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Introduction 
 

Lasers are used in different areas of everyday life, and several examples of their 

application in art conservation have been published since the 1970s. Following their huge 

development, by now, the different laser based techniques increasingly gain ground in several 

areas of restoration, such as surface cleaning, materials analysis, and documentation using 3D 

imaging. 

By means of lasers it is possible to remove different contamination types of various 

compositions and origin from artworks made of different materials, and excellent results can 

be achieved, if the numerous variable laser parameters are set correctly. Obviously laser 

cleaning is not a universal solution for all restoration problems either, therefore it is necessary 

to study its possible negative effects. 

My master’s thesis dealt with excimer laser cleaning of roman fresco fragments. That 

was the time I came in contact with the University of Pécs, Institute of Physics, where the 

possibility of laser applications in restoration interventions has been investigated since 2005. 

The topic of my doctoral dissertation is the sequel of that work. I extended my experience 

about the usage, advantage and disadvantage of the laser cleaning using different lasers (with 

different wavelength or length of pulse) on new samples. 

It was my objective to investigate the potential negative photomechanical effects of laser 

cleaning too. Digital holographic speckle pattern interferometry (DHSPI) was used for this 

purpose.  Using DHSPI, I came to know such a non-destructive method which has not been 

applied yet by the Hungarian conservators, in spite of the fact that it could be very useful in 

numerous cases (e.g. condition survey or observation of wall paintings, wooden panels). 

In my dissertation, first I describe the physical background of laser surface cleaning 

based on literature data, and compare the traditional cleaning methods to laser cleaning.  Then 

the parameters which affect the efficiency of the latter are discussed in detail, and also its 

possible negative effects are considered. 

A method, called digital hologhraphic speckle pattern interferometry (DHSPI) is 

introduced through literature data in the next chapter.  This method is suitable for detection of 

the possible negative impact of the mechanical effects occurring during laser cleaning.  

Thereafter, my own work will be discussed in detail. After presenting the objective, the 

selected or prepared samples are described, and the results of the laser cleaning and the 

DHSPI measurements are shown. Finally, conclusions are drawn regarding the applicability 

of laser cleaning. 
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In the masterwork belonging to this dissertation I investigated the practical applicability of the 

laser, as a conservator tool. First I show laser cleaning of roman wall-painting fragments, and 

then I describe the restoration of a completely new statue which underwent a serious paint 

attack. 

Theses of the dissertation 
 

1. Laser cleaning of excavated wall-painting fragments  
 

In my doctoral research I investigated the possibility of laser cleaning of such 

excavated wall-painting fragments on which there is a hard, calcareous encrustation. 

From the results of my experiments I concluded that - with carefully chosen 

parameters - laser cleaning can work effectively, so that it does not harm the paint layer of the 

fragment. Therefore, this method can be a good alternative or additional method of traditional 

interventions such as mechanical cleaning (scalpel, micro sand-blasting), solvent cleaning or 

poultices. 

In the case of both 248 nm and 1064 nm wavelengths, the following sensitivity scale 

can be established from the most sensitive to the most resistant investigated pigment: 

cinnabar, coal-black, red iron-oxide, yellow iron-oxide, terre verte, Egyptian blue and lime 

white. The yellowing of the iron-oxide red was observed on certain samples, which effect had 

not been published in the literature before.  

2. Demonstration of the effect of different consolidants on the laser 
cleaning of wall-painting fragments  

 

 

Through my research, I demonstrated that the presence of the different consolidants 

effected the result of the laser cleaning. In many cases, the original fragments can be so 

fragile that their previous consolidation is necessary, although this intervention carries the risk 

that the contamination will be bound to the surface. 

During the laser cleaning (KrF 248 nm) of the original wall-painting fragments we 

could find examples for the positive effect attributed to the consolidant (Syton X30
1
, MfCO

2
), 

when it protected the paint layer from splitting off or damage. However, it also occurred that 

                                                 
1
 aqueous silica acid dispersion 

2
 finely dispersed, aqueous dispersion of an acrylic copolymer 
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the consolidant (Remmers KSE 300
3
) made the elimination of the contamination by laser 

(248 nm and 1064 nm) more difficult. 

