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Abstract

Continuous accumulation of waste from alumina production "red mud" leads to
contamination of large land areas, reservoirs, and soils and is a potential threat of
environmental catastrophe, that leads to the urgent need to find and implement ra-
tional ways of its recycling.

The most studied areas for alumina wastes recycling include the production of
building materials and metals extraction. Red mud acts as a binder filler in the field
of production of building materials. Products based on such filler have higher heat
resistance, strength and density compared to the control samples. The obtained con-
crete samples are more resistant to negative temperatures due to the high alkalinity of
the filler. However, analyzing the results of existing studies about precious metals
extraction from the red mud, its usage in the construction industry, as soil improvers
etc., we can conclude that today there are no economically and environmentally justi-
fied technologies that would allow red mud utilization in industrial-scale. This is
prevented by its high alkalinity, small particle size, complex chemical and mineralog-
ical composition.

Red mud is mainly composed of iron and aluminium oxides, which characterizes
it as an attractive secondary raw material. Based on a critical analysis of the results of
the work on the disposal of red mud by foreign and domestic researchers, it is possi-
ble to outline a promising direction of red mud recycling. Namely, it is the creation
of water treatment reagents that can be effective for the removal of organic pollutants
of natural and human-made origin. Creating water treatment reagents with the full
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use of red mud as a raw material can help to solve the problem of accumulation of
the latter and provide inexpensive and effective reagents in the relevant field.

Introduction

Aluminium production consists of bauxites extraction with their
further purification to the aluminium oxide by the Bayer method and
smelting of aluminium oxide to commercial aluminium [1]. Red mud
(RM), which is formed as a by-product in the bauxite leaching pro-
cess by the Bayer method, is one of the major problems of the alu-
minium industry in terms of resource conservation and environmental
protection. According to various sources, it is established that 1 to 2
tonnes of RM is produced per 1 ton of received aluminium product
[2—4]. Around 750 million tonnes of aluminium had been produced in
the world over the past 20 years, and about 56 million tonnes - in
2017 alone [5]. Therefore, annually in the world dimension, respec-
tively, from 50 to 100 million tons of RM is produced (Fig.1).

There are two alumina enterprises in Ukraine: JSC "Zaporizhzhya
Aluminum Mill" and LLC "Mykolaiv Alumina Plant" (MAP). Ac-
cording to the State Statistics Service of Ukraine in 2017, 1.77 mil-
lion tonnes of alumina waste was generated in Ukraine [6]. The
sludge dump of these enterprises, where such waste is collected and
accumulated, poses an extreme danger and have not been modernized
for many years, which can lead to environmental accidents [7].

An example of such accidents could be the accident in Hungary,
that took place on 4 October 2010 at the Ajkai Timfoldgyar Zrt alu-
minium plant in the Ajka city (160 kilometres from Budapest). The
blast at the plant destroyed the dam, holding the waste tank. Thus,
about 1.1 million m* of red mud leaked and flooded the area in three
regions of Hungary. Hungarian government declared a state of emer-
gency and reported nearly 140 casualties [8].

In the Mykolaiv area, there was a leak at MAP (2011). The reposi-
tory broke, resulting in the ejection of red mud. Because of the frost,
it turned into dust, and because of the strong wind (so-called wind
deflation), it swept to villages of the region. Besides, sludge dumps
are potential sources of surface and groundwater contamination.

All this leads to an urgent need to find ways of alumina waste dis-
posal. After all, the utilization of such waste is not only a means of
reducing the anthropogenic load on the environment but is economi-
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cally attractive because of the red mud chemical composition and its
low cost as raw material.

The purpose of the work is to analyze the existing ways of solv-
ing the problem of red mud accumulation and determination perspec-
tive direction of its recycling. Identification of critical aspects of the
complex technologies application for the alumina waste utilization,
aimed at both direct consumption red mud, and its transformation into
a secondary resource. Recycling can be implemented mainly in three
directions: first, the recovery of useful components (metals) from red
mud, second, the reuse of red mud as raw materials, especially in the
production of cement; third, the use of red mud in environmental pro-
cesses, in particular as sorbents and coagulants in water treatment.
Therefore, when solving practical problems and creating a theoretical
substantiation of the treatment conditioning technologies, obtaining
and using red mud as an effective sorbent of water treatment one
should take into account the difficulties associated with the fineness
of the particles of native sludge, with its diverse chemical and miner-
alogical composition.

