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Abstract : In this study, Nafion membrane was modified to prevent methanol crossover by
layer-by-layer self’ assembly using polyaniline (PANi) as a polycation and sulfonated poly(ether
sulfone) (SPES) as a polyanion onto the Nafion surface. Since PANi and SPES possess thermal
and chemical stability and rigid backbone, their layer-by-layer self-assembled films on the
Nafion are expected to reduce methanol permeability and to increase mechanical stability. UV-Vis
absorption spectroscopy verified a linear build-up of the multilayers of PANi and SPES. We found
that the thickness per bilayer was about 10 nm by TEM measurement. Although modified Nafion
membrane exhibited 15% decrease of proton conductivity, it reduceded 67% of methanol per-
meability compared to that of the pristine Nafion membrane, resulting in 2.5 times larger selec-
tivity. At the performance test of the fuel cell using 5M methanol as a fuel, the modified Nafion
membrane showed 2.4 times higher maximum power density at 30°C and 1.4 times larger at
60°C than the pristine Nafion.

Keywords : Polyaniline, Poly(ether sulfone), Layer-by-layer self-assembly, Nafion membrane, Direct
methanol fuel cells.
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Fig. 2. UV/Vis absorption spectra of multilayers between
PANi and SPES by layer-by-layer assembly (a) on the
quartz glass and (b) on the Nafion membrane. The inset
depicts the change of the absorbance at 275nm as a
function of the number of bilayers.
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Fig. 3. (a) TEM image of cross-section of the modified
Nafion membrane deposited with 10, 15, 20 bilayers of
PANi and SPES, and (b) EDXS line scan experiment
showing the change of intensity of fluorine and sulfur
content from the Nafion region (A) through the
multilayers to carbon grid region (B).

bilayer2] PANi¢} SPESS] t}& #1729 uhehS &4
A7l Ao WA S #EE TEM Abdlelth, v &
w9 9ol @9 E 7249 w7} PANi®} SPESS]
T Ap712 9 gpdroltt, thE 247 Z g wheke]
£ 10 bilayer2] 7% ¢ 90 nmo] 3, 15 bilayer] 735
oF 145 nm, 20 bilayer®] 735 ¢F 210 nm& &4 5[
bilayer @ ¢ 10nm® 7 Z712 Jepd & g9
< 23T Fig. 3(b)= 1h 2 2 9]0l A= 10 bilayer
e 2P 29 vhete] AR E91E fls) 9% 27 9
U2 FY A o A7) wheto] A G
B7FA] EDXS9] line scannings &3 &
Oﬂt} Fig. 3(b)e] L.8F Tz er BEo

Jo0 2 Zbpg bR o] AR B
37% g g Holi, o 27| 2q vkt
T B Yo g2 Frtshs Ao ® Hop
v & o] 3 BYl| 77k G99 o] F& W

sdS & Ak

03 A7|x2q Ao s viEE
Oﬂﬁxﬁl A A o s 85 dlsty
] J/],E aa) o]g A=

N il

Fig. 4L 5, 10, 20 bilayer= 7| &
2 AT 9 ol ARE 34

Zolo}, 28] wghE F3egl o

o
0,

© mlo
oo x gy

% o

jnd

% o oo 2

o O M rr oo

N1>él~>

;
o
ro

(<3

1
|
o 4

M o
2,

éiﬁﬂﬂ
)

RN

o
o

flo 3L
2
Lo

i
ot
b 2

O_u r[jN
o
o B ¢ ©
A w8
1o rd
o 4

19 1.00
1.8
1.7
1.6 - 0.90
1.5+
1.4 -
134 - 0.80

O
129 T~ = o Lo

14 7777 ~

-0.85

1.0 lo.70
0.9
08
074 \ | o.60
06 u

I 0.55

t0.65

Methanol Permeability (cm3/sec) x 10°
Tonic Conductivity (S/cm) x 107

0.5
0.4 . . . . . 050

Number of bilayers

Fig. 4. Methanol permeability and ionic conductivity of
the pristine Nafion and the modified Nafion membranes.

Table 1. Methanol permeability, ionic conductivity and
selectivity of the pristine Nafion and the multilayer-
deposited Nafion membranes

Relative  Methanol Tonic
Samples Selectivity Permeability Conductivity

(cm?/s) (S/em)
Pristine Nafion 1.0 1.737x 107 8.81 x 1072
5 bilayer-deposited Nafion 210 074x107° 7.89x 107

10 bilayer-deposited Nafion 247 06 x10° 7.54x 107
20 bilayer-deposited Nafion 257 0.58x10° 7.57x107*
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Fig. 5. lonic conductivity of the modified Nafion
membranes at the various temperatures.
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Fig. 6. The polarization curves of direct methanol fuel
cells using the pristine Nafion and the 10 bilayer-
deposited Nafion membranes (a) at 30°C and (b) at 60°C
at the feeding concentration of methanol of 5 M.
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