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1 Introduction 
 
 
The whole construction of the Cathedral began around 1190 or shortly before, and was continued throughout the 13th

The plan in figure 1 enables to situate the studied stained glass window in the edifice: it is the bay 4 at a height of about 
6 m above ground level. 

 
century. The ambulatory of the choir was already in use in 1214, and all of it was completed around 1218-1225. 

 

 
 

Fig 1. Map indicating the situation of the stained glass windows of the Bourges Saint Etienne cathedral. 
The arrow indicates the location of the Last Judgment stained glass window (Corpus Vitrearum source [1]) 

 
 
 
 
Interventions-restorations 
 
The restorations of the 19th century were numerous and often harmful. After summary restorations of the first half of 
this century, the glass master Etienne Thévenot from Clermont-Ferrand was charged, in 1843, of the restoration of five 
low windows of the 13th

 

 century (the New Covenant, the Saints Thomas, Vincent, Stephen and Lawrence), on a trial 
basis. He used very questionable methods. 

In 1853, the painter Nicolas Coffetier from Paris, assisted by Louis Steinheil, was charged of the restoration of a large 
number of the other windows in the ambulatory.  
 
In 1885-86, Louis Steinheil and Charles Leprevost from Paris restored the stained glass windows of the clerestory of the 
choir. 
 
At the beginning of the 20th

 
 century, Francis Chigot from Limoges restored the windows of the nave. 

Partially removed in 1917-18, the stained glass windows of Bourges were all deposited in 1939 and replaced, after minor 
repairs, from 1946 by Chigot and Lorin studios. The latter composed the modern arrangement of Romanesque windows 
in the nave. 
 
A new restoration of some windows of the 13th

 

 century began in 1976 (Chaufour studio), necessitated by the severe 
corrosion of some glasses [1]. 

The panel studied in this project, the Last Judgment bay 4, was restored during the campaigns of 1853 and 1976 (figure 
2). 
 

© Corpus Vitrearum – Centre André Chastel 
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Fig 2. Overview of the Last Judgment stained glass window, height: ~6m ; width: ~2,20m. 
Location of studied panels (9, 13 and 15).  

 

The stained glass window of the Last Judgment is a broken arch lancet from the beginning of the 13th century, made of 
forty two panels. The panel 9 represents the resurrection of the dead. 

 

The panel 13 and 15 represent an angel holding an 
Instrument of the Passion.  

 
 
Application of Viacryl
 

® 

Viacryl® is a metonymy used as a common name for the polyurethane resin which is, in fact, made of an acrylic polymer 
with hydroxyl functions (Viacryl® SM 564, formerly VC363, at 65% diluted in ethylglycol acetate) and a polyfunctional 
aliphatic isocyanate (Desmodur® 

 
N75, at 75% in a 1:1 solution of xylene and ethylglycol acetate) [2] 

The removal of the Last Judgment window (bay 4) was conducted in 1975 by Chaufour studio. He was assigned to the 
revision and consolidation of metallic parts, cleaning of the panels and restoration of broken pieces [3]. 
 
The protection of the external surface by a Viacryl® 

 

film has been discussed for a long time through meetings and letters, 
in opposition to Le Mans panels (application in 1974). The reason of this questioning was the severe weathering of the 
glass pieces.  

Two methods of application were possible: 
- one was recommended by Ernst Bacher: application of the resin on the whole surface of the panel (glass and lead), 
without unleading (done in Vienna, Sancta Maria am Gestade church in 1971), 
- the other, recommended by Jean-Marie Bettembourg: application on each weathered glass after complete unleading 
(done in Chartres, Notre-Dame Cathedral) [3]. 
But Jean-Marie Bettembourg pointed out that the case of Bourges was different from the one of Vienna, and an 
application on the whole panel could be unsafe for the glass: « The coating of the glass and the leads with a protective 

13 

9 

15 

© LRMH 
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film should lead to a high thickness of the resin in the joints: incomplete hardening, adherence on the mastic is not sure, 
uncertain waterproof qualities» [4]. 
 
Despite of the contraindications of Jean-Marie Bettembourg on Bacher’s method, the decision is made in June 1980 
(Letter from Colette Di Matteo, inspector of historical monuments) to apply Viacryl®

In 1981, the Viacryl

 on the lower panels of the bay (14 
panels), without unleading. Finally the decision was taken to protect only some panels in order to compare the evolution 
of the panels’ deterioration. Colette Di Matteo emphasized that this experience was not to be continued on the other 
panels with similar damages. 

