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Radiography literally means making pictures by radiation. As the neutral component of the atomic nucleus, the neutron is a highly penetrating particle. We thus can use the neutron as a probe of material compositions of large sizes. Neutron radiography is a unique imaging technique which allows to visually examining inner structures of materials without destructing the specimen or the structure.  The process is non-destructive to the material; it is a major advantage over the destructive testing techniques. 
Basic Principles of Neutron Radiography: 
Penetrating nature of the neutron radiation and its differential absorption by material enables us to obtain the internal details of the structure. In Neutron radiography, the object to be examined is kept in a collimated neutron beam. Neutrons pass through the object and are differentially absorbed. The absorption depends on the atomic number and thickness of the material, homogeneity and composition of the material. The geometric pattern of the transmitted neutron intensity is recorded using suitable detector. The schematic figure of neutron radiography is given in Fig.1.
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     Figure 1. Schematic illustration of neutron radiography

The neutron radiography system could be broadly divided into three major subsystems; first neutron source (to produce neutrons), second collimator and moderator (to process the neutrons before these passes through the object) and third the neutron detecting and image processing system (to get the internal details in pictorial form for further analysis).

(1) Neutron sources:  The major sources of neutrons which are used for neutron radiography are given below.
· Nuclear Reactors

· Particle accelerator
· Radio isotopes ( viz. Sb-Be, Am-Be, Cf-252)
(2) Moderator and Collimator: Though fast neutron radiography is currently under investigation, all practical radiography uses thermal neutrons. The primary neutron from the neutron source is high energy neutron (fast neutron). Therefore, moderators like water and heavy water are used to moderate the energy of the neutron to the thermal range. 
The extraction of the useful neutron beam from the reactor is achieved by the insertation of a probe tube or collimator. This tube directs the neutrons into the moderator. The L: D of collimator is an important factor which affects the resolution of the neutron radiography images. Higher the L: D better is the resolution.
(3) Neutron Detection and imaging: Neutrons are not directly ionizing radiation and hence do not affect the conventional films used in other industrial radiography techniques. Therefore the detection system for neutron consists of latent image recorded in close contact with a thin sheet of material called converter screen. These are often the metallic foils. The convertor screen absorbs the neutron and converts it to the secondary radiation to which the image recording film responds.
Application:
· Characterization of isotopes
· Examination of dense material like uranium

· Examination of the explosives.

· Examination of radioactive materials due to availability of image detection method.

· Neutron radiography also facilitates the checking of adhesive layers in composite materials, surface layers (polymers, varnishes etc). 
· All types of O-rings and joints containing hydrogen can be observed even through a few centimetres thickness of steel.
· Oil lubrication (engines, gear boxes)

· Fuel behaviours (carburettors, injectors)

· Two-phase flow (heat exchangers, condensers, steam generator tubes)

· Transfer and migration of fluids into porous media (wetting of soils, pollution migration, plants growing)
Advantages and Disadvantages:

Advantages

· Neutrons can image the light elements and pass through heavy elements better than x-rays. 
· Neutrons also have the ability to react differently to different isotopes. 

Disadvantages:

· One of the important precautions is the possibility that the object might become activated and radioactive.
· Access to neutron source is required; therefore this technique is quite expansive.
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