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Abstract 

 

Altech Chemicals Limited has commercialized the production of 99.99% (4N) high purity 

alumina (HPA) from kaolin using the hydrochloric acid process. The Altech process involves the 

removal of oversize silica / quartz followed by the calcination of kaolin at around 700 °C to 

convert the crystal structure of the clay to a more reactive form (meta kaolin) for leaching. 

Hydrochloric acid (HCl) is used in the leaching process. The leach reaction is exothermic and the 

oxide components (except silica) are converted to soluble chlorides, producing a high 

concentration of aluminum chloride (AlCl3) in solution. The pregnant liquor solution (PLS), from 

leach residue filtration is directed to crystallization where aluminum chloride hexahydrate (AlCl3 

.6H2O or ACH) is crystallized out of solution. This is achieved by increasing the hydrochloric 

acid concentration of the liquor by bubbling in anhydrous HCl gas. ACH crystals are then 

centrifuged and washed from the solution. ACH is purified by two stages of the re-dissolution / 

crystallization process. The purified ACH crystals are heat treated in two stages via natural gas 

fired rotary kilns. The first stage involves heating the ACH to around 700 °C in order to 

decompose the ACH to alumina. The second stage involves heating to around 1280 °C to produce 

alpha alumina (α- Al2O3). Altech has developed the technology to produce HPA pellets for the 

sapphire industry as well as fine (< 1 micron) HPA powder for use in the lithium-ion battery 

industry. Production costs are anticipated to be considerably lower than established HPA 

producers - in the bottom quartile of the production cost curve.  

 

Keywords: Non-bauxite ores, High Purity Alumina, Chloride hydrometallurgy. 

 

1. Introduction  

 

Altech Chemicals Limited, an Australian company is aiming to become one of the world's leading 

suppliers of 99.99% (4N) high purity alumina (HPA) through the construction and operation of a 

4,500 tpa high purity alumina processing plant at Johor, Malaysia. Feedstock for the plant will be 

sourced from the Company’s 100%-owned kaolin deposit at Meckering, Western Australia and 

shipped to Malaysia. Altech’s production process will employ conventional “off-the-shelf” plant 

and equipment to extract HPA using a hydrochloric (HCl) acid-based process.  

 

2. Uses of HPA  

 

HPA is a critical ingredient required for the production of synthetic sapphire and is increasingly 

consumed in the manufacture of lithium-ion batteries. Synthetic sapphire is used in the 

manufacture of substrates for LED lights, semiconductor wafers for the electronics industry, and 

scratch-resistant sapphire glass used for wristwatch faces, optical windows and smartphone 

components. There is no substitute for HPA in the manufacture of synthetic sapphire. Lithium-ion 

battery manufactures require HPA as a coating for the plastic anode/cathode separator to reduce 

separator shrinkage and combustibility.  
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2.1. HPA Demand Growth Forecast 

 

According to independent group CRU, the forecast for 4N+(99.99%) HPA, the market segment 

that Altech’s plant is designed to supply, is to grow at 30% per annum from 19,000 tonnes (2018) 

to 272,000 tonnes (2028), as illustrated in Figure 1 below. CRU estimated that HPA in powder 

form used in lithium ion battery separators will reach 187 kt by 2028. In addition, HPA as a pellet 

/ bead form used in LEDs will reach 85 kt by 2028.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Total 4N+ HPA demand, 2015-2028. 

 

Overlaying the demand profile, the report concluded an impending significant market deficit, 

where supply – no matter how optimistic – could not keep pace with the level of 4N+ HPA 

demand. The result of the analysis is an extremely large apparent 4N+ HPA short term deficit, 

peaking around 2021 at a deficit of around 20,000 tpa (blue bars in Figure 2). The long term 

supply deficit continues until 2028 and further peaks at a ~ 50,000 tpa deficit (green bars in Figure 

2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. CRU base market balance and supply gap, 2015-2028. 

