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Abstract: A method to investigate the effect of gas bubble on cell voltage oscillations was established. The whole aluminum 
electrolysis cell was treated as a resistance circuit, and the dynamic simulation of the cell equivalent circuit was modeled with 
Matlab/Simulink simulation software. The time-series signals of cell voltage and anode current were obtained under different bubble 
conditions, and analyzed by spectral and statistical analysis methods. The simulation results show that higher bubble release 
frequency has a significant effect on the cell voltage oscillations. When the bubble coverage of one anode block exceeds 80%, the 
cell voltage may exceed its normal fluctuation amplitude. The simulation also proves that the anode effect detected by computer in 
actual production is mainly the whole cell anode effect. 
Key words: aluminum electrolysis; equivalent circuit; gas bubble; cell voltage; anode effect 
                                                                                                             
 
 
1 Introduction 
 

Pre-baked anode aluminum electrolysis cell is the 
main equipment in the production of aluminum. It is 
actually an electrochemical cell with multi-anode and 
single cathode. In the cell, alumina dissolves in the melt 
cryolite between anode and cathode. When anode current 
density is in normal conditions, the following reaction 
mainly occurs at the carbon block immersed in the 
electrolyte: 
 
Al2O3+1.5C(s)=2Al(l)+1.5CO2(g)                (1) 
 

In this reaction, CO2 is produced. Because the 
producing bubbles underneath the anode block cannot be 
discharged in time, bubbles are partly attached to the 
underneath surface of the anode, and also some mix with 
the electrolyte. Due to the poor electrical conductivity of 
gas, all of these bubbles will increase the resistance of 
the electrolytic circuit [1,2]. The variation in the cell 
resistance will cause the change of current distribution 
and cell voltage fluctuation. The extra cell voltage drop 
due to gas bubbles may be in the range of 0.15−0.35 V 
[3], which has a significant loss of energy through 
Ohmic heating. 

Bubble covering the surface of the anode carbon 
block not only increases the resistance between anode 
and cathode, but also reduces anode contact area with the 
electrolyte, which will influence the electrochemical 
reaction on the anode surface. At the same time, it is the 
main driver for alumina mixing and bath flow [4]. So, 
the gas bubbles play an important role in cell operation. 

The aluminum reduction cell is a highly corrosive 
closed system with high temperature. It is difficult to 
directly observe and determine the gas generation and 
release processes, so researches on the anode gas are 
mainly conducted through laboratory study and physical- 
mathematical model [4−6]. These researches investigated 
the bubble creation, detachment, transport and its impact 
on the cell voltage based on small size electrolysis cells 
or room temperature hydrodynamic models. The gas 
bubble behavior depends on the anode current density, 
anode shape and inclination, and electrolysis parameters 
[7,8]. Lots of research results [1,9] show that the gas 
coverage fraction on the anode surface is 30%−60%. In 
addition, the bubbles release periodically from the anode 
surface, which will disturb the electrolyte and affect 
liquid aluminum fluctuation. The release frequency of 
the bubbles is 0.3−3 Hz [10,11]. The relation between 
cell voltage fluctuation and bubble noise was also 
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investigated [3,12], showing that bubbles are subjected to 
the frequency and the amplitude of the voltage 
oscillations. From these studies, we have known about 
the formation, growth, and motion of gas bubbles to a 
certain extent. 

However, most of these studies are based on a 
single anode electric field [1,2,4,8]. It is different to the 
real cell, which contains a multi-anode and a single 
cathode. When the gas bubbles under the anode bottom 
surface come to change, the anode current will 
redistribute. The authors have not found published 
studies on the numerical model of anode gas bubbles 
concerning the multi-anode phenomenon in aluminum 
cell. 

The main idea of this work is to simplify the 
aluminum electrolytic cell as an electrical resistance 
circuit model, and build the simulation model with 
Matlab/Simulink simulation software. In this work, it is 
assumed that the liquid aluminum fluctuation waveform 
is a sine wave, and bubbles release from the anode 
surface periodically. Considering the change of alumina 
concentration and anodic overvoltage, the effect of 
different bubble release frequencies and coverage 
fraction on the current distribution and cell voltage is 
studied by statistical and spectral analysis methods. 
 
