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ELECTROPLATING OF SILVER-CADMIUM ALLOYS
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Silver cadmium alloys are reported to have increased hardness, electrical conductivity and tarnish
resistance. Electroplated coatings of these alloys find applications as bearing alloy, non-tarnishing coating
and electronic coating material. The standard electrode potentials of silver and cadmium are too far apart
to permit co-deposition from simple salt solutions. Suitable complexing is necessary to bring the deposition
potentials closer and permit codeposition. Various types of solutions have heen investigated by theauthors
to explore the possibility of electroplating alloys with varying proportions of silver and cadmium and the
results are presented in this paper. Electroplating experiments were carried out under varying
concentrations of metal and operating conditions. Cyclic and stripping voltammetric techniques were
employed. Characterisatioin of deposits were done by X-ray diffraction, scanning electron microscopy and

microhardness measurements.
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INTRODUCTION

Investigations on electroplating of alloys are gaining
importance as alloy plating leads to the production of
deposits with improved properties. Silver-cadmium alloys are
reported [1-4] to have increased hardness,
conductivity and tarnish resistance. Electroplated coatings of
these alloys find applications as bearing alloy, nontarnishing
coating and electronic coating material.

electrical

The standard electrode potential of silver and cadmium are
too far apart to permit codeposition from simple salt
solutions. Suitable complexing is necessary to bring the
deposition potentials closer and permit codeposition. Studies
on deposition of silver-cadmium alloy from simple salt,
thiocyanate, thiourea and cyanide solutions have been
reported earlier [4-11]. A noncyanide alkaline bath based on
thiosulphate for electrodeposition of silver has been reported
by the authors [12,13]. Results of investigations on
codeposition of cadmium with silver from thiosulphate based
electrolytes are presented in this paper.

EXPERIMENTAL
Electroplating studies

Solutions used in this investigation are a) silver as
thiosulphate 0.25 or 0.50 M containing sodium thiosulphate

1.0 M and sodium metabisulphite 0.2 M to which cadmium
additions were made cither as sulphate or b) cadmium as
sulphate 0.50 M plus ammonium sulphate 0.50 M to which
silver additions were made as thiosulphate complex along
with sodium thiosulphate (1.0 M) and sodium metasulphite
0.2 M).

Electroplating experiments were carricd out on plalinum
cathodes (2 x 6 x 0.02 cm) using platinum foil of same size
as anode. After weighing the plated deposit, it was stripped
in 1:1 HNO, and analysed for silver content by thiocyanate
method and cadmium by EDTA method [14,15]. Current
efficiency calculations were made taking into consideration
the percentage composition of the alloy also.

X-ray diffraction patterns of the deposits were recorded using
XRD instrument JEOL with CuK  radiation.

Voltammetric studies

Voltammetric studies were carried out in a two compartment
three electrode cell using glassy carbon embedded in teflon
sheath (exposed area 0.25 (‘ml) as working electrode,
platinum foil as counter electrode (2 x 1 x 0.02 cm) and
saturated calomel reference electrode.

Potential sweep programmes were executed using a
potentiogalvanoscan (PGS81 Wenking) and the resulting
current- voltage response recorded in an X-Y recorder
(Rikadenki, RY-101 A).
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TABLE I: Effect of addition of
cadmium to thiosulphate silver bath with
0.5 M silver, pH 4.5, c.d. 1 A/dm®

TABLE III: Influence of c.d. and cadmium
concentration on silver-cadmium alloy deposition from
thiosulphate silver bath (0.25 M) pH 4.5

CadmiumCadmium added as sulphate Cadmium added as sulphamate Concn of Cc.D Nature of CCE Cadmium
concn  Deposit Cadmium Deposit cadmium cadmium (A/dmz) deposit (%) content in
nature content (wt%) nature content (Wt%) M) deposit (wt%)
0.00 White - — S 0.00 0.25 White 90.0
0.25 White  e-ee- White e 0.50 s 500 0 e
0.50  Dull white 52 Dull white 5.0 0.75 S 200 aeeee
0.75 L 22.0 L 21.0 0.25 0.25 White 876 -
1.00 LER 28.7 HET 27.5 0.50 Dull white 87.0 1.7
0.75 Dull whit 66.1 50
** = Dull white with'a powdery non-adherent top layer 1.00 - ..“., e 96 82
*** = Grey with thick non-adherent top layer 0.50 0.25 Dull white 85.0 23
: 0.50 i 50.1 7.0
RESULTS AND DISCUSSION 0.75 16.9 142
: 1.00 ¥ 10.6 20.0
Electroplating investigations 1.00 025  Dull white  70.0 45
Influence of adding cadmium to solutions containing g0 ::: 334 i
0.5 M silver as thiosulphate complex 0t s 202
1.00 *1 & 9.6 30.8

Cadmium additions were made either as sulphate or
sulphamate to a thiosulphate silver bath containing 0.5 M
silver as thiosulphate along with sodium thiosulphate 1.0 M
and sodium metabisulphite 0.2 M. Smooth silvery white
deposits are obtained (Table T) at 0.25 M cadmium with no
incorporation of cadmium in the deposit. At 0.5 M cadmium
in the bath, dull” deposits with 5% gcadmium inclusion are
obtained. Alloys with higher cadmium content (21-29%)
obtained at 0.75 and 1.0 M cadmium concentration, are

