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Effect of Refining Slag Basicity on the Molten Steel
Cleanliness of GCr15SiMn Bearing Steel
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Abstract: This article studies the effect of different refining slag basicity on the cleanliness of GCr15SiMn bearing steel by
combining laboratory slag-steel equilibrium experiments and theoretical calculations. Slag-steel equilibrium experiments
were conducted with three different refining slag basicity ratios (6. 32,5. 28 and 4. 27 respectively) and steel samples with
the identical chemical composition. The experimental results show that the experimental steel group with a basicity of 4. 27
had the lowest oxygen and magnesium contents (0. 000 6% and 0. 000 9%, respectively) , and the smallest number den-
sity of inclusions (0. 31 per mm?), demonstrating excellent performance in controlling molten steel cleanliness. Addition-
ally, the changes in SiO, and FeO in the corresponding slag for this experimental group were also the smallest, indicating
that reducing the initial refining slag basicity helps to quickly achieve equilibrium in the slag-steel metallurgical reaction
and reduce the formation of inclusions in the steel. Further calculations using the slag-steel equilibrium thermodynamic
model confirmed that reducing the refining slag basicity can increase the logarithmic ratio of SiO,to AL,O,, inhibit the reac-
tion between Al and SiO, in the slag, and reduce the transfer of oxygen from SiO, to the molten steel. Finally, the experi-
mental results were applied to factory practice. The results showed that appropriately reducing the refining slag basicity
can significantly improve the cleanliness of the GCr15SiMn molten steel. This research provides strong theoretical support
and guidance for the industrial practice of smelting high-cleanliness bearing steel.
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Fig. 1 Schematic diagram of vacuum induction furnace for

GCr15SiMn slag—steel reaction
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Table 1 Composition of premelted steel sample A before
GCr15SiMn slag—steel reaction %
C Si Mn Cr Als 0 Mg
1.00 0.59 1.07 1.53 0.023 0.0005  0.000 4




34 5 R W

546 45

#2  GCr15SiMn &K [z Bz B i) Fuks & AL 2 Fn L BE
Table 2 Ingredient and basicity of premelted slag before
GCr15SiMn slag—steel reaction
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Table 3 Chemical composition of steel sample after
GCr15SiMn slag—steel reaction %
e C Si Mn Cr Als T.0 Mg
Al 0.98  0.55 1.07 1.43 0.015 0.0008 0.0012
A2 0.99  0.55 1.08 1.43  0.014 0.0007 0.0013

A3 097 055 1.05 141 0.012 0.0006 0.0009
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Fig. 2 The experiment process of GCr15SiMn slag—steel reaction (a) and the obtained steel and slag samples (b)
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Table 4 Chemical composition and basicity of slag
samples after the slag—slag reaction

s I (BT 3 50/% B R

IR |
CaO Sio, ALO, MgO FeO (CaO/Sloz)

SA1 57.3 10.5 24.1 5.22 0.25 5.46
SA2 55.8 12.1 23.1 6.09 0.29 4.61
SA3 50.7 13.1 23.6 7.30 0.32 3.87
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Fig. 4 Effect of refining slag basicity on SiO, content in the slag
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Changes in total oxygen content (a) and inclusion number density (b) during the refining process of GCr15SiMn steel



