DESCRIPTION METHOD FOR PRODUCING RESIN COMPOSITION
TECHNICAL FIELD [0001] The present invention relates to a method for
producing a resin composition, in particular to a method for producing a
resin composition comprising melt-kneading a cyclic olefin polymer, a
flexible polymer and a radical initiator. In addition, the invention also
relates to a method for producing a shaped article by injection-molding
such a resin composition. B Iﬁ%ﬁg RT [0002] A cyclic olef in
polymer has good chemical resistance, heat resistance and weather

resistance,andiishSpaRES ABISIR- % 99 dimenmianal aggiracy and

good rigidity, and therefore it has many applications for various shaped
TrcatiglearFertBgppurpose of improving the impact resistance thereof, a
flexible polymer may be blended with a cyclic olefin polymer. [0003]
[ ocRatgnt Reference 1 describes a crosslinked impact-resistant cyclic olefin
resin composition comprising a reaction product of a cyclic olef in random

copdBme premernisingn aendthghe meedontpendni andcatdyetic idefiproducing
component and having a softening temperature not lower than 70C, a
a rsdile ¢opbRAidii ARvingta BREE rihsRntendparatite df for higteducing
a rtgggrg%omposition comprising melt-kneading a cyclic olefin
poliymer, aflexiblepolymer andaradical initiator. Inaddition,
the invention also relates to a method for producing a shaped
article by injection-molding such a resin composition.
BACKGROUND ART
fooo2}

A cyclicolefin polymer has good chemical resistance, heat
resistance and weather resistance, and its shaped article has
good dimensional accuracy and good rigidity, and therefore it
has many applications for various shaped articles. For the
purpose of improving the impact resistance thereof, a flexible
polymer may be blended with a cyclic olefin polymer.

[0003]

Patent Reference 1 describes a crosslinked
impact-resistant cyclic olefin resin composition comprising a
reaction product of a cyclic olefin random copolymer comprising
an ethylene component and a cyclic olefin component and having

a softening temperature not lower than 70°C, a flexible copolymer

having a glass transition temperature of not higher than 0°C,



1 and an organic peroxide. Patent Reference 1 says that the resin
composition has good impact strength, especially good low-temperature
impact resistance, but says nothing relating to abrasion resistance
thereof. [0004] Patent Reference 1: JP-A 2-167318 (Claims, Effect of the
Invention) DISCLOSURE OF THE INVENTION Problems that the
Invention is to Solve: (0005] As the resin composition described in Patent
Reference 1 is crosslinked, the increase in its melt viscosity is inevitable,

and, AR REAFBILIRTSRIE Utten Aifffceit WhEh AHBIAng TP thathe resin

requires, high-level melt flwability is employed. Far example, in injection
oSy S high SBeed S n IHEERST mAUHGIS Gve IR eh Htdles 000

ion Mo

Low! {%:i{"%%IE’PumS'di'rr%%é&gi}é]%e%%ﬁ}t@éﬁ RIS %erﬁo%E%H§i%éiat ing

accuracy, good shaped artic not be obtainéd from esin

to CORNASHIN. 10006) Fhe prasestinyention has been made for the

purpose of solving the above problems, and its object is to provide a
[ ogetiod f or producing a resin composition having good abrasion

resistance and melt shapability. Its object is also to provide a method for
Papeoducingfa sbajped driiclgbyAnjectibarndilingtheatesin Effect of the

Invention)

DISCLOSURE OF THE INVENTION

Problems that the Invention is to Solve:
[0005]

As the fesin composition described in Patent Reference
liscrosslinked, theincreaseinitsmeltvisceosityisinevitable,
and therefore its use is often difficult when a molding method
that requires high-level melt flowability is employed. For
example, in injection molding at high speed, or in injection
molding to give large-size articles, or in injection molding
to give articles that require severe dimensional accuracy, good
shapedarticles couldnot be obtained fromthe resin composition.
[0006]

The present invention has been made for the purpose of
solving the above problems, and its object is to provide a method
forproducingaresiﬁcompositionhavinggoodabrasionresistance
and melt shapability. Its object is also to provide a method
for producing a shaped article by injection-molding the resin

composition.



composition. 2 Means for Solving the Problems [0007] The
above-mentioned problems are solved by the methods as disclosed
below. In a first aspect, there is provided a method for producing a resin
composition by melt-kneading a cyclic olefin polymer (A) having a glass
transition temperature of from 60 to 200C and a flexible polymer (B)
Mean3aiRg agiass dansiioretestdssmteire of OC or lower, wherein a part of the
cyclic olefin polymer (A) is previously melt-kneaded with the flexible
[ooglymer (B) and a radical initiator (C) and then the remaining cyclic olefin
polymer (A) is added thereto and melt- kneaded. [00087 Preferably, the
cyclie olgfinspolymer {A)isia peolymerrprepared hyipelymerizinga eyclisods as
olefin of the following formula [17 or [l1]. Alsgmgreferably, the cyclic olefin

discpelfRfer PA) 3% a rafidémicopdlynici-ot&thyl i¥d & eyEliCFIefiR Bf thenethod
- following formula [l ori(I!).A referably, MER(asmeasyred at 230C and, ... . ..
o o T B B o1t A e Coclic

olefpelymer@ds from)0.:hto/50Q 9/40 mina {8009} [Ghermicah 1% 3mperature of

from 60 to 200°C and a flexibble polymer (B] having a glass

transition temperature of 0°C or lower, wherein a part of the

~h

9]

yclic olefin polymer {(A) is previously melt-kneaded with the

1
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pelymer (B) and a radical initiator (C) and then the

remaining cyclic olefin polymer (A) is added

kneaded.
[0008]

Preferably, the cyclic clefin peolymer (A) is a polymer
prepared by polymerizingacyclicolefinof the following formula
1I] or {II]. Also preferably, the cyclic oclefin polymer (A)
ig a random copolymer of ethylene and a cyclic olefin of the
followingformula [I]Jor[IXI]. Alsopreferably, MFR (asmeasured
at 230°C and under a load of 2. 16 kg according to ASTM D1238)

of the cyclic olefin polymer (&) is from 0.1 to 500 g/10 min.

foooe]

[Chemical 1]



R1RaR1RR11R15 3q913R16 R4 10 14/R17 R18 R2 R5 R6 R8
R12 n m [J] [0010] (In formula [ 1], nindicates O or 1; m indicates O or a
positive integer; g indicates 0 or 1; R1 to R18 and Ra and Rb each
independently represent a hydrogen atom, a halogen atom or a
hydrocarbon group; R15 to R18 may bond to each other to form a
monocyclic or polycyclic structure, and the monocyclic or polycyclic
structure may have a dpouble bond; and R15 and R16, or R17 and R18

ay;form an Ilfylid e\grou ¥ [00] ice, 2]4R18 R19R16 0
' K, q (NR15 ~
R15
9 Rlﬁ
10 Rl7
RiS

[0010]

(In formula {I], n indicates 0 or 1; m indicates 0 or a positive
integer; gindicates0orl; R*toR"®and R*andR® each independently
represent a hydrogen atom, a halogen atom or a hydrocarbon group;
R to R may bond to each other to form a monocyclic or polycyclic
structure, and the monocyclic or polycyclic structure may have
a'double bond; and R' and R*®, or R*” and R'® may form an alkylidene
group. )

[0011]

[Chemical 2]



R9R13/\R14 R4R8 nm R11 R12[0012] (In formula [ll], p and g each
indicate O or an integer of 1 or more; m and n each indicate O, 1 or 2; R1
to R19 each independently represent a hydrogen atom, a halogen atom,
an aliphatic hydrocarbon group, an alicyclic hydrocarbon group, an
aromatic hydrocarbon group, or an alkoxy group; the carbon atom to
which R9 (or R10) bonds, and the carbon atom to which R73 or R" bonds
may bond to each other directly or via an alkylene group having from 1 to
3 carbon atoms; and when n = m = 0, R15 andiR%2, oR'R15 and R19 may
bond to each other to form a monocyclic or polycyclic gromatic ring.)

[0013] 5 Preferably, the flexible polymer (B) is j copolymer (b)
prepared by polymerizing at least twg/monomegrs selectgd from>s group
consisting of olefins, dienes and arom E%c Vigyl-Hydrosarbons, having
aglass transition temperature of OC 8f low VR eerX|bIe

Igglymeff

an a

low-crystalline flexible co ) prepared by

[WO monomers SE|€C'[E/OITI royp il
CH 9 /'q @ RlS

L 10 AN

| R R13 O R
8

R o N\ /

[0012]

(In formula [II], p and g each indicate 0 or an integer of 1
ormore; mandneach indicate 0, 1or 2; R toR'® each independently
represent a hydrogen atom, a halogen atom, an aliphatic
hydrocarbon group, an alicyclic hydrocarbon group, an aromatic
hydrocarbon group, or an alkoxy group; the carbon atom to which
R® (or R') bonds, and the carbon atom to which R or R bonds
may bond to each other directly oxr via an alkylene group having
from 1 to 3 carbon atoms; and when n = m = 0, R and R'®, or
R'® and R*’ may bond to each other to form a monocyclic or polycyclic
aromatic ring.)

[0013]



consisting of ethylene and an a-olefin having from 3 to 20 carbon atoms,
a flexible copolymer (b2) prepared by polymerizing ethylene, an a-olefin
having from 3 to 20 carbon atoms, and a cyclic olefin, a flexible
copolymer (b3) prepared by polymerizing a non-conjugated diene, and at
least two monomers selected from ethylene and an a-olefin having from 3
to 20 carbon atoms, and a flexible copolymer (b4) of a random or block
copolymer or its hydrogenation product of an aromatic vinyl-hydrocarbon
and 2rsoigagatds diehbebvehenbielprefeealiyietie fiBibld scopolfmeriple
is an amorphous or low-crystalline flexible copolymer (bl) prepared by
COPRAIYRRFiZIRY aPRABEHR NIV oAtrENSdIbetkB Hrdth aL§Rtb dOTRISRRPBETS
ethylene and an a-olefin having from 3 to 20 carbon atoms. [0014

selpRierhbl I hEBPORIERSFHE ,fé@&aﬁlﬁfw%ﬁp%so?%éa%ﬂatic

g IS B o020 0 b ol IR PONISLIEL

or [PRirkpegded Prefaably i s, they pio9fdhe AGYLTdag Syclteglel )
mn po?ymer (E)rto be & de%rprewous yﬁo tﬁe amount thereof 10 be adde

is iBlel GUeViQin addiipnyiater additiopk & fPRLOYIVAYIbAYSR ting of :
preferably, a part of a cyclic polymer (A) and a flexible polymer (B) are

an amorphous or low-crystalline flexible copolymer (bl) prepared

by polymerizing at least two monomers selected from a group

consisting of ethylene and an c-olefin having from 3 to 20 carbon

atoms,

a flexible copolymer (b2) prepared by polymerizing
ethylene, an a-olefin having from 3 to 20 carbon atoms, and a
cyclic olefin,

a flexible copolymer (b3) prepared by polymerizing a
non-conjugated diene, and at least two monomers selected from
ethylene and an a-olefin having from 3 to 20 carbon atoms, and

a Flexible copolymer (b4} of a random or block copolymer
or its hydrogenation product of an aromatic vinyl-hydrocarbon
and a conjugated diene. Even more preferably, the flexible
copolymer (b} is an amorphous or low-crystalline flexible
copolymer {bl) prepared by polymerizing at least two monomers
selected from a group consisting of ethylene and an o-olefin
having from 3 to 20 carbon atoms.

[0014]

Preferably in the production method, 100 parts by weight



previously melt-kneaded, then a radical initiator (C) is added thereto and
melt-kneaded, and subsequently the remaining cyclic olefin polymer (A) is
added thereto and melt-kneaded. [0015] One pref erred embodiment of
the invention comprises adding a polyfunctional compound (D) having at
least two radical-polymerizable functional groups in the molecule, along
with the radical initiator (C) . Preferably in this, from 0.001 to 1 part by

ight of lyfunctional d (D).i lt-kneaded with 100,
oc §BL LS ARl oS D) S Lo
=K ing t ture Js f 150 0 I f .
ot RELASHANG EORRRIT A LT SO (AP e cone

of dNERading time After #E% agdition of fagsadical INtRIQIECHAS froT301Ps |,

1800 seconds. Also preferably, MFR (as measured at 230C and under a
thd0ad0f 246 KehacemeinguASTeG R1238) Of 1. tasin sempmsHiaqn Y iso be

from 0.01 to 100 g/10 min. In a second aspect, there is provided a method
adddapredusiog Sl shep et adialedntinjeetiendoldingdba e€sim tcamposiionous

produced according to the above-mentioned production method. Effect of
addhtioveitmner addition) isfrom1/99 to70/30. Alsopreferably,
a part of a cyclic polymer {A) and a flexible polymer (B) are
previously melt-kneaded, then a radical initiator (C) is added
thereto andmelt-kneaded, and subsequently the remaining cyclic
olefin polymer (A) is added thereto and melt-kneaded.
[0015]

Onepreferred embodiment of the invention comprises adding
a polyfunctional compound (D} having at least two
radical-polymerizable functional groups in the molecule, along
with the radical initiator (C). Preferably in this, from 0.001
to 1 part by weight of such a polyfunctional compound (D)} is
melt-kneaded with 100 parts by weight of a cyclic olefin polymer
(a).

[0016]

Preferably, the melt-kneading temperature is from 150 to
350°C. Also preferably, the melt-kneading is attained in an
extruderhavingavent. Alsopreferably, thekneadingtimeafter
the addition of the radical initiator (C) is from 30 to 1800
seconds. Also preferably, MFR (as measured at 230°C and under

aloadof 2.16 kgaccording toASTMD1238) of the resin compoéition



[0017] The production method of the invention gives a resin compaosition
having good abrasion resistance andmelt shapability. The resin
composition is favorably used in producing shaped articles, especially
injection-molded articles that require high- levelmeltflowability and in
addition require good abrasion resistance. Best Mode for Carrying out the
is ipvehtion® J0O 28] Pie productier method of the invention is for producing

a resin composition by melt-gpeadlp% a cyclic oIeflnapoI mer, (Ag har\a/mfg a,

glass transition femperattre of froni 60 16 200C af

Qv de arvnad of
a fiéxible polymerfé)

proflavinga glassiansition demperadure, of 0G.ardewes-wherein apartgttheres i n

cyclic olefin polymer (A) is previously melt-kneaded with the flexible

CompRRTEB) ahd atadia! initlec(C)idt thehthe rémaining eyolic-alefis ioned

oPgmer (A“)] isgdded thereto and melt-kneaded. [0019] The cyclic olefin
Productliorn Netllod. . . . .
polymer (A) has good heat resistance, thermal aging resistance, chemical
Effegistatcct RreatR@e B4 E_Mstance, solvent resistance, dielectric
characteristics and rigidity; and owing to such characteristics thereof, it is
[0GjsEY in many applications. A method is known of adding the flexible

polyr,ggg(@gg&gggg%c %Igjtgldpdo I)ér’%er‘t('é)efojr_gg Loyi%%thgeive's a resin

compositionhavinggoodabrasion resistance andmelt shapablility,

The resin composition is favoerably used in producing shaped
articles, especially injection-molded articles that reguire
high-levelmeltflowabilityand dpadditionreguire goodabprasion

registance,

Best Mode for Carrying out the Invention:
fools]

The production method of the invention is for producing
a resin composition by melt-kneading a cyclic oclefin polymer
(&) having & glass transition temperature of from 60 to 200°C
and a flexible polymer (B) having a glass transition temperature
of 0°C or lower, wherein a part of the cyclic olefin polymer
(A) is previously melt-kneaded with the flexible polvmer (B)
and a radical initiator (C) and then the remaining cyclic olefin

polymer (A} is added thereto and melt-kneaded.

{0019}

The cyclic clefin polymer (A) has good heat resistance,

thermal aging reslistance, c<hemical resistance, weather



impact resistance thereof. However, the fact has not been sufficiently
recognized as yet that the abrasion resistance of the cyclic olefin polymer
(A) is unsatisfactory and it could not be significantly improved even by
addition of the flexible polymer (B) thereto. The level of the necessary
properties of shaped plastic articles is being higher these days, and the
resins for them are often required to have high-level abrasion resistance.
However, owing to its poor abrasion resistance, the cyclic olefin polymer
resiRtanEemizH Hith 156 ASHBRC polfhel e aIb AR ARfpradichbietifis and
. saome cases, [0020] It has already been known that Y esin camposition a
righlbEYeq 2Ry REARASURY TReERR SRt By Rier (A it the frexibig =

1n RANERENALNE Dresenge ol aad Gl IRIRL () ISP YN UIER D o

ructure thereinto may have Improved low-temperature

po1PARACt (BYiSIANee T RIS dIIE Be L2SIA SeMPRsHOS te8led fiE #Sving the

brasion resistance, and it has become cléear that the composition has
imp@ead ayasiopesistancerdbmay haeeraideredatrwben thiascycdie olefen

in polymer (A) and the flexible polymer (B) are melt-kneaded at a
suftempesatle ebwbiphithedagicgldnitidiat(€hdcabmposes, enithedwoe of
may 9 undergo crosslinking reaction to give a resin composition having
thegogctalbasidreftsistandgn{@021p) is unsatisfactory and it could
not be significantly improved even by addition of the fiexible
polymer (B) thereto. The level of the necessary properties of
shapedplasticarticles isbeinghigher thesedays, and theresins
for them are often required to have high-level abrasion
resistance. However, owing to its poor abrasion resistance,
the cyclic olefin polymer (A) or its mixture with the flexible
polymer (B) alone is impracticable in some cases.

