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Abstract

This article presents a scientific analysis of the technological and economic aspects of
potassium sulfate (K2SO4) production based on locally available mineral raw materials in
Uzbekistan. The study examines the types of potassium-bearing raw materials, their processing
technologies, production efficiency, and key economic performance indicators. The results
demonstrate that the utilization of local resources enables import substitution, reduces production
costs, and ensures a stable supply of essential mineral fertilizers for agricultural use.
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TEXHOJIOI'MYECKHUE U DKOHOMUWYECKUE IPEUMYUHIECTBA
IMPOU3BOJCTBA CYJb®ATA KAJIUA HA OCHOBE MECTHOI'O CbIPbA
Y3BEKUCTAHA

AHHOTAtSif

B nanHOW cTarbe Ha Hay4yHOW OCHOBE IPOAHAIU3UPOBAHBI TEXHOJOTHYECKUE U
OKOHOMHYECKHE acCIeKThl mpou3BojcTBa cyibdara kamus (K:SOs) Ha ocHOBE MeECTHOTO
MUHEPAJIBLHOTO CBIPhS, HMeEIolerocss Ha TeppuTopun PecnyOnuku VY3b6ekucran. B xone
WCCJICIOBAHMSI PACCMOTPEHBI BUIBI KaTHICOACPKAIIETO CHIPhs, TEXHOJIOTUN MX NepepaboTKH,
POU3BOJICTBCHHAsT 3()D(PEKTUBHOCTD, a TaK)KEe MOKA3aTEeM SKOHOMHUYECKOH I11e1ecO00Pa3HOCTH.
[TosrydeHHbIE pe3yabTaThl MOKA3BIBAIOT, YTO HCIOJB30BAHUE MECTHBIX PECYpPCOB IO3BOJISICT
00eCreynTh HMMIIOPTO3aMEIICHUE, CHU3UTh CEOECTOMMOCTh TPOM3BOJICTBA M CO37aTh
YCTOHYHMBYIO CHUCTEMY OOECHEYEeHHSI CEJIbCKOTO XO3SMCTBAa BaXXHBIMH MUHEPATbHBIMU
yI0OpEeHUsIMHU.

KuroueBsble ciioBa
cynb(haT Kalus, MECTHOE ChIPhE, MHHEPAIbHBIE yIOOpPEHUS, TEXHOJIOTHUSCKUN MPOIIeCe,
SKOHOMUYECKast YPPEKTUBHOCTD.

Introduction: Potassium sulfate is an important mineral fertilizer widely used in
agriculture, particularly valued for its low chloride content. It plays a crucial role in the
cultivation of fruit and vegetable crops, cotton, and industrial crops. At present, the demand for
potassium fertilizers in Uzbekistan’s agriculture is steadily increasing. However, a significant
portion of potassium sulfate consumed is still covered by imports.
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Uzbekistan possesses potassium-rich salts, mirabilite, langbeinite, and other sulfate mineral
resources, which can be processed to produce potassium sulfate. Utilizing local raw materials is
not only technologically feasible but also economically and strategically important.

Literature Review: Scientific studies on the production and application of potassium
sulfate (K2SOs) primarily focus on its agronomic efficiency, production technologies, as well as
economic and environmental aspects. Research results indicate that potassium sulfate, as a low-
chloride fertilizer, is preferable to potassium chloride for crops sensitive to salinity [1,2].

In international literature, the Mannheim process is widely described as a major industrial
method for producing potassium sulfate, in which potassium chloride reacts with sulfuric acid.
However, due to the high temperatures and significant energy consumption involved, many
researchers have focused on developing alternative, lower-energy methods [3].

In recent years, technologies for obtaining potassium sulfate from natural potassium-
magnesium and sulfate-containing mineral raw materials have emerged as a distinct field of
research. Studies have shown that processing minerals such as langbeinite (K2SO4-:2MgSO4) and
similar compounds using selective crystallization achieves high product yield with relatively low
environmental impact [4,5].

Research conducted by scientists from the Commonwealth of Independent States (CIS) has
demonstrated that producing potassium sulfate from local potassium-magnesium deposits is
economically efficient. In particular, reduced costs for raw material extraction and transportation
have a direct positive effect on production costs [6].

