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Shape Control of Alumina Inclusions by Double Calcium Addition Treatment

Yo-ichi 110, Seikoh NARA, Yoshiei KaTo and Mamoru SUDA

Synopsis

: Experimental and theoretical studies were carried out to clarify shape control of alumina inclusions during calcium double treatment in a line

pipe steel for sour service. Calcium (Ca) double addition method were experimented by 280 t-scale commercial plant.

In this method, Ca powder was firstly injected for shape control of alumina inclusions by flux injection process (FI), and was secondly
added for shape control of MnS to CaS$ in tundish of continuous casting machine after eliminating the first step Ca by RH degasser.

The degree of shape control of alumina inclusions of this method was increased compared with that of the conventional Ca treatment by F1

or tundish addition, and approaches to the equilibrium condition among Ca—Ca0O-Al,0O5 system. To explain the shape control rate of alumina

inclusions, the non-reacted core model fitted by the laboratory scale experimental results was applied for this experimental data. The calculat-
ed values from this model in the Ca double addition method agreed well with the observed ones.

Key words : steelmaking; calcium treatment; alumina inclusion; shape control.
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Molten Steel

Ladle Furnace
Flux Injection

*Heating by electric power
*Desulfurization by adding of desulfurizing agent

* Desulfurization by CaO-CaF, injection
* 1% step shape control by Ca-Si injection

RH Degasser

-Deoxidation by vacuum treatment

-2nd step shape control by Ca-Si addition

Slab

Fig. 1. Process flow of double calcium addition method.

Table 1. Chemical composition of molten steel (mass %).

C Si Mn P S Al Ca (0] N
0.05] 0.3 1.2 { 0.01 | 0.0007 [ 0.035 | 0.002 | 0.0015 | 0.0035

Table 2. Flux condition of double calcium addition

method.
Flux Injection Process Tundish
Flux CaO-CaF, Ca-Si Ca-Si
C("mp"f;;"“ Ca0/80 - CaF,/20 | Ca/30 - Si/60 | Ca/30 - Sif60
mass 7o
Injection amount
(ke/t) 245 0.51 0.1
Injection rate 1.4x107
. 0.49 0.10 g
(kg/t*min) -5.4 %1073
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Fig. 2. Change in compositions with time for double calci-

um addition method.
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Fig. 3. An example of change in compositions with time
for conventional calcium addition method into
tundish.
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Fig. 4. Mass balance of calcium in molten steel for double
calcium addition method by inclusion and precipi-
tation analysis.

Table 3. Some examples of chemical composition of in-
clusion (mass%).

Al Ca Mg Si Mn S O
RHend | 22.83 | 36.37 | 1.197 | 0.818 [ 0.020 | 0.263 | 38.51

T/D 10min | 20.33 | 39.18 | 0.840 | 1.555 | 0.020 | 0.414 | 37.66

T/D 35min | 19.39 | 41.09 | 0.575 | 1.533 | 0.090 [ 0.445 | 36.88
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Fig. 5. Relation between (Ca) in inclusion and Ca.
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Fig. 7. Schematic view of Calcium treatment vessels.
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Table 4. Calculation condition for double calcium addition

method.
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Fig. 8. Comparison between observed and calculated X.
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