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Abstract

The hydrogenation of SBS catalyzed by Ru/TPPTS complex was performed in polyether modified ammonium salt ionic liquid biphasic
system. It has been observed that the hydrogenation degree can be increased by addition of ‘promoter ligand’ TPP. Under the optimized
conditions ofT =150°C,t=12 h,P =5.0 MPa, Ru/TPPTS/TPP = 1:5:2, the hydrogenation degree of the polybutadiene segments of SBS was
89%. In addition, no hydrogenation takes place on the benzene ring. The Ru catalyst immobilized in ionic liquid can be recovered simply by
phase separation and recycled three times without significant changes in the catalytic activity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ing Ziegler-type nickel cataly$2—4]. Recently, using of ho-
mogeneous metallocene catalyi@fand noble metal com-
Polystyreneb-polybutadiends-polystyrene (SBS) block  plex catalyst§6—9] has been reported for polymer hydro-
copolymers are an important class of the thermoplastic elas-genation. However, the separation of catalysts from the re-
tomers. Their formulating and processing flexibility have action mixture has remained as a challenge to be tackled.
made them to be widely used in various applicatiftis One of viable approaches is the aqueous/organic biphasic
However, SBS block copolymers do not have good long term hydrogenation catalyzed by water-soluble rhodium complex
heat, weather and UV stability owing to the presence of large [10]. lonic liquids have been demonstrated to be ideal im-
amounts of unsaturated double bonds in their polybutadi- mobilizing agents for organometallic catalysts in hydrogena-
ene segments. By reducing the level of unsaturation via hy- tion reactiong11]. However, only few papers have been re-
drogenation, the physical, mechanical and chemical proper-ported about polymer hydrogenation in ionic liquids, includ-
ties of the copolymers can be modified to meet a specific ing the hydrogenation of NBR using RuHCI(CO)(Pgy
demand. For hydrogenation of polymer it is important that as catalystin 1-butyl-3-methylimidazolium tetrafluoroborate
mild conditions should be used to avoid unwanted side re- ((BMIM][BF 4]) [12,13]and the hydrogenation of SBR cat-
actions such as crosslinking or chain scission, which may alyzed by Rh(TPPTSEI in [BMIM][BF 4][14]. Till now,
cause a catastrophic loss of the engineering properties ofthere is no report about the hydrogenation of SBS in ionic
the polymer. So homogeneous catalytic hydrogenation hasliquid /organic biphasic system. In our previous work a novel
attracted much attention due to its high activity and selec- class of ionic liquid-polyether modified ammonium salt ionic
tivity under mild conditions. Hydrogenation of SBS block liquid was prepared and has been applied successfully for
copolymers is typically practiced in cyclohexane solution us- the Rh catalyzed hydroformylation of higher olef[§,16]
Here, the above-mentioned ionic liquid was applied to the
* Corresponding author. Tel.: +41 188 993 854; fax: +41 188 993 854, Nydrogenation of SBS with Ru/TPPTS or RuTPPTS/TPP as
E-mail addressjyjiang@chem.dlut.edu.cn (J. Jiang). Catalyst.
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2. Experimental 2.4. Analysis of the product

2.1. Materials The hydrogenation product was analyzed using Nicolet
Avatar 360 infrared instrument. The hydrogenation degree

Solvents toluene and THF were distiled over Na- of SBS was calculated as described in the literafai@.
benzophenone and stored under Wisodium salt of tri {n- The total hydrogenation degree was also checked by double
sulfophenyl) phosphine (TPPTS) was donated by Celanesebond bromination titration method. All results showed no
GmbH (Germany). RuGIxH20O (Ru 40wt.%) and triph- hydrogenation of benzene ring. Gel formation has not been
enylphosphine (TPP) were purchased from Aldrich. SBS observed.
block copolymer was obtained from Beijing Research In-
stitute of Yanshan. The polymer has an average molecular
weight of 6000 and a polystyrene content of 45wt.%. The 3. Results and discussion
microstructure of the polybutadiene segments of the polymer
comprise 35 % 1,2 unit, 40 ¥s-1,4 unit and 25 %rans-1,4 3.1. Hydrogenation of SBS catalyzed by Ru/TPPTS
unit. Polyether modified ammonium salt ionic liquid (shown complex and the promoting effect of TPP
in Scheme Ywas prepared according to previous weitk].

