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Abstract

The article discusses the dependence of the product yield on temperature and current densi-
ty in the process carried out in an electrolyzer with horizontally installed electrodes in a closed
flow mode. In order to prevent side processes, oxide-ruthenium titanium anodes (ORTA) are
used in the installation. The article also provides factors affecting the formation of potassium
hydroxide. For the experiments, potassium chloride solutions prepared from purified potash
fertilizer produced at JSC “Dekhkanabad Potash Plant” natural source materials were used.
Keywords: potassium chloride, potassium hydroxide, mineral fertilizer, electrolysis unit, ion

exchange membrane, ruthenium oxide titanium anodes, free active chlorine

Introduction

During the electrolysis of aqueous solu-
tions of alkaline earth metal chlorides,
many substances are formed, of which the
most important are gaseous hydrogen and
free active chlorine, as well as hydroxides
and hypochlorites, chlorates, and perchlo-
rates of these metals. And during the elec-
trolysis of sodium and potassium melts,
metallic sodium and potassium can be ob-
tained.

By organizing all the methods of electrol-
ysis of these salts, it is possible to obtain the
following types of chemical substances: gas-
eous chlorine and hydrogen, combining them
and dissolving them in water — hydrochloric
acid, metallic sodium and potassium, sodium
and potassium hydroxides, hypochlorites,
chlorates and perchlorates of both metals,
a total of 13. This constitutes a significant
part of the output of products of the entire
chemical industry of Uzbekistan.
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Uzbekistan is one of the countries where
the subsoil is rich in minerals in the form of
sylvinite. The mineral sylvinite mainly con-
sists of sodium and potassium chlorides.

Caustic soda in Uzbekistan is obtained by
electrolysis of an aqueous solution of table salt
using a membrane method. Potassium hydrox-
ide can be obtained from a purified aqueous
solution of potassium chloride using the same
method. In industrial conditions, potassium
hydroxide is synthesized from an aqueous solu-
tion of potassium chloride using solid cathode,

Section 2. Chemistry

liquid mercury (mercury production method)
and membrane methods in electrolysis units.

In membrane electrolysis, potassium cat-
ions, under the influence of an electric field,
pass from the potassium chloride anode part
of the electrolyzer through the ion-exchange
membrane into the cathode hydroxide zone
of the electrolyzer, where they combine with
hydroxyl anions to form potassium hydrox-
ide (Fig. 1). In this method, wastewater is re-
turned back to the process, and a waste-free
technology is created.

Figure 1. Scheme of electrolysis of an aqueous solution
of sodium chloride through a membrane
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Methods and materials

The mineral fertilizer of Dekhkanabad
potash plant containing 90% potassium
chloride (45% K and 45% Cl, see Table
1) and other substances was used for the
study. The composition of the original min-
eral fertilizer was analyzed using the de-
vice “High-performance energy-dispersive
X-ray fluorescence spectrometer — Japan,
Rigaku NEX CG EDXRF Analyzer with Po-
larization in set — 9022 19000 0” (Fig. 2).
The process temperature was measured us-
ing mercury glass laboratory thermometers
manufactured according to GOST 215-73.
The GUNT Geratebau GmbH CE — 105 unit
of German manufacture was used as a DC
power source. Hydrogen indicators of the

obtained products were measured using
a Bante 210 pH meter.

The concentration of solutions before and
after the process was determined by densi-
ty at 15°C and by a chemical method (Kod-
irovK. Y., AdilovaM.Sh., RakhmatovH.B.,
ErkaevA.U.,, 2014; IbragimovG.I., Er-
kaev A. U., Yakubov R.Ya., Turobzhonov S. M.,
2010; ChavlievaF.B., KucharovB.Kh., Er-
kaev A. U., Turakulov B. B., ToirovZ. K., 2023;
Chavlieva F. B., TurakulovB.B., ErkaevA.U.,
KucharovB.Kh., KoshanovaB.T., Dzhandul-
laeva M. S., Reimov A. M., 2023).

Results and discussion
The mineralogical composition of the raw
material is given below.
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Table 1. Elemental composition of the original mineral fertilizer, %

No. 1 2 3 4 5 6 7 8
Elements Cl Br S K Ca You Fe Cu
Result 45.0 0.058 0.34 45.0 0.5 0.0023 0.0257 0,0016

No. 9 10 11 12 13 14 15 16
Elements Rb Sr Y Zr Sn Te Fr Dy
Result 0.009 0.0014 0.0005 0.175 0.003 0,0017 0.0074 0.0037

Figure 2. Mineralogical composition of the raw material
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Figure 3. Laboratory setup of the electrolyzer. 1, 2 — separatory
funnels for feeding KOH and KCl respectively; 3 — electrolyzer; 4 —ion
exchange membrane; 5, 6 — receiving flasks for KOH and KCl
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To conduct the research experiments, amesh ORTA anode with an area of 1 dm?was
a laboratory electrolysis flow installation used for the anode. The distance between the
with an ion-exchange membrane was assem-  electrodes was set at 0.16 dm. For the gravity
bled. A sheet of stainless steel grade AISI304  feed of the initial solutions of potassium chlo-
(08X18H10) was used as the cathode, and ride and potassium hydroxide, two separatory
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funnels with a volume of 1 liter were used and
connected to the installation using a heat-re-
sistant transparent hose and installed 50 sm
above the installation. To receive the reaction
products, the outlet of the installation was
connected using hoses to two flasks, which
were installed 50 sm below the installation.

