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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 

© 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). 



Pilot object report : BOURGES CONSTGLASS 22 

 

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. 
 
 
 
 

© LRMH 
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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 
 

 

 
 
 

Caption: 

 

 
 
 
 
 
 

Shifted pieces 

Restoration using ancient pieces 

Restoration pieces of 20th century 

Restoration pieces of 19th century 

Restoration pieces prior to the 19th century 

Original pieces 

© LRMH 



Pilot object report : BOURGES CONSTGLASS 27 

 

Panel 15 
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1 Introduction 
 

The stained glass windows of the Typological Passion (bay 37) , the Death and Assumption of the 
Virgin (bay 42), and the Infancy and Life of Christ (bay 50) form a part of a set of exception that 
are the stained glass windows of Chartres Cathedral. According to the Corpus Vitrearum, these stained 
glass windows are dated back to the 12th century (bay 50) and the 13th

These belong to the central bay of the western façade and two bays of the aisles of the nave, their 
locations are indicated by arrows on the map in figure 1. 

 century (bays 37 and 42) 
[1]. 

 

Fig 1. Map indicating the situation of the stained glass windows of the Chartres Cathedral. 
The arrows indicate the location of the stained glass windows studied in CONSTGLASS project [1]. 

These stained glass windows (figures 2 to 4) are broken arch lancets, made of 
- fifty three panels (bay 50), whose panel 38 represents the Baptism of Jesus. A total high of 11,0 
m. 
- fifty two panels (bay 37), whose panels 16 and 44 represent, respectively, the Shunammite’s Son 
Restored to Life and Wailing Women. A total high of 8 m. 
- sixty three panels (bay 42), whose panel 21 represents the Christ receiving the Virgin’s soul, and 
panels 20 and 22 represent angels and apostles. A total high of 8,05 m. 

 
 
 

 

© Corpus Vitrearum – Centre André Chastel 
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Fig 2. Overview of the studied stained glass window: the Infancy and Life of Christ. Location of the studied panel. 

  

Fig 3. Overview of the studied stained glass window: 
Typological Passion. Location of the studied panel. 

Fig 4. Overview of the studied stained glass window: the 
Death and Assumption of the Virgin. Location of the studied 
panel. 
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Interventions-restorations 
 
Several restoration campaigns are known for these stained glass windows [1]: 

- Bay 50: the most important restoration occurred between 1894 and 1902. The last intervention was 
performed in 1976 by Gaudin studio. 

- Bay 37: the most important restoration was done in 1876 by Lorin studio. 
- Bay 42: we know that one of the main restoration works was performed in 1898 by Bonnot studio. 

 
Application of Viacryl®

 
 and Silicone 

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]. 

In the 1970’s, Jean-Marie Bettembourg, chemist at LRMH, and the Austrian team of Ernst Bacher, 
have made thorough investigations about the efficiency and durability of this polyurethane coating. This 
protection method was then applied to different buildings, and in particular in the church of Sancta 
Maria am Gestade (Vienna, Austria) [3].  

Jean-Marie Bettembourg also made ageing tests on some rubbers (silicones, epoxys and thiokols). 
The silicone rubbers gave the best results with a soft bonding [4]. 

Between 1974 and 1976, relying on the results of the scientific study performed by the LRMH in 
1974, the bays 49, 50 and 51 have been coated with a polyurethane film (Viacryl®) on the outside, 
by Gaudin studio [2, 5]. These panels were part of the first stained glass windows protected by such 
a film. After a glass cleaning with a gel of EthyleneDiamineTetraAcetic acid (EDTA) and a complete 
unleading, the Viacryl®

A first observation was made in 1983 to check the state of conservation of the organic film on the 
external side and the state of weathering of glasses 8 years after the putting back of the window [2]. 
Cracking and detachment of the film have already been observed locally on some panels. The Viacryl

 was applied with a soft brush onto the weathered glasses. During this 
restoration, the broken pieces were repaired by silicone rubber, with back plating when necessary. 

®

In 1988, during a restoration campaign of the 10 windows of the aisle, the LRMH carried out analyses 
of the corrosion of the glass, made tests of cleaning the glass and consolidating the glass paint. The 
works were undertaken by Alliou studio (Bay 37) and Petit studio (Bay 42). The difficulty was that 
the major detachments of the glass paint required repair prior to cleaning. The application of Viacryl

 
as consolidant and the silicon applications were not the purpose of this study, and nothing was 
attempted before CONSTGLASS project. 

®

In 2004, the taking down of some panels of the bays 49, 50 and 51 has been allowed for the 
observation of the state of the organic film on the external side and of the stained glass, after 28 

, 
diluted at 5 % in ethyl acetate with a soft brush was recommended by Jean-Marie Bettembourg. The 
high diluted resin infiltrates the underside of the glass paint by capillary effect. Once the glass paint 
was consolidated, it was then possible to clean it using a cotton soaked with ethyl acetate in order to 
remove the dust and alteration products. The difficult stage was the cleaning of the excess of resin on 
the glass covered with alteration products [6, 7]. 

© LRMH 
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years of natural ageing. These observations were very important, and helped to ask for a more regular 
monitoring and to open a project on the subject [8, 9]. 

On February 2008, at the request of the laboratory, scaffolding was gracefully provided by the Regional 
Department for Cultural Affairs (DRAC, Direction Régionale des Affaires Culturelles) of Centre to allow 
for the examination of the three bays. The observation team was constituted of Claudine Loisel, chemist 
at the LRMH, Claudine Lautier, researcher at the Centre of National Scientific Research (CNRS) in 
the department of National Institute of Art History (INHA), and Delphine Geronazzo, stained glass 
window conservator. In order to assess the conservation condition of the consolidations and bondings, it 
was decided to take the 5 panels down for a more thorough examination: 2 panels from the bay 37, 
3 panels from the bay 42, and 1 panel from the bay 50. 

The other important point concerns the back plating. They are used to hold the pieces broken in 
several parts, often seen on the characters’ face. The conservator put a piece of white glass against 
the outside surface of the broken piece to consolidate it. A silicone sealant is applied on the edges to 
allow a maximum of tightness. It was important to also assess the state of conservation of such kind 
of piece. 

This removal also allowed to establish a conservation diagram, carried out at the LRMH by Claudine 
Lautier and Delphine Geronazzo (see appendix 1).  

The objective of this study, within the framework of CONSTGLASS European project, was to establish 
an assessment of the evolution of the organic products used such as consolidants, rubbers or protection 
films. So, it was decided to select the cathedral of Chartres as one of the French pilot object, the 
others are the cathedrals of Bourges and Le Mans. 

Other sites were also submitted to treatments using Viacryl® 

Tab. 1 : Summary of interventions on CONSTGLASS sites. 

on the external face as a protective film 
and on the internal side as a consolidant. The table below recapitulates the various interventions on 
CONSTGLASS different 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 

 
 

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 windows 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: 

 Bay 37, panel 16 : 46,5 x 100,0 cm 
 Bay 37, panel 44 : 45,5 x 83,5  cm 
 Bay 42, panel 20 : 48,0 x 95,4 cm 
 Bay 42, panel 21 : 73,5 x 74,9 cm 
 Bay 42, panel 22 : 47,8 x 96,7 cm 
 Bay 50, panel 38 : 100,0 x 110,0 cm 

 

Main leads: 7 mm ; mending leads: from 5 to 6 mm 
Bay 37, panels 16 and 44 

The leads are in a good state of conservation: no mechanical (cracks close to the soldered joints) or 
noticeable chemical deterioration. 
The panels have been completely releaded during the huge restoration of the Cathedral in the first 
quarter of the 20th

The successive restorations have introduced numerous mending leads. They weight down the panels, 
physically and artistically, especially on the garments of the panel 16. In general, flanges of mending 
leads are less wide than those on the main leads. 

 century. The good mechanical behaviour is due to the application of putty on both 
sides. The mastic is still sensitive to solvent vapours (ketone). 

 

Main leads: 7 mm ; mending leads: from 5 to 6 mm 
Bay 42, panels 20, 21 and 22 

The leads are in a good state of conservation: no mechanical (cracks close to the soldered joints) or 
noticeable chemical deterioration. 
The panels have been releaded during the restoration of the Cathedral after the Second World War. 
The good mechanical behaviour is due to the application of the putty on both sides. The mastic is still 
sensitive to solvent vapours (ketone). 
The successive restorations have introduced numerous mending leads. They weight down the panels, 
physically and artistically, especially on the garments. Mending leads on the characters’ faces were 
replaced by silicone bonding during the restoration in the 1980’s. In general, flanges of mending leads 
are less wide than those on the main leads. 

