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Thermal Conductivity Measurements and Prediction for R,0-Ca0O-SiO, (R=Li, Na, K) Slags

Sumito OZAWA, Rie (KosiMa) ENDO and Masahiro Susa

Synopsis : Thermal conductivities of Li,0-Ca0-Si0,, K,0-CaO-Si0, and 37Ca0-63Si0, slags have been determined using the non-stationary hot
wire method over a wide temperature range between room temperature and 1823K to propose a prediction equation for thermal conductivi-

ties of R,0-Ca0-Si0, slag melts, where R represents Li, Na and K. The temperature coefficients of thermal conductivities for all the sam-

ples were negative in the liquid state. The thermal conductivities of slags having the same SiO, concentration, i.e., the same NBO/T (number

of non-briging oxygens per tetrahedrally coordinated atom), decreased by replacement of CaO with R,O but took almost the same value at

their liquidus temperatures (7,), irrespective of the (%R,0)/(%CaO) ratio. Furthermore, plotting the thermal conductivities against T,

(temperature normalised by 7,) shows that the thermal conductivities for the melts are not dependent upon the (%R,0)/(%Ca0) ratio within

experimental scater as long as the SiO, concentration is kept constant. On the basis of this finding, an empirical prediction equation has been

proposed for thermal conductivities of R,0-CaO-SiO, melts.
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Fig. 1. Sectional view of experimental cell for non-station-
ary hot wire method.
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Table 1. Nominal and analysed chemical compositions of
slag samples (in mol%).

Nominal Analysed
Li,0 K,0 Ca0 Si0, Li,O K,0 CaO Si0,  ALO;

37 63 36.9 63.1 0.0

10 30 60 92 28.4 58.8 3.6
20 20 60 18.6 18.9 57.6 4.9
30 10 60 28.2 94 579 4.5
10 20 70 88 20.4 69.1 1.7
20 10 70 19.0 10.4 69.0 1.6
10 30 60 9.4 30.7 58.6 1.3

20 20 60 19 20.1 60.4 0.5

30 10 60 29.5 1.1 593 0.1

10 20 70 9.9 204 69.5 0.2

20 10 70 94 20.2 70.1 0.3

0.76- * B
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Fig. 2. Voltage change (AV) as function of logarithm of

time (In#) in measurement for 20K,0-20CaO-
60Si0, melt at 1698K.
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Fig. 3. (a) Temperature dependence of thermal conductivi-
ty for 37Ca0-63Si0, slag and (b) its DTA result.
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Fig. 4. Temperature dependence of thermal conductivities
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Fig: 6. Temperature dependence of thermal conductivities
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Fig. 7. Temperature dependence of thermal conductivities
for K,0-Ca0O-708i0, slags.
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Table 2. Liquidus temperature, thermal conductivity and
NBO/T values of R,0-Ca0O-SiO0, slags.

Composition T /K 2/wWm'K' NBO/T Reference
37Ca0-63Si0, 1730 0.73 1.17
10Li,0-30Ca0-60Si0, 1558 0.35 1.33
20Li,0-20Ca0-60Si0, 1506 0.40 1.33
30Li,0-10Ca0-60Si0, 1379 0.41 1.33
10Li,0-20Ca0-70810, 1422 0.87 0.86
20Li,0-10Ca0-70S10, 1226 0.94 0.86
10K,0-30Ca0-608i0, 1643 0.64 1.33
20K,0-20Ca0-60Si0, 1568 0.58 1.33
30K,0-10Ca0-608i0, 1400 045 1.33
10K,0-20Ca0-70Si0, 1523 0.79 0.86
20K,0-10Ca0-70Si0, 1193 1.03 0.86
20Na,0-40Ca0-40Si0, 1693 0.11 3 13)
40Na,0-20Ca0-40Si0, 1463 0.13 3 13)
10Na,0-40Ca0-508i0, 1598 0.17 2 13)
25Na,0-25Ca0-50Si0, 1503 0.16 2 13)
40Na,0-10Ca0-50Si0, 1313 0.18 2 13)
5Na,0-35Ca0-60Si0, 1643 0.32 1.33 13)
10Na,0-30Ca0-608Si0, 1583 0.32 1.33 13)
15Na,0-25Ca0-60Si0, 1503 0.38 1.33 13)
30Na,0-10Ca0-60Si0, 1343 0.40 1.33 13)
10Na,0-20Ca0-70Si0, 1453 0.89 0.86 13)
20Na,0-10Ca0-70Si0, 1243 0.89 0.86 13)

* 37Ca0-63Si0;
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Fig. 8. Temperature dependence of thermal conductivities
for 37Ca0-60Si0, and 10R,0-30Ca0-60Si0, slags
(R=Li, Na'¥ and K).
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Fig. 9. Relation between thermal conductivities of 37CaO—
63Si0, and R,0-CaO-SiO, slags (R=Li, Na'*
and K) at hqu1dus temperatures and SiO, concen-
tration.
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Fig. 10. Dependence of thermal conductivities of R,0-
Ca0-608Si0O, slags on normalised temperature
T/T, where T, is liquidus temperature.

Table 3. Bond energies for R-O'® and Ca-0."”

Bond  Bond energy/ ki*mol’'
Ca-O 1158
Li-O 665
Na-O 560
K-O 485
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Fig. 11. Relation between thermal conductivities for R,0—
Ca0-Si0, slags and reciprocal of 7/7;.
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Fig. 12. Relation between values of slope («) and intercept
(b) of straight lines in Fig.11 and SiO, concentra-
tion
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