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Abstract: Partially sulfonated poly(aryl ether sulfone) membranes were prepared from the sulfonated sulfone monomer,
which was synthesized by a nucleophilic substitution, non-sulfonated monomers and potassium carbonate by a direct poly-
merization method and a subsequent solution casting technique with mixed solvents of N-methyl-2-pyrrolidone (NMP) and
dimethylacetamide (DMAc). To investigate the effect of mixed solvent, the volume ratios of NMP and DMAc were varied
in the range of 0~100% and the degrees of sulfonation of the copolymers were fixed as 50%. The surface properties of
the resulting membranes were examined by scanning electron microscope (SEM) and atomic force microscope (AFM), and
a comparative study of the morphology changes and the physicochemical properties such as proton conductivity and meth-
anol permeability was achieved. It was found that proton conductivities depend on the volume ratio of NMP-DMAc mixed
solvents, and the proton conductivity determined at the condition of 25°C and 100% relative humidity was 1.38x10" S/em
for the membrane prepared in the 50 : 50 v/v-% of NMP : DMAc mixed solvent.
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Fig. 1. '"H NMR Spectrum of a 3,3"disulfonated-4,4-dichlorodiphenyl sulfone monomer.

Table 1. Degree of Sulfonation of SPAES-XX Copolymer Determined by the 'H NMR Analysis

Sample code

Monomer mixing ratio (mole)

Degree of sulfonation Inherent viscosity

(SPAES-XX) BP DCDPS SDCDPS (%) (dl/g, 25°C-NMP)
SPAES-40 1 0.6 0.4 39.78 2.39
SPAES-50 1 0.5 0.5 50.55 2.53
SPAES-60 1 0.4 0.6 60.22 2.68
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Fig. 2. 'H NMR Spectrum of a sulfonated poly(aryl ether sulfone) copolymer (SPAES-50).
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Fig. 3. Surface morphologies of the air-sides of the membranes investigated by SEM and AFM analyses; SPAES-50 (IV =
2.53 dl/g in NMP at 25°C) + NMP-DMAc mixed solvent: (a) DMAc : NMP = 0: 100 v/v-%, (b) 25:75, (c) 50:50, (d) 75

125 and (e) 100:0.

NMP : continuous phase
DMAc : dispersing phase

NMP : dzspersmg phase
DMAe : continuous phase

e flow pf DMAc

Q e fow of residual solution B

Evaporation (casting process)

(a) NMP-richi state

Evaporation (casting process)

(b) DMAc-rich state

Fig. 4. Modeling approaches for the mass diffusion behavior in a DMAc evaporation step.
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Table 2. Water Uptake and Dimensional Stability of the

Membranes Fabricated in Mixed Solvents

Solid Mixing ratio Wat Dimensi-
Sample code content (v/v-%) uptake onal
(Polymer-XX-N/D) o po stability
W/v-%) nvP DMAc () (%)
Nafion 115 (Ref) - - - 388  69.2
SPAES-50-NMP 6.5 100 0 100.6 162.6
M-SPAES-50-8/2 6.5 80 20 101.5 162.0
M-SPAES-50-6/4 6.5 60 40 1025 1654
M-SPAES-50-5/5 6.5 50 50 1035 1713
M-SPAES-50-4/6 6.5 40 60 101.8 166.8
M-SPAES-50-2/8 6.5 20 80 1009 1633
SPAES-50-DMAc 6.5 0 100 1000 164.0
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