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Metal refining
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MELTING POINTS
OF METALS & ALLOYS
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Rotary degasser
for molten aluminum
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(left) Pfann, at left, showing the first zone refining tube, Bell Labs, 1953

(right) \ertical zone refining, 1961. The induction heating coil carrying a high frequency
alternating current, melts a section of the metal bar in the tube. The coil moves slowly down

the tube, moving the molten zone to the end of the bar.
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Mathematical expression of impurity concentration
When the liquid zone moves by a distance d: , the number of impurities in the
liquid change. Impurities are incorporated in the melting liquid and freezing
solid.

kO: Segregation coefficient

dl = (CD - kDCL) dx L Zone length

CL =1 / L C'O: Initial uniform impurity concentration of the rod
f dr = f CL: Concentration of impurities in the liquid
CU — — I: Number of impurities in the liquid
Io = CoL I o- Number of impurities in zone when first formed at bottom
Cs = ,(GI/L e I
Cs(z) = Co (1 —(1- ;;G)e—"*?i) R S ]
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Composition of pig iron:

Iron

Carbon (both free and combined)
Silicon

Manganese

Sulphur and phosphorus
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Fe + 0] = (FeO)

IC] + [0] ={CO}
[Mn] + [0] = (MnO)
Si] + 2[0] = (5i0,)

|
2[P] + 5[0] = (P,05)
|IS]+ (Ca0) = 0] + (CaS)
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antimony, arsenic, copper, zinc, iron, tin, bismuth, silver, nickel,
cobalt, and sulphur
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I Cu,S=2Cu+1/2{S,}
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(Miller) Jlwo awgym -
- 1838 by Louis Thompson
- 1865 by Francis Bowyer Miller

- In an induction furnace, and chlorine gas is then injected into the melt
- formation of metallic chlorides:

the gas stream (e.g., FeCl;, ZnCl,)

molten chlorides (e.g., CuCl, AgCl)

Melting Point, Boiling Point, and Gibbs Free Energy of Formation of Selected Metal Chlorides

Reaction Chloride Melting Point (*C)"  Chloride Boiling Point *C)"  AG,,, (kcal/mol @1150°C)"
Fe +1.5Cl;, — FeCly 304 332 —47.7
Zn +Cl, = ZnCl, 318 732 —55.4
Pb + Cl, — PbCl, 501 953 —47.7
Cu+05Cl; = CuCl 430 1212 —49.2
Ag +0.5C1;, — AgCl 455 1564 —33.8

Au+1.5CkL — AuCly 180 (subl.) 229 17.7




Elements as % of

Original Concentration

Zn

Fe

Pb

Typical Initial
Concentrations

Ag -9.0%
Cu - 4.0%
Pb-0.7%
Fe=0.2%
Zn -0.1%

Cu

10

20
Time of Chlorination (min)

30




