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Anode Quality Optimization

Primary aluminium is produced 

by electrolysis of alumina

Carbon blocks are used in 

electrolysis cells as anodes
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Anode Quality Optimization

➢ About 410-430 kg of carbon anodes 

are consumed to produce 1 mt 

aluminium metal

➢ Functions of carbon anodes are:

• Conduct electricity into electrolytic pots 

for electrolysis of alumina

• Supply carbon for reaction with oxygen

2 Al2O3 + 3C = 4 Al + 3 CO2
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Anode Quality Optimization

Carbon anodes are required to have:

➢Good apparent density

➢Resistance to thermal shock

➢Electrical resistivity

➢Minimum chemical reactivity

➢High mechanical strength

➢High chemical purity

➢No physical defects
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Anode Quality Optimization: Baked Anode Density

Baked Anode Density
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Segregations in Storage Silos
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Extraction of Coke from Silos
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Selective Processing of Coke
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Selective Crushing of Coke
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Dry Aggregate Bulk Density
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y = 2.2072x - 1.5428
R² = 0.9088
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y = 0.0049x + 0.6839
R² = 0.7141
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y = 0.0202x + 1.395
R² = 0.648
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Paste Mixing Energy
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High Temperature Mixing
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Vacuum Vibro-compacting
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Anode Qualty Optimization: Thermal Shock Resistance

Thermal Shock Resistance
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Thermal Shock Anode Cracking 
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Anode Thermal Shock Cracking
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Thermal Shock Cracking vs. Grain to Sand Ratio
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➢ Slots are made by sawing baked anodes or during vibro-compacting of 

green anodes

➢ Sawing gives better slot quality 

➢ Forming is cheaper, but introduces heterogeneities around slots

➢ Depending on anode size, 1 – 3 slots are made

➢ Slots reduce bubble induced turbulence and oscillations of metal pad 

➢ They reduce thermal stress and prevent thermal shock in newly changed 

anodes

Slots for Thermal Shock Resistance
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Slots for Thermal Shock Resistance
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Electrical Resistivity

Anode Quality Optimization: Electrical Resistivity
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Impact of Sulphur Content on El. Resistivity
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Desulphurization during Baking
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y = -0.4023x + 70.184
R² = 0.8578
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Anode Quality Optimization: Chemical Reactivity

Chemical Reactivity
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Reactivity Dust vs. Pitch Content
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Impact of Impurities on Air Reactivity
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Factors Impacting Anode Chemical Reactivity



42

Anode Quality Optimization: Physical Defects

Physical Defects
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Anode Quality Optimization: Physical Defects

The anode must be free from:

• Segregation

• Horizontal and vertical cracks

• Cracks around the stub holes

• Bulging

• Peeling of surfaces

• Peeling at anode chamfer edges

• Air burn

• Deformation of dtub hole flutes and bottom
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Anode Quality Optimization: Physical Defects
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Anode Quality Optimization: Physical Defects
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Anode Quality Optimization: Physical Defects
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Anode Quality Optimization: Summary

Summary
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Anode Quality Optimization: Summary

• The baked anode density can be optimized blending low VBD cokes with high VBD of

cokes, by minimizing variation in granulometry of cokes extracted from storage silos,

by selective screening and crushing of cokes, by adjusting dry aggregate granulometry,

by high temperature mixing of dry aggregate with binder, by using optimum mixing

energy and by vacuum assisted paste compaction.

• The anode thermal shock resistance can be improved by increasing the GSR of dry

aggregate and by providing slots in anodes

• The electrical resistivity of anodes can be reduced by reducing sulphur content in

anodes, by increasing the Lc and by increasing the anode density. The sulphur content

can be reduced by blending cokes, through pitch addition and by baking at higher

temperatures.

• The chemical reactivity of anodes may be minimized by reducing metallic impurities, by 

reducing excessive desulphurization, by adequate addition of pitch,  and by equalizing the 

reactivities of pitch coke and calcined petroleum coke.

Summary



53

Anode Quality Optimization

Thank you

Open for discussions
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