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Effect of oxalate on seed precipitation of gibbsite from
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Abstract: The precipitation performance and kinetics of gibbsite from sodium aluminate solution with different sodium
oxalate concentrations as well as the corresponding influence mechanism of oxalate during the seed precipitation
process were systematically investigated by physicochemical properties test, using SEM and Raman spectra. As the
concentration of sodium oxalate increases, both the precipitation rate and particle size of gibbsite decrease. The
presence of sodium oxalate not only increases the viscosity of sodium aluminate solution, but also promotes the
transformation of AI(OH)s~ to ALO(OH)s>". The overall reaction rate constant decreases and the apparent activation
energy of gibbsite increases with the increasing sodium oxalate concentration, the rate controlling step of which is
chemical reaction. The needle-like sodium oxalate precipitates on the gibbsite crystals and covers the active Al(OH);
seed sites, which leads to the lower precipitation rate and the finer particle size of gibbsite during the seed precipitation
process.
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residue as well as the scaling on the heating pipes
[4, 5]. Therefore, lots of researches focused on the
removal technologies of oxalate, including

1 Introduction

As significant impurities in the Bayer plant
liquors, the effects of organic compounds which
were mainly decomposed from bauxite during
digestion on the Bayer process have been widely
researched during the past decades [1-3]. Among
all the organic compounds, oxalate was considered
to be one of the most harmful impurities to the
Bayer process, which increases the soda losses and
impurity contents of the final alumina product,
refines the granularity of precipitated gibbsite, and
deteriorates the settling performance of bauxite

crystallization [6], oxidation [7], ion exchange [8],
adsorption [9] and lime causticization [10].
KONIGSBERGER et al [11] developed several
thermodynamic models to calculate the equilibrium
solubility of oxalate in sodium aluminate solution.
LOH et al [12] found that sodium oxalate is the
main degradation product of organic compounds
from the Bayer liquor by wet oxidation. LIU et al
[13] and ZHANG et al [14] investigated the
reaction behavior and removal mechanism of
oxalate in sodium aluminate solution during the
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lime causticization process.

The seed precipitation of gibbsite (AI(OH)3)
from supersaturated sodium aluminate solution is
one of the key steps in the Bayer process, which
includes three crystallization processes, 1i.e.
secondary nucleation, agglomeration and crystal
growth [15—17]. Some researchers studied the
co-precipitation mechanism of oxalate and gibbsite
in synthetic sodium aluminate solution [18, 19], but
the effects of oxalate on seed precipitation of
gibbsite from sodium aluminate solution are still
lack of systematic research. In this work, the
precipitation rate and the particle size distribution
of gibbsite during the seed precipitation process
from synthetic sodium aluminate solution with
different sodium oxalate concentrations were
systematically investigated, and the corresponding
precipitation kinetics and mechanism were also
discussed.

2 Experimental

The gibbsite seeds used in this study were
provided by Shandong Branch of China Aluminum
Co., Ltd., and the other chemical reagents were of
analytical grade purchased from National
Pharmaceutical Group, China. Sodium aluminate
solutions were prepared by dissolving Al(OH); into
heated NaOH solution at atmospheric pressure. The
caustic alkali concentration of sodium aluminate
solution for seed precipitation was 140 g/L (in form
of Na;O) and the molar ratio of Na;O to Al,O3 was
1.4. The concentrations of sodium oxalate in
sodium aluminate solutions were 0, 2, 4 and 6 g/L,
respectively.

The seed precipitation experiments
carried out in batch tanks, the temperature of which
was controlled by a thermostatical water bath. The
sodium aluminate solutions were firstly added into
the tanks, and then the calculated sodium oxalate
was added to dissolve when the solution reached
the predetermined temperature respectively. In
order to simulate the two-stage decomposition
process of industrial production, the gibbsite seeds
with two different particle sizes were added into the
preheated solution by two steps: 125 g/L at the
beginning with the fine seeds, and then 400 g/L
after 8 h with the coarse seeds. The particle size
distributions of fine seeds and coarse seeds added to
sodium aluminate solution are listed in Table 1. The

Were

Table 1 Particle size distribution of gibbsite seeds added
to sodium aluminate solution

Gibbsite seed  D(0.1)/pm D(0.5)/yum D(0.9)/um
Fine seed 12.22 34.30 68.31
Coarse seed 29.37 71.78 139.76

precipitation experiments were carried out under the
uniform cooling condition for 48 h. The initial
precipitation temperatures were 55, 60, 65 and
70 °C respectively, while all the final precipitation
temperatures were 50 °C.

The precipitation rate of gibbsite was
calculated by the following equation:

=(1—00/a)*100% )

where oo and o, are the molar ratio of caustic alkali
to alumina in sodium aluminate solution before and
after precipitation respectively.

