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ABSTRACT 

 

Boucherit, A., & Khalaf, H. (2020). Solvent extraction of molybdenum from 

hydrochloric acid solutions with tri-octyl phosphine oxide: comparison between 

conventional and microwave-assisted extraction techniques. Lebanese Science 

Journal, 21(1), 65-79. 

 

In this paper, the solvent extraction of molybdenum from 0.01-1 M aqueous 

hydrochloric acid using tri-octyl phosphine oxide (TOPO) as solvent diluted with n-

hexane has been investigated. The extraction efficiencies of TOPO in the extraction of 

molybdenum were carried out using conventional extraction and microwave-assisted 

extraction (MAE) techniques. Molybdenum extraction efficiency was determined by 

varying separately the different parameters affecting the extraction process including 

agitation time, hydrochloric acid concentration, solvent concentration (in the organic 

phase), as well as the irradiation time and microwave power. The MAE technique 

greatly enhanced the solvent extraction of molybdenum where high extraction 

percentages were obtained under favorable conditions. In some cases, the percentages 

extraction of molybdenum obtained with two methods were comparable. The use of 

MAE technique also showed obvious advantages in terms of a drastic reduction of the 

extraction time as it was shortened from 15 min to 10 s in comparison with conventional 

solvent extraction method.  

 

Keywords: Molybdenum, solvent extraction, TOPO, microwave. 

 

INTRODUCTION 

 

Solvent extraction is an important process largely used in many industrial 

processes especially for the recovery, selective separation and purification of a variety 

of metal ions from different aqueous media (Park et al., 2006; Ivam Jr. et al., 2008; 

Zeng & Cheng, 2009; Wang et al., 2009; Boucherit et al., 2012; Imam & El-Nadi, 2018; 

Li et al., 2019a, 2019b). Unfortunately, this method presents some limitations as it 

needs the use of organic solvents, equilibrium is not attained only for a long time and 

presents the formation of emulsions, etc. (Gharehbaghi and Shemirani, 2011; Boucherit 

et al., 2012).  
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In last decades, microwave-assisted extraction (MAE) has been successfully 

applied in organic synthesis (Thompson and Doraiswamy, 1999; Bonrath, 2004; Remya 

and Lin, 2011). The main advantages of this technique are the large reduction in 

extraction times, the higher yield of the extraction and the improved selectivity. In the 

area of extractive metallurgy this non-conventional technique has shown some 

advantages as it significantly improves the extraction kinetics and enhances extraction 

rate of metals from various matrices (Xia & Pickles, 1997; Cid et al., 2001; Relić et al., 

2013; Huang et al., 2016; Tian et al., 2019; Cyganowski et al., 2019; Behera et al., 

2019). These techniques were used in the present study to extract molybdenum as it is a 

metal necessary for both human body, animal and plant (Holzinger et al., 1998; López-

García et al., 2007; Díez-Ortiz et al., 2010; Van Gestel et al., 2011; Li et al., 2019a, 

2019b). In recent years, molybdenum has found extensive industrial applications in 

many technological fields (Saberyan et al., 2003; Park et al., 2006; Zeng and Cheng, 

2009; Morreale et al., 2012; Li et al., 2019a, 2019b). The presence of this metal in the 

environment has encouraged many researchers to extract it by using solvent extraction 

technique. Many researchers used different solvating agents (TBP, D2EHPA, amines, 

etc.) to extract molybdenum from different acidic solutions (Yamashoji et al., 1986; 

Sato et al., 1990; Basualto et al., 2003; Ivam Jr.et al., 2008; Wang et al., 2009; Pathak et 

al., 2010; Boucherit et al., 2012; Banda et al., 2012; Wu et al., 2012, Ghadiri et al., 

2014; Nguyen and Lee, 2015; Mahandra et al., 2018 ; Zeid et al., 2018; Imam and El-

Nadi, 2018; Yacouba et al., 2019; Li et al., 2019a, 2019b). Researchers extracted 

molybdenum from aqueous acid solutions by tri-octyl phosphine oxide (TOPO) and 

determined different molybdenum complexes at low and high acidities (Yamashoji et 

al., 1986; Sato et al., 1990; Basualto et al., 2003; Chaibou Yacouba et al., 2019). Band 

et al. (2012) have investigated the separation and recovery of molybdenum from the 

synthetic chloride leach liquors by employing TOPO. The literature survey reveals that 

the determination of trace amount of molybdenum in various media was carried out by 

several analytical techniques. These methods include spectrophotometry and inductively 

coupled plasma atomic emission spectrometry and atomic emission spectrometry (Filik 

et al., 2004; Boucherit et al., 2012; Ghadiri et al., 2014; Nguyen and Lee, 2015; Imam 

and El-Nadi 2018; Mahandra et al., 2018; Zeid et al., 2018; Chaibou Yacouba et al., 

2019; Li et al., 2019a, 2019b). 

