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Research on Pilot Objects from the Burrell Collection 
 
 
The Burrell Collection in Glasgow is complementing the case studies which are 
being carried out on objects in other locations within the CONSTGLASS Project.  In 
contrast to glass in a cathedral setting, the stained glass panels in the Burrell 
Collection have been displayed or stored under well-defined environmental 
conditions since conservation treatments were performed.  This means that the 
investigation of polymers used for repair of broken or missing glass is yielding 
valuable results on: 
 

• the comparison of the performance of epoxy resins over a 30-year period in 
artificially lit and natural daylight displays and in dark storage, 

• the comparison of in-service, natural ageing of epoxy resins with the results of 
accelerated ageing of the same products, 

• the comparison with repaired glass from other museums. 
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The results from examination of the Swiss roundel (Figure 1), representing scenes 
from the Life of St Francis [1], are demonstrating the benefits of the re-examination 
of well-documented restorations.  Not only was the restoration of this roundel 
precisely documented [2] but the epoxy resin ageing tests which preceded this 
restoration are published [3] as part of the same investigation.  CONSTGLASS WP1 
has given the opportunity to document the natural ageing of the epoxy resin 
(Ablebond 342/1) which has been exposed daily in an artificially-lit display since the 



opening of the Burrell Collection to the public 25 years ago.  There is just perceptible 
yellowing but the degree of this was considered very acceptable by all 
CONSTGLASS Partners when examined during the Glasgow Partners’ meeting.  
Furthermore, the yellow dye incorporated into the epoxy resin to represent the silver 
stain shows no evidence of fading as a result of the 25-year display period.  These 
observations are consistent with the predictions of the accelerated ageing tests [3].  
It is particularly satisfying that the yellow dye is displaying in-service lightfastness of 
7-8 on the ISO Blue Wool Scale in view of the poor behaviour which would have 
been experienced had other dyestuffs recommended by the manufacturers been 
used for this restoration [3]. 
 
The roundel of ‘Adam & Eve’ depicted in Figure 2 is displaying contrasting behaviour 
as a result of dark storage.  In this case, the Ablebond epoxy resin which was 
behaving satisfactorily when the roundel was on display for several years has 
yellowed more severely during a subsequent, equal period of dark storage.  The 
scope for bleaching of this yellowing is now under investigation. 
 
These observations and conclusions are being complemented and strengthened by 
the ongoing documentation of numerous epoxy resin case studies at the Burrell 
Collection and elsewhere  
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Polymer conservation treatments for stained glass in the Burrell Collection, Glasgow: an assessment 
of 25 years of natural aging. 
 

 
Figure 1. Burrell Collection, Glasgow: stained glass gallery.                                                 

The stained glass of the Burrell Collection in Glasgow comprises the world’s third largest museum 
collection of its kind. The total holdings consist of some 700 panels, dating from the 12th to the 19th

 

 
century, primarily from England, France, Germany and Switzerland. Prior to display of the glass in 
the new museum which houses this collection (Figure 1), many of the stained glass panels were 
conserved using clear, water-white epoxy resins to bond broken fragments and reinstate small areas of 
loss. Where necessary the epoxy resins were dyed to match the rich colours of medieval stained glass. 
Now, more than 25 years after the opening of the museum, an assessment has been undertaken in 
order to understand the resin and dye aging behaviour in natural and artificial illumination and in dark 
storage. Furthermore, the epoxy yellowing and dyestuff fading exhibited after more than two decades 
has also been compared to the predictions of accelerated light aging trials performed prior to the 
introduction of these polymer systems for the conservation treatments at the Burrell Collection [1]. 
The epoxy resin formulations used are displaying minimal yellowing, and the dyestuffs are showing 
optimal light-fastness, in agreement with the results of the accelerated light ageing studies. However, 
there is evidence that epoxy resin yellowing is more severe after many years of dark storage. 

In addition to this assessment, the scope of Raman spectroscopy with a fibre optic probe has been 
investigated for polymer identification. In many past conservation treatments the documentation does 
not record which polymers were used. Consequently, to relate the long-term polymer degradation to 
specific formulations, an unambiguous identification is necessary. This study has, for the first time, 
demonstrated the scope for non-destructive, in-situ, high resolution Raman characterisation of 
polymer classes and the differentiation of commercial epoxy resins from unspecified stained glass 
conservation treatments (Figures 2 & 3). 
 

                                                          
 

 Figure 2: Raman spectra of unknown epoxy resin and comparative                                         Figure 3: Comparative Raman spectra for Ablebond 342-1 epoxy resin 
 spectrum for Araldite 20-20 epoxy resin.                                                                                  and Hxtal NYL-1 epoxy resin. 
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Polymer conservation treatments for stained glass in the Burrell Collection, Glasgow: 
an assessment of 25 years of natural aging.  
             
