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Abstract. This research paper addresses the increasing demand for 

ammonium perrhenate and pure metallic rhenium, emphasizing the 

importance of developing effective methods for extracting these valuable 

components from technological waste. The authors detail the processes 

involved in sorption and leaching of rhenium from molybdenum production 

waste using various sorbents under static and dynamic conditions. 

Experiments reveal that new granulated sorbents, particularly P-MDA-6, 

exhibit superior extraction capabilities compared to traditional methods. The 

paper also discusses the chemical mechanisms behind rhenium and 

molybdenum leaching and highlights the role of environmental 

considerations in developing sustainable extraction technologies. The 

findings contribute to advancements in metallurgical processes and waste 

management strategies in Uzbekistan's industry. In global practice, the 

demand for ammonium perrhenate and chemically pure metallic rhenium is 

increasing every day. In this regard, the development of new methods for 

obtaining metallic rhenium and its chemically pure compounds by 

processing technogenic waste, improving existing technological processes, 

obtaining high-quality products from mineral raw materials, as well as 

comprehensively studying their physicochemical and technological 

properties and developing an environmentally friendly technology for 

extracting rare metals, is of great importance. 

1 Introduction 

In the metallurgical industry of the Republic Uzbekistan, great attention is paid to scientific 

research on the development of advanced technologies of soda-sorption technology for 

processing liquid molybdenum production waste, strategic and economic measures are being 

implemented and certain results are being achieved. 

 

 
* Corresponding author: eldor275@gmail.com  

BIO Web of Conferences 149, 01049 (2024)

Genetic Resources 2024
https://doi.org/10.1051/bioconf/202414901049

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

mailto:eldor275@gmail.com


2 Materials and methods 

Various molybdenum production solutions were prepared in advance for technological 

experiments and subjected to sorption under static and dynamic conditions. As a standard 

sorption method under static laboratory conditions, 1 g of sorbent and 100 ml of the initial 

solution were placed in a 200 ml flask, with the sorption time maintained at 48 hours. The 

amount of rhenium in the initial solution, dried resin, and mother liquor was determined 

chemically, taking into account the degree of extraction and the degree of metal sorption. In 

addition, experiments were conducted under dynamic conditions, simulating production 

processes using the SNK mechanism. In laboratory conditions, the solution was passed 

through a stationary mass of sorbent; in both cases, the Purolite sorbent of the Sim 202/4408 

brand was tested. 

3 Results and discussion 

After conducting experiments, the amount of rhenium in the sorbent and the mother liquor 

was determined by chemical methods. The results are shown in Table 2; the new granulated 

sorbent demonstrates better results than the serial sorbent Sim 202/4408. The static sorption 

regime of P-MDA-1-2 and P-MDA-6 for rhenium sorption is 2 times higher than the 

industrial one. 

At the same time, it can be seen that the industrial sorbent also showed good results in 

terms of volume, but in terms of extraction efficiency, it is inferior to the developed sorbent. 

The degree of extraction is also related to the high concentration of nitrate ions in the solution. 

A characteristic feature of the sorbents is determined by their resistance to various aggressive 

environments and mechanical durability. 

Table 1. The sorption capacity of anion exchangers for rhenium from the technological solution of 

AMMC (sorption=1.00g T=30oK, t=48 hours, V=100ml, Comparison (Re) =1200, mg/l, 

[HNO3]=200g/l) 

№ Anionite type Comparison (Re) mg/l 
The content of Re in the 

sorbent, mg/l 
Extract Re,% 

1 Sim 202/4408 956.0 24.4 20.33 

2 P-MDA-1-1 889.0 31.1 25.92 

3 P-MDA -1-2 772.1 42.8 35.65 

4 P-MDA -2 891.0 30.9 25.75 

5 P-MDA -6 794.0 40.6 33.83 

6 P-MDA -7 914.0 28.6 23.83 

7 P-MDA -9 865.0 33.5 27.92 

8 PAN-KDM 

Tissue 

960.0 24.0 20.00 

9 PAN-KDM 

wool 

972.0 22.8 19.00 

 

The experiments were conducted under various conditions, both static and dynamic. From 

Table it is evident that the sorbent P-MDA-6 showed good results in its dynamic state. 

