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Abstract From technical and industrial heritage, curators
are in charge of numerous and important collections of
metallic items which are representative of the industrial and
technical development of our societies. The diagnosis of the
conservation state and the choice of the restoration
treatment are important questions that have to be solved
by curators to avoid expensive restoration works. This
paper proposes to show how simple electrochemical
techniques can be used as an efficient tool to contribute to
the diagnosis of the conservation state of metallic artefacts
and to monitor the restoration treatment through three
examples. In the case of the very-corroded aluminium
alloys of aircraft belonging to the Air and Space Museum
(Le Bourget, France), stationary electrochemical measure-
ments are able to characterise the allowable electrochemical
effect of thick corrosion layer on the corrosion rate of metal
but are not sufficient to give a complete diagnosis. In
contrary, for the bronze part of the miner's lamp collection
of the Mining History Centre of Lewarde, France and the

nickel-plated steel of an ancient typewriter of the Musée
des Arts et Metiers, Paris, France, an inhibition treatment
based on sodium carboxylate within the framework of
temporary conservation treatment was applied with success,
on the basis of the electrochemical results obtained in the
present study.
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Introduction

One of the main problems encountered by curators in
charge of metallic collections is related to their long-term
conservation since metallic artefacts undergo corrosion
phenomena which are the result of the interaction between
the metal and its environment.

Since the 1970s, the number of collection registered in
museums or protected buildings related to the technical
scientific and industrial field has rapidly increased because
society wishes to preserve those materials which constitute
traces of our industrial development.

Compared to the collection of archaeological artefacts
exposed in classical museums, the industrial and technical
heritage is composed of numerous objects as the collection
of 700 miner's lamp in the Mining History Centre of
Lewarde, France or voluminous artefacts as aircrafts in the
Air and Space Museum, Le Bourget, France and is
composed of multi-materials as the technical objects of
the collection of the Musée des Arts et Métiers, CNAM,
Paris, France. Because of their size and number, this kind of
collections is often stored or exhibited in uncontrolled
atmospheric conditions as halls or hangars and sometimes
outdoor.
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So, nowadays, curators and conservators have two main
questions: how to diagnose and to predict the corrosion rate
of these collections and how to choose or to develop
specific treatments for this kind of objects?

The objective of this paper is to show how electrochem-
ical measurements can bring some scientific and technical
answers to these questions. For almost 40 years, electro-
chemical techniques are mainly used in the field of
electrolytic treatments with the objectives of removing
chemical species like chlorine anions from thick corrosion
layers of marine or buried artefacts [1-3]. They were also
applied to reduce corrosion products to strengthen the
corrosion layer and to find again a metallic surface aspect.
This electrochemical reduction of the corrosion layer was
successfully applied in the case of lead artefact covered by
white lead oxide and carbonates [4, 5]. Since the 1980s,
electrochemical methods were also used for choosing and
developing new conservation strategies in order to charac-
terise the kinetic of the corrosion processes and to evaluate
the efficiency of new protection systems [6, 7].

Now, the interest for those methods has also increased in
the context of the preservation of scientific and technical
metallic elements of cultural heritage since they are usually
conserved in uncontrolled environmental conditions. To
illustrate the electrochemical methodology that can be used
in the field of the conservation of scientific and technical
metallic artefacts, we present three examples in this paper.

The first one concerns the use of stationary electrochem-
ical techniques to characterise the reactivity of corrosion
layer on aluminium artefact. The objective is to contribute
to a reliable diagnosis of degradation of aluminium alloys
in the collections of the Air and Space Museum of Le
Bourget. In fact, since 30 years, new metallic materials as
aluminium or magnesium alloys appear in some industrial
and technical collections.

