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Abstract: Development of non-platinum electrocatalysts for oxygen reduction reaction (ORR) is required for
real commercialization of polymer electrolyte fuel cells. We have focused on group 4 and 5 metal oxide-based
compounds, because they have high chemical stabilities in acidic media and are less costly than platinum. In order
to obtain highly durable catalysts, we proposed oxide-based cathodes without carbon. Although both creation of
active sites and formation of electro—conductive paths are necessary to these cathodes, it is difficult to achieve
them simultaneously. In this study, we focused on the formation of active sites for ORR to understand the condition
at which the ORR generates. We prepared Ti and Nb-based oxides by high concentration sol-gel method and
investigated the effect of reduction heat-treatment temperatures on the ORR activity. We found that the heat-
treatment temperature of 700 C under reductive atmosphere was suitable for achieving high ORR activity.

Key Words: Polymer electrolyte fuel cell, Non-platinum, Oxygen reduction reaction, Oxygen vacancy, Carbon free
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Fig. 1 Potential-current curves of specimen heat-treated at
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Fig. 2 Comparison of steady state cyclic voltammograms by
catalyst ink method.

MFEM Vol.15 No2 2015 81



IAREAIL__Paper

®, 0.1M H,SO,. BFFMA. 30 CHIZTEFIREIZ
%oz CVERT. FEIZ, GCOy FOATEONSE
WOV ZW TR L7ze COWA. % %A L 72 E
DFH, GCOARED L CVINEL bbb,
INHDOCVIZ0.15V T TIETEIRIW AL, BE
FHATH 57290 ORR B AN SN T 505, Z0E
I TIEEZ > TWb, —FH, TN LOBEMIBETIZ GC
DHDCV OJiAs, BIHMEHIKE V. ORRBiRZ & F &
WEMIETO CV TOEI ML, BRERBICATS L
ErAbNb, TD70, CVOBRBMEINSL DI LI,
HFE L 72 OB A8 Z L < GC HAM % B L.
BREAEZRD L2 L2 ERT 2, 230, #—F
YERBETREAE LT L 2 BB O &1. 2
DBLZACFFMIZ, A > 7 BCER L 2B TIIAT A
HBWILEERLTWD,

Z 2T, il & M OEE A RS A 7201, RTBRIRTE
Wi GCay FICWA - izl L72d & K& 600 T, 10
SCEMLEL L, il A ARICBEE I B 2 L R RA, K
S TONBEE, G A B E 572010, 4% Hy/
Ar ZHA T 10 5. 800 C TRIICHMIM % 17 - 720 &
LT, GCEMD LB D 7212, filtlit 2 ®AiE$. GC D
ATHH UM EZIT 572, K312, (a) SEENIEDOAD
GC i CREVLERD), (b) filtdt % %A €3 800 C 0302k
WLEEE THT 5 72 GC D FEM. (¢) K U¥ (d) filtl % BE & 1)
T 800 C D IEICEMLIL F THT - 72 GC AR i > SEM [
%% R,

(a) & (b) DI D, il % A L2 WIRRET, &T

3  (a) FEFEDAHDGCEME CRELIE) . (b) M Z2HE T
BITEALIE F TIT > --=GCOFKME. (c) XU (d) Bl % 5t % 1
T % 7= IETTERIE £ TIT - 7-GCEEREDSEME %
Fig. 3 SEM image of (a) untreated GC surface, (b) heat-
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with good electrical contact between oxides and GC
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Fig. 4 Comparison of steady state cyclic voltammograms by
baking method.
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Fig. 5 Relationship between amount of loading and electrical
charge of oxide catalysts.
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Fig. 6 Potential-iozs curves of specimens prepared at 600,
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Fig. 8 X-ray diffraction patterns of powder catalysts prepared
in 4% H,/Ar.
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Fig. 9 Peak shift of X-ray diffraction patterns of powder cata-
lysts prepared in 4 % H,/Ar.
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Fig.10 Ti 2p XPS spectra of powder catalysts prepared at 600,
700, 800, 900 and 1050°C in 4 % H,/Ar"®.
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Fig.11 Relationship between reduction temperature and area
ratio of Ti3*'%.
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