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THE COMPARISON OF THE BAYER PROCESS WASTES ON THE BASE
OF CHEMICAL AND PHYSICAL PROPERTIES

ES
A. Atasoy
University of Sakarya, TEF, Extractive Metallurgy Division, Esentepe, 54187 Adapazari, Turkey

In this work, the waste materials from the Aughinish (in Ireland) and the Seydisehir (formerly ETI Aluminium Inc. in Turkey)
alumina plants were compared on the base of chemical and the physical properties using thermal analysis, XRD and SEM
techniques. The results were shown that there are big differences in the chemical compositions of the red mud waste as well as the
physical properties. It was found that the Seydisehir red mud is more feasible for recovery of iron, but the Aughinish sample
contains more titanium oxide than the Seydisehir one. There are also some variations in the Bayer process of the plants since the

calcium and sodium oxides of the waste were different percentages.
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eglntroduction

Bauxite is main ore for production of alumina by
using the Bayer process [1]. The colour of the ore
shows the iron content of it. Generally, it founds in
tropical countries [2—4]. It consists of hydrated oxides
of alumina mixed with iron oxide, silica, calcium
oxide and other minor constituents which are
separated as an insoluble waste after the recovering of
hydrated alumina from the Bayer process [2-5].

[A1,05-nH,0]+[Na(OH)-3H,0]=
NaA1203(OH)+(3 +n)H20+red mud(msoluble) ( 1 )

The reaction given above can be explained of the
formation of soluble sodium aluminum hydroxide and
the generation of the insoluble solid residue in the pro-
cess. During the production of one tone of alu-
mina, 1.5 t. of solid waste generates which is called red
mud. Consequently, there are millions tones of red
mud storaged beside of plants, in disposal areas [4],
which create lot of problems [4—-6]. On the other hand,
red mud contains considerable amount of un-recovered
alumina, iron oxide and titan. In some of red muds,
there are considerable amount of rare earth clements,
such as Zr, U, Nb, V and Th [7, §8]. It has been reported
that the percentages of rare elements in the red mud are
higher when compared with their average distribution
in the earth crust [6]. There are many attempts concern-
ing extraction of valuable oxides or utilisation of red
muds have been put forward in building materi-
als [9—12], metallurgical [13—16], or chemical [17] and
other applications [18, 19].

* aatasoy(@sakarya.edu.tr

1388-6150/$20.00
© 2007 Akadémiai Kiado, Budapest

The mineralogical composition of red mud de-
pends on bauxite and the Bayer process. There are sev-
eral investigations on the mineralogical composition of
the red muds [20, 21]. Hematite is main and dominant
phase in the presence of alumina phases either gibbsite
(AI(OH);) or boehmite, AIO(OH).

It is possible to characterize red mud by thermal,
chemical, physical and morphological properties using
various characterisation methods. Some fundamental
studies concerning the characterisation of red mud by
the TG/DTA analysis are available [22, 23]. Generally,
three endothermic peaks were determined on DTA
curve at temperatures between 280-350°C, in presence
of goethite phase. The first peak was attributed to
goethite phase and the second and the third peaks were
attributed to the loose of water from gibbsite and
goethite. It was reported that the Aughinish red mud
sample has three endothermic peaks within the
250-350°C temperature ranges [21]. Those peaks indi-
cate lost of water from goethite and gibbsite.

In the present work, the comparison of the
alumina wastes from different plants was made based
on the characterisations, thermal analysis, particle
size and morphology of the red mud samples. The
work was carried out by using X-ray diffraction,
scanning electron microscope, simultaneous thermal
analysis methods.

Experimental

In this work, two different Bayer waste materials, from
the Aughinish alumina plant (Shannon, Limerick-Ire-
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land) [24] and the Seydisehir alumina plant
(Seydisehir, Konya-Turkey) were studied. The both
samples were mixture of solid and water in different
percentages.

Thermal analysis of the Aughinish red mud was
carried out on a Seiko SSC/5200 thermal analysis sys-
tem. X-ray diffraction analysis was performed on a
Philips 3020 diffractometer CuK, equipped with a
graphite monochromator. Philips 525 scanning elec-
tron microscope (SEM) was used for particle and sur-
face morphology of the Aughinish red mud sample.
The experiments on the Aughinish red mud sample
were carried out in the laboratories in the Manchester
Materials Science Centre-UMIST.

