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Abstract A semi-empirical method to estimate the surface tension of molten alloys at different oxygen partial
pressures is suggested in this study. The surface tension of molten Ag-Sn and Ag-Cu alloys were calculated
using the Butler equation with the surface tension value of pure substance at a given oxygen partial
pressure. The oxygen partial pressure ranges were 2.86 X 107* — 1.24 X 10® Pa for the Ag-Sn system and
2.27 X 10! — 5.68 X 10" Pa for the Ag-Cu system. In this calculation, the interactions of the adsorbed oxygen
with other metallic constituents were ignored. The calculated results of the Ag-Sn alloys were in reasonable
accordance with the experimental data within a difference of 8%. For the Ag-Cu alloy system at a higher
oxygen partial pressure, the surface tension initially decreased but showed a minimum at Xa, = 0.05 to increase
as the silver content increased. This behavior appears to be related to the oxygen adsorption and the
corresponding surface segregation of the constituent with a lower surface tension. Nevertheless, the calculated
results of the Ag-Cu alloys with the present model were in good agreement with the experimental data within

a difference of 10%.
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Table 1. The standard free energy of formation of Ag, Cu and Sn oxides®”

experimental temperatures (1253 and 1373K).
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3.1. Ag-Sn &2
Fig. 1(a)-(d)°]l 1253KolA] Ab2Ret W

and corresponding oxygen partial pressures at the

P(0,)*"/atm

Equilibrium reaction ~ AG?/Jmol~! 37 InP(O5)/atm
1253(K) 1373(K)
Ag 4484t 02y=24g:0  -106,326+168.95T 20321 — 12,789 247 X 10 6.03 X 10
T (2.50 X 10°Pa) (6.10 X 10°Pa)
Cu  4Cuy+Oyy=2Cu0 376600417696 | 5q, 45,296 171 X 107 4.48 X 10
T (1.73 X 10?Pa) (4.54 X 10'Pa)
Sn Sngy+0s=Sn0s -575,163+198.46T 23871 69,180 245 X 10 3.05 X 10712

T (2.48 X 10°Pa) (3.09 X 107Pa)
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Fig. 1. The surface tension of the Ag-Sn alloys at 1253K with the various oxygen partial pressures. (a) p(0,) = 2.86 X 107'*Pa,

() p(02)=9.78 X 107?Pa, (c) p(0,)=9.23 X 10""Pa, (d) p(0,)=1.24 X 10°Pa, Closed circles are the experimental data.*® Solid
lines are the calculated results with the surface tension value of pure substance at the given oxygen partial pressure. Dashed line

is the calculated result at p(O,) = 2.86 X 107?Pa (no oxygen adsorption).
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Fig. 2. The surface tension of the Cu-Sn alloys at 1373K with the various oxygen partial pressures. (a) p(0,)=2.27 X 10"''Pa,
(b) p(02)=2.07 X 10°Pa, (c) p(02)=7.86 X 10"°Pa, (d) p(0,)=1.18 X 107Pa, (¢) p(0,)=2.12 X 10°°Pa, () p(0,)=5.68 X 107Pa,
(2) p(0,)=8.05 X 10®Pa, Closed circles are the experimental data.’” Solid lines are the calculated results with the surface tension

value of pure substance at the given oxygen partial pressure. Dashed line is the calculated result at p(O,) = 2.27 X 10"'Pa (no
oxygen adsorption).
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