-—('CHZ—CH)'"'

(41

al R
Chg-&C‘—(-C—GC*‘{3 =CR*r—~Ccrca’=casas
”- i T . q |S
CH 5
| R R®
CHg " (H=-2)

wherein p, q, £, g and R! to R? have the same meanings as
described in the-formula (H~1), 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 from said 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 intri ns;c viscosity (M), as

measured in Decalln at 135 °C, of 0.0 0 ar/e.
- This is the réplacemen? shgetl _
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“copol ymer - of ethylene as clained in wherein the total nunber of the

" hydrogen atons directly bonded to the 10 carbo ' o all the
“car bon-to-carbon doubl e bonds in the nenxonj ugaﬂmmmluimmm"ml aene (iii)
in (A is 9to 3 23. The process for preparing "anfnsat trat ed copol yner
of ethylene as c med in wherein the 15 total .nunber of the hydrogen
atons directly dedTh® PRECE&FhEAT PERB2AMNECEA URsARIFatRE
car bon-to-car bori doubl e bonds in the noncon at: d trﬁe or tetraene (iii)
T (%) 1o 190P8TyER 8T BREYIengead FORLARELAM § “Hensin AL

copol ynmer of ms _wher.ei.n .t he total nunber of the

hydr ogen at S?rgE K S%%F bgﬁ&&?nt 8t ﬁStEQF&?n Atorts &j@derdt to all the N
car bon-t o- cgg?ggiggggb bE}OEﬁi ;gltlg%lggnggrym%g%te tr| eng . t{t raene (iii)

in (A is 1 bber corrp05|at)|’on Comfri%i ng: an

unsat ur at ed-gpeEk ¥TBhtOlinetRYeBR 235:6! Ao ige Ad ™ AW or
tetraene (iii) in (B) are represented by the following

formula (IIa):

R R>

(1 L1 ;

H,C=CH-C Hz—\'cli-jf—cﬁ:ca”-T?—,;—ca"’:c.asa“
37 | . N R_G'

(Za)
wherein £ is an integer of 0 to 5, g is an_integer of 1 to
6; RY, R2, R?, R4, RY, RS and R’7 aré each hydrogen or an
alkyl group of 1 to S carbon atoms; R® is -an alkyl-g"'roup of
1 to S5 carbon atoms; and R? is hydrogen, an alkyl group of
1 to S5 carbon atoms or a group represented bg the formula
—(CHZ);—CR’-°=CR1:-1R12, where n j:s an integer of 1 to 5, R and
Rll are each hydrogen or.an alkyl group.af'l to 5 carbon |

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

|
Cl_

I
gt

CR —CB.B pd

cgz—ﬁl—]—cﬁ—CP —{

-4
S

-(IIa)
wherein £, g and R! to R? have the same meanings as

described in the formula (Ia)- ~  This is the replacement sheet

Date: 30 ocT ]QQS



215 ‘at | east one conponent sel ected fromthe foll (b) and
(c): (a) areinforcing agent in an amount of not ﬁmm mmn ,ﬂ ts by
wei ght based on 1?arts by wei ght of saild unsaturated wcopol yne¥#  of
ethylene, (b) a s eni n_anount _of re than 00 parts by
wei ght based on 1 bar#}gebér%?aﬁt oF B&FR*0nST %Pa %E

et hyl ene, an n e £n t

sel ected fro?ncé%aj'?m%#lowfngégg eﬁg ? CIFS%JE@ 331 C)Q%&%n rern %’Fm nd
agent in an ageungs oina%srm{ecﬁétafbéﬂﬁaargﬁabyaet&' gbtagaaeg dacho0 parts
by wei ght of sal d 5 unsaturated copol ynmer of ethyl ene a softening
agent in an agpdpRbgah_not nmore than 200 parts by wei ght based on 100 parts
by wei ght of said gsaturat ed. copol yner. of ethylene, and (c) a vul canizing
agent . %? The process for preparing an unsaturated

copolymer of ethylene as claimed in claim}«s’, wherein said
nonconjugated triene or tetraene (iii) in (A) is

