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Optimization of anode structure in aluminum reduction cells under
low power consumption
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Abstract: The perforation in the carbon block to optimize the structure of anode was researched by using simulation
software ANSYS and ANSYS-FLUENT in order to reduce the energy consumption of aluminium reduction industry
further more. The industrial test was catried out to study the industrial applications and verify the simulation result. The
simulation results show that the bubble layer thickness of the perforated anode is 1.28 cm, reduced by 0.72 cm compared
with that of the normal anode, the corresponding voltage is about 240 mV. The minimum temperature of anode block is
704.3 °C, and the voltage drop of the perforated anode is 379 mV and the current density distribution of the perforated
anode and ordinary anode are consistent. The maximum of thermal stress is 17.4 MPa in the perforated anode, which is
far less than the allowable stress. The perforated anode industrial test was conducted on three cells. The average cell
voltage of perforated anodes decreases by 229 mV compared with the traditional reduction cell after long-term operation,
and the current efficiency increases from 91.15% to 91.85%. The production per ton aluminium direct current (DC)
consumption of perforated anode reduces by 683 kW-h. The experimental results agree with the theoretical calculation,
which indicates that the polar distance of the perforated anode is decreased because the bubbles exhaust quickly.
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Fig. 1 Schematic diagram of cell polar distance decomposition

1—Liquid aluminium; 2—Liquid aluminium fluctuation layer;
3—Bath layer; 4—Bubble disturbance layer; 5—Bath; 6—
Anode carbon
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Fig. 2 Schematic diagram of perforated anode
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Table 1 Cell process parameters and operation parameters!'*
Cul.*rent Current/ Gas density/ Ga.s dyn?mlc Bath syrface Electrolyte Electr9lyte Bath dmamlc
efficiency/ KA (@m™) viscosity/ tension/ temperature/ density/ viscosity/

% £ (kgm 's7h) (N'm™) T (kg'm?) (kgm s

89 178.0 1.98 1.49X 107 0.177 957 2066 2.51%107°
3.4 HERMITIE FERIA _ERES,  H TAEPAEE BRI, RN ) ik i

FAL AR 52 R e I 2 O AH A an 1] 4 B . fH
Kl 4 v LUEH, LRI E S — 2 2. S
TR AP T, — R RIS —F2
MALH IR . WK 4 ERTCUEH, SRR EES LW
M, ANLERN =02 . IEERE bR
SPIYME N 1.28 cm, AHEL 660 cm BHAR 58 fE S )2 5
/DT 0.72 em (A FHAR LATRIRE 7 A h 5. L
JEh 0.74 Alem®,  HUf I HLBALEY 0.45 Q/em, AR A] &
BE(U) N«

U, = IR, =0.74x0.45x0.72~ 024 V (5)

B TSR 27 SLBHAR S S M AR AT b, R rp e
AR T 0.24 mV, ASCHEZAGAE Tk 56k % 45
Ao

1.000X 107"
0

B4 7 ALEIAR AR U 2 2O A AT
Fig. 4 Perforated anode bath layer gas-liquid two-phase

distribution at some moments
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Table 2  Structure parameters of anode™™”!
Item Value
Carbon block/mm 1650X 660X 550
Anode stub diameter/mm 140
Carbon bowl depth/mm 110
Carbon bowl diameter/mm 175
Anode rod length/mm 1 500
Anode rod CSA/mm 130X130
Alumina mulch thickness/mm 125
Current/A 168 000
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Table 3 Resistivity of materials at different temperatures
Resistivity/pQ
Material
100 °C 200 C 300 C 400 C 500 C 600 C 700 C 800 C 900 C 1000 C
Anode rod 0.041 0.052 0.064 0.076 0.092 0.108 0.165 0.222 0.238 0.25
Anode stub 0.226 0.296 0.385 0.493 0.62 0.776 0.931 1.115 1.318 1.54
Cast iron 33.7 33.7 33.7 33.7 33.7 33.7 33.7 33.7 33.7 33.7
Carbon block 56.89 56.26 55.63 54.99 53.39 51.79 49.23 46.66 43.38 39.61
F4 AFHRIEN R G002
Table 4 Thermal conductivity of materials at different temperatures !> 2!~
Thermal conductivity/(W-m K )
Material
100 ‘°C 200 C 300 'C 400 C 500 C 600 C 700 C 800 C 900 'C 1000 C
Anode rod 206.0 213 229 248.0 268.0 287.0 104.0 122.0 140.0 158.0
Anode stub 56.68 53.0 49.32 45.63 41.32 37.0 32.75 28.5 28.0 27.5
Cast iron 51.25 51.25 51.25 51.25 51.25 51.25 51.25 51.25 51.25 51.25
Carbon block 4.287 4.453 4.619 4.786 4.952 5.119 5.285 5.368 5.451 5.617
Alumina mulch 1.07 1.09 1.10 1.11 1.13 1.14 1.15 1.16 1.18 1.19
RS MRHOARPES B
Table 5 Physical parameters of materials™™”!
Material Density/ Specific heat capacity/ Modulus of Coefficient of thermal Poisson
¢ (kg'm?) kg 'K elasticity/GPa expansion/(10° K ™) ratio
Carbon block 1.6X10° 1354 4.8 0.167 0.2
Anode rod 2.7X10° 900 70 2.36 0.29
Anode stub 8.0X10° 500 200 2 0.29
Cast iron 7.085%10° 544 179 13 0.29
Steel tube 8.1X10° 900 200 2.34 0.28

S— —
704.386 760.92 817.453 873.987 930.52
732.653 789.187 845.72 902.253 958.78

7 RYER AT
Fig. 7 Temperature distribution of carbon block (C)
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Fig. 8 Temperature distribution of perforated section ('C)
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Fig. 9 Temperature distribution of level sections above bottom of anode in perforated carbon block (‘C): (a) 5 mm; (b) 10 mm;
(¢) 15 mm; (d) 20 mm; (e) 25 mm; (f) 30 mm
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Fig. 12 Electric potential distribution of perforated section
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Fig. 15 Perforated anodes production after being baked

Fig. 16 Perforated anodes in aluminium reduction cell
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Table 6 Physical performance assessment of perforated anode

Lot number Ash coontent/ Electric rezsistfllnce/ Compressive Bulk deI}iity/ Actual degsity/
% (Qmm™m ) strength/MPa (grem ™) (gem ™)
17-3TK100224D22 0.47 56 43 1.6 2.06
17-3TK101207D12 0.36 55 40 1.58 2.05
17-3TK100220D18 0.37 56 39 1.57 2.05
17-3TK100215D16 0.34 54 48 1.63 2.06
National standard TY-2 <0.8 <60 =30.0 =1.50 =2.00

7 LB 3 BH AR FEXT L

Table 7 Comparison of consumption of perforated anode and ordinary anode

Anode type Average  Using  Butt height/ Butt height/ Anode consumption Actual consumption Output in a
P mass’kg  circle/d mm per ton Al/kg per ton Al/kg circle/t
Perforated anode 742 28 163 504.5 395.0 35.30
Ordinary anode 753 29 144 498.7 418.1 36.24
£ 8 RN LR AR S HL
Table 8 Technical parameters of test cell and contrast cell
Anode type Operation Metal level/ Bath level/  Bath ter?perature/ Current efficiency/ Cryqlite
voltage/V cm C % ratio
Perforated anode 3.75 14-16 1820 935-345 91.85 2.5-2.6
Ordinary anode 3.98 1921 1820 935-345 91.15 2.5-2.6
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