2 Description of cell physical model 
 

In the production of aluminum, constant DC current 
feeds the anode rod from the busbar, flows through the 
anode carbon block, electrolyte, liquid aluminum, 
cathode block, and finally outflows from the cathode 
bars. If the cell can be seen as a resistance circuit, 
wherein the anode rod, cathode block and cathode bars 
can be regarded as fixed resistors. Since the liquid 
aluminum has a very low electrical resistivity, its 
resistance can be neglected. Furthermore, there are some 
variable resistors between anode and cathode. Figure 1 
shows the equivalent circuit schematic diagram of part 
aluminum electrolysis cell. 

So, the cell voltage (U) can be represented as 
 
U=Ere+RanI+RovI+RacdI+RbuI+RcaI+RotherI        (2)  
where Ere is the reaction electromotive force and Rother is 
the resistance of cathode bar. 

The anode is consumed as the current flows through, 
so its resistance gradually decreases. Moreover, the 
anode is also an electric conductor. The anode resistance 
decreases very slowly within a short time. In order to 
simplify the calculation model, this study assumes that 
the anode is consumed uniformly. That is to say, the 
resistance is uniformly reduced in a pole changing period. 
In this work, it is assumed that the anode consumption 
period is 28 d according to the actual production process. 

 

 
Fig. 1 Equivalent circuit schematic diagram of part aluminum 
electrolysis cell (I—DC; Ran—Electric resistance of anode 
block; Rre—Electrochemical reaction resistance; Rov—Anode 
surface overvoltage resistance; Rbu—Bubble resistance; Racd—

Electrolytic resistance; Rca—Cathode resistance. It is assumed 
that the cell reaction occurs in the anode surface, and produces 
Rre and Rov, gas bubbles mainly adhere to the anode surface 
 

In normal production the main reaction (1) occurs in 
the cell. According to the Nernst’s equation, the reaction 
electromotive force Ere can be given as 
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CO2
p  is partial pressure of CO2; αAl, 32OAlα and 

αC are the aluminum, alumina and carbon activity, 
respectively; R is mole gas constant; F is Faraday’s 
number; T is reaction temperature in Kelvin; E0 is the 
standard potential, which is a function of temperature. In 
the reaction (1), E0 is [13] 
 
E0=−1.8984+5.725×10−4T                      (4)  
z is number of electrons involved in a reaction, here 
z=12. 

Assuming that 
2COp =1, αAl =1, αC=1, then, 
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where 
32OAlω is concentration of Al2O3 and )sat(OAl 32

ω  
is concentration of saturated alumina. 

In the cell, overvoltage is also produced on the 
carbon surface. Because the cathode overvoltage and 
concentration overvoltage have a little effect on cell 
voltage [15], it is assumed that the cell overvoltage is 
only due to the anode overvoltage. According to Tafel 
equation, anode overvoltage is dependent on the anode 
current density [16]: 
 
η=a+blg J                                   (7)  
where J is anode current density; a=0.5 is Tafel constant; 
b=0.25 is Tafel slope. 

According to the Ohm’s law, Rre and Rov can be 
calculated. 

In the cell, electrolyte is used as solvent, where the 
alumina dissolves. In general, the distance between the 
anode bottom surface and liquid aluminum surface is 
called as anode cathode distance (ACD). Due to the 
influence of the electromagnetic force and gravity, the 
liquid aluminum surface is continuous fluctuation, which 
will cause the variation of the ACD electrolyte resistance 
[17−19]. In this work, it is assumed that the distance of 
ACD electrolyte varies with the liquid aluminum 
fluctuation. The conductivity (κ) of electrolyte can be 
calculated by the Choudhary’s empirical formula [20]: 
 

+−−−=
2232 MgFCaFOAl 66.15.007.20156.2ln ωωωκ  

Tn /4.20682175.063.078.1 NaClLiF −++ ωω    ( 8 ) 
 
where ,

2CaFω ,
2MgFω LiFω , NaClω are the concentrations 

of CaF2, MgF2, LiF and NaCl, respectively, n is cryolite 
ratio (CR). 

