Study the Phase Changes and Formation
conditions of the sodium aluminate phase
in the Alkaline Roasting Process of the
Bauxite under Mechanical Milling and
Heating Conditions

O. Nouri Kohani®, N. Setoudeh?", R. Hayati®

1- Introduction

There are some problems about Bayer process and red
mud is one of most important solid residues in the
Bayer process. Due to its harmful characteristics, many
research works have been done to use other processes
for high Iron grade of the bauxite sample. Sodium
carbonate (Na.CQgs, soda ash) is one of the important
materials to convert the aluminum oxide of the bauxite
sample to a water-soluble phase such as sodium
aluminate (NaAlOy) using an alkaline roasting process.
The reaction between Al,O3 and Na,COs in the alkaline
roasting process is thermodynamically feasible at
temperatures higher than 800 °C with the endothermic
reaction (1). The aims of this research work are to
study the phase changes and formation of the sodium
aluminate phase (NaAlOy) via alkaline roasting process
of the bauxite with Na;CQOj3 in the milled and heated
samples. The bauxite sample with boehmite mineral
has been prepared from the sources of the Kohgiluyeh
and Boyer-Ahmad province. In this research, the STA
analysis has been done on the crushed bauxite sample
also on the bauxite-Na;CQz mixtures.» The phase
changes of the as-milled and heated samples have been
studied using XRD (Cu-radiation) graphs in alkaline
roasting process.. Thermodynamics-assessments have
been also done wusing HSC ‘software and the
microstructural evaluations have.been studied by SEM.

2- Experimental

After preparing and crushing the bauxite sample, the
mixtures of Bauxite-Na,CO3z were prepared based on
the reaction (1). Bauxite sample contains 58.15%
Al;0O3, hematite (Fe2O3) and silicon oxide (SiO,) are
the its major impurities. XRD analysis showed that
boehmite phase is the prevail aluminum mineral in the
bauxite sample. Mechanical milling processes were
done using a planetary ball mill (stainless steel cup and
balls) with a BPR of 40:1 at different milling times (15
minutes, 2 and 5 hours). STA analysis was done with
heating rate of 20 °C/min under the air atmosphere. The
heating of the 2 h milled mixtures were undertaken at
different temperatures (600-1000 °C) for one hour

under air atmosphere. The leaching process was done
for some of the heated samples using caustic soda
solution (NaOH, 0.1M) at 80 °C for one hour, then the
solid residues of the leaching was dried at 70 °C in an
oven for 24 hours. The chemical analysis of the bauxite
was undertaken using XRF and ICP-OES methods,
also the Iron analysis of the leached solution was
determined using AAS method.

Al,O3 + Na;COs3 = 2NaAlO; + COy 1)

3- Results and discussion

By increasing milling time to 5 hours (Figure 1), the
relative intensities of the boehmite peaks-are decreased
and the peak broadening is observed‘as a significant
effect in the milled samples:The major peaks of
hematite at ~33.5 and.35.8° are also observed after 5
hours milling, it is'related to the higher hardness of
hematite phase. (Mohs hardness ~6) compared to
boehmite (Mohs hardness ~ 3.5). Furthermore, the
signs of albite phase (NaAlSizOs) are observed in the 2
h milled. mixture (Figure 1), and the formation of this
phase seems to be occurred via reaction (2).
0.5A1,03.H,0 + 0.5Na,CO3; + 3SiO, = NaAlSi;Og +
0:5CO(gyt 0.5H,0q) 2)
Figure 2 shows the results of TGA graph of the STA
analysis foro-bauxite sample and bauxite-Na,COs
mixtures. The mass loss of the bauxite sample after
heating at 900 °C is about 13%, and the mass losses for
bauxite-Na,CO3 mixtures after heating at 900°C are in
the range of 27-30% (Figure 2). Sodium aluminate
(NaAlOy) can be formed via reaction (3) due to
alkaline roasting process after heating the 2 h milled
mixture of bauxite-Na,COs. The theoretical mass loss
for reaction (3) is ~27.5% which is in the range of mass
losses of bauxite-Na,CO3; samples in Figure 2.
AIzOg.H20+Na2C03=2NaAI02+COZ(g)+H20(g) (3)

