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FI ELD -OF THE | NVENTI ON The present invention relates to an

et hyl ene/ a- ol efi n/ nonconj ugat ed. pol yene terpol yner rubber conposition
and a vul cani zed rubber obtained therkfromwhich is excellent in, for
exanpl e, resistances to weather, ozone 10 and heat aging.

BACKGROUND OF THE [-NVENTI ON TIhhes et hyl ene/ propyl ene/ di ene

terpol ynmer rubbers (such as EPDM and EPT) have no double bond in the
princi pal ch&8THYLESE/@fOLEEINONGRNCONMFUGATER tROIS ENFD RERBOLYWER &RUBBERghI vy
resistant to weather, ozone and heat agi ng although the oil resi st ance
t hereof is poorCOMHQSTT MM duNde VULCRANGIZED RUBBERCEBI'BONEDr DREREFRGM t hey are
often enpl oyed in autonobile parts, at |locations to which static force
applies, such as 20 a weat her stripping, a door glass run channel and a
radi at or_ hose. On the other hand, the nitrile rubber (NBR) has
excel | e strength characterl§Q¥Q§L&ﬁéigﬁklﬂ¥§ﬁ§£3ﬂ al t hough the
heat resistance gd | ow t gplnature 25 of are poor, so
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that it is often ﬁpp5y§8n VEeRT P Hod a%ﬁﬁj C’Eﬁbf%ﬁah?reéﬁbed around an
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and a vulcanized rubber obtained therefrom which is
excellent in, for example, resistances to weather, ozone

10 and heat aging.

BACKGRQUND OF THE INVENTION

The ethylene/propylene/diene terpolymer rubbers (such

as EPDM and EPT) have no double bond in the principal chain

15 of its molecular structure, so that they are highly
resistant to weather, ozone and heat aging although the oil
resistance thereof is poor. Thus, because of their
excellent properties, they are often employed in automobile
parts, at locations to which static force applies, such as

20 a weather stripping, a door glass run channel and a
radiator hose. ,

On the other hand, the nitrile rubber (NBR) has
excellent strength characteristics and oil resistance
although the heat resistance and low temperature

25 flexibility thereof are poor, so that it is often employed
in a hose and a packing arranged around an engine.

Most parts requiring mechanical strength against

dynamic fatigue, such as a tire and a rubber vibration



dynam c fatigue, such as a tire and a rubber vibration

2 i nsul ator, are conposed of a diene rubber, for exanple, NR SBR
or BR or a blend thereof. There are a nunber of autonobile parts
required to si mul t aneously have the excellent properties of both 5
pol ymers of EPDM and NBR, whi ch woul d2be realized by i nproving the oi
resi stance of EPDM or inproving the heat resi stance and | ow

t enperature fbility, &ﬁ@ : Lpin e
conmpound by %+§§%§%éf@}%£§ %5? ﬁgR? ﬁ§§%19?%B%g,nggge§9$@9§§kgM§,

measures forggRpbABR 18- WM Wy dre tdiefib@rence in polarity between these
pol yners. Such neasures are being studied fromthe angl e of

m | [ing procedureThdss axeanplmymddie odt hamphoboleepdet st hequired coapound

di spersibility uniformby adding a | arge anmount of carbon bl ack to
bot h pol yner sint LERDMesldy NBRd ahiehexely lebd prepareiascaf bootimaster batch
(CVMB) is reported in J.M Mtchl: Rubber Chem Technol., 50, 430
(1977). S5 polymergrehefEDM mandaiNBEpwhiishunPhéenPeheedi spedshbyil ity of

t he vul cani zation accel erator by the use of Pb3O%4 is reported in W H
Wht ti ngt on; REPBRYiRHidthe @il Fpgisgpgre of0EPDM orSiRBARAVYNT| Ehe shedfeded to
t ake neasures for inprovi the covul cani zabil ity of diene polyners
NBR and EPDMeSistance a@£2%“ﬁé§?ﬁf§?tﬁﬁélGggxfﬁéiéPVeﬁgtN?%'inprove t he
above covul canizability by increasing._the vulcanjzaiion. vel ogi

of EPDM whi o |'s Beher Bt 1y Aty PRTIoSRR s CETPEREE. PEEDRARoL e Bt oo

wi th sul fur SHdaH§§PCPi£§£}f%%‘%@’dé@%%%@%% Egﬁe measures for coping

10 with the difference in polarity between these polymers.

Such measures are being studied from the angle of
milling procedure. For example, the attempt to render the
compound dispersibility uniform by adding a large amount of
carbon black to both polymers of EPDM and NBR to thereby

15 prepare a carbon master batch (CMB) is reported in J.M.
Mitchl: Rubber Chem. Technol., 50, 430 (1977).

Further, the attempt to uniform the dispersibility of
the vulcanization accelerator by the use of Pb304 is
reported in W. H. Whttington; Rubber Ind., 9, 151 (1975).

20 Secondly, it is needed to take measures for improving
the covulcanizability of diene polymers NBR and EPDM.

Such measures include the attempt to improve the above
covulcanizability by increasing the vulcanization wvelocity
of EPDM which is generally very low. In this attempt, EPDM

25 is reacted with sulfur in advance to thereby increase the
vulcanizatioﬁ velocity of EPDM. This is well known as the

pendant sulfur method.



vul cani zation velocity of EPDM This is well known as the

pendant

sul fur met hod. 3 Bl end
conpounds of NBR and EPDM havi ng been prepared by the partial or full
utilization of such nmeasures are now commercially avail abl e.

Al t hough the probl em of polymer pola@ity can be 5 alleviated to some
extent by the above neasures, however, t he vul cani zation vel ocity of
EPDM i s conspi Caioaisd Yed nds of N%&a@nﬁhﬁﬁDﬁfh§5$$g$ﬂbé§aﬁr%éé?ed

covul cani zability of EPDM NBR bl end conpounds®i s not always

sati sfact oby.the partial ciherAatlt Rl itatik BAr 8ASSutRendal ¢Add Zatd abwel ocity
of 10 EPDMis described in, for exanple, Japanese Patent Laid-
Publ i cat i onohioe r&{d PPy )ada2iBdble .l N this attenpt, et hyl ene, propyl ene
and 7-nethyl -1, 6-octadi ene as a nonconj ugat ed pol yene are
t er pol yneri zed. Atkoygs iteariroblem ofEPPWLgmar bpodanigy eadd yoé ncr eased
vul cani_zation velocity, 15 so that the covulcanizability with NBR

is

open

i nproved. a¥haviated tq ome\axteasi babithet gbove EPERsares NBRWevempr oved by
increasing the vul cani zation velocity of EPDMis described in the
publ i cati ohR® vulcanizatiqisigdocity fi EPDMahhofORP5¢eReHLY Havwathe 20
covul cani zgpi | 'tEl%/ of EPDM and Nliggti shsati sfactorily, hjgh, and there
is a demant™?ortide eV opmehtigt, PSorgKet captRablIty of ERDI/A{BR
di ene- bearﬁygm?P% &pnaabl e of increasin he vul cani zation velocity
to thereby further IE?rrpr Dvet Rgt atways dat¥ractory!
The attempt to increase the vulcanization velocity of
10 EPDM is described in, for example, Japanese Patent Laid-
open Publication No. 6(1994)-128427. 1In this attempt,
ethylene, propylene and 7-methyl-1, 6-octadiene as a
nonconjugated polyene are terpolymerized. The resultant
EPDM exhibits a greatly increased vulcanization velocity,
15 so that the covulcanizability with NBR is improved. That
the covulcanizability of EPDM and NBR is improved by
increasing the wvulcanization velocity of EPDM is described
in the publication.
However, it still cannot be stated that the
20 covulcanizability of EPDM and NBR is satisfactorily high,
and there is a demand for the development of, a polymer such
as a novel diene-bearing EPDM capable of increasing the
vulcanization velocity to thereby further improve the
covulcanizability with nitrile rubber (NBR).
25 Therefore, there is a demand for the developments of

such a polymer, an ethylene/0-olefin/nonconjugated polyene

terpolymer rubber composition composed of the above polymer

and nitrile rubber (NBR), which composition enables



covuléanizability with nitrile rubber (NBR). 25 Therefore, there is

a demand for the devel opnents of such a polyner, an

et hyl ene/[err]-ol efin/nonconj ugat ed pol yene t erpol ymer rubber
conposition conposed of the above pol yner and nitrile rubber (NBR),
whi ch conposition enabl es 4

provi ding a vul cani zed rubber being excellent in not only strength

character i St{,févf&%g&i% nﬁ&;é&i%%e rlia%eél $8ing ng&@fiéﬂ@”f&%é@ eaf her,

ozone and heat agin vul cani zed rUbber obtained fromthe

ethyl ene/[ergdrength Sh£fddvdonganisugatied: pokyenNst4LEPOLYITRL1ddibber _
conposi tion. On the other hand, the inprovenent of the heat aging

and weat her resistanees «f BN lbeopar kadi Redenagideg, iand a accordance
with the recent enhancenment of the quality of the parts. 10

Al t hough EPDihhean i@ Tuther aditstimeced ron wbat Abhylene/dpzone and heat
aging, the use of EPDM alone in atire or a rubber vibration insul ator
is not s8itablefbeteeneonfudatsed polygoer tdynahimer aruger reemp hidckon .

Thus, blends of EPDM and a di ene rubber have 15 extensively been

i nvestigated for @®tEheiotghenhdangd, the impxevemsAt oPft Hee RNt of the
mat eri al s. However, any . EPDM di ene rubber bl end bejng excellent in
covul cani zab?P9 t yeRERe hiote e PHIRSaiOfedUE8™PRELELY2FBRGE? demandgd 1n
practical use unatt ai nab) ect .to the abpve

. .20 {th
i nvest i gat i onSSOTRRCE WIﬁﬁdgrﬁﬁﬁﬁepécﬁggﬁ8§%§§BBnOEPER?d?%% L5Xier bl ends

are the parts.

10 Although EPDM has excellent resistances to weather,
ozone and heat aging, the use of EPDM alone in a tire or a
rubber vibration insulator is not suitable because of its
poor dynamic fatigue resistance.

Thus, blends of EPDM and a diene rubber have

15 extensively been investigated for attaining the full
exertion of the advantages of the materials. However, any
EPDM/diene rubber blend being excellent in
covulcanizability has not been obtained to thereby render
its practical use unattainable.

20 With respect to the above investigations, the
developed technologies on EPDM/diene rubber blends are
summarized by Messrs. Yasuhiro Oda and Masashi Aoshima in
Journal of the Society of Rubber Industry, Japan, 51, 685
(1978), which include (1) polysulfide vulcanization, (2)

25 peroxide vulcanization, (3) application of preliminarily
vulcanized EPDM, (4) application of EPDM of high iodine
value, (5) application of halogenated EPDM and (6) use of

an accelerator having a long-chain alkyl group.



summari zed by Messrs. Yasuhiro Oda and Masashi Aoshima in Jour nal of
the Society of Rubber Industry, Japan, 51, 685 (1978), which include
(1) polysulfide vul canization, (2) 25 peroxide vulcanization, (3)
application of prelimnarily vul cani zed EPDM (4) appllcatlon of EPDM
of high iodine val ue, (5) application of hal ogenated EPDM and (6) use
of an accel erator having a |ong-chain al kyl group.

S Furt b nkhe %HQVEb&béeIf@é%é%&¥%“&é§%%ﬂé%akhE@DMbDM havi ng an
intrinsic viscosity of at |east 3. /g as measured in xyl ene at

70[err] G, anarapy aﬂelﬁeaﬁﬁsicofuy@oépty of a3b%eyt 3 .l @gh /igodisne val ue is
preferred. 5 However, although the description of the literature

suggest s t henedisteeld dn allenpr avenetd, e@f pbdepylene eovitkoanofabpl tdy of EPDM
and a diene rubber, there is no description as to actual products,
especi al | y, 3®%ocumct a highqdaflity veabws heauexferraad dynamic strength is
required_and 10 the above technol ogies cannot realize the properties
desired ?n the pHeseveriniéhbpoahatheldescription offfdieppjiderasuing endi ng
EPDM wi t h a di ene rubber resides in the realization of excellent heat
agi ng and suggﬁé&ﬁhéPer§§F§F5h€%soﬁj%WRERV?W%&HF%%Wjﬁéterioration of the

15 I | ent , d k t
possessed E&qv%ﬁrc%%é%%bﬁﬂﬁﬁxro%ﬁﬁaé' grh%aem BBl theatadd @01 n ¢ he
di bb t._al, d f t )

i ene rubbery etrg%sr % ?g RL OXI Eeg%mpr?%% %/L%%rlg ll%} %L{_ dru%%l st ance

Rubber Chem's nol ogy, Vvo
quality items needed when dynamic strength is required and

10 the above technologies cannot realize the properties
desired in the present invention at all.

The object of blending EPDM with a diene rubber
resides in the realization of excellent heat aging and
weather resistances without practical deterioration of the

15 excellent abrasion, dynamic fatigue and crack growth
resistances possessed by the diene rubber. Thus, the EPDM
to be blended with the diene rubber must alsc be provided
with dynamic fatigue resistance.

Rubber Chemistry Technology, vol. 44, October 1971,

20 pl043 mentioned a rubber vibration insulator material as a
member most required to possess dynamic fat%gue resistance,
and it is described there that the use of a high molecular
weight EPDM of high Mooney viscosity as a rubber vibration
insulator material enables obtaining a vulcanized rubber

25 being excellent in dynamic fatigue resistance.

However, the use of a high molecular weight EPDM would
be thought of by any one skilled in the art to which the

present invention pertains. The matter to which the most



20 b1043 mentioned a rubber vibration insulator material as a menber

nost required to possess dynam c fatigue resistance, ~and it is .
described there that the use of a high nolecul ar wei ght EPDM of hi gh
Mooney viscosity as a rubber vibratian i nsul ator material enables
obtai ning a vul cani zed rubber 25 b@lng excellent in dynam c fatigue

resi st ance. However, the use of a high nolecular weight EPDM

woul d e dehaiightr efealythaB)id0BevE Kbbhesk @ff&ec frdnd @ aieh the

present invention pertains. The matter to which the nost

6 i ntdinsiated dseaioc inprdvdevré opsent cef {248 51 sthpub it & diene directed
is to inprove the covul canizability wwth a diene rubber whi ch has

been t he drraisesk wilckoaenbeenath&PDhéwback of conwWrithidrespearpM.0 the

met hod of inproving the 5 covul canizability of EPDM and a di ene rubber,
it has been Witk respeed to eheevetihod epPolywmryizag itdre of et hyl ene and
propyl epe with each of new di enes of high vul canization velocity in

pl ace o tﬁﬁ’éﬂﬁﬁ%ﬁ?@@ﬁ&PtﬁtﬁﬁlFB%%eﬁ%?b%r?%ﬁRﬁ rubber, it Hagwdesn the
Fespect t o AUHE TS GoEATREH BytomooLvirEltR  pteh S UrPA A al | on
dovel opnont S ViLR epgh o PRI ToO 1T h ST SH UG TF ene.
terpol ymer yeiocit guggeblﬂﬁgsgfvyhge %&?%ne Tné& é%q?%ﬂ&%(ﬁhégggraggf | evel

as 15 that of a diene rubber, an err |
pol yene ter pol ymrwerbeEhEOHB%iém{'zé{@ifﬂfﬂ@f)ér?sa dlene Rl Ng 2

vul cani zed rubber haV|ng excel | ent resistances
10 still unsatisfactory with respect to the EPDMS ocbtained by
the attempted terpolymerization using such new dienes.
Therefore, there is a demand for the developments of

an ethylene/t-olefin/nonconjugated polyene terpolymer

rubber whose vulcanization velocity is on the same level as

15 that of a diene rubber, an ethylene/d~olefin/nonconjugated
polyene terpolymer rubber composition which enables
providing a vulcanized rubber having excellent resistances
to weather, ozone and heat aging without detriment to the
excellent mechanical properties, abrasion resistance and

20 dynamic fatigue resistance possessed by the diene rubber
and a vulcanized rubber obtained from the cqpposition.

As mentioned above, EPDM has no unsaturated bond in
the principal chain of its molecular structure, so that it
has excellent resistances to weather, ozone and heat aging

25 as compared with those of the customary diene rubbers.
Consequently, EPDM is widely used in, for example, rubber
parts for electrical and electronic appliances and for

civil work and construction.



to weather, ozone and heat aging without detrinent to the excel | ent
mechani cal properties, abrasion resistance and 20 dynam c fatigue

resi stance possessed by the di ene rubber and a vul cani zed rubber
obtained fromthe conposition. As mentioned above, EPDM has no
unsaturated bond in the principgal chain of its nolecular structure, so
that it has excell ent resistances to weather, ozone and heat aging 25

as _conpared w tgyd 5%%(3ft&ﬁ%tﬁ%&EOEEBMsdhﬁeﬁuH@bber5 Consequent |y,
EPDM is w dely use for exanple, rubber parts for electrical and

eIectronlceﬁﬁynéﬁgyyxbpymin@qmlcyclogbmthdm@ﬁg,and construction.
7 Exanpl es of suitable EPDVs i ncl ude
et hyl ene/ pstopyl e/t appdleayeelt, ddhenradiene asthytienkbéne Opydenkdde 45-hexadi ene

and et hyl ene/ pr opyl ene/ 5- et hyl i dene- 2- nor bor nene terpol ymer rubbers.
O these, etlykidgiere/iqumhipynene/ Seaphylindensubbavs bor@enehees pol ymer
rubber whose vul cani zation velocity is high is especially w del y

enpl oy€d. ethylene/prgpyhpsie/ SevehvlAdeaehy BAEPPFRPYE cHRFBREYMSY i dene- 2-
nor bor nene terpol yner rubber has the drawbpack that its 10 vul cani zation
vel ocity |%u?Qﬁ€EKPQ§ﬁnﬁﬂkﬁf4h4?ﬁlpﬁayeéPcétY is HF%Bel?u%%%?C§®%%Yas

nat ur al rubQ§ %§hl ene/ but adi ene rubber (SBR), butadi ene rubber
(BR) or nift9¢ BR) and that its covulcanizability with a

giﬁ;?egg?gfgp;leneéggr, ever YneN8tn Weh /bE8BFEEnL 5L 0Eny1idene-2-

norbornene terpolymer rubber has the drawback that its

10 wvulcanization velocity is low as compared with that of a
diene rubber such as natural rubber (NR), styrene/butadiene
rubber (SBR), butadiene rubber (BR) or nitrile rubber (NBR)
and that its covulcanizability with a diene rubber is poor.
Further, with respect to the ethylene/propylene/5-

15 ethylidene-2-norbornene terpolymer rubber, it is difficult
to shorten the vulcanization time for enhancing the
productivity of vulcanized rubber products or to lower the
vulcanization temperature for reducing the energy
consumption during the wvulcanization.

20 The velocity of vulcanizatién of the conventional EPDM
can be increased by increasing the amounts of wvulcanizer
and vulcanization accelerator. However, the use of
vulcanizer and vulcanization accelerator in large amounts
would cause the surface of the final vulcanized rubber

25 product to suffer from blooming of the wvulcanizer and
vulcanization accelerator, so that design and hygienic

problems would be encountered.



15 ethylidene-2-norbornene terpolynmer rubber, it is difficult to
shorten the vul cani zation tine for enhancing the productivity of

vul cani zed rubber products or to |lower the vul cani zati on tenperature
for reducing the energy consunption during the vul canization. 20
The vel ocity of vul cani zation of the8conventional EPDM can be

i ncreased by increasing the anmounts of vul cani zer and vul cani zati on

accel erator. Howaalerdee U%€iQf desiredUt §aERELva Nth WSAN Fild iy
accelerator in |large anmounts woul d cause the surface of the fina

vul cani zed ofuldreretR8 enm/schediefio/sohtenjfiganed| pohyeme of etel wdcani zer
and vul cani zati on accel erator, so that design and hygienic

probl ens watilbdre compmmittdroadwhich enables providindherefloraniddd i s desired
to achi eve the devel opnents of an ethylene/[err]-olefin/nonconjugated
pol yene t erpdihyererhaving rexisieddeosnpesistancesi th kel &sing owstithera

vul cani zed rubber having excellent resistances to heat aging, weather
5 and o2onearthdP s &nd) sz Fuileantepbepryvekopigh b high anpared with

t hat of the conventlonal EPDM and_a vul canj zed rubber obtained from
t he conp05|??THPre with that of the Conve“ttiﬂﬁiﬁE%?MTiﬁgI?WVENTICN 10
A primry o ct of rese rOV|de an

nv n ion st
ethylene/[éY C%ﬂ%ﬁ? %ﬁn %%5% Fy@ng © Com?%?p fer rubber

conposition which enables provi di ng a vul cani zed rubber being
excellent in resistances to

BJE F_THE INVENTION
10 A primary object of the present invention is to
provide an ethylene/0-olefin/nonconjugated polyene
terpolymer rubber composition which enables providing a
vulcanized rubber being excellent in resistances to
weather, ozone and heat aging without detriment to the
15 excellent mechanical strength characteristics, abrasion
resistance and dynamic fatigue resistance of the diene
rubber and a wvulcanized rubber obtained from the
composition.
A second object of the present invention is to provide
20 an ethylene/0-olefin/nonconjugated polyene terpolymer
rubber which enables providing a vulcanized};ubber being
excellent in not only strength characteristics and oil
resistance but also resistances to weather, ozone and heat
aging and a vulcanized rubber obtained from the
25 composition.
A third object of the present invention is to provide

an ethylene/d-olefin/nonconjugated polyene terpolymer

rubber composition which enables providing a vulcanized



weat her, ozone and heat aging without detrinment to the 15 excellent
mechani cal strength characteristics, abrasion resi stance and dynam c
fatigue resistance of the diene rubber and a vul cani zed rubber
obt ai ned fromthe conposi tion. A second object of the
present invention is to provide 20 9an ethyl ene/ a-ol efi n/ nonconj ugat ed

pol yene terpol yner rubber whi ch enabl es providing a vul cani zed rubber
bei ng ru®bed! belhg BxPRL10AE YiStL bR 3¢ 6l %ngétﬁn%r,]d of |

resi stance but also résistances to weather, ozone ant agi ng and
a vul cani ze@attleketnabbabRgdahd OMRELE vidan GRS LieQBcity is A third
an

obj ect of the present invention is to provide

et hyl ene/ [ enreptelrethahnengen geh€ et n=ar peioMmenhd a vufikBRgbeqd
conposi tion which enabl es providing a vul cani zed

9 r ubtlubberecbgjaeredl Feon time resisisinces .t o heat agi ng, weat her
and ozohe and whose vul cani zation vel ocity is greater than that of
t he conventi onal EPDM and. a vul cani zed rubber obtained fromthe
conposition. 5 SUMMARY OF THEGINNANFIQR THE | NVENTI ON
An ethylene/[err]- fin/nopconj ugat ed pol yene terpal yner r ubber
conposi tion acc%%dgﬁgykgn?gg 8?%€%b%n?qékﬂ#QQﬂ¥ed pai%é&ﬁpF?§€§4meé
a randon1t%5B%£¥negmrubbgr SA% %re ar ed fg%glethylene“ . an
[err]-ol efin Ravi ng 3°to- 28" AT o Hio FCeFERSt Lpifention
comprises:
10 a random terpolymer rubber (A) prepared from ethylene,

an O-olefin having 3 to 20 carbon atoms and at least one

branched chain polyene compound represented by the
following general formula [I] and
a diene rubber (B),
15 the above random terpolymer rubber (A) being
characterized by:
(1) having a molar ratio of ethylene to an a-olefin
having 3 to 20 carbon atoms (ethylene units/c-olefin units)
of 40/60 to 95/5,
20 (ii) exhibiting an iodine value of 1 to 50, and
(1ii) having an intrinsic viscosity ([N] measured in
135°C decalin which satisfies the inequality?
0.8 dl/g < [Mn] < 5.0 dl/g,
the above branched chain polyene compound being

25 represented by the general formula:

HoC = CH - CH; - C - (CHz), - CR® = ¢ - R?
I |

CH (CHjy) R?

