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Challenges in NORM management

*  Managing NORM waste presents difficulties associated with its very high volumes and its variability in chemical and radiological

composition.

° There is no definitive solution for NORM final storage despite the environmental risk.

* Recycling and reuse of part of the NORM can be a promising solution.




Challenges in NORM management: Focus on Circular Economy

° OBIJECTIVE: To convert NORM management into a business opportunity for the companies and promote a feasible final disposal to the
national agencies and regulators.

NORM waste

- Highly variable chemical and radiological composition
- Variable chemical stability

- High volumes unmanageable for a final disposal

- Low to very low active, long-lived radionuclides

Final waste to be managed By-product

- Fixed chemical composition(s) -Negligible to very low
- Higher activity (>10,000 Bg-g) activity
- Manageable volumes (some m3)
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Challenges in NORM management: Focus on Circular Economy

* ACTIONS NEEDED: (1) Validation of the methodologies of treatment, (2) Studies of economic feasibility, (3) Evaluation of Radiological
Protection.

- Ceramic materials
- Carbonates
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The phosphate industry in Spain

* Phosphoric acid has long been produced in Spain for the fertilizer and dicalcium phosphate industry. Main sites are found in Huelva,
Cartagena and Flix.

°*  Two main NORM-bearing wastes have been left after the phosphoric acid production: phosphogypsum and fluorite sludge.

Cas(P04,, CO3)3F + 3HCl -
CQ5(P04_ C03)3F + 5H2504_ + 10H20 -
5Ca*t +3C05~ +3P0;™ + F~
5(CaS0,-2H,0)+3C0%™ +3P0; + F~
Ca’t + 2F~ - CaF, (fluorite)
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The dicalcium phosphate (DCP) industry in Spain

* Dicalcium phosphate (DCP) has long been produced in Spain as an additive for animal feed in chicken farming, using sedimentary
phosphate rocks from North Africa (mostly Morocco).

* Significant amounts of fluorite sludges have been/are being
stored on the landfills in the proximity of the factories.

* These sludges are considered NORM due to the presence of
uranium and thorium (some Bg-g?).

* Two main sites have been studied in Spain:

v (1) El Hondén-Cartagena, in South Spain (activity ceased in
2001). Around 1 Mt of sludge in ponds and tailings.

v" (2) Flix, in NE Spain, currently active. ~ 30,000 tons
sludge/year.
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Objectives of this work

° Fluorite sludge could be reused after treatment as raw material or as a source of critical elements such as REEs.

* A thorough characterization of the sludge from two industrial sites in Spain has been performed to assess the potential NORM waste

reduction and conversion to a by-product.




Fluorite sludge characterisation

*  Fluorite sludge from the studied sites has been characterized using:
* X-Ray diffraction
* Particle size analysis
* Scanning Electron Microscope (SEM)
* Inductively coupled plasma—mass spectrometry (ICP-MS) for REEs contents

* Synchrotron beam analysis

8/24




X-ray diffraction

The use of XRD provides biased results due to the very fine-grained particles of the main component (fluorite).

1 L-22-1087 m3

Sample from Flix -
3 | Fluorite, syn; 53.1%
3,000~ ); | Quartz, syn, 35.6%
| Fluorapatite, syn; 11.3%

2,000

Counts

2Theta (Coupled TwoTheta/Theta) WL=1.541
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X-ray diffraction

The use of XRD provides biased results due to the very fine-grained particles of the main component (fluorite).

* Gypsum could be related to other waste.
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Particle size characterisation

Particles in the fluorite sludge are extremely fine, with 65% below 5 mm.

Volume Statistics (Arithmetic)

Calculations from 0.040 ym to 2000 ym
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Scanning Electron Microscope (SEM)

° Fluorite is well observed in SEM, with bright rounded crystals
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Scanning Electron Microscope (SEM)

° Fluorite is well observed in SEM, with bright rounded crystals
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Synchrotron Beam Analysis (in progress)

*  WXRF mapping and spectral analysis seem to confirm the presence of neodymium inside the fluorite grain

* Other REE are difficult to detect due to the matrix effect

° High intensity of the calcium peak hinders the detection of some elements
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Synchrotron Beam Analysis (in progress)

*  WXRF mapping and spectral analysis seem to confirm the presence of neodymium inside the fluorite grain

* Other REE are difficult to detect due to the matrix effect

° High intensity of the calcium peak hinders the detection of some elements
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Inductively coupled plasma—mass spectrometry (ICP-MS) for REEs contents

° Fluorite precipitation captures all REEs released from phosphorite dissolution.

