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Solubility and deposition of LiCo®in a molten carbonate
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Abstract

The solubility and deposition of LiCo{n carbonate melts have been studied under the cathode condition (1-7 atrgiC® CQ—
O,—N, working atmosphere). The solubility of LiCgn the (Liys0.392.CO; melt for the applied pressure of 1 atm was found to be
directly proportional to B3, and 3%, while in the case when applied pressure was 7 atm it was proportionghi@fd B5>>. Although
the dependence ofB, and R, on the solubility at 7 atm was a little different from the result at 1 atm, it was thought that the dissolution of
LiCoO; at the elevated pressure would be regarded as the acidic dissolution mechanism. The solubility gfiiBe@LiysNag 45,COs
melt was less than half of that in the (l}Kq39.CO; melt and this trend was the same as that of NiO. Moreover the deposition rate of

LiCoO, in the (LigsXKo.392CO; melt was smaller than that of NiO and was about one-thirtietti998 Elsevier Science S.A.
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1. Introduction clarified because of needs of long-term operation over

40000 h. The aim of the present work is to confirm that
In developing the molten carbonate fuel cells (MCFCs) LiCoO, can be applied as an alternate cathode material. We

for practical use, a short circuit of cell by means of dissolu- measured the solubility of LiCo{at the elevated condition

tion and deposition of a cathode material is a big problem. and define CQand G pressure dependence on the solubi-

The life of the MCFCs considerably depends on the solubi- lity of LiCoO,. The deposition rate of LiCofand NiO were

lity and deposition rate of the cathode material and it is also measured by the electrochemical method.

thought that the MCFCs in which NiO is used as a cathode

material are not able to operate over 40000 h. Recently,

owing to suppressing the dissolution of the cathode mate- 2. Experimental

rial, alkaline earth metal salts have been added to the molten

carbonate electrolyte [1] and new cathode materials have LiCoO, powders supplied from the Nikko Fine Products

been developed [2-5]. Veldhuis et al. [3] have reported that Corporation Ltd. were uniaxially pressed at 30 MPa and

LiCoO, was one of the most stable material in a carbonate then isostatically pressed at 300 MPa to the pellets (20

melt and could be used for a new cathode material. It is mm diameter). The pellets were sintered at @DGnd

necessary to investigate the solubility and deposition of LiCoO, samples (12 5 x 5 mm) were obtained by cutting

the new cathode material for practical use. The solubility the sintered pellet. NiO samples, as a reference material,

of the new material at atmospheric pressure was reported bywere also prepared by sintering the pellets at°850The

some researchers [3,5—-7]. However, there are almost noNi powder made by the Inco Corporation Ltd. was used as a

reports about the solubility at the elevated pressure. The starting material. The samples were immersed into the 62

results of that at the elevated pressure are important becausenol% (m/o) LL,CO;—38 m/o K,CO; ((Lig.sKo.39-.COs) and

of operating of MCFCs in pressurized condition. It is also 52 m/o LL,CO;—48 m/o NaCO; ((Lig5XK0.492COs) melt at

necessary that deposition properties of new materials are650°C at various atmosphere (1-7 atm, £@ir or CGQ—
0O,—N,). Fig. 1 shows the autoclave type apparatus (Chino
Corporation Ltd.) used for the immersed test at the elevated

* Corresponding author. pressure. Co or Ni concentration dissolved into a carbonate
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Table 1
Solubility of LiCoO, and NiO under 30% C©70% air atmosphere at
Flowmeter 650°C
— Gas inlet
4 3¢ Sample Rra (atm) Solubility (molar fraction)
Regula . .
} { g In (LioeXKoza2C0s I (LigsMNag.4g2C03
LiCoO, 1 4% 10° 3x10°
Melt -6 6
N\ Y 7 40x 10 20 x 10°
71X NiO 1 12x 10° 4x10°
Mixture gas \ 7 45x 10° 25x 10°°
e @) || |
™ Blectic furmace working electrode was dissolved into HCI solution and the
/ Autoctave precipitate value was determined by ICP—AES measure-
Sample ment. Dissolution of the sample in the melt after the test

Fig. 1. Schematic diagram of the autoclave type apparatus. was also measured by ICP-AES.
melt were analyzed by ICP—AES (Nippon Jarrell-Ash Cor-
poration Ltd.) and the saturation concentration of Co or Ni 3. Results and discussion

was regarded as the solubility. The composition of LiGoO

before and after the immersed test was also analyzed by3.1. Solubility

ICP-AES.

