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(54) Olefin hydrogenation catalyst

(57) An olefin hydrogenation catalyst containing as an essential component a compound represented by
the formula:

@Ti/&R3 0)
& e

(where R, to Rg are H or alkyl).

Said catalyst is capable of selectively hydrogenating the unsaturated double bonds of the diene units
of a conjugated diene polymer or copolymer having a number average molecular weight of 500 to
1,000,000, particularly of a styrene-butadiene block copolymer comprising at least one polymer block
A composed mainly of styrene and at least one polymer block B composed mainly of 1,3-butadiene
and/or isoprene. The hydrogenated block copolymer obtained from such selective hydrgenation is
useful as an elastomer, a thermoplastic elastomer or a thermoplastic resin having excellent weather

resistance and oxidation resistance.

Formulae in the printed specification were reproduced from drawings submitted after the date of filing, in accordance with
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SPECIFICATION
Olefin hydrogenation catalyst

This invention relates to a novel hydrogenation catalyst which is stable in air at room
temperature and has a high activity even in the absence of a reducing metal compound, to a
process for hydrogenating a conjugated diene polymer with said hydrogenation catalyst and to a
hydrogenated polymer obtained by said hydrogenation process. More particularly, this invention
relates to a titanocene diaryl compound as a hydrogenation catalyst, to a process for
preferentially hydrogenating the unsaturated double bonds of the conjugated diene units of a
conjugated diene polymer with said compound under mild hydrogenation conditions and to a
hydrogenated, conjugated diene-styrene block copolymer produced by said process which is a
useful thermoplastic elastomer.

For the hydrogenation of compounds having olefinically unsaturated double bonds various
catalysts are known. There are generally two types of hydrogenation catalysts, namely, (1)
heterogeneous system catalysts of the carrier-supported type wherein a metal such as Ni, Pt, Pd,
Ru or the like is supported on a carrier such as carbon, silica, alumina, diatomaceous earth or
the like and (2) homogeneous system catalysts such as (a) the so-called Ziegler catalysts using a
combination of an organic acid salt or acetylacetone salt of Ni, Co, Fe, Cr or the like and a
reducing agent such as an organoaluminum or the like and (b) the so-called organic compiex
catalysts such as an organometallic compound of Ru, Rh or the like. The heterogeneous system
catalysts are in wide use in industry but, as compared with the homogeneous system catalysts,
they are generally low in activity; therefore, in carrying out a desired hydrogenation using such a
heterogeneous system catalyst, a large amount of the catalyst is required, and the hydrogenation
must be effected at a high temperature at a high pressure. Therefore, the use of the
heterogeneous system catalyst is not economical. On the other hand, in the case of the
homogeneous system catalysts, the hydrogenation proceeds generally in a homogeneous
system; therefore, as compared with the heterogeneous system catalysts, the homogeneous
system catalysts have a high activity, and a small amount of the catalyst is sufficient and the
hydrogenation can be carried out at a lower temperature at a lower pressure. However, the
homogeneous system catalysts have the drawbacks that the process for preparing them is
complicated, the stability of the catalysts cannot be said to be sufficient, the reproduction is
inferior and unfavourable side reactions tend to be caused. Hence, the development of a
hydrogenation catalyst which has a high activity and is easy to handle has been strongly
desired.

Polymers obtained by subjecting a conjugated diene to polymerization or copolymerization are
widely used as an elastomer in industry. These polymers have the reamining unsaturated double
bonds in the polymer chain, and the double bonds are advantageously utilized in vulcanization
on one hand, but render the polymers poor in stability such as weather resistance and oxidation
resistance. As a typical example, block copolymers obtained from a conjugated diene and a
vinyl-substituted aromatic hydrocarbon are used in the unvulcanized state as a thermoplastic
elastomer, a transparent impact-resistant resin, or a modifier for styrene resins and olefin resins;
however, these copolymers are inferior in weather resistance, oxidation resistance and ozone
resistance because of the unsaturated double bonds remaining in the polymer chain, which
makes the copolymers unsuitable for use in the field of outer-coating materials wherein said
performances are required, and the use thereof is limited.

The above inferior stability in weather resistance, oxidation resistance and ozone resistance
can be remarkrably improved by hydrogenating said polymers to saturate the unsaturated
double bonds remaining in the polymer chain. Many processes have been proposed for
hydrogenating polymers having unsaturated double bonds. in general, there are known two
processes, namely, a process using the above-mentioned carrier-supported type heterogeneous
system catalyst (1) and a process using the above-mentioned Ziegler type homogeneous system
catalyst (2). These catalysts have the above-mentioned features, respectively, and, when used in
polymer-hydrogenation, they have the following further features as compared with the hydrogen-
ation of low molecular weight compounds.

In the process using a heterogeneous system catalyst of the carrier-supported type, the
hydrogenation reaction is caused by the contact of the catalyst with a polymer; therefore it
becomes difficult for the reactants to contact with the catalyst owing to the viscosity of the
reaction system, the steric hindrance of polymer chain, etc. Hence, for efficient hydrogenation of
a polymer, a larger amount of a catalyst and more severe conditions are required, so that the
decomposition and gelation of polymer tend to take place and simultaneously, the energy cost
becomes higher. Further, in the hydrogenation of a copolymer of a conjugated diene and a
vinyl-substituted aromatic hydrocarbon, even the aromatic nucleus portions of the copolymer are
usually hydrogenated and it is difficult to selectively hydrogenate only the unsaturated double
bonds of the conjugated diene units. Furthermore, the physical removal of the catalyst after
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hydrogenation from the hydrogenated polymer is extremely difficult and complete removal is
substantially impossible.

On the other hand, in the process using a homogeneous system catalyst of the Ziegler type,
the hydrogenation reaction usually proceeds in a homogeneous system; therefore, the catalyst
activity is high and the hydrogenation can be effected under mild conditions. In addition, by
selecting appropriate hydrogenation conditions, it is possible to preferentially hydrogenate, to a
considerable extent, the unsaturated double bonds of the conjugated diene units of a copolymer
of a conjugated diene and a vinyl-substituted aromatic hydrocarbon. However, in the hydrogena-
tion of a copolymer of a conjugated diene and a vinyl-substituted aromatic hydrocarbon,
preferential hydrogenation of the unsaturated double bonds of the conjugated diene units cannot
sufficiently be done. Moreover, homogeneous system hydrogenation catalysts of the Ziegler type
which are currently available are expensive and, in the removal of the remaining catalyst from a
hydrogenation product (this removal is necessary because the remaining catalyst adversely
affects the stability of the hydrogenated product), a complicated deashing step is generally
required. Therefore, for economical hydrogenation, there is strongly required development of a
highly active hydrogenation catalyst which is effective even in such a small amount as not to
affect adversely the stability of a hydrogenated polymer and require no deashing step, or of a
hydrogenation catalyst which can easily be removed from a hydrogenated polymer.

Polymers praduced by hydrogenating a block copolymer of a conjugated diene and a vinyl-
substituted aromatic hydrocarbon are thermoplastic elastomers having excellent weather resis-
tance and heat resistance and now often used in industry as industrial parts, electrical parts,
resin modifiers, etc. However, the polymers are not yet sufficient in elongation, adhesiveness,
low-temperature characteristics, balance between mechanical strength and rubber elasticity
when blended, stability, processability, etc. Under such circumstances, hydrogenated block
copolymers wherein these characteristics have been improved have strongly been desired.

An object of this invention is to provide a hydrogenation catalyst which is stable, has an
excellent solubility, posesses a high activity and shows a high hydrogenation activity and
selectivity for olefinically unsaturated double bonds even in the absence of a reducing metal
compound such as an alkyllithium compound.

