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Abstract

In the alumina production process, potassium from bauxite transfers to the alumina product
through digestion and precipitation, posing significant risks to the subsequent aluminum
electrolysis. The current understanding of this transfer behavior, especially the distribu-
tion patterns of potassium, remains inadequate. This research examines the influence of
key parameters—including KO concentration, seed addition amount, final precipitation
temperature, and the molar ratio of the sodium aluminate solution—on the precipitation
of potassium. The findings demonstrate that increasing the seed addition, the initial K,O
concentration in the solution, the final temperature, and the solution molar ratio all promote
the precipitation efficiency of potassium. Moreover, it was observed that raising the seed
addition, solution molar ratio, and final temperature effectively increases the proportion of
coarse particles in the precipitated product. Conversely, a higher K,O concentration leads to
a greater fraction of fine particles. Under typical industrial conditions (Cop~ = 4.8 mol/L,
KO =70g/L, & = 1.53, initial temperature of 75 °C, final temperature of 37 °C, seed addi-
tion of 700 g/L, and a precipitation duration of 40 h), only about 0.19% of the potassium
from the initial solution transferred into the aluminum hydroxide product.

Keywords: potassium migration; seed precipitation; aluminum hydroxide crystals; sodium
aluminate solution; decomposition rate

1. Introduction

Aluminum is currently produced mainly through the electrolysis of alumina [1]. China
is now one of the world’s largest producers and consumers of alumina, which has led to
the rapid depletion of high-quality bauxite in China [2]. The country now has to use low-
and medium-grade bauxite (which contains potassium) with high impurities [3]. Currently,
some enterprises use a mixture of low-grade bauxite and imported high-quality bauxite
to produce alumina [4,5]. However, with the rapid development of China’s aluminum
industry, alumina production has increased, and China now needs to import large quantities
of high-quality bauxite from Australia and Guinea every year [6]. This has also resulted
in some of the alumina currently produced being of low quality (The K,O content ranges
from 0.01% to 0.1%).
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Currently, the potassium ion content in the circulating mother liquor of some alumina
plants using potassium-containing bauxite exceeds 75 g/L. Potassium enters the aluminum
electrolysis production process through alumina products, resulting in a KF content ex-
ceeding 5% in the electrolyte [7-11]. As an extraneous impurity salt, KF integrates into
the cryolite-based electrolyte system, altering its original composition. Due to differences
in ionic radius and chemical properties between KF and the primary electrolyte compo-
nent NaF, its introduction disrupts the ionic equilibrium within the system, lowers the
liquidus temperature of the electrolyte, reduces the solubility of alumina, and modifies
the composition and physicochemical properties of the electrolyte. Consequently, this
leads to issues such as decreased current efficiency, reduced electrical conductivity, and a
lower eutectic temperature [12-15]. Furthermore, as electrolysis proceeds, potassium ions
preferentially discharge and dissolve into the cathode aluminum liquid, directly reducing
the purity of primary aluminum. More critically, potassium exhibits strong permeability,
infiltrating into the internal structure of the cathode carbon blocks. This leads to expan-
sion and pulverization of the carbon materials and triggers destructive chemical reactions
with refractory materials, which constitute the primary cause of early failure and reduced
service life of electrolytic cells [16]. This will have a significant impact on the efficiency
of aluminum electrolysis. Several methods have been proposed to mitigate the adverse
effects of potassium on aluminum production processes. These include the roasting of
bauxite, planetary ball milling combined with acid leaching, and other techniques to reduce
potassium content within the Bayer process [17-20].

