
EP 0216 347 B1 Description FIELD OF THE INVENTION The present invention
relates to a modified block copolymer composition comprising a polyamide
and 5  a modified block copolymer. More particularly, the present invention
relates to a resinous modified block copolymer composition excellent in
impact resistance, adhesion, paint adhesion, weatherability, resistance to
heat aging, transparency and gloss and also to a rubbery or leather-like
modified block copolymer composition excellent in heat resistance, abrasion
resistance, compression set resistance, adhesion, transparency, oil 10
resistance, weatherability and resistance to heat aging. Each of the
above-mentioned compositions comprises a polyamide and a modified block
copolymer comprising a base block copolymer of a mono- vinyl substituted
aromatic hydrocarbon polymer block and an olefin compound polymer block
having an ethylenic unsaturation degree not exceeding 20% said base block
copolymer having a molecular unit containing a carboxylic acid group and/or
a group derived therefrom grafted thereonto. 15 DESCRIPTION OF THE PRIOR
ART Recently, thermoplastic resins such as polyamides, thermoplastic
polyesters, thermoplastic polyure- thanes, polyoxymethylene resins,
polycarbonate resins, polysulfone resins, nitrile resins, polyphenylene
ether resins and polyarylene sulfide resins have been widely used for
mechanical parts and electrical parts 20  for which excellent mechanical
characteristics, high heat resistance and good durability are required.
Weight reduction of the body of an automobile has been promoted to decrease
fuel expenses as one of the energy-saving measures, and thermoplastic
resins have attracted attentions as light-weight materials for automobile
parts which have excellent mechanical characteristics and durability.
However, these thermoplastic resins have some defects and fail to
sufficiently satisfy requirements 25 demanded in their application fields.
For example, polyoxymethylene resins and nitrile resins are advantageous in
that they have very high tensile strength, flexural strength and flexural
modulus, they can provide very tough molded articles and they are excellent
in solvent resistance, but these resins are inferior in paint adhesion and
they cannot advantageously be used as automotive exterior and interior
trims or as exterior decorative materials of 30  household electrical
appliances. Polycarbonate resins have a very high mechanical strength and
their impact strength is very high, but these resins are defective in that
the paint adhesion is relatively poor. Furthermore, polyamides,
thermoplastic polyesters, polysulfone resins, polyphenylene ether resins
and polyarylene sulfide resins have a good heat resistance and a high
mechanical strength, but they are defective in that the impact resistance
is poor. 35     Block copolymers comprising a monovinyl substituted
aromatic hydrocarbon and a conjugated diene compound, especially
styrene-butadiene block copolymers, are polymeric materials which have
recently attracted attentions. Characteristic properties of these block
copolymers differ according to the content of the monovinyl ' substituted
aromatic hydrocarbon. More specifically, a block copolymer having a
relatively low content of 40 the monovinyl substituted aromatic
hydrocarbon, even though it is unvulcanized, has a good elasticity at room
temperature and shows rubbery characteristics. On the other hand, a block
copolymer having a relatively high content of the monovinyl substituted
aromatic hydrocarbon is excellent in transparency and impact resistance and
shows resinous characteristics. Moreover, a block copolymer comprising a
monovinyl substituted aromatic hydrocarbon and a conjugated diene compound
shows at high 45 temperatures flow characteristics similar to those of a
thermoplastic resin, and this block copolymer is advantageous in that the
block copolymer can easily be molded by an ordinary extruder or injection
molding machine. However, the above-mentioned block copolymers are fatally
defective in that the weatherability and resistance to thermal
deterioration are poor, and therefore, they have been used in the fields
where such properties are not required. Furthermore, shoes prepared from
these block copolymers 50  are inferior to clogs prepared from a vinyl
chloride polymer or the like in abrasion resistance and resistance to
compression set. Accordingly, improvements of characteristics for
overcoming these disadvantages have been desired. In order to improve the
weatherability and resistance to heat aging of the above-mentioned block
copolymers, hydrogenating the conjugated diene compound polymer block in
the block copolymers have 



55 been proposed in Canadian Patent No. 815,575 and U.S. Patent No.
3,431,323. Although the weatherability or resistance to heat aging is
improved to some extent according to this method, the hydrogenated block
copolymer is defective in that the adhesion to other materials such as
other plastics, metals, glass and woven fabrics is drastically degraded. As
means for eliminating this defect U.S. Patent No. 3,792,124 discloses a
method in which an ionically crosslinked product comprising ethylene 60 and
an [err]-ethylenically unsaturated carboxylic acid is incorporated into the
hydrogenated block copolymer. However a composition prepared by the method
disclosed in U.S. Patent No. 3,792,124 does not have a satisfactorily
improved adhesion to other materials, and the composition is defective in
that peeling is readily caused in the bonded surface under high humidity
conditions or wnen immersed in water. 65     As means for overcoming these
detects of thermoplastic resins or block copolymers, there has been 2    EP
0216347 B1 proposed a method in which a thermoplastic resin is mixed with a
block copolymer to form a mixed polymer composition. For example, there can
be mentioned mixed polymer compositions comprising a styrene-butadiene
block copolymer, a styrene-isoprene block copolymer or a block copolymer
[err] by partially hydrogenating the above-mentioned copolymer as one
component of different polymers for 5  providing a composition having
excellent properties and a polar polymer such as a polyamide, polyester or
polyurethane as the other component (see U.S. Patent No.. 4,617,558, U.S.
Patent No. 3,975,459, Japanese Patent Application Laid-Open Specification
No. 75651/1975, U.S. Patent No. 4,218,545 and U.S. Patent No. 4,041,103).
However, in these compositions, the block copolymer or hydrogenated block
copolymer component is poor in compatibility with the polar polymer and the
obtained mixed polymer composition is 10 heterogeneous, and the properties
cannot be satisfactorily improved. Moreover, when the mixed polymer
composition is laminated with other material such as a metal, the adhesion
between the mixed polymer composition and the metal is insufficient and
peeling is readily caused. According to GB-A-2053238 there is provided a
thermoplastic polymer composition, which comprises (a) a component A
consisting essentially of at least one modified block copolymer of an 15
aromatic vinyl compound and a conjugated diene compound, which is modified
by grafting with an unsaturated dicarboxylic acid or a derivative thereof,
or an ionically crosslinked product thereof with univalent, bivalent or
trivalent metal ions, and (b) a component B consisting essentially of at
least one thermoplastic polymer, for example a polyamide. In this known
polymer composition the conjugated diene compound block is not hydrogenated
and therefore has a high unsaturation degree which results in a 20
decreased weatherability and heat resistance of the known composition. As
is apparent from the foregoing description, although thermoplastic resins
and block copolymers comprising a monovinyl substituted aromatic
hydrocarbon and a conjugated diene compound have various excellent
properties, they cannot be materials sufficiently satisfying requirements
demanded in the fields where they are actually used. Moreover, the mixtures
of different polymers proposed for overcoming 25 the defects of the
thermoplastic resins or block copolymers do not have satisfactorily
improved characteristics. Accordingly, development of a polymer composition
having properties required in various fields, for example in the fields of
mechanical parts, electrical parts, automobile parts, construction
materials, sheets and films has been strongly desired in the art. It is
therefore a primary object of the present invention to provide a resinous
modified block copolymer 30 composition which is excellent in impact
resistance, paint adhesion, weatherability, resistance to heat aging,
transparency, gloss and adhesion. Another object of the present invention
is to provide a rubbery or leather-like modified block copolymer
composition which is excellent in heat resistance, abrasion resistance,
resistance to compression set, adhesion, weatherability, resistance to heat
aging, transparency and oil resistance. 35 DISCLOSURE OF THE PRESENT
INVENTION The present inventors have made extensive and intensive
researches on polymer compositions comprising different polymers with a
view to improving the compatibility between the different polymers 



