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PEMFC(Proton Exchange Membrane Fuel Cells)*l|X] PtCo/C & Fmll7}F Ad5olLt g oA $<5=3to] Wol AL

PEMFC+ XA F3-3] 7] A5 2K (Zero-emission Electric

H2 ok 2Ev =2 AdelA (1.0~1.5 V) 37k Full XA digdel 33t ATs HE B HA] 9iTth £
AWM= PtCo/C Fvllel PYC Fnllol] Fnll X 2)A| 715 dg) L2 eSS 485 & UFAS vwsiglth 1.001.5
V X8 Righ Alo]F W Sl Sl v]EdE(Mass activity)o} 1713184 BAHA(ECSA), 1710155 S%(DLC),
Pt 302} 1A+ A3 -2 BAEIRITE [PHE) 2,000 AF1E F PtCo/C Fulli= PYC Fullell BIsl 0.9 VollA] Fulf 7
A AFAT7} 158 o) asidint. o9} 72 Avl= PtCo/C Fll2] FHEX XA 2] D3} 457} pyC ol Rk
7] "l2o]3ith. PYC F1lls PtCo/C FullHr} Smll5-9] ECSA A7) 1.54] o 39419 pyC Fulj] - x]%]
A F2lo] &k 1.V A5 vt 2tk PiCo/C Frlle] A Ul @S flaixle 7R XA Ui @l
FAAS B}

)
E=40 B = =1

Abstract — In PEMFC, PtCo/C alloy catalysts are widely used because of good performance and durability. However,
few studies have been reported on the durability of carbon supports of PtCo/C evaluated at high voltages (1.0~1.5 V). In
this study, the durability of PtCo/C catalysts and Pt/C catalysts were compared after applying the accelerated degradation
protocol of catalyst support. After repeating the 1.0-1.5V voltage change cycles, the mass activity, electrochemical
surface area (ECSA), electric double layer capacitance (DLC), Pt dissolution and the particle growth were analyzed.
After 2,000 cycles of voltage change, the current density per catalyst mass at 0.9V decreased by more than 1.5 times
compared to the Pt/C catalyst. This result was because the degradation rate of the carbon support of the PtCo/C catalyst
was higher than that of the Pt/C catalyst. The Pt/C catalyst showed more than 1.5 times higher ECSA reduction than the
PtCo/C catalyst, but the corrosion of the carbon support of the Pt/C catalyst was small, resulting in a small decrease in I-
V performance. In order to improve the high voltage durability of the PtCo/C catalyst, it was shown that improving the
durability of the carbon support is essential.
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2/ Wajo] Fash= Alolth S A A7 1) 2 Ui o
A7} 0] @ Aol BaljE]o] - QIA} el AEE] o] YA st
Uh= Ostwald ripening HWIAHUZ[5], 2) 7HE A XA Arof| 4] random
cluster-cluster Z-=°1 2J3l] W ¢J=}2] B2 (agglomeration)”| 2+
ABl= WAUZE6], 3) cluster?] Gibbs AH- A UA S ] 42 3}5}7)
A&l W AT AT WAYS[710] Ak A= A3
&SR =1 A Wk FeE Wshyrt ol 3ok 2 o
o}, Sl R A k= 7REo] A dellA] - jES-ke] Akst
Elo] CO,E A4 wAYZel e8], o] 2xr Hielt] <] &
sk 3ol A eielZel o)t aRteke] = A& A A&
Asle] o)strtar & A rh9,10]. A=Fwl L3k} vl &
sk AT o) YA o] of] vl &l Zull XX A 2] 7ol
3t A= F=sk Ho

1] = DOE (Department of Energy)tt &+ NEDO (New Energy
and Industrial Technology Development Organization)©l| X &= 2} 5
£ PEMFC MEA®]| tai}A] 1.0~1.5 VI SIellA] 29 i gls vkeshe
7Es W7 H7HAST)E B3te] SuAAA1 U745 H7skar
ATH11,12].

Zulf A A= 7HE0] Wol AREH AL Gl 7R 1.0 V o)
o] StelA CO,E AbstE]o] A= 0w A ATHS].
PEMFCOIIA] o9} 2 3k A5/ 4R #g ol A Fa/4k4 7]
W A Al, 712] I Flooding, ¥ & FZr(Starvation)A] A S+
[13,14].