The KrF laser cleaning with 248 nm wavelength of the consolidated model samples 

(Remmers KSE 300) was more effective than the Nd:YAG laser cleaning with 1064 nm. 

Furthermore, I found for both wavelengths, that the necessary number of pulses for the intact 

model samples cleaning is less in the case of consolidated samples than in the case of not 

consolidated samples, therefore for these samples it is more effective to ablate the consolidant 

and the contamination together, than the encrustation itself. 

Based on all the above, it is recommended to consider the possibility of laser cleaning 

for those samples which need consolidation and cleaning at the same time.  

 

3. Mechanical tests of original wall-painting fragments and fresco models  
 

  

Mechanical tests were taken for the characterization of the original and model wall-

painting samples. The test results proved that the density of the bulk of the custom-made 

model fresco samples was uniform (~1,65 ± 0,03 g/cm
3
) and was in  a reasonable agreement 

with those of the original excavated Roman fresco fragments, the density of which was 

measured to vary between 1.69-2.41g/cm
3
. By the ultrasound velocity measurements in 

consolidated and non-consolidated samples and by the results that the density does not change 

due to consolidation, I experimentally demonstrated that the consolidant strengthened the 

bonds in the bulk of the fresco. I found, that the surface hardness determined by Duroskop 

rebound values was increased by consolidation (with Remmers KSE 300) on the reverse side 

of the samples, while consolidation did not significantly affect the hardness measured on the 

front, encrusted side of the samples. From this fact I concluded that the consolidant reacts 

with the bulk of the fresco and with the material of the model crust differently.  

4. The applicability of Digital Holographic Speckle Pattern Interferometry 
(DHSPI) for the detection of photomechanical effects 

 

Based on the results of the experiments testing the mechanical effects of the laser 

cleaning by an interferometric method, I concluded that it was possible to detect the 

photomechanical effect of the laser cleaning on the original wall-painting fragments and 

model samples equally by the DHSPI system.  

                                                 
3
 solvent-free stone strengthener on a silicic acid ethyl ester base. 
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The possible consequences caused by the movement of the original wall-painting 

between the laser cleaning and the DHSPI measurements can be avoided by performing the 

cleaning and the testing simultaneously. I excluded the accumulated influence of subsequent 

cleaning events by separate tests on uniform custom-made model samples. 

There were two samples among the model samples, on which the fringe patterns 

revealed unintentional defects that had been present in the samples before cleaning (shown by 

the reference fringe patterns), and the joints of the broken samples were also visible well on 

the interferograms. Based on these results, I concluded that the DHSPI method is suitable for 

the examination of the mechanical effects of laser cleaning. 

 

5. Comparison of the surface cleaning by KrF (248 nm) and Nd:YAG 
(1064 nm) lasers by DHSPI 

 

The DHSPI tests were carried out on eight different groups of model samples 

detecting the effect of KrF (248 nm) and Nd:YAG (1064 nm) cleaning lasers. From the laser 

cleaning tests I concluded that the number of necessary pulses is almost equal for KrF and 

Nd:YAG laser cleaning within the groups of not consolidated intact and broken samples. On 

the other hand, as I already mentioned in the 2. thesis, in the case of consolidated samples, 

KrF cleaning was found to be more efficient. 

The number of pulses necessary for the laser cleaning of the broken samples is higher 

for both the KrF (248 nm) and Nd:YAG (1064 nm) lasers than the number of those needed for 

the intact samples. In my opinion, this follows from the fact that the surface of the broken 

samples is less plain after the re-cementation, therefore the thickness of the encrustation 

above the joint can be locally different. The laser cleaned area was positioned there, which 

explains the higher number of necessary pulses in the case of broken samples. 

