
Arab J. Nucl. Sci. Appl., Vol. 57, 1, 63-74 (2024) 

 

Individual Separation of Yttrium and Dysprosium Oxides from the Rare Earths Product 

obtained from Xenotime Mineral Concentrate 
 

Saleh M. El Hady 

Nuclear Materials Authority, P.O. Box 530, El Maadi, Cairo, Egypt 
 

A R T I C L E    I N F O  A B S T R A C T 

Article history: 

Received: 18th Nov. 2023 

Accepted: 15th Dec. 2023 

Available online: 31st Dec. 2023 

 

The separation of ytrrium and dysprosium from the REEs product (48.15% Y2O3, 

11.05% Dy2O3) obtained from a xenotime mineral concentrate was studied. The REEs 

chloride liquor is prepared followed by precipitation of yttrium using lactic acid. The 

optimum conditions of the yttrium precipitation included 2 M lactic acid concentration, 

lactic acid pH 5 with L(REEs solution) /L(lactic acid) 1/0.75 at contact time of 168 h at 25 oC. The 

extraction of dysprosium from Y-free REE chloride solution was investigated using 

PC88A (2-Ethylhexyl 2-ethylhexy phosphonic acid). The optimal conditions of the 

dysprosium   extraction   were   an    extractant   concentration   of 2.2 M,   1/1 O/A   ratio   in 

a chloride solution at pH 3, and 9 min., as contact time. While the optimal conditions of 

its stripping considered 1.5 M H2SO4 in 1/1 O/A ratio for 20 min., as stripping time. 

Ultrapure products of Y and Dy were prepared and analyzed using ICP-MS.   
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 INTRODUCTION 

Both of yttrium and dysprosium are never found in 

nature as free elements, though, like other lanthanides 

which are found in various minerals such as xenotime 

[1-3]. These two elements are among the most expensive 

rare earth elements due to the high demand and the low 

supply which have high-tech applications in the nuclear 

and elsewhere [4, 5]. In the non-nuclear sector, Y and 

Dy are used in the manufacture of super conductor, 

color television, ceramics, fluorescent lighting 

phosphors and computer displays [6-10]. In the nuclear 

sector, these two elements are used as control rods in 

nuclear reactors due to their relatively large neutron 

absorption cross section [11-14]. 

Different processes for the separation of individual 

rare earths from natural mixtures of rare earth elements 

rely primarily on small differences in alkalinity resulting 

from a reduction in ionic radius from lanthanum to 

lutetium [15]. Differences in alkalinity also affect salt 

solubility, ionic hydrolysis, and the formation of 

complex species, and these properties form the basis for 

separation methods using fractional precipitation, 

solvent extraction and ion exchange [16-19].   

Over the past years, efforts have been made to separate 

yttrium and dysprosium individually from the solutions of 

rare earths product which obtained from xenotime 

mineral using three different techniques as mentioned 

above [20-27]. One of these techniques is the solvent 

extraction technique (SX) which depends on transfer rare 

earth element from organic phase into aqueous phase and 

its stripping by acid or base. Examples of the used 

solvents are Cyanex 923, diisooctyldithiophosphinic    

acid, trialkyl phosphine oxide, CA12 and D2EHPA [28-

44]. One such attempt is to separate yttrium and 

dysprosium from REEs concentrate using two types         

of techniques: direct precipitation and solvent extraction. 

Direct precipitation is first used to separate                         

Y using a carbonate and hydrogen peroxide system, 

followed by a solvent extraction technique to separate Dy 

using Cyanex 272 [45].  

The main objective of this work is to investigate the 

individual separation of Y and Dy oxides from rare earths 

product prepared by chemical treatment of xenotime 

mineral concentrate, southwestern Sinai using ferric sulfate 

salts. The REEs product is dissolved with HCl to prepare 

RECl3 solution. From the previous solution, yttrium is 

precipitated using lactic acid and the optimum conditions 
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have been obtained. Separation of Dy was investigated by a 

solvent extraction technique using PC88A (2-Ethylhexyl 2-

ethylhexy phosphonic acid) in modified kerosene.  

