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Analysis on Influence Factors of Control of Inclusions in
Gear Steel 20CrMnTiH (TS) and Process Optimization
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Abstract The metallurgical flow sheet for steel 20CrMnTiH (TS) is 60 t top and bottom combined blowing converter-
LF- VD- 150 mm x 150 mm billet casting. The unqualified rate of inclusions in steel 20CrMnTi H(TS) at first examination
at steelworks Is up to 2% , main inclusions are B series ( compound calcium aluminate + magnesia-alumina spinel, and par-
tial alumina) and D series (calcium aluminate, and partial compound calcium aluminate + magnesia-alumina + titanium ni-
tride) , that size is more than 20 um. With the process measures including using low phosphorus hot metal and high quality
scrap, converter end [C] =0.09% , adding 40 kg silicon-calcium and 40 kg aluminium cladding steel to replace original
only adding 80 kg aluminium cladding steel for pre-deoxidation in converter tapping, using SiC70 to replace SiC45 to diffu-
sion-deoxidize in LF refining, feeding Ti wire after VD, insuring refining end slag basicity 3. 0, and controlling heel liquid
more than 2 t, the T[ O] decreases from original 12 x 10 ™ t0 8 x 10 ™ and the unqualified rate of inclusions in steel at first
examination decreases to 0. 5% .

Material Index Gear Steel 20CrMnTiH (TS), T [ O], B Series and D series Inclusions, Process Optimization
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Table 1 Standard and internal requirement of chemical composition of steel 20CrMnTiH (TS) /%

WE C Si Mn P S Cr Al Ti 0 N H B
e 0.17 ~ 0.17 ~ 0.80 ~ < 0.015~ 1.00~ 0.03 ~ < < < <
23 0.23 0.37 1.15 0.025 0.030 1.35 0.08 0.0015 0.007 0.000 3 0.000 6
P 0.19 ~ 0.23 ~ 1.03 ~ < 0.015 ~ 1.13~ 0.010~ 0.04 ~ <
0.21 0.27 1.07 0.020 0.023 1.17 0.025 0.07 0.0005
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Fig.1 Change of T[ O] at each procedure before process opti-
mization
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Fig.2 Morphology and energy spectrum figure of B series (a) and D series (b) in before products optimization of steel 20CrMnTi H(TS)
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Table 2 Data of 60t BOF end [ C] control for steel

20CrMnTiH (TS) produced in 2014

KR[C)l/% a3 Wl % B IAR kg
<0.05 46 10.62 80

0.06 ~0.08 265 61.20 80
>0.09 122 28.17 80
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Table 3 Ingredient and basicity of refining slag series of original process for steel 20CrMnTiH
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Table 4 Chemical composition of deoxidizer of silicon-cal-
cium-barium alloy / %
Ca Ba Si Al Mn C P S H,0
=10 =10 =45 <=3.0 =<1.50 <1.00 <0.05 <0.10 <0.50

5 SiC70 BEAMBL /%
Table 5 Analysis of deoxidizer SiC70 /%

ALO, €2 H0 S siC TC T ER
47 0.8 035 0.14 71 26 0.1 0
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Table 6 Ingredient and basicity of refining slag series after process optimization
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Table 7 Comparison between inclusions rating before and
after process optimization
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