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ABSTRACT
Emperor D. Pedro II’s berlin device is a very important museological object for the history of Brazil. It was the mostimposing imperial vehicle of the entire Brazilian monarchic period, related not only to the image of Emperor D. PedroII but also to the entire Second Reign. The berlin was commissioned for the coronation ceremony of D. Pedro II in 1841and belongs to the Imperial Museum collection, located in the city of Petrópolis, Rio de Janeiro, Brazil. In this work,the gold gilding technique used in the decorative paintings of the berlin was analyzed. X-Ray Fluorescence (XRF) andMacro X-Ray Fluorescence (MA-XRF) techniques were applied for gilding analysis. All analyses were performedin situ using portable equipment. XRF measurements performed on the gold leaves revealed the presence of the keyelement chromium. The combined results of the analytical techniques used indicated the possible use of a mordantcontaining chromium yellow as an oil-based size to adhere to gold leaves in the decorative paintings. The result foundis in line with that described in the literature.
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RESUMO
A Berlinda de Aparato do Imperador D. Pedro II é um objeto museológico muito importante para a história do Brasil.Trata-se do veículo imperial mais imponente de todo o período monárquico brasileiro, relacionado não apenas com aimagem do imperador D. Pedro II, mas com todo o Segundo Reinado. A berlinda foi encomendada para a cerimônia decoroação de D. Pedro II, em 1841 e pertence ao acervo do Museu Imperial, localizado na cidade de Petrópolis, Rio deJaneiro, Brasil. Neste trabalho foi analisado a técnica de douramento utilizada nas pinturas decorativas da berlinda.Para a análise do douramento foram aplicadas técnicas de Fluorescência de Raios X (XRF) e Macro Fluorescência deRaios X (MA-XRF). Todas as análises foram realizadas “in situ” utilizando equipamentos portáteis. As medidas deXRF realizadas sobre as folhas de ouro revelaram a presença do elemento-chave cromo. Os resultados combinadosdas técnicas analíticas utilizadas indicaram a possível utilização de mordente contendo amarelo de cromo como óleoadesivo para fixar as folhas de ouro nas pinturas decorativas. O resultado encontrado está de acordo com o descrito naliteratura.
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Introduction
In the art of gilding, themain techniques are gold in powder
(or shell gold), water gilding (or gouache gilding on bole),
and oil gilding (or mordant gilding) (Gulotta et al., 2012).
The shell gold applied with tempera was considered to be
preferred for tiny details such as illuminated manuscripts
or for small painted decorations (Mazzinghi et al., 2020;
Sandu et al., 2011).
Water gilding consists of overlaying a layer (tradition-

ally plaster and animal glue) and a clay layer of bole to
firmly adhere a pure gold leaf to the base structure (Broc-
chieri et al., 2022). Oil gilding is the process of using
oil-based size (glue) to adhere gold leaf, which is more
resistant than to the water-soluble binders used in the water
gilding technique (Gulotta et al., 2012; Katsibiri & Boon,
2004). Therefore, oil gilding is the only choice for gild-
ing externally or in damp conditions, and it can provide
a durable finish and at the same time a beautiful matte
gilded surface coating (Brocchieri et al., 2022; Katsibiri
et al., 2002).
For the application of gold on carriages, the mordant

gilding technique was recommended by Arlot (1871) and
Burgess (1881) in their treatises for carriage painters. For
the reason that the decorative painting on carriages must
resist exposure to moisture, atmospheric changes, and the
vibrations to which the vehicle would be subject.
The application of oil-based matte gilding on mordant

is the final stage of the embellishing of the painting, where
the small pieces of gold leaf are attached to the areas to
be adorned using an oil adhesive.
There are many different types of mordants made of

various materials, but the standard form consisted of an
oleoresinous composition made of linseed oil (or walnut
oil) added to ground lead-based pigments, clays, varnishes,
and iron oxides. (Katsibiri et al., 2002; Le Gac et al., 2009;
Sandu et al., 2011). The most frequently encountered pig-
ments are white lead, red lead, massicot, litharge, verdigris,
ochres, and chrome yellow (Brocchieri et al., 2022; Eveno
et al., 2014; Katsibiri et al., 2002; Mastrotheodoros et al.,
2017; Yang et al., 2022).
Regarding instrumental approaches, it is important that

the technological tools chosen for studies developed in the
field of Cultural Heritage Science have non-destructive
characteristics, as they are unique pieces that have great
historical and cultural value.
Therefore, XRF and MA-XRF are techniques widely

applied in studies in the art of gilding. The information
generated by these techniques can provide a better un-
derstanding of an artist’s technique through the elemen-
tal characterization of the materials, without causing any
damage to the sample. In addition, these analyses make it
possible to document previous interventions and the state

of preservation of the piece (Brocchieri et al., 2022; Eveno
et al., 2014; Maclennan et al., 2019; Mastrotheodoros et
al., 2023).
Materials and methods