 

The literature survey showed that there is no comprehensive information on the 

effects of microwave irradiations on the solvent extraction of molybdenum with TOPO 

from 0.01-1 M aqueous hydrochloric acid solutions. As an extension of our studies on 

molybdenum extraction (Boucherit et al., 2012) the main aim of this research was to 

evaluate the suitability of MAE method as compared to conventional solvent extraction 

method for the extraction of molybdenum from diluted hydrochloric acid solutions with 

TOPO. In this work, parameters including agitation time, initial hydrochloric acid 

concentration, and solvent concentration were investigated. Further, parameters 

influencing microwave-assisted extraction such as irradiation time and microwave 

power were fully investigated in order to obtain suitable conditions for effective solvent 

extraction of molybdenum. 
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Experimental 

 

Reagents and solutions 

 

The molybdenum salt, ammonium molybdate 4-hydrate (Mo7O24 (NH4)6.4H2O) 

with a purity of 99% (w/w) was supplied from Panreac Quimica. The solvent reagent 

used in this work was tri-n-octy1 phosphine oxide (TOPO, industrial grade, 97% (w/w) 

purity, Fluka) and was used as received. Hydrochloric acid (HCl), 37% (w/w) was 

obtained from Sigma-Aldrich. The commercial hexane (95%, Biochem Chemopharma) 

was employed as diluent in order to prepare the organic phase. 

 

A stock solution of molybdenum was prepared by dissolving 0.1856 g of 

molybdenum salt in distilled water to obtain Mo(VI) concentration of 1000 mg/L. The 

initial concentration of molybdenum in the aqueous phases in all experiments were 10-4 

M and 10-2 M  and were obtained by diluting stock molybdenum solutions and the 

addition of predetermined amount of HCl solution into distilled water. The organic 

phase was prepared by mixing TOPO with n-hexane at a definite concentration.   

 

Extraction techniques 

 

Two extractions techniques (conventional extraction, microwave-assisted 

extraction (MAE)) were used and compared.  

 

Conventional extraction 

 

In this work, conventional extraction of molybdenum was carried out in 125-mL 

separatory funnels containing aqueous and organic phases under selected experimental 

conditions. The two phases were stirred with a mechanical shaker (Promax 1020, 

Heidolph Instruments, Schwabach, Germany) at 9 rpm stirring speed (Boucherit et al., 

2012). This speed ensured a perfect agitation of the mixture. Then the separating 

funnels were allowed to stay for 10 min and the aqueous and organic phases were 

separated. Aqueous phases were stocked for their further analysis. 

 

Microwave-assisted Extraction  

 

The microwave-assisted extraction (MAE) was carried out in an experimental 

microwave oven (MARS-S, CEM Corporate Matthews, NC, USA) with a microwave 

power of 1600 W and the frequency was set on 2.45 GHz. The apparatus employed is 

equipped with eight extraction vessels made of PTFE. The microwave oven is equipped 

with a temperature monitor as well as a microprocessor programmer software to control 

the performance parameters of the microwave device, i.e., microwave power, 

temperature and running time. An inboard temperature control system is used for the 

control of temperature inside the extraction vessels. The temperature which was set at 

26 °C was measured by an infrared sensor incorporated solely in a control vessel and 

the pressure was maintained at 15 PSI throughout the experiments.  
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Analytical technique 

 

For the two investigated extractions methods (conventional extraction, MAE), 

after the settling and separation of the two phases, the molybdenum concentration in the 

aqueous phase (raffinate) was determined by Inductively Coupled Plasma Atomic 

Emission Spectrometry (ICP-AES) (model Optima 4300 DV Perkin Elmer, Uberlingen, 

Germany) at a wavelength of 202.031 nm after diluting the aqueous samples 

appropriately. The concentration of the molybdenum ions in the organic phase was 

determined through the mass balance. The operational instrumental parameters of the 

ICP-AES equipment are given in Table 1. 

