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Plasma Induction Melting of High Nickel Alloys

Synopsis:

Tatsuo FUTWARA and Saburo SuGIURA

The plasma arc melting process had been researched and developed in Daido Steel Co., Ltd. since 1963
-and a 0.5 t plasma induction furnace (PIF) of nearly industrial scale wasinstalled in Central Research Labo—

"ratory of Daido Steel Co., Ltd. in spring, 1969.

In this report, the refining characteristics of this furnace are described when low alloy steels, stainless
steels, Ni-base magnetic alloys and high Mn electronics alloy are melted.
The effectiveness of this furnace was confirmed from the view—point of both quality and cost, especially in

case of Ni-base magnetic alloys.
The reasons are:

1)  Return scrap can be used without great operational difficulties.

2) Decarburization down to 0.01% C is easy and so is other composition controls.

3) Sulfur which is harmful for hot workability and oxygen which makes magnetic properties deteriorated
can be removed very easily if a flux is used in argon atmosphere.
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Fig. 3. Relation between flow rate of argon gas
and' plasma arc current.
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Table 1. Rough estimation of heat efficiency in
melting and refining periods.

melting period

heating metting melling power Induction
method | weight time consumption| heat
(Kg) (min) (KWH/t) | efficiency
Induction 3SC 76 630 0-26
induetion | 459 66 830 0.56
+Plasma 3 *

refining period
Plasma arc | Induction |Plasmaarc
heat heat

heat
efticiency

efficiency etficiency
— 0-23 —
0-29 0.23 0.36
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Table 2. Inclusion levels of S50C, AISI 9254
melted by various methods.

Steel | Melting The J 1S method

grade | method d At Az B c
AF 012 | 0.06 | 0.04 0 0.02

S50C PIF 0.04 | 0.04 0 0 0
VAF 0.05 | 0.03 | 0-01 0 0.01

ALS] AF g1t | 004 | 001 0 0.06

9254 PIF 0.04 | 0.02 | 001 0 0-01
VAF 0.03 { 0:01 0 0] 0.02
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Table 3. Comparison between the sucking and
water quenching method and the va-
cuum gathering method in hydrogen
analysis of 80Ni-4Mo.

Melting Timebetween H (€C/500gr)
. sucking and
condition water quenching|Disd H Extractgdﬁ Total
by fusion
o 2.7 2.7
Dew point 30" 3.3 3.3
of 60" 2.7 2.7
atmosphere 5 2.8 2.8
_ ) 10 2.7 2.7
bP=-1"C
Yacuum
gathering 0-4 2.6 3.0
Dew point of "
at mopgphere 0" 23 2.3
DP=-8°C 0 2.7 2.7
0* 6.4 6.4
Dew point 30" 5.7 5.7
of 60" 5.2 5.2
atmosphere 5 5.0 5.0
10 5.2 5.2
DP=+31°C |vacuum 1.6 4. 5.9
gathering 1.2 5. 6.3
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5.0} EqQuilibrium solubility
in nickel at 1600°C
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Fig. 7. Comparison of actual hydrogen contents
with the equilibrium solubility in molten
nickel.
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= —2.608 at [ 873K -..... (5)
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Fig. 8. Relation between hydrogen content and
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Fig. 9. Relation between hydrogen content and
dewpoint of atmosphere (80Ni-4Mo).
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Fig. 13. Relation between Si and in case of
using C/A slag.
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Table 4. Activity coefficients of silicon and

aluminium.
Ni Fe
rd 0.0104 0- 001!
0
LY 0.016 0.063
A
50, 4 at~1550°C
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Fig. 14. Oxygen content as a function of time
after various deoxidation treatments
(80Ni-4Mo).
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Fig. 16. Deoxidation of high Mn Alloys.
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Fig. 17. Desulfurization of high Mn alloys.
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