[0020]

It has already been known that a resin composition prepared
by melt-kneading the cyclic olefin polymer (A) and the flexible
polymer (B) in the presence of a radical initiator (C) to thereby
introduce a crosslinked structure thereinto may have improved
low-temperature impact resistance. This time the resin
composition is tested for its abrasion resistance, and it has
become clear that the composition has good abrasion resistance.
It may be considered that, when the cyclic olefin polymer (A}

and the flexible polymer (B} are melt-kneaded at a temperature

at which the radical initiafor (C) decomposes, then the two may



However, when the cyclic olefin polymer (A), the flexible polymer (B) and
the radical initiator (C) are melt-kneaded, then the melt viscosity of the
resulting resin composition may inevitably increase owing to the
crosslinking reaction occurring between them. Accordingly, in case where
a molding method that requires high-level melt flowability is employed for
the composition, there may occur a problem. For example, in injection
molding at high speed, or in injection molding to give large-size articles, |

un%#ﬂmﬁ%ﬂaﬁ%&h@%a%%&@ fhhY Peqdife SRVEPE B TSiGRP 2 v ng
accuracy, good shaped articles could not be obtained from the

gooc%n?ﬁb%%ﬁ%?fbdﬁﬁtﬁ}\?eefhe problem, the cyclic olefin polymer (A) is

[ Ivided into two portions and added separately at two times in the
Invention. Specifically, apart of the cyclic olef in polymer (A) , the flexible

polymer(R)and the.tadical iytiator (6) &£ nPiryiQunly- nali-knaaded agdvie

then the remaining cyclic olef in polymer (A) is added thereto and

po INglkneaged Aeerrdinalcdhe mburerdithecoyalicaleflin pohwadield) then

having a crosslinked structure and the flexible polymer (B) may be diluted
thavithdhe cyckcoleiinypalimen@) neshavingag cresslinkesbsipocitite; candnay
the increase in the melt viscosity of the resin composition 10 may be
inehdrebp byeleatoth Sgyisinghe tHeeabrasien irekistanceaf thenesfirurring
composition obtained according to the
between them. Accordingly, in case where a molding method that
requires high-level melt flowability is employed for the
composition, there may occur a problem. For example, in
injection molding at high speed, or in injection molding to give
large-gsize articles, or in injection molding to give articles
that require severe dimensional accuracy, good shaped érticles
could not be obtained from the composition.
[0022]

To solve the problem, the cyclic olefin polymer (A) is
divided into two portions and added separately at two times in
the invention. Specifically., apartofthecyclicolefinpolymer
(A), the flexible polymer (B} and the radical initiator (C) are
previously melt-kneaded and then the remaining cyclic olefin
polymer (A} is added thereto and meli-kneaded. Accordingly,
the mixture of the cyclicolefin polymer (A) having a crosslinked
structure and the flexible polymer (B) may be diluted with the

cyclic olefin pelymer {(A) not having a crosslinked structure,

and the increase in the melt viscosity of the resin composition

10



production method can be fully improved. Accordingly, a composition
having both good abrasion resistance and good melt shapability can be
obtained. [0023] The cyclic olefin polymer (A) for use in the invention has
a glass transition temperature of from 60 to 200C. For satisfying the heat
resistance for the shaped article, the glass transition temperature of the
polymer must be 60C or higher, preferably 80C or higher, more preferably
100C or higher. If, however, the molding temperature is too high, then the
maysolRer They GBE0mPBEE eRAG thereford BT 4B 8 FrhfisitioFEm PR AfiF-On

of theg’ggmer must be 200C or lower. The glass transition temperature

resISEANTEI S NEREINRE H O SYRRHHL AR bR 185 B ePSitrs L f8qthe
ith iff tial i lori t.a heati f10 in.

P B R R e ot iy s mpzayeat R et sietily o

conlBa8 2L 240 K9 26U HRYICAIEM L2388, A g yglic, alefin polymer () ¢

IS from 0.1 to 500 g710 min. Tf MFR is lower than 0.1 g/10 min, then the

shdpal Yiseesit-aithgHabipan ise 00 high and the melt moldability of the
resulting resin composition may worsen. More preferably, MFR is at least

[ 0025 19/10 min, even more preferably at least 1 g/10 min. On the other 11
hand, if MFR is larger than 500 g/10 min, then the mechanical

The cyclic olefin polymer {A} for use in the invention
has a glass transition temperature of from 60 to 200°C. For
satisfying the heat resistance for the shaped article, the glass
transition temperature of the polymer must be 60°C or higher,
preferably 80°C or higher, more prefexrably 100°C or higher. IFf,
. however, the molding temperature is too high, then the polymer
may decompose, and therefore, the glass transition temperature
of the polymer must be 200°C or lower. The glass transition
temperature as referred toherein is a glass transition-starting
temperature measured with a differential scanning colorimeter
at a heating speed of 10°C/min.

[0024]

Preferably, MFR (melt flow rate, as measured at 230°C and
under a load of 2.16 kg according to ASTM D1238) of the cyclic
olefin polymer (A) is from 0.1 to 500 g/10 min. If MFR is lower
than 0.1 g/10 min, then the melt viscesity of the polymer is
too high and the melt moldability of the resulting resin
composition may worsen. More preferably, MFR is at least 0.5

g/10 min, even more preferably at least 1 g/10min. On the other

11



strength of the resulting resin composition may lower. More preferably,
MFR is at most 200 g/10 min, even more preferably at most 100 g/10
min. [0025] The cyclic olefin polymer (A) may be any one prepared
through polymerization of an aliphatic cyclic skeleton-having olefin
monomer to give an aliphatic cyclic skeleton-having polymer, and its type
is not specifically defined. Preferably, however, the cyclic olefin polymer
(A) is a polymer prepared through‘g)olymerization of a cyclic olefin of the

hangyoddnd 88l FrstsH]: 18636 fenatu B tri KB4 BeR1g Bpgiral

913 R16 R4 1014 7,R18 R2R5R6 R8 R12 m[l) [002 |
StESRAER (1F SRAdEGELE e T HT i oBB o ST, dodas,  More

prBUEERS, SO A0 S0 R Sect SRR HEDl Hcoronny
at most 100 g/10 min.
{0025]

The cyclic olefin polymer (A) may be any one prepared
through polymerization of an aliphatic cyclic skeleton-having
olefin monomer to give an aliphatic cyclic skeleton-having
polymer, and its type is not specifically defined. Preferably,
however, the cyclic olefin polymer (A) is a polymer prepared
through polymerization of a cyclic olefin of the following
formula [I] or [II]:

{0026]

{Chemical 3]

AN

R15
9 13N R16
10 14| /RY7

R18

[0027]}

(In formula [T], n indicates 0 or 1; m indicates 0 or a positive

integer;qindicatesOorl;I?txﬂﬂﬁandRaandeeachindependently

12



R15 to R18 may bond to each other to form a monocyclic or polycyclic
structure, and the monocyclic or polycyclic structure may have a double
bond; and R15 and R16, or R17 and R18 may form an alkylidene group.)
[0028] [Chemical 4] R18 R19 R16 O R17 R3R R1 R5 CH2 <ED 2 6 R10
R9 R13 fl R14 R4 R8 if m R11 R12 [0029] (In formula [ll], p and g each
indicate O or an integer of 1 or more ; m and n each indicate 0, 1 or 2; R1
to R19 each independently represent a hydrogen atom, a halogen atom,
repwesipHatchndaheaarnat oo Nad atefccioRiRic arbE A HReET ki group;
15 aromﬁtic 13 hydrocarbon group, or an alkoxy group; the carbon atom to _
R™WRi ROYFIRDEBPRSIMENRE EQrHSRRBMIB IR RESBERIYCYyclic

bonds may bond to each other directly or via an alkylene group havin
SEHHIGE o EAFbORSBRRCGNE WHedh R L0 Hrand ToEE Sr o v
a aBAB I RAIL9.§308 Qe o RMONArKEHG QL PNV A a1ky11dene
group. )
[0028]

[Chemical 4]

[0029]

(In formula [II], p and g each indicate 0 or an integer of 1
ormore; mandneachindicate 0, 1or 2; R' toR* each independently
represent a hydrogen atom, a halogen atom, an aliphatic

hydrocarbon group, an alicyclic hydrocarbon group, an aromatic

13



aromatic ring.) [0030] Preferred examples of the polymer prepared by

polymerizing the cyclic olefin of formula [I] or [II] are (al), (a2), (a3) and

(a4) mentioned below. (al) : Random copolymer of ethylene and a cyclic

olef in of formula [I] or [II] (ethylene-cyclic olefin random copolymer).

(a2): Ring-opening polymer or ring-opening copolymer of a cyclic olefin of

formula [1] or [ll]. (a3): Hydrogenation product of (a2). (a4):

Graft-modification product O%gl)' (a2) or (a3). [0031] The cyclic olef in of
hydBRABREN §FPHUP tPomPtRe- B9 BIeMP jokifeF BRPIBR ARIR the which

inventig,r; is described. [0032] The chemical formula of the ¢yclic olef in [ |

fofl

R” { Rral ol oo 9] JCHRMIEE] o R1M KD WD R1505 Ko 2Pnds

mayR%gné ]t%léla% 703:}18erR :B:Segﬁjsl? 803'_3 ]x'fzia an alkylene group having
from 1 to 3 carbon atoms; and when n = m = 0, R' and R'?, or
R*? and R* may bond to each other to form amonocyclic or polycyclic
aromatic ring.)

[0030]

Preferred examples of the polymer preparedby polymerizing
the cyclic olefin of formula [I] or {II] are (al), (a2), (a3)
and (a4) mentioned below.

(al}: Random copolymer of ethylene and a cyclic olefin of formula
[T] or [IXI] (ethylene-cyclic olefin random copolymer).
(a2): Ring-opening polymer or ring-opening copolymer of a cyclic
olefin of formula [I] or [II].

(a3}: Hydrogenation product of (a2).

(a4): Graft-modification product of (al), (a2) or {a3).
[6031]

The cyclic olefin of formula [TI] or {II] to form the cyclic
olefin polymer (A) for use in the invention is described.
[0032]

The chemical formulaof thecyclicolefin [I] isas follows:
[0033]

[Chemical 5]
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n m [I] [0034] In formula [I], n indicates 0 or 1; m indicates O or a positive
integer; g indicates 0 or 1. When q is 1, then Ra and Rb each
independently represent an atom or a hydrocarbon group mentioned
below; and when q is 0, then the dangling bonds bond to each other to
form a 5-membered ring. [0035] R1 to R18 and Ra and Rb each
independently represent a hydrogen atom, a halogen atom or a
drocarbon group. Th%ilalogen atom is a fluqrine atom, a chlorine atom,
iodt . {0036] {phé hydrocarbon group is
| groupj havirjg from 1 to 20 carbon
‘- (bo ms, or an

yl group includes a
SOPFOPY! group, an amyl

Sga 18 dodecyl group
cyclohexyl group;

[0034]

In formula [I], n indicates 0 or 1; m indicates 0 or a
positive integer; g indicates 0 or 1. When g is 1, then R® and
R® each independently represent an atom or a hydrocarbon group
mentioned below; and when g is 6, then the dangling bonds bond
to each other to form a 5-membered ring.

[0035]

R' toR'® and R®* and R® each independently represent ahydrogen
atom, a halogen atom or a hydrocarbon group. The halogen atom
is a £fluorine atom, a chlorine atom, & bromine atom or an iodine
aton.

{0036]

The hydrocarbon group is independently and generally an
alkyl group having from 1 to 20 carbon atoms, a cycloalkyl group
having from 3 to 15 carbon atoms, or an aromatic hydrocarbon
group. Moreconcretely, thealkyl groupincludes amethyl group,

an ethyl group, a propyl group, an isopropyl group, an amyl group,

15



The hydrocarbon group may be substituted with a halogen atom. In
formula [I], R15 to R18 may bond to each other (or together) to form a
monocyclic or polycyclic structure, and the monocyclic or polycyclic
structure thus formed may have a double bond. Concrete examples of the
monocyclic or polycyclic structure to be formed herein are mentioned
below. [0038] [Chemical 6] Tj122221122uaa [0039] In the above
examples, the carbon atom with a number 1 or 2 is a carbon atom in

2 BE¥diaIHBRvhith RES IR 6§ 0P R 7 FRABTBONEE R P fHPRIBCSIRITOUP
d R18 Ikylid T li i Il
en 1S BB en slalgerc. oo Toeshyldens e s el

C
an I m carbon , and’Its SPecific

S
a pimeitigaedPelaw. D0dpHEReMicH Jlp .
[0037]

The hydrocarbon group may be substituted with a halogen
atom. In formula {I], R'® to R may bond to each other (or
together) to form a monocyclic or polycyclic structure, and the
monocyclic or polycyclic structure thus formed may have a double
bond. Concrete examples of the monocyclic or polycyclic
structure to be formed herein are mentioned below.

[0038]

{Chemical 6]

1 1 1 1 1
2 2 2 2 2
1 1
2 2

[0039]

In the above examples, the carbon atom with a number 1
or 2 is a carbon atom in formula [I] to which RY® (R'*} or RY
(R'®) bonds. R' and R'®, or RY and R'® may form an alkylidene
group. The alkylidene group is generally an alkylidene group

having from 2 to 20 carbon atoms, and its specific examples are

16



R18 R1I9R16 OR17 R3Rn R1IR5CH2goR15 R2R6 FIOR9R13 0
R14 4 R8 ~, m R11 R12if [0042] In formula [ll], p and q each indicate 0
or a positive integer; m and n each indicate 0, 1 or 2. R1 to R19 each
independently represent a hydrogen atom, a halogen atom, a
hydrocarbon group or an alkoxy group. 17 [0043] The halogen atom has
the same meaning as that in formula [I]. The hydrocarbon group each
independently includes an alkyl group having from 1 to 20 carbon atoms,
an g aydgeteakyd oro ﬁaQF@HYSrﬁQ%Gz@EQ%ﬁ%%,%mﬁ%ﬂmideﬂe
roup or an aromatic hydrocarbon group having from 3 to 15 carbon
grog‘lgms. More concretely, the alkyl group includes a methyl group, an ethyl

woq,‘r%p, a propyl group, an isopropyl group, an amyl group, a hexyl

The chemical formula of thecyclicolefin [II] ismentioned
below.
[0041]

fChemical 7]

R  RI9
/ j——l N
R0 O RY
R3 4 R7\ N n/
tCHyog <O>—~RIS
g0 S AN
R w—( () e
N K O\ /
coeoec [
[0042]

In formula {II], p and g each indicate 0 or a positive
integer; m and n each indicate 0, 1 or 2. R' to R! each
independently represent a hydrogen atom, a halogen atom, a

hydrocarbon group or an alkoxy group.

17



group, an octyl group, a decyl group, a dodecyl group and an octadecyl
group; the cycloalkyl group includes a cyclohexyl group; and the aromatic
hydrocarbon group includes an aryl group and an aralkyl group,
concretely a phenyl group, a tolyl group, a naphthyl group, a benzyl group
and a phenylethyl group. [0044] The alkoxy group includes a methoxy
group, an ethoxy group and a propoxy group. These hydrocarbon group
and alkoxy group may be substitutedwith a fluorine atom, a chlorine atom,
[004Bbmine atom or an iodine atom. [0045] The carbon atom to which R9

d 0 d, and th b to which R13 bond the,
R B R R
(1 AKYIERE graRiaving, from 4.1e. 3 Garhon.31ams. l'ﬁé%&&@&&%ﬁkyl

above two carbon atomsS bond to each other via an alkylene group, then

grdip HAYRH JePIRRE e DY BN, BA3: RS, IO URSISRERSSMRY PV Qp
and 18 R11I together form a methylene group (-CH2-), an ethylene group

ha'iGd2GoR) @orepyissa gass(: GHRH1YaHRY1 [§846L\Whem A FdRat ic
0, then R15 and R12, or R15 and R19 may bond to each other to form a

hydnoradystia ogpayeydiaatamatiring. 3THesmatogyalbonpalyoprddic More
aromatic ring in the case includes, for example, the groups mentioned

corpeimh el whidhR 181dd Ra2ofgpmincludes a methyl group, an ethyl
group, a propyl group, an isopropyl group, an amyl group, a hexyl
group, an octyl group, a decyl group, a dodecyl group and an
octadecyl Qroup; the cycloalkyl group includes a cyclohexyl
group; and the aromatic hydrocarbon group includes an arvl group
and an aralkyl group, concretely a phenyl group, a tolyl group,
a naphthyl group, & benzyl group and a phenylethyl group.
[0044]

The alkoxy group includes a methoxy group, an ethoxy group
and a propoxy group. These hydrocarbon group and alkoxy group
may be substitutedwithafluorineatom, achlorineatom, abromine
atom or an iodine atom.

[0045]

The carbon atom to which R®? and R'® bond, and the carbon
atom to which R bonds or the carbon atom to which R!* bonds
may bond to each other directly or via an alkylene group having
froml to 3 carbonatoms. Specifically, when the above two carbon

atoms bond to each other via an alkylene group, then the groups

represented by R’ and R, or the groups represented by R and

18



an aromatic ring when n = m = 0. [0047] [Chemical 8] -(CHq O O (CH2 2
000 ---(CH2 O O O [0048] g has the same meaning as that in formula
[11]. [0049] More concrete examples of the cyclic olef ins of formula [I] or
[I1] are shown below. First mentioned are
bicyclo[2.2.1]-2-heptene(=norbornene)(in the above-mentioned general
formula, the numbers of 1 to 7 each indicate the carbon position number
therein), and derivatives of the compound substituted with a hydrocarbon

R 1696 PSR 0T ChaIRIAY 48286 95 99 A 0681 ExfRpRERF e 9roup

(- pcarbon aoup ale A MEWlv oup ( -CHaCHCH, ) -
[0046]

When n = m = 0, then R and R**, or R and R may bond
tp each other to form a monocyclic or polycyclic aromatic ring.
The monocyclic or polycyclic aromatic ring in the case includes,
for example, the groups mentioned below in which R'® and R' form
an aromatic ring when n = m = 0.

