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Abstract — 5-cell DMFC stack was fabricated and operated with the load of 4 A for 4000 hrs. After 4000 hrs opera-
tion peak power density of the stack reduced by 27.3%. Two of the five cells did now show performance degradation,
the performance of other two was reduced by 40% and the performance of the other decreased by 60%. The amount of
performance degradation of each cell by long-term operation did not correlate with the position in the stack. Platinum
particle size in the anode catalyst layer of the MEA with the strongest degradation increased and the increase was
severer on the position of methanol inlet than on the position of methanol outlet. However, platinum particle size in the
cathode catalyst layers did not changed for all the MEA’s. Ruthenium crossover from the anode catalyst layer to the
cathode catalyst layer through the membrane was observed after 4,000 hrs operation by SEM-EDX and it occurred for
all MEA’s regardless of the degree of performance degradation. Atomic ratio of ruthenium to platinum in the cathode
catalyst layer was the highest in the MEA with the strongest performance degradation
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Fig. 1. Diagram of S-cell stack.
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Fig. 2. Position in the used anode and cathode catalyst layer for XRD
measurement.

2-2. §7I 28 = 4593 24

4 AS] AFE 7heto] AT FER 4000 A7 § 27 A
~4Jr H|wak7] flefe] A~Eje] Mk =4, A 1V A4, 9

AFol| e ZF o] Aeks =Hs)c).

i%“% aAsled AR5 MEACK el Au=3) 3715 Sais
Zizte] tisto] AR itek =1, 371 ek EE vhre] 91A
% XRDE 5793190rkFig. 2). B3 MEAS] el thsto] 13}
Aekal 7Pk o) An Eul 3 3715 Sojo] tfsjo] SEM-
EDX 23S 39t}

3. gdu ¥ nE

Alzgk ~8e] Ad5E Fig. 3 UrEM%‘ZiD} 1M %594 e
FEANT F715 28] FYEIleH f dld MRl diste]
247} ggn] 27} e Siqlvh. A Afels] Al d‘?&% 1
ocvy WLk 4 A(80 mW/em?), 10 A(200 mW/em?)d ] 25 4
ol & 2] §lo] & Ades VRS & o Utk AAISE e
e miyEH s} 25 Fote] APoR FFEE Aduu 3717
T=A ‘:'HHEIJ_ AL AEU Azl AR T 2] MEA 3F
9] 35 = 55 1k 5= i}, 30 - B¢ 10 A9 AHF
= S7I7IHA Xd_“ A A4S Ak Ha e 17 W(es
mW/em?) o), A 29t 0.4 vell 3lgsl= 2 Velds 10 W40
mW/em?)9] /35S HERSITh

AEHS R QoA 7HEEA] =
EAel 2gk ] H ) weks TR Ao Aﬂ HE é
e Flg 3] Mot F FAE A7) At AY
355 Fig. 40 WE}HJ%E} Z7] OCV *Pﬂ%ﬂ )
27501 1 A AFE 718 & EHA7R] LTt Al
T2 308 B2k 10 AA A5 Fste] 288 2571 60
A ] o|E | 7}x] A& A o7 F7sI T OCVL Hate AF7)
S wolls 2 AEAHE HghEo] F7]5ellA AlslEE e
of gJato] ABe] &7} Akashe HlwA] & AR7F FHE S W
= "9 Hestel &gt &4l gJste] =7 STt 19].

28 ol ] gk EAJS Al 71719 Al A sk=t)

h‘

o olo:q /\EWA _‘Q__

27
O{N 1o, r_m.,
ol o
RoONN A

FIF
N 1o lo

L)



71 St Al 4

1.0 T T T T T T T T
| (@)
ocv
0.8 o ° ° R o A
S
> 0.6 -
o
S 4A
g 04 A A A A A i
—] L] L]
q’ | |
o 10A
0.2 i
0.0 T T T T T T T
1 2 3 4 5
Cell Number
45 : ; . — 18
(b) ]
4.0 A 16

w w
o (2]
1 1
1 1
- -
N »

Sas] . e "
P -\.\ / 175
g 2.0 .\I\. 48 ;
b4 / \l\.\. i 8
o ° —

> 154 / 16

0.5 / 12

0.0 . — .

0 2 4 6 8 10
Current (A)

Fig. 3. (a) cell voltage at OCYV, 4 A, and 10 A, (b) I-V-P curves of
Scell short stack: stoichiometry of methanol and air A=2, 1
M - methanol solution.
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Fig. 4. Temperature of S-cell DMFC stack versus the imposed cur-
rent: operation start at room temperature, current increase
rate of 20 A/h.
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Fig. 5. Pressure drop in the anode of 5-cell stack versus the imposed
current: stoichiometry of methanol A=2, 1 M - methanol solution,
stoichiometrry of air A=2.5.
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Fig. 6. Pressure drop in the cathode of 5-cell stack versus the air
stoichiomitry: stoichiometry of methanol A=2, 1 M - methanol
solution.
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Table 1. Platinum particle size on the catalyst layer after 4000 hrs
operation in the stack (nm)

Cell No. . Anode _ Cathode .
MeOH in MeOH out Airin Air out
1 3.0 3.0 7.0 7.4
2 32 3.0 7.5 72
3 3.0 3.0 7.3 7.0
4 4.1 3.6 7.1 7.1
5 3.6 33 7.5 7.4
Fresh 3.0 7.5

Table 2. Atomic ration of ruthenium to platinum on the catalyst layer
after 4000 hrs operation in the stack

Cell No. Anode Cathode
1 0.752 0.042
2 0.728 0.036
3 0.830 0.037
4 0.645 0.065
5 0.756 0.044
Fresh 0.847 0.005
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