® application was undertaken by Mauret studio on the external surface of the 14 panels. No 
Viacryl®

 
 application was attempted on the internal side, because of the good condition of the grisaille. 

Other restorations were also handled by Mauret studio the same year. Part of the panels of the New Covenant (bay 3) 
received Viacryl®

Regarding the Apocalypse window (bay 14), also removed in 1981, the same problems of weathering as the New 
Covenant were observed, but in an even more complex manner. So it was not recommended to use a coating protection 
on the external surface [5]. 

 on their whole surface (including leads), despite the presence of an artificial patina which was not 
totally removed during the restoration. 

 
The LRMH returned to Bourges in 1983 to consider the problem of the conservation of the stained glass windows of the 
New Covenant (in 1981). This was the opportunity to observe the evolution of the restorations carried out in 1981. 
Cracks of the protective film were observed along the lead cames, confirming the predictions of Jean-Marie Bettembourg 
[2].  
 
Other sites were also submitted to treatments using Viacryl® 

 

on the external face as a protective film. The table below 
recapitulates the various interventions on CONSTGLASS different sites.  

Tab. 1 : Summary of interventions on CONSTGLASS sites. 
 

City Monument Restoration 
date Location of the windows Panels 

(CVMA numbering) 
Viacryl® on the 
external side 

Viacryl® on the 
internal side 

Le Mans cathedral 1974 Bay XVI, The Ascension 4 panels: 
6, 7, 10, 11 yes yes 

Chartres Cathedral 1976 Bay 50, Infancy and Life 
of Christ 

1 panel: 
38 yes no 

Chartres Cathedral 1988 Bay 37, Typological 
Passion 

2 panels: 
16, 44 no yes 

Chartres Cathedral 1988 Bay 42, Virgin Mary's 
death and Assumption 

3 panels: 
20, 21, 22 no yes 

Bourges Cathedral 1981 Bay 4, The last Jugement 3 panels: 
9, 13, 15 yes no 

 
 
 
 
Organisation of the removal 
 
In 2007, the CONSTGLASS European project, which objective was to establish an assessment of the evolution of the 
organic products used as protection films was accepted. So, it was decided to select the cathedral of Bourges as one of 
the French pilot objects, the others being the cathedrals of Le Mans and Chartres. 
 
On February 28st

 

, 2008, at the request of the LRMH, a scaffolding was gracefully provided by the regional department for 
Cultural affairs (DRAC, Direction Régionale des Affaires Culturelles) of Centre to allow for the examination and removal of 
some panels of the last Judgment window. The observation team was composed of Claudine Loisel, chemist at the LRMH, 
Delphine Geronazzo, stained glass window conservator and Karine Boulanger, art historian.  

The global evaluation of the entire window showed a very advanced state of deterioration of the organic film applied in 
1981 on the lower part, on the external side. It was decided to take 3 panels down for a more thorough examination 
(two panels with Viacryl® 

 
and one without treatment).  

 
 
Here is the report concerning the study and the recommendations of CONSTGLASS consortium. 
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2 Condition report 
 
 
The observation was carried out on both sides of the stained glass window with the help of different types of lighting 
(transmitted and reflected lighting). The study was systematically carried out on the leads, the glass, the paintings and 
the deposits.  
 
 
 
2.1 Leads 
 
The panels have the following dimensions: 
 

 Panel 9 : 77,5 x 70,0 
 Panel 13 : 77,5 x 69,0  
 Panel 15 : 77,5 x 69,0  
 
From the three removed panels, two are coated with Viacryl®

 

 on the external side. The aspect of the lead structure has 
been observed and documented in this study, in parallel with the glass pieces. 

1 panel without Viacryl®

- 
 coating on the surface 

Main leads: 7,5 mm ; mending leads: 3,5 to 5 mm 
Panel 15 

An adequate mechanical behaviour of the leading is to be noted despite the flexibility of the panel. The lead cames are in 
good condition. 
 
2 panels with Viacryl®

- 
 coating on the surface 

Main leads: 7 mm ; mending leads: 5 mm  
Panel 9 

An adequate mechanical behaviour of the leads is also to be noted, even if the panel is flexible. The manipulation of the 
panel is very easy. 
No cracks are observed on the leads of this panel. The presence of a white deposit on some leads has to be noted: it is 
located preferentially in the areas where the weathered Viacryl®

 
 film is cracked. 

