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Debitus grisailles for stained-glass conservation: 
an analytical study 

As grisalhas Debitus para conservação de vitral: 
um estudo analítico

Abstract
Grisaille is one of the oldest and most widely used vitreous paint applied for the production 
of stained-glass panels and Debitus is one of the most renowned commercial brands whose 
grisailles are frequently used for the chromatic reintegration in stained-glass window 
restoration. This article presents the morphological, chemical and thermal analyses of 
five grisailles from Debitus, to evaluate their properties before and after firing with 
the objective of knowing their future stability. The characterisation was carried out by 
optical microscopy, scanning electron microscopy, particle induced X-ray emission, X-ray 
diffraction, and infrared thermography. This study showed a well-balanced ratio between 
the different components and a good interdiffusion into the glass, as well as a consistent 
thermal behaviour between them and with the glass, which indicates the good stability and 
durability of these materials.

Resumo
A grisalha é uma das pinturas vítreas mais antigas e mais usadas na produção de painéis 
de vitral, e Debitus é uma das marcas comerciais mais conhecidas. As suas grisalhas 
são frequentemente utilizadas para reintegração cromática em restauro de vitral. Este 
artigo apresenta a análise química, morfológica e térmica de cinco grisalhas da Debitus, 
avaliando as suas propriedades antes e depois da cozedura com o objetivo de compreender 
a sua futura estabilidade. A caracterização foi realizada por microscopia ótica, microscopia 
eletrónica de varrimento, emissão de raios X induzida por partículas, difração de raios X 
e termografia de infravermelho. Este estudo demonstrou uma relação equilibrada entre 
os diferentes componentes e uma boa interdifusão no vidro por parte destes, tal como 
um comportamento térmico consistente entre eles e com o vidro, o que indica uma boa 
estabilidade e durabilidade destes materiais. 
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Introduction 

Grisaille is a glass-based paint applied in the production 
of stained-glass panels, normally used for the creation of 
outlines and shadows [1]. These paints generally appear with 
dark colours (black, brown); however, it is also possible to find 
light hues, as white [2]. The grisailles are produced by mixing 
metals oxides with a ground lead-based glass. The obtained 
powder is mixed with a vehicle agent, such as vinegar and 
water, which will give the necessary plasticity to paint, and 
gum arabic as a temporary binding agent [1-3]. After fired, 
at temperatures between 650 and 700 °C, a thin layer of 
colourless glass with the metal oxides embedded is formed 
on the top of the glass panel, as showed in Figure 1 [2, 4].

These paints were initially produced in the stained glass 
workshops by the glass painters themselves, as reported 
in the historical written sources [1]; however, glass paint 
manufacturers, like Lacroix & Cie founded in 1855 in Paris, 
made their products commercially available during the 
19th century [5]. The separation between the manufacturer 
and the user resulted in conservation problems that persist 
until today, such as the incompatibility between the 
painting materials and the glass panels that can lead to the 
detachment of the paint layers [6].

During the middle of the 20th century, Lacroix & Cie 
stopped the production because the demand was not enough 
to be rentable. However, at the end of the 20th century, the 
French section of the International Institute of Conservation 
(IIC), in partnership with the Laboratoire de Recherche des 
Monuments Historiques (LRMH), felt the need to create new 
formulations of glass paints to be used in conservation and 
restoration works. This investigation was trusted to Hervé 
Debitus, a conservator and specialist in painting on glass [7].

In the article Recherche pour une formulation nouvelle 
de grisailles, published in 1991, Debitus introduced new 
grisailles formulations based, not only on medieval 

Figure 1. Schematic representation of grisaille paint layer in cross-section, before and after firing (following [2]).

treatises, but also on the manuscripts of Lacroix & Cie [8]. 
These paints started to become available commercially 
since this date and they are sold until nowadays, being one 
of the most used in contemporary art and for conservation 
and restoration works. 

