ETHYLENE][err] OLEFI N/ NONCONJUGATED POLYENE COPOLYMER RUBBE ON 5
FI ELD CF THE. INVENTI&N The present invention relates to an ethylene/[err]-
dlefln/Honcan ugated pol yene copol yner rubber conposition. Mre-

particul arl the present invention is concerned with an olefinic

thermopl asti:¢ el astomer conposition which 10 enables providing a nolding
havi ng excel I"ent tensile strength, elongalion at break and rubber
elasticity and with a crystalline polyolefin resin conposition which
conprises a crystalllne pol yol efin resin et hyl ene copol ymer rubber
and whi ch enabl és providing a nolding 15 ‘Bérng excellent in not only
rigidity and heammmwmlm:tnmmcomgmgespemnng COBPEEMBER | RUBBBRAC
resi st'ance at” 10w tenperatures. BACKGROUND OF THE | NVENTI ON 20 The
“olefinic thermoplastic el astoner is nomcgnpbgﬁqltggd in, for exanple,

; autonobile parts, industrial machine parts, electronic and el ectri cal

equi prent parts and building materials as an el astoner capabl e of energy

savi ng and resource saving, especially, as a substitute for 25 vul cani zed

rubber. TheSol efinic thernopl asti EIELASOFNEFHECANVENTIONI ded into the

crosslinked type and the noncrosslinked type. The thernoplastic el astoner

of the noncrosslinkedheypgegastr #avention relates to an ethylene/o-
olefin/nonconjugated polyene copolymer rubber composition.
More particularly, the present invention is concerned with
an olefinic thermoplastic elastomer composition which

10 enables providing a molding having excellent tensfle
strength, elongation at break and rubber elasticity and
with a crystalline polyolefin resin composition which
comprises a crystalline polyolefin resin and an ethylene
copolymer rubber and which enables providing a molding

15 ©being excellent in not only rigidity and heat resistance

but also impact resistance, especially, impact resistance

at low temperatures.

BACKGROUND OF THE INVENTION
20 The olefinic thermoplastic elastomer is now widely
used in, for example, automobile parts, industrial machine

parts, electronic and electrical equipment parts and

R R

- building materials as an elastomer capable of energy sd@ing-'“"

and resource saving, especially, as a substitute for
25 vulcanized rubber.
The olefinié thermoplastic elastomer can be_divided
into the crosslinked tygé aﬁﬁ'%he noncrosslinked type;  The

thermoplastic elastomer of the noncrosslinked type ensures
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little product quality dispersion and | owered production cost because it is
not subjected to any crosslinking reaction. However, in performance
conparison, the olefitnic thernoplastic el astoner of the crosslinked type is
superior 5 to the olefinic thernoplastic elastonmer of the noncrosslinked
type in respect of tensile strength and el ongati on at break or rubber
properties (for exanple, elongation set gnd conpression set) and heat

resi st ance. This is wi dely known, which is described in detail in A Y. 10
Coran et al ber Chenistry and Technolo vol z élQ%O& 141 The
ol efinic thernnb+%&%?ép¥9%8ﬁ?nﬁﬁa%ﬁt%Iﬂ% FG?SFPHk avsFregaPte FF91°n
crosslinked type is .described in a p |ty ublications,including
Tapanese pat entSa8E BREAIEE it SiDs P 18,9RYCero R PRR AT

oSI98 1Tk SRS iy S8 %8«%§§e RBnpdBTbaRy €8s oleripic
ol efinic thernmplash ;191% %ﬂs&%&tzﬁ%fdltﬂed%gobQiﬁnk@ﬁeﬂzﬁésiéng@ﬂe{:i{&?

and the 20 noncross type respect tot rmopl ast i

el astoner 0f t heo NoRET 9Bstidked Hatplialstiiz deaktBflekOcactheve the
devel opment of an ol efinic thernoplastic el astoner conposition which

enabl es provi di figh@rd®s th ke D& i XCeldspRicti bEt eBAkkEeSsteagith @h@ngation
at break, 25 rubber properties (for exanple, elongation set and

conpr essi on setglogst ioresitstareak and dubbetre ppepattilesp6per ¢xaspbs,
conpared with those of the conventional noncrosslinked thernoplastic
el astoners. On 2kengatiiyn set and compression set) and heat resistance.
This is widely known, which is described in detail in A. Y.
10 Coran et al., Rubber Chemistry and Technolégy, vol. 53
(1980), pl41l.

The olefinic thermoplastic elastomer of the
noncrosslinked or partially crosslinked type is described
in a multiplicity of publications including Japanese Patent

15 Publication Nos. 53(1978)-21021, 55(1980)-18448, 56(1981)-
15741, 56(1981)-15742; 58(1983)-46138, 58 (1983) -56575,
59(1984)-30376, 62(1987)-938 and 62(1987)-59139.
As mentioned above, the olefinic thermoplastic
elastomer can be divided into the crosslinked type and the
2() noncrosslinked type. With respect to the thermoplastic
elastomer Qf the noncrosslinked type, it is desired to
achieve the development of an olefinic thermoplastic
elastomer composition which enables providing a molding
being excellent in tensile strength, elongation at break,
25 rubber properties (for example, elongation set and
compression set), heat resistance and low temperature
properties as compared with those of the conventional

noncrosslinked thermoplastic elastomers. On the other



hand, with respect to the thernoplastic elastoner of the crosslinked type,
it is desired to achieve the devel opnent of an olefinic thernoplastic

el ast omer conposition capable of providing a nolding which is superior to
the 5 conventional vul cani zed rubbers in | ow tenperature properties,
tensile strength, elongation at break and rubber properties. Meanwhile, the
nol di ng of a polyolefin resin such as polgyet hyl ene or pol ypropyl ene has
high rigidity and heat 10 resistance, so that it finds a w de spectrum of
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been enpl oyed in I ch pol ypropylen

rubbery subst ange pRé BhgP@l WolahubY wBRen P8l ¥hpeadbengsofhan 20
anor phous et hyl ene/ propyl ene copol yirer. Anong the materials blended into

pol ypropyl e, dore@itiilonase viul candeedl rabbaper PhOUSw Otehp@tayt e/ st al | i ne

et hyl ene/ propyl ene random copol yner. Wth respect to the conposition
conposed of therxpeactizis, aensgheusteengbh} yetoggatlionnat ebbgdlernmdgr opyl ene
random copol yner and pol ypropyl ene, the inpact resistance inproving effect
of the anor phousiber palopegttyisisal | i ne

Meanwhile, the molding of a polyolefin resin such as

polyethylene or polypropylene has high rigidity and.heat
10 resistance, so that it finds a wide spectrum of uses.

Out of various polyolefin resins, however,
polypropylene is crystalline and has high glass transition
temperature, so that any polypropylene molding has poor
impact resistance, especially, at low temperatures. Thus,

15 the application field thereof has been limited.

For improving the impact resistance of the
polypropylene molding, a method has been employed in which
polypropylene is blended with polyethylene or a rubbery
substance such as polyisobutylene, polybutadiene or an

20 amorphous ethylene/propylene copolymer. Among the
materials blended into polypropylene, frequent use is made
of an amorphous or lowly crystalline ethylene/propylene
random copolymer. |

With respect to the composition composed of the above

25 amorphous or lowly crystalline ethylene/propylene random
copolymer and polypropylene, the impact fesistance
improving effect of the amorphous or lowly crystalline

ethylene/propylene random copolymer is low, so that it must



et hyl ene/ propyl ene random copolyner is low, so that it nust 4 be bl ended
into the pol ypropyl ene conposition in a |large anount for attaining a
significant inprovenent of the inpact resistance of the pol ypropyl ene
nmol di ng. Al though the inpact resistance of the nolding fromthe 5

pol ypropyl ene conposition is significantly inproved, the use of the

et hyl ene/ propyl ene random copol ynmer in a4arge anount causes anot her
problemthat the rigidity and heat resistance inherently possessed by

POLYPr OpY! ene ii5e 05 fuEhda ELES | 2SS 1ol Nl AN 9] Bl 1hSge

I ntended to 10 "retarn e rigi resistancé 1 nheren

possessed by POLKPRAPYESRCatlal RHE! G Idi AU 13 Rl/ANGRRCOR! ORY) ene

random copol yner bl ended in the polypropyl ene cogposition, the p | em t hat

the inpr overre_nti@aéberégpg@éné@séﬁt@r@%ﬁyﬂx@ﬁfwrﬁ@w&%&.i s not 15
satisfactory is raised. Therefore, it is desired to achievethe devel opnent

of a crystalline polxDtiebhdh rrsé N GEHTOHdd iWt aveC brealkl ad1abhgl BBl the
pol yol ef i n nol di ng being excellent in not only rigidity and heat resistance

but al so i npactpokppstpybene Xomsqeitiiain Ws atigndfilcamayatimpesveds apparent
fromthe above, the olefinic thernoplastic elastonmer and the crystalline
pol yol ef i n resiwseowposhe | etrhheare fhropydremen gandloie mopb lyoert énper Aauge
properties. 25 OBJECT OF THE | NVENTI ON
amount causes another problem that the rigidity and heat
resistance inherently possessed by polypropylene is gravely
deteriorated. On the other hand, when it is intended to
10 retain the rigidity and heat resistance ihherentl¥
possessgd by polypropylene by reducing the amount of
ethylene/propylene random copolymer blended in the
polypropylene composition, the problem that the improvement
of the impact resistance at low temperatures is not
15 satisfactory is raised.
Therefore, it is desired to achieve the development of
a crystalline polyolefin resin composition which enables
obtaining a polyolefin molding being excellent in not only
rigidity and heat resiétance but also impact resistance,
20 especially, at low temperatures.
As apparent from the above, the olefinic thermoplastic

elastomer and the crystalline polyolefin resin composition

have the common problem of low temperature properties.

25 THE NTION

The object of the present invention is to provide an

ethylene/a~olefin/nonconjugated polyene copolymer

composition (olefinic thermoplastic elastomer composition



The object of the present invention is to provide an

et hyl ene/ a- ol ef i n/ nonconj ugat ed pol yene copol yner conposition (olefinic

t her nopl astic el astomer conposition 5 and crystalline polyolefin resin
conposition) which enables form ng a nol ding being excellent in | ow
tenperature properties. Specifically, an object of the present invention is
to 5 provide an olefinic thernoplastic: gl astoner conposition which, even
when being of the noncrosslinked type, enables providing a nolding being
excellent in tensjle str t h, el ongation_at, break, rubber. properties, heat
resi stance and?3 Ctré’rﬁﬁ"@ﬁg'gﬂreepﬁrlé’ﬁg?%?‘ﬁsrﬁﬁﬁnM?%?S%’e%n)be"frh C%ofer}a??&efo
crosslinked type, enabl es pr.ovidi | | chy | o0 the
conventional v Zed rml?E'geng hgqulgwggl@é%%g%% u}rg l;)éf‘zptgér{.‘?‘?éefsg%}eensi | e
strength, elongﬁkhﬁgbégeéqreak and rubber properties. Another object of the
present invention'is to provide a crystalline polyolefin resin 15

conposi tion, especi @dabi A @IS, abhi BSjBELYHEOPYE Opfe s &5t N ARSRY 11 to
whi ch enabl es obtaining a polydlefin ndlding being excellent in not only
rigidity ar§l healoviRld Hnanr0e fintk cakhernopagbt i €Sé 5 seimer esqmgmosiltiyon at | ow
tenperatures. 20 SUMVARY OF THE | NVENTI ON An

et hyl ene/ [ er r | wliefh ,n/ev@ic eibjeng biedeigpofyehe nopotgselinked type, enables

providing a molding being excellent in tensile strength,
elongation at break, rubber properties, heat resistance and
low temperatu;e properties and which, when being of the

10 crosslinked type, enables providing a mol¥ing whiéh is
superior to the conventional vulcanized rubbers in low
temperature properties, tensile strength, elongation at
break and rubber prope;ties. Another object of the present
invenfion is to provide a crystalline polyolefin resin

15 composition, especially, a crystalline polypropylene resin
composition which enables obtaining a polyolefin molding
being excellent in not only rigidity and heat resistance
but also impact resistance, especially, at low

temperatures.

20
SUMMARY OF THE INVENTION

An ethylene/0-olefin/nonconjugated polyene copolymer

rubber composition of the present invention comprises 10 to
95 parts by weight of a crystalline polyolefin resin (A)

25 and 90 to 5 parts by weight of an ethylene/c-
olefin/nonconjugated polyene copolymer rubber (B) in which

the sum of components (A) and (B) is 100 parts by weight,



rubber conposition of the present” invention conprises 10 to 95 parts by

wei ght of a crystalline polyolefinr resin (A 25 and 90 to 5 parts by

wei ght of an ethylene/[err]- ol efin/nonconjugated pol yene copol ymer rubber
(B) in which the sum of conponents (A) and (B) is 100 parts by weight, 6
sai d et hyl ene/ a-ol efi n/ nonconj ugat ed pol yene copol yner rubber (B) being
conposed of ethylene, an a-olefin having6 to 20 carbon atons and at | east
one branched chai n pol yene conpound represented by the foll ow ng general
formula [1]: 5 Herr]C = - CH[er_})] -.C- (CHerr err] .- CRlerr].=C -
Rlerr] CH (CHerr]) Jald,egﬁyleﬁfe’ﬁ lﬁf]lr\meﬁ‘ephnﬁg%Lanpﬁvsa@rcevil.tm%r5,
Rl err] represe a% yl.__group having 1_to arpbon_10 ,_al onsg d
each of R2 and%b?er%de n ee%'tnl%/ CPgFnggnf’g Stﬁygﬂ}ﬁénaﬁt8n?6?féﬂalé?'l’<'wga§
group having 1.to

, d Ld ; )
et hyl.ene/ [err] T8 gf%l %%:F (r)?(r’fl]o% %g,%t 82‘%8?32%%038%%?“?%‘”r%%b? RBYYERS ng

h terized (1 ' I i | it -
ol of i (uni t5) PERAhE RSy Bhks BT TRR SEReEFL o 26150 1o
95/5, (ii) gxhibiting an iodine value of 1 to 40, and

HoC = CH - CHy - C - (CHz)p - CR® = ¢ - R?
' | |

CH (CHs) R?
| (1]
wherein n is an integer of 1 to §5,
Rl represents an alkyl group having'%‘to 5 czrbon
10 atoms, and

each of R2 and R3 independently represents a

hydrogen atom or an alkyl group having 1 to S

ca:bon atoms, and

said ethylene/c-olefin/nonconjugated polyene copolymer

15 rubber (B) being characterized by:

(1) having a molar.ratio ethylene (units) to an a-
olefin (units) having 3 to 20 carbon &toms (ethylene/d-
olefin) of 40/60 to 95/5,

(ii) exhibiting an iodine value of 1 ﬁo 40, and

20 (iii) having an intrinsic viscosity [N] measured in
135°C decalin which satisfies the ineduality:
0.8 dl/g < [n] < 5.0 dl/qg.

Examples of the above ethylene/0~olefin/nonconjugated

polyene copolymer rubber comesitiéns according'to the

25 present invention include the following olefinic



20 - (iii) having an intrinsic viscosity [[err]] neasured in
135[err] C decalin which satisfies the inequality: 0.8 dl/g < [[err]] <5.0
dl /g. Exanpl es of the above ethylenel[err]-ol efin/nonconjugated pol yene
copol ymer rubber conpositions according to the 25 present invention

i nclude the followi ng olefinic 7 thernopl astic el astonmer conposition and
crystalline polyolefin resin conposition7 (1) The ol efinic thernoplastic

el astomer conposition of the present invention conprises 10 to | ess than 60

parts 5 by weight of .a crystalline polyolefip.,resin,( ggg 0 nore
than 40 parts BySRACHHES q:ﬁ3a§58959e9§??8ﬁé?é?go?g?iﬁg%oncdﬁﬁﬁéated

pol yene copol yner, rubher N i the sum of conponents (A) and (B) is
100 parts by W& fﬂe$ﬁf%gg%éPnggﬁgggﬁggéréstone; conposition may further

10 conprise 2 to 10Q ,par Lght NeY o { 53+ SR Ofordod £1 5b
parts by wei ght of é%)ing%%%%¥§wghgpeFB%ESO%g%ggogx%artg by'vwﬁg t of fhe

sum of ‘the cryymldjde RAAR! ehivent8shnNchbfprasdst ¢ to less than 60 parts
et hyl ene/[err]-ol efinfnonconj ugat ed pol yene copol yner rubber (B). 15

(2) The cryst @y g g Wa of icryistailniaenpoesiybleninf résien p(&yemtd i 90 erd i.on
conprises 95 to 60 parts by weight of a crystalline polyolefin resin (A
and 5 to 40 pamarehythesi gt pefrtishdyawedght of the above ethylene/o-

et hyl ene/[err]-ol efin/nonconj ugat ed pol yene copol ymer rubber (B) in which
the sum of conpdreshiny lofcaarhgated polyene copolymer rubber (B) in which
the sum of components (A) and (B) is 100 parts by weight.

This thermoplastic elastomer composition may further

10 comprise 2 to 100 parts by weight of a softener (¢) and/or
2 to 50 parts by weight bf an inorganic filler (D) per 100
parts by weight of the sum of the-crystalline polyolefin
resin (A) and the ethylene/0-olefin/nonconjugated polyene
copolymer rubber (B).

15 (2) The crystalline polyolefin resin composition of
the present invention compriseé 95 to 60 parts by weight of
a crystalline polyolefin resin (A) and 5 to 40 parts by
weight of the above ethylene/d-olefin/nonconjugated polyene
copolymer rubber (B) in which the sum of components (A) and

20 (B) is 100 parts by weight.

This crystalline polyolefin resin composition may
further comprise 5 to 15 parts by weight of an amorphous
propylene/ethylene random copolymer (E) per 100 parts by
weight of the sum of the crystalline polyolefin resin (A)

25 and the ethylene/0-olefin/nonconjugated polyene copolymer
rubber (B).

