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ABSTRACT: This paper describes the application of the Er:YAG laser for the cleaning of 
a 17th-century polychrome wood sculpture which was originally opulently gilded, but had been 
totally overpainted around the nineteenth century. A series of diagnostic analyses and laser tests 
have been performed for a comprehensive understanding of the artistic-technique and the state of 
preservation, and for controlling the laser cleaning. Cross-sections of minute fragments and sam
ples collected by the Er:YAG laser allowed us to understand the complex stratigraphy. PY-GC- 
MS, SEM-EDX, and XRF analyses highlighted the challenge of this cleaning work. It has been 
considered appropriate to remove gradually the overpaints on the clothing of the Virgin in order 
to uncover the original gilded portion, although it might be extremely degraded. The Er:YAG 
laser ablation allowed the selective removal of different layers of multi-colored overpaint and of 
the thick and resistant past restoration infilling which covered the thin degraded original layers.

1 INTRODUCTION

In the last 20 years, various laser technologies have been developed and applied for the conser
vation-restoration of cultural heritage. The cleaning of artworks by Er:YAG laser (2,94 µm) 
has been widely studied since late 1990's (De Cruz 1999), and this system has been proved effi
cient for the cleaning of paintings, particularly for -OH bond rich materials, i.e., for the 
removal of degraded varnishes as well as of overpaintings (Bracco et al. 2002; Bracco et al. 
2003, Andreotti et al. 2007). Nonetheless, the application of the Er:YAG laser in cleaning 
polychrome surfaces is still quite limitedly reported (Pereira-Pardo et al.2018). Based on the 
previous positive experiences in Er:YAG laser for removing overpaintings on paintings on 
canvas/wood (Andreotti et al. 2016), it was considered very promising to continue cleaning 
test with Er:YAG laser on this case. The aim of this paper is to contribute to broaden compre
hension and use of Er:YAG laser, which is suitable to delicate operations such as cleaning of 
painted surfaces thanks to its peculiar and intrinsic characteristic of high absorption of -OH 
bond. An irradiation of 1 mm spot and minimum pulse energy as low as 0,003 J/pulse (i.e., 
fluence 0,4 J/cm2) permit to execute precise local cleaning, as well as reduced mechanical 
impact to the deteriorated polychrome or gilded surface during the cleaning, not to mention 
of its practical advantages such as better control and friendly-handling for restorers- 
conservators with small pen-guided hollow glass fiber, etc., which could be advantageous in 
resolving difficult conservation problems.
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2 MATERIALS AND METHODOLOGIES

2.1  Virgin and child

A seventeenth-century (attr.) Italian polychrome wood sculpture (height ca. 66 cm) from a private 
collection, representing “the Virgin and Child” was examined and then treated using Er:YAG 
laser (Figure 1). Although the original provenance of this artwork is unknown, it is presumed 
that it could have been a devotional object in the area of Vicenza, northern-oriental part of Italy. 
The dating had been done according to a stylistic point of view, to the seventeenth century, 
which, however, was disguised by heavy and comprehensive overpaintings executed in the late 
nineteenth century onwards, as shown below, which covered completely the surface of the sculp
ture. During the cleaning, in fact, it was revealed that the sculpture had been originally gilded 
opulently, which might lead to revise the present dating hypothesis to an earlier period. Richly 
gilded polychrome sculptures, Polittico, a complex group of wood polychrome and gilded sculp
tures of the sixteenth century in San Cassiano di Quinto church near Vicenza, for example, might 
have a certain link to our sculpture. The sculpture is composed of various wooden parts assem
bled, carved, gilded, and painted. Under a closer observation, the wood species seems to belong 
to conifer. The right arm of the Virgin is attached to the torso by means of two dowels and adhe
sive. Various wooden components, such as the arms and the hands of Child and some fingers of 
the Virgin, have been lost. As previously described, the original modelling of the statue has been 
heavily disguised by thick stucco and thick and roughly executed overpaints all over the surface. 
So many detaching overpaint-layers that reveal the white stucco underneath, as well as old clean
ing tests, can be observed in various parts (ex. blue and red Virgin’s robe and faces).

