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Abstract

The disposal of dyes in water bodies causes significant changes to the environment and is already among the hazardous
chemicals with the potential to affect human health. Among the most popular methods of removing dyes and pigments
from industrial waste, adsorption can be highlighted. The objective of this project was to evaluate the potential of
nanomodified biomass of the Cocus nucifera species as a biosorbent for the removal of the anionic dyes erychrome black
(EB), indigo blue (IB) and sulfur black (SB) in aqueous solution. The study revealed that the pHpzc of the nanocomposite
is 5.1, that the sorption process is facilitated the lower the pH and that increasing the dose does not increase the sorption
potential of the material. The kinetic study revealed that the theoretical mathematical model that best adjusted to the
experimental data for the dyes EB, IB and SB was the pseudo-second order, with equilibrium being reached in 30, 50 and
90 minutes of contact time, respectively. The maximum adsorption capacity of the composite was 142.84, 162.76 and
106.32 mg/g for EB, IB and SB, respectively. The green coconut-based nanocomposite can be used as an efficient
biosorbent to treat dye-contaminated water.
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synthetic origin, such as alumina, sepiolite and
others [5].

The green coconut biomass can be an alternative
adsorbent source for dye sorption, as it is an

1. Introduction

The disposal of dyes in water bodies causes
significant changes to the environment and is

already among the hazardous chemicals with the
potential to affect human health. Due to their
complex structure and because they are not
photodegradable, remain soluble at high
temperatures and are not sensitive to
microbiological attack, most dyes are persistent in
the environment. In addition, most azo dyes are
toxic to the aquatic environment, in addition to being
carcinogenic and mutagenic [1, 2]. Synthetic
organic dyes are classified into different categories
according to their chemical structures such as azo,
anthraquinone, nitro, acridine and sulfur dyes[3, 4].

Among the most popular methods of removing
dyes and pigments from industrial waste, adsorption
can be highlighted. The types of materials used as
adsorbents are of various natures, and can be of plant
origin, such as peat and cellulose derivatives, of
animal origin, such as eggshell membranes, or of

abundant biomass, especially in the northeast, has
good productivity and does not require replanting.
Therefore, the objective of this project was to
evaluate the potential of nanomodified biomass of
the Cocus nucifera (BCNP) species as a biosorbent
for the removal of the anionic dyes erychrome black
(EB), indigo blue (IB) and sulfur black (SB) in
aqueous solution.

1 Materials and methods
1.1 Preparation of magnetite nanocomposites

The nanomodified biomass was obtained from
the methodology proposed by Labuto et al., (2022).
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1.2 Adsorption assays

To determine the point the zero charge (pHpzc),
the methodology proposed by Carvalho et al.,
(2021) was applied. For this, 50 mg of the bamboo
adsorbent, 25mL of 1 mol/L sodium chloride
solution, at 2-12 pH range, were used. The system
was kept in constant agitation (200 RPM) in a
shaker-type incubator, temperature (28 °C) for 24 h,
after which, the final pH of each solution was
measured.

The effect of pH in the range between 3 and 5
was evaluated, using 10 mg of analyte for each 10
mL of dye solution (IB, EB and SB 100 mg/L).

The kinetic study was continuous at constant pH
(pH 3.5) using 10 mL of EB, IB and SB solution
(concentration 100 mg/L) and 10 mg of BC-NP.
During the test, aliquots were collected at intervals
of 5,10, 15, 30, 60, 120 and 180 minutes.

The dosage effect was evaluated from the use of
10 to 50 mg of biocomposite (BCNP) for each dye
(IB, SB and EB 100 mg/L), pH 3.5 and 60 min.

For the adsorption isotherm, 10 mL of IB, SB
and EB (50 to 350 mg/L) synthetic solutions were
used at pH 4.0. The experiment was conducted
using 10 mg of adsorbent for every 10 mL of
solution.

The analysis conditions were: constant agitation
(200 RPM) in a shaker-type incubator, temperature
(28 °C), and 1 h interval. To determine the
adsorption potential the solutions were centrifuged
and the supernatant analyzed for dye quantification
by UV-VIS spectrophotometry. The material
particle size was between 48 and 100 mesh.

