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Evaluation of cleaning procedures for the conservation of tarnished lead
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ABSTRACT: Lead is a soft metal and easy to be damaged during conservation treatments. In this study four
different procedures for cleaning tarnished lead were assessed: mechanical abrasion with calcium carbonate,
immersion in EDTA, potentiostatic reduction in Na2SO4, and potentiostatic reduction and passivation in the same
electrolyte. The surface of coupons after six cycles of tarnishing and cleaning was characterized by gravimetry,
colorimetry, scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). It was observed
that all the procedures induced changes on the lead coupons. Mechanical abrasion left a shiny surface but it
removed a high quantity of mass; the color of the coupons cleaned with EDTA was similar to original but the
surface was completely etched; and the lead reduced potentiostatically presented similar chemical composition
to original but the surface was completely covered by re-deposited lead crystals.

1 INTRODUCTION

Lead is the most common heavy metal in the Earth
crust. It presents a bluish-gray color, is very soft and
has high density. Its low melting point and high work-
ability favored the production of several objects such
as coffins, epigraphic sheets, medals, sinkers, mili-
tary objects and other decorative and utilitarian items
(Selwyn, 2004).

Lead has good resistance to atmospheric corro-
sion as it reacts with environmental oxygen to form
a passive layer of lead oxide (PbO) (Niklasson et al.,
2005).

Later, the CO2 dissolved in the rain and the con-
densation water react with the oxide to form an
adherent, uniform and protective layer of carbo-
nates such as cerussite (PbCO3), plumbonacrite
(6PbCO3·3Pb(OH)2·PbO) and hydrocerussite
(2PbCO3·Pb(OH)2) (Niklasson et al., 2008).

The principal risk for heritage objects made of lead
is the presence of volatile organic compounds (VOCs),
in special acetic acid. This acid, dissolved in conden-
sation water, can react with the object to form lead
acetate. Pb(CH3CO2)2 catalyzes the transformation of
the environmental CO2 to lead carbonates.The result is
the formation of a whitish, powdery and low-adhesion
alteration layer on the lead surface.

Those objects with a severe state of corrosion
require a surface cleaning to restore their legibility.
However, these treatments can induce further damage.
For this reason, the main objective of this study was
to assess the impact of repetitive cleaning procedures
for the conservation of historical lead.

2 MATERIALS AND METHODS

The evaluation of cleaning methods was carried out on
pure lead coupons (3.0 × 3.0 × 0.2 cm). The original
coupons, analyzed by WDXRF, presented 92.50 wt. %
of lead and 6.23 wt. % of oxygen.

The coupons were exposed to 6 cycles of tarnishing
and cleaning. For tarnishing, coupons were exposed
to a 10 ppm of acetic acid atmosphere for 96 hours.
The exposure time was chosen as representative of an
advanced tarnishing level that can be found in some
cases in real objects.

The cleaning procedures assessed in this study
were: abrasion with a suspension of calcium carbon-
ate in water (MC), immersion in an aqueous solution
of EDTA 5% w/w during 30 s (CE) and potentio-
static reduction (−900 mVAg-AgCl, 400 s) in an aqueous
solution of Na2SO4 5% w/w (ES). Additionally, the
potentiostatic reduction and passivation in an aqueous
solution of Na2SO4 was also evaluated (ESP).

The surface of coupons was characterized before
and after cleaning by different techniques such as
gravimetry, colorimetry, scanning electron microscopy
(SEM) and X-ray photoelectron spectroscopy (XPS).

The mass variation was evaluated using a Mettler
Toledo AT261 Delta Range Analytical Balance.

A Konica Minolta Portable spectrophotometer
model 2500D equipped with a mask of 8 mm of diam-
eter, D65 illuminant and at 10◦ observer, served to
measure the chromatic properties of the samples and
specifically the changes induced by the cleaning pro-
cedures. Two spectra were acquired on each side of the
coupon and averaged to obtain one data point with the
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chromatic information. Results were expressed using
the CIE-L*a*b* color space in Specular Component
Included (SCI) mode.

Scanning electron micrographs (SEM) were
obtained using the secondary electrons detector of a
Hitachi S-4800 microscope, equipped with a cold-
cathode field emission electron gun and an Oxford
INCA system for energy dispersive X-ray spectrome-
try microanalysis (EDX).

