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Abstract 

This work aims at the development of a cleaning methodology for twentieth and twenty-first 

century varnished oil paintings using Er:YAG lasers emitting 2.94μm pulses. Some modern oil 

paints are sensitive to aqueous solutions and according to current reports a safe cleaning treatment 

for such paintings does not yet exist. Several cases of nineteenth and twentieth century paintings 

with non-original varnishes are reported as having unresolved practical and aesthetical problems 

upon removal of their varnishes. Water-sensitivity of the original paint substrates amplifies these 

issues. This study evaluates the Er:YAG laser efficacy to safely reduce thin varnish layers on 

modern oil paints. Cleaning tests were performed on a twentieth century varnished oil painting that 

belong to the conservation group of Northumbria University. Tests under single and multiple laser 

pulses, fluences ranging from 0.56 J/cm2 to 2.40 J/cm2, on dried and wetted surfaces of the painting 

were determined. The wetting agents employed were: deionised water, deionised water with a non-

ionic surfactant (Tween 20), 50% wt aqueous solutions of ethanol or white spirit, and pure white 

spirit to assess the interaction of the laser with a range of hydroxide distribution on the varnished 

surface. Microscope glass coverslips were placed on the painting surface during irradiation to 

collect the condensed ablated resin fragments. The monitoring of the laser cleaning process impact 

was preliminary tested by means of multispectral imaging. The ablated fragments collected from the 

coverslips were analysed by Fourier Transform Infrared spectroscopy (FT-IR) and Gas 

Chromatography/Mass Spectrometry (GC/MS). Optical Microscopy and Colourimetry were 

employed to evaluate the surface of the painting before and after laser ablation. This work in 

progress is part of a 3-year PhD research project and further developments will be reported in the 

future.  
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