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Abstract 

The increasing demand for rare earth elements (REEs) for modern industry has led to a surge in mining 

activities and consequently has released these metals into the environment. Intensifying REEs in a habitat 

has impacts on its ecosystem, but on the other side, it also provides the opportunity to recover REEs from 

low-grade minerals. Phytomining has emerged as an ecologically sound technique to extract these valuable 

elements from contaminated soils where traditional mining is not competitive. This paper provides a glimpse 

of REE phytomining combined from three scientific areas. The accumulation of rare earth metals in plants is 

the first stage, referred to as the phytoextraction process. This is followed by elevating REE concentrations 

into bio-ores via the enrichment phase. Ultimately, extraction is the final step to complete the phytomining 

pathway for reclaiming REEs in brownfield land. In addition to the REE phytomining concept, an 

experimental system for the combustion of contaminated biomass is also introduced in this study, it is 

important to the success of the phytomining pathway. 

1 Introduction 

Rare earth elements (REEs) are a group of 17 chemically similar metallic elements in the periodic table, including 

scandium (Sc), yttrium (Y), and 15 "lanthanides" elements, from lanthanum (La) to lutetium (Lu). REEs are playing 

an increasingly vital role in industry, especially in green high-technology applications, such as wind turbines, 

hybrid cars, electric cars, batteries, etc. [1]. Moreover, these valuable elements are also widely utilized as 

fertilizers in agriculture to enhance the production and quality of crops [2], [3]. Despite high demand, the supply 

of REEs is limited and dominated by China, the source of up to 97% of global rare earth production [4]. 

Furthermore, the recycling rate of REEs is still extremely limited at only approximately 1% of end-products [1]. 

Because of the essential and provision risk, REEs are commonly considered critical strategic materials [5], [6].  

The mounting demand for REEs in modern industry has stimulated a surge in mining activities, which has led to 

the release of these elements into the environment. Intensifying REE content in the environment adversely 

impacts the ecosystem and potentially threatens human health [7], [8]. Therefore, remediation of REEs 

contamination and recovery of REEs from secondary resources are globally crucial issues that have been receiving 

increasing attention recently. 

Phytoextraction, using plants accumulating metals, is known as a feasible way to either remove metals from 

contaminated soils (a process called phytoremediation) or to extract valuable metals (referred to as phytomining) 

[9]–[11]. Phytomining is widely applied to recover nickel from brownfield land [12], [13]. Nevertheless, little 

attention has been paid to the procedure or to the prospect of REE phytomining. This study provides a glimpse of 

the REE phytomining pathway. Besides that, a suitable combustion and flue gas system for the combustion of 

contaminated biomass is also introduced. 
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2 Phytomining of rare earth elements 

Phytomining of REEs offers a promising possibility of metal extraction at sites where traditional mining activities 

or recovering REEs from low-grade minerals are not competitive. In addition to conventional mining, producing 

REEs from secondary resources strengthening the circular economy has been paid worldwide attention. REE 

phytomining is a combination of three scientific areas of phytoextraction, enrichment, and extraction. 

2.1 Phytoextraction of REEs 

Phytoextraction is the first stage in the overall concept of REE phytomining. Phytoextraction refers to using plants 

to accumulate REEs from soils. Hyperaccumulators are usually chosen for phytomining; these plants accumulate 

vast quantities of REEs in their aerial parts without substantial adverse effects. The lower limit for 

hyperaccumulators has not been thoroughly defined. The suggested threshold concentration for REE 

hyperaccumulators could range from 100 to 1000 mg kg–1 [14]. During the phytoextraction process, plants 

accumulate REEs from soils and transport them in roots and other plant parts. Hyperaccumulators actively 

transfer REEs from roots to shoots, and storage of the metals in root parts is generally limited. The distribution of 

REEs within the major components of plants varies substantially, depending on the plant species and metals. 

