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Rare earth elements (RREs) include the fifteen lanthanides plus scandium and yttrium [1]. Because of
their prevalence in renewable energy devices and high-end electronics, REEs become increasingly
significant for the advancement of technology and energy saving devices [2]. The goal of this project is
to estimate the economical values of rare earth elements and to find the optimal extraction process
through charactering composition and morphology of REEs-bearing minerals. Typically, the
quantitative evaluation is achieved by automated scanning electron microscope and mineral liberation
analyzer, but the results are limited by the low spatial resolution and global chemical analysis of these
methods. High spatial resolution imaging and x-ray microanalysis are needed to correctly characterize
the REEs-bearing minerals.

Field-emission scanning electron microscope and microanalysis at low accelerating voltage could
resolve these problems [3]. However, the standard x-ray detector geometry does not allow x-ray
microanalysis and high-resolution imaging. The imaging and x-ray microanalysis cannot achieve the
best special resolution without the smallest probe size because of the long working distance. The annular
Silicon drift detector (SDD) system solves this problem: a short working distance is obtained since this
detector is inserted below the pole piece. Such position leads to a high solid angle up to 1.2 sr, with a
working distance used for high spatial resolution imaging [4]. Besides, more counts will be acquired in a
short time because the count rate can reach as high as 2,000,000 cps, which lead to the lower detection
limit of elements and smaller minimum size of different phase features. Figure 1 shows a comparison
between a conventional SDD and an annular SDD under the same acquisition conditions. With the
higher count rate of 116 kcps of the annular SDD, the x-ray maps of Zr and Si have smaller noise and
more detailed phase boundaries. Figure 2 shows the high quality x-ray maps at low accelerating voltage
using an annular SDD. The small probe diameter, the small interaction volume and the large solid angle
contribute to the detailed maps: even very small phases could be observed.

The annular SDD with larger solid angle allows quantitative micrograph with simultaneous high
resolution imaging for a complete characterization of the rare earth element ores.

References:

[1] Xie, Feng, et al. "A critical review on solvent extraction of rare earths from aqueous solutions."
Minerals Engineering 56 (2014): 10-28.

[2] J. M. Crow, New Scientist, 2817 (2011) 36-41.

[3] Demers, H., et al. "Characterisation of rare earth minerals with field emission scanning electron
microscopy." Canadian Metallurgical Quarterly 52.3 (2013): 329-334.

[4] Kotula, P. G., J. R. Michael, and M. Rohde. "Results from two four-channel Si-drift detectors on an
SEM: Conventional and annular geometries." Microscopy and Microanalysis 14.S2 (2008): 116-117.

https://doi.org/10.1017/51431927614004966 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927614004966

Microsc. Microanal. 20 (Suppl 3), 2014 649

Conventional SDD Annular SDD
2.56 keps 116 keps

Map data 13
SE MAG: 1000xHV: 20kV WD: 15.3mm

Figure 1. Comparison between a conventional Silicon drift detector (SDD) (left) and an annular SDD
(right). The same acquisition time of 250 seconds and SEM parameters were used.

obtained from a rare earth element ore at low accelerating voltage of 5 kV.
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