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Synthesis of Facet-controlled PtNi Nanoparticles and Evaluation of Performance in PEM Fuel Cell
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B = ABSTRACT
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R PtNi/C &Y — FIZHH L 2B E AR Tk
0.9 VIZHWTHIR Pt o 3.4 50 Pt B &AL
7z, ZOFERD 5, KR PtNi/C 1 EEOMRBIE 7S E

IZHBWTEEWBILETT I Z %425 Z & nTE,
AV — F Ptma#70% {3 % 2 &2 EeZ, Ehizfik
BEARCd 5 Z & pm &z, JUkifA PtNi/C Dt A MRS
IZ2WnWTiE, 0.6 - 0.9 V&R A 2% 10,000 %4 7L
Fhi L 2% OEEEMEE TRIZ 19% TH D, K TEHN 29%
T - 7=k Pt il & O & EN =M APEREZ N L 72,

The research discussed in this paper set out to
reduce the amount of Pt used in automotive polymer
electrolyte fuel cells. Octahedral PtNi nanoparticles
supported by carbon black (octahedral PtNi/C), which
displays a high level of oxygen reduction reaction
activity, was synthesized, and its effect in reducing
the amount of Pt employed in an actual fuel cell was
evaluated.

Performance tests of a fuel cell using the
octahedral PtNi/C as a cathode material showed that
Pt mass activity at 0.9 V was 3.4 times that of a
market Pt catalyst. These results demonstrate that the
octahedral PtNi/C is well suited as a catalyst material,
displaying a high level of oxygen reduction reaction
activity even in an actual fuel cell, and reducing the
amount of Pt used in the cathodes by approximately
70%. The octahedral PtNi/C also displays good
durability performance, with a rate of decline in mass
activity of 19% after 10,000 0.6-0.9 V potential cycles,
against 29% for the market Pt catalyst.
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ENRHISENTEHED, PEFC HO Pt filli & [Flkk 2 50 R 231
5 C& %. Markovic 513, Hifdh Pt @ ORR W1, {100}
<111} < {110} DIEICH 42 2 & 2@ L=, &7,
Stamenkovic 513, Pt;Ni A& H S5O ORR WM, {100}
< {110} < {111} DNz B35 Z & 2@ L, Pt &35
B AMEAARTZE AW S ML 72, PtNi{ll1}
DOHAN R Y 72 0 O ORR WML, Pt{111} O 10 f5 & &
&<, Pt ORR WEMEIZA AL & 551 /7 KL D %h 3R
EAbEBHZETHETSZEARE N

— RIS AR D WA EE R 72 D DR PRI, Ao ek
RS & WAL ET R Y 72 0 OO TR ENDE . %D,
fl S P A I IC I B X B 720 icid, R miRE A
KERDZH, KEMHEEO SR ZEIRT 5 2 &
HEEEAS. O EGRIEF 2 RFbd5ZETHE
WBZENTES729, Pt,Ni{lll} O &k 5 £ ARE I #
N7z ORRWEM AR TME %+ 7 KirfbTcx i, Pt'E
BN 0o EL, FCV O Pt & #E ol 1
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71— R Ve OUlifk PtNi/C) #1572, Zhx CoOthoff
PRI IN—T 6 OWET, AR PtNi/C © ORR WE %
[Bl#5 5 1 2 27 A& (Rotating Disk Electrode: RDE) THE
fliL7z& Z A, #ERD Pt il 4 55 5 10 5O WVE &
WA RS Z L AME X T a W D PEFC
LIz & A VA PtNi/C OFETE ﬁﬁ&mﬂ%ﬁmm v C
DWEIE AT,

