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Abstract

In order to obtain some information on the thermodynamical properties of alumin-
ium chloride in molten aluminium chloride-sodium chloride mixtures, the equilibrium
electromotive force for the ga lvqmc cells and the concentration-cells consisting of various
concentrations (51~65 mole % AICl,) of the molten mixtures were determined at a lower
temperature range from 110°C to 260°C.

When chlorine gas was introduced into the melt, a suitable cell arrangement was
induced to compensate for the change of temperature and composition of the molten
mixtures around the tungsten electrode.

As chlorine electrode materials, tungsten and glassy carbon were satisfactory, how-
ever platinum, molybdenum and the common carbon electrode could not be used due to
their respective depolarization effect and/or disintegration.

It was found that a reversible chlorine electrede could be formed only when the W
electrode became polarized to such an extent as to evolve a certain amount of chlorine
gas and the anolyte became saturated with chlorine bubbling. Electromotive forces were
thus obtained by means of extrapolation of the corresponding decay curves after

switching off the polarizing current.
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The thermodynamical properties of the molten mixtures, activity and other properties,
calculated from the electromotive forces obtained, were found to indicate a considerable
negative deviation from ideality.

According to the plots for the themodynamical quantities vs. mole fraction of AlCl;
in the molten mixtures, the dissolved state of aluminium chloride might change in three
regions corresponding to the concentrations thereof.

The boundary concentrations of these regions were 62 mole % and 53 mole % of
aluminium chloride, which agreed approximately with the eutectic and peritectic compo-
sitions on the phase diagram of the AICl;~NaCl system.
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Fig. 1. EMJF Measurement Apparatus.
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Parentheses indicate EM.F of formation cells.
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Table 1. Thermodynamic Properties of AICl3~NaCl mixtures

All values are computed from the curves in Fig. 6 at 192.6°C

A B C D E F G H I ]

N 100 65.3 630 61.2 60.0 59.2 55.6 545 52.0 51.2
E 20927 2060 | 2104 2120] 2126 2140 2.156| 2166 2212 2.246
—dF 1447 | 1425] 1456 | 1471 | 1478 | 1480 | 1492 1498 153.0 155.4
F 0| +22{ -09| —24| -—31| -—33| —45| -—51 —83| —107
~dE/dT 0.6 1.72 1.46 1.41 1.40 1.39 1.35 1.27 1.10 1.05
—48 415 1190 | 1010 975 9.8 96.2 93.4 87.9 76.1 72.6
484 0 775 59.5 56.0 55.3 54.7 519 46.4 346 31.1
a 1.00 104 | 0381 0076 0.036] 0.029| 0008 0004 | 00001 | 0.00C01
r 1.00 159 | 0604 | 0124 0.06 0.05 0.014 | 0.0077 | 0.00025 | 0.00002
@ 0| 4997 —161 —602| —764 | —782 —939| —102| —156| —19.7
TASH 0 36.1 277 26.1 258 255 242 216 16.1 14.5
HM 0 383 267 237 227 22.2 19.8 165 | 78 44

N: mole percent of AlCl;
E: electromotive force (Volt)
AF: f{ree energy of AICl; formation (Kcal/mol)
F: partial molal free energy of mixing (kcal/mol)
4S: entropy change (cal/deg.)
48¥: entropy change of mixing (cal/deg. mol)
dE/dT: temperature coefficient of E. M. F. (mV/deg.)
a: activity of AlCl; in mixtures
7: activity coefficient of AlCl3
«: alpha function of AlCl;
Hyy: partial molal enthalpy of mixing (kecal/g. mol)

Table 2. Theoretical Decomposition Potentials of Aluminium-
chloride calculated by Various Equations

Substance Temp. Symbol Value ref.
Al (©) Cp 4.80+322% 103 T 23
Al (C) S 6.75

Cl, (g) Cy 8.284-0.56x10-3 7T

Cly (g) S 5331

Al Clg (C) Cp 26.50+56.00x 10-3 T

AlClg {C) S 75.8

ALCls (C) 25°C AH° . —333.8 Kcal/mol

AlCI; (g) ; Cp 19.8—2.64% 105 T2

AlC, (C) Cp 13.254+-280x10-3 T

AlCl; (4) Cp 31.2 21
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Heat Data used in Calculation

Theoretical Decomposition Potential (Volt)

Temp. i T D) 3 | 4 | 5
°C) Eq. 3 | Eq. 4 Eq. 5 @ Mean | Eg. 6
120 2145 | 2135 2137 2136 2,068
160 2,122 2.108 2.111 ] 2.113 2.033
180 2108 2.095 2099 2.101 2,016
1926 2.099 2.087 2.091 { 2.092 2.004

Eq. 3---AFf=—335540-+1828 T log T —2394x10-3 T2+588 T

Eq. 4---4F9=—332185+18.28 T log T —23.94x10-3 T2+4-55.3 T

Eq. 5---4F§=—331,116+2157 T log T —24.38x 10-3 T2+439 T'—97,500x T'~1
Eq. 6--4F9=—345000—65.25 T log T +319.2 T

’
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