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ABSTRACT 
 
 

Archaeometric many studies have been done by using neutrography in ITU 
TRIGA Mark-II Training and Research Reactor for over 15 years. Tangential beam tube 
has been arranged for using neutrography. Generally, transfer technique has been 
preferred with using dysprosium screen, but indium screen also is used. Some studies are 
explained which are all on the Anatolian artefacts. The first study from 13th century AD 
and it belongs to Seljukian period from south-east Anatolia. It is plate from Great 
Mosque door in Cizre. With the neutrography, painting traces are investigated on the 
plates. Organic dye traces are noticed on some of plates, which have generally animal 
figures. Other studies from Urartu period at the first millennium B.C, which are found at 
the vicinity of Van on east Anatolia. Important one is sword that is found from a grave. It 
has some corrosion defects. The neutrography is applied and shown that wood parts are 
there. Another studies from İkiztepe Excavation site on north Anatolia. Many of artefacts 
are examined by neutrography. Some of them it is noticed that animal post parts are 
recognised from the radiograph of neutrography which may be used as covering parts.. 
An interesting result is from sword and its sheath that are corroded together. After the 
neutrography applications, it noticed that there are a cloth between the sword and its 
sheat. So, it was cause of corrosion to the artefact. By using neutrography, many 
interesting and detailed results are observed in ITU TRIGA Mark-II Training and 
Research Reactor. Some of them shouldn’t be recognised by using any other technique. 
 
 
 
Keywords :  Neutrography, ITU TRIGA Reactor, Artefacts, Seljukian, Ikıztepe 
Excavation, 

         Urartu 



 
 
 
 
INTRODUCTION 
 
 

Neutron radiography is relatively different from other radiographic techniques. As 
known that, the radiography is a technique for taking images by using ionising radiation 
(Halmshaw, 1971). Radiography with electromagnetic radiation are well-known  
technique in non-destructive testing for quality assurance or quality control (Mix, 1987). 
Additionally, beta rays can be used for the radiographic purposes except electromagnetic 
radiation and neutrons. 

 
X-ray radiography is especially suitable up to 5 cm steel or equivalent materials. 

Gamma rays penetrate the matter generally more effectively than X-rays, Radiography is 
referred to by the type of ionising radiation, e.g. X-ray radiography, gamma radiography, 
beta radiography or neutron radiography. Sometimes neutron radiography call as 
neutrography  

 
Examination of the antique artefacts is very important for the evaluation of the 

antiquity. Sometimes, advance knowledge can be taken by using radiography. Mostly, X-
ray radiography is suitable for the examination of metal artefacts (Graham & Eddie, 
1985). Gamma radiography is preferred technique for thick and dense parts. Beta rays 
can be used for thin materials, e.g. cloth and paper due to low penetration of the matter. 
Neutron radiography can be effectively used for organic or hydroxides materials. So, 
neutron radiography solves some problem, which the other radiography techniques can 
not. 

 
 
 
 
 

METHOD 
 
 
For taking of the radiography, an object on a radiographic film is placed in the 

beam of radiation and image is produced by differences in absorption of the beam by the 
matter. Attenuation of neutrons in matter is different from electromagnetic rays. A 
comparison of the attenuation coefficients of electromagnetic radiation and thermal 
neutrons is given in Fig. 1    (Von der Hardt and Röttger, 1981).  

 
For the electromagnetic radiation, there is an approximately linear correlation of 

the attenuation coefficient of  X and gamma rays with atomic number. But, no linear 
correlation for neutrons. The attenuation of neutrons can change case by element. This is 
differing the neutrons from the electromagnetic radiation. 

 



Neutrons are attenuated by some light materials such as water, hydrocarbons and 
boron, but penetrate through heavy materials such as steel, lead and uranium. So, 
neutrograhy is more useful for certain materials than the other radiographic techniques. 

 
 
 
 
Neutron radiography can be applied in different ways. Generally, direct or indirect 

methods are used (Harms & Wyman, 1986, Domanus, 1992). Mostly, indirect method 
calls as “transfer method” and generally it is more preferable technique.  

