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Abstract
This paper describes the results of the technical-
scientific and operational study activities carried 
out for the restoration of a wooden altar frontal 
dated 1787, made by Giuseppe Maria Bonzanigo 
(1745-1820). The altar is located at the church of 
San Francesco d’Assisi in Turin and was restored 
by Fondazione Centro Conservazione Restauro 
‘La Venaria Reale’ (CCR) for the exhibition ‘Genio 
e Maestria. Mobili ed ebanisti alla corte sabauda 
tra XVIII e XIX secolo’ (Reggia di Venaria, March-
July 2018). The object is decorated with refined 
carving and has gilded and silvered finishes which 
confer different material contrasts. The restora-
tion intervention was aimed at solving the various 
forms of deterioration present on the artwork, such 
as lifting, abrasions, overlapping and overpaint-
ing. Two topics in particular have been tackled: 
the removal by physical methods of a repainted 
area covering the original background, and the 
reintegration of gilding losses through an innova-
tive technique. The mixed nature of the artwork 
required the implementation of different interven-
tion modalities for the cleaning phase. In particu-
lar, the action carried out with the laser technology 
turned out to be fundamental. The effectiveness 

of the Eos 1000 LQS, Thunder Art @ 1064 nm and 
Smart Clean II SFR lasers was tested. During the 
intervention the laser technique was integrated 
with a dry cleaning system. The combination of 
macro-photography and invasive and non-invasive 
analytical techniques, such as ultraviolet fluores-
cence, optical and electronic microscopy as well 
as EDX analysis, allowed a preliminary study of 
the technique and constant control of the clean-
ing levels. Studying how to reintegrate the gold 
leaf with the traditional guazzo or water-gilding 
technique created some conceptual and practical 
difficulties, due to the requirements of recogni-
tion, reversibility and aesthetics normally applied 
in restorations of works of art. Our study aimed 
at making the integration recognisable by slightly 
modifying the composition of the bolus prepara-
tory layer with particular pigments that respond to 
UV radiation. In this way it was possible to create 
a matching new gilding that stands out from the 
original gilding when observed under a Wood’s 
lamp. It is an innovative method tested for the 
first time on this eighteenth-century altar frontal 
from a Turin church, but it can be used to make 
integrations recognisable in any piece of furniture 
with gilded and polychrome decoration.

Figure 1   The preparatory drawing of the signed and dated altar frontal, kept in the Royal Library of Turin.
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Description  
The artwork is an antependium (277 x 104 cm), 
also known as an altar frontal. The term antepen-
dium usually indicates elaborate fixed hangings 
that can adorn Christian altars. This particular art-
work was carved and decorated by Giuseppe Maria 
Bonzanigo in 1787.
Bonzanigo was one of the most important cabinet-
makers and woodcarvers at the Savoy Court of the 
eighteenth and nineteenth centuries, though he 
specialised in wooden and ivory micro-sculptures. 
Some of his decoration work is to be found at the 
Royal Palace apartments in Turin.
The attribution of the altar frontal to Bonzanigo 
was possible after studying and researching a draw-
ing (figure 1) signed and dated in 1787 and kept in 
the Royal Library of Turin. The ink and watercolour 
drawing does not show the decoration of the central 
medallion with the representation of St. Francis of 
Assisi receiving the stigmata. However, it perfectly 
describes the play of light and dark spots, and the 
different of levels of gloss on the carvings, achieved 
through burnishing. This conveys a certain poly-
chromy to the plant and floral decoration.
The altar frontal was made using different tech-
niques: the background is made with a granular sil-
ver decoration and all the carved areas are covered 
with alternately shiny and opaque gold leaf.1 The 

central scene is represented on a separate panel and 
depicts St. Francis receiving the stigmata. This is 
included in an oval frame surrounded by phytomor-
phic or plant-shaped decorations belonging to the 
Christian tradition (figure 2).
The wooden support consists of a perimeter frame 
probably made of poplar wood, joined by mortise-
and-tenon joints. The inner part of the frame is 
reinforced with three blocks fixed with tongue-
and-groove joints. Frame and cross-pieces are 
glued to the back of the panelling that houses the 
decorated front (figure 3). 
Before treatment, the object showed a bad state of 
conservation: the wooden support was damaged 
by cracks, caused by tensile stress as a result of 
natural movements of the blocks; numerous carv-
ings had losses; the ground layer was affected by 
losses and the presence of different fillers from 
previous treatments; the paint layers showed re-
gilding, overlying silvering, alteration of the resin 
varnishes, abrasions of the gold foil with visible 
bolus as a result and finally, a superficial layer of 
black coloured dirt (figure 4).

