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" The. .present invention relates to a polyolefin

resin composition, .a process for the preparation thereof

and a molded article made thereof. More particularly, the
present invention relatess to a  polyolefin  resin
composition excellent in processability, impact
resistance, rigidity, surface property and the like, a
process for the preparatlon thereof and a molded article
thereof. :
Hitherto, a polyolefin has been widely wused for
preparing, for example, various molded articles because it
is inexpensive and excellent in physical properties. '

However, because polypropylene, which is a
representative example of a polyolefin, 1is poor in

viscosity and  tensile strength of the molten
polypropylene, polypropylene is poor in vacuum formability
(hereinafter,  referred to as “ thermoformability”),
calender moldability, blow moldability, - expansion

moldability and the like when being molded into a sheet.
Furthermore, in comparison with other polymers and resins
such as' polystyrene, poly(vinyl chloride) and ABS resin,
polypropylene is poor in rigidity, low temperature impact
resistance, surface property such as surface glossiness,
hardness and paintability of a product therefrom, and thus
poor in processability.

In order to improve the processability of the
above—mentioned - polypropylene, in general, polyethylene is
mechanically mixed therewith. However, because the
processability improving effect of polyethylene is
insufficient, a large amount of polyethylene is required
to improve the processability and therefore the rigidity
of the obtained mixture lowers. '

In order to improve the v1sc031ty and the tensile

strength of a molten polyolefln, 3 - the moIeculan welght of
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IS poor vacuum fornmability (hereinafter, referred

| t“%ﬁx&%ﬁﬂ%uééﬁ# eregha tohe bEPRBOAEITFEER o URHEYSTr 0 o

the polyolefin havmg a large molecular weight _is
difficult to be . processed by extrusion molding which is
one of important processings of a polyolefin.

It is proposed, for example, in USP No. 4156703
that a non—crosslinked acrylic polymer is added to
polyethylene to improve the  processability. However,
compatibility of polyethylene and the acrylic polymer is
not sufficient.  Furthermore, because the acrylic polymer
is not crosslinked, the acrylic polymer is separated from
the polyolefin and adhere to the surface -of a calender
roll or the surface of die of an extruder (hereinafter,
referred to as “plate out”) on calendering or extrusion.
Thus the processability rather lowers.

In order to improve the Ilow rigidity of a
polyolefin itself and the Ilowering of the rigidity owing
to the  incorporation of polyethylene, it has been
attemped that an inorganic filler is added to the
polyolefin. However, the inorganic filler 1is poor in
compatibility with the polyolefin and therefore uniform
dispersing cannot be done. Therefore when such polyolefin
added with the inorganic filler is wused for preparing a
sheet by extrusion, the surface property of the sheet
considerably lowers.

In order to improve the impact resistance of a
polyolefin, generally a rubber component such as ethylene-
propylene rubber is introduced by mechanically mixing or
block copolymerization. However, the introduction of the
rubber component to the polyolefin by mechanical mixing or
block copolymerization has the - following defects. It is
difficult to control the particle size of the particles to
be dispersed and, therefore, the rubber introduced does
not efficiently serve to improve the impact resistance,
thus the effect of improving impact resistance is

insufficient. Moreover because a large amount of the
rubber component is required to improve the impact
resistance, the rigidity - of the obtained mixture

lowers. Furthermore, the surface glossines of the
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By wusing a core-shell type modifier which has
hitherto widely been used as an agent for improving the

5 impact resistance in a resin such as a poly(vinyl
chloride) resin, a rubber component (core) having a
predetermined particle diameter can be efficiently
dispersed in the resin composition. So the core-shell
type modifier can prevent lowering of the rigidity and

10 improve the 1impact resistance of the obtained molded
articlee. =~ However, the core-shell type modifier is hardly
usable with a polyolefin because the polyolefin is
non—polar and . therefore the compatibility of the
core—shell type modifier with the polyolefin is low.

15 It is proposed, for example, in Japanese
Unexamined Patent Publication No. 185037/1991 @ and
USP No. 4997884, that the above—mentioned core-shell type
modifier is added to a polyolefin in the presence of a
specific compatibilizer. However, the above—mentioned

20 compatibilizer is synthesized by a complicated process and
therefore the cost becomes high and the system for
synthesis is also complicated.

Thus, there has not yet been proposed a
polyolefin  resin compdsition which  satisfies all of

25 properties such as excellent processability, impact
resistance, rigidity and surface property.

An object of the invention is to provide a
polyolefin resin composition which satisfies all of the
above—mentioned properties. o

30 This and other objects of the present invention
will become apparent from the description hereinafter.

It has been found that a polyolefin resin

35 composition satisfying all of - the above-mentioned
properties can be obtained when a polypropylene is mixed
with a core-shell graft copolymer prepared from a specific
crosslinked rubber-like polymer and a monomer component,
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and an inorganic filler.

In accordance with the present invention, there
are provided a polyolefin resin  composition  which
comprises:

5 (A) a polyolefin,
(B) 0.1 to 100 parts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
10 temperature of a polymer of said monomer component alone
is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
- transition temperature of not more than 25C, and
(C) 0 to 400 parts of an inorganic filler, said parts of
15 (B) and (C) being parts by weight per 100 parts by weight
of (A).

The present invention also provides a process for
preparing a polyolefin resin composition which comprises
mixing a part of a polyolefin (A) with 0.1 to 100 parts by

20 weight of a core—shell graft copolymer (B) per 100 parts
by weight of said polyolefin (A) to give a masterbatch,
and mixing said masterbatch with the rest of said
polyolefin (A) and 0 to 400 parts by weight of an
inorganic filler (C) per 100 parts by weight of said

25 polyolefin (A), said core-shell graft copolymer (B) being
a graft copolymerization product of (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component

30 alone is not less than 25C, onto (a) 40 to 95 parts
by weight of a crosslinked rubber-like polymer having
a glass transition temperature of not more than
25C..

The composition  according to the present

35 invention can be molded into various articles such as
film, sheet,  hollow article foam and the like by
calendering, extrusion, thermoforming, injection  molding,
blow molding, expansion molding and other known molding
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. The polyolefin resin composition of the present

5 invention 1is, as described above, prepared by mixing 100

parts by weight of a polyolefin (A) with 0.1 to 100 parts

by weight of a core—shell graft copolymer (B) and 0 to 400

parts by weight of an inorganic filler (C), said

core-shell graft copolymer (B) being a graft

10 copolymerization product of (b) 5 to 60 parts by weight of

a monomer component comprising a copolymerizable vinyl

compound selected so that the glass transition temperature

of a polymer of the monomer component alone is not less

than 25°C, onto (a) 40 to 95 parts by weight of a

15 crosslinked rubber—-like polymer having a glass transition
temperature of not more than 25°C.

The reason why the polyolefin resin composition
of the present invention shows all of the properties such
as excellent processability, impact  resistance, - rigidity

20 and surface property is understood as follows.

By mixing the above—mentioned polyolefin (A) with
the core-shell graft copolymer (B), the die swell lowers.
In particular, by mixing a part of the polyolefin (A) with
whole amount of the core-shell graft copolymer (B) to be

25 used, to give a omasterbatch, and then mixing the
masterbatch with the rest of the polyolefin (A) and whole
amount of the inorganic filler (C) to be wused, the
dispersibility of the core-shell graft copolymer (B) in
the polyolefin (A) 1is further improved and the tensile

30 strength of the obtained mixture in a molten state

increases. Thus the draw—down of the molten resin
is improved. Therefore the obtained polyolefin resin
composition shows improved processability, impact
resistance and surface property.

35 Although hitherto a core—shell type graft

copolymer cannot be compatible with a polyolefin in the
absence of a compatibilizer, a core-shell type graft
copolymer of the present invention is compatible with the
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as an agent for improving the processability of the
polyolefin and the impact resistance of the obtained
molded articlee and also improves the dispersibility of
the inorganic filler. The reason is considered that in
the conventional core-shell type graft copolymer a shell
layer is compatible with a matrix resin to be mixed, while
in the present invention, utterly different from the
conventional type, a core of the core-shell graft
copolymer (B), namely a rubber component having a specific
glass transition temperature is compatible with polyolefin
(A).

When processing the resin composition obtained by
mixing the above—mentioned polyolefin (A) with the core-
shell graft copolymer (B), the core-shell graft copolymer
(B) does not plate out on the surface of a calender roll
or a surface of die of an extruder in the present
invention, because the above-mentioned rubber component
has no stickiness to the metallic surface at a high
temperature. The reason is considered not only that the
core layer, namely the rubber component having a glass
transition temperature of mnot more than 25C, is
crosslinked, but also that a hard component having a glass
transition temperature of not less than 25C is graft
copolymerized as a shell layer onto the crosslinked
polymer.

Representative examples of the polyolefin (A)
used in the ©present invention - are, for instance,
polypropylene, high density polyethylene, low density
polyethylene, linear low density polyethylene, poly—-1-
butane, polyisobutylene, a random or block copolymer of

propylene and ethylene and/or 1-butene in any ratio, a

terpolymer of ethylene, propylene and at most 10 % by
weight of a diene wherein ethylene and propylene may be
present in any ratio, polymethylpentene, a random, block
or graft copolymer of ethylene or propylene with not more
than 50 % by vrreight of a vinyl compound such as a vinyl

by
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alone or in admixture thereof.

In the present invention, as the polyolefin (A)
a propylene polymer prepared by polymerizing monomers
containing not less than 50 % by weight of propylene, and
a mixture of the propylene polymer and 0 to 100 parts by
weight of polyethylene per 100 parts by weight of the
above—mentioned propylene polymer, are preferable from the
viewpoint of availability and inexpensiveness. Also, as
the polyolefin (A), a polyolefin having a melt flow index

-of not more than 4 g/10 minutes, particularly 0.1 to 3

g/10 minutes, at 230C is preferable, since effects such
as excellent kneadability and dispersibility with the
core-shell graft copolymer (B), the inorganic filler (C)
and the like, and the large tensile strength in a molten
state, are sufficiently produced.

In the present invention, a core-shell graft
copolymer (B) is wused in order to improve the impact
resistance and the processability of the above—mentioned
polyolefin (A). The core—shell graft copolymer comprises
the core of the crosslinked elastomeric polymer having a
glass transition temperature of not more than 25°C and the
shell layer of the hard layer comprising a vinyl compound
selected so that the glass transition temperature of a
polymer of the vinyl compound alone is not less than
25C. Furthermore, the core-shell graft copolymer in the
present invention includes a graft copolymer prepared by
graft copolymerizing the hard shell component in the
presence of the crosslinked rubber-like polymer which
forms the core.

The core-shell graft copolymer (B) used in the
present invention can be prepared by graft copolymerizing
(b) the monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of the monomer component alone is
not less than 25°C (hereinafter, referred to as “monomer
component (b)”), onto (a) the crosslinked rubber-like
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polymer having a glass transition temperature of not more
than 25C (hereinafter, referred to as “ crosslinked
rubber-like polymer (a)”).
In the present invention, the glass transition
5 temperature of the corsslinked rubber-like polymer (a) is
not more than 25°C, as above-described. @ When the glass
transition temperature is more than 25°C, the effect of
improving the processability, impact resistance and the
like, which is caused by the core—shell graft copolymer
10 (B), lowers.

The glass transition temperature of a polymer of
the monomer component (b) alone 1is, as described above,
not less than 25°C. When the glass transition temperature
is less than 25C, the core-shell graft copolymer (B)

15 coagulates into a mass.

The above-mentioned glass transition temperature
and the determining method thereof are described in, for
example, Polymer Handbook, second edition, a Wiley
interscience publication (1975). In the present

20 invention, a value calculated according to the following
equation was employed as the glass transition temperature
of a copolymer. '

1/Tg = Wx/Tgx + Wy/Tgy
25 :
Tg: Glass transition temperature (C) of the
copolymer of components (x) and (y)
Tgx: Glass transition temperature (C) of the
component (x)
30 Tgy: Glass transition temperature (C) of the

component (y)

Wx: Weight (%) of the component (x)

Wy: Weight (%) of the component (y)

35 Representative examples of the above-mentioned
crosslinked rubber-like polymer (a) are, for instance, a
diene rubber, an acrylic rubber, an olefin rubber, a
silicone rubber and the likee Among these examples, a
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Representative examples of the above—mentioned
diene rubber are, for instance, a diene rubber comprising
60 to 100 % by weight of a diene compound and 0 to 40 %
by weight of a copolymerizable other vinyl compound

10 therewith, and the like.

' Representative examples of the diene compound
used in the above-mentioned diene rubber are, for
instance, butadiene, iso—prene, chloroprene and the
like.  Though they may be wused alone or in admixture

15 thereof, among these examples butadiene is preferable from
the viewpoint of inexpensiveness, excellent comj)atibility
of the obtained core-shell graft copolymer (B) with the
polyolefin (A) and excellent effect of improving the
processability and the impact resistance. :

20 Representative examples of other vinyl compound
copolymerizable with the above—mentioned diene compound
are, for instance, an aromatic vinyl compound such as
styrene or o —methylstyrene; an alkyl methacrylate having
a C; to Czz alkyl group such as methyl methacrylate, ethyl

25 methacrylate, n-butyl methacrylate, i-butyl methacrylate,
t-butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylate; an alkyl acrylate having a C; to Csz alkyl
group such as methyl acrylate, ethyl acrylate, n—butyl
acrylate, 1i~butyl acrylate, t~butyl acrylate, 2-ethylhexyl

30 acrylate or steraryl acrylate; an unsaturated nitrile
compound such as acrylonitrile or methacrylonitrile;
and a vinyl compound having a reactive functional group
such as an acid anhydride group, carboxyl group, amino
group or hydroxyl group, e.g. maleic anhydride,

35 methacrylic acid, acrylic acid, methacrylamide,
acrylamide, dimethylaminoethyl methacrylate, hydroxyethyl
methacrylate or  hydroxyethyl acrylate and the like.
Though they may be used alone or in admixture thereof,

. |
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5 of improving the processability and the impact resistance.

_ The amount of the diene compound and other vinyl
compound copolymerizable therewith to be used in the
above—mentioned diene rubber is 60 to 100 % by weight of
the diene compound and 0 to 40 % by weight of the vinyl

10 compound, preferably 70 to 100 % by weight of the diene
compound and 0 to 30 % by weight of the vinyl compound.
When the amount of the diene compound is less than 60 % by
weight, namely the amount of other vinyl compound is more
than 40 % by weight, the compatibility of the obtained

15 core—shell graft copolymer (B) and the polyolefin (A), and
effect of improving the processability and the impact
resistance tend to lower. ' '

Representative examples of the above~mentioned
acrylic rubber are, for instance, an acrylic rubber

20 comprising 60 to 100 % by weight of an alkyl acrylate
having a Cz; to Czz alkyl group and 0 to 40 % by weight of
other vinyl compound copolymerizable therewith and the
like. |

Representative examples of the alkyl acrylate

25 having a Cz to C,z alkyl group used in the above-mentioned
acrylic rubber are, for instance, ethyl acrylate, n-butyl
acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate and the like. Though they may
be wused alone or in admixture thereof, among these

30 examples n~butyl acrylate and 2-ethylhexyl acrylate are
preferble from the viewpoint of inexpensiveness, excellent
compatibility of the obtained core—shell graft copolymer
(B) with the polyolefin (A) and excellent effect of
improving the processability and the impact resistance.

35 Representative examples of other vinyl compound
copolymerizable with the above-mentioned alkyl acrylate
are, for instance, the aromatic vinyl compound exemplified
as the vinyl compound copolymerizable with the above—
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C: to Czz yl group such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, i-butyl methacrylate,
t-butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylatei methyl acrylate; an  unsaturated  nitrile
compound such as acrylonitrile or methacrylonitrile a
vinyl compound having a reactive functional group such as
an acid anhydride group, carboxyl group, amino group or
hydroxyl group e.g maleic anhydride, methacrylic acid,
acrylic acid, methacrylamide, acrylamide,
dimethylaminoethyl methacrylate, hydroxyethyl methacrylate
or hydroxyethyl acrylate, and the likee They may be used
alone or in admixture thereof. Among these examples,
styrene and methyl methacrylate are preferable from the
viewpoint of excellent effect of improving the
processability of the obtained core—shell graft copolymer
(B) and inexpensiveness.

The amount of the alkyl acrylate having a Cz to
Cz2  alkyl group and other vinyl compound copolymerizable
with the alkyl acrylate to be used in the above—mentioned
acrylic rubber is 60 to 100 % by weight of the alkyl
acrylate and 0 to 40 % by weight of the vinyl compound,
preferably 65 to 100 % by weight of the alkyl acrylate and
0 to 35 % by weight of the vinyl compound. When the
amount of the alkyl acrylate is less than 60 % by weight,
namely the amount of the vinyl compound is more than 40 %
by weight, the compatibility of the obtained core-shell
graft copolymer (B) with the polyolefin (A), and effect of
improving the processability and the impact resistance
tend to lower.

Examples of the above-mentioned olefin rubber
are, for instance, ethylene-propylene~diene rubber, butyl
rubber and the like. Examples of the above—-mentioned
silicone rubber are, for instance, polydimethylsiloxane
rubber and the like.

The crosslinked rubber-like polymer (a) can be
prepared by crosslinking a rubber-like polymer such as the
above—mentioned diene rubber, acrylic rubber, olefin
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rubber or silicone rubber.

The method for the above-mentioned -crosslinking
is not particularly limited. @™ The method can be suitably
selected, according to a kind of the wused rubber-like

5 polymer, from various conventional methods, for instance,
a method utilizing  self-crosslinking of butadiene, a
method using a multifunctional crosslinking agent such as
divinylbenzene or 1,3-butanediol dimethacrylate, a method
using a graftlinking agent such as allyl methacrylate,

10 allyl acrylate or diallyl phthalate, a method wusing a
peroxide, and the like. In case of crosslinking the
acrylic rubber, it is preferable to select and use the
method wusing a multifunctional crosslinking agent with a
graftlinking agent or the method wusing a graftlinking

15 agent by reason that active site for grafting is produced
when crosslinking and graft copolymerization are
simultaneously carried out.

Thus obtained crosslinked rubber-like polymer (a)
is prepared preferably so as to have not less than 50 % by

20 weight, more preferably so as to have not less than 60 %
by weight of gel fraction caused by  crosslinking
(hereinafter referred to as “gel fraction”). In case
that the above—mentioned gel fraction is less than 50 % by
weight, if thus obtained polyolefin resin composition is

25 wused for, e.g., calendering, the composition tends not to
show the sufficient effect of improving the
processability owing to the plate out thereof onto a
calender roll.

The above—mentioned gel fraction is a ratio of

30 insoluble matter which is separated by centrifuging a
mixture obtained by immersing the crosslinked rubber-like
polymer into a good solvent for the rubber component, such
as toluene or ethyl methyl ketone for 48 hours.

Representative examples of the above-mentioned

35 monomer component (b) are, for instance, the aromatic
vinyl  compound exemplified as the vinyl compound
copolymerizable with the diene compound in the above—
mentioned crosslinked rubber-like polymer (a); an alkyl
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i~butyl methacrylate, t-butyl methacrylate, 2-ethylhexyl
methacrylate or stearyl methacrylate; an alkyl acrylate
5 having a C; to Czz alkyl group such as methyl acrylate,
ethyl acrylate, n-butyl acrylate, i—~butyl acrylate,
t-butyl acrylate, 2-ethylhexyl acrylate or steraryl
acrylate; an unsaturated  nitrile compound such as
acrylonitrile or methacrylonitrile; a vinyl compound
10 having a reactive functional group such as an acid
anhydride group, carboxyl group, amino group or hydroxyl
group eg maleic anhydride, methacrylic acid, acrylic
acid, methacrylamide acrylamide, dimethylaminoethyl
methacrylate, hydroxyethyl methacrylate or hydroxyethyl
15 acrylate, and the likee They may be wused alone or in
admixture thereof.

The above—mentioned monomer component (b)
preferably comprises 50 to 100 % by weight of the
above—mentioned aromatic vinyl compound and/or the alkyl

20 methacrylate and 0 to 50 % by weight of other vinyl
compound copolymerizable therewith, by reason that it is
hard to cause a lowering of polymerizability and cost up.

From the viewpoint of good polymerizability and
inexpensiveness, it is particularly preferable to use

25 styrene and e —~methylstyrene as the above~mentioned
aromatic vinyl compound, and to use an alkyl methacrylate
having a C; to Cg alkyl group as the alkyl methacrylate.

The above—mentioned core-shell graft copolymer
(B) can be prepared by graft copolymerizing the monomer

30 component (b) onto the crosslinked rubber-like polymer

(a).

Hnyl conpound selected so Lthat _t

The amount of the above-mentioned monomer

component (b) to be used is 5 to 60 parts by weight per 40

to 95 parts by weight of the above—mentioned crosslinked

35 rubber-like polymer (a), preferably 10 to 60 parts by

weight per 40 to 90 parts by weight of the above—mentioned
crosslinked rubber-like polymer (a). .

When the amount of the crosslinked rubber-like
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parts by weight ol efin (ﬁ% to give a nmasterbatch, and
mxing said masterbatch with the r¥st “of said polyolefin (A and
0O to 400 parts by weight of an inorganic filler (C per 100 parts by

Graft copol AT RECon @) offutless Ehans 48 RATSE (O byVeehin: HABEIYoHERe,
conponent conameumy of cthel yomdmerh| eomponent (b) is more than 60 parts
by weight, the effect of improving the processability and
the impact resistance which is caused by the resulting
5 core-shell graft copolymer (B) comes to lower. On the
contrary, when the amount of the crosslinked rubber-like
polymer (a) is more than 95 parts by weight, namely the
amount of the monomer component (b) is less than 5 parts
by weight, the resulting core~shell graft copolymer (B)
10 comes to coagulate into a mass.

The above-mentioned core-shell graft copolymer
(B) can be polymerized by means of a conventional method
for radical polymerization such as suspension
polymerization or emulsion polymerization. Among these

15 examples, the emulsion polymerization is preferable from
the viewpoint of ~control of |particle size, particle
structure and the like.

Also, particles of the resulting core—shell graft
copolymer (B) in the present invention can be enlarged by

20 adding an acid, a salt, an agent for coagulation, and the
like in polymerization step.

A mean particle diameter of thus obtained
core—shell graft copolymer (B) is preferably not more than
3 um, more preferably not more than 2.5 x m on purpose to

25 improve surface property of the resulting polyolefin resin
composition. )

The inorganic filler (C) wused in the present
invention has function of improving rigidity, paintability
and printability, and the like of the resulting polyolefin

30 resin composition. Representative examples of the
inorganic filler (C) are, for 1instance, heavy calcium
carbonate, light calcium carbonate, talc, glass  fiber,
magnesium carbonate, mica, kaolin, calcium sulfate, barium
sulfate, titanium white, white carbon, carbon black,

35 aluminium hydroxide, magnesium hydroxide and the like.
They can be used alone or in admixture thereof. Among
these examples, heavy «calcium carbonate, light calcium
carbonate and talc are preferable from the viewpoint of



t(a) 40 to 95 of a crosslinked rubber-Iike

Vi nyl conpound I t the glass transiti om’t
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having a dl ass errperat urg of not rmre t han
25[err] C. The conposi tion accor di ng to the present invention can
be nolded into various articles such as film sheet, hollow article,

pection  maapiliEf,, TTE" S Zhﬁ%f%ﬁ iahter B TR
mol di ng mentioned inorganic flller is preferably not more than
about 10 xm, more preferably not more than about 5
p#m  When the mean particle diameter of the inorganic
5 filler (C) is more than 10 ux m, the surface property of
the resulting polyolefin resin composition tends to
deteriorate.

The polyolefin resin composition of the present
invention can be prepared by mixing the polyolefin (A)

10 with the core-shell graft copolymer (B) and the inorganic
filler (C).

The amount of the above—mentloned polyolefin (A),
core-shell graft copolymer (B) and inorganic filler (C) to
be used is 0.1 to 100 parts by weight of the core-shell

15 graft copolymer (B) and 0 to 400 parts by weight of the
inorganic filler (C), preferably 0.5 to 70 parts by weight
of the core—shell graft copolymer (B) and 0 to 300 parts
by weight of the inorganic filler (C), per 100 parts by
weight of the polyolefin (A). When the amount of the

20 above—mentioned core—shell graft copolymer (B) 1is less
than 0.1 part by weight, there insufficiently appears the
effect of improving processability and surface property
caused by the <core—shell graft copolymer (B). In
contrast, when the amount of the core-shell graft

25 copolymer (B) is more than 100 parts by weight, the
original character of the polyolefin (A) comes to decline.
When the amount of the above-mentioned inorganic filler
(C) is more than 400 parts by weight, the surface property
of the resulting polyolefin resin composition comes to

30 deteriorate.

In mixing the above-mentioned polyolefin (A) and
core-shell graft copolymer (B) and inorganic filler (C) in
the present invention, it is preferable to previously mix
a part of the polyolefin (A) and the core-shell graft

35 copolymer (B) to give a masterbatch and then mix thus
obtained masterbatch with the rest of the polyolefin (A)
and the inorganic filler (C), by reason that
dispersibility of the core-shell graft copolymer (B) is
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further improved.

The amount of the part of the polyolefin (A) to
be previously mixed with the core-shell graft copolymer
(B), is preferably 0.1 to 80 % by weight, more preferably

5 0.1 to 70 % by weight per 100 % by weight of the whole
amount of the polyolefin (A) from the viewpoint of
excellent mixing property.