* Lanthanum and neodymium are the REEs with the highest concentration. Also, Y is found in concentrations higher than 0.5 %.
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Inductively coupled plasma—mass spectrometry (ICP-MS) for REEs contents

° Final waste contains other minerals than fluorite which do not contain significant amounts of REEs.

* Collecting directly the sludge from the decantation tanks, REEs concentration is notably higher.
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Inductively coupled plasma—mass spectrometry (ICP-MS) for REEs contents

° Effluents, after the reaction with the raw materials are free of REEs (few ppbs as much).

e Solid Tank 2
Solid Tank 3
10 \/__/\—/;‘ Sofid-Tank 1
0.1
\/—-—/ ——, EfflUENt Tank 2
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/\-
0.001 W T ~—— Effluent Tank 1

0.0001
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la Ce Pr- Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu

e C]1/NASC e C12 /NASC e C13/NASC o C51/NASC e C52 /NASC e C53 /NASC

18/24




Fluorite sludge purification
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Treatment of the sludge is being in progress to obtain a high purity fluorite concentrate as the first step of REE extraction.

An experimental flotation plant has been designed to separate the finest fraction of fluorite from the sludge.
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Fluorite sludge purification

20/24




REEs extraction (in progress)
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Mostra Al Ti U Ca
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Sulfuric 18M-10g/L 81 416 144 103 174 128 123 92 104 114 121 92 91
Sulfuric 4M-10g/L 26 26 53 21 48 11 16 0 7 5 5 18(<9

Sulfuric IM-10g/L 67 69 87 40 104 44 91 2 66 63 67 76 25
Clorhidric 12M-10g/L 21 41 51 30 37 26 25 4 22 22 25 19 22
Clorhidric 4M-10g/L 18 36 52 17 29 25 23 5 20 19 22 16 17
Clorhidric 1M-10g/L 11 113 84 30 95 82 10 12 19 18 21 55 73
Sulfuric 18M-40g/L 72 208 88 86 102 103 103 68 88 89 95 78 93
Sulfuric 4M-40g/L 22 11 32 18 29 4 15 0 6 4 4 19 0
Sulfuric 1M-40g/L 26 31 84 42 101 14 3 1 5 5 6 55 8
Clorhidric 12M-40g/L 6 24 32 25 27 12 5 1 7 7 9 12 8
Clorhidric 4M-40g/L 2 27 27 13 24 20 1 2 2 2 3 12 18
Clorhidric 1M-40g/L 0 70 79 18 93 69 0 8 1 0 1 40 47|
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Economic assessment
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REEs are the raw materials with the highest criticality in the European Union.
99% of the EU consumption of REEs is imported from China.

Future demands of Dysprosium, Praseodymium and Neodymium will multiply several times the current use in e-mobility and

renewables.
Materials

Supply Risk
isortad largest 10 smadlest)

Source: European Commission, 2020 A




Next steps

‘Improvement of fluorite concentrate purity
‘REEs extraction and production of REE oxides and/or metal
-Separation of radionuclides, mainly uranium and thorium

Upscale to pre-industrial production
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Conclusions

° Initial stages of characterization of fluorite sludge show promising opportunities for recycling and conversion to a by-product of the
NORM produced during the manufacturing of DCP.

° Fluorite is a valuable raw material with high demand and price in the commodities markets. Current investigations are focused on
cost-effective methodologies of fluorite separation and concentration from the sludge.

* REEs contents in fluorite are high and their extraction can be of interest in the market due to the criticality in the EU. Experiments on a
larger scale must be conducted to determine the profitability of the operation.

° Radionuclides can be extracted as well and concentrated in a much smaller matrix, much easier to manage and dispose.
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