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Abstract. The possibility of obtaining new selective sorbents from local bentonite clays is 

shown. The physicochemical and sorption properties of the obtained sorbents to ions of some 

metals have been studied. The use of the obtained sorbents in the treatment of wastewater from 

heavy metal ions and water softening has been established. 
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Throughout the world, great importance is attached to the rational use of natural resources, 

especially water and land resources. The constant trend in the growth of water consumption and 

water use dictates the implementation of measures aimed at saving and rationally improving the 

system of management and use of water resources. At the present stage of development of society 

and production, water resources play a very important role as the main source of energy, carrier of 

energy, the main raw material component, means of purification, and other functions inherent in 

it. The introduction of closed water supply systems in industrial and technological processes, the 

research and development of new and highly efficient wastewater treatment technologies, dikutet 

on the application of new approaches to solving technical problems and the search for various 

methods and sources of wastewater treatment. 

In this regard, there is a need to solve the following scientific solutions for the study of the 

process of wastewater treatment of various industries, the consideration of new adsorbing 

materials based on affordable and environmentally friendly natural raw materials, providing the 

maximum and effective degree of wastewater treatment from pollutants. 

In the Republic of Uzbekistan, large-scale measures are being taken to protect nature, 

rational nature management and water use, the introduction of new technologies in the irrigation 

of crops in agriculture and closed water supply systems in the production and technological 

processes of industries. According to the fourth direction of the Action Strategies for the Further 

Development of the Republic of Uzbekistan, the main tasks aimed at “creating effective 

mechanisms for introducing into practice the promotion of research and innovation activities” have 

been identified. In this regard, it is of particular importance to study the processes of wastewater 

treatment from pollutants and toxic components, the creation of new adsorbent materials for 

wastewater treatment from locally available raw materials. 

The literature widely covers issues related to the physicochemical study of wastewater 

treatment processes, the development of compositions and technologies for obtaining new types 

of adsorbents for wastewater treatment based on available mineral raw materials and secondary 

materials, as well as improving the improvement of their adsorbing and other functional properties. 

The aim of the study is to develop a technology for obtaining new types of sorbent materials based 
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      on previously unused mineral resources and to study the processes of industrial wastewater 

treatment. The objects of study are samples of bentonite clays from the Shafrik deposit. 

As objects of research, bentonite clays of the Shafirkan district of the Bukhara region, 

previously not studied for industrial wastewater treatment, are of great interest. Therefore, the 

study of their chemical and mineralogical composition, the main sorbing properties, the 

development of methods for chemical activation and modification is of particular interest. The 

results of chemical analysis (table) show that the samples of bentonites of the Shafirkan region 

differ from each other in terms of chemical composition and content of some elements. Table 1 

shows that the silica content of all the studied samples are close and it ranges from 43.72 wt.% to 

59.24 wt.%. Due to sand content, sample-3 and sample-4 have a high content of silica (SiO2), the 

content of which decreases significantly during mechanical enrichment. And the content of 

aluminum oxide is in the range of 12.87-18.08%. 

Table 1 

Chemical composition of samples of bentonite clays of the Shafirkan region 

Designation of 

bentonite samples 

The content of oxides, wt.% 

SiO2 TiO2 Al2O3 Fе2O3 MgO CaO Na2O K2O SO3 ппп 

Sample-1 57,65 0,87 13,69 5,77 1,81 3,08 1,12 1,72 2,59 11,21 

Sample- 2 43,72 0,54 12,87 4,17 4,74 7,29 2,43 1,86 3,23 19,01 

Sample-3 59,24 0,99 15,53 6,09 1,71 1,96 1,49 1,87 0,14 10,86 

Sample-4 58,02 0,85 18,08 5,693 1,71 0,84 2,04 3,85 0,11 8,56 

According to the data from table 1, it can be seen that the content of CaO in all the studied 

samples ranges from 0.84 to 7.29 wt.%. For bentonite clays, the content of alkaline oxides is of 

particular importance; therefore, sodium bentonites are of the highest quality in terms of their 

physicochemical properties. The amount of Na2O also tends to change, so in sample-1 - 1.12%, 

in sample-4 its content reaches 2.04 wt.%. 

  
а) б) 

Fig. 1. A snapshot of a chip (a) and clay powder (b) of the Shafirkan deposit (x600 

magnification) 

Microscopic studies of samples of bentonite clays were carried out using an MBS-10 

optical microscope in transmitted and polarized light with an installed digital camera with a 
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      magnification factor of up to 600 s. Using this method, you can determine the appearance, shape, 

dimensions, the presence of anisotropy, pores, defects, the degree of swelling, etc. 

As can be seen from the microphotographs (figure), large veinous inclusions of iron and 

quartz compounds, as well as minor gypsum inclusions in the form of gypsum dihydrate crystals, 

were found on rock chips and bentonite clays. In clay powders, a uniform distribution of these 

above inclusions is observed. 