 

Table 1. Instrumentation and operating conditions for ICP-AES. 

 

Wavelength, nm 202.031 

RF power, kW 1.45 

Integration time, ms 100 

Liquid flow rate, mL/min 0.05 

Outer gas flow rate, L/min   15 

Intermediate gas flow rate, L/min 0.5 

Central gas flowrate, L/min 0.7 

Viewing height above load coil, mm 5 

Injector tube inner diameter, mm 2 

 

The molybdenum solvent extraction performance was quantified through the 

percentage Mo(VI) extraction (E, %) according to the relation:  

 

                                 Eq. (1) 

 

where [Mo(VI)]i and [Mo(VI)]f are respectively the initial and final molybdenum 

concentrations.  

 

All the experiments were carried out at with equal volume of aqueous and 

organic phase     (10 mL) and at 26 °C in triplicate and the mean values of extraction 

percentages of molybdenum and standard deviations were calculated. Phase separation 

after extraction was very fast and good and no formation of emulsions was observed. 

The relative standard deviation values did not exceed 3% and this show the validity and 

good precisions of the data represented in the figures. The mass balance for all the 

experiments was found to be within ±5%. 

 

RESULTS AND DISCUSSION 

 

The effects of agitation time, hydrochloric acid concentration, and TOPO 

concentration, under conventional extraction, irradiation time and microwave power 

under microwave-assisted extraction were studied. The conditions for maximum 

percentage extraction of molybdenum were determined for both investigated extraction 

method. 
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Kinetic of molybdenum extraction 

 

The solvent extraction is known as an equilibrium process and the knowledge of 

agitation time necessary to reach equilibrium is very important as it influences the 

extraction process. The influence of agitation time on the extraction efficiency of 

molybdenum from aqueous acidic solutions was investigated under conventional 

extraction and under microwave-assisted extraction. With a view to obtain the optimal 

agitation time, the studies of the kinetics of the Mo(VI) extraction were carried out by 

shaking aqueous phases of 10-2 M and 10-4 M Mo(VI) dissolved in 0.01 M and 1 M HCl 

solutions and an organic phase consisting of 0.02 M TOPO diluted with n-hexane for 

different agitation times intervals varying from 2 to 25 min under conventional 

extraction and for various lengths of microwave irradiation time varying from 3 to 15 s. 

 

Kinetic of the molybdenum conventional extraction 

 

Figures 1 and 2 compare the percentages Mo(VI) extraction conducted from 

molybdenum solution with concentrations of 10-4 M and 10-2 M dissolved in 0.01 M and 

1 M HCl solutions respectively for different agitation times (2-25 min) under 

conventional extraction. These figures show that the percentage Mo(VI) extraction 

increases with agitation time till reaching a plateau where the respective percentage 

Mo(VI) extraction attains a constant value. The data in the figure 1 indicate that an 

agitation time of 15 min is good enough to reach the extraction equilibrium and where 

constant values of the percentages Mo(VI) extraction of 55% and 35% were obtained 

for the extractions conducted from aqueous phases of 10-2 M and 10-4 M Mo(VI) 

respectively dissolved in 0.01 M HCl solution. The figure 2 shows that extraction 

equilibrium was attained also after 15 min of contact between phases and maximum 

percentages Mo(VI) extraction of 75% and 69% were achieved for extractions 

conducted from aqueous phases of 10-2 M and 10-4 M Mo(VI) respectively dissolved in 

1 M HCl solution. As shown in figures 1 and 2, experiments conducted for agitation 

time interval (15-25 min) did not affect the percentage Mo(VI) extraction significantly. 

In order to ensure the maximum percentage Mo(VI) extraction, an agitation time of 15 

min was chosen for the subsequent extraction studies. 
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Figure 1. Percentage molybdenum extraction versus agitation time, 

[HCl] = 0.01 M, [TOPO] = 0.02 M, Vaqu/Vorg = 1, T = 26 °C. 
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Figure 2. Percentage molybdenum extraction versus agitation time, 

[HCl] = 1 M, [TOPO] = 0.02 M, Vaqu/Vorg = 1, T = 26 °C. 

