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 ggggrg%ogﬁposition 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,



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

ires, high-level melt fl bility i loyed. F le, in injecti
colf AR R el bR s eTaed f S e o
Lo SENTEI08 450 O Lt SRR DRl 1

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
Papsoducingie shaped drticlgdbyanjectibaandilingtheiesin fifaositionf2 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.



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) having a glass transition temperature
Mean®f GG or e ndetdia @ paltDéttze <cyclic olefin polymer (A) is previously

melt-kneaded with the flexible polymer (B) and a radical initiator (C) and
[oodhén the remaining cyclic olefin polymer (A) is added thereto and melt-

kneaded. [00087 Preferably, the cyclic olefin polymer (A) is a polymer

preparedby pohanerizing @ cyclie diefir okthe fellowing fermulas[1fatblks as

Also preferably, the cyclic olefin polymer (A) is a'random copolymer of
discemyRmedndd cydlic dlefin B the $8lI6Wing fofftm [Hooriiy Aalgec & method
- preferabl MFF\g?sm ured af 230C a der a load of 2.16 ki
=9F decording to ﬁ§§38)doo he§c;%:ll§§le IPyvrﬁe“r &5 troni 01 to e
01e 300 ¢/2Q yainr [0009] [Chemical 47 3 RiRa Rk&B:‘LﬂlR;l}S Be9d38R1Ge of

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

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

h
f
jny

9]

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

h

lexible polymer (B) and a radical initiater (C) and

then the

remaining cyclic olefin polymer (A) is added thereto

and meilt-
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]



R4 10 14/ R17 R18 R2 R5 R6 R8 R12 n m [J] [0010] (In formula[l], n
indicates 0 or 1; m indicates O or a positive integer; q indicates O 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 double bond; and R15 and R16, or R17
and R18 may form an alkylldene group.) [0011] [Chemical 2] 4 R18 R19
C lﬁi q (Q)R)15 ]5121 R10 /'~ R9 R13/\R14

R15

9 18 -
3 Rl@

10 14| | /RrL7
R18

R5 R6 /n RS \ Rlz/m

[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]



[0012] (In formula [Il], 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, 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 and R12, or R15 and R19 may bond to e®cff oth&X b form a
monocyclic or polycyclic aromatic ring.) [0013] b Prefefably, the flexible

polymer (B) is a flexible copolymer (b) prepare merizing at least
two monomers selected from a group/Consistifg of glefiys, dienes and
aromatic vinyl-hydrocarbons, and hav'!t g a glasg 3jtioy tem grature

(b)/1s atdeast one

of OC or lower. More preferably, the fléxible &opQ
: orphous or

om a group consisting of,

copolymer (bl)‘p\repared erizing At least
ed from a group conS| ofethylene and an
3 to 20 carbon, atoms p mer %)2)
iglng e‘thyFéTr?e’can a- oI in K - roph 3 80
gyclic olefin,
e R 10
; RY R13 O R4
R AN /
]__T m
Rli RlZ
L] L] L] L [ H ]

[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]



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
fronPaefensbdisistinhof dtheleheldrelamrsin RalingSrom 3ftbepgble
carbon atoms. [0014] Preferably in the production method, 100 parts by
COPREIMEIS bP 4 BEREPBIENR SOy RR: AL Fort 2 foaB0olsaELbY HrigRrorgrs
flexible polymer (B) and from_ 0.001 to 1 part by weight of a radical .
5 1RRERS {ET AR AR ER0Ed S5rRT A0yPH Aon T TEB G AR b

T s

r préV|ous al raddition) 1s from 1/

of 6‘&%0 gjr:ef cr)%%l%’mil -ﬁ%eg;fr%%"%ggwge% Ac): @e@c? %ﬂglecc%%g T ég) {b)

are previous en aradical Initiator {C) is a ereto

is gRdypglknaaded,Rod eguentht the Ferpaining<yGlc RN POlEH £ :
(A) is added thereto and melt-kneaded. [0015] One pref erred

an RHoketimenteftbhe inveptien compsisasrdeing cvpolyiunetiqnal ) prepared
compound (D) having at least two '

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



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 350C. Also preferably, the melt-kneading is
attained in an extruder having a vent. Also preferably, the kneading time

fter the addition of the radical ipjtiator_(C) i 30_to 1800 ds..
oc J55,T5308)0i2 0 el OGS [0 19 1200 sy ne
ding.to ASTM D1238).0f th j it is f Q1. t
ot SRR STARIES s sngp b L 0Bl el

of ShaRAdaHiglehy iniectiqr-nolding.he. reginL, Gam posﬁioéwe%@?ém this,

according to the above-mentioned production method. Effect of t

thd WERHON - 004 4] hewraduatiammethed pEths Wvention DHEsA (@9Nto be

composition having good abrasion resistance andmelt shapability. The

addesiprempasiioniis faverahbytiusedie psoduting shagril adictas ( previous
especially injection-molded articles that require high- levelmeltflowability
addindiinraddittareddiid ood abrésion ré8ktncd)/30. Also preferably,
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



Best Mode for Carrying out the Invention: [0018] The production method
of the invention is 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) having a glass transition temperature
of OC or lower, wherein a part of the cyclic olefin polymer (A) is previously
is meltkRedded with the fléxiblepslymer (B) and a radical initiator (C) and

then the remaining cyclic olefin polymer (A) is added thereto and s

mélEkn&dé%%é?Q] The Eyclie oléﬁlneﬁglymné? (AYh&S go6d heat ©&-e¢
prodesistances theragkagingresistances ghemical resistange, weather-8.¢

resistance, solvent resistance, dielectric characteristics and rigidity; and
comping f°Such BR&BEEETStics HETRBE 1§ used tin many apphcatiohsrAnt ioned
wo&etbg%%s %@g\qgé)f adding the flexible polymer (B) to the cyclic olef in
o poﬁlfner"(A) forimproving the impact resistance thereof. However, the
E£ffgeth&fnébbedm&Rfici€Rty recognized as yet that the abrasion

resistance of the cyclic olefin polymer (A) is unsatisfactory and it could
(0G40t be significantly improved even by addition of the flexible polymer (B)

thereto. The leyel of the necessary properties of shaped plastic articles is |
beind RnBF RRE 8T, BREINS 1ts T TSP BREn Fadfdto 2S5 Ln

oo E AN Bl 330D MG R R SR R PRYAYARION o
The resin composition is favoerably used in producing shaped
articles, especially injection-molded articles that reguire
high-levelmeltflowabilityand inadditionreguiregoodabrasion
resistance.
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

resin



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 olef in
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

re st e ConfOSHoH HRSISUPRG G si0h $46SEREE CRATAFSE EofGdERGP A
. that, when the cyclic glef i I A d the flexihl I (B

4 S G A Y RSP CHAR A FAER IAGP I LE 18 Gsea
. decompases, then the twa may..9 lipki iQn.tQgjve.
0 B R RS g DO e e OB Hoogar Fose

po 1 YRED tl?% y‘fgcﬁ{@ci%?gb@&eﬁﬁf ihe Sgii%ﬁePoémef&@ and b fadicahe

initiator (C) are melt-kneaded, then the melt viscosity of the resulting resin

1impERIRPQRIan: Mayc neviablydacreagewunra-to thperasslipking seatdienbeen
occurring between them. Accordingly, in case where a molding method

sufthat Tequiies highvtpvek sl fowability it ermploypdderiihe asipositione of
there may occur a problem. For example, in injection molding at high
thespgezl] be i kdGtiorpmbitieg td §ivel fargessitd affietes, vy irkinfectioncould
molding to give articles
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



that require severe dimensional accuracy, good shaped articles 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, apart of the cyclic olef in polymer

(A) , the flexible polymer (B) and the radical initiator (C) are previously
melt-kneaded and then the remaining cyclic olef in polymer (A) is added
thereto and melt-kneaded. Accordingly, the mixture of the cyclic olef in

undGRFRT AT RAHRE G SEH kR SHO G h & B RSAHR POk mt&nBRving

may be diluted with the cg{clic olef in polymer (A) not having a crosslinked

9o ARIFBS LR (FETFERLE T the melt viscosity of the resin composition

{00]91 ay be thereby prevented. Surprisingly, the abrasion resistance of the
resin composition obtained according to the production method can be

fully impreved Asrardingly. & CPmpesiien Raying heth gred apaseRxib1e

resistance and good melt shapability can be obtained. [0023] The cyclic

po BEfiPEMen A Her vseiedheiinventionohas gassreansitioieaded, then
temperature of from 60 to 200C. For satisfying the heat resistance for the

theshaeactaficlectheigigss franhidor éasnperatiye obthinpatympomustba may
60C or higher, preferably 80C or higher, more preferably 100C or higher.

indfy iHovdise d riioe escieinyg ioraiar diueecis 9s6 highis imenithe polypnarccurring
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



may decompose, and therefore, the glass transition temperature of the

polymer must be 200C or lower. The glass transition temperature as

referred to herein is a glass transition-starting temperature measured with

a differential scanning colorimeter at a heating speed of 10C/min. [0024]