AR, AHfifk PtNi/C 2 PEFC ®JLIZ#EH L 723
A0 Pt EHIRGIR B L O AR E RS 5 Z L 2 HY
&L, AL 72 \mIR PENi/C % v 72 PEFC YL D7
BB L OB Y A 2 MZ K B AR E 1T > 72, Z Dk
B, R PtNi/C 284 5 Z & ¢, Wil Pt iz b
¥170% DAV — F Pt mOHIEATREE 55 Z LR Eh
2. 72, BV A MK AMARBRICEWNTY, HHR
Pt il & 0 & BN AR 2R L7220 T, ZORH %
5T 5.
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2.1, \NEA PINi -/ W71 H — K MDA

AFTIE, BEdt & 132 2 5 @ 22 5k CAAmAER PtNi/
CHEAKLZEWW iz, =FL v o) a— (HEL
FHRASHE) 50 mL 12, #—FK T T v 27 (Ketjen black
ECP-600JD: J 1 4+ v A Z418) 513 mg, AGT £ F L
74 b % — b (Aldrich #) 588 mg, Bflik= v 7 L IUAKFIY

(Aldrich %) 372 mg, 35 wt.%PDDA K& (Aldrich )
760 p L EMA. ZORBEWE, 190 C, 7TAIT VA
Z 7 a—HT 2 BRER L 7=, IS, A#iC Xk D IRAETR
PO ESEEL, By s —, TX Y, LU
ARTEMIGEHEL 7=, A% 50 C TRIICHEZG L, N
& PtNi/C & L 7=,

2.2. MFEE

ARCL 2 ATE PtNi/C ORTFERE 4 X%
B4 572012, EBRME UM (Scanning Electron
Microscope: SEM) %k & ON% i M 7 WA M 8%
(Transmission Electron Microscope: TEM) #l%¢% 17 >
7z. SEMBIEREMASHH I NA 727 /0y — XHHD-
2000 %, TEMBREMASHHINA T /0P —X
H1H-9000UHR # i/ L 7=. itk PtNi/C O 1-#A L
AR R A R B 2 012, BEREA T T ARk
53957 M1 (Inductively Coupled Plasma Atomic Emission
Spectroscopy: ICP-AES) #1757z, %7z, /\ﬁﬁg PtNi
F 7 KT ORI 2 R TR TR T % 291, RiT

EOMiRE LT 3 ILF —5H0 X 825507 (Energy
Dispersion X-ray Spectroscopy: EDX) %, SEM %% & [

[t

24T - 7=,

2.3. RDE /A2 & % ORR j&4: D&
RDE M7 4 v 2 GLLF O FMATHER L 72, 35wt.% T

8 7 =LKL 5 wt.%Nafion “¥4¥E (Aldrich BY) OIRAWE
12, JUMIR PtNi /C 2 INA, BERETEX E 72 T DITEE
10 p L %, Hifd43 0.196 cm®> ® RDE HZ' J v ¥ —H — &
Y (GO) B FIZH T L, EIRTW->< ) Ll X &, RDE
FHfEE 7 4 L Uiz, B EDO Pt ®EIZ14 g Tho
7o BEULANGEIC I =E M )L, PINE 18 RDE &,
Solartron tt#lK 5 A 24 » | S11287 #fifHL 72. =
HERR I (3 o o A VR A, SRR SR & e
fir% Wz, 72720, ARCROIK U 22800, ATk E
whALHE L U7z, RDE M ORI, ik PtNi/C OEX
(k2R (Electrochemistry Surface Area: ECSA) % 4 A
270 w272 RN A MY (Cyclic Voltammetry: CV)IZX&D
K& 7=, ERRIT, WEAFIERE ANCERE L7z 0.1 MR
B KV A P 72, BERLEIPHIE 0.05 - 1.05 V & L 7=, &k
ERIACFNIZZ ) — = 79 5 BT, Bhidws hE~E 400
mV/s T100 %4 Z )L L 722t.1C, BARE EE 100 mV/s T
CV iz 157z, fHoh7z CVHIEC BT, KRRBEHEE
Z 2 ENAHIFA (0.05 - 0.4 V) 2 R85 L TR Qy[Cl & 3K,
K (1) & HWT ECSA [m%/g-Pt] %3k 7214,

