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Effect of Electroslag Remelting Using 37 Slag on Inclusions in
MS0 High—temperature Bearing Steel
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(1 School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;2 School of Mechanical and
Materials Engineering, North China University of Technology, Beijing 100144, China)

Abstract: Non-metallic inclusion is a important factor affecting the fatigue property of high-temperature bearing steel.
The effect of electroslag remelting ( ESR ) using 37 slag on inclusions of M50 high-temperature bearing steel was inves-
tigated in order to improve the level of inclusion control. Inclusions were characterized by field emission scanning elec-
tron microscope equipped with energy dispersive spectrometer. The ingredients of slags before and after ESR was ana-
lyzed by X-ray fluorescence method. In the consumable electrode , inclusions were finer Al,0,-Si0, with high SiO, con-
tent (about 29.3% in average value). No inclusions clusters were observed. After ESR, inclusions changed to
ALO, the clusters inclusions with large size were observed. The content of SiO, in the slag increased from 1.73% to
3.42% , and the AlO, content decreased; The content of Al in the steel increased significantly from <0.000 5% to
0.020 7%, and the content of Si in the steel decreased from 0.356% to 0.296%. The metallurgical reaction during
ESR was explained based on slag-steel reaction theory. The dissolved Si in the steel reacted with Al,O, of the molten
slag at the interface between molten steel and slag, and the products were dissolved Al and SiO,. Subsequently, dis-
solved Al diffused into the molten steel and reacted with SiO, of the inclusions, and the products were dissolved Si
and AlL,O;. In the end, inclusions in the steel were transformed into Al,O,. The methods to control inclusions of M50
bearing steel during ESR using 37 slag were proposed.
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Table 1  Chemical composition of AISI M50 high-
temperature bearing steel %o
C Cr Mo V Si Mn S P Ti Fe

0.874 4.14 4.35 1.04 0.263 0.299 0.0086 0.0073 0.002 #ix
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Fig. 1 Typical oxide inclusion morphology: (a)-(d) VIM consumable electrode; (e)—(h) electroslag ingot
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Fig. 2 Typical inclusion element distribution diagram: (a) VIM consumable electrode, (b) electroslag ingot
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Table 2 Chemical composition of impurities before and
after electroslag remelting %

I 0 S N Ti Al Si

AFEmAL  0.0034 0.0086 0.0074 0.0020 <0.0005 0.356
HAEE 0.0031 0.0065 0.0101 0.0017  0.0207 0.296

2.3 HEEEHE AR R
HEER R = BTG, % sk
30%A1,0,-70%CaF, ( Tl FF5“ =Ll ") . =&

2 Tl Tz B —Fh oo R, HA R
Lih T2 MERE B — o LB L 2 B e A 1Y e
T30 R ALO, AR B L (U fif FH ALO, RE A% 12
50 T P FELBEL, 80 B BEAIC L AR, PR, —
LTz N TR | A T AR RRN B
g2 N ) NI X R S 7 N i S S i ]
Si0, MgO 45, Horw[ Si0,] 4 1.73%.

Zoad U I, BRI RS A AR, B3
S HL T R A E S BORE A . EIE BN
300 mm, 55 29 J9 150 mm. R XRF %R
SYUEAT T M BRI 3. Hrp ARk R KAy 2
SiO, & i . L HE 5 w[Si0, ] 3 in 2 3.3% ~
3.4% . JF PSR AC P Y SioOt R AU T ALO, &
AL O o BB TR BE VR IO R A R Bl
AR Ty o RN R R ALFTSIO, . A
77 7580 rp 1 AL B S 3G 0, R R Y S0, Y
e X EBRFERF RS AL, R =
VA AT R VA T R A MCS A, TR R Si0, 7 G
e Ak, R R SO, S . &5 A ST
RIWARE, ol DOE Bz e LA e . ikl h
Cr,05. V,05 &% S A 8 m  JRL PR AT R 2 PR
BORARR, W kL T KA. Bl EERE
TiO, & AL, M AR R . T Tion R
Tl 7R %) 9 95 A A s AR R, PRI R o A
() Ti AR R
2.4 HMEEIE SRR - - 2 I

AR F, e 0 I 9 e 2 W B R AR AL B
T IT 2 LA AR AR R A AR AL, 3TN R e 2%
(1) 75 Ak 2 Pl PR 7 A o R ) - S R Y .



192 HE TR 5545 4
(b) TRER
" ] »
B3 iR R T R B (a) TRERIE S RT, (b) BURE( B
Fig. 3 Slag cap size and sampling position : (a) top morphology and size, (b) sampling position
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Table 2 Ingredients of slags before and after ESR %

FE B CaF, ALO,  SiO, MgO  Fe,0, Na,0  P,0, S0, TiO, MnO  Cr,0,  BaO V,0,

T 73.8 23.7 1.73 0.40 0.14  0.08 0.05 0.03 0.03  0.02 0 0 0

T T5T 72.2 23.0 3.37 0.48 0.16 0.18 0 0.11 0.04 0.17 0.15 0.07 0.07
R TS 76.6 18.9 3.33 0.39 0.18 0.05 0 0.11 0.03  0.18 0.16 0.06 0.05
TR RO 717.0 18.1 3.42 0.47 0.19 0.16 0.01 0.12 0.03 0.18 0.14 0.05 0.09
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