[I]



branéhed chai n pol yene conpound represented by the fol |l ow ng gener al

formula (1] and a di ene rubber (B), 15 t he above random
t erpol ymer rubber (A) being characterized by: (1) having
a nolar ratio of ethylene to an [err]-olefin having 3 to 20 carbon
atons (ethylene units/a-olefin unitg) of 40/60 to 95/5, 20

(ii1) exhibiting an iodine value of 1 to 50, and (ii1) having an
intrinsic viscosit ([err]] measured in 1§5[e %ﬁ decalln whi ch
satisfies the i jnp 'is an integer of 1 to % 9”ges<en §é%]] < 5.0

dl /g, h b h h
rep?esent e H§Y 1 h%rogiﬁigfa\éﬁ ram?n o8 CRZLBPRLIRET £ corrpo %}b bgé—? rkﬂli[err] -

?Ch[éfi%frrﬁj {hdiégﬂéﬁﬂgly f%preggﬂ%r]a hydrogen atom or an alkyl

[1] qF9uP having 1 to 5 carbon atoms. 1 O wherein n is an
i nt eger of to 5, Rerr] represents an al kyl group having 1 to 5

carbon gtons, angk epshfrdr@S knakdthe diBdel paEpendeny | e represant s a
hydrogen atom or an al kyl group having 1 to 5 carbon atons. 5

It is preferdsset hatrR) hexr di sprenebhebbeB) (be) nat ur al rubber (NR) or
i soprene rubber (IR). A vul cani zed rubber of the present
lnvention Is A vulcanized rubber of the present invention is
produced by a process comprising vulcanizing the above
composition comprising the random terpolymer rubber (A) and
10 the diene rubber (B).

Another form of ethylene/d-olefin/nonconjugated
polyene terpolymer rubber composition of the present
invention comprises:

a random terpolymer rubber (A) prepared from ethylene,

15 an 0-olefin having 3 to 20 carbon atoms and at least one
branched chain polyene compound represented by the above
general formula [I] and

a nitrile rubber (C),

the above random terpolymer rubber (A) being

20 characterized by:

(1) having a molar ratio of ethylene tg an O-olefin
having 3 to 20 carbon atoms (ethylene units/0-olefin units)
of 40/60 to 95/5,
(ii) exhibiting an iodine value of 1 to 50, and
25 (1ii) having an intrinsic viscosity [N] measured in

135°C decalin which satisfies the inequality:

0.8 dl/g < [M] < 5.0 dl/g.



produced by a process conprising vul cani zing the above conposition
conprising the randomterpol yner rubber (A) and 10 the diene rubber (B)
Anot her form of ethylene/[err]-ol efin/nonconjugated pol yene

terpol ymer rubber conposition of the present i nvention conpri ses:

a random terpol ynmer rubber (A) prepbied fromethylene, 15 an [err]-olefin
having 3 to 20 carbon atons and at | east one branched chai n pol yene

compound repr esRAbEHeRY cbbf BPOVE) canigedSNMAL (! EHLAkLL A0

anitrile rubbe ove ran onrterpopyner rubber (A
being 20 jn¢Bakraehehikzgldol¥ced by a procdds %hqglﬁg”QMQQahﬁﬁhﬁ gof

ethylene to an [err]-olefin having 3 to 20 carbodn atons (ethyl ene
uni t s/ [ err thel ebpmeurichg)lene/c-obéf 4/ Bn¢an Pyfed polyene (i)
exhibiting an iodine value of 1 to 50, and 25 (iii) having an
intrinsic tbspoiymyr[kebbét cegsos Bdidm of the ﬁ%ﬂbﬂﬂt]@nde@ahbn whi ch
salisfrgs t he |ne%ualrt 8 dl/g < [[err]] <5.0
dl/g. urther formnef nfhykRnR ¥~ qﬂmfdarﬁwwwgfte@r t he

pr esent invention is produced by a process conprising vul canizing

t he above @PRYFEBReLpPEPPLYBEES FubbRincorRRfitdPpeIfydhe presenter pol yrer
rubber conposition of the present invention. 5 A further form of

et hyl ene/ [ éPVEREREPI RPABALSRF tigat ed

a random terpolymer rubber (A) prepared from ethylene,
an O0-olefin having 3 to 20 carbon atoms and at least one
10 branched chain polyene compound represented by the above
general formula (I] and
a random copolymer rubber (D) prepared from ethylene
and an a-olefin having 3 to 20 carbon atoms optionally
together with a nonconjugated diene,
15 the above random terpolymer rubber (A) being

characterized by:

(i) having a molar ratio of ethylene to an a-olefin
having 3 to 20 carbon atoms (ethylene units/0-olefin units)
of 40/60 to 95/5,
20 (1i) exhibiting an iodine value of 5 to 40, and
(1ii) having an intrinsic viscosity (M), measured in
135°C decalin which satisfies the inequality:
0.8 dl/g < [7M] < 5.0 dl/q.
A further form of vulcanized rubber of the present
25 invention is produced by a process comprising vulcanizing
the above composition comprising the random terpolymer

rubber (A) and the random copolymer rubber (D).



pol yene terpol yner rubber conposition of the present i nvention
conpri ses: a random terpol yner rubber (A) prepared from

et hyl ene, an [err]-olefin having 3 to 20 carbon atons and at | east
one 10 branched chain pol yene conpound represented by the above

general formula (I] and B2r andom copol yner rubber (D) prepared
from et hyl ene and an [err]-olefin having 3 to 20 carbon atons

optional l'y ThEOQSBOQrf%&ﬁ%@qxgﬁﬂﬁgﬂhﬂgﬁggg%ﬁﬁgﬁ%gdtég:random the above

random t er pol yner rubber in eriz _ (1)
having a meapollghke ShvBéhYlgNead® @i (Bl ksl () Fnaﬁﬁégng 3 to 20
o

carbon atons (ethylene units/[err]-olefin units) 40/ to 95/5,
20 pirby idxhiybat ro0cani tedi bt U ik 2xce14@ntand (i)
having an intrinsic viscosity [[err]], nmeasured in 135[err] C decalin

whi ch sati sksésttheebsnequatatlyer, ozone and heat aging @i8heélbtg < [[err]] <
5.0 dlﬁg. A further form of vul cani zed rubber of the present 25
i nvent idn detpivgntetiobyha exerklbentc amumhiagiing lvsitcanigzhng t he above
conposi tion conprising the randomterpol yner rubber (A) and the
randon\C0p5p§ﬁ§ptpgb§§;c§[»abrasion resistance and dynamic fatigue 12

The above rubber conposition conprising the random t er pol ynmer rubber
(A) and t h&S8t-EhBFELDEr EIB) ARDHIBPPET.  providing a vul cani zed rubber

Dot ng xeel 1entohl apove FEHS! ANGERSQ 5 A5hr19985° A2 0530,20" N0

terpolymer rubber (A) and the nitrile rubber (C) enables

10 providing a vulcanized rubber being excellent in not only
strength characteristics and o0il resistance but also
resistances to weather, ozone and heat aging.

The above rubber composition comprising the random

terpolymer rubber (A) and the random copolymer rubber (D)

15 enables providing a vulcanized rubber which is excellent in
resistances to heat aging, weather and ozone and has the

advantage of having vulcanization velocity greater than

that of the conventional EPDM.

20 DETATLED DESCRIPTION OF THE INVENTION

The ethylene/a~olefin/nonconjugated polyene terpolymer
rubber composition and vulcanized rubber obtained therefrom
according to the present invention will be described in
detail below.

25 The ethylene/-olefin/nonconjugated polyene terpolymer
rubber composition of the present invention is specifically
a rubber composition (I) comprising a random terpolymer

rubber (A) and a diene rubber (B), a rubber composition



5 detriment to the excellent mechanical strength characteristics,
abrasi on resistance and dynam c fatigue resi stance of the diene
rubber . The above rubber conposition conprising the random
terpol ymer rubber (A) and the nitrile rubber (C) enables 10 providing a
vul cani zed rubber being excellent inf 3wt only strength
characteristics and oil resistance but al so resi stances to weat her,

ozone and heﬂ) a osf the The %QO\égl&ﬁeber ggg})o?\ |grr11dconpr| si ng

t he random “randem c pol ynmer~ rubber (D)

15 enabl es; prp 19lﬂ%&:vudcqary12%drru g'a%r cBAbGB:E2oRXRLL PNbokp isin

resi stances to heat agl ng, weat her and ozone an van%age of
havi ng vul C@l@ézé‘éxﬁ&é}n\/@éﬁ%i‘ & RERlert NAN and a EQﬁHoﬁfc '\ﬁéloﬁ%‘x\!en“ onal

EPDM Al LED DESCRI PTI ON OF THE | NVE

The et hyl engﬁ;{)@éf] tppl efi n/ nonconj ugat ed pol yene ter pol yner r ubber
conposi tion and vul cani zed rubber obt ai ned t heref rom according to the
present Sinvention will be He cefssi 25 The
et hyl ene/[err]-ol efin/nonconj ugat ed poI yene ter pol yrrer r ubber

conposi tion of tihlee prEnean iqverpicdiynies spbbeki ¢A) | for useainubber
conposition g % rising a randomter pal yner r ubber Al and a di ene
rubber (B), P %%%e n%ﬁﬂﬁﬁﬁﬂtﬁqnyrepared from ethylene, an a+olef 13

(I'l') conprising the randomterpol ymer rubber (A) and a
having 3 to 20 carbon dtoms and a branched chain polyene

compound.

10 Various a-olefins each having 3 to 20 carbon atoms may
suitably be employed, which include, for example,
propylene, l-butene, l-pentene, l-hexene, 3-methyl-1-
butene, 3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-1-
pentene, 4-methyl-l-hexene, 4,4-dimethyl-1l-hexene, 4, 4-

15 dimethyl-l-pentene, 4-ethyl-l-hexene, 3-ethyl-l-hexene, 1-
octene, l-decene, l-dodecene, l-tetradecene, l-hexadecene,
l-octadecene and l-eicocene. Of these, propylene, 1-
butene, l-hexene and l-octene are preferred.

These O~olefins may be used either individually or in

20 combination.

The branched chain polyene compound is represented by

the general formula [I]:

HoC = CH - CH; - C ~ (CHz)n - CR® = C - R?
I l

CH (CHaj) R?

25 . (1)

In the formula [I], n is an integer of 1 to 5, R1

represents an alkyl group having 1 to 5 carbon atoms, and



nitrile rubber (C) or a rubber composition (I111) conprising t he

random t er pol ynmer rubber (A) and a random copol yner rubber (D). 5
Random Ter pol ymer Rubber (A) The et hyl enic terpol yner rubber (A
for use in the present invention is prepared from ethyl ene, an
a-olefin having 3 to 20 carbor 4tons and a branched chain pol yene
conpound. 10 Various [err]-olefins each having 3 to 20 carbon atons
may j YrDE, £ DY, [ hQc exa

propyl ene, é%{:%ﬁ?fen%, ec.}L pent elﬁgi,ep‘%f?ﬁ%&éc%g IJ:ggrgnestS%)g]E-sl é H%%g%rtljtaet-ﬁoen,1

3-net hyl - | opesh eExy B-fEdVP -HalORE @N€ o 4- BBEBYh- htoms, pent ene,

4- et hyl -1 - hexene, 4, 4-di nethyl-I1-hexene, 4,4- 15 dinethyl-I-pentene,
4-ethyl -1 - hexenexardp B¢\ £ | cHeXanE,l froups eaBBl BAGind- Hegsne, cdrodecene,
1-tetradecene, 1-hexadecene, 1- oct adecene and 1-eicocene. O these,
propyl ene,atlems inclyxg emhyll- hexdwyd  andptopelene-areppl of erseey 1,

These La:frr] -olefins may be used either individually or in 20

combi n&t i ohTbPutyl, sec-butl brtairsited . chapanpylyand toppounld gsoupepresent ed
by the general_ fornula [1]: Herr]C=CH- CHerr] - C
-"(CHerr]) n _Eggwg}qﬁ of (the €] branched chain polyene compounds CH
(CH err]) n the formula [I], nis an

: Rlerr 25 I .
i nt eger  of (Ilelf%lri’f’,‘ftF&’”er"’r]]s"l referred: £QcAfstAR BFRYFRER ot Haweyang o 5
carbon ato@@mpéﬁﬁh (I]) include the following compounds (1) to (24):

(1) 4-ethylidene-1, 6-octadiene,
10 (2) 7-methyl-4-ethylidene-1, 6-octadiene,
(3) 7-methyl-4-ethylidene-1, 6-nonadiene,
(4) 7-ethyl-4-ethylidene-1, 6-nonadiene,
(5) 6,7-dimethyl-4-ethylidene-1, 6~octadiene,
(6) 6, 7-dimethyl-4-ethylidene-1, 6-nonadiene,
15 (7) 4-ethylidene-1, 6-decadiene,
(8) 7-methyl-4-ethylidene-1, 6-decadiene,
(9) 7-methyl-6-propyl-4-ethylidene-1, 6-octadiene,
(10) 4-ethylidene~1, 7-nonadiene,
(11) 8-methyl-4-ethylidene-1,7~-nonadiene (EMN),
20 (12) 4-ethylidene-1,7-undecadiene,
(13) 8-methyl-4-ethylidene-1, 7-undecadiene, N
(14) 7,8-dimethyl-4-ethylidene-1, 7-nonadiene,
(15) 7,8-dimethyl-4-ethylidene-1, 7-decadiene,
(16) 7,8-dimethyl-4-ethylidene-1, 7-undecadiene,
25 (17) 8-methyl-7-ethyl-4-ethylidene-1, 7-undecadiene,
(18) 7,8-diethyl-4-ethylidene-1,7-decadiene,

(19) 9-methyl-4-ethylidene-1, 8-decadiene,



14 each of R2 and R3 independently represents a hydrogen atom

or an al kyl group having 1 to 5 carbon atons. Exanpl es of the

al kyl groups each having 1 to 5 carbon atons include nethyl, ethyl,

n- propyl, i-propyl, n-butyl, 5 i-butyl, sec-butyl, t-butyl, n-pentyl and
i -pentyl groups. Exanpl es1gf the above branched chain pol yene
conpounds (hereinafter also referred to as the branched chai n pol yene

d de |1
Z?g{)ﬁ;{]i d[eln]e zld)g% é “E%&Yq‘fg\émtgggg% f‘g?/ é%lgaecilh%ﬂ(?z’g)ene 1, 6- of:t ;dl ene,
(3) 7'nEthylﬁéﬁethykk%ﬁgﬁ—%—% °T§9é§861 9- %Sdeéaalene,

7-et hyl - 4-et ene nona

6, 7- di net hy|(242)etd1)ﬁ]d—gﬁne't%yy§ chegyﬂ&ene 1,9- L(fﬁ%ecadlene,

6, 7-di met hyl - 4 eth nonadi ene

4- et hyl i dene¢zl3)6- 1ctemw1e,4 ethyllagheiznml%aéc&ilmﬂé dem%rl 6- decadi ene,
(9) 7-methyl-6-propyl-4-ethylidene-1, 6-octadi ene, (10)

4- et hyl i Benet22)7-1pnadicrethyl-4-e€hi) i @emet hyl o-dwidvddidene- 1, 7- nonadi ene

(EMWN), 20 (12) 4-ethylidene-1, 7-undecadi ene, (13)
8- net hyl - 4- et hyl idferdhelel- thdebadnened thain poXylehe compounds (5),
7, 8-di met hyl - 4- et hyl i dene- 1, 7- nonadi ene, (15)

7 d|nethylﬂ@wetﬁvhld@ﬁévl(lédecdaﬁenend (20) gues)preferably
7, 8-di net hyl - 4- et hyl i dene- 1, 7- undecadi ene, 25 (17)

8- et hyl - 7- ¥MRAQYEDt hyl i dene- 1, 7- undecadlene (18)
7, 8-di
9- net

e et P T pbdaeae T e tnaneldny ox 1o

10 combination.

hyl - 4- et hyl i

The above branched chain polyene compound [I] may be
either a mixture of trans and cis forms or purely a trans
or cis form.

The above branched chain polyene compound [I] can be

15 prepared by the process described in the specification of
Japanese Patent Application No. 6(1994)-154952 filed by the
same applicant as in the present application.

The branched chain polyene compound [I] can be
produced by reacting a conjugated diene compound

20 represented by the following formula [I-a) with ethylene in
the presence of a catalyst composed of a trapsition metal

compound and an organcaluminum compound:

HoC = C -(CHp), - CR® = C - R!
| i

CH Rr2
n

CH,

25 [I-a]



15 (20) 8, 9-dinethyl-4-ethylidene-I, 8-decadi ene, (21)

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

9, 10-di net hyl - 4- et hyl i dene- 1, 9- undecadi ene, (23)

11- et hyl - 4- et hyl i dene- 1, 10- dodecadi ene, and 5 (22)

10, 11-di met hyl - 4- et hyl i dene- 1, 10- dotiécadi ene. O these, the
branched chai n pol yene conpounds (5) (), (9, (11), (14), (19) and

(20) are prefera These y be used either
i ndi vi dual l'y or R ¥eiﬁ th%oﬁ%?ﬁé??%nPf n, Rl, R? a?ﬁeR§EG68 EP&nERBA chai n

pol yene CO%BOHQQtLBLeHHngge w1¥h §%§g§%ti%o t%FU%E o trgeirand cis fOF”E

or purely atr anched chain

pol yene conpounqn[ghecggnggm &ér%§5 ﬁgﬂﬁ%ﬁépﬁgﬁE%%e%§81§§4§h?ed in the

speci fication of Japanese Patent 54952 filed

by the pre8dRe 2RAPEhEABA, afné nséﬂﬁcﬂfxeasle'ﬁtm@:@plcﬂe%veanfrom the The
branched chai n pol yene conpound (I'l] can produced by reacting a

conj ugdt e dabpenemoonpeuadofZethylam,esemmflby drite Hrelnosidnghbannul a (1 -al
with ethylene in the presence of a catal yst conposed of a transition
net al podgepeundmpodndna oé geaOddiNG HHAaCERRIVWAE mutually bonded,

Herr]C=C- (CHerr]) n- CRerr] =C- Rerr]

CH a branchRperufture is present attributed toCHher bkan2hed

[1-a] chain polyene compound and the principal chain has a
substantially linear structure.

10 That this terpolymer rubber has a substantially linear
structure and contains substantially no gel of crosslinked
polymer can be confirmed by the fact that the terpolymer
rubber is soluble in an organic solvent and contains
substantially no insoluble matter. For example, the

15 confirmation can be made by the fact that the terpolymer
rubber is completely dissolved in decalin at 135°C in the
measurement of the intrinsic viscosity ([7M].

In this random terpolymer rubber (A), each structural
unit derived from the branched chain polyene compound has

20 substantially the structure represented by the formula

[II]: 5

—¢H,C- CH3—
l
CH, - C - (CHy) - CR}*=C-R!
|

CH(CH;) R?

25 (11]

wherein the meanings of n, Rl, RZ and R3 are the same

as mentioned above with respect to the formula [I].



16 wherein the meanings of n, Rerr], Rerr] and R err] are the
sane as nentioned above with respect to the forrmula [I].

In the random terpol ynmer rubber (A) for use in the present invention,
the structural units derived fromthe 5 above nononers of ethyl ene,
[err]-ol efin and branched chain 17 pol yene conpound are randomy
arranged and nutual |y bonded, a branch structure is present

attributed to thlehagzrae ccf}l %trulctul neg gt ?uggﬁ?éog}_)oun&g dratﬁ%é%)él nci pal

chain has a substant’ al this

t er pol yner &ﬁ% :%gﬁ?: l.y n t nd contai ns
subgtaﬁtialfy no g (ﬁécro sl hkﬂés ché QEBYe Str%%%u%% %%ﬁﬁ?rned by the
fact that té&ent R WElobtainingUBELNME §9ée@£&‘m'8fa£h9r 5 )ﬁﬁée’ent and

cont ai ns substantially no’insoluble natter. For exanp

confirmation canrthe reerbdrpe1lact tisbekheas ef&@'ué@rm the Fubhar is

conpletely dissolved in decalin at 135[err]Cin the nmeasur enent of
t he i nt bi ns¢campvo s y(I)[ eras] khe following t8mpEh&Nt &Ngedn t er pol ymer
rubber (A), each structural unit derived fromthe branched chain
pol yene com@@@nﬂtﬁﬂﬁﬁ 20 substantially the structure represented by the
formul a [1]: -( Herrr]C-CH

CHerr] - C.(CH[@#k])ThQJqngcp terpoRymer] rubber has a molar ratio of

?Ffnggrr])ethylengq (o) Jn o-olefin having 3 to 20 carbon atoms

(ethylene units/d-olefin units) of 40/60 to 95/5,
10 preferably, 50/50 to 80/20 and, still preferably, 60/40 to
78/22.

The use of the random terpolymer rubber (A) having the
above range of molar ratio of ethylene to an o-olefin
having 3 to 20 carbon atoms leads to the rubber composition

15 (I) which enables providing a vulcanized rubber product
being excellent in mechanical strength characteristics
without detriment to the rubber elasticity at low
temperatures.

(ii) The random terpolymer rubber (A) exhibits an

20 iodine value of 1 to 50, preferably, 5 to 40 and, still
preferably, 10 to 30. 2

The random terpolymer rubber (A) exhibiting the above
range of iodine value has high vulcanization velocity to
thereby ensure high covulcanizability with diene rubber and

25 is excellent in heat aging resistance.

(iii) The random terpolymer rubber (A) has an

intrinsic viscosity [N] measured in 135°C decalin which



wherein the neanings of n, Rlerr], Rerr] and R err] are the sane as
menti oned above with respect to the fornula (I].

