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O e-book: “Meio Ambiente, Preservagéo, Saude e Sobrevivéncia 3” &€ constituido por
vinte capitulos de livros que procuraram tratar do tema: saude publica e meio ambiente. Os
capitulos de 1 a 5 apresentam estudos do controle biolégico do mosquito Aedes Aegypti
que j& ocasionou inumeras epidemias de dengue no Brasil; a paisagem urbana e fatores
ambientais que implicam na maior disseminagé@o e contagio pelo virus do COVID-19 no
Brasil; a utilizacdo de sementes da Moringa Oleifera se mostrou eficiente no combate a
hipertensdo em bioensaios com ratas, apos o periodo de menopausa das mesmas, avalia
também se existe diferenga na compreensdo de meio e interacdo com a natureza entre
graduandos de Licenciatura em Ciéncias da Natureza e Bacharelado em Enfermagem. Ja
os capitulos de 6 a 9 avaliaram a necessidade de formacgéo de toda a comunidade escolar
em relac@o a conscientizagdo ambiental; a importancia da agua como representacgao social
para alunos do ensino médio; o desenvolvimento de uma Amazénia mais sustentavel a partir
da criagdo de caminhos pés-coloniais; os fatores que influenciam na paisagem Jesuitica no
municipio de Uruguaiana/RS e a utilizagdo de cortinas verdes em paisagens modificadas por
atividades de mineragdo no municipio de Gurupi/TO. Ja os capitulos de 10 a 14 avaliaram
o desenvolvimento de um fertilizante organico proveniente da compostagem de residuos
de alimentos; diversidade de fungos Micorrizicos e sua relagdo com os ecossistemas
florestais em Alta Floresta do Oeste/RO; os impactos ambientais ocasionados pela geracéo
de lixos eletrénicos (e-lixo) descartados de em locais de forma inadequada; a influéncia
de substancias bioestimulantes em lavouras de soja e; a influéncia de parques edlicos na
avifauna. Por fim, os capitulos de 15 a 23 buscaram resgatar a memoéria de 10 anos do
maior desastre ambiental ocorrido na Bacia Hidrografica do Rio dos Sinos/RS; a qualidade
da agua subterranea em municipios da regido metropolitana de Salvador; a qualidade da
agua de arroio agricola no municipio de Séao Borja/RS; utilizacdo do aplicativo Arduino
para fins de monitoramento da qualidade da agua; reutilizacdo da agua de chuva em uma
edificagdo na cidade de Januaria/MG; panorama historico da presenga de mercurio (Hg)
em amostras da regido amazdnica; examinar aspectos da definicdo, delimitacdo, protecéo
e preservacdo do meio ambiente na zona costeira brasileira e; investigar a capacidade
adsortiva da silica proveniente da casca de arroz para adsorver o corante azul de metileno
em diferentes concentragbes presentes em matriz aquosa como uma alternativa de baixo
custo a partir da biomassa vegetal.

Nesta perspectiva, a Atena Editora vem trabalhando de forma a estimular e incentivar
cada vez mais pesquisadores do Brasil e de outros paises a publicarem seus trabalhos
com garantia de qualidade e exceléncia em forma de livros, capitulos de livros e artigos
cientificos.

Cleiseano Emanuel da Silva Paniagua
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ABSTRACT: It is reported a research work
devoted to evaluate the adsorption efficiency of
silica from rice husk in removing methylene blue
dye from an aqueous effluent. The results indicate
an adsorption equilibrium approach that follows
the Langmuir isotherm model. The adsorption
is a very efficient and versatile operation of
mass transfer that has been used in treatment
of industrial effluents. This silica was obtained
by an acidic leaching treatment of the rice husk.
Characterization chemical, morphological and
structural of the material was performed by X-ray
fluorescence, scanning electron microscopy and
X-ray diffractometry. About 99.20% of the powder
was revealed to be as amorphous silica. Different
concentrations of the methylene blue dye in
water were used in the adsorption experiments.
This silica was found to be an efficient material
in removing the dye from the water solution; the
adsorption parameters were deduced by fitting
the kinetic data to the Langmuir model.
KEYWORDS: Silica, Adsorption,
Effluent, Isotherms.

Biomass,

RESUMO: E relatado um trabalho de pesquisa
dedicado a avaliar a eficiéncia de adsorcéo da
silica da casca de arroz na remogéo do corante
azul de metileno de um efluente aquoso. Os
resultados indicam uma abordagem de equilibrio
de adsor¢cdo que segue o modelo isotérmico
de Langmuir. A adsorcdo € uma operacgéo de
transferéncia de massa muito eficiente e versatil
que vem sendo utilizada no tratamento de
efluentes industriais. Esta silica foi obtida por um
tratamento &cido de lixiviagdo da casca de arroz.
A caracterizagéo quimica, morfolégica e estrutural



do material foi realizada por fluorescéncia de raios X, microscopia eletronica de varredura
e difratometria de raios X. Cerca de 99,20% do pd revelou ser silica amorfa. Diferentes
concentragdes do corante azul de metileno em agua foram usadas nos experimentos de
adsorgao. Esta silica mostrou ser um material eficiente na remocéao do corante da solugéo
aquosa; os paradmetros de adsorg¢éo foram deduzidos ajustando os dados cinéticos ao modelo
de Langmuir.

