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Abstract
Carbon monoxide (CO) is generated in the aluminium reduction process mainly by back reaction,
leading to current efficiency loss. CO is also generated by the Boudouard reaction or so-called
CO2 burn of the anodes. These two reactions occur under the anode cover and crust. It has been
most often assumed that the CO burns in the air nearly completely as soon as it emerges from
below the crust and that the CO emissions from the potrooms and the gas treatment centres
(GTCs) are negligible. However, measurements in EGA, which were set up to follow UAE
Environment regulations, show that the CO emissions from the GTCs are typically from 800 to
1200 mg/Nm3 (approximately 53 to 76 kg/t Al), which are well above the UAE Environment limit
of 500 mg/Nm3. This limit was set up on the basis of combustion processes, which can effectively
control CO emissions; however, the ability for aluminium electrolysis processes to control CO
emissions is much less understood. A three-part kinetic model was developed which accounts for
chemistry in the bath, anode pores, and gas above bath, to better understand the reactions at hand.
It is shown in the paper that the measured CO emissions can be understood from theory and
cannot be decreased without significant changes to the current configuration of the smelting
process. The CO measurement technique and equipment are also described.
Keywords: CO generation in aluminium electrolysis, CO emissions, back reaction, current
efficiency loss, Boudouard reaction.
1.

Introduction

Aluminium is produced through the Hall-Héroult process, in which aluminium is
electrochemically reduced from alumina in a cryolite bath. Within this bath, the alumina is
dissolved and aluminium ions migrate to the cathode, where they are reduced to molten
aluminium metal. Oxygen (O2) from alumina reacts with the consumable carbon anodes to form
carbon dioxide (CO2). In parallel, back reaction occurs according to Equation (1) in Section 2.1,
to form carbon monoxide (CO). Various other reactions produce gaseous side products such as
CO, hydrofluoric acid (HF), perfluorocarbons (PFCs), and sulphur dioxide (SO2).
CO2, CO (indirectly), and PFCs are contributors to climate change as greenhouse gases. Among
these, CO is also toxic to humans, but this is of no concern in open areas such as smelters because
its concentration is very low for the amounts emitted by the stack. CO is generated both by back
reaction of aluminium with CO2 occurring in the bath and by the Boudouard reaction occurring
under the anode cover and crust. It has usually been assumed that whatever CO is generated under
the anode cover completely combusts in the air under the hood and, consequently, that the CO
emissions from the Hall-Héroult process are negligible. However, measurements made by EGA,
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required by UAE Environment regulations, show that CO emissions range typically from 800 to
1200 mg/Nm3, starkly disagreeing with conventional understanding of CO emissions from
aluminium smelting. EGA CO measurements are shown in Figure 1. Given this large discrepancy
between experimental values and conventional understanding, we set out to gain better
understanding of CO emissions generated in aluminium smelting and emitted to the atmosphere.
After employing a third-party assessment of CO emissions in the aluminium industry, it was
found that no other aluminium smelter worldwide has attempted to manage their CO emissions,
nor has any other governmental agency instituted CO regulations for smelters. Given this, we set
out to fundamentally understand the factors that contribute to CO emissions and the theoretical
and realistic level of CO emissions from aluminium smelting.
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Figure 1. CO emissions measurements in EGA Al Taweelah
Our efforts resulted in a three-part kinetic model that fundamentally explains the generation of
CO in the bath and the anode pores, as well as its consumption in the gas space above the bath.
The results of this model are in agreement with measured values, providing insight into the nature
of CO emissions and demonstrating that, unfortunately, these emissions cannot be decreased
without significant changes to the current configuration of the smelting process. As such, we
believe that this model is a first step towards better understanding of CO emissions in aluminium
smelters.
This work is the result of collaboration between EGA and Massachusetts Institute of Technology
(MIT), David H. Koch School of Chemical Engineering Practice wherein a team of three MIT
students spent one month at EGA to work on the project of CO emissions.
2.

Methodology

The kinetic model, constructed in MATLAB, was divided into three modules: the electrolyte
bath, the porous anode, and the “above-bath” space. These divisions capture the regimes where
the physics are most distinct from one another. In a first-pass approach to the model, many
simplifying assumptions were made within each of these modules, which were relaxed when
possible. The priority when developing the model was to estimate the minimum CO emissions
that might reasonably be expected of an aluminium cell. As such, the simplifying assumptions
made in the development of the model were each selected so that the exiting CO concentration
was underestimated.
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be expected and can be explained by the major reactions occurring within the model smelting
pots.
5.

Conclusions

A kinetic model accounting for reactions in an aluminium electrolysis cell was developed, with
particular attention to the emission of CO from the process. The three-part model accounts for
reactions in the electrolyte bath, inside the pores of the anodes, and in the gas above the bath.
Many assumptions went into the generation of this model; these are partially documented in this
report. It was determined that a range of ambient air conditions (e.g., 40 - 80 % relative humidity
and 20-40 °C) corresponded to the measured emissions of 800 – 1200 mg CO/Nm3. Therefore, the
primary recommendation is process validation of the amount of water available to react with CO,
along with further model refinement as the kinetics of reactions involving water inside the hood
are investigated. Through a sensitivity analysis of model parameters, it was found that the model
was most sensitive to bath temperature and composition, current, and the relative humidity and
temperature of ambient air. The smelting operation parameters are optimised for best pot
performance and cannot be manipulated for reducing CO emissions, while the relative humidity
and temperature of the ambient air around most smelters cannot be controlled. With additional
model validation and further refinement, it is likely that the cell model developed herein will be a
useful tool for understanding the CO emissions from aluminium smelters.
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