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PVDF-g-PSSA and SiO, Composite Proton Exchange Membranes
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(Key Laboratory of Organic Optoelectronics and Molecular Engineering, Department of Chemistry, Tsinghua University,
Beijing 100084)

Abstract A novel kind of composite proton exchange membrane was prepared by doping the nano-SiO,
into poly(vinylidene fluoride) grafted polystyrene sulfonated acid (PVDF/XSIO,-g-PSSA). The structure and
stability of the membranes were characterized with the IR spectra and therma gravity analysis (TGA). The
morphology of the surface and the dispersion of elements in the cross section of the membrane were ob-
served by the scanning electron microscope (SEM). The water-uptake, proton conductivity and methanol
permeability of the membranes were measured. The results showed that the nano-SiO, could slow the
methanol permeation; the permeability coefficient of the composite membrane with SIO, (w=10%) was up
to 1.0X 10"’ cm?s, which is lower than that of PVDF-g-PSSA and just one twentieth of that of Nafion-117.
This kind of composite membranes has high selectivity and shows a promising practical value in direct
methanol fuel cells (DMFC).

Keywords direct methanol fuel cell (DMFC); proton exchange membrane; poly(vinylidene fluoride)
grafted styrene sulfonic acid; SIO,; methanol permeability
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Figure 1 Schematic illustration of the measurement of metha-
nol permeability
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Figure2 SEM imagesand the distribution of S element in the cross-section of PV DF/xSiO,-g-PSSA membranes
(a) the cross-section of PVDF/10%Si0,-g-PSSA membrane; (b) the cross-section of PVDF-g-PSSA membrane; (c) the surface of PVDF/10%SiO,-g-PSSA mem-
brane; (d) the surface of PVDF-g-PSSA membrane; (€) the distribution of S element in the cross-section of PVDF-g-PSSA membrane; (f) the distribution of S ele-
ment in the cross-section of PVDF/SiO,-g-PSSA membrane
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Figure 3 The IR-spectra of the PVDF/10% SO, (a), PVDF-g-
PSSA membrane (b) and PVDF/10%SiO,-g-PSSA membrane (c)
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Figure 4 The TGA curves of PVDF-g-PSSA membrane,
PVDF/2%SiO,-g-PSSA  membrane, PVDF/5%SiO,-g-PSSA
membrane, PVDF/10%SiO,-g-PSSA membrane and
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Tablel Parametersof membranes with different content of SiO,

FEM 2R IEC/(molsg ) W 7K %/9% JE i /um H1L5:%/(10 2Ssem ) FIEEI2E %/(10 "om?s Y) ik #% R 5/(10°Sesrem 9)
PVDF-g-PSSA 2.19 0.89 147 7.70 1.70 4.53
PVDF/2%SiO,-g-PSSA 2.04 0.84 154 4.83 1.64 2.95
PV DF/5%SiO,-g-PSSA 1.99 0.79 161 6.28 1.40 4.48
PVDF/10%SiO,-g-PSSA 1.98 0.77 144 5.99 1.00 5.98
PVDF/15%SiO,-g-PSSA 1.97 0.76 155 4.90 2.37 2.10
PVDF/20%SiO,-g-PSSA 1.87 0.82 156 451 343 1.31

PV DF/25%SiO,-g-PSSA 1.76 1.04 127 3.68 477 0.77
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Figure 5 The degree of grafting (D.0.G) PVDF/xSIO, mem-
branes with different content of SiO,
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Figure 7 Proton conductivity of membranes with different con-
tent of SIO,
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Figure 10 The sketch of the passage of proton and methanol through the membranes

(a) PVDF-g-PSSA membrane; (b) the composite membranes with low content of SiO.; (c) the composite membranes with high content of SiO,
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