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Abstract The dissolved residue after phosphoric acid purification to food grade quality is uranium extracted by 

0.5 M aliquate in kerosene at a phase ratio O/A of 1:1 at room temperature 30 minutes contact time and 5 

minutes settling time. At this used lower pH, no interference is found. The calculated ΔH and ΔS for uranium 

are -71.84 Kj/mole and -213.42 Kj/mole. The negative ΔH indicates that the uranium extraction is exothermic, 

ΔG = -8.24 Kj/mole at 298 º K. The negative ΔG indicates that the reaction is spontaneous. Two moles Na2CO3 

is used for uranium stripping at room temperature contact time is 15 minutes and settling time 5 minutes. 

Finally, on the light of the achieved data a technological flow sheet is illustrated. 
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1. Introduction   

Monazite is considered one of the most important source of Rare Earth Elements, Thorium and Uranium. Of the 

200 best known minerals containing Rare earth elements, only three contain significant minerals- bastanite, 

monazite and xenotime, monazite being the second most important source of Rare Earths [1]. 

Y.A. El-Nadi, J.A. Daoud T, H.F. Aly, developed a method for extraction of uranium using aliquate 336 diluted 

in kerosene from alkaline leach solution. Based on these results, uranium was purified from the leach solutions 

by extraction with Aliquat-336 diluted in kerosene with purity not less than 99% [2]. 

Another process of uranium extraction from the sulfuric liquor generated in the chemical monazite treatment 

through a solvent extraction technique. The influence of the solvent concentration, effect of precipitating agent, 

effect of temperature, effect of stirring time and effect of pH were investigated. The results indicated the 

possibility of extracting completely, uranium by using tri-butyl phosphate (TBP) as an extractant from leach 

liquor produced after sulfuric acid monazite digestion. The stripping was carried out with cold water. After 

selecting the best conditions for the extraction process, which was 40-50% TBP/ kerosene (diluent) extractant 

concentration, 1.5-2M oxalic acid concentration as a precipitant for thorium (extracted with uranium), 45-60 

minutes stirring time and temperature was 40-50 ºC. A loaded stripping solution containing 0.1986g of U3O8 

from the starting 0.21 g with more than 99% purity and 99.3% recovery was obtained [3]. 

A method for extraction and recovery of uranium from Egyptian monazite sulphate leach liquor was studied 

showed that the sulphate leach liquor obtained from the sulphuric acid leaching process of Egyptian monazite 

was treated using solvent extraction to recover U(VI) by LIX63. The influence of various basic variables such as 

pH, concentration of LIX63, temperature, different stripping agent, phase ratio and diluents was examined. 

Using 10% LIX63 with the aqueous solution at equilibrium pH 5.5 and a phase ratio A/O ¼ 1/1, a four-stage 

McCabe-Thiele plot was constructed, which showed 85.57% of U(VI) extraction. The thermodynamic data 

showed that the extraction process is exothermic with enthalpy change ΔH ¼ 43.866 kJ/mol, the stripping of 
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U(VI) was quantitative done  by using 4 M HNO3.Uranium cake was finally obtained from the strip solution by 

the addition of hydrogen peroxide and ammonium hydroxide as precipitating agents [4].  

Another article describes the process of extraction of thorium and uranium from the sulfuric liquor generated in 

the chemical monazite treatment through a solvent extraction technique. The influence of the extractant type, 

concentration, contact time between phases, type and concentration of the stripping solution and 

aqueous/organic volumetric ratio were investigated. The results indicated the possibility of extracting, 

simultaneously, thorium and uranium from a solvent containing a mixture of Primene JM-T and Alamine 336. 

The stripping was carried out with a hydrochloric acid solution. After selecting the best conditions for the 

process, a continuous experiment was carried out using four stages in the extraction step, five stages of stripping 

and one stage of the solvent regeneration. A loaded stripping solution containing 29.3 g/L of ThO2and 1.27 g/L 

of U3O8 was obtained. 

The metals content in the raffinate was below 0.001 g/L, indicating a thorium extraction of over 99.9% and a 

uranium extraction of 99.4% [5]. 

