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Abstract: The aluminum horizontal height is an important indicator in the aluminum electrolysis process,and an
appropriate aluminum level can maintain a good physical field inside the cell to ensure stable production. Therefore,
finding the appropriate aluminum horizontal height is crucial for the optimal operation of the cell. SOLIDWORKS
modeling software was used to draw four sets of 350 kA aluminum electrolysis cells with different aluminum levels in
this paper. Through COMSOL simulation software, the electric and thermal fields of the four sets of different
aluminum electrolysis cells were simulated and compared with the on-site test data of a certain factory’s 350 kA
electrolysis cell,verifying the accuracy of the simulation. It was found that with the continuous increase of aluminum
level, the potential, current density, and overall temperature inside the electrolytic cell all showed a downward
trend. By comparing the electric and thermal fields, it is believed that the optimal aluminum level for a 350 kA
electrolytic cell is in the range of 20—22 c¢m, with a pressure drop of 3 630—3 810 mV and a high temperature inside
the cell of about 950 C.
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Fig. 1 1/48 electrolytic cell model
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Table 1 Main parameters of 350 kA electrolytic cell

Projects Parameter

Currentintensity/ kA 350
1 580X 660X 580
1 700 X700 X480

Anode carbon block size/mm

Cathode carbon block size/mm
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Table 2 Comparison of simulated values of electrolytic cell measurements

Projects Analog value/ mV Measurement value/ mV Error/ %
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Fig. 2 18 cm aluminum horizontal electrolytic cell potential
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Fig. 3 20 cm aluminum horizontal electrolytic cell potential
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Fig. 4 22 cm aluminum horizontal electrolytic cell potential
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Fig. 5 24 cm aluminum horizontal electrolytic cell potential

180 mV ., 2 4. 7% ;24 cm 477K - Hi, ffe 1 H 3 0 1
3550 mV, Ik h 5.1 mV ., 5 i L3S 22 em 457K
S L fRAB AR T 80 mV L, 24 2. 29, B A AIG

4200

4160
4100

4000

3900

3810

Potential/mV

S8}
23
=3
S
T

3700
3630

3600 3550

3500

1 1 1 1
18 em 20 cm 22 em 24 em

Electrolytic cell aluminum level

6 TESRKFRMBEREIL
Fig. 6 Comparison of potential in electrolytic cells

with different aluminum levels
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Fig. 7 Horizontal current density comparison
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Table 3 Comparison of simulated values of potential measurements in electrolytic cells with

different aluminum levels

Aluminum level/ em Analog value/ mV Measurement value/mV Error/ %
18 4160 4231 1. 67
20 3810 3928 3.01
22 3 630 3 688 1.57
24 3 550 3 464 2.48
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Fig. 8 Temperature distribution of 18 cm aluminum horizontal electrolytic cell
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Fig. 9 Temperature distribution of 20 cm aluminum horizontal electrolytic cell
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Fig. 12 Temperature distribution of cathode carbon block in

18 ¢cm aluminum horizontal electrolytic cell
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Table 4 Comparison of simulated surface temperature measurements of electrolytic cells with different aluminum levels

Projects

18 cm horizontal

20 cm horizontal 22 c¢m horizontal 24 cm horizontal

High temperature measurement values in the melt zone/ C
Calculated value of high temperature in the melt zone/ C

Error/ %

Measurement of average temperature in the melt zone/C

Calculated average temperature in the melt zone/ C

Error/ %

High temperature measurement values in the cathode

carbon block area/ C

Calculated value of high temperature in the cathode carbon

block area/ C
Error/ %

Measurement of average temperature in the cathode carbon

block area/ C

Calculated value of average temperature in the cathode

carbon block area/ C
Error/ %

352
337
4. 26
327
313
4. 28
258

334 322 310
322 314 302
3.59 2.48 2.58
309 296 283
298 288 271
3.55 2.7 4.24
246 239 226
256 231 219
4. 06 3.34 3.09
221 218 197
230 209 189
4.07 4.12 4. 06




80 4B T/’

514

4 i

TE

Dl i COMSOL #ff s AC/DC #E ke J A& 4
A 43 530 68 U 2L AN [ 5 VAR R P A AR 0 A P R
T iR SR K F- R 18 em B L L #A R 4 160 mV,
FEVR R T R R B BE R 5 440 A/m?® % UK B v TR EE R
1080 C; HL fif A 45 /K P8 20 cm W), HL 3 h
3 810 mV , ARV ] FLIE %% B8 5 218 A/m” R
IR 979 C s U AEER K- 22 om B, HL 3
3 630 mV AR IR ] FLIR A B 4 993 A/m’” B
A B B Ry 920 C 5 FEL R AB AR K OF- Sk 24 em B L R
Ol 3 550 mV L 48 TR ] HL I Ol 4 883 A/m”,
HE R I O 858 C

DRI RTEE 2 om, HL AR R A A [F] AR
JE R o LA A 34 7 F- 22 A o) P O %% B85 o, B 4
AT B FHE T REAR . 20 em 487K F B g A 4 18 cm
B 7K H i A e AR ARG 8 %04 22 o B 7K - H e A A
20 cm 57K - H A8 L A BRAIR 4. 7060, 24 cm FRKOF
HL MRS A 12 om 45 7KOF H A Al L 3R AIG 2. 204, il
T L3 % LA S F AR A B K OE A T 20~22 em (1],
FE%& R 3 630~3 810 mV, 45 FL 54 .

