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Abstract 

 

In the Bayer process, the digestion and evaporation are both processes with high energy 

consumption. Heat energy is recovered by multi-stage flash in digestion process. In alumina 

refineries with diaspore as raw material, the temperature of the final flash discharged slurry is 

usually over 120 ℃. Because of the limitation of heat transfer temperature difference, it is 

difficult to continue to reduce. Multistage falling film evaporation process is often used in 

evaporation process. All evaporators after four effects are usually vacuum evaporators, the 

temperature of slurry is usually low. This paper discusses how to achieve better energy cascade 

utilization through combined process of digestion and evaporation, and then reduce the 

production cost of alumina. 

 

Keywords: Combined Process, Digestion, Evaporation.  

 

Definitions of terms: 

"A/S": mass ratio of Al2O3 to SiO2 in the solid 

"N/S": mass ratio of Na2O to SiO2 in the solid 

"Rp": mass ratio of caustic Al2O3 to Na2O in liquor 

"NK": caustic concentration of the liquor (as Na2O) 

 

1. Introduction  

 

Reducing energy consumption in alumina production is an important research topic in the field of 

alumina refinery. In China, diaspore is the main kind of bauxite in alumina refineries, which 

requires digestion temperature is generally above 265 °C [1]. Compared with the refineries using 

gibbsite, the digestion process of the refineries using diaspore consumes much more energy. 

According to Z.X. Wang' research [2], the total energy consumption per ton alumina of a certain 

alumina refinery in China is 11.72 GJ/t-Al2O3, in which, steam accounts for 60.23 % and energy 

consumption reaches 7.06 GJ/t-Al2O3. G. Jin’s research shows that 55.27 % of the total energy 

consumption in the process of diaspore digestion is ultimately taken away by the pulp [3]. 

Because of high alkali concentration is needed in the diaspore digestion, boiling point elevation is 

higher. Nk of test liquor usually reaches 220 - 240 g/L. After multi-stage flashes, Nk  in the 

solution can reach as high as 260 - 290 g/L. At this concentration, the boiling point elevation of 

the solution can reach to 18 - 20 °C. Under the condition of such a high boiling point elevation, it 

is difficult for positive pressure flash to continue to reduce pulp temperature and recover heat 

energy. Moreover, if vacuum flash is used, the temperature of slurry is too high, and the vapor 

produced by vacuum flash is difficult to be used effectively. Therefore, we design a new process, 

which combines the digestion process and evaporation process of Bayer alumina refinery into a 

new process. The heat of the digested pulp can be further recovered and utilized by using the 

temperature difference between the digestion process and the evaporation process. 
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2. Process Design  

 

2.1. Design Tool  

 

We take the process simulation software SYSCAD from Kenwalt Australia Pty Ltd. as design 

tool. We use the software to build digestion and evaporation computation model to simulate an 

alumina refinery. Then we build a digestion-evaporation combined process simulation to 

calculate the energy consumption saved by this process. 

 

2.2. Design Basic Parameters  

 

Our design basic parameters are from an alumina refinery in Guizhou, China. This refinery design 

capacity is 1600 kt/a, divided into two production lines, capacity of single production line is 800 

kt/a. Bauxite used in this refinery is diaspore with A/S of about 5 - 5.5, Al2O3 is about 50 %, 

concentration of test liquor is Nk = 249 g/L, digestion temperature is 265 °C. Evaporative water 

requirement is about 3.38 t per ton alumina,. The temperature of digestion feed slurry is about 

93 °C. For one production line, feed slurry mass flow is 1299 t/h, while volume flow is 817 

Nm3/h. 

 

2.3. Digestion Simulation  

 

The digestion process of the alumina refinery is the tube-digestion process. A total of nine-stage 

preheating tube heat exchanger is set up. The heating medium of the preheating tube heat 

exchanger is flash vapor. The one-stage live steam condensate tube heat exchanger is heated by 

live steam condensate. The one-stage live steam tube heat exchanger is heated by live steam. 

Pressure of the live steam is 6.4 MPa, the temperature is 300 °C. The slurry is heated to the 

digestion temperature in the tube heat exchanger using live steam. After the reactor, temperature 

of the slurry is reduced to 126 °C by ten-stage flash cooling. The nine-stages flash vapor is used to 

preheat the slurry in the tube heat exchanger, and the last flash vapor is used to heat the 

pre-desilicon pulp. 

