Aluminium Smelting in Canada – 1961-2011
George Holywell
“The man who ventures to write contemporary history
must expect to be attacked for everything he has said and
everything he has not said”. Voltaire

Aluminum Industry – An Introduction
The cornerstone of the aluminium industry is the mining of
bauxite, processing it to alumina, smelting the alumina to
aluminium hot metal and casting it for sheet, extrusion and
remelt ingots. These semi-finished products are then
further processed in rolling mills and extrusion plants into
the various end products (e.g. cans or foil) which are
useable by end consumers. An overview of the

transformation of bauxite into aluminium cans, which is a
typical short life cycle product, as well as its collection and
recycle is shown in Figure 1.
Aluminium smelters can supply remelt ingots and
sows to terminal markets such as the LME or, in the case of
Rio Tinto Alcan and Alcoa, supply sheet, extrusion and
other value added products to their own extensive
fabricating facilities or to third parties. Aluminium is a
strong reductant and is used in the preparation of other
elements and ferroalloys but this topic is not covered here.
Aluminium competes with copper, glass, plastics,
magnesium, titanium and steel in various applications.

Figure 1. Processes involved in the making of aluminium cans (Courtesy Almagi)

This paper focuses on alumina, smelting and casting.
The author has only considered work done in Canada and
work of external producers whose work is of direct
relevance to the Canadian system. The reader should thus
recognise that although this is not a history of Alcan, Alcan
was the dominant producer for many decades in Canada
and this is still true today.
Smelter Description
Aluminium smelters consist of a number of unit operations
based on the Hall-Héroult process. Named after its co–
inventors, the Hall-Héroult process uses a self-consuming
prebaked carbon anode and dissolves alumina in a cryolyte
based electrolyte, which, with its additives, constitutes the
bath. An aerial view of a typical aluminium smelter (Alma
Isle Maligne) is shown in Figure 2.

Figure 2. Alma Smelter Isle Maligne, circa 2000
(Courtesy Rio Tinto Alcan)
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Unit Operations – Power Production
Aluminium smelters use many power sources, including
hydroelectric power dams, gas-fired turbines, and coal and
oil-fired thermal stations or nuclear power plants. The
industry has no reliance on solar, wind or geothermal
power. In Canada, Rio Tinto Alcan owns its own
hydroelectric power bases in Eastern Canada (SaguenayLac-St-Jean, see Figure 3) and in Western Canada (Kemano,
see Figure 4). Capacity exists to expand the Kemano
facilities but attempts so far have failed. It buys small
amounts of power in the East and sells power in the West.
Originally, Alcan sold power to a number of industries but
gradually utilised its entire power base for smelting.

All other producers in Quebec rely on Hydro Quebec
for power. In the early eighties the Government of Quebec
began investing in the aluminium industry by offering
attractive power rates, thus stimulating an expansion of
the industry. Both provincial and federal government
supported the industry with new institutions and programs
(CQRdA, REGAL, CURAL CTA). AC power is used in the
smelter for auxiliary unit operations but most is fed to
silicon rectifier-transformers to produce DC current. It is
worth noting that the original mercury and germanium
type rectiformers were used. They are now obsolete and
modern rectifiers are either silicon diode or thyristor type
with on and off line tap changers and saturatable core
reactors.

Figure 3. Saguenay-Lac-St-Jean: Rio Tinto Alcan dams and Québec smelters

Figure 4. Rio Tinto Alcan power bases in Western Canada: Kemano power station, Nechako
reservoir, Kenney dam and the transmission lines to Kitimat smelter (Courtesy Rio Tinto Alcan)
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and was expanded with Ore Plant 2 during World War II
(see Figures 5 and 6).

Unit Operations – Raw Materials
As an industry practice, all raw materials and intermediate
products are characterised by laboratory work for their
suitability for use in the aluminium industry. Below are
some of the raw materials used in aluminium production.
Alumina
Bauxite, containing the minerals Gibbsite (Al2O33H2O),
Boehmite (Al2O3H2O), Haematite (Fe2O3) and Goethite
((Fe,Al)2O3H2O) is either ground, wet or dry, and digested
with caustic soda. This process is named the Bayer Process.
In general, high temperatures are necessary to digest
Boehmite. Other alumina containing materials (nepheline,
high silica bauxites) are used in other countries. The
bauxite slurry is separated into red mud which is stored in
wet ponds or stacked as a dry mud. The sodium aluminate
solution (pregnant liquor) is clarified and seeded.
Aluminium hydroxide precipitates and is then calcined in
gas or oil-fired rotary kilns or fluidised beds to produce
alumina.
In Jonquière, Québec, Rio Tinto Alcan operates the
Vaudreuil alumina plant with dry grinding, low
temperature digestion, batch precipitators and fluidised
bed calciners. Vaudreuil is the oldest alumina plant in the
world which started production in 1937 with Ore Plant 1

Other Raw Materials
Rio Tinto Alcan has operated gas-fired coke calciners in
Kitimat since the early 50s and in Arvida near Jonquière
since the late 50s using imported green coke, and at
Strathcona since 1974 using local and some imported
green coke. Green coke is the residue from cokers
operated by oil refineries. All other smelters import
calcined petroleum coke (CPC), either from the USA or
from other countries. Coal tar pitch (CTP), which is the
residue from coke production in the steel industry, is
domestically sourced or imported from the USA or other
countries such as Korea, Germany or Belgium. Petroleum
pitch has also been used but not widely.
Aluminium fluoride is produced by either a wet or dry
process. The dry process is operated in Canada at Arvida
where the original plant from 1938 was replaced in the
seventies. Cathode blocks are made in Canada (Arvida) or
imported. Magnesium was made in Canada at Arvida and
Bécancour (see chapter on magnesium in this book) but is
now imported. The raw materials such as alumina, CPC and
CTP contain impurity compounds of (Fe, Si, Ti, Ga, V, Na,
P), (V, Ni) and Pb, respectively, which have an impact on
downstream operations.

