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Description

Field of Invention

[0001] The present invention relates to a method for hydrogenating polymer, and more particularly, to a method for
hydrogenating a polymer having vinyl aromatic block in presence of a heterogeneous catalyst.

Background of the Invention

[0002] Polymers having vinyl aromatic block or having conjugated diene block and vinyl aromatic block, such as
polystyrene, or triblock or five-block copolymer of styrene-butadiene or styrene-isoprene, have been commercialized as
adhesive, sole, polymer modifier, etc. However, since the polymer of conjugated diene or vinyl aromatic monomer
contains lots of unsaturated double-bonds, its structure is highly unstable and tends to oxidation under heat or exposure
to ultra violet or decomposition under other malign environments. Therefore, in order to improve the structural stability,
such polymers are saturated by means of hydrogenation techniques.
[0003] There are lots of patents disclosing the hydrogenation catalyst system for such polymers. Of the related technical
publications, U.S. Pat. No. 5,700,878 discloses a hydrogenation process in presence of a metal catalyst (such as Pt/Rh)
on a silica support, wherein the silica support has a pore diameter greater than 600 angstroms. U.S. Pat. No. 6,376,622
discloses a hydrogenation process utilizing a metal catalyst, such as Pt/Rh. U.S. Pat. No. 6,841,626 discloses a hydro-
genation process in presence of a metal catalyst (such as transition metal of VIII group from the periodic table) on an
alumina support, wherein the alumina support has a pore diameter greater than 1,000 angstroms. U.S. Pat. No. 7,053,156
discloses a hydrogenation process in presence of Ni metal on an alumina support, wherein the alumina support has a
pore diameter greater than 100 angstroms. U.S. Pat. No. 7,265,184 discloses a hydrogenation process in presence of
a metal catalyst (such as metal of la, Ib, IIb, VIb, VIIb, or VIII group from the periodic table) on a calcium silicate support,
wherein the calcium silicate support has a surface area larger than 30 m2/g. U.S. Pat. No. 7,355,084 discloses a hydro-
genation process in presence of Ru or Ru combined with transition metal of I, VII, or VIII group from the periodic table
on a silicon oxide support.
[0004] Among all kinds of conventional hydrogenation processes, Pt as the catalyst has a superior effect on the
hydrogenation of benzene ring, but Pt catalyst is very expensive. Therefore, there is a need to develop a catalyst system
using cheaper metal.

Summary of the Invention

[0005] Described herein is a method for hydrogenating a polymer having vinyl aromatic block. The method includes
hydrogenating the polymer having vinyl aromatic block using a catalyst consisting essentially of Ru, Zn and B, or Ru,
Zn and P.
[0006] In one embodiment, the present invention provides a polymer hydrogenation method including providing a
polymer having at least one vinyl aromatic block and at least one conjugated diene block; and hydrogenating the polymer
in presence of a heterogeneous catalyst on a support, wherein the heterogeneous catalyst consists essentially of Ru,
Zn and B, and the molar ratio of Ru: Zn: B is 6: 1: (0.3∼1) and more preferably 6: 1: (0.3∼0.6); and obtaining a hydrogenated
polymer wherein the hydrogenation rate of conjugated diene block is 95% or more. In a further embodiment, the support
is preferably silica, alumina, carbon, or any combination thereof and based on the total weight of the heterogeneous
catalyst and the support, the weight percentage of the heterogeneous catalyst is in a range of 0.5% to 30%, more
preferably in a range of 0.5% to 20%, and most preferably in a range of 0.5% to 10%.
[0007] In addition, described herein is the use of a catalyst containing Ru, Z and B, or Ru, Zn and P to hydrogenate
a polymer having vinyl aromatic block so as to provide a hydrogenated polymer having appropriate saturation degree,
in particular an aromatic group having an appropriate number of double-bonds, such as a hydrogenated polymer con-
taining the structure of cyclohexenyl or cyclohexadienyl group. Keeping an appropriate number of double-bonds on the
aromatic group can not only improve the flexibility of polymer chain, but also facilitate the synthesization of polymer
having polar functional group, thus greatly promoting the application value of product.
[0008] Also described is a hydrogenated polymer, which is made by the method for hydrogenating a polymer having
vinyl aromatic block described above. The polymer may be a copolymer of vinyl aromatic block and conjugated diene
block. The hydrogenation rate of vinyl aromatic block of the hydrogenated polymer is in a range of 60% to 99% and
preferably in a range of 70% to 80%; the hydrogenation rate of conjugated diene block is 95% or more. The average
weight percentage (DB%) of the hydrogenated polymer having only one double-bond and having only two double-bonds
on the carbon ring may be in a range of 1% to 10 % and preferably in a range of 3% to 8% based on the total weight of
the hydrogenated polymer.
[0009] Other aspects and various embodiments included in the present invention to solve other problems and combined
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with the above aspects are disclosed in the following detailed descriptions.