The chemical analysis and surface morphology
of the Seydisehir red mud sample was performed on a
JOEL JSM-6060LV (SEM) scanning electron
microscope equipped with an energy dispersive
analytical X-ray (EDAX) system. Simultaneous
thermal analysis TG/DTA measurement was provided
from elsewhere [25] in the range 20-1200°C in air
atmosphere condition. X-ray diffraction analysis of
the Seydisehir red mud sample was carried out on a
Rigaku-DMAX 2200 diffractometer. The crystalline
phases in the red mud samples were identified using
the data to powder diffraction files complied by
JCPDS. The experiments on the Seydisehir red mud
sample were carried at the University of Sakarya.

The more details, regarding the physical, chemi-
cal and mineralogical properties of the Seydisehir red
mud were presented and compared with the previous
study on the Aughinish red mud sample [20] in the fol-
lowing part of the work.

Results and discussion

There are some differences in production capacities
and bauxite source between two plants. The annual
alumina production capacity of the Aughinish alumina
plant is around 1000000 t. While, the Seydisehir ca-
pacity is 200000 t which equals to 1/5 of the Aughinish
plant. The Aughinish alumina plant imports its bauxite
requirement from Guinea in West Africa [24], but the
bauxite requirement in the Seydisehir alumina plant
extracts it from local sources.

The chemical composition of the bauxites is
presented in Table 1. As seen from the table, the
aluminium oxide content of the ores are almost the
same, but some differences with the minor

Table 1 The chemical composition of the bauxite ores used

Oxides Aughinish [24] Seydisehir [26]
Al O, 56.2+3.9 57.00
Fe,0; 10.244.13 17.5

TiO, 4.0+1.2 2.5
Si0O, 1.4+1.6 8.00
CaO 0.07+1.2 0.75
Na,O — _

other - -

total 78.6+13.4 87.75
L.O.L 7.9 12.5

constituents or the insoluble residue content has been
seen. Especially, the silica content in the Seydisehir
bauxite is 5 times higher than the Aughinish Alumina
Plant ones. The iron ratio in the Seydisehir bauxite is
also higher than the bauxite used in the Aughinish
plant. Calcium oxide percentage is quite low in both
bauxite ores. It is added during the process to remove
unwanted carbonates and phosphates. As expected
the variations in the bauxite compositions in turn
alters the condition of the Bayer process and
parameters such as temperature and pressure, amount
of caustic soda addition.

After the recovery of aluminium oxide content of
the bauxites, the percentages of the unwanted oxides
are increased to the levels presented in Table 2. As
expected Fe,0s, Al,O3, Si0O,, TiO,, CaO and Na,O
present in the both of the samples with various per-
centages. The un-recovered aluminium oxide was one
of the major oxide in the both red mud samples, but
alumina content is lower in the Seydisehir red mud
sample (20.24%) than the Aughinish one (23.6%).
There are large differences in the titanium content of
the red mud samples which is very important for the
utilisation of red mud for extraction of pigment from
it. The Aughinish red mud sample has high titan
content (17.85%) compared with the analysis of the
Seydisehir red mud (4.15%). It comes from bauxite
ore. It is possible to suggest that the use of the
Seydisehir red mud for production of iron is more
feasible than the Aughinish red mud.

Silica and calcium oxide content are also
important to show the Bayer process variations in the
plants. Calcium oxide is added during the Bayer
process to facilitate unwanted carbonates. As seen
from Table 1, there is no sodium oxide content in the
bauxites although it has been detected in the red mud
wastes Table 2. Sodium oxide is added to recovery of

Table 2 The basic composition of the red muds generated in the plants

Sample/oxide% Al,O4 Fe,04 TiO, SiO, CaO Na,O other total
Aughinish 23.6 30.4 17.85 9.65 6.4 53 6.8 100
Seydisehir 20.24 39.84 4.15 15.24 1.80 9.43 0.48 100
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aluminium content of the bauxite ore. The Seydisehir
red mud sample has higher sodium hydroxide content
than the Aughinish sample. There are proportional
relationships between sodium content of the waste
with the un-recovered aluminium hydroxide content.
It is clear that there is some portion of unrecovered
sodium aluminates content in the both red mud
samples. The differences in the sodium content of the
sample may come from the variations of the washing
units. The improvements in the washing operation or
rewashing and filtering, can used for recovery of
valuables sodium aluminates content of the red mud.

