
EP 0 409 601 B1 Description This invention relates to a polyolefin resin
composition, and a crosslinked molded article therefrom and a process for
the production thereof. More specifically, it relates to a polyolefin resin
composition capable of 5  giving a crosslinked molded article having
improved impact resistance, in particular, at ordinary temperature and a
low temperature and said crosslinked molded article and a process for the
production thereof. A thermoplastic rubbery elastomer has been
conventionally used as a material for molded articles which are required to
have impact resistance, such as parts for automobiles. This rubbery
elastomer can be subjected to injection molding and extrusion due to its
thermoplasticity and elasticity, and therefore, it can 10 be molded into
articles having excellent heat resistance, tensile properties,
weatherability, flexibility and elasticity. Since, however, there has been
no proposal for molded articles formed from such a rubbery elastomer which
are excellent, e.g. in rigidity and hardness and which also have
well-balanced properties in impact resistance at ordinary temperature and
low temperature, it is desired to develop materials which can impart 15
molded articles with such properties. On one hand, polyolefins which are
widely used as general-purpose resins are excellent in chemical resistance
and solvent resistance. However, many of polyolefins are poor in heat
resistance, insufficient in crystallizability and poor In rigidity. In
general, to improve polyolefins in rigidity and heat resistance, there is
employed a procedure in which nucleating agents are incorporated into
polyolefins to expedite the growth 20  of crystal, or a procedure in which
polyolefins are gradually cooled to accelerate the growth of crystal.
However, it is hard to say that the alleged effects obtained by these
procedures are sufficient. The procedure of Incorporating into polyolefins
a third component such as nucleating agents rather involves the risk of
marring various excellent properties inherent in polyolefins, and the
gradually cooling procedure is low in production efficiency and Involves
the risk of lowering impact strength as the non-crystalline part of 25
polyolefins decreases. A copolymer of ethylene and
2,3-dihydroxy-dicyclopentadiene has been disclosed as an example of
copolymers of ethylene and bulky comonomers, e.g. in U.S. Patent 2,883,372.
However, this copolymer is poor in heat resistance as it has a glass
transition temperature in the vicinity of 100[err], though said copolymer
Is well balanced between rigidity and transparency. Similar drawback Is
also observed in 30 copolymers of ethylene and 5-ethylidene-2-norbornene.
Japanese Patent Pubin. No. 14910/1971 proposes a homopolymer of
1,4,5,8-dimethano- 1, 2,3,4,4a,5,8,8a-octahydronaphthalene. The proposed
polymer, however, is poor in heat resistance and heat ageing
characteristics. Japanese L-O-P Publn. No. 127728/1983 further proposes a
homopolymer of 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene or
copolymers of said cycloolefin and norbomene 35  type comonomers, which are
apparently those obtained by ring opening polymerization (ring opening
polymers) in light of the disclosure in said publication. These ring
opening polymers which have unsatu- rated bonds in the polymer main chains,
however, have such a drawback that they are poor in heat resistance and
heat ageing characteristics. In the course of these researches, we found
that cycloolefin type random copolymers of ethylene and 40  bulky
cycloolefins are synthetic resins which are excellent in heat resistance as
well as in heat ageing characteristics, chemical resistance, solvent
resistance, dielectric characteristics and rigidity. On the basis of the
above findings, we have already made various technical proposals as
disclosed in Japanese L-O-P Publn. No. 168708/1985 and Japanese Patent
Appin. Nos. 220550/1984, 236828/1984, 236829/1984, 242336/1984 and
95906/1986. In spite of their being olefin type polymers, the cycloolefin
type random 45  copolymers as proposed are excellent in heat resistance and
rigidity. However, they involve such problems 



that they are brittle and poor in impact resistance. FR-A-2107538 discloses
a reinforced polyolefin resin composition which comprises (A) 50-95% by
weight of a resin component comprising 1-99% by weight of an olefin
copolymer grafted with an unsaturated carboxylic acid or a derivative
thereof, 99-1% by weight of an amino group-containing 50  compound and
0-98% by weight of a unmodified polyolefin resin, like polyethylene,
polypropylene, and (B) 5-50% by weight of a reinforcing material. The
composition is used to improve the compatibility and the adhesion of a
polyolefin with a glass reinforcing material. It is an object of this
Invention to provide a polyolefin resin composition. It is another object
of this invention to provide a polyolefin resin composition capable of
giving a molded 55  article having improved impact resistance, in
particular, impact resistance at ordinary temperature and low temperature.
It is further another object of this invention to provide a molded article
having excellent properties described above. 2    EP 0 409 601 B1 It is
still another object of this invention to provide a process for producing
the present molded article above from the polyolefin resin composition of
this invention. Other and further objects and advantages of this invention
will be apparent from the following description. 5     According to this
invention, the above objects and advantages are achieved, first, by a
polyolefin resin composition as defined in claim 1 comprising: (A) a
polyolefin resin (B) a graft-modified [err]-olefin copolymer grafted with
an unsaturated carboxylic acid and/or its derivative, and 10   (C) an amino
group-containing compound, (D) said polyolefin resin composition containing
a crosslinked structure between the amino group-containing compound (C) and
the graft- modified [err]-olefin copolymer (B), and containing, based on
100 parts by weight of the polyolefin resin (A) and the graft-modified
a-olefin copolymer (B) in total, 1 to 99 parts by weight of each of the
polyolefin resin 15  (A) and the graft-modified a-olefin copolymer (B) and
0.01 to 10 parts by weight of the amino group- containing compound (C). The
polyolefin resin composition of this invention comprises a polyolefin resin
(A), a graft-modified a- olefin copolymer (B) and an amino group-containing
compound (C) as specified above. The polyolefin resin (A) is a random
copolymer of ethylene with a cycloolefin as defined in claim 1 and, 20
optionally, another olefin. The polyolefin resin (A) used in this invention
is a random copolymer of at least one cycloolefin selected from the group
consisting of compounds of the following formula (1) 25
[err] R9 [err]                     [err] 30 R10 



35 wherein each of [err] Independently represents a hydrogen atom, a
halogen atom or a hydrocar- bon group, and n represents zero or a positive
integer and compounds of the following formula 40 45
[err]                                 [err] 50                        [err]
wherein each of [err] independently represents a hydrogen atom, a halogen
atom or a hydrocarbon group, m represents zero or a positive integer, and k
represents an integer of not less than 3, 55  and ethylene. Each of [err]
in the formula (1) and [err] in the formula (2) is independently a hydrogen
atom, a halogen atom or a monovalent hydrocarbon group. 3    EP 0 409 601
B1 As a halogen atom, fluorine, chlorine and bromine are preferred. Of
these halogen atoms, chlorine Is particularly preferred. Preferred examples
of the monovalent hydrocarbon group are an alkyl group having 1 to 10
carbon atoms such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, sec-butyl, tert-butyl, amyl, hexyl, and 5   neo-pentyl groups;
phenyl, toluyl, benzyl and anisyl groups. The cycloolefin of the formula
(1) can be easily prepared by condensation of cyclopentadienes and
corresponding olefins according to Diels-Alder reaction. And, the
cycloolefin of the formula (2) can be easily prepared similarly by
condensation of cyclopentadienes and corresponding cycloolefins according
to Diels- Alder reaction. 10     Examples of the cycloolefin of the formula
(1) are bicyclo[2,2,1]hept-2-ene derivatives such as bicyclo- [2,2,1
]hept-2-ene, 6-methylbicyclo[2,2,1]hept-2-ene, 5,6-dimethylbicyclo[2,2,1
]hept-2-ene, 1-methylbicyclo- [2,2,1 ]hept-2-ene,
6-ethylbicyclo[2,2,1]hept-2-ene, 6-n-butylbicyclo[2,2,1 ]hept-2-ene,
6-isobutylbicyclo[2,2,1 ]- hept-2-ene and
7-methylbicyclo[2,2,1]-hept-2-ene; octahydronaphthalenes such as
1,4,5,8-dimethano- 1,2,3,4,4a,5,8,8a-octshydronaphthalene,
2-methyl-1,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 15
2-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-propyl-1,4,5,8-dimethano- 1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-hexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2,3-dimethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-methyl-3-ethyl-1,4,5,8-dimethano- 1,2,3,4,4a,5,8,8a-octa
hydronaphthalene,
2-chloro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-bromo-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-fluoro-1,4,5,8-dimethano- 20   1, 2,3,4,4a,5,8,8a-octahydronaphthalene,
2,3-dichloro-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaph- thalene,
2-cyclohexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
2-n-butyl-1,4,5,8- dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene and
2-isobutyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-oc- tahydronaphthalene;
tetracyclo[4,4,0,[err]-3-dodecene derivatives such as
tetracyclo[4,4,0,[err] dodecene,
5,10-dimethyltetracyclo[4,4,0,[err]-3-dodecene,
2,10-dimethyltetracyclo[4,4,0,[err] 25  dodecene,
11,12-dimethyltetracyclo-(4,4,0,[err]-3-dodecene,
2,7,9-trimethyltetracyclo[4,4,0,[err] dodecene,
9-ethyl-2,7-dimethyltetracyclo[4,4,0,[err]-3-dodecene,
9-isobutyl-2,7-dimethyltetracyclo- [4,4,0,[err]3-dodecene,
9,11,12-trimethyltetracyclo[4,4,0,[err]-3-dodecene,  9-ethyl-11,12-
dimethyltetracyclo[4,4,0,[err]-3-dodecene,
9-isobutyl-11,12-dimethyltetracyclo[4,4,0,1[err] 



