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ABSTRACT

Thermogravimetry gave evidence of a significant stabilization of Ni(II) solution in the
molten Li,CO;-Na,CO,;-K ,CO, eutectic when C17, Br™ or I~ was added to this solution.
The stabilization effect of these halides followed the trend C1™ > Br™ > I™. No evidence was
found, however, to indicate a similar effect on Mn(II) and Cu(II) melt solutions. Reflectance
spectra of Ni(IT) and Co(II) solutions illustrated their much greater stability than that of the
other two cations.

INTRODUCTION

The chemistry of transition metal compounds in molten carbonates is still
largely unknown, despite the varied interest in these liquids as highly basic
solvents for the preparation of oxy compounds of the less acidic oxidation
states [1], as the electrolyte of high-temperature fuel cells [2], and as the
scrubbing medium for the removal of sulfur from stack gases and from coal
undergoing gasification [3]. Electrochemical studies have been made of the
reduction process in pure carbonate melts [4] which led to measurements of
the corrosion of various metals [4,5]. The reactions of some transition metal
oxides and oxyanions in molten carbonate have been studied [6] and
compared with those of main-group acidic oxides and oxyanions [7]. The
most recent report studied the reaction of four lanthanide(IIT) chlorides in
molten carbonate [8].
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A thermogravimetric [9] study of the reaction of six first-row transition
metal chlorides with the Li,CO,-Na,CO,-K,CO; eutectic showed that all
the metal chlorides studied commenced reacting at temperatures well below
the melting point of the eutectic. NiCl,, the least reactive of the six, reacted
between 350 and 500°C according to the equation

MCI, + CO;~ = MO + 2C1™+ CO, (1)

where M = Ni. MnCl, and CoCl, reacted between 300 and 600°C according
to the stoichiometry

3M'C, + 3C0%™ = M30, + 6C1 ™+ 2CO, + CO )

where M’ = Mn or Co. CuCl, reacted between 260 and 550°C according to
eqn. (1), where M = Cu. The remaining two chlorides of Fe(II) and Fe(III)
reacted at much lower temperatures around 160 and 100°C, respectively.

In the present work, the effect of added Cl1~, Br™, and I~ on solutions of
“the four less reactive cations Mn(II), Co(II), Ni(II), and Cu(II) in molten
carbonate, was examined by thermogravimetry and reflectance spectroscopy.

EXPERIMENTAL
Materials

The Li,CO,-Na,CO;-K,CO; eutectic was prepared as previously de-
scribed [7]. Anhydrous MnCl,, NiCl,, and CuCl, were prepared by heating
their hydrates (BDH AnalaR) at 300, 166, and 100°C, respectively [10]. The
weight losses and quantitative analyses for these three compounds were as
follows. MnCl,: weight loss, 36.8%; calculated for loss of 4H,O from
MnCl, - 4H,0, 36.4%; found: Cl, 56.1%; calculated for MnCl,: Cl, 56.3%.
NiCl,: weight loss, 45.4%; calculated for loss of 6H,0 from NiCl, - 6H,0,
45.5%; found: Cl 54.1%; calculated for NiCl,: Cl, 54.7%. CuCl,: weight loss,
21.1%; calculated for loss of 2H,O from CuCl, - 2H,0, 21.1%; found: CI,
52.5%; calculated for CuCl,: Cl, 52.7%. Anhydrous CoCl, (BDH) was
heated to a constant weight at 220°C (found: Cl, 53.8%; calculated for
CoCl,: Cl, 54.6%). KCl, KBr, and KI (BDH AnalaR) were dried for 24 h at
120°C.

Method

Reactions were carried out in a 10-ml gold crucible on a Stanton-Redcroft
MF-H5 massflow thermobalance under a CO, atmosphere, using a heating
rate of 5°C min~". All reactants were ground to a fine powder and very well
mixed in a dry box. Reflectance spectra of the powdered solidified melt
solutions were taken on a Pye Unicam SP8-100 spectrophotometer using the
attachment SP790824.
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RESULTS AND DISCUSSION

NiCl, commenced reacting with the solid Li,CO;-Na,CO;-K,CO,
eutectic at 300°C (Fig. 1, curve A). The reaction exhibited its maximum rate
in the solid state, subsided to a minimum around 400°C (m.p. of the
carbonate eutectic is 397°C), and continued steadily to 600°C. The reaction
stoichiometry (Table 1) was in agreement with eqn. (1) [9].

