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Spent potlining (SPL) is a well-known 
waste product from the aluminium 
electrolytic cell. Due to the presence of 
leachable cyanides and fluorides, the U.S. 
Environmental Protection Agency (USEPA) 
classified the SPL as a hazardous waste 
material in 1988[1, 2]. It is also listed as a 
special waste in Canada[3]. 

There is a big variation of SPL 
compositions reported in the literature[1, 

3-5, 6-18], which is due to the variation in 
the cell lining components, dismantling 
procedures, and how long the pot 
has operated[3]. Approximately 53,127 
thousand tonnes of primary aluminium 
was produced worldwide in the year 
2014[19]. For each tonne of primary 
aluminium produced, about ~25 kg of 
SPL is generated[8]. So the SPL generation 
rate is approximately 1 to 1.5 million 
tons per annum, and this is a significant 
environmental burden to the aluminium 
industry. The current disposal options 
are: Secured landfills which require 
costly remediation[9], use as a feedstock 
for other industries (e.g. steelmaking[17, 

20], mineral wool industry), fluidised 
bed combustion[16], pyrohydrolysis and 
pyrosulfolysis, etc[1]. Previous studies[3] 
indicated that more than 50% of the total 
amount of SPL generated is stored in lined/
unlined sites/buildings, waiting for further 
treatment. This not only represents a 
significant environmental hazard, but also 
opens up more opportunities for efficient 
waste management of SPL, and using it as 
a resource and strategic raw material[21].

At the University of Toronto, the Process 
Metallurgy and Modelling Group (PM2G) 
is working extensively to understand the 
chemistry of SPL through thermochemical 
simulations and advanced characterisation 
techniques. Additionally they have 
developed potential alternate applications 

of SPL. Some of the potential applications 
of SPL developed at the University of 
Toronto, are discussed in the following 
sections.

SPL as a flux
Investigations were performed on the 
recovery of metals from molten nickel/
copper converter slags with the utilisation 
of SPL as an additive. In a nickel/copper 
smelter, converting is a common practice 
for sulphur and iron removal from the 
molten matte by injecting air or oxygen-
enriched air. During the converting 
operation, substantial amounts of 
valuable metals (Ni, Cu, and Co) are lost in 
the molten converter slag in the forms of 
oxides (dissolved in the slag) and sulphides 
(entrained matte droplets) due to the 
oxidative environment and turbulence 
nature of the converting operation, 
which necessitates further metal recovery 
from the converter slag. Metal recovery 
is performed in an electric matte settling 
furnace, in which the molten converter slag 

is kept at high temperatures (~1200°C) 
for 2-5 hours. Reducing environment is 
created in the matte settling furnace by 
adding coke as the reductant. Because the  
matte phase is denser than the molten 
silicate slag phase, the matte droplets 
gradually settle though the molten slag to 
the bottom of the furnace, which allows 
further recovery.  

The carbon value in the SPL could create 
a reducing environment, improving the 
matte recovery by reducing the dissolved 
oxides of Ni, Cu and Co into metallic/
matte form. The fluorides in the SPL 
could decrease the viscosity of the molten 
converter slag, thus accelerating the 
settling of matte droplets through the 
molten slag. Thermodynamic simulation 
was performed by equilibrating varying 
amounts of SPL (0~5 g) with 100g molten 
nickel converter slag, and the chemical 
compositions of equilibrium phases were 
calculated. Based on the compositions 
of the molten slags, viscosities of the 
molten slags were also calculated with 

Fig 1. Matte recovery 
as a function of the 
settling time with the 
addition of varying 
amounts of SPL first 
cut into the molten 
converter slag
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the Viscosity module of the FactSage. A 
MATLAB program was written to simulate 
the simultaneous settling of a large 
number of matte droplets in the molten 
converter slag measuring 1m deep, as a 
function of the addition of SPL first cut. 
Fig.1 illustrates the simulation results, in 
which the matte recovery is plotted as 
a function of the matte settling time by 
adding varying amounts of SPL first cut. 
As can be seen, addition of SPL first cut 
substantially accelerates the matte settling 
process. By adding 1.25 wt% SPL first cut, 
matte recovery of 90% could be achieved 
after settling for 100 min, comparing to 
the matte recovery of only around 20% by 
conventional settling process in 240 min. 

