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The density and electrical conductivity of molten (2 K, Fe) Cl2 , (2 K, Co) Cl2 and (2 K, Ni) Cl2 have 
been investigated. The density was measured by the maximum bubble pressure and dylatometric 
methods, the electrical conductivity by an AC technique. The molar volume and equivalent conduc-
tance were calculated. 
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Introduction 

Chloride melts containing transi t ion metals chlo-
rides are in practical use. Also, molten salt mixtures 
conta ining such salts are good model liquids of ionic-
covalent type interactions. Some thermodynamic 
propert ies of those mixtures were under investigation 
but t ranspor t ones were not. Density and electrical 
conductivity measurements can provide essential in-
format ion abou t these salts. 

Experimental 

Preparatory 

Potass ium chloride was dried and purified in the 
usual way [1]. Fer rous chloride was prepared by the 
interaction of powdered iron with dried hydrogen 
chloride at 850 °C. At this temperature , FeCl 2 was 
vaporised and condensed in a cool zone. The salt 
obta ined conta ined 99.8% pure product . NiCl 2 was 
produced f rom NiCl 2 • 6 H 2 0 . The product was dried 
under heating for a long time. Then it was treated by 
chlorine at 600°C and sublimated at 9 0 0 - 9 6 0 ° C in a 
quar tz tube. C o C l 2 was prepared f rom CoCl 2 • 2 H 2 0 . 
It was dehydra ted by heating up to 200 °C. 

Density 

The density of ferrous chloride and its mixtures was 
investigated by the max imum bubble pressure method 
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[2]. The main par t of the set-up is a qua r t z capillary 
with a conic end of 1 m m inner diameter , which is 
lowered into the melt with a micro-screw of low fric-
tion (Figure 1). Working gas was helium. The gas pres-
sure was measured with a U-type manomete r placed 
into a thermosta t . The level difference measurements 
were carried out with a ca thetometer with 0.005 m m 
precision. The sample under investigation was placed 
into a glasscarbon crucible, and then the sealed cell 
was filled with working gas and heated. This tech-
nique needed a large a m o u n t of melt (about 25 ml) but 
allowed the electrical conductivity to be measured in 
the same device using an addi t ional capillary (Fig-
ure 1). The t ime of bubble creation was about 30 sec. 

The density was calculated according to the formula 

Q = Qm(H1 - H2)/(hl-h2), 

where 

Qm = density of the manomet r i c liquid, 
H2 — H j = difference of manomet r i c liquid 

levels, 
h2 — hl = difference between final and initial 

depth of capillary. 

The density of NiCl 2 an d CoCl 2 (Figs. 2, 3) and their 
mixtures (Fig. 4) was measured by the dylatometric 
method as described in [3]. 

Specific Conductance 

The specific conductance of ferrous chloride and its 
mixtures was measured in the cell for the density 
measurement using a quar tz capillary. The constant of 
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Fig. 3. The density of molten (2 K, Ni)Cl2(T = 1253 K). 

Fig. 1. Experimental cell: 1 - Quartz vessel, 2 - glasscarbon 
crucible, 3 - electrodes, 4 - Capillary for conductivity mea-
surements, 5 - rubber stopper, 6 - screens, 7 - lift, 8 - thermo-
couple, 9 - Capillary for density measurements, 10 - melt. 
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Fig. 2. The density of molten CoCl2: • - first series, • 
second series, • - [3], o - [5], • - [6], 
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Fig. 4. The density of molten (2 K, Fe)Cl2 and (2 K, Co)Cl2 
(T— 1100 K): 1 - (2 K, Fe)Cl2, 2 - (2 K, Co)Cl2. 

the capillary was about 200 c m " 1 . The electrodes were 
made of pla t inum wire. The investigation of C o C l 2 

and its mixtures was conducted in a U-type quar tz 
cell. All measurements were carried out at 10 kHz. 
The cell was calibrated using molten sodium chloride 
with da ta taken f rom [4]. The electrical conductance of 
(2K, Ni)Cl2 containing more than 70 m o l % of NiCl 2 

was measured in a special cell [3]. 
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Results 

Density 

The measured densities as functions of temperature 
are well reproduced by a linear relationships, the coef-
ficients of which are given in Table 1. 