- 
Main leads: 7 mm ; mending leads: 5 mm 

Panel 13 

As in the case of panel 9, an adequate mechanical behaviour of the leading is to be noted despite the flexibility of the 
panel. 
No cracks are observed on the leads of this panel. The presence of a white deposit on some leads has to be noted, as on 
panel 9: it is located preferentially in the areas of weathered Viacryl®

 
. 

 
 
2.2 Glass elements 
 
2.2.1 Breaks 
 
The observations of the three panels are the following: 
 
Panel 9
Two blue glass pieces are broken. They are located on the edge of the panel. 

: 

 
Panel 13
There is no broken piece on this panel. 

: 

 
Panel 15
A shard on a green piece of glass is to be noted on the garment of the angel. 

: 
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2.2.2 External side 
 
 
The photos below (figures 3 to 5) show the general aspect of the external side of the panels after 29 years of natural 
ageing, in situ. 
 
 
 
Fig. 3. Panel 15, external side, reflected light  Fig. 4. Panel 13, external side, reflected light  

  
 

 
 Fig. 5. Panel 9, external side, reflected light 

 

© LRMH 

© LRMH © LRMH 
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2.2.2.1 Glass 
 
Generally the ancient glasses are altered in a uniform manner. Sometimes it is combined with craters or fines pits.  
The corrosion products, present as a thin layer, are mainly white, but some are brownish. 
 
Panels 9 and 13 with Viacryl® coating
The aspect of the corrosion on those panels appears in a special way, in comparison to the weathering of non-coated 
panels commonly seen. 

: 

Indeed, the presence of the organic weathered coating with cracks modify the aspect of the glass: under the cracks, the 
weathering of glass seems to be worse, and finally, the corrosion aspect looks like a network on some glasses. 
The glass elements resulting from recent restorations are not altered. 
 
Panel 15 without Viacryl® coating
The surface of the glass presents a uniform weathering with white and brownish corrosion products. 

: 

As for panels 9 and 13, the glass elements resulting from recent restorations are not altered. 
 
 
2.2.2.2 Paints 
 
Concerning the three panels, an absence of paint on the external side is to be noted.  
However, a patina (which seems to be unfired) or a cold painting is present on most of the restoration pieces to give 
them a weathered aspect, attenuate the transparency and give a better homogeneity between ancient and modern 
pieces of glass.  
 
2.2.2.3 Deposits 
 
The superficial deposits observed on the panels are relatively scarce (dust).  
 
On the panel 15, we observe white corrosion products identified as gypsum on the glass surfaces. We note the presence 
of rest of putty with a white aspect near the lead came.  
 
On the panels 9 and 13, most of pieces of glass are covered with remains of the translucent film of Viacryl®

The most striking deposits are the yellowish flakes clinging to the crevices in the glass (pits, craters, corrosion products) 
or on the glass. These flakes are either isolated or next to one another. 

 applied in 
1981 (see treatment diagrams on the next page). It is now yellowed, has a milky aspect and is more or less cracked. 
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Fig. 6. Panel 15, external side, no Viacryl® Fig. 7. Panel 13, external side, Viacryl application ® location  

  

 
 
 

Caption : 

 

 

 Fig. 8. Panel 9, external side, Viacryl®

 
 application 

Lead came (6-7 mm) 

Strap lead (5 mm) 

Broken glass / gap 

Bonding / presume bonding 

Bonding with double glazing 

Weathered painting 

Grisaille gap 

Remains of Viacryl® > 50% 

Remains of Viacryl® < 50% 

© LRMH 

© LRMH © LRMH 

© LRMH 
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2.2.3 Internal side 
 
The photographs below (figures 9 to 14) show the general aspect of the internal side with transmitted and reflected light. 
 
 
Fig. 9. Panel 13, internal side, transmitted light Fig. 10. Panel 15, internal side, transmitted light 

  

 

 

Fig. 11. Panel 9, internal side, transmitted light  

 
 

© LRMH 

© LRMH © LRMH 

© LRMH 
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Fig. 12. Panel 13, internal side, reflected light  Fig. 13. Panel 15, internal side, reflected light  

  

 

 

Fig. 14. Panel 9, internal side, reflected light  

 
 
 

 
 
 
 
 
 
 

© LRMH 

© LRMH © LRMH 

© LRMH 
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2.2.3.1 Glass 
 
The chemical deterioration of the glass appears as fine isolated pits and an iridescence aspect.  
 
Some annotations are written directly on the glass surface (internal side), it was done during a previous restoration. 
 