Preferably, MFR (melt flow rate, as measured at 230C 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
may,is@Ssity CTeRE BElynidra¥ edbaflgh andtHeRhéR Mdidability"dt@heabrasion

r,esultin% resin composition may worsen. Moregreferabl , MFR is at least

£S5 8 GABH, A FEE br ST ot 1Akt AGROHI I OG0y the
oo RS, (PR IS g a0 500 940 gy, hen e dechanical syenginof

e resﬁﬁngmresm composition may preferably;

conipgs%ﬁg%lt%ﬁ% \E:‘%Pcﬂ‘%'@o‘é{ efprabi &k pash0.g/d0 qu [0028Ine 1+

n polymer (A) may be any one prepared through

shdpiynenzationof analinhatiefyglic skeleton-having olefin monomer to
give an aliphatic cyclic skeleton-having polymer, and its type is not

[ ospetifically defined. Preferably, however, the cyclic olefin polymer (A) is a
polymer prepared through polymerization of a cyclic olefin of the following
formTad|jayd¢llic 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 preferably 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



[0026] [Chemical 3] (RiRaRb R7 R11 R15 3q9 13 R16 R4 10 14 R17
R18 R2 R5 R6 R8 R12 m [I) [0027] (In formula[1], nindicates O or 1; m
indicates 0 or a positive integer; g indicates 0 or 1; R1 to R18 and Ra and
Rb each independently 12 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 double bond; and R15 and R16, or R17 and R18

hanga, ¥5rMER AfkyFa&%e 7688 (8693 {GReMich 4T RAB RES PESRARTFaL

R3 R R1 R5 CH2 <ED %6,R10 R9 R13 fl R14 R4,R8
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 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



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 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 13

hydrocarbon group, or an alkoxy group; the carbon atom to which R9 (or

R"0) bonds, and the carbon atom to which R13 or R11 bonds may bond

to each other directly or via an alkylene group having from 1 to 3 carbon
repueseniradhwidareg ema ko R@t@aﬁtama@@m% ARVRTO PIRPESIRUP

each other to form a monocyclic or polycyclic aromatic rlng ) [0030]

R pRRerraRuRensdodt ah SOMRE R dHBRARPFRERARP TR deREC1 1o
olefin of formula [I] or [II] are (al), %'aéb":i and (%4% mentioned below.

StRYGLRERAGT mﬁl%%ﬁ%yréq ¥ fﬁmtSt’r%Fr’ﬁﬁFa“[ﬁYoPa"e
d[)‘l‘grith egl%cycllg1 lefin nra mco&glymer (a%,} R'E'[ 1_,npenln Y mer o

Or ing-opening cop ynser ot a éyclr efin of formula

gr 3—&? genation product of (a2). (a4): Graft modification product of (aI) (a2)
or{a3). [0031] The cyclic olef in of formula [ 1] or [ I] to form the cyclic

[0028]

[Chemical 4]

RB
R4
L] [ ] L L] [H]
[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



olefin polymer (A) for use in the invention is described. [0032] The
chemical formula of the cyclic olefin [ I ] is as follows : [0033] [Chemical
5]14 R1RaRbR7R11R15 34913R16 41014 R17 R18 R2 R5RG
R8 R12 n m [I] [0034] In formula [I], n indicates 0 or 1; m indicates 0 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

hy dBRAATS M ATIRIE ATy J0OREF RIIRABRING R SATRIeaER™ to which

o independently represent a hydrogen atom, a halogen atom,ora .,
R® 9 dbaro P B, A HAbGER SO T ARUEREAEM, B Cridrife afsas

mayal‘%% Irfl:% aetgc Ocr) el%dﬁlfrggotr&y[ooog gia 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]

14



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. More concretely, the
alkyl group includes a methyl group, an ethyl group, a propyl group, an
isopropyl group, an amyl group, 15 a hexyl group, an octyl group, a decyl
group, a dodecyl group and an octadecyl group; the cycloalkyl group
/ncludes a cyclohexyl group; and the aromatic.iydrocarbon group
ingdudes a ghe ykg,rup and’naphthyl grup. [§037] The hydrocarbon
gro p may be ub ituted jwithja halpgen afom. I formula [I], R15 to R18
Y r) to fora.a monagyelic or polycyclic
iC S . us formed may
Mohaeyelic or polycyclic
] [Chemical 6]
: &. egil)fe carbon atom
7tbm i i al[IT¥e>which R15 (R'6) or
R17 angd R1§ may form an alkylidene

\ R12 -

[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,
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group. The alkylidene group is generally an alkylidene group having from
2 to 20 carbon atoms, and its specific examples are 16 an ethylidene
group, a propylidene group and an isopropylidene group. [0040] The
chemical formula of the cyclic olef in [ Il ] is mentioned below. [0041]
[Chemical 7]R18 R1I9 R16 O R17 R3Rn R1IR5CH2qgoR15 R2R6
FIOROR130R14 4R8 ~, m R11 R12if [0042] In formula [ll], p and q
each_indicate O or a positive integger; m and n_each indicate 0, 1 or 2. R1

a h§¥y BROYAndBPeRG&Nty Pt E8ana A ER0OLHA0RY, £naRGRRYAoFE 0P
a.ncil @/Ig roocg{:%oglegrﬁtj P 8{:ggpa:lk0)1§¥1grog9bloalkyl group includes a
cyclohexyl group; and the aromatic hydrocarbon group includes
a phenyl group and a naphthyl group.

[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
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17 [0043] The halogen atom has the same meaning as that in formula [l].
The hydrocarbon group each independently includes an alkyl group
having from 1 to 20 carbon atoms, a halogenoalkyl group having from 1
to 20 carbon atoms, a cycloalkyl group or an aromatic hydrocarbon group
having from 3 to 15 carbon atoms. More concretely, the alkyl group
includes 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
an g&hacyt grith SRR &tﬁﬁ@@ﬂjgi‘gﬁﬁ‘,ecmbﬁﬂﬁ grod PRIRIEE L dene
cyclohexyl group; and the aromatic hydrocarbon group includes an aryl
9r°d¥80p and an aralkyl group, concretely a phenyl group, a tolyl group, a
wonﬁaoo thyl group, a benzyl group and a phenylethyl group. [0044] The
alkoxy group includes a methoxy group, an ethoxy group and a propoxy
groupy, Thase diqcaqn 90U R alkexy: roYR F1AY B8 | 15 mentionea
substitutedwith a fluorine atom, a chlorine atom, a bromine atom or an
be18gine atom. [0045] The carbon atom to which R9 and R10 bond, and the
carbon atom to which R13 bonds or the carbon atom to which R11 bonds
[oogmay bond to each other directly or via an alkylene group having from 1 to
3 carbon atoms . Specifically, when the above two carbon atoms bond to
{ Cheachaatheridia an alkylene group, then the groups represented by R9 and
R13, or the groups represented by R"0 and

R  RI9
/ j——L N
R10 O RY
R3 4 R7\ N n/
tCH,Jg <O>Rl5
g0/ AN
R w—( () e
N R e\ /
»oeoeo [
[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.
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18 R11 together form a methylene group (-CH2-), an ethylene group
(-CH2CHZ2-) or a propylene group (-CH2CH2CH2-). [0046] When n=m =
0, then R15 and R12, or R15 and R19 may bond to 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 R15 and R12 form an aromatic ring when n =m = 0.
0047] [Chemical 8] -(CHQO O (CH22000 ---(CH2 O O O [0048] q
the same meaning as that in formula [Il]. [0049] More concrete

exarqgﬁsgo% heEb (I:C ;%O%enzf!%s% #flormula [Il]nor Ul alsri ??hoﬁ%n geﬁ_%w fg'{%tula

menti eptene norborne

[1 ]abo\ﬁg‘ﬁr?%e&%gﬁ EE?cﬂ‘f %‘?{ﬁe"é@lﬁ‘? zn%aﬁbd'gg'gﬂtglkyl

the carbo position num ert erein), erlvatlves of the compound

groﬁi@%&@gg{&v'%rﬁyﬁlrQ@ﬁ@@WPHingi[ggéq] a halogenoalkyl group
havingfroml to 20 carbonatoms, acycloalkyl group oranaromatic
hydrocarbon group having from 3 to 15 carbon atoms. More
concretely, the alkyl group includes 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
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[Chemical 9] 26 7 35 4[0051] Examples of the hydrocarbon group are
5-methyl, 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-(isopropylphenyl), 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

11 dicyclo[2.2.1]-2-heptene derivatives such as

R™ 1t ARG R0 oA LoRGERSHY R BiEGRMdNE; CHz-) . an ethylene group

4 ethano-1,4,4a,5,10,10a-hexahydroanthrace [0053] In addition,
aldo rﬁe?moneda a%f?r?gi fo1%.3%5.12! %g&? o Qc‘l%?lv fives such as
{054 clo[4.3.0.12'5]-3-decene, 2- methyltrlcyclo[4 3.0.12.5]-3-decene,
5-methyltricyclo[4.3.0.12'5]-3-decene; 20 tricyclo[4.4.0.12'5]-3-undecene

derivigi{ygs UCh @S~ o, 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]

—enr Q)

{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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tricyclo[4.4.0.125]-3-undecene, 10-methyltricyclo[4.4.0.12.5]-3-undecene.
[0054] Also mentioned are tetracyclo[4.4.0.12.5.1710]-3-dodecene
represented by the following structural formula, and its derivatives
substituted 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,