The amount of the polyolefin (A) and the core~
shell graft copolymer (B) to be wused in the above-

10 mentioned preparation of masterbatch is preferably 5 to 95
% by weight of the polyolefin (A) and 5 to 95 % by weight
of the core-shell graft copolymer (B), more preferably 5
to 80 % by weight of the polyolefin (A) and 20 to 95 % by
weight of the core—shell graft copolymer (B). When the

15 amount of the polyolefin (A) is less than 5 % by weight,
namely the amount of the core—shell graft copolymer (B) is
more than 95 % by weight, there appears tendency that
viscosity comes to increase and therefore mixing comes to
be difficult. In contrust, when the amount of the

20 polyolefin (A) is more than 95 % by weight, namely the
amount of the core—shell graft copolymer (B) is less than
5 % by weight, effect of improving dispersibility tends to
lower.

The method for ©preparing a masterbatch by

25 previously mixing a part of the polyolefin (A) and the
core—shell graft copolymer (B), is not particularly
limited. @They are mixed by an extruder, a mixing roll or

- other mixing machine. Among these examples, it is
preferable to mix them by an extruder from the viewpoint

30 of productivity.

The method for mixing thus obtained masterbatch
with the rest of the polyolefin (A) and the inorganic
filler (C) 1is not particularly limited. It 1is preferable
to suitably select the mixing machine such as an extruder

35 or a mixing roll according to the use of the polyolefin
resin. In the present invention, the polyolefin resin
composition can be also prepared by a mixing method
comprising multiple steps, for instance, a method by
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i npact resi sfdlare, (C),riandi tthen adding the rest of the polyolefin (A)
and the core-shell graft copolymer (B) thereto to mix
them, or the like.

5 The polyolefin resin composition of -the present
invention can be prepared as described above. To the
polyolefin resin composition may be further added, as
occasion demands, for instance, a stabilizer, a lubricant,
a core-shell type agent for improving processability used

10 in the Lknown poly(vinyl chloride) resin efc., and the

like.

Representative examples of the above-mentioned
stabilizer are, for instance, a phenol stabilizer
such as pentaerythrityl-tetrakis[ 3—(3,5-di—t~butyl—4-

15 hydroxyphenyl)propionate] or triethyleneglycol-bis[ 3~(3-

t-butyl-5—-methyl-4-hydroxyphenyl)propionate],
a phosphorous stabilizer such as tris(monononylphenyl)-
phosphate or tris(2,4-di-t-butylphenyl)phosphate, a sulfur
stabilizer such as dilaurylthiodipropionate, and the like.
20 They can be used alone or in admixture thereof. The
amount of the stabilizer to be wused is conventionally
about 0.01 to 3 parts by weight, preferably about 0.05 to
2 parts by weight per 100 parts by weight of the
polyolefin (A).
25 Representative examples of the above—mentioned
lubricant are, for instance, a salt such as a sodium salt,
a calcium salt or a magnesium salt with a saturated or
unsaturated fatty acid such as lauric acid, palmitic acid,
oleic acid or stearic acid, and the likee They can be
30 wused alone or in admixture thereof. The amount of the
lubricant to be wused 1is conventionally about 0.1 to 3
parts by weight, preferably about 0.1 to 2 parts by weight
per 100 parts by weight of the polyolefin (A).
Addition of the above~mentioned stabilizer,
35 lubricant, agent for improving processability and the like
may be carried out during preparing the above—mentioned
masterbatch, or during mixing the masterbatch with the
rest of the polyolefin (A) and the inorganic filler (C);
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*die swell | owers. by m xing a part of the p ol BFALA ER)
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of the polyolefin (A and whole anmount of the inorganic filler (C to
be wused, the d ersibilift. the ore-shell graft copolynmer (B)
in the pol yol 4% lgA # ¥“1@rri and the tensile strength of the
obtained nmixture in ‘Bhe rmpolyoleﬁnat @esin composition of the present

invention shows remarkably improved excellent
processability, impact resistance, rigidity, surface

5 property and the like. Therefore, by using the polyolefin
resin composition of the present invention can be prepared
useful molded articles by means of various molding methods
including molding methods by which it has been difficult
to mold the known polyolefin resin compositions. '

10 Examples of the molding method wusable in the
present invention are, for instance, calender molding,
extrusion molding, thermoforming, injection molding, blow
molding, expansion molding and the like.

For instance, from the polyolefin resin

15 composition of the present invention can be prepared
molded articles in the form of film or sheet by
calendering or extrusion molding. Further, another molded
article can be prepared by thermoforming thus obtained
film or sheet at a temperature suitable for the wused

20 polyolefin resin composition. Also, it is possible to
prepare an injection molded article or a hollow article by
injection molding or blow molding, respectively, from
e.g., a pellet obtained by extruding the above—mentioned
composition.

25 Furthermore, a foam can be prepared by adding a
blowing agent to the polyolefin resin composition of the
present invention and then expansion—molding the mixture
with e.g., an extruder or the like.

Representative examples of the above-mentioned

30 Dblowing agent are, for instance, a halogenated
hydrocarbon eg. trichloromonofluoromethane, methylene
chloride, methyl chloride, dichlorodifluoromethane,
dichloromonofluoromethane, monochlorodifluoromethane,
dichlorotetrafluoroethane or trichlorotrifluoroethane, an

35 aliphatic hydrocarbon e.g. propane, butane, pentane or
hexane, an alcohol, an ester, a ketone, an ether, 2a
chemical blowing agent e.g. sodium hydrogencarbonate,
azodicarbonamide, N, N~dinitrosopentamethylenetetramine,



i ncr eases. Thus the ~dravi-downr - of the ~molten resin i H,%gpggyﬁgsum

Therefore the f 1996kdhs Bedd Rl f| n resin conposition RpLacED
i mproved process act resistance and surface_property.

Al t hough hi t hert m w,;#Eel I 2@ graft copol yner cannot be
conpatible with a po y n Th bsence of a conpatibilizer,
a core-shell type graft copolyner of the present invention is

compatible wWth i R nesulfonyl semicarbazide, and the like. They can

be wused alone or in admixture thereof. Among these
examples, it is preferable to use an organic volatile type
blowing agent of which boiling point is about -40° to 60T

5 wunder  ordinary pressure, such as trichloromonofluoro—
methane or dichlorotetrafluoroethane alone or in admixture
thereof. The amount of the blowing agent to be used is
not particularly limited. It is preferable to use

~ conventionally about 3 to 50 parts by weight of the

10 blowing agent per 100 parts by weight of the polyolefin
resin composition of the present invention.

The present invention is more specifically
described and explained by means of the following Examples
and Comparative Examples in which all percents and parts

15 are by weight unless otherwise noted. It is to be
understood that the present invention is not limited to
the Examples, and various changes and modifications may be
made in the invention without departing from the spirit
and scope thereof.

20

Example 1

Butadiene was emulsion polymerized to give a
crosslinked polybutadiene rubber latex. The crosslinked

. polybutadiene rubber had a glass transition temperature of

25 -85C, a mean particle diameter of 0.25 um and a gel
fraction of 85 %.

To 70 parts (solid matter) of the above—mentioned
crosslinked polybutadiene rubber latex was added 30 parts
of a monomer component comprising 15 parts of methyl

30 methacrylate and 15 parts of styrene (glass transition
temperature of a polymer of the monomer component:
100C). Thus obtained mixture was graft copolymerized by
emulsion polymerization to give a core—shell graft
copolymer (hereinafter referred to as “graft copolymer

35 (B)-1") latex. A final conversion was 98 % A mean
particle diameter of the graft copolymer (B)-1 was 0.26
@ m

The obtained graft copolymer (B)-1 latex was
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parts of the resulting graft copolymer (B)-1 in a form of
powder was mixed with 100 parts of a polypropyrene (trade
name: Hipol-B-200, available from MITSUI PETROCHEMICAL
INDUSTRIES, LTD, melt flow index at 230C: 0.5 g/10
minutes) (hereinafter referred to as “PP”). Thus
obtained mixture was kneaded and extruded by using a twin
screw extruder (screw diameter: 44 mm, L/D: 30) at 200¢C,
100 rpm to give a pellet.

A melting tensile strength and a melt flow index
at 230°C of the obtained pellet were measured according to
the following methods. The results are shown in Table 1.

Melting tensile strength
By using a Capirograph (available from Toyo Seiki
Seisaku~Sho, Ltd.) with dies (2 mm x 10 mm), a melting
tensile strength (g) was measured at 200C, an extrusion
speed of 20 mm/minute and a draw speed of testing of 1
m/minute. _
Melt flow index (at 230°C) .
According to ASTM-D 1238, a melt flow index
(g/10 minutes) was measured at 230C.

Then, thus obtained pellet was kneaded for 3
minutes by rolls at 200C to give a rolled sheet. The
rolled sheet was press molded to give a test piece which
applies to each of ASTM-D256 and ASTM-D790.

As appearance of the above-mentioned rolled sheet
in kneading by rolls, surface condition, presence of
thermal discoloration and presence of plate out on the
roll surface were observed with the naked eye, and
estimated according to the following criterion for
evaluation. The results are shown in Table 1.

(Criterion for evaluation)
Surface condition of rolled sheet
A: Even surface and excellent glossiness
B: A little rough surface and a little poor

i's



conventi onal ¥'Shee core of t he core-shel | - graftr—Topotyrer
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present invention does not plate out on the surface of a calender roll or a
surface of die of an extr ause the above- nentioned rubber
S

conponent has no sticki ne metallic surface at a high
C. Remarkably uneven surface and poor glossiness

Thermal discoloration of rolled sheet
A: No thermal discoloration
5 B: Slight thermal discoloration
C: Remarkable thermal discoloration
Plate out on roll surface
A: No plate out
B: Slight plate out
10 C. Remarkable plate out

Impact resistance and flexural elasticity
The above—mentioned test piece was subjected to
each of the test method for Izod impact resistance and the
15 test for flexural elasticity according to ASTM-D256 and
ASTM-D790. The results are shown in Table 1.

Draw down of sheet
The pellet was kneaded in the same manner as
20 described above to prepare a sheet (100 mm x 100 mm,
thickness: 1.5 mm). The prepared sheet was fixed with a
clamp having an opening of 76 mm x 76 mm. Then, the fixed
sheet was heated in an oven of which temperature was 190C
for 30 minutes to measure draw down (mm) of the sheet.
25 The results are shown in Table 1.

Example 2

Monomer components of 70 parts of butadiene and
30 parts of styrene were emulsion polymerized to give a
30 crosslinked diene rubber latex. The crosslinked diene
rubber had a glass transition temperature of -50°C, a mean

particle diameter of 0.1 x m and a gel fraction of 80 %.
Then, in the same manner as described in Example
1 except that 70 parts (solid matter) of thus obtained
35 crosslinked diene rubber latex was wused instead of the
crosslinked polybutadiene rubber latex, a core—shell graft
copolymer (hereinafter referred to as “graft copolymer
(B)-2”) was prepared A final convention was 98 % A
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Further, in the same manner as described in
Example 1 except that the above—mentioned graft copolymer
5 (B2 was wused instead of the graft copolymer (B)~-1, a
pellet was prepared, and a rolled sheet, a test piece and
a sheet were prepared therefrom.
In the same manner as described in Example I,
physical properties of each of thus obtained .pellet,
10 rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

_ Examples 3 and 4
In the same manner as described in Example 1

15 except that the amount of the used graft copolymer (B)-1
was changed into 50 parts (Example 3) or that the amount
of the used graft copolymer (B)-1 was changed into 70
parts (Example 4), a pellet was prepared, and a rolled
sheet, a test piece and a sheet were prepared therefrom.

20 In the same manner as described in Example 1,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

25 Example 5
Monomer components of 100 parts of n—butyl
acrylate and 1 part of allyl methacrylate were emulsion
~polymerized to give a crosslinked poly(butyl acrylate)
rubber latex. The crosslinked poly(butyl acrylate) rubber
30 had a glass transition temperature of =55C, a mean
particle diameter of 0.2 x m and a gel fraction of 85 %.
To 70 parts (solid matter) of the above-mentioned
crosslinked poly(butyl acrylate) rubber latex was added 30
parts of a monomer component comprising 27 parts of methyl
35 methacrylate and 3 parts of n—~butyl methacrylate (glass
transition temperature of a polymer of the monomer
component:  95°C ). Thus obtained mixture was  graft
copolymerized by emulsion polymerization to give a core-
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shell graft copolymer (hereinafter referred to as “graft
copolymer (B)—3”) latex. A final conversion was 98 % A
mean particle diameter of the graft copolymer (B)-3 was
0.22 pxm. The obtained graft copolymer (B)-3 latex was
5 salted out, dehydrated and dried to give a powder.

Then, in the same manner as described in Example
1 except that the graft copolymer (B)~-3 was used instead
of the graft copolymer (B)-1, a pellet was prepared, and a
rolled sheet, a test piece and a sheet were prepared

10 therefrom,

In the same manner  as described in Example 1,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

15
Comparative Examples 1 to 3

In the same manner as described in Example 1
except that components shown in Table 1 were employed, a
pellet was prepared, and a rolled sheet, a test piece and

20 a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

25
Comparative Example 4

A monomer component of 100 parts of butyl
acrylate was emulsion polymerized to give a
non—crosslinked poly(butyl acrylate) rubber latex. The

30 non-crosslinked poly(butyl acrylate) rubber had a mean
particle diameter of 0.2 x m and a gel fraction of 0 %.

To 50 parts (solid matter) of the above-mentioned
non—crosslinked  poly(butyl acrylate) rubber latex was
added 50 parts of methyl methacrylate, and a graft

35 copolymerization was carried by emulsion polymerization to
give a graft copolymer (hereinafter referred to as “graft
copolymer (B)—4”) latex. A final conversion was 98 % and
the graft copolymer (B)-4 had a mean particle diameter of




-7-,acetate, an al kyl - methacrylate, an alkyl acrylat e n_ar omet
I nyl conpound, #PeH#S|BcalRepfﬁtady may be used alone or fina i EEN
as the polyolefin (A) a oroovﬁ
pol ymer prepared b | ess than 50 Y% Dy
wei ght of propyl ene, a mxture of =t héd propyl ene pol yner and 0 to 100
parts by wei ght of poI yet hyl ene per 100 parts by weight of the
above-nentione(g pro%l ene polyner, are preferable from the viewpoint of
availability 74 Xpensi veness. Al so, as
The obtained graft copolymer (B)~4 latex was

salted out, dehydrated and dried to give a powder thereof.
In the same manner as described in Example 1
5 except that the above—mentioned graft copolymer (B)-4 was
used instead of the graft copolymer (B)-1, a pellet was
prepared, and a rolled sheet, a test piece and a sheet
were prepared therefrom.
In the same manner as described in Example 1,
10 physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

Vi
‘thereof. In the p

_ Comparative Example 5
15 A monomer component of 100 parts of methyl
methacrylate was emulsion polymerized to give a polymer
(hereinafter referred to as  “polymer—5”) latex. A final
conversion was 98 %. The polymer-5 had a mean particle
diameter of 0.1 xm and a gel fraction of 0 %  The
20 obtained polymer-5 latex was salted out, dehydrated and
dried to give a powder thereof.

In the same manner as described in Example 1
except that the above-mentioned polymer—5 was used instead
of the graft copolymer (B)-1, a pellet was prepared, and a

25 rolled sheet, a test piece and a -sheet were prepared
therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The

30 results are shown in Table 1.
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i nvention includes a graft. copol yner prepar ed by graft copolynerizing the
hard shel |
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-t

lected so that the glass tr n5|t|on
) e vinyl %gpound alone is not |ess than
e

core-shel | aft copolynmer in the present

polyethylene which has a melt
minutes at 190°C (hereinafter the same).

The results shown in Table 1 show that each
polypropylene mixed with a core-shell graft copolymer
obtained in Examples 1 to 5 had excellent properties
compared with polyolefin alone (Comparative Examples 1 to
3). That is, the mixture of the present invention showed
a small melt flow index and a high melting tensile
strength, and therefore draw down of the obtained sheet
was small. Thus the processability was improved. In
addition, surface condition of the rolled sheet in
kneading by roll was excellent and any plate out on roll
surface was not observed, and thus the surface property
was significantly improved in each molded article obtained
in Examples 1 to 5. Also, each molded article obtained
in Examples 1 to 5 was excellent in balance between
processability, impact resistance and rigidity (flexural
elasticity).

In case that a graft copolymer comprising a non-—
crosslinked rubber-like polymer (Comparative Example 4) or
a non—crosslinked acrylic polymer (Comparative Example 5)
was used, it was shown that a practical molded article was
not obtained because significant plate out on roll surface
was observed and the surface condition of the rolled sheet
was bad.

In addition, it was shown that in case of using a
crosslinked acrylic rubber—like polymer obtained in
Example 5, the obtained molded article was particularly
excellent in heat stability because there was not any
thermal discoloration.

1ndex of 0.25 g/10

Example 6

In the same manner as described in Example 1
except that 50 parts of precipitated calcium carbonate
(mean particle diameter: 0.15 zm) of which surface was
treated with a fatty acid (hereinafter referred to as
“(C)-17) together with 20 parts of a powder of the graft

r



present I nvent 'ﬂ%s‘ﬁéePHR%eP d by graft copolymerizing (®bhstdiefRRe

.conponent corrprl |zabl e vinyl conmpound sellect efeptagept hat
‘the gl ass tran ture of a polymer of the nonése+—ceupanent

al one is not Ies C (here| nafter, referred to as " mononer
conponent (b)"), ont o] (a) the T ol | ered rubber-1i ke -8 pol yner

having a glass transition tenperature of not nore

copolymer (B)~1 was mixed with 100 parts of PP, a pellet
was prepared, and a rolled sheet, a test piece and a
sheet were prepared therefrom.

In the same manner as described in Example 1,

5 physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 2.

The above—mentioned pellet was extruded by using

a single screw extruder (screw diameter: 50 mm, L/D: 20)
10 with T die at 230C to give an extruded sheet having a
width of 300 mm and a thickness of 0.5 mm.

As appearance of the obtained extruded sheet,
surface condition . was observed with the naked eye and
estimated according to the same criterion for evaluation

15 as in a rolled sheet. The results are shown in Table 2.

Examples 7 to 9 and Comparative Examples 6 to 7

In the same manner as described in Example 6

except that the components shown in Table 2 were employed,
20 a pellet was prepared, and a rolled sheet, a test piece,
a sheet and an extruded sheet were prepared therefrom.

In the same manner as described in Example 6,
physical properties of each of thus obtained pellet,
rolled sheet, test piece, sheet and extruded sheet were

25 examined. The results are shown in Table 2.
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tass. The above- transition tenperature|and REILACED
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Handbook" second ed| ti on a W i ner sci ence publication
(1975). I n t he present invention a value cal cul at ed
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t enper at ur e

polypropylene mixed with a core-shell graft copolymer and
an inorganic filler obtained in Examples 6 to 9 had
excellent properties compared with the polyolefin mixed
with only an inorganic filler (Comparative Examples 6 to
7. That is, the mixture of the present invention showed
a small melt flow index and a high melting tensile
strength, and therefore draw down of the obtained sheet
was small Thus the processability was improved. In
addition, surface property of the rolled sheet and the
extruded sheet was significantly improved in Examples 6
to 9. Also, each molded article obtained in Examples 6 to
9 was excellent in balance between processability, impact
resistance and rigidity (flexural elasticity).

Example 10

There were mixed 60 % of a powder of the graft
copolymer (B)-1 and 40 % of PP, and the resultant mixture
was kneaded and extruded by using a twin screw extruder
(screw diameter: 44 mm, L/D: 30) at 200°C, 100 rpm to give
a masterbatch.

There were mixed 50 parts of thus obtained
masterbatch, 80 parts of PP, 50 parts of heavy calcium
carbonate (mean particle diameter: 1.8 um) of which
surface was treated with a fatty acid (hereinafter
referred to as “(C)-2”) and 0.5 part of calcium stearate
(hereinafter referred to as “CaS”), and the resultant
mixture was kneaded and extruded by using a twin screw
extruder (screw diameter: 44 mm, L/D: 30) at 200C, 100
rpm to give a pellet.

In the same manner as described in Example 1,
from the pellet were prepared a rolled sheet, a test piece
and a sheet and physical properties thereof were examined.
The results are shown in Table 4.

Melting tensile strength of the |©pellet was
measured with dies (1 mm x 10 mm) at an extrusion speed of
5 mm/minute.

The obtained rolled sheet was dyed with osmium



-Tg‘ G ass transition tenperature ([err]C of the cquehysmeeTqias EEN
components (Xx) - 'H{EZBhéétHasTBb‘énRe @SS transition tenperat re REPUACEDO

't he component. (x): tran5| tion tenperature [ert}—et—the
conmponent (y) Wk: tlon (99 of the conponent (x) W: Weight
proportion (% o (y) R’épr&en’f ative exanples of the

above- ment i oned crossl i nked rubber-like polynmer (a) are, for
instance, & QePSride'PP%nd *hisBleibifity VP i  %dHle-Shell'PPYraft @
copolymer, as a property of the rolled sheet was observed
by means of a transmission type electron microscope, and
estimated according to the following  criterion for
5 evaluation.
A: Remarkably excellent dispersibility
B: Excellent dispersibility
C: Poor dispersibility

10 Example 11
In the same manner as described in Example 10

except that 30 parts of graft copolymer (B)-1, 100 parts

of PP, 50 parts of (C)-2 and 0.5 part of CaS were mixed

all at once, a pellet was prepared, and a rolled sheet, a
15 test piece and a sheet were prepared therefrom.

In the same manner as described in Example 10,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

20
Example 12

In the same manner as described in Example 10
except that (C)-2 was not used, a pellet was prepared, and
a rolled sheet, a test piece and a sheet were prepared

25 therefrom.

In the same manner as described in Example 10,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

30
: Example 13

In the same manner as described in Example 11
except that (C)-2 was not used, a pellet was prepared,
and a rolled sheet, a test piece and a sheet were prepared
35 therefrom.

In the same manner as described in Example 10,
physical properties of each of thus obtained pellet,
rolled sheet, test piece and sheet were examined. The




rubber and an ac %é preferable fromthe vie
‘i nexpensi veness,
particle structu yIic rubber. is nore preferable fromthe
vi ewpoi nt of excellent heat stability: resentative exanples of the
above- nenti oned di ene rubber are, for instance, a diene rubber conprising

‘s_i-licone rubb ’f the I|ke Among these exanpl

results are shown in Table 4.
Mixing methods and components in Examples 10 to
13 are shown in Table 3.
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‘acrylate or steraryl —acrylaté unsaturated  nil ffjsl $eEP ARS BREN

such as acryl orlhistieételasB@nRﬂ hacryl onitrile; and & vi nntpmompound

‘having a reactive up such as an acid anhyd«i-de—group-
carboxyl group, am hydroqu group, e.g. mal ei ¢
c~

anhydri de, nethacryli aci d, met hacryl am de,
acryl am de, di net hyl am noet hyI met hacryl at e, hydr oxyet hyl

nmet hacryl ate or hy [ an the like. Though the

may be used al one or g{ea‘i‘eble tfj show tﬁat Qﬁe resin

compos1t1on obtamed in Example 10 or 12 which was
prepared by previously mixing a part of a polyolefin and a
core-shell graft copolymer to give a masterbatch and then

5 mixing the obtained masterbatch with the rest of the
polyolefin, an inorganic filler and the other component,
had excellent properties compared with the resin
composition obtained in Example 11 or 13 which was
prepared by mixing all components at once. That is, the

10 composition prepared by mixing with wusing masterbatch
showed an excellent dispersibility of the core—shell graft
copolymer in the polyolefin, a small melt flow index and a
high melting tensile strength, and therefore draw down of
the obtained sheet was small. Thus the processability was

15 further improved and also, the impact resistance was
further improved, by the mixing method with using
masterbatch.

Examples 14 to 16 and Comparative Example 8
20 Each composition shown in Table 5 was supplied
| into an extruder for kneading and extruding, which step
was a pretreatment for a calendering, to give a molten
resin. Each of the  obtained molten resin was
successively supplied to an inverted L calender to give a
25 rolled sheet having a thickness of 0.5 mm.

' Surface condition of the obtained rolled sheet
was observed with the naked eye and estimated according to
the following criterion for evaluation. The results are
shown in Table 5.

30 .
(Criterion for evaluation) .
A: Excellent surface glossiness
B: A little poor surface glossiness
C: Poor surface glossiness
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con:pound pr ef éhxﬁMe&HZtho 100 % by wei ght of the diene gp vASBeEN t
.30 % by wei ght ound. When the amount of {t'H orrpou
‘is less than 60 Mw arrely the amount of other Jinyl Cormmmd j
. nore than 40 %

.,_\

0
nd

‘conpatibility of the obtained core- shel |

[
graft copolyner (B) and the polyol efin @ﬁ) “and effect of inproving the

processability and the inpact resistance tend to |ower. Representative

rubber -oBIH sihswiEy A ity Y Rear” fh@éhana%?%?

exanpl es

acryl ate

of
an acrylic

10

15

polyethylene having a melt flow index of 0.25 g/10 minutes
at 190°C (hereinafter the same).

As shown in Table 5, each rolled sheet obtained
in Examples 14 to 16 was remarkably excellent in surface
property.

Examples 17 to 20 and Comparative Examples 9 to 10
Each composition shown in Table 6 was kneaded and
extruded by using a twin screw extruder in the same manner
as in Example 1 to give a pellet. The obtained pellet was
extruded by using a single screw extruder (screw diameter:
50 mm, L/D: 20) with T die at 230C to give an extruded
sheet having a width of 300 mm and a thickness of 0.5 mm.
Surface condition of the obtained extruded sheet
was examined in the same manner as in Examples 14 to
16. The results are shown in Table 6.
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'conpatl bility ;'0 §hQ§Ha§ﬁUe@R fed core-shell graft copol -
the pol-yol efin i I lent effect of inprovin Erg’ﬁe” THAS BEEN
processability an M! SI stance. Representative ekanpl REPLACED)( her

vi nyl conpound co with_ tg above-nmentioned al kyl —acryi
are, for instance, the aromat_l c vinyl c (r%pound exenplified as the vinyl
conpound copol yneri zable with the above- REPLACENMENT SHEET

EPR shown in Table 6 means an ethylene—propylene
rubber having a melt flow index of 0.4 g/10 minutes at
190C (hereinafter the same).