Brief Description of the Drawings

[0010]

FIG. 1 illustrates a flow chart of the polymer hydrogenation method in accordance with one embodiment of the
present invention; and
FIG. 2 illustrates an exemplary structure of the first hydrogenated polymer.

Detailed Description of the Invention

[0011] The preferred embodiments of the present invention will now be described in greater details. Descriptions of
well-known components, materials, and process techniques are omitted so as to not unnecessarily obscure the embod-
iments of the invention. The present invention is described with reference to the illustrative embodiments; these descrip-
tions should not be construed in a limiting sense. Various modifications of the illustrative embodiment, as well as other
embodiments of the invention, will be apparent upon reference to these descriptions. It is therefore contemplated that
the appended claims will cover any such modifications or embodiments as falling within the true scope of the invention
and its legal equivalents.

Polymerization and hydrogenation

[0012] FIG. 1 illustrates a flow chart of the polymer hydrogenation method in accordance with one embodiment of the
present invention. In this embodiment, the polymer hydrogenation method includes, but is not limited to, the following
steps: step 101 of executing polymerization process to form a polymer; step 102 of filtering impurities; step 103 of
executing hydrogenation process; step 104 of filtering and recycling catalyst; and step 105 of removing solvent. The
details of these steps will be described as illustrative examples, and the present invention is not limited thereto.
[0013] In step 101, during polymerization, the preferable option is to use organic lithium compounds as an initiator.
Monomers for polymerization can be selected from any suitable monomers as required. In order to from polymer having
vinyl aromatic block, monomers thereof can be independently selected from the group consisting of styrene, methylsty-
rene and all its isomers, ethylstyrene and all its isomers, cyclohexylstyrene, vinyl biphenyl, 1-vinyl-5-hexyl naphthalene,
vinyl naphthalene, vinyl anthracene, and any combination thereof. In acomparative example of polymer formed from
only vinyl aromatic monomer (e.g. polystyrene), the weight-average molecular weight of the vinyl aromatic polymer is
in a range of 5,000 to 150,000 and preferably in a range of 5,000 to 100,000. The weight-average molecular weight can
be measured by means of gel permeation chromatography (GPC), which is well-known in the art.
[0014] The polymer is a polymer containing vinyl aromatic block and conjugated diene block, wherein the vinyl aromatic
monomer can be referred to those described above; the conjugated diene monomer can be independently selected from
the group consisting of 1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 3-butyl-1,3- octadiene, isoprene, 1-methylbutadiene,
2-phenyl-1,3-butadiene, and any combination thereof. In some embodiments, the weight-average molecular weight of
the polymer is in a range of 5,000 to 400,000, preferably in a range of 5,000 to 200,000, and most preferably in a range
of 20,000 to 100,000. In one embodiment, the block polymer is a triblock copolymer of vinyl aromatic block-conjugated
diene block-vinyl aromatic block. In another embodiment, the block polymer is a five-block copolymer of vinyl aromatic
block-conjugated diene block-vinyl aromatic block-conjugated diene block-vinyl aromatic block. In one embodiment, the
weight ratio of vinyl aromatic block to conjugated diene block in the block copolymer is in a range of 5: 95 to 95: 5 and
preferably in a range of 10: 90 to 90: 10.
[0015] In step 102, after polymerization, impurities can be removed.
[0016] Next, in step 103, the polymer as described above contacts and reacts with a hydrogenation agent (e.g. hydrogen
gas) in presence of a heterogeneous catalyst on a support to obtain a polymer solution containing hydrogenated polymer.
The heterogeneous catalyst used in this step consists essentially of three elements, which can be the combination of
Ru, Zn and B, or the combination of Ru, Zn and P (not of the invention), wherein the molar ratio of Ru: Zn: B or Ru: Zn:
P is 6: 1: (0.3∼1) and more preferably 6: 1: (0.3∼0.6). The support for hydrogenation catalyst is preferably silica, alumina,
carbon, or any combination thereof. The support has a pore diameter distributed between 100 angstroms and 1000
angstroms. The pore diameter distribution can be measured by isotherm of gas adsorption and desorption, which is
well-known in the art. Based on the total weight of the heterogeneous catalyst and the support, the weight percentage
of the heterogeneous catalyst is preferably in a range of 0.5% to 30%, more preferably in a range of 0.5% to 20%, and
most preferably in a range of 0.5% to 10%. The pressure of hydrogen gas is preferably in a range of 20 to 60 kg/cm2;
the hydrogenation temperature is preferably in a range of 80 °C to 170 °C; the reaction time is preferably in a range of
20 to 500 minutes, but the present invention is not limited to the specific details described above.
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[0017] The method of the embodiment proceeds to step 104; the catalyst is filtered and recycled from the polymer
solution. Then, antioxidant (e.g. hindered phenolic antioxidant) can be added into the polymer solution . Then, the method
of the embodiment proceeds to step 105; by means of flash devolatilization technique, solvent is removed from the
polymer solution to obtain concentrated polymer solution under temperature of 200°C to 300°C and pressure of 1 Bar
to 10 Bar. The weight percentage of solvent in the concentrated polymer solution is 1 wt% to 50 wt% of the total weight
of the concentrated polymer solution. The solvent remained in the concentrated polymer solution can be removed by a
volatilizer to obtain the hydrogenated block polymer under pressure of below 100 torr. The volatilizer can be a twin-
screw extruder or a membrane vaporizer. In this embodiment, the twin-screw extruder is preferred and operates under
temperature of 200°C to 300°C.

