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PEMFC(E#} Aalld = A8 3A]) cathode U2 Pt-Co/C7F U174 & wjitol] Htoll o] AFR-E= o]
o} AR A AT el AE 2hell e Ul HellA WAsAl 98-S Eh PYC M= FvllolA] Pr-Co/
CE tiAEAE vl antA} daldeke] 7)sksh] Uladel wA)= G&kel dialix] A7-sk3lth. PEMFC A1)
A718184 71 d3) #gollA] Pt-Co/C MEARHISAEANS] UlH2de] PYC MEA Ul5d Rt =94t} FER (B4
FELEDE} FAFHTE 248 A3} PCo/C MEAS] EAN G314 57} PYC MEAK T $2-8 1 itk OCV(i3]
E729H holding ¥l Pt-Co/C A=) FAHA 7hadwr) pyC A=) via, iRl A&5 = pt 9% Pt
Co/C MEAZ} PY/C MEART} 9kt aiabet Uji-9] pri= 2l Zhs s xS A3tz o pt A% &
%7} 32 PYC MEAS] 1A A3l o7} 7] UERTE Pt-Co/C FullE ARS8 A= A avd] o, wita)
ol MEEE POFE 7hAasiA] AR H7)38H Ul s AT

Abstract — As a PEMFC (Polymer Exchange Membrane Fuel Cell) cathode catalyst, Pt-Co/C has recently been
widely used because of its improved durability. In a fuel cell, electrodes and electrolytes have a close influence on each
other in terms of performance and durability. The effect on the electrochemical durability of the electrolyte membrane
when Pt-Co/C was replaced in the Pt/C electrode catalyst was studied. The durability of Pt-Co/C MEA (Membrane
Electrode Assembly) was higher than that of Pt/C MEA in the electrochemical accelerated degradation process of
PEMFC membrane. As a result of analyzing the FER (Fluorine Emission Rate) and hydrogen permeability, it was shown
that the degradation rate of the membrane of Pt-Co/C MEA was lower than that of Pt/C MEA. In the OCV (Open Circuit
Voltage) holding process, the rate of decrease of the active area of the Pt-Co/C electrode was lower than that of the Pt/C
electrode, and the amount of Pt deposited on the membrane was smaller in Pt-Co/C MEA than in Pt/C MEA. Pt inside
the polymer membrane deteriorates the membrane by generating radicals, so the degradation rate of the membrane of Pt/
C MEA with a high Pt deposition rate was higher than Pt-Co/C MEA. When the Pt-Co/C catalyst was used, the electrode
durability was improved, and the amount of Pt deposited on the membrane was also reduced, thereby improving the
electrochemical durability of the membrane.
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A =6] FAIE 8k 52 =4 Al (Membrane Electrode
Assembly, MEA)E 7/d3h= 8A4E50] dafulo] o] 2 41 B3t
5 TEA7IA FShaL Qv 7-12].

A=e) sekA 78l dele A= FH Pl A 2717 A
# A o] Zhash= Aoluk, i) =71 /g7l tigh w|A
S 1) 22 W5 A7) o] e AdollA galls]o] & 1} 9
o] AZx]o} Jx}7}t A37-shh= Ostwald ripening MIAHAUE[13], 2)
FTHE XX A 7l 4] random cluster-cluster &l 2]3] W2 U=}
2] o] 2] (agglomeration)”| A 5= v A Y E[14], 3) cluster?]
Gibbs 2H AUAE #4stsl7] 18l wle =73 dsivh= o
AUF[151°] vt A= JAF 32 s ot =1 AAE G
St ®ishy7) Qb= 2dollA] 2 dojwdry,

PEMFC H=12] A 7lahe a17ke] W wjiofl 953} 4 v]
W3l A7F Es] Ry 1 Qi v gl Hhjow was
3k Sl 7F HEE I Q=] P-Co/C S} A5 Wi

& BT RSk SR F 2ol ol AMHEE = FAlotH17-

] AEAA N A= Al A4S bl A2 Uiy ®el

UASH J3e Tt “«ATHA A & FFo] Hahd thE
FEE T HAs ) o)do] Mg 5 vief gtk A A8
AA A 1 Ao B L& F 5 WolEo] 1L Qlth22].
Cathode?] 3> % 3tol| 4] Cathode Pt7} -3l =]} a1t-2put i -
o)A anode® 0% o] Fdl 7H= Foll Fagl vt pr M EHnh
[23]. A1EE Pt YA} AdelA] % S o 2Ry b Abas) a4
7} Rkl ehe)-S 3Adstar o] eir]zdEo] LEAS ASHAlY|
b7 A5 dshe A dehol s TA7E Qirk24]. 2 A
TollA= 71E2] PYC Fullell A Pt-Co/CR thAl = & w aniat
Aafdute] 7188 Aol m x| dEkel tisliA A3t
AT,
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2-1. OFREF M7 (EEN TS L ")