PtCo/C &5 1l ds¥ 78S B vial] = Eke] vzt
o] =277 pol| AFE-E] 3L QITH15,16]. PtCo/C %= DOE2] 1L
WA} ure] 71848 75 Tt 7ol PyCEEr 2.84) Whd o]
E4TH17]. DOE 122t vte] A 7]8kek4] 745 7 J7F 22 &
2 0.9~0.97 VO] OCV 4] ®o]aL Sl A A) Wi+ 37} =
BEEZ 1.0~1.5 V ASH HEE Afo] ZoltH[11,12]. & AT-ollM =
PtCo/C Z1=2] a5k W 91ellA st s} wiigol] o5k 2|4 ol
TS 718l PtCo/C Bl A8k, 1Ela FulFo] 2 d5)
Alo] Fulj el A A, o] 9. 5=m FollA] o @ AQ1A] Tlelstaiat
3H3iT).
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2-1. F0 XXM 7S L7 Eot

Zuf) A 715 U 7ol AFE-E MEAT 12 pum 74|9) 7%
3} (Reinforced membrane)ol] B2 W 0 2 A Z3F A= S hot
pressing 3} A= WA 0] 25 em?Q! MEAS FR|SIILE A= &
= anode:= Pt/C®] ™, cathode:= Pt/C&} PtCo/CE 2575 AME:
3} T} o] cathode Pt 2% %S 0.4 mg/em? ©] 91Th MEA S} 7}
35 (Gas Diffusion Layer, GDL)S 941d F-2]Zh(v] A F-2)
Z(CNL Energy, Korea)©ll 24 3}31 0.7, A~ ¥ o] 4 (CNL Energy,
Korea)ollX] 259} F%, 7k % 55 Alofste] MEAS] A5 2
i 57+ X8It

Zul) A=) A D3} 80 T, At (Relative Humidity, RH) 100%
o)Al anode H,, cathode N, & T § potentiostat (HCP803,
Biologic, France)& ©]-&3F 1.0 V (1 sec) <> 1.5 V (1 sec)& 217+
5,000 AlOlE & R &3k= Foll, Foll AXA W7 A 3£2] mass
activity B CVE 574311 mass activity < 40% F31= ECSA < 40%
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Ful) AR A 2] B s 5788 cell 80 C, RH 100%e14] %13
3}31T}. Mass activity:= anode®ll H,, cathode N,& ¢ 35k3L A dl
3Fe] 150 kPaol A A7 17H0.09~0.8 A) IV A5 S 314
AEsgint. et &gt Mt A ARF 7] edAE
=7J3Fo] L& HFR(High frequency Resistance)= S3f 219HS B
A, ATl oot M T AT IAFE E (Hydrogen
Crossover Current Density, HCCD)Z HA35th R H -V 12
ZRRE] 0.9 VoA ARUEE F¢t F S0l 2RO R HProlA
mass activitys AASIATH
3 P FR(CV, Cyclic voltammetry)= anode £} cathode©l]
F2} 47 22(40 mL/min) 2+ 2 23200 mL/min)E 3535}, scan ratet=
mV/secZ A4S ASIA7IAA A/E 57301 14 cycles $
73 ghs Bt CV IR PE ECSAE 0.05~0.4 Vo] WA
o7 3 o, M7]0]FZ4-=(Double Layer Capacitance, DLC)
& dlgldlo] yhg-o] dojubA] ¢ki= 0.4~0.6 V| At F-7bell A
anode 572} cathode A7) &5 F3l AATE ST
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2-3. E0f KIXK|H L=t Hl HF =M

Sl A4 A Aste] whE A= T2 D3t AJ1S F(Pe] 83l
9 AR} A7), Fl A A F wRIE = gtsto] A #s)Eh Sharmat
Andersen®] *R1[18] 0% 235151t

Sulf A4 A A3} A A FsFetr] flaA Sl A1 A4 st
ZA99] pt &F W A7]E XRF (X-Ray Fluorescence Spectromete,
XRF-1800, Shimadzu, Japan) % TEM (Transmission Electron
Microscop, JEM-ARM 200F, JEOL, Japan)S 2l #4135 0m,
CV 572 53l ECSA ¥ DLC #k& ERIsISit)
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3-1. §EF FZ0IM 1V 84S H|n
A= B B0 WskE vlwshr] ldl, A AR F1telA] g A
Fae)l 4 Tl st Mk AAE RSV
ig. 1ol YERALE 99 eAs 573 HFRO AF7E
Bk, LSVE 543 FAFHERE A
BAF 7ot} 1.0~1.5 Vo & #3

MEA Ul54dS F7Fst A1), o] 1-
o} Zul] XA 7F Qe Ful 2] ks T2 UER
olth PYC =& 5,000 Aol &2 3718k &, PtCo/C M=)
2,000 Ato]E F 7t FHTH AT FAaTt 125 QbE o] iAol
PtCo/C A=HI} 4ul] o) =55 Ko Qi