On

ECSA =
2.1 Mp,

(1)

ZZT, Mplgl i GC &M O PtEHETH 5.
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RDE MK 0G5 N 2 MFRETTHEGIE, WL ACE
i ERR AR RO M E A2 T s, KD IEMEI Al
1 % G 9 5 721213, FESREICEILA & ILEPRA E RO
WEARE, WK EBEROAZID T LR H 5.
AHlETIE, Koutecky-Levich plot 2155 Z & T, WML
ZHLE D A& U7z, RDE JIEDE MG, BRI
U7z 0.1M s IE R KW & o 72, B min o, 400,
800, 1200, 1600, 2000 rpm & L 7z, @il 1.05 VA5 0.05
VARSI, fE0EE L 10 mV/s & L7z, ifilio Pt 7
KT 4HE: 7 — 8 il (Pt/C) & ORR W% L4 5 728
12, HPESE LKA SHE TECI0ES0E % FIfkoD 4
TaMili U 72, il Pt/C SHliRFDEM LD Pt 81X 3.9 u g
Tho7-.

2.4, wIVEEMEREFTM

YU BRI V72 5 - B E SR (Membrane-
Electrode-Assembly: MEA) IZ¥REETIER L 2. 4 4
VAR L 5 wt.%Nafion “¥& ¢ (Aldrich ) DIRAWEIZ,
AR PtNi/C A#MA, BEWES S 72, £ DHEuR
A, KEX30 mm A, EA 100 4 m®D PTFE ¥ — bIC
2 SV =T 12k &E i, 80 C CTHMEL, 7Y —F
MHirE.y — b & L7z RO HETHIR Pt/C 2 H\WT
7= PG Y — b &2fpK L fEK L2 Y — F &
KT = FHEEE Y — T a b v (Dupont #1
NR-212) Z#cA, v b 7L 22 HWTES L. &%
R Pt ##IL, B Ri%0 PTFE ¥ — F O@E&EED
HRW7z. 7/ —FeH V- FOPtBREE, ThTh
0.50 mg/cm? 0.14 mg/em®* Tho7-. HKHE LT, #
Y — FIZHiiR Pt/C 2wz MEA & [AARD J5 15 TIERK
L7z Ptig#limid 7 7/ — F, # v — F4#I20.50 mg/cm’
Tdh 7.

fER L 72 MEA % 57 Z§i8ik (SGL Carbon #
GDL25BCH) & iz % v L (e B A H A H 8 i)t
ZEPTREHE 2 L) IZHLAGA A, FEEEERBR R E (NF [ 3% S
RHEMRE > 2 7 &) IS8k L 7z, iR SA% Table 112
N wILIRPTIZEEREIC L O E L, s —ETE
(I-V) %R O % 13 VT % B 724l 2 $R L 72

25 BRY A 7IVIC L BHAMEDOSHE

BRIV A 2 I K DI AMERHIAER D 5 % Table 2
IR, X LVEBMIRETF YA 24y b B THRAS
8 HD-3000) 12 & D &b X & 7=, B YA ZILATRD A
V= FOECSA XU -V i % s U, B4 2L
& B il iR & REMEREDZE(L A PRIz, ECSA D728
O CVHEETT /7 — FIZKR, 7V —FIcERERL, 7
J — FESEDW A SEm S L THEMEL 72 ECSA O&EH
1R (1) 27z, RERERIE Table 1 1R L7244 T
1To7.

Table 1 Conditions for fuel cell test with octahedral
PiNi/C as cathode material.
Anode Cathode

Cell temperature [°C] 70

Gas H, Air
Gas stoichiometric ratio 1.4 1.8
Relative humidity [%] 50 73
Back pressure [kPa] 130 100

Table 2 Conditions for durability test of octahedral
PtNi/C by potential cycling.