The olefinic thérmoplastic elastomer composition (1),

even when being of the noncrosslinked type, can provide a



20 (B) is 100 parts by weight. This crystalline polyolefin resin
conposition may further conprise 5 to 15 parts by wei ght of an anorphous
propyl ene/ et hyl ene random copol yner (E) per 100 parts by weight of the sum
of the crystalline polyolefin resin (A) 25 and the
ethylene/[err]-ol efi n/nonconj ugat ed pol yene copol yner rubber (B). The

ol efinic thernoplastic el astoner conposi 8 on (1), even when being of the
noncr ossl i nked type, can provide a 8 nol di ng being excellent in | ow

tenperature pr r{sd es, f. i repgth, el o | ' rubber
prggert I es aﬁd%ﬁjgé%mﬁézsﬁeslt% ngé‘se%??ﬁe;? %‘ﬁg g@%%ﬁ@%ﬁ%ﬁﬁ% S

| ast by . ti 0 : .
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partially or entirely crosslinked type, can prowv

superior to thefdmet iridlstudkeani pgdehdbhetse i fdPMie ML AP Rstic
properties, tensile strength, elongation at break and rubber properties.

Still further, ol tonsit dompdeiP@bHObES tRe I B6éSed® idRSMOSIA,) Ghdr?)being
especially, crystalline polypropyl ene resin conposition according to the
present i nv@nt icdh tden partidiadéyaopoesdieély opdsis e ngymxc etdre firduideot
only rigidity and heat resistance but also inpact resistance, especially,
at | ow t enper ataumeslding BELADhLED BESCRLET | OH e TddnvedEdHa0N vulcanized
rubbers in low temperature properties, tensile strength,
elongation at break and rubber properties.
Still further, the crystalline polyolefin resin
10 composition (2), especially, crystalline po6lyprop¥lene
resin composition according to the present invention can
provide a polyolefin molding being excellent in not only

rigidity and heat resistance but also impact resistance,

especially, at low temperatures.

15
; ED D IP E_THE INVE
An ethylene/a-olefin/nonconjugated polyene copolymer
rubber composition of the present invention will be
described in detail below.
20 The ethylene/0-olefin/nonconjugated polyene copolymer

rubber composition of the present invention comprises a
crystalline polyolefin resin (A) and an ethylene/0-
olefin/nonconjugated polyene copolymer rubber (B).
The olefinic thermoplastic elastomer composition (1)
25 according to the present invention is either a
noncrosslinked thermoplastic elastomer composition or a
partially or entirely crosslinked thermoplastic elastomer

composition and comprises the crystalline polyolefin resin



An et hyl ene/ a- ol ef i n/ nonconj ugat ed pol yene copol ynmer rubber conposition of
the present invention wll be described in detail below 20 The -
et hyl ene/ a- ol ef i n/ nonconj ugat ed. pol yene copol yner rubber conposition of the
present invention conprises a crystalline polyolefin resin (A and an
ethylene/[err]- ol efin/nonconjugated polyene copol yner rubber (B). The

ol efinic thernoplastic el astoner conposit9on (1) 25 according to the
present invention is either a noncrosslinked thernoplastic el astomner
conposition or a artiallg or. entirely cross]inked thernopl astic el astoner
conposi tion and(%gnﬁ??sEE tﬁ%h%}?%ﬁeﬁT?%ﬁfﬁﬂ%%ﬂﬂQQQJ?QQ§ﬁ polygnen) and the
et hyl ene/[err]-ol efin/ nonconj ugat ed pol yene copol yner rubber (B). Al so, the
crystal li ne pol §BPRL¥YREFEPPPBPRYsi tion (2) accerding to the present

i nvention conprises e 5 _crystalline polyolefin.resin (A and.,the
et hyl ene/ a- olefin/n%ﬂﬁ%hjﬁﬁ%l%éVE%ﬁggﬂgfé’ O G5sen Fé??°§f§§?5lﬁ?he
Pol yol efin Resin (A) .The crystalline nol.yal efi.n resin_ (A) f use in the
D esont | mvont | BRCREHPT £V RME AL iR SRibiSks' $he'P L
mol ecul ar wg ghérggééﬂﬁﬂe byo PEb VB ZidWi At (d)easly e ®AAkabi/g-according
to either the high pressure process or the | ow pressure process. Exanples
of the above regipgi} ' i ' (o olefin
P esi ne S1881hPELNEEN 534 K | fo B S WHH AR TuBBle¥TRBPC

in lefi

The crystalline polyolefin resin (A) for use in the
present invention comprises a crystalline so;id product of
10 high molecular weight obtained by_polymef&éing atﬁleast one
monoolefin acc§rding to either the high pressure process or
the low pressure process. Examples of the above resins
include isotactic and syndiotactic polymonoolefin resins.
Representative resins of these are commercially available.
15 Examples of starting olefins suitable for preparing
the above crystalline polyolefin resin (A) include
ethylene, proﬁylene, l-butene, l-pentene, l-hexene, 1-
octene, l-decene, 3—methyl—1—butehe, 2-methyl-l-propene, 3-
methyl-l-pentene, 4-methyl-l-pentene, 5-methyl-l-hexene, 3-.
20 methyl-l-hexene, vinylcyclopentene, vinylcyclohexene and
vinylnorbornene. These olefins are used either
individually or in combination.
Proéylene or an olefin mixture composed of propylene
and another olefin is preferably used in the preparation of
25 the crystalline polyolefin resin composition (2). That is,
the crystalline polyolefin resin (A) for use in the present

invention is preferably a polypropylene. Examples of the



Representative resins of these are comercially available. 15

Exanpl es of starting olefins suitable for preparing the above crystalline
pol yol efin resin (A) include ethyl ene, propylene, 1-butene, 1-pentene,

1- hexene, 1- octene, 1-decene, 3-nethyl-1-butene, 2-nethyl-1-propene, 3-
met hyl - 1- pent ene, 4-nethyl - 1-pentene, 5-nethyl-1-hexene, 3- 20

met hyl - 1- hexene, vi nyl cycl opentene, vinyQcycl ohexene and vi nyl nor bor nene.
These ol efins are used either individually or in conbination. Propylene or

an olefin m xt f s e LA 4 r ef er abl
&3&% %gle% 1RaRY¥k B?oﬁ?ﬂeﬁ@%&ﬁép@i fd P dred P y

used in the pr 5 the crystalline polyoletfin resin conposition
(2). That is, pricpyQensi/al-Hdlesipolcpplodlymarsesontéinihgr stusecturd haarpitssent
invention is preferably a pol ypropyl ene. Exanplegs of the 10

pol ypr opyl enes denciluede fimoop pine ve-diefdpobyher thdnppoppyient [ bnrin ArfUnt
copolynmers containing structural units derived froman [err]-olefin other

t han propyl ene afh nat @meaterothast 1§r salédr t BhA dookefims Teet [ £e¥ih ART VS
set forth above 5 may be used as the a-olefin for constituting the '
propyl ene/ [®r r may &€ msesh@sy kde, orededipl 59Ed°pBFYHErF2a%i B met hod may be
a random pol yneri zation or a bl.ock polynerization, but it is not '
particul arly | iRRoRyYdeRe/ 9t efdm, G2 §#§Uﬁ§‘n&terial can be 10 obt ai ned.

The crystalline polyolefin resin (A for use in the
The employed polymerization method may be a random

polymerization or a block'polymerization, but it is not
particularly limited as long as a resinous material can be
10 obtained. o - ¥
The crystalline polyolefin resin (A) for use in the ’
olefinic thermoplastic elastomer composition (1) is
preferred to exhibit an MFR (melt flow rate measured at
230°C in accordance with ASTM D 1238-65T) of, generally,
15 0.01 to 100 g/10 min and, especially, 0.05 to 50 g/10 min.
The crystalline polyolefin resin (A) for use in the
crystalline polyolefin resin composition (2) is preferred
to exhibit an MFR (melt flow rate measured at 230°C under a
load of 2.16 kg in accordance wifh ASTM.D 1238) of,
20 generally, 0.01 to 200 g/10 min, preferably, 0.05 to 100
g/10 min and, more preferably, 0.1 to 100 g/10 min.
The various available crystalline polyolefin resins
may be used either individually or in combination.
'The crystalline'polyolefin resin (A) bears the
25 function of improving the fluidity and heat resistance of
the composition;
In the present invention, the crystalline polyolefin

resin (A) is used in an amount of 10 to 95 parts by weight



ol efinic thernoplastic elastonmer conposition (1) is preferred to exhibit an
MFR (nelt flow rate nmeasured at 230[err]C in accordance with ASTM D
1238-65T) of, generally, 15 0.01 to 100 g/10 mn and, especially, 0.05 to
50 g/10 mn. The crystalline polyolefin resin (A) for use in the
crystalline polyolefin resin conposition (2) is preferred to exhibit an MFR
(rmelt flow rate neasured at 230[err]C uhder a load of 2.16 kg in accordance
with ASTM D 1238) of, 20 generally, 0.01 to 200 g/10 min, preferably, 0.05

to 100 g/10 m ?a?[“ioo”ggﬁtgrﬁ e&é?!gﬂt Qeleho H40 & Whdndk sT.JégL ‘i%“ ous

avai | abl e crys Ine olefin resrns nmay be used el her uaIIy or

in conbinafionpoIQalgﬁﬁatabbuﬂe(aplaﬁaeﬁh@ é@ﬁyrbﬁéyabears t he 25
function of inproving the fluidity and heat resistance of the conposition..

I'n the present o'l@f@.ﬁt/hﬁﬁcohhﬁgﬁfﬁatg&iy@@e Peby@l ifd: Fasidy (@) .is used in
an anmount of 10 to 95 parts by wei per 100 parts by melght of the sum

of the crystalline uﬁlynbebnefiﬁscntnéﬁmégmhst&neﬁiaéﬁﬁmdﬂeﬁuﬂposition

ol ef i n/ nonconj ugat ed pol yene copol yner rubber (B). In the olefinic

t her nopl astd ¢ dlast ther ccyspatliinenpslydlefimerasipst (i)l idse yseldydhnekinn resin
(A) is used in an anmount of 10 to less than 60 parts by wei ght and,
preferably, 20amoubs p&ri8 by hesghthaercdaapks thy eigditglndef the sum of
the crystalline polyolefin resin éﬁo and the

et hyl ene/ a- ol ePFRERSARSHF UGt BA POl BRRkS dopofsiaht per 100 parts by

weight of the sum of the crystalline polyolefin resin (A)
and the éthylene/a-olefin/nonconjugated polyene copolymer

10 rubber (B). o §

The use of the crystalline polyolefin resin (A) in the
" above amount enables obtaining an olefinic thermoplastic
elaétbmer composition which is excellent in not only rubber
elasticity but also moldability.

15 In the crystalline polyolefin resin composition (2),
the crystalline polyoiefin resin (A) is used in an amoun£
of 95 to 60 parts by weight and, preferably, 85 to 65 parts
by weight per 100 parts by weight of the sum of the
crystalline polyolefin resin (A) and the ethylene/o-

20 olefin/nonconjugated polyene copolymer rubber (B).

1 —olefi ni lven 1 r
Rubber (B)

The ethylene/a-olefin/nonconjugated polyene copolymer

rubber (B) for use in the present invention is a random

25 copolymer rubber and is composed of ethylene, an a-olefin

having 3 to 20 carbon atoms and a branched chain polyene

compound.



10 rubber (B). The use of the crystalline polyolefin resin (A) in the
above anpbunt enabl es obtai ning an ol efinic thernopl astic el astoner
conposition which is excellent in not only rubber elasticity but also

nol dability. 15 In the crystalline polyolefin resin conposition (2),
the crystalline polyolefin resin (A) is used in an anpbunt of 95 to 60 parts
by wei ght and, preferably, 85 to 65 part2 by wei ght per 100 parts by wei ght
of the sumof the crystalline polyolefin resin (A and the ethylene/[err]-
20 ol efi n/ nonconj ugat,ed pol yene, copol ymer rubber (B). :

Et hyl ene/ [err] - ol ef VRFAGHSoM RYSELRS pBRGRNRATERS| JnkP £Q pERFLIE)atRRS

et hyl ene/ a- ol efi n/ nonconj ugat ed pol yene_ copol yner rubber (B) for use in the
present invent WBAChSMAYr §HABAPIE Pecepploved IrmprieantPy xampidsed of

et hyl ene, an a-ol efin havin car bon atons .and a branched chain

3 to 20 :
pol yene conpouﬁﬁ?pylef?'V&Fgﬂﬁgn?Er}TP%W%??%S R eRAA ny ety o car bon
atons which may_ suitablLy be, enployed inclugde, . for-example propylen
1- but ene, 1- peﬁ?iﬁé’,e'15h8§§ﬁ¥@g-ﬁ%?ﬁwg'l?§]bﬁ}@%, lesee;gtﬁﬁﬂ'- 14?'6%%,1'
3-et hyl - 1- gent -nmethylzd-15,_ ne ;ggﬁgﬁl- L-hexene _
4, 4-di met hy -1§%§§g§8f a,%%t§¥%e%hy$§€6%%n%éﬁe,l -e:%%lfiyﬁ%¥gﬂef'4
3'ethy|'1'hexeaﬁme%hchﬁeﬁgntéhg?C@ngth§1£EEHE§EH%,]3ié%ﬂ§¥k¥gﬂg§ene, 1-
1- hexadecene,
octene, l-decene, l-dodecene, l-tetradecene, 1l-hexadecene,
l-octadecene and l-eicosene. Of these, piopylene, 1-
butene, 1l-hexene and l-octene are preferred.
10 These 0~olefins may be used either fhdividuaily or in
combination.
The branched chain polyene compound is represented by
the following general formula:

HoC = CH - CHy - C - (CHp)y, - CR® = C - R!
I |

15 CH (CHs) R2
[T]

In the formula [I], n is an integer of 1 to 5, Rl
represents an alkyl group having 1 to 5 carbon atoms, and
each of RZ2 and R3 independently represents a hydrogen atom

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

Examples of the alkyl groups each héving 1 to 5 carbon
atoms inélude methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, sec-butyl, t-butyl, n—penty} and i-pentyl groups.

-Examples of the above branched chain polyene compounds

25 (hereinafter also referred to as the branched chain polyene



1- oct adecene and 1-eicosene. O these, propylene, 1- butene, 1-hexene and
1-octene are preferred. 10 These [err]-olefins nay be used either

i ndividually or in conbination. The branched chai n pol yene conmpound is
represented by the follow ng general fornula: Herr]C=CH- CHerr] - C -
(CHerr])[err] - CRerr] =C- Rerr] | 15

(CH err]) Rlerr] ... [I] Imghe formula [I], nis an integer of -

1to5 KRerr] represents an al kyl group having l1tob carbon atonB and

o S BB S )
i -butyl, sec-bgﬁgnﬁ-%gggg ? HE f%%?yﬁ% |$p2nt§Y grouBs péxanples gf t he

above branched pa5”m89h¥f”$-89HP€g cnnué%ﬁ%%aéﬁgt(ﬂﬁ also referred to

as the branche chai n pof yene i ncl ude the follow ng

conpounds (1) R?)(34%etﬁ%1 4—@Eﬂyii&EﬁELﬂvéidaﬁéﬁiéﬂyf (2)

7-met hyl - 4-et hyl 1 dene- 1 oct adi ene,
7-met hyl - 4£Ethyh)d¢netﬂ%§ moaaﬂygﬂ@enélm 6-nonadiene,

7-et hyl - 4-et hyl i dene- 1, 6- nonadi ene, (5)
6,7-dinEthyI-4{9]hﬁLVddﬂﬁeﬁh@le¢%éthiﬁﬁene—1,6—octadiene,
(6) 6,7—dimethyl—4-ethylidene—l,6—nonadiene,
(7) 4-ethylidene-1, 6—decadiene,
(8) 7-methyl-4-ethylidene-1, 6~decadiene,
10 (9) 7—methyl—6—p£opyl—4—ethy1idene—1,G—OC%édiene,g
(10) 4—ethylidene41,7—nonadiene,
(11) 8-methyl-4-ethylidene-1, 7-nonadiene (EMN),
(12) 4-ethylidene-1,7-undecadiene,
(13) 8-methyl-4-ethylidene-1, 7-undecadiene,
15 (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,
(17) 8-methyl-7-ethyl-4-ethylidene-1, 7-undecadiene,
(18) 7,8—diethyl—4-ethylidene—1,7—decadiene;
20 (19) 9-methyl-4-ethylidene-1,8-decadiene,
{(20) 8,9-dimethyl-4-ethylidene-1,8-decadiene,
(21) 10-methyl-4-ethylidene-1, 9-undecadiene,
(22) 9,10-dimethyl-4-ethylidene-1, 9-undecadiene,
(23) 1ll-methyl-4-ethylidene-1, 10-dodecadiene, and
25 (24) 10,11-dimethyl-4-ethylidene~-1, 10-dodecadiene.
Of these the branched chain polyene compounds (5),
(6), (9, (11), (14), (19) and (20) are preferably

employed.



(6) 6, 7-dimethyl-4-ethylidene-1, 6-nonadi ene, (7)

4-et hyl i dene- 1, 6-decadi ene, (8) 7-nethyl-4-ethylidene-1, 6-decadi ene, 10

(9) 7-methyl -6-propyl -4-ethylidene-1, 6-octadi ene, (10)

4-et hylidene-1, 7-nonadi ene, (11) 8-nethyl-4-ethylidene-1, 7-nonadi ene (EWN),
(12) 4-ethylidene-1, 7-undecadi ene, (13)

8- net hyl - 4-et hyl i dene- 1, 7-undecadi ene, 14 (14)

7, 8-di met hyl - 4- et hyl i dene- 1, 7- nonadi ene, (15)

7, 8-di net hyl - 4- et hyl j dene- 1, 7-decadi.ene, . (16) .. . o
7. 8- di met hyl - 4- et hy|’4’}féﬁe-’“f,y71°&nb‘(§88dFéﬁB,gr( 3[93‘1"1‘1“113’ or in
8-nmet hyl -7-et hyl - 4-.et hyl | dene-1, 7- undecadi ene, (18)

7, 8-di et hyl - 4- &%"%ﬁ“&gﬁe"-"r, 7-decadi ene, 20  (19)

9- et

hyl - 4- et hyl i deng-.1,.8-dacadi ( : 1
8,9-dinethyl-4-ethyﬁ?1en2¥%§§? ggg an§95%31§° yerme compound [I] may be

10- met hyl - 4- et Ryildpdeng hikrRdeozdiel8s 48d) cis forms or purely a trans
9, 10-di net hyl - 4- et hyl i dene- 1, 9- undecadi ene, 3)

11- et hyl - 45 et Iy idN&EFokml0- dodecadi ene, and 25 (24)
10, 11-di net hyl - 4- et hyl i dene- 1, 10- dodecadi ene. O these the branched chain
pol yene conpounds (She @dove( Branchay, chdin, pdlPenancorf@dindircamrisd er abl y

enpl oyed. 14 These may be used either individually or in conbination.
The above brangh=gpacteal bypdheepeocespodadciibedninbiehe specification of
Japanese Patent Application No. 6(1994)-154952 filed by the
same applicant as in the present application.
10 The branched chain polyene compound “can be produced by
reacting a conjugated diene compound represented by the
following formula [I-a] with ethylene in the presence of a

catalyst composed of a transition metal compound and an

organcaluminum compound:

15
HoC = C —-(CHz), - CR3 = Cc - R!

| |

CH RrR2

I

CH;

(I-al
wherein the meanings of n, Rl, R2 and R3 are the same
as mentioned above with respect to the formula [I].