The second one is related to the development of new non-
toxic inhibiting treatment for the protection of bronze
artefacts and in particular of a collection of miner's lamps
belonging to the Mining History Centre of Lewarde. These
protection treatments should be easy to apply, cheep and
non-toxic. The two main conservation ethic rules applied in
the cultural heritage domain should also be respected: no
modification of the surface aspect and easily removable.
Considering these constraints, soft treatments as application
of corrosion inhibitors are one of the solutions that could
satisfy these conditions. Corrosion inhibitors, like benzotria-
zole or tolutriazole, have been already used in the case of
antique copper alloys conservation [8]. But now, these
inhibitors cause some problems of toxicity for the applicants.

In this way, the efficiency of non-toxic linear sodium
monocarboxylates of the general formula CH3(CH2)n−
2COONa as corrosion inhibitors of Cu, Zn, Pb and Mg in
aerated aqueous solutions was investigated in previous

studies for industrial applications, and now, developed in this
paper for the protection of metallic cultural heritage [9-11].
These compounds are derived from fatty acids extracted
from vegetable oil (colza, sunflower and palm). As proved
by X-ray diffraction, infrared and X-ray photoelectron
spectroscopy characterisations, carboxylates have the
ability to form a thin film of metallic soap after an initial
oxidation of the metal surface by the dissolved oxygen in
the treatment solution [12]. In general, the material
responsible of the corrosion protection on the metal has
a general formulae: M(CH3(CH2)n−2COO)2 where the
cation is M2+ and n is the carbon number of the
carboxylate anion. A simple inhibition treatment is
proposed and tested in real conditions.

The last one presents the work realised for the restoration
of a typewriter TYPO model no. 1 of Manufrance which
belongs to the collection of the Musée des Arts et Métiers,
Paris. This object is mainly composed of nickel-plated
steel. The restoration work performed by Juliette Zelinsky
concerns the two aspects of the use of electrochemical
techniques: the diagnosis of the metallic materials and the
evaluation of the efficiency of the restoration treatment

Experimental methods

The metallographic observations of archaeological samples
were carried out after embedding in epoxy resins under
vacuum. Then, the samples were polished with successively
finer grades of SiC emery papers then with colloidal silica
dispersed in water or with diamond suspension (particle
size=0.1 µm). Some elemental analyses were performed on
metallographic cross-section by electron probe microanal-
ysis (EPMA), and a scanning electron microscope (SEM
Hitachi S-2500) was used to carry out the surface
observations.

For the electrochemical measurements, the corrosive
medium used is the American Society for Testing and
Materials (ASTM) D1384-87 standard (noted ASTM corro-
sive solution) [13-15], which has the following composition:
148 mg/l Na2SO4, 138 mg/l NaHCO3, 165 mg/l NaCl.
Linear sodium heptanoate (CH3(CH2)5COONa) and sodium
decanoate (CH3(CH2)8COONa) were prepared through
neutralisation of heptanoic and decanoic acid by sodium
hydroxide solution until pH 8 (98 wt.%; Sigma-Aldrich
reagents). Acids were firstly dispersed in deionised water at
around 40°C. Then, NaOH solution was added until pH 8.
At room temperature, the carboxylate concentration and pH
were adjusted by dilution and addition of NaOH solution.
The ASTM corrosive solutions containing different concen-
trations of NaCn were prepared, and their pH was adjusted to
8 with NaOH solution. Electrochemical tests were performed
in a three-electrode electrochemical cell connected to an
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EGG PAR 273A potentiostat and driven by a computer. A
circular and horizontal working electrode (2.8 cm2) was
placed at the bottom of the cell under a Pt-disc electrode. The
reference electrode was a KCl-saturated calomel electrode
(Hg/Hg2Cl2, E=+0.242 V/SHE), and all working electrode
potentials are given versus this reference electrode.

The measurement of galvanic coupling was carried out
in a specific electrochemical cell constituted by the two
metals, nickel and iron, and a reference electrode, driven by
the same potentiostat. The two metallic electrodes have the
same surface of 3 cm2.