Deposition properties of LiCofand NiO were evaluated The dissolution of LiCo@and NiO in a carbonate melt
by the constant potentiometric technique using an electro- under gas a mixture of 30% GO70% air at 650C
chemical measurement system (Hokuto Denko Ltd. HB- increased with time and reached constant value after 200
105, HA-1030G and Solatron 1250). The deposition test h. These saturation concentrations of Co and Ni were
apparatus is schematically illustrated in Fig. 2. LiGafd regarded as the solubilities of LiCgOand NiO,

NiO samples were immersed in 62 m/o,C{;—38 m/o respectively. Table 1 shows solubilities of LiCe@nd
K,CO; melt under 30% C&-70% air for 250 h to reach  NiO in (LigeXp392CO; and (LigsiNag4g-,CO; melt at
the saturated solubility. A sample was taken out from the 650°C. The solubility of NiO in 30% C@-70% air atmo-
melt after 250 h and after that constant potential was loadedsphere at 1 atm is 12 10° (mole fraction). This value
between a working electrode and an oxygen reference elec-approximately corresponds to the result of Ota et al. [8].
trode (33% C@-66% Q) for 48 h. The precipitate on the  The solubility of LiCoQ at 1 atm is 4.2x 10, it is about
one third of that of NiO. This result is similar to previous
work [3,6,7], whereas, solubilities of LiCognd NiO at 7
atm are 40x 10° and 45x 10°®, respectively. Though the
difference of solubility between LiCofand NiO decreases

70% Air 30%CO,
Gasinlet | E with increasing pressure, the solubility of LiCe@ lower
than that of NiO used under the practical cathode condition
in the MCFC. On the other hand, the solubility of them in

(LigsNag 49-CO; melt is about half of that for the experi-

ments performed under atmosphere of 30%-€MM% air. It

is thought that the difference obtained in the solubility is

caused by the difference of basicity of the melt.

Fig. 3 shows the dependence of C@artial pressure

— (I_DCOZ) and Q _partial pressure &) on the solubilities of
LUR=62/38mol% LiCoO, and NiO under the total pressure of 1 and 7 atm. It

is obvious from this figure that the solubility of NiO is

proportional to Ro, at both applied pressures and these
E Sample results support the acidic dissolution, as shown in previous
work [8—10]. However, the solubility of LiCoQat 1 atm
Electric furnace is directly proportional to £, and B>*° (Fig. 1a). This
result agreed with the result of Ota et al. [6]. Therefore,

Fig. 2. Schematic di ¢ the deposition test tus; (A) ~_we proved that the dissolution of LiCeQwill be reg-
ig. 2. Schematic diagram of the deposition test apparatus; ceramics e . . .
tube bubbler (AIO,), (B) working electrode (Au), (C) reference electrode arded as the acidic dissolution mechanism as shown in the

(Au: CO,/O, = 2:1), (D) counter electrode (Au), (E) thermocouple, (F) following Eq. (1) and the solubility can be described by
alumina crucible. the experimental Eq. (2).

L
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Fig. 3. Dependence ofd3, and R, on the solubility of LiCoQ and NiO a
(a) 1 atm and (b) 7 atm.

LiCOO,(s) + 3/2COx(g) — 1/2Li,CO4(l)

+ CA?*(l) + COZ (1) + 1/40,(g) (1)
(LiCoO, solubility /mole fractior)
= 1.60%x107° x P&, x P 2

On the other hand, the dependence of the solubility of
LiCoO, at 7 atm is slightly different from the result at 1
atm. The solubility of LiCoQ@ at 7 atm is directly propor-
tional to RS, and B2 (Fig. 3b) and can be described as
follows:

(LiCoO, solubility /mole fractior)

= 1.26x107° x Pg5 x P53 (3)

It is thought that this difference of the solubility between 1
atm and 7 atm is caused by (a) increase of the basicity in
the carbonate melt due to increasing of C&hd Q gas
solubilities and (b) change in composition of LiCop@nder
pressurized condition. Gas solubilities in the carbonate melt
obeyed Henry’s lawc = Hp, wherec is the solubility of
gas in the carbonate melt, H is Henry’s constant jpirsithe
partial pressure of gas. G@nd Q gas solubilities at 7 atm
hardly differ from those at 1 atm and they areénd 10’
(mol/cn® per atm), respectively, because Henry's constant
of their gases in Li/K carbonate melt at 68D are very
small [11]. Therefore, we surmise that the increase of gas
solubility scarcely influences the basicity of the melt and is
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not a main cause of this difference of the solubility between
1 and 7 atm. On the other hand, it is expected that the shift
of the equilibrium of the dissolution reaction due to the
change in the composition of LiCag@nfluences the partial
pressure dependence of the solubility. If the composition of
LiCoO, changes in Li rich composition under the elevated
pressure in Li/K carbonate melt, the dissolution reaction
and the solubility can described as follows:

Li1+xCOO4x/2(8) + (3+X)/2COx(0)

~ (1+X)/2Li,CO4(l) + CA?* (1)

+ CO3™ () + 1/40x(q) (4)
(LiCoO, squbiIity/moIe fraction
- K x Pg.:.g:x/2 % P620.25 (5)

wherex is the deviation factor from stoichiometric compo-
sition of LiCoO, and K is the solubility constant. Li/Co
ratio of LiCoO, sample before and after immersed test at
7 atm analyzed by ICP-AES were 0.67 and 1.10, respec-
tively. It is regarded that the solubility is proportional to
Pto, by means of this result of Li/Co ratio and this €O
partial pressure dependencé‘ib is nearly similar to the
experimental result at 7 atm ¢B). Therefore, the dissolu-
tion of LiCoGO, at the elevated pressure will be regarded as
the acidic dissolution mechanism. Moreover, it is specu-
lated that Li/Co ratio on the surface of LiCg®@amples is
higher than that of the average composition because the
surface directly contacting the Li/K carbonate melt and
the CQ partial pressure dependence of the solubility
might be higher.

