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Abstract

Electrochemica degradation resistance of carbon-supported Pt and TiN (PY/TiN/C) cathode catalysts for
polymer electrolyte fuel cells prepared using the polygonal barrel-sputtering method was investigated. The
characterization of the prepared carbon-supported TiN (TiN/C) samples showed that TiN nanoparticles
were uniformly deposited on the surfaces of the carbon particles. Subsequently, Pt/TiN/C catalysts were
prepared by sputtering Pt on the TiN/C samples. The change in electrochemical surface areas (ESAS) of the
obtained samples was evaluated by successive potentia cycling. As compared with the carbon-supported Pt
catalyst, the Pt/TiN/C catalyst with the amount of TiN deposited of 10 wt.% showed smaller ESA reduction
after 100th potentia cycling. The effects of TiN on the ESA reduction became greater by increasing the
amount of deposited TiN from 10 to 24 wt.%, athough the ESA absolute values decreased. These results
demonstrate that TiN deposition is useful to prevent ESAs from reduction and improve the durability of
PEFCs.

1. #S
KRFEILSUE (Hy — 2H +2€) LR TG (120, + 2H' + 26 — H0) 75 EHEFEL T 1

29



PLESERIE « BT - PTisE2

I3 — W R RS TR (PEFC) IJRERIDICAK LAOVER L2V B T2 U —
BBV AT LA THD, TORH, AUV AT AL THERERLHES) OERNE SN TS #EL
Vi (COp) DBFHEHIICHNTH Y | T4, TV AT MR LI RN R 1R S
NTW5, £/, PEFC Z#5i#k L 72 #oRpH B B 88 & G A B ATICiE - TE Y (2015 4T 7E) |
§ A3 AT~ — 92013 Clda &7 M —RNA ST\, LavL, PEFC O KIC
ERFEZNS OB E A CTBY . ZD—2L LTH Y — PO LT B 5[],

PEFC 1 v — RCI, LMk, BeRR TS EIEMEZR Pt SEMAEE L L CTER STV d, L,
PUZEMECd 5 2 &2 KEM AL PEFC 2t 2 MEICRN S, £, F /L PR T-%
ST — R LR T S 7 PUIREE . — R i (PUC) MMM & L CIE< A S
TWDA[23], ZOfEHIRIERIC LY kL, EXULFERER (ESA) BT 5 2 Lva
SR TWBI]L,

ESA DHAICHOWTIE, %< OBFEE O AIC L 0 BERNE 5 SR TE Y [4-12], HEMED
— R DFED ESA 2D SELERD D THHEHESNTVA[912], DO L&2EET
Dk, HEED—R L OMERMEZ A ESEE, ESA O LIflsan s PSS, 22
CAMITE T BB — R O Rtk % ) S5 72 DI LB EMEA O TINICHER L,
LNV ARy 2 ) 2 715[8,13-21] ) & FV 2 TiN $5512 L 5 ESA I8 O3 2 B A& kit L 7=,

2. EB
2.1 BB OFH[8,13-21]

AEHZ, EEME S — B —R R (Vulcan XC72R, Cabot, F-¥)— ki 188 30 nm) & fA1RZ
W L7z, I —AR BRI, KK DT OBE A < T- oI fEHRTIC 180°C THzlE L7
[14,16,18,19], ZA/NL LA Xy &2 U o ZIRIZE S TiIN OfFFT Ti K (50 x 100 mm) % % —7 v
MZHWTULTD X 127> 72[15], oMk L7= Vulcan XC7T2R #EA L7- 6 /3L LA BHZEF v
N—ZRREE L, B—& V=R 7 BN > 72 O THEZEHER Lz, BT ADIE D 9.9 x
10* LIFICEE L 72, Ar+ NoJRA T A (N 43 E: 35%) % F ¥ > /3—PNIZE A L, RF H/7: 495 W,
T AE: LAPaDGIETIMEL RN T ANy X U T aiTole, ZORE6ANNLILIX, I—R W
KOBEMRE — R~ 5 & L b, TROEHRET H72DICHRE: 75°, EH: 14.7 B/
TIRY TEMESH 7o, ANy 2 U J I, 38X Vulcan XC72R O AR, TiN & %25 %
D72 2R (e A 2g) & 5 KR (L Q) ICRRIE Lo, ANy Z U 7' 4% N T A (A : 99.99 %)
EIRZIZEZET ¥ N —HICEAL, RREICREL T OEZIR0 H L, 7236, TN Bkt
AT 5 72 D OFEHI N T A& FANZ AW T EFE & FRRO S TR Lz, Z ORE TIE A3
v B TNV IV EEE LTz,