The modern metallic coupons (steel XC38, nickel and
bronze with 20 wt.% of tin) used as working electrodes was
mechanically polished with successively finer grades of SiC
emery papers. These samples were finally rinsed with distilled
water and ethanol and dried. The archaeological samples used
as working electrode were used as received. The following
experimental sequence was used in aerated conditions:

1. measurements of the corrosion potential (Ecor) and the
polarisation resistance (Rp) performed every 2 h for a
duration of 20 h with a scan rate of 0.166 mV/s for a
range of 40 mV (Ecor±20 mV). The error in the Rp
measurements was evaluated at <10%.

2. recording of the potentiodynamic curve, i= f(E), from
−250 to 1,300 mV versus Ecor with a sweep rate of
1 mV/s.

In the case of the miner's lamp study, the following test
cycle in a climatic chamber (KBEA 300, LIEBISCH) was
used: 8 h at 100% humidity and 40°C, then 16 h under the
room conditions.

Diagnosis of aluminium alloys in ancient aircrafts

Because aluminium alloys have been widely used for
industrial purpose for almost 80 years, many aluminium
elements are nowadays registered in museum collections.
This fact is very significant in the case of air and space
museums which preserve a large number of aircrafts mainly
made of aluminium alloys.

Unfortunately, due to the large dimensions of these
aircrafts, the conservation in controlled environmental
conditions is often very difficult and forces the one
responsible for the collection to store them outdoor. In
these storage conditions, the aluminium surface undergoes
important corrosion processes. Especially, the Al–Cu alloys
used as structural materials in aircrafts which are very
sensitive to atmospheric corrosion leading to the growth of
thick corrosion product layers at the metal surface.

The aluminium long-term atmospheric corrosion and the
effect of thick layers of corrosion products on the corrosion
rate are still unknown and are important for the develop-
ment of coherent conservation strategies. In the field of

a) b) 

Fig. 1 a Mirage IV in the Air
and Space Museum, Le Bourget,
France, b macroscopic aspect of
the inspection hatch under the
wing of the plane (exterior face)

a) b) 

Fig. 2 Metallographic cross-
section of the inspection hatch
of Mirage 4. a The external face,
b the internal face
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restoration, the question of the complete removal of the
corrosion layer is recurrent. In fact, the thick corrosion
layers can contain some historic information like identifi-
cation marks and roundel that should be conserved for
historical purposes, but they may often induce a negative
effect on the corrosion rate of metal. On the other hand, the
removal of these corrosion layers is generally difficult to
perform and very expensive due to the large surface that
must be treated. Thus, curators in charge of the conserva-
tion of these aircrafts need to have information to predict
the reactivity of the metal covered with thick corrosion
layer to propose a diagnostic of degradation and to avoid
large and expensive restoration works.

In collaboration with the Air and Space Museum at Le
Bourget, France, we have studied the corrosion behaviour
of very-corroded aluminium alloys observed on these
airplanes. At first, several samples were collected on
aircrafts over a large period from 1930 to now. In this
study, the electrochemical study realised on an inspection
hatch of a French fighter aircraft Mirage IV was carried out
(Fig. 1).

The metallographic analysis SEM image of the cross-
section of the external face and internal face presented in
Fig. 2 reveals the development of intergranular and lamellar
corrosion processes which lead to the formation of thick
laminated corrosion layers. The average thickness of the

corrosion layer is about 500 µm on the external face. As
aluminium oxide and hydroxide are more voluminous than
aluminium metal, the internal growth of the corrosion
products inside the metal induce important mechanical
stresses in the intergranular region of metal as can be seen
in the Fig. 2a [17]. Some authors have evaluated the local
mechanical stress between grains of about 4 and 5 MN m2,
which leads to the crumbling of the metal.

In contrary, the metallographic cross-section obtained for
the inner face of the hatch show a much thinner corrosion
layer as can be seen in Fig. 2b. In this case, better
conservation conditions have allowed the preservation of
the initial anodised layer. The homogeneous presence of
several percents of sulphur and its regular thickness (about
10 µm) proves that this layer is the initial protective
anodised layer.

