
EP 0 262 691 B1 Description The present invention relates to a modified
block copolymer having excellent properties, particularly with respect to
the impact resistance, adhesion, paint adhesion, weatherability, resistance
to heat aging, 5  transparency and gloss and heat resistance, abrasion
resistance, compression set resistance, adhesion, transparency, oil
resistance, weatherability and resistance to heat aging. Recently,
thermoplastic resins such as polyamides, thermoplastic polyesters,
thermoplastic polyurethanes, polyoxymethylene resins, polycarbonate resins,
polysulfone resins, nitrile resins, poly- phenylene ether resins and
polyarylene sulfide resins have been widely used for mechanical parts and
70 electrical parts 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 15  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 - 20 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. 25     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 attention . 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 30  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 temperatures flow 35  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 are inferior to clogs prepared from 



40  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 been proposed in Canadian Patent No. 815,575
and U.S. Patent No. 3,431,323. 45     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 and an [err]-ethylenically unsaturated carboxylic acid
is incorporated into the hydrogenated block copolymer. 50  However a
composition prepared by the method desclosed in U.S. Patent No. 3,792,124
does not have an 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 when immersed in water. As
is apparent from the foregoing description, although block copolymers
comprising a monovinyl substituted aromatic hydrocarbon and a conjugated
diene compound have various excellent properties, 55  these materials do
not sufficiently satisfy the requirements demanded in the fields where they
are actually used. GB-A-2 053 238 discloses a composition comprising a
modified block copolymer of at least two blocks of an aromatic monovinyl
compound and at least one block of a conjugated diene compound, which is 2
EP 0 262 691 B1 modified with a dicarboxylic acid or its derivative or the
ionically crosslinked product of the modified block copolymer which is
crosslinked with a monovalent, divalent or trivalent metal ion. However,
the block copolymer is unhydrogenated. Thus, when such a block copolymer is
blended with a thermoplastic polymer the resulting resin composition is
disadvantageous with regard to weatherability, heat resistance and 5
mechanical strength. FR-A-2 367 780 describes a lubricating oil additive
prepared by reacting a diblock copolymer with maleic anhydride and an
alkane polyol, the block copolymer having a general configuration A-B
wherein A is a monoalkenyl arene block and B is a selectively hydrogenated
conjugated diene block having between 75% and 98% hydrogenated double
bonds. This modified hydrogenated diblock copolymer has only insufficient
10  tensile strength when elongated. Moreover, when such a diblock
copolymer is blended with a thermoplastic resin having a polar functional
group, compositions are obtained which are poor in impact strength.
Furthermore, EP-A-0 002 286 describes an oil-soluble/graft copolymer being
a modified hydrogenated random copolymer suitable for use as an additive
for lubricating oils and liquid hydrocarbon fuels. This copolymer comprises
a substantially linear, substantially saturated, rubbery, olefinic
hydrocarbon back-bone 15  polymer and, graft polymerized thereon,
copolymerized units of a monomer system comprising maleic acid 



and/or maleic anhydride and one or more other monomers copolymerizable with
maleic acid or maleic anhydride, said copolymerized units being
post-reacted with a polyamino compound containing one primary or secondary
amino group or one primary amido group. Such a copolymer, however, is very
poor with respect to the mechanical strength properties. Furthermore, when
it is blended with a polar thermoplastic 20  resin, the resultant
composition exhibits also only very poor mechanical strength properties. It
is therefore the object of the present invention to provide a rubbery or
leather-like modified block copolymer which is excellent in heat
resistance, abrasion resistance, resistance to compression set, adhesion,
weatherability, resistance to heat aging, transparency and oil resistance
and which may be used as an additive to a thermoplastic polymer. 25
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 30  developing excellent polymer compositions
retaining characteristics of the respective polymers. As a result, the
present inventors have found that a modified block copolymer comprising a
linear base block copolymer having at least two monovinyl substituted
aromatic hydrocarbon polymer blocks and at least one olefin compound
polymer block having an ethylenic unsaturation degree not exceeding 20 %
and at least one molecular unit containing a dicarboxylic acid group and/or
a group derived therefrom, which is grafted to 35  said base block
copolymer, has a good compatibility with thermoplastic polymers such as
polar group- containing polar thermoplastic polymers, polyoxymethylenes, or
polycarbonates and that a modified block copolymer composition comprising
this modified block copolymer and a thermoplastic polymer 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. 40     More
specifically, in accordance with the present invention, there is provided a
modified block copolymer comprising a linear base block copolymer of at
least two monovinyl substituted aromatic hydrocarbon polymer blocks having
a hydrogenation degree of not greater than of 20% with respect to aromatic
double bonds thereof and at least one olefin compound polymer block
hydrogenated to have an ethylenic unsaturation degree not exceeding 20%,
said linear base block copolymer having a monovinyl 45  substituted
aromatic hydrocarbon content of 5 to 95% by weight and having a number
average molecular weight of 20,000 to 500,000 prior to the hydrogenation,
said linear base block copolymer having at least one molecular unit grafted
thereonto, said molecular unit containing at least one member selected from
a dicarboxylic acid group and groups derived therefrom and being 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. 50     Furthermore,
there is provided a process for producing this modified block copolymer.
The olefin compound polymer block is preferably a polymer block in which at
least one olefin 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 55  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 unsaturated bond relative to the number of all the monomer units
constituting the olefin compound polymer block. Accordinly, the term
"ethylenic unsaturation degree not exceeding 20%" as used herein is
intended to mean that the 3    EP 0 262 691 B1 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 he ethylenic unsaturation degree of the
olefin compound polymer block be not more than 15%. If the olefin compound
polymer block has an ethylenic unsaturation degree exceeding 20%, the
weatherability and 5  resistance to thermal deterioration of a composition
obtained with this block copolymer 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 the
olefin compound polymer block does not exceed 20%, preferably not more than
15%. A ro  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
preferred according to the present invention is one prepared by
addition-reacting the 15  above-mentioned base block copolymer with at
least one modifier selected from unsaturated dicarboxylic acids and
derivatives thereof. The modified block copolymer of the present invention
which is most preferred is a modified block copolymer obtained by
selectively hydrogenating a block copolymer (hereinafter referred to as
"precursory block copolymer") comprising at least two monovinyl substituted
aromatic hydrocarbon polymer blocks and at least one polymer block composed
mainly of a conjugated 20  diene compound. 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 0/100 to 50/50, particularly from 0/100 to 30/70. In
the case where the conjugated diene compound is copolymerized with the
monovinyl substituted aromatic hydrocarbon in this polymer block, the
distribution of the monovinyl substituted aromatic hydrocarbon may be a
random distribution, a tapering 25  distribution (the monomer content
increases or decreases along the molecule chain), a partial block form
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 content higher than 50% by
weight may be present in the transitional portion between the monovinyl
substituted aromatic hydrocarbon polymer 30  block and the polymer block
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 95% by weight, preferably 10 to 90% by
weight, more preferably 15 to 85% by weight. When the monovinyl 35
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. At least one member selected from styrene, a-methylstyrene,
o-methylstyrene, m-methylstyrene, p- 40 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 molecular weight of the precursory block copolymer is
20,000 to 500,000, preferably 40,000 to 300,000. It is 45  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 diene portion be 10 to 80%. When it is
necessary that rubbery elasticity should be given to the modified 50  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. In the
precursory block copolymer the at least two monovinyl substituted aromatic
hydrocarbon polymer blocks may have the same structure, or they may be
different in monomer content, monomer distribution in 55  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 Patent
Application Publication No. 2423/1973 and U.S. Patent No. 3,639,517.
According to each of these 4    EP 0 262 691 B1 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
N,N,N',N'-tetramethylethylene diamine or a Lewis 5  base such as a
phosphine compound, e.g., hexamethylphosphamide, and as a coupling agent a
polyfunc- tional 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. 10     The base block copolymer
can be obtained by hydrogenating 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 15  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 a composition
obtained therefrom is degraded and no good results can be obtained. From
the standpoint of mechanical characteris- -   20  tics, it is 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 be
not more than 20%. The ethylenic unsaturation degree of the olefin compound
polymer block can be measured by instrumental 25  analysis using an
infrared spectrophotometer (IR) or a nuclear magnetic resonance apparatus
(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 dicarboxylic acids and derivatives thereof,
whereby a modified block copolymer is obtained. As the unsaturated
dicarboxylic acid or its derivative which is used as the modifier, there
may be 30  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, haloge-
nated maleic acid imides, cis-4-cyclohexene-1,2-dicarboxylic acid,
cis-4-cyclohexene-1,2-dicarboxylic anhy- 35  dride,
cis-4-cyclohexene-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.
These modifiers may be used alone or in combination thereof. Among these 40
modifiers 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 of
absence of a radical initiator. The 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 45  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 modifer in the presence
of a radical initiator in, for example, an extruder. The amount of the
molecular unit containing a carboxylic acid group or a group derived
therefrom, 50  which is contained in the modified block copolymer, that is,
the amount of the unsaturated dicarboxylic 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 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 55 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. The content of the molecular
unit containing a dicarboxylic acid group or a group derived therefrom in 5
EP 0 262 691 B1 the modified block copolymer can be easily determined by
infrared spectrophotometry or titration. In the present invention, the
modified block copolymer may be an ionically crosslinked modified block
copolymer. This ionically crosslinked modified block copolymer is obtained
by crosslinking the above- mentioned modified block copolymer through at
least one member selected from monovalent, divalent and 5  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 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 10  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 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 15  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 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 20 3.0. At least one member selected from
compounds of metals of the Groups I, II and III of the Periodic Table is
preferably used as the crosslinking agent to be added to the modified block
copolymer for 



formation of the ionically crosslinked modified block copolymer. More
specifically at least one member selected from lithium compounds, sodium
compounds, potassium compounds, magnesium compounds, 25  calcium compounds,
zinc compounds and aluminum compounds is preferably used. It is preferred
that these compounds are hydroxides, alcoholates or carboxylic acid salts.
As the method for obtaining the ionically crosslinked modified block
copolymer, there may be 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 30  organic solvent such as toluene, benzene or tetrahydrofuran
and the crosslinking agent is added to the solution to effect the
crosslinking reaction, and a method in which the crosslinking agent is
added to a latex 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 thermo- 35
plastic, and processable at high temperatures, and the ionic crosslinkage
is a reversible crosslinkage. These characteristic properties are not
possessed by block copolymers obtained through irreversible crosslinkage
such as sulfur crosslinkage, peroxide crosslinkage or irradiation
crosslinkage. From the standpoint of mechanical characteristics it is
preferred that the monovinyl substituted aromatic -     hydrocarbon content
of the base block copolymer of the modified block copolymer composition of
the 40  present invention be 5 to 95 % by weight. When the modified block
copolymer is required to have a rubber elasticity, it is preferred that 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 is required to have resinous characteristics, it is
preferred that the monovinyl substituted aromatic hydrocarbon content of
the base block copolymer is over 60 % by weight up to 95 % inclusive by
weight. As pointed out 45  hereinbefore, the modified block copolymer of
the present invention can be used to produce a resinous composition, a
rubbery composition or a leather-like composition according to the ratio of
the thermoplastic polymer contained in the composition. The modified block
copolymer of the present invention may be blended with a polar
thermoplastic polymer containing at least one polar functional group, with
polyoxy methylene, polycarbonates, modified 50  polycarbonates,
polysulfone, modified polysulfone, nitrile polymers, polyphenylene ethers,
modified poly- phenylene ethers, polyarylene sulfides and modified
polyarylene sulfides in order to improve the properties of the obtained
copolymer composition. Reinforcers, fillers, antioxidants, ultraviolet
absorbers, coloring agents, pigments, lubricants, flame retardents, foaming
agents and other additives may be added to this modified block copolymer
composi- 55 tion. Specific examples of the additives which can be added to
the composition are described in "Handbood of Additive Chemicals to Rubbers
and Plastics" published by Rubber Digest Co., Ltd., Japan in 1974. The
modified block copolymer of the present invention may be added to the above
defined polymers by mixing the components by means of a mixing device
appropriately selected according to the mixing 6   



