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Figure 1 Cyclic voltammogram of polycrystalline Pt in 0.5 mol L™

H,S0, solution in nitrogen atmosphere, with a scan rate of 50 mV g7
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Figure 2 CO-stripping voltammogram of polycrystalline Pt at 23°CP

2E] i EL A S E AR, AT A A IR TR
F ARG, o TR 4 8 1) D) pR L /N T I AR
LSRR ALY, ORGSR TSR L S B R i
PR A 2 WU JZ A SH M AT IBIE, 5
CO-strippingZSfBl, FHARHEIETHFITAECSA, an=X(9)pF
. BRI B UTAR 4 JE X i B 8042 C m TP B
EPRSL LA BB 42 8 fiCu AgMIPbTEPLR
PEAT 0 B I A B A5 B3 4.2 2,113 € m 20,
PLCu Ry 5], (1% B~ CuRB 5 P~ HL -, CuBEZEPER I
TR T2 A g Cu 207

Cu,py — Cu®' +2e” (10)



2 PtEEECSAFIE )T i) TAEEAR

FETXRDFITEMZENFECSA M JFEHE, 33275 8 n] LA
HAZHTPUE4ECSARIE, (B 5Pk [FAE
A FAEASHER )8, AR 200 Hr H Ak~ 07 2 H-upd
CO-stripping Fl 43 J& K HL A TR R AR Pt 43 i 1k 5]
ECSA T Jay FRA: S 25 A 5.

2.1 H-updfyRZEHNHR

K H-upd RAFECSARY, Pt&4: AL PR HL
I Jd B E W AR AR %, X 5P A L. KAz
KN, TERGER R AT B R W AE DL &
L TR0 B AR EE ) PrCo/CHEAL R I CVARHE 25
WMEBFTRDY. Pré 4 5aiP LI 22 B 23 0
ECSATTH(6)h /R 2865 5021 C m ™, A4
S 43— AR I HIR/ e R AR A3 TETRR ) RN

MEPH SN EE NIEREJER, WFe. Co.
Ni%§, fERMWAMT, GehdERamm s nig,
44 FE T 7 A 5 Pr(Pt-skin) 45 H4 5L Pt 42 (Pt-skele-
ton) 25, B 4 T BRI NP, (HIRRIZ L BN
(5 4 I 3 BOHAE PR I A0 7 25 R PRAIK. MR TPY/C
FETTH L B LR35 42,1 C m™, Pt-skinZ5 MU
1.8 Cm™, [fijPt-skeletonZ5 L FEMEEI2 C m™, HIHLAE
IS S SERIRIECSART, 5 #R FIPYC
HIY B R A 35 1, 15 B ECS AR BIRAE ™. 7ENi
K Co%IE R4 8 i HEAS R Bk S 2k Pes 4 AL
h, CVHIZE 2 BUR R HI B R A, an&l4pn,
M A RN CoEPE 4 rh & S 3 ey, HIRE G B 1o
FORWIAZ /N, [ By R T HE AL 224 T A R A8 Tt S B4 Pt
2 TR BB Hh 77 235 B2 ) 728 /N BecknellZ A3 BAR
PG S AL AR, B SCECSATTRARAL 201,515

MPei b rhB A= P ke e iR 4 JR B, Pt
W4 B BEANSTERR AL R s i, A AE T
ARk FE . HAE 5H4:J@ R Iral P T (1) B, £ 2
ZRAE A H2.21. 2.18552.05 C m ™%, SPta4ib)s,
Z 5REHMWIR, WFHEZEHEP % EECSATTREARX
2.1 ¢ m 27 CzerwinskifISobkowski " 1%
PtRh I B RE 1 7EPtS RhZ (0], HLHAE & 42 2 1 1) FLfof
5Pt RAWA S BEMICR, ILEECSARAR
PEIAT &2 P ARET RS E. 55, T
PtRuf 4, HAWZRTIX 500X EE, Jf HRugs 4B
W AR AR R 2, X SEBRAR A A BT,

A — AN 23 R I H-up d R 47 5 PtRu A 4 fk 711
ECSAPY,

Current (mA)

-0.104 ——Pt/C
=== Pt,Co/C

0.0 0.2 04 0.6 0.8 1.0 12
Potential (V vs. RHE)

B3 A UE0.1 mol L™ HCIO, ¥l iPYC(3:4%)FIPt,Co,/C(HE

LA, R K20 mv s~

Figure 3 Cyclic voltammogram of Pt/C (solid line) and Pt,Co,/C

(dotted line) catalysts in 0.1 mol L™ HCIO, solution in nitrogen
atmosphere with a scan rate of 20 mV g7
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Figure 4 Cyclic voltammograms of supported Pt catalysts and
supported Pt;Ni and PtNi catalysts (a), and supported Pt catalysts and
supported Pt;Co and PtCo catalysts (b) in 0.1 mol L™ HCIO, solution in
argon saturation, with a sweep rate of 50 mV s~ s

