
 

Project reporting in FP6 

 

 

Project no. 044339 

 

CONSTGLASS 

 

Conservation materials for stained glass windows – assessment of treatments, studies on 
reversibility and performance of innovative restoration strategies and products 

 

Specific Targeted Research Project 

FP 6 Thematic Priority 8.1: Policy-oriented research  

 

 

 

 

 
Final object report 

Part II of IV 

Cologne Cathedral (Germany) 

Klausen, Parish and Pilgrimage church St. Maria Himmelfahrt (Germany) 

Hannover, Marktkirche St. Georgii et Jacobi (Germany) 

 

 

 

 

 

 



 

The structure of this final object report is: 

Part I: 

1 Bourges, Cathédrale St. Etienne (France)  

2 Chartres, Cathédrale Notre-Dame (France)  

3 Le Mans, Cathédrale St. Julien (France) 

 

Part II: 

4 Cologne Cathedral (Germany) 

5 Klausen, Parish and Pilgrimage church St. Maria Himmelfahrt (Germany) 

6 Hannover, Marktkirche St. Georgii et Jacobi (Germany) 

 

Part III: 

7 Canterbury Cathedral (England) 

 

Part IV: 

8 The Burrell Collection, Glasgow (Scotland) 

9 Burgdorf (Canton Bern, Switzerland) 

10 Academy of Fines Arts, Krakow (Poland) 
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Cologne Cathedral houses on of the largest amount of stained glass still existing in its 

original place. Of special importance are the High Gothic windows in the ambulatory and  

the choir clerestory, dating from between 1260 and 1310.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maintenance and repair work at Cologne Cathedral’s stained glass has permanently taken 

place throughout the centuries. Restoration in a more modern understanding started in 

1823, when the Cathedral works department was installed. From the beginning, the 

question how to preserve the precious stained glass of the Middle Ages was a matter of 

concern.  

The considerable change of ethics, means and methods in the field of stained glass 

conservation during the last 50 years is reflected various treatment of the Cathedral 

windows throughout the time. .Within the lat 30 years a variety of materials for bonding, 

coating or fixation – mostly recommended by scientists – has been applied on the 

Cathedral windows. As a matter of fact, not every treatment was advantageous for the 

windows and some materials turned out to have problematical long-term effects.  

 

Choir clerestory windows in Cologne Cathedral, “Cycle of Kings”, ca. 1300 
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1. 
 

Pilot object Window N VI 

Main pilot object in Cologne Cathedral was window N VI, forming part of the “Cycle of 

Kings”, monumental stained glass windows in the choir clerestory that were executed 

around 1300. In 1988, on two panels a test-application was performed with Ormocer®, an 

inorganic-organic hetero-polysiloxane mixed with an acrylate (Paraloid®), newly developed 

by the Fraunhofer-Institute for Silicate Research as an inorganic-organic protective coating 

system for corroded sensitive glass surfaces. Cologne Cathedral served as one of several 

European pilot objects for Ormocer® application on medieval stained glass. After more 

than 20 years exposure to natural weathering the examination of the coated panel and the 

evaluation of the long-term consolidation effect was to answer the question whether the 

Ormocer® coating system provides a reliable protection against further corrosion. 

The coating system has been applied on the unpainted external glass surface as 

composite system of individual layers, applied in the form of lacquers. To reduce the 

permeability of the coating, plate-like inorganic pigments in form of glass flakes were 

embedded in the model layers. The final top coating is a layer of Paraloid®. When window 

NVI got an outer protective glazing, the test-panel, forming part of it, changed place in the 

choir glazing and was further-on exposed to natural weathering for more than 20 years. 

 

 
Choir clerestory window N VI 

Testpanel 4bl 
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Testpanel 4bl  Testpanel 4bl, external face 

Ormocer® coated 
 
 

            
Ormocer®-coating, partly with bubbles in the final top layer 

 

The external surface is completely coated with the Ormocer® protective system. General 

the condition is good; partly there are some bubbles and several parts of the coating 

(thickly applied) look somewhat milky. Optical microscope investigation proved the coating 

as having stable adhesion to the glass surface without micro-cracks. This assessment was 

confirmed by scientific analysis with SEM and Desktop Tomography.  
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Desktop Tomography: Virtual 2D slice through a glass sample (red flashed glass) coated with 

Ormocer®. On the left: grey scaled image. The right image is colour-coded: blue: bulk glass; red: 

res flashed glass; orange: Ormocer® 

 

A comparison between FTIR and μ-Raman spectra of aged and freshly prepared 

Ormocer® proved a good ageing performance. The microbial susceptibility of the product 

was neglectable. Removal test were carried out with methy ethyl ketone. A re-treatment 

was perfomed with Paraloid®, that – expectedly – turned out to be fully sufficient. The 

positive visual assessment was confirmed by Desktop Tomography.  