Panel 15 
1 restoration piece with the annotation “G30” 
 
Panel 9 
1 restoration piece with the annotation “G33” 
 
Panel 13 
3 restoration pieces with the annotation “G28” 
 
 
2.2.3.2 Paints 
 
The paints that were used are brown grisaille applied in traced lines or soft lines. The paint was applied as a thick regular 
coat or as wash drawings. 
 
The grisaille shows a good aspect with a good adhesion and a good cohesion of the painting on the glass support. 
 
 
2.2.3.3 Deposits 
 
The most visible deposits are on the majority of ancient glass pieces. They have a white to brownish aspect and 
correspond to weathered putty. 
The other superficial deposits observed on the panels are dust and traces of runoff.  
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3 Observations and scientific analyses 
 
 
The objective is to evaluate the corrosion of the glass and glass paints 29 years after the application of Viacryl®

 

 as a 
protection layer on the external side.  

 
3.1 Methods 
 
3.1.1  Observations 
 
The observations were carried out by means of a binocular magnifying glass and a Leica DMRM optical microscope linked 
to an ARCHIMED archive system. 
 
 
3.1.2  Scanning Electron Microscope (SEM) 
 
The observations and the analyses were undertaken on raw materials, using a scanning electron microscope (JEOL JSM 
5600 LV) associated to Energy-Dispersive X-ray Spectrometry (EDS), a qualitative analysis system. The operating 
conditions were the followings: 
- mode: Back-Scattered Electrons 
- tension: 15kV 
- work distance: 20 mm 
- vacuum: 17 Pa (low vacuum) 
- acquisition time: ~80 seconds. 
 
 
3.1.3  Tomography 
 
The tomography analyses were made at Ghent (U-Gent) and Trieste (Elettra). Here are their characteristics and 
operating conditions: 

 U-Gent X-ray computed tomography Elettra Phase-contrast micro-tomography 

Hardwares 
and softwares 

Varian PaxScan 2520 
Feinfocus tube 
Octopus reconstruction 
VGStudio Max 2.0 

SYRMEP line of ELETTRA 
Bending magnet 
TomoProject (in-house developed) 
VGStudio Max 2.0 

Operating 
conditions 

Use of Al and Cu-filters to block low energy 
Energy: 80 keV 
Medium power: 2.5-8 W 

Use of Be-window to block low energy 
Energy: 27-30 keV 
Power: n/a 

 
 
3.1.4  Infrared spectroscopy (FTIR) 
 
The infrared analyses were carried out with a Perkin Elmer System 2000 FT-IR, with Spectrum 2000 software. 
The samples were crushed into powder and mixed to potassium bromide (KBr) in order to make micro-discs. The spectra 
were obtained in transmission mode after 100 scans, with a resolution of 4 cm-1, in the range 4000 cm-1 to 400 cm-1

 
. 

 
3.1.5  Microbiolology 
 
Microbiological analyses were undertaken on cotton swabs and nutrient agars, with the following methods: 
• visual examination (with a binocular magnifying glass) 
• characterisation of microbiological activity: 

- non-destructive analyses under UV-light and fluorescence 
- video-microscope 
- classical culture techniques (RODAC-agar plates) made with adequate enrichment media: 

o for the general microflora: object-specific glass media 
o for bacteria: Caso-Agar and Bunt & Rovira-Agar 
o for fungi: Czapek-Dox-Agar 
o for algae: BG 11-Broth 
o for Actinomycetes: Glycerine-Nitrat-Casein-Agar 

- metabolic activity (ATP-measurements) 
- molecular-biological methods (rapd-PCR) 
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3.2 Observation of treated panels (p9 and p13) 
 

Viacryl®

 

 was applied on the external side according to the protocol recommended by Ernst Bacher, which was not 
preconized by LRMH.  

Figures 15 to 21 show the aspect of the film after 29 years of ageing in situ. The film, initially colourless and transparent, 
became in time more or less yellow. The behaviour of the coating varies a lot on the same area of a panel or even on the 
same piece of glass:  
- good behaviour of the film without crack or yellowing and still soft, 
- some bubbles and cracks with partial loss of adhesion, with or without restart of corrosion process of the glass, 
- bubbles and cracks with complete loss of adhesion,  
- detachment of the non-adherent coating without visual damage, 
- flaking with good adhesion of the most part of the flake, restart of glass corrosion (white and/or brownish), 
- flaking with strong loss of adhesion, restart of glass corrosion (white and/or brownish), 
- detachment of the flakes removing a part of the gel layer, revealing sometimes healthy glass. 
 

