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Thermodynamic Analysis on Calcium Sulphide Inclusions in Bearing
Sulphur-Aluminium Steel GS35C-A and Process Improvement

Ji Dandan, Ye Fanxin, Zhang Jinhong, Dai Yonggang and Li Fuwei
( Steelmaking Works, Xingtai Iron and Steel Co Ltd, Xingtai 052000)

Abstract The thermodynamic calculation on deformation of inclusions in tested steel GS35C-A (/% ; 0. 34 ~0.35C,
0.20 ~0.22Si, 0. 69Mn, 0.013 ~0.016P, 0.026 ~0. 045S, 0. 027 ~0. 046Al, 0.000 8 ~0.001 9Ca) has been carried
out, and the morphology and amounts of inclusions in steel produced by corresponding process 1 [ BOF-LF (sulphur allo-
ying) -RH-calcium treatment-CC] and optimized process 2 [ BOF-LF-RH-calcium treatment- sulphur alloying- CC] are
studied. Results show that (a) with increasing [ S] in liquid the balancing calcium content in steel to form CaS decreases;
and in process of forming low point melting inclusions modified by calcium treatment the [ Al] in liquid gradually decrea-
ses; (b) with decreasing end RH Ca and S content in liquid respectively from 0.001 9% and 0. 045% ( process 1) to
0.0008% and 0.026% ( optimized process 2), the average continuous-continuous casting heats increases respectively
from 2. 5 heats to 8 heats; (c) before optimization by process 1 the typical inclusion in liquid in tundish consists of sul-
phide around magnesia aluminium spinel, while after optimization by process 2 the inclusion in liquid in tundish is calcium
aluminate; and as compared with before optimization, after optimization the number of inclusions per mm® in steel at end
RH and in tundish decreases respectively from 9. 09 and 6. 23 to 5. 06 and 3. 76.

Material Index Bearing Sulphur-Aluminium Steel GS35C-A, Thermal Calculation, Calcium Treatment, Calcium
Sulphide, Application
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Table 1 Chemical composition of steel GS35CA /%
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Table 3  Control parameters of each procedure of steel
GS35CA
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Table 4 Reaction equation and equilibrium constant in cal-
cium treatment process
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Table 5 Balance activity value of Ca0-Al,O, series oxide
at 1873 K

H a0 T al,03
12Ca0 - 741, 0, 0.42 0.041
3Ca0 - AL O, 1.00 0.005 7
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Table 6 Interaction coefficient ¢} of elements in liquid at 1 873 K

FREER DL DL T R E TR, d(G—) C S Mn P S Al G Ca
Al 0.091 0.057 0.035 0.048 0.030 0.043 0.025 -0.047
3(Ca0) +3[S] +2[Al] = S 0.114 0.063 -0.026 0.029 -0.046 0.035 -0.011 -100
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Fig.1 Balance diagram of Ca-S (a) and Al-S (b) at 1873 K
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Table 7 Chemical composition of liquid by process 1 and
process 2 /%
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Fig.2 Calcium feeding amount (/m) and calcium content at
end RH (/%) calcium treatment by process 1 and process 2
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Fig.3 Morphology and analysis of inclusions in liquid in tundish by process 1 (a) and porcess2 (b)
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Fig.4 Amount of inclusions in steel of tundish and RH by
process 1 and process 2
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