EXPERIMENTAL 

2.1. Material Characterization 

A working sample of rare earths elements is obtained 

from a xenotime mineral concentrate, which is separated 

from xenotime - bearing ferruginous sandstone, Sarabit  

El Khadem area, SW Sinai. The latter is chemically treated 

with ferric sulfate salt in a ratio of 1/20 concentrate/ferric 

ion and at a dissolution temperature of 65 0C for 30 hours 

using 10 g/L ferric sulfate where about >95% of the REEs 

are solubilized followed by its precipitation as oxalates 

and calcined at 8500C to obtain on REEs product [25]. 

The obtained rare earths product is subjected to extensive 

chemical analyzes by the XRF technique withinside the 

Egyptian National Research Center (NRC) using Axios 

Advanced, Panalytical, Holland.   

2.2. Experimental procedures 

2.2.1. Preparation of the Rare Earths Chloride 

Solution 

A sample of a known weight of the REEs product is 

dissolved with a known volume of HCl in a beaker with 

heating, after which distilled water is added to produce   

a rare earth chloride solution. The latter represented the 

required liquor of the present work for the preparation of 

Y and Dy products. For all analysis of individual heavy 

rare earths elements, ICP-MS spectrometry in the 

Egyptian Chemical Warefare was used. 

2.3. Recovery Procedures 

2.3.1. Recovery of Yttrium 

Several experiments have been achieved for 

precipitation of yttrium by mixing a known amount  

(20 ml) of REEs chloride solution with an equal 

amount of a prepared organic acid solution such as 

tartaric acid, citric acid, lactic acid, succinic acid and 

maleic acid at room temperature. Various conditions 

were investigated to determine the optimal values of 

the relevant precipitation factors for yttrium. These 

included organic acid concentration, pH of organic 

acid, Liquid (REEs solution) /Liquid (organic acid) ratios and 

contact time.   

2.3.2. Recovery of Dysprosium  

A solvent extraction technique is used to extract Dy 

from Y-free chloride liquor using the synergistic 

PC88A/Octanol system in kerosene as a diluent to 

prepare it at various concentrations.  Octanol (C8H18O) 

was used as a modifier (0.06 M) to eliminate the 

formation of the third phase during Dy stripping. The 

solvent PC88A is also known as purified 2-ethylhexy  

l-2-ethylhexphosphonic acid (HEHEHP) and has the 

chemical and physical properties listed in Table (1). 

In each extraction experiment, the organic phase 

and the aqueous phase of dysprosium chloride were 

stirred together in a separatory funnel for a specific 

time. The two phases were then allowed to settle, 

separated, and the residual metal content of the 

aqueous phase was analyzed to estimate the extraction 

efficiency. In this way, appropriate factors of solvent 

extraction were investigated, i.e. the concentration of 

solvent, the contact time, the pH value of the liquor 

and the ratio of aqueous phase to organic phase (A/O). 

On the other hand, a solvent-loaded sample was 

prepared to study the stripping behavior of metallic 

dysprosium extracted with sulfuric acid. Relevant 

factors were also examined namely; Contact time and 

concentration of acid. 
 

                   Table (1): The chemical and physical properties of PC88A. 

Property                                                           Value 

Chemical Name                                      2-Ethylhexyl 2-ethylhexy phosphonic acid (HEHEHP)  

Molecular Weight                                   306.4 

Molecular Formula                                 C16H35O3P   

Structural Formula                                 C8H17O=P-O-C8H17 OH 

Appearance                                            Colorless to light yellowish liquid   

Purity                                                      95% 

Density                                                   0.95 g/cm3   

Boiling point                                         390 0C at 760 mmHg  

Flash point                                            190 0C  

Enthalpy of vaporization                      73 Kj/mol 
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2.4. Control Analysis 

As a control analysis for all extraction experiments 

used, all the individual heavy rare earth elements in 

different workflow solutions were analyzed with       

ICP-MS. Also, both Y and Dy products were also 

analyzed by ICP-MS spectrometric analysis in addition 

the identification of the yttria product using ESEM in 

Egyptian Nuclear Materials Authority.    

RESULTS AND DISCUSSION 

3.1. Characterization of Rare earths Concentrate 

The obtained XRF analysis of the working rare earth 

product resulting from the above-mentioned chemical 

treatment of the xenotime mineral concentrate is 

analyzed in National Research Center (NRC) (Table 2).   

