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Day 1: Red mud „101”
RIS-RESTORE project
Dr. Ana Mladenovič, Dr. Mateja Košir
Slovenian National Building and Civil Engineering Institute, Dimičeva ulica 12, Slovenia.
Email: mateja.kosir@zag.si , ana.mladenovic@zag.si

Red mud (BRM) is a hazardous solid caustic waste formed after the digestion of bauxite ore with sodium
hydroxide in Bayer’s process for the extraction of alumina. More than 85 M tonnes of red mud from past
metallurgical activities have been landfilled in the countries of the Western Balkans, Slovenia, Croatia,
Greece and Hungary. These tailings contain substantial quantities of heavy minerals containing REE, Sc,
Y, Zr, Hf, and Ti. The main objective of the project is to establish a self-sustaining network of Al value
chain stakeholders, including potential users of extracted heavy minerals concentrates and potential
users of recycling residues in building sector, within whose scope the zero waste extraction of valuable
metals from red mud tailings would be established and optimised. Secondly, the project evaluates the
already existing Best Available Technology for gravitational and magnetic separation (which was
originally developed for the extraction of heavy minerals out of different types of ores) and could be
used for the extraction of heavy minerals from red mud. The activities cover a large area of RIS ESSE
eligible countries (i.e. Slovenia, Hungary, Croatia, Bosnia and Herzegovina, Montenegro, Northern
Macedonia, and Greece).
The establishment of such a self-sustained network of stakeholders along Al value chain will increase the
competitiveness of regional value chains, from the prospecting
of red mud tailings and the extraction of valuable raw
materials in different targeted markets to environmentallyorientated technologies and the construction sector. Besides
achieving increased competitiveness of the RIS region, the
project will determine the stocks of REE, Sc, Y, Zr, Hf, and Ti in
red mud tailings in the ESEE region, which is expected to
significantly strengthen Europe's independence from the
import of raw materials by opening up new European
secondary mining regions containing critical and other
Figure 1: RedMud tailing dam
valuable raw materials.
in Podgorica (Photo: U.Herlec)
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Production of red mud-bauxite residue
Dragana Smiljanić, Đurđa Oljača, Nikola Despotović
Alumina doo Zvornik, Republic of Srpska, Bosnia and Herzegovina
Email: Dragana.Smiljanic@birac.ba

The company Alumina doo - former Birač AD, officially started operating on 1978. The current estimate
is that about 19x106 m3 of red sludge suspension was disposed of at the red sludge landfill, located in
the eastern part of the Republic of Srpska in Bosnia and Herzegovina.
Alumina doo is the only company in the former Yugoslavia that still processes bauxite ore, actively
creating red sludge as a by-product, using the well-known Bayer process.
Alumina has a strong and professional team consisting of a combination of graduate chemical engineers,
chemical technology engineers and mining engineers with excellent knowledge in the field of bauxite
quality, production of aluminum hydroxide and alumina as basic products, and red sludge, as a solid
residue from the Bayer process.
The production unit which is used for washing red mud has potential space and some equipment that
could be used in future processing of red sludge according to the technology that will be adopted.
Alumina support future coordination between Industry – Research – Development on processing and
economic utilization of red mud waste.
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Mineralogy of bauxite and red mud
Nenad Tomašić
University of Zagreb, Faculty UNIZG-PMF
Email: nenad.tomasic@geol.pmf.hr
The minerals in bauxite are partly inherited from detrital material derived by weathering of parent rocks,
and partly formed during bauxitization. Some most common oxide minerals and silicates are to be
discussed in the lecture as well as changes that occur to the most prominent minerals during Bayer
process of alumina production. Find out more which mineral phases survive Bayer process and which
phases are newly formed, and thus represent general composition of red mud.
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Chemical analysis of red mud and other secondary raw materials
Bence Kószó
Bay Zoltán Nonprofit Ltd for Applied Research Department for Biotechnology H-6726 Szeged, Derkovits fasor 2
Hungary
E-mail: bence.koszo@bayzoltan.hu

Major and minor elemental analysis of Al-rich residues, such as red mud, is done by specific, high
performance analytical instruments, often requiring well-chosen, correct sample preparation. Such
techniques are NAA (Neutron Activation Analysis, XRF (X-ray fluorescence), AAS (Atom Absorption
Spectroscopy), ICP-OES (Inductively Coupled Optical Emission Spectroscopy), ICP-MS (Inductively
Coupled Plasma Mass Spectrometry). Three of them are presented here.
ICP-OES, ICP-MS:
In the high temperature (6000-8000°C) of the argon plasma the components of the sample are broken to
atoms and ions and get excited. In that excited state elements emit light with very specific wavelengths.
The light can be analysed in a spectrometer at the ICP-OES measurements. At ICP-MS the ions are
extracted from the plasma and are measured in the mass spectrometer by atomic mass.

