Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2023 d0i:10.20944/preprints202303.0537.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Removal of Copper Ions from Distilled Sugar Cane Spirits by
Adsorption on Red Mud

Sandro L. Barbosa ¥, David Lee Nelson 1, Savio E. O. Miranda !, Wallans Torres Pio dos Santos 1, Alexandre P.
Wentz 1, Helvia Nancy Fuzer Lira 2, Fernando L. P. Pessoa 3, Foster A. Agblevor 4, Daniel Armelim Bortoleto 5, Ma-
ria Betania de Freitas-Marques ¢, Wagner da Nova Mussel ¢ and Lucas D. Zanatta 7

1 Department of Pharmacy, Universidade Federal dos Vales do Jequitinhonha e Mucuri-UFV]M, Campus JK,
Rodovia MGT 367 - Km 583, n® 5.000, Alto da Jacuba, CEP 39100-000, Diamantina/MG, Brazil. e-mail:
sandro.barbosa@ufvjm.edu (S.L.B.); dleenelson@gmail.com (D.L.N.); savio.eduardo@ufvjm.edu.br
(5.E.O.M.); wallanst@ufvjm.edu.br (W.T.P.d.S.); wentzap@hotmail.com (A.P.W.); helvianancy@gmail.com
(H.N.F.L.)

2 Department of Chemistry, Universidade Tecnoldgica Federal do Parana UTFPR - Rua Marcilio Dias, 635 -
Jardim Paraiso, CEP 86812-460, Apucarana/PR, Brazil. e-mail: helvianancy@gmail.com (H.N.F.L.)

3 Computational Modeling and Industrial Technology, University Center SENAI/CIMATEC, Av. Orlando
Gomes, 1845, Piata, Salvador 41650-010, Brazil; fernando.pessoa@fieb.org.br (F.L.P.P.)

4 Utah State University, 620 East 1600 North, Suite 130, Logan UT 84341, U.S.A.; foster.agblevor@usu.edu
(F.A.A)

5 Department of Geosciences, Universidade Federal do Pard, R. Augusto Corréa, 01 - Guam4d, Belém - PA,
66075-110, Brazil; dabortoleto@yahoo.com.br (D.A.B.)

¢ Department of Chemistry, Instituto de Ciéncias Exatas, Universidade Federal de Minas Gerais. Av. Antonio
Carlos, 6627, Pampulha, 31270-901, Belo Horizonte - Minas Gerais - Brazil. e-mail: betanialf@hotmail.com
(M.B.F.M.); wdmussel@qui.ufmg.br (W.N.M.)

7 Laboratdrio de Quimica Bioinorganica, Departamento de Quimica, Faculdade de Filosofia, Ciéncias e Letras
de Ribeirao Preto, Universidade de Sao Paulo, Av. Bandeirantes, 3900, 14040-901 Ribeirao Preto-SP, Brazil.
e-mail: lucaszanatta@usp.br (L.D.Z.)

* Correspondence: sandro.barbosa@ufvijm.edu.br; Tel.: +55-38-35321234; Fax: +55-38-35321234

Abstract: The presence of copper in distilled sugar cane spirits, especially cachaga produced in
alembics, has impeded the marketing of this product. Red mud (RM) is a residue obtained from
alumina production. It contains a high concentration of metal oxides and is very alkaline. The RM
was dried at 100 °C and sifted through a 150-micron sieve. The sample was characterized by B.E.T.
nitrogen adsorption, scanning electron microscopy-energy-dispersive X-ray (SEM-EDX) and
Atomic Absorption Spectrometry (A.A.S.). The textural parameters indicate that the total surface
area (5.T.) was 21.9 m?g, and the total volume pore (V.T.) was 0.09 cm®g". The RM (1 g) was stirred
for two hours with a 1.0 L cachaga sample containing 9.39 mg of copper L and filtered under
atmospheric pressure. The concentration of copper ions detected in the filtrate was 0.00 mg L-'. No
copper ions were retained when the cachaca was filtered through the RM under high pressure
without stirring prior to filtration.

Keywords: metals oxides; surface hydrophilicity; alcoholic beverage; contaminants; quality control;
mesoporous materials

1. Introduction

The presence of copper in distilled sugar cane spirits, especially cachaga produced in
alembics constructed of copper, has impeded the marketing of this product [1-4].
International law limits the presence of copper in cachaga to (2 mg.L?), which is lower
than that specified by Brazilian legislation (5 mg.L) [5,6]. Limits for organic and inorganic
compounds are established by Brazilian legislation. Copper, lead, and arsenic are among
the inorganic contaminants.