dodecene        and
5,8,9,10-tetramethyltetracyclo[4,4,0,[err]-3-dodecene;  hexacyclo- 30
[6,6,1,[err]-4-heptadecene  derivatives such as hexacyclo(6,6,1,[err]
tadecene,        12-methylhexacyclo(6,6,1,1  [err]   12-ethylhexacyclo-
[err] 1,6,10-trimethyl-12-isobutylhexacyclo-[err] and  octacyclo-
[8,8,0,[err]5-dodecene          derivatives     such        as
octacyclo- 35  (8,8,0[err]dodecene,  15-methyloctacyclo[8,8,0,[err]
dodecene and 15-ethyloctacyclo-[8,8,0[err]dodecene- Examples of the
cycloolefins of the formula (2) are 14,15-dimethylpentacyclole[6,5,1,[err]
pentadecene,   pentacyclo[6,6,1,[err]34-hexadecene,
heptacyclo-[8,7,0[err] eicosene and heptacyclo[8,8,0[err] 40  tives such as
tricyclo[err] [err]undecene derivatives such as
tricyclo-[4,4,0,[err]-3-undecene and 10-methyl-tricyclo-[err] 1
,3-dimethyl-pentacyclo[6,6,1,13 [err]-hexadecene,   1
,6-dimethyl-pentacyclo[6,6,1,[err] hexadecene    and
5,16-dimethyl-pentacyclo[6,6,1 ,[err]-4-hexadecene;   and    pentacyclo- 45
(6,5,1,13[err]4-pentadecene derivatives such as pentacyclo
[6,5,1,[err]pentadecene and 1 ,3-dimethyl-pentacyclo[6,5,1
,[err]-4-pentadecene. The monomer that is copolymerized with the
cycloolefin of either the above formula (1) or the above formula (2) to
obtain the random copolymer is ethylene or ethylene and other olefin.
Examples of such other olefin are a-olefins having 3 to 20 carbon atoms
such as propylene, 1-butene, 4-methyl-1-pentene, 1- so  hexene, 1-octene,
1-decene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene;
cycloolefins such as cyclopentene, cyclohexene, 3-methylcyclohexene and
cyclooctene and 3a,5,6,7a-tetrahydro-4,7- methano-1H-indene; nonconjugated
dienes such as 1,4-hexadiene, 4-methyl-1,4-hexadiene, 5-methyl-1,4-
hexadiene, 1,7-octadiene, cyclopentadlene, 5-ethylidene-2-norbornene and
5-vinyl-2-norbornene; and nor- bomens such as norbomene-2,
5-methylnorbomene-2, 5-ethylnorbomene-2, 5-isopropyinorbomene-2, 5-iso- 55
butylnorbornene-2, 5,6-dimethylnorbornene-2, 5-chloronorbomene-2,
2-fluoronorbomene-2 and 5,6-dich- loronorbornene-2. The above random
copolymer as the polyolefin resin (A) preferably contains, based on the
total of ethylene units and cycloolefin units, 52 to 90 mol% of the
ethylene units and 48 to 10 mol% of the 4    EP 0 409 601 B1 cycloolefine
units, and more preferably, it contains 55 to 80 mol% of the ethylene units
and 45 to 20 mol% of the cycloolefin units. As the random copolymer
containing other a-olefin units, advantageously usable are those which
contain the other olefin units in an amount preferably of 20 mol% at most,
more preferably of 10 mol% at most, based on the total of the ethylene,
cycloolefin and other a-olefin units. 5     In these random copolymers, the
ethylene units and the cycloolefin units are arranged substantially
linearly and at random. In these random copolymers, it is believed that the
cycloolefins of the above formulae (1) and (2) are included in the polymer
chain in structural units of the following formulae (3) and (4),
respectively. 10 wherein [err] and n are as defined in the above formula
(1). 



30                         [err] 35 wherein [err] m and k are as defined in
the formula (2). In the above random copolymers as the polyolefin resin
(A), those having a crystallinity, determined by X-ray diffractometry,
preferably of 0 to 20 %, more preferably 0 to 2 % are advantaeously usable.
The above random copolymers have an intrinsic viscosity [err] measured in
decalin at 135[err] 40  preferably of 0.05 to 10 dl/g, more preferably of
0.2 to 1.2 dl/g. Concerning other desirable properties of the above random
copolymers, their softening temperature (TMA), measured by a thermal
mechanical analyzer, is preferably in the range of 70 to 200[err] more
preferably in the range of 100 to 180[err] and further, their glass
transition point (Tg) is preferably in the range of 50 to 190  C, more
preferably in the range of 80 to 170 C. 45     The polymerization for the
production of the above random copolymers is usually carried out in a
hydrocarbon solvent. Examples of the above hydrocarbon solvent are
aliphatic hydrocarbons such as hexane, heptane, octane and kerosine;
alicyclic hydrocarbons such as cyclohexane and methylcyclohexane; and
aromatic hydrocarbons such as benzene, toluene and xylene. When monomers
for the production of the random 50 copolymers are liquids under the
copolymerization conditions, such monomers may be used as a reaction
solvent. These solvents may be used alone or in combination. As a catalyst
for the polymerization, usable is a catalyst which is soluble in the
hydrocarbon solvent used as a reaction solvent and comprises a vanadium
compound and an organoaluminum compound. The vanadium compound as a
catalyst is, e.g. a compound of the formula 55 [err] wherein R represents a
hydrocarbon group, X represents a halogen atom, and a and b are defined by
5    EP 0 409 601 B1 [err], or a compound of the formula [err] 5   wherein
R and X are as defined in the above formula, and c and d are defined by
[err] [err] Such vanadium compounds are also usable as an electron donor
adduct. Examples of the vanadium compounds are [err] [err] 10    These
vanadium compounds may be used alone or in combination. Further, examples
of electron donors to form the adduct with the above vanadium compounds are
oxygen-containing electron donors such as an alcohol, phenols, a ketone, an
aldehyde, a carboxylic acid, an ester of an organic or inorganic acid, an
ether, an acid amide, an anhydride and an alkoxysilane; and
nitrogen-containing electron donors such as ammonia, an amine, a nitrile,
isocyanate. 15    Specific examples of the electron donors are alcohols
having 1 to 18 carbon atoms such as methanol, ethanol, propanol, pentanol,
hexanol, octanol, dodecanol, octadecyl alcohol, oleyl alcohol, benzyl
alcohol, phenylethyl alcohol, cumyl alcohol, Isopropyl alcohol and
isopropylbenzyl alcohol; phenols having 6 to 20 carbon atoms such as
phenol, cresol, xylenol, ethylphenol, propylphenol, nonylphenol,
cumylphenol and 



