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Abstract: The oxidation of pure Sn and Sn-0.7Cu, Sn-3.5Ag, Sn-1Zn, and Sn-9Zn alloys at 150°C was
investigated. Both the chemical nature and the amount of oxides were characterized using electrochemical
reduction analysis by measuring the electrolytic reduction potential and total transferred electrical charges.
X-ray photoelectron spectroscopy (XPS) was also conducted to support the results of reduction analysis.
The effect of Cu, Ag and Zn addition on surface oxidation of Sn alloys is reported. For Sn, Sn-0.7Cu
and Sn-3.5Ag, SnO grew first and then the mixture of SnO and SnO, was found. SnO, grew
predominantly for a long-time aging. For Zn containing Sn alloys, both ZnO and SnO, were formed. Zn
promotes the formation of SnO,. Sn oxide growth rate of Pb-free solder alloys was also discussed in terms

of alloying elements.
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Table 1. Standard Gibbs free energies’ ,equilibrium reduction
potentials and measured reduction potentials of
Cu, Pb and Sn oxides at -20 nA/cm?.

Free Energy of  Equilibrium Measured
Oxide Formation, AG® potential .

(298K, ki/mole) ) potential (V)
Cu,O -292.98 -0.267 -0.625
CuO 254.68 -0.168 -0.406
PbO -187.9 -0.4639 -0.554
SnO -251.9 -0.7955 -0.972
SnO, -515.8 -0.8266 -1.10

Sn(OH),  -491.6 -0.8090
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Electrolyte Analyzer

Specimen

Fig. 1. A schematic diagram of the electrochemical reduction
analysis.
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Fig. 2. (a) Reduction curves for pure tin oxidized at 150°C in
dry air and (b) magnification of (a) for short time aging.
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Fig. 3. XPS spectra for pure Sn foil oxidized at 150°C in
dry air. The as-reduced spectrum shows a metallic
Sn peak at 484.0eV.
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Table 2. Binding energies of tin 3ds, from tin and its

oxides.
Tin 3d Farrell® (eV) Experiment (eV)
Tin metal 484.2 484.0
SnO 485.9 485.9(z= 0.15)
Sn0O2 486.7 486.8(= 0.23)
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Fig. 4. Reduction curves for (a) Sn-0.7Cu and (b) Sn-3.5
Ag oxidized at 150°C in dry air.
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Fig. 5. Reduction curves for (a) Sn-1Zn and (b) Sn-9Zn
oxidized at 150°C in dry air.
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dry air.
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