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Laser cleaning in two Baroque sacristies in the Saint Charles Church
in Vienna

Peter Kopp & Robert Linke

Abstract
The two sacristies in the Saint Charles Church 
in Vienna are a rare example of Baroque artistic 
woodwork with its original Baroque surface fin-
ish surviving to the present day. This paper details 
different cleaning strategies, with focus on the pos-
sibilities of laser cleaning. Using different Nd:YAG 
lasers and techniques the selective removal was 
carried out of secondary layers, hard dirt crusts 
and irregular thick grime films while maintaining 
the original finish layer.

Keywords: laser cleaning, cleansing, Nd:YAG, furniture, wood, 

varnish, SEM-EDX, GC-MS.

Introduction
The cleaning of a work of art is one of the main 
and most discussed issues in conservation. The 
goal is the selective removal of unwanted layers, 
like dirt, maintenance layers and overpainting, 
without harming or altering the relevant layers 
underneath.1

In the past, original varnishes and stained or 
dyed surfaces were often removed, and wood col-
ours were altered and bleached. By overworking 
or scraping the wood, mouldings and carvings 

became less distinct and tool marks and produc-
tion traces were at risk of being lost.
A less invasive way of treating historical fittings 
was to put just a new finish layer on the top of the 
old one, often darker coloured than the original or 
becoming darker with time, accumulating dust and 
grime. Even if these dark surfaces may not seem 
attractive today, the treatment did not substantially 
alter the relevant layers of the wooden artefact. It is 
still possible to uncover its surface with its natural 
or dyed colour, the original profile of mouldings 
and carvings with tool marks and other manufac-
turing traces, and the original finish.
The two sacristies of the Saint Charles Church in 
Vienna are precious examples of sites with the 
original surface finish still present. In the winter 
sacristy, the original finish is covered by a dark 
maintenance layer. The finish of the summer sac-
risty is only covered with thick layers of grime.

The Karlskirche or Saint Charles Church is one of 
the most important Baroque churches in Vienna. 
It was constructed by the Austrian architect 
Johann Bernhard Fischer von Erlach. The design 
of the inside decoration and the wooden objects is 
attributed to the French architect Claude Le Fort 

Figure 1   Winter sacristy after conservation.
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du Plessy.2 Emperor Charles VI commissioned the 
church in gratitude of the end of the great plague 
of 1713. Fischer planned two nearly identically 
shaped sacristies on the left and right side of the 
choir (figure 1). Probably one was allocated for the 
convent and one for the prelate. The entrances to 
the sacristies have two monumental doors with 
arched tops, decorated with carvings. Wall panel-
ling on both sides of the doors contain console 
tables; the winter sacristy has a wash basin. The 
other three sides of the room have tailored inbuilt 

cabinets with drawers behind doors for storage 
of liturgical clothes. Consoles with quarter barrel 
vaults in the back create space to spread out litur-
gical clothes and instruments. The upper cabinets 
serve as storage for liturgical clothes, liturgical 
books, and instruments like chalices, monstranc-
es, crosses and chandeliers (figure 2). The cabinets 
are adorned with high-quality decorations, includ-
ing carved putti, shields representing liturgical 
instruments, palm leaves, garlands, tendrils and 
vases. The construction wood of the cabinets is 
spruce; the fronts and drawers behind the doors 
are veneered with both burled and plain walnut 
and inlaid with olivewood banding.3

Despite the same period of construction, the 
sacristies had a different appearance, which can 
be explained by their specific maintenance his-
tory. While the winter sacristy was covered with a 
dark varnish (figure 3), no new finishes had been 
applied in the summer sacristy. Except for signs of 
use and some minor damage, the excellent carvings 
and the marquetry are in their original state. It is 
very fortunate that even though new finishes have 
been applied, both sacristies still have their origi-
nal eighteenth-century finish, and from a cultural 
and a conservator’s point of view it is essential to 
find the most appropriate way to clean and pre-
serve them.

Figure 2   Summer sacristy north side, before conservation. 

