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1. INTRODUCTION

The objective of the project is the development and industrial application of nuclear
and microwave techniques for the on-line determination of hydrogen, moisture and other
parameters. The stated objectives for the first stage of the project (subject to industry
funding) was to:

• Manufacture improved laboratory facilities for neutron/gamma analysis of bulk coal
and mineral samples for elemental determination including hydrogen.

• Test samples on new neutron laboratory facility using backscatter and transmission
geometries, employing Am-Be, Cf-252 radioisotopes and neutron generator.

• Compare the use of a neutron generator and radioisotope sources for elemental
determinations.

• Develop and implement advanced spectral analysis techniques
• Develop new laboratory low frequency microwave transmission gauge. The gauge will

improve the dynamic range of the present commercial analyser and allow operation on
high thickness, high moisture samples

• Assess accuracy of prototype microwave gauge on a range of samples including black
and brown coal and iron ore.

• Investigate other applications of the fast neutron and gamma ray transmission (FNGT)
gauge. Present commercial gauge is only used for coke feed to a blast furnace in an on
belt geometry.

Progress with respect to these objectives is discussed below.

2. ON-CONVEYOR BELT DETERMINATION OF ASH IN COAL

A laboratory feasibility study has been carried out on new and advanced neutron
and gamma ray analysis systems for the direct on-conveyor belt analysis of ash in coal.
Such an analysis system could deliver the combined advantages of a direct on-conveyor
configuration with new and accurate analysis techniques. A survey of the Australian coal
industry has indicated that accurate on-belt ash analysis is of the highest priority.



Subsequent laboratory work has focussed on the investigation of methods with the
potential for improving the accuracy of ash content measurement relative to existing on-
belt systems. Existing on-belt ash analysers based on dual energy gamma-ray transmission
(DUET) are affected by changes in ash composition and furthermore they analyse only a
small section of the coal on the belt as the coal passes the instrument.

A laboratory prototype gauge has been developed comprising an241 Am-Be neutron
source and multiple detectors to simultaneously measure neutron inelastic scatter and
thermal neutron capture gamma rays from bulk coal samples. Measurements have been
made on 24 bulk (about 70 kg) coal samples of thickness from 100 to 300 mm and ash
from 8 to 31 wt.%. The samples comprised 12 samples of run-of mine (ROM) coal from
Mt Thorley and 12 samples of product and ROM coal from Camberwell Coal. Four
methods were used to analyse this data, namely multiple linear regression/spectral
windows (MLR/SW), artificial neural network/spectral windows (ANN/SW), partial least
squares (PLS) and principal Components analysis/ANN. Of these methods, the ANN/SW
and MLR/SW currently give the best results. However, the measured accuracy of any
experimental technique will be limited by the accuracy of the chemical laboratory
measurements on which the calibration is based. In the present case, we have been able to
achieve calibration and cross-validation rms errors of between 0.46 and 0.55 wt.% ash
using either MLR/SW or ANN/SW on a suite of coal samples for which the standard
deviation of the chemically measured ash values has been estimated to be 0.5 wt.% [1].
Application of the Grubbs Estimator method indicates gauge errors of about 0.40 wt.%
ash. The present results suggest that these techniques are capable of significant
improvement in accuracy but are currently limited by the sampling and chemical
laboratory error.

Currently investigations are proceeding on improving the spatial response of the
gauge using Monte Carlo modeling and on replacement of the radioisotope source by an
electronic neutron generator.

3. ON-BELT ELEMENTAL ANALYSER FOR THE CEMENT INDUSTRY

On-line control of raw mix composition is a key to the improved control of cement
plants. Elements of primary importance to the industry are calcium, silicon, aluminium and
iron. Elements of secondary importance are magnesium, sulphur, chlorine, sodium,
titanium and potassium. Analysis is performed directly on the conveyor belt transporting
the raw meal to the mill. The main challenge in developing bulk material analysers for
application to direct on-belt analysis is to develop techniques which are capable of
measuring the parameters of interest independent of both horizontal and vertical
segregation and independent of changes in belt loading and moisture content. Both neutron
inelastic scatter (NIS) and thermal neutron capture (TNC) gamma ray techniques have the
advantages of using highly penetrating radiation so that measurements are averaged over a
large volume of material on a conveyor belt.

A laboratory gauge has been developed comprising an 241 Am-Be neutron source
and multiple BGO detectors to measure simultaneously NIS and TNC gamma rays from



bulk cement raw meal samples. Laboratory measurements on a wide range of bulk
synthetic and plant samples have shown that the 1-hour accuracies for the primary
compounds CaO, SiO2, A12O3 and Fe2O3 and MgO are 0.16, 0.24, 0.31 and 0.06 wt.%
respectively. These results are quoted on a loss free basis for samples of thickness 158 to
197 mm. The results for Mg, Cl, K and Ti are also very promising, with absolute loss-free
rms errors of 0.13, 0.01, 0.11 and 0.14 wt.% respectively. A Prototype Commercial
Analyser is presently under construction for installation and commissioning in Adelaide
Brighton's Birkenhead plant by early 1999.

