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Abstract

Occlusion in hydrate plays a significant role in the removal of
oxalate at Alcan’s Gardanne refinery. Up to 50% of the oxalate
purge can be achieved by occlusion.

This study investigates the occlusion phenomenon and identifies
the action parameters that facilitate the control of the occlusion
process.

Successive precipitation cycle laboratory tests have been
conducted in different operating conditions to ascertain the key
factors. Having a high level of precipitated oxalate doesn’t ensure
a high level of occluded oxalate. The addition of CGM appears to
completely inhibit oxalate occlusion, whereas an increase in
caustic concentration enhances the process. An increase in
temperature also tends to increase occlusion. Possible mechanisms
are proposed.

A new operating instruction to maintain a high caustic
concentration in the spent liquor has led to a high and lasting level
of occluded oxalate.

Introduction

The removal of oxalate is a key issue in Bayer plants, where
specific units, such as a side stream of evaporated liquor, are
sometimes necessary to cope with this impurity.

At Alcan's Gardanne refinery, oxalate is allowed to precipitate
along with part of the precipitated gibbsite (referred to below as
‘hydrate’), by adapted temperature conditions in one precipitation
line. The oxalate is then removed by hydrate washing on a belt
filter. However, a significant amount of oxalate is eliminated by
occlusion in hydrate, a no-cost purge that is innocuous for hydrate
in the context of Gardanne refinery.

Only a few studies in the literature refer to occlusion. Grocott and
Rosenberg [1] mention the increase in soda impurity by
incorporation of sodium oxalate needles in hydrate. Occlusion is
also thought as leading to additional particle breakage in calciners,
which is not observed at Gardanne's plant.

This paper investigates the occlusion phenomenon in order to
improve its control.

After presentation of the experimental method, the effect of
different process parameters is described. An attempt towards a
better understanding of the occlusion phenomenon is then
proposed and the paper ends with the industrial application made
of the results of this study.

Experimental

Successive precipitation recycling tests have been conducted in
the laboratory to ascertain the key factors impacting occlusion.
Precipitation experiments have been performed in a rolling water
bath in PVC bottles. Precipitation tests have lasted 48h typically,
with a change in temperature at mid-time to reproduce a
temperature profile (60°C then 50°C). Plant pregnant liquor has
been seeded with oxalate-free hydrate, at a concentration of
400gAL,0O5/L, lower than the industrial value, in particular to
accelerate the inclusion of impurities. The hydrate produced in
one test has been used as seed for the following test, and so on,
until a sufficient number of cycles was available to answer the
question regarding occlusion.

Different operating conditions have been tested:

- Addition of CGM (Crystal Growth Modifier — Nalco 7837) to
pregnant liquor. Experiments with CGM were also aimed at
validating the operating mode in the laboratory, by verifying
the effect of CGM to reduce occlusion, as observed in the plant.
A dosage of 50ppm of CGM (volume/volume in liquor) has
been introduced.

- Caustic soda concentration. The liquor has been concentrated
so as to reach a caustic concentration of 180g/L (expressed as
Na,0) in the spent liquor (compared with 165g/L in the blank
test).

- Temperature. The temperature has been changed from 60-50°C
to 65-55°C.

Effect of process parameters on occlusion

Occlusion has to be enhanced to maximize oxalate purge of
Gardanne Bayer circuit. This demands knowledge of the action
parameters to better control the occlusion process.

The results are illustrated by the level of occluded oxalate as a
function of the number of precipitation cycles.

Effect of CGM

The effect of CGM is shown on figure 1.

The occlusion is inhibited by the presence of CGM. The level of
occluded oxalate remains stable at a low value of around
40gC,/tAl,O3, even after 35 precipitation cycles.

The level of precipitated oxalate is also compared on figure 1. The
precipitation of oxalate is lowered by CGM, but still reaches a
significant level (only around 15% less than without CGM).

Little black balls are visible after a few cycles. The adsorption of
CGM on oxalate crystals could poison the surface for further
occlusion. The inhibited activity of oxalate as a seed surface for
gibbsite nucleation [2] could be part of the explanation for
reduced occlusion.
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Figure 1. Precipitated and occluded oxalate - Effect of CGM

At Gardanne's plant, this detrimental effect on occlusion excludes
the use of CGM to coarsen the circuit.

