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Effect of Slag System on the Cleanliness of Electroslag Ingots
during Electroslag Remelting of NiCrMoV Alloy Steel
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Abstract: In order to control the serious loss of Ti element during electroslag remelting of NiCrMoV alloy steel, the effect
law of different slag systems on the chemical composition of ESR ingot, the number, composition, and size distribution of
inclusions in electroslag ingots were investigated through laboratory experiments and thermodynamic calculation. The re-
sults showed that the content of total oxygen in ESR ingots obviously increased after electroslag remelting and it was in-
creased from 15. 1X10° in consumable electrode to (31.3-42. 1) x10° in ESR ingots. The number density of inclusions
was increased to 6. 54-15. 95 PCS/mm*. However, the content of nitrogen was almost unchanged. When the slag systems
70%Cak,-30%A1,0, and 55%CaF,-25%A1,0,-17%Ca0-3%MgO were adopted, the Ti loss in ESR ingots became serious
and the inclusions were mainly Al,O,. Furthermore, the Ti loss in ESR ingots could be controlled when a certain amount of
TiO, was added to the slag. The types of inclusions were mainly composed of Al,0,, Al,0,-CaO-TiO,, and other oxides.
The content of TiO, in inclusions was obviously increased. Besides, the mechanism of stabilizing Ti content in ESR ingots
by adding TiO, to the slag was revealed through thermodynamic calculation. Based on the cleanliness of ESR ingots after
electroslag remelting, the composition of the appropriate slag system (50%CaF,-25%A1,0,-17%Ca0-3%Mg0-5%Ti0,)
was determined.

Key Words: NiCrMoV Alloy Steel; Electroslag Remelting (ESR) ; Slag System; Cleanliness; Thermodynamic Calcula-
tion
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Schematic diagram of electroslag remelting (ESR) fur-
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Table 1 Chemical composition of consumable electrode of
NiCrMoV steel %o

C Si Mn P S Ni Cr Mo \4 Ti Als
0.080 0.33 0.62 0.002 0.002 7.46 0.50 0.65 0.090 0.018 0.039
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Table 2 Chemical composition of different slag systems
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Fig. 2 ESR ingots and taking samples after experiments :
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Table 3 ASPEX analysis of steel samples

IR ASPEX 34 1 F/mm? Je g A~
H B 51.8 266
D1 51.8 826
D2 51.8 589
D3 51.8 339
D4 51.8 460
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Table 4 Chemical composition of ESR ingots after experiments %
e C Si Mn P S Ni Cr Mo v Ti Als
%T‘; 0.080 0.33 0.62 0.002 0.002 7.46 0.50 0.65 0.090 0.018 0.039
D1 0.091 0.27 0.62 0.003 0.002 8.00 0.58 0.65 0.090 0.003 0.023
D2 0.092 0.21 0.64 0.003 0.002 8.07 0.51 0.65 0.092 0.004 0.033
D3 0.093 0.17 0.67 0.003 0.002 8.03 0.58 0.65 0.092 0.020 0.021

D4 0.091 0.16 0.62 0.003 0.002

8.06 0.58 0.65 0.090 0.028 0.020
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Variations of oxygen and nitrogen content in consum-

Fig. 3
able electrode and ESR ingots
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Fig. 4 Variation of number density of inclusions in the con-

sumable electrode and ESR ingots
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Table 5 Types and percentage of inclusions in consum-
able electrode
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Fig. 6 Composition distribution of inclusions in ESR ingots : (a) Experiment 1, (b) Experiment 4
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gots after experiments
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Table 6 Activities of AL,O, and TiO, under different slag
systems
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Table 7 Interaction parameters between different elements in molten steel

el C Si Mn p S Ni Cr Ti Al 0 N
Ti -0.19 -0.025 -0.043 -0.0064 -0.11 0.009 0.028 0.042 0.024 -1.62 -1.8
Al 0.091 0.056 0.035 0.033 0.03 0.008 0.03 0.016 0.043 -1.98 -0.058
0 -0.45 -0.066 -0.037 0.07 -0.133 0.006 -0.032 -0.54 -1.17 -0.17 0.057
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Fig. 11 The relationship between Gibbs free energy AG of re-

action (3) and the activities of Al,0, and TiO, in slag system
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