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Abstract:

Introduction/purpose: Bauxite residue as a waste product from the
aluminium industry produced through the Bayer process is mainly
composed of iron oxide, titanium oxide, silicon oxide and undissolved
alumina together with a wide range of other oxides and a minor content of
rare earth elements, gallium, vanadium and scandium, which vary
according to the country of origin of the bauxite. The extraction of valuable
elements from bauxite residues and the minimisation of bauxite residues
during different treatments are an open research field.
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Methods: Different hydrometallurgical and pyrometallurgical methods were
used for the treatment of bauxite residues. In this study, the results of the
hydrometallurgical treatment of bauxite residue from Alumina Zvornik using
sulfuric acid and hydrochloric acid will be shown in order to study the
change of the mineralogical composition. Leaching efficiency will be
calculated using the ICP OES analysis. The XRD-Analysis was used for the
characterization of the initial material and solid residues studying the
change of the mineralogical phases.

Results: Leaching of bauxite residues with sulphuric and hydrochloric acid
leads partially to the change of mineralogical structure and the transfer of
elements into a liquid phase. Natural precipitation of iron is observed over
time. Silica gel formation is confirmed during leaching of bauxite residues
with hydrochloric acid.

Conclusion: A new research strategy for treating bauxite residue is needed
in order to ensure a complete change of the initial minearlogical structure
and the most efficient transfer of metals into a liquid phase.

Key words: bauxite residues, aluminium, hydrometallurgy, acid,
recycling, rare earth elements.

Introduction

The Bayer process is a traditional industrial method for the production
of alumina from bauxite ore. The chemical quality of precipitated aluminum
hydroxide, and consequently the final alumina product in the Bayer
process directly depends on the level of impurities in a refinery’s Bayer
liquor. Under optimal reaction parameters (temperature and time), it is
possible to remove iron, zinc and copper from the Bayer liquor using a
precipitation agent such as calcium hydroxide with an efficiency of more
than 90%, in such a way that the treated solution is still economically
usable in the following stages of processing while obtaining different types
of aluminum trihydrate. (Damjanovic et al, 2020)

In Europe, alumina refineries operate in Bosnia and Herzegovina
(Alumina, Zvornik), France, Hungary, Germany, Greece, Ireland (AAL),
Romania (ALUM), Spain and Ukraine, while significant BR deposits from
refineries that have stopped their operations (legacy sites) exist in former
Yugoslavia (Podgorica, Kidricevo, Mostar, Obrovac), Italy, France (RT),
Germany, Hungary and other countries. The current BR production level
in the EU is 6.8 million tonnes per year while the cumulative stockpiled
level is a staggering >250 million tonnes (dry matter).

The mineralogical structure of bauxite residue, where nearly 80 %
consists of three of these phases: cancrinite, sodalite and hematite, is
shown in Table 1. (Castaldi et al, 2008)
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Table 1 — Typical mineralogical structure of bauxite residue (in wt. -%)
Tabnuua 1 — Tunu4HbIl MUHepanoau4yeckuli cocmag 60Kkcumogozo wiama (8
POYEHMHOM COOMHOWEHUU)

Tabena 1 — TunuyHa MUHepasicka cmpykmypa 6oKcumHux ocmamaka (y mexuHCKUM

npouyeHmuma)

Cancrinite [NasCai 5AleSis024(CO3)1.6]: 29.0-33.0
Sodalite [Nas(Cl,OH)2AleSisOz24]: 16.0-24.0
Hematite [Fe203]: 27.0-29.0
Boehmite [AIO(OH)]: 5.0-6.0
Gibbsite [AI(OH)3]: 4.0-5.0
Anatase [TiO2]: 5.0
Andradite [Ca-Fe-Al-Si oxides]: 4.0
Quartz [SiO2]: 2.0

Bauxite residues contain scandium and gallium (Approx. 50-150 ppm)
and up to an order of magnitude higher for elements such as: vanadium
and rare earths elements (0.05-0.5 %). Since 1991, MYTILINEOS,
Greece, has been doing pioneering research on BR handling and reuse,
focusing initially on massive low value applications such as use as a raw
material for geopolymer bricks, cement clinker production, iron production,
bricks and tile production, soil remediation (vegetation), extraction of rare
earth elements, and road substrate.

