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Scheme 1~ Scheme for illustrating the preparation of PEM
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Fig. 1 The FTIR spectra of PTFE-g-StSi membrane (a)
and hydrolysis condensation PTFE-g-StSi membrane (b)
(DOG: 14.1% )
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Fig. 5 The linear distribution of S, O and Si element in
the cross-section of PEM (DOG 50. 1% )

2.2 RFZHERAIERE

2.2.1 @fbESBEFRHmAR AREEE
PAGH S5 1EC, 8 B IEC,,,, [H R fk
FEMNZR 1 R, R LUE ), B R0% > 23% B,
TESE 50 B Ak S5 AR R, S AY EAb R Gk B 92% ~
97% ¥ st At Ab, Ptk FEAS SCrh R A
SR A AL 2 R BE. TEC,, (B R ARCR A 5
TR, A R 10. 7% H4 %) 72. 5% i, IEC,,
M 0.36 mmol-g ' HEMIF] 1. 53 mmol-g ", ALK
4 50. 1% i IEC, {54 1.28 mmol - g™, EL K F
Nafion® 117 [ IEC {& (0. 89 mmol-g™"). i T ki
FERCRIE N, PTFE P2 AT 2 Bk SiSi, B 2R
Wt 2 i Ak 5 51 A SEAT 8 22 3 i B 1R I A1
—SO, H¥g& 0, R TEC B4

Fig. 4 The cross-section SEM micrographs of the original
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Table 1 Properties of the prepared PEM
. _— _— ] Dimension changes Dimension changes MeOH perm.
DOG exp theor DOS a 25C" (%) At 90°C" (%) X105 (cm?+s-1)
(%) (mmol+g™") (mmol-g~") (%)
x ¥ d x ¥ d 25C
10.7 0.36 0.42 85.7 0 0 1 0 1 2 1.12
23.2 0.73 0.79 92.4 0 1 2 0 2 6 1.26
50. 1 1.28 1.33 96.2 8 7 11 8 11 12 0.82
61.5 1. 40 1.49 94.0 9 10 14 9 12 15 1.55
72.5 1.53 1.63 93.9 17 12 17 17 17 17 1.27
Nafion® 117* 0. 89 14 14 16 17 18 17 1.38
“ Reference polymer!'); ¥ x and y directions are along the surface and the thickness of the membrane is denoted as d.
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SRR DN P A RN DY SR O R L AP RIN _ S0 Z a0
3 N N N S, o\o ]
(G I ISR L S e R LB R RTINS PR Ll [ S
N IAE, R SRR A R A RO R E V. T 2 a0f - Temperature (C)
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FLRAAE R T IR WK P B 8 T o ek e 3 ) Q80
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ARARAR N, T L2 S5 - 58 4 LA i W /K 1 [

Fig. 6  Variation of the water uptake with the DOG (a) for
prepared PEM and the water uptake of Nafion® 117 (b) at

different temperature
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Fig. 7 Variation of the proton conductivity with the DOG (a)
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A PROTON EXCHANGE MEMBRANE PREPARED BY RADIATION
GRAFTING OF p-STYRYLTRIMETHOXYSILANE INTO PTFE MEMBRANE

YU Hongyan', ZENG Xinmiao®, XIANG Yan’, ZHAO Xinging'
(" School of Materials Science and Engineering, Beihang University, Beijing 100191)
* Beijing Radiation Application Research Center, Beijing 100012)

(* Beijing pr , Beijing
(® School of Chemistry and Environment, Beihang University, Beijing 100191)
Y g Y yiung

Abstract A proton exchange membrane ( PEM) was produced by simultaneous radiation grafting of p-
styryltrimethoxysilane ( StSi) into polytetrafluoroethylene ( PTFE ) membranes, followed by sulfonation,
hydrolyzation and condensation. The effects of solvent, absorbed dose, absorbed dose rate and monomer
concentration on the degree of grafting (DOG) were studied. Toluene was chosen for its higher boiling point
and giving a higher DOG with acceptable mechanical strength. DOG increased with increasing the absorbed
dose and monomer concentration and changed little with the absorbed dose rate at 10 ~43 Gy-min ~'. Monomer
concentration of < 3 mol-L ™" was better for reducing the copolymer. The degree of sulfonation (DOS) was as
high as 92% ~97% at DOG > 23% , making the properties of the PEM rely much on the DOG. Scanning
electron microscopy (SEM) gave imagines of radiation grafting happened through the surface to the centre of
the membrane. The ion exchange capacity (1EC) , water uptake, dimension expansion and proton conductivity
grew up with the increase of DOG for more hydrophilic —SO;H,—Si—0—Si— crosslinking structure , and
Si—OH groups were incorporated in the PEM. In addition, proton conductivity got better with temperature
increase due to the good water uptake. Most of the grafted membranes exhibited lower methanol permeability
than Nafion® . The prepared PEM in this work showed a good combination of high IEC (1.53 mmol-g~'),
dimension stability ( dimension changed less than Nafion® 117 at 90°C ) ,acceptable water uptake ( <63% at
90°C) and proton conductivity (1.5 x 107> S+ cem ™" at 90°C and DOG 72.5% ), and low methanol
permeability (0. 82 x10 °cm’-s™" at DOG 50.1% ).
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