and developing excellent polymer compositions retaining characteristics of
the respective polymers. As a 40 result, the present inventors have found
that a modified block copolymer comprising a base block copolymer having a
monovinyl substituted aromatic hydrocarbon polymer block and an olefin
compound polymer block having an ethylenic unsaturation degree not
exceeding 20% and a molecular unit containing a carboxylic acid group/or a
group derived therefrom, which is grafted to said base block copolymer, has
a good compatibility with a polyamide, and that a modified block copolymer
composition comprising this 45 modified block copolymer and a polyamide is
excellent over conventional compositions in mechanical characteristics and
has very excellent weatherability and resistance to heat aging. The present
invention has been made based on such novel findings. In accordance with
the present invention, there is provided a modified block copolymer
composition comprising: so    (a) a polyamide: and (b) at least one
modified block copolymer which comprises a base block copolymer of at least
one monovinyl substituted aromatic hydrocarbon polymer block A and at least
one olefin compound polymer block B. said base block copolymer having at
least one molecular unit grafted thereto, said at least one molecular unit
containing at least one member selected from a carboxylic acid group and
groups derived 55 therefrom. The composition is characterized in that said
olefin compound polymer block B has an ethylenic unsaturation degree not
exceeding 20%. The modified block copolymer composition of the present
invention is characterized in that a composition having characteristics of
a resin (hereinafter often referred to as "resinous composition"), a
composition having characteristics of a rubbei (hereinafter often referred
to as "rubbery composition") and 60 a composition having characteristics
intermediate between characteristics of a resin and characteristics of a
rubber (hereinafter often referred to as "leather-like composition") can be
optionally selected according to an intended use by appropriately adjusting
the ratio of the components (a) to (b) and the content of the monovinyl
substituted hydrocarbon in the base block copolymer of the modified block
copolymer. When the composition of the present invention is a resinous
composition. it is especially excellent in impact 65 resistance, adhesion,
paint adhesion, weatherability, resistance to heat aging, transparency and
gloss, and    EP 0216347 B1 when the composition of the present invention
is a rubbery or leather-like composition, it is especially excellent in
heat resistance, abrasion resistance, resistance to compression set,
adhesion, transparency, oil resistance, weatherability and resistance to
heat aging. In the modified block copolymer composition of the present
invention, since the modified block 5  copolymer component (b) contains a
reactive carboxylic acid group or a group derived therefrom in the molecule
and the component (a) contains a polar group reactive with a carboxylic
acid group or a group derived therefrom, chemical bonding is caused by
mutual reaction of both the components or ionic crosslinkage is formed by
both the components through a metal ion or the like, whereby the component
(a) is strongly bonded to the component (b). Accordingly, the modified
block copolymer composition of the 10  present invention is excellent over
conventional mixed different polymer compositions having an insufficient
impact resistance due to a poor mutual compatibility in that the modified
block copolymer composition of the present invention has excellent
mechanical characteristics, and furthermore, the modified block copolymer
composition of the present invention has both the characteristics of the
component (a) and the characteristics of the component (b) and is
practically very valuable. Moreover, 15  since the olefin compound polymer
block of the modified block copolymer has an ethylenic unsaturation degree
not exceeding 20%, the modified block copolymer composition of the present
invention is excellent in weatherability and resistance to heat aging over
conventional block copolymers having a high ethylenic unsaturation degree,
for example, styrene-butadiene block copolymers. The present invention will
now be described in detail. 20     As the polyamide to be used as the
component (a), there can be mentioned a polycondensate of a dicarboxylic
acid and a diamine, a polycondensate of an a-aminocarboxylic acid and a
polymer produced by ring-opening polymerization of a cyclic lactam. More
specifically, nylon-6, nylon-66, nylon-610, nylon-11., nylon-12, and
copolymers thereof, such as nylon-6/nylon-66 and nylon-6/nylon-12
copolymers, 



are preferred. From the viewpoint of the processability of the composition,
it is preferred that the number 25  average molecular weight of the
polyamide be 200 to 30,000, especially 200 to 20,000 and that the melting
point of the polyamide be 150 to [err] especially 150 to 220C. In the
present invention, not only one polyamide but also a mixture of two or more
of polyamides may be used. The modified block copolymer which is used as
the component (b) of the composition of the present invention is at least
one modified block copolymer comprising a block copolymer (hereinafter
referred to as 30  "base block copolymer") having at least one monovinyl
substituted aromatic hydrocarbon polymer block A and at least one olefin
compound polymer block B having an ethylenic unsaturation degree not
exceeding 20%, said base block copolymer having at least one molecular unit
grafted thereonto, said at least one molecular unit containing at least one
member selected from a carboxylic acid group and a group derived therefrom.
The olefin compound polymer block is preferably a polymer block in which at
least one olefin 35  compound selected from mono-olefins such as ethylene,
propylene, 1-butene and isobutylene, conjugated diolefins such as
butadiene, isoprene and 1,3-pentadiene and non-conjugated diolefins such as
1,4- hexadiene, norbornene and norbornene derivatives is homopolymerized or
copolymerized, and the ethylenic unsaturation degree of this block does not
exceed 20%. The term "ethylenic unsaturation degree" as used herein is
intended to mean the percent of the number of the monomer units having an
40  unsaturated bond relative to the number of all the monomer units
constituting the olefin compound polymer block. Accordingly, the term
"ethylenic unsaturation degree not exceeding 20%" as used herein is
intended to mean that the percent of the number of the monomer units having
an unsaturated bond relative to the number of all the monomer units
constituting the olefin compound polymer block does not exceed 20%. It is
preferred that the ethylenic unsaturation degree of the olefin compound
polymer block be 45  not more than 15%. If the olefin compound polymer
block has an ethylenic unsaturation degree exceeding 20% the weatherability
and resistance to thermal deterioration of the composition are degraded,
and no good results can be obtained. Accordingly, if a diolefin such as
mentioned above is used as the constituent monomer of the olefin compound
polymer block, it is necessary that the ethylenic unsaturation degree
should be reduced by hydrogenation or the like to such an extent that the
ethylenic unsaturation degree of 50  the olefin compound polymer block does
not exceed 20% preferably not more than 15%. A monovinyl substituted
aromatic hydrocarbon may be random-copolymerized to the olefin compound
polymer block. As the base block copolymer, there may be mentioned a
hydrogenation product of a block copolymer of a monovinyl substituted
aromatic hydrocarbon and a conjugated diene compound, and a block copolymer
of a monovinyl substituted aromatic hydrocarbon and a mono-olefin. A
modified block copolymer which is 55  preferably used in the present
invention is one prepared by addition-reacting the above-mentioned base
block copolymer with at least one modifier selected from unsaturated
carboxyiic acids and derivatives thereof. A modified block copolymer which
is most preferably used in the present invention is a modified block
copolymer obtained by selectively hydrogenating a block copolymer
thereinafter referred to as "precursory block copolymer") comprising at
least one monovinyl substituted aromatic hydrocarbon 60  polymer block and
at least one polymer block composed mainly of a conjugated diene compound
at its conjugated diene compound moiety so that the ethylenic unsaturation
degree of the polymer block composed mainly of the conjugated diene
compound does not exceed 20%, and addition-reacting the hydrogenated block
copolymer with at least one modifier selected from unsaturated carboxylic
acids and derivatives thereof. A precursory block copolymer comprising at
least two monovinyl substituted aromatic 65  hydrocarbon polymer blocks and
at least one polymer block composed mainly of a conjugated diene 4    EP
0216347 B1 compound is especially preferred. In the polymer block composed
mainly of a conjugated diene compound. it is preferred that the monovinyl
substituted aromatic hydrocarbon/conjugated diene compound weight ratio be
in the range of from 01100 to 50/50, particularly from 0/100 to 30/70. the
case where the conjugated diene compound is copolymerized with the
monovinyl substituted aromatic 5  hydrocarbon in this polymer block, the
distribution of the monovinyl substituted aromatic hydrocarbon may be a
random distribution, a tapering distribution (the monomer content increases
or decreases along the molecule chain), a partially blocked distribution or
any combination thereof. In the precursory block 



copolymer of the present invention, a portion of a copolymer of the
monovinyl substituted aromatic hydrocarbon and the conjugated diene
compound having a monovinyl substituted aromatic hydrocarbon 10  content
higher than 50% by weight may be present in the transitional portion
between the mononvinyl substituted aromatic hydrocarbon polymer block and
the polymer composed mainly of the conjugated diene compound. In the
present invention, this copolymer portion is included in the polymer block
composed mainly of the conjugated diene compound. In the precursory block
copolymer, the monovinyl substituted aromatic hydrocarbon content is 5 to
15  95% by weight  preferably 10 to 90% by weight, more preferably 15 to
85% by weight. When the monovinyl substituted aromatic hydrocarbon content
is not more than 60% by weight, preferably not more than 55% by weight, the
precursory block copolymer has characteristics as a thermoplastic
elastomer, and when the monovinyl substituted aromatic hydrocarbon content
is more than 60%, preferably more than 70%, the precursory block copolymer
has characteristics as a resinous polymer. 20     At least one member
selected from styrene, [err]-methylstyrene, o-methylstyrene,
m-methylstyrene, p-methylstyrene, dimethylstyrene and p-tert-butylstyrene
is preferably used as the monovinyl substituted aromatic hydrocarbon
constituting the precursory block copolymer, and styrene is particularly
preferred. At least one member selected from butadiene, isoprene and
1,3-pentadiene is preferably used as the conjugated diene compound, and
butadiene and/or isoprene is particularly preferred. The number average 25
molecular weight of the precursory block copolymer is 20,000 to 500,000,
preferably 40,000 to 300,000. It is preferred that the ratio of the weight
average molecular weight relative to the number average molecular weight be
in the range of from 1.05 to 10. The weight average molecular weight can be
measured by the ultra-centrifugal method and the number average molecular
weight can be measured by the osmotic pressure method. In the precursory
polymer block, it is preferred that the vinyl content of the conjugated 30
diene portion be 10 to 80%. When it is necessary that rubbery elasticity
should be given to the modified block copolymer. it is preferred that the
vinyl content be 25 to 65%, particularly 35 to 55%. The vinyl content of
the precursory block copolymer can be measured by means of a nuclear
magnetic resonance apparatus. When the precursory block copolymer contains
at least two monovinyl substituted aromatic hydrocarbon polymer blocks or
at least two polymer blocks composed mainly of the conjugated diene, 35
these blocks may have the same structure, or they may be different in
monomer content, monomer distribution in the molecule chain, molecular
weight of the block and linking manner of the conjugated diene portion. As
the method for preparing the precursory block copolymer, there may be
mentioned methods disclosed in British Patent No. 895,980, British Patent
No. 1,130,770, U.S. Patent No. 3,281,383, Japanese 40  Patent Application
No. 2423/1973 and U.S. Patent No. 3,639,517. According to each of these
methods, the monovinyl substituted aromatic hydrocarbon is
block-copolymerized with the conjugated diene compound in a hydrocarbon
solvent using as an anion polymerization initiator an organic lithium
compound or the like and if necessary using as a vinyl modifier an ether
compound such as diethyl ether or tetrahydrofuran, a tertiary amine such as
triethyl amine or NNN',N'-tetramethylethylene diamine or a Lewis base such
as a 45  phosphine compound, e.g., hexamethylphosphamide, and as a coupling
agent a polyfunctional compound such as silicon tetrachloride or epoxidized
soy bean oil. A block copolymer having a linear, branched or radial
structure can be obtained. In the present invention, a block copolymer
prepared according to any of the foregoing polymerization methods can be
used. Not only one precursory block copolymer but also a mixture of two or
more precursory block copolymers may be used. The base block copolymer can
be obtained by  [err] the above-mentioned precursory block copolymer
according to a known method, for example, the method disclosed in British
Patent No. 1.020,720. It is requisite that at least 80%, preferably at
least 85%, of the monomer units having an aliphatic double bond in the
polymer block composed mainly of the conjugated diene compound in the
precursory block copolymer should be hydrogenated; In other words, it is
requisite that the ethylenic unsaturation 55  degree of the olefin compound
polymer block B formed by conversion of the polymer block composed mainly
of the conjugated diene compound by hydrogenation should not exceed 20%,
preferably not exceed 15%. As pointed out hereinbefore, if the ethylenic
unsaturation degree of the olefin compound polymer block exceeds 20%, the
weatherability or resistance to thermal deterioration of the composition is
degraded and no good results can be obtained. From the standpoint of
mechanical characteristics, it is 60  preferred that the degree of
hydrogenation of the monomer units containing aromatic double bonds derived
from the monovinyl substituted aromatic hydrocarbon in the monovinyl
substituted aromatic 



