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Table 1 Parameters of aluminum electrolytic cell
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Fig. 1 Computation domain of aluminum electrolytic cell
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Fig. 2 Schematic diagram of alumina feeding zone
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Table 2 Composition of electrolyte (mass fraction, %)[22]
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Table 3 Distribution of alumina particle

Percent before Percent after

Particle size/um

feeding/% feeding/%

<40 5.2 1.924
40-60 18.5 6.845
60—-80 29.3 10.841
80—-100 15.9 5.883
100-120 12.5 4.625
120-140 9.8 3.626
140-160 5.1 1.887
160—180 2.3 0.851
180-200 1.4 0.518

®4 FiRHIS

Table 4 Calculation of sieve residue rate

Particle size/um Sieve residue rate (R)/%

40 98.076
60 91.231
80 80.39
100 74.507
120 69.882
140 66.256
160 64.369
180 63.518
200 63
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Table S Distribution of particle size after feeding

Diameter/pm Particle distribution rate/%
<100 26.45
100-200 11.81
200—-400 14.81
400-600 9.58
600—-1000 12
1000—2000 13.74
2000—-4000 8.2
4000-6000 2.18
6000—10000 1.01
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Fig. 3 Electrolyte flow field distribution under effect of anode bubble
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Fig. 4 Accumulated mass fraction of alumina dissolution
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Fig. 5 Schematic diagram of undissolved alumina particle
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Simulation of alumina particle dissolution in
300 kA aluminum electrolytic cell

LI Mao, GAO Yu-ting, BAI Xiao, LI Yuan, HOU Wen-yuan, WANG Yu-jie

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

Abstract: During the aluminum electrolytic feeding process, alumina particles will dissolve after absorbing heat,
aggregation subject under the control of the mass and heat transfer mechanism. Based on the OpenFOAM computing
platform, identifying the dominant mechanism controlling dissolution of alumina, considering the bubble effect and
temperature response of electrolyte after feeding, the alumina, dissolution model coupled with heat and mass transfer
were proposed. Based on the alumina particle size distribution calculated by Rosin-Rammler function, the actual
dissolution process in electrolyte after feeding were simulated in 300 kA aluminum reduction cell. The simulation results
show that the first 18 s is the quick stage of dissolution, in which about 50% of the quantity is dissolved. At the end of a
feeding cycle 144 s, about 1.5% of the alumina is undissolved, the undissolved particle aggregates and forms sludge at the
bottom of the cell. Only considering the alumina endothermic process, the electrolyte temperature in the feeding zone
rapidly declines within the first 14 s, then, the temperature quickly is recovered and oscillated after 60 s.

Key words: aggregation; alumina dissolution; heat transfer; mass transfer; particle size distribution; numerical simulation
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