Anode Cathode

Cell temperature [°C] 70

Gas H, Air
Gas stoichiometric ratio 1.4 1.8
Relative humidity [%] 100 100
Back pressure [kPa] 130 100
Potential [V] 0.6-0.9
Shape of potential wave Square
Potential retention time [sec.] 20

Cycle number [times] 10,000
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3.1, #MRHEE

AR U 7z N iR PtNi/C OB #MEHS % Fig. 11287
Fig. 1(a) D& SEM % T, JEIRA A, ¥4 X4 10
-15mmTHBF RTHRA—KR YT T EIZkL oK
LT BT TE 5. Fig. 1(b) DFEfE SEM 1% T3,
F R T ORI L NEARTIE RS, HES S v b &
N7=YJHENHKRTH 5 Z & nbh 5. AR PtNi -/ ki
T-OE R TEM 1% % Fig. 1(c) {ZRd. S imo i %
FANRD 720, Bl 2RISR U CHRRL & &2 2 AR ISR L
7z. Fig. 1(c) Ol cHbN=T) 7 & EH 7 — ) T4
U CE - HE 1R % Fig. 1(d) (1289, A2 5 F ol
2Ky MiE, Fig. 1(c) WD A» 5 FOBEHmIZHIG L 72
EDTHD, KM ARy P 2R LR, B, ED
TEM A A v b &7z {100}, A, C, D, FOZ Ot
Mid (111} &RE SRz D EoZ &n 6, AL 72 Ukitk
PtNi 7 /R 7o, I$IF {111} TH 5 Z & 2T
7.

T2 id, REREIFIZB W TR PINi/C 2185 728
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Fig. 1 SEM (a) and (b) and high-resolution TEM (c) images of octahedral PiNi/C. Square shows area image-
processed by inverse Fourier transformation to obtain pseudo-electron diffraction pattern. Pseudo-
electron diffraction pattern (d) of octahedral PtNi nanoparticles.

IZZOOMESZTR DD EHE LTS, —DIZ PDDA D
WTH 3. PDDARBEY—Thbh, IEHFHEEZZON
BT VB LA F XV REEIZAET 5729, &F
4 v B EER T RE IS LRI R
0 ZOMESRTIZS A BRBUTO2HTH 5.
(1) R H A ZDOKEMLIZ & B, (111} 55 EIES ORI
(2) K7 OPIHNC & 5, T RSSO Pk
(1) 220 T, KIS OR F%ERIZEI T, PDDA
AP R NP TN T35 Z LT, Pt Ni ~NOEITTAHH
BN, KT IBOBUIDEL BB, ZOME, HiEk
R FORERIZE B XN, 10 - 15 nm & IS 4 X
BREVRITANEEER L2 EHERIT 5. Fig. 213, kK
K12 1H O KB O HIE (K R T EICHT5, &
% ¥ E S 2 R T B O EIG) LR 4 X OBtk %E G
FIZKDRDZZEDTHSB. KA INKEL BBHITH
O, L ORI - FRTy VKD EEL< &Y, 11 nm
THI90% L%, D%, AR T-OEH% (111} T
W 57E0ICIE, RTOREULABETH D, ZhiZ PDDA
NEEL-EEZ B,
(2)1IZ20WTC, Bk ALk ET 58, PDDA 3K
T S 9 < W L, 2R COMGE 2 ST H KB A3
W5 D EH—IEITT S M5, ZOME, 27
TRFV IO, JFTLAOLTTE A (111} AAFEH L,
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Fig. 2 Calculated relationship of particle size and

atomic ratio of {111}, corner, and edge on
octahedral nanoparticle surface.

Table 3 Atomic ratio and weight concentration of
octahedral PINi/C as determined by ICP-AES.

Pt Ni C
Atomic ratio [at.%)] 62.2 37.8
Weight concentration [wt.%] 275 5.0 67.5

Fig. 1 TH 6N &5 & - BIRO URRR 2245 L
TLHEZ2 5.