EP 0 262 691 B1 ratio of the components 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 molten state. Moreover, the blending can be performed according to a
method in which the respective components are dissolved in an organic
solvent such as toluene, benzene or tetrahydrofuran and the 5  solvent is
removed from the resulting mixture by heating. PREFERRED EMBODIMENTS OF THE
INVENTION The present invention will now be described in more detail with
reference to the following Examples. 10    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 determined according to
the method of ASTM D-1238. 15 (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
polymerization catalyst and tetrahydrofuran as a vinyl content adjusting
agent. For example, an unmodified 20 block copolyer 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 polymeriza- tion was
carried out at about 60 C for 1 hour. After substantial completion of the
polymerization of butadiene, an n-hexane solution containing 20 parts by
weight of styrene (styrene concentration, 20% by 25 weight) was added to
the resulting reaction mixture and polymerization was carried out at about
60 C 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
substantial completion of the polymerization of butadiene, an n-hexane
solution containing 20 parts by weight of styrene (styrene 30
concentration, 20% by weight) was added to the resulting reaction mixture
and polymerization was carried out at about [err] 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.
2,6-Di-tert-butyl-4-methylphenol (hereinafter often referred to as "BHT")
was added as a stabilizer to 35 each of the unmodified block copolymers
shown in Table 1. 40 45 50 55 7  



EP 0 262 691 B1 Table 1 Unmodified   Polymer   Styrene Con-   Vinyl
Content*[err]   Number Aver- 5   Block            Struc-    tent  (%  by
(%)  in Buta-         age Molecu- Copolymer    ture*[err]   weight)
diene Block            lar Weight A-1
64,000 B-S-3-S            40                  42 A-2
55,000 A-3         S-B-S              30                   38
75,000 A-4         Si[err]B-S)[err]           30                   48
164,000 A-5         Si[err]B-S)[err]           70                   53
105,000 A-6         S-B'-S             80                   36
120,000 20    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. 25 *2   The vinyl content was measured using a
nuclear magnetic resonance apparatus. 30 (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 50 C under a hydrogen pressure of 7 35
Kg/[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 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. 40     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 through B-6, respectively. (3)
Preparation of Modified Hydrogenated Block Copolymers: 45 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 block copolymer, and 0.1 part by
weight of Perhexa 25B [the trade name of 2,5-dimethyl-2,5-di(t-
butylperoxy)hexane manufactured and sold by Nippon Yushi K.K., Japan] was
added to the mixture, and the 50 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") = 24]. The
maleinization reaction was carried out at a cylinder temperature of [err]
to prepare a modified copolymer. Unreacted maleic 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 55 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 copolymers A-1, A-2, A-4,
A-5 and A-6 shown in Table 1 are designated as modified hydrogenated block
8    EP 0 262 691 B1 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 5  C-4,
respectively. Table 2 10                                             Amount
of    *3 Maleic Anhydride  Toluene- Modified
Grafted onto    Insoluble Hydro-              Polymer    Hydrogenated
Component genated             before           Block Copoly-  Content 15
Block               Hydro-           mer   (%  by             (%by
Copolymer           genation         weight)                weight) C-1
A-1                1.4                 0.04 20             C-2
A-2                1.8                  0.04 C-3
1.2                 0.04 A-3 C-4                                    0.7
0.05 25 C-5                 A-4                2.3                 0.05 C-6
A-5                1.2                 0.02 30             C-7
A-6                0.5                 0.01 Note:  *3  The amount of maleic
anhydride grafted onto the 35 hydrogenated block copolymer was measured by
the neutralization titration method using sodium methylate. 



40 (4) Preparation of Modified Unhydrogenated Block Copolymers: Modified
unhydrogenated block copolymers D-1, D-2, and D-3 were prepared by grafting
maleic 45 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
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. so      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 250 C to prepare a
modified copolymer. 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 55 the obtained modified
unhydrogenated polymers are shown in Table 3. 9    EP 0 262 691 B1 Table 3
Amount of Maleic  Anhydride Modified               Polymer    Grafted onto
Unhydrogen-            before                      Unmodified ated Block
Modifi-    Block Copolymer 10                    Copolymer           cation
(% by weight) D-1                   A-2                      1.8 D-2
A-3                      0.7 D-3                   A-5
1.2 20 (5) Preparation of ionically Crosslinked Modified Block Copolymer:
Ionically crosslinked modified block copolymers E-1 through E-4 were
obtained according to a recipe shown in Table 4. When the ionic
crosslinking was carried out in a solvent, the solvent was removed by
heating after the crosslinking reaction. By the infrared spectrum, it was
confirmed that the acid anhydride 25 groups in the samples E-1 through E-4
were ionized. 30 35 40 45 50 



55 10    EP 0 262 691 B1 [ERR] In the following examples which show the use
of the modified block copolymers of the present invention as 55  a blending
component in the production of a polymer composition are described in more
detail. In these examples the modified block copolymers according to the
invention are indicated as component (b) and the other polymers as
component (a).    EP 0 262 691 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) as the polar
thermoplastic polymer with 20 parts by weight of the modified 5
hydrogenated block copolymer C-1 shown in Table 2 by means of a screw type
extruder having a diameter of 30 mm (twin, L/D = 28). 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 comparative resinous
composition was obtained in the same manner as described 10 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. 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. 15     Test pieces were prepared of the so-obtained
resinous compositions by injection molding, and the physical properties of
the test pieces were measured. The obtained results are shown in Table 5.
As will be readily understood from the results shown in Table 5, the
compositions obtained with the modified block copolymers of the present
invention are excellent in compatibility and have a highly improved impact
resistance over the comparative compositions. 20 25 30 35 40 45 



50 55 12    EP 0 262 691 B1 Table 5 5
Com-     Com- Example   Example   parative   parative 1           2
Example    Example Modified hydro- [err]  genated block                20
-           -            - [err] copolymer C-1 Modified hydro- [err]
genated block                 -          20           -            - 15
[err] copolymer C-3 [err]  Unmodified block            -         -
20             - [err]  copolymer A-1 [err] 20    [err]   Unmodified block
[err]  copolymer A-3                -           -           -
20 [err] Nylon 6                       80          80          80
80 25    [err]  Izod impact [err]  strength  (Kg.cm/cm,    21.0
18.5         6.0          5.4 [err] notched)*[err] [err]  Tensile strength
[err]  (yield point)             610         590         450          430
30      (Kg/[err])*6 Elongation  (%)*6          115         110
60                 56 Transparency 35    [err]  (Haze)  (%) *7         13.2
14.5              56.0          58.5 Note:   *5 The Izod impact strength
was measured according to 40               ASTM D-256. *6 The tensile
strength and elongation were measured according to ASTM D-638. 45 *7 The
transparency was measured according to JIS K-6714. 



50 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) as a polar thermoplastic polymer with 70 parts by weight of the
modified 55 hydrogenated block copolymer C-1 shown in Table 2 for 10
minutes by means of a Brabender Plastograph. Test pieces were prepared of
the 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 13    EP 0 262 691
B1 above except that the unmodified block copolymer A-1 shown in Table 1
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. The obtained results are shown in Table 6. 5     As will be
readily understood from the results shown in Table 6, the composition
comprising the modified hydrogenated block copolymer of the present
invention and nylon 6 is highly improved in compatibility over the
comparative composition, as is proved by the values of the transparency.
Moreover, the composition has high tensile strength and modulus and is
improved in heat resistance represented by the tensile strength at a high
temperature. Furthermore, the composition is characterized by a highly 10
improved weatherability. 15 20 26 30 35 40 45 50 55 14    EP 0 262 691 B1
Table 6 5                                              Example 3
Comparative 



Example  3 [err]  Modified hydrogenated block           70               -
[err]  compolymer C-1 10      [err]  Unmodified block copolymer A-1
-             70 [err]  Nylon 6                                30
30 15               Hardness *8                      94           93
Tensile strength *8             195          78 [err]  (breaking point)
(Kg/[err]) 300% Modulus *8 (Kg/[err])        175          70 20    [err]
Elongation *8                   400         330 [err]   [err] Tensile
strength *8 25    [err]        (breaking point) (Kg/[err])      100
30 Oil resistance *9 (volume in- crease ratio) (%) (oil JIS No.         23
45 3, [err], 22 hours) 35         Transparency  (Haze) (%)               15
65 Weatherability (%)*10 (strength retention a ter 100 hours'
96           34 exposure in weatherometer) 40 Note: *8 The hardness,
tensile strength, 300% modulus and elongation  were  measured according to
JIS  K-6301. 45 *9 The oil resistance (volume increase ratio) was measured
according to JIS K-6310. *10 The weatherability was evaluated based on the
elongation retention,  that  is,  the  ratio  of  the elongation 55 15
EP 0 262 691 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 10      to  the
following  formula: Elongation retention (%) (weatherability)= 15
elongation  after  exposure  in  weatherometer
100 elongation before exposure in weatherometer 20 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
25  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. 30 35 40 45 50 55 16    EP 0 262 691 B1 Table  7 Com-
Com- 5                                      Example   Example   parative
parative 4            5        Example       Example 4            5 [err]
Modified hydro- 10    [err]   genated  block               20           -
-              - [err]   copolymer  C-1 >1 [err]  Modified hydro- [err]
genated  block                 -           20               -             -
[err]     copolymer  C-3 [err] [err]  Unmodified  block              -
-                20            - copolymer A-1 20   [err]  Unmodified
block 



[err]    copolymer A-3                  -              -             -
20 [err]     Nylon  66                     80           80             80
80 25    [err]    Izod  impact [err]   strength*5(Kg.cm/         28
24              7.6            7.0 [err] cm,  notched) 30    [err]
Tenxile strength*6 [err]    (yield  point)             660          630
475            460 [err]    (Kg/[err]) Elongation*6  (%)            54
51            45             47 In [err]    Transparency*7 (Haze)  (%)
14.8          15.2           58.0          61.5 40  Note:    *5,*6,*7   See
the Note  under  Table  5. Examples 6 and 7 and Comparative Examples 6 and
7 45     A resinous composition was obtained by mixing 80 parts by weight
of PBT 1041 (the trade name for polybutylene terephthalate manufactured and
sold by Toray Industries Inc., Japan) as a polar thermoplastic polymer with
20 parts by weight of the modified hydrogenated block copolymer C-1 shown
in Table 2 by means of a screw type extruder having a diameter of 30 mm
(twin, L/D = 28). Another resinous composition was obtained in the same
manner as described above except that the 50 modified hydrogenated block
copolymer C-3 was used instead of the modified hydrogenated block copolymer
C-1. For comparison, a comparative resinous 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-3. 55     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 block
copolymer C-1 or C-3 or the unmodified block copolymer A-1. Test pieces
were prepared of the so-obtained compositions by injection molding, and the
physical 17    EP 0 262 691 B1 properties thereof were measured. The
obtained results are shown in Table 8. Table 8 Com-        Com- Example
Example  parative   parative 6          7       Example    Example 6
7 