  
Fig. 15. Visualisation of the various stages of deterioration of 
the Viacryl®

Fig. 16. Remains of Viacryl
 film on the external side of a blue glass 

(BOU_b4p9_E_v11_IMG_4967) 

® on ancient and restoration glasses of 
different colours (BOU_b4p9_IMG_5046) 

  
Fig. 17. Flakes of Viacryl® Fig. 18. Weathered Viacryl in the craters and on weathered 
glass (BOU_b4p13_E_v3_IMG_5117) 

®, binocular magnifying glass 
(BOU_b4p13_E_v15_bino_01) 

  
Fig. 19. Flakes of Viacryl® Fig. 20. Viacryl on the external side, binocular 
magnifying glass (BOU_b4p9_E_v13_bino_01) 

®

binocular magnifying glass (BOU_b4p13_E_v4_bino_01) 
 flakes with poor adhesion to the support, 

 
A more thorough observation of the Viacryl®

 

 flakes using an optical microscope and a Scanning Electron Microscope 
(SEM), enables to evaluate the impact of the detachment on the supporting glass when the film is leaving. 

© LRMH 

© LRMH © LRMH 

© LRMH 

© LRMH 
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In the craters as well as on flat surfaces, as shown in figures 21 to 24, the organic film removes part of the support. The 
colours of the products on the flakes are due to the presence of manganese in the glass (purple, red or beige), but may 
also be caused by the presence of melanin, produced by fungi. There are few corrosion products on these samples. This 
could indicate that no corrosion between glass and coating has started again since the cleaning of the glass, because of a 
good adhesion of the film on the surface. 
 

  
Fig. 21. Observation of a Viacryl® Fig. 22. Observation of Viacryl flake sampled on a flat 
surface, side in contact with the glass, purple glass, optical 
microscope BOU_b4p13_E_v2_MO_04) 

®

 

 flake on fig. 21 with the SEM 
(BOU_b4p13_E_v2_SEM_04b) 

 
Fig. 23. Observation of a Viacryl® Fig. 24. Detail of Viacryl flake sampled in a crater, 
side in contact with the glass, beige glass, binocular magnifying 
glass (BOU_b4p9_E_v9_bino_04). The yellow rectangle locate 
fig.24. 

®

 

 flake on fig. 23 with the SEM 
(BOU_b4p9_E_v9_SEM_01) 

The nature of the elements was identified by analyses using a Scanning Electron Microscope and an EDS elementary 
analysis. 
 

© LRMH 

© LRMH 

© LRMH 

© LRMH © LRMH 
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Fig.25. SEM/EDX observations and analyses of a Viacryl®

Zone 1: spectrum of a bulk layer: Viacryl

 flake, 
side view (BOU_b4p13_E_v6_SEM_02) 

®

Zone 2: spectrum of crystallisations: corrosion products 
(gypsum). 

 film. 

Zone 3: spectrum of a cracked layer: the gel layer. 

 

 
 

 
 

 

 
The interpretations of the spectra are detailed below: 
 
Zone 1: spectrum with a majority of carbon, corresponding to the Viacryl® film. 

Zone 2: spectrum shows strong picks of oxygen, sulphur and calcium, characteristic of calcium sulphate (gypsum) 

Zone 3: spectrum presenting strong picks of carbon (Viacryl® on the layer) and silicon and smaller picks of calcium and 
potassium. It reveals an altered glass, depleted in alkali and alkaline earth metal. 

 
All of the analyses undertaken show that the detachment of the organic film (ig. 25, zone 1) can take away the corrosion 
products (zone 2: gypsum) and even part of the gel layer (zone 3). This result is essential for the cleaning 
recommendations: in order to avoid removing part of the healthy glass along with the flakes, Viacryl®

 

 remains must 
imperatively be softened prior to any elimination. 

 
 
The SEM pictures show that the Viacryl®

 

 film has a good adherence to the corrosion products and the gel layer. The 
tomography allows to see the interface between glass and the coating without invasive sampling. In the case of Bourges, 
two samples were analysed by the two type of tomography system at the disposal of CONSTGLASS partners (figures 26 
to 29). 

 

 

 
Fig. 26. Slice of a piece of glass, phase-contrast micro-
tomography (BOU_b4p9_v1_tomoE_01, slice n°289) 

Fig. 27. Slice of the same piece of glass with artificial colors, 
phase-contrast micro-tomography (BOU_b4p9_v1_tomoE_01, 
slice n°289) 
Caption:  

 

© LRMH 

© LRMH 

© LRMH 

3 

2 

1 

© LRMH 
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Fig. 28. Detail of the interface Glass/coating, X-ray computed 
tomography (BOU_b4p9 _v2_tomo_01). The arrow shows 
weathered glass. 

