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Structural study of Ag layers deposited from solution of

silver sulphite complexes
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When silver coating deposition proceeds via the discharge of silver sulphite complexes, this

coating is of a rather good quality. The application of cathodic current pulses was found to
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increase the degree of microcrystallinity of Ag layers. This fact can be illustrated, particu-

larly, by a decrease of the dimensions of Ag crystallites from 0.7-5 pm at a constant current
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to 0.1-0.5 um at a pulse current, i. e. approximately tenfold. Unfortunately, the problem of
porosity of Ag coatings electrodeposited from sulphite solutions remains unsolved. The
porosity of these coatings makes 1-3% of its surface.
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INTRODUCTION

Silver is one of the commonly used functional metals for
various engineering applications due to its excellent electri-
cal and thermal conductivity and good ductility. However, the
use of mainly cyanide solutions for the deposition of silver
coatings on various substrates essentially limits its scope of
application. Therefore, from the practical point of view, it is
important to replace the high-toxic cyanide solutions by less
or nontoxic solutions. Among these, sulphite-containing so-
lutions offer serious advantages.

There are some reports in the literature on silver plating
from solutions of this kind [1-5]. Most publications on this
subject are related with applicability. The results of electro-
chemical study have recently been presented in our publica-
tions [3-5]. Particularly, dependence of the exchange current
densities of silver on the concentration of free sulphite ions
in a series of isopotential solutions and a reasonable mecha-
nism of electrode reaction have already been studied.

It is well known that knowledge of the structure and com-
position of the electrode surface and the electrodeposited
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layers is of great importance for explaining the mechanism
of electrode reactions under study and the most important
properties of these overlayers. It is obvious that insights into
the structural properties of silver deposits may allow not only
improving the technological parameters of the silver plating
process from sulphite solutions, but also expanding the area
of its applicability.

The purpose of the present communication is to estab-
lish the main structural characteristics of silver coatings
electrodeposited from sulphite solutions. Having in mind
that, in some cases, silver coatings can be somewhat porous,
a correlation between the results obtained with different sub-
strates — silver and copper — will be made as well.

EXPERIMENTAL

The solutions were prepared from distilled water, p.a. quali-
fication salts Na,SO, and Ag SO,.The electrolytes were pre-
pared freshly before every new experimental series because
of the rapid sulphite ion oxidation by air oxygen. All experi-
ments were performed at a temperature of 20 °C.

The deposition of silver was performed galvanostatically
or with a pulse current at 5 mA/cm? on copper and silver
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plates using the AUTOLAB 302 system and the control device
program GPS for a computer. The mode of the pulse current
was as follows: duration of each current pulse was 0.1 s, fol-
lowed by a 0.5 s break. The total duration of electrolysis in
both cases was 30 min. Surface morphology was investigated
with the LEO 435VP and Philips XL 30 ft. 6 scanning electron
microscopes.

The calculated thickness of the silver layer was close to
10 pm.

RESULTS AND DISCUSSION

Figure 1 shows representative SEM images of the morphology
of silver layers electrodeposited at a constant current (5 mA/
cm?) (a) or using a pulse current (b). As one can see, when a
pulse current was used, the linear dimensions of crystallites
were smaller and ranged from 0.7 to 5 um (a) and from 0.1
t0 0.5 um (b).

A closer examination of the SEM images obtained from
the surface of a silver sample deposited with a pulse current
showed that, even in this case, the surface of the electrode
had some regions where the deposits seemed to be rather
inhomogeneous (Fig. 2). It is quite possible that the coating
consisted of pure silver, but this inhomogeneity was due to
the different orientation of Ag crystallites. For a more detailed
analysis, different magnification of SEM images was applied.
Part of the obtained results is presented in Fig. 24, b. It should
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Fig. 1. SEM images of the morphology of silver coatings. Cathodic current den-
sity: 5 mA/cm? The current mode: constant (a) or pulse (b)

be noted that in these cases silver was electrodeposited on a
copper substrate.

Then, using SEM with an X-ray microanalyzer, we found
that in the sampled regions, as shown in Fig. 2b, indications
of the presence of copper were revealed (Fig. 3). Bearing in
mind that copper ions are absent in the working solution and
that copper deposition from sulphite solutions is rather dif-
ficult, it can be concluded that the X-ray microanalyzer fixed
the copper phase from the copper substrate. In some cases, a
signal indicating the presence of Na in the pore was identi-
fied (Fig. 3b). On the basis of our experimental data, this fact
cannot be reasonably explained.

As for the contents of copper in silver coating pores, it can
be rather roughly supposed that their values can be approxi-
mately correlated with the total area of these pores.