Numerous investigations have indicated that concentrations of REEs in below-ground parts are greater than in 

the shoot following the decreasing sequence: root > leaf > stem (trunk) [15], [16]. This can be explained by the 

accumulation rate of REEs from the substrate to root being higher than the translocation rate from root to aerial 

tissues [17]. Contrarily, various studies have shown declining REEs concentrations in the order of leaf > root > 

stem due to substantial translocation of these metals from root to leaf [18]. Generally, the difference in REEs 

concentration among plants might reflect the disparate mobility of these elements in various plants. 

The bioaccumulation factor (BF) and translocation factor (TF) are utilized to describe the bioaccumulative 

properties of hyperaccumulators. The bioaccumulation factor is the quotient of REEs concentration in aerial 

tissues to that in substrates. This index is used to depict the capability of plants to accumulate REEs from soil and 

translocate them into their shoots. The translocation factor is the ratio of metal concentration between above-

ground and below-ground parts of plants. The higher the TF, the better the ability of the plant to transfer REEs 

from roots to shoots. This factor is vital for applying REE phytomining since typically only aerial plant parts are 

harvested. The two indices of BF and TF are usually recommended to be higher than one for accumulators [19]. 

Several ligneous plants are known as hyperaccumulators of REEs; among them,  exceptional numbers were found 

within fern species [20]. 

In general, REEs are potential candidates for phytomining. Phytolacca americana (pokeweed) and fern species are 

commonly used for the phytoextraction of these elements. The BF and TF of those plants usually are higher than 

one, proving their ability to accumulate and translocate REEs. Presently the concept of REE phytomining is 

discussed on a rather theoretical basis. 

 

2.2 Enrichment of REEs from contaminated biomass prior to REE 
extraction 

During the phytoextraction process, plants accumulate REEs from contaminated soils and then translocate and 

store these metals into their roots and shoots. REEs accumulated in woody biomass can be recovered by applying 
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extraction techniques. Prior to extracting REEs, the bulky contaminated plants should be lessened to a manageable 

amount and volume; the metal grade is then elevated in the solid residues called bio-ores. REE concentration 

heightening is crucial in the entire pathway of phytomining; it not only lowers the transportation costs but also 

minimizes the size of the downstream processing apparatus. Several enrichment approaches have been discussed, 

including thermal conversion (ashing, pyrolysis, gasification, combustion), composting, and compaction [21]. 

Thermal conversions are feasible approaches to elevate the concentration of metals contained in polluted woody 

biomass. The viability of these enrichment technologies has been demonstrated in terms of heavy metals [22]. The 

fate of heavy metals during the thermal conversion processes has been intensively studied [23], [24]. Several 

factors impact the metal flow, such as chemical speciation of metals, reactors, feedstock properties, and operating 

conditions including temperature, heating rate, pressure, resident time, etc. [25], [26]. To date, the information on 

heightening REEs of biomass used for phytoextraction is extremely sparse, with only a couple of investigations 

carried out so far. In one, the collected fern Dicranopteris linearis was ashed at 500 °C for two hours to remove 

organic matter and enrich metals in ash [27]. As a result, the total concentration of REEs was enhanced from 2032 

mg kg–1 in the plant to 15956 mg kg–1 in the ash. Scandium was not detectable in biomass but could be found in 

the residual. The study also unveiled that 93% of rare earth metals in the fern were converted into its ash during 

the ashing process. Likewise, in another study, 92.3% weight of the harvested Dicranopteris linearis fern was 

reduced after incineration at 550 °C for three hours [28]. As a result, REEs were enriched into the solid remain at 

the level of 30000 mg kg–1, which is roughly eleven times greater than the concentration of rare earths in the 

woody biomass (2700 mg kg–1). Recently, an environmentally sound technique of vacuum-pyrolysis-condensation 

was proposed for the disposal of polluted biomass as well as for heightening these valuable metals in the solid 

remains [29]. It was observed that the pyrolytic product derived from Dicranopteris linearis containing 1948.67 

mg kg–1 REEs reached 6160 mg kg–1 after treatment. The residues containing higher REE concentrations can be 

considered bio-ores that extraction technologies might further recover. On the whole, an enrichment process for 

lessening the contaminated plant material and elevating rare earth metals into solid remains is crucial for 

recovering REEs from biomass used for phytomining, but the available information is scanty. 