 

                 
Ormocer® removal within a panel Sample after removal test      and after re-treatment with 

 Paraloid® 
 
 

SEM picture: The Ormocer® shows, even 
after the long-term exposure, a good 
adhesion to glass. No fissures between glass 
and Ormocer® are detectable. The 
embedded glass flakes are almost covered by 
the Ormocer® and the final layer of 
Paraloid®  
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The results of the Constglass investigation proved a good long-term performance of the 

Ormocer® coating system and ended up in the recommendation to keep the film as it is. 

Nevertheless, fully applied surface coatings are no longer an option in the field of stained 

glass conservation. The installation of a protective glazing is more recommendable as less 

intrusive and more efficient for the conservation of both sides of the panels (for more 

details on the actual condition and the results of the scientific investigation see 

ObjectData_COL_NVI and TableResults_COL_NVI). 

 
 
2. 
 

Pilot object “Adoration Window (s XXII) 

A second pilot object in Cologne Cathedral was a panel of the “Adoration Window” (s XII), 

that is part of the “Bavarian Windows” (1846-48), Famous donator of the window cycle was 

Ludwig I., King of Bavaria, who gifted the complete window cycle for the south side aisle. 

These so-called Bavarian windows give outstanding evidence for the high artistic skill of 

19th 
  
century glass painting. 

Interior of Cologne Cathedral; on the right: the Bavarian windows in the south side aisle  
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Adoration window, 1846 

In 1981 the windows were fully restored and got an outer protective glazing. For the 

stabilization of damaged paint layers and new retouches BS 31, an addition cross-linking 

two-part silicone resin was applied, either partial or all over the internal and external 

surface. Optical investigation proved the application to be in a rather stable condition. This 

was assured by Phase-contrast μ-Tomography. In test studies for elimination BS 31 was 

removable with ethanol. Nevertheless the results of investigation lead to the conclusion 

that a removal of the application is momentarily not necessary (for further details see 

ObjectData_COL_NVI and TableResults_COL_NVI). 

  

Testpanel 4d 

BS 31-coating on the inter-
nal side: Where BS 31 de-
laminates, the areas have a 
milky aspect. This occurs 
mainly in the thicker applied 
parts of the coating and 
close to the cracks. In some 
areas the BS 31 coating has 
micro cracks. 
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3D-rendering of the same sample 
as above.  

Desktop Tomography 
 
3D rendered volume of the 
glass fragment. The silicone is 
rendered orange, the glass 
green and the paint layer red 
 

Phase-contrast μ-Tomography: The 
compact glass with traces of metal, 
the silicone and an adhering cello-
tape is very good visible 

Where BS 31 delaminates, 
the areas have a milky 
aspect. This occurs mainly 
in the thicker applied parts 
of the coating and close to 
the cracks. In some areas 
the BS 31 has micro 
cracks 
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The parish and pilgrim church St. 

Mary’s Ascension in Klausen 

(Rhineland-Palatinate) is the most 

important Late Gothic construction in 

the valley of the Moselle and is still 

today a much-frequented place of 

pilgrimage. The choir, consecrated in 

1474, lost its original medieval 

glazing. In 1878, however, three 

large-sized stained glass choir 

windows were donated. Each divided 

in two storeys, the windows depict the Seven Sorrows of the Virgin, a picture program, 

which according to contemporary religious trends was very popular in the late 19th
 

This does not apply to the six ornamental panels at the bottom, indicating the donors of the 

windows. Undoubtedly executed in a different, perhaps local workshop, they match the 

high quality of the figurative panels in no way. Obviously due to low firing, the bottom 

panels suffered paint loss very soon after their installation in 1878. To avoid further 

damage, some panels were covered with a pigmented lacquer during a restoration 

campaign in 1910. The coldly applied lacquer was to conceal the light patches where the 

paint was lost and to secure generally the unstable fired paint. This treatment, however, 

caused even more problems in the long run. This became evident when the windows were 

taken out in 1990 due to the installation of an outer protective glazing. Facing the seriously 

damaged paint layer, the Fraunhofer-Institute for Silicate Research in Würzburg was 

charged with a pilot study concerning the choice of appropriate glass-paint consolidants, 

including newly developed systems. Three significantly different materials in various 

concentrations were applied on a test panel, as test- 

century. 