Since most alumina production in China involves high-temperature and high-pressure
digestion, potassium ions gradually become enriched in the circulating solution [21-27].
Indeed, studies have shown that the presence of alkali metal cations can influence the
seeded precipitation process [28]. It has even been suggested that the seed decompo-
sition rate of potassium-containing sodium aluminate solutions is higher than that of
potassium-free sodium aluminate solutions [29,30]. Jiang Youfa’s research [31] indicates
that the initial crystallization product under relatively low-temperature conditions (30 °C,
40 °C) is bayerite, while at higher temperatures (60 °C, 80 °C), a mixture of gibbsite and
bayerite is formed. Alkali concentration shows no significant effect on the initial product.
Chen Jinging’s [32] study demonstrates that under identical decomposition conditions,
the decomposition rate of potassium aluminate solution is higher than that of sodium
aluminate solution. Furthermore, the particle size distributions in sodium aluminate and
potassium aluminate solutions exhibit significant differences over time. X-ray diffraction
(XRD) analysis of the products reveals that the crystals formed during the decomposition
of potassium aluminate solution possess a more complete crystallinity compared to those
from sodium aluminate solution. The difference in nucleation rates between potassium
aluminate and sodium aluminate solutions during seeded precipitation may be responsible
for the observed variations in decomposition rate and particle size distribution [33,34].
Therefore, it is necessary to study the behavior of potassium in sodium aluminate solutions,
particularly during the seeding process. However, previous studies have focused on the
kinetics of the seeding process and on comparing pure sodium aluminate with potassium
aluminate solutions. There have been few studies on the behavior of potassium in the
seeding process of sodium aluminate solutions in an industrial setting. This paper therefore
focuses on studying the behavior of potassium in the seeding process of sodium aluminate
solutions under simulated industrial production conditions, giving information about
control and utilization of potassium ion content in alumina production.

https://doi.org/10.3390 /met16030263


https://doi.org/10.3390/met16030263

Metals 2026, 16, 263

30f17

2. Experimental

When investigating the effect of potassium ions on the decomposition of sodium alu-
minate, the experimental conditions and influencing factors may vary. As the experimental
process must align with actual production conditions, the following key factors should be
considered: final decomposition temperature, seed crystal dosage and potassium content
in the solution.

2.1. Experimental Methods and Equipment

For the preparation, analytically pure NaOH and KOH, as well as industrial aluminum
hydroxide in distilled water, were used. The aluminum hydroxide (pre-washed and dried
at 70 °C to remove attached alkali and moisture) and the required weights of NaOH and
KOH were accurately weighed according to the experimental conditions. A certain amount
of distilled water was added to a polytetrafluoroethylene container, and the NaOH and
KOH were heated and dissolved. The weighed aluminum hydroxide was then slowly
added to the container and dissolved under heating and stirring conditions. The detailed
parameters are shown in Table 1. After the aluminum hydroxide was completely dissolved,
the solution was made up to volume to obtain the stock solution. All reagents used in
this experiment were of analytical grade and purchased from Tianjin Fengchuan Chemical
Reagent Technology Co., Ltd., Tianjin, China.

Table 1. Detailed experimental parameters.

Distilled Water Heating Stirring Heating Time
NaOH Mass (g)  KOH Mass (g) Volume (mL) Temperature (°C) Speed (r/min) (time)
1324 83.4 1000 300 30 Until
clarification

The prepared solution was placed in the split-seed reaction tank to be preheated. Once
the predetermined temperature (75 °C) was reached, the crystal seeds were added and
the reaction began. The aluminum hydroxide used as the crystal seed was sourced from
Tianjin Fengchuan Chemical Reagent Technologies Co., Ltd., Tianjin, China. The particle
size of the crystal seeds primarily ranged from 10-100 um and they were not sieved. The
Scanning electron microscopy (SEM) image of the crystal seeds and the corresponding
size distribution graph are shown in Figures 1 and 2, respectively. Samples were taken at
regular intervals. The samples were centrifuged and the clear liquid was analyzed for the
Al,O3 and K;O contents. The solid samples were washed with heated deionised water,
filtered and dried three times. They were then stored for particle size analysis.

s0pm EMT= 500KV  WD=59mm  SignalA=SE2 Mag= 200X

Figure 1. The SEM image of the crystal seeds.
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Figure 2. The particle size distribution diagram of the crystal seeds.