Analysis
To further analyse the condition and the histori-
cal manufacturing techniques a diagnostic plan 
was carried out. The UV fluorescence highlighted 

Figure 2  Altar frontal, before treatment.

Figure 3   Altar frontal, support panel from the back, before treatment.
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an oxidised finishing layer on the surface, and the 
cross-section analyses confirmed a composite stra-
tigraphy of the original layers (figures 5a, 5b). As 
shown in figure 5a, more than one layer of silvering 
(layers 5 and 9 in the cross-section image) is pre-
sent on top of the original one. Layers 1 to 4 are the 
original ones, in particular, layer 4 is the original 
natural resin finish. On top of this, a first re-plas-
tering has been applied as a preparatory layer for 
the first re-silvering operation. The sample that was 
taken shows one more layer of additional silvering. 
However, there may have been more interventions. 
On layer 8, coarse-grain sand was applied in order 
to simulate the coarse surface of the original finish, 
which was analysed in a second stratigraphy2 and 
taken after the laser operation (see layer 1, figure 9).

Figure 5a   SEM image of cross-section of the silver decoration 

and stratigraphy scheme.

Figure 5b   Optical microscope images of a cross-section in

visible light and UV light, showing the composite stratigraphy 

of the original layers.

Figure 4   Details before treatment, wooden support damaged by cracks, carving losses, losses to the ground layer and scrapes of the gold leaf.
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Conservation treatment
The conservation process initially focused on the 
cleaning of the gold leaf and was carried out by 
chemical methods in two different steps: first, the 
removal of all the dirt layers using a salt in water 
solution3 (figure 6); then, the removal of the overly-
ing gilding by using an organic solvent mixture4. The 
original water gilding that emerged after cleaning 
was in a good state of preservation and it was bright-
er than the later overlying oil gilding (figure 7). The 
entire surface decorated with gold leaf was cleaned 
and was brought back to the original gilding.
Considering the complex stratigraphy of the sil-
ver granular decoration, as previously described, 
a comparison of the effectiveness of the cleaning 
methodology was tested, using solvents, laser abla-
tion and a combination of laser and dry cleaning 
(figure 8).
Traditional cleaning tests were conducted, as in 
the case of the golden surface, using an organic 
solvent mixture5 and a surfactant6. These gave good 
results in removing the altered silver repainting, 
but they did not allow the removal of the gypsum 
preparation applied on the original silver leaf layer. 
Therefore, preliminary laser tests were done with 
two different Nd:YAG lasers7 at the wavelength of 
1064 nm: ThunderArt Q-Switch (8 ns) and Eos 1000 
Long Q-Switch (100 ns). The laser8 is a non-contact 
tool of great precision which has been widely used 
in the conservation of cultural heritage over the last 
years. However, using the laser alone with succes-
sive irradiations risked affecting the finish of the 
natural resin present in the stratigraphy (figure 5a).
The laser was capable of removing the undesir-
able preparation by fragmenting it, thereby creating 
radial detachments of the material and thus leav-
ing residues on the surface. After observing these 
results, it was decided to operate more safely by 
combining the laser with a mechanical action of dry 
cleaning with high-density sponges. The evaluation 

of the results was conducted by video microscopy 
analysis and cross-section of the surface (figure 9). 
One additional sample was taken during the clean-
ing tests in order to control the preservation of the 
original layers, including the varnish (indicated in 

Figure 6   Detail during cleaning, removal of the black 

incoherent dirt layer using a salt in water solution.