[0 0%&?-dimethyl, 2,10-dimethyl, 8,9-dimethyl, 8-ethyl-9-methyl,

1,12-dimethyl, 2,7,9-trimethyl, 2,7-dimethyl-9-ethyl,

- yl-2,7-dimethyl, 9,11,12-trimethyl, 9-ethyl-11,12-dimethyl,
{Ch%-}i(?g %%yl-% ,12-dimethyl, 5,8,9,10-tetramethyl, 8-ethylidene,
8-ethylidene-9-methyl, 8-ethylidene-9-ethyl, 8-ethylidene-9-isopropyl,

8- 'dege-9-butyl, 8-n-propylidene, 8-n-propylidene-9-methyl, 21

2

3 b
4

{0051]

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%°]-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:
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8-n-propylidene-9-ethyl, 8-n-propylidene-9-isopropyl,
8-n-propylidene-9-butyl, 8-isopropylidene, 8-isopropylidene-9-methyl,
8-isopropylidene-9-ethyl, 8-isopropylidene-9-isopropyl,
8-isopropylidene-9-butyl, 8-chloro-, 8-bromo, 8-fluoro, 8,9-dichloro,
8-phenyl, 8-methyl-8-phenyl, 9-benzyl, 8-tolyl, 8-(ethylphenyl),
8-(isopropylphenyl), 8,9- diphenyl 8-(biphenyl), 8-((3-naphthyl),

thyl) Siargt 5,6-diphenyl. [Q057] Further mentioned
trig & t%(t) t}:y(é‘:/lo4 01512 3odecer§¥a erva %gseguch 2898 uct a°

o 9@' Qerlltaglege egagggg/ adduct) and cyclopentadiene;
rlpejﬁtac;eclow 5.1. 13?"002 7 09'13]-4 Sentadecene and its derivatives,

10 RRIAIIQT 4213 541%123.08418]-3nentadessne, and its derivatives,
pentacyclo[8.4.0.12,519,12 08,13]-3-hexadecene and its derivatives,

[ ogEenjacyclo[6.6.1.13'6.02.7.09.14]-4-hexadecene and its derivatives,
hexacyclo [ 6.6.1.13,6 110,13.02,7 09,14 ]-4-hentadecene and its
derivaliges, heptacyclo[8.7.0.12,9.1deA il 8 €3'8.012'16]-5-eicosene anthre
its derivatives, heptacycIoLS 7.0.13'6.110,17 112,15 02,7

tetngqmngékogeﬁehnaq$ ®]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,
9,11,12-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,
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22 derivatives, heptacyclo[8.8.0.12,9 14,7 111,18.03,8 012,17]
-5-heneicosene and its derivatives, 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
[I]or[1l]usable inthe invention are mentioned above, and more
concrete _structures of these compounds are shown in JP-A 7-145213,

8- REGRPhE 16052 P BB 1, which aft BsateBE HEEPQic P RT My L -
invention 5%%59 T%gbq_){%%olef in of formula [I] or | Ié]_mentioned bove

B'nnﬁgff Bg%%o JCEd through Diels-Alder reaction of cyclopehtadiene Jand an - *

o- SUSlirbavaa i conespandng suchre. 0GUENG 0L PREARSS ey,

ns may be Used herein either singly or'as combined.

8 - Fusisrablyusig thescyclie Qief iy 10f formulg [I] op Bl dpentioned-aliove.t v ,

the cyclic olefin polymer (A) for use in the invention may be produced, for
8 - xpole,, accordinghe the ngethods gescribgd 9n dR«A 68468708 Jény1 ,

61-120816, JP-A61-115912, JP-A61-115916, JP-A61-271308, JP-A
8 -t R A2 156, plite AYER; 25290 B elPsr162-252406 Wyith, suitably e thy lphenyl) ,
8- (isopropylphenyl), 8,9-diphenyl, 8-{biphenyl},
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%%,0%7,0% ] -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,

heptacyclo[8.7.0.1%%, 11017 112.15 2.7 11181 _4_ejcosene and its
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23 selecting the condition for the production. [0061] (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
el-like crosslinked structure is confirmed by the fact that, when the
der R yhi& dissolves in an organic solvent, the resultlng solution contains
hepmoeglslj)r e keqhch():ro eﬁarrgplf‘; whfﬁtb@ w;rm éty él]kthereof is
polymer cormpletely dISSO ves ddcalif at L35, ahd
+dhis confirms the above. [0062] In the ethylene/cyclic olef in @%dg@%
copolymer (al) for use in the invention, at least a part of the cyclic o efln
oct@fpEnyiaslllsordll] mayjconsiitutesa fepeating-anief the. fllewiddene ana
formula [I11] or [IV]. [0063] [Chemical 11] 24 R Ra R~ R Rll R15 3 (19

itsl3 R16 derivatives,

and

nonacyclo[10.9.1.1%7,1%3-20 11518 2.20 3.8 1221 ol4.1%1_5_panta
cosene and its derivatives.
foos8]

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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410 14 R17 R18 R2 R5 R6 R8 R12 n m [0064] In formula [Ill], n, m, q,
R1 to R18, Ra and Rb have the same meanings as in formula [l]. [0065]
[Chemical 12] 25 R18 R19 R16 O R17 R3R7nR]R5 CH 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 [ll].
Without detracting from the object of the invention, the ethylene/ cyclic
mefmrandon1cho fneréa@foruseintheinvenﬂonrnayopﬂona“yhave
conditio o

53%&88&&ﬁuﬁ8ﬁ%| r the production.

[0061]
(al): Ethylene/cyelic olefin random copolymer:

In the ethylene/cyclic olefin random copolymer (al), the
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]

24



unit derived from any other copolymerizable monomer. [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, 1l-pentene, 1-hexene, 3-methyl-I-butene,
3-methyl-l-pentene, 3-ethyl-l-pentene, 4-methyl-l-pentene,
4-methyl-I-hexene, 26 4,4-dimethyl-i-hexene, 4,4-dimethyl-lI-pentene,
4-ethyl-I-hexene, 3-ethyl:i-hexene, 1-o¢tene, 1-decene, 1l-dodecene,
-teftadeceng,_1-hexadecsnel-otcgdeceng, and\1-eicosene;
icyclp-olefins §uch gs ¢yclopctepe, cyclopentene, kyclohexene,
dnethyla entene, |3-prsthyldyclohexene, R15

.c

BOECANjugated dienes
b metr11¥l-1,4-hexadiene,
borhene. [0068] These

ONe

_ : ser singilongs;gombined. In the
ethyjene/cyclic oJ&f in randpm gopolymer (aly; the|constitutional unit
derjved from thothr morjomeg as @ bove %/ bé generally in an amount
>¢ &t most 20 llﬁold,Rpref abI;Rat mos¢ 10 mhold. 0B69] The

ethylene/cyclic olef in random copolymer (al) for use

[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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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 copolym@'iza\ti0[19 also usable is a
solid Group 4 metallocene catalyst. The solid Group etallocene
catalyst is a catalyst comprising a transition mefal compound that
contains a cyclopentadienyl skeleton-having lig -

organoaluminiumoxy compound, and,éptional gangaluminiym

compound. The transition metal belo%q_i@ tQ Zﬁﬁeriodic
Table is zirconium, titanium or hafniuth, and the etal has at
' Vel tésienyl skeleton-containin . Examples of the
eton-containing Yigand arg-acyctef ierAyl group,

ptrahydroindenyl grou and a-fluprenyl grodip
ith an,awl aroup. Theésefgroup§ ms el to the
I groﬁﬁ sueH%s an alkylege groupy Other ligands

Nyl skeleton -containingyligand arg an alkyl group,
\laryl gsoip and/An aralky, d so on\,
, . RY RIS O Rl4
N B e \ y
1

R1t Rl2
® (] L] L 2 [N}
[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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[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 of formula [I] or [I]] may constitute a repeating unit of the
4. AiofdmiP iR PRV [0073] [Chemicdt 1831 RIRERS R7RggLene.
R15 3913 R16 410 14 R17 52_1]&%52 RSR6R8R12nm ... Ivy | 074]n
- SRS S, o, K10 R18 'REXRTIY have RE G meanisge e

l~d%%gggggwathetradecene, l-hexadecene, l-otcadecene and

l-eicosene; cyclo-olefins such as cyclcbutene, cyclopentene,

cyclohexene, 3,4-dimethylcyclopentene, 3-methylcyclohexene,

2-{2-methylbutyl)-1l-cyclohexene, cyclooctene and
3a,5,6,7a-tetrahydro-4,7-methano-1H-indene; and
non-~conjugated dienes such as l?4~hexadiene,
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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[0075] [Chemical 14] 29 R18 R19 R16 aR17 R3Rn 015 R15 CH2 ~;
R R2R6 RIOR9R130R14 R4Rgpm RIIR12 .... [VI] [0076] In
formula [VI], n, m, p, g, and R" to R"9 have the same meanings as in
formula [I1]. 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 cyclic olefin of
formula [I] may _be polymerized or copolymerized in the presence of a

hYdRRE8EESRg PV Fization catalyst. [00771 The ring-opening

ro merization catalyst for use herein may be a catalyst comprising a

alide of a metal selected from

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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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 a ring-opening polymer or a ring-opening copolymer which
oleE1gruse in the invention may be obtained by hydrogenating the

ring-opening polymer or ring-opening copolymer (a2) obtained in the

mantr DA FRAR HRESERIBE Zin ehier ARG copoLymer of
CcyC yngéogig%g.%n Cg%alxsetaggogﬂ)g}r@%ng{loegenaélggtp rogg ti(r??’c.):f ff rmula

rINg-opening golymer of a ring-opening copol‘f/%er, at [easta parto fhe

cyclic in 0 [5] IL] r in ' :
EI]fo owﬁslf}lof?néfa V#Fgrl[%lﬁﬁ%[éoa%?ﬁf [%‘fleé%nriiagaell%%%lglgjl% Igri%fl:\tg's%}?ﬂwmg
fortkl A5 B1603 WhT] -