17 That each structural unit derived fromthe branched
chai n pol yene conpound has the above structure can be confirnmed by
obt ai ni ng 13C- NWVR spectrum of the tiegpol yner. The random

ter pol ymer rubber (A) for use in the rubber 5 conposition (1) has the

fol |l owi ng ts_and rti.es. i), The random
terpolyner8ggggggyﬁa§a%g%%l%Fm?g{?g%gfl% dl/ge?ﬂ?lBﬁsféﬁgﬁﬁy[err]rolfflp
having 3 t o} t .. (ethylene units/[err]-olefin units) o

40/ 60 to 9%7‘%,939%9 Qp?%f%?% 13150/ 50 to 80/20 and, still preferably, 60/40
to 78/ 22. 0 Theilyse <©of hhe<r gndoauygr pol yner rubber (A)
havi ng t he above range of nolar ratio of ethylene to an [err]-olefin
having 3 to 20 tTh&bpanadn e RAdmdr0 dultgek-uhher hQOETHgS!:BéOQboJ=§ (1) which
enabl es_ provi ding a vul cani zed rubber product eing excellent in
mechanixal rapgengf hichminsieriistdassity (M) vist kegeldenti ienént abt hity ubber

el asticity at | ow t enper at ur es. (ii1) The random ter pol yner
rubber (A) fexhbbéndimg wixth diedi mmbbalruendf cbévthidcbfizpbeibtabhyth5 to 40
and, still preferably, 10 to 30.

The randonfi@RporyRRer r ubbze Ys® ofxitihisi rendomhseabokpmer rubbéngéAbf i odi ne
value s IRSRYULEETIARIA OGBS Weltnoie wiIEAEEY SAPISI U,
the rubber composition (I) having excellent processability.
10 The random terpolymer rubber (A) for use in the rubber
composition (II) has the following construction and

properties.

(1) The random terpolymer rubber has a molar ratio of

ethylene to an a-olefin having 3 to 20 carbon atoms
15 (ethylene units/c-olefin units) of 40/60 to 95/5,
preferably, 55/45 to 80/20 and, still preferably, 60/40 to
78/22.
The use of the random terpolymer rubber (A) having the
above range of molar ratio of ethylene to an a-olefin
20 Thaving 3 to 20 carbon atoms leads to the rubber composition
(II) which enables providing a vulcanized rupber being
excellent in mechanical strength characteristics without
detriment to the rubber elasticity at low temperatures.
(1i) The random terpolymer rubber (A) exhibits an
25 iodine value of 1 to 50, preferably, 10 to 30 and, still
preferably, 11 to 25.
The random terpolymer rubber (A) exhibiting the above

range of iodine value has high vulcanization velocity to



25 is excellent in heat aging resistance. (iii1) The random

t er pol ymer rubber (A) has an intrinsic viscosity [[err]] neasured in
135[err] C decal in which 18
generally ranges fromO0.2 to 10 dl/g and preferably satisfies the

i nequal i ty: 0.8 dl /g < ([err]] < 5.0 dl/g.

The random t er pol yner rubber (A) having the above 5 range of intrinsic

VISCOSIty kggr an ab r,_bl.ending with diene

exgcel in
rubber and covu#kaﬁ?%% |I|f§'vﬁ?$ylcanlzﬁ?ﬁ§ﬁ§ r&BE@rnl?ﬁélﬁséugPthe r andom
erpolynerahabggreQQQlleﬂt lp gﬁ%gp §%st B%% intrinsic viscosity
Si

[[err]) leads to e ru tion Havi ng excel | ent

processability. thd @se of tﬁé%ér?dmpméﬁoqqﬂnbé@rru%%@eﬁﬂAéxfm%a%}?g' n the

r ubber conposition (I1) has the follow ng construction

properti esthe above rangé)of hBod damiier pelaywEek of whkeryRgsra nolar ratio
of ethylene to an [err]-olefin having 3 to 20 carbon atons 15

(et hyl éne uompsesfetoh- OLES i whikt te)atdfe ARProR A nd5h5vulcanizeaef erably,
55/45 to 80/20 and, still preferably, 60/40 to 78/ 22. The

use of therpvhhdonbeénpotyrellentbbier nod) omdwi 3¢ riehgth charabogeisange of
molar ratio of ethylene to an [err]-olefin 20 having 3 to 20 carbon atons
| eads to tRBIr abbeFeebnpRRte it also Hesistanicels srableshprovedong a

vul cani zed rab ber bein excell ent in nmechanical strength
char act er i 8PFc8edkt BRI

(1ii) The random terpolymer rubber (A) has an
10 intrinsic viscosity [7] measured in 135°C decalin which
generally ranges from 0.2 to 10 dl/g and preferably
satisfies the inequality:
0.8 dl1/g < [n] < 5.0 dl/g.
The random terpolymer rubber (A) having the above
15 range of intrinsic viscosity [M] is excellent in an ability
for blending with nitrile rubber and covulcanizability with
nitrile rubber. The use of the random terpolymer rubber
(A) having the above range of intrinsic viscosity [1] leads
to the rubber composition (II) having excellent
20 processability.

The random terpolymer rubber (A) for use in the
rubber composition (III) has the following components and
properties.

(1) The random terpolymer rubber (A) has a molar

25 ratio of ethylene to an &-olefin having 3 to 20 carbon
atoms (ethylene units/0-olefin units) of 40/60 to 95/5,
preferably, 50/50 to 90/10 and, still preferably, 50/50 to
85/15.



detriment to the rubber elasticity at |ow tenperatures. (i) The
random t er pol ynmer rubber (A) exhibits an 25 i odi ne value of 1 to 50,
preferably, 10 to 30 and, still preferably, 11 to 25. The
random t er pol yner rubber (A) exhibiting the above range of iodine

val ue has hi gh vul cani zation vel oci2g to

19 thereby ensure high covul canizability with nitrile rubber

and is excellen i stance The use of the random

t
t er pol yner rubbéw ?R 2?ﬁ?gkglﬁ§n om tef?ﬁ}%ﬂﬁﬁﬁfW%ﬂﬁﬁaQﬁ)|Wﬁ¥%ﬂ9
| eads to thgdwibhenge B3rCABRAS LhONo () et tdhenablas oM difg a

vul cani zed rubber being excellent in‘not only strength

charact er i giahihg 3 to 80dcakbohestshaNeeadiite 2la0 MARIRLANGES J ciRal her

ozone nd "heat agi ng. (r11) The random ter pol yner rubber

(A) has an (1111(3 whilchi esahﬁlwssg%vwlﬁ&e& rddlé@ﬁ%@%ﬂ%&%&d& decalin
whi ch generally ranges from0.2 to 10 dl/g and preferably

satisfi®s th@rngneadallilkyit in not only mechanical Gtrdlldth < [[err]] < 5.0
dl /g. The random terpol ymer rubber (A) having the above 1 5
range of i mhamsiteniissdosi byt[ peso]blosnexgetdeidtdncean ability for
blending with nitrile rubber and covul cani zability with nitrile
rubber. The use @fi)t A&er zpadamt teppdivmer rubieer (A) exppinsviamg t he above
range of intrinsic viscosity ([err]] |eads to the rubber composition
(11) havi ndaee vedue 26 5pF8céesaB¥¢f%§:ablY' 5 to 35 and, still

preferably, 8 to 30,

10 The use of the random terpolymer rubber (A) exhibiting
the above range of iodine value leads to the rubber
composition (III) of high vulcanization velocity which
enables providing a vulcanized rubber product being
excellent in blooming resistance.

15 (iii) The random terpolymer rubber (A) has an

intrinsic viscosity [1] measured in 135°C decalin which

satisfies the inequality:

0.8 d1/g < [Mn] < 5.0 dl/g.

The use of the random terpolymer rubber (A) having the
20 above range of intrinsic viscosity [N] leads to the rubber
composition (III) having excellent processahility.

In the rubber composition (I), the random terpolymer
rubber (A) is contained in an amount of 20 to 80 parts by
weight, preferably, 25 to 75 parts by weight and, still

25 preferably, 30 to 70 parts by weight per 100 parts by
weight of the sum of the random terpolymer rubber (A) and
the diene rubber (B). The use of the random terpolymer

rubber (A) in the above amount leads to the rubber



The random t erpol ymer rubber (A) for use in the rubber conposition

(I'1r1) has the follow ng conponents ‘and properties. (i) The
random t er pol ymer rubber (A) has a nolar 25 ratio of ethylene to an
[err]-olefin having 3 to 20 carbon atons (ethylene units/[err]-olefin
units) of 40/60 to 95/5, prefe2dbly, 50/50 to 90/10 and, stil
preferably, 50/50 to 85/ 15. 20

Th f t havi th , b f
ol ar rati AP i 1 b Yk CRcebiBER A NS R 18 capieped FEBerON "
atoms | eads,d dd1RuddiIehe CAIRPALLI Oy neat dddilJeatficch gnaflgs providing a

vul cani zed rubber product el ng excellent 1 n not only nechani cal

strength  detriGlataglerhst bgsePutnal BOcid PQUE NG UrRSiggHAance.
(ii) The random terpol yner rubber (A) exhibits an i odi ne value of 5

to 40, prefaraakicteristdcdbuafdr 8yhdhic use dqurRfieriddlsy.indelrend@y 10

The use of the randomterpol yner rubber (A) exhibiting t he above
range ob i qdissessaldueyl ehdsdieneheubbdber conposition (I111) of high
vul cani zation vel ocity which enabl es providing a vul cani zed rubber
product being In thexewbbent compbsboidmg(¥FBsi sthancmndotb terpolymeiri i) The

random t erpol ymer rubber (A) has an intrinsic viscosity [[err]
measur ed iﬁu§é§FéﬂﬁPCléeéapFﬂlﬂﬁ@chn an amaytt $fff @9 ttiee Si0negursisi by:

weight, preferably, 25 to 75 parts by weight and, still
preferably, 30 to 70 parts by weight per 100 parts by

10 weight of the sum of the random terpolymer rubber (A) and
the nitrile rubber (C).

In the rubber composition (III), the random terpolymer
rubber (A) is contained in an amount of 5 to 95 parts by
weight, preferably, 20 to 90 parts by weight and, still

15 preferably, 30 to 90 parts by weight per 100 parts by
weight of the sum of the random terpolymer rubber (A) and
the random copclymer rubber (D).

The above random terpolymer rubber (A) can be obtained

by terpolymerizing ethylene, an a-olefin having 3 to 20

20 carbon atoms and a branched chain polyene compound
represented by the above formula [I] in the jpresence of a
catalyst.

A Ziegler catalyst composed of a compound of
transition metal, such as vanadium (V), zirconium (Zr) or

25 titanium (Ti), and an organoaluminum compound
(organcaluminum oxy compound) may used as the catalyst.
In the present invention, it is especially preferred

to use a catalyst (a) composed of a soluble vanadium



0.8 dl/g < [[err]] <5.0dl/g. The use of the random terpol yner
rubber (A) having the 20 above range of intrinsic viscosity [[err]] |eads
to the rubber conposition (l111) having excellent processability.

In the rubber conposition (1), the random terpol yner rubber (A) is
contained in an anmount of 20 to 80gm@rts by wei ght, preferably, 25 to
75 parts by weight and, still 25 preferably, 30 to 70 parts by wei ght per
100 parts b of the sum.of the random terpol yner rubber (A) and

wei ght
the di ene ?é‘ﬁ’ﬁ%’r‘n?@{‘g% UEA I3 LU s GORPPERBoPY nBr catalystbber (A) in
t he above leads_to t r ubber L
21 cgﬁﬁgg%??oﬁ (T)m%?mbelhoceeﬁ’fblcé’é“p&‘&?i 8fng Lro0FLLAPE Bt Rbber
having excgllg ik t i stanc i.thaout . . efriment to
the excel | ent ?r%% a%%glastrenqgltaeh Group tlgﬁarggc eri g?lr(l:gdﬁﬁd‘égb%?n c use
condi ti onsei PREF e | ¥raabPOTSESSEDRY Lh8odhangr Yhb ; F A In the
rubber conposition (ﬁfl t he randomx?/ercpo?f/)ger8 B HR ?é%bé?d(%f)m}%
cont ai Bed ¢smpouadgpunt of 20 to 80 parts by wei ght, preferably, 25 to
75 parts by weight and, still preferably, 30 to 70 parts by wei ght
per 100 parts byn tlge pedszpnt dginvend ioem geneleligndethytepe) yarra+ ubber (A)
and the nitrile rubber (C). In the rubber conposition
(111), theclahtdonaeipy| ey 20 carbombbepméArndsacbpaached ¢itatm anount of
5to 95 parts by wei ght, preferably, 20 to 90 parts by wei ght and,
still 15 PPEYRRAEYIPSONd G130 teapes vy riveeghinpar 11@01ipaphasdyin

the presence of the above catalyst (a) (composed of a

10 soluble vanadium compound and an organoaluminum compound)
or catalyst (b) (composed of a metallocene compound of a
transition metal selected from among the Group IVB of the
periodic table and either an organcaluminum oxy compound or
an ionized ionic compound) .

15 In the terpolymerization, generally, use is made of a
hydrocarbon solvent. In place of the hydrocarbon soclvent,
however, an O-olefin such as propylene may be used as the
solvent.

Examples of suitable hydrocarbon solvents include:

20 aliphatic hydrocarbons such as pentane, hexane,
heptane, octane, decane, dodecane and kerocene, and
halogenated derivatives thereof,

alicyclic hydrocarbons such as cyclohexane,
methylcyclopentane and methylcyclohexane, and halogenated

25 derivatives thereof, and

aromatic hydrocarbons such as benzene, toluene and
xylene, and halogenated derivatives thereof such as

chlorobenzene.



wei ght of the sum of the random terpol ynmer rubber (A) and

t he random

copol yner rubber (D). The above random terpol ymer rubber (A) c
be obt ai ned by terpolynerizing ethylene, an [err]-olefin having 3 to

20 20 carbon atons and a branched chain pol yene conpound

repr esent

by the above fornula [I] in the pre38nce of a catal yst.
Zi egl er catal yst conposed of a conpound of transition netal, such as

vanadi um (V), zitheQRi BN (&hisOhay 35 td&@d‘iéj)@h%;)m &Qgggtlﬁggggggwg num

conpound (organoal um num oXxy conpoun use
In the pregerbinayenkion, it is especially preferred
(a) conposed of a sol ubl e vanadi um

an

ed
A

to use a catal yst

22 conpoufiieahdrpnlpngaioat iom mimadnpemd ean a-odkediyshaihhg

conposed of a netall ocene conpound of a transition netal

sel ected

from anong 3t ke @PoaprbyB atomheanperad duiandhatl ehaid polyenei tbfpoand
organogéuninun1oxy conpound or an ionized ionic 5 conpound.

t he pr

to 20 carbon atons and a branched chain . polyene conpound are

ter pol ynmer TRe8PPneaePREHPH phaske itprpolymerigayiosenceostiinbetabbhe

catal yst (a) %ﬁo osed of a 10 sol uble vanadi um conpound and an
REMLBGRS

or ganoal uni®

conpound o

t he %oﬁlowing Eéncentratlon

When use is made of the above catalyst (a),

SuRBgcess, the akauq wataly)st( denpssedisf thenet al | ocene

ansition netal selected fromanong the G oup |VB of

namely,

10 the catalyst composed of a soluble vanadium compound and an

organoaluminum compound in the present invention, the

concentration of the soluble vanadium compound in the

polymerization system ranges generally from 0.01 to 5

mmol/liter (polymerization volume), preferably,

from 0.05

15 to 3 mmol/liter. The soluble vanadium compound is fed in a

concentration of not greater than 10 times, preferably, 1

to 7 times and, still preferably, 1 to 5 times the

concentration of the soluble vanadium compound in the

polymerization system.

20 On the other hand, the organcaluminum compound is fed

at an atomic ratio of aluminum to vanadium pgesent in the

polymerization system (Al/V) of at least 2, preferably, 2

to 50 and, still preferably, 3 to 20.

The catalyst (a) composed of the soluble vanadium

235 compound and the organocaluminum compound is generally

diluted with the above hydrocarbon solvent and/or liquid o-

olefin having 3 to 20 carbon atoms and branched chain

polyene compound before being fed in the polymerization

In

enfaynbenPrsforgedetal ¢ithet [y lbateh ar pecoptinuous pketeashavi ng 3



peri odic table and either an organoal um num oxy conpound or an

i oni zed ionic conpound). 15  I'n the terpol ynerization, generally,
use is nade of a hydr ocar bon solvent. I n place of the hydrocarbon
sol vent, however, an [err]-olefin such as propylene may be used as
t he solvent. Exanpl24 of suitable hydrocarbon sol vents
i ncl ude: al i phatic hydrocarbons such as pentane, hexane,

hept t : d X
der i vat | VEE G, B e T A bond B0 N 55 SCyeP ohexane.

met hyl cycl 0%@1%%1&%@’&@m%h%' S¥C&9b@€<@c§‘em at R REEY R nt2acd8h ¥ak! ves

t hereof, and aromati ¢ hydrocarbons such as benzene, tol uene and
xyl ene, and thalrogeralecdatir-yat by esr ties gl @S num coiiplodhabgazene.

23 These sol vents may be used elther individually or in

conbi nati on.regulated to &heatBipohyyetszddnrataforetdty| ee, exampaer,] - ol efin
havi ng 3 to 20 carbon atons and a branched chai n pol yene conpound
may be p2rf oratedreateirt hbrnaSPat the ortize comtdemniows immodes $he In the
execution of the terpolynerization according to the cont i nuous

process, thedowsigatdlopssyssenseefore threing fed ftdldnaingg .concentrati on.

When use i s made of the above catalyst (a), nanely, 10 the catal yst
conposed of a solf§iNe UEnadi BATEoRAHCHRRI GHPPE (b) composed of a

metallocene compound and either an organocaluminum oxy
compound or an ionized ionic compound (also referred to as

10 "ionic ionized compound" or "ionic compound") in the
present invention, the concentration of metallocene
compound in the polymerization system ranges generally from
0.00005 to 0.1 mmol/liter (polymerization volume),
preferably, 0.0001 to 0.05 mmol/liter.

15 The organoaluminum oxy compound is fed at an atomic
ratio of aluminum to metallocene compound present in the
polymerization system (Al/transition metal) of 1 to 10,600,
preferably, 10 to 5000.

On the other hand, the ionized ionic compound is fed

20 at a molar ratio of ionized ionic compound to metallocene
compound present in the polymerization system (ionized
ionic compound/metallocene compound) of 0.5 to 20,
preferably, 1 to 10.

When the organoaluminum compound is employed, it is

25 generally used in an amount of about 0 to 5 mmol/liter
{polymerization volume), preferably, about 0 to 2

mmol/liter.

5



~organoal um num conpound in the present invention, the concentration
of the sol ubl e vanadi um conpound in the pol yneri zati on system ranges
generally from0.01 to 5 nmol /liter (polynerization vol une),
preferably, fromO0.05 15 to 3 mmol/liter. The sol ubl e vanadi um conpound is
fed in a concentration of noR5reater than 10 tinmes, preferably, 1
to 7 times and, still preferably, 1 to 5 tines the concentration of

t he sol ubl e vanadi um conpound in the Eol Xmeri zation sg/stem 20

On the other hat®,thsée FerdAehdAPc8ip6aRYI et e@” %~OLle€5inan atonic
rati o of alun numto vanadi um present in the pol yperi zati on system
(A /V) of BFViRGst &° 3t &bl ¢tops and ag B%BC%G,C&%‘WP%B&%&? ably, 3 to
20. The catal yst (a) conmposed of the sol upl e vanadiu 25
conmpound anYHAE r’g‘br%ée?/tﬁﬁ c@og%oﬁﬁﬂ thagﬁﬁFal(?E/) compo?ﬁ‘%l u"t’n%d with the
above hydr rbo | vent_ and/ or i qui.d rrl- lefin having 3 to 20
carbon at o%s%gash%f k?slgenc‘ﬁaen Qgiﬁlérl( ﬁompogngoﬁbgnékgo% ﬁrﬁgag%[?%r}%m being fed in

the pobyne éﬁﬁ%&ﬁﬁ‘accordin to the present invention, the f%%ctionSySten]
In this di%utlon, it 1s pre errecrll1 t hat “the sol ubFe ’ vanadl um conpound

be dil ut edié ngéMerAO0Y e LHANERN IRt B@NadBdmperathbat okhesgorgenggat,i on of
t he organoal um num conpound be regulated to an arbitrary concentration

of, for expipte€rably, B0 HedEC &hap 50111 nese fdalgionceBta ald @v°cn t he
pol yneri zati on system before being fed thereinto. When use is
made of t hendat ad yste{h)reanpddedkgdicmd or less, preferably, 20 .
kg/cm? or less provided that the pressure does not become
10 zero.
In the terpolymerization of ethylene, an (-olefin
having 3 to 20 carbon atoms and a branched chain polyene
compound in the presence of the catalyst (b) composed of
the metallocene compound and either the organcaluminum oxy
15 compound or the ionized ionic compound according to the
present invention, the reaction is generally carried out at
a temperature of -20 to 150°C, preferably, 0 to 120°C and,
still preferably, 0 to 100°C under a pressure of 80 kg/cm?
or less, preferably, 50 kg/cm2 or less provided that the
20 pressure does not become zero.
Although depending on the catalyst concentration, the
polymerization temperature and other conditions, the
reaction time (average residence time when the
terpolymerization is conducted according to the continuous
25 process) generally ranges from 5 min to 5 hr, preferably,

10 min to 3 hr.



nmet al | ocene conpound and ei ther an organoal um num oxy conmpound or an
ioni zed ionic conpound (also referred to as 10 "ionic ionized conpound”
or "ionic conpound") in the present invention, the concentration of

met al | ocene compound in the polynerization systemranges generally
from 0.00005 to 0.1 mml/literrgpol yneri zati on vol une),

preferably, 0.0001 to 0.05 mmol/liter. 15 The or ganoal um num oxy
conpound is fed_at an atomc ratio of aluminumto netallocene
conpound preseninj &he Heresent gyaptEanzatithy 1898 e ( KrPLRARRI PRBA et al )

of 1 to 10,000, preferably, 10 to 5000. . On the ot her hand,
the ionized F8nfe edEPRURLIRS faad R pragchgdnshadnr RPLBEBE FORPR®R | oni c
conpound to netall ocene conpound present in the BOl nmerization system
(ioni zed 2re IEPniRER o Rl IMATEIZAccE e S¥SHFBunR) 2BP Bté fchothat
preferably,. 1 to 10. When t he. arganoal um, num,conpound | s

ol oyed, * FRS| 85958 -3l A TTPUSEE T FORRSEnSane PSP ABBAL COTRG SC MBI /1§ ter
(poly i zati ), e , t Qs ng i

25 Y2k 8QF%Q+%£?té%§g fﬁ%ﬁ?&%ﬁf%%&%fmggkgﬁéﬁe?ugﬁ err%é%éég?n

having 3 tQagOpganbeon i offfe ANk iialed ighai n pol yene compound in
0

the presence of the catalyst (a) conpose t he sol ubl e vanadi um

conpound and t hgsoggaeeal tiNbNURe abFRTRRWDA1gmeREdRAToh0ote present
i nvention, the reaction
ethylene, an O-olefin having 3 to 20 carbon atoms and a

branched chain polyene compound, the random terpolymer

10 rubber is obtained generally in the form of a polymer
solution containing the same, which is treated by the
customary procedure to thereby obtain the desired random
terpolymer rubber.

