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Abstract 

The chemical composition and mineral composition of low grade refractory bauxite were studied 

in this research. The experimental study on the alumina production from low grade bauxite were 

carried out by Bayer process, chemical desilication of calcination process, (Bayer-Sintering) 

series process and wet series process, respectively. Under the conditions of temperature 270 °C, 

75 min digested time and lime content of 10 %, red mud of bauxite was digested by Bayer method 

with A/S 1.16, and N/S 0.52, alumina digestion efficiency rate can reach 75.25 %. Under the 

conditions of calcination temperature 950 °C and 60 min calcination time, the A/S of deposition 

bauxite and bulk bauxite concentrates can exceed 9 after chemical desilication process, but the 

digestibility of concentrate is poor. As to the Bayer-digestion of red mud from low grade 

refractory bauxite using series process, the standard digestion efficiency of alumina and sodium 

oxide in clinker are 77.58 %, 92.87 %, respectively. When using wet series process, the A/S of red 

mud and sodium-silicon ratio N/S can reach 0.64 and 0.04, respectively. Besides, the total 

digestion efficiency of alumina can reach 86.35 %. 
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1. Introduction

A low-grade refractory bauxite, with lower alumina content and higher carbonate and organic 

carbon content, is difficult for alumina production [1-3]. The exploratory experimental study on 

the feasibility of alumina production were conducted, using Bayer process, chemical desilication 

of calcination process, (Bayer-Sintering) series process and wet series process[4-6]. 

2. Raw Materials Test

2.1. Bauxite

The chemical composition and mineral composition of low grade refractory bauxite are shown in 

Table 1 and Table 2. 

It can be seen from Table 1 that the content of Al2O3, SiO2, Fe2O3 and A/S in low grade refractory 

bauxite are 39.98%, 8.52%, 27.71% and 4.69 respectively. Compared with diasporic bauxite in 

other parts of China, total carbon and organic carbon content in bauxite are higher: total carbon 

content is 0.98%, and organic carbon content is 0.27%. 

Table 1. Chemical composition of low grade refractory bauxite, %. 

Al2O3 SiO2 Fe2O3 TiO2 K2O Na2O CaO MgO 

39.98 8.52 27.71 6.06 0.014 0.021 3.43 0.037 

P2O5 V Ga LOI Ctotal Corganic Stotal A/S 

0.17 0.062 0.0041 13.45 0.98 0.27 0.039 4.69 
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Table 2. Mineral composition of low grade refractory bauxite, %. 

diasporic  boehmite  kaolinite hematite calcite anatase rutile 

38.5 / 18.5 27.5 6 4 2 

 

From Table 2, it can be seen that the main aluminium-bearing mineral of bauxite is diaspora 

bauxite; the siliceous mineral mainly exists in the form of kaolinite; the main iron-bearing mineral 

is hematite; the main titanium-bearing minerals are anatase and rutile, and a small amount of 

calcite.  

 

In summary, the bauxite is a low-grade diasporic bauxite with high iron, high carbon and kaolinite 

content. 

 

2.2. Liquor 

 

The cycling liquor used in the test is synthetic sodium aluminate solution, whose main chemical 

compositions are shown in Table 3. In general, mother liquor 1# is used in the digested test in this 

research; the mother liquor is used in the wet series process to deal with Bayer red mud.  

 

Table 3. Chemical constituents of cycling liquor for test. 

Number 
Na2OT 

g/L 

Al2O3 

g/L 

Na2Ok 

g/L 
αk 

1# 258.84 133.8 244 3.0 

2# 203.45 11.39 200 28.88 

 

2.3. Lime 

 

Lime is obtained from one production site of an enterprise, in which the reactive CaO is 89.24% 

and the total CaO is 91.13%. 

 

3. Test Methods 

 

3.1. Digestion Test   

 

Bauxite digested test was carried out in molten salt steel elastic stripper. Based on the ratios of 

aluminium to silicon in red mud and bauxite, the alumina digestion efficiency is calculated. 