naphthol (these phenols may further have an lower akyl group as a
substituent.); ketones having 3 to 15 20 carbon atoms such as acetone,
methyl ethyl ketone, methyl isobutylketone, acetophenone, benzophenone and
benzoquinone; aldehydes having 2 to 15 carbon atoms such as acetaldehyde,
propionaldehyde, octylaldehyde, benzaldehyde, tolualdehyde and
naphthaldehyde; organic acid esters having 2 to 30 carbons atoms such as
methyl formate, methyl acetate, ethyl acetate, vinyl acetate, propyl
acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl
butyrate, ethyl valerate, methyl chloroacetate, ethyl dich- 25
loroacetate, methyl methacrylate, ethyl crotonate, ethyl
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate, butyl benzoate,
octyl benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl benzoate,
methyl toluylate, ethyl toluylate, amyl toluylate, ethyl ethylbenzoate,
methyl anisate, n-butyl maleate, diisobutyl methylmalonate, di-n-hexyl
cyclohexenecarboxylate, diethyl ester of Nadic acid, diisopropyl
tetrahydroph- thalate, diethyl phthalate, diisobutyl phthalate, di-n-butyl
phthalate, di-2-ethylhexylphthalate, [err]butyrolactone, 30
[err]valerolactone, coumarin, phthalide and ethylene carbonate; acid
halides having 2 to 15 carbon atoms such as acetyl chloride, benzoyl
chloride, toluic acid chloride and anisic acid chloride; ethers having 2 to
20 carbon atoms such as methyl ether, ethyl ether, isopropyl ether,butyl
ether, amyl ether, tetrahydrofuran, anisole and diphenyl ether; acid amides
such as acetic amide, benzoic amide and toluic amide; amines such as
methyamine, ethylamine, diethylamine, tributylamine, piperidine,
tribenzylamine, aniline, pyridine 35 and tetramethylenediamine; nitriles
such as acetonitrile, benzonitrile and tolunitrile; and alkoxysilanes such
as ethyl silicate and diphenylmethoxysilane. These electron donors may be
used alone or in combination. The organoaluminum compound as a component of
the catalyst is a compound having at least one Al- carbon bond in the
molecule. Examples of the organoaluminum compound are organoaluminum
compounds of the formula 40 (i) [err] wherein [err] each independently
represent a hydrocarbon group having preferably 1 to 15 carbon atoms, more
preferably 1 to 4 carbon atoms, X represents halogen, and m, n, p and q are
defined by 45    [err] and complex ion alkyl compounds of the formula,
formed of a metal belonging to the group I of the periodic table and
aluminum, (ii)  [err] 50 wherein [err] represents Li, Na or K, and [err]
has the same meaning as above. The organoaluminum compounds of the above
formula (i) Include the following four subclasses. Compounds of the formula
[err] wherein [err] and R2 have the same meanings as above, and m is
defined preferably by [err] 55    Compounds of the formula [err] wherein
[err] has the same meaning as above, X represents halogen, and m is defined
preferably by 0<m<3. 6    EP 0 409 601 B1 Compounds of the formula [err]
wherein [err] has the same meaning as above, and m is defined preferably by
[err] Compounds of the formula [err] 



wherein [err]have the same meaning as above, X represents halogen, and m, n
and q are defined 5  by [err]and m + n + q = 3. Specific examples of the
organoaluminum compounds of the above formula (i) are trialkylaluminums
such as triethylaluminum, tributylaluminum and triisopropylaluminum;
dialkylaluminum alkoxides such as diethylaluminum  ethoxide and
dibutylaluminum  butoxide; alkylaluminum  sesquibutoxides such as
ethylaluminum sesquibutoxide and butylaluminum sesquibutoxide; partially
alkoxylated alkylaluminum hav- 10  ing an average composition of the
formula [err] dialkylaluminum halides such as diethylaluminum chloride,
dibutylaluminum chloride and diethylaluminum bromide; alkylaluminum
sesquihalides such as ethylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquichloride; partially halogenated
alkylaluminum  such  as ethylaluminum  dichloride, propylaluminum
dichloride, and butylaluminum dibromide; partially hydrogenated
alkylaluminum such as dialkylaluminum hydrides, e.g. 15  diethylaluminum
hydride and dibutylaluminum hydride and alkylaluminum dihydrides, e.g.
ethylaluminum dihydride and propylaluminum dihydrides; and partially
alkoxylated and halogenated alkylaluminum such as ethylaluminum
ethoxychloride, butylaluminum butoxychloride and ethylaluminum
etoxybromide. Further, organoaluminum compounds which are similar to the
compound of the formula (i) are usable, e.g. organoaluminum compounds in
which at least two aluminum atoms are bonded to each other through 20  an
oxygen or nitrogen atom. Specific examples of such compounds are [err]
[err] [err] 26                                           [err] Examples of
the organoaluminum compounds of the above formula (ii) are [err] 4. Of
these compounds, alkylaluminum halides and alkylaluminum dihalides or
mixtures of these are 30  preferred. The amount of the above vanadium
compound as a vanadium atom is preferably 0.01 to 5 gram-atom/l, more
preferably 0.05 to 3 gram-atom/l. And, as to the amount of the above
organoaluminum compound, the ratio of aluminum atoms of the organoaluminum
compound to vanadium atoms within a polymerization system (AIN) is
preferably not less than 2, more preferably 2 to 50, particularly
preferably 3 to 20. 35     The graft-modified [err]-olefin copolymer (B) is
produced by graft-modifying a copolymer of an [err]-olefin with an
unsaturated carboxylic acid or its derivative. As the above [err]-olefin,
[err]-olefins having 2 to 20 carbon atoms are preferred. The scope of the
copolymer of [err]-olefin ([err]-olefin copolymer) includes not only
copolymers of a plurality of the above[err]-olefins but also copolymers of
a plurality of the above [err]-olefins with a small proportion of diene
compound(s). 40     Specific examples of the graft-modified [err]-olefin
copolymer are: (a) graft-modified ethylene-[err]-olefin copolymer rubbers,
and (b) graft-modified propylene-[err]-olefin copolymer rubbers. The above
graft-modified ethylene-[err]-olefin copolymer rubbers (a) and
graft-modified propylene-[err]-olefin copolymer rubbers (b) may be used
alone or in combination. 45     Examples of the [err]-olefin as a component
of the above graft-modified ethylene-[err]-olefin copolymer rubbers (a) are
usually [err]-olefins having 3 to 20 carbon atoms such as propylene,
1-butene, 1-pentene, 1- hexene, 4-methyl-1-pentene, 1-octene, 1-decene and
mixtures of these. Of these, propylene and/or 1- butene are preferred.
Examples of the [err]-olefin as a component of the above graft-modified
propylene-[err]-olefin copolymer so  rubbers (b) are usually [err]-olefins
having 4 to 20 carbon atoms such a 1-butene, 1-pentene, 1-hexene, 4-
methyl-1 -pentene, 1-octene, 1 -decene and mixtures of these. Of these,
1-butene is particularly preferred. And, examples of the diene compound
which may be included in the [err]-olefin copolymer of this 



invention as a component are linear nonconjugated dienes such as
1,4-hexadiene, 1,6-octadiene, 2-methyl- 1,5-hexadiene,
6-methyl-1,5-heptadiene and 7-methyl-1,6-octadiene; cyclic nonconjugated
dienes such as as cyclohexadiene, dicyclopentadiene,
methyltetrahydroindene, 5-vinylnorbomene, 5-ethylidene-2-norbomene,
5-methylene-2-norbornene, 5-isopropylidene-2-norbornene, and
6-chloromethyl-5-isopropenyl-2-norbomene; and diene compounds such as
2,3-diisopropylidene-5-norbomene, 2-ethylidene-3-isopropylidene-5-norbor-
nene and 2-propenyl-2,2-norbornadiene. 7    EP 0 409 601 B1 The amount of
these diene components is preferably not more than 10 mol%, more preferably
not more than 5 mol%. In the above graft-modified ethylene-[err]-olefin
copolymer (a), the molar ratio between recurring units derived from
ethylene and recurring units derived from the [err]-olefin
(ethylene/[err]-olefin) is usually 1/99 to 5   99/1, more preferably 50/50
to 95/5. When the [err]-olefin is propylene, the above molar ratio is
preferably 40/60 to 90/10, more preferably 50/50 to 90/10. And, when the
[err]-olefin is an [err]-olefin having not less than 4 carbon atoms, the
molar ratio is more preferably 80/20 to 95/5. In the above graft-modified
propylene-a-olefin copolymer (b), the molar ratio between recurring units
10 derived from propylene and recurring units derived from the a-olefin
(propylene/[err]-olefin) Is preferably 50/50 to 95/5. When the a-olefin is
1-butene, the above molar ratio is particularly preferably 50/50 to 90/10.
And, when the a-olefin is an a-olefin having not less than 5 carbon atoms,
the molar ratio is particularly preferably 80/20 to 95/5. Of the above
graft-modified [err]-olefin copolymers, copolymers prepared by
graft-modifying an ethylene- 15  propylene random copolymer or
ethylene-a-olefin random copolymer having an ethylene content of 35 to 50
mol% and a crystallinity of not more than 40%, preferably not more than 10
% with a grafting monomer are preferred, since such copolymers are
excellent in view of improvement of mechanical properties such as impact
strength. As the grafting monomer used in the above preparation of the
graft-modified [err]-olefin copolymer (B), 20  a,[err]-unsaturated
carboxylic acid and its derivative preferred. Examples of the carboxylic
acid are acrylic acid, maleic acid, fumaric acid, tetrahydrophthalic acid,
itaconic acid, citraconic acid, crotonic acid, isocrotonic acid and, Nadic
acid (endo-cis-bicyclo- [2,2,1]hept-5-ene 2,3-dicarboxylic acid). Further,
exam- pies of the above carboxylic acid derivative are unsaturated
carboxylic acid anhydrides, unsaturated carboxylic acid halides,
unsaturated carboxylic acid amides, unsaturated carboxylic acid imides and
ester 25 compounds of carboxylic acids. Specific examples of such
derivatives are malenyl chloride, maleimide, maleic anhydride, citraconic
anhydride, monomethyl maleate, dimethyl maleate and glycidyl maleate. These
grafting monomers may be used alone or in combination. Of the above
grafting monomers, unsaturated dicarboxylic acids or their anhydrides are
preferred, and maleic acid and Nadic acid and anhydrides thereof are
particularly preferred. 30     As the above graft-modified a-olefin
copolymer (B), polymers which can exhibit rubbery elasticity are
advantageous. Such soft polymers have an elastic modulus (YM), measured by
using a 2 mm thick test piece according to ASTM-D-638, preferably of 0.1 to
20,000 kg/[err] more preferably of 10 to 15,000 kg/cm2. Such soft polymers
(B) have a glass transition point (Tg) preferably of -150 to 50  C, more
preferably 



