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Abstract 

 
Baking is the final step of the anode production, which plays a major role in attaining the anode 
properties required by industry. However, the anode baking is a costly process during which 
various complex phenomena take place. It is therefore important to ensure good understanding of 
the impact of these phenomena on the baked anode quality. Regarding the mechanical aspect, 
various strain mechanisms occur in the anodes during the baking and evolve with respect to the 
spatial distribution of temperature and its rate of change in the baking furnace. Each of these 
mechanisms contributes to the stress equilibrium in the carbon anode and can lead, depending on 
the baking conditions, to poor mechanical properties including cracks when the failure limit is 
exceeded. In this paper, a new approach for the modelisation of one of these mechanism, the load 
free permanent strain, is presented. Experimental data obtained from free dilatometric tests were 
mathematically described using successive temperature activated evolutions for the phase 
transition, devolatilization and graphitization process. While existing parameters were used for 
the devolatilization evolution process, an optimization procedure was used to identify the 
remaining parameters of the equations. Model results showed good agreements with the 
experimental data. 
 
Keywords: Carbon anodes; anode baking; mechanical properties; chemical swelling; baking 
Index.  
 
1. Introduction 

 
Aluminum production plants require a constant supply of carbon anodes for the electrolysis 
process, which are both a carbon source for the reduction of the alumina and an electrical 
conductor for the electrolysis reaction. The final anode quality is one of the determining factors 
for the quality of aluminum produced, influencing the cell stability, metal quality, energy 
consumption, and environmental emissions of the process. Therefore, good quality anodes, 
characterized by a high chemical purity, high electrical conductivity, low air and carbon dioxide 
reactivity, high thermal shock resistance and high mechanical strength, should be used [1, 2]. 
 
The carbon anode paste is manufactured using petroleum coke, pitch and recycled materials 
(anode butts, baked and green scrap). These components are mixed together in the anode paste 
plant and then formed into a green anode using a press or vibrocompactor. Green anodes are then 
cooled and stored before the baking process, which will complete the anode production. Baking 
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is vastly considered as the most costly step of the production process, bringing the anode to its 
final quality. 
 
In recent years, the optimization of the baking process has become a subject of interest since the 
costs and impacts associated with its operation are fairly important. However, direct temperature 
and/or strain measurements are difficult due to the nature of the volatile gas present during baking 
as well as high temperatures. This has led researchers to develop mathematical models of the 
baking furnace to further understand the impact of this process on the carbon anode final quality. 
 
2. Baking furnace modeling approach 

 
The current baking furnace model of the carbon research group at UQAC [3] allows the 
computation of the temperature distribution in the anodes and in the gas while considering all the 
important phenomena related to fluid flow and thermal aspects encountered during baking. 
However, this model does not take into account the effect of baking on the mechanical state of 
the carbon anode, where high stresses can lead to crack initiation and propagation. Moreover, a 
mechanical model of the anode baking could help understand the source of stress generation 
during the process and enhance the final product quality. The proposed modeling approach is to 
weakly couple a mechanical sub-model of the anode stacking to the existing 3D thermo-fluid 
model using its temperature field provided at each time step, as shown in Figure 1. The mechanical 
sub-model is based on a user defined constitutive law to properly evaluate the stress distribution 
in the carbon anodes, considering the effects of the baking process on the material as well as the 
mechanical impact of the packing coke on the anode during the baking process. 
 
 

 
Figure 1. Characteristics and output description of the sub-models  

(Gas and solid sub-model images taken from [3])  
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The total strain in the material is defined using the strain additivity theory such as: 
 
 𝜀̇ = 𝜀𝑒̇ + 𝜀𝑣̇𝑒 + 𝜀𝑣̇𝑝 + 𝜀𝑡̇ℎ + 𝜀𝑙̇𝑓𝑝 (1) 
 
where:  𝜀̇ Total strain rate, mm/mm 
 𝜀𝑒̇ Elastic strain rate, mm/mm 

𝜀𝑣̇𝑒 Viscoelastic strain rate, mm/mm 
𝜀𝑣̇𝑝 Viscoplastic strain rate, mm/mm 
𝜀𝑡̇ℎ Thermal strain rate, mm/mm 
𝜀𝑙̇𝑓𝑝 Load free permanent strain rate, mm/mm 

 
While all strain mechanisms must be defined in order to solve the mechanical problem, this paper 
will emphasis on the load free permanent strain identification and model definition. The 
remaining strain mechanisms and model solution will be discussed in a future publication. 
 