As shown in Table 6, each extruded sheet obtained

5 in Examples 17 to 20 had an excellent surface property.

Examples 21 to 22 and Comparative Examples 11 to 12
Each rolled sheet obtained in Example 16 and
Comparative Example 8 and each extruded sheet obtined in
10 Example 20 and Comparative Example 9 were vacuum molded by
heating the surface thereof at a temperature of about
170C to about 180°C by means of a cut—sheet type
thermoforming machine (made by Asano Laboratories Co.,
Ltd.) with a cup—shaped mold (aperture: 80 mm, depth: 72
15 mm, drawing ratio: 0.9, taper: about 15° ) and upper and
lower heaters having a temperature of 350C, to give a
cup—shaped molded article.
Condition of draw down of the sheet during
heating was observed with the naked eye and estimated
20 according to the following criterion for evaluation.  The
results are shown in Table 7.

(Criterion for evaluation)
A: Small draw down
25 B: A little large draw down
C: Large draw down

Deviation of thickness of the obtained cup—shaped
molded article was examined by comparing the thickness of
30 the molded article with the thickness of the original
sheet (0.5 mm) and estimated according to the following
criterion for evaluation. The results are shown in Table

7.

35 (Criterion for evaluation)
A: Small deviation of thickness
B: A little large deviation of thickness
C:. Large deviation of thickness
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mal ei ¢ anhydride, neth aC|d acrylic aci d,

Example Physical properties
No. Used sheet

Draw down Deviation of
thickness

21 Example 14 A A
22 Example 18 A A

Comparative
Example
11 Comparative C C
Example 8
12 Comparative C C
Example 9

As shown in Table 7, even when a rolled sheet or
an extruded sheet was vacuume formed with heating as in
Examples 21 and 22, draw down of the sheet during heating
was small and the deviation of thickness of the obtained
molded article was small.

Examples 23 to 25 and Comparative Examples 13 to 14

Each composition shown in Table 8 was kneaded and
extruded by using a twin sciew extruder in the same manner
as in Example 1 to give a pellet. The obtained pellet was
injection molded at 230C to give a test piece which
applies to ASTM test.

The obtained test piece was subjected to each of
the test for Izod impact resistance and flexural
elasticity. The results are shown in Table 8. '

The above—mentioned pellet was injection molded
at 230C to give a plate (100 mm x 150 mm, thickness: 3
mm). Presence of warp of the obtained plate was observed
with the naked eye and estimated according to the
following criterion for evaluation. The results are shown
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met hacryl at e from the viewpoint of excell ent

“di et hyl ani nog;,;yl hydr oxyet hyl nethacryl ate or
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having a C2 toQ C’i.Z al,kyl group and other vinyl conpound copolynerizable
with the al kyfPacf Hea € to be used in the above-nentioned acrylic rubber

is 60 to 100 % by weight of the alkyl

(Criterion for evaluation)
A: Small warp

5 B: A little small warp
C. Large warp
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I ubber are, ,{gl’sheeﬂ pol ydi net hyl si | oxane rubbe Tﬂls(tq-tghﬁquBl@EN
The crossli nke Iymer (a) can be prepared bylcrosserLakEmg
rubber-1i ke pol y above-nenti oned di ene -

rubber, olefin 2 - rubber or <sil4dZomme rubber.

“rubber . and W 5;( appd es of the above-mentioned.silicone

As shown in Table 8, each sheet obtained in
Examples 23 to 25 was excellent in balance between impact
resistance and rigidity (flexural elasticity).
Furthermore, the warp of the obtained plate was small and

5 thus dimensional stability was improved.

Examples 26 to 27 and Comparative Example 15
Each composition shown in Table 9 was kneaded and
extruded by using a twin screw extruder in the same manner
10 as in Example 1 to give a pellet. The obtained pellet was
blow molded at 230C to give a bottle having a wall
thickness of 0.5 mm.
Condition of draw down of the parison during blow
molding was observed with the naked eye and estimated
15 according to the same criterion for evaluation as in
Examples 21 and 22. The results are shown in Table 9.
Deviation of thickness of the obtained bottle was
determined by measuring a thickness of each part of the
bottle and culculating the difference between the maximum
20 value and the minimum value thereof, and then estimated
according to the same criterion for evaluation as 1in
Examples 21 and 22. The results are shown in Table 9.

Table 9
25
Example - Composition (part) Physical properties
No.
Polyolefin  Core—shell graft Draw Deviation
(A) copolymer (B) down of thickness
30
26 100 (B)-1 (20) A A
27 100 (B)-3 (20) A A
Comparative
35 Example

15 100 - C C
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5 Examples 28 to 29 and Comparative Example 16

After components shown in Table 10 were mixed to
give a resin composition, the composition was supplied to
an extruder for preparing a foam, which had an aperture of
65 mm and equipped with a circular die having an aperture

10 of 10 mm at the top thereof.

Each of trichloromonofluoromethane and
dichlorotetrafluoroethane compressed at 100 to 200 Lkg/cm?
as a blowing agent was pressure-supplied into the extruder
through an inlet provided in the middle portion of the

15 extruder, in an amount of about 13 parts, respectivly per
100 parts of the above—mentioned resin composition. With
kneading the resin composition and 'the blowing agent
sufficiently, the temperature was <cooled down to a
temperature suitable for expansion and then the resulting

20 mixture was extruded through the circular die into the air
to give a cylinder—shaped foam.

Expansion ratio of the obtained foam was
determined as a ratio of volume <change per a
predetermined weight. The results are shown in Table 10.

25 Surface conditions of the obtained foam was
observed with the naked eye and estimated according to the
following criterion for evaluation. The results are shown
in Table 10.

30 (Criterion for evaluation)
A: Smooth surface and uniform cell structure
B: A little rough surface and non-uniform cell
structure  owing to slight formation  of
continuous cells
35 C. Remarkable rough surface and non—uniform cell
structure owing to formation of continuous
cells
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‘wei ght, if thus ﬂb&ﬁké@ﬁdslib@ﬂ laeddi N resin conposition is uﬁ

cal enderi ng the ds not to show t he %s‘%ﬁﬁ”’% BEEN
ef f ect n'a processabi lity owing to GFD out
t her eof ont o] ro The above-nentioned gel fract lon IS

ratio I nsol ubl e rratter V\/mch IS ‘gépa"rated by centrifuging a
m'xture obtal ned by imersing the crossli nked rubber-1i ke polyner into a

Betone 1 or 48 hours. RATESertin¥e i atinee 107 1" ah, pblvmiinyiene
having a melt flow index of 0 5 g/10 minutes at 230C
(trade name: Noblen EB, available from Mitsui Toatsu
Chemicals, INC.).
5 As shown in Table 10, each foam obtained in
Examples 28 and 29 had a high eXpansion ratio, even
surface and uniform cell structure without continuous
cells.
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WHAT WE CLAIM IS: "

1 1. A polyolefin resin composition = which
2 comprises:
3 (A) a polyolefin,
4 (B) 0.1 to 100 parts of a core-shell graft copolymer
5 prepared by graft copolymerizing (b) 5 to 60 parts by
6 weight of a monomer component comprising a copolymerizable
7 vinyl compound selected so that the glass transition
8 temperature of a polymer of said monomer component alone
9 is not less than 25C, onto (a) 40 to 95 parts by weight
10 of a crosslinked rubber-like polymer having a glass
11 transition temperature of not more than 25°C, and
12 (C) 0 to 400 parts of an inorganic filler, said parts of
13 (B) and (C) being parts by weight per 100 parts by weight
14 of (A).
1 2. The composition of Claim 1, wherein said

2 polyolefin (A) is a propylene polymer comprising at least

3 50 % by weight of propylene.

1 3. The composition of Claim 1, wherein said
2 polyolefin (A) comprises said propylene polymer containing
3 at least 50 % by weight of propylene and 0 to 100 parts by
4 weight of polyethylene per 100 parts by weight of said
5 propylene polymer.

1 4. The composition of Claim 1, wherein said
2 polyolefin (A) has a melt flow index of not more than
3 4 g/10 minutes at 230C.

1 5. The composition of Claim 1, wherein said
2 crosslinked rubber-like polymer (a) is a diene rubber
3 comprising 60 to 100 % by weight of a diene compound and 0
4 to 40 % by weight of other vinyl compound copolymerizable
5 with said diene compound.

1 6. The composition of Claim 1, wherein said
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hafingFYE2MBof Y lalkkyl group and 0 to 40 % by weight of
other vinyl compound copolymerizable with said alkyl
acrylate. ~

7. The composition of Claim 1, wherein said
monomer component (b) comprises 50 to 100 # by weight of
at least one of an aromatic vinyl compound and an alkyl
methacrylate and 0 to 50 % by weight of other vinyl
compound copolymerizable therewith.

8. The composition of Claim 7, wherein said
aromatic vinyl compound is at least one of styrene and
a —methylstyrene.

_ 9. The composition of Claim 7, wherein said alkyl
methacrylate has a C; to Cs alkyl group.

10. The composition of Claim 1, wherein said
core—shell graft copolymer (B) is prepared by emulsion
polymerization.

11. The composition of Claim 1, wherein said
core—shell graft copolymer (B) has a mean particle
diameter of not more than 3 x m.

12. The composition of Claim 1, wherein said
inorganic filler (C) is at least one of calcium carbonate
and talc.

13. A process for preparing a polyolefin resin
composition which comprises mixing a part of a polyolefin
(A) with 0.1 to 100 parts by weight of a core-shell graft
copolymer (B) per 100 parts by weight of said polyolefin
(A) to give a masterbatch, and mixing said masterbatch
with the rest of said polyolefin (A) and 0 to 400 parts by
weight of an inorganic filler (C) per 100 parts by weight

This Sheet Has Been Replaced:
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met hacryl ate, hydrexyethyl—nethacrylate or hydroxyethyl slbngg,Hﬁg\ggEN
the |like;, They aI one or in adm xture ther:eof. REmACED
above- nent i oned “m m“mj nent (b) preferably conprtses—-50—ta |

100 % by wei ove- mantloafgd aromatic vinyl conpound and/ or |
t he al kyl net hacryl ate and 0 to by wei ght of other vinyl

conpound copol ynmeri zable therewth, by reason that it is hard to cause a
good bl yrr: Shot Erfd” hh%lﬁﬂﬁpeﬁﬁiﬁ%@ “Bpterdleif) | BFaff g g0 et
preferabl e 9t o( )ubelng a graft copolymerization product of (b) 5 to 60
10 parts by weight of a monomer component comprising a
11 copolymerizable vinyl compound selected so that the glass
12 transition temperature of a polymer of said monomer
13 component alone is not less than 25C, onto (a) 40 to 95
14 parts by weight of a crosslinked rubber-like polymer
15 having a glass transition temperature of not more than

16 25TC.

1 14. A molded article of the said composition of
2 Claim 1.

1 15. The molded article of Claim 14 which is a

2 film or sheet perpared by calendering.

1 , 16. The molded article of Claim 14 which is a
2 film or sheet prepared by extrusion.

1 17. The molded _article of Claim 14 which 1is
prepared by thermoforming a film or sheet.

1 18. The molded article of Claim 14 which is
2 prepared by injection molding.

1 19. The molded article of Claim 14 which is a
2 hollow article prepared by blow molding.

1 20. The molded article of Claim 14 which is a
2 foam prepared by expansion molding of said composition
3 containing a blowing agent.
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stymene and [err] '-rrethyl styrene as the above- ment i eRh Wﬂgiaﬁm
yi nyl conpound, and to use an al kyl nethacrylate having a [eérrﬁ% h@p,_‘igg,g]

al kyl group as the al kyl nethacrylate. The above-nentioned core-shel |
graft copolyner (B) can be prepared by graft copol ynerizing the nononer
- conmponent (b) onto the crosslinked rubber-like polynmer (a). The
anount of the above- nenti oned nonomer conponent (b) to be used is 5

to 60 parts bys%:g EE! per 40 to 95 parts by weight of the

above-nmention sl i nked rubber-|ike polymer (a), preferably 10 to

60 parts by A polyolefin resin composition which
comprises:

(A) a polyolefin,

(B) 0.1 to 100 parts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component alone
is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25C, and

(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A). The above—mentioned polyolefin resin composition
shows the excellent processability, impact  resistance,
rigidity and surface property.
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POLYOLEFIN RESIN COMPOSITION, PROCESS pbootrs ~% |
FOR THE PREPARATION THEREOF AND MOLDED
ARTICLE MADE THEREOF

The present invention relates to a polyolefin
resin composition, a process for the preparation thereof
and a molded article made thereof. More } particularly, the
present -  invention relates to a 'polyolefm resin
composition excellent in processab1hty, impact
resistance, rigidity, surface’ property and the like, a
process for the preparation thereof and a molded article
thereof.

Hitherto, a polyolefin has been widely used for
preparing, for example, various molded articles because it
' is inexpensive and excellent in physical properties.

However, because  polypropylene, which 1is a
representative example of a polyolefin, is poor in
viscosity and tensile strength of the molten
polypropylene, polypropylene is poor in vacuum formability
(hereinafter, referred to as * thermoformability”),
calender moldability, blow moldability, expansion
moldability and the like when being molded into a sheet.
Furthermore, -in comparison with other polymers and resins
such as polystyrene, poly(vinyl chloride) and ABS resin,
polypropylene is poor in rigidity, low temperature impact
resistance, surface property such as surface glossiness,
hardness and paintability of a product therefrom, and thus
poor in processability.

In order to improve the processability of the
above-mentioned polypropylene, in ~general, polyethylene is
mechanically mixed therewith.  However, because the
processability improving effect of polyethylene -is
insufficient, a large amount of polyethylene is required
to improve the processability and therefore the r1g1d1ty
of the obtained mixture lowers. .

In order to improve the viscosity and the tensile
strength of a molten_ polyolefin, the molecular weight of

THIS SHEET Has BEEN
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difficult to be processed by extrusion molding which is
one of important processings of a polyolefin.

It is proposed, for example, in USP No. 4156703
that a non—crosslinked acrylic polymer is added to
polyethylene to improve the processability. However,
compatibility of polyethylene and the a;i;ylic polymer is
not sufficient. Furthermore, because the acrylic polymer
is not crosslinked, the acrylic polymer is separated from
the polyolefin and adhere to the surface of a calender
roll or the surface of die of an extruder (hereinafter,
referred to as “plate out”) on calendering or extrusion
Thus the processability rather lowers.

In order to improve the low rigidity of a
polyolefin itself and the lowering of the rigidity owing
to the incorporation of polyethylene, it has been
attemped that an inorganic filler is -~ added to ‘the
polyolefin. However, the - inorganic filler is poor in
compatibility with the- polyolefin and therefore uniform
dispersing cannot be done. Therefore when such polyolefin
added with the inorganic filler is used for preparing a
sheet by extrusion, the surface property of the sheet
considerabfy lowers.

In order to improve the impact resistance of a
polyolefin, generally a rubber component such as ethylene-
propylene rubber is introduced by mechanically mixing or
block copolymerization. However, the introduction of the
rubber component to the polyolefin by mechanical mixing or
block copolymerization has the following defects. It is
difficult to control the particle size of the particles to
be dispersed and, therefore, the rubber introduced does
. not efficiently serve -to improve the impact resistance,
thus the effect.- of improving impact resistance is

insufficient. = Moreover becauser a large amount of the
rubber component is required to improve the impact
resistance, . the rigidity of the - obtained mixture
lowers. Furthermore, the surface glossines of the

THIS SHEET HAS BEEN l
REFLAGED !




exanpl es, the errul sion ri zation is _preferable f 'Bﬁ?MMENTSHEET!
vi-ewpoi nt.  of Th Bee“ fpa"e article size, particle s ﬁuct 1(&9

i ke. Al so, par resulting core-shell -graft 30&}& % :
in the present i e enl argeg by adding an acid, e1 sal t, an b
agent for coagul ati on and the i ke in polynerization step. nmean ;
particle di anet er of thus obt ai ned core-shell graft & B35

pref erably nebtained t hamoldlefer r hrtioly e towers ablhecausenoref t hahe2. slarger |
on purpose tQ |qpélgvglzseu%ffagﬁepa&%%r§é/d Ortuﬁﬂ& cﬁﬁiﬂ&de'i‘ﬁ: pol yol efin resin

By wusing a core-shell type modifier which has
hitherto widely been used as an agent for improving the
impact resistance in a resin such as a poly(vinyl
chloride) resin, a rubber component (core) having a
predetermined particle diameter can be efficiently
dispersed in the resin composition. Soj the core—shell
type modifier can prevent lowering of __-fliﬁe rigidity and
improve the impact resistance of the obtained molded
article.  However, the core-shell type modifier is hardly
usable with a polyolefin because the polyolefin is
non-polar and therefore the compatibility of the
core~shell type modifier with the polyolefin is low.

It is  proposed, for  example, in  Japanese
Unexamined Patent Publication No. 185037/1991 and
USP No. 4997884, that the above—mentioned core-shell type
modifier is added to a polyolefin in the presence of a
“specific compatibilizer. However, the above-mentioned
compatibilizer is synthesized by a complicated process and
therefore the «cost becomes high and the system for
synthesis is also complicated.

Thus, there has not vyet ©been proposed a
polyolefin resin  composition which satisfies all of
properties such as excellent processability, impact
~ resistance, rigidity and surface property.

An object of < the invention is to provide a
polyolefin resin composition which satisfies all of the
above—mentioned properties.

This and other objects of the present invention
will become apparent from the description hereinafter. '

It has been found that a polyolefin resin
composition satisfying all of the above-mentioned
properties can be obtained when a polypropylene is mixed
with a core-shell graft copolymer prepared from a specific
~crosslinked rubber-like polymer and a monomer component,
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alone or -in adm xt
are provided a polyolefin resin  composition  which

comprises:

(A) a polyolefin,

(B) 0.1 to 100 parts of a core—shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising é copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component alone
is not less than 25°C, onto' (a) 40 to 95 parts by weight
of a crosslinked rubber—like polymer having a glass
transition temperature of not more than 25C, and

(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A). _

The present invention also provides a process for
preparihg a polyolefin resin composition which comprises
mixing a part of a polyolefin (A) with 0.1 to 100 parts by
weight of a core-shell graft copolymer (B) per 100 parts
by weight of said polyolefin (A) to give a masterbatch,
and mixing said masterbatch with the rest of said
polyolefin (A) and 0 to 400 parts by weight of an
inorganic filler (C) per 100 parts by weight of said
polyolefin (A), said core-shell graft copolymer (B) being
a graft copolymerization product of (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component
alone is not less than 25°C, onto (a) 40 to 95 parts
by weight of a crosslinked rubber-like polymer having
a glass transition temperature < of not more than
25C.

The composition according to the present
invention can be molded into various articles such as
film, sheet, hollow article, foam and the like by
calendering, extrusion, thermoforming, - injection molding,
blow molding, expansion molding ‘and other known molding
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The polyolefin resin composition of the present
invention 1is, as described above, prepared by mixing 100
parts by weight of a polyolefin (A) with 0.1 to 100 parts
by weight of a core-shell graft copolymer (B) and 0 to 400
parts by weight of an inorganic fi}ler (C), said
core~shell graft copolymer (B) bemg a graft
copolymerization product of (b) 5 to 60 parts by weight of
a monomer component - comprising a copolymerizable vinyl
compound selected so that the glass transition temperature
of a polymer of the monomer component alone is not less
than 25C, onto (a) 40 to 95 parts by weight of a
crosslinked rubber-like polymer having a glass transition
temperature of not more than 25C.

The reason why the polyolefin resin composition
of the present invention shows all of the properties such
as excellent processability, impact resistance, rigidity
and surface property is understood as follows.

By mixing the above—mentioned polyolefin (A) with
the core—shell graft copolymer (B), the die swell lowers.

.In particular, by mixing a part of the polyolefin (A) with -

whole amount of the core-shell graft copolymer (B) to be
used, to give a masterbatch, and then mixing the
masterbatch with the rest of the polyolefin (A) and whole
amount of the inorganic filler (C) to be wused, the
dispersibility of the core~shell graft copolymer (B) in

the polyolefin (A) is further improved and the tensile

strength of the obtained mixture in a molten state

increases. Thus the draw—down of the molten resin
is improved. Therefore the obtained polyolefin resin
composition shows improved  processability, impact

resistance and surface property.

Although hitherto a core-shell type graft
copolymer cannot be compatible with a polyolefin in the
absence of a compatibilizer, a core-shell type graft
copolymer of the present invention is compatible with the
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filler (C is rmrethn J the surface property of the

polyolefin res pac t ends to deteriorate. The ao y m-’
resin compositio mu ‘ i nvention can. be prepared by 'mﬁt
polyolefin (A w eII graf§ cepol ymer (B) and the inorganic
filler (C). The anount of the above-nentioned polyolefin (A, core shel |
graft copolyner (B) and inorganic filler (C) to be used is O-1 to~I00parts

by wei ght of pobpolefire- smithogt af tanyopotgmpatitilizend o Tbusoo tg)'eﬁtsc@xye-
wei ght of thgpnell type graft copolymer of the present invention acts
as an agent for improving the processability of the
polyolefin and the impact resistance of the obtained
molded article and also improves the dispersibility of
the inorganic filler. The reason 1is considered that in
the conventional core-shell type graft copolymer a shell
layer is compatible with a matrix resin to ;be mixed, while
in the ©present invention, utterly chfferent from the
conventional type, a core of the core-shell graft
copolymer (B), namely a rubber component having a specific
glass transition temperature is compatible with polyolefin
(A). '

'I'l?.
‘4

When processing the resin composition obtained by
mixing the above-mentioned polyolefin (A) with the core-
shell graft copolymer (B), the core-shell graft copolymer
(B) does not plate out on the surface of a calender roll
or a surface of die of an extruder in  the present
invention, because the ' above-mentioned rubber component
has no stickiness to the metallic surface at a high
temperature. The reason is considered not only that the
core layer, namely the rubber component having a glass
transition temperature of not more than 25C, is
crosslinked, but also that a hard component having a glass
. transition temperature of not less than 25C is graft
copolymerized as a shell layer onto the crosslinked
polymer. :
Representative examples of the polyolefin (A)
used in the present invention are, for instance,’
polypropylene, high density polyethylene, low density
polyethylene, linear low density polyethylene, poly-i-
butene, polyisobutylene, a2 random or block copolymer of
propylene and ethylene and/or 1-butene in any ratio, ' a
terpolymer of ethylene, propylene and at most 10 % by
weight of a diene wherein ethylene and propylene may be
present in any ratio, polymethylpentene, a random, block
or graft copolymer of ethylene or propylene with not more
than 50 % by weight of a vinyl compound such as a vinyl
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alone or in admixture thereof.

In the present invention, as the polyolefin (A)
a propylene polymer prepared by polymerizing monomers
containing not less than 50 % by weight of propylene, and
a mixture of the propylene polymer and 0 to 100 parts by
weight of polyethylene per 100 parts by& weight of the
above—mentioned propylene polymer, are p;éferable from the
viewpoint of availability and inexpensiveness. Also, as
the polyolefin (A), a polyolefin having a melt flow index
of not more than 4 g/10 minutes, particularly 0.1 to 3
g/10 minutes, at 230°C 1is preferable, since effects such
as excellent kneadability and dispersibility with the
core-shell graft copolymer (B), the inorganic filler (C)
and the like, and the large tensile strength in a molten
state, are sufficiently produced.

" In the ©present invention, a core-shell graft
copolymer (B) is used in .order to improve the impact
resistance and the processability of the above-mentioned
polyolefin  (A). The core-shell graft copolymer comprises
the core of the crosslinked elastomeric polymer having a
glass transition temperature of not more than 25C and the
shell layer of the hard layer comprising a vinyl compound
selected so that the glass transition temperature of a
polymer of the vinyl compound alone is not less than
25C. Furthermore, the core—shell graft copolymer in the
present invention includes a graft copolymer prepared by
graft copolymerizing the hard shell component in the’
presence of the «crosslinked rubber-like polymer which
forms the core. '

The core-shell graft copolymer (B) used in the
present invention can be prepared by graft copolymerizing
(b) the monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of the monomer component alone is
not less than 25°C (hereinafter, referred to as “monomer
component (b)”), - onto (a) the crosslinked rubber-like
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rubber—like polymer (a)”).

In the present invention, the glass transition
temperature of the corsslinked rubber-like polymer (a) is
not more than 25°C, as above~described. When the glass
transition temperature is more than 25C, the effect of
improving the processability, impact resi,r}stance and the
like, which is caused by the core-shell " graft copolymer.
(B), lowers.

The glass transition temperature of a polymer of
the monomer component (b) alone 1is, as described above,
not less than 25C. When the glass transition temperature
is less than 25C, the «core—shell graft copolymer (B)
coagulates into a mass.

The above-mentioned glass transition temperature
and the determining method thereof are described in, for
example, "Polymer Handbook", second edition, a Wiley
interscience publication (1975). In the present
invention, a value calculated according to the following
equation was employed as the glass transition temperature
of a copolymer.