Hydrogenated polymer

[0018] The hydrogenated polymer described herein contains at least one vinyl aromatic block and can be classified
into two types. The first type (part of the invention) contains at least one hydrogenated vinyl aromatic block and at least
one hydrogenated conjugated diene block, wherein the first type is referred as a first hydrogenated polymer. The second
type (not of the invention) consists essentially of hydrogenated vinyl aromatic block; in other words, the second type
substantially does not contain conjugated diene block and is referred as a second hydrogenated polymer.

First hydrogenated polymer

[0019] As described above, the preferred embodiment of the first hydrogenated polymer is a triblock copolymer of
vinyl aromatic block-conjugated diene block-vinyl aromatic block or a five-block copolymer of vinyl aromatic block-
conjugated diene block-vinyl aromatic block-conjugated diene block-vinyl aromatic block. The weight-average molecular
weight (Mw) of the first hydrogenated polymer is in a range of 5,000 to 400,000, preferably in a range of 5,000 to 200,000,
and most preferably in a range of 20,000 to 100,000. FIG. 2 illustrates an exemplary structure of the first hydrogenated
polymer, but is not limited thereto.
[0020] The first hydrogenated polymer is characterized in that the average weight percentage (DB%) of the hydro-
genated polymers having only one double-bond and having only two double-bonds on the carbon ring is in a range of
1% to 10 % and preferably in a range of 3% to 8% based on the total weight of the first hydrogenated polymer. Herein,
the average weight percentage of the hydrogenated polymers having one double-bond and having two double-bonds
on vinyl aromatic block is referred as DB%. DB% can be measured by means of NMR; the method of measurement can
be referred to TW99128811, which is incorporated herein by reference. In the first hydrogenated polymer of the present
invention, the degree of hydrogenation of vinyl aromatic group can be controlled by process condition to achieve sub-
stantial complete hydrogenation or partial hydrogenation. The average hydrogenation rate of conjugated diene block of
the first hydrogenated polymer is 95% or more. The average hydrogenation rate of vinyl aromatic block of the first
hydrogenated polymer is in a range of 60% to 99% and preferably in a range of 70% to 80%. The average hydrogenation
rate is measure by means of UV-VIS spectrometer, which is well-known in the art.

