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Abstract. Due to the fact that the rich reserves of potash minerals are
decreasing in the world, scientific research is being carried out on the
development of effective technologies for beneficiation of minerals
containing a small amount of potassium. In this regard, to study the
mineralogical composition of low-grade potassium ores of the Tyubetagan
mine, to conduct theoretical analysis of the galurgic method of
beneficiation and to carry out research in laboratory conditions, to study
the influence of various technological parameters on product output and to
find optimal conditions, to develop a technological scheme of beneficiation
of low-grade sylvinite ores by the galurgic method special attention is paid
to the output. In this study, the mineralogical composition of potash ores of
Tubegatan mine was studied and methods of beneficiation were proposed
according to the relationship between the content of KCl, NaCl, insoluble
residue and particle size of potash ores.

1 Introduction

Recently, due to the steady growth of the world population, the demand for food is
increasing. Providing humanity with enough food is one of today's global problems.
However, one of the main factors that ensure food security is obtaining a high and high-
quality harvest from agricultural crops based on the application of fertilizers according to
scientifically based standards and the proper irrigation [1-3].

Currently, approximately 95% of potassium salts produced in the world are used as
mineral fertilizers in agriculture [4-6]. In addition to increasing productivity, potassium
fertilizers improve the quality of cultivated products: they help to increase the resistance of
plants to diseases, increase the quality of storage and durability of fruits during storage, and
also improve their taste and aesthetic properties. Therefore, the development of potash
industry is closely related to the level of development of agriculture [6-7]. Due to the fact
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that rich reserves of potash minerals are decreasing in the world, scientific research is being
carried out on the development of effective technologies for beneficiation of minerals
containing a small amount of potassium [8]. In this regard, to study the mineralogical
composition of low-grade potassium ores of the Tyubetagan mine, to conduct theoretical
analysis of the galurgic method of beneficiation and to carry out research in laboratory
conditions, to study the influence of various technological parameters on product output
and to find optimal conditions [8-10], to develop a technological scheme of beneficiation of
low-grade sylvinite ores by the galurgic method special attention is paid to the output.

2 Methods

In order to study the mineralogical composition of potash ores of Tubegatan mine and to
propose methods of beneficiation based on the relationship between the content of KCl,
NaCl, insoluble residue and particle size of potash ores, samples of potash raw materials
with the following average weight content of potassium chloride were studied: 1-sylvinite
(9.2% KCl), 2-sylvinite (13.2% KCIl), 3-sylvinite (18.3% KCl), 4-sylvinite (26.1% KCl), 5-
sylvinite (31.1% KCI) [11-14].

Crushed samples 0.5mm; 1mm; 3mm; S5Smm; Passed through a set of 7 mm and 10 mm
sieves and the particle size is -10+7 mm; -7+5mm; -5+3mm; -3+1mm; -1+0.5mm; Divided
into fractions of -0.5+0. The chemical composition of samples of different sizes was
determined using physico-chemical analysis methods.

The percentage of NaCl, KCl and their water-insoluble residue (e.q.) in the samples of
different sizes, the degree of siltation and the change in the amount of potassium chloride
due to the separate separation of fractions with -1+0.5 and -0.5+0 mm are table 1 and It is
presented in Figure 1.

It can be seen from the table that in the size fractions larger than 1 mm, the level of
desilting increases and also the level of crude enrichment with respect to KCl is high. This
relationship increases with the increase of KCl in the raw material, that is, the degree of
desilting increases from -7.2 to -18.4%, in return, the amount of KCl in the product
increases from 12.6% to 33.9% compared to the raw material. When separating fine
fractions, i.e. fractions below 1 mm (-1+0.5 and -0.5+0) separately, the degree of desilting
increases from +15.86% to +39.6%, and the amount of KCIl -14.2% decreases from -
35.25%.

3 Results and discussion

A significant amount of NaCl in the composition of potassium raw materials increases the
possibility of extracting sodium chloride along with potassium chloride during the
enrichment process.

Based on the obtained results, the variation of the amount of NaCl in the sylvinite
samples was analyzed depending on the size of the particles and the amount of potassium
chloride in the samples (Table 1 and Figure 2).

As the particle size changes, the amount of NaCl in the samples changes along the A-B
line. It is clear from the diagram that NaCl reaches its maximum content (70.5%) in the
18.3% KCl sylvinite sample with particle size -10+7 mm.