Artifact analysed

Emperor D. Pedro II’s berlin was ordered for the corona-
tion ceremony of D. Pedro II in 1841, from the English
firm Pearce & Countz, which was an English Royal house
supplier. The berlin arrived in the state of Rio de Janeiro
in 1837 and it was the official vehicle for the exclusive use
of D. Pedro II (second and last emperor of the Brazilian
monarchy, reigning from 1840 to 1889). Currently, the D.
Pedro II’s berlin device (Figure 1) belongs to the Imperial
Museum collection, located in the city of Petrópolis, Rio
de Janeiro, Brazil.
Figure 1 - Emperor D. Pedro II’s berlin device.

From Imperial Museum (1941)

The vehicle is 5.10 m in length (without steering wheel),
2.45 m box high (from the ground), and 1.92 m wide. The
carriage was richly decorated with the national colors of
green and yellow, eight paintings of the Empire’s weapons,
sparkling silver ornaments, and ornaments for eight horses
equally decorated with silver pieces (Zanatta, 2013).
In all, there are eight paintings, four from the national

pavilion and four from the crowned wyverns (symbols de-
picting the empire). At the superior part of the side flanks,
there are also ribbons with stylized phytomorphic elements
and golden on a black and light-yellow background.
The aim of this study was to clarify the gold leaf gilding

technique used in the decorative paintings of D. Pedro II’s
vehicle. To achieve this goal, non-invasive in situ scientific
investigations were carried out using the well-established
approach based on qualitative analysis obtained by X-Ray
Fluorescence (XRF) and Macro X-Ray Fluorescence (MA
XRF).
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Experimental

For the analysis of the gilding of D. Pedro II’s berlin, the
techniques of MA-XRF and XRF were used. Both tech-
niques were performed using portable systems developed
at the Laboratory of Electronic Instrumentation and Ana-
lytical Techniques (LIETA).
The MA-XRF measurements were carried out using an

automated, portable system using a Raspberry Pi micro-
computer, which consists of a low-power X-ray tube with
a silver target and an SDD detector (Silicon Drift Detector)
with an energy resolution of 142 eV at 5.9 keV. The MA-
XRF system moves in the XYZ axes, and it is controlled
by a microcomputer. Measurements were performed in the
XY plane, the Z axis was for focal adjustment (Gamma,
2020).
The mapping of the painting was performed with a

voltage of 35 kV, current of 100 µA, collimator diam-
eter of 1 mm, and step size of 2 mm, during a mea-
surement time of 1 s per pixel. The MA-XRF analysis
was performed on a 100 by 100 mm matrix in the re-
gion of phytomorphic elements on a dark background.
The total MA-XRF measurement time was approximately
55 min.
The X-ray Fluorescence spectra were obtained using

the portable Energy Dispersive X-ray Fluorescence (ED-
XRF) equipment. The portable ED-XRF system used has
a low-power X-ray tube with a silver target and an SDD
detector (Silicon Drift Detector) with an energy resolution
of 122 eV at 5.9 keV. The XRF analyses were carried out
at 40 kV, a current of 50 µA, and 180 s of acquisition
time.
All the XRF spectra were evaluated using the open-

source PyMCA software package (Solé et al., 2007).

Results and discussion

Figure 2 reports the elemental map distribution acquired
by theMA-XRF scanning system. This painting represents
stylized phytomorphic elements on a black background.
The elemental distribution maps show chromium corre-
lated with gold.
The drawings of leaves and flowers were made in yel-

low pigment and the details of leaf veins were made in
gold. The MA-XRF information shows the homogeneous
distribution of chromium in the drawing of phytomorphic
elements. This information suggests that Cr is a key ele-
ment of the yellow pigment used by the artist in this region
of the carriage.
The simultaneous and correlated presence of Au and Cr

indicates that chromium and gold are mixed in the upper
golden layer.

Figure 2 - Elemental distribution maps of a part of thephytomorphic elements on a black background obtainedusing macro X-Ray fluorescence (MA-XRF) scanning: (a)the analyzed matrix 100 x 100 mm; (b) the distribution ofthe two main elements: Au and Cr; (c) Au XRF map; and(d) Cr XRF map.
(a)

(b)

(c)

(d)
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Figure 3 shows the comparative study on the yellow
background of the box and the gold leaf of the national
pavilion. The elemental data by ED XRF measurements
were collected on the gold leaf of paintings that had no
pigment overlay on the gold leaf.
Figure 4 shows the five points selected in this national

pavilion that were measured using the ED XRF.
Figure 5 shows the comparison between the XRF

spectra of the yellow background of the box and the
gold leaf. The XRF spectra allowed identifying the
gold gilding and information about the preparation
layer.
Figure 3 - Pavilion national of the Empire’s weaponspainted on the yellow background at the central port, andthe five points in this national pavilion that were analyzedby ED XRF.