Figure 7   Detail during cleaning, removal of the re-gilding layer 

using an organic solvent mixture.

Figure 8   Detail of the effectiveness of cleaning tests on the 

silver granular decoration. Orange defines the solvent test, the 

blue line encloses the different laser tests, and the red shows 

the result of laser and dry cleaning.

Figure 9   Detail of an area during cleaning process, video 

microscopy in visible light and UV light 100x. The right side 

of the test area is cleaned by laser; the magnified images show 

the residues of gypsum on the silver decoration that has to 

be removed by sponges. UV light reveals the presence of the 

preserved varnish.
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figure 10 with layer number 4). The analysis vali-
dated the chosen methodology, which respected 
the traces, even if fragmentary, of the natural paint 
originally applied as a silver finish. The following 
method, as described below, has been applied on 
the entire silver surface (figure 11).
The ablative action obtained by Eos 1000 Long 
Q-Switch (100 ns) was considered appropriate. 
The laser was used with the following operating 
conditions: fluence of 0.80 J/cm2 and frequency of 
2 Hz. This fluence, considered under the damage 
threshold, allowed the removal of the black surface 
layer, leaving some residues of gypsum. The sec-
ond step of the cleaning process was carried out by 
dry cleaning; first using soft sponges9 and then a 
scalpel to remove the smallest residues.

After the cleaning process, poplar wood inserts 
were made to fill the cracks. The restoration of the 
support consisted of the integration of the shrink-
age cracks between the blocks. The longitudinal 
anchoring or filling of the slits was carried out 
following the grain direction, using balsa wood. 
This extremely versatile wood was selected as it 

absorbs vibrations and yields under the effect of 
compression exerted by the adjacent boards, i.e., 
it is softer than the surrounding wood.
The losses of the ground on the original substrate 
and the inserts were filled with an added percent-
age of bismuth. This method had previously been 
tested as a means of recognising restoration inserts 
and veneer on furniture10. The fillings were made 
with the addition of an inert material - with a grain 
size similar to the original - to the gypsum in order 
to optically integrate the pictorial layer. 
 
The pictorial integration phase included differ-
ent methods: the portions of the gilded surface 
with visible bolus abrasions, concentrated in par-
ticular on the perimeter of the frame and on the 
lower moulding, were integrated with watercol-
our paints. The fillings on the silver background 
were integrated using mica powder. The wooden 
parts of the decoration, which were reintegrated 
and filled, were gilded with gold leaf, as described 
below in the experimental methodology. A coating 
of Regalrez 1126 was applied as a final protection 
layer.11

Figure 10   Detail during cleaning (laser and dry cleaning). Right side, cross-section optical microscope (MO) 4x in visible light and UV light, 

sample taken in cleaned area shows the preservation of the original layers.

Figure 11   Altar frontal, during the conservation treatment, halfway cleaning.
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Experimental methodology 
The evaluation of the solutions available to the 
restorer (watercolours, golden or pearlescent pow-
ders based on mica, etc.) to integrate the deficient 
parts on a burnished and compact golden surface 
did not satisfy or meet our expectations and have 
led us to look for new methods and materials. The 
aim of our research was to identify a new method of 
intervention that would ensure the correct aesthetic 
reading of the artwork, the compatibility of materi-
als used and their ability to be identified through 
simple and inexpensive investigation methods, like 
mercury arc lamps with a filter that transmits only 
UV radiation (Wood’s lamp).
The experiment, divided into two phases, started 
from previous publications concerning the multi-
spectral response characteristic of some pigments.12 
During the first phase, which started in 2015, a 
selection of pigments to be added to the bolus were 
sampled and tested, from Egyptian blue to cadmium 
red, also introducing some powdered metals such as 
wernerite and diopside (figure 12). The results, pub-
lished in the documents of the XII Conferenza del 
Colore (Turin, 08-09 September 2016).13 highlighted 
some critical issues, such as the poor response of the 
material underneath the metal foil and the exces-
sively high grain size of the metals. 
During the second phase of the experiment some 
synthetic pigments with a high emission of fluores-
cent radiation, composed of a solid solution of dyes 
in a sulfonamidamide-melaminaparaparaphaldic 
thermosetting resin, were used (figure 13). An 
example is ‘Fluorescent Pigment Orange’, order 
number 56250, Kremer Pigmente GmbH & Co., 
Germany. Different samples were made (figure 
14), adding increasing quantities of fluorescent 
pigment (2% - 5% - 10% - 10% + watercolour) to 
the Armenian bolus in isinglass glue. Selecting the 
sample at 10% (min. 7%; max. 40%) as the best 
response in visible and UV light, a soft fluid paste, 
free of impurities, was obtained and applied to sub-
sequent samples.

