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A New X-Ray Diffraction Technique
Conventional laboratory-based X-ray diffraction (XRD) analysis of, for example, geological
samples requires grinding of the sample to a fine powder and positioning relative to the
instrument with sub-millimetre accuracy. A novel XRD technique with a unique back-reflection
geometry, Fig. 1, has been invented by Dr Hansford. This technique has extremely low
sensitivity to the shape of the sample and can therefore be used on wholly unprepared
samples. This property opens up new applications in the XRD analysis of materials, such
as hand-held/portable analysis of rock specimens, archaeological and art investigations,
and a range of industrial applications such as mining/quarrying and quality control in
cement manufacture.

Fig. 1: Schematic instrument layout

Proof-of-Principle: Analysis of a Limestone Rock Specimen
In order to prove that the technique works, a limestone whole rock
sample, Fig. 2, was chosen for analysis. Limestones have a relatively
simple mineralogy and are important in a range of industries. Fig. 3
shows the recorded limestone X-ray spectrum (black trace). Peaks due
to X-ray fluorescence from specific elements are labelled; the remaining
are X-ray diffraction peaks. The red trace shows a model simulation
assuming only calcite, CaCO3, is present, and the green trace is a
simulation of 80% calcite and 20% dolomite, CaMg(CO3)2. The dotted
ovals show where distinct features due to dolomite are seen, in good
agreement with the experimental trace.

Fig. 2: Photograph of
the limestone
specimen. The circle
indicates the size and
position of the x-ray
illumination area.

Commercial Applications
A very diverse range of commercial applications may benefit from this
technology. The most promising area for initial exploitation is in mining
and quarrying – indeed, limestone quarrying is an example. A handFig. 3: Limestone spectrum compared to model data.
held or portable instrument based on this technology will support
decision-making by the mining geologist in the field. The geologist may only need to know the relative amounts of
two related minerals, such as calcite and dolomite in limestones, or hematite (Fe2O3) and magnetite (Fe3O4) in iron
ores. The back-reflection XRD method can answer questions such as these despite its limited resolution relative to
conventional laboratory-based XRD techniques, avoiding the need for the time-consuming process of sending
samples to an off-site analysis lab. Other promising application areas, such as the analysis of stress in steels and
archaeometry and art investigations, are also being pursued.

My Paul Instrument Fund Award has given me invaluable experience in
developing an idea from initial conception through to demonstration of clear
commercial potential, and the opportunity to engage with industry to shape
the direction of the project. Simultaneously, this research has benefitted my
career by raising my profile within the University of Leicester and promoting
the reputation of the University.