Sulphuric acid leaching of 97% monazite is subjected to hydrophobic / hydrophilic solvent extraction in one 

step to separate the high quality phosphoric acid produced from uranium residue. Uranium residue extracted by 

N-butyl methyl amine (1M) in kerosene at an aqueous / organic phase ratio 1:3. Optimum mixing time is 15 

minutes while settling time is 5 minutes at room temperature. Uranium stripping is carried out by 8M HCl at an 

organic / aqueous 1:2 and a mixing time of 5 minutes at room temperature and settling time of 5 minutes. The 

obtained strip liquor is concentrated and uranium is precipitated as uranyl peroxide. Total process recovery is 

more than 90% [6]. 

Common extractants have been employed for the extraction of the uranium from a different acidic medium such 

as 4-Methylpentan-2-one [7], tri-n-butyl phosphate (TBP) and N,N-dihexyloctanamide (DHOA) [8], 

didodecylphosphoric acid (HDDPA) incorporated with TBP [9], Acidic organophosphorus [10], monoamides 

with branched alkyl chains [11-20], (N, N-di(2-ethyl hexyl) hexanamide [21], 2-ethylhexyl phosphonic acid-

mono-2-ethylhexyl ester (PC88A) and tri-n-octyl phosphine oxide (TOPO) mixture as extractant and 2-(5-

bromo-2-pyridylozo)-5-diethyl aminophenol (Br-PADAP) as chromophore [22], tri-n-octyl phosphine oxide 

(TOPO)/cyclohexane/ Br-PADAP [23], di-2-ethyl-hexyl-phosphoric acid (HDEHP) and tri-n-octyl-phosphine 

oxide [24], 4,4 diamino- phenylmethane /  alizarin [25], tri-n-octylamine/ Arsenazo III [26], orthoaminophenol 

[27],  cyanex 272 [28], LIX63 [29], Alamine 336 [30], N,N‑Dialkyl Amides [31], Cyanex 301, cyanex 921 and 

923 and their binary mixtures [32] and O-[1-(2-pyridylimino) ethyl] phenol [33]. 

In the present study, the selective method for extraction determination of U(VI) from phosphoric acid produced 

from processing of monazite using Aliquate R336 as extractant was studied. 

 

2. Experimental  

 Chemicals and reagents: 

The chemicals and reagents used in the present work are of analytical grade: 

 Kerosene 

 Aliquate R336 

 Sulphoric acid 

 Nitric acid  

 Sodium carbonate  

 Hydrogen peroxide  

 1% Urea nitric and ammonia solution  

The monazite sample was supplied by the Nuclear Materials Authority, physical dressing unit at Rashid, Egypt, 

as 97% concentrate.  

 Chemical analysis: 

A number of chemical and instrumental methods of analyses were used for the quantitative 

determination of the major, minor and trace elements of the present monazite using the proper 

analytical method of Marczenko et al., 2000 and Shapiro and Brannock (1962)  [34, 35]. 

 

http://www.sciencedirect.com.scopeesprx.elsevier.com/science/article/pii/S0301751613002007#bb0075
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 Solvent extraction process 

Extraction was carried out in a magnetic stirrer placed in a thermostat to control the temperature,5ml of  leach 

liquor containing 0.44% of uranium and mixed with 5ml of  solvent (aliquate 336) in kerosene as diluent were 

shaken for 30minutes and allowed to separate for 5 minutes in a separating funnel. 

The concentration of uranium in aqueous phase was determined by the arsenazoIII method whereas the 

concentration of uranium in the solvent was calculated from the material balance. 

The distribution coefficient (D) was calculated from the equation: 

D = [U] solvent / [U] aqueous     (1) 

Where [U] = weight percent of uranium 

The U extraction percentage (%E) was calculated from the following equation: 

%E = 100 D (P) / 1+ (P) D        (2) 

where : 

P (phase ratio) = volume of organic / volume of aqueous; and D is the distribution coefficient. 

