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Abstract 

Spent potlining (SPL) is a hazardous waste produced by aluminum smelters. SPL is generated 
from the internal lining of aluminum electrolysis cells, constituted of carbon and refractory 
bricks and replaced after five to eight years in service. It is classified as a hazardous waste 
because of its contamination with fluorides and cyanides and its reactivity with water, 
generating explosive gases. Nowadays, the aluminum industry has made some progress with the 
SPL issue by recognizing that landfilling is no longer acceptable by most local communities. In 
2008, Rio Tinto Alcan inaugurated a new plant in Jonquière (Québec) for the treatment of 80 kt 
of SPL annually, based on the low-caustic leaching and liming process (LCL&L) developed at 
Arvida Research and Development Centre in the early 1990’s. This paper describes LCL&L 
process, including valorization routes for its by-products and some technological challenges 
faced during the ramp-up of the plant to its nominal capacity. 
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1. Introduction

The aluminium smelting process takes place in a steel shell lined with refractory bricks and 
carbon cathodes. During the operation of the cells, molten fluoride salts and sodium penetrate 
into the carbon cathode lining and eventually into the alumina refractory lining or firebrick 
below. Pot failure occurs generally after five to eight years due to the thermo-mechanical stress 
generated within the pots, which allow attack of the iron collector bars and refractory lining by 
bath electrolyte or liquid aluminium. During pot shutdown, bath and liquid metal are siphoned 
off as much as possible. Once cooled, the remaining lining is then broken up and dug out of its 
steel shell. Iron and large aluminum pieces are sorted and recycled separately. The residual 
material is called spent potlining (SPL). Figure 1 shows the cross section of a pot. SPL is 
recognized as hazardous material because it contains significant concentrations of toxic and 
leachable constituents (cyanides and fluorides). Moreover, in contact with water, the reactive 
species of SPL, such as residual metallic Al, aluminium carbide and nitrides, have the potential 
of generating ammonia, hydrogen and methane. Hence, transportation, storage and final 
disposal of SPL are subject to strict environmental regulations.  

Each ton of aluminium produced generates about 22 kg of SPL. Several factors can contribute to 
the variation in kg of SPL per ton of Al produced or to the variation in chemical composition of 
SPL. Electrolysis technology, pot operations, achieved lining life, and demolition/relining 
practices are the major factors. For example, the amount of bath and frozen aluminium that will 
remain inside the pot and thus in SPL depends on the dismantling procedures of the plant. The 
fluoride penetration inside the linings depends on the type of materials and the operation 
lifetime. For Rio Tinto (RT) in Québec, about 20 kt of SPL is generated per year.  
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Figure 1. Cross section of an electrolysis pot. 

 
Until mid 1980’s, Rio Tinto (RT) operated in Jonquière (Québec, Canada) a plant treating SPL 
to produce cryolite. That plant was closed because of reduced cryolite consumption in smelters 
and, since then, RT has accumulated about 600 kt of SPL in safe dedicated storages. Today, less 
than 500 kt remain stored. Landfilling of SPL is not an option if the aluminium industry wants 
to claim an acceptable degree of sustainability. Several options to treat SPL exist and were 
reported in the literature [1, 2]. The biggest challenge for all these options for total recycling of 
SPL is coming from its heterogeneous composition and its high content in sodium and fluoride. 
Due to stricter environmental regulations in several places around the world, it becomes more 
difficult to send SPL without partial or total treatment directly to industries processing 
hazardous wastes (cement or steel industries).  
 
In the early 1990s, RT developed at the Arvida Research and Development Centre (ARDC; 
Jonquière, QC) the hydrometallurgical process called LCL&L (Low Caustic Leaching and 
Liming), generating inert by-products with high potential for valorization [3,4]. In 2003, after a 
thorough evaluation of the various available alternatives, RT chose the LCL&L as the most 
sustainable solution for the treatment of its SPL. In 2008, RT built an 80-kilo tonnes per year 
(ktpy) SPL treatment plant in Jonquière (QC) based on this process [5]. This paper is an update 
of the experience acquired by RT since the plant’s start-up [6], including ramp-up capacity, 
technology challenges that were overcome, and development of by-products valorization routes. 
 
2. The LCL&L Process 
 
2.1. Process description 
 
The LCL&L process leaches fluorides and cyanides out of spent potlining (SPL) and generates 
inert by-products that can be valorized (Figure 2). The treatment is divided in two parts: one dry 
and one wet sectors. The dry sector includes unloading, handling and storage of SPL containers, 
SPL grinding (less than 300 microns) by an air swept autogenous mill with air classification and 
screening, and ground SPL storage. The wet sector consists first of leaching steps in series; the 
first leach is done with water to extract the water soluble fluorides and most of the cyanide 
compounds, followed by a low caustic leach to extract the remaining fluorides and cyanides. 