 
For all neutrographic applications, screen is a most important element for the 

technique. In the direct method, a screen is used with short half-life e.g. gadolinium 
(155Gd). It is used for induced radiation and the image is formed in the film directly, 
which is placed in the backside of Gd screen. The transfer method relies on the build-up 
of radioactivity in a foil due to          neutron absorption. For this method, dysprosium 
(164Dy) and indium (115In) foils can be used without film. In this way, an activation image 
is formed in the foil. After the irradiation, foil is transferred to a film in the darkroom. 
The latent image formed in the film by decay radiation from the foil. Fig. 2 shows the 
transfer method of neutrography schematically. 

 
For the neutrographic applications, the object must be irradiated by neutrons in 

the reactor or the with a neutron source. For this study, Istanbul Technical University 
(ITU) TRIGA Mark-II Training and Research Reactor in Institute For Nuclear Energy is 
used for the neutrographic irradiation of the artefacts.  

 
ITU TRIGA Mark-II Reactor power levels in the steady state mode can range up 

to       250 kW. The reactor has three beam tubes that one of them is tangential beam tube. 
This beam tube arranged for the neutrography because of  not towards the reactor core 
directly. 

 
The tangential beam tube has a neutrography set-up in it. In this paper, three 

different  archaeometric studies are explained which has observed for 15 years. In this 
time interval two different neutrography set-up used in the tangential beam tube of ITU 
TRIGA Mark-II Reactor. Both of them have neutron exposure room, an exposure car for 
object, railway for exposure car and collimator in the tube (Tuğrul, 1990). Second and 
last one is advanced and length to diameter (L/D) ratio is higher than the first one. This 
ratio was 130 for the old collimator, but now it is 137.  

 
Furthermore, collimator types are different. The first one has conical collimator in 

the first step of the beam tube and soller slit collimator that is placed in the second part of 
the tube. The old neutrography set-up is shown in Fig. 3.   

 
The new collimator has only conical collimator, which made of aluminium plate 

surrounded with boric acid. It has bismuth filter in the beginning of tube and the gamma 
rays are absorbed (Doğan & Tuğrul, 1998). So, the irradiation beam has neutron beam 



only. The new nuetrography set-up is shown in Fig.4 (Yavuz. & Durmayaz, 1992). 
Tangential beam tube cross-section of ITU TRIGA Mark-II Reactor is shown in Fig. 5 
(Yavuz et all, 1993). Neutron doses for the neutrography are  2.54 x 105 n/cm2.s. In this 
tube  n/γ  ratio is 1.44 x 104 n/cm2.s. 
 
 Transfer method has generally preferred for these studies and dysprosium-164 foil 
has been used as a screen. Exposure time can be changed according to the specifications 
of the artefacts, but it is 30 minutes or more. Dy-164 foil is placed in the back side of the 
artefact closely and irradiated in this geometry.   
 

After the irradiation, the irradiation object and Dy-164 foil are taken and the foil 
is waited with the films in the sandwich position in a cassette, which is placed in the 
darkroom. Waiting time is more than three half-lives of the Dy-164 that means more over 
the approximately 8 hours. Then the films are developed and the neutrographs are taken. 
The films are used as D7 Agfa-Gevaert film. 
 
 
 
 
 
 
STUDIES 
 
 Some studies are explained which are all on the Anatolian artefacts. Many of 
artefacts have been studied in ITU Institute for Nuclear Energy by using radiograpic 
techniques and other non-destructive testing methods. In this study, three different studies 
which are using of neutron radiography, will be represented in the point of view 
especially this technique. 
 
 

The first study from 13th century AD and it belongs to Seljukian period from 
Southeast Anatolia (Fig.5). It is plate from Great Mosque door in Cizre (Tuğrul, 1996; 
Tuğrul et al, 1986).  
The Great Mosque at Cizre is one of the most important mosques in southeastern 
Anatolia. Its doors are unique example of Seljuk Art. 
 

The base is constructed of two wooden sections, each 300 x 120 cm and is 
covered with a brass plate and has brass fittings as showing of photograph in Fig. 6. The 
door parts were moved from Cizre to Istanbul for exhibition of Anatolian Civilisation 
Fair in 1983. During the exhibition studies, traces of patterns were discovered by chance 
on the reverse side of brass plates. The patterns were not uniform, it was thought that 
before it was used on the door, the brass plate had been used for another purpose. It is, in 
fact, not a single piece but many small pieces of brass, which together form a pattern. It 
was difficult, however, to determine the original pattern by the brass pieces using 
conventional techniques. The first step was to X-ray the second section of the door to 
examine certain areas, which had pattern traces on them. If determinate of the pattern 



traces in the small brass pieces, they are taking out the door and recognise the patterns in 
the reverse side of them.  