[0047]

[Chemical 8]

{0048]

g has the same meaning as that in formula [II].
[0049]

More concrete examples of the cyclic olefins of formula
Il or [II] are schown below. First mentiqned are
bicyclo{2.2.1]1-2-heptene {=norbornene) (in the above-mentioned
general formula, the numbers of 1 to 7 each indicate the carbon
positicen number therein), and deriv.atives of the compound

substituted with a hydrocarbon group.
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5,6-dimethyl, 1-methyl, 5-ethyl, 5-n-butyl, 5-isobutyl, 7-methyl, 5-phenyl,
5-methyl-5-phenyl, 5-benzyl, 5-tolyl, 5-(ethylphenyl), 5- (|sopropylphenyl),
5-(biphenyl), 5-((3-naphthyl), 5-(a-naphthyl), 5-(anthracenyl),
5,6-diphenyl. [0052] As examples of other derivatives, further mentioned
are cyclopentadiene-acenaphthylene adduct, and
bicyclo[2.2.1]-2-heptene derivatives such as
[00%§-]methano-1,4,4a,9a—tetrahydrof|uorenone, N
methano-1,4,4a,5,10,10a-hexahydroanthracene. [0053] In addition,
ed are tricyclo[4.3.0.12.5]-3-decene derivatives such as
{Cht%fl%;lé%4 ?8 12'5]-3-decene, 2-methyltricyclo[4.3.0.12.5]-3-decene,
5- rqethyltrlcyclo[4 3.0.12'5]-3-decene; 20 tricyclo[4.4.0.12'5]-3-undecene
#TRatives such as tricyclo[4.4.0.125]-3-undecene,
Iricyclo[4.4.0.12.5]-3-undecene. [0054] Also mentioned are
9[4.4.0.12.5.1710]-3-dodecene represented by the following
lformula, and its derivatives substituted

[o051]

Examples of the hydrocarbon group are 5-methyl,
5,6-dimethyl, 1l-methyl, 5-ethyl, 5-n-butyl, 5-isobutyl,
7-methyl, 5-phenyl, 5-methyl-5-phenyl, 5-benzyl, 5-tolyl,
5-{ethylphenyl), 5-(isopropylphenyl}, 5-(biphenyl},
5-{p-naphthyl), 5-(a-naphthyl), 5-{anthracenyl},
5,6-diphenyl.
[0052]

As examples of other derivatives, further mentioned are
cyclopentadiene-acenaphthylene adduct, and
bicyclo[2.2.1]-2~-heptene derivatives such as
l,4-methano-1, 4,4a,%9a-tetrahydrofluorenone,
l1,4-methano-1,4,4a,5,10,10a-hexahydroanthracene.
[0053]

In addition, also mentioned are

tricyclo[4.3.0.1%°

1-3-decene derivatives such as
tricyclo(4.3.0.1%°]-3-decene,
2-methyltricyclo[4.3.0.1%°}-3-decene,

5-methyltricyclo[4.3.0.1%°]-3-decene:

20



with a hydrocarbon group. [0055] [Chemical 10] 210319 1112 4885
7 [0056] Examples of the hydrocarbon group are 8-methyl, 8-ethyl,
8-propyl, 8-butyl, 8-isobutyl, 8-hexyl, 8-cyclohexyl, 8-stearyl,
5,10-dimethyl, 2,10-dimethyl, 8,9-dimethyl, 8-ethyl-9-methyl,
11,12-dimethyl, 2,7,9-trimethyl, 2,7-dimethyl-9-ethyl,
9-isobutyl-2,7-dimethyl, 9,11,12-trimethyl, 9-ethyl-11,12-dimethyl,

9-isobuty]-11,12-dimethyl, 5,8.9,10-tetramethyl,. 8-ethylidene,
trifﬁgﬁw |&éﬁé%9]92mgm, "8y3-éﬁl‘ltf/ﬁgé:r%@-ethyé%&%@%&éﬁe%-isoEr%ﬁ%, as

£ SGHIWldeNg-95byty)s 8-5-RigRMidene, 8-n-propylidene-9-methyl, 21
8-n-propylidene-9-ethyl, 8-n-propylidene-9-isopropyl,

10 -SaB QR YIdERe9 by, B-ipopronylislens a Sdsarropylidene-9-methyl,
8-isopropylidene-9-ethyl, 8-isopropylidene-9-isopropyl,
[ odBisppropylidene-9-butyl, 8-chloro-, 8-bromo, 8-fluoro, 8,9-dichloro,
8-phenyl,
Also mentioned are
tetracyclo{4.4.0.1%%.17''°1-3-dodecene represented by the
following structural formula, and its derivatives substituted

with a hydrocarbon group.

[0055]

IChemical 10]

[0056]
Examples of the hydrocarbon group are 8-methyl, 8-ethyl,
B-propyl, §-butyl, 8-isobutyl, 8-hexyl, 8-cyclohexyl,

8-stearyl, 5,10-dimethyl, 2,10-dimethyl, B,9-dimethyl,

8-ethyl-9-methyl, 11,12-dimethyl, 2,7,9-trimethvyi,
2,7-dimethyl-9-ethyl, 9-isobutyli-2,7-dimethyl,
9,11,1i2-trimethyl, 9-ethyl-11,12-dimethyl,
9-isobutyl-11,12-dimethyl, 5,8,9,10-tetramethyl,

8-ethylidene, 8-ethylidene-9-methyl, 8-ethylidene-9-ethyl,
8-ethylidene-9-isopropyl, 8-ethylidene-9-butyl,

8-n-propylidene, §-n-propylidene-9-methyl,

21



8-methyl-8-phenyl, 9-benzyl, 8-tolyl, 8-(ethylphenyl), 8-(isopropylphenyl),
8,9-diphenyl, 8-(biphenyl), 8-((3-naphthyl), 8-(a-naphthyl),
8-(anthracenyl), 5,6-diphenyl. [0057] Further mentioned are
tetracyclo[4.4.0.12,5 17,10]-3-dodecene derivatives such as adduct of
(cyclopentadiene-acenaphthylene adduct) and cyclopentadiene;
pentacyclo[6.5.1.13,6 02'7 09'13]-4-pentadecene and its derivatives,
pentacyclo[7.4.0.12'5.19'12.08'13]-3-pentadecene and its derivatives,

8-S 8906 12 518% 08, 13]-3-hkaliePaPENd R Gt f g r oPY L -
entacyclo[6.6.1.13'6,02.7.09.14]-4-hexadecene and s derivatives, .

8 'rﬁ_é?(jé(ég&é %96?8?.’1%%‘1258?23.02,7 09,14 ]-4-hentadecgeﬁésa(ﬁ%ri?$ ylidene,
ivati I9[8.£,2,12.9.14,7.ill, 17.03:8,01.2'16]-5-gicasene
o VR8T 6 136 110 1 Tp I8 G e i,
8- %191@%?'845:&@&6@& and disp 23 gipiivatives, deplapyeli§ BididRAS-WButyl,

,8 012,17] -5-heneicosene and its derivatives,

8-chloro-, §-brono, 8-fluoro, 8,9~-dichloro, 8 -phenyl,
8 -methyl-8-phenyl, 9-benzyl, 8-tolyl, 8-(ethylphenvyl),
8- (isopropylphenyl), 8,9-diphenyl, 8- {biphenvyl},
8- (Pp-naphthyl), B-(c-naphthyl}, 8~-{anthracenyl),
5,6~diphenyl.
{0057]

Further mentioned are

tetracyclo[4.4.0.1%°.17}-3-dodecene derivatives such as

adduct of (cyclopentadiene-acenaphthylene adduct) and

cyclopentadiene;

pentacyclol6.5.1.1%*°%.0%7.0%}-4-pentadecene and its
derivatives, pentacyclo[7.4.0.1%%.1%%? 0% ].3-pentadecene
and its derivatives,
pentacyclo[8.4.0.1%°,1%12 0% ®]-3-hexadecene and its

derivatives, pentacyclo[6.6.1.1%% 027 %14

J~4-hexadecene and
its derivatives,
hexacyclo{6.6.1.1°° 1'% 2.7 %) _4_neptadecene and its
derivatives,
‘heptacyclo[8.7.0.1%7 1%7 117 3% 0l21%]_ 5.ejcosene and its
derivatives,

13,6. 110.17' 112,15‘02,7 . 011,16

heptacyclo[8.7.0. l-4-eicosene and its
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octacyclo [ 8.8.0. 12,9.14'7.111, 11,18 . 113,16 . 03, 3,8 . 012'17]-5
-docosene and its derivatives, nonacyclo[10.9.1. 14.7. 113.20 115,18
02,10 03,8 012,21 014,19]-5-penta cosene and its derivatives. [0058]
Examples of the cyclic olef in of formula [ 1] or [ 1l ] usable in the invention
are mentioned above, and more concrete structures of these compounds
are shown in JP-A 7-145213, paragraphs [0032 ] to [0054 ], which are
usable as the cyclic olefin in the invention. [0059] The cyclic olef in of

e HAGhY4S or [1 1] mentioned above may be produced through

hepQiels-A egge“agctlé)p af gy lp,per]ﬂ;adﬂepgmangﬁnleff avmq;g:he

acyc . N - ene d
corré@poﬁ INg structure.” [0060] One of maore type o

of these cyclic olefins®
i +dnay be used herein either singly or as combined. Preferablydlé%i?géq%ves
cyclic olef in of formula [I] or [II] mentioned above , the cyclic olefin ’

ocRAYBEL (B) forgiserin the.mvention mayibegredgeed il £X85Ml&ene and
according to the methods described in JP-A 60-168708, JP-A 61-120816,

itsJP-A61-115912, JP-A61-115916, JP-A61-271308, JP-A 61-3é231&: R8s,
62-252406, JP-A 62-252407 with suitably 23 selecting the condition for

northeypedductions [@0a1]7.123-20 11518 228 3.8 1221 gl4.1%)_5_panta

cosene and its derivatives.

foo58]

Examples of the cyclic olefinof formula {I] or [II] usable
in the invention are mentioned above, and more concrete
structures of these compounds are shown in JP-A 7-145213,
paragraphs [0032] to[0054], whichare usableas thecyclicolefin
in the invention.

[0059]

The cyclic olefin of formula [I] or [II] mentioned above
may be produced through Diels-Alder reaction of cyclopentadiene
and an olefin having the corresponding structure.

[0060]

One or more types of these cyclic olefins may be used herein
~eithersinglyorascombined. Preferablyusingthecyclicolefin
Qf formula [I] or {II] mentionedabove, the cyclicolefin polymer
(A) for use in the invention may be produced, for example,
according to the methods described in JP-A 60-168708, JP-A

61-120816, JP-A61-115912, JP-A61-115916, JP-A61-271308, JP-A

61-272216, JP-A 62~252406, JP-A 62-252407 with suitably
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(al): Ethylene/cyclic olefin random copolymer: In the ethylene/cyclic olef in
random copolymer (al), the constitutional unit derived from ethylene and
the constitutional unit derived from the cyclic olef in as above bond to
each other in random conf iguration, theref ore having a substantially
linear structure. The substantially linear structure of the copolymer not
having a substantially gel-like crosslinked structure is confirmed by the
fact that, when the cojg)ojymer dissolves in an, organic solvent, the

Se]ﬁégﬁﬂ'iﬂa SoitftioR BEMAHS hoifSol TR, BRS? 8RS & when the intrinsic

[00\§§ sity [rj ] thereof is measured, the copolymer completely dissolves in
ecalin at 135C, and this confirms the above. [0062] In the ethylene/cyclic

(a 198" BARYIQMLRROLMEY GPL isedn inuBRIagupLicast a part of

e cyclic olef in of formula [I] or [II] may constitute a repeating unit of the

following fprratasfi d Q& v 9963h 1ehemicahlidR 4 HoBa e R Rd1)R1bne

3(1913R16 41014 R17 R18
constitutionalunitderived fromethylene and theconstitutional
unit derived from the cyclic olefin as above bond to each other
inrandomconfiguration, thereforehavingasubstantially linear
structure, The substantially linear structure of the copolymer
not having a substantially gel-like crosslinked structure is
confirmed by the fact that, when the copolymer dissolves in an
organic solvent, the resulting solution contains no insoluble.

Forexample, when the intrinsicviscosity [n] thereof igmeasured,

the copolymer completely dissolves in decalin at 135°C, and this

confirms the above.
[0062] |

In the ethylene/cyclic olefin random copolymer (al) for
use in the invention, at least a part of the cyclic olefin of
formula [I] or [II] may constitute a repeating unit of the
following formula [IXIX] or [IV].
[0063]

{Chemical 11]
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R2 R5 R6 R8 R12 n m [0064] In formula [lll], n, m, g, R1 to R18, Ra and
Rb have the same meanings as in formula [I]. [0065] [Chemical 12] 25
R18 R19 R16 O R17 R3R7nR]R5CH 2 EIR15 R2 R6 R10 R9 R13 ~
R14 R4 R88 m R11R12 ....[N] [0066] In formula [IV], n, m, p, g, and
R1 to R19 have the same meanings as in formula [Il]. Without detracting
from the object of the invention, the ethylene/ cyclic olef in random

?polymer (al) for use ir%he invention may optier;aIIy have a

o%titutionalﬁgitﬂg've froniQ?cmy her cg@qu erizable monomer.
| AN 5
d 9 13 R16
10 1l | /RY7
™ ,
R}S
R2 RS RO RS 12
N RN R
L] L3 L3 * [m]

[0064]

In formula {III], n, m, g, R* to R'®, R® and R® have the
same meanings as in formula [I].
[0065]

{Chemical 12]
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[0067] The other monomers may be olefins except ethylene and cyclic
olef ins mentioned above, concretely including a-olefins having from 3 to
20 carbon atoms such as propylene, 1-butene, 1-pentene, 1-hexene,
3-methyl-l-butene, 3-methyl-l-pentene, 3-ethyl-lI-pentene,
4-methyl-lI-pentene, 4-methyl-I-hexene, 26 4,4-dimethyl-i-hexene,
4,4-dimethyl-l-pentene, 4-ethyl-I-hexene, 3-ethyl-i-hexene, 1-octene,
1-decene, 1-dodecene, 1-tetradecene, 1-hexad?§ene, J{éotcadecene and
1-eicosene; cyclo-olefins such as cyclobctene, yclopentene,
cyclohexene, 3,4-dimethylcyclopentene, 3-methlylcyclohexene,
2-(2-methylbutyl)-1-cyclohexene, cyclooctene
3a,5,6,7a-tetrahydro-4,7-methano-IH;ifidene;
such as 1,4-hexadiene, 4-methyl-1,ﬁ-{%gxad'
1,7-octadiegne, dicyclopentadiene and'5-viny
ot@ggr mariomergmaiybe used herein_either si
ethylenejcyclic qlef injrandom copoly
i [ monomer as above m

hd _nag-cdnjugated dienes

[0066]

In formula {IV], n, m, p, g, and R* to R*® have the same
meanings as in formula [II}. Without detracting from the object
of the invention, the ethylene/cyclic olefin random copolymer
(al) foruseinthe inventionmay optionallyhaveaconstitutional
unit derived from any other copolymefizable monomer.

I0067]

The other monomers may be olefins except ethylene and
cyclh:olefinsn@ntionedabove,concretelyincludingCbnlefins
having from 3 to 20 carbon atoms such as propylene, l-butene,
l-pentene, l-hexene, 3-methyl-l-butene, 3-methyl-l-pentene,

3-ethyl-l-pentene, 4-methyl-l-pentene, 4-methyl-l-hexene,
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in the invention may be produced according to the production methods
disclosed in the above-mentioned patent publications, using ethylene and
a cyclic olef in of formula[I]or [ Il ]. Of those, preferred is a method of
producing the ethylene/cyclic olefin random copolymer (al) through
copolymerization in a hydrocarbon solvent using a catalyst formed from a
vanadium compound and an organoaluminium compound soluble in the
27 hydrocarbon solvent. [0070] For the copolymerization, also usable is a

4. 4s6titPeidupt 23mBEHGESNe catalyst. The sohd‘*G#o@Wﬁ@é(ﬂodan@ent@ne
t t talyst iti t d that
4-&33@?& A entacHErt Gl ARG hgark GHEChe . 1 -decene,
| d, d [
L e S beaC 28 e ana

1- eli‘l&lgé%é'fc%%% titaniyn.Qr hafpivmcand the, tiapsilion metd bgstene ,

least one cyclopentadienyl skeleton-containing ligand. Examples of the

cyQyirpeniadienyl askeialoprsprigisingpligandrie ascyrianeniadisniEehe ,

an indenyl group, a tetrahydroindenyl group and a fluorenyl group

2 - (opticselly suhstitutediwidyanalesgneup. These gratpsaaayiond to theand
compound via any other group such as an alkylene group. Other ligands

3a.thah tle cyelbpemzdienyl skefetdinagontditiingtidend are an alkyl group,and
a cycloalkyl group,

non-~conjugated dienes such as l,4~hexadlene,

4*methyl~1,4—hexadiene, 5-methyl-1,4-hexadiene,

1,7-octadiene, dicyclopentadiene and 5-vinyi-2-norbornene.