So, the Ohm resistance of the ACD electrolyte can 
be obtained [13]: 
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where L is anode−cathode distance; bb is bubble 
thickness; S is cross sectional area of one anode block 
group; db is single layer bubble thickness. 

The produced bubbles partly attach to the 
underneath surface of the anode, and partly mix with the 
electrolyte. All of these bubbles will increase the 
resistance of the electrolytic circuit. This additional 
resistance (R_bu) can be calculated as [13] 
 

sf
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                        (10) 

 
where fc is the fraction of anode covered by bubbles. 
 
3 Design of mathematical model 
 

The Matlab/Simulink simulation software has been 
chosen for constructing and simulating the equivalent 

circuit of the cell. Simulink is a visual simulation tool of 
the MATLAB, which is the software package used for 
dynamic system modeling, simulation and analysis, 
supporting linear and nonlinear systems which are 
continuous, discrete, and both at the same time, and a 
variety of sampling frequency systems. It can be used to 
continuously simulate the cell current based on this 
equivalent circuit simulation model. As the aluminum 
electrolysis cell is a coupling system of electric field, 
magnetic field, thermal field and melt flow field, this 
simulation is based on the following assumptions: 1) Cell 
temperature is maintained at 950 °C; 2) Current flowing 
through the cell is mainly vertical, and the horizontal 
current is negligible; 3) Liquid aluminum fluctuation will 
produce sine wave, and cause the change of ACD 
thickness; 4) Bubbles are produced uniformly on the 
anode surface. 

A 400 kA electrolysis cell was chosen for this study. 
This type cell has 24 double anode carbon blocks. The 
simulation model of the equivalent circuit with 24 anode 
branches has been built with Matlab/Simulink simulation 
software. Figure 2 shows a three-branch model, which is 
a part of the 24-branch model. In this model, simulation 
system includes several software modules, such as 
control current source, RLC branch and scope. Moreover, 
it also contains some self-designed modules, such as 
reaction resistance module (Rr), overvoltage resistance 
module (Ro), electrolyte resistance module (RACD), 
bubble resistance module (Rb), and anode resistance 
module (Ra). According to the Eqs. (3)−(10), the output 
resistance of these self-designed modules changes with 
ACD, bubble coverage fraction, concentration of 
alumina, current, and so on. In addition, the fixed 
resistance module (r) represents the resistance of anode 
rod and steel stub, other resistance modules simulate 
cathode and cathode bar resistance, T is the electrolysis 
temperature, Al2O3% module shows the concentration of 
alumina, fc module is the fraction of bubble coverage, 
and ACD module represents the change of ACD caused 
by liquid aluminum fluctuation. 

Aluminum electrolytic process is a very complex 
dynamic process. In order to investigate the influence of 
bubbles on anode current distribution and cell voltage, 
the cell condition is seen as stable in a short time. It is 
assumed that the single-layer bubble thickness is 0.5 cm 
[21], and two layers of bubbles are generated covering 
on the anode surface. 

In industrial production, alumina dissolves in the 
bath and is continuously consumed. So, the alumina 
powder needs to be added to the electrolyte. Alumina has 
a solution-consumption process in the bath. It is assumed 
that the alumina dissolves quickly in the bath, and the 
consumption rate is uniformity. The concentration varies 
between 2%−3%, and the consumption period is 89 [22]. 
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Fig. 2 Schematic diagram of three-branch simulation circuit 
 

According to literature [23], the liquid aluminum 
fluctuation cycle is about 50 s, and the waveform is in an 
arc-shaped form. So, it is assumed that liquid aluminum 
waveform is the standard sine wave and satisfies the 
following formula: 
 
y=Asin(2πft+θ)+h                            (11) 
 
where A is the variation amplitude of ACD caused by the 
liquid aluminum fluctuation; f is the frequency of the 
liquid aluminum fluctuation; t is time; θ is the initial 
phase; h is the average height of the ACD. 