Second hydrogenated polymer (not of the invention)

[0021] The second hydrogenated polymer is hydrogenated polystyrene. The weight-average molecular weight (Mw)
of the second hydrogenated polymer is in a range of 5,000 to 150,000 and preferably in a range of 5,000 to 100,000.
The weight-average molecular weight can be measured by means of gel permeation chromatography (GPC). The second
hydrogenated polymer is characterized in that compared to the total weight of the second hydrogenated polymer, the
aromatic group maintains an appropriate number of double-bonds, so that the average weight percentage (DB%) of the
second hydrogenated polymers having only one double-bond and only two double-bonds on the carbon ring is in a range
of 1% to 10 % and preferably in a range of 3% to 8%. The second hydrogenated polymer is further characterized in that
the average hydrogenation rate of vinyl aromatic block of the second hydrogenated polymer is in a range of 55% to 80
%, preferably in a range of 60% to 75%, and most preferably in a range of 65% to 70%.
[0022] The preferred embodiments of the first hydrogenated polymer will be exemplarily described below by Examples
1 to 5.

Example 1: hydrogenated triblock copolymer

A. Polymerization

[0023] The solvent used in the polymerization process of the embodiment is cyclohexane, wherein a small amount of
tetrahydrofuran is added to adjust polarity and n-butyl lithium acts as the initiator. Monomers used in polymerization can
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be styrene, butadiene, or isoprene. Solvent and monomers can be purified by activated alumina. Polymerization is carried
out in an autoclave equipped with an agitator. The process steps are described as following:

Step 1.1: adding 1,100 grams of cyclohexane and 4 grams of tetrahydrofuran.
Step 1.2: increasing the temperature to 50°C by heating.
Step 1.3: adding 58.2 grams of styrene.
Step 1.4: adding 6.5 grams of an initiator to initiate reaction.
Step 1.5: continuing the reaction for 30 minutes.
Step 1.6: adding 77.6 grams of butadiene.
Step 1.7: continuing the reaction for 60 minutes.
Step 1.8: adding 58.2 grams of styrene.
Step 1.9: continuing the reaction for 30 minutes.
Step 1.10: adding 0.2 grams of methanol as a terminator to end the reaction.

[0024] Executing the steps described can obtain a polymer solution of about 1,294 grams, which includes a styrene-
butadiene-styrene triblock copolymer having the weight-average molecular weight of 100,000. In this embodiment,
styrene monomers and butadiene monomers are added at different stages. In other embodiments, styrene monomers
and butadiene monomers can be added at the same time to obtain random type copolymers.

B. Partial hydrogenation

[0025]

Step 2.1: adding 200 ml of the triblock copolymer solution into an autoclave (total solid content: 12%).
Step 2.2: adding 3.0 grams of 10% Ru6-Zn1-B1/SiO2 catalyst.
Step 2.3: introducing nitrogen gas for 5 times, and introducing hydrogen gas for 3 times.
Step 2.4: establishing hydrogen pressure to 40 kg/cm2.
Step 2.5: heating and maintaining temperature at 170°C.
Step 2.6: continuing the reaction for 288 minutes.

[0026] The hydrogenated block copolymer can be appropriately sampled and analyzed for its detail structure by means
of FT-IR and H-NMR.
[0027] The process steps of Examples 2 to 5 are similar to Example 1. Table I exemplarily shows analysis results of
Examples 1 to 5.

[0028] In each embodiment described above, the support has an average pore diameter of 358 angstroms; the weight-
average molecular weight of the polymer is 100,000; C hydrogenation rate % means the hydrogenation rate of conjugated
diene block; S hydrogenation rate % means the hydrogenation rate of vinyl aromatic block.
[0029] The second hydrogenated polymer will be exemplarily described below by Comparative Examples 6 to 8.