Another object of this invention is to provide a process for producing a hydrogenated polymer
excellent in stability such as weather resistance, oxidation resistance and ozone resistance by
preferentially hydrogenating the unsaturated double bonds of the conjugated diene units of a
conjugated diene polymer.

Still another object of this invention is to provide a hydrogenated block polymer which has
been improved in elongation, adhesiveness, low-temperature characteristics, balance between
strength and elasticity, and processability.

Other objects and advantages of this invention will become apparent from the following
description.

This invention is based on a surprising finding that, without using a reducing agent including
a reducing metal compound such as an alkyllithium compound or the like, a titanocene diaryl
compound independently shows a very high hydrogenation activity for olefinically unsaturated
double bonds and can preferentially hydrogenate the unsaturated double bonds of the
conjugated diene units of a conjugated diene polymer.

According to this invention, there is provided a catalyst for hydrogenating olefinically
unsaturated double bonds, comprising a compound represented by the formula (1):

o o
%

wherein R, to R, are hydrogen atoms or alkyl groups of 1 to 4 carbon atoms, and at least one of
R, to R; and at least one of R, to R, are hydrogen atoms.

This invention further provides a process for the hydrogenation of a conjugated diene polymer
or copolymer, which comprises contacting a conjugated diene polymer or copolymer having a
number average molecular weight of 500 to 1,000,000 with hydrogen in an inert organic
solvent in the presence of a hydrogenation catalyst comprising compound represented by the
formula (1) to preferentially hydrogenate at least 50% of the unsaturated double bonds of the
conjugated diene units in said polymer or copolymer.
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This invention also provides a hydrogenated block copolymer produced by the above-
mentioned hydrogenation process, said hydrogenated block copolymer comprising (a) at least
two polymer blocks A each composed mainly of styrene and having a number average molecular
weight of 2,000 to 60,000 and (b) at least two polymer blocks B each composed mainly of 1,3-
butadiene and/or isoprene and having a number average molecular weight of 2,500 to
300,000, at least one of the polymer blocks B being present at the terminal of the copolymer
chain, the content of the terminal block B being 3 to 30% by weight based on the copolymer
and 4 to 50% by weight based on the total of the B blocks, the weight ratio of the terminal
block B to the total of the A block being 0.1 to 1, the content of the total A blocks being 5 to
50% by weight based on the weight of the copolymer, the 1,2-vinyl content in the total of the B
blocks being 20 to 50% by weight, and at least 90% of the 1,3-butadiene units and/or the
isoprene units of the copolymer and 5% or less of the styrene units of the copolymer being
selectively hydrogenated.

It is known that a kind of titanocene compound similar to the essential component of the
hydrogenation catalyst of this invention, for example, a titanocene compound having aliphatic
alkyl groups such as bis(cyclopentadieneyl)titanium dimethyl, bis(cyclopentadienyl)titanium di-
ethyl or the like has a hydrogenation activity by themselves [e.g. K. Clause et al., Ann. Chem.,
Vol. 654, page 8 (1962)]. However, these compounds are very unstable and ignite and
decompose in air at room temperature. They also rapidly decompose even in an inert gas such
as helium, argon or the like at room temperature. Therefore, their isolation and handling are
extremely difficult and their industrial application is virtually impossible.

On the other hand, it is already known that titanocene diaryl compounds according to this
invention as represented by the general formula (l) can stably be handled in air at room
temperature and can easily be isolated [e.g. L. Summers et al., J. Am. Chem. Soc., Vol. 77,
page 3604 (1955) and M.D. Rausch et al., J. Organometall. Chem., Vol. 10, page 127
(1967)]. It is surprising that these compounds alone have a high hydrogenation activity
notwithstanding they can stably and easily be handled in air at room temperature. In this
invention, by using a hydrogenation catalyst comprising one of these compounds alone, it has
become possible to selectively hydrogenate only the olefinically unsaturated double bonds of
compounds having such double bonds under mild conditions even in a small amount of the
catalyst. Further, the hydrogenation catalyst of this invention has a very good solubility in
various organic solvents as compared with other titanocene compounds, and therefore, can
easily be handled in the form of a solution. Moreover, the catalyst is free of halogen atoms, and
hence, causes no problems of corrosion of equipments. Thus, the hydrogenation catalyst of this
invention has very high industrial advantages.

The essential component of the catalyst for hydrogenating olefinically unsaturated double
bonds according to this invention is represented by the formula:

Ry

Q) /@(
~
Ry
Ti

e er
Rg

Rg

wherein R, to R, are independently hydrogen atoms or alkyl groups of 1 to 4 carbon atoms, and
at least one of R, to R; and at least one of R, to R are hydrogen atoms. When the alkyl group
has 5 or more carbon atoms or all of R, to R; or all of R, to R are alkyl groups, such
compounds are difficult to synthesize in good yield because of steric hindrance and are poor in
storage stability at room temperature; therefore, these compounds are not included in this
invention. When alkyl groups are at the ortho-positions relative to titanium, such compounds are
difficult to synthesize. Specific examples of the essential component of the hydrogenation
catalyst of this invention include diphenylbis(y-cyclopentadienyijtitanium, di-m-tolylbis(n-cyclo-
pentadienyl)titanium, di-p-tolylbis(n-cyclopentadienyljtitanium, di-m, p-xylylbis(n-cyclopentadie-
nyl)titanium, bis(4-ethylphenyl)bis(n-cyclopentadienyl)titanium, bis(4-butylphenyl)bis(n-cyclopen-
tadienyl)titanium, etc. The higher the number of carbon atoms of the alkyl groups, the lower the
storage stability of the compound having the alkyl group and the better the solubility of the
compound in various organic solvents. Therefore, di-p-tolylbis(n-cyclopentadienyl)titanium is
most preferable in view of balance between stability and solubility.

The hydrogenation catalyst of this invention can be synthesized by a known process [e.g. L.
Summers et al., J. Am. Chem. Soc., Vol. 77, page 360 (1955) and M.D. Rausch et al., J.
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Organometail. Chem., Vol. 10, page 127 (1967)].

The hydrogenation catalyst of this invention can be applied to all compounds having
olefinically unsaturated double bonds. It can preferably be applied for hydrogenation of, for
example, 1-butene, 1,3-butadiene, cyclopentene, 1,3-pentadiene, 1-hexene, cyclohexene, 1-
methylcyclohexene, styrene, and the like.

Since the hydrogenation catalyst of this invention, as mentioned previously, has a high and
selective hydrogenation activity by itself, can stably be handled and is excellent in solubility, the
catalyst is preferably applied particularly to hydrogenation of polymers having olefinically
unsaturated double bonds. When the catalyst of this invention is applied to hydrogenation of
such polymers, hydrogenation can be conducted in a low catalyst amount under mild conditions;
therefore, unfavourable phenomena such as gelation and the like do not take place and the
catalyst remaining in a hydrogenated polymer does not adversely affect the stability of the
polymer and need not be removed after hydrogenation; thereof, the catalyst of this invention
enables an efficient and economical hydrogenation and is highly useful in industry.

The catalyst of this invention can be applied to all polymers having olefinically unsaturated
double bonds. Preferably, the catalyst is applied to conjugated diene polymers or copolymers.
Such conjugated diene polymers or copolymers include homopolymers of a conjugated diene,
copolymers of different conjugated dienes and copolymers of at least one conjugated diene and
at least one olefin monomer copolymerizable with said conjugated diene. The conjugated dienes
used in the production of these conjugated diene polymers or copolymers are generally those
having 4 to about 12 carbon atoms. Specific examples thereof are 1,3-butadiene, isoprene, 2,3-
dimethyl-1,3-butadiene, 1,3-pentadiene, 2-methyl-1,3-pentadiene, 1,3-hexadiene, 4,5-diethyl-
1,3-octadiene, 3-butyl-1,3-octadiene, etc. Of these, 1,3-butadiene and isoprene are particularly
preferred in view of advantages in industrial application and of excellent properties of elastomers
obtained.

