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Abstract 

 

The cost-effective use of resources is a determining factor in reducing the cost of aluminium 

production. In order to reduce production costs, UC RUSAL develops no-cost/low-cost technical 

solutions as well as costly and high-cost solutions. Most of the technical solutions have been 

tested on prototype pots, many of which have been implemented in RUSAL’s potlines. 

 

The company's Energy Conserving Pot Design project uses a strategy focusing on two areas. The 

first is aimed at improving energy efficiency based on no-cost technical solutions (for example, 

efficient alumina feeding and voltage control algorithms ensuring a stable reduction process with 

a low anode-cathode distance, energy-efficient lining designs, etc.), low-cost/costly solutions (for 

example, elongated anodes with a 4-stud anode rod assembly, steel-copper collector bars, etc.), as 

well as high-cost technical solutions (for example, energy efficient anode suspension beams, new 

or retrofitted busbars, etc.). The basic principle of the second area is cost reduction in pot relining 

through the use of unshaped materials using lignite semi-coke and dry barrier mixes. Unshaped 

materials can significantly reduce the cost of lining the sub-cathode zone, which enables to 

recycle at least 80 % of lignite semi-coke. 

 

The above technical solutions are applied for various types of pots in the aluminium smelters in 

Krasnoyarsk, Sayanogorsk, Bratsk, Novokuznetsk and Irkutsk. 

 

Key words: Cost-effective use of resources, no-cost/low-cost, costly and high-cost technical 

solutions, unshaped lining materials. 

 

1. Introduction 

In the existing pot designs, most of the heat losses fall on the anode cover and the longitudinal 

side walls (the distribution of the pot heat losses is shown in Figure 1 [1]). This amount of heat 

losses requires heat recovery based on the pot voltage, which entails increased power 

consumption and, as a consequence, an increase in aluminium production costs. In this regard, as 

part of the Energy Conserving Pot Designs project, a design of the cathode has been developed 

with an increased anode cover depth in order to reduce heat losses from the anode cover, and with 

an insulated side lining to reduce heat losses from the longitudinal side wall of the pot. Due to the 

reduction of heat losses, this design results in a more stable reduction process with a lower 

anode-to-cathode distance, and with lower energy consumption. 
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Figure 1. Distribution of heat losses of the pot [1]. 

 

To increase the MHD stability through a reduction in the horizontal currents and through a 

reduction of the cathode voltage drop, a steel-copper collector bar design has been developed and 

tested in different types of pots. In addition, to ensure a stable reduction process based on 

continuous monitoring and automatic adjustment of process parameters, the so-called Bath 

Composition Stabilisation (BCS) algorithm was developed, which reduced variations in the 

cryolite ratio (CR) and bath temperatures. Also, an algorithm for Automatic Control of the 

Thermal Balance on the Pot (ACTBP) was developed, which implements the coupled control of a 

specified voltage and fluoride additives to stabilise the temperature and CR in a specified process 

range. 

 

Refractory and heat-insulating materials in the form of various-sized bricks are traditionally used 

as aluminium pot lining. The continuous increase in the cost of energy resources leads to an 

annual increase in prices for lining materials. In addition, the use of lining materials in the form of 

bricks is extremely labour intensive since it involves brick laying - an operation whose 

automation is extremely complicated. The presence of joints between the bricks leads to an 

increased risk of metal and bath penetrating the cathode shell, and thereby increases the 

consumption of fluorides. The volume of aluminium production scrap at industrial landfills 

amounts to tens of millions of tonnes. Of these, about 30 % of the waste comes from spent 

refractory and thermal insulation materials (spent potlining, or SPL), the recycling of which is a 

complex process. Up to 40 % of this waste is represented by fluorides, which, along with 

compounds such as cyanides, which are formed during the reduction of aluminium, are the main 

cause of the environmental problems in the aluminium industry [2]. 

 

One of the possible ways of solving the above-mentioned problems is by using RUSAL's new 

resource-saving technology that reuses unshaped materials for lining the cathode assembly of 

pots. A distinctive feature of the technology is the use of a virgin, unshaped lining material 

(ULM) based on lignite semi-coke [3, 4, 5] and specialised equipment for its installation and 

compaction. 