[0073]

[Chemical 13]

R1t
R15
9 13K 16
10 14| | /RL7
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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4 RS5. . .. [Vff] [0081] In formula [VII], n, m, g, R1 to R18, Ra and R have
the same meanings as in formula [I]. [0082] [Chemical 16] 32 R18 R19
R16 OR17 R3R7nR15CH240R15 R2 R6 Rio RgR13 O R14 R4
RKpm m R11 R12 [0083] In formula [VIII], n, m, p, g, and R1 to R19
have the same meanings as in formula [ll]. [0084] The hydrogenation
product (a3) of a ring-opening polymer or an addition copolymer which is
for use in the invention is preferably a hydrogenatlon polymer of the
ring-opening polymer or ring-opening copolym Bt th&khove-mentioned
norbornene and

N
R16 R17
N 4

[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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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 ring-opening polymer or ring-opening copolymer of a cyclic olefin
(a2), or the hydrogenation product of a ring-opening polymer or a
ring-opening copolymer (a3) mentioned above. [0086] For the modifying
agent, generally used is an unsaturated carboxylic acid. Concretely, it

DGR Gl TAARRLT TEFBEIT SO0 SHON asThibR) RAMCI T AFaTde °F

acid, f umaric acid, tetrahydrophthalic acid, itaconi¢ acjd, cifraconic acid,
a c%?b & iérgé’.af“r‘éﬁér%’fé‘r%cag(‘:"f‘d?%e okca metaal se ecJ:eé: romr{(i\.ganlum,

po PRSP 2 UREA AV RPN 860 (A AU A,

erivatives of the unsaturate IC acids such-as unsaturated

an&ahoxylig agichanhvdiides. Wrategd carboxylic acid halides,

unsaturated carboxylic acid amides, unsaturated carboxylic acid imides,

[ osmsqturated carboxylic ester compounds. [0087] More concretely, the
unsaturated carboxylic acid derivatives are maleic anhydride, citraconic

{ aZphydHge magtanyt okiorige; odaleitnidefmandmetbylanalate, dwoethydr or

malate,
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.
{o07¢9]

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]:

[0080]

[Chemical 15]
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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 agents may be used
herein, as combined. [0089] The degree of modification of the
graft-modification product (a4) of a cyclic olef in polymer which is for use
in the invention is, in general, preferably at most 10 mold. The
graft-modification product (a4) of a cyclic olefin polymer may be produced
ihroggh graft polymerizatioy in the preSence of a Wodifying agent, or by
previvbisly prefiaringza fnodfficatibn pfoduct Ravingta high degree of
sdification and\theri rhixing th mod |f|cat|o prodpct with a non-modified

cyclicy e ofyphbdification.
[009 t&d) of a cyclic olefin
poly d afent, any

con pay pe widely

emp fgr obtaining the
graf |f|cat| D uct( s aAfethod “of gdeing a ypddifying agent to
aath of a cyclicdlef in polymen for graft polyimerization (reaction) of the

poly AEr; or a r’r}gﬁhogb R8 R12

[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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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 35 350C. The grafting reaction may
also be attained in the presence of a radical initiator such as organic
peroxides and azo compounds. [0092] The modification product having a
degree of modification as above may be directly obtained through grafting
reaction of a cyclic olef in polymer and a modifying agent. It may also be
obtained by previously preparing a modificatiorggfodugt¥aving a high
degree of modification through grafting reaction pf a cyglic olef in polymer
with a modifying agent and then diluting the mofificatian product with a
non-modified cyclic olefin polymer so &S to haye a desirgd degr
modification. [0093] In the invention, a ny of the @
(a2) (a3) and (a4) may be used for tﬁe cyclig ol
[0094] Of those, prefer
mer (al), or thatNs, aran

formula [I] or [Il]. The etltylenel/cychc olef ih random
Mably u$g inge |tg|ve
2fq

R Rl13 O R4
D \\ g:
R}l Rm
I

[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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a resin composition having good abrasion resistance. [0095] Preferred
examples of the cyclic olefin of formula [I] or [ll] that is used as the
starting material for the 36 ethylene/cyclic olefin random copolymer (al)
are the above-mentioned tetracyclo[4.4.0.12'5 17'10]-3-dodecene and its
derivatives substituted with a hydrocarbon group, from the viewpoint of
the heat resistance and the availability thereof, and
tetracyclo[4:4.0.12'5.17'10!-3-dodecene IS an especial%hgreferred

ITGENE Y 1R ESmh §659%% PRIGEBY Ldifiyehd Toteht BriRg dom
et Iene/cyclig olef i randg}n ca OPMEer (al) is, from 40 tg 85 ﬁolg in nin
co?\ﬂe\%/"b?rthe( ea{t‘ress &nceand ﬁ%e rlglrdﬁyt erebt. More pre’fera%ly?ptﬁe g

cop%ﬂf 89 %@?%&ﬂ@%ﬁ%@@C{'Qz’?‘ls%@@ﬁeofﬁ}ﬁ@p&én%l%tﬂﬁ,%uct

coritent Is at most 75 mold. The cyclic olef in contént is preferably from 15

of 19 60yRgldsMare Prefpiindbe Jzyclic elefig CQB@;&‘Hﬁgatd%%%ﬁn@Qd( a3)

Also more preferably, the cyclic olefin content is at most 50 mold. [0097]
mendiiedblgHqaehygner (B) is described. The flexible polymer (B) for use in

the invention has a glass transition temperature not higher than 0C. For
[ oo sflciently improving the abrasion resistance of the shaped article

obtained herein, the glass transition temperature must be OC or lower,

prefdiapljthe 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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-10C or lower, more preferably -20C or lower. In general, the glass
transition temperature is not lower than -100C. The degree of crystallinity
of the copolymer, as measured through X-ray diffractiometry, is preferably
from 0 to 30 %, more 37 preferably from 0 to 25 %. [0098] Preferably,
MFR (melt flow rate: as measured at 230C and under a load of 2.16 kg
according to ASTM 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

A1 GAIRRMY bi thé EdfoRmiBrd e ase ted AlyIRan B e helBmblaaBifgof heid
resulting resin composition mayjrvworsen. Moregreferably, MFR is at least

aney g fFIBGHh BB PRbie Brefef4BIy AITEES 61 S TP Grf S Sidents

ha\gld, if MFRl_ils over ZO%glloo%rk thtan the mechanical strength of the
ma%esﬁ‘ltiﬁ& 9éﬁap((é.’ Shitle mayﬁower.nlﬁor‘e preferably, MFR is at most 150
1 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 uge, Negaig,is preferablyf5am L4014 & 1Q g/ aorg fyeterably o at ion
0.08 to 7 dl/g. [0099] Preferably, the flexible polymer (B) is a flexible

pré@petynean (o) epared hicpelyselizipg Bieastine FRONEMRSES seledadthe
from a group consisting of olef ins, dienes and aromatic

inwent-hydracarbabrs, grohbawihg spglasetrandifiortemparatur® 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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of OC 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 38 a small amount of any other
monomer than the above-mentioned monomers. [0100] Preferred
examples of the flexible copolymer (b) are the following (bl), (b2), (b3)
and (b4): (bl): an amorphous or low-crystalline flexible copolymer

350 fepartdb i mMestPSbLesIRY flsthRratdadned ibmhbg Brsgence

or SENYRYIGA NS 206 AN SORMLIMNGIONS To. 20 2adhon Aol
B2 3 TeSitte dBholhad BreSArEd b HoRAting SRISHE &R aBiskind?©
Gou{bq)\ﬁ%ggm 3 to 20 carbon atoms, and a cyclic olef in, (b3): a flexible
copolymer prepared by polymerizing a non-conjugated diene, and at least
[ ogvoymonomers 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 itghydiegeratienaretustobar arpmaticyinybkBydiesaskoncNts fcation
conjugated diene. [0101] The flexible copolymer (bl) is an amorphous or

as e/ stalfined|eXdibtlecopplyinen prepdred byyty sesfingrad ieastfion of
monomers selected from a group consisting of ethylene

a cyclic olefin polymer and a moedifying 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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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 olef in polymer (A). 39 [0102] The