hydrocarbon polymer block and the monovinyl substituted aromatic
hydrocarbon copolymerized according to need to the polymer block composed
mainly of the conjugated diene compound by not more than 20%. The ethylenic
unsaturation degree of the olefin compound polymer block can be measured by
65  instrumental analysis using an infrared spectrophotometer (IR) or a
nuclear magnetic resonance apparatus 5    EP 0216347 B1 (NMR) or by
titration analysis such as iodine titration. The base block copolymer is
then modified by addition reaction with at least one modifier selected from
unsaturated carboxylic acids and derivatives thereof, whereby a modified
block copolymer - to be used in the present invention is obtained. As the
unsaturated carboxylic acid or its derivative which is used as the 5
modifier, there may be mentioned, for example, maleic acid, maleic
anhydride, maleic acid esters, maleic acid amides, maleic acid imides,
fumaric acid, fumaric acid esters fumaric acid amides, fumaric acid imides,
itaconic acid, itaconic anhydride, itaconic acid  esters, itaconic acid
amides, itaconic acid imides, halogenated maleic acid, halogenated maleic
anhydride, halogenated maleic acid esters, halogenated maleic acid amides,
halogenated maleic acid imides, cis-4-cyclohexene-1,2-dicarboxylic acid,
cis-4- 10 cyclohexene-1,2-dicarboxylic anhydride,
cis4-cyclohexane-1,2-dicarboxylic acid esters, cis-4-cyclohexene-
1,2-dicarboxylic acid amides, cis-4-cyclohexene-1,2-dicarboxylic acid
imides, endo-cis-bicyclo(2,2,1)-5- heptene-2,3-dicarboxylic acid,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic anhydride, endo-cis-
bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid esters,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid amide,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid imide, acrylic
acid, acrylic acid esters, 15 acrylic acid amide, methacrylic acid,
methacrylic acid esters and methacrylic acid amide. These modifiers may be
used alone or in combination thereof. Among these modifiers, unsaturated
dicarboxylic acids and derivatives thereof are preferred and maleic
anhydride is particularly preferred. The modified block copolymer is
obtained by grafting the above-mentioned modifier onto the base block
polymer in a solution state or molten state in the presence or absence of a
radical initiator. The 20 method for preparing the modified block copolymer
is not particularly critical in the present invention. However, a method
providing a modified block copolymer containing an undesirable component
such as gel or a modified block copolymer having an extremely high melt
viscosity and degrading the processability of the composition is not
preferred. For example, there is preferably adopted a method in which the
base block copolymer is reacted with the above-mentioned modifier in the
presence of a radical 25  initiator in, for example, an extruder. The
amount of the molecule unit containing a carboxylic acid group or a group
derived therefrom, which is contained in the modified block copolymer, that
is, the amount of the unsaturated carboxylic acid or its derivative grafted
onto the base block copolymer, is 0.05 to 30 parts by weight, preferably
0.1 to 20 parts by weight, more preferably 0.3 to 10 parts by weight, per
100 parts by weight of the base block 30  copolymer, as the mean value in
the entire modified block copolymer used in the present invention. When
this amount of the molecular unit containing a carboxylic acid group or a
group derived therefrom is smaller than 0.05 part by weight, no significant
modification effect can be obtained over the unmodified block copolymer,
and even if this amount exceeds 30 parts by weight, no substantial increase
of the modification effect can be attained. 35     The content of the
molecular unit containing a carboxylic acid group or a group derived
therefrom in the modified block copolymer can be easily determined by
infrared spectrophotometry or titration. In the present invention, the
unmodified block copolymer may be contained in the modified block copolymer
used as the component (b), so far as the amount of the unsaturated
carboxylic acid or its derivative grafted onto the base block copolymer as
the mean value in the entire component (b) is in the above-mentioned 40
range. In the present invention, the modified block copolymer may be an
ionically crosslinked modified block copolymer. This ionically crosslinked
modified block copolymer through at least one member selected from
monovalent, divalent and trivalent metal ions. Namely, the crosslinked
modified block copolymer is prepared by reacting the modified block
copolymer with at least one crosslinking agent selected from 45
monovalent, divalent and trivalent metal compounds. 



In the ionically crosslinked modified block copolymer, the carboxylic acid
group and/or the group derived therefrom of the modified block copolymer is
ionized by addition of the above-mentioned crosslinking agent. The degree
of ionization can be adjusted according to the amount of the crosslinking
compound employed, and the degree of ionization can be determined by, for
example, an infrared 50 spectrophotometer. The crosslinking agent is added
in such an amount that a carboxylic acid group and/or a group derived
therefrom, which is contained in the modified block copolymer, is partially
or completely ionized. The ionization reaction is advanced substantially
quantitatively, but in some case, in order to obtain the desirable degree
of ionization, it is necessary to add the crosslinking agent in excess of
the stoichiometrical 55  amount. In order to obtain the ionically
crosslinked modified block copolymer effectively, it is preferred that the
ratio of the mole number of the metal compound relative to the total mole
number of the carboxylic acid group and the group derived therefrom,
contained in the modified block copolymer be in the range of from 0.1 to
3.0. At least one member selected from compounds of metals of the Groups I,
II and III of the Periodic Table 60  is preferably used as the crosslinking
agent to be added to the modified block copolymer for formation of the
ionically  [err] modified block copolymer. More specifically at least one
member selected from lithium compounds, sodium compounds, potassium
compounds, magnesium compounds, calcium com- pounds, zinc compounds and
aluminum compounds is preferably used. It is preferred that these compounds
are hydroxides, alcoholates or carboxylic acid salts. 65     As the method
for obtaining the ionically crosslinked modified block copolymer, there may
be 6    EP 0216347 B1 mentioned a method in which the crosslinking agent is
added to the melt of the modified block copolymer, a method in which the
modified block copolymer is dissolved in an appropriate solvent, for
example, an organic solvent such as toluene, benzene or tetrahydrofuran and
the crosslinking agent is add  to the solution to effect the crosslinking
reaction, and a method in which the crosslinking agent is added to a latex
5  of the modified block copolymer. Any of these methods can be used for
formation of the ionically crosslinked modified block copolymer to be used
in the present invention. The ionically crosslinked modified block
copolymer which is used in the present invention is thermoplastic, and a
composition obtained by mixing this modified block copolymer with the
component (a) is processable at high temperatures, and the ionic
crosslinkage Is a reversible crosslinkage. These 70 characteristic
properties are not possessed by block copolymers obtained through
irreversible crosslinkage such as sulfur crosslinkage, peroxide
crosslinkage or irradiation crosslinkage. The composition of the present
invention includes an ionically crosslinked composition obtained by adding
the crosslinkage agent to a mixture of a polyamide as the component (a) and
the modified block copolymer as the component (b) which is molten or
dissolved in an appropriate solution, to effect the 15  crosslinking
reaction. From the standpoint of mechanical characteristics of the
composition, it is preferred that the monovinyl substituted aromatic
hydrocarbon content of the base block copolymer of the component (b) of the
modified block copolymer composition of the present invention be 5 to 95%
by weight When the modified block copolymer as the component (b) is
required to have a rubbery elasticity, it is preferred that 20  the
monovinyl substituted aromatic hydrocarbon content of the base block
copolymer be 5 to 60% by weight. On the other hand, when the modified block
copolymer as the component (b) is required to have resinous
characteristics, it is preferred that the monovinyl substituted aromatic
hydrocarbon content of the base block copolymer be over 60% by weight up to
95% inclusive by weight. As pointed out hereinbefore, the modified block
copolymer composition of the present invention can be a resinous
composition, a 25  rubbery composition or a leather-like composition
according to the ratio of a polyamide as the component (a) relative to the
modified block copolymer as the component (b) and the monovinyl substituted
aromatic hydrocarbon content of the base block copolymer of the modified
block copolymer as the component (b). In the case where the resinous
composition is obtained, when the monovinyl substituted aromatic
hydrocarbon content of the base block copolymer is over 60% by weight up to
95% inclusive by weight. 