 

Kinetic of the molybdenum extraction under microwave 

 

The influence of microwave irradiation time on Mo(VI) solution with 

concentrations of 10-4 M and 10-2 M  dissolved in 0.01 M and 1 M HCl solutions have 

been carried out at 20 W microwave power for different irradiations times (3-15 s). As 

showed in figure 3, the maximal percentages Mo(VI) extractions of 75% and 68% were 

obtained for only 10 s microwave irradiation time for aqueous phases of 10-2 M and 10-4 

M Mo(VI) dissolved respectively in 0.01 M HCl, the longer irradiation time did not 

result in further increase of Mo(VI) extraction. The results presented in figure 4 show 

that the percentage Mo(VI) extraction reaches 92% and 82% within 10 s microwave 

irradiation time for extractions conducted from aqueous phases of 10-2 M and 10-4 M 

Mo(VI) respectively dissolved in 1 M HCl solution. Figures 3 and 4 show that beyond 

10 s, no significant increase in the percentage Mo(VI) extraction was observed. The 

results indicated, that the kinetics of molybdenum extraction were very fast and that 

microwave irradiations have enhanced its extraction in a short irradiation time (10 s). 

Based on these results a microwave irradiation time of about 10 s was maintained in all 

the extraction experiments so as to ensure the equilibrium. 

 

Comparison of MAE and conventional extraction methods 

 

Figures 3 and 4 show clearly that MAE method was the fastest extraction 

technique compared to conventional extraction method as it can greatly reduce the 

extraction time for the same operating condition. The equilibrium time was about 90 

times shorter when the MAE method was employed as compared to the conventional 

one. MAE technique also gives higher percentages Mo(VI) extraction in comparison 

with those obtained under conventional extraction. In terms of the percentage Mo(VI) 

extraction, the best results were obtained by MAE technique, which gave the highest 

percentage Mo(VI) extraction value (92%) for extraction conducted from aqueous phase 

of 10-2 M Mo(VI) dissolved in 1 M HCl solution. Due to the considerable savings in 

time, this extraction method was suitable for fast extraction of molybdenum with 

TOPO. MAE improves the percentage Mo(VI) extraction in comparison with 

conventional extraction as it promotes the probability of contact between molybdenum 

ions and TOPO ligands in solution. 
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Figure 3. Percentage molybdenum extraction versus microwave irradiation time,                   

[HCl] = 0.01 M, [TOPO] = 0.02 M, Vaqu/Vorg = 1, Mw: PMw = 20 W, fMw = 2.45, 

GHz, T = 26 °C. 
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Figure 4. Percentage molybdenum extraction versus microwave irradiation time, 

[HCl] = 1 M, [TOPO] = 0.02 M, Vaqu/Vorg = 1, Mw: PMw = 20 W, fMw = 2.45 GHz, 

T= 26 °C. 

 

Effect of HCl concentration 

 

The effect of HCl concentration on the percentage Mo(VI) extraction from 

molybdenum solution with concentrations of 10-4 M and 10-2 M by 0.02 M TOPO 

solution diluted with n-hexane was investigated in the HCl concentration range 0.01-1 

M under conventional extraction and microwave-assisted extraction methods. The 

obtained results (Figures 5 and 6), show an increase in the percentage Mo(VI) extraction 

with HCl concentration.  

 

Figure 5 shows that for extractions conducted from aqueous phases of 10-2 M 

Mo(VI), when the HCl concentration was increased from 0.01 to 1 M, the percentage 

Mo(VI) extraction increased from 59.6 to 75.4% under conventional extraction and 

from 84.2 to 94.8% under microwave-assisted extraction. Whereas figure 6 shows that 

for molybdenum extraction conducted from aqueous phases of 10-4 M Mo(VI) the 

percentage Mo(VI) extraction increased from 36.6 to 75.4% under conventional 

extraction and from 71.7 to 89.4% under microwave-assisted extraction, as the HCl 
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concentration increased from 0.01 to 1 M, respectively. It is also clear that the 

percentage Mo(VI) extraction under microwave-assisted extraction is higher than that 

under conventional extraction particularly for HCl concentration in the range 0.01-0.4 

M. 

 

The comparison of the percentage Mo(VI) extraction with the two extraction 

methods showed, that for 0.01 M HCl the percentage Mo(VI) extraction was about 40% 

and 96% higher for the microwave-assisted extraction than for the conventional 

extraction for extractions conducted from 10-2 M and 10-4 M Mo (VI) aqueous phases, 

respectively. 
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Figure 5. Percentage molybdenum extraction versus hydrochloric acid 

concentration, [Mo] = 10-2 M, [TOPO] = 0.02 M, tagit = 15 min, tirrad = 10 s, 

Vaqu/Vorg = 1, T = 26 °C. 
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Figure 6. Percentage molybdenum extraction versus hydrochloric acid 

concentration, [Mo] = 10-4 M, [TOPO] = 0.02 M, tagit = 15 min, tirrad = 10 s, 

Vaqu/Vorg = 1, T = 26 °C. 

