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Abstract : We have focused on group 4 and 5 oxides, which are cheaper, more abundant, and more stable than
platinum, as alternative catalysts for the oxygen reduction reaction (ORR) in the cathodes of Polymer Electrolyte
Fuel Cells (PEFCs). We have found that the co-addition of Fe and Zn in Ti oxide-based catalysts obtained by
heat-treatment of nitrogen-containing organic Ti-complexes under low-oxygen-partial pressure leads to an
improvement in ORR activity. In this study, the effects of Fe and Zn additions on ORR activity were investigated.
The addition of Fe promoted the formation of titanium carbonitride and rutile TiO, to improve the ORR activity.
However, excessive addition of Fe might inhibit the ORR activity because of the formation of Fe and FeC;. On
the other hand, Zn evaporated during heat-treatment and did not remain in the catalyst. Zn might form a crevice
structure in the catalyst and increase the effective surface area, thereby further promoting the ORR activity
enhancing effect of Fe.

Key Words : Polymer Electrolyte Fuel Cell (PEFC), Oxygen Reduction Reaction (ORR), Oxide-based catalysts,
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HAEEM Vol.23 No.3 2024 83



IAREMIL__Paper

1. #E

FAE 5T E B (Polymer Electrolyte Fuel Cell:
PEFC) (&, MR COESE), INEEAHE & v o 727
B, FEMI V23 —Ya vy Y AT AR BREEILE
BHEOBERE LTHEAINTW5, HED PEFC T, B
FEse s (ORR : Oxygen Reduction Reaction) ASi#EAT
T5HY— RIS LS — R 2L T
Wb, LA L, HEIZEEESHDTRMTH D, HEH
Foh — R Vil iX PEFC OEB) 540 T TR EER N
EVSHETH %o PEFC OARKE K D712, HAaUE
e LT, BERMEHIHAR TR THERDNE 4, 5
B ATER ShTwg

INETONRET, FHEFFRNVT 1) ¥ BIKTI K
(TiOTPyzPz : ¥ 3 F 5 =L F S E¥SY I RLVT 4
SVY) EREWEHELTIWT, £RBI—FKrF/Fa
—7 (MWCNT) KL LTR=VINICLOREL
B ONTHbR A% . (RERFEE T TR T 5 2 LI X D E
N/ flEDS, BN ORRIEMEZ AT L2 L2 RIL
72907 =) T RBITHE N — 7 Ti B AR R
THER DB DIGE 28 2 5 Witk iy ShTw b ®,
ZZC, FA1E, TiOTPyzPz IZFe. Ni. Zn & &% RE
L. JITRKRMN TiIOTPyzPz Mk % G L. KERE 5L
TORERL LT S 2 BTN Ti N — A FRAL Yy fil it %
EBLL 72 Z LT, Fe. Ni. Zn O®RIIZ X D ORR {EPEAS
MEdaZ ez lMLTEZYY, F72, Rj#E RUEH
EEHT LA IR S T TR T A L, BHN5
Ti B ORIMIHTH Y — Ry PER SN L, 2O A
— R MR O BRI LY RN S A 2RI 5 O THE
EThsb W, ek, Wih— R OBREZIMHTAHKT
MWCNT ##M LT &72A% Fe. Niv Zn 2@ L7=84
121 MWCNT 2L 7% < &b, ATl — R ¥ &N
MWHTEX2ZED b2 T LTERITHEFEMOFTY,
$FIZ Fe KUY Zn 2 FIRERIN L 7255602, 2R 19 7% ORR 1%
Yo EABEgR s N2 Y, Lo L, Fe® Zn ® TilCx
T HEWMEEEEL S 7L & D ORR IEENDEEDIR
AT TH L, £ L THERLIEER LD, Fe
R Zn OEFMAT ORR M Fx b 725 L2 BN A T L.
A7 4 — Ny 72 2 EHFBEETH S,

ARFFE T WM RO E 22> 72 Fed Zn (3 EH L. Ti i
X AWML R 2 T N2 S T2 /ER L, ORR
OB ZTARTz, S 512, oY I LA E % 3
X, ORRIFME L OB Z AT L2 LI2X ), Fe. Zn®
TINEY R ORI % A 72

2. RBHGE
2.1 MIBENAE

23-VvT 2TV RE FEL AV TaRFY
Kz, F/0 212MA T, 240C T, BEEITVEDLDS 8
BERIAEEE L. BiBRIR & L€ TiOTPyzPz (K1) O&/W%
110720 BILEBRMOIzD, A HRREICHEBRSL, BEME R
5. —H. FERFOREERRAEL. TiIMATFe®
Zn & & A72 TiOTPyzPz 6 L7zo C OHiEREZ, 2
%H,+0.05%0,/Ar OAKREEFH 5311 T, 900 C T 3 h #A L3
L. Fe. Zn @00 Ti MALW X — 2l #1572, &BTHED
WIET- L, Fe o4, Fe/Ti = 0. 0.05, 0.1, 0.2,
0.3, Zn ®¥f. Zn/Ti=0, 0.1, 0.2, 0.3, 0.5 & L7
25 DRAE DR E Lz, RO, &FIcEZRMLT
W WS AL 7z S ARMICE & TSNS 5
it &Kl L, Bz 1, Fe/Ti = 0.2, Zn/Ti =
0.30k X, Fe0.2-Zn0.3 £ ¥ %,