2.3 Extraction of rare earth elements 

Extraction is the eventual step in the phytoextraction-enrichment-extraction chain to recover REEs from 

brownfields. Traditional or emerging extraction methods can be applied to extract REEs from low-grade minerals. 

Conventional techniques of recycling REEs comprise pyro-metallurgical, hydro-metallurgical, and bio-

metallurgical approaches. Meanwhile, emerging approaches consist of the ionic liquid method, mechanochemical 

technique, supercritical fluid pathway, and electrochemical technology applied to recycle REEs from waste 

materials containing valuable metals [30]. 

To our best knowledge, there is only one study aiming at reclaiming REEs in biomass ashes so far [28]. In this 

research, the collected plant Dicranopteris linearis was initially incinerated at 550 °C for three hours in a muffle 

furnace to secure complete oxidation. Then the fern ash was subjected to an extraction procedure consisting of 

two stages, namely pre-treatment and dissolution. The pre-processing step aimed to render rare earths available 

for extraction and eliminate aluminum as much as possible by using 6 M sodium hydroxide (NaOH) at an average 

temperature of 80 °C. Following that, the REEs were extracted by employing diluted nitric acid (HNO3) at ambient 

temperature. The recovery rate of the extraction procedure was reported at 74% under optimal conditions.  

Alternatively, a few approaches to extract REEs directly from polluted plants have been proposed. The first 

research based on the ion exchange leaching process was published in 2018 [31]. In this paper, harvested fern 

Dicranopteris linearis was initially leached in 0.5 M nitric acid solution with the presence of exchange resin. 
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Consequently, rare earth metals in the plants were dissolved and absorbed into the resin. This was followed by 

washing the resin with water and 0.75 M HNO3. Ultimately, REEs are eluted using 3 M nitric acid, which provides 

a solution containing 81.4% REEs purity. This procedure resulted in an overall recovery rate of 78%. In another 

work, Laubie et al. (2018) reported a hydrometallurgical pathway to recycle REEs from natural fern growing on 

former mine tailings [32]. The manner includes a direct leaching step using an EDTA solution 

(Ethylenediaminetetraacetic acid), followed by precipitation with acid oxalic. The optimal conditions of the 

process can lead to an overall recovery yield of 70% REEs. More recently, a relatively comprehensive 

hydrometallurgical pathway for reclaiming REEs from a hyperaccumulator Dicranopteris linearis was revealed 

[33]. In the beginning, collected fern was leached in 0.25 M sulphuric acid at a solid-liquid ratio of 3:100 (g/mL). 

Following this, rare earth metals were precipitated by utilizing oxalic acid at a molar ratio of 8:0.37 after pH 

adjustment to 2.6. Eventually, the precipitate was calcinated at 700 °C for two hours in order to convert it to rare 

earth oxide as the final product of the procedure. As a result, 72% of REEs in the plant were reclaimed via this 

recovery route. 

