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Theoretical Calculation of the Solid/Liquid Interfacial Free Energy for

Iron, Cobalt and Nickel

Synopsis:

Osamu Haa and Toshihiko B

Solid/Liquid interfacial free energies, gs; in iron group transition metals, Fe, Co, and Ni, and Sn and
Bi have been calculated by Ewing’s theory. Methods of experimental determination of g, have also
been critically reviewed to yield the conclusion that, despite of known difficulties involved, the method by
measuring the critical supercooling for homogeneous nucleation gives the most comprehensive, rather
reliable data, ¢%%-, to be compared with the theoretical prediction. The balues of ¢S, however, exhibit
negative deviations of about 13 to 30% from the corresponding ones determined by the interface intersec—
tion method. Temperature correction for at melting point makes the deviation smaller by about 109%,,
decreasing the maximum probable error to be about 20%. The theoretical prediction after Ewing is shown
to give much better agreement (4 109%) with the temperature corrected values, J1'5(T,,), than those after

SKAPSKI or ZADUMKIN.
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ax. ©SUper- | Nucl. Freg. G.B.
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Li 300 27(0.90)4n 29.7(0.99)5»
Na 2081 15(0.75)40| 11.2(0.56)| 20(1.00)52)
Hg 24 .49 31(1.27)4
136 (Al-Cr)e» |/192(1.57
A 930, 122 ( b'ZEAl—'l‘i;Gﬂ) <1aa(idu ) 121(0.99)%D
(1.30)4®
Ga 55.9%
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Table 2. Calculated Values of g%; and ¢%, by Ewing’s theory and data used for the calculation.

Fe Co | Ni Na ﬂ Al Sn Ag Bi

DZ:Si;YmOEf}icq,ha) 7.0263)é 7.7ass>ﬂ 7.9659 | 0.928%)| 2.38m | 6.93% | 9.40 | 10.03®
Lattice const. of 2,930 3.6360| 3.6260% 4,281 | 4,31 “jjg-?g”’ 4,175

cryst. at T, (A) | (1425°C) (1 187°C) (20°C) | “22500)

. ) [ 14 | i
“‘3?‘?§§§re““9' 1809 17680 172580 | 37150 | 932 | 50560 123450 544550

m ] P 1 |
Enthalpy of Fusion | ]; ; !
’}J;;§5)><10§ ! | 15.209) 1717507 17.63% 2.60“44 10.7650 ﬁ 7.2050 | 11.95%
6%, (erg/cm?) 140.0 158.6 | 166.6 1.8 6.1 | 21.8  |80.4 18.3
o%, (erg/cm?) ©103.2 123.6 ; 129.1 8.3 56.1 32.2 65.8

* Extrapolated to T,
** Calculated from density data
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Table 3. Detailed comparison between ¢5'* (Tw) (Ewing) and 5% (Tw)-

7.5, Correction Correction obs. a3 (Tw) %' (Tw) — a2 (Thm)
o | for B4 for A-3 o /(Tn';;) (Ewing) o (T) % 100
(erg/em®) | (erg/em?) | (erg/em?) g/em®) | (erg/cm?) (%)
Al 122 - 1.1 9.1 132 121 —9
Sn 54.5 ~0.1 4.5 58.9 54 —8
Bi 54.4 —0.2 3.0 57.2 — _
Ag 126 +0.4 14.8 141 146 +3
Fe 204 ~7.3 23.0 220 243 10
Co 234 3.7 30.0 260 284 49
Ni 255 26 31.0 283 296 5
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