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Abstract 
The structure and properties of the obtained cross-linked ion exchangers were studied by scanning 
electron microscopy and IR spectroscopy. The results of the EDAX device showed that in ion 
exchangers, the elemental composition is represented mainly by carbon, oxygen, nitrogen, sulfur, 
chlorine, and sodium. Absorption in the 1400–1405 sm-1 region, caused by the stretching vibrations 
of C = S and C = O groups, confirms the presence of thiol and oxo groups in the structure of the ion 
exchangers. The results of studying morphology and optical properties of complexing ion-exchangers 
based on diglycidyl thiocarbamide (diglycidyl thiocarbamide, the reaction products of epichlorohydrin 
and thiourea) and cobalt complex are presented. It has been found that with an increase in the 
concentration of the cobalt complex in the ion exchangers, the morphology changes, that is, the 
structural elements change on the surface of the samples. It has been shown that at high Co2+ 
contents, the structural elements of the compositions are refined. 
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INTRODUCTION 

A new level of development of aviation, 

hydrometallurgy, and astronautics is associated with the 

creation of fundamentally new materials, in the first row 

of which are polymer composite materials (PCM). These 

materials provide high specific strength, operational 

reliability, and durability (Kattaev N.T., and Ramazonov 

A.Kh., 2016), which is very important not only for use in 

aerospace engineering but also in other industries 

(hydrometallurgy, energy, demineralized and purified 

waters used in various industries national economy). To 

assess the stability of the operating characteristics and 

changes in the microstructure of the PCM under force, it 

is necessary to carry out physical and chemical studies 

using methods of IR spectroscopy and scanning 

electron microscopy, micro-and nanoindentation at 

various structural levels (Litivinov V.B. et al., 2011). The 

world production of synthetic ion exchangers has 

doubled over the past decade. The countries of the 

independent states (CIS) rank second in the world in 

terms of the number of ion exchangers produced, and 

65% of these ion exchangers are used for the 

enrichment and separation of metals in the 

hydrometallurgical industry, in purified and purified water 

used in various sectors of the economy (Eshkurbonov 

F.B., 2013). The produced ion exchangers are also used 

in the treatment of thermal power plants, nuclear power 

plants and industrial waste 15%, in chemical technology 

9%, in the food and pharmaceutical industries 6% and 

other industries1. Ion exchangers make it possible to 

effectively separate metals by selective sorption from 

individual and mixed alloys in various media (Kablov 

E.N., 2012). For this reason, a large number of studies 

are focused on the synthesis of new ions, the study of 

their physicochemical properties, and the development 

of technologies for their use in sorption processes. Since 

the Republic of Uzbekistan gained independence 

(Ulugov B.D. et al., 2020, a, b, c), the organization of a 

high level of scientific research on the development of 

new types of products in the chemical industry and the 

provision of the local market with a wide range of 

chemical reagents that can replace imported ones. In 

this regard, the ions synthesized based on local raw 
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materials containing donor atoms of sulfur, nitrogen, 

oxygen, and phosphorus effectively sorb from the alloys 

ions of noble metals, thermally and chemically stable, 

mechanically stable, and complex high-tech ions 

(Dzhalilov A.T. et al., 2013). The synthesis of new types 

of ion exchangers, determination of the sorption 

properties of metal ions, and the development of a 

technology for the extraction of noble metal ions from 

alloys are important in the world today (B.D. Ulugov, 

2020). When studying the formation of complexing ion 

exchangers, it is difficult to form a complex of ions with 

ions of different metals in a solution containing donor 

atoms of sulfur, nitrogen, oxygen, and phosphorus, 

based on local raw materials. and the development of 

separation methods is an urgent problem (Deev I.S. et 

al., 2011). 

Degree of Knowledge of the Problem 

On the study of ionic synthesis and their technology. 

Pashkov, I. Losev, E. Trostyanskaya, A. Tevlina, A. 

Davankov, V. Laufer, F. Shostak, I.F. Samborsky, E. 

Ergodzhin, K. Saldadze, I. Khmelnitskaya, S.A. 

Marandzhev, E. Lustgarten, V. Kopylova, A.A. 

Weisheidt, A.A. Vasiliev, N. Kuznetsova, R. Kusi, G. 

Martinez, I.S. Ahamed, S. Aoki, F.A. Long, M.A. 

Askarov, A. Jalilov, X.T. Sharipov, U. Musaev, S. 

Zainutdinov, Z.A. Tajikhojaev, X.X. Turaev, and others 

conducted research. The main scientific directions for 

the development of ion-exchange synthesis technology 

are based on the synthesis of ion-exchangers based on 

thiourea, urea thiosemicarbazide, thiophosphates, 

melamine, gossypol resin, formalin, epichlorohydrin, and 

polyacrylonitrile fibers, which can effectively separate 

metal ions from solutions (Eshkurbanov F.B., and 

Dzhalilov A.T., 2014; Turaev B.E. et al. 2020). Besides, 

scientific research has been carried out on the synthesis 

of new complexing ion exchangers by introducing 

monomers of new functional groups into existing ion 

exchangers (Turaev Kh. Kh. et al., 2013). However, the 

main direction in the synthesis of effective ion 

exchangers for precious metals is the synthesis of ion-

exchangers based on monomers containing nitrogen, 

sulfur, oxygen, and phosphorus, using local substitutes 

for raw materials, their composition, structure, 

properties, extraction technologies, and various 

materials. aimed at studying the effective separation of 

metal ions (Khurram Sh. et al., 2020).  