[0068]

These other monomers may be used herein either singly or
as combined. 1In the ethylene/cyclic olefin random copolymer
(al). the constitutional unit derived from the other monomer
as above may be generally in an amount of at most 20 mol%,
preferably at most 10 mol#%.

[0069]

The ethylene/cyclic olefin random copolymer (al) for use
in the invention may be produced according to the production
methods disclosed in the above-mentioned patent publications,
using ethylene and a cyclic olefin of formula [I] or [II]. Of
those, preferred is a method of producing the ethylene/cyclic
olefin random copolymer {(al) through copolymerization in a

hydrocarbon solvent using a catalyst formed from a vanadium

compound and an organcaluminium compound soluble in the
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an aryl group and an aralkyl group and so on. [0071] The
organoaluminiumoxy group and the organoaluminium compound may be
those generally used in producing olef in resins. The solid Group
4metallocene catalyst is described, f or example, in JP-A 61-221206,
JP-A 64-106, JP-A 2-173112. [0072] (a2): Ring-opening polymer or
ring-opening copolymer of cyclic 28 olef in: In the ring-opening polymer or
ring-opening copolymer of cyclic olef in, at least a part of the cyclic olef in
hy 9GARRSR[IFEHIT iy constitute a repeating unit of the following

mogggula [V] or [VII: [0073] [Chemical 131 R1 Ra Rb R7 R11 R15 3 9 13
41014 R17 R18 R2R5R6 R8 R12nm .... vy [0074]

For the copolymerization, also usable is a solid Group
4 metallocene catalyst. The solid Group 4 metallocene catalyst
is a catalyst comprising a tranlsition metal compound that
contains a cyclopentadienyl skeleton-having ligand, an
organcaluminiumoxy compound, and optionally an organocaluminium
compound. The transition metal belonging to the Group 4 of the
Periodic Table is zirconium, titanium or hafnium, and the
transition metal |Thas at least one cyclopentadienyl
skeleton-containing ligand. Examples of the cycleopentadienyl
skeleton-containing ligand are a cyclopentadienyl group, an
indenyl group, a tetrahydroindenyl group and a £luorenyl group
optionally substituted with an alkyl group. These groups may
bond to the compound via any other group such as an alkylene
group. Other ligands than the cyclopentadienyl
skeleton-containingligandareanalkylgroup, acycloalkyl group,
an aryl group and an aralkyl group and so on.

[0071]

The organoaluminiumoxy group and the organcaluminium
compound may be those generally used in producing olefin resins.
The solid Group 4 metallocene catalyst is described, for example.,
in JP-A 61-221206, JP-A 64-106, JP-A 2-173112.

[0072]

(a2): Ring-opening polymer or ring-opening copolymer of cyclic
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In formula [V], n, m, g, R1 to R18, Ra and Rb have the same meanings
as in formula [1]. [0075] [Chemical 14] 29 R18 R19 R16 aR17 R3Rn 0
15 R15CH2~R R2ZR6 RIOR9R130R14 RARgpm RIIR12 ....
[VI] [0076] In formula [VI], n, m, p, g, and R" to R"9 have the same
meanings as in formula [ll]. The ring-opening polymer or the ring-opening
copolymer may be produced according to the production methods
disclosed in the above-mentioned patent publications. For example, a
oledti¢ olefin of formula [I] may be polymerized or copolymerized in the

presence of a [ing-openinjt:; olymerization cajtalgst. .
In the ring-open ng polymer or ring-opening copolymer of

cyclic olefin, at least a part of the cyclic olefin of formula
[I] or [II] may constitute a repeating unit of the following
formula [V] or [VIl:

[0073]

[Chemical 13]

R1l
R15
9 13K 16
10 14| | /R17
R18
R12
AN /m
c e e e V]

[0074]

In formula {V], n, m, q, R* to R*®, R® and R® have the same
meanings as in formula [I].
[0075]

fChemical 141}
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[00771 The ring-opening polymerization catalyst for use herein may be a
catalyst comprising a halide of a metal selected from ruthenium, rhodium,
palladium, osmium, indium or platinum, a 30 nitrate or an acetylacetone
compound, and a reducing agent; or a catalyst comprising a halide of a
metal selected from titanium, palladium, zirconium or molybdenum or an
acetylacetone compound, and an organoaluminium compound. [0078]
(a3): Hydrogenation product of ring-opening polymer or ring-opening
copolymer: The hydrogenation product (a3) of R g-oBé ing polymer or
a ring-opening copolymer which is for use in the’inventikn may be
obtained by hydrogenating the ring-opening pol ring-opening
copolymer (a2) obtained in the manneras aboye, i resence of a
conventional known hydrogenation catglyst.
roduct (a? of a rin%opening ponmeR orarn

of thezcyclc olef in of formula [ 1]

unit of fhe fgllowing formula¥y ical 15]

J ST AN

RY R13 O R14

4 8
N R N e
R11 RIZ

L4 * L4 . [VI]

[0076]

In formula [VI], n, m, p, q, and R* to R have the same
meanings as in formula [IX]. The ring-opening polymer oxr the
ring-opening copolymer may be produced according to the
production methods disclosed in the above-mentioned patent
publications. For example, a cyclic olefin of formula [I] may
be polymerized or copolymerized in the presence of aring-opening
polymerization catalyst.

[0077]

The ring-opening polymerization catalyst for use herein

may be a catalyst comprising a halide of a metal selected f£rom

ruthenium, rhodium, palladium, osmium, indium or platinum, a
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R1 Ra Rr'R7 R1115 R16 3Wn 4 R5. ... [Vff] [0081] In formula [VII], n,
m, g, R1 to R18, Ra and R have the same meanings as in formula [l].
[0082] [Chemical 16] 32 R18 R19 R16 O R17 R3R7nR15CH240
R15 R2R6 RioRgR130OR14 R4ARKpm m R11 R12[0083] In
formula [VIII], n, m, p, g, and R1 to R19 have the same meanings as in
formula [11].

nitrate or an acetylacetone compound, and a reducing agent; or
acatalyst comprisingahalide of ametal selected from titanium,
palladium, zirconiumor molybdenumor anacetylacetone compound,
and an organocaluminium compound.

[0078]

(a3): Hydrogenation product of ring-opening polymer or
ring-opening copolymer:

The hydrogenation product (a3} of a ring-opening polymer
or a ring-opening copolymer which is for use in the invention
may be obtained by hydrogenating the ring-opening polymer or
ring-opening copolymer (a2) obtained in the manner as above,
in the presence of a conventional known hydrogenation catalyst.
[0079]

In thehydrogenationproduct (a3) of aring-openingpolymer
or a ring-opening copolymer, at least a part of the cyclic olefin
of formula [I] or [II] may have a repeating unit of the following
formula [VII] or [VIII]:

[o080]

[Chemical 15]
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[0084] The hydrogenation product (a3) of a ring-opening polymer or an
addition copolymer which is for use in the invention is preferably a
hydrogenation polymer of the ring-opening polymer or ring-opening
copolymer of the above-mentioned norbornene and its derivative
substituted with a hydrocarbon group. [0085] (a4): Graft-modification
product: The graft-modification product (a4) is a 33 graft-modification
product of the ethylene/cyclic olefin random copolymer (al), the

rlng opening polymer or ring-opening cgpolymer,of a cyclic olefin (a2), or
of a ring-apening polymer or a ring-opening
hbdwé. [0086] FoRtHe modifying agent,
boxylic Cld Concretely, it includes
idaleic acid, f

adic acid) ; and

bjc cIo[2 2. 1]het 3-ene-
S unsaturated

fives of the unsat afed ca

[0081}

In formula [VII}, n, m, g, R' to R, R®* and R® have the
same meanings as in formula [I].
[0082]

[Chemical 16]
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unsaturated carboxylic acid imides, unsaturated carboxylic ester
compounds. [0087] More concretely, the unsaturated carboxylic acid
derivatives are maleic anhydride, citraconic anhydride, malenyl chloride,
maleimide, monomethyl malate, dimethyl malate, glycidyl malate and so
on. [0088] Of those modifying agents, preferred for use herein are
a,13-unsaturated dicarboxylic acids and a,p-unsaturated 34 dicarboxylic
acid anhydrides, such as maleic acid, nadic acid and their acid
anhydrides. Two or more of these modifying aget®s m@}be used herein,
as combined. [0089] The degree of modification|of the graft-modification
product (a4) of a cyclic olef in polymer which is in the invention is,
in general, preferably at most 10 mold,/The graft-modifidation preduct
(a4) of a cyclic olefin polymer may be oduged gh graft
polymerlzatlon in the presence of a rﬁ’oél ying ag b preﬁcl)asly
preparing J?caﬁwn product having a higR dev ce o modification and
ixXi odification product With a non cyclic ofefin

0 as tg/haveja desired degree of m/zﬁflc 0090]

[0083]

In formula {VIII], n, m, p, g, and R* to R'® have the same
meanings as in formula [II].
[0084]

The hydrogenation product (a3) of a riﬁg-—opening polymer
or an addition copolymer which is for use in the invention is
preferably a hydrogenation polymer of the ring-opening polymer
.orring—openingcopolymaroftheabove—mentionednorborneneand
its derivative substituted with a hydrocarbon group.
[0085]
(a4}: Graft-modification product:

The graft-modification product (a4) is a
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For obtaining the graft-modification product (a4) of a cyclic olefin polymer

from a cyclic olefin polymer and a modifying agent, any conventional

known method of polymer modification may be widely employed herein.

For example, herein employable for obtaining the graft-modification

product (a) is a method of adding a modifying agent to a melt of a cyclic

olef in polymer for graft polymerization (reaction) of the polymer; or a

method_of adding a modigin agent to a solution of a cyclic olefin
STy R 4 SO RTIBF GG TE AR I BEIFET L {G0RF Fig mandom

rafting reaction may. be attained generally at 60 to 35 350C. The graftin

OB LIS mAS Alob b Aarheil T T BrELencRo Y R in Aty SRR RS
cos SRRSO AFLags GAnAON o IOTEL TG AN R O

having a degree ‘of modification as above may be directly obtained

of tHroHghgafting 1aactitnemacyelic dletinpobupenanda fditiner (a3)

agent. It may also be obtained by previously preparing a modification
me iy 08deldamyagr & high degree of modification through grafting reaction of
a cyclic olef in polymer with a modifying agent and then diluting the
[ oaaedification product with a non-modified cyclic olefin polymer so as to
have a desired degree of modification. [0093]

For the modifying agent, generally used is an unsaturated
carboxylic acid. Concretely, it includes unsaturatéd
carboxylicacidssuchas (meth)acrylicacid, maleicacid, fumaric
acid, tetrahydrophthalic acid, itaconic acid, citraconic acid,
crotonic acid, isccrotonic acid,
endocis-bicyclo[2.2.1]hept-5-ene-2, 3-~-dicarboxylic acid
(nadicacid): andderivativesof theunsaturatedcarboxylicacids
such as unsaturated carboxylic acid anhydrides, unsaturated
carboxylic acid halides, unsaturated carboxylic acid amides,
unsaturated carboxylic acid imides, unsaturated carboxylic
ester compounds.

{00871

More concretely, the unsaturated carboxylic acid
derivatives aremaleic anhydride, citraconicanhydride, malenyl
chloride, maleimide, monomethyl malate, dimethy]l malate,
glycidyl malate and sc on.
foogsg]

Of those modifying agents, preferred for use herein are

a,pf~unsaturated dicarboxylic acids and «,B-unsaturated
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In the invention, any of the above-mentioned (al), (a2), (a3) and (a4) may
be used for the cyclic olefin polymer (A) either singly or as combined.
[0094] Of those, preferred is the ethylene/cyclic olef in random copolymer
(al), or that is, a random copolymer of ethylene and a cyclic olef in of
formula [1] or [II]. The ethylene/cyclic olef in random copolymer (al) is
favorably used since it gives a resin composition having good abrasion

_ resistance. [0095] Preferred examples of the cyclic olefin of formula [I] or

digaripRrEldsedad thestarting desteriaP it tAE BEEtTeREA cli® BitlR acid

random copolymer (al) are the above-mentioned tetracyclo[4.4.0.12'5

and $he}-5 AGHE RN A HerivER & NS Rrdte & With tbAmarIents

roup, from the viewpoint of th@%heatégsistance and the availability
T ¥herfeo ,Sgnd eet}r:aec}y%ro[ﬁl.ﬁ.&ﬁ N ]-3-dodecene is an especially
Fuef rred example of the compound. [0096] Preferably, the ethylene
[o f . . .
content of the ethylene/cyclic olef in random copolymer (al) is from 40 to

85 mpjhinaigof tae healdesisiance.andihe Figidlity thereohJios cation
preferably, the ethylene content is at least 50 mold. Also more preferably,
prdébeethylens contentisatieast 46imokh el e ins for use in the
invention is, in general, preferably at most 10 mol%¥. The
graft-modification product {a4) of a cyclic olefin polymer may
be produced through graft polymerization in the presence of a
modifying agent, or by previously preparing a modification
product having a high degree of modification and then mixing
the modification product with a non-modified cyclic olefin
polymer so as t0 have a desired degree of modification.

[0050]

For obtaining the graft-modification product (ad4) of a
cyclicolefinpolymer fromacyclicolefinpolymer and amodifying
agent, any conventional known method of polymer modification
may be widely employed herein. For example, herein emplovable
for obtaining the graft-modification product (a) is a methed
of adding a modifying agent to amelt of a cyclic olefin polymer
for graft polymerization {(reaction) of the polymer; or a method
of adding a modifying agent to a solution of a cyclic olefin
polymer in a solvent for grafting reaction of the polymer.

[0091]

The grafting reaction may be attained generally at 60 to
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content is preferably from 15 to 60 mold. More preferably, the cyclic olefin
content is at least 25 mold. Also more preferably, the cyclic olefin content
is at most 50 mold. [0097] The flexible polymer (B) is described. The
flexible polymer (B) for use in the invention has a glass transition
temperature not higher than OC. For sufficiently improving the abrasion
resistance of the shaped article obtained herein, the glass transition
temperature must be OC or lower, preferably -10C or lower, more

350 feferdB§ PHRE bLRIEF AR HEAR MR YR HR8 B55&HiB6 tehmpErsabresigence

: not lower than -100C. The degree of crystallinity,of the copalymer, as
OF e ot ey i A ame), e s P 50 g ao

co“@g[&ég_preferably from O to 25 %. [0098] Preferably, MFR (melt flow
rate: as measured at 230C and under a load of 2.16 kg according to

[ 00A2 M D1238) of the flexible polymer (B) is from 0.01 to 200 g/10 min. If
MFR thereof is lower than 0.01 g/10 min, then the melt viscosity of the

copaiyaetionay hedeadngherehibe melneldakikly.of dheFarylingireskion
composition may worsen. More preferably, MFR is at least 0.05 g/10 min,
as ebevenoeyphefeddbty at lensiOth dHIMihrOn ghe gathet haadr EMAER % of
over 200 g/10 min, then the mechanical strength of the resulting shaped
a cgq@kpnggﬂﬁﬁgyppmm@er and a modifying agent. It may also be

obtained by previously preparing a modification product having
a high degree of modification through grafting reaction of a
cyclic olefin polymer with a modifying agent and then diluting
the modification product with a non-modified cyclic olefin
polymer so as to have a desired degree of modification.
[0093]

In the invention, any of the above-mentioned (al}, (a2),
(a3) and (a4) may be used for the cyclic olefin polymer (A) either
singly or as combined.

[0094]

Of those, preferred is the ethylene/cyclic olefin random
copolymer (al), or that is, a random copolymer of ethylene and
a cyclic olefin of formula [I] or [II]. The ethylene/cyclic
olefin random copolymer (al) is favorably used since it gives
a resin composition having good abrasion resistance.

[0095]
Preferred examples of the cyclic olefin of formula [I}

or [II] that is used as the starting material for the
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preferably, MFR is at most 150 g/10 min, even more preferably at most
100 g/10 min. Also preferably, the intrinsic viscosity [-q ], as measured in
decalin at 135C, of the copolymer for use herein is preferably from 0.01 to
10 dl/g, more preferably from 0.08 to 7 dl/g. [0099] Preferably, the flexible
polymer (B) is a flexible copolymer (b) prepared by polymerizing at least
two monomers selected from a group consisting of olef ins, dienes and
aromatic vinyl-hydrocarbons, and having a glass transition temperature
ethy bengr/lefel igsing Hef fiaxibls aepoN merepPdompased(@fl thesare  the
monomers is preferred in view of the affinity thereof to _the cyclic olefin
abespfimenh CPAth SR dAREGRG Font i Eifectlof thei V@ﬁ’l‘%ﬁﬁ §h& and its

copolymer may be copolymerized with 38 a small amount of any other
ST P thaf TR SbOVE THbrtbREd BN GRERATORM] BFéifaqt Ton the

1 EAARISs SE RSl conobuner ) aredne OIOMNG (1102 Bileor

: an amorphous or low-crystalline yme

an®'eP2{S% Dy Polymenzing atleagt wg monpipaissalecied filom AgIoUp, 15y
consisting of ethylene and an a-olefin having from 3 to 20 carbon atoms,

prébdr-adlexiiiarepelysier prepaierfuprlymerizing ethylene,

[0096]

Preferably, the ethylene content of the ethylene/cyclic
olefin random copolymer {al)} is from 40 to 85 mol% in view of
the heat resistance and the rigidity thereof. More preferably,
the ethylene content is at _least 50mol%. Alsomore preferably,
the ethylene content is at most 75 mol%. The cyclic olefin
content is preferably from 15 to 60 mol%. More preferably, the
cyclicolefincontent is at least 25mol%. Alsomorepreferably,
the cyclic olefin content is at most 50 mol%.