After filtration, hydrated lime may be added to the inert residues, also named carbonaceous by-
product (CBP), to reduce if needed its content in leachable fluorides. Cyanide compounds (such 
as ferri-ferrocyanide complexes) contained in the leachate are destroyed in pressurized reactors 
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the fluoride plant, making the LCL&L process a sustainable and economical option to 
efficiently treat SPL. This plant is an interesting option for other aluminium producers in 
Quebec and in North America for the disposal of SPL. The LCL&L process should also be 
foreseen as a commercially available technology solution for application in other regions of the 
world where a significant amount of SPL needs to be managed.  
 
5. References 
 
1.  R. P. Pawlek, Spent potlining: an update, Light Metals 2012, 1313-1317. 
2.  G. Holywell and R. Breault, An overview of useful methods to treat, recover, or recycle 

spent potlining, JOM, 65(11) (2013), 1441-1451. 
3.  F.M. Kimmerle et al., SPL treatment by the LCL&L process: Pilot study of two-stage 

leaching, Light Metals 2001, 199-211. 
4. V. Kasireddy et al., Recycling of spent Pot Linings, US Patent no 6,596,252. Jul. 22, 

2003. 
5.  G. Hamel et al., From the Low Caustic Leaching and Liming process development to 

the Jonquiere spent potlining treatment pilot plant start-up, 5 years of process up-
scaling, engineering and commissioning, Light Metals 2009, 921-925. 

6. G. Hamel et al., Towards industrial aluminium spent potlining treatment with 
 complete end-product valorization, Light Metals 2011, 17-23. 
7.  R. Breault, G. Hamel, and N.-A. Bouchard, Mitigation of sodium fluoride scale in an 

evaporator-crystallizer, Proceedings of International Conference on Heat Exchanger 
Fouling and Cleaning, 2011, 105-110. 

8.  P. B. Personnet, Treatment and Reuse of Spent Pot Lining – An Industrial Application 
in a Cement Kiln, Light Metals 1999, 269-276. 

 

712


	Final ICSOBA 2016 for PRINTING 18-09-2016
	1 - TRAVAUX 2016
	2 - Foreword - Introduction to the conference proceedings
	3 - Welcome note from Claude Vanvoren ICSOBA 2016
	4 - Table of Contents ICSOBA 2016_00
	5 - KEYNOTE SESSION
	KN01 - Data Connectivity, a Key Feature of the Smelter of the Future
	KN02 - Aluminium in Infrastructures
	KN03 - Fostering an Aluminium Culture in Quebec
	KN04 - Global Developments in Bauxite, Alumina & Aluminium – Past, Present and Future
	KN05 - The Amazonic Bauxite - Advantages and Challenges
	KN06 - Aluminium Market Outlook
	KN07 - Bauxite, Alumina and Aluminium Market Overview

	6 - BAUXITE SESSION
	BX01 - Developing Bauxite Projects  Planning for Quality Product
	BX02 - Study of Minor Bauxite Deposits Madhya Pradesh Geological Studies and Techno-Economic Evaluation

	7 - ALUMINA SESSION
	AA01 - Evolution of Tube Digestion for Alumina Refining
	AA02 - Basics in non-newtonian mixing for handling of tailings and other high concentrated slurries
	AA03 - Impacts of Pressure Differentials between Flash Tanks on Flash Train Performance
	AA04 - Scale Formation in Alumina Refineries
	AA05 -  A Model for the Shear Thickening Effect of Raking Systems on Red Mud
	AA06 - Three Steps to Improved Filtration
	AA07 - Vessel Diagnosis in the Bayer Process Using Ferromagnetic Tracers
	AA08 - AKW Equipment and Process Design - Expertise in Alumina Refinery
	AA09 - Particle Image Validation of a Classifier Hydrodynamic Model
	AA10 - Optimizing Alumina Production Utilising Spreadsheet Models Based on Limited Data
	AA11 - Energy consumption optimization in alumina production
	AA12 - Lime Use Alternatives and Impacts on Processing Boehmitic Bauxites
	AA13 - Large-scale Valorization of Bauxite Residue for Inorganic Polymers
	AA14 - Development of Alkaline Aluminosilicates Processing Technology
	AA15 - Environmental and Economic Benefits of Bauxite Residue Management Using Pressure Filtration
	AA16 - The Role of Green Alumina in Green Aluminium
	AA17 - Quantitative chemical analysis of red mud and products of its processing to scandium
	AA18 - Sodium Oxalate Salt Cake Degradation when Exposed to Natural Factors in the Disposal Area
	AA19 - An Overview on Bauxite Residue Utilisation
	AA20 -  Plasma Reduction Process to Minimise Bauxite Residue

