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Abstract In this study, a membrane electrode assembly(MEA) composed of three electrodes(anode, cathode, and reference
electrode) is designed to investigate the effects of methanol concentration on the overpotentials of anode and cathode in direct
methanol fuel cells(DMFCs). Using the three-electrode cell, in-situ analyses of the overpotentials are carried out during direct
methanol fuel cell operation. It is demonstrated that the three-electrode cell can work effectively in transient state operating
condition as well as in steady-state condition, and the anode and cathode exhibit different overpotential curves depending on
the concentration of methanol used as fuel. Therefore, from the real-time separation of the anode and cathode overpotentials,
it is possible to more clearly prove the methanol crossover effect, and it is expected that in-situ analysis using the three-electrode
cell will provide an opportunity to obtain more diverse results in the area of fuel cell research.
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Fig. 1. Schematic diagram of MEA structure composed of three electrodes (anode, cathode, and reference electrodes).
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Fig. 2. (a) Polarization curves and (b) open circuit voltages and
maximum power density values depending on concentration of
methanol solution used.

o Qo] @9AA7} EE w AAZEe R Walshs
= g ALaEe] [ ¥stE A Eh WA, Fig
304 Koz o], Alo] steady-
state] 4] A2 ZEske AS Felslr] 98 0.1A
em”e] FAFE AHMEE As5dRA o A7 H, A
A GAAA] A A, fe= F AHAE Aol HEA
02 FAEHEA AW EYTE T3 7SS B9 S
AE o=} A= A Wyt A-sA YeRaL
USAE FRlsl7] fl8l, S4E MAhs Ayt ==
MAﬂw—VﬂﬂlﬁﬂgﬂﬂWWﬁMME
a Bkt AAR AFS 3 ARFLE Fo] 0.1 Acem™
2 AAHF ‘?j_‘ 039101] &322, Fig. 204 #as A
) Ve 2 AeE veEke Te7F J- sof
Z—J#E— Al et 1 ¢ AHH o7 GolR= s & T UM
OSM oANA 15M HEEE FEE Z71A
L%Zﬂﬂ dl k> Ao Bl YR oL 1.
o} A= FHSto] FAl A
b5 A8l ol WEEe F

= o] BobA oo It
ol ot HRESSH Wghgo] MAER AR

o

ofl Ln 3

flo Pﬂ e
T N o 2

o)

olga Aguleke AmAe] Ax7E 2Egk

A

A 333

gl

(a)l-n'l"l'l‘l'l'!"l‘l
0.5 M McOH (@ 0.1 .ﬂ\cm;‘

0.8 .

0.6 - .

Voltage / V

[ —=@—Cell voltage

0.2 + —e—Cathode 4
—a— Anode

~a~ Cathode-Anode

0;0 i 1 i L " L " L " 1 " i A L i 1 A
0 50 100 150 200 250 300 350 400 450
Time /s
(b) 1.0 ——————————1——1——1——1——
1.5 M MeOH @ 0.1 A cm’_
0.8
>
‘; 0.6 | -
o0 |
(=1 I I T X seLEsERRERRRAR TS
b
o 04F .
-
=@—Cell voltage
0.2  —s—Cathode E
—b—Anodl.'
Cnlho(le-\nodc
n'n L L 1 '
0 50 IBO I‘l] 200 250 300 1%0 400 450
Time /s
l.l] LE T T T T T T 7 T
(©) 3.0 M MeOH @ 0.1 A em;,
0.8 B
-
~ 0.6} -
o
20
=
- — e
e 04
=
—Q@—Cell voltage
0.2 - 5 Cathode il
L —a— Anode
u-u _AJ_l(.‘nllhﬁldQ-‘(\ﬂEdl" L " 1 i L " 1 i il "
0 50 100 150 200 250 300 350 400 450

Time /s

Fig. 3. Chronopotentiometry results of the unit cell voltage and the
anode and cathode volatge directly measured from the three
electrode cell using methanol solution of (a) 0.5 M, (b) 1.0 M, and
(c) 3.0 M. The orange circle lines indicate the difference between
the cathode and anode volatges in each graph.
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Fig. 4. The polarization curves of unit cell and the separated anode
and cathode volatges when the concentration of methanol solution
is (a) 0.5M, (b) 1.5M, and (c) 3.0 M. The orange circle lines
indicate the difference between the cathode and anode volatges in
each graph.
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