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Abstract

In recent years, the import volume of bauxite from China has been increasing year by year, with
Guinea bauxite having the largest import volume. Currently, more and more Chinese alumina
plants are using Guinea bauxite for alumina production. Through chemical composition analysis
of Guinea bauxite, it was found that in addition to conventional elements such as aluminium,
silicon, iron, and titanium, Guinea bauxite also contains trace elements such as phosphorus,
vanadium, and gallium. These three elements enter the sodium aluminate solution during the
digestion process, and then enter the aluminium hydroxide through seeded decomposition,
seriously affecting product quality. Vanadium and gallium are both high-value metal elements.
Improving their digestion rate in alumina production process and recovering them from sodium
aluminate solution are of great significance for the economic and efficient utilization of bauxite
resources. Therefore, this article focuses on the impurity elements phosphorus, vanadium, and
gallium in Guinea bauxite, outlining an experimental study on the influence of different digestion
process conditions on their digestion rates. The results show that different digestion process
conditions have a significant impact on the digestion rates of alumina, phosphorus, vanadium and
gallium in Guinea bauxite. By optimizing the digestion process conditions, the digestion rate of
alumina can be increased by 4—5 percentage points and the bauxite consumption decreases by
more than 100 kg per tonne of alumina, and the phosphorus digestion rate has significantly
decreased to 12—15 %, with a decrease of about 75 %. The digestion rates of vanadium and
gallium significantly increased to 50 % and 80 %, with an increase of over 50 % and 30 %.
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1. Introduction

China is the world’s largest producer and consumer of alumina, with both production capacity
and output ranking first in the world. In 2023, China’s alumina production reached 82.27 million
tonnes, accounting for 58 % of the world’s total production [1]. However, China’s bauxite
resources are limited, with bauxite reserves accounting for only 3 % of the global bauxite reserves.
With the increasingly severe situation of environmental inspections and mine rectification and
management, bauxite production has sharply decreased, and the supply-demand contradiction of
bauxite resources has become increasingly apparent. More and more alumina companies are using
imported bauxite to produce alumina, and the import volume of bauxite is increasing year by year.
Since 2019, China’s annual import volume of bauxite has continued to exceed 100 million tonnes,
reaching 141 million tonnes in 2023. The current layout of China’s alumina industry is gradually
shifting towards coastal areas, and the import volume of bauxite in China will continue to grow
in the future.

At present, China’s bauxite imports come from countries such as Guinea and Australia, with

Guinea bauxite having the largest import volume, reaching 99.13 million tonnes in 2023,
accounting for 70.3% of the total import volume. Compared with China’s diasporic bauxite,
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Guinea bauxite has the characteristics of medium aluminium, low silicon, and high iron in
chemical composition. In terms of phase composition, Guinea bauxite is gibbsite or gibbsite-
boehmite mixed bauxite, which is easily digested at low temperature. Therefore, low temperature
or medium-high temperature digestion processes are commonly used to treat Guinea
bauxite [2—6]. In terms of the occurrence of trace elements, the content of phosphorus and
vanadium in Guinea bauxite is relatively high, about 0.08 % and 0.07 % respectively, while the
content of gallium is slightly lower, about 0.007 %. In the Bayer process of production, trace
elements phosphorus, vanadium, and gallium in bauxite partially react with caustic soda to form
sodium phosphate, sodium vanadate, and sodium gallate, which enter the sodium aluminate
liquor [7], therefore the phosphorus content in sodium aluminate solution is relatively high.
During the security filtration process, hydroxyapatite is easily generated, causing clogging of the
filter cloth and making security filtration difficult. At the same time, the continuous accumulation
of phosphorus content in sodium aluminate liquor can easily lead to excessive phosphorus content
in aluminium hydroxide, affecting alumina product quality.

Vanadium and gallium are both rare metals with extensive applications in high-tech cutting-edge
fields. At present, the demand for vanadium and gallium is constantly increasing. If vanadium
and gallium can be extracted from the alumina production process from Guinea bauxite, it can
not only purify the sodium aluminate liquor, improve the quality of alumina products, but also
achieve comprehensive utilization of bauxite resources.

This article focuses on the influence of different digestion processes on the digestion rates of the
trace elements phosphorus, vanadium, and gallium in Guinea bauxite, and recommends suitable
digestion processes. While ensuring a high alumina digestion rate, it can not only inhibit the
digestion of phosphorus, but also promote the digestion of vanadium and gallium, laying a
foundation for the extraction of valuable elements in bauxite and the comprehensive utilization
of resources.

