Phosphogypsum as a secondary source for construction gypsum and rare earth
elements: Potentials, risks and processing strategies
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The potential use of phosphogypsum (PG) in the construction sector is strongly influenced by regulatory
frameworks at both national and European levels. Current legislation on building materials, radiation protection
and waste classification does not yet provide a harmonised pathway for PG-based products, resulting in
uncertainties for industrial implementation. A consistent approval procedure is required to define acceptable
impurity levels, monitoring obligations and long-term safety criteria. Establishing such a framework is essential
to enable market entry for PG-derived gypsum and to ensure public acceptance of materials originating from
secondary resources. Therefore, the project “Phosphogypsum Processing to Critical Raw Materials” (PG2CRM)
was cofunded by the EU ERA-MIN Joint Transnational Call 2021 with the objective to develop an innovative
process for rare earth elements recovery from low-radioactive phosphogypsum (PG).

PG as a by-product of wet-process phosphoric acid production is generated globally in very large quantities
between 170 ... 280 million tons per year (Tayibi, 2009), most of which is stockpiled in heaps (Figure 1).
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Figure 1. Location of phosphogypsum stacks which were examined in the ERA-MIN project.

At the same time, Europe faces a structural shortage of construction gypsum due to the phase-out of coal-fired
power plants and the associated decline in flue-gas desulfurization (FGD) gypsum production. With the reduction
of coal combustion, large capacities for the production of FGD gypsum will disappear. This situation motivates
the search for alternative gypsum sources and the evaluation of PG as a potential secondary raw material (Shao,
2026). The strategic relevance of alternative raw materials, including secondary resources such as PG, is
increasingly emphasized in current assessments of Europe’s raw material security.

Beyond its gypsum content, PG represents a significant secondary resource for rare earth elements (REE).
Between 70 — 85% of the REE contained in apatite remain in the phosphogypsum (Maina, 2025). Based on global
PG production, this corresponds to an annual REE potential of 85,000 — 140,000 tons, equivalent to 40 — 67% of
China’s current production. Geochemical investigations confirm that REE distribution in PG is strongly controlled
by mineralogical and process-related factors, resulting in pronounced site-specific variability (Khalil, 2025).
Initial analyses within the ERA-MIN project PG2CRM show strong site-specific variability: PG from Wizéw



(Poland) contains 0.451% REE, while material from Huelva (Spain) and Croatia shows significantly lower values
(Table 1). These differences highlight the importance of geological and process-related factors.

Table 1. Rare earth element content in selected phosphogypsum deposits.

|Origin ||REE content [%6] |
\Wizéw (Poland) || 0.451 |
[Huelva (Spain) || 0.022 |
[Kutina (Croatia) || 0.009 |

The strong variation in REE content between deposits highlights the importance of site-specific characterisation
and the need for adaptable processing strategies. High-grade materials such as PG from Wizo6w offer favourable
conditions for REE recovery, while low-grade materials require optimised leaching and purification steps to
achieve economic viability.

Within the PG2CRM project, several processing routes are being evaluated to recover REE and reduce
radiological and chemical impurities. Acid leaching with H.SO. mobilizes REE and actinides, while heavy metals
are only partially removed. Heavy metals are only removed to a small extent, indicating the need for additional
process steps. Redox additives such as NaClOs and Fe*'/Fe*" influence extraction efficiency. Particle size
classification shows promising results for concentrating radionuclides in coarse fractions, enabling selective
removal. Washing and impurity removal are essential to meet construction-grade specifications.

To validate the process under realistic conditions, a pilot-scale experiment was carried out using 250 kg of
phosphogypsum. The material was leached for rare earth elements recovery and subsequently converted into
construction-grade gypsum. This pilot test demonstrated that the combined hydrometallurgical and purification
steps can be scaled beyond laboratory conditions, producing gypsum that meets the chemical and radiological
requirements for industrial use. The pilot run also confirmed stable process performance, manageable impurity
loads and reproducible REE extraction efficiencies, providing a technical basis for further upscaling.

Overall, PG offers significant potential as a secondary source of both construction gypsum and rare earth
elements. However, its utilization requires robust processing strategies, site-specific resource assessments and
clear regulatory frameworks. Future work must focus on scaling pilot test to continuous processing plants,
evaluating economic feasibility and establishing legal pathways for PG utilization in the EU. The PG2CRM project
contributes to this by combining mineralogical, chemical, radiological and process engineering approaches to
enable safe and sustainable PG valorisation.
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