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The baking process is a critical step in carbon anode production, during which significant
microstructural evolutions take place in anodes. Anode sticking is one of the industrial challenges
affecting anodes after baking. It refers to either anodes sticking together or packing coke adhering
to the anode surface, resulting in increased anode losses and overall production costs. Since many
anodes are vertically stacked together in the baking furnace, the mechanical stress generated by
the weight of the top anodes may lead to viscous pitch squeezing out of the bottom anodes during
baking, which is thought to enhance anode sticking. This work aimed to investigate the presence
of pitch squeezing out of anodes by studying the influence of uniaxial compressive stress on pitch
distribution. A marker was added to the pitch so that the pitch distribution could be monitored by
elemental mapping using XRF spectrometry. Pitch marker development was performed by
choosing three oxides (ZnO, FeO, Bi,0Os3) and using different mixing procedures. Lab-scale
anodes were then fabricated with an optimized pitch ratio having 1 wt.% Bi»O; as a chosen
marker. Green anodes were subsequently baked under uniaxial compressive stresses of 0 kPa, 25
kPa, and 50 kPa, corresponding to the stresses exerted on the top, middle, and bottom anodes in
the industrial furnace, respectively. The results indicated that the mechanical stress impacted
baked anode properties by decreasing electrical resistivity, although apparent density variation
was not significant. XRF analysis revealed a considerable difference in Bi distribution between
green and baked anodes. Significant pitch dispersion over baked anodes determined the pitch
tendency to squeeze out of the anodes, which can be used to explain the anode sticking.
Additionally, pitch marker application was revealed to be a suitable method to trace pitch
distribution after baking to eventually correlate it with anode sticking issue.
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1. Introduction

Carbon anode is an essential part of the primary aluminium production in the Hall-Héroult process
as it conducts electrical current and acts as a reducing agent [1]. The anode is consumed during
electrolysis and for producing one ton of Al, between 400 kg and 450 kg of the anode is
consumed [2]. The anode is made by compacting and baking an anode paste. The anode paste is
obtained by mixing two main constituents, i.e., calcined petroleum coke (CPC) as dry aggregate
and coal-tar-pitch (CTP) as binder, to which recycled anode butts could also be added. The
resultant anode paste is then compacted, forming a green anode which is subsequently baked at
1100 °C — 1200 °C. To prevent anode oxidation during baking in the furnace, packing coke is
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poured between the anode and the furnace refractory walls [1, 3]. During the heating cycle in the
furnace, solid pitch changes to liquid phase at about 120 °C — 220 °C, releases volatiles and
transforms to coke at higher temperatures [3, 4]. The released volatiles escape from the anode and
if the rate of volatile generation exceeds the rate of its escape through the porous structure of the
anode, it may create an internal pressure in the anode during baking [4]. The baking process is a
critical step contributing to the desired physical, mechanical, and electrical properties in the
resulting anode block.

It is frequently observed that the packing coke sticks on the anode surface (Figure 1). In some
cases, even two anodes, piled over each other in the furnace, may stick together. These phenomena
are known as “anode sticking”, which is an industrial challenge [5] since the stuck anodes require
not only additional operator interventions for unloading the furnace after baking, but they also
need serious safety considerations for being carried from the furnace to their next positions.
Moreover, anode sticking leads to material loss due to discarding anodes in case of breakage or
severe coke sticking [6, 7]. Stuck coke also fills anode slots, requiring anode slotting machines to
regenerate them. Consequently, anode sticking results in a significant increase in overall
production costs.
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Figure 1. ticking of pcking coke to node blocks (Courtesy of Alcoa Corporation).

Several investigations have been performed to identify the primary reasons leading to anode
sticking. Most of them have revealed that overpitching greatly contributes to anode sticking owing
to excessive released volatiles during baking [5, 6]. Besides, low Blaine Number of fine coke as
well as low quantity of fineness at a constant pitch ratio have been demonstrated to cause anode
sticking [5]. Meanwhile, anode sticking has also been attributed to compacting process conditions,
including high forming pressure and severe vacuum usage [5, 8]. Despite these reported
observations, no systematic study has been carried out to rationalize the effect of different
parameters on anode sticking.

In industrial baking furnaces, three anodes are generally stacked on top of each other, generating
mechanical stresses on the lower anodes [9]. Therefore, it is reasonable to hypothesize that liquid
viscous pitch squeezes out of the anodes during baking, due to the stress induced by the weight
of the top anodes and enhances the anode sticking phenomenon. The effect of this induced stress
has also been reported on the electrical conductivity of the bottom anodes [9]. However, to the
best of our knowledge, no study has examined the effect of the vertical position of the anodes
(externally induced mechanical stress during baking) on the anode sticking. Therefore, the
objective of this work was to determine the influence of uniaxial compressive stress on the flow
of the pitch and to reveal if it is squeezed out of the anodes during baking. To reveal the pitch
flow, the pitch distribution was tracked in the cross-section of the baked anode. Once the pitch
squeezing is observed, it can be correlated with anode sticking in future studies. For the aim of
this paper, an optimized pitch ratio was first determined for a certain type of coke and pitch. Then,
a suitable pitch marker was used to be able to track pitch in the green and baked anodes. The pitch

994



TRAVAUX 52, Proceedings of the 41st International |CSOBA Conference, Dubai, 5 - 9 November 2023

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References

Asem Hussein, Donald Picard, and Houshang Alamdari, Biopitch as a binder for carbon
anodes: impact on carbon anode properties, ACS Sustainable Chemistry & Engineering, vol.
9, no. 12, 4681-4687, 2021, https://doi.org/10.1021/acssuschemeng.1c00618 .

