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This paper describes the studies of the use of red muds as adsorbents for cleaning
solutions from As(V). The red mud is a waste that contains a large amount of iron oxides
and hydroxides, which are excellent adsorbents of arsenic, especially those possessing
magnetic properties and large specific surface area. The purpose of the experiment
was to study the possibility of obtaining an effective adsorbent by direct extraction of
alumina from bauxite using the caustic alkali fusion method and optimization of the
process. The main iron-containing phase of the red muds obtained by fusing bauxite
with caustic alkali was maghemite, which has a large specific surface area. Arsenic
adsorption experiments were carried out using red muds obtained through bauxite
alkali fusing at different temperatures and time of fusion, as well as the mass ratio of
caustic alkali to bauxite. The red muds obtained by fusing bauxite with caustic alkali
at 400° C and NaOH to bauxite mass ration 1.5 within 70 minutes have the highest
effectiveness removing arsenic. Their As(V) uptake capacity was over than 37 mg/g.

red mud, maghemite, nanoparticles, As(V) adsorption, optimization

To date, red mud (sludge from alumina industry) represent non-recyclable waste gener-
ated after processing of bauxite [1] occupying large areas of land, at the same time the
red mud contains a big amount of valuable components. The most interesting of them

are rare earth metals, aluminum, iron and titanium [2, 3].

One of the useful properties of red mud is the ability to adsorb harmful impurities from
gases and liquids: sulfur oxides [4], heavy non-ferrous metals [5—7] and ions of weak
acids, the most harmful of which are arsenic and antimony compounds [8]. Arsenic is one
of the most dangerous elements found in a large number of natural compounds [9, 10].
In many countries, most notably Asia, its content in groundwater exceeds threshold
values [11-13]. The most polluted arsenic regions are Bangladesh and its neighboring
Indian state, where more than 100 million people are potentially poisoned by arsenic

through water wells; experts say more than 21% of deaths in this region are caused
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by arsenic poisoning [14]. Large amounts of arsenic in groundwater can be found in
Greece, Czech Republic, US and Canada [15].

Mines and sulfide mineralization sites are the main sources of arsenic, with large
amounts released by enterprises that store waste in dams without proper pre-treatment.
In the Ural region of Russia, the main source of arsenic is the copper industry that
processes arsenic-containing concentrates [16]. Their pyro- and hydrometallurgical pro-
cesses generate effluent containing up to 1g/L of arsenic, which wants proper treatment
[17].

Arsenic causes a whole bunch of dangerous diseases in people such as diabetes,
digestive, cardiovascular and neurological conditions, and increases the risk of cancer
[18, 19]. Therefore, in order to reduce the effect of arsenic on large populations of
people, it is necessary to develop cheap and effective methods for purifying drinking
water, constantly monitoring the level of pollution and observing the form of arsenic in
the water and its sources.

Many countries have already adopted rules limiting the arsenic content in drinking
water to 0.01 mg/L, as recommended by WHO and ESEPA [20, 21]. A large number of
arsenic water treatment methods have been proposed such as oxidation and precipi-
tation [22], coagulation [23], co-precipitation [24], the use of membranes and reverse
osmosis [25], electrolysis [26] and ion exchange resins [27].

However, these methods are rather complicated, expensive or waste generating, and
are less effective at very low concentrations. Adsorption thus remains the most common
and economical method [28]. Effective adsorption requires materials with the smallest
particle size and a large specific surface area, with high porosity and a large number
of active centers, e.g., coal — but its preparation is expensive. Therefore, new highly
efficient and cheap sorbents from widely available raw materials must be developed to
scale up the adsorption process and make it usable by the poorer populations.

Previously was shown [2] that in the processing of bauxite by alkali fusion, one can
obtain the red mud with high iron content. Besides, the iron in the red mud are presented
in the form of nanoparticles of maghemite [29], which, according to the literature [28],
are an effective sorbent for cleaning solution from arsenic. It is also shown [29] that due
to the special physical and chemical properties of the red mud obtained by alkali fusion,
arsenic capacity increases tenfold: 0.4 mg/g for convenient Bayer red mud against 32
mg/g for red mud obtained by fusing bauxite with alkali.

In this paper, a study was carried out to find the optimal parameters for the synthesis
of high-performance sorbents by fusing bauxite with caustic alkali at different initial

parameters using an orthogonal plan of the second-order experiment. The variable
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parameters were: temperature and duration of fusion, as well as the mass ratio of

caustic alkali to bauxite.