From the results of the research, it can be seen that in the process of beneficiation of
potash ores of Tubegatan mine, the separation of ores into fractions of different sizes
facilitates the process of extracting KCl from the ore composition.
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Table 1. Dependence of the fractional composition of potash raw materials on its chemical

composition.
Composition of components, weight. % Change in | Change in the
Sample . .
number Particles size NaCl KCl | Additive i luti " the degree of| amount of
al itive in solution, etc| 4. Gysing o, KCl, %
-10 +7 57.1 9.2 33.7
-7 +5 56.7 9.8 33.5
-7. +12.
-5 +3 56.3 10.4 33.3 72 126
1 3+1 56.2 10.8 33
-1+0,5 52.2 7.2 40.5
> +15. -14.2
-0.5+0 50.6 6.8 42.8 586
Average amount,% | 54.85 9.2 35.95
-10 +7 63 13.2 23.8
-7 +5 62.3 13.6 24.1
543 621 | 139 24 897 3145
2 3+1 61.7 14.8 23.5
-1+0,5 58 12.4 29.6
+ -
-0.5+0 56.6 11.8 31.6 168 324
Average amount,% | 60.4 13.2 26.2
-10 +7 70.5 18.3 11.2
-7 +5 70.2 18.8 11
-12. +33.
-5 +3 69.6 19.1 11.3 129 33.33
3 3+1 69.2 19.7 11.1
-1+0,5 67.2 17.5 15.3
+ _
-0.5+0 66.6 16.2 17.2 26.95 33.82
Average amount, %| 68.9 18.3 12.8
-10 +7 67.8 26.1 6.1
-7 +5 67.4 26.6 6
- +
-5 +3 67.2 26.9 5.9 184 3475
4 3+1 66.7 27.8 5.5
-1+0,5 65.5 25.2 9.3
+39. -35.
-0.5+0 64.8 24.4 10.8 39:6 35.25
Average amount, %| 66.7 26.1 7.2
-10 +7 66.2 30.6 3.2
-7 +5 65.4 31.8 2.8
-13. +33.
-5 +3 65.5 322 2.3 1333 339
5 341 65 32.9 2.1
-1+0,5 66.6 29.5 3.9
8 438 33,
-0.5+0 67.3 28.2 4.5 38.33 33.6
Average amount,% 66 31.1 3.13
(+)KCL A (+) Degree of slurry removal
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Fig. 1. The effect of changes in the fractional composition of potassium raw materials on the degree
of desilting and changes in the amount of potassium chloride.
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Fig. 2. Changes in the amount of NaCl in sylvinite samples depending on the size of the particles and
the amount of potassium chloride in the samples.

Based on the obtained results, the following beneficiation methods and de-slurry
technology (Figure 3) were proposed according to the relationship between the amount of
NaCl and KCl in the potash ores and the particle size:

1) When enriching minerals with a potassium chloride content of less than 18.3%:

a) it is possible to enrich directly by galurgy method (particle size -5 mm).
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Fig. 3. Desilting technology of potash ores according to the relationship between KCI content and
particle size.
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b) the ore is initially enriched by gravity and the fraction with the particle size below 1
mm is sent to galurgic enrichment, the fraction with the particle size above 1 mm (+1-3
mm) is first flotation desilted, and then the obtained concentrate is flotation enriched.

2) When enriching minerals with a potassium chloride content of more than 18.3% and
less than 26.1%:

a) it is possible to enrich directly by galurgy method (particle size -5 mm).

b) first, the ore is enriched by gravity, and the fraction with particles smaller than 1 mm
is sent to galurgic enrichment, and the fraction with particles larger than 1 mm (+1-3 mm)
can be enriched by flotation in 2 different ways: in the first method, the slurry is flotation,
then KCl is flotation, and in the second method, the concentrate obtained by gravity method
is mixed with ore containing more than 26.1% of potassium chloride in certain proportions,
desilted and enriched by flotation [15-20].

3) When enriching minerals with a potassium chloride content of more than 26.1%:

a) can be enriched directly by galurgy method (particle size -5 mm).

b) can be enriched by direct flotation method.

As can be seen from the above methods, all ores can be directly processed by galurgy,
regardless of the content of KCl and the amount of insoluble residue.

4 Conclusion

In order to study the mineralogical composition of potash ores of the Tubegatan mine and
to propose methods of beneficiation based on the relationship between the content of KCl
and NaCl, insoluble residue and particle size, samples of potash raw materials were studied:
1-sylvinite (9.2% KCI), 2-sylvinite ( 13.2% KCIl), 3-sylvinite (18.3% KCIl), 4-sylvinite
(26.1% KCl), 5-sylvinite (31.1% KCI).

When separating fine fractions, i.e. fractions below 1 mm (-1+0.5 and -0.5+0)
separately, the degree of desilting increases from +15.86% to +39.6%, and the amount of
KCI -14.2% it was found to decrease from -35.25%.