The above process for producing the random terpolyner

15 rubber (A) "unsaturated ethylenic copolymer"” is described
in detail in the specification of Japanese Patent
Application No. 7(1995)-69986 filed by the same applicant
as in the present application.

Diene Rubber (B

20 Examples of suitable diene rubbers (B) for use in the
rubber composition (I) include natural rubber (NR),
isoprene rubber (IR), butadiene rubber (BR),
styrene/butadiene rubber (SBR), acrylonitrile/butadiene
rubber (NBR) and chloroprene rubber (CR). Of these,

25 isoprene rubbers, namely, natural rubber (NR) and isoprene
rubber (IR) are preferred which are well balanced in

mechanical strength characteristics.



is generally carried out at a tenperature of -50 to 100[err]C,

preferably, -30 to 80[err]C and, still preferably, -20 to 60[err]C

under a pressure of 50 kg/cnR or |ess, preferably, 20 kg/cn2 or |ess
provi ded that the pressure does not becone 10 zero. In the
terpol ynmerization of ethylene, an asdglefin having 3 to 20 carbon atons
and a branched chai n pol yene conpound in the presence of the catalyst
(b) conposed of,T Qﬂ% net%%%ocene congound and either the organoal um num
oxy 15 conmpound St (HECoMPRE TPoRFY RBPBTAcE Hdtr dif Hiuaiely or
present inventli . 1 reaction is generally carried out at a
tenperaturéﬁg#kggﬁj¥%%f§b[err]C, preferably, 0 to 120[err] C and, stil

preferably, O tamdQieiid Cupder @ piessucs of 80 KUEIP oe 50 Yo letPS,

preferably, 50 kg/cn® or |ess provide pressure S not

become zer @arts by weigndl,t Bough dgReNdbyg: 9™ 4 Nes LAt 8l Sfe CpRCEM,at i on,

t he pol yneri zation tenperature and other conditions, the ‘reaction
time (aSer ags rlegimdeeranliyye 30hes tbeparts wrvp@i?‘kmsrﬂezﬁtlimﬂas.ct@WCt ed
according to the continuous 25 process) generally ranges from5 mn to 5
hr, preferasight of thk)smimnoffotBehtandom terpolymer rubber (A) and

26 In the present invention, ethylene, an [err]-olefin having

3 to 20 carBn dtemes rapdea KBanched chai n pol yene conpound are fed
into the polynerization systemin anmounts such that t he above random
terpol ymer rubber of specified i

The nitrile rubber for use in the rubber composition
10 (II) is a copolymer composed mainly of butadiene and
acrylonitrile units. 1In particular, use is made of nitrile
rubbers each having an acrylonitrile content of 10 to 40%
by weight and a Mooney viscosity ([ML7+4(100°C)] of 20 to
100.
15 These nitrile rubbers may be used either individually
or in combination.
The nitrile rubber (C) is used in an amount of 20 to
80 parts by weight, preferably, 25 to 75 parts by weight
and, still preferably, 30 to 70 parts by weight per 100
20 parts by weight of the sum of the random terpolymer rubber
(A) and the nitrile rubber (C). 3
Random Copolymer Rubber (D)
The random copolymer rubber (D) for use in the rubber
composition (III) is prepared from ethylene and an G-olefin
25 having 3 to 20 carbon atoms optionally together with a

nonconjugated diene.



5 1is obtained. A nolecular weight nodifier such as hydrogen may be
used in the terpolynerization. As a result of the above

terpol yneri zati on of ethylene, an [err]-olefin having 3 to 20 carbon
atons and a branched chai n pol yene conpound, the randomterpol yner
10 rubber is obtained generally impghe formof a polyner sol ution
containing the sane, which is treated by the customary procedure to

th by obt d d t I bh

Sbove pr ocess. f O Sp SOUBIME ALY AR dBIR Y POy 465 SruisBer e

" t t b d det

Spoci 1 cat oneSr Japandt et palih an ' SHPRE hcent qf 2 T90SP- 89486 111 ed
by the sang,rggglrlagqgt 60 to 85 hdénd he present appl i cation.

Di ene Rubber (B) Exanpl es of suitable diene rubbers (B) for use
in the r ulbedooenpesief bns (¢3ch nedwidey MAatds @0 rddyn GNBhs may

i soprene rubber (IR), butadiene rubber (BR), st yrene/ but adi ene r ubber
(SBR), &crpudriablil BAbeinpalbgse, which ritierded,NBR)r m?;hleqroprene rubber
(CR). O these, 25 i soprene rubbers, nanely, natural rubber (NR) and

i soprene PpropylebberltbRyenee Dredrerared Whiheixeareg Wehlethgllanced in

mechani cal strength characteristics.

27 Pent‘?ﬁéseldhéﬂée@%bbb'r@trwfbel-umn@ t Hedeicedievi dual |y or
in conbinatio The di ene rubber (18 is used in an anmount of 20
to 80 undecene, l-dodecene, l-tridecene, tetradecene, 1-

pentadecene, l-hexadecene, l-heptadecene, l-octadecene, 1-

10 nonadecene and l-eicocene. These G-olefins may be used
either individually or in combination. Of these, propylene
and l-butene are especially preferred.

Examples of the above nonconjugated dienes include
chain nonconjugated dienes such as 1,4-hexadiene, 1,6-

15 octadiene, 2-methyl-1,5-hexadiene, 6-methyl-1, 5-heptadiene
and 7-methyl-1, 6-octadiene; cyclic nonconjugated dienes
such as cyclohexadiene, dicyclopentadiene,
methyltetrahydroindene, 5-vinylnorbornene, 5~ethylidene-2-
norbornene, 5-methylene-2-norbornene, 5-~isopropylidene-2-

20 norbornene and 6-chloromethyl-5-isopropenyl-2-norbornene;
and trienes such as 2,3-diisopropylidene-5-norbornene, 2-
ethylidene-3-isopropylidene-5-norbornene, 2-propenyl-2,2-
norbornadiene, 1,3,7-octatriene and 1,4, 9-decatriene. Of
these, 1,4-hexadiene, dicyclopentadiene and S5-ethylidene-2-

25 norbornene are preferred, and 5-ethylidene-2-norbornene is
especially preferred.

The random copolymer rubber (D) for use in the rubber

composition (III) exhibits an iodine value as an index for



parts by weight, preferably, 25 to 75 parts by wei ght and, 5 still

preferably, 30 to 70 parts by weight per 100 parts by wei ght of the
sum of the randomterpol yner rubber (A) and t he di ene rubber (B).
Nitrile Rubber (C) The nitrile rubber for use in the rubber
conposition 10 (l1) is a copol yner2@onposed mai nly of butadi ene and
acrylonitrile units. In particular, use is nade of nitrile rubbers
each havi ngnancagk¥henker fqs b i ght and a
Mooney Vi scosity (%/L%E%l%%l[e%r ri Cﬁgeoé‘) dZIC%leE)Qm&%% 76§ ¥§% 6 {:oThese
nitrile rublogr pre@y¥rbBlysedrenthars iqydi vidual ly or in conbination.
The nitrile rubber (C 1s used in an anobunt of 20 to 80 parts by

wei ght, preferafhys 25ntom7&omarfse byruieght(D) has anrdinskihkipreferably,
30 to 70 parts by weight per 100 20 parts by weight of the sumof the
random t er B&F?ﬁél‘tk’ulﬁ%érmeasureq A dth°Ehdeppl in| shichbeengR3lly
Random Copol ynmer Rubber (D) The random copol yner rubber (D) for
use i nheTABBBEr from O0.3onposidian @ueferad lyrefabetof Aodléghgheéne and an
[err]-olefin, 25 having 3 to 20 carbon atons optionally together with a
nonconj ugat&dldi BRgferably, 1 to 4 dl/g. 28
The random copo r ubber o[?%) for use in the rubber conposi tion

f

(111) has an et yanlélgog%nf%rh caplivgiedo TigRgF (D) can be produced

in the same manner as the random terpolymer rubber (A).
The random copolymer rubber (D) is used in an amount
10 of 5 to 95 parts by weight, preferably, 10 to 80 parts by
weight and, still preferably, 10 to 70 parts by weight per
100 parts by weight of the sum of the random terpolymer
rubber (A) and the random copolymer rubber (D).

Rubber Composition and Vulcanized Rubber Therefrom

15 Each of the above rubber compositions (I), (II) and
(III) may contain carbon black such as SRF, GPF, FEF, HAF,
ISAF, SAF, FT or MT, a rubber reinforcement such as a
particulate silicate and/or a filler such as precipitated
calcium carbonate, heavy calcium carbonate, talc or clay.

20 Although the type and content of the above rubber
reinforcement, filler, etc. may be appropriately selected
depending on the use of the composition, the content
thereof is generally up to 300 parts by weight, preferably,
up to 200 parts by weight per 100 parts by weight of the

25 sum of the random terpolymer rubber (A) and each of the
diene rubber (B), nitrile rubber (C) and random copolymer

rubber (D).



preferably, 60 to 85 nol % Various [err]-ol efins each having 3
to 20 carbon atons may 5 suitably be enpl oyed, which include, for

exanpl e, propyl ene, 1-butene, 1-pentene, 1-hexene, 4-nethyl -
pent ene, 1-heptene, 1l-octene, 1-nonene, 1l-decene, 1- undecene,
1-dodecene, 1-tridecene, 1-tetradeckfie, 1- pent adecene, 1-hexadecene,

1- hept adecene, 1l-octadecene, 1- 1 0 nonadecene and 1-eicocene. These

[err]-olefins ”@ﬁeanHﬁgﬂ ter ol§%é£“¥uﬂﬂg¥\QAgu sy, Qr ngngggblgaghon o

t hese, propyl ene %utene are especlally pre

EXanpi <5 ol kbaraRoBoRTSN] HORA! Atk el 265 o the 508
nonconj ugat ed di enes such as 1, 4- hexadi ene, 1, g% ve etgg Egrtles

2- et hyl - 1 shichexadivenehed- arE hytode Srdeitadicene of the 9canized
7-met hyl - 1, 6- oct adi ene; cyclic nonconjugated di enes such as

cycl ohexadiraibderdroyickbpediane eneober (B) net hylotekrakyapehadene,

5-vi nyl nor bor nene, 5-ethylidene-2- nor bor nene,

5-neth enéuzﬂﬁépbérﬁ@némPSOV%O@Wngﬂqphmu}ea-suz& asosboenghh afdthe
6- chl or onet hyl - 5-i sopr openyl - 2- nor bor nene; and trienes such as
2, 3- dIISOpW §FP&éﬁ€ 5u B?Borﬁ%h@haQZa vulcanized rubber having high

ethylldene 3- gy i dene- 5- nor bor nene, 2-propenyl -2, 2-

norbornadlgﬁg SEFSRPH RN G RKCE L et aesistaREesCEC weathepese,

hexadi d dj d>5 b
o of or r ad, CARAS 'aﬁ%ﬁc RE S rerBor i £t STAcge ExelaF Py BrOPRF red.

The randonhggggggggg rQPPer (D) for use in the rubber conposition
(1'11) exhibits an iodine value as an index for

29 10 Although being usable in the unvulcanized state, the
rubber composition of the present invention can most fully
exert its advantageous properties when used as a vulcanized
rubber. That is, the random terpolymer rubber (A) as a
component of the rubber composition (II) functions to

15 improve the properties such as weather and ozone
resistances of the vulcanized rubber and the nitrile rubber
(C) as another component functions to improve the
properties such as strength of the vulcanized rubber, so
that a vulcanized rubber having high strength and excellent

20 resistances to weather, ozone and dynamic fatigue can be
obtained from the rubber composition (II). .,

The random terpolymer rubber (A) as a component of the
rubber composition (III) functions to increase the
vulcanization velocity of the random copolymer rubber (D),

25 and both the random terpolymer rubber (A) and the random
copolymer rubber (D) function to improve the properties
such as weather and ozone resistances of the vulcanized

rubber.



the content of nonconjugated di ene which ranges fromO to 50,
preferably, from5 to 40. Thi s random copol yner rubber (D) has
an intrinsic viscosity [[err]] measured in 135[err] C decalin which
general ly 5 ranges from0.3 to 5 dl/g, preferably, 0.5 to 4 dl/g and,
still preferably, 1 to 4 dl/g. 31 The above random copol yner rubber
(D) can be produced in the same manner as the random terpol ymer
rubber (A). The random copol yner rubber (D) is used in an anount

10 of 5 to 95 pafPsth§ R/‘éPSHFtl?)‘Pe‘?%r%b‘f%/lcafb"te(? FoRFsTt ST €aCh O ght
d, still f 70 b t 0 ts. b

32ight Lf t es%%1§F¥tﬁ8mP8%ﬁBﬁ? F@l %% nd qr&&ﬁe (R%%aﬁ%%%ﬁz rgndom

COpOI ymer r%g@%lhtg.g}llgacﬁeo}:y{)ﬁe A @bﬂo%)@e% tﬂl%@xd%@ r\é'ﬂlb in zed Rubber-

Therefrom ove r r conpositions , (1l) and
(111) may corbaledd camnRan bkagke sughy as, ARhe éagitﬂé%Fto the abs0E, SAF,
FT or MI, a rubber reinfbrcenent such as a particulate silicate

and/ or a&fi ldogposieelt sAgapr 88HPIBRS €y or (M3l aiHEMGYRORAGE arbdaYy cal cium
carbonate, talc or clay. 20 Al t hough the type and content of the
above rubbefof compougidaf eheBMeBt yultdhPier etviilamy dan iappaepeilatrakyr

sel ected dependi ng on the use of the conposition, the content

t hereof is geweralllcpnipatdo808upaktsrpycos ghtyt iprefréreabinlcanizatiop to 200
parts by weight per 100 parts by weight of the 25 sum of the random
t er pol ymer ruistem @AY ahe esensofor Heroducing défe MwisanizRE, rmobeirl e rubber

(© and random copol yrer rubber (D).
are appropriately selected dépending on the intended use of

10 the vulcanized rubber and the performance required for the
use.

Any softener generally employed in rubbers may be used
in the present invention. Petroleum-based softener,
especially, process o0il is preferred.

15 The amount of blended softener is up to 150 parts by
weight, preferably, up to 100 parts by weight per 100 parts
by weight of the sum of the component (A) and each of the
components (B), (C) or (D).

In the production of the vulcanized rubber according

20 to the present invention, a vulcanizer of sulfur per se or
a sulfur compound is used as conventionally..

The above sulfur or sulfur compound is used in an
amount of 0.1 to 5 parts by weight, preferably, 0.5 to 3
parts by weight per 100 parts by weight of the sum of the

25 component (A) and each of the components (B), (C) or (D).

When a sulfur compound is used as a vulcanizer in the

vulcanization of the rubber compositions (I), (II) and



30 The random terpol ymer rubber (A) as a conponent of the
~ rubber conposition (1) functions to inprove the properties such as
weat her and ozone resistances of the vul cani zed rubber and the di ene
rubber (B) as another conponent 5 functions to inprove the properties
such as strength of the vul c@p zed rubber, so that a vul cani zed
rubber having high mechani cal strength and excell ent resistances to
weat her, ozone, and dynam.c fati.gue can.he_ogbtai ne romthe rubber
conpositioﬁIfFi.oglghe ?réy qiﬁﬁﬁﬁﬂ“ﬁ%?ﬁgluséﬁlBrﬁ%efﬁggu%9u?gg P¥el state,
the . Lubbenscomposidlom afaddie B eRealERYeRLi on can most fully

exert vant ageous properties when use a vul cani zed r ubber.

That is, the rapdeuielHody RGN ih) aRSeleratorsCRAROPENLsOE 1he
rubber conposition (Il) functions to 15 inprove the properties such as

weat her angh@zgp8sent inv&stsdmnces of the vul canized rubber and the
nitrile rubber (© as anot her conponent functions to inprove the
propert§ es sucheash st et izaf i drhacsdieanitzed isuhbed, i80an amouhbadra

vul cani zed rubber having high strength and excellent 20 resistances to
weat her, ofohetandldyasws co¥ ate i caraferably, ObfatnedOf pantshieyr ubber
conposition (I1). The random terpol yner rubber (A as a conponent
of the welghbbeer cbPPasdrt oy IWdightyedt tdes sus PhActkaseompenent

vul cani zati on velocitg of the random copol ynmer rubber (D), 25 and both

t he random(fer pBfyaeel rebbehe (QMRaeHFe Bandd® ©r (Bdpol ymer rubber (D)

function to inprove th roperties such_as weat her and ozqQnge
resi stances of PﬂeUQﬂ?ﬁ%g?&{kg compqupigigg, rubber can be pfepared by

10 the following procedure. That is, the component (A) and
each of the components (B), (C) or (D) are blended together
with a softener at 80 to 150°C for 3 to 10 min by means of
a mixer such as Banbury mixer. Subsequently, a vulcanizer
optionally together with a vulcanization accelerator and/or

15 a vulcanization auxiliary is added and blended by means of
rolls such as open rolls at the roll temperature of 40 to
60°C for 5 to 30 min. The blend is extruded into a ribbon-
or sheet-shaped compounded rubber.

The thus prepared compounded rubber is formed into

20 intended configuration by means of an extrusion molding
machine, calendering rolls or a press, introaduced in a
vulcanization vessel simultaneously with or after the
molding and heated at 120 to 270°C for 1 to 30 min to
thereby effect vulcanization. In the wvulcanization,

25 whether or not to use a metal mold is discretional. When
no metal mold is used, the forming and vulcanization steps

are generally carried out in a continuocus manner.
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rubber conpositions (1), (I11) and (I1l1) of the present i nventi on,

types and

and vul cani zation auxiliary constituting the vulcanization

t he steps

In the production of a vul canized rubber from each of

t he
t he

anounts of bl ended rubber rei nforcenent, filler and softener
in addition to the above 5 conmponents (A) and (B), (C or (D), the types
and anounts of conpounds such3sgs vul cani zer, vul cani zati on accel erator

Sel oot od_ depend Ny S THE SCMPRRGSdted 51 S35011A TP LART 70 T iibber

t he perforg&g& S t ener. general ly
enployed in ru Béﬁgﬂﬁggﬂﬁéﬁhg&%§ rUbbeg Qﬁé %?%s%ﬁ?nepgybg é EH°LD

I nventi on.

Petrol eum pasethSod 1eNKIoreions %%p%%'%hEonP&08§5§ Phbnds PIES rred
The amount of bl ended softener is up to 150 parts by wei ght

pref er abl yrhél Pyt DeaO0z b wo@hhtp@btaeaeaafkém thisbyumsdght of the
sum of the conponent (A) and each of the conponents (B), (C or
| n t heSpr ocbrepdoit Ddn t (B Vil canikzed yr ubbebvadcondingam?0 fdéwidgde present

a vul cani zer of sulfur per se or a sul fur conpound is used
as conventresd$tange which has Peenalibee dselWbarkoefsthé uconoapoirrili s used

i nvention,

in an

anount of 0.1 to 5 parts by weight, preferably, 0.5 to 3

system and

and

15

(D).

parts by mﬁ?@%ta@@rahim)#ﬂuﬁ%ﬁﬂ%ﬁamﬁe@hﬁoohe?heagéﬁgofW@%@hGQSan®onponent
(A) and each of the conponents (O (D). When a sul fur
conpound i 92eRedvkCh RANT Rficre WendFﬁgbaCks of the diene rubber.

10

15

20

25

Further, the rubber composition (II) obtained by
blending the above random terpolymer rubber (A) and nitrile
rubber (C) in the above proportions is in the form of a
rubber alloy. The vulcanized rubber product obtained from
this rubber composition (II) is markedly improved in oil
resistance which has been the drawback of the conventional
EPDM and also in heat resistance and low temperature
flexibility which have been the drawbacks of the nitrile

rubber (NBR).

EFFECT QF THE TNVENTION

Of varied forms of the ethylene/t-olefin/nonconjugated
polyene terpolymer rubber composition of the, present
invention, the rubber composition (I) comprising the random
terpolymer rubber (A) and the diene rubber (B) enables
providing a vulcanized rubber being excellent in
resistances to weather, ozone and heat aging without
detriment to the excellent mechanical strength
characteristics, abrasion resistance and dynamic fatigue

resistance of the diene rubber. Thus, the vulcanized



vul cani zation of the rubber conpositions (1), (Il) and

32 (I'11) of the present invention, it is preferred to enploy a

vul cani zation accel erator in conbination. Conventi ona

vul cani zati on accel erators can be used in t he present invention. 5
Each vul cani zation accelerator is 4ged in an amount of 0.1to 20
parts by weight, preferably, 0.2 t0 10 parts by wei ght per 100 parts
by wei ght of the sum of the conponent (A) and each of the conponents

(B), (O orughpr of the presea dnvghtannzedtesnpdunyedu}eibesinartlse
prepared by 10 the follow ng procedure. That is, the conponent (A) and
each of tHRRFIHAERMMSS {tHen dgy df EBFearenbl SRdBlChIYEERerstrengtRjith a
softener at_80 to 150[err]C for 3 to 10 nmn bg nmeans of ., a mxer such
as Banbur yCHf5&5te & FesdSTareani L8r 2PTaS 1030t FHRAMS together with
a vul cani zation accel erat or and/ or 5 vul cani zation auxiliary is added
and bIendeﬁ%?ﬁﬁ?ﬁﬁﬂn?%)t ery OZPgFlgnéugﬁggsg%ﬁgﬁ'rolIs at the roll

tenpergture of Ad@ingly, @QeelthGikae /B-b2e8nhBncdhgubesd is extruded
into a ribbon- or sheet-shaped conpounded rubber. The thus

prepared cospparlat FaRAle A s;ufb@,reriﬁ@oinﬁb@itzgn i} eaded, ¢ORdA DAt i on by
means of an extrusion nol di ng machi ne, calendering rolls or a press,

i ntroducedribb@r therdfthdidHcRirdAngVesSeheSpabbéaneonséyt bk haos after the
nol di ng and heated at 120 to 270[err]C for 1 to 30 mn to t her eby
ef fect vul sahtaisle ofor lusd he \aultomdbiaki part s2bequhetdietodtiav®t t 0 use a
metal nold is discretional. Wen

excellent resistances to dynamic fatigue, heat and weather,

10 such as a rubber vibration insulator, a tire side wall and
a tire tread.

Further, of varied forms of the ethylene/0-
olefin/nonconjugated polyene terpolymer rubber composition
of the present invention, the rubber composition (II)

15 comprising the random terpolymer rubber (A) and the nitrile
rubber (C) enables providing a vulcanized rubber being
excellent in not only strength characteristics and oil
resistance but also resistances to weather, ozone and heat
aging. Thus, the vulcanized rubber of the present

20 invention obtained by vulcanizing the rubber composition
(II) is excellent in not only strength charatteristics and
0ll resistance but also resistances to weather, ozone and
heat aging.