2. Experiment

2.1 Raw Materials

The chemical composition and phase composition of the Guinea bauxite used in this study are
shown in Tables 1 and 2, while Figure 1 shows the X-ray diffraction pattern of the experimental

bauxite.

Table 1. Chemical composition of Guinea bauxite (%).

AlLO; | SiO2 | Fe;O3 | TiO2 | K2O | NaO | CaO | MgO | LOI | A/S P v Ga

43.38 | 2.55 | 26.67 | 2.53 | 0.023 | 0.034 | 0.035 | 0.024 | 24.73 | 17.01 | 0.081 | 0.067 | 0.0071

Table 2. Phase composition of Guinea bauxite (%).

Gibbsite Boehmite Kaolinite Quartz Hematite Alumm.1 UM Anatase Rutile
goethite
59.5 1.5 2.0 1.6 11.8 18.9 1.0 1.53

From Table 1, it can be seen that the contents of Al,Os, Si0;, and Fe,O; in the bauxite are 43.38 %,
2.55 %, and 26.67 %, respectively. The contents of phosphorus, vanadium, and gallium are
0.081 %, 0.067 %, and 0.0071 %, respectively. From Table 2 and Figure 1, it can be seen that the
bauxite is a gibbsite-boehmite mixed bauxite, with a content of 59.5 % and 1.5 % for gibbsite and
boehmite, respectively. The siliceous minerals are mainly kaolinite and quartz, with contents of

382




TRAVAUX 53, Proceedings of the 42nd International ICSOBA Conference, Lyon, 27 - 31 October 2024

2.0 % and 1.6 %, respectively. The iron-bearing minerals are mainly aluminium goethite and
hematite, with contents of 18.9 % and 11.8 %, respectively.
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Figure 1. XRD pattern of Guinea bauxite.

The liquor used in the experiment is an industrial sodium aluminate solution, with total alkali
(NaxOr), caustic alkali (Na>Ok), and alumina (Al,Os3) concentrations of 245 g/L, 223 g/L, and
125 g/L, respectively, and a molecular ratio of 2.93.

2.2 Test Method

The digestion test uses a Y-shaped molten salt/glycerol extractor with 6 steel bullets built-in, with
a temperature control accuracy of + 1 °C and a steel bullet speed of 30r/min. Calculate the amount
of bauxite according to the molecular ratio of the Bayer process digestion ingredients, and weigh
the qualified bauxite into the steel bullet. At the same time, add a certain amount of sodium
aluminate solution, seal the steel ball, and put it into a preheated heating furnace at the test
temperature, and start stirring. After the digestion reaches the predetermined time, the steel bullet
is taken out for rapid cooling, and the digestion slurry is filtered and separated. The obtained red
mud is washed with hot water and dried in a drying oven. After drying, the chemical composition
of the red mud is analyzed, and the filtrate is analyzed for total alkali, caustic alkali, and alumina
concentration.

Based on the current usage status of Guinea bauxite, the influence of different digestion
temperatures of 145, 240 and 260 °C on the digestion rates of alumina, phosphorus, vanadium
and gallium were experimentally studied. At the same time, the new Guinea bauxite high-
efficiency digestion technology (short for NGDT) developed by Chinalco Zhengzhou Non-
ferrous Research Institute was compared.

The actual digestion rate of alumina is described by:

Ny = (A/F)Bi(A/F)R x100%

(4/F), 0
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Where:
(A/F)s = Mass ratio of Al,Os to Fe,Os in bauxite;
(A/F)r = Mass ratio of Al,Os to Fe,Os in red mud.

The phosphorus, vanadium and gallium digestion rates are respectively described by:
(P/F)AP/F),

N, = —2———2x100%
(P/F), ?)
n, = (V/F)yi(V/F)R x100%
V/F), 3)
re. = (Ga/ F)AGa/F), 100

Where:
(P/F)B, (V/F)s, (Ga/F)g = Mass ratio of P to Fe,Os, V to Fe;03, Ga to Fe,Os in bauxite.
(P/F)r, (V/F)r, (Ga/F)r = Mass ratio of P to Fe,Os, V to Fe;O3, Ga to Fe;Os in red mud.

3. Results and Discussion

3.1 The Influence of Digestion Process on the Digestion Rate of Alumina in Guinea
Bauxite

For Guinea bauxite, the low-temperature Bayer digestion process is currently widely used. But
some alumina companies in China also use medium to high temperature digestion processes to
recover a small amount of boehmite from bauxite. Therefore, the influence of different digestion
processes on the digestion rate of alumina in Guinea bauxite was studied, and the results are
shown in Figure 2.