< represented by the following formula (Ib), and said
consti-tuent units from said nohconjugated triene or
tetraene (iii) in (B) are represented by the following

formula (IIb):

HyC= c&caz-ﬁwca R2) ;- (cr%8%) _-crRT=cr8RY
CH (CHg)

(Ib)

wherein £ is an integer 'of 0 to 5; g is an integer of 1 to
6; R!7 R?, RS, R® and R’ are each hydrogen or an alkyl éroup
of 1 to 5 carbon atoms; R¥ is an alkyl group of 1 to 5
carbon atoms; and RY is hydrogen, an alkyl group of 1 to 5
carbon atoms or a group répresented by 'th..e formula - (CHj),~
CR190=CR!IR!2, where n is an integer of 1 to S,. RLO and RIl are
each hydfogen or an alkyl group of 1 to 5 carbon atoms, and .

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

CHy-C~(CR
| A
catc&z)

laz)f-tcasas)g-ca7=casas

 epla (I1b)
This is the replacement sheet
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wherein £, g, R}, R? and RS to R® have the same meanings as
described in the formula (IE) . .

lg The process for preparing an unsaturated
copolymer of ethylene as claimed- in claim Q, wherein RY,
R2, RS and R® in the formulas (Ib) and (IIb) are each
hydroggen..

ﬁ. The process for prenarlng an unsz;urated
copolymer of ethylene as clan.med in claim Jﬁ wherein said
nonconjugated tetraene (iii) in (A) dis represen-.ed by the
following formula (Ib'), and said'_coﬁstituent units from -- -

said nonconjugated tetraene (iii) in (B) are represented by

the following formula (ITh'):

H, C=CH-CH,4CI—+Cr—Cr—C=C—CH, r—Cc=crllgl?
2 Y If [g- 2% n .
.CH . ', &
SE gz R
. CH3

(Ib')

wherein f is an integer of 0 to 5, g is an integer of 1 ta

' 6; R}, R2, RS, RS and R7 are each hydrogen or an alkyl

group of 1 to 5 carbon atoms; R® is an alkyl group of 1 to
5 carbon atoms; n is an integer of 1 to 5;. R0 and Rl are
each hydrogen of an aiky]‘. group of 1 to 5 carbon atoms, and -

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

| 1] L ge 1112
CH _(C)._{c;.;-(-cl:)—g—c=c——rCh2')—jl—C=CR R
H [ :
6 .
?H :Rz BT o : . _ ;
CHg B ' (IIb.').
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wherein £, g, ﬁ, R, R?, RS to éa and ﬁlb to R!2 have the.
same meanings'as described in the formula (Ib').

. The process for preparing an unsaturated
copolymer of ethylene as claimed in claim g2, wherein RI,
R2, RS and RS in the formulas (Ib') and (IIb') are each
hydrogen.

jg?. The process for preparing an unsaturated
copolymer of ethylene as claiﬁed in claim 16, wherein said
nonconjugated-triene or tetraene (i;;)_in"(Af'is
represented by the following formgla kIc}, and-said. 
constituent units from said nonconjugated triene or
tetraene (iii) in (B):are represented by the following
formula (IIc): |
H2C=CWCH2'?*CR1R2)f-(cnsas)z-c§7;¢R8Rs

CH (CHg)

(Ic)
wherein £ is an integer of 0 to 5; g is an integer of 1 to
6; R, R%, RS, RS and R? are each hydrogen or an alkyl group
of 1 to 5 carbon atoms; Rs.is an alkyl gfoup of 1 to 5 5.

carbon atoms; -and R9lis'hydrogen or an alkyl grbup of 1 to

5 carbon atoms;

—H, C-CH—
' | R j . _
2 526, _~nT—cnSgd
caz-ﬁ—(cala b e-(crR3RE) -crRT =cROR
| CHI(CHg)
_ B | (IIc)
This is the replacement sheet
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wherein £, g, R!, R2 and RS to R? have the same meanings as
described in the formula (I¢).