3 Experimental system for combustion of contaminated biomass 

Combustion has been recognized as the most feasible pathway to concentrating REEs from contaminated biomass 

into solid remains [21], [34]. It is a crucial stage in the whole concept of REE phytomining. Therefore, it is 

important to develop a suitable combustion and flue gas system for the combustion of contaminated biomass. The 

schematic illustration of the experimental system is shown in Figure 1. The combustion experiments are carried 

out in a pilot-scale boiler located at the Department of Combustion Technology and Thermal Energy at the 

University of Miskolc. The boiler can be operated with solid biofuel in the form of pellets or chips. The biomass is 

supplied from the fuel storage of the boiler into the grate by a screw conveyor. The combustion air passes through 

the grate in the combustion chamber, where the biomass combustion process takes place. Solid fuels are 

combusted, and their products comprise hot flue gas and bottom ash. The bottom ash dropped down to the bottom 

of the boiler is sampled at the end of the combustion process. The high-temperature flue gas leaves the chamber 

and goes through the water heat exchanger and the air heat exchanger in sequence. In which, flue gas transfers 

thermal energy to the water and the cooling air moving between the pipes of the water heat exchanger and the air 

heat exchanger respectively. After the heat exchangers, flue gas with a lower temperature including gaseous 

components and particulate matter content (fly ash) is transported to the stack by a centrifugal fan. An isokinetic 

fly ash sampling system is used to separate and collect fly ash from the flue gas before it emits into the 

environment.  
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Figure 1. Schematic illustration of the experimental system with measurement points 

Components: (1) Water inlet; (2) Ball valve; (3) Regulating valve for controlling the flow rate of water inlet; (4) Pump; (5) Regulating valve for 

setting water temperature difference; (6) Tank; (7) Water outlet; (8) Discharge valve; (9) Supplied air; (10) Boiler; (11) Water heat exchanger; (12) 

Fan; (13) Air heat exchanger; (14) Stack; (15) Isokinetic fly ash sampling system; (16) Flue gas. 

Measurement points: (1) Water inlet volume flow rate; (2) Temperature upstream of the boiler; (3) Water inlet temperature; (4) Water outlet 

temperature; (5) Feed rate; (6) Temperature at the wall of the combustion chamber; (7) Temperature in the middle of the combustion chamber; (8) 

Supplied air volume flow rate; (9) Supplied air temperature; (10) Temperature of flue gas after the heat exchanger; (11) Temperature of flue gas in 

the stack (after the extra heat exchanger); (12) Velocity in the stack; (13) Pressure in the stack. 

 

Solid combustion residuals are captured from preselected points as seen in Figure 2. After experiments, bottom 

ash and after water heat exchanger ash are respectively collected from the ashtray and in the chamber after the 

water heat exchanger. The deposited ash sample is taken from the surface of the tubes and the shell of the air heat 

exchanger at the end of the combustion process. The capture of fly ash is performed by an isokinetic fly ash 

sampling system employing a three-stage cascades impactor labeled Dekati® PM10. The fly ash sampling is 

started after the boiler reached steady-state operational conditions, and the collection method meets the 

regulations of the ISO23210 standard. Woody biomass together with combustion ashes will be taken for chemical 

analysis to investigate the behavior of REEs in the burning system during the combustion of contaminated 

biomass. The solid remains derived from biomass combustion would be subjected to a process of extraction 

process for reclaiming REEs, and they are a potential metal resource. 
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Figure 2. Sampling points of solid combustion residues 

Main components: (1) Boiler, (2) Biomass, (3) Water heat exchanger, (4) Air heat exchanger, (5) Impactor, (6) Stack, (7) Flue gas 

Solid remains: (I) Bottom ash, (II) After heat exchanger ash, (III) Deposited ash, (IV) Fly ash 

4 Conclusion 

Phytomining is an innovative method for recovering REEs from unconventional resources in which conventional 

mining is neither effective nor profitable. The novel technology has potential in this era of industrialization and 

metal reserve depletion. Despite its prospects and feasibility, the research regarding REE phytomining is still 

limited. The article provides a glimpse of the phytomining concept which links three scientific areas of 

phytoextraction, enrichment, and extraction. Phytoextraction is the first step in accumulating REEs from 

contaminated soils to plants. Afterward, the metals are concentrated in solid remains (bio-ores) through the 

enrichment phase. Eventually, extracting these valuable metals from bio-ores lays the last brick to finalize the 

route of REE phytomining. The recovery of REEs via the phytomining-enrichment-extraction pathway is just in its 

infancy, and it will require further multidisciplinary investigations encompassing botany, soil science, energy 

engineering, and chemistry. Also in this study, an experimental system for the combustion of contaminated 

biomass was developed to enrich REEs from biomass into solid remains. It is important to the overall concept of 

REE phytomining. 

