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 Background: During the coming decades, one of the important sources of several 

valuable metals is carboniferous rock at Southwestern Sinai, Egypt. Previous works 
have successfully recovered U and Cu from mineralized dolostone, GabalAllouga, 

Southwestern Sinai, Egypt. The optimum conditions for selective recovery of uranium 

and copper in separate paper through applying carbonate mixture agitation leaching 
process. These conditions involved 150 g/l carbonate mixture (3Na2CO3 + NH4HCO3) 

concentration, S/L mixing ratio of 1/5, leaching time of 180 minute and leaching 

temperature of 80°C.Objective: Therefore in this study the spent residue, after leaching 
U and Cu, was still containing two metal values; namely V and REEs which were found 

to assay 649 ppm V and 1575 ppm REEs. From the latter, it was decided to study the 

recovery of both V and REEs metal values from the spent residual material. 

Results:From forging study it can be found that, using roasting method it adequate to 

dissolve most of vanadium with 97% leaching efficiency from dolostone material under 

the optimum condition of 1/3 spent residue /NaOH ratio, 3 h roasting time, and 600oC 
roasting temperature.On the other hand, 97% REEs leaching efficiency was performed 

under the optimum condition of using 300 g/L (NH4)2SO4, S/L ratio of 1/5 and 90 

minutesleaching time at room temperature.Conclusion:It can be concluded that V was 
recovered by alkaline leaching using NaOHfollowed by selective ammonium sulfate 

leaching procedures for REEs. V was recovered from the alkaline leach liquor by 

Amberlite IR743 and precipitated after elution as red vanadium cake while, REEs was 
 precipitated as REEs double sulfate. 

 

INTRODUCTION 

 

The Carboniferous rock sequence at Southwestern Sinai, Egypt, are of special interest as important 

renewable source of several valuable metals so vast majority of current supplies of metal values are obtained 

from low grade ores. It is considered as one of the most important occurrences of U mineralization beside the 

associated economic metal values e.g. Ln, V, Cu,….etc(El-Aassy et al., 1986; Mira and Aita, 2009).The 

working sample has uranium, copper, lanthanides and vanadium were found in relatively reasonable grades, 

0.15, 1.2, 0.15 and 0.06 % respectively. It is worthy to mention herein that, the authors have studied in detail the 

optimum conditions for selective recovery of uranium and copperin separate paper through applying carbonate 

mixture agitation leaching process. These conditions involved 150 g/l carbonate mixture (3Na2CO3 + 

NH4HCO3)concentration, S/L mixing ratio of 1/5, leaching time of 180 minute and leaching temperature of 

http://www.ajbasweb.com/


43                                                                        Enass M. El- Sheikhet al, 2017 

Australian Journal of Basic and Applied Sciences, 11(13) October 2017, Pages: 42-53 

80°C.Thus,in this work, the starting feed materialis the spent residue obtained after applying alkaline leaching 

processes for selective recovery ofU and Cu from the raw material of dolostone ore material occurring at 

GabalAllouga, Southwestern Sinai, Egypt (Table 1). 

 
Table 1: Chemical composition of the spent residue of dolostone ore sample. 

Constituent Concentration, % Constituent Concentration, % 

SiO2 

Al2O3 

Fe2O3 
CaO 

MgO 

K2O 
Na2O 

TiO2 

P2O5 

8.83 

3.80 
2.49 

33.28 

8.49 
0.238 

0.55 

0.41 
0.50 

 

REEs 

V 

Cr 
Ni 

Zn 

Pb 

0.1575 

0.0649 

0.0096 
0.0193 

0.0053 

0.0076 

 

The remaining two metal values; namely V and REEs which were left behind in the spent residue were 

found to assay 1575 ppm REEs and 649 ppm V. Vanadium and REEs amount up-grad with small amount in the 

residue after Cu and U processed. From the processed ore material, it was decided to study the recovery of both 

V and REEs metal values from the spent residual material. These involved V recovery by alkaline leaching 

followed by selective ammonium sulfate leaching procedures for REEs. 

The processing of V ores required two essential and subsequent processes namely; leaching and extraction. 