MATERIALS AND METHODS 

Various physicochemical methods are used to study 

the structure and chemistry of the surface as well as to 

study the theoretical and applied issues of sorption on 

complexing ion exchangers (Eshkurbanov F.B., 2013). 

The analysis of the physicochemical characteristics of 

the ion exchangers DHT + GIPAN and DMT + GIPAN 

(Dzhalilov A.T., and Eshkurbanov F.B., 2014) is 

characterized by data using IRS and SEM.  

RESULTS AND DISCUSSION 

The IRS method allows one to obtain direct 

information on the change during sorption of the state of 

the surface groups of ion exchangers and chemical 

bonds in sorbed molecules; therefore, it is widely used 

to study the mechanism of sorption. IR spectra of 

complexing ion exchangers are shown in Figs. 1 and 2. 

As seen in Figs. 1 and 2, the IR spectra of the ion 

exchangers DHT + HIPAN and DMT + HIPAN are very 

similar, which is probably due to the similar chemical 

structure. Their spectra lack the characteristic 

frequencies of epoxy groups (510-640, 1100-1170 and 

3100-3300 sm-1) and bands of N-H bending vibrations 

(1540-1665 sm-1) and C-N stretching vibrations (1020-

1200 sm-1) appear bonds of amino groups, which 

indicates the chemical interaction of DHT and DMT with 

HIPAN. Absorption in the range 1400–1405 sm– 1, 

caused by the stretching vibrations of C = S and C = O 

groups, confirms the presence of thiol and oxo groups in 

the structure of ion exchangers (Turaev Kh. et al., 2013). 

The surface morphology of the ion exchangers was 

carried out by SEM to see the distinguishable changes 

in their structures. The EDAX device shows the 

elemental composition of the samples. SEM 

photographs of the ion exchangers are shown in Fig. 3, 

4, 5 and 6. Fig. 3 shows a photograph of the 

microstructure of the surface of the ion exchangers at a 

 

Fig. 1. IR spectrum of the DHT – GIPAN ion exchanger 

 

Fig. 2. IR spectrum of the ion exchanger DMT – GIPAN 
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magnification of 500. The image shows that the surface 

has a heterogeneous structure, the ion exchanger has a 

helium structure, in which spherical, slit-like pores are 

traced and there are larger and smaller particles. The 

results of the EDAX device showed that in ion 

exchangers, the elemental composition is represented 

mainly by carbon, oxygen, nitrogen, sulfur, chlorine, and 

sodium. Their content in weight percent: DHT + HIPAN 

C - 53.0%, O - 16.8%, N - 14.1%, Cl - 13.0%, S - 3.1%. 

DMT + HIPAN C - 51.6%, S - 31.0%, O - 9.3%, N - 7.6%, 

Na - 0.4%. 

Based on chemical and spectral analyses, the 

structure of the synthesized polymers can be 

represented as follows: 

 
DHT + GIPAN 

 
DMT + GIPAN 

When DHT and DMT interact with HIPAN, sequential 

nucleophilic addition of amino groups to epoxy groups 

occurs. With an increase in the degree of conversion, 

the rate of the polycondensation reaction significantly 

decreases due to a decrease in the mobility and 

availability of functional groups in the process of 

formation of products of the spatial structure. As a result, 

macro reticular polyfunctional ion exchangers DHT + 

GIPAN and DMT + GIPAN were obtained. The process 

of complexation of cobalt ions depending on pH and time 

is shown in Table 1. The curves of dependence in the 

 

Fig. 3. The microstructure of DHT + HIPAN 
 

 

Fig. 4. The microstructure of DMT + HIPAN 
 

 

Fig. 5. Chemical elemental composition of DHT + HIPAN 
 

 

Fig. 6. Chemical elemental composition of DMT + HIPAN 
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process of complexation of cobalt on pH, as can be seen 

from the figure, for all pH values are of the same type. 

In the acidic range of pH 2, the degree of 

complexation was insignificantly high for cobalt ions, so 

for 10 min of the process, it was 11.3%, at 25 - 55 min 

18.7%, and with an increase in time to 110 min, it slightly 

increased to 24.08%. 

The greatest value of the cobalt complexation 

process was observed at pH 4. However, the 

complexation process was not very great; within 10 

minutes the process is only 45.91%, then with an 

increase in time to 50 min, the largest cobalt 

complexation process is observed, reaches 49.12%. 