Fig. 4 shows the solubilities of LiCofand NiO calcu-
lated using experimental Eg. (3) under the cathode condition
of the Kawagoe 1 MW plant. It is confirmed that this solu-
bility of LiCoO, is less than half of that of NiO at 7 atm
pressure.

50—
L 650°C, CO,~10%, 0,=7%

—
(=}

X (mole fraction) X 10 6
T u'l T

s ] ] L
0.5 2 4 6

Pressure ,/atm

Fig. 4. Solubility of LiCoQ and NiO vs. pressure at 680 in Li/K car-
bonate melt.
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Fig. 5. Deposition rate of®) LiCoO, and () NiO vs. potential difference
at 650C in Li/K carbonate melt.

3.2. Deposition

Fig. 5 shows the deposition rate of LiCeénd NiO in the
(LigeXKo392COs melt at 650C. It is obvious from this Fig. 5
that the deposition rate of LiCagQs smaller than that of
NiO and is about one-thirtieth. The deposition rate of NiO
decreases rapidly over abotd.8 V. This potential nearly
corresponds to the standard electrode poteriijgl, & —0.84
V) of Ni oxide formation in the carbonate melt under cath-
ode condition [11]. Ni metal is stable und€0.84 V Enisy),
while Co metal is stable unde10.91 V (Ecos;C0™) in the
carbonate melt [11].

Deposition rate depends on the dissolution, diffusion and
deposition reaction of the cathode material. In this test, the

dissolution reaction can be ignored because cathode mate2.

rial is taken out from the melt just before the starting test.
Moreover, the deposition reaction can occur very fast when
the potential undeEy;s; and Ecqs; Values is used during the
constant potentiometric test. Therefore, it is considered that
the diffusion of metal ion is regarded as the rate determining

step. Table 2 shows the measured deposition rate and the

dissolution amount of LiCo@and NiO after and before test.
The dissolution of the cathode material should decrease
with precipitation on the working electrode. However, the
dissolution of cathode material after test nearly corre-
sponded to the solubility. It is thought that small amount
of precipitation due to the short test time causes this result.

Table 2

Deposition rate and solubility of LiCofand NiO
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In general, the diffusion rate can be described by Fick’s law
as follows:

(Diffusion rat§ = —Ddc(x, t) /dx (6)

where D is diffusion coefficient, d(x,t)/dx is a gradient

of concentration at some distance and time. In this
case, d/dx(x,t) is regarded as constant because the dis-
solution of cathode material in the melt is almost con-
stant during this test. Therefore we guess that the differ-
ence of deposition between LiCg@nd NiO is caused
by the difference of the solubility of the cathode materials
and the appearance diffusion coefficient of metal ion
in the melt. However, we need more examinations which
contain the measuring of the diffusion coefficient for clar-
ifying this statement of the deposition property of LiCoO
and NiO.

4. Conclusions

The solubility of LiCoQ and NiO in (L XK 39,CO; and
(Lig.50Nag 48-CO; melt were measured by immersed method
under the cathode conditions (1-7 atm, £@ir or CQ—
0O,—N,) at 650C. The deposition property of them in
(LigeXKo392.CO; melt was also evaluated by the constant
potentiometric method. The following main results are
listed.

1. The solubility of LiCoQ was lower than that of NiO at
the elevated pressure. The solubility of LiCo@as
found to be proportional to &, and B2* and that of
NiO was proportional to £, at the elevated pressure.
The dependence of:B, on the solubility of LiCoQ at

the elevated pressure was a little differ from that at
atmospheric pressure. It was estimated that the compo-
sition deviation of LiCoQ at the elevated condition
caused this change. Therefore, we supposed that the
dissolution of LiCoQ at the elevated pressure obeyed
the acidic dissolution mechanism.

The deposition rate of LiCoQvas smaller than that of
NiO and was about one-thirtieth. We could speculate
that this deference of the deposition property was
mainly caused by the deference of the solubility of the
cathode materials and the appearance diffusion coeffi-
cient of the metal ion in the melt.

3.

Sample Potential (mV) vs. Deposition rate Dissolution (molar fraction)
reference (uglcnth)
After test Before test (solubility)
LiCoO, -750 0.01 5x 10° 4x10°
-800 0.04 3x 10°
NiO -750 1.5 12x 10°® 12 x 10°
-800 1.2 10x 10°®
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