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Study on Nonmetallic Inclusions in Spring Steel 60Si2Mn Produced
by 100 t LD-LF-RH-CC Flow Sheet

Liu Fei', Yue Feng',Liu Jiawei’,Xiao Bo’ and Zhai Wanli®
(1 Collaborative Innovation Center of Steel Technology,2 School of materials science and engineering, University
of Science and Technology Beijing, Beijing 100083 ;3 Chief Engineer Office, Huaigang
Special Steel Co Ltd, Jiangsu Shagang Group,Huai’ an 223002)

Abstract The production process of tested spring steel 60Si2Mn (/% :0. 58C,1. 75S1,0. 75Mn, 0. 012P, 0. 005S,
0.006Als,0. 008Alt)is not adding aluminum cake but adding ferrosilicon to deoxidize in an 100 t converter, controlling end
[C]=0.08% ,and tapping liquid temperature 1 620 ~1 660 °C ,LF original temperature =1 500 °C ,refining time no less
than 35 min, RH vacuum <100 Pa for =20 min,feeding 100 meters of calcium and silicon wire for modification of inclu-
sions before soft blowing,in whole process shielding-atmosphere casting 150 mm square billet. Analysis results show that the
oxygen content in steel reaches the lowest in RH refining process,and rises in tundish stage. In LF refining process, the ni-
trogen increase of liquid steel is obvious. Inclusions are mainly composed of Al, O, ,Si0, ,MgO and CaQ. During LF refining ;
the content of SiO, decreases to 26.7% ,while the content of MgO and CaO increases to 36.7% . Finally, the inclusions in the
casting billet are 33% Al,0;,20.7% SiO, and 45% MgO and CaO to decrease the high hardness inclusions in steel.

Material Index 100 t LD-LF-RH-CC Flow Sheet, Spring Steel 60Si2Mn, Inclusions, Size , Ingredient
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Table 1 Ingredient of LF refining slag for spring steel 60Si2Mn and basicity
B RS/ % ¥4y [, %t 60Si2Mn #8549
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LFZ&# 5-~7 20~29 57~64 5~11 0~2 0~1 2~3 5~12 I}J_ES ﬂﬁ#ﬁﬁ#(w mm X
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Fig.1 Variation of T[ O] of spring steel 60Si2Mn in steelmak-
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Fig.2 Variation of T[ N] of spring steel 60Si2Mn in steelmak-

ing process
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Fig.3 Variation of average composition content of inclusions in heat A (a) ,heat B (b) and heat C (c) in each phase
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Table 2 Main ingredients and size of large inclusions in
steel 60Si2Mn

we FeRY RS/ % Rats
0 Mg Al Si Ca Na K pm
Al 55.77 - - 4423 - - - 211
A2 64,29 531 497 7.8 16.84 - 0.72 45.7
A3 56.27 - 0.97 41.78 0.56 0.15 0.25 21.1
A4 65.78 0.55 12.96 14.31 5.11 0.74 0.56 49.0
A5 54.08 0.79 10.64 26.71 1.24 5.82 0.73 36.4
A6 52.61 - - 0.72 46.29 0.24 - 22,0
A7 57.79 0.36 3.30 37.24 0.16 0.17 0.97 28.8
A8 53.19 - 0.27 46.18 0.27 - - 28.9
A9 62.00 7.08 0.26 4.40 25.78 0.23 0.26 32.0
A-10 66.19 - - 3370 - - - 61.3
A-11 51.89 0.31 1.34 45.88 - 0.23 0.24 31.6
A-12 71.48 13.49 - 0.97 13.62 0.42 - 48.9
A-13 51.24 0.51 19.09 21.13 0.28 0.58 7.16 32.0
A-14 51.20 0.84 17.91 22.33 0.27 0.40 7.05 31.5
A-15 52.28 2.59 12.56 26.15 3.48 0.33 2.59 46.7
B-1 39.77 0.61 11.77 11.69 36.15 - - 25.0
B2 42,91 0.97 17.64 9.57 28.83 - - 21.5
B3 42.47 1.78 15.92 10.97 28.72 0.15 - 223
B4 41.41 1.71 13.64 10.20 32.99 - - 20.1
B-5 42.48 1.10 15.91 9.95 30.49 - - 21.8
B6 41.69 1.72 15.64 11.53 29.33 - 0.10 25.0
B-7 40.33 0.32 13.59 11.78 33.98 - - 23.5
B8 40.50 11.02 14.68 9.10 24.60 - 0.11 22.8
C-1 42.73 1.48 16.64 10.26 28.82 - - 25.8
C2 42.10 7.08 1.47 15.61 33.66 — - 83.6
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Fig.4 Surface scanning of 83.6pum inclusion (a),(b) in steel 60Si2Mn:(c) Al;(d) Ca;(e) Fe;(f) Mg;(g) 0;(h)Si
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Fig.5 Pseudo-ternary phase diagram of large inclusions distri-

bution in steel 60Si2Mn
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