The chemical composition of the surface was ana-
lyzed by X-ray photoelectron spectroscopy (XPS).
XPS spectra were recorded using a Fisons MT500
spectrometer fitted with a hemispherical electron ana-
lyzer (CLAM2) and a non-monochromatic Mg Kα
X-Ray source operated at 300 W (1253.6 eV). The
spectra were recorded at take-off angles of 90◦ and
pass energy of 20 eV The intensities were estimated by
calculating the area under each peak after subtraction
of a Shirley background and fitting the experimental
curve to a combination of Lorentzian and Gaussian
curves. Although specimen charging was observed, it
was possible to determine accurate binding energies
(BE) by referencing to the adventitious C 1s peak at
285.0 eV with accuracy to ± 0.2 eV. The atomic ratios
were computed from the peak intensity ratios and the
reported atomic sensitivity factors. The peaks assigna-
tion was carried out using the database of the National
Institute of Standards and Technology (NIST).

3 RESULTS AND DISCUSSION

3.1 Color and mass variation

The mass depletion of lead coupons was directly
related to cleaning methods.The most abrasive method
was the mechanical one, which removed ∼3.5 mg/cm2

of mass after 6 cycles of tarnishing and cleaning in
lead coupons (Fig. 1a). The EDTA solution produced a
moderate loss (∼0.04 mg/cm2 in each cycle) while the
electrochemical treatments induced a negligible mass
loss (Fig. 1a).

The visual aspect after each re-tarnishing and clean-
ing cycle was evaluated by color change. Mechanical
and chemical cleanings left the surface appearance
similar to the original lead as they removed the outer
layer of the corroded coupon revealing a completely
new surface (Fig. 1b). However, the electrochemical
procedures induced a progressive change of color to a
bluish hue (Fig. 1b).

3.2 Surface morphology

Initially pure lead presented a smooth surface and
microscopic scratches due to the sample prepara-
tion; however, after the exposure to an acetic acid
atmosphere, several corrosion products with globular
morphology were formed.

Mechanical cleaning produced a completely
smooth surface although, in those areas where the
abrasion was less intense, some scratches were

Figure 1. a) Mass loss, b) Color variation.

observed (Fig. 2a). This procedure completely altered
the original surface texture.

The surface of the chemically cleaned lead was
deeply etched due to the chelating effect of the EDTA
(Fig. 2b). The original scratches were etched creating
several pits which could retain the cleaning solution
(Palomar and Cano, in press).

The potentiostatic reduction of the corrosion prod-
ucts induced their re-crystallization in form of lamel-
lae structures but preserving the globular structure of
the corroded surface (Fig. 2c). The formation of new
corrosion products on the re-crystallized lead induced
the progressively color change (Fig. 1b). A similar
behavior has been observed in the electrochemical
cleaning of silver (Palomar et al., 2014, Palomar et al.,
2016).

The potentiostatic reduction and passivation
favored the formation of two different crystalline
deposits (Pb0 and PbSO4, see XPS results below)
(Fig. 2d). The formation of the lead sulfate in the
cavities of the re-crystallized deposits favored the
flattening of the surface.

3.3 Surface analysis

The surface was analyzed by XPS. The residual com-
pounds detected on the lead surface depended on the
applied treatment. All of them reduced the content of
carbonates on the surface; however, the chemical com-
position of the coupons cleaned with the mechanical
and electrochemical procedures were the most similar
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Figure 2. SEM micrographs of lead cleaned with a pro-
cedure a) mechanical, b) chemical, c) electrochemical,
d) electrochemical and passivation.

to the original coupon. In the chemically cleaned
samples, the residues of EDTA inhibited the natural
passivation of the surface.The XPS also confirmed the
formation of a thin layer of PbSO4 by the potentiostatic
passivation.

In addition, residues from the cleaning products
(CaCO3, C10H16N2O8, Na2SO4, and PbSO4) were
detected on the surface.

4 CONCLUSIONS

All cleaning procedures modified the coupon surface.
The mechanical treatment with a suspension of CaCO3
induced the higher mass loss and changed completely
the surface morphology; however, it left a surface color
similar to the original lead.The chemical cleaning with
EDTA solution also left a color similar to the original
coupon; but it etched the metal surface increasing the
surface roughness. The potentiostatic cleaning with
Na2SO4 scarcely lost mass but it produced a sig-
nificant color change due to the re-crystallization of
the corrosion products. The passivation of the surface
formed PbSO4 crystals in the gaps of the deposits,
changing the morphology of the surface, but no mean-
ingful differences were observed in the mass loss in
respect to the electrochemical treatment.
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