30 preferably 65 to 90% by weight, the component (a)/component (b) weight
ratio is adjusted in the range of from 90/10 to 5/95, preferably from 85/15
to 10/90, more preferably from 80/20 to 15/85, and when the monovinyl
substituted aromatic hydrocarbon content of the base block copolymer is 5
to 60% by weight, preferably 10 to 55% by weight, more preferably 15 to 50%
by weight, the component (a)/component (b) weight ratio is adjusted in the
range of from over 50/50 up to 98/2 inclusive, preferably from 60/40 to
95/5, 35 more preferably from 70/30 to 90/10. When the amount of the
component (b) is too small and below the above range, no substantial effect
of improving the impact resistance or paint adhesion can be attained and
when the amount of the component (b) is too large, the rigidity is
degraded. In the case where a rubbery or leather-like composition is
prepared, when the monovinyl substituted aromatic hydrocarbon content of
the base block copolymer is 5 to 60% by weight, preferably 10 to 55% by
weight, more 40  preferably 15 to 55% by weight, the component
(a)/component (b) weight ratio is adjusted in the range of from 2/98 to
50/50, preferably from 5/95 to 40/60  more preferably from 10/90 to 30/70.
When the amount of the component (a) is too small and below the above
range, no substantial improvement of the composition as a rubbery or
leather-like composition can be attained. When the amount of the component
(a) is too large, the rubbery or leather like characteristics are lost and
the composition becomes resinous. 45     Reinforcers, fillers,
antioxidants, ultraviolet absorbers, coloring agents, pigments, lubricants,
flame retardants, foaming agents and other additives may be added to the
modified block copolymer composition of the present invention. Specific
examples of the additives which can be added to the composition of the
present invention are described in "Handbook of Additive Chemicals to
Rubbers and Plastics" published by Rubber Digest Co., Ltd., Japan, in 1974.
50     For example, a composition obtained by adding 5 to [err] parts by
weight, preferably 10 to 100 parts by weight, of a glass fiber to 100 parts
by weight of the resinous modified block copolymer composition of the
present invention is an excellent molding material having improved
rigidity, heat resistance and mechanical strength. Glass fibers having a
diameter of 2 to 20 [err] and a length of 50 to 20,000 [err], customarily
incorporated into resins, are preferably used. 55     When the rubbery or
leather-like modified block copolymer composition of the present invention
is used as a material for a shoe sole or an industrial article, a finely
divided solid such as calcium carbonate, clay, silica or titanium dioxide
may be added as a filler or pigment, and a hardness adjusting agent, for
example, a resin such as polystyrene or polyolefin and a moldability
adjusting agent, for example, a process oil such as a paraffin oil or a
naphthene oil may be added according to need. An Example of the 60 amounts
of these additives added to the modified block copolymer composition are as
follows: 65 7    EP 0216347 B1 Rubbery of leather -like composition of the
present invention                    100 parts by weight 5
Resin                        30 to 100 parts by weight Process oil
50 to 100 parts by weight Finely divided filter        20 to 200 parts by
weight 10 The modified block copolymer composition of the present invention
may be formed by mixing the components (a) and (b) by means of a mixing
device appropriately selected according to the mixing ratio of the
components (a) and (b) from various mixing devices such as a single screw
extruder, a multiple screw extruder ,a mixing roll, a Banbury mixer and a
kneader. It is preferred that the mixing be carried out In the 15 molten
state. Moreover, the composition of the present invention can be formed
according to a method In which the respective components are dissolved in
an organic solvent such as toluene, benzene or tetrahydrofuran and the
solvent is removed from the resulting mixture by heating. The modified
block copolymer composition of the present invention can be easily molded
in to various practically valuable products such as sheets, foams, films
and injection molded, blow molded, pressure 20 formed and rotary molded
articles having various shapes according to optional known molding methods 



such as extrusion molding, injection molding, blow molding and rotary
molding methods. The so-obtained molded articles formed of the modified
block copolymer of the present invention may be painted or plated according
to need. Any of known paints such as acrylic resin paints, vinyl-modified
acrylic resin paints, alkyd resin paints, polyurethane resin paints, epoxy
resin paints, phenolic resin paints. 25 melamine resin paints and urea
resin paints may be used for painting these molded articles. A metallic
feel can be imparted to the molded articles by a plating treatment Any of
known plating methods such as chemical plating and electrical plating
methods may be adopted. In case of the resinous modified block copolymer
composition of the present invention comprising the ionically crosslinked
modified block copolymer as the component (b), when the incorporated amount
of the component (a) is 30 relatively large, the component (b) is dispersed
in the component (a) in the peculiar form different from the circular or
oval form observed in conventional different polymer mixtures, and
therefore, when a molded article of this composition is chemically etched
and then plated, a high anchor effect can be attained and a plated molded
article having a high plate adhesion can be obtained. 35  PREFERRED
EMBODIMENTS OF THE INVENTION The present invention will now be described in
more detail with reference to the following Examples. In the Examples, the
number average molecular weights of polymers were determined according to
the osmotic pressure method and the weight average molecular weights were
determined according to the ultra-centrifugal method. Furthermore, the melt
index values referred to in the Examples are those 40  determined according
to the method of ASTM D-1238 (1) Preparation of Unmodified Block
Copolymers: Unmodified block copolymers shown in Table 1 were prepared by
subjecting butadiene and styrene to anionic block copolymerization in
n-hexane or cyclohexane as a solvent by using n-butyl lithium as a 45
polymerization catalyst and tetrahydrofuran as a vinyl content adjusting
agent. For example, an unmodified block copolymer A-1 was prepared by
performing polymerization according to the following procedures. To an
n-hexane solution containing 13 parts by weight of butadiene (butadiene
concentration, 20% by weight) were added 0.1 part by weight of n-butyl
lithium and 5 parts by weight of tetrahydrofuran, and polymerization was
carried out at about 60C for 1 hour. After substantial completion of the 50
polymerization of butadiene, an n-hexane solution containing 20 parts by
weight of styrene (styrene concentration, 20% by weight) was added to the
resulting reaction mixture and polymerization was carried out at about 60C
for 1 hour. After substantial completion of the polymerization of styrene,
an n-hexane solution containing 47 parts by weight of butadiene (butadiene
concentration, 20% by weight) was added to the resulting reaction mixture
and polymerization was carried out at about [err] for 1 hour. After 55
substantial completion of the polymerization of butadiene, an n-hexane
solution containing 20 parts by weight of styrene (styrene concentration,
20% by weight) was added to the resulting reaction mixture and
polymerization was carried out at about 60C for 1 hour to obtain the
unmodified block copolymer A-1. When unmodified block copolymers A-4 and
A-5 were prepared, silicon tetrachloride was used as a coupling agent. 60
2,6-Di-tert-butyl-4-methylphenol (hereinafter often referred to as "BHT")
was added as a stabilizer to each of the unmodified block copolymers shown
in Table 1. 65 8    EP 0216347 B1 Table 1 5  Unmodified   Polymer   Styrene
Con-   Vinyl Content2   Number Aver- Block           Struc-    tent  (% by
(%) in Buta-           age Molecu- Copolymer    ture[err]    weight)
diene Block             lar Weight 10      A-1
64,000 B-S-B-S            40                   42 A-2
55,000 A-3         S-B-S              30                   38
75,000 A-4         [err]           30                   48
164,000 



A-5         [err]             70                   53               105,000
20                        _ A-6         [err]             80
36               120,000 25  Note:   *1   B stands for a butadiene polymer
block,  B' stands for a butadiene-styrene random copolymer block, and S
stands for a styrene polymer block. 30 *2   The vinyl content was measured
using a nuclear magnetic resonance apparatus. 35 (2) Preparation of
Hydrogenated Block Copolymers: The unmodified block copolymer shown in
Table 1 was put in an.n-hexane/cyclohexane mixed solvent or a cyclohexane
solvent, and hydrogenation was carried out at [err] under a hydrogen
pressure of 7 [err] for 5 hours using cobalt naphthenate and triethyl
aluminum as catalysts, whereby there was obtained a selectively
hydrogenated block copolymer in which about 90% of double bonds of the 40
butadiene block were hydrogenated but benzene rings of the styrene block
were scarcely hydrogenated. The metals of the catalyst residue were removed
by washing with an aqueous solution of hydrochloric acid and methanol. The
hydrogenated block copolymers obtained by thus hydrogenating the unmodified
block copolymers A-1 through A-6 shown in Table 1 are designated as
hydrogenated block copolymers B-1 45 through B-6 respectively. (3)
Preparation of Modified Hydrogenated Block Copolymers: To 100 parts by
weight of the so-obtained hydrogenated block copolymer was added 1 to 5
parts by weight of maleic anhydride so that a desired amount of maleic
anhydride was added to the hydrogenated so  block copolymer, and 0.1 part
by weight of Perhexa [err] [the trade name of 2,5-dimethyl-2,5-di-
lt-butylperoxy)hexane manufactured and sold by Nippon Yushi K.K., Japan]
was added to the mixture, and the mixture was homogeneously blended and
supplied to a single screw extruder having a diameter of 20 mm
[length/diameter ratio (hereinafter often referred to as "L/D") = 241. The
maleinization reaction was carried out at a cylinder temperature of [err]
to prepare a modified copolymer. Unreacted maleic 55 anhydride was removed
from the modified hydrogenated block copolymer by heating under reduced
pressure, and BHT was added as a stabilizer in an amount of 0.5 part by
weight per 100 parts by weight of the modified copolymer. Thus, modified
hydrogenated block copolymers shown in Table 2 were prepared. The analysis
values of the obtained modified hydrogenated block copolymer are shown in
Table 2. The modified hydrogenated block copolymers obtained by
hydrogenating and modifying the unmodified block 60 copolymers A-1, A-2,
A-4, A-5 and A-6 shown in Table 1 are designated as modified hydrogenated
block copolymers C-1, C-2, C-5, C-6 and C-7, respectively. The modified
hydrogenated block copolymers obtained by hydrogenating the unmodified
block copolymer A-3 and modifying the hydrogenated block copolymer so that
the amounts of maleic anhydride grafted onto the hydrogenated block
copolymer were 1.2% by weight and 0.7% by weight are designated as modified
hydrogenated block copolymers C-3 and C-4, 65 respectively.    EP 0 216 347
B1 Table 2 Amount of  *3 Maleic Anhydride   Tolune- Modified
Grafted onto     Insoluble Hydro-           Polymer         Hydrogenated
Component genated          before          Block Copoly-   Content 10
Block             Hydro-         me   (%  by              by Copolymer
genation       weight)              weight) C-1               A-1
1.4               0.04 15 C-2             A-2               1.8
0.04 