From Figure 2, it can be seen that when the digestion temperature is 145 °C, as the digestion time
increases from 30 to 60 minutes, the alumina digestion rate shows a slightly decreasing trend,
from 89.7 % to 89.25 %. The main reason explaining this trend is that gibbsite is easy to digest
and has completely digested within 30 minutes. Continuing to extend the digestion time, the
silicon in the digestion solution undergoes desilication reaction to produce sodium aluminate
silicate with the red mud discharge, causing loss of alumina and decrease of alumina digestion
rate [8]. Therefore, when the digestion temperature is 145 °C, a digestion time of 30 minutes is
sufficient.

When the digestion temperature is 240 °C, as the digestion time increases from 10 to 60 minutes,
the alumina digestion rate shows a slightly higher trend, increasing from 90.76 % to 91.28 %.
Compared with the digestion temperature of 145 °C, the digestion rate of alumina increases by
about 1-2 percentage points. The main reason explaining this increase is that by increasing the
digestion temperature, some boehmite is digested, and with the prolongation of digestion time,
more boehmite is digested, resulting in an increase in the digestion rate of alumina.

When the digestion temperature continues to rise to 260 °C, the digestion rate of alumina further
increases. However, as the digestion time extends from 10 to 60 minutes, the digestion rate of
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alumina does not change much, mostly around 91.8 %. When the digestion temperature is 260 °C
and the digestion time is 10 minutes, almost all of the boehmite has been digested.

Considering the high price of Guinea bauxite, in order to reduce bauxite consumption and
production costs, Chinalco Zhengzhou Non-ferrous Research Institute has developed a new
Guinea bauxite high-efficiency digestion technology (NGDT). The principle of the technology is
to transform the aluminium goethite and dissolve the alumina in the aluminium goethite by adding
additives. Theoretical calculation shows that the alumina content of aluminium goethite in Guinea
bauxite is about 2% of the total ore, and if this part of alumina is digested, the digestion rate of
alumina is expected to increase by 4 percent. From Figure 2, it can be seen that using this
technology, as the digestion time is extended from 10 to 30 minutes, the alumina digestion rate
significantly increases from 90.76 % to 93.57 %. Continuing to extend the digestion time to
60 minutes, the alumina digestion rate slowly increases to 93.75 %. Compared with the digestion
temperature of 145 °C, the digestion rate of alumina significantly increases by about
4-5 percentage points, and the bauxite consumption reduce by more than 100 kg per tonnes of
alumina. This technology has significant technological advantages compared to conventional
digestion technology for Guinea bauxite.
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Figure 2. Influence of different digestion processes on the digestion rate of alumina from
Guinea bauxite.

3.2 The Influence of Digestion Process on Phosphorus Digestion Rate in Guinea Bauxite

The phosphorus content in Guinea bauxite is relatively high. Considering its harm in the
production process of alumina, the influence of different digestion process conditions on its
digestion rate was experimentally studied. The results are shown in Figure 3, where it can be seen
that when the digestion temperature is 145 °C, as the digestion time increases from 30 to 60
minutes, the phosphorus digestion rate shows an increasing higher trend, with a maximum rate of
~55 %. As the digestion temperature increases, the digestion rate of phosphorus also increases.
When the digestion temperature is 240 °C, the digestion rate of phosphorus is ~ 65 %, and when
itis 260 °C the digestion rate of phosphorus is ~ 70 %. By adopting the new Guinea bauxite high-
efficiency digestion technology, phosphorus enters the red mud as a compound and the digestion
rate of phosphorus in Guinea bauxite significantly decreased, and with the digestion time
extended from 10 to 60 minutes, the digestion rate of phosphorus decreased from 15 % to 12 %.

385



TRAVAUX 53, Proceedings of the 42nd International ICSOBA Conference, Lyon, 27 - 31 October 2024

100

] —m— 145°C

90 —e—240°C
| —4A—260°C

804 —v— NGTD

2 A

@ 70

T | . . e —

5

> 50 S

© 4

S 404

—_

5 )

o 30

[%]

8 )

£ 204
ol VYV v v
0. 1 " 1 L L . L * I ’ I

10 20 30 40 %0 %0

Digestion time/min
Figure 3. Influence of different digestion processes on phosphorus digestion rate
in Guinea baucxite.