Elemental analysis performed by EPMA shows that the
aluminium matrix contains 3.8 wt.% of copper and 0.66 wt.
% of manganese. A large amount of intermetallic precip-
itates can be seen in the metal with a chemical composition
of Al(Cu, Fe, Mn) or Al2Cu. This composition is very close
to the AA2024 aluminium alloy composition [16].

Electrochemical measurements were performed versus
the immersion time in ASTM corrosive medium on the
sample covered with the thick corrosion layer, displayed on
Fig. 2a, and the polished sample (clean metal). With or
without the laminated corrosion layer, the aluminium alloy
exhibits a very similar electrochemical behaviour as
displayed in Fig. 3. During the immersion, the corrosion
potential and the polarisation resistance values remain very
stable at around respectively −500 mV and 10 kΩ cm2.

However, the correct evaluation of the surface of the
corroded sample, as displayed in Fig. 2a, is very difficult;
so, the real surface and, consequently, the Rp values are
slightly underestimated.

The resistance to pitting in the presence or not of the
corrosion layer was evaluated by recording the potentiody-
namic curves after 24 h of immersion (Fig. 4). As for the
previous electrochemical measurements, the presence of a
thick corrosion layer above the metal does not induce
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Fig. 4 Potentiodynamic curves of polished Al alloy and as-received
Al alloy, constituting the inspection hatch under the wing of Mirage 4,
after 24 h of immersion in ASTM corrosive water (Fig. 2a)

0 5 10 15 20 25
-800

-600

-400

-200

0

E
 /

 m
V

Immersion time /h

 polished

 as-recieved
d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

a)

0 5 10 15 20 25
10-1

100

101

102

R
p

 /
 k

Ω
 .c

m
2

Immersion time / h

 polished

 as-recieved
d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

d e m o d e m o d e m o d e m o d e m o

b)

Fig. 3 Evolution of corrosion
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tance in ASTM corrosive water
of polished Al alloy and as-
received Al alloy, constituting
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wing of Mirage 4 (Fig. 2a)
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change in the electrochemical behaviour. In fact, for the two
samples, the current measured both on the anodic and
cathodic regions are of the same order of magnitude.
Consequently, electrochemical measurements performed in
immersed conditions does not reveal significant differences
between the corrosion behaviour of polished and as-
received or corroded samples.

In others words, the presence of thick corrosion layer on
aluminium alloys has a poor effect on the electrochemical
kinetic of the corrosion phenomenon in immersed con-
ditions. Moreover, if we consider that the apparent surface
may be underestimated, the thick corrosion layer can be
consider as slightly protective in the electrochemical point
of view. This result is very different from what has been
observed for iron artefact for which the composition of the
corrosion layer can greatly influence the corrosion rate of
iron underneath the oxide layer [18].

Nevertheless, aluminium hydroxides which are the main
constituents of these corrosion layers can easily absorb
some pollutants such as SOx, NOx, and especially water. So,
the variation of humidity and temperature in some
conditions of conservation can affect the composition and
the volume of the corrosion products and the cyclic change
of corrosion products volume as a function of humidity and
temperature can induce important mechanical stresses in
these intergranular corrosion forms. The influence of sharp

temperature and humidity fluctuations is not modelled and
the influence of the mechanical properties of the corrosion
layer is not considered in electrochemical measurements in
immersed conditions.

In this case, electrochemical measurements are not
sufficient to conclude about complete recommendations
on conservation or restoration treatments. Further work
should be devoted to the study of cyclic hydration and
swelling of corrosion products of aluminium, which can be
the main threat for the conservation of aluminium artefacts
in cyclic atmospheric conditions. Then, the objective of
future protection systems could be a stabilisation of the
aluminium hydroxide compounds versus the hydration
processes.

