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Abstract >> High temperature proton exchange membrane fuel cells (PEMFCs) using phosphoric acid (PA) doped
polybenzimidazole (PBI) membranes have been concentrated as one of solutions to the limits with traditional low
temperature PEMFCs. However, the amount of reported experimental data is not enough to catch the operational
characteristics correlated with cell performance and durability. In this study, design of experiments (DOE) based
operational optimization method for high temperature PEMFCs has been proposed. Response surface method (RSM)
is very useful to effectively analyze target system’s characteristics and to optimize operating conditions for a short
time. Thus RSM using central composite design (CCD) as one of methodologies for design of experiments (DOE)
was adopted. For this work, the statistic models which predict the performance and degradation rate with respect
to the operating conditions have been developed. The developed performance and degradation models exhibit a good
agreement with experimental data. Compared to the existing arbitrary operation, the expected cell lifetime and average
cell performance during whole operation could be improved by optimizing operating conditions. Furthermore, the
proposed optimization method could find different new optimal solutions for operating conditions if the target lifetime
of the fuel cell system is changed. It is expected that the proposed method is very useful to find optimal operating
conditions and enhance performance and durability for many other types of fuel cell systems.
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Table 1 Results of experiments

(;{r lclizr Fuel A AirA ( E) Voltage(V) Voétflg\e/hﬂ;()p
1 1.6 2.5 160 0.6304 31.510
2 1.6 2.0 160 0.6243 44.950
3 1.6 2.5 160 0.6310 38.000
4 2.0 3.0 150 0.6108 2.690
5 2.0 2.0 150 0.6029 16.783
6 1.6 2.5 150 0.5974 4.604
7 1.2 2.0 150 0.5122 33.753
8 1.2 3.0 150 0.5182 22.253
9 1.6 2.5 160 0.6325 31.590
10 1.6 3.0 160 0.6370 27.706
11 1.2 2.5 160 0.6000 53.129
12 1.6 2.5 160 0.6339 41.066
13 1.6 2.5 170 0.6512 45.961
14 2.0 2.0 170 0.6486 103.802
15 1.2 3.0 170 0.6365 88.200
16 2.0 3.0 170 0.6566 50.201
17 1.2 2.0 170 0.6284 107.598
18 1.6 2.5 160 0.6337 31.510
19 2.0 2.5 160 0.6379 17.765
20 1.6 2.5 160 0.6337 41.066
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Table 2 Regression analysis on the voltages

ACPARTE

Factors uncoded coded
Constant -4.35011 0.63356

H» A 1.10127 0.02616

O, A 0.08672 0.00426

T 0.04534 0.03798

Hy A *H, A -0.10108 -0.01617
O; A ¥0, A -0.01771 -0.00443
T*T -0.00011 -0.01079

Hy A ¥ O A 0.00105 0.00021
H, A *T -0.00447 -0.01788
O, M*T 0.00005 0.00027

7| g, AR IE 2R Mgt wep g
Z}7} 13.6mV, 37.9mV, 53.8mV Z7}gick A3 24
Hloll A 3749 &4 24 5 sl tigt 229 o
E7F 7P A 5716 At s Wehks ddiE e
2 2o AL oF &= gt} dFof 93 AL HIe

QIR 0] -10jA] 022 RSk w 600.0mV o A]
633.0mVZ 33mVE =7 713t whdo], 004 12
Hskek o 633.0mVollA] 637.9mVE 4.9mVHte] Z-
7FHA] ottt B oA 27004 QlAkEo] -1
A 00 sk w7t 0oflA] 12 WSk ket o
= HgkE YEle A 29l & ¢ olok ok A
ool tek 2z QAEe] dFLE HlAgH o R e

—

¢

l

0.04
a : fuel stoichiometry

0.03 b : air stoichiometry L
¢ : operating temperature

Regression Coefficient

Factors

Fig. 4 Regression coefficient of voltage model
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Table 3 Regression analysis on the voltage drops

Factors uncoded coded
Constant -670.289 31.764
Hy M -139.084 -11.369

02 A -8.829 -11.584

T 7.794 31.568

Ho A * Ho A 60.772 9.724
O M * 0y M 42.416 10.604
T*T -0.004 -0.441
Ho A * O A -22.998 -4.600
H, A *T -0.164 -0.658
O, A*T -1.185 -5.926
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Table 4 Comparison of optimized results (3-6) with initial
performance (1) or durability (2) focused results

Z] ok

run H, 0, 2% A% 7];Ho 3t
tme A A T % °:t;§ A v

1 2000 170 276 1700 0.663  53.67 0.609
2000 1.86 271 150.0 0.608 1.83 0.606
1000 1.79 285 167.6 0.660  44.31 0.637
2000 1.94 281 1579 0.640 17.71 0.622
4000 1.99 274 150.0 0.613 0.05 0.613
6000 196 273 1500 0.612 0.01 0.612
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