Due to the generation of large amounts of bauxite residue (red mud),
an alternative method, called the Pedersen Process was considered in
order to prevent bauxite residue generation (Lazou et al, 2020). In the
conventional Pedersen Process, iron in bauxite is separated in the form of
pig iron through a carbothermic smelting-reduction step which has a
carbon dioxide emission similar to that during conventional iron production
In order to eliminate the carbon dioxide emission of this step, the focus of
their work was to reduce the iron oxides of bauxite ore by hydrogen gas
prior to smelting and minimizing the use of solid carbon materials for the
reduction. Calcination and reduction of bauxite ore by hydrogen was
studied by the thermogravimetry method supported by the microstructural
and phase analysis confirming that the reduction of hematite to magnetite
and magnetite to iron starts at temperatures below 560 °C with a slow rate
and is faster at higher temperatures. At higher temperatures, i.e., 860, 960,
and 1060 °C, the formation of hercynite (FeAl,O,) retards the complete
reduction to metallic iron.

The possibilities to recover rare earths from bauxite residues, which
commonly contain only low concentrations of rare-earth elements, but are
available in very large volumes and could provide significant amounts of
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rare earths to European countries are the main research subject of the
European funded projects (EURARE; REMOVAL, SCALE, REDMUD) in
the last ten years. The extraction rate of the rare earth recovery from these
industrial waste streams is a part of a comprehensive, zero-waste,
“product-centric” valorisation scheme, in which applications are found for
the residual fractions that are obtained after removal of not only the rare
earths but also other critical metals such as scandium, vanadium and
gallium and especially the base elements: aluminium, titanium and iron
(Binnemans et al, 2015).

Unfortunately, the extraction of aluminium, iron and titanium from
bauxite residue under acid leaching is limited due to an insufficient amount
of acidic solution from leaching caused by the polymerization of silica
(Rivera et al, 2017). Kinetic studies have demonstrated that, at constant
temperatures, silica dissolution increases with increasing acid
concentrations, but it decreases when the temperature is increased and
the acid concentration is reduced. This is due to the enhancement in the
solubility of monomeric silicic acid formed during acidic leaching. The
control mechanismes of silica dissolution have been described according to
the shrinking core model by a chemical reaction stage, i.e., silica
polymerization, followed by a diffusion stage, because of the silica gel
adsorbed on the surface of the particles that limits the metal extraction.
The recovery of iron, titanium, aluminium, and rare earth elements from
bauxite residues preventing silica gel formation was performed using the
dry digestion process with sulphuric acid and hydrogen peroxide (Alkan et
al, 2018). The operational parameters were investigated and the addition
of 2.5M hydrogen peroxide into 2.5M sulfuric acid was decided to be the
best leaching condition to have favored quartz formation with a
suppressed rhomboclase precipitation. Since the leaching reactions are
mainly controlled by diffusion, no significant increase in the efficiencies
was observed after 30 minutes of leaching. While Si gel was not formed in
the oxidative environment, high titanium extraction from bauxite residue
was only achieved when hydrogen peroxide was introduced into the acidic
solution.

The combined pyrometallurgical and hydrometallurgical treatment of
bauxite residue for the recovery of valuable metals included firstly
carbothermic reduction (Xakalashe & Friedrich, 2018). The reductive
smelting of bauxite residue uses coke as the reductant between 1500 and
1550°C and acidic to basic fluxes to low temperature smelting and the
production of conditioned slag. Additional conditioning of bauxite residue
with basic oxygen furnace slag and bottom ash as fluxing agents in the
smelting process was performed in order to recover the valuable metals
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with the exclusive use of the secondary resources as slag formers (Lucas
et al, 2018). The final products based on aluminium, titanium, rare earth
elements and scandium were obtained after a hydrometallurgical
treatment using leaching, filtration, and precipitation (Yagmurlu et al,
2019).

The aim of this work is to offer the first information about the
characterisation of bauxite residue from Alumina, Zvornik, and study its
behaviour after a hydrometallurgical treatment using hydrochloric and
sulphuric acid under the atmospheric pressure in the absence of hydrogen
peroxide!

Methods

The mineralogical characterization of the samples was carried out
using the X-ray diffraction technique — XRD. After the measurement, we
processed the spectral images of the sample with the help of Difrac
software, EVA v 4.2.2. The obtained values d (28), which are characteristic
for each mineralogical phase, were compared with the literature data in
the existing database, and thus we identified the present crystal phases.

