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Electrode Performance of Pt-Cr-Ni Alloy Catalysts
for Oxygen Electrode in Polymer Electrolyte Fuel Cell
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Abstract To improve the catalytic activity of platinum on polymer electrolyte fuel cell(PEFC), platinum was alloyed

with cobalt and nickel at various temperature. By XRD, it was observed the crystal structure of alloy catalysts were

the ordered face centered cubic(f.c.c) due to the superlattice line at 33°. As heat-treatment temperature was in-

creased, the particle size of alloys also were increased and the crystalline lattice parameters were decreased. According

to the results from mass activity, specific activity and Tafel slope measured by cell performance test and cyclic
voltammogram, the catalyst activities of alloys are higher than that pure platinum.

Key words : fuel cell, polymer electrolyte, catalyst, platinum, nickel, alloy
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Sto Tt SxolM §FE A2 F, FEFL olRA 2
& d¥ Hdol24g AA 7] s FArgdo4] leaching
FAE AH HFEFE)E Az}

2 A EYHY

2.1 DEARNHES] X2

aEAAH AL Du Pont A}e) Nafion 115(E.W.
1100g/mol, thickness 0.125mm)-& F-315te] Ago] A}
237 A EEAAE 99 A=ty ? Nafion&
protone} g AefE AT =) wo £Ro) TFo)
LAl 220t} o] gl AejolAE Aol A pro-
tonHEE7} 107" Sem™! AT R 23] PFa|ut 435 A} ej)
9} proton?] =& 107 Scm ™'Y HEEE BoJF} 5o
A 2R §7] BEEL AASY) Yo 5wt% o 60-
80°C H.0. &ellA 127 M)’ ¥, & B2 22175
o Az, AsA WF-o 24 0122 AARY] 918 60
-80C 0.5M H:SSO.E 147 HEld ¥, vl 2= B2 9
A7t Ft Hlojdle) Algsldnt. Axer) B AHaRe
Adel AH37] A ARE WA 98 & o) 2B
Ao, AFdsd HEAE A=2g o At 272 A
&ate] AgEtoh HE Fuieg AZY o ARREHE 5
% Nafion 4<% (Du Pont de Nemours & Co., Inc.) &
FEke] 1100 g/mol’l 7-& AH&-5-ch.

22 WF-aE-HH gFEH0le| M=

2% $471% AH8sed £ 100mie) Pt/carbon (Pt
loading 10wt%, E-TEK Co.) 4g& 2A17}%<l wutslod
A EAAIF) F (NH,) ,Cr,0, ammonium chromate
0.156g} Ni(NOs),, nickel nitrate 0.298g% A7}st4ic}.
A, 253 U9 atomic ratiox= 2: 1 : 10] HEE &
Aot o12A T3 £ FYAZ 5% hydrazine£-
£ 3715} pH 82 ZAsle] 24)7k F2F Wuksle 28
YAE carbonel F2HA)7l F ojztel AlHstgom 60T
NA 61215t AZRE ). o)gA Az Bge By
A 287 (N2 H.=90:10) 914 600-1000TC2) &%
oA 7zt Axe)stdct. FFE o)]FA £ UR He|F
& AAs7] A8 1M ZasdelA 50T, 2447}
leaching 3 A& AX §FEo)E Azslgich.

2.3 H=-MsHE ol g2l M=

Az BFFFSolol AFtey et H5-S ¢
257 ¥447) (ultrasonic  homogenizer) & o)&3}0
AFA17] 22 Nafion£4-& carbonel W& 30wt% H7ts}
£ ink& AZFH. A29 inkE, Teflone & o
] 2}3}F carbon cloth$]e] 32 paintingste] Eoj2g
2% F &5 AA3] A8l 60°CAH 247 AEAA
o} Alzg AL Ao MIYR|ko] Hr e A 2taly
o, oA A7} Nafion membraned} 125°C ol 4] 28
ZF 100kg/cm*e] k&g 7hef AF-Asd 4L E A
zhsholct. Atk e AT @x|ske 5 dsA shode).
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TEA ALY A AR SR AHEHE oA
Ao FEE Foto AIFAHE JFA7}F Foln FZ)
graphite plate®} current collector® cupper plateE o}
o] celt& Z{st4ich. Graphite platesls 7}27F A2 2]
AANF-ELE F3F o5} LE parallel typeo® gas
line$ ®44]7129, graphite platesl] phenol4=#& %3]
A 718°] 9 B8 M50k Cupper platesl] ]
£ st HA)o LEE Aojstint. A A& why
22 IHAHAE AR %, AT AvisEE s
load testere} Al A=gr FRAANAY 52 &
AuE sl EAstglon, A Ao Aleg A
HAe femiE sk}