2.2  Diagnostic analyses

Heavy conservation interventions often occurred for the wooden polychromed sculptures, due to 
the deterioration that made the restoration necessary, or for the change of stylistic taste. In our 

Figure 1.  Virgin and Child, recto (left) and verso (right). A, B, C, and D indicate the areas treated by 
Er:YAG laser.
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case, the surface of the sculpture was totally covered by dust and dark resinous material, which 
should have been applied during old restoration. The reason for the outrageous overpaint is pre
sumed to hide the degradation without respect for the original. The decision to remove or not the 
non-original part is a very critical issue and requires thorough diagnostics and discussion.

The results of preliminary close observation and diagnostic analysis permit to presume that 
there still exists the original gilded portion in various area, although it might be extremely 
degraded or fragmented. It has been considered, thus, appropriate to remove gradually the over
paints on the clothing of the Virgin in order to uncover the original gilded portion. As for the flesh 
portion, it was difficut to estimate the presence of the original layer under the thick and heavy 
overpaintings with non-destructive analysis executed, therefore it has been presumed appropriate 
to remove gradually those on the face of Virgin, near the prexisting evident lacuna on the left 
cheek in order to evaluate the possibility to retrive the original flesh color or original wood 
modelling.

A series of analytical techniques have been performed for a comprehensive understanding 
of the artistic technique and the state of preservation of the materials, as well as for control
ling the laser cleaning. Cross-sections of samples taken with scalpels have allowed us to under
stand the complex stratigraphy (Figure 2). The original flesh color has then been overpainted 

Figure 2.  a) Cross-section analysis: thick blue and red overpaints over the ‘stucco’ on the Virgin’s robe 
in VIS (left) and UV light (right); b) the red overpaints above the original gold layer in VIS (up) and UV 
light (down); c) the thick ‘stucco’ and overpaints on the Virgin’s face in VIS (left) and UV light (right).
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with different hues of reddish flesh colors after the application of very thick and hard white 
stucco. All the garment of the Virgin which is presently visible is not original.

X-Ray Fluorescence (XRF) is the technique used for acquiring information about the elemen
tal composition of paint materials, penetrating the wooden inner structure of the statue (Bezur 
et al. 2020, Shugar et al.2013). XRF spectra were collected by means of a handheld Tracer III 
SD Bruker spectrometer, equipped with rhodium anode and solid-state silicon detector energy 
dispersion system. The used set-up was: 40 KeV and 12μA for 120 sec. The measuring area was 
an elliptical spot of 4 mm x 7 mm. For data elaboration, ARTAX software was used.

The XRF spectra of all areas belonging to the red-type3 group present the signals of mer
cury (Hg) and sulphur (S), thus confirming the identification of cinnabar (Mercury sulphide). 
In the blue overpaint visible on the Virgin’s robe, some key elements of copper or cobalt- 
based pigment have been registered, together with lead likely used in shades with lead white. 
Elements characteristic of fillers used for tubed paints produced from 19th century such as 
Barium, Titanium or Zinc have been also revealed (Figure 3).

Elemental analyses performed before the laser cleaning confirmed the presence of gold 
X-ray characteristic Lα and Lβ lines of Au in XRF spectra, respectively at 9.71 keV and 11.44 
keV (Figures 4 and 6). After the laser removal of the thick and persistent blue overpaints and 
‘stucco’ layers, in fact, fragmented original gilding appeared.

Figure 3.  XRF spectra of a blue area on the Virgin’s veil, and on the Virgin’s robe.

Figure 4.  XRF spectra of two residuals golden traces.
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The Pyrolysis-gas chromatography-mass spectrometry (PY-GC-MS) was performed 
for the identification of the organic material. A Virgin’s robe sample showed the typical 
aromatic and heterocyclic compounds, characteristic of the pyrolysis profile of blue- 
green phthalocyanine (Figure 5). The Phthalocyanin blue, used for the blue overpaint, 
is a modern synthetic blue pigment which has been developed around the 1930s and 
reported as solvent/water resistant. Moreover, the marker pyrrole of animal glue was 
identified both in the ground and the stucco sample collected (Bonaduce et al. 2009).