The Debitus grisailles are applied in the conservation 
and restoration of stained-glass windows for the chromatic 
reintegration during the process of filling losses. To avoid 
future conservation problems in the historical windows, it is 
important not only to understand the chemical and physical 
properties of the materials of the windows itself, but also 
the materials used in the conservation and restoration 
procedures. Therefore, the objective of this work was to 
characterise the commercial grisailles from Debitus to 
better understand their future stability and compatibility 
with the historical stained-glass windows.

Methodology

Materials selection
For the evaluation of the materials, five of the most common 
grisailles were selected: 1) one black (Noir Ordinaire); 2) two 
browns (Brun XIII and Brun XVI); 3) two whites (Depoli 
Incolore and Mousseline). This choice was made by their 
representativeness within the colours found on historical 
grisailles. The commercial grisailles were prepared by 
mixing them with water and gum arabic (less than 1 wt. %) 
and painted on 2 cm x 2 cm squares on the non-tinned side of 
f loat glasses (soda-lime silicate glasses). The grisailles were 
fired in a side-heated electric furnace BARRACHA-Model E1. 
They were heated with a temperature ramp of 3 ºC/min up to 
680 ºC, followed by a dwell of 30 minutes and a slow cooling. 
The grisailles were studied before and after the firing 
process to assess the changes in the chemical composition 
and colour during the thermal treatment (Figure 2).
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Analytical techniques
The samples were characterised before and after firing with 
a set of different techniques: 1) optical microscopy (OM); 
2) scanning electron microscopy (SEM-EDS); 3) particle 
induced X-ray emission (µ-PIXE); 4) X-ray diffraction (XRD); 
5) infrared thermography.

In order to analyse the grisaille cross-sections for µ-PIXE 
and SEM-EDS, the painted grisailles were cut with a steel 
wire with a diamond point and mounted in epoxy resin 
(Araldite 2020) from Huntsman and polished with up to 
4000 grit with a SiC paper. 

The µ-PIXE analysis were made in the IST 2.5 MV Van 
de Graaff accelerator facility using an OM150 Oxford 
Microbeams scanning nuclear microprobe. The produced 
X-rays were collected with a 160 eV resolution Bruker SDD 
detector. With the microprobe beam scanning system, 
elemental distribution maps were obtained, and specific 
regions of interest were selected for quantitative analysis. 
Operation and basic data manipulation was achieved using 
OMDAQ software; quantitative analyses were done with the 
GUPIXWIN program. Each sample was analysed in three 
different areas/regions and the average of the results in 
oxides was calculated and normalised to 100 wt. %. 

The morphology of the grisaille powders was observed by 
transmitted light in an optical microscopy under plane and 
cross-polarised light. The microscope, an Axioplan 2 from 
Zeiss, is equipped with a halogen light HAL100 and a digital 
camera (Nikon DMX1200F). 

The scanning electron microscope, complies a Hitachi 
S2400 model equipped with a Rontec standard EDS detector, 
operating at a beam acceleration voltage of 20 kV for analyses, 
and a backscattered electron (BSE) detector for imaging.

X-ray diffraction was applied for the identification of the 
crystallographic phases. It was performed on a Benchtop 
X-Ray Diffractometer RIGAKU model MiniFlex II, using a 
monochromatic X-ray source (Cu Ka line) operated at 30 kV 
of acceleration voltage and 15 mA current. The spectra were 

acquired between 10 and 90° at 2°/min. The identification 
was made by comparison with the RRUFF database [9].

The characterisation of the surface thermal behaviour of 
grisailles was carried out by infrared thermography using 
a FLIR Therma-CAM B4 (7.5 to 13 µm wavelength range, -20 
to +130 ºC temperature range and 0.08 ºC of temperature 
accuracy) equipped with a 25° FOV (Field of View) lent. As 
the analyses did not aim to acquire accurate temperature 
measurements but to detect thermal anomalies and perform 
active thermography calculations, emissivity was set to a 
constant value (0.96). The camera was set at 40 cm distance 
from the samples, which were placed vertically on a support 
covered with an aluminium foil with the painted side facing 
to the camera. For thermal excitation, a heater with a hot air 
f lux located at 40 cm from the grisaille samples was used. The 
acquisition lasted 10 minutes: 5 minutes during heating and 
5 minutes cooling after turning off the heating source with a 
frequency of acquisition of one capture every 30 seconds. The 
analyses were done in a dark room with an environmental 
temperature ~20 °C throughout the experiment. 