Figure 3   Winter sacristy east side before conservation.
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Research
In order to obtain insight in the chemical com-
position and stratigraphy of the varnish layers, 
analytical research was performed on cross-sec-
tions. Twelve samples from both sacristies were 
analysed using an optical microscope and a scan-
ning electron microscope coupled with an energy 
dispersive X-ray detector (SEM-EDX).4 The results 
revealed that the finish of the winter sacristy 
mainly consists of two varnish layers, while the 
finish of the summer sacristy consists of only one. 
Under the optical microscope the original varnish 
of both winter and summer sacristy shows faint 
fluorescence under ultraviolet radiation.5 The 
varnish is not film-forming and seems to be pen-
etrated up to 200 µm into the wood. Particularly, 
layers of dust could be observed on the surface. As 
mentioned before, the main part of the interior of 
the winter sacristy is covered by a second varnish 
layer (figures 4, 5). SEM revealed that apart from 
the organic binding medium this layer contains 
small quantities of chalk and ochre pigments. We 
assume that the second varnish layer was applied 
during the late nineteenth or early twentieth cen-
tury. 
A detailed chemical characterisation of the 
varnish layers was provided by means of gas 
chromatography-mass spectrometry (GC-MS).6 
Analyses performed by the scientific laboratory 
of the Kunsthistorisches Museum in Vienna reveal 
that the original finish consists of a mixture of 
beeswax, colophony and linseed oil. This kind 
of mixture, which is easy to apply, has given the 
sacristies a satin gloss. 

Treatment of the winter sacristy
Treatment focussed on the preservation of the 
original finish. Where in the summer sacristy 
accurate cleaning of the original varnish was 
required, in the winter sacristy the removal of the 
dark varnish layer that was obscuring the original 
finish was needed. For this, a number of cleaning 
mixtures and techniques were tested.
Solvent tests were performed with mixtures of dif-
ferent polarity (acetone/white spirit and alcohol/
white spirit both in different ratios from 10:90, 
20:80 … up to 90:10). Besides removing the dark 
upper layer, even low-polar solvent mixtures were 
affecting the original layer as well. 
A safe separation of the two varnish layers was 
not achieved with solvents. Mechanical separa-
tion of the layers (figure 6) was successful on flat 
surfaces, but proved to be very time-consuming 
on the carvings.

Finally, tests using different types of Q-switched 
Nd:YAG lasers were performed. As these lasers 
operate with infrared light, there was no risk of 
altering the wood colour by exposure to light of 
short wavelength. Tests were performed in the 
laboratories of the Fraunhofer Institut in Dresden 
by using a Nd:YAG laser7 with an articulated mir-

Figure 4   Cross-section NL 315/14: KK P01 upper cabinet left 

side (NW-AL), left little door, veneer.

Figure 5   Cross-section UV 315/14: KK P01 upper cabinet left 

side (NW-AL), left little door, veneer.

Figure 6   Mechanical cleaning of the dark surface layer.



129

Laser cleaning in tw
o Baroque sacristies in the Saint C

harles C
hurch in Vienna

Figure 7   Test at the Fraunhofer Institut, Dresden.

Figure 10   Detail of shoulder during laser cleaning.

Figure 11   Detail of head during laser cleaning.

ror arm (company BMI, model NL 102) at a pulse 
rate of 6 ns, a spot size of 7 mm and an energy of 
80 mJ, which corresponds to a fluence of about 0.2 
J/cm2. As we could easily remove the dark layer 
from the original layer underneath, the first results 
were very encouraging (figure 7). However, the 
articulated arm with the mirrors and the hand-
piece were difficult to handle. 

Further tests were done with two lasers from the 
El.En. Light for Art Group: the Eos QS and Eos 
Combo. The Eos QS had a pulse duration of 15 ns 
in the QS mode, and the Eos Combo had a pulse 
duration of 100 ns in the LQS mode. The second 
possible regimen, free running for the Eos QS and 
short free running for the Combo (both 30-110 ms) 
was not used, as preliminary tests showed warm-
ing of the surface, risking damage to the sensitive 
surface layer.8

It was important to find the ablation threshold of 
the original surface layer that we wanted to main-
tain. This turned out to be about 150 mJ using a 
spot size of circa 5 mm diameter which corre-
sponds to a fluence of about 0.8 J/cm2. The abla-
tion threshold for the dark layer was about 75 mJ 
using a spot size of circa 5 mm which corresponds 
to a fluence of 0.38 J/cm2. In other words, working 
with a fluence under 0.38 J/cm2 was safe for the 
historical surface layer.