C-3                                   1.2                0.04 A-3 20
C-4                                0.7               0.05 C-5
A-4              2.3               0.05 25                 C-6
A-5              1.2               0.02 C-7               A-6
0.5               0.01 Note: *3 The amount of maleic anhydride grafted onto
the 30 hydrogenated block copolymer was measured by the neutralization
titration method using sodium methylate. 35 (4) Preparation of Modified
Unhydrogenated Block Copolymers: Modified unhydrogenated block copolymers
D-1 D-2, and D4 were prepared by grafting maleic anhydride onto the
unmodified block copolymers A-2, A-3 and A-5 according to the following
procedures. To 100 parts by weight of the unmodified block copolymer was
added 2 to 5 parts by weight of maleic 40  anhydride so that a desired
amount of maleic anhydride was grafted onto the unmodified block copolymer,
and 0.3 part by weight of BHT and 0.2 part by weight of phenothiazine were
added to the mixture. The mixture was homogeneously blended using a mixer.
The mixture was supplied to a single extruder having a diameter of 20 mm
(L/D = 24) and the maleinization reaction was carried out at a cylinder
temperature of 250C to prepare a modified copolymer. 45  Unreacted maleic
anhydride was removed from the obtained modified copolymer by drying under
reduced pressure. Then  0.5 part by weight of BHT was added to 100 parts by
weight of the modified copolymer. Thus, modified unhydrogenated block
copolymers shown in Table 3 were prepared. The analysis values of the
obtained modified unhydrogenated polymers are shown in Table 3. so
Table Amount of Maleic Anhydride Modified            Polymer
Grafted onto 55                 Unhydrogen-          before
Unmodified ated  Block         Modifi-        Block Copolymer Copolymer
cation          (% by   weight) 60                     D-1
A-2                  1.8 D-2                A-3                  0.7 D-3
A-5                  1.2 65 10    EP 0 216 347 Bl (5) Preparation of
lonicaly Crosslinked Modifed Block Copolymer: lonically crosslinked
modified block copolymers E-1 through E-4 were obtained according to a
recipe shown in Table 4. When theonic crosslinking was carried out in a
solvent, the solvent was [err] by heating after the crosslinking reaction
By the infrared spectrum, it was confirmed that the acid anhydride 5
groups in the samples E-1 through E-4 were ionized. 10 15 20 25 30 35 40 45
50 



55 60 65    EP 0 216 347 B1 [err]    EP 0 216 347 B1 Examples 1 and 2 and
Comparative Examples 1 and 2 A resinous composition was obtained by mixing
80 parts by weight of nylon 6 (number average molecular weight: 18,000)
with 20 parts by  weight of the modified hydrogenated block  [err] C-1
shown in Table 2 by means of a screw type extruder having a diameter of 30
mm (twin, L/D = 28). 5      Another resinous composition was obtained in
the same manner as described above except that the modified. block
copolymer C-2 was used instead of the modified hydrogenated block copolymer
C-1. For comparison, a comparativeresinous composition was obtained in the
same manner as described above except that the unmodified block copolymer
A-1 shown in Table 1 was used instead of the modified hydrogenated block
copolymer C-1 or C-2. 10     Another comparative resinous composition was
obtained in the same manner as described above except that the unmodified
block copolymer A-3 was used instead of the modified hydrogenated copolymer
C-1 or C-2 or the unmodified block copolymer.A-1. Test pieces were prepared
of the soobtained resinous compositions by injection molding, and the
physical properties of the test pieces were measured. The obtained results
are shown in Table 5. 15     As will be readily understood from the results
shown in Table 5, the compositions of the present invention are excellent
in compatibility and have a highly improved impact resistance overthe
comparative compositions. Table 5 20
Com-         com- Example   Example   parative   parative 1           2
Example    Example 25 Modified hydro- genated block                 20
_            _            _ copolymer C-1 Modified hydro- [err]  genated
block                    _          20            _            _ copolymer
C-3 35        Unmodified block                _            _          20
_ copolymer A-1 Unmodified block                            _            -
20 copolymer A-3 Nylon 6                       80           80          80
80 Izod impact 45          strength (kg. cm/cm,    21.0              18.5
6.0          5.4 notched)*5 0 Tensile  strength (yield point)
610         590          450          430 50       (Kg/[err])  *6
Elongation  (%)*6            115   -    110            60            56
Transparency 



55                                       13.2         14.5        56.0
58.5 Note:   *5 The  Izod impact strength was measured according to ASTM
D-256. *6 The tensile strength and elongation were measured according to
ASTM D-638. *7 The transparency was measured according to JIS 65
K-6714. 13    EP 0 216 347   B1 Example 3 and Comparative Example 3 A
rubbery composition was obtained by kneading 30 parts by weight of nylon 6
(number average molecular weight: 18,000) with 70 parts by weight of the
modified hydrogenated block  [err] C-1 shown in Table 2 for 10 minutes by
means of a Brabender Plastograph. Test pieces were prepared of the 5
obtained composition by compression molding, and the physical properties
were determined. For comparison, a comparative rubbery composition was
obtained in the same manner as described above except that the unmodified
block copolymer A-1 shown in Table l was used Instead of the modified
hydrogenated block copolymer C-1, and test pieces were prepared of the
composition and the physical properties were determined. to     The
obtained results are shown in Table 6. As will be readily understood from
the results shown in Table 6, the composition of the present invention
comprising the modified hydrogenated block copolymer and nylon 6 is highly
improved in compatibility over the comparative composition, as is proved by
the values of the transparency. Moreover, the composition of the present
invention has high tensile strength and modulus and is improved in heat 15
-resistance represented by the tensile strength at a high temperature.
Furthermore, the composition of the present invention is characterized by a
highly improved weatherability. 20 25 30 35 40 45 so 65 14    EP 0216347 B1
Table 6 Example  3  Comparative Example 3 Modified hydrogenated block
70            - [err]   compolymer C-1 Unmodified block copolymer A-1
70 8      Nylon 6                             30         30 Hardness *8
94          93 Tensile strength *8                         78 [err]
(breaking point) (Kg/cm2)   195 300% Modulus *8 (Kg/cm2)      175
70 Elongation *8                  400         330 [err]  Tensile strength
100          30 



breaking point (kg/[err]) Tenxile strength *8                          12
[err] (breaking point) (Kg/[err]) [err]  Tenxile strength *8
70          12 (breaking point) (Kg/[err] ) Oil resistance *9 (volume in-
crease ratio) (%) (oil JIS No.       23          45 3, 23C, 22 hours)
Transparency  (Haze) (%) *7          15          65 weatherability (%)*10
(strength retention after 100 hours'           96          34 exposure in
weatherometer) Note: *7 See the Note under Table S. *8 The hardness,
tensile strength, 300% modulus and elongation were measured according to
JIS K-6301. *9 The oil resistance (volume increase ratio) was measured
according to JIS X-6310. *10 The weatherability was evaluated based on the
elongation retention, that is, the ratio of the elongation    EP 0 216 347
B1 of the test piece after 100 hours  exposure in the weatherometer (XW-WR
available from Atlas Co., U.S.A. 5         light irradiation only) to the
elongation of the test piece before the exposure, and was calculated
according to the following formula: Elongation retention (%)
(weatherability)= elongation after exposure in weatherometer 15
elongation before exposure in weatherometer  X 100 Examples 4 and 5 and
Comparative Examples 4 and 5 Resinous compositions were prepared in the
same manner as in Examples 1 and 2 and Comparative Examples 1 and 2 except
that nylon 66 (number average molecular weight: 20,000) was used instead of
20 nylon 6 In the same manner as in Examples 1 and 2 and Comparative
Examples 1 and 2, test pieces were prepared of the obtained compositions
and the physical properties were determined. The obtained results are shown
in Table 7. Table 7 25
Com-       Com- Example  Example  parative  parative 4        5
Example   Example 30 Modified hydro- [err]   genated block          20
_          _          _ copolymer C-1 35         Modified hydro- genated
block           _       20           _ copolymer C-3 Unmodified block 40
copolymer A-1                             20 Unmodified block copolymer A-3
20 45 