Materials

Bauxites. This type of raw material accounts for more than 90%
of world alumina production. The main aluminium-containing miner-
als are gibbsite AI(OH)3;, boehmite AIOOH and diaspore AIOOH de-
pending on the content of which, bauxite is divided into gibbsite,
boehmite or diaspore. Silicon-containing minerals: kaolinite, quartz,
opal, chamosite; iron-containing minerals — hematite, goethite, mag-
netite, siderite, pyrite. Bauxites contain impurities of calcium, gyp-
sum and others.

Alumina worldwide production is mainly made from high quality
(low silica) bauxite of the gibbsite or gibbsite-boehmite type, pro-
cessed by the Bayer method. These include bauxite with a silicon
modulus (mSi) above 8-10 (mSi is the ratio of Al,O3 to Si0, mass).

Nefelin raw materials. Most significant interest to the aluminium,
industry is nepheline concentrate (29.1% Al»O3), nepheline urtite
(27.3%) and nepheline syenite (18-24%).

Red mud (RM) - granulometric and mineral composition of red
mud can vary greatly depending on the quality of bauxite and the
methods of their treatment.
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Depending on the quality of bauxite and the characteristics of its
processing, red mud contains (wt.%): 40-55 Fe,0,, 14-18 Al,O,, 5-10
Ca0, 5-10 Si0,, 4-6 TiO,, 2-4 Na,O [9, 10]. The impurity element
content is as follows (g/t): 5 Cu, 10 Be, 50 B, 4 S, 0,2 Co, 30 Ga, 30
Sc, 20 La, 30 Ce, 20 Mo, 80 Y, 20 Ni [11-17].

High humidity (up to 80%) is a significant drawback of RM,
which complicates its use. Existing sludge dewatering technologies
are energy-intensive and inefficient. Also, when developing standards
and technical specifications for sludge preparation, transportation and
sludge usage, it should be borne in mind that with a residual humidity
of 8-12% dry sludge is subject to wind deflation.

Analysis of the main methods of processing ore raw materials

Depending on the composition and physicochemical properties of
the processed ore, alumina is obtained in several ways. There are
three groups of processes: alkaline, acid and acid-alkaline. Nowadays,
almost all alumina is obtained by alkaline methods, which in turn are
subdivided into hydrochemical (Bayer method), thermal (sintering)
and combined [18,19].

Alkaline is the most widespread (Bayer) method and is used only
for processing high-quality bauxite with a small amount (up to 5 -
6%) of silica and impurities.

Sintering methods for the processing of low-quality aluminium
raw materials (low-quality bauxites, nepheline, alunite, raw clay ma-
terial, kaolinite, etc.) have become widespread. The basis of sintering
methods is as follows: sodium aluminates formation during heating
with baking soda and the binding of silicon dioxide in its interaction
with limestone in two-calcium silicate.

The Bayer method

The essence of the Bayer method is that aluminium solutions
(NaOH solvent) decompose rapidly with the formation of Al(OH);3
with the introduction of aluminium hydroxide (seed). The remaining
decomposition solution can again dissolve the alumina contained in
the bauxite after evaporation under vigorous stirring at 169-170 °C.

Sodium aluminate and sodium silicate form insoluble sodium alumi-
nosilicate in solution. Titanium and iron oxides, giving the residue a red
colour, also pass in the insoluble residue that called red mud. After disso-
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lution, the resulting sodium aluminate is diluted with an aqueous alkali
solution while reducing the temperature by 100°C.

By Bayer method, the technological cycle of the alkaline reagent is
closed. Spent on leaching reagent is released at decomposition and re-
turns on the beginning of the process for processing new portions of ore.
The original bauxite is crushed in a medium of concentrated circulating
alkali solution. But simultaneously with natural aluminium hydroxides,
free silica and various aluminosilicates interact with alkali, forming of
sodium hydroalumosilicate insoluble in alkali. It leads to the cost of ex-
pensive alkali and the reduction of the conversion of aluminium into a
solution. Therefore, it is impractical to process bauxites by Bayer method
with high SiO, content.

