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Abstract: Platinum is used as an oxygen reduction reaction electrocatalyst for polymer electrolyte fuel cells, which

still have many problems such as amount of resource, cost and instability. We focused on Zr oxide-based compounds

which might be more stable and cheaper than platinum. We found that use of oxy-zirconium phthaloyanine as

starting material could improve the oxygen reduction activity. In this study, we investigate the factors which affect

oxygen reduction activity by the thermally decomposed and low p, oxidation methods. As the results, we confirmed

that low p,, oxidation was more efficient to obtain high ORR activity, and the amount of deposited carbon and the

crystallinity of ZrO, might be the active factors.

Key Words: Polymer Electrolyte Fuel Cell (PEFC), Non-platinum, Oxygen Reduction Reaction (ORR), Oxygen

vacancy, Zr oxide-based compounds
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Fig.1 Molecular structure of oxy-zirconium phthaloyanine
(ZrOPc).
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Fig.2 Potential - current curves of TD_Zr-CNOs for oxygen
reduction reaction. (900°C, 4 %H,).
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Fig. 3 TEM images of TD_Zr-CNOs and particle size
distribution (a) treated for 60 min, (b)treated for 200 min,

(c) treated for 400 min, (d)zoom of (b) (900°C. 4%H,).
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Fig.4 Relationship between weight change and heat treatment-
time (900°C, 4%H,).
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Fig. 5 XRD patterns of TD_Zr-CNOs. (900°C, 4 %H ,).
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Fig. 6 Dependence of iozz at 0.8 V and half width of TD_Zr-
CNO on heat treatment time. (900°C, 4 %H ,).
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Fig. 7 Relationships between iozz at 0.8 V and heat treatment
time of catalysts.
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Fig. 8 TEM images of catalysts (a) TD_Zr-CNO treated for
200min, (b)zoom of (a), (c)LO_Zr-CNO,,s treated
for 400min, (d)zoom of (c).
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Fig. 9 Relationship between weight change and time during
heat treatment.
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Fig. 10 XRD patterns of LO_Zr-CNOs.
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Fig.11 Relationships between half width and heat treatment
time of catalysts.

B4 1212, LO_Zr-CNO e O TD_Zr-CNO o filt #8355 1 &
T DORALYRL T O PR (RidhE) OBIfRZ /R L7z, TD_

98 MEEH VOL13 NO3 2014



Zr-CNO 1 200 533 LA o Pk g & fil 55 P 2513 12 W)
BETHL0, 7uy bHEE 5> TL T VIR ML
DI WA, LO_Zr-CNO D354 13 5t 7 Pl g A3
T HMEMNZR LIz, 2O X9 REMOEN L, KEERE
FWHIZ XA — RV BRRICEELEZOND, N
9ITRLAE DI, LO_Zr-CNO iI#r 4 — K v B dim
10 wt% FEE TR EEEEZ R Lze 20 10 wt% 1E. #i
WO X, FlH—FRrOREE LT, BTEE/ A
DOHMEFE & AL £ O &% X 2 BUSERFE OB INAN F
VALZZIRBIZH L LEZTWD, TDOD, i)k
ﬁ&ﬁ—ﬁyﬁfiﬁww%tﬁott%@@%%%E
OWEVER ORFET, 12T Z OMBEEED Y E 5. LO_Zr-
CNO, 5 i, @$ﬁrﬁ Wz, M — KR Uk
D10 wWt% (27 5 72O ORI AFL L F 72 FRALY O ok
ROV, RO WEEIRE T 10 wt% 122 1) |
LO_Zr-CNO. s O CTlds &S EEE R L7ze —J7. LO_
Zr-CNO, 5 1&v 200 7 OBIHIC L > TH £ 9 £ 10 wt%
OIS — RV BREREIC R > 720 FRRICEETNRA 2 ST
720, ALY ofE M TD_Zr-CNO L R 555, Fh
THEIMNE LO_Zr-CNO, o5 & O b il P # O W IKRE
X% oTBY., ZTODIMBGTEDSREENIZI Lz &
EZOND BRI A Z NP, FICRL 25 & TS —
RYOBREENL R, BFEBSAPBRTES, &
WZIE. BEREATEN T 572 0mERIL (M) A
WAL, SNHDOZOORFIC X ) EEEIME T Lz &
EZibhad,

3.3 EHZEHCOERICHTIER
1312, ABFZEIC B TR L 72, 900T % TSl

w
(o)
o

00 F LO_Zr-CNO,q 5

li orr@t 0.8 VI / mA g, /c

o

05 10 15 20 25 3.0
Half width / degree(CuKa)

X112 fIEOENE & FETEORER
Fig.12 Relationships between jyzz at 0.8 V and half width of
catalysts.

Otz=
Q
‘_§ -100 ﬁ
< TD_Zr-CNO
E 200} @ \
& LO_Zr-CNO
2-300}
-400 : :
0.75 0.8 0.85 0.9
E/V vs. RHE
13 i OE R — B S HEEHR
Fig.13 /- E curves of catalysts for xoygen reduction reaction.
FimDH
MWCNT ”“}\ W H—hR
B fiz g EEERDTIE
[:3[RIEE
@ \
BARZETL

(GEMER)

‘ Zroz#ﬁ ‘
o= @,

K14 ZrOPc % F\ /-ORREDEEEL1 X —2
Fig.14 Image of activity change of ORR catalysts which used
ZrOPc as the starting material.