[0097]

The flexible polymer (B) is described. The flexible
polymer (B) for use in the invention has a glass transition
temperature not higher than 0°C. For sufficiently improving
the abrasion resistance of the shaped article obtained herein,
the glass transition temperature must be 0°C or lower, preferably
~10°C or lower, more preferably -20°C or lower. In general, the
glass transition temperature is not lower than -100°C. The

degree of crystallinity of the copolymer, as measured through

X-ray diffractiometry, is preferably from 0 to 30 %, more
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an a-olefin having from 3 to 20 carbon atoms, and a cyclic olef in, (b3): a
flexible copolymer prepared by polymerizing a non-conjugated diene, and
at least two monomers selected from ethylene and an a-olefin having
from 3 to 20 carbon atoms, (b4): a flexible copolymer of a random or
block copolymer or its hydrogenation product of an aromatic

vinyl- hydrocarbon and a conjugated diene. [0101] The flexible copolymer

ho s or lQw-crystalline flexible copolymer prepared by
pré@%ymen ng 5 nib?st%wo%r\%or%mers selected from a group consisting of

[Ogyéyiene and an a-olefin having from 3 to 20 carbon atoms. Of the above
(bl) to (b4), the flexible copolymer (bl) is especially favorably used herein

in viemff@faagg?tym@{eméqumg{egmaeoyg;,.esn;f\g 3310498 ana |

The flexible copolymer (bl) is amorphous or low-crystalline and has a

un@iasatensdior tempenate-eloiad ihighes hemdGaand thereferaitis seftble
and flexible. Preferably, its density is from 0.85 to 0.91 g/cm3, more

po pyeferah frohs Of850to @.90g/¢m32[0d 03] Therlexible toppyMert{bldsr is
prepared by polymerizing at least two olefins, and is generally a random

lowepdipar0.01 g/10min, then themelt viscosity of the copolymer
may be too high and the melt moldability of the resulting resin
composition may worsen. More preferably, MFR is at least 0.05
g/10 min, even more preferably at least 0.1 g/10 min. On the
other hand, if MFR is over 200 ¢g/10 min, then the mechanical
strength of the resulting shaped article may lower. More
preferably, MFR is at most 150 g/10 min, even more preferably
at most 100 g/10 min. Also preferably, the intrinsic viscosity
{n], as measured in decalin at 135°C, of the copolymer for use
herein is preferably from 0.01 to 10 dl/g. more preferably from
0.08 to 7 dl/g.

{0099]

Preferably, the flexible polymer (B) is a flexible
copolymer (b) prepared by polymerizing at least twoe monomers
selected from a group consisting of olefins, dienes and aromatic
vinyl-hydrocarbons, and having a glass transition temperature
of 0°C or lower. Using the flexible copolymer (b) composed of
these monomers is preferred in view of the affinity thereof to

the cyclic olefin polymer (A). Without detracting from the

‘effect of the invention, the copolymer may be copolymerized with
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Concretely, ethylene/a-olefin copolymers and propylene/a-olefin
copolymers and so on are usable for it. Without detracting from the object
of the invention, it may contain, if desired, any other copolymerizable
unsaturated monomer component. [0104] The starting material, a-olefin
for the ethylene/a-olefin copolymers may be an a-olefin having from 3 to
20 carbon atoms, and its examples are propylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-lI-pentene, 1-octene, 1-decene and their mixtures. Of

a Shadd, ety Prefdte® BReA-SOMEARAVitGABnTBRoARC¥EHRpR t1oned
atoms. Above all, ethylene /propylene copolymer is favorable in view of

MORHES ity thereof to the cyclic olefin polymer (A). The molar ratio of

(o 1e&tailene to a-olefin (ethylene/a-olefin) in the ethylene/a-olefin copolymer
varies, depending on the type of the a-olefin therein, but is preferably 40

rompLin S elo o R s b eneiRilig L gRis, Disolly e

not less than 50/50, and more preferably not more than 90/10. [0105] The

£o St NEial, arglefin fqrdhs RrepYlepehas-olefin copolymers may be an
a-olefin having from 4 to 20 carbon atoms, and its examples are

(bll)-%u'[r?ﬁ\?, dmepiRity s1-bexenewi-aisiBydentene s1ociene: 1-€lepengmer
pre?a;eglrby poeilymerizing at least two monomers selected from
a group consisting of ethylene and an a-olefin having from 3
to 20 carbon atoms,

{(b2): a flexible copolymer prepared by polymerizing ethylene,
an g-olefin having from 3 to 20 carbon atoms, anda cyclicolefin,
(b3}): a flexible copolymer prepared by polymerizing a
non-conjugated diene, and at least two monomers selected from
ethylene and an «a-olefin having from 3 to 20 carbon atoms,
(b4): a flexible copolymer of a random or block copolymer or
its hydrogenation product of an aromatic vinyl-hydrocarbon and
a conjugated diene.

[ol01]

The flexible copolymer (bl) is an amorphous or
low-crystalline flexible copolymer prepared by polymerizing at
least two monomers selected from a group consisting of ethylene
and an a-olefin having from 3 to 20 carbon atoms. Of the above
(bl) to (b4), the flexible copolymer (bl) is especially favorably

used herein in view of the affinity thereof to the cyclic olefin

polymer (A).
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mixtures. Of those, especially preferred are a-olef ins having from 4 to 10
carbon atoms. The molar ratio of propylene to a-olefin
(propylene/a-olefin) in the propylene/a-olefin copolymer varies, depending
on the type of the a-olefin therein, but is preferably from 30/70 to 95/5.
The molar ratio (propylene/a-olefin) is more preferably not less than
50/50, and more preferably not more than 90/10. [0106] The flexible

{01%°f£|ymer (b2) is a flexible copolymer prepared by polymerizing ethylene,
an a-olefin having from 3 to 20 carbon atoms, and a cyclic olef in. The

flexil;llﬁ Sopo g{rltgli%) is @ggg%%poly(%qr;zing Al Iea?%{m%qé%gb-ns, or

and Is generally a random copolymer. Without detracting from ject

10w ARG eion it Ry keBtaINg if fesired. Ay PSK cRY¥MEriZaRl&F not

unsaturated monomer component. [0107] Concretely, examples of the
higieling maferigtca-olgfia Adraving.iram 3o 3Q cajben atoms fenidRivie.

flexible copolymer (b2) are propylene, 1-butene, 4-methyl-lI-pentene,
Prefbexens; , l-actendchdtegne 4-dodesene, 3etiadecend, g/cm®, more

1-hexadecene, 1l-octadecene, 1-eicosene. Oneormore of these maybe
preafusdaiegint rhire §tadtnd maleddl, @yctiv’olef in for the flexible copolymer

(b2) may be the same as that used as the starting material for the cyclic
[03&&fin polymer (A).

The flexible copolymer (bl) is prepared by polymerizing
at least two olefins, and is generally a random copolymer.
Cencretely, ethylene/c-olefin copolymers and
propylene/a-olefin copolymers and so on are usable for it.
Without detracting from the object of the invention, it may
contain, if desired, any other copolymerizable unsaturated

monomer component.

[0104]

The startingmaterial, a~clefin for the ethylene/a-clefin

copolymers may be an a-olefin having from 3 to 20 carbon atoms,

and its examples are propylene, l1-butene, l-pentene, l-hexene,
4-methyl-l-pentene, 1-octene, l-decene and their mixtures. Of
those, especially preferred are a-olefins having from 3 to 10
carbon atoms. Above all, ethylene/propylene copolymer is
favorable in view of the affinity thereof to the cyclic olefin
polymer (A). The melar ratio of ethylene to a-olefin
(ethylene/a-olefin) in the ethylene/o~-olefin copolymer varies,

depending on the type of the a-olefin therein, but is preferably
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[0108] The flexible copolymer (b2) is prepared by copolymerizing the
monomers preferably in a ratio of from 40 to 98 mold, more preferably
from 50 to 90 mold of ethylene, from 2 to 50 mol%, more preferably from
5 to 40 mold of the other a-olefin, from 2 to 20 mold, more preferably from
2 to 15 mold of a cyclic olef in. This is a substantially linear random
copolymer in which the constitutional units derived from these monomers
are ra&doml cor(ﬁigured. The substantially linear structure of the flexible

Lr BBy HIPhct naiRg RYErfieraSs it difittars 8 1 edrihéd Bip=e
prdPE A 10ALI0E cOPOlMALEOBPIALGlY dizsplyes. In 8%8@&%%]1?%@%@6:

flexible cOpolymer (b2) may be produced by suitably selecting the
th&Pnsliipndor it according to the same method as that for the cyclic olefin
polymer (A). [0109] The flexible copolymer (b3) is a flexible copolymer
[ 0 Jrepared by polymerizing a non-conjugated diene, and at least two
monomers selected from ethylene and an a-olefin having from 42 3 to 20

carbamatoms sHaa-#exigle copalymen d13) is prepased faypolynfeiizing athe
least one non-conjugated diene and at least two olefins, and is generally
propreheinsy copdyfign Comcrdieghsrethyand/e-clefinidiebeftopdiavéng £rom
rubber and propylene/a-olefin/diene copolymer rubber and so on are
4 tQsABICFEPRIVATHIDE detRitine o IGifedrss hPmbeRtonl -pentene,

1-hexene, 4-methyl-l-pentene, l-octene, l-decene and their
mixtures. Of those, especially preferred are a~olefins having
from 4 to 10 carbon atoms. The molar ratic of propylene to
a-clefin (propylene/fo-olefin) 1in the propylene/o-olefin
copolymer varies, depending on the type of the a-clefin therein,
but is preferably from 30/70 to 95/5. The molar ratio
(propylene/a-olefin) is more preferably not less than 50/50,
and more preferably not more than 90/10.

{0lo6]

The flexible copolymer (b2) is a flexible copolymer
prepared by polymerizing ethylene, an o-olefin having from 3
to 20 carbon atoms, and a cyclic elefin. The flexible copolymer
{b2) is prepared by polymerizing at least th.ree olefins, and
is generally a random copolymer. Without detracting from the
object of tﬁe invention, it may contain, if desired, any other
copolymerizable unsaturated monomer component.

{01071

Concretely, examples of the starting material, a-olefin
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the copolymer may contain, if desired, any other copolymerizable
unsaturated monomer component. [0110] Alpha-olef in to constitute the
ethylene/a-olefin/diene copolymer rubber may be an a-olefin having from
3 to 20 carbon atoms, and its examples are propylene, 1-butene,
1-pentene, 1l-hexene, 4-methyl-I-pentene, 1-octene, 1-decene and their
mixtures. Of those, especially preferred are a-olefins having from 3 to 10
carbon atoms. The molar ratio of ethylene to a-olefin (ethylene/a—olefin? in

haviRoe i Athd/ &I ARERE BopbRIMTer AhiHRT Ve BéferioRty s ate P2

type of the a-olefin therein, butis preferably from 30/70 to 95/5. [0111
amAlpﬁg%?é?%ﬂe%ec'onstl uPeu??f‘fal1|c‘>3rbpyI3nIév?i?ac?l%I[’l[n/rgie‘?w‘eeng(g:Sfalc(?lymeri rabber

1-0QRY,Pe a9 aletinhaving iom &.1a 20, carRen Joms, and LS, eXaR0Ies;

are 1-butene, 1-penténe, 1-hexene, 4-methyl-l-pentene, 1-octene,

1-okt568R8 ARd thelrpidures. ObthosenfsRecialbtielarapiue aRiefilSe in .

having from 4 to 10 carbon atoms. The molar ratio of propylene to a-olefin

ThedSyRIapvRNpE-eleliahin tha-prapyese/anokedin/digae 1enpohract spelgimer
varies, depending on the type of the a-olefin therein, but is preferably

{ b2fforma30Le® tdheb/Saltd HY Examples=af e divaesdompdnentiateeial for

the cyclic clefin polymer (A).

[0108]

The flexible copolymer (b2} is prepared by copolymerizing
the monomers preferably in a ratio off from 40 to 98 mol%, more
preferably from 50 to 90 mol?® of ethylene, from 2 to 50 mol%,
more preferably from 5 to 40 mol% §f the other a-olefin, from
2 to 20 mol%, mere preferably from2 to 15mol% of acyclicolefin.
This is a substantially linear random copolymer in which the
constitutional units derived from these monomers are randomly
configured. The substantially linear structure of the flexible
copolymer (b2) not having a gel-like crosslinked structure is
confirmed by the fact that the copolymer completely dissolves
indecalin at 135°C. The flexible copolymer (b2} may be produced
by suitably selecting the condition for it according to the same
method as that for the cyclic olefin polymer (A}.

[0109]
The flexible copolymer (b3) is a flexible copolymer

prepared by polymerizing a non-conjugated diene, and at least

two monomers selected from ethylene and an a-oclefin having from
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ethylene/a-olefin/diene copolymer rubber and the
propylene/a-olefin/diene copolymer rubber are linear non-conjugated
dienes such as 1,4-hexadiene, 1,6-octadiene, 2-methyl-1,5-hexadiene,
6-methyl-1,5-heptadiene, 7-methyl-1,6-octadiene; cyclohexadiene,
dicyclopentadiene; cyclic non-conjugated dienes such as
methyltetrahydroindene, 5-vinylnorbornene, 5-ethylidene-2-norbornene,

5-methylene-2-norbornene, 5-isopropylidene-2-norbornene
3 6. HoR eI SHeBF opdr B ZAGB Ui & oPo Lymer (53) 1s prepared

2,3-diisopropylidene-5-norhornene; , \
Y A TOEhE R Orro bR hen DA SG] ugatea aiene and at least

rwd SIRAM2.2npporadiens, Tieterablys e captentptine dé%??cretely,

component’in the copolymer is from 1 to 20 mold, more preferably from 2

o tHG 1200 K113] T hg flexible copolymer {G4)ds a randomygpfllock — 5ng

copolymer or its hydrogenation product of an aromatic vinyl-hydrocarbon

préfifhe FeNIHOBELAiIaNe 104 4L 506 IRex Bla eI ME b Dn REEEMb 1e

used are 44 styrene-butadiene block copolymer rubber,
f oistyrene-fitscene-atyterecilibok chpoly mberulibdec stysénelisopienention,
block copolymer rubber, styrene-isoprene-styrene block copolymer
theuhiree lypwogemateentain, if desired, any other copolymerizable
unsaturated monomer component,
{0110}

Alpha-olefin to constitute the ethylene/u-olefin/diene
copolymer rubber may be an a-olefin having from 3 to 20 carbon
atoms, and its examples are propylene, l-butene, l-pentene,
l-hexene, 4-methyl-l-pentene, l-octene, 1l-decene and their
mixtures. Of those, especially preferred are a-olefins having
from3to lOocarbonatoms. Themolarratioofethylenetoa-olefin
(ethylene/a-olefin} in the ethylene/a-olefin/diene copolymer
rubber varies, depending on the type of the o-olefin therein,
but is preferably from 30/70 to 95/5.

{0111]

Alpha-olefin to constitute the propylene/a-olefin/diene
copolymer rubber may be an a-olefin having from 4 to 20 carbon
atoms, and its examples are l-butene, l-pentene, l-hexene,
4-methyl-1l-pentene, l-octene, l-decene and their mixtures., Of

those, especially preferred are o-olefins having from 4 to 10

carbon atoms. The molar ratio of propylene to o-olefin
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styrene-butadiene-styrene block copolymer rubber, hydrogenated

styrene-isoprene-styrene block copolymer rubber, styrene-butadiene

random copolymer rubber. [0115] In the flexible copolymer (b4), in

general, the molar ratio of the aromatic vinyl-hydrocarbon to the

conjugated diene (aromatic vinyl-hydrocarbon/conjugated diene) is

preferably from 10/90 to 70/30. The hydrogenated

styrene-butadiene-styrene block copolymer rubber is acopolymer_rubber
(PrREg AP rgdBEénating atPart ot &P of th® BBBBREBEAGS PRihhgiHene

a styrene-butadiene-styrene bjock (:%Ipol mer rubber. The hydrogenate

d_.
CORAENETsBEREHREsKENE Blo ke REPOIy AR CRIbDRP id FRG Syt [AbBart+»
tnd¥ERAedRx hydrogenaing, phRATEALA! %t}‘?odoé%?'%f@qs remaining in

a styrene-isoprene-styrene block copolymer rubber. [0116] One or more
[ o ©f 3he above-mentioned flexible copolymers  (bi), (b2), (b3) and (b4) may

be used herein either singly or as combined. [0117] The radical initiator

(C) nemyahe B8y One e@pablecpie 45 ganeraéing a eatigaliiough thegmal the
decomposition under heat during melt kneading, and its type is not

etispesiiiediy- dafteich /M inalides pewxilegnazo compmings and addX  the
initiators. Of
propylene/a-olefin/diene copolymexr  rubber are linear

non-conjugated dienes such as 1,4-hexadiene, 1,6-octadiene,
2-methyl-1,5-hexadiene, 6-methyl-1,5~heptadiene,
7-methyl-1,6-octadiene; cyclohexadiene, dicyclopentadiene;
cyclic non-conjugated dienes such as methyltetrahydroindene,
S-vinylnorbornene, 5—ethylidene—z-norbérnene,
5-methylene-2-norbornene, 5~isopropylidene-2-norbornene,
6-chloromethyl-5-isopropenyl-2-norbornene;
2,3-diisopropylidene-5-norbornene;
2-ethylidene-3-isopropylidene-5-norbornene;
2-propenyl-2,2-norbornadiene. Preferably, the content of the
diene component in the copolymer is from 1 to 20 mol%, more
preferably from 2 to 15 mol%.
[0113]

The flexible copolymer (b4) is a random oxr block copolymer
or its hydrogenation product of an aromatic vinyl-hydrocarbon
and a conjugated diene.

