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The subject of this work are white pigments used in paints and primings of 19th-Century 
wall paintings from the main house of a farm of the first Coffee Cycle at São José do 
Barreiro, São Paulo, Brazil.  The original paintings are paradigmatic of this pictorial 
expression, as far as they have been orally attributed to José Maria Villaronga y Panella, 
considered the most important painter of the first Coffee Cycle in the Paraíba Valley. 

As a premise, one considers that, although the academic 19th-Century painters 
tend to follow rigid technical precepts, personal choices and local determinants generate 
strong differences ⎯ which have the strength of a signature ⎯ in the individual ways of 
execution, which can be perceived in the plastering and in the application of the different 
materials. 

Our choice of white pigments is due to the particular fact that they used both as 
color and as a priming component, allowing more consistent comparisons between the 
painting groups which were analyzed. 

The fragments were analyzed with a semiportable Energy-Dispersive X ray 
Fluorescence Spectrometer (EDXRF) with a 60kV W-tube and a Si-drift detector. We used 
collimators to obtain an 1.5 mm analyzing spot and two laser pointers to precisely locate 
its position. In the several analyses, we observed elements which are typical of white 
pigments and preparatory layers, as Pb, Zn, Ba, S and Ca, as well as other elements which 
probably belong to other pigments, as Fe and Hg. SEM observations were also made, and 
revealed the layers structure. 

 
 
INTRODUCTION 
 
Despite the increasing interest in the scientific research on the characterization of art object 
materials in Brazil in the last decade, very few studies concerning the material constitution of 
wall paintings can be found. The large fragments studied in this work are adequate to 
investigations like that. With their preserved stratigraphic layers, they are material witnesses 
of the 19th-Century wall painting techniques, allowing several laboratory characterization 
techniques to be used in order to be a reference for future non-destructive in situ 
measurements, as desirable when dealing with the cultural heritage. 

The fragments correspond to three different art wall painting sets of the old main 
house of the Rialto Farm, in São José do Barreiro, São Paulo, Brazil (Figure 1). They were 
collected in 1996, during a partial demolition of the building (Figures 2 and 3). 
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Figure 1. Art wall painting sets of the old main house of the Rialto Farm, in São José do Barreiro, São Paulo, Brazil 
 
Figures 2  e 3 – Collection of the fragments after the partial demolition 

 
The documental importance of these pieces increases to the extent that they are orally 

attributed to José Maria Villaronga y Pannela, considered the most important painter of the 
first Coffee Cycle of both São Paulo and Rio regions of the Paraíba Valley. As no specific 
technical studies on these paintings are available, art historians and critics are used, based on 
“style analyses”, to attribute him most of the signatureless wall paintings of Vale do Paraíba 
and even of the west region of São Paulo during the first Coffee Cycle. In this context, the 
scientific disciplines are very important in the field of art history and cultural heritage 
conservation, as they allow several hypotheses to be objectively verified, through the use of 
analytical techniques both for revealing the methods and materials used by the painters and 
for comparing similar works. 

The fragments of the wall paintings from Rialto Farm can be considered as primordial 
documents of those scarcely studied pictorial techniques, as they present all the layers which 
are characteristic of the oil art wall paintings: parts of the support wall, first plaster, second 
plaster, priming, preparatory layers, paint and varnish layers, and, naturally, compounds and 
fungi which continuously cover the works along the years1 (Figure 4). 

 These pieces had already been analyzed by UV photography, IR photography, visible 
light microscopy and SEM-EDXA, and these results lead to the conclusion that each of the 
three sets of paintings has a different author 1,2 (Figure 5). The denomination Painter 1, Painter 
2 and Painter 3 for those authors is retained in the present paper. 

 
        Figure 4. Layers 
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Figure 5. Fragments of the tree painters analysed (Painter 1(P1), Painter 2(P2) and Painter 3(P3 ) 
 
 
EXPERIMENTAL 
 

a) Definition of the analyzing points 
 

Twenty seven fragments were selected and organized in eight groups, according to their 
authors and painting sets. They were photographed and observed by optical microscopy in 
order to select the points to be analyzed by EDXRF, preferentially in the paint layer and in the 
priming layer (Figure 4, layers 5 and 4, respectively).  