Fig. 19] IV 2141 5 0.9 VollX] AFEEE S &) A= o
o] 78 MA W18} Fig. 201l 1]a3l3ict. PYC MEAE 5,000 At
o]F F MA7} 35.6% 743l DOES] W7 58 7]5(40%)el] =]
2] ok= 8 YHAS BTk 28Y PtCo/C MEAS] 7% 1,000
Alo]E & MA 7471 40% ©)7d0] Ho] 1.0~1.5 Vo] & gt
A Aol oFshe vreRih Sk W 917F 0.9~0.97 VI OCV
] W o A PtCo/C 2] ECSATH A7} PYC 2] 35% Hholl ot of A
PtCo/C MEA2] Ul7/gd0] =3k Z[17]2) v 2] 7 3ko|tt.
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Fig. 1. Change of I-V curves reflected voltage decrease due to membrane resistance and hydrogen crossover (a) Pt/C MEA, (b) PtCo/C MEA.

—a— Pt/C
o PtCo/C

o
1

S
=)
1 L

N
=)
1

A
=)
1

\

X\O

Mass activity change (%)
8
/

&
=)
1

&
=3

T T T T T T T T T T T
0 1000 2000 3000 4000 5000
Cycle

Fig. 2. Comparison of mass activity of Pt/C and PtCo/C during
AST of catalyst support.

3-2. CV Hi&} H|w

Full A2 A 715 G} g elx Sl S |sE gRlshr] 9
3 CV 418 A3-= Fig. 30 YRt Sl o] €45 vehdl=
0.1~0.25 V 9ol PyC A=2] CV HEFEo] PtCo/C A= Wg}
ZHt}h At =2 A 1.0~1.5 VOlA = Pte] €3l 57 s &
Q] PtCo FHrH T} 352 1.l Flojt}, o] @ = 9} FHufj /x| %] |
o] Ad-& YeERN = DLCE AAlshs 9 3 F12 Wgh=
PtCo/C =0 o F5 Kol itk & Fu/A A A9} o] 2. = ]
AH-S YeEhfE DLC $W3F= PtCo/ColA Wo) YEh A 12 %]
A A3R= PtCo/C A=) PYC AR T 8 o 5= Tk

CVEYE A3t ECSA H3}E Fig. 49 ]2 akaict. 2= 2,000
AROIF B PYCE 48% 7443 W PtCo/CE 31% 48] =2 A
ol PtCo Frll2] UlF4d0] =58 Btk A= Fvl) 715 i
%H7H0.6~0.95 V)°llAl 30,000 Ato]Eoll ECSA 40% 747} 71521
4] PYC FE 1.0~1.5 V A3 B olA= 1,000 Aol S 7Hell 40%
oo Al =2 HtellM pyC Fulj] WtAdo] oFeks B 4=
Itk 28 3 PtCo/C 1= 10, 100 AFo]E Z7]0l= ECSA7} &

3|8 S7Fshe TS Holet) ol 27]o) Corl S3lE o] Pt
Sl {1 F7ro] A w0 pto] v EA A o] e FAH19]w 0]

o] & AL o] e ullu] 9} HAF M=) Pt 18] A THES]
2 A7) 0]F=S A5, DLCE S4sPd o] Q=1 s} Ha}
U= % I Utk cV el 23l DLCE 1=
b 4= 9loJA] DLC WstE - o] 2w 9} H3taL Q= 7] oF

WIS & QU)o e e} sk Gl 7HEE] ko] Pt
27] wliEolth Fig, 5914 PtCo/C 1 2] DLC ZAA7F AA FHE
A Q] A7t A & = vk 5L E 2,000 Aol & $- PYCE
DLC %47} 5%7} @F¥ & 1A PtCo/C Z 2] DLCE 15% ©]4F
zhasal 3uf o) FHE A A A Q] A7 g DLC 74 = &
2 AA A Gl AA 1V sl vAE Gide] S d3tEc
< vEbd ot} g4 XX A 43}17) wo] # PtCo/C MEA S
MA 727} Pt/C MEA E.t} 111 PtCo/C2] ECSA 72+ 2,000 A}
O1F F 20%7} QE AT MAE °F 50% A3t Hhde] Py
C9] ECSAE 5,000 Aol E 3 60% AT AN MAYE 36%4te] 7+
A3HA] - A Hujets Svjrct Saf) XA A2 dslr) A