Iron oxide, alumina and titan can be defined as
valuable oxide in the red muds. The total percentage of
these valuable oxides is approximately 75% in the
Aughinish sample and nearly 65% in the Seydisehir
sample. The red mud waste from the both plants is a
potential resource for production of one or more ox-
ides. The utilisation of the Aughinish red mud can be
used for extraction of iron oxide or ferrotitanium. After
the removing of iron content of the red mud, the re-
mained solid residue can be used as a raw material in
ceramic production. However, the Seydisehir red mud
seen more beneficial for the production of iron. It is
seen that the Seydisehir red mud is more useful in met-
allurgical applications than the Aughinish sample.

The mineralogical compositions of the samples
were determined using X-ray diffraction analysis
(Figs 1 and 2). The identified mineral phases in the
Seydisehir red mud are Hematite (Fe,Os; card
no. 33-0664), Gibbsite (AI(OH); card no. 33-180),
Sodalite (NagAlgSigOy4 card no. 16-0612), Calcium
Silicates (CaSiO; card no.), Boehmite (AlIO(OH) card
no. 21-1307), Goethite (FeO(OH) card no. 26-0792),
Sodalite (Na,O-Al,05-Si0,, card no. 16-0612), Cal-
cium Aluminum Silicate (Ca,Al,(SiO4)(OH)g card
no. 03-0798). The Aughinish red mud contains more
mineral phases than the Seydisehir red mud. Addition
of these, rutile (TiO, card no. 21-1276), perowskite
(CaTiOy, card no. 22-0153) and quartz (SiO,, card
no. 18-1166) are present in the Aughinish sample.
Since calcium oxide content of the Aughinish red
mud is high, it reacts with titanium oxide for the for-
mation of calcium titanate. The mineralogical compo-
sitions of the red muds can be changed by the type of
bauxite used in the plants and the Bayer process
parameters.

A comparison of Figs 1 and 2 indicate that there
were large pattern differences between red mud
samples. It is clear that, the formation of new phases
is dominant in the Aughinish red mud sample. But the
old phases are major peaks in the SRM sample. As
predicted hematite was one of the major phase in the
both samples, but it was dominant in the Seydisehir
ones. Boehmite and gibbsite are also determined in
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Fig. 1 X-ray diffraction patterns of the Seydisehir sample
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Fig. 2 X-ray diffraction pattern of the Seydisehir red mud

the red mud. These mineral phases come from the
bauxite used in the plants. The determined old
mineral phases were directly transferred to the red
mud from the bauxite ores without any change.
According to the XRD pattern of the samples, CaO,
Na,O and SiO, were found in the form of calcium
silicate, sodium titan and sodium silicate, as a result
of the costic soda leaching.

To be understood the thermal behavior of the
samples and any reactions were carried out during the
heating thermogravimetric analysis (TG) and
differential thermal analysis (DTA) is most powerful
and common method. The simultaneous TG/DTA
curves for each red mud sample are presented in
Figs 3 and 4. It is possible to compare the DTA curves
of the red mud samples on the number of endothermic
peaks and temperatures. Since the chemical compo-
sitions of the samples vary, the TG/DTA curves of
them will be different form. As seen from the curves,
there are some variations in the size of the endo-
thermic peaks as well as temperatures. There are
series of endothermic peaks within 250-300°C
ranges, a small peak at temperature 500°C, another
visible peak at around 1150—1200°C in the Aughinish
red mud sample. They may be small peak as inflection
of variable size on the peaks. The endothermic peak
at 250-300°C can be related with the decomposition
of gibbsite to form x-Al,O;. There are series of
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Fig. 3 TG/DTG and DTA curves of the Aughinish red mud [20]
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Fig. 4 DTA/TG analysis of the Seydisehir red mud sample [25]

transformation in alumina until corundum structure
which covers temperature between 250-900°C.

gibbsite—>y%-AlL,O;>Kk-ALO;—a-ALO;  (2)

gibbsite—>boehmite—»y-Al,0;—5-A,0;—
0-Al,03—corundum 3)

vy-Al(OH)3, y-Al(OH), a-Al,05

As seen above equations, gibbsite partially
dehydroxylates to boehmite at temperature 270°C and
the remained part of the gibbsite goes to a transition
of alumina at 314°C. There are different suggestions
on the DTA curve of the gibbsite [22-24].

The differential thermal analysis curve of the
Seydisehir red mud is given in Fig. 4. There are
visible differences on the DTA curves of the samples.

