
EP 0 331 975 B1 Description The present invention relates to a
thermoplastic resin composition having good mechanical properties and
moldability and capable of providing a molded product having excellent
appearance. More particularly, it relates to a thermoplastic resin
composition comprising a polyamide and a specific maleimide copolymer and
having the moisture absorptivity, heat resistance and moldability of a
polyamide improved and yet capable of providing a molded product having
excellent outer appearance. Polyamides are excellent in such properties as
the mechanical properties, chemical resistance, abrasion resistance and
electrical properties. On the other hand, they have drawbacks that they are
poor in the 10  Impact resistance and heat resistance, and they have a
large molding shrinkage, whereby the molded products tend to be defective
with sink marks or warpage. Further, they have high moisture absorptivity,
whereby not only the molded products tend to have a defective appearance
during the molding operation, but also there will be a substantial change
in the dimension or the shape of the molded products. Further, It is known
that the mechanical properties of the molded products are likely to change.
Further, the viscosity 15  of the molten resin is low, and a drooling
phenomenon is likely to occur whereby the molten resin flows out of the
nozzle of a molding machine during the injection molding. Thus, they have a
drawback that the molding operation tends to be cumbersome. For the purpose
of overcomming such drawbacks of polyamides, it has been attempted to mix
or react various polymer materials to polyamides. For example, it was
proposed to melt- mix a styrene resin such 20  as polystyrene or a styrene
- acrylonitrile copolymer (Japanese Examined Patent Publications No.
23476/1963 and No. 7380/1965, U.S. Patents 3,243,478 and 3,243,479, and
Laid -open German Patent Application No. 2,403,889). However, such a resin
was poor in the compatibility with polyamides, and an interlaminar peeling
phenomenon used to be observed with a molded product made of the
composition thereby obtained, and the composition was also poor in the
mechanical properties. Further, it was proposed 25 to mix a copolymer of
styrene with an unsaturated dicarboxylic anhydride monomer to a polyamide
(Japanese Unexamined Patent Publication No. 50931/1981). However, the
composition thereby obtained was poor in the heat stability. A three -
component composition was known wherein a copolymer of styrene with an
unsaturated dicarboxylic acid anhydride monomer was used as a
compatibilizing agent for a styrene resin and a polyamide for the purpose
of improving the compatibility (Japanese Unexamined Patent 30  Publication
No. 195157/1985). Although the compatibility and the heat stability were
improved with the composition, but the effects were still inadequate. A
copolymer was known which was produced by melt - mixing a polyamide with a
copolymer containing an imide compound of an unsaturated dicarboxylic acid
so that the two polymer chains were bonded to each other (Japanese
Unexamined Patent Publications No. 57719/1982 and No. 141426/1982).
However, the properties of the resulting copolymer were very much 35
affected by the production conditions by the melt - mixing machine, and
such was industrially disadvanta - geous. Further, the heat resistance and
impact resistanceof the resulting copolymer were not necessarily adequate.
A composition comprising an unsaturated dicarboxylic acid anhydride, an
aromatic vinyl copolymer, a polyamide and a modified polyolefin, was also
known (Japanese Unexamined Patent Publication No. 171751/1986). However,
such a composition was inadequate with respect to the heat 40  resistance
and the thermal stability. As an improvement of this composition, a three -
component composi - tion comprising a copolymer of a malelmide monomer, a
polyamide and a modified polyolefin (Japanese Unexamined Patent
Publications No. 59647/1987 and No. 179546/1987) was proposed. However, a
molded product prepared from this composition showed a defect on the
surface near the gate and had an interlaminar peeling tendency, and it was
inadequate in the balance of the impact resistance, elongation and 46
rigidity. A resin composition comprising an imidated copolymer and an
amorphous polyamide as essential components and optionally, another
thermoplastic resin having improved compartability with said essential
components is disclosed in JP-A-62161853. As described in the foregoing, a
number of attemps have been made to improve various properties of 



50  polyamides. However, the effects have been practically inadequate in
all cases. Under these circumstances, it is an object of the present
invention to provide a polyamide resin composition having good heat
resistance and impact resistance and a good balance of the elongation and
rigidity and yet being capable of providing a molded product having
excellent appearance. The present Invention provides a thermoplastic resin
composition comprising: 55   (A) from 10 to 50% by weight of a maleimide
copolymer of [err] 30 mol% of an aromatic  vinyl monomer, from 30 to 50
mol% of a maleimide monomer, from 3 to 20 mol% of an unsaturated
dicarboxylic anhydride monomer and from 0 to 50 mol% of other
copolymerizable monomer; (B) from 40 to 80% by weight of a polyamide; and 2
EP 0 331 975 B1 (C) from 3 to 40% by weight of a polyolefin polymer
modified by from 0.1 to 10% by weight of an unsaturated dicarboxylic
anhydride monomer and/or an unsaturated carboxylic acid monomer, wherein
said maleimide copolymer is in the form of dispersed particles of from 0.01
to 1.0 um, measured by the transmission type electron microscope method
defined on pages 17 and 18. 6     The above composition has an excellent
balance of the impact resistance, elongation, rigidity, heat resistance,
and it is excellent In the moldability, has a low moisture absorptivity,
and yet Is capable of providing a molded product having excellent
appearance. Further, In the present invention, it is preferred that the
modified polyolefin polymer is also in the form of dispersed particles
having a non - specific shape having a size of not larger than a few um and
Is 10 substantially uniformly dispersed. Now, the present invention will be
described in detail with reference to the preferred embodiments. There is
no particular restriction as to a method for producing the maleimide
copolymer to be used In the present Invention. For example, It may be
produced by radical copolymerization of the aromatic vinyl monomer, the
maleimide monomer, the unsaturated dicarboxylic anhydride monomer and other
15 copolymerizable monomer which is preferably an acrylate monomer.