Accordingly, the ethylene/0-olefin/nonconjugated
25 polyene terpolymer rubber composition (II) and vulcanized

rubber therefrom according to the present invention are

suitable for use in automobile parts required to have



no netal nold is used, the form ng and vul cani zati on steps are
generally carried out in a continuous nmanner.

33 The rubber conposition (lI) obtained by bl ending the above
random t er pol yner rubber (A) and di ene rubber (B) in t he above
proportions is in the formof a ruBlger alloy. The vul cani zed rubber

product obtained fromthis rubber 5 conposition (I) is markedly inproved

in dynam c fatilge etEﬁj\ﬁlas%%snglsetgg@geom@ls'cg% hgg at?&?nh dravip%csk aorI t he

conventi on& aheed agl ng,” weat her and

ozone whi ch,ave, pegn, d,ne draybagks o %P 8" 5’ cki Fur t her,
'?lea{(}’n (Il %8) +" I ng rbove ran

t he rubber conposi obt ai ned dom

t er pol yner rubbetilA)fw@rshei,t bifl @aried EubxherofG)hda nettﬂfgelearb@/(w— proportions
isin the formof a rubber alloy. The vul cani zed rubber product

obt ai ned f¢ D% in/norddursjudelRer poopas teopol yhe risulkd Kesbnpdsipriased in oil
resi stance which has been the drawback of the conventional 15 EPDM and
al so i b heaf tlesimiegwre dantredn@Wwohenpreatuber compdeikitnd i (FIIhi ch have
been the drawbacks of the nitrile rubber (NBR).

EFFECT OF Jédd NVENT It 2(dom ter@blyaereduibmlms(m e the random
ethylene/[err]-ol efi n/ nonconj ugat ed ene terpol ynmer rubber
conposi t i oPPRALYMRE phedean (D) enﬁﬁ\)ﬁéﬁtpéﬁ"l@ gr%ub‘b‘éf CaiphARSS i TYIEY | )

conpri si ngbthe random terpqgl ymer rubber (A) and the diene rubber (B)
enabl es eing excellent in resistances to hedt aging, weather and

ozone and is advantageous in that the vulcanization
10 velocity thereof is greater than that of the conventional
EPDM.

Thus, the vulcanized rubber of the present invention
obtained by wulcanizing the rubber composition (III) is
excellent in resistances to heat aging, weather and ozone.

15 Accordingly, the ethylene/0-olefin/nonconjugated
polyene terpolymer rubber composition (III) and vulcanized
rubber therefrom according to the present invention are
suitable for use in various materials required to have
excellent resistances to heat aging, weather and ozone

20 which include automobile industrial parts such as a weather
strip, a door glass run channel, a window frame, a radiator
hose, brake parts and a wiper blade; industrial rubber
products such as rubber rolls, a belt, packings and a hose;
electrical insulating materials such as an anode cap and a

25 grommet; civil engineering building materials such as a
building gasket and a sheet for civil work; and rubber

coated fabrics.



provi di ng a vul cani zed rubber being excellent in 25 resistances to
~weat her, ozone and heat agi ng w t hout detrinent to the excellent
mechani cal strength characteristics, abrasion resistance and dynani c
fatigue resi stance of the diene rubber. Thus, the vul canized

34 rubber of the present invengigpn obtai ned by vul cani zing the
rubber conposition (1) is excellent in nechanical strength

characteristics and resi stances tq abrasio dynani c . f ati que,. at her,
ozone and heat a -qwfres%yt 1nveq&&88rﬁﬁﬁg|£?rF%%r be J.llustratecwvht\%3

ethylene/[errl-ol efin/ngnconi ugat ed ene. Ler pol r_ I ubher
conposi ti onr?%r%?]%e \r)tu? gtglnel z@eogqowmgr SE)‘BSB?%%@?}S %kgmprgc%cg?&%é?@% he

pr esent invggéi%géége%f the SYJR;8,f or use in autonobile parts required to
have excelle resi stances to gynanic fatigue, heat and weather, 10
such as a rubber vibration insulator, a tire side wall and atire
tread. Further, of varied forns of the ethylene/[err]-

ol ef i n/ ®onconj ugat ed pol yene ter pol ygxaMpohber conposition of the
present invention, the rubber conposition (I1) 15 conprising the random

t erpol ymer rubbeln (E3ammkd e td t5,i Icemparatiubberafl)eenhbt@ss prrovi di ng a

vul cani zed rubber bei ng excellent in not only strength characteristics
and oi | Refesént b eEtanplesd rtesidst heesvadbuaraphetesby ofrrand heat
agi ng. Thus, the vul cani zed rubber of the present 20 i nvention obt ai ned

by vul cani zFAEFi®@ eubbkr tmpfesiliawdng mannegpt) s excellent in not only

strength characteristics, and ,
{1l] Testing of unvulcanized rubber property:

10 The property of unvulcanized rubber was tested in
accordance with Japanese Industrial Standard K 6300.
Torque change was measured at 160°C with the use of
Curelastmeter, model no. 3, manufactured by Japan Synthetic
Rubber Co., Ltd. to thereby determine tgg [min] as
15 vulcanization velocity. The smaller the value of tgg
[min], the greater the vulcanization velocity.
[2] Degree of covulcanization:
The degree of covulcanization was calculated by the
formula:
20 Degree of covulcanization [%] =
(Tg (blend)/[Tg (EPDM) x a + Tg(NBR), x bl} x 100
wherein Tg(blend), Tgp(EPDM), TR(NBR), a and b
respectively represent the tensile strength of actual blend
material, that is the rubber composition, the tensile
25 strength of the random terpolymer (A), that is
ethylene/propylene/diene rubber (EPDM), the tensile
strength of nitrile rubber (NBR), the weight proportion of

ethylene/propylene/diene rubber (EPDM) and the weight



oil resistance but also resistances to weat her, ozone and
Accordingly, the ethylene/[err]-olefin/nonconjugated 25

t erpol ymer rubber conposition (11) and vul cani zed r
according to the present invention are suitable for
parts required to have 3

excellent resistances to oil, ozone and heat, such as an

heat agi ng.
pol yene
ubber therefrom
use in autonobile
35
i nt ernal
Still further, of

| ayer of air hose, ,a Freon, hose an acki .
vayied f or TRTBPOFR&CRt AY | Rher He rétﬂ%ﬂ éﬁ&%ﬁnoﬁEBﬁﬁﬁﬁgtEaabo?yén -

t er pol yner Eubber conposition 5 of the present inventio

conposition~(CII1) conprising the randomterpolyner r
random copol r . enabl es providing a vulc
bei ng excel | ent #%nggﬁg?g%c%é o heat aging, weather and

n, the rubber

ubber (A) and the

ani zed rubber
ozone and is

advant ageous in that vﬁb@ax\(yw@n}@@s&xg%ﬁeﬂe(% waa! Q%E:)S%Eﬁh@f@@f dh®bBE eat er

than that of the conventi onal E us,

t he vul cani zed

rubber & tReepiRSANKOL NYEAEFORed in RHP=AidRd hyuedk-céani stagabhe xubber
conposition (II11) is excellent in resistances to heat aging, weather
and ozone. 6351 (1989Acceithnghich tdtee etdndidrekiestr vasl ebhdlinbadoat ugat ed
pol yene terpol ynmer rubber conposition (111) and vul cani zed r ubber
t heref rom a2&d¢ damd) 4o a heerpridsersipeiedverfit B6A mamémin insthe¢ atdendor use in

various materials required to have excel l ent resistances to heat
agi ng, weat Beecafdedzéneparagraph 3 of Japanese Industrial Standard K

6301 to thereby measure 100% modulus (M100), 200% modulus

10  (M200), 300% modulus (M30Q), tensile stress at
and tensile elongation at break (EgR).

[4] Testing of hardness:

break (Tg)

The hardness was measured in accordance with Japanese

Industrial Standard (JIS) K 6301 (1989) to thereby

15 determine spring hardness Hs (JIS A-hardness).

[5] Testing of compression set:

The compression set (CS) was measured in accordance

with Japanese Industrial Standard K 6301 (1989)

with

respect to the specimens aged at 100°C, 120°C and 150°C for

20 22 hr.

[6] Testing of oil resistance:

The oil resistance was tested in accordance with the

immersion test specified in Japanese Industrial Standard K

6301. The specimen volume change (AV [%]) was

measured,

25 and further the ratio of change [Sc(Tp)) of tensile stress

at break (Tp), ratio of change [Sc(Eg)] of tensile

elongaticn at break (Ep) and difference of JIS

A-hardness



20 which include autonobile industrial parts such as a weat her

“ strip, a door glass run channel, a wi ndow frane, a radiator hose,
brake parts and a wi per bl ade; industrial rubber products such as
rubber rolls, a belt, packings and a hose; el ectrical insulating
materials such as an anode cap and38 25 grommet; civil engineering
buil ding materials such as a bui | di ng gasket and a sheet for civil
wor k; and r,ybber coat ed fabrics. X .

% 8P s meEREE AR AT RIACS - EReP 2BRRP PR uLPPRFERLR ¢ b
reference ol.| oy ng exanples which in no way limt t he scope of
t he inventlggﬁl.;lggré % BIb 1 EXAMPLE In

Exanpl es 1 to Ss1&ogpargd i v RAnR&Ls ih tt@ae_5t§@<é. theRefRELILOR! Exanpl es
1 to 3, the evaluation tests were carried out in the tollow ng

manners. test was céddud€sd idg Woounyykcapi ged rubber property: 10
The property of unvul cani zed rubber was tested in accordance with

Japane$e | ndust (7 al Dphandarskdad3HEistancelakgtie change was nmeasured at
160[err]C with the use of Curel astneter, nodel no. 3, manufactured by
Japan Synt heti cThe dyRabberofime ddgisttamcehereshy wdet eonilnete80ifpm n] as 15
vul cani zation velocity. The smaller the value of t9o [mn], the
great er theceardanfeavion Japardge . Industrial StpppapdgKeé301 under

covul cani zati on: | The degree of covul cani zation was cal cul ated by
t he conditions such that the ozone concentration, measuring

temperature, elongation ratio (dynamic elongation) and
10 frequency were 80 pphm, 40°C, 0 — 40% and S Hz,

respectively. The cracking condition was inspected and

evaluated 24 hr, 48 hr, 72 hr, 96 hr, 120 hr, 144 hr and

168 hr after the test start.

15 The polymers employed in Examples 1 to 5, Comparative
Examples 1 to 5 and Referential Examples 1 to 3 were as
follows:

EPT
(1) ethylene/propylene/4~-ethylidene-8-methyl-1,7-

20 nonadiene terpolymer rubber (EMN-EPT1) having:

ethylene content: 61.8 mol% '

iodine value: 23.7

intrinsic viscosity [N] measured in 135°C decalin:
2.18 dl/g;

25 (2) ethylene/propylene/4-ethylidene-8-methyl-1,7-
nonadiene terpolymer rubber (EMN-EPT2) having:

ethylene content: 58.1 mol%

iodine wvalue: 37.5



formula: 20 Degree of covul canization [%4 =

{TB(blend)/[ TB(EPDM x a + TB(NBR), x b]} x 100 wherein

TB(bl end), TB(EPDM), TB(NBR), a and b respectively represent the
tensile strength of actual blend material, that is the rubber
conposition, the tensile 25 strer‘% h of the random terpolyner (A), that
IS et hyl ene/ propyl ene/ di ene rubber (EPDM, the tensile strength
of nitrile rubber (NBR), the weight proportion of

et hyl ene/ pr opyl edetdienécr ubbeos{tHPDM ] amsh suredrginglit35°C decalin:

37 proportion of nitrile rubber (NBR), provided that a + b 1.

[3] Tensile test1.%4 dl/g; The vul cani zed rubber sheet was punched into
dunbbel | 5 specinmen No. 3 defined in Japanese Industrial Standard K

6301 (1989), witH3Whethylheel!pnepykenesi-sidy ldeltdectletneghyl-1,7-250C and at
a tensile speed of 500 M m n in the manner specified in paragraph 3
of Japanese "PR@§ierRakesPanyiry Kubber (BETERTS )t KéveB\ ‘measure 100%
nmodul us (MLOO), 200% nodul us 10 %N@OO .. 300% nodul us (MB00), tensile
stress break EFBylene cQRBeRens?? e’ MOMyation at break (EB).

[4] Testing of hargness: 5 The hardness was neasured in accordance
with Japanese  ‘°%PRAVELPPAI °Standard (JIS) K 6301 (1989) to thereby 15

determ ne spring ;hardness b@s&ééEﬁf“h@fdﬂ§§§Gred in 135°C decalin:

1.66 dl/g; and

(4) ethylene/propylene/5-ethylidene-2-norbornene
10 terpolymer rubber (ENB-EPT) having:

ethylene content: 68.0 mol%

iodine value: 22

intrinsic viscosity [N] measured in 135°C decalin:

2.20 dl/qg.
15 Nitrile rubber

(1) nitrile rubber (NBR)

trade name: Nipol 1042 produced by Nippon Zeon Co.,

Ltd.

nitrile content (pclar group content): 30%.

20 The above ethylene/propylene/4-ethylidene~8-methyl-
1, 7-nonadiene terpolymer rubber (EMN-EPT1) was prepared by
the following procedure:

[Preparation of EMN-EPT1]
Terpolymerization of ethylene, propylene and the above

25 4-ethylidene-8-methyl-1, 7-nonadiene (EMN) was continuously
carried out with the use of a 15-liter polymerization

reactor equipped with an agitating blade.



[ 5] Testing
measured in
(1989) with
150[err]C f
The oil res
specified i

change ([er
[(Sc(TB)] o
of tensile
38

St andard K
i mrer si on

of conpression set: The conpression set (CS) was

accordance w th Japanese Industrial Standard K 6301

respect to the specinens aged at 100[err]C, 120[err]C and

or 20 22 hr. [6] Testing of oil resistance:

i stance was tested in acebpdance with the i mrer si on test
n Japanese | ndustrial Standard K 6301. The speci nen vol une

V [% LS f h .0
() onBiheYERy BECME Phrs kg BIGAR W' Aln® BEALELSS PECER),

wer e neasured accordance wi th Japanese |ndustrial
G3Bhcentration: 0905 ®hd1 Noited)WaSs WeS@nlen sbhattiest o£The

test was conducted at 100[err]C for 72 hr. 5 [ 7]

Hlso)is (1, QLQQQQELQBCﬁl%%é{i@yﬁQq A1 She g endbribe A hardness

Dynam c ozopeifiesbst@le@uih€stm (concentratibie GnaiMol /Qz@re)l,eal stance test
ed in accordance with Japanese Industrial Standard K 6301

was conduct
under 5

tenperature
80 pphm 40

hesadiet sangrguoch héahy1deimizoneaencentmridtliigmammeasayilager

, elongation ratio (dynam c elongation) and 10 frequency were

[ier tk€msQof- al0fdawd Btels) and a hespest ispdlugiothefcEMKi ng

condi tion was inspected and eval uated 24 hr, 48 hr, 72 hr, 96 hr,

hr, 144 hr

10

15

20

25

ds@ncentragggnpr 0% ek it/ igristipne fed into the

polymerization reactor from an upper part thereof at
respective rates of 2 liter/hr, 0.2 liter/hr, 0.2 liter/hr,
1 liter/hr and 1.6 liter/hr.

Further, ethylene and propylene were fed at respective
rates of 140 liter/hr and 660 liter/hr and hydrogen was fed
at a rate such that the concentration therecf in the gas
phase portion was held at 0.003 mol% into the
polymerization reactor from an upper part thereof in a
continuous manner. This terpolymerization reaction was
conducted at 50°C.

The resultant polymer solution was withdrawn from the
polymerization reactor from its lower part, and a small
amount of methanol was added to terminate the
polymerization reaction. A terpolymer was sgparated from
the solvent by steam stripping and dried at 100°C under the
reduced pressure (100 mmHg) for 24 hr.

Thus, there was obtained the above
ethylene/propylene/EMN terpolymer rubber (EMN-EPT1).

Moreover, the above EMN-EPT2 and EMN-EPT3 were.
obtained by the same procedure as in the preparation of

EMN-EPT1.

120



di/ g:

15 The pol yners enployed in Exanples 1 to 5, Conparative
"Exanples 1 to 5 and Referential Exanples 1 to 3 were as fol | ows:

EPT (1) ethylenel/propyl ene/ 4-et hyl i dene-8-nethyl-1,7- 20

nonadi ene terpol ymer rubber (EM\EPT1) having: et hyl ene content:
61. 8 nol % | odi ne val ue: 23.7 intrinsic viscosity
[[err]] measured in 135[err]C decalin: 2.18 dl/g; 25 (2)
et hyl ene/ propyl [ 4-et hyl i dene-8-nethyl -1, 7- nonadi ene ter pol yner

r ubber (ENN—EPT%%%H§9FHB' et hyl ene content: 58.1 nol %

I odi ne val ue: 37 39

intrinsic VISCOSI?& ffb%?f ﬁgagﬂ%%%nlzeiggferrﬁk:decalln 1.94

nonadi ene terpoﬁ?%g%b%&%%%?H?EEREE%#§§§£anéé?gﬂﬁ§?¥%é%én§Iﬁ%1ﬁ éne content:

55.7 nol %

([err]] measured in 135 [err
(4) ethyl eneiqpaapyeaneibbetrhyh) deae- B aeddoryiane cd;@nertcﬂraqcnyyner r ubber

1,7- nonadlén‘éd'tggrlg@gggg ?Lgbber (EMN- EP'ﬂ'ert régl(% %SWdz)%pSI ty

(ENB- EPT) havi ng: et hyl ene content: 68.0 nol %

10

15

20

available Nipol 1042 (NBR) (produced by Nippon Zeon Co.,
Ltd.) as a nitrile rubber (C) at a ratio (NBR/EMN-EPT1l) of
75/25 according to the recipe of Table 1, thereby obtaining
an unvulcanized compounded rubber.

This blending was performed by means of a 1l.7-liter
Banbury mixer (manufactured by Kobe Steel, Ltd.) into which
zinc oxide, stearic acid, HAF carbon black (trade name:
Seast ﬂ produced by TOKAI CARBON CO., LTD.), dioctyl
phthalate (DOP), oil (trade name: Sunthene 4240 produced by
Japan Sun 0Oil Company, Ltd.) and antioxidant (trade name:
Nocrac NS-6 produced by Ouchi Shinko Chemical Industry Co.,
Ltd.) were charged in addition to the above terpolymer
rubber EMN-EPT1 and NBR. The filler ratio of the obtained
blend was 70%.

Thereafter, vulcanization accelerator (trade name:
Nocceler CZ produced by Ouchi Shinko Chemicad Industry Co.,
Ltd.) and sulfur were added to the blend and milled by
means of 8-inch rolls (front roll/rear roll: 65°C/65°C),

thereby obtaining a compounded rubber.



. lodine value: 22 intrinsic viscosity [[err]] neasured in
135[ err] C decalin: 2.20 dl/g. 15 Nitrile rubber (D
nitrile rubber (NBR) trade nane: N pol 1042 produced by Ni ppon
Zeon Co., Lt d. nitrite content (polar group content): 30%
20 The above et hyl ene/ propyl4de/ 4- et hyl i dene- 8- net hyl -
1, 7-nonadi ene terpol yner rubber (EMN-EPT1) was prepared by t he
fol |l ow ng procedure: Table [FPreparation of EM\- EPT1]
Ter pol yneri zati on of ethylene propyl ene and the above 25
4-ethyl i dene-8-net hyl -1, 7-nonadi ene (EMN) was continuously carried
out with thecﬁgﬁoﬁﬁné 9. FPTRPS bl ger | zAG®mPrtion feactor equi pped with
an agitating bl ade. (pts. wt.) 40
Dehydrated and purified hexane, a hexanhe solufion of
bi s( 1, 3- di EmNRgPTyLl opent adi enyl ) zi r copi um ggchl ori de (concentratlon
0.05 mmol jliter), a hexane sol ution of triisobutylalum num
(concentratB8n: 20 mml /liter), a 5 hexanesslurry pf nethyl al um nooxane
(3 mlligramatoniliter in terns pf alum num atpns) and a hexane
sol uti on QRIE®NOx1ide (concentration: 0[25 li%er/litef) were fed into the
pol ynmeri zati on reactor from an upper part thereof at respective rates
of 2 litefPRPATH22afider/hr, 0.2 liter/hr, 1
HAF carbon black 50
dioctyl phthalate 15
oil 10
antioxidant 1
vulcanization accelerator 1.2
sulfur 1.5
The above unvulcanized rubber property test was
5 conducted of the thus obtained compounded rubber to thereby
determine tg9Qg [min] (time required to effect 90%
vulcanization). The result is given in Table 2.
The obtained compounded rubber was sheeted and heated
under pressure by means of a 160°C press for a period of
10 tgp min, thereby obtaining a vulcanized sheet of 2 mm in
i
thickness. The above covulcanization degree, tensile,
hardness, oil resistance and dynamic ozone tests were
carried out of the vulcanized sheet.
Further, the compression set test was conducted of a
15 vulcanized sheet of 2 mm in thickness obtained by heat

pressing at 160°C for a period of tg9g (min) + 2 min.

The results are given in Table 2.



10 1 liter/hr and 1.6 liter/hr. Further, ethylene and propyl ene

" were fed at respective rates of 140 liter/hr and 660 liter/hr and
hydr ogen was fed at a rate such that the concentration thereof in the
gas phase portion was held at 0.003 nmol % into the 15 polynerization
reactor from an upper part thereofg4ign a conti nuous manner. This
terpol yneri zation reaction was conducted at 500C. The

resul tant pol yne pol ymeri zati on
reactor fromit¥ . il met hanol was added

to termnate t of nér;zat;on.re ction, terpol r S _separ at ed
from " the ds @R HBAER: PRpbl g AN i A R ihor t he
reduced pr r QpFQ)-for 2 r T. 3 obt ai ned
t he abovet§§§y1§g%%§$%ne pr38yP£n§?EN&Pt%?ﬁ%f§%%$rr{ﬁﬁkﬁg?ﬁ&ﬁfﬁ%?l).