 

Main leads: 7 mm ; mending leads: from 5 to 6 mm 
Bay 50, panel 38 

The panels have been completely releaded during the huge restoration of the Cathedral in the first 
quarter of the 20th century. 
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Given the dimensions (100,0 x 110,0 cm) and the configuration of the scene, the panel is in bad 
state of conservation. Many cracks were observed close to the soldered joints on both sides. In 
addition, the design of the lead came is a cause of weakness, which make manipulations dangerous 
(bending, especially in angles). 
Despite of puttying on the both sides, the mechanical strength is not so good. The mastic is still 
sensitive to solvent vapours (ketone). 
The successive restorations have introduced numerous mending leads. They weight down the panels, 
physically and artistically, especially on the garments. In general, flanges of mending leads are less 
wide than those on the main leads. 

 
 

2.2 Glass elements 
 

2.2.1 Breaks 
 

Some breaks were counted on the panels. The bondings were made with silicone rubber, either for 
reparation of breakages, or for mending leads substitution. Cold paint (containing grisaille) was used 
on the top of silicone rubber to a better esthetical aspect. 
Bay 37, panel 16 : 52 silicone bonding 
Bay 37, panel 44 : 11 silicone bonding 
 12 breakages 
Bay 42, panel 20 : 7 bonding with copper ribbon (Tiffany bonding) 
 4 silicone bonding with 2 back plating 
 8 breakages, mainly in molding pieces 
Bay 42, panel 21 : 2 silicone bonding  
Bay 42, panel 22 : 4 bonding with copper ribbon (Tiffany bonding) 
 1 silicone bonding with 1 back plating 
 9 breakages 
Bay 50, panel 38 : 37 silicone bonding with 7 back plating 
 18 breakages  
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2.2.2 External side 
 

The photos below (figures 5 to 10) show the general aspect of the external side of the panels. 

 Bay 37, panel 16 : 46,5 x 100,0 cm 
 Bay 37, panel 44 : 45,5 x 83,5  cm 
 Bay 50, panel 38 : 100,0 x 110,0 cm 

 Bay 42, panel 20 : 48,0 x 95,4 cm 
 Bay 42, panel 21 : 73,5 x 74,9 cm 
 Bay 42, panel 22 : 47,8 x 96,7 cm 

  
Fig. 5. Bay 37, panel 16, external side, reflected light Fig. 6. Bay 37, panel 44, external side, reflected light  

 

 
 
 

 

Fig. 7. Bay 42, panel 20, external side, reflected light Fig. 8. Bay 42, panel 21, external side, reflected light  

© LRMH 

© LRMH 

© LRMH 

© LRMH 
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Fig. 9. Bay 42, panel 22, external side, reflected light Fig. 10. Bay 50, panel 38, external side, reflected light  
 

© LRMH 
© LRMH 



Pilot object report : CHARTRES CONSTGLASS 11 

 

2.2.2.1 Glass 
 

Common deterioration aspect of 13
Bay 37, panel 16 

th

A naked eye examination indicates that some ancient pieces or glass areas don’t present any 
corrosion. Restoration pieces are not deteriorated. 

 century glasses: pits and craters, often associated to corrosion 
products. The depth of the craters is not excessive and there is a slight uniform weathering. 

Common deterioration aspect of 13
Bay 37, panel 44 

th

On the contrary, restoration pieces are not deteriorated, but a patina, made of grisaille, gives the 
impression of weathered glass. 

 century glasses: uniform weathering, often with some pits and 
shallow craters. A naked eye observation points out that all ancient pieces are weathered. 

Common deterioration aspect of 13
Bay 42, panel 20 

th

A naked eye observation points out that all ancient pieces are weathered. On the contrary, restoration 
pieces are not deteriorated. 

 century glasses: pits and craters, often associated to corrosion 
products. The depth of the craters is not excessive and there is a slight uniform weathering. 

Common deterioration aspect of 13
Bay 42, panel 21 

th

A naked eye observation points out that all ancient pieces are weathered. On the contrary, restoration 
pieces are not deteriorated, but a patina, made of grisaille, gives the impression of weathered glass. 

 century glasses: pits and craters, often associated to corrosion 
products. The depth of the craters is not excessive and there is a slight uniform weathering. 

Common deterioration aspect of 13
Bay 42, panel 22 

th

A naked eye observation points out that all ancient pieces are weathered. On the contrary, restoration 
pieces are not deteriorated, but a patina, made of grisaille, gives the impression of weathered glass. 

 century glasses: uniform weathering, often with some pits, shallow 
craters and corrosion products. 

Common deterioration aspect of 13
Bay 50, panel 38 

th

 

 century glasses: uniform weathering, often with some pits, shallow 
craters and corrosion products. A naked eye observation points out that all ancient pieces are 
weathered.  

 

2.2.2.2 Paints 
 

Except on restoration pieces, there is no paint on ancient glass. 

 
2.2.2.3 Deposits 
 

A white deposit on external surface is observed on the panel 44, bay 37 and on the three panels of 
the bay 42. 
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 2.2.3 Internal side 
 

The photographs below (figures 11 to 22) show the general aspect of the internal side with 
transmitted and reflected light. 

  

Fig. 11. Bay 37, panel 16, internal side, transmitted light Fig. 12. Bay 37, panel 16, internal side, reflected light 

  

Fig. 13. Bay 37, panel 44,  internal side, transmitted light Fig. 14. Bay 37, panel 44, internal side, reflected light  

© LRMH © LRMH 

© LRMH © LRMH 
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Fig. 15. Bay 42, panel 20, internal side, transmitted light Fig. 16. Bay 42, panel 20, internal side, reflected light  
 
 
 

 

 
 
 

 

Fig. 17. Bay 42, panel 21, internal side, transmitted light Fig. 18. Bay 42, panel 21, internal side, reflected light  

© LRMH © LRMH 

© LRMH © LRMH 
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Fig. 19. Bay 42, panel 22, internal side, transmitted light Fig. 20. Bay 42, panel 22, internal side, reflected light  
 
 

 

 
 

 

Fig. 21. Bay 50, panel 38, internal side, transmitted light Fig. 22. Bay 50, panel 38, internal side, reflected light  
 

© LRMH © LRMH 
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2.2.3.1 Glass 
 

Deposits on the surface make difficult the observation of glass. 
The chemical deterioration of the glass appears as fine isolated pits and some local areas with uniform 
weathering (white corrosion products). A shallow layer of glass is deteriorated in wide areas, which 
provoke delamination of paints. However, glass transparency is maintained, or even lightened where 
superficial layer is gone. 

 

2.2.3.2 Paints 
 

Some pieces present gaps of paint, going from pits to flakes and to complete wearing away, especially 
on garments drapes. They are closely linked to the deterioration of the glass. 

Bay 37, panels 16 and 44 

All the pieces with Viacryl® consolidant do not present this deterioration phenomenon. 

Most of the ancient paint pieces present the same deterioration phenomenon as panels 16 and 44 
(bay 37). In hairs, trace lines were worn away on relatively wide areas. This is also closely linked 
to the deterioration of the glass. Nevertheless, fine pits in the grisaille seem to be due to the 
composition of the glass paint or to the application method. 

Bay 42, panels 20, 21 and 22 

Features paintings are thick and mostly in a good state of conservation In hairs, trace lines were worn 
away on relatively wide areas. This is also closely linked to the deterioration of the glass.  

Bay 50, panel 38 

 

2.2.3.3 Deposits 
 

On the whole glass surface, black deposits of soot are observed. Remains of putty (more or less 
deteriorated) are located on the edges. 
 
Viacryl® consolidant was applied as a coating on the grisailles of the panels of the bay 37 and 
present scratches. On the bay 42, Viacryl® consolidant is difficult to see. 
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The treatment diagrams below (figures 23 to 28) show the location of the Viacryl® consolidant in 
2009. 

  
Fig. 23. Bay 37, panel 16, internal side, location of 
treatments (Viacryl®

Fig. 24. Bay 37, panel 44, internal side, location of treatments 
(Viacryl, silicone) ®, silicone) 

 

 

Fig. 25. Bay 42, panel 20, internal side, location of treatments 
(Viacryl®, silicone) 

Fig. 26. Bay 42, panel 21, internal side, location of treatments 
(Viacryl®, silicone)  

 

Caption: 

 

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 
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Fig. 27. Bay 42, panel 22, internal side, location  
of treatments(Viacryl®

Fig. 28. Bay 50, panel 38, internal side, location of treatments 
(Viacryl, silicone) ®

 

, silicone) 

Caption: 
 

 

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% 



Pilot object report : CHARTRES CONSTGLASS 18 

 

3 Observations and scientific analyses 
 

The objectives are to evaluate the deterioration of the glass and glass paints 22 years after the 
consolidation of the glass paints with Viacryl®

 

 on the internal side, and to assess the behaviour of the 
silicone bondings and back plating 22 and 34 years after application.  

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 

Stopping low energy: Al and Cu-filters 
Energy: 80 keV 
Medium power: 2.5-8 W 

Stopping low energy: Be-window 
Energy: 27-30 keV 
Power: n/a 
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3.1.4 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 Internal side  : evolution of the Viacryl®

 
 used as a consolidant 

Viacryl® was used during the restoration in 1988 as a consolidant for the glass paint which did not 
have a sufficient adhesion to the glass. The Viacryl®-Desmodur®

The 5 studied panels, which received a consolidation (bay37: p16 and p44, bay 42: p20, p21 and 
p22), globally show a good behaviour of the glass paint. However there are some phenomena to be 
underlined. 

 mix was diluted to 5 % in ethyl 
acetate and applied on the panels of the bays 37 and 42. 