The study used analytical grade chemical agents; the water was distilled in a GFL distiller.
NaOH had been supplied by ZAO Soda (Sterlitamak, Russia). Bauxites and commercial
samples of red mud had been obtained from an alumina plant in Kamensk—Uralsky
(Sverdlovsk Region, Russia). The original solution produced by dissolving As,O; with
As(V) concentration of 10 g/L had been obtained from the Ural Mining and Metallurgical

Company (Verkhnyaya Pyshma, Russia).

The activated red mud was obtained from bauxite by fusing it with caustic alkali.
A 20 g bauxite sample was crushed to 80% of particles less than 74 microns and
thoroughly mixed with 20 g caustic alkali; then 10 mL water was added to the mixture.
The produced pulp was placed in a 100 mL ceramic crucible and mixed well into a
homogeneous mixture. The crucible was then placed in a muffle furnace (Tulyachka—
10P), and heated up from room temperature to the desired temperature and then left in
the furnace for 1.5 hours. The obtained sinter was studied for phase composition and

subsequent leaching.

The sinter was crushed by hand using an agate pestle to pass 100% of the particles
through a 150 pm sieve and was then leached. For that purpose, the crushed sinter
was placed in a 200 mL beaker containing 100 mL water and leached for 30 minutes at
80° C. The resulting pulp was filtered, and the solid residue (red mud) was repeatedly
washed with hot water to reach the neutral pH. The washed red mud was dried at 80°
C overnight to prevent phase transformations of iron oxides and hydroxides. The red
mud thus obtained was analyzed by various physicochemical methods and tested for

effectiveness as a sorbent of arsenic.

The study of the phase composition of bauxite, sinter and red mud was performed
through powder X-ray diffraction spectrometry (XRD) with an XRD-1800 diffractometer
using a Cu—K radiator (A = 1.541841 A) and a graphite monochromator. The chemical
composition of bauxite and red mud was determined using powder X-ray fluorescence
spectrometry (XRF) with an XRF—-2000 detector. Scanning electron microscopy (SEM)
images were taken to determine the morphology of red muds (JEOL JSM-6390, Tokyo,
Japan).

Arsenic adsorption experiments were performed by mixing a certain amount of red
mud (10 g/L) with As (V) solution of a known concentration in a plastic Erlenmeyer vessel.

The Erlenmeyer vessels were agitated at 100 rpm with an Ecros laboratory shaker at
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room temperature of 25 + 2° C until pseudo-equilibrium was reached [28]. Arsenic
adsorption by different types of red mud was tested with an initial concentration of As
(V) of 150 mgL for 24 hours. Upon reaching the adsorption equilibrium, the red mud was
separated by centrifuge; the solution was then collected to determine the final As (V)
content using inductively coupled plasma optical spectrometry (ICP-MS). All the tests

were performed twice; the mean values are presented here.

The sorbent capacity was determined by the mass balance formula Eq. (1):
q.~(C; — C/)*V/m, (1)

where ge is the sorbent capacity in mg/g, C; and C, is the initial and final concentration

of arsenic in mg/L, V is the solution volume in L, and m is the sorbent mass in g.

The chemical composition of the used bauxite is presented in Table 1. Figure 1 shows
the XRD pattern of the bauxite. As can be seen from the data in Table 1 and Figure 1,
this bauxite mainly consists of boehmite and hematite, with a small amount of rutile,
diaspore, quartz, and chamosite. This bauxite is characterized by a high iron content,
which makes it a good object to study the possibility of obtaining an iron oxide-based

adsorbent from red mud.

TABLE 1: The chemical composition of Middle—Timan bauxite.

AlL,O,  Fe,O, Sio, TiO, CaO co, MgO LOI pSi'
51.00 28,00  4.44 2.84 0.62 0.60 0.33 115 1.49

! uSi — a silica ratio equal to the mass ratio of alumina to silica in bauxite.

To study the effect of alkali fusing conditions on the red mud adsorption capacity a
multifactorial experiment was carried out. The results of the experiments are shown in
Figures 2 and 3. As can be seen from the data obtained, the mass ratio of NaOH to
bauxite and the time of fusion have the greatest influence on the capacity of red mud,
which is associated with a more complete interaction of caustic alkali with hematite
in bauxite to form sodium ferrite. The temperature of the fusing process, in turn, has
the least effect on the capacity of the red mud. Nevertheless, the maximum capacity is
observed at a temperature of 400 °C.

Thus, the optimal parameters of the sorbent synthesis obtained in this study are the
temperature of 400 °C, the mass ratio of NaOH to bauxite is 1.5 units, the duration of
fusion is 70 minutes. With these parameters, it is possible to obtain a red mud with
an arsenic adsorption capacity of 37 mg/g, which is comparable to artificially obtained

adsorbents based on maghemite nanoparticles [2].
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Figure 1: The XRD pattern of the Middle—Timan bauxite, where: b — boehmite; h — hematite; d — diaspore;
q — quartz; r — rutile; sh — chamozite.
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Figure 2: Estimated response surface of multifactor experiment at 90 minutes of fusing time.

