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Uranium is an essential resource for the sustainability of 

the world’s energy demand and economic development. 
 

A responsible recovery process of this elements is, 

therefore, very important as it contributes to the energy 

security of the planet : 5.7% of the world's energy, 

and 13% of the world's electricity in 2012. 

UNFC-2009 provides a simple and uniform format for the 

reporting of energy reserves and resources to ensure 

sustainable approaches to resource extraction, including 

the recovery of uranium. 

 

 

 

Introduction and context: 
 

 

 



Uranium Resources: 

1/ Conventional resources: 
Primary resources: 6 Million T of U: 100 years at current 
rates of consumption 
 

Secondary resources: 100 000 T : will be consumed in the 
next few coming years at a rate of 15 000 T/y 

2/ Unconventional resources: 14.642 Million T of U  

  Phosphate rocks: 12.894 Million T of U (88 %) 
 

SOURCE: UDEPO, 2012  



World Phosphate Rock Production and Reserves: 

World resources of phosphate rock are more than 300 billion tons.  

Source: USGS  



  Désignation 
ppm 

U La Ce Nd Y Ln2O3 

  Tunisie Gafsa  35-55* 75-110 110-170 60-80  80-120 1000 

  Morocco 130 300 180 90 75  1400-1600 

  US Floride 69 BPL 125 600 200 110 120 2900 

  Kola  10 2700 4500 1000 160 8400 - 8800 

  Zhijin China 30 1600 4000 2000 175 12900 

U and REE content of various Phosphate rocks 

Finland: 17 ppm, RSA Phalaborwa: 2.5 BT*   



  Phosphate rock production  > 200 Million tons/year 

  Phosphate rock reserves > 300 Billion tons 

 Phosphate rocks potential:12.894 Million T of U, 

  12 000 Tons of U produced from Phosphate rocks  

are lost with the fertilizers per year (20 % of the 

world demand. 

 20 000 T of Uranium were produced from P.A. 

Sedimentary phosphate rocks, as they present higher 

concentrations of uranium than igneous, provide an 

option for uranium recovery.  

Key Figures: 



Outline of the presentation : 

Why Uranium recovery from PA,  

Uranium in phosphate rocks 

Distribution of U during phosphate processing, 

Uranium rrecovery from Phosphoric acid, 

GCT experience in the field of Uranium recovery, 

 State of the art 

 Previous Program, 

 Current Program. 



Outline of the presentation : 

Why Uranium recovery from PA,  

Uranium & REE in phosphate rocks 

Distribution of U & REE during phosphate processing, 

Uranium recovery from Phosphoric acid, 

GCT experience in the field of Uranium recovery, 

 State of the art 

 GCT Previous Program, 

 GCT Current Program. 



Several considerations are behind our interest in 
uranium recovery from Phosphoric Acid.  

The most important ones are: 

 International considerations (first order) 

 National considerations (second order).  

   Why GCT is interested in Uranium from Phosphoric 

acid ? 



Concerns of IAEA: 

“Some 12,000 tonnes of uranium are wasted every year 

because it is not being recovered from phosphoric acid 

production. This is enough to meet 20% of the world’s annual 

uranium needs in an environmentally highly beneficial 

manner. We are looking for win/win solutions that show both 

commercial, social, and environmental benefits from stopping 

this waste (Triple bottom Line). 
 

Statement made by Mr. Hari Tulsidas 

The Interregional Workshop on “UNFC Applications in Uranium 

and Thorium Resources: Focus on Comprehensive Extraction” 

held in Santiago, Chile, 9-12 July.2013   

International considerations  



Uranium demand is expected to be 80 to 130000 t U by 2025 
 against 60000 T U nowadays: WNA forecasts  

Shortage of Uranium is ahead 

International considerations following 



Reference Scenario Supply Demand Balance (tU)  

WNA 2013 Nuclear Fuel Market report 

 

• Compared with the 2011 report, 

uranium requirement 

projections have fallen.  
 

• The greater uncertainty in the 

prospects for nuclear power 

have greatly impacted 

expectations of future mine 

development.  
 

• On current expectations for 

existing and future capacity, 

the market should remain 

balanced to about 2023.  
 

• After 2023, the depletion of 

existing mines and the reduced 

numbers of expected new 

mines results in the need for 

capacity to be developed from 

the ‘Supply Pipeline’.  