Aluminate solution and sludge separation are usually doing by
concentration with the subsequent filtration of the solution from a
thin suspension. The sludge released from the thickeners is subjected
to repeated washing by the principle of counterflow. It allows for red
mud being more fully washed away from the aluminate solution resi-
dues and obtain flushing water with higher concentration. The
washed red mud is pumped into sludge dump.

The pure solution is subject to decomposition. For this, the solu-
tion is diluted and cooled: seed (small crystals of aluminium hydrox-
ide) is introduced, and the slurry is stirred for 50-90 hours to obtain
large enough AI(OH)s crystals. Small crystals are centres of crystalli-
zation. The crystal growth interval is 52-56 °C at the beginning and
44-46 °C at the end.

For separating the hydroxide crystals from the mother liquor and
classifying them by size, hydro separator, hydro cyclones and thickeners
are used. The concentrated slurry is filtered and washed on drum or disk
vacuum filters, with large crystals settling.

Two fractions (aluminium hydroxide and the mother liquor) receive
after separation of the slurry. The large fraction (40-100 microns) is pro-
ductive hydroxide and is directed to calcination. Small particles (up to 40
microns) go as a seed when decomposing aluminate solutions. The
yield of aluminium hydroxide is about 65-70%.

The mother liquor is combined with the wash water and sent for
evaporation to a special apparatus. Excessive moisture is released
there, and the concentration of caustic soda is thus increased to an
optimum value for cleaning the solution of soda and some other im-
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purities. Sodium carbonate in the Bayer process is formed at the
leaching stage as a result of the interaction of alkali with the car-
bonates of the original charge. For returning the soda to the process, it
is turned into a caustic meadow by the method of limestone caustifi-
cation. In this case, white sludge is obtained as a waste, which is re-
turned for leaching or subjected to special processing.

Alumina production by sintering method

The essence of the method is the formation of sodium aluminate at
high temperature as a result of the interaction mixture of aluminium
ore, soda and limestone. The resulting sinter is leached with water.
The solution of sodium aluminate after leaching is decomposed with
carbon dioxide with aluminum hydroxide precipitating, which is cal-
cined to obtain anhydrous alumina.

This method can process almost all types of aluminium raw mate-
rials. Nowadays it is used for processing of high silica bauxites,
nepheline ores and concentrates.

The raw materials (bauxite and limestone) after grinding are fed to
the mills, where they are crushed in a circulating soda solution. Some
fresh soda is added there to compensate for its loss in the processing
process and reversible sludge.

After leaving the refrigerator, the sinter is directed to a leach,
grounding to a size of 6-8 mm. Leaching is carried out with water and
reversible weak solutions of soda.

The advantages of the method are to obtaining strong solutions
containing Al,O3 up to 300 kg/m’. But compared to the Bayer meth-
od, sintering methods require considerable energy costs. On the other
hand, they are more versatile because they have lower raw material
quality requirements. Such methods make it possible to process virtu-
ally any raw material (including waste) containing aluminium to alu-
mina with a high extraction of Al,Os. The processing of raw materials
by the method of sintering on alumina is quite advisable. In addition
to alumina, in this way, soda, potash, and cement are formed as by-
products. As a result, this reduces the environmental impact and bur-
den.

Features of bauxite processing at the Mykolaiv alumina plant
(MAP)

Bauxite, which is processed by MAP, consists mainly of alumini-
um hydroxides (boehmite, amorphous aluminium hydroxides, gibbs-
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ite) and iron hydroxides (goethite, aluminometite, hematite, dispersed
hematite), as well as of minor minerals (rutile, anatase, quartz, kaolin-
ite, zircon, etc.). The technological scheme of processing bauxite in-
volves grinding it in ball mills in the presence of concentrated alka-
line solution with the addition of calcium hydroxide in the form of
lime milk. The resulting slurry feed is pumped for further processing.
The leaching of aluminium from bauxite is carried out in autoclaves
with mechanical stirring. The slurry feed after separation is directed
to the thickening and washing apparatus, where the aluminate solu-
tion is separated from the sludge. The last one, after six times wash-
ing, enters the sludge storage [11].