[err] [err]  Modified hydro- [err] genated block              20
-            -            - [err]  copolymer C-1 15 [err]  Modified hydro-
[err]  genated block               -          20          -             -
[err]   copolymer C-3 20           Unmodified block             -
-          20             - [err]  copolymer A-1 0 Unmodified block
-            -          -              20 [err]   copolymer A-3 [err] 24
[err]    Polybutylene [err]    terephthalate          80           80
80              80 Izod impact 30         strength*5                   5.2
5.6          2.4          2.3 [err]   (Kg.cm/cm, [err]   notched) [err]
Tensile strength*6 [err](yield point)             514        532
505          500 (Kg/[err]) [err]  Elongation*6  (%)          36         30
28          25 40    [err] Heat distortion temperature*11               150
152          152          150 [err]  (under load of 4.64 Kg/[err]) 45 Note:
*11  The heat distortion temperature was measured according 50           to
ASTM D-648. *5 and *6 See the Note under Table 5. 55 Example 8 and
Comparative Example 8 A polyester prepared from ethylene glycol (diol
component), terephthalic acid (dicarboxylic acid component) and isophthalic
acid (dicarboxylic acid component) and having a softening point of [err]
and 18   



EP 0 262 691 B1 an intrinsic viscosity of 0.75 (as measured at [err] in
o-chlorophenol) was used as a polar thermoplastic polymer. A rubbery
composition was obtained by mixing 20 parts by weight of the
above-mentioned polyester as a polar thermoplastic polymer with 80 parts by
weight of the modified hydrogenated block copolymer C-1 5 shown in Table 2
by using a screw type extruder having a diameter of 30 mm (twin , L/D =
28). For comparison, a comparative rubbery composition was prepared 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. Test pieces were prepared of the so-obtained compositions by
compression molding, and the physical to properties thereof were
determined. The obtained results are shown in Table 9. Table 9 15 Example
8   Comparative Example 8 [err]       Modified  hydrogenated  block
80               - [err]    compolymer  C-1 20   [err] [err]  Unmofified
block  copolymer  A-1                       -               80 Polyester
20                20 25 Hardness*8                                   94
92 300% modulus*8  (Kg/[err])                    113                94 30
25C   Tensile  strength*8 [err]           (breaking  point)   (Kg/[err])
280              202 Elongation*8  (%)                           534
420 35     [err]         Oil resistance *[err]   (%) (volume  increase)
26               48 (oil JIS No.   3,  22 hours) Tensile  strength*[err] 40
(breaking point)  (Kg/[err])                   182             105 [err]
Tensile  strength  retention                   65              52 (%)
*29 45 Note:   *8  and  *9   See  the  Note  under  Table  6. *29   Tensile
strength  retention  (%)  = 50                   tensile  strength  at
[err] 



tensile strength at [err] x 100 (%) As will be readily understood from the
results shown in Table 9, the composition of Example 8 55 comprising the
modified hydrogenated block copolymer and the polyester is excellent over
the composition of Comparative Example 8 comprising the unmodified block
copolymer and the polyester in mechanical properties such as the tensile
strength and 300% modulus, the oil resistance and the heat resistance
represented by the tensile strength retention at [err], and the modified
block copolymer of the present 19    EP 0 262 691 B1 invention is a very
valuable material. Examples 9 through 11 and Comparative Examples 9 and 10
5     A resinous composition was obtained by mixing and kneading EVAL EP-E
[the trade name for an ethylene-vinyl alcohol copolymer, obtained by
saponifying an ethylene-vinyl acetate copolymer, manufac- tured and sold by
Kuraray Co., Ltd., Japan] with the modified hydrogenated block copolymer
C-1 shown in Table 2 at a mixing ratio shown in Table 10 by means of a
mixing roller. Another resinous composition was obtained by mixing and
kneading 75 parts by weight of EVAL EP-E 10 with 25 parts by weight of the
modified hydrogenated block copolymer C-3 by means of a mixing roller. A
comparative resinous composition was obtained by mixing and kneading 75
parts by weight of EVAL EP-E with 25 parts by weight of the unmodified
block copolymer A-1 shown in Table 1 by means of a mixing roll. Another
comparative resinous composition was obtained in the same manner as
described above 15 except that the unmodified block copolymer A-3 shown in
Table 1 was used instead of the unmodified block copolymer A-1. Test pieces
were prepared of the so-obtained compositions by compression molding, and
the physical properties thereof were determined. The obtained results are
shown in Table 10. Furthermore, the adhesion of each composition to high
density polyethylene was determined. The obtained results are also shown in
20  Table 10. 25 30 35 40 45 50 55 20   



EP 0 262 691 B1 [ERR] 55 21    EP 0 262 691 B1 Note: *5  and  *6   See  the
Note  under  Table  5. 5    * 8        See  the  Note  under  Table  6. *12
The adhesion to high density polyethylene was deter- mined according to JIS
K-6854. 10 As will be readily understood from the results shown in Table
10, the composition of Example 9 comprising the modified hydrogenated block
copolymer has a tensile strength (yield point) substantially comparable to
that of the composition of Comparative Example 9 comprising the
corresponding unmodified 15  block copolymer, but the notched izod impact
strength of the composition of Example 9 is extremely improved over that of
the comparative composition. When the samples of the compositions of
Example 9 and Comparative Example 9 were observed by a phase contrast
microscope, it was found that in the sample of Example 9, the modified
block copolymer is uniformly dispersed in the form of particles having a
size of about 0.5 to about 2 [err] in the matrix of the 20  ethylene-vinyl
alcohol copolymer, whereas in the sample of Comparative Example 9,
unmodified block copolymer particles having a size of about 5 to about 10
[err] or larger are dispersed. Accordingly, it has been confirmed that
there is a distinct difference of the compatibility between the two
samples. Furthermore it has been confirmed that the composition containing
the modified block copolymer of the present invention has an improved
adhesion to polyethylene. 25 Examples 12 and 13 and Comparative Examples 11
and 12 Each composition shown in Table 11 was prepared by using a mixing
roller. Test pieces were prepared of the obtained composition by
compression molding. The physical properties thereof were determined. The
30  obtained results are shown in Table 11. 35 40 45 50 55 22 



EP 0 262 691 B1 Table 11 5
Com-        Com- Example  Example  parative  parative 12        13
Example   Example 11       12 [err]   Modified hydro- [err]  genated block
75         90           -           - [err] copolymer C-1 [err]  Ummodified
block           -        -          75          90 5    [err] copolymer A-1
[err] EVAL EP-E                   25        10          25           10
Melt index ([err], 5 Kg load)                 5.7       2.3        1.0
13.5 20       (g/10 min) Hardness*[err]              89        87
87          87 300% modulus*[err] 25   [err]  (Kg/[err])             86
82          44          31 [err] Tensile strength*[err] [err] (breaking
point)         196       205         178         190 [err]   ( Kg/[err]) 30
[err]    oil resistance*30 [err]   (weight increase [err] (%) (oil JIS No.
23        48          53          54 [err] 3, 24 hours' dipping) Adhesion
to high density poly- ethylene*12                7.4       6.2         1.6
1.7 (T-peeling 40       strength) (Kg/25 mm) 45 Note: 



*8    See the Note under Table 6. 50     *12  See the Note under Table 10.
*30  The oil resistance was determined according to JIS 55
K-6310. As will be readily understood from the results shown in Table 11,
the modulus of the composition is highly improved and the oil resistance is
remarkably improved by addition of a small amount of the 23    EP 0 262 691
B1 ethylene-vinyl alcohol copolymer. Moreover, the adhesion to polyethylene
is improved with respect to the composition of the present invention.
Examples 14 through 16 and Comparative Examples 13 through 15 5
Compositions containing a modified block copolymer of the present invention
and comparative com- positions were obtained by mixing Paraplene P-22 SM
(the trade name for a thermoplastic polyurethane manufactured and sold by
Nippon Polyurethane Co., Ltd., Japan) as a polar thermoplastic polymer
according to the recipe shown in Table 12 by means of a Brabender
Plastograph. 10     Each of the obtained compositions was press-bonded at
[err] to a polyvinyl chloride sheet or a high density polyethylene sheet
and the peeling strength was measured according to JIS K-6854. The obtained
results are shown in Table 12. 15 20 25 30 35 40 45 50 55 24    EP 0 262
691 B1 [ERR] As will be readily understood from the results shown in Table
12, the composition obtained with the 55  modified block copolymer of the
present invention has excellent adhesion characteristics to polyvinyl 



chloride and polyethylene sheets within a broad mixing ratio. In contrast,
the adhesiveness of the comparative composition is inferior to that of the
corresponding composition of the present invention. 25    EP 0 262 691 B1
Examples 17 and 18 and Comparative Examples 16 through 21 Compositions were
prepared by mixing block copolymers shown in Table 15 with the same nylon
66 as used in Examples 4 and 5 or the same EVAL EP-E as used in Examples 9
through 11, and the Izod impact 5  strength was measured and the
weatherability test and the heat aging resistance test were carried out. It
was confirmed that the compositions of the present invention are excellent
in impact resistance, weatherability and resistance to heat aging. [ERR] 55
26    EP 0 262 691 B1 Note: *5   See the Note under Table 5. 5 *13 Before
and after 500 hours' exposure (light irradiation only)  in a weatherometer
(XW-WR available  from Atlas Co., 10  U.S.A.),  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 retention  (weatherability)   (%) _ Izod
impact strength after exposure in weatherometer Izod impact  strength
before exposure  in weatherometer *14   Before and after standing in air at
[err] for one month, 25 the Izod impact strength  (unnotched)  of the test
pieces was measured, and the resistance to thermal deterioration was 30
evaluated based on the Izod impact strength retention, which was calculated
according to the following formula: 



Izod impact strength retention  (heat aging resistance)  (%) 35 = Izod
impact strength after standing at [err] x 100 Izod impact strength before
standing at [err] 40 Example 19 and Comparative Example 22 A modified
hydrogenated block copolymer C-1' having maleic anhydride grafted onto the
hydrogenated 45  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 maleic
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). A modified ethylene-propylene copolymer
rubber G-1 was prepared in the same manner as described 50  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 hydrogenated block copolymer
C-1' with 80 parts by weight of the same nylon-66 as used in Examples 4 55
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'. 27    EP 0 262 691 B1 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 16. From
the results shown in Table 16, it is apparent that the composition of the
present invention is excellent 5  in transparency and impact resistance.
Table 14 10
Example        Comparative 19           Example  22 [err]  Modified
hydrogenated                           20                 - [err]  block
copolymer C-1' 15         [err] [err]  Modified ethylene-propylene
-                20 [err]  copolymer rubber G-1 



[err] [err]  Nylon  66                                        80
80 20             Izod  impact  strength*[err] [err]  (Kg.cm/cm,  notched)
75              68 [err] [err]  Tensile strength*[err] 25     [err]
(yield  point)(Kg/[err])                         630               635
[err]    Elongation  (%)    *6                            35
30 Transparency  (Haze)   (%)  *7                 23.1               38.5
30   Note:    *5,  *6  and  *7          See  the  Note  under  Table  5.
Examples 20 through 25 and Comparative Examples 23 through 26 35
Compositions comprising Surlyn A-1706 (the trade name of a partially
metal-crosslinked ethylene- acrylic acid copolymer available from Du Pont
Co., U.S.A.) as the component (a) were prepared by mixing according to the
recipe shown in Table 15 by means of rollers. The physical properties of
the test pieces prepared from these compositions by compression molding are
shown in Table 15 . 40     As will be readily understood from the results
shown in Table 15, the composition of the present invention is improved
over the comparative compositions in tensile strength and oil resistance.
Incidentally, in Examples 20 through 25, it was confirmed by an infrared
spectrophotometer that the acid anhydride groups in the modified block
copolymer participated in the ionic crosslinking. Then, the adhesion of
each composition to an aluminum plate was examined. It was found that the
45  compositions containing the modified block copolymer of the present
invention are excellent over the comparative compositions in adhesive
properties, and have a good adhesion even after immersion in water, and
this is a great characteristic not possessed by the comparative
compositions. so 55 28    EP 0 262 691 B1 [ERR] 29    EP 0 262 691 B1 Note:
8 See the Note under Table 6. 