National considerations : 
 

National considerations (second order):  

 Nuclear reactor project planned for a near future, 

 Provide the uranium required for the make up, 

 Energy mix policy, 

 Provide High quality Fertilizers (no uranium)  

 Preserve and improve the knowledge and the experience, 

 Promote a national innovation framework,  

 Implementation of national model of collaboration. 
 

  



National considerations : 
 

 

 
 

  

The project for Uranium recovery from phosphoric  acid 

was a government initiative to encourage and promote 

the mastering of new technologies and boost the 

cooperation between the industry,  universities,   

engineering schools, research centres, and government 

institutions to capitalize on a country’s investment in 

research and elaborate a prefeasibility study based on 

an improved SX process to be tested on a pilot scale. 



Step 1 

• Survey study on Uranium in 
phosphate rocks 

Step 2 

• Distribution of U during 
phosphate processing,  

Step 3 

• Uranium recovery from 
Phosphoric acid, Process 

Program Steps: 
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 Northen Basin: 

 Sra Ouertane, 

 Sekerna. 

 
 Eastern Basin: 

 Jbel Jebs, 

 Jbel Meknassi. 

 
 Gafsa Basin: 

 Jellabia, Mzinda, 

Metlaoui, Kef Eddour,  

Mdhilla, Moulares. 

Phosphate deposits in Tunisia 



(A) Geographic position of the studied area in Tunisia.  

(B) Paleogeographical situation of Tunisia during the early Eocene with position of studied areas 

(after Sassi, 1974; Winnock, 1980; Zaïer et al., 1998). 





High resolution SEM images of phosphatic 

particles from the studied area illustrate the 

nanostructure and some mineral inclusions 

occur in CFA pellet. 

 (A) Filamentous morphology suggests 

bacterial affinity  

(B) porous nanostructure corresponding to 

spherical and ovoid nanocavities 

approximately 2–4  m in diameter.  

(C) Euhedral, hexagonal CFA crystallites 

approximately 0.4–0.8  m in diameter (a-axis 

direction) and 0.2–0.5  m in length (c-axis 

direction)  

(D) well developed  m-rhombs of dolomite, 

indicating of in situ growth during diagenesis 

enhanced by high alkalinity of the pore 

waters, generated by the microbial respiration 

of sedimentary organic matter 

 (E) Framboidal pyrite in phosphatic pellet 

 (F) Sphalerite microcrystal inclusion 

(radiolarian test?) occurring in the core of 

phosphatic pellet. 



Backscattered Scanning Electron 

Microscopy : BSE images showing 

some accessory minerals associated 

to phosphorites: 

(A) Free zircon crystal in 

phosphorite sample from Sra 

Ouertane (Jebel Ayata).  

(B) Ilemnite crystal in phosphorite 

sample from Sra Ouertane 

(Jebel Ayata). 

(C)  Pyrite in Gafsa-Metlaoui 

sample occurring as 

intergranular cement and 

(D)  Free Cd-rich sphalerite crystal 

recognized in a heavy fraction    

( > 2.89 g/cm3), ablation crater 

of LA-ICP-MS analysis is visible 

on the left side of the crystal.  



Uranium: 

Qualitative: 

 Substitution of calcium; 

 Combined to Organics. 
 

 

Quantitative: 

 Reserves 

 Concentration ( analysis), 

 



U and REE analysis in Phosphate rocks 
 For this purpose sampling protocols were used and 

analytical studies of these elements in the main 
national phosphate deposits in general, and those of 
the Gafsa basin in particular were conducted according 
to analytical protocols as well.  

 ICP-MS analysis were performed by at ActLabs 
Canada and Dpt of Geosciences at Aveiro University 
Portugal.  

  Detection limits were 0,1 ppm for U, La, Ce, Nd, 

  Detection limits were 0,05 ppm for Pr, Eu, Tm, and Lu. 

  Accuracy for all elements were better than 10 %. 



