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A Metallurgical Study of Oxide-Base Slag Used for Electroslag Remelting

Kiichi NARITA, Toshio ONOYE, Teruo Isuu, and Tatsuhiko Kusamicui

Synopsis:

The applicability of oxide~base slag were examined, because fluoride-base slag, usually used for electroslag
remelting, sometimes accompanies fluorine emission during remelting. CaO-Al,Oz—base slag were chosen
and remelting were carried out by furnaces with 80 mm in diameter and with 360 mm. Operational char-
acteristics and qualities of ingot were assessed in comparison with fluoride-base slag. Results obtained
are as follows:

(1) There is no trouble in operation with oxide-base slag with no fuming and good electric stability.

(2) Tendency to form heterogeneous slag skin is improved by a small addition of CaF,.

(3) Behaviors of elements are little affected with oxide—base slag because of the low activity of iron oxide
in slag. Furthermore, excellent deoxidationiand desulphurization are attained.

(4) Because oxide-base slag has a small partition ratio of hydrogen, (H)/[H], remelting must be carried
out more carefully to the moisture of slag. During remelting, however, the effect of the moisture in atmos-
phere is a little because of small transfer coefficient of hyrogen through gas—slag interface.

(5) Power consumption decreases about 20~409%, with oxide—base slag. Accordingly, it may be pos-
sible that CaO-Al,O4-base slag takes the place of fluoride-base slag.
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Table 1. Chemical composition of steels for electrode (%).
Kind of steel ¢ |sijMa| P |5 Al\Ni‘CriMo ol ~N| =m
s18C | 0.18]0.260.82]0.012 0.023 0,033 — | — |— lo.oo77] — | —
80mm¢ ESR | S48C | 0.49 | 0.23 | 0.81 | 0.017 0.018/ 0.025| — | — | — 10.001900.0044| —
SUS304 | 0.051] 0.51 | 1.52 | 0.032 0.007 — | 8.77 | 18.1 | 0.32 [0.0022/0.02280.00031
860mmg ESR | S26C | 0.28 \ 0.34 | 0.51 | 0.010 0.013] 0.006 — |— |— 0.00310.0065]  —

Table 2. Chemical composition of slags (%).

Kind of slag ‘can CaOlAlzoa Mg01 Sio, | s }T. Fe[Mno
Fluoride-base | CaF,-Al,O, (ANF-6) | 66.1 | — |33.1| — |0.68|0.008 0.1 | —
sla CaFo-ALO.-CaO (ANF-8)| 54.2 { 19.5 | 24.6 [ 0.8 | 1.1 |0.008 0.11 | 0.07
80 mmg g
ESR 1" Oxide base | CaO-ALO, — |49.7]48.910.6 |1.24]|0.031 0.20 ] 0.12
slag CaO-ALO,-MgO _ | 46.3|45.07.36|1.19 | 0.015 0.23 | 0.05
Ca0-ALO, — |50.3|48.21067 047 — |— | —
360 mm g CaO-ALO,~MgO . |47.2/45.86.32 054 | — | — | —
ESR CaO-AlL,O,-CaF, 20.0 | 42.0 | 36.3 | 0.42 | 0.94 | — | —
CaO-ALO,-MgO-CaF, 20.136.037.84.75/0.97 | — | — | —
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Table 3. Experimental condition for 80 mm¢ ESR.

Kind of | 5180, s48c, SUS304
Electrode stee

Diameter | 40, 45%, 50 mmdg

Oxide : CaO-AlL,O,4 (50/50)

Kind Additives : MgO, Si10,, CaF,
Slag Fluoride : ANF6, ANF8

Quantity | 500%, 600 g

C ¢ Oxide : 1000~1 300A
Remelting | ~%"*™ | Fluoride : 1 100~1 500A
condition

Voltage | 20~30V

* mainly used
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Table 4. Melting characteristics of slag at cold
starting of 80mm¢ ESR.

I Oxide- Fluoride-
’base slag | base slag

Slag quantity (g) 500~600 | 500~600

Melting time (min) 1~2 2~3
Power input (kWh) 0.8~1.6 1.4~3.0
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Fig. 2. Electrical stability during remelting.
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Fig. 3. Relation between input power and melting
rate for various slags and steels.
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Fig. 7. Effect of remelting conditions on hydrogen
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Table 5. Results on operation and refining at 360 mm¢ ESR.

Ca0-ALO;- ICa0O-Al,O,- |CaO-Al,O5-
Ca0O-ALO;, MgOZ 3 Ganz 8 Mgo_éagz ANF6 ANF8
Slag quantity (kg) 50 50 50 50 70 60
Melting time of slag (min) 30 33 30 35 60 40
Power input for slag i
melting (kWh) 200 200 200 210 390 230
Total melting time (h) 4,17 3. 2.83 3.08 4.75 4.17
Total power input (kWh) 1110 1120 1 040 1120 1 680 1 500
Ingot weight (kg) 840 835 856 857 900 905
Power consumption (kWh/t) 1321 1 341 1215 1 307 1 867 1 657
Melting rate (kg/h) 1{2}%5 230 275 255 193 218
o 5 1765 1765
Temperature of slag (°C) 1817 1781 1692 1798 — —
Thickness of slag skin (mm) 0.6~1.0 0.7~0.9 0.8~1.0 0.9~1.1 1.0~3.6 1.4~4.0
Chemical Si 0.34/0.26 | 0.34/0.21 | 0.34/0.24 | 0.34/0.25| 0.27/0.23 | 0.27/0.16
cirﬁi;?)sition (%) S 0.013/0.003| 0.013/0.003; 0.013/0.003| 0.013/0.003} 0.020/0.010| 0.020/0.003
(before/after) 0] 0.0031/ 0.0031/ 0.0031/ 0.0031/ 0.0040/ 0.0040/
0.0018 0.0020 0.0015 0.0015 0.0024 0.0024
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Fig. 10. Formation of slag skin at the meniscus
of molten steel.
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Fig. 11. Effect of fluoride on 7peo in slag. S, A7 7=z (7) RORIEHEZ DILS.
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Fig. 12. Relationship of Al-O equilibrium.
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Table 6. [Si]-[O] equilibrium.

Slag |[Si1-[072| (%8i0y) ' [Si]-[0]%/@s:0, | Calculated values from eq. (8)
CaO-ALO 3.4.10-s |  4.39 1.1.10-2 ,
595810, add. | 6.2-10-s |  7.12 1.6-10-2 Temperature of slag:
80 mmg¢g ESR Sy 106 10-2 at =1.8-10
109,810, 18.2.10 9.67 3.6-10 At 1 00°C K13 6.10-s
-209,Si0s 30.9.10-s | 16.7 3.1.10-2 :
N 1.2-10-¢ 1.97 1.2.10-2 Temperature of slag:
360 mm¢ ESR | CaO-AlLO, 0.9-10-s | 2.74 0.6-10-2 at 1800°C K'—0.8.10-2
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Fig. 13. Effect of calcium fluoride, magnesia and
silica in slag on partition ratio hydrogen,

(H)/[H].
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Fig. 14. Water vapor absorption of CaO-ALQ,
slag.
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