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Abstract

In this study, the conversion of gibbsite to boehmite in low alkali media was efficiently achieved
with sodium bicarbonate as catalyst material under hydrothermal condition. The aluminium
hydroxide conversion was effective at a temperature from 200 to 290 °C and concentrations of
NaHCOs from 0 to 100 g/L, and the presence of NaHCOj3 had a different effect on the process
depending on the temperature. At low temperatures, soda accelerates conversion, while at
ambient temperatures the formation of dawsonite is observed, the presence of which disappears at
high temperatures. It was found that to reduce the conversion temperature of gibbsite to boehmite,
it is possible to use a seed in the form of boehmite obtained under hydrothermal conditions at a
temperature above 260 °C. The obtained data allow to reduce energy consumption for the
conversion of gibbsite into boehmite, as well as to obtain high purity aluminium hydroxide with
low soda content and pseudoboehmite.
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1. Introduction

With ongoing developments in the industry, a wide range of special qualities of aluminum
hydroxide and alumina products have become widespread, which are used as catalysts, flame
retardants, sorbents, etc. [1]. To obtain them, a large number of methods are proposed. The most
frequently proposed are alkoxide technology, the sol-gel method and hydrothermal treatment [2].
Various aluminum salts or metallic aluminum are used as precursors according to these
technologies, which significantly increases the cost of production. In addition, the production
processes themselves are quite complex and may result in the release of harmful gaseous products

[3].

The idea of obtaining boehmite as a precipitation product from an alkaline-aluminate solution
instead of gibbsite has recently become widespread. This approach reduces the cost of subsequent
calcination in the production of metallurgical alumina [4]. Several variants of precipitation [5] are
proposed. However, in the direct precipitation of boehmite, the degree of alumina recovered from
solution is lower than in the precipitation of gibbsite. According to the technology proposed by Li
et al. [6] gibbsite is proposed to convert in the second stage in the presence of boehmite seed, but
this process is slow and may lead to product contaminated by impurities.

One of the possible solutions to these adverse effects is the the hydrothermal treatment of
gibbsite, which has been repeatedly proposed for the production of nanoscale powders of
boehmite and alumina [7-9]. However, the data presented in the literature are contradictory with
respect to the mechanism and conditions of transformations, which is most likely due to the
different method of obtaining the starting material, which significantly affects the path and
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conditions of phase transformations. The lowest temperature (achieved in the work [8]), for the
conversion of gibbsite into boehmite is 160-170 °C, however, fine powder is used as the
feedstock, and the processing time was more than 8 hours.

In this work, a study was conducted to determine the possibility of using the hydrothermal
treatment of aluminum hydroxide in the presence of sodium bicarbonate to find conditions that
allow production of boehmite for metallurgical and special purposes at lowest cost. Baking soda
or sodium bicarbonate (NaHCO3) was used because under hydrothermal conditions, it allows
transformation of gibbsite into pseudoboehmite — nanosized powder of aluminum hydroxide with
a high specific surface area [10].

2. Experimental

The industrial aluminum hydroxide from the branch of JSC "RUSAL Ural" in the town of
Krasnoturinsk was used as the raw material. The particle size distribution of the initial aluminum
hydroxide is given in Table 1. The chemical composition of the initial aluminum hydroxide is
shown in Table 2, according to which the main impurity in this hydroxide is sodium oxide. The
main phase of the industrial aluminum hydroxide according to Figure 1 is gibbsite. The sodium
bicarbonate used in the experiments were of analytical purity. The distilled water was obtained in
the distillator GFL 2004.

Table 1. The particle size distribution of the initial aluminum hydroxide.

Pam;fls‘ze’ 5 |-10|—20|-30|-40 |-45 |56 |63 |-71 |-90 |-100 | —125

Content, % 1.2 | 1.3 25|55 | 113 | 157 | 29.2 | 40.1 | 52.6 | 743 | 81.2 | 91.5

Table 2. Chemical composition of initial aluminium hydroxide.

Compound | AI(OH); | Na,O Fe 0; SiO; SO; CaO K,O ZnO P,0s

wt. % 99.40 0.40 0.013 | 0.0070 | 0.0135 | 0.0091 0.018 | 0.0033 | 0.0011

Experiments on hydrothermal treatment were carried out in steel bombs with a volume of 100 ml,
in which 20 g of the initial aluminum hydroxide, the necessary sodium bicarbonate sample and
water were placed. Then the steel bombs were loaded into a thermostated air oven and kept at a
predetermined temperature for 1 hour. Mixing was carried out by rotating steel bombs at a speed
of 60 rpm. The Liquid: Solid ratio (L:S) in all experiments was 4:1.

