Neutron Radiography

Introduction

Clifford G. Shull and Bertram N. Brockhouse received the Nobel Prize in Physics 1994, "for pioneering contributions to the development of neutron scattering techniques for studies of condensed matter." [“Nobel prize”, 2003] Based on their research, neutron radiography and neutron spectroscopy was developed. Similar to x-ray radiography, neutron Radiography provides a non-destructive method to view inside solid objects. Neutron radiography is provided by NRAY Services Inc. at McMaster University, for a wide range of applications. [NRAY, 2004]

How it Works

Neutron radiography uses a beam of penetrating particles, neutrons in this case, to view inside solid objects. The neutrons used by NRAY services Inc. come from the McMaster University research reactor. For neutron radiography only thermal neutrons can be used because fast neutrons would entirely pass through the sample object and over expose the film. The thermal neutrons have energies averaged around 0.025eV [Chettle, 2003] and are directed toward the target at a fluence of 2*109 neutrons/cm2. This is good for non-living samples, however, it is lethal to all living things in a short period of time. Samples are exposed to these neutrons for 7 minutes. Most of the neutrons pass directly through the object, however, many are slowed down or stopped through a process called attenuation. Attenuation of neutrons occurs via elastic scattering, inelastic scattering (bouncing off), neutron absorption, and nuclear reactions. For the thermal neutrons used in neutron radiography, absorption is the primary interaction, however, some scattering does occur as well. Certain elements absorb neutrons better than others. This is referred to as the neutron cross section which is unrelated to atomic number. [Chettle, 2003] Specifically the isotopes: hydrogen1, nitrogen14, chlorine35, boron10, and lithium6 are excellent at absorbing neutrons, and as a result appear white on the final image. [Neutron Cross section, 2004] The image can be generated using several different methods. One such method requires using a screen made of Gadolinium that absorbs neutrons and becomes radioactive then emits gamma rays. The radioactive screen is held against normal x-ray film, and the gamma rays produce the final image. [NRAY, 2004]

Uses and Advantages

Neutron radiography has a wide range of industrial, research, and quality control applications. Some examples include testing products for internal flaws, cracks, and defects, testing for the presence of detonators and powder in bullets and shells, making cool looking post cards and posters, inspecting artifacts from archaeological digs, and inspecting radioactive gamma sources inside their shielding. [NRAY, 2004]

The neutrons used for neutron radiography have wavelengths 1-4 angstroms while the wavelength visible light ranges from 3800 to 7500 angstroms. This allows resolutions 1000 times greater to be created and even positions of atoms can be determined. [NRAY, 2004] However, the final resolution is limited by the method used to generate the image. 
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Neutron rays and x-rays are complementary techniques to non-destructively examine the insides of objects. X-rays are attenuated by large atomic numbered elements, while neutrons are attenuated by elements with large neutron cross sections, like Hydrogen. When combined, these two techniques can give a nearly complete picture inside objects. [NRAY, 2004]

While we were touring the reactor the workers showed everyone how they can check jet turbine blade air channels for problems. This is important to the jet companies because blocked air channels could break and wreck the entire engine. They injected a hydrogen rich substance like wax or resin into the air channels and did neutron radiography on the blade. The neutrons pass though the blade material but are absorbed by the substance in the air channels. The radiographs are then analyzed for internal defects.

Also during the tour, they showed everyone the work they have been doing for the American Military. A few artillery shells in several thousands were defective and had to be found. The neutron ray was used to look inside the shells and find the defective few without any problems, resulting in big payment from the Americans.

Conclusion

Neutron radiography is a great tool to do non-destructive analysis inside objects. The only major disadvantages to using neutron radiography are the requirement of obtaining the large number of neutrons and the danger of neutrons to living biological tissue. However, improvements in the image generation step, such as using digital methods to pick up and amplify neutron signals could greatly enhance image quality and allow for the usage of much smaller number of neutrons. With smaller numbers of neutrons the effect on living tissue would be greatly diminished. Until then, neutron radiography will remain rather expensive, limited to a few locations, and not as useful in the medical field.
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