Goril Jahrsengene, Coke Impurity Characterisation and Electrochemical Performance of
Carbon Anodes for Aluminium Production, PhD diss., Norwegian University of Science
and Technology (NTNU), 2019.

Arne Petter Ratvik, Roozbeh Mollaabbasi, and Houshang Alamdari, Aluminium production
process: from Hall-Héroult to modern smelters, ChemTexts, vol. 8, no. 2, 10, 2022,
https://doi.org/10.1007/s40828-022-00162-5 .

D Kocaefe et al., A kinetic study of pyrolysis in pitch impregnated electrodes, The Canadian
Journal of Chemical Engineering, vol. 68, mno. 6, 988-996, 1990,
https://doi.org10.1002/cjce.5450680614 .

Kirstine Louise Hulse, Raw materials, formulation and processing parameters (R&D
Carbon Ltd., Switzerland). R & D Carbon Limited, 2000.

Adéline Paris et al., Development of a soft sensor for detecting overpitched green anodes,
Light Metals 2020, 1176-1182, 2020, https://doi.org/10.1007/s11663-021-02335-y .

Kevin Williams, "The readiness and compatibility of a modern anode handling and cleaning
system for industry 4.0 technologies," in Light Metals 2021: Springer, 2021, pp. 957-964,
https://doi.org/10.1007/978-3-030-65396-5 126 .

Bienvenu Ndjom et al., Challenges and Opportunities of Vacuum Compaction: Lessons
Learnt from Retrofitting EGA-JA Paste Plant to Vacuum Compaction, Light Metals 2019,
1213-1220, 2019.

Thierno Saidou Barry et al., "Investigation of the Stacking Effects on the Electrical
Resistivity of Industrial Baked Anodes," presented at the Light Metals 2023, 2023.

Asem Hussein, Bio-pitch as a potential binder in carbon anodes for aluminum production,
PhD diss., Université Laval, 2021.

Julien Lauzon-Gauthier, Carl Duchesne, and Jayson Tessier, A machine vision sensor for
quality control of green anode paste material, JOM, vol. 72, 287-295, 2020.

Kamran Azari Dorcheh, Investigation of the materials and paste relationships to improve
forming process and anode quality, PhD diss., Université Laval, 2013.

Amrita Priyadarshini, CP Kiran, and K Suresh, Effect of Friction on Barreling during cold
Upset Forging of Aluminium 6082 Alloy Solid cylinders, in IOP Conference Series:
Materials Science and Engineering, 2018, vol. 330, no. 1: IOP Publishing, p. 012072,
https://doi.org/10.1088/1757-899X/330/1/012072 .

Geoffroy Rouget et al., Electrical Resistivity Measurement of Carbon Anodes Using the
Van der Pauw Method, Metals, vol. 7,1n0. 9, 369, 2017, https://doi.org10.3390/met7090369.
Ilio Miccoli et al., The 100th anniversary of the four-point probe technique: the role of probe
geometries in isotropic and anisotropic systems, Journal of Physics: Condensed Matter, vol.
27, no. 22, 223201, 2015.

Thierno Saidou Barry, Effet de ’empilement des anodes de carbone pendant la cuisson sur
leur densification et sur leur résistivité électrique, MSc diss., Université Laval, 2020.

MM Sarafraz et al., Experimental investigation of the reduction of liquid bismuth oxide
with  graphite, Fuel Processing Technology, vol. 188, 110-117, 2019,
https://doi.org/10.1016/j.fuproc.2019.02.015 .

Christopher W Bale et al., Reprint of: FactSage thermochemical software and databases,
20102016, Calphad, vol. 55, 1-19, 2016, https://doi.org/10.1016/j.calphad.2016.07.004 .
Dean Massey, Lyon King, and Jason Makela, Development of a direct evaporation bismuth
Hall thruster, in 44th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, 2008,
p- 4520.

1006


https://doi.org/10.1021/acssuschemeng.1c00618
https://doi.org/10.1007/s40828-022-00162-5
https://doi.org10.1002/cjce.5450680614
https://doi.org/10.1007/s11663-021-02335-y
https://doi.org/10.1007/978-3-030-65396-5_126
https://doi.org/10.1088/1757-899X/330/1/012072
https://doi.org/10.1016/j.fuproc.2019.02.015
https://doi.org/10.1016/j.calphad.2016.07.004

	CB01 - Effect of Mechanical Stress on Pitch Distribution during Anode Baking
	Abstract
	1. Introduction
	6. References




