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Abstract

Some fifty years ago, most alumina plants had precipitation circuit operating in batch. For reasons
of efficiency and productivity these were converted to what has been called since then Continuous
circuit. From that point on all new refineries were built in such a way, somewhat forgetting that
despite its negative aspects (operation complexity, manpower, etc), the precipitation rate is
always at its highest during batch operation. The tendency to build bigger tanks to save on capital
costs and also installing some of tanks in parallel, is moving away from optimum which is a large
number of small cascading tanks (quasi plug flow or batch operation). Of course, the losses from
this optimum are at least partly offset by the gains in operation simplicity. For some refinery,
parallel tanks are a way to reduce slurry bypass for instance. This paper shows how simple
mathematical tool can be used to quantify the deviation from optimum and for conceptual stage
find the optimum arrangement of tanks and their sizes depending of the classification strategy and
cooling capacity.
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1. Introduction

The Alumina industry is now well into its century of history and improvements to every aspect of
the process are too many to count. In the early years of alumina industry, the possibility of
pneumatic or electric control were only used in area where it was needed, like high temperature
and pressure. The precipitation area was run in a much simpler way using batch tanks. Changes
happened gradually facilitated as technology allowed to reduce cost and increase productivity:
either simplification of the process or reduction in manpower requirements. The major change in
the precipitation area from batch operation to continuous operation achieved both.

From that point in time, mid-seventies, all new plants were built with a continuous precipitation
circuit with tanks progressively bigger as technology allowed [1]. The justification for bigger tank
is a significant reduction in capital cost and allowing longer precipitation time, hence higher
productivity. But bigger tanks caused problems of civil and mechanical engineering, that needed
to be addressed in the same time as the requirement to maintain an adequate slurry suspension in
the precipitators. Scaling in the tank became an issue at high supersaturation at the front of the
circuit, and many configurations were designed over the years to solve all of the issues [2]. But in
the same time as resolving these some precipitation efficiency got lost. This paper describe how it
might have happened.

2. Aspect of the Precipitation Circuit that can be Optimized
In order to optimize the precipitation circuit, it is important to understand what drive the
precipitation rate of the reaction. As it has been documented in many articles [3], the reaction

depends mostly on supersaturation (second order) temperature and seed surface. The latter being
a factor that is much harder to try to influence.
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By far the strongest factor is the supersaturation which means that basically as the solution is
depleted progressively in alumina, the reaction slows down until the solution reaches the
solubility. But in industrial practice this never happens as it would take too long a residence time;
which would not be economical.

Temperature is also a strong driver and has two antagonist/contrary effects, one on the reaction
rate (higher temperature is faster) and the other via the supersaturation (higher temperature lower
supersaturation). This means that for a given aluminate concentration there is an optimum
temperature.

Another factor that is often overlooked is the reactor type, batch or continuous, as this choice is
normally part of the design/history of the plant. Basically, the reaction is always faster in batch
mode as it has the highest supersaturation all the time as the reaction proceed. Continuous reactor
can approach this rate if they are close to Plug Flow. This can be achieved using a multitude of
very small reactors.

The reason behind this is that the reaction rate is averaged for the whole residence time in a
continuous reactor and this concentration reached at steady state is lower than what would be
achieved for the same time in batch mode, and the difference is also more important for a reaction
of the second order. This has been well documented in reactor technology [4] and is illustrated in
figure 1, where a succession of two reactors of 4000 m? is compared to one big tank of 8000 m?
and the corresponding reaction time in a batch reactor 3.5 hr. The highest A/C ratio (lowest
productivity) is achieved with the single tank at 0.557. The ratio after the second small reactor is
significantly lower at ~0.537 and the batch reactor is by far the lowest at 0.503. However, one can
already see that this difference is getting smaller for the 3rd small tank.
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Figure 1. Comparison of ratio changes with time with different tank sizes.

The next graph, figure 2, is done for a succession of small tanks of 4000 m? to illustrate this latest
point. Hence, the difference between the line and the series of tank is becoming smaller and
smaller towards the end of the series. Which means that for a longer residence time, or a liquor
with less impurities, the difference between the two modes becomes less significant, but still
exists.
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Figure 2. Comparison of the De-supersaturation Curve for a Series of Continuous Tanks
and a Batch Tank.