In this work we repeated our previous measure-
ments of the density of C o C l 2 , because there are differ-
ing results on this salt [5, 6], whereby we improved the 
tempera ture dependence. The density of molten 
(2K, Fe)Cl 2 and (2K, Co)Cl 2 mixtures has been mea-
sured before by Burylev and Mil 'man [5]. The da ta 
differ considerably. N o t e that the temperature coeffi-
cient (34.9 • 1 0 - 4 g /cm 3 /grad) obtained by these au-
thors for FeCl 2 is too great for ionic salts. D a t a on 
(2K, Co)Cl 2 have also been obtained by Takagi and 
N a k a m u r a [6]. There are some differences (within 
2%), but the isotherms presented in Fig. 5 show a very 
close trend. The molar volumes deviate positively 
f rom additivity for all three systems (Figs. 5, 6), which 
may result f rom a rearrangement of ions when mixing 
the pure salts. In mixtures with a common anion, 
divalent cat ions pull up more polarizable halide an-
ions a r o u n d themselves to form associates or com-
plexes, whereby alkali cat ions are displaced into sec-
ond coordina t ion spheres, where they are arranged 
more loosely among those associates. The larger the 
alkali cation the freer it is and the larger the excess 
molar volume. The molar volume of mixtures of t ran-

Table 1. The coefficients of the dependences of density on 
temperature. 

Mole 
fraction 
of MeCl2 

Temperature 
interval, 
T/K 

= a — b • T, g/cm3 

b • 104 Aq 

(2K, Fe)Cl2 
0.27 970- 1043 2.715 9.590 0.060 
0.41 978- 1059 2.759 9.000 0.090 
0.62 835- 1073 2.884 8.810 0.060 
0.81 877- 966 3.153 10.00 0.070 
1.00 963- 1088 2.967 6.580 0.070 

(2K, Co)Cl2 
0.24 923- 1123 2.329 5.956 0.007 
0.54 723- 1173 2.673 6.697 0.007 
0.70 1023- 1173 2.942 7.779 0.007 
0.85 1015- 1173 2.835 5.695 0.006 
1.00 1033- 1200 2.756 3.939 0.007 

(2K, Ni)Cl2 
0.24 873- 1173 2.381 6.369 0.007 
0.38 923- 1100 2.468 6.162 0.008 
0.52 950- 1173 2.641 6.280 0.005 
0.75 1173- 1240 3.068 8.006 0.007 
0.85 1233- 1273 2.677 3.929 0.007 
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Fig. 5. Molar volume of molten (2K,Co)Cl2 (1253 K): 
, • - our data, • - [6], • - [5]. 
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Fig. 6. Molar volume of molten (2K, Fe)Cl2 and (2K,Ni)Cl2: 
1 - (2 K, Fe)Cl2 (1100 K): • — our data, • - [5], 2 - (2 K, Ni)Cl2 
(1253 K). 

sition metal chlorides with N a C l is close to additive 
[3], while the systems measured in this work show 
excess mola r volume because K + is larger than N a + . 

Electrical Conductivity 

The measured conductivit ies as funct ions of tem-
pera ture were summarised by polynomials of the form 

y = c + dT+eT2, o h m " 1 c m - 1 

48 
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Table 2. The coefficients of the temperature dependence of the specific and equivalent conductance. 

Mole 
fraction 
of MeCl2 

Temperature 
interval, T j K 

X = c + d • T + e- T 2  ,Ohm 1 cm i ;. = ;.0 • exp(— E / R T ) Mole 
fraction 
of MeCl2 

Temperature 
interval, T j K 

— c d- 103 -<?• 106 Az /.0/ohm " 1 

• cm2 • equiv" 1 
E (cal) 

(2 K, Fe)Cl2 
0.22 990-1073 -0.086 1.700 - 0.006 347.5 3092 
0.33 970-1079 -0.411 1.238 - 0.015 184.2 2082 
0.56 895-1071 5.650 12.60 5.340 0.003 401.2 4006 
0.67 865-1063 1.496 4.419 1.300 0.008 226.5 2881 
1.00 988-1072 0.410 2.000 - 0.006 301.9 3855 