1/Tg = Wx/Tgx + Wy/Tgy

Tg: Glass transition temperature (C) of the
copolymer of components (x) and (y) |

Tgx: Glass transition temperature (C) of the
component (x) . |
Tgy: Glass transition temperature (C) of the
component (y)

Wx: Weight proportion (%) of the component (x)

Wy: Weight proportion (%) of the component (y)

Representative examples of the above-mentioned
crosslinked rubber-like polymer (a) are, for instance, a
~diene rubber, an acrylic rubber, an - olefin rubber, a
silicone rubber and the like. Among these examples, a
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diene rubber and an acrylic rubber are preferable from the
viewpoint of inexpensiveness, emulsion—polymerizability
and easiness in designing of a particle structure, and an
acrylic rubber is more preferable from the viewpoint of
excellent heat stability.

Representative examples of the above-mentioned
‘diene rubber are, for instance, a diene rubber comprising
60 to 100 % by weight of a diene compoung and 0 to 40 %
by weight of a copolymerizable other - 'vinyl compound
therewith, and the like.

Representative examples of the diene compound
used in the above—mentioned diene rubber = are, for
instance, butadiene, iso—prene, chloroprene and the
likee. Though they may be wused alone or in admixture
thereof, among these examples butadiene is preferable from
the viewpoint of inexpensiveness, excellent compatibility
of the obtained core-shell graft copolymer (B) with the
polyolefin (A) and excellent effect of improving the
"processability and the impact resistance.

Representative examples of other vinyl compound
" copolymerizable with the above—mentioned diene compound
are, for instance, an aromatic vinyl compound such as
styrene or o —methylstyrene; an alkyl methacrylate having
a C; to Czz alkyl group such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, i~butyl methacrylate,
t~butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylate; an alkyl acrylate having a C; to Czz alkyl
group such as methyl acrylate, ethyl -acrylate, n-butyl
acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate or steraryl acrylate; an unsaturated nitrile
compound such as acrylonitrile or methacrylonitrile;
and a vinyl compound having a reactive functional group
such as an acid anhydride group, carboxyl group, amino
group or hydroxyl group, e.g. maleic anhydride,
methacrylic acid, acrylic acid, methacrylamide,
acrylamide, dimethylaminoethyl methacrylate, hydroxyethyl
methacrylate or hydroxyethyl acrylate and the like.
Though they may be used alone or in admixture thereof,
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excellent compatibility of the obtained core-shell graft
copolymer (B) with the polyolefin (A) and excellent effect
of improving the processability and the impact resistance.

The amount of the diene compound and other vinyl
compound copolymerizable therewith to be wused in the
above-mentioned diene rubber is 60 to 1007 % by weight of
the diene compound and 0 to 40 % by wexght of the vinyl
compound, preferably 70 to 100 % by weight of the diene
compound and 0 to 30 % by weight of the vinyl compound.
When the amount of.the diene compound is less than 60 % by
weight, namely the amount of other vinyl compound is more
than 40 % by weight, the compatibility of the obtained
core—shell graft copolymer (B) and the polyolefin (A), and
effect of improving the processability and the impact
resistance tend to lower.

' Representative examples of ' the above—mentioned
acrylic rubber are, for instance, an acrylic rubber
comprising 60 to 100 % by weight of an alkyl acrylate
having a Cz; to Cz2 alkyl group and 0 to 40 % by weight of
other vinyl compound copolymerizable therewith and the
like.

Representative: examples of the alkyl acrylate
having a Cz to Czz alkyl group used in the above—mentioned
acrylic rubber are, for instance, ethyl acrylate, n-butyl
acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate and the like. Though they may
be wused alone or in admixture thereof, among these
examples n—butyl acrylate and 2-ethylhexyl acrylate ‘are .
preferble from the viewpoint of inexpensiveness, excellent
compatibility of the obtained core-shell graft copolymer'
(B) with the npolyolefin (A) and ‘excellent effect ‘of
improving the processability and the impact resistance.

Representative examples of other vinyl compound
copolymerizable with the -above-mentioned alkyl acrylate
are, for instance, the aromatic vinyl compound exemplified
as the vinyl compound copolymerizable with the above-
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Him ted. %o 2);6 aﬁelylangreg%pr ucsi%E:h %ad" X'é}.%flmljne?ﬁacrylate, ethyl
methacrylate, n-butyl methacrylate, i-butyl . methacrylate,
t-butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylate; methyl acrylate; an  unsaturated nitrile
compound such as acrylonitrile or methacrylonitrile, a
yinyl compound having a reactive functional group such as
an acid anhydride group, carboxyl group, }}ammo group or
hydroxyl group e.g. maleic anhydride, ,methacryhc acid,
acrylic  acid, methacrylamide, acrylamide,
dimethylaminoethyl methacrylate, hydroxyethyl methacrylate
or hydroxyethyl acrylate, and the like. They may be used
alone or in admixture thereof. Among these examples,
styrene and methyl methacrylate are preferable from the
viewpoint of excellent effect of improving the
processability of the obtained core—shell graft copolymer
(B) and inexpensiveness.

" The amount of the alkyl acrylate having a Cz to

C.2 alkyl group and other vinyl compound copolymerizable
with the alkyl acrylate to be used in the above-mentioned
acrylic rubber is 60 to 100 % by weight of the alkyl
acrylate and 0 to 40 % by weight of the vinyl compound,
preferably 65 to 100 % by weight of the alkyl acrylate and
0 to 35 % by weight of the vinyl compound.” When the
amount of the alkyl acrylate is less than 60 % by weight,
namely the amount of the vinyl compound is more than 40 %
by weight, the compatibility of the obtained core-shell
graft copolymer (B) with the polyolefin (A), and effect of
improving the processability and the impact resistance
tend to lower.

Examples of the above~mentioned olefin rubber
are, for instance, -ethylene-propylene-diene rubber, butyl
rubber .and the like. Examples of the above—mentioned
silicone rubber are, for instance, polydimethylsiloxane
rubber and the like. .

The crosslinked rubber-like polymer (a) can be
prepared by crosslinking a rubber-like polymer such as the
above-mentioned  diene rubber, acrylic rubber, olefin
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instance, a nethod Dby, L. .
is not particularly limited. @~ The method can be suitably
selected, according to a kind of the wused rubber-like
polymer, from various conventional methods, for instance,
a method utilizing self-crosslinking of butadiene, a
method using a multifunctional crosslinking agent such as
divinylbenzene or 1,3-butanediol dimethacry&ate, a method
using a graftlinking agent such as allyl methacrylate,
allyl acrylate or ‘diallyl phthalate, a method using a
peroxide, and the like In case of crosslinking the
acrylic rubber, it 1is preferable to select and use the
method using a multifunctional crosslinking agent with a
graftlinking agent or the method wusing a graftlinking
agent by reason that active site for grafting is produced
- when crosslinking and graft copolymerization are
simultaneously carried out.

" Thus obtained crosslinked rubber-like polymer (a)
is prepared preferably so as to have not less than 50 % by
weight, more preferably so as to have not less than 60 %
by weight of gel fraction caused by crosslinking
(hereinafter referred to as “gel fraction”). In case
that the above—mentioned gel fraction is less than 50 % by
weight, if thus obtained polyolefin resin composition is
used for, e.g., calendering, the composition tends not to
show the sufficient effect of improving the
processability owing to the plate out thereof onto a
calender roll.

The above-mentioned gel fraction is a ratio of
insoluble matter which 1is separated by centrifuging a
mixture obtained by immersing the crosslinked rubber-like
polymer into a good solvent for the rubber component, such
as toluene or methyl .ethyl ketone for 48 hours.

Representative examples of the above-mentioned
monomer component (b) are, for instance, the aromatic
vinyl compound exemplified as the  vinyl compound
copolymerizable with the diene compound in the above-
mentioned crosslinked rubber-like polymer (a); an alkyl
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methacrylate having a C, to Czz alkyl group such as methyl
methacrylate,  ethyl methacrylate, n-butyl methacrylate,
i=butyl  methacrylate, = t-butyl methacrylate, 2—ethylhexyl
methacrylate or stearyl methacrylate;, an alkyl acrylate
having a C, to Cz2 alkyl group such as methyl acrylate,
ethyl acrylate, n—butyl acrylate, i-butyl acrylate,
t-butyl acrylate, 2-ethylhexyl acrylate or steraryl
acrylate; an  unsaturated  nitrile compd}md such as
acrylonitrile or  methacrylonitrile; a _;.'vinyl compound
having a reactive functional group such as an acid
anhydride group, carboxyl group, amino group or hydroxyl
group e.g. maleic anhydride, methacrylic acid, acrylic
acid, methacrylamide acrylamide, dimethylaminoethyl
methacrylate, hydroxyethyl methacrylate or hydroxyethyl
acrylate, and the likee They may be used alone or in
adrmxture thereof

The above~mentioned monomer  component (b)
preferably comprises 50 to 100 % by weight of the
above—mentioned aromatic vinyl compound and/or the alkyl
methacrylate and 0 to 50 % by weight of other vinyl
compound copolymerizable therewith, by reason that it is
hard to cause a lowering of polymerizability and increase in cost.

From the viewpoint of good polymerizability and
inéxpensiveness, it is particularly preferable to |use
styrene and  « —methylstyrene as the above—-mentioned -
aromatic vinyl compound, and to wuse an alkyl methacrylate
having a C; to Cs alkyl group as the alkyl methacrylate.

The above-mentioned core—shell graft copolymer
(B) can be prepared by graft copolymerizing the monomer |
component (b) onto the crosslinked rubber-like polymer
(a).

The amount of the above-mentioned monomer
component (b) to be used is 5 to 60 parts by weight per 40
to 95 parts by weight of the above-mentioned -crosslinked
rubber-like polymer (a), preferably 10 to 60 parts by
weight per 40 to 90 parts by weight of the above~mentioned
crosslinked rubber-like polymer (a).

' When the amount of the crosslinked rubber-like
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weight ct of 1mprovmg the processability and
the impact resistance which is caused .by the resulting
core-shell graft copolymer (B) comes to lower. On the
contrary, when the amount of the crosslinked rubber-like
polymer (a) is more than 95 parts by weight, namely the
amount of the monomer component (b) is legs than 5 parts
by weight, the resulting core—shell graft copolymer (B)
comes to coagulate into a mass.

The above-mentioned <core-shell graft copolymer
(B) can be polymerized by means of a conventional method
for = radical polymerization such as’ suspension
polymerization or emulsion polymerization. Among these
examples, the emulsion polymerization 1is preferable from
the viewpoint of ~control of |©particle size, particle
structure and the like,

" Also, particles of the resulting core-shell graft
copolymer (B) in the present invention can be enlarged by
adding an acid, a salt, an agent for coagulation, and the
like in polymerization step.

A mean particle diameter of thus obtained
core—shell graft copolymer (B) is preferably not more than
3 u m, more preferably not more than 2.5 u m on purpose to
improve surface property of the resulting polyolefin resin
composition. ‘

' The inorganic filler (C) used in the present
invention has function of improving rigidity, paintability
and printability, and the like of the resulting polyolefin
resin composition. Representative examples of the
inorganic filler (C) are, for instance, heavy calcium
carbonate, light calcium carbonate, talc, glass fiber,
~magnesium carbonate, mica, kaolin, calcium sulfate, barium
sulfate, titanium white, white carbon, carbon black,
aluminium hydroxide, magnesium hydroxide and the like.
They can be used alone or in admixture thereof. Among
these examples, heavy calcium carbonate, light calcium
carbonate and talc are preferable from the viewpoint of
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pm  When the mean particle diameter of the inorganic
filler (C) is more than 10 um, the surface property of
the resulting polyolefin resin composition tends to
deteriorate. ' :
The polyolefin resin composition ;of the present
invention can be prepared by mixing thé polyolefin (A)
with the core-shell graft copolymer (B) and the inorganic
filler (C).

The amount of the above-mentioned polyolefin (A),
core-shell graft copolymer (B) and inorganic filler (C) to
be used is 0.1 to 100 parts by weight of the core—shell
graft copolymer (B) and 0 to 400 parts by weight of the
inorganic filler (C), preferably 0.5 to 70 parts by weight
of the core-shell graft copolymer (B) and 0 to 300 parts
by weight of the inorganic filler (C), per 100 parts by
" weight of the polyolefin (A). When the amount of the
above-mentioned core-shell graft copolymer (B) is less
than 0.1 part by weight, there insufficiently appears the
effect of improving processability and surface property
caused by the core-shell graft copolymer (B). In
contrast, when the amount 'of the core—shell graft
copolymer (B) is more than 100 parts by weight, the
original character of the polyolefin (A) comes to decline.
When the amount of the above—mentioned inorganic filler
(C) is more than 400 parts by weight, the surface property
of the resulting polyolefin resin composition comes to
deteriorate.

In mixing the above—mentioned polyolefin (A) and
core-shell graft copolymer (B) and inorganic filler (C) in
the present invention, it is preferable to previously mix
a part of the polyolefin (A) and the core—shell graft
copolymer (B) to give a masterbatch and then mix thus
obtained masterbatch with the rest of the polyolefin (A)
and the inorganic filler (C), by reason that
dispersibility of the core—shell graft copolymer (B) is
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The amount of the part of the polyolefin (A) to
be previously mixed with the core—shell graft copolymer
(B), is preferably 0.1 to 80 % by weight, more preferably
0.1 to 70 % by weight per 100 % by weight of the whole
amount of the polyolefin (A) from the viewpoint of
excellent mixing property.

The amount of the polyolefin (A)} and the core-
shell graft copolymer (B) to be wused-’in the above-
mentioned preparation of masterbatch is preferably 5 to 95
% by weight of the polyolefin (A) and 5 to 95 % by weight
of the core-shell graft copolymer (B), more preferably 5
to 80 % by weight of the polyolefin (A) and 20 to 95 % by
weight of the core-shell graft copolymer (B). When the
amount of the polyolefin (A) is less than 5 % by weight,
namely the amount of the core—shell graft copolymer (B) is
more than 95 % by weight, there appears tendency that
viscosify comes to increase and therefore mixing comes to
be difficult. In contrust, when the amount of the
polyolefin (A) is more than 95 % by weight, namely the
amount of the core-shell graft copolymer (B) is less than
5 % by weight, effect of improving dispersibility tends to
lower. .
The . method for preparing a masterbatch by
previously mixing a part of the polyolefin (A) and the
core~shell graft copolymer (B), is not  particularly
limited. They are mixed by an extruder, a mixing roll or
other mixing machine. Among these examples, it is
preferable to mix them by an extruder from the viewpoint
of productivity.

The method for mixing thus obtained masterbatch
with the rest of the polyolefin (A) and the inorganic
filler (C) is not particularly limited. It is preferable
to suitably select the mixing machine such as an extruder
or a mixing roll according to the use of the polyolefin
resin. In the present invention, the polyolefin -resin
composition can be also prepared by - a mixing method
comprising multiple steps, for instance, a method by
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and the inorganic
filler (C), and then adding the rest of the polyolefin (A)
and the core—shell graft copolymer (B) thereto to mix
them, or the like.

' The polyolefin resin composition of the present
invention can be prepared as described above. To the
polyolefin resin composition may be further added, . as
occasion demands, for instance, a stabilizer, a lubricant,
a core-shell type agent for ~ improving pfrocessability used
in the known poly(vinyl chloride) resin’ etc., and the
like. :

Representative examples of the above—mentioned

stabilizer are, for instance, a phenol stabilizer
such as pentaerythritol—tetrakis[ 3~(3,5-di-t-butyl-4-
hydroxyphenyl)propionate] or triethyleneglycol-bis[ 3—(3-

t=butyl-5—-methyl-4-hydroxyphenyl)propionate],

a pHc_)sphorous stabilizer such as tris(monononylphenyl)-
phosphate or tris(2,4—-di—t—butylphenyl)phosphate, a sulfur
stabilizer such as dilaurylthiodipropionate,  and the like.
They can be used alone or in admixture thereof. The
amount of the stabilizer to be wused is conventionally
about 0.01 to 3 parts by weight, preferably about 0.05 to
2 parts by weight per 100 parts by weight of the
polyolefin (A).

Representative examples of the above-mentioned
lubricant are, for instance, a salt such as a sodium salt,
a calcium salt or a magnesium salt with a saturated or
unsaturated fatty acid such as lauric acid, palmitic acid,
oleic acid or stearic acid, and the likee They can be
used alone or in admixture thereof. The amount of the
lubricant to . be wused is conventionally about 0.1 to 3
parts by weight, preferably about 0.1 to 2 parts by wexght
per 100 parts by weight of the polyolefin (A).

Addition of the above~mentioned stabilizer,
lubricant, agent for improving processability and the like
may be carried out during preparing the above-mentioned
masterbatch, or during mixing the masterbatch with the
rest of the polyolefin (A) and the inorganic filler (C);
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he polyolefin resin composition of the presen
invention shows remarkably = improved . excellent
processability, impact resistance, rigidity, surface

property and the like. Therefore, by using the polyolefin
resin composition of the present invention can be prepared
useful molded articles by means -of various molding methods
including molding methods by which it hds been difficult
to mold the known polyolefin resin compositios.

Examples of the molding method usable in the
present invention are, for instance, calender molding,
extrusion molding, thermoforming, injection molding, blow
molding, expansion molding and the like.

For instance, from the polyolefin resin
composition of the present invention can be prepared
molded articles in the form of film or sheet by
- calendering or extrusion molding. Further, another molded
article can be prepared by thermoforming thus obtained
film or sheet at a temperature suitable for the used
polyolefin resin composition. Also, it is ©possible to
prepare an injection molded article or a hollow article by
injection molding or blow molding, respectively, from
e.g., a pellet obtained by extruding the above—-mentioned
composition.

Furthermore, a foam can be prepared by adding a
blowing agent to the polyolefin resin composition of the
present invention and then expansion-molding the mixture
with e.g., an extruder or the like.

Representative examples of the above~mentioned
blowing agent are, for instance, a halogenated
hydrocarbon e.g. trichloromonofluoromethane, methylene
chioride, methyl chloride, dichlorodifluoromethane,
dichloromonofluoromethane, monochlorodifluoromethane,
dichlorotetrafluoroethane or trichlorotrifluoroethane, an
aliphatic hydrocarbon e.g. propane, butane, pentane or
hexane, an alcohol, an ester, a ketone, an ether, a
chemical blowing agent e.g. sodium - hydrogencarbonate,
azodicarbonamide, N,N-dinitrosopentamethylenetetramine,
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used alone or m adm1xture thereo Among these

examples, it is preferable to use an organic volatile type
blowing agent of which boiling point is about -40° to 60C
under ordinary pressure, such as trichloromonofluoro—
methane or dichlorotetrafluoroethane alone or in admixture
thereof. The amount of the blowing agent to be used is
not particularly limited. It is preferable to use
conventionally about 3 to 50 parts by: weight of the
blowing agent per 100 parts by weight of the polyolefin
resin composition of the present invention.

The present invention is more specifically
described and explained by means of the following Examples
and Comparative Examples in which all percents and parts
are by weight unless otherwise noted. It is to be
understood that the present invention is not limited to
the Examples, and various changes and modifications may be
made in the invention without departing from " the spirit
and scope thereof.

Example 1

Butadiene was emulsion polymerized to give a
crosslinked polybutadiene rubber Ilatex. The crosslinked
polybutadiene rubber had a glass transition temperature of
—85C, a mean particle diameter of 0.25 xzm and a gel
fraction of 85 %.

To 70 parts (solid matter) of the above—mentioned
crosslinked polybutadiene rubber latex was added 30 parts
of a monomer component comprising 15 parts of methyl
methacrylate and 15 oparts of styrene (glass transition
temperature of a opolymer of the monomer component:
100C). Thus obtained mixture was graft copolymerized by
emulsion  polymerization to give a  core-shell graft
‘copolymer (hereinafter referred to as “graft copolymer
(B)=-1") latex. A final conversion was 98 % A mean
particle diameter of the graft copolymer (B)-1 was - 0.26
L m.

The obtained graft copolymer (B)-1 latex was
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N-di ni t r osopgartsretdfy| theet eesalting, graft copolymer (B)- 1 in a form of

powder was mixed with 100 parts of a polypropyrene (trade

name: Hipol-B-200, available from MITSUI PETROCHEMICAL
INDUSTRIES, LTD, melt. flow index at 230C: 0.5 g/10
minutes)  (hereinafter referred to as “PP”). Thus

obtained mixture was kneaded and extruded by using a twin
screw extruder (screw diameter: 44 mm, L/P 30) at 2007TC,
100 rpm to give pellets.

A melting tensile strength and 4’ melt flow index
at 230C of the obtained pellets were measured according to
the following methods. The results are shown in Table 1.

Melting tensile strength

By using a Capirograph (available from Toyo Seiki
Seisaku-Sho, Ltd.) with dies (2 mm x 10 mm), a melting
tensile strength (g) was measured at 200C, an extrusion
speed of 20 mm/minute and a draw speed of testing of 1
m/minute.
Melt flow index (at 230°C)

According to ASTM-D . 1238,
(g/10 minutes) was measured at 230°C.

a melt flow index

Then, thus obtained pellets were kneaded for 3
minutes by rolls at 200C to give a rolled sheet. The
rolled sheet was press molded to give a test piece which
applies to each of ASTM-D256 and ASTM-D790.

As appearance of the above—mentioned rolled sheet

in kneading by rolls, surface condition, presence of
thermal discoloration and presence of plate out on the
- roll surface were observed with the naked eye, and
estimated according to the following  criterion for
evaluation. The results are shown in Table 1.
(Criterion for evaluation)
Surface condition of rolled sheet

A: Even surface and excellent glossiness

B: A little rough surface and a little poor

REPLACED
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alone or i vrﬂsenliehweeof Anong these exanpl esi
‘pref erabl e to u vol atile 2t ype_ bl-owi ng agent of \/\Hl éhjlm m.Hg
poi nt i s about ] C under Fordi nary - pressure such

tri chl-or ononof | uor o- nethane or dichl orotetrafl uoroet hane alone or in

adm xture thereof. Thegqgg#} gf the bl ow ng agent to be-~used-rs ot
particularly |imted. preferable to use conventionally

about 3 to 50 parts Ky \Remprkadlytbrevémwurfacagand peor glossinessts by
wei ght of t%erﬁféhyaispéo'l&éﬁahnofmﬂﬂ' tshggtof the present invention.

A: No thermal discoloration

B: Slight thermal discoloration

C: Remarkable thermal discoloration
Plate out on roll surface

A: No plate out. )

B: Slight plate out -

C: Remarkable plate out

Impact resistance and flexural elasticity

The above-mentioned test piece was subjected to
each of the test method for Izod impact resistance and the
test for flexural elasticity according to ASTM-D256 and
ASTM-D790. The results are shown in Table 1.

Draw down of sheet

The pellets were kneaded in the same manner as
described " above to prepare a sheet (100 mm x 100 mm,
thickness: 1.5 mm). The prepared sheet was fixed with a
clamp having an opening of 76 mm x 76 mm. Then, the fixed
sheet was heated in an oven of which temperature was 190C
for 30 minutes to measure draw down (mm) of the sheet.
The results are shown in Table 1.

Example 2 |
Monomer components of 70 parts of butadiene and

30 parts of styrene were emulsion polymerized to give a
crosslinked diene rubber latex. The crosslinked diene
.rubber had a glass transition temperature of -50°C, a mean
particle diameter of 0.1 x m and a gel fraction of 80 %.

Then, in the same manner as described in Example
1 except that 70 parts (solid matter) of thus obtained
crosslinked diene rubber latex was wused instead of the
crosslinked polybutadiene rubber latex, a core~shell -graft
copolymer (hereinafter referred to as - “graft copolymer
(B)-2") was prepared. A final conversion was 98 % A
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Further, in the same manner as described in
Example 1 except that the above-mentioned graft copolymer
(B)-2 was used instead of the graft copolymer (B)-1,
pellets were prepared, and 2 rolled sheet, a test piece and
a sheet were prepared therefrom.

In the same manner as descri in Example 1,
physical properties of each of thus :f'f obtained pellets,
rolled sheet, test piece and sheet were examined  The
results are shown in Table 1. '

Examples 3 and 4

In the same manner as described in Example 1
except that the amount of the used graft copolymer (B)-1
was changed into 50 parts (Example 3) or that the amount
of the used graft copolymer (B)-1 was changed into 70
-parts * (Example 4), pellets: were prepared, and a rolled
sheet, a test piece and a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test -piece and sheet were examined. The
results are shown in Table 1.

Example 5

_ Monomer components of 100 parts of n—butyl
acrylate and 1 part of allyl methacrylate were emulsion
polymerized to give a crosslinked poly(butyl acrylate)
rubber latex. The crosslinked poly(butyl acrylate) rubber
had a glass transition temperature of =-55C, a mean
particle diameter of 0.2 z m and a gel fraction of 85 %.

To 70 parts (solid matter) of the above-mentioned
crosslinked poly(butyl acrylate) rubber latex was added -30
parts of a monomer component comprising 27 parts of methyl
methacrylate and 3 parts of n-butyl methacrylate (glass
transition temperature of a polymer of the monomer
component: 957C). Thus obtained mixture was graft
copolymerized by emulsion polymerization to give a core—
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mean particle diameter of the graft copolymer (B)-3 was
0.22 um The obtained graft copolymer (B)-3 latex was
salted out, dehydrated and dried to give a powder.

" Then, in the same manner as described in Example
1 except that the graft copolymer (B)-3 was used instead
of the graft copolymer (B)-1, pellets were } prepared, and a
rolled sheet, a test piece and a sheét were prepared
therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

Comparative Examples 1 to 3
~ In the same manner as described in Example 1
except that components shown in Table 1 were employed,
pellets were prepared, and a rolled sheet, a test piece and
a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical propert1es of each of thus obtained pellets,
rolled sheet test piece and sheet were examined. The
results are shown in Table 1.

