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Melting Behavior of Mold Powder for Continuous Casting of Steel by Thermo Mechanical Analysis

Masayuki Kawamoro, Tadao Wartanase and Takami Ixepa

Synopsis :

Melting behavior of mold powder is very important for continuous casting operation and quality of steel. In this

experimental study, the shrinking behavior of mold powder was measured by thermo-mechanical analysis in order to

investigate the melting behavior of mold power.

Thermodynamic calculation of the liquid fraction in the mold powder appears to show reasonable agreement with
thermo-mechanical analysis data. Then, it may be concluded that thermo-mechanical analysis enables us to give useful
information about the melting behavior of mold powder. The results of the thermo-mechanical analysis are summerized

as follows ;

Fluorite is considered to be better fluorite source than sodium fluoride, sodium fluoride is better than soda ash as Na,O
source and silica powder has a superiority over diatomaceous earth as SiO, source.
Key words : continuous casting ; mold powder ; thermo mechanical analysis ; thermodynamic calculation.
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Fig. 1. Schematic diagram of Thermo-mechanical analyzer.

Table 1. Experimental conditions.

Crucible Plutium ¢5.75X107*m, 1X10~*mt
Mass of sample  4X10-°kg
Rate of heating 1.67K/s
Weight 1.0X10~2kg(7.96X102%kg/m?)
Air

Atmosphere

Table 2. Chemical composition and particle diame-

ter of material. (mass%)
Materials Si0, CaO AlLO; MgO Na,0 F Fe,0, diameter
Portland cement 21.9 62.8 6.0 1.9 0.3 0.2 2.1 13.7um
Soda ash 0 0 0 0 58.5 0 0 106.0
Sodium fluoride 0 0 0 0 72.3 44.3 0 12.6
Fluorite 1.2 70.2 0 0 0 46.6 0 58.2
Diatomaceous earth 89.3 0.6 3.9 0.4 3.6 0 1.6 39.3
Silica 97.1 0 O 0 0 0 0 16.9

Table 3. Compositions of samples. (mass%)

Materials 1 2 3 4 5 6 7 8 9 10 11 12
Portland cement 100 0 050 50 50 0 0 O 0 0 O
Diatomaceousearth 0100 0 0 0 0 50 50 50 0 O O
Silica 0 0100 0 0 0 O O 0 50 50 50
Soda ash 0 0 050 0 050 O 05 0 O
Sodium fluoride 0 0 0 050 0 050 0 050 0
Fluorite 0 0 0 0 050 0 05 0 050
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Fig. 2. Results of thermo-mechanical analysis for
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Fig. 5. Comparison of thermo-mechanical analysis
result with weight change and differential
thermal analysis results.

Table 4. Composition of sample powder in Fig.5.

(mass%)
Si0, CaO AlL,O; MgO Na,0 F C(Ca0/SiO, C Soda ash
38.0 34.3 4.7 3.6 8.9 4.2 0.90 4.0 14.0
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Table 5. Chemical Composition for calculation.

Materials Si0, CaO ALO; MgO Na,O Fe,0,

Case 1 Portland cement 21.962.5 6.0 1.9 0.3 2.1

Case 2 Diatomaceous earth 89.3 0.6 3.9 0.4 3.6 1.6

Case 3 Portland cement-50mass% 59.5 31.3 3.0 1.0 0.2 1.1
Silica

Case 4 Portland cement-50mass% 55.6 31.6 5.0 1.2 2.0 1.9
Diatomaceous earth

Case 5 Portland cement-50mass% 11.0 31.3 3.0 1.029.4 1.1
Soda ash

Case 6 Diatomaceous earth-50mass% 44.7 0.3 2.0 0.2 31.1 0.8
Soda ash

Case 7 Silica-50mass%Soda ash 48.6 0 0 0 29.3 0

Table 6. Calculated phases.

Liquid phase : Si0,, Ca0, Al,05, MgO, Na,0O, Fe;0;, FeO

Solid phase : SiO,, Ca0, Al,Os;, MgO, Na,O, Fe,Os, FeO,
Ca0-Si0,, 3Ca0-2Si0,, 2Ca0-Si0,, 3Ca0-+Si0O,
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Na,0-2Si0,, 2Ca0-Al,0;+Si0,, CaO-Al,O,, 2510,
Ca0+MgO+2Si0,, CaO-MgO-SiO,, 2Ca0+Mg0O-2Si0,
3Ca0-MgO-2Si0,
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Fig. 6. Comparison between thermo mechanical
analysis result and calculated liquid fraction
for case 1.

Table 7. Chemical composition of liquid phase at
liquid generative temperature. (mass%) -

Materials Temp®)Si0O, CaO ALO, Mg0 Na,0 Fe0,
Case 1 Portland cement 1195 0.737.7 2.8 0.1 0 58.7
Case 2 Diatomaceous earth 1383 78.4 1.4 8.8 0.9 8.1 2.4
Case 3 Portland cement-50mass% 1399 71.6 5.0 13.2 2.5 2.5 5.1

Silica
Case 4 Portland cement-50mass% 1479 64.3 11.6 11.9 2.9 4.8 4.5

Diatomaceous earth
Case 5 Portland cement-50mass% 1057 0 38.4 0.7 0 3.5 57.5

Soda ash
Case 6 Diatomaceousearth-50mass% 1229 58.7 0.4 0 0.140.8 0

Soda ash
Case 7 Silica-50mass%Soda ash 1273 62.4 0 0 0 37.6 0
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