 

The price of 4N HPA depending on quality and end applications ranges from US$15 / kg to 

US$56 / kg, but with some outlying prices significantly higher – albeit for lower volumes. 
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3. Process Description 

 

There are a number of industrial methods for producing high purity alumina. One of the most 

common methods is hydrolysis of aluminum alkoxide. Choline hydrolysis of aluminum is another 

common method which involves the dissolution of aluminum powder to a hydroxide and then 

subsequent calcination to convert it back to an alumina (Al2O3) form. Altech has developed the 

technology to produce HPA from kaolin using hydrochloric acid, without the use of the expensive 

aluminum metal feed stock.  

 

The Altech process involves the removal of oversize silica  /quartz followed by the calcination of 

kaolin at around 700 °C to convert the crystal structure of the clay to a more reactive form (meta 

kaolin) for leaching. Hydrochloric acid (HCl) at ~3 0 % w/w is used in the leaching process. The 

leach reaction is exothermic and the oxide components (except silica) are converted to soluble 

chlorides, producing a high concentration of aluminum chloride (AlCl3) in solution. The pregnant 

liquor solution (PLS), from leach residue filtration is directed to crystallization where aluminum 

chloride hexahydrate (AlCl3 .6H2O or ACH) is crystallized out of solution. This is achieved by 

increasing the hydrochloric acid concentration of the liquor by bubbling in anhydrous HCl gas. 

ACH crystals are then centrifuged and washed from the solution. ACH is purified by two stages 

of the re-dissolution/crystallization process. The purified ACH crystals are heat treated in two 

stages via natural gas fired rotary kilns. The first stage involves heating the ACH to around 700°C 

in order to decompose the ACH to alumina. The second stage involves heating to around 1280°C 

to produce alpha alumina (α- Al2O3). 

 

3.1. Kaolin Preparation 

 

The kaolin is unloaded and fed into the wet screening circuit consisting of a drum scrubber, a filter 

and various screens. This operation ensures kaolin particle size is reduced to < 300µm and the 

majority of oversize silica  /quartz is removed. The purpose of this circuit is to remove the major 

impurity in kaolin: silica /quartz sand, which is predominantly in the form of coarse grains. This 

impurity is removed as the oversize in a wet screening process; consisting of a drum scrubber, a 

filter and a double deck screen. See Figure 3.  

 

 
Figure 3. Removal of quartz and silica oversize. 

 

Beneficiated kaolin will be calcined at around 700°C in an indirect rotary kiln to convert the 

crystal structure of the clay to a more reactive form for leaching. The kiln will be indirectly fired 

by natural gas with associated cyclone and bag-house to collect off-gas fines. The calcine will be 

cooled, screened and any oversized material crushed to a particle size of < 300µm. See Figure 4. 

 

The purpose of this circuit is to increase the reactivity of the kaolin for leaching. Kaolin, 

Al₂O₃·2SiO2·2H₂O, has a structure which is not soluble in acid. Therefore, it has to be converted 
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into metakaolin. Metakaolin, Al₂O₃·2SiO₂·x H₂O, has a more reactive amorphous structure, 

which is leachable by hydrochloric acid. To convert kaolin to metakaolin, heat is required. This 

transformation process has been described as the removal of structural water through 

dehydroxylation. This process produces a distortion or buckling effect in the Al–Si layers, which 

is due to the migration of the aluminium into vacant sites provided by the inter-layer spacing.  

This results in the change in aluminium coordination from octahedral to tetrahedral. Kaolin 

activation by calcination involves dehydration, according to the reaction: 

 

 Al₂O₃·2SiO2·2H₂O = Al₂O₃·2SiO2·H₂O+H₂O(g)↑ (1)

  Or 

 Al₂O₃·2SiO2·2H₂O = Al₂O₃+2SiO₂ +2H₂O(g)↑ (2) 

      

The chemical reaction occurs between 570 °C and 630 °C. Over-calcination results in 

crystallisation of the mullite phase, and sintering, resulting in losses in acid leach activity. The 

dehydration results in up to 14 % weight loss due to the partial or total loss of crystal water. 

