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Table 1 Comparison of several methods of metal smelting

Smelting method Advantage

Disadvantage

Rich operated experience;

Poor working conditions;

Easy to cause gas pollution;

Pyrometallurgy Large production capacity; High energy consumption;
High comprehensive recovery Complex operation;
High requirements for ore grade
) Low production efficiency
A wide ore sources; ) ;
. . Property to corrosive equipment
Hydrometallurgy Good working conditions;

Directly extracted compound

Long process;

Difficult separation of liquid and solid

Fine grain;

Remelting only specific steel, not changing steel

Beneficial to removal of non-metallic impurities

) and inclusions;
Electroslag remelting ) .
Good operation controllability;
Control atmosphere;

Producing super large steel ingots

composition;
High production cost;
Generating harmful gases;

Inconvenient management

Controlled flexibly melting temperature and

speed;
Electron beam melting A wide ore sources;
Environmental friendliness;

High energy efficiency

Easy to loss metal and not control composition;
Long smelting time;

Not uniform local composition

High and concentrated energy,
power;
Plasma Controllable atmosphere, low noise;
High power utilization rate;

Environmental friendliness

adjustable

Easy to be damaged plasma torch; Tedious

maintenance work
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Fig.1 Application of plasma technology in metallurgy
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Fig. 2 Structure diagram of plasma arc furnace!™: 1—
Plasma spray gun; 2—Cathode nozzle; 3—Arc column

region; 4—Metal molten pool; 5—Anode
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Fig. 3 Schematic diagram of plasma induction furnace”:

1 —Furnace; 2—Induction ring; 3—Plasma torch; 4—

Power; 5S—Bottom electrode; 6—Plasma arc
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Fig. 4  Schematic diagram of plasma arc refining
furnace!””!
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Fig. 5 Schematic diagram of plasma arc remelting

furnace!"™: 1—Remelting metal rod; 2—Plasma gun; 3—

Ingot; 4—Melting chamber; 5—Spindle drawing device
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Fig. 6 Schematic diagram of radiofrequency thermal

plasma torch structure for industrial silicon purification*”
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Table 2 Contents of impurity elements in metallurgical

grade silicon before and after microwave plasma

treatment'*”!
Impurity Pretreatment Treated
elements concentration/10™° concentration/10™°
Ca 280.3 30.02
Al 179.6 17.57
Fe 80.98 9.775
Ba 2.512 0.4065
P 21.95 0
B 7.248 6.185

M 7.67, 73, 1931, 2845, 166, 235 Hl 56 mg/kg
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Fig. 7 Schematic diagram of double glow plasma device
[55]
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Fig. 8 Schematic diagram of surface metallurgy by plasma
[59]
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Development and status of plasma metallurgy

ZHANG Da"? YE Kai"? TANG Zheng-gang"? LIANG Feng"**, MA Wen-hui"*?,
YANG Bin"*?, DAI Yong-nian"**

(1. National Engineering Laboratory for Vacuum Metallurgy,
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Kunming University of Science and Technology, Kunming 650093, China;
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Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Metallurgical industry as the pillar of national economic development, common smelting technologies
include fire, wet, electroslag remelting, electron beam smelting, and plasma smelting. Due to its merits of high
thermal performance, concentrated energy, high chemical activity, fast cooling rate, and controllable reaction
atmosphere, plasma has been widely used in smelting, refining, and surface metallurgy to date. This paper reviews
the research progress of plasma metallurgical technology in the field of smelting, refining and surface metallurgy.
There into, the plasma technology used in smelting and refining has the advantages of high purity of product,
adjustable power, controllable atmosphere, high conversion rate and heat utilization rate, and environmental-
friendly production process. The coatings prepared by plasma surface metallurgy have stable microstructure,
excellent properties, obtaining alloy layers, which are difficult to be prepared in traditional process. In the review,
the problems of this technology were illustrated, such as short equipment life, difficult control of the process
parameters, higher cost, less domestic metallurgical industry applications, and the corresponding solutions have
been proposed. Therefore, the next research should focus on the following: optimizing the design of plasma
equipment, improving the level of automation; combining with plasma numerical simulation to find the best
technological parameters boost the stability of the synthesis process and product quality, thus reducing energy
consumption and production costs; it is necessary to develop the large plasma torch with higher power to realize
the large-scale application of plasma technology in metallurgical industry. Eventually, the developing guidelines of
plasma metallurgy method were looked forward.
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