V could actually leach from its ores by either acidic or alkaline, (NaOH, Na2SO4 or Na2CO3) breakdown as well 

as salt roasting with NaCl (Kim et al., 2014; Zhang et al., 2015; Peng et al., 2016). The produced V(V) salt 

undergoes H2O leaching  to dissolve its V content (Gupta and Krishnamurphy, 1992; Geyrhofer et al., 2003; 

Hukkanen and Walden, 1985; Rohrmann, 1985). 

Salt-roasting changes the mineral of vanadium to an oxide anion in its maximum valence state. Vanadium 

in the feed materials converts on roasting with a source of sodium under oxidizing conditions to form soluble 

sodium salts (Gupta and Krishnamurphy, 1992): 

2NaCl + V2O5 + H2O = 2NaVO3 + 2HCl 

Several researchers have been studiedthe processing of V with 85% leaching efficiency from low grade 

vanadium ores at optimum roasting conditions of3 to 4 hours at 850°C to 950°C(Holloway and Etsell, 2004; 

Shelwit and Alibrahim, 2006;Chen et al., 2006and Taiyinget al., 2014).  

In addition, Tavakoli et al (2010) confirmed the significant effect of temperature in the roasting of bottom 

ashes; moreover, they studied the effect of adding sodium carbonate and sodium chloride as an additive for 

roasting and reported sodium carbonate can increase vanadium recovery more than sodium chloride. 

Many extractants have been used for vanadium solution purification. Among these, Di-2-ethyl-hexyl 

phosphoric acid (D2EHPA) and amines have been used in plant operations while the others have been 

essentially confined to laboratory or pilot scale studies(Li et al., 2009, 2010, 2011; Arabi et al., 2010; Mishra et 

al., 2010; Chen et al., 2010; Navarro et al., 2007; Vitolo et al., 2001; Vitolo et al., 2000; Long et al., 2014; Li et 

al., 2016).  

Several authors have been studied the recovery of vanadium from their leach liquors via anion exchange 

resins (Hu et al., 2009; Zeng et al., 2009; Wang et al., 2010; Ming-Yu et al., 2011;Abdellah et al., 2014). 

With respect to REEs leaching from its ores usually results in both a high degree of selectivity from 

associated gangue minerals and a good recovery at moderate or reasonable costs. 

Great attention is paid to use ammonium sulfate for selective leaching of rare earth elements where the 

solubility of many of the impurity elements was quite low. The advantages of using ammonium sulfate are less 

reagent consumption and improved final product purity (Shi, 2009; Kim et al., 2011; Chi et al., 2013; 

Moldoveanu and Papangelakis, 2013). 

The physisorbed REEs are dissolved using ammonium sulfate and transferred transfer into solution as 

soluble sulfates which recovered as high purity end-products (Li et al., 2006; Preston etal., 1996; Ochsenkühn-

Petropoulou et al., 2002). 

Moldoveanu and Papangelakis (2012, 2013) confirmed the use of ammonium sulfatewith concentrations 

ranging from 0.05 to 0.5 wt.%for lanthanide leaching to yield 80–90%  leaching efficiency, with further studies 

aiming at establishing the optimum experimental conditions for maximizing the REE extraction levels. 

Rare earth elements can be separated through precipitation manner by different precipitating agents namely; 

hydroxide, oxalate and fluoride (Michael, 2011; Kul et al., 2008; Chi and Xu, 1999). 

In the present work, the spend residue ore material left behind uranium and copper recovery can be 

probably processed for the dissolution and recovery of the other important (interesting) metal values namely; 

vanadium and REEs. The former via roasting and the latter of REEs as rare earth sulfates using selective 

leaching reagent.  

http://www.springerlink.com/content/?Author=R.+Chi
http://www.springerlink.com/content/?Author=Z.+Xu


44                                                                        Enass M. El- Sheikhet al, 2017 

Australian Journal of Basic and Applied Sciences, 11(13) October 2017, Pages: 42-53 

Experimental: 

As previously mentioned the starting feed material is the spent residue obtained after applying alkaline 

leaching for recovery of U and Cu from the raw material ofAllouga, Southwestern Sinai, Egypt. The dried 

residue was then subjected to two successive recovery procedures for V and REEs. The applied successive 

leaching procedures include two processes namely; alkaline roasting of vanadium flowed by selective leaching 

of REEs with ammonium sulfate as lixiviant process.    