The normal application of the 23¾k gold leaf and 
the burnishing with agate stone continued. By 
exploiting the thinness of the sheet, it was found 
that the irradiated UV light14 was not fully absorbed 
by the metal and that it was able to penetrate the 
layer underneath, giving an intense orange fluo-
rescent colour. This result made it possible to map 
out the gaps that had been filled and that were not 
identifiable with visible light (figure 15).
The samples were subjected to an ageing chamber 
under extreme climatic conditions for a period of 

Figure 12   Test samples from an initial study carried out to 

evaluate the response of the pigment under UV light. 

Figure 13   Polymeric resins with fluorescent pigments by 

Kremer, on the left the orange pigment number 56250 in visible 

light and on the right under UV light.  

Figure 14   Test samples. Addition of different percentages of 

Kremer fluorescent pigments to the Armenian bole, burnished 

water gilding, and on the bottom of the image the UV light 

capturing in transparency the fluorescence of the pigment.
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1510 hours (figure 16).15 Despite showing a clear 
deterioration (deterioration also found in the tech-
nical data sheet of the pigment), they maintained a 
certain response (green colour) to UV that makes 
them distinguishable from samples with traditional 
gilding. The latter are always black under UV light, 
because the metal absorbs the ultraviolet radiation.

Conclusion 
Following the positive results of this experimen-
tal methodology, it was possible to intervene on 
the altar frontal by performing water gilding, a 
technique that was best suited to the integration 
of the metal sheet. After filling the gaps with the 
mixture previously described based on gypsum, 
basic bismuth nitrate and animal glue, the mixture 
bolus +10% fluorescent pigment was selected, as it 
had produced the best results during the tests. The 
operation was particularly significant on the floral 
carving (figure 17). 

Figure 17   Detail during treatment, integration of the loss 

carving. The sequence of images shows: the the wood carving 

integration, the fill made with bismuth nitrate, the drafting 

of the Armenian bole with Kremer pigments, the application 

of the gold leaf, subsequently burnished and finally the detail 

under UV light.

Figure 15   Detail of the frontal altar, after the application of the 

experimental methodology. On the right a 60x magnified image 

taken using a portable video microscope in UV light.

Figure 16   Test samples, subjected to an ageing chamber. After 

degradation the pigment has a certain response (green colour) to 

UV that makes it distinct from samples with traditional gilding.
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The operations performed on the artefact are meant 
to respect the methodological guidelines governing 
the activity: the transmission in the future of the 
work of art, the recognisability and reversibility of 
the restoration through the possibility of identify-
ing the materials used.
As shown in the graphic scheme (figure 18) through 
differentiated non-invasive optical investigations 
(visible, UV, IR, RX) a lot of information can be 
obtained. The digital images acquired in the differ-
ent bands of the electromagnetic spectrum provide 
the data for subsequent documentation and map-
ping of the intervention performed. 
The presence of a small percentage of bismuth in the 

gypsum is effective for tracing fillings by means of 
radiographic analysis. As a method of application of 
the metal foil, as in antiquity, the traditional guazzo 
or water gilding remains the only gilding technique 
providing brilliant surfaces, but this is a non-rec-
ognisable intervention. This new technique, as an 
alternative, can be useful for an easy identification 
in-situ and to map all the integrations of the con-
servation treatment under UV light (figures 19, 20).