Mor eover, b ARRY.S:daMY ERE2 cﬁaqgfémgPQ%MNﬁéﬁpsTol/so, of Aigedpy the sane

sal ution

procedure as in the preparation

4 1 5 07100 FExanple | [ Producti on of vul cani zed rubber]
The above et hyl ene/ propyl ene/ 4- et hyl i dene- 8- et hyl - 1, 7- nonadi ene
ter pol ymer rubbrie (F=GIERTRreagigenaidotabld 2 er pol yner rubber (A) was
bl ended with commercially avai l abl e N pol 1042 (NBR) (produced by
Ni ppon Zeon Co., Ltd.) as a nitrile rubber (C) at a ratio
( NBR/ EMN- EPT1) of Table 2
Ex. Ex. Ex. Ref.
1 2 3 Ex. 1
blend ratio NBR/EMN-EPT 1 75/25 [ 50/50 | 25/75 | 0/100
property of unvulcanized rubber
tgg (160°C) [min] 5.3 6.1 6.9 8.5
properties of wvulcanized rubber '
M100 [kg/cm?] 22 | 27 28 24
M200 (kg/cm?] 53 54 50 53
M300 [kg/cm?] 83 77 72 84
TR [kg/cm?] 170 | 161 | 152 | 146
EB [%] 470 390 460 480
HS {JIS A) 60 62 63 61
CS (%]
100°C X 22hrs. 54 42 41 51
120°C X 22hrs. 62 62 60 69
150°C X 22hrs. 73 75 75 76

oll resistance test
(JIS 0il No. 3)

AV (%] (100°C X 72hrs.) 45 98 143 199
Sc (Tg) (%] -30 -50 -45 -84
Sc (Em) [%5] =22 -44 -41 | =74
AHs (JIS A) -18 -23 =25 -33

deg. of covulcanizatijion (%] 95 96 97 -




75/ 25 according to the recipe of Table 1, thereby obtaining an

unvul cani zed conpounded rubber. 10 Thi s bl endi ng was perfornmed by
means of a 1.7-liter Banbury m xer (manufactured by Kobe Steel, Ltd.)
into which zinc oxide, stearic acid, HAF carbon black (trade nane:
Seast H produced by TOKAI CARBON @@., LTD.), dioctyl pht hal ate (DOP),
oil (trade nane: Sunthene 4240 produced by 15 Japan Sun O | Conpany, Ltd.)
and anti oxi dant (trade nane: Nocrac NS-6 produced by Quchi Shinko
Chem cal Industry Co., Ltd.) were charged in addition to the above
t er pol yner rubber EMN-EPT1 and NBR The filler ratio of the obtained
bl end was-70% 20 TheLefLLeLr_¥uL9aanaLLgn_agceLTrator (trade
nane: &b cel er CZ produced| by Quchi Shinko Chem cal I|ndustry Co.,
Ltd.) and|s&lfyr wer® a@leddtogthe blendZang 1 e bf 2 means of 8-inch
rolls (frond g0l | / rear rol 12 68lerr] G 65[err]Q), theﬂeby obtaining a
conpoundef—+ubier- 42
Table 1 <1 Conponent of canp05|t|on Proportlon
o) pa
(pts. wt.) E EI\/RE}EPflg 2 g2 2 2 252 2| MNBR
75 Ekncuﬂxide S 5 stearic acid
1 catrbon—btack 56—
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, dioctyl phthal ate 15 oi
10

ant i oxi dant 1 vul cani zati on
accel erator 1.2 sul fur 1.5
The above unvul cani zed rubber property test was 5 conducted of the thus
obt ai ned conpounded rubber to therédy determine t90 (mn] (tine
required to effect 90% vul cani zation). The result is given in Table

2. Tbgmgggﬂﬁg ﬁ%igged rubber was sheeted and heat ed

under pressure by neans of a err]C press for a period of 10 t90 mn,
ther eby Obtai ni ngeds ¥k VIR <N 1o E2aMBNENL was rLBLLKDESSxcdfle above
covul cani zati on degree, tensile, har dness, oIl resistance and dynam c
0zone testshaerBBR was KBsAdell QUlarOfanhatvelEcanozgd-88€8Y - weight

Further, the conpression set test was conducted of a 15 "~ vul cani zed sheet
of 2 mm i nahti thaesso otd paigthdyy ruddler was pmedsiag.at 160[err]C for a
period of t90 (mn) + 2 mn. The results are given in Table 2.
43 S Exanpl Bee 2resul t3s @ne Refvenerini JhbEranpl end 3. The sane
procedure as in_Exanple 1 was repeated except that the blend ratio of NBR
to terpol yner rutbettEMEERERINANBR/ EMN- EPT1) was changed to each of 50/ 50,

25/ 75 and 50/1 Q0. The results are given in Table 2.
The same procedure as in Example 1 was repeated except

that terpolymer rubber ENB-EPT was employed in place of
terpolymer rubber EMN-EPT1 and that the blend ratio of NBR
10 to terpolymer rubber ENB-EPT (NBR/ENB-EPT) was set at
75/25.
The results are given in Tables 2 and 3.
Comparative Example 3
The same procedure as in Example 1 was repeated except
15 that terpolymer rubber ENB-EPT was employed in place of
terpolymer rubber EMN-EPT1 and that the blend ratio of NBR
to terpolymer rubber ENB-EPT (NBR/ENB-EPT) was set at
50/50.
The results are given in Tables 2 and 3.
20 Comparative Example 4
The same procedure as in Example 1 was repeated except
that terpolymer rubber ENB-EPT was employed in place of
terpolymer rubber EMN-EPT1 and that the blend ratio of NBR
to terpolymer rubber ENB-EPT (NBR/ENB-EPT) was set at
25 25/7s.

The results are given in Tables 2 and 3.

Comparative Example 5



Tabl e 2 Ex. Ex. Ex. Ref.

1 2 3 Ex. 1 blend rati o NBR EM\- EPT 1 75/ 25 50/ 50
25/ 75 0/ 100 property of unvul cani zed rubber t90 (160[err] C

[ M n] 5.3 6.1 6.9 8.5 properties of vul canized rubber MLOO
[ kg/ cn?] 22 27 28 2446 M200 (kg/cnferr]]
53 54 50 53 MBOO [ kg/ cn?] 83 77 72

B B0 aohre e pras TS h sxarhlQ 1 383 redfRedMicertl
62 63 thgé terpol%ﬁﬁr rubber EN%Q%b%rQLQ émégg§éd in placé4bf 42 41

51 err]C X 22hrs. 69
150[err]c‘5é3§81§mer rubbeiz%MN EAT1 ana5that7§he0bheﬁ§5£§iﬁ@c@ftﬁﬁﬁ

(JIrs al [err]V (% (100[err]C X 72hrs.) 45 98
143 199 toSEefﬂEEymer rubber ENB-EPT (NWR/ENB~EBQ) wabOset-#&5 -84  Sc

( EB) [ % -22 -44  -41  -74 [err]bs (JIS A
-18 523 0/1@5. -33 deg. of covul canization [ %A 95 96 97
- 44

The results are given in Tables 2 and 3.

Table 3

Comp. EX.

blend ratio NBR/ENB-EPT| 100/0 |75/25 |50/50 | 25/75 | 0/100

property of
unvulcanized rubber
tgp (160°C) [min] 6.1 9.3 [11.0 [13.0 (24.2

properties of
vulcanized rubber

M100 [kg/cm?] 18 21 23 26 27
M200 [kg/cm?] 46 48 47 48 57
M300 [kg/cm?) 83| 771 70| 72 86
TB (kg/cm?] | 190 | 130 | 113 | 135 | 152
EB [$] | 630 | 490 | 500 | 590 | 490
Hs (JIS A) 53 58 60 62 62
cs (%]

100°C X 22hrs. 46 47 50 49 57

120°C X 22hrs. 67 66 68 70 73

150°C_X 22hrs. 76 | 75 | 77| ‘718 | 80

0il resistance test
(JIS 0il No. 3)

AV[%] (100°C X 72hrs.) | 13.2 | 55.0 | 124 185 197
Sc (Tp) (%] -3 -33 -61 -55 -85
Sc (Em) (%] -13 -26 -53 -51 -76
AHs (JIS A) ~4 -21 -32 -36 -34
deg. of
covulcanization [%] -= 72 66 83 -

10



[érr] [err]
45 Conparative Exanple 1

47

Example 4

The same procedure as in Example 1 was repeated except
that terpolymer rubber EMN-EPT2 was employed in place of
terpolymer rubber EMN-EPT1 and that the blend ratio of NBR

5 to terpolymer rubber EMN-EPT2 (NBR/EMN-EPT2) was set at
50/50.

The results are given in Table 4.

Example 5

The same procedure as in Example 1 was repeated except

10 that terpolymer rubber EMN-EPT3 was employed in place of
terpolymer rubber EMN-EPT1 and that the blend ratio of NBR
to terpolymer rubber EMN-EPT3 (NBR/EMN-EPT3) was set at
50/50.

The results are given in Table 4.

15 ial Exam 2

The same procedure as in Example 4 was repeated except
that the blend ratio of NBR to terpolymer rubber EMN-EPT2
(NBR/EMN-EPT2) was changed to 0/100.

The results are given in Table 4.

20 Referential Example 3

The same procedure as in Example 5 was .repeated except
that the blend ratio of NBR to terpolymer rubber EMN-EPT3
(NBR/EMN-EPT3) was changed to 0/100.

The results are given in Table 4.



The sane procedure as in Exanple 1 was repeated except
‘bl ended in an anmount of 100 parts by wei ght

r ubber was

Conpar ati ve Exanple 2
repeat ed except
t er pol yner

of
t er pol yner

enpl oyed. 5

rubber
r ubber

The results are given in Tables 2 and 3.

The sane procedure as in Exanple 1 wagepeated except

t hat terpol yner8rubber

t hat NBR was
and that no terpol yner

75/ 25.
Conpar ati ve Exanple 3

15

The results are given in Tables 2 and 3.
The sane procedure as in Exanple 1 was
ENB- EPT was enpl oyed in place
EM\N- EPT1 and that the blend ratio of NBR 10
ENB- EPT (NBR/ ENB- EPT) was set at

to

that terpol yner

r ubber ENB- EPT was enpl oyed in place of t er pol ynmer rubber EM\- EPTI
and that the brend ratio of NBR Tg TgLpollyngk . r Ubhgls ENB-FH,
( NBR/ ENB- EPT) was set at 50/ 50. 4 The regg[tg age.ggven in
Tabl es 2 and conpar at | Ve Exjanple 4 He sane
procedur e é@lﬁﬁdE%éﬁﬁPe 1 WRR/ PR d exggééo = t.a?/¥%9 oyAerr ubber
ENB- EPT was enpl oyed in pl RgR/®¥mN-EPT 3terpolydesovgb er ENN—EEIhoa d that
the bl end rg&bgegglggRbf to terpolyner rubber ENB-JEPT (NBR ENB- EPT) was
set at 25 vulcanizdderdsdy tjs are gjven i Tableg 2 and 3.
Comparative Bganpl e 5 (kg/cm?] | 156 | 157 | 130 | 4%
ERp [%] 430 370 480 420
Hs (JIS A) 60 62 61 62
CS [%] 100°C X 22hrs. 55 59 57 61
0il resistance test
(JIS oil No. 3)
AV (%] (100°C X 72hrs.) 15 72 1385 200
deq. of con vulcanization o8 100 — —

10

15

The above results show the following.

Examples 1 to 3,

Examples 1 to 5 purpose comparisons of oil resistance,

ozone resistance and covulcanizability at varied blend

ratios of NBR to EPT.

The EMN-EPT1 obtained by terpolymerization with

novel diene

twice greater than that of the conventional polymer,
that the covulcanizability with NBR being the object

present invention has been remarkably improved.

(EMN) has a vulcanization velocity

(£s0)

the

SO

This

improvement of covulcanizability enables obtaining a

vulcanized rubber product which is excellent in c¢il and

ozone resistances.

Referential Example 1 and Comparative

about

of the



The sane procedure as in Exanple 1 was repeated except t hat terpol yner

rubber ENB- EPT was enpl oyed in place of t er pol ymer rubber EM\-EPT1 and
that the blend ratio of NBR to terpol yner rubber ENB- EPT ( NBR/ ENB- EPT)
was set at 5 0/100. The results are given in Tables 2 and 3.
Tabl e 3 49 Conp. Ex.

1 2 3 4 5 bl end rati o NBR/ ENB- EPT 100/0 75/25 50/50

25/ 75 0/ 100 bbe t 90
(160[err]C) [m n'?ror&g{ely 4 9“’9 > fnﬁl gecamé ag }I::Z}lélam%jll%s ertalmeqs 3of

vul cani ZEdMZ%ppg%se eval[lkal\é]ioo%b]of the. ck%giggglzzgligt% witdh g\IBYgewlth 26

27 MB0O
[ kg/ cn] 5Pecg7£o EMEPT2 2nd ESR-EPT3 obiBined b (kg/ cn] 190
135 157 EB (95 530

130 113 490 500 590
490 Hserpol¢md S At ion with th®3noved8dienb0(EMNHZ2and &2hibiting CS

[ 100[err] C X 22hrs. 46 47 50 49 57

120[ err] 8 X B4 siodine v@liue. 66 68 70 73 150[err]C X
22hrs. 76 75 77 78 80 oi |l resistance test

(JIS Gl No. 3) It is #4rffck@0[EsmampCeX572hes. fhel@s@ oB5EMN-ERPLHE 185
197 Sc (TB [ %A -3 -33 -61 -55 -85 Sc

( EB) hig}P oding valueo@gnables obtgining7g vulcanlfgqlr:qq@ber (JIS A
-4 -21 -32 - 36 -34 deg. of covul cani zati on [ %A --
72 66 @goduct whegpe covulcanlzablllty is 100%. 47

Exanpl e 4
A In Examples 6 to 9 and Comparative Example 6, the

10 evaluation tests were carried out in the following manners.
[1] Testing of unvulcanized rubber property:
The property of unvulcanized rubber was tested in
accordance with Japanese Industrial Standard K 6300.
Torque change was measured at 150°C with the use of

15 Curelastmeter, model no. 3, manufactured by Japan Synthetic
Rubber Co., Ltd. to thereby determine tggp [min]} as
vulcanization velocity. The smaller the value of tgQ
[min], the greater the wvulcanization velocity.

(2] Degree of covulcanization:

20 The degree of covulcanization was determined in the
same manner as mentioned hereinbefore except that the
tensile strength Ty (NR) of natural rubber (NR) used as a
diene rubber (C) is employed in place of T (NBR) and that
the weight proportion thereof is used as the value b.

25 [3] Tensile test:

The vulcanized rubber sheet was punched into dumbbell
specimen No. 3 defined in Japanese Industrial Standard K

6301 (1989), with which the tensile test was conducted at



The same procedure as in Exanple 1 was repeated except t hat terpol yner

"rubber EMN- EPT2 was enpl oyed in place of t er pol ymer rubber EM\- EPTI
and that the blend ratio of NBR 5 to terpolyner rubber EMN-EPT2
(NBR/ EM\- EPT2) was set at 50/ 50. The results are given in
Tabl e 4. Exanpl e 5 50 The sanme procedure as in Exanple 1

was repeated except 10 that terpolynmer rubber EMN-EPT3 was enpl oyed in
place of ~ ,soberpgly HDDET e EEdTE 3 okt eaDLABnAGRER O NBR
to terpol yner ruéger Eﬁéké {?J P?%) was set at 50%50.
The results R i0Hi\RN 1NN phdBLeafh 319r Japand®d ef filddli X FRINAFaZa K
The sanme procedure as in Exanple 4 was repeated except that the blend
rati o of NBRI tter polepedy mebhbare EMMDEMGdulus (MNBR)EMEERT odwdsischanged
to 0/100. The results are given in Table 4. 20
Referential ®cl.e 3®0% modulus THMgoshnetprotkelsteress iat Bragi «T)
was. r epeat ed except that the blend ratio of NBR to terpolynmer rubber
EMN- EPT3S  and NBRSEME BRT3pawisnchtingseak o(B8)100. The results
are given in Table 4. 48
Table 4 Further, the specimen was heat treated at 80°C for 1
hr and subjected to the above tensile test to thereby
measure the tensile stress at break (Tg) and tensile
elongation at break (Ep).
10 [4) Testing of hardness:
The hardness was measured in accordance with Japanese
Industrial Standard (JIS) K 6301 (1989) to thereby
determine spring hardness Hs (JIS A-hardness).
Further, the specimen was heat treated at 80°C for 1
15 hr and subjected to the above hardness test to thereby
determine spring hardness Hs (JIS A-hardness).
[5] Aging test:
The tensile and hardness tests were carried out of the
specimen before and after the heat treatment in accordance
20 with the air heat aging test specified in Japanese
Industrial Standard K 6301 to thereby measurg the tensile
stress at break (Tg), tensile elongation at break (Em) and
JIS A hardness (Hs). Thus, the ratio of change [Ac(Tg)] of
tensile stress at break (Tp), ratio of change [Ac(Em)] of
25 tensile elongation at break (Eg) and difference [AH] of JIS
A~hardness (Hs) were determined.

The testing condition is below:

Testing temperature: 100°C, and



Ex. Ex Ref . Ref . 4 5

"Ex. 2 Ex. 3 blend ratio  NBR/EWEPT 2 50/50 -  0/100 -
NBR/ EM\- EPT 3 - 50/ 50 - 0/ 100 properties of

vul cani zed rubber B [ kg/ cn] 156 157 130

125 EB 154 430 370 480 420 Hs
(JIS A 60 62 61 62 Cs [ %4 100[err]C
X 22hrs. 55 | 9 57 . 6 il resistan t

(JIS oil No. 3) t95tl“gA\?/”“F%‘d“(ibbf%r?%&%?%%rresﬁ“%nsc" 09%55&5' 72 1095
200 deg. of. con, vulcani zati ; zégg: s _ 5

The above resultgﬁsﬁgﬁcﬁhgrpgﬁﬁo§?ﬁa.(de uattia anﬁf§24f to 3,

Ref erenti al Exagﬂl}i & hb %}%C@gpauehi VEst, th&XAP SSarked @ daldrose

conpari sons of resi stanc ozone resistance and covul cani zability
at varied hiefgdn was'ﬁﬂgﬂ@%ﬁgh MBBht ehEPIse df de MattiEhenddWNnEPEh obt ai ned

by terpolynerization with the novel diene (EMN) has a vul cani zation
vel oci t 9 (t&Jor0ide with WSTEEDYBRAt er Thbamumbet of lexesobeditideonal
pol ymer, so that the covul canizability with NBR being the object of
t he prgse cdurwesttdeo v fhasabiéngr andr kad| yunlpgr ovie Elefsiss befipre
i mprovenent of covul cani zability enabl es obtaining a vul cani zed rubber
product whi®he i sonndedld dmeakagei Pfahle spechpemeve e RtaHted
49 Exanpl es 4 and 5 and Referential Exanples 2 and_3300
purpose evalTRASHIRST tompegrwreani2abi3d yrhath- MR wietpcity:

rpm) .

10 [7] Testing of fatigue in elongation (Monsanto fatigue
test):

The vulcanized rubber sheet was punched into dumbbell
specimen No. 1 defined in Japanese Industrial Standard K
6301, and a 2 mm notch was made at the center in the
15 longitudinal direction of the specimen. 20 specimens were
prepared in this manner and subjected to testing of the
fatigue in elongation at elongations of 40%, 80% and 120%
under conditions such that the measuring temperature was
40°C and the rotational velocity 300 rpm. The average
20 stress at dumbbell breakage and the average number of times
at dumbbell breakage were measured. )
Referential Example 4
[Preparation of random terpolymer rubber]
Terpolymerization of ethylene, propylene and the above
25 4-ethylidene-8-methyl-1, 7-nonadiene (EMN) was continuocusly
carried out with the use of a 15-liter polymerization

reactor equipped with an agitating blade.



reépect to EM\- EPT2 and EMN- EPT3 obt ai ned by terpol ynerization with

"~ the novel diene (EMN) and exhibiting 5 high iodine val ue. I t
is seen from Exanple 5 that the use of EM\-EPT of hi gh i odi ne val ue
enabl es obtai ning a vul cani zed rubber product whose covul cani zability
is 100% In Exanples 6 P@ 9 and Conparative Exanple 6, the 10
eval uation tests were carried out in the foll ow ng manners. [1]
Testing of unvidaanizedd WhREHuRPLeREA Hexane, a hexardd!SNAIH Yo Of _
unvul cani zed rubber was tested in accordance with Japanese I ndustri al

St andard K 6300, 3-dimethiAlc§iée opbatgaivagl neasesetumtdiSiefideC with the use
of 15 Curelastneter, nodel no. 3, manufactured by Japan Synthetic
Rubber Co. {cdricknttxatiirer:eldy. Odetnendi heéted), [ & n¢xase solutiar cafhi zation
velocity. The smaller the value of t90 [mn], the greater the

vul cani zattohi sedhwy taduminum (concefifrabegnee2df mpoV ] thar)zatd on: 20

The degree of covul cani zation was determned in the sanme nmanner as
nent i oRed MR¥XIN bR ofcasthyRatuphaooxane {3dnsilbig¥dRmfdn/fEYNR) of
natural rubber (NR) used as a di ene rubber (O _is enployed in place
of TB (NBR}" anFihett aluminuge afemght 2propoRerdnct feteoror LUSER as the
val ue b. 5 3] T il e.,test:., The, vul cani zed. rubber
sheet was Eﬁ%%%%%?%t{bc}r&uﬁga@l ﬁltter/llgﬁﬁzzi KBRS NGO S AT 0H 157 Japanese

[ ndust ri al; S AR G ymers2oR30h CA28RL: BLLR WA Eholhopd AONEdgS! vas

conduct ed at
at respective rates of 2 liter/hr, 0.2 liter/hr, 0.2

10 1liter/hr, 1 liter/hr and 1.6 liter/hr.

Further, ethylene and propylene were fed at respective
rates of 180 liter/hr and 620 liter/hr and hydrogen was fed
at a rate such that the concentration thereof in the gas
phase portion was held at 0.004 mol% into the

15 polymerization reactor from an upper part thereof in a
continuous manner. This terpolymerization reaction was
conducted at 50°C.

The resultant polymer solution was withdrawn from the
polymerization reactor from its lower part, and a small

20 amount of methanol was added to terminate the
peoclymerization reaction. A terpolymer was separated from
the solvent by steam stripping and dried at 100°C under the
reduced pressure (100 mmHg) for 24 hr.

Thus, there was obtained the above

25 ethylene/propylene/EMN terpolymer rubber (EMN-EPTS) .

The obtained ethylene/propylene/EMN terpolymer rubber

(EMN-EPTS5) had a molar ratio of ethylene to propylene

(ethylene /propylene) of 71/29, an iodine value of 9 and an



25[err]C and at a tensile speed of 500 M min in the manner
i n paragraph 3 of Japanese | ndustri al
measure 100% nodul us (MLOO),
tensile stress at break (TB)

Furt her,
subjected to the above tensile test to thereby

stress at break (TB) and tensile br eak (E?) 72
[4] Testi ngineir irighddscosity (M) megparedrimeldd Waderddstr 88 #n

Standard (JIS) K 6301 (1989) to thereby
Furt her,

w th Japanese

| ndustri al

200% nodul us

el ongati on_at

St andard K
(M200),

det erm ne sbrichg hardness Hs (JI'S A-hardness).

speci nren was he
above hardness t
A- har dness) .

tests were carri

Japanese
stress at

har dness (
at break (TB),

and

I ndustri al
Ry
e ratio of change |
rati o of change [Ac(EB)] of
break (EB) and difference [AH of Jl 8able SA-hardness (Hs) were determ ned.
100[err] C,

ESEPHRIE o

at treated _at 80

m!?rr]g for
TP GAne P HosE e

treatmegt in AccAUHaNC] hedQpWichRatiRe LBkl cBRRLeAG)BYoLe8insmaci fied in
3 i StgﬁgarglK 6301 to§thereby nmeasure the tensile

1€ @hMangatson ab by ea

test:

aSspBCRAERTBRE

(Ac(T

specified

6301 to thereby

T&E%&e@nﬁ1

(0]

300% nodul us (M300),
5 and tensile elongation at break (EB)

t he speci nen was heat treaf8d at 80[err]C for 1
measure the tensile

hr and

0

1 15 hr and subjected to the
ine spring hardness Hs (JI'S

7 e o S

Table HS A
tensile stress

25 tensile elongation at

The testing condition is bel ow Testing tenperature:
EMN-EPT | EMN-EPT EMN-EPT | EMN-EPT | ENB-EPT
Terpolymer 5 6 7 8
Rubber Ref. Ex.|Ref. Ex.|Ref. Ex.|Ref. Ex.

