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INTRODUCTION

- Recently many six-membered ring sulfonated polyimides have been developed ‘as promising electrolyte
membrane materials for fuel cell application [1-3]. The problem often associated with sulfonated polyimide
membranes 1s their poor hydrolysis stability and this could be solved by introducing flexible, highly basic
and/or side chain-type diamine monomers [2-7]. On the other hand, the stability of the sulfonic acid groups
has not been explored yet, and this problem can not be neglected when the fuel cells work at relatively high
temperature (> 120 °C). Theoretically, the sulfonic acid groups are more stable toward hydrolysis when the
phenyl rings to which the sulfonic acid groups are bonded have lower electron density. In this paper, a
novel sulfonated diamine monomer, 4,4’-bis(4-aminophenoxy)diphenyl sulfone-3,3’-disulfonic acid
(BAPPSDS), was synthesized, and the related polyimides were prepared. The central sulfonyl group of
BAPPSDS is a strong electron-withdrawing group, and therefore, the sulfonic acid groups of BAPPDS are
expected to be stable toward hydrolysis. The proten conductivity, water uptake, membrane stability toward
water and methanol permeability of BAPPSDS-based polyimide membranes are also described. .

EXPERIMENTAL

BAPPSDS was synthesized by two-step reactions. BAPPSDS-based polyimides were prepared by
polymerization of 1,4,5,8-naphthalene tetracarboxylic dianhydride (NTDA), BAPPSDS and common
nonsulfonated diamine monomers in m-cresol in the presence of triethylamine (Et;N) and benzoic acid at
80 °C for 4 h and 180 °C for 16 h. The resulting highly viscous solutions were precipitated from acetone
and the fiber-like precipitates were washed with acetone for three times and then dried in vacuo.
Membranes were fabricated by conventional solution cast method. The as-cast membranes were in their
triethylammonium salts form and were converted to the proton form by soaking in 1.0 N hydrochlornic acid
for one day. Proton conductivity was measured using a four-point-probe electrochemical impedance
spectroscopy technique over the frequency range from 100 Hz to 100 KHz (Hioki 3552) [2].

RESULTS AND DISCUSSION :

The new sulfonated diamine monomer, BAPPSDS, was synthesized by two-step reactions in a high yield.
At first, 4,4’-dichlorodipheny! sulfone was sulfonated by using fuming sulfuric acid as the sulfonating
reagent to give 4,4’-dichlorodiphenyl sulfone-3,3’-disulfonic acid disodium salt. This intermediate product
was then reacted with 4-aminophenol under basic condition to give bis[4-(4-aminophenoxy)phenyl]
suifone-3,3’-disulfonic acid disodium salt followed by treating with hydrochloric acid to give BAPPSDS. A
series of sulfonated (co)polyimides were synthesized by (co)polymerization of NTDA, BAPPSDS, and -
common nonsulfonated diamines in the presence of triethylamine and benzoic acid (Scheme 1). The
resulting copolyimides showed fairly high inherent viscosity (Table I). For all the copolyimides, tough
films were obtained by solution cast method. TG-MS measurement revealed that the thermal
decomposition temperature of the sulfofonic acid groups of BAPPSDS-based polyimides was higher than
250 °C indicating fairly high thermal stability of the polyimides. ’
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The water stability test of BAPPSDS-based polyimide membranes was performed by immersing the
membranes into distilled water at 80 °C or 100 °C and characterized by the time elapsed when the
membranes became brittle in water. It was found that the stability was strongly dependent on temperature.
NTDA-BAPPSDS/mBAPPS(3/1), for example, did not break into pieces after being soaked in deionized
water at 80 °C for 600 h indicating fairly good water stability. However, at 100 °C the membrane dissolved
in deionized water within 5 h. The water stability was significantly improved by reducing the IEC level.
NTDA-BAPPSDS/mBAPPS(2/1), for example, was stable in deionized water at 100 °C for more than 200 h.
- which is much longer than that of NTDA-BAPPSDS/mBAPPS(3/1).

Table 1 Proton conductivity, methanol permeability and their ratios of sulfonated polymer membranes

Membranes IEC o (S/cm)® Py (10%cm?/s)® é=0/Py(10*

(meqg’] OO%RH Inwawr _ 30°C SO°C__ Sem®s) (30°C) <o
NTDA- ] .
BAPPSDSmBAPPS1) 13 0071 007 088 e 83 c
NTDA-BAPBDS 263 0031 019 114 ] 18 45
NTDA-2,2°-BSPB 2.89 011 018 105 206 13 5.7
Nafion 117 091 0085 012 221 332 48 5

* Measured at 50 °C; ® Methanol concentration in feed: 8.6wt%, ' 10wt%; “This study.
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Table 1 Water uptake, water stability, and dimensional changes of sulfonated polyimide membranes at 100 °C.

Polyimide® IEC Water upteke ~ Water stability Dimensional changes [%] Ref

[meqg/g] [g/100g polymer] [h] AL AA .
NTDA-BSPOB/mBAPPS(9/1) 2.40 160 >3000 150 7 e
NTDA-BSPOB/TIMPD(S/1) 2.49 143 600 110 - 32 e
NTDA-BSPOB/TrMPD(2/1) 2.10 72 >720° 22° 32° e
NTDA-BAPBDS 2.63 107° 1000 16° 15¢ 9
NTDA-3,3’-BSPB 2.89 250° 700 180° 1 6
NTDA-2,2>-BSPB 2.89 222° 2500 220° 0? 6

“BAPBDS, 3,3-BSPB and 2,2-BSPB refer to 4,4’-bis(4-aminophenoxy)biphenyl-3,3’-disulfonic acid,
3,3°-bis(3- sultopropoxv)bermdme and 2,2’-bis(3-sulfopropoxy)benzidine, respectively.
"80 °C; °30°C; *measured at room temperature. ¢: This study.
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