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Optimization of horizontal current in metal pad by using cathode
with heightened collector bars in aluminum reduction cell

YANG Shuai, LI Jie, XU Yu-jie, ZHANG Hong-liang, ZHANG He-hui, ZOU Zhong, LAI Yan-qing

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

Abstract: Based on the target of reducing the large horizontal current in metal pad of aluminum reduction cells, a kind of
cathode with heightened collector bars was improved. The electric field of the cathode was calculated by using finite
element method with an electric contact model, and the optimization effect to horizontal current in metal pad was
examined. The results show that an appropriate design scheme of heightened collector bars can effectively reduce the
maximum and average values of horizontal current density along X axis in the metal pad, and optimize the current density.
The maximum value of horizontal current density along Z axis in metal pad can be reduced at the same time. For the case
of cathodes in 300 kA aluminum reduction cells, the best design of heightened position is at a distance of about 800 mm
from the edge of cathode carbon block, and the beneficial heightened height ranges from 70 to 90 mm, the cathode with
heightened collector bars has a lower voltage drop than the traditional one, and the iso-potential curves in the metal pad
shows slightly.
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Fig. 1 Structure diagram of aluminum reduction cell: 1—
Aluminum rod; 2—Steel draw; 3—Anode carbon block; 4—
Side ledges; 5—Electrolyte; 6—Aluminum melt; 7—Cathode
carbon block; 8—Collector bar; 9—Side carbon block; 10—
Surrounding paste draw; 11—Refractory brick; 12—Insulating
brick; 13—Steel shell
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Fig. 2 Schematic diagram of traditional cathode structure
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Fig.3 Schematic diagram of new cathode structure with
heightened collector bar
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Table 2 Electrical resistivity of experimental materials
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Table 1 Initial structure parameters of cathode

Parameter Value

Current/kA 300
Cathode carbon block/mm 3 250X 515X450
Collector bar/mm 4 240X 65X 180
Metal level/mm 220
Cathode slot/mm 3250X90X215

Width of inter-cathode/mm 30
Number of cathode carbon block 26

Number of collector bar 26X2
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Fig. 4 Schematic diagram of heightened collector bars model
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Material Molten aluminum

Cathode carbon block

Carbon paste  Collector bar  Cathode paste

Electrical resistivity/(£2-m) 2.72X107

3.57X107°

5.65X107° 7.59x1077 5.9%X107°
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Fig. 5 FEM model of half cathode
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Fig. 6 Horizontal current density along X axis in metal pad with various heightened positions of collector bars (A/m): (a) Initial
structure; (b) (300,50 ; (¢) (500,50); (d) (700,50); (e) (800,50) ; (f) (1000,50)
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Fig. 7 Horizontal current density along Z axis in metal pad with various heightened positions of collector bars (A/m): (a) Initial
structure; (b) (300,50 ; (¢) (500,50) ; (d) (700,50); (e) (800,50) ; (f) (1000,50)
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Table 3 Horizontal current density in metal pad with various heightened positions of collector bars

Design scheme Maximum (furrent . tAverage cment . Maximum (furrent . tAverage cment .

density of X axis/(A'm °)  density of X axis/(A'm °)  density of Z axis/(A'm °)  density of Z axis/(A'm °)
Initial structure 1019 298.23 1 405 101.31
(300,50 981.1 291.5 1363 108.42
(500,50 897.5 280.51 1344 107.92
(700,50 801.3 274.90 1339 107.58
(800,50) 794.9 273.11 1339 107.42
(1000,50) 825.3 270.24 1341 107.12
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Fig. 8 Horizontal current density along X axis in
metal pad with various heightened positions of
collector bars (A/m?): (a) (800,30 ; (b) (800,50 ;
(c) (800,70); (d) (800,90 ; () (800,110)
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Fig. 9 Horizontal current density along Z axis in

metal pad with various heightened positions of
collector bars(A/m?): (a) (800,30 ; (b) (800,50) ;
(c) (800,70); (d) (800,90 ; () (800,110)

Table 4 Horizontal current density in metal pad with various heightened positions of collector bars

. Maximum of X axis
Design scheme

Average of X axis
current density/(A'm %) current density/(A'-m %)

Maximum of Z axis
current density/(A'm ?)

Average of Z axis

current density/(A'm ?)

Initial structure 1019 298.23
(800,30) 884.6 282.23
(800,50) 794.9 273.11
(800,70) 730.0 265.08
(800,90) 762.0 257.93
(800,110) 818.4 251.55

1 405
1363
1339
1314
1291
1267

101.31
104.67
107.42
110.86
114.80
119.62

TFYMEFET 11.11%.
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Table 5 Voltage drop with different cathode structures

Design Cathode voltage | Design Cathode voltage
scheme drop/mV scheme drop /mV
Initial structure 302 (800,30) 293
(300,50) 283 (800,50) 288
(500,50) 285 (800,70 283
(700,50) 287 (800,90) 278
(900,50) 289 (800,110) 273
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Fig. 10 Isopotential curves in section along X axis of metal pad: (a)lnitial structure; (b) (800,90)
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