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

transition temperature of not higher than 0C, and therefore it is soft and

flexible. Preferably, its density is from 0.85 to 0.91 g/cm3, more

preferably from 0.85 to 0.90 g/cm3. [0103] The flexible copolymer (bl) is
ethydearedagcddigmenZing 1at lcasinfowlefffRPardregencraly a rafdom the

copolymer. Concretely, ethylene/a-olefin copolymers and )
abFSyERS ARGt SIpRTHES Ut do Bnhire ugable]f'o? tdqgRAGHe and 1ts

detractin%from the o.b%'ect of the, inventiqn, it mga%/ contain, if desired, any

A THYACOROR RS bie R SuPAIER rRodbHErSERBSbrY 0784 FHE™ the
o1 SRTRa maletal Srolefinor e clhlenslarqIgfin Conomers Mev e 2os

e aving on atoms, an examples ar

an®"OPYIENE ] eRe o1 pentene, 1-haxene; 4eliy-l-pgnigpe. Jsacteng, 1 v

1-decene and their mixtures. Of those, especially preferred are a-olefins
proRUINESOE:RIIQ GEdanataRmARAKE. all, ethylene /propylene

copolymer is
[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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favorable in view of the affinity thereof to the cyclic olefin polymer (A).
The molar ratio of ethylene 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 from 30/70 to 95/5. The molar ratio
(ethylene/a-olefin) is more preferably not less than 50/50, and more
preferably not more than 90/10. [0105] The starting material, a-olefin for
pré 2o Iegg/&lolgﬂ@gogglygers may be an a-olefin having from 4 to 20
carbon atoms, andits examples are 1-butene, 1-pentene, 1-hexene,
[Og@rg?thyl-l-pentene, 1-octene, 1-decene and their mixtures. Of those,
especially preferred are a-olef ins having from 4 to 10 carbon atoms. The

molap LAt of A9DYIRRSH Y S efiPn (HPRYERY/AQIRANIN I at 230°C and

propylene/a-olefin copolymer varies, depending on the type of the a-olefin

undRareinl dud isprefaraiiy frm SPaih e 06/AsTieImolaslatig the £flexible
(propylene/a-olefin) is more preferably not less than 50/50, and more

po pyeferahi hoi mafedhan 90410t 4008} Thelftextdle copnlymeRr(b2)é-aof is
flexible copolymer prepared by polymerizing ethylene, an a-olefin having

lofiemthap 20 ChdbohGnuims, tineratdyelived|sf wi. sthesflaxibdd dipolyorerlymer
(b2) is prepared by polymerizing at least three olefins, and is generally a

maYaHﬁoFﬁEo%é%éﬂ%ﬂh@dﬁ%ﬁdﬁ%@%ﬂ’ri'é( 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
[nl, 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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object of the invention, it may contain, if desired, any other
copolymerizable unsaturated monomer component. [0107] Concretely,
examples of the starting material, a-olefin 41 having from 3 to 20 carbon
atoms for the flexible copolymer (b2) are propylene, 1-butene,
4-methyl-lI-pentene, 1-hexene, 1l-octene, 1-decene, 1-dodecene,
1-tetradecene, 1-hexadecene, l-octadecene, 1-eicosene. Oneormore of
these maybe used herein. The starting material, cyclic olef in for the

a smaddte ¥BPBRMAL (BPYmATIHRIHBWEHS thattsdras v aaRpRit toned
material for the cyclic olefin polymer (A). [0108] The flexible copolymer

MORPB§ fsSrepared by copolymerizing the monomers preferably in a ratio of
from 40 to 98 mold, more preferably from 50 to 90 mold of ethylene, from

L 1? 0'50 mol%, more preferably from 5 to 40 mold of the other a-olefin,

fromP%é%@gf@%‘?'e#%%[ﬁl%@f%@h%g%‘i&9&15@”&%%83%&&9i?Qﬁe‘fai_f'e he

This Is a substantially linear random copolymer in which the constitutiona

£o 1S degived from these, mepamess.are ipfiomly configured. The

substantially linear structure of the flexible copolymer (b2) not having a
(b1gel-likercrogriRiabalsuctisre onorfirmechhy thedfact thatibe LORBYBEImer
completely dissolves in decalin at 135C. The flexible copolymer (b2) may
prdmapredubgd ployt suikalily Sateciing ke sbnditiondonitaetarding tactbed £rom

same method as that for the cyclic olefin polymer (A).
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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[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-olefin having from 42 3 to 20 carbon
atoms. The flexible copolymer (b3) is prepared by polymerizing at least
one non-conjugated diene and at least two olefins, and is generally a
random copolymer. Concretely, ethylene/a-olefin/diene copolymer rubber
EOL?P&I propylene/a-olefin/diene copolymer rubber and so on are usable for
ithout detracting from the object of the invention, the copolymer may

cbnt%eif defztg%jjg %oth grlzatg ynsa %ate e or

component pha |n t0 constitute t e ethylene/a-ole n/dlene

LoweRpebanan ibher Mgy lt?gsa@z 95208 NAVIREHRToH1Q & SHAAR AL0BS no t

and its examples are propylene, 1-butene, 1-pentene, 1l-hexene,

nigh8lethykpenieae, laaeenadrdecane apd thelr mixkyes f thesexibie.
especially preferred are a-olefins having from 3 to 10 carbon atoms The
Preafales atjo, of £tlkylehmtoia-plefis (ethwiene/asdefiny inkhel g/cm®, more
ethylene/a-olefin/diene copolymer rubber varies, depending on the type of
prefienablbiin fhemir) .18t i§ préfepdbly from 30/70 to 95/5. [0111]
Alpha-olefin to constitute the propylene/a-olefin/diene copolymer rubber
[03fdy be an a-olef in having from 4 to 20 carbon

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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atoms, and its examples are 1-butene, 1-pentene, 1-hexene,
4-methyl-lI-pentene, 1-octene, 1-decene and their mixtures. Of those,
especially preferred are a-olefins having from 4 to 10 carbon atoms. The
molar ratio of propylene to a-olefin 43 (propylene/a-olefin) in the
propylene/a-olefin/diene copolymer rubber varies, depending on the type
of the a-olefin therein, but is preferably from 30/70 to 95/5. [0112]
Exam&les of the diene component in the zth lene/a-olefin/diene

EroESghEHUBBErand T Brotffeh@lLoiditEne B8y et riBdet arecre

i -conju ienes s 1.4- i - i
sl EORONY T T0E) JOE A0 MR- LARRI ot more

thatiMedhylol, 6-octadiene; cyclohexadiene, dicyclopentadiene; cyclic
non-conjugated dienes such as methyltetrahydroindene,

[ 0 3myinylnorbornene, 5-ethylidene-2-norbornene,
5-methylene-2-norbornene, 5-isopropylidene-2-norbornene,
6-chipramethyt-basepmgenyl-gdoshdragne; «-olefin for the
2,3-diisopropylidene-5-norbornene;

prdpeiwtidene-8dsdiropylidenieyBaosboderiee an a-olefin having from
2-propenyl-2,2-norbornadiene. Preferably, the content of the diene

4 TeoRfpGE NP thd @BFo\EREr SLFofF 18 2BTRRE ok {Bferabhpréhene
to 15 mold. [0113] The flexible copolymer (b4) is a random or block )

1—%%%%&4—::;(31: vl-1l-pentene,” l-oCténe, 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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or its hydrogenation product of an aromatic vinyl-hydrocarbon and a
conjugated diene. [0114] For the flexible copolymer (b4), concretely used
are 44 styrene-butadiene block copolymer rubber,
styrene-butadiene-styrene block copolymer rubber, styrene-isoprene
block copolymer rubber, styrene-isoprene-styrene block copolymer
rubber, hydrogenated styrene-butadiene-styrene block copolymer rubber,
hydroﬁgenated styrene-isoprene-styrene block copolymer rubber,

havdi 5—%t30‘?é’né9a‘ﬁﬁﬁh?ﬁ‘o?%ﬂ}ﬁ?eﬁ%’69ﬁ blestiferaghgner (b2 )
copol merlgm ,ing n%raj: the mola&rﬂratighoffhf aromgtic 1-n
arevin)ﬁ]‘r}‘:% LEDEsn to ﬁe%o%?uegated ghet &lrémé entene, exene,

i-o '@gl-fyd rg 93@8@ Ce? nj lig‘q{ggéié%%ee) ,islp—r%gﬁl%ﬁefé%@elp/ ? Qﬁgngé%%_ene .

he hydrogenated styrene-butadiene-styrene block copolymer rubber is

1-oRAQRADABAE rubhey preRATed b hEWeaRNALIRG 2 DKL AY B NSiONBlG 1 n .
bonds remaining in a styrene-butadiene-styrene block copolymer rubber.
The ThedVelagenateshstyrene-isopiencidyane Bloekh €aeywBl 818BpbIEwEe
copolymer rubber prepared by hydrogenating a part or all of the double
{ b2honas/r&@aining shme shaehka soprand-styrehe ockredpalymet eutiledy. for

