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   Experimental 
     A preliminary XANES approach to the L-edges of tungsten was 

attempted through an approved X-ray absorption experiment (ESRF, 

EV-13*) focused on selenium binding states in mine waste materials.     

The spectra were collected in fluorescence yield mode at beam-line 

BM-25A (Fig. 7) using a 13-elements Si (Li) solid-state detector and a 

Si (111) double-crystal monochromator with detuning for harmonic 

rejection, in this way assuring an energy resolution of E/E=1.5x10-4.    

Energy calibration was assured by irradiating a rhenium metal foil. 

   Obtained W L1 – and L3 –absorption edges spectra display energies 

and details in good agreement with theoretical values (Fig. 8).  

   Samples of grinded debris collected at Panasqueira mine tailings 

(Fig. 2) were irradiated and, profiting from the instrumental facilities 

available at the beam-line [7], the phase constitution of irradiated 

materials was characterized by high-resolution powder diffraction 

(HRPD) at a fixed wave-length of 0.825Å. Pellets of slightly grinded 

model compounds mixed with boron nitride were prepared in a 

proportion adequate to optimize the absorption jump and minimize 

total absorption, thus improving the display of edge features in the 

XANES spectra.  
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  Problematic 
   Tungsten displays unique physical-plus-chemical properties that hinder its replacement in relevant specialized 

industrial applications and render it a critical commodity for the EU (Fig.1). For long been mined at Panasqueira (Beira-

Baixa district), making Portugal the main European producer, this mine has given rise to a huge tonnage of debris 

(attaining 0.3% WO3 [1]  at Barroca Grande slimes, Fig.2). Considering Horizon 2020 objectives and recent efforts to implement a 

sustainable retrieval of critical mineral resources, it became mandatory to improve the recovery of tungsten from mine 

tailings and, simultaneously, to identify mineral phases carrying valuable scarce metals  namely rhenium, a singular 

metallic element with high melting point, high density, high modulus of elasticity and resistance to creep, high electrical 

resistivity, low friction and no ductile-to-brittle transition, and a critical commodity for the aero-space industry (Fig. 3). 

   W-Re associations were focused in studies on synthetic (1-x)WO3-y.xReO2 [2] and “WO3“ [3] for electro-chromic and 

catalytic applications, being therefore adequate to look for the eventual presence of similar phases in Panasqueira tailings.    
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  Experiment  of  June 13-17, 2014 

   Experiment ES-128 (approved by the ESRF for beam-time) is 

focused on a future sustainable recovery of critical metal resources 

from Panasqueira mine tailings with two main objectives: the 

design of a methodology for recovering tungsten and to identify  

phases hosting scarce metals (not addressed in already published 

studies about Rio tailings [8]), namely rhenium, that occurs in those 

mine debris at a level more than ten times its mean concentration in 

the Earth’s crust (according to recent chemical analyses# , Table 1).  

  Spectroscopic  study:  fundamentals 
   X-ray absorption energies quoted for W L1 - and L3 -edges are 12099.8 and 10206.8 eV 

respectively. The energy of the white-line in the L3 -edge XANES spectrum is clearly 

indicative of the metal ion valence in oxide compounds (W 
6+ in the present case) and 

the occurrence of a pre-edge feature in the L1 -edge XANES spectrum denotes a non 

centro-symmetric coordination geometry [3,4], namely for tetrahedral ions  as in 

scheelite (Fig. 4). Conversely, a perceptible splitting of the white-line in the L3-edge 

spectrum obtained for wolframite is indicative [5] of a distorted environment of W 
6+ 

octahedral ions by oxygen anions (Fig. 5). Therefore, the analysis of XANES data 

decisively contributes to elucidate both the valence and the coordination of W ions 

when irradiating samples of mining residues (Fig. 2), particularly if the X-ray absorption 

spectroscopy assay is combined with an X-ray diffraction characterization (Fig. 6). 