Nylon 66               80       80          80        80 Izod impact 50
strength *5(kg/[err])   28            4          7.6       .7.0 cm,
notched) Tenxile strength*6 55          (yield point)        660       630
475        460 (Kg/[err]) Elongation*6 (%)    54          51         45
47 60         Transparency*.7 14.8      15.2       58.0       61.5 (Haze)
(%) 65    Note:  *5,*6,*7  See the Note under Table 5. 16    EP 0216347 B1
Examples 6 and 7 A mixture obtained by impregnating 100 parts by weight of
the hydrogenated block copolymer B-1 used for formation of the modified
hydrogenated block copolymer C-1 shown in Table [err] obtained by
hydrogenating the unmodified block copolymer A-1 shown in Table 1) with 2.5
parts by weight of acrylic 5  acid was homogeneously mixed with 0.1 parts
by weight of Perhexa 25B (the trade name of 2,5-dimethyl-
2,5-di(tert-butylperoxy)hexane available from Nippon Yushi K.K., Japan].
The obtained mixture was supplied into a screw type extruder having a
diameter of 20 mm (single, L/D = 24) and the reaction was carried out at a
cylinder temperature of [err] to modify the hydrogenated block copolymer
B-1. Unreacted acrylic acid was removed from the obtained modified
hydrogenated block copolymer by heating under 10 reduced pressure. Then,
BHT was added as a stabilizer in an amount of O.5 part by weight per 100
parts by weight of the obtained polymer. The so-obtained modified
hydrogenated block copolymer is designated as "F-1". A modified
hydrogenated block copolymer was prepared in the same manner as described
above except that the hydrogenated block copolymer B-3 used for formation
of the modified hydrogenated block 15  copolymer C-3 (obtained by
hydrogenating the unmodified block copolymer A-3 shown in Table 1) was used
instead of the hydrogenated block copolymer B-1. The obtained modified
hydrogenated block copolymer is designated as "F-2". The analysis values of
the so-obtained modified hydrogenated block copolymers are shown in Table
8. 20                                 Table 8 Amount ( % by weight)of of
Toluene- Modified         Polymer           acrylic acid  Melt index
insoluble 25     block            before             grafted onto
[err]  component copolymer         hydrogenation     hydrogentated
content(% block co-                  by weight) polymer 30        F-1
A-1               2.05            1.1          0.05 F-2                A-3
1.87            0.9         0.05 The amount of acrylic acid grafted onto
the hydrogenated block copolymer was measured by the 35  neutralizing
titration method using sodium methylate. A resinous composition was
obtained in the same manner as described in Examples 4 and 5 except that
F-1 was used as the modified hydrogenated block copolymer. Another resinous
composition was obtained in the same manner as described above except that
F-2 was used as the modified hydrogenated block copolymer. 40     In the
same manner as described in Examples 4 and 5, test pieces were prepared of
the so-obtained compositions, and the physical properties thereof were
measured. The obtained results are shown in Table 



Table 9 Example   6            Example    7 45 Modified hydrogenated block
20 [err]   copolymr F-20 Modified hydrogenated block
20 copolymer F-2 Nylon 66                                        80
80 55            Izod impact strength*5                         32
29 (Kg.cm/cm, notched) Tensile strength*6 (yield point)  [err]
670            650 60 Elongation*6 (%)                                50
49 transparency*7  (Haze)  (%)                  17.3           19.1 65
Note:   *5,*6 and *7    See the Note under Table 5. 17    EP 0 216 347 As
will be readily  be understood from  the results shown in Table 9, the
compositions of the present invention comprising modified hydrogented.
block copolymers have improved impact strengths as compared with the
compositions of Comparative Examples 4 and 5 (see Table 7). 5
Example 8 and Comparative Examples 6 through 8 Compositions were prepared
by mixing block copolymers shown in Table 10 with the same nylon 66 as used
in Examples 4 and 5, and the izod impact strength was measured and the
weatherability test and the heat aging resistance test were carried out. It
was confirmed that the composition of the  present invention is excellent
in impact resistance, 10 weatherability and resistance to heat aging. Table
10 15                                                   Example
Comparative Example 20                                     Kind        C-3
A-3    B-3        D-2 Block Copolymer Amount                          20
Thermoplastic           Kind             nylon 66 25            [err] Resin
Amount Izod Impact Strength *5 (Kg-cm/cm Notched)                     24
7.0 8.1  22 30          Weatherability*11(%)                      72
42   71    45 Heat aging                               80        51    78
55 Resistance*12 (%) 35- Note: *5 See the Note under Table 5. *11 Before
and after 500 hours' exposure (light irradiation only) in a weatherometer
(XW-WR available from Atlas Co., U.SA), the Izod impact strength
(unnotched) of the test pieces was measured, and the weatherability was
evaluated based on the Izod impact strength retention after the exposure in
the weatherometer, which was calculated according to the following formula:
Izod impact strength after exposure in weatherometer 45       Izod impact
strength retention (weatherability) (%) =              X 100 



Izod impact strength before exposure in weatherometer *12 Before and after
standing in air at [err] for one month, the lzod impact strength
(unnotched) of the test so pieces was measured, and the resistance to
thermal  [err] was evaluated based on the lzod impact strength retention,
which was calculated according to the following formula: lzod impact
strength after standing at [err] 55   lzod impact strength retention (heat
aging resistance) (%) =              x 100 lzod impact strength before
standing at [err] Example 9 and Comparative Example 9 60    A modified
hydrogenated block copolymer C-1' having maleic anhydride grafted onto the
hydrogenated block copolymer in an amount of 4.1% by weight was prepared in
the same manner as adopted for the production of the modified hydrogenated
block copolymer C-1 except that 7 parts by weight of [err] anhydride was
incorporated into 100 parts by weight of the hydrogenated block copolymer
B-1 (obtained by hydrogenating the unmodified block copolymer A-1 shown in
Table 1). 65    A modified ethylene-propylene copolymer rubber G-1 was
prepared in the same manner as described    EP 0216347 B1 above except that
JSR EP57P (the trade name of an ethylene-propylene copolymer rubber
manufactured and sold by Nippon Gosei Gomu K.K. Japan) was used instead of
the hydrogenated block copolymer B-1. The amount of maleic anhydride
grafted was 3.0% by weight. A resinous composition was obtained by mixing
20 parts by weight of the so-obtained modified 5  hydrogenated block
copolymer C-1' with 80 parts by weight of the same nylon 66 as used in
Examples 4 and 5 by means of a screw type extruder having a diameter of 30
mm (twin, UD = 28). A comparative resinous composition was obtained in the
same manner as described above except that the modified ethylene-propylene
copolymer rubber G-1 as prepared above was used instead of the modified
hydrogenated block copolymer C-1'. 10    Test pieces were prepared of the
obtained compositions by injection molding, and the physical properties
thereof were determined. Furthermore, test pieces having a thickness of 0.5
mm were prepared of the compositions, and the transparency was measured.
The obtained results are shown in Table 11. From the results shown in Table
11, it is apparent that the composition of the present invention is
excellent in transparency and impact resistance. Table 11 Example
Comparative 9                                  Example 9 Modified
hydrogenated o      block copolymer C-l'                     20 Modified
ethylene-propylene              -              20 copolymer rubber G-l
Nylon 66                              80             80 Izod impact
strength                    75             68 30              (Kg.cm/cm,
notched) Tensile strength*6 2                   630             635 (yield
point) (Kg/cm ) Elongation  (%)   *6                  35             30
Transparency  (Haze)  (%) *7            23.1           38.5 Note:   *5, *6
and *7    See the Note under Table 5. Probability of Utilization in
Industry As will be apparent from the foregoing description, since the
modified block copolymer composition of the present invention is a
composition comprising a polyamide and a modified block copolymer having a
45  very good compatibility with each other, the composition of the present
invention is very homogeneous 



and is excellent over the conventional mixtures of different polymers in
mechanical characteristics, and furthermore, the composition of the present
invention has an excellent weatherability and heat aging resistance.
Accordingly, it is expected that the composition of the present invention
will be effectively used in various fields. As specific uses now
considered, there can be mentioned materials for machine parts, 50
automobile parts, electrical parts, toys, industrial parts, [err] hoses,
shoes, medical appliances, shock- absorbing rubber articles, daily
necessaries, miscellaneous goods, construction articles, sheets, films,
blow-molded articles, solution-type adhesives, hot melt adhesives,
tackifiers and adhesive layers of laminated articles. 55  Claims 1. A
modified block copolymer composition comprising: (a) a polyamide; and (b)
at least one modified block copolymer which comprises a base block
copolymer of at least one 60  monovinyl substituted aromatic hydrocarbon
polymer block A and at least one olefin compound polymer block B, said base
block copolymer having at least one molecular unit grafted thereto, said at
least one molecular unit containing at least one member selected from a
carboxylic acid group and groups derived therefrom, characterized in that
said olefin compound polymer block B has an ethylenic unsaturation degree
not exceeding 20%. 65      2. A composition according to claim 2, wherein
said polyamide is selected from the group consisting of 19    EP 0216347 B1
above except that JSR EP57P (the trade name of an ethylene-propylene
copolymer rubber manufactured and sold by Nippon Gosei Gomu K.K., Japan)
was used instead of the hydrogenated block copolymer B-1. The amount of
maleic anhydride grafted was 3.0% by weight. A resinous composition was
obtained by mixing 20 parts by weight of the so-obtained modified 5
hydrogenated block copolymer C-1 ' with 80 parts by weight of the same
nylon-66 as used in Examples 4 and 5 by means of a screw type extruder
having a diameter of 30 mm (twin, L/D = 28). A comparative resinous
composition was obtained in the same manner as described above except that
the modified ethylene-propylene copolymer rubber G-1  as prepared above was
used instead of the modified hydrogenated block copolymer C-1'. 10    Test
pieces were prepared of the obtained compositions by injection molding, and
the physical properties thereof were determined. Furthermore, test pieces
having a thickness of 0.5 mm were prepared of the compositions, and the
transparency was measured. The obtained results are shown in Table 11. From
the results shown in Table 11, it is apparent that the composition of the
present invention is excellent in transparency and impact resistance. 15
Table 11 Example    Comparative 9                      Example 9 20
Modified hydrogenated                   20 block copolymer C-1 Modified
ethylene-propylene 25              copolymer rubber G-1 [err]    Nylon 66
80              80 Izod impact strength*5                   75
68 30                  (Kg.cm/cm, notched) Tensile strength*6 2
630            635 (yield point) (Kg/cm ) Elongation  (%)   *6
35             30 Transparency  (Haze)  (%) *7           23.1
38.5 Note:   *5, *6 and *7    See the Note under Table 5. Probability of
Utilization in Industry 