 

The simulation model established by SysCAD software is shown in figure 1. 

 

 
Figure 1. Digestion Process Flow Chart. 

 

The heat balance of the digestion process calculated by the model is shown in table 1. 
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Table 1. Heat Balance Table for Digestion Process. 

Heat Income(MJ/t-Al2O3) 

Number Item Heat % 

1 Feed Slurry 3534.49 47.66 

2 Live Steam 3881.08 52.34 

3 Total 7415.57 100.00 

Heat Expenditure(MJ/t-Al2O3) 

Number Item Heat % 

1 Digestion Slurry 3800.78 51.25 

2 Reaction Heat 688.68 9.29 

3 Live Steam Condensate 1404.47 18.94 

4 Vapor Condensate 1019.74 13.75 

5 Last Flash Vapor 210.59 2.84 

6 Last Condensate Vapor 66.65 0.90 

7 Heat Loss 224.66 3.03 

8 Total 7415.57 100.00 

 

Through the heat balance, we know that the live steam heat consumption per ton alumina 

production in the digestion process is 3881.08 MJ, equivalent to about 1.40 t of the live steam. 

 

2.4. Evaporation Simulation 

 

The six-effects falling film evaporation process is used in the evaporation process of the alumina 

refinery. For 800 kt/a single production line, a group of evaporators with 330 t/h evaporation 

capacity is adopted. The mass flow of the evaporator group feed is 1088 t/h, and Nk of the feed is 

177 g/L. Spend liquor feeds into 4th-effect evaporator and 6th-effect evaporator, and the feed 

proportion of 4th-effect evaporator and 6th-effect evaporator is 60 % and 40 % respectively. The 

solution feeding the 6th-effect evaporator passes through the 6th-effect evaporator and the 

5th-effect evaporator in turn before discharging. The solution feeding the 4th-effect evaporator 

passes through the 4th-effect evaporator, 3rd-effect evaporator, 2nd-effect evaporator, 1st-effect 

evaporator and three-stage flashes, then mixes with the 5th-effect evaporator discharge. 

 

The evaporation process simulation model established by SysCAD software is shown in figure 2. 
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Figure 2. Evaporation Process Flow Chart. 

 

The heat balance of the evaporation process calculated by the model is shown in Table 2. 

 

Table 2. Heat Balance Table for Evaporation Process. 

Heat Income(MJ/t-Al2O3) 

Number Item Heat % 

1 Feed Slurry 3467.39 59.82% 

2 Live Steam 2328.85 40.18% 

3 Total 5796.24 100.00% 

Heat Expenditure(MJ/t-Al2O3) 

Number Item Heat % 

1 Evaporative solution 2598.18 44.83% 

2 Live Steam Condensate 520.96 8.99% 

3 Vapor Condensate 703.78 12.14% 

4 
6th-Effect Evaporator 

Vapor 
1786.07 30.81% 

5 Heat Loss 187.25 3.23% 

6 Total 5796.24 100.00% 

 

Through the heat balance, we know that the live steam heat consumed per ton of alumina 

production in the evaporation process is 2328.85 MJ, equivalent to about 0.84 t of the live steam. 

 

2.5. Digestion-Evaporation Combined Process Simulation  

 

In order to further recover and utilize the heat of the leached slurry, a combined process of 

digestion and evaporation is designed. The design idea of this new process is to reduce the series 

of preheating in the digestion process and utilize the flash vapor produced by flashes in the 

digestion process to the evaporation process. By high vacuum and lower slurry temperature in 

evaporation process, the leached slurry can be reduced to a lower temperature, thus improving 

recovery and utilization of heat energy and reducing energy consumption in alumina production 

process. 
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After many trial calculations, the final process we determined is to set up seven-stage preheating 

tube heat exchanger in the digestion process. It is built as one-stage live steam condensate heating 

tube heat exchanger, and one-stage live steam heating tube heat exchanger. The leached slurry is 

heated to the digestion temperature by live steam in the tube heat exchanger and then feeds into 

the tube reactor. After the reaction is completed, eleven-stage flash cooling is carried out. The 

first seven-stage flashes vapor is used to preheat the leached slurry, and the last four-stage flashes 

vapor enters the first, second, third and fourth-effect evaporators in turn. Spend liquor feeds into 