5 *28 See the Note under Table 11. *31 The adhesion was measured under the
following conditions according to the following method. to Measurement
method: JIS K-6854 Bonding conditions: temperature of [err], compression 15
pressure of 20 Kg/[err] Immersion conditions: room temperature (about
[err]), 24 hours, in water 20 Examples 26 through 31 and Comparative
Examples 27 through 30 25      Compositions comprising Copolene QD-400 (the
trade name of a partially metal-crosslinked ethylene- acrylic acid
copolymer manufactured and sold by Asahi Dow Co., Japan) as the components
(a) were obtained by mixing according to the recipe shown in Table 18 by
means of mixing rolls. The physical properties of the test pieces prepared
of the obtained compositions by compression molding are shown in Table 18.
Then, the adhesion of each composition ty nylon (undrawn sheet of nylon 6)
was examined. The 30 obtained results are shown in Table 16. From the
results shown in Table 16, it is apparent that the compositions of the
present invention are excellent over the comparative compositions in
tensile strength and adhesiveness. 35 40 45 50 55 30    EP 0 262 691 B1
[ERR] 31    EP 0 262 691 B1 Note: 6 See the Note under Table 5. 5 *32  The
adhesion was measured under the following conditions according to the
following method. 



Measurement method: JIS K-6854 10 Bonding conditions: temperature of [err],
compression pressure of 20 Kg/cm2 15         Immersion conditions:  room
temperature (about [err]), 24 hours, in water 20 Examples 32 through 41 and
Comparative Examples 30 through 41 Compositions comprising a thermoplastic
polymer and a block copolymer, as shown in Table 17, were prepared. More
specifically, 100 parts by weight of a thermoplastic polymer was
sufficiently mixed with 10 25 parts by weight of a block copolymer by a
Henschel mixer, and the mixture was pelletized by a screw type extruder
having a diameter of 40 mm (single, L/D = 28). A flat plate having a size
of 120 mm x 120 mm x 3 mm was prepared from the pelletized composition by
injection molding. The obtained flat plate was degreased with methyl
alcohol, spray-coated with Acryca B160 (the trade name of an acrylic resin
paint available from Kawakami Toryo K.K., Japan), and naturally dried. In
case of the composition comprising a 30 polyoxymethylene or nitrile resin
as the thermoplastic polymer, the plate was, instead of being degreased
with methyl alcohol, immersed in a 0.1 N hydrochloric acid solution for 30
seconds and spray-washed with water. Each resulting plate was subjected to
the paint adhesion test. The obtained results are shown in Table 17. As is
apparent from the results shown in Table 17, the compositions of the
present invention are 35 excellent in paint adhesion. 40 45 50 55 32    EP
0 262 691 B1 Table 17 Kind of Block        Kind of Thermo-     Paint
Copolymer            plastic Polymer*[err] Adhesion*[err] 5 modified hydro-
Example 32     genated block               PO               O copolymer C-2
Example 33          ditto                  PC               [err] 10 



Example 34         ditto                   PS               [err] Example
35          ditto                  NR                 O Example 36
ditto                  PPE             [err] Example 37          ditto
GPPE             [err] Example 38          ditto                  PPS
[err] Example 39          ditto             PC + PET*[err]           O 20
Example 40          ditto              PS + PA*[err]           O Example 41
ditto             PO + TPET*[err]       O Comparative   unmodified block
PO               X Example 30    copolymer A-2 25 Comparative        ditto
PC              [err] xample 31 Comparative         ditto
PS              [err] Example 32 Comparative         ditto
NR                X Example 33 Comparative Example 34           ditto
PPE              O Comparative Example 35           ditto
PPS           [err] Comparative   hydrogenated block Example 36
copolymer B-2                PO               X 40      Comparative
ditto                   PC              [err] Example 37 Comparative
ditto                 PS                 [err] Example 38 Comparative 45
Example 39     ditto                  NR                X Comparative
ditto                  PPE           O Example 40 Comparative 50
Example 41          ditto          PPS                  [err] 55 33    EP 0
262 691 B1 



Note: *15   The thermoplastic polymers used are as follows (PS, 5       PPE
and PPS are products of companies in U.S.A. and other resins are products
of Japanese companies): 10        Abbrevi- ation    Thermplastic Polymer
Maker       Trade name Panlite PC         polycarbonate       Teijin Kasei
L-1225 15 PS         polysulfone             ICI        Polyether Sulfone
200P PPE    polyphenylene ether      General       Noryl 701 20
Electric GPPE   styrene-grafted polyphenylene ether        Asahi-Dow  [err]
500[err] Phillips PPS    polyphenylene sulfide     Petroleum    Ryton R-6
PBT          polybutylene          Toray      PBT 1041 terephthalate
thermoplastic                      Pelprene TPET           polyester
Toyobo          P150B Amilan [err]PA      polyamide             Toray
CM-1017 ABS    acrylonitrile-butadi ene styrene copolymer    Asahi-Dow
Stylac  181 impact-resistant HIPS    rbber modified          Asahi-Dow
Styron 492 polystyrene 40 PO: polyoxymethylene (polyoxymethylene diacetate
having a melt index of about 10 g/10 min as measured at 45
[err] under a load of 2.16 kg was used) NR:  nitrile resin
[acrylonitrile/styrene (90/10) copolymer having a melt index of about 1
g/10 min 50                 as measured at [err] under a load of 12.5 kg
was used] 55 34   



EP 0 262 691 B1 *16 A mixture of PC/PET (2/1 weight ratio)was used as the
thermoplastic polymer. 5 *17   A mixture  of  PS/PA  (2/1 weight  ratio)
was  used  as  the thermoplastic polymer. *18   A mixture of  PO/TPET  (4/1
weight  ratio)  was  used as 10 thermoplastic polymer. *19   Eleven  cut
lines  having an interval  of 1 mm were  formed 15       with  a knife on
the  coated  surface of the  flat plate  in both the longitudinal direction
and the lateral direction to form 100 cut squares. A pressure sensitive
adhesive cellophane 20 tape was applied to the coated surface and the tape
was peeled off in the vertical direction. The adhesiveness was  evaluated
based on  the number of cut  squares  peeled 25 together with  the  tape.
[err]   :  up to  10 of peeled  squares 30 O     :   11  to  20 of peeled
squares [err]     :   21 to 40 of peeled  squares X       :   41 or more
of peeled  squares 35 Examples 42 through 45 and Comparative Examples 42
through 53 40     Compositions comprising a thermoplastic polymer and a
block copolymer, shown in Table 18, were prepared in the following manner.
Namely, 100 parts by weight of a thermoplastic polymer was mixed with 50
parts by weight of a block copolymer by a screw type extruder having a
diameter of 40 mm ( single UD=28) and the mixture was pelletized. Test
pieces were prepared of the pelletized composition by injection molding.
The Izod impact strength and gloss thereof were measured and the
weatherability and 45 heat aging tests were carried out. The obtained
results are shown in Table 18. In Table 18, there are also shown the values
of the gloss measured for the test pieces of the composition comprising the
ionic crosslinking product E-3 of the modified block copolymer C-6, which
was used as a block copolymer. From the results shown in Table 18, it is
seen that the compositions containing the modified block copolymer of the
present invention are excellent in weatherability and heat aging resistance
as expressed in strength 50 retention. 55 35  



EP 0 262 691 B1 Table 1 8 Izod                               Heat 5
Thermo-  Impact                  Weather-     Aging Block       plastic
Strength*[err] Gloss*[err]  ability*[err] Resis- Copolymer      Polymer
(Kg.cm/cm     (%)           (%)        tance *14 notched) modified hy- 10
Example 42   drogenated         PC        38.6      70 (75)       73
78 block copoly- mer C-6 Example  43   ditto            PS          10.4
61 (68)         76         80 15        Example 44       ditto        GPPE
29.5      71 (77)        74       87 Example 45        ditto        PPS
4.6      62 (70)       79           85 unmodified Comparative  block
copoly-    PC        29.1           63         31           45 20
mer   A-5 Comparative       ditto       PS        6.3         55
34           47 Example 43       ditto Comparative        ditto     GPPE
24.2         66         36           55 25        Example  44 Comparatve
ditto            PPS          2.5         57       40           54 Example
45 hydrogenated Comparative  block copoly-    PC          30.0         64
72           76 30       Example 46   mer B-5 Comparative   ditto        PS
6.9         54         74              79 Example 47 35 40 45 50 55 36    



EP 0 262 691 B1 (continued) Comparative     ditto    GPPE       25.0
67        74         87 Example 48 5    Comparative    ditto       PPS
2.8       55        79         85 Example    49 modified unhy- Comparative
drogenated Example 50  block copoly-   PC       34.5       70        32
47 10                 mer D-3 Comparative     ditto      PS       8.5
60        34         47 Example 51 Comparative    ditto      GPPE
27.0       71        38         56 15       Example 52 Comparative    ditto
PPS        3.5       60        41         54 Example 53 20 Note: *5   See
the Note under Table 5. *14   See the Note under Table 13. 25 *20   The
gloss was measured according to the method of JIS Z-8741. Each
parenthesized value in Table 18 is the value of gloss measured with respect
to the composition com- 30 prising the ionic crosslinking product E-3 of
the modified hydrogenated block copolymer C-6 instead of the copolymer C-6.
35 *21   After and before 1000 hours' exposure (light irradi- ation only)
in a weatherometer (XW-WR manufactured and sold by Atlas Co., U.S.A.), the
Izod impact strength (unnotched) of 40 test pieces was measured, and the
Izod impact retention after the exposure in the weatherometer was
calculated accord- ing to the following formula: 45 Izod impact strength
retention (weatherability) (%) _ Izod impact strength after exposure in
weatherometer  x 100 



Izod impact strength before exposure in weatherometer 50 Examples 46
through 49 and Comparative Examples 54 through 57 55 Compositions
containing the modified block copolymer of the present invention and
comparative compositions were prepared according to the recipes shown in
Table 19 by using a screw type extruder having a diameter of 40 mm (
single, L/D = 28 ). Test pieces were prepared of the obtained compositions
37    EP 0 262 691 B1 by injection molding, and the Izod impact strength
thereof was measured. The obtained results are shown in Table 19. From the
results shown in Table 19, it is seen that the composition containing the
modified block copolymer of the present invention is excellent in impact
resistance. Incidentally, polystyrene having a weight average molecular
weight of about 220,000 was used in Example 48 and Comparative Example 56.
5 [ERR] 25 55 38    EP 0 262 691 B1 Examples 50 and 51 and Comparative
Examples 58 and 59 The unmodified block copolymer A-5 was hydrogenated
according to the same method as adopted for production of the hydrogenated
block copolymers B-1 through B-6 to obtain two hydrogenated block 5
copolymers having hydrogenation degrees of about 86% and about
60%,respectively. The hydrogenated block copolymers were modified according
to the same method as adopted for production of the modified hydrogenated
block copolymer C-6 to obtain modified hydrogenated block copolymers C-6'
and C-6" having a hydrogenation degree different from that of C-6.
Compositions comprising the modified hydrogenated block copolymer C-6, the
obtained modified hydrogenated block copolymer C-6' or C-6" or the modified
10 unhydrogenated block copolymer D-3 were obtained according to the recipe
shown in Table 22 by using a screw type extruder having a diameter of 40 mm
(single, L/D = 28). Test pieces were prepared of the obtained compositions
by injection molding, and the weatherability and heat aging tests were
carried out. The obtained results are shown in Table 20. From the results
shown in Table 20, it is seen that when a modified block copolymer prepared
from a 15 block copolymer having a hydrogenation degree lower than 80% (an
ethylenic unsaturation degree 



exceeding 20%) is used, the weatherability and resistance to heat aging are
degraded. 20 25 30 35 40 45 50 55 39    EP 0 262 691 B1 Table 20
Comparative Example         Example 50      51      58      59
Unhydrogenated polymer used for formation of                        A-5
modified block copolymer 15         Hydrogenation degree  (%)
90      86      60     0 Amount  (% by weight)  of maleic anhydride grafted
1.2   1.3    1.3    1.2 20       onto the block copolymer [err]    modified
block              C-6   C-6    C-6"   D-3 [err]      copolymer 25
amount                      50       50      50    50 thermoplastic
PC     PC         PC    PC [err]   polymer*[err] 30                  amount
100    100         100     100 Weatheraility*[err](%)             73    70
53     32 Heat  aging                    78    71         55      47
resistance*14(%) 40         Note: *15   See the Note under Table 17. *21
See the Note under Table 18. 45 *14   See the Note under Table 13. 