[0116] One or more of the above-mentioned flexible copolymers
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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(bi), (b2), (b3) and (b4) may be used herein either singly or as combined.
[0117] The radical initiator (C) may be any one capable of 45 generating
a radical through thermal decomposition under heat during melt
kneading, and its type is not specifically defined. It includes peroxides,
azo compounds and redox initiators. Of those, preferably employed
herein are organic peroxides in view of their reactivity, good handlability
and availability. Preferably, the radical initiator (C) decomposes at a
3 tQ,tHhRAEPREI PTG meﬁ%e%hﬁ?&,%‘a RN TrE R WiRrRhepared

half-value period becomes one minute is preferahly from 30 to 250C. The
2% n rEeh R e e s LR e R R

tw %’{%rf‘g s']%i‘?ési@?é‘ei%%a&ﬁ mote, PESIRraBly it pagre “?l?éi%’g%%%y,

0118] Organic peroxides usablefor the radical initiator (C) in

o tRPIAX95 S5 a3 Meful eIyl ketone peraxide. cyclohexapgae and

peroxide; peroxyketals such as 1,1-bis(t-butylperoxy)cyclohexane,

prdpdDis{kPHVIPE XN P6l88R  YIRPEFRYHES 368188 nd so on are usable

t-butylhydroperoxide, cumemehydroperoxide,
fo2, hdimathylhexaneéib-dinytirgxypesexitite object of the invention,
1,1,3,3-tetramethylbutylhydroperoxide;dialkyl peroxides such as di-t-butyl
theempidgmer may contain, 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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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 46 benzoate,
2,5-dimethyl-2,5-bis(benzoylperoxy)hexane. [0119] The resin composition
produced by the method of the invention is prepared by melt-kneading a

cyclic olef in polymer (A), a fjexible(gg%mer (B) and a radical initiator (C).
(PHRPIHILELIES 2SR tionaf-Bomp (D) HRORGATIELG Roefin/diene

cof SRR e e 0 s TR nay sl

enYSEpRdingly, the.alyasion tesiIANGE, of Y1 Shaned ajigls may be
0

improved. [012 e polyfunctional compound (D) having at least two
[ o 7@digal-polymerizing functional groups in the molecule includes, for
example, divinylbenzene, vinyl acrylate, vinyl methacrylate, triallyl

isocyReakaigediallyl pthalates ethyleagedinethagegtiénent in the
trimethylolpropane triacrylate. [0121] Preferably in the production method
e t1of ke Bventar £HGY Phasdy weighb of gneyelic olefibpelymer @)dfrom the
to 150 parts by weight of a flexible polymer (B) and from 0.001 to 1 part
prayydeyht of-@ladidal Jdifieme (C) copoiaitrkneadedibber  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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[0122] 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 olef in polymer
(A). When the amount of the flexible 47 polymer (B) is smaller than 1 part
by weight, then the abrasion 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 rigidjty of the resultin
St’éﬂ%ﬁ%a@}ﬁag%ﬁw be low. M%ﬁi(/a? ferably, tﬁ%ga?rlrgmﬁzfs at most E%gber,
arts by weight. [0123] The amount of.the. radical initiator (C) is preferall
s e R e R e 02 Tk00 part OB SISt of the Lt
st-AlefinpglymerfA). If the ameyng of the radica[:g@,igg%ég) is smalleg.thagtk

0.001 parts by weight, then the crosslinking reaction could not sufficiently

st and dbe Ry asiopresisisner rfdke shonrd-artigls could p@t-Bgenatea

improved sufficiently. More preferably, the amount is at least 0.01 parts

st yateight Ko ike ethet f1a8d eibthecanmeyd Dfitkae-radiaed initatar (akisa ted
larger than 1 part by weight, then the durability of the shaped article may

stywwersen iBmgferabdy; sty aarount is dtimost 0.5 partspodiwsght. [01241iBhexr,
amount of the polyfunctional compound (D) is preferably

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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from O 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. For
efficiently attaining the crosslinking 48 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 %01 rts, by weight. On the other.hand
GRS b gad, P etal Fre i ae b i Gnder: heat

duzé)ir%% i }Wﬂ%@aﬁﬂ‘g}ﬁ%ﬁﬁ@b& Igyt.:gtptg%ghgg%dﬁggl%%%§+\#%?&ined.

, the amount'is at most 0.5 parts by we

Tt RIOGVGH pehod Gl dhe IRt ilich Nk P dathen meliiegded  of

with the composition. Not specifically defined, the filler may be a fibrous
thdler, ipgleding a1Rosmfiherse alassiihal s syndefisnfiheseandwhiskers, ©f ew
may be a granular filler including carbon black, calcium carbonate, talc,
of clapemica reilics; plitimina agdditanisaAphaifiom the e, theailability.
composition may further contain heat-resistant stabilizer,
Prefzatadlapesitiaat seabikzak, infidthtd agett ) sippiogreess, attibleukipble
agent, antifogging agent, lubricant, dye, pigment, natural oil, synthetic olil,
spefpsk, SREl BRydric br itpgadie file 2101 26 ropmBRT atsveeniehtighégh the

startin% materials, a resin . ) -
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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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 undergo
crosslinking reaction to give a 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

bengpREAheret® aRHTRERKAeZd e PR BRIZ IR PR A R divided

into two portions and added separately at two times, and accordingly, the
LO34%dure of the cyclic olefin polymer (A) having a crosslinked structure and

the ﬂ'%i'(llglelpeog.merc% Brg%xgeglllluﬁg{) ;.[lhcg]g C¥§||Ct?1|%f ':rﬁeg_?%@e()@) the
r tvi

not havihg a crosslinked structure, and the increase in the melt viscosity

1nPL RS 6515 SURRASILION MaY.Re therahis praveated, &ven Hpé’ﬁmr}foll er

composition is dilited in that manner, its abrasion resistance can be fully

( a jMpEovefe JAR1 N spesifically defiaed, the datia of theiamaustofde. 1n

cyclic olef in polymer (A) to be added previously to the amount thereof to
thbe addad laterprgvaus addiian/laenpedition) o3 prafeialyy drom A& tacwo

70/30. If the ratio (previous addition/later addition) is smaller than 1/99,
radiierathepalirpmieoni regidtanbenafthe mesinosompesitionthaynimivsruMemeay be
preferably,
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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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 effect of preventing

the increase in the melt viscosity of 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 .
PO Liediol Brld 1 ARALAGE T IS RASE i e ¥ A8 that BPat B LBKAE Lo0

qlef in polymer (A),is previously melt-kneaded with_a flexible polymer (B
eSO RTR I in e (G RAT T artP i ke and bt dved

su an?ﬁ%{ﬁﬁ?&é{;ggﬁe%aénﬁ%ﬁ%@ggI%olgé) 2)' é%%'ffgqegemeéop arts

IS IS because it Is desirable to start the crosslinking

by %@féiﬁe in the copditipmwhers adar iR eyricalelindelymard A andid1e
exi

le polymer (B) are well blended for obtaining a resin composition

po1gaérg(@oPd sdispessibilitnal0 13 phe eyali¢ alefigpelymesndeigidity
flexible polymer (B) and the radical initiator (C) may be melt-kneaded at

of ahye teayperatineathdnichithertyictit olefitypblynemnA) afurthefleRdably,
polymer (B) can melt and the radical initiator (C) can decompose.
theCeneretdy ithe admpesliurk2s ppefetsblpfroneish t .

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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to 350C. For more efficiently promoting the crosslinking reaction, the
kneading temperature is preferably not lower than 200C. For preventing
any excess thermal decomposition of the resin, the kneading temperature
is preferably not higher than 51 300C. It is 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 . .
reait L ERRIRGTR SR S BSRG R Y e ARG, R FoTRaRA tion

In %ﬁ:g’édgrais?ero"tg??a%%%r rg‘g(graégo}ll aélpr fgrg%{\%ﬁu&ggdl%g e in the
ex ruder, ESDE‘CIa ypa multi-screw extruder sucn as N-Screw extruder

co:@ﬁé’sﬁ%@f}sﬂ‘fﬁ@' et kneaging, WEQE@Q t?ﬁ‘tg}@%%li&?sﬁgrié I HEsIag: y

at not only a regular screw but also a kneading disc or a reverse screw

at BRGNP 0 WpPFRMGHE kneadingPoweltherals ThSwever, if
melt-kneaded, the resin composition may be directly molded as it is, or

theNayden enee petletized e ian selikneateeuti 3 When the-gyelichan
olefin polymer (A), the flexible polymer (B) and the radical initiator (C) are

1 praactby, genetationtdfe dectbendosititni pidducis dervechiipmdhertatidat may
initiator and the resin is inevitable. Some of such decomposition products

worgeolafleedied apdansitBrataivvhihd sontammsdtion 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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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 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
o S SRR SR D RO IRk AR AAHAR: TR ARER i enables
oY 'hcient kneading and improves the efficiency of removing volatile
components. [0133] Preferably, the melting time after the addition of the
radical,initiatar (G)is.f ’DEQ JThe.ti e .
overéfl%ltinr%qeﬁzgffe ?t)rtl eiaggdition 'i;t#?fc?a%%g} %ﬁigé)?%c?gto@thg%%é?e%m %Jh%fln
pobgfre the)piedustiopiohasshaned article.a fu yviickrhs ipgsdients. S48 ymer
melt-kneaded. If the kneading time is too short, then the crosslinking
(B yeaation Geidd 68t 9oneR daddhe remo\al @f vektile semponenis Ryehe Lic
unsatisfactory. More preferably, the time is not shorter than 60 seconds,
olein podenprefckably addhbitbethainoldfdaedndsathedotherhang,cific
the kneading time is too long, then the production efficiency may lower.
olefdre prefbyalsly, thé limbsis AdVibAgEar thahd 508 oseeondd.cnvenandreadded
preferably not longer than 1200 seconds. When an extruder is used for

sewga&%}ih@qné}mimﬁﬁe MWordingly, 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 compositionisdilutedinthatmanner,
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 70/30. If the ratio (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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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