Fig. 29. Viacryl®

 

 flake, phase-contrast micro-tomography 
(BOU_b4p9_E_v9_tomoE_01) 

Those images indicate a good adherence between the glass and the coating of Viacryl® (figures 26 to 28), even on the 
gel layer and rough glass. This technique is complementary to the SEM/EDS: the interface is easy to interpret with 
tomography pictures, but the composition is not told. Only EDS analyse indicates that the material took off with Viacryl®

 

 
flakes is gel layer (figure 29 and figures 23 and 24). 

 
 
Fourier Transformed Infrared (FTIR) spectroscopy has been used in 1983 to understand the weathering of the Viacryl® 

 

film [2]: Jean-Marie Bettembourg has analysed some films weathered in situ (Bourges, Chartres and Le Mans) and one 
test sample that he made at the laboratory, with and without artificial ageing. He concluded that it was a phenomenon of 
hydrolysis of the polymer. 

The figure 30 present the spectrum of the fresh Viacryl® film (analysed in 1983, blue spectrum), compared to the 
spectrum of a Viacryl®

The weathered Viacryl
 flake sampled on the panel 13 (after 29 years of natural in situ ageing, black spectrum). 
® film presents a major reduction of the secondary amid functions (peak at 1527 cm-1), and an 

increase of primary amids (a major peak around 1680 cm-1 and a low pic at 1603 cm-1

 

). 

Fig. 30. FTIR spectra of Viacryl® films. The black spectrum corresponds to a flake sampled in 2009 on the panel 13 (naturally 
weathered Viacryl®

 

 film) ; the blue spectrum was undertaken by Jean-Marie Bettembourg in 1983 on a test sample made in 1981 
(naturally aged during 20 month in a box, so considered as a fresh sample). 

These results show the very advanced state of deterioration of the organic film. Its level of chemical degradation 
progressively leads to an unquestionable physical degradation. These results are coherent with those obtained in 1983 
[2].  

© UGent © Elettra 
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Another side effect of the application of Viacryl® has to be emphasized: the weathering of the leads along the cracks of 
Viacryl®

 

 film. This phenomenon is mostly light with thin white deposits (figure 31), but on one panel (P13), an area is in 
a particularly severe state of degradation (figures 32 and 33). 

  
Fig. 31. Observation of leads on the bottom of the panel 13 
(BOU_b4p13_E_IMG_015) 

Fig. 32. Observation of leads on the bottom of the panel 13 
(BOU_b4p13_E_IMG_001) 

 

 
 Fig. 33. Detail of the most weathered lead on figure 28 

(BOU_b4p13_E_IMG_008) 
 
Viacryl®

 
 is then more or less harmful for the leads, depending on the environmental conditions. 

 
 
 

3.3 Comparison with an untreated panel (panel 15) 
 
The aim, in 1981, was to compare the evolution of the corrosion of glass on panels, with or without protection. Today, 
the CONSTGLASS project gives us the opportunity to follow this purpose and by this way, to determine the impact of 
Viacryl®

 
 on glass conservation. 

About the general state of conservation of the panel 15, whatever the color of the glass (red, purple, yellow, beige or 
white), a uniform deteriorated layer (crust) has grown. It is brownish, except on beige glass where it is only white. This 
crust is thin, that means the pieces of glass were cleaned during a previous restoration: we know it was done in 1976, by 
Chaufour studio. Corrosion by craters is only present on some glasses at various stage of deterioration. The dark blue 
piece is severely weathered, nearly without sound glass remaining. This is the only case on this panel. 
 
Concerning the panel 13, the weathering of glass resumes between flakes and where the coating has disappeared: 
white and brown corrosion products are growing. The protection of the pieces by the coating is no more effective, except 
under the Viacryl® film when it is still adhesive. The comparison of the two panels shows the Viacryl®

 

 has a protective 
action on the glass. Of course there are damages on the dark red glass pieces (network of brownish gel layer under the 
cracks), but no craters appear and no uniform corrosion. 
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Fig. 34. Overview of an unprotected purple glass 
(BOU_b4p15_E_v3_IMG_4677) 

Fig. 35. Overview of a Viacryl®

(BOU_b4p13_E_v2_IMG_073) 
 coated purple glass  

  
Fig. 36. Detail of the corrosion on this unprotected purple 
glass, uniform corrosion layer, binocular magnifying glass 
(BOU_b4p15_E_v3_bino_02). 