The sample preparation was performed in single steps. The samples
needed to be prepared so that their granulation was about 50um, so that
a flat-surface pallet could be made in polyethylene molds. In most
samples, it was difficult to fulfill this condition due to the hardness of the
samples that could not be prepared in the crucible. Regardless of the
difficulties, making a pallet that did not have a flat surface was successful.
The operational conditions are present in Table 2:

Table 2 — Operational data for the XRD-measurement
Tabnuua 2 — OnepamugHbie OaHHble 07151 PeHM2eHOCMPYKMYpPHO20 aHanu3a
Tabena 2 — OnepayuoHu nodayu KopuwheHu 3a peHO2eHOCMPYKMYpPHY aHanusy

Device | Model Producer | Current | Voltage | Time Range | step
per 20
step
XRD Endeavor | Bruker 40mA 35KV 40mA 10-90 0.5
D8

In order to determine the elements in the ppm range, the samples are
measured on the ICP-OES device, using an optical emission technique
that uses inductive-coupled plasma as a source. This technique is
intended for analysing trace elements and requires translating the sample
into an acidic solution. The sample preparation was performed using ISO
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6607-1985 method. The method involves the destruction of the sample
with three concentrated acids (sulfuric, nitric and hydrochloric) at the
beginning, and the treatment of the precipitate with hydrofluoric acid to
translate residual elements (except SiO,) into a solution. After this
preparation, a complete dissolution was expected. Total dissolution was
confirmed during the treatment of solid residue obtained in the leaching
experiments at 90°C.

Material

Due to its properties such as high alkalinity, bauxite residue can be
used as an input material in various neutralization processes. Three
different types of bauxite residue were compared, as shown in Table 3.

Table 3 — Chemical Composition of BR (Lucas et al, 2021)
Tabnuya 3 — Xumuyeckutli cocmae 6okcumosoeo wiiama (Lucas et al, 2021)
Tabena 3 — Xemujcku cacmas 6okcumHux ocmamaka (Lucas et al, 2021)

Percent Sc
(%) Fe20s | AlO3 CaO SiO2 TiO2 Na20 | Cr20s3 (ppm)
Germany 35.3 15.7 6.7 14.0 11.4 8.9 0.2 86
Greece 44.0 23.0 10.2 55 5.6 1.8 0.3 122
Zvornik 49.3 12.0 8.2 10.5 4.6 25 0.13 76

This table shows that the bauxite residue from Zvornik, Bosnia and
Herzegovina contains mostly iron oxide. The Greek bauxite residue
contains more scandium, aluminium oxide, and chromium oxide but
smaller content of sodium oxide than the German and Zvornik ones. The
bauxite residue from Germany is highly alkaline due to the presence of
sodium hydroxide from the Bayer process. Bauxite residue was provided
from Alumina Ltd, Zvornik, Bosnia and Herzegovina, as the starting raw
material. The Alumina factory has been in the continuous production mode
since October 6, 1978, and continuously processes bauxite and produces
alumina, hydrates, zeolites, and other related aluminosilicate
products. The Alumina company currently has about 1500 employees,
which is about 25 % of all employees in Zvornik. Alumina owns a red mud
disposal site located about 5 km from the factory. The transportation of the
red mud suspension from the factory to the landfill is carried out by suitable
pumps. The area of the red sludge landfill is about 1 km?, as shown in
Figure 1.
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Figure 1 — Area of the accumulated bauxite residue in Zvornik, Bosnia and Herzegovina
Puc. 1 - lNnowadk ckonneHuss 6boKcumogozo wiama 8 2.380pHUK, bocHusi u
lepuyezosuHa
Cnuka 1 — lNospwuHa akymynucaHoe 6okcumHoz ocmamka y 380pHuKy, bocHa u
XepuezosuHa

During the operation of the Alumina Ltd. company, about 19.4 x 106
m? of red mud suspension was disposed of. Depending on the quality of
bauxite, the amount of completely dry red mud typically ranges from 0.8 to
2 tons of tailings per ton of alumina produced. The Alumina Ltd. company
from Zvornik uses bauxite with a silicon dioxide modulus between 8.5 and
12. Accordingly, the amount of red mud that is separated and disposed of
at the landfill is about 1.0 - 1.2 tons per ton of Al,Os; produced, or
approximately 400,000 t / per year. The installed technical-technological
equipment at the clearing plant is of a continuous (uninterrupted) nature,
where there are five installed autoclave batteries of 11-12 interconnected
autoclaves in series (each autoclave has 50 m?3).
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The bauxite residue from alumina was filtrated, washed and dried at
105 °C for 24 h.The chemical composition of bauxite residue is shown in

