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Introduction

In addition to the two main tasks an aluminium rediction cell controller
has to perform, namely to keep both the dissolvealumina concentration
In the bath and the anode cathode distance (ACD) wer tight control,
modern cell controllers are also in charge of keepg the bath ratio (or
excess AlE) concentration under control.

This task has proven to be quite challenging desgtthe fact that, at first

glance at least, it looks quite straightforward. RHlioride evolves out of the
cell; a big fraction of that fluoride is captured by the fresh alumina in the

scrubber and returns to the cell as part of the semdary alumina feed to

it. The part that is not returning to the cell mustbe compensated by direct
AlF ; feeding in order to keep constant the bath ratio irthe cell. The cell
controller performs that task using feedback contrd algorithms based on
regular measurements performed by cell operators.
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Introduction

Recently Alcoa has develop a revolutionary new tedology to
measured bath ratio in potroom almost as quickly ayou can
measure bath temperature. Furthermore, in additionof the
excess AlE concentration, the new STARprobéV can also
measures the bath temperature, the dissolved alunman
concentration and the cell superheat. That last imfrmation
can be use as part of the cell control logic as prously
presented by Rieck and al.

A dynamic cell simulator can be use to compare thefficiency
of the traditional combined bath sample/XRD analys and
bath temperature measurement bath ratio control logc and a
new control algorithm based on STARprobe8" excess Alf
concentration and superheat measurements.
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Performing the AlF; mass balance

Using a 300 kA cell as example, the fluoride massalance can be
performed as follows:

1. Fluoride evolution rate is calculated to be 33.&g F / T Al with the
cell conditions selected, namely 10% excess AlR70 °C and a good
anode cover, for a 300 kA cell producing 94.7 kg Al hr, this
represents the equivalent of 4.7 kg of Alfthat evolves out of the cell
each hour.

2. The equivalent of 3.6 kg /hr of AlF is fed back to the cell by the
secondary alumina, on average or at the nominal 190 alumina
feeding rate.

3. This leaves 1.1 kg /hr of Al that must be directly fed using a point
breaker feeder (PBF) under the supervision of theatl controller.
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Performing the AlF; mass balance

Considering that the cell contains close to 8 tonsf bath
and hence about 800 kg of excess AlRhis means that if
the direct AlF; iIs completely stopped for some reason, it
would take about 72 hours for the mass of excessmlto be
reduced by 80 kg and hence the bath excess AlF
concentration to drop by 1% to 9%.

Considering that relatively slow response time oftte cell, it

should be rather easy to keep the excess Aléoncentration

under tight control, but since it is clearly not the case in the
great majority of smelters, some other factors mustbe

complicating things.
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Daily operations influence on bath ratio
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In addition of the irregular AIF ; addition, the excess AlE concentration variation is influenced by thermal
events affecting the Ali evolution like the bath temperature but more importantly by the ledge thickness
variation. Figure above shows the daily variation ofthe concentration of AlF; in the bath in absence of

control and any AlF; mass imbalance. The standard deviation on the avega value is about 0.1%.




Sampling frequency and delayed XRD results
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Figure above shows the variation of the AlE-for a period of
20 days again without control and any mass imbalamc




Sampling frequency and delayed XRD results
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Corresponding 20 days of excess AlF concentration
sampling results assuming no bath sampling noise.




Bath sampling noise problem
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Figure above highlights the relative variability or lack of strict repetitivity of the measurements
which in turn highlight the lack of homogeneity ofthe bath. The standard deviation of that bath
sampling noise has been evaluated to be around @&which is 5 times greater than the process
noise generated by daily events (ref: ICSOBA 2012)




Bath sampling noise problem
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Figure above shows the results of bath sampling permed on the 20
days period when a 0.5% standard deviation white riee is added to the

noise free results '




Simulated process response using standard contr
without any process perturbation
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Simulation of the process without perturbation; top without control, bottom with
feedback control, 10% target concentration: XRD reslts, once per day, 1 day delay, 0.5
kg/hr% proportional band and -0.1 kg/hr°C proportion al band for temperature.




Simulated process response using standard contt
with a significant process perturbation

In order to more seriously test the stability
of the feedback control loop, a major
perturbation Is added to the simulation. On
day 14, about half of the anodes cover
material Is removed In doing so Increasing
the anode panel heat loss by about 30 kW
from 230 kW to 260 kW
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Simulated process response using standard contr
with a significant process perturbation
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As we can see in figure above, as a natural regpdhe cell must reduce its cathode heat lossef th
same amount by reducing its superheat by about &ntCincreasing its ledge thickness by about 5 cm.

As a result, of this extra ledge formation, theesscAlF; increase by about 2% and remains close to
12% if the direct Alg additions remain unchanged.




Simulated process response using standard contr
with a significant process perturbation
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Figure above presents the results obtamed usegtindard control described above. After the ghan
of superheat, the 970 °C temperature target i®mgdr compatible with the 10% excess Mi&rget, this
combined with the 1 day offset between the Afi€edback and the temperature feedback generates a

cyclic response characteristic of somewhat unstae@éback control.
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The new STARprobeM

The STARprobe™ s a portable device that takes real time
measurements of bath properties, such as Superheat,
Temperature, Alumina concentration and bath Ratio @
acidity (STAR), In electrolysis cells. This synchroicity of
measurements is a most important step forward in iqroving
the control and efficiency of electrolysis cells.
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The new STARprobeM
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Simulated process response using STARprobé measurements
based control with a significant process perturbatn




Simulated process response using STARpro™ measurements
based control with a significant process perturbatn




Simulated process response usirSTARprobe™ measurements
based control with a significant process perturbatn
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