 

This article presents the main test results of certain energy-efficient technical solutions that make 

it possible to reduce power consumption and ensure a stable reduction process without significant 

capital expenditures. In addition, this article presents the main results of the application of the 

new unshaped material for lining the cathode assembly and describes the main aspects of the 

equipment for loading, laying and compacting ULMs. 
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2. Increased MHD Stability and Cathode Voltage Reduction 

 

Technical solutions were tested on OA-120 pots with an amperage of 140 kA at the Krasnoyarsk 

aluminium smelter. It saved electricity by reducing the cathode voltage drop in the bottom and 

decreasing heat losses. The steel-copper cathode collector bars, the design of the cathode 

assembly with a deeper insulation and the insulated side lining were all implemented and tested. 

In addition, also the height of the carbon anodes was increased. The implementation of these 

technical solutions resulted in a shorter start-up period by reaching an operating voltage of 3.960 

V only 30 days after start-up. Figure 2 shows a diagram of voltage reduction during the start-up 

period of energy-efficient pots using the OA-120 technology. 

 
Figure 2. Diagram of voltage reduction during the start-up period.  

 

During the period of field tests in energy-efficient pots with current efficiency of 95.6 %, a 

reduction in electricity consumption by more than 900 kWh/t Al (13 127 kWh/t Al) was achieved 

when compared with standard pots (14 042 kWh/t Al). Due to the use of steel-copper cathode 

rods, the cathode voltage drop was reduced by 60 mV with respect to the standard pot design. 

 

In addition, these technical solutions were applied in a number of pots at the Irkutsk Aluminium 

Smelter using the OA-300 technology with an amperage of 330 kA where, thanks to the use of 

steel-copper collector bars, the cathode voltage drop was reduced by 60 mV as well and the 

associated power consumption was reduced by more than 550 kWh/t Al (12 824 kWh/t Al) with 

respect to standard pots (13 406 kWh/t Al). The current efficiency for the OA-300 

energy-efficient pots was 95.4 % at a target voltage of 3.788 V. 

 

3. Reduction Process Control Automation 

 

The heat and mass balance of the aluminium pot is controlled by actions of an automation system: 

adding AlF3 through the automatic fluoride feeding system, adding Al2O3 through the automated 

alumina point feeding system and changing the target voltage. A change in the height and 

composition of the anode cover, a change in the height of the anode beam, and a change in the 

height of the melts can be considered episodic "manual" control actions. 

 

For successful control and stable operation of the pot in a specified range of process parameters, 

control actions in different control loops should be interconnected. Particular attention should be 

paid to the connection of voltage additions and AlF3 additions, since the effect of these additions 
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on the heat balance is interconnected through a) melting the side ledge, b) through the bath 

solidification temperature, c) through the current efficiency and d) through the bath conductivity. 

Based on these assertions, an algorithm was developed that implements coupled control of a 

specified voltage and additions of fluorides (the BCS module) to stabilise the bath temperature and 

CR in a specified process window. Figure 3 shows a diagram of the specified voltage and CR 

coupled control algorithm—the algorithm of the Automatic Control of the Thermal Balance on the 

Pot (ACTBP). 

 

 
 

Figure 3. Coupled ACTBP algorithm operation flow diagram.  

 

Currently, the BCS module has been implemented in the pot controllers in all pots of the 

Sayanogorsk Aluminium Smelter (C-175, C-190, and C-255 technology in the 3-series, and 

C-255 in the 4-series). The implementation of the BCS module resulted in a significant reduction 

of the variations in the bath temperature and CR, which led to a more stable reduction process. It 

also resulted in a reduction of voltage additions, as well as to reduce the consumption of AlF3. In 

addition, the ACTBP programme is being tested on the OA-120 and OA-300 pots. During these 

tests, a decrease in the standard deviation of the reduction process parameters was observed, 

which stabilised the thermal balance on the pot due to minimal change in the pot cavity profile. 

 

4. Unshaped Materials for Pot Cathode Lining  

 

The semi-coke of brown coal (lignite semi-coke) produced according to the TERMOKOKS-KS 

technology [6] is used as the main unshaped lining material (ULM) and one of the main 

characteristics is that it can be reused after it has been recovered from delining a pot. For cathodes 

with ULM, the process of laying chamotte and heat-insulating bricks is replaced by the process of 

loading and laying lignite semi-coke of and dry barrier mixes (DBM). However, this process does 

require the use of special equipment for loading and laying the ULM (Figure 4). This equipment 

is integral part of the technology. 
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Figure 4. General arrangement of equipment for loading and laying ULM. 