Experimental work was also performed 
to investigate the effect of the addition of 
SPL on the matte settling process. Varying 
amounts of SPL first cut were mixed with 
solid converter slag, and kept at 1200°C 
in an electric furnace (Fig .2) for one hour. 
The solid products were examined. Fig.3 
shows the cross section of the converter 
slag after settling with the addition of 
2wt% SPL first cut. As can be seen, most of 
the matte droplets settled to the bottom of 
the crucible, confirming that the addition 
of SPL first cut could accelerate the matte 
settling process.

SPL as a raw material to 
manufacture SiC bricks
A patent by Brosnan in 2002[22] proposed 
a method for treating SPL by crushing 
the waste and adding SiO2 at high 
temperatures (around 1800°C). The high 
temperature is required to overcome the 
kinetics of the solid-solid phase reaction, 
and in addition destroys the harmful 
fluorides and cyanides. The fluorides will 
be converted to fluoridic gasses (refer to  
Fig.4). An investigation was conducted as 
to whether this process could be improved 

by using a pre-treatment step. The step 
that was used in the investigation was a 
two-step leaching process, as presented 
in “Recovery of carbon and cryolite from 
spent pot lining of aluminium reduction 
cells by chemical leaching”[23]. This paper 
presented a two-step leaching process 
designed to leach Na3AlF6, Al2O3, CaF2, 
and NaAl11O17. With the removal of these 
components, there will be more surface 
area of carbon exposed and available to 
react with the silica, thus aiding in the 
kinetics. To investigate whether this pre-
treatment could improve the SiC formation 
process, SPL samples were subjected 
to two different tests (refer to Fig.5). In 
the first test, SPL is put through the SiC 
production process without leaching. SPL 
is ground and added to SiO2 in a molar 
ratio of 3:1. The mixture is then put into 
a low-oxygen furnace (N2 is blasted in to 
create a reducing atmosphere) and heated 
to 1800°C. The gasses are gathered using 
a water column, and fluoride yield is 
measured.  Solid product is retrieved and 
SiC is separated out by floatation.  In the 
second test, SPL is first leached with 2.5 
mol/L NaOH, then washed with water, 
and then leached with 9.7 mol/L HCl. The 
solid by-product is retrieved and XPS was 
used to measure fluoride yield. Then, the 
process from the first test is done on the 
solid by-product.  Fluoride gas and SiC 
yield are measured again.

SPL as a raw material 
One solution to remove fluorides from SPL, 
and simultaneously generate revenue, can 
be to produce hydrofluoric acid, which 
is done in the fluorine industry with the 
mined mineral fluorite[24]. This creates 
economic pressure to continue to mine, 
and lead to environmental concerns. 
However, by recycling the fluoride content 
in 1st cut SPL, it may be possible to scrub 

the fluoride containing gasses to produce 
HF acid, and economically support the 
recycling process.

Globally, more than four million tonnes 
of fluorspar is mined annually. Part of the 
fluorspar contributes to the one million 
tonnes of production of HF annually[25]. 
HF is important in the production of 
fluorocarbon polymers like teflon, 
intermediate compounds for a wide range 
of drugs like Prozac and insecticides, and 
in electronics[25]. It is also used as a catalyst 
in forming alkanes from smaller alkenes. 
Industrially it’s used to produce synthetic 
cryolite, the main constituent in electrolyte 
melt[25]. 