Specific examples of the aromatic vinyl monomer include styrene, a
-methylstyrene, vinyl toluene and t - butylstyrene. Specific examples of
the maleimide monomer include maleimide, N - methylmaleimide, N -
ethylmaleimide, N - propylmaleimide, N - hexylmaleimide, N -
cyclohexylmaleimide, N - phenylmaleimide and N-tolylmaleimide. Specific
examples of the unsaturated dicarboxylic anhydride monomer include 20
maleic anhydride, methylmaleic anhydride, 1,2 - dimethylmaleic anhydride,
ethylmaleic anhydride and phenylmaleic anhydride. Specific examples of the
acrylate monomer include methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, decyl
(meth)acrylate, octadecyl (meth)acrylate, hydroxyethyl (meth)acrylate,
methoxyethyl (meth)acrylate and glycidyl (meth)- acrylate. These materials
may be used alone or in combination. In this specification, (meth)acrylate
is meant 25 for acrylate and methacrylate. Thus, methyl (meth)acrylate is
meant for methyl acrylate and methyl methacrylate. There is no particular
restriction as to the method for copolymerizing these monomers, and any
conventional radical copolymerization method may be employed. As another
method for producing the maleimide copolymer to be used in the present
invention, a 30 method may be mentioned wherein a copolymer of an aromatic
vinyl monomer, an unsaturated dicarboxylic anhydride monomer and an
acrylate monomer, is reacted with ammonia or with a primary amine to
convert the acid anhydride group to an Imido. The imido conversion reaction
of a polymer material having an acid anhydride group in the polymer chain,
with an amine compound, is known. For example, a polymer material and an
amine compound are reacted in accordance with a method disclosed in
Japanese Examined Patent 35 Publication No. 26936/1986 or No. 8456/1987, to
obtain a desired maleimide copolymer having an imido 



group. Specific examples of the primary amine useful for the imido
-conversion reaction include methylamine, ethylamine, propylamine,
butylamine, hexylamine, cyclohexylamine, decylamine, aniline, toluidine,
naph- thylamine, chlorophenylamine, dichlorophenylamine, bromophenylamine
and dibromophenylamine. 40     The imido conversion reaction may be
conducted in a solution state, in a bulk molten state or in a suspension
state by using an autoclave. Further, the reaction may be conducted in a
molten state by using a melt kneading apparatus such as a screw extruder.
Any suitable solvent may be employed in the solution reaction. For example,
the solvent may be a ketone such as acetone, methyl ethyl ketone, methyl
isobutyl ketone or cyclohexanone, an ether such as 46 tetrahydrofuran or
1,4-dioxane, an aromatic hydrocarbon such as toluene or xylene,
dimethylformamide, dimethylsulfoxide or n - methyl - 2 - pyrrolidone. The
reaction temperature for imido - conversion is preferably within a range of
from 50 to 350 C, more preferably within a range of from 100 to [err]. The
presence of a catalyst is not necessarily required for the imido -
conversion reaction. However, if a 50 catalyst is to be used, a tertiary
amine such as trimethylamine, triethylamine, tributylamine, N,N-
dimethylaniline or N,N - diethylaniline is preferred. The maleimide
copolymer to be used in the present invention comprises [err] 30 mol% of an
aromatic vinyl monomer group, from 30 to 50 mol% of a maleimide monomer
group, from 3 to 20 mol% of an unsaturated dicarboxylic anhydride monomer
group and from 0 to 50 mol% of an acrylate monomer group. 55 Preferably, it
comprises from 50 to 60 mol% of an aromatic vinyl monomer group, from 40 to
50 mol% of a maleimide monomer group, from 3 to 10 mol% of an unsaturated
dicarboxylic anhydride  monomer group and from 0 to 30 mol% of an acrylate
monomer group. If the aromatic vinyl monomer group is less than 30 mol%, it
tends to be difficult to produce a polymer having a uniform composition on
an industrial scale with 3    EP 0 331 975 B1 good reproducibility, and a
composition obtainable by mixing such a maleimide copolymer to an polyamide
tends to be poor in such properties as the heat stability, moldability and
mechanical strength. If the maleimide monomer group is less than 30 mol%,
the resulting composition tends to be poor In the heat resistance. If the
maleimide monomer group exceeds 50 mol%, the resulting composition tends to
be poor in the moldability. If the unsaturated dicarboxylic anhydride
monomer group Is less than 3 mol%, a composition obtained by mixing such a
maleimide copolymer with the polyamide tends to be poor in the
compatibility, and the dispersed particles of the maleimide copolymer tend
to have a large particle size, whereby the mechanical strength tends to be
poor, and a molded product of such a composition tends to show an
interlaminar peeling phenomenon. If the unsaturated dicarboxylic anhydride
monomer group 10  exceeds 20 mol%, the particle size of the dispersed
particles of the maleimide copolymer In the composition tends to be too
small, whereby the moldability tends to be poor, and the heat stability of
the molded product tends to be poor, and the surface is likely to be
roughened showing a shark skin. There is no particular restriction as to
the polyamide to be used in the present invention. It may be a polyamide