Although some section analysis were made, the main attention was directed to surface 
analyses, because an important objective of the work is being a reference for in situ non-
destructive measurements, which almost never can include section analysis. So, the priming 
layer was mostly examined in paint lacunae.  

The priming layer consists of organic substances which are applied on the preparation 
layers in order to uniform the surface and let it less permeable to the paint. The organic 
compounds are usually used alone or with diverse additives, according to each painter. An 
important feature of the priming substances is that they use to penetrate the adjacent layers. 

The paint surface is composed by the paint, that is, the pigment plus an agglutinant. It 
constitutes, together with the varnish layer, the pictorial layer, which defines the color that is 
visualized. Their main physical characteristics are the shape and size of pigments (which are 
function of their milling process), the continuity of the agglutinant and its contact with the 
medium, porosity, compactness, surface coverage and adherence to the adjacent layer. 
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The selection of analysis spots on the paint layer was based on the color. As no 
comprehensive database of pigments used in the 19th-Century Brazilian wall paintings, which 
would allow us to temporarily codify the observed colors, is available, we decided to select 
and refer them according to their main croma (as red, blue, yellow, brown, green)3,4, 
differencing their nuances with letters (A, B, C), which could be used as parameters for the 
identification of elements from both pure color pigments and from color pigments mixed with 
white pigments. Thus, misinterpretations due to these mixtures were minimized.  
  

b) The equipment and the measurements 
 

The spectrometer consists of an X-ray generator and an X-ray detector. The generator is 
an Ital Structures W-tube, with voltage range from 22 to 60kV and current from 0.12 to 
1.5 mA. The detector is a Ketek AXAS Si-drift one, with Peltier cooling, linked to a Ketek 
4k-channel analog-digital converter. Its aluminum support allows any relative angle between 
the incident beam and the detector. For these measurements, a Pb collimator with a 1,3 mm-
diameter hole turns the 8o original incident beam into a 40’ beam. This collimator was not 
used for some comparative measurements for which no spurious Pb peaks were admissible. 
All measurements were made with an angle of 90o between incident beam and detector, both 
at 45 o of the sample surface. At this arrangement, the minimum distance between sample and 
detector is 8 mm. Refrigerated water cooling was used in order to keep the detector case 
below 20oC, thus assuring a peak FWHM of around 150 eV. 

No quantitative method was employed, because most analyses of this work were done in 
heterogeneous regions, with superposing of different layers and mixing of different pigments. 
Attention was paid, however, to the fact that the relative areas of K-α of lighter elements as Si 
and Al, and even S or Ca, should be reasonably small even if high contents are present, 
because the Bremsstrahlung profile of W-tubes shows a very sharp decrease in the low energy 
end. 

Although we will refer to “priming” region and “paint” regions, one should be aware that 
the analyzing depth in the paint is deeper than its thickness, even when low energies or 
smaller incident angles are used. Therefore, when analyzing paints, some of the information 
always come from the priming layer, and when analyzing priming, some information come 
from the plaster. Paint layer thickness is around 0.3 mm in most fragments. Transparency 
tests were made with detached pieces of paint. Paint pieces with no copper were placed over a 
small piece of copper, and analyzed. The copper peak was very clear with every essay 
configuration. 
 
 
RESULTS AND DISCUSSION 
 

Figures 6 shows the fragment 1 of a painting of Painter 2, with optical micrographs of 
regions with colors with important amounts of white pigments, a region of priming at a paint 
lacuna, and a region with two colors (brown and yellow). Figure 7 shows twenty positions 
chosen for EDXRF analysis in the fragment of Figure 6. Macro photos were also very useful 
for revealing surface texture and colors. Figure 8, for instance, shows the lacuna of position 1 
of Figure 7. 
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Figure 6. Fragment with microscope (P2-1)                    Figura 7. Fragment with points (P2-1 
 
The spectrum of the priming at position 1 (Figures 7 and 8) is shown in Figure 9. Zr 

and Pb peaks are ascribed to the detector collimator and the tube collimator, respectively. 
Escape and sum peaks are also signaled. The most important peaks from the layer elements 
are Zn, Fe and Ca. Although Fe and Ca peaks may be partially ascribed to their presence in 
the later below he priming layer, their peaks are strong enough to suggest that that the priming 
itself has a reasonable amount of these elements. A small amount of Ba can also be 
distinguished in the priming. As no S, Cl, Si or P are observed, it may be suggested that Zn, 
Fe and Ca are combined with lighter elements (not detectable with the equipment) as C and O. 
Most probably, CaCO3 and ZnO, which are usual components of white pigments, 4 are 
present, as well as iron oxides. Every spectra of priming regions are very similar to this one.  