Further, as the time increased to 110 min, the cobalt 

complexation process decreased to 46.10%. A complex 

equilibrium of cobalt complexation was achieved within 

55 min. Further, with an increase in pH to 5, a decrease 

in the process of cobalt complexation is observed, and 

within 10 minutes it is 23.5%, then at 55 minutes -27.0%, 

and at 110 minutes it is 30.14%. With an increase in pH 

6 and 8, the complexation process decreases. 

When using pH 6 for 10 minutes, the complexation of 

cobalt is 21.6%, and when the process is increased to 

110 minutes it is 25.14%, a slight increase is observed 

in the process of complexation with increasing time. In 

an alkaline medium at pH 8, a decrease in the value of 

complexation is observed, for 10 minutes of the process 

18.2%, and at 110 minutes - 21.17%. This is because 

cobalt ions weakly interact with the carboxyl groups of 

HIPAN in an alkaline medium. Fig. 7-9. 

Shows electron micrographs of the sample surface. 

As can be seen from the SEM images, the surface (at 

x250 magnification) consists of large and small particles, 

between which there are pores. 

Light particles of cobalt predominate since they are 

noticeably large and densely complexed in the pores of 

the DHT + HIPAN ion exchanger. EDAX elemental 

results show cobalt contents of 4.3 and 0.2 wt. %. To 

clarify the mechanism of absorption of cobalt (II) ions by 

DHT + HIPAN at various concentrations of cobalt (II), the 

IR spectra of the samples were recorded (Table 2). 

The spectra of all samples show intense absorption 

bands in the region of 3329, 2926 sm-1 of hydroxyl 

groups forming hydrogen bonds. The absorption bands 

of carboxyl groups corresponding to the stretching 

vibrations of C = O and C = S are present in the region 

Table 1. Influence of pH and time on the process of 
complexation of cobalt (II) ions with ion exchanger DHT + 
HIPAN 

 

 

Fig. 7. The microstructure of DHT + HIPAN after 
complexation of cobalt (II) 

 

Fig. 8. The microstructure of DHT + HIPAN after 
complexation of cobalt (II) 

 

Fig. 9. Chemical elemental composition of samples 
obtained at a rate of 1.5 g of the ion exchanger and a time 
of 120 min at different concentrations of cobalt (II), 0.05 g/l 
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of 1655, 1541, 1448 sm-1. This is because when the 

proton of the carboxyl group is replaced by cobalt ions, 

the COO- group remains, and absorption bands at 1655, 

1448, 1397 cm-1 and 1320 cm-1, attributed to the 

asymmetric and symmetric stretching vibrations of 

carboxylate ions, increase in the IR spectra of cobalt ion 

exchangers.  

At the same time, the absorption bands in the range 

of 1320, 1121 cm-1, also associated with the СООN 

group, become weaker. Analysis of IR spectra shows 

that the absorption bands at 479 cm-1 confirm the 

formation of the ν Co-O bond in the complexes. Based 

on the literature data, as well as on the methods of SEM 

and IR spectroscopic analysis, it is possible to state the 

expected chemistry of the process of interaction of 

complex-forming ion exchangers with heavy metal ions 

Co2+. Polymeric substances interacting with metals 

form complex compounds according to the following 

scheme. 

 
The equation scheme describes the reaction of the 

interaction of carboxyl COOH and hydroxyl OH groups 

of DHT + HIPAN with metals to form a bidentate complex 

or chelate. 

CONCLUSIONS 

Based on the study of the synthesized complexing 

ion exchangers, the fundamental possibility of creating 

competitive and environmentally friendly sorption 

technologies using new ion exchangers for 

hydrometallurgy processes is shown. New 

polyfunctional ion exchangers with high exchange 

capacity and multifunctional groups based on DHT, 

DMT, and GIPANs have been obtained. Using a special 

high-resolution technique, electron microscopic studies 

of the phase structure and surface of ion-exchangers 

based on DHT and DMT were carried out in the study of 

the optical properties of ion exchangers by IR 

spectroscopy. Thus, as a result of the studies carried 

out, the dependence of the process of complexation of 

metal ions on the concentration of salts was revealed, 

and when using the ion exchanger DHT + HIPAN, the 

process of complexation increases. It is shown that the 

greatest value of metal complexation is manifested 

when using low and medium concentrations of solutions 

of metal salts. So, when using the norm of the ion 

exchanger of 2 g at a concentration of 0.005 g / l, the 

process of complexation of metal ions Co2+ with the ion 

exchanger DHT + GIPAN was 91.5; 90.0; 99.0; 89.2%. 

Analysis of the IR spectra of the samples obtained by 

the interaction of DHT + HIPAN with metal ions shows 

their differences. These facts indicate a different nature 

of the interaction of cobalt (II) salts with DHT + HIPAN at 

the same rates of ion exchanger, time, and 

concentration of metals. IR spectra of the studied 

samples confirm the formation of the Ме-О bond in the 

ion exchanger complexes. It was revealed that the 

binding of DHT + HIPAN with metals occurs due to the 

interaction of carboxyl COOH- and hydroxyl OH-groups. 

Based on the data of SEM and IR spectroscopic 

analysis, the proposed chemistry of the process of 

interaction of DHT + HIPAN with Co2+ ions is presented. 
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