Further studies were conducted under dynamic conditions, allowing for the modelling of 

the technological process of metal extraction in industry. As can be seen from the presented 

data, the sorbent MDA-1 sorbs rhenium ions (the DEF for rhenium is 24.5-28.5 mg/g) (Table 

2). 
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Fig.1. The electronic image and diagram of the elemental composition of MoO3 obtained by the 

developed method 

Table 2. The results of the sorption of rhenium DOE from the original solution on the MDA-1-1 

sorbent (nitric acid form). ([Re] = 1.05 g/L; [HNO3] = 200 g/l). The discharge rate is 60-65 ml/hour: 

T = 20-220 g, msorb = 30 g, Vsorb = 85-90 cm3, column D = 2.5 cm and h = 20 cm. 

№ 
The volume of the 

investigated solution, ml 

Re concentration in 

solution, mg/l 
Re% Extraction 

Amount of 

sorbed 

Re, mg 

1 100 Don't scare. 100 105 

2 100 Don't scare. 100 105 

3 100 Don't scare. 100 105 

4 100 <1.0 99.99 105 

5 100 <1.0 99.99 105 

6 100 <1.0 99.99 105 

7 120 6.7 99.36 125.2 

8 110 163.3 84.44 96.5 

∑ 830 17.0 98.04 852.7 

DOE by Re 28.4 mg/g 

 

As evident from Tables 2 and 3, the MDA-1-3 sorbent is characterized by an enhanced 

sorption capacity for rhenium. 2 and 3, MDA-1-3 sorbent is characterized by increased 

sorption capacity for rhenium. 

Alkaline and soda leaching of rhenium (as well as molibden) from oxidized forms (for 

example, from calcine) presents no particular difficulties and proceeds by the following 

reactions: 
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Table 3. The results of the sorption of rhenium DOE from the original solution on the MDA-1-3 

sorbent (nitrate form) after single desorption of the sorbed components. ([Re] = 1.05 g/L; [HNO3] = 

200 g/l). Permeability 100 ml/h: T = 20-220, msorb = 30 g, Vsorb = 85-90 cm3, column D = 2.5 cm and 

h = 20 cm. 

№ 

The volume of the 

investigated solution, 

ml 

Re concentration 

in solution, mg/l 

Re% 

Extraction 

Amount of sorbed 

Re, mg 

1 60 - 100 63 

2 300 37.9 96.39 303.6 

3 100 76.2 92.74 97.4 

4 300 140.0 86.66 273 

∑ 760  92.35 737 

DOE by Re 24.6 mg/g 

 

Re2O7 + 2NaOH = 2NaReO4, 

MoO3 +4 NаOH = 2(Nа)2 MoO4 + H2O, 

Re2O7 + Na2CO3 = 2NaReO4 + CO2, 

MoO3 + Na2CO3 = Na2MoO4 + CО2 

The choice of reagent depends on the impurity content in the calcine. When there is a 

high content of copper and powellite, soda is used, as ammonia is unproductively consumed 

for copper leaching and does not dissolve CaMoO4. 

Leaching is carried out in the following mode: 

soda concentration 8-10%, 

pH = 7 – 8,7; 

T: J =1:5; 

t=90-100°С. 

Alkaline and soda leaching of rhenium (and molibdenum) from molybdenite is possible 

only with the participation of oxidation-reduction processes, with the participation of 

oxidants. 

If oxygen is used as an oxidizer, then the process of leaching rhenium sulfide and 

molibdenum sulfide is described by the following equations: 

ReS2 + 9/2O2 + 6OH- = ReO-4 + 2SO4
-2 + 3H2O, 

MoS2 + 9/2O2 + 6OH- = MoO4
-2 + 2SO4

-2 + 3H2O. 