(y)% = [U]feed - [U]raffinate        (3) 

where [y] is yield 

 Breakdown and processing of Monazite 

Egyptian beach-sand monazite obtained using mineral processing techniques. In this work using 

sulphuric acid for breaking down of monazite (grade 97%). Thorium is processed through partial 

digestion of the mineral with concentrated sulphuric acid at controlled temperature, 230-250ºC for 10-

12 hrs., and respectively leached with hot purified water at 45 ºC with continuous stirring, make 

solution to settle, then filter off, the leach liquor contains uranium, thorium and part of REEs, then 

precipitated at pH 1.1. The residual, undissolved, REEs and/or monazite is moreover processed with 

concentrated sulphuric acid at 300ºC, and leached in cold iced water and precipitated at pH 2.3. The 

remained acid insoluble residue composed mainly of zircon. 

 Separation of phosphoric acid from leach liquor of monazite 

Extraction of phosphoric acid from liquor carried out in a magnetic stirrer placed in a thermostat to 

control temperature. Monazite 97% contain 24.5% P2O5, 100ml of liquor with 24.5% P2O5 and a 

mixture of 100ml of ethanol and 700ml MIBK were mixed for 20 minutes and were allowed to separate 

for 5 minutes in a separating funnel, The concentration of P2O5 in the aqueous phase was determined 

by the citroammonium molybdate method whereas the concentration of P2O5 in the solvent was 

calculated from the material balance. The raffinate after extraction of P2O5 is subjected to extraction of 

uranium as follows: 

 

3. Results and Discussion 

Effect of Relevant Factors on the Extraction Process 

1. Effect of aliquate 336 concentration 

The effect of aliquate 336 concentrations upon uranium extraction efficiency from hydrophilic phosphoric acid 

residue after sulphuric acid monazite decomposition by contacting equal volumes of the latter with aliquate 336 

in kerosene at different concentrations ranging from 0.1M to 0.7 M. From the experiments performed at fixed 

conditions of room temperature, settling time of 5 min. and a contact time of 15 min., the obtained extraction 

efficiencies given in Fig.(1) indicate that the optimum aliquate 336 conc. would be 0.5 M which has resulted in 

an extraction efficiency attaining 91%.  Higher concentrations of aliquate 336 did not markedly affect the 

uranium extraction efficiency. Furthermore, a high concentration of aliquate 336 would increase the viscosity of 

the organic solution in a manner to decrease the coefficient of mass transfer. 
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Figure 1: Effect of aliquate 336  concentration upon U extraction efficiency from monazite sulfate leach liquor 

2. Effect of different diluents on extraction process 

 Diluents affect the extraction behavior of the solvent but, they themselves are unable to extract metal ion from 

the aqueous phase. Therefore, various aromatic and aliphatic solvents were tested as diluents for the extraction 

of uranium (VI) with 0.5 M aliquate 336 at a fixed contact time of 15 min. and settling time of 5 min. at room 

temperature as shown in Fig. (2). The extraction of uranium (VI) was maximum with kerosene, chloroform and 

carbon tetrachloride as diluents but benzene and xylene proved to be poor diluents. However, short equilibrium 

time and good phase separation was achieved when aliphatic diluents were used compared to aromatic diluents. 

This could be due to steric hindrance of aromatic ring of benzene. Considering several factors like cost, 

environmental and safety aspects and maximum uranium (VI) extraction efficiency, aliphatic kerosene was 

preferred as the diluent for further studies. 

 
Figure 2: Effect of different diluents on extraction process 

3. Effect of contact time  

The effect of contact time upon U extraction efficiency from the working solution by using aliquate 336 was 

studied in the range from 5 to 40 minutes while the other extraction conditions were fixed at a 0.5 M aliquate 

336 concentration at room temperature, 5 min. as settling time and using an A/O ratio of 1:1.The obtained data 
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shown in Fig.(3) revealed that the high uranium extraction efficiency of 97% occurs within the first 30 minutes. 

Therefore, it can be concluded that 30 minutes are adequate for the extraction process using 0.5 M aliquate 336 

concentration. 

 
Figure 3: Effect of contact time upon U extraction efficiency by aliquate 336 from monazite sulfate leach 

liquor 

4. Effect of temperature 

Under the same experimental condition of 0.5 M aliquate 336 concentration, a series of extraction experiments 

was performed to study the effect of temperature upon U extraction efficiency under the fixed conditions of an 

A/O ratio of 1:1 for 30 min. contact time and using a settling time of 5 min. however, varying the temperature 

from 25 to 65
°
C.  As shown in Fig.(4), it was found that increasing the reaction temperature has progressively 

decreased the U extraction efficiency from 97 to 51.5% respectively. So, uranium extraction by aliquate 336 

should be carried out at room temperature. 