[0114]

For the flexible copolymer {(b4), concretely used are
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those, preferably employed herein are organic peroxides in view of their
reactivity, good handlability and availability. Preferably, the radical initiator
(C) decomposes at a suitable speed during melt kneading, and its
temperature at which the half-value period becomes one minute is
preferably from 30 to 250C. The temperature at which the half-value
period becomes one minute is more preferably not less than 50C, and

more prefer not more than 200C. [0118] Organjc peroxides usable for
Stl{ﬁ@?&dkﬁﬁﬁ% % e(C) includ rhko eperoxm%%%%]cﬁ%esrmethyl etH’§/111 ber,
ketone erox e Q hexanone |d peroxyketa uch as
Sty1r frbls( Buf1 (?iero%)cygf:ﬁexane 2%;£< |s butylpxer%xég}ém tane; rubber,

r chas t-b roperoxid HE droperoxi
St@%%?n%ﬁléﬁ%%e 2,5- dlh)%%(!_s%/%eromde Al Y gﬁbber

st v bded-lefpypativliibybudroncraxik e dighi Reroxdes s¥chn ga Akt ed
peroxide, 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane,

s t Zemimetyhd i=his(ishyiyipesyaxyoedl diaeyl rpeoxidchgach génated
lauroyl peroxide, benzoyl peroxide; peroxyesters such as t-butylperoxy

s tyacetate isbptytreroxt vitelpnenzoatep lock copolymer rubber,
2,5-dimethyl-2,5-bis(benzoylperoxy)hexane. [0119]

styrene-butadiene random copolymer rubber.

[0115]

Inthe flexible copolymer (b4), ingeneral, themolar ratio
of the aromatic vinyl-hydrocarbon fto the conjugated diene
(aromatic vinyl-hydrocarbon/conjugated diene) is preferably
from 10/90 to 70/30. The hydrogenated
styrene-butadiene-styrene block copolymer rubber is a copolymer
rubber prepared by hydrogenating a part or all of the double
bonds remaining in a styrene-butadiene-styrene block copolymer
rubber. The hydrogenated styrene-isoprene-styrene block
copolymer rubber is a copolymer rubber prepared by hydrogenating
a part or all of the double bonds remaining in a
styrene-isoprene-styrene block copolymer rubber.

[o116]

One or more of the above-mentioned flexible copolymers
(bl}, (b2}, (b3) and (b4) may be used herein either singly or
as combined. |

[0117]

The radical initiator (C) may be any one capable of
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The resin composition produced by the method of the invention is
prepared by melt-kneading a cyclic olef in polymer (A), a flexible polymer
(B) and a radical initiator (C). In this case, a polyfunctional compound (D)
having at least two radical-polymerizable functional groups in the
molecule may be added to these materials and melt-kneaded to attain
more efficient crosslinking. Accordingly, the abrasion resistance of the

shaped article may be improved, [0120] The pplyfunctional compound (D)
gerhergglnﬁe%slf?v(?gcra;diga ;p%lll h t]he]]:n}ai c{)e%ac?né?osfts.ciﬁ un({] r heat

aving a erizing runction oups in the molecute
incl diyinyl inyl I | t
o T P T e A58 A R e B e,

1t YiINeiWePoRang fucrylale o[ Uadd Sugiesallydnbarofedan mathod of

of the invention, 100 parts by weight of a cyclic olef in polymer (A), from 1

thdad DQrarisiibweighial e bexinla-palyaee(Byaac flop Ol rl Pafriew
by weight of a radical initiator (C) are melt-kneaded. [0122] Preferably,

of thehmmeunte&theiflexible polymer (Enst frabi Litoyl SApartsaow Weadhitl ity ,
relative to 100 parts by weight of the cyclic olef in polymer (A). When the

Prefeownh by thstexisid i4a polyrhéi)das drfdldethandogas bytwaight table
then the abrasion

speed during melt kneading, and its temperature at which the

half-value periocd becomes one minute is preferably f£rom 30 to

250°C. The temperature at which the half-value period becomes

one minute is more preferably not less than 50°C, and more

preferably not more thamn 200°C.

[0118]

Organic peroxides usable for the radical initiator (C)
include ketone peroxides such as methyl ethyl ketone peroxide,
cyclohexanone peroxide; peroxyketals such as
1,1-bis(t~butylperoxy)cyclohexane,
2,2-bis(t-butylperoxy)octane; hydroperoxides such as
t-butylhydroperoxide, cumemehydroperoxide,
2,5-dimethylhexane-2,5-dihydroxyperoxide,
1,1,3,3-tetramethylbutylhydroperoxide; dialkyl peroxides such
as di-t-butyl peroxide,
2,5~dimethyl-2,5-bis(t-butylperoxy)hexane,
2,5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3; diacyl

peroxides such as lauroyl peroxide, benzoyl peroxide;

peroxyesters such as t-butylperoxy acetate, t-butylperoxy
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resistance of the resin article could not be improved sufficiently; and the
amount is more preferably at least 5 parts by weight. On the other hand,
when the amount of the flexible polymer (B) is larger than 150 parts by
weight, then the rigidity of the resulting shaped article may be low. More
preferably, the amount is at most 125 parts by weight. [0123] The amount
of the radical initiator (C) is preferably from 0.001 to 1 part by weight

relative to 100 parts by weight of the I%;Fllic olefin polymer (A). If the
benzrGif of #he rahdd thitlatdr @)hd SARARE MERRS 50X PR Reight,

then the crosslinking reaction could not sufficiently go on and the
L0347 dsion resistance of the shaped article could not be improved

suffigjently. More preferably, the amount.is atﬁlle t 0. art eight.
O ARG EE AT, T St B DNatc ISR e e

in&&ﬁ}gégei%hbfa%%ﬁa%%wwt o theshaned asticle /uay WP $ENs0 1 ymer

Pre y, the amount is at most 0.5 parts by weight. [0124] The amount

(a Pl the pelyfunciignabagmeeundg (Dhisdoreferablyciiomde daratbycy. 1n
weight relative to 100 parts by weight of the cyclic olefin polymer (A). The

thpolyieeional sempound{ ) nis ar-opiienat Morediené wndit sy Ba ot two
may not be added to the composition. For efficiently attaining the

radiesslinpogyd@rizable functional groups in the molecule may be

added to these materials and melt-kneaded to attain more

efficient crosslinking. Accordingly, the abrasion resistance

of the shaped article may be improved.

[0120]

The polyfuncfional compound (D) having at least two
radical-polymerizing functional groups in themolecule includes,
for example, divinylbenzene, vinyl acrylateée, vinylmethacrylate,
triallyl isoccyanurate, diallyl phthalate, ethylene
dimethacrylate, trimethylolpropane triacrylate.

[0121]

Preferably in the production method of the invention, 100
parts by weight of a cyclic olefin polymer (A), from 1 to 150
parts by weight of a flexible polymer (B) and from 0.001 to 1
part by weighf of a radical initiatoxr (C} are melt-kneaded.
fo122]

Preferably, the amount of the £flexible polymer (B} is from
1 to 150 parts by weight relative to 100 parts by weight of the

cyclic olefin polymer (A). When the amount of the flexible
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reaction, the compound is preferably added to the composition. In that
case, the preferred amount of the compound to be in the composition is
at least 0.001 parts by weight, more preferably at least 0.01 parts by
weight. On the other hand, however, if the amount of the polyfunctional
compound (D) is larger than 1 part by weight, then the durability of the
shaped article may worsen. Preferably, the amount is at most 0.5 parts by
Weight.({é0125) In the production method of the invention, a filler may be
PO LYRFES élt%eﬂ%ﬁ%‘Eﬁ@‘&o’mBBﬁﬁoﬁYN’b‘?JS%Eific‘éﬂ?“dEﬁr‘?eégﬁ sion
filler may be a fibr‘it:)ll{(g5 filler incrlludiggtcar on fiberi,fuigéasggbelg% syﬁthetic

e.. . . ed
resf]lbsetrg% a wﬁfgkers, or n%gflbe a graﬁ“u ar fills ine |ﬁ’g carbon b a“é&f‘ﬂov

suft%%l%i#l%n% Ponal%y éﬁl&’aﬁl\%\ﬁx{?i&as Al lHILAS 204 aDia ARATLION .«

r, the'composition may further contain heat-resistant stabilizer,

by WeaHier-resisiartlabilizer, aistaticagent nlinhieAg9est ablesdng i e

agent, antifogging agent, lubricant, dye, pigment, natural oil, synthetic olil,

po 1WA ) olganicofdpargania ikkep {01200 ¥ reai therabenermandionegh dity

starting materials, a resin composition is produced. In the invention, a

of tydicaelil tpodymehébeshdatflioxienmiyrver (Bware Mettekmaadtelaitd vy,
temperature at which a radical initiator (C) decomposes, whereupon the

thetwamean Undergotcmssinkliyd raxxtibs tdygiveed. ght .
f0123]

The amount of the radical initiator (C) is preferably from
0.001 to 1 part by weight relative to 100 parts by weight of
the cyclic olefin polymer (A}. If the amount of the radical
initiator (C) is smaller than 0.001 parts by weight, then the
crogsslinking reaction could not sufficiently go on and the
abrasion resistance of the shaped article could not be improved
sufficiently. Morepreferably, the amount isat least 0.0l parts
by weight. On the other hand, if the amount of the radical
initiator (C) is larger than 1 part by weight, then the durability
of the shaped article may worsen. Preferably, the amount is
at most 0.5 parts by weight.
{0124]

The amount of the polyfunctional compound (D) ispreferably
from 0 to 1 part by weight relative to 100 parts by weight of
the cyclic olefin polymer (A)}. The polyfunctional compound (D)

is an optional ingredient, and it may be or may not be added

to the composition. Forefficiently attaining the crosslinking
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49 resin composition having good abrasion resistance. [0127] In this, it is
important that a part of a cyclic olef in polymer (A) is previously
melt-kneaded with a flexible polymer (B) and a radical initiator (C), and
then the remaining cyclic olef in polymer (A) is added thereto and
melt-kneaded. The cyclic olefin polymer (A) is divided into two portions
and added separately at two times, and accordingly, the mixture of the
raaé;yC“C olefin p é{?r%%r‘éﬂ havm a crosslinked structure and the flexible

Sifer (B d-fiif %ea&ﬂ&%léﬂﬂeﬁoﬁﬁnBPFA?ﬂBPﬁﬁﬁﬁé’%“'

In %Ecl)s%hnked str&c{ ure agdt crease in @et eItV|sc05|t fth {?’esllp1 the
compos on mayebe)jﬁweregy preven e vent oug ecomposmon is

con%és‘éeﬂ: naf maanep 5 is @rﬁ%}?%@é@a%‘a&éﬁ!&&f“'Nd@@r&\é%?ferably

128] Not specifically defined, the ratio of the amount of the cyclic olef in

at RUYEErdAY 1o beradded, prRdeusly toghe@eourh Hienehlp, PR AR, 1
later (previous addition/later addition) is preferably from 1/99 to 70/30. If

thdheniatia {pieviatise agditiprdatet aediiong danpratier than W89 1eqdhethan
abrasion resistance of the resin composition may lower. More preferably,

1 pthetratip wedidbast 598n Qb ¢hdwtiadriiandy ibthe ratia{previbasticle may
addition/later addition) is larger than 70/30, then the effect of preventing

wonrenncredsefisuabiielt fiseosipwnt is at most 0.5 parts by weight.

[0125]

In the production method of the invention, a filler may
be further melt-~kneaded with the composition. Not specifically
defined, the filler may be a fibrous filler including carbon
fibers, glass fibers, synthetic fibers and whiskers, or may be
a granular filler including carbon black, calcium carbonate,
talc, clay, mica, silica, alumina and titania. Apart from the
filler, the composition may further contain heat-resistant
stabilizer, weather-resigtant stabilizer, antistatic agent,
slipping agent, antiblocking agent, antifogging agent,
lubricant, dye, pigment, natural oil, synthetic o0il, wax, and
organic or inorganic filler.

{0126]

From the above-mentioned starting materials, a resin
composition is produced. In the invention, a cyclic olefin
polymer (A) and a flexible polymer (B) are melt-kneaded at a
temperature at which a radical initiator (C) decomposes,

whereupon the two may undergoc crosslinking reaction to give a
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the resin composition may lower. More preferably, the ratio 50 is at least
50/50. [0129] When these ingredients are mixed, a part of a cyclic olefin
polymer (A) may be melt-kneaded with a flexible polymer (B) and a
radical initiator (C) all at a time, and then the remaining cyclic olef in
polymer (A) may be added thereto and melt-kneaded. However, it is
desirable that a part of a cyclic olef in polymer (A) is previously
melt-kneaded with a erX|bIe meroggﬁthen a radical initiator (C) is

re%ﬁﬁeﬁ%ﬁ@?&&%ﬁ@%&?ﬁﬁ@ BESRRAT TS FHR&SRing cyclic

|n polymer (A) is added thereto and melt-kneaded. This is because it
|s d sirable to start the crosslinking reaction in the condition where a part

of a gyeligypjef insnolymer (A).and aflexible polymer (B)are %%3g]8n9igfin

for obtaining a resin composition having good dlsper5|b|I|ty

po L¥plis-olefin pelyper fouthe flauble Relymes By il the 13dica iRty mer

(C) may be melt-kneaded at any temperature at which the cyclic olefin

(B palyimes (e anche: flexibterpaly ey (Birmantmett anttherdical yliatg1ic
(C) can decompose. Concretely, the temperature is preferably from 150

o lad 8606 1Fmemdie) cicaiilydiiraotng tedresstinking adadtionTihecyclic
kneading temperature is preferably not lower than

olefin polymer (A) is divided into two portions and added

separately at two times, and accordingly, the mixture of the

cyclic olefin polymer (A) having a crosslinked structure and

the flexible polymer (B) may be diluted with the cyclic olefin

polymer (A) not having a crosslinked structure, and the increase

in the melt viscosity of the resin composition may be thereby

prevented. Even thoughthe compositionisdilutedin thatmanner,

its abrasion resistance can be fully improved.

[0128]

Not specifically defined, the ratio of the amount of the
cyclic olefin polymer (A) to be added previously to the amount
thereof to be added later (previous addition/later addition)
is preferably from 1/99 to 706/30. If the ratic (previous
addition/later addition) is smaller than 1/99, then the abrasion
resistance of the resin compositionmay lower. Morepreferably,
the ratio is at least 5/95. On the other hand, if the ratio
(previous addition/later addition) is larger than 70/30, then

the effec_t of preventing the increase in the melt viscosity of

the resin composition may lower. More preferably, the ratio
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200C. For preventing any excess thermal decomposition of the resin, the
kneading temperature is preferably not higher than 51 300C. Itis
desirable to use a radical initiator (C) having a half-value period of not
longer than 1 minute at the kneading temperature. [0131) The apparatus
for melt-kneading is not specifically defined. Various melt-kneading
apparatus may be used herein, including, for example, a single-screw
extruder, atwm/screw extruder, a roll, a Banbury mixer. Above all,

is ﬁ%f 361 tused ®R%n extruder, especially a multi-screw extruder such as

éphscrew extruder that enables sufficient kneading. When an extruder is

us it is desirable that not only a regular screw but also a kneading disc

OF 3 {RVEISEROIaW (P IERASEH DAL, B Pr oV 404 KNeadRg RO 1 efin

thereof. Thus melt-kneaded, the resin composition may be directly

po DRI a3 ikisyasdnax be- RReR aslelizes andthepmel-geadrdr(0532kng
When the cyclic olefin polymer (A), the flexible polymer (B) and the

a radiccainiiatot {Grate earted. gereratioingd  dec@npasiionmsogeaisining
derived from the radical initiator and the resin is inevitable. Some of such
cyadeoompesitiorppiloguets (dre velatile, ahdad ddresidaratiomdohéier -kneaded.
contamination resistance of the shaped articles and of the odor that may
Howqwer, it is desirable that a part of a cyclic olefin polymer
(&) is previously melt-kneaded with a flexible polymer (B}, then
a radical initiator (C) is added thereto and melt-kneaded, and
subsequently the remaining cyclic olefin polymer {A) is added
thereto and melt-kneaded. This is because it is desirable to
start the crosslinking reaction in the condition where a part
of a cyclic olefin polymer (A) and a flexible polymer (B) are
well blended for obtaining a resin composition having good
dispersibility.

f0130]

The cyclic olefin polymer (A), the flexible polymer (B}
and the radical initiator (C) may be melt-kneaded at any
temperature at which the cyclic olefin polymer (A) and the
flexible polymer (B) can melt and the radical initiator (C) can
decompose. Concretely, the temperature is preférably from 150
to 350°C. For more efficiently promoting the crosslinking
reaction, the kneading temperature is preferably not lower than

200°C. For preventing any excess thermal decomposition of the

resin, the kneading temperature is preferably not higher than
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generated by them, it is desirable to effectively remove them.

