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A Study on Thermodynamics and Control Technology of Calcium
Treatment for Gear Steel 20CrMnTiH1 Containing Sulfur
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2 Institute for Metallurgical Technology, Central Iron and Steel Research Institute, Beijing 100081 )

Abstract The extent of modification of Al, O, inclusion and factor of CaS inclusion formation in refining liquid of steel
20CrMnTiH1 after calcium treatment have been studied by thermodynamics equilibrium calculation between liquid steel and
inclusions. Calculated results show that with calcium treatment of liquid steel containing 0.020% ~ 0.035% [ S] and
0.02% ~0.04% [ Al], the stable CaS forms easily and the aluminum deoxidizing product Al, O, is not easily modified to
low-melting calcium aluminate 12( Ca0)-7( Al,0,). In order to completely modify the Al, O, to low-melting calcium alumi-
nate (CaO)+ (AL 0;) and 12(Ca0)-7(Al,0,), in refining process the calcium treatment of liquid steel should carry out
in conditions of low [ S] and =1600 °C, and the sulfur wire feeding operation carries out after soft argon stirring, it is a-
vailable to obviously decrease the occurrence of nozzle blocking.
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Table 1  Chemical composition of liquid of gear steel
20CrMnTiH1 for calculation /%

C Si Mn Cr Ti P S 0 Al Ca N
0.20 0.25 1.0 1.15 0.05 0.02 0.03 0.0005 0.03 0.001 0.005

£2 1600 C Ca0-AlL 0, J&fks CaO #1 ALO, WITEE
Table 2  Activities of CaO and Al, O, in melt Ca0O-Al, O, at
1600 C

3(Ca0)-(ALO,) 12(Ca0)+7(AL0;) (Ca0)-(ALO,)

ik Ao Fal0, Aego aL03 Qa0 Caly0s
KTH &%+~ 1 0.0065 0.53 0.027 0.085 0.30
g2 1 0.0050 0.34 0.064 0.110 0.30
S 1 0.0100 0.53 0.027 0.050 0.6l
HER e 1 0.0050 0.36 0.038 0.050 0.50
Mg +iEs 1 0.0038 0.36 0.053 0.074 0.43
Bjorkvall f&#1-6) 1 0.0041 0.37 0.036 0.110 0.18
EHE 1 0.0057 0.42 0.041 0.080 0.39
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Fig.1  Balance relation between refining liquid of gear steel

20CrMnTiH1 and calcium aluminates 3 ( CaO) - ( ALO, ),

12(Ca0)-7(Al,0;) and (Ca0)- (AL O,) at 1600 C
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Fig.2 Effect of temperature on balance between refining liquid

of gear steel 20CrMnTiH! and 12(Ca0)-7(Al,O,)
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Table 3 Henry activity coefficient of major elements in
gear steel 20CrMnTiH and 20CrMnTiH1

RBE/

g B e o
20CrMnTiH 1873 1.01 1.352 0.803 1.044 0.021 0.207
20CrMnTiH1 1873 1.01 1.355 0.802 1.045 6.57 x107° 0.205
W # B 20CMaTiH [S] % 0.010% , i 20C:MnTiH1 [S] %

0.030% ST,

F4 1600 CRREMERBH LR Cal-[Al]ls X7
Table 4 Relation between [ Ca] and [Al]s as different
calcium aluminates precipitate at 1 600 °C

A Qa0 @A10, Ca-Al &K
3(Ca0)- (AL, 05) 1 0.0057 ac, =1.73x10"°a%>
12(Ca0)+7(ALO;) 0.42 0.0410 ag =3.77x10 %%
(Ca0)+(ALO,)  0.08 0.3900 ag, =3.39x10 743>

%5 1600 °C 20CrMnTiH1 %54 [ Ca]/[ Alls Lt 54388

Table 5 Relation between ration of [ Ca]/[ Al]s and in-

gredient of calcium aluminate, gear steel 20CrMnTiH1 at

1600 °C
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Fig.4 Effect of temperature on critical concentration of [ Ca]

and [S] for Ca$ formation in liquid gear steel 20CrMnTiHI1
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