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Figure S1: Sketch illustrates the stratigraphy of the wall painting. It consists of the wall of red bricks 
(support) and a ground layer divided into a coarse ‘arriccio’ layer (1) and a finer ‘intonaco’ layer (2). A 
priming coat was applied on top of the ground layer that consisted of four sublayers.  

 

 

 
Figure S2: a) Optical microscopy image showing the arriccio layer characterized by its coarse structure. 
The arrows refer to organic matter, possibly straw. The green dashed circles indicates the green earth 
particles. b) Microscopic image of the organic fillers used in the ground layer (i.e., straw and hair). c) 
Backscattered SEM image of the same field indicated by the red rectangle in ‘a’. d) XRD diffractogram 
of the arriccio layer showing the main compounds; which was based on an average of a linescan 
performed on ‘a’. e) Elemental maps acquired by SEM–EDX of the same field present in ‘d’.   

 



1. Previous cleaning attempts 
A conservation campaign started in 2017 by the conservation-

restoration department, University of Antwerp. In order to remove of the 
varnish, a number of cleaning attempts were conducted on the 
unidentified varnish. These attempts were based on testing several 
traditional techniques and they can be summarized as follows: 

1.1. Mechanical cleaning tests 
Scalpel tests: The varnish layer was removed mechanically by means 

of a scalpel. However, it was not possible to fully remove it, moreover 
this method caused severe damage to the paint layer underneath.  

Hot air tests: Hot air flow of a heat gun was exploited in order to 
soften the varnish layer, afterwards dry cotton balls were rubbed on the 
surface to remove this layer. This technique managed to remove the 
varnish layer with minimal negative effect on the paint layer compared 
to the scalpel cleaning tests (as indicated in Figure S3a).  

 

Figure S3: a) Top: results obtained after mechanical varnish removal with a scalpel. The treatment did 
not fully remove the varnish and damaged the paint layer. Bottom: results of hot air treatment, showing 
the removal of the varnish layer but also some damage to the paint layer.  b) Results of a number of 
cotton swab tests and the damage resulting from mechanical swabbing action. c) Application of 
poultices with five contact times (from left to right: 10, 30, 60, 90, and 120 minutes). d) Photomicrograph 
illustrating the formation of a whitish haze and cellulose residues on the surface after poultice treatment. 

1.2. Chemical cleaning tests 
Cotton swab cleaning tests: These tests were based on a set of 24 

solvent mixtures composed variable amounts of AC, EtOH, EA, Tol, 
cyclohexane and, water. These mixtures are described in [1] and they 
occupy a wide range spot on the Teas diagram which facilitates 
identifying the most efficient one to dissolve this specific varnish.  

The cleaning tests were carried out by dipping a cotton swab into the 
solvent mixtures and applying it on the surface of the wall painting. 
Although the swab cleaning technique was aggressive and caused 
detachment to the paint layers (see Figure S3b), a number of solvent 
mixtures were able to dissolve the varnish with minimal effect on the 
paint surface. Those solvent mixtures were: AC/EtOH (75%/25%) and 
EtOH/water (50%/50%), which have been plotted on the Teas diagram in 
Figure S4.  

Poultice cleaning test: In order to avoid the damage observed in the 
swab cleaning to increase the liquid retention of the solvents, the blend of 
EtOH and water (50%/50%) was chosen and loaded into a poultice to 
remove the varnish. The poultice was prepared by mixing 2% Tylose 
(methyl hydroxyethyl cellulose) and the aforementioned solvent mixture. 
Later, paper pulp was added until the desired consistency was acquired. 
This poultice was applied to the wall painting via five different contact 
times (10, 30, 60, 90, 120 minutes) and then covered with Melinex film to 
hinder the evaporation of the solvents (see Figure S3c). The poultices did 



not completely remove the varnish layer, furthermore they left behind a 
whitish haze and paper pulp residues on the treated spots; as indicated 
in Figure S3d. 

 

  
Figure S4: Part of solvents/solvent mixtures tested in both previous cleaning 
attempts and solubility/swelling tests.  

In conclusion, all previously described cleaning methods lead to 
damaging the paint layer especially the green/brown areas (imitating the 
grass) which proved to be sensitive to the tested methods. Moreover, 
poultice cleaning led to partial removal of the varnish in addition to 
leaving residues on the treated surface. Therefore, gel cleaning was tested 
due to their good retention of solvents and being less aggressive to the 
paint layers.  

 

  



2. Varnish identification 
The ATR–FTIR spectrum of the varnish shows the presence of CH2 

bands at 2959 and 2873 cm-1 (asymmetrical and symmetrical C-H  
stretching of the CH3) (see Figure S5a), at 2919 and 2849 cm-1 
(asymmetrical and symmetrical C-H  stretching of the CH2), at 1451 and 
1385 cm-1 (C-H bending) and at 757 cm-1 and 701 cm-1 (C-H rocking) [2,3]. 
There are also carbonyl groups at 1726 cm-1 (C=O stretching). The 
medium intensity peak at 1238, the strong broad peak at 1158, and the 
peak at 1029 cm-1 are indicative of stretching bands of C-O and C-C [2,4,5]. 
The peak at 990 cm-1 represents the rocking vibration of CH3 group which 
is characteristic of methyl methacrylate while the double bands at 963 and 
942 cm-1 in addition to the weak-to-medium band at 841 cm-1 refer to the 
butyl acrylate units [6]. At higher wavenumbers, three weak vibrations 
appear at 3084, 3061, and 3026 cm-1 of the aromatic C-H stretching, 
consistent with the presence of styrene. Furthermore, the weak peak at 
1602 cm-1 with a shoulder at 1583 cm-1 and the two peaks at 1492 cm-1 and 
1451 cm-1 are due to the aromatic ring breathing [2,3]. 

 
Figure S5: a) ATR–FTIR spectrum of the varnish layer. b) Peeled-off varnish from the wall painting 
illustrating the darkening/browning of the varnish.   

  



 

Figure S6: µ–FTIR spectra show the characteristic bands of the hydrogel and their absence from the 
treated paint layer, proving the absence of hydrogel residues after the treatment.   

 

Table S1: Evaluation of swelling and cleaning tests performed in the laboratory on the varnish fragments  

 Swelling tests on the 
varnish fragments 

Gel swelling tests on the 
varnish fragments 

Concentration Efficacy 
(weight 

increase %) 

Concentration Efficacy 
(weight 

increase %) 
EA 100% 622 ±49 10% 5.7 ±0.5 
PC 100% 85 ±5 10% 3.4 ±0.9 

EtOH 100% 14 ±7 Not tested Not tested 
WS 100% 16 ±6 Not tested Not tested 
Tol 100% 718 ±131 Not tested Not tested 

EA/PC 50%/50% 316 ±44 5%/5% 4.6 ±1 
MEK 100% 551 ±26 10% 4.6 ±1.3 

MEK/1-PeOH 50%/50% 483 ±55 5%/5% 11.7 ±2.6 
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