Figure 5. Vaudreuil alumina plant in 1961
(Courtesy Almagi/AluminPro)
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Figure 6. Vaudreuil alumina plant in 2011
(Courtesy Almagi/Aluminpro)

Unit Operations – Smelting
The aluminium industry uses a number of contractions and
abbreviations; a short nomenclature is thus provided
below for the benefit of the reader:
HSS – Horizontal Stud Söderberg (Self-baking) anodes,
VSS – Vertical Stud Söderberg (Self-baking) anodes,
PB – Cells with Prebaked anodes,
EE – Cells laid out in an End to End mode,
SS – Cells laid out in a Side by Side mode,
SB – Side Broken cells fed from the side,
CB or CW – Centre Broken or Centre Worked cells fed in
the centre (with bars or point feeders).

aluminium busbars (see Figures 8 and 9). Current enters
the cells though vertical or horizontal steel studs and exits
the cell through steel collector bars joined to the cathode
block with cast iron or carbon paste. The cells operate in
the range 70-170 kA at 4.5 volts and are controlled by a
computer to maintain a constant resistance.
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HSS and VSS Paste Plants
HSS and VSS smelters have paste plants, see Figure 7, to
produce Söderberg paste, a mixture of crushed, ground
and screened coke fractions typically made of 70% CPC and
27 to 30% CTP in the case of the self-baking anodes used in
the cell rooms (30% if wet and 27% if dry). Söderberg cells
are named after their inventor and are based on the
Söderberg anodes used in arc furnaces.
HSS and VSS Cell Rooms
Cell rooms consist of a number of identical HSS or VSS
Söderberg electrolytic cells connected in series using

Figure 7. Typical Söderberg paste plant flow sheet
(Courtesy Almagi)
Using specialised equipment, alumina is batch fed
onto the frozen crust and periodically broken. This allows
the alumina to dissolve into a layer of molten fluoride flux
at a temperature of 960°C contained in a carbon lining
insulated with refractory bricks. The cell operates at a
temperature close to the freezing point (liquidus) of the
electrolyte, which creates operational issues should the
power system fail. This would cause the cells to cool
rapidly and freeze since frozen electrolyte is not a
conductor.
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Figure 8. Components of a HSS cell (Courtesy Almagi)

Figure 9. Components of a VSS cell (Courtesy Almagi)

The carbon and refractory lining is contained in a steel
shell. A layer of solid electrolyte protects the sidewall and
is essential to controlling the cell heat balance. The anodes
are consumed and are therefore replaced with carbon
paste (wet or dry) and with steel studs pulled and arranged
in a given pattern. Molten metal is collected in a layer at
the bottom of the cell. The impure metal is tapped (see
Figure 10) and transported to the casting plant.

emissions are collected in the gas skirt, burnt and scrubbed
in wet scrubbers or dry scrubbers using recycled alumina.
The effluents from the wet scrubbers used to be released
untreated to the environment but this practice stopped
with the introduction of dry scrubbers.
Recycled alumina from dry scrubbers creates impurity
issues which can be resolved by running cells on fresh
alumina or selectively tapping. However, higher purity
aluminium is more easily achieved with the use of wet
scrubbers. Organic fluorides and CO2 are typically not
collected. The main solid wastes are spent potlinings (SPL)
and aluminum dross from the casting plants. Some CTP
fumes are carcinogens and were typically released in high
concentration into the cells rooms and other areas. This
led to Söderberg modernization programs and eventually
their replacement with prebaked cells.

HSS and VSS Cells – Environmental Control
In the enclosed HSS cells, as shown in Figure 11, gas and
particulate emissions (inorganic fluorides, tars) are
collected and scrubbed in wet scrubbers. The effluents
from the wet scrubbers are further treated in cryolyte
recovery plants. In the open VSS cells, gas and particulate

Vertical Stud Söderberg (VSS)

Horizontal Stud Söderberg (HSS)

Figure 10. Tapping of EE-VSS cells in Kitimat
(Courtesy Rio Tinto Alcan)

Figure 11. Enclosed EE-HSS Cells at Arvida with two rows of
cells/building (Courtesy Rio Tinto Alcan)
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oil-fired ring furnaces (both vertical and horizontal type) to
form baked anodes. The furnace firing and draft systems
are controlled by specialised control systems to ensure
uniform baking while the anodes shrink by 6%. In the
rodding building the baked anodes are connected with cast
iron to a number of steel studs which are joined to an
aluminium or copper rod. A typical paste plant is
represented in Figure 12.

Prebaked Smelters – Anode Plants
PB smelters have anode plants to produce PB paste, a
mixture of crushed, ground and screened CPC fractions
together with recycled crushed, ground and screened
fractions of butts (spent anodes). The fractions are mixed
with CTP to make the paste and then formed into green
anodes with vibrators or presses. The green anodes are
baked at 1200°C in tunnel kilns (now obsolete) or in gas or
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Figure 12. Generic PB paste plant (Courtesy Almagi)

Prebaked Smelters – Rodding and Anode Services
Anodes butts are cooled1, sometimes in boxes, and
cleaned of electrolyte material with specialised equipment
including shot blast machines. The cleaned butts are
separated from the aluminium or copper rods which are
reused. The butt material is crushed and returned to the
green mix. Electrolyte from the anodes, cell cavities and
spent potlining is recycled using autogenous mills.

layer of solid electrolyte protects the sidewall, made of
various carbon based materials, and is essential to
controlling the cell heat balance.
Alumina is also fed in small amounts into the centre of
the cells with specialised equipment such as point breaker
feeders (PBF). The PBFs are of two types: a) the combined
type where breaking and feeding occur together, and b)
the more flexible system where the breaking and feeding
can be carried our independently. The breaking-feeding
cycles are computer controlled.

