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Effect of heat treatment of Titanium oxynitride as a non platinum electrocatalyst
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In order to develop non-platinum cathode of polymer electrolyte fuel cells, TiOxNy which
was prepared by a reactive sputtering was evaluated. The effect of heat treatment during
sputtering and sputtering atmosphere on both the catalytic activity for oxygen reduction
reaction (ORR) and the physical properties of TiOxNy has been evaluated. The solubility of
TiOxN, was less than 2.5X 107 mol dm™ in 0.1 mol dm™ sulfuric acid at 30°C and the cyclic
Therefore, TiOxNy which

were prepared by a reactive sputtering had high stability chemically as well as

voltammogram of TiOxN, did not change after hundreds of cycles.

electrochemically in acid solution. The ORR current density of heating specimens increased
with increasing the heat treatment temperature during the sputtering. TiOxNy which were
prepared under oxygen containing condition had higher catalytic activity than that prepared

under nitrogen condition.
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Fig.1 Titanium concentration in 0.1 mol dm- H,SO,
at 30°C as a function of time. TiO,N, was deposited
at 50°C under the oxygen containing atmosphere.
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Fig.2 Cyclic voltammogram of TiO,N, deposited at 500°C
under the oxygen containing atmosphere in 0.1mol dm-3
H,SO, under N, at 30°C with scan rate of 50mV s,
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Fig.3 Relationship between the anodic and cathodic electrical quantity of TiO,N,.
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Fig.4 Slow scan voltammograms of TiO,N, deposited
under the oxygen containing atmosphere at 50°C in
0.1mol dm3H,SO, at 30°C with scan rate of 5mV s,
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Fig.5 Potential-current curves for ORR on TiO,N,

deposited at 50, 500, 800°C under the oxygen
containing atmosphere. (Scan rate =5 mV s?)
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Fig.8 Tafel plots of ORR on sputtered TiO,N, at 50, 500, 700 and 800°C.

FINTEBD2, L5 T, ae DEEDHDUVNE 0
WENIEITT D2 ENRBEZOND, 0. B—ETHDH L
FTHLz=E1E L Tacld03 &AL b5, £72a=0.5,
z=1 LT L 0 ATEBIRD—HEFINT DO T 0.21 £i5
BT 52 LTINS, WTIUC L THERERS:
Tl 700°CLAT & 800°CTE L LT Z L IHERL L 7-fil
EOMIEZ ML TS EEZ BRD, ZDOZ LIZon
TR D XRD 12 L D RTEIZIBNTHD T 9™ Do
ZERAAFCIE Fig. 8 1CMNT/R T K 9 (SHEMUNBNE IR
E < IHEAFEP, HE —180mV dec! OFYEEHANE 5
Nz, L EBRFELMED 800°CTOHA LRI L L )i
—120mV dec! L £ ->TEY ., ac DFDNH DT
0 NENAARIFT D ATREMENE 2 DD, 12721, &%
S CIIFENINENR LN Z X 2 SUSHES OZALoTE A
N OEALODENTIRNEE X HID,
3. 3 fEDFvSHR2YE— 3y
BESRAACER L7tk > SEM Eif% % Fig.9
W R, FEBIIENEE S 50°COAITIE. RIEBB L%
20nm FREORL BB S VD, Lo USESERLOERERIX
BONTHY 7 EIT R LR, ZHUsxt LT,
FEBOMENEEE DS 300°CLLECIISARIiMAIc 0 | kL
8 15—20nm OFESRRIMEIZR X, 300—500°CD
FPHCIIRmMINEBIC R E RZERITR O N2, Fio,
700°CLL ECREARIDREEDMBIEE 41, T00°CT 25—
35nm, 800°C T 40nm—60nm DFEIRINBIER S D,
Fig.10 1@ EMFEEMER OO BFREMCTER L2
TiONy @ XRD [Blf/ 3% — %R, W s Nzl
(50°C) TYERL L 7=l ClE b — 27 D3IEHIT/ NSV, BT

v £ T
7 ]

ol AT
S

Fig.9 SEM images of the TiO,N, electrode.

EIRRA I ©— 2 NaBlIEI R,
(IR T LT 7 ARRETHDH Z L EEHRLTEY
SEM |2 X 5 RMEBIEZOFER L —FT 5, FANBRE
D EFE EBITE—TI13HL o T, TAUTSERINEE
FEO BRI, FER DI T LI 2 L AR LT,
GRS YRR L7 il 3 700°CLA T TIEEIC TiON,
800°C TYERL L 7- it ClIL L RID THO: & [FIE 7=,

£, BEEELIEIZIBT 300°CH S 7T00°CITRIT 5
33" fHEDAA =2 1%, BED LR L bICEAE
Bz 7 L TOWAEADN BTz, ZAuT, FEBRER

-
—



KFETZRLF— 25 A Vol.31, No.1 (2006)

* & 960 00

Intensity / cps

300°C

50°C

10 30 50 70 90

20 /degree-CuKa
a) Deposited in oxygen containing atmosphere

=
5
5
ot

Intensity / cps

10 30 50 70 90
20 /degree-CuKa

b) Deposited in nitrogen atmosphere

Fig.10 XRD patterns of TiO,N, (ca, 0.8 m) deposited at several temperature on glass plate.
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AF—H—Th b=, AR THIE LTz orr 12525
BEHEROPENT L A CEHTE 5,

4. #%

il

A 5y T TR B ML O AFE L K D 7= D12 FE F 4%
FASRIE TR DYRR AT o 72, SUSHEA S 4 1 TR
L7=F & U RRZEACICIEE U, IR AR OIS,
J OV DA TEDMERE & el 2 -2 DB it L,
UTDZ xR LTz, ORIGHEAy ZIETERLTZ
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F 5 REA VIR E T MR L ONER
PR ZEVEZ RO, @EMNENC LV | Ead&E ol
REVIAEEAIC M 5, GleRaet Tl Bitlia 800°C
B2 & IEIIE(50°C) CYERL L 72 TIOKNy (2 F,
BEE 105, EH5MTIE 0TI~ 800C TR L%
20 i, M M) B35, @FFRRICE L CldgHkz
G AT2SA R U 7= il oD J5 A3 i SR ot hE &
Fio, BRI L BB E T D & BERET
CYERL U 7= it od J5 3 HENIEA50°C) CYERY L 7= it Gy
10 {5, 800°C CHIER L -l TR 5 5, i\ ERFRIETfil
e, @HEBIIENC XV FEd b e T4 5, ©F
FRSESRIECYERL U /- il IHAINENEFE 700°CLL T¢I
TiON, 800°CTiZ TiO2, F/-ZEHSMTILTIN & [FE
S,
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