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Steelmaking Technology of Extremely Purified Steel

Yoshiyuki Kato

Synopsis :

It is essential for the improvement of cleanliness to reduce total oxygen content in steel. On top of it, the

removal of large nonmetallic inclusions resulted in substantially prolonged fatigue life of bearing steels in
Sanyo Special Steel Co., Ltd. This procedure, called SNRP (Sanyo New Refining Process), made it possible to
manufacture extremely clean steels without oxide inclusions (B-and D-type in ASTM E45) larger than 10um
through typical quality steel production process, namely EF-LF-RH-CC. The bearing life was extended at least
five times longer.
The combination of electromagnetic stirring and soft reduction technology achieved the reduction of tough-to-
solve center segregation in strand cast bearing steels and enabled their application for bearing balls.
High-cleanliness steels for new generation have come into the scope of mass-production.
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high carbon chromium bearing steel; SUJ2; high cleanliness steel; nonmetallic inclusion; EBT; eccentric
bottom tapping; tundish; oxygen content; bearing life; statistics of extreme values.
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Fig.1 Origin of nonmetallic inclusion in steelmaking processes.
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Table 1 Main Specification.

EF | Shell diameter 7. 0m
Transformer capacity TOMVA
Charge weight 164t
Av. tap to tap time T5min
*Bottom stirring
«Scrap preheating
*E.B. T.

-Jet burner
+C-powder injection

LF | Transformer capacity 12MVA
Operation time 50min
Stirring method double

porous
«Slag dragger
RH | Type of vacuum pump | Steam
ejector
Capacity of vacuum 400kg/h
pump at 0. 5torr
Operation time 20~60min
2-1 EF
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16

FEL, HEEAHE XS IDBEEHILETDEELICLF
lCBITBDHEBR ST DTotal Fez @2 LIERETZER S
TT\D,
2-2 LF

LFTIE, BEFENSEBRAENDBEMR ST ETEIC
BRAMRSIICBERZ, RST—ABREETHICITH
B3 EICK O THMHPBEREZERT Do

BRI IZEIER OB DNT/N\I ZILITE, R
STS5A4 VRURIED—EICDINTCY IR 7—CL 7
AL TS,

R—S XTSI SDHAMAREE CaEHE - F I
R—ZRXTZTBR) ICKUNTENDDREE RS TNDIR
NERESETIVD,

Table 2 BX V3 ICLFICBITDWAMB LU RS T DHE
R o

Table 2 Chemical composition of ladle bricks. (mass%)

lgO Aleg 5102 Fe203 C
Slag line 17.6 | ———| -—- 0.4]15.0
Sidewall & bottom | -——-{83.0|11.6 | 1.1 | -—-

Table 3 Chemical composition of LF slag. (mass%)

Ca0 SiOz Alea. ¥n0 lgO T. Fe C['an PzOs Can S
55.7| 6.4{22.4|<0.1| 2.5{<0.2|<0.1[<0.04 7.8| 1.1
2-3 RH

RHTER A ZREBRANDR I DERAZRLEL, BEZEZ
SH2ZEICKUBRAZIRED (0) 2% 5 ~10ppmE TE
BEtED,

2-4 CC

BiflE, CCIRICBNTRBIICNENDIRE - EF
ERDRMDBENZ 1\, LHNMLELTOEZTIE, CC
ICHBSINDBMII ERDK S IR F CEREBRIEENT
B, ZORETIZIYVTA Y ARDNMEPDIRESLY
£, BRBLEHNBET D, BIEMRINEYMTEICEDS /X
IWBEIZITFEAELL, 30~60E— hDZEEHITTHNT
D, Tabled ICCCDEETTE, Tableb(IZH 7+ 2 2D
NYDHEREFNEFNRT 6

Table 4 Major particulars of CC.

CC | Type of machine | Vertical bloom caste
Number of strands 3
Bloom size 380x490mn?
Max. withdrawal 0. 65n/min
speed
Electromagnetic | M-ENS, F-EMS
stirrer

Soft reduction 8 pairs (convex roll)
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Table 5 Composition of refractories in tundish. (mass%)

NgQ Si0j A1l;04 Cal [Fe,04 SiC | C | ZrO,
Dan -1 30 65| —- 1| —- |- -
Board 81 & 10 3| L] = [=| ==
Sliding plate | -- 5 95| —-| —-| - [--| --
Tmmersion nozzlg --| 11 47 —| -- 9 |28 2
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Fig.2 EPMA image and schematic drawing of D-type oxide inclusion (SUJ2).
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Fig.4 BaO and SrO content of inclusions in the heat added
BaCO, and SrCO; to the ladle slag.
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Fig.10 Side distribution of oxide inclusions in SUJ2-VAR.
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