. calculated. by dividing the inner capacity of the extruder used by the

18 iﬁj%clﬁigﬁgﬁeég./[ag?m Preferably, MFR (as measured at 230C and under

[o aﬁ'é)jd of 2.16 kg according to ASTM D1238) of the resin composition
]t us obtained is from 0.01 to 100 g/10 min. If MFR thereof is lower than

0.01,g410, i, then {he J8si,coRRSIAR AY Be, S 10881 1 o1efin

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

po13Rast @ PHakl @ Bine e¥erk MHA Y §fefably atleasti.2 ¢d OyniBrQBihand
other hand, if MFR is higher than 100 g/10 min, then the strength and the

a ralaaseD Iesistaceof the shapedartcleimay leamer. theie pigétewdhaining
MFR is at least 80 g/10 min, even more preferably at least 60 g/10 min.

cyd0185) Tafisoptained: theXesnegdmpoddod imettimoidetine igivemeaded .
shaped article. The molding method is not specifically defined, for which,

Howgeaverd préfedies krinfettiohhatorlingaef 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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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 Examples. In the Examples, samples were analyzed and

30 luatetl dscateliigrmbthe methusls mendddathbelowl tOBIT (H)WCldssving
Transition Temperature: A sample is heated at a heating speed of

a bgd/mYiR- bR RETBSE BirPls dARFLATERANH HEgitSsttafdifiofneading

temperature on the curve, an inflection point appears to give a step-like
tenpg 8&}{5&'profile. In this, the point at which the straight line that is at
[of@ ame distance in the vertical direction from the extended line from

each base line crosses the DSC curve is referred to as an intermediate

glasspransifigntemparatye. TheRoRLawigh thesstraight nc.extended 1y

from the base’line on the low-temperature side to the high-temperature
de SR 0sSearihedansentiailinedrand hiheraadnuRynsinatiiPAE:8in

the step-like temperature profile of the curve is referred to as a glass

ind&hnding;sthcingiemparajuee sihgypeint avehickktruder, a twin-screw
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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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 transition-starting temperature is used as a glass transition
temperature. [0138] (2) Taber's Abrasion Amount: A sample of a

.. rectanqgular.injection-molded article having .a length of 130 a width of
1t e R A S Al TR B R R

théhﬁ@féé‘ﬁ%rd%g?ot '&*%éZ%gTﬁ‘é %ﬁ@é@@&eﬁhe%}(]ﬂl}g ; %CW%%Q bY rhe

Toyo Tester Kogy e abrasion ring Is CS17; the 00 g eaph
£y 20PHY; g, Urphes of JRIatioR 154999 39 Faxample 1 MajeridlSen

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

opdtandont gepalymesofipiyleBe @anfressure-reducing vent. In this
tetracyclo[4.4.0.12'5.1'10]-3-dodecene (hereinafter it may be abbreviated

cade | T@ik]")a Asanehserackiirenghr¢3€NMR;lits: ethylene sontentds 62uder
mold; as measured in decalin at 135C, its intrinsic viscosity (T1] is O . 60

is digeandibeaglad temmaitions tempéiatien Jyie a053Gg Asndedspreeivats the
230C, its MFR (under

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
rtime corresponds to the time for which the melt stays in the
extruder, Accofdingly, 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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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 Kagaku. Its ethylene content is 80mol%;
its glass transition temperature (TQ) is -54C; its MFR (as measured at
230C and under a load of 2.16 kg according to ASTM D1238) is 0.4 g/10
min; its [11] is 2.5 dl/g; its density is 0.867 g/cm3; and its degree of

ad%gg<FRMTR S HEdF P ISt RIPERF ESTo Mt bdita We time

Radi IInitiatorélC: 'Perhexyne 25B" manufactured by Nippon Yushi. Its
mearxﬁgir}: Iﬁgf;ré%?é]‘n Eéﬁ%aéf'gg&?%en gc‘:\ pass {grngh Qhe downstream

2oy FADEYER EREIPCTRDIRYRGER L 1SRRSALE AUTEh R o

ecomes one minute Is tional

by %@Ea&%(%@ym&@nﬁg%mﬂﬁ?&@ kot SR/ £ Ri3danddMene
copolymer pellets and 2 kg of ethylene/ propylene random copolymer

injRelleiowerpwed mixed,

[0134]1]

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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then melt-blended in a twin-screw extruder ("PCM45" manufactured by
Ikegai 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 sites, at around the center
and the tip of the cylinder. The two vents are both open to the air. The
screw constitution is mainly a regular screw, but before and after the vent

at around the center, a kneading disc is di d. T id
oF TeBARAIRATEI 508 Sy S b mhor r it o ERRUAST ofifEeTe

dimabou.t (;3, rginué%s.émdé To 4 kg of the above pellets (a), added were 4 g
gfn'lcf’lerﬁ)exyne 55B7&Nd 4 g of divinylbenzene, and well mixed. The

exambiye was putinto the above-mentioned twin-screw extruder, "PCM 45"
(cylinder temperature, 230C), and melt-kneaded and reacted, and then

[ o 138igtized 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 niren meli-hiended i ibe abvenmeatidaed iwin-strewe ference
extruder "PCM 45" at a cylinder temperature 220C, and pelletized

to thitveigf alpeielingr ifwapellats (c). 0146 Fhus:obtaihed, the pafidescyere
are of a mixture prepared

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

55



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). Of 100 parts by weight of the cyclic olefin polymer (A), 11
parts by weight thereof was previously kneaded, and 89 parts by weight
thereof was added and kneaded later. MFR of the pellets (c) (as

easured at 230C and under a load of 2.16 kg accqrding to AST
2 75, FRAnF DAE TG Go TG e et oo g1ass
rectapgular_molded arti ' ngth 0f. 130 mm Idth of 120 m
S e LR T SR EeR Lt
ten%%@r&i&e_g..lt was 9.5 mm3. The load deformation temperature of the
article, as measured under a load of 1.82 MPa according to ASTM D648,
[ 0 was; 94C. The blend ratio of the starting materials and the test results are
all shown in Table 1.[0147] Comparative Example 1: 18 kg of
( 2 ethylenerT e Dab mnstosm capohymer pellets and 2 kg of
ethylene/propylene random copolymer pellets were well mixed, then
meltdleadpd énaheasaeset i gistrewi exiegdet ¢1P-O 4B draarufatrieaiving
by Ikegai Tekko) as in Example 1, at a cylinder temperature of 220C, and
a Lppatriefizdd thdugha pésdihepfinia PeMits 8 MFRIBSkAeSsUred & mm

. 230C under a load of 2.16 kg accordin%to ASTM D1238) of thefellets
1sGﬁﬁ&&gfgbﬁﬁpabrasionamountt ereof according to JISK7204.

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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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 mixture was put into
the above-mentioned twin-screw extruder "PCM 45" (cylinder
temperature, 230C), and melt-kneaded and reacted, and then pelletized
through a pelletizer to give pellets (e). MFR (as measured at 230C under
a load of 2.16 kg according to ASTM D1238) of the pellets (e) was 0.1
g/lO min. The pellets (e) were |nject|on -molded in the same manner as in

th&"Same mxfiner as in Example 1, and the molded articles were tested
fgr Te Taber's abrasion amount. It was 21.7 mm3. The blend ratio of the
star ing materials and the test results are all shown in Table 1. [0150]

r1dzamparasiye Rlg B: Ethylene/TCD-3 random copolymer was
injection-molded in" the same manner as in Example 1, and the molded

iﬁiclgsmen@ﬁﬁ%wlﬁaaber Tal@sION ameulo ityiRs-23.7 MM3880”
manu;;cturedbybﬁtsuiKagaku. Its ethylene content 1is 80 mol%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
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blend ratio of the starting materials and the test results are all shown in
Table1.60NO riNNa C droCnn NOnE-Ar~-M Q~mmNN o
COrl MENOM W\e-IlWNWb HC On miUdr. CC CC ++

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 sites, at around the center and the tip of
the cylinder. The two vents are both open to the air. The screw
constitution is mainly a regular screw, but before and after
the vent at around the center, a kneading disc is disposéd. 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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by weight of a radical initiator (C) and 0.0022 parts by weight
of a polyfunctional compound (D). Of 100 parts by weight of
the cyclic olefin polymer (A), 11 parts by weight thereof was
previocusly kneaded, and 89 parts by weight thereof was added
and kneaded later. MFR of the pellets (¢) (as measured at 230°C
and under a load of 2.16 kg according to ASTM D1238) was 4 g/10
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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To 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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[0151]

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) is_significant!