3. Methodology Used for this Study

For this study, a series of comparison between various tank arrangements, tank sizes, temperature,
etc were done in a spreadsheet using a tool that was previously described in another paper [5]. The
tool used, called BayeX spreadsheet model, allows to simulate a basic precipitation circuit for a
chosen set of conditions: flows, solids concentration and liquor composition (impurity included).
BayeX comes as an Excel ™ Add-in with a set of functions that make it possible to simulate a
precipitation circuit, like function for mixing slurry streams, continuous tank and batch
precipitation tanks.

The flowsheet has been deliberately kept very simple: a series of cascading tanks all same size,
with only one type of seed (no classification), a quite long residence time and typical organic and
inorganic impurity content. These choices are quite arbitrary but were made to allow for easy
comparison.

The total residence time for all scenarios has been kept the same at 43.4 hrs. This rather long
residence time was also chosen to show the less bad cases as with shorter residence time the
difference would be bigger.

Each scenario being studied is typically done in a single sheet of the spreadsheet. This sheet can
then be copied to make incremental changes and quantify the effect of these changes. An example
of this is shown in Table 1, which is a screen capture of the base case for an isothermal
temperature of 65 °C for the medium tank size.
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Table 1. Example of Printout from the Simulation Sheets.

BngeX v1.0 Scenario 1 - Base Case Refinery: Typical Alumina Plant
Bayer Process Modelling Tool | Productivity 78.1 kg/m3|
LIQUORS flow ratio caus
. PGL 1800m*/h 0.700 240
<—> s % to 1st Tk 100.0 % to Tank 4= 0.0
{ OQ ) P :::“ Seed [seedstumyfiow [~ ] ratio caus  %solids = ‘ ‘SSA ~
] Seed to 1st 450m*/h 0.700 240 85% 0.035
LIQUOR COMPOSITION Tank Tank
Causticity( C/S) 87%
Organics (TOC) 16 Tk Volume temp Flow Ratio caustic solids spec surf
TOS/TOC Fact 2.45 Tank 1 5330 65 2233.2 0.577 244.5 401.9 0.0350
C NaCl 5 Tank 2 5330 65 2225.3 0.520 246.7 421.5 0.0350
C Na2so4 3 Tank 3 5330 65 2220.6 0.486 | 248.045 433.3 0.0350
Reference caus 245 Tank 4 5330 65 2217.3 0.463 249.0 441.4 0.0350
Tank 5 5330 65 2214.9 0.446 249.6 447.3 0.0350
Tuning factor 1.01 Tank 6 5330 65 22131 0.433 250.1 451.8 0.0350
Solubility at  65'C Tank 7 5330 65 2211.7 0.423 250.5 455.5 0.0350
& at Ref Caustic 0.3134 Tank 8 5330 65 2210.5 0.415 250.9 458.4 0.0350
Tank 9 5330 65 2209.5 0.408 251.2 460.9 0.0350
Tank 10 5330 65 2208.6 0.402 251.4 463.0 0.0350
Tank 11 5330 65 2207.9 0.397 251.6 464.9 0.0350
Tank 12 5330 65 2207.3 0.392 251.8 466.4 0.0350
Tank 13 5330 65 2206.7 0.389 251.9 467.8 [ 0.0350
Tank 14 5330 65 2206.2 0.385 252.1 469.1 r 0.0350
Tank 15 5330 65 2205.8 0.382 252.2 470.2 I 0.0350
Tank 16 5330 65 2205.4 0.379 252.3 471.2 I 0.0350
Tank 17 5330 65 2205.0 0.377 252.4 472.1 r 0.0350
Tank 18 5330 65 2204.7 0.374 252.5 472.9 r 0.0350

3.1. Effect of Tank Size for Isothermal Conditions

In this series of comparison, three different rows of precipitators are compared but all with the
same total residence time. The tanks are ranging from 4000 m?, 5333 m?® and 8000 m® with
respective number of tanks of 24, 18 and 12 tanks. The three scenarios are done with a same
temperature for each tanks (isothermal) to facilitate the comparison, although in real life it
wouldn’t be possible for multiple reasons, heat of reaction being the main one. But in older
refineries located in part of the world with a mild climate, or with tank in close arrangement with
little natural cooling, the profile can be close to isothermal if no cooling has been installed.

