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5.9. Mr Marco Zoppi (Italy) 

Introduction 

Materials characterization, through non-invasive techniques, represents an important strategic 

tool in the non-destructive quantitative analysis of artefacts of archaeological and historical 

interest. In fact, thanks to the high penetration power of thermal neutrons in dense matter, 

bulk analysis of massive findings, characteristic of archaeological activity, can be nowadays 

carried out in an almost straightforward way, especially on metal samples. By means of 

neutron diffraction, it is possible to obtain, without any need of sampling, the average bulk 

phase composition of the specimen and to reveal the hidden presence of mineralisation 

phases, which, in turn, gives a deep information on its preservation status. Moreover, a 

detailed analysis of the peak shape, can shed light on smelting and smithing methods, as well 

as on the amount of mechanical work that was originally carried out on the sample. Neutron 

imaging techniques, have developed to such an extent that, today, it is possible to reconstruct 

tomographic images down to 30 m space resolution. In addition, thanks to the developing 

techniques of energy selective neutron imaging and tomography the scenario opens over a 

wealth of futuristic applications, thanks to the enhanced contrast inherent in this technique. 

At present, these energy selective techniques are only limited by the performances of the 

device needed to select the energy (and wavelength) of the incident neutron beam: i.e. a 

rotating disk velocity selector and double monochromator. The possibility of enhancing this 

technique by fully exploiting the Time of Flight technique could improve dramatically the 

energy resolution and consequently the range of possible “contrast enhancement” 

possibilities. What we propose is a research activity using energy selective neutron imaging, 

applied to cultural heritage metal artefacts, to study the historical evolution of iron 

production on a world basis, i.e. including European, middle-east, Indian, and far-east 

specimens provided by museum institutions with whom we are already collaborating. At the 

same time, we are planning to collaborate with Hokkaido University (Sapporo, Japan) to 

enhance the energy resolving power of ToF instruments, fully exploiting the Bragg Edges 

analysis technique, by the development of a bi-dimensional detector with the best possible 

space resolution. 

 

Experimental facility: 

Name:  INES (Italian Neutron Experimental Station) 

Location:  ISIS (UK) 

Responsible: Marco ZOPPI (marco.zoppi@isc.cnr.it) 

   Francesco Grazzi (francesco.grazzi@isc.cnr.it) 

web site: www.isis.stfc.ac.uk/instruments/ines/ 

Local Contact: Antonella Scherillo (antonella.scherillo@stfc.ac.uk) 

 

Mission: INES is mainly intended to work as a training facility for the Italian community 

and testing station for new materials and techniques. As such, 50% of the beam time is 

reserved for exploratory experiments of italian users (mainly young researchers and 

newcomers), while the remaining 50% is open to the international community. The primary 

use is mainly dedicated to Cultural Heritage artefacts, but also material science experiments 

(especially at a primary level testing stage) are welcome. 

 

Description: INES main equipment is constituted by a powder diffractometer. The installation 

is complemented by several ancillary equipments: 

 LASER sample aligner 

 X-Y translation table (max weight 50 Kg) 

 goniometers (for texture analysis) 

 neutron beam shaper 
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 neutron imaging sample aligner 

 high efficiency transmission monitor 

 NRCA detector 

 

Radiographic / tomographic camera: a movable radiographic camera can be mounted on the 

output port of the instrument for neutron radiography analysis. This is equipped with a 

rotating sample holder allowing tomographic measurements. The main parameters are: 

 

  Beam Size: 40x40 mm
2
 

  
Primary beam path: 23.60 m 

  L/D (measured) = 100 

 

Reference: Nuclear Instruments and Methods in Physics Research A 595 (2008) 643 

 

The main objective of the present project is to develop an integrated protocol of 

measurements including Neutron Diffraction (ND), Neutron Imaging (NI), and position 

sensitive Bragg-Edge Neutron Transmission (BENT) analysis. In order to tune the proposed 

integrated techniques to its best performance, we plan to apply it to historical metal artefacts, 

which represent a good example of complex and interesting samples. The contemporary 

application of ND, NI, and BENT techniques, will permit to obtain a complete set of 

information and to fully characterize the samples. In this context, we plan to use the 

diffraction data and the imaging results to optimise the effectiveness of the software analysis 

tool developed, by the Hokkaido University, for the BENT experiments. To this aim we 

propose to use museum artefacts, originating from Museums in Florence and in London, with 

whom CNR-ISC has established collaborations. We are presently working to stimulate the 

corresponding Japanese counterparts to join the project activities. 

 

In order to fulfil the project objectives, we propose the following tasks: 

 

1. Measuring a number of reference certified samples for a preliminary calibration of the 

CNR facility setup. 

 

2. Measuring a selected number of Iron and Steel samples from: 

a. Europe, Middle Age and Renaissance period 

b. India, Mogul period 

c. Japan, Muromachi and Edo periods 

 

This choice is based on the rationale that the three different production and working 

techniques are very different from each other, depending on the different cultural and 

environmental conditions. In order to fulfil these tasks, we will perform neutron diffraction 

and imaging at the Italian Neutron Experimental Station (INES@ISIS), as well as at other 

European neutron facilities. Within the collaboration work with Japan, there will be an 

exchange of samples, which will be measured by the Hokkaido University team using the 

neutron transmission technique. 

 

Workplan year 1: 

 Test and optimisation of the INES transmission monitor. Instrument calibrations using 

standards 

 INES experiments on selected Japanese cultural heritage artefacts from Edo period 

(swords, tsubas, armours components, etc.) 

 Meeting in Florence with the Japanese colleagues to analyse preliminary results and plan 

the following research activity. 
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Main objective Sub objectives Year 1 Year 2 Year 3 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

Database 

(measure of a 

number of certified 

reference samples) 

Get samples X            

 Run 

Diffraction/transmission 

experiments on INES 

 X X          

 Data 

 Analysis 

 X X X         

 Selection of a few 

representative samples 

  X X         

 Run transmission 

experiment in 

Sapporo/J-parc 

  X X         

 Critical comparison of 

results (joint meeting) 

   X         

Measurements of 

selected iron&steel 

samples (Europe, 

India, Japan) 

INES experiments     X  X  X    

 Hokkaido University  / 

J-parc experiments 

     X  X  X   

 Data 

 Analysis 

     X X X X X   

 Critical comparison 

(meeting) 

         X X  

Report Meeting            X 

 