Figure 2. Typical configuration of an ICP-OES instrument
In the usual manner liquid sample is introduced to the plasma in the form of aerosol. That is why the
solid samples need to be dissolved prior to analysis. In the case of red mud, and other aluminium rich
residues all samples are solid. The commonly used aqua regia can’t decompose the SiO2 matrix and the
materials which are incorporated in that phase even at elevated temperatures and pressures. Digestion
of the silica matrix is possible with acid mixtures containing hydrofluoric acid, which is quite dangerous
to work with. Other solution is to fuse the samples with an adequate reagent (lithium-metaborate,
sodium-carbonate, boric acid etc.) at high temperature and get an acid soluble glass bead. In the RISALICE project we employed lithium-metaborate in platinum crucibles at 1000°C for 1h. The silicate
content of the sample is converted to soluble salts according to the following reaction:
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2LiBO2 + MeSiO3 → Li2SiO3 + Me(BO2)2
Afterwards we used dilute hydrochloric acid to dissolve the fused glass bead. The acid concentration
can’t be much greater in order to avoid the precipitation of the silica, but should be high enough to keep
the constituents in solution. The optimum concentration is around 3% hydrochloric acid. The recipe is
from a Hungarian standard for cement analysis (MSZ 525-17).
In ICP-OES technique use of an internal standard (e.g. Y, Sc, Co, Pt, Au) is very common. Since we had
samples with considerable amount of Y, Sc, Co and we used crucible made of platinum, we chose Lu as
internal standard (which corrects the results very well for the Rare Earth Elements).
Typical lowest measurable concentration for ICP-OES lies around 1-10 mg/kg. ICP-MS technique can
measure concentration at two or three magnitude lower, but is less tolerant to high matrix content.
XRF:
In the X-ray fluorescence method the sample is irradiated with short wavelength X-rays. These gamma
photons hit electrons out of the inner orbital of the atoms creating an electron vacancy. As electrons
from the outer orbitals fill the hole secondary gamma photons are emitted with wavelength specific for
the elements and for the difference between the energy levels of the orbitals. We can measure the
wavelength and the intensity of these secondary radiations to get qualitative and quantitative
information about the sample.

Figure 3, Configuration of an XRF analysis
Solid samples can be introduced as loose powder, pressed pellets or fused beads. The cost, effort and
the quality of the results increase in that order. XRF has higher detection limits than ICP techniques.
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Day 2: Red mud deposits in the ESEE region
Red mud in Podgorica - methods of red mud disposal, environmental
problems in the surrounding area of red mud landfill / special review of
the impact on groundwater, landfill management (specific examples from
the field
Gordana Đukanović MSc
Weg Kolektor, Podgorica, Montenegro
E-mail: djukanovic.gordana71@gmail.com

Red mud (RM) is a hazardous, solid and caustic waste formed after the digestion of bauxite ore with
sodium hydroxide in Bayer’s process for the extraction of alumina. Globally, about 4 billion tons of red
mud are now stored in massive waste ponds or dried mounds, making it one of the most abundant
industrial wastes on the planet.
Production of aluminium in Aluminium Plant Podgorica began in 1971. Up to the closure of the Alumina
Production Factory in 2009 was produced about 7-8 million tons of red mud as a secondary industrial
waste product. The upper surface of two basins is about 420.000m2 (200.000 + 220.000 m2).
The red mud deposited in this way is just ballast, a large area of land is occupied, the environment is
polluted. Due to the chemical composition and manner of disposal of red mud, red mud has a significant
impact on the environment, especially on groundwater.
The lecture provides general data on aluminum production in Montenegro and an overview of the
legislation governing the field of waste management in Montenegro. A comparative analysis of the
chemical composition of red mud is also presented (it is one of the key conditions for the potential
valorization of red mud). The current methods of dealing with red mud landfills in the world are
described, as well as proposals for solving this problem in Montenegro. Concrete results of groundwater
quality testing in the vicinity of the Aluminum Plant in Podgorica as well as other impacts on surface
water, soil and air are presented too.
Key words: industrial waste, red mud, pollution, impact on the environment.
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Red mud tailing Dobro Selo /Mostar/: influence on the environment
Dr sc. Alisa Babajić, senior assistant
Faculty of Mining, Geology and Civil Engineering - University of Tuzla
E-mail: alisababajic@yahoo.com