The consolidant has been applied only on fragile grisaille (or considered as fragile, at the time) of 
the bay 42, and on the whole paints, and even on the glass around, on bay 37. 
On the pieces coated with Viacryl® on bay 37, the consolidant-coating looks like having been scratched 
(figures 29 to 32), without provoking visible damage to the grisaille underneath, in most of the 
cases. 

  

Fig. 29. Overview of Viacryl® application on panel 37: more or 
less thick film (CHA_b37p16_I_IMG_4981) 

Fig. 30. Observation of a thick application of Viacryl® with a 
rough aspect (CHA_b37p16_I_IMG_4916) 

  

Fig. 31. Observation of a scratched Viacryl® coating 
(CHA_b37p44_I_v4_IMG_5001) 

Fig. 32. Detail of a scratch on a grisaille: the paint is bared 
but not deteriorated, binocular magnifying glass 
(CHA_b37p44_I_v4_bino_04) 

 
 

© LRMH © LRMH 
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Fig. 33. Detail of the surface of thick Viacryl® 

(CHA_b37p16_I_v2_bino_06) 

coating, revealing 
micro-cracks, binocular magnifying glass  

Fig. 34. Detail of the surface of too much fired paint glass: 
Viacryl® adherence is bad, binocular magnifying glass 
(CHA_b37p44_I_v1_bino_05) 

  

Fig. 35. Corrosion products between paints (trace lines and 
washes) and Viacryl® coating, binocular magnifying glass 
(CHA_b37p44_I_v2_bino_02) 

Fig. 36. Same area as in figure 16, with transmitted light: the 
corrosion products are located on the wash drawings and on the 
soft lines, binocular magnifying glass 
(CHA_b37p44_I_v2_bino_01) 

When the Viacryl® 

The third phenomenon observed on those applications is a strong loss of adherence of the coating on 
the grisaille fired at a too high temperature (figure 34). 

is applied as a thick film, it can present micro-cracks (figure 33) that are not 
deep, so the protection is still effective, at the moment.  

The last point is the resuming of the corrosion on thin trace lines of glass paint and wash drawings 
(figures 35 and 36). Here, most of the excess of Viacryl®

 
 resin has been cleaned.  

 

© LRMH © LRMH 
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Concerning the bay 42, it is impossible to see where Viacryl® consolidant have been applied without a 
slight cleaning with a cotton swab and a binocular magnifying glass (figures 37 to 40): there is no 
remarkable difference between unconsolidated and consolidated grisaille. 

  

Fig. 37. Overview of the glass paints, the unprotected glass 
paints are located by arrows (CHA_b42p22_I_IMG_5292_bis) 

Fig. 38. Overview of a treated (red grisaille) and untreated 
(black paint, arrows) areas 
 (CHA_b42p21_I_IMG_5275_1) 

  

Fig. 39. Detail of a consolidated grisaille: the cleaned area is 
a little shiny, revealing the resin, binocular magnifying glass 
(CHA_b42p20_I_v4_bino_04) 

Fig. 40. Detail of the grisaille after cleaning: the consolidant is 
more visible on the edges of the paint, binocular magnifying 
glass (CHA_b42p22_I_v3_bino_03) 

 

© LRMH 

Cleaned Uncleaned 
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Nevertheless, many glass paints are in danger because of the deterioration of the glass (figures 41 to 
44): the surface of the material is delaminating, taking off the glass paint even if the latter is very 
well preserved. Dust and putty often conceal the damages of the glass (figure 44). 

  

Fig. 41. Overview of delaminating glasses, with loss of a part 
of the grisaille(CHA_b42p20_I_IMG_5342) 

Fig. 42. Detail of the light brown garment: delaminating of the 
glass taking of paints, binocular magnifying glass 
(CHA_b42p20_I_v5_bino_05) 

  

Fig. 43. Detail of deteriorated glass without grisaille, just 
beginning to affect the paints, binocular magnifying glass 
(CHA_b42p21_I_v2_bino_01) 

Fig. 44. Putty on the edges of a piece of glass, hiding 
possible starting deterioration of the glass 
(CHA_b42p21_I_v1_IMG_5474) 

 

© LRMH © LRMH 
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The observations and the analyses undertaken with the SEM/EDS on a coated piece of the bay 37 
(figure 45) show the impact of one of the scratches. While the observations with a binocular 
magnifying glass don’t show any damage to the glass, SEM indicates that healthy glass is bared. A 
small amount of corrosion products (gypsum: sulphur and calcium) was found in the spectra of the 
gel layer and of the healthy glass. 

 

 

 
 

 
 

 
 

Fig. 45. Detail of a scratch on a coated piece of the bay 37, 
SEM/EDS (CHA_b37p16_I_v2_MEB_img5) 

Zone 1: spectrum of Viacryl®

Zone 2: spectrum of the gel layer with traces of gypsum. 

 polymer applied as a coating. 

Zone 3: spectrum of the healthy glass with traces of gypsum. 

The interpretations of the spectra are detailed below: 

Zone 1: spectrum with a majority of carbon, corresponding to the Viacryl®

Zone 2: spectrum of a cracked layer, presenting a strong peak of carbon (remains of Viacryl® on it). 
The peaks of silicon, calcium and potassium reveal a corroded glass, depleted in alkali and alkaline 
earth metal: the gel layer. Presence of sulphur is linked to traces of gypsum, a corrosion product of 
the glass. 

 polymer applied as a 
coating. 

Zone 3: spectrum of the dense part with silicon, calcium and potassium, which are characteristic of 
bulk glass. Traces of gypsum are also seen. 

© LRMH 
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Zone 3 
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Analyses on consolidated grisaille of bay 42 show where Viacryl®

 

 resin was really applied (figure 46): 
it is in the glass paint and on the glass too, but in a very thin layer. The glass paint is bared on 
the edges of the trace line. 

 

 
 

 
 

 
 

 

Fig. 46. SEM/EDS observation and analyses of a trace line 
and the surrounding glass: Viacryl®

Zone 1: spectrum of Viacryl

 consolidant has been applied 
there (CHA_b42p22_I_v1_MEB_z2-2 img5) 

®

Zone 2: spectrum of Viacryl

 polymer on the glass with traces 
of gypsum. 

®

Zone 3: spectrum of grisaille containing less Viacryl

 polymer on the trace line. 
®

Zone 4: spectrum of calcium carbonate, located on the surface 
of the Viacryl

 polymer in 
this area. 

® 

The interpretations of the spectra are detailed below: 

film. 

Zone 1: the high peak of carbon indicates the presence of the Viacryl®

Zone 2: on the trace line, the high peak of carbon corresponds to Viacryl

 polymer on the glass. The 
peaks of sulphur and calcium are linked to the presence of gypsum (on/under the surface of 
polymer?). They can come from deterioration of the glass or of the putty. 

®

Zone 3: carbon peak is lower than silicon peak: the grisaille contains less Viacryl

 polymer. Traces of iron 
confirm the analysis is made on grisaillle. 

®

Zone 4: carbon and calcium peaks are characteristic of calcium carbonate. It is located on the surface 
of the Viacryl

 polymer in this 
area. 

® 

These results don’t allow a conclusion about the weathering of the glass or the glass paint under 
Viacryl

film. It comes from putty deterioration. 

®

 

 consolidant. Moreover, it was not possible to unstop the pieces with visible corrosion products.  

© LRMH 
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In order to see if there are corrosion products between Viacryl®

The samples were taken only on the edges of the panel 16 of the bay 37. The size of the samples 
was limited, so little pieces (around 1 cm large) with some paints were chosen. 

 film and grisaille or glass, tomography 
analyses have been undertaken. 

  

Fig. 47. Slice of a white piece of glass (dense grey) with 
some grisaille (arrows), phase-contrast micro-tomography, the 
rectangle locates the detailed view of figure 29 
(CHA_b37p16_I_v2_tomoT_slice_250) 

Fig. 48. Detail of the slice on figure 28, with an artificial 
colouring, phase-contrast micro-tomography 
(CHA_b37p16_I_v2_tomoT_slice_250_color) 

 
Fig. 49. Slice of a white piece of glass (dense grey) with Viacryl® film (darker layer) coated on the grisaille (arrows), 
X-ray computed tomography (CHA_b37p16_v6_tomoG_03) 

The figures 47 to 49 confirm the Viacryl®

On the two samples observed, no corrosion product or gel layer is observed between glass and 
grisaille. Moreover, some putty, corrosion products and gel layer are under Viacryl

 resin was applied as a coating, on the grisaille, but also on 
the glass and the putty. The adherence of the film seems to be still good, even if some gaps are 
observed (figures 47 and 48). They could correspond to the scratches seen on the surface of the 
piece (figure 45). 