3) WA 408 KT 1 T e o PR SRR R A I B R SR
AR IR, R R K 18 em B, A
P i 1080 C e ik A s B2 K F O 20 em
RN B IR 979 C, H& IR /A &, N
PR R AFs 2K 22 em B B B TR
920 C ;487K F-H 24 cm B, 4l PN f w5 el 858 C
e R R ARAIS . I B X LA F AR A AR KT
fLF 20~22 cm 8] . 3 B 5 55 A e i

4) 3 3o L 3 B A R i ) B A UL AR X L
F A 40 7K SEAE 20~22 em X (8] P9, 18 0 A

CEPd

(1] /¥, Automobile X4 AT 5 LA M T RI] A
04 & 4 5 F L 2005(10) :19-21.
YUAN Xudi.
materials for
Recycling and Utilization,2005(10) ;:19-21.

(2] EHE. XU, 25 M, 45, 350 KA ZR 5 4 e fife 4 #5400
TR R AL &R AR50 4 T#2,2015,43(6) :30-34.
WANG Xuan, LIU Wei, LI Guangbin, et al. Simulation

and optimization of magnetic field in 350 kA series

Outlook and demand for aluminum

automobiles [ J ]. Nonferrous Metal

aluminum electrolytic cells [ J ]. Metal Materials and
Metallurgical Engineering,2015,43(6) :30-34.

(3] JA/INHS . S W k. 420 KA 47 F ff 18 min 38 3 15 2 % 52 i
STl A 4 JE i, 2023,50(2) 1 19-21, 34,

ZHOU Xiaosong, CHAI Wangqiu. Simulation and

[4]

L6]

7]

[8]

(9]

[10]

[11]

measurement analysis of electric heating field in
420 kA aluminum electrolytic cells [ J ]. Nonferrous
Metal Design,2023,50(2) :19-21,34.

WA, A 8L IR TE 400 kA 91 47 Hi i A 1% iz LT .
A 44 IR GREREBAY) »2024(6) :53-58.

CHEN Wei. Application of graphite cathode in 400 kA
series aluminum electrolytic cells [ J ]. Nonferrous
Metals(Extractive Metallurgy) ,2024(6) :53-58
XM AT S B R R K R B B R R
Prtsell]. B4z )E ,2022(7) : 25-29.

CAO Xi, ZHAO Zhibin, FU Song, et al. Analysis and
research on the technical route of aluminum liquid
height in aluminum electrolysis cells[J]. Light Metals,
2022(7) :25-29.

TRERHS . 5 45 W R A AR S OT A i R R ). B
48 .2019(12) :25-29.

ZHANG Qinsong. Analysis of factors affecting the
steady-state  thermal equilibrium  of  aluminum
electrolysis cells[ J . Light Metals,2019(12) :25-29.
TRARAE RS B4 330 kA R FLAR RS 57 T8 AR ik e 7k P
HLURE A2 IR L) ). A 4 JE QRERTR A1) . 2024(6) 1 59-64.
ZHAI Bingde, DENG Shengxiang. The influence of
irregular cathode carbon blocks on horizontal current in
330 kA aluminum electrolysis cells [ J ]. Nonferrous
Metals(Extractive Metallurgy) ,2024(6) :59-64.
BB, e T3 . 0 S R O BE R R S 5 5 N
FILT]. TR 32 42, 2019,40(9) - 2115-2125.
MING  Yong, ZHOU Naijun.

application of side wall heat exchange system in

Simulation  and

aluminum electrolysis cells[ J]. Journal of Engineering
Thermophysics,2019,40(9) :2115-2125.

SR BH S 5 A, 5 o S5 S8 H AR DN A A e sk T e AR
Tk IREHFFELT]. A € 4w TR 2023, 13(8) : 78-83,160.
ZHANG Yang, ZHANG Yanan, YU Qiang, et al.
Industrial experimental research on high-efficiency
recovery technology of side waste heat in aluminum
electrolysis cells[J]. Nonferrous Metals Engineering,
2023,13(8) :78-83,160.

FIRAE . BR AL KO R AR LCD// 2009 (PO
PUERSE —Jm A 4R Tl & it in e 3.

WANG Qianghua. Discussion on Horizontal Current of
Aluminum Electrolytic Cells[ C]// 2009 (Chongqing)
Nonferrous Metals

Second Central and Western

Industry Development Forum.

T R IEAE. 400 kA G5 LA S5 92 B AR A B xof B A% ri
JE R 5w ). A7 € 48 GRIRHE ST .2024(3) :83-89.
XING Tao,DENG Shengxiang. Effect of special-shaped
cathode carbon block on cathode voltage drop in
400 kA aluminum electrolytic cell [ J]. Nonferrous
Metals(Extractive Metallurgy) ,2024(3) :83-89.





