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Effect of Magnetic—Controlled Electroslag Remelting on
Solidification Microstructure and Mechanical
Properties of M2 High—speed Steel

Sun Zhonghao'?, Li Qiang'?, Zhang Mingliang'?, Ma Chengkuan'?, Xia Zhibin'?*, Zhong Yunbo'~
(1 School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China;
2 State Key Laboratory of Advanced Special Steel of Shanghai University, Shanghai 200444, China)

Abstract: In this paper, a transverse static magnetic field was applied in the electroslag remelting (ESR) process of M2
high-speed steel. The effects of superimposed transverse static magnetic field on the solidification structure, inclusions
and mechanical properties of M2 high speed steel were investigated by methods of optical microscope, scanning electron
microscope and metal inclusion analyzer. The results show that the solidification microstructure of M2 ESR ingot is im-
proved after the application of transverse static magnetic field, and the grain growth angle decreases from 52.03° to
21.99". The depth of molten pool is reduced from 44.2 mm to 18. 8 mm. The eutectic carbides are refined from coarse
network to fine eutectic carbides. At the same time, the efficiency of inclusions removal is improved, and the number of in-
clusions in the 4 mm® detection area is reduced to 1 064 compared to 2 119 without the magnetic field. In addition, hard-
ness uniformity is improved in both transverse and longitudinal sections of the electroslag ingot. The analysis shows that
the change of the morphology and grain growth angle of the metal pool under the transverse static magnetic field is due to
the periodic electromagnetic oscillation effect on the droplet transformation characteristics, which causes the metal droplet
to be broken in the low process and makes the temperature distribution in the molten pool more uniform, leading to the
shallow flattening of the metal pool. In the electroslag remelting process, the transverse magnetic field reduces the local so-
lidification time by the way of shallow flat melting pool, thus inhibiting the dynamic conditions of the growth of eutectic car-
bides and obtaining finer eutectic carbides. In terms of inclusions, the transverse static magnetic field can promote the re-
moval of inclusions in the three phases of liquid film layer, droplet and pool.
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Table 1 Chemical composition of M2 high—speed steel %
C W Mo Cr A4 Si Mn Fe
0.84 5.70 4.64 4.12 1.84 0.36 0.36 Bal.
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Fig. 1
matic diagram of magnetic—controlled electroslag remelting;
(b) macro/micro structure observation position; (c¢) consum-
able electrode end detection method; (d) hardness uniformity
test method
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Fig. 2 Terminal morphology of consumable electrode under

transverse static magnetic field of different magnetic field inten-

sity for 600 A (a) without magnetic field; (b)35 mT; (c¢)

65 mT; (d)95 mT; (e)140 mT
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Fig. 3 Thickness statistics of different characteristic regions of
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liquid film layer under different magnetic induction intensity

AV ok TR AR L R T R

Bl 4438 TR R 5540 v i BE B 1
SRZER , SR A 7 IV T WL fh e F A EE A
AR R AR A T ) 5 R A R A [ A T A
T B, R, AT UK ok A Ky R 4 4 R
WIES . AT LAULEE 2] Bl 45 8 1) 7 a0y o B () 38
Ao IS P 3t e A R DI (0 Jl A ) 16 K, fohr B
T ) F A e A= K TR 4 e it AR A5 ROk
.

5 X5 L T JomE 5 554 A% e L i 0 it
TN () i 8% 07 56 B85 1) P VA B S ) 45 SR o it I AN [
T S I iR 5 (%) R [ G 37 S, E e L % TR BE A
442 mm (0 mT) [% ik ] 38.1,31.3,25.7, 18.8 mm
(35.65.95.140 mT) , Iz f=) 58 J& 1 5 % 14 T 4t O~



PSR - 42 VR EE AT M2 e R A B [T L 2L )~V RE S

<71 -

Bl 4 600 A A [F) i 8 N7 56 B2 1) 1 70 2 v i 94 L 0 B A AT 25 AL 2L 2 () TR 5 (b) 35 mT5 () 65 mT5(d) 95 mT;

(e) 140 mT; NAGG T hih 1] A 1 AL
Fig. 4 Macroscopic structure of longitudinal section of M2 high—speed steel electroslag ingot with different ransverse static magnetic
induction intensity for 600 A: (a) without magnetic field; (b) 35 mT; (¢) 65 mT; (d) 95 mT; (e) 140 mT; NAGG: nearly axial

growth grains
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Fig. 5 Quantitative characterization of solidification microstructure in longitudinal section of M2 electroslag ingot with different mag-

netic induction intensity (a) molten pool depth, (b) molten pool width, (¢) columnar crystal growth Angle, and (d) axial grain re-

gion width
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Fig. 6 Morphology of eutectic carbide in the core of electro-

slag ingot with different magnetic induction intensity (a) with-

out field; (b)35 mT; (¢)65 mT; (d)95 mT; (e)140 mT
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Fig. 10 Hardness distribution of ESR ingot with different magnetic induction intensity (a) without field; (b)35 mT; (¢)65 mT; (d)
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