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Abstract. In this article, the physico-chemical basis of the synthesis of complex-forming
polymer ligand ionites containing nitrogen, sulfur, oxygen, and phosphorus is analyzed. The
sorption abilities of the synthesized polymer ligands were studied on Cu (I1), Zn (1), Cd (11),
Ag (1) ions, and the effect of the medium pH was studied. According to the results of metal
sorption studies, static exchange capacities of ligands (mg-equiv/g) was studied.
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Introduction.

Global production of synthetic sorbents has doubled over the past decade. 15% of
produced ionites are used in the treatment of thermal power plants, nuclear power plants and
industrial waste, 9% in chemical technologies, 6% in the food and pharmaceutical industry, and
the rest in other areas[1].

In today's world, synthesizing new types of sorbents, determining the sorption properties
of metal ions, and using them to extract precious metal ions from solutions, the composition,
structure, and physical-chemical properties of chemical compounds are among the urgent tasks
of inorganic chemistry[2]. In conducting research on the synthesis of complex-forming sorbents,
based on local raw materials, synthesis of sorbents containing sulfur, nitrogen, oxygen and
phosphorus donor atoms, which have the property of forming complexes with various metal
ions in solution, and using them to effectively concentrate the ions of rare and non-ferrous metals
and the development of separation methods is one of the urgent problems[3]. In this article, the
physico-chemical basis of the synthesis of complex-forming ionites containing nitrogen, sulfur,
oxygen, and phosphorus based on epichlorohydrin and formaldehyde is analyzed. Accordingly,
in order to control the properties of the synthesized sorbent and improve its performance, a
polycondensation type sorbent (ion-machine complexite) was obtained as a result of polymer
analog changes[4].

The following study shows the use of a sorbent synthesized on the basis of amino acids
for the purification of radioactive water. This sorbent has been found to have a high selectivity
mainly for uranium and zirconium. According to the results of the analysis, it was determined
that the composition of the sorbent has the chemical formula UiO-66-NH./urea-POP and
Zrs04(OH)4(L)6 (L = 2-aminoterephthalate (BDC-NH>)[5].
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Zr-MOF-NH,/Urea-POP
(Porous hybrid sorbent)

' = Binding sites --- = Hydrogen bond

Purification of Uranium and Zirconium in radioactive waters using sorbent.

The framework is achieved by the formation of coordination bonds between the BDC-
NH: linkers and the hexanuclear [ZrsO4(OH)s]12+ nodes.

In order to determine the optimal conditions for the synthesis of a complex-forming
sorbent based on the self-polymerization of epichlorohydrin with potassium di-(2-aminoethyl)-
dithiophosphate, the influence of factors such as the ratio of initial components, temperature,
and reaction duration on the polymerization process was studied[6]. As a result of the study of
the influence of the temperature of the synthesis conditions on the properties of the obtained
sorbent, it was found that the duration of the polymerization reaction at a temperature of 70 °C
is 3 hours, and the exchange capacity of the ionite is 3.52 mg-eqg/g. This indicates that the activity
of active substances is less at the given temperature. If the reaction temperature is increased to
100 °C, the polymerization process accelerates and the reaction duration decreases to 0.6 hours.
However, in this case, the permeability and exchange capacity of ionite also decreases. It can
be seen that the ionite structure obtained at a given temperature is more dense, as a result of
which the mobility of ionogenic groups becomes difficult. 80 °C was selected for the optimal
temperature of the polymerization reaction, and the duration of the reaction is 1.8 hours. The
static exchange capacity of the obtained ionite in 0.1 N NaOH solution reaches 4.71 mg-eq/g
[7].

In the synthesis of ionites, studies were carried out taking into account all the
requirements for ionites in the hydrometallurgical industry. As mentioned, the study of sorption,
physico-chemical, kinetic and mechanical properties of ionites, as well as their advantages and
disadvantages, is of great scientific and practical importance.

The influence of the medium rN on the sorption of Cu (1), Zn (I1), Cd (1), Ag (1) ions
in the synthesized polymer ligands was studied (Fig. 1). According to the results of the study of
metal sorption, the static exchange capacities of ligands (mg-equiv/g) in the optimal
environment pH values are as follows:

L3 Cu - 4,5 (pH=5); Zn - 2,9 (pH=6); Cd - 3,7 (pH=6); Ag - 4,6 (pH=4);

L* Cu - 4.2 (pH=6); Zn - 2,3 (pH=6); Cd - 3,4 (pH=6); Ag - 4,5 (pH=4).