The catalyst of this invention can particularly preferably be applied to hydrogenation of
copolymers of at least one conjugated diene and at least one olefin monomer copolymerizable
with said conjugated diene. The preferable conjugated dienes used in production of such
copolymers are those mentioned above. As the olefin monomers, there may be used all olefin
monomers copolymerizable with said conjugated dienes, and vinyl substituted aromatic hydro-
carbons are particularly preferred. That is, in order to enable the catalyst of this invention to
sufficiently exhibit its effect on the selective hydrogenation of only the unsaturated double bonds
of the conjugated diene units and to produce an elastomer or thermoplastic elastomer of high
industrial value, copolymers of a conjugated diene and a vinyl-substituted aromatic hydrocarbon
are particularly useful. Specific examples of the vinyl-substituted aromatic hydrocarbon used in
production of such copolymers include styrene, t-butylstyrene, a-methylstyrene, p-methylstyrene,
divinylbenzene, 1,1-diphenylethylene, N,N-dimethyl-p-aminoethylstyrene, N,N-diethyl-p-aminoe-
thylstyrene, etc. Of these, styrene is particularly preferred. Specific examples of the copolymers
of a conjugated diene and a vinyl-substituted aromatic hydrocarbon include a butadiene/styrene
copolymer and an isoprene/styrene copolymer, and these two copolymers are the most
preferable because they provide hydrogenated copolymers of high industrial value.

The copolymers of a conjugated diene and a vinyl-substituted aromatic hydrocarbon include
random copolymers wherein monomers are statistically distributed throughout the entire polymer
chain, tapered block coploymers, complete block copolymers and graft copolymers. Of these,
block copolymers are particularly preferred in order to allow the copolymers to exhibit the
characteristics as thermoplastic elastomers useful in industry.

Such block copolymers are copolymers comprising (a) at least one polymer block A composed
mainly of a vinyl-substituted aromatic hydrocarbon and (b) at least one polymer block B
composed mainly of a conjugated diene. The block A may contain a slight amount of the
conjugated diene and the block B may contain a slight amount of the vinyl-substituted aromtic
hydrocarbon. Said block copolymer includes not only linear type but also the so-called branched
type, radial type and star type which are formed by coupling the linear block polymers with a
coupling agent. Block copolymers preferably used in this invention are those containing 5 to
95% by weight of a vinyl-substituted aromatic hydrocarbon. It is particularly preferable that the
microstructure of the conjugated diene unit has 1,2-vinyl content of 20 to 70%. When block
copolymers meeting these requirements are hydrogenated, their olefin portions have a good
elasticity, and therefore, they are not only useful in industry, but also low in solution viscosity
and easy to free of the solvent. Therefore, the hydrogenated block copolymers can economically
be produced.

More preferably, the above block copolymer has at least two above-mentioned polymer blocks
A having a number average molecular weight of 2,000 to 60,000 and at least two above-
mentioned polymer blocks B having a number average molecular weight of 2,500 to 300,000,
at least one of said blocks B being present at the terminal of the copolymer chain, the content of
the terminal block B being 3 to 30% by weight based on the weight of the copolymer and 4 to
50% by weight based on the total weight of the blocks B, the weight ratio of the terminal block
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B to the total of the blocks A being 0.1 to 1.0. In particular, a block copolymer of styrene and
1,3-butadiene and/or isoprene is preferred.

When a block copolymer having the terminal block B in the amount specified above is
subjected to selective hydrogenation of butadiene units with the catalyst of this invention, the
resulting hydrogenated block copolymer shows a good elongation, adhesion, low-temperature
characteristics and processability. When this hydrogenated block copolymer is used as a
component of a composition, the composition has a good balance between mechanical strength
and rubber elasticity and further has a good compatibility with olefin resins. Thus, the
hydrogenated block copolymer are very useful.

The block copolymer having the terminal block B can have any structure of linear, branched,
radial and start types. The block copolymer includes copolymers represented by the following
formulas:

(B-A) , (B-A——B nz2
(B-A—)-F-X—(-—B--A)n m and n2l1l, m+n=2 to 4
(B--ZSL—-)—m—X—-(-—A-B--A)n m and n2l, m+n=2 to 4

In the above formulas, A is a polymer block composed mainly of a vinyl-substituted aromatic
hydrocarbon; B is a polymer block composed mainly of a conjugated diene; and X is a coupling
agent. A and B may be the same or different in structure and molecular weight. In order to
obtain a hydrogenated block copolymer having physical properties as good as possible, it is
desirable that the precursor block copolymer, namely the block copolymer before hydrogenation,
has a vinyl-substituted aromatic hydrocarbon content of 5 to 50%, preferably 10 to 40%, and
has a 1,2-vinyl content of 20 to 50%, preferably 25 to 45%, in the conjugated diene units.

The content of the polymer blocks composed mainly of a vinyl-substituted aromatic hydrocar-
bon in the conjugated diene polymer or copolymer used in this invention can be measured in
accordance with the method described in L.M. Kolithoff et al., J. Polymer Sci., Vol. 1, page 429
(1946). The content is expressed as a precentage of the above polymer blocks in the entire
polymer or copolymer.

The 1,2-vinyl content in the conjugated diene units of the conjugated diene polymer or
copolymer can be determined in accordance with the Hampton method [R.R. Hampton, Anal.
Chem., Vol. 29, page 923 (1949)] using infrared absorption spectrum. [Details are described in
Japanese Patent Application Kokai (Laid-Open) No. 133,203/84 and British Patent Application
Publication No. 2,134,909 (Application No. 8400305).]

Conjugated diene polymers or copolymers used in the hydrogenation of this invention
generally have a molecular weight of about 1,000 to about 1,000,000 and can be produced by
any known polymerization method such as anionic polymerization method, cationic polymeriza-
tion method, co-ordination polymerization method, radical polymerization method, or the like,
and solution polymerization method, emulsion polymerization method or the like. Living
polymers containing active lithium in the polymer chain which are produced by an anionic
polymerization method using an organolithium compound as a catalyst, can be hydrogenated
continuously without any deactivation of the living terminals. This hydrogenation is efficient and
economical, and therefore, particular useful in industry. As the catalyst used in the production of
such living polymers, there are hydrocarbon compounds having at least one lithium atom in the
molecule. Typical examples of the compounds include n-butyllithium, sec-butyllithium, etc.

A preferable embodiment of the hydrogenation of this invention is conducted in an inert
organic solvent solution of a compound having at least one olefinically unsaturated double bond
or the above-mentioned polymer or copolymer. In the case of a low molecular weight compound
which is liquid at room temperature, such as cyclohexene or cyclooctene, hydrogenation can be
effected without dissolving the compound in a solvent; however, in order to conduct the
hydrogenation uniformly and under mild conditions, the hydrogenation in a solvent is preferred.
The term “'inert organic solvent’’ means an organic solvent which does not react with any
material participating in the hydrogenation. Preferable examples of the inert organic solvent
include aliphatic hydrocarbons such as n-pentane, n-hexane, n-heptane and n-octane; alicylic
hydrocarbons such as cyclohexane and cycloheptane; and ethers such as diethyl ether and
tetrahydrofuran. These solvents can be used alone or in admixture. Also, aromatic hydrocarbons
such as benzene, toluene, xylene and ethyibenzene can be used only when the aromatic double
bonds are not hydrogenated under specially selected hydrogenation conditions.

