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INTRODUCTION 
 
Rare Earth elements (REE), Y and Sc are strategic raw materials due to their increasing demand in current society 
and shortage of supply (Hatch, 2012). REE concentrations are several orders of magnitude higher in acid mine 
drainage (AMD) than in natural river waters (Noack et al., 2014), making them a potential complementary source 
of REE. 
 
Previous studies have shown that basaluminite (Al4SO4(OH)10·5H2O) and schwertmannite (Fe8O8(OH)6SO4) can 
retain REE through adsorption mechanisms (Lozano et al., 2019, 2020). These minerals tend to precipitate in 
estuaries (e.g., Huelva), where the water pH increases due to the interaction between AMD and seawater. As a result, 
adsorption of REE onto basaluminite and schwertmannite is expected to occur.  
 
Therefore, it is critical to know whether the adsorbed REE remain on the surface of these minerals or they are 
released back into solution. Consequently, the main objective of the present work is to study the capacity of 
basaluminite and schwertmannite to retain the adsorbed REE, Y and Sc over time, at the pH range of the AMD-
seawater mixture. 
 
METHODOLOGY AND RESULTS 
 
Solid Synthesis 
 
Basaluminite and schwertmannite were synthesized in accordance with the methods described by Adams and 
Rawajfih (1997) and Bigham et al. (1990). 
 
Following the procedure described by Lozano et al. (2018), XRD analyses of the synthetic solids showed the absence 
of impurities on the minerals. The calculated sorption site density of basaluminite and schwertmannite were 787 
and 750 µmol/g respectively. 
 
Adsorption and Desorption Batch Experiments 
 
The method described in Lozano et al. (2019, 2020) was followed to enrich basaluminite and schwertmannite with 
REE. A solution with pH of 6, 1 ppm of REE and 20 mM of SO4

2- reacted with the synthetic minerals for 6 h. The 
equilibrated solution was analyzed using ICP-MS to quantify the adsorbed amount of REE, Y and Sc. 
 
After the adsorption experiments, the REE-enriched basaluminite and schwertmannite reacted with several 
solutions (20 mM SO4

2- and variable pH, ranging from 4 to 7.5) for 48 h. Liquid samples were taken at different 
times to determine the desorption kinetics. Distribution coefficients, KD (L/kg), were calculated (Fig. 1) from the 
REE desorbed onto the solution and the concentration of REE remained in the minerals and normalized by the 
volume of solution and mass of solid (solid to liquid ratio): 
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[𝑅𝐸𝐸]𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
×

𝑉𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑀𝑠𝑜𝑙𝑖𝑑
 

 

Macla nº 25. 2021 • Revista de la Sociedad Española de Mineralogía 38

www.semineral.es ISSN 2659-9864

mailto:jglgeo@idaea.csic.es


0.00

1.00

2.00

3.00

4.00

5.00

6.00

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

log KD Schwertmannite 24 h

pH 6.5
pH 5.5
pH 5
pH 4.5
pH 4

lo
g

 K
D

 
Fig 1. Log KD patterns of schwertmannite at different pH values: lanthanide M-type tetrad effect. The higher log KD values at higher pH indicate 

dependence between the capacity of retaining REE and pH. 

 
Geochemical Modeling 
 
The desorption reaction consists of the exchange of an aqueous protons with the adsorbed REE complex (MSO4

+, 
M is equivalent to each REE), which is expressed as 
 

(𝑋𝑂)𝑛𝑀𝑆𝑂4
1−𝑛 +  𝑛𝐻+ ⇋  𝑀𝑆𝑂4

+ + 𝑛𝑋𝑂𝐻 
 
In this reaction, the equilibrium constant (K) associated with each REE are obtained from the desorption data. To 
validate the K values, a geochemical model will be performed using the PHREEQC software. 
 

REFERENCES  
 
Adams, F., Rawajfih, Z. (1997): Basaluminite and alunite: a possible cause of sulfate retention by acid soils. Soil Sci. 

Soc. Am. J., 41, 686-692. 
Bigham, J.M., Schwertmann, U., Carlson, L., Murad E. (1990): A poorly crystallized oxyhydroxysulfate of iron 

formed by bacterial oxidation od Fe(II) in acid mine waters. Geochim. et Cosmochim. Acta., 54, Issue 10, 2743-
2758. 

Hatch, G. P. (2012): Dynamics in the global market for rare earth elements. Elements, 8, 341-346.  
Lozano, A., Fernandez-Martínez, A., Ayora, C., Poulain, A. (2018): Local structure and ageing of basaluminite at 

different pH values and sulphate concentrations. Chem. Geol., 496, 25-33. 
Lozano, A., Ayora, C., Fernández-Martínez, A., (2019): Sorption of rare earth elements onto basaluminite: The role 

of sulfate and pH. Geochim. Cosmochim. Acta, 258, 50-62.  
Lozano, A., Ayora, C., Fernández-Martínez, A. (2020): Sorption of rare earth elements on schwertmannite and their 

mobility in acid mine drainage treatments. Appl. Geochem. 113, 104499. 
Noack, C. W., Dzombak, D. A., Karamalidis, A. K (2014): Rare Earth Element distribution and trends in natural 

waters with a focus on groundwater. Environ. Sci. Technol. 48, 4317-4326.  
 

Macla nº 25. 2021 • Revista de la Sociedad Española de Mineralogía 39

www.semineral.es ISSN 2659-9864