       Northern Basin: Uranium (ppm)  

Sra Ouertane P2O5 % U ppm 

Min 21,9 73,9 

Max 26,1 112,2 

Average 24,0 93,6 

Sekerna P2O5 % U ppm 

Min 19,7 36,2 

Max 23,8 55,1 

Average 21,8 45,6 

                Eastern basin: 

Jebel Jebs P2O5 % U ppm 

Min 27,9 40,8 

Max 29,5 46,7 

Average 28,7 44,1 



 

Gafsa 

Gafsa Basin: Uranium (ppm)  

Metlaoui P2O5 % U ppm 

Min 24,1 20,9 

Max 28,3 36,2 

Average 26,4 29,9 

Kef Eddour P2O5 % U ppm 

Min 25,4 23,9 

Max 28,8 41,1 

Average 26,5 31,9 

Jellabia P2O5 % U ppm 

Min 16,4 19,9 

Max 30,3 53,7 

Average 26,0 32,7 

Naguess P2O5 % U ppm 

Min 23,9 25,4 

Max 29,0 44,2 

Average 27,2 33,6 



Uranium analysis: Summary 

Phosphate Rock U  Average concentrations ppm 

Metlaoui  29,9 

Kef Eddour  31,9 

Jellabia  32,7 

Naguess  33,6 

Sra Ouertane  93,6 

Sekerna 45,6 

Jebel Jebs  44,1 



 

 

 

 

 
1/ Among the three main deposits, the Sraa Ouertane 
phosphate (Northern deposit) is the most indicated for 
Uranium recovery, (80 to 120 ppm), 
 
2/ REE elements are mostly light REE (800 ppm),  
 
3/ Simultaneous Recovering of U and REE elements 
would present an opportunity to improve the economical 
aspect of this recovery, 

 
 

 

 

CONCLUSIONS: 
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Production scheme of Phosphoric acid production: 



SIMPLIFIED DIAGRAM FOR F. G. P. ACID PRODUCTION 

REACTION 

ZONE 
FILTRATION 

ZONE 
FEED 

ZONE 

  

 GYPSUM 

Cake 

F. G. ACID 

26 % P2O5 

 LIQUID   

PHASE  

RECYCLED P2O5 
Filter  Water 

H2SO4 

SOLID PHASE  

PHOSPHATE 

P2O5  

 PHOSPHORIC 

SLURRY 

Water 



A protocol was elaborated for studying  the parameters 
affecting the distribution of U and REE in lab scale: 
Batch semi continuous . 

The main important ones are the following:  

 Feed rate of inputs, 
 Excess of Sulfuric acid, 
 Redox-potential .  

Data sheets corresponding to the tests are presented 
next. 







Summary: 
In the light of the hole set of testing results on different rock 
samples. The distribution coefficients of uranium REE and Thorium in 
the phosphoric acid produced are illustrated as follows: 

Element Distribution C % Range ppm 

Uranium U 78- 90 35-45 

Cerium Ce 10-20 5- 25 

Lantanium La 12-25 5-20 

Neodyme Nd 20-25 10-20 

ThoriumTh 80-90 5-15 

During the process, the uranium and Thorium contents of the 
phosphate ores is preferentially transferred to the phosphoric 
acid. The REE are preferentially transferred to solid phase: 
Gypsum. 
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   Acide phosphorique: API 

Élément 

Acide 

Phosphorique 

mini max 

P2O5            % 25 26 

CaO             % 0,1 0,5 

MgO            % 0,5 0,7 

SiO2            % 0,2 0,4 

H2SO4          % 0,8 1,5 

Fe2O3          % 0,2 0,3 

Al2O3           % 0,3 0,4 

F                 % 0,7 1 

C. Org         % 0,035 0,05 

Uranium   ppm 35 50 

Uranium exists under the 
tow  valences +4 et +6. 
Uranium +6 is in one or 
more of the following 

species [1]:  

[1]: Thamer, B. J (1957) 

JACS, 79, 4298 

 UO2
2+, 

  or  

UO2 (H2PO4)
+, 

UO2 (H2PO4)2,  

UO2 (H2PO4)2 - H3PO4,  

  In présence of H2PO4
-, 



U is strongly complexed in H3PO4 (26-32% P2O5) or  

(4-5.5 M H3PO4) 

 

 

Chemistry of Uranium in phosphoric acid:  



 

Background: 

 Around 20.000 tons of uranium were recovered 
from phosphoric acid on the occasion of wave 2 
(1978 – 1998). Most of the production was in the 
US (Florida 6 plants & Louisiana 2 plants), and 
Belgium.  

 The processes used were all based on solvent 
extraction. 

 Different solvents and technologies were used. 

 FGA (28 to 30 %) was used as an input.  
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The main solvents used were: 

 DEPA-TOPO (also DEHPA-TOPO, D2EHPA-
TOPO) uses di(2-ethylhexyl) phosphoric acid 
and trioctyl phosphine oxide as extractants 
(IMC Prayon process)  

 OPPA uses octyl pyro phosphoric acid as 
extractant (PUK Gardinier).  