Looking at the figure 3, it is clear that with bigger tanks (longer residence time per tank) that the
overall de-supersaturation curve is higher and ends up with a lower productivity than the two
other rows, with the one with the smallest tanks having the best performance. The consequences
on productivity is also quite significant with the best productivity being 78.4 g/l with the small
tanks and 78.1 and 77.6 g/l for the two others showing the impact that the choice of tank size can
be important.
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Figure 3. Effect of the Tank Size on De-supersaturation Curve for Isothermal Profile.

It is also important to note that several refineries have tried to optimise tank sizes by having
smaller tank sizes at the front and bigger at the back end where it has less impact [6]. A fair
amount of optimisation can be done here where capital cost and maintenance cost (chemical
cleaning) will both play a role. Finally, this also illustrates why having tanks in parallel, which is
equivalent to having a much bigger tank, is so detrimental to productivity. Often this is done in
order to have much lower growth rate (to control crystal morphology) [7], to reduce the upward
velocity and hence achieve some level of classification or some solids retention [8].

3.2.  Effect of Tank Size for Steep Temperature Profile

The Same comparison was done this time with a steep temperature profile corresponding to what
would be achieved in colder climate in winter with some level of in-tank cooling. At first glance
of figure 4 the effect seems to be similar, although only 2 tank sizes were used for the comparison
this time (4000 and 8000 m?). Looking at the number, confirms this as the difference between the
big tanks goes from 79 g/l to 79.5 for the smaller ones — a difference of 0.5 g/l compared to 0.8 g/
for the isothermal. The conclusion is that a better temperature profile helps to reduce the impact
of bigger tanks. Like for the isothermal comparison, with shorter time the difference would be
bigger.
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Figure 4. Effect of the Tank Size on De-supersaturation Curve for Steep
Temperature Profile.

Although this steep profile happens to be not too far from an optimum profile, there are many
possible temperature profile strategies but the most common is to maximise productivity while
maintaining an acceptable occluded soda content. The determination of the optimum temperature
profile is difficult to calculate as the second derivative with temperature of the precipitation rate
with other properties related to temperature (like Occluded soda for instance) is needed. However,
this also illustrates how shallow the optimum is, meaning that (apart from the first few front
tanks) it is not too critical to be exactly on the optimum temperature for every tank to achieve near
optimum productivity.

4. Comparison of Effect of Number of Cooling Steps in a Precipitation Circuit

This series of comparison was done to illustrate the last point discussed in the previous section;
the optimum temperature is relatively broad in range particularly from the middle of the circuit
towards the end.

To do the comparison only one type of tank was used (the middle size) and the profile was varied
in the following way: the base case the temperature was changed linearly in the same amount (half
a degree) until the final temperature of 62.5. The two others were starting the same way until the
4™ tank and then in the second scenario, the temperature was changed every two tanks. Finally,
for the last scenario, the temperature was changed every four tanks, while reaching the same
finishing temperature in all cases. The difference between the temperature profile in each is
shown graphically in figure 5.
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Figure 5. Comparison of the Three Temperature Profiles used for this Study.

Figure 6 shows the de-supersaturation curve for the three scenarios, and it is particularly
noticeable that the difference is rather small. The lower ratio is the one where every tank is
changed followed by the one where changes occur every two tanks and lastly the one with less
cooling stages. The productivity is respectively of 77.9, 77.6 and 77.4 g/l which is probably
smaller than what may be expected considering the extra capital costs needed to achieve the first
flowsheet. This is again a confirmation that it is not required to be exactly on the optimum
temperature for every tank, as long as the overall profile is the same.
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5. Effect of Slurry By-pass on Productivity Losses

Often as a refinery is reaching nominal production there is strong incentives to try to achieve
higher production by many ways, one of them being higher liquor flow through the plant. In the
precipitation area, this translate as a lower residence time but overall higher production. In
precipitation there is also the potential for higher flow to cause some slurry bypass on the top of
the precipitator. While it can become visually quite noticeable then, it is much harder to quantify
exactly the amount of slurry flow that is by passing the precipitator and going directly to the
launder towards the next tank without reacting. The quantification of the bypass is best done using
some type of chemical or radioactive tracer.

