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ABSTRACT

The effects of Zinc, Silicon and Palladium on the hardness, tarnish resistance
and microstructures of experimental Ag-Cu-Pd Ag-Cu-Zn-Si and alloys were
investicated by means of Vickers hardness tests, tarnish testing, X-ray Diffraction
(XRD), optical and scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS). The various compositions of 935 and 950 sterling silver alloys
produced by two different casting techniques, namely investment (lost wax) process
and conventional torch melting and casting, were compared. An induction casting
machine with a vacuum system was used for investment casting at 1,025°C with the
mould temperature at 600°C whereas a LPG/oxygen single flame tip torch was used
for the conventional process. Chemical compositions of the as-cast alloys were
analyzed by the Inductively Couple Plasma (ICP) technique. Samples produced using
conventional torch casting have higher Vickers hardness levels than the equivalent
alloys melted under vacuum and investment cast. The torch melted standard 935Ag
sterling has a hardness of 66 HV compared to 56 HV for the investment cast sample.
The tamish testing was performed by immersing the sample in 0.1% Na,S solutions
for 15-180 min. To quantify variations in tarnishing resistance measurements
were taken of surface color difference (DE*) according to the Commission
International d’ Eclairage (CIELAB) standard. It was found that the tarnish resistance
was improved with higher levels of additional element, especially Silicon. Silicon
plays an important role in completely modifying the lamellar eutectic structure to a
predominantly Cu-Si continuous structure resulting in increased tarnish resistance.
Transmission Electron Microscope (TEM), Selected-Area Diffraction (SAD) and energy
dispersive spectroscopy (EDS) were used for phase identification. Twin-jet

electropolishing and Focused lon Beam (FIB) were used for TEM sample preparation.
As-cast microstructures consisted of dendrites of Ag-rich solid solution (Ol-

phase) with interdendritic Ag-Cu solid solution and eutectic. Cu-rich [3-phase was
found in the lamellar eutectic and also in the degenerated eutectic structure. Excess
copper was formed as a precipitated phase distributed within the primary dendrite
arms. EDS point analysis indicated the presence of Zn and Si in the Cu-rich regions
and also in the degenerated copper phase due to the higher solubility of these
elements in copper than in silver. Cu,0 was formed as precipitates at grain
boundaries and in the matrix. Isolated ZnO was present at grain boundaries and Si
could be found in 2 areas: 1) as Cu-Si phase and 2) Si contained in ZnO and Cu,0

phases.