Norman H Tennent1*, Patrick Courtney2 and Enrique Lozano Diz2

  
  

Introduction  
 This paper will report the results of a survey of past polymer treatments at the 
Burrell Collection Glasgow, carried out as part of the EC CONSTGLASS Project, 
“Assessment of Treatments, Studies on Reversibility, and Performance of Innovative 
Restoration Strategies and Products”. The survey involves an assessment of the 
polymer aging in the two decades and more since the treatments were carried out. In 
addition, the paper will describe the in situ characterisation of the polymers used in 
the Burrell stained glass treatments. This is the first non-laboratory application of 
Raman spectroscopy with a fibre optic probe for this purpose.  
   
Background  
 The stained glass of the Burrell Collection in Glasgow comprises the world’s third 
largest museum collection of its kind. The total holdings consist of some 700 panels, 
dating from the 12th to the 19th

   

 century, primarily from England, France, Germany 
and Switzerland. Prior to display of the glass in the new museum which houses this 
collection, many of the stained glass panels were conserved using clear, water-white 
epoxy resins to bond broken fragments and reinstate small areas of loss. Where 
necessary the epoxy resins were dyed to match the rich colours of medieval stained 
glass. Now, more than 25 years after the opening of the museum, an assessment 
has been undertaken in order to understand the resin and dye aging behaviour in 
natural and artificial illumination and in dark storage. Furthermore, the epoxy 
yellowing and dyestuff fading exhibited after more than two decades has also been 
compared to the predictions of accelerated light aging trials performed prior to the 
introduction of these polymer systems for the conservation treatments at the Burrell 
Collection. This assessment also gave the opportunity for the validation of Raman 
spectroscopy for in situ polymer characterization.  

Methods of study  
 More than thirty panels from the Burrell Collection have been scrutinized in order to 
assess the behaviour of the polymer repairs. The degree of yellowing has been 
recorded by visual inspection in terms of a scale of yellowing with five steps from 
‘non-yellow’ to ‘unacceptably-yellow’.  This descriptive scale is related to standard 
samples of epoxy resin yellowing expressed in terms of the numerical yellowness 
index derived by colorimetric measurement. The conservation documentation for 
these panels has been summarized and the display and storage history has been 
recorded in order to relate the resin aging to light dosage over a twenty year period. 
For polymer identification, the novel, simple use of a Raman spectrometer with a 
fibre optic probe has been validated in the laboratory and in situ at the Burrell 
Collection.  
   



Results  
 The Burrell Collection has well-documented information on illumination received by 
the stained glass on display in two locations: a south facing daylit gallery and an 
artificially lit gallery. This has enabled the study to relate display and also storage 
conditions to the long-term natural aging of epoxy resins used in glass conservation. 
The resins used, primarily Ablebond 342-1 and Araldite AY103/HY 951, show 
acceptable behaviour after more than two decades in strong natural daylight and 
artificially light despite the high intensity of the illumination. In addition, the optimal 
light-fastness of the dyestuffs selected on the basis of accelerated aging has been 
confirmed. Previous studies demonstrated that epoxy resins are a very aggressive 
medium which often causes photofading of dyes with good light-fastness in other 
polymers.  The correlation of accelerated light aging and natural aging is consistent: 
the results and their implications will be elaborated in the paper. There is evidence 
that dark storage is more problematic for the retention of an acceptable lack of resin 
coloration with time. Examples of this will be presented in the paper.  
   
In addition to this assessment, the scope of Raman spectroscopy with a fibre optic 
probe has been investigated for non- invasive polymer identification in situ. In many 
past conservation treatments the documentation does not record which polymers 
were used. Consequently, to relate the long-term polymer degradation to specific 
formulations, an unambiguous identification is necessary. This study has built upon a 
preliminary laboratory investigation. Now, for the first time, we have demonstrated 
the scope for non-destructive, in-situ, high resolution Raman characterisation of 
polymer classes and the differentiation of commercial epoxy resins from unspecified 
stained glass conservation treatments. Several panels on display at the Burrell 
Collection have been examined. The Raman spectra obtained are in accordance 
with the materials which were documented in the conservation treatment records. 
Representative Raman spectra will be included in the paper.  
   
Conclusions  
 Based on the survey of a single collection with well-documented display and storage 
conditions, this study has enabled conclusions to be drawn on the long-term natural 
aging of epoxy resins used in glass conservation. The resins used show acceptable 
behaviour after more than two decades in strong natural daylight and artificially lit 
displays. In addition, the optimal light-fastness of the dyestuffs selected on the basis 
of accelerated aging has been confirmed. The correlation of accelerated light aging 
and natural aging is consistent but there is evidence that dark storage is more 
problematic for the retention of an acceptable lack of resin coloration with time. This 
survey has demonstrated - for the first time - the ability of Raman spectroscopy with 
a fibre optic probe to identify different conservation polymers non-invasively, in situ, 
in a display setting of stained glass panels. 
 
 
  
 
  
 
 
 
 