Accordingly, when the cyclic olef in polymer (A), the flexible polymer (B)

and the radical initiator (C) are melt-kneaded, then 52 it is desirable to

use an extruder having a vent. In that manner, the volatile components

may be removed through the vent. The type of the vent is not specifically

defined. It may be a vent open to the air or may be a pressure-reducing

vent. In this case, when a multi-screw extruder such as twin-screw
30@gruddrtisigsde sthealitlendtiley sefficierddeatingand apoves thbaving

efficiency of removing volatile components. [0133] Preferably, the meltin

a hahé afiRt e ReRH BEtRC rabRiI ftAhARC) B¥BH 8cHo tBeokneading
seconds. The time means an overall time after the addition of the radical

teWﬁngF?Ef to the system and before the production of a shaped article,

[OI%rl\yhich the ingredients. are melt-kneaded. If the kneading time is too
short, then the crosslinking reaction could not go on and the removal of

VO'a“i%&”ﬁ%%%r&%ﬁ‘éayé%uQﬁé‘ii%fﬁﬁ%);éﬁ%e pReeferahly JPedifis a1 1y

not shorter than 60 seconds, even  more preferably not shorter than 120

defefeads. Vathe@ihpehandint fin kaeagdng tane s e long, diathRrein,

production efficiency may lower. More preferably, the time is not longer
indla@in@Q seavrSmmyea Mare phefesally: netlangeritidar]280tserendsrew

When an extruder is used for kneading the ingredients, the kneading
extruder, a roll, a Banbury mixer. Above all, preferably used
is an extruder, especially a multi-screw extruder such as
twin-screw extruder that enables sufficient kneading. When an
extruder is used, it is desirable that not only a regular screw
but also a kneading disc or a reverse screw is disposed therein
to improve the kneading power thereof. Thus meli-kneaded, the
resin composition may be directly molded as it is, or may be
once pelletized and then melt-kneaded.

[0132]

When the cyclic olefin polymer (A), the flexible polymer
(B) and the radical initiator (C)} are reacted, generation of
decomposition products derived from the radical initiator and
the resin is inevitable. Some of such decomposition products
are volatile, and in consideration of the contamination
resistance of the shaped articles and of the odor that may be
generated by them, it is desirable to effectively remove them.

Accordingly, when the cyclic olefin polymer (A), the flexible

polymer (B) and the radical initiator {C) are melt-kneaded, then
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time corresponds to the time for which the melt stays in the extruder.
Accordingly, when two extruders are used, then the time is a total of the
residence time of the two. On the other hand, when one extruder is used
and a radical initiator (C) is 53 added thereto during the kneading process
therein, then the time means the residence time taken to pass through
the downstream zone after the addition. The residence time may be

. lculated dividing the i ity of th trud d byt

R A ST Ay RS T4 R AuLAF & 250 A DRAGET
16 ' S f ' it

s SR DT 0 S0 I T Soaht S ot e ™

tyfe0d H/AH N fhen hg g esiLemPesian Makke ndHiCUltP PRy be a vent

melt-molded, especially to be injection-molded. More preferably, MFR is

opet laast 4 gAd Bin.neYeNJBoke frelesaliy at least Qg eeiN. QR theis
other hand, if MFR is higher than 100 g/10 min, then the strength and the

casbrashanresisiabte -of theshagedadate smayhlavvercMorepreterablyt ruder
MFR is at least 80 g/10 min, even more preferably at least 60 g/10 min.

is [0£85) Thireobidinedabsaesinddmpdsiticon kneedingldendoigieoaes the
shaped article. The molding method is not specifically

efficiency of removing volatile components.

[0133]

Preferably, the melting time after the addition of the
radical initiator (C) is from 30 £to 1800 seconds. The time means
an overall time after the addition of the radical initiator (C)
to the system and before the production of a shaped article,
for which the ingredients are melt-kneaded. If the kneading
time is too short, then the crosslinking reaction could not go
on and the removal of volatile components may be unsatisfactory.
More preferably, the time is not shorter than 60 seconds, even
more preferably not shorter than 120 seconds. On the other hand,
if the kneading time is too long, then the production éfficiency
may lower. More preferably, the time is not longer than 1500
seconds, evenmorepreferablynot longer than 1200 seconds. When
an extruder is used for kneading the ingredients, the kneading
time corresponds to the time for which the melt stays in the
extruder. Accordingly, when two extruders are used, then the

time is a total of the residence time of the two. On the other

hand, when one extruder is used and a radical initiator (C) is
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defined, for which, however, preferred is injection -molding that takes
advantage of the good melt flowability of the composition. In particular,
the resin composition produced according to the method of the invention
is favorably used in injection molding at high speed, or in injection
molding to give large-size articles, 54 or in injection molding to give
articles that require severe dimensional accuracy. EXAMPLES [0136]
The invention is described in more detail with reference to the following

addedh FiMiee (R BB Riiies R BaAPIRART e Caty TR St eviReRe e time
according to the methods mentioned pelow. [0137] (1) Glass Transition
me e A S SRS IR SRR 4 ARG AL I GRf T Fa-eam
zor ST YR 012N, A ou e Al LANAITO0 (R IR S 00 e
curve, an intlection point appears to give a step-like temperature profile.
by 'Bilisathepointat M%*}tfl%ﬁé%ﬁk&ér"e%th%és ahdhesame dislancsyn the
the vertical direction from the extended line from each base line crosses
in{B81SR cyperig . referred to as an intermediate glass transition
temperature. The point at which the straight line extended from the base
{ 01Bwe] on the low-temperature side to the high-temperature side crosses
the tangential line drawn to the maximum inclination point of
Preferably, MFR (as measured at 230°C and under a load

of 2.16 kg according to ASTM D1238) of the resin composition
thus obtained is from 0.01 to 100 g/10 min. If MFR thereof is
lower than 0.01 g/10 min, then the resin composition may be
difficult to bemelt-molded, especially tobe injection-molded.
More preferably, MFR is at least 0.05 g/10 min, even more
preferably at least 0.2 g/10 min. On the other hand, if MFR
is higher than 100 g/10 min, then the strength and the abrasion
resistance of the shaped article may lower. More preferably,
MFR is at least 80 g/10 min, even more preferably at least 60
g/10 min,

[0135]

Thus obtained, the resin composition is melt-molded to
give a shaped article. The molding method is not specifically
defined, forwhich, however, preferred is injection-molding that
takes advantage of the good melt flowability of the composition.
In particular, the resin composition produced according to the
method of the invention is favorably used in injection molding

athighspeed, orininjectionmolding togive large-size articles,
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the step-like temperature profile of the curve is referred to as a glass
transition-starting temperature. The point at which the straight line
extended from the base line on the high-temperature side to the
low-temperature side crosses the tangential line drawn to the maximum
inclination point of the step-like temperature profile of the curve is referred
to as 55 a glass transition-ending temperature. In this, the glass
transitign-starting temperature is used as SS tra}:r sitjon temperature.

I
O (A 3B B THBB DAL Hin e APEISI OF aYaBlarigi e Sovere

e%tangu r
dimigl]ecgonérgolggg artich:e having a length of 130 mm, a width of 120 mm

SNd 3 Thickndss of 2 i is tested for the abrasion amount thereof

ding to JIS K7204. The abrasion tester is manufactured by Toyo

Tester Kogyo; the abrasion ring is CS17; the load is 1000 g (each arm
01339 9); the number of rotation is 1000. [0139] Example 1: Materials (A) to

(D) used in this Example are as follows: Cyclic Olefin Polymer (A):

Randem qepalyinenal ethyeperttded in more detail with reference

tetracyclo[4.4.0.12'5.1'10]-3-dodecene (hereinafter it may be abbreviated

to taHeChal) Asimeadinadphesigh 1BC-NMR, BExamples, samples were
analyzed and evaluated according to the methods mentioned below.
[0137]
(1) Glass Transition Temperature:

A sample is heated at a heating speed of 10°C/min and its
DSC curve is drawn. At around the glass transition temperature
on the curve, an inflection point appears to give a step-like
temperature profile. In this, the point at which the straight
line that is at the same distance in the vertical direction from
the extended line from each base line crosses the DSC curve is
referred to as an intermediate glass transition temperature.
The point at which the straight line extended from the base line
on the low-temperature side to the high-temperature side crosses
the tangential line drawn to the maximum inclination point of
the step-like temperature profile of the curve is referred to
as a glass transition-starting temperature. The point at which
the straight 1line extended from the base line on the
high-temperature side to the low-temperature side crosses the
tangential line drawn to the maximum inclination point of the

step-like temperature profile of the curve is referred to as
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ethylene content is 62 mold; as measured in decalin at 135C, its intrinsic
viscosity (T1] is 0 . 60 dl/g; and its glass transition temperature (Tg) is
105C. As measured at 230C, its MFR (under a load of 2.16 kg according
to ASTM D1238) is 8.2 g/10 min. The structural formula of TCD-3 is
shown below. [0140] [Chemical 17] 56 W [0141) Flexible Polymer (B):
Ethylene/propylene random copolymer "P-0880" manufactured by Mitsui

agaku. Its ethylene content is 80mol%; its glass transition temperatur
2 SYEFR BAEnRE M (R B SR 330 ha untfer ST041 ofBd6 Riess
according to ASTM D1 i 0 ming its EL1] is 2.5 gllf{g. its density is
e RN AN S S R RIAE £ A R e o
ten%fg@ggggyggry is about 10 W. Radial Initiator (C): "Perhexyne 25B"
manufactured by Nippon Yushi. Its main ingredient (at least 90 %) is

[ 015%-gimethyl-2,5-bis(t-butylperoxy)hexyne-3. Its temperature at which the
half-value period becomes one minute is 194.3C. Polyfunctional

(2 ComgeetidDAbrasion Amount :

Asamﬁleofearectangularinjection—moldedarticlehaving
a length of 130 mm, a width of 120 mm and a thickness of 2 mm
istestedfortheabrasionamountthereofaccordingtoJISK7204.
The abrasion tester is manufactured by Toyo Tester Kogyo; the
abrasion ring is CS17; the load is 1000 g {each arm 500 g); the
number of rotation is 1000..
[0139]
Example 1:

Materials (A) to (D) used in this Example are as follows:
Cyclic Olefin Polymer (A}:

Random copolymer of ethylene and
tetracyclo[4.4.0.1%7.1"*°]-3-dodecene (hereinafter it may be

abbreviated to "TCD-3"). As measured through *C-NMR, its

ethylene content is 62 mol%; as measured in decalin at 135°C,
itsintrinsicviscosity[n]is0.60d1l/g; anditsglass transition
temperature (Tg) is 105°C. As measured at 230°C, its MFR (under
a load of 2.16 kg-according to ASTM D1238) i 8.2 ¢/10 min. The
structural formula of TCD-3 is shown below.

[0140]

[Chemical 17]
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Divinylbenzene. [0142] 2 kg of ethylene/TCD-3 random copolymer pellets
and 2 kg of ethylene/ propylene random copolymer pellets were well
mixed, then melt-blended in a twin-screw extruder ("PCM45"
manufactured by lkegai Tekko) at a cylinder temperature of 220C, and
then 57 pelletized through a pelletizer into pellets (a). [0143] The
twin-screw extruder used herein has L/D of 42, and has a vent at two
S|tes at around the center and the tip of the cylinder. The two vents are
W e air. The screw constitution is mainly a regular screw, but
Ihe vent at around the center, a kneading disc is
ban residence time for which the fed resin stays in the
_ extruded out is about 3 minutes. [0144] To 4 kg of the
a Ove pellets’(a), added were 4 g of "Perhexyne 25B" and 4 g of
[0 \il ylbenzene, and well mixed. The mixture was put into the
ove mentioned twin-screw extruder, "PCM 45" (cylinder temperature,
Fle%@pg:])ea B alkknqagded and reacted, and then pelletized through a
pelletizer into pellets (b). [0145] 4 kg of the above pellets (b) and 16 kg of
ethylgpaiT(das paism eapolymer pedets Wereasplbmpsashk then "p-oggo”
melt-blended in
manufactured by Mitsui Kagaku. Its ethylene content is 80mol%d;

its glass transition temperature (Tg) is -54°C: its MFR (as
measured at 230°C and under a load of 2.16 kg according to ASTM
D1238) is 0.4 g/10min; its [n] is5 2.5 dl/g; its density is 0.867
g/cm’; and its degree of crystallinity as measured through X-ray
diffractiometry is about 10 %.

Radial Initiator (C):

"Perhexyne 25B" manufactured by Nippon Yushi. Its main
ingredient (at least 30 %) is
2,S—dimethyl—z,5—bis(t—butylperoxy)hexyne-B.' Its
temperature at which the half-value period becomes one minute
is 194.3°C,

Polyfunctional Compound (D}:

Divinylbenzene.

[0142]

2 kg of ethylene/TCD-3 random copolymer pellets and 2 kg
of ethylene/propylene random copolymer pellets were well mixed,
thenmelt-blendedinatwin-screwextruder ("PCM45* manufactured

by Ikegai Tekko) at a cylinder temperature of 220°C, and then

57



the above-mentioned twin-screw extruder "PCM 45" at a cylinder
temperature 220C, and pelletized through a pelletizer into pellets (c).
[0146] Thus obtained, the pellets (c) are of a mixture prepared by
melt-kneading 100 parts by weight of a cyclic olef in polymer (A), 11 parts
by weight of a flexible polymer (B), 0.022 parts 58 by weight of a radical
initiator (C) and 0.0022 parts by weight of a polyfunctional compound (D).

f 100 parts by weight of the_cyclic olefin polymer (A), 11 parts by weight
e o st BTG KREAASE Lo Bt By WE A oot was
{01a4d§j d and kneaded later. MFR of the pellets (c) (as measured at 230C
and under a load of 2.16 kg according to ASTM D1238) was 4 g/10 min.

The palletg (9avereineclionsnelded g aive,a Fegiangylar iipglded auicle, 4

having a length of 130 mm, a width of 120 mm and a thickness of 2 mm,

hasf henkakal'scalyasioreamount thempfawesdetermined it WagH:S5+ip of

mm3. The load deformation temperature of the article, as measured
theuagaria s, of 1182 MParaacarding IbcAS TdHED4S, vias 94€. Therklensh-ew

ratio of the starting materials and the test results are all shown in Table
coris 0147 i Comiparatia Exampte §uld Rgsafethwlebhe/f CleBomadand after
copolymer pellets and 2 :
the vent at around the center, a kneading disc is disposed. The
mean residence time for which the fed resin stays in the ektruder
until it is extruded out is about 3 minutes.
[0144]

To 4 kgof the above pellets (a), addedwere 4 gof "Perhexyne
25B" and 4 g of divinylbenzene, and well mixed. The mixture
was put into the above-mentioned twin-screw extruder, "PCM 45"
(cylinder temperature, 230°C)}, and melt-kneaded and reacted,
and then pelletized through a pelletizer into pellets (b).
[0145]

4 kg of the above pellets (b} and 16 kg of ethylene/TCD-3
random copolymer pellets were well mixed, then melt-blended in
the above-mentioned twin-screw extruder "PCM 45" at a cylinder
temperature 220°C, and pelletized through a pelletizer into
pellets (c).

[0146]
Thus obtained, the pellets (¢) are of a mixture prepared

by melt-kneading 100 parts by weight of a cyclic olefin polymer

(A}, 11 parts by weight of a flexible polymer (B), 0.022 parts
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kg of ethylene/propylene random copolymer pellets were well mixed, then
melt-blended in the same twin-screw extruder ("PCM 45" manufactured
by Ikegai Tekko) as in Example 1, at a cylinder temperature of 220C, and
then pelletized through a pelletizer into pellets (d). MFR (as measured at
230C under a load of 2.16 kg according to ASTM D1238) of the pellets
(d) was 1.6 g/10 min. [0148] 59 To 20 kg of the pellets (d), added were 4
g of "Perhexyne 25B" and 4 g of divinylbenzene, and well mixed. The

PY HBhere bt pttbtae ABvelAERTohGd @A &R £k RATE SPE gt
o S IATERIAE 200 O e 0 B o

? Qun
rough a pellétizerto give p as'me

th%;%g‘él%%% DAoL PR NG G AT GAUMERAIERY was

.1 g/10 min. Thé pellets (e) weré injection-moldéd in

pr&RAMEE B IRFxRERle Janancé%mqe%ﬁrtmﬁﬁwgrecf@%@wag added

Taber's abrasion amount. It was 8.4 mm3. The blend ratio of the starting

and@RigsiRanddhe test ipshlisataallshoyeiy Table s [Rd48hired at 230°C

Comparative Example 2: The pellets (d) prepared in Comparative
anExand@e hvieradinjection-éniigedbindhd samemamet ad asByawygde4 g/ 10
and the molded articles were tested for the Taber's abrasion amount.
min. Thepellets (c)wereinjection-moldedtogivearectangular
molded article having a length of 130 mm, a width of 120 mm and
a thickness of 2 mm, and the Taber's abrasion amount thereof
was determined. It was 9.5 mm’. The load deformation
temperature of the article, as measured under a load of 1.82
MPa according to ASTM D648, was 94°C. The blend ratio of the
starting materials and the test results are all shown in Table
1,
[0147]
Comparative Example 1:

18 kg of ethylene/TCD-3 random copolymer pellets and 2
kgofethylene/propylenerandomcopolymerpelletswerewellmixed,
then melt-blended in the same twin-screw extruder ("PCM 45"
manufactured by Ikegai Tekko) as in Example 1, at a cylinder
temperature of 220°C, and then pelletized through a pelletizer
into pellets (d). MFR (as measured at 230°C under a load of
2.16 kg according to ASTM D1238) of the pellets (d) was 1.6 g/10
min.