TODOMAZKMFE, {1111 PtNi O T )L F — Mt
DEIZIANNENT & TH 5. A5 O T BIA RS
MOREHREIZE > THRED, ZHITEH T FILF—DK
EXRAET S, DF D, KT AT —EOAESmANIE
EREITHEL, KT ET 21255 T2 OO # ) i
N D, R TIRT B, Sl 23 O 5% T
TH5 PtNi A&\, (111 Pt;Ni &bz lb
AT 3L F =K<, EEEPENZ EAHE SN TH
2 0. 0008 g2 PDDA AEIRMIC (111} PN 120
L, 11JPtNi DEHR T AL F—% X HIK T X H72E
FZiohs. U EOBEANAFIC LD, A (111} A%
M2 < B LAWK PINI F /R F42585ZENTX
7B LB.

ICP-AES Tl U 72 Uitk PtNi/C O#fls k% Table 3
128 d. IR PtNi/C @ Pt & Ni O T-HU& I Pt Ni
= 62.2 : 37.8 TH - 7=. DIRBEDHIAAFE /UK LIZ Pt -
Ni =50 :50 TH-7246, f36h 7=k PtNi/C it
ABMK LD & Pt OEIG 2 E - 7. Ak PtNi/C H
DEIBOEREE L, Pt 25 27.5 wt.%, Ni 235.0 wt.% T»
D, 325 wt.% TH -7z,

JNHEIR PtNi F 2 K1 D Ja i) 22 bt 7 #UR & {24 %
=01, K7 &R e Lz SEM-EDX Zihr & 32hE L 7=, &4
BA Fig. 3I1TRT. RFAICHWT, HWELY 7 10Okt
RO Pt : Ni = 63.8 : 36.2 Th D, ICP-AES @
MR E K< B 7z R AhRofilET ) 7 2 DML
13 Pt: Ni=573:427Cho7=DIzxtL, 2—FThH3
MWETY 731FPt:Ni=807:193, Ty ThiHlET
)7 413 Pt: Ni =723 : 27.7 &, #A0I2& 0 R IIZE
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MRS N7z DK T B DM & KT A & [FEkO
Thotz. TNHDOKEL» S, Nk PtNi F 7 ki O
MBI — T3 & <, KirHEBIZ NI DFEIGA%Z <, -

Atomic ratio [at.%]

Analysis points
Pt Ni

1 Particle 63.8 36.2
2 Center 57.3 42.7
3 Corner 80.7 19.3
4 Edge 72.3 27.7
5 Particle 67.2 32.8
6 Center 58.1 41.9
7 Corner 80.8 19.2
8 Edge 73.6 26.4

Fig. 3 Dark-field SEM image of octahedral PtNi/C
including EDX analysis areas (squares) and
points (arrows). Table shows atomic ratio at
each analysis point.

FTRI Y VIZPtOEIGS LV, KRR & 15D
Zehbhoi

3.2. RDE (2 & % ORR j&EMEHM

JUTIfA PtNi/C & ifillk Pt/C @ CV {4 Fig. 4(a) 1=/R
¥, % Pt F 2 R0 CV igE, 0.05 - 0.4 V TAE
O - ik, 0.7 VIR &L - STk > &
FwABM B, 0l Pt/C O CV Tid, 0.13 V& 020V
IR Y — 2 AR 6N A, UK PtNi/C TIER 6h
B o, DX BEAKZEOWEREEMRIZT VW TY -
7 EREHOCVIEIRIE, E SN T3 0.1 MR
T PH{111} MO CV Ik E K< LTk ",
JURIR PENi 7 2 R 7-&MIC Pt{111} 2% < @l LT3
ZEAERBLTOWS, £72, il Pt/C T3 0.69 V 25
FHR IR OBR S FHN S OIZK L, AR PtNi/C
TRZAAAR0.75 V &, @SBRI 7 FLTnw5. Z
u, NER PtNi/CId R0 2 @8 A
KEL, F/RFREICBIIPERL DbV L 2R
WL CTH 0, fERD Pt L 3585 5 KMkt HT 5
LEZEND. KEBEY — 2 5 5K 72 Nk PtNi/
C DECSAZ32 m*/g-Pt THV, 68 m*/g-Pt ThH-7=
Wil Pt/C D 1/2 AT TH - 7=. ilk Pt/C OFE¥RiEE
2.3 nm &, ANME PtNi F /Rl h&a <, Z2ozEN
ECSA 2K x 7z,