50 Examples 52 and 53 Compositions containing a glass fiber were prepared
according to the recipe shown in Table 21 by using a screw type extruder
having a diameter of 30 mm (twin, L/D = 28). Test pieces were prepared of
the obtained compositions by injection molding, and the Izod impact
strength was measured. The obtained 55 results are shown in Table 21. 40
EP 0 262 691 B1 Table 21 5       Example 52    Example 53 [err]   modified
hydrogenated block copolymer C-6                                30
- 10     [err]modified hydrogenated block                   -
10 [err] copolymer C-4 [err] thermoplastic polymer PS*[err]
40          - [err] thermoplastic polymer PPE*[err]           -
70 glass fiber*[err]                            30              20 [err]
[err]  Izod impact strength*[err] 20     [err]   (Kg.cm/cm, notched)
12.5             23.1 25    Note: *5    See the Note under Table 5. *15 See
the Note under Table 17. 30 *22  CS 99A-401  (the trade name  of  a glass
fiber manufactured and sold by Nittobo Co., Japan) was used. 35 Examples 54
through 61 and Comparative Examples 60 through 66 Compositions of the
present invention and comparative compositions comprising a block copolymer
and 40 a thermoplastic polymer, shown in Table 22, were prepared according
to the recipe shown below by using a screw type extruder having a diameter
of 30 mm (twin, L/D = 28) for kneading. 45 50 55 41   



EP 0 262 691 B1 Amount Composition Recipe
(parts by weight) modified hydrogenated block copolymer 5 C-2 or unmodified
block copolymer A-2 thermoplastic polymer*23
50 Shellflex 311 (the trade name of a l0 naphthene type process oil
manufac- tured and sold by Sankyo Yuka Co., Ltd., Japan) titanium oxide
1 stabilizer*24
0.7 Note: *23 A powdery product having a particle size of about 50 mesh,
which was obtained bv freeze-pulverizing the pelletized 25
thermoplastic  polymer,  was used. *24
2,2'-Methylene-bis(4-methyl-6-tert-butylphenol)   was  used as the
stabilizer. 30 Test pieces of the obtained compositions were prepared by
molding, and the tensile strength, abrasion resistance and compression
permanent strain thereof were determined. The obtained results are shown in
Table 22. From the results shown in Table 22, it is seen that the
composition containing the modified block 35 copolymer of the present
invention is excellent over the comparative composition comprising an
unmodified block copolymer in tensile strength, abrasion resistance and
resistance to compression permanent strain. According to the method
described in the Note *10 under Table 6, the weatherability test was
carried out. It was found that the test pieces of the compositions of
Example 54 through 61 , after the weatherability test, substantially
retained the characteristics and rubbery elasticity, while with respect to
the test pieces of 40 the compositions of Comparative Examples 62 through
68, the elongation retention at the tensile test was lower than 30% and the
rubbery elasticity was lost, showing considerable deterioration. 45 50 55
42    EP 0 262 691 B1 



Table 22 *8 Abrasion   Compression Permanent Block Co-       Thermo-
Tensile   Resis-        Strain (%)       *26 5                   polymer
plastic   Strength  tance*25                    *27   *27 polymer
(Kg/[err]) (index)     [err] [err] modified hy- drogenated Example 54
block co-             PO        128        135       20    33    12    22
polymer C-2 10 Example 55        ditto           PC       140        150
18    30   10      20 Example 56      ditto            PS        133
145      17    25   10    12 Example 57      ditto         NR         125
130       21   32   11    21 15 Example 58       ditto        PPE
140     160     17    27    12       20 Example 59       ditto        PPS
137         145    18  26     10   16 Example 60     ditto      PC+PB*[err]
131    130      19   32    11   21 Example 61       ditto      PS+PA*[err]
128     130     20   35    13   20 unmodified Comparative  block co-
PO        93    80      36    58      -        - Example 6    polymer A-2
25 Comparative    ditto           PC        102       100          30    53
-   - Example 61 Comparative Example 62     ditto         PS       97
90       34    47     -    - Comparative Example 63         ditto
NR      90            70       28     51    -    - 35 40 45 50 55 43    EP
0 262 691 B1 (continued) 



Comparative Example 64    ditto        PPE      100       100     32   54
-    - 5    Comparative Example 65    ditto      PPS       98          90
34   51   -    - Comparative              poly- Example 66    ditto
styrene    120       100     27   63     -     - 10 Note: *25 The abrasion
resistance was determined according to the 15 method of ASTM D-2228, and
there is shown a relative value calculated based on the supposition that
the abrasion of the composition of Comparative Example 66 comprising
polystyrene as the thermoplastic polymer was 100. A larger value indicates
a better abrasion resis- 25           tanct. *26  The measurement was
carried out at a compression ratio of 2.5% for a compression time of 22
hours according to 30           JIS K-6301. *27  At the step of extrusion
kneading, 0.5 part by weight of zinc stearate was further added per 100
parts by weight 35           of the sample C-2, and the compression
permanent strain of the resulting composition comprising the ionic cross-
linking product of the modified block copolymer was 40           measured.
*28  A mixture of PC/PBT (mixing weight ratio=2/1) and a mixture of PS/PA
(mixing weight ratio=2/1) were used as the 45           thermoplastic
polymer. Examples 62 and 63 and Comparative Example 67 50 Compositions
comprising Surlyn A-1706 (the trade name of a partially metal-crosslinked
ethylene- acrylic acid copolymer available from Du Pont Co., U.S.A.) as the
component (a) were prepared according to the recipe shown in Table 23 by
using mixing rolls. Test pieces of the obtained compositions were prepared
by compression molding and the Izod impact strength thereof was measured to
obtain results 55  shown in Table 25, from which it is seen that the
compositions of the present invention have an excellent Izod impact
strength. 44   



EP 0 262 691 B1 Table 23 5
Example     Example     Comparative 62         63       Example  67 [err]
component  (a)   amount (%             20          20            20 by
weight 10 [err] [err] component   (b)  king                 C-7         E-8
B-6 [err] amount (%           80          80           80 by weight) Izod
Impact Strength *[err] (Kg.cm/cm, notched)                             6.5
8.7          4.2 20 Note: *5 See the Note under Table 5. 25 Examples 64
through 66 and Comparative Examples 68 through 72 30     Compositions
comprising a modified block copolymer and Evaflex 150 (the trade name of an
ethylene- vinyl acetate copolymer available from Mitsui Polychemical Co.,
Ltd., Japan), as shown in Table 26, were prepared by using a screw type
extruder having a diameter of 40 mm (single, L/D = 28 ), and these
compositions were tested with respect to the adhesiveness to an aluminum
plate. The obtained results are shown in Table 24. 35     The modified
hydrogenated block copolymer C-8 shown in Table 26 was prepared in the
following manner. A block copolymer of the S-B-S type having a styrene
content of 20% by weight, a number average molecular weight of about
100,000 and a vinyl content in the butadiene block of about 35% was
hydrogenated to obtain a hydrogenated block copolymer B-7 (having a
hydrogenation degree of about 40  90%). The obtained copolymer B-7 was
modified with maleic anhydride to obtain a modified hydrogenated block
copolymer C-8 (the amount of maleic anhydride grafted onto the hydrogenated
block copolymer was 0.25% by weight). 45 50 55 45    



EP 0 262 691 B1 [ERR] 45 Example 67 The hydrogenated block copolymer B-1
was supplied into a screw type extruder having a diameter of 50 30 mm
(twin, L/D = 28), and simultaneously, 0.1 part by weight of Perhexa 25B
[the trade name of 2,5- dimethyl-2,5-di(t-butylperoxy)hexane available from
Nippon Yushi K.K., Japan] and 35 parts by weight of maleic anhydride, per
100 parts by weight of the hydrogenated block copolymer B-1, were supplied
through the side supply inlet provided on the cylinder portion of the
extruder. The maleinization reaction was carried out at a cylinder
temperature of 250 C. The obtained block copolymer (C-9) was treated and
analyzed in 55  the same manner as described hereinbefore. It was found
that the amount of maleic anhydride grafted onto the hydrogenated block
copolymer was 18.5% by weight. Compositions were prepared in the same
manner as described in Examples 32 through 45 except that the copolymer C-9
was used as the modified hydrogenated block copolymer, and the physical
properties of 46    EP 0 262 691 B1 the compositions were examined. It was
found that this composition is excellent in paint adhesion, impact
resistance, gloss, weatherability and resistance to heat aging as well as
the compositions obtained in Examples 32 through 45. 5  Claims 1. A
modified block copolymer comprising a linear base block copolymer of at
least two monovinyl substituted aromatic hydrocarbon polymer blocks having
a hydrogenation degree of not greater than 20 % with respect to aromatic
double bonds thereof and at least one olefin compound polymer block 10
hydrogenated to have an ethylenic unsaturation degree not exceeding 20 %,
said linear base block copolymer having a monovinyl substituted aromatic
hydrocarbon content of 5 to 95 % by weight and having a number average
molecular weight of 20,000 to 500,000 prior to the hydrogenation, said
linear base block copolymer having at least one molecular unit grafted
thereonto, said molecular unit containing at least one member selected from
a dicarboxylic acid group and groups derived therefrom is     and being
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. 2. A modified
block copolymer according to claim 1, wherein the monovinyl substituted
aromatic hydrocarbon content of said base block copolymer is 5 to 60 % by
weight. 20 3. A modified block copolymer according to claim 1, wherein the
monovinyl substituted aromatic hydrocarbon content of said base block
copolymer is over 60 % by weight up to 95 % inclusive by weight. 