Copper alembics are mainly responsible for the contamination of the beverage, but
using these stills yields beverages with mild flavors. Copper is essential for human

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202303.0537.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2023 d0i:10.20944/preprints202303.0537.v1

metabolism because it is a cofactor for various cellular enzymes. However, high
concentrations of copper can lead to epilepsy, melanoma, rheumatoid arthritis, and the
loss of the sense of taste [7,8]. Various methods for the removal of copper from cachaca
utilizing clay [9], clay and charcoal [10], sugar cane bagasse [11], and agricultural and
industrial residues [12] have been tested, as well as highly adsorptive synthetic materials
[13], activated charcoal, CaCOs, MgCOs, aluminosilicates, and bentonite [13-17].

RM (Bauxite residue) is a solid residue produced during alumina production from

the caustic digestion of bauxite ores, called the Bayer Process [18,19,20]. Approximately
1.5 tons of RM is produced for each ton of alumina [21]. The annual global production of
RM is approximately 0.15 billion tons [22]. It is composed of fine particles of various
mineral oxides, including aluminum, iron, silicon, titanium, and traces of other metals,
and it has a highly alkaline pH of 10-12.5 [23,24]. Due to the RM's alkaline nature and high
metal content, its disposal in landfills causes a significant impact on soils and
groundwater [25]. Global RM generation reached 77 Mt yr' in 2017 [25]. Industries and
professionals are struggling to find adequate management strategies for the permanent
and safe disposal of RM. In addition to its disposal, attempts have been made to utilize
RM for other industrial and environmental purposes as a component in building brick
materials [24,26,27], filler in asphalt roads [27], for the production of coagulants [28,29],
adsorbent for inorganic and organic compounds [28-30] and as a catalyst [31-33].
However, despite such advances in utilization, most of the RM produced is disposed of
in landfills. Therefore, credible strategies and methods must be sought to reduce
environmental burdens and increase residue use for peaceful purposes.

Wang et al. [34] have discussed the application of RM to purify wastewater. They
have reviewed the effectiveness of removing metal ions, non-metal ions, phenolic
compounds, and dyes from wastewater and soils and removing sulfides and carbides
from waste gas. The present study discusses using RM to remove copper ions from
distilled sugar cane spirits.

2. Experimental
2.1. Materials and methods

RM was collected from the ALCOA industry (Juruti, PA, Brazil). Cachaga was
purchased at a local market in Diamantina, Minas Gerais, Brazil.

2.2. Instrumentation

Energy-dispersive X-ray fluorescence EDX-720 spectrometer; EDX-720/800HS/900HS
(Shimadzu Europe).

The thermal behavior of RM was evaluated by Thermogravimetry (TG) and by
Differential Scanning Calorimetry (DSC), and the data were treated in the first derivative,
the Thermogravimetry derivative (DTG). The TG curve was obtained on a TGA-50
Shimadzu thermobalance using an open alumina crucible with an accurately weighed 5-
mg sample under a controlled inert argon atmosphere at a flow rate of 50 mL.min"; the
heating rate was 10 °C.min", with a temperature range of 30-800 °C. The derivative curve
was obtained by T.A. data software. The DSC curve was obtained in a DSC-60 Plus
Shimadzu cell under a controlled argon atmosphere, with a flow rate of 50 mL.min"; the
heating rate was 10 °C.min’, the temperature range was 30-350 °C. About 1.5 mg of the
sample was accurately weighed in a closed aluminum crucible. The measurements were
carried out using a Shimadzu model XRD-6000 diffractometer using CuKa
monochromatic radiation (A =0.15406 nm - 40 kV and 30 mA) at a scan rate of 2.0 degrees.s-
1 covering the 20 scale from 10-80°.

Analyzers for specific surface area, pore size, vapor adsorption, and chemisorption.
RM pore volume, average pore diameter, and surface area were measured by nitrogen
adsorption with a Quanta Chrome Novatouch LX2 apparatus through N2 equilibrium
isotherms, physical adsorption, and desorption. Before analysis, the samples were
activated at 100 °C for 3 hours to remove possible physisorbed water molecules in the
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pores. The specific areas were calculated using the Brunauer-Emmett-Teller (B.E.T.)
equation with the Nova Win software. Pore volume and pore size distribution were
obtained using the DFT method [35].

2.3. Typical procedures
2.3.1. Absorbent preparation

Red mud was dried at 100 °C for 24 h in a hot air oven. The dried RM sample was
ground and sieved through a 150-micron sieve to furnish a uniform particle size. The
sample was dried in a muffle furnace at temperatures ranging from 100 °C for 4 h. The
dried RM samples (1.00 g) were directly applied as an absorbent for the copper contained
in cachaga (1.0 L) by stirring for 2 h and filtering. The filtrate was analyzed for the presence
of copper ions. A cachaca sample was also filtered through RM under a pressure of 1.0
Kgf/cm? (14.2233 psi) without stirring before filtration.

3. Results and Discussion
3.1. RM Composition (RM physicochemical characterization)

RM, as a residue from the caustic digestion of bauxite. It contains all the elements in
bauxite that are insoluble or partially soluble in caustic soda, plus sodium and calcium
from the reagents added during digestion.