Protection of miner's lamp in bronze

The development of new soft processes which can contribute
to a decrease of the corrosion rate of metallic artefacts is one
of the objectives of research in conservation. This kind of
research is mainly motivated by large requests of curators
responsible of metallic collections who try to avoid
systematic and expensive restoration works. This is the case
of the collection of 700 miner's lamp of the Mining History
Centre of Lewarde localised in an old colliery.
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Fig. 5 Polarisation resistance
versus immersion time of
bronze in ASTM corrosive wa-
ter containing different amounts
of a sodium heptanoate (NaC7)
and b sodium decanoate
(NaC10)
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In this part, we report the results obtained with sodium
carboxylate compounds for bronze protection. The efficiency
of heptanoate and decanoate anions was evaluated by both
stationary electrochemical measurements and accelerated
tests in a humidity chamber. Then, an inhibition treatment
was set up and applied on parts of miner's lamp in bronze.

Inhibition efficiency on bronze (20 wt.% Sn)

Firstly, the inhibition efficiency on bronze coupons was
evaluated. Figure 5 shows the evolution of the polarisation
resistances of bronze in both ASTM corrosive water and the
same electrolyte containing different amounts of sodium
carboxylates. For carboxylate concentrations higher than
0.0075 M, the Rp values reach a 100- to 150-kΩ cm2 range,
which corresponds to an inhibition coefficient (IC) of about
85% IC ¼ Rpwith inhbitor � Rpwithout inhbitorð Þ=Rpwith inhbitorð Þ.
The Rp values recorded in the presence of NaC7 seems
slightly higher than the one with NaC10. Nevertheless, the
two carboxylates exhibit comparable protection at corrosion
potential.

The polarisation curves recorded on the bronze soaked in
ASTM corrosive water containing sodium carboxylates
confirm their inhibiting character (Fig. 6).

Without inhibitor, the current density in the anodic
region rapidly increases until 0.1 mA/cm2, which indi-
cates a fast dissolution of the metal in this corrosive
medium. In the presence of carboxylates, the cathodic
reduction of oxygen on bronze is poorly affected by the
presence of the passive layer formed by the carboxylate
anions, as shown by the shape of the cathodic region of
the polarisation curves. In contrast, a threshold concentra-
tion is necessary to drastically affect the anodic region and
to form a large passive plateau with a passive current
around 10−6 A/cm2. This threshold effect is also confirmed
by the Rp measurements.

We can notice that the threshold concentration to obtain
an efficient passive plateau is around 0.025 M with the

decanoate anion and around 0.05 M with the heptanoate
anion.

With 0.01 M of NaC10, we observe an oxidation peak at
around +100 mV, which corresponds to the oxidation of
metal, before the formation of a small passive plateau. In
fact, the concentration of carboxylates seems to be not
sufficient to naturally form a protective layer of metallic
soap, according to the mechanism mentioned in previous
studies [8-11]

Finally, the sodium carboxylates with seven and ten
carbons have a similar efficiency to inhibit bronze corrosion
with a maximum IC of about 90%. Nevertheless, a long
carbon chain is required to assure a sufficient protection at
high potential and relatively low concentration. For
example, at 0.025 M, decanoate anion allows to form a
more stable passive layer than heptanoate on bronze, as
shown in the Fig. 6.

These electrochemical results are confirmed by the
photographs of treated and non-treated bronze coupons
after 3 weeks of climatic chamber test. The inhibition
treatment with carboxylates is a simple dipping in a 0.05-M
sodium decanoate solution (pH 8) during 24 h to form the
passive layer that is certainly constituted by metallic soap,
as previously determined on others metals [9-12]. As can be
seen in the Fig. 7, the treated samples with sodium
decanoate show a slightly tarnished surface after 3 weeks
of climatic cycle, though the non-treated sample present a
dark and thick corrosion layer with some pits.

Applications and efficiency on miner's lamp

The final goal is to evaluate the efficiency of this inhibitor
for the treatment of real samples as the miner's lamp
collections of the Mining History Centre conserved in

Fig. 8 Collection of miner's lamp in the Mining History Centre of
Lewarde, France

a/ b/

Fig. 7 Photographs of bronze coupons after 21 days in the climatic
chamber a without inhibiting treatment and b treated in a 0.05-M
sodium decanoate solution during 24 h
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uncontrolled conditions; the inhibition treatment with
sodium decanoate was tested on the copper alloy part of a
miner's lamp (Fig. 8). After several months of exposition in
the atmosphere of the museum, no visible corrosion is
observed.