20 In the ethylene/0-olefin/nonconjugated polyene .

copolymer rubber (B) for use in the present inventiop, the
structural units derived'from the above monomers of
ethylene, o-olefin and branched chain polyene compound are
randomly arranged and mutually bonded, a branch structure

25 is present attributed to the. branched chain polyene



either a mxture of trans and cis fornms or purely a trans 5 or cis form
The above branched chai n pol yene conpound can be prepared by the process .
described in the specification of Japanese Patent Application No. _
6(1994)-154952 filed by the sane applicant as in the present application.
10 . The branched chain pol yene conpound can be produced by reacting a
conj ugat ed di ene conpound represented by ghe followng fornmula [I-a] wt h
ethylene in the presence of a catal yst conposed of a transition netal

e 1C RF E SR S agGr Soal S L e
t he nmeani ngs of {% %{ {{1 Rlerr] and R err] are the sane as nentioned
ec e f

above with resp ormula [I]. 20 I n the

ethyl ene/[err] - ol ef i fonGoN WAAYRY ¥ERBeS opgLy LubUPLEE AP, :;%%%ﬁe'rg

the present invention, the str units er|ve rom

of ethyl ene, [Q&Eﬂuéﬂ&ﬁé’hﬁﬁ“&dﬂﬁﬂTﬁ@eQuﬁgﬁhﬂt@thgnﬁoCSQPOdecﬁégéi
arranged and nutually bonded, a branch structure 25 I's present attri uted

to the bran§hedbshandr ey &ee conflitmed by the fact that the copolymer

rubber is soluble in an organic solvent and contains
substantially no insoluble matter. For example, the
confirmation can be made by the fact that the copolymer

rubber is completely dissolved in decalin at 135°C in the

10 measurement. of the intrinsic viscosity (1. ¥

In this ethylene/t-olefin/nonconjugated polyene

copolymer rubber (B), each structural ﬁnit derived from the
branched chain polyene compound has substantially the

structure represented by the formula:

15
— HyC - CH-—
|
CH -— C =(CHy), - CR3 = C - R!
|

I 2
CH (CH3) R

[11]

wherein the meanings of n, Rl, R2 and R3 are the same
20 as mentioned aboVe with respect to the formula [I].

That each structural unit derived from the branched
chain polyene compound has the above structure can be
confirmed by obtaining 13c-NMR spectrum of.the copolymer.

The ethylene/d-olefin/nonconjugated polyene copolymer

25 rubber (B) for use in the present invention has the

following components and properties.



conmpound and the principal chain has a substantially linear structure. That
this copolymer rubber has a substantially |inear structure and contains
substantially no gel of crosslinked 5 pol ymer can be confirnmed by the
fact that the copol ymer rubber is soluble in an organic solvent and _
contains substantially no insoluble matter. For exanple, the confirmation
can be made by the fact.that the copol ynt6 rubber is conpl etel y dissol ved
in decalin at 135[err]C in the 10 neasurenent of the |ntr|n5|c Vi scosity

o h t hyl, [ nonconj uga mer rubber
ngrrLLch Qtﬁugfufaly éﬁ%r.véﬁf??%ﬁ?t?£3g+%ﬁ?ﬁg j Itﬁ£15 STanpound
b [ 1 t represente e formul a:
aﬁZrZFnstﬁgthga ¥ﬁ@3§8$rr%8 %FrngFﬁﬁﬁr? Qﬁi?%{%ﬁ?ﬂo qﬂﬂ?L@&ﬁe“EGtéstO

menti oned aboveaﬂ”&hoﬁ€§@ﬁchniestﬁ$viﬂgnyl@o[idCF%as the(%%ove %@ Y@l unit

derived fromthe branched chai n polyeng conpoun ractur e

can be confirnmednbyspbtaigeng ﬁﬁﬁ%a@p@@}éé‘m@@ﬂﬁrﬁ%}%ﬂé&?ﬁ{l f,T'E%/so .

et hyl ene/ a- oIefln/nonconJugated pol yene copol yner use in

the present 5 nvest bepibagndhest p11 %@ﬁe%wn%ﬂsa% Rs9Rerti es. 16

(1) The ethylene/[err] olefln/nonconjugated pol'yene
The ethylene/a-olefin/nonconjugated polyene copolymer

rubber of the above ratio of ethylene unit component/¢-

olefin unit component is excellent in all of the low
temperature flexibility, low temperature impact resistance
10 and heat resistance. When the ratio of ethylene fnit
component/0-olefin unit component exceéds 95/5, the
ethylene/a~olefin/nonconjugated polyene copolymer rubber
comes to exhibit resin properties, thereby having
deteriorated low temperature flexibility. On the other

15 hand, when the ratio of ethylene unit component/c-olefin

unit component is less than 40/60, the heat resistance of

the ethylene/c-olefin/nonconjugated polyene copolymer
rubber tends to be deteriorated.
(ii) The ethylene/d-olefin/nonconjugated polyene
20 copolymer rubber (B) exhibits an iodine value of 1 to 40,
preferably, 8 to 35 and, still preferably, 10 to 30.
The use of the ethylene/da-olefin/nonconjugated polyene
copolymer rubber (B) exhibiting the above range of iodine
-value enables obtaining an olefinic thermoplastic elastomer
25 composition or crystalline polyolefin resin composition

having high vulcanization rate.



copol ymer rubber (B) has a molar ratio of ethylene units to an a-olefin
units having 3 to 20 carbon atons (ethylene units/[err]-olefin units) of
40/ 60 to 95/5, preferably, 50/50 5 to 90/10 and, still preferably, 55/45 to
85/ 15. The et hyl ene/ a-ol ef i n/ nonconj ugat ed pol yene copol ynmer rubber of the
above ratio of ethylene unit conponent/a- olefin unit conponent is
excellent in all of the low tenperature{fiexibility, |low tenperature inpact
resi stance 10 and heat resistance. Wen the ratio of ethylene unit '
conponent/a-ol efin unit conponent exceeds_95/5, the |

et hyl ene/ a- ol ef i n/ notiddn] F§&t ehydrpe/e-ess6ipraPnrappRyatedaRo e RS hi bi t
resin properties, thereby ving deteriorated Low, tenperature flexibility.
On the ot her ]i?°9ﬂ%¥ﬂe§Mﬁ£$ il qP&t Sso?ne%ﬂgFéﬂﬁlﬁn?¥ECOSltY En]
conponent/[err]-olefin unit _conponent is |ess than 40/6Q, the heat

resistance of tfEsIRA e Perf] defF i/ Hutth i gt BE S e R CQUR L e r
rubber tends tcb.tée aqe/tcflrg -o(r)[?]gt]eq. 5(.

i e
et hyl ene/[err]-olef1n/nonc ugateg %%?géne 20 copol yner rubber '(B)
exhi bits angiodine vgdieQf ok tt?\e"'gthgﬁ.@fx??&b;ﬂef@ ¥R z3<f5<>ﬁl atidd ldolyen
of the ethy [ T-o?e In

preferably, 10 to 30. The use ene/[err nonconj-ugat e

pol yene copol yr&réaog%‘irefri(;%ke‘ix%?i hLponghenaboys, L r %é’fof odi 18 neal e

enabl es obt ai nin nic thernoplastic el astone conmposition or
<ir7 ystal | i ne poly@idity g%1n epampesi bboaihdigngn ho DEf inld € athefildplagtdice.
elastomer composition or crystalline polyolefin resin
composition having excellent processability.
10 The above ethylene/avolefin/nonconj&béted paiyene

copolymer rubber (B) can be obtained by copolymerizing
ethylene, an a-olefin having 3 to 20 carbon atoms and a
branched chain polyene compound represented by the above
general formula [I] in the presence of a catalyst.

15 A Ziegler catalyst composed of a compound of
transition metal, such as vanadium (V), zirconium (Zr) or
titanium (Ti), and an organocaluminum compound
(organocaluminum oxy compound) may used as the catalyst.

In the present invention, it is especially preferred

20 to use a catalyst (a) composed of a soluble vanadium
compound and an organoaluminum compound 6r a 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

25 compound.

In the present invention, generally, ethylene, an O-

olefin having 3 to 20 carbon atoms and a branched chain



(ii1) The ethylene/[err]-olefin/nonconjugated pol yene copol yner rubber (B)
has an-intrinsic viscosity [[err]]. neasured in 135[err]C decalin which
satisfies the inequality: 0.8 dl/g < [[err]] <5.0dl/g. 5 The use
of the ethylene/[err]-ol efin/nonconjugated pol yene copol ynmer rubber (B)
havi ng the above range of intrinsic viscosity [[err]] enables obtaining an
ol efinic thernoplastic el astoner conpositg on or crystalline polyolefin
resin comnposition having excellent processability 10 The above

et hyl ene/[err]-olefin/nonconjugated p ene ¢opal ubber (B) can be
obt ai ned by coPSLFES SOHE PéﬁecoﬁﬁXXmGFéF 4 %%v?ngl%u%% arorkhe

atonms and a bran%ped chai etgF é§§§8c§ggaE§gF;ﬁggf%ggéggsgg tPe a%g; o

gener al for mul &

catalyst composedOf;h SHONAY Gl LANSLLERN. IEh ham SUGHL AT AR U (V).

zi rconi um (Zr) nd an or ganoal umn nuni C
(organoal Um ”Ur@a@é 6&%”%9”%0 )Ssk!ﬁegfaé hQ@af%ééMét Afb&{@ epent

i nvention, is especially preferred to use a cata? a) conposed of
a sol ubl e \@naeilﬂams%mwd&a&d sameeﬁeanfabmw&m;ceﬁ@wa&ﬁ9rn¢s S alpst
(b) conposed of a netall ocene conpound of a transition net sel ected from
among the G ouperBdilc th®1Reainadetthabl &napgehbdABiimHum ! GHARN OSdiFB UHHN XY
conmpound or an ionized ionic 25 conpound. In the present invention,

general |y, ethpnedenized donlic ebmpoaniaving 3 to 20 carbon atons and a
branched chain

In the copolymerization, generally, use is made of a
hydrocarbon solvent. In place of the hydrocarbon solvent,
10 however, an a-olefin such as propylene mdy’ be usell as the
solvent.
Examples of suitable hydrocarbon solvents include:
aliphatic hydrocarbons such as pentane, hexane,
heptane, .octane, decane, dodecane and kerosene, and
15 halogenated derivatives thereof,
alicyclic hydrocarbons such as cyclohexane,
methylcyclopentane and methylcyclohexane, and halogenated
derivatives thereof, and
aromatic hydrocarbons such-as benzene, toluene and
20 =xylene, and halogenated derivatives thereof such as
chlorobenzene.
These solvents may-be used either individually or in
combination.
The copolymerization of ethylene, an 0-olefin having 3
25 to 20 carbon atoms and a branched chain polyene compound
may be performed in either a bétch or a continuous process.

In the execution of the copolymerizaticn according to the



18 pol yene conpound are copol ynerized in a liquid phase in the presence of

t he above catal yst (a) (conposed of a soluble vanadi um conpound and an

or ganoal um.num conpound) or catal yst (b) (conposed of a netall ocene

compound of a 5 transition netal selected fromanong the Goup |IVB of the
periodic table and either an organoal um num oxy conpound or an ionized
ionic conpound). In the copolynerizatiofgg generally, use is nmade of a

hydr ocar bon solvent. In place of the hydrocarbon solvent, 10 however, an
err]-olefin such ,as propylene may be used as the solyent. anpl es of

[sui t]ab| e hydr o%&ﬁ'@&{ PSS el 588: ang’ﬁhﬁFF'&‘fK?Hrbﬁa‘r‘%% SR U as

pent ane, hexam%of$§mﬁgftﬁgptane decane, dodecane and kerosene, and 15

I'Ves t

hal ogenat ed deriva nggffagﬁPEyclic hydr gcar bons such as

cycl ohexane, met hyl gyel opent qgem%g%yg?t byLcyglohe §1y%€g%§)a,l %?ﬂ?ﬁt}gd

derivatives thereof, and aromati ocarbons such as ene, 10 ne and
20 xyl ene, angnialQqenaistd dabbkall ¥eSat BEI GBI e SHER &‘?urﬁ"k!&ﬁﬁ%lﬁ{&‘%ﬁ?d
These sol vents may be u?%% ei t her indivfdually %r ?naconbinatlon. The an
copol yner i Zgit i @rgahcaliyliene cdmpduabieihnthavpP8séneSindénfbLardin at ons
and a branched chain polyene conpound nay be perforned in either a batch or
a conti nuous prootesht rat iohe ofxehet s6lublet H@na@p@h yo@tipEwid oih asHedr di ng to
t he

polymerization system ranges generally from 0.01 to §
mmol/liter (polymerization volume), preferably, from 0.05
to 3 mmol/liter. It is preferred that the soluble vanadium

10 compound be fed in a concentration of not" greater®than 10
times, especially, 1 to 7 times and, still especially, 1 to
5 times the concentration of the soluble vanadium compound
in the polymerization system.

On the other hand, the organcaluminum compound is fed

15 at an atomic ratio of aluminum to vanadium in the
polymerization system (Al/V) of at least 2, preferably, 2
to 50 and, stili preferably, 3 to 20.

The cataljst (a) compoSed of the soluble vanadiﬁm
compound and the - organocaluminum compound is generally.

20 diluted with the above hydrocarbon solvent and/or liquid o~
olefin having 3 to 20 carbon atoms and branched chain
polyene compound to be fed in the polymerization system.

In this dilution, it is preferred that the soluble vanadium
compound be diluted in the above. concentration and that the

25 concentration of the organoaluminum compound be requlated

to an arbitrary concentration of, for example, not greater



1 9 continuous process, the above catalyst is used in the follow ng
concentration. When use is nmade of the above catalyst (a), nanely, the
catal yst conposed of a sol ubl e vanadi um conmpound and an 5 organoal uni num
conpound in the present invention, the concentration of the soluble
vanadi um conpound i n the polymerization systemranges generally fromO0.01
to 5 mmol/liter (polynerization volune)2@referably, fromO0.05 to 3

mol /liter. It is preferred that the sol ubl e vanadium 10 conpound be fed

in a concentrati.on at _greater than, 10 tines ecially,.1 tp 7 tines
and, still espediafti ,anﬁ% g%ﬁ ﬁ?@cfﬂgrégﬁ88nf?aﬁﬁgnpgin%ﬁ}giﬁ{ﬁﬂe
vanadi um conpo | .. t.he .pol I Is system On the other hand, the

or ganoal um num o&%%ﬁﬁ%”%%'F%gpfgégtlggoétonic ratio of alum numto

vanadi umin the pol ' ' epe( 1 ake | @RSt y, 2
to 50 and, still pr%daglgﬁ q'% ?%%%O&Tﬁéégg?g%gt&(g?ﬁc%%%%é%&gé@%\e

sol ubl e vanadi uBtGONRAEHE FMhpoRdORAANEaEHEYNHM E8GRASATuhSn@e SRl |y 20
diluted with the above hydrocarbon solvent and/or liquid [err]- olefin

having 3 t 0520 gongithdicianidnizadc hediehabiipPehy e (L1 §6 MPofe-dD the d£d
in the polynerization system In this dilution, it is preferred that the
sol ubl e vanadi unicroinpdicnd zeel diompbadd’notrheiahbyecompoend? atimresnd t hat
t he 25 concentration of the organoal um num conpound be regul at ed
present invention, the concentration of metallocene
compound in the polymerization system ranges generally from
0.00005 to 0.1 mmol/liter (polymerization volume),
10 preferably, 0.0001 to 0.05 mmol/liter. ¥ ¥
The organoaluminum oxy compound is fed at a ratio of
aluminum atom to metallocene compound in the polymerization
system (atomic ratio of Al/transition metal) of 1 to
10,000, preferably, 10 to 5000.

15 On the other hand, the ionized ionic compound is fed
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.

20 When the organcaluminum compound is employed, it is
generally used in an amount of about 0 to 5 mmol/liter
(polymerization volume), preferably, about 0 to 2
mmol/liter. |

In the copolymerization of ethylene, an O-olefin

25 having 3 to 20 carbon atoms and a branched chain polyene

compound in the presence of the catalyst (a) composed of

the soluble vanadium compound and the organoaluminum

compound according to the present invention, the reaction



to an arbitrary concentration of, for exanple, not greater 20 than 50
times the concentration in the polynerization systemto be fed thereinto..
Wien use is made of the catal yst (b) conposed of a netall ocene conpound and
ei ther an organoal um num oxy 5 conpound or an ionized ionic conpound.
(also referred to as "ionic ionized conpound” or "ionic conpound”) in the
present invention, the concentration of tal |l ocene conpound in the

pol ymeri zati on systemranges generally trom0.00005 to 0.1 mmol /liter

(pol ynerization volune), 10 preferably, 0.0001 to 0.05 mol/liter. The

or ganoal uni num Bk \IeRAFFIIH Gog Tied QPtaaFaﬁl5e@PeEPEH¥ﬁuﬁfaT591¥% 100°¢C,

B ans i on ef et T BohE B FLELC BAH Rt A o e
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polyher! zat| on % %Vféqzqéf%g bu%nlt?lec%%gggﬂgénagéglHSF”GeE&H@OM of 0.5

to 20, preferab € or ganoal un num conpound is

enpl oyed, i§ is genermldne liyfhed zakBBAL o8l e8QUENS, t @nSorBDELL AT €r
(pol ynerization volune), preferably, about 0 to 2 muol/liter. In the

copol yneri zat | %ﬂl‘n&tﬁ)ﬂ&% AR Rn0kebin8 and a branched chain polyene

- compound in the presence of the catalyst (b) composed of
the metallocene compound and either the orgénoaluminum OXYy
compound or the ionized ionic compound according to the

10 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/cm2
or less, preferably, 50 kg/cm2 or less but the pressure
does not become zero.