Table 4.
Table 4 — Chemical composition of BR, Zvornik
Tabnuya 4 — Xumuyeckuli cocmas 60kcumogoeo wiiama 8 e.380pHUK
Tabena 4 — Xemujcku cacmag 60KCUMHUX ocmamaka y 380pHUKY

Ignition loss at 8,32 Gaz0s3 0,225
1000°C

SiO2 10,52 CuO 0,007
Fe203 49,29 K20 0,159
Na20O 2,45 TI203 0,088
TiO2 4,59 MnO 0,145
CaO 8,23 MgO 0,627
Al203 12,03 NiO 0,034
Ag20 0,001 PbO 0,019
BaO 0,014 P20s 0,930
Cr203 0,133 ' ZnO 0,016
Sc203 0,011 V205 0,135
C0203 0,012 SrO 0,075

One additional elemental ICP -OES analysis was performed in order
to establish the content of rare earth elements (REE) presented in Table 5:

Table 5 — Content of rare earth elements in BR, Zvornik
Tabnuua 5 — CodepxxaHue pedKo3eMeribHbIX 3/1IeMEeHMo8 bOKCUMmMo8o2o wiiama
8 2. 380pHUK
Tabena 5 — Cadpxaj enemeHama pemkux 3emasba y 60KCUMHUM ocmauyuma y 380pHUKY

Content | Pr Sc Y La Ce Nd Sm Th total
ppm 12 76 133 114 250 96 11 8 700

As shown in Figure 2, the XRD-analysis found the following phases:
hematite, perovskite, cancrinite, cancrinite, ilmenite, calcite, diaspore,
gibbsite, and hydrogarnet. Iron is available in the hematite and ilmenite
structures. Titanium is present in perovskite and ilmenite structures, while
aluminum is available in the structures of cancrinite, diaspore, boehmite,
gibbsite, and hydrogarnet.
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COD 5910082 Fe2 O3 HemaliteCOD 5910082

COD 9004427 Ca O3 Ti PerovskiteCOD 9004427

COD 9004241 AI3 Na4 014,35 Si3 CancriniteCOD 9004241
COD 9000814 Fe O3 Ti limeniteCOD 9000914

COD 9000095 C Ca 03 CalciteCOD 9000085

COD 1008750 Al H O2 DiasporeCOD 1008750

COD 9008237 Al H3 O3 GibbsiteCOD 9008237

:

V@q(f\’kguh *YJ ml

2Theta (Coupled TwoTheta/Theta) WL=1.78897

Figure 2 — XRD-analysis of BR from Zvornik
Puc. 2 — PeHmeaeHocmpyKkmypHbIU aHanu3 60Kcumogoeo wiiama 8 2. 380pHUK
Cnuka 2 — PeHOzeHocmpykmypHa aHanu3a bokcumHoa ocmamka u3 380pHUKa

COD 9015964 Fe2 03 HeMmatiteCOD 9015964
COD 9002801 Ca 03 Tl PerovskiteCOD 9002801
COD 9005158 AI35 Ca3 H9.785 012 HydrogamelCOD 9005158
COD 9000914 Fe O3 Ti limeniteCOD 8000914
COD 1008750 Al H 02 DiasporeCOD 1008750
COD 9008237 Al H3 03 GibbsiteCOD 9008237
: COD 9002158 Fe H 02 GoethteCOD 9002158
S0000— COD 9015659 AI3 Ca2 H 013 Si3 ZoisiteCOD 9015659

30000
Zﬂﬂmé

: l k N L,Lt}x MLL
10000 v L -

T T T T T T T T T T T T T
20 30 40 50 &0 70 80 a0

2
g

2Theta (Coupled TwoTheta/Theta) WL=176897

Figure 3 — XRD-analysis of solid residue after leaching with 1mol/L hydrochloric acid at

90 °C for 2 hours

Puc. 3 — PeHmeaeHoCcmpyKmypHbIU aHaiu3 meepdo2o wiiama rnocre ebiujesiaqyusaHusi

1 mornb/n consiHol kucriomai npu 90°C 8 meyeHue 2 yacoe
Cnuka 3 — PeHO2eHOCmpyKmypHa aHanu3a 4e8pcimoea ocmaimka rocsie fyxerba
1 Mol/L xnoposodoHu4Hom kucenuHoMm Ha 90°C, y mpajary 00 08a cama

