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Thermal Conductivities of Slags for Ironmaking and Steelmaking

Kazuhiro NAGATA, Masahiro SUSA, and Kazuhire S GoTo

Synopsis :

Thermal conductivities of synthetic slags and a slag sample taken from a blast furnace in normal operation
have been measured by the hot wire method. The synthetic slags are composed of CaO-Si0,-Al,0O,,
Ca0-8i0,-Fe,0,, NayO-8iO,, CaF,, and CaF,—~CaO-SiO,-AlL,O;. The measuring temperature was

widely changed from 100 to 1 500°C.

In the temperature range lower than 1 000°C, the thermal con-

ductivities of solid slags increased from 1.0 to 2.0 W/m-K with increasing temperature, and above 1 000
°C, they rapidly decreased to values of between 0.5 and 0.1 W/m-K in liquid state. The thermal con—
ductivity of CaF,, which crystalizes in solid state, decreased monotonously with increasing temperature.
The thermal conductivities of slags at high temperatures were empirically expressed as A=(a/T)exp(—bT),
where a and b are constants and T is absolute temperature. The thermal conductivities of liquid slags
were about one tenth of those of the common refractories at high temperature.
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Fig. 1. Construction of the cell of hot wire meth-
od for slag. The hot wire is virtically dipped
in the slag, as shown as ‘“Heater”.
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Table 1. Compositions of slags by wt2,1.
No. Charge compositions Chemically analyzed compositions
Ironmaking slags CaO Si10; Al;O3 )
1 40Ca0-408i0,-20A1,03 38.57 40.26 20.85
+0.23 +0.34 +0.11
2 25Ca0-60810,-15A1,0;3 25.03 59.82 14.96
+0.13 +1.75 +0.01
3 50Ca0-50A1,03 48.47 — 51.85
+0.47 +1.13
4 55Ca0-458i0, 45.91 41.98 11.95
+0.90 +0.03 +0.02
Steelmaking slag CaO SiO; Al,O3 Fe,03 FeO
5 24Ca0-47S810,-29Fe,0; 19.46 40.45 12.37 20.47 6.10
+0.42 +0.10 +0.02 +0.07 +0.53
Soda slags Na;O SiO; Al O3 Na;CO3
6 25Na;0-7558i0, 23.59 77.23 0.25 0.58
+0.18 +0.10 +0.06 +0.01
7 33Na,0-678i0, 29.09 68.80 1.01 0.88
+0.09 +0.20 +0.06 +0.09
8 50Na»0-508i0, 42.19 51.68 1.80 3.44
+0.10 +0.05 +0.02 +0.11
Ironmaking slags with CaF, CaF, CaO Si0, Al O3
9 3.5CaF;-96.5 (No. 1 slag)* 3.12 34.38 38.38 23.67
+0.55 +0.06 +0.50
10 6.9CaF;-93.1 (No. 1 slag)* 6.9 37.59 35.03 20.42
+0.03 =+0.10 +0.45
11 13.4CaF;-86.6 (No. 1 slag)* 12.29 31.76 83.56 22.39
+0.50 +0.02 +0.12
12 CaF, 96.30 — — 2.47
+1.27 +0.50
BF plant slag*¥ CaO SiO, Al,O3 MgO FeO
13 41.7Ca0-34.25i0,-13.9A1,0; 25.51 31.10 36.73 4.51 0.26
+0.79 +0.61 +1.21 +0.50 +0.20

-6.05Mg0-1.09S8-0.35FeO

t The simplified expressions by charge compositions are shown in the following figures.
* The compositions of CaO and CaF; were determined from dividing total Ca% in

the ratio of the charge compositions of CaO and CaF,.

**  The original composition of BF plant slag was determined by Kawasaki Steel Co..
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Fig. 2. Influence of free convection on the line-

arity between temperature increase of hot wire and
logarithums of time; the above curve is without
convection and the lower one with convection.
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Fig. 3. Thermal conductivity of 40CaO
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Fig. 4. Thermal conductivities of ironmaking slags
of CaO-8i0,-AL,O; system for different composi-
tions.
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Fig. 5. Thermal conductivity of a slag taken from
a blast furnace in comparison with the synthetic
slag. Two different marks mean two different runs.
The white and black marks are the data measured
on decreasing and increasing the temperature by
steps, respectively.
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Fig. 6. The thermal conductivity of 24CaO-47
Si0,-29Fe,O; slag with the resulton a blast fur-
nace-type slag. Four different marks mean four
different runs. The white and black marks are the
data measured on decreasing and increasing the
temperature by steps, respéctively.
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Fig. 7. Thermal conductivities of soda slags of

Na,O-SiO, system as functions of temperature and
compositions.
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Fig. 8. Thermal conductivity of crystalline and
liquid CaF, as a function of temperature.
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Fig. 9. Decrease of thermal conductivity of 40
Ca0-408i0,-20AL,0; slag by CaF, addition at
high temperature.
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A=(a/T) exp (—bT) ccorererenreenreenesennn (2)

Table 2. Values of the parameters, a and b, in the equation of thermal

conductivity; A= (a/T) exp (-bT) (T; K)
No. Slag system (analyzed compositions) a X 10-5 b X103 Range (°C)
1 38.6Ca0-40.38i0,-20.9A1,03 2.14 3.22 1 100-above
2 23.4Ca0-63.05810,-13.4A1,03 2.96 3.13 1 150-above
3 48.5Ca0-51.9A1,0; 0.303 2.63 750-above
4 45.9Ca0-42.08i0,-12.0A1,0; 324 6.54 1 150-above
5 19.5Ca0-77.28i0,-12.4A1,03-20.5Fe203-6. 1FeO 230 6.49 1 150-above
6 23.6Na.0-77.28i0,-0.3A1,03-0.6Na;CO3 3.10 4.61 780-above
7 29.1Na0-68.8Si02-1.0A1,03-0.9N2a;CO3 2.14 4.42 780-above
8 42.2Na,0-51.7Si0;-1.8A1;03-3.4Na,CO3 6.18 5.02 680-above
9 3.1CaF;-34.4Ca0-38.48i0,-23.7A1:0; 4.28 3.59 1 000-above
10 7.0CaF ;-37.6Ca0-35.08i0;-20.4A1,03 3.24 3.55 1 000-above
11 12.3CaF3-31.8Ca0-33.65i0,-22.4A1,03 3.17 3.87 1 100-above
12 96.3CaF;-2.5A1,0; 0.778 3.73 600-above
13 25.5Ca0-31.18i0,-36.7A1,03-4.5Mg0O-0.3FeO 229 5.76 1 300-above
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