Effect of caustic soda concentration

The level of occluded oxalate is compared for two caustic soda
concentrations (normal plant concentration and concentrated
liquor) on figure 2.

Occlusion is clearly enhanced by high caustic soda
concentrations: the phenomenon is faster and of greater intensity.

A higher caustic concentration leads to higher oxalate
precipitation: the apparent solubility of oxalate is indeed lowered,
as is the Critical Oxalate Concentration (COC).

However, a high level of precipitated oxalate is not a sufficient
condition for a high level of occlusion, as it will be demonstrated
in the following section.
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Figure 2. Precipitated and occluded oxalate - Effect of caustic
soda concentration

Effect of temperature

The effect of temperature has been measured by increasing the
temperature from 60-50°C to 65-55°C in cycle n°37.

The complete evolution of the occluded oxalate is reported in
figure 3 for two experiments:

- "blank test" (normal plant soda concentration)

- high caustic soda concentration
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Figure 3. Occluded oxalate - Effect of temperature

When the temperature is increased, the precipitation of oxalate (ie
oxalate lost by the liquor) is reduced. The occluded oxalate
appears however to increase, with a clearer trend in the blank test.
The change in conditions during processing of cycles implies that
the effect is only visible after a few cycles, time for the seed to be
renewed.

This result on the effect of temperature is also visible on the
analysis of industrial data (see last paragraph).

Decorrelating the occluded oxalate from the amount of
precipitated oxalate and the hydrate growth (which would both act
in the opposite sense of the observed results), the effect of
temperature is suggesting a type or size of oxalate crystals easier
to occlude.

Comprehension of the occlusion process

Laboratory experiments enabled identification of one powerful
actuator on occlusion, which is a major result for Gardanne's plant
(see last paragraph). The discussion below intends to give hints
for a better understanding of the occlusion phenomenon.

Link with precipitated oxalate

One test has been conducted with a higher oxalate concentration
in the liquor to increase supersaturation, and then enhance
precipitation. This test should answer the question about a
relationship between the level of occluded oxalate and the level of
precipitated oxalate.

The test liquor has been doped with a synthetic oxalate solution
(average Cox=0.23%Na20tot vs 0.205%Na20tot).

In the oxalate-enriched liquor, an enhanced precipitation is
effectively measured, as well as a higher occlusion (figure 4).
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Figure 4. Precipitated and occluded oxalate - Link between
precipitated and occluded oxalate (1)

When the enrichment in oxalate is stopped (21% cycle), the two
curves join each other after a few cycles.

Similarity between both tests and results (caustic concentration,
granulometry, hydrate production) suggest that the difference in
occlusion in this case is only due to the difference in the level of
precipitated oxalate.

However, this test with oxalate-enriched liquor makes it possible
to further comment on the link between precipitated oxalate and
occluded oxalate.

Indeed, the level of precipitated oxalate obtained in the oxalate-
enriched system is similar to the one obtained in the test
conducted at high caustic soda concentration. The evolution of
precipitated oxalate and occluded oxalate are compared for both
tests in figure 5.
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Figure 5. Precipitated and occluded oxalate - Link between
precipitated and occluded oxalate (2)

Despite a similar precipitation, the occlusion is significantly
different, with a ratio of two between the two conditions.

On the basis of these results, there is no direct relationship
between precipitated and occluded oxalate.

Link with productivity and hydrate growth

One could suppose that a higher productivity or alumina
supersaturation leads to a higher oxalate inclusion, considering the
higher hydrate growth.

However, productivity is less at high caustic concentration, where
the occlusion is at a maximum. The hypothesis of a higher
potential to occlude related with a higher productivity is here
dismissed, as had already been suggested by the study of the
effect of temperature.

Link with type of oxalate crystals

Occlusion cannot be directly correlated to a high level of
precipitated oxalate or to a high hydrate growth. A difference in
the type or size of oxalate crystals as a function of conditions
could be an explanation for the different behaviors towards
occlusion.