AEADA FHAY e} A2 Hl7) 21 10] HEE
H3te] " gas humidifierol A 711 Zie}. A=) 9] ¢
2 2% controller®) 98] MAWe] &5 EX e JAslA)
TR eH, nEAHH AL o] 2HEEE Foly] 94
AANE $E9) FFLE kS 71aF A0 AE Azy 5}
71 8 Jtgd AR "X FTFedz, vk s
o FEGFL 7157 2EE Aojst H A3 He] Ax|
Well &34 stglch. A9 &4 278 $a2 4a
=9} 27} AR Lr R} bzt 10°C, 5C A shed,
AA= 80T, F4TFH AT slgrle 22 90T
86CE Astsict. ¥H3- 7|A9 ¥ $ke back
pressure regulator®} gas flow meter = dA3}A 525}
A=t A7t B4 AL AR 1T 4 Absle}
A Bl i B3 APE 5 S vlwsigdo)

25 gE&0e 24

Az WIFFFE0e) AAHFZEAL 98 XA 34
+471 (X~ray diffractometer, Rigaku Co.) ©]-&s}e] 3
Aatgich. XA Aol o) AejAl 729 Kaile b4
slgdeh. XA 3" H9s 10-90° 9 37-43° 2 Fa) £&
= 27 10°/min, 0.5°/mine.2 &Aslgck. XA sAde
=3 WF9 (111), (200), (220) peak E& (100),
(110), (210) peak¥ °]-83te Az WIFZFo F27}
TAAJAA] E2A 2] FA3lden, YA AFH
E ol AAYAH P i AT AANFE Falolch W
=2 Fpeakel (111) plane€ line broadeningsted
Scherrer 4] o]-&3te] Az2g WFF9 JaAt=27]1E A
Abete] TEM ARzl o]vw)z] £43te] 2% olat= |}
Hlasteich, SofEwo) qixlarlel EAYHHE 245
2l#] TEM (Transmission Electron Microscope) & o]&
atolom 200,000 ) wl-g 2 H2a}olch.

AdgAA Y 4F FHe) B F, UIFF 20l T
Ao oot Abae] F-2HEAT A9 2 Sl A7)
A FHEEHE 54517 e, 2L ZAs A Aba
ol AAE FF5HA Potentiostat/Galvanostat 273A
(EG &G princeton applied research) o] <123}z, Soft-
ware program 2708 A}-83}e] 0.04-1.2V o4 scan rate
20mV /s& 53] cyclic voltammogram-< 2359},
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WZgtFEole] B4 glej4], XRDE o]43ld &5
o) QeiRo} ARTE L Askgse) Msh, ¢ F4

CETAE uid, Y R =] S EAg S UMY &
3 W3} g9 XRD patterng ¥lasle] g3 A
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Pt-Cr-NiZel & a9 ZAT AzxdAe we} =27
T NHAE g F e d, shte disordered alloy
structure®] It 3kt ordered alloy structureelc}.
Disordered alloy= face centered cubic(f.c.c.) struc-
ture® 7} ™, ordered alloyx Er}A] £ 7}x] = =
23} HolZ&e TAo] 3:12 AL AAHE Pty (Cr-
Ni) ordered alloy face centered cubic(f.c.c.) structure
9} g9 FAo] 1:19 A% MAEE Pt(Cr-Ni) or-
dered alloy face centered tetragonal(f.c.t.) structure
2 oAl

