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Introduction 

Glazed tiles ("azulejos") have been 
manufactured in Portugal for many centuries. 
They became an art form, and are present in 
many historical Portuguese buildings of the XVII 
to the XIX centuries. Many of these “azulejos” 
present various degradation features. In this 
work neutron tomography (NT) is applied to 
visualize the inner structure of glazed tiles and 
explore its potential to assess conservation 
products inside the samples. 
Experimental 

Three-dimensional images of tile fragments 
were generated using NT. With the prototype 
setup at the Portuguese Research Reactor, 
each two-dimensional image is obtained from a 
7 minute exposure, at a thermal neutron flux of 
2x105 n cm-2 s-1. The sample is automatically 
rotated by an angle of 0.9 degrees between 
successive images. The activation of the object 
is negligible. Images were obtained before and 
after the application of Paraloid B72, an acrylic 
co-polymer of ethylmethacrylate and 
methylacrylate (70/30), for consolidation 
treatment of tiles. 
 Results 

The brush application of Paraloid + acetone 
(10/90) on the surfaces of the tile appears to 
result in efficient impregnation, particularly in 
degraded tiles with a high porosity. Before 
treatment (Fig.1a) the gray level is similar 
across the tile except for the glaze, which 
exhibits higher neutron flux attenuation (Fig.2a). 
After treatment (Fig.1b), the resin is more 
concentrated in the glaze surface than in the 
back surface (Fig.2b). The distribution of the 
resin in the interior of the ceramic body is 
similar, with a slightly lower concentration in the 
middle part (see Fig. 2). 
Conclusions 

The inner visualization of glazed tiles by NT 
allowed evaluation of impregnation by the 

Palaroid B72, demonstrating effective 
consolidant-flow in the porous tile. The brush 
application benefits all the ceramic body, since a 
significant decrease was observed in the gray 
level (~23%) reflecting a higher neutron 
attenuation. 
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Figure 1: Tomographic images (45º) of dried 
tile: (a) before treatment; (b) with resin. 
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Figure 2: Gray level across tile before (a) and 
after resin application (b) obtained by NT. 
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Introduction 

Glazed ceramic tiles (named “azulejos” in 
Portuguese, from the original Arab designation 
“al-zulayj”) deserve particular attention due to a 
wide application in the cultural heritage of the 
Mediterranean area. Ancient tile panels exposed 
to different environmental conditions are liable 
to the development of micro-organisms that play 
a major role in tile pathologies and degradation, 
being particularly hazardous in decorated 
glazes. This is the case of a large 18th century 
panel of blue-and-white tiles exposed at the 
National Tile Museum (MNAz) figuring Lisbon 
before the destruction caused by the 1755 
earthquake [1]. Green and pink stains are 
nowadays perceptible in the glaze of many tiles 
from this valuable panel. The present work 
reports a diagnosis of the green tarnishing of 
white and blue areas as a preliminary step 
towards future conservation actions using 
neutron beams and gamma radiation*.   
Experimental 

A small fragment showing green stains was 
collected from a non-exposed tile of the Lisbon 
panel stored in the MNAz depository (fig. 1a). 
Observation under a stereomicroscope clearly 
showed that the stains were located at the 
surface of the glaze (fig.1b) without attaining the 
underlying ceramic body (fig. 1c).  

The tile fragment was subsequently analysed 
applying non-destructive techniques: direct 
irradiation of the glaze in a Bragg-Brentano X-
ray diffractometer (XRD) to detect the eventual 
development of new phases in green areas due 
to glaze degradation, plus irradiation in a 
wavelength-dispersive X-ray fluorescence 
spectrometer (XRF-WDS) for the chemical 
characterization of the glaze.  
Results 

XRD patterns are identical for white and blue 
areas irrespective the presence of green stains. 
As expected from an 18th century tile glaze, 
cassiterite and quartz are the crystalline phases 
observed. Similarly, no chemical changes were 
detected by XRF-WDS, particularly in what 
concerns the chromophores (copper and cobalt) 
and main glaze components (tin and lead).  

Conclusions 
The constitution of the blue-and-white glaze 

is not affected by the green stains that have a 
surface character, suggesting the presence of 
algae colonies. It is foreseen to apply electron 
microscopy and other destructive techniques for 
micro-organisms characterization. 
 
Acknowledgements  
*Work developed within the project RADIART 
(PTDC/HIS-HEC/101756/2008) financed by the 
Portuguese Foundation for Science and 
Technology (FCT/MCTES). 
 

 
 
Figure 1: (a) Studied blue-and-white tile from 
the original 18

th
 century panel; (b) fragment 

presenting green stains; (c) detail showing that 
the stains are confined to the glaze surface. 
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