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➔ Low conductivity 

0.8 ± 0.4 mS/cm

➔ Acidic pH 

5.3 ± 0.5

➔ Arsenic content

As: 1675 ± 564 mg/kg

➔ Tungsten content

W: 130 ± 31 mg/kg

➔ Other elements of interest

Cu: 731 ± 270 mg/kg      

Sn: 38 ± 9 mg/kg 3

Sample

Rejected fraction from sludge circuit

(tube output; pumped directly to the

Panasqueira dam)

MATRIX CHARACTERIZATION
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MATRIX ELEMENTS

Si
67.6%

Al
18.6%

0.4% P, Cr, Mn, Se, Rb, Sr, Y, Zr, 
Nb, Cd, Sn, Ba, Pb

13.4%
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S, K, Ca, Ti, 
Fe, Cu, Zn,   

X-Ray Fluorescence (XRF) 
Semi-Quantitative Data (%)

W

As
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ELECTRO-BASED TREATMENT

➔ Electrokinetic (EK) and Electrodialytic (ED) treatments consist in a low current

density (mA/cm2) application between a pair of electrodes to promote

removal/separation of substances, with an ionic exchange membrane interposed in

the ED treatment

+

AEM
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H+

OH--

CEM

+

OH-

H+

+ -

AEM CEM

H+
OH-

(A)

(B) (C)

(A) 3 compartments ED cell

(B) & (C) 2 compartments ED cell

AEM – Anionic exchange membrane

CEM – Cationic Exchange membrane
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➔ ChCl:MA - Choline Chloride:Malonic Acid (1:2)

➔ ChCl:OA - Choline Chloride:Oxalic Acid (1:1)
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RESULTS & DISCUSSION
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VOLTAGE, pH & CONDUCTIVITY CONTROL
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ELECTROLYTE BEHAVIOR

Mass and Percentage of elements reaching the electrolyte along the experiments 
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CONCLUSIONS
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➔ Different DES demonstrated higher extraction efficiencies for different elements

- ChCl:MA (1:2) extracted a maximum of 12% for As

- ChCl:OA (1:1) extracted a maximum of 9% for W

Selection of the most efficient DES for As and W extraction from the 
matrix1
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CONCLUSIONS
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➔ Deep Eutetic solvents and EK treatment synergy potentiated the extraction

- As extraction increased 21% (100 mA, ChCl:OA)

- W extraction increased 10% (100 mA, ChCl:MA)

Compared to DES experiments with no current

+ - mA

+-

Potential of the EK process combined with DES to improve As and W 
extraction from the matrix2
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CONCLUSIONS
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➔ ED treatment enable to separate As and W, improving the migration of the elements 

from the matrix to the electrolyte compartment

- From the total As extracted, 82% (100 mA, ChCl:MA) migrated to the electrolyte 

- From the total W extracted, 75% (50 mA, ChCl:OA) migrated to the electrolyte 

Feasibility of the ED process to separate As and W in a compartment apart 
from the matrix3
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