3.2. Preparation of the chloride liquor of REEs 

product 

25 ml of concentrated HCl is used to dissolve 20 g of 

a sample of the rare earths product by heating and 

stirring until the rare earth elements are completely 

dissolved. Distilled water is then added to a volume of   

1 litre. The chloride solution is analyzed as presented in 

Table 3 and shows that concentrations of the REE 

elements reached values of 7.58, 1.45, 1.04, 0,98, 0,86, 

0,68, 0,48, 0.28 and 0.03 g/l for Y, Dy, Gd, Sm, Tb, Yb, 

Er, Ho and Lu respectively. 

3.3. Results of Y Recovery 

3.3.1. Optimization of the Relevant Factors of 

Yttrium Precipitation  

Several Factors are studied for precipitation of 

yttrium from the prepared REEs chloride solution 

namely; reagent type, reagent concentration, pH of the 

reagent, Liquid (REEs solution) /Liquid (lactic acid) ratio and 

contact time. 

3.3.1.1. Effect of reagent type 

The effect of some organic acids such as citric acid, 

tartaric acid, succinic acid, lactic acid and maleic acid upon 

precipitation of individual rare earth elements from the 

prepared REEs chloride solution was investigated. In these 

experiments, 0.05M of citric acid, tartaric acid, succinic 

acid, lactic acid and maleic acid concentrations were used. 

The other parameters precipitation factors are fixed as 

contact time 24 h., pH of organic acid 3 and 1/1 L (organic acid) 

/L (REEs solution) ratio at ambient room temperature (25 oC).  

From these results, lactic acid was observed to 

precipitate yttrium at precipitation efficiency 15.2% 

without the associated rare earth elements. But the rest of 

organic acids did not affect the precipitation of individual 

rare earth elements. So, it is decided that lactic acid is the 

best organic acid for direct precipitation of yttrium only. 

3.3.1.2. Effect of lactic acid concentration  

The concentration of lactic acid effect upon 

precipitation of individual rare earth elements was 

examined via series of various concentrations of acid from 

0.1 to 0.3. Conventional controlling parameters were used 

as 24 h. contact time, L (lactic acid) /L (REEs solution) ratio of        

1:1 and pH of lactic acid 3 at room temperature of 25°C. 

The observation results are demonstrated in Fig. 1.     

The yttrium precipitation efficiency progressed from 

18.1% to 28.2% when the lactic acid concentration was 

gradually increased from 0.5 M to 2 M without 

precipitation the associated rare earth elements. Increasing 

the lactic acid concentration from 2 M to 2.5 M did not 

move forward the precipitation efficiency of Y and its 

associated REEs. In this manner, a lactic acid concentration 

of 2 M is the best concentration for yttrium precipitation 

without the associated rare earth elements (Dy, Gd, Sm, 

Tb, Yb, Ho, Er and Lu). This depends on the coordination 

chemistry between the yttrium atom and the ligand mode 

(O-H in lactic acid) as well as the size of the yttrium atom.  
 

                       Table (2): XRF analysis of the working REEs concentrate sample (Wt, %). 

Component Wt, % Component Wt, % 

Y2O3 48.15 Ho2O3 1.60 

Dy2O3 8.32 Lu2O3 0.17 

Gd2O3 5.99 SO3 0.76 

Sm2O3 5.68 Na2O 9.66 

Tb2O3 4.95 K2O 2.39 

Yb2O3 3.87 CaO 1.77 

Er2O3 2.74 Al2O3 3.53 

Total                                             99.58 
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                            Table (3): Chemical composition of the prepared REEs solution.  

Metal ion Conc., g/l Metal ion Conc., g/l 

Y 7.58 Yb 0.68 

Dy 1.45 Er 0.48 

Gd 1.04 Ho 0.28 

Sm 0.98 Lu 0.03 

Tb 0.86 pH 1.9 

 

 
 

Fig. (1): Effect of lactic acid concentration on the 

precipitation efficiency of yttrium. 
 

3.3.1.3. Effect of pH of lactic acid  

To study the effect of Lactic acid pH on the 

precipitation efficiency of individual rare earth 

elements, pH of lactic acid is adjusted at different 

values from 3 to 5.5 using ammonia solution. The 

supplementary precipitation conditions were stable, 

include; 2 M lactic acid with L (REEs solution) /L (lactic acid) 

ratio of 1:1 and 24 h. contact time at ambient 

temperature (25 oC). The obtained results are plotted in 

Fig.2.  