3. Experimental investigation of the load free permanent strain 

 
The load free permanent strain (LFP) is defined as the deformation of a carbon anode sample 
observed at room temperature after full or partial baking process in the absence of external 
mechanical stress. This strain mechanism has been observed in the industry when the dimensions 
of green and baked anodes were compared but this was not further investigated. During this study, 
in order to allow the measurement and subsequent modeling of the load free permanent strain, 
dilatometric tests were carried out at three different heating rates (7, 11 and 15°C/h) in an 
induction furnace under inert atmosphere using nitrogen. The temperature of the sample was 
recorded during the test using a thermocouple. 
 
The results are presented in Figure 2 and shows a similar trend for the three heating rate value, 
except at temperatures under 200°C where the high heating rate produce a rapid expansion where 
almost none is observed at a low heating rate. Moreover, small differences seems to appear at 
higher temperatures even between the results of high and medium heating rate experiments. At 
these temperatures, the strain rate seems to be inversely proportional to the heating rate.   
 

 
Figure 2. Dilatometric test total strain result 
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4. Model definition 

 
4.1. Mathematical approach 

 
To be used in a numerical model, these curves must be modelled using a representative approach. 
In a free dilatometric tests, two distinct strain mechanisms can be observed. While both are 
temperature dependent, one is reversible (thermal strain) while the other is not (so-called load free 
permanent strain). Hence, the load free permanent strain can be found at any given time by 
subtracting the thermal strain from the total strain: 
 
 𝜺𝒍𝒇𝒑(𝒕) = 𝜺𝒕𝒐𝒕(𝒕) − 𝜺𝒕𝒉(𝒕) (2) 
where:  𝑡 Time, s 

𝜀𝑙𝑓𝑝 Load free permanent strain, mm/mm 
 𝜀𝑡𝑜𝑡 Total strain, mm/mm 
 𝜀𝑡ℎ Thermal strain mm/mm 
 
Using a first order Taylor series expansion, the load free permanent strain at 𝑡 + Δ𝑡 can be 
expressed as: 
 
 𝜺𝒍𝒇𝒑(𝒕 + 𝚫𝒕) = 𝜺𝒍𝒇𝒑(𝒕) +

𝝏𝜺𝒍𝒇𝒑

𝝏𝒕
(𝒕) ⋅ 𝚫𝒕 + ⋯ (3) 

 
Equation 2 states that the derivative of the load free permanent strain at the current time must be 
computed. Using a finite difference approximation, the derivative becomes: 
 
 

𝝏𝜺𝒍𝒇𝒑

𝝏𝒕
=
𝜺𝒍𝒇𝒑(𝒕+𝚫𝒕)−𝜺𝒍𝒇𝒑(𝒕)

𝚫𝒕
 (4) 

 
To evaluate the value of the derivative, the load free permanent strain mechanism must be defined.  
 
4.2. Load free permanent strain equation 

 
Previous experimental works showed that the baking process of the anode paste goes through 
three major phases:  

 First, the material undergoes a phase transition during which the pitch melts while its 
viscosity decreases. This physical transformation of the binder component leads to a 
migration of the pitch in the coke matrix while the residual stresses induced by the 
vibrocompaction process are released. While the phase transition of the pitch specifically 
happens at temperatures between 120°-200°C, the effects associated with this phase are 
observed from room temperature to at around 450°C, temperature at which the rigidity of 
the carbon anode paste increases significantly due to the crystallization of the binder 
phase. [4, 5] 

 Starting at around 200°C, the devolatilization process of the carbon anode paste will lead 
to the release of condensable gases, hydrogen and methane, caused by various thermo-
activated chemical reactions. This will lead to the carbonization of the mix, binding 
together the different components of the carbon anode paste. Various authors states that 
this phase ends at around 800°C, which can vary depending on the pitch composition [6-
8]. 