3 RESULTS

The tested areas selected for the laser gradual removal of various non-original layers with dif
ferent stratigraphy were (Figure 1):

– Area A: Virgin's red robe overpaint on the blue underlayer which was executed on the thick 
white 'stucco' on the original gilding, located on the reverse side of the sculpture;

– Area B: Virgin's red robe overpaint which covers the original gilding on which there is 
a brown and stiff layer, located on the Virgin's back;

– Area C: dark brown overpainting on the Virgin's gold shoe.
– Area D: the flesh-colored overpaint which covered the very thin fragmental original flesh- 

colored paint (on the face of the Virgin, near the existing lacuna located to her left cheek).

A series of preliminary laser ablation tests has been executed to identify threshold and opti
mun operating cleaning parameters for each layer to be removed, increasing gradually from 
lower energy. Wetting agents - demineralized water and ethanol (1:1 v/v) or/and white spirit 
(added with etilenglicol), depending on the material condition - were always used in order to 
confine the surface temperature increase induced by laser within the safety limit (Andreotti 
et al. 2014), as well as to obtain better visibility during the cleaning. A microscope cover glass 
(18 x 18 mm) was always used for collecting ablated materials and preventing them from clog
ging up the glass hollow tube. The laser energy output was measured by Power Meter ('Star
Lite', Ophir Optronics Solutions Ltd.); the frequency of 15 Hz was considered appropriate; 
the spot diameter was fixed to 1 mm. The working laser parameters are reported in Table 1. 
Each ablation terminated quite fast, although it was necessary to repeat several irradiations 
over the same tested area (Figure 6–9). 

For the gradual removing of very thick multi-colored overpainting and stucco on the Vir
gin's original gilded robe (Area A), the following laser parameters were successful: 6 consecu
tive laser pass (2,5J/cm2 - 2,5J/cm2 - 2,3J/cm2 – 1,9J/cm2 – 0,6J/cm2 – 0,4J/cm2), always 
prewetting the surface with wetting agent (demineralized water and ethanol (1:1 v/v) with 
a small cotton swab for the first 5 passages and white spirit for the last ablation in order not 
to damage water gilding (water sensitive material). After each irradiation, it was easy to clean 

Figure 5.  Pyrogramm of the sample from the blue overpaint of the Virgin’s robe.
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up the remnants either by cotton swab or by surgical scalpel without provoking any damage 
to the underneath degraded and fragile original layer. The details of a few laser pass steps are 
shown in Figure 6.

Table 1. Measured Laser operation optimal parameters.

Area/Stratigraphy Fluence Prewetting agent Clearing agent/method*

Virgin’s robe - A /dust 2,5 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
artificial patina/resin 2,3 J/cm2 H2O/EtOH (1:1) idem in cotton swab
red overpaint 1,9 J/cm2 H2O/EtOH (1:1) idem in cotton swab
blue overpaint 0,6 J/cm2 H2O/EtOH (1:1) idem in cotton swab
white stucco 0,4 J/cm2 white spirit idem in cotton swab
gilding
red bole
ground
Virgin’s robe - B/dust 1.3 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
artificial patina/resin 0.9 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
red overpaint 0.8 J/cm2 ×2 white spirit idem in cotton swab
white stucco
brown layer
gilding
ground
Virgin’s shoe - C/dust 1 J/cm2×2 H2O/EtOH (1:1) idem in cotton swab
artificial patina/resin ×1 white spirit idem in cotton swab
dark brown overpaint
light brown overpaint
white stucco
brown layer
gilding
ground
Virgin’s cheek - D /dust 2.5 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
artificial patina/resin 2.3 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
flesh-colored overpaint 1.9 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
white stucco 1.8 J/cm2 ×2 H2O/EtOH (1:1) idem in cotton swab
brown layer 1.5 J/cm2 H2O/EtOH (1:1) idem in cotton swab

flesh color (original)
ground

* For the removal of thick stucco, the surgery scalpel was occasionally used after ablation.
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As for the gradual removal of red overpaints, stucco, and resistant brown layer on the Vir
gin's gold robe (Area B), the optimal laser parameters were: 6 irradiations (6.3 mJ/pulse – 10 
mJ/pulse; i.e., 0.8 – 1.3 J/cm2), prewetting the surface with wetting agent as above-mentioned 
(Figure 7).

