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Abstract

Magnetohydrodynamics (MHD) plays an important role in the performance of aluminium
electrolysis cells. The magnetic field is generated by the electrical current that flows in the
reduction cell. The vertical component of magnetic field (Bz) is responsible for MHD instability
in the cell. Unlike electricity, magnetic fields lines cannot be blocked or insulated but only
deformed or redirected, which makes magnetic shielding a valuable option for reducing the local
Bz magnitude, by concentrating the field lines inside the shield material.

A ferromagnetic shielding plate (“Kavach”) was designed using Finite Element modeling, to be
employed in Vedanta cells in order to reduce the Bz field located at the cell corners, inside the
metal pad. This is the critical location of the vertical magnetic field for this technology. Several
trials have been conducted in the live cells using the Kavach shield, where the magnetic field was
measured inside the metal by a tri-axial magnetic field probe. These trials included several options
of the shielding plate in the cell compared with the no-plate situation.

Long term trials have also been carried out resulting in voltage noise reduction. This shows that
the Kavach has played a significant role in reducing the instability of the cells and thereby
improving its performance.

Keywords: Magnetic field, Magnetic Kavach, Cell noise, Magnetic field improvement.
1. Introduction

In the aluminium reduction cell, the electrical current is responsible for the electrolytic reduction
of alumina to molten aluminium in a molten electrolyte bath. The direct electrical current (DC)
that flows in the busbar network, anodes, bath, liquid metal, cathodes and collector bars is
responsible for the generation of a very complex and high intensity magnetic field. This magnetic
field coupled with the electrical currents in the bath and metal are responsible for the liquid metal
movement by electromagnetic (Lorentz) forces. The most important component of the magnetic
flux density (interchangeably referred to as “magnetic field” in this work, unless explicitly
mentioned otherwise) regarding magnetohydrodynamic (MHD) instability is the vertical one, Bz.
Having this component as low as possible is one of the potential strategies to achieve a stable and
energy efficient cell.

Around every conductor carrying electrical current, a magnetic field is produced in circular field

lines oriented as shown in Figure 1. The magnetic field vector is tangent to the circle and its
direction is determined by the right-hand rule.
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Figure 1. Right hand rule for magnetic field direction around a conductor [1].

Gauss’s Law for magnetic fields states that the total number of magnetic field lines going out of
any closed surface is equal to zero, thus the magnetic flux always exists in closed paths [2]. The
field lines are continuous and will find a way back to their origin. Therefore, there is no shield or
material that will block magnetic fields, the field lines can only be distorted and/or redirected.

The magnetic field lines can be redistributed by concentrating them inside a ferromagnetic
material. Reducing the magnetic field in a specific region requires inserting a shield of appropriate
material that will change its spatial distribution. The shield causes a change in the behavior of the
field, diverting the magnetic lines away from the shielded region. When the shield is inserted, the
resulting magnetic field shape is dependent on the shield geometry and the material parameters

[3].

The best shape for magnetic shields is thus a closed container surrounding the shielded volume
as shown in Figure 2 (left). In a flat shield, as shown in Figure 2 (right), the magnetic field lines
which intersect the flat shield will be compressed into the shield, leaving less magnetic field lines
on the side behind the shield. However, note that while there is an area near the shield which has
lower field intensity, the area near the edge of the shield has higher field. The magnetic fields of
large radius are unaffected. The wider the shield, the larger the shielded area, both in width and
depth.

These field lines have to
Ironring be evenly spread out. Shielded Area
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Figure 2. Left: enclosed shielded area [4], Right: opened shielded area [5].

The effectiveness of this type of shielding depends on the material's magnetic permeability. This
property describes the ability of a material to be magnetized. If the material used has a greater
permeability than the object inside, the magnetic field will tend to flow along this material, instead
of inside the object. Permeability is also a measure of a material's ability to concentrate magnetic
flux density. The higher it is, the better the shielding device.
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Magnetic saturation is the state reached when an increase in applied external magnetic field H,
(H), cannot increase the magnetization of the material further, so the total magnetic flux density
B, (T), remains the same. Saturation is a characteristic of ferromagnetic materials that contains
iron, nickel or cobalt.

There are many works on studying ways to reduce or to change the magnetic field to an optimum
configuration by busbar design. The design principles of an optimum magnetic field are presented
by Kjar et al. [6]. Also, some authors like Yiwen Zhou et al. [7] investigated the influence of the
steel parts on the magnetic field. However, very few information could be found about using
ferromagnetic materials as magnetic shield in aluminium reductions cells.

This paper discusses about the use of a ferromagnetic shielding plate (“Kavach”) in improving
the stability of the electrolytic cell operating at 340 kA. The Kavach was placed in live cells and
lead to significant improvement in noise and average voltage reduction of the cell.

2. Finite Element Modeling

A Finite Element model of Vedanta aluminum reduction cell was developed, in which,
geometrically, both anode and cathode assemblies, bath, molten aluminum pad, side ledge, lining,
shell, framework of superstructure, operating floor grating and busbar system are included —
Figure 3. The electromagnetic models of the Vedanta cells were run in the presence and absence
of magnetic shielding. The vertical component of magnetic field was significantly reduced in the
Kavach vicinity, as shown in Figure 4. Modeling studies shows that in the presence of Kavach,
B. can be locally reduced by 8-10 G.
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Figure 4. Magnetic field components in the middle metal pad. Left: existing cell, Right:
with shielding plates (Kavach).

