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INTRODUCTION

Recently many six-membered ring sulfonated polyimides have been developed as promising electrolyte

membrane materials for fiielceU application[1-3].The problem often associated with sulfonated polyimide

membranes is their poor hydrolysis stabilityand thiscould be solved by introducing flexible.highly basic

and/or side chain-犬typediamine monomers [2-7]On the other hand, the stabilityof the sulfonic acid groups

has not been explored yet.and thisproblem can not be neglected when the fuel cellswork at relativelyhigh

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-arainophenoxy)diphenyl sulfone-3,3'-disulfonic acid

(BAPPSDS), was synihesiTBd，and the related polyimides were prepared. The central sulfonyl group of

BAPPSDS isａstrong electron-withdrawing group. and therefore. the sulfonic acid groups of BAPPDS are

expected to be stable toward hydrolysis. The proton conductivity. water uptake. membrane stabilitytoward

water and methanol permeability ofBAPPSDS-犬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万　tetracarboxylicdianhydride (NTDA), BAPPSDS and common

nonsulfonated diamine monomers in m-:cresolin the presence of triethylamine (EtsN) and benzoic acid at

80 °c for 4 h and 180 °c for 16 h. The resulting highly viscous solutions were precipitatedfrom 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 saltsform and were converted to the proton form by soaking in 1.0 N hydrochloric 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)圖･

RESULTS AND DISCUSSION　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ン

　The new sulfonated diamine monomer. BAPPSDS, was synthesized by two-step reactions in a high yield.

At first,4,4'-dichlorodiphenyl su】fone was sulfonated by using filming sulfioricacid as the sulfonating

reagent to give 4,4'-dichlorodiDhenyl sulfone-3,3'-disulfonicacid disodium salt.This intermediate product

was then reacted with 4-aminophenol under basic condition to give bis[4-(4-aminophenoxy)phenyl]

sulfone-3,3'-disulfonic acid disodium saltfollowed by treatingwith hydrochloric acid to give BAPPSDS. Ａ

series of sulfonated (co)polyiinides 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 fairlyhigh 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°:Ｃindicating fairlyhigh thermal stabilityof the polyimides.
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　The　　proton　　conductivities　(0).of

BAPPSDS-based　polyimide　membranes

were strongly dependent on the relative

humidity (RH). At low RH, the polyimide

membranes displayed rather low a. At high

RH (＞70%)or in water. the membranes

showed reasonably high (T. Table l liststhe

proton　conductivity　and　methanol

penneability and theirratioφ(＝a/几/)ofa

series of sulfonated polyimides and Nafion

117. The　　Pm values　of　NTDA-

BAPPSDS/mBAPPS(2/l)　were　　much

smaller than those of other sulfonated

polyimides and Nafion 117 membrane at 30

°c and 50 "C. As ａ result.the BAPPSDS-

based membrane displayed much larger φ

　value than Nafion 117, but lower than other sulfonated polyimide membranes because of the lower proton

　conductivity･

　The vrater stabilitytest of BAPPSDS-based polyimide membranes w as performed by immersing the

　membranes into distilledwater at 80 °c or 100 °c and characterized by the tune elapsed when the

　membranes became brittlein water. It was found that the stabilitywas strongly dependent on temperature.

　ＮＴＤＡ-:BAPPSDS//≪BAPPS(3/1)，for ex:am犬pie,did not break mto pieces after being soaked in deionized

　water at 80 °c for 600 h indicating fairlygood water stability.However, at 100 °c the membrane dissolved

　in deionized water within 5 hノThe water stabilitywas significantlyimproved by reducing the me level.

　NTDA-BAPPSDS/otBAPPS(2/1), for example,-was stablein deionized water at 100 °:Ｃfor more than 200 h･

・which is much longer than thatof NTDA-BAPPSDS/wBAPPS(3/l).
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引言S　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　＼

　近几年，六元坏的硝化聚酸亜肢由于其在燃料屯池辰子交換膜中的応用前景而得到迅速的友展[1-

3]。硝化聚酸亜肢存在的主要向題是其耐水性比較差，目前辺一向題可以通辺:引入柔性績杓，喊性

較強或側蜷型姑杓的硝化二肢単体而得到初歩解決[2-7]｡男一方面，礒酸基的穏定性也是一今向

題，在燃料屯池的工作温度(＞120 °C)較高吋尤其不能忽略。理迫上来悦，降低硝酸基所在的茉

坏上的屯子云密度有利于提高礦酸基的穏定性。本文合成了一神新型的含有佩基的硝化二肢草体

　(4,4'-双(4-気基輩気基)二輩W-3,3'-二礦酸(BAPPSDS))以及相応的礒化聚酸亜肢．ＢＡＰＰＳＤＳ中

的凧基是―令強吸屯子基因,因此有望提高所在茉坏上的硝酸基的稔定性。本文述対辺些硝化聚m

亜肢的辰子尋屯率，吸水性，膜的耐水性以及甲醇透辻率等作了研究。

実論:

BAPPSDS 通辻丙歩反庶制各而得。相庶的礁化聚酸亜肢通辻1,4,5,8-蔡四酸二酷(NTDA),

BAPPSDS 和一些非礒化二肢草体，以同甲酷作溶剤，在三乙肢以及華甲酸的存在下先在80 °c反

庶4小吋然后在180 °c反庶16小吋聚合制各而得。所得到的粘桐液体倒入丙胴中，将況析出的奸

淮状固体用丙醐反夏洗浄3次，然后置于真室供箱中干燥。干燥后的繊化聚醜亜肢通辻侍銃的溶液

涜注法制得膜。将所得的三乙肢型膜在1.0 N的植酸溶液中浸泡一天送行贋子交換。辰子尋屯率是

用四点法測得的，所用頻率駄ioo Hz 到100 KHz (Hioki3552)[2]。　　　　　　　　　　　　∧

鈷果与付迫:

BA)PSDS是通辻丙歩反痘制各而得的。首先，将原料4,4'一対気二茉佩用友俎硫酸送行硝化得到

4,4'一対気二業佩-3,3'一二礦酸二納斂。然后将這一中岡声物与対気基業醗在喊性条件下退行反庶得

到双[4-(4-気基業気基)茉基]佩-3,3'一二硝酸二納鎧。二納盆用盆酸送行処理后即可得到最終

BAPPSDS．一系列不同礦酸基含量的硝化聚酸亜肢通辻1,4,5,8一票四酸二ffp (NTDA)，ち

BAPPSDS 以及―些非硝化二肢単体，以同甲醗作溶剤，在三乙肢以及華甲酸的存在下通辻一歩法

聚合而得(児Scheme ｌ)。所得到的硝化聚酸亜肢具有較高的特性粘度(兄表1) ，通辻溶液涜注

法都能侈得到力学強度較好的膜。TG-MS測斌得到基于BAPPSDS的硝化聚酸亜肢中的硝酸基的

分解温度高于250 °C，這就表明了咳奥硝酸聚政亜肢具有較好的熱穏定性。
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　碩化聚酸亜肢由持銃的溶液涜注法

制成膜。所得的三乙肢型碩化聚酸亜

肢膜在撹捧条件下，用1.0 N的辿酸

溶液中浸泡丙天遊行辰子交換，得到

双子型膜。辰子交換的完全m.辻

'HNMR 遊行mix。

　基于ＢＳＰＯＢ的碩化聚酸亜肢膜的

辰子尋屯率存在湿度依頼性。対于

NTDA-BSP0B/TrMPD(9/l）[fo容,在高

相対湿度下（RH＞70%）,膜的辰子

尋屯率(＞1がS/cm)絞高,然而在低相対湿度下(RH=20%)膜的辰子尋屯率相当低釣10゛^ S/cm)。

在整介湿度苑国内，随着温度的升高(最高迭160・c)，反子辱屯率没有明昆的降低. 迭一性能将

有利于庶用于中温(120－150 °C)燃料屯池中。在水中，NTDA-BSP0B//mBAPPS(9/1)具有摸高的得辰

子尋屯率，在25 'C 吋力0.18 S/cm，随着温度升至70 °c，辰子尋屯率増加至0.31 S/cm，這些値都

要高于Nafion 117。

　　耐水性的測斌是将礒化聚酸亜肢膜浸入去高子水中，分別在不同温度下(80 °C或100 °o)送行

測量≫将膜在熱水中升始変脆的吋回作力衡量膜的耐水性的依据｡表１列出了碩化聚酸亜肢的吸水性，

耐水性和尺寸変化。炊表中可以看出, 鼠然NTDA-BSP0白/。B APPS(9/1)具有役高的寓子交換容量

　(IEC),但依然能在100・Ｃ的去高子水中3000小吋保持不変形，体現了仇昇的耐水性。而且，在100

°c的去高子水中浸泡后在膜平面方向其尺寸変化小于7%, 迭延延小于其官礒化聚合物。
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