obtained from an aliphatic, aromatic or alicyclic dicarboxylic acid with a
diamine, or a polyamide 15 obtained from an aminocarboxylic acid or a
cyclic lactam. Specific examples include alicyclic polyamides such as
6-nylon, 6,6-nylon, 6,9-nylon, 6,10-nylon, 6,12-nylon, 4,6 nylon, 11 -nylon
and 12-nylon, and polyamides having aromatic rings, such as
poly(hexamethylene terephthalamide), poly(hexamethylene isophthalamide) and
poly(m - xylyleneadipamide). These polyamides may be used alone or in
combination. The composition of the present invention is prepared by mixing
from 10 to 50% by weight of the 20 maleimide copolymer, from 40 to 80% by
weight of the polyamide and from 3 to 40% by weight of the modified
polyolefin polymer. If the maleimide copolymer is less than 10% by weight,
or if the polyamide 



exceeds 80% by weight, the resulting composition tends to be inadequate in
the degree of improvement in the heat resistance, in the moldability or in
the moisture resistance. If the maleimide copolymer exceeds 50% by weight,
or if the polyamide is less than 40% by weight, the resulting composition
tends to be poor 25 in the mechanical strength, in the chemical resistance
or in the abrasion resistance. If the modified polyolefin polymer is less
than 3% by weight, the degree of improvement in the impact resistance tends
to be low, and if it exceeds 40% by weight, the rigidity tends to
substantially decrease. The modified polyolefin polymer to be used in the
present invention is a polyolefin polymer modified by an unsaturated
dicarboxylic anhydride monomer and/or an unsaturated carboxylic acid
monomer and 30 preferably has a rubber elasticity. The modified polyolefin
polymer is meant for a modified product of a polymer or copolymer of an
olefin monomer. Specific examples of such an olefin monomer includes
ethylene, propylene, 1 - butene, isobutylene, 2 - butene, cyclobutene, 3
methyl - 1- butene, 4 - methyl -1 - butene, 4 - methyl -1 - pentene,
cyclopentene, 1 - hexene, cyclohexene, 1 - octene, 1 - decene and 1 -
dodecene. Further, the modified 35 polyolefin polymer may, as the case
requires, be copolymerized with a non - conjugated  diene monomer such as
4- ethylidenenorbomane or dicyclopentadiene, or with an acrylate monomer as
mentioned above, as a copolymerizable monomer useful for the preparation of
the maleimide copolymer, within a range where rubber elasticity is
maintained, A preferred composition in this respect may, for example,
comprise from 20 to 90 mol% of ethylene, from 10 to 80 mol% of an a -
olefin monomer and from 0 to 10 mol% of other 40 monomer. The ethylene
content is more preferably from 50 to 85 mol%. Further, Tg of such a
modified polyolefin polymer is preferably at most -10 C, more preferably at
most [err]. As the unsaturated dicarboxylic anhydride monomer constituting
the modified polyolefin polymer, those mentioned above as the monomer
useful for the maleimide copolymer, may be employed. Among them, maleic
anhydride is particularly preferred. The unsaturated carboxylic acid
monomer may be acrylic acid or methacrylic acid. 46     The content of the
unsaturated dicarboxylic anhydride monomer group or the unsaturated
carboxylic acid group in the modified polyolefin polymer is preferably from
0.1 to 10% by weight, more preferably from 0.1 to 5% by weight. If the
amount is less than 0.1% by weight, the mechanical strength of the
resulting composition tends to be inadequate, and an interlaminar peeling
phenomenon is like to be observed in the molded product. If the content
exceeds 10% by weight, the mechanical strength or the 50 thermal stability
is likely to be impaired. The term "modified" in the present invention
means that a monomer group used for modification, such as a maleic
anhydride group, is present in the main chain or in the side chain of the
polyolefin polymer. The modification can be conducted by a conventional
technique such as random copolymerization or graft copolymerization. There
is no particular restriction as to the manner for the modification. For
example, the 55  modification can be conducted in accordance with the
methods disclosed in e.g. Japanese Examined Patent Publications No.
6810/1964, No. 43677/1977, No. 5716/1978, No. 9925/1981 and No. 445/1983.
The graft product modified by the introduction of such a monomer group to
the main chain is preferred from the viewpoint of low temperature impact
resistance. Further, the amount of the remaining unreacted monomer 4    EP
0 331 975 B1 should preferably be small at a level of not more than 0.5% by
weight. There is no particular restriction as to the molecular weight of
the modified polyolefin polymer. However, the molecular weight is
preferably from 50,000 to 500,000, more preferably from 100,000 to 300,000,
in view of the balance of the impact resistance and the moldability. 5
Tafuma MP - 0620 (manufactured by Mitsui Petrochemical) may be mentioned as
a commercial product of such a modified polyolefin polymer. In the
composition of the present invention, the maleimide copolymer is in the
form of dispersed 



particles, and the particle size of such dispersed particles is from 0.01
to 1.0 um. A particularly preferred particle size is from 0.04 to 0.5 um.