2  Results and discussion

The pH study revealed that the sorption process
is facilitated at lower pH. For this reason, it was
decided to work with pH 3.5, Figure 1b. The study
of the adsorption kinetics revealed that the
theoretical mathematical model that best adjusted to
the experimental data for the dyes EB (r>=0.99963),

IB (r> = 0.99905) and SB (r> = 0.99673) was the
pseudo-second order, with equilibrium being
reached in 30, 50 and 90 minutes of contact time,
respectively, as can be seen in Table 1 and Figure
Ic.

Table 1. Data of pseudo-first and pseudo-second
order kinetics by nanomodified biomass coconut
(BCNP); For pseudofirst order, the slope = K, and
the angular parameter = K» in the pseudo-second-
order. Using 1 mg/mL biosorbent dose and 10 mL
of solution, an initial concentration of 100 mg/L.

Pseudo 1% order

Dye 2 2 C | Qcm]c. QeXp_
r K, (min
x {0 (g gty (mggl)
EB 0.8433 0.0845 -0.01+ 1.7  49.50 55.50
1B 0.87749  0.10798 0-.05+1.74 16.30 49.90
SB 0.19004  1.98311 -0.01 £3.1% 13.51 62.31

Pseudo 2™ order

Qca]c. QeXp,

Dye 2 N
(mgg") (mggh

1 K. (min”)

0.01+5.7 59.31 55.50
0.01£5.0° 48.64 49.90
0.01 £3.1* 60.47 62.31

EB 0.99963  0.00043
1B 0.99905  0.00132
SB 0.99673  0.00307

During the studies of the influence of the dye
concentration, it was possible to observe that the
maximum adsorption capacity of the composite was
142.84,162.76 and 106.32 mg/g for EB, IB and SB,
respectively, Figure 1a.
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Figure 1. Study of the point of zero charge
(pHPZC) for biocomposite (a); effect of pH (b) and
dosage (d); study of adsorption kinetics (c).
Sorption study of eriochrome black (EB), indigo
blue (IB) and sulfur black (SB) dyes using 10 ml of
solution and concentration of 100mg/L, n=3.

The results show that dye sorption increases as
the dose increases. However, sorption capacity (Q.)
decreases with increasing dose for all dyes. For this
reason, it was decided to work with the lowest dose
(Img/mL), Figure 1d.

The isothermal studies indicate that the
Langmuir (r> 0.98444) and Freundlich (r* 0.99042)
models had a better fit to the experimental data in
EB sorption, Figure 2b. In IB sorption, the models
that provided the best fit were Langmuir (r?
0.96061) and Temkin (r? 0.96532), Figure 2c. In the
SB study, Langmuir (r* 0.92104) and Freundlich (12
0.95183) provided the best fit to the experimental
data, as can be seen in Figure 2d and Table 2
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Figure 2. Adsorption isotherm of dyes by the
biocomposite (a). Experimental curves for
Langmuir, Freundlich and Temkin isotherms
models fitting to for eriochrome black (b) indigo
blue (c) and sulfur black (d) sorption using 10 ml of
solution and dose of 10 mg, pH 3.5 and n=3.

Langmuir isotherm is characterized adsorption
occurs homogeneously and, in a monolayer,
forming sites of equal energy and without
interactions between the adsorbed molecules [8].
Freundlich isotherm model considers the
heterogeneous adsorption process, which occurs in
multilayers, and the active adsorption sites have
different energy values (Debnath & Das, 2023).

Table 2. Data of experimental sorptlon capacity
(Qexp), isotherm parameters, and y? error evaluation
for Erlochrome black (EB), indigo blue (IB) and
(SB) sorption by MS-NP (nanomodified mesocarp).
SD = standard deviation; SE = standard error
grovided 3by fitting the model to the experimental

ata.n =

EB IB SB
Qe 142.84 656 P  162.76+ 7.9 106.32 + 1.98D
(mg/g)
Langmuir
Quax 141038+ 1.6 75 51219 £ 2.8555) 190576 + 1.2785E)
b (L/g) 2.860+£3.349CD 936145 174D | 556100016
P 33.02 107.8 131.83
P 0.98444 0.96061 0.92104
Freundlich
KEME/g) (9041 0.05159 0,02+ 0.00579  0.053 + 0.0665
(L/mg)/m
nf 0.904 £0.05159 031 £2.67°C® .76+ 0.1369
2 20.32 462 80.42
P 0.99042 0.83132 0.95183
Temkin
br 0.3401 £2.9568 345 + 32,8569 0.39 69
K(Limg)  0.02079+5.1365  2.17+0.9559 0.018 £ 0.0056
X2 0.89017 3.06 296.69
P 0.83526 0.96532 0.8223

3  Conclusion

Due to the results presented, green coconut-
based nanocomposite can be used as an efficient
biosorbent to treat dye-contaminated water, it is a
promising  technology. Furthermore,  the
magnetization of the green coconut biomass
facilitated the removal of the adsorbent complexed
with the contaminants dispersed in solution through
the application of an electromagnetic field.