35 of -60 to -35[err] Further, these soft polymers (B) have an intrinsic
viscosity [err], measured in decalin at 135[err] preferably of 0.2 to 10
dl/g, more preferably of 1 to 5 dl/g. They also have a density preferably
of 0.82 to 0.96 g/[err] more preferably of 0.84 to 0.92 g/cm3. Further,
these soft polymers (B) have a crystallinity, measured by X-ray
diffractometry, preferably of not more than 40 %, more preferably of not
more than 25 %, further preferably of not more than 10 %. That is, these
soft polymers (B) are preferably of 40 low crystallizability or amorphous.
The graft-modified a-olefin copolymer (B) used in this invention can be
prepared, e.g. by modifying the above grafting monomer and a-olefin
copolymer according to various known methods. For example, there is one
method which comprises melting the above [err]olefin copolymer and adding
the grafting monomer to carry out graft polymerization. There is another
method which comprises dissolving the [err]olefin copolymer 45 in a solvent
and adding the grafting monomer to carry out graft polymerization. There is
further another method which comprises incorporating the grafting monomer
to an unreacted [err]olefin copolymer so as to achieve an intended graft
modification ratio and carrying out modification of the unreacted a-olefin
copolymer. There is still further another method which comprises
preliminarily preparing a graft-modified a- olefin copolymer having a high
graft modification ratio and diluting it with a non-modified a-olefin
copolymer 50  to obtain a graft-modified [err]-olefin copolymer having an
intended graft modification ratio. Graft-modified a- olefin copolymers
prepared by any of these methods are usable in this invention. The
graft-modified a- olefin copolymer (B) used in this invention has a graft
modification ratio preferably of 0.01 to 5 % by weight, more preferably of
0.1 to 4 % by weight. In order to graft the above grafting monomer
effectively in such a graft reaction, it is preferable to carry 55   out
the reaction in the presence of a radical initiator. The graft reaction is
usually carried out at a temperature between 60[err] and 350  C. The amount
of the radical initiator is usually 0.001 to 5 parts by weight based on 100
parts by weight of a non-modified a-olefin copolymer. 8    EP0409 601 B1 As
a radical initiator, organic peroxides and organic peresters are preferred.
Specific examples of such radical initiators are benzoyl peroxide,
dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butylperoxide,
2,5-dimethyl-2,5-di(peroxidibenzoate)hexyne-3,1,4-bis(tert-butylperoxide-is
opropyl)benzene, lauroyl  perox- ide, tert-butyl peracetate,
2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne,
2,5-dimethyl-2,5-di(tert-butylperoxy)- 5   hexane, tert-butyl perbenzoate,
tert-butyl perphenylacetate, tert-butyl isobutyrate,
tert-butylper-sec-octoate, tert-butyl perpivalate, cumyl perpivalate and
tert-butyl perdiethylacetate. Further, azo compounds can be used as a
radical initiator in this invention. Specific examples of the azo compounds
are azobisisobutyronitrile and dimethylazoisobutyrate. Of these radical
initiators, the following are preferred: benzoyl peroxide, dicumyl
peroxide, di-tert-butyl 10   peroxide,
2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne-3,
2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, and
1,4-bis(tert-butylperoxyisopropyl)benzene. As a graft-modified [err]-olefin
copolymer in this invention, the above graft-modified ethylene-[err]-olefin
copolymer (a) and graft-modified propylene-[err]-olefin copolymer (b) are
used alone or in combination. And, other polymer or copolymer or other soft
copolymer may be used in such an amount that the properties of 15  the
graft-modified [err]-olefin copolymer are not impaired. Examples of the
other polymer or copolymer above include aromatic vinyl
hydrocarbon/conjugated diene copolymers and hydrogenation products thereof.
Examples of the aromatic vinyl hydrocar- 



bon/conjugated diene copolymers or their hydrogenation products are a
styrene/butadiene copolymer rubber, styrene/butadiene/styrene copolymer
rubber, styrene/isoprene block copolymer rubber, sty- 20
rene/isoprene/styrene block copolymer rubber, hydrogenated
styrene/butadiene/styrene block copolymer rubber and hydrogenated
styrene/isoprene/styrene block copolymer rubber. The amount of such other
polymer or copolymer and other soft polymer based on the graft-modified a-
olefin copolymer is 50 % by weight at most, more preferably 20 % by weight.
In this invention, the mixing ratio by weight between the above polyolefin
resin (A) and the graft- 25  modified a-olefin polymer (B) are 99:1 to
1:99. When these two components are mixed in the above mixing ratio, it is
possible to obtain a resin composition having improved mechanical
properties such as impact strength without impairing excellent properties
of the polyolefin resin (A). Further, these two components are mixed in a
mixing ratio, by weight, of 95:5 to 60:40, preferably 95:5 to 80:20,
whereby the resulting polyolefin resin composition can be imparted with
improved impact resistance while maintaining suitable 30  rigidity. When
the graft-modified [err]-olefin copolymer (B) is incorporated into the
polyolefin resin (A) as described above, the graft-modified a-olefin
copolymer (B) is not homogeneously dissolved in the polyolefin resin (A),
but at least part of the graft-modified [err]-olefin copolymer (B) is
dispersed in the polyolefin resin (A). The polyolefin resin composition of
this invention further contains the amino group-containing com- 35  pound
(C). In this invention, as the amino group-containing compound (C),
advantageously usable are compounds which have at least two amino groups in
the molecule. Preferred examples of the amino group-containing compound
(C)include aliphatic diamines, alicyclic diamines, aliphatic aromatic
diamines, aromatic diamines and spiro ring-form diamines. 40     Examples
of the amino group-containing compound (C) are aliphatic amines such as
ethylenediamine, propylenediamine, hexamethylenediamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
iminobispropylamine,    bis(hexamethylene)triamine,
1,3,6-triaminomethylhexane,    trimethylhex- amethylenediamine, diethylene
glycol, bispropylenediamine and diethylaminopropylamine; alicyclic amines
such as menthenediamine, isophoronediamine,
bis(4-amino-3-methylcyclohexyl)methane, N-aminoethyl- 45   piperazine and
1,3-diaminocyclohexane; aliphatic aromatic amines such as
m-xylylenediamine; aromatic amines such as o-, m- or p-phenylenediamine,
diaminodiphenylmethane, diaminodiphenylsulfone, 2,4- diamino-anisole,
2,4-toluenediamine, 2,4-diaminodiphenylamine, 4,4'-methylenedianiline and
diaminodixylyl- sulfone; and bis-spiro-ring diamines such as
3,9-bis(3-aminopropyl)-2,4,8,10-tetraspiro[5,5]undecane These amino
group-containig compounds (C) may be used alone or In combination. so
Of these amino group-containing compounds (C), aliphatic amines are
preferred, and above all, hexamethylenediamine is particularly preferred.
The amount of the amino group-containing compound (C) based on 100 parts by
weight of the above polyolefin resin (A) and the soft polymer (B) in total
is 0.01 to 10 parts by weight, preferably 0.2 to 2 parts by weight, more
preferably 0.2 to 0.5 part by weight. 55     The polyolefin resin
composition containing the above components (A), (B) and (C), provided by
this invention, is heated, whereby a crosslinking reaction can be allowed
to take place between the graft- modified a-olefin copolymer and the amino
group-containing compound in the composition. 9    EP 0 409 601 B1 