The equipment used in this experiment was a YSAWD-1 type seed decomposition
tank, produced by Zhengzhou Yusong Intelligent Control Technology Co., Ltd., Zhengzhou,
China, as shown in Figure 3. Temperature control was achieved through a water bath, with
a working temperature range from room temperature to 100 °C and a control accuracy of
£0.5 °C. Each vessel has an effective volume of 4 x 2 L and features a central sampling port
in its sealed lid for convenient sampling. Each vessel is equipped with a stirring apparatus
comprising two paddle stirrers, one upper and one lower, to enhance mixing efficiency.
The maximum stirring speed is 200 rpm.

Figure 3. Photograph of the seed decomposition tank.

2.2. Analytical Method

The seed precipitation rate refers to the ratio of the precipitated alumina mass to the
alumina mass in the initial solution during the seeded precipitation process. It is calculated
as follows:

(-

= Otlethz —1_ z_lli )

XK1

oyq and oy refer to the causticity ratios of the initial sodium aluminate solution and

the decomposed mother liquor, respectively. In this experiment, the caustic concentration
is expressed in terms of the OH™ (Cop~) concentration rather than the NayO or K,O
concentrations, which are usually used. The corresponding solution causticity ratio («y) is

expressed as o = Copy~ /CALOs.
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The concentrations of caustic alkali and alumina in the decomposed sodium aluminate
solution and the mother liquor were determined according to the method described in
Reference [35], allowing for accurate calculation of the decomposition rate at any given
time. In a more realistic process, impurities must be present. Sodium aluminate solutions
were prepared using NaOH and the corresponding mass of KOH to investigate the effect of
potassium ions on the seeding process of sodium aluminate solutions without introducing
other anions, thus simplifying the experimental system.

3. Results and Discussion
3.1. Effect of KO Concentration

Experiments were conducted to investigate the effect of K,O concentration in solution
on the seed decomposition rate of sodium aluminate solution, the product particle size and
the potassium concentration in the product under the conditions of Cop ™ = 4.8 mol/L, o
of 1.53, the initial decomposition temperature of 75 °C, end decomposition temperature of
37 °C, addition of crystal seed of 700 g/L, seeding time of 40 h, and the stirring speed of
120 r/min. The obtained results are shown in Figures 4-6.
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Figure 4. Relationship between K,O concentration and decomposition rate of the sodium aluminate
solution.

As demonstrated in Figure 4, an examination of the relationship between K,O concen-
tration and decomposition rate reveals that an increase in the concentration of potassium
oxide results in a corresponding increase in the decomposition rate of the sodium alu-
minate solution. This finding suggests that the K,O present in the sodium aluminate
solution can enhance the decomposition process. When the precipitation duration is 40 h,
the decomposition rate at a K,O concentration of 110 g/L is 7.1% higher than that at a
KO concentration of 30 g/L. However, the variation in the decomposition rate curves
is relatively small between K,O concentrations of 90 g/L and 110 g/L, indicating that
when the K,O concentration in the sodium aluminate solution exceeds 90 g/L, further
increases in K,O concentration have a negligible effect on enhancing the decomposition
rate of the sodium aluminate solution. Moreover, the slope of the decomposition rate curve
increases with higher K,O concentrations, suggesting that raising the K,O concentration
can accelerate the decomposition rate of the sodium aluminate solution.
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Figure 5. Particle size distribution of seed products at different K,O concentrations.
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Figure 6. Mass percentage of potassium in seed fraction products at different K,O concentrations.

As shown in Figure 5, which presents the particle size distribution of seeded precipita-
tion products under different K,O concentrations, it can be observed that under constant
conditions of seed addition, initial and final decomposition temperatures, and decomposi-
tion time, the peak of the curve gradually decreases and shifts to the left with increasing
K0 concentration in the initial solution. Concurrently, the left side of the curve broadens,
while the right side slightly shifts to the left. This indicates that as the K,O concentration
in the potassium-containing sodium aluminate solution increases, the content of coarse
particles in the seeded product decreases, while the content of fine particles gradually
rises. In other words, an increase in KO in the sodium aluminate solution promotes the
refinement of particle size in the seeded precipitation product.
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To investigate variations in potassium percentage content (Inductively coupled plasma
(ICP) method) within the product, the potassium percentage content in seed fraction prod-
ucts was studied under fixed K,O concentration conditions while other experimental
variables remained constant. The experimental results are presented in Figure 6. As
demonstrated in Figure 6, the potassium content of the products following the seeding
of a sodium aluminate solution was found to be minimal, amounting to less than 0.014%
(based on mass). Conversely, an increase in the K;O concentration of the sodium alumi-
nate solution was observed to result in an increase in the percentage of potassium in the
product. This is attributed to more potassium co-precipitating with aluminum hydroxide.
The maximum percentage of potassium was attained at a KO concentration of 110 g/L
corresponded to 0.0138% (based on mass). It will reduce the current efficiency during the
electrolysis process.

