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bstract

CaO solubility in equimolar molten salts CaCl2–x (x = 0, NaCl, KCl, SrCl2, BaCl2 and LiCl) was determined at 873–1223 K and activity coefficient
alculated. CaO solubility in the binary salts is less than in CaCl2, and the activity coefficient is greater than one. With increasing temperature CaO
olubility increases and the activity coefficient decreases. The dependency of CaO activity coefficient on temperature in equimolar molten salts
aCl2–x is
aCl2 RTln γCaO = 6961 + 5.06 T (K) 1123–1223 K
aCl2–NaCl RTln γCaO = 3985 + 17.67 T (K) 923–1123 K

aCl2–KCl RTln γCaO = 2384 + 22.72 T (K) 1073–1223 K
aCl2–SrCl2 RTln γCaO = 27245–1.13 T (K) 1073–1223 K
aCl2–BaCl2 RTln γCaO = 17068 + 10.19 T (K) 1223–1273 K
aCl2–LiCl RTln γCaO = 14724 + 0.72 T (K) 923–1073 K
2008 Elsevier B.V. All rights reserved.
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. Introduction

Because of low toxicity and high CaO solubility, CaCl2 [1–3]
nd its mixtures CaCl2–NaCl [4,5] and CaCl2–KCl [6] have
een widely used in research on metal electrorefining and elec-
rowinning. CaO solubility in CaCl2 was given by Neumann
t al. [7] and Wenz et al. [8] over a wide temperature range.
erry and Macdonald [9] also reported the phase diagram of
aCl2–CaO binary system. Freidina and Fray [10] determined
elting points of CaCl2–NaCl–CaO by DTA and gave the liq-

idus of CaCl2 rich corner in the system. The liquidus line of
aO in CaCl2–CaF2 system was also reported in Perry’s work

9], but CaO solubility in other CaCl2 based salts is not found
n literature. In present work, CaO saturated equimolar molten
alts CaCl2–x (x = 0, NaCl, KCl, SrCl2, BaCl2 and LiCl) were

repared and analyzed to determine CaO solubility and activity
oefficient.

∗ Corresponding author.
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. Experimental

CaO was calcined at 1200 ◦C for 4 h. CaCl2, NaCl, KCl,
rCl2·6H2O and BaCl2·H2O were dried at 473 K (LiCl at 373 K)
or 60 h. CaCl2 was mixed with extra CaO (about 25 wt%, put
n a nickel crucible (outer diameter 50 mm, height 50 mm) and
as then heated in a sealed furnace under Ar. After the salt was
ept at 1123 K for different times, the crucible was lifted out of
he furnace and upper liquid (about 2 g) was scooped out quickly
ith a stainless spoon for the analysis of CaO concentration.
Sodium hydroxide solution was titrated by dibutyl orthoph-

halates solution of known concentration to determine the
oncentration of the sodium hydroxide solution. Hydrochloric
cid solution was then titrated by the sodium hydroxide solution
o determine the concentration of the hydrochloric acid solution.

The salts were crushed quickly in an agate mortar and titrated
y the hydrochloric acid solution and CaO solubility in the salts

as calculated as:

ass% = V × c × M

2000m
100% (1)
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CaO and xl

CaO in Eq. (5) present the activity coefficient of
06 S. Wang et al. / Thermochi

ere, V (mL) and c (mol L−1) present the volume and the con-
entration of the hydrochloric acid solution used in the titration
rocess, M (g mol−1) and m (g) present the molar weight of CaO
nd the weight of the salts and mass% is CaO solubility.

Equimolar molten salts CaCl2–x (x = NaCl, KCl, SrCl2,
aCl2 and LiCl) were mixed separately with CaO (25 wt%),
laced in the nickel crucible separately, and heated to high
emperatures. The melting points of the mixed salts CaCl2–x
x = NaCl, KCl, SrCl2, BaCl2 and LiCl) are lower than that of
aCl2, equilibrium time for CaO dissolution in the salts should
e longer than that of CaO dissolution in molten CaCl2. There-
ore, the first sample was taken after 4 h holding at the high
emperatures and the time interval was kept for 4 h in the subse-
uent sampling process. All chemicals are of analytical grade.

. Results and discussions

Variation of CaO concentration in molten CaCl2 with time
s presented in Fig. 1. After 3 h dissolution in molten CaCl2
t 1123 K CaO reached saturation and its concentration was
onstant.