When a crosslinked structure is formed by incorporating the amino
group-containing compound (C), the diameters of dispersed particles of the
graft-modified [err]-olefin copolymer (B) tend to become smaller. And,
since the graft-modified [err]-olefin copolymer is finely dispersed as
described here, articles molded from the polyolefin resin composition of
this invention also have improved mechanical properties such as impact 5
strength. The polyolefin resin composition of this invention can be
prepared and molded into articles having a crosslinked structure by the
following process. For example, one process comprises preparing a
polyolefin resin (A) and a graft-modified a-olefin copolymer (B)
separately, melt-kneading a mixture of the polyolefin resin (A) with the
graft-modified [err]-olefin copolymer (B), incorporating an amino
group-containing compound 10 (C) into the mixture and kneading them under
heat to form a crosslinked structure, or another process comprises
dissolving a polyolefin resin (A) and a graft-modified a-olefin copolymer
(B) in a suitable solvent, e.g. a saturated hydrocarbon such as heptane,
decane or cyclohexane or an aromatic hydrocarbon such as toluene, benzene
or xylene, incorporating an amino group-containing compound (C) into the
resultant solution, mixing them under heat to form a crosslinked structure,
and then removing the solvent according 15 to an ordinary method. In
particular, it is preferable in this invention to employ a process of
forming a crosslinked structure by heating a mixture of the polyolefin
resin (A), the graft-modified [err]-olefin copolymer (B) and the amino
group- containing compound (C). In the above case, the mixture may be
prepared by premixing the polyolefin resin (A) and the graft- 20  modified
a-olefin copolymer (B) and then adding the amino group-containing compound
(C). And, particu- larly preferable is a process which comprises premixing
the polyolefin resin (A) and the graft-modified a- olefin copolymer (B) to
prepare pellets having an island-sea structure where the graft-modified
a-olefin copolymer (B) is dispersed in the polyolefin resin (A), mixing
these pellets with the amino group-containing compound (C), and then
heating the resultant mixture to form the crosslinked structure. 25
When the pellets are prepared in the above process, a method using a
melt-kneading apparatus can be employed. For example, when using an
extruder as the melt-kneading apparatus, it is possible to feed into the
extruder the graft-modified [err]-olefin polymer (B) as a main feed and the
polyolefin resin (A) as a side feed. When the polyolefin resin (A) and the
graft-modified [err]-olefin copolymer (B) are melt-kneaded, the 30  heating
temperature is set at a temperature which is the same as or higher than the
higher melting point of those of the polyolefin resin (A) and the
graft-modified a-olefin copolymer resin (B), preferably at a temperature
higher than such a melting point by 0 to 80[err] The amino group-containing
compound (C) is then incorporated into the above-prepared pellets, whereby
a mixture containing the pellets and the amino group-containing compound is
prepared as the 35  polyolefin composition of this invention. Then, the
mixture is heated in order to allow the amino group-containing compound to
form the crosslinked structure. The crosslinked structure with the amino
group-containing compound can be formed by heating the above mixture of the
pellets and the amino group-containing compound and kneading the mixture
while the 40   pellets are in a molten state under heat. In this case, it
is sufficient to heat the mixture at a temperature over the melting point
of the pellets. The heating temperature is preferably set at 150 to
300[err] more preferably at 150 to 250[err] The crosslinked structure is
usually formed by applying shear stress to a resin which is in a molten
state due to heat. Specifically, it is preferable to employ a method of
melt-kneading the above mixture of the pellets and the amino
group-containing compound by using an apparatus capable of 45  applying
shear stress to a molten material such as a melt-kneading apparatus. 



And, in this invention, the step of dispersing the graft-modified
[err]-olefin copolymer (B) in the polyolefin resin (A) as described above
and the step of forming the crosslinked structure may be carried out
stepwise. The crosslinking reaction is carried out as above by using the
amino group-containing compound, whereby, it is considered, an
intermolecular crosslinked structure is formed in which at least part of
graft 50  groups grafted into the graft-modified a-olefin copolymer (B) are
crosslinked with a moiety formed by dissociation of hydrogen atoms from the
amino group-containing compound. And, the graft-modified [err]-olefin
copolymer (B) in which the crosslinked structure has been formed exhibits
excellent rubbery elasticity, and, as a result, articles molded from the
polyolefin resin composition of this invention exhibits excellent impact
resistance as a whole. 55     According to this invention, there Is
provided a composition which further contains an inorganic filler (D) in
addition to the polyolefin resin composition containing the above
components (A), (B) and (C) of this invention. 10    EP 0 409 601 B1 In
this invention, fillers in various forms such as fibers, plates, particles
or powders may be used as an inorganic filler (D). Specific examples of the
inorganic filler (D) are silica, diatomaceous earth, titanium oxide,
magnesium oxide, pumice powders, pumice balloon, aluminum hydroxide,
magnesium hydroxide, basic magnesium 5  carbonate, dolomite, calcium
sulfate, potassium titanate, barium sulfate, calcium sulfite, tale, clay,
mica, asbestos, glass fibers, glass flakes, glass beads, calcium silicate,
montmorillonite, bentonite, graphite, aluminum powders, molybdenum sulfate,
boron fibers and silicon carbide fibers. These inorganic fillers may be
used alone or in combination. Of these inorganic fillers, for example, in
order to improve heat resistance and rigidity of a molded 10  article,
fibrous inorganic fillers are particularly preferred. Specifically, glass
fibers and boron fibers are particularly preferred. The amount of the
inorganic filler based on 100 parts by weight of the above polyolefin resin
(A) and the graft-modified [err]-olefin copolymer (B) in total is 1 to 100
parts by weight, preferably 5 to 50 parts by weight. 15     Incorporation
of the above inorganic filler makes it possible not only to improve the
mechanical properties of molded articles having a crosslinked structure
obtained from such a composition but also to decrease water absorption of
the molded articles. Such an inorganic filler may be incorporated when the
pellets are prepared by mixing the polyolefin resin (A) and the
graft-modified [err]-olefin copolymer (B) or when the amino
group-containing compound is 20  incorporated into the pellets to form the
crosslinked structure by mixing them under heat. Further, after the
crosslinked structure has been formed, the inorganic filler may be added
and incorporated, as required, by kneading. The polyolefin resin
composition of this invention may contain not only the above specified
components but also additives such as an organic filler, heat stabilizer,
weathering agent, anti-static agent, slip preventer, 25  anti-blocking
agent, anti-fogging additive, lubricant, pigment, dye, natural oil,
synthetic oil, and wax. The resin composition of this invention imparts
molded articles with the crosslinked structure formed by the amino
group-containing compound, and therefore, remarkably improves impact
resistance, at ordinary temperature in particular, of the molded articles
produced from the polyolefin resin and the graft-modified a- 



olefin copolymer without impairing excellent properties of the molded
articles. so     Therefore, the polyolefin resin composition of this
invention can be not only used in usual fields of polyolefin but also
desirably used in fields requiring mechanical strength such as fields where
a filler- reinforced PP, ABS resin and modified polyphenylene oxide are
used. Specifically, the polyolefin resin composition of this invention is
applicable to engineering plastics, parts for automobiles, and civil
construc- tion. 35     The polyolefin resin composition of this invention
gives a crosslinked structure due to the amino group- containing compound,
and therefore, provides molded articles having excellent impact resistance,
particu- larly, at ordinary temperature. Furthermore, the molded articles
exhibit little decrease in the other properties in spite of such excellent
properties. This invention will be explained hereinbelow by reference to
Examples, which, however, shall not be 40  construed to limit this
invention. In this invention, the following are methods of measuring
properties of polyolefin resins, soft polymers (sometimes called a
graft-modified elastic copolymer) and polyolefin resin compositions.
Intrinsic viscosity [err] 45 Measurement was made in decalin at 135[err]
Softening temperature (TMA): 50     TMA is a temperature at which a
penetrator having a 1-mm diameter flat top penetrated a sample 100
micrometers deep at a temperature elevation rate of 5[err]C/minute under a
load of 50 g. 55    EP 0 409 601 B1 Amount of grafting monomer in
graft-modified elastic copolymer: Measurement was made by using 13C-NMR.
Crystallinity: Measurement was made by using X-ray diffractometery at
23[err] 10  Rockwell hardness (R scale) (HR): Measurement was made
according to ASTM D 785 at 23[err] by using two square sheets having a
thickness of 1 mm. 15  Tensile modulus (YM): Measurement was made according
to ASTM-D-638 at 23[err] by using a pressed test piece having a thickness
of 2 mm. 20  IZ impact strength test: Measurement was made according to
ASTM D 256 at 23  C by using an injection-molded notched test piece having
a thickness of 0.32 cm (1/8 inch). 25  Initial flexural modulus (FM):
Measurement was made according to ASTM D 790 at 23[err] by using an
injection-molded test piece having a thickness of 0.32 cm (1/8 inch) at a
crosshead speed of 20 mm/minute. 30  Flexural stress at yield point (FS):
Measurement was made according to ASTM D 790 in the same way as In FM. Melt
flow rate (MFR): 35 