Global practice processing of waste from alumina production

Recovery of precious metals from waste from alumina produc-
tion

Scientists from different countries have conducted experimental
studies on the iron production from red mud [20-23]. In particular, in
Central-South University (Shanghai, China) received samples of steel
directly from an iron removed from RM [24]. Scientists from the
Metallurgical Research Institute (China) have identified the main pat-
terns of magnetic separation of RM for increasing the iron extraction
degree from RM to 86% [25].

One way to use red mud is to restore rare earth elements. D.I.
Smirnov et al. [26] developed a new method for the recovery and ex-
tract of scandium, uranium and thorium from a clay slurry of red mud
by adsorption of rare earth metals by ion exchange resins with resin
up to 50% by scandium. A. Xue et al. [27] proposed a recovery meth-
od of scandium from red mud more than 80% by acid dissolution. J.J.
Zhang et al. obtained a solution with metal ions Ti, Sc, Fe and Al by
double leaching from RM by low-concentrated hydrochloric acid
[28]. A Wang-led research team also investigated Sc extraction from
RM and obtained the final product with a 95% purity using hydro-
chloric acid as a leaching agent [29].

Usage of waste from aluminium production in the construction
industry

In the construction industry, red mud can be used in the manufac-
ture of cement, building ceramics (bricks, foam blocks, ceramic tiles,
etc.), wall materials, for road construction, and as a binder in cement-
clay compositions. Red mud usage in the production of cement (up to
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30% of the charge) not only reduces energy consumption but also
stabilizes the cement, improves its initial strength and resistance to
sulfate attack [30 - 35].

Currently, the MAP annually ships 50-60 thousand tonnes of red
mud to cement plants. The potential volume of deliveries is 400-450
thousand tons per year. However, it should be taken into account the
narrowing of the scale of RM utilization and its percentage in the ce-
ment mixture caused by the limitation of the total alkali content, wa-
ter-soluble compounds and sludge moisture. Besides, the Fe,O3 con-
tent in RM is preferably greater than 50%. However, specific strict
standards for limiting the chemical composition of red mud for the
cement industry are not yet scientifically substantiated or are absent.

Bricks production from the RM has recently have been imple-
mented in Germany and Hungary. The firing temperature is 950 -
1250 °C. In the charge mixture, except for RM (51-90%), quartz
sand, volcanic rocks, silicate sludge, as well as plastic clays (7.5-
15%) use. As an alternative to traditional raw materials used in the
bricks production, the RM usage can not only reduce the cost of raw
materials but also has excellent environmental value. World practice
shows the possibility of producing fire-resistant brick, decorative
brick with black granules and ceramic tile based on RM [36 — 39].
The Shandong Aluminum Company Institute and the Great Wall
Aluminum Company Institute have proposed technology of fire-
resistant brick production from RM and fly ash. Since from 70 to
80% of the active components (SiO; and CaO) are recovered in RM
and fly ash, this waste is a promising raw material for the fire-
resistant bricks production for reasons of cost and productivity [40].

Based on RM, quartz sand, fluorite, manganese and chromium-
containing wastes, decorative and other black glass materials have
been successfully produced, with acceptable mechanical strength,
chemical resistance and optical properties [41-43].

Foam-concrete is a proven innovative trend in the development of
building materials production, due to such advantages as heat insula-
tion, fire resistance, seismic resistance. It is usually made using lime
and siliceous materials and some additives. Foam concrete based on
cement (15%), lime (12 - 15%), RM (35 - 40%) and quartz sand (33 -
35%) were proposed to produce in China. However, it has been found
to meet the lowest MU7.5 level of Chinese standards for the strength
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of concrete blocks [43]. But the technology of its production does not
differ from that of other foam concrete production, so this method
with the RM usage reduces the cost of foam concrete.

The prospect of using prepared RM as a part of asphalt in road
construction has been determined [44]. Tests on the road stability and
road strength 4 km long and 15 m wide covered with asphalt using
RM as a basis, showed that this section of the road meets the re-
quirements of the road and the standards of China [45].