Prebaked Smelters – Cell Rooms
Alumina
AlF3

Prebaked cell rooms consist of a number of identical PB
electrolytic cells connected in series using busbars. A
typical prebaked cell is shown in Figure 13. The current
enters the cells though the prebaked anodes. The cells
operate in the range 70-600 kA at 4.2 volts and are
controlled by a computer to maintain a constant
resistance. Electrolytic cells have been controlled since the
sixties with centralised, decentralised and distributed
systems.
Alumina is batch fed onto the crust for side broken
(SB) or centre worked (CW) cells and is broken with
specialised equipment into the molten fluoride flux at
960°C contained in a carbon lining insulated with
refractory bricks. The lining is contained in a steel shell. A
1
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Figure 13. Components of a PB cell (Courtesy Almagi)

Some plants clean and crush hot butts (e.g. Alma)
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The anodes are consumed and are replaced with new
anodes in specialised patterns, schedules and to a specific
position. Occasionally anodes do not reach their scheduled
life2 and have to be replaced early.
Impure molten metal is collected in a layer at the
bottom of the lining and is tapped at regular schedules and
transported in crucibles to the casting plant.
Prebaked Smelters – Environmental Control
The prebaked cells, see Figure 14, are enclosed with hoods
and gases and particulates (inorganic fluorides) are
collected and scrubbed in wet or dry scrubbers. Organic
fluorides3 and CO2 are not collected. The main solid wastes
are SPL and aluminum dross.

Cell Life Cycle
A typical cell life cycle from start-up to shut-down is
presented in Figure 15. Cells are started using a variety of
techniques: resistance (coke or metal) preheating or
thermal (gas burners). Once the cell has reached
temperature, a molten bath is added followed by molten
metal. The two layers have slightly different densities with
the aluminum layer separating on the bottom. Cells then
operate for many years. The routine operations of feeding,
tapping and anode changing cause the cell temperature to
vary. As the power both provides the energy to decompose
alumina and keep the cell contents molten, any
interruption of power for more than a few hours leads to
the cell rooms being shut down.

Figure 15. Typical cell life cycle (Courtesy Almagi)
In normal circumstances and depending on design,
operating conditions, materials, start-up and construction
techniques, cells fail by a variety of mechanisms (see
Figure 16). Cells live for 5-8 years and on failure are
removed from service; the lining is removed (SPL) and
disposed of and a new lining installed. Some technologies
recycle the shell for several generations while others
replace the cell.

Figure 14. EE-PB at Arvida in 1965 – No basement, two
rows of cells/building (Courtesy Rio Tinto Alcan)

2

The industry has different strategies to reuse or scrap spent
anodes.
3
Both prebaked and Söderberg cells emit perfluorocarbons
(PFCs) mostly during anode effects (AEs). By reducing AEs, the
industry has lowered the accumulation of these gases in the
atmosphere where they will eventually reduce. Luckily, the
industry was converting to PBF technology which facilitates the
reduction of AEs.

Figure 16. A failed cell showing damaged refractories and
carbon spent potlining (Courtesy Rio Tinto Alcan)
The carbon lining and refractories are considered a
hazardous waste and this has presented a serious problem
for the industry, especially on how to dispose of it (see
below). The electrolyte is recycled.
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Anode Cathode Distance (ACD)

Situational Analysis – The Year 1960

Dissolution of alumina in cryolyte forms negative and
positively charged complex ions which deposit oxygen at
the anode. Oxygen reacts with the carbon to produce CO2
which collects under the anode, forming a bubble layer
that is continuously released. Positive ions containing
aluminum are discharged at the interface between the
electrolyte and the aluminium layer. When the alumina
concentration drops below 2%, the cryolyte is electrolysed,
forming a layer of organo-fluorine material which
decomposes to produce CF4, C2F6 and other gaseous
compounds. These are potent greenhouse gases. In the
ACD, some of the aluminium metal produced reacts with
CO2 and reverts back to alumina, as illustrated by reactions
1 and 2 below, resulting in a reduction in yield.

In 1960, there were two smelting companies in Canada:
Alcan and British Aluminium (Baie Comeau). The facilities
in operation and technologies in use are shown in Table 1.
It should be noted that when referring to Alcan in this
section, it refers to a past situation (1960) when Alcan was
a separate company. Alcan was formed in 1926 from
Alcoa's Canadian assets and consisted of side-by-side
prebaked plants in Arvida (1926 to today) and Shawinigan
(1901-39). Arvida expanded over the years and at one
time, Arvida was the largest smelter in the World.

2 Al2O3 + 3 C =3 CO2 + 4 Al0

(1)

Al0 + CO2 = Al2O3+ CO

(2)

1960

HS
Arvida
Isle Maligne
Beauharnois
Shawinigan
VS
Kitimat
Baie Comeau
PB
Arvida

The yield, also referred to as the cell Current Efficiency
(CE), is expressed as a percent and is derived as follows:
2 § CE ·
¨
¸ Al 2 O 3 s  C s
3 © 100 ¹

Table 1. Situational analysis – Year 1960
Tonnage
Lines
kT

4 § CE ·
§ 2 100 - CE ·
§ 2 CE - 100 ·
¸ CO g
¸ CO 2 g  ¨
¨
¸ Al l  ¨
3 © 100 ¹
100
©
¹
© 100 ¹

15
3
2
4

230
76
37
64

5
2

180
90

6

90
767

Total

Pure aluminium is obtained by electrorefining in a
three layer process.

Situational Analysis – The Year 2011
Cell Buildings
Both Söderberg and prebaked cells are housed in
specialised cell buildings. Those buildings are either with or
without basements, and can have various layouts which
are shown below in Figure 17.