Measurement was made according to ASTM D-785 at 230[err] Gloss: 40
Measurement was made according to ASTM D 523 at 23[err] by using an
injection-molded square sheet at an incident angle of 60[err] Resin
density: 45     Measurement was made according to ASTM D-1505-67 at 23[err]
Examples 1-5 (a) Synthesis of cyclic olefin copolymer (A):- 50       A
copolymerization reaction of ethylene and
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaph- thalene (structural
formula: 55 "DMON" hereinafter) was continuously carried out by using a
2-liter glass polymerizer having an agitating element. That is, the
polymerizer was continuously charged, from the polymerizer top, with a 12
EP 0 409 601 B1 cyclohexane solution of DMON such that the DMON
concentration within the polymerizer was 60 g/l and with VO(err) as a
catalyst such that the vanadium concentration within the polymerizer was
7.2 mmol/l. On the other hand, a polymerization liquid was continuously
extracted from the polymerizer bottom such that the polymerization liquid
within the polymerizer was constantly 1 liter. And, from the polymerizer
top, ethylene was charged at a rate of 85 liters/hour, hydrogen at a rate
of 6 liters/hour, and nitrogen at a rate of 45 liters/hour. The
polymerization reaction was carried out at 10 C by circulating a
refrigeration medium through a jacket externally provided to the
polymerizer. Under the above reaction conditions, a polymerization reaction
product containing an ethylene- DMON random copolymer was obtained. A small
amount of isopropyl alcohol was added to the 10     polymerization liquid
extracted from the polymerizer bottom to stop the polymerization reaction.
Then, the polymerization liquid was charged to a home-use mixer under
rotating operation, which had been charged with acetone whose amount was
about three times as large as that of the polymerization liquid, whereby a
produced copolymer was precipitated. The precipitated copolymer was
gathered by filtering, dispersed in acetone such that the resulting polymer
concentration was about 50 g/l, and treated at the 15     boiling point of
acetone for about 2 hours. After the above procedure, the copolymer was
gathered, and then, dried under reduced pressure at 120[err] overnight. The
ethylene-DMON random copolymer (A) obtained as above had an ethylene
content, measured by [err]-NMR analysis, of 67 mol%, an intrinsic
viscosity, measured at decalin at 135[err] of 0.60 dl/g and a softening
temperature (TMA) of 111 [err] 20   (b) The ethylene-DMON random copolymer
(A) obtained In the above (a) and a graft-modified elastic copolymer (B)
shown in Table 1 were dry-blended in a weight ratio shown in Table 1, and
the resultant blend was kneaded with a twin screw extruder (set at a
temperature of 210  C). Then, hex- amethylenediamine was added in a weight
ratio shown in Table 1, the ratio being based on 100 parts by weight of the
(A)/(B) blend. And, the resultant blend was again kneaded and extruded with
the twin screw 25    extruder (set at a temperature of 210[err]to give a
polyolefin resin composition. This composition was injection-molded at a
cylinder temperature of 230[err] and a mold temperature of 60[err] to
prepare test pieces and square sheets. 



Table 1 shows physical properties of these molded articles. The polyolefin
resin compositions obtained as above gave molded articles having excellent
impact 30  strength, rigidity and gloss. Comparative Example 1 The same
ethylene-DMON random copolymer (A) as that obtained in the section (a) of
Example 1 and 35  a graft-nonmodified elastic copolymer (B) was dry-blended
in a weight ratio of 95/15, and the blend was kneaded with a twin-screw
extruder (set at a temperature of 210[err]. Then, 0.2 part by weight, per
100 parts by weight of the (A)/(B) blend, of HMDA was added, and the
resultant blend was again kneaded and extruded with a twin screw extruder
(set at a temperature of 210[err] to give a polyolefin resin composition.
This composition was molded in the same way as in Examples 1 to 5, and
physical properties of the 40  resultant molded articles were evaluated.
Table 1 shows the physical properties. The molded articles obtained as
above had excellent rigidity and gloss, however, had low impact strength.
Comparative Example 2 45 The same ethylene-DMON random copolymer (A) as
that obtained in the section (a) of Example 1 and a graft-modified elastic
copolymer (B) was dry-blended in a weight ratio of 85/15, and the blend was
kneaded with a twin-screw extruder (set at a temperature of 210[err] twice
to give a polyolefin resin composition. 50     This composition was molded
in the same way as in Examples 1 to 5, and physical properties of the
resultant molded articles were evaluated. Table 1 shows the physical
properties. The molded articles obtained as above had excellent rigidity
and gloss, however, had low impact strength. 55 13    EP 0 409 601 B1 co0
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50~~~~~~~~~0 A cyclic olefin random copolymer (A) obtained in the same way
as In the section (a) of Example 1 and 55  shown in Table 2 and a
graft-modified elastic copolymer (B) shown in Table 2 were dry-blended In a
weight ratio shown in Table 2, and the blend was kneaded with a twin-screw
extruder (set at a temperature of 21 0 C). Then, 0.2 part by weight, per
100 parts by weight of the (A)/(B) blend, of HMDA was added, and the
resultant blend was kneaded and extruded with a twin screw extruder (set at
a temperature of 210[err] to 15    EP 0 409 601 B1 give a polyolefin resin
composition. This composition was molded in the same way as in Examples 1
to 5, and physical properties of the resultant molded articles were
evaluated. Table 2 shows the physical properties. The molded articles
obtained as above were excellent in impact strength, rigidity and gloss.
Examples 5    9-10 A cyclic olefin random copolymer (A) and a
graft-modified elastic copolymer (B) both shown in Table 2 were dry-blended
in a weight ratio of 85/15, and the resultant blend was kneaded with a twin
screw extruder (set at a temperature of 210[err]. Then,
4,4'-diaminotriphenylmethane was added in a weight ratio shown in Table 2,
the ratio being based on 100 parts by weight of the (A)/(B) blend. And, the
resultant blend was 10  again kneaded and extruded with the twin screw
extruder (set at a temperature of 210  C) to give a polyolefin resin
composition. This composition was molded in the same way as in Examples 1
to 5, and physical properties of the resultant molded articles were
evaluated. Table 2 shows the physical properties. The molded articles
obtained as above were excellent in impact strength, rigidity and gloss. 15
Comparative Example 3 A cyclic olefin random copolymer (A) and a
graft-nonmodified elastic copolymer (B) both shown in Table 2 were
dry-blended in a weight ratio of 85/15, and the resultant blend was kneaded
with a twin screw 20  extruder (set at a temperature of 210 C). Then, 0.2
part by weight, per 100 parts by weight of the (A)/(B) blend, of HMDA was
added. And, the resultant blend was again kneaded and extruded with a twin
screw extruder (set at a temperature of 210[err] to give a polyolefin resin
composition. This composition was molded In the same way as in Examples 1
to 5, and physical properties of the resultant molded articles were
evaluated. Table 2 shows the physical properties. 25     The molded
articles obtained as above had excellent rigidity and gloss, however, had
low impact strength. Comparative Example 4 30     A cyclic olefin random
copolymer (A) and a graft-nonmodified elastic copolymer (B) both shown in
Table 2 were dry-blended in a weight ratio of 85/15, and the resultant
blend was kneaded twice with a twin screw extruder (set at a temperature of
210[err] to give a polyolefin resin composition. This composition was
molded in the same way as in Examples 1 to 5, and physical properties of
the resultant molded articles were evaluated. Table 2 shows the physical
properties. 35     The molded articles obtained as above had excellent
rigidity and gloss, however, had low impact strength. 40 
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copolymer (A) and a graft-modified elastic copolymer (B) both shown in
Table 3 55 were dry-blended in a weight ratio of 85115, and the resultant
blend was kneaded with a twin-screw extruder (set at a temperature of
210[err]. Then, HMDA was added in a weight ratio shown in Table 3, the
ratio being based on 100 parts by weight of the (A)/(B) blend. And, the
resultant blend was again kneaded and extruded with the twin screw extruder
to give a polyolefin resin composition. 1 8    EP 0 409 601 B1 This
composition was molded in the same way as in Examples 1 to 5, and physical
properties of the resultant molded articles were evaluated. Table 3 shows
the physical properties. The molded articles obtained as above were
excellent in impact strength, rigidity, gloss and heat resistance. 5
Comparative Examples 5-6 