Dr sc. Elvir Babajić, associate professor
E-mail: elvi.babajic@untz.ba
Faculty of Mining, Geology and Civil Engineering, University of Tuzla

Red mud landfill Dobro Selo is located about 9.5 km southwest of the city of Mostar and about 4.6 km
southwest of the aluminum factory "Aluminij dd Mostar". The landfill was put into operation in 1979 and
operated until 1991, ie until the beginning of the war in Bosnia and Herzegovina.
The landfill was constructed in three phases, with a total area of 723,950 m 2 and a volume of 8,690,000
m3, in which about 6.5 million tons of red sludge were disposed.
By evaluating the results of research and testing (climate, geological structure, hydrogeology, soil,
atmosphere) in the period 1990-2021, the impact on the environment was assessed. The impact of the
landfill on the environment was analyzed through social impact, then the impact on soil and plants,
groundwater and air.
Key words: Red mud, Dobro Selo, influence on the environment.
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Proposals for the remediation of the red mud landfill Dobro Selo near
Mostar, Bosnia and Herzegovina
Ismir Hajdarević, Vedad Demir, Alojz Filipović
Geological Survey of the Federation of Bosnia and Herzegovina
E-mail: ismir.hajdarevic@fzzg.gov.ba

Red mud is a chemically inert industrial waste material of alkaline character that contains precious
metals (REE, Sc, Y, Zr, Hf and Ti). Near the city of Mostar, Bosnia and Herzegovina, there is an old,
abandoned red mud landfill. The landfill area is approximately 750,000 m 2. During its operation at the
landfill, a total of 4.16 million tons of red mud was disposed of, converted into dry matter. The test
results of the red mud from the Dobro Selo landfill, which were obtained from previous tests, as well as
those that we will receive within the RIS-RESTORE project, will show us the possibilities of using the
material from this landfill. Research on the possibilities of using red mud is a precondition for reducing
the quantities in the landfill. This ultimately opens up the possibility of rehabilitating the entire area of
the Dobro Selo red mud landfill. An alternative to research on the possibilities of using red mud from the
Dobro Selo landfill is the complete remediation of the landfill or the retention of the existing condition,
which increases the possibility of its leakage with possible major environmental consequences. The
paper looks at some of the possible ways to remediate the Dobro Selo red mud landfill.
Keywords: red mud tailing, remediation
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Implementing SWOT Analysis for red mud valorization; Case studies of 4
Ris-Restore regions
To be updated
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Day 3: Extraction of REE from red mud
REE elements in bauxites and red mud In Montenegro
Dr Slobodan Radusinović
Geological Survey of Montenegro
e-mail: radusinovic.s@geozavod.co.me