Figure 17. SS cells with one row of cells/building and EE
cells with 2 rows of cells/building (Courtesy Almagi)
Casting
Molten aluminium is treated in specialised gas or oil-fired
holding furnaces to remove both particulate and dissolved
impurities. It is then cast using Direct Chill (DC) equipment
into sheets, extrusions, rods and remelt ingots for further
processing in semi fabricating plants to produce packaging
or other finished products (see below).

In 2011, there are currently several additional companies
including Alcoa4 in Deschambault and Baie Comeau, two
consortiums, namely ABI5 in Bécancour and Alouette6 in
Sept Isles, and by now Alcan, which has become Rio Tinto
Alcan, which includes Alcan, Alusuisse, Pechiney, Comalco
and British Aluminium, has expanded at Arvida, Grande
Baie, Laterriere and Alma, while it has shutdown obsolete
capacity at Arvida and Isle Maligne. This current situation is
detailed in Table 2.
The two tables show that there has been a shift from
HSS and VSS self-baking anodes running at low amperages
back to prebaked cells which run at high amperages.
Although the aluminium industry originally started with
prebaked anodes, the Söderberg cells, in spite of having
higher energy consumption and lower labour productivity,
were less capital intensive than PBs at the same amperage
and therefore were chosen during the early expansion era.
These cells were developed by Söderberg in Norway
and commercialised by Electrochemisk, Pechiney and other
producers. Due to environmental issues and the inability to
make extremely large self-baking anodes, this technology
4

Alcoa includes Alumax and Reynolds (British Aluminium).
Original consortium members: S.G.F. (Quebec Investment Fund
company), Pechiney, and Reynolds.
6
Original consortium members: S.G.F., VAW (Hydro), Marubeni,
Austrian Light Metals, and Hoogovens (RTA).
5
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was made obsolete by cleaner and larger prebaked
technology. In 1961, though, this future obsolescence
would not have been known.

2011

Aratu smelter in Brazil. That technology is still in operation
in Kitimat today (see Figure 18).

Table 2. Situational analysis – Year 2011
Tonnage
Lines
kT

HS
Shawinigan
VS
Kitimat
Baie Comeau
PB
Arvida
Grande Baie
Becancour
Laterriere
Baie Comeau
Alouette I & II
Deschambault
Alma (Isle Maligne)
Arvida
Total

4

88

5
2

210
100

6
3
3
2
2
1
1
1.5

150
207
438
234
291
575
260
430

Figure 18. Paste additions at Kitimat Works
(Courtesy Rio Tinto Alcan)
Alcan has investigated changing its VSS cell technology
to prebaked cells in their existing shells with an EE layout
and in new shells with a SS layout, but finally chose to use
the AP 40 for its latest modernization (Figure 19).

2983

What the tables do not tell is that due to increasing
internal and external environmental pressures affecting
the self-baking anodes, those underwent many changes
over the years, typically referred to as “modernization” so
as to remain competitive until relatively recently.

Plant Modernization – 1961 to Today
Kitimat
In 1961, Kitimat works consisted of an anode paste plant
producing wet paste and two potroom complexes: Lines 1
to 3 (L1-3) with EE-VSS cells based on an Electrochemisk
design (105 kA) and Lines 3 to 5 (L3-5) with EE-VSS cells
based on an Alcan/Pechiney design (125 kA). Gases were
treated with wet scrubbers. Additional lines (L7-8), with
wider anodes and extra casting capacity, were added
during the sixties. Modernization of the plant started with
converting the wet scrubbers to Alcan’s alumina-based dry
scrubber technology.
Alcan then licensed technology from Sumitomo7 for its
cells rooms. A number of Sumitomo test cells and new
equipment were tried in L3-5 with dry paste (27% CTP)
from a new paste plant. Alcan had little success with
Sumitomo technology in Kitimat but eventually developed
a version of dry anode technology with its supporting
equipment and implemented it in Lines 3-5 (1982-85),
Lines 1-2 (1987-90), Lines 7-8 (mid-nineties) and at its
7

Sumitomo in Japan had two VSS smelters and implemented a
number of innovations by converting its wet anodes to dry
anodes, introducing a special crust breaker and graphitised
linings.

Figure 19. Replacement of Lines 7-8 followed by Lines 1-5
in Kitimat (Courtesy Rio Tinto Alcan)
Arvida, Isle Maligne, Shawinigan, and Beauharnois
Arvida works had expanded during World War II and in
1961 consisted of an alumina plant, a paste plant, an
aluminium fluoride plant, 12 HSS lines, a magnesium plant
and various other chemical plants. Isle Maligne had 4 HSS
lines, Shawinigan had 4 HSS lines, and Beauharnois 2 HSS
lines. Arvida added 6 new 65 kA prebaked lines with dry
scrubbers and a new open ring furnace (1965-70). It should
be noted that the Shawinigan plant had originally operated
prebaked cells and latterly HSS cells. It is now 100 years old
and is the oldest place in the world where commercial
aluminium smelting has been continuously in operation.
Alcan’s dry scrubber technology could not be adapted
to HSS operations. Modernization of the HSS scrubbers
was accomplished with improved collection efficiency and
scrubbing efficiency of the wet scrubbers.
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anode performance, dry paste and high softening point
pitch were implemented between 1982 and 1994. Further
development of a new pitch low in polynuclear aromatic
hydrocarbon (PAH) to reduce tar fume exposure was
implemented in 2001 (see Figure 21).