Disordered  alloy$} ordered alloy®] JE&
superlattice lines) &4 & 4 glt}. Ordered
alloyell A+ Pt rich plane® Cr-Ni rich plane°] H#o}
dA A, 28)mE ordered alloy FERol|A=
identical plane A}°o]] A 2}7} disordered alloy$] 73-%X.
o 5w = R wiyl @ 5 ok o]2 al#iA] ordered
alloyd 2% #7149 Bragg reflectiong 2+ o
superlattice linee] vepde}, o]o we} disordered alloy
= (11D, (200), (220) planesd #¥AE diffraction
peak whE 7}xw, ordered alloy structuret o]&]e]
(100), (110), (210) plane%9] superlattice lined ZH=
t}. o)Felal A Z peakd (110) peak® A71ek
(111 peak A|712] wl& o]g3le] Fufjol Ex3lE or-
dered alloy$} disordered alloy &} il ¥]E kAo
2 Ak = gich?

PtsM (M =Cr. === Ni) cubic ordered alloy$} PtM
tetragonal ordered alloy & F¥-5}= v oh&3) 7}
XRD spectracl4] & 4= 3l cubicFZ9} tetragonal 7
Z9] 71 & Aol cubic?EE (2200 3 (202)7F T
3te 26=68° o 4] peakuto] Yehdl. e}
PtM tetragonal ordered alloy 2} 72-$-o wig Az} Wi
9 fe.c. lattice pointZo) 4 (000) 3 (1/2 1/2 0) &
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Fig. 1. XRD patterns of Pt-Cr-Ni alloy catalyst on heat-treat-
ment temperature before leaching in 1M H:SO.; heat-treat-
ment time 5 hours.
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Fig. 2. XRD patterns of Pt-Cr-Ni alloy catalyst on heat- treat-
ment temperature after leaching in 1M H.SO, for 24 hours;
heat-treatment time 5 hours.

AAE 2 M (Cr == Ny (1/2 0 1/2)% (1/2 1/2
0) & AAEA Foh, AAHe R cF o R £ Rolv)
golAA =z, Ax A5FE a=b=xc, a 7}t Hrh. 27
22 (220)3 (202) plane¢] t}24 Feof 42t 26=68°
T3l (220) |3} 26= 70°3—7ﬂ°ﬂ (202) He] peak7} v+
ehdc}.

B AgolA Bg3 Holg&e) 2A4E 1112 3o ok
gk =04 dx2sle] Pt-Cr-Ni ¢F20}& A8ty
o}, A=g WF-3FEele) XRD patterng 28 1] v}
el sdel. 2R & § UFe] kel WFe] 54
peakel (111) Hol sigdsE= 40° ¥29 peakst 46° 9
68°, 81° ¥ (2001} (220), (311)H9] peakr} Y
ella gle "4 =3}k superlattice lineo) s EE 23° 9}
32°, 53° ¥ (100)3 (110), (210) "2l peakr} v+
ehar gitd. PtM (M =Cr or Ni) & 7%, superlattice
lined] A=t F¥39 22%H=7t € A 43 or-
dered alloyE 3AE Ao 2 713& 4 Art. 600°C 4
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Table 1. Lattice parameter and particle size of Pt-Cr-Ni alloy catalysts before and after leaching in 1M H,SO, for 24

hours.
lattice parameters (A) particle size (A)
Catalyst before after before after
leaching leaching leaching leaching
Pt 3.927 25
Pt-Cr-Nialloy 750C 3.865 3.856 38 35
Pt-Cr-Nialloy 900°C 3.858 3.851 54 51
Pi-Cr-Nialloy 1000°C 3.831 3.827 75 73

(c)

(d)

Fig. 3. TEM photographs of Pt-Cr-Ni alloy catalysts on heat-treatment temperature before leach-

ing; (a) 600°C, (b) 750°C, (c) 900°C, (d) 1000°C.
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Fig. 4. TEM photographs of Pt-Cr-Ni alloy catalysts on heat- treatment temperature after leaching;
(a) 600°C, (b) 750, (c) 9007, (d) 1000°C.
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Fig. 5. Cell performance of Pt-Cr-Ni alloy catalysts on heat-
treatment temperature at pressure of H./O.=1/latm; heat-
treatment time 5 hours; cell temperature 80°C, H./0,=90/85°C;
0.2mg-Pt/cm?* 1.0mg- Nafion/cm?
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Fig. 6. Effect of gas pressure on cell performance of Pt~Cr-Ni
alloy catalysts heat-treated at 900°C for 5 hours; cell tempera-

ture 80°C, H./0,=90/85°C; 0.2mg-Pt/cm* 1.0mg- Nafion/cm®.