A cyclic olefin random copolymer (A) and a graft-modified elastic copolymer
(B) both shown in Table 3 were dry-blended in a weight ratio of 85/15, and
the resultant blend was kneaded twice with a twin screw 10 extruder to give
a polyolefin resin composition. This composition was molded in the same way
as in Examples 1 to 5, and physical properties of the resultant molded
articles were evaluated. Table 3 shows the physical properties. The molded
articles obtained as above had excellent rigidity, gloss and heat
resistance, however, had low impact strength. 15 20 25 30 35 40 46 50 55 19
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EP 0409601 B1 polyolefin resin composition. This composition was molded in
the same way as in Examples 1 to 5, and physical properties of the
resultant molded articles were evaluated. Table 4 shows the physical
properties. The molded articles obtained as above were excellent in impact
strength, rigidity, gloss and heat 5  resistance. Comparative Examples 7-8
A cyclic olefin random copolymer (A) and a graft-modified elastic copolymer
(B) both shown in Table 4 10  were dry-blended in a weight ratio of 85/15,
and the resultant blend was kneaded twice with a twin screw extruder to
give a polyolefin resin composition. This composition was molded in the
same way as in Examples 1 to 5, and physical properties of the resultant
molded articles were evaluated. Table 4 shows the physical properties. The
molded articles obtained as above had excellent rigidity, gloss and heat
resistance, however, had 15 low Impact strength. 20 25 30 35 40 45 50 55 22
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%   r Claims 1. A polyolefin resin composition comprising: 55       (A) a
polyolefin resin which is a random copolymer of at least one cyclic olefin
selected from compounds of the formula (1) 24    EP 0 409 601 B1 
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poylfnrsncmpsto  opiig compounds ~ ~     b oftefrml 1 402 0     Be OU) 25
0                            \  i*4CC ClaimsC    ~ 0 1.A  oyoelnrsi  omoi-o
comprisi0g0 componds fth  fomua (1)%- -4~~~4    *  C  L   M   S  * wherein
each of [err] independently represents a hydrogen atom, halogen atom or
monovalent hydrocarbon group, and n represents 0 or a positive integer and
compounds of the 15       formula (2) [err] [err]
(2) 20                       [err] wherein each of [err] independently
represents a hydrogen atom, a halogen atom or a 30       monovalent
hydrocarbon group, m  represents 0 or a  positive integer, and k represents
an integer of not less than 3, ethylene, and optionally, another olefin;
(B) a graft-modified a-olefin copolymer grafted with an unsaturated
carboxylic acid or a derivative thereof, and (C) an amino group-containing
compound, said polyolefin resin composition containing a crosslinked 35
structure between the amino group-containing compound (C) and the
graft-modified a-olefin copolymer (B), and containing, based on 100 parts
by total weight of the polyolefin resin (A) and the graft modified a-olefin
copolymer (B), 1 to 99 parts by weight of each of the polyolefin resin (A)
and 



the graft-modified a-olefin copolymer (B) and 0.01 to 10 parts by weight of
the amino group- containing compound (C). 40 2. A composition according to
claim 1, wherein the random copolymer has a crystallinity, determined by
X-ray diffractometry, of 0 to 20%. 3. A composition according to claim 1 or
2, wherein the random copolymer has an intrinsic viscosity [err] 45
measured in decalin at 135 C, of 0.05 to 10 dl/g. 4. A composition
according to any one of the preceding claims wherein the graft-modified
a-olefin random copolymer (B) is a graft-modified copolymer of ethylene and
an -olefin having 3 to 20 carbon atoms or a      graft-modified copolymer
of propylene  and an a-olefin having 4 to 20 carbon atoms. 50 5. A
composition according to any one of the preceding claims wherein the
unsaturated carboxylic acid graft component of the graft-modified
[err]-olefin copolymer (B) is an [err]unsaturated carboxylic acid or a
derivative thereof. 55  6. A composition according to any one of the
preceding claims wherein the derivative of the unsaturated carboxylic acid
graft component of the graft-modified a-olefin copolymer (B) is an
anhydride, halide, amide, imide or ester of the unsaturated carboxylic
acid. 25    EP0409 601 B1                   * C   L   M   S 7. A
composition according to any one of the preceding claims wherein the amino
group-containing compound (C) has at least two amino groups in the
molecule. 8  A composition according to any one of the preceding claims
wherein the amino group-containing 5      compound (C) is a aliphatic,
alicyclic, aliphatic-aromatic, aromatic or spiro ring-form diamine. 9. A
composition according to any one of the preceding claims, which contains,
based on 100 parts by total weight of the polyolefin resin (A) and the
graft-modified [err]-olefin copolymer (B), 80 to 95 parts by weight of the
polyolefin resin (A) and 20 to 5 parts by weight of the graft-modified
a-olefin copolymer 10    (B) 10. A composition according to any one of the
preceding claims, which contains, based on 100 parts by total weight of the
polyolefin resin (A) and the graft-modified a-olefin copolymer (B), 0.2 to
2 parts by weight of the amino group-containing compound (C). 15 11. A
composition according to any one of the preceding claims which further
contains, based on 100 parts by total weight of the polyolefin resin (A)
and the graft-modified a-olefin copolymer (B), 1 to 100 parts by weight of
an inorganic filler. 20  12. A process for producing a polyolefin resin
composition having improved impact resistance, which comprises heating a
polyolefin composition as claimed in any one of the preceding claims while
or after molding it to form a crosslinked structure between the amino
group-containing compound (C) and at least the graft-modified [err]-olefin
copolymer (B). 25 13. A crosslinked molded article produced from a
polyolefin resin composition as claimed in any one of claims 1 to 11. 14.
Use of a polyolefin resin composition as claimed in any one of claims 1 to
11 in the production of a crosslinked molded article. 



30 PatentansprUche 1. Polyolefinharzzusammensetzung, umfassend: (A) ein
Polyolefinharz, das ein statistisches Copolymer von mindestens einem
zyklischen Olefin, das 95       ausgewdhlt wurde aus Verbindungen der
Formel (1) Z3 0 R 40                                           R9 R1 R2
5 6R 10                          (i) 46 in welcher ein jeder von R1 bis RIO
voneinander unabhangig ein Wasserstoffatom, ein Halogenatom 50       oder
elne einwertige Kohlenwasserstoffgruppe darstellt und n 0 oder eine
positive ganze Zahl darstelt, und Verbindungen der Formel (2) 56 26    EP 0
409 601 51 111                      M 1     ! R1          R17 JI  -R12   R
R1         (R      -R20)k                   (2) 10                       14
m in welcher ein jeder von RI' bis R2 voneinander unabhangig ein
Wasserstoffatom, ein Halogenatom oder elne einwertige
Kohlenwasserstoffgruppe darsteilt, m 0 oder eine positive ganze Zahl und k
15       eine ganze Zahl von nicht weniger als 3 darstellt, und Ethylen und
gegebenenfalls einem anderen Olefin Tst; (B) ein Pfropf-modifiziertes
a-Oefln-Copolymer, das mit einer ungesgftlgten Carbonsaure oder elnem
Derivat derselben gepfropft Ist, und (C) eine Aminogruppen enthaltende
Verbindung, 20       wobel die Polyolefinharzzusammensetzung eine
quervernetzte Struktur zwischen der Aminogruppen enthaltenden Verbindung
(C) und dem Pfropf-modifizierten a-Olefin-Copolymer (B) aufweist und
bezogen auf 100 Teile Gesamtgewicht des Polyolefinharzes (A) und des
Pfropf-modiffzlerten a- Olefin-Copolymers (B) 1 bis 99 Gewichtsteile von je
dem Polyolefinharz (A) und dem Pfropf- modifizierten a-Olefin-Copolymer (B)
und 0,01 bis 10 Gewichtsteile der Aminogruppen enthaltenden 2S
Verbindung (C) enthlit. 2. Zusammensetzung nach Anspruch 1, in der das
statistische Copolymer eine durch Rtntgenbouguug bestimmte Kristallinitat
von 0 bis 20% hat. 3o  3  Zusammensetzung nach Anspruch 1 oder 2, in der
das statistische Copolymer eine in Dekalin bei 135G C gemessene
Grundviskositfit [q] von 0,05 bis 10 dl/g hat. 4. Zusammensetzung nach
irgendeinem der vorangegangenen AnsprOche, in der das Pfropf-modifizierte
statistische a-Olefin-Copolymer (B) ein Pfropf-modifiziertes Copolymer von
Ethylen und einem a-Olefin 35     mit 3 bis 20 Kohlenstoffatomen oder ein
Pfropf-modiflziertes Copolymer von Propylen und einem a- Olefin mit 4 bis
20 Kohlenstoffatomen ist. 5. Zusammensetzung nach irgendeinem der
vorangegangenen Ansprtche, in der die ungesaittigte Car- bonsdure als
Pfropf-Komponente des Pfropf-modifizierten a-Olefin-Copolymer (B) eine
a,0-unges~ttigte 