Detailed formulas are as follows [7]. Digestion efficiency of alumina:  

 

 𝜂𝐴 =
(𝐴/𝑆)𝑚𝑖𝑛𝑒−(𝐴/𝑆)𝑚𝑢𝑑

(𝐴/𝑆)𝑚𝑖𝑛𝑒
× 100  (1) 

 

where: 

(A/S)mine  mass ratio of Al2O3 to SiO2 in mine 

(A/S) mud  mass ratio of Al2O3 to SiO2 in red mud 

 

3.2. Calcinated-Chemical Desilication Test of Bauxite   

  

According to a certain proportion of ingredients, calcinated bauxite and sodium hydroxide 

solution were added to the steel bullet in oil bath, and the alkali leaching desilication test was 

carried out in the steel bullet stripper heated by oil bath. 
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0.05 and the digestion efficiency of alumina is 85.93 % when the temperature is 240 °C. The A/S 

ratio is 0.64, the N/S ratio is 0.05 and the digestion efficiency of alumina is 86.35 % when the 

temperature is 250 °C. 

 

5. Conclusion 

 

The content of alumina in low grade bauxite is 39.88 %, the silica is 8.52 %, the iron oxide is 

27.71 %, and the A/S ratio in low grade bauxite is 4.69. 

 

The main aluminum containing mineral in low grade bauxite is diaspora bauxite, the silica 

containing minerals is kaolinite, the iron containing minerals is hematite and the titanium 

containing minerals is anatase and rutile. A small account of calcite is also contained. The bauxite 

is the low grade diaspore bauxite with high iron, high carbon and kaolinite content. 

 

The A/S ratio and N/S ratio in red mud are 1.16 and 0.52, the digestion efficiency of alumina is 

75.25 %, the relative digestion efficiency is 95.65 % at temperature of 270 °C, with digestion time 

75 min and lime addition amount 10%. 

 

The A/S in the concentrate after chemical desilication can exceed 9 when the calcination 

temperature is 950 °C and the calcination time is 60 min, but the digestibility of the concentrate is 

poor. 

 

The standard digestion efficiency of alumina and sodium in the sinter are 77.58 % and 92.87 % 

when the red mud produced by low grade bauxite in Bayer process is treated by series process. 

 

The A/S in the red mud is 0.64, the N/S ratio is 0.04 and the digestion efficiency of alumina is 

86.35 % when the red mud produced by low grade bauxite in Bayer process is treated by wet 

series process. 

 

The series or wet series process has obvious advantages over the other two technical routes, 

according to the key technical indexes such as the digestion rate of alumina and the A/S ratio and 

N/S ratio of the red mud. But in order to select the appropriate technological route for alumina 

production from the low grade bauxite, further detailed technical and economic analysis are 

needed.  

 

6. Reference 

 

1. Zhang Shuo, Zhang Kaixi, Diao Chaolei, Ge Yangyang, Cao Yueming. Experimental 

study on iron reduction and desilication of low A/S ratio bauxite of Shandong [J]. 

Chinese mining. 2018,27(06):117-120. 

2. Ma Keyou, Li Xiaole, Wang Hongwei. Effect of A/S ratio on technical and economic 

indexes of Bayer process of low grade bauxite [J]. Non-ferrous metals (Smelting). 

2016(06):47-49. 

3. Han Yang, Deng Jun, Zhang Guangxu. Study on desilication of low grade bauxite [J]. 

Light Metals. 2017(02):1-6+37. 

4. Chen Bin, Xiao li, Tang Xianmin. Bayer process of mid-low grade bauxite in Guizhou 

[J]. Journal of central south university (natural science). 2014,45(05):1397-1402. 

5. Chen Yanxin, Liu Peiyu, Zhao Bo, Liu Xijun. Alkali leaching desilication test of high 

silicon bauxite suspended roasted clinker [J]. Light Metals. 2017(11):19-24. 

6. Liu Jianxin. Discussion on suitable alumina process for the characteristics of bauxite in 

China [J]. Light Metals. 2010(10):13-16. 

7. Shiwen B., Haiyan Y. 2006. Alumina production technology. Beijing: Chemical Industry 

Press.  