(2K, Co)Cl2 
0.24 873-1113 2.524 5.640 1.701 0.003 387.6 3773.3 
0.38 673 1123 1.833 4.108 1.053 0.003 387.2 4243.4 
0.54 713-1153 1.697 3.765 0.980 0.005 327.0 4328.7 
0.63 973-1173 1.556 3.262 0.693 0.003 - -

0.74 893-1173 1.341 2.965 0.616 0.008 242.0 4136.9 
1.00 - - - - - 606.0 6980.3 

(2K, Ni)Cl2 
0.10 1073-1223 0.434 2.074 - 0.003 - -

0.22 953-1100 6.973 12.460 4.301 0.006 688.1 4941.7 
0.39 873-1173 0.500 1.952 0.185 0.003 234.7 3165.3 
0.50 993-1200 1.708 3.910 1.080 0.003 240.3 3656.1 
0.63 1073-1223 5.600 10.39 3.792 0.005 - -

0.72 1123-1223 2.838 5.801 1.885 0.003 214.2 3596.5 
0.85 1253 1.38 - - 0.010 - -

The coefficients c, d , e are listed in Table 2. Represen-
tative conduct ivi ty isotherms are shown in Figure 7. 
The equivalent conductances were calculated using 
our density da ta . Their temperature dependences were 
presented in exponent ia l form 

A = A0 • exp(— E/RT), o h m - 1 • cm 2 . 

The coefficients x 0 and E are listed in the Table 2, and 
typical i sotherms are shown in Figure 8. The validity 
of an empirical equat ion for non-ideal mixtures [8] 
describing the tempera ture and volume dependence of 
the specific conduc tance was tested. 

F o r mol ten chlorides it is: 

X = 4 . 9 e x p [ - (2 7 4 7 - ( 3 3 724/V))/T] 

• exp(53 .7 /F) • exp(— L • N2) + AX , 

A X = A H ( E - F N 2 ) , 

where V = mola r volume, cm 3 /mole , T = tempera-
ture, K, N2 = mole fraction of the heavy component , 
AH = en thalpy of mixing, J/mol, L, E, F = empirical 
dimensionless coefficients. 

F o r F e C l 2 , C o C l 2 and N i C l 2 , L = 1, 0.60, 0.60, 
respectively. There are no full thermodynamic da ta for 
(2 K, N i ) C l 2 . 

F o r (2 K, Fe)Cl 2 and (2 K, C o ) C l 2 , AX is 

AX = A H • (1.1 — 1.1 • N2)- 10~ 5 , o h m - 1 c m " 1 , 

where N 2 = mole f ract ion of dichloride, AH = en-
thalpy of mixing, J /mol. 

A compar i son of the experimental and calculated 
da ta is presented in Table 3. The the rmodynamic da ta 
were taken f rom [9]. The difference is compat ible with 

Mole fraction of Fe(Co,Ni)Cl2 

Fig. 7. Specific conductivity isotherms: 1 - (2K, Fe)Cl2 
(1100 K), 2 - (2 K, Ni)Cl2 (1253 K), 3 - (2 K, Co)Cl2 (1100 K). 



A. A. Red'kin et al. • Density and Electrical Conductivity of Molten 424 424 

M o l e fract ion o f F e ( C o J S i ) C l 2 

Fig. 8. Equivalent conductivity isotherms: 1 - (2K, Fe)Cl2 
(1100 K), 2 - (2 K, Co)Cl2 (1100 K) 3 - (2 K, Ni)Cl2 (1253 K). 

Table 3. Comparison of calculated and experimental data 
(T = 1100K). 

(2K, Fe)Cl2 (2K, Co)Cl2 

N2 Zexp Zcalc A* N2 Xcalc Zexp Az 

0.22 1.956 1.917 0.039 0.24 1.594 1.635 0.041 
0.33 1.775 1.827 0.052 0.38 1.441 1.411 0.030 
0.54 1.787 1.795 0.008 0.54 1.319 1.395 0.076 
0.67 1.793 1.761 0.032 0.62 1.257 1.247 0.010 
1.00 1.789 1.790 0.001 0.74 1.144 1.181 0.037 
- - - - 1.00 1.010 0.984 0.026 

the summary error of the experimental de terminat ion 
of density, electrical conductivity and enthalpy of mix-
ing. 

Conclusion 

O u r results show that the mixtures studied are non-
ideal. 
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