[0148]
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It was 21.7 mm3. The blend ratio of the starting materials and the test
results are all shown in Table 1. [0150] Comparative Example 3:
Ethylene/TCD-3 random copolymer was injection-molded in the same
manner as in Example 1, and the molded articles were tested for the
Taber's abrasion amount. It was 23.7 mm3. The blend ratio of the starting
materials and the test results are all shown in Table 1.60NO riNNa C

droCnn NOnE-Ar~-M Q~mmNN oqCOrl ME NO M W\e-l
VVPQTO 20 kg of the pellets (d), added were 4 g of "Perhexyne

25B" and 4 g of divinylbenzene, and well mixed. The mixture
was put into the above-mentioned twin-screw extruder "PCM 45"
(cylinder temperature, 230°C), and melt-kneaded and reacted,
and then pelletized through a pelletizer to give pellets (e).
MFR {(as measured at 230°C under a load of 2.16 kg according to
ASTM D1238) of the pellets (e} was 6.1 g/10 min. The pellets
(e) were injection-molded in the same manner as in Example 1,
and the molded articles were tested for the Taber's abrasion
amount. It was 8.4 mm”. The blend ratio of the starting
materials and the test results are all shown in Table 1.
[0149]

Comparative Example 2:

The pellets (d) prepared in Comparative Example 1 were
injection-molded in the same manner as in Example 1, and the
molded articles were tested for the Taber's abrasion amount.
It was 21,7 mm’. The blend ratio of the starting materials and
the test results are all shown in Table 1.

[0150]
Comparative Example 3:

Ethylene/TCD-3 random copolymer was injection~-molded in
the same manner as in Example 1, and the molded articles were
tested for the Taber's abrasion amount. It was 23.7 mm®. The
blend ratio of the starting materials and the test results are

all shown in Table 1.
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{0152]

As in Table 1, the shaped article of the resin composition
obtained according to the production method of the invention
{Example 1) has good abrasion resistance. As opposed to it,
theabrasionrasistanceoftheshapedarticleformedofaicyclic
olefin polymer (A} alone {(Comparative Example 3) is
significantlypoor. It is furtherunderstood that the abrasion
resistance of the shaped article of the resin composition
prepared by melt-kneading a cyclic olefin polymer (A) and a
flexible polymer (B) not adding a radical initiator (C) and
a polyfunctional compound (D)} thereto {(Comparative Example 2)
is also significantly poor. The Taber's abrasion amount of
the shaped article obtained according to the production method
of the invention is almost on the same level as that of the
article of the composition prepared by mixing the cyclic olefin
polymer (A} all at a time (Comparative Example 1).

[0153]

The resin composition obtained according +to the
productioh method of the invention (Example 1) has MFR that
is much higher than that of the resin composition prepared by
mixing the cyclic oclefin polymer (A) all at a time (Comparative
Example l). ThoughMFRof theresincompositionof the invention
lowers as compared with that of the starting material, cyclic
olefinpolymer (A) (Comparative Example 3), but it is understood

that the resin composition still has good melt flowability.
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[0152] As in Table 1, the shaped article of the resin composition obtained
according to the production method of the invention (Example 1) has
good abrasion resistance. As opposed to it, the abrasion resistance of the
shaped article formed of a cyclic olefin polymer (A) alone (Comparative

Example 3}&}5 significantly poor. It is further understood that the abrasion
SDOREERTRLLF thb hd e AT BP L LElh BRI PURREI BrepeaByo the

elt-kneading. a cyclic.olefin polymer (A) and a _flexible polymer. (B) not .
SR e e O R e S SRR
redCOMPAAIMEEXMPIE-2); 15,2159 HoRPEaqtly BRI JReJAPGhS AP(aSi0na |

amount of the shaped article obtained according to the production

itdneibed ehibednvantiop islmmest antheigame level as that of the article
of the composition prepared by mixing the cyclic olef in polymer (A) all at

a time (Comparative Example 1).
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[0153] The resin composition obtained according to the production
method of the invention (Example 1) has MFR that is much higher than
that of the resin composition prepared by mixing the cyclic olefin polymer
(A) all at a time (Comparative Example 1) . Though MFR of the resin
composition of the invention lowers as compared with that of the starting
material, cyclic olef in polymer (A) (Comparative Example 3), but it is
understood that the resin compasition still has good melt flowability. 62
Specifically, the resin compositi&?éﬁfﬁhed according to the production
method of the in\%ﬂi‘?noﬁlas much Am roved abrasion resistance

C

compared (TS BRH: G12fn RETHErtATA HoRER NSTARIS IoweR oY
little, 63 CLAIMS 1A for.prodyci i ition b
melrlé ffcr&ea Irrll% Ei%cygﬁrcq]ne.g] 0918[59{’9 ( E) Iggﬁe&esmﬁﬁon}p&)&_lg nX glass

elt-knea c olefin polymer ving a glass transitio

er48TPEIAN el fIam 80,10 290G 804 & figxhlg Rolyaer 4BLRaKNE B AR -

transition temperature of OC or lower, wherein a part of the cyclic olef in

(B PRSI ALIEIUE i Qus]% 1Pl ReafRA-WIN HacBedble POlymer (Rhandan

radical Initiator (C) and then the remaining cyclic olefin polymer (A) is
a gdded theretorand myelttincadad 2An hessthed fo producingareasinusly

composition as
" melt-kneaded with the flexible polymer (B) and a radical
initiator (C) and then the remaining cyclic olefin polymer (A)
is added thereto and melt-Xkneaded.

2. The method for producing a resin composition as

claimed in claim 1, wherein the cyclic olefin polymer (A) is
a polymer prepared by polymerizing a cyclic olefin of the

following formula [1I}] or [II}]:

[Chemical 1]

/ N

R7 / R \

R1
R}S
9 13 Rl@
10 14| /R7
R}S

\R2 RS Rﬁ /n R8 \ Rlz/m
© o e [I]

wherein n indicates 0 or 1; m indicates 0 or a positive integer;
g indicates 0 or 1: R' to R'® and R* and R® each independently

represent ahydrogen atom, ahalogen atomor a hydrocarbon group;



claimed in claim 1, wherein the cyclic olefin polymer (A) is a polymer
prepared by polymerizing a cyclic olefin of the following formula [I] or [I]:
[Chemical 1] R RaRb R7 R11 R15 39 13 R16 R4 10 14 R17 R18 R2
R~R6 n R8 R12 M . [ I ] wherein n indicates 0 or 1; m indicates O or a
positive integer; ¢ indicates O or 1; R' to R18 and Ra and Rb each
independently represent a hydrogen atom, a halogen atom or a
resipelipaarbon aroum, 04 31515 816 mayhondyo cacn glherdo forma, o4
monocyc i or polycyclic™ structure, and the monocyéﬁc or p&y(R/c id

stfHHEM%E“%H%e%QHBEE‘?@Pf@?@%& %%&%ﬂ@u@dn& have

may form an alkylidene group, [Chemical R19 R16 O R17 R3 RY
a dduble bond; and R*® and R'®, or R’ and R*®* may form an alkylidene

group,

[Chemical 2]

R18 R19
AN
Oy
4

e oo o [T

wherein p and g each indicate 0 or an integer of 1 or more;
m and n each indicate 0, 1 or 2; R' to R' each independently
represent a hydrogen atom, a halogen atom, an aliphatic
hydrocarbon group, an alicyclic hydrocarbon group, an aromatic
hydrocarbon group, or an alkoxy group; the carbon atom to which
R’ (or R'®) bonds, and the carbon atom to which R*® or R'" bonds

may bond to each other directly or via an alkylene group having
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R1IR5CH2gEDR15 R2ZR~7R'OR9R130R14 R4R8pYm R11
R12 wherein p and g each indicate O or an integer of 1 or more; m and n
each indicate 0, 1 or 2; R' to R19 each independently represent a
hydrogen atom, a halogen atom, an aliphatic hydrocarbon group, an
alicyclic hydrocarbon group, an aromatic hydrocarbon group, or an alkoxy
group; the carbon atom to which R9 (or R10) bonds, and the carbon atom

to which R13 or R" bon%s may bond to each other directly or via an_,,
froa Vy\/ﬁier%é);%fpaﬁg\ﬂﬁga SHom ﬂg échéar%o% atomsT and éhenaﬁ“i R =0,°%

15 ne R S ' to form a .
R %%agcyclicﬁgé%cﬁ%r%%%%ﬁ %;g%m}ﬁé% (ré\nlﬁe%%eé %ogrép(r}g] a%?:llr%cg clic
ardRR £EMpPgsifion as claimed in claim 2, wherein the cyclic olefin polymer

(A) is a random copolymer of ethylene and a cyclic olefin of formgla [1] or
[I1]. 43 Themagshe fofdaodueing 2SI GONNYSHER B SlaHped INtaBy: O

claims 1 to 3, wherein MFR (as measured at 230C and under a load of
cl&ifelgaccoiding ta AFhE2ia38hef dyetyaeticodleflii popuemdy) is APm. s
0.1 to 500 g/10 min. '
a random copolymer of ethylene and a cyclic olefin of formula
[T] or [II].

4. The method for producing a resin composition as
claimed in any of claims 1 to 3, wherein MFR (as measured at
230°C and under a load of 2.16 kg according to ASTM D1238} of
the cyclic olefin polymer (A) is from 0.1 to 500 g/10 min.

5. The method for producing a resin composition as
claimed in any of claims 1 to 4, wherein the flexible polymer
(B) is a flexible copolymer (b) prepared by polymerizing at
least two monomers selected from a group consisting of olefins,
dienes and aromatic vinyl-hydrocarbons, and having a glass
transition temperature of 0°C or lower.

6. The method for producing a resin composition as
claimed in claim 5, wherein the flexible copolymer (b) is at
least one copolymer selected from a group consisting of:
an amorphous or low-crystalline flexible copolymer (bl)
prepared by polymerizing at least two monomers selected from
a group consisting of ethylene and an a-olefin having from 3

te 20 carbon atoms,

a flexible copolymer (b2) prepared by polymerizing
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5. The method for producing a resin composition as claimed in any of
claims 1 to 4, wherein the flexible polymer (B) is a flexible copolymer (b)
prepared by polymerizing at least two monomers selected from a group
consisting of olefins, dienes and aromatic vinyl-hydrocarbons, and having
a glass transition temperature of OC or lower. 6. The method for
producing a resin composition as claimed in claim 5, wherein the flexible
copolymer (b) is at least one copolymer selected from a group consisting

e thefl eameamanplouslicrfidw-drgstafimeffiexiblé copolythergbboprepbvad by and
polymerizing at least two monomers selected from a group consisting of

a cgfieReBiRifdMec-olefin having from 3 to 20 carbon atoms, a flexible

copolymer (b2) prepared by polymerizing 66 ethylene, an a-olefin hayin
from33 t%l%(’:g’rg‘?)n%%’rﬂ%?g‘ﬁ& & Bytlic AR B3 e 38&3@%?’%63‘)8 a

prepared b lymerizing a_non-conjugated diene, and at least two
O R A B R S TRy e SR8 an i SIGT ANTAS fror Shtbesh £7om

etngzaigﬁ’l% a&%@saﬁzr‘%agﬂ%?ﬂ? £909lMerBd) of A rang %@roéﬁtﬁ%% oms, and

opolymer or rogenation product o{nan aromatic viny rocarbon

and g goniugaled digRe14mdie MrhHoddal RFRFHEIGE eSNIOERsiigRe
as claimed in claim 6, wherein the flexible copolymer (b) is an
or its hydrogenation product of an aromatic vinyl-hydrocarbon
and a conjugated diene.

7f The method for producing a resin composition as
claimed in claim 6, wherein the flexible copolymer (b) is an
amorphous or low-crystalline flexible copolymer (bl) prepared
by polymerizing at least two monomers selected from a group
consisting of ethylene andan a-olefin having £rom 3 to 20 carbon
atoms. |

8. The method for producing a resin composition as
claimed in any of claims 1 to 7, wherein 100 parts by weight
of the cyclic olefin polymer (A), from 1 to 150 parts by weight
of the flexible polymer (B} and from 0.001 to 1 part by weight
of the radical initiator (C) are melt-kneaded.

9. The method for producing a resin composition as
claimed in claim 8, wherein the ratio of the amount of the cyclic
olefinpolymer (A) addedpreviously to that added later {previous
addition/later addition) is-from 1/99 to 70/30.

10. The method for producing a resin composition as

claimed in any of claims 1 to 9, wherein a part of the cyclic
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amorphous or low-crystalline flexible copolymer (bl) prepared by
polymerizing at least two monomers selected from a group consisting of
ethylene and an a-olefin having from 3 to 20 carbon atoms. 8. The
method for producing a resin composition as claimed in any of claims 1 to
7, wherein 100 parts by weight of the cyclic olefin polymer (A) , from 1 to
150 parts by weight of the flexible polymer (B) and from 0.001 to 1 part by

f I C)a It- d d, 9, The method fo
Shishp BRawwt bt RO AR
h f lic_ olefi d d t dd
P e A ot ﬁ.o?e“ﬁ%%gf%g g

and R0 108 LEOALEING A ESIBLY 6@&%@?&&%&%e%ﬁ%‘9r?é%%ﬁ%%ﬂn

9, wherein a part of the cyclic lef in"polymer (A) is préviously

poiRelsknqaded with e Hexiblerselymald Bhethen the sriieal initiator (C) is

added thereto and melt-kneaded, and subsequently the remaining cyclic
olef in 1polymies (Akisrasileddipeieioand Maejt-knaastein 1¢ohpe siathet as
for producing a resin composition as claimed in any of claims 1 to 10,
claherdinimpalyfunctiomdladompduntd (D Phawhg eeleasttvwe lyfunctional
radical-polymerizable functional groups in the molecule is added along
CoORPRE ratithl ihﬁi‘éi(ﬂ’qC)‘?t least two radical-polymerizable

functional groups in themolecule is added alongwith the radical
initiator (C).

12. The method for producing a resin composition as
claimed in claim 11, wherein from 0.001 to 1 part by weight
of the polyfunctional compound (D) is melt-kneaded relative
to 100 parts by weight of the cyclic olefin polymer (A).

13. The method for producing a resin composition as
claimed in any of claims 1 to 12, wherein the melt-kneading
temperature is from 150 to 350°C.

14, The method for producing a resin composition as
claimed in any of claims 1 to 13; wherein the ingredients are
melt-kneaded in an extruder having a wvent.

15. The method for producing a resin composition as
claimed in any of claims 1 to 14, wherein the kneading time
after the addition of the radical initiator {(C) is from 30 to
1800 seconds.

16. The method for producing a resin composition as

claimed in any of claims 1 to 15, wherein MFR (as measured at
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12. The method for producing a resin composition as claimed in claim 11,

wherein from 0.001 to 1 part by weight of the polyfunctional compound

(D) is melt-kneaded relative to 100 parts by weight of the cyclic olefin

polymer (A). 13. The method for producing a resin composition as

claimed in any of claims 1 to 12, wherein the melt-kneading temperature

is from 150 to 350C. 14. The method for producing a resin composition as

claimed in any of claims 1 to 13, wherein the ingredients are
230vfelpRdeaaseR anExdddef havirt EYert oo GhednethdERE Rdddd@Agoet

aresin co%osition as claimed in any of claims ]Prto 14, wherein the

the kel GABPRthe hddifior HPthe’ratcal hitktSr &4 #8130 to
1800,seconds. 16..The method for ing a_res; MROosIjj
claimljle(;' in %‘nymo?fc:ré?rﬁs 19%915,pv3\;§é5r%%r%‘ R ?as %nlé%%éﬁ?aed étg%gé%éaocby
in jaé’lgt'i%qle.-rnﬁ)?@gn@ 248 kg aecording 48 ASTM B3R A st sl ing to
composition Is from 0.01 to 100 g/10 min. 17. A method for producing a
thShaped:#ials byminieRi@nypolkiing 8ye kesiy egamposition produced
according to the production method of any of claims 1 to 16. 69
ABSTRACT Provided is a method for producing a resin composition
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by melt-kneading a cyclic olefin polymer (A) having a glass transition
temperature of from 60 to 200C and a flexible polymer (B) having a glass
transition temperature of OC or lower, wherein a part of the cyclic olef in
polymer (A) is previously melt-kneaded with the flexible polymer (B) and a
radical initiator (C) and then the remaining cyclic olef in polymer (A) is
added thereto and melt-kneaded. The cyclic olefin polymer (A) is divided
into two portions and added separately at two times, and accordingly, the
mixture having a crosslinked s%ﬁ%ﬂﬁgﬁay be diluted with the cyclic

olefin, pol r not hayi osslinked structure, and.the increase.in
r]..LB Jféeeépgs ﬁ me\{:ﬁg@ %rorogfﬁgﬁjl#]}él.ylb% %e]?gbgln Conm ogllx:l.on

the melt viscosity of the resin comp y preveriie
by HEIROYIALRYRO oG AY RSB PRR N RANELIRA) Mell, 2hGPRP Wass
transition temperature of from 60 to 200°C and a flexible polymer
(B) havingaglass transition temperature of 0°Cor lower, wherein
a part of the c¢yclic olefin polymer (A) 1is previously
melt-kneaded with the flexible polymer (B) and a radical
initiator (C) and then the remaining cyclic olefin polymer (A)
is added thereto and melt-kneaded. The cyclic olefin polymer
(&) is divided into two portions and added separately at two
times, and accordingly, the mixture having a crosslinked
structure may be diluted with the cyclic olefin polymer (A)
not having a crosslinked structure, and the increase in the
meltviscosityof theresincompositionmaybe therebyprevented.

A composition having good abrasion resistance and good melt

shapability can be obtained.
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