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Introduction

The key technologies in aluminum reduction are stueid
and developed, which raises Chinese aluminum reduon
technology to the world advanced level soon.

Moreover, the consumption of energy and raw materia
for aluminum reduction production is very high in recent
years, especially power consumption. With the eneyg
crisis, the aluminum reduction production costs musbe
reduced without delay.

For this, the most efficient method is to reduce th DC
consumption by increasing current efficiency (CE) ad
reducing cell voltage.
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Analysis of Mechanism and Nature of Pot Work
Voltage Reduction based on Energy Balance Princip

The pot energy balance was summarized by Warren Haain in [1].
The heat input and output may be divided into the dllowings:

Heat input
1. Current (variable)
2. Voltage
2.1 Anode (constant)
2.2 Cathode (constant)
2.3 ACD
2.3.1 Bubble voltage drop (variable)
2.3.2 Bath voltage drop—ACD, bath ratio (variable)
2.3.3 Back-EMF (constant)

/A nEEEmEALE /SEEE LT AR
HA 0




Analysis of Mechanism and Nature of Pot Work
Voltage Reduction based on Energy Balance Princip

Heat output

1. Heat dissipation at pot top (internal cause: Top)
(External cause: material and thickness of anode wering
materials, flue gas velocity and sealing degree pbt hood)

2. Heat dissipation at pot side (internal cause: Tger)
(External cause: bath level, metal level, pot linig design)

3. Heat dissipation at pot bottom (internal causeTopr )
(External cause: material and thickness of cathodkining)

The object of voltage reduction is the voltage conmation in the heat input, the
majority of which is voltage drop of ACD (anode cahode distance).

Therefore, the energy balance of pot is maintaineldy reducing the heat dissipation

In heat output combination as well as the voltageniheat input combination so as to
reduce the voltage.
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Heat Dissipation at Pot Top

The material composition of the covering materialss relevant to the
alumina content and the bath crushing size in theayvering materials

Covering materials sample with above 93% AI203 leftcovering materials
sample with below 13% Al203 and 0.5-8mm bath crushyg size right
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Heat Dissipation at Pot Top

Heat Heat

Heat dissipation area dissipation dissipation
[kWY) (V)

Anode area | Pathaog | O S° 112.8 0346
cover plate
Fot rim plate 159.5 0.047

Fot end cover

15.0 0.046
plate

Sub-total 143.2 0434

Fot
superstruct Fot top 43.4 0133
ure

Anode guide
bar

Fume
Sub-total

Total

Heat dissipation distribution (anode area) for a Type A 320 KA pot




Heat Dissipation at Pot Top

Heat Heat
Heat dissipation area dissipation dissipation
(kW) (V)

Pathood | O SIAE 37 1 0798
cover plate

Fot rim plate 21.0 0.064
Fot end
cover plate

Sub-total 134.4 0412

16.3 0.050

Fot

superstruct Fot top B 1 0.206
ure

Anode guide
bar

Fume
Sub-total
Total

Heat dissipation distribution (anode area) for a Type B 320 KA pot




Heat Dissipation at Pot Top

The thickness of covering materials has a major imgct on the heat dissipation at the top of the pot.

cover volt 2D

350 kA, covering materials with a thickness of 10m

s g, deugn & rebaa e
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Heat Dissipation at Pot Top

The thickness of covering materials has a major imgct on the heat dissipation at the top of the pot.

cover volt 3D

350 kA, covering materials with a thickness of 18m

s g, deugn & rebaa e
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Heat Dissipation at Pot Top

Covering materials with 10 em thickness

Heat dissipation of aluminum guide bar

Heat dissipation of anode stub:

Heat dissipation of horizontal covering layer:
Heat dissipation of slope covering layer:

Heat dissipation of inner rim plate at pot side:
Heat dissipation of inner rim plate at pot end:

Heat dissipation of anode

Covering materials with 18 cm thickness

Heat dissipation of aluminum guide bar:

Heat dissipation of anode stub:

Heat dissipation of horizontal covering layer:
Heat dissipation of slope covering layer:

Heat dissipation of inner rim plate at pot side:
Heat dissipation of inner rim plate at pot end:

Heat dissipation of anode area:
Impact of different thickness covering materials onvoltage reduction

NEEENEAZRE /BEEE R HAR

e e g L resaa mmitem




Heat dissipation at pot side and pot bottom

Fot side ledge

thickness (crm)

Fot =ide bottom
ledge length(crm)

Fot

end

thickness

ledge

Lol

Fot end bottorm
lengthicm)

Flat-bottom

cathode

8-14

5-15

12-18

g-18

Irregular-botto

rm cathode

20-25
(inside groave)

13-20

10-20

Relationship of optimal ledge thickness and bottortedge length

Fot woltage

37t 39

3.9-41%

4.1-4. 2%

superheat

Below ¥ °C

g-10 °C

Ahove 10 C

Thermal

Insulation area

Thermal

and bottorm

Insulation

of side, lower side

Thertmal

Insulation

of side and bottorm

Thertmal insulation

of bottom

Relationship among voltage, superheat and lining #rmal insulation
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

Conventional lining structure

Current density: 350000
Metal level: 22.0
Bath level:

ACD (anode cathode distance):

Covering material thickness:

Al203:

AlF3:

LiF:

MgF2:

CaF2:

Liquidus temperature:

Superheat:

Process control parameters
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

ISPL

Conventional lining structure, pot side temperature
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

SP1
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

length of ledge ;0. 15046 height of ledge:0.03119T7 thickness of ledge 0. 10957
08 ———m————————

0.8
0.7
06|
0.5
0.4
0.3

02f

Conventional lining structure, profile of pot sideledge
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

Conventional lining structure

Anode wvoltage drop: 346
Clamp voltage drop: 15
Guide rod voltage drop: 26
Explosive welding voltage drop: 8
Anode stub wvoltage drop: 42
Voltage drop of iron/carbon joint: 105
Carbon block wvoltage drop: 150
Bath layer voltage drop: 1502
Bubble layer wvoltage drop: 170
Cathode wvoltage drop: 284
Cathode steel bar voltage drop: 109
Cathode joint wvoltage drop: 106
Cathode carbon block voltage drop: 69
Counteraction electric potential: 1672
Voltage drop for busbar around pot: 200

FPot working wvoltage: 4.174

Voltage break down
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

New thermal insulation lining structure

Current density: 350000 (A)
Metal lewvel: (cm)
Bath level: 18.0 (cm)
ACD (anode cathode distance):

Covering material thickness:

AlZ203:

AlF3:

LiF:

MgF2:

CarFz:

Liquidus temperature:

Superheat:

Process control parameters
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

ANSY 1

PLOT

New thermal insulation lining structure, pot side emperature
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

New thermal insulation lining structure, pot end tenperature
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

length of legde:0. 30542 height of legde:0.051TT3 thickness of ledge 0. 12363
o977

0af
o7l
06|
05
0.4
0.3

02f

New thermal insulation lining structure, profile of pot side ledge
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot

Voltage break down
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Heat dissipation distribution calculation and actua
measurement comparison between conventional lining
and new thermal insulation lining in 350 kA pot



Conclusions