The issue of the spatial sensitivity of the gauge - that is, the extent to which certain
regions of the cement on the belt contribute more to the measured composition than others
- was investigated using a combination of Monte Carlo modeling and experimental
measurements. In order to determine the relative contribution of different parts of the
cement raw meal to the composition measurement, a Monte Carlo simulation was used
with simplified belt geometry. A rectangular slab of material with width 600 mm,
thickness 180 mm and infinite length was modeled together with the Am-Be source, the
belt, the tungsten shielding and the detector. Characteristic gamma rays (used in the
composition measurements) that reach the detector without interacting are tagged
according to the position they originate from in the cement meal. The distribution of these
gamma rays with position is directly related to the contribution of different regions to the
composition measurement. In this way, the spatial sensitivity of the gauge can be
determined for the elements of interest in a range of samples. For example, calculations for
the 0.847 MeV gamma ray from iron have shown that using a single source and single
transmission detector leads to a highly non-uniform performance, with material closest to
the belt contributing only about 40% as much as material on the top surface. However,
using the dual source arrangement, the performance is vastly improved, with most of the
cement sample now contributing within 25% of the maximum level [2].

In order to validate the Monte Carlo results, a series of experiments were performed
using the modified laboratory gauge setup. A 6-mm thick iron plate was buried inside a
cement sample at 3 different depths (on the bottom surface, in the middle, and on the top
surface) and the number of 0.847 MeV iron gamma rays received at the detector measured.
The decrease in the number of gamma-rays produced in the iron plate with increasing
distance of the plate from the source is more than offset by the increased probability that
the gamma-ray reaches the detector without interacting. The agreement between Monte
Carlo and experimental data was better than 15% relative.

4. ON-CONVEYOR BELT DETERMINATION OF MOISTURE

There has been a long term interest in the on-conveyor determination of moisture in
coal as product moisture is strongly correlated with dust control and handling difficulties,
and in addition is an important export specification.

Microwave based moisture technology is well suited to the measurement of
moisture in coal as it is a bulk analysis that is relatively unaffected by changes in the
surface moisture of the coal under widely varying environmental conditions that are



commonplace at the mine site. CSIRO Minerals has developed a microwave transmission
technique for the on-line determination of moisture in materials carried on a conveyor belt.
CSIRO licensed Mineral Control Instrumentation (MCI) Limited to manufacture and
market this instrument and at present more than 60 commercial units are installed in
Australia and overseas. However, the standard MCI microwave moisture analyser is
unsuitable for the analysis of highly attenuating materials, such as moist coal at high (>300
mm) bed depths.

CSIRO Minerals has subsequently developed a low frequency (<1 GHz)
microwave technique suited to the on-line measurement of moisture in thick beds of iron
ore and coal. In both instances, the present commercial analyser has insufficient dynamic
range to operate effectively on thick beds. Recently an industrial prototype of a low
frequency microwave moisture analyser has been installed for the on conveyor belt
analysis of coal to 500 mm depth at 17-24 wt.% moisture. Accuracies of about 0.3 wt.%
moisture have been achieved both in the laboratory and in plant trials [3].

5. FAST NEUTRON / GAMMA RAY TRANSMISSION

In the fast neutron and gamma-ray transmission (FNGT) technique, the
transmission of fast neutrons through a bulk material depends on the hydrogen content and
mass per unit area of the material, whereas the gamma-ray transmission depends on the
mass per unit area only. Combining measurements of neutron and gamma ray transmission
therefore permits hydrogen (and, in most cases, moisture) to be determined independent of
mass per unit area. The CSIRO developed and applied the FNGT technique for the direct
on belt determination of moisture in lump coke. The rms difference between gauge and
laboratory moisture was 0.24 wt.%, equivalent to a hydrogen accuracy of 0.027 wt.%.
CSIRO licensed the technology to MCI and to date four CM 100 commercial gauges have
been installed in industry.

Recently CSIRO has been involved in assessing microwave and nuclear techniques
for the on-belt determination of moisture in a lead sinter feed. The FNGT technique is
capable of very accurate on-line determination of the total hydrogen content of bulk
materials. In cases where the hydrogen content is well correlated with moisture, accurate
moisture determination is possible. The FNGT technique is better suited to hydrogen
determination in high atomic number materials such as lead sinter than it is to low atomic
number materials such as coke. Calculations indicate that, using a commercial CM 100
Coke Moisture Gauge, the counting statistical error will be about 0.35 wt.% moisture for a
one minute count on lead sinter of thickness 50-200 mm. This counting statistical error
could be reduced by a factor of three by either counting for 10 minutes or by replacing the
current detector in the CM 100 with a commercially available high efficiency detector.
Calculations have shown that a change in non-moisture hydrogen due to a 10% change in
paragoethite would cause a FNGT moisture error of about 0.47 wt.% [4].

However, for this application laboratory measurements showed that microwave
transmission could determine moisture in lead sinter feed samples to within 0.18 wt.% over
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the range 5.1 to 9.6 wt.%. On the basis of these results we recommended that microwave
transmission is the preferred technique for on-line analysis.
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