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Abstract: Platinum, which is used as a cathode electrocatalyst for polymer electrolyte fuel cells, has many problems
such as its high cost, small amount of resource, insufficient activity for oxygen reduction reaction, and insufficient
stability. In this study, in order to improve durability of the cathodes, we prepared carbon free oxide-based cathodes
which were composed of titanium magneli phase (Ti,0;) as electric conductive and complex oxide with oxygen
vacancies as active sites (Ti;0,~Ti,M,0, [M=Nb, Ta, Zr]). The ORR activity of the Ti,0,-Ti,M,0, was higher
than that of the Ti,0O,, indicating that the active sites might be oxygen vacancies on the complex oxides. The ORR
performance of the Ti,0;,-Ti,Nb,O, did not deteriorate during potential cycling from 1.0 to 1.5 V vs. RHE as a
start/stop cycle test. Therefore, we successfully demonstrated that the carbon free oxide-based cathodes had high
durability in high potential region. This result indicated that carbon free oxide-based cathodes had great potential as
alternative catalysts for platinum.

Key Words: Polymer electrolyte fuel cell, Non-platinum, Oxygen reduction reaction, Oxygen vacancy, Carbon free
cathode

VRED DB D20, EHEEE L L TH&E% i
LT ME%R 5%, A&REREND R »oEfliT
» Y. PEFC OARKEE KK L TR & e fE & 7% 5 felk
Bdhbo SHIZ, B RRRHERIC X > THED W -

1. #S

EARE T E R (Polymer Electrolyte Fuel Cell :
PEFC) &, BWHRHT AN F -2 HEL, miEh

Pohb7zo, REMEERE L LTEMLEIN, 25
B A BN OB I & L CRHEIMEA TS, LA
L PEFC 3R CEE) X % 72012, BRMTOM R
JeBE (Oxygen Reduction Reaction : ORR) 28w & W

FIT B eV L ERoTWE Y, 20728, PEFC
DARKEAL Je D 72 DL BTG DD WA 70 I SRR I
filt it D B DS EAH T d B0 PEFC H DI 48 358 7o il ikt
E LT R I F OBRERE SR> SER L 22l <,

BESEH Vol.14 No2 2014 65



JRREML__ Paper

RuRIr &L Vayr MW ErH )., $CIllh4
filt it & S OH VR ZRT E VIS H 5%, L
LaASWFRofiEd v — FokEE, >% ) BitEsro
BALTZHAR & v 9 i il BB o &t T4 Tid R
Vo
HEHESIIINT T BLABOBREETH 5N - ML
RCREER 4 - SIREBEBRERRILY 2 X— A1 L7284
BRI OS2 T- T 2%, BiC, #3248
IIRTT R, ZRBA—RYF ) Fa—TIHEL,
KERFZ 0 T CAULIE L -l i3, IR R ooilitiE 2
FoZ etz AMLAEY, Zoiz7 sy 7= v gk
SHTHT 20— KU RN AETEEELHS 2 LT,
AL FEH L Twb, LA L, Hrilh —R ke
LTHWTWAE I =KV F ) F 2 — 73BN TN L
T5720, BOIFAEIE SN WAREWN R E 72 - T
Wbk, 2T, KIFETIE. BIFAMBEOHIE D20 DIk
BREE LT 7—Rra2&GThwh—Rr 7Y —BtW
ROV % 37

BABAB TV B RS L ETH L, INF
TOMFED S, IHMEMIXIT TR EEBRILIREIC S 2 BRI IC
FAET BBERILTH LI LD bhoTWEY, $720 &
e it HEEEZHIWE L LT, BKkOF ¥ VR
Ti, 0, CFHL7ZY, 22T, Ti,0, & FITRESHBRICRE
TR EILE FEOBATRILY 2 AL bR 72TV ilo
VEB 2 ik, IEVE R OB A % 3-4li L. PEFC MR
FRICHEEAN O B & Meat L7z,

2. h=—FK27) —BACHBEDER
st

PRI BIT B, I —FK 7)) — B R D%
FHgH 2 RN B, BRI X0 2 B HSE L E T
Hho HEXHFTLHEMAKE LT, =K L) biFatk
DECEHOBBEEBMARET S T2, AEidE
WEREE A RO, AEL BRI REICHFFT 5 2
LI2X 0. HIBRSEEEOE IR T bk LT
T&%o L L. B RliE o i s 3 M L IR 12
WCERALY) EICHAET 5 O T, iV & RO B L R st
OMFFTIX, ALD L) BB RN Lo RIIMFETE R
Vo 00, HKRZEOLOL LT HSREENEEZAT S
MEZEZHCLLEND D, €Ty AWFZETIE, —FK
VACPEES % BB 2 F ok o TiB LW TH % Ti,0;
WCAEHLZZ. FLICTIO, EHROr vy F2 7597
EC-300] ®3& &Ml E#H %73, Ti,0; & EC-300]
IR WSR2 R0 720, LY Rk o

