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Effects of innovative cathode collector bars on
thermal-electric field of aluminum reduction cells
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Abstract: 3D thermal-electric field of 420 kA aluminum reduction cell with a kind of innovative cathode collector bar
was calculated by using numerical simulation method. The effects of innovative cathode collector bars on horizontal
current in aluminum liquid pool, cell voltage and temperature distribution were analyzed. The results show that the
innovative cathode collector bar can effectively reduce the horizontal current density along X axis. The insulating
materials in the innovative cathode collector bars increase the cell voltage to some extent. Under poor contact condition
between the cathode collector bar and its paste, the cathode contact area of aluminum reduction cell with innovative
cathode collector bars is easier to be overheated than that of aluminum reduction cell with conventional cathode collector
bars. The research results can provide theoretical basis for the high energy efficiency achieved by most aluminum
smelters and the problems in a few potlines during the application of the innovative cathode collector bar.
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Fig. 1 Schematic diagrams of cathode structure: (a) Traditional
cathode collector bar; (b) Innovative cathode collector bar
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Fig. 2 Schematic diagrams of cathode collector bar model:

Insulating material

(a) Traditional cathode collector bar model; (b) Innovative

cathode collector bar model
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Table 1 Important structural and technological parameters of

aluminum reduction cell

Parameter Value
Current/kA 420

1 700X 665 X635
3 680X 665X470
2200X100X230

3 680X 125X245

Anode carbon block/mm
Cathode carbon block/mm
Collector bar/mm

Cathode slot/mm

Metal level/mm 220
Electrolyte level/mm 180
Anode cathode distance/mm 45
Number of anode carbon block 48
Number of cathode carbon block 24
Number of collector bar 96
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Table 2 Parameter changes of aluminum reduction cell with

innovative cathode collector bars

Parameter Value

Cathode slot/mm 3680X 125X235

a/mm 105
b/mm 120
c/mm 5

d/mm 900
e/mm 370
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Fig. 3 Physical model of thermal-electric calculation of aluminum reduction cell with innovative cathode collector bars
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Fig. 4 Horizontal current density along axis X in aluminum

reduction cell with conventional (a) and innovative (b) cathode

collector bars



250 A G EE R

2014 4E 1 H

@

Y
Lt

J(Am?), -

J(Am™),

-3445.56-1914.16 -382.756 1148.65 2680.05
-2679.86 -1 148.46 382.945 191435 3445.7

(b)

Y
et

-2506.61-1391.0 -275.399 840.204 1955.81
-1948.8 -833.2 282.403 1398.01 2513.61

Bl5  ALSE PR R R R R T 1L AR A AR B R Z T 1) 2K LI BE AT

Fig. 5 Horizontal current density along axis Z in aluminum reduction cell with conventional (a) and innovative (b) cathode

collector bars
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Table 3 Horizontal current density in aluminum reduction cells with conventional and innovative cathode collector bars

Average current

Maximum current Average current

density of axis X/(A'm %) density of axis Z/(A'm %)  density of axis Z/(A-m °)

Cathode Maximum current
collector bar type  density of axis X/(A'm?)
Conventional 7996.32
Innovative 5249.88

4577.44
3040.38

3445.75
2513.61

155.65
168.14

35.6%, Z J7 7KV HLLE BE IS KT 8.0%,
B KA T 27.1%.
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Fig. 6 Ohmic voltage drop aluminum reduction of cell:

(a) Cell with conventional cathode collector bars; (b) Cell with

innovative cathode collector bars
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Table 4 Balance of voltage drop
Anode Bath Cathode Electrochemical Bubble Busbar Total
Cell type voltage voltage voltage voltage/ voltage voltage cell
drop/mV drop/mV drop/mV mV drop/mV drop/mV  voltage/mV
Cell with conventional
289 1297 286 1723 203 200 3998
cathode collector bar
Cell with innovative
293 1285 327 1723 203 200 4031

cathode collector bar

E3% 57 P e S e Y e 2y AP LI DO AN L R e
KA REFE AR AR T A v e T vt BT S BB RE AR
{H, PIEATRERIE]

