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=& & A7 AvRke AsdAel 28871 $18ke] poly (vinyl alcohol) 5 T2 3197 poly (acrylic acid—
co—maleic acid) (PAM) 9} [3— (trihydroxysilyl) —1—propanesulfonic acid]l (THS—PSA)E E31sle] & 7lws
kS AzsIck Az 2ol EARE Hrksl) Ssle] FT-IR, 9 S84, 308, ol 2wdhisd ol xrx: o
ghe- T 5] S4& AAIs1e] Nafion 1159 Hwsloin) Alze =] o] 2w #h8-5k2- Nafion 1152] 0.91 meq./g
membrane®th I 1.6~1.8 meq./g membranes Ak T o] 2HTETe] -9 THS-PSAS 41317
Nafion 115(0.024 S - cm™) B} 931 0.042~0.056 S - em™'& F& 5= 9lom, 7kl oslo] Jaks
Wethes 218 & 5 dSich B3 wiRke R 7% PAMY THS—PSAS £310 R ldle] oleushgsf 4l
olEHEE} F7Iek Whe| wgkeFaleE BE 2e] - Nafion 1159] 91U} & vghE S A s Uepdls
A3

Abstract: This study focuses on the investigation of the possibility of the crosslinked poly (vinyl alcohol)
membranes with both poly (acrylic acid—co—maleic acid) (PAM) and 3— (trihydroxysilyl) —1—propane—
sulfonic acid(THS—PSA) for the direct methanol fuel cell application. In order to characterize the prepared
membranes, the water content, the thermal gravimetric analysis, the ion exchange capacity, the ion
conductivity and the methanol permeability measurements were carried out and then compared with the
existing Nafion 115 membrane. The ion exchange capacity of the resulting membranes showed 1.6~1.8
meq./g membrane which was improved than Nafion 115, 0.91 meq./g membrane. In the case of the
proton conductivity, the THS—PSA introduced membranes gave more excellent 0.042~0.056 S - cm ™
than Nafion 115, 0.024 S - cm ™. On the other hand, the methanol permeability was increased more than
Nafion 115 for all the range of THA—PSA concentration.

Keywords: poly (vinyl alcohol), poly (acrylic acid—co—maleic acid), 3— (trihydroxysilyl) — 1 —propanesulfonic
acid, polymer electrolyte membrane, direct methanol fuel cell.
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Anode : CH3+H:0 — 6H" +6e~+CO»
Cathode : 3/20,+6H" +6e~ — 3H:0
Over cell reaction : CH30H +3/202 — 2H,0+COq9
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Figure 1. Schematic diagram of the proton conductivity measurement apparatus.

SRS A3 FRgxelr] 25 Bl =gt siglth
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Figure 2. F'T—IR spectra of synthesized membranes.
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Figure 3. Water contents measured at room temperature as a
function of (a) PAM contents; (b) THS—PSA contents added 7
wt% PAM according to thermal crosslinking temperature.
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CHFigure 5). PAM 7ol w2} Alg vhe] o] wehgake- 0.84 ~
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G55 A Tt} ade] ne) oleudh gk Tt g
LERIACE o]i= PAMe] 7HAaL 9l argel]l S4dske] 72
g719] ] st web olewdhgae] S5 op|ARIth
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Figure 4. Thermal gravimetric analysis curve according to added
PAM and/or THS—PSA.
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Figure 5. Ion exchange capacities measured at room tempera—
ture as a function of (a) PAM contents; (b) THS—PSA contents
added 7 wt% PAM according to thermal crosslinking temperature.
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meq./g membranes YERH O H Aqtollq #|Zz¥ PVA/PAM/
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olz]st A¥E EUE o] AEE AFoM ] =L o] LATLE
Adall oLy, Figure 60l Hi= A3t o] PAMO &= S71ol
ue} o] RAE I} Fhaehs A3e vERlt olelst AyE Er
Z O|RAEEI} 7tA &S she PAMS] $59) 7k &%) 7]
QBHR= AS & = Stk $720]29] o)F-2 £ BAIET} Ho|
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Figure 6. Proton conductivities measured at room temperature

as a function of (a) PAM contents; (b) THS—PSA contents added
7 wt% PAM according to thermal crosslinking temperature.
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Figure 7. Methanol permeabilities measured at room temperature as a function of (a) PAM contents; (b) THS—PSA contents added 7

wt% PAM according to thermal crosslinking temperature.

Table 1. The Physicochemical Property Values of PVA/PAM Membranes

PAM contents (wt%) 7

9

Crosslinking temperature for 1 h 120 C 130 C 140 C 120 C 130 C 140 C Nafion 115
Water content ratio 0.64 0.57 0.50 0.48 0.34 0.21 0.19
IEC (meq./g) 0.92 0.88 0.84 1.10 0.97 0.96 0.91
MeOH permeability (cm?/s) 4E-7 3.64E-7 1.34E-7 1.84E-7 1.024E-7 9.89E-8 1.17E-6
Proton conductivity (S-cm™) 0.013 0.0087 0.0045 0.0083 0.0063 0.0022 0.024
Selectivity” 1.58 1.17 1.64 2.20 3.01 1.08 1

*Selectivity = [fabricated membrane conductivity/permeability (X 10° selectivity]/[Nafion 115 conductivity/permeability (X 10°) selectivity].

Table 2. The Physicochemical Property Values of PVA/PAM/THS-PSA Membranes

THS—-PSA contents (wt%)

added 7 wi% PAM 0 : v 7 Nafion 115
Crosslinking temperatre for Lh 120 130T 40T 120C 130T 10T 120T 130T 140C 120C 130T 40T

Water content ratio 065 057 045 137 1152 047 077 060 027 067 045 021 019
[EC (meq./g) 092 08 084 179 177 169 182 180 176 189 186 180 091

MeOH permeability (cm?/s) 4E-7
Proton conductivity (S * em™) 0013 00087 00045 0.036 0.02
Selectivity 1.58 1.17 1.64 0.21 0.14

364E-7 1.34E-7 851E-6 7.049E-6 506E-6 8.32E-6 6.65E-6 3.67E-6 6.11E-6 547E-6 293E-6 1.17E-6
00097 0042 0034 0013 0056 0051  0.042 0.024
0.09 0.25 0.25 0.17 0.45 045 0.70 1
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