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On the Oxygen Transfer during Direct Current Electroslag Remelting of
Carbon Steel
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Synopsis:

In order to study the mechanism of oxygen transfer during electro—slag remelting, carbon steel (S48C)
was remelted in CaF,~AL O, slag using a small scale ESR unit of direct current under the open atmosphere.
It was confirmed that those ingots remelted with an electrode of negative polarity give higher oxygen content
than those with positive. Those differences of oxygen behavior would be resulted from the differences of the
current density and of the interfacial area between the metal and slag. The oxygen content in those ingots
remelted in large scale ESR furnace could be estimated from the present results on the oxygen transfer
through the molten metal/slag interface, on the assumption that the mass transfer coefficient of oxygen depe-

nds on the current density of the interface.
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Table 1. Experimental conditions and the power consumption for the electroslag remelting

of steel in CaF,-Al, O, slag.

No. Steel Electrode| Mold Slag Polarity| Working Average Inter-clectrode| Average| Power
dia. dia. Al,0;|Weight voltage|working|resistance melting| consumption
(mm) (mm) w) current (ohm) rate (KWh/kg)
(% (g) (A) (g/min)
89 | Pure iron 10 22 20 40 DCRP 28 240 0.117 78 1.47
90 | Pure iron 10 22 20 40 DCSP 26 400 0.065 78 2.17
83 | S55C 10 22 20 40 DCRP 28 250 0.112 84 1.39
73| S55C 10 22 20 40 DCSP 27 250 0.108 78 1.47
88 | SK3 10 22 20 40 DCRP 28 170 0.165 102 0.75
91 | SK3 10 22 20 40 DCSP 27 250 0.108 84 1.36
31 S48C 40 110 30 1000 DCRP 20 1100 0.082 185 1.96
4| S48C S50 110 30 1300 DCRP 20 1550 0.013 301 1.65
51! S48C 50 110 15 1200 DCRP 18 2150 0.0084 286 2.09
1| S48C 40 110 30 1000 DCSP 19 1400 0.014 175 2.86
2| s48C 50 110 30 | 1200 DCSP 20 1950 0.010 251 2,37
6| S48C 50 110 15 1200 DCSP 18 2400 0.0075 288 2.41
10| s48C 40 110 30 1200 DCSP 20 1800 0.011 248 2.43
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Fig. 1. The distribution of oxygen, aluminium,
silicon, manganese and sulfur at the

longitudinal center section of ingot.
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Table 2. Mass transfer coefficient of oxygen in DCSP with data used.

No. Steel Area of | Current |Average [0]ingot [Olelec. Oxygen removed ks(cm/sec)
metal density [melting (%)
pool FD at metal| rate (%) (%)
i (cmz) pool (g/min)
(A/mif)
90 | Pure iron 3.80 108 78 0.0713 0.0091 0.0622 0.0152
73 | S55C 3.80 65.8 78 0.0369 0.0035 0.0333 0.007S.
91 | SK3 3.80 65,8 84 0.0361 0.0044 0.0317 0.0076
548C 95.0 14,7 175 0.0315 0.0042 0.0273 0.00054
10 | S48C 95.0 18.9 248 0.0312 0.0042 0.0270 0.00076
2 | s48C 95.0 20.5 251 0.0336 0.0042 0.0294 0.00084
S48C 95.0 25.3 288 0.0375 0.0042 0.0333 0.0011
008 X D RDBIFRES KD B,
’ log ks(cm/ sec) =1.8335 log (A/ mm?) , —1.8123
0.03 ceveeen ....(4)
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Fig. 2. Relationship between the mass transfer
coefficient of oxygen and the current
density of metal pool (mold) in DCSP
ESR.
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Fig. 3. Estimated values of oxygen content in
DCSP ESR ingot from the current den-
sity of metal pool, under various raising
speed of metal pool.
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Fig. 4. Relationship between the mold diameter
and the ratio of oxygen content in metal
pool and that in the molten surface of
consumable electrode under various raisi-
ng speed of metal pool.
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Table 3. Mass transfer coefficient of oxygen in DCRP with data used.

No. Steell Area of |Current Average [()]in got [0] elec. Oxygen 105.kr [O]Eal' Drop | Surface|Frequency "‘Fsp 105.ksp
electrode|density | meltig Temoved weight| area of jof drop
2 &, y
Fy(em®) Jof :u..‘l?ec_ rate %) %) (3) |[(em/sec) (%) (g) }drop lgp removal n (cn? /sec)| (em/sec)
(W/mi)y (g/min) (an®) (1/sec)
84 S55C{ 0.785 3.31 120 0.0284 0.0036 | 0.0248] 770 10.0315 1.0 1.37 2.0 2.74 660
88 SK3 0.785 2.16 84 0.0194 0.0044 | 0.0150| 350 l0.0208 1.2 1.54 1.17 1.80 455
3 548C | 12.6 0.875 185 0.0081 0.0042 { 0.0039 30 }0.0087 | 2.57 2.43 1.20 2,92 170
4 S48C | 19.6 0.789 301 0.0138 0.0042 | 0.0096 55 |0.0149( 2.72 2.66 1.84 4.89 430
5 S48C{19.6 1.10 286 0.0111 0.0042 | 0.0069] 100 {0.0128 2.48 2.43 1.92 4.67 370
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Fig. 7. Estimated values of oxygen content in
DCRP ESR ingot depending on the dia-
meter of mold.
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