In the hydrogenation of a living polymer containing active lithium in the polymer chain, it is
advantageous that the living polymer be beforehand produced in the inert organic solvent
mentioned above and the polymerization mixture as produced be then subjected to hydrogena-

10

15

20

30

35

40

45

50

55

60

65



GB2159819A

10

15

20

25

30

35

40

45

50

55

60

65

tion.

The hydrogenation reaction of this invention is generally conducted by keeping an inert-
organic solvent solution of a substance to be hydrogenated, at a predetermined temperature in
hydrogen or in an inert atmosphere, adding thereto a hydrogenation catalyst with or without
stirring, and then introducing thereinto a hydrogen gas to the desired pressure. The inert
atmosphere means an atmosphere which does not react with any material participating in the
hydrogenation reaction, such as, for example, helium, neon, argon or the like. Air and oxygen
are not desirable because they oxidize and deactivate a catalyst component. It is most preferable
that an atmosphere composed solely of hydrogen gas be present in a hydrogenation vessel.

The catalyst of this invention may be added alone to a reaction system as it is or may be
added in the form of an inert organic solvent solution. When the catalyst is used in the form of
an inert organic solvent solution, the inert organic solvent may be any of the previously
mentioned solvents which do not react with any material participating in the hydrogenation.
Preferably, the solvent to be used for dissolving the catalyst is the same as used in the
hydrogenation.

The amount of the catalyst added is 0.005 to 20 mM per 100 g of a substance to be
hydrogenated. When the catalyst is added within this range, the olefinically unsaturated double
bonds of the substance to be hydrogenated can preferentially be hydrogenated and substantially
no double bonds of the aromatic nuclei are hydrogenated; thus a very high degree of selective
hydrogenation can be realized. Hydrogenation is possible even when the catalyst is added in an
amount of more than 20 mM; however, addition of execessive catalyst is uneconomical and
makes the catalyst removal or ash removal after hydrogenation from a hydrogenated polymer
more complicated. The preferable amount of the catalyst added for quantitatively hydrogenating
the unsaturated double bonds of the conjugated diene units of the polymer under the selected
conditions is 0.05 to 5 mM per 100 g of the polymer.

In the hydrogenation of a living polymer having active lithium in the polymer chain, the molar
ratio of the active lithium to the titanium in the catalyst is preferably about 25 or less because
the active lithium has a reducing property and affects the catalyst activity. When the molar ratio
exceeds about 25, the catalyst activity is reduced and unfavourable phenomena such as gelation
and the like take place. The molar ratio is more preferably about 15 or less.

The amount of the active lithium in the living polymer varies depending upon the molecular
weight of the living polymer, the functionality of the organolithium compound used as a catalyst
in the production of the living polymer, the deactivation percentage of the active lithium and the
coupling percentage of the active lithium. Hence, in order to obtain the above-mentioned active
lithium-to-titanium molar ratio, it is necessary that the amount of the catalyst used in the
hydrogenation be determined based on the concentration of lithium in the polymer chain.
Meanwhile, the amount of the hydrogenation catalyst added is preferably 0.005 to 20 mM per
100 g of a substance to be hydrogenated. Therefore, when the active lithium-to-titanium molar
ratio cannot be adjusted to about 25 or less within the above catalyst amount range, the molar
ratio is adjusted by previously deactivating part of the active lithium in the living polymer with
water, an alcohol, a halogen compound or the like.

The hydrogenation of this invention is conducted using elementary hydrogen. The elementary
hydrogen is preferably introduced in a gaseous state into a solution of a substance to be
hydrogenated. The hydrogenation reaction is preferably conducted with stirring, whereby
hydrogen introduced can rapidly be contacted with a substance to be hydrogenated. The
hydrogenation reaction is generally conducted at 0° to 150°C. When the temperature is lower
than 0°C, the catalyst activity is reduced and the hydrogenation speed is low and requires a
large amount of a catalyst. The temperature of less than 0°C is not economical. When the
temperature is higher than 150°C, side reactions, decomposition and gelation are liable to take
place and even the hydrogenation of the aromatic nucleus portions tends to occur, and the
selectivity of hydrogenation is reduced. Thus, the temperature of more than 150°C is not
desirable. The hydrogenation temperature is more preferably 40° to 120°C.

The pressure of hydrogen used in the hydrogenation is preferably 1 to 100 kg/cm?. When
the pressure is lower than 1 kg/cm?, the hydrogenation speed is low and substantially no
hydrogenation proceeds. Therefore, it is difficult to increase hydrogenation percentage. When
the pressure is higher than 100 kg/cm?, the hydrogenation is almost complete at the same time
when the pressure is elevated to such a value, and hence such a higher pressure is substantially
insignificant. Further, side reactions and gelation which are unfavourable take place. The
pressure of hydrogen used in the hydrogenation is more preferably 2 to 30 kg/cm?. An
optimum hydrogen pressure is selected in relation to parameters such as the amount of catalyst
added and the like. Actually, it is preferable that, as the preferable catalyst amount mentioned
previously gets smaller, the hydrogen pressure be used on a higher side.

In this invention, the hydrogenation time usually ranges from several seconds to 50 hours.
The hydrogenation time can appropriately be selected within said range depending upon other
hydrogenation conditions adopted.
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The hydrogenation catalyst of this invention has a sufficient activity by itself and no other
component may be contained. However, a reducing organometal compound such as an
organoaluminum and an organolithium may be present in the reaction system, and a polar
compound such as tetrahydrofuran, triethylamine and N,N,N’,N’-tetramethylethylenediamine
may also be present therein.

The hydrogenation catalyst of this invention enables quantitative hydrogenation of olefinically
unsaturated double bonds by proper selection of hydrogenation conditions. The catalyst further
enables hydrogenation of such double bonds to a desired hydrogenation level. In the
hydrogenation of a polymer, a hydrogenated polymer can be obtained wherein at least 50%,
preferably at least 90%, of the unsaturated double bonds of the conjugated diene units of the
original polymer has been hydrogenated. In the hydrogenation of a copolymer of a conjugated
diene and a vinyl-substituted aromatic hydrocarbon, a hydrogenated copolymer can be obtained
wherein at least 50%, preferably at least 90%, of the unsaturated double bonds of the
conjugated diene units of the original copolymer and 10% or less, preferably 6% or less, of the
double bonds of the aromatic nucleus portions of the original copolymer have been selectively
hydrogenated. When the hydrogenation percentage of the conjugated diene units is less than
50%, the hydrogenated polymer or copolymer is not sufficiently improved in weather resistance,
oxidation resistance and heat resistance. In the hydrogenation of a copolymer of a conjugated
diene and a vinyl-substituted aromatic hydrocarbon, if even the aromatic nucleus portions are
hydrogenated, no improvement is seen in physical properties of a hydrogenated copolymer and,
when the copolymer is a block copolymer, it follows that the hydrogenated block copolymer has
a deteriorated processability and a deteriorated moldability. In the hydrogenation of the aromatic
nucleus portions, a large amount of hydrogen is consumed, and a high temperature, a high
pressure and a long time are required; therefore, the hydrogenation is economically difficult to
conduct. The polymer hydrogenation catalyst according to this invention is very excellent in
selectivity and causes no substantial hydrogenation of the aromatic nucleus portions and
accordingly is very advantageous in industry.

The hydrogenation percentage of olefinically unsaturated double bonds can be determined
from an infrared absorption spectrum. In the case of a low molecular weight substance, gas
chromoatography can be used in combination therewith. In the case of a polymer containing
aromatic rings, an ultraviolet absorption spectrum, an NMR spectrum, or the like can be used in
combination therewith.

