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Abstract

The country pays special attention to innovation in creating environmentally friendly, waste-free,
modern economic and production infrastructure, including advanced scientific practices and modern
technologies.

The purpose of the research is to develop the scientific basis and highly efficient, environmentally
friendly, innovative technology for the production of potassium iodate.

A highly effective alkali-chlorine method has been developed for the production of potassium
iodate based on the interaction of iodine with potassium hydroxide as a result of the oxidation of the
resulting potassium iodide with chlorine. According to the method, an innovative technology and
technological scheme for producing potassium iodate using the alkali-chlorine method have been
developed.

As a result of scientific research, it was identifeed that, in comparison with the currently used
method, the developed alkali-chlorine method makes it possible to increase the yield of potassium
iodate by 4-5 times (from 15-16% to 83-84%).

Keywords: iodine, potassium iodide, potassium iodate, water-salt system, eutonics, evaporation,
precipitation, filtration, drying, oxidation, synthesis, method, technology, four-component system.

Introduction

During the Revival of the New Epoch of the Powerful State, through the efforts of President
Serdar Berdimuhamedov, all conditions are created for the comprehensive expansion of research,
experiments and technological developments that have great prospects in chemistry as one of the
main areas of rapidly developing and changing sciences in modern conditions.

The development of technologies for the production of import-substituting goods brought to
our country from abroad and that are competitive in the world market is one of the main objectives
of the State Program for the Comprehensive Development of Chemical Science and Technology in
Turkmenistan for 2021-2025.

The purpose of this scientific work is to develop a method that makes it possible to obtain
potassium iodate as the main product, to study the solubility of salts in the four-component system of
potassium iodate, potassium iodide, potassium chloride and water (KI10,-KI-KCI-H,0), which forms
its theoretical basis, and to create more cost-effective innovative technology.

One of the iodine compounds that has been in great demand recently is potassium iodate.
According to the technologies being currently used in industry, potassium iodate is obtained as a
by-product of the production of potassium iodide. Therefore, an economically viable solution to this
problem requires the development of more advanced and innovative technology for the production of
potassium iodate.
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Objects of research and experimental methodology. The object of study is potassium iodate
and a multicomponent water-salt system containing potassium iodide, potassium iodate, potassium
chloride and water.

The studies used chemical and instrumental methods of analysis, such as: IR spectroscopy with
Fourier transform, X-ray diffraction analysis.

Research results and discussion. Several methods for producing potassium iodate are
known in the literature. Currently, the method for producing potassium iodate is based on the
reaction of iodine with potassium hydroxide (Kceszenko, CracuneBuu, 1995; Ilanacenko, 1986;
Axwmertosa, [Topdupnera, 2002). Using this technology, potassium iodate is obtained as a by-product
of potassium iodide production. Its yield does not exceed 15-16%. Therefore, an important objective
is to develop a technology that meets modern requirements and makes it possible to obtain potassium
iodate as the main product.

The developed method is based on the interaction of iodine with potassium hydroxide in the
presence of chlorine as an oxidizing agent for potassium iodide.

The creation of a highly efficient, environmentally friendly technology for producing potassium
iodate from technical iodine using chlorine as an oxidizing agent in an alkaline environment is
impossible without studying the physicochemical foundations of the process, that is, without creating
a theoretical basis for the technology. The production theory is based on the nature of the phase
diagram of the quaternary water-salt system KIO,-KI-KCI-H,O.

Thus, the study of the four-component system K-/10,', CI’, I'-H,O allows us to determine the
crystallization fields of salts in the system and scientifically substantiate the technology for producing
potassium iodate by the interaction of technical iodine with potassium hydroxide by the alkali-chlorine
method (Sylapowa, 2012; Sylapowa, Geldiyew, 2013).

In laboratory conditions, a new alkali-chlorine method for producing potassium iodate has been
developed (Sylapowa, Atamalowa, Hudayberdiyewa, 2017), based on the oxidation reaction of iodine
with chlorine in an alkaline medium:

L, +12KOH+5C1,=2KIO,+10KCI+6H,0

To develop the method, the kinetics of the reaction in an alkaline medium was studied (Sylapowa,
Atamalowa, Hudayberdiyewa, 2021).

