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Introduction
The growing demand for  rare  earth  elements  (REEs)  and the  high supply  risk  associated with  their 

production constitute a major challenge for the European Union. Among REEs, neodymium (Nd), together with 
praseodymium (Pr), dysprosium (Dy) and terbium (Tb), dominates the global market value due to its extensive 
use  in  NdFeB permanent  magnets  for  electric  vehicles,  wind  turbines  and  electronic  devices  (Yang  et  al., 
2017).Bauxite residue (BR), the alkaline byproduct of the Bayer alumina process, is generated in large quantities  
and poses significant environmental challenges due to its high alkalinity,  fine particle size and safe storage 
requirements. At the same time, BR represents an important secondary resource enriched in critical raw materials 
such as REEs, including Nd, Pr, Dy and Tb (Wang et al., 2019, Pan  et al., 2023). In Greek BR, produced at 
~875,000 t/year, the total REE content typically reaches ~1,000 mg/kg, with Nd being among the most abundant 
light REEs (average 140 mg/kg) (Tsakanika et al., 2025).

Conventional hydrometallurgical extraction of REEs from BR involves strong and/or with environmental 
impact mineral acids (HCl, HNO₃, H₂SO₄, H3PO4) and elevated temperatures, often resulting in low selectivity 
(Ochsenkühn-Petropoulou et al., 2018; Castro et al., 2021; Tsakanika et al., 2022). Earlier studies of our group 
have demonstrated the efficiency of sulfuric acid leaching for critical metals recovery from BR (Ochsenkühn-
Petropoulou et al., 2018), and recent optimization using Taguchi design further refined key parameters affecting 
metal dissolution (Lymperopoulou  et al.,2019; Tsakanika  et al., 2025). However, biometallurgical approaches 
have gained momentum as sustainable, low-energy alternatives due to their operational simplicity and reduced 
chemical consumption (Čížková et al., 2019; Kiskira et al., 2021; Kiskira et al., 2023).

This  work  introduces  the  BioNdREE  concept  (Figure  1),  focusing  on  the  selective  extraction  and 
recovery  of  Nd  from  Greek  BR,  using  fungal  (Aspergillus  niger),  bacterial  (Acetobacter  tropicalis,  
Pseudomonas putida) and microalgal (Desmodesmus quadricauda) cultures capable of producing organic acids or 
exhibiting biosorptive affinity for REEs.

Figure 1: Biorecovery of REEs from BR (BioNdREE project)

Materials and Methods
BR samples (in ferroalumina form) were supplied by Metlen Energy & Metals (www.metlengroup.com) 

and used without further chemical pretreatment. Their initial pH was 11.3. The major oxides were Fe₂O₃ (43.5%), 
Al₂O₃ (19%), SiO₂ (7.3%), TiO₂ (5.6%), Na₂O (3%) and CaO (9.4%) (Ochsenkühn-Petropoulou et al., 2018). Nd 
concentration was measured at ~140 mg/kg (Tsakanika et al., 2025).

Pure  cultures  of  A.  niger,  A.  tropicalis,  P.  putida  and  D.  quadricauda were  grown  under  standard 
conditions. Bioleaching experiments were performed in 250 mL Erlenmeyer flasks at 30 °C and 100 rpm for 20 
days. For bacterial systems, the pH was adjusted to 7.0 prior to inoculation; fungi and microalgae were used 
directly without pH correction. The factors investigated included were pulp density (1,  2,  5 and 10% w/v),  
microbial biomass (2, 4, 6% v/v for fungi; 10-20% w/v for bacteria), carbon source concentration (40-140 g/L  
sucrose for A. niger). 

Organic  acids  were  quantified  using  HPLC/RI/UV-VIS  (Agilent  1260).  Nd  concentrations  were 
determined  by  ICP-OES (Perkin  Elmer  Optima 7000 DV)  at  406.109nm with  external  calibration  method. 
SEM/EDX analysis was used to examine morphological and microstructural changes.
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Results and Discussion
Based on previous bioleaching studies on BR and alumina-industry by-products, the microbial systems 

examined in the BioNdREE project are expected to exhibit distinct and complementary mechanisms for Nd  
extraction. Fungal strains such as Aspergillus niger are anticipated to produce significant quantities of organic 
acids, mainly oxalic, citric and gluconic acids, which are known to complex REEs and promote their dissolution  
from iron-rich and  other metals phases.  Bacterial  cultures (Acetobacter tropicalis,  Pseudomonas putida) are 
expected to generate faster initial acidification and consequently faster early-stage Nd release, provided that pH 
conditions allow microbial activity. Microalgae such as Desmodesmus quadricauda are anticipated to contribute 
mainly through biosorption, consistent with their reported affinity for light REEs.

Operational parameters, previously identified as critical for Sc bioleaching, such as low pulp density and 
sufficient carbon availability, are expected to similarly influence Nd extraction efficiency. The comparison of one-
step, two-step and spent-medium configurations is expected to clarify the relative importance of direct microbial  
interaction  versus  metabolite-driven  leaching.  Two-step  systems,  in  particular,  may  favour  higher  Nd 
solubilization by avoiding inhibitory effects associated with BR alkalinity. Overall, the results are expected to 
highlight the interplay between organic acid production, biosorption phenomena and BR mineralogy in shaping 
Nd recovery performance.

Conclusions
The  BioNdREE  study  is  expected  to  identify  the  most  effective  microbial  cultures  and  operating 

conditions for Nd extraction from Greek bauxite residue and to clarify the underlying biogeochemical mechanisms 
governing REE biorecovery.  The anticipated outcomes will  support  the development  of  an environmentally 
compatible biometallurgical approach and demonstrate the potential of BR as a valuable secondary resource,  
contributing to more sustainable REE supply chains in Europe.
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