From the solution obtained by a hydrogenation with the catalyst of this invention, the
hydrogenated product can easily be separated by a physical or chemical means such as
distillation, precipitation or the like. Particularly, the hydrogenated product can easily be isolated
from the hydrogenated polymer solution obtained after, if necessary, the catalyst residue has
been removed. This isolation of a hydrogenated polymer can be conducted by, for example, (1)
a method wherein the reaction mixture after hydrogenation is mixed with a polar solvent which
becomes a poor solvent for a hydrogenated polymer, such as acetone, an alcohol or the like, to
precipitate and recover the polymer, (2) a method wherein the reaction mixture is poured into
hot water with stirring and then the polymer is recovered together with the solvent by
distillation, and (3) a method wherein the reaction mixture is heated to distil off the solvent. The
hydrogenation process of this invention has the feature that a small amount of a hydrogenation
catalyst is used. Therefore, even if the hydrogenation catalyst remains in the hydrogenated
polymer, it has no remarkable effect on the physical properties of the hydrogenated polymer.
Further, most of the catalyst remaining in the hydrogenated polymer is decomposed and
removed from the polymer in the isolation step of the hydrogenated polymer. Hence, no special
operation for catalyst removal is required and isolation of the hydrogenated polymer can be
conducted in a very simple procedure. In addition, since the catalyst of this invention is free of
halogen element, no problems of corrosion of equipment are caused, and hence the hydrogena-
tion process of this invention is very advantageous.

Hydrogenated block copolymers of a conjugated diene and styrene according to this invention
are very useful in industry as a thermoplastic elastomer with improved weather resistance, heat
resistance, adhesiveness, low-temperature characteristics, blendability and processability.

As stated above, the novel hydrogenation catalyst of this invention enables efficient hydrogen-
ation of olefinically unsaturated double bonds, particularly (1) hydrogenation of a conjugated
diene polymer under mild conditions using a highly active catalyst and (2) highly preferential
hydrogenation of the unsaturated double bonds of the conjugated diene units of a copolymer of
a conjugated diene and a vinyl-substituted aromatic hydrocarbon.

Hydrogenated polymers obtained by the process of this invention can be used as an
elastomer, thermoplastic elastomer or thermoplastic resin which has excellent weather resistance
and oxidation resistance. These hydrogenated polymers are mixed before use with additives
such as an ultraviolet light absorber, an oil, a filler and the like. The hydrogenated polymers
may be blended with other elastomers and resins. Thus, the hydrogenated polymers are very
useful in industry.
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Hereinunder, this invention will be explained in detail referring to Examples. However, this
invention should not be interpreted to be restricted to the Examples.

Reference Example 1 (Synthesis of hydrogenation catalyst I)

In a one-liter, three-necked flask equipped with a stirrer, a dropping funnel and a reflux
condenser was placed 200 ml of anhydrous ether. The flask was purged with dry helium and
17.4 g (2.5 moles) of small pieces of lithium wire were put into the flask. Thereafter, a small
amount of a solution consisting of 300 ml of ether and 157 g (1 mole) of bromobenzene was
dropped into the flask at room temperature and then the remaining part of the solution was
gradually added under reflux.

After completion of the reaction, the reaction mixture was filtered in a helium atmosphere to
obtain a colorless, transparent solution of phenyllithium.

In a two-liter, three-necked flask equipped with a stirrer and a dropping funnel, which had
been purged with dry helium, were placed 99.6 g (0.4 mole) of dichlorobis(cyclopentadienyl)ti-
tanium and 500 mi of anhydrous ether. Thereinto was dropped the previously obtained ether
solution of phenyllithium over about 2 hours at room temperature with stirring. The reaction
mixture was filtered in air. The insoluble portion was washed with dichloromethane. The
washings and the filtrate were combined and freed of the solvent under reduced pressure. The
residue was dissolved in a small amount of dichloromethane. To the resulting solution was
added petroleum ether to effect recrystallization. The resulting crystal was collected by filtration.
The filtrate was concentrated and the above procedure was repeated to obtain diphenylbis(y-
cyclopentadienyl)titanium. The yield was 120 g (90%). The product was an orange-yellow,
needle-like crystal having a good solubility in toluene and cyclohexane, a melting point of 147°C
and the following elementary analysis values: C: 79.5%; H: 6.1%; Ti: 14.4%.

Reference Example 2 (Synthesis of hydrogenation catalyst II)

Synthesis was conducted in the same manner as in Reference Example 1, except that p-
bromotoluene was substituted for the bromobenzene, to obtain di-p-tolylbis(n-cyclopentadienyl)ti-
tanium in a yield of 87%. This product was a yellow crystal having a good solubility in toluene
and cyclohexane, a melting point of 145°C and the following elementary analysis values: C:
80.0%; H: 6.7%; Ti: 13.3%.

Reference Example 3 (Synthesis of hydrogenation catalyst Il1)

Synthesis was conducted in the same manner as in Reference Example 1, except that 4-
bromo-o-xylene was substituted for the bromobenzene, to obtain di-m,p-xylylbis(n-cyclopentadie-
nyl)titanium in a yield of 83%. This product was a yellow crystal having a good solubility in
toluene and cyclohexane, a melting point of 155°C and the following elementary analysis
values: C: 80.6%; H: 7.2%; Ti: 12.2%.

Reference Example 4 (Synthesis of hydrogenation catalyst V)

Synthesis was conducted in the same manner as in Reference Example 1, except that p-
bromoethylbenzene was substituted for the bromobenzene, to obtain bis(4-ethylphenyl)bis(n-
cyclopentadienyljtitanium in a yield of 80%. This product was a yellow crystal having a good
solubility in toluene and cyclohexane, a melting point of 154°C and the following elementary
analysis values: C: 80.4%; H: 7.3%; Ti: 12.3%.

Reference Example 5 (Synthesis of butadiene polymer)

In a two-liter autoclave were placed 500 g of cyclohexane, 100 g of 1,3-butadiene and 0.05
g of n-butyllithium. They were subjected to polymerization for 3 hours at 60°C with stirring. The
resulting living polymer solution was poured into a large amount of methanol for deactivation
and precipitation. The polymer precipitated was vacuum-dried for 50 hours at 60°C. The
polymer was a polybutadiene having a 1,2-vinyl content of 11% and having a number average
molecular weight of about 150,000 as measured by a gel permeation chromatography (GPC).

Reference Example 6 (Synthesis of isoprene polymer)

A polyisoprene was produced in the same manner as in Reference Example 5, except that
isoprene was substituted for the 1,3-butadiene. The polyisoprene had a 1,2-vinyl content of
10% and a number average molecular weight of about 150,000.

Reference Example 7 (Synthesis of block copolymer )

In an autoclave were placed 400 g of cyclohexane, 15 g of styrene and 0.11 g of n-
butyllithium. The resulting mixture was subjected to polymerization for 3 hours at 60°C. Then,
70 g of 1,3-butadiene was added and polymerization was conducted for 3 hours at 60°C.
Finally, 15 g of styrene was added and polymerization was conducted for 3 hours at 60°C. The
resulting living polymer solution was pured into a large amount of methanol for deactivation and
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precipitation. The polymer precipitated was vacuum-dried for 50 hours at 60°C.

The polymer obtained was a styrene-butadiene-styrene block copolymer having a bound
styrene content of 30%, a block styrene content of 28% and a 1,2-vinyl content in the
butadiene units of 12% (8% based on the weight of the entire copolymer) and having a number
average molecular weight of about 60,000.

Reference Example 8 (Synthesis of block copolymer 1l)

A styrene-butadiene-styrene block copolymer having a high styrene content was produced in
the same manner as in Reference Example 7, except that styrene was used in an amount of 40
g each time (a total amount of 80 g) and butadiene was used in an amount of 20 g.