451



M % h & 2023528 He8k H5H

K HH-updiFAl P& 4 ECSART, MECSATTHEA
K IF, T TH 25 7 m W aE 77 & 5
TR B oL AT 42 1) 28 AL ARKE S B P S AL I W ECS A
FAELE S I KA 22

2.2 COHHEMmEAIR

COTEPt= [ W B 1t 37 S [] s A1 Jt 2% B 1 52
M= P AR AR A S LI, LRIk R
W B RS COTE LR T M bk g 1) RVl P/ CE Pt
B AR EA FEAME A LT Fm AL i i oA
RGP X CORYHLAL~A W B BE 1 H1 KA AT
StamenkovififF 5% A A5 e [ 43 A (rotating disk
electrode, RDE)#E17CO-strippingMifif & ¥, Pt;Ni
(111)/CRICO4 A0 H i [ (I FL A P B LU i 5 /N, AR
ST A AR (E]S), X IF T IRER)ZHINGEI T Pt
RIACOME AL FAAL I FPGLNI(111)FIPLCo(111)
ERICOMME AT RS/, 42 51243.04712.83 Cm ™, i
INTPUCHEALF 4.2 C m ™2, B 23E i T ECSA MK
4#{[54]'

WAk E RS R A B AE NPt b &R
AT RN E S B A SPt—ES 5COM Ik
BE, DA PN 2 A 4 4 A 2 ) 3 T B9 COMRE ).
AT T H-updid #2 14 ML 756 88 0 R i FfH 478, CO-
stripping ¥ N8 2%, CO7EPt. Rh. Pd%:4: )@ [1E7EA
[FIE AW BT, i WA SN (CO 5 R4 Ja ir
IR A 12 1) AR X% B (C O B4~ 4 8 o7 st 1 L

N 0.6
i [
| 0.5
th L
Jt L 0.4
! a
i [ E
CO oxidative 0! 0% <
stripping charge ! =
[
1)
t !

E (V vs. RHE)

Bl 5 (MM )0.1 mol L™ HCIO AW 1 PY/C(ELE)FIPNi/C-
skin(£1.%) /) CO-stripping il 2"

Figure 5 (Color online) CO-stripping curves of Pt/C (black line) and
PtNi/C-skin (red line) in 0.1 mol L™' HCIO, solution™"
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Proton exchange membrane fuel cells (PEMFCs) are one of the most promising technologies for clean energy. However,
some fundamental challenges remain to be addressed before PEMFCs with low Pt usage become the top contender. To
achieve high-performance and cost-effective in PEMFCs, Pt-alloy catalysts are currently one of the bright catalyst
candidates. Electrochemical active surface area (ECSA) is a key indicator to gauge the performance of Pt catalysts and an
important parameter in studying catalytic kinetic issues in PEMFCs. Therefore, the accurate estimation on the ECSA is
exceptionally critical. Known and mature ECSA characterization methods for Pt/C catalysts have been established, which
have been widely available for many decades. However, there are issues remaining for ECSA characterization of Pt-alloy
catalysts due to the significant difference in properties, such as composition, particle size, shape compared with Pt
catalysts. Therefore, the ECSA characterization approaches for Pt/C catalysts cannot be transplanted to Pt-alloy catalysts
since the characterization accuracy will no longer meet the requirement.

In this review, the present characterization methods of ECSA for Pt-alloy catalysts and their inaccuracy sources are
described and explained, including physical methods and electrochemical methods. The physical methods cover X-ray
diffraction (XRD) and transmission electron microscopy (TEM), while hydrogen underpotential deposition (H-upd),
carbon monoxide stripping (CO-stripping) and underpotential deposition of metals are classified as electrochemical
methods. The ECSA obtained from XRD and TEM is considered to be theoretical ECSA to evaluate the catalyst utilization.
Therefore, the ECSA calculated from XRD and TEM is usually used as a reference. Owing to the differences in surface
adsorption properties after alloying, it will be underestimated the ECSA of Pt-alloy catalysts by H-upd and CO-stripping,
which lead to exaggerate specific activity compared with Pt/C catalysts. Generally, it is accepted that the surface area from
electrochemical methods is active, but in fact it is still controversial. The surface area of different metal components of Pt-
alloy catalysts could be quantified by metal underpotential deposition method. Since the contribution of different metal
components to the catalytic activity is different, the actual ECSA cannot be simply calculated by adding the respective
metal surface area.

The active surface area of Pt-alloy catalysts is affected by many factors, making it hard to develop a universal method to
characterize the ECSA accurately. To evaluate the performance of Pt-alloy catalysts more objectively, it is necessary to
clarify the relationship between the surface structure of Pt-alloys catalysts and adsorption energy as well as the coverage of
adsorbed species. It is essential to develop an innovative electrochemical method with high accuracy which is also
important and urgent for the research on new Pt-alloy catalysts with high-performance.

proton exchange membrane fuel cells, Pt alloy catalysts, electrochemical active surface area, physical
characterization, electrochemical characterization
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