The introduction of bauxite sludge as a raw material allows not
only to improve the quality of the obtained products but also to in-
crease the production profitability. High iron content in RM (up to
55% wt.) makes it promising to use it in ferrous metallurgy. Red mud
is used here as an iron-containing additive in the charge for the ag-
glomerates and pellets manufacture from iron ore concentrate for the
blast furnace process. The red mud usage in, for example, blast fur-
nace charge is prevented by the presence of up to 6% of alkali metals
in the form of sodium, potassium and zirconium oxides. Studies on
the red mud addition in the sintering board show that the introduction
of them up to 2-5% is possible. However, it requires the development
of blast furnace technology, and most importantly, the problem of
RM complete disposal is not solved [46-48].

Wastes from alumina production as soil ameliorant

According to [49-50], red mud can be used as a soil ameliorant
and fertilizer containing a wide range of trace elements. Thus, scien-
tists [51] claim that the introduction of certain doses in saline soils
has a positive effect on the growth and productivity of some crops
(buckwheat, corn, etc.). It is claimed that RM is a more effective
ameliorant in saline soils of the southern regions of Ukraine com-
pared to phosphogypsum. Besides, red mud helps to fix calcium in
the metabolic-soil complex, which prevents its displacement during
salinization of soils [52]. However, despite the positive effect of red
mud on soil quality and yield, according to the authors, its use is not
always appropriate, especially on human-made contaminated soils.
Since red mud contains an increased number of relatively mobile
forms of heavy metals with migratory capacity, which can negatively
affect the soil microflora, contribute to the pollution of agricultural
products.
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In general, the red mud assessment by agrochemical science is not
unambiguous and sometimes even contradictory. Thus, it is empha-
sized that the RM has a positive effect on the soil of the environment,
contaminated with heavy metals [53]. This is explained by the fact
that RM can absorb heavy metals ions and metals with variable va-
lence, such as Cu*, Ni**, Zn**, Pb*, Cd*, Cr®, Mn*, Co** i Hg*".
Another mechanism of heavy metals binding is based on the reaction
of the red mud carbonates interaction with heavy metal ions with their
deposition. In turn, the activity and reactivity of heavy metal ions in
the soil decreases, the microbial activity of soils and plant develop-
ment increases. W.G. Gao et al. [54] conducted some studies showing
that RM can significantly reduce the content of Cd and Zn by linking
mobile forms of these contaminants in soils.

R. Ciccu and co-workers [53] have also used RM to improve the
quality of soils contaminated with heavy metals and declare that RM
can reduce the content of heavy metals in severely contaminated
soils. ther researchers have found [55] that the addition of up to 2% of
RM per 1 kg of subsurface soil layer inhibits the uptake of Cu?*, Ni**,
Zn**, Cd** by crops.

Reagents from waste using in water treatment

Since red mud of MAP contains a large number of iron, alumini-
um, titanium, and other compounds, it is advisable to consider and
investigate the possibility of its usage in the native, packed state or
composites as raw materials for coagulation and sorption reagents for
water treatment [56-61]. It would contribute to the greater economi-
zation of alumina production, reduce the human-made load on the
environment, provide water treatment technology with efficient and
inexpensive reagents.

To date, research on the possibility of red mud using for the syn-
thesis of coagulants and sorbents in wastewater treatment is becoming
increasingly important. However, the development of red mud usage
ways as a sorbent to remove contaminants from wastewater is ac-
companied by many problems. The main of which are high alkalinity
(pH 10) and small particle size of red RM, which significantly com-
plicates the separation of sorbents after using from treated water. Be-
sides, red mud has a complex chemical and mineralogical composi-
tion, which significantly increases the number of factors that affect
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both the synthesis of reagents from RM and wastewater treatment
processes using coagulants and sorbents based on it.

The usage of reagents from secondary raw materials in coagu-
lation processes

Coagulation wastewater treatment processes are promising and
widely used today. Coagulation wastewater treatment processes are
promising and widely used today. Metal salts (most often iron and
aluminium (iron sulfate, aluminium sulfate, iron chloride, polyalumi-
numchloride, oxyhydroxides of iron and aluminium)) are most often
used as coagulants. Such coagulants, along with technological ad-
vantages, have certain disadvantages (high cost, corrosive effects on
equipment, the dependence of the coagulation process on the pH me-
dium and temperature).

To improve the efficiency of the method of destabilization of sta-
ble aqueous suspensions of wastewater, expanding the temperature
range of hydrolysis processes are increasingly using complex coagu-
lants, which contain both iron and aluminium [62, 63].