INTRODUCTION
The term "rare earth elements" includes 17 chemical elements: Sc, Y and 15 elements in succession from
La to Lu. From scientific point of view, research dealing with the rare earth elements in karstic bauxite is
significant for the determination of metalogenic characteristics, and in particular, for determining the
possible origin of parental material. Additionally, concentrations study, vertical distribution and
fractionation of these and other microelements in the process of bauxitization of parental material in
order to determine the geochemical relationship of both individual elements and groups of elements, as
well as the achieved degree of diagenesis of the parent material, that is to say, the degree of
bauxitization, are very important.
Economic is another important aspect and it refers to red karstic bauxites as a potential mineral raw
material for obtaining the rare earth elements. World demand for rare earth elements has been on the
rise for years. In recent years the world's leading producer is China, which limits the export of these raw
materials, and this creates problems in the world's industry supplying due to increased demand,
especially in high-tech industry, where the rare earth elements have wide application.
Many studies have shown that bauxites are enriched by microelements (Ga, Ti, Cr, Zr, etc.) as well as
with rare earth elements (REE). In particular, karstic bauxites are richer with rare earth elements in
comparison to lateritic bauxites.
Apart from REE, other trace elements such as vanadium, scandium, gallium, lithium, molybdenum, etc.
are important for the exploration of karstic bauxites. European Commission regularly publishes a list of
critical mineral resources (CRM) in the European Union. The last published list of CRM (2020) contains 30
different mineral resources. Some of them, such as: titanium, rare earth elements (light and heavy),
vanadium, scandium and gallium are found in karst bauxites deposits in Montenegro and/or in secondary
resources red mud – bauxite residue.
REEꞌs IN KARSTIC BAUXITES IN MONTENEGRO
The red karstic bauxites in Montenegro occur in three stratigraphic levels, in the Middle Triassic, Jurassic
and Paleogene, while the white karst bauxites are of Cretaceous age. Bauxite formations in Montenegro
have significantly different ΣREE average contents. The highest concentrations were detected in the
Jurassic bauxites of the Vojnik-Maganik and Prekornica ore regions from the Early Jurassic, Middle
Jurassic-Oxfordian and Late Triassic underlying bed, respectively 1057.11 ppm, 1019.43 ppm and 994.92
ppm (Radusinović, 2017, 2018). This is followed by the Triassic bauxites of Gornjepoljski vir deposit with
an average total content of 732.27 ppm and Rudinice occurrence - 541.68 ppm. Jurassic bauxites from
the ore regions of Western Montenegro and Orjen have a 515.96 ppm ΣREE average content, while
Paleogene bauxites from Ulcinj region contain 515.76 ppm and Boka Kotorska 414.7 ppm of ΣREE. The
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lowest average content, only 309.15 ppm, was shown by Cretaceous bauxites of the Western
Montenegro and Čevo ore regions (REEBAUX, 2020).
By geochemical study of Jurassic bauxites as well as by statistical data processing (Radusinović, 2017), it
has been determined that Si, Na, K, Ba, Rb and Mg are excreted in the bauxitization process of the
parent alumosilicate material, while Al, Ti, Fe, Zr, Cr, Ga and Th, as well as U and V are accumulated. P,
Sr, Sc are concentrated together with Y and the other REE, in the lower part of the bauxite bodies.
Geochemically, this group of elements is associated with Ca, Ni, Co, and Mn.
The geochemistry of rare earth elements in Jurassic karstic bauxites is characterized by expressed
vertical distribution, that is to say, enrichment in the lowest part of the ore bodies.
Based on mineralogical tests it was determined that Jurassic karstic bauxites from Vojnik–Maganik and
Prekornica region (Radusinović, 2017, 2018; Radusinović et al., 2017), are made from boehmite as the
main aluminum carrier, as well as from kaolinite, gibbsite, hematite, goethite, anatase, and calcite in