 

1 leaching procedure: 

1.1 Alkali roasting of the spentore residue: 

The alkali roasting process was conducted by mixing solid NaOH with the spent ore residue at slightly high 

temperature for different periods of times. After that the cooled roasted matrix was then undergoes water 

leaching to dissolve its vanadium content. All the experimental roasting procedures were conducted by using 

constant weight (10g) of the dried ore residue.  

 

1.2 REEs dissolution from the alkaline sludge free from vanadium: 

In the experiments, agitation leaching tests were carried out in a 250 mL round bottom flask at the required 

temperature. Ten grams of the studied sample, alkaline sludge, were mixed with ammonium sulfate. After the 

reaction performed, the slurry was filtered and the residue was washed with distilled water. The contents of 

REEs in filtrate were quantitively analyzed. The leaching efficiency of metal was determined according to the 

following equation: 

100
,,

)(
% x

metalofionconcentratinputinitialTotal

solutionleachingtheinmetalofionconcentrat
efficiencyLeaching 








  (1) 

   Leaching variables considered were fusion temperature, fusion time, and spent residue /alkaline ratio. In 

this approach, series of leaching testes were taken while changing only one variable and keeping other factors 

constant. 

 

2. Analytical procedures: 

REEs wasspectrophotometerically determined by using the chromogenic reagent, Arsenazo-III (Marczenko, 

1986). On the other hand V was determined by using atomic absorption spectrometer (Unicam 969, England) 

(Ward et al., 1969).In the meantime, the purity of the final precipitate of the V and REEs has confirmed 

chemically and qualitatively been determined using ESEM-EDX analyses. 

 

RESULTS AND DISCUSSION 

 

1. Leaching of vanadium and rare earth elements from spent residue of processed dolostone ore material: 

The remained ore spent residue dolostone raw material, after carbonate leaching of uranium and copper, 

was subjected to vanadium and rare earth elements recovery. For recovery of the former, the free Cu and U 

spent ore residue was fused with NaOH at proper temperature then, the fused precipitate (sludge) was firstly 

leached with hot water for vanadium dissolution.The residue left behind after V processed was then subjected to 

mix with suitable ammonium sulfate reagent for rare earths dissolution.  The factors controlling the leaching of 

vanadium and rare earth elements were studied as follow: 

 

1.1 Leaching of vanadium: 

The role of roasting on the increasing of vanadium leaching efficiency from different sources of vanadium 

has been used because of changing vanadium composition to the more soluble vanadium component(Zhang et 

al., 2012). So, we used alkaline roasting of vanadium using NaOHfrom the spent residue of dolostone material 

as follow: 

 

1.1.1 Alkaline roasting: 

Spent residue left behind free from U and Cu /NaOHratio would affect V breaking down, its effect was 

therefore studied using 1/1, 1/2, 1/3, and 1/5 ratio (w/w). Fixed leaching conditions involving 3 hours fused 

time, at 600 
o
Cwere performed. Leaching fused sludge contact with hot water (1/1 ore wet / leached water) for 

vanadium dissolution. The results were graphically represented in Fig. (1 a).   The results of this factor revealed 

that the leaching efficiency of vanadium increased when the spent residue to NaOH ratio was increased from 1to 

5. The leaching efficiency of vanadium was increased from 71% to 97%, when the ratio increased from 1 to 3. 

However, there is slightly increase in the leaching efficiencies above this ratio. Consequently, the spent residue 

/NaOHratio of 1/3would be recommended.From the above resultvanadium in the feed materials converts on 

roasting with NaOHasa source of sodium to form soluble sodium salts. 

2VO2
+
 +4NaOH   Na4V2O7 + H2O + H

+
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From the above results it is clear that sodium hydroxide give excellent dissolution of vanadium from the 

spent residue of dolostone material with high leaching efficiency (97%) than other alkaline agents used earlier 

such as sodium carbonate, sodium sulfate and sodium chloride(Geyrhofer et al., 2003; Holloway and Etsell, 

2004; Zhang et al., 2012). 