 
Many other non-destructive testing methods have been applied of the door parts 

for the different evaluation of view. The first paper is submitted in 1986 in the 
International Symposium on Excavation, Survey and Archaeometry, Tuğrul et al, 1986). 
After the complete of the evaluation of the results for all techniques, a article is published 
in Journal of Near Eastern Studies (Tuğrul, 1996). 

 
With the neutrography, painting traces are investigated on the plates. Organic dye 

traces are noticed on some of plates, which have generally animal figures. That is evident 
that the plate had been used before the door for the other purpose and the brass plate 
sources are not same, but different. One of the neutron radiographs is shown in Fig 7. 
 
 Other studies from Urartu period at the first millennium B.C, which are found at 
the vicinity of Van on east Anatolia. A sword is found in a grave from the excavation of 
Altıntepe. These studies have been complete newly. It is submit to International 
Symposium on Excavation, Survey and Archaeometry in 2001.  The photograph of the 
artefact is shown Fig 8.  It has some corrosion defects. Firstly, X-ray radiography applied 
on the artefacts whether the artefact is convenient for restoration-conservation or not. Fig. 
9 shows the X-ray radiograph that is noticed that sword destroyed partly and it has some 
metal accessories on it. 
 

The neutron radiography is applied in ITU TRIGA Mark-II Reactor in this year 
(2000). Neutron radiograph is shown in Fig. 10. From the radiograph, it can be noticed 
wood parts are there. The wood may be used for the turning master of the sword before 
placing in grave. So, they thought that nobody could be taken it from the grave due to 
shape deformation. 
 
  An interesting result is from sword and its sheath that are corroded together           
(Tuğrul, 1990, Tuğrul & Erdal, 1987). They have been found in İkiztepe excavation 
studies. The study began in 1986 but continuing up to 1990. A paper submitted to 
International Symposium on Excavation, Survey and Archaeometry in 1987. 
 

Photograph of the sword and sheath in Fig. 11. X-ray radiography has been 
applied firstly. The X-ray radiograph showed that the sword had been destroyed in large 
part (Fig. 12) and was not suitable for conservation and restoration procedures. But it 
couldn’t be recognise why it was destroyed in large amount.  
 
 Secondly, neutron radiography was carried out and can be seen in Fig. 13. After 
the neutrography applications, it noticed that there are a cloth between the sword and its 
sheath. The cloth layer continuing towards the bottom of sheath. Through the cloth, water 
would have been introduced to the inside of the sheath. It was the main cause of 
corrosion to the artefact.  So, it was cause of corrosion to the artefact and destroying of 
the sword. It is published in Archaeometry journal as an article in 1990. 



 
 
 
CONCLUSION 
 
  
 With this study, many interesting and detailed results are observed in ITU TRIGA 
Mark-II Training and Research Reactor by using the neutron radiography applications. 
They can be concluded as; 
 

• Advanced properties of the artefacts can be determined  
• Some effective reasons for the artefact destroying can be noticed 
• Usage variety can be determined 
• Some of these results should not be recognised by using any other technique. 
• It can be reached all of the results non-destructively. 
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   Fig.1  Attenuation Coefficients of Electromagnetic Radiation and Thermal Neutrons 

           (Von der Hardt & Röttger, 1992) 
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   Fig. 2  Scheme of  Transfer Method For Neutron Radiography 
 
 



 
Fig. 3  Old Neutrography Set-Up 

 

Fig. 4 New Neutron Radiography Set-up 
 
 



 
Fig. 5 Tangential Beam Tube Cross-Section 

 
 
 
 
 

 
Fig. 6 Photograph of A Door Part of Cirze Great Mosque 

 
 
 
 



 
Fig. 7 Neutron Radiograph of A Plate of Cizre Great Mosque Which has Dye Traces on 

It 
 

 
Fig. 8 Photograph of A Urartu Sword 



 
Fig. 9 X-Ray Radiograph of A Urartu Sword 

 

 
Fig. 10 Neutron Radiograph of A Urartu Sword 



 
Fig. 11 Photograph of Sword With Sheat from Ikiztepe Excavation 

 

 
Fig. 12 X-Ray Radiograph of Sword With Sheat from Ikiztepe Excavation 



 
Fig. 13 Neutron Radiograph of Sword With Sheat from Ikiztepe Excavation 