Results and Discussion

Chemical and crystallographic characterisation
The theoretical composition of the grisailles was published 
in 1991 by H. Debitus [8], which are reproduced in Table 
1 for the grisailles selected. It is possible to observe that 
some of the grisailles are produced using a mixture of the 
previously prepared ones. Nowadays, due to the patent 
protection, the information given by the company is 
limited; for example, Debitus only says that the grisailles 
are constituted by a mixture of a “Rocaille” (5SiO2·4PbO) 
with metal oxides as colorant [10].

The performed analysis of the grisailles by µ-PIXE 
and XRD determined the chemical composition and the 
crystallographic phases (Table 2).

Figure 2. Grisailles selected for the study, before and after firing.
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Components, raw materials Grisailles studied, theoretical composition (%)

Name Formula Noir Ordinaire Brun XIII Brun XVI Mousseline Depoli Incolore

Iron oxide Fe3O4 41.2 - - - -

Tin oxide SnO2 - - - 33.3 -

Fused agent 5SiO2:4PbO 58.8 - - 66.7 100

Grisaille Noir Ordinaire 7Fe3O4:10(5SiO2:4PbO) - 37 30.3 - -

Grisaille Rouge no. 2 1Fe2O3 :2(5SiO2:4PbO) - 37 - - -

Grisaille Rouge no. 4 1(2Fe2O3:ZnO) :2(5SiO2:4PbO) - - 9.1 - -

Grisaille Brun Clair 7(2Fe2O3:ZnO):10(5SiO2:4PbO) - 25.9 60.6 - -

Table 1. Compositional percentage from the selected Debitus grisailles according to the original formulation [8].

Table 2. Compositional (wt. %) and crystallographic phases from the select Debitus grisailles, before and after the firing process, obtained by µ-PIXE and 
XRD analysis.

Firing process

Chemical composition analysed by PIXE (wt. %)

Crystallographic phasesAl2O3 SiO2 MnO Fe2O3 ZnO SnO2 PbO Others

Noir Ordinaire Before 0.92 18.3 6.3 21.5 0.02 - 52.4 0.66 Hematite (Fe2O3)
Magnetite (Fe3O4)
Jacobsite (MnFe2O4)

After 0.73 22.9 5.2 18.7 0.02 - 52.6 0.75 Kentrolite (Pb2Mn2O2(Si2O7))
Hematite (Fe2O3)
Magnetite (Fe3O4)

Brun XIII Before 0.35 15.4 2.4 26.7 4.6 - 50.2 0.32 Franklinite (ZnFe2O4)
Hematite (Fe2O3)
Magnetite (Fe3O4)

After 0.27 18.7 1.8 22.2 4.3 - 52.3 0.41 Kentrolite (Pb2Mn2O2(Si2O7))
Franklinite (ZnFe2O4)
Hematite (Fe2O3)
Magnetite (Fe3O4)

Brun XVI Before 0.41 17.7 2.3 22.7 6.5 - 49.8 0.56 Franklinite (ZnFe2O4)
Hematite (Fe2O3)
Magnetite (Fe3O4)

After 0.38 20.6 1.90 20.1 6.3 - 50 0.64 Kentrolite (Pb2Mn2O2(Si2O7))
Franklinite (ZnFe2O4)
Hematite (Fe2O3)
Magnetite (Fe3O4)

Mousseline Before - 11.8 - - - 44.6 43.5 0.1 Cassiterite (SnO2)

After - 5.8 - - - 71.5 22.5 0.16 Cassiterite (SnO2)

