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Abstract 

Potassium hydroxide (KOH) is a critical industrial chemical used in various sectors, 

including agriculture, pharmaceuticals, and chemical manufacturing. The Garlyk Potash 

Mining and Processing Complex in Turkmenistan is a significant producer of potassium 

chloride (KCl) fertilizer. This paper explores the potential for converting KCl produced 

at the complex into KOH, evaluating the technical, economic, and environmental 

feasibility of such a process. The study also highlights global trends in KOH production, 

potential market demands, and the role of KOH in emerging industries. 

Introduction 

Potassium chloride (KCl) serves as a primary source of potassium in the agricultural 

sector. However, potassium hydroxide (KOH) offers broader industrial applications, 

making its production from KCl an attractive prospect. The Garlyk Potash Mining and 

Processing Complex, one of the largest producers of KCl in the region, provides an 

opportunity to establish a vertically integrated production line for KOH. This article 

investigates the methods for converting KCl to KOH and assesses the potential benefits 

for the Garlyk complex and Turkmenistan's economy. 

KOH is widely used in manufacturing soaps, detergents, and as an electrolyte in alkaline 

batteries. Additionally, it plays a crucial role in biodiesel production and the chemical 

synthesis of potassium-based compounds. The increasing global demand for KOH, 

driven by expanding industrial applications, underscores the importance of exploring 

local production opportunities. 
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Methods of Obtaining KOH from KCl 

The conversion of KCl to KOH typically involves electrolysis, which separates 

potassium and chlorine ions in an aqueous solution. The primary methods include: 

1. Electrolysis of KCl Brine: 
o Involves dissolving KCl in water to form a brine solution. 

o Electrolysis of the brine yields KOH, chlorine gas (Cl2), and hydrogen gas 

(H2). 

o Membrane and diaphragm cell technologies are commonly used to 

optimize the separation process. 

o Membrane cells are preferred due to higher efficiency and lower energy 

consumption compared to diaphragm cells. 

2. Thermochemical Conversion: 

o KCl reacts with calcium hydroxide (Ca(OH)2) under specific conditions to 

produce KOH and calcium chloride (CaCl2). 

o This method is less energy-intensive but may yield lower purity KOH. 

o The by-product, calcium chloride, can be repurposed for de-icing, road 

stabilization, and dust control, adding additional value. 

3. Alternative Approaches: 

o Investigations into innovative catalytic processes and ion-exchange 

techniques are ongoing, though not widely implemented at an industrial 

scale. 

o Research suggests that ion-exchange membranes could significantly 

improve production efficiency while reducing waste. 
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Economic and Environmental Analysis 

Establishing KOH production at the Garlyk complex offers several advantages: 

 Economic Benefits: 
o Reduces dependence on imported KOH. 

o Adds value to the existing KCl production line. 

o Creates job opportunities and stimulates local economies. 

o Opens up export possibilities for surplus KOH, contributing to national 

income. 

 Environmental Considerations: 
o By-product chlorine can be utilized in other chemical processes, 

minimizing waste. 

o Proper management of effluents and emissions ensures compliance with 

environmental standards. 

o Adoption of green technologies in electrolysis can further reduce the 

environmental footprint of KOH production. 

Case Studies and Global Perspectives 

Countries such as Germany, China, and the United States have successfully integrated 

KOH production into their potash mining operations, creating highly efficient supply 

chains. Lessons from these nations can provide valuable insights for implementing 

similar strategies in Turkmenistan. Additionally, market research indicates a rising 

demand for KOH in Southeast Asia and Africa, presenting potential export 

opportunities. 

Conclusion 

The potential for producing potassium hydroxide from potassium chloride at the Garlyk 

Potash Mining and Processing Complex presents significant economic and industrial 

opportunities. By leveraging advanced electrolysis and thermochemical methods, the 

complex can diversify its product offerings and contribute to the sustainable industrial 

growth of Turkmenistan. Further research and feasibility studies are essential to fully 

realize these benefits and implement the necessary infrastructure. 
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