More preferably, the particle size is from 0.05 to 0.3 um. The particle 10
size of such dispersed partciles is a value measured by the transmission
type electron microscopic observation of a super thin specimen cut out from
a sample obtained by the treatment with hydrazine monohydrate, followed by
dyeing with osmic acid. If the particle size of dispersed particles is less
than 0.01 um, the composition obtained by mixing them with the polyamide
tends to have a high melt viscosity, whereby a defective phenomenon such as
shark skin tends to appear on the surface of the molded product. 15  If the
size of dispersed particles exceeds 1.0 um, the mechanical strength of the
composition tends to be low. It is preferred that the modified polyolefin
polymer is also in the form of dispersed particles which are independent
and have a non - specific shape, and it is substantially uniformly
dispersed. The present inventors have found that when the same polyamide is
used in the same amount, 20 particularly important as a factor for
determining the size of dispersed particles in the composition, is the
content of the unsaturated dicarboxylic anhydride monomer group in the
maleimide copolymer. When the content is low, the particle size is large,
and when the content is high, the particle size is small. Further, the
content of the organic acid group in the modified polyolefin polymer, is
likewise important, and it exhibits the same effects as the unsaturated
dicarboxylic anhydride monomer group in the maleimide copolymer. 25     The
composition of the present invention preferably contains a metal salt of an
organic acid and/or an fatty acid amide compound. When these compounds are
incorporated, the impact strength of the composi - tion is improved. The
metal salt of an organic acid used in the present invention is a salt of a
fatty acid such as lauric acid, myristic acid, palmitic acid, stearic acid,
behenic acid, oleic acid, linolic acid, ricinolic acid or 30
hydroxystearic acid, or an aromatic carboxylic acid such as phthalic acid,
with a metal such as sodium, potassium, lithium, magnesium, calcium,
strontium, barium, zinc, cadmium, aluminum, tin or lead. A bivalent metal
salt such as magnesium, calcium, barium or zinc is preferred. The fatty
acid amide Is a primary amide or a secondary amide of the above fatty acid.
The secondary amide may be a bisamide such as methylenebisstearyl amide or
ethylenebisstearyl amide. 35     The content of the metal salt of an
organic acid and/or the aliphatic acid amide in the composition of the
present invention is usually within a range of from 0.01 to 5% by weight,
preferably from 0.05 to 2% by weight, more preferably from 0.2 to 1% by
weight. If the content is less than 0.001% by weight, no adequate effect of
the addition will be obtained. If the amount exceeds 5% by weight, the
properties such as the heat resistance and rigidity, tend to deteriorate,
and the degree of improvement in the impact 40  resistance is likely to be
small. Particularly preferred is a combined use of such a metal salt of an
organic acid and the fatty acid amide. With respect to the amounts of the
metal salt of an organic acid and the fatty acid amide, the proportions are
not critical so long as the amounts  are within the above-mentioned range,
but the proportions are preferably about 1: 1. 45     Further, the
composition of the present invention may contain an antioxidant. It is
preferred to use a phenol type antioxidant with a view to preventing
discoloration. The phenol type antioxidant includes octadecyl -3 - (3,5 -
di - t - butyl -4 - hydroxyphenyl)proplonate  (such  as  Irganox  1076),
NN - hexamethylenebis(3,5 - di - t - butyl - 4 - hydroxycinnamamide (such
as Irganox 1098), 3,5 - di - t - butyl - 4 - hydroxytoluene,  2,2 -
methylenebis(4 - methyl - 6 - t - butylphenol),  4,4' - methylenebis(2,6 -
di - t - 50 butylphenol),  4,4 - butylidene - bis - 6 - t - butyl - m -
cresol,  2,6 - bis - (2 - hydroxyl - 3 - t - butyl - 5 - methylbenzyl) -4-
methylphenol, 1,1,3 - tris(2' - methyl -5'- t - butyl -4'-
hydroxyphenyl)butane, 1,3,5 - trimethyl - 2,4,6 - tris(3',5 - di - t -
butyl - 4- hydroxybenzyl)benzene,  4,4' - thiobis(2' - methyl - 6- t -
butylphenol),  2,2' - thiobis(4' - methyl - 6' - t - butylphenol),  4,4' -
thiobis(3 - methyl - 6 - t - butylphenol), 1,1,1,1 - tetrakis[methyl -3-
(3,5 - di - t - butyl -4- hydroxyphenyl)propionate]methane,  2,2' -
thiodiethyl - 55  bis - [3 - (3,5 - di - t - butyl - 4 -
hydroxyphenyl)propionate], N - lauroyl - p - aminophenol and N - stearoyl -
p - aminophenol. It is preferred to use antioxidants for nylon and for
olefin in combination. Further, it is of 



course possible to use a copper chelate type antioxidant for nylon.    EP 0
331 975 B1 As other factors, the size of dispersed particles is dependent
also on the method of mixing the maleimide copolymer with the polyamide and
the modified polyolefin polymer. The mixing of the maleimide copolymer with
the polyamide and the modified polyolefin polymer can be conducted by using
a usual melt kneading apparatus. Useful melt kneading apparatus include a
screw extruder, a Banbury mixer, a cokneader and a mixing roll. To the
composition of the present invention, other additives or modifiers may be
added depending upon the particular use. Specifically, reinforcing fibers
such as glass fibers, carbon fibers or aramide fibers, fillers such as
talc, silica, clay, mica or calcium carbonate, ultraviolet absorbers, flame
retardants, lubricants and colorants, may be mentioned. 10     The resin
composition of the present invention may be formed into a molded product by
a usual plastic molding machine. The molded products include, for example,
automobile parts such as a motor hood, a defroster garnish, a resistor
bezel, a cluster, an instrument panel, a speaker grill and a fitting
ceiling, household electric appliances, office equipments, parts of other
industrial products such as casings, radiator covers, switches, buttons,
handles, arms, air discharge outlets, air inlets, reel tables, reel shafts
and 15 bobbins. Further, it is useful for applications where heat
resistance and impact resistance are desired. Now, the present invention
will be described in further detail with reference to Examples. However, it
should be understood that the present invention is by no means restricted
by such specific Examples. In the Examples and Comparative Examples,
"parts" and "%" mean "parts by weight" and "% by weight", respectively. 20
Various properties were measured by the following methods. Size of
dispersed particles in the composition: A preliminarily trimmed sample was
immersed in hydrazine monohydrate and left to stand at [err] for 48 hours.
