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　Fuel cellhas been greatly developed during the past decade with the growing demand for efficient,

reliable and environmentally friendly energy sources. As the key components of proton ｅχchange

membrane fuel cells(PEMFCs)and direct methanol fuel cells(DMFCs), proton exchange membranes

are required to have combined electrochemical stability,workability, high ionic conductivity, low

permeation of the reactants,,and mechanical integrity['‾^^｡

　Here we report ａ new series of novel poly(arylene ether ketone)s with simultaneously sulfonic and

carboxyl groups[4]. The resulting polymers exhibit excellent thermal and mechanical properties, low

methanol permeability and appropriate conductivity.

1. Experimental part

1｡1 Synthesis of the starting polymers

　　The starting polymers, PEEKK-X, were prepared through the route shown in Schemel, and Ｘ

refers to the molar ratio of 4-ethlycarboxylphenylhydroquinone /(4-ethlycarboχylphenylhydroquinone

十　phenylhydroquinone).　　For　example, 4-ethlycarboxylphenylhydroquinone　(5.0　mmol),

phenylhydroquinone (5.0 mmol), l,4-bis(4-fluorobenzoyl)benzene (10.0 ｍｍｏｌ)ａｎｄK2CO3 (10.5

mmol)were added into ａ three-necked flask with ａ Dean-Stark trap, a condenser, a mechanical stirrer

and ａ nitrogen inlet and outlet. Tetramethylene sulfone (25 mL)ａｎｄ toluene (10 mL)were used as

solvent and azeotropic reagent, respectively. The reaction mixture was refluxed at 140 °c for 2 h to

dehydrate the system.A丘er dehydration and removal of toluene. the reaction temperature was increased

to 170 °c and then held at this temperature for another 6 h. The fibrous precipitate was filteredoff and

purified by washing with boiling deionized water and ethanol, and dried in vacuum oven at 80 ゜C

overnight. All the other poljTners were prepared and purified using the same procedure (Scheme ｌ)･

1.2 Sulfonation of the starting polymers

　To a 100 ㎡L of flask, 1 g of polymer and ２０mL of concentrated sulfiiricacid (95-98%)were added.

After stirring at room temperature for 12 h， the homogeneous viscous solution was poured into

deionized water to get ａ silklike solid. The solid was washed with deionized water until the water

reached neutral. The sulfonated polymer was dried in a vacuum oven at 100 °c for 24 h.

1.3 Hydrolysis of the polymers

　We treated the sulfonated polymer with hydrobromic acid (≧40%)at ａrefluχingtemperature for 12 h

(Scheme 1)'and then washed with deionized water for several times to get the polymer containing both

－COOH and －SOjH groups.
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2・Results and discussion

2.1 Synthesis and characterization of the polymers

　Due to the deactivattionof －COOEt, there were no sulfonationreaction occurred on the 4-ethly

carboxylphenyl pendants, which could be confirmed by the 'H NMR spectroscopy. And then. after

treatingthe sulfonated polymers in hydrobromic acid for 12 h at the refluχingtemperature, the

sulfonated/carboxylatedones were obtained.The structurewas confirmed by 'H NMR spectroscopy･

2｡２Thermal and mechanical properties

　All the polymers showed good thermal stabilityand mechanical properties within the range of fuel

cellapplication although slightly decreased compared with their corresponding polymer form evaluated

by TGA curves as shown in Table. 1.
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2.3 Water uptake. proton conductivity and methanol crossover

　　Water uptake is highly relative to the comprehensive performance of the membranes, such as

proton conductivity and mechanical property. Moderate water uptake is greatly helpful for the stability

of the membranes. The water uptake results are shown in Fig- 2. Proton conductivity isａkey parameter

for the membrane to be used in fuel cells. The proton conductivities of the membranes under 100%

relative humidity|are shown in Fig. 3. Also, the membranes showed lower methanol permeability than

that of Nafion ・ as shown in Table ｌ｡
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3. Conclusions

　Ａ novel series of poly(arylene ether ketone)s containing carboχyl/sulfonic acid groups were

successfully synthesized through a sulfonation reaction and.then ａ hydyolysis reaction based on

well-designed starting polymers. The properties including thermal, water absorption, mechanical

properties, proton conductivity and methanol crossover of sulfonated/carboχylated polymers were well

investigated. It was found that all the membranes exhibited good thermal, dimensional stability and

mechanical properties.

References

[1]M. Hickner, H. Ghassemi, Y. Kim, B. Einsla, J.McGrath, Chem. Rev. 104 (2004)4587-4612.

[2]Ｂ. Liu, G. Robertson, Ｄ. Kim, M. Guiver, W. Hu, z. Jiang, Macromolecules 40 (2007)1934～1944.

[3] Y. Chen, Y. Meng, A. Hay, Macromolecules 38 (2005)3564-3566.

[4]B.Liu, W. Hu, G. Robertson, M. Guiver, J. Mater. Chem. 18 (2008), 4675.

　(contiuning from p280)The 21% strainis a great improvement compared to the previously reported

4.9% of high strength polyimide nanofiber mats. The ｅχcellentmechanical properties of copolyimide

nanofiber belt are probably attributed to those flexible and rigid microblock regions uniformly

distributedin the nanofibers atａlevel of superaiolecular structure.
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