The results indicated that, when pH values of lactic 

acid increased from 3 to 5, the precipitation efficiency 

of yttrium increased from 28.2% to 52.1% without 

precipitation the associated rare earth elements.          

At 5.5 pH of lactic acid, the yttrium precipitation 

efficiency decreased at 50.2% and also without 

precipitation the associated rare earth elements. So, it 

is concluded that 5 pH is the best value of lactic acid 

for precipitation of yttrium without the associated rare 

earth elements.  

 

Fig. (2): Effect of pH of lactic acid on the precipitation 

efficiency of yttrium. 

3.3.1.4. Effect of Liquid (REEs solution) /Liquid (lactic acid) ratio 

Liquid (REEs solution) /Liquid (lactic acid) ratio effect upon 

precipitation of individual rare earth elements was studied 

using Liquid (REEs solution) /Liquid (lactic acid) ratios from 1:0.25 to 

1:1.50, with other testing parameters involving 2 M lactic 

acid conc.; 24 h contact time; 25°C temperature; and lactic 

acid pH 5. Figure (3), shows that the liquid volume of the 

prepared rare earth chloride solution was saved constantly 

while the liquid volume of lactic acid was various to attain 

the optimum L (REEs solution) /L (lactic acid) ratios.  

Based on these results, it was found that a 1/0.75 L (REEs 

solution) /L (lactic acid) ratio, only a good improvement in yttrium 

precipitation efficiencies than 1/1 L (REEs solution) /L (lactic acid) 

ratio was achieved. Whereas there's no any uniquely 

expand by increasing L (REEs solution) /L (lactic acid) ratio to 

1/1.25 and 1/1.50 with Y and the rest of REE elements.  As 

a result, a Liquid (REEs solution) /Liquid (lactic acid) ratio of 1/0.75 

will be concluded the ideal ratio for accomplishing a 51.9% 

yttrium precipitation without precipitation the associated 

rare earth elements 
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Fig. (3): Effect of Liquid (REEs solution) /Liquid (lactic acid) 

ratio on the precipitation efficiency of yttrium. 

3.3.1.5. Effect of contact time 

A Grouping of contact times test from 24 (one day) 

to 168 h (7 days) has been done. The supplementary 

precipitation conditions were steady, incorporate; lactic 

acid pH 5, 2M lactic acid with L (REEs solution) /L (lactic acid) 

ratio of 1/0.75 at 25oC. The results in Fig. 4 

demonstrated that, when the contact time increased from 

24 to 168 h, the precipitation efficiency of yttrium 

increased from 51.9% to 100%. In this way, it can be 

chosen that 168 h of contact time beneath the favoured 

factors achieved complete precipitation of yttrium 

without precipitation the associated rare earth elements.   

 

Fig. (4): Effect of contact time on the precipitation 

efficiency of yttrium. 

At last, it may be concluded that lactic acid is 

successful in complete precipitation of yttrium without 

the associated REEs elements (Dy, Gd, Sm, Tb, Yb, Er, 

Ho and Lu) from rare earth product produced from 

xenotime mineral, southwestern Sinai under the 

following experimental conditions:   

- Lactic acid concentration        :   2 M 

- Lactic acid pH                        :   5  

- L(REEs solution) /L(lactic acid) ratio:   1/0.75 

- Time                                      :   168 hrs. 

- Temperature                          :   25 oC    

3.3.2. Y2O3 Production 

It is appropriate to present the synthesis and 

crystal structure of the primary molecular complex of 

yttrium-lactate, Y(Lac)3(H2O)2, in which the yttrium 

coordination sphere is immersed with lactate ligands 

and water particles, coming about within the 

formation a unbiased linkage [46, 47]. The reaction of 

yttrium chloride with lactic acid produces a white 

precipitate of yttrium lactate and represented in the 

Eq. (1). Yttrium lactate is filtrated and touched off at 

850 oC to create yttrium oxide as appeared within the 

Eq. (2). The latter is analyzed using ICP-MS and 

SEM analyses as shown in Table 4 and Fig. 5 

respectively. 