25  4. A modified block copolymer according to claim 1, which is a product
obtained by the reaction of a linear base block copolymer of at least two
monovinyl substituted aromatic hydrocarbon polymer blocks having a
hydrogenation degree of not greater than 20 % with respect to aromatic
double bonds thereof and at least one olefin compound polymer block
hydrogenated to have an ethylenic unsaturation degree not exceeding 20 %,
said linear base block copolymer having a monovinyl substituted aromatic 30
hydrocarbon content of 5 to 95 % by weight and having a number average
molecular weight of 20,000 to 500,000 prior to the hydrogenation, with at
least one modifying agent selected from the group consisting of unsaturated
dicarboxylic acids and derivatives thereof. 5. A modified block copolymer
according to claim 4, wherein said linear base block copolymer is a 35
product produced by selectively hydrogenating a linear precursory block
copolymer comprising at least two monovinyl substituted aromatic
hydrocarbon polymer blocks and at least one polymer block composed mainly
of a conjugated diene compound, said linear precursory block copolymer
having a number average molecular weight of 20,000 to 500,000, wherein said
selective hydrogenation is performed at the conjugated diene compound
moiety of said polymer block to the extent that the 40     ethylenic
unsaturation degree of the polymer block composed mainly of the conjugated
diene compound is 20 % or less. 6. A modified block copolymer according to
claim 5, wherein the conjugated diene compound moiety of said linear
precursory block copolymer has a vinyl content of 10 to 80 %. 45 7. A
modified block copolymer according to claim 6, wherein the vinyl content is
25 to 65 %. 8. A modified block copolymer according to claim 4, wherein
said modifying agent is selected from the group consisting of maleic acid,
maleic anhydride, maleic acid esters, maleic acid amides, maleic acid 50
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-cyclohexene-1,2-dicar-
boxylic anhydride, cis-4-cyclohexene-1,2-dicarboxylic acid esters,
cis-4-cyclohexene-1,2-dicarboxylic 55     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 amides, and
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid imides. 47    EP 0
262 691 B1 the compositions were examined. It was found that this
composition is excellent in paint adhesion, impact resistance, gloss,
weatherability and resistance to heat aging as well as the compositions
obtained in Examples 32 through 45. 



5  Claims 1. A modified block copolymer comprising a linear base block
copolymer of at least two monovinyl substituted aromatic hydrocarbon
polymer blocks having a hydrogenation degree of not greater than 20 % with
respect to aromatic double bonds thereof and at least one olefin compound
polymer block 10     hydrogenated to have an ethylenic unsaturation degree
not exceeding 20 %, said linear base block copolymer having a monovinyl
substituted aromatic hydrocarbon content of 5 to 95 % by weight and having
a number average molecular weight of 20,000 to 500,000 prior to the
hydrogenation, said linear base block copolymer having at least one
molecular unit grafted thereonto, said molecular unit containing at least
one member selected from a dicarboxylic acid group and groups derived
therefrom 15     and being 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. 2. A modified block copolymer according to claim 1,
wherein the monovinyl substituted aromatic hydrocarbon content of said base
block copolymer is 5 to 60 % by weight. 20 3. A modified block copolymer
according to claim 1, wherein the monovinyl substituted aromatic
hydrocarbon content of said base block copolymer is over 60 % by weight up
to 95 % inclusive by weight. 25  4. A modified block copolymer according to
claim 1, which is a product obtained by the reaction of a linear base block
copolymer of at least two monovinyl substituted aromatic hydrocarbon
polymer blocks having a hydrogenation degree of not greater than 20 % with
respect to aromatic double bonds thereof and at least one olefin compound
polymer block hydrogenated to have an ethylenic unsaturation degree not
exceeding 20 %, said linear base block copolymer having a monovinyl
substituted aromatic 30     hydrocarbon content of 5 to 95 % by weight and
having a number average molecular weight of 20,000 to 500,000 prior to the
hydrogenation, with at least one modifying agent selected from the group
consisting of unsaturated dicarboxylic acids and derivatives thereof. 5. A
modified block copolymer according to claim 4, wherein said linear base
block copolymer is a 35     product produced by selectively hydrogenating a
linear precursory block copolymer comprising at least two monovinyl
substituted aromatic hydrocarbon polymer blocks and at least one polymer
block composed mainly of a conjugated diene compound, said linear
precursory block copolymer having a number average molecular weight of
20,000 to 500,000, wherein said selective hydrogenation is performed at the
conjugated diene compound moiety of said polymer block to the extent that
the 40     ethylenic unsaturation degree of the polymer block composed
mainly of the conjugated diene compound is 20 % or less. 6. A modified
block copolymer according to claim 5, wherein the conjugated diene compound
moiety of said linear precursory block copolymer has a vinyl content of 10
to 80 %. 45 7. A modified block copolymer according to claim 6, wherein the
vinyl content is 25 to 65 %. 8. A modified block copolymer according to
claim 4, wherein said modifying agent is selected from the group consisting
of maleic acid, maleic anhydride, maleic acid esters, maleic acid amides,
maleic acid 



50     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-cyclohexene-1,2-dicar-
boxylic anhydride, cis-4-cyclohexene-1,2-dicarboxylic acid esters,
cis-4-cyclohexene-1,2-dicarboxylic 55     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 amides, and
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid imides. 47    EP 0
262 691 B1 9. A modified block copolymer according to any one of claims 1
to 8, which is ionically crosslinked through at least one metal ion
selected frown the group consisting of monovalent, divalent and trivalent
metal ions to form an ionically crosslinked modified block copolymer. 5
10. A modified block copolymer according to claim 9, wherein the ionical
crosslinking of said modified block copolymer through said metal ion is
effected using a crosslinking agent selected frown compounds of said metals
in an amount ratio of 0.1 to 3.0 in terms of a molar ratio of the metal of
said crosslinking agent relative to said member selected from a
dicarboxylic acid group and groups derived therefrom which is contained in
said modified block copolymer. 10 11. A modified block copolymer according
to claim 9 or 10, wherein said metal ion is at least one member selected
from the group consisting of lithium, sodium, potassium, magnesium,
calcium, zinc and aluminum ions. 15  12. A modified block copolymer
according to claim 4, wherein said linear base block copolymer is a block
copolymer of at least two monovinyl substituted aromatic hydrocarbon
polymer blocks and at least one mono-olefin polymer block. 13. A process
for producing a modified block copolymer, which comprises reacting a linear
base block 20     copolymer of at least two monovinyl substituted aromatic
hydrocarbon polymer blocks having a hydrogenation degree of not greater
than of 20 % with respect to aromatic double bonds thereof and at least one
olefin compound polymer block hydrogenated to have an ethylenic
unsaturation degree not exceeding 20 %, said linear base block copolymer
having a monovinyl substituted aromatic hydrocar- bon content of 5 to 95 %
by weight and having a number average molecular weight of 20,000 to 25
500,000 prior to the hydrogenation, with at least one modifying agent
selected from the group consisting of unsaturated dicarboxylic acids and
derivatives thereof in the presence of a radical initiator so that at least
one molecular unit containing at least one member selected from a
dicarboxylic acid group and groups derived therefrom is grafted onto said
linear base block copolymer in an amount of 



0.05 to 30 parts by weight per 100 parts by weight of said linear base
block copolymer. 30 14. A process according to claim 13, wherein the
monovinyl substituted aromatic hydrocarbon content of said linear base
block copolymer is 5 to 60 % by weight. 15. A process according to claim
13, wherein the monovinyl substituted aromatic hydrocarbon content of 35
said linear base block copolymer is over 60 % by weight up to 95 %
inclusive by weight. 16. A process according to claim 13, wherein said
linear base block copolymer is a product produced by selectively
hydrogenating a linear precursory block copolymer comprising at least two
monovinyl substituted aromatic hydrocarbon polymer blocks and at least one
polymer block composed mainly of 40     a conjugated diene compound, said
linear precursory block copolymer having a number average molecular weight
of 20,000 to 500,000, wherein said selective hydrogenation is performed at
the conjugated diene compound moiety of said polymer block to the extent
that the ethylenic unsaturation degree of the polymer block composed mainly
of the conjugated diene compound is 20 % or less. 45  17. A process
according to claim 16, wherein the conjugated diene compound moiety of said
linear precursory block copolymer has a vinyl content of 10 to 80 %. 18. A
process according to claim 17, wherein the vinyl content is 25 to 65 %. 50
19. A process according to claim 13, wherein said modifying agent is
selected from the 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 55     acid imides, cis-4-cyclohexene-1,2-dicarboxylic acid,
cis-4-cyclohexene-1,2-dicarboxylic anhydride, cis-
4-cyclohexene-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-dicarbox- 48    EP 0 262 691 B1 ylic
acid esters, endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid
amides, and endo-cis-bicyclo- (2,2,1)-5-heptene-2,3-dicarboxylic acid
imides. 20. A process according to any one of claims 13 to 19, which
further comprises crosslinking said modified 5      block copolymer with at
least one crosslinking agent selected from metal compounds, wherein the
metal is selected from the group consisting of monovalent, divalent and
trivalent metals, to form an ionically crosslinked modified block
copolymer. 21. A process according to claim 20, wherein the amount ratio of
said crosslinking agent to said modified 10     block copolymer is 0.1 to
3.0 in terms of a molar ratio of the metal of said crosslinking agent
relative to said member selected from a dicarboxylic acid group and groups
derived therefrom which is contained 



in said modified block copolymer. 22. A process according to claim 20 or
21, wherein the metal is selected from the group consisting of 15
lithium, sodium, potassium, magnesium, calcium, zinc and aluminum.
Patentansprliche 1. Modifiziertes Blockcopolymer, enthaltend ein lineares
Basisblockcopolymer aus mindestens zwei mono- 20     vinylsubstituierten
aromatischen Kohlenwasserstoff-Polymerblocken, die einen Hydrierungsgrad
von nicht mehr als 20 %, bezogen auf deren aromatische Doppelbindungen,
aufweisen, und mindestens einem Polymerblock aus einer olefinischen
Verbindung, der bis zu einem Grad der ethylenischen Unsattigung von nicht
mehr als 20 % hydriert worden ist, wobei das lineare Basisblockcopolymer
einen Gehalt an monovinylsubstituiertem aromatischen Kohlen- 25
wasserstoff von 5 bis 95 Gew.-% und ein Zahlenmittel des Molekulargewichts
von 20 000 bis 500 000 vor der Hydrierung aufweist, und wobei auf das
lineare Basisblockcopolymer mindestens eine MolekUl- einheit in einer Menge
von 0,05 bis 30 Gew.-Teilen auf 100 Gew.-Teile des Basisblockcopolymeren,
aufgepfropft ist, wobei diese MolekUleinheit mindestens eine Gruppe,
ausgewdhlt unter Dicarbonsaure- gruppen und von diesen abgeleiteten Gruppen
enthalt. 30 2. Modifiziertes Blockcopolymer gemSO Anspruch 1, worin der
Gehalt an monovinylsubstituiertem aromati- schem Kohlenwasserstoff im
Basisblockcopolymer 50 bis 60 Gew.-% betrAgt. 3. Modifiziertes
Blockcopolymer gemaB Anspruch 1, worin der Gehalt an
monovinylsubstituiertem aromati- 35     schem Kohlenwasserstoff im
Basisblockcopolymer mehr als 60 Gew.-% bis einschlieBlich 95 Gew.-%
betragt. 4. Modifiziertes Blockcopolymer gemaB Anspruch 1, welches ein
Produkt ist, das durch die Reaktion eines linearen Basisblockcopolymers aus
mindestens zwei monovinylsubstituierten aromatischen 40
Kohlenwasserstoff-Polymerblicken, die einen Hydrierungsgrad von nicht mehr
als 20 %, bezogen auf deren aromatische Doppelbindungen, aufweisen, und
mindestens einem Polymerblock aus einer olefinischen Verbindung, der bis zu
einem 20 % nicht Ubersteigenden Grad der ethylenischen Unsattigung hydriert
worden ist, wobei das lineare Basisblockcopolymer einen Gehalt an
monovinylsub- stituiertem aromatischen Kohlenwasserstoff von 5 bis 95
Gew.-% und ein Zahlenmittel des Molekular- 45     gewichts von 20 000 bis
500 000 vor der Hydrierung aufweist, mit mindestens einem
Modifizierungsmittel erhalten wurde, das aus der aus ungesattigten
Dicarbonsau- ren und Derivaten dieser bestehenden Gruppe ausgewdhit ist. 5.
Modifiziertes Blockcopolymer gem58 Anspruch 4, wobei das lineare
Basisblockcopolymer ein Produkt 50     ist, das durch selektive Hydrierung
eines linearen Vorigufer-Blockcopolymers, welches mindestens zwei
monovinylsubstituierte aromatische Kohlenwasserstoff-Polymerbl6cke und
mindestens einen haupt- sachlich aus einer konjugierten Dienverbindung
gebildeten Polymerblock enthalt, und wobei das lineare
Vorlaufer-Blockcopolymer ein Zahlenmittel des Molekulargewichts von 20 000
bis 500 000 hat, hergestellt ist, 55     wobei die selektive Hydrierung an
der aus der konjugierten Dienverbindung bestehenden Einheit dieses
Polymerblocks in dem AusmaBt durchgeflhrt wird, daO der Grad der
ethylenischen Unsattigung des 



