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Abstract

On the digestion stage of the Bayer process occurs the extraction
of alumina contained in to bauxite. The Caustic/Alumina ratio
determines the extraction efficiency and stability the digested
slurry, as the caustic of discharge digestion determines the
digestion delta caustic. Through laboratory experiments at Hydro—
Alunorte refinery and the DOE, the influences of the input
variables of digestion were evaluated and calculated a statistic
model to predict the DBO caustic and A/C ratio. The experiments
occurred as the same process conditions of the temperature and
pressure by changing the following parameters: weight of bauxite,
caustic and temperature digestion, time reaction, CaO and
moisture in bauxite, the permutation of these variables totaled 128
reactions. The studies of influences results affirm that the
digestion caustic and weight of bauxite are variables of major
influence on the A/C ratio and DBO caustic. The statistic model
allowed for better monitoring of these variables

Introduction

The Bayer process is responsible for the production of alumina,
which is the main material for production aluminum metal. The
digestion stage of the process, is responsible for the dissolution of
alumina contained in bauxite, this dissolution occurs by adding
caustic soda and under certain conditions of temperature and
pressure and continued agitation. The alumina/caustic ratio and
discharge digestion caustic, are important controls parameters on
digestion, where from these is possible determinate the extraction
efficiency, stability of the slurry and the digestion delta caustic.
The control of alumina/caustic ratio and digestion discharge
caustic has high variability because the dynamic process of
digestion and the high oscillations of the variables that have a
direct impact on your results.
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Figure 1 — Digestion process.

The objective of this paper is to conduct a statistical study of
influences in order to measure quantitatively the impact of each

Digestion discharge caustic
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input variable in alumina/caustic ratio and discharge digestion
caustic through the DOE statistical tool, which can be defined as a
technique for planning experiments that allows us to define what
data, in what amounts and in what conditions must be sampled
during a given experiment, basically secking the largest possible
statistical accuracy in response.

Materials and Methods
Initially the input variables of the process were elected, which
were: weight of bauxite, caustic and temperature digestion, time

reaction, CaO and moisture and their levels of variation.

Table 1 — Variables and theirs variation level.

Variation Level

Factors

+ -
Temperature (°C) 150 120
Time Reaction (min) 90 30
Weight of Bauxite (g) 6 3
Digestion caustic (gpl) 315 250
Weight of Cao (g) 0,00936 0,0117
Moisture in bauxite (%) 15 7

With the definition of the input variables was performed a
factorial design of experiments, where the permutation of these 6
variables totaled 128 experiments (considering duplicate). The
experiments occurred on the HYDRO ALURNORTE laboratory
in digesters vessel under the same conditions of temperature and
process pressure.

(b)
Figure 2 — (a) Digester block. (b) digesters vessel

After experiments a statistical model was create for predict the
alumina/caustic ratio and digestion discharge caustics values,
based on teoric model (picture 3).



Yipgnm = H T &+ 283' +Ty A+ g, e, + (Tl )gm» t Eganr

& = Temperature efect
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Ty, = Weight of bauxite efect
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44, = Moisture in bauxite efect
Figure 3 — Estastical teoric model.

Results
Alumina/Caustic Ratio

The results obtained for the laboratory experiments, showed that
for alumina/caustic ratio the factors that exercise majors
influences are: weight of bauxite and caustic of digestion.

Pareto Chart of the Standardized Effects
(response is REL AfC, Alpha = 0,05, only 30 largest effects shown)
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Figure 4 — Board of influences on the alumina/caustic ratio.

The results were accord with expected, the alumina/caustic ratio is
high dependent of the weight of bauxite, and this can be explained
through the mass balance. The digestion discharge caustic is the
second variable of major influence on the alumina/caustic ratio,
and this can be explained because the extraction reaction of
alumina occurs by caustic liquor addition, which depending of
your concentration can benetfit or disadvantage. Other variables
don’t have high influences, but called allention to the large
number of interactions between variables exerting influences,
because it blocks all together, now have a significant. The Figure
5, show the influences of each variable on the alumina/caustic
ratio.
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Figure 5 — Influences of each variable on the alumina/caustic ratio

The conclusions obtained through influences studies allowed the
create of statistical model can predict the alumina/caustic ratio
values, the model take into consideration the weight of each
variable singly and combined. The statistical model can be
showed on the Figure 6.
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Figure 6 — Statistical model create for predict alumina/caustic
ratio values.

Digestion discharge caustic

For digestion discharge caustic, the results concluded that the
factor that has major influences are: digestion caustic and weight
of bauxite, according with showed on Figure 7.

Pareto Chart of the Standardized Effects
(response is NaOH LR, Alpha = 0,05, only 30 largest effects shown)
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Figure 7 — Board of influences on the digestion discharge caustic.

According with expected, the major influence variable on the
digestion discharge caustic are the digestion caustic, which as for
alumina/caustic ratio can be explained through the mass balance.
The weight of bauxite has the second major influence variable,
because the alumina dissolution need consume caustic. Singly the
moisture in bauxite showed significant influence, because the
water consume caustic. As the same occurs on the alumina/caustic
ratio, the large number of interactions between variables exerting
influences, because it blocks all together, now have a significant.
The Figure 8, show the influences of each variable on the
digestion discharge caustic.
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Figure 8 — Influences of each variable on the digestion discharge
caustic.

The conclusions obtained through influences studies allowed the
create of statistical model can predict the digestion discharge
caustic values, The statistical model can be showed on the Figure
9.
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Figure 9 — Statistical model create for predict digestion discharge
caustic values.

Conclusions

For alumina/caustic ratio the majors’ influences variables were
weight of bauxite and digestion caustic. This model was measured
with projects data’s and the difference between the project value
and the calculated value was 0,004. The model is being tested in
plant.

As the same for digestion discharge caustic the marjor’s
influences variables were weight of bauxite and digestion caustic,
and was measured with projects data’s and the difference between
the project value and the calculated value was 4 gpl and is under
rating on plant.
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