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The Cathode in Molten Carbonate Fuel Cell
I. Electrochemical Behaviors of Ni and Ni-Co Alloy

Boo Young Yang* and Kyoo Young Kim
Center for Advanced Aerospace Materials, POSTECH,
Pohang, Kyungbuk, 790-784, South Korea
*Sheet Producs & Process Group, Technical Research Lab., POSCO
Pohang, Kyungbuk, 790-785, South Korea

The oxidation behaviors of Ni and Ni-Co alloy electrodes were investigated using
simple electrochemical techniques under an O;+CO; gas mixture in the ratio of 9:
1 at a total pressure of 1 atm at 650°C. During in situ oxidation processes under
open-circuit potential, Ni, Ni-10Co and Ni-25Co electrode showed 3 potential
plateuas, whereas Ni-S0Co electrode showed 4 potential plateaus. The final poten-
tial of all electrodes approached to the oxygen electrode potential. Nucleation and
growth of the oxide were represented by the first and second plateaus, respectively.
For Ni-50Co electrode, however, an additional plateau due to the formation of
LiCoO, was observed. The lithiation took place by chemical reaction at the oxide

growth step.
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Fig. 1. Schematic diagram of the electrochemical
cell for the electrochemical experiments in molten
carbonate.
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Fig. 2. Open-circuit potential curves of Ni and
Ni-Co alloy electrodes in (62+38)mol% (Li+K)
CO; melt under 0,/C0,=0.9/0.1 atm.
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Fig. 3. Open-circuit potential curve of Ni elec-
trode oxidized in air for 1 hr at 600°C in (62+38)
mol% (Li+K)CO; melt under 0,/C0,=0.9/0.1
atm at 650°C.
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Fig. 4. AES depth profile of Ni-50Co electrode
after immersion for 20 hrs in (62+38)mol% (Li+
K}CO; melt under 0,/C0,=0.8/0.1 atm.
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Fig. 5. Surface morphologies of various elec-
trodes after open-circuit potential measurement
in (62+38)mol% (Li+K)}CO; melt under O,/CO,
=0.9/0.1 atm; (a) Ni, {b) Ni-10Co, (c¢) Ni-25Co,
and (d)} Ni-50Co electrode.
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Fig. 8. Surface morphology and EDS analysis of
Ni-10Co electorde after open-circuit potential
measurement in (62+38)mol% (Li+K)CO; melt
under 0,/C0,=0.9/0.1 atm.
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Fig. 7. XRD patterns of the final product on Ni
and Ni-Co alloy electrodes obtained after open-
curcuit potential measuremnent in {62+ 38)mol%
(Li+K)CO; melt under 0,/C0O,=0.9/0.1 atm.

A28 e 43E 4Pl ALAASHNA
gehd i = 484EE UBiE ez B
qlth.

7 A2N §4Y vsgel 728 Yotur
Jsi4 XRDE olgsle] EAsUL, 1 e
Fig. 701 UERIQEh 2 d34 BEY WS EE
e gew 2o

NiO at Ni
NiO or (Ni,Co)O at Ni-10Co and Ni-25Co
LiCo0,, (Ni,Co)O  at Ni-50Co

£3], Ni-50C0 #=9 ZB$ AES £49 #An
(Fig. )¢} Hl@3ldEd 2 3 FZE 71X AL
2 #ggEd. &, v2Ee Corich¥ ez LiCoO,
ola, EFFL NiOe} CoOo] &AM 4H3E Fo
2 7= Uk oM 7 50%Covt HF7id A+
Tt 2l ESgEe] ¥4E AL AES #4ZFACA
g F Aol ARE AAF RUFE Cod olF
o] sl FHERNME Co7t THE A&l
YA, o] 4AEZAAN 95 TS W

€3t LiCoOy7t AHsE ez A4dn. oe
A BERRAAY SE3PES Y UHEF
gARe Co Fxd &3 ez H4dn
ol4el AARFE UAHAS Cog H7std &
FENgH M B dRE FstEo] FAHE &
de 7tsd g BoA &

3.2 Cyclic Voltammetry Al#
3.2.1 Ni 834 Cyclic Votammogram

Cyclic voltammetry(CV)E A Al7td] wiel A
FEHANA Y whgo) s Lotz PPt A

= 05V A -1.2VAX WY g oAl -0.5V7
A &I, Ni AFqA oz AA}E Fig. 84
vehd el Fig. 89 4Yda2d& Ni AF9 7%
Ag ZAHAL Ued Aoz FHAGA JHER A
A" XAHA N CVARE Pt Addy F4
Aol A WA AL T EFRE(point 1) A
FFAFIAE= 9 -075V(H = A)Y -05V(Fl=
Bydld @it wd gSHfFHas dEEA ¥
teh ¥ 3 A Fig 29 JEbd Ni A3 Afwd
ATAa4e 3 AR ANAA TR det vz
3 A48 JeEhigly, fa Be F HA AL
AT AgddA BRSHAUCG w2 g3 As
Ni/Ni0O Ade el YALEE Yehld, o
3 By A3E 43 fEd gaed. a3y
AR ar BEHA ¥ A& Nig NiOge]
Atgle H7lY Wt oz sl EH7AY &
FEAE FA M= NiO7l 895 e RAE 2
o &t}

F oA AAP T A ZA (point 2) A &
ZAFE A= -0.68V(C1), -0.80V(C2), 283 -1.1
V(€)X #EHAGD. A5 Bdd A€ NiO
£ g (6)F (T3 o] £FEUE W &
Aste Lit ol ¥gg FA Hed, 9z Cl
& £495Y Blgolol 2 (T 2L ¥gd
og AsEFe AYY o HAHE Ni(ll) o
29 g4l JiQldle Aoz AAET:

V7 yi+2Lit +0% —— 2L +0, (6)



£EENE dEAAE 8945 1. Ud R UA-ILE §F9 AVABAF 415

T

4 V/“‘:’
L n i i i 1 i
1.2 -1.0 -0.8 -06 -0.4
Potential /V

Fig. 8. Cyclic voltammograms for Ni electrode in
(62+38)mol% (Li+K)CO,; under 0,/CO,=0.9/
0.1 atm at scan rate of 50 mV/sec at various im-
mersion time.
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Fig. 9. O1s electron spectra of Ni electrode sur-

face oxidized by polarization at -0.75V and -0.55

V, respectively, in (62+38)mol% (Li+K)CO melt
under 0,/C0,=0.9/0.1 atm.

3.2.2 Ni-50Co Z=2| cyclic voltammogram
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Fig. 10. Cyclic voltammograms for Ni-50Co elec-
trode in (62+38)mol% (Li+K)CO; under 0,/CO,
=0.9/0.1 atm at scan rate of 50 mV/sec at vari-
ous immersion time.
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