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ABSTRACT 

 
Currently, X-ray fluorescence (XRF) is the most employed technique to characterize Cultural Heritage artifacts. 

The increasing use of this technique in this research field is due to technological developments that occurred 

during the last decade, which enabled the construction of easy to handle, XRF portable systems that allow fast, 

non-destructive and in situ analyses. One of the most common applications of XRF is the characterization of 

inorganic pigments in works of art, polychrome sculptures, etc. The information obtained in this type of analysis 

is essential for a better knowledge of the history of the work of art and for restorers and conservators who can 

choose better intervention methods. In this paper, a European black Japanned furniture dated between the 

eighteenth and the nineteenth centuries was analyzed by XRF. The analyses were carried out in situ using a 

portable XRF system, Tracer IV model from Bruker, which has a Rh anode. The analyses allowed concluding 

that the pigments in the polychrome are: lamp black, vermilion, brown ochre, Prussian blue and green earth. In 

addition to the   polychrome in high relief, the furniture has golden regions where gold was identified mixed 

with lead-based historical pigments. The results obtained, besides helping to confirm the authenticity of the 

artifact, were also useful for restorers to choose suitable methods to intervene the work of art, which has 

recently undergone  restoration 

 

 

1. INTRODUCTION 

 

Pigment identification on substrates such as canvas and polychrome sculptures is essential to 

know the history of a work of art. It also assists in issues relating to conservation, restoration, 

and dating [1].  

 

Nowadays, X-ray fluorescence (XRF) is the most employed analysis technique for the study 

of artifacts with historical-cultural value. The frequent application of this technique is mainly 

due to the technological innovations, which occurred in the last decade, which enabled the 

construction of XRF portable systems, allowing in situ non-destructive elemental analysis of 

a work of art with good precision [2]. 

 

One of the most frequent applications in the field of cultural-historical heritage is the 

investigation of inorganic pigments in canvas, polychrome sculptures, ceramic vessels, etc. 

Identifying the pigments and inorganic materials used to paint those artifacts is essential to 
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promote a better understanding of the history of the object and the technique used by the 

artist, besides assisting in issues relating to conservation, restoration and dating of a work of 

art [3]. 

 

Being XRF an elemental analysis technique, pigment characterization is based on the 

detection of key elements associated with the visible hue. For instance, when Hg is detected 

in the analysis of a red pigment, it is possible to infer the presence of the pigment vermilion 

(HgS) [4,5]. However, this inference is not always straightforward, since in the XRF 

spectrum, elements associated with compounds in the underlying layer can be detected. 

Another issue that hinders XRF spectrum interpretation is that some artists mix different 

pigments to obtain a given hue. In those cases, it is crucial to associate historical data and 

information on the work of art manufacturing process, with data obtained from XRF to allow 

for a better interpretation.  

 

In this paper, the materials used in a European black Japanned furniture dated between the 

eighteenth and the nineteenth centuries were investigated through XRF. This furniture style, 

which is based on the use of shellac, obtained by mixing a resin of vegetable or animal origin 

with a powdered mineral pigment, was initially manufactured in Asian countries, such as 

Japan, where there are many sources of natural resins such as trees.  The liveliness of the 

polychrome of Japanning art, which usually has high relief images of black, red, blue, yellow 

and white hues called the attention of Europeans. Therefore, during the sixteenth, 

seventeenth, eighteenth and nineteenth centuries Japanning-art furniture began to be 

manufactured and spread quickly in France and England, countries that traded strongly with 

Asia and thus, easily imported the necessary raw materials. Despite the high amount of 

Japanned artifacts that were manufactured, there are few scientific studies on this type of 

furniture, which led to the present study. The results obtained enabled a better knowledge of 

the materials used and the manufacturing process of this type of artifacts. The study is also 

essential to assist restorers when choosing suitable intervening procedures.  

