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Abstract

Potash ore beneficiation is a crucial process in the extraction and purification of
potassium compounds, particularly potassium chloride (KCI), which is vital for
fertilizer production. The beneficiation of potash ores, primarily composed of silvinite
(KCI + NaCl), requires a systematic approach to separate the valuable sylvite from
associated gangue minerals, primarily halite. This thesis presents a comprehensive
overview of the sequential stages involved in potash ore beneficiation, including
crushing and grinding, desliming, flotation, dewatering, and drying. Each stage is
optimized based on ore mineralogy, particle size distribution, reagent chemistry, and
environmental conditions. Emphasis is placed on flotation, the most efficient
separation method, along with supportive techniques such as selective crystallization
and brine recycling. The thesis also explores advancements in process automation and
control technologies. The outlined beneficiation stages provide a framework for
enhancing recovery, improving product purity, and reducing environmental impact in
potash processing operations.
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AHHOTaLUA

OOorarenue KaTUWHON PYJIbI SBISACTCS BAXKHEHIIIMM TPOILIECCOM B U3BJICUCHUU U
OUYMCTKE COCMHEHUN Kains, B yacTHOCTH xJyopua kams (KCl), KoTopslii )KU3HEHHO
BOXKEH JIJI1 MPOU3BOJCTBA yaoOpeHuit. OOoraiieHue KaJuWHBIX PyJ, B OCHOBHOM
cocroamux u3 cunbBuHUTa (KCl + NaCl), Tpebyer cucreMHoro mnoaxona ajis
OTAEJIEHUS LIEHHOTO CWJIbBHHA OT COIYTCTBYIOIIMX MUHEPAIOB IIyCTOW NOPOIBI, B
NepBYyIO ouepeb ranurta. B qanHol nuccepranuu mpeacTaBieH BCECTOPOHHUN 0030p
IIOCJIE€EA0OBATCIIbHBIX CT&I[PIIZ, BOBJICUCHHBIX B O6OF3H1€HI/IC KaJIMMHOU PYAbI, BKIIXO4Yas
npoOjieHne W H3MeIbUeHHe, oOecluIaMiauBaHue, GaoTaluoo, 00e3BOKHUBAHHE U
cymky. Kaxnas cragus ONTHMM3MpOBaHA HA OCHOBE MMHEPAJIOTHMU PYIBI,
pacnpeieNieHus pa3MEPOB YaCTULL, XUMHUHU PEATCHTOB U YCIOBUM OKPYKAIOIIEH CPEIBL.
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Ocoboe BHHMaHHWE ynaensercs QuoTtanuu, HaumOomee d(OPEKTUBHOMY METOMY

pa3/ielieHusi, a TakKe BCIOMOTAaTEeNbHBIM METO/IaM, TaKUM KaK CEJIeKTUBHAas
KpUCTaJUIA3AMs U PEHUPKYJIIALMS paccoiia. B nuccepraimm Takke paccMaTpUBaIOTCS
JOCTHKEHUS B OO0JACTH aBTOMATH3AIlMM TPOILIECCOB M TEXHOJOTHM YIPaBIICHHUS.
OmnucanHple CcTaAuM oOOOramieHuss O0O0ECIEeYMBAIOT OCHOBY JJIA  TOBBIIICHHUS
U3BJICUCHUS, VYJIYUIICHWs YUCTOThI TPOJYKTa U CHIDKCHHUS BO3JEHCTBUSA Ha
OKPY’KalOIIyI0 Cpely MpH nepepadoTKe KaTuWHbBIX PY/I.

KarwueBsbie ciaoBa. Kanuiinas pyna, oOoramieHue, CWIbBUH, TajiuT, QuoTaius,
obecluIaMIIMBaHUE, XJIOPUCTBIN KaTui, mepepadoTKa MOJIE3HBIX UCKOMAEMbIX, METO/IbI
pazeyieHusl.

