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Abstract: On the basis of the composition and liquidus temperature characteristics of bainitic frog steel, the phase diagram
of the CaF,-AlLO;-CaO-MgO slag system, as well as physical parameters such as the melting point, viscosity, and
conductivity, was calculated via FactSage 7.3 thermodynamic software. Furthermore, a new specialized slag system for
bainitic frog steel was optimized. The differences in the metallurgical quality, composition, and microstructure of bainitic
frog steel during electroslag remelting between the traditional binary slag system containing 70 wt.% CaF,-30 wt.% ALO;
(slag 1#) and the designed slag system containing 47.5 wt.% CaF-21.5 wt.% ALO;-28 wt.% CaO-3 wt.% MgO (slag 2#)
were investigated in a 10 kg electroslag remelting furnace. Compared with that of the traditional binary slag system, the
desulfurization rate of bainite frog steel smelted by designing slag-based electroslag remelting is greater, reaching 90.91%.
However, there is a certain degree of burning loss of silicon in steel, and the increase in hydrogen content is greater during
electroslag remelting by slag 2#. The microstructure of the electroslag ingots smelted by the two slag systems is relatively
good. The designing slag based remelting electric slag ingot has better surface quality.
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, “ —-LF(ladle furnace) -VD 63%CaF,-30%Al1,05-7%MgO
(vacuum degassing) - + 7 316H , 60%CaF,-20%
o ) AL0O5-20%Ca0O ,
9]
. CaF,-AL,O;-CaO 3%MgO
8, 5%8Si10, H13
, 70%
, N N CaF2-30%A1203 , N
[9]0 b
, FactSage N \
fo13] , , 10 kg
(4] 70%CaF,-30%A1,0; 55%CaF,-25% o
ALOs-17%Ca0-3%MgO( , ) 1
NiCrMoV
, TiO, Ti 1 30 kg
b o [15] ’ 1 o
CaF,-Al,05-CaO 40 mm, ,
Si0, ER90S 1Cr21Ni5Ti , 2 12 kg
Al . Duan 5 $»80 mm
vel (ion and molecule coexistence ,
theory, IMCT) 2 .
, Al Ti.B.Si 1 kg, , 1600°C
o , {7 IMCT 60 min ,
Inconel 625 34V, 1 500~1 600 A,
Al.Ti R (18] 0.48~0.52 kg/min o
1
Tab.1 Chemical composition of the bainite frog steel
(mass fraction/%)
C Si Mn P S Cr Mo Ni \Y N H 0
0.25 1.76 1.82 0.009 6 0.011 1.42 0.41 0.52 0.021 0.002 0.000 1 0.002

2
Tab.2 Chemical compositions of the two slag systems for
electroslag remelting

O.S.H.Si ,

o

(mass fraction/%) 2
Slag CaF, ALO; CaO MgO
1# 70.0 30.0 0 0 2.1
24 475 215 28 3
, 150 g ) ) N N
+35 mL +500 mL N N
’ 2 b o

Hh ] R A
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FactSage 7.3
MgO 1%.3% .5% CaF,-ALO;-
CaO-MgO ,
1 o ,3 MgO
33 ,
15 1400 C,
1 )
JMatPro
; 2 0
, 1410 C,

, 4 , 3 ;
A.B.C.D4 1302.1,
1244.6,.1277.4 1268.6°C,

, FactSage 7.3 4
1 300~1 700 C
; 3 ° )
, Einstein-Roscoe
(1) o
=no(1-w)-2.5 ey
> T ,
Pa-s;m ,
Pa-s;w o
4
A , B.C.D3
1400 C 0.05 Pa-s,
200~300 CP, B.C.D3
Ogino [21] [22]

2, 4 o

k=exp(1.911-1.38x,-5.69x )

+0.003 9(7-1 973) 2)

_ 1 MgO CaF,-Al,05-CaO-MgO :(a) 1%; (b) 3%; (c) 5%
2 =1(AL0;)+0.2:¢(Ca0)+0.8x(MgO)  (3) Fig.1 Phase diagrams of the CaF,-AlL,O;-CaO-MgO quaternary system with
s x different MgO contents: (a) 1 wt.%; (b) 3 wt.%; (c) 5 wt.%
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1326 C,2# 1251 C,1#
2# 1# ,
2# ,
2

Fig.2 Thermodynamic phase diagram of bainitic frog steel

3 4
Tab.3 Preliminary selection of 4 sets of electric slag
remelting slag system components for bainitic frog steel
(mass fraction/%)

Slag CaF, ALO; CaO MgO
A 39.25 35.15 22.59 3.00
B 47.62 21.36 28.03 3.00
C 46.64 25.60 22.76 5.00
D 47.41 24.12 23.47 5.00 4
Fig.4 Surface morphology of the electroslag ingots smelted by
the two slag systems
1% 24 10 kg
b b 5 (o}
, 0.5 ,2#
34 ’ ’
Fig.3 Relationships between the viscosity of the four slag
systems and the temperature variation
(ALO3)=0~0.5 .x(Ca0)=0~0.65 ,x(MgO)=0~0.1 ;
,Q‘l-cm";T ,DC;
1 550~1780 C,
4 @
4 0.99.237.1.78 193 Q'-cm’,
CaF,-Al,05-CaO-MgO
47.5%CaF,-21.5% A1,05-28% Ca0-3%MgO( 2
B ).
2.2
4 5 :(a) 1# ;(b) 2#
o , 1# Fig.5 Macroscopic structure of two slag systems for smelting
o electroslag ingots: (a) slag 1#; (b) slag 2#
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SiO, Si
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Fig.6 Contents of various elements in the electroslag ingots
smelted with the two slag systems and the original electrode

3
(1 .
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2
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b H b
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