Fig. 4(b) I RDE i & % ORR s iiififi #, Fig. 4(c) =
0.90 VIZ¥1) % Koutecky-Levich plot #7879, Koutecky-

3 1 0
(a) 0 (b) 01 F ©
27T 0.2
-1 }— Octahedral PtNi/C Ve F
1 2 || (Pt15u9 _-03 \’*‘\‘\’\
N & — Commercial Pt/C t 0.4 F
IS £ 3 H S
o S Pt: 3.9 -
20 E a4l ( Hg) T -05
£ E E 06 |
-1 -5 F = o7 b
6 08 | —— Octahedral PtNi/C (Pt: 1.5 pg)
2 — Octahedral PtNi/C (Pt: 1.5 pg) 21 ' — Commercial Pt/C (Pt: 3.9 pg)
—Commercial Pt/C (Pt: 3.9 ug) -09
3 n n n n n -8 L L L L L 1.0 N N
0 02 04 06 08 10 1.2 0 02 04 06 08 10 1.2 0.05 0.10 0.15 0.20
E vs RHE [V] E vs RHE [V] 12 [rad-1”2 s1/2]
4.0
35 (e)

Mass activity [mA ug'-Pt]
Specific activity [mA cm2-Pt]
N
o

Octahedral

Commercial
Pt/C PtNi/C PY/C

Commercial

Octahedral
PtNi/C

Fig. 4 (a) CV curves, (b) polarization curves and (c) Koutecky-Levich plot for octahedral PiNi/C (Pt: 1.5 pg) and
commercial Pt/C (Pt: 3.9 yg) as determined by RDE measurements. Comparison of (d) mass activity and (e)
specific activity at 0.90 V between octahedral PtNi/C and commercial Pt/C.

— 100 —
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Levich plot DY OEHMEI, ILEPRAER O E % Ko
BFETERME CH Y, ThE2BEMLEO Pt & THIEL
7=l & B R YE & U C Fig. 4(d) 1278, ik PtNi/C @
BREMEITIR Pt/C D535 CTh -7, ZOHFIE, N
K PtNi/C #HWT - EOERE LS 554, #EK Pt fil
B 81% DAV Pt ETHBETH S Z L #EIKL T
5. ECSA THUE L 7z fe3E Tt il & mAng & LT
Fig. 4(e) 1Z/nd. JUMA PtNi/C OmifEnG Mk Pt/C
D115 TH D, Afifk PtNi 7 /K72 ORR 125 L T
REWZEN MR Ch 5 Z LR Eh iz,

3.3. ILEE AT

Pt & 0.14 mg/cm’ AR PtNi/C & v — FIZiEH
L7 MEA @ I-V li## %, Pt & 0.50 mg/cm® O1HIK Pt/C
@ 1-V Hiifg & 312 Fig. 5(a) 12789, A PtNi/C O Pt
HIEHIRPt/CO1/3UTFTHBIZEEbES, MiHD
I-VIHBIIEIERETH > 72, BREEE e L-e %
O Tafel-plot % Fig. 5(b) 12, £720.9 V COEREMDLL
&% Fig. 5(c) g, AR PINi/C & A7V — FIZHOW
MEA OZ &M, TR Pt/C D 3415 TH -7 ZOH
RiF, PEFC ® %V — F Z&ifillk Pt il 5 AFfA PtNi/C
ICREL2254E, 71% DO H Y — F Pt BEAHRRARETH 5
ZLERBKLTEY, MR PtNi/CiZAh Y — N Pt®HD

KIBEHIRIZHGTE B Z M, FEOMBIERYILIZE
WTEREh.

