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The Cathode in Molten Carbonate Fuel Cell :
II. Solubility 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 stability of Ni and Ni-Co alloy powder specimens in situ oxidized in Li+K
carbonate melt was investigated. Ni-Co alloy powder specimens were fabricated by
the chemical reduction method, and a spherical powder less than 12m in diameter was
obtained. The oxide formed by the in situ oxidation had relatively coarse grains when
the Ni plaque was oxidized, whereas the oxide had very fine grains when the Ni-Co
alloy plaque was oxidized. Between the NiO and (Ni,Co)O produced by in situ oxi-
dation of porous Ni and Ni-Co alloy plaques, the solubility of (Ni,Co)O was lower
than that of NiO. As the Co concentration in the oxide was increased, the solubility
decreased. This result suggests that the stability of the Ni cathode during long-term
service in the molten carbonate could be increased by addition of Co.

Keywords !

. M &

AEAA = U714, 28 59 FHEAN A
o 93, @A (unit cel)E oo ot A2
AlA 71EA SRALFE dezE =2FE = U7
o MY HAFax R HY Freo wAY
AEg 4AF # Avde AGF FHol At 4
BRI = AMS A Ad wmetd g dgA

MCFC, cathode eleitrode, Ni, Ni, Co, solubility.

A] (phosphoric acid fuel cell; PAFC), &§&44g
¥ &4 2] (molten carbonate fuel cell; MCFC), 1)
A& A 97 4R (solid oxide fuel cell;-SOFC), 1

2} %‘l*ﬂﬁ <) § 2 X} (polymer electrolyte fuel cell;
PEFC) %ol doH, olFdAH &E&E 483
Ae 52 YHEALEE 71X gl B Yy
AE3E Adtd g A7 AP Fo &8¢
TE 95X H43E AdHAME olFE B



44E0E dREAE 8UAF 0. YA 9 UA-34E }39 $H= 419

A7 deol Aoy, 53 #YAZ (cathode)2)
E4YAY, £elvn 22 4 Ao R4 wz4
HAs o & FHA| o]}

$8ENE dRAAS $YATE O3 VA B
371 FAA 8AA AHE-EA Y (preoxidatony ), &
2 A B9 AcelDW A AEA 7=
W (in situ oxidation 'P)o] o] &= it} oA
FAE N0 =5 Fd 4949 da ¥H3
SHE &3E YA o)L YA EH7Q A
AT Zog olFdld F4 UA=Z H&3A §
3, oA Al&Hoz LHE YA oo AatA
F Eo= o]FdA e 9ol Huh o] yA o
29 Mze AsHd U Fd short-circuit FA 2
AT A5 228 doA, 4 £3E ZaA
1A Bk @A o] EAE A dste o
% 2e 5 /A Bgoz Hsln Yok Y
© 8A AHEFU S84 =4 (62mol%Li O,
+38mol % K,CO3) el A Bt} NiOg] ¢t Aol o &
& £§EUY ((Li+Na)CO; & (Li+Na+K)
CO& AY3tE Aola, tE Uy NiORT o
A AANEE MEse Aok AR B
< dAARZ dFHZ Jed, HFIRE
(metal doped LiFeO or LiMnO,, LiCoO,)o] th#
HE2AM 7tgdel 712 S Aoz BRiHn
12 o}Fd M 53] LiCoO,dl thsiA AF7t &
w3 AP Fojry, E=F £ Aoy HF oA
A ZHd g=29 Ni-Co 3829 fga49
Well Ao 4F3HA] Ni-50Co oA &-gehatyd W
A SARE AFEY LiCoOy7t A= Re B3
R

wetd B dpdae UA-3gE {79 in situ
A3t o8 FAE AaEe A e gAE
g B3 otrm, Ni0 A39) dAAFozA 7hs
gl s A

2. AEYHY
2.1 Ni-Co Z £UNZ

MCFC# A2 o34 YUARE o831 g
A7) g FdgHe A8E AzsHc UAed

< 44 oA YA A2 AHRET JE AMRAE
¢l INCO 255% Eu& AMg-3tuth. a8y Ni-Co 3
T BES & AP 3%t B9 (chemical re-
duction method)d)] o] A== c}). 23 FPPe
A A =87 2 Y3 AT de L
Holch. webA 318t Yol o3 FHBLUL AE
¥ AS, BUAs e, Buar] 9 BUend
2 %L 7XA Boh gA # Q7NN E slol=
22 (NH,-2HCH S #¥A 2 A3l Ni-Co §
FELE AxEHA. o] VA= 2y g
ol o8 F&EUe] AR}

