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ABSTRACT

Increase of pollution in recent years, requires monitoring of the corrosion
behavior of artistic bronzes coated with syntetic patina, in urban atmosphere.
This present work aims to investigate the corrosion rezistance of various

artificial patina currently used in bronze sculpture.

Electrochemical and

microscopic methods were used to investigate the protective effect of several
chemically produced patinas on artistic bronze.
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1. Introduction

On a bronze sculpture, the color of the surface
has the ability to enrich the aesthetic.

The art of patination can be defined as a slip
coloring metal surface oxidation, caused by
prolonged exposure in the surrounding atmosphere.
This definition is actually describing the two patina
categories used in the case of bronzes: natural and
artificial.

Natural patina is the result of compounds
formation after corrosive chemical reactions that
occur on the surface of bronze. There is no way to
achieve a true natural patina except with time itself.
This is very important to natural patina but very
impossible for the sculptor, because it requires years
to accomplish an end result. Artificial patinas, on the
other hand, have the advantage not only of creating
similar results of natural patina, they also have the
ability to incorporate a wider range of color hue and
depth not found in natural patinas, and this is
accomplished almost immediately [1].

Making a special color on the surface of bronze
art objects requires a mastery of the artist. This work
is almost unknown until recently, the secrets being
kept by each artist.

The importance of producing artificial patinas
on bronze comes from the well known ability of this
alloy to react against atmospheric agents by forming
different coloured corrosion products of pleasant

aspect, which protect the bronze objects from further
corrosion [2].

Many factors influence the initial development
of the patina, some of them being active throughout
the life of a work of art.

The final quality of the patina depends on the
alloy composition and on environmental conditions it
develops in. From a chemical point of view the patina
layer can be described as a hydrated copper oxide
stabilized on a copper oxide substrate [2, 7 - 9].
However, the poluants present in urban atmosphere
gives birth to various corrosion products on bronze
surface. The most damaging are chlorides (especially
sodium chloride, which encourages the development
of copper chloride), sulfates and oxides, particularly
sulfur dioxide [9 - 13].

Increase of pollution in recent years requires
monitoring of the patination process that was
formerly left to the action of nature.

Artificially produced patina gives to the surface
protection against corrosion and aesthetic value and
can be formed on bronze surfaces by using chemical
reagents or by electrochemical methods [14, 15]. For
this reason, finding new artificial patinas to protect
works of art cast in bronze is a current concern.

In this context, the main objective of this paper
is to study the protective effect of various artificial
patinas deliberately produced by sculptors on bronze.
The study was conducted under conditions that
simulate acid rain.
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2. Experimental data

The bronze used in the experiments was chosen
to be similar to the bronze monument of Matthias
Corvinus in Cluj Napoca which dates back to 1902.
The statues of this monument were made of bronze

on a metal frame and according to the chemical
analysis, the composition of the alloy varies in
different parts of the sculptural group; there are
variations in the percentage of tin, zinc, lead, but the
content of copper exceeds 90% of the alloy in most
cases (Table 1).

Table 1. The chemical composition of the alloy used in the casting
of the King Matthias the I'' sculptural group

Sn | Pb | Zn I Cu

[%o]
Sample 1 7.17 0.08 0.36 rest
Sample 2 8.00 0.52 1.30 rest
Sample 3 7.72 0.41 0.21 rest

Consequently the alloy used in electrochemical
studies, according to current standards, was chosen

CuSn8, whose chemical composition is displayed in
Table 2.

Table 2. The chemical composition of the used alloy

Allo Cu | Sn Impurities, [%] max
Y [%] Zn | Pb | Sb | Fe | Al | S | Bi | Mg | As | Mn | Ni
CuSn8 rest | 79 ] 08 ] 1.0 ] 01 | 02 [0.02]0.17]001]001]015]02] 1.0
For microscopic study, the electrodes were The metallographic analysis revealed the

polished on the polishing machine with alumina
paste, after which the surface was washed with
ammoniacal cupric chloride. The study of the surface

was conducted through optical microscopy
(OLIMPUS GS 51).

existence of a homogeneous structure, the crystals
having polyhedral appearance with macles (Fig 1).

Crystalline grain size is between 50-200 pm,
which gives the alloy a high resistance to corrosion
[16].

Fig. 2. Microscopic structure of bronze used for electrochemical studies: a — x100; b —x200; ¢ — x500
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Figure 2 presents the microscopic structures of
electrodes, magnified at x100, x200, x500, which
were subjected to accelerated corrosion in an
environment that simulated acid rain.

The images in Figure 2 display the dendritic
segregation of the o solid solution and interdendritic
segregations of eutectoid a + 6 in small quantities.
The eutectoid a + 6 is formed in a Cu - Sn alloy and
results from the decomposition of phase y at a
temperature of 520 ° C (see the equilibrium diagram
Cu - Sn). According to the picture displayed in the
Metallurgic Atlas, the structure is the specific one for
a cast bronze. The electrochemical corrosion
measurements were performed on a PC — controlled
electrochemical analyzer AUTOLAB — PGSTAT 10
(Eco Chemie BV, Utrecht, The Netherlands) using a
three electrodes cell containing a working electrode, a
saturated calomel electrode (ECS) as reference
electrode and a platinum counter electrode.

