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ABSTRACT

For the fabrication of high efficient bifunctional electrocatalyst of oxygen electrode for
PEM URFC (Polymer Electrolyte Membrane Unitized Regenerative Fuel Cell), which is a
promising energy storage and conversion system using hydrogen as the energy medium, several
bifunctional electrocatalysts were prepared and tested in a single cell URFC system. The
catalysts for oxygen electrode revealed fuel cell performance in the order of Pt black > PtIr >
PtRuOx > PtRu ~ PtRulr > PtlrOx, whereas water electrolysis performance in the order of Ptlr
~ PtIrOx > PtRu > PtRulr > PtRuOx ~ Pt black. Considering both reaction modes Ptlr was
the most effective elctrocatalyst for oxygen electrode of present PEM URFC system. In
addition, the water electrolysis performance was significantly improved when Ir or IrOx was
added to Pt black just 1 wt.% without the decrease of fuel cell performance. Based on the
catalyst screening and the optimization of catalyst composition and loading, the optimum
catalyst electrodes for PEM URFC were 1.0 mg/cm® of Pt black as hydrogen electrode and 2.0
mg/cm’ of Ptlr (99:1) as oxygen electrode.

FRIIE@20 : PEMFC(ZEAAH AR A8 A A]), URFC(ABH AR X)), Pr(HFole &),
Bifunctional electrocatalyst(¢} 7] 5 x 2 Zul]), Water electrolysis(5 A 3}])
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Fig. 2. Effect of cell temperature on PEM URFC performance with 4.0mg/cm’ Pt black for both electrodes.
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Table 1 Energy conversion efficiency of fuel cell, water electrolysis and round-trip at 200 and 500 mA/cm’ for
various electrocatalysts

Current density (mA/cm®)  Electrocatalyst Erc (%) Ewe (%) Ert (%)

Pt black 56 85 48

Ptlr 55 96 53

PtIrOx 51 96 49

200 PtRu 51 93 48
PtRuOx 53 85 44

PtRulr 51 91 46

Pt 52 81 42

Ptlr 50 91 46

PtIrOx 44 90 39

500 PtRu 45 88 40
PtRuOx 48 81 39

PtRulr 45 86 39

Ewe = AH/(nFEwg), FC = (nFErc)/AH

Ert = E€we-€rc = Erc/Ewe
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Table 2 Energy conversion efficiency of fuel cell, water electrolysis and round-trip at 200 and 500 mA/cm2 for
PtIrOx and Pir electrocatalysts

Current density IrOx, Ir content

0 0 (1]
Electrocatalyst (mA/em?) (Wt.9%) Erc (%) Ewe (%) Ert (%)
0 56 85 43
] 55 95 52
200 10 54 95 51
30 54 96 52
50 51 96 49
PHrOx 0 52 81 42
| ] 51 90 46
500 10 48 90 43
30 46 90 41
50 44 90 40
0 56 85 48
1 56 95 53
200 10 55 96 53
50 55 96 53
Pr 0 52 81 42
1 52 90 47
>00 10 50 91 46
50 50 91 46

Ewe = AH/(HFEWE), FC = (nFEFc)/AH

Ert = Ewe-Erc = Erc/Ewe
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