                         
 

                                                
 

Figure 8. Macro at position 1 (lacuna) 
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            Figure 9. Spectrum of position P2-1-1 

 
At the fragment P2-1, no pure white region was found. All the light colors, as those of 

the skin, show strong Hg peaks, which can be attributed to red pigments. The other strong 
peaks are from Zn, suggesting that the white pigment is Zinc White4 (ZnO). Only Painter 1 
presents pure white regions, as those seen, for instance, in the cloud represented in his 
fragment 3 (Figure 10, point 2). It is clear that the cloud was painted as a layer over the blue 
of the sky, so that the subtle graduation of tonalities is obtained by partial transparency of the 
white, and not by mixing pigments. The spectrum of this region is shown in Figure 11. Zr and 
Pb, again, can be ascribed to the collimators. The most important peak is from Zn. Fe is also 
present, and small amounts of Ca, Ba and Sr were also observed. Zn can be most probably 
ascribed to ZnO (for instance, Zinc White pigment4). The other constituents probably belong 
to the priming layer. 

 

  
 
Figure 10.  Photo P1-3 
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Figure 11.  Spectrum P1-3-2 

 
An small amount of Pb (Figure 12), not ascribable to the collimator, can be found in 

the white region of fragment 1 of Painter 1 (Figure 13). As Zn is also the main constituent 
there, one may suggest that a mixture of ZnO and PbCO3 (Zinc White pigment and Lead 
White pigment4), with predominance of ZnO, was employed there. 

Regions with color pigments were also analyzed. Zn is a main constituent in all of 
them, with exception of the yellow-A of Painter 2 (Figure 7, point 21). This suggests that 
almost no white zinc pigment was used for this color. Its spectrum shows high Fe and Cr, and 
medium Ba (Figure 14), which may suggest the use of Barium Yellow pigment4 (BaCrO4) 
and Mars Yellow pigment4 (Fe2O3⋅H2O + Al2O3). 

For most of the other regions, the presence of Zn should be ascribed to white 
pigments, as zinc is usually a main constituent only of white, yellow or green pigments.4  
Green regions for Painter 2 show strong peaks of Cu and As, besides those of Zn. Copper is 
an usual element in green pigments, and arsenium can be found in some of them, as CuHAsO3 
(Scheele Green4), Cu(CH3COO)2⋅3Cu(AsO2)2 (Schweinfurt Green4) and Cu3(AsO4)2⋅H2O 
(Veronese Green4).  
On the other side, green regions for Painter 1 show strong Pb and S peaks, besides those of 
Zn, and also Fe and Cr peaks. Cinnabar Green pigment4, for instance, which is composed by 
Fe4[Fe(CN)6]3 + PbCrO4, is possibly the employed pigment. 

Red regions were found only in Painter 1 fragments. Their spectra show, besides Zn, 
strong Hg and S peaks, which should be ascribed to HgS, constituent of the Cinnabar 
pigment,4  
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 Figure 12.  Spectrum  P1-1-9 
 
 
 

 
 
Figure 13.  fragment P2-1 (point 11) 
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Figure 14. Spectrum P2-1-11 (070330aa) 
 
 
CONCLUSION 
 
Although, as mentioned, the analysis of the paint layer is always affected by the composition 
of the priming layer, the method was able to show differences between the painters. Pure 
white in the figurative central paintings, for instance, was only found with Painter 1, who used 
Zinc White pigment. On the other side, when using pure white (in the ornatos), Painter 2 used 
some amount of White Lead pigment, together with Zinc White. In the colors, also, 
differences were found: Painter 1 probably used Cinnabar Green, while Painter 2 used green 
pigments with Cu and As. 

On the other side, almost no difference was found in the priming: spectra from the 
priming layers of all three painters presented predominantly Zn, Fe and Ca. 
 
These results, of course, are preliminary. More fragments or original paintings should be 
analyzed in order to assure that the differences clearly found here are representative of the 
painters. The main objective is not only study these specific painters, but rather build a 
consistent database which can be an important information source for both art historians and 
restaurateurs. 
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