The working electrodes made of bronze CuSn8,
cylindrical shaped, were placed in a PVC tube, while
the sealing was assured with epoxy resin. In this way,
the surface of the electrode exposed to the solution
was disk - shaped, with a surface S = 1.76¢cm”. For
electrical contact a metal rod was attached (Figure 3).

The electrolyte solution for corrosion
measurements contained 0.2g/L Na,SO4 + 0.2g/L
NaHCOj; (pH = 5) and simulate acid rain.

Fig. 3. The electrodes used during the
experiments

The study was conducted on three electrodes
covered with an artificial patina: electrode (1) was
treated with flowers of sulfur; electrode (2) was
treated with a solution containing copper sulfate and
potassium permanganate and electrode (3), with
sodium thiosulfate and ferric nitrate.

3. Results and discussion

The experiments started with measuring the
potential of the working electrode in an open circuit
for a period of 3600s, the records being presented in
Figure 4.

As shown in figure 4, for all studied electrodes, in the
first minutes of immersion in the corrosive solution,
the potential in open circuit evolves towards more
positive values, reaching a stationary value after
approx. 35 minutes. This behavior can be attributed to
the chemisorption of oxygen on the surface of the
dissolved bronze, along with the formation of surface
oxide layers, hydroxisulfate and/or hydroxycarbonate
[19].
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Fig. 4. Time variations of the open circuit
potential of the bronze electrodes immersed in
0.2g/L Na;SO, + 0.2g/L. NaHCO; (pH = 5)

It can be noticed that the open circuit potentials
of the coated electrodes 1 and 3 are more positive
than that of bare bronze, suggesting an interaction of
the patina with the anodic process (metal dissolution),
while the open circuit potential of electrode 2 is the
same with that of bare bronze suggesting a weak
protection effect of the corresponding patina.
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Fig. 5. Linear polarization curves (£ 20 mV vs.
ocp) for the studied electrodes immersed in
0.2g/ L Na,SO,; + 0.2 g/l. NaHCOj; (pH = 5)

To determine the polarization resistance of the
electrodes, linear polarization curves were recorded,
in the potential domain of = 20 mV around the value
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of the open circuit potential (ocp) (Figure 5). The  calculated as the inverse of the slope of each curve,
polarization resistance values for each electrode,  are shown in Table 3.

Tabel 3. The value of polarization resistance (R, = 1/p, p is the slope of the curve)

Electrode Slope (p) R,=1/p [Q]
Patina 1 7.25x10™ 1380
Patina 2 2.25x10™ 4444
Patina 3 1.87x10™ 5348
Bare bronze 3.24x10™ 2060
As can be seen from Table 3, the highest value To determine the kinetic parameters of the

for R, was noticed in the case of the electrode (3),  corrosion process, polarization curves were recorded
treated with a solution containing sodium thiosulfate  in the potential range of + 200mV vs. ocp (Figure 6).
and ferric nitrate.
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Fig. 6. The polarization curves (= 200 mV vs. ocp) for the studied electrodes immersed
in 0.2g/L Na,SO, + 0.2g/L NaHCO; (pH = 5)

The kinetic parameters of the corrosion process  polarization curves and the results are presented in
were determined from the Tafel interpretation of the  Table 4.

Table 4. Corrosion process parameters for the examined samples

Electrode Ocp Ecor icor Ba B
[mV vs SCE] [LA/cm?] [mV]
Patina 1 -48 -101 3.25 91 77
, (12231 ) 95 65 1.87 85 134
Patina 3(green) 41 17 1.33 55 164
Bare bronze 51 46 5.36 46 284

. and B, are the Tafel coefficients

As shown in Table 4, all the patinas determine a  corrosion in comparison with the other two synthetic
decrease of corrosion current density of the bronze  patinas. Treatment 3 seems to be the best among the
sample. Among them the coated electrode 1 is the  treatments tested; however, the amelioration of
less resistant to corrosion and it presents accelerated  corrosion rate is not significant. Moreover, no definite
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trend was observed in the shift of §, and B values in
the case of different patinas. A comparison between
the corrosion current density and of the polarization

resistance values of investigated electrodes is shown
in Figure 7. The electrodes surfaces after the
accelerated corrosion tests are presented in Figure 8.
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Fig. 7. Variation of corrosion current density and of polarization resistance
for the investigated electrodes
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Fig. 8. The electrode surfaces after the corrosion test performed in a solution containing
0.2g/L Na,SO, + 0.2g/L. NaHCOj; (pH = 5), a) patina 1, b) patina 2, c) patina 3

4. Conclusions

In this paper we compare the corrosion
resistance of the patina obtained by using traditional
flowers of sulfur with new synthetic, chemically
obtained patinas on bronze. Corrosion tests were
conducted in an environment that simulates acid rain.

Bronze coated with new synthetic patinas have
a higher corrosion resistance than the traditional one
prepared with sulfur.

In future we intend to investigate some new
recipes and new methods of corrosion protection of
artistic bronzes.
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