4 5 6 7 -
o-olefin propylene | propylene | propylene | propylene | propylene
polyene EMN EMN EMN EMN ENB
ethylene/

o-olefin 71/29 62/38 58/42 56/44 68/32
(mol. ratio)
iodine value 9 24 38 50 22
(i (dl/g) 2.77 2.18 1.94 1.66 2.20

10

15

20

(Note) EMN: 4-ethylidene-8-methyl-1, 7-nonadiene

ENB:

Example 6

[Production of vulcanized rubber]

5-ethylidene-2-norbornene

The above ethylene/propylene/4—ethylidéhe—8—methyl—

1, 7-nonadiene terpolymer rubber (EMN-EPTS3) as a random

terpolymer rubber

available RSS #1

(NR)

as a diene rubber

(A) was blended with commercially

{B) at a ratio

(NR/EMN-EPT5) of 30/70 according to the recipe of Table 6,

thereby obtaining an unvulcanized compounded rubber.

ccordance

t he

d hardness
heat




51 testing tinme (duration of heat treatnment): 96 hr.

[6] Crack growth test (de Mattia flex test): ' In the crack growth
test, the resistance to crack grow h was i nspected with the use of de
Mattia machine in 5 accordance with ASTM D 813. The nunber of flexes
before t he occurrence of craclidg and the nunber of flexes before
the conpl ete breakage of the specinen were neasured (measuri ng
tenperature: 4 1:G angk fotatd LLacity.: 1Py

[7] Testing of O*Igﬁ g%:le In I{eé)o“?lagga?]lr%lnfo\(lr%g%sg tgegggi aﬁea ) %le%%)

The vul Canbzﬁgufyhpﬂe§h&%mmtn%ah%§, 'zéeb@ guggggllttd.> inSPephi@n No. 1

defined in Japanese Industrial Standar , and a 2 mm notch was

made at thgigendeidé natde 1115 sddid udiigal rekr esthon viatke(spegd men. 20
speci nens were prepared in this manner and subjected to testing of the
fatigue | nnehengR§ANN #E0Et angaivcats baf 24Q% 88%wandcd2p%.TD.) , usder

condi tions such that the neasuring tenperature was 40[err] C and the
rotati @nal (veddei bym800Suprhenkhet 2200 pagpeiuc@ bystfapas aunddixbbel | breakage
and the average nunber of tines at dunbbel | breakage were neasured.
Ref er ent i afoRRanp} eL#d.) and antigxEdgedr ditiredeohamgndBacrae pdl ymdd r ubber]
Ter pol yneri zati on of ethylene, propylene and the above 25

4- et hyl i deRECBUARRENDY - Quab hoHEdehEnerEMR) tRSuEsAYi RBoustyd-) wergarried

out with the use of a 15-Ijter olr}/rrerization L reacgor e “'_].5’19%9 W th
an agitatiﬁaaﬁgﬁae?n addition to the above terpolymer rubber E
and NR. The filler ratio of the obtained blend was 70%.
10 Thereafter, vulcanization accelerator (trade name:
Nocceler CZ produced by Ouchi Shinko Chemical Industry Co.,
Ltd.) and sulfur were added to the blend and milled by

means of 8-inch rolls (front roll/rear roll: 65°C/65°C),

thereby obtaining a compounded rubber.

15
Table 6
Component of composition Proportion
(pts. wt.)

EMN-EPT 1 70
NR 30
zinc oxide No. 1 5
stearic acid 1 J
FEF carbon black 40
paraffinic oil 20
antioxidant 2.0
vulcanization accelerator 1.5
sulfur 1.5




52 Dehydrated and purified hexane, a hexane sol ution of

bi s(1, 3-di net hyl cycl opent adi enyl ) zi rconi um di chl ori de (concentration:
0.05 mml /liter), a hexane solution of triisobutylal um num
(concentration: 20 mml/liter), a 5 hexane slurry of nethylal um nooxane
(3 mlligramatoniliter in ter® of alumi num atons) and a hexane

sol ution of EWN (concentration: 0.12 liter/liter) were continuously
fed into t glgxiry;r' i q t r twddrer eof at
respective rat ers)ﬁ"oefIO i tg?l?’%rlggalgélgl ?g??ﬁ?%% 1% telpﬁ er% hr, 1 liter/hr

and 1.6 |itgfddlicted of the thuist B8EaigbRYLERSo@NEe @ ORI ENE Medtte fedry) at
respective rates of 180 liter/hr and 620 liter/hr and hydrogen was fed

at a rate sagtedmirie thy) deariegnt(tdmeometinéredf tone ffiecgadls phase portion
was held at 0.004 nmol % into the 15 polynerization reactor from an upper
part thereofuldamizatiomant iMeouesmwannes. gThes ferpabyeeti zati on reaction

was conducted at 50[err]C The resul tant pol yner solution
was Wit Bdrawn froime tdltained poimpemnidedt irohbesacesr sheered tand RWeAtsshrt, and
a small 20 anount of nethanol was added to term nate the

pol yner i zat iode ¥ epresd BHEe Ry aegaisy o and$0seret 2 E 3T dmPeriod R sol vent

by steam stripping and dried at 100[ert] C.under _the ,_red pressure
(100 mHg) ¥9¢ SAipy *+ 2 min, T erﬁ%&s," RéPe"Fad ¥BES %le%je‘?héél’?eg ov‘gef 25
et hyl ene/ prgp%rlnene/ EMN t er pol YORI T %bber cgEI\/N- EPTS

in thickness above vulcanlzgtion degree,
tensile, hardness, aging, crack growth and fatigue in
10 elongation tests were carried out of the vulcanized sheet.
The results are given in Table 7.
Example 7
The same procedure as in Example 6 was repeated except
that EMN-EPT6 was employed in place of EMN-EPTS.
15 The resuits are given in Table 7.
Example 8
The same procedure as in Example 6 was repeated except
that EMN-EPT7 was employed in place of EMN-EPT5S.
The results are given in Table 7.
20 Example 9
The same procedure as in Example 6 was jrepeated except
that EMN-EPT8 was employed in place of EMN-EPT5S.
The results are given in Table 7.
mparative Exampl
25 The same procedure as in Example 6 was repeated except
that the ENB-EPT specified in Table 5 was employed in place
of EMN-EPTS.

The results are given in Table 7.



The obt ai ned et hyl ene/ propyl ene/ EMN t er pol yner rubber ( EM\- EPTS5) had
a nolar ratio of ethylene to propyl ene (ethyl ene /propyl ene) of

71/ 29, an iodine value of 9 and an

53 intrinsic viscosity [[err]] measured in 135[err]C decalin of 2.77
dl /g. Ref erential Exanmpl e6 to 7 The sane procedure as
in Referential Exanple 4 was 5 repeated to thereby obtain the

et hylene/[err]-ol efin/ EW t I r rubbers (EM\-EPTs 6 to 8)
specified in Table 5. SHRLITF Table 5

EMN- EPT EMNEEPT_ENN- FPT EM\- #T ENB- EPT ‘Iprpolynﬁr 5 6
7 ] Rubber Re . f.o Bx. Ref. . Reff .CoFR.
4 5 6 7 T B ngr}i%fg | é%? nB ExsrBpY| ene
propyl ene p?6@§@2§aﬁ§° opyl.ene | propyl ene pol vene EWN EWN
EMN EF',WS',tgo QEDB) (min GLHYIENE/ | 5.5 | [@r§]-lolgfgn | 74/R9  62/38
58/ 42 5 r i erc 1997532 (mot—atT o) rogdirevaue 9
24 38 vuloanizedUupber 22 (lerr]] | (di/g) 2.77 2| 18
1.94 ﬂ 66 2.20 10 (Notle) EMN:
4- et hyl i dene- 8~Habhy kqd/cphonadi eke 16 17 ENg: 18 16
5-ethyli dene- 2- RO HOIRE N2 ] 43 Exagplie 644 15 47 [ Prgducti on of
vul cani zed |rubber ] 5 The abdve
et hyl ene/ prlopy|-&#889 41584607 dene- 8L%vetlhyl 15 73 7 noBidifene2erpol yner
rubber (EM\- EPT2) as (agra@gdomi 160 tjer ped ymer 1gpbber 164) mwas 2Bl epded with
commer ci al Iy
Ep (%] 500 500 520 510 520
Hg (JIS A) 57 54 56 55 54
high temperature
strength (80°C)
TR [kg/cm?) 109 110 122 149 63
EB (%] 510 540 560 570 470
Hg (JIS A) 51 49 51 50 49
heat aging resistance
Ac(Tp) [%] -29 -27 -29 -29 -28
Ac(Ep) (%] -23 -25 -24 -23 -20
AH (JIS A) +2 +2 +2 +1 +2
fatigue in
elongation test
elongation 40%
stress [kg/cmZ] 0.37 0-30 0.30 0.27 0.30
No. of times
at break (N) 100,200| 9,400 |104,000{113,000| 46,500
elongation 80%
stress [kg/cm?)] | 0.90 0.87 0.87 0.87 0.87
No. of times
at break (n) | 24-000 | 22,000 | 23,000 | 24,300 | 10,030
elongation 120%
stress (kg/cm?)] | 1.20 1.10 1.27 1.40 1.20
No. of times
at break (N) | 10,100 | 9,100 9,200 9,400 4,590
crack growth
resistance
No. of times at 2.0x 10| 2.5 x 104 2.7 x 104 | 2.9 x 104 | 1.5 x 10¢
initial cracking
No. of times at 1.9x105[ 2.1 x 105 2.5 x 105 3.0 x 105 1.4 x 10°
specimen breakage
degree of
covulcanization [%] 85 93 98 100 72




avai lable RSS #1 (NR) as a diene rubber (B) at a ratio 20 (NR/ EM\- EPTS)
of 30/70 according to the recipe of Table 6, t hereby obtaining an
unvul cani zed conpounded rubber. _ 54
This blending was performed by nmeans of a 1.7-liter Banbury m xer
(manuf act ured by Kobe Steel, Ltd.) Pdto which zinc oxide (No. 1)',
stearic acid, FEF carbon black (trade name: Asahi #60HG produced by

Asahi Carbon Co.in IEKAmple®i ho t§ 14 (4f@0CoMEHE: ¢ SNt 14240 pigduced by
Japan Sun Q| Conmpany, Ltd.) and ant|OX|dant (trade narfe:  Nocrac

810- NA evyinaduced thy teuebire Sba akde Chent cal dHNAUBIOWERG ranGiekswer e
charged in addition to the above terpol yner rubber EM\EPTS and NR
The filler rati d1df Tels¢ iobt afnedvbl eanli vas Fer Hroperty: Thereafter,

vul cani zati on accel erator (trade nane: Noccel er CZ produced by Cuch
Shi nko ChenlcaITWﬁd@§PP?r€E of unvul¢agijedinhhdf waswtrestaddea t o the

bl end d mlled by ans of 8-inch rolls (front roll/rear rol
65[err] ﬁcéior"]dé)“ce with J?ﬁé?%ﬁ?/ ot as i iy Stedssvhded30@ber. 15

f osition Proportion
IS?L? Sﬂ ) Torque %%%%%g?Q%someggu ed at 160°C with Ehyouse of NR
stearic acid

30 ZI .1
1 t%é?b %gpggk model no. 3, manufgﬁfured by Japan Synthetic

Rubber Co., Ltd. to thereby determine tgp [min] as
vulcanization velocity. The smaller the value of tgo
10 (min}, the greater the vulcanization velocity.
[2] Tensile test:
The vulcanized rubber sheet was punched into dumbbell
specimen No. 3 defined in Japanese Industrial Standard K
6301 (1989), with which the tensile test was conducted at
15 25°C and at a tensile speed of 500 mm/min in the manner

specified in paragraph 3 of Japanese Industrial Standard K

6301 to thereby measure tensile stress at break (Tg) and
tensile elongation at break (ER).
[3] Testing of hardness:

20 The hardness was measured in accordance with Japanese
Industrial Standard (JIS) K 6301 (1989) to thereby
determine spring hardness Hs (JIS A-hardness).

(4] Aging test:
The tensile and hardness tests were carried out of the

25 specimen before and after the heat treatment in accordance
with the air heat aging test specified in Japanese
Industrial Standard K 6301 to thereby measure the tensile

stress at break (Tp), tensile elongation at break (ER) and



paraffinic oil 20 ant i oxi dant

2.0 vul cani zati on accel erat or 1.5 sul fur

1.5 55 The above

unvul cani zed rubber property test was conducted of the thus obtained
conpounded rubber to thereby def8rmne t90 [mn] (tine required to
effect 90% vulcanization) The result is given in Table 7. 5

The obt ai nec&lc:p (ré]n% h&Qee{g&l %F@l&eoaft e%ban(ge [%r&q%r?)q_r%%sure

by neans of a 1 ress for a perrod

t her eby obt adéHsrlgLea s‘f‘ye%%n'a%egrégﬁeqTQLarratlg &N L A gf(%%) 1Thg above

covul cani zat1 on degr ee, tensi | dness, aging, cra growt h and

fatigue in t@xsﬁ@r&@rﬂg%lbﬁ%ﬁ WeELEK Cak k] eéjrl@lﬁlpfeﬁé?'ﬁ:evqlAQﬂn|ozf9@I@1eet
The results are given in Table 7. Exanpl e The sane

procedur e ass-4nk Y qH@)wagr@eaggggﬂlﬁégept that EMN- EPT6 was
enpl oyed in place of EM\:EPTS5. 15 The results are given in Table 7.

Exampl e B The tHI® isaneopnacedur esaseiow Exanpl e 6 was repeat ed except
t hat EMN- EPT7 was enpl oyed in place of EM\ EPTS. The results are
given in Table 7.Te2(0ng tempeErénpke 900°C, and The sanme procedure as in
Exanpl e 6 was repeated except

testing time (duration of heat treatment): 70 hr.

Referential Example 8

[Preparation of random terpolymer rubber)

10 Terpolymerization of ethylene, propylene and the above
4-ethylidene-8-methyl~1, 7-nonadiene (EMN) was continuously
carried out with the use of a 15-liter polymerization
reactor of stainless steel equipped with an agitating
blade.

15 Dehydrated and purified hexane, a hexane solution of
bis(1l,3~dimethylcyclopentadienyl)zirconium dichloride
{concentration: 0.05 mmol/liter), a hexane solution of
triisobutylaluminum {(concentration: 20 mmol/liter), a
hexane slurry of methylaluminooxane (3 milligram atom/liter

20 in terms of aluminum atoms) and a hexane solution of EMN
(concentration: 0.25 liter/liter) were continuously fed
into the polymerization reactor from an upper part thereof
at respective rates of 2 liter/hr, 0.2 liter/hr, 0.2
liter/hr, 1 liter/hr and 1.6 liter/hr.

25 Further, ethylene and propylene were fed at respective
rates of 170 liter/hr and 630 litexr/hr and hydrogen was fed

at a rate such that the concentration thereof in the gas

phase portion was held at 0.004 mol% into the



t hat EMN- EPT8 was enpl oyed in place of EM\ EPTS. The results are

given in Table 7. Conparative Exanple 6 25 The sane
procedure as in Exanple 6 was repeated except t hat the ENB-EPT
specified in Table 5 was enpl oyed in pl ace of EM\- EPTS.
The results are given in Table 7. 59
56 Table 7 MO0 [ kg/ cnR)
ég éélymeriz%ﬁion rea%é?; frmnf%?uppefkggg%gthggégnﬁéoa 13;0
0
éig 1Zént1nuou§2éanner(iniaﬁ éé@polymeg}zation5g§action59g% 5§g
54 hi gh tegggag&gég §Er§@@h (80[err] O B [ kg/ cnR] 109
110 EB [ %A 510 540
560 570 The ﬂggultanifbolymer(sHﬁﬁb&bn was wiBhdrawn f#8m the 51
50 49 heat agi ng resistance AC(TB) [% -29 - 27
-29 5 -BOlymeriza®Bon red{dB)frdlits lower part23and a s@A2ll -24
-23 -20 AH (JIS A +2 +2 +2 +1

+2 fati gueaikpuatonfareomanebtvas asidewydtd ger40%ate the
polymerization reaction. A terpolymer was separated from
the solvent by steam stripping and dried at 100°C under the
reduced pressure (100 mmHg) for 24 hr.
10 Thus, there was obtained the above
ethylene/propylene/EMN terpolymer rubber (EMN-EPT9).
The obtained ethylene/propylene/EMN terpolymer rubber
(EMN-EPT9) had a molar ratio of ethylene to propylene
(ethylene /propylene) of 68/32, an iodine value of 21 and
15 an intrinsic viscosity [1] measured in 135°C decalin of 2.4
dl/qg.
Referential Examples 9 to 11
The same procedure as in Referential Example 8 was
repeated to thereby obtain the ethylene/0-olefin/EMN
20 terpolymer rubbers (EMN-EPTs 10 to 12) specified in Table

8.



stfess [ kg/ cn]

break (N)

stress [kg/cn?]

break (N)

stress [kg/cn?]

break (N)

resi st ance

0. 37 0. 30 0. 30 0. 27 0. 30 at
100,200 9, 400 104,000 113,000 46,500 el ongati on 80%
0.90 0. 87 0. 87 0. 87 0. 87 at
24,000 22,000 23,000 24,300 10, 030 el ongati on 120%
1. 20 1.10 60 1.27 1. 40 1.20 at
10,100 9,100 9, 200 9, 400 4,590 crack growth
No. of tines at 2.0 x 10[err] 2.5 x 10[err] 2.7 X

10[err] 2.9 x 10[err] 1.5x 10[err] initial cracking No. of tines at
1.9 521 1 2.5 x10[err] 3.0 x ddeyrd 1.4 x 10[err] speci men
br eakage degree of 85 93 98 100
72 covul canization [% 85 93 98 100
57 | n Exanpl eNHERTD | MNP TCO M -&HPITV ¢ HMRHEpiTe | BENE-PP T
eval uati on Tespelwmere Carri®d obt ih0the|follbwi ng nablers [ 1]
Testing of unRubbani ze(RedbbBr.pReperEy. | Ref. Ex.|RefThexpfoperty of
unvul cani zed rubber wag$ tefed {n $H accordadce W thlJapahese-+ndustri al
St andard Ko6308fin orqMe . change .was| nga ured{at 160" Cwith the| use of
Cur el ast meter, moder— ; §%Hn%n1?ﬁ%?h?@% uy‘%ﬁﬁz“ gjﬁ%ﬁ%%i,pn“wlenn bber
Co., Ltd.|kelvapeehy deterfitfthe t 90 HMN n] | as EMN VUlEMNi zat | aBvel pcity.
The smal | egetheeyalue of t90 10 [min), the greater the vu|canizatipn
vel ocity. ol ,%2] Tensil ¢ test: The vul cani zed rupber
sheet was|puncHieQ*Fhtd | dfRsB | | 72/28sppcitheid2No| 32d@Bi ned 687 32appnese
| ndustri al (hbandasdi & 6301 (1989),{with whigh the tepsile test was
conducted|at ., 15 250C and at a tensile speed of 5p0 nmmn[in the nner
speci fi edHREHBE B NEA1 3 of1 Jananesd2) ndlistr Al Standaed K| 22
(n] (d1/qg) 2.4 2.7 1.9 2.1 2.2
(Note) EMN: 4-ethylidene-8-methyl-1, 7-nonadiene
5 ENB: 5-ethylidene-2-norbornene
Examplg lQ
80 parts by weight of the ethylene/propylene/EMN
terpolymer rubber (EMN-EPT9) obtained in Referential
10 Example 8 as random terpolymer rubber (A), 20 parts by
weight of ethylene/propylene/5-ethylidene-2-norbornene
terpolymer rubber (ENB-EPT) [ethylene/propylene (molar
ratio): 68/32, iodine value: 22, intrinsic viscosity [1]:
2.2 dl/g] synthesized by the conventional process as random
15 copolymer rubber (D), 5 parts by weight of zinc oxide, 1

part by weight of stearic acid,

carbon black

Co.

’

80 parts by weight of HAF

(trade name: Seast 3 produced by TOKAI CARBON

LTD.) and 50 parts by weight of oil (trade name:

Sunthene 4240 produced by Japan Sun 0il Company, Ltd.) were



6301 to thereby neasure tensile stress at break (TB) and tensile

el ongation at break (EB). [3] Testing of hardness: 20

The hardness was neasured in accordance w th Japanese | ndustri al
Standard (JIS) K 6301 (1989) to thereby determ ne spring hardness Hs
(JI'S A-hardness). [ 4] Agiing test The tensile and
har dness tests were carried out of the specinen before and after the

heat t t t, i rd t t.est fied
Japanese  DLePdth R e%gfognalsfﬁasw%saﬁ?o oy R e Lensi |6
st t t d

58 9 ﬂf coaned (o R F o oraT] o o’?a*éh‘éﬁge [AR(TB)] of

tensile stress He LA TH). 5 battq 8] GHagge &f\F’éLEiBﬁdr Ofo.s padiensile
el ongation at break (EB) and difference [Al A-hardness (Hs)

were deterqydift of 2- mercaptla@eh@at;hmgzgmedam01:1 ﬂ)éx_:tbﬁiﬁy\ﬁelght of
Testing tenperature: 100[err]C, and testing tinme (duration of

heat tbeattmntgnety Ivhiuram disulfiRef eeeat halledxeoptiee Sbtained

[ Preparation of random terpol ynmer rubber] 10 Ter pol yneri zati on of
et hyl ene, prepylank rmid adhd&cabdPeminutes4bet hydnsleps- B=imtthytclls7- nonadi ene
(EMN) was continuously carried out with the use of a 15-liter

pol yneri zatfxant roll pagktrearofroddapire88 Gt edihaplivp Pt ainiRJad agitati ng

compounded rubber.
The obtained compounded rubber was vulcanized and
10 shaped by heating at 160°C for 10 min under a pressure of
150 kgf/cm2 with the use of a hot press to thereby obtain a
specimen, which was subjected to the above tests.

The results are given in Table 9.