The alkaline leaching process is carried out in autoclaves at a temperature of 130-160°C 

and an oxygen pressure of 2-3 atm. The soda leaching process is recommended to be carried 

out at a temperature of up to 200°C and a pressure of 9-10 atm (for copper-molybdenum 

industrial products). 

The oxidation-reduction mechanism of the process can be represented by the following 

stages: 

а) dissolving gaseous O2 in a leaching solution: 

O2 (gas) = O2 (water.)  

b) The chemisorption of dissolved O2 in the active centers of the molibdenite and rhenium 

sulfide surface.: 

ReS2 + O2 = ReS2[O2] 

MoS2 + O2 = MoS2[O2] 

v) sorption of the second O2 molecule: 

ReS2[O2]аdс + О2 = ReS2[2O2] 

MoS2[O2]аdс + О2 = MoS2[2O2] 

g) formation of an active complex: 

ReS2[2O2]авс = [ReS2…2O2] act MoS2[2O2] аdс = [MoS2…2O2]  

act slowly; 
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d) interaction of the active complex with OH -: 

[ReS2…2O2] act + ОН- = ReО2(ОН)+ + S2О2
2- 

[MoS2…2O2] act + ОН- = MoО2(ОН)+ + S2О2
2- 

е) Interaction of the intermediate oxo-cation with OH -: 

ReО2(ОН)+ + ОН- = ReО4- + 2Н+ 

MoО2(ОН)+ + ОН- = MoО4
2- + 2Н+  

j) interaction of H+ and OH- ions -: 

Н+ + ОН- = Н2О   

z) oxidation in solution: 

S2O2
2- + 1/2O2 = S2O3

2-  

S2O2
2- + 2O2+ 2ОН = 2 SO4

2- + Н2О  

The total rate of the leaching process is limited by the reactions (v) and (g). The calculated 

activation energies of rhenium are 49.5 and 27.6 kJ/mol, respectively. 

Figure 2 shows the dependence of ReS2 oxidation rate on O2 pressure at different 

temperatures, while Figure 3. shows the dependence of ReS2 oxidation rate on O2 pressure at 

different temperatures. The oxidation rate depends on the concentration of KOH. 

 

 
 

Fig. 2. The dependence of the oxidation rate 

of ReS2 on the O2 pressure at different 

temperatures 

Fig. 3. The dependence of the oxidation rate on 

the concentration of KOH. 

 

Let's take a closer look at Figure 2. At concentrations of KOH in solution 0-1 mol/L, 

when the solubility of O2 is high (Fig. 3), the proportion of active centers on the surface of 

ReS2 is large, therefore, at these concentrations of the alkali, the rate is limited not by the 

reaction (v), but by the reactions (d) and (d). Under these conditions, the leaching rate is 

directly proportional to the concentration of OH-. 

However, further increasing the concentration of KOH is accompanied by a decrease in 

the solubility of O2, and the proportion of ReS2 regions covered with O2 decreases. The rate 

of the process, limited by the reaction (v), also decreases linearly. 

The studied samples and analyses confirm that molibden production technological waste 

contains molibden together with Al, Fe, Mg and Si in the form of oxides that are soluble in 

soda leaching; 
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4 Conclusion 

Termodynamic calculations of the chemical reactions of the main components of the 

molybdenum concentrate with soda showed the possibility of their implementation. In this 

case, the interaction of molybdenite with soda occurs at a higher rate; 

It has been established that in acidic solutions with a pH of 2.0-3,0, renium is present in 

the forms of a stable polyone and is selectively sorbed by the anion exchanger Puoralite A 

170 with a sorption degree of 68.0-70.0%; 

It has been established that ammonium perrhenate is purified from impurities by 

sequentially passing the solution through three ion-exchange columns with the "Purolite 

C100H" sorbent. The required degree of purity for all impurities is achieved only after three-

stage purification. 

The possibility of electrochemical removal of sodium ions from molibden and rhenium-

containing soda solutions in membrane systems and the achievement of soda regeneration 

from productive solutions has been established. 
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