In this paper, the influence of electrolyte
temperature and operating current density
on the yield of potassium hydroxide during
the process in a membrane electrolyzer was
studied (Fig. 3).

Section 2. Chemistry

During electrolysis, the current density
varied in the range of 1.0-5.5 A/dm?. Elec-
trolysis was carried out under the following
conditions: at a temperature of 60°C, a dura-
tion of 40 minutes and a potassium chloride
concentration of 30%. The obtained data are
presented in Table 1. The output parameter
is the concentration of hydrogen ions in the
anolyte and catholyte solutions. The initial
concentration of the KOH solution entering
the electrolyzer is 28.488%.

Table 2. Dependence of product yield on current density with a process
duration of 40 min. and a KOH concentration of 30%

Density of KOH at Concen- Increase in PH of solutions
15 °C, p, g/sm?® tration of Current concentra- after electrolysis
No. ell):(ffrl;ﬁ- after elfec- Iél(zlc{t:g;f (T:;ldsrlrtlz ’ tl:,;onKIg;;{’ KOH Anolyte
ysis trolysis sis, % catalyte catalyte KCl1
1. 1.273 29.098 1 0.61 14.48 2.35
2. 1.275 29.258 2 0.77 14.43 2.35
3. 1267 1.277 29.468 3 0.98 14.43 2.35
4, 1.278 29.588 4 1.10 14.43 2.75
5. 1.279 29.748 5 1.26 14.50 2.91
6. 1.280 29.828 5.5 1.34 14.41 3.75

To find the optimal temperature, the
experiments were carried out by changing
the temperature from 30 to 90°C. The ex-
periments were carried out for 40 minutes
and with a potassium chloride concen-

tration of 30%. The concentration of the
initial KOH solution entering the electro-
lyzer was maintained at 28.488%. The cur-
rent density during electrolysis was set at
5 A/dm?2.

Table 3. Dependence of product yield on process temperature for
a process duration of 40 minutes and a KOH concentration of 30%

Density of KOH at Concen- Increasein PH of solutions
15 °C, p, g/sm?® tration of Pz:;(if_ss concentra- after electrolysis
No. ell):(ft(;' I:i_ after elfac- Iél(zlc{ts (f{;r 1 tl;)nKIE)OI;{’ KOH Anolyte
ysis trolysis sis, % ture °C catalyte catalyte  KCl
1. 1.273 29.488 30 1.10 14.48 2.35
2. 1.275 29.538 35 1.26 14.43 2.35
3. 1.277 29.628 40 1.34 14.43 2.35
4. 1967 1.279 29.688 45 1.10 14.43 2.75
5. 1.280 29.748 50 1.26 14.50 2.91
6. 1.281 29.828 55 1.34 14.41 3.75
7. 1.282 29.958 60 1.44 14.45 2.85
8. 1.286 30.008 65 1.52 14.42 2.81
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Density of KOH at Concen- P Increase in pH of solutions
15 °C, p, g/sm?® tration of igrc:_ss concentra- after electrolysis
No. before KOH after tion KOH,
electrol- after elfec- electroly- A % KOH KOH Anolyte
ysis trolysis sis, % catalyte catalyte KCl
9. 1.297 30.128 70 1.64 14.48 2.97
10. 1.308 30.218 75 1.73 14.45 2.87
11. 1.317 30.268 80 1.78 14.49 2.90
12. 1.328 30.348 90 1.86 14.48 2.88
Conclusion According to the data obtained from Ta-

According to the data obtained from Table  ble No. 2, it is evident that with an increase
No. 1, it is evident that with an increase in the  in the process temperature, the concentra-
process current density, the concentration of  tion of the obtained potassium hydroxide in
the resulting potassium hydroxide in the solu-  the solution increases. The product increase
tion increases. The product increase is accord-  is accordingly from 1.10 to 1.86% at a tem-
ingly from 0.61 to 1.34% with a working cur-  perature range from 30 to 90°C.
rent density range from 1 to 5.5 A/dm?.