In the presence of CGM, oxalate does not precipitate as individual
fine needles, but more as "bunchs" of many needles. One of this
crystal morphology is visible on figure 6. These larger crystals are
more difficult to occlude.

AN

Figure 6. Oxalate

crystals on hydrate with CGM

Considering the effect of high caustic soda concentration, one
could link the enhanced occlusion with an oxalate liquor
concentration closer to the Critical Oxalate Concentration.

Indeed, a high caustic concentration reduces the COC.

Extra experiments following oxalate precipitation during hydrate
precipitation for two caustic concentrations and comparing
oxalate concentrations to COC values (obtained via models)
support this idea. Indeed, in the case of concentrated liquor,
oxalate liquor concentration is running closer to the values of
COC and even goes above the COC at the end of precipitation
(see table I).

One possible explanation to the enhanced occlusion observed in
precipitation cycles at higher soda concentration could be then a
finer oxalate product generated by spontaneous nucleation above
the COC.
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Table I. Oxalate precipitation kinetics during hydrate precipitation for two caustic concentrations -
Difference between oxalate liquor concentration and COC

Time (h) 0 1 3 5 7 22 25 28 30 48
Cox lig - COC low soda -0.031 | -0.053 | -0.050 [ -0.041 | -0.050 | -0.071 | -0.049 | -0.013 [ -0.006 | -0.018
(%oNa2Otot) high soda 0.003 | -0.009 | -0.019 | -0.017 | -0.020 | -0.030 | -0.007 0.017 | 0.035 0.020
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Photographs for three conditions of precipitation cycles are visible
on the following figure 7. It looks as if big oxalate needles are less
numerous for the test at high soda concentration.
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Figure 7. Oxalate crystals on hydrate in different conditions

However, observations made on the effect of temperature don't
support this hypothesis, since a higher temperature increases the
COC, and should have lead to a decrease in occluded oxalate.
The growth of oxalate crystals may also play an important role
here. The reduced growth at lower temperature could lead to an
easier product to occlude.

A clear mechanism is not proven yet, but proposals made here
could give leads for further consideration.

Process control in the plant

The caustic concentration has been identified as a powerful
control parameter on occlusion. In the plant, the operating
instruction is now to maintain a high caustic concentration in the
spent liquor.

Figure 8 below illustrates the good correlation between the caustic
concentration and the oxalate occlusion. Each time the soda
concentration is reduced, the level of occluded oxalate decreases.
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Figure 8. Industrial data: caustic soda concentration in spent
liquor and level of occluded oxalate

The effect of temperature is overwhelmed by the effect of caustic
concentration. However, the temperature, as illustrated in figure 9,
can explain some inconsistent evolutions between caustic
concentration and occlusion.
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Figure 9. Industrial data: caustic soda concentration in spent
liquor, temperature at the end of precipitation and level of
occluded oxalate

The September 2005 period shows a hesitating level of occluded
oxalate, despite a caustic soda concentration close to 170g/L. It is
associated with a decreasing temperature, which is likely to
counteract the effect of a high soda.

Periods maintaining a caustic concentration of around 170g/L in
the spent liquor, with a temperature relatively high, ensured a
good value of the occluded oxalate of 350gC, /tAl,O5.
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Conclusion

The complexity of the occlusion phenomenon is underlined in this
study. Although no clear mechanism for the occlusion of oxalate
has been obtained, the type and size of oxalate crystals is
supposed to play a major role in the occlusion, and should be
considered for further study.

Moreover, the impact of different process parameters on occlusion

has been evaluated, which constitutes an answer to plant concerns.

- The addition of CGM completely inhibits the occlusion of
oxalate.

- The temperature is considered as a second-level action
parameter, since the higher the temperature, the higher the
occlusion, but the lower the productivity.

- The caustic soda concentration is a powerful actuator on
occlusion; a high level of caustic soda is necessary to
guarantee a high occlusion of oxalate.

Finally, this work has given the Alcan Gardanne refinery a
solution for increasing the occlusion of oxalate in hydrate, thus
purging oxalate at a lower cost.
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