Uzbek scientists have highlighted the complex processing of local mineral resources, as
well as the production of mineral fertilizers from salt deposits and sulfate-containing raw
materials [7,8]. Nevertheless, the analysis of existing studies indicates that the technological and
economic advantages of producing potassium sulfate specifically from local raw materials have
not been systematically and comprehensively addressed.

This study aims to fill this scientific gap by evaluating, on a scientific basis, the
technological and economic advantages of producing potassium sulfate from local raw materials
in Uzbekistan. The main objective of this research is to analyze the technological processes of
potassium sulfate production under Uzbekistan’s conditions and to assess their economic
benefits scientifically.

Materials and Methods: In this study, potassium- and sulfate-containing mineral raw
materials found in Uzbekistan - including potassium-magnesium salts, mirabilite, gypsum, and
other minerals - were selected as the primary research objects. The evaluation of production
technologies was carried out using the following methods:

e Analysis of the chemical and mineralogical composition of local raw materials;

o Comparative assessment of existing industrial technologies for potassium sulfate production,
including sulfatization, ion-exchange, and crystallization;

o Calculation of the energy consumption and material balance of technological processes;

e Economic evaluation, including determination of production cost, capital and operational
expenditures, and profitability indicators.

The data analysis was based on publicly available scientific sources, industry statistics, and
technical-economic calculations [9]. In this study, potassium- and sulfate-containing minerals
from Uzbekistan were selected as the main raw materials.

Table 1.
Mineral Raw Materials Studied and Their Characteristics
Type of Mineral Main Problematic Features Impact on Technology
Raw Material Components (Heterogeneity)
Potassium- K+, Mg*, CI, High Mg*" and CI- Complicates separation;
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magnesium salts SO+~ content additional purification
required

Mirabilite NSO 1010 High moisture, mixed Increases evaporation
phases energy

Gypsum CaS04-2H20 Carbonate and silicate Reduces reactivity
impurities

Ot‘her sulfate SO+*-based salts Vanable; mlneral Affects process stability

minerals composition

Model calculations were based on the average chemical composition of raw materials and
the assumed process yields. However, the high heterogeneity of the raw materials—such as
elevated Mg* and CI” ions in potassium-magnesium salts, moisture and mixed phases in
mirabilite and gypsum deposits, and the presence of carbonate and silicate components - can lead
to significant deviations under real industrial conditions [10].

The evaluation of production technologies was carried out using the following approaches:

o Sulfatization: Characterized by a low production cost, but the separation of by-products
was not fully reflected in the model; additional filtration and precipitation may be required.

o lon-exchange: A technology with high yield and low energy consumption; however,
chemical degradation of resins and waste generation during regeneration were considered
[11,12].

e Crystallization: Equipment design is simple and relatively insensitive to raw material
composition, but the evaporation stage is highly energy-intensive.

Energy consumption was calculated only for the main technological processes; in actual
production, stages such as neutralization of waste solutions, water recycling, and drying of
residues can significantly affect the overall energy balance.

Table 2.
Comparative Analysis of Potassium Sulfate Production Technologies
Technology Advantages Disadvantages El}ergy
type requirement
. By-products require
Sulfatization 1{;(1):;5 g?dgicgo?ectzitfmom separation; additional Medium
y simp & | filtration needed
Resin degradation; waste
Ion-Exchange | High yield, energy-efficient | generation during Low
regeneration
Simple equipment, less . o
Crystallization | sensitive to raw material Evaporqtlon stage 1s highly High
i energy-intensive
composition

The economic assessment in the model assumes stable prices for raw materials and energy.
However, under real conditions, price fluctuations, dependence on imported reagents, and
logistical constraints must be taken into account.

This approach highlights the necessity of critically considering raw material variability,
process stability, and environmental constraints when selecting a technology for potassium
sulfate production based on local raw materials.

Results: The study results indicate that potassium sulfate production based on local raw
materials in Uzbekistan is technologically feasible. In particular, processing potassium-
magnesium salts via the sulfatization method was found to be highly efficient [13].