15 The reaction time (average residence time when the
copolyﬁerization is conducted according to the continuous
process), depending on the catalyst concentration, the
polymerizatior temperature and other conditions, generally
ranges from S5 min to 5 hr, preferably, 10 min to 3 hr.

20 In the present invention, ethylene, an &-olefin having
3 to 20 carbon atoms and a branched chain polyene compound
are fed into the polymerization system in amounts such that
the above ethylene/a-olefin/nonconjugated polyene copolymer
rubber of specified composition is obtained. A molecular

25 weight modifier such as hydrogen may be used in the

copolymerization.



25 having 3 to 20 carbon atons and a branched chain pol yene conpound in
the presence of the catalyst (a) conposed of the sol ubl e vanadi um conpound
and t he organoal um num conpound according to the present invention, the
reaction 21 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 22 Iess preferably, 20 kg/cnR or

| ess, but the pressure does not becone zero. In the

copol yirer i zati on of gt 0yL8ae: . ABeL PALI 0L EL pélgwxﬁw:&at&o@ R0 130T

and a branched chaln pol yene conpound sence of the catal yst

conposed of thﬁn”’@i—@l'e@ﬁ.ﬁ”ﬁa@@ﬁ@OBnﬂoamd @ai-mﬂi athemorayed calbramahadxy
conmpound or the ionized ionic conpound according to the 10 present

i nvention, thechadat pelyeaegeompahhy, celi¢ i ethplenetosolehiyefraingan jofgat2@l t o
150[err]C, preferably, O to 120[err]C and, still preferably, 0 to 100[err]C

under a pressupe19end0ckpbipier rubser ps ebisratied ddhdug I dor thes Foat
t he pressure does not becone zero. 15 The reaction tine (average.

resi dence t5 neofhanpohgmeapebyotion atonra ising nche t saineac odriding st ¢ nelaged
cont i nuous process), depending on the catalyst concentration, the

pol yneri zat i onbyetrper sugtemanst pmeed@mdwlmsre@er@@w %g’@§lfrte61m 5
mnto5 hr, preferably

hvention. et h?Fé‘N&enér{oT‘é’SF?lalféPf‘ﬁ°ﬂé&?‘ﬁbe% POLYRPE SIS e

br anched Chaln poly%% % process for producing the ethylene/0-

olefin/nonconjugated polyene copolymer rubber {B)

10 “unsaturated ethylenic copolymer" is desciibed in¥detail in
the specification of Japanese Patent Application No.
7(1995)~-69986 filed by the same applicant as in the present
application. |

In the present invention, the ethylene/o-

15 olefin/nonconjugated polyene copolymer rubber (B) is used.
in an amount °f.90 to 5 parts by weight per 100 parts by
wéight of the sum of the crystalline polyolefin resin (3)
and the ethylene/a-olefin/nonconjugated polyene copolymer
rubber (B).

20 In the olefinic thermoplastic elastomer composition
(1), the ethylene/a-olefin/nonconjugated polyene copolymer
rubber (B) is used in an amount of 90 to more than 40 parts
by weight, preferably, 80 to 45 parts by weight per 100

~ parts by weight of the sum of the crystalline polyolefin

25 resin (A) and the ethylene/a-olefin/nonconjugated polyene

copolymer rubber (B).

In the crystalline polyolefin resin composition (2),

the ethylene/a-olefin/nonconjugated polyene copolymer



are fed into the polynerization systemin anounts such that the above

et hyl ene/[err]-ol efi n/ nonconj ugat ed pol yene copol yner
conposition is obtained. A nolecular 25

may be used in the copolynerization. 22 As a result of the above

copol yneri zati on of ethyl ene,

and a branched chai n pol yene conpound, e
et hyl ene/[err]-ol efin/nonconj ugat ed pol yéne copol ynmer rubber is obtained

generally in the form5

is treated by tnbberst(Bhaiy peedednrent anewer cdf D40 tRRCtFe iV ¢ight,
et hyl ene/[err]-ol efi n/ nonconj ugat ed pol yene copal yner rubber. The above
process for pr&¥e€esgbiNe dPhyPeAl/ PaFE§-Py BIFhRRONMWREFHEY ene

copol yner rubber (B) 10Q "unsat urated ethyl epnjc Gopo r'..is described in
de?aiy in the ¥gd ')iegtFBﬁ SFmJﬁﬁaﬁﬁgeC?%¥%ﬁiH¥ﬂﬁﬂé%iggﬁ%fﬁﬁlre31n (A

7(1995) - 69986 {fi G j i jQN.
I e i s s S )

t he present

I nventi on,

copol yrner beb?hb%?k kgeused in an anount of 90 to 5 parts by wei ght per

100 parts by weig

the ethyl ene/[err]-olefin/nonconj ugaitas Pelrppeaerol ymer rubber (B). 20
In the olefinic thernoplastic elastomer conposition

10

15

20

25

The olefinic thermoplastic elastomer composition (1)
may comprise a softener (C) and/or an inorganic filler (D)
in addition to the crystalline polyblefin resin (3A) and the
ethylene/a—olefin/nonconjugated polyene ébpolymerfrubber
(B) .

Softeners generally employed in rubbers can be used as
the softener (C).

Examples of suitable softeners include:

petrolic substances such as process oil, lubricating
oil, paraffin, liquid paraffin, petroleum asphalt and
vaseline;

coal tar materials such as coal tar and coal tar
pitch;

fatty oils such as castor oil, linseed.oil, rape-seed
oil, soybean oil and coconut oil;

waxes such as tall oil, beeswax, carnauba wax and
lanolin;

fatty'acids and metal salts thereof such as ricinoleic
acid, palmitic acid, stearic acid, barium stearate and
calcium stearate;

synthetic polymers such as petroleum resin, coumarone-

indene resin and atactic polypropylene;

rubber of specified
wei ght nodi fier such as hydrogen

an [err]-olefin having 3 to 20 carbon atons

of a polymer solution containing the sanme, which

In

n/"nonconj ugat ed pol yene

he sum of the crystalline polyolefin resin (A and



(1), the ethylene/[err]-ol efin/nonconjugated polyene copol yner rubber (B)
is used in an ambunt of 90 to nore than 40 parts by weight, preferably, 80
to 45 parts by weight per 100 parts by weight of the sumof the crystalline
pol yol efin 25 resin (A) and the ethyl ene/a-ol efin/nonconjugated pol yene
copol ynmer rubber (B). In the crystalline polyolefin resin conposition (2),
the ethylene/[err]-ol efin/nonconjugatedoepl yene copol yner 23 rubber (B)
is used in an anount of 5 to 40 parts by weight, preferably, 15 to 35 parts

b i ght 100 ts h i ght, of the sum of the crystalline polyolefin
rgsrﬁI?A) gﬁg t he 2?%?%%%%7gﬁﬁgﬁﬁF&FﬁGHCSHFBQSFeGTBSFy n@?EB%b??ﬁer 5

bb B). & ts The olefinic thernoplastic el astoner
Lgnpg;igién (1?ﬁ%§§%gg%%ﬁ&?§eaa§3fF&ﬁnggcfegﬁﬁf ?’aﬁngnoagangc filler (D)
' ddi ti to the ¢y ' 0 in ' nd, t he. :
;Philehe;?grrf-olef?ﬁ%%%%%%ﬁ?%ég?éé %g%ye83535§8?$%% ’rﬁﬁ%%}&(B). Sof t eners

general ly enpl wq,sdtardi%w,i%nea&fb;adwgquﬁ?_ w@yge{aa%ﬁe@% Bgnpyes of

sui tabl e softeners include: petroli¢ substances such as*process
oil, lubricdatinrpiedol.paraffin, liquid paraffin, petroleum asphalt and

vasel i ne; _
. In the olefinic thermoplastic elastomer composition

(1), the softener (C) is used in an amount of up to 200
parts by weight, preferably, 2 to 100 parts by weight,
still preferably, 5 to 80 parts by weight per 100 parts by

10 weight of the sum of the crystalline poly%lefin rdsin (A)
and the ethylene/a—olefin/noncohjugated'polyene copolymer
rubber (B). When the softener (C) is used in the above
amount, the obtained thermoplastic elastomer composition is
excellent in fluidity at ghe time of molding and the molded

15 item therefrom is free from deterioration of mechanical
properties. When the amount of softener (C) exceeds 200
parts by weight in the present invention, the obtained
thermoplastic elastomer composition tends to have
deteriorated resistances to heat and heat aging.

20 Examples of suitable inorganic fillers (D) include
calcium carbonate, calcium silicate, clay, kaolin, talc,
silica, diatom earth, mica powder, asbestos, alumina,
barium sulfate, aluminum sulfate, calcium sulfate, basic
magnesium carbonate, molybdenum disulfide, graphite, glass

25 fiber,_glass bead; shirasu balloon, basic magnesium sulfate
whisker, calcium titanate whiéker and aluminum borate

whisker.



coal tar materials such as coal tar and coal tar pitch; 20 - fatty
oils such as castor oil, linseed oil, rape-seed oil, soybean oil and
coconut oil; waxes such as tall oil, beeswax, carnauba wax and | anoli n;
fatty acids and netal salts thereof such as ricinoleic 25 acid, palmtic
acid, stearic acid, bariumstearate and cal cium stearate; synthetic

pol ymers such as petrol eumresin, counmar@ge- indene resin and atactic

pol ypr opyl ene; 24 esteric plasticizers such as dioctyl phthalate,

di octyl adipate and dioctyl sebacate; and microcrystalline wax, e,
sub(factice), |iqui dIﬁoW%u%%FF’eWe? TRAAMGRI P b Ui AsHsT SereRe 15Aan
liquid 5 thiokol, In_the,olefinjc nop) astji c el ast,omer conposi tion (
the softener (Cfils Eé%dl?ﬂr%?PhﬁD ol {Pé ' é’fﬁ%rs)dﬁ sanb?"\%@f%hf)f UplEb
preferably, 2t 0] rts. b Loght, _still. preferablys A by
wei ght per 100 ggét aggsl %E#%%éxcﬁrﬁéﬁfiﬁf 'OEFE%EE%%§§?%%I? eagébgglefin

resin (A) and t greiadl§?g££eg%%§g4§g%2%QQ?ﬁ9?ﬁgﬂggﬁ%h%pB&%%??S?EBEYner

rubber (B). Weh the softener ve ano e obt ai ned
t her nopl ast 6¢ ebasyONBELIAOFPOEH t (AN drsd el dtitldne fo-ui dity at the time of
mol di ng and t he nol ded
olefin/nonconjugated polyene copolymer rubber (B). When
the amount of inorganic filler (D) exceeds 100 parts by
weight in the present invention, the obtained thermoplastic
elastomer composition.tends to have deteriorated rubber

10 elasticity and moldability. | - ¥

In addition to the crystalline polyolefin resin (A4),
the ethylene/d-~olefin/nonconjugated polyene copolymer
rubber (B), the softener (C) and the inorganic filler (D),
ethylene/propylene copblymgr rubber (EPR) and

15 ethylene/propylene/nonconjugated diene copolymer rubbers
(EPDMi can be added to the above olefinic thermoplastic
elastomer composition.

Examples of suitable ethylene/propylene/nonconjugated
diene copolymer rubbers include ethylene/propylene/5-

20 ethylidene-2-norbornene copolymer rubber and
ethylene/propylene/digyclopentadiene copolymer rubber.

It is preferred that the above ethylene/propylene
copolymer rubber (EPR) and ethylene/propylene/nonconjugated
diene copolymer rubbers (EPDM) be added in an amount of,

25 ©preferably, 10_to 200 parts by weight and, more preferably,
10 to 150 parﬁs by weight per 100 parts by weight of the

sum of the crystalline polyolefin resin (A) and the



15 itemtherefromis free fromdeterioration of nechanical properties.
When the anount of softener (C) exceeds 200 parts by weight in the present
i nvention, the obtained thernoplastic el astoner conposition tends to have
deteriorated resistances to heat and heat aging. 20 Exanpl es of
suitable inorganic fillers (D) include cal ciumcarbonate, calciumsilicate,
clay, kaolin, talc, silica, diatomeartfg m ca powder, asbestos, alum na,
barium sul fate, alum num sul fate, calciumsulfate, basic nmagnesi um
carbonate, nolybdenum di sul fide, graphite, glass 25 fiber, glass bead,
shirasu bal | oomthysine ftegiefiiminoncbatjegahedkpolyeat ccopol ynenatuwldr sker
and al um num bor at e whi sker. 25 In the olefinic thernoplastic el astoner
conposition (1){B)t.he inorganic filler (D) is used in an anount of up to 100
parts by weight, preferably, 2 to 50 parts by wei ght per- 100 parts by
wei ght of the sum ofMaremwerystikl cnavenpodnal ci¢at retamiXiMemnd t he
et hyl ene/ a- ol efi n/ nonconj ugat ed pol yene copol yner rubber (B). Wen the
amount of i nor gatilexidang, wepthreséagsaaent paribistatis gigenth ante present
i nventi on, e‘Lﬂhe obt ai ned t hernopl asti¢c_el astomer conposition tends to have

r

deteri or at IBRELCRRT Esht REi PFTahdlAPARBI PT 1Y X IFRBdRE ddled £ e
crystalline POUANL Wihobiheet B0 EADMLADE' LT Lho bl HIIOTSO 9
are not detrimental to the object of the present invention.

In addition to the crystalline polyolefin resin (3)

and the ethylene/a-olefin/nonconjugated‘polyene copolymer

10 rubber (B), the crystalline polyolefin r;;in compisition
(2) may contain 5 to 15 parts by weight, preferably, 5 to
10 parts by weight of an amorphous propylene/ethylene
random copolymer (E) per 100 parts by weight of the sum of
the componenté (A) and (B). This propylene/ethylene random

15 copolymer (E) contains structural units derived from
ethylene in an amount of 30 to 60 mol%, preferably, 35 to
45 mols. |

Further, this crystalline polyolefin resin composition
may optionally contain the above inorganic filler in an

20 amount of 5 to 20% by weighﬁ.

Still further, this crystalline polyolefin resin
composition may contain a heat stabilizer, a hucleating
agent such as an aluminum salt of an aromatic carboxylic
acid, an aromatic phosphate salt or dibenzylidenesofbitol,

25 an ultraviolet absorber, a lubricant, an antistatic agent,

a flame retarder, a pigment, a dye and other polymers in



rubber (B), the softener (C) -and the inorganic filler (D)

et hyl ene/ propyl ene copol yner rubber (EPR) and 15 '

et hyl ene/ propyl ene/ nonconj ugat ed di ene copol yner rubbers (EPDM can be
added to the above ol efinic thernoplastic el astoner conposition. Exanples
of suitable ethyl ene/ propyl ene/ nonconjugated di ene copol ynmer rubbers

I ncl ude et hyl ene/ propyl ene/ 5- 20 et hyp fzdene- 2- nor bor nene copol yner rubber
and et hyl ene/ propyl ene/ di cycl opent adi ene copol yner rubber. It is preferred

that the above et hyl ene/ propyl ene, copol ynmer rubber (EPS& and .
ethylene/propyF@ﬁ&%ﬁénéBﬁPugéﬁEdtH?%n%r%oﬁﬁﬁy@ﬁﬁr+Tﬁﬂﬁﬁ YEphy destdeF in

an anount of, r ef er abl, 10,to 200 parts by weight and, nore
pref erabl vy, 10%38 %§SSSQ?t§XB§ngé?6ht per 100 parts by weight of the sum of

the crystalline polyolefin re9E%é%?ni#ﬁ&ﬁfﬁL&gmégﬁinian
ethyl ene/[err]-ol efin/nonconjugated polyene copolyner rubber (B). Moreover,

the conventi onal he%hoﬁﬁaghéi5§éfiﬁFéifﬁgfﬁ551a§%¥ﬂrEiéi#bﬁ%?”“’ antistatic
e add

agent and 5 |ubricant sudch as netallic soap 'or wax can ed to the
ol efi ni c tIeer nephgekiciehasi{opewhich ab® i Setstugheridyd~t hey are not
detrimental to the object of the present invention. In addition to the

crystal line pobyelfgh/Roheshhugdtednsoliyéne copolymer rubber composition

ethyl ene/[err]-ol efi n/nonconj ugat ed pol yene copol yner 10 rubber (B), the

crystal li ne pobfokaki preeshtt tovensiénpnthe noncrosslinked thermoplastic
elastomer composition is obtained by blending ;he-above
crystalline_polyolefin resin (A) and ethylene/q-

10 olefin/nonconjugated polyene copolymer rubber ) ¥
optionally together with the softener (C) and/or inorganic
filler (D) and subjecting the blend to dynamic heat
treatment.

Further, the partially or entirely crosslinked

15 olefinic thermoplastic elastomer composition of the present
invention is obtained by blending the above crystalline
polyolefin resin (A) and ethylene/d-olefin/nonconjugated
polyene copolymer rubber (B) optionally together with the
softener (C) and/or inorganic filler (D) and subjecting the

20 Dblend to dynamic heat treatment in the presence of an
organic peroxide as set forth below so as to effect partial
or entire crosslinking.

The expression "dynamic heat treatment"™ used herein
means milling in the molten state.

25 Examples of organic peroxides suitably employed in the
present invention include dicumyl peroxide, di-tert-butyl
peroxide, 2,5-dimethyl-2,S-di(tert-butylperoxy)hexane, 2,5-

dimethyl-2, 5-di (tert-butylperoxy)hexyne-3, 1,3-bis(tert-



(2) may contain 5 to 15 parts by weight, preferably, 5 to 10 parts by

wei ght of an anorphous propyl ene/ et hyl ene random copol ymer (E) per 100
parts by weight of the sum of the conponents (A) and (B). This _
propyl ene/ et hyl ene random 15 copol yner (E) contains structural units
derived fromethylene in an anmount of 30 to 60 nol-% preferably, 35 to 45
mol % Further, this crystalline polyolef28 resin conposition may optionally
contain the above inorganic filler in an 20 anount of 5 to 20% by wei ght.

Still further, som;_s,lgre%eakgkgagsoggwéﬁé o/ ) L OIROSLL L0 B cohhai n &

heat stablllzer Suc as an’ al'um hum sa *3Yomat i c
carboxylic acidg, @nsaEQEﬁEtﬁyPBQEPQHéEaﬁé' tn Oy PB@ZMBPSB&% rb'tO' 25

an ul traviol et absorber, 'Ubricant, an antista aty c 'agent ,

retarder, a pi gﬁaawparaxmaeélet_ra@é POYEBY B pdlroxd i, %{ﬂaﬂlto%o%'éﬁ'ao&'iat
they are not detrinental to the object of e present ‘i nventi on.