hauptsachlich aus der konjugierten Dienverbindung gebildeten Polymerblocks
20 % oder weniger betragt. 49                     '         I
1111111111111111t1l11111111 * C   L   M   S    EP 0 262 691 B1 6.
Modifiziertes Blockcopolymer gemaR Anspruch 5, in dem die aus der
konjugierten Dienverbindung bestehende Einheit des linearen
Vorldufer-Blockcopolymers einen Vinylgruppengehalt von 10 bis 80 % hat. 5
7. Modifiziertes Blockcopolymer gemA8 Anspruch 6, worin der
Vinylgruppengehalt 25 bis 65 % betragt. 8. Modifiziertes Blockoopolymer
gemaB Anspruch 4, wobei das Modifizierungsmittel unter Maleinsaure,
Maleinsaureanhydrid, Maleinsaureestern, Maleinsaureamiden,
Maleinsaureimiden, Fumarsaure, Fumar- saureestern, Fumarsaureamiden,
Fumarsaureimiden, Itaconsaure, Itaconsaureanhydrid, Itaconsauree- 10
stern, Itaconsaureamiden, Itaconsaureimiden, halogenierter Maleinsaure,
halogeniertem Maleinsaure- anhydrid, halogenierten Maleinsaureestern,
halogenierten Maleinsaureamiden, halogenierten Maleinsau- reimiden,
cis-4-Cyclohexen-1,2-dicarbonsgure,
cis-4-Cyclohexen-1,2-dicarbonsiureanhydrid,  cis-4-
Cyclohexen-1,2-dicarbonsaureestern,
cis-4-Cyclohexen-1,2-dicarbonsiureamiden, cis-4-Cyclohexen-
1,2-dicarbonsgureimiden,
endo-cis-Bicyclo(2,2,1)-5-hepten-2,3-dicarbonsaure,
endo-cis-Bicyclo(2,2,1)-5- 15     hepten-2,3-dicarbonsaureanhydrid,
endo-cis-Bicyclo(2,2,1)-5-hepten-2,3-dicarbonsaureestern, endo-cis-
Bicyclo(2,2,1 )-5-hepten-2,3-dicarbonsgureamiden, und
endo-cis-Bicyclo(2,2,1 )-5-hepten-2,3-dicarbon- saureimiden, ausgewAhit
ist. 9. Modifiziertes Blockcopolymer gemaB einem der AnsprUche 1 bis 8,
welches durch mindestens ein -zo      Metallion, ausgewihit aus der aus
einwertigen, zweiwertigen oder dreiwertigen Metallionen bestehen- den
Gruppe, ionisch vernetzt ist, so daB ein ionisch vernetztes modifiziertes
Blockcopolymer gebildet worden ist. 10. Modifiziertes Blockcopolymer gemaR
Anspruch 9, wobei die ionische Vernetzung des modifizierten 25
Blockcopolymers durch das Metallion unter Verwendung eines
Vernetzungsmittels, das aus Verbindun- gen dieses Metalls ausgewdhlt ist,
in einem Mengenverhiltnis von 0,1 bis 3,0, angegeben als Molverhaltnis des
Metalls in dem Vernetzungsmittel zu der im modifizierten Blockcopolymer
vorliegen- den Komponente aus der Gruppe der Dicarbonsauregruppen und von
diesen abgeleitete Gruppen, durchgefUhrt worden ist. 30 11. Modifiziertes
Blockcopolymer gemnA  Anspruch 9 oder 10, wobei das Metallion mindestens
eine unter Lithium-, Natrium-, Kalium-, Magnesium-, Calcium-, Zink- und
Aluminiumionen ausgewihite Komponen- te ist. 35  12. Modifiziertes
Blockcopolymer gemaB Anspruch 4, worin das lineare Basisblockcopolymer ein
aus mindestens zwei monovinylsubstituierten aromatischen
Kohlenwasserstoff-Polymerbl6cken und minde- 



stens einem Monoolefin-Polymerblock bestehendes Blockcopolymer ist. -
13. Verfahren zur Herstellung eines modifizierten Blockcopolymers, dadurch
gekennzeichnet, dal ein 40     lineares  Basisblockcopolymer  aus
mindestens  zwei  monovinylsubstituierten  aromatischen
Kohlenwasserstoff-Polymerbl6cken mit einem Hydrierungsgrad von nicht mehr
als 20 %, bezogen auf deren aromatische Doppelbindungen, und mindestens
einem Polymerblock aus einer olefinischen Verbindung, der bis zu einem Grad
der ethylenischen Unsattigung von nicht mehr als 20 % hydriert worden ist,
wobei das lineare Basisblockcopolymer einen Gehalt an
monovinylsubstituiertem aromati- 45     schem Kohlenwasserstoff von 5 bis
95 Gew.-% und ein Zahlenmittel des Molekulargewichts von 20 000 bis 500 000
vor der Hydrierung aufweist, mit mindestens einem Modifizierungsmittel aus
der Gruppe der ungesattigten Dicarbonsauren und deren Derivaten in
Gegenwart eines radikalischen Initiators umgesetzt wird, so daB mindestens
eine Molekilleinheit, die mindestens eine unter Dicarbonsauregrup- pen und
von diesen abgeleiteten Gruppen ausgewAhite Gruppe enthalt, auf das lineare
Basisblockcopo- 50     lymer in einer Menge von 0,05 bis 30 Gew.-Teilen pro
100 Gew.-Teile des linearen Basisblockcopoly- rners aufgepfropft wird. 14.
Verfahren gemAD Anspruch 13, wobei der Gehalt an monovinylsubstituiertem
aromatischem Kohlenwas- serstoff des linearen Basisblockcopolymers 5 bis 60
Gew.-% betragt. 55 15. Verfahren gemrnB Anspruch 13, wobei der Gehalt an
monovinylsubstituiertem aromatischen Kohlenwas- serstoff des linearen
Basisblockcopolymers Ober 60 Gew.-% bis einschlielllich 95 Gew.-% betrigt.
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Verfahren gemaB Anspruch 13, wobei das lineare Basisblockcopolymer ein
Produkt ist, das durch selektive Hydrierung eines linearen
VorlAufer-Blockcopolymers, das mindestens zwei monovinylsubsti- tuierte
aromatische Kohlenwasserstoff-Polymerbilcke und mindestens einen
hauptsachlich aus einer konjugierten Dienverbindung gebildeten Polymerblock
enthalt und das ein Zahlenmittel des Molekular- 5      gewichts von 20 000
bis 500 000 aufweist, wobei die selektive Hydrierung an der aus der
konjugierten Dienverbindung gebildeten Einheit des Polymerblocks in dem MaB
durchgef~hrt wird, daB der Grad der ethylenischen Uns~ttigung des
hauptsachlich aus der konjugierten Dienverbindung gebildeten Polymer-
blocks 20 % oder weniger betragt. 10  17. Verfahren gemaB Anspruch 16,
wobel die aus der konjugierten Dienverbindung gebildete Einheit des
linearen VorlIufer-Blockcopolymers einen Vinylgruppengehalt von 10 bis 80 %
hat. .18. Verfahren gemam Anspruch 17, wobei der Vinylgruppengehalt 25 bis
65 % betragt. 15  19. Verfahren gemaB Anspruch 13, wobei das
Modifizierungsmittel aus der Gruppe bestehend aus Maleinsaure,
Maleinsaureanhydrid, Maleinsaureestern, Maleinsdureamiden,
Maleinsaureimiden, Fumar- saure, Fumarsaureestern, Fumarsaureamiden,
Fumarsaureimiden, Itakonsaure, ltakonsaureanhydrid, ltakonsgureestern,
Itakonsaureamiden, ltakonsaureimiden, halogenierter Maleinsaure,
halogeniertem 



Maleinsaureanhydrid, halogenierten Maleinsaureestern, halogenierten
Maleinsaureamiden, halogenier- 20     ten Maleinsaureimiden,
cis-4-Cyclohexen-1,2-dicarbonsaure, cis-4-Cyclohexen-1,2-dicarbonsgureanh-
ydrid, cis-4-Cyclohexen-1,2-dicarbonsaureestern,
cis-4-Cyclohexen-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-dicarbonsau- reestern,
endo-cis-Bicyclo(2,2,1)-5-hepten-2,3-dicarbonsaureamiden, und
endo-cis-Bicyclo(2,2,1)-5- 25     hepten-2,3-dicarbonsaureimiden,
ausgew~hIt ist. 20. Verfahren gemaB einem der AnsprOche 13 bis 19, welches
zusatzlich die Vernetzung des modifizierten Blockcopolymers mit mindestens
einem unter Metaliverbindungen ausgewAhIten Vernetzungsmittel umfalt, wobei
das Metall aus der Gruppe der einwertigen, zweiwertigen und dreiwertigen
Metalle 30     ausgewAhlt ist, und wobei ein ionisch vernetztes
modifiziertes Blockcopolymer gebildet wird. 21. Verfahren gemaB Anspruch
20, wobei das Mengenverhaltnis des Vernetzungsmittels zu dem modifizier-
ten Blockcopolymer 0,1 bis 3,0, angegeben als Molverhaltnis des Metalls in
dem Vernetzungsmittel zu der unter Dicarbonsauregruppen und davon
abgelelteten Gruppen ausgewdhlten Komponente in dem 35     modifizierten
Blockcopolymer, betragt. 22. Verfahren gemaB Anspruch 20 oder 21, wobei das
Metall aus der aus Lithium, Natrium, Kalium, Magnesium, Calcium, Zink und
Aluminium bestehenden Gruppe ausgewdhIt ist. 40  Revendications 1.
Copolymere s6quence modifie, comprenant un copolymere sequenc6 lin6aire de
base, compos6 d'au moins deux sequences de polymere hydrocarbone aromatique
a substitution monovinylique et ayant un degr6 d'hydrog6nation qui n'est
pas sup6rieur a 20 % de leurs doubles liaisons aromatiques et au 45
moins une s6quence de polymere d'un compos6 ol6finique hydrog6n6e de
manibre & avoir un degr6 d'insaturation 6thyl6nique qui ne d6passe pas 20
%, le copolymere s6quenc6 lin6aire de base ayant une teneur en hydrocarbure
aromatique A substitution monovinylique de 5 a 95 % en poids et ayant une
masse mol6culaire moyenne en nombre de 20.000 a 500.000 avant
l'hydrogenation, le copolymere lin6aire de base ayant au moins un motif
mol6culaire qui y est greffe, ce motif mol6culaire contenant 50     au
moins un el6ment choisi parmi un groupe acide dicarboxylique et des groupes
qui en d6rivent et 6tant greffe sur le copolymbre s6quenc6 de base en une
quantit6 de 0,05 a 30 parties en poids pour 100 parties en poids du
copolymere sequence de base. 2. Copolymbre s6quence modifi6 suivant la
revendication 1, dans lequel la teneur en hydrocarbure 55     aromatique a
substitution monovinylique du copolymere s6quence de base est comprise
entre 5 et 60 % en poids. 3. Copolymere s6quenc6 modifi6 suivant la
revendication 1, dans lequel la teneur en hydrocarbure 51    EP 0 262 691
BI aromatique a substitution monovinylique du copolymere s6quenc6 de base
est comprise entre une 