As will be apparent from the foregoing description, since the modified
block copolymer composition of the present invention is a composition
comprising a polyamide and a modified block copolymer having a 45  very
good compatibility with each other, the composition of the present
invention is very homogeneous and is excellent over the conventional
mixtures of different polymers in mechanical characteristics, and
furthermore, the composition of the present invention has an excellent
weatherability and heat aging resistance. Accordingly, it is expected that
the composition of the present invention will be effectively used in
various fields. As specific uses now considered, there can be mentioned
materials for machine parts, 50  automobile parts, electrical parts, toys,
industrial parts, L sits, hoses, shoes, medical appliances, shock-
absorbing rubber articles, daily necessaries, miscellaneous goods,
construction articles, sheets, films, blow-molded articles, solution-type
adhesives, hot melt adhesives, tackifiers and adhesive layers of laminated
articles. 55 Claims 1. A modified block copolymer composition comprising:
(a) a polyamide; and (b) at least one modified block copolymer which
comprises a base block copolymer of at least one 60  monoyinyl substituted
aromatic hydrocarbon polymer block A and at least one olefin compound
polymer block B, said base block copolymer having at least one molecular
unit grafted thereto, said at least one molecular unit containing at least
one member selected from a carboxylic acid group and groups derived
therefrom, characterized in that said olefin compound polymer block B has
an ethylenic unsaturation degree not exceeding 20%. 65      2. A
composition according to claim 2, wherein said polyamide is selected from
the group consisting of 19    EP 0 216 347 B1 a polycondensate of a
dicarboxylic acid and a diamine, a polycondensate of an
[err]-aminocarboxylic acid and a polymer produced by ring-opening
polymerization of a cyclic lactam. 3. A composition according to claim 2,.
wherein said polyamide is selected from the group [err] of nylon-6,
nylon-66, nylon-610, nylon-1l, nylon-l2 a copolymer of nylon-6 and
nylon-66, and a copolymer of 5  nylon-6 and nylon-12. 4. A composition
according to claim 1, wherein said molecular unit containing at least one
member selected from a carboxylic acid group and groups derived therefrom
is grafted onto said base block copolymer in an amount of 0.05 to 30 parts
by weight per 100 parts by weight of said base block copolymer. 5. A
composition according to claim 1 wherein said monovinyl substituted
aromatic hydrocarbon is 10 contained in said base block copolymer in an
amount of over 60% by weight up to 95% inclusive by weight based on said
base block copolymer, and said polyamide (a) is present in a weight ratio
of 90:10 to 5:95 relative to said at least one modified block copolymer
(b). 6. A composition according to claim 1, wherein said monovinyl
substituted aromatic hydrocarbon is contained in said base block copolymer
in an amount of 5 to 60% by weight based on said base block 15 copolymer,
and said polyamide (a) is present in a weight ratio of over 50:50 up to
98:2 inclusive relative to said modified block copolymer (b). 7. A
composition according to claim 1. wherein said monovinyl substituted
aromatic hydrocarbon is contained in said base block copolymer in an amount
of 5 to 60% by weight based on the weight of said base block copolymer, and
said polyamide (a) is present in a weight ratio of 2:98 to 50:50 relative
to said at 20  least one modified block copolymer (b). 8. A composition
according to any of the claims 1 and 4 to 7, wherein said at least one
modified block copolymer is a product obtained by the addition reaction of
the base block copolymer with at least one modifying agent selected from
the group consisting of unsaturated carboxylic acids and derivatives
thereof, said base block copolymer being a product produced by selectively
hydrogenating a precursory 25  block copolymer comprising at least one
monovinyl substituted aromatic hydrocarbon polymer block and at least one
polymer block composed mainly of a conjugated diene compound at its
conjugated diene compound moiety to the extent that the ethylenic
unsaturation degree of the polymer block composed mainly of the conjugated
diene compound is 20% or less. 



9. A composition according to claim 8, wherein said at least one modifying
agent is selected from the 30  group consisting of maleic acid, maleic
anhydride, maleic acid esters, maleic acid amides, maleic acid imides,
fumaric acid, fumaric acid esters, fumaric acid amides, fumaric acid
imides, itaconic acid, itaconic anhydride, itaconic acid esters, itaconic
acid amides, itaconic acid imides, halogenated maleic acid, halogenated
maleic anhydride, halogenated maleic acid esters, halogenated maleic acid
amides, halogenated maleic acid imides, cis-4-cyclohexene-1.2-dicarboxylic
acid, cis-4-cyc!ohexene-1,2- 35  dicarbocylic anhydride,
cis-4-cyclohexene-1,2-dicarbocylic acid esters,
cis-4-cyclohexene-1,2-dicarbocylic acid amides,
cis-4-cyclohexene-1,2-dicarbocylic acid imides,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3- dicarboxylic acid,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic anhydride,
endo-cis-bicyclo(2,2,1)-5- heptene-2,3-dicarboxylic acid esters,
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid amides, endo-
cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid imides, acrylic acid,
acrylic esters, acrylic amide, methacrylic acid, methacrylic esters and
methacrylic amide. 10. A composition according to any of the claims 1 to 9,
wherein said modified block copolymer is ionically crosslinked through at
least one metal ion selected from the group consisting of monovalent,
divalent and trivalent metal ions to form an ionically crosslinked modified
block copolymer. 45  Patentanspriche 1. Modifizierte
Blockcopolymer-Zusammensetzung, enthaltend: (a) ein Polyamid; und (b)
mindestens ein modifiziertes Blockcopolymer, welches umfast ein
Basisblockcopolymer aus so mindestens einem monovinylsubstituierten
aromatiscl:en Kohlenwasserstoffpolymerblock A und mindestens einem aus
einer Olefinverbindung gebildeten Polymerblock B. wobei dieses Basisblock-
copolymer mindestens eine darauf aufgepfropfte Molekileinheit enthilt, die
mindestens ein aus einer Carboxylgruppe und davon abgeleiteten Gruppen
ausgewahltes Glied aufweist, dadurch gekennzeichnet, daD der aus einer
Olefinverbindung gebildete Polymerblock B einen Anteil an ethylenischer
Unge- 55 sittigtheit aufweist, der 20% nicht Oberschreitet. 2.
Zusammensetzung nach Anspruch 1, worin das Polyamid aus der aus einem
Polykondensat einer Dicarbonsbure und eines Diamins, einem Polykondensat
aus einer o-Aminocarbonsiure und einem Polymer, das durch ring6ffnende
Polymerication eines cyclischen Lactams erhalten ist, bestehenden Gruppe
ausgewahlt ist. 60     3. Zusammensetzung nach Anspruch 2, wormn das
Polyamid aus der aus Nylon-6, Nylon-66, Nylon.610, Nylon-l1,-Nylon-12,
ainem Copolymer aus Nylon-6 und Nylon-66 und einem Copolymer aus Nylon-6
und Nylon-12 bestehenden Gruppe ausgewAhIt ist. 4. Zusamnounsetzung nach
Anspruch 1, worin die mindestens'ain aus einer Carboxylgruppe und davon
abgeleitetan Gruppen ausgewAhltes Glied enthaltende Molekfleinrheit auf das
Basisblockcopolymer in 65 20    I 111111 1111111111 1111 IN !I
EP.0216,'347'B1 ner g  von05 bis  O GewIchtsteln pro 100 Gewichtste *    is
Basisblockcoo    afigpfropf: 5.,Z uiammensetzung nach Anspruch 1, wor   r
d-r monovinylsubstiuierte aromatis. e' Kohlen- wassersto~ff in'diesem
Basisblockeopolymner in elner Menge von mehr als 60 Gew.-% bis zu
einschlieBllch s  95 Gew.-%, bezogen auf das BAsisblockcopolyimer,
enthaiten ist 'und wobei das' Polyamid (ii in'inhm Gewichtsverhaltnis von
90:10 bis 5:95, bezogen auf das mindestens sine modifizierte Blockcopolymer
(b), vorhandinist. 6' Zusarmmennsetzung nach Anspruch 1, worin der
monovinylsubstituierte ar;omtischeKohlenwasser- stoff in'ern
Basisblockcopolymer in einer Menogen auf das Basisblock- to copolyrner,
onthalten ist und wobsi das Polyamid .(a) in einem' Gwichtsverhaltnis von
Ober 50:50 is zu einschlle~lich 98:2. bezogen auf das modifizierte
Blockcopolymer (b). vorhanden jsLt .7. Zusammensetzung nach Anspruch 1,
worin der monovinylsubslitulerte'aromatische Kohlenwassor- stoff in dem
Basisblockcopolymer irn elner Menge von 5 bis 60 Gew.-%,'bezoggn auf das
Gewichtdes Basis- blockoopolymeren, enthalten ist, und.wobei das Polyarnid
(a) in einem Gewichtsverhaltnis von 2:98 bis 