Preparation of gerpasdkion, Anaﬂahldaﬁo@éﬁéﬁm Cod 8¢ T8 Q:%tﬁtc-b%'t%qu%kﬁ
conpositions (1) which is an ethyl ene/ a- ol efi n/ nonconjugated polyene
copol yner rdbbebenenpbejt tentebutnk persaniodty,ertdmi-buthiapeer&ioss! i nked
t her nopl astic el astonmer conposition is obtained by bl ending the above
crystal line pol 8pptppylesanbémytanddidateheperoxide, lauroyl peroxide

and tert-butyl cumyl peroxide.
Of these, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane,
2,5—dimethyl—2,5—di(tert—butylperoxy)hexyne-3 and 1,3~
10 bis(tert-butylperoxyisopropyl)benzene arel preferréd from
the viewpoint of smell and resistance to scorch. 2,5-
dimethyl-2,5-di (tert-butylperoxy)hexane is most preferred.
The above o;ganic-peroxide is added in an améunt of
0.01 to 3 parts by weight, preferably, 0.02 to 1 part by
15 weight per 100 parts by weight of the whole to be treated,
i.e., the sum of the crystalline polyolefin resin (A) and
the ethylene/0-olefin/nonconjugated polyene copolymer
rubber (B). When the.amount of the added organic peroxide
is less than the above range, the obtained thermopiastic
20 elastomer composition has low crosslinking degree, so that
the heat resistance, tensile properties, elastic recovery
and impact resilience thereof are not satisfactory. On the
other hand, when this amount is gfeater than the above |
range, the obtained thermoplastic elastomer composition has
25 such a high crosslinking dégree that the moldability
thereof is occasionally deteriorated.
In the crosslinking treatment with the use of the

above organic peroxide, a peroxy crosslinking auxiliary



10 ol efi n/ nonconjugat ed pol yene copol ymer rubber (B) optionally together
with the softener (C) and/or inorganic filler (D) and subjecting the blend
to dynam c heat treatnent. Further, the partially or entirely crosslinked
15 olefinic thernoplastic elastoner conposition of the present invention

I s obtained by blending the above crystalline polyolefin resin (A and
ethyl ene/[err]-olefin/nonconjugated pold@ne copol yner rubber (B) optionally
together with the softener (C) and/or inorganic filler (D) and subjecting
the 20 blend tQ nam. c, heat freatnent i.n _the presence,of an.or e
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nolten state. es of organi c peraxi dés suit, oyed in

the present in LADT i . i | ut.yl peroxi de,
2, 5-di net hyl - 2?‘%%???%??%5?‘3?%e‘?%%’%ﬂ%’ﬁédi%%’%ntew'Nb ¥

di met hyl - 2, 5- dphERY T e REE YhREE DRYADLXY 513 Fubciind(! @ethacry28te monomer
but yl per oxyi sopr opyl ) benzene, 1, 1-bis(tert-butyl peroxy)-

3,3, 5-tri m hykayhl abedavenyIbdntene 4, th ik GGiledyankitaylepeeeKylenal La¢61
benzoyl peroxide, p-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide,
tert-butyl perodyméthaengbate, dbsthyldnd qlardednzidadeehaiceyilabe) yl per oxy
i sopropyl carbonate, diacetyl peroxide, |auroyl peroxide
polyethylene glycol dimethacrylate, trimethylolpropane
trimethacrylate or allyl methacrylate and a polyfunctional
vinyl monomer such as vinyl_butyrate or vinyl stearate can
10 be added to the composition. & - ¥
The use of the above compound enables expecting a
uniform and mild crosslinking reaction. In the present
invention, divinylbenzene is most especially preferred.
Divinylbenzene is easy to handle, has excellent
15 coméatibility with the crystalline polyolefin resin (A) and
the ethylene/0-olefin/nonconjugated pélyene copolymer
rubber (B) as principal components of the above material to
be crosslinked and exerts the action ¢f solubilizing the
organic peroxide to thereby function as an organic peroxide
20 disperser, so that the crosslinking effect by the heat
treatment is uniform with the result that a thermoplastic
elastomer composition well balanced between fluidity and
mechanical properties can be obtained.
Thé above compound such as the crosslinking auxiliary
25 and the polyfunctional vinyl monomer is added in an amount
of, generally, up to 2 parts by weight, preferably, 0.3 to
1l part by weight per 100 parts by weight of the whole to be

treated.



and tert-butyl cunyl peroxide. O these,
2,5-dinmethyl-2,5-di (tert-butyl peroxy) hexane,
2,5-dinmethyl -2,5-di (tert-butyl peroxy)hexyne-3 and 1, 3- 10

bi s(tert-butyl peroxyi sopropyl )benzene are preferred fromthe viewpoi nt of
snel | and resistance to scorch. 2, 5-

di net hyl -2, 5-di (tert-butyl peroxy)hexane3ie nost preferred. The above
organi ¢ peroxide is added in an anmount of 0.01 to 3 parts by weight,

ol o 1o b ?r&it ca,» idFomths taon BedBns kot Reb: Be ROFIOFeF i n resin (4
and the ethyl eng dédz%r(;ﬂ{gn%%%% 4105 HCRE EAROLYER: EUDELAL, Vhen

t he amount of t anic pero e is less ve range, the

obtai ned ther mﬁ%laa@lé?s %%ere@fa%@maecegeeahkyoaminﬁés' Quek @§S! i nking

degree, so that heat resistance, tensile properties, elastic recovery

and inpact residjieias therRol taneuetamdheshaat 21y, 60n the other hand, when
this anount is greater than the above range, the obtained thernDpIastlc

el astoner cHnpasi {dDildAsy/1dmind phiendlhegh aspRshenkteg dfoabemimah, t he
nol dability thereof is occasionally deteriorated. In the crosslinking

treat ment vwtf]ddhaltyavahadﬂmmab@m@pemganh&cpamoxtdecoaipnromqngamsséjnking ‘
auxi liary 29 such as sul fur, p-quinone dioxinme, p,p' -dibenzoyl qui none
di oxi ne, N—netmﬁgn¢8LWMJmM¥mbommnqwmy, ntpnosobenzene di phenyl guani zi ne

or trimethylol propane-N, N -
_ it is preferred that the dynamic heat treatment of the

present invention be conducted in a hermetically sealed
10 apparatus and in an atmosphere of an inert gas suéh as
nitrogen or carbon dioxide gas. The temperature of the
heat treatment ranges from the melting point of the
crystalline polyolefin resin (A) to 300°C, generally, from
150 to 250°C, preferably, from 170 to 225°C. The heat
15 treatment is conducted while milling for, generally, 1 to
20 min, preferably, 1 to lb min under a shearing force of
10 to 100,000 sec~l, preferably, 100 to 50,000 sec™!l in
terms of shearing rate.
The milling can be conducted by means of a mixing roll
20 mill, an intensive mixer (for example, Banbury mixer or
kneader), a single o6r double screw extruder or the like.
It is preferred that the milling be conducted in a
hermetically sealed apparetus.
In the present invention, the noncrosslinked olefinic
25 thermoplastic elastomer composition or the partially or
entirely crosslinked olefinic thermoplastic elastomer
composition comprising the crystalline polyolefin resin (3)

and ethylene/0-olefin/nonconjugated polyene copolymer



phenyl enedi mal ei m de, a pol yfunctional nethacryl ate nononmer 5 such as
di vi nyl benzene, triallyl cyanurate, ethylene glycol dinethacrylate,

di et hyl ene gl ycol dinmethacryl ate, polyethyl ene glycol dinethacryl ate,
trinmethyl ol propane trinethacrylate or allyl methacrylate and a

pol yfunctional vinyl nononmer such as vinyl butyrate or vinyl stearate can
10 be added to the conposition. The us81f the above conpound enabl es
expecting a uniformand mld crosslinking reaction.. I n the present

i nvention, divi enzene | St iably.pre d L Vi DYy zene is
easy to handl e,%&%gx@l Iéeaﬁi rB%s“?%%‘%ﬁ %&I F?‘? \%mg%ﬁgt ﬁ?é&éer%tﬂé? I ne
pol yol efin resigkég%méﬂyi t he et hyl ene/ a- ol efi n/ nonconj ugat ed pol yene

(B

copol yner rubber as principal conponents of fhe above material to be

crosslinked and exeris i pEddedit Anve@libnl i Zhegekpeessgani c peroxide to
t hereby function as an organi c peroxide 20 di sperser, so that the

crosslinking effiatd roiyp Tdet e &l dsteaiere tompdsitibar Mawihg béenrpsut ial it
t her nopl astic el astonmer conposition well bal anced between fluidity and
mechani cal Pr operds £ki miced bencabisaitiad. thlee galozentenpoafidtsechomsos teion
crosslinking auxiliary 25 and the pol yfunctional vinyl nonomer is added
in an anmount ofas gessswtdd/ by heo b2 loar spelgy fuedghethpdefangdsy, 0.3 to 1

part by weight per 100 parts by weight of the whole to be treated. 30
preferably, from 20 to less than 99.5% by weight, still.

‘ preferably,'from 45 to 98% by weight. On the other hand,
the expression "thermoplastic elastomer composition having
10 Dbeen entirely crosslinked"” means that the gel content of
the composition is at least 99.5% by weight.
£ i 1 nten
100 mg of specimen was haﬁvested from the
thermoplastic elastomer composition, cut into pieces each
15 of 0.5 mm x 0.5 mm x 0.5 mm, immersed at 23°C for 48 hr in
30 ml of cyclchexane in é hermetically sealed wvessel, taken
out onto a.filter paper and dried at room temperature for
72 hr or over to a constant weight.
The "corrected final weight (¥)" is a value obtained
20 by subtracting the weights of all cyclohexane insoluble
components other than polymer components (fibrous or other
fillers, pigment, etc.) and the weight of crystalline
polyolefin resin (A) present in the specimen pribr to the
immersion in cyclphexane from the weight of above dried
25 residue.
On the other hand, the weight of ethylene/0-
olefin/nonconjugated polyene copolymer rubber (B) in the

specimen is regarded as the "corrected initial weight (X)*".



A deconposition accel erator may be used for accelerating the deconposition
of the organi c peroxide. Exanples thereof include tertiary am nes such as
triethylamne, tributylamne and 2,4,6- 5 tri(di nmet hyl am no) phenol and
napht henat es of al um num cobalt, vanadium copper, calcium zirconium
manganese, nmagnesium |ead, nmercury, etc. It is preferred that the dynamc
heat treatment of the present invention3@e conducted in a hernetically
sealed 10 apparatus and in an atnosphere of an inert gas such as nitrogen

or carbon dioxidf g?%Fh q Eggggﬁgtyge8$§8§£$tgga5 FE@%2§E§%L§58968 from

the nelting poin crystallinep rnresin [err] C
general l vy, fron11509kg;%égkghg]qgtpggfgrably, from170 to 225[err] C. The
heat 15 treatnment i's conducted while mlling fqQr, generally, 1 to 20 mn,

preferably, 1 to 10 pdgrréden #isheaykignt Ofer/8bridctdd 100N s,s%;q_[%q&_r],
preferably, 100 to 50,000 sec[err] in ternms of shearing rate. The ml1ling:
can be conducted by (mgnk aboa mxing roll 20 mll, an intensive m xer
(for exanple, Banbury m xer or kneader), a single or double screw extruder
or the likeéd It is mhef emystdalhihet hpolppléfing besiwnchmpeslitiiorn as an
hernetically seal ed apparatus. In the present invention, the noncrosslinked
olefinic 25 tIeMFEmedt-elefisysrREOoRIHPBEREI BALYENE heCRRL YT | sukher
entirely crosslinked ol efinic thernoplastic el astoner conposition
conpri si ng t he compsisditiione agebydingi hor eRe¢ np¥ayertdinvention can be
et hyl ene/[err]-ol efin/ nonconj ugat ed pol yene copol yner .

obtained by simultaneously or sequentially feeding the

above components to a milling device such as Henschel

10 mixer, twin-cylinder mixer, tumbler blender or ribbon

blender, milling them to a mixture and melt kneading the

mixture by means of a single or multiple screw extruder, a

kneader, a Banbury mixer, etc.

"The use of a device having excellent kneading
15 capability such as multiple screw extruder, kneader or

Banbury mixer among the above melt kneaders enables

obtaining a crystalline polyolefin resin composition of

high quaiity in which the various components are uniformly

dispersed.

20 EFFECT QOF THE INVENTION

The ethylene/d-olefin/nonconjugated polyene copolymer

rubber composition according to the present invention
enables providing a molding being excellent in low
temperature properties.

25 Specifically, the olefinic.thermoplastic elastomer
composition (1) as an ethylene/a-olefin/nonconjugated
polyene copolymer_fubber ccmpoéition according to the

present invention, even when being of the noncrosslinked



31 rubber (B) can be obt’ai ned by the above dynam c heat treatnent. In the
present invention, the expression "thernoplastic elastoner conposition
havi ng been partially 5 crosslinked® nmeans that the gel content of the
conposition as neasured by the bel ow specified nethod ranges, preferably,
from20 to less than 99.5% by weight, still preferably, from45 to 98% by
wei ght. On the other hand, the expressi @3"thernoplastic el astoner
conposi ti on-having 10 been entlrely crosslinked" nmeans that the gel

content of the gompositi s, 2l ] east 99. 5%.b Met.hod, of, _measuri ng
gel content 1008 ”gbfenaggeﬁe%rﬂval ﬂves‘?oglﬂg*’{%vr%@eﬁ%g ceﬁ'@ﬁlnﬁsf‘r'c

5
Tt Sy i S oy o
hernetical ly segbgd ¥§§§§£ané@k§xﬂi Ofllw %baéedxtﬁe&, %fu%@dagf bgﬁl};akegoom

temperature for 72 hr or over to a constant weight.” The “correcte I na
weight (Y)" is @ivRl HBo88t 8 NEkk 28bn WhtSi8Hd1AGIdnMEdha 1WRledhbie@fink!

cycl ohexane insol ubl e conmponents other than pol yner conponents (fibrous or
other filleds, phgpmeplastic)ebastdnperavei ght of crystalline polyolefin
resin (A) present in the specinmen prior to the imersion in cycl ohexane
fromthe weight of abbye dlefihiﬁithdﬁﬂbpﬂ&Stﬂﬁ1dﬂ&3UﬂM@ﬁ'cb&pdslthenwelght
of ethyl ene/ a-

especially when being partially or entirely crosslinked,
enables providing a molding which is superior to the
conventional vulcanized rubbers in low temperature

10 properties, tensile strength, elongation %t breakfand
rubber properties.

The crystalline polyolefin resin composition (2)
énables providing a polyoiefin molding being excellent in
not only rigidity and heat resistancé but also impact

15 resistance, especially, at low temperatures.

EXAMPLE

The present invention will further be illustrated with
reference to the following examples which in no way limit
the scope of the invention.

20 In the following Examples and Comparative Examples,
the composition evaluation-tests were carried out in the
following manners.

[Property measuring method]

(1) tensile strength:

25 The tensile strength at break was measured in
accordance with JapaneSe Industrial Standard K 6301 in
which the specimen was pulled at a speed of 200 mm/min.

(2) elongation at break:



ol ef i n/ nonconj ugat ed pol yene copol yner ‘rubber (B) in the specinen is

regarded as the "corrected initial weight (X)". 32 The gel content is
calcul ated by the fornmula: gel content (wt.% = [corrected final weight
(Y)/corrected initial weight (X)] x 100. 5 The crystalline

pol yol efin resin conposition as an ethylene/[err]-ol efin/nonconjugated
pol yene copol ynmer rubber conposition ac8drding to the present invention can
be obt ai ned by sinultaneously or sequentially feeding the above conponents

toamlling deViceﬁﬁg fa&gH%n%%?gk ﬁ?eaﬁlﬁﬁgnp%ﬁgﬂrgal ﬁmggcégﬁgﬁae

tunbl er bl ender or 0 a mx ure an

kneading the m WeH a@ér{?s%n%n%%ﬂ'aﬂgbﬁaﬂﬁagﬁ! kig Eglsgﬁ%% riyger ,

kneader, a Banbury m etc e use o evigce having excel |l ent

kneading 15 capaliindny Wi A3 SULEI Bl 8paehewresbhudg/mikneader or Banbury
m xer anong the "above nelt kneaders enabFes obtaining a crystalline

pol yol efin resin conpgpsigdaannthisel :qual ity in which the various
conponents are uniformy dispersed. 20 EFFECT OF THE
| NVENTI ON The et hyl emgd pednainen'tneetonpsgaecadupety tneacopodaymes witiber
conposi tion according to the present invention enables providing a nolding
bei ng excel | entddpardeme Industrial Standard K 6301 in which the specimen
was retained at a length corresponding to an elongation of
100%.
(4) MFR: '
10 The MFR waé measured in accordance with ASTM D1238 at
230°C under 2.16 kg.
(5) flexural modulus (FM):
The flexural modulus (FM) was measured by conducting a
flexural test in accordance with ASTM D790 in which:
15 specimen: 12.7 mm in width, 6.4 mm in thickness and
127 mm in length,
span: 1Q0 mm, and
flexural speed: 2 mm/min.
(6) Izod impact strength (IZ):

- 20 The Izod impact strength (IZ) was measurea by
conducting an impéct test in accordance with ASTM D256 in
which:

temperature: -30°C,

specimen: 12.7 mm in width, 6.4 mm in thickness and 64
25 mm in length, and

notch: made by machining.

[With respect to noncrosslinked thermoplastic elastomer

composition]



tenperature properties. 25 Specifically, the olefinic thernoplastic
el astoner conposition (1) as an ethyl ene/ a-ol ef i n/ nonconj ugat ed pol yene
copol ymer rubber conposition according to the present invention, even when
bei ng of the noncrosslinked =~ 33 type, enables providing a nolding being
excellent in tensile strength, elongation at break, rubber properties, heat
resi stance and | ow tenperature properti®% as conpared with those of the
conventi onal noncrosslinked olefinic 5 thernoplastic elastonmers. This

ol efinic thernopl asty | ast, sition, especially when being

partially or entire%§&§$§ggﬁggﬁéﬁggg2§b#es providing a nolding which is

superior to the CO”%%@%%%@%kiXHl8@”5%@91§§€Per5 in | ow tenperature 10
ngth, “el onga

properties, tensile 'S{r on” at " break and rubber properties.