Fig. 37. Detail of the surface of the protected purple glass, uniform 
corrosion layer with ancient craters, binocular magnifying glass 
(BOU_b4p13_E_v2_bino_01) 

  
Fig. 38. Overview of an unprotected red glass 
(BOU_b4p15_E_v4_IMG_5247) 

Fig. 39. Overview of a Viacryl®

(BOU_b4p13_E_v19_IMG_4660) 
 coated red glass  

  
Fig. 40. Detail of the corrosion on this unprotected red glass, 
corrosion by little craters creating a uniform corrosion layer, 
binocular magnifying glass (BOU_b4p15_E_v3_bino_02). 

Fig. 41. Detail of the surface of the protected red glass, corrosion 
by little craters, binocular magnifying glass 
(BOU_b4p13_E_v2_bino_01) 

© LRMH © LRMH 
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Fig. 42. Overview of an unprotected dark blue glass 
(BOU_b4p15_E_v7_IMG_5252) 

Fig. 43. Overview of a Viacryl®

(BOU_b4p13_E_v19_IMG_4660) 
 coated dark blue glass 

  
Fig. 44. Detail of the corrosion on this unprotected dark blue 
glass, corrosion by large craters, binocular magnifying glass 
(BOU_b4p15_E_v3_bino_02). 

Fig. 45. Detail of the surface of the protected dark blue glass, 
corrosion by craters and pits, binocular magnifying glass 
(BOU_b4p13_E_v2_bino_01) 

 
The weathering of glass seems to be more advanced without coating.  
The same white and brown corrosion products are present in the two cases: on the whole surface (panel 15) or only 
between flakes of Viacryl (panel 13). It appears that Viacryl protected the glass for a short period (between 5 to 10 
years, depending on the environmental conditions), even if the weathering between cracks is severe for dark red, red 
and yellow pieces. 
This hypothesis has to be moderate because we did not find any photo of the panels after the cleaning in 1975. 
  
 
3.4 Microbiological analyses on the three studied panels 
 
Microbiological investigations were made after storage at the LRMH during two years, with a relative humidity of around 
30%. The results are the following: 
• within cracks and fissures: high accumulation of dust and dirt as well as punctual, medium fungal infestation  
• medium metabolic activity (ATP 459 RLU/25 cm² with a maximum at 1324 RLU/25 cm² within cracks and fissures) 
• isolated microorganisms: 

- fungi (medium infestation): Penicillium chrysogenum, Penicillium expansum, Cladosporium herbarum, 
Cladosporium cladosporioides, Cladosporium sphaerospermum, Alternaria alternata, Epicoccum purpurascens, 
Aspergillus versicolor, Chaetonium globosum, Acremonium strictum, Stachybotris chatarum, Fusarium oxysporum, 
Mucor hiemalis and Phoma glomerata,  
- bacteria (low infection): Roseomonas specie respectively Bacillus flexus. 

 
The storage in a dry atmosphere may be the cause of the low biological activity, but a development of microorganisms is 
possible if the conditions in situ are more humid. 
 
Nevertheless, the confined areas under cracks are preferential zones for the moisture keeping. The Cladosporium 
herbarum (high presence) and other present fungi (Cladosporium cladosporioides, Cladosporium sphaerospermum, 
Alternaria alternate) can produce pigments (melanin which is responsible of a brown to black coloration) and can explain 
the brown coloration observed under Viacryl®

 

 flakes. But, on the glass, SEM/EDS analyses show the presence of 
manganese in the brown colored gel layer. Then, this coloration can be due (or not) to both phenomena. On the lead, 
one case of black coloration was observed (figure 46): it is due only to melanin production. 

© LRMH © LRMH 

© LRMH © LRMH 
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Fig. 46. Blackish fungal growth within a crack of the Viacryl 
coating on a glass fragment from Bourges Cathedral. 
(BOU_b4p13_E_microbio_01) 

 
When we compare panels with and without Viacryl®

 

 coating, the same microbial consortium is observed, but the micro-
biological activity is more present on the protected panel (P13) than on the unprotected one (P15). 
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4 Discussion 
 
 
These observations and analyses on Bourges panels, Le Mans panels and Chartres (bays 49, 50 and 51) [6] put forward a 
hypothesis on the different steps of the deterioration of this organic film: 
 1. First of all, when ageing, the coating hardens, withstanding less and less mechanical stress: its thermal expansion 
coefficient is too different from that of glass. Then a loss of adhesion (air bubbles) appears between the film and the 
altered surface (fig. 27, 28). 
 2. The film then starts cracking, especially near leads and craters, and forms flakes (fig. 27 to 29). At this stage of 
degradation of Viacryl®

 3. Finally the flakes come off: because the rain waters wash the panel, but the crystallisation of corrosion products 
may also provoke the detachment of the film. This phenomenon may cause severe damages to the glass: it could tear off 
the gel layer and sometimes healthy glass (fig. 30 to 34). 