Fig. 7 –  Instrumental set-up of  

beamline BM-25A, SpLine:  

(a) general view; (b) details of 

sample mounting to collect XRD 

patterns and (c) for XANES assay. 
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Table 1 -  Analyses of  Panasqueira  mine  materials 

Fig. 5 

Octahedral 

distortion in 

wolframite, 

(Fe,Mn) WO4 

(P 2/c) 

 

 

 

 

 

 

 
 

 
From  [6] 

The authors thank Dr. P. Ávila (LNEG) for providing the studied Rio samples. 

Research carried out under the exploratory project MinReMol  financed by FCT-

MEC ((EXPL/AAG-REC/0978/2012) .  

 

Thanks are also due to FCT-MEC for the grant PEst- C/CTM/LA0025/2013-14. 

  *  EU financial support  to perform the experiment EV-13 at the ESRF is  

      acknowledged.  

  #  EU  project  ProMine, Nanoparticle products from new mineral resources in Europe 

     (FP7- NMP-2008 - LARGE-2, 228559). 

(b) “WO 3” 
    (octahedral 

tungsten) 

(a) CaWO4 

(tetrahedral 
tungsten)  

Pre-

edge  

L1 -edge  

Wolframite 
(Panasqueira)  

(b)  

(a)  

L3 -edge  

White 

line 

28 33 38 43 48 53

2.96Å, I=10 ~ 

Fig.  6   X-ray diffraction pattern obtained for a 

wolframite 
                      (JCPDF  card  12-727)    

2.86Å, I=3 
1.78Å, I=4 

1.72Å, I=4 

(2 º) 

λ = 1.542 Å 

(a)  Partial view  

of  tailings deposit  
(dust in the air due to the wind).  

(b) Vehicles ready to un- 

load coarse materials in  

the deposit. 

From:  Heavy metal pollution in 

mine-soil-plant system in São 

Francisco de Assis, Panasqueira 

mine (Portugal),  by C. Candeias 
et al.,  Appl. Geochem. 44 (2014) 12–26 

(a) 

(b) 

1 CENIMAT/I3N, Mat. Sci. Dept., Fac. Sci. Technol., New Univ. of Lisbon, 2829-516 Caparica, Portugal  
2 LNEG, Unit of Mineral Resources & Geophysics, Apartado 7586, 2610-999 Amadora, Portugal 
3 SpLine, Spanish CRG Beamline, Europ. Synchr. Rad. Facility , BP 220-38043 Grenoble Cedex, France  

[ Grangeia et al., 
Engineering Geology 

123 (2011) 359–372 ] 

Drillings 
MS 2 (3 samples)  

MS 4 (5 samples) 

Sphalerite (ZnS), Quartz 

(SiO2),  various Clays,   

Wolframite, (Fe,Mn) WO4 

Scorodite,  FeAsO4.2H2O,       

(Na,K)(Fe,Al)3(SO4)2(OH)6 

& hydrated ferrous sulfates  

Barroca  Grande Fig. 8 – XANES spectra at W L 1 –  and  L 3 – edges  

obtained for an oxide with  W 
6 + in octahedral    

  
coordination and 

for selected  

model minerals 

(scheelite, with a 

pre-edge feature 

due to  

tetrahedral W 
6

 
+,  

and wolframite, 

showing the 

splitting of the 

white line due  

distortion of the 

octahedra). 
  

Ca 
 

 O 

W 

Scheelite ( 

I 41 /a ) 

 

 

 

 

 

 

 

 

 

 Scheelite  (I  41 /a) 

Fig. 4 

[W 
t O4] 

tetrahedra 

Innovation   
in a sustainable 

recovery of by- 

product metals 

from wastes of 

old mines 

Re 

                                                    

CRITICAL  METALS  for EU industries: rhenium  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2013 

2014  

 International 

Year of  

Crystallography

l 

CFM 56 jet engine: blades made  
with 3%  Re 

          

F-15  engine uses Re-containing 
second generation superalloys 
   [From: Wikipedia (rhenium)] 
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industry  
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