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Abstract 

As a significant bulk solid waste, the emission and accumulation of red mud have been increasing 

annually, severely damaging the ecological environment and posing safety hazards. With the 

growing scarcity of high-quality aluminum resources, red mud has gradually attracted 

attention due to its richness in various valuable metals such as aluminum (Al) and iron 

(Fe). In response to the challenges posed by the scale of Bayer red mud disposal and the 

potassium deficiency in China's soil, the Northeastern University Special Metallurgy 

Innovation Team has proposed a novel process for preparing mineral silica-potassium 

fertilizer through a one-step hydrothermal leaching of red mud within a calcareous-

potassium alkali system. This process involves leaching red mud with potassium 

hydroxide (KOH), which not only extracts alumina but also replaces the harmful sodium 

element in red mud. Consequently, hydrated sodium silicoaluminate in red mud is 

transformed into potassium silicoaluminate. The resulting transformed slag can be 

utilized to produce mineral silica-potassium fertilizer, thereby promoting crop growth. 

This paper aims to achieve sustainable red mud production through KOH hydrothermal 

leaching by investigating the effects of mixed solutions with varying sodium and 

potassium ratios on the preparation of silica-potassium mineral fertilizers, facilitating 

synergistic sodium removal and aluminum extraction. This research provides a new 

reference for the realization of cross-boundary resource recycling in the context of 

"Aluminum-Agriculture," addressing the issues of red mud accumulation and alleviating 

the pressure on the scarcity of aluminum resources and potash fertilizers, thereby 

enhancing the core competitiveness of China's alumina enterprises. 

Keywords: Red mud, Hydrothermal leaching, Total quantitative elimination, Mineral silica-

potash fertilizer. 

1. Introduction

Currently, the industrial production of alumina predominantly uses the Bayer method and the 

sintering method, as illustrated in Figure 1 below. The Bayer method is optimal for high-grade 

bauxite ores with an Al2O3/SiO2 ratio ranging from 7 to 10, whereas the sintering process is 

applicable to bauxite ores with an Al2O3/SiO2 ratio between 3 and 6. Notably, the energy 

consumption of the sintering process is significantly higher, requiring approximately 30 GJ to 

produce one tonne of alumina, which is 2.5 times greater than that of the Bayer process [1]. 

Furthermore, the Bayer method accounts for over 90 % of global alumina production [2]. In 2022, 

China's alumina production capacity exceeded 99.5 million tonnes, with an actual output reaching 
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79.76 million tonnes, representing 58.2 % of the total global output, thereby establishing it as a 

pillar industry within China's metallurgical sector. 

 

 
Figure 1. Bayer's and sintering process flow sheet [1]. 

 

The production of 1 tonne of alumina via the Bayer method generates between 0.6 and 

2.0 tonnes of red mud, resulting in a global stockpile of red mud that has surpassed 5 

billion tonnes and continues to increase at an alarming rate of nearly 200 million tonnes 

per year. In China alone, the red mud stockpile has exceeded 1.2 billion tonnes [3]. Due 

to its complex composition, large specific surface area, and strong alkalinity, finding 

large-scale applications for red mud has proven to be challenging [4]. Current utilization 

of red mud can be categorized into several areas, as illustrated in Figure 2: (1) 

construction materials, including the preparation of cement, ceramics, or road base 

materials [5–7]; (2) metal recycling, focusing on the recovery of iron, titanium, 

aluminum, or rare earth elements [1, 8]; (3) the production of environmentally friendly 

chemical materials, such as modified adsorbents, desulfurizers, or molecular sieves [9]; 

and (4) agricultural applications, particularly in the formulation of soil conditioners. 

However, due to the high alkalinity of red mud and issues related to the stability of heavy 

metals, most of these processes remain in the experimental research phase. The global 

comprehensive utilization rate of bauxite slag is approximately 15 %, while in China, it 

is less than 5 %. 
 

 
Figure 2. Summary of existing methods and routes for utilizing red mud. 

 

Currently, the predominant method for treating red mud remains stacking and damming, 

which not only increases costs but also creates significant environmental safety hazards. 

Red mud pollutants have the potential to seep into both surface water and groundwater, 
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Figure 7. XRD results of transformation products with different Ca-Si ratios 

at Na2O/K2O molar ratio = 0.206. 

 

4. Conclusion 

 

To achieve sustainable production of silica-potassium mineral fertilizer through hydrothermal 

leaching of red mud with KOH, it is essential to recycle the leaching solution. This study 

investigates the impact of mixed solutions with varying sodium-potassium ratios on the 

synergistic desodiumization and alumina extraction from red mud for the preparation of silica-

potassium mineral fertilizer. The findings indicate that sodium atoms in the slag phase of the 

hydrothermal leaching process are released into the KOH solution as Na+, with the sodium content 

in the leachate being a critical factor affecting recycling efficiency. When the molar ratio of  Na2O 

to K2O in the sodium-potassium mixed solution is 0.206, the mass fraction of Na2O in the 

transformed slag obtained from hydrothermal leaching of red mud at 260 °C for 1 hour is 0.44 %. 

The primary equilibrium mineral phase of the product shifts from hydrated sodium silica-

aluminate to potassium silica-aluminate and partially hydrated garnet, with Na2O, K2O, and SiO2 

contents recorded at 0.44 %, 11.86 %, and 22.26 %, respectively. Furthermore, the mineral-based 

silicon and potassium fertilizer can be enhanced with organic matter to meet plant growth 

requirements. This process does not produce secondary pollution, offering a novel reference 

scheme for addressing the red mud accumulation issue and promoting sustainable clean alumina 

production. 
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