The phase composition of the initial aluminum hydroxide and the obtained products was
determined using x-ray spectrometry on the Rigaku D/MAX-2200 instrument. The chemical
composition of the initial aluminum hydroxide was determined by x-ray fluorescence
spectrometry on an XRF-1800 instrument. The Na,O content of the products was determined by
inductively coupled plasma (ICP) spectrometry on a Perkin Elmer NexION 300S. Specific
surface area (BET) was determined by a Sorbi-m gas adsorption analyzer.
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Figure 1. X-ray diffraction pattern of the initial aluminium hydroxide.
3. Results and Discussion
To study the effect of temperature and concentration of sodium bicarbonate on the properties of
the hydrothermal treatment product (product yield, its phase composition, specific surface area

and caustic alkali content), a series of experiments presented in Tables 3-6 was carried out.

Table 3. Effect of sodium bicarbonate concentration on product properties at 200 °C.

NaHCO; Product Phase
Ne | concentration, . N .. BET, m%/g Na,O content, %
o/l yield, % composition
1 0 97.0 gibbsite 20.4 0.21
2 25 86.8 | pseudoboehmite 245.0 0.31
3 50 87.7 | pseudoboehmite 143.0 0.38
4 100 180.0 dawsonite ¥ ¥

* Specific surface area and Na,O content for dawsonite were not studied.

As seen in the results in Table 3, the presence of sodium bicarbonate at low concentrations leads
to the formation of pseudoboehmite with a high specific surface area. The presence of the
pseudoboehmite phase (not a mixture of boehmite and gibbsite) is confirmed by the X-ray
diffraction pattern presented in Figure 2. Thus, a fairly cheap method of obtaining raw materials
for non-metallurgical purposes, which does not involve the use of high temperatures or expensive
reagents, has been demonstrated.

Increasing the concentration of sodium bicarbonate prevents the production of pseudoboehmite

and the formation of dawsonite (NaAl(COs3)(OH),), which in turn, under hydrothermal conditions
in water also decomposes with the formation of pseudoboehmite [10].
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Table 4. Effect of sodium bicarbonate concentration on product properties at 230 °C.

NaHCO; Product Phase
Ne | concentration, . N .. BET, m?%/g Na,O content, %
o/l yield, % composition
! 0 92.5 gibbsite + 19.5 0.22
boehmite
2 25 179.3 dawsonite -k -k
3 50 180.2 dawsonite -k -k
4 100 180.8 dawsonite -k -k

* Specific surface area and Na;O content for dawsonite have not been studied.
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Figure 2. X-ray diffraction pattern of product Ne2 in Table 3.

When the temperature rises to 230 °C in the absence of sodium bicarbonate (Table 4), boehmite
begins to form, but the degree of completion of the conversation process is low, and most of the
product solid is untransformed gibbsite. In the presence of sodium bicarbonate, regardless of
temperature, dawsonite was formed.

Table 5. Effect of sodium bicarbonate concentration on product properties at 260 °C.

NaHCQ3 Product Phase
Ne | concentration, . o .. BET, m%/g Na;O content, %
o/l yield, % composition
1 0 78.5 boehmite 2.53 0.007
2 25 76.7 boehmite 4.23 0.33
3 50 80.1 boehmite 9.70 0.36
4 100 179.8 dawsonite -* -*

* Specific surface area and Na;O content for dawsonite were not studied.

According to Table 5, increasing the temperature leads to the completion of the crystallization of
boehmite in the absence of sodium bicarbonate. At the same time, there is a significant reduction
in the amount of sodium oxide impurities in the product due to the rejection of impurities during
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conversion. In addition, an increase in temperature leads to the appearance of the boehmite phase
in the presence of sodium bicarbonate. Figure 3 shows an X-ray diffraction pattern of the product
obtained at 260 °C and a concentration of 25 g/l NaHCO;. Boehmite obtained in a solution of
sodium bicarbonate is contaminated with sodium oxide, and with an increase in the concentration
of sodium bicarbonate, dawsonite begins to form.
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Figure 3. X-ray diffraction pattern of product Ne2 in Table 5.

Table 6. Effect of sodium bicarbonate concentration on product properties at 290 °C.

NaHCQ3 Product Phase
Ne | concentration, . N .. BET, m%/g Na,O content, %
o/l yield, % composition
1 0 77.0 boehmite 2.30 0.005
2 25 76.7 boehmite 2.33 0.30
3 50 76.5 boehmite 2.50 0.32
4 100 76.5 boehmite 2.50 0.34

Table 6 presents the results of experiments on hydrothermal treatment of the industrial aluminum
hydroxide at 290 °C. As the data shows, with a further increase in temperature the stable phase
under these conditions is boehmite, regardless of the concentration of sodium bicarbonate. At the
same time, due to the greater degree of completion of the conversion process, the boehmite
obtained in the absence of bicarbonate contains the least impurities and has the smallest specific
surface area. The presence of sodium bicarbonate leads to contamination by caustic alkali
product.