In order to further investigate the behavior of potassium in the seeding process of
potassium-containing sodium aluminate solution, mass balance calculations of potassium
were carried out on the seeded sodium aluminate solution, seeded mother liquor and prod-
uct before and after seeding. The obtained results are associated with a K,O concentration
of 70 g/L in sodium aluminate solution and are shown in Table 2. In addition, the products
were subjected to chemical composition analysis, and the results of the composition of
some of the impurities are shown in Table 2. As demonstrated in Table 2, which presents
the composition of K,O in a sodium aluminate solution, it can be deduced that during the
seeding process, potassium will be introduced into the product. When simulating 1 L of
the seeded precipitation feed solution with a K,O concentration of 70 g/L, the amount
of potassium (calculated as K,O) entering the product was 0.13 g, accounting for 0.19%
of the initial K;O. Meanwhile, 62.56 g of potassium (calculated as K,O) remained in the
precipitated mother liquor, representing 89.37% of the initial K,O, with the remaining K,O
entering the attached liquor. These results indicate that the majority of K,O transfers into
the mother liquor during the seeded precipitation process, while only a small fraction is
incorporated into the product.

Table 2. Composition of K,O in sodium aluminate solution at a K,O concentration of 70 g/L.

Sodium Aluminate Solution Mother Solution Aluminum Hydroxide
KO mass (g) 70 62.56 0.13
K5O concentration (%wt.) 100 89.37 0.19

As demonstrated in Table 3, potassium corresponds to the main impurity present in
the sodium aluminate product. When sodium aluminate solution exists in potassium, the
product of impurities in the composition of the product after conversion is compared to
the requirements of GB/T 24487-2022 [36]. It is observed that, in addition to the potassium
content being slightly higher (<0.01%), the rest of the requirements are met.

Table 3. Percentage of major impurities in aluminum hydroxide at K,O concentration of 70 g/L.

Na Si K Ga Fe
Content (%) 0.1053 0.0129 0.0131 0.0096 0.0095

In order to further investigate the effect of potassium ions on the seeded products of
sodium aluminate solution, scanning electron microscopy was performed on the products
when the concentration of K;O in the seeded sodium aluminate solution was 70 g/L and
110 g/L. The scanning electron microscope photographs are displayed in Figures 7 and 8.
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Figure 7. SEM images of products with K,O concentration of 70 g/L (a) and K,O concentration of
110 g/L (b).

(b)

Figure 8. SEM images of products with K,O concentration of 70 g/L (a,b) and K,O concentration of
110 g/L (c,d). Panels (a,c) are at 1000 x magnification; (b,d) are at 500 x.

The analysis of the SEM (ZEISS Gemini Sigma 300, Carl-Zeiss-Strasse 22, 73447
Oberkochen, Germany) provides a more intuitive understanding of the effect of vary-
ing potassium ion content on the products of the seed fraction. As shown in Figure 7, the
left and right sides present the scanning electron microscopy (SEM) images of the products
obtained after 40 h of decomposition under conditions of K;O concentrations at 70 g/L and
110 g/L, respectively.

By comparing Figure 8a,c, as well as Figure 8b,d, it can be observed that the number
of fine particles in the product is greater at a K;O concentration of 110 g/L. Moreover, at
the same magnification level, the particle size of the product is significantly smaller when
the K;O concentration is 110 g/L. This observation is consistent with the results obtained
from the particle size analysis of the product.