 
Figure 4: Effect of temperature upon U extraction efficiency by using aliquate 336 from monazite sulfate leach 

liquor 
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5. Effect of settling time 

The settling time after A/O shaking is one of the most important factors affecting the extraction efficiency. This 

factor was thus studied by mixing equal volumes of the working solution with aliquate 336 in kerosene at 0.5 M 

concentration for 30 min. however, at different settling time periods ranging from 1 to 7 minutes at room 

temperature. The obtained data given in Fig.(5) emphasized that a settling time of 5 minutes would be quite 

reasonable.  

 
Figure 5: Effect of settling time upon U extraction efficiency by using aliquate 336 from monazite sulfate leach 

liquor 

6. Interference studies 

As mentioned above, the aliquate 336 can take up uranium in high yield from aqueous sulfate solutions 

containing only uranium. For the purpose of evaluating the selectivity of aliquate 336, the selective extraction 

studies were carried out under the optimum conditions. 

 
Figure 6: Effect of Th and REEs on uranium extraction from sulfate solution by 0.5 M aliquate 336 in kerosene 

Experiments were carried out with several other elements which, may interfere with uranium from sulfate 

solution by 0.5 M aliquate 336 in kerosene at different pH. Fig. (6) Shows the extraction efficiency of uranium 

and other elements. It was found that the extraction of other elements was very low at acidic sulfate solution 

with lower pH value but, uranium can be adsorbed effectively with 97% yield from sulfate and then declines 

slowly to 74.25% solution at pH 5 by aliquate 336 due to the formation of uranyl hydroxide precipitates species. 
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In case of REEs there was no extraction at all pHs but, Th was started to extract at pH 2 and gave a high yield at 

pH 3.  So, the extraction of the analyte uranium ion was quite high and comparable suggesting marginal or no 

interference from other elements (REEs and Th) at lower pH (1).  

 

7. Thermodynamic parameters of U extraction by using aliquate 336 extractant 

Variations of uranium extraction data with temperature for uranium extraction from the monazite sulfate leach 

liquor by 0.5 M aliquate 336 in kerosene were used to calculate the thermodynamic constants including the 

standard enthalpy (∆H), and the standard entropy (∆S) based on Van’t Hoff plot using the following formula: 

  
where R = 8.3145 J mol

-1
K

-1
 and T = absolute temperature in Kelvin. ∆H and ∆S were determined from the 

slope and intercept of ln Kd versus 1/T graph. 

 (Fig.7) plots ln Kd versus 1/T, K
−1

 which gives a straight line whose slope equals (-∆H / R) for the extraction of 

uranium (VI). The ΔH and ΔS values for uranium (VI) are −71.84 kJ/mol and -213.42 J/mol k respectively as 

calculated from the slope and intercept using the Van't Hoff equation. 

 
Figure 7: Plot of lnKd against reciprocal temperature for extraction of uranium from monazite sulfate leach 

liquor by aliquate 336 in kerosene 

These values of ΔH and ΔS have then been used to obtain the corresponding free energy (ΔG= − 8.24 kJ/mol) at 

298°K using the following equation {7} 

 
The negative value of ΔH indicates that the extraction of uranium in this system is an exothermic process and 

that the reaction becomes more favorable at room temperature. The negative value of ∆G indicates that the 

reaction is spontaneous. On the other hand, the observed decrease in the negative values of ∆G with elevated 

temperature implies that the reaction becomes more favorable at room temperatures. 

8. Effect of O/A Phase ratio and construction of McCabe–Thiele diagram for U extraction by using 0.5 M 

aliquate 336 extractant in kerosene.  

To study the effect of O/A ratio upon uranium extraction efficiency from the monazite sulfate leach liquor using 

0.5 M aliquate 336 in kerosene, five experiments were carried out at O/A ratios varying between 2/1 to 1/4 

while fixing the other extraction conditions at room temp. 30 min. contact time and a settling time of 5 min. 