, the resumption of the corrosion of the glass is very much favoured: cracks and slight 
detachments create a confined environment where water stays, and it (re-)activates the glass corrosion phenomenon. 

 
The deterioration process of this organic film can be drawn out in the following manner: 

 
 
The majority of the film is still present in the case of Bourges. Viacryl®

 

 is less adherent on the restoration glasses and 
healthy glasses in general and the coating is more cracked around craters. When it is flaking, the film takes off a part of 
the gel layer in most of the case, and in rare cases it reveals sound glass. 

It seems then very important to intervene to eliminate the leftovers of Viacryl®

- the remaining flakes do not protect anymore the stained glass window and can even be detrimental as they favour the 
containment of water between the flakes and the glass, as well as in the craters. 

 on the external side for two major 
reasons: 

- the natural detachment of the flake may be harmful to the glass. 
 
The comparison of the panels 13 and 15 can lead to some hypothesis: 

Panel 13 Panel 15 
% of weathered surface of P13 < % of weathered surface of P15 

Speed of corrosion between flakes > Speed of corrosion of unprotected panels 

Deterioration of visual aspect (network) > Deterioration of visual aspect (uniform) 
 
The installation of a protective glazing with natural ventilation from the inside of the building will avoid those 
phenomena. The external side will not be confronted to weather conditions and there will be no more condensation on 
the inside thereby providing optimal conservation of the glass paints, of the glass and of the leads. 
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5 Recommendations 
 
 
Here are exposed the recommendations about the treatment of the Viacryl®
 

 film.  

 
5.1 Treatments of the pieces of glass and the paints 
 
Cleaning tests were elaborated in collaboration with conservators of the DBV. The restoration of this stained glass 
window requires the adoption of the following methods. 
 
The cleaning of the external side can be carried out through the application of water-ethanol poultice for 1 hour.  The 
application can be renewed if necessary. The aim is to soften up the Viacryl®

 

 remains as much as possible and thus, to 
be able to eliminate them without removing the altered glass.  

 
5.2 Re-Treatment of the pieces of glass  
 
The only way to stop the degradation of these stained glass windows is to stop the provision of water onto the glass 
surface (by rain or condensation phenomena). The only efficient means is to install an external protective glazing 
with adequate ventilation from the inside of the building. 
 
 
 
 
 
6 Conclusions 
 
The Last Judgment stained glass window was one of the latest applications of Viacryl®. At the time, the installation of 
protective glazing was not systematic yet. The application of Viacryl®

 

 on the external side, under the form of an organic 
film, was carried out with the intention of protecting the glass from the weather conditions (rain, wind, pollutants ...). 
But there was a controversy about this protection system, so the second aim of this protection campaign was to make a 
comparison between protected and unprotected panels, and the third one was a comparison between “Bacher’s method” 
and “Bettembourg’s method”. 

Today, 29 years later, the observation of these three panels teaches us a lot about the efficiency of Viacryl®

 

. This study, 
in parallel with the ones of Le Mans and Chartres, enables us to establish an assessment. 

In a general manner, it is possible to say that Viacryl® fulfils its role until it starts to alter chemically and physically. From 
the beginning of the deterioration of the coating, the corrosion of the unprotected glass resumes: it follows the cracks in 
the organic film, and can even extend to a larger part of the glass surface. The film deteriorated with no damage to the 
glass, except in certain areas where the Viacryl®

On the external side, the polyurethane film worked for some time, depending essentially on the state of degradation the 
glass surface and environmental conditions. 

 flakes took away parts of the gel layer with them, and in some cases, it 
reveals the bulk glass. 

 
The restoration of the Last Judgment stained glass window is planned for the 2011. The curator, during the last meeting 
we had, has agreed to install protective glazing to protect the panels.  
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APPENDIX 1 : Conservation diagrams 
 

These Conservation diagrams were established by  
Karine Boulanger and Delphine Geronazzo. 
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Panel 13 
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Panel 15 
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