 

 

2. MATERIALS AND METHODS  

 

2.1. Furniture Analyzed 

 

 
Figure 1:  Picture of the furniture analyzed. 
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The analyzed furniture shown in figure 1, which is in Rio de Janeiro Brazil, belongs to a 

private collector. The analyses were carried out in the atelier “Art Care do Brasil”, located in 

the neighborhood of Santa Tereza, Rio de Janeiro, Brazil. 

 

The analyses were carried out mainly in the polychrome of the furniture’s door, shown in 

figure 2. Spectra were obtained from several polychrome regions, however, we will only 

discuss the results obtained from the following points: P1, P2, P3, P4, P5 (black region); V1, 

V2, V3, V4, V5 (red region), B1, B2, B3 (white region), M1, M2, M3, M4, M5 (brown 

region), E1, E2, E3, E4 (green region), A1, A2, A3 (blue region) and D1, D2, D3, D4, D5 

(golden region). Spectra from the metallic ornaments were also obtained  

  

 
Figure 2:  Picture of the furniture’s polychrome. 

 

 

2.2. Experimental 

 

XRF measures were carried out in a TRACER IV portable system from Bruker, composed by 

an X-ray tube with Rh anode, which can operate at a maximum voltage of 40 kV and 

maximum current of 60 μA. The system was equipped with an X-ray detector, model 

XFlash® (10 mm²) SDD, thermoelectrically cooled at – 15°C, whose resolution for Mn-Kα 

energy is 145 eV and that can perform up to 10 kcps. XRF spectra were acquired during 120 

seconds, placing the system at a few millimeters from each point, with the tube operating at 

40 kV and 10 μA.  
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3. RESULTS AND DISCUSION 

 

The same elements were characterized in the spectra acquired from points of regions with the 

same hue, only differing in the intensity of the element. The results presented in table 1, show 

that the elements Ca, Fe and Pb were present in all polychrome regions, with the exception of 

the black ones. Such elements may be associated with compounds in the preparatory layer 

just below the polychrome. Those preparatory layers usually follow the following sequence: 

firstly, a plaster layer composed of gypsum (CaSO4.2H2O) and calcite (CaCO3) is applied on 

the wood; then comes a layer of Armenian bole, composed of clay rich in iron oxides such as 

hematite (Fe2O3); and below the polychrome layer a layer composed of lead-based pigments 

is applied. These pigments can be lead white (2PbCO3.Pb(OH)2), massicote (PbO) or 

litargirio (Pb3O4), that have drying and sealant properties. This manufacturing process, 

following the same sequence of layers, is also employed in polychrome sculptures [6-11]. 

 

 

 Table 1. Elements detected by XRF at the points identified in figure 2 of the furniture’s 

polychrome  

 

As shown in the spectrum acquired on point P1 (figure 3), all spectra acquired in the black 

regions presented high intensities of the peaks related to Compton (inelastic) and Rayleigh 

(elastic) scatterings. This high scattering contribution from the X-rays characteristic of the 

tube is more common in matrices of low atomic number, with low absorption coefficient  

[12,13]. Thus, due to the high scattering contribution, it is possible to infer, that the pigment 

responsible for the black color is probably lamp black (C), which is exclusively composed of 

amorphous carbon, has low absorption coefficient and has been used from ancient times until 

the present day [4]. In the black region spectra, Ca and Fe were also characterized. These 

elements can be associated with the underlying layers of plaster and Armenian bole, 

respectively, while the elements Ti, Ni, Cu and Zn are usually associated with pigments  Ti 

and Zn, particularly are associated with modern pigments. However, these pigments were 

found in the trace level and thus, their presence might come from impurities, present in the 

clay of the Armenian bole, although Ti has already been reported linked to impurities in the 

Points  Color Elements 

P1, P2, P3, P4, P5 Black Ca, Ti, Fe, Ni, Cu, Zn, Sr 

V1, V2, V3, V4, V5 Red Ca, Fe, Pb, Hg 

B1, B2, B3 White Ca, Fe, Pb 

M1, M2, M3, M4, M5 Brown Ca, Fe, Pb 

E1, E2, E3, E4, E5 Green K, Ca, Fe, Pb 

A1, A2, A3 Blue Ca, Fe, Pb 

D1, D2, D3 D4, D5 Golden Ca, Ti, Cr, Fe, Ni, Cu, Pb, Au 
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analysis of pigments of ancient artifacts [14-17]. The Sr detected in the spectra is explained 

because of the atomic similarity between Ca and Sr, which allows natural ionic exchanges 

between both. Therefore, the presence of Sr in calcium minerals such as gypsum, calcite, etc. 

is frequent.   
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Figure 3:  XRF spectrum acquired at point P1. 