The solutions after precipitation were
determined by the volumetric method. The Raman
spectra of sodium aluminate solution were obtained
by a Raman spectroscopy (HR800) with the
scanning wavenumbers from 200 to 1200 cm™'. The
viscosity of sodium aluminate
determined by the capillary method. The
precipitated products were washed with hot
deionized water and dried at 80 °C for 24 h. The
morphology of precipitated products was observed
by a field scanning electron microscope (SU8010).
The particle size distribution of gibbsite was
measured by a laser scattering mastersizer (Malvern
3000).

solution was

3 Results and discussion

3.1 Precipitation rate and particle size of gibbsite

The precipitation results of gibbsite from
sodium aluminate solution with different sodium
oxalate  concentrations at different initial
temperatures for different time are shown in
Figure 1. All the precipitation rates of gibbsite
increase with the increasing precipitation time. As
seen from Figure 2, the precipitation rates of
gibbsite increase with the decreasing temperature
because of the relatively larger supersaturation at
lower temperature, both in the presence and absence
of sodium oxalate. However, at the same
temperature, the precipitation rate of gibbsite
decreases as the sodium oxalate concentration
increases, which demonstrates that the presence of
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Figure 1 Precipitation rate of gibbsite from sodium aluminate solution at different initial temperatures: (a) 55 °C;

(b) 60 °C; (c) 65 °C; (d) 70 °C
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Figure 2 Precipitation rate of gibbsite from sodium
aluminate solution with different sodium oxalate
concentrations at different initial temperatures for 48 h

sodium oxalate reduces the final precipitation rate
of gibbsite from sodium aluminate solution.

Figure 3 shows the medium particle size of
gibbsite ~ with  different  sodium  oxalate
concentrations when the initial precipitation
temperature is 60 °C and the time is 48 h. As the
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Figure 3 Medium particle size of gibbsite with different
sodium oxalate concentrations at initial precipitation
temperature 60 °C for 48 h

sodium oxalate concentration increases, the particle
size of gibbsite decreases at the final precipitation
stage. The particle size results indicate that the
presence of sodium oxalate hinders the crystal
growth of gibbsite during the seed precipitation
process.
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3.2 Precipitation Kinetics of gibbsite

The precipitation kinetics of gibbsite crystals
depend on several factors, including solution
supersaturation, reaction temperature, stirring rate,
solid-liquor interface structure and impurities [17,
20]. The supersaturation of sodium aluminate
solution is one of the most important factors, which
directly influences the operations of crystallizer.
The surface reaction was believed to be the
controlling step and Eq. (2) given by MISRA et al
[21] according to the power-law equations is the
most classical for estimating the growth rate of
gibbsite.

G=Koexp(—E/(RT))(Ca—Chc)? )

where Ca and Cae are the supersaturated and
equilibrium concentrations of Al,Os, g/L; E is the
growth activation energy of gibbsite crystals, J/mol;
Ky is the growth rate constant, m/h; G is the linear
growth rate, um/h.

According to the published equations for the
linear growth rate of gibbsite, FARHADI et al [22]
modified the linear growth rate equation, and
concluded that the polynuclear model is the most
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probable mechanism for the surface growth of
gibbsite crystals.

It is feasible to determine the main control step
of seed precipitation by calculating the activation
energy. Eq. (2) can be written as follows:

dCA/d=K(CA—Co)? 3)

where K is the overall reaction rate constant; ¢ is the
reaction time, h.

The equilibrium concentration of Al,O3 can be
estimated from the empirical relation proposed by
MISRA [23] for synthetic solutions as follows:

Cac=Ckexp(6.2106-2486.7/T+1.0876C/T)  (4)

where Cx is the caustic alkali concentration of
sodium aluminate solution (in form of Na,O), 1/L;
T is the thermodynamic temperature, K.

The plots of 1/(Ca—Cac) versus t after seed
precipitation from sodium aluminate solution with
different sodium oxalate concentrations are shown
in Figure 4. The overall reaction rate constants at
different precipitation temperatures can be
calculated by the slopes of curves, as listed in
Table 2. Based on the reaction rate constants at
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Figure 4 Relationship between 1/(Ca—Cac) and ¢ with different sodium oxalate concentrations: (a) 0 g/L; (b) 2 g/L;

(c)4 g/L; (d) 6 g/L
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Table 2 Overall reaction rate constant (K) during seed
precipitation at different initial temperatures with
different sodium oxalate concentrations

Sodium oxalate Reaction rate constant

concentration/(g'L™") 70 oC 65 °C 60 °C 55 °C

0 0.0019  0.0028  0.0043  0.0066

2 0.0013  0.0023  0.0039  0.0064

4 0.0012  0.0023  0.0037  0.0063

6 0.0011  0.0021  0.0036  0.0062
different initial temperatures, the apparent

activation reaction energies with different sodium
oxalate concentrations can be calculated according
to the Arrhenius equation:

K=Aexp(—E/RT) )]

where A4 is the pre-exponential factor; £ is the
apparent activation energy, J/mol; R is the molar
gas constant, 8.314 J/(mol-K); T is the reaction
temperature, K. Thus, Eq. (5) can be transformed as
follows:

InK=—E/(RT)+In4 (6)

The plots of reaction rate constants versus
different initial temperatures are shown in Figure 5.
Based on the slopes of curves, the apparent
activation energies with different sodium oxalate
concentrations were calculated according to Eq. (6),
which are 77.8, 97.6, 102.9 and 107.1 kJ/mol when
the sodium oxalate concentrations are 0, 2, 4 and
6 g/L, respectively. The apparent activation energy
increases with the increasing sodium oxalate
concentration. Furthermore, it can be concluded
that the chemical reaction is the rate controlling
step during the seed precipitation process.
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Figure 5 Relationship between InK and 1/T

3.3 Influence mechanism of oxalate

The gibbsite precipitation from sodium
aluminate solution during the seed precipitation
process is listed in Eq. (7). It shows that AI(OH)4™ is
the main ion for the decomposition of sodium
aluminate solution, which transforms into gibbsite
during the seed precipitation process.

XAI(OH)3+AI(OH)s =(x+1)Al(OH);+OH" (7)

The Raman spectra of synthetic sodium
aluminate solution with different sodium oxalat
concentrations are shown in Figure 6. The peaks at
625 and 540 cm' belong to the vibrations of
Al—OH bond in AI(OH)4™ tetrahedron and AlI-O—Al
bond in ALO(OH)s*~ dimer respectively [24], while
the peak at 918 cm™' belongs to the characteristic
peak of C,04% [25]. The peak intensity of 540 cm™
and the intensity ratio of 540 to 625 cm ' gradually
increase with the increase of sodium oxalate
concentration, indicating that the amounts of
ALO(OH)¢* increase with the increasing sodium
oxalate concentration. Therefore, the presence of
sodium oxalate promotes the transformation of
Al(OH);™ to ALO(OH)s> .

625
540
918 6 g/L
4¢/L
2 g/L
w«—.‘/—/\— 0g/L

200 400 600 800 1000 1200
Wave number/cm™!
Figure 6 Raman spectra of sodium aluminate solution

with different sodium oxalate concentrations

Figure 7 shows the viscosity of sodium
aluminate solution with different sodium oxalate
concentrations at different
viscosity of sodium aluminate solution decreases
greatly as the temperature increases. The presence
of sodium oxalate increases the viscosity of sodium
aluminate solution at the same temperature. As the
sodium oxalate concentration increases, the
polymerization degree of aluminate ions increases,
which hinders the precipitation of gibbsite from
sodium aluminate solution.

temperatures. The
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Figure 7 Viscosity of sodium aluminate solution with
different oxalate concentrations at different temperatures

The morphologies of gibbsite precipitated
from sodium aluminate solution without and with
sodium oxalate are shown in Figures 8 and 9
respectively. The gibbsites precipitated from
sodium aluminate solution without oxalate were

Figure 8 Morphology of gibbsite precipitated from
sodium aluminate solution without oxalate

a
Figure 9 Morphology of gibbsite precipitated from

sodium aluminate

solution when sodium oxalate

concentration is 6 g/L

found to be of agglomerates (Figure 8(a)), with
well-formed hexagonal basal faces, prismatic faces
and chamfered faces (Figure 8(b))

The surface of gibbsite crystals is relatively
smooth as shown in Figure 8(c). The particle size of
gibbsite crystals precipitated from sodium
aluminate solution with sodium oxalate is much
smaller (Figure 9(a)) than those in Figure 8(a),
which is consistent with the results in Figure 3.
Meanwhile, the fine particles grown on the crystal
faces of gibbsite (Figure 9(b)) are much more than
those in Figure 8(b). The needle-like crystals
referring to sodium oxalate were observed to
precipitate on the gibbsite crystals, which is similar
to FU’s results [18].

According to the above results, the presence of
sodium oxalate in sodium aluminate solution
promotes the transformation of Al(OH)s to
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ALO(OH)¢*", increases the corresponding viscosity
of sodium aluminate solution and the apparent
activation energy during the seed precipitation
process, and thus decreases the precipitation rate of
gibbsite. Meanwhile, as the precipitation process
proceeds, sodium oxalate is precipitated with
gibbsite, attached to the surface and covered some
active sites of AI(OH)s seeds, which decreases the
final particle size of precipitated products.

4 Conclusions

1) As the sodium oxalate concentration in
sodium aluminate solution increases, both the
precipitation rate and the final particle size of
gibbsite decrease during the seed precipitation
process.

2) The overall reaction rate constant decreases
and the apparent activation energy of gibbsite
increases with the increasing sodium oxalate
concentration, and the chemical reaction is the rate
controlling step.

3) The presence of sodium oxalate increases
the viscosity of sodium aluminate solution, and
promotes the transformation of Al(OH)s to
ALO(OH)s*".

4) The sodium oxalate with a needle-like
morphology precipitates on the gibbsite crystals and
covers the active AI(OH); seed sites, which leads to
the lower precipitation rate and the finer particle
size of gibbsite.
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