To improve hygiene conditions in the HSS cell potrooms,
Alcan developed a series of specialised floor-based
machines with air cooled and air filtered cabs to minimise
exposure of its operators to heat and tar fumes (see
Figure 20). Such equipment combined with improved

Figure 20. Hot stud puller-planter
(Courtesy Rio Tinto Alcan)
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Figure 21. Reduction of PAH (Courtesy Rio Tinto Alcan

Analog and Mathematical Models
To support the development of high amperage prebaked
cells Alcan and other producers developed analog and
mathematical models in their laboratories (Kingston,
Arvida). This work continued with the foundation of
Genisim, an independent model developer in Quebec.
Magneto-Hydrodynamic (MHD) and Busbar Design
When aluminium cells reached 100 kA, severe distortion
and rapid circulation of the metal layer took place. This

was caused by the proximity of other cells in the same
building or adjacent buildings. By changing the location,
size, the amount of current flowing in the busbars,
increasing metal volume and using compensating loops
producers were able to produce relatively flat metal pads
with low circulation rates.
Static 2 D and 3 D MHD models using Phoenics (Ester
software) and other software validated with metal
distortion and velocity measurements (iron rod dissolution
and vane flow meter) have been useful in busbar design.
Dynamic MHD models now exist which simulate the
bath metal interface waves.
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Thermo-Electric (THE) and Heat Balance
Thermo-electric models analysing electrical and thermal
flows, validated with current, temperature, liquidus,
freeze, sludge and heat flux measurements, have been
useful in predicting the amount and location of the frozen

ledge. The models are used in design and raising the cell
amperage. The three principal models are shown in
Figure 22. Some other models include analysis of the gas
bubbles and metal pad circulation (the drivers of the
complex fluid flows in the electrolyte), cell start-up, other
unit operations, etc. These have also been validated.

Figure 22. Main thermo-electric and heat balance models (Courtesy Genisim)

Cell Development at Alcoa, Pechiney and
Alcan
New Facilities
Technologies were developed for large prebake operations
including Alcoa’s P 155 cell used by Alcan, Pechiney’s AP 18
used by ABI and the Baie Comeau expansion, the AP 30
used by Alouette, Deschambault and Alma, and the AP 50
being commercialised in Arvida.

by side layout, anode side risers, semi-basement,
centralised computer system, low metal volume, highly
conductive side wall (graphite), narrow anode to sidewall
distance (ASD) and anode to endwall distance (AED),
became the state-of-the-art when it was implemented at
the Badin plant in South Carolina, the Point Henry plant in
Victoria, Australia, and the Sebree plant in Kentucky.
In the P 155 cell (Figure 23), all anodes were moved
together (fixed bridge)8 Alcoa licensed its P 155 technology
to Alcan for its Grande Baie and Laterriere smelters.

8

Alcoa – P 155 Cell
In the late 50s Alcoa developed at its plant in Tennessee,
USA, a new feeding system, the Point Breaker Feeder
(PBF), with a combined breaker and feeder system in the
center of the cell. The PBF, used in combination with a side

In the 60s, Alcoa added individual anode drives to its previous
developments at its plant in Tennessee to produce the P 225
technology, which was then implemented at their Tennessee and
Massena, NY, plants. A higher amperage cell with individual
drives was developed (cell A716) but when this cell was
commercialised Alcoa returned to the fixed bridge anode system
(cell A819) at Portland, Victoria, Australia.
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Figure 23. P 155 cells (Courtesy Alcoa)
Figure 25. Aluminium Pechiney’s AP 30 cell (Alma)
(Courtesy Rio Tinto Alcan)

Pechiney – AP 18 and AP 30 Cells
In St Jean de Maurienne, France, Pechiney developed the
AP 18 cell (F180) shown in Figure 24, a SS-PBF technology9
with a full basement. Pechiney was successful in licensing it
for use in ABI and subsequently for the expansion of Baie
Comeau.
Pechiney also developed the AP 30 cell (G280) shown
in Figure 25, an expanded version of the AP 18, and was
successful in licensing it for use in Deschambault (Alumax),
Alouette and Alma.
Pechiney then developed the AP 50 cell (Figure 26),
which is currently being commercialised at Arvida.

Figure 26. AP 50 cell (Courtesy Rio Tinto Alcan)
Alcan – Kitimat Prebaked, RP2, KK175, ANEC, and APEX
Cells

Figure 24. Aluminium Pechiney’s AP 18 cell (Alcoa Baie
Comeau) (Courtesy Rio Tinto Alcan)

9

The technology had a separate breaker and feeder system.
Many counties in Europe were slow to adopt PBF technology due
to their use of “floury” rather than “sandy” alumina.

Alcan commercialised EE-SB large prebaked cells from its
experimental cells at Kitimat. They were used in the UK
(Lynemouth 1 & 2), Australia (Kurri Kurri I) and Norway
(Sunnadalsora III). Further experiments produced the EECB RP2 cells, which were commercialised at Kurri Kurri II in
Australia, and then a 175 kA EE-PBF cell (KK175)
commercialised at Kurri Kurri III.
During the mid-80s Alcan developed new high
amperage, prebaked technologies: the ANEC cell,
developed in a joint venture with NLM, an Alcan subsidiary
in Japan (Tomakomai), was commercialised in China at
Guizhou and was the first large prebaked cell in China.
The ANEC cells also served as a precursor for Alcan's
APEX cell development program, testing cathode design
concepts and point breaker feeder technologies. The APEX
program itself was tested for the first time in Alcan’s high
amperage, side-by-side prebaked technologies. A number
of cell designs, including individual anode drives, were
tested at amperages close to 300 kA, which, after
benchmarking was not commercialised.
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State-of-the-Art
The state-of-the-art10 for cells is graphically summarized in
Figure 27.

designs using more conductive material (SiC), thinner
sidewall blocks, as well as longer and more conductive
graphite or graphitised cathode blocks. The use of test
pilot cells with their own rectifier has been useful in raising
amperage.
Amperage Increase at Grande Baie and Laterriere Plants
Description of Grande Baie

Figure 27. Representation of the state-of-the-art evolution
of cell designs with increasing capacity in Tonnes/Cell over
the years (Courtesy Almagi)

Grande Baie’s anode plant was constructed with
continuous Buss mixers, vibrators and a press to form
green anodes. The green anodes are stored by automatic
stacking cranes and then loaded into a Pechiney open ring
furnace and covered with CPC by a specialised crane.
After heating (1200°C), soaking and cooling, the CPC is
removed and baked anodes are unloaded by crane. The
baked anodes are then stacked by automatic cranes. Fume
treatment was done with an Alcoa scrubber using alumina.
Figure 29 shows an aerial view of the Grande Baie plant.