CaO solubility in molten CaCl2 reported by Neumann et al.
7], Wenz et al. [8] and Perry and Macdonald [9] is plotted in
ig. 2 together with CaO solubility obtained in present work. Our
ata are somewhat greater than that reported in the references.

Fig. 3 shows CaO solubility at different temperatures in
quimolar CaCl2–x (x = 0, NaCl, KCl, SrCl2, BaCl2 and LiCl).
t 1123–1273 K, CaO solubility in CaCl2 is 14.9–16.0 wt% and

s higher than in the binary salts. Molten CaCl2–KCl has the
mallest CaO solubility (4.0–4.2 wt% at 1023–1223 K), and the
reatest solubility is in CaCl2–LiCl, 6.87 wt% at 873 K. CaO
olubility in all salts increases with increasing temperature but
ith different temperature gradients. The temperature gradi-

nt in CaCl2–LiCl and CaCl2–SrCl2 is greater than in CaCl2–x
x = 0, NaCl, KCl and BaCl2).

There is a two-phase equilibrium between solid CaO and CaO

issolved in the molten salts. The chemical potentials of CaO in
oth phases are equal:

s = μl (2)

Fig. 1. Variation of CaO concentration in molten CaCl2 with time at 1123 K.
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Fig. 2. Liquidus line of CaCl2–CaO binary system.

here μs and μl represent the chemical potentials of solid CaO
nd CaO in the molten salts, respectively. Chemical potential
an be expressed as the function of activity:

s = μo(T, p) + RT ln as
CaO (3)

l = μo(T, p) + RT ln al
CaO (4)

s
CaO and al

CaO express the activity of pure solid CaO and CaO
n the salts. The chemical potentials in Eq. (3) and (4) are equal,
nd therefore, as

CaO = al
CaO = 1, and

l
CaO = x−l

CaO (5)
issolved CaO and its solubility in mole fraction in the salts,
espectively.

ig. 3. CaO solubility in equimolar molten salts CaCl2–x (x = 0, NaCl, KCl,
rCl2, BaCl2 and LiCl).
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Fig. 4. Dependency of CaO activity coefficient on temperature in equimolar
molten salts CaCl2–x (x = 0, NaCl, KCl, SrCl2, BaCl2 and LiCl).

Table 1
Liner regression of logarithm of CaO activity coefficient against temperature
reciprocal in equimolar molten salts CaCl2–x (x = 0, NaCl, KCl, SrCl2, BaCl2
and LiCl)

Molten salts CaO activity coefficient T (K)

CaCl2 ln �CaO = 0.6064 + 840.0(T, K)−1 1123–1223
CaCl2–NaCl ln �CaO = 2.118 + 486.5(T, K)−1 923–1123
CaCl2–KCl ln �CaO = 2.736 + 284.1(T,K)−1 1023–1223
CaCl –SrCl ln � = −0.139 + 328.2(T,K)−1 1073–1223
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aCl2–BaCl2 ln �CaO = 1.238 + 203.7(T,K)−1 1123–1273
aCl2–LiCl ln �CaO = 0.140 + 200.4(T,K)−1 873–1073

CaO activity coefficient in all the salts is >1, showing positive
eviation from the ideal solution. CaO activity coefficient in

quimolar CaCl2–x (x = NaCl, KCl, SrCl2 and BaCl2) is large
about 14–22), indicating that CaO was repulsed strongly in
hese salts. CaO activity coefficient in CaCl2 and CaCl2–LiCl
s small (about 3–9), suggesting CaO repulsion is weaker in [
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hese salts. The CaO activity coefficient in CaCl2–x follows the
ollowing increasing order:

aCl2 → LiCl → NaCl → SrCl2 → KCl → BaCl2

ccording to the regular solution model, CaO activity coefficient
an be expressed as:

T ln γCaO = A + BT (6)

ig. 4 shows the relationship between the logarithm of CaO
ctivity coefficient and temperature reciprocal in the salts. The
ctivity coefficient decreases with increasing temperature and
as less temperature gradient in CaCl2–x (x = 0, BaCl2 and LiCl)
han in CaCl2–x (x = NaCl, KCl, SrCl2). From Eq. (5) CaO sol-
bility at different temperatures can then be calculated. Table 1
ists the linear regression of the logarithm of CaO activity coef-
cient against temperature reciprocal.
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