To check additionally whether the determination of Cu
signals in the pores of Ag deposits was not caused by the con-
tamination of reagents with Cu salts, separate experiments
were carried out with a pure silver substrate. In this case, elec-
trolytical silver was also porous (Fig. 4). However, with the
use of an X-ray microanalyzer, it was shown that the elemen-
tal composition of the incorporated particles in the pores
differed from data on Ag coatings on the Cu substrate. One
can see in Fig. 5 that a signal characteristic of sulphur was
revealed in this case. Such a finding may be due to Na,SO, or
its degradation compounds. Of course, that such a supposi-
tion should be strongly verified in future. The possibility of
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Fig. 2. SEM images of the morphology of silver coatings obtained with the pulse
current at different magnification
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Ag Spectre 1
a Elements | Mass. % | Atom. %
Cu 1.64 3.27
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Total: 100.00
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Spectre 2
b Ag Elements | Mass.% | Atom.%
Na 1.55 6.8
Cu 1.97 3.1
Ag 96.48 90.1
Total: 100.00
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Ag Spectre 3
¢ Elements | Mass.% | Atom.%
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Fig. 3. Elemental compo-
sition of silver deposits de-
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the formation of surface silver sulphide cannot be ruled out,
either.

When the sampled region was chosen in the area of a
homogeneous Ag coating, the same analysis showed a 100%
pure silver surface.

From the above experimental data we can conclude that
when silver deposition proceeds via the discharge of silver
sulphite complexes, the coating is of a rather good quality.
Application of cathodic current pulses was found to increase
the degree of microcrystallinity of Ag layers. This fact can be
illustrated, particularly, by the decrease of the dimensions
of Ag crystallites from 0.7-5 pum at the constant current to
Fig. 4. The same as in Fig. 2, but with the silver substrate 0.1-0.5 pm at the pulse current, i. e. approximately tenfold.
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Spectre 1
Elements | Mass. % Atom. %

Na 18.19 36.21

S 11.48 19.88

Ag 70.33 4391

Total: 100.00

8 9 10
keY

Fig. 5. The same as in Fig. 3, but for the sampled region from Fig. 4

Unfortunately, the problem of porosity of Ag coatings elec-
trodeposited from sulphite solutions remains unsolved. The
porosity of these coatings makes 1-3% of their surface.

CONCLUSIONS

1. We succeeded in obtaining microcrystalline galvanic silver
layers by reducing silver sulphite complexes. Such layers are
of a higher quality when the pulse current is used.

2. However, some porosity (ranging within 1-3% in dif-
ferent regions of the layer) is still present.

ACKNOWLEDGEMENTS

The authors are grateful for financial support from the ERAS-
MUS programme, which allowed to visit the Ecole Centrale
Paris in France where the research was carried out.

Received 23 November 2009
Accepted 9 December 2009

References

. E.Danilczuk, Roczniki Chem., 44, 1657 (1970).

2. R. R. M. Johnston, M. Spiro, J. Phys. Chem., 71, 3784
(1967).

3. G. Baltrinas, A. Valianiené, Z. Margarian, G. Viselgiené,
G. Popkirov, Electrochim. Acta, 53, 6513 (2008).

4.  G. Baltranas, A. Valitiniené, G. Viselgiené, 7. Margarian,
Cheminé technologija, 2, 29 (2007).

5. G.Baltranas, A. Valitiniené, A. Andruskevi¢, G. Viselgiené,
Chemija, 18,7 (2007).

Gintaré Viselgiené, Gintaras Baltriinas, Henrikas Cesiulis,
Dijana Simkiinaité
SIDABRO GALVANINIU DANGU, NUSODINTU IS

KOMPLEKSINIU SIDABRO SULFITINIU TIRPALU,
STRUKTUROS TYRIMAI

Santrauka

Redukuojant sidabro sulfitinius kompleksus, katodo pavirsiuje
formuojasi gana kokybiska sidabro galvaniné danga. Naudojant
impulsine srove, sidabro dangos kokybé (smulkiakristaliskumas)
itin pager¢ja. Panaudojus nuolatine elektros srove, kai kuriy sidabro
kristality matmenys pakinta nuo 0,7 iki 5 um, o panaudojus im-
pulsine - sidabro kristalitai sumazéja beveik 10 karty (0,1-0,5 pm).
Deja, reikéty pabreézti, kad i§ sulfitiniy kompleksy nusodinant si-
dabro galvanines dangas porétumo problemos lieka nei$sprestos.
Siy dangy akytumas skirtingose pavirsiaus vietose kinta 1-3 %.