* s 50:50, bezogen auf das mindestens eine modifizierte Blockeopolymer.
(b), vorhandein isS 8. Zusammensetzung nach einem der Ansprflche 1 und 4
bis 7, worin dars mindestens'eine modifizierte Blockcopolymer ein Produkt
ist, das durch Additionsreaktion des Basisblockoopolymers mit mindestens
einem Modiflzierungsmittel der aus ungeshttigten Carbonsluren und ihren
Derivaten bestehenden Gruppe erhalten ist, wobei des Basisblockcopolymer
ein .Produkt ist, das durch seiektives Hydrieren der Einheiten 20 der
konjugierten Dienverbindung eines Blockcopolymervorlaufers erhalten ist,
der mindestens oenen' monovinylsubstitulerten aromatischen
Kohlenwasserstoffpolymerblock' und mindestens einen Palymer- block, der
vorwiegend aus einer konjugierten Diinverbindung gebildet Wsi, umfalBt, in
einem soichen AusmaB. daB der ethylenische Unsittigungsgrad des vorwiegend
aus der konjuglierten Dienverbindung zusammengesetzten Polymerblockes 20%
odir weniger betragt.    'n' 25    9. Zusammensetzung nach Anspruch 8,
wobei das mindestens esine Modifzierungsmittel aus der aus Maleinsaure,
Maleinsdureanhydrid, Maleinsaureestem, Maleinsaureamiden,
Maleinsdureimiden, Fumar- sdure, Fumarsaureestern, Fumarfureamiden,
Fumarsaureimiden, Itaconsaure. Itaconsdureanhydrid, Itaconsiureestern,
Itaconsiureamicen, Itaconsaurelmiden, halogeiiierter Maleindilre,
halogeniertem Maleinsiureanhydrid, halogenierten Maleinsiureesterfn,
halogenierten Maleinsaureamiden, halogeniorten 30 Maleinsaureimiden.
cis-4-Cyclohexen-1,2-dicarbonsaure,
cis-4-Cyclohexin-1,2-dicarbonsiureanhydrid,
cis-4-Cyclohexen-1,2-dicarbonsaureestern,
cis-4-Cyclohexsn-1,2-dicarbonsiureamiden, cis-4-Cyclohexen-
1,2-dicarbonsaureimiden,
Endo-cis-bicyclo(2,2,1)-5-hepten-2,3-dicarbonsaure,
Endo-cis-bicyclo(2,2,1)5- hepten-2,3-dicarbonsaureanhydrid,
Endo-cis-bicyclo(2,2,1)-5-hepten-2,3-dicarbonsiureestern, Endo-cis-
bicyclo(2.2,1)-S-hepten-2,3-dicarbonsiureamiden,
Endo-cis-bicyclo(2,2,1)-5-hepten-2,3-dicarbonsiure- 35 imiden. Acrylsaure,
Acrylsaureestern, Acrylsaureamid, Methacrylsiure, Methacrylsaureesterm  und
Methacrylsaureamid bestehenden Gruppe ausgewihft ist. \ 10. Zusammensetzung
nach einem der Anspruche 1 bis 9, wobei das modifizierte Blockcopolymer
duroh mindestens ein Metallion, das aus der aus einwertigen, zwelwertigen
und dreiwertigen Metallionen bestehenden Gruppe ausgewihIt ist, unter
Bildung sines ionisch vemetzten modifizierten Block- 40 copolymers ionisch
vernitzt ist. Rovendications 1. Composition de copolymere s6quence modifi6
constitute: 45    (a) d'un polyamide; et (b) d'au moins un copolymbre
s6quence modifie qui comprend un copolymere s6quenc6 de base compose d'au
mons une s6quence de polymere hydrocarbone aromaticlue h substitution
monovinylique A it d'au moins une siquence de polymbre d'un compos6
ol6finique B. ce copolymere sequence de base eyant au moins un motif
moleculaire qui y est greffe, ce motif mol6culaire contenant au moins un
6l6ment 5o choisi parmi un groups acide carboxylique et les groues qui en
d6rivent, caract6ris6e en ce quo la sequence de polymere du compos6
olefinique B a un degr6 d'insaturation 6thylenique ne d6passant pas 20%. 2.
Composition suivant la revendication 1, dans laquelle la polyamide est
choisi parmi un polycondensat d'un acide dicarboxylique et d'une diamine,
un polycondensat d'un acide a- 55 aminocarboxylique et d'un polymere
produit par polym6risation par ouverture de cycle d'un lactarne cyclique.
3. Composition suivant Ia revendication 2, dens laquelle Is polyamide est
choisi parmi le nylon-6, !l nylon-66, le nylon-610, le nylon-11. le
nylon-12, un copolymbre de nylon-6 et de nylon-66, et un.copolymbre de
nylon-B et de nylon-12. 60     4. Composition suivant Ia revendication 1,
dans laquelle le motif moleculaire contenant au moins un 6l6ment choisi
parmi un groupe acide carboxylique et les groupes qui en derivent est
grefft sur le copolymbre s6quenc6 de base en une quantit6 repr6sentant de
0,05 a 30 parties en poids pour 100 parties in poids du copolymere s6quence
de base. 5. Composition suivant la revendication 1, dans laquelle
l'hydrocarbure aromatique i substitution 65 monovinylique eot contenu dens
Is copolymbre s6quence de base in une quantite repr6sentant de plus de 21
,, X  ~ . -:                                    ;.,-:, ,    



P.~~. du         EP01647B t.   . t   4a1.A 50% A 95% Inclus du poids du
copolymere ,sequencede base Otis polyamido (a) ot pres't'nn-rsport-
pond6ral do 90101 5i5 par rapport audit au mains-un copalymire sequenc6
modi6b. 6. Composition sW ni lareVedication 1 dans laquetlo lbhduar       q
monavinylque sit conrtnoudans le copolymere s6quend6 do baa.-en-une quant
repr~aemant de 51 60% .a4^ . J  du pais duscopolymlere s6quence de base et
le - polyamide (a) esit prsent en uh rapport .-pnrai do plus ..do
.50:5.60198;ain9   padiosr.rap~port au copolymlro,~ p -~ec6, madiffl6
(b)>-4'i 1 . 7. CamposI~n sulvan~ia rvond~cation.1,ana~iaquoIs. ' :hydro'
c~ro  armaiqdabuto ''monovinylique ast conto'u dans le copolymere s6quenc6
do base en.unequantis represontantde5 160% ' '  . - du poids du'
cpolymelre4s uenc6 di base It l paeyamido b). st p6enten un rappi pauid&,al
i'd  98 1 10 5;05|;0 par rappoit audit-'au. mnoins un copoltymere.
,s,*qizonce rn, odifie (b).~- ",. ..,-'ru.u n  - o 8. Composition sulvant
l'une quelconque, des rvendicatiojns 1 it 417i dans 7 aqoello ledit au'm
oinsun copolymrre esquencm odfl6 est un prduit obtenu par la
reaction-d'addition du copolri~iuenc6 de bass sur au moinsu un   odfant
choisi parmi, duaid siarboxyliques irna stl   dris, , .j copolymro ae
queoe'da base etant un produit prpar6 par hydrog~natian s~lo    d'Woopre
i5sdquenc6 precursour compronant au moins une -s6que ce: do polymere
d'hydrocarbur. aromatique substitution monovinylique, et au moins une.
s6quence. de polymbro composee principalomnn d'un compos didnique conldgu6
sur son radical de. compos6 di6nique canjugu6, pour 'utant quo le degr6
d'insaturation 6thylenique du copolymero.s6quenc6 compos6 principalement du
com dinique conjugu6 sot de 20% ou; inf6rieur 1 cote valour. 20     9.
Composition suivant: Ia revendication 8, dans laquelle l'agent modifiant
eat choisi parmi raeide mal6lque, I'anhydride rnaleique les maleates,-les
amides de l'acide maeilque, les Imides de racide mal6ique. I'acide
fumarique, les;.fumaratesi les amides de I'acide fumarique, esi imides de
I'acide fumarique. l'acide ltaconique,. I'anhydride itaconique, les
taconates, les amides d l'acidd itaconique, les imides de I'acide
itaconique, I'acide mal6ique halogin6, I'anhydride mal6ique halog6n4as
mal6ates 25 halogen6s, lea amides di !'adcde mal6ique halog6n6s, les imides
de l'acide mal6ique halogenrs,:racido cis-
4-cVclohexlne-1,2-dlcarboxylique, I'anhydride
cis.4cycidhoxlne-1,2-dicarboxyliqueo.lea esters de l'acide
cis-4.cyclohexine-1.2-dicarboxylique, les amides I'acide
cis.4cyclohexine-1,2-dicarboxylique, les imides de  l'acide
cis4-cyclohexbne-1,2-dicarboxylique,  I'acide   endo-cis-bicyclo(2,2,1
heptino-2,3- dicarboxylique, I'anhydride
endo-cis-bicyclo(2,2,1)-5-heptene-2.3dicarbo~xWiquO. Is  esters de l'acide
30 endo-cis-bicyclo(22,1 )-heptlne-2,3-dicarboxylique, les amides de
l'acide endo-cis-bicycIo(2,21)5- heptne-2,3dlicarboxylique, les imides de
I'acide endo-cis-bicycIo(2,2,1)--hoptene-23dicarboxylique, I'acide
acrylique, les acrylates, I'amnide acrylique, I'acide m6thacrylique, les
-m6thacrylates et i'amide m6thacrylique. 10. Composition suivant I'une
quelconque des revendications 1. k 9, dans laquelle le copolymere 35
sequence modifie est r6ticultiloniquement par au mons un ion m6tallique
choisi parmi les ions metalliques monovalents, divalents et trivalents,
pour former un copolymere s6quenc6 modifI6 r6ticule loniquement. 40 48 so
55 60 65 .  ...           - :..      . 22"                     A       ~ ..