As a result of the synthesis, potassium iodate was obtained, whose yield was 83-84%. The content of
potassium iodate was 99.9%, the resulting potassium iodate corresponded to the «analytical gradey.

As a result of research on the developed method for producing potassium iodate, a limited
patent for invention No. 625 «Method for producing potassium iodate» was obtained (Geldiyew,
Sylapowa, Atamalowa, Hudayberdiyewa, 2014). Based on experimental data obtained in laboratory
conditions, the consumption rates of reagents and energy consumption were calculated, which are
given in Table 1.

Table 1

Consumption rates for reagents and energy consumption to produce
1 ton of potassium iodate using the alkali-chlorine method

Material resources Unit Quantity
Technical iodine, grade-A t 0,659
Potassium hydroxide t 1,745
(KOH)

Chlorine t 0,922
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Drinking water m’ 4,7
Steam Gecal 5,0
Electricity kWh 3426,0

The compliance of the resulting potassium iodate with TDS requirements was determined
analytically. The structural group of potassium iodate was studied in the infrared spectrum
of the absorption band 400-4000 sm™ using a ThermoFisher Scientific Nicolet iZ 10 infrared
spectrophotometer with Fourier transform (Fig. 1).
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Figure 1. IR spectrum of potassium iodate

As can be seen from the spectrum, the absorption line at 795.21 sm! represents the asymmetric
stretching vibration of iodate (10%).

Using a JEOL JSM-7500F scanning electron microscope (SEM-EDS), the morphology of the
sample was studied by microscopy. Particle measurements were taken (Fig. 2). Particle size was
35.9-51.9 microns.

Figure 2. Micrographs of a potassium iodate sample (magnification a-x1500, b-x2500 and ¢-x3000)

X-ray diffraction analysis was carried out on a Rigaku SmartLab X-ray diffractometer with
CuKa radiation to study the purity of potassium iodate. The spectrum of X-ray diffraction analysis
is presented in Figure 3. The nature of the line profiles in the X-ray diffraction patterns indicates a
pseudotrigonal structural modification of potassium iodate.
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Figure 3. X-ray diffraction spectrum of a sample of synthesized potassium iodate

The obtained IR spectra and X-ray diffraction patterns confirm the quality of the resulting product.

Based on experimental data in laboratory conditions, a technological scheme for the production
of potassium iodate using the alkali-chlorine method has been developed (Fig. 4).

The novelty of the developed technology lies in the conversion of potassium iodide formed as a
result of synthesis into elemental iodine by chlorination and its reaction with KOH to form KIO,. The
reaction proceeds according to the following equation:

KI+6KOH+3Cl,=KIO,+6KCI+3H,0

As a result of this reaction, a mixture of potassium iodate and potassium chloride is formed.

The technological process for producing potassium iodate using the alkali-chlorine method
consists of the following steps:

1. Preparation of KOH solution;

Synthesis of potassium iodate by the reaction of iodine with a solution of potassium hydroxide;
Chlorination of the solution in an alkaline medium (with the addition of KOH);

Separation of potassium iodate crystals along with potassium chloride;

Washing potassium iodate from potassium chloride;

Drying potassium iodate crystals;

Pack.
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Figure 4. Process flow diagram for the production of potassium iodate using the alkali-chlorine method:
1 — Container for dissolving KOH in water; 2 — centrifugal pump; 3 — counter KOH; 4 — potassium iodate synthesis
reactor; 5 — reactor for evaporation and crystallization; 6 — Nutsch filter; 7 — container for the solution being processed;
8 — container for rinsing water; 9 — drying chamber; 10 — vacuum trap; 11 — vacuum pump

RESULTS

1. In laboratory conditions, a highly effective alkali-chlorine method for producing potassium
iodate has been developed; in comparison with the industrial method for producing potassium iodate,
the yield of the product using the alkali-chlorine method can be increased by 4-5.0 times, that is, up
to 83-84%. It has been established that potassium iodate samples obtained in laboratory conditions
contain 99.9% of the main substance.

2. A highly efficient innovative technology and technological scheme for the production of
potassium iodate using the alkali-chlorine method have been developed.
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