When these parameters have been adopted the red mud with the following compo-
sition (Table 2) was obtained. According to the X-ray analysis the main iron-containing

phase in the red mud was maghemite (Figure 4).

TABLE 2: The chemical compositions of the red mud obtained at optimal conditions.

Na,0 ALO, Fe,0, SO, TiO, CaO Lol
227 567 6728 397 682 1.48 9.53

In order to study the morphology of maghemite particles in the obtained red mud,
micrographs were made using scanning electron microscopy (Figure 5). According to

the photos, the red mud consists of particles smaller than 1 micron.
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Figure 3: Estimated response surface of multifactor experiment at 400 °C.
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Figure 4: XRD—pattern of the red mud obtained at optimal conditions (m, maghemite; h, hematite).

Alkali fusing—leaching method for preparing As(V) adsorbents while processing bauxite
in the alumina production was explored. In the first step, bauxite was fused with alkali
at different temperatures and time, as well as the mass ratio of NaOH to bauxite to
the conversion of Al, Fe and Si in the soluble form. In the second stage obtained
sinters was leached by water to recover Al and Si in solution, as well as obtain red mud
with high iron content. The optimal parameters for the synthesis of high-performance
adsorbents of As(V) by fusing bauxite with caustic alkali at different initial parameters

of fusing were performed using an orthogonal plan of the second-order experiment.

DOI 10.18502/kms.v6i1.8112 Page 379



E KnE Materials Science

TECHNOGEN-2019

- . F i ’ " 3
15kV. . X1,500 T St g ! 15 11 41 SEI

Figure 5: Microphotographs of red mud obtained at optimal conditions.

The optimal As(V) adsorption efficiency more than 37 mg\g was obtained after fusing
at 400 °C and NaOH to bauxite mass ratio 1.5 for 70 min. The iron oxide content in
the red mud obtained under the optimum conditions was 67.28%, that is much higher
than in conventional Bayer process red mud. Also, high As(V) adsorption efficiency can
be related to the phase composition of the red mud. According to the X-ray analysis,
the main iron-containing phase in the red mud was maghemite. It can be concluded
from the experimental results that the proposed method is efficient and energy-saving.
Moreover, it appears to be suitable for the comprehensive utilization of the red mud.

The work was supported by Act 211 Government of the Russian Federation, contract
N° 02.A03.21.0006.

[1] Brichkin, V. and Kurtenkov, R. (2015). Dealkylation of Alumina Production Red Mud
on the Basis of Hydro Chemical Processing. Freiberg Online Geology, vol. 40, pp.
189-194.

[2] Loginova, I. V., Shoppert, A. A. and Chaikin, L. I. (2016). Extraction of Rare-Earth Metals
During the Systematic Processing of Diaspore Boehmite Bauxites. Metallurgist, vol.
60, pp. 198-203.

[3] Zhu, D., et al. (2012). Recovery of Iron from High-Iron Red Mud by Reduction Roasting
with Adding Sodium Salt. Journal of Iron and Steel Research International, vol. 19,
pp. 1-5.

[4] Fan, H. L., Li, C. H. and Xie, K. C. (2005). Testing of Iron Oxide Sorbent for High-
Temperature Coal Gas Desulfurization. Energy Sources, vol. 27, pp. 245-250.

[5] Santona, L., Castaldi, P. and Melis, P. (2006). Evaluation of the Interaction Mechanisms
Between Red Muds and Heavy Metals. J. Hazard. Mater., vol. 136, pp. 324-329.

DOI 10.18502/kms.v6i1.8112 Page 380



E KnE Materials Science TECHNOGEN-2019

[6] Agrawal, A., Sahu, K. K. and Pandey, B. D. (2004). A Comparative Adsorption Study
of Copper on Various Industrial Solid Wastes. AICHE J., vol. 50, pp. 2430-2438.

[7] Ahmed, M. D. J. K. and Ahmaruzzaman, M. (2016). A Review on Potential Usage of
Industrial Waste Materials for Binding Heavy Metal lons from Aqueous Solutions. J.

Water Process Eng., vol. 10, pp. 39-47.

[8] Altundogan, H. S., et al. (2000). Arsenic Removal from Aqueous Solutions by
Adsorption on Red Mud. Waste Manag., vol. 20, pp. 761-767.