After washing with water, this sample was immersed in a 1% osmic acid
aqueous solution and left to stand at room temperature for 24 hours for
dyeing. A super thin specimen was cut out from the dyed sample, and a
photograph was taken by a 25 transmission type electron microscope. The
image thus obtained was analyzed to obtain the particle size. Heat
resistance: in accordance with ASTM D -648, the heat distortion temperature
(HDT) was mea - sured under a load of 18.6 kg/[err] by using a test piece
having a thickness of 1/4". (No annealing) Impact strength: In accordance
with ASTM D - 256, a notched Izod was measured by using a test piece having
a thickness of 1/4". The ambient temperature was 23 C. 30     Flowability:
in accordance with ASTM D -1238, the melt flow rate was measured under a
load of 10 kg at a temperature of [err]. Appearance: A molded product
having a boss and a rib on the rear side and an opening, was molded by a 5
ounce injection molding machine, and the appearance of the molded product
was visually obsersed and evaluated. The molding temperature was [err]. 35
(1) Polyamide (B) The following 6 - nylon, 12 - nylon and 6,6- nylon
obtained by melt polymerization were used. b -1) 6-nylon: 6-nylon having a
concentrated sulfuric acid relative viscosity of 2.65 obtained from  - 40
caprolactam. b -2) 12- nylon: 12- nylon having a concentrated sulfuric acid
relative viscosity of 2.40 obtained from 12 - aminododecanoic acid. b -3)
6,6 - nylon: 6,6 - nylon having a concentrated suffuric acid relative
viscosity of 2.55 obtained from an equimolar salt of hexamethylenediamine
and adipic acid. 45 



(2) Maleimide copolymer (A) For a maleimide copolymer, 100 parts of styrene
was charged into an autoclave equipped with a stirrer, and after flushing
the system with nitrogen gas, the autoclave was heated to [err]. Then, a
solution 50 obtained by dissolving 67 parts of maleic anhydride and 0.2
part of benzoin peroxide in 300 parts of methyl ethyl ketone, was dropwise
added over a period of 8 hours. After the addition, the temperature was
maintained at [err] for further 4 hours. To the above copolymer, 12 parts
of triethylamine and 38.1 parts of aniline were added, and the reaction was
conducted at [err] for 7 hours. The reaction solution was cooled to room
temperature and 55 poured into 300 parts of methanol under vigorous
stirring. The product was collected by filtration and dried to obtain a
maleimide copolymer (a-3). Other maleimide copolymers were prepared in the
same manner. These copolymers are shown in Table 1. 6    EP 0 331 975 B1 26
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with CTM (manufactured by Kobe Steel, Ltd.) to obtain pellets. The size of
dispersed particles of the maleimide copolymer in the obtained composition
was 0.1 um. Further, the dispersed state of the particles of the modified
polyolefin polymer was also good. Test pieces for measuring physical
properties were prepared from the pellets by an injection molding machine,
and various physical properties were 5  measured. The results are shown in
Table 3. In the same manner, the operations of Examples 2 to 15 and
Comparative Examples 1 to 5 were conducted. In Comparative Examples 1 and
2, the content of maleic anhydride in the maleimide copolymer is outside
the specified range. In Comparative Example 3, the content of maleic
anhydride in the modified polyolefin polymer is outside the specified
range. In Comparative Examples 4 and 5, the content of the 10  modified
polyolefin polymer is outside the specified range. As the molding
temperature, 270 C was used as standard, and some adjustment was made
depending upon the condition of the molded product. The results of the
Examples and Comparative Examples show the following: From the comparison
between Example 2 and Comparative Example 1, it is evident that if the 15
unsaturated dicarboxylic anhydride monomer group is not contained in the
maleimide copolymer, the degree of improvement in the impact resistance is
small and the elongation is also low, such being not practical. Further,
the dispersion of the maleimide copolymer in this case was also poor, and
the size of dispersed particles was large. If the amount of the unsaturated
dicarboxylic anhydride is too much as in Comparative Example 2, the 20
impact resistance does not improve, and a poor appearance and a
deterioration in the moldability (flow) result. From the comparision
between Example 2 and Comparative Example 3, it is evident that the content
of the dicarboxylic anhydride in the polyolefin polymer is important, and
if it is not contained, the degree of improvement in the impact resistance
is small, and the outer appearance tends to be poor. 25    In the
foregoing, it is evident that only when both components contain (either
grafting or copolymeriza - tion) proper amounts of the unsaturated
carboxylic anhydride, the balance of physical properties will be
satisfactory. 