5 Acknowledgment 

The research was carried out at the University of Miskolc as part of both the “More efficient exploitation and use 

of subsurface resources” project implemented in the framework of the Thematic Excellence Program funded by 

the Ministry of Innovation and Technology of Hungary (Grant Contract reg. no.: NKFIH-846-8/2019). The research 

was conducted at the University of Miskolc as part of the „Developments aimed at increasing social benefits 

deriving from more efficient exploitation and utilization of domestic subsurface natural resources” project 

supported by the Ministry of Innovation and Technology from the National Research, Development and 

Innovation Fund according to the Grant Contract issued by the National Research, Development and Innovation 

Office (Grant Contract reg. nr.: TKP-17-1/PALY-2020). 



 
 
 

T. Dinh, Z. Dobo, H. Kovacs: The overall concept of phytomining of rare earth elements  
Fókuszban a hazai felszín alatti természeti erőforrások - nyersanyagok, energia és technológiák nexusa, ISBN 978-963-358-277-0, oldal: 113-120. 

 

119 

 

6 References 
[1] V. Balaram, “Rare earth elements: A review of applications, occurrence, exploration, analysis, recycling, and 

environmental impact,” Geosci. Front., vol. 10, no. 4, pp. 1285–1303, Jul. 2019, doi: 10.1016/j.gsf.2018.12.005. 

[2] X. Pang, D. Li, and A. Peng, “Application of rare-earth elements in the agriculture of china and its environmental 
behavior in soil,” J. Soils Sediments, vol. 1, no. 2, pp. 124–129, Jun. 2001, doi: 10.1007/BF02987718. 

[3] K. Redling, “Rare earth elements in agriculture with emphasis on animal husbandry.” lmu, 2006.  

[4] D. Yan, S. Ro, O. Sunam, and S. Kim, “On the Global Rare Earth Elements Utilization and Its Supply-Demand in the 
Future,” IOP Conf. Ser. Earth Environ. Sci., vol. 508, p. 012084, Jul. 2020, doi: 10.1088/1755-
1315/508/1/012084. 

[5] S. Massari and M. Ruberti, “Rare earth elements as critical raw materials: Focus on international markets and 
future strategies,” Resour. Policy, vol. 38, no. 1, pp. 36–43, Mar. 2013, doi: 10.1016/j.resourpol.2012.07.001. 

[6] G. Gunn, Ed., Critical Metals Handbook. Oxford: John Wiley & Sons, 2014. doi: 10.1002/9781118755341. 

[7] W.-S. Liu et al., “Water, sediment and agricultural soil contamination from an ion-adsorption rare earth mining 
area,” Chemosphere, vol. 216, pp. 75–83, Feb. 2019, doi: 10.1016/j.chemosphere.2018.10.109. 

[8] H. Zhang et al., “Chronic Toxicity of Rare-Earth Elements on Human Beings : Implications of Blood Biochemical 
Indices in REE-high Regions, South Jiangxi,” Biol. Trace Elem. Res., vol. 73, no. 1, pp. 1–18, 2000, doi: 
10.1385/BTER:73:1:1. 

[9] R. L. Chaney et al., “Phytoremediation of soil metals,” Curr. Opin. Biotechnol., vol. 8, no. 3, pp. 279–284, Jun. 1997, 
doi: 10.1016/S0958-1669(97)80004-3. 

[10] A. van der Ent, A. J. M. Baker, G. Echevarria, M.-O. Simonnot, and J. L. Morel, Eds., Agromining: Farming for Metals. 
Cham: Springer International Publishing, 2021. doi: 10.1007/978-3-030-58904-2. 