Table I: Hydrogenated triblock copolymer of styrene-butadiene-styrene (SBS)

Example
Catalyst 

Composition

Hydrogen 
Pressure 
(Kg/cm2)

Reaction 
Time 
(min)

C Hydrogenation 
Rate (%)

S 
Hydrogenation 

Rate (%)

DB 
(%)

Tg 
(°C)

1
10% 

Ru6-Zn1-B1/SiO2
40 288 97 97.4 1.8 105

2
10% 

Ru6-Zn1-B0.3/SiO2
60 240 97 70.6 7.1 98

3
10% 

Ru6-Zn1-B1/SiO2
60 138 >98 98.5 1.2 122

4
10% 

Ru6-Zn1-B1/SiO2
40 420 >98 96.4 3.3 110

5
10% 

Ru6-Zn1-B1/SiO2
60 258 >98 98.4 1.0 116
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Comparative Example 6: hydrogenated polystyrene

A. Polymerization

[0030] The solvent used in the polymerization process of the embodiment is cyclohexane, wherein a small amount of
tetrahydrofuran is added to adjust polarity and n-butyl lithium acts as the initiator. Monomer used in polymerization is
styrene. Solvent and monomers can be purified by activated alumina. Polymerization is carried out in an autoclave
equipped with an agitator. The process steps are described as following:

Step 1.1: adding 1,100 grams of cyclohexane and 1 gram of tetrahydrofuran.
Step 1.2: increasing the temperature to 45°C by heating.
Step 1.3: adding 150 grams of styrene.
Step 1.4: adding 4.61 grams of an initiator to initiate reaction.
Step 1.5: continuing the reaction for 30 minutes.
Step 1.6: adding 0.2 grams of methanol as a terminator to end the reaction.

[0031] Executing the steps described above can obtain a polymer solution of about 1,250 grams, which includes
polystyrene having the weight-average molecular weight of 15,400.

B. Partial hydrogenation

[0032]

Step 2.1: adding 1,100 ml of the polystyrene solution into an autoclave (total solid content: 12%).

Step 2.2: adding 3.5 grams of 10% Ru6-Zn1-P1/SiO2 catalyst.

Step 2.3: introducing nitrogen gas for 5 times, and introducing hydrogen gas for 3 times.

Step 2.4: establishing hydrogen pressure to 40 kg/cm2.

Step 2.5: heating and maintaining temperature at 170°C.

Step 2.6: continuing the reaction for 135 minutes.

[0033] The hydrogenated polymer can be appropriately sampled and analyzed for its detail structure by means of FT-
IR and H-NMR.
[0034] The process steps of Comparative Examples 7 and 8 are similar to Comparative Example 6 and will not elaborate
hereinafter. Table II exemplarily shows analysis results of the second hydrogenated polymer of Comparative Examples
6 to 8.
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[0035] S hydrogenation rate % means the hydrogenation rate of vinyl aromatic block.
[0036] Also disclosed herein are partially hydrogenated star block copolymers. Star block copolymers may include
multiple nucleuses (i.e. polyalkenyl coupling agents) and polymer arms linked to the nucleuses. Polymer arms can
include homopolymer or copolymer of conjugated diene or vinyl aromatic group. The star block copolymer can be
prepared by the following steps: forming a linear block polymer having activated lithium atom in the polymer chain end;
coupling the polymer chain end with a multifunctional compound to add the polymer chain onto each functional group
of the multifunctional compound.

Application of hydrogenated copolymer

[0037] In one aspect of the present invention, the hydrogenated polymer is reacted with a functional compound to
provide a functionalized hydrogenated block copolymer. The specific examples of suitable functional compound include
acid anhydrides, acid halides, acid amides, sulfones, oxazolines, epoxies, isocyanates, and amino group. For example,
the functional compound may include carboxyl group and its derivatives, such as carboxyl group and salts thereof, ester
group, amide group, and acid anhydride group. The functionalization reaction can proceed in presence of free radical
initiator, wherein the free radical initiator can be peroxides or azo compounds. The functional group can be boned to a
ring of the hydrogenated block copolymer. The functionalized hydrogenated block copolymer can be used as modifier
to improve the dispersity, polarity, reaction character, and heat resistance of inorganic filler in the thermoplastic resin.

