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Behavior of Anodic Bubbles Precipitation in Aluminum Electrolytic Process

LI Song' ,SHI Zhongning® ,ZHAQO Zhibin®
(1. School of Chemical and Materials Engineering. Liupanshui Normal University, Liupanshui 553000, China;
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Abstract: The movement of anode bubbles in aluminum electrolysis cell is the main force of electrolyte flow. Its
flow behavior affects the dissolution of alumina and the secondary reaction of metals,and has a greater influence on
the electrolytic process. In this paper, the bubbles behavior of aluminum electrolytic cell is recorded by high speed
camera and camera through the aluminum electrolysis experiment in transparent electrolytic cell. The results show
that there are two stages of bubbles behavior. The first stage is the growth stage of the bubbles at the bottom of the
anode, the second stage is the stage of the bubbles rising from the bottom of the anode in the electrolyte. The
electrolysis is carried out at an anode current density of 0.7 A/cm?. It takes about 12 s for bubbles growth to the

maximum thickness of 0.4 cm at first stage, and it takes 0.27 s for the bubbles escape from anode bottom to
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electrolyte free surface at second stage. Small bubbles on the anode sidewall grow up and escape continuously during

the whole electrolysis process. The experimental images taken by cameras are processed by the histogram

equalization method in Matlab. Clear images of the bubbles generated on the anode sidewall can be obtained for in-

depth observation and analysis of the bubbles precipitation behavior
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1—Corundum protection tube;2—Heating furnace;
3—Quartz crucible;4—Cryolite;
5—Quartz window ; 6— High-speed camera;
7—Thermocouple; 8— Adjustable light source;
9—Graphite cathode; 10— Graphite anode;
11— Anode guide rod;12—Cathode guide rod
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Fig. 1 Schematic drawing of experimental cell
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Fig. 2 The bubbles formed in the first stage
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Table 2 Measurement of bubble layer thickness

by foreign scholars

Thickness of

Res hers Methods
bubble layer/cm esearchers ethods
0.4~0.6 AABERG R J Physical model data
0.5 FORTIN S Physical model data
0.5 HAUPIN W E Industrial cell data
0.5 CASSAYRE L High Alemperalure
experimental data
High temperature
0.4 XUE ] .
experimental data
0.4 Author of this article Transparent cell data
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Fig. 3 The bubbles behavior in the second stage
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(a) Original image

(b) Image after histogram equalization processing
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Fig. 4

3 4k

-

1) 368 b i P e 2 PO R 12 56wl 0 S B A9 9 7 P
B LR AR AT O o B AT Rl o3 T
MBS B BO AR AR AR B B 2R
TG B S R AR AR R A BT B

2) B R KRB —ERER IR G IF B
W= B I [) 10 3 4, SO R R JE B R 2k
I R JREJEE N s A 3R H FERR JE 1

3 BEAR A F /I A Vo 1l 1 R G Y L T L B
AL R AR . T Matlab 5 B35 i 1k O %
JIT A 8 PR 220 T 5 A B AT LS 7 A e O 4% 1)
PEL A A0 B 3 4 2

S & k-

[1] KISSL I, PONCSAK S, ANTILLE J. Simulation of
the bubble layer in aluminum electrolysis cells[ C]//
Warrendale; The Minerals, Metals &. Materials Society,
2005:559-564.

[2] KISS LI, PONCSAK S, TOULOUSEET D, et al
Detachment of bubbles from their nucleation sites[ C]//
Warrendale: The Metals &  Materials
Society, 2004 :159-167.

FENG Y Q, COOKSEY M, SCHWARZ M P. CFD

Minerals.,

[3]
modeling of alumina mixing in aluminum reduction
cells[C]//Warrendale: The Minerals, Metals & Materials
Society,2011:287-292.

[4] FENG Y Q.YANG W,COOKSEY M. Development of

bubble driven flow CFD model applied for aluminium

smelting cells [ J]. The Journal of Computational

Multiphase Flows,2010,2(3) :179-188.

FENG Y Q,SCHWARZ M P, YANG W, et al. Two-

phase CFD model of the bubble-driven flow in the

[5]

molten electrolyte layer of a Hall-Héroult aluminum

(6]

[7]

[8]

[9]

(10]

[11]

[12]

The bubbles on the anode side wall

cell[ J]. Metallurgical and Materials Transactions B,
2015,46(4):1959-1981.

WANG Y F,ZHANG L F,ZUO X ]. Simulation of the
fluid flow-related phenomena in the electrolyte of an
aluminum electrolysis cell [ J]. Metallurgical
Materials Transactions B,2011,42(5) :1051-1064.
ZHOU N J, XIA X X, BAO S Z. Effect of

and

electromagnetic force and anode gas on electrolyte flow
in aluminum electrolysis cell [ J ]. Journal of Central
South University of Technology,2006,13(5) :496-500.
AR AL T RN SR SRR A 8 IR R
BriAr S [T, o E A 6 4 R 2 #fie. 2004, 14 (2):
298-301.

XU Junli, SHI Zhongning, GAO Bingliang. et al.
Bubble
electrolysis [ ] ]. The Chinese Journal of Nonferrous
Metals,2004,14(2); 298-301.

ZHAN S Q, YANG ] H, WANG Z T, et al. CFD

behavior on metal anode of aluminum

simulation of effect of interphase forces and turbulence
models on gas-liquid two-phase flows in non-industrial
aluminum electrolysis cells [J]. JOM, 2017, 69 (9):
1589-1599.

ZHAN S Q.LI M, ZHOU ] M, et al. A CFD-PBM
coupled model predicting anodic  bubble = size
distribution in aluminum reduction cells [ C ]//

Warrendale; The Minerals, Metals &. Materials Society,
2014 .777-782.
QIU Z X,FAN L M,GRJOTHEIM K. Dissolution of
aluminum in cryolite-alumina melts ( see-through cell
studies) [C]//New Orleans: The Minerals, Metals &
Materials Society,1986:525-533.
QIU Z X,FAN L M,GRJOTHEIM K, et al. Formation
of metal fog during molten salt electrolysis observed in
a see-through cell[J]. Journal of Applied Electrochemistry,
1987,17(4) .707-714.

(T# £ 96 T1,Continued to P96)