=1 Ti,0.&7vFx>77v7EC-300JDLLEH
Table1 Specific resistance of Ti,O, and Ketjen Black EC-

300J.
A e (Q cm)
Ti, 0, 0.437
EC-300J 0.0353

RELTHETHD EEZ DN D,
EEIAICIEE S 2 RS 5 ik e L TER R E R
B A ZEZONDH, S, WK 7ot Ap
BHBR—VINVEERE Lz, T3, W MIES®
ECHER T 52 L L Lice 2D Nb,05 H 5V
Ta,05 ZrO, & TiO, Z. TiO, Z @I % 2 H A& THRA
L. ZhZ2XR— VI V$5IZ LT, TiO,H1I Ti & Nb,
BBV Ta. Zr OBEATRILY SIS IA F N7 wibEAR K
AT Do T ORI K % B iR IE IO IR P C AL 3
% Z LT, TiO, % Ti,0, (28t LE SN2 iR T %,
RIS, TiO, L W BTG LIS WEEZ SN AR
PR ZILZEA L, S OEE 21T ) o ABI%ETO
D4 A — Y %2R 1 IR L7

Ti4(_)3
M (Nb, Ta, Zr) O,

Tﬁ—JbSJb;f\
TiO, %ﬁﬁﬁﬂﬂ
=T xEFD

EEBR{EY
BT MR/ EY(TiL,0;)

K1 H—KR>T7U—-BLODRMBEEROA X —-TK
Fig.1 Image of preparation of carbon free oxide-based
cathode.
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Fig.2 X-ray diffraction patterns of reduced TiO, powder.
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Fig.3 X-ray diffraction paterns of precursors and catalysts
prepared by heat-treatment in reducing atmosphere.

AER L 72 filE o> SEM MifR 2 /R A L 72 fillit
(EE um BEDIEFIZKE 2+ RI12 0.1 um R DR
WML 72 & 9 BRIIRTH o720 EimT ORI X 1 KL
FEPERL TV D, RAEFREVD, ZhH Ol
DIERMIRIZIEF /NS Vo BITTEED 720 1213 E A
HETH D,

(a) Ti,0~Ti,Nb,0, (b)Ti,0,-Ti,Ta,0, (c)Ti,0,-Ti,Zr,0,
X4 Ti,0,-Ti,Nb,O, (a). Ti,0,-Ti,Ta,0, (b) RV'Ti,0,-Ti,Zr,0,
(c) DSEME{%& (1050°C. 40h. 4 %H,/N,)
Fig.4 SEM images of Ti,O,-Ti,Nb,0O, (a), Ti,O,~Ti,Ta,0, (b),
and Ti,0,-Ti,.Zr,0, (c) (1050°C, 40h, 4 %H,/N,).
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Fig.5 Potential-current curves of Ti,O,, Ti,O,~Ti,Nb,O,,
Ti,O;-Ti,Ta,0,, and Ti,O,~TiZr,0O, for oxygen reduction
reaction.
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Fig.6 X-ray diffraction patterns of Ti,O,~Ti,Nb,O, with different
heat-treatment time.
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Fig.7 Potential-current curves in N, atmosphere of Ti,O,-
Ti,Nb,O,s heat-treated for 40 ~ 60 h.
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Fig.8 Potential-current curves of Ti,O,~Ti,Nb,O, and Ti,O; for
ORR.
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Fig.10 Relationship between peak position of 2 0 0 lattice of
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Fig.11 Ti 2p and Nb 3d XPS spectra of Ti,O,-Ti,Nb,O,
reductive heat-treated for 40h. Ti 2p; before (a) and
after (b) heat-treatment, Nb 3d; before (a) and after
(b) heat-treatment.

X2 BEBTHNIBICK BT 20X U'Nb 3dD fifi £ Z 1E (1050°C.
40h. 4%H,/N,)
Table2 Valence change of Ti 2p and Nb 3d due to reductive
heat-treatment (1050°C, 40h, 4 %H,/N,).

Ti 2p Nb 3d
filiZx +4 +3 +5 +4
ETEHALIERT (%] 99 1 98 2
ETHAIER (%] 1 9 81 19
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Fig.12 Start-stop cycle test of Ti,O,~Ti,Nb,O, prepared for 40

h and Zr-CNO/MWCNT.
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Fig.13 Effect of addition of Ketjen Black EC-300J to Ti,O,-
Ti,Nb,O, on potential-current curves for ORR.
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