COD 9005158 Al3.5 Ca3 H9.785 012 HydrogarnetCOD 9005158
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Experimental

The first experiments were performed in order to study the change of
the mineralogical structure during leaching experiments. The leaching was
performed using 1mol/l hydrochloric acid and 1mol/L sulfuric acid at 90 °C
with a solid/liquid ratio 1:10 and a mixing rate of 200 rpm for 2 hours. The
obtained XRD-analysis results are shown in Figures 3 and 4.

| COD 9015964 Fe2 O3 HematiteCOD 9015964
| COD 9002301 Ca 03 Ti PerovskiteCOD 9002801
| COD 9000914 Fe O3 Ti llmeniteCOD 9000314
COD 9000095 C Ca 03 CaldteCOD 9000035
| COD 1008750 Al HO2 DiasporeCOD 1008750
COD 9012247 Al HOZ2 BoehmiteCOD 9012247
COD 9002158 Fe H 02 GoethiteCOD 9002158
COD 1011081 Al H3 03 GibbsiteCOD 1011081
| COD 9000514 Al Ca H 05 Si VuagnatiteCOD 9000514
- 1 COD 9003337 Al0.114 Ca2 Fe1.886 O5 BrownmilleriteCOD 9003337
30000 | COD 1011087 02 Si Quartz lowCOD 1011097
- COD 9004096 Ca 04 S Anhy drite COD 9004096

| Ik LM@M@M

T T T T T T T T T T T T T T
20 30 40 S0 &0 70 80 90

40000-=

Counts

2Theta (Coupled TwoTheta/Theta) WL=178897

Figure 4 — XRD-analysis of solid residue after leaching with 1mol/L sulphuric acid at
90 °C for 2 hours
Puc. 4 — PeHmaeHocmpyKmypHbIU aHau3 meepdo2o wriama rnocie ebiujenaqueaHust
1 mone/n cepHou kucrnomsi pu 90°C 8 meyeHue 2 yacos
Cnuka 4 — PeHO2eHOCMpyKmypHa aHasiu3a 4epcmoa ocmameka rocrie fyxera
1 Mol/L cymnopHom kucenuHom Ha 90°C, y mpajarby 00 0sa cama

The comparative analysis of the obtained XRD-analysis results is
presented in Table 6.

The analysis of the initial bauxite residue in Figure 2 has shown that
Fe is present in the hematite and ilmenite structure, Ti in perovskite and
ilmenite and Al in cancrinite, diaspore, boehmite, gibbsite and hydrogarnet.
Direct leaching of BR (as shown in Figs. 3 and 4) confirms that the mineral
structure is not only changed, but also some new compounds are found
such as vuagnitit, brownmillerite, anhydrite (CaS0O.), as shown int Figure
3. The addition of sulphuric acid leads to the formation of unsoluble

calcium sulphate.
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Table 6 — Comparative analysis of the mineralogical phases
Tabnuua 6 — CpasHumerbHbIl aHanu3 MUuHepanoau4yeckux ¢as
Tabena 6 — YropedHa aHanusa MuHepasnowkux ¢gasa

Material Process Mineral Phase composition
Hematite Fe203
Bayer Perovskite CaTiO3
Red mud (autoclave) Cancrinite AlzSisNasO14.35
. T=150°C limenite FeTiOs
Eggléﬁlée) t=2 hours Calcite CaCOs
addition of Diaspore AIOOH
NaOH Gibbsite Al(OH)s
Hydrogarnet AlzsCazHo.875012
Hematite Fe20s
Solid residue Perovskite CaTiOs
after a Leaching of BR Alz5CaszHo 875012
; . Hydrogarnet
Ieach!ng of using Diaspore AIOOH
BR with 1 mol/L HCI, o Al(OH)s
hydrochloric | 90 °C, 120 min g“ﬁf FeOOH
acid Z;’i; te' € CaAls(SiO4)(Si207)O(OH)
Hematite Fe203
Perovskite CaTiOs3
limenite FeTiO3
] ) Calcite CaCOs
Solid residue Leaching of BR | Diaspore a-AlIOOH
I?efztaecrh?n of using Boehmite Y-AIOOH
BR it 1 mol/L H2SOs, | Goethite FeOOH
sulfuric acid | 90 °C. 120 min Gibsite Al(OH)s
Vuagnatit CaAlSiO4(OH)
Brownmillerite Caz(Al,Fe)20s
Quartz SiO2
Anhydrite CaS0Oq4