The figure does not include the AP 50, nor does it
include improvements to the Alcoa systems made since
their introduction. The data can be normalised using the
internal shell area. When this is included, there has been in
fact little improvement in cell performance as illustrated
by Figure 28. Designers have made more effective use of
cell buildings to reduce costs.

Figure 29. Aerial view of the Grande Baie plant
(Courtesy Rio Tinto Alcan)

Figure 28. Cell capacity evolution in Tonnes/m2/year
(Courtesy Almagi)

Amperage Increase in Large Prebaked
Cells
The Alcoa P 155, the AP 18 and the AP 30 cell systems
were further developed following their implementation by
operating companies. The cell amperage was increased by
the introduction of lower resistance anode joints (deeper
and wider), larger anodes, anode slots and new lining
10

State-of-the-art is a term used to suggest that one cell in each
generation has outstanding characteristics. The term can be
extended to the attributes of a state-of-the-art plant.

A new Reidhammer furnace was commissioned for
supplying anodes to the Laterriere plant. The rodding
building was part of the potroom complex. The Alcoa P 155
was slightly changed by increasing the intercell spacing to
improve ventilation but the main innovation was to
introduce ECL cranes. These cranes, also referred to as pot
tending assemblies or PTA, were used for changing anodes
and adding alumina to the alumina storage boxes which
feed the PBF system (see Figure 30). The cranes are
managed with a crane transfer system between buildings,
which allowed removal of the failed linings to the
demolition and lining facilities. Fume treatment was via an
Alcan dry scrubber.
Description of Laterriere
Grande Baie supplies baked anodes to Laterriere and
recycles its butts. It also demolishes its linings and supplies
it with new linings. The cell rooms at Laterriere are similar
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to Grande Baie. To provide power for Laterriere, eight HSS
lines were shut down in Arvida. An aerial view of the
Laterriere plant is shown in Figure 31.

Amperage Increase at ABI and Baie Comeau Plants
Description of ABI
ABI was constructed in the early eighties and expanded
from 2 to 3 lines in the late 80s. The adopted technology
was the AP 18 cell together with PTAs and a Procedair
alumina dry scrubber for fume treatment. The anode plant
used Buss continuous mixers, FCB vibrators and a Pechiney
open ring furnace with a SYPRIM control system. To deal
with the large amount of electrolyte recycling, a Solios
autogenous mill was used for bath crushing. An aerial view
of the ABI plant is shown in Figure 33.

Figure 30. Alumina transport system
(Courtesy Rio Tinto Alcan)

Figure 33. Aerial view of the ABI plant (Alcoa Website)
Description of Baie Comeau
Baie Comeau's original technology was the VSS 105 kA cell
(2 lines) supplied by British Aluminium in 1957 and 1959,
supported by an anode paste plant and wet scrubbers. An
aerial view of the Baie Comeau plant is shown in Figure 34.
Figure 31. Aerial view of Laterriere plant
(Courtesy Rio Tinto Alcan)
Figure 32 presents a graphical representation of the
amperage increase achieved with Alcoa’s P 155 cells by
implementing process and equipment changes from the
early 80s and onward.
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Figure 34. Aerial view of the Baie Comeau plant
(Alcoa Website)
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Figure 32. Amperage increase for the P 155 cell
(Courtesy Rio Tinto Alcan)

The plant was expanded to 3 lines in 1970. The 3-line
plant was converted to Sumitomo dry anode technology in
1985 (see Figure 35), including dry scrubbers from SYPRIM
(Air Industrie).
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system. Other operations used ECL cranes for anode
changing and tapping.
The plant is self-sufficient in anodes from an anode
plant using continuous mixers (RV), KHD vibrators and two
Pechiney open ring furnaces with an R & D carbon control
system and Hoogovens alumina scrubber.
An aerial view of the Deschambault plant is shown in
Figure 37 while the anode changing system is shown in
Figure 38.

Figure 35. Baie Comeau Sumitomo modernization showing
bar breaker
The plant was further expanded with one line of
Pechiney AP 18 cells in 1985 followed by another in 1991.
Flakt supplied dry scrubbing technology and a rodding
system was supplied by SYPRIM (including an Aisco
(Outotec) shot blast). The plant relies on purchased
anodes. A program to replace the VSS cells with BC 240
cells is underway.
Figure 36 shows the amperage increase of the
Pechiney AP 18 cell technology at the ABI and Baie Comeau
plants using data from Hydro Karmoy.

Figure 36. AP 18 cell potential for amperage increase at ABI
and Baie Comeau plants (Hydro Karmoy Data)

Figure 37. Aerial view of Deschambault plant
(Alcoa Website)

Figure 38. Anode changing system at Deschambault
(Alcoa Website)
Description of Alouette

Amperage Increase at Deschambault, Alouette and Alma
Plants
Description of Deschambault
Deschambault was started in 1992 with one line of AP 30
cells together with a Procedair dry scrubber. Alumina was
transported to the cells using an HPDS fluidised bed

Alouette was started in the early 90s with one line of AP 30
cells and a Procedair dry scrubber. Alumina was
transported to the cells using an HPDS fluidised bed
system. Anode changing and tapping is performed with ECL
cranes. The plant is self-reliant in anodes. The anode plant
uses Buss continuous mixers, KHD vibrators and Pechiney
open ring furnaces with an Innovatherm control system
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and a Procedair alumina scrubber. Rodding equipment was
supplied by Aisco (Outotec). To deal with the large amount
of electrolyte a Solios autogenous mill for bath crushing
was installed.
The plant was expanded in 2004 with another line of
AP 30 cells. The carbon plant expansion included similar
technology (Buss continuous mixer, a new vibrator and a
new Pechiney furnace) and a Kempe Hot bath crushing
system. An aerial view of the Alouette plant in 2008 is
shown in Figure 39.