     YCl3  +  3C3H6O3  +  2H2O  →  Y(C3H5O3)3(H2O)2  +  3HCl  (1) 

   Yttrium chloride     Lactic acid          Yttrium lactate  

      2Y(C3H5O3)3(H2O)2   →   Y2O3  + 18 CO  +   H2O  +  18 H2    (2) 

     Yttrium lactate                   Yttrium oxide     

 

Table (4): ICP-MS analysis of the final yttrium 

precipitate and its impurities 
 

Element Y             Si               Al            Na           K      

Content,%    81.23      0.0013      0.0340       0.0124    0.0090 
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Fig. (5): SEM analyzer of the yttrium oxide precipitate. 

 

3.4. Results of Dy Recovery 

3.4.1. Optimization of the Relevant Factors of 

PC88A Extraction of Dysprosium  

After separation of the yttrium lactate, the remaining 

chloride solution was first re-evaporated to 500 mL and 

found to have a pH of 1.9. The latter was then subjected to 

dysprosium extraction with PC88A-kerosene in the 

presence of octanol as a modifier.  

The expected reaction of PC88A in kerosene (organic 

phase) with dysprosium chloride (aqueous phase) would 

involve an exchange of dysprosium for hydrogen in the O-

H bond of 2-ethylhexyl-2-ethylhexphosphonic acid 

(PC88A) and is represented by the reaction shown in       

Eq. (3); viz: 

  3R1R2PO3H   +   DyCl3   →   (R1R2O2PO)3Dy   +   3HCl    (3) 

  Where R1 = R2 = C8H17 

The important factors affecting solvent extraction of 

the studied dysprosium involved the solvent 

concentration, the contact time, the pH of the chloride 

liquor and the aqueous/ organic ratio (A/O). 

3.4.1.1. Effect of pH of the Prepared Chloride 

Liquor 

To investigate the influence of the pH of the prepared 

chloride liquor on the extraction efficiency of Dy and achieve 

the optimum condition, six experiments were conducted at 

various pH values ranging from 1.5 to 3.5 in ambient 

conditions of A/O 1:1 and using 0.6 M PC88A in kerosene 

and determining 0.06 M octanol within a contact time of        

3 min. Extraction of Dy using cationic extractant PC88A 

occurred depending on the exchange of hydrogen ions [48]. 

From the results presented in Table 5, it is decided that the 

maximum Dy extraction efficiency (26.93 %) was attained at 

pH 3.0. Further increase the pH value to 3.5 shows no 

significant increase in Dy extraction because H+ ions may not 

be available in the organic phase to exchange the Dy+3 ions.   

Table (5): Effect of pH of the chloride leach liquor on 

the extraction efficiency of Dy & Gd.  

pH 
Extraction efficiency,% 

Dy Gd 

1.5 11.31 5.61 

1.9 13.79 4.85 

2.3 17.24 3.12 

2.5 21.38 1.83 

3 26.93 0.05 

3.5 26.99 0.06 
 

3.4.1.2. Effect of PC88A Concentration 

The influence of PC88A concentration on the Dy 

extraction efficiency was investigated by mixing equal 

volumes of a chloride leach solution with PC88A solvent of 

various concentrations ranging from 0.6 to 2.4 M in 

kerosene and determining 0.06 M octanol with contact time 

3 min., at pH 3.0. From the data illustrated in Table 6, it is 

noticed that the Dy extraction efficiency increased from 

26.93 to 84.14 % when the concentration of PC88A 

increased from 0.6 to 2.2 M respectively. When increased 

the concentration of extractant to 2.4, the dysprosium 

extraction efficiency decreased to 77.24 % because of the 

solvent viscosity and very difficult movement of the solute 

from the aqueous phase into the organic phase. Therefore,   

a PC88A concentration of 2.2 M was considered the 

optimum concentration for dysprosium extraction from the 

prepared chloride liquor of the rare earths product. 
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Table (6):Effect of PC88A concentration on Dy and Gd 

extraction efficiency from the prepared chloride liquor. 