The removal of brown overpaint and stucco on the Virgin's gold shoe (Area C) needed less 
irradiation: 3 passages at 1 J/cm2 (for the area of ca. 2×2 cm2), prewetting with the same wet
ting agent as descrived above (Figure 8).

To remove flesh colored overpaint on the cheek of the Virgin (Area D), the optimal laser 
parameters registered: 9 laser irradiations at max. 2.5 J/cm2 – 2.3 J/cm2 – 1.9 J/cm2 – 1.8 J/cm2 

– 1.5 J/cm2, prewetting the surface with wetting agent - demineralized water and ethanol (1:1 
v/v) - with a small cotton swab (Figure 9).



Figure 6.  Procedure of Er:YAG cleaning (preliminary test), Area A: a) Before cleaning; b) 2.5 J/cm2, 
H2O/EtOH; c) 2.5 + 2.3 J/cm2 H2O/EtOH; d) 1.9 + 0.6 + 0.4 J/cm2 H2O/EtOH or WS.

Figure 7.  Procedure of Er:YAG laser ablation, Area B: a) Before cleaning; b-c) 0.8 – 1.3 J/cm2 ×6 irra
diations, H2O/EtOH or WS.

Figure 8.  Procedure of Er:YAG cleaning, Area C: a) Before cleaning; b-c) 1.0 J/cm2 ×3 irradiations, H2 

O/EtOH or WS.

129



4 CONCLUSIONS

The preliminary chemical tests with organic solvents have been performed before the Er:YAG 
laser cleaning one. None of the solubility tests based mainly on the polarity of organic pH- 
neutral solvent was successful. Acetone and Ethanol had a partial effect. Alkaline gel (pH 
8-8,5) with a mixture of solvents (Ethanol and Benzyl alcohol) had a partial cleaning effect, 
although it was not selective and needed repeated application with a long posing time. The 
mechanical scalpel cleaning, preceded by the chemical one, had only a partial removal effect 
and was often dangerous for the stability of the original layer.

In this work, the preliminary laser ablation tests were performed in order to obtain the opti
mal laser conditions for each stratigraphy in various parts of the sculpture, after having had 
some difficulties with chemical and mechanical cleaning.

Fluences between 0.4 and 2.5 J/cm2 (e.g., spot energy between 3 mJ/pulse and 20 mJ/pulse), 
at the frequency of 15 Hz with ethanol/demineralized water (1:1 v/v) and/or white spirit as 
wetting agent were successful. The thick layers of overpaintings and restoration infillings 
(stucco) which heavily disguised the original facial anatomy of the Virgin have been succes
fully removed.

The combination of laser cleaning and other methods (chemical, physical, and mechanical 
cleaning) in order to optimize the cleaning efficiency has been well studied and reported 
(Bracco 2001, 2002). In fact, in this case, various methodologies were adopted to execute an 
optimal cleaning. The choice of operating parameters/methodology depends on the nature of 
materials to be removed and the conservation condition of artwork. The pen shaped mirrored 
glass holder permits precise and controlled ablation even in the very interior part of the mod
elling, which is difficult to reach with a traditional scalpel or conventional laser which has 
a relatively big handling holder. It was observed that, after laser ablation, even a traditional 
surgical scalpel or a small cotton swab can perform positively to clean up the ablated residue 
on the surface without imposing excessive mechanical pressure to degraded fragile original 
material.

The mid-infrared (2.94 µm) Er:YAG laser ablation, thus, allowed the selective layer by 
layer gradual removal of different stratigraphy of multi-colored overpaint, and the thick and 
resistant past restoration infilling which covered the very thin degraded original layers. The 
Er:YAG laser, when used with appropriate operating parameters, becomes particularly effi
cient especially when very delicate operations are required for the sake of stability of fragile 
and degraded original substrates.

Figure 9.  Procedure of Er:YAG cleaning, Area D: a) Before cleaning; b-c) During cleaning with Er: 
YAG laser at 2.5 - 2.3 – 1.9 – 1.8 – 1.5 J/cm2, H2O/EtOH.
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