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Simulation of heat balance in 5 kA grade aluminum reduction cell
with inert anodes

LI Jie, WANG Zhi-gang, ZHANG Hong-liang, LAI Yan-qing, XU Yu-jie

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The cell profile and heat balance of 5 kA grade aluminum reduction cell with inert anodes were calculated and
simulated by finite element software Ansys. The results show that the superheat temperature and type of side carbon
block have great influence on the cell profile. When the superheat temperature increases 10 C, the ledge thickness is
reduced by about 50%, the ledge width is reduced by about 30%. The better the heat dissipation capability of side carbon
block is, the thicker the cell ledge is. The semi graphitic side carbon block is advised because it can not only assure the
required cell profile but also reduce the heat dissipation. The heat balance calculation shows that both the cell with semi
graphitic cathode and graphitized cathode can achieve heat balance by taking some measures, while the cell with
graphitized cathode needs about 9% more energy input than the cell with semi graphitic cathode, but it can assure more
reasonable temperature distribution in the cathodes.
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Fig.1 Schematic diagram of anode configuration in cell
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Fig.2 Schematic diagram of section dimension for inert

anode (m)
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Table 1 Basic structural and technical parameters of cell

Parameter Value
Anode side distance/mm 230

Cell width/mm 1 444
Thickness of bottom calcium silicate/mm 80
Thickness of bottom firebrick/mm 134
Thickness of bottom alumina powder/mm 120

Current intensity/kA 5

Temperature of electrolysis/C 960
Anode end distance/mm 240

Cell length/mm 1954
Thickness of heat preservation brick/mm 134
Thickness of upper alumina powder/mm 140
Aluminum height/mm 60
Anode-cathode distance/mm 80
Superheat temperature/C 20
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Fig.4 Schematic diagram of heat balance calculation model
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Table 2 Comparison of calculated and measured cell profile

Data Ledge Ledge Ledge
length/cm  height/cm  thickness/cm
Measured data 1 9.9 4.6 15.4
Measured data 2 14.9 2.7 17.4
Measured data 3 14.4 8.8 16.9
Measured data 4 8.4 8.3 15.9
Measured data 5 13.4 8.4 17.4
Average of measured 12.2 6.6 16.6
data
Calculated data 11.8 6.2 16.0
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Fig.5 Cell profile with superheat temperature of 15 C: (a)
Common side carbon block; (b) SiN/SiC side carbon block
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Fig.6 Cell profile with superheat temperature of 20 ‘C: (a)
Common side carbon block; (b) SiN/SiC side carbon block
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Fig.7 Cell profile with superheat temperature of 25 C: (a)
Common side carbon block; (b) SiN/SiC side carbon block
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Table 3 Calculated results of cell profile

Carbon block Superheat/C .Ledge . Ledge
type width/mm  thickness/mm
15 47 165
Semi graphltlc 20 13 108
side
25 33 83
15 51 178
SiN/SiC side 20 39 122
25 36 86
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Table 4  Thermo-electric balance of cell with common
cathodes
Item Initial condition Heat balanced
Anode voltage/mV 4493 513.9
Electrolyte voltage/mV 28244 35394
Aluminum voltage/mV 0.3 0.4
s athogermy "4 543
Cathode voltage/mV 66.0 75.2
catode-solesor vy 449 i
Collector bar voltage/mV 41.7 47.9
Decomposition voltage/mV 2200.0 2200.0
Polarization voltage/mV 150.0 150.0
Overall voltage/mV 5850.7 6 662.4
Heat from 75\};\/& structure 8011 6.667
Heat from melt area /kW 5.859 5.823
Heat from cathode area /kW 5.764 5.728
Heat from preservation area 3377 3265
/kW
Heat from cradle area /kW 2.161 2.149
Heat from c;)kll\i,ctor bar area 0.837 0.834
Heat from bottom /kW 0.723 0.606
Actual total heat loss /kW 26.732 25.072
Theoreticail:;))\t/al heat loss 16.938 23936
Heat loss difference /% 57.82 4.75
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Table 5 Thermo-electric balance of cell with graphitized

cathodes
Item Initial condition Heat balanced
Anode voltage/mV 449.9 526.6
Electrolyte voltage/mV 2 817.8 3957.1
Aluminum voltage/mV 0.3 0.4
Co.ntact voltage of 74.9 377
aluminum-cathode/mV
Cathode voltage/mV 29.2 34.1
Contact voltage of 513 60.0
cathode-collector bar/mV
Collector bar voltage/mV 49.1 57.6
Decomposition voltage/mV 2 200.0 2200.0
Polarization voltage/mV 150.0 150.0
Overall voltage/mV 58225 7073.5
Heat from upper 8519 7166
structure/kW
Heat from melt areca/kW 6.558 6.599
Heat from cathode area 6.575 6.619
/KW
Heat from preservation 3913 3773
area/kW
Heat from cradle area/kW 2.404 2.381
Heat from collector bar 0.970 0.958
area/kW
Heat from bottom/kW 0.842 0.718
Actual total heat loss/kW 29.781 28.214
Theoretical total heat 16.797 26971
loss/kW
Heat loss difference/% 77.30 4.61
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Fig.8 Temperature distribution comparison of cell section: (a)

Common cathode; (b) Graphitized cathode
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