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Evaluation of Nonmetallic Inclusions in Bearing Steel GCr15
Steelmaking by 100 t BOF-LF-RH-CC Flowsheet
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Abstract The steelmaking flowsheet of tested bearing steel GCrl5 (/% : 1.00C, 0.20Si, 0.39Mn, 0.015P,
0. 0058, 1. 50Cr, 0.003Ti, 0.015Als) is pre-desulphurized hot metal- 100 t BOF-LF-RH-200 mm x 200 mm billet cast-
ing. The main process characteristics are adding 1. 2 kg/t aluminium for pre-deoxidation in BOF tapping, using white slag
operation in LF refining with initial slag main ingredient (/% ; 22A1,0,, 56Ca0, 10Si0,, 5Mg0), RH 67 Pa for 25 min
and shield casting in cast process. Analysis results of two heats malting show that the oxygen and nitrogen content in liquid
at end RH are lowest respectively 7 x 10 ® ~8 x 10 ™® and 24 x 10 ° ~26 x 10 ¢, the size of majority inclusions in steel is
3 ~8 ym, and the number of inclusions in steel at unit area is lowest at end RH, and the main nonmetallic inclusions in
cast billet are Al,0;-Ca0O; with condition of high basicity refining slag the calcium aluminate easily reacts with magnesium-
aluminum spinel, with slag basicity 2 ~ 3 the small amount of MgO-Al, O, occurs and with slag basicity more than 4 the
MgO-Al, O, series inclusions don’t occur, besides with condition of high basicity the MgO content in MgO-Al, 0;-CaO series
inclusions is able to decrease.

Material Index 100 + BOF-LF-RH-CC Flowsheet, Bearing Steel GCrl5, Inclusions, Size, Ingredient, Evaluation
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Fig. 1  Variation of nitrogen content of bearing steel GCrl5 in

each steelmaking period
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Fig. 3 Number of inclusions in bearing steel GCrl5 at 100 mm’

area in each steelmaking period
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Table 1 Distribution of particle size of inclusions in bear-
ing steel GCrl5 of A heat in each steelmaking period

TH KEYNE/ (4100 mm ) 100 mm? FHE

3~8 um 8 ~13 um Rk BB
LF {L i 148 24 172
LF H3k 48 20 68
RH iz 52 0 52
Rt 48 12 60
i E] 4, 32 20 52
HE T 80 0 80

2 GOCrls #RM A PR FDBRIER 5 H/A
Table 2 Number of inclusions in bearing steel GCrl5 of heat A by ingredient classification
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Fig.4  Distribution of inclusions in steel at ternary phase diagram: (a) containing Si0, ; (b) non-containing Si0,
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Table 3 Al,O, and CaO content in Al,0,-Ca0O and MgO-

Al, O,-Ca0 inclusions in bearing steel GCrl5S in each steel-
making period /%

Al,0,-Ca0 I
T5F MgO-Al, 04-Ca0
Al,O; (V-2 & &L

Al 0,-Ca0 FI (Ca0/
Mg0-AL0,-Ca0 1 AL O;) x
CaO (M F &1 100

LF k&8 92.3 7.7 8.34
LF ¥ 52.0 32.3 62.12
RH 8% 52.4 42.6 81.30

[=¥a) 52.2 42.0 80.46
a4 67.1 32.2 47.99
pazad 60.5 36.5 60.33
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Table 4 Ingredient and basicity of slag sample in LF refi-
ning and casting

WERISY /% Ca0/

Ar
PR ALO; Ca0 Si0, FeO  BaO WEL Al 04
LF{k#s 22.12 55.76 10.07 0.77 0.47 5.54 2.52
LF 4% 23.81 53.91 10.30 1.40 2.96 5.23 2.26

mf 24.01 51.64 10.83 0.97 2.83 4.77 2.15

R 26.01 41.97 18.16 2.6l — 2.31 1.61
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Fig.5 Variation of CaO content in inclusions of bearing steel

GCrl5 in each steelmaking period
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Table 5 Ingredient of typical inclusions of bearing steel
GCrl5 in each steelmaking period /%
IF MgO AL 0, Ca0
LF 14.85 72.52 12.63
RH B2 3.47 63.60 32.93
e 3.54 60. 45 36.01
o ] 1, 3.97 54.25 41.78
HEHR 5.10 60.53 34.37
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Fig. 6 Morphology of typical inclusion (a,) (b,) (c¢,) (d,), and element Al (a,) (b,) (c,) (d,), Mg (a;) (by) (c;) (d;)
and Ca (a,) (b,) (c;) (d,) in MgO-Al,0,-CaO series inclusions of bearing steel GCrl5 in each steelmaking period: (a,) (a,)
(ay) (a,) end LF; (b,) (b,) (by) (b,) after RH; (¢,) (c,) (¢y) (e,) tundish; (d,) (d,) (dy) (d,) casting slab
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