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Abstract: To improve oxidative stability of non-fluorinated styrene-based polymer electrolyte membranes, copolymeriz-
ed membranes were prepared using styrene derivatives such as p-methylstyrene, #-butylstyrene, and o -methylstyrene by
monomer sorption method. Prepared membrane was characterized by measurement of weight gain ratio, water content,
ion-exchange capacity, proton conductivity, and oxidative stability under the accelerated condition. It was found that each
step of monomer sorption method including sorption, polymerization and sulfonation could be affected by the properties
and the structures of styrenederivatives. Due to difficulty of polymerization, ¢ -methylstyrene was copolymerized with styr-
ene or p-methylstyrene. Prepared membrane using « -methylstyrene and styrene showed higher performance and stability
comparing to copolymerized membrane with styrene. However, copolymerized membranes with @ -methylstyrene did not
showed much improved oxidative stability comparing to styrene membrane due to their lower molecular weight. The t-bu-
tylstyrene membrane showed a low performance due to substituted bulky-butyl group which prevents sorption and sulfona-
tion reaction. However, copolymerized ¢-butylstyrene membranes with p-methylstyrene showed good performance and much
improved stability than the styrene membranes.
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Fig. 1. Structure of styrene and its derivates: (a) ST, (b)
PMS, (c) TBS, (d) AMS.
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Fig. 2. Concept of the preparation method by monomer sorption [13].
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Table 1. Properties for PMS /PVC Membranes

Welght- Water Proton
gain IEC  conduct-
Membrane . uptake .
ratio %) (meq/g)  ivity
(%) ° (S/em)

PVC/PMS/1%DVB 51.7 1044 232 0.109
PVC/PMS/5%DVB 65.6 65.6 2.59 0.102
PVC/PMS/10%DVB  72.4 46.3 2.49 0.056
PVC/PMS/20%DVB  78.8 36.7 2.26 0.035
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Fig. 3. Oxidative stability of PVC/ST and PVC/PMS
membrane.
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Table 2. Properties for PVC/ST/AMS and PVC/PMS/AMS
Membranes

Weight-gain Proton

Membrane ratio conductivity

(%) (S/cm)

PVC/ST/20%AMS/5%DVB 61.4 0.10

PVC/ST/35%AMS/5%DVB 50.9 0.08

PVC/PMS/20%AMS/5%DVB 65.4 0.11

PVC/PMS/35%AMS/5%DVB 54.4 0.09
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Fig. 4. Oxidative stability of PVC/ST/AMS and PVC/
PMS/AMS membranes.
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Table 3. Properties for PVC/TBS Membranes

Weight- Proton
- Water
gain IEC  conduct-
Membrane . uptake .
ratio %) (meq/g)  ivity
(%) ° (S/em)

PVC/TBS/5%DMF 69.6 315 1.06 0.012
PVC/TBS/10%DMF  128.8 38.7 1.43 0.026

Table 4. Properties for PVC/PMS /TBS Membranes

Welght- Water Proton
gain IEC  conduct-
. uptake .
ratio %) (meg/g)  ivity
(%) ° (S/cm)
PVC/PMS/0%TBS 65.6 65.6 2.59 0.102
PVC/PMS/5%TBS 63.6 62.6 2.48 0.097
PVC/PMS/10%TBS 549 60.5 2.40 0.090
PVC/PMS/20%TBS 552 56.3 2.37 0.076

PVC/PMS/50%TBS  30.0 45.1 1.88 0.054
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Fig. 6. Oxidative stability of PVC/PMS/TBS membranes.
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