Figure 4 - The five points in this national pavilion thatwere analyzed by ED XRF.

The elements detected by XRF on the gold leaf were
chromium (Cr), iron (Fe), gold (Au), and lead (Pb).
On the other hand, the elements Fe and Pb were de-
tected in the yellow background of the box. This
result suggests that Au and Cr are key elements of
gilding.

Figure 5 - Comparison between the XRF spectra of theyellow background of the box and the gold leaf.

Table 1 shows the XRF intensities of the elements de-
tected in this analysis. In all XRF spectra, the peaks of
the XRF lines of elements Ar (K lines) and Ag (L lines)
appear. XRF analyses were not performed in vacuum, and
the presence of Ar in the XRF spectrum is the contribu-
tion of air (dry air contains about 1.0 % Argon by volume,
1.0 atm, 20°C). The presence of Ag is the contribution
of the target of the X-ray tube used in the measurements
acquisition.
Table 1 -XRF intensities (counts) of the elements detectedin the yellow background of the box and in the gold leaf(Mean ± Standard deviation, n = 5)

Elements
Sample (×103)

Gold leaf Yellow background
Cr 3.5 ± 0.5 NDa
Fe 3.0± 0.7 3.8 ± 0.9
Au 12.0 ± 0.7 ND
Pb 335 ± 5 362 ± 2

aElement not detected.

The presence of Pb is due to the preparation layer made
with white lead. In a previous study, it was verified that the
entire preparation layer of D. Pedro II’s berlin was made
using lead white (Nardes et al., 2019).
The D. Pedro II’s berlin was restored between 2011

and 2013 by the Conservation and Restoration Labora-
tory of the Imperial Museum, with the support of GE
Celma through the Culture Incentive Law (PRONAC). All
stages of the treatments were recorded in the technical
book (Zanatta, 2013).
The paintings in the external part of the box, re-

ferring to the national pavilions and the crowned
wyverns, were reintegrated with natural pigments and
Paraloid B- 72, using the velatura painting technique.
The ultimate protection was with Renaissance wax
(Zanatta, 2013).
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The XRF spectra show the Fe counts are approxi-
mate for both XRF spectra. The analysis suggests that
Fe is a signature of the chromatic reintegration process
performed by velatura based on Paraloid B-72 and/or
Renaissance wax used throughout the external part of
the box.
Both elements Cr and Au were detected together in

all XRF measurements on gold leaf. The presence of Cr
suggests the use of a mordant containing chromium yellow
as the adhesive for gold leaf.
In Arlot (1871) the oil gilding for a carriage was ob-

tained with gold leaf applied over a mixture called house
gilders, which consisted of the addition of white lead and
chromium yellow finely ground with linseed oil. And the
gold leaves were fixed after 12 hours of the application of
this mixture.
In Eveno et al. (2014) the use of mordant containing

chromium yellow was identified. The authors analyzed the
Crucifix made by Giotto (1266 – 1337), belonging to the
collection of the Louvre Museum, in Paris, using different
spectroscopic techniques. The 14th-century crucifix, 2.84
m high and 2.31 m wide, was restored in the 19th century
(same period as D. Pedro II’s carriage).
From micro samples collected during the conserva-

tion campaign (Silver, 2014), the original gilding and
the one added later in the 19th century to Giotto’s
crucifix were characterized. Stratigraphic analysis of
gilding carried out in the 19th century revealed the
use of orange mordant containing chromium yellow
(Eveno et al., 2014).
The study by gilding in the paintings of D. Pedro II’s

carriage was carried out in a non-invasive means. Never-
theless, in the XRF and MA-XRF analyses, it was possible
to identify the key element Cr. The presence of Cr asso-
ciated with Au strongly suggests the use of mordant con-
taining chromium yellow as an adhesive for sheet metal.
The results obtained in this study agree with the results
found in the literature.
The result can be useful for safeguarding and proper

restoration of Brazilian cultural heritage.
Conclusion
The combined approach of MA-XRF and XRF used in this
study provided information about the materials and tech-
niques used in the gilding of the painting of D. Pedro II’s
berlin device.
As demonstrated in this study, MA-XRF allows non-

invasive mapping of the distribution of different paint
materials with sufficient detail. Cr was identified as a key
element of the yellow pigment used as a substrate for the
gold leaf in the phytomorphic elements at the superior part
of the side flanks.

XRFmeasurements in the gilding areas of the emperor’s
weapons revealed the presence of Au and Cr. The ele-
ment Cr associated with Au suggests the use of a mordant
containing chromium yellow. The result agrees with the
literature referring to artifacts from the same period of
manufacture of D. Pedro II’s carriage.
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