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Production of High Carbon Chromium Bearing Steel in BOF-CC Process
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Susumu OKUSHIMA, Yasuo SUZUKI and Kenji DOI

Synopsis:

High carbon chromium bearing steel has been mainly produced by electric arc furnace-small ingot casting
process. However application of continuously cast steel has been gradually expanded. In order to improve
the rolling contact fatigue life of bearing steel, it is essential to decrease oxygen, titanium and sulfur con-
tents in the steel and improve center line segregation.

Taking these points into consideration, high carbon chromium bearing steel is produced through BOF-CC
process. The contents of oxygen, titanium, phosphorus and sulfur are easily decreased by combining the
hot metal pretreatment furnace-BOF -ladle refining process.

The center line segregation is improved by the combined electromagnetic stirring technique. As a result,
cleanliness of the steel and rolling contact fatigue life are improved. Based on good result of ball fatigue

test, it can be expected to apply continuously cast steel to bearing ball use.
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Fig. 1. Steelmaking process of high quality bearing steel.
Table 1. Main specifications of steelmaking process.
80f 80
Hot metal Capacity 80 t/heat 601 60}
pretreat- Oxygen flow rate Max. 4 000 Nm%/h )
ment Flux for dephosphorization | CaO-scale-CaFy 40t 40}
furnace Flux for desulfurization Soda ash
Flux flow rate Max. 400 kg/min
BOF Type LD-OTB < 20} £ 20}
Capacity 80 t/heat n°\ ™
Oxygen flow rate Max. 16 000 Nm®/h 'O 'o
Bottom blowing gas Argon 3 1ol x o}
Ladle Type ASEA-SKF - 8f - 8r
refining Ladle capacity 90 t/heat a 6&f n 6}
equipment Transformer capacity 12 MVA — -
Secondary current 35 kA 4} al
Vacuum degassing 5 ejectors and 3 condensers
Stirrer Induction stirrer
(one side type)
. . . 2t 2r
Continuous | Type Vertical-curvilinear
caster Bloom size 300 mm X430 mm
Number of strand 2
Casting speed Max. 1.2 m/min 1} I+
Electromagnetic stirrer Combined stirrer L L : A L L L . A L
(stirring in-mold and at a BHAH BE LR LA BH AHBE LR L
later stage of solidification)

Table 2. Cr yield and Cr partition in BOF.

Blowing Hot metal pretreatment Cr yield (%) (Cr)/[Cr]
T Nontreated 45 10~20
op Pretreated 70 10~20
Combined Pretreated 90 3~7
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Fig. 2. Transition of [P] and [S] contents in steelmaking
process.
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Fig. 3. Relation between oxygen content and slag basicity
after ladle refining.
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¥ .=Molten steel density (g/cm®)
M;=DMolten steel mass (t)
d=Ladle diameter (cm)
h=Swelling height of molten steel (cm)
#=Permeability
£ =Resistivity (£ -cm)
f=Frequency (Hz) '
S= Area of molten steel surface (cm2)
P=Supplied electric power (kW)

Fig. 4. Relation between oxygen content and stirring
time.
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Fig. 5. Schema of different phase current stirring.
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Fig. 6. Oxygen, titanium, phosphorus and sulfur contents
of high quality bearing steel.
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Table 3. Example of chemical composition.

(wt%)

C Si Mn P S Cu Ni Cr Mo Al (6] Ti
0.95 0.15 1.30
JIS SUJ2 ~ -~ =0.50 <0.025 <0.025 ~
1.10 0.35 1.60
Steel A 1.00 0.25 0.32 0.006 0.003 0.01 0.01 1.43 tr. 0.016 0.0006 0.0010
Steel B 1.01 0.24 0.32 0.007 0.002 0.01 0.02 1.44 tr. 0.024 0.0006 0.0009
Table 4. SAM rating of high quality bearing steel.
Inclusion type Rating 160 M-stirring Combination-stirring
B 0 |50 B
D 0 = 140
> - —
N=16 heats 130 . C=1.28 C=LI13
8 N=60 N=60
- .20}
L i 1
LIOE
18| 100}t
16} y . . .
- 5 10 5 5 10 I5 2
~ 14 ° Frequency
£ 12t .
3' ok ° - Fig. 8. Comparison of center segregation of carbon be-
tween M-stirred and combination-stirred blooms.
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Casting speed : 0.9 m/min  Super heat : 25~35°C
Photo. 1. Effect of electromagnetic stirring condition on macro structure.
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Fig. 10. Specimens of rolling contact fatigue life test.
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Fig. 11. Weibull probability of rolling contact fatigue
life test. (steel B)
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Fig. 13. Weibull probability of ball fatigue life test. (steel
A)
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