The eye-catching compositions have a highly prominent model, the windows of the “Maria-

Hilf-Kirche in der Au”, made between 1834 and 1844 in the famous Royal Glass Painting 

Manufactory in Munich.  

treatment for consolidating the fired 

and the unfired paint. 

Applied were Ormocer® and SZA, two consolidation materials that were newly developed 

by the Fraunhofer-Institute for Silicate Research. Ormocer® is an inorganic-organic 

hetero-polysiloxane mixed with an acrylate. Unlike to the Ormocer® coating investigated 

on the Constglass test panel in Cologne Cathedral, no glass flakes were embedded in the 
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Ormocer applied in Klausen. Here, Ormocer® served not as a protective coating but as 

paint-layer consolidation. The same purpose had SZA, an inorganic material based on 

silicium-zirkon-alkoxide. Both materials were applied in comparison to a well established 

consolidation product, the acrylate Paraloid® B 72. The test-treatment was carried out in 

1991.  

 
 

 
After a ten years exposure of the test panel on its original site, the examination of the 

consolidation effects and the evaluation of the newly developed coating systems and 

consolidants were of general interest.  

The Constglass investigations were focused on Ormocer® and SZA. Concerning 

Ormocer®, optical investigation proved a good and stable consolidation effect. SEM/EDX-

detection turned out to be difficult to interpret due to a problematical surface condition with 

a mixture of dust (organic and inorganic), cold paint (organic and probably inorganic) and 

fired paint (inorganic) and conservation material (inorganic/organic):  

 

Testpanel 1b; the various test treatments are marked on the right  
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Molecular and ATP measurements proved the microbiological susceptibility to be 

neglectable. As removal tests for Ormocer® were performed on the Constglass test panel 

of Cologne Cathedral, no further tests were carried out on this topic. The results of 

investigations on Ormocer in Klausen were in accordance with the results on Ormocer® in 

Cologne: The material has a good adhesion to glass, a good ageing behaviour and a 

neglectable microbial susceptibility. 

Investigation on SZA turned out to be extremely difficult due to the fact that SZA was 

decidedly composed as a glass-like inorganic material. Neither with SEM, Desktop 

Tomography, SEM/EDX, or FTIR the SZA could definitely be detected. Furthermore, the 

thinly applied SZA was to penetrate the paint contours but not to build up a substantial 

coating film. Thus, no analytical results could be gained that could stand a reliable 

interpretation.  

Actual optical assessment with microscope in comparison with pictures taken directly after 

the treatment in 1991 proved the condition of the treated areas as stable. Obviously, SZA 

fulfilled its task as paint consolidant. The today’s condition of paint layer and consolidation 

material looks satisfying. However, SZA can hardly be identified by light microscopy. But 

there are no alteration phenomena (e.g. whitening effect) of the consolidant detectable. 

Flaky paint seems to be stable and does not flake off if stressed mechanically.  
  
 

     
 

 

 

Removal tests were carried out with methyl ethyl ketone, in spite of the fact that SZA is 

irreversible in theory. Visually no alteration of the surface could be made out afterwards. 

Neither before nor after the treatment any traces of SZA were detectable. Thus, any 

optical control of a removal effect must inevitably fail. 

Detail in 1991                 in comparison in 2009 
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SZA-coating before removal test    SZA-coating after removal test 

 

The same was true for the investigation with Desktop Tomography. Nevertheless, here 

was a side-result gained: paint traces came to light, that actually are completely concealed 

by the later applied pigmented lacquer. Thus, parts of the original artistic design were 

unexpectedly discovered. 

 

       
 
transmitting light CT-visualization of underlying paint work 
 
 
A subsequent re-treatment with Paraloid® B72 turned out to be possible. But as it could 

not made out whether SZA was still existent or not, the meaningfulness of this result is 

limited. Due to the above described difficulties in detection, the relating analytical 

investigations produced no further evidence.  

 
Concerning SZA it is to be kept that the treatment on the panel in Klausen showed a good 

durability. But Further investigation on this material is necessary (for for more details on 

the actual condition and the results of the scientific investigation see ObjectData_Klausen and 

TableResults_KLA_Ip1b). 
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Axial window in the Market church in Hannover (section) 

The Market Church St. Georgii et 

Jacobi in Hannover, erected at the 

beginning of the 14th century, has lost 

most of its original stained glass from 

the middle ages. However, the choir 

houses still some remains that have 

been assembled in two windows of 

the choir. Most remarkable are 21 

panels in the axis window, depicting 

scenes of the life of St. George, St. 

