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Abstract

The penetrating nature of the photons produced by the X-ray (bremsstrahlung) process makes them attractive for
the treatment of dense materials in industrial radiation processing. The inefficiency of the conversion process can be
balanced by the exposure of high Z materials to electrons with high energy. However, activation of the product
being irradiated and the equipment imposes energy limits. Results of a theoretical and experimental study to
investigate the key parameters have resulted in recommendations for the design of X-ray converters in the electron
energy range 7 to 11 MeV. Results of the Monte Carlo calculations and the methods used in conversion

experiments with the 50 kW IMPELA accelerator are reported. ©

1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

When the irradiation of food becomes commercial on
a large scale, new radiation sources will be needed.
0Co supply will be inadequate (Mylvaganam and
Ronchika, 1990) and the photons from the developed
large radioactive sources will not provide the required
penetration for commercial throughput of some high
density products (Cleland et al., 1990). Electron accel-
erators with high power X-ray (bremsstrahlung) con-
verters already in service at S MeV (Sato et al., 1993)
have been suggested as satisfying the market need. A
major drawback of this technology is the low efficiency
of the X-ray conversion process and suggestions have
been made to increase the efficiency by raising the elec-
tron energy.

There are two major concerns in raising the electron
energy. The electron energy is limited by the onset of
nuclear reactions in the processing equipment and in
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the irradiated material. These concerns are com-
pounded by the use of high atomic number targets to
increase the photon yield. The issues were well under-
stood by early researchers in the field (Becker, 1983)
leading to the adoption by the World Health
Organization of a 5 MeV limit (WHO Report, 1981).
More recent work has indicated that this limit is un-
necessarily conservative and a recent experts’ commit-
tee of the International Atomic Energy Agency has
made a recommendation to allow energies up to 7.5
MeV to be used (Brynjolfsson, 1995).

A component part of the recommendation is that ex-
periments be undertaken to confront the key issues
with modern accelerators and diagnostic equipment,
leading to a quantification of the processes involved.
The objective of the work reported here is to make a
first step in examining the feasibility of using high
atomic number X-ray converters over the energy range
7 to 1t MeV. In this work, we take advantage of the
availability of the 50 kW IMPELA accelerator in a
laboratory environment at Chalk River, where high
resolution spectrometers are available to assist in the
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