® film, which has a 
good adherence with them. 

© Elettra 
Homogeneous glass (healthy) 

Glass with porous structure (silica gel layer) 

Viacryl coating 

© UGent 

© Elettra 
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3.3 Evolution of the bonding system 
 

A lot of broken pieces of the studied panels have been repaired with silicone rubber during the last 
restorations. All of them are well preserved (figures 50 to 53) and, without unstopping, have a good 
mechanical behaviour, even on the large pieces. 

  

Fig. 50. Bonding without excess of silicone on the internal side 
of the panel (CHA_b37p16_I_IMG_4982) 

Fig. 51. Bonding with excess of silicone on the external side of 
the panel (CHA_b37p16_E_IMG_4991) 

  

Fig. 52. Internal side of a piece with three silicone bonding, 
cold paint on the excess of rubber 
(CHA_b37p44_I_v5_IMG_4878) 

Fig. 53. Internal side of a silicone bonding without excess of 
rubber (CHA_b37p44_I_v6_IMG_5028) 

© LRMH 

© LRMH © LRMH 
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However, when a piece of glass is unstopped, its bondings are weakened: they have to withstand 
mechanical stress due to the manipulations of the restorer. Two pieces have been unstopped: on 4 
bondings, one was broken totally (figure 55), one was half broken (figure 54 and 52: only the 
excess of silicone on the internal side maintains the two pieces), and the two others were more or 
less weakened (figure 54). 

  

Fig. 54. Unstopped piece with 3 breaks, bonded with silicone 
rubber (CHA_b37p44_E_v5_IMG_5609) 

Fig. 55. Unstopped piece with a silicone bonding, which did not 
resist to the mechanical stress during manipulations 
(CHA_b37p16_E_v4_samples025) 

Tomography observations on the broken little piece indicate the adherence of the silicone rubber on the 
edges of the glass is very good (figures 56 and 57). 

 

 

Fig. 56. Slice of a broken part of blue piece of glass shown 
in figure 36, phase-contrast micro-tomography 
(CHA_b37p16_I_v4_tomoT_slice_066) 

Fig. 57. Same slice as on figure 37, with an artificial colouring, 
phase-contrast micro-tomography 
(CHA_b37p16_I_v4_tomoT_slice_066_color) 
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3.4 Evolution of back plating 
 

The large broken pieces, heads in particular, are repaired with silicone rubber on the crack (figures 
58 and 59). These bondings are consolidated with a new piece of glass placed against the external 
side of the ancient piece (figures 60 and 61).  

  

Fig. 58. Internal side of a broken piece with a back plating on 
the external side, with transmitted light 
(CHA_B42p20_I_v4_IMG_5338) 

Fig. 59. Detail of the silicone rubber on the unstopped piece of 
figure 39, cold paint has been applied on one of the silicone 
bonding (CHA_B42p20_I_v4_IMG_5412) 

  

Fig. 60. Observation of the back plating of figures 58 and 59, 
after opening it (CHA_b42p20_E_v4_IMG_5477) 

Fig. 61. External side of a back plating on broken pieces  
(CHA_b50p38_E_detail5) 

 

Here, the back plating has been sealed on the edges with silicone rubber (figure 59). But in the 
case of the panel 38, sometimes a part of the rubber has been sucked by capillarity between the two 
pieces of glass (figure 61). 

 

© LRMH 
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Fig. 62. Detail of a bonding on the external side of an ancient 
piece, protected by a back plating 
(CHA_b42p22_E_v1_bino_03) 

Observations with binocular magnifying glasses (figure 62) show a very good behaviour of the silicone 
on the protected side of the ancient piece. 

© LRMH 
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3.5 Microbiology 
 

Microbiological investigations were made after storage at the LRMH during two years, with a relative 
humidity of around 30%.  

The results on Viacryl®

• slight accumulation of dust and dirt: no visible fungal infestation  
 consolidations are the following: 

• low metabolic activity (ATP 143 to 261 RLU/25 cm², depending on the panel) 
• isolated microorganisms: none, except on panel 44 (bay 37) where Chaetonium globosum was 

found (attracted by cellulose, may be due to the cleaning during last restoration). 
One sample on each panel (bay 37 panels 16 and 44, bay 42 panel 21) was made as a 
precaution for grisaille. 

The results on silicone bonding and back plating are the following: 
• slight accumulation of dust and dirt: no visible fungal infestation  
• no metabolic activity on panel 38, bay 50 (not undertaken on panel 20, bay 42) 
• isolated microorganisms: none 

Samples were taken with cotton swabs on the external surface of the ancient glass and on the internal 
surface of the glass plate when suspect deposits were observed (figure 63). 

 

Fig. 63. Sampling on the back plating of figures 58 to 60, 
right after opening it, under binocular magnifying glasses 
(CHA_b42p20_E_v4_chartres010) 

Despite a good aspect of the silicone rubber, the bonding was not completely hermetic, maybe because 
of the shape of the ancient glass. But no microorganism was found. 

The storage in a dry atmosphere may be the cause of the low biological activity. Theoretically, a 
development of microorganisms is possible if the conditions in situ are more humid, but the probability 
is low in the case of Chartres (no fungal found). 
 
 

© LRMH 
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4 Discussion 
 
 

These observations and analyses on Chartres panels show a globally good behaviour of the 
consolidated grisailles and of the silicone bondings, which are still effective. They seem not to be 
removed. 

However, the application of Viacryl®

The other point is the difficulty to determine the signification of sulphur and calcium on SEM/EDS 
analyses: they should correspond to gypsum, but it is not possible to say if it comes from the 
deterioration of the putty or from the decomposition of the glass. Tomography images show no 
corrosion products between glass and grisaille, but it is only on two little pieces of one panel of the 
bay 37. This is not sufficient for a general conclusion and then, the recommendations will be linked 
that.   

 resin as a more or less thin film on the internal surface of the 
panels of the bay 37 may be harmful for the glass and the paintings when the coating deteriorates. 
This was the case on Le Mans panels: the film has created a confined area where the resuming of 
corrosion phenomenon is favoured [10]. 

 
 
 
 

5 Recommendations 
 
 

In this case, it is hard to make general recommendations about the treatment of Viacryl® film. Here are 
exposed the different options for Viacryl®

 
 polymer and silicone rubber. 

 

5.1 Treatment of the pieces of glass and the paints 
 

Cleaning of Viacryl®

Cleaning tests were elaborated in collaboration with conservators at the LRMH, the AHA and the DBV. 
They were undertaken on grisaille with a good behaviour to avoid a possible blow up of the polymer 
inside porous glass paint. Different methods and solvents were used in order to determine the best one 
(figure 64): 

 consolidant on the internal side: 

- ethanol gel (with Klucel G):  
3 applications of 1 hour, rinsing with a cotton swab and ethanol, scouring 

- N-methyl-2-pyrrolidone gel (with Klucel G):  
2 applications of 1 hour, rinsing with a cotton swab and distilled water, scouring with a rubber 

- toluene poultice:  
3 applications of 1 hour, rinsing with a cotton swab and distilled water, scouring with a rubber 

All of these applications were made under local ventilation, and a “hermetic system” was put on the 
treated piece to limit the speed of the solvent evaporation (figure 65). 
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Fig. 64. Steps of cleaning of a piece recovered by a  
Viacryl® film: N-methyl-2-pyrrolidone gel and ethanol gel 
(CHA_b37p16_v8_IMG_5199;5204; 5651)  

Fig. 65. Setting of the cleaning tests of Chartres panel. 
Cleaning by an application of a poultice of toluene. 

A gel of toluene is difficult to obtain, and the application of the poultice is not successful. 

Concerning ethanol and N-methyl-2-pyrrolidone, they are both satisfactory. But the Viacryl® 

Then, in the case of the panels 16 and 44 if the bay 37, where the Viacryl

film being 
well conserved, the action of the gel is slower than observed on the external coating of the other pilot 
objects, Bourges and Le Mans. Here, three applications of one hour were needed to obtain these 
results (figure 64). Nevertheless, N-methyl-2-pyrrolidone seems to remove more polymer than 
ethanol, but it is also more harmful for weakened grisaille. 

®

Concerning the panels 20, 21 and 22 of the bay 42, where the Viacryl

 resin has been applied 
as a film on trace lines and glass, and when the behaviour of the glass paint allows it, a gel of 
ethanol can be used to remove the excess of coating. 

®

Cleaning of the silicone rubber: 

 resin has been applied only 
on weakened grisaille, the overflowing on the edges of trace lines can be removed with high 
precautions, only in case of resuming of corrosion products. Otherwise, nothing has to be attempted. 

In the case of the studied panels, not any bonding or back plating needs a removal of the silicone 
rubber. But, as it was one of the objectives of the European project, and because of the breaks of 
bonding during unstopping, Delphine Geronazzo, the conservator involved in the project, tried to remove 
the remains of silicone rubber. 

The mechanical removal of the seal was easy. It was completed by scouring on the edge of the 
glass, in order to remove little leftovers. 