D & D fil it L. TD_Zr-CNO Jz O° LO_Zr-CNO filt # o
FNZE NS TH SN MBFER TS DB — B
MR L7z SO RO & T, LO_Zr-CNO, ¢ 5
. 0.8V TH 6 BRI L2 FEI L 72 2 DR
FOEREZ, ISR LAZLHI DT TEZTY
LH, ZTNERK IR LEARZ AV CHNT 2,
T, AL 7% 900C F CHR L7272 ok, K
PEAME &\ I 7 ZrO KEF A Ly 2 D FK

BT A — R VB BOIR TV S 20 EDMR . Zh

MFEM VOL13 NO.3 2014 99



JAREm L Paper

WA LT ANEEZPA TOBE % I 2 72 TD_Zr-CNO
DYty A S OB Rz, A —R &
AT, ALk T o TEAT I B L, SR E D
) BEEREILOBAMEE SN D 2 L2 & ) BIAEAHM
L7z (K14®)o KW, KEERE T ORI IC X

DHTH A — RV DB s, BTEE SR EHERLOD,
WAt iH % B S ¢ OB R IO RIZORA), &5
WAL (K14 @), 72720, FHEAA A
Fr oo, B O HIREIX 200 5L TD_Zr-
CNO LR o720 HAHHE, G & & 5REZEIL
DT R e EZ b5,

TD-Zr-CNO &, iG55 K LL s s
BaAT) & BEZAPBEILY ., S e LT
WA LIEEDME 9 50 LO-Zr-CNO D54, #riti s —
Ry OWITEY . B OBBERBIHMT 205, =
NE L DICETEE S ZAORESHEEE 20, F 72K
BT LIL), FRAFTACE TN LMHE L L
L. Bt 000 65 o1 P T & U Clh < BE R 22 AL IR S
BORAWMREHE TR B £ 2 5N b, KiFEDME
B TIEL LO_Zr-CNO. .5 @ 200 S5 ALEE A 5 b i 1k
Tholzds iy —Rr o iftbs LTk
FRILOWH 2 dlbs 5 2 10k 0, B2 EiEt s
ERTEDLLEEZ TV,

4. &

O

rTERIIVNVaIZyATIUYT S ERMEYEELT
Zr At 2 X—A & L7ALE W 2R L. PEFC HIE#E
GV — Nl e UCREE L 720 Bk & ARER R o)
JERRALE Tl 2 /E R U, S 14 O Se B 1 &2 BT L
720 ARFmCTIIAFIS, BALWRF ORESPEE AT A — K
VRICEH U7zo BREY O — RT3V 1 R0 L PR
BICX 59, 10nm BETH > 7o BGMHEIC L DR L
72 TD_Zr-CNO Tid, #iHiy —FK v &% —EIC L7 IREE
Ty ALY ORSEOREEZ WD LN TET, ZOK
. BALY OREREOZLA, ORRIGFHISEE Y52 5
CENDho Ttz FENEH S TR WS, Km0 Z L
A5 PR E LTl C BREEILOTER EBb o T b T
M7z KERFE S ERILECTER L 72 LO_Zr-CNO T
& BRFGIE &P A 2 LS5 2 LT il — R
VREEEEL Lotz i —KR i3, BT
{RESZA TR B 5 RS BRIk 210 % B8 LI
NG 2 R S/ 5 WD =RV %, FWATACEZ
NLMETHRBERET A LICX ), BEE SR 2 MR
LoD, KIDHEZHMSE5Z LN TE L, FRAHD

BRI A DB L) . ALK Of . O w TS
TER O B2 2T 5705, AFERGEMATIE, wEliGtE
#7300 mAg ' . c@0.8V & fH7zo HTHHA — K> DR
MR E LTl S RFRELOBR 2 b d 5 2 L2 X
0. W75 eI T E %o

i

WL LTHw ARy ova=ya7suy 7=
YIEKHAEERA S X ) TRV 220 REFRI
() Fr T A F— - EEBRAREGHEREOZED O b &
ATb N7z BREMITE#BE L 3

Z#E R

1) Y. Ohgi, A. Ishihara, K. Matsuzawa, S. Mitsushima,
and K. Ota, J. Electrochem. Soc., 157, B885 (2010)

2) K-D. Nam, A. Ishihara, K. Matsuzawa, S. Mitsu-
shima, M. Matsumoto, H. Imai, and K. Ota, Electro-
chim. Acta, 55, 7290 (2010)

3) A. Ishihara, M. Tamura, K. Matsuzawa, S. Mit-
sushima, and K. Ota, Electrochim. Acta, 55, 7581
(2010)

4) A.Ishihara, M. Tamura, Y. Ohgi, M. Matsumoto, K.
Matsuzawa, S. Mitsushima, H. Imai, and K. Ota, J.
Phys. Chem. C, 117, 18837 (2013)

5) K. Ota,Y. Ohgi, K. Nam, K. Matsuzawa, S. Mitsu-
shima, and A. Ishihara, J.Power Sources, 196, 5256
(2011)

6) S. Yin, A. Ishihara, K. Matsuzawa, S. Mitsushima,
and K. Ota, ECS Trans., 50(2)1785 (2012)

7) S. Jayakumar, P.V. Ananthapadmanabhan, T.K.
Thiyagarajan, K. Perumal, S.C. Mishra, G. Suresh,
L.T.Su and A.LY. Tok Mater. Chem. Phys., 140
176-182 (2013)

8) E. Karapetrova, R. Platzer, and A.Gardner, J. Am.
Ceram. Soc., 84(1)65 (2001)

9) H-T. Su, R. Wang, H. Fuchs, J. Gardner, W. Even-
son, and J. Sommers, J. Am. Ceram. Soc., 73, 3215
(1990)

10) V.S. Stnbican, in Science and Technology of Zir-
conia I, edited by S. Somiya, N. Yamamono,
H. Yanagida (The American Ceramic Society,
Westerville, 1988) Vol.24, p.71

100 MEEM VOL13 NO.3 2014