TABLE II: Cathode current efficiency and percentage
cadmium in deposit for thiosulphate silver (0.5 M)
bath containing cadmium sulphate at
1 A/dm?, duration 30 mts, pH 4.5

Concn of Nature of Weight of CCE Cadmium

cadmium  deposit deposit (%) content in
(M) (g/10 cmz) deposit (wt%)
0.00 White 0.197 98.0 cween
0.20 White 0.195 96.9 R
0.25 White 0.193 959 e
030  Dull white 0.190 948 0.5
0.35  Dull white 0.180 90.4 12
043  Dull white 0.173 88.1 3.0
050  Dull white 0.168 875 52
0.60 2% 0.130 71.7 12.0
0.70 Ex 0.120 69.7 18.3
0.80 g 0.098 60.0 24.5
1.00 bl g 0.090 56.5 28.7

** = Grey with thin powdery top layer
*** = Thick non-adherent top layer

*** = Dull white with grey surface film

found to be dull white or grey with powdery non adherent
surface layer. Results are almost similar whether cadmium
is added as sulphate or sulphamate (Table I).

Starting from thiosulphate silver solution, gradual additions
of cadmium sulphate were made and deposits obtained at
1 A/dm® c.d. Nature of the deposits, deposition efficiency
and cadmium content are found to show a behaviour as
shown in Table II. Smooth white silver deposits with no
cadmium incorporation are obtained upto 0.25 M cadmium
in the bath. At 0.30-0.50 M cadmium, dull white alloy
deposits with 0.5-5.0% cadmium inclusion are obtained. An
increase in cadmium concentration above 0.50 M produces

3

~
o
|

Cadmium in deposit,wt %
?

o

| |
0.5 10 15
: c.d.Adm™?
Fig. 1: Influence of c.d. on Cd content of electrodeposits from
0.25 M silver thiosulphate bath containing Cd as sulphate
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deposits with powdery top layer, but the thin grey adherent
layer shows high cadmium contents.

Influence of addition cadmium sulphate to solutions
with 0.25 M silver as thiosulphate complex

Results of plating experiments at varying current density
from silver thiosulphate solutions (0.25 M) containing
050 M sodium thiosulphate and 0.2 M sodium
metabisulphite to which varying concentrations of cadmium
are added are shown in Table III. Alloys with varying
cadmium contents are plated from this solution. Deposits
with upto 5% cadmium are white and adherent whereas at
higher cadmium contents, deposits become dull and grey
coated with nonadherent powdery top layer. Current density
plays a very important role in codeposition (Table III,
Fig. 1). Increase in c.d results in deposits containing higher
cadmium content. However, higher c.d appears to be
unfavourable for alloy deposition which gets deposited in
burnt form or as hydroxide resulting in the formation of non
adherent top layer.

Fig. 2, curve 1 shows the relationship between cadmium
concentration in the bath and cadmium content in the alloy.
The curve is characterised by an initial slow increase in
cadmium content followed by a sudden steep increase. It is
observed that the cadmium deposits produced during the
initial slow increase region alone are adherent deposits
whereas at regions within and after the steep increase
deposits have a nonadherent top layer.
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Fig. 2: Influence of addition of
(1) Cadmium to 0.5 M silver thiosulphate
(2) Silver to 0.5 M cadmium sulphate on
cadmium content of alloy deposits
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TABLE IV: Effect of adding silver as
thiosulphate complex to cadmium sulphate baths
pH 4.5, c.d. 1 A/dm?

Bath Concn of Concn of Nature of Cadmium
type silver  cadmium deposit content in
(M) (M) deposit (wi%)
Cadmium 0.00 0.50 * 100.0
as sulphate  0.01 0.50 * 95.0
0.10 0.50 * 54.0
0.30 0.50 ** 18.0
0.50 0.50 Dull white 52
0.75 0.50 White 0.0
Cadmium 0.00 0.50  Uniform white 100.0
as sulphate  0.15 033 Y 40.2
+2glit" 025 0.25 *xx 8.0
CTAB 0.50 025 Duil white 0.0
0.50 0.50 Dull white 5.0
0.50 0.75 i 20.6

* = Non-uniform powdery deposit
** = Grey deposit with non-adherent surface layer
*** = Grey deposit with non-adherent top layer
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Fig. 3: XRD patterns of silver and silver-cadmium alloys
electrodeposited from thiosulphate bath.
Cd content in the alloys (A) 0 (B) 5 (C) 12%
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Influence of adding silver thiosulphate to solutions
with 0.50 M cadmium as sulphate

Effect of silver addition to cadmium baths were observed
(Table IV, Fig. 2, Curve 2) by adding silver as thiosulphate
complex along with sodium thiosulphate and sodium
metabisulphite to cadmium sulphate solution. Alloy deposits
with cadmium higher than 5% are found to be grey in
appearance with a nonadherent top layer. Sound deposits are
obtained upto 5% cadmium in the alloy.