Contrary to received ideas, the silicone is thus reversible. 

 
 

5.2 Re-Treatment of the glass paints and silicone bonding/back plating 
 

Re-treatment of the grisaille: 
The restorers made tests on Chartres samples with two different products, Paraloïd® B72 and 
ORMOCER®, applied with a brush. Both are satisfactory: they were easy to use, there was a good 
penetration and a good visual aspect. 

Before cleaning tests 

N-methyl-2-pyrrolidone   &  ethanol  gels 

After cleaning tests 
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Some observations with the tomography technique were made before and after the cleaning and the re-
treatment (figure 66 and 67).  

 
 

Caption: 

 

Fig. 66. Slice of a piece of glass with Viacryl® Fig. 67. Slice of the same piece of glass after cleaning of 
Viacryl

coating on the 
grisaille, X-ray computed tomography and artificial 
colourisation(CHA_b37p16_I_v2_tomoG_img57) 

® coating and re-treatment with ORMOCER®

(CHA_b37p16_I_v2_tomoG_img59) 

, X-ray 
computed tomography and artificial colourisation 

The pictures indicate a good cleaning of Viacryl® (figures 66 and 67) and putty without visible 
damage of the grisaille. The layers of ORMOCER®, as well as Paraloïd®

Nevertheless, the recommendations are not to apply a re-treatment if the consolidation is still 
effective. Moreover, 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. 

 B72, are not distinguishable 
because of their slight thickness. A better resolution is necessary to see these re-treatments and 
possible “micro-damages” on the glass paint. 

Re-treatment of the edge bonding: 
After the cleaning, the restorer tried two polymers: a new transparent silicone without acetic acid 
(Silirub N05 neutral, Soudal) and an epoxy rubber (Araldite 2020, ciba). Both of them were 
satisfactory during application and have a good mechanical behaviour when dried. 

Therefore, in spite of a received idea, silicone bonding can be re-treated with another type of rubber 
than silicone. 

Then, the installation of a protective glazing with natural ventilation from the inside of the building will 
avoid the start or the resuming of corrosion phenomenon. Furthermore, 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, the glass, the leads and of the treatment products (here, 
Viacryl® and silicone). 

© UGhent 
© UGhent 

Homogeneous glass (healthy) 

Glass with porous structure (silica gel layer) 

Grisaille 

Putty 

Viacryl coating 
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6 Conclusions 
 

The stained glass windows studied here form a part of a set of exception. During the last restorations, 
the broken pieces have been repaired with silicone bonding and, when necessary, with back plating. 
There was also an application of diluted Viacryl®

After 34 years for the oldest bondings, and 22 years for consolidants and more recent bondings, the 
observation of these six panels teaches us a lot about the efficiency of Viacryl

 polymer on the internal side, under the form of a 
consolidant or of an organic film, in order to reduce the delaminating of the grisaille. At the time, the 
installation of protective glass windows was not yet systematic. 

®

We saw in Le Mans and Bourges cases, that in a general manner, Viacryl

 and silicone rubber. 
This study, in parallel with the one of Le Mans, enables us to establish an assessment. 

®

The large number of edge bondings and back platings with silicone rubber on these panels are still 
effective, soft and good looking. Then, no intervention is recommended. However, cleaning and re-
treatment tests show that it is possible to carry out such conservation work, when it is needed. 

 coating fulfils its role until 
it starts to alter chemically and physically. About Chartres consolidations, the polymer is in a good 
state of conservation for most of the glass paints. The cleaning can be performed with high care, by a 
graduated restorer (for example, Master in conservation-restoration of the cultural heritage, University of 
Paris I), on the excess of polymer, only if the grisaille is not porous or not delaminating. In the other 
cases, nothing has to be attempted on the glass paints, but precautionary measures have to be 
decided in order to reduce significantly condensation on the internal surface, then to lengthen the life 
of the polymer.  

The best solution at the time, for both polymers, is to install a protective glazing on the external side 
of the window, with internal ventilation. 
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APPENDIX 1 : Conservation diagrams 

These Conservation diagrams were established by Claudine Lautier and Delphine Geronazzo. 

Bay 37, panel 16 

 

Caption: 

 
 

Shifted pieces 
Restoration using ancient pieces 
Restoration pieces of 20th century 
Restoration pieces of 19th century 
Restoration pieces prior to the 19th century 
Original pieces 



Pilot object report : CHARTRES CONSTGLASS 38 

 

Bay 37, panel 44 

 
Caption: 

 

 

Shifted pieces 
Restoration using ancient pieces 
Restoration pieces of 20th century 
Restoration pieces of 19th century 
Restoration pieces prior to the 19th century 
Original pieces 

 ? Uncertain dating 
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Bay 42, panel 20 

 
Caption: 

 

 

Shifted pieces 
Restoration using ancient pieces 
Restoration pieces of 20th century 
Restoration pieces of 19th century 
Restoration pieces prior to the 19th century 
Original pieces 



Pilot object report : CHARTRES CONSTGLASS 40 

 

Bay 42, panel 21 

 

Caption: 
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Bay 42, panel 22 

 
Caption: 
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Restoration pieces of 19th century 
Restoration pieces prior to the 19th century 
Original pieces 
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This Conservation diagram was established by Laurence Cuzange (conservator graduated of Master in 
conservation-restoration of the cultural heritage, University of Paris 1, Debitus studio). 

Bay 50, panel 38 

 

Caption: 

 

 
 

Shifted pieces 
Restoration using ancient pieces 
Restoration pieces of 20th century 
Restoration pieces of 19th century 
Restoration pieces prior to the 19th century 
Original pieces 
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1 Introduction 
 
The stained glass window of the Ascension is not only a work of art, but it is also the oldest stained glass window 
preserved in situ in its original edifice (fig. 1.) According to the Corpus Vitrearum, this stained glass window was created 
during the restoration of the monument from 1136 to 1158, date of the new dedication by Bishop Guillaume de 
Passavant [1]. An earlier date, circa 1120, is suggested by Claudine Lautier in the exhibition catalogue of La France 
romane (Romanesque France). This new date is confirmed by the analogies with the manuscripts of the year 1120 : 
Isidore de Seville's treatise originating from the Couture abbey of Le Mans (BNF, ms. Lat. 2325) and a Le Mans missal 
(New York, Pierpont Morgan Library, ms. Glazier 17) as well as the stained glass window of the Crucifixion of the Essarts 
(Indre-et-Loire), which is from a slightly later date [2].  
 

 
 

Fig 1. Overview of the Ascension stained glass window, height: ~3m ; width: ~1,30m 
Numbering of the ancient panels 6, 7, 10, 11. (DIA20040151) 

 
The stained glass window of the Ascension in Le Mans is made of four panels inserted in a modern border dating back to 
1956, from the studio of Max Ingrand. This stained glass window represents the Crowned Virgin and the Apostles placed 
in 2 horizontal compositions, attending The Ascension of Christ (lost superior part).  
The plan in figure 2 enables to situate the stained glass window in the edifice. It is in bay XVI at a height of about 3 m 
above ground level 1.

 
  

 
 
 
1 Because of the large number of windows in Saint-Julien cathedral, the usual numbering of the windows using Arabic numbers, 

according to the French Corpus Vitrearum committee standards, are limited to the choir and transept stained glass windows ; the 
windows of the nave are designated using Roman numbers.  

10 

6 

11 

7 
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Fig 2. Map indicating the situation of the stained glass windows of the Le Mans cathedral. 
The arrow indicates the location of the Ascension stained glass window (Corpus Vitrearum source [1]) 

 
 
 
 
Interventions-restorations 
 
After the meteorological accidents of 1858, a major restoration of the ancient stained glass windows was entrusted to 
Nicolas Coffetier and Antoine Lusson, helped by Louis Steinheil for the cartoons.  
The ancient stained glass windows deposited in 1939, were put back into place by Jacques Grüber, Max Ingrand and the 
Alliou (formerly Avice) studio between 1947 and 1955.  
The stained glass window of the Ascension, in which the 1902 additions by Félix Gaudin were replaced by an 
arrangement by Max Ingrand in 1955, was again restored in 1975 by Jacques Grüber, and its deteriorations were studied 
by Jean-Marie Bettembourg and Jean-Jacques Burck at the Historical Monuments Research Laboratory (Laboratoire de 
Recherche des Monuments Historiques, LRMH) in Champs-sur-Marne [3].  
 
On July 21st

This removal also allowed to establish a conservation diagram. It was carried out at the LRMH by Anne Granboulan, 
Claudine Lautier and Delphine Geronazzo (see appendix 1.)  

, 2004, at the request of the laboratory, a cherry picker was gracefully provided by the regional department 
for Cultural affairs (DRAC, Direction Régionale des Affaires Culturelles) of Pays de la Loire to allow for the examination of 
the Ascension stained glass window. The observation team was constituted of Isabelle Pallot-Frossard, director of the 
LRMH, Claudine Loisel, chemical engineer at the LRMH, and Delphine Geronazzo, stained glass conservator who 
graduated with a Master of Science and Technique of Conservation-Restoration of the cultural heritage (University of 
Paris I). As this expert evaluation showed a very advanced state of deterioration of the organic film, it was decided to 
take the 4 panels down for a more thorough examination.  