Comparative Example 4

A monomer component of 100 parts of butyl
acrylate was emulsion polymerized to give a
non—crosslinked poly(butyl acrylate) rubber . Ilatex. The
non—crosslinked poly(butyl acrylate) rubber had a mean
particle diameter of 0.2 x m and a gel fraction of 0 %

To 50 parts (solid matter) of the above-mentioned
non-crosslinked  poly(butyl acrylate) rubber latex was
added 50 parts of methyl methacrylate, and a graft
copolymerization was carried by emulsion polymerization to
give a graft copolymer (hereinafter referred to as “graft
copolymer (B)-4") latex. A final conversion was 98 % and
the graft copolymer (B)-4 had a mean particle diameter of
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give a powder. Twenty parts of the resulting graft -.copol ynme
formof powder was mi xed with 100 parts of a pol ypropyrene (
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latex was

salted out, dehydrated and dried to give a powder thereof.

In the same manner as described in
except that the above-mentioned graft copolymer

Example 1
(B)-4 was

used instead of the graft copolymer (B)-1, pellets were
prepared, and a rolled sheet, a test pieck and a sheet

were prepared therefrom.
In the same manner - as descrlbed in

Example 1,

physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The

results are shown in Table 1.

Comparative Example 5
A monomer component of 100 parts
methacrylate was emulsion polymerized to give
(hereinafter referred to as  “polymer—5”) latex.

of methyl
a polymer
A final

conversion was 98 %. The polymer-5 had a mean particle
diameter of 0.1 um and a gel fraction of 0 % The
obtained polymer-5 latex was salted out, dehydrated and

dried to give a powder thereof.
' In the same manner as described in

Example 1

except that the above-mentioned polymer—5 was used instead
of the graft copolymer (B)-1, .pellets were prepared, and a
rolled sheet, a test piece and a sheet were prepared

. therefrom.
In the same manner as described in

Example 1, _'

physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The

results are shown in Table 1.
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tensile strength (g) was rreasured at 200[err] C, an extru§|
!

nm m nute and Thtsdh@lvlﬂas ce¢ esting of 1 mfmnute. Mel I HIINE t
230[err]) Accor W D 1238, a nelt flow i ?\(’{g)"qg Mt
was rreasured at thus .obtgg ned pellets wer é |

m nut es ' at 200[err]C to g| ve arolled sheet. The rolled
sheet was press m)l ded to give a test piece which applies to each of

ASTM D256 and ASTM DIJYPE AssBewaar dace Tablé hel abmeansenta odew r addresitgheet
'polyethylene which has a melt flow index of 0.25 g/10
minutes at 190°C (hereinafter the same).

The results shown in Table 1 show that each
polypropylene mixed with a core—shell graft copolymer
obtained in Examples 1 to 5 had excellent properties
compared with polyolefin alone (Comparative Examples 1 to
3). That is, the mixture of the present j’nventlon showed
a small melt flow index and a h1gh melting tensile
strength, and therefore draw down of the obtained sheet
was small Thus the processability was improved. In
addition, surface condition of the rolled sheet in
kneading by roll was excellent and any plate out on roll
surface was not observed, and thus the surface property
was significantly improved in each molded article obtained
in Examples 1 to 5. Also, each molded article obtained
in Examples 1 to 5 was excellent in balance between
processébility, impact resistance and rigidity (flexural
elasticity).

In case that a graft copolymer comprising a non-
crosslinked rubber-like polymer (Comparative Example 4) or
a non—crosslinked acrylic polymer (Comparative Example 5)
was used, it was shown that a practical molded article was
not obtained because significant plate out on roll surface
was observed and the surface condition of the rolled sheet
was bad.

o Do 4K
")

In addition, it was shown that in case of using a
crosslinked acrylic rubber-like polymer obtained in
Example 5, the obtained molded article was particularly
excellent in heat stability because there was not any
thermal discoloration.

- Example 6
In the same manner as described in Example 1

except that 50 parts of precipitated calcium carbonate
(mean particle diameter: 0.15 uxm) of which surface: was
treated with a fatty acid (hereinafter referred to as
“(C)-1") together with 20 parts of a powder of the graft
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di scol oratlon and resence of | ate out on the roll surf wer e
observed wi t fhis ’ , and estimated accor di E 1 8oJUN1987
fol |l owi ng cri mai] val uation. The results are shdqwn in Table 1.
(Criterion for rface condition of rolled shécr A EVEN
surface and excel |l ent gl oss B: A i@l e= rough sur f acé - -apd—a—+ittte
poor

copolymer (B)-1 was mixed with 100 parts of PP, pellets.
were prepared, and a rolled sheet, a test piece and a
sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 2. If

The above-mentioned pellets were extruded by using
a single screw extruder (screw diameter: 50 mm, L/D: 20)
with T—die at 230C to give an extruded sheet having a
width of 300 mm and a thickness of 0.5 mm.

As appearance of the obtained extruded sheet,
surface condition was observed with the naked eye and
estimated according to the same criterion for evaluation
as in a rolled sheet. The results are shown in Table 2.

Examples 7 to 9 and Comparative Examples 6 to 7

In the same manner as described in Example 6
except that the components shown in Table 2 were employed,
pellets. .were prepared, and a rolled sheet, a test piece,
a sheet and an extruded sheet were prepared therefrom.

In the same manner as described in Example 6,
physical properties of each of thus obtained pellets,
rolled sheet, test piece, sheet and extruded sheet were
examined. The results are shown in Table 2.
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C. Remarkable plate out Inpact resistance and flexural el asticitpCEMENT SHEET
above- nent i oned,{ g3t ik B&RRYAReB UD] ected to each of the test nmethod Tor

| zod i npact resi test for flexural elasticity-accoddyl 1997
ASTM D256 and Ammﬂmg esulls g§§e shown in Table 1. Draw down of
sheet The pell et : in the same manner as described above—to—
prepare a sheet (100 mm x 100 mm thickness: 1.5 nm. The prepared—sheet

was fixed with a clpgp hgadls anspeR! Nen of TdBlem2x Ehown e, eal fi xed

polypropylene mixed with a core-shell graft copolymer and
an inorganic filler obtained in Examples 6 to 9 had
excellent properties compared with the polyolefin mixed
with only an inorganic filler (Comparative Examples 6 to
n. That is, the mixture of the present: invention showed
a small melt flow index and a high melting tensile
strength, and therefore draw down of the}, obtained sheet
was small Thus the processability was improved. In
addition, surface property of the rolled ‘sheet and the
extruded sheet was significantly improved in Examples 6
to 9. Also, each molded article obtained in Examples 6 to
9 was excellent in balance between proéessability, impact
resistance and rigidity (flexural elasticity).

Example 10

There were mixed 60 % of a powder of the graft
copolymer (B)~1 and 40 % of PP, and the resultant mixture
was kneaded and extruded by using a twin screw extruder
(screw diameter: 44 mm, L/D: 30) at 200°C, 100 rpm to give
a masterbatch.

There were mixed 50 parts of thus obtained
masterbatch, 80 parts of PP, 50 parts of heavy calcium
carbonate (mean particle diameter: - 1.8 xm) of which
surface was treated with a fatty acid (hereinafter
referred to as “(C)-2") and 0.5 part of calcium stearate
(hereinafter referred to as “CaS”), and the resultant
mixture was kneaded and extruded by using a twin screw
extruder (screw diameter: 44 mm, L/D: 30) at 200C, 100
rpm to give pellets.

In the same manner as described in Example 1,
from the pellets were ‘prepared a rolled sheet, a test piece
and a sheet and physical properties thereof were examined.
The results are shown in Table 4.

Melting tensile strength of the pellets  were
measured with dies (1 mm x 10 mm) at an extrusion speed of
5 mm/minute.

The obtained rolled sheet was dyed with osmium
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sheet was heat ed in an oven of whi ch tenperature was 190[err RgmcmnENTSHEET\

m nutes to- neaﬁiyﬁneaﬂﬂmﬂe lafef’m') of the sheet. The results ShowWwn | n ,
Tabl e 1. Exarrpl onents of 70 parts of butadiehe g JUNMRSTs
of styrene vvere r| zed 8@ give a crosslinked i ene rubber
| at ex. The I nke d| ene rubber had a glass transiti e !
of -50[err]C, a mean particle dianmeter of 0.1 [err] and ag fractiopn—ef———
80 % Then, teﬁrobdnéesanandannduspa'sdbﬂmy bewfi n theanpleore—sRedpt graft 70
parts (soli d % éx) %s tQu%r%%e?Hr'e%f the rolled sheet was observed
by means of a transmission type electron microscope, and
estimated according to the following  criterion for
evaluation.
A: Remarkably excellent dispersibility
B: Excellent dispersibility
C: Poor dispersibility &

Example 11
In the same manner as described in Example 10

except that 30 parts of graft copolymer (B)-1, 100 parts
of PP, 50 parts of (C)~2 and 0.5 part of CaS were mixed
all at once, pellets were prepared, and a rolled sheet, a
test piece and a sheet were prepared therefrom.

_ In the same manner as described in Example 10,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

Example 12
In the same manner as described in Example 10

except that (C)-2 was not used, .pellets were prepared, and
a rolled sheet, a test piece and a sheet were prepared
therefrom. :

In the same manner as described in Example 10,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

Example 13
In the same manner as described in Example 11

except that (C)-2 was not used, pellets: were prepared,
and a rolled sheet, a test piece and a sheet were prepared
therefrom.

In the same manner as described in Example 10,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
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results are shown in Table 4.

Mixing methods and components in Examples 10 to

13 are shown in Table 3.
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except that the a Q&mmh acebed graft copol ymer (B)-1

50 parts (ExanpP %ﬂhs he ampunt of the used graft L8R 7H§§%EQTE§H§%T
was changed |nto anple 4), pellets wer e He

roll ed sheet, n a sheet were prepared therefd anaénﬂmhﬁg?
same rmanner as descrlbed in Exampl 83 1,~physi cal propertles

each of thus obtained pellets, rolled sheet, test &piece and

sheet were exani ned. The results are shown in Table 1.*Exanpfe-5*“-;“‘—
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acrylate and 1 part of allyl nethacrylate were enlRERY e

to give a _.cLosslwserleplacqdol y(butyl acryl ate) rubbgl“I | akexy e

crosslinked §§LA§% | ate) rubber had a gl assi trﬁés‘ﬂmo@?

tenperature of mﬁk‘“\ \Mlla nean particle dianeter 01& 0.2 Jerr] an
f

gel fraction o arts (solgg matter) of the above- nent i oned
crosslinked poly(butyl acrylate) rubber |atex was added 30—parts o a
nmononer comnponent conprising 27 parts of methyl nmethacrylate and 3 parts
of n-butyl nethacrylhée réghiags tihan{ablen 4 t shpwr atthat othe a resinyner

3]; afthe' T Smpositio onept ined’l 4 | @xrample'NUfD 8P 21980 h{dK! Upfzs Was
prepared by previously mixing a part of a polyolefin and a
core-shell graft copolymer to give a masterbatch and then
‘mixing the obtained masterbatch with the rest of the
polyolefin, an inorganic filler and the other component,
had excellent properties compared with the resin
composition obtained in Example 11 or:713 which was
prepared by mixing all components at once. That is, the
composition prepared by mixing with using masterbatch
showed an excellent dispersibility of the core—shell graft
copolymer in the polyolefin, a small melt flow index and a
high melting tensile strength, and therefore draw down of
the obtained sheet was small. Thus the processability was
further improved and also, the impact resistance was
further improved, by the mixing method with using’
masterbatch.

Examples 14 to 16 and Comparative Example 8

Each composition shown in Table 5 was supplied
into an extruder for kneading and extruding, which step
was a pretreatment for a calendering, to give a molten
resin. Each of the  obtained molten resin was
successively supplied to an inverted L calender to give a
rolled sheet having a thickness of 0.5 mm.

Surface condition of the  obtained rolled sheet
was observed with the naked eye and estimated according to
the following criterion for evaluation. The results are
shown in Table 5.

(Criterion for evaluation)
A: Excellent surface glossiness
B: A little poor surface glossiness
C: Poor surface glossiness
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graft copol ymer.p,.( §EL el Réplacdaef er r ed

latex. A fi naI
graft copol yrrer m Emm
(B)-3 latex
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1 except that the graft copol mer (B)-3 was used instead
copol ynmer ( B) - 1this e “Yorepared, and a rolled s
piece and a s pared therefrom In the sa
descri bed in Exa iik8&l properties of -each

obt ai ned pellets, rolled sheet, te Ri ece and sheg
exam ned. The results are shown in Table 1. Conparative ]

R cBRNI SHEET %
YRS |

waere - :
anples 1 to 3. ..

FA——

In the same manner as described in Exanple 1 except that components shown
in Table 1 were enpl OYfbr  ghown in Table 5 means a high density
-polyethylene having a melt flow index of 0.25 g/10 minutes
at 190C (hereinafter the same).
As shown in Table 5, each rolled sheet obtained
in Examples 14 to 16 was remarkably excellent in surface
property.

/
Examples 17 to 20 and Comparative Exax_héles 9 to 10

Each composition shown in Table 6 was kneaded and
extruded by using a twin screw extruder in the same manner
as in Example 1 to give pellets. The obtained pellets were
extruded by using a single screw extruder (screw diameter:
50 mm, L/D: 20) with T—die at 230C to give an extruded
sheet having a width of 300 mm and a thickness of 0.5 mm.

Surface condition of the obtained extruded sheet
was examined in the same manner as in Examples 14 to
16. The results are shown in Table 6.
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particle dlarret;g
(solid matter) fis

Replaoddi oned non- crossl i nked
acryl ate) rubbi s added 50 parts of nmethyl
nmet hacryl ate, a pol yrrerl at Lon was carried by émﬁla -JJJN 1997

pol ynerization to give a graft copoly (here| nafter referfdd to as

0.2 [err] and a gel fracti on of 0 % To E;QE%éﬁENTSHEET

poly

graft copolyner (B)-4") latex. A final conversion was 98 {% and the

graft copolymer (B)-4ghpd & 0Ran B thgke 6 MBAR’ & ethylend=propylene

rubber having a melt flow index of 0.4 g/10 minutes at
130C (hereinafter the same).
As shown in Table 6, each extruded sheet obtained

in Examples 17 to 20 had an excellent surface property.

Examples 21 to 22 and Comparative Examples 11 to 12

Each rolled sheet obtained in ‘gxample 16 and
Comparative Example 8 and each extruded :sheet obtined in
Example 20 and Comparative Example 9 were vacuum molded by
heating the surface thereof at a temperature of about
170°C to about 180C by means of a cut-sheet type
thermoforming machine (made by Asano Laboratories Co.,
Ltd.) with a cup-shaped mold (aperture: 80 mm, depth: 72
mm, drawing ratio: 0.9, taper: about 15° ) and wupper and
lower heaters having a temperature of 350C, to give a
cup—shdped molded article.

Condition of draw down of the sheet during
heating was observed with the naked eye and estimated
according to the following criterion for evaluation. The
results are shown in Table 7.

(Criterion for evaluation)
A: Small draw down
B: A little large draw down.
C. Large draw down

Deviation of thickness of the obtained cup—shaped
molded article was examined by comparing the thickness of
the molded article with the thickness of the original
sheet (0.5 mm) and estimated according to the following
criterion for evaluation. The results are shown in Table
7.

(Criterion for evaluation)
A: Small deviation -of thickness
B: A little large deviation of thickness
C. Large deviation of thickness
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- 24 - 0.24 [err] The obtained graft copol yner (B)-4 |ate) psAcBMERT SHEET

dehydrated an grshé‘etjﬁis@egg la@dpowder thereof. In the sa mer ™ as

described in that the bo!e mentioned graft ¢@JUNI9S?
(B)-4 was used ‘Iﬁlﬂ!ﬂ“ graft opolyrrer -B)-1, Pellets wer e

prepared, and a a test piece and a sheet werieiprepered

J

therefrom In the sane rranner as descillaedgl n Exanple 1, physical

properties of each of thus pel l ets,
Example Physical properties
No. Used sheet
Draw down Deviation of.
thickness
21 Example 14 A } A
22 Example 18 A N A
Comparative
Example
11 Comparative C C
Example 8
12 Comparative C C
Example 9

As shown in Table 7, even when a rolled sheet or
an extruded sheet was vacuume formed with heating as in
Examples 21 and 22, draw down of the sheet during heating
"was small and the deviation of thickness of the obtained
molded article was small.

Examples 23 to 25 and Comparative Examples 13 to 14

Each composition shown in Table 8 was kneaded and
extruded by using a twin screw extruder in the same manner
as in Example 1 to give .pellets. The obtained pellets were
injection molded at 230C to give a test piece which
applies to ASTM test.

The obtained test piece was subjected to each of
the test for Izod impact resistance and flexural
elasticity. The results are shown in Table 8. .

The above-mentioned pellets were injection molded
at 230C to give a plate (100 mm x 150 mm, thickness: 3
mm). Presence of warp of the obtained plate was observed
with the naked eye and estimated -according to the
following criterion for evaluation. The results are shown

| THis SHEET Hae R
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rol | ed _test- piece and sheet were exam ned. [ REPLAGEMENT ET‘
shown in Table 1. Cbnparatlve Exanple 5 A nonomer conponent arts of{ i
met hyl met hacrEpisshest H polynmerized to give a WW&BN 1997 b}
(hereinafter r “ "pol yner-5") | atex. A fiinpl conversion 5?
was 98 % The a nmean ticle dianmeter of §{ 6=~4—ferri~—and ,
a gel fraction of O % .The obtained polyner-5 |atex was|_salt.ed-euts——""

dehydrated and dried to give a powder thereof.

described in eal
_ inFﬁ%ﬂﬂé 8.

‘Cnterlon for evaluation)
A: Small warp
B: A little small warp
C: Large warp

In the same manner as
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- 25 - REPLACEVENT-SHEEF---26_- LDPE shown in TabIeEF'El-‘c’:i’i_r’:aﬁﬁﬁﬁE"ﬂ:é".'.E.Ei‘.5
density pol yet hyl.ene V\/m ch has a nelt flow index of 0.25 d/ m nut es at

190[ err] C (here Regbe). The results shown in Tahl § 3JUN 19627
each pol ypropyl e ' ﬂ,”mth a core sheII graft c.o__ ol ymer

 WPPETRR

P

~ As shown in Table 8, -each sheet obtained in
Examples 23 to 25 was excellent in balance between impact
resistance and rigidity (flexural elasticity).
Furthermore, the warp of the obtained plate was small and
thus dimensional stability was improved.

Examples 26 to 27 and Comparatxve Example 15

Each composition shown in Table 9. was kneaded and
extruded by using a twin screw extruder in ‘the same manner
as in Example 1 to give pellets. The obtained pellets were
blow molded at 230C to 'give a bottle having a wall
thickness of 0.5 mm.

Condition of draw down of the parison during blow
molding was observed with the naked eye and estimated
according to the same criterion for evaluation as in
Examples 21 and 22. The results are shown in Table 9.

- Deviation of thickness of the obtained bottle was
determined by measuring a thickness of each part of the
bottle and culculating . the difference between the maximum
value and the minimum value thereof, and then estimated
according to the same criterion for evaluation as in
Examples 21 and 22. The results are shown in Table 9.

Table 9

Example Composition (part) Physical properties
No.

Polyolefin  Core-shell graft Draw Deviation

(A) - copolymer (B) down of thickness
26 100 (B)-1 (20) A A
27 100 (B)=-3 (20) A A
Comparative
Example .
15 100 - C C
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.pol yolefin al o Exarrpl es 1to 3). That ig—tte WMXIure]
of the present i small  nmel-t flow index; JUN bh
melting tensil e therefore draw down of {he ~ obtained
sheet was snall. Thus the processgdil+ty was inproved LA
addition, surface condi tion of the rol | ed sheet | i n knea |
roll was excellent and any plate out on roll surface

observed, and thus A$ieshount aire Tablepdht ym/aExamplgasl fzfiaandy 27 néra)\ved
in  each cﬁ@ﬁ O@{ ! soRPIAARE | BlowXeiRl@hg lwdd® shall Aatiéh 288"

nmol ded arti
ev1at1on of thickness of the obtained bottle was small.

obtained in e ﬁ | e5d had excell ent propertiei;s_;i;'-;c-;,‘jd;r':r'ﬁaaAEBﬂSfﬁE’@'

Examples 28 to 29 and Comparative Example 16

After components shown in Table 10 were mixed to
give ‘a resin composition, the composition ;was supplied to
an extruder for preparing a foam, which haﬁ an aperture of
65 mm and equipped with a circular die fzaving an aperture
of 10 mm at the top thereof.

~ Each of trichloromonofluoromethane and
dichlorotetrafluoroethane compressed at 100 to 200 kg/cm?3
as a blowing agent was pressure—supplied into the extruder
through an inlet provided in the middle portion of the
extruder, in an amount of about 13 parts, respectivly per
100 parts of the above-mentioned resin composition. With
kneading the resin composition and the blowing agent
sufficiently, the temperature was <cooled down to a
temperature suitable for expansion and then the resulting
mixture was extruded through the circular die into the air
to give a cylinder-shaped foam.

Expansion ratio of the obtained foam was
determined as a ratio of volume <change per a
predetermined weight. The results are shown in Table 10.

Surface conditions of the obtained foam was
observed with the naked eye and estimated according to the

following criterion for evaluation. The results are shown
in Table 10.

(Criterion for evaluation)
A: Smooth surface and uniform cell structure
B: A little rough surface and non-uniform cell
structure owing to  slight formation of
continuous cells
C: Remarkable rough surface and non—uniform cell

structure owing to formation of continuous
cells

THIS SHEET MAS BEEN
REFLACED




in Exanples 1 to 5 was excellent in balance betweenp-
processabi l i tr i Sheet 1133 BEdn Repitd St ance and rigidity (fl eimEELACEMENTSHEET

el asticity). graft copol ymer conprising a no crossl rnked
‘mm rative Exanple 4) or a non- cr@i” BkdUN 1997

rubber-1ike

acrylic pol yrre ExarrpTe45‘§ vas used, it was sh¢ that a
practical nolded article was not obtained because si gni fi camt

surface was observed and the surface condition of the I:oli_ed__she.er__mas”.-

roll
bad. In addition, it was shown that in case of using a
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crosslinked:- : ' rubber-l I ke pol yoer obt ai ned ; L.[] |
the obtained nol ded articte was particularly excell ent; E§<
stability becHu e&th@i&d\@ﬁ not any thermal discoloration. a

HEET

I h
sanme nmanner as anple 1 except that . 50 parts rﬂ% Jlm W

precipitated nate (rrea? particle dianeter: 10.15 [err]) of j
Wmch surface was tr t‘5 acid (herei nafter referred to

"(C-1") together with 20 parts of a povvder of the graft™

PPEB shown in Table 10 means a polypropylene

having a melt flow index of 0.5 g/10 minutes at 230C

(trade name: Noblen EB, available from Mitsui Toatsu
Chemicals, INC.). | |

As shown in Table 10, each foam obtained in

Examples 28 and 29 had- a high expansion ratio, even

surface and uniform cell structure wiﬂpout continuous
cells. .
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REPLACEMENT SHEET - ~ 27 -—copolymer (B)-1 was mixed with 100" par TSIEDE!'

pellets were iumm”w 'j roI |l ed sheet, a test pi eQe__.a:a:-.
sheet were pr m ’!ﬂ t he, ,samge -manner as descrl
Exanpl e * 1, physi€alt ‘propersie of 4Bach of thus obtainedl J%MS
rolled sheet test piece and sheet were exam ned. The results are

shown in Tabga® Wg CLAIM IS:

1. A polyolefin resin = composition  which
comprises:
(A) a polyolefin,
(B) 0.1 to 100 wparts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising f -.copolymerizable
vinyl compound selected so that the .7glass transition
temperature of a polymer of said monomef component alone
"is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25°C, and
(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A).

" 2. The co‘mpositibn of Claim 1, wherein said
polyolefin (A) is a propylene polymer comprising at least
50 % by weight of propylene.

3. The composition of Claim 1, wherein said
polyolefin (A) comprises said propylene polymer containing
at least 50 % by weight of propylene and 0 to 100 parts by
weight of polyethylene per 100 parts by weight of said
propylene polymer.

4. The composition of Claim 1, wherein said
polyolefin (A) has a melt flow index of not more than
4 g/10 minutes at 230C.

5. The composition of Claim 1, wherein said
crosslinked rubber-like polymer (a) is a diene rubber
comprising 60 to 100 % by weight of a diene compound and 0
to 40 % by weight of other vinyl compound copolymenzable
with said d1ene compound.

6. The composition of Claim 1, wherein said

ThlS Sheet Has Been laced |
THIS SHEET HAS DEEN |
BERLACED
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The above- rrentloned peI et 3. yer e extruded by using a singl e SCFeWCMENTSHEETI
extruder (screwd ¥ ﬁ L/D 20) with T-die at 230[err]‘C‘1:‘011‘V’E—

an extruded she th of 300 nmmand a thickness df: Oﬁgg‘m m’ ; :
appear ance extruded? stieet, surface condition was P
observed W|th the naked eye and estinmated according to the SRRt
criterion for evaluation as in a rolled sheet. The results are shown in._.

Tabl e 2. Exatfsissbinkedo orubberchikear ROIVEEE akp) esisé tan 7 daryifte SAiBberNNer

as descri bededtipeip! €66 e¥sertod hat tHie eeipbenbs SBEWIH T%%'r?-la%ewere

enpl oyed, having a C; to Czz alkyl group and 0 to 40 % by weight of
 other vinyl compound _ copolymeriza.ble with said alkyl
acrylate.