 

 
Figure 4. Kaolin calcination and acid leach. 

 

3.2. Kaolin Leaching 

 

Leaching follows, during which the calcine will be mixed with recycled wash liquor containing 

hydrochloric acid (HCl). The leach reaction is exothermic and the oxide components (except 

silica) are converted to soluble chlorides, producing a high concentration of aluminum chloride 

(AlCl3) in solution. The leached slurry is then pumped to leach residue filtration. The silica 

residue slurry is filtered and the silica residue neutralized before being provided to local vendors, 

such as brick works or cement plants.  

 

Kaolin calcine powder is mixed with liquor to obtain a target solids content of around 28 % w/w 

before the slurry is pumped into the first leaching vessel. The liquor is a combination of recycled 

hydrochloric acid from stage 1 crystallisation (~ 30 % HCl), a small amount of leach residue filter 

wash filtrate (~ 1.7 % w/w HCl). The leach reaction is exothermic and the oxide components 

(excluding silica) are converted into soluble chlorides, producing a high concentration aluminium 

chloride (AlCl3) solution.  Most of the minor impurities in the activated kaolin such as iron, 

sodium, potassium, magnesium and calcium etc. are also converted into their corresponding 

soluble chlorides. Silica is nonreactive and remains as a solid in the PLS. The reaction is as 

follows: 

 

 Al2O3*2SiO2*H2O(s) + 6 HCl(aq) <=> 2 AlCl3(aq) + 4 H2O(l) + 2 SiO2(s) (3) 

 K2O(s) + 2 HCl(aq)   <=> 2 KCl(aq) + H2O(l) 

 CaO(s) + 2 HCl(aq)  <=> CaCl2(aq) + H2O(l) 

 Fe2O3(s) + 6 HCl(aq) <=> 2 FeCl3(aq) + 3 H2O(l) 
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 Na2O(s) + 2 HCl(aq)  <=> 2 NaCl(aq) + H2O(l) 

 MgO(s) + 2 HCl(aq)   <=> MgCl2(aq) + H2O(l) 

 

The slurry is leached in a series of four acid leach tanks. The slurry from the first tank, reaches a 

boiling temperature of around 105 °C and cascades via overflow to each of the three subsequent 

leach tanks. Heat removal from the leach tanks is achieved by condensing of the tank vents.  All 

reaction vessels are vented to the water-cooled overhead condensers, situated above the reactors.  

Mixtures of water vapour and HCl vapour are cooled and condensed and returned to the first leach 

tank. The leached slurry is cooled by heat exchangers, to 80 °C, with a portion to be recycled to 

the first leach tank for temperature control.  The cooled slurry is fed to a series of vertical plate 

and frame leach residue filters to remove undissolved silica residue. The silica residue is 

neutralised, filtered, washed and sold to third party consumers.  See Figure 4. The pregnant liquor 

solution (PLS), containing aluminium chloride is filtered to remove any suspended solid particles.  

 

3.3. ACH Crystallization 

 

The pregnant liquor solution (PLS), from leach residue filtration is directed to crystallisation 

where aluminium chloride hexahydrate (AlCl3 .6H2O or ACH) is crystallized out of solution. This 

is achieved by increasing the hydrochloric acid concentration of the liquor (ACH is insoluble in 

concentrated HCl) by bubbling in anhydrous HCl gas. ACH crystals are then centrifuged and 

washed from the solution. The resultant ACH solids will be transferred to a re-dissolution tank 

where the ACH crystals will be dissolved in demineralized water and then fed to the second 

crystallization circuit. This dissolution process makes it possible to release residual impurities, 

which may have become trapped in the crystals during the first crystallization. Like the first stage 

crystallization, the acid concentration in the liquor is increased by bubbling in HCl gas, and 

crystallized ACH is centrifuged and finally washed to remove any residual acid and/or impurities. 

The third stage of crystallization is identical to the second, however the centrifuge has no washing 

stage and the ACH crystals are not re-dissolved. 