 
In June 2005, the panels were transferred to the Louvre museum for the La France romane (Romanesque France) [2] 
exhibition.  
 
In October 2005, the stained glass window came back to the LRMH so that the study could be pursued. This study 
corresponded well to the CONSTGLASS European project, which objective was to establish an assessment of the 
evolution of the organic products used such as consolidants, rubbers or protection films. So, it was decided to select the 
cathedral of Le Mans as one of the French pilot object. The others are the cathedrals of Bourges and Chartres. 
 
In 2008, a report summarizes the sanitary state, the scientific analyses and the recommendations for restoration [4]. This 
document was essential for the curator and the architect in order to write the call for tender. The restoration was then 
attributed to Alliou-Pivet studio in 2008. 
 
Here is the report concerning the study and the recommendations of CONSTGLASS consortium. 

© Corpus Vitrearum – Centre André Chastel 
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Application of Viacryl
 

® 

Viacryl® is a metonymy 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) [5]. 

In 1952-53, the stained glass window had been deposited during the repair of the accompanying panels and of the 
borders by the Ingrand studio. In 1974, the window was once again deposited because of its bad state of conservation 
which caused the greatest worries: a deformation of the lead matrix, an adulteration of the glass paint. The LRMH carried 
out analyses of the degradation of the glass and attempted cleaning the glass and fixing the glass paint. The works were 
undertaken by the glass painter Jean-Jacques Grüber. 
 
It was then decided to apply a protective film on the external face of the glass to protect it from the impact of the 
environment. As it was recommended by Jean-Marie Bettembourg, the application of an external polyurethane film was 
carried out on the glass once unleaded and cleaned, with the help of a brush, after carefully protecting the edges of the 
pieces (the application had to be undertaken on dry glass previously cleaned with acetone). The composition of this 
polyurethane film was of 80 % Viacryl® VC 363 with 20 % of Desmodur®

 

 N75 hardener. This application was based on 
the results of the important study on efficiency, durability and reversibility of the product performed in 1974 [6]. 

For the internal face, a consolidation of the glass paints was also decided. The difficulty was that the major detachments 
of the glass paint required repair prior to cleaning. The same synthetic resin as used on external surface, diluted at 50 % 
in ethyl acetate, was applied with the help of a capillary tube. The principle was to infiltrate the underside of the glass 
paint with the resin which would then be absorbed by capillarity (figure 3.)  
 
Once the glass paint was repaired, it was then possible to clean it using cotton soaked with ethyl acetate in order to 
remove the dust and corrosion products. The difficult stage was the cleaning of the excess resin on the glass covered 
with corrosion products [3, 7].  
 

 
Fig. 3. Repair of the glass paints through the application of a consolidant 

using a capillary tube, LRMH Laboratory, 1974 (DIA00001386) 
 
The LRMH returned to Le Mans in 1983 to consider the problem of the conservation of the stained glass windows of the 
clerestory and blindstory of the choir. This was the opportunity to observe the evolution of the restorations carried out in 
1974 on the Ascension stained glass window. A detachment of the protective film was observed [5]. The LRMH then 
requested the deposit of two pieces of glass to undertake a more thorough observation. However, the deposit of 
the stained glass window was not decided.  
 
Other sites were also submitted to treatments using Viacryl® 

 

on the external face as a protective film and on the internal 
side as a consolidant. 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 

© LRMH 
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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 a rectangular shape with the following dimensions : 
 

 Panel 6 : 56,0 x 72,8 cm 
 Panel 7 : 53,3 x 73,3  cm 
 Panel 10 : 49,0 x 79,2  cm 
 Panel 11 : 60,0 x 79,7  cm 
 
The leads date back to the last restoration campaign (1974) [3]. The photographs taken before this restoration enable, 
through a comparison with the current status of the panels, to visualise certain interventions such as the insertion of 
mending leads, to repair the breaks (see appendix 3). 
 

Main leads: 7.5 mm ; mending leads: from 2 to 4.5 mm 
Panel 6 

An adequate mechanical behaviour of the leads is to be noted, even if the panel is flexible and the leading is broken in 
four places in the upper part of the panel. However, the vertical lead separating the two characters on the right hand 
side shows a zone of mechanical weakness to be taken into account when manipulating the panel. 
 

Main leads: 7.5 mm ; mending leads: from 3.5 to 4.5 mm 
Panel 7 

An adequate mechanical behaviour of the leading is to be noted despite the flexibility of the panel and the break in the 
lead in the region of the four solders of the surrounding lead. 
  

Main leads: 7.5 mm ; mending leads: from 3.5 to 5 mm 
Panel 10 

As in the case of panel 7, an adequate mechanical behaviour of the leading is to be noted despite the flexibility of the 
panel (capacity to bend under its own weight) and four cracks in the lead in the upper part of the panel. 
 

Main leads: 7,5 mm ; mending leads: 3,5 to 5 mm 
Panel 11 

An adequate mechanical behaviour of the leading is also to be noted despite the flexibility of the panel and six ruptures in 
the lead in the region of the solders in the centre of the panel. As in panel 6, the layout of the leads entails a weak spot 
(a fold area) along the vertical lead which runs the entire height of the panel between the Virgin and the apostles. 
 
 
 
2.2 Glass elements 
 
2.2.1 Breaks 
 
A few breaks were counted: 2 in panel 6, 4 in panel 10 and 2 in panel 11. 
Two cracks weaken a blue piece of glass in panel 10. 
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2.2.2 External side 
 
The photos below (figures 4 to 7) show the general aspect of the external side of the panels after 36 years of natural 
ageing, in situ. 
 
 
 

Fig. 4. Panel 11, external side, reflected light (DIA20050214) Fig. 5. Panel 10, external side, reflected light 
(DIA20050231) 

  

  
Fig. 6. Panel 7, external side, reflected light (DIA20050249) Fig. 7. Panel 6, external side, reflected light (DIA20050238) 

 

© LRMH © LRMH 

© LRMH © LRMH 
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2.2.2.1 Glass 
 
Most of the colourless glass elements, the purple ones (whether light or dark), the green ones, some yellow or red ones, 
are weathered in a uniform manner. This deterioration facies is sometimes combined with craters or fines specks. 
Otherwise, the chemical corrosion of the glass appears as more or less numerous pits and scattered craters. The blue 
glass is the least altered.  
 
The corrosion products, present as a thin layer, take the colour of the glass that they cover.  
 
Locally, shiny areas give the impression that the superficial layer of altered glass was torn, revealing the underlying glass. 
These more or less extensive zones are generally situated in the bottom of craters or on their periphery.  
   
The glass elements resulting from recent restorations are well preserved.  
 
2.2.2.2 Paints 
 
An absence of paint on the external side is to be noted.  
However, a « patina » which seems fired, present in the form of a badgered matt and of stains, was applied onto certain 
pieces of restoration glass. 
 
2.2.2.3 Deposits 
 
The superficial deposits observed on the panels are relatively scarce (dust).  
 
In addition to corrosion products, the deposits stuck to the surface are residues of waterproofing mastic for the saddle 
bars and the leads. Their quantity is relatively small.  
 
On the other hand, certain pieces of glass are locally covered with a translucent plastic film: it corresponds to the 
remains of the Viacryl®

 

 film applied in 1974 to isolate the glass from weathering (see treatment diagrams on the next 
page). 

The most striking deposits are yellowish flakes clinging to the crevices in the glass (pits, craters, corrosion products) or 
on the edge of the glass, under the leads. These flakes are either isolated or next to one another. When juxtaposed, it 
becomes obvious they originally formed a continuous and uniform film which progressively cracked and peeled off the 
glass. 



Pilot object report : LE MANS CONSTGLASS 9 

The treatment diagrams below (figures 8 to 11) show the location of the Viacryl film or remains in 2005. 
 

Fig. 8. Panel 11, external side, Viacryl location Fig. 9. Panel 10, external side, Viacryl location 

  

  
Fig. 10. Panel 7, external side, Viacryl location Fig. 11. Panel 6, external side, Viacryl location 

 
Caption: 

 

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 12 to 19) show the general aspect of the internal side with transmitted and reflected 
light. 
 

Fig. 12. Panel 10, internal side, transmitted light 
(DIA20050229) 

Fig. 13. Panel 11, internal side, transmitted light (DIA20050212) 

  

  
Fig. 14. Panel 6, internal side, transmitted light 
(DIA20050236) 

Fig. 15. Panel 7, internal side, transmitted light 
(DIA20050247) 

 
 

© LRMH © LRMH 

© LRMH © LRMH 
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Fig. 16. Panel 10, internal side, reflected light 
(DIA20050230) 

Fig. 17. Panel 11, internal side, reflected light (DIA20050213) 

  

  
Fig. 18. Panel 6, internal side, reflected light (DIA20050237) Fig. 19. Panel 7, internal side, reflected light 

(DIA20050248) 
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2.2.3.1 Glass 
 
The chemical corrosion of the glass appears as fine isolated pits and some local areas with uniform weathering (white 
corrosion products). However, glass transparency is maintained. 
 