 

The use of this equipment minimises dust formation and ensures a good distribution of lignite 

semi-coke and DBM. After laying all the layers, the ULM is compacted using a vibration 

compactor. The principle of operation of the compactor is given in Figure 5. 

 

 
 

Figure 5. Principle of operation of the compactor: 

1 – ULM; 2 – vibratory unit; 3 – roller; 4 – resilient cover.  

 

A distinctive feature of the compacting equipment [7] is that the ULM is compacted to a high 

degree within a limited space. The material cannot be pushed out from the side of the vibratory 

unit, since it is “locked” by the finally compacted material; and from the side of the roller, it is 

“locked” by the preliminary compacted material. From above, it is "locked" by an elastic cover. 

This provides for the maximum possible degree of compaction (the porosity reaches only 

17 – 19 %), minimum dust emissions and stable properties of the barrier layers. In the compaction 

process, a layer of aluminosilicate DBM on top forms a seamless aluminosilicate of high density 

and low porosity. 

 

Analysis of a group of pilot pots with ULM showed that using the lining equipment reduced 

labour costs for lining the sub-cathode zone from 44 to 19 man-hours when compared to 

conventional cathodes. Due to a higher productivity, the pot downtime (re-lining time) reduced by 

6 hours. The cost of lining the sub-cathode zone using ULM decreased from 3 656 USD/pot to 

998 USD/pot (about 73 %). The evaluation of the recycling potential of lignite semi-coke based 

on the autopsy of the C-255 pilot pot showed that at least 80 % of lignite semi-coke remained 

visually intact (Figures 6, 7). These are very good results. 
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Currently, the ULM sub-cathode zone is implemented in the cathode assemblies of the pots at the 

Sayanogorsk and Krasnoyarsk aluminium smelters. Tests are under way to replicate ULMs in 

other UC RUSAL smelters. 

 

  
Figure 6. General arrangement of the cathode cross 

section with ULM. 

Figure 7. Cross section with lignite 

semi-coke in the free state. 

 

5. Conclusions 

 

In Energy Conserving Pot Design project UC RUSAL has developed low energy consumption 

pots, that reduced specific energy consumption by 550 to 900 kWh/t Al. This was achieved with 

the use of steel-copper cathode collector bars, which reduced the cathode voltage drop by 60 mV 

and with new pot control system, which reduced cryolite ratio and bath temperature variations and 

stabilised thermal and MHD equilibrium of the pots.  

 

The new resource-saving technology for lining the sub-cathode zone of the pots with un-shaped 

lignite semi-coke-based lining materials reduces the lining cost by 73 % and can be in major part 

recycled.  

 

6. References 

 

1. Zhaowen Wang, Bingliang Gao et al., The use of heat of aluminium electrolysis cells, 

Proceedings of IX International Congress Non-ferrous Metals and Minerals, Krasnoyask, 

Russia, 2017, 2019-217. (Утилизация тепла алюминиевых электролизеров. Получение 

алюминия: Сборник докладов IX Международного Конгресса «Цветные металлы и 

минералы». Красноярск: Northeastern University, 2017, 209-217). 

2. Morten Sørlie, Harald A. Øye, Cathodes in Aluminium Electrolysis, 3rd Ed., 

Aluminium-Verlag GmbH, Düsseldorf, 2010, 662 pages. 

3. Viktor Mann et al., UC Rusal advances new technology in improving environmental 

standards, Light Metal Age, February 2016, 34-36. 

4. Alexandr V. Proshkin et al., A new lining material for aluminum electrolysis cells that can be 

recycled, Proceedings of 34th International ICSOBA Conference, Quebec, Canada, 3 – 6 

October, 2016, Paper AL29, Travaux 45, .767-776. 

5. Alexandr V. Proshkin et al., New resource-saving technologies for lining the cathode with 

un-shaped lining materials, Light Metals 2019, 573-581. 

6. S. Islamov, On a new concept of using coal, Ugol’ 5, 2007, 67-69. 

7. Alexandr V. Proshkin et al. (2007) Method and apparatus for forming seamless lining layers 

of aluminum reduction cells, Canadian Patent CA 2,556,317, February 17, 2007. 


	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