Francesca Zenucchini
Conservator, Centro Conservazione e Restauro 
‘La Venaria Reale’, Turin, Italy
francesca.zenucchini@centrorestaurovenaria.it

Figure 18   The graphic scheme of fills shows how the electromagnetic spectrum provide the data for subsequent 

documentation and mapping of the intervention performed

Figure 19   Altar frontal, after treatment, in visible light.

Figure 20   Altar frontal, after treatment, in UV light. The observation of the photo makes it possible to map all integrations.
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Notes
1 The bottom of the altar frontal shows a grained 
decoration, made by incorporating an inert mate-
rial with a high grain size into the gypsum prepa-
ration layer.
2 Small fragments of material taken from the 
altar frontal were incorporated into transparent 
resin (Struers Epofix epoxy resin). Subsequently, 
the face perpendicular to the direction of succes-
sion of the layers was smoothed and polished, 
to allow for observation at high magnification 
under the optical and electron microscope.
3 3% solution of ammonium citrate tribasic 
(Sigma-Aldrich), pH 6.
4 Organic solvent mixture LA9 ligroin 10% - 
acetone 90%.
5 LA9 ligroin 10% - acetone 90%.
6 3% of Tween 20 (Sigma-Aldrich) oil-in-water 
emulsion.
7 Eos 1000 LQS with near-infrared emission (Nd: 
Yag λ 1064 nm) has a particular pulse duration 
of 100 ns with energy growth (130-250-280 mJ). 
The laser beam transmission takes place in opti-
cal fibre, which determines an homogeneous 
type beam with an adjustable hand piece and 
a guide beam emitting at 632.8 nm. Thunder 
Art QS mode (Nd: Yag λ 1064nm) which is the 
most powerful on the market at about 1 J. It also 
works with optional wavelengths (λ 532 nm and 
355 nm): the pulse duration is 8 ns. The beam 
is transmitted by a seven-mirror articulated 
arm with a fixed, interchangeable focal length ( 
http://www.lightforart.com/en).
8 Light Amplification by Stimulated Emission 
of Radiation. M. Cooper, Laser Cleaning in 
Conservation: An introduction, Butterworth 
Heinemann, Oxford Ed., 1998.
9 Wishab Akapad white soft sponges.
10 P. Luciani, T. Radlet, M. Ravera, ‘Il riconosci-
mento delle integrazioni lignee nell’ebanisteria’, 
in: Il restauro degli arredi Lignei. L’ebanisteria piemon-
tese. Studi e ricerche, Edited by C.E. Spantigati and 
S. De Blasi, Nardini Editore, Firenze, 2011, pp. 
160-162.
11 20% Regalrez 1126 with addition of 2% Tinuvin 
292 in Shellsol D70.
12 J. Dyer, J. Cupitt, G. Verri, Multispectral Imaging 
in Reflectance and Photo-induced Luminescence modes: 
A User Manual, The British Museum, 2013; 
G.Verri, D. Saunders, ‘Xenon flash for reflectance 
and luminescence (multispectral) imaging in cul-
tural heritage applications’, in: Technical Research 
Bulletin, Vol. 8, The British Museum, London, 
2014, pp. 83-92.

13 R. Capezio, T. Cavaleri, G. Picablotto, M. 
Pisani, P. Triolo, M. Zucco, ‘Innovative methods 
for a recognizable gold leaf integration’, in: D. 
Gadia, Colour and colorimetry Multidisciplinary con-
tributions, Vol. XII B, gruppo del colore, Milano, 
2016, pp. 173-184.
14 Taken with Nikon D810 camera with Hoya 
UV&IR Cut 77 mm filter.
15 High-speed exposure unit Suntest CPS 
(Heraeus, Germany), equipped with a xenon 
lamp and a UV filter that absorbs wavelengths 
lower than 300 nm was used to simulate outdoor 
solar exposure. Irradiation was set at 765 W m2 
and the maximum temperature on the sample 
was kept below 50 ºC by forced air circulation.

*Conservator, Centro Conservazione e Restauro ‘La Venaria 

Reale’, **Art historian, ‘La Venaria Reale’, ***Conservation

scientist, ‘La Venaria Reale’, ****Director of conservation

laboratories ‘La Venaria Reale.