 
2.2.3.2 Paints 
 
The paints that were used are brown grisaille applied in traced lines or as washes. The paint was applied as a thick 
regular coat. 
 
Thanks to the restoration report dating back to 1974, it is known that, at the time, certain fragile areas of paint had been 
consolidated using a polymer, the Viacryl®/Desmodur®

 

 resin. The shine of most of the painted surfaces leads to think 
that the polymer is still present, and the performance of the paints, including on the periphery of the gaps, seems to 
prove that it is still active.  

Nonetheless, areas of powdering and lifting were very locally observed on each panel. The paint had then lost all 
coherence and adherence to the support. It was maintained in place through superficial deposits.  
 
Retouches using cold painting complete a some glass paint shapes on panel  7. 
 
 
2.2.3.3 Deposits 
 
A few types of deposits were identified. Some are directly related to the human intervention of 1974. The others are a 
priori related to the climatic conditions of conservation. 
 
Among the deposits of human origin, were listed shiny and more or less smooth thicknesses and more locally wood 
shavings (panels 7 and 10), cotton fibres (panel 7), mineral projections such as plaster or whitewash (panel 11) and cold 
painting drips (panel 7). 
Except for the mineral projections and the cold painting, the above mentioned deposits are included in the Viacryl®

The location of the deposits (see treatment diagrams on the next page) shows that the application of Viacryl

 film. 
They are mainly visible with a binocular magnifying glass. 

®

 

 was not 
limited to the paint strokes and flat surfaces as it was recommended in the 1974 report [3]. It was extended to very large 
glass surfaces, even whole pieces of glass devoid of paint (blue background piece of glass).   

The deposits related to the conservation conditions are efflorescence and whitish stains. The former is present on the 
periphery of the leads, often in significant quantities, the latter cover fairly large surfaces of glass with a reduced 
thickness.  
The efflorescence extends on the glass paint as well as on the glass itself. 
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The treatment diagrams below (figures 20 to 23) show the location of the Viacryl consolidations in 2005. 
 

Fig. 20. Panel 10, internal side, Viacryl location Fig. 21. Panel 11, internal side, Viacryl location 

  

  
Fig. 22. Panel 6, internal side, Viacryl location Fig. 23. Panel 7, internal side, Viacryl location 

 
Caption: 

 

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% 
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3 Observations and scientific analyses 
 
The objective is to evaluate the adulteration of the glass and glass paints 36 years after the application of Viacryl®

 

 as a 
protection layer on the external side and as a consolidant of the glass paints on the internal 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 an Energy-Dispersive X-ray Spectroscopy qualitative analysis system (EDS). 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  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 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 4000cm-1 to 400 cm-1

 
. 

 
 
3.2 External side : impact of the Viacryl®
 

 organic film  

Viacryl®

 
 was applied on the external side according to the protocol recommended by the LRMH in 1974.  

The other application method recommended by Ernst Bacher, and used in Austria on the stained glass windows of Santa 
Maria am Gestade, consisted in applying the mix directly on the glass and the leads without going through the steps of 
unleading the glass [8]. 
 
In the cases of the Ascension of Le Mans, and the bays 49, 50 and 51 of Chartres Cathedral (western façade), the LRMH 
protocol was followed: the panels were re-leaded. In the case of Bourges, bay 4, the Last Judgment, the applications 
were carried out on the glass and the leads without dismantling with two successive applications. 
 
Figures 24 to 29 show the aspect of the film after 36 years of ageing in situ. The film, initially colourless and transparent, 
became in time yellow to yellow-green. Cracks and bubbles on the remains of coating are due to a partial loss of 
adhesion with the support. The wind and the rain washed the panel, removing the Viacryl®

 

 film off the support. The 
degradation of the organic film came as a result of weather conditions (wind, rain, pollutants, heat), as well as of the 
impact of light which is partly responsible for the change in colour of the film.  

  
Fig. 24. Visualisation of the various stages of deterioration of 
the Viacryl®

(LEM_bXVIp11_E_v10_img10027) (DIA20050235) 
 film on the external side 

Fig. 25. Remains of Viacryl®

(LEM_bXVIp10_E_v3_img10017) (DIA20050234) 
 on the external side 

© LRMH © LRMH 



Pilot object report : LE MANS CONSTGLASS 15 

  
Fig. 26. Flakes of Viacryl® Fig. 27. Flakes of Viacryl in the craters, binocular magnifying 
glass (LEM_bXVIp10_E_v1_bino_a) (NUM20053904) 

®

 

 in the craters and on the glass, 
binocular magnifying glass (LEM_bXVIp6_E_v1_bino_a) 
(NUM20053905) 

 
Fig. 28. Visualisation of the delamination of the Viacryl®

binocular magnifying glass (LEM_bXVIp6_E_v2_bino_b) 
(NUM20053906) 

 film, Fig. 29. Details of Viacryl®

binocular magnifying glass (LEM_bXVIp6_E_v1_bino_b) 
(NUM20053907) 

 flakes in the craters and on glass, 

 
 
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 detaches. In the craters, 
as shown in figures 30 to 33, the organic film removes part of the support.  

  
Fig. 30. Observation of a Viacryl® Fig. 31. Observation of a Viacryl flake, optical microscope 
(LEM_bXVIp10_E_v1_MO_a) (NUM20053923) 

® flake with a detachment of 
the gel layer and bulk glass, SEM (LEM_bXVIp10_E_v1_SEM_i) 
(NUM20053924) 

© LRMH © LRMH 
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Fig. 32. Detail of the gel layer and bulk glass on the flake, SEM 
(LEM_bXVIp11_E_v5_SEM_c) (NUM20053925) 

Fig. 33. Detail of the gel layer of the glass on the flake, SEM 
(LEM_bXVIp10_E_v1_SEM_j) (NUM20053926) 

 
Analyses using a Scanning Electron Microscope and an EDS elementary analysis were required to identify the nature of 
the deposits and the gel layer (Figure 34). 
 

 
 

Fig.34. SEM/EDS observations and analyses of a Viacryl®

Zone 1: spectrum with a majority of carbon, corresponding to 
the Viacryl

 flake 
(LEM_bXVIp11_E_v5_SEM_d) (NUM20053927) 

®

Zone 2: spectrum of a thin cracked layer, presenting a strong 
pic of carbon (Viacryl® under the layer) and smaller pics of 
silicon, calcium and potassium. It reveals a corroded glass, 
depleted in alkali and alkaline earth metal: the gel layer. 

 film. 

Zone 3: spectrum of the dense part with silicon, calcium and 
potassium, which are characteristic of bulk glass. 

 

 
 

 
 

 

 
All of the analyses undertaken show that the detachment of the organic film (zone 1) can take away part of the gel layer 
(zone 2) and even in certain cases part of the relatively healthy glass (zone 3). This result is essential for the cleaning 
recommendations. In actual fact, in order to avoid removing part of the healthy glass along with the flakes, Viacryl®

 

 
remains must imperatively be softened prior to any elimination. 
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Fourier Transformed Infrared (FTIR) spectroscopy has been used in 1983 to understand the weathering of the Viacryl® 

 

film [5]: 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 35 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 10 (after 36 years of natural in situ ageing, black spectrum). 
® film present 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. 35. FTIR spectra of Viacryl® films. The black spectrum corresponds to a sample made in 2005 on the panel 10 (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 
[5].  
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3.3 Internal side  : evolution of the Viacryl®
 

 used as a consolidant 

Viacryl®

The Viacryl

 was used during the restoration in 1974 as a consolidant for the glass paint which did not have a sufficient 
adhesion to the glass. 

®-Desmodur®

 
 mix was diluted to 50 % in ethyl acetate. 

The observation was undertaken for each panel with a binocular magnifying glass on a luminous table using various 
types of lighting, both transmitted and reflected.  
 
The 4 panels globally show a good condition of the glass paint. However, some areas reveal important deteriorations with 
the emergence of corrosion products (gypsum) as can be seen in figures 36 to 43. These areas may correspond to those 
which have been consolidated with the Viacryl®-Desmodur®

 

 solution. In this case, this would bring about questions on 
the choice of a new treatment. 