samples from redeposited bauxites. Apart from this, by using SEM-EDS method the following minerals
were detected: zircon, ilmenite, magnetite, biotite, K-feldspars, mottramite, REE phosphates-monazite
and xenotime and REE carbonates-Ce and Nd. It is important to emphasize that the detected phases
containing REE mostly belong to phosphates. Very strong positive correlation between rare earth
elements, P and Sr points to the important role of phosphorus minerals as the main carriers of REE. The
presence of residual and autogenic monazite and xenotime clearly indicates that the first REE minerals
originate from primary sources, while others are formed in the first phases of bauxitization, in oxidation
conditions.
Resources of Jurassic karstic bauxites, in most important Vojnik-Maganik and Prekornica ore regions, are
estimated at 78 million tons. An average content of REE in bauxites formed on the Late Triassic foot wall
is 1053 ppm REE, ranging from 518 to 7027 ppm, on the Early Jurassic 1115 ppm, ranging from 645 to
4145 ppm and 1071 ppm REE in Middle Jurassic–Oxfordian age ranging from 662 to 2069 ppm.
REEꞌs IN RED MUD (BAUXITE RESIDUE) IN MONTENEGRO
The total quantities of bauxite residue in Montenegro amount to about 7.5 million tons in basins A and B
in the Aluminum Factory Podgorica. In this factory alumina production took place in the period from
1972. to 2009.
During the REEBAUX - Prospects of REE recovery from bauxite and bauxite residue in the ESEE region
project implementation (REEBAUX, 2020), mineralogical analyzes of 14 selected samples were
performed bauxite residue. In almost all samples the following mineral presence was registered:
hematite, gibbsite, calcite, cancrinite, less frequently but also presented are: boehmite, goethite, quartz,
rutile, anatase, perovskite, garnet and nordstrandite.
An average concentration of REE was determined in basin A of red mud in Podgorica and it amounts to
1535.30 ppm with a range from 1343.76 to 1704.81 ppm, while the average determined content in basin
B amounts to 1646.42 ppm with ranging from 1121.61 to 1903.65 ppm in individual samples. On
average, the highest concentrations were detected in drilholes B5 and B6 in basin B.
According to the determined concentrations of REE and other macro and trace elements in bauxite
residue, it can be concluded that this secondary resource is very promising. Compared to the bauxites
from which it originates in bauxite residue, the concentrations of individual elements are significantly
higher, such as: Zr (2 times), Sr (1.9 times), V (1.8 times), Sc (1.68 times), La (1.42 times), Ce (1.4 times), Y
(1.28 times), as well as all other elements from the lanthanide group. In much higher concentrations in
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bauxite residue compared to bauxite, Ti, V, Zr, Nb, Sr and other elements, are presented and may be
interesting for extraction. On the other hand, the concentrations of Be, Cs, Ga, Ta and Co, in bauxite
residue are lower than their concentrations in bauxites.
References:
Radusinović, S., Jelenković R., Pačevski A., Simić V., Božović D., Holclajtner-Antunović I., Životić D. 2017. Content and
mode of occurrences of rare earth elements in the Zagrad karstic bauxite deposit (Nikšić area, Montenegro).
Elsevier, Ore Geology Reviews, 80, 406-428.
Radusinović, S. 2017. Metallogeny of Jurassic karstic bauxites of Vojnik-Maganik and Prekornica mining areas,
Montenegro. Doctoral Dissertation, University of Belgrade, Faculty of Mining and Geology, Belgrade, 1-349.
Radusinović, S., 2018. Rare Earth Elements in Jurassic Karstic Bauxites of Montenegro. Abstract proceedings from
th
17 Serbian Geological Congress with International Participation, Vrnjačka Banja, 309-314.
REEBAUX 2020. Bauxite and bauxite residue as a potential resource of REE in the ESEE region - Booklet (ed. Nenad
Tomašić). KAVA REEBAUX - Prospects of REE recovery from bauxite and bauxite residue in the ESEE region – EIT
RM. University of Zagreb Faculty of Science. 1- 86.
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Magnetic separation techniques for red mud
Matej Dolenec/Uroš Herlec