The main constituents of the RM were analyzed by atomic absorption spectrometry
(A.AS.). The A.A.S. technique was performed on a Varian spectrophotometer, model
SpectrAA 50B. The working conditions were lamp current 4 mA, acetylene, and air
mixture as the fuel in an oxidizing flame and wavelength of 324.7 nm. The calibration
curve was obtained with successive dilutions (0, 1, 3, 5, 10, and 20 ppm) from an Ultra
Scientific brand copper standard with 1000 ppm. The composition of the RM can be found
in Table 1.

Table 1. E.D.X. composition of RM.

E.D.X. composition (wt. %) E.D.X. composition (wt. %)
Element . .
Before adsorption After adsorption

Fe 41.753 44435

Al 30.754 29.357

Si 12.138 10.802

Na 9.927 10.089

Ti 3.894 3.758

Ca 0.909 0.883

Zr 0.193 0.228

\% 0.165 0.166

S 0.115 0.088

Cr 0.088 0.081

Ir 0.050 Not measured
Nb 0.013 0.015
Mn Not measured 0.056

Cu Not measured 0.021

Ga Not measured 0.019

3.2. RM characterization
3.2.1. Thermal behavior of RM.

A gradual 5% mass loss between 30 °C and 250 °C occurred with the RM, as observed
in the T.G. curve (Figure 1). This mass loss corresponded to the sample's residual
moisture. An endothermic phenomenon is observed in The D.S.C. curve of RM. This
process consumes 79 J.g! between 236 °C and 293 °C in the same interval in which a 3%
mass loss occurs, as observed in the T.G. curve (thin line; Figure 1). In the temperature
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range analyzed, no other thermal phenomenon was observed, as was expected because of
the high thermal stability of the mud samples.
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Figure 1. Thermal behavior of RM described by Thermogravimetry (TG - thin line), Thermogravim-
etry derivative (DTG - gray line), and Differential Scanning Calorimetry (DSC — thick line).

The heating promotes the dehydration of AI(OH)s to form a much larger amount of
Al20s. Hematite (Fe20s) is found throughout the process. being responsible for the color
of the sample. The SiO: phases undergo changes with heating because there is a large
amount of AI(OH)s at the beginning. After heating in the presence of the basic residue,
silicates are attacked, including members of the SiO: family of low crystallinity. The diag-
nostic peaks of the present phases have been indicated in Figure 2.
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Figure 2. RM X-ray overlapping from the heating at 100 °C.

3.2.2. N2 adsorption/desorption isotherms

The characterization of the textural properties and surface chemistry of RM is used
to explain the Cu*?2 adsorption performance, especially at low pressures. The N2 adsorp-
tion/desorption isotherms of RM (Figure 3) exhibited the typical behavior of mesoporous
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materials. According to the IUPAC recommendations, such isotherms are classified as
type IV. They are typical of mesopores with uniform cross sections, in which the formation
of multilayers of the adsorbate by capillary condensation leads to H3-type hysteresis loops
[36,37].

The textural parameters obtained by applying the B.E.T. and DFT approaches to the
Nz adsorption/desorption data indicate that the total surface area (5.T.) was 21.9 m?g"!, and
the total volume pore (V.T.) was 0.09 cm3g-!. Furthermore, RM displayed a half pore width
of around 12.3 nm. The C-BET constant (35,36) also revealed a significantly smaller polar
surface; the results attested to lower surface hydrophilicity.
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Figure 3. N2 adsorption/desorption isotherm of RM.

3.3. RM as an adsorbent for cachaga treatment
3.3.1. Application of RM for the removal of copper ions from cachaca

Basic properties of adsorbent include surface activation (dehydration at 100 °C), high
thermal stability, high abrasion resistance, and average pore diameters with a high ex-
posed surface area that results in high adsorption capacity under atmospheric pressure.
The cachaga originally contained 9.39 mg of copper ions per liter. No copper ions were
detected in the filtrate (using 1.0 g RM per liter of cachaga). However, when the filtration
was performed under pressure (1.0 Kgf.cm= or 14.2233 psi), no retention of copper ions
occurred. Thus, the filtration process should be slow so that there is sufficient time for
equilibration with the retention sites to occur. The use of pressure might also cause com-
pacting of the RM so that penetration of the ions will be less efficient.

4. Conclusion

Maximum adsorption capacities for Cu?* were observed for the RM aggregates. The
concentration of copper in the cachaga decreased from 9.39 mg of copper per liter to 0 mg
L1 after treatment with 1.0 g of RM. Thus, the cachaca bought in a local market was ade-
quate for consumption after being treated with RM. International law limits the presence
of copper in cachaga to 2 mg.L-. In contrast, the limit required by Brazilian legislation is 5
mg.L-1.
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