 

Effect of TOPO concentration 

 

The effect of TOPO concentration on the extraction of 10-4 M and 10-2 M 

Mo(VI) dissolved in 0.01 M and 1 M HCl solutions was studied by varying TOPO 

concentration in the range  0.02 - 0.1 M under conventional extraction and microwave-

assisted extraction methods. The results obtained are represented in figures 7-10. TOPO 
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is effective for the extraction of molybdenum and the percentage Mo(VI) extraction is 

found higher under microwave-assisted extraction than under conventional extraction. 

 

For extractions conducted from 10-2 M Mo(VI) dissolved in 1 M HCl solution, 

the variation of the TOPO concentration from 0.02 to 0.1 M leads to an increase in the 

percentage Mo(VI) extraction from 75.4% at 0.02 M TOPO to 98.9% at 0.1 M TOPO 

for conventional extraction (Figure 7). The percentage Mo(VI) extraction only changes 

slightly (96 to 99.6%) with an increase in the TOPO concentration from 0.02 to 0.1 M 

under microwave-assisted extraction. The two extraction curves coincide for TOPO 

concentrations greater than 0.06 M. The percentage Mo(VI) extraction was up to about 

27% higher under microwave-assisted extraction than under conventional extraction at 

0.02 M TOPO. The microwave-assisted extraction method seems to be more effective 

for the extraction of molybdenum than the conventional extraction method. 
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Figure 7. Percentage molybdenum extraction versus TOPO concentration, 

[Mo] = 10-2 M, [HCl] = 1 M, tagit = 15 min, tirrad = 10 s, Vaqu/Vorg = 1, T = 26 °C. 

 

Figure 8 shows that for extractions conducted from 10-4 M Mo(VI) dissolved in 

1 M HCl solution, the percentage Mo(VI) extraction increased from 73.9 to 99.8% and 

from 87.1 to 98% under conventional extraction and microwave-assisted extraction 

respectively, when increasing the TOPO concentration from 0.02 to 0.1 M. 
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Figure 8. Percentage molybdenum extraction versus TOPO concentration, 

[Mo] = 10-4 M, [HCl] = 1 M, tagit = 15 min, tirrad = 10 s, Vaqu/Vorg = 1, T = 26 °C. 
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The extraction of molybdenum was found quantitative for both methods at 0.1 M 

TOPO. The percentage Mo(VI) extraction is higher under microwave-assisted 

extraction than under the conventional extraction when the concentration of TOPO was 

in the range 0.02-0.08 M. As seen from figure 8, for 0.02 M TOPO the percentage 

Mo(VI) extraction under microwave extraction is high by about 18% than that under 

conventional extraction.  

 

For extractions conducted from 10-2 M Mo(VI) dissolved in 0.01 M HCl 

solution, the percentage Mo(VI) extraction increased from 59.6 to 97.4% and from 84.2 

to 98.7% as the TOPO concentration increased from 0.02 to 0.1 M under conventional 

extraction and under microwave-assisted extraction, respectively (Figure 9). The 

percentage Mo(VI) extraction increases rapidly with increasing of TOPO concentration 

in the range 0.02-0.04 M and becomes constant nearly 98% for TOPO concentration 

greater than 0.04 M under microwave –assisted extraction. The two extraction curves 

coincide for TOPO concentrations greater than 0.06 M. Comparing the two extraction 

techniques the highest percentage Mo(VI) extraction was nearly 98% and obtained for 

both methods at 0.1 M TOPO. The comparison of percentage Mo(VI) extraction with 

the two extraction methods shows, that the percentage Mo(VI) extraction is higher 

under MAE than under the conventional extraction when the concentration of TOPO 

was in the range 0.02-0.06 M. It is to note that for 0.02 M TOPO the percentage Mo(VI) 

extraction was up to about 41% higher under the microwave-assisted extraction than 

under the conventional extraction. 
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Figure 9. Percentage molybdenum extraction versus TOPO concentration, 

[Mo] = 10-2 M, [HCl] = 0.01 M, tagit = 15 min, tirrad = 10 s, Vaqu/Vorg = 1, T = 26 °C. 

