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INTRODUCTION

　Polymer electrolyte membrane fuel cells(PEMFCs)have attracted much attention in the past decade

because they provide cleaning. quiet and portable power for vehicular transportation and for other

applications[1, 2]. The key component of a PEMFC is the polymer electrolyte membrane. At present.

sulfonated perfluoropolymers such as DuPont's Nafion are typica! membranes that are used in practical

systems due to their high proton conductivity, good mechanical properties. and high thermal.

electrochemical and chemical stability.However, the high cost,low conductivity at low humidity and/or

high temperature. and high methanol crossover are the major drawbacks for these perfluoropolymers. The

development of low cost and high performance polymers as alternativematerials is strongly desired.Recent

researches have demonstrated that siχ一犬memberednng sulfonated polyimides are promising membrane

materials for PEMFC application [3-9]. In particular.highly sulfonated polyimides derived from the

diamines with pendent alkoxy-sulfonic acid groups (side chain-犬type)showed extremely high water stability

and high proton conductivity [6,7]In this paper. we report on the preparation of wholly aromatic side

chain-犬typesulfonated polyimides as well as their thermal stability.proton conductivities. water stability.

and methanol permeabilityｿ

EXPERIMENTAL　　　　　　　　　　　　　　　　　｡'

　Sulfonated　　polyimides ＼　were　　　synthesized　　by　　one-step　　polymerization　　of

1,4,5,8-naphthalenetetracarboxylic　dianhydride (NTDA), side　chain-type　sulfonated　diamines

3,3'一犬bis(4-sulfophenoxy)benzidme(BSPOB) and common nonsulfonated diamine monomers inｓ一万cresolin

the presence of triethylamine (EtjN)and benzoic acid at 80 T for 4 h and 180 °c for 16 h. The resulting

highly viscous mixtures were diluted with additional ,-cresol and precipitateda･om acetone The fiber-like

precipitatewas filteredoff,washed with acetone forａ few times. and dried in vacuo. Films were prepared

by casting the sulfonated polyimide (in triethylammonium saltform) solutions onto glass plates and dried at

80 °Cfor 10 h. The as-cast films were soaked ｍ methanol at 60 °cfor 6 h Proton ｅχchangewas performed

by immersing the films into 1.0 N hydrochloric acid at room temperature for two days. The proton

exchanged films were washed with deionized water and then dried m vacuo at 100 °cfor 20 h.

RESULTS AND DISCUSSION

　High molecular weight BSPOB-based polyimides (Scheme　1) were　successfully prepared by

conventional one-step polymerization method in 扉-cresolin the presence of triethylamine (EtjN)and

benzoic　acid.　The　resulting　polyimides　showed　extremely　high　inherent　viscosity.

NTDA-BSP0B/amBAPPS(9/1), for example, had an inherent viscosity of 8し9 dL/g in DMSO at 35 °:Ｃ

(concentration: 0.5 g/dL). TG-MS measurements revealed that for NTDA-BSP0B加BAPPS(9/1)the

decomposition of sulfonic acid groups startedfrom around 270 °cindicateing fairlyhigh thermal stability

of thiscopolyimide.
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　The　copolyimide　membranes　were

fabricated by the conventional solution

cast method. The as-cast films were in

their　む･iethylanimonium　form　and

converted　to　their　proton　form　by

soaking the films in 1.0 N hydrochloric

acid solution with magnetic stirringfor

two days. The completion of proton

exchange　for all　the　sa万mples　was

confirmed from their 'hnmr spectra.

　The proton　conductivity　of BSPOB-based polyimide　membranes　was　investigated. For

NTDA-BSP0B汀rMPD(9/l), at high relative humidity (RH ＞70%), the membrane showed fairly high

conductivities(＞iO' S/cm), whereas at low RH (e･g，20%), the conductivities are in rather low level (in

the order of lがS/cm). In the whole humidity range. no significant reduction in proton conductivity

decrease as the temperature increased up to 160 °c，which is very favorable for use ｍ medium-temperature

(120 － 150 °C) fuel cells In liquid water. NTDA-BSP0B加BAPPS(9/1)showed ａ conductivity of 0.18

S/cm at 25 °cand increased to 0.31 S/cm at 70 °cwhich is higher than thatofNafion 117｡

　The water stabilitytest for the sulfonated polyimide membranes was performed by immersing the

men

elapsed time when the hydrated membranes lost mechanical properties. Table l lists the water uptake.

water stability.and dimensional stabilityof BSPOB-based copolyimide membranes. It can be seen that

despite the high ion exchange capacity (IEC: 2.40 meq/g))NTDA-BSPOB/wBAPPS(ft/l)could maintain

film form afterbeing soaked in deionized water at 100 °C for more ttian3000 h indicating very high water

stabilityｿFurthermore, the area change in planar/direction of the membrane isless than 7 % at 100 °cwhich

is much smaller than many other sulfonated polymers.
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引言

