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a b s t r a c t

We report on the development of a device designed to improve X-ray Powder Diffraction data acquisition
through mapping coupled to a rotational motion of the sample. The device and procedures developed aim
at overcoming the experimental issues that accompany the analysis of inhomogeneous samples, such as
powders, dust or aerosols deposited on a flat substrate. Introducing the mapping of the substrate on
which powders are deposited and at the same time the rotation, we may overcome drawbacks associated
to inhomogeneous distributions such as ring-like patterns due to the coffee stain effect generated by the
evaporation of a solution. Experimental data have been collected from powders of a NIST standard soil
sample (11 lg) and from an airborne dust extracted from deep ice cores in Antarctica (9.6 lg). Both par-
ticulate samples have been deposited on polycarbonate membranes from ultra-dilute solutions. Data
show that this approach makes possible to collect XRD patterns useful to identify mineral fractions pre-
sent in these low density samples.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Obtaining information about the mineralogical composition of
natural samples characterised by very small amounts of material
poses significant analytical challenges. A microscopic approach,
as possible with modern electron microscope techniques such as
high-resolution Transmission Electron Microscopy (HR-TEM) is
often successful, as allows identifying individual particles’ compo-
sition and structure [1]. However, this relies on the ability to
extract and deposit microscopic particles on small supports
(e.g., e.m. grids), on the identification of individual particles and
on the collection of large datasets to guarantee a significant statis-
tical sampling.

At the same time, the extraction procedures for preparation to
microscope analysis add manipulation steps exposing samples to
potential contaminations. In addition, the need to expose
micron-sized materials to vacuum conditions for relatively long
acquisition sessions cannot guarantee minerals are found in their
pristine state, which is particularly true in hydrated systems or
in general for samples where equilibrium with the environment
is important. On the other side, application of averaging analytical
methods, where X-ray Powder Diffraction (XPRD) plays a major
role, potentially faster and more statistically significant, is
restricted by the detection limit boundary. High samples’ dilution,
i.e., the dispersion of minute amounts of significant material over
large deposition areas, lowers the signal/background figure as sam-
ples’ support contribution to the measurement becomes dominant.

In this work as example, polycarbonate filters affected data by
an intense background signal, which decreases drastically the
signal/noise ratio. One way to help overcoming this problem, is
to use intense and collimated sources as provided by synchrotron
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radiation instead of laboratory sources. The high photon flux
(�1011 monochromatic photon/s still using a synchrotron radiation
bending magnet source from a modern facility) and the high
brilliance giving well collimated and small beams increases signif-
icantly the possibility to detect weak peaks while decreasing sig-
nificantly the acquisition time. As a comparison, reference
information on low concentration dust samples of nature similar
to the examples presented here (with concentrations compara-
tively higher by a factor 6 to 50), but using conventional instru-
mentation and consequently long acquisition times (hours) can
be found in references [2–4].

This is particularly significant in the case of the analysis of the
insoluble mineral fraction extracted from deep ice cores. In cold
areas far from direct anthropic and natural contamination, the
mineral particulate trapped in snow efficiently samples the dust
circulating in the atmosphere. Dust extracted from ice cores, taken

from locations where snow and ice accumulation is regular and
unperturbed, represents then a time-lapsed profile of the atmo-
spheric composition. Deep ice cores from Antarctica [5] span
among the longest temporal window, and provide information on
the earth climate with high temporal resolution, back to one mil-
lion years before present.

Analysis of this particulate poses substantial analytical chal-
lenges. Concentration of the mineral fraction is particularly low,
as figures of 10–100 ng of mineral particles per g of ice are the
norm. Therefore, extraction and concentration of this extremely
low quantity of solid particles make sample preparation difficult
and prone to external contamination. To minimise contamination
in particular, a single preparation step providing samples good
enough for different analytical techniques is the ideal route. In
our case, samples are prepared with the minimal number of sam-
ple manipulation steps, by direct filtration of melted ice on poly-
carbonate membranes of diameter 13 mm. The polycarbonate
substrate was chosen in order to perform both mineralogical and
elemental composition analyses of mineral materials coupling
XPRD, Proton Induced X-ray Emission (PIXE) [6], and subsequently
synchrotron-based X-ray Fluorescence (XRF) and X-ray Absorption
Spectroscopy (XAS) analyses [7]. Elemental purity was a driving
parameter for the choice of the material for PIXE and XRF analyses,
giving essential elemental information for the characterisation of
aerosol materials.

For XPRD analysis the use of polycarbonate filters causes the
presence of a non-negligible background, with a strong scattering
peak evident at 20 degrees for acquisitions with incident beam
energy at 7 keV. A previous approach [2,3] using a standard X-
ray tube and a PANalytical X’Pert Pro diffractometer equipped with
a multi-channel X’Celerator detector in parallel beam geometry,
has demonstrated that it is nonetheless possible to recognise main
mineral fractions in Antarctic samples with accurate preparation
and long acquisition times (several hours), with a detection limit
estimated to be �1 lg per mineral fraction. Using this approach,
the average peaks’ number observed in the whole pattern ranges
from 3 to 5 for dust depositions of the order of 100 lg. Improving
over this limit is possible only by considering the sources of signal
limitation in the data acquisition strategy. In the case of low con-
centrated systems, the signal/noise ratio is dominated by the dif-
fuse scattering of the sample support always present while the

Fig. 1. Photograph of the assembled Antarctica Sample Project X-ray positioner
(ASPjX).

Fig. 2. Schematic description of scanning mechanism and detection geometry of the sample manipulation device.
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