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CHAPTER 1

INTRODUCTION

1.1 Background

1.1.1 Production of aluminum

The use of aluminum is experiencing sustained growth throughout the world. Over the
last few decades, the growth rate is annually 2-3% because of the exceptional properties of
aluminum. Its flexibility, corrosion resistance, light weight, and infinite capacity to be
recycled makes it a highly useful material in many areas of daily life and a viable solution
in helping to protect the environment. In 2006, aluminum’s main applications were focused
in the fields of transport (27%), building and construction (20%), packaging (16%),
electrical supplies (10%), machinery and equipment (8%), and sustainable consumer
products (7%). Aluminum is one of the major industries in Québec and Canada. North
America produces 7% of worldwide demand. The favourable socio-economic conditions
led Canada to take the third place among all the aluminum producing countries in the world
[1-3] (Figure 1.1). In 2014, China produced 43% of the global aluminum production [3].
Canada produced 60% of the tonnage of primary aluminum in North America in 2013 [4].
Over 90% of this production comes from Québec. In 2011, aluminum industries ranked

third among the major export industries of Québec, with 11% of total exports [2].
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Figure 1.1 Worldwide primary aluminum production in 2014 [3]

The primary aluminum production is carried out using the Hall —Heroult process which
is an electrolytic process that separates metal aluminum from aluminum oxide and
produces carbon dioxide as the by-product. The whole process takes place in an electrolytic
cell known as ‘pot’ where alumina is dissolved in a bath of sodium aluminum fluoride
called cryolite (NasAlFg) at approximately 960°C. High-amperage direct electrical current
at low voltage is applied through the carbon anode which is immersed in molten electrolyte.
The aluminum metal collects on the top of the cathode, and it is syphoned out at regular
intervals for further processing [5]. The following equation represents the reaction in the

cell:



2Al1,03(D) + 3C(s) = 4Al() + 3C0,(g) (1.1)

(1.890 kg) (0.334kg) (Lkg) (1.224kg)

Several ferrous and non-ferrous metals are produced via electrochemical processes
where carbon is used as electrodes at industrial-scale production of these metals [6].
Theoretical requirement for aluminum production is 334 kg carbon per tonne of aluminum
metal. However, more than 400 kg of carbon is used to produce one tonne of aluminum.
This carbon used in the form of carbon anodes represents about 15% of the production cost
[7]. The carbon anodes are consumed during the electrolysis process and have to be
replaced every 2-4 weeks depending on the size, density and reactivity (air and CO,) of the
anode and the operating conditions of the electrolytic cell. Electricity consumption during
electrolysis has a significant effect on the total production cost, and a small increase in

anode resistance considerably decreases the efficiency and economy of the process [5].

1.1.2 Production of carbon anodes

Green petroleum coke is calcined in a calciner. Calcined petroleum coke and recycled
butts and anodes (called ‘dry agrregate’) are separated to different fractions required for a
predetermined recipe by crushing and screening. The dry aggregate is preheated to around
150-180°C to ensure that, during mixing, pitch wets and penetrates into the particles. Coal
tar pitch is utilized as a binder which binds the dry aggregate together to produce anodes.
Liquid pitch is heated to about 200°C and added to the mixer or the kneader. Mixing time
should be optimum to attain homogenous paste. Thereafter, anode paste is compacted in a

vibrocompactor or in a hydraulic press. After compaction, anode is cooled using water or



air as the cooling mediu