Further, it is evident from the Examples and Comparative Examples, the
dispersed state of the maleimide copolymer is important to the physical
properties, and no good results will be obtained if the 30  particle size
is either too large or too small. Electron microscopic photographs of the
resin compositions obtained in Example 2 and Comparative Examples 1 and 3
are shown in Figures 1, 2 and 3, respectively. As shown in Figure 1, the
particle size of the maleimide copolymer in the resin composition of the
present invention is 0.1 um, and the modified polyolefin polymer is
substantially uniformly dispersed as a 35 semi - continuous phase. In
Comparative Example 1, the size of dispersed particles of the maleimide
copolymer is large, and the dispersed particle size of the modified
polyolefin polymer is also different from Example 1 and is poor. In
Comparative Example 3, the size of dispersed particles of the maleimide
copolymer is small, and the dispersion of the modified polyolefin polymer
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accompanying drawings, Figures 1, 2 and 3 are electron microscopic
photographs showing the 40  dispersed states of the maleimide copolymer
particles in the resin compositions obtained in Example 2 and Comparative
Examples 1 and 3, respectively. In these photographs, the length of 15 mm
corresponds to 1 Claims 45 1. A theromoplastic resin composition
comprising: (A) from 10 to 50%  by weight of a maleimide copolymer of [err]
30 mol% of an aromatic vinyl monomer, from 30 to 50 mol% of a maleimide
monomer, from 3 to 20 mol% of an unsaturated dicarboxylic anhydride monomer
and from 0 to 50 mol% of other copolymerizable monomer; so        (B) from
40 to 80% by weight of a polyamide; and (C) from 3 to 40% by weight of a
polyolefin polymer modified by from 0.1 to 10% by weight of an unsaturated
dicarboxylic anhydride monomer and/or an unsaturated carboxylic acid
monomer, wherein said maleimide copolymer is in the form of dispersed
particles of from 0.01 to 1.0 um, measured by leaving a trimmed sample
immersed in hydrazine monohydrate at [err] for 48 hours, 55        drying
the sample, after washing with water, by immersing in 1% osmic acid aqueous
solution and leaving to stand at room temperature for 24 hours,
photographing a super thin specimen cut out from the dyed sample using a
transmission type electron microscope and analyzing the image obtained. 12
EP 0331 975 B1                    *  C  L  M  S  * 2. The thermoplastic
resin composition according to Claim 1, wherein the modified polyolefin
polymer is in the form of particles having a non - specific shape and is
substantially uniformly dispersed. 



3.  The thermoplastic resin composition according to Claim 1, which further
contains a metal salt of an 5      organic acid and/or a fatty acid amide.
4. The thermoplastic resin composition according to Claim 1, wherein said
other copolymerizable monomer is an acrylate monomer. 10  5. The
thermoplastic resin composition according to Claim 1, wherein the aromatic
vinyl monomer Is a member selected from the group consisting of styrene, a-
methylstyrene, vinyl toluene, t - butylstyrene and a mixture thereof; the
malelmide monomer Is a member selected from the group consisting of
maleimide, N - methyl maleimide, N ethyl maleimide, N - propyl maleimide, N
- hexyl maleimide, N - cyclohexyl maleimide, N - phenyl maleimide, N -
tolyl maleimide and a mixture thereof; the unsaturated 15     dicarboxylic
acid anhydride monomer is a member selected from the group consisting of
maleic anhydride, methyimaleic anhydride, 1,2-dimethylmaleic anhydride,
ethylmaleic anhydride, phenyl- maleic anhydride and a mixture thereof; and
said other copolymerizable monomer is a member selected from the group
consisting of methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, decyl
(meth)acrylate, octadecyl (meth)acrylate, 20     hydroxyethyl
(meth)acrylate, methoxyethyl (meth)acrylate, glycidyl (meth)acrylate and a
mixture there - of. 6. The thermoplastic resin composition according to
Claim 1, wherein the polyamide is a member selected from the group
consisting of 6-nylon, 6,6-nylon, 6,9-nylon, 6,10-nylon, 6,12-nylon, 4,6-
25     nylon, 11 - nylon, 12- nylon, poly(hexamethylene terephthalamide),
poly(hexamethylene isoph - thalamide), poly(m -xylyleneadipamide) and a
mixture thereof. 7. The thermoplastic resin composition according to Claim
1, wherein the modified polyolefin polymer is a polymer or copolymer of an
