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Abstract 
 
Anode baking is the most expensive and the most important step during carbon anode 
production. The operational-geometrical parameters have significant influence on the anode 
baking furnace performance and carbon anode quality. Numerical modelling is an imperative 
tool to investigate the effect of different parameters on anode baking process. In the present 
study, a numerical model is developed which simulates heat transfer and flow distributions of 
the entire anode baking process. Using this numerical model, effect of various factors on anode 
temperature distribution is studied. Impact of degraded refractory-wall thermal conductivity on 
baking process is investigated and it is observed that for the aged furnaces this material 
properties degradation should be addressed accordingly. During the preheating and firing 
sections the temperature drops drastically from flue-gas to the center of the anode through the 
width of the pit which indicates a huge loss of energy. Calculating temperature standard 
deviation for the entire baking process, it is observed that the temperature non-uniformity 
presents mostly in the refractory wall and packing coke regions, and anode experiences a 
homogenous temperature distribution. 
 
Keywords: Flue-wall; air infiltration; anode baking; volatiles combustion; packing coke. 
 
1. Introduction 
 
In aluminium industry, for each ton of aluminium to be produced approximately 0.4 ton of 
carbon anodes are consumed in the reduction cell. Green (unbaked) anodes should be baked 
(heat treated) in advance to obtain particular mechanical, thermal and electrical properties that 
make them suitable to be used as anode in the aluminium production process. The anode baking 
process takes generally 390-480 hours, and several phenomena occur during the process. Effects 
of operational-geometrical parameters on the performance of the furnace by plant tests are 
usually expensive and disrupt the baking process. Therefore, numerical-mathematical modelling 
is an imperative tool to study the effect of different parameters on the anode quality and furnace 
performance. Ultimately the optimum baking process and furnace geometry can be proposed. 
Several studies on modelling the anode baking process are reported in the literature [1-8]. The 
main objectives of the developed computational model are to study the effect of material 
properties on the baking process, to investigate the effect of various parameters on anode 
temperature distribution, and to investigate the temperature evolution through the width of the 
pit. 
 
2. Model Description 
 
Anode baking furnace is a circular kiln with pits, analogous to a closed chain. As shown in 
Figure 1, a fire group usually consists of three preheating sections, three firing sections, six 
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5 
 

Substituting physical expression of the terms mentioned in the Eq. (2), it can be expressed as: 
 

1. For the preheating sections 

 
4 4 2 21 2

infiltrated air

flue

m

(T T ) 2 h D (T T )

flue gas
Heat provided by the volatiles combustedHeat provided by the coke

g
g pg c c tar tar CH CH H H

Heat transfer

n pg g T g w

dT
m C H m H m H m H

dx

m C

 



   

   




   


 (T T ) 0

from flue gas to wall Heat loss to atmosphere and foundation

equiv gWh   
 

  (3) 

2. For the firing sections 

1 3

infiltrated air

flue

m m

(T T ) 2 h D (T T ) (T T )

flue gas
Heat provided by the coke Heat provided by the fuel

g
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dx
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 

 
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 0
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


  (4) 

3. For the cooling sections 

1 fluem 2 h D (T T )

(T T ) 0

flue gas
Heat provided by the coke Heat transfer from flue gas to wall

g
g pg c c T g w

Heat loss to atmosphere and foundation

equiv g

dT
m C H

dx

Wh





  

  


 




  (5) 

Where, 

1   : Percentage of packing coke that combusts, (.) 

2   : Percentage of volatile release that combusts in the flue, (.) 

3  : Combustion efficiency, (.) 

 : Flue width, (m) 

flueP
 
: Equivalent perimeter of the flue, (m) 

 : Gas temperature, (°C) 

 : Total heat transfer coefficient (Convective and Radiative), (W/m2. °C) 

 : Gas mass flow in the flue, (kg/m. s) 

: Fuel injection per unit furnace length, (kg/m. s) 

: Volatiles release rate per unit furnace length, (kg/m. s) 

 : Specific heat of the gas, (J/kg. °C) 

 : Wall temperature, (°C) 

 and : Fuel and volatiles gases heats of reaction (J/kg) 

W

gT

Th

gm

fm

vm

pgc

wT

fH vH
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