4th-effect evaporator and 6th-effect evaporator, and the feed proportion of 4th-effect evaporator 

and 6th-effect evaporator is 60 % and 40 % respectively. The solution feeding the 6th-effect 

evaporator passes through the 6th-effect evaporator and the 5th-effect evaporator in turn before 

discharging. The solution feeding the 4th-effect evaporator passes through the 4th-effect 

evaporator, 3rd-effect evaporator, 2nd-effect evaporator, 1st-effect evaporator and three-stage 

flashes, then mixes with the 5th-effect evaporator discharge. 

 

The digestion-evaporation combined process simulation model established by SysCAD software 

is shown in figure 2 

 

 
Figure 3. Digestion-Evaporation Combined Process Flow Chart. 

 

The heat balance of the digestion-evaporation combined process calculated by the model is shown 

in Table 3. 
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Table 3. Heat Balance Table for Digestion-Evaporation Combined Process. 

Heat Income(MJ/t-Al2O3) 

Number Item Heat % 

1 Feed Slurry 3534.49 29.46% 

2 Live Steam 5497.02 45.82% 

3 Evaporation Feed 2966.35 24.72% 

4 Total 11997.86 100.00% 

Heat Expenditure(MJ/t-Al2O3) 

Number Item Heat % 

1 Digestion Slurry 3542.07 29.52% 

2 Reaction Heat 688.68 5.74% 

3 Live Steam Condensate 1663.19 13.86% 

4 Evaporative solution 1264.21 10.54% 

5 Vapor Condensate 2076.07 17.30% 

6 Last Flash Vapor 2425.23 20.21% 

7 Heat Loss 338.41 2.82% 

8 Total 11997.86 100.00% 

 

In the process of simulation, temperature of vapor into the evaporation process can be adjusted by 

adjusting the area of the preheating tube heat exchanger in the digestion process. Discharging 

temperature of the digested slurry can be adjusted by adjusting the area of each evaporator. 

Finally, the final flash discharging temperature is controlled to 118 °C, and evaporation capacity 

is adjusted to 330 t/h. At the meantime, the evaporation process does not need to consume live 

steam, and the digestion process consumes 1.98 t live steam per ton of alumina. 

 

In the traditional process, 1.40 t live steam is consumed in the digestion process per ton alumina, 

0.84 t live steam is consumed in the evaporation process, 2.24 t live steam is consumed altogether. 

In the digestion-evaporation combined process, live steam consumption can be reduced by 0.26 t 

per ton alumina. 

 

3. Results and Discussion 

 

By establishing simulation and heat balance calculating of the digestion process, evaporation 

process, digestion-evaporation combined process respectively, it is found that live steam 

consumption per ton alumina can be reduced by 0.26 t after the digestion-evaporation combined 

process is adopt, which can reduce the energy consumption and cost of alumina production. 

 

At the same time, the digestion-evaporation combined process can also reduce the series of 

preheating tube heat exchanger. Vapor from digestion process is used in evaporation process, 

which can effectively improve the heat transfer temperature difference and reduce area of 

evaporators. The digestion-evaporation combined process reduces the equipment investment and 

occupancy of the alumina refinery. 
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In summary, through the joint design of digestion process and evaporation process, the 

temperature difference between different processes in alumina refinery is effectively utilized. 

Low-grade heat is fully utilized, while reducing the production cost of alumina, the equipment 

investment and occupation of alumina refinery are also reduced, the distance of material 

transportation is shortened, and enormous economic benefits can be achieved for alumina 

refinery. 

 

4. References 

 

1. Z.Y. Yang, Technology for alumina production, Beijing Metallurgic Industry Press., 

1982, 79. (in Chinese). 

2. Z.X. Wang, Z.G. Li, F. Xiao, Analysis of several energy saving methods in Bayer process, 

Light Metals, Vol. 5, (2011), 22-24. (in Chinese). 

3. G. Jin, Recycle of waste heat from alumina production system, Light Metals, Vol. 11, 

(2014), 19-23. (in Chinese). 

  


	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