7. The composition of Claim 1, wherein said
monomer component (b) comprises 50 to 100, % by weighi: of
"at least onme of an aromatic vinyl compourd and an alkyl
methacrylate and 0 to 50 % by weight: of other vinyl
compound copolymerizable therewith.

8. The composition of Claim 7, wherein said
aromatic vinyl compound is at least one of styrene and
a —methylstyrene.

9. The composition of Claim 7, wherein said alkyl
methacrylate has a C; to Ce alkyl group.

10. The composition of Claim 1, wherein said
core—shell graft copolymer (B) 1is ©prepared by emulsion
polymerization.

11. The composition of Claim 1, wherein said
core—shell graft - copolymer (B) has a mean particle
- diameter of not more than 3 u m.

12. The composition of Claim 1, - wherein said
inorganic filler (C) is at least one of - calcium carbonate
and talc.

13. A process for opreparing a polyolefin resin
composition which comprises mixing a part of a polyolefin
(A) with 0.1 to 100 parts by weight of a core—shell gi'aft
copolymer (B) per 100 parts by weight of said polyolefin
(A) to give a masterbatch, and mixing said masterbatch
with the rest of said polyolefin (A) and -0 to 400 parts by
wexght of an inorganic filler (C) per 100 parts by weight

|||I|II| IHIII IIIll i l| |II| THS e W T
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pel lets. . were prepared, and a rolled sheet, a test piecéReRLACEMENERHE Tl‘
,extruded sheet—%eﬁe—pfepar ed- t—herefrom In the sane nmanner escribed i
‘Exanmpl e 6, ph of . each -of thus olfthi t@JUﬂeﬂm sl
roll ed sheet mlmw‘“ L sheet and extruded sheet | pere exam ned.

The results a = REBLACEMVENT SHEET - 28

ISR LU

of said polyolefin (A), said core-shell graft copolymer
(B) being a graft copolymerization product of (b) 5 to 60
parts by weight of a monomer component comprising a
copolymerizable vinyl compound selected so that the glass
_ transition temperature of a polymer of said monomer
component alone is not less than 25C, onto (a) 40 to 95

parts by weight of a crosslinked ber-like polymer
having a glass transition temperature off not more than
25C .

14. A molded article of the said composition of
Claim 1.

15. The molded article of Claim 14 which is a
film or sheet prepared. by calendering.

16. The molded article of Claim 14 which is a
film or sheet prepared by extrusion.

17. The molded article of Claim 14 which is
prepared by thermoforming a film or sheet.

18. The molded article of Claim 14 which is
prepared by injection molding.

19. The molded article of Claim 14 which is a
hollow article prepared by blow molding.

20. The molded article of Claim 14 which is a
foam prepared by expansion molding of said composition
containing a blowing agent.
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Abstract

, A polyolefin resin composition which
comprises;

(A) a polyolefin, }

(B) 0.1 to 100 parts of a core-shell .‘graft copolymer
prepared by graft copolymerizing (b) 5 4o 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component alone
is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25°C, and

(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A). The above-mentioned polyolefin resin composition
shows the excellent processability, impact  resistance,
rigidity and surface property.
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strength and therefore draw down of the obtained sheet wag®EppAEt w Sf-'ll-géjl‘
¥he processability was inproved. In addition, surface Jp Rﬁ
‘the rolled sheet and the extruded sheet was significant Rk 8@V ed
in Exanples 6 to 9. Also, each nolded article obtained in Exarrpl es 6
to 9 was excellent in balance bet ween processability, inpact resistance and
rigidity (flexural elasticity). Exanple 10 There were m xed 60 % of a
powder of the graft copolymer (B)-1 and 40 % of PP, and the resultant

m xture WK?QEEFW%ESW%WBSPYIW' BPRGEEY4 N Screw extruder
FOR THE PREPARATION THEREOF AND MOLDED
ARTICLE MADE THEREOF

The present invention relates to a 'polyolefin
resin composition, a process for the preparation thereof
and a molded article made thereof. More particularly, the
present invention relates to a polyolefin resin
composition excellent in processability, impact
resistance, rigidity, surface’ property and the like, a
process for the preparation thereof and a molded article
thereof. ,

-Hitherto, a polyolefin has been widely used for
preparing, for example, various molded articles because it
is inexpensive and excellent in physical properties.

' However, because  polypropylene, which is a
representative example of a polyolefin, is poor in
viscosity = and  tensile strength of the molten
polypropylene, polypropylene is poor in vacuum formability
(hereinafter, referred to as “ thermoformability”),
calender moldability, blow moldability, expansion
moldability and the like when being molded into a sheet.
Furthermore, in comparison with other polymers and resins
such as polystyrene, poly(vinyl chloride) and ABS resin,
polypropylene is poor in rigidity, Ilow temperature impact
resistance, surface property such as surface glossiness,
hardness and paintability of a product therefrom, and thus
poor in processability.

In order to improve the processability of the
above-mentioned polypropylene, in general, polyethylene is
mechanically mixed therewith. However, because the
processability improving effect of polyethylene is
insufficient, a large amount of polyethylene is required
to improve the processability and therefore the rigidity
of the obtained mixture lowers. ‘

In order to improve the viscosity and the tensile
strength of ‘a molten polyolefin, the molecular weight of



(Screw dianeter: 44 nm L/D: 30) at 200[err]C, 100-rpmtoR§E|P\lréngENTSHEET
, masterbatch. There were mxed 50 parts of thus obtai ne1l mﬁﬁgch,
80 parts of PP, 50 parts of heavy cal ciumcarbonate (nmean particle
dianeter: 1.8 [err]) of which surface was treated W th a fatty
acid (hereinafter referred to as_ "Z(C).-Z") and 0.5 part of calcium
stearate (hereinafter referred to as " CaS"), and the resultant

m xture was kneaded and extruded by using a twin screw extruder (screw

dianeter: 4¢ghdmpdivBleftl) & ZPeADEHC td00hédumé O igicreaswl.| et However,
the polyolefin having a large  molecular weight is
difficult to be processed by extrusion molding which is
one of important processings of a polyolefin.

It is proposed, for example, in USP No. 4156703
that a non—crosslinked acrylic polymer is added to
polyethylene to improve the  processability. However,
compatibility of polyethylene and the acrylic polymer is
not sufficient. Furthermore, because the acrylic polymer
is not crosslinked, the acrylic polymer is separated from
the polyolefin and _adheres to the surface of a calender
roll or the surface of die of an extruder (hereinafter,
referred to as “plate out”) on calendering or extrusion.
Thus the processability rather lowers. _

In order to 1improve the low rigidity of a
polyolefin itself and the lowering of the rigidity owing
to the incorporation of ©polyethylene, it has been
attemped that an inorganic filler is added to ‘the
polyolefin. However, the - inorganic filler is ©poor in
compatibility with the - polyolefin and therefore uniform
dispersing cannot be done. . Therefore when such polyolefin
added with the inorganic filler is used for preparing a
sheet by extrusion, the surface property of the sheet
considerably lowers.

In order to improve the impact resistance of a
polyolefin, generally a rubber component such as ethylene—
propylene rubber is introduced by mechanically mixing or
block copolymerization. However, the introduction of the
rubber component to the polyolefin by mechanical mixing or
block copolymerization has the following defects. It is
difficult to control the particle size of the particles to
be dispersed and, therefore, the rubber introduced does
- not  efficiently serve to improve the impact - resistance,
thus the effect. of improving impact resistance is

insufficient. Moreover because a large amount of the
rubber component is required to improve the impact
resistance, the rigidity of the - obtained mixture

lowers. Furthermore, the surface gloss of the
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. prepared a rolled sheet, a test piece and a sheet and physical fprjopp

- thereof were exam ned. The results are shown in Table 4. Ml ting t

strength

extrusi on speed

osm um

of the pellets were neasured with dies (1 mmx 10 nm

RL88.

at an

~of 5 mmimnute. Thegobtained rolled sheet was dyed with

obtained molded article lowers because of the large

particle size of the dispersed rubber component.

By using a core-shell type modifier which has
hitherto widely been used as an agent for improving the
impact resistance in a resin such as a poly(vinyl
chloride) resin, a rubber component (core) having a
predetermined particle diameter can be = efficiently
dispersed in the resin composition. So the core-shell
type modifier can prevent lowering of the rigidity and
improve the impact resistance of the obtained molded
article. However, the core—shell type modifier is hardly
usable with a polyolefin because the polyolefin is
non—polar and therefore the compatibility  of the
core-shell type modifier with the polyolefin is low.

It is  proposed, for  example, in  Japanese
Unexamined Patent Publication No. 185037/1991 and
USP No. 4997884, that the above—mentioned core—shell type
modifier is added to a polyolefin in the presence of a
specific = compatibilizer. However, the above—mentioned
compatibilizer is synthesized by a complicated process and
therefore the cost becomes high and the system for
synthesis is also complicated. '

Thus, there has not yet been proposed a
polyolefin resin  composition which  satisfies all of

properties such as  excellent processability, impact

resistance, rigidity and surface property.

An object of the invention is to provide a
polyolefin resin composition which satisfies all of the
above~mentioned properties.

This and other objects of the present invention
will become apparent from the description hereinafter.

It has been found that a polyolefin resin

‘composition satisfying  all of the above—-mentioned

properties can be obtained when a polypropylene is mixed
with a core—shell graft copolymer prepared from a specific

-crosslinked rubber-like polymer and a monomer component,
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v.core-shel | graft copolyner, as a property of the rolled sheet} W%TQQB
- observed by neans of a transmission type electron mcroscope, an

esti mat ed according to the followng criterion for evaluation.

A. Remar kably excel | ent dispersi bil i&y B: Excellent dispersibility C  Poor

dispersibility Exanple 1 1

and an inorganic filler.

In accordance with. the present invention, there
are provided a polyolefin resin  composition  which
comprises: .

(A) a polyolefin,
(B) 0.1 to 100 'parts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component alone
is not less than 25C, onto- (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25°C, and
(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A). '

~ The present invention also provides a process for
preparing a polyolefin resin composition which comprises
mixing a part of a polyolefin (A) with 0.1 to 100 parts by
weight of a core—shell graft copolymer (B) per 100 parts
by weight of said polyolefin (A) to give a masterbatch,
and mixing said masterbatch with the rest of said
polyolefin (A) and 0 to 400 parts by weight of an
inorganic filler (C) per 100 parts by weight of said
polyolefin (A), said core-shell graft copolymer (B) being
a graft copolymerization product of (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component
alone is not less than 25C, onto '(a) 40 to 95 parts
by weight of a crosslinked rubber-like polymer having
a glass transition temperature of not more than
25C.

The composition according . to the present
invention can be molded into various articles such as
film, sheet, hollow article foam and . the like by
calendering, extrusion, thermoforming, - injection molding,
blow molding, expansion molding ‘and other known molding



| h the same manner as described in Exanple 10 except that f

. graft copolyner (B)-1, 100 parts of PP, 50 parts of (C) - Zﬁﬁp%ﬁgg $HE§ﬁ
CaS were nmixed all at once, pellets were prepared, and a rbll EBget
a test piece and a sheet were prepared therefrom In the same manner as
described in Exanple 10, physical_ operties of each of thus

obt ai ned pellets, rolled sheet, est piece and sheet were

exami ned.  The results are shown in Table 4. Exanple 12 In the sane.manner

as descri padhbdsExanpl e 10

The polyolefin resin composition of the present
invention 1is, as described above, prepared by mixing 100
parts by weight of a polyolefin (A) with 0.1 to 100 parts
by weight of a core-shell graft copolymer (B) and 0 to 400
parts by weight of an inorganic filler (C), said
core—shell graft copolymer (B) being a graft
copolymerization product of (b) 5 to 60 parts by weight of
a monomer component comprising a copolymerizable vinyl
compound selected so that the glass transition temperature
of a polymer of the monomer component alone is not less
than 25C, onto (a) 40 to 95 parts by weight of a
crosslinked rubber-like polymer having a glass transition
temperature of not more than 25C.

The reason why the polyolefin resin composition
of the present invention shows all of the properties such
as excellent processability, impact resistance, rigidity
and surface property is understood as follows. '

By mixing the above—~mentioned polyolefin (A) with
the core-shell graft copolymer (B), the die swell lowers.
In particular, by mixing a part of the polyolefin (A) with -
whole amount of the core—shell graft copolymer (B) to be
used, to give a masterbatch, and then mixing the
masterbatch with the rest of the polyolefin (A) and whole
amount of the inorganic filler (C) to be wused, the
dispersibility of the core-shell graft copolymer (B) in
the polyolefin (A) 1is further improved and the tensile
strength of the obtained mixture in a molten state

increases. Thus the draw—down of the molten resin
is  improved. Therefore the obtained polyolefin resin
composition shows improved ° processability, - impact

resistance and surface property.

Although hitherto a core-shell type graft
copolymer cannot be compatible with a polyolefin in the
absence of a compatibilizer, a core-shell type graft
copolymer of the present invention is compatible with the



exéept that (C)-2 was not used, pellets were prepared, and a r JAERAACEMENT SHEET
‘a test piece and a sheet were prepared therefrom In the sane manney m 1998
described in Exanple 10, physical properties of each of thus _
obtained pellets, rolled sheet, test piece and sheet were exani ned.
The results are shown in Table 4. Exanple_.13 In the same nmanner as

described in Exanple 11 except tha (©-2 was not used, pellets
were prepared, and a rolled sheet, a test piece and a sheet were prepared
polyolefin  without any compatibilizer.. Thus the core-

shell type graft copolymer of the present invention acts
as an agent for improving the processability of the
polyolefin and the impact resistance of the obtained
molded article, and also improves the dispersibility of
the inorganic filler. The reason is considered that in
the conventional core-shell type graft copolymer a shell
layer is compatible with a .matrix resin to be mixed, while
in the opresent invention, utterly different from the
conventional type, a «core of the core-shell - graft
copolymer (B), namely 'a rubber component having a specific
glass transition temperature is compatible with polyolefin
(A).

When processing the resin composition obtained by
mixing the above-mentioned polyolefin (A) with the core-
shell graft copolymer (B), the core-shell graft copolymer
(B) in the present invention does not plate out on the surface of a
calender roll or a surface of die of an extruder, because the above-
mentioned ruhber component
has no stickiness to the metallic surface at a high
temperature. The reason is considered "not only that the
core layer, - namely the rubber component having a glass
transition temperature of not more than 25C, is
crosslinked, but also that a hard component having a glass
transition temperature of not less than 25C s graft
copolymerized as a shell layer onto the crosslinked
polymer.

Representative examples of the polyolefin (A)
used in the present invention are, for instance,
polypropylene, high density polyethylene, low  density
polyethylene, linear low density polyethylene, - poly-1-
butene, polyisobutylene, a random or block copolymer of
propylene and ethylene and/or l-butene in any .ratio, a
terpolymer of e_thylene, propylene and at most 10 % by
weight of a diene wherein ethylene and propylene may be
present in any ratio, polymethylpentene, a random, block
or graft copolymer. of ethylene or propylene with not more
than 50 % by weight of a vinyl compound such as a vinyl
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results are shown in Table 4. M xing nmethods and conponents in Exanples 10
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acetate, an alkyl methacrylate, an alkyl acrylate or an
aromatic vinyl compound, and the like. They may be used
alone or in admixture thereof.

In the present invention, as the polyolefin (A)
a propylene polymer prepared by polymerizing monomers
containing not less than 50 % by weight of propylene, and
a mixture of the propylene polymer and 0 to 100 parts by
weight of polyethylene per 100 parts by weight of the
above—mentioned propylene polymer, are preferable from the
viewpoint of availability and inexpensiveness. Also, as
the polyolefin (A), a polyolefin having a melt flow index
of not more than 4 g/10 minutes, particularly 0.1 to 3
g/10 minutes, at 230C is preferable, since effects such
as excellent kneadability  and  dispersibility with the
core—shell graft copolymer (B), the inorganic filler (C)
and the like, and the large tensile strength in a molten
state, are sufficiently produced.

" In the opresent invention, a core-shell graft
copolymer (B) is wused in .order to improve the impact
resistance and the processability of the above—~mentioned
polyolefin  (A). The core-shell graft copolymer comprises
the core of the crosslinked elastomeric polymer having a
glass transition temperature of not more than 25C and the
shell layer of the hard layer cbmprising a vinyl compound
selected so that the glass transition temperature of a
polymer of the vinyl compound alone is not less than
25°C. Furthermore, the core-shell graft copolymer in the
present invention includes a graft copolymer prepared by
graft copolymerizing the hard shell component in the
presence of the crosslinked rubber-like polymer which
forms the core.

The core-shell graft copolymer (B) used in the
present invention can be prepared by graft copolymerizing
(b) the monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of the monomer component alone is
‘not less than 25°C (hereinafter, referred to as *“monomer
component (b)”), onto (a) - the crosslinked rubber-like



1?; are shown in Table 3.
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polymer having a glass transition temperature of not more
than 25C (hereinafter, referred to as “ crosslinked
rubber—like polymer (a)”). _ |

In the present invention, the glass transition
temperature of the corsslinked rubber—like polymer (a) is
not more than 25C, as above—described. @ When the glass
transition temperature is more than 25C, the effect of
improving the processability, impact resistance and the
like, which 1is caused by the core-shell graft copolymer
(B), lowers. :

The glass transition temperature of a polymer of
the monomer component (b) alome 1is, as described above,
not lass than 25C. When the glass transition temperature
is less than 25C, the core-shell graft copolymer (B)
coagulates into a mass.

The above-mentioned glass transition temperature
and the determining method thereof are described in, for
example, "Polymer Handbook", second edition, a Wiley
interscience publication (1975). In the present
invention, a value calculated according to the following

equation was employed as the glass transition temperature
of a copolymer.

1/Tg = Wx/Tgx + Wy/Tgy

Tg: Glass transition temperature (C) of the
copolymer of components (x) and (y)

Tgx: Glass transition temperature '('C) of the
component (x) ..

Tgy: Glass transition temperature (C) of the
component (y).

Wx: Weight proportion (%) of the component (x)

Wy: Weight proportion (%) of the component (y)

_ Representative examples of the above-mentioned
crosslinked rubber-like polymer (a) are, for instance, a
diene rubber, an acrylic rubber, an - olefin rubber, a
silicone rubber and the likee Among these examples, a

-
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. the resin conposition obtained in Exanple 10 or 12 mmgpﬁ'ﬁgmgwﬁ%

prepared by previously m xing-a part of a polyolefin and a core-ﬂhblAP&;rBsa
copolynmer to give a masterbatch and then m xi ng the obtai ned nmast erbatch
with the rest of the 9

diene rubber and an acrylic rubber are preferable from the
yiewpoint of inexpensiveness, emulsion—polymerizability
and easiness in designing of a particle structure, and an
gcrylic rubber is more preferable from the viewpoint of
excellent heat stability. |

Representative examples of the above—mentioned
diene rubber are, for instance, a diene rubber comprising
60 to 100 % by weight of a diene compound and 0 to 40 %
by weight of a copolymerizable other vinyl compound
therewith, and the like.

Representative examples of the diene compound
used in the above-mentioned diene rubber are, for
instance, butadiene,  {soprene, chloroprene  and  the
likee. Though they may be wused alone or in admixture
thereof, among these examples butadiene is preferable from
the viewpoint of inexpensiveness, excellent compatibility
of the obtained core—shell graft copolymer (B) with the
polyolefin (A) and  excellent effect of improving the
processability and the impact resistance.

Representative examples of other vinyl compound
copolymerizable with the above—mentioned diene compound
are, for instance, an aromatic vinyl compound such as
styrene or « —methylstyrene; an alkyl methacrylate having
a Ci to Czz2 alkyl group such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, i-butyl methacrylate,
t—-butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylate; an alkyl acrylate having a2 C; to Caz alkyl
group such as methyl acrylate, ethyl acrylate, n-butyl
acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate or steraryl acrylate; an  unsaturated nitrile
compound such as acrylonitrile or methacrylonitrile;
and a vinyl compound having a reactive functional group
such as an acid anhydride group, carboxyl group, amino
group or hydroxyl group, e.g. maleic anhydride,
methacrylic acid, acrylic acid, methacrylamide,
acrylamide, dimethylaminoethyl methacrylate, hydroxyethyl
methacrylate or hydroxyethyl - acrylate and the like.
Though they may be used alone or in admixture thereof,



pélyolefin, an inorganic filler and the other conpoREPLACHABNT SHEET
excel | ent properties conpar ed wth t he resin conposition

obtained in Exanple 11 or 13 which was prepared by nixiﬂg1 ARR 1998
conmponents at once. That is, the conposition prepared by mxing wth
using masterbatch showed an excellent dispersibility of the

core-shell graft copolyner in thé’pd@yoFéfin, a small nelt flow index and a
high nelting tensile strength, and therefore draw down of the obtained

oS0 " hemanthactHoyE s SraBpls LS rent herie: Y BYEVRYE. afFxi ng
method  wideflerableng from the  viewpoint of inexpensiveness,
excellent compatibility of the obtained core—shell graft
copolymer (B) with the polyolefin (A) and excellent -effect
of improving the processability and the impact resistance.

The amount of the diene compound and other vinyl
compound copolymerizable therewith to be wused in the
above~mentioned diene rubber is 60 to- 100 % by weight of
the diene compound and 0 to 40 % by weight of the vinyl
compound, preferably 70 to 100 % by weight of the diene
compound and 0 to 30 % by weight of the vinyl compound.
When the amount of.the diene compound is less than 60 % by
weight, namely the amount of other vinyl compound is more
than 40 % by weight, the compatibility of the obtained
core—shell graft copolymer (B) and the polyolefin (A), and
‘effect of improving the processability and the impact
resistance tend to lower. :

" Representative examples of - the above-mentioned
acrylic rubber are, for instance, an acrylic rubber
comprising 60 to 100 % by weight of an alkyl acrylate
having a C; to Cz. alkyl group and 0 to 40 % by weight of
other vinyl compound copolymerizable therewith and the
like. '

Representative. examples of the alkyl acrylate
having a C; to C,z alkyl group used in the above—mentioned
acrylic rubber are, for instance, ethyl acrylate, n-butyl
acrylate, i-butyl acrylate, t-butyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate and the like Though they may
be wused alone or in admixture thereof, among these
examples n-butyl acrylate and 2-ethylhexyl acrylate ‘are
preferble from the viewpoint of inexpensiveness, excellent
compatibility of the obtained core—shell graft copolymer'
(B) with the polyolefin (A) and excellent effect of
improving the processability and the impact resistance.

Representative examples of other vinyl compound
copolymerizable with the above-mentioned alkyl acrylate
are, for instance, the aromatic vinyl compound exemplified
as the vinyl compound copolymerizable with the above-



nast erbatch. Exanples 14 to 16 and Conparative Exérrpl e 8 EéBEPU&ﬁﬁW'WH#ET
., Sshown in Table 5 was supplied into an extruder for kneadi ng and exkéﬁm gg
[

whi ch step
Each of

was a pretreatnment for a calendering, to give a nol ted
t he obt ai ned nol ten resin was successively supplied

to

an inverted L calender to give a rolled sheet having a thickness of 0.5

mm Surface condition of the obtairmedldol "ed sheet was observed with the

naked eye and estimted according to the following criterion for

eval uati on.

men-lgi]gneé escﬂlehg gcgrﬁpound; an alkyl methacrylate having a

C, to Czz alkyl group such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, i~butyl methacrylate,
t-butyl methacrylate, 2-ethylhexyl methacrylate or stearyl
methacrylate; methyl acrylate; an  unsaturated  nitrile
compound such as acrylonitrile or methacrylonitrile a
vinyl compound having a reactive functional group such as
an acid anhydride group, carboxyl group, amino group or
hydroxyl group eg maleic anhydride, methacrylic acid,
acrylic acid, methacrylamide, . acrylamide,
dimethylaminoethyl methacrylate, hydroxyethyl methacrylate
or hydroxyethyl acrylate, and the like. They may be used
alone or in admixture thereof. @ Among these examples,
styrene and methyl methacrylate are preferable from the
viewpoint  of excellent effect  of improving  the
processability of the obtained core-shell graft copolymer
(B) and inexpensiveness.

"~ The amount of the alkyl acrylate having a Cz to
Cz2z alkyl group and other vinyl compound copolymerizable
with the alkyl acrylate to be used in the above-mentioned
acrylic rubber is 60 to 100 % by weight of the alkyl
acrylate and 0 to 40 % by weight of the vinyl compound,
preferably 65 to 100 % by weight of the alkyl acrylate and
0 to 35 % by weight of the vinyl compound. When the

amount of the alkyl acrylate is less than 60 % by weight,

namely the amount of the vinyl compound is more than 40 %
by weight, the compatibility of the obtained core-shell
graft copolymer (B) with the polyolefin (A), and effect of
improving the processability and the impact resistance
tend to lower.

Examples of the above—mentioned olefin rubber
are, for instance, ethylene~propylene~diene rubber, butyl
rubber and the like. Examples of the above—mentioned
silicone ._rubber are, for instance, polydimethylsiloxane
rubber and the like.

The crosslinked rubber-like polymer (a) can be
prepared by crosslinking a rubber-like polymer such as the
above-mentioned  diene rubber, acrylic rubber, olefin
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rubber or silicone rubber.

The method for the above-mentioned crosslinking
is not particularly limited. The method can bte suitably
selected, according to a kind of the wused rubber-like
polymer, from various conventional methods, for instance,
a method utilizing self-crosslinking of butadiene, a
method using a multifunctional crosslinking agent such as
divinylbenzene or 1,3~butanediol dimethacrylate, a method
using a graftlinking agent such as allyl methacrylate,
allyl acrylate or diallyl phthalate, a method wusing a
peroxide, and the like ‘In case of crosslinking the
acrylic rubber, it 1is preferable to select and use the
method using a multifunctional crosslinking agent with a
graftlinking agent or the method wusing a graftlinking
agent by reason that active site for grafting is produced
when crosslinking and graft copolymerization are
simultaneously carried out.