To deal with the cyanides in both 1st 
cut and 2nd cut SPL, the most economical 
method would be combustion, at 
temperatures as low as 200°C [26]. Another 
advantage would be that the typically 
high carbon content can be exhausted, 
reducing the mass of the remaining 
solid product, with the possibility of 
utilising the combustion energy for other 
localised processes. In order to define 
the appropriate combustion conditions, 
FactSage simulations were carried out 
based on a 1st cut MSDS. Temperatures 
between 500°C and 1800°C were studied, 
and dry air was added in stoichiometric 
proportion to the carbon in SPL[27]. 
Provided that equilibrium conditions are 
reached, it is at 800°C that most of the 
fluorides would be in solid form, with 
some undesirable fluorides leaving in the 
off gasses. Lower temperatures favour 
lower fluoride emissions, so if the intention 
is to keep most fluorides in the solid 
phase, combustion needs to be at lower 
temperatures. There is less incentive to 
lower temperature combustion because of 
the need to scrub the off gasses, disposal 
of solid waste, and no revenue generated 
from the byproducts. An alternative would 

Fig 2. Experimental setup for the matte 
settling in the molten converter slag

Fig 3. (A) Cross section of the converter slag after matte settling with 
2 wt% SPL first cut; (B) Microscopic image of the matte droplets settled 
to the bottom of the crucible

Fig 4. SiF4 and HF emissions from SPL-fluxed SiC produc-
tion thermodynamic simulation
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be to combust at temperatures above 
1300°C, with the purpose of converting 
most of the fluorides into gas. The higher 
the temperature, the less NaAlF4 gas is 
formed, and the more NaF is produced, 
while HF increases slightly (refer to           
Fig.6). The solid products would include 
alumina, Ca2Mg2Al28O46, CaMg2Al16O27. 
Additionally, there were no liquid products 
detected at between 1300°C and 1500°C. 
At temperatures approaching 1500°C, HF 
can be water scrubbed along with the 
other fluoride gasses as impurities (see 
Fig.7). They would need to be further 
concentrated to produce commercial 
hydrofluoric acid.

Additional ideas
The idea of using SPL to produce SiC is 
rooted in the thought process that SPL 
can be used to contribute to future lining 
material, rather than fluxes. SiC is an 
impressive engineering material due to its 
abrasiveness and resistance to reduction.  
Thus, it serves well as a liner for an 
aluminium electrolysis cell (closing a loop 
back to the aluminium industry).  However, 
other portions of the SPL can also be used 
to create liner material.  For example, a 
thesis was published in 2014 detailing 
a possible liner material made from 
graphite, alumina and silicon carbide[28]. 
Since dross (excess alumina scraped off 
and sometimes amalgamated with SPL) is 
also a problem for the aluminium industry, 
solutions are required for that as well, and 
this possibility takes care of portions of 
SPL and dross.

Another possibility is to make use of 
the concentrated carbon and fluoride 
content, along with limited other 
halogens, to produce perfluorocarbon, 
or PFCs. If successfully purified, the stable 
compounds may be used in medical 
applications as oxygen carriers in place 
of autogenic blood[29]. PFCs have the 
advantage of being biologically inert, and 
able to dissolve 50 times more oxygen 

than blood plasma[30]. Thus, they are useful 
in surgeries that may require additional 
oxygen supply[29]. It may also be used in 
liquid ventilation, filling the lungs with 
liquid PFCs carrying oxygen in place of 
nitrogen in air, where acute lung damage 
has occurred[31]. Although technical issues 
in regards to the purification of the SPL 
gasses, PFC applications may hold promise 
in the future of medicine.

Conclusion
The process metallurgy and modelling 
group (PM2G) at the University of Toronto, 
looks at SPL as a strategic material as 
opposed to a hazardous waste. In the 
21st century, better waste management 
procedures are required to deal with SPL, 
rather than procedures like landfilling and 
seawater leaching. The way forward will 
be to use SPL in value added applications, 
ensuring proper waste handling and 
disposal and making the environment 
cleaner and safer. 
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