According to JENSEN et al [24], average ACD is 
assumed as 4.1 cm in this study. WANG et al [23] 
pointed out that the fluctuation range of liquid aluminum 
is 0.9−1.5 cm in traditional cells. The anode size is very 
large in actual cells, and the liquid aluminum surface is 
fluctuant, so the ACDs under anode bottom are not the 
same at different positions. In our model, we see the 
whole anode as a resistance, the ACD under each anode 
should be the average ACD of each point at anode 
bottom. Therefore, the variation amplitude of ACD was 
supposed at 0.2 cm after lots of calculations. The 
fluctuation frequencies under different anode blocks 
were different, and it is assumed that the fluctuation 
frequencies of 24 branches are around 0.02 Hz [23]. 

There are many researches about the bubble 
formation, growth and its movement on the anode 

surface. Most of these researches [10,11] found that 
bubble release frequency was 0.3−3 Hz, the fraction of 
anode surface covered by bubbles was 30%−60%, and 
the bubbles release was periodic behavior. So, it is 
assumed that the bubble coverage changes uniformly on 
the anode surface, the coverage fraction increases evenly 
within a certain range and the periodic line makes a 
zigzag [25]. The bubble coverage fraction and release 
frequency are different under different anode blocks, and 
the assumption values are given in Table 1. 

According to the sampling theorem, the simulation 
discrete time of 0.1 s was chosen to study all hypothesis 
frequencies, namely sampling frequency is 10 Hz. And 
the simulation time was set at 500 s. 
 
4 Results and discussion 
 
4.1 Cell voltage fluctuation and current distribution 

In the aluminum electrolysis cell, the anode bubble 
is an important reason for the oscillation of cell voltage 
and current distribution. In order to further study the 
effect of bubble behavior on the cell voltage and current 
distribution a comparison simulation was studied. In this 
comparison simulation, it is assumed that the bubble 
coverage fraction on anode surface remains at 45%. The 
cell voltage and current simulation data were obtained 
after running these two comparison models. Figure 3  
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Table 1 Statistical values of 24 anodes current with fraction of bubble coverage varying 