The analysis of the obtained solution with the calculated leaching

efficiencies is shown in Table 7:
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Table 7 — Chemical composition of the obtained solution and the calculated leaching
efficiency
Tabnuua 7 — Xumudeckuli cocmae rosy4eHHO20 pacmeopa U paccHumaHHasi
aghbghbekmusHOCMb 8biler1aqyu8aHus
Tabena 7 — Xemujcku cacmas 0obujeHo2 pacmeopa u udpadyHama egukacHocm

nyxera
Elements from | Leaching with 1M HCI (90°C, Leaching with 1M H2S04 (90°C,
solutions are 2hours, s/L: 1/10) 2hours, s/L: 1/10)

presented as Content (mg/L) | Leaching Content (mg/L) | Leaching
compounds Efficiency (%) Efficiency (%)
Al203 7190 59.76 7292 60.61

SiO2 2351 22.34 1369 13.01

P20s 84.7 9.10 128.1 13.76

V205 8.8 6.51 41.4 30.66

SrO 12.6 16.8 7.9 10.53

Gaz03 10,9 4.84 22.4 9.95

K20 46.2 29.05 56.4 35.47

Y203 16.3 9.65 13.6 8.05

NiO 4.44 13.08 9.1 26.76

Cr20s 15.3 11.50 19.1 14.36

MnO 11.2 7.7 15.2 10.45

Ce203 13.3 4.54 4.0 1.37

Sc203 4.98 45.27 5.82 52.90

PbO 5.27 27.73 4.4 23.16

Fe20s3 718 1.46 1096 2.23

TiO2 233 5.07 441 9.60

For aluminum, the maximum leaching efficiency was about 60 % for
both used acids. The small leaching efficiency has confirmed that the
leaching time of 2 hours was not enough to ensure complete leaching
efficiency. Leaching efficiency from scandium is maximal for critical metals
(52.90 %), but not sufficient.

Therefore, the increased concentration of solution, reaction
temperature, and duration of process in the presence of hydrogen
peroxide will be considered in order to increase leaching efficiency. The
formation of silica gel is confirmed in a study of the leaching process with
sulfuric acid under the atmospheric pressure, as shown in Figure 5:
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Figure 5 — Formation of silica gel after sulfuric acid leaching at 90°C
Puc. 5 — ObpasosaHue curnukazessi nocse cepHOKUC/IOMHO20 8bilyeriayugaHusi rnpu
90°C
Cnuka 5 — @opmuparbe cusiuka eena HakoH pacmeaparba CyMIOPHOM KUCESTUHOM Ha
90°C

Natural precipitation of iron from the obtained solution has been
confirmed after leaching with hydrochloric acid, as shown in Figure 6!

_— .
D TR RS S e ¥
215
i

Figure 6 — Natural precipitation of iron after hydrochloric acid leaching at 90°C
Puc. 6 — EcmecmeeHHOe ocax0eHue xese3a rocse COMsIHOKUCIOMHO20
sbiwenaqusaHus npu 90°C
Criuka 6 — [NpupodHO marnoxerse xene3a HaKoH pacmeaparba X/10p08000HUYHOM
KucesnuHom Ha 90°C

The formation of silica gel and the natural precipitation of iron can be
prevented through the dry digestion process in the presence of hydrogen
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peroxide, as mentioned in the literature review. The performed
experiments of acidic leaching confirmed some difficulties related to a
direct leaching process. Therefore, highly efficient technology is proposed
to improve leaching efficiency of valuable metals. The pyrometallurgical
method can ensure destroying the mineralogical structure of bauxite
residue forming a more suitable slag structure for better leaching using
different acids. A combined pyrometallurgical and hydrometallurgical
method for the treatment of bauxite residue will be reported in the future in
order to improve a direct leaching process.