2.2 ¥vy7948VtE—-ar

AEHCE TN A TRD 720, BR~ v 7V
(FUW220PA) %\, il 2 K& H 1000°C T 1 h 2
HL, 23, LHFHROEEX), HEh oL
W& A= (Oxide Ratio [wt%]) &M L7z, BET LK
Riix. @HEWA52E (BELSORPmini II. MicrotracBEL
Corp.) ZX D illsE L7z, Ti M bW oEXEROWE X, Ti
FEALW I RIS § 5 5-ANFKA V7 7 IVEEF LY
7 2 (Monosodium 5-Sulfoisophthalate : SIS) @ 0.2mM
N, N-VAFNVENVAT I FEEH5.0cm® 12, filli 10.0mg
ZREL, 1I0CTIhiEHR L2k, UV-visllEIZ XD
Hoh s SISWAEEN S, Ti IR S, Z5H L
722 bR R SR O SRR 1 R S R B A R B M
(FE-SEM : H¥iNA 727/ my—X, SU8000) #HwT
B L7z B oO&EICE Ti. Fe. Zn O ERIE, ICP

1 TiOTPyzPz (A ¥ FHE=-_I LT IEFT/KRIVT1F
V) ORFIEE
Fig. 1 Molecular Structure of TiIOTPyzPz (Oxy-titanium tetra—
pyrazino-porphyrazine) .
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Fig. 2 Cyclic voltammogram under nitrogen atmosphere of
Fe0.2-Zn0.5.
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3 Fe/Ti=0, 0.05, 0.1, 0.2, 0.3. Zn/Ti=0, 0.1, 0.2, 0.3, 0.5&
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Fig. 3 Oxide content ratio of catalysts (Oxide Ratio) with Fe/Ti
=0, 0.05, 0.1, 0.2, 0.3, and Zn/Ti=0, 0.1, 0.2, 0.3, 0.5.
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X4 a) Fe0-ZnO. b) Fe0.1-Zn0. c) Fe0-zZn0.3. d) Fe0.1-
Zn0.3. e) Fe0.2-Zn0.3 RV f) Fe0.1-Zn0.5MDSEME[{§&
Fig. 4 SEM images of a) Fe0-Zn0, b) Fe0.1-Zn0, ¢) Fe0-
Zn0.3, d) Fe0.1-Zn0.3, e) Fe0.2-Zn0.3, and f) Fe0.1-
Zn0.5.
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Z{b & ¥ - & & DBETHXREE (Seer)
Fig. 5 BET specific surface area of catalysts with Fe/Ti=0,
0.05, 0.1, 0.2, 0.3, and Zn/Ti=0, 0.1, 0.2, 0.3, 0.5.
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Fig. 6 a) Oxide surface area of catalysts with Fe/Ti=0, 0.05,

0.1, 0.2, 0.3, and Zn/Ti=0, 0.1, 0.2, 0.3, 0.5, b) Rela-
tionship between Sger and S;ige-
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Table 1 Atomic ratios of Fe and Zn to Ti of Fe0.1-Zn0.3,

Fe0.2-Zn0.3, and Fe0.1-Zn0.5 calculated from ICP

results.
TilCx§ 2 RFEHE
Sample Ti Fe Zn
Fe0.1-Zn0.3 1 0.12 <0.01
Fe0.2-Zn0.3 1 0.23 <0.01
Fe0.1-Zn0.5 1 0.11 <0.01
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Fig. 7 a) ORR polarization curves of Fe0-Zn0, Fe0.1-Zn0,

Fe0-Zn0.3, Fe0.1-Zn0.3, Fe0.2-Zn0.3, Fe0.1-Zn0.5,
b) |iors@0.8V| of catalysts with Fe/Ti=0, 0.05, 0.1, 0.2,
0.3, and Zn/Ti=0, 0.1, 0.2, 0.3, 0.5.
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8 a) Fe/Ti=0, 0.05, 0.1, 0.2, 0.3.Zn/Ti=0, 0.1, 0.2, 0.3, 0.5
EERSBLEEEDERRE. b) Seer EC,DEAR
Fig. 8 a) Double-layer capacitance of catalysts with Fe/Ti=
0, 0.05, 0.1, 0.2, 0.3, and Zn/Ti=0, 0.1, 0.2, 0.3, 0.5,
b) Relationship between Sger and Cy,.
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