The main advantage of the Eos lasers is the flex-
ibility of the fibre through which the laser beam is 
delivered. The working spot size can be adjusted 
from 1.5 to 6 mm, which is useful for carvings and 
undercutting. In our case, the different pulse dura-
tion of the Eos QS (15 ns) and the Eos Combo (100 
ns) didn’t make a difference in the cleaning result. 
With the Eos Combo we could work faster. For 
flat surfaces the working spot is still quite small 
however, hampering an economic working speed. 
Although the result was a good ablation of the 
dark layers, the original layer underneath appeared 
somewhat uneven and opaque. This is quite logi-
cal since the solvents of the dark maintenance 
layer, when applied, have partly dissolved the layer 
underneath (figure 8). However, we could resolve 
this unevenness and opaqueness in a second con-
servation step using a solvent mixture of white 
spirit and alcohol (70:30) for gentle regeneration 
of the cleaned surface layer. After the tests were 
completed, we decided to clean the flat surfaces 
mechanically using bone spatulas. The carvings 
were cleaned using the laser Eos Combo (figures 
9, 10, 11).

Figure 8   Detail of angel head: left mechanical cleaning, right 

laser cleaning, middle laser cleaning with gentle regeneration.

Figure 9   Detail of a wing during laser cleaning.
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Treatment of the summer sacristy
The original finish of the summer sacristy was 
still intact but was covered with dust, or dust com-
bined with maintenance layers. The areas where 
the finish had been exposed to more sunlight were 
in more lean condition. This difference in condi-
tion of the surfaces gave the sacristy an uneven 
and scruffy look. The areas with slightly dusty but 
intact finish layers were easy to clean with mois-
tened sponges. The areas with woodworm infes-
tation, thick crusts or maintenance layers and the 
areas in poorer condition were more problematic. 
In these areas, cleaning with demineralized water 
and moistened sponges led to uneven results. Tests 
on a cabinet door and on different soiled areas of 
the sacristy using lasers (Eos QS and Thunder Art) 
showed convincing results though (figures 12,13). 

Using the Thunder Art laser with its short pulse 
rate of only 6 ns, the energy of 60 mJ was sufficient 
to clean the different surfaces safely. It can be cal-
culated that with a spot size of about 10 mm the 
used energy of 60 mJ corresponds to a fluence of 
only 0.08 J/cm2, which is far under the established 
damage threshold of 0.8 J/cm2. 
The archdiocese of Vienna wanted to have the 
results tested. Samples were taken from both the 
areas that were cleaned with the laser, and areas 
that had been cleaned with demineralized water. 

Figure 12   Summer sacristy, west side, laser cleaning test.

Figure 13  Summer sacristy, north side, laser cleaning test.

Figure 14   Summer sacristy, north side, after laser cleaning and conservation.
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The samples were embedded in epoxy resin and 
cross-sections were analysed with an optical micro-
scope under visual light and UV light at the scientif-
ic laboratory of the Federal Monuments Authority. 
The results show that there was no difference 
between gentle wet cleaning and laser cleaning. 
Both systems clean the original finish layer suc-
cessfully. The original layer remained intact and 
the wood colour after gentle wet cleaning and laser 
cleaning was unchanged. Contrary to the observa-
tions on the cross-sections, when examining the 
cleaned wood surface with the naked eye or under 
the microscope, the wet-cleaned parts showed 
light blanching effects. These effects seemed to 
be stronger on damaged surface areas. According 
to these results, the cleaning of the sacristy was 
performed with laser Thunder Art.

Results and discussion
Compared to different wet and dry cleaning tech-
niques, laser cleaning allows for a contact-free 
removal of dust, dirt and maintenance layers, 
leaving the surface finish unchanged after clean-
ing. This is especially advantageous for delicate 
decorations, woodworm-infested areas and thin 
finish layers which have to be preserved. There is 
no risk for swelling or blanching of finish layers 
or support, and there is no dissolved material or 
cleaning residue to be taken care of.

Figure 15   Winter sacristy, east side, after laser cleaning and conservation.

As long as the damage threshold is established in 
advance, the procedure is safe, independent of the 
thickness of the layers to be removed. Cleaning 
is possible also in areas difficult to reach, like 
undercuttings, delicate reliefs and narrow edges. 
Independent of the thickness of the dirt, the main-
tenance layers or the morphology of the surface, 
the cleaning result is equal. Last but not least, even 
delicate areas, crusts and thick layers of dirt can be 
cleaned rather quickly.

Conclusion
Using different lasers it was possible to approach 
the eighteenth-century appearance of the sacristies. 
Overpaintings, maintenance layers and crusts could 
be taken off without harming or destroying the origi-
nal finish. Both sacristies had an even and identical 
appearance after conservation, allowing for an accu-
rate impression of how original surface finishes of 
Baroque furnishing could look like (figures 14, 15).
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