PC88A Conc., 

M 

Extraction efficiency,% 

Dy Gd 

0.6 26.93 0.05 

1.0 44.13 0.001 

1.4 59.31 0.000 

1.8 71.03 0.000 

2.2 84.14 0.000 

2.4 77.24 0.000 
 

3.4.1.3. Effect of Contact Time 

To investigate the influence of contact time on the Dy 

extraction efficiency of PC88A, several tests were 

examined at various contact times from 3 to 11 min., 

with other extraction factors set to O/A 1:1 and using   

2.2 M PC88A in kerosene and specifying 0.06 M octanol 

as modifier at pH 3.0. From the results presented in 

Table 7, it is observed that increasing the contact time 

from 3 to 9 min., increased the Dy extraction efficiency 

from 84.14 to 99.17% respectively. By increasing the 

contact time to 11 min., the extraction efficiency of 

dysprosium showed negligible effect to 99.2 %. This 

may be due to the fact that the transfer of dysprosium ion 

from the aqueous phase to the organic phase is saturated 

to form a complex at equilibrium [46]. Therefore,            

a contact time of 9 min., was considered the optimal 

value for the extraction of Dy from the leach liquor.  

Table (7): Effect of contact time on Dy and Gd extraction 

efficiency from the prepared chloride liquor. 

Contact Time, 

min. 

Extraction efficiency,% 

Dy Gd 

3 84.14 0.000 

5 88.97 0.000 

7 93.79 0.000 

9 99.17 0.000 

11 99.20 0.000 

 

3.4.1.4. Constrution of McCabe-Thiele Extraction 

Diagram 

From the Y-free prepared chloride liquor, the 

influence of the aqueous phase / organic phase ratio (v/v) 

on the Dy extraction was conducted from 3:1 to 1:3, 

while the other extraction factors were fixed at their 

assaying optimum values (2.2 M PC88A, contact time 9 

min., at 25 oC and the aqueous phase pH value 3.0). The 

resulting equilibrium data were used to create a McCabe-

Thiele extraction diagram (Fig. 6). From this diagram, it 

is possible to determine the necessary theoretical number 

of extraction stages by drawing a specific operating line. 

Depending on the slope of the selected operating line 

reaching a value 3 (A/O), 3 theoretical stages would be 

needed to almost complete extraction of Dy from          

the Y–free chloride solution prepared from the REEs 

product.

 

Fig. (6): McCabe-Thiele diagram for Dy extraction. 

 

 

 st1 

2nd  

 

3rd  

 

Slope of operating line= 3   
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3.4.2. Optimization of the Relevant Stripping 

Factors of Dysprosium  

To strip dysprosium, liquor containing PC88A/kerosene 

with a content of 1.44g Dy/L prepared and processed with 

H2SO4 solution under different tests conditions. These 

included the concentration of acid, the contact time and 

various A/O ratios. The acid stripping reaction can be 

illustrated in Eq.(4) as follows:  

2 (R1R2O2PO)3Dy  +  3 H2SO4  → 6 R1R2O2POH +  Dy2(SO4)3  (4) 

 Where R1 = R2 = C8H17 

3.4.2.1. Effect of Acid Concentration 

To strip Dy, a series of stripping experiments were 

performed using H2SO4 solution of various 

concentrations from 0.5 to 2 M with contact time of        

5 min., and using 1/1 O/A ratio at 25 oC. The results 

obtained are summarized in Table 8, which it is evident 

that 1.5 M H2SO4 gave a Dy stripping efficiency of 

93.7% and remained constant. 

Table (8): Effect of H2SO4 concentration on stripping 

efficiency (%) of Dy. 

3.4.2.2. Effect of Stripping Time 

The influence of the stripping time on the stripping 

efficiency of Dy was investigated from 5 to 20 min., at 

1.5 M sulfuric acid and 1/1 O/A ratio. From the results 

presented in Table 9, it was observed that 20 min., is 

sufficient stripping time in which the stripping efficiency 

exceeds 99%.   

Table (9): Effect of time upon Dy stripping efficiency (%). 

Contact Time, min. Dy Stripping efficiency % 

5 93.70 

10 96.60 

15 98.10 

20 99.37 
 

3.4.2.3. Construction of McCabe-Thiele Stripping 

Diagram  

From the equilibrium stripping data at various A/O 

ratios and using 1.5 M H2SO4 solution for a contact time 

20 min, the corresponding McCabe-Thiele diagram 

(Figure 7) was generated. From the latter, the theoretical 

number of stripping stages can be derived after adjusting 

the working line to the isotherm, whose slope reaches 

0.43 (A/O ratio). Therefore, theoretically three stripping 

stages would be required for nearly complete stripping of 

dysprosium. 