 OPAP uses Octyl phenyl acid phosphate as 
extractant (ORNL process)  



Basic Flow Sheet for the Reference Process SX: 

 D2HPA/TOPO: Oak Ridge N.L , IMC Prayon 

FEED ACID PRETREATMENT EXTRACTION 1 
BARREN 

ACID 

STRIPPING ACID 

REDUCED 
STRIPPING 1 EXTRACTION 2 

STRIPPING 2 SCRUBBING PRECIPITATION 
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Extracting agent: synergistic mixture of organic solvent in 
Kerosene 

Trioctyl phosphine oxide 

TOPO 

R=C8H17 P O 

Di(2-ethyhlexyl) phosphoric acid DEPA 

P O C 



 

    Advantages: 
 

DEHPA/TOPO system revealed itself as the best one thanks 

to its great stability and very good selectivity. (BAT in 1989) 

 

   Disadvantages: 

 

   02 Cycles: one for concentration, one precipitation, 

 D U not high enough to allow only one 

separation/Purification cycle, 

    D Fe high and involves insoluble cruds during U step, 



CEA Process: 

Patented molecule 

PCT WO 2013/167516 A1 

6/5/2013 (national) and 

14/11/2013 (international) 
 

DEHCNPB:  



Flowsheet with 3 following main steps: 
 

1. Uranium extraction by 

2. Iron scrubbing by H2SO4  

3. Uranium stripping by carbonate (Na2CO3) 



  

Equipments used: Mixer Settlers 

With different design and performances 



Emerging technologies: 

SX: Phospurin process:  Kamorphos India; 

IX : PhosEnergy 

IX : K-Technologies 

  

 

 

As an Indication: IX : PhosEnergy   

OPEX  around 40 US dollars per kg of U 



Stake in term of Resources 
 

 

 

Uranium Resources (in 10³ tons U) In 2003  
  

 

1/  Classical resources known : 

 

< 130 USD/Kg U          :          4588 

<   80 USD/Kg U : 3537 

<   40 USD/Kg U : 2523 

 

2/ Resources contained in phosphates : 

 

     < 130 USD/Kg U  : 22000   out the 12.8 MT 

  



To invest nowadays in Uranium extraction from 

phosphoric acid 

1. STAKE IN TERM OF ECONOMY 

In 1980 : the following favourable economic environment : 

 

 SPOT PRICE NUEXCO :               = 109 US$/kg U 

  SALES PRICE :    = 137 US$/kg U 

  COMPLETE COST PRICE :  =   96 US$/kg U 

In 1998 : the following unfavourable economic  environment: 

 

 SPOT PRICE NUEXCO :10 US$/lb U3O8    =   26 US$/kg U 

  SALES PRICE :          =   39 US$/kg U 

  COMPLETE COST PRICE :        =   71 US$/kg U 



To invest nowadays in Uranium extraction from phosphoric 

acid with this process. 

 
2. CURRENT SITUATION 

 Spot price NUEXCO :  40.5 US$/lb U3O8 = 105 US$/kg U 

 

  A unit of recovery of the uranium from phosphoric acid, with an annual capacity  

of  minimum 100 tons of U and a 20 years amortization, will show a total cost price 

that may vary from 75 and 130 US$/kg U, Operating Costs Less than $40/Kg, 
  

  This cost price will depend on : 

 

   the U and organic matter content in the natural phosphate? 

   the local economic environment (energy, utilities....) 

 

 A long term sales contract could be concluded at > 65 US$/lb U3O8 = 168 US$/kg U. 
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 OPPA Process 

Précipitation ADU 

Calcination 

 

Dissolution 

 

 H3PO4 Input 

Al(OH)3 

 

UF4 

Loaded Solvent 

 

Séparation UF4/solvant 

  

HF 

Eau de procédé 

   U3O8 

 NH3 

Cooling 

Purification 

Réduction 

 

Centrifugation 

solvent 

OPPA 

Kérosène 

 

Extraction 

4 Stages MS 40-45°C 

 

Extraction  

 

Réextraction 

 Barren acid 

 Iron 

HNO3 
UF4 

Recyclage  

HF & slvt 

TBP 
REE Recovery 



53 
R=C8H17 P O 

OPPA: 

Octyl Pyro Phosphoric Acid 



Historical background: 
 

 1978:  Micropilot plant supplied by PUK Gardinier and 

operated for pilot continuous testing by GCT, 

 1982:  pilot plant supplied by PUK Gardinier and installed 

at Gabes site, 

 1982-1984:  The pilot plant was operated by a mixed 

team for PUK and GCT and served for pilot continuous 

testing of different stages of the process on Tunisian 

phosphoric acid FGA,  

 1985: Elaboration of a feasibility study for 120 T/y 

uranium recovery project . The project was stopped. 



