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Phosphogypsum generation by the fertilizer industry worldwide
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Phosphogypsum generation by the fertilizer industry worldwide

USA
45 Mt/yr
2200 Mt

India
11 Mt/yr
43 Mt

China
70 Mt/yr
300 Mt

40% production 
worldwide

Spain
2-3 Mt/yr

120Mt
4% production

Phosphogypsum generation worldwide is not well reported: estimation based on 
H3PO4 production: 5 tonnes of PG per ton of H3PO4 (generation of 175 Mt/yr)



Phosphogypsum generation by the fertilizer industry worldwide

Around 6000 Mt of PG are deposited worldwide (> 50 countries such as USA, 
China, South Africa, Israel, Brasil, Spain, Poland, France, Greece, etc.).

PG stacks are located close to the factory and commonly in coastal areas



Phosphogypsum generation by the fertilizer industry worldwide

Increasing tendency related to the growing demand worldwide!!



Phosphogypsum generation by the fertilizer industry worldwide

- 80-95% gypsum
- Unattacked rocks: phosphate, fluorophosphate
- Quartz
- Organic matter
- Fe oxides

Mineralogical composition 
of phosphogypsum

Scanning electron microscope images of PG



Phosphogypsum generation by the fertilizer industry worldwide

- Fine grained: <0.08 mm
- High reactivity
- Residual acidity: acid and metal rich pore water
- Low permeability and karst processes

Scanning electron microscope image of PG



Phosphogypsum generation by the fertilizer industry worldwide

Element fractionation during the production of H3PO4

+

Radionuclide, REE, Y Trace metals

Phosphate rock Sulfuric acid

Phosphogypsum

Phosphoric acid



Waste valorization

- Valorization routes to absorb the huge volumen of PG produced worldwide: circular
economy

- Growing interest to valorizate this waste

- Main valorization focused on building and agriculture.

- Promising routes: source of critical raw materials



Waste valorization

Waste valorization limited due to PG impurities

~ 90% 210Po and 226Ra in PG
~ 80% U y 210Pb in acid

~ 70-80% REY in PG



Leaching of REEs from phosphogypsum waste: Spain case 

120 Mt deposited in a coastal area for 50 yr period

Huelva PG stack not properly isolated, high pollution to the estuary: 42 ton/yr of 
Fe, 12 of Zn, 6.9 of As, 4.2 of U, 3.5 of Cr, 1.8 of Cu, 1.6 of Cd among others.

A restoration plan is designed: isolation of the stack.



Leaching of REEs from phosphogypsum waste: Spain case 

However, a more sustainable solution may be achieved: the recovery of 
critical raw materials (CRMs)….



Leaching of REEs from phosphogypsum waste: Spain case 

Key questions:

1. Are elements of economic interest in minable concentrations?

Estimation of metal grades in phosphogypsum and comparison with conventional deposits

2. Are these metal pools valuable enough to be exploited?

Economic estimation of metal deposits in phosphogypsum (London Exchange Metal Market).

3. Is technically feasible to extract these metals?

Assessment of technical requirement to extract and convert these metals into a commodity.

4. Economic, legal and social barriers for phosphogypsum recycling

Assesment of economic, legal and social barriers that could preclude phosphogypsum
recycling



Leaching of REEs from phosphogypsum waste: Spain case 

Methodology

- Collection of samples in surface and depth (n= 49)

- Mineralogical analysis (SEM, XRD, µXRF, XANES)

- Aqua regia digestion

- Total composition by ICP-AES and ICP-MS.

- Leaching with comercial acids (S:L ratio 1:20): HCl, 
HNO3 and H2SO4.

- Aided-extraction by chelation and ultrasound



Leaching of REEs from phosphogypsum waste: Spain case 

1. Are metals in minable concentrations?

The most abundant critical raw materials (CRMs) were B (304 mg/kg), light REE (LREE, La-
Sm; 160 mg/kg), heavy-REE (HREE, Eu-Lu e Y; 123 mg/kg)  and other trace metals (e.g. Cr, 
Co, Sb o Be).



Leaching of REEs from phosphogypsum waste: Spain case 

1. Are metals in minable concentrations?
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REO grade in PG of 0.034%

REO grade several orders of magnitude lower than high-medium REO deposits, but similar 
to low-grade deposits



Leaching of REEs from phosphogypsum waste: Spain case 

1. Are metals in minable concentrations?
1. Lateritic deposits

2. Carbonatite‐associated

3. Associated with alkaline igneous rocks

4. Hydrotermal deposits

5. Iron‐REE deposits

6. Marine placers

7. Alluvial placers

8. Ion‐adsorption clays

9. Phosphogypsum
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120 Mt of PG

Higher tonnage than 80% of reported deposits

However, PG deposits have similar or higher tonnages than most conventional 
deposits.



Leaching of REEs from phosphogypsum waste: Spain case 

2. Are these metal pools valuable enough to be exploited? 

Theoretical valuation: 

8721 millones USD 

Assuming total extraction of elements and
the obtaining of pure markeatable
products:

Leaching of 70-99% for REE, Cr, Sb, Be, Se
and Sc.

A correction factor should be applied (30% of
market values)



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? 

Route 1:   acids at different T and M 

Route 2:  DTPA at different pHs

HNO3, HCl, H2SO4

0.5, 1, 2, 3M

20, 40, 60 y 80ºC
Ratio S:L 1:20

500 rpm

DTPA

0.05M DTPA 
pH 3 to 5.



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Effect of extraction time

Extraction of target elements increased with time….. But also impurities

H2SO4

HNO3



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Effect of extracting agent

Higher extraction with HNO3 (>80%), followed by HCl (60%), H2SO4 (55%), DTPA-
acids (20%) and water (<5%)



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Effect of extracting agent

Higher release of impurities using HNO3 and HCl than with H2SO4

Better performance REE extraction:gypsum dissolution for H2SO4 (55%-6%) than for 
HNO3 (80%-69%)



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Mineralogical control on REE release



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Mineralogical control on REE release

ID21 - X-RAY MICROSCOPY BEAMLINE

µXRF mapping: detect high-resolutions element
associations with REE.

µXANES - micro X-ray absorption near-edge
structure: Ce speciation



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? Synchrotron 𝜇XRF mapping

La vs P

La vs S



Leaching of REEs from phosphogypsum waste: Spain case 

3. Is technically feasible to extract these metals? 

REE concentration into a salable product



Leaching of REEs from phosphogypsum waste: Spain case 

4. Economic, legal and social barriers for phosphogypsum recycling

Limitations for upscaling

👍 This solution is cost-effective

👎 High investment requirement

👎 High risks: fluctuation on REE prices

👎 Environmental impact??? Life cycle analysis
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