olefin monomer selected from the group consisting of ethylene, propylene,
30     1 - butene, isobutylene, 2 - butene, cyclobutene, 3 - methyl -1 -
butene, 4 - methyl -1 - butene, 4 - methyl-1 - pentene, cyclopentene, 1 -
hexene, cyclohexene, 1 - octene, 1 - decene, 1 - dodecene and a mixture
thereof, modified by from 0.1 to 10% by weight of a monomer selected from
the group consisting of maleic anhydride, methylmaleic anhydride,
1,2-dimethyimaleic anhydride, ethylmaleic anhydride, phenylmaleic
anhydride, acrylic acid, methacrylic acid and a mixture thereof. 35 3. A
molded product prepared from a thermoplastic resin composition as defined
in Claim 1. PatentansprUche 40 1. Thermoplastische Harzzusammensetzung
umfassend: (A) 10 bis 50 Gew. - % eines Maleimidcopolymers von 2 30 Mol - %
eines aromatischen Vinylmo - nomers, 30 bis 50 Mol - % eines
Maleimidmonomers, 3 bis 20 Mol - % eines ungesattlgten
Dicarbonsaureanhydridmonomers und 0 bis 50 Mol - % eines anderen
copolymerisierbaren Mono - mers; 45       (B) 40 bis 80 Gew. - % eines
Polyamids; und (C) 3 bis 40 Gew.-% eines Polyolefinpolymers, modifiziert
durch 0,1 bis 10 Gew.-% eines ungesaffigten Dicarbonsaureanhydridmonomers
und/oder eines ungesattigten Carbonsauremono- mers, worin das
Maleimidcopolymer in Form von dispergierten Teilchen von 0,01 bis 1,0 am
vorliegt, gemessen durch Eintauchen einer zurechtgemachten Probe in
Hydrazinmonohydrat bei 50       60- C fUr 48 Stunden, Farben der Proben
nach Waschen mit Wasser durch Eintauchen in 1 % - ige wasserige
Osmiumsaurelosung und Belassen bei Raumtemperatur fUr 24 Stunden,
Fotografieren eines superdUnnen Probestfcks, geschnitten aus der gefarbten
Probe unter Verwendung eines Transmissionselektronenmikroskopes und
Analysieren des erhaltenen Bildes. 55 2. Thermoplastische Harzmasse nach
Anspruch 1, wobei das modifizierte Polyolefinpolymer in Form von Telichen
mit nicht spezifischer Form vorliegt und im wesentlichen gleichfdrmig
dispergiert ist. 13   



3. Thermoplastische Harzmasse nach Anspruch 1, zusatzlich ein Metallsalz
einer organischen Sgure und/oder ein Fettsaureamid enthaltend. 4.
Thermoplastische Harzmasse nach Anspruch 1, wobei das andere
copolymerisierbare Monomer ein Acrylatmonomer ist. 5. Thermoplastische
Harzmasse nach Anmpruch 1, wobel das aromatische Vlnylmonomer eln Mltglled
ausgewhilt Ist aus der Gruppe bestehend aus Styrol, a - Methylstyrol,
Vlnyltoluol, t - Butyistyrol und elnem Gemisch davon; das Maleimidmonomer
lst ein Mitglieds ausgewdhlt aus der Gruppe bestehend 10     aus Maleimid,
N - Methylmaleimid, N - Ethylmaleimid, N - Propylmaleimid, N -
Hexylmaleimid, N - Cyclohexylmaleimid, N - Phenylmaleimid, N -
Tolylmaleimid und einem Gemisch davon; das ungesat - tigte
Dicarbonsaureanhydridmonomer ist ein Mitglied ausgewghit aus der Gruppe
bestehend aus Maleinsaureanhydrid, Methylmaleinsaureanhydrid, 1,2 -
Dimethylmaleinsaureanhydrid, Ethylmalein - slureanhydrid,
Phenylmalelnsaureanhydrid und einem Gemisch davon; und das andere
copolymeri - 15     sierbare Monomer ist ein Mitglied ausgew~hlt aus der
Gruppe bestehend aus Methyl(meth)acrylat, Ethyl(meth)acrylat,
Butyl(meth)acrylat, Hexyl(meth)acrylat, Cyclohexyl(meth)acrylat,
Decyl(meth)acrylat, Octadecyl(meth)acrylat, Hydroxyethyl(meth)acrylat,
Methoxyethyl(meth)acrylat, Glycidyl(meth)acrylat und einem Gemisch davon.
'-do  6. Thermoplastische Harzmasse nach Anspruch 1, wobei das Polyamid oin
Mitglied ist ausgewthIt aus der Gruppe bestehend aus 6-Nylon, 6,6-Nylon,
6,9-Nylon, 6,10-Nylon, 6,12-Nylon, 4,6-Nylon, II - Nylon, 12 - Nylon,
Poly(hexamethylenterephthalamid),Poly(hexamethylenisophthalamid), Poly(m -
xylylenadipamid) und elnem Gemisch davon. 25  7. Thermoplastische Harzmasse
nach Anspruch 1, wobei das modifizierte Polyolefinpolymer ein Polymer odor
Copolymer eines Olefinmonomers ist, ausgewAhlt aus der Gruppe bestehend aus
Ethylen, Propylen, 1 - Buten, Isobutylen, 2 - Buten, Cyclobuten, 3 - Methyl
-I - buten, 4 - Methyl -I - buten, 4 - Methyl -I - penten, Cyclopenten, 1 -
Hexen, Cyclohexen, 1 - Octen, 1 - Decen, 1 - Dodecen und elnem Gemisch
davon, modifiziert durch 0,1 bis 10 Gew. - % eines Monomers, ausgewAhlt aus
der Gruppe 30     bestehend aus Maleinsgureanhydrid,
Methylmaleinsaureanhydrid, 1,2 - Methylmaleinsgureanhydrid,
Ethylmaleinsgureanhydrid, Phenylmaleinsaureanhydrid, Acrylsaure,
Methacrylsaure und einem Ge- misch davon. a  Formprodukt, hergestellt aus
einer thermoplastischen Harzmasse nach Anspruch 1. 35 Revendicatlons 1.