No. I /A IMax/A IMin/A ΔI/A Id/A fc/% cf /% Cycle/s 

1 16992.96 17913.40 16122.17 1791.23 414.33 35−45 40 4.8 

2 16486.89 17369.24 15580.59 1788.66 408.68 42−50 46 3 

3 16847.45 17707.69 16043.90 1663.79 381.85 40−45 42.5 0.5 

4 16950.91 17781.80 16144.92 1636.87 382.24 38−44 41 1.5 

5 17112.14 17951.23 16342.17 1609.06 390.14 36−42 39 1 

6 16632.37 17512.90 15796.35 1716.55 390.09 41−48 44.5 2 

7 16761.23 17671.14 15850.34 1820.80 411.36 39−47 43 3.5 

8 16777.90 17698.91 15925.70 1773.21 384.73 40−46 43 1.3 

9 16223.87 17093.01 15462.10 1630.91 371.75 46−51 48.5 0.8 

10 16489.96 17351.75 15644.33 1707.42 374.87 43−49 46 2.5 

11 16208.86 17155.33 15285.39 1869.94 409.80 45−52 48.5 2.8 

12 16460.42 17292.45 15710.35 1582.10 355.84 44−49 46.5 0.6 

13 16893.28 17743.47 16047.69 1695.79 384.26 38−45 41.5 3.3 

14 17177.47 17979.45 16408.66 1570.79 396.40 35−41 38 2.4 

15 16599.65 17504.67 15765.10 1739.58 384.39 42−48 45 1.7 

16 16714.20 17643.75 15908.91 1734.84 391.45 40−47 43.5 2.1 

17 16386.43 17255.41 15564.82 1690.59 379.67 44−50 47 1.4 

18 16642.99 17456.27 15874.89 1581.39 377.85 42−47 44.5 0.9 

19 16974.61 17793.05 16186.12 1606.93 385.50 38−44 41 0.8 

20 16519.35 17568.77 15633.43 1935.34 396.82 42−49 45.5 2.3 

21 16825.33 17617.18 16049.47 1567.71 375.76 40−45 42.5 1.2 

22 16431.77 17312.17 15594.46 1717.71 398.37 43−50 46.5 2.1 

23 16213.94 17181.58 15262.51 1918.07 403.47 45−52 48.5 2.2 

24 16675.97 17546.71 15891.27 1655.46 375.91 41−47 44 1.6 

 

 
Fig. 3 Cell voltage (a) and current going through No. 7 anode 
carbon block (b) obtained by two comparison models 
 
shows the cell voltage and current going through No. 7 
anode carbon block. The black dot curve in Fig. 3 
represents the bubble coverage fraction stable model, 

while the blue curve represents the bubble coverage 
fraction changing model. The simulation results have a 
good agreement with the actual situation. 

These simulation data were statistically analyzed. 
Table 2 provides the statistical results of cell voltage. It is 
known from Fig. 3 (superior) and Table 2 that, when the 
bubble coverage fraction is varied, the average cell 
voltage ( U ) decreases by about 11.5 mV, but the 
fluctuation amplitude (ΔU) increases by about 38 mV. In 
Fig. 3, the blue curve is more volatile than the black 
curve, indicating that this curve contains more noise. It 
can also be seen from the standard deviation (Ud) and the 
maximum value (UMax is the maximum value and the 
UMin is the minimum value) that the gas bubble variety 
will increase cell voltage fluctuation amplitude. 

When the bubble coverage is fixed, the average 
current through each anode has little difference due to 
the liquid aluminum fluctuation. Simulation results show 
that the average currents of different anodes range 
between 16646.47 and 16681.63 A, and the difference is 
only 45.16 A, which is very small compared with    
16.6 kA current. In addition, all the current statistical  
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Table 2 Statistical values of cell voltage  

U VU /  UMax/V UMin/V ΔU/V Ud/V 

UC 4.0616 4.0911 4.0327 0.0585 0.0077 

UN 4.0731 4.0824 4.0623 0.0202 0.0043 
UC is the simulation data of bubble coverage varied, and UN is the 
simulation data of bubble coverage fixed. 

 
parameters of different anodes vary in a very small 
range. 

When the bubble coverage varies, the average 
currents of different anodes are quite different from each 
other, all of which are between 16208.86 and 17177.47 A, 
and the difference is 968.61 A. Table 1 offers the 
statistical values of 24 anode currents when bubble 
coverage changes. Figure 3 (inferior) illustrates clearly 
that the current fluctuation is greater, which is caused by 
the bubble changing. In Table 1, the standard deviations 
(Id) and current fluctuation amplitude (ΔI) change more 
greatly, which shows that gas bubble has a significant 
effect on anode current distribution. 

Figure 4(a) shows comparison of the average 

current of each anode ( I ) and the average fraction of 
bubble coverage ( cf ). It can be intuitively seen that the 
values of average current are different. The average 
current probably has an inversely proportional 
relationship with the bubble coverage fraction. That is, 
the average bubble coverage fraction increases and the 
current decreases. With regard to the No. 4 and No. 19 
anode current, the bubble coverage is the same, but the 
current statistical parameters are different, as given in 
Table 1. This is because bubble release frequency and 
liquid fluctuation frequency are not the same, which may 
induce the change of current. Figure 4(b) shows the 
average current of each anode with the bubble release 
cycle. The regularity shown in this figure is not so 
obvious. This may be because the effect of release 
frequency on current is very little. 