TRAVAUX 48, Proceedings of the 37th International ICSOBA Conference and 

XXV Conference «Aluminium of Siberia», Krasnoyarsk, Russia, 16 – 20 September, 2019 
 

 

467 

 

8. Xie Zhenshan, Li Junqi, Chen Chaotie, Lan Yuanpei. Study on roasting desilication of 

medium - low grade high sulfur bauxite [J]. Non-ferrous metals (Smelting). 

2018(07):13-16. 

9. Ren Zhen. A simple discussion on roasting pre-desilication and desulfurization [J]. 

World nonferrous metals. 2017(24):226-227. 

10. Li Laishi, Liu Yingying, Zhang Shuai. Comparison of alumina process by series bauxite 

process and Bayer process [J]. Light Metals. 2013(08):16-19. 

11. Lu Zhengyang. The series process of producing alumina from low grade bauxite [J]. 

Light Metals. 2004(02):37.  

 

  


	EDITIONS DE L’ICSOBA
	Past events of ICSOBA
	Foreword
	Welcome note from Viktor Mann
	Table of Contents
	KEYNOTE SESSION
	KN01 - UC RUSAL Technology and Product Development
	KN02 - The Use of Aluminium in Automotive Industry
	KN03 - Opportunities and Challenges of Indian Aluminium Industry
	KN04 - Historical Development of the Largest Aluminium Smelter in the Middle East
	KN05 - Prebaked Anode Market and Production Overview in China
	KN06 - Current Situation of Alumina Industry in China and its Technical Demand
	KN07 - REGAL: A Successful Model of Collaboration for Innovation between University and Aluminium Industry
	KN08 - An Overview of the Bauxite, Alumina and Aluminium Markets and their Costs
	BAUXITE SESSION
	BX01 - The Quality of Bauxites from Bosnia & Herzegovina and Montenegro Processed by the Alumina DOO Zvornik between 2014 and 2018
	BX02 - Development of Technology for Carbonate Removal from North Urals Bauxite at RUSAL Krasnoturyinsk
	BX03 - Reducing Reactive Silica Content in Washed Bauxite
	BX04 - Concentration Machinery and Equipment in Alumina Refining
	BX05 - Development of a Probabilistic Model for Water Management  on a Bauxite Mining Site
	BX06 - Development of Business Intelligence Reports for KPI Management  on a Bauxite Mine
	BX07 - Biodiversity Research Consortium (BRC): A technical and scientific partnership in search of "State of the Art" Mined Area Recovery
	BX08 - Human Asset Management: How to Increase the Delivery Capacity of Maintenance Human Potential at Hydro Paragominas
	ALUMINA SESSION
	AA01 - The Road to a New Bauxite – Mine and Refinery Optimisation
	AA02 - Digestion of Boehmitic Bauxites: Problems, Challenges and Opportunities
	AA03 - Impurities in Bayer Liquor: Learnings from the Ma’aden Alumina Refinery
	AA04 - Effect of CaO on Leaching Kinetics of Boehmite from Middle Timan Deposit Bauxites
	AA05 - Effect of Bauxite Mineralogy on Bayer Digestion Process Selection
	AA06 - Digestion-Evaporation Combined Process in Alumina Refinery
	AA07 - Improvement of Spent Liquor Evaporation at RUSAL Krasnoturyinsk
	AA08 - Mechanical Vapour Recompression applied to Alumina Spent Liquor Evaporation Plants
	AA09 - Industrial Trials of a Belt Filter for Filtration of Strong Evaporated Liquor at RUSAL Krasnoturyinsk
	AA10 - Settling Ability of Jamaican Bauxite Residue based on Bauxite Feed Constituents and Vessel Design
	AA11 - Simulation of Solids Flocculation by CFD-PBM Method
	AA12 - Improvement of Digested Slurry Post-Desilication Efficiency in the Flashing Circuit at Nikolaev Alumina Refinery
	AA13 - Industrial Trials of Spent Tricalcium Aluminate Recycling into Digestion Process of Timan Bauxite (Stage 1)
	AA14 - The Hydrothermal Treatment of Aluminium Hydroxide  to Improve Alumina Production Efficiency
	AA15 - Control of Product Size and Strength with Challenging Impurity Balance