 Beyond 800°C, the microstructure of the carbon will begin to rearrange itself under the 
influence of the heat treatment. The process is called graphitization and progress with 
increasing heat-treatment temperature up to 3000°C where the carbon will be fully 
graphitized. This phenomena is observed in carbon anodes by the increase of the 
crystalline length (𝐿𝑐) as shown in Figure 3. The heat treatment process for the carbon 
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anodes is limited to temperature around 1200°C to avoid excessive desulfurization [2] 
hence giving a partial graphitization process.  

 
Figure 3. Structural development of a graphitizable carbon with increasing heat-treatment 

temperature [2] 

 
Following this analysis, the load free permanent strain is divided into three distinct mechanisms, 
combined using the strain additivity hypothesis: 
 
 𝜀𝑙̇𝑓𝑝 = 𝜀𝑃̇𝑇 + 𝜀𝐷̇ + 𝜀𝐺̇  (5) 
 
where:   𝜀𝑃𝑇 Pitch phase transition strain, mm/mm 
 𝜀𝐷 Devolatilization strain, mm/mm 
 𝜀𝐺 Graphitization strain, mm/mm 
 
The phase transition strain equation can be expressed as a function of the process evolution, which 
can be expressed as: 
 
 𝜀𝑃𝑇 = 𝑓𝑃𝑇(𝑥𝑃𝑇) ⋅ 𝑥𝑃𝑇 (6) 
 
where:   𝑓𝑃𝑇 Pitch phase transition strain function 
 𝑥𝑃𝑇 Pitch phase transition evolution index 
 
This approach introduces a new quantity, 𝑥𝑃𝑇, the pitch phase transition evolution index. This 
index represent the evolution of the specific phenomenon and its evolution with time. Assuming 
the phase transition of the pitch can be expressed as a temperature activated process, it can be 
defined using Arrhenius equation, similar to previous approaches for the baking index [9, 10] and 
the anode devolatilization [6-8]. Hence, its equation is given by: 
 

 𝜕𝑥𝑃𝑇

𝜕𝑡
= 𝑘0,𝑎𝑝𝑝(1 − 𝑥𝑃𝐶)

𝑛𝑒−
𝐸𝑎
𝑅𝑇 (7) 

 
where: 𝑘0,𝑎𝑝𝑝 Apparent pre-exponential factor, min-1 

 𝑛 Reaction order 
 𝐸𝑎 Activation energy, kJ mol-1 

 𝑅 Universal gas constant, J K-1 mol-1 
 
Similarly, the devolatilization phase strain mechanism was defined as a function of an evolution 
index. However, since the kinetic evolution for the three main products of the devolatilization are 
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known, the strain was further subdivided in its constituents, namely the condensable gases, 
methane and hydrogen devolatilization strains. Evolution of each gas component can be expressed 
using an Arrhenius equation, as shown in previous works [6-8]. The equation for the 
devolatilization strain mechanism is then: 
 
 𝜀𝐷 = 𝑓𝑐𝑜𝑛𝑑(𝑥𝑐𝑜𝑛𝑑) ⋅ 𝑥𝑐𝑜𝑛𝑑⏟            

𝜀𝑐𝑜𝑛𝑑

+ 𝑓𝐶𝐻4(𝑥𝐶𝐻4) ⋅ 𝑥𝐶𝐻4⏟          
𝜀𝐶𝐻4

+ 𝑓𝐻2(𝑥𝐻2) ⋅ 𝑥𝐻2⏟        
𝜀𝐻2

 (8) 

 
where:   𝜀𝑐𝑜𝑛𝑑 Condensable gas devolatilization strain, mm/mm 
 𝑓𝑐𝑜𝑛𝑑 Condensable gas devolatilization strain function 
 𝑥𝑐𝑜𝑛𝑑 Condensable gas devolatilization conversion index, % 
 𝜀𝐶𝐻4  Methane devolatilization strain, mm/mm 
 𝑓𝐶𝐻4  Methane devolatilization strain function 
 𝑥𝐶𝐻4  Methane devolatilization conversion index, % 
 𝜀𝐻2 Hydrogen devolatilization strain, mm/mm 
 𝑓𝐻2 Hydrogen devolatilization strain function 
 𝑥𝐻2 Hydrogen devolatilization conversion index, % 
 