The frequency spectral analysis method was also 
used to analyze the simulation signals, as shown in Fig. 5. 
Figure 5 shows the power spectra of the cell voltage and 
No. 7 branch current when the bubble coverage changes. 
In Fig. 5(a), there is one peak at 0.02 Hz, and its power  

 

 

Fig. 4 Comparison between average current ( I ) of each anode and average fraction of bubble coverage ( cf ) (a) and comparison 
between average current of each anode and bubble release cycle (b) 
 

 
Fig. 5 Power spectra of cell voltage (a) and No. 7 current (b) with bubble coverage fraction changing 
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exceeds 200 W, which is consistent with the liquid 
aluminum fluctuation frequency. Bubble release 
frequencies all appear between 0−5 Hz, and the 
maximum power almost reaches 200 W. This illustrates 
that the bubble has a great influence on the cell voltage. 
It is also found that all the assumed frequencies can 
present in this figure. Figure 5(b) shows the power 
spectrum of No. 7 anode current. In the power spectrum, 
there are two higher peaks at 0.0176 Hz and 0.288 Hz, 
which are respectively consistent with the liquid 
aluminum fluctuation frequency and bubble release 
frequency. Because the liquid aluminum and bubble 
release are both regular variation, there is a little noise in 
Fig. 5(b). 

According to the above analyses, both the bubble 
coverage and bubble release frequency may have some 
effects on the cell voltage and current distribution. 
Therefore, this work will further investigate their 
influence on the cell voltage and current distribution with 
this simulation model. In the above design model, bubble 
release frequency and coverage fraction of different 
anodes are different. In order to facilitate the research, 
No. 7 anode was chosen as the study object. 
 
4.2 Effect of bubble release frequency 

Changing the bubble release frequency of the No. 7 
anode branch, meanwhile keeping the bubble coverage at 
39%−47%, 10 times simulations were conducted. The 
release cycles are 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 
and 5.0 s, respectively. Ten groups of simulation results 
were obtained. The average values of the cell voltage and 
No. 7 anode current were calculated, plotting its graph 
corresponding to the release cycle, as it is shown in   
Fig. 6. 
 

 
Fig. 6 Average values of cell voltage and No. 7 current under 
different bubble release cycles 
 

Figure 6 shows that cell voltage gradually increases 
with the increase of bubble release cycle. Namely, when 
the release frequency increases, the cell voltage 

decreases. But the increasing trend gradually slows  
down. It can be seen that the cell voltage increases 
rapidly from 4.06124 to 4.06154 V with the cycle 
increasing from 0.5 s (2 Hz) to 2.5 s (0.4 Hz), the voltage 
increases by about 0.3 mV. When the cycle increases 
from 2.5 s (0.4 Hz) to 5.0 s (0.2 Hz), the cell voltage 
increases by only 0.03 mV. As a whole, the maximum 
difference of the 10 times simulation results is not more 
than 0.33 mV. The current through No.7 anode gradually 
decreases, the decreasing trend is also slowing, and the 
maximum difference of the 10 times simulation results is 
about 62 A. In addition, according to the fluctuation 
amplitude in Table 3, the standard deviation of cell 
voltage mainly decreases with the bubble release cycle 
increasing. This simulation result is consistent with the 
research of EINARSRUD and SANDNES [2], which is 
noted that high frequencies appear to be related to small 
amplitudes in voltage oscillations. This conclusion was 
also discussed by KISS et al [7]. In Table 3, the 
amplitude of No. 7 anode current mainly increases with 
the decrease of bubble cycle. 
 
Table 3 Standard deviations of cell voltage and No. 7 anode 
current under different bubble release cycles 

Cycle/s Ud/mV Id/A 
0.5 7.901 407.54 
1.0 7.972 405.08 
1.5 7.946 405.72 
2.0 7.956 405.24 
2.5 7.844 408.75 
3.0 8.008 403.34 
3.5 7.746 411.36 
4.0 7.863 407.99 
4.5 7.777 410.61 
5.0 7.798 410.04 

 
4.3 Effect of bubble coverage range 

Keeping the No. 7 anode bubble release frequency 
fixed, increasing the range of bubble coverage, but 
keeping the average coverage fraction at 45%, six times 
simulations were carried out. The fluctuation ranges of 
bubble coverage are 44%−46%, 42%−48%, 40%−50%, 
38%−52%, 36%−54% and 34%−56%, respectively. And 
the variation amplitudes (ΔC) are 2%, 6%, 10%, 14%, 
18% and 22%, respectively. Figure 7 shows the changes 
of cell voltage and No. 7 anode current corresponding to 
the change of variation amplitude of bubble coverage. 