Analogous reactions, but with increasing quantities of KCl, KBr, and KI
added to the carbonate eutectic, showed thermogravimetric curves (Fig. 1,
curves B—E) that have similar features to that of the pure eutectic (Fig. 1,
curve A). Although by no means reproducible and dependent on the extent
of mixing and particle size of the powdered mixture, a slight reduction in the
overall weight loss at the minimum (~ 400°C, Table 1) was expected and
observed. This effect was attributed simply to a lower mole fraction of the
carbonate. '

A more interesting effect, however, is the significant reduction in the
overall weight loss beyond the melting point of the eutectic. Thus, the
concentration of unreacted Ni(II) at 600°C was compared to that remaining
at 400°C and is expressed as the percentage stabilization in Table 1. These
comparisons and the continued upward trend with increasing halide con-

Ditterential weight loss {mg/5min)

Temperature (°C!

Fig. 1. Thermogravimetry in 1 g of Li,C0;~Na,C0;-K,CO; eutectic. (A) 0.24 m NiCl,; (B)
0.23 m NiCl, +0.46 m KCI; (C) 0.25 m NiCl, +1.25 m KCI; (D) 0.25 m NiCl, +2.00 m
KBr; (E) 0.25 m NiCl, +1.00 m KI; (F) 0.25 m MnCl,.
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centration provided some evidence of stabilization by the formation of halo
complexes, and are analogous to the effect of added KCl on some cations,
e.g., Co(Il) in nitrate [11]. The results also show that the stabilization effect
of the added halides followed the trend C1™> Br™ > I~ as one would expect
from their effectiveness when acting as ligands.

Spectroscopic measurements, however, showed no change when more C1~
was added nor for that effect when either Br™ or I~ was added to the Ni(II)
melt solution. Thus it did not provide support for the halo complex forma-
tion. The reflectance spectrum of the powdered solid of the pale green melt
solution (0.25 m NiCl, + 1.00 m KClI at 450°C) showed two absorptions at
13870 and 21 740 cm ™" which are attributed to the transitions *4,, —*7;,(F)
and 3A2g —+3ng(P) of Ni(Il) octahedrally coordinated to oxygen of the
carbonate ligand [9], and two more intense transitions (presumably charge-
transfer) at 37300 and 43850 cm™".

Reflectance measurements (Fig. 2, curve A) of the solidified deep-blue
solution of Co(Il) in the carbonate eutectic containing KCl gave a band at
17125 cm ™. The striking similarity between this band with its fine structure
and the visible spectrum of the tetrahedral CoF?~ (Fig. 2, curve B) [12]
supported the assignment of this band to the transition “4,(F) = *T,(P) in a
tetrahedral Co(II) species formed in the carbonate melt solution. The energy
of this transition, however, was much higher than that expected for a
tetrahedral chloro-coordinated Co(II) species [13]. Also, the spectrum did
not show changes when more Cl~ was added, as one would expect from the
progressive formation of chloro complexes (as, for example, has been found
in molten nitrate [14]), nor when Br™ or I was added instead of Cl1™. Thus,
it seems most likely that Co(II) is coordinated to the oxygen atoms of the
carbonate ligands.

MnCl, commenced reaction with the carbonate eutectic at 270°C (Fig. 1,
curve F). The average overall weight loss at 600°C was 31.9%, in accord with

Absorbance

5 20 L 75 30
Frequency fem  X107)

Fig. 2. Absorption spectra of: (A) powdered solid from 0.25 m CoCl, +0.50 m KCl in
molten Li,CO;-Na,CO,-K ,CO; eutectic at 450°C; (B) Co(Il) in CdF, crystal at 25°C.
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the stoichiometry of eqn. (2) [9]. (Calculated weight loss for 1C + 5,/30 per
MnCl,, 30.7%.) Thermogravimetry of a mixture of MnCl, and carbonate
containing potassium halides, however, gave no evidence of the stabilization
effect of the added halides observed in the case of the Ni(II) solution.

Mn(II) and Cu(Il) reacted with the carbonate/halide mixtures at 450°C
forming black residues of Mn;0, and CuQ, respectively. Thus, both were
not stable enough for the measurement of their reflectance spectra.

Although spectroscopy did not provide supporting evidence for the con-
cept of stabilization by halo complex formation, it did illustrate the much
greater stability of Ni(IT) and Co(II) solutions in molten carbonate contain-
ing KCl, KBr, or KI, compared to that of their solutions in pure molten
carbonate and to that of the other two cations studied.
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