Composition de r~sine thermoplastique comprenant: (A) de 10 a 50% en poids
d'un copolymbre de malimide, de: 40          - 2 a 30% en moles d'un
monomore vinyl aromatique, - 30 & 50% en moles d'un maldimide monomere, - 3
A 20% en moles d'un anhydride d'acide dicarboxylique insaturd monomere, et
- 0 a 50% en moles d'un autre monombre copolym~risable; (B) de 40 a 80% en
poids d'un polyamide ; et 45       (C) de 3 a 40% en polds d'un polymbre de
polyol6fine, modifJ6 par 0,1 & 10% en poids d'un anhydride d'acide
dicarboxylique insatur6 monombre et/ou d'un acide carboxylique insaturd
mono - mbre, dans laquelle ledit copolymere de maldimide se pr6sente sous
la forme de particules dispersdes de 0,01 & 1,0 am, mesurdes en conduisant
les operations consistant & immerger un dchantillon fini dans so     du
monohydrate d'hydrazine & 60' C pendant 48 heures, A teindre l'Mchantillon,
aprbs l'avoir lav6 & I'eau, en l'immergeant dans une solution aqueuse
d'acide osmique a 1%, et en laissant reposer a la temperature ambiante
pendant 24 heures, h photographier un sp~cimen super fin d6coup6 dans
l'chantillon teint, au moyen d'un microscope 4lectronique du type h
transmission, et & analyser l'image obtenue. 



58 2. Composition de r~slne thermoplastique selon la revendication 1, dans
laquelle le polymbre de polyoldfine modifid se prdsente sous la forme de
particules ayant une forme non spdcifique et est dispersd de fagon
essentiellement uniforme. 14    EP 0 331 975 B1                      *c   L
M   S 3. Composition de resine thermoplastique selon la revandication 1,
qui contient en outre un sel metallique d'un acide organique eVou un arnide
d'acide gras. 4. Composition de resine thermoplastique selon la
revendication 1, dans laquelle ledit autre monombre s      copolymerisable
est un monombre acrylate. 5  Composition de r6sine thermoplastique selon la
revendication 1, dans laquelle: - le monombre vinyl aromatique est un
6ldment choisi dans le groupe constitud par le styrbne, I'a -
m6thylstyrbne, le vinyl toluane, le t - butylstyrene et un melange de ceux
- ci; 10        - le maleimide monomere est un element cholsi dans le
groupe constitue par le maldimide, le N - m6thyl maleimide, le N - ethyl
mail6imide, le N - propyl maleimide, le N - hexyl maldimide, le N -
cyclohexyl maleimide, le N - phenyl maleimide, le N - tolyl maldimide et un
melange de ceux - cl - I'anhydride d'acido dicarboxylique insature monombre
est un dl4ment choisi dans le groupe 15         constitud par l'anhydride
maleique, I'anhydride m6thyl mal6ique, I'anhydride dimdthyl- 1,2 ma -
Illque, I'anhydride ethyl maldique, I'anhydride ph~nyl mal6ique et un
m6lange de coux - ci; et - ledit autre monomere copolym6risable est un
element choisi dans le groupe constitu6 par le (m~th)acrylate de m~thyle,
le (meth)acrylate d'ethyle, le (mdth)acrylate de butyle, le (mdth) -
acrylate d'hexyle, le (m6th)acrylate de cyclohexyle, le (m~th)acrylate de
d~cyle, le (meth) 20          acrylate d'octaddcyle, le (m~th)acrylate
d'hydroxyethyle, le (m6th)acrylate de methoxyethyle, le (m~th) acrylate de
glycidyle et un m~lange de ceux - ci. 6. Composition de resine
thermoplastique selon la revendication 1, dans laquelle le polyamide est un
6l6ment choisi panmi le groupe constitu6 par le Nylon -6, le Nylon - 6,6,
le Nylon - 6,9, le Nylon - 6,10, 25    le Nylon - 6,12, le Nylon - 4,6 le
Nylon -11, le Nylon -12, le poly(hexamethylene tdr6phtalamide), le
poly(hexam6thylbne isophtalamide), le poly(m - xylylbne adipamide) et un
m6lange de ceux - ci. 7. Composition de r~sine thermoplastique selon la
revendication 1, dans laquelle le polymbre de polyol6fine modifid est un
polymere ou copolymbre d'une oldfine monomere choisie dans le groupe 30
constitu6 par l'dthylbne, le propylbne, le butbne -1, l'isobutylbne, le
butane -2, le cyclobutAne, le m6thyl -3 butbne -1, le m6thyl -4 butAne- 1,
le m~thyl -4 pentAne -1, le cyclopentbne, l'hexbne- 1, le cyclohexAne,
l'octene -1, le ddcbne -1, le dod6cAne -1 et un m~lange de coux - ci,
modifit par 0,1 A 10% en poids d'un monombre choisi dans le groupe
consfttud par l'anhydride maldique, I'anhydride mdthyl maleique,
I'anhydride dimethyl - 1,2 maldique, I'anhydride dthyl maldique,
I'anhydride phenyl S5     maliique, I'acide acrylique, I'acide
mdthacrylique et un melange de ceux - ci. 8. Produit moul6 fabriqu6 &
partir de la composition de resine thermoplastique telle que definie dans
la revendication 1. 40 45 50 58 15    