　聚合物屯解放膜燃料屯池(PEMFCs)由于其能侈提供清浩，安静和便携的能源，井在汽牟，手机

和篭足本屯賠等方面有着片辺的庖用前景，而在上世妃末升始各受芙注[1, 2].PEMFC中的矢鍵部

件是聚合物屯解放膜。目前，硝化全気聚合物(如:杜邦公司的Nafion膜)是典型的可以実除庖用

的一炎膜材料。因力這美膜材料具有較高的辰子尋屯率，仇良的机械性能，良好的燕，屯化学和化

学稔定性。然而恰格昂貴，在低湿度以及高温下双子尋屯率急刷下降，撰高的甲醇透辻率是這炎膜

材料的致命訣点，也就限制了其庇用茫田。升友恰格低廉綜合性能仇昇的聚合物膜材料来替代現有

的礒化全気聚合物勢在必行。近年来，相矢研究証明了六元坏的硝化聚酸亜肢是推有希望庶用于

PEMFC 的一神膜材料[3-9]｡尤其是一笑由礦酸基接在側縫上的二肢単体(側縫型二肢)制各而得

的高硬化度的硝化聚醗亜肢表現了扱高的耐水性和辰子辱屯率[6,7].本文介沼了一神全芳香炎側縫

型硝化聚酸豆肢的制各，以及這些硝化聚醜亜肢的熱稔定性，反子尋咆率，耐水性和甲醇透辻性能。

実論

　炭化聚醜亜肢是由一歩法制各而得的,具体是由14,5,8-票四酸二酎（NTDA）,側蜷型礦化二肢単体

3,3'一双（4-轍酸基茉気基）朕栄二肢（ＢＳＰＯＢ）和一些非礒化二肢草体，以同甲勣作溶剤，在三乙

肢以及華甲酸的存在下先在80 °c 反庖4小吋然后在180 °c 反庇16小吋聚合制各而得。聚合所

得的高粘度的混合物加入同甲醗稀秤后況析到丙胴中。奸錐状聚合物用丙胴反夏洗浄后，辻濾，然

后置于真室煤箱中干燥。用溶液涜注法退行制膜，具体是将礒化聚醜亜肢溶液（三乙肢型）均勾地

涼在破璃板上，在煤箱中80 x 干燥10小吋。所得的膜在60 °C的甲醇中浸泡６小吋。然后将所得

的三乙肢型膜在1.0 N的盆酸溶液中浸泡丙夭送行辰子交換。辰子型的膜用去高子水洗浄后在真室

坦箱中于100 °c干燥20小吋。

結果与付洽

　高分子量的含ＢＳＰＯＢ的礦化聚醜亜肢（Scheme 1）由一歩法在同甲醗溶剤中，在三乙肱以及草

甲酸的存在下制各得到。所得到的聚醗亜肢具有椎高的特性粘度,例如: NTDA-BSP0B加BAPPS（9/1）

的二甲基亜佩溶液（0.5 g/dL）在35 °c 吋一的特性粘度力8.9 dL/g .TG-MS 測斌得到的

ＮＴＤＡ-ＢＳＰＯＢ加ＢＡＰＰＳ（9/1）中硝酸基的分解温度高于270 °c ， 這就表明了咳炎礦酸聚醜亜肢具有

較好的燕穏定性。
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　　本文所研究的這些基于BAPPSDS的

硫化聚酸亜肢膜的辰子尋屯率（（J）対于

相対湿度（RH）有根強的依絵美系。在

低相対湿度条件下, 這些聚醗亜肢的贋子

尋屯率比較低。但在校高的相対湿度条件

下（RH＞70%）或在水中，迭些硝化聚m

亜肢膜表現出較高的辰子尋屯率。表１列

出了一系列硫化聚酸亜肢和Nafion 117 的

辰子尋屯率和甲醇透辻率（几m）以及這

丙者的比値(l>（＝o/尺φ。在30 °C和50

°c吋，NTDA-BAPPSDS//nBAPPS（2/l）的

几z値要逸小于其官的硫化聚醜豆肢以及

Nafion117 ｡因此可以看到NTDA-BAPPSDS/。BAPPS(2/l)的φ{I大于Nafion 117．但由于NTDA-

BAPPSDS//mBAPPS(2/1 )的辰子尋屯率相対校低，其φ値要小于其官奥型的礒化聚醜皿肢。

　　耐水性的測斌是拵礒化聚醗亜m膜浸入去高子水中，分別在不同温度下(80・Ｃ或100・c) 送行

測量，将膜在熟水中升始変脆的吋向作力衡量膜的耐水性的依据。実着表明，耐水性具有温度依頼

性，比如: BAPPSDS/≫iBAPPS(3/l)在80 °c的去高子水中能保持600小吋不変脆，体現了良好的耐

水性，然而同一神膜在100・Ｃ的去高子水中５小吋后就升始溶解了。材料的耐水性可以通辻降低聚

合物的高子交換容量(IEC)値得到改善。例如: NTDA-BAPPSDS//≪BAPPS(2/1)能在100・Ｃ的去高

子水中保持200多小吋不変脆，這―結果大大仇于BAPPSDS//wBAPPS(3/l)･
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