Diagnosis and protection of a typewriter in nickel-plated
steel

Another feature of the objects of the technical and industrial
heritage is that their forms are complex and they are
composed of several pieces and materials. Moreover, the
question of the restoration in “working in order” of some
technical object is important in the project of museums.
This is the case of a mechanical artefact, a typewriter TYPO
model no. 1 of Manufrance (1913–1923), belonging to the
collection of the Musée des Arts et Métiers, Paris, France.
The major part of the mechanical pieces of the typewriter
was made in nickel-plated steel. The greenish colour and
the presence of orange pits on these pieces indicate
important corrosion, which are unattractive for museum
exposition and prevent the working of the mechanism
(Fig. 9).

So, the objectives are to evaluate the corrosion behaviour
of the materials, which can be named “corroded nickel-

plated steel”, and to propose an inhibition treatment adapted
to this kind of object (work performed by Juliette Zelinsky).

In the same way, the use of a soft protective treatment
with a corrosion inhibitor is the chosen strategy for the
conservation treatment.

In this case, the potentiodynamic curves of steel and
nickel in these materials were recorded after 24 h of
immersion in ASTM solutions containing different concen-
trations of sodium decanoate (Fig. 10). The steel sample
shows a relatively low corrosion potential value without
inhibitor in the ASTM corrosive water (around −800 mV)
and is rapidly corroded when the potential increases. We
can note an anodic current density of 1 mA/cm2 at about
−200 mV. With the addition of sodium decanoate, the large
increase of the corrosion potential value until −200 mV is
associated by the measurement of a large passivation
plateau with a passive current density of about 10−6 to
10−7 A/cm2 as revealed on the Fig. 10a. The inhibiting
effect on steel corrosion increases with the increase of
sodium decanoate concentration. Overall, the corrosion rate
of steel with decanoate is approximately decreased by two
orders of magnitude.

The corrosion current densities of nickel are lower
than the values of steel; however, we can notice that
nickel is subject to pitting phenomenon in this low
corrosive media with a pitting potential at about

a) b) 

Fig. 9 a Typewriter TYPO
model no. 1 of Manufrance
(1913–1923), b a key in nickel-
plated steel of the typewriter
used for the electrochemical
measurements
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Fig. 10 Potentiodynamic
curves of steel (a) and nickel (b)
coupons in ASTM reference
corrosive water without and
with 0.01 or 0.05 M of NaC10

after 24 h of immersion
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300 mV. The addition of sodium deaconate has no
detectable effect on the corrosion potential and corro-
sion current density of nickel because the corrosion rate
of nickel is already very low in the ASTM corrosive
water. Nevertheless, the presence of 0.5 mol/l of NaC10

is able to suppress the pitting phenomenon of nickel and
stabilise an efficient passive plateau with a passive current
about 10−6 A/cm2.

An important characteristic of corroded nickel-plated
steel materials is the galvanic coupling between nickel and
iron, which is responsible for the appearance of the orange
pits in cauliflower forms on the object surface. For that, the
galvanic current between nickel and iron were recorded in
the presence of inhibitor. As can be seen on Fig. 11, the
presence of NaC10 allows to almost suppress the galvanic
coupling by maintaining a very low galvanic current around
10−7 to 10−8 A/cm2. Indeed, in presence of sodium
decanoate, the corrosion potential of steel increases until a
value close to that of nickel, as observed in the Fig. 10,

which explains the quasi-complete inhibition of the
galvanic coupling between the two metals.

