
Novel flexible styrenic elastomer cation-exchange material based on
phenyl functionalized polystyrene-butadiene copolymer

Wu Bin Ying, Ji Uk Jang, Min Woo Lee, Taek Sung Hwang, Kyung Jin Lee**, Bumjae Lee*
Department of Fine Chemical Engineering and Applied Chemistry, College of Engineering, Chungnam National University, 99 Daehak-ro (st), Yuseong-gu,
Daejeon 305-764, South Korea

A R T I C L E I N F O

Article history:
Received 26 September 2016
Received in revised form 13 November 2016
Accepted 18 November 2016
Available online xxx

Keywords:
Living anionic polymerization
Styrene-butadiene copolymer
Sulfonation
Ion-exchange resin

A B S T R A C T

The sulfonated phenyl functionalized polystyrene-butadiene random copolymer was synthesized for
application as flexible ion-exchange material. The polymer was prepared through phenyl functionaliza-
tion via thiol-ene reaction and sulfonation of the base polystyrene-butadiene copolymer with different
vinyl contents and phenyl contents. Sulfonation on phenyl functionalized polystyrene-butadiene
copolymer was carried out in 1,2-dichloroethane at room temperature using the acetyl sulfonate as the
sulfonation agent which was prepared from the reaction of acetyl acetate with sulfuric acid. The
sulfonation degrees were adjusted from 7.3 mol% to 24.3 mol% determined by elemental analysis (EA)
with great ion exchange capacity (0.60–2.26 meq/g), conductivity (0.47–6.1 mS/cm) and lower water
uptake (5.1–12.8 wt.%). These excellent characteristics lead to great potential using as the flexible
ion-exchange material.
ã 2016 The Korean Society of Industrial and Engineering Chemistry. Published by Elsevier B.V. All rights

reserved.

Introduction

Ion exchange materials are the polymers containing cationic or
anionic functional groups, which play an important role in an
active separator in various industries because of their superior
selectivity for specific ions and wide applicability in fuel cells,
desalination of seawater, recovery of valuable metals from
effluents and other purposes [1–4]. Nafion (Dupont), a perfluor-
oether sulfonic acid polymer has been the most frequently used as
the ion-exchange material due to its superior chemical/mechanical
stability and high proton conductivity, but the high cost of the
material is still one of the barriers against practical industry
applications [5–7]. An important direction in new ion exchange
material development is the preparation of homogeneous
membrane based on sulfonated aromatic polymers with much
lower cost.

Recently, various investigations have been pointed out the
utility in sulfonated aromatic polymers, such as polystyrene [8],
poly(ether ether ketone) [9,10], polyimide [11], poly(phenyl-
eneoxide) [12], poly(ether sulfone) [13–16] and poly[(sodium

4-styrensulfate)-methacrylic acid-methyl methacrylate] [17].
Also, a number of investigations have demonstrated that
increasing the sulfonic acid content in the polymer results in
increased ion-exchange capacity with low-cost [18,19]. Among
them, the sulfonated polystyrene is most widely used as ion
exchange material due to its good chemical stability and excellent
characteristics for functionalization. However, the membranes of
highly sulfonated aromatic backbone polymer swell excessively
in water and have poor mechanical properties. Also, a styrene-
divinyl benzene copolymer has been used due to its improved
mechanical properties and decreased swelling compared to PS
[20]. But the expensive and brittle property limits its utility in ion
exchange material. Therefore, to overcome these problems, it is
necessary to develop membranes with flexibility, low cost and
relatively high ion exchange capacity.

Styrene-butadiene rubber (SBR) is one of the most versatile
copolymer rubber compounds, produced from a copolymer of
styrene and butadiene. It exceeds all other synthetic rubbers in
consumption due to its excellent elasticity and resistant to
abrasion. The styrene moieties in SBR have provided the
sulfonation feasibility, which could be regarded as the potential
flexible ion exchange materials [21].

Herein we report on a novel process for the formation of an
improved gel-free sulfonated phenyl functionalized polystyrene-
butadiene random copolymer (PSB-T-S) having flexibility and

* Corresponding author. Fax: +82 42 822 6046.
** Corresponding author. Fax: +82 42 822 7009.

E-mail addresses: kjlee@cnu.ac.kr (K.J. Lee), bjlee@cnu.ac.kr (B. Lee).

http://dx.doi.org/10.1016/j.jiec.2016.11.024
1226-086X/ã 2016 The Korean Society of Industrial and Engineering Chemistry. Published by Elsevier B.V. All rights reserved.