This block copolymer had a bound styrene content of 80% and a 1,2-vinyl content in the
butadiene units of 15% (3% based on the weight of the entire copolymer) and had a number
average molecular weight of about 60,000.

Reference Example 9 (Synthesis of block copolymer 1l

In the same manner as in Reference Example 7, except that tetrahydrofuran was also used in
an amount of 35 moles per mole of n-butyllithium, to produce a styrene-butadiene-styrene block
copolymer having a bound styrene content of 30%, a block styrene content of 24% and a 1,2-
vinyl content in the butadiene units of 39% (23% based on the weight of the entire block

copolymer).

Refernece Example 10 (Synthesis of block copolymer IV)

In the same manner as in Reference Example 7, except that n-butyllithium was used in an
amount of 0.055 g and tetrahydrofuran was used in an amount of 32 moles per mole of n-
butyllithium, to produce a styrene-butadiene-styrene block copolymer having a bound styrene
content of 30%, a block styrene content of 28% and a 1,2-vinyl content in the butadiene units
of 35% (25% based on the weight of the entire block copolymer) and having a number average
molecular weight of about 120,000.

Reference Example 11 (Synthesis of block copolymer V)

In an autoclave were placed 2,000 g of cyclohexane, 65 g of 1,3-butadiene, 0.75 g of n-
butyllithium and tetrahydrofuran in a proportion of 40 moles per mole of n-butyllithium. The
resulting mixture was subjected to polymerization for 45 min at 70°C, and 100 g of styrene was
added and then polymerized for 30 minutes, after which 235 g of 1,3-butadiene was added and
subsequently polymerized for 45 minutes. Moreover, 100 g of styrene was added and then
polymerized for 30 minutes. The resulting living polymer solution was poured into a large
amount of methanol for deactivation and precipitation. The precipitated polymer was vacuum-
dried for 50 hours at 60°C.

The polymer was a butadiene-styrene-butadiene-styrene block copolymer having a bound
styrene content of 40%, a block styrene content of 34% and a 1,2-vinyl content in the
butadiene units of 36% (22% based on the weight of the entire block copolymer) and having a
number average molecular weight of about 60,000.

Reference Example 12 (Synthesis of block copolymer Vi)

Polymerization was conducted in the same manner as in Reference Example 11, except that
50 g of 1,3-butadiene, 75 g of styrene, 300 g of 1,3-butadiene and 75 g of styrene were
added in this order. Finally, 50 g of 1,3-butadiene was further added and polymerization was
conducted for 30 minutes. The resulting polymer solution was treated in the same manner as in
Reference Example 11 to obtain a butadiene-styrene-butadiene-styrene-butadiene block co-
polymer having a bound styrene content of 30%, a block styrene content of 27% and a 1,2-
vinyl content in the butadiene units of 38% (27% based on the weight of the entire block
copolymer) and having a number average molecular weight of about 60,000.

Reference Example 13 (Synthesis of block copolymer VII)

In an autoclave were placed 4,000 g of cyclohexane, 100 g of 1,3-butadiene monomer, 0.53
g of n-butyllithium and tetrahydrofuran in a proportion of 40 moles per mole of n-butyllithium.
They were subjected to polymerization for 30 minutes at 70°C, and then 150 g of styrene was
added and subsequently plymerized for 60 minutes, after with 600 g of 1,3-butadiene was
added and polymerized for 150 minutes. Thereafter, 150 g of styrene was added and
subsequently polymerized for 60 minutes, to obtain a butadiene-styrene-butadiene-styrene block
copolymer. The resulting living polymer solution was poured into a large amount of methanol
for deactivation and precipitation. The precipitated polymer was vacuum-dried for 50 hours at
60°C. The polymer was a block copolymer having a bound styrene content of 30%., a block
styrene content of 28% and a 1,2-vinyl content in the butadiene units of 35% (25% based on
the weight of the entire copolymer) and having a number average molecular weight of about
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Reference Example 14 (Synthesis of block copolymer Viil)

A styrene-isoprene-styrene block copolymer was produced in the same manner as in Reference
Example 7, except that isoprene was substituted for the 1,3-butadiene.

The copolymer had a bound styrene content of 30%, a block styrene content of 29% and a
1,2-vinyl content in the isoprene units of 13% (9% based on the weight of the entire
copolymer) and had a number average molecular weight of about 60,000.

Reference Example 15 (Synthesis of living polymer [)

A living polybutadiene was produced in the same manner as in Reference Example 5. It
contained 0.65 mM of living lithium per 100 g of polymer. A part of the polymer was isolated
and analyzed to find that the polymer had a 1,2-vinyl content of 13% and a number average
molecular weight of about 150,000.

Reference Example 16 (Synthesis of living polymer 1)

A styrene-butadiene-styrene living block copolymer was produced in the same manner as in
Reference Example 7. It contained 1.65 mM of living lithium per 100 g of copolymer. A part of
the copolymer was isolated and analyzed to find that the copolymer had a bound styrene
content of 30%, a block styrene content of 28% and a 1,2-vinyl content in the butadiene units
of 13% (9% based on the weight of the entire copolymer) and had a number average molecular
weight of about 60,000.

Reference Example 17 (Synthesis of living polymer lil)

In the same manner as in Reference Example 11, a butadiene-styrene-butadiene-styrene living
block copolymer was synthesized. This copolymer had a bound styrene content of 40%, a block
styrene content of 35% and a 1,2-vinyl content in the butadiene units of 35% and had a
number average molecular weight of about 60,000. The copolymer contained 1.65 mM of
active lithium per 100 g of the copolymer.

Reference Example 18 (Synthesis of living polymer 1V)

A butadiene-styrene-butadiene-styrene living block copolymer was synthesized in the same
manner as in Reference Example 13. It had a bound styrene content of 30% and a 1,2-vinyl
content in the butadiene units of 35% and had a number average molecular weight of about
120,000. The copolymer contained 0.82 mM of living lithium per 100 g of the copolymer.

Examples 1 to 4

1-Hexene and cyclohexene were separately diluted with cyclohexane at a concentration of
15%. These olefin solutions were used in hydrogenation.

In a sufficiently dried, two-liter autoclave equipped with a stirrer was placed 1,000 g of each
of the olefin solutions. Each of the autoclaves was degased under reduced pressure and purged
with hydrogen. Then, the autoclave contents were kept at 90°C with stirring.

Subsequently, into each of the autoclaves was fed, at one time, a solution obtained by
dissolving 4 mM of each of the hydrogenation catalysts produced in Reference Examples 1 to 4
in cyclohexane at a concentration of 2% by weight. Further, 5.0 kg/cm? of dried, gaseous
hydrogen was fed to the autoclave, and hydrogenation was conducted for 2 hours with stirring.
Absorption of hydrogen was substantially completed within 30 minutes in all cases of the
hydrogen catalysts. The reaction mixture was a colorless, transparent and uniform solution. The
reaction mixture was returned to room temperature and normal pressure and then hydrogenation
degree was measured using a gas chromatography.

The results of the hydrogenation of 1-hexene or cyclohexene with each of the hydrogenation
catalysts are summarized in Table |.

As seen from Table I, the olefinically unsaturated double bonds of 1-hexene and cyclohexene
were almost quantitatively hydrogenated and a very good hydrogenation activity was shown.
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Table I

Example No. 1 2 3 4

Hydrogenation | Reference | Reference Reference | Reference
catalyst Example 1 | Example 2 | Example 3 | Example 4

Hydrogenation percentage of olefin (%)

l-Hexene 99 100 98 96

Cyclohexene 100 100 929 97

table |

Examples 5 to 18 and Comparative Example 1

Each of the polymers produced in Reference Examples 5 to 14 was diluted with purified and
dried cyclohexane at a concentration of 5% by weight, and each of the polymer solutions
obtained was subjected to hydrogenation. Also, each of the living polymer solutions obtained in
Reference Examples 15 to 18 was diluted with purified and dried cyclohexane at a living
polymer concentration of 5% by weight, and each of the living polymer solutions obtained was
subjected to hydrogenation.