James and St. Maurice. Executed at 

around 1400, these panels are one of the rare examples of medieval stained glass still 

existing in Lower Saxonia. During the 19th and 20th century the panels underwent several 

restorations, the last one taking place between 1980 and 1984. On this occasion the 

corroded glass surfaces were thoroughly cleaned from dirt and corrosion products, the 

numerous cracks were bonded, 

severely damaged glass pieces got a 

stabilizing back-plating, detaching or 

endangered paint-work on the 

internal face was consolidated. 

Before being re-installed, the window 

got an external protective glazing, 

ventilated from the church interior.  

As material for this conservation 

treatment exclusively the epoxy resin 

Araldite® was used, for edge-

bonding as well as for coating and 

consolidating. Such an Araldite® 

treatment has been performed in Germany on numerous medieval stained glass windows 

between 1960 and 1980 Thus, the window stood in place of many other objects, among 

them outstanding works of art. 

Originally, the market church in Hannover was not foreseen as a pilot site in Constglass. 

Due to lucky circumstances in 2008 there was the chance to study the today’s condition of 
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the Araldite® treatment and the long-term conservation effect. Thus, the Constglass case 

studies were enlarged by the medieval window in the market church. 

It was clear from the beginning that only a visual assessment could be performed and no 

scientific analysis, because the site was available only for one week and no sample taking 

was possible. Six representative panels were demounted and scrutinized by conservators 

in a conservation studio 

A thorough optical examination with microscope and UV-light took place. Araldite® had 

lavishly been used, for thick-film lamination of multi-cracked glasses on the external face, 

for thinly applied fixation of contour lines, for thin-film coating of deteriorated glasses on 

the internal face and for edge-bonding and gap-fillings.  

of the local authorities. Former reports were available, but they 

turned out to be rather general, and necessary details, such as what type of Araldite® had 

been used, were missing. 

 

 

  

Panel 10a: Legend of St. George   Panel 5b: Legend of St. Maurice 
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Panel 5b: Back-plating on the external side in UV-light 

The original glass was laminated on the backside with a thick film of Araldite® and covered 

with a thin plain modern glass before the hardening process. Today the lamination material 

has slightly yellowed. In reflected light one can see numerous patches where the Araldite® 

is obviously detached from the covering glass. The areas where the interfacial bonding 

between glass and Araldite® is intact are fluorescing, whereas the detached areas appear 

dark. Wether the detachment occurred only between cover glass and Araldite® or as well 

between the original glass and Araldite® and wether this had caused damages on the 

original surfaces could not be decided by visual examination. Here and then putty oil had 

penetrated inside the lamination sandwich. This can be recognized in ultra-violett light as 

bright fluorescing edges 

                       
Back-plating on the external face of panel 10a   Detail 
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Section of panel 8a: edge-bonding (left) and gap-filling with pigmented Araldite® (right) 

Along many cracks there are remnants of the glue, about 3 mm wide, which should have 

been removed after the gluing before becoming hard. In all scrutinized cracks the glue 

turned out to be stable, but it was clearly to be seen that the non-pigmented Araldite® had 

slightly yellowed.  

The result of the examination was as follows: The thickly applied lamination on the 

external side had yellowed. The bonding and gap-fillings were still intact. Concerning the 

back plating of the external face, alterations such as interfacial de-bonding and penetration 

of putty oil into the lamination sandwich had happened. On the internal face, the Araldite® 

coating is stable. The examination ended up with the conclusion, that the actual condition 

of the window is relatively good. Momentarily there is no need to act. That is clearly due to 

the fact that the window was protected by an external glazing since the treatment was 

performed. Nevertheless, the object must continuously be observed.  

An extensively illustrated documentation report was drawn up, that will serve as a solid 

base for a future conservation campaign. Both, the church community and the local 

authorities highly appreciated this assessment of the window’s actual condition, because a 

survey had been necessary since long but was not performed due to financial reasons. For 

Constglass, the additional pilot site gave valuable experiences, that could not have been 

obtained by the various other pilot objects. As for future conservators, whenever a removal 

of the Araldite® coating will be taken into consideration, the results of the Constglass 

project, especially those obtained by reversibility workshop in Antwerp, will be an 

additional  valuable help (for further details on the actual condition of the Araldite® 

treatment see ObjectData_Hannover). 



 