The study of the phase composition of samples of bentonite clays of the Shafirkanskoe 

deposit was carried out by the X-ray method of analysis. Diffraction patterns were obtained by the 

powder method on a DRON-4.0 setup at CuK– and СоK radiation, filter- Ni. For a more accurate 

determination of the content of montmorillonite in the studied bentonite clays, X-ray phase 

analysis of samples subjected to air drying, heat treatment at 580-600°C, and saturation with 

glycerin was carried out. 

In samples subjected to air drying, the width of the basal lines of X-ray patterns increases 

and the lines of beidellite d = 0.725 and 0.359 nm, as well as the lines of palygorskite d = 1.05 n, 

are more clearly manifested. Saturation with glycerol and heating to 580-600°C leads to a shift of 

the basal lines towards smaller angles from d=1.025; 0.263 nm to d=1.426; 0.180 nm 

Based on the generally accepted methodology for studying clays, in order to clarify the 

presence of montmorillonite, X-ray patterns of bentonite samples were taken in an air-dry state, 

when heated to 330°C and saturated with glycerin, and during heat treatment at 580°C. It is known 

from the literature that upon saturation with glycerol, the X-ray effects of montmorillonite are 

shifted towards smaller angles. Heat treatment at a temperature of 580°C is necessary to 

distinguish montmorillonite from other clay minerals such as chlorite, vermiculite, etc. 

In the course of experimental studies, the processes of distribution of trace elements 

between the solution, the solid phase of hydroxides and oxides were studied both for the practical 

purposes of concentrating, separating and deep purification of substances, and for elucidating the 

mechanism of elementary acts leading to the sorption of microcomponents. 

At present, the role of individual factors that ultimately determine the magnitude of 

sorption, for example, the pH of the medium within narrow limits, has been revealed. However, 

many of them have not been studied enough. The data on the influence of the composition and 

concentration of the “background” electrolyte are very contradictory, the behavior of 

microcomponents with a change in their concentration over a wide range, and the state of sorbents 

under sorption conditions have been little studied. At the same time, the dependence between the 

state of the sorbent, such as, for example, natural clay adsorbents such as montmorillonite, and the 

sorption value of 3d elements and dyes under the same conditions [8] has been studied least of all. 

In our case, the study of the sorption of Cr(III, VI), Zn, Ni, Co, and a number of organic 

dyes on montmorillonite in a wide range of solution pH and concentration of sorted components 

(Сме=2,5·10-5-4,5 · 10-4) mg/l was sent to solve a number of problems to determine the state of 

microcomponents in aqueous solutions, search for various chemical concentration conditions, and 

determine them on natural clay adsorbents bentonite clays. 

A systematic study of the sorption of cobalt (II) depending on a number of factors 

simultaneously acting on its sorption on montmorillonite has not been carried out, including the 

influence of the pH of the medium, the composition and concentration of the salt background, etc. 

In the presence of ammonia (up to 1.08 mol/l Co(II) the following complexes and hydro complexes 

are formed: Co(OH)2 (8.70). 
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According to the literature data [9], active Co(II) ions can have the shape of octahedral 

Со(Н2О)6
2+ and partially tetrahedral Со(Н2О)4

2+ structures, and these forms are in balance. 

Apparently, a similar phenomenon takes place during the formation of Co(II) ammoniates. 

Considering all the factors, we have studied the effect of the pH of the medium, the presence of 

ammonia and nitrate anions on the coprecipitation of Co(II) at its concentration from 4,5×10-4 

mol/l. 

The salt background was KNO3, NH4, NaO3, NH4CI, and NHO2 solutions. In this case, 

a different order of mixing the reagents was used: 

a) carrier - montmorillonite (1.25 g) was isolated from an acidic environment together with 

cobalt (co-precipitation); 

b) cobalt salt was added to montmorillonite (sorption); 

c) under the same conditions, loss of Co(II) due to precipitation of its solid phase, sorption 

by vessel walls, etc. conditionally besieged by us. 

The value of sorption was estimated by the radioactivity of the centrifugate using 57.58Co 

isotopes; the contact time of the precipitate with the solution was 30 min. Other experimental 

conditions and their procedure were described earlier [90]. 

Sorption of cobalt (II) on bentonite clays in 1M KNO3 begins at pH values coinciding with 

the beginning of Co(II) hydrolysis, that is, at pH=5 and is complete in the pH range of 8.3-9 (Fig. 

14.), in under these conditions, concentration of Co (II) is possible, followed by its separation from 

the carrier, reprecipitation of the latter at pH = 5, or pouring the solution obtained by dissolving 

the sorted microcomponent in a minimum amount of acid into a concentrated ammonia solution. 

In the presence of ammonium nitrate, two maxima are observed with precipitation: at pH 7-7.5 

and pH 10; with increasing concentration NH 4 NO3 from 1 to 3 moles co-precipitation decreases 

in the pH range of 7-10. Sorption of Co (II) drops to zero b>3 mol NH 4 NO3 from рН 8. 