Lastly, the graphitization strain mechanism is defined using the same approach and an evolution 
index to define the progress of the process. This approach was used by Murty and al.[11], among 
others, assuming that the graphitization process is a temperature activated process that can be 
represented by an Arrhenius equation. The equation of the mechanism is then given by: 
 
 𝜀𝐺 = 𝑓𝐺(𝑥𝐺) ⋅ 𝑥𝐺 (9) 
 
where: 𝑓𝐺 Graphitization strain function 
 𝑥𝐺 Graphitization evolution index 
 
Contrary to the other evolution indexes, the graphitization index shall not reach its peak value at 
the end of the baking, since the process is mostly incomplete at the maximum soaking temperature 
used in industrial baking furnaces. 
 
4.3. Parameter identification algorithm 

 
After defining the load free permanent strain sub-mechanisms, the time derivative of the load free 
permanent strain can now be evaluated. Using the chain rule: 
 
 𝜀𝑙̇𝑓𝑝 =

𝜕𝜀𝑃𝑇

𝑥𝑃𝑇
⋅
𝜕𝑥𝑃𝑇

𝜕𝑡
+
𝜕𝜀𝑐𝑜𝑛𝑑

𝑥𝑐𝑜𝑛𝑑
⋅
𝜕𝑥𝑐𝑜𝑛𝑑

𝜕𝑡
+
𝜕𝜀𝐶𝐻4
𝑥𝐶𝐻4

⋅
𝜕𝑥𝐶𝐻4
𝜕𝑡

+
𝜕𝜀𝐻2 

𝑥𝐻2
⋅
𝜕𝑥𝐻2
𝜕𝑡

+
𝜕𝜀𝐺

𝑥𝐺
⋅
𝜕𝑥𝐺

𝜕𝑡
 (10) 

 
For each strain sub-mechanisms, the derivative in regard to the evolution index is expressed by 
applying the same mathematical concept: 
 
 𝜕𝜀𝑃𝑇

𝑥𝑃𝑇
=
𝜕𝑓𝑃𝑇

𝜕𝑥𝑃𝑇
⋅ 𝑥𝑃𝑇 + 𝑓𝑃𝑇 ⋅

𝜕𝑥𝑃𝑇

𝜕𝑥𝑃𝑇
 (11) 
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As for the time derivative of the evolution index, the Arrhenius equation can be used directly as 
defined in Equation (7). Combining Equation (3), (7), (10) and (11), the solution for the load free 
permanent strain at each time step becomes: 
 

 𝜀𝑙𝑓𝑝(𝑡 + Δ𝑡) = 𝜀𝑙𝑓𝑝(𝑡) + Δ𝑡

(

 
 
(
𝜕𝑓𝑃𝑇

𝜕𝑥𝑃𝑇
⋅ 𝑥𝑃𝑇 + 𝑓𝑃𝑇)𝑘0,𝑃𝑇(1 − 𝑥𝑃𝐶)

𝑛𝑃𝑇𝑒−
𝐸𝑎,𝑃𝑇
𝑅𝑇

+(
𝜕𝑓𝐻2

𝜕𝑥𝐻2
⋅ 𝑥𝐻2 + 𝑓𝐻2)𝑘0,𝐻2(1 − 𝑥𝐻2)

𝑛𝐻2𝑒−
𝐸𝑎,𝐻2
𝑅𝑇

+⋯ )

 
 

 (12) 