The crystalline polﬁg!g&%gnrg§'gsgﬂgpg§iaﬁgﬁ?(?d,§§QHhﬁé Qng@§

. . ! ous
pol yol efi n nol di ng bei ng“excellent 1 n not y rigirdity an resi stance

but al so i npaciobaiteshibanee. (23PsChadlng @b .6oWhempesatiyres. EXAMPLE The
present invention will further be i1llustrated with ref-erence to the

fol | owi ng exanpliey diphehylphbephaio) efhiné hendcoPpeanbiot mtydeils cecare
In the foll ow ng Exanpl es and Conparative Exanples,
were put in a 50 ml flask having a stirrer placed therein
and stirred at 25°C for 2 hr.
Thereafter, 17 ml of a toluene solution containing
triethylaluminum in a concentration of 1 mol/liter
10 (triethylaluminum 17 mmol) was added at 2%5°C and Stirred
for 2 hr, thereby obtaining a catalyst.
(Synthesis of 4-ethylidene-8-methyl-1, 7-nonadiene
(EMN) ] |

HoC = CH - CH; - C - (CHz)2 — CH = C (CH3)2
: ' [

15 CH (CHj)

100 g (734 mmol) of 7-methyl-3-methylene-1,6~octadiene
(B-myrcene) and the whole amount of the above prepared
catalyst were put in a 300 ml stainleés steel (SUS 316)

20 autoclave in argon atmosphere and hermetically sealed.

Subsequently, an ethylene cylinder was directly
connected to the autoclave and ethylene was introduced and
an intraautoclave pressure was raised to 35 kg/cmz.

Thereafter, the autoclave was heated to 95°C and the

25 consumed ethylene was intermittently supplemented 5 times.

Reaction was effected for a toﬁal of 15 hr.



t he conposition evaluation tests were carried out in the foll ow ng manners.
[ Property nmeasuring nethod] (1) tensile strength: 25 The tensile
strength at break was neasured in accordance wi th Japanese | ndustri al
Standard K 6301 in which the specinmen was pulled at a speed of 200 m m n.
(2) elongation at break: 34 The el ongation at break was measured in
accordance with Japanese Industrial Stamgrd K 6301 in which the specinen
was pulled at a speed of 200 mimn. (3) pernanent set: 5 The

per manent set was neasured .in accardance rpanese | ndustrial Standard

K 6301 in which the 3PetT leif \ﬁé’é“ﬂl&tdioﬁ‘e(?\%attq’g?@ﬁ&f:ﬁo%rFagpﬁﬂﬁ?ﬁ a¥% an
W ChOASTM DL23E"8% 01 e diRedies 216 kRS (1Y PEXAArrBaRrEeo by - The
oanh ot i b YR TRASALE L SO W0 LK Bhobh bBtec,
6.4 mmin thickogssr &bl 2niBNdd) iR 130T ah@0ahte@Rdiayer. The
- 5 organic layer was recovered, evaporated by means of an
evaporator to thereby remové low boiling point matter and
subjected to a 20-plate vacﬁum superfractionation.
Thus, 83 g of the desired EMN was obtained (yield: 69%
and B-myrcene conversion: 90%)..'A reaction byproduct of
10 5,9-dimethyl-1,4,8-decatriene was formed “in an ambunt of 16
g (yield: 13%).
The analytical results of the thus obtained 4-
ethylidene~8-methyl-1, 7-nonadiene (EMN) are as follows:
(1) boiling point: 103 - 105°C/30 mmHg,
15 (2) GC-MS (gas chromatography-mass spectrometry) :
m/z 164 (MY molecular ion peak),
149, 123, 93, 79, 41, 27
gas chromatography conditions:
column: J & W Scientific
20 capillary column DB-1701 0.25 mm x 30 m,
vaporization temperature: 250°C,
-column temperature: held at 60°C for 5 min and raised
at a rate of 10°C/min to 200°C.
(3) infrared absorption spectrum (neat)
25 absorption peaks: 3080 cm~l, 2975 ecm~1, 2925 cm~1,
2825._cm‘1, 1670 cm~!, 1640 cm~l,
1440 cm~1, 1380 em~1, 1235 em-1,

1110 em~1, 910 cm™1, 830 em~1



flexural speed: 2 nmmimin (6) |zod inmpact strength (12): 20 The | zod
I npact strength (12Z) was neasured by conducting an inpact test in’
accordance with ASTM D256 in which: tenperature: -30[err]C, specinen: 12.7
mmin width, 6.4 mmin thickness and 64 25 mmin |ength, and notch: nade
by machining. [Wth respect to noncrosslinked thernoplastic el astoner
conposi tion] 35 Referential Exanple B Preparation of catalyst] In argon
at nosphere, 43 (0 33 nmol ) of anhydrous cobalt chloride (I11), 263 ng

(0.66 mmol) of 1, di phenyl phosphi no) et han nd 23 m of anhydrous
decane were put in a“@b 5199F§§Pqﬁ5ﬁ Q QV%PFercﬁFiégd therein and
stirred at 25[err]C {for r. Thereaf ne sol ution

cont ai ni ng tr|etherHQﬁn%%ﬁﬂHHFEQHbgﬁé ﬁtFﬁFl&ﬁsﬁFdlaﬁD??gf?%? 10
(triethylal uminum17 nmol) was added at 25[err]C and stirred for 2 hr,

t hereby obtaining a catalyst. [Synthesis of

4- et hyl i dene-8-nethyl -1, 7- nonadi g,6EWN] Herr]C = CH -CHerr] - C -
(CHerr])[err] - CH=C (CHerr])[err

5
ppm_(d) (number of proton, peak)
1.60 (6 H, singlet)
1.70 (3 H, singlet)
2.00 (4 H, singlet)
2.80 (2 H, doublet, J = 7 Hz) !
5.9-6.5 (4 H, multiplet)
6.7 (l'H, multiplet)
[Preparation of ethylene/0-olefin/nonconjugated
polyene copolymer rubber]
10 Copolymerization of ethylene, propylene and the above

4-ethylidene-8-methyl-1, 7-nonadiene (EMN) Qas continuously
carried out with the use of a 15;liter polymerization
reactor equipped with an égitating blade.
Dehydrated and purified hexane, a hexane solution of
15 bis(1,3-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
in terms of aluminum atéms) and a hexane solution of EMN

20 (concentration: 0.20 liter/liter) were fed into the



15 CH (CHerr]) 100 g (734 mol) of

7- met-hyl - 3- et hyl ene- 1, 6-oct adi ene ([err]-myrcene) and the whol e anount of
t he above prepared catalyst were put in a 300 mM stainless steel (SUS 316)
20 aut ocl ave in argon atnosphere and hernetically seal ed. Subsequently,
an ethylene cylinder was directly connected to the autoclave and et hyl ene
was introduced and an intraautoclave pr8&ure was raised to 35 kg/cn®."’
Thereafter, the autoclave was heated to 95[err]C and the 25 consuned

et hyl ene was i Oefﬂéégi?é%riiégflf{%ﬁlc%g@mf?gm%hi g?ﬁ?ﬁ%gﬁ | ofe Mase eff ected for

a total of 15 hr. e conpletion he reaction, the autoclave
was cool ed and ,.Qnened sajd LRe st BYS 3004 8LBeH T €aCHT PP 83 M) & VRSLRAUN ALL,

into 100 M of water to thereby effect separatiqn into an organic |ayer and

a water layer. glhe 153 ter0H3aRInG hayenjvag/hecovered, evaporated by nmeans of
an evaporator to thereby renove | ow boiling point matter and subjected to a

20- pl ate vacuum supenirtarid,oRdhiydeneTAna, pB3pglehet hereeted axt Edspearsive
obtained (yield: 69% and [err]-myrcene conversion: 90% . A reaction
byproduct o5 1Gatds Dfliaas Nltel/Ar8addcatdi 2htendlsr f andratydrogean avasurftedf
16 g (yield: 13%9. The analytical results of the thus obtained 4-
et hyl i dene- 8- netthyd rBte sowaditbas CERNroncenhsatodh ovkerdd] Hypithengasoi nt:
103 - 105[err] 30 mmtg,

phase portion was held at 0.004 mol% into the

polymerization reactor from an upper part thereof in a

continuous manner. This copolymerization reaction was

10 conducted at 50°C. . L ¥

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 copolymer was separated from

15 the solvent by steam stripping and dried at 100°C in vacuum
(100 mmHg) for 24 hr.

Thus, there was obtained the above
ethylene/propylene/EMN copolymer rubber at a rate of 240
g/hr.

20 The obtained ethylene/propylene/EMN copolymer rubber
(B-1) had a molar ratio of ethylene units to propylene
units (ethylene units/propylene units) of 80/20, an iodine

value of 11 and an intrinsic viscosity [1N] measured in

135°C decalin of 2.8 dl/g.

25 f i Exam n

The same procedure as in Referential Example 1 was

repeated to thereby obtain ethylene/0~olefin/EMN copolymer

rubbers (B-2 and B-3) specified in Table 2.



15 (2) GC-Ms (gas chromat ography-mass spectronetry): mz 164 (Mert]
nol ecul ar 1 on peak), 149, 123, 93, 79, 41, 27 gas chronmat ography
conditions: colum: J & WScientific 20 _ capillary col umm
DB-1701 0.25 mmx 30 m vaporization tenperature: 250[err]C, columm
tenperature: held at 60[err]C for 5 min and raised at a rate of
10[err]Cmn to 200[err]C. (3) infrared3dpsorption spectrum (neat) 25
absorption peaks: 3080 cnferr], 2975 cnferr], 2925 cnferr], 2825 cnferr],
1670 cnmerr], 1640 cnierr], 1440 cnferr], 1380 cnferr], 1235 cnferr], 1110

cnerr], 910 cnferr], 830 cnferr] 37 (4) 1H NWR spectrum (sol vent:
CDCl[err]). The absorptlon peaks are Ilskgg gszfolloms Table 1 5 ppm
([err]) (nunber of proton, peak) & (6 H singlet) 1.70
(3 H singlet) 2.00 (4 H, singlet) 2. 80 . (2 H, doublet, J =
7 Hz) 5.9-6.5 (4 H murtiprey) 6.7 (T H mulftiplet)
Ref. Ex. 1 | Ref. Ex. 2 | Ref. Ex. 3
copolymer rubber B-1 B-2 B-3
a-olefin propylene l-butene l-octene
ethylene/o~olefin 80/20 79/21 82/18

(mol. ratio)

nl (di/q) - 2.8 2.7 2.9
I ¥
iodine wvalue 11 _ 13 12
5
Example 1

50 parts by weight of the above ethylene/propylene/EMN
copolymer rubber (B-1) obtained in Referential Example 1
was milled together with 50 parts by weight of propylene

10 homopolymer (A-1) of 11 g/10 min in MFR (ASTM D1238-65T,
230°C) and O.9i'g/cm3 in density at 180°C for ld min by
means. of Banbury mixer. The thus obtained blend was passed
through open rolls and cut by means of a sheet cutter,
thereby obtaining recﬁangular pellets.

15 The rectangular pellets were injection molded into
prescribed specimens and the properties thereof (tensile
strength, elongation at break and permanent set) were
measured in accordance with the above methods.

The results are given in Table 3.

20 Example 2



[ Preparation of ethylene/[err]-olefin/nonconjugated pol yene copol yner
rubber] 10 Copol yneri zati on of ethyl ene, propylene and the above

4- et hyl i dene- 8- net hyl -1, 7- nonadi ene (EMN) was continuously carried out with
the use of a 15-liter polynerization reactor equipped with an agitating

bl ade. Dehydrated and purified hexane, a hexane solution of 15

bi s(1, 3-di net hyl cycl opent adi enyl ) zi rconigign di chl ori de (concentration: 0.05
mrol /liter), a hexane solution of triisobutylalum num (concentration: 20

mmol /liter), a hexang slur of t hyl al umi nooxane (3 mlligramatomliter
interns of,aIuninun?%tB#%gzéﬂﬁiéggﬁ&ééiﬁiﬁﬂ?nq eENﬁ°TBgF&Bh8ﬂnV?§tion
0.20 liter/liter re.fed.into the 38 | ynerd zation reactaor.fr an
upper part t herBé?ggfe?easrb%c?%%ep]f%qee%tlb S gﬁﬁY X ﬁ%reo_ﬂfa Pféral fir, gg].eZ

iter/hr, 0.5 | bhge/REngod ds 2 A iBeidbie FULhR: R4 eAe apdypenpylene

were fed at respective 5 rates of 1ter/ I'iter

hydrogen was fegygbng/E£@kec el ride£0 t IdaQRelineheRE b RehPEaBas
phase portion was held at 0.004 nol % into the polynerization reactor from

an upper pag thesgpiein @a§0ém5ﬂ>m5€w iR Pce BH £neopol ymerization
reaction was 10 conducted at 50[err]C. The resultant polyner solution was
W t hdrawn from &bRyDehyBrog@l ¢ we)/ EMM oo fyndd irtubble@WgB-part, and a snal |
' The results are given in Table 3.
Example 3 |
An olefinic thermopléstic elastomer composition was
10 prepared and the properties thereof were measured' in the
same manner as in Example 1, except that the ethylene/1-
octene/EMN copolymer rubber (B-3) obtained in Referential
Example 3 was employed in place of the
ethylene/propylene/EMN copolymer rubber (B-1).
15 The results are given in Table 3.
Comparative Example 1
An olefinic thermoplastic elastomer composition was
prepared and the properties thereof were measured in the
same manner as in Example 1, except that
20 ethylene/propylene/5-ethylidene-2-norbornene copolymer
rubber (EPDM-1) havihg an ethylene unit content of 80 mol%,
an iodine value of 12 and an intrinsic wviscosity [N] of 2.8
dl/g was employed in place of the ethylene/propylene/EMN
copolymer rubber (B-1)..

25 The results are given in Table 3.



anount of nethanol was added to term nate the polynerization reaction. A
copol yner was separated from 15 the solvent by steam stripping and dried
at 100[err]C in vacuum (100 mrHg) for 24 hr. Thus, there was obtained the
above et hyl ene/ propyl ene/ EMN copol yner rubber at a rate of 240 g/hr. 20
The obt ai ned et hyl ene/ propyl ene/ EMN copol yner rubber (B-1) had a nol ar
ratio of ethylene units to propylene unid$ (ethylene units/propylene units)
of 80/20, an iodine value of 11 and an intrinsic viscosity [[err]] neasured
in 135[err]C decalin of 2.8 dl/g. 25 T blRefserentiaI Examples 2 and 3
The sane procedure as in Referential Exarrpa}eel was repeated to thereby
obt ai n et hyl ene/ a-ol efi n/ EMWN copol yner rubbers (B-2 and B-3) specified in
[S)

Tabl e 2. 39[Tabl e Z Ref~ EX. I [ Ref—EXp 2 Refi—Ex—Scopotymar rubber
B-1 B} 2 B-3 a-ollefin propyl ene dogt.ene _
1-octene ethylgne/[err]-olefin B0/ 20 | Ex. 2 19/&L 3 | px 84/18 (nol.
ratio) [[err]][(dI7Q), — 7.8 2.7 2 9 Todrme]val ue
11 1R tensile stpepgth
[ka/cm?] 105 120 115 73
elongation at break
(%] 520 510 480 420
permanent set
(%] 28 30 33 52
8. ¥
5 Exam 4

An olefinic thermoplastic elastomer composition was
prepared and thé properties thereof were measured in the
same manner as in Example 1, except that the amounts of
blended ethylene/propylene/EMN copolymer rubber (B-1) and

10 propylene homopo;ymer (A-1) were changed to 75 and 25 parts
by weight, respectively.

The results are given in Table 4.

mparative Exam 2
An plefinic thermoplasti; elastomer composition was

15 prepared'and the properties thereof were measured in the

same manner as in Example 4, except that the same

ethylene/propylene/5-ethylidene-2-norbornene copolymer

rubber (EPDM-1) as employed in Comparative Example 1 was

employed in place of the ethylene/propylene/EMN copolymer
20 rubber (B-1).

The results are given in Table 4.



Exanple 1 50 parts by weight of the above ethyl ene/ propyl ene/ EVWN copol yner
rubber (B-1) obtained in Referential Exanple 1 was mlled together wth 50
parts by wei ght of propylene 10 honopolynmer (A-1) of 11 g/10 min in MR
(ASTM D1238- 65T, 230[err]C) and 0.91 g/cnferr] in density at 180[err]C for
10 m n by nmeans of Banbury m xer. The thus obtained bl end was passed

t hrough open rolls and cut by neans of 42sheet cutter, thereby obtaining
rectangul ar pellets. 15 The rectangul ar. péllets were injection

mol ded into prescribed specimens and the properties thereof (tensile
strength, elongation at break and permanent set) were neasured in
accordance with the above nethod§abgge4results are given in Table 3. 20
Exanpl e 2 40 An ol efinic thernoplastic el astqgmer conposition was
prepared and the properties thereof were neasured. n the same nanner as in
Exampl e 1, ex§ept that the etnhylepe/ I- butenefEVN copol yngr rubber (B-2)
obtained in Rgferential 5 Exanpl el 2pwas,e8Phoyedmbn £hace| of the

et hyl ene/ propyrene/ EVN cOpol yner [ubber (B-1)| The resultp are given in
Tabl e 3. Exanpl &80l & |EHefgER her nopl astic el ast oner cofrposition was 10
prepared and {he propefidn®s t herepf wergq neagured pg the

elongation at break

[%] 520 410
permanent set
[%] 10 18
i ¥
5
Example S

An olefinic thermoplastic elastomer composition was
prepared and the properties thereof were measured in the
same manner as in Example 1, except that 40 parts by weight

10 of mineral oil softener [PW-380 (trade name) produced by
Idemitsu Kosan Co., Ltd.] and 20 pafts by weight of talc
[ET-5 (trade name) produced bylMatsumura Sangyo Co., Ltd.]
were blended togethef in addition to the
ethylene/propylene/EMN copolymer rubber (B-1l) and propylene

15 homopolymer (A-1).

The results are given in Table 5.