For reducing coagulants cost, it is advisable to use secondary raw
materials for their synthesis.

In [64], the RM/MgCl, system was used to remove dyes from
model solutions. The possibility of using a composite coagulant based
on RM was investigated in paper [65]. Thus, scientists from China
and Singapore have created a coagulant consisting of RM and poly-
aluminum chloride in different mass ratios, which is effective for
phosphates removing.

The usage of reagents from secondary raw materials in sorp-
tion processes

The red mud using as a sorbent for the removal of heavy metal
compounds, inorganic anions (nitrates, phosphates, fluorides), organ-
ic dyes, phenol and phenol derivatives, as well as organic compounds
is quite promising [66-68].

Arsenic compounds found in natural waters pose a severe threat to
human life and health. Low-dose arsenic poisoning can lead to cardi-
ovascular disorders, skin damage, hearing loss and cancer. In paper
[69], the possibility of using RM-based sorbents to remove arsenic As
(III) and As (V) compounds from aqueous solutions was studied. In
paper [70,71], to increase the red mud adsorption capacity, its heat
and acid treatment were performed with a positive result relative to
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the adsorption capacity of activated red mud. The maximum removal
degree of As (V) compounds reached 96.52%, and As (III) com-
pounds - 87.54%.

To date, a severe environmental problem, which still has no effec-
tive solution, is the wastewater pollution by hexavalent chromium
compounds. In case of insufficient treatment, chromium-containing
wastewater is discharged into natural reservoirs and soils, where to-
gether with vegetables and fruits the absorbed chromium compounds
enter the human body, which causes malignant neoplasms, blocks
enzyme systems, disrupts biological oxidation processes. In article
[72], the possibility of using red mud-based sorbents to remove
chromium (VI) compounds from aqueous solutions was studied.

Copper is a necessary element for the normal functioning of the
human body. It is believed that the optimal copper dose in the body is
2 - 3 mg/day. Copper deficiency in the body can develop with insuffi-
cient intake of this element (1 mg/day or less), and the toxicity
threshold for humans is 200 mg/day. At excess receipt of copper in a
human body, there are functional frustrations of a nervous system
(deterioration of memory, depression, insomnia). The possibility of
RM-based sorbents using to remove copper compounds from aqueous
solutions was studied in [73]. The mechanism of the process was pre-
sented as a surface reaction of complexation under the influence of
electrostatic forces of interaction between copper ions and the adsor-
bent surface.

When red mud was treated by hydrogen peroxide at room temper-
ature for 24 h, followed by washing and drying at 100 °C, in [74] a
sample of sorbent with better adsorption properties in comparison
with native red mud was obtained. A high removal degree (almost
100%) of Cd and Zn compounds was achieved in the low concentra-
tions range of the latter. In comparison, at their high concentrations,
the adsorption efficiency decreased to 60-65% at pH values of 4.0
and 5.0, respectively.

In [75], the removal efficiency of Rhodamine B and Methylene
Blue with the help of sorbents based on red mud in 92.5% and Meth-
ylene Blue - 75.0%, respectively, were achieved. In [76, 77], hydro-
chloric acid-activated RM was used to remove Congo red from aque-
ous solutions. The most effective adsorption process proceeded at pH
7.0 with reaching equilibrium in 90 minutes.
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RM and ash after pre-treatment and acid activation were used [78]
as an adsorbent to remove Methylene Blue from aqueous solutions.
Activation by nitric acid helped to increase the adsorption capacity of
ash and reduce the red mud adsorption capacity. This was explained
by the fact decomposition of some organic and hydroxide groups,
which, according to the authors, were effective adsorption centres,
was not excluded during heat treatment. In our opinion, acid treat-
ment leads to the selective dissolution of some ash components and
the creation or increasing of pores and specific surface area of ash,
which has the effect of increasing its adsorption capacity. According
to the author, during red mud activation by nitric acid, the sorbent
surface is re-charged. Due to this, there is a change in its surface
properties, which increases the dye adsorption degree.