In a sufficiently dried, two-liter autoclave equipped with a stirrer was placed 1,000 g of each
of the polymer solutions or the living polymer solutions prepared above. The autoclave was
degased under reduced pressure and then purged with hydrogen. The autoclave content was
kept at 90°C with stirring. To the autoclave was fed, at one time, a 2% by weight solution
obtained by dissolving 0.2 mM of the hydrogenation catalyst produced in Reference Example 2
in cyclohexane. Further, 5.0 kg/cm? of dried, gaseous hydrogen was fed to the autoclave, and
hydrogenation was conducted for 2 hours with stirring. Absorption of hydrogen was substan-
tially completed within 60 minutes in all cases. The reaction mixture was a colorless, transparent
and uniform solution. The reaction mixture was returned to room temperature and normal
pressure, taken out of the autoclave and poured into a small amount of methanol to precipitate a
polymer. The polymer was collected by filtration and dried to obtain a white hydrogenated
polymer. The hydrogenation percentage and properties of each of the hydrogenated polymers
obtained are shown in Table Il

As seen from Table 11, in all the polymers, the conjugated diene units were quantitatively
hydrogenated and the styrene units were scarcely hydrogenated. Thus, the hydrogenation
catalyst used exhibited a very good activity and selectively.

In Comparative Example 1, the polybutadiene obtained in Reference Example 5 was
hydrogenated in the same manner as above, except that a toluene solution of dichlorobis(n-
cyclopentadienyljtitanium was used as the hydrogenation catalyst. The results are shown in
Table H.

10

15

20

25

30

35

40

45

50



12

GB2159819A

12

- P43u0d -

I2uwojsersa otr3ysetd utrsax utrsax zawAtod pajeusboxpiy
-ouxdyy ‘3y0s pIeH 3308 Jo sertjxadoadg
_ (¢) s3atun ausaxlkis 3Jo
e 2 (e T> > 1> 1> - abejusozad uor3zeusborpiy
(¢) satun
66 86 L6 66 66 86 L6 96 86 auaTp pajzebnluod jo
obejusoxad uorzeusboapiH
] 0 0 0 0 0 0 0 0 oT3ex IeTOW TIL/TT
(zaqunu ordurexy
€T (AN 1T 0T 6 8 L 9 S aousxazay Aq possaxdxa)
aswktod jo puty
3s&tejed
¢ 91dwexy sousaajay uoT3eUShOIpAY 3O PUTY

€1 Al 1T 0T 6 8 L 9 S

aTdwexyg
II 8°1qes




13

GB2159819A

13

_ Iswojsets or3serd uTsax utrsaa uTsax
-ouwxayly ‘33jos pPaeH 3308 paeH

- 1> 1> 1> - >

T L6 96 L6 66 86

0 | 4 A T°v L°T 0]

S 81 LT 971 ST /At
¢yo13%dd | =

T 8T LT 9T ST b1
aTdwexy

- dwon s1dwexyg
(p,3u0d) 1II °STqelL




GB2159819A 14

Examples 19 to 26
The butadiene-styrene-butadiene-styrene block copolymer synthesized in Reference Example
11 was diluted with purified, dried cyclohexane at a copolymer concentration of 5% by weight.
Into an autoclave was charged 1,000 g of the resulting solution, and subjected to hydrogena-
tion in the same manner as in Example 5 under the conditions shown in Table Ill. The results 5
are shown in Table III.

Table III
10

Example

19 20 21 22 23 24 25 26

15

Kind of hydroge- Reference Example 2 Ref. Ex. 1
nation catalyst

Amount of hydroge- 20

nation catalyst
(mM/100 g of 0.1}1.0/1.0 3.0} 3.0 {0.1}(1.0 3.0

polymer)

Hydrogenation 25
pressure 30 10 5 5 2| 30 5 5

(kg/cmz)

Hydrogenation 30
temperature (°C) 100 (100 | 60 | 100 | 60 }100 | 60 |100

Hydrogenation 120 | 60 | 120 | 30| 120 {120 | 120 | 30
time {(minute) 35

Hydrogenation

percentage of 97 98 96 98 97 96 97 98
butadiene units

(%) 40

Hydrogenation

percentage of <1 <1 <1 <1 <1 <1 <1 <1l
styrene units ) 45

(%)

Example 27

Hydrogenation was conducted in the same manner as in Example 7 under the same b0
conditions as in Example 7, except that a 2% by weight solution obtained by dissolving 0.2 mM
of the catalyst produced in Reference Example 2 in cyclohexane and thereafter allowing it to
stand for 30 days at room temperature in an argon atmosphere in a dark place was used as the
hydrogenation catalyst.

In the hydrogenated copolymer obtained, the hydrogenation percentage of the butadiene units 55
was 96% and that of the styrene units was less than 1%, which were equivalent to those of
Example 7, and when the catalyst was stored in solution, the activity and selectivity thereof did
not change.

Examples 28 to 32 and Comparative Example 2 60
In a dried, two-liter autoclave was placed 1,000 g of a living copolymer solution obtained by
diluting the styrene-butadiene-styrene block copolymer produced in Reference Example 16, with
dried cyclohexane at a copolymer concentration of 10% by weight. The autoclave was purged
with dried hydrogen gas.
Thereto was added the predetermined amount of a cyclohexane solution containing 5.0 65
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mM /100 ml! of n-butanol or 20 mM/ 100 mi of n-butyllithium, to control the lithium amount so
that the molar ratio of active lithium to titanium at the start of hydrogenation became the level
shown in Table IV.
Then, a cyclohexane solution containing 0.4 mM/100 ml of the hydrogenation catalyst
5 produced in Reference Example 2 was added in the amount shown in Table IV, and 5
hydrogenation was conducted under the conditions shown in Table IV. The results are shown in
Table IV.
10 Table IV 10
15 Example Comparative 15
28 |29 | 30 |31 |32 |FExample2
Amount of hydroge-

20 | nation catalyst 20
(mM/100 g of 0.2 0.5] 0.2]0.2 0.2 0.2

polymer)
25 Control of lithium Deactivation with Addition of )
amount n-butanol n-butyllithium 5
Molar ratio of 1.0 2.0 4.0 8.0 |[15.0 30.0
Li/Ti
30 30
Hydrogenation
pressure (kg/cmz) 10 5 10 5 10 10
Hydrogenation tem-
35 perature (°C) 90 60 60 60 60 90 35
Hy@rogenatlon time 60 60 90 90 90 60
(minute)
40 40
Hydrogenation
percentage of
butadiene units I8 93 96 37 96 >7
(%)
45 45
Hydrogenation
percentage.of <1 <1 <1 <1 <1 <1
styrene units
50 | (%) 50
Examples 33 to 35

55 To each of the three hydrogenated block copolymer solutions obtained in Examples 9, 11 and 55
12 was added, as a stabilizer, 0.1 phr of bis(2,2,6,6-tetramethyl-4-piperidine) sebacate. Each
solution was then subjected to solvent removal to obtain a hydrogenated block copolymer. The
copolymer was subjected to pressure molding [100 kg/cm? 10 minutes, 180°C] to obtain a
sheet of 2 mm in thickness. The physical properties of the sheet were tested.

60 Tesnile strength, 300% modulus, elongation, tear strength, hardness, permanent compression 60
set, residual elongation at break and low-temperature impact brittleness were measured in
accordance with JIS K 6301.