From the obtained results, it is clearly evident that higher organic phase did not markedly affect the uranium 

extraction efficiency due to decrease the coefficient of mass transfer. So, aqueous /organic phase ratio 1:1 is the 

best ratio gives the best extraction of uranium. 
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The obtained data have then been used to construct the McCabe–Thiele diagram by plotting the obtained 

equilibrium isotherm and to which a proper operating line has been fitted in table (1) and Fig.(8). From the 

latter, it can be shown that three theoretical stages would be sufficient for counter current treatment.  

Table 1: Effect of O/ A ratio upon U extraction efficiency by 0.5 M aliquate 336 in kerosene from monazite 

sulfate leach liquor 

O \ A 

  ratio 

Uranium concentration, mg/L Da
0
 U  Extraction efficiency,% 

Aqueous phase Organic phase 

2/1 3.2 103.4 32.3 98.4 

1/1 6.3 203.7 32.3 97.0 

1/2 25.2 369.6 14.6 88.0 

1/3 67.4 427.8 6.3 67.9 

1/4 103 428.4 4.1 51.0 
 

 
Figure 8: McCabe–Thiele diagram for uranium extraction from monazite sulfate leach liquor by 0.5 M aliquate 

336 in kerosene 
 

Effect of Relevant Factors on the Stripping Process 

1. Effect of the stripping agent type 

Different stripping agents were applied to strip uranium from the loaded 0.5 M aliquate 336 solvent; namely 1M 

of each of HCl, H2SO4, HNO3 and Na2CO3 solutions in an A/O ratio of 1/1 for 15 min. contact time at room 

temp. and using a settling time of 5 min. The obtained results presented in Fig. (9) show that 1M of Na  2CO3 has 

given the highest efficiency of only 60 while H2SO4, HCl and HNO3 acids have given 35.2, 47.5 and 45.2 % as 

stripping efficiency respectively. These results might reflect the relatively more effective efficient extraction of 

the extracted uranium (VI) species with the Na 2CO3 species.  

 
Figure 9: Effect of stripping agent type upon uranium stripping efficiency from 0.5 M loaded aliquate 336 in 

kerosene 
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2. Effect of Na2CO3concentration  

The effect of Na2CO3 concentration on the uranium stripping efficiency from the loaded 0.5 M aliquate 336 in 

kerosene phase was studied in the range from 0.5 to 3M, while the other stripping factors were kept constant at a 

contact time of 15 min. And a settling time of 5 min. in an A/O phase ratio of 1/1 at room temperature. From the 

obtained results given in Fig. (10), it is obvious that 2M Na2CO3 has given the highest uranium stripping 

efficiency of about 96% from the loaded solvent.  

 
Figure 10: Effect of Na2CO3 molarity upon uranium stripping efficiency  from 0.5 M aliquate 336 in kerosene 

3. Effect of contact time 

The effect of contact time upon U stripping efficiency by using 2M Na2CO3 from the loaded 0.5 M aliquate 336 

in kerosene was studied in the range from 5 to 45 min.  at the fixed conditions of A/O ratio of 1/1, at room 

temperature and  a settling time of 5 minutes. The corresponding U stripping efficiencies shown in Fig.(11), 

indicate that a contact time behind 15 minutes did not perceptibly increase the U stripping from the loaded 

solvent beyond 96%. 

 

Figure 11: Effect of contact time upon uranium stripping efficiency from loaded 0.5 M aliquate 336 in kerosene 

4. Effect of settling time  

The effect of settling time on the stripping efficiency of uranium by 2M Na2CO3 from the working loaded 

organic phase was studied in the range from 1 to 7 minutes while the other stripping factors were kept constant 
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at a contact time of 15 minutes and an A/O phase ratio of 1/1 at room temperature. From the results given in 

Fig.(12) it is obvious that behind a setting time of 5 minutes the stripping efficiency did not exceeds 96%.  