 

1.1.2 Effect of fusion time on dissolution of vanadium: 

Optimizing the fusion time required for dissolution V was studied at 1, 2, 3 and 4 hours and 1/3 spent 

residue /NaOHratio at 600 
o
C. Results obtained are constructed in Fig. (1 b). It is obvious that; 3 hours is a quite 

adequate fusion time for leaching V which record about 97% leaching efficiency. 

 

1.1.3 Effect of fusion temperature on dissolution of vanadium: 

Effect of temperatures from 400 to 700
o
C for the leachability of the interested element was studied under 

conditions of 1/3 spent residue /NaOHratio for 3 hours. The results of V leaching efficiencies were graphically 

represented in Fig. (1c). 

From these results, it is clear that the leaching efficiency of V was increased from 77.2 % to 97 % by 

raising the temperature from 400 to 600
o
C respectively. After which there no marked leaching efficiency was 

recorded. Consequently, 600
o
Cwould be recommended. This is in accordance with the results obtained by 

Geyrhofer et al., (2003); Li and Xie(2012) which mentioned that the temperature of salt roasting of vanadium 

due to vanadium characteristics and additive reagent can be varied between 500°C to 850°C; however, it was 

revealed that increasing the temperature to more than 850°C can decrease vanadium recovery because of 

sintering. 

From forging study it can be concluded that, using roasting method it adequate to dissolve most of 

vanadium with 97% leaching efficiency under the optimum condition which can be summarized as following: 

- 1/3 spent residue /NaOH ratio 

- 3 h roasting time 

- 600
o
C roasting temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1:Effects of Vdissolution factors from the remained spent residue sandy dolostone raw material by NaOH. 

(a) Effect of spent residue / NaOH ratio.   (b) Effect of fusion time.  (c) Effect of fusion temperature. 

 

 

(a

) 

(b

) 

(c

) 



46                                                                        Enass M. El- Sheikhet al, 2017 

Australian Journal of Basic and Applied Sciences, 11(13) October 2017, Pages: 42-53 

1.1.4 Recovery of vanadium: 

     After leaching process has been completed, the solution containing vanadium (0.629 g/l) requires the use 

of selective ion exchange resin. Amberlite IRA743 an anion-exchange resin was used for this purpose (Abdellah 

et al., 2014). The latter has a macro porous poly-styrene matrix, on which N-methyl glutamine functional groups 

(R-N(CH3)-C6H8(OH)5) are attached as represented (Fig. 2) as follow:  

 
Fig. 2:Chemical structure of Amberlite IRA743 

 

In the alkaline solution, vanadium was found in the anion species vanadates (VO3
−
) at pH value over 8 

(Wang et al., 2010). The process of extraction depends upon the substitution reaction between the vanadates 

(VO3
−
) anions and anionic resin sites. Fig.(3) describes the mechanism of the uptake of vanadium from the 

aqueous solution. The uptake of vanadium as vanadates anion (VO3)
-
is a curious mechanism, where it involves 

protonation of the amine, de-protonation of the ploy sugar tail. With respect to vanadium uptake upon the resin 

sites, VO3
-
 species has been adsorbed through electrostatic attraction and complexed with N

+
 and OH groups of 

the resin sites. 

 
Fig. 3: Vanadium uptake mechanism from the aqueous solutions. 

 

The leaching solution (1L) was then directed to the ion exchange unit which consists of a column of 100 cm 

in height and 0.7cm in diameter packed with 65ml of wet settled resin (wsr) Amberlite IRA743 in its hydroxide 

form. The applied flow rate was 2.5 ml/min. The collected effluent solutions of 50 ml bed volumes was 

analyzed for vanadium and their extraction efficiencies were calculated. From the obtained results (Fig.4), it is 

evident that, the amount of loaded vanadium upon the resin was realizing high loading efficiency of 92.25%. 