Extrudability was tested at 200°C by the use of a twin-screw extruder of 20 mm in diameter.

Weather resistance was measured by keeping a test sheet for 500 hours at 40°C and 50% R.H.

65 in a weatherometer using carbon electrodes. Heat resistance was measured by keeping a test 65
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10

sheet for 7 hours at 140°C in an air oven.

Adhesion was measured by mixing 100 parts by weight of a hydrogenated block copolymer
with 100 parts by weight of an a-pinene resin (YS RESIN A 1150, manufactured by
YASUHARA YUSHI KOGYO CO., LTD.) and 60 parts by weight of an oil (SONIC PROCESS OIL
R-200, manufactured by Kyodo Qil Co., Ltd.), dissolving the resulting mixture in toluene, 5
coating the resulting solution on a paper tape, subjecting the coated tape to casting to form a
film layer on the paper tape, press-bonding the tape to an aluminum plate, and subjecting the
laminate to 180° peeling test.

The measurement results are shown in Table V.

As is obvious from Table V, block copolymers having a hydrogenated polybutadiene block B 10
at the terminals were excellent in rubber elasticity, adhesion, low-temperature characteristics,
processability, etc.
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Examples 36 to 37

To each of the hydrogenated block copolymer solution produced in Examples 10 and 13 were
added, per 100 parts by weight of hydrogenated block copolymer, 100 parts by weight of a
paraffinic oil (DIA PROCESS OIL PW-380, manufactured by Idemitsu Kosan Co. Ltd.) and 5
parts by weight of bis(2,2,6,6-tetramethyl-4-piperidine) sebacate. Each mixture was subjectedto 5
solvent removal to obtain an oil-extended polymer composition. 205 Parts by weight of the oil-
extended polymer composition was kneaded with 50 parts by weight of a polypropylene (ASAHI
POLYPRO M1600, manufactured by ASAHI CHEMICAL INDUSTRY CO., LTD.) and 100 parts
by weight of calcium carbonate (WHITON SB, manufactured by SHIRAISHI CALCIUM KAISHA,
LTD.), at 180°C by the use of a twin-screw extruder of 20 mm in diameter to obtain pellets of 10
the hydrogenated block copolymer composition. The pellets were subjected to injection molding
at 180°C to obtain various test pieces for measurement of physical properties. The measurement
was conducted in accordance with that in Example 33. The results are summarized in Table VI.

As is obvious from Table VI, the composition of a block copolymer having a hydrogenated
polybutadiene block at the terminal was excellent in balance between strength and elongation as 15

well as in rubber elasticity.



GB2159819A 20

10

15

20

25

35

40

45

50

55

- cont'd -

Table VI
5
\ Example 36 | Example 37
Kind of hydrogenated polymer Example 13 | Example 10
Block structure B-5-B-S S-B-S 10
Number average molecular - _ _ _
weight of each block 1.2-2-8 1.8-8.4-1.8
_4 L -
(x 10 %) 15
|
0
B Bound styrene content 30 30
0 (%)
N
> . 20
2 1,2-Vinyl content (%) 35 35
% E. Content of terminal 10 0
no | blocks B (%)
- 2 25
gws Proportion of terminal
o 8 | blocks B in total 14 -0
é g blocks B (%)
Ratio of terminal blocks 0.33 0 30
B to total styrene blocks )
Hydrogenation percentage 99 99
of butadiene units (%) 35
Tensile strength (kg/cm?) 140 100
Tear strength (kg/cm) 50 40 40
0
ﬁ:ﬂ Elongation (%) 800 680
SR
-~ Q .
n o, | Permanent compression 30 30
>0 set (%) 45
£ 5
oo
Impact resilience (%) 44 35
Weather resistance 50
Retention of tensile 93 90
strength (%)
Retention of elongation 95 90 55
(%)
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Table VI (Cont'd)
5 5
Heat resistance

Retention of tensile 98 94
strength (%)

10 10
Retention of elonga_tlon 100 95

(%)
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CLAIMS
1. A catalyst for hydrogenating olefinically unsaturated double bonds, comprising as an
essential component a compound represented by the formula (l):

& o
e

wherein R, to R are independently hydrogen atoms or alkyl groups of 1 to 4 carbon atoms, and
at least one of R, to R; and at least one of R, to Ry are hydrogen atoms.

2. A hydrogenation catalyst according to Claim 1, wherein the compound represented by the
formula (i) is di-p-tolylbis(n-cyclopentadienyl)titanium.

3. A process for hydrogenating a diene polymer or copolymer, which comprises contacting a
conjugated diene polymer or copolymer having a number average molecular weight of 500 to
1,000,000 with hydrogen in an inert organic solvent in the presence of a hydrogenation
catalyst claimed in Claim 1, to selectively hydrogenate 50% or more of the unsaturated double
bonds of the conjugated diene units in said polymer or copolymer.

4. A process according to Claim 3, wherein the polymer or copolymer is a living polymer or
copolymer containing active lithium in the polymer or copolymer chain obtained by polymeriza-
tion with a lithium compound catalyst.

5. A process according to Claim 4, wherein, prior to the hydrogenation, the molar ratio of
the total active lithium in the living polymer or copolymer to the total titanium in the
hydrogenation catalyst is controlied to about 25 or less by deactivating part of the active lithium
in the living polymer or copolymer or by adding an organo-lithium compound.

6. A process according to any one of Claims 3 to 5, wherein the essential component of
hydrogenation catalyst is di-p-tolylbis(n-cyclopentadienyljtitanium.

7. A process according to Claim 6, wherein the amount of the hydrogenation catalyst is
0.005 to 20 mM per 100 g of the polymer or copolymer.

8. A process according to Claim 7, wherein the hydrogenation is conducted at a temperature
of 40° to 120°C at a pressure of 2 to 30 kg/cm?. '

9. A process according to Claim 3 or 4, wherein the (co)polymer or the living (co)polymer is
a (co)polymer composed mainly of 1,3-butadiene and/or isoprene.

10. A process according to Claim 3 or 4, wherein the (co)polymer or the living (co)polymer
is a copolymer composed mainly of (a) 1,3-butadiene and/or isoprene and (b) styrene.

11. A process according to Claim 10, wherein the copolymer is block copolymer containing
at least one polymer block A composed mainly of styrene and at least one polymer block B
composed mainly of 1,3-butadiene and/or isoprene, the content of the blocks A in the block
copolymer being 10 to 90% by weight and the 1,2-vinyl content in the blocks B being 20 to
70% by weight.

12. A process according to Claim 11, wherein 90% or more of the 1,3-butadiene units
and/or the isoprene units and 5% or less of the styrene units are selectively hydrogenated.

13. A process according to Claim 11, wherein the block copolymer contains at least two
polymer blocks A each having a number average molecular weight of 2,000 to 60,000 and at
least two polymer blocks B each having a number average molecular weight of 2,500 to
300,000, at least one of the blocks B being present at the terminal of the copolymer chain, the
content of the terminal block B being 3 to 30% by weight based on the weight of the entire
copolymer and 4 to 50% by weight based on the weight of the total blocks B, the weight ratio
of the terminal block B to the total blocks A being 0.1 to 1.0, the content of the blocks A being
5 to 50% by weight based on the weight of the entire copolymer, and the 1,2-vinyl content in
the blocks B being 20 to 50% by weight.

14. A process according to Claim 13, wherein 90% or more of the 1,3-butadiene units
and/or the isoprene units and 5% or less of the styrene units are selectively hydrogenated.

15. A hydrogenated block copolymer produced by a process according to Claim 14.

Printed in the United Kingdom for Her Majesty’s Stationery Office. Dd 8818935, 1985. 4235.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY. from which copies may be obtained

10

15

20

25

30

35

40

45

50

55

60