 
The parameter for the strain mechanisms equation are identified by an optimization process, 
knowing the solution of the load free permanent strain at each time step. However, each evolution 
process must be identified beforehand, which add another step prior to the strain mechanism 
parameter identification. The following optimization algorithm was used for the present work to 
identify the parameters value: 
 
1. Devolatilization strain sub-mechanisms optimization 

1.1. Evaluation of the devolatilization process evolution solution using parameters taken 
from Lu [8]; 

1.2. Identification of the devolatilization strain sub-mechanism equation parameters using 
Equation (12) and considering only the condensable gases, hydrogen and methane strain 
mechanisms; 

1.3. Subtraction of the devolatilization strain from the experimental load free permanent 
strain values; 

2. Phase transition strain sub-mechanism optimization 

2.1. Identification of the phase transition evolution parameters using 𝜀𝑝(𝑇)/𝜀𝑃(450°𝐶) as a 
first approximation of the evolution process; 

2.2. Identification of the phase transition strain sub-mechanism equation parameters using 
Equation (12) and considering only phase transition;  

2.3. Subtraction of the phase transition strain from the experimental load free permanent 
strain values; 

3. Graphitization strain sub-mechanism optimization 

3.1. Identification of the graphitization evolution parameters using 𝜀𝑝(𝑇)/𝜀𝑃(2500°𝐶) as a 
first approximation of the evolution process and assuming a constant evolution between 
850°C and 2500°C; 

3.2. Identification of the graphitization strain sub-mechanism equation parameters using 
Equation (12) and considering only graphitization;  

5. Results and discussion 

 
Figure 5 shows the optimization process results for the evolution parameters for each sub-
mechanism. Using existing parameters for the devolatilization process allowed to easily identify 
evolution parameters for the remaining sub-mechanisms since the phase transition and 
graphitization were separated by the devolatilization evolution. Thus, the phase transition takes 
into account only the beginning of the load free permanent strain generation while the 
graphitization represent the ending section. The graphitization index reach a maximum value of 
0.12 at the target soaking temperature due to the starting hypothesis stating that graphitization is 
only as it starting phase in the baked carbon anode. 
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Figure 4: Evolution of the load free permanent strain sub-mechanisms  

 
As for the strain mechanisms equations, a 3rd degree polynomial equation was used for the strain 
function, hence, the strain for each sub-mechanism is given by: 
 
 𝜀(𝑥) = (𝐴0 + 𝐴1 ⋅ 𝑥 + 𝐴2 ⋅ 𝑥

2) ⋅ 𝑥 (13) 
 
Figure 5 shows the identified parameters for each sub-mechanism and the strain evolution through 
the baking process. It can be observed that the devolatilization strain seems to be the most 
important, which confirms the importance of the carbonization of the pitch during baking. The 
model also suggests that the phase transition induce an expansion of the material while 
devolatilization and graphitization induce a contraction. These findings seem to be in line with 
the underlying concepts associated with the sub-mechanisms since: 
 The stress release during the phase transition leads to an expansion, while the pitch migration 

in the coke matrix leads to a contraction. The positive strain value suggests that the stress 
release is then more significant than the pitch migration induced strain; 

 The weight loss during devolatilization leads to a shrinkage of the anode paste. However, the 
fact that this strain sub-mechanism seems to be stagnant during the majority of the weight loss 
process, which mainly occurs between 200°C and 500°C, points out that the carbonization 
process might be responsible of the majority of the strain; 

 The graphitization process of the carbon structure can easily cause a shrinkage of the sample 
since the reorganization of the structure means that the carbon chains take less places in the 
solid matrix. While its influence is not dominant in the current case, increasing the soaking 
temperature would lead to further shrinkage of the carbon sample. 
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Figure 5: Load free permanent strain sub-mechanisms 

 
Figure 6 compares the model results with the experimental data. These results confirm that using 
the proposed approach, the load free permanent strain experimental data can be represented with 
the developed model while taking into account the various phenomena taking place during anode 
baking. The residual curve, representing the difference between the experimental and the model 
results, is fairly small. Its maximum value is 6.6856e-005 which occurs during the devolatilization 
around 500°C. This shows that while the  kinetic parameters representing the release of volatiles 
for each gas component [8] can describe the general tendency of the strain evolution during this 
phase, further optimization of these parameters could be carried out to improve the precision of 
the model. As for the phase transition and graphitization, the defined strain mechanisms 
accurately model the experimental data. 
 