T+ 7kl AFE-8F MEA= o] 2. '=1 Alo]ef| e-PTFE A A A7}
E0J7F 73l (Reinforced membrane)ol] HIZ WHH O 2 A 23
= %2 hot pressing 5F0] F= W& o] 25 cm’! MEAE FH]3513
. o]w] anode®] H=2 Pt/Co]™, cathodet= Pt/C 2! Pt-Co/CE]
717} Ag3te] T E52] MEAS Aot A4 MEAS)]
t Sk % T 0.4 mg/em’$ Th MEAS} 7FA AT (Gas
Diffusion Layer, GDL)= 9A'd & #("] A =) A (CNL Energy,
Korea)oll S0ETZ A43}3] 01, AH|©]A(CNL Energy, Korea)el
A 29 FE, 7 7% 55 Alojste] MEAS] s 2 Wi
7V Wit

aEAEre] 718k ekA it g 7F iRl 71 3] =4 (Open
Circuit Voltage, OCV) holding=- cell 90 ‘C, anode 3t <+ =(Relative
Humidity, RH) 10%, cathode RH 30% Z=71 4] H, 347 mL/min}
0, 829 mL/ming 7}7} anode®} cathodeol] 913101 715 W47+
Z18) 831 T} OCV holding 13 A F7tutc}t &/9 31 & 1.V, CV,
LSV 57345 53l MEA2] 4455 ERlI8kaL OCV holdings RH=:
3} Pt/C W Pt-Co/C MEAQ] U4 & vl walgith T3t ocv
holding 24 hrmtt SE55+5 A3 5H %d\_%%i‘—E(Fluorine

Emission Rate, FER)= Z7d3}3AT}.
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2-2. MEA ¥3| &4

2 AgeM BE AT 54 cell 70 T, RH 100%0114] X233}
§om -V A5 412 anode 1.5 stoichiometry(stoi.), cathode 2.0
stoi. 271 0.7 ZHs3lth A=-8/d™d 4 (Electrochemical Surface
Area, ECSA)<- potentiostat(Solatron, SI 1287)8- ©]-83F CV(Cyclic
voltammetry) W O 2 #418}3I T CVi= anode} cathodeol] 22}
S22(40 mL/min)2}F 2 24~(200 mL/min)E & 731, scan rate:= 30
mV/secE A4S WA 7|HA 75 FHsR=1, 14 cycles & =
et ahe 9ot AT 750 S (Hydrogen Crossover Current
Density, HCCD)9} ©2F 4] &(Short Resistance, SR)<> potentiostat
< ©0]&-3l] NEDO LSV(Linear Sweep Voltammetry) 'WH 0.2 =
78l B] w3k Th. NEDO LSV anode$} cathodeol] 72} =42 200
mL/min®} 24~ 200 mL/minE- 3335}, scan rate= 0.5 mV/sec=
0.2~0.5 V §ig]olA Heke wstr7dA AiE St

OCYV holding 24 hrott} A # & &% 2] FER TISAB(Total
Ionic Strength Adjuster Buffer) £} 1:1 H] &2 £33k & ISE
Meter(lon Selective Electrode Meter, PH-250L, ISTEK, Inc.)Z
H3pict.

=+ B 7 & MEAS] &S Au 9 & 71 5ke] SEM-EDS
(Scanning Electron Microscope-Energy Dispersive Spectroscopy, JSM-
7610F plus, JEOL, Japan)= A=Al 2h&- 22493191 01, beam H 91+
15 kvitt.
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Fig. 1. Change of voltage during OCV holding with cathode cata-
lyst a) Pt/C b) Pt-Co/C
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A7)8}84 715 Y73 7HAST)?HE 2= OCV holding #74 %
AehA 312 Fig. 1] YEFATE OCV holding 3H4 % 48~72 A|7F
uie}h 243} 9 53R S WHEalGit). /3 stel 5A3EA] £ Tk
OCYV holding& A 2381 Z o] 38t 53 5Lt =+
7H A1 Aslel 31 EE A ok 17k dsle 728 4 QITh25].
P/C MEAT: 245 OCV7| Hd3] 3155 #] o Fatd o2k
3 &= v)7Fd A sk BT 18 Y Pt-Co/C MEA: 864
AR B3 slalsle ol 7F 4 0= 718 B 3]EE o] n]7kY
2 Asl7t PYC MEAC] H]3l =] 23S Holal gt} Pr-Co/C
MEAR H]7F34 A7} 23 Folli= wabA Zsto] 7kt

OCV holding 2 & & A=2] 4 7% 4% FERE Fig. 291
B w3FI T} 144 he7bA] Bl aEke] = PYC MEA 2] FERO] Pt-Co/C
MEART} 108] o]4F 38 3hS Ho] PY/C MEAS] 113A12t A3}
S a9 Y 55 ¢ T T Pt-Co/C MEAT 288 hr'fH] &
33} & FERO| FHadh= @S & 5 Stk 843} o] st
ko] A& ThaAlZl Aot s} o] gzt TS 4
Al s, Bz TA e 1A & AvA wEgivka & 5 9l
o} el gafElo] v Rz o) Fs) A=w Pl ok el 2
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Fig. 2. Variation of fluor rmmision rate during OCV holding with
cathode catalyst a) Pt/C b) Pt-Co/C.
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Fig. 3. Comparison of I-V curve change during OCV holding with
cathode catalyst a) Pt/C b) Pt-Co/C.
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7] wiEogta AZhETH26].