Conclusion

The hydrometallurgical treatment of bauxite residue with 1mol/l
hydrochloric acid and 1mol/L sulphuric acid at 90°C for 2 hours leads to a
maximum leaching efficiency of aluminium about 60 %, 53 % of scandium
and a minimum efficiency of other valuble elements, respectively. The
analysis of the changes in the mineralogial structure has revaled that small
changes are possible during the hydrometallurgical treatment. A new
research strategy for the treatment of bauxite residue is needed in order
to ensure a full change of the initial mineralogical structure and the most
efficient transfer of metals from bauxite residues to a liquid phase. The
formation of unsoluble calcium sulphate is found during leaching with
sulphuric acid. The silica gel formation and the natural precipitation of iron
from the solution are some difficulties that can be prevented using dry
digestion. The following step is an improvement of a direct leaching
process using a pyrometallurgical method such as hydrogen plasma
reduction.
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O6paboTka GOKCMTOBOrO LWWNaMa — KUCIOTHOE BhbllLienaynsaHme
(nepBas yacTb)

Cpeuko P. Ctonuy, koppecnoHaeHT, Bradumup JamsaHoBu4®,
Paducrnas dununosund®, Mepu [1. Kamapan?, 6epHo I". ®puapux?

2 TexHM4ecku yHuBepcuTeT ropoga AxeH,
MHCTUTYT MeTannyprmyeckmx npoLeccoB 1 PELUKIMPOBaHNSA MeTarsoB,
r. AxeH, PegepaTneHasa Pecnybnvka MepmaHus

6 000 ,AnymuHa‘, r. 3BopHuK, Pecnybnuka Cepbckas,

BbocHus u NepuerosmHa
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PYBPUKA TPHTW: 61.13.21 Xumunyeckue npouecchbl
BWO CTATbW: o63opHas ctatbs

Pe3some:

BeedeHue/yenb: Bokcumosbili  wnam,  sensouwulcss  noboYyHbIM
rpodQyKmMoM antoMUHUE80U MPOMbILIIEHHOCMU, MoyYaemMbil 1o criocoby
Batiepa, 8 ocHosHOM cocmoum u3 Okcuda »esnesa, okcuda mumaHa,
okcuda KpeMHUsl U Hepacmeopumo20 okcuda aloMuHUs, a makxke
WIUPOKO20 criekmpa Opyaux OKcudo8 U He3Ha4umesibHo20 CoOepXXaHusi
pedKko3eMernbHbIX 3/1IEMEHMO8, 2ausl, eaHalus U ckaHOUs. M3enedeHue
UEHHbIX 3remeHmos8 U3 bOKCUmMOo8020 wnama U MUHUMU3auusi e2o
obpaszosaHuss 8 xo00e obpabomku sensomcsi  Hedocmarmo4YHo
uccriedosaHHoU obiacmeio.

Memoder: B obpabomke 60Kkcumogoeo wiiama Ucrob308asuch
pasnuydHble eaudpomMemarsypaudeckue U nupoMemarniypaudyeckue
memoOdsi. B daHHomM uccnedosaHuu npedcmasneHbl pe3yrbmamal
a2udpomemarnnypaudeckoli obpabomku 6okcumoeoeo wiiama U3
2n1uHo3ema 380PHUK C UCOMb308aHUEM CepHOU U COMSIHOU Kuciom ¢
UEenblo  U3Y4YeHUs]  U3MEHEHUSI  MUHepasio2Uu4ecKoeo cocmasa.
SgppekmusHocmb  8bleIa4ueaHusi paccyumaHa Ha OCHOBaHUU
aHanuza ICP OES. PeHmeeHocmpykmypHbIli — aHanu3  bbin
ucrnonb3oeaH 8 U3y4eHUUu ceolicme UCXO0HO20 Mamepuana u
meepdoeo wrama u 8 Uusy4eHuuU U3MeHeHUU MUHepanoau4eckux gas.

Pesynbmamel: BbiwenadyusaHue 60Kcumogoeo wrnama cepHol Uu
conssHoU ~ Kucriomol  4acmuyHO  npueodum K  U3MEHEHUIO
MUHepasnoau4yeckol cmpykmypbl U rpeobpal3oeaHuro 3/1eMEeHmMo8 8
XUOKyto ¢pasy. C medeHueM spemeHU Habrrodaemcsi ecmecmeeHHoe
ocaxOeHue xeneza 8 cocmosiHuu rnokos. [lodmeepxOeHO
obpa3zoeaHue cusnukazesisi 8 mpoyecce ebiujeriaqyusaHusi 60KCUMo8o20
wnama corssiHol Kucromod.

