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Table 1 Geometric configurations of physical and prototype

models
Anode length/ Center channel/ Side channel/
Sample
mm mm mm
Model 400 40 50
Cell 1600 160 200
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Table 2 Fluid properties of physical and prototype models!'”!

f
Density/ Temperature/ Sur .ace Viscosity/
Sample (kem ™) C tension/ (Pas)
i (Nm)
CuSO, 1195 40 0.098 1.13X107?
Electrolyte 2130 960 0.134  2.51X107°
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apparatus

Schematic diagram of low temperature electrolytic
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Fig. 2 Schematic graph of low temperature electrolytic test
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Fig. 3 Initial bubble formation under different current densities: (a) 0.0625 A/em?; (b) 0.125 A/em?; (c) 0.1875 Alen’®; (d) 0.25

Alem?
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Fig. 4 Bubble coalescence behaviors at different period of time:

() 0.28 s; (h) 0.36 s; (i) 0.48 s; (j) 0.76 s; (k) 1.16 55 (1) 1.28 s

Bl 5 AR AR R

Fig. 5 Typical features of different sizes of bubbles: (a) Small-sized bubbles; (b) Medium-sized bubbles ; (c) Large-sized bubbles
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Fig. 6 Swallowing process of large bubbles: (a) 0 s; (b) 0.24 s; (c) 0.52 s; (d) 0.76 s; (e) 1.04 s; (f) 1.52's; (g) 1.88 s; (h) 2.56 s;
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Fig. 7 Detachment and breakage process of large bubbles: (a) 0 s; (b) 0.04 s; (c) 0.08 s; (d) 0.12 s; (e) 0.20 s; (f) 0.28 s; (g) 0.40 s;

(h) 0.48 s; (i) 0.60 s; (j) 0.76 s; (k) 0.96 s; (1) 1.12 s
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different angles: (a) 1°; (b) 2°; (c) 3°

Bubble movement under

Fig. 9 Bubble distribution in different parts at 1°: (a) Left; (b) Middle; (c) Right
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Experimental research on dynamics and
distribution characteristics of anodic bubbles in
aluminum electrolysis cells with low temperature electrolysis

ZHAN Shui-qing', WANG Zhen-tao', YANG Jian-hong?, ZHENG Jun', WANG Jun-feng'

(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Institute of Green Materials and Metallurgy, Jiangsu University, Zhenjiang 212013, China)

Abstract: Taken a 300 kA aluminum electrolysis cell in some aluminum company in Henan province, a novel low
temperature electrolytic model with a geometric similarity ratio of 1:4 to its prototype was designed and constructed
based on the principles of geometric and dynamic similarities. In addition, the bubble nucleation, growth, coalescence,
breakup and detachment underneath the anode were recorded. The results show that electrolytic bubbles are first
nucleated uniformly under the entire anode surface with small size. Then these bubbles grow up uncreasingly through the
growth process caused by gas diffusion and mass transfer and the coalescence process caused by collision and
swallowing. And finally some large bubbles escape from the edge of the anode bottom and break up into more smaller
bubbles with a large amount of liquid flow. The bubble layer underneath the anode has a broad bubble size distribution
and differs greatly in shape. The whole anode is covered by a few large and medium-sized bubbles and a large number of
small bubbles. Changing current density and anode inclination angle has an important influence on some dynamical
behavior mechanisms and distribution characteristics of the bubbles above.

Key words: aluminum electrolysis; anodic bubble dynamics; distribution characteristic; low temperature electrolysis;

experimental research

Foundation item: Project(11502097) supported by the National Natural Science Foundation of China; Project
(2016M591781) supported by the China Postdoctoral Science Foundation, China; Project
(2015JDG158) supported by the Foundation of Senior Talent of Jiangsu University, China; Project
(PAPD) supported by the Priority Academic Program Development of Jiangsu Higher Education
Institutions, China

Received date: 2017-03-28; Accepted date: 2017-07-23

Corresponding author: ZHAN Shui-qing; Tel: +86-18852869020; E-mail: zhanshuiqing@ujs.edu.cn

(wE I B



