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Sulfur content and inclusion control during electroslag remelting of die steel
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ABSTRACT Experimental and theoretical studies were carried out to investigate the effects of the slag and remelting process on sulfur
content and steel cleanliness control during electroslag remelting ( ESR) process. AS136 die steel was used as the electrode and remelt—
ed under three different remelting conditions by using a 4t ESR furnace. The contents of sulfur and inclusion along the axial direction
of ingot products were analyzed. It was found that the sulfur content in ingot remelting with slag S1 (50% CaF, +30% Al,O, +20%
Si0, in mass fraction) ranges from 0. 066% to 0. 075% in mass fraction which can satisfy the requirement of AS136 steel ( the sulfur
content ranges from 0. 05% to 0. 1% in mass fraction) but the levels of B-alumina type and C-silicate type inclusions are higher than
the standards. Under the condition of slag S3 (70% CaF, +28% Al,0, +2% MgO in mass fraction) combined with extra 4. 5% MgO
in mass fraction continuously added into molten slag during the whole ESR process the macrosegregation of sulfur along the height of
ingot can be improved the oxygen and inclusion contents reduce. Constant addition of extra amounts of MgO to the molten slag with the
increase of slag temperature and SiO, content in slag during the remelting process can improve the macrosegregation of sulfur distributed
along the axial direction of ESR ingots.
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£20- 40 1
Exp. E1  Exp. E2  FeSi 1.3
= kget ™! Exp. E3  FeSi 1.6
kget ™. Exp. E3 3.25h
0.05% ~0.10%  AS136 2.6 kg
. 3.2 kg . Exp. E3
AS136 FeS 1.42
kget ™'
1
*7 Dong Table 1 Chemical composition of the electrode used in experiments
Shi > %
c Si Mn Cr 0 P S
0.36  0.53  0.45 12,88 0.0027 0.023  0.09
AS136
4t Table 2 Chzemical composition of ESR slag %
CaF, Ca0 ALO, S0, MgO
s1 50 0 30 20 0
$2 66 0 28 2 4
1 $3 70 0 28 0 2
1.1 1.2
4t 610 mm. 170
( Exp.El.Exp. E2  Exp. E3) I em 537 mm x 150 mm x 6168 mm
. 610 mm
180 mm x 180 mm x 6000 mm 3 20.220.400 600 cm
1. A A 20 mm x 15 mm X 15 mm
61 V.8000 A  330kg*h'. 130 kg 600 °C 3
4h . Exp. E1.Exp. E2
Exp. E3 S1.82 S3 2
Exp. E1.Exp. E2  Exp. E3 2
600.2000 2500¢  FeS. 2.1
FeSi ( 28% Fe +72% Si): i
4 . 4
(1) Exp. El 220 em B
<600 cm C <220 400 cm
C ;(2)
Exp. E2 600 cm C
FeSi
$i0, £ (3) Exp. E3
3 (1)
Exp. E1 20%  SiO,
0 (2) Exp. E2
Exp. E3 Si0,

1

Fig.1 Schematic diagram of electroslag furnace
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3