The degree of sorption of studied metal ions on ligands increases in the following order:
Zn (1) < Cd (1) < Cu (1) < Ag (1).
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~#—Cu (II) =®—Zn (II)—-—Cd (II)
a 0
Figure 1. Dependence of sorption of Cu (11), Zn (I1), Cd (II), Ag (I) on L3 (a) and L4 (b) on

the size of medium pH(Cwme=0,1 H, mcops=0,1 r, T=2 ¢, V=10 ml ).
Table-5.

8~ Cu (1) =8—Zn (I)=—— Cd (I[)—+— Ag (D)

Data on the comparison of synthesized polymer ligands (sorbents) with some
industrial sorbents

Total  sorption
Sorbent Functional group capacity, mg-
equiv/I
L3 =NH; —PO2S(SH) 5,6 0,4-0,8 570
L =N-; —PO2S(SH) 5,3 0,55-0,85 620
Purolite S950' | -CH2NHCH,POs 4,7 0,4-0,65 669
Lewatit TP260
Monoplus?
ADU-223 —N(CH2CH20P=N-),
OH
1"Purolite International Limited", England; 2"Bayer AG", Germany; 3 All-Russian
Research Institute of Chemical Technology, Russia.

Properties of synthesized polymer ligands were compared with industrial sorbents. As
can be seen from Table 5, the properties of the obtained polymer ligands are not inferior to
sorbents produced abroad and effectively used in various industries.

References

1. Jalilov A.T., Turaev Kh.Kh., Kasimov Sh.A. Synthesis and research of nitrogen and
oxygencontaining polycondensation sorbent, International innovation forum-2017, 10-12 may,
Tashkent. P.133-139.

2. JIxxamumos A.T., Typaes X.X., Kacumos III.A. Cunres copbenTta Ha OCHOBE JaH-(2-
aMUHOATHIA)-TuTHOdOoCchaTa Kamus W snuxyopruapuHa // Universum: XuMusi © OUOJIOTHS:
9JIEKTPOH.  Hay4H. kypH. 2017. Ne  9(39). URL: http://7universum.com/ru
[nature/archive/item/5107.

3. Marhol, M., lon Exchangers in Analytical Chemistry. Their Properties and Use in
Inorganic Chemistry, Prague: Academia, 1982. Translated under the title lonoobmenniki v
analiticheskoi khimii. Svoistva i primenenie v neorganicheskoi khimii, Moscow: Mir, 1985, p.
545.

Particle size, | Powder
mm weight, g/l

—CH2NHCH2PO3 5,7 0,52-0,6 690

3,6 0,63-1,0 405



http://7universum.com/ru%20/nature/archive/item/5107
http://7universum.com/ru%20/nature/archive/item/5107

INTERNATIONAL CONFERENCE ON MULTIDISCIPLINARY SCIENCE

4. Kulyukhin, S.A., Gorbacheva, M.P., Krasavina, E.P.et al. Recovery
of ¥7Cs, 90Sr, Y, and d-element ions from aqueous solutions with sorbents containing
triethylenediamine. Radiochemistry 53, 296-302 (2011).

5. Zemskova, L., Tokar, E., Shlyk, D. et al. Sorbents based on Ni(OH)./chitosan,
immobilization of metal hexacyanoferrates, and application for removal of radionuclide Cs from
aqueous solutions. J Sol-Gel Sci Technol (2022).

6. Toubi, Y., Radi, S. & Bacquet, M. Synthesis of pyridin-3-yl-functionalized silica as a
chelating sorbent for solid-phase adsorption of Hg(l1), Pb(l1), Zn(1l), and Cd(Il) from water. Res
Chem Intermed 39, 3791-3802 (2013).

7. B. Lam, S. D’eon, N. Morin-Crini, G. Crini, P. Fievet, Polymer-enhanced
ultrafiltration for heavy metal removal: Influence of chitosan and carboxymethyl cellulose on
filtration performances, J. Clean. Prod. 171 (2018) 927-933.