 
Figure 6: Comparison of the load free permanent strain model results  

with experimental data 
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6. Conclusions 

 
In this paper, a mathematical model, developed to determine the load free permanent strain in 
carbon anodes based of the phenomena observed during baking, is presented. The load free 
permanent strain was subdivided into five strain mechanisms representing the phase transition, 
the release of three main volatile components and the graphitization. Existing kinetic parameters 
were used to represent the devolatilization of condensable gases, hydrogen and methane. The 
remaining parameters were successfully identified using a progressive optimization process. 
Numerical results are in good agreement with the experimental results, allowing the different 
processes responsible for the final strain to be analyzed. This model will be used in a future work 
to compute the mechanical stress in a carbon anode during the baking phase. 
 
7. Acknowledgement 

 
The authors acknowledge Aluminerie Alouette Inc. for their financial and technical contributions 
as well as Natural Sciences and Engineering Research Council of Canada (NSERC) by the 
intermediary of the Aluminum Research Center – REGAL, Sept-Îles Economic Development, the 
University of Quebec at Chicoutimi and the University of Quebec at Chicoutimi Foundation for 
their financial contributions. 
 
8. References 

 
1. T. Foosnaes and T. Naterstad, Carbon: Basics and principles, in Introduction to 

aluminium electrolysis, K. Grojtheim and H. Kvande, Editors. 1993, Aluminium-Verlag: 
Düsseldorf.  87-137. 

2. Markus W. Meier, Cracking behaviour of anodes, 1996, Swiss Federal Institute of 

Technology, Sierre, Switzerland. 
3. M. Baiteche, Développement d’un modèle transitoire en 3d du four horizontal de cuisson 

d’anodes en carbone, 2015, Université du Québec à Chicoutimi, Chicoutimi, Canada. 
4. Kristine L. Hulse, Anode manufacture: Raw materials, formulation and processing 

parameters, 2000, The University of Aukland, Sierre, Switzerland. 
5. Nathalie Bouchard, Pyrolyse de divers brais utilisés dans la technologie söderberg et 

analyse des matières volatiles, 1998, Université du Québec à Chicoutimi, Chicoutimi, 
Canada. 

6. D. Kocaefe, et al., A kinetic-study of pyrolysis in pitch impregnated electrodes. Canadian 

Journal of Chemical Engineering, 1990. 68(6), 988-996. 
7. Duygu Kocaefe, et al., Thermogravimetric study on devolatilization kinetics of chinalco 

anodes during baking. Journal of Materials Science Research, 2013. 2(2), 22-34. 
8. Ying Lu, Effect of pitch properties on anode properties, 2016, Université du Québec à 

Chicoutimi, Chicoutimi, Canada. 
9. D. Richard, et al. Development and validation of a thermo-chemo-mechanical model of 

the baking of ramming paste. Light Metals. 2005,733-738. 
10. Guillaume D'Amours, Développement de lois constitutives thermomécaniques pour les 

matériaux à base de carbone lors du préchauffage d'une cuve d'électrolyse, 2004, 
Université Laval, Québec, Canada. 

11. H. N. Murty, D. L. Biederman, and E. A. Heintz, Kinetics of graphitization. Carbon 7, 
1969. 7(6), 667-681. 

 

400


	Final ICSOBA 2016 for PRINTING 18-09-2016
	1 - TRAVAUX 2016
	2 - Foreword - Introduction to the conference proceedings
	3 - Welcome note from Claude Vanvoren ICSOBA 2016
	4 - Table of Contents ICSOBA 2016_00
	5 - KEYNOTE SESSION
	KN01 - Data Connectivity, a Key Feature of the Smelter of the Future
	KN02 - Aluminium in Infrastructures
	KN03 - Fostering an Aluminium Culture in Quebec
	KN04 - Global Developments in Bauxite, Alumina & Aluminium – Past, Present and Future
	KN05 - The Amazonic Bauxite - Advantages and Challenges
	KN06 - Aluminium Market Outlook
	KN07 - Bauxite, Alumina and Aluminium Market Overview

