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Abstract

Microfocal X-ray computed microtomography (CMT) is a novel technique that produces
three-dimensional maps of the distribution of the linear attenuation coefficient inside an object. In
contrast to the more conventional medical computerized tomography (CT) systems, a microfocal
X-ray source is used. This enables a far better spatial resolution. The linear attenuation coefficient
or tomodensity is dependent on the physical density and the mineralogy of the object to be
imaged, and on the energy of the radiation used. Earlier work by Verhelst et al. (Verhelst, F.,
David, P., Fermont, W.J.J., Jegers, L., Vervoort, A., 1996. Correlation of 3D-computerized
tomographic scans and 2D-color image analysis of Westphalian coal by means of multivariate
statistics. Int. J. Coal Geol. 29, 1-21) presented the results of the correlation of the tomodensities
obtained from three-dimensional CT scans with two-dimensional data on the composition of a coal
sample acquired with color image analysis (CIA), a camera technique. This analysis assumed the
linear proportionality of the tomodensity with the real physical bulk density, which is true only for
certain energy ranges. In this paper, we use CMT devices for a similar correlation. For sake of
comparison, the same core sample was used. First, new CIA data on the surface composition
along two profiles were sampled with greater detail (100 pm). These data are subjected to a
geostatistical analysis to quantify the spatial dependence between the measurements. Second,
CMT tomograms were made, yielding spatial resolutions twice as high as medical CT. A
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multivariate correlation was carried out, and two improved (geo)statistical methods are suggested.
The different energy range of the microfocal X-ray source compared to medical CT, however,
produces some bias in the correlation of the tomodensities with the surface percentages of the
constituents. We therefore suggest that the linear attenuation coefficient be treated as a separate
unit. No attempt was made to translate the linear attenuation coefficient to the physical bulk
density of the different constituents of coal (e.g. macerals). © 1997 Elsevier Science B.V.,
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1. Introduction

Previously, Verhelst et al. (1996) correlated three-dimensional tomodensity (or linear
attenuation coefficient for X-rays) measurements with two-dimensional compositional
data for a linear set of intervals on or near the surface of a coal sample. The
tomodensities were obtained with the conventional (medical) computerized tomography
(CT) technique, along a profile or trace through a coal sample perpendicular to the
layering. The percentages of five different constituents of the coal (vitrinite, liptinite,
inertinite, pyrite and voids, filled with binder) were acquired on the surface with color
image analysis (CIA).

Among the recent developments in CT is the fabrication of systems using microfocal
X-ray equipment. Computed microtomography (CMT) produces higher-resolution maps
of the distribution of the linear attenuation coefficient inside a sample (Sasov, 1987;
Jasti et al., 1993; Spanne et al., 1994; Simons, 1996 and references therein). New
devices have been made commercially available (Fuhrmann, 1993, 1994, 1995). The
performance of microtomography depends on the size of the sample, since the object is
placed in a cone beam. The positioning of the sample in the beam will optimize photon
counting statistics. The pixel size and highest significant spatial frequency achieved are
determined after the measurement. The best way to quantitatively evaluate the reliability
of this new technology for the characterization of geologic media, e.g. coal, consists in
performing a similar analysis as in Verhelst et al. (1996) on material from the same core
sample. In this paper, new surface data on the composition of the same Westphalian A
coal treated by Verhelst et al. (1996) are obtained with much smaller sampling intervals
than the previous study. This is done to yield smaller pixel sizes suitable for comparison
with the enhanced-resolution microfocal CMT measurements. The microtomographic
slice through the sample is obtained within only a few tens of microns from the surface.

The real physical composition of the coal material under study has a high intrinsic
spatial fluctuation. CIA measurements obtain average compositions of a certain area
(called the support in geostatistical theory) which is 100 X 100 um?® in this study. It
should be noted that this area is larger than the spatial variability of the coal composi-
tion. However, this CIA resolution is in turn an order of magnitude better than the
resolution of the CMT. This enables us to consider the spatial resolution of the CIA
measurements, although not perfect, as the ‘reality’ to be compared with the CT
measurements.

After a brief discussion of the techniques used, the results for both CIA and CMT






