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Abstract 

The thermal analysis has been widely applied to the investigation of the structure and of the materials of 

artworks. Different kind of cultural heritage have been inspected, in particular, by means of the active 

thermography, a technique based on the analysis of the temperature distribution at the surface of an 

artifact, evolving as a consequence of a given thermal stimulation. Such a technique enables to detect the 

presence of sub-surface defects and inhomogeneities and offers several advantages, the main one being its  

non destructive character. 

In this work we present an application of the active thermography to the study of a bronze statue. In 

particular, we refer to a copy of a bronze statue  which can be obtained from a single original  model 

using the indirect casting process. The artist’s original model is hence preserved by this method and can 

be used as a reference during the surface finishing and refinement of the casting performed by means of a 

variety of filing, polishing, and chasing tools. The aim of the present research is in particular to 

investigate the processing of bronze surfaces, giving the possibility to reveal the cold working hidden 

under the final polishing.  

 

Introduction 

Among all the kind of thermal analysis, thermography has been proved to be an important non destructive 

method for the diagnostic of several kind of artistic and historic artifacts. In fact, thermography has been 

applied, for instance, to the study of buildings [1], monuments [2]  paintings [3], frescoes [4] and 

sculptures [5]. In this study, we will show a specific application of thermography  to the bronze sculptures  

and, more specifically, to the analysis of their final cold working. In the past, bronze sculptures were 

made by means of the lost wax method that could be either direct or indirect. In both cases, a wax model 

was created and covered with refractory material which retains, in its inner side,  the shape of the model. 
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During the casting, the introduction of the molten metal melted away the  wax model and reproduced the 

original shapes. In the direct method only a single wax model, was created directly modeling the wax  and 

only a single copy of the original artifact could be obtained [6]. On the contrary, by the indirect method, 

multiple wax models could be created shaping them by applying directly on the wax a plaster mould of an 

original clay model, therefore allowing  several reproductions of it [7-8-9]. After the casting, the artist 

could change some parts of the artifact, or some of its features, by cold working, starting with the first 

cleaning and ending with the final patination. The cleaning consisted, after cooling, in the removal of the 

sprues and of the large impurities, while the finishing was an additional process of surface modeling 

characterized by the repair of all the defects, by means of the creation of plugs and fillings, and by the 

surface improvements, like, for example, the filling of  the porosities. Additionally, the cold working 

allowed the finishing of the bronze sculpture, improving the quality of the artifact. In this respect, we can 

mention that  Benvenuto Cellini, one of the most important sculptor of the mid-sixteenth century, points 

out the importance of the finishing such as the moulding and the refinement of the castings. To this aim, 

Cellini actually used a poser during the surface finishing of the sculptures which are placed on the 

fountain of Fontainebleau [10]. All this cold working was made by means of several tools which leave 

marks on the surface that must be erased and/or  hidden. Additionally, bronze surface could be patinated  

with  varnishes, waxes and chemicals, making  all the marks invisible [11].  The aim of this work is to 

detect  and characterize by means of active thermography the marks of the surface cold working and  the 

presence of repairs. This kind of analysis provides information useful to associate a specific working to 

specific periods and/or workshops and to recognize specific artist’s style. 

 

Experimental 

To check the possibility offered by thermography, a bronze sculpture, copy of an original statue by 

Giovanni De Martino, has been made (fig. 1). After casting, on its surface some typical defects and cold 

working have been  reproduced. After cleaning and removal of the sprues, the defects have been repaired 

in different conventional ways. Hollows, for instance, have been repaired inserting threaded or 

unthreaded metal plugs into the bronze or by  filling procedure. Generally, the material, such plugs were 

made  of, was obtained from the cast sprues that had been removed from the sculpture. In the presented 

case the hollows, left by the removal of the nails, have been repaired by either threaded plugs or by 

fillings, while plugs have been used  for the large hollows in the bronze hat. All the porosities on the 

surface have been filled with wax resin filler (colophony), mixed to the cast bronze powder, and the same 

mixture was used to fill the small hollows in the area of the hat. The surface was  then smoothed by 

means of files and chisels and, finally, patinated. This last phase allowed to hide all the working marks, 

whose no longer visible features have been then detected and  characterized by means of the active 

thermography in order to test its diagnostic capability for such an application.  Active thermographic 



analysis consists in the heating of the sample followed by the detection of  the temperature evolution with 

time.   

 

The experimental set-up includes the heating system, generally consisting of different kind of light 

sources, and of an infrared camera connected to an acquisition data system, whereby a series of 

temperature maps of the sample can be recorded (fig. 2).   In our study the heating was obtained by a 

pulsed flash lamp and the infrared camera recorded the consequent temperature evolution of the sample 

surface. 

 

 

 

 

Fig. 1 The copy of Giovanni De Martino’s bronze  statue.   



 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

Results and discussion 

The results of the analysis performed  on the bronze sculpture show that thermography can reveal various 

types of re-modelling and surface repairs. For instance,  in the case of a bronze plug, indicated in the 

picture (Fig. 3-A), made using the same alloy as the original sculpture and  inserted in a large hollow on 

the hat, its presence is clearly detectable by the thermogram  (fig. 3-B). The contrast between the plug and 

the surrounding material can be originated by differences in the composition, in the thickness, in the 

surface finishing and patination, or, for particular geometries, by the thermal barrier represented by the 

junctions between the plug and the rest of the artifact. In the case of the fig. 3-B, being the material of the 

plug homogeneus with that of the artifact, the detection of the plug was ascribed to its larger thickness 

with respect to the one of the surrounding bulk. When diffusing across the bronze section, the heat 

reaches the surface opposite to the monitored one and then cannot propagate any longer.  The area of the 

thicker plug is characterized by  heat diffusing  over longer time and producing a more efficient cooling. 

The area thus shows darker in the thermogram. This result therefore confirms the possibility to detect this 

kind of repair even when made using the same alloy,  and after being widespread, chiseled along the 

junction line and colour matched in order to make it invisible. Thermography can be used also for 

detecting other kind of repairs, such as the filling made in order to erase small hollows or porosities like 

the ones in the chin  of the artifact indicated in the picture of fig. 4-A.  
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The contrasted feature in the thermogram (fig. 4-B), represents the temperature inhomogeneity  in 

correspondence of the  fillings,  revealed thanks to  the different thermal properties between the filler and 

the bulk bronze. The filler, in fact, consists of  colophony loaded with bronze powder, much less 

conductive than the bulk bronze. Owing to this, the cooling process after the material is illuminated by the 

pulsed flash lamps, is slower through the filler which appears lighter because of its larger temperature. 

Finally, one more capability of the infrared thermography investigation consists in the possibility to 

detect and characterize specific marks, like the ones left by a chisel. This kind of application can be of 

major importance in the historic and artistic field, improving the knowledge of the artistic production. For 

instance, knowing that specific  plugs were typical of the renaissance bronzes  makes it possible to ascribe 

the construction of the artifacts to the specific period.  

                            

 

 

 

 

 

       Fig. 1 Photograph A of the bronze plug; thermogram B, after 0.1 s. The arrow indicates the bronze plug.  



 

 

For these reasons, the thermographic characterization of the  repairs has become important to recognize  

the working way typical of specific artists or workshops. Finally, it is worth mentioned that most of the 

thermographic results can be interpreted thank to the integration with other kind of analysis, such as the 

XRF, EDS or other techniques providing, for example, information on the alloy composition.  The use of 

also XRD analysis can provide information about  differences between more or less plastically worked 

surfaces useful to study processes analysis, chiseling, fillings and generally cold working after casting, 

generally called “chiseling”.   
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