 

 

In the other polychrome regions, with the exception of the elements already related to the 

underlying layers, it is possible to infer, that Hg detected in the red region is associated with 

the pigment vermilion (HgS) [18].  

 

In the spectra of the white region, Pb was the element with the highest intensity, and the 

characteristic lines M and L were detected as shown in figure 4 of the XRF spectrum acquired 

at point B1. Because of this high intensity, it is possible to infer that Pb is an element of a 

compound of the polychrome layer. In the analysis of historical pigments with white hue, this 

element is usually associated with lead white (2PbCO3.Pb(OH)2) [19,20]. 

 

Fe is a key element of several pigments of different hues, thus the Fe found in the analyses 

can be related to both, the Armenian bole layer and the visible pigment in the polychrome. In 

the brown regions, Fe can be associated with the use of the pigment brown ochre 

(Fe2O3+arg.+sil.),while in the blue regions it may be related to the pigment Prussian Blue  

(Fe4[Fe(CN)6]314-16H2O) [21]. On the other hand, in the green regions  the detection of Fe 

and K may be related to the use of the pigment green earth 

(K[(Al,FeIII),(FeII,Mg)](AlSi3,Si4)O10(OH)2) [22]. 
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Figure 4:  XRF spectrum acquired at point B1. 
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Figure 5:  XRF spectrum acquired at point D1. 

 

 

In the golden regions, Au was detected with high intensity. However, Pb and Fe also appear as 

major elements in the spectra acquired in the golden regions as can be seen in figure 5 of the 

spectrum acquired at point D1. This high intensity of Pb registered in the spectra of the golden 
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regions suggests that Pb- and Au-based compounds are mixed and for this reason, they are in 

the same layer. To obtain this mixture it is necessary to use powdered gold as reported in the 

treatise by Stalker and Parker [23], which describes the materials and manufacturing 

techniques used in Japanned furniture. This treatise describes that fixing the mixture of gold 

powder with historical pigment in the furniture is carried out by means of a mordant, which is 

based in mixing the powder with a heated oil (for example gum arabic).  
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Figure 6:   XRF spectrum of the furniture’s front metallic ornament. 

 

 

The major elements detected in the spectra acquired from the front metallic ornament (figure 

6) and the lock were Cu and Zn and the minor elements detected were Ca, Ti, Fe, Pb and Sn. 

This elemental composition is characteristic of brass [24]. The spectra also showed moderate 

gold intensities indicating that the alloy could have been coated by a thin gold layer that could 

have been applied through a mordant or by thin gold sheets.  

 

 

4. CONCLUSIONS 

 

The analyses allowed to infer the presence of the pigments vermilion and lead white, which 

are no longer used since the late nineteenth century. There are reports of use of the other 

pigments detected (brown ochre, Prussian blue and green earth) in periods prior to that of the 

manufacture of the furniture, which indicates that the artifact really belongs to the dated 

period. 

 

The results also indicate that the artifact was manufactured using Japanning techniques, 

because the pigments vermilion, Prussian blue and lamp black were widely used in the 

manufacture of artifacts of that style, as described in the treatise by Stalker and Parker. The 
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clue of the use of powdered gold helps to corroborate that the furniture is an authentic black 

Japanned.  

 

The results obtained, also significantly contributed to a better knowledge of the materials and 

manufacturing techniques used in Japanned furniture, which is very important for other 

researchers and restorers, that in the future come to work with artifacts of this style.  
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