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SUMMARY 

The subject of the present dissertation was the study of corrosion and 
deterioration of ancient colored flat architectural glass in a marine 
environment. More specifically the glass studied was the Kenchreai glass opus 
sectile panels which had been exposed in two successive environments first the 
burial which was marine then an uncontrolled museum environment 

The glass opus sectile panels, a unique archaeological find consisting of 100 
mosaic panels dating to the 4th c. AD were destined to decorate the walls of a 
local building. The panels were found by the American School of Classical 
Studies in Kenchreai the Eastern port of Corinth between 1965 and 1968 in 
their wooden packing crates. Eighty seven (87)  panels were recovered and 
immediately received first aid treatment and were transported to Nauplion 
Museum for further conservation. Many of the initial interventions failed as it 
was later proved. Some fragments were transported to the States for further 
treatment. Since 1972 the panels are housed in Isthmia Archaeological 
Museum.  

Aim of the present study was the assessment of the state of preservation of the 
panels, the investigation of the causes and mechanisms of deterioration and 
the development of a non destructive examination protocol, preventive 
measures and remedial conservation treatment. 

The aim was accomplished using a methodology which first included a 
literature survey, an archival research and an oral interview. In a second stage 
a survey of the panels at Isthmia Museum was conducted and the panels were 
macroscopically examined and compared to the initially inventoried so as a 
statistical approach could be possible. In addition a documentation system was 
developed including photograph and mapping. Furthermore the climatic 
conditions of the museum environment were recorded. At a third stage 
sampling was performed on the different glasses and their corroded state. The 
samples were analysed with the following techniques: Fiber optic microscopy, 
SEM/EDS, Thin section petrographic microscope, TEM/EDS, ICP, XRD, FTIR, 
DSC, TGA, RBS, NRA, EPR, Multispectral imaging, XRF, X-ray imaging, LIBS. 

Diagnosis 

In the first theoretical part bibliographic data relating to glass and specifically 
ancient glass is exposed (Chapter 1). Then data on corrosion, deterioration 
(Chapter 2) conservation and protection along with ethical considerations 
prevailing are exposed (Chapter 3). In Chapter 4 the opus sectile panels are 
presented from the point of view of archaeology, history of art, production 
technology and manufacturing technique while in chapter 5 the problem is 
described. 
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In the second experimental part the experimental design is exposed and the 
results are presented and discussed. In chapter 6 the aims are analyzed and 
sampling is described. In chapter 7 the present state of preservation of the 
panels is presented, in chapter 8 the environmental impact first in the 
underwater environment and consequently in the uncontrolled museum. In 
chapter 9 the previous conservation treatments are examined which 
contributed to the present state of the panels. In chapters 10 and 11 the results 
of the physicochemical analytical and non destructive techniques on samples 
of pristine glass and corroded glass are presented. In chapter 12 a non 
destructive analytical and imaging diagnostic protocol is presented, while in 
chapter 13 some small scale experimental conservation interventions are 
described. In the last chapter no 14, which constitutes the third part of the 
study, the final conclusions are presented together with an integrated 
methodology of non destructive examination, conservation and protection 
proposed. Last but not least further study and future prospects are given. An 
informed bibliography follows and a list of publications and communications 
that took place in the framework of the present study. Finally a three part 
appendix follows including the analytical results of Brill 1976, the XRD graphs, 
the thermodiagrams up to 1000 C and a list of nondestructive techniques that 
were used in the present study and their functional parameters. 

According to the outcome of the present study the panels are constituted of 
different glasses having different properties which had a variable degree of 
corrosion. In general the opaque colored glass which contain crystalline 
inclusions exhibit a greater chemical durability from the transparent glasses 
and are considered as systems of great technological edge. The highest 
chemical durability was exhibited by the flesh colored glass which was 
characterized as a ceramic glass and a product of nanotechnology. 

In their initial state the Kenchreai glasses consisted in a glass matrix in the 
interior of which micro and nano inclusions were dispersed which gave color 
and opacity to them. After a thousand and six hundred years of submersion in 
a marine environment glass was converted to a chemically related but 
physically completely different material possessing porosity and called a silica 
gel. The process of conversion is gradual and can be related to the reverse 
technology of glass production based on sol gel. The inclusions in the interior 
of the glass matrix reacted with the elements of the environment and lost their 
original color altering the appearance of the glass.  

Lack of scientific knowledge in material science as far as corroded glass is 
concerned was the main cause of previous conservation failure which led to 
the present tragic state of the panels. 

Instability and active deterioration is revealed through the pulverization of the 
silica gel layers and the disintegration of the glass core. This is partly due to 
the insufficient desalination of the panels and the uncontrolled museum 
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environment where the RH repeatedly passed over 75%threshhold for the 
crystallization of sodium chloride. 

Out come of the present study was the development of i) a protocol of 
documenting examination using non destructive analytical and imaging 
techniques, ii) a scheme for the preventive conservation of the panels 
(intervention on the environment and surroundings of the panels) and iii) 
requirements for a remedial conservation treatment protocol which must be 
first applied on a small experimental scale. 

Preventive conservation (no 2outcome) has already been implemented in the 
year 2005-2006 by rehousing the opus sectile panels in a climatically controlled 
walk in chamber in tailor made cabinet drawers replacing the old packing 
materials with inert modern ones. The project was financed by a European 
program and executed by the Directorate of Ancient and Modern Monuments 
for the 37 Ephorate of Classical Antiquities, both of the Hellenic Ministry of 
Culture. 
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        RIGAKU  
 XanthusTM -2.       

  532, 785  1064 nm. 
 

2.    
 

2.1.    /    (SEM/ 
EDS).  

         
          
   ,      

   .      
       

 .         
  .      

  1-2 % . .      0.02-
1.0 m    .             

      [HENDERSON 1988].     
          

80 m,      10 sec    k , ac. volt 
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    .      
.         
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5.1.   (FTIR).  
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       1400  800 cm -1. H 
         
  [EL SHAMY et al. 92, SANDERS et al.73, HENCH 75, 

SCHREINER et al. 99].         
  ,     .  

     FTIR,      
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      Magna 550 Nicolet 
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Electron Paramagnetic Resonance)        
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