In Fig. 7, when the bubble release frequency is  
fixed, cell voltage increases with the increase of bubble 
coverage variation amplitude. When the bubble coverage 
range is 44%−46%, the average cell voltage is 4.0625 V, 
and when the coverage range is 34%−56%, the average 
cell voltage is 4.0628 V, and the value is increased by 
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about 0.3 mV. Meanwhile, the average current of No. 7 
anode is reduced from 16582.38 to 16529.35 A, and the 
value reduces by approximately 53 A. Table 4 shows that 
standard deviations of cell voltage and No. 7 anode 
current are both increased as the bubble coverage 
fluctuation enlarges. This result is also fitted well with 
the results of KISS et al [10,26] and EINARSRUD and 
SANDNES [2]. 
 

 
Fig. 7 Average values of cell voltage and No. 7 anode current 
corresponding to increasing of variation amplitude of bubble 
coverage (ΔC) 
 
Table 4 Standard deviations of cell voltage and No. 7 anode 
current under different bubble coverages 

ΔC/% Ud/mV Id/A 

2 7.634 357.36 

6 7.716 388.28 

10 7.842 445.07 

14 8.012 520.57 

18 8.228 609.69 

22 8.493 709.76 

 
4.4 Effect of bubble thickness 

Changing the bubble thickness of No. 7 anode 
branch, the simulation model was run again. Ten times 
simulation bubble thicknesses are 0.2, 0.4, 0.6, 0.8, 1.0, 
1.2, 1.4, 1.6, 1.8 and 2.0 cm, respectively. The simulation 
values of average cell voltage and No. 7 anode current 
are shown in Fig. 8. It is seen that the cell voltage 
linearly increases with the increase of bubble thickness, 
while the current decreases. In Table 5, with the increase 
of bubble thickness, the standard deviation of cell 
voltage increases, while that of No. 7 anode current 
increases. This explains that the bubble thickness will 
increase the fluctuations of the cell voltage and anode 
current. 

 
4.5 Anode effect 

In the aluminum electrolysis production, anode 

 

 

Fig. 8 Average values of cell voltage and No. 7 anode current 
corresponding to variation of bubble thickness 
 
Table 5 Standard deviations of cell voltage and No. 7 anode 
current under different bubble thicknesses 

Bubble thickness/cm Ud/mV Id/A 

0.2 7.700 420.54 

0.4 7.712 418.14 

0.6 7.723 415.81 

0.8 7.734 413.55 

1.0 7.746 411.36 

1.2 7.757 409.24 

1.4 7.768 407.18 

1.6 7.780 405.19 

1.8 7.791 403.28 

2.0 7.802 401.43 

 
effect (AE) is a common phenomenon. The reduction of 
alumina concentration will inhibit the electrolysis 
reaction and gas escaping, so the fraction of bubble 
coverage on anode surface increases, which will cause 
the increase in cell voltage and arc discharge. Anode 
effect will reduce the current efficiency, and have an 
adverse effect on the production, which is an undesirable 
phenomenon. With the increase of cell volume, the 
distribution of alumina concentration in the cell is more 
difficult to be completely consistent. When alumina 
concentration decreases somewhere, anode effect may 
occur locally, resulting in a local effect. The local effect 
would gradually spread as the time goes, and then the 
whole cell anode effect occurs. Although several 
methods based on cell voltage have been developed to 
predict the anode effect [27,28], they are still difficult to 
determine whether the anode effect is local anode effect 
or not. By this simulation model, this study hopes to 
preliminarily investigate the regulation of cell voltage 
when local anode effect occurs. 