To be updated
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"Apples to Aerospace"
Dr Colin Collino
Founder Gravity Mining, United Kindgdom
Email: colin@gravitymining.com

As the world moves into a post carbon economy efficient mining, recovery and recycling of critical
minerals will be at the forefront of mineral processing.
Improving old methodologies with enhanced engineering, material science and research will
improve recovery, reduce negative environmental impact, and provide commercial success.
Enhanced gravity separation is a developing and emerging technology to improve the recovery of
fine minerals. The session with cover target mineral and separation criteria, grain size, various
enhanced gravity technologies. We will look at the science behind the Gravity Mining Multi Gravity
Concentrator, the history of its development and problem solving as it seeks to constantly improve
mineral recovery. The session will also share commercial applications of the technology.

15

Bauxite residue processing routes
Dr Panagiotis Davris
Mytilineos, Greece
Email: panagiotis.davris@alhellas.gr

Bauxite Residue’ (BR) refers to the insoluble solid material, generated during the extraction of alumina
(Al2O3) from Bauxite ore using the Bayer process. When bauxite ore is treated with caustic soda, the
aluminium hydroxides/oxides contained within, are solubilized, with approximately 50% of the bauxite
mass being transferred to the liquid phase, while the remaining solid fraction constitutes the -bauxiteresidue. It is estimated that for each ton of alumina produced 0.9- 1.5 tons of solid residue (on a dry
basis) is generated depending on the initial bauxite ore grade and alumina extraction efficiency. As the
global demand for primary aluminium metal increases so does the BR production, currently in excess of
150 million tons per year (worldwide). MYTILINEOS’ since 1991 has been pioneering research on BR
handling and reuse, focusing initially on massive low value applications such raw material for cement
clinker production, iron production, bricks and tile production, soil and road substrate and others (see
figure 1). From such approaches only use in the cement sector has found industrial application leading to a
current annual reuse of 70-85 kt BR in various cement plants in Greece and Cyprus. Yet, Bauxite
residue consists from various metal oxides of Fe, Al, Ti, Si, Ca, Na, V, Ga, Sc (depending on the initial
chemical composition of the bauxite ore) serving as an potential secondary raw material resource.To
increase the BR reuse potential MYTILINEOS has invested in the last decade in collaborative research
with several European institutes and companies to investigate the processing of BR to generate added
value products. The goal of this research is to obtain a near-zero waste and near break even processing
flowsheet which could be applied in a context of industrial symbiosis. This has led to development of
numerous EC-funded research projects such as SCALE, ENSUREAL, REMOVAL, REACTIV and others,
through which industrial pilot scale technology demonstrations have taken place at MYTILINEOS. Results
achieved so far include the extraction of Scandium from BR, the recovery of soda, alumina and iron as
well as the production of added value building materials. This work will present an overview of the
processing routes available and the ones that have been applied in pilot work so far in Mytilineos plant
addressing the achievements and detail future goals and barriers.
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Day 4: Implementing industrial symbiosis - red mud recycling options
Industrial symbiosis principles
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In nature, symbiosis is a close interaction between organisms of different species, either positive (e.g.
mutualism) or negative (e.g. parasitism). Industrial symbiosis has a positive meaning where different
companies in local environment exchange their resources, in the form of material, energy, water,
knowledge, transport or any other goods. It is focusing on creation of positive outcomes primary
economic and environmental for all parties involved. Industrial symbiosis is subfield within industrial
ecology which studies physical flows of energy and materials in society (Frosch & Gallopoulos, 1989) and
is today closely related to sustainable development and circular economy.
Creation of symbiotic relationship inside industry or cross industrial branches is best achieved when
facilitated. Special matchmaking events are many times organise in getting together different
stakeholders exchanging information about their assets in a mutually beneficial way. In 2017 Slovenian
National Building and Civil Engineering Institute (ZAG) became a partner of EIT RawMaterials Network of
Infrastructure called STORM. The first event of industrial symbiosis in Slovenia was organized in 2017 by
ZAG together with EIT RawMaterials Eastern Colocation Center, Chamber of Commerce and Industry of
Slovenia with the methodology developed by ENEA. Events are continuing each year in Slovenia and
Croatia also under the umbrella of Regional Center ADRIA, a RIS Hub of EIT RawMaterials.
ZAG is facilitating mostly matches between different industries and construction sector. Why
construction sector as potential actor in industrial symbiosis? Construction sector is one of the major
consumers of raw materials in world since almost 50% of all extracted raw materials are consumed by
construction industry (EC 2018) and by 2060 the raw material consumption will almost double (OECD
2018). Numerous industrial waste materials and by-products such as metallurgical slag, ash from
different thermal/incineration processes and different sludges or their combination have suitable
properties to replace virgin materials in construction products such as aggregates, binders, geotechnical
composites.
The lecture on industrial symbiosis will include:
1.
2.
3.
4.