3-2.0CV holding Y & IV 845 % =0 2y #s}

OCYV holding ZFgellA 1-V A5 ¥3E Fig. 30 Hlwskqltt. Pt-
Co/C MEA %7] OCV7} Pt/C MEA OCVR.Tt} ¢F 40 mV St} 2
Ao Al f22] Fel#S AREElA PYC MEAL= 0.6 VollA]
1,400 mA/em?>S- Pt-Co/C MEAE 1375 mA/em?e] 2 AFIUES
A2t} PYC MEAL= 136 hr ] 0.6 VollA] 800 mA/em®® 7H2xgt
1, Pt-Co/C MEAE 1,008 hr 50l 0.6 Vol 1,000 mA/em?*% 74
34| Pt-Co/C MEAS] Ul7-do] 7Hl] oY -5 H3lth 7 MEAS]
-V A eA A7 o] AR ST S A FellA
TEAE o] RAEE Fhae WE s At e vERTE S
A 71 A3} Ao AN A= Sl deke wAEA 1V A
5ol Fvll 43} JF= kg RS st Zloj)

A= Fu) pre] 3= FRIsh] Sldl 5743 Cvel ECSA WsE
Fig. 4, 5 YEF T PYC MEAS] CVE 136 hr T+l 1,008 hr Pt-
Co/C MEAS] CVe} 212 FEE 1o u9- w27 H= A3t 7
qE AL ghrel & = vk v we] evr g ellA] tizba 7
o 7 7]8o|- o 2 F MEA B short AF7F S-S oF
2511 Qlt}h. Pt-Co/C MEAS] %7] ECSA7} 20 m¥Ygl. & A1k
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Fig. 4. Change of cyclo voltammetry during OCV holding with cath-
ode catalyst a) Pt/C b) Pt-Co/C.
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Fig. 6. Comparison of linear sweep voltammetry change during
OCYV holding with cathode catalyst a) Pt/C b) Pt-Co/C.
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Fig. 8. Comparison of short resistance according to cathode cata-
lyst during OCV holding.
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A|Rk(Fig. 2), 72 AEAREEe] o] Aol o8] B4 oL
H7EI ARl At Qe FAFIHEE AR A 0% ket
SR W3}1= Fig. 81l Bl &t} SR 37 Al ¢] HCCD 35 A1}
719 AR, SR AL AN Wl P} wobA A 534 o] Fo]

T4 Hastar, HCCD= VR 2 prt BolAd 22 4
&7t ol v 43t &1 = HCCD7} 57k ZlelTt. SRO)
1 kQ-em? ©]4421 soft short % Bl ol 4] HCCDS$F SR A AF3to]
AW SRO] 1 kQ-cm? ©]3}2] hard short Al 1 A%o] v]5=
Al aittet s} vpA ek GAle A SR 7L vilg- F 8t
SRE] ZHi= Pro] &3l/41 &3} e Eo] Pr-Co/C H=2] QHd/e]
2H T el TS v BojE Zlol.

3-4. DEXE LHRO| Pt, Co ME

OCV holding ¥ MEA®] @H-& SEM-EDS +435}°] Fig. 99}
Table 1] WEFITE -+ MEA B 122F2Ee] U itel] Pt A &5 o
otk pte] X2 TEMO] obd SEM-EDSE #4138 4= Ql& Ax=
ke pt QAFE0] AZE ). ol F=Ho] cathode® cathodeol| A
g3llEl peolo] g UF-ollA] anode PEFOZ o] F3laL Tkl
29} ¥ Pt AR A5 B1o]TH26]. P-Co/C MEA 13l Z->
A1ZF OCV holding3t Pt/C MEA 2] Pt Y] #}7} cathode Zoll T
Wo] B¥ TS B 4 9lt} 0|5 pt A} THA F248) A7} dk
u gjo)zo] A 1, o] EhejzEo] AaAtE FAske] Blo]
3l Ao wekslar QIUH27). Pt-Co/C - ZllollA] Cok A%
=913l A EH ofo] PtEt} ©] Wr(Table 1). PYC ZFljollA] -3l
&% Pt wt%7} Pt-Co/C 1| 2] Pt} 3ul] o]4F =31, Pt-Co/CY]
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Fig. 9. Comparison of SEM EDS of MEA after OCV Holding with cathode catalyst a) Pt/C b) Pt-Co/C.

Table 1. Comparison of elemental content of membrane cross sections after OCV holding

(Content: wt%)

C O S Co Pt
Pt/C 36.9 2.6 1.0 - 4.6
Pt-Co/C 40.7 2.1 1.7 1.7 1.3
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