                      
Fig. (7): McCabe-Thiele diagram for Dy stripping. 

 

 

Slope of operating line=3/7   

2nd  

 

1st  

 

3rd  

 

H2SO4 Conc., M Dy Stripping efficiency % 

0.5 44.20 

1.0 79.60 

1.5 93.70 

2.0 93.80 
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3.4.3. Dy2O3 Production 

From the dysprosium strip solution, Dy is completely 

precipitated with 10% oxalic acid at pH 0.7 as 

dysprosium oxalate [Dy2(C2O4)3] according to the 

represented reaction in Eq. (5).  

Dy2(SO4)3  +  3 C2O4H2   →    Dy2(C2O4)3 +3 H2SO4       (5) 

After ignition at 850 oC, very pure Dy2O3 was 

produced as represented in Eq. 6 and subjected to 

analysis using ICP-MS as shown in Table 10.  

  Dy2(C2O4)3  →  Dy2O3  +  3 CO2  + 3 CO                     (6) 

Table (10): ICP-MS analysis of the final Dy precipitate 

and its impurities.    

Element   Dy         Gd         Al            Na         K 

Content,% 86.131    0.0250    0.0125     0.0025   0.0008 
 

3.5. Proposal Flowsheet  

A successful extraction procedure of yttrium and 

dysprosium from rare earths product (48.15% Y2O3 & 

11.05% Dy2O3) obtained from the xenotime concentrate is 

achieved. The rare earths product is completely dissolved 

with hydrochloric acid to obtain on rare earths chloride 

leach liquor. From the latter, yttrium and dysprosium were 

subjected to a detailed study for their extraction using direct 

precipitation and solvent extraction techniques respectively. 

Firstly, yttrium is precipitated as yttrium lactate using lactic 

acid and the studied optimum conditions for precipitation 

involved 2 M lactic acid concentration, lactic acid pH 5, 

1/0.75 L(REEs solution) /L(lactic acid) ratio and contact time of      

168 hrs at 25 oC. After filtration of the yttrium precipitate, 

Dy is s extracted using 2-Ethylhexyl 2-ethylhexy 

phosphonic acid (PC88A) in modified kerosene. The 

decided optimum extraction conditions involved an 

extractant concentration of 2.2 M, 1/1 O/A ratio at 9 min 

contact time with the chloride liquor at pH 3. The extracted 

dysprosium was stripped with a 1.5 M sulfuric acid in         

a ratio of 1/1 O/A for 20 min. According to the relevant 

McCabe Thiele diagrams, three theoretical stages are 

required for extraction and stripping. Dysprosium was 

precipitated from the stripped solution as dysprosium 

oxalate at pH of 0.7 using 10% oxalic acid solution. The     

Y lactate and the dysprosium oxalates obtained were then 

each ignited at 850 °C for one hour. The obtained oxides 

were analyzed by ICP-MS. Finally, all the obtained data 

were formulated in a proposal flowsheet (Figure 8). 

    

Fig. (8): Proposal flowsheet for extraction of yttrium and dysprosium oxides from the rare earths 

product obtained from xenotime mineral concentrate. 

 

 

C o850 



  72                                                                                               Saleh M. El Hadyet al. 

 

Arab J. Nucl. Sci. Appl., Vol. 57, 1, (2024)   

 

 

CONCLUSION 

Yttrium and dysprosium are recovered from the rare 

earths product which produced from the xenotime 

mineral concentrate. Yttrium is firstly extracted using 

direct precipitation technique by lactic acid to produce 

yttrium lactate after preparation of the rare earths 

chloride solution. This is followed by extraction of 

dysprosium using solvent extraction technique (PC88A), 

while its stripping was performed by sulfuric acid then 

precipitated from the stripped solution by oxalic acid as 

dysprosium oxalate. Yttrium lactate and dysprosium 

oxalate were calcined to obtain on yttrium oxide and 

dysprosium oxide respectively.      
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