According to the data obtained, the conversion of gibbsite to boehmite requires fairly high
temperature or long exposure [8]. In work [6] to increase the conversion efficiency of gibbsite to
boehmite, use of a boehmite seed is proposed. In the following experiments therefore, boehmite
obtained at 260 °C was used as a seed for conversion of the initial aluminum hydroxide at lower
temperatures. The results of these experiments are shown in Table 7. The quantity of boehmite
seed was 50 wt.% of the sample of industrial aluminum hydroxide.
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Table 7. Results of using of hydrothermal boehmite as a seed.

Temperature, °C

Product yield, %

Phase composition

170 99.2 gibbsite + boehmite
180 97.0 gibbsite + boehmite
190 80.5 gibbsite + boehmite
200 76.7 boehmite

It is obvious that the presence of the boehmite seed significantly accelerates the conversion of the
industrial aluminum hydroxide. To obtain the pure boehmite phase within 1 hour, 200 °C is
necessary, which is lower than 260 °C, and reduces the cost of the process. Next, the effect of the

amount of seed on conversion efficiency (Table 8) at a temperature of 200 °C was studied.

Table 8. Results of using different amounts of hydrothermal boehmite as seed.

Seed amount, % Product yield, % Phase composition
5.0 79.6 gibbsite + boehmite
12.5 76.7 boehmite
25.0 76.6 boehmite
50.0 76.6 boehmite

The results in Table 8 indicate that for complete conversion to boehmite at 200 °C within 1 hour,
seeding with 12.5 % of the weight of the sample of the industrial aluminum hydroxide is
sufficient. At the same time, according to the measurements of particle size distribution, the
particle size of boehmite remains the same as that of the original hydroxide.

4. Conclusions

This study demonstrates that the use of sodium bicarbonate in the hydrothermal treatment of
industrial aluminum hydroxide precipitated from an alkaline aluminum solution by the Bayer
process allows at low temperatures (about 200 °C) to obtain pseudoboehmite with a high specific
surface area without the need for complex flowsheets and expensive reagents. When the
temperature rises to 230 - 260 °C, the presence of sodium bicarbonate in the solution leads to the
formation of dawsonite. With an increase in temperature to 290 °C, regardless of the presence and
concentration of sodium bicarbonate, the stable phase in the process is boehmite. It was found that
to reduce the conversion temperature of industrial aluminum hydroxide to boehmite, it is possible
to seed using boehmite obtained under hydrothermal conditions and at a temperature above 260
°C. When seeded at 12.5 % of the initial sample of the industrial aluminum hydroxide at 200 °C,
it is possible to completely transform gibbsite to boehmite. Thus the cost of this process is
significantly reduced, making it possible for its industrial application to reduce costs at the
subsequent stage of calcination, while reducing the amount of impurities in the final alumina
product.

5. References

1. S. Tanada et al., Removal of phosphate by aluminum oxide hydroxide, J. Colloid
Interface Sci. Vol. 257, (2003), 135-140.

2. S. Kiani, S., Abdolreza, R, Alimorad, Novel one-pot dry method for large-scale

production of nano y-Al,Os from gibbsite under dry conditions. Monatshefte fiir Chemie -
Chemical Monthly. Vol. 147, (2016), 1153-1159.

3. S. Zanganeh, et al., Self-assembly of boehmite nanopetals to form 3D high surface area
nanoarchitectures, Appl. Phys. A. Vol. 99, (2010), 317-321.

266




TRAVAUX 48, Proceedings of the 37" International ICSOBA Conference and
XXV Conference «Aluminium of Siberia», Krasnoyarsk, Russia, 16 — 20 September, 2019

10.

C. Skoufadis, D. Panias, 1. Paspaliaris, Kinetics of boehmite precipitation from
supersaturated sodium aluminate solutions, Hydrometallurgy, Vol. 68, (2003), 57-68.

B. Dash, et al., Additive action on boehmite precipitation in sodium aluminate solution,
Dalton Transactions. Vol. 39, (2010), 9108-9111.

G. Liu et al.,, Two-Stage Process for Precipitating Coarse Boehmite from Sodium
Aluminate Solution, JOM. Vol. 69, (2017), 1888-1893.

B. Alingjad, K. Mahmoodi, K. Ahmadi, A new route to mass production of metal
hydroxide/oxide hydroxide nanoparticles, Materials Chemistry and Physics. Vol. 118,
(2009), 473-476.

C. Hai et al., Phase Transformation and Morphology Evolution Characteristics of
Hydrothermally Prepared Boehmite Particles, J Inorg Organomet Polym. Vol. 28,
(2018), 643-650.

G. P. Panasyuk et al., Hydrargillite — Boehmite Transformation, /norganic Materials.
Vol. 46, (2010), 747-753.

V.N. Pis'mak, [.V. Loginova, Poluchenie aktivnogo oksida alyuminiya i nizkoplavkogo
elektrolita, Izvestiya vysshih uchebnyh zavedenij. Cvetnaya metallurgiya, Ne 5, (2015),
21-25. (in Russian).

267



	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