The hydrogenation of SBS catalyzed by Ru/TPPTS
complex in polyether modified ammonium salt ionic
liquid/toluene-THF biphasic system was carried out and the
results were listed ifiable 1 The catalyst activity is low (hy-

_ . drogenation degree of SBS is not higher than 30 %) in this
The preparation of Ru-TPPTS catalyst was performed in pinhasic system. It should be noted that the organic phase con-

a 75 mL stainless-steel autoclave immersed in athermostatictaining products could be easily separated by simple phase
oil bath. Appropriate amount of Rugk H20, TPPTS and  genaration from the ionic liquid phase. The ruthenium cata-

ionic liquid were placed in the autoclave and flushed three |ys; is aimost completely retained in the ionic liquid phase
times with 2.0 MPa of hydrogen. The autoclave was pressur- gnq can be reused.
ized up to 3.0MPa with hydrogen and held at temperature  tjs yell known that the major problem associated with the

of 150°C with magnetic stirring for 8h. After cooling 1o pinhasic catalytic system is the poor reaction rate due to mass
room temperature, the reactor was depressurized. The ioniGyansfer limitation. It has been found that SBS is insoluble in
liquid containing Ru-TPPTS catalyst was transferred into an polyether modified ammonium salt. The Ru/TPPTS complex
Schlenk tube and stored undes.N immobilized in ionic liquid cannot transfer into toluene-THF
phase. Therefore it is impossible for the reaction to occur in
2.3. Hydrogenation reactions organic phase. Based on the above analysis, it is inferred that
the reaction mainly occurs at the interface of biphasic system.
All hydrogenation reactions were carried outina 75mL . Chaudhari et_al[18] have reported that the addition of )
stainless-steel autoclave immersed in a thermostatic oil bath [iPheénylphosphine (TPP) can accelerate the water/organic
The stirring rates were kept constant for all experiments per- biphasic hydroformylation of octene cata!yzed by R,h/ TPPTS
formed. Solid SBS, toluene, THF, TPP and the polyether complex. Theyhave propo;ed thatTEP ligand, which IS 59'“'
modified ammonium salt containing Ru/TPPTS catalyst were ble inthe organic phase but msoluple in the aqueous, W'" bind
placed inthe autoclave. The autoclave was flushed three timed® the water-soluble organometglhc catalyst thereby Increase
with 2.0 MPa of hydrogen then pressurized up to the required the catalyst concentration at the interface. Enlightened by this

pressure and held at the designated temperature with magidea' we attempt(.ad.to Fes_t the effect Pf a_dding TPP on hydro-
netic stirring for a fixed time. After reaction, the reactor was 9€nation of SBS in ionic liquid/organic biphasic system. The
cooled to room temperature and depressurized. The organid ©Sults aré shownifable 2 which clearly indicate a dramatic
phase containing hydrogenated polymer was separated fromrncrease of hydrogenation degree when TPP is added. When

the catalyst by simple decantation. The product was precipi-

2.2. Preparation of Ru-TPPTS catalyst in polyether
modified ammonium salt ionic liquid

d with ethanol and dried i foble 1
tated with ethanol and dried in vacuum. Effect of TPPTS on hydrogenation of SBS catalyzed by Ru/TPPTS complex
TPPTS/Ru Total hydrogenation Reaction
+ (molar ratio) degree (%) time (h)
(CH,CH,0)H - 31 18 12
CioHys—N—H HSO4 5:1 25 12
ol 10:1 25 12
(CH,CH0),H 10:1 29 24

mtn=8 Conditions:C = C/Ru = 2000 (molar ratio); SBS = 1.38;= 3.0MPa;T =

150°C; t = 12 h; lonic liquid = 1 g and solvent = 8.4 mL (toluene) + 1.6 mL
Scheme 1. The structure of the polyether modified ammonium salt ionic liquidTHF).
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Table 2

Effect of TPP on hydrogenation of SBS catalyzed by Ru/TPPTS complex
TPP/TPPTS/Ru Total hydrogenation Color after

(molar ratio) degree (%) hydrogenation

Organic phase
0:5:1 25 Colorless
0.5:5:1 75 Colorless
2:5:1 85 Colorless
5:5:1 88 Yellow
8:5:1 89 Deep yellow

Conditions:C = C/Ru = 2000 (molar ratio); SBS = 1.38;= 3.0 MPa;T =
150°C; t = 12 h, ionic liquid=1g and solvent = 8.4 mL (toluene) + 1.6 mL
(THF).

the TPP/Ru molar ratio increases from 0 to 0.5, the hydro-

49

Table 4
Effect of reaction temperature on hydrogenation of SBS with
Ru/TPPTS/TPP as catalyst

Reaction Hydrogenation degree (%)
temperature?C) Total 1,2-unit 1,2-unit+ Tran-1,4 unit
cis-1,4 unit