3.2. Effect of Crystallization Seeding Amount

Experiments were conducted to investigate the effect of crystal seed addition on
the decomposition rate, product particle size and the percentage of potassium in the
product during the seeding process of sodium aluminate solution under the conditions of
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Con~ =4.8 mol/L, « of 1.53, decomposition initial temperature of 75 °C, decomposition
end temperature of 37 °C, K,O concentration of 70 g/L, seeding time of 40 h, and stirring
speed of 120 r/min. The results are shown in Figures 9-11.
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Figure 9. Crystalline seed addition versus decomposition rate of sodium aluminate solution.
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Figure 10. Particle size distribution of seed products under different crystal additions.

From Figure 9, which shows the effect of seed crystal addition amount on the de-
composition rate of sodium aluminate solution, it can be observed that when the seed
crystal addition amount is less than 800 g/L, under the same K,O concentration, initial
decomposition temperature, and final decomposition temperature conditions, the decom-
position rate of the sodium aluminate solution increases with prolonged decomposition
time and gradually stabilizes over time. As the seed crystal addition amount increases, the
decomposition rate at the same decomposition time becomes higher, and the slope of the
decomposition rate curve changes more significantly, indicating that a higher seed crystal
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addition amount leads to better seeding decomposition performance. However, when the
seed crystal addition amount is 800 g/L, the decomposition rate curve is essentially the
same as that for the 700 g/L addition amount within the first 5 h of decomposition, but
after 5 h, the decomposition rate curve falls below that of the 700 g/L condition. This
suggests that the decomposition efficiency of the sodium aluminate solution is inferior at a
seed crystal addition amount of 800 g/L compared to 700 g/L. It can be concluded that
once the seed crystal addition amount exceeds 700 g/L, further increasing the seed crystal
amount to improve the decomposition rate is no longer effective. Moreover, continuing to
add more seed crystals may increase the load on the stirrer and even cause sedimentation,
ultimately leading to a decline in the decomposition rate.

0.0161

%)

~— 0.016

0.0131 0.0131

0.012

The proportion of potassium in AI(OH),
=) =)
(=] (=]
2 2

0.000

500 600 700 800
The amount of seed added (g/L)

Figure 11. Mass percentage of potassium in seed products at different crystal additions.

Particle size distribution of aluminum hydroxide products was examined under vary-
ing seeding crystal concentrations. The experimental results are shown in Figure 10. As can
be seen from the particle size distribution of the seeded products under the conditions of
different crystal seed additions in Figure 10, with an increase in crystal seed concentration,
the peak of the product particle size gradually increased and moved to the right, and the
left side of the curve gradually became narrower. This indicates that with the increase in
seed crystal dosage, the content of fine particles in the product after seeded precipitation
from sodium aluminate solution decreases, while the content of coarse particles increases.
That is to say, increasing the amount of seed crystals can promote the growth of product
particles during seeded precipitation in sodium aluminate solution.

To investigate the variation in potassium percentage content within the product, the
potassium percentage content in the seed fraction product was studied under different seed
addition levels while keeping other experimental variables constant. The experimental
results are shown in Figure 11. As demonstrated in Figure 11, the percentage of potassium
in the seed products exhibited a decline with increasing crystal seed addition. This decline
gradually stabilized at higher levels of crystal seed addition, with the percentage of potas-
sium remaining constant at 700 g/L and 800 g/L. This indicates that increasing the seed
addition can, to some extent, reduce the proportion of potassium in the product.
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3.3. Effect of Temperature

Experiments were conducted to investigate the effect of the end temperature of decom-
position on the decomposition rate of sodium aluminate solution, solid product particle size
and potassium concentration under of Copy~ = 4.8 mol/L, oy of 1.53, the initial temperature
of 75 °C, concentration of K,O of 70 g/L, crystalline seed addition of 700 g/L, seeding time
of 40 h, and stirring speed of 120 r/min. The obtained results are shown in Figures 12-14.
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Figure 12. Decomposition end temperature versus decomposition rate of sodium aluminate solution.

10

Percentage by volume (%)

0 L 1
1 10 100 1000
Particle size (um)

Figure 13. Particle size distribution of seed products at different end-of-decomposition temperatures.
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Figure 14. Mass percentage of potassium in seed products at different end-of-decomposition
temperatures.

