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EE: P A7 FARueg dadx]ef] 28317] 9819 poly (vinyl alcohol) & F41H-5 31 poly (acrylic acid—
co—maleic acid) (PAM) ¢} [3— (trihydroxysilyl) —1—propanesulfonic acid] (THS—PSA)E =43l € 7tad
& ARSIk Alzg uel EAELE sl ¢8led FT-IR, & F34, 88, ol2udhe, o]y, vl
B FIE 59 75 AA810] Nafion 1159} vlasigic A€ 2o o] w832 Nafion 1152] 0.91 meq./g
membrane BT} 34 1.6~1.8 meq./g membranes At E3 ol =] A THS-PSAS =¢34
Nafion 115(0.024 S - cm™) 20} 38 0.042~0.056 S - cm™'& ¥& 5 Iglon, 7hudkel o3l J3e
=t 21 4 5 %ok B8 deks R Tl A9 PAM THS-PSAS T30 & QIEl olewihg<d
oA LT} Frhe Wil Wighg S e 2wkl 39 Nafion 1159] 74-9Hct #2 WEESFAEE vepd
Zlsgirt.
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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 iniroduced 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.

M = Arfeke JE47] (direct methanol fuel cell, DMFC) & @A) o]&
Holx= gjEolL AR H 10 2 AFAEE Yehf= 2o g
YukE o7 AgHAIE =2 58S Uehli= AggeldA A4y

7FedlaL Bgh I8 oleh= S PHT Stk 2 FeHE A

TTo whom correspondence should be addressed.
E—mail: jwrhim@hnu.kr

45

AHA 9o] Fullg Ax=ER) (portable electronic device) ol 24
3] 1%k A7t 8L ik gkt

At AR dehs-g $=02 FFet Sl Sl 4t
o] i oy} AXE e Fu) 4 ole A}



46 4

e,
o

A3 4 eHpolymer electrolyte membrane, PEM) & E5j0] 20
2 ko] Hape} AglEo] WyjeuRE Aakshn FAkER B3t
o ilslekAE MiEeith eEl S IBla F WhAE thEel U
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Anode : CHz+Hz0 — 6H +6e”+CO2
Cathode : 3/20:+6H" +6e ™ — 3H0
Over cell reaction : CH30OH+3/202 — 2H;0+COs
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AEX MEE % xRS o]F 1 PVA(Aldrich Co.
Milwakee, USA)¥= HaixigE 89000~98000.L.% S85] 713}
H 2A2(99.9%) olgslglen, polyacrylic acid—co—maleic acid)
(PAM) = H ¥4 3000(Aldrich Co. Milwakee, USA) S =

E2H, Al34d ArF, 20109
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10 wt% TEH 07 ARl AMEEISITh 3 (trihydroxysilyD —
1—propanesulfonic acid(THS—PSA) & FAEX1SF 202.36 0%
(GELEST Inc., USA) A glo] ARSIt &<k Younglin
pure water system(Seoul, Korea) 2% AJAFsI3ich
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Figure 1. Schematic diagram of the proton conductivity measurement apparatus.
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Figure 2. F'T—1R 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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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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S8R ok FAF 7o) 2798k Nafion 1158 4% 0.91
megq./g membranes UERY M, B AToM #|ZE PVA/PAM/
THS-PSA gol|X Azl oz =2 o]2nd 58L& Lehisich

olgiet ANE BEiE oA EE Ao =L oA TE
el ot Figure 6914 Xz 23} 2o] PAMS] $& 57t
e} o} 2T T} sk RS VERALE o)e3 AE Er)
Z oA ET} 7hA] 93RS 1= PAMS] FedT) sl 259 V)
Mgk A & 5 Utk T4l o5 gl EAEw) Hol
(H:0", CH30H, " & &AJehaA o]53h= Vehicle’ W7FIE2] 7

0.03
—o- Added 9 wt% PAM
— 4 Nofion 1S 0024 Sfem) ——
e
2
L
= 0.021
2
k3]
=}
T
o
8 —
c \\.
& 0014 e
o | e
a “\\_\\,\\
\\\ \\\
\\\ .
&
¥ N T T T T 7 ¥ T
120 125 130 135 140
Crosslinking temperature(°C)
(a)
0.06

0.04+ 7 /

0.02+4

Proton conductivity(S/cm
E\' \
Tg\\
A
5
IR
18

-—w— Crosslinking Teop. 120 C,1 h
—e— Crosslinking Temp. 130 C, 1 b
—a— Cyosslinking Temp. 146 T, 1 h

0 2 4 6 8
THS-PSA contents(wt%)

(b)
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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A7 Mg AgARo A4S 98l PVAE TiYE 8k 7l
Al |2 EAE T36R= poly (acrylic acid~co—maleic acid)
(PAM) 3} A 24 Helgtel £EWNE T/e [3—(trihy—~
droxysilyl) — 1 —propanesulfonic acid] (THS—PSA)E =43t

—~u— Crosslinking Temp. 120 °C, 1 h
—eo— Crosslinking Temp. 130°C, 1 b
—&— Crosslinking Temp. 140 °C, 1 h

MeOH Permeability(cm?/s)

1E8 T T T - e

0 2 4 6 8
THS-PSA content(wt%)

(b)

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 .
. - S S P - Nafion 115

Crosslinking temperature for 1 h 120 C 130 C 140 C 120 C 130 C 140 C

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 : g ! Nafion 115
Crosslnking temperature for 1h 120C 130°C  140C  120C 130T 140C 120C 130C 140C 120T 130T  1407T

Water content ratio 063 0.57 0.45 1.37 1,152 0.47 0.77 0.60 0.27 0.67 0.45 0.21 0.19
[EC (meq./g) 092 088 084 179 177 169 182 1.80 1.76 1.89 186 1.80 0.91

MeOH permeability (em’/s) 4E-7
Proton conductivity S - em™ 0013 00087 00045 0036 002
Selectivity 158 117 164 021 014

364B-7 1.34E~7 851E-6 7.049E-6 506R-6 8.32E-6 6.66E-6 367E—6 G6.11E-6 547E-6 293E-6 L17E-6
00097 0042 0034 0013 0056 0051 0042 0024
0.09 0.25 0.25 017 045 045 0.70 1
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