Figure 3 shows the XRD patterns of the 2 h milled
mixtures after heating at different temperature. The
major sings of boehmite phase have been disappeared
after heating at 600 °C whilst the sings of new phases
such as NaAlO, and NaAlSiO, have been detected by
increasing the temperature. Figure 4 shows the XRD
patterns of the 2 h milled bauxite-Na,CO3s mixture, the
heated mixture at 900 °C, and the XRD pattern of the
solid residues after leaching with caustic soda solution
(NaOH, 0.1M). The major peaks of NaAlO, phase at
~21, 34.6 and 35° have been disappeared in the solid
residues after leaching with caustic soda. The absence
of this phase in the XRD patterns confirms the
solubility of NaAIO, phase after leaching in the caustic
soda solution.
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Figure 1: XRD patterns of the as-milled bauxite-
Na2COs mixtures.
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Figure 2: TGA graph curves for bauxite and
bauxite-Na.COs mixtures.

4- Conclusions

The mass loss of the bauxite'samples based on the TGA
results was about 13% and it was due to the
dehydration reaction (calcination) of the boehmite
mineral at temperature of ~538 °C. The mass losses for
bauxite-Na,COz mixtures due to alkaline roasting
reactions were in the range of 27-30%. The signs of the
albite phase were also observed in the mechanically
milled samples, moreover, the signs of NaAlO;, and
NaAlSiO4 phases were detected in the heated samples
of the alkaline roasting process at 900 °C. However, the
traces of the NaAlIO;, phase were not observed in the
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Figure 3: XRD patterns for 2 h milled‘mixtures of
bauxite-Na.COs after heating in the air atmosphere
for one hour.
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Figure 4: XRD patterns of the 2 h milled bauxite-
Na2COs mixture, heated mixture at 900 °C and the
solid residues of the leaching.

solid residuals of the leaching process. The results of
this work indicated that it is possible to convert the
aluminum oxide of the bauxite sample to a soluble
phase (i.e., NaAlO,) using an alkaline roasting process
with addition of Na,CO3 as an alkaline phase. The iron
oxides (iron compounds) of the bauxite sample are not
dissolved in the caustic solution after leaching the solid
residues of an alkaline roasting of bauxite with
Na,COs. The phase changes of the milled samples,
heated samples and the solid residues after leaching
process have been studied by XRD graphs and SEM
micrographs in this research.
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Study the Phase Changes and Formation.conditions.of the sodium aluminate
phase in the Alkaline Roasting Process of the Bauxite under Mechanical
Milling and Heating Conditions

Abstract

Mechanical milling for mixtures of Bauxite-Na,CO3; were done at different times (15 minutes, 2 and 5 h).
STA analysis was undertaken with heating rate of 20 °C/min up to 900 °C under air atmosphere. The mass
loss of bauxite was ~%13 and for bauxite-Na,COs mixtures was in the range of 27-30%. The isothermal
heating was done at different temperatures for one hour under air atmosphere. To dissolve the sodium
aluminate, leaching of the heated samples at 900 °C was undertaken at temperature of 80 °C for one hour
with caustic soda solution (NaOH, 0.1M). The signs of the albite, boehmite and hematite were observed
in XRD patterns of the milled samples, however, sodium aluminate and sodium aluminum silicate phases
were detected in the heated-samples. With increasing temperature and/or amount of sodium carbonate, the
signs of the sodium aluminate were the prevailed phase in the products of the heated sample. Albite and
hematite phases were detected in the solid residues of the leaching. The phase changes were studied in the
microstructures of the samples after heating and leaching.

Keywords: Alkaline roasting, Aluminum oxide, Boehmite, Mechanical milling, Sodium aluminate.
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0.5A1,03.H;0 + 0.5Na,CO; + 3Si0; = NaAlSizOs + 0.5CO5¢ + 0.5H;0() )
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