[11] V. Sheoran, A. S. Sheoran, and P. Poonia, “Phytomining: A review,” Miner. Eng., vol. 22, no. 12, pp. 1007–1019, 
Oct. 2009, doi: 10.1016/j.mineng.2009.04.001. 

[12] B. Jally, B. Laubie, Y.-T. Tang, and M.-O. Simonnot, “Processing of Plants to Products: Gold, REEs and Other 
Elements,” 2021, pp. 63–74. doi: 10.1007/978-3-030-58904-2_4. 

[13] R. L. Chaney, “Phytoextraction and phytomining of soil nickel,” in Nickel in Soils and Plants, CRC Press, 2018, pp. 
341–374. 

[14] A. van der Ent et al., “Exceptional Uptake and Accumulation of Chemical Elements in Plants: Extending the 
Hyperaccumulation Paradigm,” 2021, pp. 99–131. doi: 10.1007/978-3-030-58904-2_6. 

[15] X. Xu, W. Zhu, Z. Wang, and G.-J. Witkamp, “Distributions of rare earths and heavy metals in field-grown maize 
after application of rare earth-containing fertilizer,” Sci. Total Environ., vol. 293, no. 1–3, pp. 97–105, Jul. 2002, 
doi: 10.1016/S0048-9697(01)01150-0. 

[16] L. Brioschi et al., “Transfer of rare earth elements (REE) from natural soil to plant systems: implications for the 
environmental availability of anthropogenic REE,” Plant Soil, vol. 366, no. 1–2, pp. 143–163, May 2013, doi: 
10.1007/s11104-012-1407-0. 

[17] G. Tyler, “Rare earth elements in soil and plant systems - A review,” Plant Soil, vol. 267, no. 1–2, pp. 191–206, 
Dec. 2004, doi: 10.1007/s11104-005-4888-2. 

[18] L. Miao, Y. Ma, R. Xu, and W. Yan, “Environmental biogeochemical characteristics of rare earth elements in soil 
and soil-grown plants of the Hetai goldfield, Guangdong Province, China,” Environ. Earth Sci., vol. 63, no. 3, pp. 
501–511, 2011, doi: 10.1007/s12665-010-0718-9. 

[19] K. Krzciuk and A. Gałuszka, “Prospecting for hyperaccumulators of trace elements: a review,” Crit. Rev. 



 
 
 

T. Dinh, Z. Dobo, H. Kovacs: The overall concept of phytomining of rare earth elements  
Fókuszban a hazai felszín alatti természeti erőforrások - nyersanyagok, energia és technológiák nexusa, ISBN 978-963-358-277-0, oldal: 113-120. 

 

120 

 

Biotechnol., vol. 35, no. 4, pp. 522–532, Oct. 2015, doi: 10.3109/07388551.2014.922525. 

[20] M. Kovarikova, I. Tomaskova, and P. Soudek, “Rare earth elements in plants,” Biol. Plant., vol. 63, no. 1, pp. 20–
32, Jan. 2019, doi: 10.32615/bp.2019.003. 

[21] H. Kovacs and K. Szemmelveisz, “Disposal options for polluted plants grown on heavy metal contaminated 
brownfield lands – A review,” Chemosphere, vol. 166, pp. 8–20, 2017, doi: 10.1016/j.chemosphere.2016.09.076. 

[22] M.-O. Simonnot, J. Vaughan, and B. Laubie, “Processing of Bio-ore to Products BT  - Agromining: Farming for 
Metals: Extracting Unconventional Resources Using Plants,” A. Van der Ent, G. Echevarria, A. J. M. Baker, and J. L. 
Morel, Eds. Cham: Springer International Publishing, 2018, pp. 39–51. doi: 10.1007/978-3-319-61899-9_3. 