Assuming that the No. 7 anode bubble coverage 
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gradually increases, and no energetic chemical change is 
caused during this process. The simulations were 
conducted by this model with different bubble coverages. 
When the anode surface is completely covered by gas 
bubbles (i.e., bubble coverage is 100%), it is assumed 
that there is no current going through this anode. The 
obtained data were processed by linear regression 
method, and the average values of cell voltage and 
current were obtained, as shown in Fig. 9. 
 

 
Fig. 9 Average values of cell voltage and No. 7 current with 
bubble coverage increasing 
 

In Fig. 9, cell voltage increases with the bubble 
coverage increasing, and the increasing trend is 
strengthened. When the coverage reaches 60%, the cell 
voltage is 4.0750 V, and when it is 75%, the voltage is 
4.0968 V. The cell voltage is still in normal fluctuation 
range. But when the coverage increases to 80%, the cell 
voltage is 4.1067 V, which exceeds the normal 
fluctuation range. When the coverage is 100%, the cell 
voltage is 4.15 V. Meanwhile, the current change is more 
obvious. The current is 14202 A when the coverage is 
60% and the current reduces to 8447 A when the 
coverage reaches 80%. Therefore, the influence of the 
bubble coverage on the cell voltage and anode current is 
very great, especially when the fraction is more than 
80%. 

The anode effect may begin from one anode  
surface, and spread to the whole cell. So, we assume that 
any number of anodes can produce local AE, while the 
other anodes are still in normal. Of course this is not 
possible in actual production due to the great 
redistribution of anode current. The anode is completely 
covered by the gas bubbles when AE phenomenon 
appears. Figure 10 shows the plot of average cell voltage 
when AE phenomenon appears. In Fig. 10, the cell 
voltage increases as the AE anode number increases. 
When the AE anode number is less than 16, the cell 
voltage is less than 8.0 V, which is difficult to determine 
in normal computer detection. When the AE anode 

number is more than 16, the cell voltage increases 
quickly. So if this happened, the whole cell AE is 
inevitable. It can be inferred that the anode effect 
detected by computer in the actual production is mainly 
the whole cell anode effect. 
 

 
Fig. 10 Relationship between average cell voltage and number 
of anode appearing AE 
 
5 Conclusions 
 

1) The equivalent circuit model of aluminum 
electrolysis cell was simulated with the Matlab/Simulink 
simulation software. The input data were obtained on the 
basis of actual production process and data suggested in 
published literature. The simulation result shows that this 
method is simple and easy to implement. 

2) With the simulation model, the gas bubbles 
influence on the cell voltage and anode current 
distribution was investigated. The cell voltage will 
decrease with the bubble release frequency increasing. 
Higher frequency has a greater effect on the cell voltage 
oscillation, especially when the frequency is more than 
0.4 Hz. 

3) When the bubble coverage and bubble thickness 
increase, the cell voltage increases, and the anode current 
decreases. When the bubble coverage of one anode block 
exceeds 80%, the cell voltage may exceed normal 
fluctuation range. 

4) Normal computer detection is difficult to predict 
the local anode effect, so the detected AE by computer in 
actual production is mainly the whole cell anode effect, 
which is further proved by the simulation. 
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基于铝电解槽等效电路仿真的气泡对槽电压波动的影响 
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摘  要：建立一种研究气泡对槽电压波动影响的方法，该方法将整个电解槽等效为一个电阻电路，并利用

Matlab/Simulink 仿真软件建立等效电路的仿真模型进行动态仿真研究，从而获得不同气泡状态下槽电压和阳极电

流的时间序列数据，利用频谱和统计分析方法对这些数据进行分析。结果显示，较高的气泡释放频率对槽电压波

动的影响更大，当一组阳极表面气泡覆盖率超过 80%时，槽电压可能超出正常的波动范围。仿真结果证实了在实

际生产中计算机监测到的阳极效应主要是全槽的阳极效应。 

关键词：铝电解；等效电路；气泡；槽电压；阳极效应 
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