 

Figure 12: Effect of settling time upon uranium stripping efficiency from 0.5 M loaded aliquate 336 in kerosene 

5. Effect of temperature 

To investigate the effect of temperature upon the uranium stripping efficiencies by 2M Na2CO3 from the loaded 

organic phase, four experiments have been performed in the range from room temp. up to 65
°
C. In these 

experiments, the other stripping conditions were fixed at 15 minutes contact time, 5 minutes settling time and an 

A/O phase ratio of 1/1.   From the obtained results given in Fig. (13), it is clear that as the temperature increased 

from 25
°
C to 65

°
C, the stripping efficiency was progressively decreased from 96 down to 74% respectively. 

These results could be explained by the exothermic reaction of the stripping process as in the case of the 

extraction process.  

 

Figure 13: Effect of temperature upon uranium stripping efficiency from 0.5 M loaded aliquate 336 in kerosene 

 

6. Effect of O / A phase ratio and construction of  McCabe-Thiele stripping diagram 

The effect of O/A ratios upon uranium stripping efficiency from the 0.5 M loaded aliquate 336 was studied in 

the range of 3/1 to 1/2 using 2M Na2CO3. In these experiments, all the other stripping factors were used at their 

achieved optimum values. The obtained results are given in Table (2). It is shown that upon increasing the O/A 
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ratio the uranium stripping efficiency was decreased. The obtained data have then been used to construct the 

corresponding McCabe–Thiele stripping diagram from plotting the obtained equilibrium isotherm and to which 

a proper operating line has been fitted Fig.(14). From the latter, it can be shown that two theoretical stages 

would be indicated for counter current treatment.  

Table 2: Effect of O/ A ratio upon U stripping efficiency from the loaded 0.5 M loaded aliquate 336 by 2M 

Na2CO3 

O \ A 

  ratio 

Uranium concentration, ppm Do
a
 U  Stripping efficiency,% 

Aqueous phase Organic phase 

3/1 359.3 251.8 1.42 58.8 

2/1 312.9 94.5 3.31 76.8 

1/1 195.6 8.1 24.15 96.0 

1/2 98.8 6.1 13.53 97.0 

 
Figure 14: McCabe–Thiele diagram for uranium stripping from the loaded 0.5 M loaded aliquate 336 by 2M 

Na2CO3 

 

7. Precipitation of uranium from the strip solution 

The strip solution containing uranium from the loaded aliquate 336 was precipitated using hydrogen peroxide as 

an efficient selective precipitating agent. The strip solution, adjusted to pH 1, was mixed with 30% H2O2 (0.2g 

per gram of uranium) at room temperature. The stoichiometric requirements are 0.126g H2O2/g of U3O8 

precipitated. In practice, about 1.5 times this amount is required for complete precipitation. The whole solution 

was stirred for 5 to 10 minutes and ammonium hydroxide was added to attain a pH 2 (reaction pH). After a 

specified reaction period of two hours, the precipitate was filtered, washed with 0.2% solution of hydrogen 

peroxide and dried and then subjected to several confirmation analyses such as IR as shown in Fig (15). Finally 

a technological flow sheet is elucidated in Fig (16): 
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Figure 15: IR spectrum of uranyl peroxide 

 
Figure 16:  Technological flow sheet for the suggested method of uranium extaction as byproduct of food grade 

phosphoric acid from hydrophilic acid residueusing aliquate 336 

Conclusion 

Sulphuric acid leaching of 97% monazite is subjected to hydrophilic / hydrophobic solvent extraction in one 

step to produce high quality phosphoric acid as on added value to uranium separation at the present work. 

Uranium is extracted by 0.5 M aliquate 336 in kerosene at an O/A phase ratio of 1:1 at room temperature. 30 

minutes contact time and five minutes settling time. No interference elements ore formed at the used lower pH. 

Uranium extraction efficiency was 91% at one stage. 
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The calculated ΔH and ΔS for uranium (VI) are -71.8kj/mole and -213.42 j/mole k respectively. The negative 

ΔH indicates that the reaction is exothermic. While the negative value of ΔG indicates that the reaction is 

spontaneous. On the other hand the observed decrease in the negative value of ΔG with elevated temperature 

implies that the reaction becomes more favorable at room temperature. Uranium stripping is carried out by 2M 

Na2CO3 at a contact time of 15 minutes and settling time of 5 minutes, using an A/O phase ratio 1:1 at room 

temperature in two stages at a recovery of 97%.  
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