15 Example 11
The same procedure as in Example 10 was repeated
except that the amounts of blended EMN-EPTS and ENB-EPT
were changed to 60 parts by weight and 40 parts by weight,
respectively.

20 The results are given in Table 9.

Example 12
The same procedure as in Example 10 was repeated
except that the EMN-EPT10 of Referential Example 9 was
25 employed in place of EMN-EPTY9 and that the amounts of
blended EMN-EPT10 and ENB-EPT were set at 30 parts by
weight and 70 parts bylweight, respectively.

The results are given in Table 9.



bl ade. 15 Dehydrated and purified hexane, a hexane sol ution of

bi s( 1, 3-di met hyl cycl opent adi enyl ) zi r coni um di chl ori de (concentration:
0.05 mml /liter), a hexane solution of triisobutylal um num
(concentration: 20 mml/liter), a hexane slurry of nethyl al um nooxane
(3 mlligramatomliter 20 in tegds of alum num atons) and a hexane

sol ution of EWN (concentration: 0.25 liter/liter) were continuously

fed into Eggmgg%yggri zation reactor from an upper part thereof

at respective rates o liter/hr, 0.2 liter/hr, O. liter/hr, 1

liter/hr and 1.6@nki tghéhprocédure as 14 ¥:ld e % h%/,gg F: ? };gﬁopy' ene were
[

fed at respective rates of 170 liter and hydr ogen

was fed  excedpt @8naftensuchnidmtit hee Q@”Eé%wta.ntalloﬁx%ﬂsﬁéoﬁol Rakhe gas
phase portion was held at 0.004 nol % into the

59 pelpieyeaai hoplaeacd DrENN-ERTN dipPehapathet RRbAAE i Bra
continuous manner. This terpolynerization reaction was conduct ed at
50[ err]&€. blended EMNTRRTE ksand sBNB-EI Ty merresaletit iaan 70agawvtshdyawn from t he
5 polynerization reactor fromits |ower part, and a snall anount of
met hanol w¥§ig8teando3f epaipatiey tirloght, resplegtemveiati on reaction. A
terpol ynmer was separated from the solvent by steam stripping and
dr| ed at 100[ er FPE HRERIE S HRere given dgudedlsr Sssure (100 nmmHg) for 24 hr.

Thus, there was obtained the above et hyl ene/ propyl ene/ EMN
t er pol ymer r ubbE&MTQ)

10 The same procedure as in Example 10 was repeated

except that the EMN-EPT12 of Referential Example 11 was
employed in place of EMN-EPTY9 and that the amounts of
blended EMN-EPT12 and ENB-EPT were set at 70 parts by
weight and 30 parts by weight, respectively.

15 The results are given in Table 9.

m ive Exam 7
The same procedure as in Example 10 was repeated
except that the amounts of blended EMN-EPT9 and ENB-EPT
20 were changed to 100 parts by weight and 0 part by weight,
respectively.

The results are given in Table 9,



The obt ai ned et hyl ene/ propyl ene/ EMN t er pol ynmer rubber

a nol ar
68/ 32,

measured in 135[err] C decalin of 2.4

ratio of ethylene to propyl ene
an iodine value of 21 and 15 an intrinsic viscosity [[err]]

di/g

(EM\- EPT9) had
(ethyl ene /propyl ene) of

Ref erenti al

Exanples 9 to 11 The sa®E3 procedure as in Referential Exanple 8
was repeated to thereby obtain the ethylene/[err]-olefin/EMN 20
terpol ymer rubbers (EM\-EPTs 10 to 1$pgcified in Table 8.
60 able 8 EM\- EPT
EMN- EPT EVMNFEPT  ENMN-EPT  ENBF EPT T€r pol ymer Y Tcomo. 10
11 2 Rubber  Ref. Ex. Ref, Exi0Bef. Ex. Ref|. g,
8 D 10 11 10 F 11 [ERbI-ol'eR 1N 14 PFopyl gne
propyl ene[ L DULERE, Jf OST & e PT OPYTENE polfyene EVN EVN
EMN EMbber cofdBhent et hyl ene [lerr]-dlefin! 68/ 32
72/ 28 68/ 32 82/ 18 68/ 32 nol . Jrati o) i odi ng val ue
21 B2 terpolymen gubber (Aho 22 [[err]] | (dl/g 2.4
2.7 1.9 Emn-P1 9 . B0 60( Not ) HWN: - - -
4-et hyli dene- 8- ylz1, 7anonafi ene | 5_ ENB: _ _
5-ethy|idene-Z-EE%QO#%%ngo Exanplgolq 80 par|ts by
wei ght of [t he et EMNeRBTptbpyl ene/ EMN - - 70 - -
EMN-EPT 12 - - - - 70 -~
copolymer rubber (D)
ENB-EPT 20 40 70 30 30 100
property of
unvulcanized rubber
tgg (160°C) [min] 7.2 |1 8.3 (8.9 7.6 | 7.1 [11.5
properties of
vulcanized rubber
Tp (kg/cm?] 185 195 [170 [160 |180 [160
EB [3] 320 340 350 310 330 450
Hs (JIS A) 72 70 68 73 71 62
heat aging
resistance
AR (TB) [%] +6 +8 +9 +4 +5 +18
AR (Ep) [%] -31 -35 -37 -32 -29 -49
AH (JIS A) +4 +6 +7 +4 +4 +11




terpol ynmer rubber (EM\-EPT9) obtained in Referential 10 Exanple 8 as

random t er pol ynmer rubber (A), 20 parts by wei ght of

et hyl ene/ propyl ene/ 5- et hyl i dene- 2- nor bor nene t erpol ymer rubber

(ENB- EPT) [ethyl ene/ propyl ene (nol ar ratio): 68/32, iodine value: 22,
intrinsic viscosity [[err]: 262 dl/g] synt hesi zed by the conventi onal
process as random 15 copol ynmer rubber (D), 5 parts by weight of zinc

oxi de, 1 part ti% ght .of stearic acid, 80 parts by wei ght of HAF
carbon bl al®3ft FEdETRARE é%ast 3 produced by TOKAI CARBON 'CO., LTD.)

and 50 parts byjwei gih @Eh?ﬂ.énéyﬁagﬁeﬁﬁﬂﬁnonconyﬁ}ﬁﬁé’lﬂlﬁﬂ% produced by
Japan Sun O | Conpany, Ltd.) were

1 bl e t h RS 91 gor:].grﬁ 18y nbury m xer
( manuf actu;&%‘gﬁg)ﬁ%&eﬁ%gér”@é §?Q tor T IB Lo Thereafter, 1.5

parts by “eightaOEa%dbRUEergoiyﬂéftr@Nber (AWWpﬁHﬁaﬁﬂd from ethylene,
2- mercagt obenzot hi azole and 1 part by wei ght of 5 tetranet hyl t hi uram

di sul fi%e wer &-adegddnt davilegoBt &Pnéd carbop| aemamndidl dedsr OF® ni nut es
by neans of 8-inch rolls (front roll and rear roll are 50[err]Q),
t her eby obtredamiohgdachain poApenadedmpobidrand The obt ai ned

conpounded rubber was vul cani zed and 10 shaped by heating at 160[err]C
for 10 min undee dignessupeesf (B), 150 kgf/cnm2 with the use of a hot

press to thereby obtain a peci men, which was, subjected tg the above
tests. saith&apdepy F§rEPéY’§?9eﬁ“1P}P|eWab’F)e kping @haracterigedm o 11
by:
10 (i) having a molar ratio of ethylene to an a-olefin

having 3 to 20 carbon atoms (ethylene units/c-olefin units)

of 40/60 to 95/5,
(ii) exhibiting an iodine value of 1 to 50, and

(iii) having an intrinsic viscosity [N] measured in
15 135°C decalin which satisfies the inequality:
0.8 dl/g < [M] < 5.0 dl/g,
said branched chain polyene compound being represented
by the general formula:

H,C = CH - CH - C - (CHp)q - CR® = Cc - R?
It I

20 CH (CHj) .R2
(I]
wherein n is an integer of 1 to 5,
Rl represents an alkyl group having 1 to 5 carbon atoms,
and
25 each of RZ2 and R3 independently represents a hydrogen

atom or an alkyl group having 1 to 5 carbon atoms.

R A



The sane procedure as in Exanple 10 was repeated except that the

~amounts of bl ended EMN- EPT9 and ENB- EPT were changed to 60 parts by
wei ght and 40 parts by wei ght, respectively. 20 The results
are given in Table 9. Examl e 12 The sane procedure
as in Exanple 10 was repeated 6 ®xcept that the EWMN-EPT10 of
Ref erenti al Exanple 9 was 25 enpl oyed in place of EM\:EPT9 and that the
anmount s of bl ended E EPT10 and ENB—EPT were set at_ 30 parts by
wei ght and 70 parts ByF lﬁ}ﬁen%@% Ipgjppnconjugated p? §e?gsults are

given in Table 9.
Exanpl e 13terpolymer rW@R?%éH%“ﬁFHGé@@résa§lﬁhmE§ahﬁl%lﬁﬁmmbs r epeat ed
except that, the, ENN- EPT11. of Referential | oyed in

pl ace of EWE?% & THIOT e RRRTAES 61“@‘("35 Bﬁénaédc%ﬁ{)fxﬁ’e‘%ﬁ‘hn’g ENB- EPT
were sel alog0:paLi %o s oSNy AYGAQ RAG! SuBY el oL s esesLively

The resul t S are given in he sane

procedy e ag wnﬁ%ﬁwéenioaﬂvaaﬁnamﬁgke% to 808 8?{?(&) fﬁg Q%Ea@k EPT12 of

Ref erenti al | oyed i n pI and that the

amounts of 100 parbé epgeask FME FeJ%TJt%ea@@mEN@ ERZ wehometedboYPmPArts by
wei ght and 30 parts by weight, respectively.
rubber (A) and the diene rubber (B).
3. A vulcanized rubber produced by a process

comprising vulcanizing the ethylene/0d-olefin/nonconjugated

10 polyene terpolymer rubber composition of claim 1 or 2.
4, An ethylene/0-~olefin/nonconjugated polyene
terpolymer rubber composition comprising:
a random terpolymer rubber (A) prepared from ethylene,
an 0-olefin having 3 to 20 carbon atoms and at least one
15 Dbranched chain polyene compound and
a nitrile rubber (C),
said random terpolymer rubber (A) being characterized
by:
(i) having a molar ratio of ethylene to an 0-olefin
20 having 3 to 20 carbon atoms (ethylene units/c~olefin units)
of 40/60 to 95/5,
(ii) exhibiting an iodine value of 1 to 50, and
(iii) having an intrinsic viscosity [N] measured in
135°C decalin which satisfies the inequality:
25 0.8 d1/g < [M] < 5.0 dl/g,
said branched chain polyene compound being represented

by the general formula:

* C L M S *



15 The results are given in Table 9. Conpar ati ve Exanpl e

7 The sanme procedure as in Exanple 10 was repeated except
that the anounts of bl ended EM\EPT9 and ENB-EPT 20 were changed to 100
parts by weight and 0 part by weight, respectively. The
results are given in Table 9. 66 63

Table 9 Conp.
Exanpl es 10 11 12 13

14 7 W . ratlo f blended rubber conponent terpolymner_ ,rubber (A

EMN\- EPT 9 % CHz = C -« Chy = CR%_= ' “M\- EPT 10

- - 30 o EM\-EPT 11 B B -
70 - _ EMN- EPT 12 CH (CHs) - - R2 - 70 -
copol ymer rubber (D) ENB- EPT 20 40 70 30 30
100 property of unvul cani zed rubber t90 (160'C) [m n] 7.2 &8 8.9
7.6 7.1 11.5 properties of vul canized rubber B [kg/cnﬁ& 185
195 170 160 whéﬁghn nl6@ an 1nte§5r OE%i to 5, 320 340 350 310
330 450 (JIS A 68 73 71 62 heat
agi ng résiSmhnfepresenﬂﬁ?dﬁTBﬁkyﬂ%hroup haﬁlng 18to 5+8arbortdatomshb +18
AR (EB) [% -31 -35 -37 -32 -29  -49 AH (JIS A

+4 +6 ang +4 +4 +11
each of RZ and R3 independently represents a hydrogen
atom or an alkyl group having 1 to 5 carbon atoms.
5. The ethylene/0-olefin/nonconjugated polyene
10 terpolymer rubber composition as claimed in claim 4,
wherein the random terpolymer rubber (A) is contained in an
amount of 20 to 80 parts by weight and the nitrile rubber
(C) is contained in an amount of 20 to 80 parts by weight
per 100 parts by weight of the sum of the random terpolymer
15 rubber (A) and the nitrile rubber (C).
6. A vulcanized rubber produced by a process

comprising vulcanizing the ethylene/t-clefin/nonconjugated

polyene terpolymer rubber composition of claim 4 or 5.

7. An ethylene/a-olefin/nonconjugated polyene

20 terpolymer rubber composition comprising:

a random terpolymer rubber (A) prepared from ethylene,
an O-olefin having 3 to 20 carbon atoms and at least one
branched chain polyene compound and

a random copolymer rubber (D) prepared from ethylene

25 and an o-olefin having 3 to 20 carbon atoms optionally

together with a nonconjugated diene,




64- VWhat is clainmed is: 1 An

ethyl ene/[err]-ol efi n/ nonconj ugat ed pol yene t er pol ynmer rubber
conposition conprising: a random terpol yner rubber (A) prepared
fromethylene, 5 an [err]-olefin having 3 to 20 carbon atons and at | east
one branched chai n pol yene co@bund and a di ene rubber (B)
said random t er pol yner rubber (A) being characterized by: 10

(i) having a np ratl f |l ene to.an_[ ]-olefi having 3 to
20 car bon atonsé%%%ﬁ%%gﬁgpﬁﬁﬁig%ﬁg%%]FBPgFFn?éiining ghar%ﬁt9ﬁﬁ to 95/5,
(ii) exhibhying an iodine value of 1 to 50, and (iii1) having an

intrinsic viscosity [[err]] neasured in 15 135[err] C decal in which
satisfies the i tEquaving a molar ratio of ethylen®. BodhhOu<oléeif]] < 5.0

dl /g, sai d branched chai n pol yene conpound bei ng represented
by the genzalnd o} mis 220 carbon atoms (etHyéenpCumi€hl/e-EHpetn]uns)
(CHerr]) - CRerr] =C - 1 20

CH (CHper r¢f§ 40/60 to 9 %rr]

[1] wherein n is an integer of 1 to 5, Rlerr] represents

an al kyl group heWi ryhiltis imgcanbdrdanensalue of anto 26, emvh of R2 and R3
| ndependent 1Y PR S MR8 nssc v12E80L0) ) Aneddu LS MRV

135°C decalin which satisfies the inequality:
0.8 dl/g < [M] < 5.0 dl/q,
10 said branched chain polyene compound being represented

by the general formula:

HoC = CH - CH; - C - (CHp), - CR3® = C - R?
I |

CH (CHjz) R?

(1]
15

wherein n is an integer of 1 to 5,

Rl represents an alkyl group having 1 to 5 carbon atoms,

and

each of R? and R3 independently represents a hydrogen
20 atom or an alkyl group having 1 to S5 carbon atoms.

8. The ethylene/a-olefin/nonconjugated polyene
terpolymer rubber composition as claimed in claim 7,
wherein the random terpolymer rubber (A) is contained in an
amount of 5 to 95 parts by weight and the random copolymer

25 rubber (D) is contained in an amount of 5 to 9§ parts by
weight per 100 parts by weight of the sum of the random

terpolymer rubber (A) and the random copolymer rubber (D).

A



65 _ 2. The et hyl ene/[err]-ol efin/nonconjugated pol yene

t er pol ymer rubber conposition as clainmed in claiml, wherein the
random t er pol ymer rubber (A) is contained in an anount of 20 to 80
parts by weight and the di ene rubber (B) 5 is contained in an anount of
20 to 80 parts by weight per 8680 parts by weight of the sum of the
random t er pol yner rubber (A) and the di ene rubber (B). 3.
A vul cani zed ruBber Br 9gYeer XAa BLOSESS:caucca ST LeLRE ul cani zing the

ethylepe{[err]-orefin/nonconjugate ol yene terp > °r ubber
conposi ti orodpradlsanm fudtardizing the ethyheneA-olefin/nonconjugated

ethyl ene/[err]-ol efi n/ nonconj ugat ed pol yene t er pol ynmer rubber

conposi t i opolgepei SeBgolymer rubber AcdbWONE IR R WIR A ubler g(A) prepared
from et hyl ene, an [err]-olefin having 3 to 20 carbon atons and at

| east one 15 branched chain pol yene conpound and anitrile
rubber (O, sai d random ter pol ynmer rubber (A) being

characteri zed by: (i) having a nolar ratio of ethylene to
an [err]-olefin 20 having 3 to 20 carbon atons (ethyl ene
units/[err]-olefin units) of 40/60 to 95/5, (1)

exhi biting an iodine value of 1 to 50, and (ii1) having an
intrinsic viscosity [[err]] measured in 135[err] C decal in which
satisfies the inequality: 25 0.8 dl/g < [err] <5.0

dl /g, sai d branched chai n pol yene conpound bei ng represented

) AR



by the general f or mul a:

H[ Shee S(qun Cpl C@i ( C|_|[ ] ) n - CR[ err ]‘ T C . ‘ _.‘

G (CHer ] I” WM”” 69 1 N

[1] is an integer of 1 to 5: 5 Rl represents an
al kyl group having 1 to 5 carbon apg8BRACT and ~each of " R2"and R3

I ndependently represents a hydrogen atom or an al kyl group having 1

to 5 car bOneAYPIENE/ - OLEFIN/NONEONJUEREESS Pl eaRE reRrPhLeVER AUBBERON] Ugat ed

pol yene 10 coWPOETRONARD&/UICHARED! ROSBES OBTAINES THEREFADM 4,
wherein the randomterpol yner rubber (A) is contained in an anount of

20 to 80 parts bgpnwekphtieasdotbeefibhyhbeconbhbgited polydie it aigred in
an amount of 20 to 80 parts by wei ght per 100 parts by weight of the
sum of the kapdem temnpokytiBbn dBcokdbhgrtdAhanskdduntnitdidre ildsbber (C).

6. A vul cani zed rubber produced by a process conpri sing vul cani zi ng
t he ethylenebhpmﬁheelafkahdomcaarpgaymdr rubbepouMem&dgﬁqudyﬂmmnrubber
conpositjon of claim4 or An

et hyl en [e?FP¥éP§ﬁvnPﬁoﬁC@ﬁF§g§tBévbﬁgyéneo 20 caxkepALART Fshidr
conposition conprising a random terpol yner rubber (A) prepared
from et hyl edgast one aﬁape‘hep ehelnnpphveng SOTRPORG! iy edtt®es tand at

| east one branched chai n pol yene conpound and _
specified formula and a” diene rubber (B). The molar ratio

of ethylene to an 0-olefin having 3 to 20 carbon atoms,
iodine value and intrinsic viscosity ([7N] measured in 135°C

10 decalin of the random terpolymer rubber (A) are within
respective specified ranges. This rubber composition
enables providing a vulcanized rubber which is excellent in
resistances to weather, ozone and heat aging without
detriment to the excellent mechanical strength

15 characteristics, abrasion resistance and dynamic fatigue
resistance of the diene rubber.

When a nitrile rubber (C) is employed as a diene
rubber (B}, this rubber composition enables providing a
vulcanized rubber which is excellent in not only strength

20 characteristics and oil resistance but also resistances to
weather, ozone and heat aging.

A further ethylene/d-olefin/nonconjugated polyene
terpolymer rubber composition according to the present
invention comprises the above random terpolymer rubber (A)

25 and a random copolymer rubber (D) prepared from ethylene
and an o-olefin having 3 to 20 carbon atoms optionally
together with a nonconjugated diene. This rubber

composition enables providing a vulcanized rubber which is



,a'}andon1copolyner rubber (D) prepared fromethylene 25 and an a-olefin

having 3 to 20 carbon atons optionally together with a nonconjugated
di ene, 67 sai d random
terpol ymer rubber (A) being characterized by: (1) having
a nolar ratio of ethylene to an [erf-olefin having 3 to 20 carbon

atons (ethylene units/[err]-olefin units) 5 of 40/60 to 95/5,

(ii) exhibidid @ht adi RRsBkHECAE Bol Re40, emg h idjdpd1aving an
intrinsic viscosity ([err]] rreagur edoi ne @ 1 5[weerar C?rdeacnéjfidné%f}n% ch
satisfies tdmi imaguald ivantage of having vulcanifaSidl A@1ndlgfril < 5.0

dl/g, 10 sai d branched chai n pol yene conpound bei ng represented

by the geneymdatfear miblaa: that of the convemfesddCepreHd - CH2 - C - (CHerr])
n- CRerr] =C- Rerr] CH (CHerr])

R err] 15 wherein n is an integer of 1 to 5, R err]
represepnts an al kyl group having 1 to 5 carbon atons, and each
of R2 and R3 independently represents a hydrogen 20 atom or an al kyl group
having 1 to 5 carbon atons. 8. The

ethyl ene/[err]-ol efin/nonconj ugat ed pol yene



-4- i J T
terpol ymer rubber conposition as clainmed in cl ai ‘ H\’E’\‘T SﬁEE n the
random t er pol ymer rubber (A) is contained in an anount of to 95
parts by weight and the random copol ynmer 25 rybber1 QB8 808onf al ned in an
anount of 5 to 95 parts by wei@tht per 10g barts by wei ght f the sum
of the random terpol ymer rubber (A) and {he random copol ynger rubber
(D). ABSTRAGT Q A _vul cani zed ¥ ubber

o) Pl e oSSR A o BRER i
of claim7 or 8COMPOSITION AN CANIZED RUBBER
An ethylene/o-olefin/nonconjugated polyene terpolymer
rubber composition according to the present invention .
comprises a random terpolymer rubber iA) prepared from

5 ethylene, an 0-olefin having 3 to 20 carbon atoms and at

least one branched chain polyene compound represented by a
3
specified ‘fébrmula and a diene rubber (B). The molar ratio

of ethylene to an O-olefin having 3 to 20 carbon atoms,

o iodine value and intrinsic viscosity (1] measured in 135°C

10 decalin of the random terpolymer rubber (A) are within
respective specified ranges. This rubber composition
enables providing a vulcanized rubber which is excellent in
resistances to weather, ozone and heat aging without
detriment to the excellent mechanical strength

15 characteristics, abrasion resistance and dynamic fatigue
resistance of the diene rubber.

When a nitrile rubber (C) is employed as a diene
rubber (B), this rubber composition enables providing a

e vulcanized rubber which is excellent in not only strength

20 characteristics and oil resistance but also resistances to

weather, ozone and heat aging.

A further ethylene/o0-olefin/nonconjugated polyene
terpolymer rubber compcsition according to the present
invention comprises the above random terpolymer rubber (A)

25

and a random copolymer rubber (D) prepared from ethylene
and an O-olefin having 3 to 20 carbon atoms optionally
together with a nonconjugated diene. This rubber

composition enables providing a wvulcanized rubber which: is