	AA16 - Optimization of Alumina Precipitation Circuit Arrangement using Simple Modelling Tool
	AA17 - Statistical Analysis of Aluminate Liquor Precipitation Process with Statistica: Classic and Modern Data Mining Methods
	AA18 - Estimation and Optimization Calculations of Alumina Flash Calciner
	AA19 - Experience Driven Design Improvements of Gas Suspension Calciners
	AA20 - Production of Ceramic and Smelter Grade Alumina in Outotec’s Dual Purpose CFB Calciner
	AA21 - Customized Descaling Robot Arms Still today, Descaling Robot Arms improve Health and Safety while increasing productivity
	AA22 - The Driverless Alumina Refinery
	AA23 - Development the means of modeling the processes and the systems of alumina production
	AA24 - Calculation of the Ionic Composition of Aluminate Solutions
	AA25 - Techno-Commercial Evaluation of Chloride Based Production Routes for Technology Metals and Materials
	AA26 - The Altech Process to Produce High Purity Alumina  from Kaolin Clay
	AA27 - RUSAL Alumochloride Technology – Efficient and Waste-Free Alumina Production from Non-Bauxite Resource
	AA28 - Synthesis of Oxide Materials by Hydrothermal Hydrolysis of Aluminum Chloride Hexahydrate
	AA29 - Research Results and Prospects for Acid-Salt Processing of  Low Quality Bauxites and Other Alumina-Containing Raw Materials in a Closed Circuit
	AA30 - Extraction of Alumina from the Coal Fly Ash by Hydrochloric Acid
	AA31 - Extracting Alumina From Coal Fly Ash With Ammonium Bisulfate Leaching
	AA32 - Egyptian Aluminum-containing Raw Materials and the Prospects  for its Integrated Processing to Produce Alumina and By-products
	AA33 - Low-Alkaline Fine Alumina for Ceramic Industry
	AA34 - The Alumina Technology Roadmap 4.0
	AA35 - Comparison of Alumina Production Process  from Low Grade Refractory Bauxite
	BAUXITE RESIDUE SESSION
	BR01 - Specifics of Alkali Recovery from Bauxite Residue of Different Alumina Refineries
	BR02 - Dealkalization of Bauxite residue through Acid Neutralization  and its Revegetation Potential
	BR03 - Cementitious Activity Evaluation of Bauxite Residue and Fly ash combination on Portland Blended Cement
	BR04 - Industrial Trials Results of Scandium Oxide Recovery from Red Mud at UC RUSAL Alumina Refineries
	BR05 - Valorization of Canadian Bauxite Residue for the Recovery of Strategic Materials
	BR06 - Bauxite Residue Safety Disposal and Possibilities to further Utilisation. II. Maize Plants Growth on the Acidic Soils (Pilot and Demonstration Stage)
	BR07 - A comparison between various pump systems for high flow rate tailing pipelines
	BR08 - State-of-the-art Bauxite Tailings Disposal Facilities and Techniques
	BR09 - Utilization of the Paragominas mining tailings to obtain FAU zeolite: Synthesis optimization using a factorial DOE and Response Surface Methodology
	BR10 - Experimental study on physical and mechanical properties of red mud under different compaction degree and water content
	BR11 - The Study of Tailings at Mina Alumina Limited, Mozambique.
	BR12 - The preparation, structure and magnetic separation characteristics  of high-ferric and low-alkali content red mud
	CARBON SESSION
	CB01 - Anhydrous Carbon Pellets – An Engineered CPC Raw Material
	CB02 - Rheological Characterization of Pitch and Binder Matrix at Different Fine Particle Concentration
	CB03 - The Use of Petroleum Components for Preparing a Pitch Binder for Anode Pastes
	CB04 - New Insights toward the Characterization of the Carbon Paste Forming Process
	CB05 - Successful Experience in Organising Baked Anode Production at RUSAL Volgograd
	1.
	CB06 - Major reconstruction of central casing of open top baking furnace with a view to increase its lifespan and reduce the total costs comparing to full reconstruction