e T, ERELZTFIAICHES T, AR L7 TiIN 1 —AR Y (TIN/IC) RiIC Pt &R L7z, %
— 7 MZIZPEA (50 x 100 mm) & vy, Ao X2 U271k, RF HA: 25 W, Ar HAE (il
J£:99.999%) :1Pa, MNEMR LOSEMT 35 KT - 7,
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Pt/TiN/C 1 >/ — RO ERALFHIZ AL

2.2 SRt Oy IR
TiN JEREIE, X #REHTEE (XRD: PW1825/00, Philips) Tkl L7z, B O TiN, L P
PHEF R T8 X SR SR (XRF: PW2300/00, PHILIPS) (2L v R 7=, MM, TiNHE
HIERHTI =7 a2 bEEA L7z Ti $)K% Vulcan XC72R TAR L72ikh, Pt HFFEHIE T Vulcan
XC72R TAIR L= il PUC 7kl (HISPEC™ 4000, Johnson Matthey, Pt40wt.%) % etk
MAWTHERL L7z, TIN OERREBIIZE EFBEEE (TEM: JEM-2100, JEOL) % JHWTHIZE L7
(B EBIRETE: 200kV)

3 BRI /1:[8]

ERALFREIZ, =ML A2 AW T 05 mol dm® H,S0, F1 CiT -7, BIEICIZT Pt YA ¥ —%
Xk, ﬁ’eﬁuﬁw nEMmE S REMmE LT Lz, AT X CTOEMEN 4 Ak #E
MREN. (RHE) T L TWoD, EABIILLTO L 9 I/ER L 72[14,16,22], 10 mg OFHHLEE %
fiAK (7ml) +2-7 w7 — (3ml) DIRGEIT T 20 7y FEE LB 5 2 & TH—72 501
R 2 TR U7, 5 ul D5y BIRHE 2 BRI HFEE L7= ¢ Smm OB — R T ¢ A 7 & (HR2-D1-GC5,
ESFET) RICWAT L, Nk FCaliett, =% / — VTR L7- 0.25wt% T 7 « A iR % 5
ul A9 5 2 & TREEEE Lz, ZOERmE AWT, AR S L ST D0 OEG BN
% N L7z HoSO, 1 C17 5 72[8,23), BAARS TR, #7753 E: 50 mV s D4 ¢ PEFC s
BroD A Y — REALICH YS9 % 597~1093 mV vs. RHE THT\ il ki3 E HIRY 1S 41~1041 mV vs.
RHE OEMFFHCHIE L= A 27 U v V7 RAZEZ T 5 (FREIHEE: 20 mV sY) OZ{k)s & 34
L7ze 2B, ERAMOEBMENIIRT > F A%y b (HR-101B, Jb3bET) Tl L7,

3 R
3.1 FREECE O YR

FBBEL O W2 T BRTIC. H T AMcamL 500
7Bk XRD JIED D TIN T Z Al L 72, X 11326, 400¢
= 30~60°DHIH THF L7z XRD N F — s, Z §300»
D/INF—NIZLERDE — 7 7320 = 42.4° 12780 H LT, ’g 200
O — 7 DS HREED TINROO)E— 27 ICRBT £
X[15,24], AT TIN DR T D Z &b iroTz, 100y
Wiz, TINIC 3RO TiN %2 XRE TR, % 20 50 60
ZOMR, TINIFFRIL, 1gOA—RBARTSIE Lo on piﬁér ?]eg%aglasspl o
ANy & U 7 LTeilBHT BN T 24 wt% (LUK, sputtered with Ti a Ar + N, gas

TIN/C-(24) & £30) . 2 g DBAR T 2H A/ Sy & pressure of 1.1 Pa

7 LTsBHZ BT 10 wt% (TIN/C-(10) & KFd) &RE -7, 2L TIN/C-(24) L HIKTH 5
Vulcan XC72R ORI 72 TEM B &7~ 9, i & i3 2% & | TiN/C-(24)I2 D A4 10 nm DRI %
BT DRADROBI, ANy Z U7 Il TIN BT 2R & U THIR B —IcHEFEN T
WHZ ERbhotz, B, LR L7200 TINICREHZ Pt 2 A%y Z U 7 LfE R, PtHES
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TiN/C-(24)