Table 3  Sulfur and oxygen contents in each experiment

/ Exp. E1 Exp. E2 Exp. E3
em cm ws /% w, /1076 ws /% w, /1076 wg /% wo /1076
20 5.5 0.075 73 0. 028 41 0. 056 37
70 19.3 — — 0. 031 — 0. 052 —
120 33.1 — — 0. 036 — 0.061 —
170 46.9 — — 0.041 — 0. 050 —
220 60. 6 — 75 0.043 43 0.053 40
270 74. 4 — — 0. 045 — 0. 058 —
320 88.2 0. 066 — 0.047 — 0. 061 —
400 110.3 — 76 — 46 0. 058 42
600 165. 4 0. 067 71 0. 049 48 0. 057 44
4 A.B.C.D
Table4 Grade of A B C and D type inclusions in each product sample
/ A B C D
Exp.
em
20 3.5 1.5 1 1.5 0.5 1 1.5 1
220 3 1 2 1 1 1.5 1.5 1
o 400 2.5 1 1.5 1.5 1 1.5 2 1
600 3.5 0.5 1 0.5 1.5 0.5 1 1
20 3 1 1.5 0.5 0.5 0 1.5 1
220 2.5 1 1 1.5 0.5 1 1.5 1
k2 400 2.5 2 0.5 1.5 1 1 1.5 1
600 3 1 1 1 1.5 0 1 1
20 2.5 1 1 1 0.5 0.5 1 1
220 2.5 1.5 0.5 0.5 0.5 1 1.5 1
E3
400 2.5 1 1 1 1 0 1.5 1
600 3 0.5 1 0.5 1 0.5 1 1
<3.5 <2.0 <I.5 <I.5 <I1.0 <l1.0 <2.0 <lI.5
Si0, AL 0, —Si0, —MgO 600 cm ALO, —
CaF, AL O,  MgO 3 Si0, 2(e) ~2(1). Exp. E3
20 cm ALO, —MgO 220 ~
MgO B 60cm  ALO, —Si0, —MgO 2¢g) ~
2(h) .

2 . Exp. E1.Exp. E2 Exp. E3
( SEM—EDS) . ALO, =8I0, = ML0—AL O, —Si0,

MO . (Cr Mn) S s 20,220,400 600 cm
ALL0, —Si0, —MgO 2(a)  2(h). 15 ( SEM—EDS)

Exp. E1 Al 0, =Si0, 15 3
> Al, 05 —=Si0, (a) \3(Db) 3(c) Exp. E1. Exp. E2
2(c)  2(d). Exp. E2 20 Exp.E3 MgO—Al, 0, —Si0,

cm Al, 0, —MgO 220 ~ 400 cm ‘Q’ ‘. @ .
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2 C(a) ~(b) (o) ~(d) Exp. EL; (€) ~(f) Exp. E2; (g) ~(h) Exp. E3
Fig.2 Typical inclusions in electrode and each ingot: (a) —( b) electrode; (¢) —(d) Exp.El; (e) —(f) Exp.E2; (g) <(h) Exp.E3
@ ‘@ 20.220.400 600 ¢cm 3/5 Cr + S =(Mn,, Crye)S-1/2 Mn +1/2
15 Cr + S =(Mnys Cry5)S 3/5 Mn +2/5
2.2 Cr + S =(Mn,, Cr,,)S
3 Exp. E1 Exp. E3 > Cr 12. 88%
0.050% ~0.075% Exp. E2 ( Tliq) (T.)
0.028% ~0.049% . 4 .
4 (Cr Mn)S
(Croy Mngg) S.(Crgs Mngs) S (Cr Mn)S
(Cry¢ Mng,)S 2/5 Mn + Cr .
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3  MgO—Al, 05 =Si0,

Fig.3 Statistical analysis chart of MgO—Al, O; —Si0, inclusion compositions
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o = N sioy) (8) 1o S Si (9)
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LWy Si i Nso, 810, lg /i = Z dw %j (9)

5

Table 5 Interaction coefficient of the element in liquid steel

el C Si Mn p S Al Cr
S 0.111 0. 075 -0.026 0. 035 0.018 -120/T 0. 041 0.04 -94.2/T
Si 0.18 0. 103 -0.0146 0. 09 0. 066 0. 058 -0.004
( 0~
48 cm ) 1497 C 1677 C *
Exp. B2 Exp. E3 Si0,
5
6 Exp. E2
Fig.6 Change of sulfur content in metal and L_ with height of ingot
during Exp. E2 process
5 Si0,

Fig.5 Change of temperature and SiO, content in slag with height of

ingot during ESR process

Exp. E2
6 48h Ly
Si0,
; Ly
7 Exp.E3  MgO
510, Fig.7 Change of MgO content in slag and L, with height of ingot
. during Exp. E3 process
3 Exp. E3
MgO : S1
MgO 0.01% B C

. CaF, —Al,0, —MgO
B C
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