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Estimation of Melting Parameters of a Large ESR Furnace
Based on Limiting Solidification Rate

Noboru MASUKO and Nobuo SANO

Synopsis:

Summarizing the results of previous investigations on ESR furnaces with ingot diameter from 2 to 60 cm,
the empirical equations to express the relations between ingot diameter (D: cm) and various melting para-
meters have been derived. According to these findings ingot diameter, clectrode diameter, slag depth and
melting rate are selected as basic parameters, and the dependencies of all other melting parameters on
ingot diameter are determined by the former four.

The thermal balance between the cooling capacity and the heat release on solidification being taken
into account, it is shown that the limiting condition D-u<(1.9 cm?fsec (u: solidification rate cm/ sec)
must be satisfied for larger ESR ingots. This means that the solidification rate should be in inverse
proportion to ingot diameter when it exceeds 100 cm, while the rate is constant (=0.01 cmfsec) for smaller
ingots.

Accordingly, the melting rate will increase with ingot diameter linearly rather with its square as expected.
At the same time the energy consumption (kWh/kg) will begin to increase beyond the optimum ingot
diameter, which suggests that the excessive scale-up of an ESR furnace might not be favorable from the

viewpoint of thermal economy.
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Fig. 1. Melting rate vs. ingot diameter.
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Fig. 3. Slag weight vs. ingot diameter.
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Fig. 4. Power input vs. ingot diameter.
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Fig. 7. Power consumption vs. ingot diameter.
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Table 1. Estimation of various parameters for the production of ingot with the diameter of 200 cm.

Repre- Estimated values (D=200cm)
‘ sentative Simol N ati Scale up on the basis
Parameters Unit values o}ng)n;ifi?:; ;lalzgi:tilggs of the limiting condition
(D =50cm) Du=0.5
Ef); gogcﬂnt " | Estimation EE; eorbennt ™| Estimation
Solidification rate : u cm/ sec 0.01 0 0.01* —1.0 0.0025
Slag depth : L cm 29 0.8 88 0.4 50
Power input : /E kW 750 1.6 6 900 1.4 5200
Melting rate : V kg/ min 8.8 2.0 140 1.0 35
Slag weight : W kg 150 2.8 7 300 2.4 4 200
Energy density : ¢ ‘W/cm? |, 13 —1.2 2.5 —1-0 3.2
Current density : Jj A /cm? 7.6 —0.6 3.3 —-0.5 3.8
Total current : [ kA 15 1.4 100 1.5 120
Voltage : E \% 50 0.2 56 0 50
Power consumption : P kWH /kg 1.36 —-0.4 0.78 0.4 2.4
Electrolytic parameter : ug/u** 0.029 —-0.6 0.013 0.5 0.058

* This rate is not attainable owing to the limiting condition 2<0.0095.
#% (alculated as a ratio of the flux of electrolytically transferred iron (Fe**+2e—Fe) to the solidification rate.
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Fig. 8. Melting rate vs. Mitchell’s parameter.?.
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