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Spectroscopic study: fundamentals
Problematic X-ray absorption energies quoted for W L- and Ls-edges are 12099.8 and 10206.8 eV
Tungsten displays unique physical-plus-chemical properties that hinder its replacement in relevant specialized respectively. The energy of the white-line in the Lz-edge XANES spectrum is clearly
Industrial applications and render it a critical commodity for the EU (Fig.1). For long been mined at Panasqueira (Beira- indicative of the metal ion valence in oxide compounds (W®°* in the present case) and

Baixa district), making Portugal the main European producer, this mine has given rise to a huge tonnage of debris the occurrence of a pre-edge feature in the L;-edge XANES spectrum denotes a non
(attaining 0.3% WO, [1] at Barroca Grande slimes, Fig.2). Considering Horizon 2020 objectives and recent efforts to implement a centro-symmetric coordination geometry [3,4], namely for tetrahedral ions — as in
sustainable retrieval of critical mineral resources, it became mandatory to improve the recovery of tungsten from mine | | scheelite (Fig.4). Conversely, a perceptible splitting of the white-line in the Ls-edge
tailings and, simultaneously, to identify mineral phases carrying valuable scarce metals — namely rhenium, a singular spectrum obtained for wolframite is indicative [5] of a distorted environment of W®*
metallic element with high melting point, high density, high modulus of elasticity and resistance to creep, high electrical octahedral ions by oxygen anions (Fig.5). Therefore, the analysis of XANES data

resistivity, low friction and no ductile-to-brittle transition, and a critical commodity for the aero-space industry (Fig. 3). decisively contributes to elucidate both the valence and the coordination of W ions
W-Re associations were focused in studies on synthetic (1-x)WO,,.xReO, [2] and “WO,* [3] for electro-chromic and when irradiating samples of mining residues (Fig.2), particularly if the X-ray absorption
catalytic applications, being therefore adequate to look for the eventual presence of similar phases in Panasqueira tailings. spectroscopy assay Is combined with an X-ray diffraction characterization (Fig.6).
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8_ From: Heavy metal pollution in A preliminary XANES approach to the L-edges of tungsten was
g mine-soil-plant system in Sao attempted through an approved X-ray absorption experiment (ESRF,
> Francisco de Assis, Panasqueira EV-13%) focused on selenium binding states in mine waste materials.

m":e 9\’07“&93'),; by C. Candelas | The spectra were collected in fluorescence yield mode at beam-line
ctal, Appl Geochem. 44 (2014) 12261 B\1_2BA (Fig.7) using a 13-elements Si(Li) solid-state detector and a
Si(111) double-crystal monochromator with detuning for harmonic

Fig. 7 — Instrumental set-up of

_ Table 1- Analyses of Panasqueira mine materials _ beamline BM-25A, SpLine:

Report: A12-14159-UT6 N . |IrEejection, ir_1 this_ way assuring an energy _res_,olution of_AE/E:1.5x10:4. (a) general view; (b) details of
Report Date: 2/15/2013 nergy calibration was assured by irradiating a rhenium metal foil. sample mounting to collect XRD
e B Cu i Wi Re| Pbl Mo| Zn Obtained W L;— and Ls;—absorption edges spectra display energies patterns and (c) for XANES assay.
Unit Symbol opM  0.001 ppm | ppm | pom = and details in good agreement with theoretical values (Fig.8).
Detection Limit 0.2 FUSMS | ..o ; 0.4 0.2 Samples of grinded debris collected at Panasqueira mine tailings :
Analysis Method  [TD-MS] s " (Fig. 2) were irradiated and, profiting from the instrumental facilities Expe"ment of June 13-17, 2014
D SRSl PaN Tl 5050 108 | 0011 | s07 27 | 3510 availa_ble at the beam-l@ne [7], the phase cc_)nstitution of i_rradia_ted Experiment ES-128 (approved by the ESRF for beam-time) is
5"3;""%:':’:::2?,.:2:‘:’ = 68% MNB 172 ::"%5.5"‘__ 0.043 P 0.8 300 materials was_ characterized by high-resolution powo_er dlffre}ctlon focused on a future sustainable recovery of critical metal resources
CONCENTRADO FiNO = 68% - o7 . T L sis (HRPD) at a fixed wave-length of 0.825A. Pellets of slightly grinded from Panasqueira mine tailings with two main objectives: the
:,g’;f:::g:g"’ _____ ' m”s ... ﬂﬁm 0-013 Wi 23.7 — model compounds mixed with boron nitride were prepared Iin a design of a methodology for recovering tungsten and to identify
Iz%fc::tq:w (v, o * 0'012 : '9 proportion adequate to optimize the absorption jump and minimize phases hosting scarce metals (not addressed in already published
IoCERTRABo PR = DH ' i i i total absorption, thus improving the display of edge features in the studies about Rio tailings [8]), namely rhenium, that occurs in those
surureros + w o PANIIF | 7550 < 823 0015 | 417 | 3,1 |>10000 XANES spectra. mine debris at a level more than ten times its mean concentration in
Vi < » Not related the Earth’s crust (according to recent chemical analyses”, Table 1).
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