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1. Introduction

Phosphogypsum, the major solid waste generated by the conventional wet-process phosphoric
acid industry, presents significant environmental, storage, and long-term management
challenges. Its substantial production volume, combined with the frequent presence of heavy
metals and naturally occurring radioactive elements, raises environmental concerns if not
properly controlled [1,2]. Addressing this issue requires strategies that minimise or ideally
eliminate the formation of this by-product. In this context, substituting sulfuric acid with nitric
acid offers a promising pathway for sustainable solid waste management. Nitric acid digestion
effectively suppresses phosphogypsum formation while generating calcium nitrate, a valuable
fertilizer grade co-product [3]. Additionally, this route ensures that rare earth elements (REES)
remain in the phosphoric acid-calcium nitrate liquor after digestion, which opens promising
perspectives for their subsequent recovery. Their presence in the acidic medium enables easier
and more selective extraction, contributing to improved overall process efficiency [4,5].

2. Material and methods

Phosphate rock sourced from the OCP Group in Morocco was homogenized and characterized
before experimental use. Nitric acid (HNOs, analytical grade) was employed for phosphate rock
digestion. After digestion, the slurry was filtered to separate the acidic liquor from the solid
residue. The liquid phase was subjected to a crystallisation step to separate phosphoric acid
from calcium nitrate. Elemental analyses of both liquid and solid phases were performed using
ICP-OES and UV-visible spectroscopy, while the solid residue was further characterized by X-
ray diffraction (XRD) to identify crystalline phases.

3. Results and discussion

Efficient phosphate rock digestion was achieved, leading to highly efficient phosphate rock
digestion. Calcium remained in solution predominantly as calcium nitrate, confirming the
effectiveness of the nitric acid route in suppressing phosphogypsum formation. The
crystallisation step enabled effective calcium nitrate separation, resulting in phosphoric acid
with properties compatible with downstream processing requirements. ICP-OES, UV-visible,
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and XRD analyses confirmed elemental distribution between the liquid and solid phases,
highlighting the potential of the nitric acid route for sustainable solid waste management.

4. Conclusion

This work investigates an alternative nitric acid based approach for phosphoric acid production
by examining Moroccan phosphate rock digestion under various operating conditions and
evaluating calcium nitrate removal through crystallisation. The results contribute to the
development of a cleaner, low-waste process aligned with sustainable solid waste management
in the phosphate industry.
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Fig 1: Nitric-acid route: digestion-crystallisation-filtration and valuable by-product recovery
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