RDE 12 & 2 AMfifk PtNi/C OB ELWEEIZ 5.3 15T
Hol=DIZH L, BEELILTIE 34 ML, BREWEMm Lo
BIRBINE 572, ZORKDO L 2IZ, MEA HO AT
A PtNi 7 / ki 7 £HIZ PDDA BRGELTH D, 2hH
ORR #FHFEL 72720 HE 2 65h 5. RDE Ti, %K
BWIRHICIRE L TR 2 ) — = v e RT3 2 &
T, KEMHED PDDA FERRHPICE 230 L, A
itk PtNi 7 / Ki 722 PDDA 274 L W VIREE TR
fliL T3 L HEHT 2. FEEERTIE MEA OR&EMERES
FlEH$201, WENZ MY 4 2L 2 T3> To
30, B ORIIIIZIEXRMETH 5729, PDDA OfRE
RN W EE Z 50, RDE & 0 & AR PtNi /K
F-RIEIZ PDDA 2% < Weg U 72 IRRECTEH L T 5 & 4
W4 3.

3.4, BRIY A 7IVIC & BTHAEDOSHE

H1Y = FIZAHEA PtNi/C 2@ L 22 BE L L2 Hun
T, 0.6 - 0.9 VAERHA 7 L% 10,000 %1 7 LFEHEL 7=
Wi 1-V i o [k % Fig. 6(a) 12Rd. & CTOHEFM
T, B A MK B -V RO R E ZELIER s h i
Motz BNV A 2K B EEEEOZL % Fig. 6(b) 12

1.0 0.94 300

0.9 N (@) (b)

08 | & 250 |

07 | 092 | =y
= = € 200 |
g 06 | ?8\ E
L‘ll: 05 L? 0.90 = 150 |
o L o =
= 04 __ Octahedral PtNi/C £ 2
w3 (Pt: 0.14 mg cm?) w S 100 |

02 | i 0.88 | @

' — Commercial PYC — Octahedral PtNi/C S 50}

01 F (Pt: 0.50 mg cm™) .

— Commercial Pt/C
P e ——— 0.86 e L 0
0 0204 06081012 14 16 0.01 0.1 1 Commercial Octahedral
i[Acm?] i [A mg-'-Pt] PYC PINi/C

Fig. 5 (a) Polarization curves of PEFC using octahedral PiNi/C and commercial Pt/C for cathodes. (b) Tafel plots
for octahedral PtNi/C and commercial Pt/C in fuel cell tests. (c) Comparison of mass activity at 0.9 V for

the octahedral PtNi/C and commercial Pt/C.
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Fig. 6 (a) Polarization curves of PEFC using octahedral PiNi/C before and after 10,000 0.6 - 0.9 V potential
cycles. (b) Change in mass activity and (c) ECSA for octahedral PtNi/C and commercial Pt/C as a result

of 0.6 - 0.9 V potential cycling.
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AT VAR PtNi/C OBEREFEEOIKTHIZ 19% &, ik
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MR L T, NER PtNi/C ik Pt il & v & @0
A EH T2 Z & &G L 7.

0.6 - 0.9 V&R HA 7 LIZk? ECSA DZ1L% Fig.
6(c) 12 ¥, ECSA WAk Pt/C T28% TH - 7=
DIZx L, R PtNi/C Tl 4% E/NE oz ZOH
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PRI O 3 2@ ENE R AR OIS T Tl v, VAR PiNi/
C 2 ORR W PEA7R§ 14, R &R {111)PtNi 3%
SBHLTWB720DTHE75, 19% OEEFEMHIK T O
KNEEERLH A 2 I K > TERMIICEH LT3 {111} PtNi
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