' Thus obtained crosslinked rubber—like polymer (a)
is prepared preferably so as to have not less than 50 % by
weight, more opreferably so as to have not less than 60 %
by weight of gel fraction caused by crosslinking
(hereinafter referred to as “gel fraction”). In case
that the above-mentioned gel fraction is less than 50 % by
weight, if thus obtained polyolefin resin composition is
used for, e.g., calendering, the composition tends not to
show the sufficient effect of improving the
processability owing to the plate out thereof onto a
calender roll.

The above-mentioned gel fraction is a ratio of
insoluble matter which is separated by centrifuging a
mixture obtained by immersing the crosslinked rubber—like
polymer into a good solvent for the rubber component, such
as toluene or methyl .ethyl ketone for 48 hours.

Representative examples of the above-mentioned
. monomer component (b). are, for instance, the aromatic
vinyl compound exemplified as the vinyl compound
copolymerizable with the diene compound in the above-
mentioned crosslinked rubber-'like polymer (a); an alkyl
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. polyethyl ene having a nelt flow index of 0.25 g/10 m nutes at] 39§pRr1ggg:
(hereinafter the sanme). As shown i.n Table 5, each rolled sheet ‘obtained I n

Exanples 14 to 16 was remarkably excellent in surface property. Exanples 17

to 20 and Conparative Exanples 9_to;30 Each conposition shown in Table 6
was kneaded and

methacrylate having a C, to Cz alkyl group such as methyl
methacrylate, ethyl methacrylate,  n-butyl methacrylate,
i-butyl  methacrylate, t-butyl methacrylate, 2-ethylhexyl
methacrylate or stearyl methacrylate; an alkyl acrylate
having a C, to C,z alkyl group such as methyl acrylate,
ethyl acrylate, n-butyl acrylate, i=butyl acrylate,
t-butyl acrylate, 2-ethylhexyl acrylate or steraryl
acrylate; an  unsaturated  nitrile compound such as
acrylonitrile or methacfylonitrile; a vinyl compound
having a reactive functional group such as an acid
anhydride group, carboxyl group, amino group or hydroxyl
group e.g. maleic anhydride, methacrylic acid, = acrylic
acid, methacrylamide acrylamide, dimethylaminoethyl
methacrylate, hydroxyethyl methacrylate or hydroxyethyl
acrylate, and the likee They may be used alone or in
admixture thereof.

" The  azbove~mentioned  monomer  component (b)
preferably comprises 50 to 100 % by weight of the
above—mentioned aromatic vinyl compound and/or the alkyl
methacrylate and 0 to 50 % by weight of other vinyl
compound copolymerizable therewith, by reason that it is
hard to cause a lowering of polymerizability and increase in cost.

From . .the viewpoint of good polymerizability and
inexpensiveness, it is particularly preferable to use
styrene and e —~methylstyrene -as the above—mentioned
aromatic vinyl compound, and to use an alkyl methacrylate
having a C; to Cg alkyl group as the alkyl methacrylate.

The above~mentioned core—shell graft copolymer
(B) can be prepared by graft copolymerizing the monomer
component (b) onto the crosslinked rubber-like polymer
().

‘The amount of the above-mentioned monomer
component (b) to be used is 5 to 60 parts by weight per 40
to 95 parts by weight of the above-mentioned crosslinked
rubber-like polymer (a), preferably 10 to 60 parts by
weight per 40 to 90 parts by weight of the above—mentioned
crosslinked rubber-like polymer (a).

When the amount of the crosslinked rubber-like



extruded by using a twin screw extruder in the same manner as i ERGEMENT GHEET

.to give pellets. The obtained pellets were extruded by using 8 EIAFR_‘,GI?
screw extruder (screw dianeter: 50 mm L/D: 20) with T-die at 230[ er't] @

give an extruded sheet having a wdth of 300 nmand a thickness of 0.5 nm
Surface condition of the obtained eﬁrud_ed sheet was examined in the sane
manner as in Exanples 14 to 16. The“results are shown in Table 6.

polymer (a) is less than 40 parts by weight, namely the
amount of the monomer component (b) is more than 60 parts
py weight, the effect of improving the processability and
the impact resistance which is caused by the resulting
core~shell graft copolymer (B) comes to lower. On the
contrary, when the amount of the crosslinked rubber-like
polymer (a) is more than 95 parts by weight, namely the
amount of the monomer component (b) is less than 5 parts
by weight, the resulting core—shell graft copolymer (B)
comes to coagulate into a mass.

The above-mentioned core—-shell graft copolymer
(B) can be polymerized by means of a conventional method
for radical polymerization such as suspension
polymerization or emulsion polymerization. Among these
examples, the emulsion polymerization is preferable from
the viewpoint of control of particle size, particle
structure and the like.

" Also, particles of the resulting core-shell graft
copolymer (B) in the present invention can be enlarged by
adding an acid, a salt, an agent for coagulation, and the
like in polymerization step. '

A mean particle diameter of thus obtained
core—shell graft copolymer (B) is preferably not more than
3 um, more preferably not more than 2.5 u m on purpose to
improve surface property of the resulting polyolefin resin
composition.

The inorganic filler (C) wused in the present
invention has function of improving rigidity, paintability
and printability, and the like of the resulting polyolefin
resin composition. Representative examples of the
inorganic filler (C) are, for instance, heavy calcium
carbonate, light calcium carbonate, talc, glass fiber,
magnesium carbonate, mica, kaolin, calcium sulfate,- barium
sulfate, titanium  white, white carbon, carbon  black,
aluminium hydroxide, magnesium hydroxide and the like.
They can be used alone or in admixture ‘thereof. Among
these examples, heavy calcium carbonate, light calcium
carbonate and talc are preferable from the viewpoint of
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m nutes at 190[err]C (hereinafter the sane). As shown in Table 6, each
extruded sheet obtained
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availability. The mean particle diameter of the above-
mentioned inorganic filler (C) is preferably not more than
about 10 g m, more preferably not more than about $§
gm  When the mean particle diameter of the inorganic
giller (C) is more than 10 u m, the surface property of.
the resulting polyolefin resin  composition tends to
deteriorate.

The polyolefin resin composition of the present
invention can be prepared by mixing the polyolefin (A)
with the core-shell graft copolymer (B) and the inorganic
filler (C). ‘ :

The amount of the above-~mentioned polyolefin (A),
core-shell graft copolymer (B) and inorganic filler (C) to
be used is 0.1 to 100 parts by weight of the core—shell
graft copolymer (B) and 0 to 400 parts by weight of the
inorganic filler (C), preferably 0.5 to 70 parts by weight
of the core-shell graft copolymer (B) and 0 to 300 parts
by weight of the inorganic filler (C), per 100 parts by
weight of the polyolefin (A). When the amount of the
above~mentioned core-shell graft copolymer (B) is less
than 0.1 part by weight, there insufficiently appears the
effect of improving processability and surface property
caused by "the core~shell graft copolymer (B). In
contrast, when the amount - of the core-shell graft
copolymer (B) is more than 100 parts by weight, the
original character of the polyolefin (A) comes to decline.
When the amount of the above—mentioned inorganic filler
(C) is more than 400 parts by weight, the surface property
of the resulting polyolefin resin composition comes to
deteriorate.

' In mixing the above—mentioned polyolefin (A) and
core~shell graft copolymer (B) and inorganic filler (C) in
the present invention, it is preferable to previously mix
a part of the polyolefin (A) and the core—shell graft
copolymer (B) to give a masterbatch and then mix thus
obtained masterbatch with the rest of the polyolefin (A)
and the inorganic filler (C), by reason that
dispersibility of the core-shell graft copolymer (B) is
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in Exanples 17 to 20 had an excellent surface property. Exanples lehoméé

. and Conparative Exanples 11 to 12 Each rolled sheet obtained 1i A
Exanple 16 and Conparative Exanple 8 and each extruded sheet obtined in
Exanpl e 20 and Conparative Exanple 9 were vacuum nol ded by heating the
surface thereof at a tenperature_of jgbowt |70[err]C to about 180[err]C
by neans of a cut-sheet type thernoform ng machi ne (nmade by Asano
Laboratories Co., Ltd.) with a cup-shaped nold (aperture dianmeter: 80 mm
dept h: 72¢gpthelr amprgvedt i o: 0.9, taper angle: about 15[err] ) and upper

and | over “heaters Vi go, s {SFPERE e Obe ST pbfFoletif By to

pe previously mixed with the core-shell graft copolymer
(B), is preferably 0.1 to 80 % by weight, more preferably
0.1 to 70 % by weight per 100 % by weight of the whole
amount of the polyolefin (A) from the viewpoint of
excellent mixing property.

The amount of the polyolefin (A) and the core—
shell graft copolymer (B) to be wused in the above-
mentioned preparation of masterbatch is preferably 5 to 95
% by weight of the polyolefin (A) and 5 to 95 % by weight
of the core-shell graft copolymer (B), more preferably 5
to 80 % by weight of the polyolefin (A) and 20 to 95 % by
weight of the core-shell graft copolymer (B). When the
amount of the polyolefin (A) is less than 5 % by weight,
namely the amount of the core-shell graft copolymer (B) is
more than 95 % by weight, there appears tendency that
viscosity comes to increase and therefore mixing comes to
be difficult. In contrust, when the amount of the
polyolefin (A) is more than 95 % by weight, namely the
amount of the core—shell graft copolymer (B) is less than .
5 % by weight, effect of improving dispersibility tends to
lower.

The method for opreparing a masterbatch by
previously mixing a part of the polyolefin (A) and the
core~shell graft  copolymer (B), is not particularly
limited. They are mixed by an extruder, a mixing roll or
other mixing machine. Among these examples, it s
preferable to mix them by an extruder from the viewpoint
of productivity. '

The method for mixing thus obtained masterbatch
with the rest of the polyolefin (A) and the inorganic
filler (C) is not particularly limited. It 1is preferable
to suitably select the mixing machine such as an extruder
or a mixing roll according to the use of the polyolefin
resin. In the present invention, the polyolefin ‘resin
composition can be also prepared by - a mixing method
comprising multiple steps, for instance, a method by
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cup-shaped nol ded article. Condition of draw down of the sheet dur!nf;

~heating was observed with the naked eye and estimted according t IAP(B 1998

1 following criterion for evaluation. The results are shown in Table 7.
(Criterion for evaluation) A: Snmall draw down B: Alittle |arge draw down
C. Large draw down Devi ati on of thi_ckqgss_of t he obt ai ned cup-shaped nol ded
article was exam ned by conparing the thickness of _

mixing a part of the polyolefin (A) and the inorganic
filler (C), and then adding the rest of the polyolefin (A)
and the core—shell graft copolymer (B) thereto to mix
them, or the like.

The polyolefin resin composition of the present
invention can be prepared as described above. To the
polyolefin resin composition may be further added, as
occasion demands, for instance, a stabilizer, a lubricant,
a core-shell type agent for improving processability used
in the known poly(vinyl chloride) resin, and the
like. .

Representative examples of the above-mentioned

stabilizer are, for instance, a  phenol stabilizer.
such as pentaerythritol-tetrakis{ 3—(3, 5~di~t—-butyl-4-
hydroxyphenyl)propionate] or triethyleneglycol-bis[ 3—=(3-
t-butyl-S-methyl-4-hydroxyphenyl)propiohate],
a phqsphorous stabilizer such as tris(monononylphenyl)-
phosphate or tris(2,4-di-t-butylphenyl)phosphate, a sulfur
stabilizer such as dilaurylthiodipropionate, and the like.
They can be wused alone or in admixture thereof. The
amount of the stabilizer to be wused 1is conventionally
about 0.01 to 3 parts by weight, preferably about 0.05 to
2 parts by weight per 100 parts by weight of the
polyolefin (A). ' _

Representative examples of the above—-mentioned
lubricant are, for instance, a salt such as a sodium salt,
a calcium salt or a magnesium salt with a saturated or
unsaturated fatty acid such as lauric acid, palmitic acid,
oleic acid or stearic acid, and the like. They can be
used alone or in admixture thereof. The amount of the
lubricant to be wused is conventionally about 0.1 to 3
parts by weight, preferably about 0.1 to 2 parts by weight
per 100 parts by weight of the polyolefin (A).

Addition of the above—mentioned stabilizer,
lubricant, agent for improving processability and the like
-may be carried out during preparing the above~mentioned
masterbatch, or during mixing the masterbatch with the
rest of the polyolefin (A) and the inorganic filler (C);



thé nol ded article with the thickness of the original sheet RE(PA‘AQEMWSHgﬁE

vestimated according to the following criterion for evaluaijoAPR 1998
results are shown in Table 7. (Criterion for evaluation) A Small
deviation of thickness B: Alittle large deviation of thickness C. Large
devi ati on of thickness 8

and is not particularly limited.

The polyolefin resin composition of the present
invention shows remarkably improved excellent
processability, impact resistance, rigidity, surface
property and the like. Therefore, by using the polyolefin
resin composition of the present invention can be prepared
useful molded articles by means of various molding methods
including molding methods by which it has been difficult
to mold the known polyolefin resin compositions.

Examples of the molding method wusable in the
present invention are, for instance, calender molding,
extrusion molding, thermoforming, injection molding, blow
molding, expansion molding and the like.

For instance, from the polyolefin resin
composition of the present invention can be prepared
molded articles in the form of film or sheet by
calendering or extrusion molding. Further, another molded
article can. be prepared by thermoforming thus obtained
film or sheet at a  temperature suitable for the used
polyolefin resin composition. Also, it 1is possible to
prepare an Injection molded article or a hollow article by
injection molding or Dblow molding, respectively, from
e.g., _pellets obtained by extruding the above—mentioned
composition. .

Furthermore, a foam can be prepared by adding a
blowing agent to the polyolefin resin composition of the
present invention and then expansion-molding the mixture
with e.g., an extruder or the like.

Representative examples of the above-mentioned
blowing  agent  are, for instance, a  halogenated
hydrocarbon e.g., trichloromonofluoromethane, methylene
chloride, methyl chloride, dichlorodifluoromethane,
dichloromonofluoromethane, . monochlorodifluoromethane,
dichlorotetrafluoroethane or trichlorotrifluoroethane, an
aliphatic hydrocarbon e.g, propane, butane, pentane or
hexane, an alcohol, an ester, a ketone, an ether, a

chemical blowing agent e.8., sodium - hydrogencarbonate,
azodicarbonamide, N,N-dinitrosopentamethylenetetramine,
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» Physical properties No. Used sheet Draw down Devi 4t iNPR 1998
t hi ckness 21 Exanpl e 14 A A 22
Exanpl e 18 A A Conparative Exanple
- 19 -

p-toluenesulfonyl semicarbazide, and the like. They can
be wused alone or in admixture thereof. Among these
examples, it is preferable to use an organic volatile type
blowing agent of which boiling point is about -40° to 60%C
under ordinary pressure, such as trichloromonofluoro—"
methane or dichlorotetrafluoroethane alone or in admixture
thereof. The amount of the blowing agent to be used is
not particularly limited. It is preferable to use
conventionally about 3 to 50 parts by weight of the
blowing agent per 100 parts by weight of the polyolefin
resin composition of the present invention.

The present invention is more specifically
described and explained by means of the following Examples
and Comparative Examples in which all percents and parts
are by weight unless otherwise noted. It is to be
understood that the present invention is not limited to
the Examples, and various changes and modifications may be
made in the invention without departing from ' the spirit
and scope thereof.

Example 1
Butadiene was emulsion polymerized to give a

crosslinked polybutadiene rubber latex. The crosslinked
polybutadiene rubber had a glass transition temperature of
-85C, a mean particle diameter of 0.25 um and a gel
fraction of 85 %.

To 70 parts (solid matter) of the above—mentioned
crosslinked polybutadiene rubber latex was added 30 parts
of a monomer component comprising 15 parts of methyl
methacrylate and 15 vparts of styrene (glass transition
temperature of a polymer of the monomer component:
100¢C). Thus obtained mixture was graft copolymerized by
emulsion  polymerization to give a core-shell graft
copqumer (hereinafter referred to as “graft copolymer
(B)-1") latex. A final conversion was 98 % A mean
particle diameter of the graft copolymer (B)~1 was - 0.26
M . '

The obtained graft copolymer (B)-1 latex was



11 Conpar ati ve C C Exanpl o REPLACEMENT SHEET
_ Conparative C C Exanple 9 As shown in Tdbl APR 1898:n
when a roll ed sheet or an extruded sheet was vacuune formed under heating
as in Exanples 21 and 22, draw down of the sheet during heating was snall
and the deviation of thickness of _thepobtai ned nol ded article was small.
Exanpl es 23 to 25 and Conparative Exanples 13 to 14 Each conposition shown
in Table 8 was kneaded and :
salted out, dehydrated and dried to give a powder. Twenty

parts of the resulting graft copolymer (B)-l in a form of
powder was mixed with 100 parts of a polypropyrene (trade
name: Hipol-B-200, available from MITSUI PETROCHEMICAL
INDUSTRIES, LTD, melt flow index at 230C: 0.5 g/10
minutes)  (hereinafter referred to as “PP"). Thus
obtained mixture was kneaded and extruded by using a twin
screw extruder (screw diameter: 44 mm, L/D: 30) at 200¢C,
100 rpm to give pellets.

A melting tensile strength and a melt flow index
at 230C of the obtained pellets were measured according to
the following methods. The results are shown in Table 1.

Melting tensile strength

By wusing a Capirograph (available from Toyo Seiki
- Seisaku—-Sho, Ltd.) with dies (2 mm x 10 mm), a melting
tensile strength (g) was measured at 200C, an extrusion
speed of 20 mm/minute and a draw speed of testing of 1
m/minute. '
Melt flow index (at 2307C)

According to ASTM-D . 1238, a melt flow index
(g/10 minutes) was measured at 230¢C. |

Then, thus obtained pellets were kneaded for 3
qzinutes by rolls at 200C to give a rolled sheet. The
rolled sheet was press molded to give a test piece which
applies to each of ASTM~D256 and ASTM-D790.

As appearance of the above-mentioned rolled sheet
in kneading by rolls, surface condition, presence of
thermal discoloration and presence of plate out on the
roll surface were ©observed with the naked eye, and
estimated  according to the following criterion for
evaluation.. The results are shown in Table 1.

(Criterion for evaluation)
Surface condition of rolled gheet

A: Even surface and excellent gloss
B: A little rough surface and a little poor
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extruded by using a twin screw extruder in the sane manner as In Exanliol 1
ttAPR 1

to give pellets. The obtained pellets were injection nolded

* 230[err]C to give a test piece which applies to ASTMtest. The
obtai ned test piece was subjected to each of the t est for | zod
| npact resistance and flexural glasticity. The results are shown in
Tabl e 8. The above-nentioned pellets were injection nolded at 230[err]C to
give a plate (100 mm x 150 mm thickness: 3 mm). Presence of warp of the
obt ai ned pl ate was ob§3}_C\__S§Q with ‘the naked eye and estinmated

according to the C: Remarkably uneven surface and poor gloss
Thermal discoloration of rolled sheet
- A: No thermal discoloration
B: Slight thermal discoloration
C. Remarkable thermal discoloration
Plate out on roll surface
o A: No plate out
B: Slight plate out
C: Remarkable plate out

Impact resistance and flexural elasticity

The above—mentioned test piece was subjected to
each of the test method for Izod impact resistance and the
test for flexural elasticity according to ASTM-D256 and
ASTM-D790. The results are shown in Table 1.

Draw_down of sheet _

The pellets were kneaded in the same manner as
described " above to prepare a sheet (100 mm x 100 mm,
thickness: 1.5 mm). The prepared sheet was fixed with a
clamp having an opening of 76 mm x 76 mm. Then, the fixed
sheet was heated in an oven of which temperature was 190TC
for 30 minutes to measure draw down (mm) of the sheet.
The results are shown in Table 1.

. Example 2
Monomer components of 70 parts of butadiene and

30 parts of styrene were emulsion polymerized to give a
crosslinked diene rubber latex. @~ The crosslinked diene
rubber had a glass transition temperature of -50C, a mean
particle diameter of 0.1 z m and a gel fraction of 80 %.

Then, in the same manner as described in'.Example
1 except that 70 parts (solid matter) of thus obtained
crosslinked diene rubber latex was used instead of the
crosslinked polybutadiene rubber latex, “a core-shell -graft
copolymer (hereinafter referred to as - “graft copolymer
(B)=2") was prepared. A final conversion was 98 % A



following criterion for evaluation. The results are shO'WPLACEMENTSHEET
+REPLACEMENT SHEET - 40 - in Table 8. (Criterion for eval uation) 1A1 m H
warp B: Alittle small warp C. Large warp 998
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mean particle diameter of the graft copolymer (B)-2 was
0.12 z m. |

Further, in the same manner as described in
Example 1 except that the above-mentioned graft copolymer
(B)-2 was wused instead of the graft copolymer (B)-1,
pellets were prepared, and a rolled sheet, a test piece and
a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,

rolled sheet, test piece and sheet were examined  The
results are shown in Table I. |

Examples 3 and 4

In the same manner as described in Example 1
except that the amount of the used graft copolymer (B)-1
was changed into 50 parts (Example 3) or that the amount
of the wused graft copolymer (B)~1 was changed into 70
‘parts * (Example 4), pellets were prepared, and a rolled
sheet, a test piece and a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test -piece and sheet were examined. The
results are shown in Table 1.

Example §
Monomer components of 100 parts of n-butyl

acrylate and 1 part of allyl methacrylate. were emulsion
polymerized to give a crosslinked poly(butyl acrylate)
rubber latex. The crosslinked poly(butyl acrylate) rubber
had a glass transition temperature of -55C, a mean
particle diameter of 0.2 xz m and a gel fraction of 85 %.

To 70 parts (solid matter) of the above-mentioned
crosslinked poly(butyl acrylate) rubber latex was added 30
parts of 2 monomer component comprising 27 parts of methyl
methacrylate and 3 parts of n-butyl methacrylate (glass
transition temperature of a polymer of the monomer
component: 957 ). Thus obtained mixture was graft
copolymerized by emulsion polymerization to give a core-
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~shell graft copolymer (hereinafter referred to as “graft
copolymer (B)-3") latex. A final conversion was 93 % A
mean particle diameter of the graft copolymer (B)-3 was
0.22 um. The obtained graft copolymer (B)-3 latex was
salted out, dehydrated and dried to give a powder.

Then, in the same manner as described in Example
1 except that the graft copolymer (B)-3 was used instead
of the graft copolymer (B)-1, pellets were prepared, and a
rolled sheet, a test piece and a sheet were prepared
therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

Comparative Examples 1 to 3

In the same manner as described in Example 1
except that components shown in Table 1 were employed,
pellets were preparad, and a rolled sheet, a test piece and
a sheet were prepared therefrom.

In the same manner as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

Comparative Example 4

A monomer component of 100 oparts of butyl
acrylate was emulsion polymerized to give a
non—crosslinked poly(butyl acrylate) rubber . latex. The
non—crosslinked poly(butyl acrylate) rubber had 2 mean

particle diameter of 0.2 x m and a gel fraction of 0 %
- To 50 parts (solid matter) of the above~mentioned
- non—crosslinked  poly(butyl acrylate) rubber latex was
added 50 parts of methyl methacrylate, and a graft
copolymerization was carried by emulsion polymerization to
give a graft copolymer (hereinafter referred to as * graft
copolymer (B)-4”) latex. A final conversion was 98 % and
the graft copolymer (B)-4 had 2 mean particle diameter of




Exanmples 23 to 25 was excellent in balance between irrpa’é’liplr@i“@ﬁ’\gnﬁf‘éfﬁ
and rigidity (flexural el asticity). Furthernore, the warp of
the obtained plate was small and thus di nensional stability mds]ingmi.
Exanpl es 26 to 27 and Conparative Exanple 15 Each conposition shown in

Tabl e 9 was kneaded and extruded by a twin screw extruder in the
sane manner as in Exanple 1 to give pellets. The obtai ned pellets were
blow nmolded at 230 C to givye hottle having a wall thickness of

0.5 nmm Condition of draw down of the parison during blow

0.24 zm

The obtained graft copolymer (B)—4 latex was
salted out, dehydrated and dried to give a powder thereof.

In the same -manner as described in Example 1
except that the above-mentioned graft copolymer (B)-4¢ was
used instead of the graft copolymer (B)-1, pellets  were
prepared, and a rolled sheet, a test piece and a sheet
were prepared therefrom. _

In the same manner - as described in Example 1,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.

Comparative Example 5

A monomer component of 100 parts of methyl
methacrylate was emulsion polymerized to give a polymer
(hereinafter referred to as  “polymer-5") latex A final
conversion was 98 % The polymer-5 had a mean particle
diameter of 0.1 um and a gel fraction of 0 %  The
obtained polymer—-5 latex was salted out, dehydrated and
dried to give a powder thereof.

In the same manner as described in Example 1
except that the above-mentioned polymer—-5 was used instead
of the graft copolymer (B)-1, .pellets were prepared, .and a
rolled sheet, a test piece and a sheet were prepared
therefrom. .

In the same manner as described in Example I,
physical properties of each of thus obtained pellets,

rolled sheet, test piece and sheet were examined. The
results are shown in Table 1.
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No. Pol yol efin Core-shell graft Draw Deviation (A r
+ (B) down of thickness 26 ( 100 ) (B)-1 (20) L Rpﬁ%ﬁm
A 27 ( 100 ) (B)-3 (20) A A Conparative
Exanpl e 15 (100) - C C
- 26 -

LDPE shown in Table 1 means a low density
polyethylene which has a melt flow index of 0.25 g/10
minutes at 190°C (hereinafter the same). .