2|

A5. The process for preparing an unsaturated
20

copolymer of ethylene as claimed in claim 24, wherein RI,
R2, RS and R® in the formulas (Ic) and (IIc) are each
hydrogen.

5%% Th f ted-.

. e process for preparing an unsaturate
p prep E any one é clams 13 to 3y

copolymer of ethylene as claimed in Ziié;hqéa wherein the

total number of the hydrogen atoms directiy bonded to the

carbon atoms adjacent to all the carbon-to-carbon double
bonds in the nonconjugated triene or tetraene (iii) in (A)
is 9 to 33.

23

27. The process for preparlng an unsaturated
Qny one of claims |3 o 2, 4
copolymer of ethylene as claimed in:;£:§§4iﬁq wherein the

total number of the hydrogen atoms directly bonded to the

carbon atoms adjacent to all the carbon-to-carbon double
bonds- ih the nonconjugated triene or tetraene (iii) in (A)
is 12 to 33. ' . .
3¢
. The process for preparing an unsaﬁﬂgate

Msl£4°~Jy
copolymer of ethylene as clalmed in s whereln the

total number of thg hydrogen atoms directly bonded to the:
carbon atoms adjacent to all the carbon-to-carbon double
bonds in the noncohjugated triene or tetraene (iii) in (A)
is 14 to 33. | |

#9. A rubber composition comprising:

and

a unsaturated copolymer of ethylene as claimed in
\ avxi :neﬁ clams | o 13,
14

ol
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at least one component selected from the following

© 215 _

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 pééfs by weight based on 100 parts by{weight of said
unsaturated.copolymer of ethylene, and

(c) a vulcanizing agent.

— -
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carbon atoms; arid R? is hydrogen or ah alkyl group of 1 to

5 carbon atoms;

. ——tH, C-CH}—

CHg-C- (CRIR2Z) ;- (CRORE) ,-CRT=CcRER?®
I
CH(CHg )

(IXc)

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

described in the formula (Ic).
q;kf. The unsaturated copolymer of ethylene as claimed

in claim }J, wherein R!, R2, R5 and R® in the formulas (Ic)

.and (IIc) are each hydrogen..

119 '
léi The unsaturated copolymer of ethylene as claimed
any one of claims 1 to XTI,
in Ededkmoixx 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 9 to 33. : .

3]
léi The unsaturaadg copolymer of ethylene as claimed
any one of claims 1 9

in ztwamxds wherein the total number of the hydrogen atoms

directly bonded to the carbon atoms adijacent to all the

-

carbon-to—-carbon double bonds in the nonconjugated triene
or tetraene (iii) in (A) is 12 to 33.

12, .
. The unsaturated copolymer of ethylene as claimed

any one of claims 1 to YL
in ekmdxxdy 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 (iii) in (A) is 14 to 33.
- ~ This is the replacement sheet

Date: ]fB 3ﬁN19g7



10

15

216

\ — 4

ABSTRACT - Unsaturated Copolymer Of Ethylene And Process For Producing The Same
| A novel unsaturated copolymer of ethylene comprises 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
viny; group in the molecule, which contains 30 - 92 % by
mol of ethylene units (i), 6 - 70 % by mol of a-olefin
units (ii) and 0.1 - 30 % by mol of triene or tetraene
units (iii), and which has a molar ratio of ethylene units
(1) to a-olefin units (ii).pf 40/60 to 92/8 (ethylene units .
(i)/a—olefih units (ii)) aﬂd an intrinsic wviscosity (W),
measured in Decalin at 135 °C, of 0.05 to 10 dl/g. This
novel unsaturated copolymer of ethylene is excellent in
weathering resistance, heat res;stance and ozone resistance

and has a high wvulcanizing rate.

-
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