  
Fig. 36. Corrosion, efflorescence phenomena on the area of  
glass paints (LEM_bXVIp6_I_v6_img10010) (DIA20050243) 

Fig. 37. Detail of the corrosion products on the glass and the 
glass paint, binocular magnifying glass 
 (LEM_bXVIp6_I_v6_bino_a) (NUM20053908) 

  
Fig. 38. Corrosion, efflorescence phenomena on area of  glass 
paints (LEM_bXVIp10_I_v2_img10003) (DIA20050233) 

Fig. 39. Detail of the corrosion products on the glass and the 
glass paint, binocular magnifying glass 
 (LEM_bXVIp10_I_v2_bino) (NUM20053909) 

  
Fig. 40. Consolidation of the glass paint representing the hair 
(LEM_bXVIp11_I_v3_img10004) (DIA20050217) 

Fig. 41. Detail of the corrosion products on the character's ear, 
binocular magnifying glass (LEM_bXVIp11_I_v3_bino_a) 
(NUM20053910) 

© LRMH 
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Fig. 42. Corrosion, efflorescence phenomena on the area of  
glass paints (LEM_bXVIp11_I_v11_img10026) (DIA20050219) 

Fig. 43. Detail of corrosion products on the glass and the glass 
paint, binocular magnifying glass (LEM_bXVIp11_I_v11_bino_a) 
(NUM20053911) 

 
Observations with an optical microscope revealed the presence of Viacryl®

 

 on the glass paint, but also on the glass (fig. 
44), while the application should only have been carried out on the paint which showed a lack of adhesion and flaking. It 
is important to notice that the glass is much more altered than the glass paint. However, very localised areas of paint are 
weakened and will require a great deal of precaution during the restoration (fig. 45). 

  
Fig. 44. Resuming of the corrosion on the glass, binocular 
magnifying glass (LEM_bXVIp6_I_v3_bino_k) (NUM20053928) 

Fig. 45. Resuming of the corrosion products on the glass and 
the glass paint, binocular magnifying glass 
(LEM_bXVIp10_I_v6_bino_a) (NUM20053918) 

 

The samples of Viacryl® organic film are characterised by cracks and the presence of corrosion products which are 
predominantly located between the glass and the consolidant. These corrosion products are calcium sulphates (gypsum, 
CaSO4.2H2

 

O) stemming from the deterioration of the glass as it is demonstrated by the EDS analyses (figure 48). The 
corrosion products coming from the weathering of the glass (figure 46) grow and provoke the cracking of the organic 
film to then emerge onto the surface (figure 47). 

  
Fig. 46. Observation of the crystallisations present on the 
Viacryl®

Fig. 47. Observation of the crystallisations present on the 
Viacryl film, on the side in contact with the glass, SEM 

(LEM_bXVIp7_I_v2_SEM_d) (NUM20053919) 

®

(LEM_bXVIp7_I_v2_SEM_e) (NUM20053920) 
 film on the external side, SEM 
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Fig. 48. Spectrum of the analysis of the crystallisations (Zone 1): 
calcium sulphate, corresponding to gypsum.  

 

The observation of the glass surface and the analysis of the samples reveals the resumption of the corrosion. Figures 49 
and 50 show the aspect of the predominantly present corrosion products (calcium sulphate) and the gel layer. 
  

  
Fig. 49. Corrosion products on the weathered glass, SEM 
(LEM_bXVIp6_I_v4_SEM_c) (NUM20053921) 

Fig. 50. Corroded glass called gel layer with some corrosion 
products, SEM (LEM_bXVIp6_I_v3_SEM_b) (NUM20053922) 

 
These results confirm a resumption of the corrosion of the glass on both sides and also of the grisaille on the inside. But 
it has to be noted that the global surface concerned by weathering on internal face is only about 5%. On the external 
surface, the surface is more deteriorated, about 70% of the entire glass surface is weathered. 
 
 
 
 

© LRMH © LRMH 
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4 Discussion 
 
 
These observations and analyses on Le Mans, Bourges and Chartres [9] panels 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 also because the crystallisation of 
corrosion products provokes the detachment of the film. These phenomena 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 majority of the film has disappeared in the case of Le Mans: Viacryl®

 

 is remaining only in craters and protected 
areas. Adhesion of the film seems to be better in the craters because of a physical maintaining in the hollows. 

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

 
 
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. 
 
In the matter of internal side, Viacryl® consolidant has an overall good behaviour, and seems not to be removed. The 
areas where Viacryl® has been applied on glass are, on the contrary, in a bad condition. It is due to the condensation 
phenomenon on the internal surface of the panels: when the Viacryl®

 

 film is cracked, the condensation water remained 
confined between the coating and the glass, and the corrosion products are resuming, making the film flaking, like on the 
external surface. 

The installation of an external protective glazing with natural ventilation from the inside of the building will strongly 
reduce those phenomena. The external side will not be confronted to weather conditions and there will be less 
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 future of Viacryl®

 

 film, made by the LRMH in 2008. They are 
completed or corrected by the experience of the CONSTGLASS project. 

 
5.1 Treatments of the pieces of glass and the paints 
 
Cleaning tests were elaborated in collaboration with conservators at the LRMH, the AHA and the DBV. The restoration of 
this stained glass window requires the adoption of the following methods. 
 
Cleaning of the external side 
The cleaning of the external side can be carried out through the application of water-ethanol compresses for 30 minutes.  
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.  

Cleaning of the internal side 
On the internal side, the cleaning turns out to be much more delicate and it requires the competence of a qualified 
conservator (e.g. Masters in conservation-restoration of the cultural heritage, from the University of Paris 1, or 
equivalent). In fact, this job will have to be carried out using a binocular magnifying glass to eliminate all the excess 
Viacryl®

 

 applied on the glass and the grisaille. The manipulation will be excessively delicate on the consolidated glass 
paints. It will be possible to remove the corrosion products using a cotton swab with a mixture of water-ethanol solvent.  

 
5.2 Re-Treatment of the pieces of glass and the paints 
 
The conservators of DBV made tests on Chartres samples with two different products, Paraloïd®

 

 B72 and ORMOCER, 
applied with a brush. Both are satisfactory: it is easy to use, there is a good penetration and a good visual aspect. 

Nevertheless, the recommendations are not to apply a re-treatment if the consolidation is still effective. 
 
Moreover, 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. 
 
Then, the installation of a protective glass window should provide optimal conservation conditions for the 
work of art and also for the Viacryl®

 
 consolidant. 
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6 Conclusions 
 
The Ascension stained glass window is one of the major works of art which underwent Viacryl® polyurethane treatments 
in the 1970s. 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 ...). At the time, the installation of 
protective glass windows was not systematic yet. For the internal side, it was important to find a satisfactory consolidant 
which would allow the preservation of the paints, and diluted Viacryl®

 
 had been selected. 

Today, 36 years later, the observation of these four panels teaches us a lot about the efficiency of Viacryl®

 

. This study, in 
parallel with the ones of Bourges 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 degradation of the coating, the corrosion of the unprotected glass resumes: it follows the cracks in 
the organic film to extend to the entire 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 of 
the glass surface and on the environmental conditions. 

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

On internal side, the behaviour of the coating is satisfactory, except for 5% of the whole surfaces. It depends also on the 
state of degradation the glass surface and environmental conditions 
 
The restoration of the Ascension stained glass window has been undertaken in 2008 (see appendix 2). A scientific council 
composed of historians, scientists, curator and architect (Marc Botlan, Jean-Jacques Burck, Luc Caudroy, Nicolas Gautier, 
Julien Guibault, Claudine Lautier, Claudine Loisel, Fleur Morfoisse-Guénault, Isabelle Pallot-Frossard, Anetta Palonka-
Cohin) took the decisions. Finally, here are the effective conservations made by Pivet studio: 
- on external surface, ethanol gel and N-2-methyl-2-pyrrolidone gel (approved by the council) were used to remove 
Viacryl®

- on internal surface, only ethanol gel was used (N-2-methyl-2-pyrrolidone gel has not been approved by the council) to 
clean glass and grisaille surfaces. Nevertheless, N-2-methyl-2-pyrrolidone was used on non-painted glasses. 

, 

 
Re-treatment was not necessary, because of the installation of an external protective window (Figure 51). 
 

 
Fig. 51. Overview of the external protective window on the bay XVI,  

Thermoformed glass made by Debitus studio 

© LRMH 
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APPENDIX 1 : Conservation diagrams 
 

These Conservation diagrams were established by  
Anne Granboulan, Claudine Lautier and Delphine Geronazzo. 
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Panel 7 
(NUM20053901) 

 

 
 

Caption: 
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Panel 10 
(NUM20053902) 

 
 

 
 

Caption: 
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Panel 11 
(NUM20053903) 

 

 
 

Caption: 
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APPENDIX 2: Comparison of the panels before and after their restorations 
 

Panel 6 

1974 
Before restoration 

1975 
After Gruber restoration 

  

2005 
20 years after Gruber restoration 

2008 
After Alliou-P ivet restoration 
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Panel 7 

1974 
Before restoration 

1975 
After Gruber restoration 

  

2005 
20 years after Gruber restoration 

2008 
After Alliou-P ivet restoration 
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Panel 10 

1974 
Before restoration 

1975 
After Gruber restoration 

  
2005 

20 years after Gruber restoration 
2008 

After Alliou-P ivet restoration 
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Panel 11 

1974 
Before restoration 

1975 
After Gruber restoration 

  

2005 
20 years after Gruber restoration 

2008 
After Alliou-P ivet restoration 
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