Claims

1. A polymer hydrogenation method, comprising:

providing a copolymer having at least one vinyl aromatic block and at least one conjugated diene block;
hydrogenating the polymer in presence of a heterogeneous catalyst on a support, wherein the heterogeneous
catalyst consists essentially of Ru, Zn and B, and the molar ratio of Ru: Zn: B is 6: 1: (0.3∼1); and
obtaining a hydrogenated polymer wherein the hydrogenation rate of conjugated diene block is 95% or more.

2. The polymer hydrogenation method as claimed in claim 1, wherein the weight percentage of the heterogeneous
catalyst is in a range of 0.5% to 30% based on the total weight of the heterogeneous catalyst and the support.

3. The polymer hydrogenation method as claimed in claims 1 or 2, wherein the polymer is formed from a monomer
selected from the group consisting of styrene, methylstyrene and all its isomers, ethylstyrene and all its isomers,
cyclohexylstyrene, vinyl biphenyl, 1-vinyl-5-hexyl naphthalene, vinyl naphthalene, vinyl anthracene, and any com-
bination thereof.

4. The polymer hydrogenation method as claimed in claims 1, 2 or 3, wherein the conjugated diene block is formed
from a monomer selected from the group consisting of 1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 3-butyl-1,3-oc-
tadiene, isoprene, 1-methylbutadiene, 2-phenyl-1,3-butadiene, and any combination thereof.

5. The polymer hydrogenation method as claimed in claims 1, 2, 3 or 4, wherein the support is silica, alumina, carbon,
or any combination thereof.

6. The polymer hydrogenation method as claimed in claims 1, 2, 3, 4 or 5, wherein the support has a pore diameter
distributed between 100 angstroms and 1,000 angstroms, wherein the pore diameter is measured by isotherm of
gas adsorption and desorption.

7. The polymer hydrogenation method as claimed in any preceding claims 1, 2, 3, 4, 5 or 6, wherein the weight-average
molecular weight of the polymer is in a range of 5,000 to 400,000, and the weight-average molecular weight is
measured by means of gel permeation chromatography (GPC).

Patentansprüche

1. Ein Polymerhydrierungsverfahren, das Folgendes beinhaltet:

Bereitstellen eines Copolymers mit mindestens einem Vinylaromatenblock und mindestens einem Block kon-
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jugierter Diene;
Hydrieren des Polymers in Gegenwart eines heterogenen Katalysators auf einem Träger, wobei der heterogene
Katalysator im Wesentlichen aus Ru, Zn und B besteht und das Molverhältnis von Ru zu Zn zu B 6 : 1 : (0,3-1)
beträgt; und
Erhalten eines hydrierten Polymers, wobei die Hydrierungsrate des Blocks konjugierter Diene 95 % oder mehr
beträgt.

2. Polymerhydrierungsverfahren gemäß Anspruch 1, wobei bezogen auf das Gesamtgewicht des heterogenen Kata-
lysators und des Trägers der Gewichtsprozentanteil des heterogenen Katalysators in einem Bereich von 0,5 % bis
30 % liegt.

3. Polymerhydrierungsverfahren gemäß den Ansprüchen 1 oder 2, wobei das Polymer aus einem Monomer gebildet
wird, ausgewählt aus der Gruppe, bestehend aus Styrol, Methylstyrol und allen seinen Isomeren, Ethylstyrol und
allen seinen Isomeren, Cyclohexylstyrol, Vinylbiphenyl, 1-Vinyl-5-hexylnaphthalin, Vinylnaphthalin, Vinylanthracen
und einer beliebigen Kombination davon.

4. Polymerhydrierungsverfahren gemäß den Ansprüchen 1, 2 oder 3, wobei der Block konjugierter Diene aus einem
Monomer gebildet wird, ausgewählt aus der Gruppe, bestehend aus 1,3-Butadien, 2,3-Dimethyl-1,3-butadien, 3-
Butyl-1,3-octadien, Isopren, 1-Methylbutadien, 2-Phenyl-1,3-butadien und einer beliebigen Kombination davon.