	CB07 - R & D of the JSC BRP for RUSAL’s Projects for Reconstruction of Furnaces for the Production of Carbon Materials
	CB08 - Real Anode Temperature Measuring - From Investigations to a New Standard
	CB09 - Carbon Cathode Block Materials: A History of Advancements
	CB10 - Nondestructive Control of Physico-Mechanical Properties and Quality of Carbon Materials and Products Used in the Production of Aluminum
	CB11 - Electrical Preheating of Cathode Blocks for Collector Bar Casting in Aluminum Electrolysis Cells
	ALUMINIUM SESSION
	AL01 - Linking Electrochemistry, Modern Aluminium Cell Design and Operating Conditions, for a Better Understanding of Anode Reactions and Various Levels of PFC Co-evolution
	AL02 - Linking Electrochemistry, Modern Aluminium Cell Design and Operating Conditions, for a Better Understanding of Anode Reactions and Various Levels of PFC Co-evolution
	AL03 - Latest Progress in IPCC Methodology for Estimating the Extent of PFC Greenhouse Gases Co-evolved in the Aluminium Reduction Cell and Challenges in Reducing these Emissions
	AL04 - Recycling of Solid Wastes in Aluminum Electrolysis in China
	AL05 - Environmental Benefits of Using Spent Pot Lining (SPL) in Cement Production
	AL06 - Carbon Monoxide Emissions from Electrolysis Process in EGA Smelters
	AL07 - Energy Optimization and Emissions Improvement in Fume Treatment in EGA Jebel Ali Smelter
	AL08 - The Simulation of Alumina Feed in the Reactor of Dry Gas Treatment Plant
	AL09 - Catalytic Decomposition of Perfluorinated Carbons (PFCs) During the Aluminium Smelting Process
	AL10 - Laboratory Study of a Technology for the Treatment of Aluminum Smelter Liquid Wastes with Alumina
	AL11 - Enhancement of the RA-550 Technology: Issues and Their Solutions
	AL12 - Commissioning and Start-up of Alba Line 6 Project Using EGA DX+ Ultra Technology
	AL13 - RUSAL Resource-Saving Technologies
	AL14 - Second Attempt to Break 10 kWh/kg Energy Consumption Barrier Using a Wide Cell Design
	AL15 - 360 kA Hall-Héroult Cell Retrofit Using Inert Anodes and Stable Cathodes
	AL16 - Observation of Alumina Dissolution and Bubble Behavior in Molten Salts with High Temperature Transparent Electrolytic Cell
	AL17 - The Structure of the Aluminium Smelting Cell Ledge
	AL18 - An Automated Reference-Free Rietveld-Method-Based X-Ray Diffraction Analysis of Cryolite Ratio
	AL19 - Electrolysis of Cryolite-Alumina Melts on Solid Cathodes
	AL20 - New Study and Application of Intelligent Breaking Control Device for Aluminium Reduction Pot in the MPPIC Technology
	AL21 - Concepts for Alumina Handling in Smelters - Efficiency from Port to Pot
	AL22 - Enriched Alumina Silos: What Is Their Purpose, Are They Still Required?
	AL23 - Mathematical Modeling and Application of a Continuous Alumina Feeding to Potroom
	AL24 - Overview of the Application of Mathematical Modelling in the Aluminium Production of UC RUSAL
	AL25 - Electromagnetic Modeling of Aluminium Electrolysis Cells Using Magnetic Vector Potential
	AL26 - Design of Smelter Magnetic Solutions Using MHD Code
	AL27 - Improving Reliability and Reducing Electric Energy Losses in the 'Rod–Yoke' Connections
	AL28 - Cathode Wear – Autopsy Findings Related to Degradation Mechanisms
	AL29 - AD20+: A More Ecofriendly Glue for Aluminum Pot Sides with Improved Properties
	AL30 - Analysis of Cathode Lining Failure Modes in High Current Density Cells at EGA
	AL31 - Laboratory Evaluations of Ceramic Sidelining Materials
	AL32 - Cathode Life and Failure in a High Amperage CWPB Potline
	AL33 - Successful Potline Operation During Reduced Power at Egyptalum