Under the applied working conditions, it was found that the obtained vanadium saturation has 

approximately amounted to 580.7 mg/l wsr, which represents about 97.4% of the theoretical capacity of the 

working resin (596 mg/L).   
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Fig. 4: Analytical results of vanadium alkaline leach effluent solution using Amberlite IRA 743 resin (each 

aliquot sample Vol =50 ml). 

 

The loaded vanadium was then eluted from the resin using 4% H2SO4 acid at flow rate of 1.5 ml/min. 

Scheme (1) shows the expected mechanism elution from the loaded Amberlite IRA743 anion exchange resin.  

 
Scheme 1: A scheme of vanadium elution mechanism from the loaded resin. 

 

The plotted elution curve (Fig.5) exhibits the famous bell-shaped curve with a major peak at the 4
th

 

throughput sample.  An eluate volume of 70 ml was collected at the end of elution process indicating elution 

efficiency of about 97%.  However, 70ml of vanadium rich solution was adjusted to pH 2.5 with NH4OH 

solution and then oxidized by the addition of 0.25g KClO3. Complete precipitation of vanadium (98%) as a red 

cake (V2O5) was obtained at 75 
0
C after 2h stirring time. The obtained red cake was then dried in the oven at 

120 
0
C for a suitable period of time. The latter was identified by means of chemical and EDAX analyses as 

shown in Fig. (6). Chemically proved it has purity about 99% and also the EDAX indicate the same results. 
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Fig. 5:Analytical results of vanadium in the eluate samples from the working Amberlite IRA 743 saturated resin 

column. 

 

 
Fig. 6:EDX chart for the identification of pure red cake,(V2O5). 

 

1.2. Leaching of REEs: 

1.2.1Effect of ammonium sulfate concentration on dissolution of rare earth elements: 

The effect of (NH4)2SO4 concentration on rare earth elements leach ability from the fused precipitate 

(sludge) free from V was studied to identify the concentration required for maximum solubility of the REEs. 

The effect of (NH4)2SO4 concentration on the leaching efficiency was conducted for a concentration ranging 

from 200 to 500 g/L. Other previous dissolution conditions were fixedat S/L ratio of 1/5, 90 min. contact time at 

room temp. The obtained leaching efficiency data was represented in Fig. (7 a). As the (NH4)2SO4concentration 

increased from 100 to 300 g/L, the REEs leaching efficiency increased from 60.4% to 98%. However, by 

increasing the (NH4)2SO4concentration above 300 g/L, lead to slightly increase in the REEs leaching 

efficiencies. Accordingly, using (NH4)2SO4concentration of 300 g/L considered the suitable concentration. This 
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is in accordance with the results obtained by Moldoveanu and Papangelakis (2012, 2013)which mentioned that 

ammonium sulfate has a great effect for leaching of REEs. 

 

1.2.2 Effect of agitation time dissolution of rare earth elements: 

The effect of leaching time upon REEs leaching efficiency was studied in the range from 30 to 150 minutes 

while the other leaching conditions were fixed at 300 g /l concentration of (NH4)2SO4 and using a solid / liquid 

ratio  of 1/5 at room temp.. The obtained data shown in Fig. (7 b) revealed that a high REEs leaching efficiency 

of 98% was established during 90 min. Therefore, it can be concluded that 90 minute leaching time would be 

adequate. 

 

1.2.3 Effect of S/L ratio upon REEs dissolution: 

The effect of sludge to (NH4)2SO4 ratio on rare earth elements leach ability from the spent ore residue. The 

effect of spent ore residue to (NH4)2SO4 ratio were performed using the solid/liquid ratios 1/1, 1/3, 1/5 and 1/7 

and the other conditions were fixed at 300 g/L (NH4)2SO4 for 90 min. at room temp. The obtained leaching 

efficiency data was represented in Fig. (7 c).The obtained leaching yield at ratio 1 /1 for REEs was acheviedonly  

65.3 %  as  compared  to  98%  at  ratio 1/5 respectively. Increasing the (NH4)2SO4amount by applying the pulp 

ratio of 1/7 did not improve the leaching efficiency of studied elements but increase the undesirable impurities. 