The results shown in Table 1 show that each
polypropylene mixed with a core—shell graft copolymer
obtained in Examples 1 to 5 had excellent properties
compared with polyolefin alone (Comparative Examples 1 to
3). That is, the mixture of the present invention showed
a small melt flow index and a high melting tensile
strength, and therefore draw down of the obtained sheet
was small. Thus the processability was improved. In
addition, surface condition of the rolled sheet in
kneading by roll was excellent and any plate out on roll
surface was not observed, and. thus the surface property
was significantly improved in each molded article obtained
in Examples 1 to 5. Also, -each molded article obtained
in Examples 1 to 5 was excellent in balance between
processability, impact resistance and vrigidity (flexural
elasticity).

In case that a graft copolymer comprising a non-
crosslinked rubber-like polymer (Comparative Example 4) or
a non-crosslinked acrylic polymer (Comparative Example 5)
was used, it was shown that a practical molded article was
not obtained because significant plate out on roll surface
was observed and the surface condition of the rolled sheet
was bad. .

In addition, it was shown that in case of using a
crosslinked acrylic rubber-like polymer obtained in
Example 5, the obtained molded article was particularly

excellent in heat stability because there was not any
thermal discoloration.

Example 6 :
In the same manner as described in Example 1

except that 50 parts of precipitated calcium carbonate
(mean particle diameter: 0.15 uxm) of which surface: was
treated with a fatty acid (hereinafter referred to as
“(C)-1") together with 20 parts of a powder of the graft
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.during blow nolding was small and the deviation of thi ckngsﬁpg i@a
obtained bottle was snmall. Exanples 28 to 29 and Conparative a

After conponents shown in Table 10 were mxed to give a resin

conposition, the conposition was supplied to an extruder for preparing a
foam which had an aperture dianeter of 65 mm and equi pped with a circul ar
di e having an aperture of 10 mm at er?fop_thereof. Each of

tri chl or onmonof | uor onet hane and

copolymer (B)~1 was mixed with 100 parts of PP, pellets.
were prepared, and a rolled sheet, a test piece and a
sheet were prepared therefrom.

In the same manner as described in Example I,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 2. |

The above-mentioned pellets were extruded by using
a single screw extruder (screw diameter: 50 mm, L/D: 20)
with T—die at 230C to give an extruded sheet having a
width of 300 mm and a thickness of 0.5 mm.

As - appearance of the -obtained extruded sheet,
surface condition was observed with the naked eye and
estimated according to the same criterion for evaluation
as in a rolled sheet. The results are shown in Table 2.

Examples 7 to 9 and Comparative Examples 6 to 7
In the same manner as described in Example 6
except that the components shown in Table 2 were employed,
peliets. .were prepared, and a rolled sheet, a test piece,
a sheet and an extruded sheet were prepared therefrom.
| In the same manner as described in Example 6,
physical properties of each of thus obtained pellets,
rolled sheet, test piece, sheet and extruded sheet were
examined. The results are shown in Table 2.




di chl orot etrafl uoroet hane conpressed at 100 to 200 [err] a@E%%WQS'ﬁﬁJnt
+was pressure-supplied into the extruder through an inlet prqvildmn%ig%qhe

m ddl e portion of the extruder, in an anmount of about 13 parts, Te ;] ivly
per 100 parts of the above-nentioned resin conposition. Wth kneadi ng
the resin conposition and the bl ow ng agent sufficiently, the tenperature
was cool ed down to a tenpétat4f e Suitable for expansion and then the
resulting m xture was extruded through the circular die into the air to
give a cylinder-shaped foam Expansion - ratio of +the obtained foam
was
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det er mi ned as a ratio of vol une change per aRﬁPb&@EM@W ﬁ‘é\%ET
.weight. The results are shown in Table 10. Surface conditions gf Et‘ﬁga
obtained foam was observed with the naked eye and esti mat ed‘a ce? ing to

the following criterion for evaluation. The results are shown in
Table 10. (Criterion for evaluation) A Snooth surface and uniformcell
structure B: A little rough swrf@8 =-and non-uniform cell structure

oW ng to sl i ght formation of continuous cells

The results shown in Table 2 show that each
polypropylene mixed with a core-shell graft copolymer and
an inorganic filler obtained in Examples 6 to 9 had
excellent properties compared with the polyolefin mixed
with only an inorganic filler (Comparative Examples 6 to
7). That is,  the mixture of the present invention showed
2 small melt flow index and a high melting tensile
strength, and therefore draw down of the obtained sheet
was small. Thus the processability was improved. In
addition, surface property of the rolled sheet and the
.extruded sheet was significantly improved in Examples 6
to 9. Also, each molded article obtained in Examples 6 to
9 was excellent in balance between proéessability, impact
resistance and rigidity (flexural elasticity).

Example 10
There were mixed 60 % of a powder of the graft

copolymer (B)-1 and 40 % of PP, and the resultant mixture
was kneaded and extruded by using a twin screw extruder
(screw diameter: 44 mm, L/D: 30) at 200C, 100 rpm to give
a masterbatch.

There were mixed 50 parts of thus obtained
masterbatch, 80 parts of PP, 50 parts of heavy calcium
carbonate (mean particle diameter: 1.8 uzm) of which
surface was treated with a fatty acid (hereinafter
referred to as “(C)-2") and 0.5 part of calcium stearate
(hereinafter referred to as “CaS’), and the resultant
mixture was kneaded and extruded by using a twin screw
extruder (screw diameter: 44 mm, L/D: 30) .at 200C, 100
rpm to give pellets .

In the same manner as described in Example 1,
from the pellets were prepared a rolled sheet, a test piece
and a sheet and physical properties thereof were examined.
The results are shown in Table 4.

Melting tensile strength of the pellets were
measured with dies (I mm x 10 mm) at an extrusion speed of
S mm/minute.

The obtained rolled sheet was dyed with osmium
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tetroxide and  dispersibility of ‘the core—shell graft
copolymer, as a property of the rolled sheet was observed
by means of a transmission type electron microscope, and
estimated according to the following  criterion  for
evaluation.

A: Remarkably excellent dispersibility

B: Excellent dispersibility

C: Poor dispersibility

Example 11
In the same manner as described in Example 10

except that 30 parts of graft copolymer (B)-1, 100 parts
of PP, 50 parts of (C)-2 and 0.5 part of CaS were mixed
all at once, pellets were prepared, and a rolled sheet, 2
test piece and a sheet were prepared therefrom.

, In the same manner as described in Example 10,
physical properties of each of thus obtained pellets,
rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

Example 12
In the same manner as described in Example 10

except that (C)-2 was not used,  pellets were prepared, and
a rolled sheet, a test piece and a sheet were prepared
therefrom. .

In the same manner as described in Example 10,
physical properties of each of thus obtained pellets,

rolled sheet, test piece and sheet were examined. The
results are shown in Table 4.

Example 13
In the same manner as described in Example 11

except that (C)-2 was not used, pellets: were prepared,

and a rolled sheet, a test piece and a shest were prepared
therefrom.

In the same manner as described in Example 10,
physical properties of each of thus - obtained pellets,
rolled sheet, test piece and sheet were examined. The



REPLACEMENT SHEET 1 1 APR 1998 - 45 PPEB shown in Tabl eREpl%CEwéHEgT
pol ypropyl ene having a nelt flow index of 0.5 g¢g/10 m nut £51 1998
230[err]C (trade nane: Noblen EB, available from Mtsui oat su
Chemcals, INC.). As shown in Table 10, each foam obtained "in.
Exanples 28 and 29 had a high expansion ratio, even surface and
uniform cell structure w t hout continuous cells.

- 31 -
results are shown in Table 4.

Mixing methods and components in Examples 10 to
13 are shown in Table 3. |



el

to
by wei ght of a nononmer conponent conprising a

resi n REPLACEMENT SHEET
(B) 0.1

pol yol efin

32 -

(A) a polyolefin,

copol ymer prepared by graft copoly

whi ch conpri ses:
graft

60 parts

cor e-shel
copol yneri zabl e

a
to

L]

REPLACEMENT SHEET WHAT WE CLAIMIS: 1. A

conposi tion

of
5

» ) ?2ouo
o€ 00t - - - - - - je BuixiN gl
. i . yojeq Jajseus
S0 1% 001 S0 - 0S 08 09 ov Buisn Buixmy  Z{
. aduo
S0 0S 0¢ 00t - - - - - - e Buixiy (1
. . . yojeq Jajsew
0 0S 0t 001 S0 0S 0S 08 09 ov Buisn Buixiy 01
(g)towAjodoo (g)1owLjodoo
se _ 2-00 yea3d $e) z- Q) yes3
)11y IPYs (v) (3) e |17 livys
..u__:o olueduou =107  uysloflod JIY)) dtuelaou] Yojeqraisey  uijejoLjog -9J0)  uyelohjog
(3.red) uonjisodwod 3 -
i) onet guixyw) sjusuodwiod 3sat ayy onjes Juixyw) yo3 oyjow g
uisat jeuly v jo uornyisodwo)) pue yojeq.uajsew jo uonyisoduio) Jajsew jo mo_.u_mo“awoa vm:ﬁ:i .xm
uolisodwoy)
€ dqe]



vinyl conpound selected so that the glass transition tenREPIACEMENTSHEET
a pol yner of said nononer conponent alone is not |ess than 25 [err]C1 IORPR 1998
(a) 40 to 95 parts by weight of a crosslinked rubber-like polyne

havi ng a glass transition tenperature of not nore than 25[err]C, and (O

O to 400 parts of an inorganic filler, said parts of (B) and (C) being

parts by weight per 100 parts by weight_of (A . 2. The conposition of

Claim 1, wherein said polyolefin ( iS a propylene polyner

conprising at l|least 50 % by wei ght of propyl ene.

Dispersibility
of core~shell
graft
copolymer

A

B

A

B

Draw down

(mm)

~-20°C
4
3
7
5

Impact resistance
23C
6
|
12
8

(kg-cm/cm)

Physical properties

Table 4

Melt flow index
(g/10 minutes)
0.2
0.4
0.2
0.4

2.9
2.3

Melting tensile
2.5

strength (g)
3

10
11
12
13

No.

' Example_



3. The conposition of Caim 1, wherein said polyol eBF%LQ%MEcNTn%H ses
-said propyl ene polynmer containing at |east 50 % by wei ght of ¢p om and
0 to 100 parts by weight of polyethylene per 100 parts by “weight of
sai d propyl ene polyner. 4. The «conposition of Cdaim 1, wherein said
polyolefin (A) has a nelt flow index of not nore than 4 g/10 m nutes
at 230[err]C. 5. The conposition_ % Claim 1, wherein said crosslinked
rubber-like polynmer (a) is a  di ‘*le rubber conprising 60 to 100 % by
wei ght of a. di ene conmpound and O

The results in Table ¢ show that the resin
composition obtained in Example 10 or 12 which was
prepared by previously mixing a part of a polyolefin and a
core-shell graft copolymer to give a masterbatch and then
mixing the obtained masterbatch with the rest of the
polyolefin, an inorganic filler and the other component,
had  excellent properties compared with the resin
composition obtained in Example 11 or 13 which was
prepared by mixing all components at once. That is, the
composition prepared by mixing with wusing masterbatch
showed an excellent dispersibility of the core—shell graft
copolymer in the polyolefin, a small melt flow index and a
high melting tensile strength, and therefore draw down of
the obtained sheet was small. Thus the processability was
further  improved and also, the impact resistance was
further improved, by the mixing method with using
masterbatch.

Examples 14 to 16 and Comparative Example 8

Each composition shown in Table 5 was supplied
into an extruder for kneading and extruding, which step
was a pretreatment for a calendering, to give a molten
resin. -~ Each of the obtained molten resin was
successively supplied to an inverted L calender to g1ve a
rolled sheet having a thickness of 0.5 mm.

Surface condition of the obtained rolled sheet
was observed with the naked eye and estimated according to

the following criterion for evaluation. The results are
shown in Table 5.

(Criterion for evaluation)
A: Excellent surface gloss
B: A little poor surface gloss
C: Poor surface gloss
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to 40 % by wei ght of other vinyl conpound copol ynerizable with said diene

- compound. 6. The conposition of Caim 1, wherein said fEEH@?E&EEI
SHEET crosslinked rubber-like polyner (a) is an acrylic
conprising 60 to 100 % by weight of an alkyl acrylate having a [err]

to [err] alkyl group and O to 40 % by wei ght of other vinyl conpound
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acrylate. 7. The conposition of daim 1, wherein saidREPAAGEMENT SHEET
-conponent (b) conprises 50 to 100 % by wei ght of at |east one of an
aromatic vinyl conpound and an al kyl nmethacrylate and 0 to 50]% hgt
of other vinyl conpound copol ynerizable therewith. 8. The conposit of
Claim 7, wherein said aromatic vinyl conpound is at |east one of styrene
and [err] -nethylstyrene. 9. The conposition of Caim?7, wherein said alkyl
nmet hacrylate has a [err] to [err] atky36 group.

HDPE shown in Table 5 means a high density
polyethylene having a melt flow index of 0.25 g/10 minutes
at 190C (hereinafter the same).

As shown in Table 5, each rolled sheet obtained
in Examples 14 to 16 was remarkably excellent in surface
property.

Examples 17 to 20 and.Comparative Examples 9 to 10
Each composition shown in Table 6 was kneaded and
extruded by using a twin screw extruder in the same manner
as in Example 1 to give pellets. The obtained pellets were
extruded by using a single screw extruder (screw diameter:
50 mm, L/D: 20) with T—die at 230C to give an extruded
sheet having a width of 300 mm and a thickness of 0.5 mm.
Surface condition of the obtained extruded sheet
was examined in the same manner as in Examples 14 to
16. The results are shown in Table 6.




10. The conposition of Caim 1, wherein said core-shel |REPLACEMENT SHEET
copol ymer (B) is prepared by enmul sion polynerization. 11. The conposition
of Claim1, wherein said core-shell graft copolymer (B) has] { APR 1888n
particle dianmeter of not nore than 3 [err]. 12. The conposition of Caiml,
wherein said inorganic filler (C) is at |east one of calcium carbonate and
talc. 13. A process for preparing a p$%yoLefin resin conposition which
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(A) with 0.1 to 100 parts by weight of a core-shell graft copmﬁ

per 100 parts by weight of said polyolefin (A to give a maste LAﬁEMEM'EISHEET
m xi ng said masterbatch with the rest of said polyolefin (A and‘]q N:R41998
parts by weight of an inorganic filler (C per 100 parts by weight
REPLACEMENT SHEET of said polyolefin (A), said core-shell graft

copol ymer (B) being a graft copol ynerigzatd on product of (b) 5 to 60

EPR shown in Table 6 means an ethylene~propylene
rubber having a melt flow index of 0.4 g/10 minutes at
190°C (hereinafter the same). . |

As shown in Table 6, each extruded sheet obtained
in Examples 17 to 20 had an excellent surface property.

Examples 21 to 22 and Comparative Examples 11 to 12

Each rolled sheet obtained in Example 16 and
Comparative Example 8 and each extruded sheet obtined in
Example 20 and Comparative Example 9 were vacuum molded by
heating the surface thereof at a temperature of about
170C to about 180C by means of a cut-sheet type
thermoforming machine (made by Asano Laboratories Co.,
Ltd.) with a cup~shaped mold (aperture diameter: 80 mm, depth:
72 mm, drawmg ratio: 0.9, taper_angle: about 15> ) and uppe.r and
lower heaters having a temperature of 350C, to give a
cup—shaped molded article.

Condition of draw down of the sheet during
heating was observed with the naked eye and estimated
according to the following criterion for evaluation. The
results are shown in Table 7.

(Criterion for evaluation)
A: Small draw down
B: A little large draw down
C: Large draw down

Deviation of thickness of the obtained cup-shaped
molded article was examined by comparing the thickness of
the molded article with the thickness of the original
sheet (0.5 mm) and estimated according to the following

criterion for evaluation. The results are shown in Table
7. '

(Criterion for evaluation) _
A: Small deviation of thickness
B: A little large deviation of thickness
C: Large deviation of thickness



parts by wei ght of a nonomer conponent conprising a.copoRgPEXCEMENTESHERTYI

, conmpound sel ected so that the glass transition
of said nononer component al one is not

pol yrer

(a) 40 to
having a glass transition tenperatugg

95 parts

by wei ght

of a

crossli nked

rubber-1ike

t enper at ur e12EfAPRa]gga

| ess than [err]C, onto

pol yrer

oft- not nore than 25[err]C. 14. A

mol ded article of the said conposition of Claim1. 15. The nolded article
of Claim1l14 which is a filmor. sheet prepared by cal enderi ng.

‘Table 7
Example Physical properties
No. Used sheet
Draw down Deviation of.
thickness
21 Example 14 A A
22 Example 18 A A
Comparative
Example |
11 Comparative C C
Example 8
12 Comparative C C
Example 9

As shown in Table 7, even when a rolled sheet or

an extruded sheet was vacuume formed under heating as in
Examples 21 and 22, draw down of the sheet during heating

" was small and the deviation of thickness of the obtained

molded article was small.

Examples 23 to 25 and Comparative Examples 13 to 14

Each composition shown in Table 8 was kneaded and
extruded by using a twin screw extruder in the same manner
as in Example 1 to give .pellets. The obtained pellets were
injection molded at 230C +to give a test piece which
applies to ASTM test. ) ,

The obtained test piece was subjected to each of
the test for Izod impact resistance and flexural
elasticity. The results are shown in Table 8. - .

The above—mentioned pellets were injection molded
at 230C to give a plate (100 mm x 150 mm, thickness: 3
mm). Presence of warp of the obtained plate was observed
with the naked eye and estimated -according to the
following criterion for evaluation. The results are shown




” ACEMENT SHE
16. The nolded article of Claim14 which is a filmor sheetREgrLé%a“rAe'gl E;IEET

-extrusion. 17. The nolded article of Caim14 which is prepafjefl 1998
thernoforming a filmor sheet. 18. The nolded article of daim14 which is
prepared by injection nolding. 19. The nolded article of Claim114 which is
a hollow article prepared by bl ow nolding. 20. The nolded article of Claim
14 which is a foam prepared by expansi on nol di ng of said conposition

contai ning a bl ow ng agent. - 40 -

in Table 8.

(Criterion for evaluation)
A: Small warp
B: A little small warp
C: Large warp
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As shown in' Table 8, each sheet obtained in
Examples 23 to 25 was excellent in balance between impact
resistance and rigidity (flexural elasticity).
Furthermore, the warp of the obtained plate was small and
thus dimensional stability was improved.

Examples 26 to 27 and Comparative Example 15

Each composition shown in Table 9 was kneaded and
extruded by a twin screw extruder in the same manner
as in Example 1 to give pellets. The obtained pellets were
blow molded at 230C to 'give a bottle having a wall
thickness of 0.5 mm. -

Condition of draw down of the parison during blow
molding was observed with the naked eye and estimated
according to the same criterion for evaluation as in
Examples 21 and 22. The results are shown in Table 9.

Deviation of thickness of the obtained bottle was
determined by measuring a thickness of each part of the
bottle and culculating the difference between the maximum
value and the minimum value thereof, and then estimated
according to the same criterion for evaluation as in
Examples 21 and 22. The results are shown in Table 9.

Table 9

Example Composition (part) Physical properties
No.

Polyolefin Core—shell graft Draw Deviation

(A) copolymer (B) down of thickness
26 (100) (B)-1 (20) A A
27 (100 ) (B)=3 (20) : A A
Comparative
Example
15 (100) - C C
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As shown in Table 9, in Examples 26 and 27 draw
down of parison during blow molding was small and the
deviation of thickness of the obtained bottle was small.

Examples 28 to 29 and Comparative Example 16

After components shown in Table 10 were mixed to
give a resin composition, the composition was supplied to
an extruder for preparing a foam, which had an aperture
diameter of 65 mm and equipped with a circular die having an aperture
of 10 mm at the top thereof.

Each of trichloromonofluoromethane and
dichlorotetrafluoroethane compressed at 100 to 200 kg/cm?
as a blowing agent was pressure-supplied into the extruder
through an inlet provided in the middle portion of the
extruder, in an amount of about 13 parts, respectivly per
100 parts of the above—mentioned resin composition. With
kneading the resin composition and the blowing agent
sufficiently, the temperature was <cooled down to a
temperature suitable for expansion and then the resulting
mixture was extruded through the circular die into the air
to give a cylinder—shaped foam.

Expansion ratio of the obtained foam was
determined as a ratio of volume <change per a
predetermined weight. The results are shown in Table 10.

Surface conditions of the obtained foam was
observed with the naked eye and estimated according to the

following criterion for evaluation. The results are shown
in Table 10.

(Criterion for evaluation)
A: Smooth surface and uniform cell structure
B: A little rough surface and non-uniform cell
Structure  owing to  slight formation-  of
continuous cells
C: Remarkable rough surface and non-uniform cell

structure owing to formation of continuous
cells
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PPEB shown in Table 10 means a polypropylene
having a melt flow index of 0.5 g/10 minutes at 2307C
(trade name: Noblen EB, available from Mitsui Toatsu
Chemicals, INC.). .

As shown in Table” 10, each foam obtained in
Examples 28 and 29 had a high expansion ratio, even

surface and 'uniform cell structure without continuous
cells. '
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WHAT WE CLAIM IS:

1. A polyolefin resin composition which
comprises:
(A) a polyolefin,
(B) 0.1 to 100 parts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a2 polymer of said monomer component alone
'is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25C, and '
(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A).

2. The composition of Claim 1, wherein said
polyolefin (A) is a propylene polymer comprising at least
50 % by weight of propylene.

3. The composition of Claim 1, wherein said
polyolefin (A) comprises said propylene polymer containing
at least 50 % by weight of propylene and 0 to 100 parts by
weight of polyethylene per 100 parts by weight of said
propylene polymer.

4. The composition of Claim 1, wherein said
polyolefin (A) has a melt flow index of not more than
4 g/10 minutes at 230C.

5. The composition of Claim 1, wherein said
crosslinked rubber-like polymer (a) is a diene rubber
comprising 60 to 100 % by weight of a diene compound and 0

to 40 % by weight of other vinyl compound copolymenzable
with sa1d dlene compound.

6. The composition of Claim 1, wherein said
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crosslinked rubber—like polymer (a) is an acrylic rubber |
comprising 60 to 100 % by weight of an alkyl acrylate
having a C; to Cz» alkyl group and 0 to 40 % by weight of
other vinyl compound copolymerizable with said alkyl
acrylate.

7. The composition of Claim 1, wherein said
monomer component (b) comprises 50 to 100 % by weight of
at least one of an -aromatic vinyl compound and an alkyl
methacrylate and 0 to 50 % by weight of other vinyl
compound copolymerizable therewith.

8. The composition of Claim 7, wherein said
aromatic vinyl compound is at least one of styrene and
¢ —methylstyrene.

9. The composition of Claim 7, wherein said alkyl
methacrylate has a C; to Cg alkyl group.

- 10. The composition of Claim 1, wherein said
core~shell graft copolymer (B) is prepared by emulsion
polymerization. '

11. The composition of Claim 1, wherein said
core-shell graft - copolymer (B) has a mean particle
diameter of not more than 3 uz m.

12. The composition of Claim 1, wherein said

inorganic filler (C) is at least one of calcium carbonate
and talc.

13. A process for preparing a polyolefin resin
composition which comprises mixing a part of a polyolefin
(A) with 0.1 to 100 parts by weight of a core-shell graft
copolymer (B) per 100 parts by weight of said polyolefin
(A) to give a masterbatch, and mixing said masterbatch
with the rest of said polyolefin (A) and -0 to 400 parts by
weight of an inorganic filler (C) per 100 parts by weight



REPLACEMENT SHEET
11 APR 1998

* - C L M s * .

- 48 -

of said polyolefin (A), said core-shell graft copolymer
(B) being a graft copolymerization product of (b) 5 to 60
parts by weight of a monomer component comprising a
copolymerizable vinyl compound selected so that the glass
transition temperature of a polymer of said monomer
component alone is not less than 25°C, onto (a) 40 to 95
parts by weight of a crosslinked rubber-like polymer

having a glass transition temperature of not more than
25¢C.

14. A molded article of the said composition of
Claim 1.

15. The molded article of Claim 14 which is a
film or sheet prepared. by calendering.

16. The molded article of Claim 14 which is a
film or sheet prepared by extrusion.

17. The molded article of Claim 14 which is
prepared by thermoforming a film or sheet.

18. The molded article of Claim 14 which is
prepared by injection molding. -

19. The molded article of Claim 14 which is a
hollow article prepared by_' blow molding.

20. The molded article of Claim 14 which is a2
foam prepared by expansion molding of said composition
containing a blowing agent.
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POLYOLEFIN HESIN COMPOSITION, PROCESS FOR THE
PREPARATTON THEREOF AND MOLDED ARTICLE MADE THEREOF

Abstract
A polyolefin resin composition which
comprises: : : '
(A) a polyolefin,
(By 0.1 to 100 parts of a core-shell graft copolymer
prepared by graft copolymerizing (b) 5 to 60 parts by
weight of a2 monomer component comprising a copolymerizable
vinyl compound selected so that the glass transition
temperature of a polymer of said monomer component alone
is not less than 25C, onto (a) 40 to 95 parts by weight
of a crosslinked rubber-like polymer having a glass
transition temperature of not more than 25°C, and
(C) 0 to 400 parts of an inorganic filler, said parts of
(B) and (C) being parts by weight per 100 parts by weight
of (A). The above-mentioned polyolefin resin composition
shows the excellent processability, impact  resistance,
rigidity and surface property.



