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The Hall-Héroult Process is used to produce aluminium from alumina using the electrolysis
process in an aluminium reduction pot. Alumina is usually fed into the pot at regular intervals,
using a point-feed mechanism. At very low alumina concentration (< 2 %) cryolite decomposition
occurs and perfluorocarbon (PFC) gases evolve in the process. These gases form a highly
electrical resistive layer underneath the anode, which suddenly increases the pot voltage, resulting
in an anode effect (AE). High anode effect frequency (AEF) and anode effect duration (AED)
may lead to reduced anode life, high heat generation, crust collapse, ledge melting, low current
efficiency, high fluoride emission, and the possibility of pot leakage. Therefore, high AEF and
AED contribute significantly to PFC emission and global warming. Apart from the environmental
challenges, AEs significantly increase specific energy consumption and affect pot life.
Aluminium smelter industries are aggressively examining ways to reduce the number of AEs as
well as their duration.

To mitigate these challenges, an in-house Al-driven AE prediction model has been developed,
utilizing real-time pot data from the control system to forecast AE occurrences up to one hour in
advance. This model, seamlessly integrates with an in-house software system, enables proactive
control measures, effectively reducing both anode effect frequency (AEF) and anode effect
duration (AED). With an accuracy ranging from 85 % to 90 %, the system has significantly
minimized manual interventions, reducing workplace hazards, improving operational stability,
and enhancing overall energy efficiency. Additionally, by optimizing process control, the model
aligns the smelter’s performance with global benchmarks, ensuring sustainable aluminium
production.

Keywords: Al-driven model, Aluminium smelting, Anode effect prediction, Energy efficiency,
PFC emissions reduction.

1. Introduction

The Hall-Héroult Process is used for the extraction of aluminium (Al) from its oxide, alumina
(A12053). In this process, alumina is fed into the system through point feeders, dissolving in molten
cryolite (Na3AlFs) for electrolysis to liquid aluminium (Al) and carbon dioxide (CO-). The Hall-
Héroult process operates in the temperature range of 940-980 °C and typically produces
aluminium with a purity between 99.5 and 99.8 %. Additives such as the fluoride salts AlF3,
MgF,, CaF,, and LiF are mixed with cryolite in order to optimize the process. These additives
reduce the liquidus temperature and increase the efficiency of the electrolysis of alumina [1].

The Hall-Héroult Process is highly energy-demanding, wherein electricity constitutes 30—40 %
of the total cost of production. A schematic showing the process is given in Figure 1. Modern
aluminium smelters achieve current efficiencies (CE) nearing 94 %, while best-practice
benchmarks go up to 96 % [2]. Maintaining high CE requires strict control of the alumina
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concentration, keeping it within the optimal range, along with rigorous compliance to standard
operating procedures (SOPs).

In earlier days, when automatic feed control systems did not exist, the operator would detect the
anode effect (AE) when a spike in the cell voltage occurred. This signal alerted the operator to
manually add a certain amount of alumina into the cell. The interval until the next AE occurred
allowed calculating the adequate feeding rate. For example, if AE is too early, increase the
alumina dosage; if too late, decrease it. Manual termination of AEs usually occurred as either
scraping by iron rakes or by green wooden poles. As a result of the above, AEs cause melting of
the side ledge and localized sludging. More critically, AEs lead to the emission of perfluorocarbon
(PFC) greenhouse gases, mainly CF4 and C,Fs which possess very high global warming potentials
[3-71].

With the advent of the computerized automatic feeding systems, computer controlled dosing
facilities, and automated AE termination protocols, the aluminium industry has considerably
reduced both occurrences and durations of anode effects. Currently, most aluminium smelters
have adopted point-feed technology for the alumina introduction into the electrolytic cell. This
system is generally provided with a cylinder-type volumetric feeder, which works side by side
with a crust breaker. Normally, alumina is added in discrete batches, whereby each feeder delivers
its precisely measured quantity of 1 to 2 kilograms into the bath through a designated feeder hole
at predetermined time intervals. The initial feed control strategies were based on cell voltage
which reflects several factors such as alumina concentration, anode-cathode distance, electrolyte
conductivity, and the operating anode current density.

Renukoot Smelter has been in existence since 1962, and over these years, it has continued to
modernize pot designs including upgrades of various registers and control systems. Such
advancements have ensured the smelter remains competitive with state-of-the-art technologies.
Renukoot is producing at 410 kt/a and achieves current and energy efficiencies comparable to
modern smelters. The process control systems at the smelter have improved significantly from
manual alumina feeding to an automated, resistance-based feeding system, referred to as dynamic
feed, which includes hardware and design improvements. The control system is further enhanced
by incorporating the Al-based models. This paper is about development of Al-based AE
prediction model which enables early detection of AE.

Hindalco Renukoot

Potline amperage = 70 kA

Metal production: 530 kg/pot-day
Number of pots: 2138 in 11 potlines
Current density: 0.94 A/cm?

Metal production: 410 kt/a

" T W)
Figure 1. Brief overview of aluminium smelter at Hindalco Renukoot.
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This Al — led solution boldly heralds a futuristic approach to industrial automation-and it is
helping to set a precedent as to what predictive technologies can do in the aluminium world.
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