BIXFRI%ETH -7 (TIN/C-(10): 24 wt.%,
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TiN/C-(24): 20wt.%) , LAREIE, TiN &
MBI D 2FIEO Pt Ay B U v 7k %
PU/TiN/C-(10), X T PUTIN/C-(24) & Fid
T 5,

=XV

20 nm

3.2 ESA BT }IE T TiN HHEF D 228
PUTIN/C &k & W C, i %2 XC2R.

Figure 2 Typical TEM images of TiN/C-(24) and Vulcan

MV R L7=BE> ESA OZALZFHE L7z, X 31X, 1, 100, 500 [EOBENIF5KFCHIE L7 (A)
PUTIN/C-(10) & (B) PUTINIC-(28)DY A 7 VU v 7V RN ET T LR d, ZORIZIE, gDz
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Figure 3 Cyclic voltammograms of (A) Pt/TiN/C-(10), (B) Pt/TiN/C-(24), and (C) Pt/C obtained at 1st, 100th
and, 500th potential cycling (sweep rate 20 mV s%). The potential cycling was conducted at 50 mV s* between

597 and 1093 mV vs. RHE.
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Pt/TiN/C 71 ¥ — RNt o &AL RIS it

WIZ Pt DIE T —RURICASy Z Y o7 LTI L7 PUCEE (PLEFE: 24 wt.%) OffH
HL#EHE TS (K 3(C). WTHOREHZBWTEH, 1EIE QBRG] THONIZALVEE T T A
(21X Pt EOKFEOWBIE IR 2 b & oEi & PLE LM O & 2 OB ITICRIN T 2% Eif
75 41~300 mV vs. RHE & 650 mV vs. RHE L ¥ S 72 EALFIPHIC 70 Hiv7z[25], Lo L. AKFEW
EE—71E7 0 —RThHY, TNDDORNVEES T ATHNT PUEROKERIZHEEIL-[26], —
77, 100 [EOEAFRFIRHIHE Lo A2 E 7T MIKERNE B —27 BRI | E kS
iz PO RN ZE ST A[5NHERI LTz, [FERO ARV Z €27 T 513 500 B H OENLfw5 KT
LD LA, EREIX 100 EH XWX TF LTV,

ZZTHA TV v I RNEET T A CEBIBP SN T KERET /) — REFRNHLLTFOREFANWT
ESA # R ©72[8,27],

ESA (cm?) = Q/210 (1)

AP0 Q 13 PUEDAFRBATUSIC RIS S B (WC) | 210 1% PURLIERGD Y (AL
o B B (WClom®) 23, B A1, 31 BRIV 3t R b7 100 ]
H AW Pt LS 0 0 ESA & SRS E5 o BIR & 7. PUTINIC-(10) & PUC % H< 5 & 100
EIH 0 ESA 130T 649 80 m* gat L% TH

= DAL % 0T L R x

). ZOMBRILAGIL#RYET Ehe BT o PTG
L7z, L2>L., 200 [l HEARED ESA DAl - A - Pt/TiN/C-(24)
PUTIN/C-(10) D i A3 b K& < | TiN OFfFF 5 -4 P/C
75 ESA O OB ThH = ERbinote, & L
— . PUTINIC-4)lcBI L TiEL ESA # S ] i
PUTINIC-(10) & D B/ LT 0, TN @ | B
FRR OB ESA Bb OIEIIRE S5 L5 -l
2%, LoL, ESA OffsxHEIX TiN HHEFRE OB i
ML VAL MET LTV e, ZhlE, H— 0 - : : -

) . o 100 300 500 700 900 1100
n“\‘/b:tbmﬁﬁé‘ﬁ@{f&b\ TiN ﬁ)§< :‘Fﬁj:%éﬂé Potentia Cyc”ng number

SRR I L2 Z IR S Figure 4 ESAs of PYTIN/C-(10), PUTIN/C-(24),
LEZLND, HEoT. BUWMEEEEB S>>, ESA  and PY/C versus potential cycling number.
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