Introduction. The global demand for potassium-based fertilizers continues to rise
due to the intensification of agriculture and the need for sustainable food production.
Potash ores, particularly those containing sylvite (KCI), serve as a primary raw material
in the production of potassium fertilizers. However, the extraction of potassium from
naturally occurring ores such as silvinite is not straightforward, as these minerals are
often found as fine-grained intergrowths with halite (NaCl) and insoluble impurities.
Therefore, an efficient beneficiation process is essential to isolate the potassium
component and produce high-purity potassium chloride suitable for agricultural use.

In this context, the beneficiation of potash ore refers to a series of physical and
chemical processes designed to increase the concentration of sylvite while minimizing
losses and environmental degradation. The stages of beneficiation must be tailored to
the specific characteristics of the ore body, including its mineral composition, grain
size distribution, and the presence of clay or carbonate impurities. The principal goal
Is to maximize KCI recovery and concentrate grade while maintaining operational
efficiency.

This thesis examines the critical stages of the potash ore beneficiation process, focusing
on the technical, environmental, and economic considerations at each phase. It
integrates industrial practices with recent scientific advancements to outline a modern,
efficient beneficiation framework.

Main part. The potash ore beneficiation process comprises several interdependent
stages, each contributing to the final quality and yield of the potassium chloride
product. The primary stages include:
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1.  Comminution (Crushing and Grinding): The initial step involves reducing the
ore to a manageable size to liberate sylvite crystals from the halite matrix. Jaw crushers
and rod mills are commonly used. The target size range is usually below 1 mm to ensure
adequate mineral liberation for subsequent flotation.

2. Desliming and Classification: After grinding, the slurry undergoes desliming to
remove fine clays and insoluble particles that could interfere with flotation.
Hydrocyclones or spiral classifiers are used to separate the coarse and fine fractions.
Efficient desliming improves flotation selectivity and reduces reagent consumption.
3. Flotation Separation: Flotation is the key stage in potash beneficiation. In this
step, sylvite is floated while halite is suppressed using depressants such as starch,
tannins, or polyacrylamides. Cationic amine-based collectors are used to selectively
attach to sylvite surfaces. The flotation is conducted in saturated brine to prevent salt
dissolution, which could otherwise reduce recovery.

4. Reagent Control and Optimization: The performance of flotation is highly
dependent on pH, reagent dosage, and temperature. Recent innovations include the use
of modified collectors, frothers, and real-time process monitoring using pH sensors and
online analyzers. These allow for dynamic optimization of flotation circuits.

5. Dewatering and Filtration: The flotation concentrate is then thickened and
filtered to reduce moisture content. Belt filters, centrifuges, or vacuum disc filters are
typically used. Recovered brine is recycled to reduce water consumption and minimize
environmental discharge.

6. Drying and Product Handling: The final stage involves thermal drying of the
filtered concentrate to reduce residual moisture to acceptable levels for packaging and
transportation. Fluidized bed dryers or rotary dryers are commonly employed.

7. Environmental Considerations and Waste Management: Modern
beneficiation plants implement closed-loop water systems and dry tailings disposal to
minimize environmental impact. The use of energy-efficient equipment and
environmentally benign reagents is increasingly prioritized.

These stages form an integrated system aimed at maximizing KCI recovery while
optimizing energy usage, water recycling, and minimizing environmental footprint.
Additionally, digitization and machine learning models are being gradually
incorporated for process automation, further enhancing efficiency and consistency.

Conclusion. The beneficiation of potash ore is a complex but essential process in the
global fertilizer industry. Understanding and optimizing each stage of the process—
from crushing to flotation, and from dewatering to drying—is vital to achieve high
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recovery rates and product purity. This thesis has outlined the main steps involved in
the beneficiation of silvinite-type potash ore, emphasizing the central role of flotation
as well as the importance of supportive steps like desliming and drying.
Technological improvements such as the use of high-efficiency collectors, closed water
circuits, and process automation are enhancing the sustainability and profitability of
potash production. By implementing integrated process control and predictive
maintenance tools, beneficiation plants can achieve greater operational stability and
lower environmental impact.

Ultimately, a well-structured beneficiation process contributes not only to the
economic viability of potash mining operations but also to national goals of agricultural
self-sufficiency and resource efficiency. Continued research and innovation in this area
are essential to meet the challenges of future food production and sustainable resource
utilization.
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