poor. It is further understood that the abrasion

resistgnce ef the
melt-kpead#g & ¢
adding_za_ﬁa‘gical i
(Compgratige Exa
amoun&of %:e <h
methotf & the i

ampl

ape

shaped article of the resin composition prepared by
2ycli¢ olefin ppblymer (A) and a flexible polymer (B) not
nitiator (€) and a polyfunctional compound (D) thereto
2)| s also significantly poor. The Taber's abrasion
rt

¢le obtained according to the production

Bntigh.igAlnost on the same level as that of the article

of the cgmposiﬂio

atime ggé;mpa ative

accordiggdo the

MFR thatSis miyich hi
mixing fh&cyclic plefir

. Thouth-MER

N prepared by mixing the cyclic olef in polymer (A) all at
xample [1). [0153] The resin composition obtained

roduction method of the invention (Example 1) has

el
tH S

§

her
1olyiner (A) all at a time (Comparative Example 1)

han|that of the resin composition prepared by

compdf@d with tthat of

(Compa@aive Exampl

still hasigeoad mel
obtained &cgordir
[ ]
o]

o

floy

QtO
]

o
<O

esin-composition of the invention lowers as
the
e 3), butiit is understood that the resin composition
vability. 62 Specifically, the resin composition

the

starting material, cyclic olef in polymer (A)

Radical
Initiator (C)
{wt.pt.)
0.022

0.022

Flexible
Copolymer {B}
{wt.pt.}

11

11

11

(wt.pt.)

addition
89

Later

{wt.pt.}
11

Cyclic QOlefin Polymer (A}

previous
addition

io0

ico

io0

[Table 1]
Example 1

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3
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production method of the invention has much improved abrasion
resistance as compared with a cyclic olefin polymer (A) and its melt
flowability lowers little. 63 CLAIMS 1. 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)
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
[0BsR/er (B) and a radical initiator (C) and then the remaining cyclic olefin
polymer (A) is added thereto and melt-kneaded. 2. The method for

proqlﬁ(ﬁr’r’g“a’rﬁgﬂr&%mE%tm%%ﬁﬁé&%?c%rﬁﬁ?\_ﬁﬁé%ﬁh‘fﬁé‘%%lfct ion
o e o) e e e gl ot o
(E:Bajfgp e4 }9 Jff]'alzselgo%@ a%%ggj_gg @5@1@%%4.' ] 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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wherein n indicates 0 or 1; m indicates O or a positive integer; ¢ indicates
0 or 1; R'to R18 and Ra and Rb each independently represent a
hydrogen atom, a halogen atom or a hydrocarbon group; 64 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 R78 may form an alkylidene group, [Chemical 2]

R18R19R16 Q R17 R3R7n R1R5CH 2 gEDR15 R2 R~7R'O R9
SPeTF SRIAYRARE F i REDPRSHhE RN LA §EAATRARSIS S 5Pahne

infeger. of 1 or.more; d neachjndicate 0, 1 or 2; R'to R19 each .
P R o P e Ll IEes TR oVed Bk s son
re{WHIOHAR0T Irou, A AlIYE G HYArocorman ooYR: 21 BTAHE: (a) ana |

hydrocarbon group, or an alkoxy group; the carbon atom to which [&9 (or

1t RIDPENEsoaA% e ¢arbos.atem toivhieh R13 or R" bonds may bond to
each other directly or via an alkylene group having

63



65 from 1 to 3 carbon atoms; and when n = m =0, R15 and R12, or R15
and R'9 may bond to each other to form a monocyclic or polycyclic
aromatic ring. 3. The method for producing a resin composition as
claimed in claim 2, wherein the cyclic olefin polymer (A) is a random
copolymer of ethylene and a cyclic olefin of formula [I] or [ll]. 4. The
method for producing a resin composition as claimed in any of claims 1 to
3, wherein MFR (as measured at_230C and under a load of 2.16 kg
according to ASTM D1238) of tﬁé‘HH% olefin polymer (A) is from 0.1 to

500 g/10 min. 5. The method for producing a resin composition as, .
clainted 10 Ayt £ R e fordiRE boyRaraRy REdon v

mef!tez(fgl)%§§r%%$m§r %"i%ﬁ%%@r%‘igkfﬁg'yﬁif .|e at(ﬁ??s%%i@%”%”eﬁass

selecte a group consisting of ole nes and aromat

tra}@%%&agggﬁgg%g@@%@%@Eﬂé%&rﬁaaﬁ@gﬁﬁrﬁp@@y&%%%%mr

or pI’OdUCII’IQ a resin composition as claime

(B PR ywgieia hefigrdlle LORPNMMSE ARk 8L Jeaslone £aReYMeherein

selected from a group consisting of: an amorphous or low-crystalline
a feddlsle eapolymeer (i prepacacking polymgkziag at(aast ko nparcMmerss 1y

selected from a group consisting of ethylene and an cc-olefin having from
- melX tbR0agdedorwatbmst hdlesfibkexddpioty rperi(p@k pre pBiedarydpoly merikingp 1
initiator (C) and then the remaining cyclic olefin polymer (A)
is added thereto and melt-kneaded.

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;



66 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. 7. The
1smethed for producing a resin, composition as claimed in claim 6, wherein,

R R Hon B g et T Lo i e s BTG Sy g e oLt

st£apelymer Mhprepares, bupoiwnerzing, i least wwo ﬂ%%@%%%@géﬁ%ve

from a group consisting of éthylene and an a-olefin having from 3 to
a deRIBOR BHNES- Bnd Re"melied forgirqaducing & resin FXHPRASIHOR ASy1 i dene
claimed in any of claims 1 to 7, wherein 100 parts by weight of the cyclic
gr&iglin 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
[ Cimeedtikradadzl. 9. The method for producing a resin composition as
claimed in claim 8, wherein the ratio of the amount of the cyclic olefin
polymer (A) added previously to that added latgrlfprevigiis 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, whereifp a part of the
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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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67 olef in polymer (A) is previously melt-kneaded with the flexible polymer
(B), then the radical initiator (C) is added thereto and melt-kneaded, and
subsequently the remaining cyclic olef in polymer (A) is added thereto
and melt-kneaded. 11. The method for producing a resin composition as
claimed in any of claims 1 to 10, wherein a polyfunctional compound (D)
having at least two radical-polymerizable functional groups in the

molecule is added along with the radical initiator (C). 12. The method for
frop“r‘ogucl:élﬁgga Feasﬁgé’é‘m%%‘s?fﬂ%ﬁ aasn%gvfrll;l%% in cTaiﬁEl Il,95 \Wwhereirff .00f*

15 ' f I ' is melt-kneaded ., .
D B S A R e
ardhgtbed ferspreducing a resin composition as claimed in any of claims 1 to

12, wherein the melt-kneading temperature is from 150 to 350C. 14. The

methed forrprediei ol GaresisrcoprRaniiiomas £laimedin asmphbelaimsd Qs
13, wherein the ingredients are melt-kneaded in an extruder having a

cladned 5 helmethad fomgrodilaingieresie tamposiibimag cdlgimad rgny s
of claims 1 to 14, wherein the kneading time after the addition of the
a nagianitemol [ @es Pdne3dyd c8dG@sdcondy i d led efstnod fof ormula
roducing a resin composition as claimed in any of claims 1 to 15,
[T visreihIMER (as measured at

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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68 230C and under a load of 2.16 kg according to ASTM D1238) of the
resin composition is from 0.01 to 100 g/10 min. 17. A method for
producing a shaped article by injection-molding the resin composition
produced according to the production method of any of claims 1 to 16. 69
ABSTRACT Provided is 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) having a glass
ethiydrsiton temperaile€ i Ot owel rwhekirica pértaditepydicanisf.inand
polymer (A) is previously melt-kneaded with the flexible polymer (B) and a
a ek ifliafrIC) and then the remaining cyclic olef in polymer (A) is
added thereto and melt-kneaded. The cyclic olefin palymer (A) is divided
o e SRS S RO paldten) ARG s S PR ERARGHL % 2

nonrpg(tur hag/j:n a {8SSIini§rgdS§%chléres tpenq”lrjitgrgevgjth tgﬁg}lz(i:"gd from
ole ﬁlﬁgﬁ’/mee%(A ngteh'avmg & Grosslinke s?ruc?ure, and the mcrease in

etﬁe')ierx?g'%‘{z'ac%%t.& 951‘555%‘%&9%?§5E£06‘m”%b§ erebyy S"S%‘%%s Aana
omposition having good abrasion résistance and good melt shapability
can Reiaingde’8opolymer (b4) of a random or block copolymer
or its hydrog'enation product of an aromatic vinyl-hydrocarbon
and a conjugated diene.
7. ‘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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olefin polymer (A) is previously melt-kneaded with the flexible
polymer (B}, then the radical initiator (C) is added thereto_
and melt-kneaded, and subsequently the remaining cyclic olefin
polymer (A} is added thereto and melt-kneaded.

11. The method for producing a resin composition as
claimed in any of claims 1 to 10, wherein a polyfunctional
compound (D} having at 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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230°C and under a load of 2.16 kg according to ASTM D1238) of
the resin composition is from 0.0l to 100 g/10 min.

17. A method for producing a shaped article by
injection-molding the resin composition produced according to

the production method of any of claims 1 to 16.
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