 

 
Figure 5. ACH crystallization and purification. 

 

3.4. Alpha Alumina Calcination 

 

The purified ACH crystals are heat treated in two stages via natural gas fired rotary kilns. The first 

stage involves heating the ACH to around 700 °C in order to decompose the ACH to alumina, 
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with trace amounts of basic aluminum chlorides (oxychlorides). Almost all of the chloride is 

liberated as HCl gas, recovered and reused in the process. The solids from the roaster fall directly 

into the second rotary kiln that then heats the solids further to remove the remainder of the HCl 

and water (H2O) to produce HPA: highly pure alpha alumina (α- Al2O3). The HPA will discharge 

to a cooler and is then fed directly to a final acidic wash stage to remove surface trace impurities. 

The HPA is washed, milled using bead mills, and spray dried to produced dried HPA powder with 

particle size of less than 1 micron. The HPA powder is micronized to produce product of varying 

particle sizes, depending on the end use requirements for the lithium ion battery industry.  In the 

other stream, the HPA is pelletized into beads and calcined in a tunnel kiln at 1600 oC to form high 

density HPA beads for the LED industry. 

 

 
Figure 6. Alpha alumina production. 

 

4. Sapphire Grade HPA 

 

Altech’s sapphire grade HPA product will be 4N (99.99 %) high purity alumina (Al2O3) in the 

form of a high-density HPA bead of around 3 - 4mm in size. The higher bulk density of HPA 

beads (versus HPA in powder form) is preferred by synthetic sapphire manufacturers as it 

maximises the amount of alumina that can be placed into the furnaces and kilns used in the 

production of synthetic sapphire. The target loose bulk density of Altech’s high-density HPA 

beads will be around 2.2 t / m3.  

 

Table 1. Sapphire grade Specification. 

Sapphire Grade 

Spec 

Chemical 

Content 
Spec Limit 

Alumina Al2O3 >99.99% 

Silica Si <20ppm 

Sodium Na <10ppm 

Magnesium Mg <10ppm 

Calcium Ca <10ppm 

Iron Fe <10ppm 

Copper Cu <10ppm 

Crystal 

Structure 
 alpha 

Bulk Density* t/m3 2.2 

    *Dry Basis (1110°C) 

 

Calciner

HCl

Roaster 

700 C1250 C

Quartz Oversize

Alpha Al2O3

Wash
Cooler

Bead Mill

HX

Spray

Dryer

Pelletiser

Cooler

Screen 

Packaging

Feed TankTunnel Kiln 
Cooler

Jet Mill
Battery Grade Option 

99.99% 

HPA 

Beads
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Synthetic sapphire is used in the manufacture of substrates for LED lights; semiconductor wafers 

used in the electronics industries; and scratch-resistant glass used for wristwatch faces, optical 

windows and components for smartphones and other handheld devices.  

 

4.1. Lithium-ion Battery Grade HPA 

 

The finishing line of Altech’s proposed HPA plant is designed to produce the ultra-fine HPA used 

in the lithium-ion battery sector; this product may also be sold in slurry form (drums). 

 

Table 2. Lithium-Ion Battery Grade. 

Lithium-ion 

Battery Grade 

Chemical 

Content 
Spec Limit 

Alumina Al2O3 >99.99% 

Silica Si <20ppm 

Sodium Na <10ppm 

Magnesium Mg <10ppm 

Calcium Ca <10ppm 

Iron Fe <10ppm 

Copper Cu <10ppm 

Crystal 

Structure 
 alpha 

Particle Size micron <1.0 

 

5. Conclusion  

 

In conclusion, Altech has developed the technology to produce HPA pellets for the sapphire 

industry as well as fine (< 1 micron) HPA powder for use in the lithium-ion battery industry from 

a kaolin feed stock using hydrochloric acid. Production costs are anticipated to be considerably 

lower than established HPA producers - in the bottom quartile of the production cost curve. The 

Company will continue to optimise and further improve the process during the commissioning 

and start up of the plant.  


	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