Preliminary measurements on modern coupons are
necessary, but the archaeological materials are often more
complex in composition because they are partially oxidised
and inhomogeneous. So, in the case of this typewriter, it
was possible to test the efficiency of the proposed
procedure of restoration, especially the cleaning and the
inhibition treatment on the surface of a key, represented in
the Fig. 12. Only non-destructive electrochemical measure-
ments as polarisation resistance are possible on real
archaeological samples.

On Fig. 12a, b, we note that the careful washing
procedure allows to clean the nickel surface, but not to
remove the iron corrosion products inside the pits.
Moreover, the polarisation resistance measurements show
clearly that the washing procedure increases the metal
reactivity and then the corrosion rate of the object, as
revealed in Fig. 12c. In fact, the corrosion products and the
layer of dirt on the surface act as a protective layer on this
kind of object. In this case, the washing procedure increases
by a factor of 10 the corrosion rate of the material.

So, a protection treatment is necessary before storing the
object in the museum. For that, the addition of sodium
decanoate allows to increase by two orders of magnitude
the polarisation resistance of the corroded nickel-plated
steel.

Consequently, all the pieces in nickel-plated steel were
treated by applying a sodium decanoate solution at 0.2 M
(pH 8) with a paintbrush and then rinsed with water.
Several applications were necessary to keep the metal into
contact with the solution during approximately 1 h to form
the protective layer of metal carboxylate. After cleaning,
inhibition treatment and reassembling, the normal work of
the mechanism of the typewriter is now possible because
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Fig. 12 a Surface morphology of corroded nickel-plated steel before cleaning, b surface morphology of corroded nickel-plated steel after
cleaning, c polarisation resistance measurements of corroded nickel-plated steel versus immersion time in different states (case of a key)
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Fig. 11 Galvanic current density between iron and nickel versus
immersion time in ASTM reference corrosive water without and with
NaC10
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the layer of metal carboxylate has some interesting
tribological effects [19].

Concluding remarks

Through these three examples, we tried to show that
electrochemical measurements can be one of the important
tools to study ancient metallic materials of the scientific,
technical and industrial heritage. Because many curators
have the responsibility for conserving large and numerous
collections of metallic object, it is inconceivable to do a
complete and detailed work of restoration on these
collections due to its cost. Consequently, some curators
begin to adopt the concept of “on-site maintenance” of the
collections, which allow their conservation with an
acceptable cost.

In the case of diagnosis, the measurement of the
corrosion behaviour by stationary techniques in conditions
of immersion can only give some information about the
electrochemical corrosion of the ancient metallic materials.
In fact, thick corrosion layers also undergo important
mechanical stresses due to successive humidity and
temperature variation in conditions of conservation. More-
over, some corrosion products are very efficient absorbent
materials of pollutants in the museum. This kind of effect is
very difficult to estimate by simple electrochemical meas-
urements and constitutes the limit of these techniques.

On the other hand, in the way of “on-site maintenance”
of the cultural heritage, the conservators should use low-
cost, simple and non-toxic conservation treatments. The
evaluation of the efficiency of the treatment can be rapidly
performed by electrochemical measurements. To avoid the
development of corrosion layers on the bronze surface, an
inhibition treatment based on sodium carboxylate within
the framework of temporary conservation treatment was
applied with success, on the basis of the experimental
results obtained in the present study. In fact, the ability of
carboxylate to form insoluble metallic soaps on the metal
surface is of great interest for the conservation of large
collections of metallic elements of the cultural heritage.
With these new protective systems based on the principle of
regular maintenance, a low-cost conservation strategy can
nowadays be proposed to curators in charge of bronze
collections.

To conclude, the example of the corroded nickel-plated
steel on the typewriter shows how simple electrochemical
measurements can be used to monitor each step of the

restoration work. The necessary step of metal cleaning
increases the reactivity and the corrosion rate of the metal.
Then, an inhibition treatment is required before storing the
object in the museum and was easily chosen with the help
of electrochemical measurements.

In the field of the materials of metallic cultural heritage,
simple electrochemical measurements can be easily used
for the evaluation of protection treatment and the monitor-
ing of the restoration.
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