[9] Wang, S. and Mulligan, C. N. (2008). Speciation and Surface Structure of Inorganic
Arsenic in Solid Phases: A Review. Environ. Int., vol. 34, pp. 867-879.

[10] Cullen, W. R. and Reimer, K. J. (1989). Arsenic Speciation in the Environment. Chem.
Rev., vol. 89, pp. 713-764.

[11] Ahmed, K. M., et al. (2004). Arsenic Enrichment in Groundwater of the Alluvial
Aquifers in Bangladesh: An Overview. Appl. Geochem., vol. 19, pp. 181-200.

[12] Brammer, H. and Ravenscroft, P. (2009). Arsenic in Groundwater: A Threat to
Sustainable Agriculture in South and South-East Asia. Environ. Int., vol. 35, pp. 647—
654.

[13] Zheng, Y., et al. (2004). Redox Control of Arsenic Mobilization tn Bangladesh
Groundwater. Appl. Geochem., vol. 19, pp. 201-214.

[14] Argos, M., et al. (2010). Arsenic Exposure from Drinking Water, and All-Cause and
Chronic-Disease Mortalities in Bangladesh (HEALS): A Prospective Cohort Study.
Lancet, vol. 376, pp. 252-258.

[15] Korte, N. E. (1991) A Review of Arsenic (lll) in Groundwater. Crit. Rev. Environ. Control,
vol. 21, pp. 1-39.

[16] Karimoy, K. A. and Naboichenko, S. S. (2016). Sulfuric Acid Leaching of High-Arsenic
Dust from Copper Smelting. Metallurgist, vol. 60, pp. 456—-459.

[17] Piret, N. L. (1999). Removal and Safe Disposal of Arsenic in Copper Processing. JOM,
vol. 51, pp. 16—-17.

[18] McClintock, T. R., et al. (2012). Arsenic Exposure in Latin America: Biomarkers, Risk
Assessments and Related Health Effects. Sci. Total Environ., vol. 429, pp. 76-91.

[19] Chen, B.-C., et al. (2010). Assessing the Cancer Risk Associated with Arsenic-
Contaminated Seafood. J. Hazard. Mater., vol. 181, pp. 161-169.

[20] Smith, A. H. and Smith, M. M. H. (2004). Arsenic Drinking Water Regulations in
Developing Countries with Extensive Exposure. Toxicology, vol. 198, pp. 39-44.

[21] Smith, A. H., et al. (2002). Arsenic Epidemiology and Drinking Water Standards.
Science, vol. 296, pp. 2145-2146.

DOI 10.18502/kms.v6i1.8112 Page 381



E KnE Materials Science TECHNOGEN-2019

[22] Bissen, M. and Frimmel, F. H. (2003). Arsenic—A review. Part ll: Oxidation of Arsenic
and its Removal in Water Treatment. Acta Hydrochim. Hydrobiol., vol. 31, pp. 97-107.

[23] Mohan, D. and Pittman, C. U., Jr. (2007). Arsenic Removal from Water/wastewater
using Adsorbents—A Critical Review. J. Hazard. Mater., vol. 142, pp. 1-53.

[24] Siddiqui, S. I. and Chaudhry, S. A. (2017). Iron Oxide and its Modified forms as an
Adsorbent for Arsenic Removal: A Comprehensive Recent Advancement. Process.
Saf. Environ., vol. 111, pp. 592-626.

[25] Bhatnagar, A., et al. (2011). A Review of the Use of Red Mud as Adsorbent for the

Removal of Toxic Pollutants from Water and Wastewater. Environ. Technol., vol. 32,
pp. 231-249.

[26] Sahu, R. C., Patel, R. and Ray, B. C. (2010). Utilization of Activated CO2-neutralized
Red Mud for Removal of Arsenate from Aqueous Solutions. J. Hazard. Mater., vol.
179, pp. 1007-1013.

[27] Venkatesan, G. and Narayanan, S. L. (2018). Synthesis of Fe203-coated and HCI-
treated Bauxite Ore Waste for the Adsorption of arsenic (lll) from Aqueous Solution:

Isotherm and Kinetic Models. Chem. Eng. Commun., vol. 205, pp. 34-46.

[28] Tuutijarvi, T., et al. (2009). As(V) adsorption on Maghemite Nanoparticles. J. Hazard.
Mater., vol. 166, pp. 1415-1420.

[29] Shoppert, A., et al. (2019). Increased as Adsorption on Maghemite-Containing Red
Mud Prepared by the Alkali Fusion-Leaching Method. Minerals, vol. 9, pp. 60.

DOI 10.18502/kms.v6i1.8112 Page 382



	Introduction
	Experimental
	Results and Discussion
	Conclusions
	References