References

KodirovK.Y., Adilova M.Sh., Rakhmatov H. B., Erkaev A. U. Obtaining crystalline potassium
chloride by the gallurgical method from the dust fraction of the flotation product of DZKU.
Scientific, technical and production journal. 2014. — No. 4.

Ibragimov G. 1., Erkaev A. U., Yakubov R.Ya., Turobzhonov S. M. Potassium chloride technolo-
gy. 2010. — 200 p.

Chavlieva FB, Kucharov B.Kh., Erkaev AU, Turakulov BB, Toirov ZK Studying the Process of
Purification of Solutions with Flotation and Hallurgical Potassium Chloride in Obtaining
Potassium Hydroxide // International Journal of Advanced Research in Science, Engi-
neering and Technology. — Vol. 10. — Issue 8, August, 2023.

Chavlieva F. B., Turakulov B. B., Erkaev A. U., Kucharov B.Kh., Koshanova B. T., Dzhandullae-
vaM.S., Reimov A. M. // Chemical and physicochemical characteristics of waste sulfuric
acid formed during the production of caustic soda // Uzbek Chemical Journal Published
since January 1957. — 6 issues per year 1. 2024. — Tashkent-2023.

Farog’at Chavliyeva*, Behzod Turakulov, Bakhrom Kucharov, Aktam Erkayev, Axmed Rey-
imov, Muzaffar Karshiboev, Maxamadadil Mamajonov // Study of Obtaining Potassium
Hydroxide by Electrochemical Method on the Bases of Flotation and Hallurgic Potassium
Chloride // Jomard Publishing New Materials, Compounds and Applications — Vol. 8. —
No. 2. 2024. — P. 244-253. URL: https://doi.org/10.62476/nmca82244

Chavlieva F.B., KucharovB.Kh., ErkaevA.U., KhamidovA.G., TurakulovB.B., Kusha-
kov M. M. Study of the process of obtaining potassium hydroxide from potassium chloride
in a membrane electrolyzer // Scientific week “Green chemistry and sustainable develop-
ment”. May 24-27, 2023 y. — Tashkent, Uzbekistan.

Chavlieva F. B., Turakulov B. B., Erkaev A. U., Kucharov B. Kh., Toirov Z. K., Karshiboev M. A.,
Mansurov T. A. Comparative analysis of electrolytic methods for producing potassium
hydroxide // Collection of articles of the Republican scientific and practical conference
“Prospects for the development of innovative technologies for the production of inorganic
substances and materials in the context of globalization” (with the participation of foreign
scientists). November, 9-10, 2023.

Chavlieva F. B., Turakulov B. B., Kucharov B.Kh., Erkaev A. U., Karshibaev M. A. Purification
of initial potassium solutions for obtaining potassium hydroxide by electrochemical meth-

11 STUDY OF THE PROCESS OF HYDROXIDE ELECTROLYSIS POTASSIUM



The Austrian Journal of Technical Section 2. Chemistry
and Natural Sciences, No 11-12

od // International scientific week “Sustainable Development and Green Economy”. May
20-25, 2024. — Tashkent, Uzbekistan.

Chlorine, Chlorum, Cl (17) (http://www.chem.msu.su/rus/history/element-/Cl.html). Dis-
covery of elements and origin of their names. Chemical information network ChemNet.
Date of access: January 27, 2010. Archived https://www.webcitation.org/615E8FsWx-
?url=http://www.chem.m su.su/rus/history/element/Cl.html) August 20, 2011.

Myers RL the 100 Most Important Chemical Compounds: A Reference Guide. — Westport:
Greenwood Press, 2007. — P. 260. — ISBN 978-0-313-33758-1.

Baldwin RT Uses of chlorine (http: //pubs. acs. org/ doi/ abs/ 10.1021/ ed00 4p 454) (En-
glish) // Journal of Chemical Education. 1927. — Vol. 4. — No. 4. — P. 454.

Sedneva T. A., TikhomirovaI. A. Electromembrane purification of potassium hydroxide solu-
tion from chloride ions // Series Critical technologies. Membranes, 2005. — No. 2 (26).

Watking I. M., McLoneyD. E., Nation (R) membranes the choralkali industry // Symposium
Chlorine Technology Venice. Oronzio de Nora, Milano, Italy. 1979. - 191 p.

Potassium hydroxide technical. TU GOST 9285-78. — M.: Publishing house of standards.
1984. - 23 p.

Mulder M. Introduction to membrane technology. — Moscow: Mir, 1999. - 518 p.

submitted 13.12.2024;

accepted for publication 18.12.2024;

published 30.01.2025

© Chavlieva F.B., Turakulov B.B., ErkaevA.U.,
Mansurov T. A., Khamidov A.G., Kucharov B. Kh.
Contact: doniyor_obidjonov94@mail.ru

12 STUDY OF THE PROCESS OF HYDROXIDE ELECTROLYSIS POTASSIUM



