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Eledrodeposited (ECD) silver-tin aloys are
attradive materials for both decorative finishing and
engineaing applications. Silver displays low tarnishing
resistance under exposure to sulphide ntaining
environments, also in ordinary atmospheric conditions
(1), in the presence of small quantities of hydrogen
sulphide or carbonyl sulphide (2). Thisis a paint of mgjor
concen when pure silver is used for eledronic
applicaions, where @ntad reliability and solderability
are mandatory, and, of course, for silverware, jewellery
and the like, because of the lossof aesthetic goped of the
metal. Moreover, sulphide films on silver do not exert any
protedive function uypon the underlying metal and their
growth can be very fast: a silver shed, 1mm thick, is
completely sulphidised in only 1 minute & 400°C (3).
Silver tarnishing resistance @n be significantly increased
through all oying, without prejudice of valuable properties
such as low contad resistance, good solderability and
attradive gpeaance In particular, silver-tin aloys show
substantially higher tarnish resistance than pure silver (4).
Furthermore, while silver shows rather poa mechanical
properties, which makes it unsuitable for applications
where hardness and wea-resistance ae required, its
alloys are by no means superior in this resped.

Since the work of Leidheiser and Ghulam (5),
there has been only a scanty interest about silver—tin
alloys plating, mostly due to the difficulty in mastering
solution chemistry, apart from the wpybodk case of
alkaline bath containing cyanide. The large potential gap
between Ag and Sn (0.8 and —0.136V NHE, respedively)
cdls for the use of a strong and stable complexant, such
as cyanide, thiocyanate or thiosulphate. The use of
anionic ligands sts alimit to the pradicd pH range of the
solution, forcing to choose dkaline dectrolytes
containing tin as dannate. In fad, dlver—tin
eledrodepasition, apart from Sn-Ag solder all oy, has been
successfully reported amost invariably from alkaline
baths, such as slver cyanide-tin pyrophosphate (6-8) or
silver iodide and tin pyrophosphate baths (9). Exceptions
to this rule, turning to elaborate dedrolyte compasitions,
can be found in the patents literature (see for example,
10).

In order to develop an acidic bath for plating Ag-
Sn adloys in the mmposition range 10+25%at Sn, a
solution containing thioureaas slver ligand was chosen.
Thiourea forms caionic complexes with a number of
transition metal ions, particularly with those of the IB
group elements. Gold and silver complexes are amongthe
most stable thiourea ®mplexes. They have been the
subjed of intensive reseach, due to the possbhle
applicaion in predous metals extradion and recvery
(11, 12), metal cleaning and eledropdishing (13). Two
different bath compositions were studied, both containing
thiourea a simple methansulphonate add beth, based on a
commercially available tin plating solution, which turned
out to be rather unstable; and a thioureasilver sulphate
solution with addition of tin sulphate in low concentration

and stabilisers for tin and silver, which showed good
chemicd stability and reproducibility of deposit
compasition. On this basis, depasition conditions were
defined and a detailed study of deposits gructure and
properties was carried out. Ag-Sn deposits were obtained
from solutions containing [Ag'] 0.1+0.2M and [Sn*'] up
to 006M, at cd 4+10 mA/cm?, room temperature and
without stirring. Deposits were analysed by X-ray
diffradion, atomic force microscopy and scanning
eledron microscopy. Mechanical properties and
tarnishing resistance of the aatings were dso assessed.

ECD Ag-Sn dloys, in the composition range
13.5+235at.%Sn, shows the hexagonal close paded
structure, similar to the metalurgicd ¢ phase. The
compaosition range @rresponding to the intermetallic
compound AgsSn (e-phase, with orthorhombic lattice)
appeas to be forbidden to eledrodepaosition: for Sn
content higher than about 23.5%at, biphasic {+3Sn alloy
films are obtained, in condition d morphologica
instability, and final formation of powdery deposits. The
relationship between phase structure and eledronic
concentration (ratio of valency eledrons to the number of
atoms, e/a) has been investigated, obtaining a crrelation
between the axial ratio c/a for hcp aloys and e/a, in
agreement with the findings of King and Massalski for the
( phases of the metallurgical system Ag-Sn (14). The
ECD ( phase Ag,Sn shows either [10.1] or [00.1]
preferred orientation, with matte axd bright appeaance
respedively, depending on tin content. Ag-Sn20%at films
were tested as anti-tarnishing finish on ECD silver,
acording to 1SO 4538199, showing that the Ag-Sn top
layer can be avaluable protection at thickness as low as
0.3 um. Mechanicd properties were derived from the
indentation load — displacement behaviour of Ag,Sn
coatings:. a O0.5N load, thick coatings dowed
microhardnessvalue of 260HV and elastic moduusin the
range of 85 GPa.
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