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Effect of Electroslag Remelting Slag Systems on Non—metallic
Inclusions in High—Quality Corrosion—Resistant
Die Steel FS136
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Abstract : Through the analysis of the chemical composition and non-metallic inclusions data of sampling experiments us-
ing two groups of different remelting slag systems to investigate the effect of electroslag remelting slag systems on non-
metallic inclusion in corrosion-resistant die steel FS136, under identical experimental conditions, experiments with the bi-
nary(CaF,-AL,O;) and the quaternary(CaF,-A1,0,-Ca0-MgO) slag systems showed no significant difference in alloying ele-
ment loss. Metallographic observation and SEM analysis show that the non-metallic inclusions in FS136 steel are mainly
Type D inclusions consist of Al,0;-based granular inclusions. In FS136 steel processed with the quaternary experimental
slag system, the Type D non-metallic inclusions were controlled to a rating level of 0. 5—1. 0. Compared with the binary
slag system, the quaternary slag system exhibited better performance in wetting, absorption, and removal. The quaternary
slag system can further improve the cleanliness of corrosion-resisant die steel FS136.

Key Words : FS136 Steel; Corrosion-resistant Die Steel; Electroslag Remelting; Type D Non-metallic Inclusions; Elec-
troslag Remelting Slag System ; Burning loss
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Table 1 Main chemical composition of FS136 electrode %

C Mn  Si S P Vv Ni Cr (0] Al

0.387 0.60 1.05 0.003 0.010 0.28 0.22 13.49 0.0024 0.01
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Fig. 1

Corresponding sampling location (a) and Forged specimen location (b) of ESR ingots after the experiments

#2 RATTER(CaF,-ALO,) ERERERAER (RESE)

Table 2 Chemical composition after remelting with the binary slag system ( CaF,-Al,0,) %

UREA C Mn Si S P \ Ni Cr 0 Al

GB/T1299—2014  0.36~0.45 0.40~0.70 0.90~1.20  <0.003 <0.010  0.25~0.35 0.15~0.30 13.0~14.0 - -
CeRii 5 % 0.387 0.60 1.05 0.003 0.010 0.28 0.22 13.49 0.002 4 0.01
A-15ELH 0.388 0.59 1.00 0.002 0.010 0.27 0.21 13.48 0.002 5 0.01
A-15E 0.387 0.57 0.97 0.001 0.010 0.26 0.20 13.43 0.002 6 0.01
A-25E3K3 0.387 0.58 1.02 0.003 0.009 0.27 0.22 13.42 0.002 5 0.01
A-24E 2 0.386 0.58 0.99 0.002 0.010 0.27 0.21 13.45 0.002 5 0.01
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Table 3 Chemical composition after remelting with the quaternary slag system ( CaF,-Al,0,—~Ca0O-MgO) %0

TBURE o7 C Mn Si S p v Ni Cr 0 Al

GB/T1299-2014  0.36~0.45 0.40~0.70 0.90~1.20 <0.003  <0.010  0.25~0.35 0.15~0.30 13.0~14.0 - -
RIS 0.387 0.60 1.05 0.003 0.010 0.28 0.22 13.49 0.002 4 0.01

B-1 43k 0.387 0.60 1.01 0.002 0.009 0.28 0.22 13.45 0.002 6 0.01
B-1 % 0.387 0.58 1.00 0.001 0.010 0.27 0.21 13.47 0.002 6 0.01
B-2 %3k &B 0.385 0.59 1.03 0.002 0.010 0.27 0.22 13.48 0.002 5 0.01
B-2 ¢ R 0.386 0.59 1.00 0.002 0.010 0.27 0.22 13.48 0.002 6 0.01
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Table 4 Average chemical composition after remelting with the binary and quaternary slag systems %

TURE o7 C Mn Si S p v Ni Cr 0 Al

GERT 9 W 0.3870 0.600 1.050 0.003 0 0.0100 0.280 0.220 13.490 0.002 40 0.01

A BE K EBFHE 0.387 5 0.585 1.010 0.002 5 0.009 5 0.270 0.215 13.450 0.002 50 0.01
B4 Sk B HE 0.386 0 0.595 1.020 0.002 0 0.009 5 0.275 0.220 13.465 0.002 55 0.01
A BE R E 0.386 5 0.575 0.980 0.001 5 0.0100 0.265 0.205 13.440 0.002 55 0.01
B B HIE 0.386 5 0.585 1.000 0.0015 0.010 0 0.270 0.215 13.475 0.002 60 0.01
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Fig. 2

Type D non—metallic inclusions in head (a)and tail(b)of forged specimen for the binary slag system experiments
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Fig. 3 Type D non—metallic inclusions in head(a)and tail(b)of forged specimen for the quaternary slag system experiments
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Table 5 Non-metallic inclusion ratings after remelting with the binary and quaternary slag systems &

R A4l A B4f B (o1} CH D4 DM DS

GB/T1299—2014 <15 <1.5 <1.5 <1.5 <1.0 <1.0 <2.0 <15 <2.0
A-1IRURE LB 0 0 0.5 0 0 0 1.5 0 0
A-1 IR R 0 0 0.5 0 0 0 1.0 0 0
A-2 BURE SR 0 0 0.5 0 0 0 2.0 0 0
A-2 HURE B 0 0 0.5 0 0 0 1.5 0 0
B—1 BURE Sk 0 0 0.5 0 0 0 1.0 0 0
B-1 HUkE 2 0 0 0.5 0 0 0 0.5 0 0
B-2 BURE Sk 0 0 0.5 0 0 0 0.5 0 0
B-2 HURE 0 0 0.5 0 0 0 1.0 0 0

*6 ASPEXH LB RZWE =T

Table 6 Comparison of the number of Non—metallic inclusions by ASPEX scanning
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Fig. 4 Composition analysis and morphology of the Type D non—metallic inclusions and matrix (1-3) spectrograms (a) - (d) for

FS136
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Fig. 5 Element mapping of Type D non—metallic inclusions (a)—(j)in forged specimen for the binary slag system experiments
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Table 7 EDS analysis of the Type D non—metallic inclusions (Spectra 1-2) and FS136 matrix (spectrogram 3) %

A 0 Mg Al Si Ca % Cr Mn Ni Je¥ |

R 49.90 0.07 47.07 0.35 -0.01 0.33 2.16 0.03 0.09 100.00

P 2 49.69 0.35 43.37 0.06 5.43 0.04 0.70 0.23 0.12 100.00

RE 3 551 0.38 0.50 5.81 -0.33 0.99 79.62 428 3.24 100.00

Ty 35.03 0.27 30.31 2.08 1.70 0.45 27.49 1.51 1.15 100.00
Bt 22 25.57 0.17 25.88 3.24 3.24 0.48 45.15 2.40 1.81

N 49.90 0.38 47.07 5.81 5.43 0.99 79.62 428 3.24

e/ 551 0.07 0.50 0.06 -0.33 0.04 0.70 0.03 0.09
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Fig. 6 Schematic diagram of removal of the non—metallic in-

clusions on consumable electrode tip
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