o Al 9ol o & o 5 ek,

Rt

3-3. 0 YUXFT| M3 H|W

Zul) AR A 7 Dt A52] A5 Fue] A7]E TEMOZE &
Asto] vl wslltkFig. 6, 7). vl AAA Dt 5 A59] 4A a
7] Z7F= PYCOIA = 2.6 nm(2F 93%), PtCo/ColA = 1.3 nm(2F
27%)% WER PYC A= Sl o] A 2 Fo 2 AdRea okl
SFolTh. PYC2] £ ECSA 7Hat= Pt 942t 7] /37l 2]k v
2 k2ol o]k Zloltt. PEMFC Ful 43} viAYSS A&elA
338 A7 95 83, Ostwald ripening, Agglomeration © 2 A
HE =t SulsellA P Svle] YA} 7] F7H= Ostwald ripening
3} agglomeration®] &3l =2 ST 20]. Agglomeration> B~
AAA A7t FHke ofok 7hsgh wlA USRI, PYCi= PtCo/CR.
o} g2 2R A G3hof grobA pyC Full ] YA} A2 Ostwald
ripening®l] ]38 ZHolgla 2},
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Fig. 3. Change of CV curves during AST of catalyst support a) Pt/C MEA b) PtCo/C MEA.
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Fig. 4. Comparison of Electro Chemical Surface Area of Pt/C and
PtCo/C during AST of catalyst support.
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Fig. 5. Comparison of Double Layer Capacity Pt/C and PtCo/C
during AST of catalyst support.
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(a) (b) (d)

Fig. 6. Comparison of TEM image of Pt/C and PtCo/C before and after AST of catalyst support a) initial Pt/C b) Pt/C after AST c) initial
PtCo/C d) PtCo/C after AST.

2.8 + 0.4 nm 5.4 + 0.8 nm 48 £ 0.9 nm 52 + 0.7 nm
80 80 80 804
8 60 8 4 2 60 g
g g g 3
[ c c [
S 40 $ a0 S a0 S a0
o o o o
£ o 13 3
w [ w w
20 20 20 20
0+— T T T T 0+— T T T 04— T T T 0+— T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Particle Size (nm) Particle Size (nm) Particle Size (nm) Particle Size (nm)
(@ (b) (c) (d)

Fig. 7. Comparison of catalyst size of Pt/C and PtCo/C before and after AST of catalyst support a) initial Pt/C b) Pt/C after AST c) initial
PtCo/C d) PtCo/C after AST.

(1- e 100 = {1—[1—(1d+1e+1 ofﬁ}x 100 @ A %"ﬂ AAA FHE 2]0] 18.8% AD W FFE Ak &
ECSA; 7Ry A5 5 B S galloh vl Ak Ak et 7k Aol
ECSA,R Hlal 71 o] Agkth. 22 T AA| A oAt FHuf Fel whet
L =1-(ze A/R) (1+1,) @ Z 9 peEulsl § PiCo Slef uhek 7R XX Ale) A8t
A Zpel7h & QQ’_EEEP
ECSA, : Initial electrochemical surface area o] 1.0~1.5 VO =2 At FAAAA F= &= +71 Ailﬂ
ECSA, : After AST electrochemical surface area W Aol flooding, starvation®] 2 SH= PEMFC B 2] 7
1, : Fractional losses due to dissolution e AAA L] WTFES A7 Flo] 28] Ul el UH
1,_ : Fractional losses due to ¢ connectivity loss T FQE 2 =S Sl AASITh
I+ : Fractional losses due to H" connectivity loss
R, : Initial particle (averaged) 4. 4 =
R, : After AST particle (averaged)
PEMFC Zvl] X]%] )] 715 d3} 2 &35 pyCe} PtCo/C MEA®]
XRF, CV, TEM ©41& &3l 7%k 24 %k Table 13} 20 1je} AN =5 Sl o e sk vl
Wom, A (2)02RE ot uielr] dgE Al Fig. 8ol v wat DOES®] Zulj XA 75U~ B7PE & 2831 PyC A=
ATk PYC Fvl F2] A ECSA At 59% At o] ol 38%7F 0.9 Vol Z1l| Mass Activity”} 2,000 A} F-0|| %= 28% Yol 7+
FHrl YA} Ad el 2k 21 o= A= 9iTt. PtCo/CE ECSA 31.6% 2314 BB, PtCo/C A= 48% )4 Zrasl A F = 7tol)

Table 1. Quantitative analysis of Pt/C catalyst layer after catalyst support degradation

Catalyst layer ECSA (m“/g) DLCF/g Amount of Pt (pg/cm?) Particle size (nm)
Pristine 34.4 86.7 785.3 2.8
After Degradation 14.1 81.1 759.6 5.4

Table 2. Quantitative analysis of PtCo/C catalyst layer after catalyst support degradation.

Catalyst layer ECSA (m?/g) DLC F/g Amount of Pt (ug/cm?) Particle size (nm)
Pristine 17.7 148.2 405.4 4.8
After Degradation 12.1 108.5 385.0 6.1
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Fig. 8. Comparison of catalyst layer degradation of Pt/C and PtCo/C after AST of catalyst support a) total ECSA loss of Pt/C b) quantifica-
tion analysis of Pt/C layer degradation c) total ECSA loss of PtCo/C d) quantification analysis of PtCo/C layer degradation.
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