From the results of the research, it can be seen that in the process of beneficiation of
potash ores of Tubegatan mine, the separation of ores into fractions of different sizes
facilitates the process of extracting KCl from the ore composition.

Based on the obtained results, methods of beneficiation and de-sludging technology
were proposed according to the relationship between the content of NaCl and KCl and the
size of particles.

It was found that all minerals, regardless of the content of KCI and the amount of
insoluble residue, can be processed directly by the galurgy method.

References

1. A.V. Volkova, Rynok mineralnykh udobreniy, National Research University, 52
(2019)

2. AM. Kutepov, T.I. Bondareva, M.G. Berengarten, General chemical technology 528
(2007)

3. M. Rifky, M. Jesfar, K. Dissanayake, S. Ermat, M. Samadiy, EDP Sciences, 480,
03013 (2024)

4. K. Warren John, Geological Compendium. Cham: Springer, 1812 (2016)

5. K.Dissanayake, M. Rifky, M. Jesfar, J. Makhmayorov, S. Rakhimkulov,B. Abdullayev,
M. Samadiy, In IOP Confe. Series: Earth and Envi. Scie., 1275, 7 (2023)



E3S Web of Conferences 524, 03008 (2024) https://doi.org/10.1051/e3sconf/202452403008
APEC-VII-2024

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

N.M. Javaronkov, Theoretical basic chemical technology, Izbrannye trudy, Nauka,
Moscow, 351 (2007)

Ubaydullaeva, Nilufar B., Dilrabo Q. Maksumova, Shaxzoda J. Shosalimova, and
Mohamed Rifky, E3S Web of Conferences, EDP Sciences, 486, 02025 (2024)

S.I. Verenich, V.M. Badina, M.V. Molokovich, Production technology, electronic
study - methodical complex. - Mn.: electronic library BGEU, 104 (2020)

K. Dissanayake, M. Rifky, M. Jesfar, J. Makhmayorov, S. Rakhimkulov,B.
Abdullayev, In IOP Confe. Series: Earth and Envir. Scie. 1275, 1 (2023)

A. Bakhodir, M Ritky, J. Makhmayorov, I. Usmanov, T. Deng, M. Samadiy.
International Journal of Engineering Trends and Technology, 71, 9 (2023)

R. Dilbar, Z. Turayev, B. Mamurov, A. Shamishova, D. Absattorov, I. Usmanov, M.
Samadiy. E3S Web of Conferences, EDP Sciences 411, 01046 (2023)

B. Abdullayev, N. Askarova, R. Toshkodirova, M. Rifky, N. Ayakulov, B. Kurbanov,
M. Samadiy, Asian Journal of Chemistry, 36, 2 (2024)

A. Kambarov, I. Shamshidinov, R. Najmiddinov, G. Kodirova, I. Usmanov, D.
Absattarov, B. Ruzibayev, M. Samadiy, IOP Conf. Ser.: Earth Environ. Sci., 1275, 7
(2023)

R. Mohamed, M. Jesfar, K. Dissanayake, U. Orif, and M. Samadiy, E3S Web of
Conferences, EDP Sciences, 480, 03014 (2024)

Jena, Sandeep Kumar. Mining, Metallurgy & Exploration, 38, 1 (2021)

Ziyodullo, D, Absattorov, M. Rifky, S. Rakhimkulov, I. Usmanov, D. Ramazonova, Z.
Matkarimov, M. Samadiy, E3S Web of Conferences, 411, 02035 (2023)

Xiao, Ju, Jiaxi Wang, Fei Yuan, Xiuyun Pan, Murodjon Samadiy, Tianlong Deng, and
Yafei Guo, Journal of Molecular Liquids, 366, 120174 (2022)

Shamshidinov, Israiljan, Asadjon Kambarov, Rikhsitilla Najmiddinov, Ilyos Rustamov,
Ilkham Usmanov, and Murodjon Samadiy, E3S Web of Conferences, EDP Sciences,
392, 02036 (2023)

Mansurov, Tolmas, Oygul Bobokulova, Diyorbek Absattorov, Ilkham Usmanov, and
Murodjon Samadiy, E3S Web of Conferences, EDP Sciences, 392, 01001 (2023)

Ramazonova, Dilbar, Zokirjon Turaev, Bakhodir Mamurov, Ilkham Usmanov, Sherzod
Qodirov, Jasur Makhmayorov, and Murodjon Samadiy, IOP Conference Series: Earth
and Environmental Science, 1204, 1 (2023)