At the same time, with increasing salt concentration, age-related sorptions are observed at 

pH=7, that is, in the region of cobalt (II) hydrolysis (Fig. 15). These data are in good agreement 

with the literature data [10,11]: 

 
Fig. 14. Condition and sorption Со (II) в 1М KNO3 1 and 2 - fraction of ions Со2+ and 

Со4(ОН)4
4+, respectively; 3 and 4 - hydroxide precipitation Со (II), respectively  

The co-precipitation of nickel (II) with metal hydroxides was studied in order to elucidate 

the mechanism of sorption and separation of nickel from other elements [12], as well as its 

concentration when determined in wastewater. 
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Fig. 15. Condition and sorption Со (II) in 1М NH4NO3 

1-7 – fraction of ions Со (NH3)2
2+, Со(NН3)3

2+, Со(NН3)4
2+,  Со  (NН3)6

2+, Со(NН3)2(OH)2 and 

Со(ОН)3
- respectivly, 8 – sorption 2,5·10-4 г-l/ion Со(II) в 1M NH4NO3,  9 – same, in 1М 

KNO3. 

Under other conditions, it was taken into account that nickel (II) ions in aqueous solutions 

undergo hydrolysis with the formation of hydrox cations: 

NiOH- (lgK1=5,0; К1 – hydrolysis constant), Ni2(OH)3+ (lgβ1,2=9,0) and 

Ni4(ОН)4
4+(lgβ4,4=27,82), respectivly [13, 14]. 

In рН = 8 precipitated Ni2(OH)2, lgПР which, according to various authors, is: 13,81; 14,5; 

15,21; 18,06; 17,19, respectivly [15]. 

In the presence of ammonia (>1.08 mol/l), nickel (II) forms amine complexes, lg formation 

constants are indicated in parentheses [93]: Ni(NH3)
2+(2,80); Ni(NH3)2

2+(5,04); Ni(NH3)3
2+(6,77); 

Ni(NH3)4
2+(7,96); Ni(NH3)5

2+(8,71) and Ni(NH3)6
2+(8,74)  [16]. 

We have studied the sorption of nickel (II) depending on the pH of the medium, in the 

presence of ions in the ammonia solution Сl-, CO3
2-, ClО4

- and NO3
-, at different concentrations 

of the sorbed component and background electrolyte, on bentonite clays. In this case, the salt 

background was the solutions КNO3, NaClO4, NH4NO3 and KNO3+K2CO3. The order of 

displacement of reagents under the conditions of this experiment was changed as follows: 

a) the carrier of bentonite clays (1 g 25 mg) was isolated from an acidic medium together 

with the sorbed component (co-precipitation); 

b) the sorbed component was added to the sediment of bentonite clays (sorption); 

c) under the same conditions, the loss of nickel was determined due to the precipitation of 

its solid phase, sorption by vessel walls, etc. conventionally called by us precipitation. The amount 

of precipitation was determined from the nickel content in the centrifuge by the photometric 

method using dimethylglyoxime; the contact time of the precipitate with the solution was 20 min. 

The rest of the conditions were the same as described previously. Nickel sorption 4,5·10-5 gr-ion/l 

in 1m KNO3 on bentonite clays it starts at pH=5 and is complete in the range of pH=7.5-10. Under 

these conditions, it is possible to concentrate nickel with its subsequent separation from the carrier 

by reprecipitation, the latter at pH=5 or by pouring a concentrated ammonia solution into the 

precipitate of bentonite clays, followed by desorption of nickel on the surface of the precipitate. 

Sorption of nickel in 1 mol KNO3, 1 mol NaClO4 and 1 mol KNO3+0,5 mol K2CO3 practically the 

same. In 1mol NH4NО3 the maximum co-precipitation is observed at pH> 7.9 (Fig. 3.6.) with 

increasing concentration NH4NO3 to 5М decreases with precipitation and sorption in the areas of 
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      pH = 8.9-10.5, as well as its value and the position of the first maximum on the pH axis. With an 

increase in the alkalinity of the solution, the sorption of nickel drops to zero in a 2.5 solution 

NH4NO3 in interval рН = 8,9-11 (fig.16). These data are in agreement with the data of [13]. 

The data obtained can be most satisfactorily explained by the following processes. In a 

weakly acidic medium at pH=5, the hydrolysis of nickel ions begins with the formation, 

predominantly, of ions Ni4(OH)4
4+, which is confirmed by calculations of the change in the 

proportion of hydrolyzed forms with an increase in the pH of the medium. Calculations were 

performed according to the balance equation using the available constants for the formation of 

hydroxocations: СNi=[Ni2+]+[NiOH+]+2[Ni2OH3+]+4[Ni4(OH)4
4+] 

Proportion NiOH+ and Ni2OH3+ negligible compared to a fraction of a tetrameter 

Ni(OH)4
4+. Sorption of nickel on montmorillonite begins only when Ni(OH)4

2+, and does not occur 

if only aquilons are present in the solution [13]. 
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