	6 - BAUXITE SESSION
	BX01 - Developing Bauxite Projects  Planning for Quality Product
	BX02 - Study of Minor Bauxite Deposits Madhya Pradesh Geological Studies and Techno-Economic Evaluation

	7 - ALUMINA SESSION
	AA01 - Evolution of Tube Digestion for Alumina Refining
	AA02 - Basics in non-newtonian mixing for handling of tailings and other high concentrated slurries
	AA03 - Impacts of Pressure Differentials between Flash Tanks on Flash Train Performance
	AA04 - Scale Formation in Alumina Refineries
	AA05 -  A Model for the Shear Thickening Effect of Raking Systems on Red Mud
	AA06 - Three Steps to Improved Filtration
	AA07 - Vessel Diagnosis in the Bayer Process Using Ferromagnetic Tracers
	AA08 - AKW Equipment and Process Design - Expertise in Alumina Refinery
	AA09 - Particle Image Validation of a Classifier Hydrodynamic Model
	AA10 - Optimizing Alumina Production Utilising Spreadsheet Models Based on Limited Data
	AA11 - Energy consumption optimization in alumina production
	AA12 - Lime Use Alternatives and Impacts on Processing Boehmitic Bauxites
	AA13 - Large-scale Valorization of Bauxite Residue for Inorganic Polymers
	AA14 - Development of Alkaline Aluminosilicates Processing Technology
	AA15 - Environmental and Economic Benefits of Bauxite Residue Management Using Pressure Filtration
	AA16 - The Role of Green Alumina in Green Aluminium
	AA17 - Quantitative chemical analysis of red mud and products of its processing to scandium
	AA18 - Sodium Oxalate Salt Cake Degradation when Exposed to Natural Factors in the Disposal Area
	AA19 - An Overview on Bauxite Residue Utilisation
	AA20 -  Plasma Reduction Process to Minimise Bauxite Residue

	8 - CARBON SESSION
	CB01-Effects of Charcoal Addition on the Final Properties of Carbon Anod..
	CB02-Effects of Bulk Density and Inter-particle Contacts on Electrical R...
	CB03.0-Paste Plant Self-Cleaning Tar Fumes Ventilation Ducts, Design and Operation
	CB04-Equipment Improvements on Existing Anode Paste Plants
	CB05-Multi-Particle Sedimentation under Vibration
	CB06-Vibroforming and Cooling Sections Revamping of Green Anode Plant
	CB07-The Effect of Varying Mixing and Baking Temperatures on the Quality...
	CB08-Considerations for Selecting an Open Top Anode Baking Furnace Relin...
	CB09-Performance Analysis of a Horizontal Anode Baking Furnace for Alumi...
	CB10 - Effects of Flue Wall Deformation on Aluminum Anode Baking Homogenei...
	CB11-Thermodynamic Assessment of the Chemical Durability of Refractory L...
	CB12-Numerical Investigation of the Load Free Permanent Strain in Carbon...
	CB13-Optimum Baking Level of Carbon Anodes for Aluminum Production
	CB14-Evolution of Mechanical Properties of Carbon Anodes During Baking 
	CB15-Inspection of Prebaked Carbon Anodes Using Multi-Spectral Acousto-U...
	CB16-Electrical Resistivity Measurement of Carbon Anodes Using Van Der P..
	CB17-A Non-Destructive Technique for the On-Line Quality Control of Gree...
	CB18-Evolution of Anode Porosity under Air Oxidation The Unveiling of th..