Technological analysis revealed the following:
 Utilizing local raw materials significantly reduces logistics costs;
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e Energy consumption in production is 10-15% lower compared to technologies based on
imported raw materials;

e The yield of potassium sulfate can reach approximately 85-90%.
Economic analysis showed that:

o The production cost of potassium sulfate from local raw materials is lower than that of

imported products;

o Substituting imports can save foreign currency;
e Local production contributes to the creation of new jobs and the development of regional

industry.

Table 3.

Comparison of Logistics and Energy Consumption for Technologies Based on Imported
and Local Raw Materials

Technology Based on
Technology Based on .
Parameter Imported Raw . Difference
. Local Raw Materials
Materials
Raw material transport 1500-3000 100-300 5-10 times
distance, km shorter
Logistics cost, $/t product 40-50 10-15 1 65-75 %
Energy consumption, GJ/t B Cico
K.SOn 7.5 6.4-6.7 1 10-15%
Energy cost, $/t 75 63-67 181283
Table 4.

Generalized Technological and Economic Indicators of Potassium Sulfate Production
Based on Sulfatization of Potassium-Magnesium Salts

Assessment Area Key Indicator Value Overa.l !
Evaluation
. . K—Mg salts Stable and
Raw Material Base | Type of raw material (local) available
Technology Processing method Sulfatization Industrially reliable
Yield, % 85-90 High efficiency
Raw material consumption, t/t
K,SO. 1.15-1.25 Standard
Additional stages Flltrgt{on,' Tpchnologwally
precipitation simple
Ecqnomlc Product cost, $/t 232 Competitive
Indicators
Cost of imported product, $/t 370 High
Cost difference, $/t ~138 ~37% lower
Macroeconomic Import substitution, thousand t/y | 100 S'tra‘Fegwally
Impact significant
Foreign currency savings, 13-14 Positive
$ min/y
New jobs created 80—120 Social benefits
Overall Evaluation | Economic efficiency Positive Sustamg@e
profitability

The generalized data presented in Table 4 indicate that processing local potassium-
magnesium salts in Uzbekistan via the sulfatization method is both technologically and
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economically feasible. The technology has been tested in industrial practice and ensures a
potassium sulfate yield of 85-90%, demonstrating the high efficiency of the process.

Economic analysis shows that potassium sulfate produced from local raw materials has a
production cost of $232/t, which is approximately 37% lower than that of imported products.
This difference is primarily explained by the significant reduction in raw material and logistics
costs.

Furthermore, under production conditions of 100,000 tons per year, foreign currency savings of
$13—14 million can be achieved, and 80—120 new jobs can be created. This highlights the not
only economic but also social significance of this technology.

Overall, the results of the generalized table confirm that potassium sulfate production based on
local raw materials is an import-substituting, competitive, and sustainably profitable technology.

Discussion: The results of this study indicate that the production of potassium sulfate from
locally available potassium-magnesium raw materials in Uzbekistan is technologically feasible.
In particular, processing potassium-magnesium salts via the sulfatization method demonstrates
high efficiency and is considered a reliable technology in industrial practice.

According to the data in Table 3, the use of local raw materials significantly reduces the
raw material transport distance and lowers logistics costs by 65-75%. At the same time, energy
consumption is 10-15% lower compared to technologies based on imported raw materials,
thereby enhancing the energy efficiency of the process.

The generalized indicators presented in Table 4 show that the potassium sulfate yield in the
sulfatization process is approximately 85-90%. The raw material consumption of 1.15-1.25 t/t
K2SOs4 confirms that the technology is both normative and economically feasible. A product cost
of $232/t indicates that locally produced potassium sulfate is approximately 37% cheaper than
imported products.

From a macroeconomic perspective, an annual production of 100,000 tons of potassium
sulfate could save $13—14 million in foreign currency. Moreover, establishing local production
would create 80—120 new jobs, positively impacting regional industrial development.

Overall, the results confirm that potassium sulfate production based on local raw materials
is an import-substituting, energy-efficient, and economically viable solution.

Conclusion: The production of potassium sulfate based on locally available mineral raw
materials in Uzbekistan is both technologically and economically efficient. The study results
demonstrate that this approach is of significant importance for supplying agriculture with high-
quality mineral fertilizers, substituting imports, and enhancing the stability of the national
economy.

Future work should focus on improving these technologies, implementing them at an industrial
scale, and enhancing their environmental sustainability through additional scientific research.
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