Journal of Industrial and Engineering Chemistry xxx (2016) xxx–xxx

G Model
JIEC 3182 No. of Pages 13

Please cite this article in press as: W.B. Ying, et al., Novel flexible styrenic elastomer cation-exchange material based on phenyl functionalized
polystyrene-butadiene copolymer, J. Ind. Eng. Chem. (2016), http://dx.doi.org/10.1016/j.jiec.2016.11.024

Contents lists available at ScienceDirect

Journal of Industrial and Engineering Chemistry

journal homepa ge: www.elsev ier .com/locate / j ie c

mailto:kjlee@cnu.ac.kr
mailto:bjlee@cnu.ac.kr
http://dx.doi.org/10.1016/j.jiec.2016.11.024
http://dx.doi.org/10.1016/j.jiec.2016.11.024
http://dx.doi.org/10.1016/j.jiec.2016.11.024
http://www.sciencedirect.com/science/journal/1226086X
www.elsevier.com/locate/jiec


relatively high ion-exchange capacity. Moreover, compared with
Nafion, PSB(L)-T-S would have the advantages on price (�$1.50/lb),
and PSB(L)-T-S would also the advantage on mechanical property
compared with sulfonated polystyrene or its derivative of styrene-
divinylbenzene copolymer because SBR is a synthetic rubber which
has excellent elasticity, physical and viscoelastic properties. By
using SBR as the base material, the flexible PSB(L)-T-S film could be
easily obtained. The synthesis process comprises: (1) The
introduction of phenyl groups into polystyrene-butadiene random
copolymer (PSB) via thiol-ene reaction to form phenyl function-
alized PSB (PSB-T) in order to introduce more sulfo groups into the
polymer backbones; (2) The PSB-T was sulfonated by using acetyl
sulfonate to form sulfonated polymer (PSB-T-S).

Experimental

Materials

Styrene, tetrahydrofuran (THF), N,N,N0,N0-tetramethylethylene-
diamine (TMEDA) were stored over freshly ground calcium hydride
(reagent grade, Aldrich) with stirring for at least one day and then
distilled into a two-neck reactor fitted with silicone rubber seal
and a Rotofol1 stopcock just before use by the high-vacuum line
(10�6 Torr). Methanol, 2-propanol (extra grade, Samchun) was
degassed on the vacuum line and then bubbled over one hour with
nitrogen gas. Solutions of sec-butyllithium (1.4 M in cyclohexane,
Aldrich) were analyzed using the direct titration method with
2-butanol. l, 10-phenanthroline was used as the indicator [22].
2,2-Azobis(4-methoxy-2,4-dimethyl- valeronitrile) (V-70) was
purified by recrystallization from ethanol. Benzyl mercaptan
(BM), 1,3-butadiene, 1,2-dichloroethane (DCE), N,N-dimethylfor-
mamide (DMF), sufur acid (95%), acetic anhydride were purchased
and used without further purification.

Synthesis of styrene-butadiene copolymer

Polystyrene-butadiene copolymer (PSB) were prepared via
anionic polymerization. Buchi glasuster reactor was equipped with
a mechanical stirrer, nitrogen stream tube and temperature control
via cooling ethylene glycol. The composition of styrene and
butadiene (25/75, mol/mol) was premixed in cyclohexane with
10 wt.% of monomer concentration. This polymerization system
was initiated by adding s-butyllithium (s-BuLi), followed by the
addition of 0.42-fold THF ([THF]/[Li] = 0.42) or 1-fold TMEDA
([TMEDA]/[Li] = 1) at 50 �C. The mixture was stirring for another
8 h, quenched with degassed methanol. The resulting PSB was
purified by repeated precipitation from methanol three times to
remove initiator system, then dried in a vacuum oven at 60 �C to
constant weight.

Phenyl functionalization of polystyrene-butadiene copolymer

The phenyl functionalized polystyrene-butadiene copolymer
(PSB-T) was synthesized from the base PSB with 8.8% and 57.1%
vinyl contents via thiol-ene reaction. The PSB was dissolved in
500 ml pure THF under nitrogen atmosphere, followed by the
addition of BM and V-70 at the ratio of [BM]/[vinyl]/[V-70] = 5/1/
0.3. The functionalization was carried out at 40 �C for 24 h and
cooled down at 0 �C. The result PSB-T was purified by repeated
precipitation from methanol three times to remove unreacted BM
and initiator system, then dried in a vacuum oven at 60 �C to
constant weight.

Sulfonation of phenyl functionalized polystyrene-butadiene random
copolymer

The resulting PSB-T samples were dissolved in 150 ml of
1,2-dichloroethane, followed by the bubbling with nitrogen gas for
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Scheme 1. Synthesis of sulfonated phenyl functionalized styrene-butadiene copolymer.
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