Plant Evolution in Quebec
The aluminium plants in Quebec using the AP 30
technology, namely Alma, Alouette and Deschambaul,
have made continuous improvements in their operations.
In particular, Figure 41 presents the upward trend of their
cell amperage over the last 15 years.

Figure 41. AP 30 cell amperage increase at Alma, Alouette
and Deschambault plants (Data used with permission of
Alcoa, RioTinto Alcan and Alouette)

Figure 39. Aerial view of Alouette plant (Alouette Website)

A further upgrade to the smelter system is under
evaluation in Quebec, with the AP 50 pilot cell under
construction in Arvida (see Figure 42).

Description of Alma
Alma was constructed in the late 90s and used the AP 30
technology with a Procedair dry scrubber. Alumina was
transported to the cells using an HPDS fluidised bed
system. Anode changing and tapping was carried out with
ECL cranes. The anode plant technology included Eirich
mixers and coolers, KHD vibrators and an Alusuisse open
ring furnace with an R & D Carbon control system. The
plant introduced a hot butt crushing system to reprocess
hot bath. An aerial view of the Alma plant is shown in
Figure 40.
Figure 42. AP 50 pilot under construction in Arvida
(Courtesy Rio Tinto Alcan)
Developments in Casting

Figure 40. Aerial view of Alma plant
(Courtesy Rio Tinto Alcan)

The casting process has been evolving due to a number of
driving forces:
a) new markets for value added extruded products,
sheet products (packaging foil in food and
pharmaceuticals), aluminium cans, sheet in cars,
plate in aircraft and foundry products (cars)
b) new legislation concerning the internal and
external environment,
c) the cost of energy,
d) the safety of casting processes,
e) the desire to improve process control by new
measurement tools, and
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f)

the minimization of unit operations and the
creation of International standards such as the
International Standards Organisation (ISO) and
the Aluminium Association (AA).

Casting Plant – Basic Description
In the 60s, impure hot metal containing dissolved gases
(H2), alkali metals (Na, Li) and insoluble particles in
suspension (electrolyte, carbides) was typically transferred
by crucible and siphoned to stationary and tilting holding
furnaces or cast directly as sows.
Dissolved gases were removed with 100% Cl2 or a
mixture of N2 and Cl2. Insoluble particles were removed by
drossing operations and by allowing settling time. Alloys
and grain refiners were added as master alloys. The clean
alloyed metal was cast in straight line casters into 25 kg
ingots or into sheet and extrusion ingots using the Direct
Chill (DC) casting process.
The DC casting process consists of a water cooled
mould table with rectangular or circular moulds for sheet
and extrusion, respectively, supported on a vertical

hydraulic ram. Metal enters the moulds and is cooled, the
ram slowly descends and the solidified metal is cooled
directly by water (see Figure 43).
Dross was typically land filled. A simplified flow chart
illustrating the casting process circa 1960 is shown in
Figure 44 while a modern (2011) casting process is
presented in Figure 45.

Heat input

Primary cooling:
mould
Secondary cooling:
water
100-300 mm

Bottom block cooling

Figure 43. DC casting (Courtesy Rio Tinto Alcan)

Figure 44. Simplified casting process circa 1960 (Courtesy Almagi)

Figure 45. Casting in 2011 – New hot metal unit operations (Courtesy Almagi)
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Over the past 50 years, numerous changes have taken
place in unit operations. The holding furnaces in which
several processes took place (in-situ) have been simplified
into mainly alloying and drossing furnaces. Degassing is
accomplished using the Alcan Compact Degasser (ACD) as
shown in Figure 46, or other processes.

casting process to ultimately remove the operator from
the process. Air slip moulds and other technologies reduce
shell zones in extrusion ingots.
Continuous homogenising was developed to replace
batch homogenisation. The development of equipment for
long distance transfer of hot metal has created a new
product. The direct transformation of hot metal to coils,
thus avoiding hot mill rolling, has been achieved for some
alloys by the use of belt (Saguenay works) and roll casters.
Dross can now be completely recycled (see below).

Alternatives to the Hall-Héroult Process
Since the invention of the Hall-Héroult process in 1886,
alternative routes to molten aluminum have been sought
in efforts to reduce energy consumption. These
alternatives include chemical processes, electrolytic
processes (electrolysis of AlCl3 in a chloride melt) and the
creation of a Hall-Héroult cell without carbon.
Chemical
The Monochloride Process
Aluminium is normally electro-refined using a 3-layer
process. Gross et al. (1948) discovered a method for
chemically refining aluminium using conversion and
decomposition reactions as follows:
Figure 46. In line degassing unit
(Courtesy Rio Tinto Alcan, STAS)
Alkali metals are removed using the treatment of
aluminium in crucible (TAC) process, see Figure 47, and the
removal of insoluble particles by ceramic filters, Alcan Bed
Filters (ABF) or other processes.

Conversion:
AlCl3 + 2Al = 3 AlCl

(3)

3 AlCl = 2Al + AlCl3

(4)

Decomposition:

Alcan and other producers licensed this technology.
Alcan developed a carbothermal process to produce a
crude Al alloy which could be chemically refined by the
monochloride process. The simplified flow sheet is
described in Figure 48.