3.2 BAR A IEAL AT FE PR R NS B AR IEIR E 1A R 52

5]

2 ik v BEL AR [R] P 5 R AR 4 Ak ) e
AR, R EEZ B S AR R PE T el ik
A Ry W AR R R R RS £y TR 2R
R, FTDAEAE—ANEE A RN, RS AE
, HUR TN N BIAROREE,  BIAR AN #E B 5 ok
AN FERI IR R AR B IR B, X SR S BN
B AR R (] R D R AR A, AT 5 |
CERE T e S Y D S S P> G NI R
HORER R EI R 75 i = T T | P VAR & L =73
EHE R 2 1) R ful L S5 00 1.2X10° S/m 1.0X 10° S/m
J% 0.9X10° S/m frI:8 704 B ARAN B v f il (1) Fl Ao 2 3k
TS, 1S BINR B A G DL 7 Fik 5 .
[T RS 1127 O G s o VT 1 s B e i3 S E RS e N e
& G SRR AR LRl e VBB AT T U, TR
FE BRI TR 5, NI R B
S B B LR BE 3 A = LR SE T RS, RS
WA TR SR 047X 10° S/m IR
TR, S SRN RGN T AR 35y
AT R AR B Y SO P I S L

NS TTLE Y, 7R AR RS S5 AN AR 2 A1 AN )
Beful s 3 R AT BRI R R, B 10X 10°
S/m yEEE, 44l R AF i (RP R f E OK T
1.0X10° S/m), &4 BIRR AR QAR RER BT 25 BH AR e
L R P v e FEE S8 A A AR DX, P A AL 20T
TEH, Fer, 5 Y B AR A AR (3R R A A ] 7 (a)
Fioss AN EE R (R T (B4 fi v 5 A 6
1.0X 10° S/m A7t FAI%), Hu My v Fdz s & A= A8 4k
X5 T Y AR LA, 1 L T AR IR B TR I
FL A R H L T A A R A b — DX S iR

R I AR s L, AHEET S, ARG IR R
il Rl X S e L 5 e PRI 22 O O B A R A
oL, W 5 et i 5 5 0.47 X 10° S/m T
AR R FIAN PR TRl AN RGP, 72

1/°C @

946.68
I 849.30
751.91
654.53
557.14
459.76
362.37
264.99
I 167.60

70.216

Highest
temperature

1/C
949.01
I 851.41
753.80
656.19
558.58

460.97
363.36

265.76
I 168.15

70.540

Highest
temperature

B 7 NN R B 2 i) AN ) P s 000 T S 28 A A e A
R AR UL S I 1) A

Fig. 7 Temperature field distribution of aluminum reduction
cell with innovative cathode collector bars under different
electrical contact conditions between cathode collector bar and

its paste: (a) Good contact condition; (b) Poor contact condition
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Table 5 Highest temperatures in bath and cathode of aluminum reduction cell under different electrical contact conductivities

between cathode collector bar and its paste

Cell Electrical contact Highest temperature Highest temperature Area of highest
ell type
P conductivity/(Sm™") of bath/C of cathode/C temperature of cell
1.2X10° 946.68 944.18 Bath
Innovative cathode
Hoctor b 1.0X10° 946.84 946.82 Bath
collector bars
0.9X10° 947.34 949.01 Cathode
1.2X10° 946.87 941.37 Bath
Conventional cathode 1.0X10° 946.85 941.42 Bath
collector bars 0.9%10° 946.86 941.48 Bath
0.47X10° 946.76 946.90 Cathode
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Fig. 8

Highest temperature distribution in cathode of
aluminum reduction cell with innovative cathode collector bars
under poor contact condition between cathode collector bar and

its paste: (a) Cathode collector bar; (b) Cathode carbon block
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