« 38 -

FEIRIN

546 45

&% 3k
[1] Uesugi T. Recent development of bearing steel in Japan[J]. Tetsu-
to-Hagane, 1988, 74(10): 1889-1894.
[2] Lund T, Akesson J. Oxygen content, oxidic microinclusions, and
fatigue properties of rolling bearing steels [M]. Effect of Steel
Manufacturing Processes on the Quality of Bearing Steels [J].
ASTM International100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA 19428-2959, 1988: 308-330.
[3] Wakoh M, Sawai T, Mizoguchi S. Effect of S content on the MnS
precipitation in steel with oxide nuclei [J]. ISIJ International,
1996, 36(8): 1014-1021.
[4] Suito H, Inoue R. Thermodynamics on control of inclusions compo-
sition in ultra-clean steels[J]. ISIJ International, 1996, 36(5) :
528-536.
[5] Iwamasa P K, Fruehan R J. Effect of FeO in the slag and silicon in
the metal on the desulfurization of hot metal[J]. Metallurgical and
Materials Transactions B, 1997, 28(1): 47-57.
[6] Sridhar S, Cramb A W. Kinetics of ALO, dissolution in CaO-
MgO-Si0,-Al,0, slags: in situ observations and analysis [J].
Metallurgical and Materials Transactions B, 2000, 31 (2) :
406-410.
[7] Liu CY, Gao X, Ueda S, et al. Composition changes of inclusions
by reaction with slag and refractory: A review [J]. ISIJ Interna-
tional, 2020, 60(9): 1835-1848.
[8] Yoon B H, Heo K H, Kim J S, et al. Improvement of steel cleanli-
ness by controlling slag composition [J]. Ironmaking & Steelmak-
ing, 2002, 29(3):214-217.
[9] Ma W J, Bao Y P, Wang M, et al. Influence of slag composition
on bearing steel cleanness[J]. Ironmaking & Steelmaking, 2014,
41(1): 26-30.
[10] FREES, B MR . FRERRT IR T i DL e e e sl [0 ).
2, 2012, 47(10): 1-13.

(1] AR, &, £ F, 5. SR AoRma L= HoR [T
=R 4, 2000, 10(6): 14-17.

(12] ZAT, BN, EFEIE, 5. La-Ce XF GCr15 Hli & e 2%
WU BOTCR LT ). RRRA, 2024, 45(2): 39-45.

[13] Eguchi J, Fukunaga M, Sugimoto T, et al. Manufacture of high
quality case-hardening low alloy steel for automobile use[ C ]//Pro-
ceedings of the Sixth International Iron and Steel Congress. Na-

goy: ISIJ international, 1990: 644-650.

(14] Ham, 2= 5, ok, 5. SR RIS X GCr15 Rl M
T[], F9Ek, 2016, 51(11): 30-35.

[15] 5 —, BOHIRA, IAARTE, 5. WP U 2 v omiux
JEHEAELT ], Bk e 8, 1983, 69(15): 1722-1729.

[16] ®& i wdh BURIAHR T2 KOCHEEOR M), dEat: e Tl
th AL, 2024.

[17] 5K . B GCr15SiMn HlZR 9 i i A 16 4 HLEE K OCHE T.
2D ] dbat: dEEARHCR:, 2024,

[ 18] Zhang G L, Cheng G G, Zhang T, et al. Evolution of oxide inclu-
sions and cleanliness control in Al-killed GCr15SiMn bearing
steel during secondary refining process [J]. Ironmaking & Steel-
making: Processes, Products and Applications, 2024, 51(2) :
152-162.

[19] Deng Z Y, Zhu M Y. Deoxidation mechanism of Al-killed steel
during industrial refining process [J]. 1SIJ International, 2014,
54(7): 1498-1506.

[20] Ohta H, Suito H. Activities in Ca()-SiOZ-AIZO3 slags and deoxida-
tion equilibria of Si and Al[J]. Metallurgical and Materials Trans-
actions B, 1996, 27(6): 943-953.

[21] Chen SH, Jiang M, He X F, et al. Top slag refining for inclusion
composition transform control in tire cord steel [J]. International
Journal of Minerals, Metallurgy and Materials, 2012, 19:
490-496.

[22] He X F, Wang X H, Chen S H, et al. Inclusion composition con-
trol in tyre cord steel by top slag refining[ J]. Ironmaking & Steel-
making, 2014, 41(9): 676-684.

[23] LiuZ H, Song G D, Deng Z Y, et al. Effect of slag adjustment on

[

inclusions in Si - Mn-killed steel during ladle furnace (LF) refin-
ing process [J]. Tronmaking & Steelmaking, 2021, 48 (8) :
893-900.

i % BEDE, TR, &R eE RS R IT R
S GBI VR WP UR R AR R AL - A
HRIFEMR R (M. deat: B4 Tl bRk, 2007.

[25] Zhang G L, Cheng G G, Wang Y P, et. al. A thermodynamic

[

[24

model of the Ti distribution behavior between slag and molten
steel during LF refining process[J]. Ironmaking & Steelmaking,
2022, 49(7): 679-69.

[26] ARH B, XSEAR . BORS R T IR 4 s e A i s 5 skl [ ]
GImAAR, 2022, 58(1): 28-44.