Cetyl trimethyl ammonium bromide (CTAB), an addition
agent recommended [16] in cadmium plating baths was tried
as an additive. Results (Table IV) show that though CTAB
has a smoothening effect on pure cadmium deposition it does
not influence alloy deposition. The percentage composition
of the alloy as well as the nature of the alloy remain unaltered
in presence of this additive.

XRD studies. of silver-cadmium electrodeposits

XRD patterns of Ag-Cd deposits obtained from thiosulphate
solutions are shown in Fig. 3. The patiern obtained for alloys
with upto 5% cadmium show peaks similar to silver, with
slight shift in 20 values indicating the formation of solid
solutions of cadmium in silver. Alloys with higher cadmium
contents give very broad peaks indicating the noncrystalline
nature of the deposits.

Voltammetric investigations

The results of cyclic and anodic sweep voltammetric studies
were analysed using considerations similar to those
suggested in recent literature [17-21]. Cathodic linear sweep
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Fig. 4: Cyclic voltammogram from
thiosulphate silver (0.5 M) solution on glassy carbon electrode
Scan rate: 0.02 V/sec
Switching potential (1) -0.60 (2) -0.80 (3) -1.00 V

voltammograms show two peaks corresponding to
electrodeposition of the two metals. During the anodic cycle,
the number of peaks obtained depends on the switching
potential, thereby indicating the potential control of the alloy
deposition process. In the anodic sweep voltammetric
experiments, the deposition was carried out at controlled
potential followed by stripping of the alloy by sweeping
towards anodic potentials. The number and characteristics of
the stripping peaks are found to be indicative of the nature
of the electrodeposited alloy.

Cyclic voltammograms obtained from thiosulphate silver
solutions (0.5 M) (Fig. 4) show single cathodic and anodic
peaks with the area under anodic peak increasing as
switching potential becomes more negative. This is
indicating the higher amount of metal deposition as we
sweep to more cathodic potentials. Anodic stripping
voltammograms from 0.5 M silver thiosulphate solution
show (Fig. 5a) that there is an increase in anodic peak height
and area under peak when deposition potential changes from
-0.60 to -0.80 V, but at more negative deposition potentials
the peak height decreases. This can be explained to be due
to the fact that the competing reaction of hydrogen evolution
results in decrease of silver deposition efficiency. This is in
conformity with the observation during plating studies that
at high deposition c.d only thin deposits with low cathode
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Fig. 5: Stripping voltammograms of silver and silver-cadmium
alloys electrodeposited from (a) 0.5 M silver thiosulphate
solution (b) a) + 0.8 M cadmium sulphate at various deposition
potentials (1) -0.40 (2) -0.60 (3) -0.80 (4) -1.00 (5) -1.20 V
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Fig. 6: Cyclic voltammogram from thiosulphate silver (0.5 M)
solution containing 0.8 M cadmium sulphate
Scan rate: 0.02 V/sec
Switching potential (1) -0.80 (2) -1.00 (3) -1.20 (4) -1.40 V

current efficiency percentages are obtained (Table IIT). These
thin deposits have nonadherent surface films which may be
due to the formation of silver oxide and sulphide resulting
from bath decomposition as a result of the high pH near the
cathode,

Fig. 6 shows the cyclic voltammetric response from a 0.5 M
silver thiosulphate solution containing 0.8 M cadmium
sulphate. Two cathodic peaks corresponding to silver and
cadmium reductions are observed. When switching potentials
is less than -1.2 V, a single anodic peak at potentials
comparable to the silver reduction peak of figure 5 but of
increased peak height, is obtained indicating the deposition
of silver-cadmium alloy of the solid solution type. When
switching potentials are more cathodic, additional peaks at
more negative potentials are observed which indicate the
possibility of depositing higher cadmium content alloys
belonging to other phases. Results of anodic stripping
voltammetric experiments (Fig. 5b) also lead to similar
conclusions. When deposition potential is gradually made
more cathodic, the stripping peaks show increased peak area
without considerable variation in the peak potential
indicating the formation of solid solutions with varying
cadmium contents. But at cathodic deposition potentials of
1.0 V very shallow stripping peaks extending to more
electronegative potentials are obtained. This shows that as
the deposition potential is increased to achieve conditions
favourable for formation of cadmium rich phases, efficiency
of deposition is reduced considerably. These appear to be

the conditions under which formation of silver oxide and
sulphide results in nonadherent grey surface films.

The conclusion from the above studies is that the thiosulphate
solution is capable of producing only silver cadmium alloys
of the solid solution type. Condition favouring higher
cadmium content is deposition at more cathodic potential,
but this results in production of only thin films.

CONCLUSION

The possibility of codepositing cadmium with silver from a
thiosulphate complexed silver solution was investigated by
electroplating experiments combined with XRD studies and
also by cyclic voltammetric and anodic sweep voltammetric
investigations. But methods of approach give identical
conclusions: the thiosulphate solution is capable of producing
silver-cadmium alloys of the solid solution type in acceptable
form. When cadmium contents are higher, deposits with
nonadherent surface {ilms are obtained.
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