2[MX,1%* +N,H,- 2HCl+40H" —
2M | +N,+2HCl+2nX +4H,0 (1)

a7l A M& Ni & Cos} & &%, X& 2
34 (complexing agent)o|th dwix oz Jloj=g
o] 7b} fLHo] & AL ¥e pHe 2%
(60C o]/d)ol7] wWigel olaid A= Y
A 9 IEE o2 FARER My 4
wetA ABAE ALEEe Ud 9 3WE o] 29
FASEZ HEHE A& WA 43 =4
9 gEEHe AIxE = UEE 3t Table 1
o gz 24 ¢ AzE Y AL Jehy
A3, AzE B2UPALL SEME AL3ld @as
Ak

UAdd 3geEs #e AHYWF=(face-cen-
tered cubic; FCC)& 71A 1 1, £8 Aol §4
@ 23=z7E 71X sloh wely XRD 234

Table 1. The amount of chemicals used in precipi-
tation bath to obtain the metal powder of the de-
sired composition (g/1)

Composition Ni-25  Ni-50
at%Co at%Co
Source of metal ion NiCly-6H,0 7.7 119
CoCl,-6H,0 59 119
Complex agent Na,CHO4-2H,0 882 882
Reduction agent  N,H,-2HCl 63.0 63.0
pH controller NaOH 120 120
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Fig. 1. Phase diagram of Co-Ni system.”)
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Fig. 2. Schematic diagram of cell assembly for
the solubiliby mearsurement.
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Fig. 3. SEM morphologies of Ni-Co alloy powders
obtained by the chemical reduction method; (a)
Ni-25Co and (b} Ni-50Co powder.
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Fig. 4. XRD patterns of Ni-Co alloy powders ob-
tained by the chemical reduction method.
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Fig. 5. TM curves for Ni-Co alloy powders heated
at 10°C/min in Ar environment.
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Fig. 6. XRD patterns of in situ oxidized Ni and
Ni-Co alloy plagues for 100 hrs in (62+38)mol%
(Li+K)CO; melt under 0,/C0,=0.9/0.1 atm.

T &5 CO; EH78dAM dojz g g Al
438t Z2AEHAY B HEAA Aoz NiOg) &
A e Ota Bo] g &= gd & UH
AT (Ni, Co)O 4r3tEe f3x& NiORT
we e veign, £ Co o] o4
el fi=s Zasgoh o] A2 EE Nid
Co7l H7hgol weats E&884E oAy 43
e Z71Ee¢ ¢ & Ui, Co ¥l ¥4 MCFC
& BYAIFToz AEZEQ NiOY #HARFE 7Y
g F U Aoz BodE.

33 BSEMIYE HENXE HUNS229 HEY

A L4849 ddAE FPHAFY NiOE
dutzxog 70~80% A= 7| FX(porosity)E
NAE dFd Ul S48 A oA siAA
dolFh. iy o] tFY FE&WUY /3= A
3 ¥ 55~66% AEE ZoEL, HFVIFa
T3 ¢ 10umoiA FF 5~7umA X2} bimodal
geho] V1 FEEE NHAA il drldH & )



48E0E d8AANS $44F . Y2 ¥ JYHE-3LE §FY &= 423

w
.

Solubility (X x 10 5)
M
o

ik
o
"l

0 T A :
Ni Ni-26Co  Ni-50Co

Fig. 7. Solubility data of NiO and (Ni, Co)O for in
situ oxidized Ni and Ni-Co alloy plaques in (62+
38)mol% (Li+K)CO,; melt under 0,/C0O,=0.9/
0.1 atm, under pure CO, atmosphere.
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Ni-10Co plaque before and after in situ oxidation
for 80 hrs in (62+38)mol% (Li+K)CO; melt
under 0,/C0,=0.9/0.1 atm.
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Fig. 9. TEM micrograph and EDS analysis of Ni-
10Co plaque in situ oxidized for 50 hrs in (624
38)mol% (Li+K)CO; melt under 0,/CO,=0.9/
0.1 atm.
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