3. Industrial Trial

In order to validate the modeling results for the reduction of Bz inside the cell, several trials were
performed in live electrolytic cells using the Kavach. The shielding assemblies were fabricated
in-house using ferromagnetic materials in different shapes and sizes.

In the trial phase, after placing the Kavach in the cell, most of the critical cell parameters such as
noise, average voltage, excess AIF3, metal level and bath temperature were tracked daily as shown
in Figures 5, 6, 7 and 8, respectively. After 4-5 days of Kavach placement in the cell, significant
reduction in noise (8-10 mV) of the cell was observed. Also, during this phase, average voltage
of the trial cells was reduced by 35-40 mV.

In order to validate whether the noise reduction effect is due to the plate or the regular potroom
activities, shielding assembly was removed from the cell for 1 week as shown in the Figure 7. It
was observed that after the removal of shielding assembly, the cell noise increased drastically and
the cell became unstable, thereby proving that the noise reduction in the cell was due to the
placement of Kavach.

It was also found that the Kavach doesn’t have any negative impact on the other cell parameters.

In fact, most of the cell parameters such as bath temperature and cell voltage were improved
during the trial phase — Figures 5 through 8.
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Figure 5. Voltage comparison before and after the placement of shielding plate, (V).
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Figure 6. Voltage comparison after removal of shielding plate, (V).
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Figure 7. Noise, (mV), and excess AlF3, (%), comparison before and after the placement of
shielding plate.
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re 8. Bath temperature, (°C), comparison before and after the placement of Kavach.

Experimental Results and Discussion

The magnetic field shielding trial was conducted in 6 unstable electrolytic cells of the Vedanta
Smelter. During the trial phase, critical process parameters of the electrolytic cell such as noise,
average voltage, bath temperature, excess AIF3 were tracked daily. The data of critical process

param

eters of the electrolytic cell was compared for the duration of 6 months before and during

the trial period, as shown in Table 1 and Table 2. It can be observed that critical cell parameters
such as voltage and cell noise improved significantly after the placement of Kavach in the unstable
cells. Noise of the unstable cells was reduced by 7.9 mV on average, whereas the average voltage

of the

cells was reduced by 35 mV.

Table 1. Performance comparison of magnetic shield Kavach trial (6 cells).

Parameters Before Trial During Improvement
Trial

Voltage set (V) 4.154 4.145 0.009
Average voltage (V) 4.217 4.182 0.035
Overvoltage (V) 0.062 0.038 0.024
Noise (mV) 19.7 11.8 7.9

Bath temperature (°C) 963 962.1 0.9
Excess AlF3 (%) 9.2 9.8 0.60

Table 2. Pot wise improvement in parameters.

Parameter 55XX | 58XX | 61XX | 61XX | 15XX | 27XxX
(Improvement)

Voltage set (V) 0.009 | 0.008 | 0.010 | 0.012 | 0.011 | 0.014
Average voltage (V) 0.034 | 0.040 | 0.030 | 0.044 | 0.030 | 0.028
Overvoltage (V) 0.024 | 0034 | 0.018 | 0.032 | 0.123 | 0.013
Noise (mV) 14 55 5 49 | 119 | 58
Bath temperature (°C) 0.950 | 0.920 2.3 2.6 14.6 2.4
Excess AIF3 (%) 0698 | 0575 | 0.670 | 0.6 31 09

The magnetic field components in the electrolytic cell were measured in the presence and absence
of Kavach. The measuring device is shown in Figure 9 and consists of a tri-axial probe that is

immersed inside the metal pad. Magnetic field components are then recorded.
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asurement in the operating cell.

It was observed that the Bz component of magnetic field was reduced by 8-10 G on average in
the presence of Kavach (at the measured point located at downstream corner). The measurements
provided successful validation of the electromagnetic models, as shown in Table 3. Different
arrangements types (1, 2 and 3) of the Kavach were trialed in order to achieve maximum local
reduction in magnetic field. Different arrangements were categorized on the basis of composition
of ferromagnetic materials employed as well as geometry.

Table 3. Vertical Magnetic Field (Bz) Comparison, [G].

Arrangement Type Modeling Measurement
No Shielding -29.9 -26.8
Arrangement Type 1 -27.6 -21.8
Arrangement Type 2 -20.0 -19.6
Arrangement Type 3 -19.1 -17.2

5. Conclusion

Magnetic field improvement in electrolytic cell by shielding is an innovative approach for
improving the stability of the electrolytic cell, thereby reducing the specific power consumption
by around 110 kW h/ton Al, which is yet another initiative towards Vedanta vision of
decarbonization. Patent has also been filed for this breakthrough initiative as magnetic field
shielding using Kavach, when applicable, has economic advantages when compared to the
different operational practices for stabilizing the electrolytic cell in the aluminium industry (such
as increasing ACD or adding shunts to reduce cell current). The major advantages of using
Kavach in electrolytic cell are its cost-effectiveness and portability. The use of the Kavach
allowed the trialed cells to be operated at a lower noise level while MHD stability is improved.

In addition, the results showed that due to the local improvement in vertical magnetic field of the
electrolytic cell, various critical parameters of the electrolytic cell such as bath temperature,
excess AlF3, average voltage, noise have been improved significantly, thereby also improving
the overall performance of the pot.

Up to this date, Kavach trials have been performed well for the unstable and noisy cells. In the

next phase, trials will be performed on stable cells in order to verify if the average voltage can be
reduced without affecting their stability.
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