156

Fig. 5 SEM pictures of the Aughinish red mud sample

The endothermic peaks coccur at temperatures 145,
287, 514, 574 and 726°C. The first peak at 145°C is
related with the evaporation of physical water content
of the red mud. The second peak at 287°C
corresponds gibbsite decomposition to boehmite. The
peak around 730°C could be related with the
decomposition of calcite phase in the sample. Any
observed endothermic peaks above 800°C could be
explained by decomposition of sodalite phases in the
red mud sample. Quartz shows also transition at
around 550°C. Above 1000°C, there may be formed
new phases, such as Fe,TiO4, as a result of the
reactions between iron oxide and titanium oxide. The
small endothermic peaks can be explained with the
loose of water form or any volatile content of the
mineral phases such as CaCO;. The dehydration of
goethite FeO(OH) in the red mud takes place
according to the following reaction.

goethite—hematite+water @)

2FeO(OH)(s)—>Fe;03(5tH0(g)

Thermogravimetric curves of the samples are
given in Figs 3 and 4. It can be seen that there is very
fast mass loss up to 150°C which corresponds 8%. At
this temperature the mass loss of the sample can be
explained with the loss of physical water content of
the sample. At temperature within 150-300°C the
mass loss of the sample is around 5% which is
associated with the loss of water from the gibbsite and
goethite phases. The total mass loss of the Seydisehir
red mud sample is around 19% is higher than the
Aughinish red mud with the value of 10%. The
summary of the thermogravimetric and differential
thermal analysis of the red mud samples was
presented in Table 3.

The SEM micrograph of the samples were pre-
sented in Figs 5 and 6. As seen from the pictures that
the both samples are composed of very fine particles
The particles have rounded and flakes shapes. The par-
ticle size range a few micron to 10 microns. The
Seydisehir red mud has coarse particle as the

200 kY S
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Fig. 6 SEM pictures of the Seydisehir red mud sample

Table 3 Summary of the thermal analysis of the samples

Peaks and mass loss Temperature/°C Explanations
Endothermic (Aughinish)
1. peak 271
2. peak 314 Dehydration of
3. peak 358 : . .
Formation of boehmite and y-alumina
4. peak 360 Decomposition of goethite to hematite
5. peak 570 P &
6. peak 900
7. peak 1150
Endothermic (Seydischir) Evaporation of the physical water
1. peak 145 oy s
Gibbsite decomposition
2. peak 280 . I,
Boehmite decomposition
3. peak 514 . .
Diaspora formation
4. peak >74 Calcite decomposition
5. peak 726 p
Mass loss — Aughinish
1. region 0-230 1.3%
2. region 230-280 1.7%
3. region 280-360 2.5% The regions were assumed to
4. region 360480 1.3% &
. o according to the slope of the
5. region 480-550 0.8% TG curves in Fie. 3
6. region 550-1150 2.1% &
7. region 1150-1200 0.2%
8. region 7<1200 0.3%
total 10.2%
Mass loss — Seydisehir
1. region 0-150 5%
2. region 150-260 4%
3. region 260-300 2%
4. region 300-530 2% The regions were assumed to
5. region 530-580 1% according to the slope of the
6. region 580-700 1.5% TG curves in Fig. 4
7. region 700-780 1.5%
8. region 780-980 1%
9. region 980-1200 1%
total 19%
Conclusions

Aughinish sample. The coarse particle would represent
iron and other unchanged minerals during the Bayer
process. The density of Seydisehir red mud was found
to be 3.05 g cm > which is denser than the Aughinish
red mud sample (2.85 g cm™). It is possible to sugget
that, the differences in density of the sample come
from the differences in the chemical compositions of
the samples.

J. Therm. Anal. Cal., 90, 2007

The chemical, mineralogical and thermal evaluations
of two different red mud samples were made in this
work by different characterisation methods. There are
big differences in the origin and the chemical
composition bauxites used in the plants. The ores are
determined the Bayer process parameters and caustic
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soda addition. There are huge gap in the annual
capacity of alumina production of the plants which
result generation of large amount of red mud waste.
There are slight changes in the aluminum hydroxide
content of the ores, but the titanium oxide content of
the ores is different.

The wastes from the plants contain considerable
amount of valuable oxides which are un-recovered alu-
mina, iron and titanium oxides. Iron oxide is dominant
phase in the both samples but the Seydisehir red mud
sample can be more feasible in the metallurgical appli-
cation. On the other hand, the recovery of titan is more
economical in the Aughinish red mud. The variations
in Na,O and CaO content of the samples indicate that
there are differences in the operation parameters of the
plants since they are added to recovery of aluminum
content in the bauxite ore and to increase the efficiency
of the Bayer process.
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