As can be seen from the relationship between decomposition final temperature and
the precipitation rate of sodium aluminate solution in Figure 12, under the conditions of
the same seed addition amount, initial decomposition temperature, K;O concentration
and decomposition time, the lower the decomposition final temperature, the higher the
precipitation rate of sodium aluminate solution. Specifically, the precipitation rate at a
seed precipitation duration of 40 h with a decomposition final temperature of 37 °C was
0.79% higher than that at 50 °C. In comparison with the variation in seed addition amount
and K;O concentration, the change in decomposition final temperature exerted a relatively
minor effect on the precipitation rate. Furthermore, when the decomposition time was less
than 30 h, a lower decomposition final temperature led to a steeper slope of the precipitation
rate curve and a higher precipitation rate, which indicates that the decomposition rate of
sodium aluminate solution increased with the decrease in decomposition final temperature
within the initial 30 h of the decomposition process.

The experiment also investigated the mechanism by which the decomposition temper-
ature, a key operational parameter, influences the final particle size distribution during the
seeding process of sodium aluminate solution. The experimental results are presented in
Figure 13. As illustrated in Figure 13, the particle size distribution of the seed products ex-
hibits distinct variations under varying decomposition end temperatures. In the context of
constant crystal seed addition, initial decomposition temperature, equivalent K,O concen-
tration, and equivalent decomposition time, the peak value of the particle size distribution
curve demonstrates a gradual increase with elevation of end decomposition temperature.
However, in comparison with variations in seed addition amount and K,O concentration,
temperature change exerts a relatively minor effect on the maximum frequency of particle
size distribution. Concurrently, with the rise in the final temperature of decomposition, the
peak of the particle size distribution curve exhibited minimal lateral movement, and the
narrowing of both sides of the curve at elevated temperatures was negligible. This suggests
that as the final temperature of decomposition increases, the coarse particles in the seed
products undergo a slight increase, while the fine particles undergo a slight decrease.
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Furthermore, experimental studies investigated the mechanism by which the de-
composition temperature—a critical operational parameter—influences the percentage of
potassium in the product during the seeding process of sodium aluminate solutions. The
experimental results are presented in Figure 14. As can be seen from Figure 14, showing the
potassium content in the seed precipitation products under different decomposition final
temperature conditions, the potassium content in the products decreased gradually with
the increase in the decomposition final temperature of the sodium aluminate solution. At
an end-temperature of decomposition of 50 °C, the percentage content of potassium in the
products was found to be 0.0096%, which is in accordance with the stipulated percentage
content of potassium in GB/T 24487-2022 (<0.01%) after conversion [36]. This indicates that
increasing the decomposition final temperature can reduce the potassium content (mass
fraction) in the products.

3.4. Effect of ay on the Decomposition Rate of Potassium-Containing Sodium Aluminate Solutions
and Aluminum Hydroxide Products

Experiments were carried out to investigate the effect of seeding sodium aluminate
solution oy on the decomposition rate of sodium aluminate solution seeding process,
product size distribution, and the percentage of potassium in the product, under the
conditions of Copy ~ = 4.8 mol/L, decomposition initial temperature of 75 °C, decomposition
end temperature of 37 °C, K,O concentration of 70 g/L, crystal seed addition of 700 g/L,
seeding time of 40 h, and stirring speed of 120 r/min. law, the results are shown in
Figures 15-17, respectively.
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Figure 15. Relationship between sodium aluminate solution «, and decomposition rate of sodium
aluminate solution.

As demonstrated in Figure 15, an inverse relationship exists between o of the de-
composition of the sodium aluminate solution and the decomposition rate of the sodium
aluminate solution. Under conditions of identical crystal species addition, constant tem-
perature at the beginning and end of decomposition, equivalent K,O concentration, and
equivalent decomposition time, the decomposition rate declines with increasing oy in the
decomposition of the sodium aluminate solution. When « is elevated from 1.45 to 1.63,
and under the condition of a 40-h decomposition time, the decomposition rate diminishes
from 54.87% to 49.18%, representing a 5.69% reduction compared to the decomposition of
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the sodium aluminate solution. The decomposition rate exhibited a decline from 54.87%
to 49.18% under the condition of decomposition time of 40 h, which corresponded to a
5.69% reduction. This finding suggests that a reduction in & of the decomposition of
sodium aluminate solution can enhance the decomposition rate of sodium potassium
aluminate-containing solutions.
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Figure 16. Particle size distribution of seed fraction products under different o« conditions.
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Figure 17. Percentage of potassium in seed products under different conditions of decomposition of
sodium aluminate solution o,.