40     Carbonsdure oder ein Derivat derselben ist. 6. Zusammensetzung nach
irgendeinem der vorangegangenen AnsprUche, in der das Derivat der unge-
s~ttigten Carbonsdure als Pfropf-Komponente des Pfropf-modifizierten
a-Olefin-Copolymers (B) ein Anhydrid, Halogenid, Amid, Imid oder Ester der
ungesattigten Carbonsdure ist. 45 7. Zusammensetzung nach irgendeinem der
vorangegangenen Ansprache, in der die Aminogruppen enthaltende Verbindung
(C) mindestens zwei Aminogruppen im MolekUl aufweist. &  Zusammensetzung
nach irgendeinem der vorangegangenen AnsprUche, in der die Aminogruppen 60
enthaltende Verbindung (C) ein aliphatisches, alizyklisches,
aliphatisch-aromatisches, aromatfsches Diamin oder ein Diamin mit einer
Spiro-Ringform Wst. 9. Zusammensetzung nach irgendeinem der vorangegangenen
Anspr~che, die bezogen auf 100 Teile Gesamtgewicht des Polyolefinharzes (A)
und des Pfropf-modifizierten a-Olefln-Copolymers (B) 80 bis 55     95
Gewichtsteile des Polyolefinharzes (A) und 20 bis 5 Gewichtsteile des
Pfropf-modiflzierten a-Olefin- Copolymers (B) enthflt. 27    10.
Zusammensetzung nach irgendeinem der vorangegangenen AnsprUche, die bezogen
auf 100 Teile Gesamtgewicht des Polyolefinharzes (A) und des
Pfropf-modifizierten a-Olefin-Copolymers (B) 0,2 bis 2 Gewichtsteile der
Aminogruppen enthaltenden Verbindung (C) enthalt. 5  11. Zusammensetzung
nach irgendeinem der vorangegangenen AnsprUche, die zusatzlich bezogen auf
100 Teile Gesamtgewicht des Polyolbfinharzes (A) und des
Pfropf-modifizierten a-Olefin-Copolymers (B) 1 bis 100 Gewichtsteile eines
anorganischen F0llmaterials enthalt. 12. Verfahren zum Herstellen einer
Polyoleflnharzzusammensetzung mit verbesserter Schlagfestgkeit, das 10
umfagt, eine wle in irgendeinem der vorangegangenen AnsprUche beanspruchte
Polyolefinzusammen- setzung w~hrend oder nach ihrem Formen zu erwarmen, um
elne quervernetzte Struktur zwischen der Aminogruppen enthaltenden
Verbindung (C) und zumindest dem Pfropf-modifzierten a-Olefln-Copoly- mer
(B) zu bilden. 15  1& Quervernetzter geformter Gegenstand, der aus einer
wie in irgendeinem der Ansprtche 1 bis 11 beanspruchten
Polyolefinharzzusammensetzung hergestellt worden ist. 14. Verwendung elner
wie in irgendeinem der AnsprOche 1 bis 11 beanspruchten
Polyolefinharzzusammen- setzung zur Herstellung eines quervemetzten
geformten Gegenstands. _20 Revendicatlons 1. Composition de resine
polyolefinique, comprenant: A) une r6sine polyolefinique qui est un
copolymbre statistique d'6thylbne et d'au moins une ol6fino 26
cycllque choisie parml les composis de formule (1) t3   7~~it 30R1R    t
(1 I10 i4 36 dans laquelle chacun des symboles R1   R10 reprdsente
ind6pendamment un atome d'hydrogene, un atome d'halogbne ou un groupe
hydrocarbon6 monovalent, et n represente 0 ou un nombre 



entier positif, et les compos6s de formule (2) 40 45
R   R22   25 1--R2           0)                  (2) R24 L       8 m 50
dans laquelle chacun des symboles All A R2 repr~sente ind~pendamment un
atome d'hydrog ne, un atome d'halogbne ou un groupe hydrocarbon4
monovalent, m repr~sente 0 ou un nombre enter positif, et k repr~sente un
nombre entier valant au moins 3, et dventuellement d'une autre oleflne, 55
B) un copolymbre d'a-oldfines, modifie par greffage d'un acide carboxylique
insaturd ou d'un ddrlvd d'un tel acide, et C) un compos4 amind, ladite
composition de r6sine polyoldflnique comprenant une structure reticul~e
formde entre le 28    EP 0 409 601 B1          1      11 11   1111 11111!
compose amin6 (C) et le copolymere (B) d'a-ol6fines modifie par greffage,
et contenant, pour un total de 100 parties en poids de r6sine
polyolefinique (A) et de copolymere (B) d'a-olifines modifle par greffage,
de 1 & 99 parties en poids de chacun des constituants quo sont la r6sine
polyolefini- que (A) et le copolymere (B) d'a-ol6fines modifid par
greffage, et de 0,01 a 10 parties en poids du 5        compose amine (C).
2. Composition conforme a la revendication 1, dans laquelle le copolymbre
statistique presente un taux de cristallinit6, determine par diffraction
des rayons X, de 0 A 20 %. 10  3. Composition conforme & la revendication 1
ou 2, dans laquelle le copolymere statistique prdsente une viscosite
intrinseque [,t], mesuree dans la decaline & 135C, deo 0,05 a 10 d/g. 4.
Composition conforme & l'une des revendications prec~dentes, dans laquelle
le copolymbre statistique (B) d'a-ol6fines modifi6 par greffage est un
copolymbre, modifl6 par greffage, d'6thylne et d'une a- 15     olefine dont
la mol6cule comporte de 3 a 20 atomes de carbone, ou un copolymere, modifi6
par greffage, de propylene et d'une a-olefine dont la mol6cule comporte de
4 A 20 atomes de carbone. 5. Composition conforme & I'une des
revendications pr6cedentes, dans laquelle l'acide carboxylique insature
greffe du copolymere (B) d'a-olefines modifie par greffage est un acide
carboxylique a,j5- 20     insature ou un ddrive d'un tel acide. 6.
Composition conforme a l'une des revendications pr6cedentes, dans laquelle
le deriv6 d'acide carboxy- lique insature greff4 du copolymere (B)
d'a-oldfines modifie par greffage est un anhydride, halogenure, amide,
imide ou ester d'acide carboxylique insatur6. 26 7. Composition conforme a
l'une des revendications precedentes, dans laquelle la molecule du compose
amin6 (C) comporte au moins deux groupes amino. a  Composition conforme &
l'une des revendications precedentes, dans laquelle le compos6 amln6 (C)
est 30     une diamine aliphatique, alicyclique, aliphatique-aromatique,
aromatique ou spiro-cyclique. 9. Composition conforme & I'une des
revendications pr~cedentes, qui contient, pour un total de 100 parties en
poids de resine polyol~finique (A) at de copolymbre (B) d'a-olefines
modifi6 par greffage, de 80 a 95 parties en poids de 1a resine
polyolefinique (A) et de 20 & 5 parties en poids du copolymere 



as     (B) d'a-oltfines modifi4 par greffage. 10. Composition conforme a
l'une des revendications precedentes, qui contient, pour un total de 100
parties en poids de la resine polyol6finique (A) et du copolymbre (B)
d'a-olefines modifie par greffage, de 0,2 & 2 parties en poids du compose
amine (C). 40 11. Composition conforme & I'une des revendications
precedentes, qui contient en outre, pour un total de 100 parties en poids
de la resine polyol6finique (A) et du copolymere (B) d'a-oldfines modifi6
par greffage, de 1 & 100 parties en polds d'une charge min6rale. 4s  12.
Proced6 de production d'une composition de r6sine polyoldfinique poss6dant
une resistance au choc am6lior~e, qui comprend le fait de chauffer une
composition de polyolefines conforme & l'une des revendications
prec~dentes, pendant qu'on la moule ou aprbs l'avoir moul6e, pour former
une structure rXticulse entre le compos6 amine (C) et au moins le
copolymers (B) d'a-ol~fines modifl6 par greffage. 60 1$ Article mould et
rdticul6, produit & partir d'une composition de r~sine polyol~finique
conforme A I'une des revendications t & 11. 14. Utilisation d'une
composition de rdsine polyolefinique conforme a l'une des revendications 1
& 11, pour la production d'un article mould et rticuld. 55
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