 The main features of the pilot plant: 

 Feed acid input: 200 liters/h  FGA 27 % P2O5  

 Pretreatment section 

 Extraction section 

 Separation section            Green cake 

 Purification section              Yellow cake (ADU) 

The flow sheet of the PUK Gardinier process was  

previously presented extraction devices were M. Settlers. 

This pilot plant was decommissioned in 1990. 

The pilot plant: 
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Current project being conducted: 

When uranium recovery was reconsidered in 2010, 
phosphoric acid 35 to 40 % P2O5 and about 80 ppm of 
U offers viable opportunity of recovery because of 
low process inventories. 

U recovery from phosphoric acid using SX technology 
is mature and reliable but can be improved . 

In order to improve the competitiveness and cost 
reduction of Uranium recovery from Phosphoric acid 
with respect to conventional resources, advantage 
should taken from innovative and advanced devices 
(combining mixed settlers and columns). 

                                 More Cost effectiveness   



Cristallisation 

 

Solvant Washing 

   Phos  Acid Plant 

Eau 

 Réextraction Oxydante 

 3 étages 30°C 
Extraction 

4 Stages 40°C 

  

Oxydation of PA 50 % 

Extraction 2 

3 stages 35-45°C 

Stripping 2 

2 étages 25-45°C 

  U3O8 

 Barren  Acid  

Filtration 

(NH4) 2CO3 

 

Improved OPAP 

Process 

H2O2 

Recycled Solvant MOPPA + DOPPA  0.2 M / TBP Kérosène 

Input  Acid : 40 % P2O5 

Traitement: Cooling  

Org C. removal 

Calcination 

Solvant recyclé:  

0.3 M  D2HEPA + 0.075 M 

TOPO 

  ATU : 

Yellow           

.Cake 
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Mono octylphenyl 

phosphoric acid 

Di-octylphenyl 

phosphoric acid 

P 

O R= 

OPAP 



   Octyl Phenyl Phosphoric Acid as solvent has 
been demonstrated to work effectively in a 

lab scale. Continuous operation with 

phosphoric acid up to 40% were conducted 

with some success. 

  Testing on lab scale are on the way. 

  Testing on mini pilot scale are planned. 

Current project being conducted: 

  



Current project being conducted:     
 

  

  Chemical Stability,  
  Cheaper than DEPA/TOPO ( Reference process), 
  Good extraction coefficients, 
  Extract  U(IV) and U(VI), 
  Good selectivity, 
  Phase separation to be improved, 

Main Features: 
 

  

 

  

  

 Phosphoric acid 40 % as input, 

 Solvant: MOPPA / DOPPA-TOPO (first cycle) 

 Solvant: DEPA/ TOPO (second cycle) 



GCT Pilot Plant for solvent extraction 



  

EQUIPMENTS TO BE USED: MIXER SETTLER OR 

COLUMNS 

OR A COMBINATION  



 
This national project presenting many challenges has been 
carried according to the following aims : 

 maintain and improve the state of knowledge and 

expertise in the field of uranium recovery , 

 skill transfer from senior to younger technicians   and 

engineers : training and developing capability.  

 improve the already existing collaboration model with 

academic institutions or specific research centres, 

 provide a training facility on a national level for 

engineering schools. 

 
 

 

  



The Key options taken with respect to: 
 

 PA concentration 40%, different  
 Appropriate solvent selection, 
 Innovative, advanced, High efficiency equipments 

and devices to be tested, 
 Use of DCS, 
 Collaboration with national institutions, 
  Collaboration with senior experts in the field         

(IAEA experts and UxP project).  
Should permit to meet the main objective assigned 
to the project. 



ENIG   GOV CNSTN 

How are we 

doing it ? 

ENIG 

CNSTN MIME 

IAEA 

GCT 



Conclusions: 
 
 
The Sraa Ouertane deposit (Northen Basin) 
presents a good potential for uranium recovery, 
 
An improved process for uranium recovery  is 
being tested and a technical study conducted. 
  
An ambitious project with many outputs is 
being conducted with potential partners and 
should provide expected results. 
 

   





Thank you for your kind attention !!! 


