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24 h 24 h 16 h
120°C 10 h NMP
N N- DMAc
1.2 120°C
1 24 h. 1
SDCDPS/DCDPS
n m Table 1 The data of SPAES copolymers
1 D, 1 SDCDPS  DCDPS _
. p o Yield  7gre
n Polymer n m nlm D, D, % .
Q g dL
mmol mmol
SPAES-0 0 10 0:10 O 0 92 0.49
DCDPS SPAES-1 2 8 2:8 0.4 042 93 0.71
SPAES-2 4 6 4:6 0.8 0.77 90 1.52
SDCDPS BP 15% NMP SPAES-3 6 4 6:4 1.2 1.12 91 1.86
25% ~ 30% “Degree of sulfonation obtained by calculation " Degree of sulfonation
160°C 4 h 190°C obtained by titration ¢ The 7. in DMAc at 25°C
SO;Na
i 0
O O
NaOzS
NMP/Toluence/K,CO4
~160 C Reflux 4 h
190 Cl16 h
SO;Na
I I
OO0 )OO
0 0 )
NaO;S
Fig. 1 Synthesis of SPAES copolymers
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IEC = 1000D./ 400 + 80D,
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Fig. 2 RT-IR spectra of PAES and SPAES
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Fig. 3 TGA curves of SPAES membranes in hydrogen form

Table 2 TGA and DSC results of PAES and SPAES

Polymer PAES SPAES-1 SPAES-2 SPAES-3

T C 220 237 262 282

Ts" ¢ 516 347 323 308
 Glass transition temperature of sodium form » 5% weight loss

temperature of hydrogen form

2 T
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2.19 meq/g Nafion 117 38%
0.92 meq/g .

Table 3 The properties of SPAES membranes

Methanol diffusion
Polymer IEC? IEC® WU %

e’ /s
SPAES-1 0.93 0.76 19 2.7x 1077
SPAES-2 1.72 1.53 36 8.4x 1077
2.3 SPAES-3 2.42 2.19 87 4.6x10°°
Nafion 117 — 0.91 38 2.1x107°

“IEC obtained by caculation from D, " IEC obtained by titration

Nafion
SPAES
D, 4
. 5
SPAES .3
SPAES
SPAES-1 SPAES-2
0.16 Nafion
—_ SPAES-3
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o 0121
2 Nafion 117
2
S 008}
‘; SPAES-1 2.4
:
g 00 4 SPAES
20 4I() 6I0 8IO l(I)O ‘ SPAES
Temperature (°C)
Fig. 4  Proton conductivity of SPAES membranes at different >0.01 S/em
fomperature Nafion 117 SPAES
SPAES
3 Nafion 117
SPAES-3
Nafion 117 SPAES-2 80°C
100°C Nafion 117
SPAES
2.5
SPAES
SPAES SPAES-2 36% Ag" Pb”
1.53 meq/g Nafion 117 . Ag”®

SPAES-3 87 % Na*
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Fig. 5 TEM micrographs of SPAES polymers
2.6 Table 4 The mechanical properties of SPAES membranes and Nafion 117
4 SPAES membrane
Tensile strength  Tensile modulus  Maximum elongation
41.27 ~ Pol ®
oymer MPa GPa %
32.58 MPa Nafion 117 SPAES-1 41.27 1.813 6.444
. SPAES-2 38.97 1.728 4.836
SPAES Nafion SPAES-3 32.58 1.123 3.047
' Nafion 117 25.65 0.259 197.7
SPAES 1.813 ~ 1.123 GPa
Nafion 117 0.259 GPa 3
0.8  SPAES
Nafion 117
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DIRECT SYNTHESIS AND PROPRTIES OF SULFONATED POLY ARYLENE ETHER
SULFONE COPOLYMERS FOR PROTON EXCHANGE MEMBRANES IN FUELCELLS

ZHANG Ni LIU Huiling LI Junjing XIA Zhi WANG Xiangyu
State Key Laboratory of Urban Water Resources and Environment — Department of Environmental Science and Engineering
Harbin Institute of Technology ~ Harbin 150090

Abstract A series of sulfonated poly arylene ether sulfone ~ SPAES  copolymers with different degree of
sulfonation D,  were synthesized by aromatic nucleophilic polycondensation of 3 3’-disulfonate-4 4'-
dichlorodiphenylsulfone  SDCDPS 4 4'-dichlorodiphenylsulfone DCDPS and 4 4’-biphenol BP . Synthesized
sulfonated copolymers were characterized by FT-IR TGA and DSC. Moreover the microstructure of membranes was
investigated by TEM and the relationship between structure and performance was established. The influence of
different D, on the properties of SPAES membranes was studied and it showed that the increase of sulfonated groups
in the polymers led to the increase of water uptake ion exchange capacity TEC methanol diffusion coefficient and
proton conductivitie of the membranes. Physical and electrochemical performances of all membranes were studied
thoroughly. The results showed that the proton conductivity of SPAES-2 membrane was 0.116 S/ecm at 80°C and
0.126 S/ecm at 100°C  which were higher than those of Nafion 117 membrane 0.114 S/ecm and 0.117 S/cm .
However the methanol diffusion coefficient of SPAES-2 membrane only reached 8.4 x 1077 em’/s and was much
lower than that of Nafion 117 membrane 2.1 x 107° em’/s . The new synthesized membranes displayed good
potential in application as proton exchange membranes PEM in proton exchange membrane fuel cells PEMFC
and direct methanol fuel cells DMFC .

Keywords PEM Fuel cell SPAES Proton conductivity Methanol diffusion coefficien