To simulate this type of behavior, a portion of the slurry (depending of the % bypass desired) was
sent directly toward the exist of the tank and the remaining (most of the flow) was reacted and
then mixed with the flow that was bypassed. It is understood that this is a simplification of the real
behavior, as there is some intermixing going on before they are mixed at the end but should be
accurate enough for the objective of this study.

The flowsheet used for this comparison of the cooling profile, consists of set of 18 tanks of 5330
m3, with the simpler cooling profile, the one which has fewer cooling stages (last one). The
comparison case is done with the same amount of 25% of by-pass for every tank. In reality this is
rarely the case, as the by-pass tend to be more pronounced in the first few tanks due to higher
scaling in those.
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Figure 7. De-supersaturation Curves for the scenario with and without 25% bypass.

The results in the figure 7 also show that the effect is not as strong as could perhaps have been
expected considering that a quarter of the slurry is not participating in the reaction. However, the
difference in productivity is not negligible, dropping from 77.4 to 76.6 g/1, or a bit less than one
g/l of productivity loss. The reason is that the slurry that doesn’t bypass the precipitator gets a
longer residence time than in the base case before being mixed with the ‘unreacted slurry’.
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Like for the other factors studied, the difference starts large but gets much smaller before the end
of the circuit. So, we could assume that if the bypass is mostly present in the first few tanks, that
the productivity loss is even less important.

6. Conclusion

A series of comparisons aimed at identifying the importance of several key factors for production
in the precipitation area were performed using a spreadsheet simulation tool. The comparisons
showed that many of the general assumptions of what influence productivity do not necessarily
play as important a role as initially thought.

The role of the tank size and the arrangement in continuous, batch or in parallel is important and
could potentially lead to important productivity gains if applied appropriately; particularly for
older refineries which are considering converting to continuous while leaving some of the
precipitators operating in batch mode. Using a spreadsheet tool like the one demonstrated here,
should be seen as a first step. For a better and full analysis of all scenarios, more complex tool like
SysCAD or Aspen would be advisable.

7. References

1. R. Den Hond, I. Hiralal., A. Rijkeboer., Alumina Yield in the Bayer Process Past, Present
and Prospects. In: Donaldson D., Raahauge B.E. (eds) Essential Readings in Light
Metals. Springer, Cham, 2016. 528-533.

2. O. Tschamper, Improvements by the New Alusuisse Process for Producing Coarse
Aluminum Hydrate in the Bayer Process, Light Metals, 1981, The Metallurgical Society
of AIME, pp. 103-115.

3. C. Misra and E.T. White, Kinetics of Crystallization of Aluminum Trihydroxide from
Seeded Caustic Aluminate Solutions, AIME Alumina Symposium, Washington, D.C.,
19609.

4. Octave Levenspiel, Chemical Reaction Engineering, Second Edition, John Wiley &
Sons, 1972, New-York.

5. D. R. Audet, Optimizing Alumina Production Utilising Spreadsheet Models Based ...,
ICSOBA, Quebec city, Canada, 2016, Paper AA10, 2016.

6. B. A. Hiscox., C.E. Ellis, J.E. Larocque, and D.R. Audet, Process for the Precipitation of
Aluminium Hydroxide from Bayer Process Liquor. International Patent, (1991). No. WO
91/12205.

7. C. Sweegers, H.C. Coninck, H. Meekes, et alii, Morphology, evolution and other

characteristics of gibbsite crystals grown from pure and impure aqueous sodium
aluminate solutions. Journal of Crystal Growth. 2001; 233(3):567-582.

8. D. R. Audet, J. E Larocque, Plant trial of a new Precipitation Line Up based on ...,
Alumina Quality Workshop, Hunter Valley, Australia, Sept 1993.

293



	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