[23] W. J. Liu, W. W. Li, H. Jiang, and H. Q. Yu, “Fates of Chemical Elements in Biomass during Its Pyrolysis,” Chem. 
Rev., vol. 117, no. 9, pp. 6367–6398, 2017, doi: 10.1021/acs.chemrev.6b00647. 

[24] A. Nzihou and B. Stanmore, “The fate of heavy metals during combustion and gasification of contaminated 
biomass-A brief review,” Journal of Hazardous Materials, vol. 256–257. pp. 56–66, 2013. doi: 
10.1016/j.jhazmat.2013.02.050. 

[25] J. Koppejan and S. Van Loo, The handbook of biomass combustion and co-firing. Routledge, 2012. 

[26] W. Dastyar, A. Raheem, J. He, and M. Zhao, “Biofuel Production Using Thermochemical Conversion of Heavy 
Metal-Contaminated Biomass (HMCB) Harvested from Phytoextraction Process,” Chemical Engineering Journal, 
vol. 358. pp. 759–785, 2019. doi: 10.1016/j.cej.2018.08.111. 

[27] C. Liu et al., “Element Case Studies: Rare Earth Elements,” 2021, pp. 471–483. doi: 10.1007/978-3-030-58904-
2_24. 

[28] B. Jally et al., “A new method for recovering rare earth elements from the hyperaccumulating fern Dicranopteris 
linearis from China,” Miner. Eng., vol. 166, p. 106879, Jun. 2021, doi: 10.1016/j.mineng.2021.106879. 

[29] B. Qin et al., “Vacuum pyrolysis method for reclamation of rare earth elements from hyperaccumulator 
Dicranopteris dichotoma grown in contaminated soil,” J. Clean. Prod., vol. 229, pp. 480–488, Aug. 2019, doi: 
10.1016/j.jclepro.2019.05.031. 

[30] M. Wang, Q. Tan, J. F. Chiang, and J. Li, “Recovery of rare and precious metals from urban mines—A review,” 
Front. Environ. Sci. Eng., vol. 11, no. 5, pp. 1–17, 2017, doi: 10.1007/s11783-017-0963-1. 

[31] Z. Chour et al., “Recovery of rare earth elements from Dicranopteris dichotoma by an enhanced ion exchange 
leaching process,” Chem. Eng. Process. - Process Intensif., vol. 130, pp. 208–213, Aug. 2018, doi: 
10.1016/j.cep.2018.06.007. 

[32] B. Laubie, Z. Chour, Y.-T. Tang, J.-L. Morel, M.-O. Simonnot, and L. Muhr, “REE Recovery from the Fern D. 
Dichotoma by Acid Oxalic Precipitation After Direct Leaching with EDTA,” 2018, pp. 2659–2667. doi: 
10.1007/978-3-319-95022-8_224. 

[33] Z. Chour, B. Laubie, J. L. Morel, Y.-T. Tang, M.-O. Simonnot, and L. Muhr, “Basis for a new process for producing 
REE oxides from Dicranopteris linearis,” J. Environ. Chem. Eng., vol. 8, no. 4, p. 103961, Aug. 2020, doi: 
10.1016/j.jece.2020.103961. 

[34] A. Sas-Nowosielska, R. Kucharski, E. Małkowski, M. Pogrzeba, J. M. Kuperberg, and K. Kryński, “Phytoextraction 
crop disposal - An unsolved problem,” Environ. Pollut., vol. 128, no. 3, pp. 373–379, 2004, doi: 
10.1016/j.envpol.2003.09.012. 

 

 

 


	1 Introduction
	2 Phytomining of rare earth elements
	2.1 Phytoextraction of REEs
	2.2 Enrichment of REEs from contaminated biomass prior to REE extraction
	2.3 Extraction of rare earth elements

	3 Experimental system for combustion of contaminated biomass
	4 Conclusion
	5 Acknowledgment
	6 References