	8 - CARBON SESSION
	CB01-Effects of Charcoal Addition on the Final Properties of Carbon Anod..
	CB02-Effects of Bulk Density and Inter-particle Contacts on Electrical R...
	CB03.0-Paste Plant Self-Cleaning Tar Fumes Ventilation Ducts, Design and Operation
	CB04-Equipment Improvements on Existing Anode Paste Plants
	CB05-Multi-Particle Sedimentation under Vibration
	CB06-Vibroforming and Cooling Sections Revamping of Green Anode Plant
	CB07-The Effect of Varying Mixing and Baking Temperatures on the Quality...
	CB08-Considerations for Selecting an Open Top Anode Baking Furnace Relin...
	CB09-Performance Analysis of a Horizontal Anode Baking Furnace for Alumi...
	CB10 - Effects of Flue Wall Deformation on Aluminum Anode Baking Homogenei...
	CB11-Thermodynamic Assessment of the Chemical Durability of Refractory L...
	CB12-Numerical Investigation of the Load Free Permanent Strain in Carbon...
	CB13-Optimum Baking Level of Carbon Anodes for Aluminum Production
	CB14-Evolution of Mechanical Properties of Carbon Anodes During Baking 
	CB15-Inspection of Prebaked Carbon Anodes Using Multi-Spectral Acousto-U...
	CB16-Electrical Resistivity Measurement of Carbon Anodes Using Van Der P..
	CB17-A Non-Destructive Technique for the On-Line Quality Control of Gree...
	CB18-Evolution of Anode Porosity under Air Oxidation The Unveiling of th..

	9 - ALUMINIUM SESSION
	AL01 - Implementation of D18+ Cell Technology in Potline 1 at EGA Jebel Ali
	AL02 - Low Energy Start-Up for Low Energy Cells
	AL03 - Development and Deployment of Slotted Anodes Technology at Talum Smelter
	AL04 - Design Options to Reduce Specific Energy Consumption in Aluminium Electrolysis Cells
	AL05 - Power Supply Outages to Cells in Aluminium Smelters
	AL06 - Optimisation of the Performance of Cathode Risk Pots
	AL07 - Using SPC Method to Design an Aluminum Fluoride Addition Strategy for Aluminium Electrolysis
	AL08 - Factors Affecting Current Efficiency Based on Na Content in the Metal
	AL09 - Modelling and Design of a Forced Convection Network for Hall-Heroult Cells
	AL10 - Economic Simulation Based Decision Support for Cathode Relining Facility
	AL11 - Alternative Methods for Process Control in Aluminium Industries - XRD in Combination with PLSR
	AL12 - Comparison of Electrochemical Methods to Determine Alumina Concentration in Cryolite Based Bath
	AL13 - Metal Tapping Flow Regulation System - A Large Scale Industrial Experiencer
	AL14 - Modeling of Aluminum Tapping Operational Management to Enhance Smelter Productivity
	AL15 - Recent On-line Measurements of Individual Anode Currents at Alouette
	AL16 - Low Voltage AEs and Unreported PFC Emissions_2016-08-04
	AL17 - First Years of Operation of the Rio Tinto AP 60 OZEOS Gas Treatment Centre
	AL18 - In-Duct Scrubber _IDS_ - A Commercially Available Technology for Removal of Gaseous Pollutants from an Industrial Facility
	AL19 - Update on the Abart Gas Treatment Center Technology
	AL20 - Prolonging the Economic Lifetime of GTCs and FTCs
	AL21 - Measurement of Pot Gas Exhaust Flowrate and Heat Loss
	AL22 - Influence of Hooding Conditions on Gas Composition at the Duct End of an Electrolysis Cell
	AL23 - The LCLL process a sustainable solution for the treatment and recycling of spent potlining
	AL24 - Impact of the Solidification Rate on Chemical Composition of Frozen Cryolite Bath
	AL25 - Investigation of the Frozen Bath Layer under Cold Anodes 
	AL26 - Properties of lithium modified baths
	AL27 - Flotation and Infiltration of Artificial Rafts on the Surface of Molten Cryolite
	AL28 - Development of a New Type of Cathode for Aluminium Electrolysis
	AL29 - A New Lining Material for Aluminum Electrolysis Cells that Can be Recycled
	AL30 - Assessment of the Thermodynamic Stability of Thermal Insulating Materials in Aluminium Electrolysis Cells
	AL31 - Role of Pitting in the Formation of Potholes in Carbon Cathodes-Review
	AL32 - A Bypass Bridge Design for the Installation of Additional Cells in an Operating Potline
	AL33 - Electroslag Welding (ESW) - A New Option for Welding Aluminum Bus Bars in Smelters
	AL34 - Contact Resistance versus Pressure of Electrical Connections Used in Aluminium Smelter Potlines
	AL35 - Modelling and Engineering Experience of EGA in Brown Field Modernization of Aluminium Smelters
	AL36 - Validation of Anode Model for Voltage Drop Mitigation Studies
	AL37 - In Situ Investigation of Current Distribution in the Anode
	AL38 - Application of Boron Oxide as Protective Surface Treatment of Carbon Anodes
	AL39 - New Busbar Network Concepts Taking Advantage of Copper Collector Bars to Rduce Busbar Weight and Increase Cell Power Efficiency

	10 - DOWNSTREAM SESSION
	DS01 - Hot Top Mould for Casting Aluminium T-Bar
	DS02 - Influence of Impurities and Gassing on the Tensile Properties of 2xx Sand Cast Al - Cu Alloys
	DS03 -The Influence of Tool Geometry on Mechanical Properties of Friction Stir Welded AA-2024 and AA-2198 Joints
	DS04 - Surface Analysis of Laser Marking of Aluminum
	DS05 - Effects of Friction Stir Welding Parameters on Banded Structure for Aluminum Alloys_Abstract