	9 - ALUMINIUM SESSION
	AL01 - Implementation of D18+ Cell Technology in Potline 1 at EGA Jebel Ali
	AL02 - Low Energy Start-Up for Low Energy Cells
	AL03 - Development and Deployment of Slotted Anodes Technology at Talum Smelter
	AL04 - Design Options to Reduce Specific Energy Consumption in Aluminium Electrolysis Cells
	AL05 - Power Supply Outages to Cells in Aluminium Smelters
	AL06 - Optimisation of the Performance of Cathode Risk Pots
	AL07 - Using SPC Method to Design an Aluminum Fluoride Addition Strategy for Aluminium Electrolysis
	AL08 - Factors Affecting Current Efficiency Based on Na Content in the Metal
	AL09 - Modelling and Design of a Forced Convection Network for Hall-Heroult Cells
	AL10 - Economic Simulation Based Decision Support for Cathode Relining Facility
	AL11 - Alternative Methods for Process Control in Aluminium Industries - XRD in Combination with PLSR
	AL12 - Comparison of Electrochemical Methods to Determine Alumina Concentration in Cryolite Based Bath
	AL13 - Metal Tapping Flow Regulation System - A Large Scale Industrial Experiencer
	AL14 - Modeling of Aluminum Tapping Operational Management to Enhance Smelter Productivity
	AL15 - Recent On-line Measurements of Individual Anode Currents at Alouette
	AL16 - Low Voltage AEs and Unreported PFC Emissions_2016-08-04
	AL17 - First Years of Operation of the Rio Tinto AP 60 OZEOS Gas Treatment Centre
	AL18 - In-Duct Scrubber _IDS_ - A Commercially Available Technology for Removal of Gaseous Pollutants from an Industrial Facility
	AL19 - Update on the Abart Gas Treatment Center Technology
	AL20 - Prolonging the Economic Lifetime of GTCs and FTCs
	AL21 - Measurement of Pot Gas Exhaust Flowrate and Heat Loss
	AL22 - Influence of Hooding Conditions on Gas Composition at the Duct End of an Electrolysis Cell
	AL23 - The LCLL process a sustainable solution for the treatment and recycling of spent potlining
	AL24 - Impact of the Solidification Rate on Chemical Composition of Frozen Cryolite Bath
	AL25 - Investigation of the Frozen Bath Layer under Cold Anodes 
	AL26 - Properties of lithium modified baths
	AL27 - Flotation and Infiltration of Artificial Rafts on the Surface of Molten Cryolite
	AL28 - Development of a New Type of Cathode for Aluminium Electrolysis
	AL29 - A New Lining Material for Aluminum Electrolysis Cells that Can be Recycled
	AL30 - Assessment of the Thermodynamic Stability of Thermal Insulating Materials in Aluminium Electrolysis Cells
	AL31 - Role of Pitting in the Formation of Potholes in Carbon Cathodes-Review
	AL32 - A Bypass Bridge Design for the Installation of Additional Cells in an Operating Potline
	AL33 - Electroslag Welding (ESW) - A New Option for Welding Aluminum Bus Bars in Smelters
	AL34 - Contact Resistance versus Pressure of Electrical Connections Used in Aluminium Smelter Potlines
	AL35 - Modelling and Engineering Experience of EGA in Brown Field Modernization of Aluminium Smelters
	AL36 - Validation of Anode Model for Voltage Drop Mitigation Studies
	AL37 - In Situ Investigation of Current Distribution in the Anode
	AL38 - Application of Boron Oxide as Protective Surface Treatment of Carbon Anodes
	AL39 - New Busbar Network Concepts Taking Advantage of Copper Collector Bars to Rduce Busbar Weight and Increase Cell Power Efficiency

	10 - DOWNSTREAM SESSION
	DS01 - Hot Top Mould for Casting Aluminium T-Bar
	DS02 - Influence of Impurities and Gassing on the Tensile Properties of 2xx Sand Cast Al - Cu Alloys
	DS03 -The Influence of Tool Geometry on Mechanical Properties of Friction Stir Welded AA-2024 and AA-2198 Joints
	DS04 - Surface Analysis of Laser Marking of Aluminum
	DS05 - Effects of Friction Stir Welding Parameters on Banded Structure for Aluminum Alloys_Abstract