3.3 The Influence of Digestion Process on the Vanadium Digestion Rate in Guinea
Bauxite

The influence of different digestion processes on the digestion rate of vanadium in Guinea bauxite
was simultaneously investigated under different digestion temperature conditions, and the results
are shown in Figure 4. It can be seen that when the digestion temperature is 145 °C, as the
digestion time increases from 30 to 60 minutes, the digestion rate of vanadium in Guinea bauxite
gradually increases from 23 % to 26 %. When the digestion temperature rises to 240 °C, the
digestion rate of vanadium is about 34-36 %. With the extension of digestion time, the digestion
rate of vanadium does not change much. When the digestion temperature continues to rise to
260 °C, the digestion rate of vanadium slightly increases. As the digestion time extends from 10
to 60 minutes, the digestion rate of vanadium slowly increases from 36% to 40 %. By adopting
the new Guinea bauxite high-efficiency digestion technology, the digestion rate of vanadium in
Guinea bauxite has significantly increased to over 50 %.

The purpose of the initial research on the high-efficiency digestion technology of Guinea bauxite
is to improve the digestion rate of alumina and reduce the bauxite consumption, but in the process
of research, it is found that this technology can not only improve the digestion rate of alumina,
but also improve the digestion rate of vanadium and gallium in Guinea bauxite. The reason may
be that the occurrence state of vanadium in Guinea ore is related to iron minerals, and aluminium
goethite promotes the digestion of vanadium in the conversion process. The specific reasons need
to be further studied.
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Figure 4. Influence of different digestion processes on the digestion rate of vanadium in
Guinea bauxite.

3.4 The Effect of Digestion Process on Gallium Digestion Rate in Guinea Bauxite

Currently, about 90 % of the world’s metallic gallium is recovered from the production process
of alumina. It is of great significance and requires to pay attention to the extraction behaviour of
gallium in the alumina production process. Therefore, the influence of different production
processes on the digestion rate of gallium in Guinea bauxite was experimentally studied, and the
results are shown in Figure 5.
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Figure 5. Influence of different digestion processes on the digestion rate of
gallium in Guinea bauxite.
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From Figure 5, it can be seen that when the digestion temperature is 145 °C, as the digestion time
increases from 30 to 60 minutes, the digestion rate of gallium in Guinea bauxite is about 60 %.
As the digestion temperature increases, the digestion rate of gallium shows a slight upward trend.
When the digestion temperature is 240 °C, the digestion rate of gallium is about 64 %. When the
digestion temperature continues to rise to 260 °C, the digestion rate of gallium increases to about
65 %. The digestion time has little effect on the digestion rate of gallium. By adopting the new
Guinea bauxite high-efficiency digestion technology, the digestion rate of gallium in Guinea mine
significantly increased to over 80 %, and as the digestion time increased from 10 to 60 minutes,
the digestion rate of gallium in Guinea mine increased from 80% to 82.89 %.

4. Conclusion

At a low temperature of 145 °C, the gibbsite from Guinean bauxite is completely digested after a
digestion time of 30 minutes. Extending the digestion time slightly reduces the alumina digestion
rate. When raising the digestion temperature to 240 °C, in addition to gibbsite, some boehmite
also digested, and the digestion rate of alumina increases by 1-2 percentage points. Raising the
digestion temperature to 260 °C, allows both gibbsite and boehmite to be completely dissolved in
about 10 minutes. Compared with the digestion temperature of 240 °C, the digestion rate of
alumina increased again. The new Guinea bauxite high-efficiency digestion technology
developed by Chinalco’s Zhengzhou Non-ferrous Research Institute significantly increases the
alumina digestion rate after a digestion time of more than 30 minutes. Compared with the low
temperature of 145 °C, the alumina digestion rate increases by 4—5 percentage points and the
bauxite consumption decreases by more than 100 kg/t Al,Os.

When the conventional low temperature of 145 °C is used for digestion in Guinea bauxite, the
digestion rates of phosphorus, vanadium, and gallium are 55 %, 23-26 %, and 60 %, respectively.
As the digestion temperature increases, the digestion rates of phosphorus, vanadium, and gallium
all show an increasing trend. By using the new Guinea bauxite high-efficiency digestion
technology, the phosphorus digestion rate has significantly decreased to 12—15 %, with a decrease
of about 75 %. The digestion rates of vanadium and gallium significantly increased to 50 % and
80 %, respectively, with increases of over 50 % and 30 %, respectively.

The new Guinea bauxite high-efficiency digestion technology can effectively improve the
digestion rate of alumina and valuable metals such as vanadium and gallium in Guinea mine,
while significantly reducing the digestion rate of phosphorus, which is beneficial for reducing
bauxite consumption, promoting the extraction of valuable elements in the alumina production
process, and avoiding excessive phosphorus content in alumina products. This is of great
significance for the economic and efficient utilization of Guinea bauxite.
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