Acknowledgements

We acknowledge the financial support by
Fundagdo Cearense de Apoio ao Desenvolvimento
Cientifico e Tecnoldgico- Rede Verdes (Funcap),
Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (CNPq) and Coordenagdo de



MACEic ALAGO&S

16" ENCONTRO BRASILEIRO SOBRE AD w'JF’Q‘." 0

5th Brazilian Meeting about Adsorption

Aperfeicoamento de Pessoal de Nivel Superior
(CAPES).

[1]

2]

(3]

(4]

References

S. Sadeghi et al., “Modified wheat straw—
derived graphene for the removal of

Eriochrome Black T: characterization,
isotherm, and kinetic studies,”
Environmental Science and Pollution

Research, vol. 28, no. 3, pp. 3556-3565, Jan.
2021, doi: 10.1007/s11356-020-10647-w.

G. Jethave, U. Fegade, S. Attarde, and S.
Ingle,  “Decontamination  study  of
Eriochrome Black-T from waste water by
using AlITiPbO Nanoparticles (ATPO-NPs)
for Sustainable Clean Environment,” J.
Water Environ. Nanotechnol, vol. 4, no. 4,
pp- 263-274, Jan. 2019, doi:
10.22090/jwent.2019.04.001.

A. Touati, L. Jlaiel, W. Najjar, and S.
Sayadi, ‘“Photocatalytic degradation of
sulfur black dye over Ce-TiO2 under UV
irradiation:  removal  efficiency and
identification = of  degraded  species,”
EuroMediterr J Environ Integr, vol. 4, no. 1,
pp. 1-16, Dec. 2019, doi: 10.1007/s41207-
018-0086-5.

D. M. M. Aguila and M. V. Ligaray,
“Adsorption of Eriochrome Black T on
MnO2-Coated  Zeolite,”  International
Journal of Environmental Science and
Development, vol. 6, no. 11, pp. 824-827,
2015, doi: 10.7763/ijesd.2015.v6.706.

A. Debrassi, M. C. T. Largura, and C. A.
Rodrigues, “Adsor¢ao do corante vermelho

congo por derivados da o-
carboximetilquitosana  hidrofobicamente
modificados,” Quim Nova, vol. 34, no. 5, pp.
764-770, 2011, doi: 10.1590/S0100-
40422011000500007.

G. Labuto et al., “Individual and competitive
adsorption of ibuprofen and caffeine from
primary sewage effluent by yeast-based
activated carbon and magnetic carbon
nanocomposite,” Sustain Chem Pharm, vol.
28,2022, doi: 10.1016/j.scp.2022.100703.

J. T. T. Carvalho, P. A. Milani, J. L.
Consonni, G. Labuto, and E. N. V. M.
Carrilho, “Nanomodified sugarcane bagasse
biosorbent: synthesis, characterization, and
application for Cu (II) removal from
aqueous medium,” Environmental Science
and Pollution Research, vol. 28, no. 19, pp.
2474424755, May 2021, doi:
10.1007/S11356-020-11345-3.

A. Khamwichit, W. Dechapanya, and W.
Dechapanya, “Adsorption kinetics and
isotherms of binary metal ion aqueous
solution using untreated venus shell,”
Heliyon, vol. 8, no. 6, pp. 1-11, 2022, doi:
10.1016/j.heliyon.2022.e09610.

S. Debnath and R. Das, “Strong adsorption
of CV dye by Ni ferrite nanoparticles for
waste water purification: Fits well the
pseudo second order kinetic and Freundlich
1sotherm model,” Ceram Int, Feb. 2023, doi:
10.1016/J.CERAMINT.2023.01.218.



	Use of nanostructured composite as biosorbent for removal of anionic dyes in water
	1. Introduction

	1 Materials and methods
	1.1 Preparation of magnetite nanocomposites
	1.2 Adsorption assays

	2 Results and discussion
	3 Conclusion