120 68 81 72 55

130 72 86 76 60

140 81 89 85 68

150 85 93 91 70

160 86 93 91 71

Conditions:C = C/Ru = 2000 (molar ratio); SBS = 1.3g; TPP/TPPTS/Ru =
2:5:1;P=3.0MPat =12 h;ionic liquid = 1 g and solvent = 8.4 mL (toluene)
+ 1.6 mL (THF).

genation degree is raised from 25 to 75%. Further increaseEffect of hydrogen pressure on hydrogenation with Ru/TPPTS/TPP as

of the TPP/Ru molar ratio will increase the hydrogenation
degree also. But when the molar ratio of TPP to Ru is five or
higher, the color of organic phase will change from colorless
to yellow, which indicates the leaching of ruthenium catalyst

to the organic phase. Thus, the optimized TPP/TPPTS/Ru1

molar ratio is 2:5:1.

3.2. Effect of reaction time on hydrogenation

Effect of reaction time on the hydrogenation of SBS
with RU/TPPTS/TPP complex as catalyst in the ionic lig-
uid/organic two-phase system is shownTmble 3 Data in
Table 3indicate that the double bond in 1,2-unit is easier to
be hydrogenated than thattfrans1,4 unit. The reason for
this phenomenon is attributed to the steric hindrance of dou-
ble bond. In addition, when the reaction time increases from
12 to 16 h, the hydrogenation degree increases only 1%. Th
results indicate that it is not advisable to enhance the hydro-
genation degree simply by prolonging the reaction time.

3.3. Effect of reaction temperature on hydrogenation

The hydrogenation reaction was conducted at different
temperatures ranging from 120 to 18D. The data iTable 4

[S)

Table 5

catalyst

Reaction Hydrogenation degree (%)

pressure (MPa) - : .
Total 1,2-unit 1,2-unit + Tran-1,4 unit

cis-1,4 unit

71 83 75 61

2 78 90 81 69

3 85 92 90 70

4 88 93 91 78

5 89 94 92 81

Conditions:C = C/Ru = 2000 (molar ratio); SBS = 1.3g; TPP/TPPTS/Ru =
2:5:1;T=150°C; t = 12 h; ionic liquid = 1 g; solvent = 8.4 mL (toluene) +
1.6 mL (THF).

3.4. Effect of hydrogen pressure on hydrogenation

The effect of hydrogen pressure on the hydrogenation of
SBSis listed inTable 5 Data inTable 5show that the hydro-
genation degree of SBS increases with increasing of pressure.
In order to achieve a hydrogenation degree higher than 80%,
the hydrogen pressure higher than 3 MPa is needed.

3.5. Recycling efficiency of RU/TPPTS/TPP catalyst
It is worth to note that at the end of the hydrogenation

reactions the catalystimmobilized in ionic liquid phase could
be easily separated from organic phase and directly reused in

shows that the hydrogenation degree of SBS increases Withthe next reaction. When the catalyst being recycled for three

increasing of reaction temperature.

Table 3
Effect of reaction time on hydrogenation of SBS with Ru/TPPTS/TPP as
catalyst

Reaction time (h) Hydrogenation degree (%)

Total 1,2-unit 1,2-unit + Tran-1,4 unit
cis-1,4 unit
1 48 80 56 22
3 59 90 67 36
7 79 93 90 45
12 89 94 91 81
16 90 94 92 82

times, almost no loss in the catalytic activity has been ob-
served (se@able §. In addition, the possible catalyst leach-
ing in organic phase was checked. The hydrogenation reac-
tions are conducted as usual. After reaction, the organic phase
is separated and fresh SBS is added to it. The hydrogenation

Table 6
Recycling efficiency of Ru/TPPTS/TPP catalyst

Cycle numbers Hydrogenation degree (%)

0 89
1 88
2 89
3 85

Conditions:C = C/Ru = 2000 (molar ratio), SBS = 1.39,= 150°C, P =
5.0MPa, TPP/TPPTS/Ru = 2:5:1, ionic liquid = 1 g and solvent = 8.4mL
(toluene) +1.6 mL (THF).

Conditions:C = C/Ru = 2000 (molar ratio); SBS = 1.3§;,= 5MPa;t =
12h; T =150°C; RU/TPPTS/TPP = 1:5:2; ionic liquid = 1 g and solvent =
8.4 mL (toluene) + 1.6 mL (THF).
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reaction is repeated without the ionic liquid phase. After 24 h, Key Laboratory of Fine Chemicals, Dalian University of
no hydrogenation could be detected. The results show thatTechnology (Grant No. KF 02012).
the leaching of Ru catalyst to organic phase is not too much.
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