I also observed that in those cases when the paint layer behind the crust was damaged 

by the Nd:YAG laser, it was more severe and extended than  the damages caused by the KrF 

laser. This occurs because in these series of experiments cleaning was done in dry conditions, 

because the wetting caused noisy interferograms. Given that the effect of wetting is 

significant in the IR cleaning regime its absence resulted in non-satisfactory results. 
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6. DHSPI measurements do not show new structural defects attributed to 
the laser cleaning  

 

From the results of the DHSPI experiments I found that the fringe patterns of either the 

intact or the accidentally or intentionally weakened (broken and re-cemented) samples do not 

show additional defects that could be attributed to the laser cleaning. Furthermore, according 

to the shape and density of the curved fringes, neither accidentally, nor intentionally produced 

defects were changed significantly by the laser cleaning. 

I observed that on the fringe patterns of the broken samples, the centre of the fringes is 

usually over the joint or over the intersection of the joints, showing that these are the regions 

where the displacement of the sample is the greatest. 

 By comparing the relative displacements of two points being 5 cm apart on different 

samples, it was concluded that the changes in the samples' response to the thermal excitation 

are not larger than the differences that had been present between the samples in their reference 

state. It was also seen that the samples respond to the excitation more uniformly after 1 month 

of relaxation than in their reference state and 1h after the cleaning session.  

The laser intervention increased the average relative displacement (in response to ~3°C 

increase in temperature) only to a negligible extent, and even this negligible effect was 

undetectable after 1 month of relaxation. 

 

7. Practical experiences of laser cleaning based on the masterwork  
 

 

In my masterwork I used different lasers and parameters as a potential alternative or 

additional method of the traditional techniques on different artworks. They significantly 

differed in their age, size, components and also in the type of contamination on them.  

Using KrF (248 nm) and Nd:YAG (1064 nm) lasers,  I successfully eliminated the well 

attached, calcareous encrustation of variable thickness from the original, roman wall-painting 

fragments and the filmy Plextol layer appearing on the paint surface in a way that the 

underlying paint layer was not harmed. The reactions of the pigments were in good agreement 

with my previous experiences thus the Egyptian blue and lime white did not show any 

discoloration. Neither the iron-oxide yellow changed colour, but the iron-oxide red paint layer 

darkened when the Nd:YAG (1064 nm) laser was applied, so I used KrF laser (248nm) for the 

cleaning of that.   
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 In order to achieve the best cleaning result, I combined laser cleaning with different 

conservation cleaning methods when eliminating the polluting paint layer from the István 

Károlyi statue from Fót.  I reduced the thickness of the polluting paint layer by micro sand-

blasting and with solvent poultices, than I removed the rest of the paint by a Nd:YAG laser (at 

532 nm and 1064 nm) so that the characteristic, original scoring of chisels were preserved. To 

eliminate the traces of the paint layer left in the hollows, cracks, hard-to-reach areas, I used 

graffiti-shadow remover gel (Tensid AGS 60). 

During the laser cleaning of the wall-painting fragments I observed that the wetting with 

distilled water caused yellowing of the paint layer, therefore I applied the Nd:YAG (1064 nm) 

laser without wetting. However, it was possible to remove the Plextol layer from the surface 

by wet Nd:YAG laser cleaning without damaging the paint layer. In the case of the laser 

cleaning of the statue, wetting of the surface with alcohol accelerated the process at both 

wavelengths (532nm, 1064nm), and it was more effective than wetting with distilled water.   

The size of the objects determined the laser setup. I fixed the articulated arm and I moved 

the samples when I performed laser cleaning of the few cm wall-painting fragments. On the 

contrary, during the laser cleaning of the statue, I took advantage of the mobility of the laser 

and the feasibility of the articulated arm and I moved the device around the artwork. 

Based on the extensive experience gained during this work, I found that it is worth to 

consider the possibility of laser cleaning for the planning of the restoration process. As long 

as we can vary the parameters in a quite broad scale, we can hope that the laser offers an 

effective solution for the cleaning problems that cannot or can hardly be solved by traditional 

methods.  
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