Depoli 
Incolore

Before 16.1 19.5 - - - 6.1 58.2 0.08 Cassiterite (SnO2)

After 9.3 22.3 - - - 7.8 59.9 0.67 Cassiterite (SnO2)

Comparing the results from Table 2 with the information 
on Table 1, it is possible to notice a difference between the 
theoretical compositions proposed by Debitus in 1991 [8] 
and the compositions analysed by µ-PIXE in the selected 
grisailles. In contrast to the theoretical compositions, 
manganese was used together with iron as colouring agent 
in the black paints (grisaille Noir Ordinaire), as well as tin 
and aluminium which opacify the paint to obtain a white 
material in the grisaille Depoli Incolore. 

The compositions in the darker grisailles do not present 
significant changes before and after firing, just a slight 

increase on the lead and silica concentrations after firing 
and, by consequence, a decrease in the metallic oxides, 
mainly in the iron concentration. But in the white grisailles, 
it is possible to see a significant loss of lead and aluminium in 
the Mousseline and Depoli Incolore grisailles, respectively. 
This phenomenon can be related to the interdiffusion and 
penetration of these elements into the glass substrate, 
to their volatilization during the firing process or to the 
experimental procedure. 

Regarding the crystallographic characterisation, in 
the darker grisailles, iron compounds were identified in 

Carla Machado, Andreia Machado, Teresa Palomar, Luís Cerqueira Alves, Márcia Vilarigues
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conjunction with manganese or zinc in the Noir Ordinaire, 
Brun XIII and Brun XVI. In addition, a new phase was 
detected in the Noir Ordinaire after firing, the Kentrolite, 
which was formed due to the decomposition of the Jacobsite 
(Table 2). Franklinite, hematite and magnetite were still 
present after firing. In the case of white grisailles, it was 
only identified the tin oxide, cassiterite, before and after 
firing. Crystalline SiO2 and PbO were not identified in the 
diffractograms, because they were added in form of glassy 
material to favour their fusion at low temperature.

Morphological characterisation
OM and µ-PIXE mappings of elemental distribution were 
performed to morphologically characterise the grisaille 
powder before and after the firing process. In addition, 
cross-sections of the painted surfaces were analysed with 
OM and SEM-EDS.

The results were consistent between the darker grisailles 
and the white ones. For this reason, it was chosen one of 
each group as an example of the results obtained: Brun XIII 
and Mousseline.

Powder characterisation
The powder characterisation, represented in the Figure 3, 
shows a higher degree of homogeneity in the dark grisailles 
after the firing process (Figure 3a); however, the optical 
microscopy images showed the darkening of the painted 
layer and the appearing of aggregates, probably related to 
the fusion and combination of different components (glass 
and metal oxides) during the firing process.

The maps of elemental distribution from Mousseline 
grisaille (Figure 3b), also confirmed the increase of tin after 
the firing process by consequence of a decrease of lead and 
silica. These results are in accordance to the compositional 
characterisation.

Painted surface
The historical grisailles used to be heterogeneous because of 
the presence of large metallic inclusions, bubbles, etc. [3, 5, 
11-15]; but the analysed Debitus grisailles samples are very 
homogeneous (Figure 4). It was also possible to observe a 
difference between the thickness from the darker grisailles, 
which varies from 30 to 70 µm (Figure 4a); and the white 

Figure 3. Mappings of elemental distribution obtained by µ-PIXE (800 µm × 800 µm) in the grisailles Brun XIII (a) and Mousseline (c); and optical microscopy 
images, before and after firing, with cross polar light, in the grisailles Brun XIII (b) and Mousseline (d).

Figure 4. SEM-BSE images from the cross-section of the grisailles Brun 
XIII (a) and Mousseline (b).

a

a
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c

b d
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ones, with 10 to 25 µm (Figure 4b). A smooth interface 
between the glass and the grisailles is also shown in Figure 
4, suggesting a good interdiffusion of the grisaille into the 
glass support, as well as a good adherence between the 
painted layer and the glass. 