valeur sup6rieure a 60 % et une valeur allant jusqu'A 95 % inclus en poids.
4. Copolymbre sequenc6 modifie suivant la revendication 1, qui est un
produit obtenu par la r6action d'un 5      copolymcre s6quencn lin6aire de
base, d'au mains deux s6quences de polymbre hydrocarbon6 aromatique a
substitution monovinylique ayant un degre d'hydrog6nation qui n'est pas
sup6rieur a 20 % de leurs doubles liaisons aromatiques, et d'au moins une
s6quence de polymbre d'un compos6 ol6tinique hydrogen6e de manibre a avoir
un degr6 d'insaturation ethylenique ne d6passant pas 20 %, le copolymbre
s6quenc6 lin6aire de base ayant une teneur en hydrocarbure aromatique a
substitution t0     monovinylique de 5 d 95 % en poids et ayant une masse
mol6culaire moyenne en nombre de 20.000 c 500.000 avant I'hydrogenation,
sur au moins un agent modifiant choisi parmi les acides dicarboxyliques
insatur6s et leurs d6riv6s. 5. Copolymbre sequenc6 modifi6 suivant la
revendication 4, dans lequel le copolymbre s6quenc6 lin6aire 15     de base
est un produit pr6par6 en hydrogdnant s6lectivement un copolymtre s6quenc6
lin6aire pr6curseur comprenant au moins deux sequences de polymbre
hydrocarbone aromatique a substitution monovinylique et au moins une
s6quence de polymbre compos6e principalement d'un diene conjugu6, le
copolymbre sequence lineaire precurseur ayant une masse mol6culaire moyenne
en nombre de 20.000 a 500.000, I'hydrogenation s6lective 6tant effectu6e
sur le radical de diene conjugue de la .--.o eeees6quence de polymbre au
point que le degrd d'insaturation ethylenique de la s6quence du polymere
compos6e principalement du diene conjugu6 soit de 20 % ou inf6rieure A 20
%. 6. Copolymbre s6quenc6 modifie suivant la revendication 5, dans lequel
le radical de diene conjugu6 du copolymere sequence lin6aire precurseur a
une teneur en vinyle de 10 a 80 %. 25 7. Copolymere s6quence modifi6
suivant la revendication 6, dans lequel la teneur en vinyle est comprise
entre 25 et 65 %. 8. Copolymbre s6quenc6 modifi6 suivant la revendication
4, dans lequel I'agent modifiant est choisi parmi 30     I'acide mal6ique,
ranhydride mal6ique, les mal6ates, les amides de l'acide maleique, [es
imides de l'acide mal6ique, I'acide fumarique, les fumarates, les amides de
l'acide fumarique, les imides de I'acide fumarique, l'acide itaconique,
Ianhydride itaconique, les itaconates, les amides de l'acide itaconique,
les imides de l'acide itaconique, un acide mal6ique halog6n6, un anhydride
mal6ique halog6ne, des maleates halog6n6s, des amides halog6nes de l'acide
mal6ique, des imides halogenes 35     de Ilacide mal6ique, I'acide
cis-4-cyclohexene-1.2-dicarboxylique, l'anhydride cis-4-cyclohexbne-1,2-
dicarboxylique, les cis-4-cyclohexbne-1,2-dicarboxylates, les amides de
I'acide cis-4-cyclohexene-1,2- dicarboxylique, les imides de l'acide
cis-4-cyclohexbne-1,2-dicarboxylique, I'acide endo-cis-bicyclo-
(2,2,1)-5-heptbne-2,3-dicarboxylique, I'anhydride endo-cis-bicyclo(2,2,1
)-5-heptbne-2,3-dicarboxylique, -     ~~les
endo-cis-bicyclo(2,2,1)-5-hept~ne-2,3-dicarboxylates, les amides de l'acide
endo-cis-bicyclo(2,2,1)- 40     5-heptbne-2,3-dicarboxylique et les imides
de I'acide endo-cis-bicyclo(2,2,1)-5-heptbne-2,3-dica- rboxylique. 9.
Copolymere s6quenc6 modifi6 suivant l'une quelconque des revendications 1 a
8, qui est reticul6 ioniquement par au moins un ion m6tallique choisi parmi
les ions m6talliques monovalents, divalents et 45     trivalents en un
copolymbre s6quenc6 modifi6 et reticu l6oniquement. 



10. Copolymbre s6quenc6 modifie suivant la revendication 9, dans lequel la
reticulation lonique du copolymere sequenc6 modifie par l'ion m6tallique
est effectu6e en utilisant un agent de reticulation choisi parmi des
composes de ces m6taux, en un rapport quantitatif de 0,1 a 3,0 exprime par
le rapport 50     molaire du m6tal de I'agent de reticulation & m'6r6ment
choisi parmi un groupe acide dicarboxylique et des groupes qui en d6rivent
et qui est contenu dans le copolymere s6quenc6 modifi6. 11. Copolymbre
s6quence modifi6 suivant la revendication 9 ou 10, dans lequel l'ion
metallique est au moins un e6iment choisi parmi les ions lithium, sodium,
potassium, magn6sium, calcium, zinc et 55   iiiialuminium. 12. Copolymere
sequenc6 modifi6 suivant la revendication 4, dans lequel le copolymere
s6quenc6 lineaire de base est un copolymbre s6quence d'au moins deux
sequences de polymbre hydrocarbone 52    EP 0 262 691 Bi aromatique a
substitution monovnylique, et d'au moins une s6quence de polymere
monoolefinique. 13. Proced6 de preparation d'un copolymere sequence
modifi6, qui consiste a mettre a reagir un copolymere s6quence lineaire de
base compos6 d'au moins deux s6quences de polymere hydrocarbo- 5      n6
aromatique a substitution monovinylique et ayant un degr6 d'hydrog6nation
qui n'est pas sup6rieur a 20 % de leurs doubles liaisons aromatiques, et au
moins une s6quence de polymere d'un compos6 ol6finique hydrog6n6 de maniere
a avoir un degr6 dOinsaturation ethyl6nique ne d6passant pas 20 %, le
copolymere s6quenc6 lin6aire de base ayant une teneur en hydrocarbure
aromatique a substitution monovinylique de 5 a 95 % en poids et ayant une
masse moleculaire moyenne en nombre de 20.000 a 10     500.000 avant
lhydrogenation, sur au moins un agent modifiant choisi parmi les acides
dicarboxyliques insatur6s et leurs d6riv6s, en la pr6sence d'un initiateur
radicalaire, de maniere qu'au moins un motif mol6culaire contenant au moins
un 6lement choisi parmi un groupe acide dicarboxylique et des groupes qui
en d6rivent soit grefle sur le copolymbre sequence lineaire de base, en une
quantite de 0,05 a 30 parties en poids pour 100 parties en poids du
copolymbre s6quenc6 lin6aire de base. 15 14. Proc6d6 suivant la
revendication 13, dans lequel la teneur en hydrocarbure aromatique a
substitution monovinylique du copolymere sequence lineaire de base est
comprise entre 5 et 60 % en poids. 15. Proc6d6 suivant la revendication 13,
dans lequel la teneur en hydrocarbure aromatique a substitution -  20
monovinylique du copolymere sequenc6 de base est superieure & 60 % en poids
et va jusqu'a 95 % inclus en poids. 16. Procede suivant la revendication
13, dans loquel le copolymbre s6quenc6 lin6aire de base est un produit
prepare en hydrogenant s6lectivement un copolymere sequence lineaire
precurseur compre- 25     nant au moins deux s6quences de polymbre
hydrocarbone aromatique a substitution monovinylique et au moins une
sequence de polymbre composee principalement d'un diene conjugue, le
copolymere s6quenc6 lin6aire pr6curseur ayant une masse mol6culaire moyenne
en nombre de 20.000 a 500.000, 



I'hydrogenation selective etant effectuee sur le radical de dibne conjugue
de la sdquence de polymere, au point que le degr6 d'insaturation
6thyl6nique de la sequence de polymbre compos6e principalement 30     du
diene conjugu6 soit de 20 % ou soit inferieur a 20 %. 17. Proced6 suivant
la revendication 16, dans lequel le radical de diene conjugu6 du copolymbre
sequence lin6aire pr6curseur a une teneur en vinyle de 10 a 80 %. 35 18.
Proc6de suivant la revendication 17, dans loquel la teneur en vinyle est de
25 a 65 %. 19. Proc6d6 suivant la revendication 13, dans lequel l'agent
modiflant est choisi parmi l'acide mal6ique, I'anhydride mal6ique, les
mal6ates, les amides de I'acide maleique, les imides de l'acide mal6ique,
I'acide fumarique, les fumarates, les amides de I'acide fumarique, les
imides de l'acide fumarique, 40     I'acide itaconique, l'anhydride
itaconique, les itaconates, les amides de l'acide itaconique, les imides de
I'acide itaconique, un acide mal6ique halog6n6, un anhydride mal6ique
halog6n6, des mal6ates halog6n6s, des amides halog6n6s de I'acide mal6ique,
des imides halog6n6s de l'acide mal6ique, I'acide
cis-4-cyclohexene-1,2-dicarboxylique, I'anhydride
cis-4-cyclohexbne-1,2-dicarboxylique, les cis-
4-cyclohexene-1,2-dicarboxylates, les amides de l'acide
cis-4-cyclohexene-1,2-dicarboxylique, les imi- 46     des de l'acide
cis-4-cyclohexene-1,2-dicarboxylique, l'acide
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicar- boxylique, I'anhydride
endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylique, les
endo-cis-bicyclo(2,2,1)- 5-heptene-2,3-dicarboxylates,  les  amides  de
I'acide   endo-cis-bicyclo(2,2,1)-5-heptbne-2,3- dicarboxylique et les
imides de I'acide endo-cis-bicyclo(2,2,1)-5-heptene-2,3-dicarboxylique. 5o
20. Proc6d6 suivant l'une quelconque des revendications 13 a 19, qui
consiste en outre a r6ticuler le copolymere s6quenc6 modifi6 par au moins
un agent de reticulation choisi parmi des compos6s m6talliques, le m6tal
6tant choisi parmi les metaux monovalents, divalents et trivalents, en un
copolymere s6quence modifi6 et r6ticul6 loniquement. 55  21. Proced6
suivant la revendication 20, dans lequel le rapport quantitatif de l'agent
de reticulation au copolymere s6quence modifie est compris entre 0,1 et 3,0
exprime par le rapport molaire du m6tal de l'agent de reticulation a
l'6l6ment choisi parmi un groupe acide dicarboxylique et des groupes qui en
d6rivent et qui est contenu dans le copolymere s6quenc6 modifi6. RS
1 11111111111111111~~~~~111111111I    EP 0 262 691 BI 22. Proc6d6 suivant
la revendication 20 ou 21, dans lequel le m6tal est choisi parmi le
lithium, le sodium, le potassium, le magn6sium, le calcium, le zinc et
I'aluminium. 15 10 20 25 30 35 
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