From  the  previous  observations,  it  is  recommended  to  use  1/5  sludge / (NH4)2SO4ratio because  it  gives  a  

good  leaching efficiency  of  REEs. 

From forging study it can be concluded that, 97% REEs leaching efficiency was performed under the 

optimum condition which can be summarized as following: 

Conc. of  (NH4)2SO4                     :                                    300 g/L 

S / Lratio                            : 1/5 

- leaching time                 :                         90 min.   

 

1.2.4Recovery of rare earth elements: 

After alkaline roasting of ore material and leaching vanadium, the REEs were leached with 300 g/L 

(NH4)2SO4 at 1/5 ratio for 90 min. The obtained liquor (308 mg/l) was then subjected to precipitation using 

crystalline evaporation to precipitate REEs as REEs- sulfate (Habashi, 1993). The obtained white REE-sulfate 

product was filtered and properly washed with distilled water to get rid of any impurities. The latter was 

subjected to chemical and EDAX semi-quantitative analysis to identify its individual REEs distribution as 

shown in Fig. (8).From the latter it is conformed that REEs is pure REEs-sulfate and chemically REEs recorded 

98% from REEs sulfate product. 

 
Fig.7:Effects of REEs dissolution factors from the the fused precipitate (sludge)  by (NH4)2SO4. (a) Effect of 

(NH4)2SO4 concentration. (b) Effect of leaching time.(c) Effect of sludge / (NH4)2SO4 ratio. 
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Fig. 8: EDAX analysis of the produced REEs oxalate. 

 

This work introduces a new addition to the leaching and recovery of vanadium and rare earth elements from 

the sandy dolostone ore for the first time with a high leaching efficiency of 97% with the lowest economical cost 

and then obtaining high purity products which can then be applied on a larger industrial scale. 

 

Conclusions: 

The remained ore spent residue dolostone raw material, after carbonate leaching of uranium and copper, 

was still containing two metal values; namely Vanadium and rare earth elementswhich were found to assay 649 

ppm Vanadium and 1575 ppm rare earth elements. The spent residuedolostone raw materialwas subjected to 

vanadium and rare earth elements recovery. For recovery of the former, the free Cu and U spent ore residue was 

fused with 1/3 spent residue /NaOH ratio at 600
o
C for 3 hours. The fused precipitate (sludge) was firstly leached 

with hot water for vanadium dissolution with 97% leaching efficiency.  On the other hand, 97% REEs leaching 

efficiency was performed under the optimum condition of using 300 g/L (NH4)2SO4, S/L ratio of 1/5 and 90 

minutesleaching time at room temperature. From the two adequately obtained leach liquors, marketable products 

have conveniently been prepared. In case of vandium, the impure precipitate of leach liquor was purified via 

AmberliteI.R.A-743 anion exchanger resin.Under the applied working conditions, it was found that the obtained 

vanadium saturation has approximately amounted to 580.7 mg/l wsr, which represents about 97.4% of the 

theoretical capacity of the working resin (596 mg/L).  The loaded vanadium was then eluted from the resin using 

4% H2SO4 acid at flow rate of 1.5 ml/min. However, the obtained vanadium rich solution was adjusted to pH 2.5 

with NH4OH solution and then oxidized by the addition of 0.25g KClO3. Complete precipitation of vanadium 

(98%) as a red cake (V2O5) was obtained at 75 
0
C after 2h stirring time. The rare earth elementsin the leaching 

solution were then subjected to precipitation using crystalline evaporation to precipitate rare earths as REEs- 

sulfate. 

From all the obtained results, it has been possible to formulate the tentative flow sheet shown in Fig. (9)for 

processing dolostone technological material for recovery of REEs and V.    

 

Future work: 

Due to the great important of vanadium and rare earths in industry, this work will used as a base for 

designing a pilot plant unit for production of a marketable pure products of vanadium and rare earths from 

dolostone ore material occurring at, GabalAllouga, Southwestern Sinai, Egypt.  
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Fig. 9: A tentative flowsheet for the recovery of V and REEs from sandy dolostone ,GabalAllouga, 

Southwestern Sinai, Egypt 
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