5. Polymerhydrierungsverfahren gemäß den Ansprüchen 1, 2, 3 oder 4, wobei der Träger Siliziumdioxid, Aluminium-
oxid, Kohlenstoff oder eine beliebige Kombination davon ist.

6. Polymerhydrierungsverfahren gemäß den Ansprüchen 1, 2, 3, 4 oder 5, wobei der Träger einen Porendurchmesser,
verteilt zwischen 100 Angström und 1 000 Angström, aufweist, wobei der Porendurchmesser mittels Gasadsorptions-
und -desorptionsisotherme gemessen wird.

7. Polymerhydrierungsverfahren gemäß einem der vorhergehenden Ansprüchen 1, 2, 3, 4, 5 oder 6, wobei das Mo-
lekulargewicht im Gewichtsmittel des Polymers in einem Bereich von 5 000 bis 400 000 liegt und das Molekularge-
wicht im Gewichtsmittel mittels Gelpermeationschromatographie (GPC) gemessen wird.

Revendications

1. Une méthode d’hydrogénation de polymère, comprenant :

le fait de fournir un copolymère ayant au moins un bloc vinyle aromatique et au moins un bloc diène conjugué ;
le fait d’hydrogéner le polymère en présence d’un catalyseur hétérogène sur un support, le catalyseur hétérogène
consistant essentiellement en Ru, Zn et B, et le rapport molaire de Ru/Zn/B étant de 6/1/(0,3-1) ; et
le fait d’obtenir un polymère hydrogéné dans laquelle le taux d’hydrogénation de bloc diène conjugué est de
95 % ou plus.

2. La méthode d’hydrogénation de polymère telle que revendiquée dans la revendication 1, dans laquelle le pourcentage
en poids du catalyseur hétérogène est compris dans une gamme de 0,5 % à 30 % rapporté au poids total du
catalyseur hétérogène et du support.

3. La méthode d’hydrogénation de polymère telle que revendiquée dans les revendications 1 ou 2, dans laquelle le
polymère est formé à partir d’un monomère sélectionné dans le groupe consistant en styrène, méthylstyrène et tous
ses isomères, éthylstyrène et tous ses isomères, cyclohexylstyrène, biphényle de vinyle, naphtalène de 1-vinyl-5-
hexyle, naphtalène de vinyle, anthracène de vinyle, et toute combinaison de ceux-ci.

4. La méthode d’hydrogénation de polymère telle que revendiquée dans les revendications 1, 2 ou 3, dans laquelle
le bloc diène conjugué est formé à partir d’un monomère sélectionné dans le groupe consistant en 1,3-butadiène,
2,3-diméthyl-1,3-butadiène, 3-butyl-1,3-octadiène, isoprène, 1-méthylbutadiène, 2-phényl-1,3-butadiène, et toute
combinaison de ceux-ci.

5. La méthode d’hydrogénation de polymère telle que revendiquée dans les revendications 1, 2, 3 ou 4, dans laquelle
le support est de la silice, de l’alumine, du carbone, ou toute combinaison de ceux-ci.



EP 2 703 418 B1

10

5

10

15

20

25

30

35

40

45

50

55

6. La méthode d’hydrogénation de polymère telle que revendiquée dans les revendications 1, 2, 3, 4 ou 5, dans laquelle
le support a un diamètre des pores réparti entre 100 angströms et 1 000 angströms, le diamètre d’orifice étant
mesuré par isotherme d’adsorption et désorption de gaz.

7. La méthode d’hydrogénation de polymère telle que revendiquée dans n’importe lesquelles des revendications pré-
cédentes 1, 2, 3, 4, 5 ou 6, dans laquelle la masse moléculaire moyenne en poids du polymère est comprise dans
une gamme de 5 000 à 400 000, et la masse moléculaire moyenne en poids est mesurée au moyen d’une chroma-
tographie par perméation de gel (GPC).
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