Furthermore, experimental studies investigated the mechanism by which the key
operational parameter oy influences the particle size distribution of products during the
sodium aluminate solution seeding process. The experimental results are presented in
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Figure 16. As illustrated in Figure 16, the particle size distribution of the seed fraction
products under varying oy conditions reveals a clear trend. In the context of constant crystal
seed addition, temperature at the initiation and conclusion of decomposition, constant K,O
concentration, and consistent decomposition time, an increase in «y results in a gradual
increase in the peak value of the product particle size distribution curve. Concurrently,
the left side of the curve shifts towards the right. This finding suggests that an increase in
o in the sodium aluminate solution is associated with an increase in coarse particles in
the product and a decrease in fine particles. It can thus be concluded that an increase in
the magnitude of «y in the sodium aluminate solution is indicative of an increase in the
proportion of coarse particles in the product.

Furthermore, experimental studies investigated the mechanism by which oy, a key
operational parameter, influences the percentage of potassium in the product during the
sodium aluminate solution seeding process. The experimental results are presented in
Figure 17. As demonstrated in Figure 17, the percentage content of potassium in the
seeded product is observed to increase in accordance with the increasing value of oy of the
decomposition of the sodium aluminate solution. At an oy of 1.63, the percentage content of
potassium in the product reaches a maximum of 0.0171%. When considered in conjunction
with Figure 15, it becomes evident that a reduction in the o of the sodium aluminate
solution, within an implementable range, results in an increase in the decomposition rate,
concurrently with a decrease in the percentage content of potassium in the product.

Our next phase of research will focus on developing a novel method for potassium
extraction from Bayer liquor based on the sodium tetraphenylborate (Cp4Hy9BNa) com-
plexation reaction. The specific research contents include: systematically optimizing the
process parameters of the complexation reaction (such as pH, temperature, reaction time,
and reagent ratio), investigating the influence mechanisms of impurity ions in the complex
Bayer liquor matrix on the selective complexation of potassium, developing efficient solid—
liquid separation and complex decomposition processes to achieve potassium resource
recovery, and constructing a predictive model for the potassium extraction process using
response surface methodology.

4. Conclusions

This study systematically investigated the effects of initial KO concentration, seed
crystal addition amount, decomposition final temperature, and initial solution oy on the
seeded precipitation process of potassium-containing sodium aluminate solution. The
following conclusions were drawn:

(1) Increasing the seed crystal addition amount and initial KO concentration, or
decreasing the decomposition final temperature and initial oy, all contribute to enhancing
the alumina decomposition rate during seeded precipitation.

(2) The particle size distribution of the precipitated product is influenced by multiple
factors: as the seed crystal addition amount, decomposition final temperature, and initial
ak increase, the proportion of coarse particles in the product gradually rises; whereas, with
an increase in the initial K;O concentration, the content of fine particles tends to increase.

(3) Effective approaches to reduce the potassium content in the product include:
decreasing the initial KO concentration, lowering the initial o, increasing the seed crystal
addition amount, and appropriately raising the decomposition final temperature.

(4) Under industrial production conditions (Coy~ = 4.8 mol/L, K;O =70 g/L,
oy = 1.53, initial decomposition temperature = 75 °C, final temperature = 37 °C, seed
crystal addition = 700 g/L, precipitation time = 40 h), results indicate that only about
0.19% of potassium transfers from the initial decomposition solution to the aluminum
hydroxide product. The majority of potassium enriches the mother liquor, leading to a
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continuous increase in potassium concentration in the mother liquor throughout the seeded
precipitation process.
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