 

In figure 10, for extractions conducted from 10-4 M Mo(VI) dissolved in 0.01 M 

HCl solution, the variation of the TOPO concentration from 0.02 to 0.1 M leads to an 

increase in the percentage Mo(VI) extraction from 36.6% at 0.02 M TOPO to 44% at 

0.06 M TOPO and from 71.7% at 0.01 M TOPO to 82% at 0.06 M TOPO under 

conventional extraction and under microwave-assisted extraction, respectively. For both 

extraction techniques the extraction of molybdenum slightly rises with increasing of 

TOPO concentration beyond 0.06 M. The percentage Mo(VI) extraction reaches 45.3% 

and 84.8% at 0.1 M TOPO under conventional extraction and microwave-assisted 

extraction, respectively. It can be seen from figure 10 that the microwave-assisted 

extraction is much better than the conventional extraction. The comparison of 

percentages Mo(VI) extraction with the two extraction methods shows, that for 0.02 M 
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TOPO the percentage Mo(VI) extraction was up to 2 times higher under the microwave-

assisted extraction than under the conventional extraction. 
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Figure 10. Percentage molybdenum extraction versus hydrochloric acid 

concentration, [Mo] = 10-4 M, [HCl] = 0.01 M, tagit = 15 min, tirrad = 10 s,  

Vaqu/Vorg = 1, T = 26 °C. 

 

Effect of microwave power 

 

The effect of microwave power on the solvent extraction of molybdenum was 

studied in the range 20-100 W. Molybdenum solutions with concentrations of 10-4 M 

and 10-2 M Mo(VI) aqueous phases were dissolved in 0.01 M and 1 M HCl solutions 

and contacted with an organic phase consisting of 0.02 M TOPO solution diluted with 

n-hexane. The results illustrated in figures 11 and 12 show that the microwave-assisted 

extraction of Mo(VI) conducted from 10-2 M Mo(VI) is higher than that conducted from 

10-4 M Mo(VI). The results depicted in figure 11 indicated that microwave power in the 

studied range 20-100 W has no significant effect on Mo(VI) extraction. The means 

percentages Mo(VI) extraction values of respectively 73% and 84% for 10-4 M and 10-2 

M Mo(VI) were obtained.  
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Figure 11. Percentage molybdenum extraction versus microwave power, [HCl] = 

0.01 M, [TOPO] = 0.02 M, tirrad = 10 s, Vaqu/Vorg = 1, T = 26 °C. 
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As presented in figure 12, the increase in the microwave power from 20 to 100 

W leads to a slight increase in the percentage Mo(VI) extraction from 87 to 96% for 10-4 

M Mo(VI) and from 94 to 98% for 10-2 M Mo(VI), respectively. The comparison of 

percentage Mo(VI) extraction with the two initials molybdenum concentrations of 10-4 

M and 10-2 M Mo(VI) showed, that for 20 W the percentage of Mo(VI) extraction was 

up to about 8% higher for the extraction of molybdenum conducted from 10-2 M 

Mo(VI) than for that conducted from 10-4 M Mo(VI). In order to obtain high percentage 

Mo(VI) extraction, microwave powers of 20 and 100 W have lead to high percentages 

Mo(VI) extraction for experiments conducted with 0.01 M and 1 M HCl solutions 

respectively. 
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Figure 12. Percentage molybdenum extraction versus microwave power, 

[HCl] = 1 M, [TOPO] = 0.02 M, tirrad = 10 s, Vaqu/Vorg = 1, T = 26 °C. 

 

CONCLUSION 

 

Based on the data presented in this paper, it was observed that, MAE and 

conventional extraction methods may be successfully used to extract molybdenum from 

diluted aqueous acidic solutions with TOPO. The findings indicate that for both 

extraction techniques the percentage Mo(VI) extraction can be significantly improved 

by simply increasing one of the parameters the HCl concentration, molybdenum 

concentration, TOPO concentration or to a less extent microwave power. The MAE 

method showed obvious advantages in terms of short duration (10 s versus 15 min) and 

significantly better percentage molybdenum extraction in comparison with conventional 

solvent extraction technique. The extent of percentage Mo(VI) extraction was close to 

100% under certain operating conditions. Such promising results obtained also indicated 

that microwave-assisted extraction method is a very useful tool for the solvent 

extraction of molybdenum.  
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