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Preface

THE PAPERS IN THIS VOLUME were presented at the third in a series of
symposia on low energy X- and gamma-ray sources and applications
held at Boston College, Chestnut Hill, Massachusetts. The symposium,
which was sponsored jointly by Boston College, Panametrics, Inc., and
the Atomic Energy Commission, was international in character, and
broad in scope in the sense that fundamental studies were combined
with applications in such diverse fields as geology and medicine as well
as a wide variety of industrial applications.

The purpose of the third symposium, as was that of the first and
second, was to bring together scientists engaged in the development of
X- and gamma-ray technology and to provide an opportunity for an
interchange of ideas. This should assist in meeting requirements placed
upon us by our ever-expanding society in the fields of medicine, en-
vironmental pollution analysis, and industrial quality control.

. The general theme of the symposium was biased toward radioiso-
tope-excited X-ray fluorescence analysis (XRF) and the various tech-
niques employed to improve upon the technology. Energy determina-
tion using balanced filters and scintillation counters or semiconductor
and proportional counters were treated in considerable depth. Other
technologies covered were Méssbauer effect spectrometry and electron
spectroscopy. It is expected that interest in each of these areas will
continue to grow as the spectral capabilities of each are better
understood.

It is interesting to note that radioisotope-excited XRF first became
practical back in the forties after the Manhattan District Project came
into being although the possibility of radioisotope X-ray excitation was
demonstrated by Chadwick’s experiments in 1912 when he observed
that alpha particles could be used to excite fluorescent X-rays. But it
has been only within the past 10 years that XRF has begun to show
signs of wide acceptance by industry and by scientists working in a
variety of disciplines.

Massbauer effect spectroscopy based on recoilless resonant absorp-
tion of gamma rays has, in the 12 years since its discovery by R. L.
Mossbauer, likewise made significant advances into the fields of
chemistry and metallurgical research. This relatively new analytical

v




vi Preface

technique and the still newer developments of electron spec&bscopy,
each in its own right, appear to offer many potential benefits that are
yet to be appreciated fully. The sponsorship of government programs
with valuable input from industrial and other organizations will, no
doubt, bring about a better understanding of these benefits.

James W. Hircu
Division of Isotopes Development
U.C Atomic Energy Commission
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Progress in Industrial Application of
Low Energy Radioisotope X-Ray Techniques

J. R. RHODES

INTRODUCTION

ONE OF THE PROBLEMsS of a review such as this is to define its boundaries
. in time, space and subject matter. This paper reviews applications since
1967, with special reference to instruments and techniques in radio-
isotope X-ray analysis that have found significant application in in-
dustry. Included are field and field-laboratory uses in the mining
industsy, and developmental equipment which is intended for industrial
use. ’

Radioisotope low energy X-ray fluorescence, absorption and back-
scatter are used in two main categories of measurement, coating thick-
ness and elemental analysis. A convenient and self-consistent set of
formulae and recipes suitable for calculating feasibility of these measure-
ments by the above techniques, and by beta particle backscatter, has
recently been published.?

This review is confined to the two most significant areas of industrial
application that have developed in the past three years, the use of
portable radioisotope X-ray fluorescence analyzers and the installation
of a number of on-stream process analyzers.

Later in this volume Cameron® will be discussing the state of the art
in portable, laboratory and on-line methods of coating thickness
measurement. Also Chen and Cahill* will describe industrial application
of X-ray fluorescence and absorption to the measurement of thickness.

The range of applications of X-ray absorption and backscatter for
analysis is not great enough to warrant special review. The main ap-
plications are to effectively two-component systems such as coal/ash®
and meat/fat,® and to the determination of heavy elements in light
matrices such as sulphur or cobalt in hydrocarbons.?

APPLICATIONS

Half of all the papers published in the last three years describe portable
analyzers and applications of them in various industrial and field en-
3



4 J. R. Rhodes

vironments. Half of the rest describe applications to industrial process
control. These include ‘“‘on-stream” analyzers where a continuously
moving sample of the plant stream is measured, and’“off-stream”
analyzers which measure discrete samples taken automatically..

It is not known how many individual instruments are in use, but it is
probable that the number of portable analyzers in use is much greater
than the number of papers written on their use, since they have been
commercially available for five years. However, other analyzers are not
yet generally available, and the number in use is not likely to greatly
exceed the number of papers written.

Table 1 classifies, alphabetically by element, the significant analyses
reported in the past few years in the above-mentioned areas. A study of
the published feasibility investigations reveals that in about 609, of
them the objective was to optimize the accuracy of major component
determinations, and in the rest it was to obtain the best possible
sensitivity. In the former case, the main sources of error are matrix
effects. In applications of portable analyzers, much ingenuity has gone
into devising methods of minimizing these errors without compromising
the essential simplicity of the equipment and measurement procedures.
We expect to see more development along these lines, as matrix effects
appear to be one of the main obstacles to much more widespread
field use.

Sensitivity is limited by the basic considerations of counting statistics,
and the fluorescent to scatter ratio. Using scintillation and propor-
tional counters, detection limits of about 0.0059, (and in favorable
cases, 0.001%,)7 can usually be obtained by one of two methods. The
first is to use a source whose backscattered radiation is just resolved
from the required characteristic X-rays. The second is to excite the
required fluorescence with maximum possible efficiency using an
energy just above the absorption edge of the element to be determined.
Resolution limitations prevent employment of both these methods
simultaneously with proportional or scintillation counters. They do not,
however, when Si(Li) or Ge(Li) detectors are used, and in this case
sensitivities of a few p.pam. can be obtained even with heterogeneous
ore samples. ** It séems that the development potential of proportional
and scintillation counters in this respect has been thoroughly investi-
gated and largely exhausted.® This is not the case with Si(li) and Ge(Li)
spectrometers where many studies using obvious combinations of high
resolution detectors, monochromatic line sources and thin samples!!
(for example) have not yet been performed. We expect to see a rapid
increase in the number of investigations in this area.
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