Table 2. Kinetic parameter of Pt-Cr-Ni alloy catalysts for oxygen reduction reaction; cell temperature 80°C, Hy/N,=90/

85°C; 0.2mg~Pt/cm? 1.0mg- Nafion/cm®

Catalyst Eq b mass activity specific activity

(mV) (mV/dec) (mA/mg-Pt) (mA/cm*-Pt)
Pt/C 999 60 70 0.073
Pt~-Cr-Ni/C 750°C 1020 58 135 0.225
Pt-Cr-Ni/C 900°C 1030 56 208 0.575
Pt-Cr-Ni/C 1000°C 1021 58 163 0.371

Nafione] ZejE el TG B¢, 239 oA=L
F7VEAY o) 5-9) Y1F =0t ZAE, carbons)) BAE
Zd) o) 748 Nafion filme] 4= W57k} E0)
E7lA Batel Agg4R AgstA "ok wbfE AL
¢} Nafione) 7}, ZvjF el ek Nafion film
o] ¥ 7}2q Ak ol NA, FajF o]
AEEE st 139 452 A28 "Hoh

27 5 750°C, 900°C, 1000°CE @Aelg Pt-Cr-Ni
FZEelel Pt/CH £50) @8 AF4e ¢ HAF2 3l
t}. Pt/Cich= @32)§ Pi-Cr-Nigts o7} B0} 2
A5 & 2953 Stk X7} FobAle) vt 359
Atz 7)e ST WEqiAte el S ARt 4%
BaEsE 31 U8 $5€ AZY 7 Aok 2
i}, o] Q8] ordered¥ FZ R} disordereddt =
7} o] go] EE&}A4 =Hm ol XRDelA superlattice
linee] 1000°CAME thAl 27 Aadte A% Bole
Ao g AR 5 Qlck. M 257t 37l wel e
# 2§, A 54 571 orderedd FEE
23 ") 19 68 900CE @)% Pt-Cr-Nigh
FEe) thet uh37h2 8 FHE /MRS J ASA
& Uehigich gk s ) 3713t we) SR

Z7¥s1A] S}
Ag A AFLer}t 80Tl ¥ 7129 ko]
fatmyd @2 kinetic parameter& Table 20| g9F A=

Lk Activation polarizations G419 Hgte] HF
A5} 7)&714 Tafel slopes GA) 900°Col A |X=)7H
W9 AU P B e BeFm gk o)1 900
CTollA dA=1g gFol ATkl el A 2
g4& 7PAths S RAFE oItk &R R 204 B
SF3 9= /12 AgrI) 900mV 4] mass activity
£ 900N It g2 BAde) Pt/CE} 3»)
Ax Z7yst ek

3.3 BZE0l9) cydlic voltammograms
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29 cyclic voltammograme} wWEe)  (111) B3}
(100) 9] 4 F-22-go] 0.1V 0.26VlA 499
ok = i) F-EeS (111) 8 xc}
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o} whg-& F7F ¢ F-2Egolzt gk 0.26V
oA dejue uheE AT T4 F-gEhbgolst I
2Elx 0.7V 4 JehtE peakE anodic 23 o WF
Edo) 34EUY 4HEESTe] cathodic ¥=31HA &
L AR AxFo) BFRA) FARAH) B3}
= Zo|}.

28 72 Ax2g FFENY Pr/C 99 cyclic
voltammograms-2 B.o{F 1. 3lt}. $°4: desorption peak ¢
A+ reduction peak7} @A A FFS0)2} F9- Pt/CE
t} 2 2% 02 F4alA olEstal vks A& £ 47t otk
S0 A% F-22A} & AFo R o) F 3=
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Fig. 7. Cyclic voltammogram of Pt-Cr-Ni alloy catalysts; cell
temperature 80°C, Ho/N,=90/85°C; pressure H./N.=1/latm;
0.2mg-Pt/cm?, 1.0mg-Nafion/cm*
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