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Formation and evolution of non-metallic inclusions in 20CrMnTiH gear
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Abstract: The formation and evolution of non-metallic inclusions in 20CrMnTiH gear steel during LF-
RH-CC process were analyzed by industrial trials, and the transformation trend of non-metallic inclu-
sions during reoxidation and cooling solidification in 20CrMnTiH gear steel was analyzed by thermody-
namic calculations. During LF refining, inclusions experience evolutions from AL,O; to MgO-Al,O; and
Ca0-MgO-ALQ,;. After calcium treatment, inclusions are modified into CaO-MgO-Al,O; and CaO-
Al,0;-CaS. After calcium treatment at the end of RH vacuum refining, inclusions are modified into CaO-
Al,0;-CaS with high CaS contents and CaO-MgO-Al,O,. During continuous casting, the content of CaS
in inclusions increase with the reoxidation of steel. Thermodynamic calculations reveal that when 0.000 3%
to 0.000 5% [Ca] is added to the steel, MgO-Al,O; would be formed in the steel. When 0.000 5% to
0.000 7% [Ca] is added to the steel, liquid calcium aluminates would be largely formed. When the con-
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tent of [Ca] exceeds 0.000 7%, CaS would be formed. Moreover, liquid inclusions would be gradually
transformed into solid inclusions with the reoxidation of steel. With the decrease of temperature, the
contents of CaO and CaS in inclusions decrease and the contents of MgO and Al,O; in inclusions in-

crease, leading to the formation of CaS-CaO-MgO-Al,O; with high CaS contents eventually.
Key words: 20CrMnTiH, inclusions, calcium treatment, reoxidation
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Table 1 Main chemical compositions of 20CrMnTiH during refining %
Rl C Si Mn P S Cr Ti [A]] [Ca] [Mg]
L1 0.13 0.13 0.89 0.011 0.024 5 1.11 0.005 0.024 0.000 2
L2 0.15 0.19 0.94 0.011 0.0159 1.11 0.073 0.055 8 0.001 8 0.000 3
R1 0.15 0.19 0.94 0.011 0.0159 1.11 0.073 0.055 8 0.001 8 0.000 3
R2 0.19 0.26 0.96 0.011 0.022 1.11 0.075 0.041 0.000 5 0.000 3
R3 0.19 0.26 0.96 0.011 0.018 1.11 0.066 0.038 0.001 8 0.000 3
Tl 0.19 0.26 0.96 0.011 0.018 1.11 0.066 0.038 0.001 8 0.000 3
T2 0.19 0.26 0.96 0.011 0.018 1.11 0.066 0.038 0.001 8 0.000 3
T3 0.19 0.26 0.96 0.011 0.018 1.11 0.066 0.038 0.001 8 0.000 3
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Fig. 1 Variation of mass percent of T[O] and [N] during
refining processes
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Table 2 Size distribution of the inclusions
e 4 /%
TR
1~2pm  2~5um 5~10pum 10~20pum  >20 um
L1 72.12 26.06 0.91 0.61 0.30
L2 75.68 19.82 2.25 1.35 0.90
R1 73.02 25.55 0.85 0.43 0.14
R2 54.90 38.24 5.23 0.98 0.65
R3 71.84 22.82 3.88 0.49 0.97
Tl 70.53 26.39 2.96 0.11 0.00
T2 67.36 29.66 2.78 0.20 0.00
T3 64.39 31.94 3.50 0.17 0.00
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Fig.2 Chemical compositions of inclusions at different stages of refining
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