Bbigodsi: B obnacmu obpabomku 6okcumoegoeo wiama Heobxodumo
paspabomampb Ho8yH uccedoeameribCKyr cmpameauto C Ueslbio
obecrieyeHusi MOSIHO20 U3MEHEHUSI UCXOOHOU MUHeparoau4eckol
cmpykmypsbl u Haubornee aghghekmusHO20 rnpeobpasosaHusi MemMarisios
8 XUOKyr hasy.

Kniroueesnbie crosa: bokcumosnili wnam, antomMuHud,
eudpomemansnypeus, Kucrioma, PeyuknuposaHue, pedKo3eMeslbHbIE
3/1eMeHMbI.
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TpeTnparwe 6OKCUTHMX OcTaTaka — nyxewe (NpBuU 4eo)

Cpehko P. Ctonuh, ayTop 3a npenucky, Bradumup OamjaHosuh®,
Paducnas dununosuh®, Mepu [l. Kamapan?, 6epHd . dpuapux?

@ TexHNYKM yH1Bep3anTeT y AxeHy, MHCTUTYT 3a npouecHy meTanyprujy u
peunknuparwe metana, AxeH, CaBesHa Penybnuka Hemauka

5 AnymuHa foo, 3sopHuk, Peny6nvka Cpricka, BocHa 1 XepueroeuHa

OBJIACT: xemujcke TexHonoruje
KATEITOPUJA (TWUIM) YITAHKA: opyruHanHu Hay4Hu paja

Caxemak:

Yeod/uyurb: Ocmamak 00 nyxera 6okcuma je omnadHu rpodykam u3
uHAycmpuje anymuHujyma Hacmao y bajeposom ripoyecy cacmaesbeH 00
oKcuda eqnesa, mumaHa, Cunuuyujyma U HepacmeopeHoe arnyMUHUjyM-
okcuda ca WUPOKUM CrieKmpom Opyaux okcuda U MUHUMAaITHUM cadpxajem
efleMeHama pemkux 3emasba, 2asujyma, eaHadujyma u ckaHoujyma, Koju
ce Mera cazniacHo 3eMsbU U3 Koje riomude. Ekcmpakyuja epedHux
enleMeHama u3 OOKcumHO2 ocmamka U MuHuMu3auyuja 6OKcumHoe
ocmamka Kpo3 pasfiudume mpemmaHe Cy OMBOPEHO UCMPaxXueayko
roswe.

Memode: Pasnuyume xudpomemarypuwke U rnupomemarnypuke memooe
KopuwheHe cy 3a mpemupare OOKCUMHUX ocmamaka. Y pady cy
fpukasaHu pesynmamu xudpomemarnypuwkoa mpemmaHa Kopuherem
CYMIIOpHE U X/I0p080OOHUYHE KUCEJTUHE Kako bu ce rpoyyusne rnpoMeHe
MuHeparickoe cacmasea. EcbukacHocm rnyxewa 6uhe u3spadyyHama
kopuwherwem WU OEC aHanuse. PeHdzeHocmpykmypHa aHasnusa
KopuwheHa je 3a Kapakmepu3auujy rnoyemHoz2 mamepujana u 4epcmoe
ocmamka rpoyyasajyhu rnpomeHe MUHepariowKux gasa.

Pesynmamu: Pacmeaparwe 60KcUumHO2 ocmamka CyMIOPHOM U
XJ10POBOOOHUYHOM KUCETUHOM 800U 0erTUMUYHO OO0 NPOMEHE MUHEPAasiCKe
cmpykmype U mpaHcgepa enemeHama y meuHy ¢pasy. [lpupodHa
npeyunumauuja xenesa rpucymHa je mokoM cmajara. Dopmupar-e
cunuka eena nomepljeHo je mokom pacmeaparba 60KCUMHUX ocmamaka
XIT0POBOOHUYHOM KUCESTUHOM.

Sakrbyyak: Hoea ucmpaxueadka cmpameauja HeorxodHa je 3a
mpemupar-e 60KcumHo2 ocmamka kKako 6u ce obezbeduna romriyHa
rnpoMeHa MUHepasriowKe cmpykmype U MHO20 egbukacHUjU [PeHoC
Memarna y meyHy ¢hasy.

KrbyyHe peyu: 6okcumHU ocmamak, anyMuHujym, xuépomemariypauja,
KucesnuHa, peuyuknupare, efileMeHmu pemkux 3emarba.
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