The cross-section profiles obtained by µ-PIXE also 
showed the grisaille penetration into the glass matrix, which 
varies between the darker ones and the white ones (Figure 
5). The darker grisailles presented an interface around         
20 µm (Figure 5a) due to the penetration of the lead on the 
glass support; but the interface in the white ones is around 
5 µm (Figure 5b). The thin interface could be due to the low 
content of lead in the composition after the firing process 
(see Chemical and crystallographic characterisation section) 
that could be probably related with the volatilization of this 
element during the thermal treatment. 

The distribution of the main elements in the cross-
section of the representative grisailles as determined 
by SEM-EDS is also presented in Figure 5. The results 
confirmed the homogeneity of the dispersion of the metal 
grains in the base-glass matrix.

Thermographic characterisation
The IR-thermographic analyses were made in reflection 
mode on grisailles with different thickness (thicker, 
medium and thinner) painted on common window glass to 
understand their thermal behaviour [16-19]. The samples are 
showed in Figure 6.

The samples showed a substantial increase of the surface 
apparent temperature during the exposure to the hot air 
f lux (Figure 7, Heating) and a progressive cooling when 
the hot air f lux was switch off (Figure 7, Cooling). It was 
possible to observe that the increase of the surface apparent 
temperature was similar in the grisailles and the glass 
support, being the surface temperature of grisailles slightly 
higher. The specific heat of the lead glasses is lower than 

in soda-lime silicate glasses [20-21], which means that, for 
the same energy, the surface paints increased more their 
temperature than the support glass. During the cooling, the 
grisailles preserved more the heat in comparison with the 
support glass due to the absorption of the radiation of the 
former ones (Figure 7). 

The temperature variation between both materials was 
less than 2 °C in all the cases, which indicates a good thermal 
compatibility. Similar results were observed in previous 
studies [16, 19].

When the different thicknesses are compared, the thinner 
layers experienced the higher increases of temperature 
under the same heating conditions in comparison with the 
thicker layers. This result is contradictory to previous studies 
[18]; although, these variations are not very significant since 
the f luctuation was less than 1 °C and could be due to the 
experimental set-up. 

The comparison of the different grisailles during 
the heating and cooling cycle is shown in the Figure 8. 
According to the literature, darker colours increase the 
surface apparent temperature more than the clear ones 

Figure 5. SEM-EDS elemental distribution of silicon, lead, iron, zinc and tin in the grisailles and representative elemental profiles of grisaille applied on 
glass substrates after firing Brun XIII (a) and Mousseline (b).

Figure 6. Painted glasses with the grisailles: Brun XIII, Noir Ordinaire and 
Depoli Incolore, with different thicknesses (thicker, medium, and thinner).

a

b
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under the thermal excitation of two halogen lamps due 
to the albedo phenomenon [18, 22]. In this experiment, 
the darker grisaille, Noir Ordinaire, exhibited the lowest 
temperature increase, and the brown and white grisailles, 
with higher gloss, presented a similar behaviour between 
them. This difference can be related with the experimental 
set-up, the ref lection of the IR-radiation, and/or the 
chemical composition of the grisailles.

Conclusions

This study allowed a current and accurate chemical, 
morphological and thermal characterisation of these 
commercial materials used in conservation and restoration 
works. The identification of the composition from the 
different grisailles enabled the understanding of a well-
balanced ratio between the different components of the 

raw materials. The morphological characterisation of the 
cross-sections showed the homogeneity of these grisailles as 
well as the good interdiffusion between them and the glass 
support. Finally, the thermal analyses of these commercial 
grisailles, despite the small differences in the results, 
indicated a good thermal stability. All these characteristics 
are indicative of a good quality and durable material to be 
used in conservation and restoration works. However, in 
order to fully understand the stability and durability of 
these commercial grisailles, further studies need to be done 
to assess other related factors (vehicle agents, kind of kiln or 
firing process), together with the behaviour and the effect of 
ageing on these grisaille paints.
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