Comparative Example 3

An olefinic thermoplastic elastomer composition was
prepared and the properties thereof wefe measured in the

20 same manner as in Example 5, except that the same
ethylene/propylene/5-ethylidene-2-norbornene copolymer

rubber (EPDM-1) as employed in Comparative Example 1 was



same manner as in Exanple 1, except that the ethylene/1l- octene/ EWN °

copol yner rubber (B-3) obtained in Referential Exanple 3 was enployed in

pl ace of the ethyl enel/ propyl ene/ EMWN copol ymer rubber (B-1). 15 The
results are given in Table 3. Conparative Exanple 1 An olefinic

t her nopl astic el astonmer conposition was prepared and the properties thereof
were neasured in the same manner as in BE3nple 1, except that 20

et hyl ene/ propyl ene/ 5- et hyl i dene- 2- nor bor nene copol yner rubber (EPDM 1)

nrins: o i seontty TP [P S B e ety The BTRCIKRS Bl spophinet”

ethylene/propylg&@gg}MI §Oppl yner rubber (B-1). 25 The results are
given in Table 3. & Table 3 conp. Ex. 1 Exg 2 Ex. 3 Ex. 1 tensile
strength [kg/C”{err]ihe resultdQre glVE%ZQn.Tabh¥55 73 el ongation at
break [% 520 510 480 420 permanent set [%
28 30 33 52 5 Exanpl e 4
5 Table 5
. Example 5 |Comp. Ex. 3
tensile strength |
[kg/cm?]. 174 _115
elongation at break .
(%] 540 420 - '
permanent set
(%] 28 53

[With respect to partially ‘or entirely crosslinked
10 thermoplastic elastomer composition]
Example 6
50 parts by weight of the above ethylene/propylene/EMN
copolymer rubbgr (B-1) obtained in Referential Example 1
and 50 parts by weight of the same propylene homopolymer
15 (A-1) as employed in Example 1 were provided, and 0.1 part
by weigﬁt of organic peroxide 2,5-dimethyl-2,5-di(tert-
butylperoxy) hexyne-3 and 0.3 part by weight of
divinylbenzene (DVB) were added thereto and satisfactorily
mixed by means of Henschel mixer. ' The resultant mixture
20 was milled by means of Banbury mixer at 180°C for 10 min.

The thus obtained blend was passed through open rolls and



An ol efinic thernoplastic el astoner conposition was prepared and the
properties thereof were neasured in the sanme nmanner as in Exanple 1, except
that the anpunts of bl ended et hyl ene/ propyl ene/ EWN copol yner rubber (B-1)
and 10 propyl ene honopol yner (A-1) were changed to 75 and 25 parts by

wei ght, respectively. The results are given in Table 4. Conparative Exanple
2 An olefinic thernoplastic el astonmer cé#position was 15 prepared and the
properties thereof were nmeasured in the sanme manner as in Exanple 4, except

h h I bb
hat he same elivlensiearapubeneliset hubiepe-GiORRpIAIANG fgRp! yrer ubber

(EPDM 1) as enpl oy aratrve I'n “pl ace of the
ethylene/propy&@@ggﬁgulggp yﬂgESZO rubber (B-1). The results are given

in Tabl e 4. 42 Tab anpl e Conmp. Ex. 2 tensile strength
[kg/cnferr]] The réétangular peiﬁe@éqw@él%@étlbﬁﬁ%l[d’éd into
520 410 permanent set [%

prescribed specimens and the propertles thereof were
5 nmeasured in accordance with the above methods.
The results are given in Table 6.
Example 7
-An olefinic thermoplastié elastomer composition was
prepared and the properties thereof were measured in the
10 same manner as in Example 6, except that thylene¥1-
butene/EMN copolymer rubber (B-2) waé employed in place of
the ethylene/propyléne/EMN copolymer rubber (B-1).
The results are given in Table 6.
Example 8
15 An olefinic thermoplastic elastomer composition was
prepared and the properties thereof were measured in the
same manner as in Example 6, except.that ethylene/1-
octene/EMN copolymer rubber (B-3) was employed in place of
the ethylene/propylene/EMN copolymer rubber (B~1) .
20 The results are.given in Table 6.
Comparative Example 4
An olefinic thermoplastic elastomer composition was
prepared and the properties thereof were measured in the
same manner as in Example 6, except that the same
25 ethylene/propylene/S5-ethylidene-2-norbornene copolymer
rubber (EPDM-1) as employed in Comparative Example 1 was
employed in place of the ethylene/propylene/EMN copolymer

rubber (B-1).



Exanple 5 An ol efinic thernoplastic el astomer conposition was prepared and
the properties thereof were neasured in the sanme manner as in Exanple 1,
except that 40 parts by weight 10 of mneral oil softener [PW380 (trade
nane) produced by Idem tsu Kosan Co., Ltd.] and 20 parts by weight of talc
[ ET-5 (trade nanme) produced by Matsumura Sangyo Co., Ltd.] were bl ended
together in addition to the ethyl ene/ préfyl ene/ EMN copol ymer rubber (B-1)
and propylene 1 5 honopol yner (A-1). The results are given in Table 5.
Conparative Exanpl e'ﬁléb‘rl‘ég\ﬁft'smaci'et Raraepliastihg gl gst omer conposition was
prepared and the properties thereof "were measured in the 20 same manner
as in Exanple 5, except that the same

et hyl ene/ propyl ene/ 5- et hyl i dene- 2- nor bor nene copgl ynmer rubber (EPDM 1) as
enpl oyed in Conparative Exanple 1 wasTabl436enpl oyed in place of the

et hyl ene/ propyl ene/ EMN copol ynmer rubber (B-1). The results are given in

Table 5. 5 Table 5 Exanple 5 Conp. Ex. 3 tensile
strength [kg/cmerr]] 114 115 erongatlmnc%%pbréak
Ex. 6 Ex. 7 Ex. 8 Ex. 4
tensile strength
[kg/cm?] 230 250 240 145
elongation at break
(%] 580 560 600 510
permanent set
[%] 26 22 2§ sg'
gel content .
_ fwt. 8] 68 72 - 73 37
5
Example 9

An olefinic thermoplastic elastomer composition was
prépared and the properties thereof were measured in the
10 same manner as in Example 6, except that the amounts of
blended ethylene/propylene/EMN copolymer rubber (B-1) and
propylene homopolymer (A~1l) were changed to 75 and 25 parts
by weight, respectively.
The results are given in Table 7.
16 mparative Ex
An olefinic thermoplastic elastomer composition was
prepared and the properties thereof were measured in the
same manner as in Example 9, except that the same
ethylene/propylene/5-ethylidene-2-norbornene copolymer

20 rubber (EPDM-1) as employed in Comparative Example 1 was



[ % 540 420 permanent set [% 28

53 [Wth respect to partially or entirely crosslinked 10 thernoplastic
el astomer conposition] Exanple 6 50 parts by wei ght of the above

et hyl ene/ propyl ene/ EMN copol yner rubber (B-1) obtained in Referenti al
Exanple 1 and 50 parts by wei ght of the sane propyl ene honopol yner 15
(A-1) as enployed in Exanple 1 were prodigled, and 0.1 part by weight of
organi ¢ peroxide 2,5-dinethyl-2,5-di(tert- butyl peroxy)hexyne-3 and 0.3

SRR B R O e

was mlled by s..of .Banbury m xer at 180[err]C for 10 mn. The thus

obt ai ned bIendqﬁggxﬂgsgggnfhrough open rolls and, 44 cut by neans of a
sheet cutter, therely ObtalRiRYLeCLAREH! 3R Rebhet4. The rectangul ar
pellets were injection nDIaE into prescribed specinmens and the properties
thereof were 5 neasured in accordance with the above nethods. The results
are given in Table 6. Exanple 7 An olefinic thernoplastic el astoner
conpositi onswas prepared and theTabapgenti es thereof were neasured in the

Example 9 [Comp. Ex. 5
tensile strength
[kg/cm?] 67 38
elongation aé break
%] 660 440 ° Y
permanent set '
[%] 5 13
gel content
[wt. %] 73 33
Example 1
10 An olefinic thermoplastic elastomer composition was

prepared and the properties thereof were measured in the
same manner as in Example 6, except that 40 parts by weight
of mineral oil softener [PW-380 (trade name) produced by
Idemitsu Kosan Co., Ltd.] and 20 parts by weight of talc

15 [ET-5 (trade name) produced by Matsumura Sangyo Co., Ltd.]
were blended together in addition to the.
ethylene/propylene/EMN copolyﬁer rubber (B-1) énd propylene
homopolymer (A-1).

The results are given in Table 8.

20 . iv xam



10 same nmanner as in Exanple 6, except that ethylene 1- butene/ EMN :
copol yner rubber (B-2) was enployed in place of the ethyl ene/ propyl ene/ EMN
copol ymer rubber (B-1). The results are given in Table 6. Exanple 8 15

An ol efinic thernoplastic el astoner conposition was prepared and the
properties thereof were nmeasured in the sanme manner as in Exanple 6, except
t hat et hyl ene/ 1- octene/ EMN copol yrmer rubBer (B-3) was enployed in place of
t he et hyl ene/ propyl ene/ EMN copol ynmer rubber (B-1). 20 The results
are given in Table 6a,089R8585LYEREXATPL £sdi e Dl AldUL JdRIBIRLRR! as

el astomer conposition was prepare the properties thereof were neasured
in the same manpeepasedNab¥abRbepPop¥€LPs tREted i theddured in the
et hyl ene/ propyl ene 5-ethy||dene-§-norbornene cop@l ymer rubber (EPDM 1) as
enpl oyed i n Congamet mé@nExagpl &nlExasp EEP1 Oy esikddptpl it dfhel Rame
et hyl ene/ pr opyl ene/ EMN copol yner rubber (B-1). 45 The results are given
in Table 6. Tablk¢h§leaprpprbpyléne/Exetlylidene-8-ndrborhenensiopelymeengt h
[kg/cmerr]] 230 250 240 145

5 rubber (EPDM-1) as employed in Comparative Example 1 was

employed in place of the ethylene/propylene/EMN copolymer
rubber (B~1).

The results are given in Table 8.

10 Table 8 W - ¥
Example 10 |Comp. Ex. 6
tensile strength _
_ [kg/em2] 245 175
elongation at break

(%] 630 550

permanent set _
(3] 24 45

gel content

[wt. %] 71 39

{With respect to crystalline polyolefin resin composition]
r ial Ex 4
15 The same procedure as in Referential Example 1 was

repeated to thereby obtain ethylene/0-olefin/EMN copolymer

rubber (B-4) specified in Table 9.



el ongation at break [9 580 560 600 510 per manent
set [%A 26 22 2 58 gel content [W. %

68 72 73 37 5 Exanple 9 An olefinic thernoplastic

el astomer conposition was prepared and the properties thereof were neasured
in the 10 same manner as in Exanple 6, except that the anmounts of bl ended
et hyl ene/ propyl ene/ EMN copol yner rubber 4@8-1) and propyl ene honopol yner
(A-1) were changed to 75 and 25 parts by wei ght, respectively The results
are given in Table 7. 15 Conpar at pyg1Exgnmpl e 5 An ol efinic

t her nopl astic el astonmer conposition was prepared and the properties t her eof
were neasured in the sane manner as in Exanple 9, except that the sane

et hyl ene/ propyl ene/ 5- et hyl'1 dene-Zjnor bornene oopolyner Z20[rubber (EPDM 1)

as enployed i} Conparative Exanpl ¢ dep@seEx. Y6 mimpl aed J D gl@ceof 4 he
et hyl ene/ propyT enel EMN copol ynmer fubber (B-I)| Thé result$ are gi vén |n

Table 7. 5 copolymer rubbedalhle 7p-3 B-2 B-4
o-olefin propylene 1-butene l-octene
ethylene/d-olefin 80/20 79/21 80/20

{mol. ratio)

Ml (dl/qg) 2.8 2.6 2.8
iodine value 11 13 12
8 ¢ ¥

75 parts by weight of crystalline propylene
homopolymer (A-2) of 25 g/10 min in MFR and 25 parts by
weight of the above ethylene/propylene/EMN copolymer rubber
(B-1) obtained in Referential Example 1 were milled

10 together and molded by an injection molding machine (resin
temperature: 200°C and mold temperature: 40°C) into ASTM
specimens for the measurement of the flexural modulus and
Izod impact strength of crystalline.polypropylene resin_
composition. The above flexural and impact tests were

15 performed of the obtained specimens.

The results are given in Table 10.

Example 12

A polypropylene :esin composition was prepared and the
properties thereof were measured in the same manner as in

20 Example 11, except that the ethylene/l-butene/EMN copolymer



Exanmple 9 Conp. Ex. 5 tensile strength [kg/cn{err]] 67

38 elongation at break [ % 440 permanent set [%

5 13 gel content [w. % 73 33 Exanple 10 10
An ol efinic thernoplastic el astomer conposition was prepared and the
properties thereof were nmeasured in the sanme manner as in Exanple 6, except
that 40 parts by weight of mneral oil 8tener [PW380 (trade nane)
produced by Idenitsu Kosan Co., Ltd.] and 20 parts by weight of talc 15

Eggé?hgr?geagdl tron tgél %’cej %%%ne/ prop;%a%%% copo ;}]re}e\réecvg béﬁggggi?

and propyl ene hpﬂpppéagmgf(ghéjrugﬁg%|' gaulyts are given in Table 8. 20

Conpar at i ve' Exanple 47 An olefinic thernDpIastlc el ast omer conposition
was prepared and thempéopggﬂt_eg dhergnfenaie ARG 10 the same manner as

i n Exanpl e 10, except that the sane
et hyl ene/ pr opyl ene/ SExdrwylée dehe- 2- nor bor nene copol yner
5 A polypropylene resin composition was prepared and the
.properties thereof were measured in the same manner as in
Example 11, except that the ethylene/l-octene/EMN copolymer
rubber (B-4) obtained in Referential Example 4 was eﬁployed
in place of the rubber (B-1).
10 | The results are given in Table 10. - ¥
mparativ le 7
A polypropylene resin composition was prepared and the
properties thereof were measured in the same manner as in
Example 11, except tﬁat ethylene/propylene/5-ethylidene-2-
15 norbornene copolymer rubber (EPDM-2) having an ethylene
unit content of 80 mol%, an iodine value of 12 and an
intrinsic viscosity [N] of 2.7 dl/g as measured in 135°C

decalin was employed in place of the ethylene/propylene/EMN

copolymer rubber (B-1).

20 The results are given in Table 10.
Table 10
Comp.
Ex. 11 | Ex., 12 | Ex. 13 Ex 7
ME'R [g/10 min] 14 15 13 14
IZ [kg-cm/cm] 18 24 27 13

FM [kg/cm2]| 11000 | 12000 | 11500 | 10700




5 rubber (EPDM-1) as enployed in Conparative Exanple 1 was enployed in
pl ace of the ethyl ene/ propyl ene/ EMN copol ynmer rubber (B-1). The results are

given in Table 8. 10 Tabl e 8 Exanple 10 Conp. Ex. 6
tensile strength [kg/cn{err]] 245 175 el ongati on at
break [% 630 550 permanent set [% 24
45 gel content [W. % 71 50 39 [Wth respect to
crystalline polyolefin resin conposition] Referential Exanple 4 15

The sane procedure fieg ential Exanple 1 was repeated to thereby

obtain ethylene/[err]-olefin/EMN copolynmer rubber (B-4) specified in Table
9. 48 Tablg g Refa ﬁ@&yﬁklf§¥éne5&esan @%hp05&t16n0999|Mﬂgﬁafégbgﬁd the
a-

B-1 ol efin propyl ene but ene
1- oct ene et hyl eswdperit jepltBidveor wereBQk%@ured in ¥8&23ame mann@Q/QQ {sol .

atio) Example 11, except that the amounts of blended crystalline
5 propylene homopolymer (A-2) and ethylene/propylene/EMN
copolymer rubber (B-1) were changed to 60 and 20 parts by
weight, respectively, and that further 20 parts by weight
of talc having an average particle size of 2.5 Um was
added.
10 The results are given in Table 11. & - ¥
Comparative Example 8
A polypropylene resin composition was prepared and the
properties thereof were measured in the same manner as in
Example 14, except that the same EPDM-2 as employed in
15 Comparative Example 7 was employed in place of the
ethylene/propylene/EMN'copolymer rubber (B-1).

The results are given in Table 11.

20 Table 11

Ex. 14 Comp. Ex. 8

MFR [9/10 min] 16 14

12 [kg-cm/cm] 30 22

FM [kg/cm?] 23000 23000




[[err]] (dI/qQ) 2.8 2.6 2. 8 iodine val ue

11 13 12 5 Exanple 11 75 parts by wei ght of
crystalline propyl ene honmopol ymer (A-2) of 25 ¢g/10 min in MFR and 25 parts
by wei ght of the above et hyl ene/ propyl ene/ EMN copol yner rubber (B-1)
obtained in Referential Exanple 1 were nilled 10 together and nol ded by an
i njection nolding machine (resin tenper&lre: 200[err]C and nol d
tenperature: 40[err]C) into ASTM speci nens for the nmeasurenent of the

fl exural nodul us a”@ﬁhﬁﬂ%ﬂiﬂﬂ?Ct strength of crystalline polypropyl ene
resin conposition. The above flexural and inpact tests were 15 performed of
the obtai ned specCi NENSpollfirdfifildes B idkpdsitiadbl @adOprEyarelicadd fhe

pol ypropyl ene resin conposition was prepared andsthe properties thereof
were measured iprépErSid® (RENESt afedd) mtdurplias the eXfephahhat &bein

et hyl ene/ 1- but ene/ EMN copol yner 49 rubber (B-2) obtained in Referenti al
Exanpl e 2 was empdmybel 11, pagspoftidte vheblamounB- bf. bIkadedsul ts are given
in Table 10. Exanple 13 5 A pol ypropyl ene resin conposition was
prepared an8 t hethy bere fpxspyt v erapatyasnr etbbert {B-3hnwasaohanges in
Exanpl e 11, except that the ethyl ene/ 1-octene/ EMN copol yner
to 15 parts by weight and that amorphous propylene/ethylene
random copolymer (C-1) having an ethylene unit content of
41 mol% and an intrinsic viscosity (Mn] of 3.0 dl/g as
measured in 135°C decalin was added in an amount of 10
10 parts by weight [11.1 parts by weight pex 100 parkts by
weight of the sum of the components (A-2) and (B-1)].
The results are given in Tablé 12,
Comparative Example 9
A polypropylene resin composition was prepared and the
15 properties thereof were measured in the same manner as in
Example 15, except that the same EPDM-2 as employed in
Comparative Example 7 was employed in place of the
ethylene/propylene/EMN copolymer rubber (B-1).
The results are given in Table 12.