Figure 47. TAC system (Courtesy Rio Tinto Alcan, STAS)
Contact between molten metal and water under the
wrong circumstances can lead to explosions. Thus, much
time has been spent automating and mechanising the DC

Figure 48. Monochloride process
(Courtesy Rio Tinto Alcan)
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In the Deschene Plant (see Figure 49), bauxite (Al2O3
Fe2O3 SiO2.TiO2) and coke were reacted in an open electric
arc furnace at a temperature of about 2,000°C to produce
a crude Al alloy with up to 55% Al content. This Al alloy was
then reacted with AlCl3 vapour at about 1,300°C in the
converter according to Reaction (3) above.
The other alloy components (Fe, Si, Ti and C) did not
react with AlCl3. The monochloride was then directed to a
decomposer where it was cooled to 700°C in a stream of
molten aluminum droplets such that the aluminum
monochloride decomposed as per Reaction 4 (reverse of
Reaction 3) to pure aluminum and AlCl3 which was
recycled. Problems with stress corrosion of the materials of
construction were encountered and the plant was shut
down in 1967.

The net reaction is therefore:
3 CeF3 + 2 AI203 = 3 CeO2 + 3 AIF3 + AI0

(8)

As cryolyte is an excellent solvent, neither the anode
substrates nor the coatings have survived long enough to
make them viable systems.
Dimensionally Stable Linings
Aluminium wets titanium boride and has long been
considered a candidate material for a replacement of the
carbon lining. A lining of this nature can be run in a drained
mode11 with a very low metal volume and a well for
collecting aluminium. In one experiment conducted at
Alcan’s Kingston Laboratories, a 16 kA lining with alumina
and TiB2 conductors was run for several months (see cell
schematics in Figure 50). The concept was, however, tried
commercially without success.

Figure 49. Aerial view of the Deschene Plant, Arvida, QC
(Courtesy of Rio Tinto Alcan)
Creating a Hall-Héroult Cell without Carbon

Figure 50. Schematics of a 16 kA cell with vertical collector
bars and TiB2 embedded in tabular alumina
(Courtesy Rio Tinto Alcan)

A Hall-Héroult cell without carbon is often referred to as an
inert anode process, a dimensionally stable cathode
process, or a drained cathode process.

Carbothermal Process

Inert anodes or slowly consuming anodes would emit
oxygen, as per the following reaction:

A new carbothermal process was piloted in Kingston during
the 80s on the basis of Reactions 9 and 10.

2 Al2O3 = 4 Al +3 O2

(5)

2 AI2O3 + 9 C = Al4C3 + 6 CO

(9)

In the 70s, 80s and 90s, Alcan, Moltech, and Eltech
pursued many candidate systems, including ceramics
(ZnO), cermets (Ni ferrite) and metal alloy (Ni) systems. In
other systems, the anode was protected with a coating
Cerox (CeOxFy).

AI2O3 + Al4C3 = 6 Al0 + 3 CO

(10)

Anode reaction:
3 CeF3 + 2 Al203 = 3 AIF3 + 3 CeO2 + Al3+ + 3 e-

Developments – Environmental Technologies, Spent Pot
Linings (SPL) and LCLL Process

(6)

Legislation introduced in Canada (and USA) declared that
SPL was a special (or hazardous waste) and could no longer
be stored in unlined and lined sites but had to be stored

(7)

11

Cathode reaction:
AI3+ + 3 e- = Al0

The process was not implemented commercially.

Drained cells can be run with carbon linings.

195
The Canadian Metallurgical & Materials Landscape 1960 to 2011

inside buildings. The industry had anticipated this and
research had begun to develop treatment and recycling via
pyrometallurgical or hydrometallurgical based processes.
The LCLL process developed in Alcan’s Kingston and Arvida
laboratories was subsequently piloted in the 90s and
constructed in 2007 (see Figure 51).
SPL is digested with caustic soda and the carbon and
refractories are separated from the solution containing
fluorides and sodium aluminate. This solution is heat
treated to remove simple and complex cyanides and NaF is
precipitated. The enhanced caustic soda is recycled with
part of the solution going to the Vaudreuil alumina plant.
The NaF is converted to CaF2 but other alternatives exist
for its use. The carbon and refractories provide a feedstock
for cement kilns. Alouette now processes its SPL in this
plant.

Energy Consumption and Labour
Productivity
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Figure 53. Plasma furnace (Courtesy Rio Tinto Alcan)
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Since 1961, HSS cells and VSS Söderberg cells with high
power consumption (16-18 kWh/hr/kg Al) are being
replaced with high amperage prebaked cells (13.0-14.5
kWh/hr/kg Al). The HSS cells and VSS Söderberg cells were
labour intensive, perhaps using 25% of the direct labour
employed in the sixties. The prebaked complex at Grande
Baie and Laterriere produce about 350 tonnes of Al per
employee, whereas the newer plant at Alma produces 500
tonnes/employee. After its recent expansion, Alouette
produces 575 tonnes/employee.

Figure 51. The LCLL Process (Courtesy Rio Tinto Alcan)

Conclusions
Casting
Dross, which was land filled or stored in underground
caverns, is now minimised through specialised argon
cooling atmosphere (see Figure 52) and separated in a
plasma furnace (see Figure 53) into metal and various
oxides, which can then be converted into useful products
(Noval).

During the last 50 years, plants in Canada have been
constructed, started, modernised, expanded and shut
down. All unit operations have increased greatly in size, i.e.
cells
have
increased
capacity
from
100-250
tonnes/cell/year to 500-1000 tonnes/cell/year. Söderberg
cells with high power consumption and environmental
issues are being replaced with prebaked cells with lower
energy consumption, with fewer but perhaps more difficult
environmental issues. Labour productivity has been
improved by mechanisation and automation. Plants
operate more safely. All of this has taken place against a
background of more restrictive legislation, both internal
and external, environmental awareness, rising energy
costs, poorer quality raw materials and a demand for more
value added products.
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