Several studies [79-81] have determined the ability of effectively
RM using to remove phenol, 2-chlorophenol, 4-chlorophenol and 2,4
dichlorophenol from wastewater. It is indicated that the neutralized
red mud usage to remove phenol from aqueous solutions with a max-
imum degree in a wide pH range and contact time of 10 hours must
first be "neutralized" by distilled water. In paper [80], the removal of
phenol from an aqueous solution using activated red mud by hydro-
chloric acid was considered. It was found that the maximum removal
degree was obtained at pH below 8 and contact time 10 hours. It is
established that chemisorption is the determining process in phenol
removal.

In article [82] it was found the efficiency of phosphorus ions re-
moval from contaminated water with peat is only in the range from
17 to 21%, and RM in a mixture with peat - 95%. Phosphate uptake
by thermal and acid-activated red mud was investigated in. It was
found that their removal by activated hydrochloric acid red mud is
quite effective. It was found that the removal of phosphates is most
effective at pH 7. In paper [83], the red mud was activated with con-
centrated hydrochloric acid with the suspension washing by distilled
water and drying the residue, which was then used to remove phos-
phates. The study of the dose effect of treated red mud and the pH
medium established phosphates removal degree 85%.

Fluorides removal from aqueous solutions using native and by hy-
drochloric acid-activated red mud was studied in [84]. The maximum
degree of their removal (82%) was reached at pH 5.5. In paper [85],
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the nitrates removal from aqueous solutions by native and hydrochlo-
ric acid-activated red mud was investigated. The increase in the red
mud sorption capacity after acid treatment is explained by the leach-
ing of sodalite compounds, which are known to prevent adsorption by
blocking free adsorption centres. The mechanism of nitrate removal,
according to the authors, is explained by the chemical nature of red
mud and the interaction between metal oxides and nitrate ions on the
surface.

Conclusions

Since red mud contains a large number of iron, aluminium, titani-
um, and other compounds, it is advisable to consider and investigate
the possibility of its usage in the native, packed state or composites as
raw materials for coagulation and sorption reagents for water treat-
ment. It would contribute to the greater economization of alumina
production, reduce the human-made load on the environment, provide
water treatment technology with efficient and inexpensive reagents.

According to the results of experimental data activated red mud
can be used as a sorbent for wastewater treatment from heavy metal
ions, inorganic anions (nitrates, phosphates, fluorides), organic dyes,
phenol and phenol derivatives, as well as from organic compounds.
The efficiency of pollutant removal depends not only on the method
of red mud activation but also on several additional factors, such as
adsorption duration, sorbent dose, pH and contaminants concentration
in wastewater.

Despite the noted efficiency of sorbents based on red mud, the
technology of wastewater treatment from contaminants with such
sorbents is under development today. There are several reasons for
this. This fact significantly complicates the possibility of theoretical
substantiation of the processes that occur during the sorbents synthe-
sis and the removal of the contaminants from wastewater.

Besides, some of the red mud components can pass into the
wastewater directly during the treatment process, thereby introducing
additional contamination into the water.

Red mud from different alumina enterprises can differ significant-
ly in their chemical and phase-mineralogical composition. This fact is
due to different plants use bauxite (nepheline, syenite) ore of different
quality and several technologies for producing alumina. Due to this
fact, the process of obtaining a sorbent based on red mud with a set of
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specific characteristics is much more complicated. Also, the red mud
phase-mineralogical composition depends on the conditions and dura-
tion of its storage in the sludge dump. Therefore this causes heteroge-
neity in the composition of the red mud, even at the same enterprise.

RM has high alkalinity, which requires additional costs to neutral-
ize it. Also, RM particles fineness complicates the separation process
of sorbents based on red mud from wastewater solutions after their
treatment.

Therefore, when solving practical problems and creating a theoret-
ical substantiation of the treatment conditioning technologies, obtain-
ing and using red mud as an effective sorbent for water treatment, one
should take into account the difficulties, associated with the fineness
of the particles of native sludge, its diverse chemical and mineralogi-
cal composition and high alkalinity.

One of the possible directions of solving the RM involving in re-
cycling problem may be the extraction of active components (metal
oxides) of the future sorbent from the red mud and their application
on a porous granular carrier. It can help to easily separate the result-
ing sorbent from the treated wastewater, prevent additional contami-
nation (because the sorbent will contain only the target components,
mainly applied to the porous carrier) and facilitate the process of
adapting the technology of sorbent obtaining from red mud of differ-
ent enterprises.
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