20

Table 12

Ex. 15 Comp. Ex. 9

MFR [g/10 min] 15 _ 14

IZ [kg-cm/cm] 18 ) 10

FM [kg/cm?] 12000 11500




rubber (B-4) obtained in Referential Exanple 4 was enployed in place of the
rubber (B-1). 10 - The results are given in Table 10. Conparative
Exanpl e 7 A pol ypropyl ene resin conposition was prepared and the properties
t hereof were neasured in the same manner as in Exanple 11, except that

et hyl ene/ propyl ene/ 5- et hyl i dene-2- 15 norbornene copol yner rubber (EPDM 2)
havi ng an ethylene unit content of 80 nmbl24 an iodine value of 12 and an
intrinsic viscosity [[err]] of 2.7 dl/g as neasured in 135[err] C decalin
was enpl oyed in plage of .th t hyl ene/ propyl ene/ EWN copol yner rubber (B-1).
20 The resul rven in Table 10. Table 10 Conmp. Ex. 11 Ex. 12

Ex. 13 Ex 7 MR
[kg. cm cnd 18 B p‘lzl Spy1te r%%lnlé;"ﬂﬁ’/?g?tlon WT%SPrepaerrer far{%fohoeo

12000 11500 0% 'w%rle‘lnéaeak:xar QH%R@esérﬁé'xﬁhmchSé tiron
was prepared arfd ¥he propertles thereo were neasured in the same manner as

in Exanple 11, that et:&% iS hayhhleadgdr e1yshal pidey berps opyl ene
honopol yner (A—r‘%(é}(gpfde et hyl ene propyl ene/ EMN copol yner rubber (B— 1) were
changed to §0 HphdSbPakd® W-3) of 15 g/10 min in MFR and 164°C in
melting point (Tm) measured by DSC was employed in place of
the crystalline propylene homopolymer (A-2).
The results are given in Table 13.
Example 17
10 A polypropylene resin composition wd's' prepartd and the
properties thereof were measured in the same manner as in
Exémple 16, except that the amount of blended
ethylene/propyléﬁe/EMN copolymer rubber (B-1) was changed
to 20 parts by weight and that ethylene homopolymer (A-4)
15 [MFR (ASTM D1238): 13 g/10 min and density (ASTM D1505):
0.965 g/cm3] was added in an amount of 5 parts by weight.
The results are given in Table 13.
Example 18
A polypropylene resin composition was prepared and the
20 properties thereof were measured in the same manner as in
Example 11, except that propylene/ethylene block copolymer
(A-5) of 22 g/10 min in MFR, 8 wt.% in the content of
structural units derived from ethylene, 11 wt.% in the
content of matter soluble in n-decane at ordinafy
25 temperature and 2.9 dl/g in the intrinsié viscosity [N] of
ordinary temperature n-—decane soluble matter as measured in
.135°C decalin was employed in place of the crystalline

propylene homopolymer (A-2).



wei ght, respectively,

average particle size of 2.5 [err]mwas added. 10
given in Table 11. Conparative Exanple 8 A pol ypropyl ene resin conposition
was prepared and the properties thereof were nmeasured in the sane manner as

in Exanple 14,

and that further 20 parts by weight of talc having an
The results are

except that the same EPDM 2 as enployed in 15 Conparative

Exampl e 7 was enpl oyed in place of the &dyl ene/ propyl ene/ EVWN copol yner

rubber (B-1).
Table 11 EX.
[kg.cmcm

23000

14

The results are given in Table 11. 20
Cqu. Ex. 8 MFR . ggklo mn] 16
3othe results gyre-given  in TFP&FC}FPGH]]

51 Exanple 15 A pol ypropyl ene resin conposition was prepared and

23000

14 1Z

the properties thereof were neasured in the same,manner as in Exanple 11,

except that the amount of bl ended

rubber (B-1) was changed to 15 parts

5
by Weli

et e/ pr opyl ene/ EMN copol yner
h¥é§g%t£%nd t hat anor phous

propyl ene/ et hyl ene random copol ymer (C-1) having an ethylene unit content

of 41 nol % and—am T TMtTiI ST T VISTO
135[err] C decdglin was added in an

Tty {ferrit
amgpt pf 1

of —3-0—dt7g

as—TEasured

‘Ex. 17 Ex. 18
MFR [g/10 min] 14 14 15
1z [kg-cm/cm] 19 18 60
FM [kg/cm2] 15000 | 13500 13500

in




10 parts by weight [11.1 parts by weight per 100 parts by wei ght of the
sum of . t he conponents. (A-2) and (B-1)]. The results are given in Table 12.
Co ' il © A pol ypropyl ene resin conposition was prepared and
thmn“mmmHM‘ ereof were nmeasured in the sanme manner as in Exanple
15, txceptt tMat °t he sane EPDM 2 as enpl oyed in Conparative Exanple 7 was
enpl oyed in place of the ethyl ene/ propylaete/ EMN copol ynmer rubber (B-1). The
results are given in Table 12. 20 Table 12 Ex.- 15 Conmp. Ex. 9 MFR

[9/ 10 m n] WHex i . [kg.cmcn] - 18 10 FM
[kg/cnferr]] 1200%9 CIaJnmkff%%bO 52 Exanple 16 A pol ypropylene resin
conposi tion was prephred mmdiiel eriafoerd e d irimein jiWRat edeasuiedei N the
same nmanner as in Exanple 11, except that highly,crystalline propylene 5
hormopol yner (A-&Jp@iyndr Ghulbbdd nedmpddiRt il cbfraisihg 10 €8l bsNgapeinby (TM
measured by DSC was enpl oyed in place of the crystalline propylene

honmopol yner (A-ighiheof esudiyes tarlel igiev gyo liyio 1EFine r&£3inEXAFPARdA130 to 5

5 parts by weight of an ethylene/a-olefin/nonconjugated

polyene copolymer rubber (B) in which the sum of components
(A) and (B) is 100 parts by weight,
said ethylene/0-olefin/nonconjugated polyene copolymer
rubber (B) being composed of ethylene, an €G-olefin having 3
10 to 20 carbon atoms and at least one brancdhed chaifh polyene
compound represented by the followiﬁg general formula [I]:
H26=CH-CH2-C—(CHg)n-—CR3=C—R1

i i
CH (CHj) 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 R2 and R3 independently represents a hydrogen
20 atom or an aikyl group having 1 to 5 carbon atoms, and
said ethylene/0~-olefin/nonconjugated polyene copolymer
rubber (B) being characterized by: .
(1) having a molar ratio of ethylene to the a-olefin
having 3 to 20 carbon atoms (ethylene/d-olefin) of 40/60 to
25 95/5, |

(ii) exhibiting an iodine value of 1 to 40, and



10 A pol ypropyl ene resin conposition was prepared and the properties
t he d in the sane manner as in Exanple 16, except that the
armnmnmmmunﬂﬂiﬂ ‘hyl ene/ pr opyl ene/ EMN copol yrmer rubber (B-1) was changed
to 20 part's By %eifyht and that ethyl ene honopol yner (A-4) 15 [MR (ASTM
D1238): 13 g/ 10 mn and density (ASTM D1505): 0.965 g/cnferr]] was added in
an anount of 5 parts by weight. The resdi®s are given in Table 13. Exanple
18 A pol ypropyl ene resin conposition was prepared and the 20 properties

t hereof were neasureg, jn the sanme manner, as in.,Exanple 11, except that
propyl ene/ et hyl ene bFJOJC{} PO (l&r%‘:ﬂln(?flczé’ljfz?g%?njmh Wﬁﬁ?gﬁeén %oin
t he content of ctural .units derived_fromethylene, 11 wt.%in the
content of nattjzgg oC§5Rd 1PN W }&gcﬁﬁglﬁflSPg¥Hﬁrgn%%Ué%EH%erature and 2.9

dl/g in the intrinsic viscosity[d edlr/]g] Lof [qlr]dkngr_% lepgerature n-decane
a

soluble matter as measured in 135[err|'C decalin was enpfoyed in place of

the crystalline propyl enerfiorayid) AR/ o-A12Fin/noadohleqhesd! p81gERegi VEN iN
e g-tdcin/poroliBantet bELFENe]

Tabl e 13. Table 13 Ex. 16 m n]
14 5 l4copol 2% itilf0aeciTlimed in ¢Paim 1, whichl18
50 Fm Wo}ymer, rudbes ZompositichiaSTelfingd in dPaiy 4. whic

is an olefinic thermoplastic elastomer composition
comprising 10 to less than 60 parts by weight of a
crystalline bolyolefin resin (A) and 90 to more than 40
parts by weight of'ag ethylene/0~olefin/nonconjugated
10 polyene copolymer rubber (B) in which the sum of %omponents
(A) and (B) is 100 parts by weight,
said ethylene/a-olefin/nonconjugated polyene copolymer

rubberl(B) being composed of ethylene, an O0~olefin having 3

to 20 carbon atoms and at least one branched chain polyene
15 compound represented by said general formula (I], and
said ethylene/a—olefin/noﬁconjugated polyene copolymér
rubber (B) being characterized by:
(i) having a molar ratio ethylene to the 0-olefin
having 3 to 20 carbon atoms (ethylene/0-olefin) of 40/60 to
20 95/5,
| (ii) exhibiting an iodine value of 1 to 40, and
(iii) having an intrinsic viscosity (1] measured in
135°C decalin which satisfies the inequality:
0.8 dl/g < [N] < 5.0 dl/g.
25 3. The ethylene/0.~olefin/nonconjugated polyene
copolymer rubber composition as claimed in claim 2, which

further comprises 2 to 100 parts by weight of a softener



—What—is clainmed is: 1. An ethylene/[err]-ol efin/nonconjugated polyene
copg’& ’nrubber conposi tion conprising 10 to 95 parts by weight of a

cry n inresin (A and 90 to 5 5 parts by weight of an

eth ﬁ,mumn/ nonconj ugat ed pol yene copol yner rubber (B) in which
the sum of" 05rrp6ne‘hts (A) and (B) is 100 parts by weight, said

et hyl ene/ a- ol ef i n/ nonconj ugat ed pol yeneS&opol ymer rubber (B) bei ng conposed

of ethylene, an [err]-olefin having 3 10 to 20 carbon atons and at | east

one branched chai I u S e follomnn ener al
formila [1]: rror PRC/eg R SBE: ??’*gcﬁ?l BELFEs 135 {8 o ddgE TS <.
err] CH (CH r e 0]
SRF R[]err] Eepgggg]n%)era%og ?rtég[rggpbﬁgé%% 5{""{;‘%;;15}%%%%%? én%;setgeﬁ'{dl “each of
Rlerr] and R epollyocddépandestihy (Rgpandeths athyﬂbﬁﬁmeZO atom or an
al kyl group having 1 to 5 carbon atons, and said
et hyl ene/[err]omef&nmbaﬁaeﬁaugeaé&dpagwﬁ@ec QL e rryngier ()B) bei ng
characterized by: (i) having a nolar ratio of ylene to the a-olefin
havi ng 3 t§§20 carbdn at 8he cthijenasétielefin/pbncon pigat¥dPaolysdte 95/5,

copolymer rubber composition as claimed in claim 2, which
is a noncrosslinked olefinic thermoplastic elastomer
composition.
5. The ethylene/0~olefin/nonconjugated polyene
10 copolyme: rubber composition as claimed ih’claim 5, which
is a partially or entirely crosslinked olefinic
thermoplastic elastomer composition.
6. The ethylene/a-olefin/nonconjugated polyene
copolymer rubber composition as claimed in claim 1, which
15 is a crystalline polyolefin resin composition comprising 95
to 60 parts by weight of a crystalline polyolefin resin (A)
and 5 to 40 parts by weight of an ethylene/o-~ |
olefin/nonconjugated polyene copolymer rubber (B) in which

the sum of components (A) and (B) is 100 parts by weight,

20 said ethylene/a~olefin/nonconjugated polyene copolymer
rubber (B) being composed of ethylgne, an a—oiefin having 3
to 20 carbon atoms and at least one branched chain polyene
compound represented by the general.formula [I],'and

said ethylene/a~olefin/nonconjugated polyene copolymer
25 rubber (B) being characterized by:
(1) having a molar ratio ethylene to the a-olefin

having 3 to 20 carbon atoms (ethylene/0~olefin) of 40/60 to

95/5,



(ii) exhibiting an iodine value of 1 to 40, and 55 (iii) having an
intrinsic viscosity [[err]] neasured in 135 err]C decalin which satisfies

t he /g < [[err]] <5.0dl/g. 2 The
et hy”mll “““muﬁlﬂl nonconj ugat ed pol yene 5 copol ynmer rubber
conposi tfort ad cfaifred in claim1, which is an olefinic thernoplastic.

el ast onmer conposition conprising 10 to lBgss than 60 parts by weight of a
crystalline polyolefin resin (A) and 90 to nDre than 40 parts by wei ght -of

an et hylene/[err]-olef,in/ non QnyJ ugated,1l ne copplynme rubb r (B) in:
whi ch the sum of coﬁﬁﬁﬂeﬁi% %& daFBfogén% Xgﬁ?t P P %% %%
ethylene/[err]- 0|efNﬁhﬂgn%%ml%@a%%d1BQ&M%B§¢CQQQ&¥§E£yrF@PQ&eéiﬂré&”ﬂw

conposed of ethyl ene,. [err]-o efin having 3 tp 20 carbon atons and at
| east one branghed-chalbliPR! ¥EDEh 132t i 5P ngﬁgr by said general
formula [1], g salg etﬁyﬁene??err? l% ?Qn/nonconjugate ‘pol yene copol yrer

rubber (B) belng charact eri zed ohg: dlli/)y kaviing a sobadirati o ethylene to the
[err]-olefin having 3 to 20 carbon atons (ethylene/[err]-olefin) of 40/60
to 20 95/%, (ii) @&xhi biThiengtiy lieosi/de-oleifia/obntohjugtednpolyeng havi ng
an intrinsic viscosity [[err]] measured in 135[err]C decalin which
satisfies the icopepuaimelry rubb@rdicogposiftfienr b sl&ifledl| iy.claim 6, wherein
the crystalline polyolefin resin (A) is a polypropylene
resin.
8. The ethylene/a-olefin/nonconjugated polyene
10 copolymer rubber composition as claimed ih‘'claim $, which
further comprises 5 to 15 parts by weight of an amorphous
propvlene/ethylene random copolymer (E) per 100 parts by
weight of the sum of the crystalline polyolefin resin (A)

and the ethylene/a-olefin/nonconjugated polyene copolymer

15 rubber (B).



25 3. The et hyl ene/[err]-ol efin/nonconjugated pol yene copol yner
rubber conposition as clained in cl.aim2, ‘which further conprises 2 to 100
parts by wei ght of a softener 56 (C) and/or 2 to 50 parts by wei ght of
an inorganic filler (D) per.100 parts by5&ei ght of the sum of the
crystalline polyolefin resin (A) and the ethylene/[err]-

ol ef i n/ nonconj ugat ed pol yene copol yneABSIRAGT (B). 5 4 The

et hyl ene/ a- ol ef i n/ nonconj ugat ed pol yene copol yrmer. rubber conposition as
clained in cl aEmﬂEwaoLEmNmmnoommATramaowéNErﬁQP@lh\éwggﬂ’flé%ﬁﬁPc

el ast oner conposition. 5. The et hy3GMBOBEAON- ol ef i n/ nonconj ugat ed pol yene
10 copol yner rubber conposition as clainmed in claim2, whichis a
partially or entireFhecetbylenrée-olefin/aorRepivprasdi eoLYeRe opepolymer
conposition. 6. The ethylene/[err]-ol efin/noncgnjugated pol yene copol yner
rubber conposi ribheascomposdtion ofakhelprehenh 1Bventicen c¢orpriseseln

pol yol efin resin conposition conprising 95 to 60 parts by weight of a
crystal | i ne pobperéfiadr espRorAioaadascrysialpinesrolyedefin xskm ()

The sum of SeonBBicAls SCAY LARR Lap 1oeL0BORRPr 4 Ry SHi BRITSTs cordLidly "
hyl [ a-ol ef] ' . ' d
of Lt hylene, af'PBPF) (Do PRERSR¥SSPRIBRCL TR SLPREE S Hevfhg IR

br anched Chalncgggggngtoms and a specific branched chain polyene

compound. The molar ratio of ethylene units to o-olefin
units, iodine value and intrinsic viscosity [1] qf the

5 ¥
10 ethylene/0~olefin/nonconjugated polyene cgpolymergiubber

{(B) are within respectivé specified ranges. This rubber
composition is excellent in low temperature properties.
Of this rubber composition, the olefinic thermoplastic

elastomer composition comprising 90 to more than 40 parts

15 Dby weight of component (B) per 100 parts by weight of the
sum of components (A) and (B), even if being of
noncrosslinked type, enables providing a molding which is
excellent in tensile strength, elongation at break, rubber
properties (for example, elohgation-set and compression

20 set), heat resistance and low temperature properties as
compared with those of the conventional noncrosslinked
olefinic thermoplastic elastomers. When the above olefinic
thermoplastic elastomer composition is partially or
entirely crosslinked, a molding can be provided which is

25 superior to the conventional vulcanized rubbers in low
temperature properties, tensile strength, elongation at.

break and rubber properties.



~conpound represented by the general fornula [I], and said
“ethyleme/[err]-ol efin/nonconjugated pol yene copol yner 25 rubber (B) being
~~characterjzed by; (i) having a molar ratio ethylene to the a-olefin having
3 to 20 carpon atoms (ethylene/a-ol efin) of 40/60 to 95/5, 57 (i)
~exhibiting an iedine value of 1 to 40, and (iii) having an intrinsic
viscosity [[err]] neasured in 135[err]C56bcaIin whi ch satisfies the
inequality: 0.8 dl/g < [[err]] <5.0dl/g. 5 7. The

et hyl ene/ a- ol ef i n/ nanpae1gattdé RAERAS 188ROLYIPH 16 EDRCFe § DAPESHDS Ok B6n
clainmed in claim6, wherein the crystalline polyolefin resin (A is a

> pol ypropyl ene resiprising SThe dithypaette/ Byowelight nofcosmnponéet po) yieae 160
F-copol ymer rubber conposition as clainmed in claim6, which further conprises
-5 to 15 parts lpants dgivt wefiglnt afortpleossmpodpybmpenenty| ¢éhe amdd(B) copol yner
(E) per 100 parts by weight of the sumof the crystalline polyolefin resin
(A) and the et padne’'sa palcafiidimgo ac Polygaeddnpoblding copbtlynks dfcelléer
(B).

5 in not only rigidity and heat resistance but also impact
resistance, especially, impact resistance at low

temperatures.

8 - ¥