Overview of definitions, development and examples of industrial symbiosis in Europe
Methodology for facilitation of industrial symbiosis
Examples of industrial symbiosis for construction industry
Interactive session
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Production of ceramic materials based on the byproducts: Laboratory
and industrial level
Dr Snezana Vucetic, and Prof. Janja Ranogajec
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Over the years, extensive research work has been done worldwide to develop various economic ways for
utilization of red mud. From different applications of red mud that have been explored, among which are
adsorbents for the removal of heavy metals, recovery of iron, stabilization material for the preparation
of liners, there is also one additional promising approach: production of ceramic tiles and bricks which
could be used for consumption of large quantities of this waste material. Following the circular economy
principles these alternative usages of the red mud in production of ceramic materials could have positive
impact on the reduction of raw materials costs and the environment footprint. However, only small
quantities of the red mud are currently used in building materials production due to high alkalinity of red
mud, therefore further investigation is necessary. Our lecture will discuss existing opportunities and
limitations for utilization of the red mud in ceramic materials production. Both laboratory and industrial
level of the production will be considered. Moreover, the technological characteristics including texture,
microstructure and physico-mechanical properties of the produced red mud based ceramic materials will
also be evaluated against their application potentials under real environmental conditions.
Key words: Wastes, clay materials, ceramic materials, microstructure, textural properties
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From mud to bud: tailings and nanotechnologies
Dr Suzana Gotovac Atlagic
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Reuse of waste materials like the metal mining tailings is becoming much more economical and energyefficient method for obtaining the secondary raw materials than mining per-se. Many of recent papers
and patents discuss the recycle of tailings in classical industries. On the other hand, planetary, the
market of metallic nanomaterials is rapidly increasing with countless applications. Sustainability of the
metallic nanomaterials production from p.a. chemicals in the long run is certainly not economical yet and
potentially could never be. The idea to be presented in this lecture is to make this area of
nanotechnology reliable almost exclusively on the sludge accumulation lakes (tailings) existing in the
areas of the active or closed mines. Instead of using high quality chemicals for production of
nanomaterials, the proposition to be shown in the lecture is to use the technospheric waste directly by
extracting the metal ions, selectively precipitate their cations and subsequently use them in
nanotechnologies. Lecture reflects mostly on tailings existing in Europe such as: iron, lead/zinc, copper,
with strong accent on bauxite (red mud) tailings.
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Day 5: Implementing industrial symbiosis - red mud recycling options in
construction sector
Red mud utilization in the construction sector /remediation of
contaminated soil with red mud
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The economy of the European Union is in a phase of transition from linear to circular, where the value of
materials, products, and resources is maintained in the economy as long as possible, and generation of
waste is minimised (1, 2). Particularly mining and industrial landfills play an important role in the transition
to sustainable, low-carbon, competitive and resource-efficient society (3) since they contain huge
quantities of secondary raw materials. These materials can be either reprocessed in order to extract
potential Critical Raw Materials (4) or, more commonly, recycled in building materials for final applications
in construction sector (in earthworks, concrete, asphalt, etc.) replacing virgin materials.
Red mud tailings are interesting source of material for both activities. On the one hand red mud contains
rare earth elements (REE) in quantities significant enough to establish a cost-efficient extraction process,
and on the other hand the material itself can serve as an additive for immobilization of soil which is
contaminated with heavy metals (Cd, Pb, Zn) and sulfate.
Example of laboratory and field research work on red mud as an immobilization additive from Podgorica,
Montenegro, will be presented in the lecture, split into several steps, including (i) designing of composites
made of red mud and contaminated soil (Fig. 1), (ii) laboratory testing and research of microstructural,
mechano-physical and chemical analyses of samples over the various time intervals, (iii) field application
and use of lysimeter, and (iv) explanation of different immobilization mechanisms. If technical,
technological and environmental prerequisites have been fulfilled, such composites may be used for the
rehabilitation of contaminated sites, for construction of embankments and fills.

Figure 1: Geotechnical composite made
of red mud and contaminated soil.
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Red mud based geopolymers
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Aluminosilicate inorganic polymers, also called geopolymers, are materials formed under high alkali
condition from aluminosilicate solid and alkali silicate solutions. Geopolymers are produced from natural
raw alumino-silicate materials and unconventional materials such as industrial and natural wastes. . Red
mud from alumina production process is recognized as so. Red mud is highly alkaline, aluminosilicatecontaining by-product of alumina production. Potential reuse of this waste as the precursor for new
class of materials is highly welcomed as the eco-friendly solution of the large open disposals. Red mud
can be used in the process of alkaline activation as the inorganic precursors mainly constituted of silica,
alumina and low content of calcium oxide. Unlike other industrial processes (e.g. sol-gel, clinkerization,
sintering processes), alkali activation process does not require expensive chemical reagents, use of
carbonate-based raw materials or high temperature thermal treatments.
The basic part of geopolymerization process is hardening which is the base for the polycondenzation of
alkali precursors formed through the dissolution of active silicates and aluminosilicate solid materials in
alkali hydroxide. Polymeric network as the result of polycondenzation process hardens rapidly acting as
the gluing component. These are materials with the cross-linked long inorganic chain between
tetrahedral AlO4 and SiO4 units built in three dimensional structures having good compressive strength,
corrosion resistance, resistance to extreme temperatures. The potential weakness lies in the increased
porosity which depends on synthesis and curing conditions. This research describes how porosity can be
lowered by the modification of microstructure provoking the filling-of-pores-mechanism by inorganic or
oganic modificators of microstructure. Geopoloymers modified by organic modificators are called
hybrids.
This paper discusses the barriers and why the technical successes do not always translate into largescale uses and why the most successful large-scale uses are very simple ones including cement
production, landfill capping, road construction, and soil amelioration. Some of the more recent
promising developments are also presented.
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