PALAVRAS-CHAVE: Silica, Adsorcao, Biomassa, Efluente, Isotermas

In the recent years, reportedly researches have been focused on investigating
methods that are capable of removing pollutants from aqueous solutions. Although this is
a high technology era and water treatment stations have evolved to be supported on more
and more sophisticate cleaning technologies, some micro pollutants, such as a variety of
chemicals, pharmaceuticals, pesticides and surfactants, present recalcitrant resistance to
current treatments [1-3]. Adsorption-based processes have been promising alternatives in
an attempt to remove such pollutants from aqueous effluents, mainly taking into account the
possibility of using low cost and environmentally sustainable materials as adsorbents, with
comparable or better effectiveness, even relatively to the activated carbon, which has been
more widely used [4-5].

Adsorption consists of the retention of a solute (adsorvate) in the fluid phase
(gaseous, vapour or liquid) by a solid (usually porous) surface (adsorbent). These solids may
be of vegetal, animal or synthetic origin. Examples are coconut fiber, buriti fiber, sugarcane
bagasse, bovine bones, fruit peels and activated charcoal. One of the alternatives that have
been promising is precisely the use of silica as adsorbent of industrial effluents, in order to
minimize their environmental impacts [6-8]. In terms of total planting area and production,
the four main crops grown in the world are rice, corn, wheat and sugar cane. In agricultural
residues and herbaceous plants, rice husks account for 20%—25% of dry matter rice, and
rice husks are usually separated at rice processing centers. Although the main part of rice
husks is used as animal feed, a large amount of this biomass is still unused or burned in
an open environment. The direct burning of rice husks in an open environment can cause
environmental pollution, which is not a good and recommendable practice for sustainable
development. Therefore, rice husks should be properly utilized for the production of high
value-added products [9-11].

Rice husk has a high-energy containing material, low density and specific weight.
However, its original shape remains unharmed for a long period of time, so its biodegradation
process is very slow. Subjecting the rice husk to the combustion, a new residue is produced,
the rice husk ash, which is a solid by-product of the agro-industry, which is particularly
suitable for recycling. This reject can be used in the synthesis of highly pure mesoporous
materials, such as silica. SiO, is an inorganic material found in the structure of the rice husk,
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with important adsorbent power [9-12].

The objective of the present study was to extract the silica from the rice husk and
evaluate its adsorption capacity using a solution of methylene blue. To describe the adsorption
equilibrium between the contaminants and the adsorbent, different isothermal models have
been tested to analyze the experimental data. The most popular and widely used are the
Langmuir and Freundlich models. The applicability of the Langmuir and Freundlich models

in removing methylene blue from water by the silica-based adsorbent is thus to be checked.

Hydrochloric acid (37% purity) and Methylene blue (A.R. grade) from Synth (Séo
Paulo, SP, Brazil). The rice husk was obtained from local business.

The adsorbent used in this process was the silica extracted from the rice husk. The
extraction itself was carried out in two steps: washing the residue in acid (acid leaching)
followed by calcination. The acid leaching was carried out with a hydrochloric acid (HCI,
10% v/v), at a rice husk:HCI 1:9, by autoclaving for 1 hour at a constant pressure of 1.5
kgf cm2 at 121°C. The peels were then washed with water until it reached the neutral pH; it

was once again washed in wet milling, dried in an oven, and calcined for 4 hours at 650°C.

The characterization of the silica was carried out through tests to determine its
chemical composition via X-ray fluorescence, scanning electron microscopy (SEM) and
X-ray diffraction (XRD).

A standard solution of methylene blue dye at the concentration of 1000 mg L
was prepared. The analytical curve was constructed from this solution, by reading at the
wavelength of 665 nm, with the solutions with 2, 4, 6, 8 and 10 mg L. In addition, solutions
of 100, 200, 300, 400 and 500 mg L' were prepared for the isotherm tests.

To evaluate the efficiency of silica in dye adsorption, methylene blue solutions
were prepared at the concentrations of 100, 200, 300, 400 and 500 mg L'. Each solution
was transferred 30 mL of each solution to 125 mL Erlenmeyer and 1.5 g of silica in each
flask. The solutions were transferred to the shaker with stirring at 200 rpm and at 30°C
for 2 hours. Then, the samples were collected and filtered. The supernatant was read in
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a spectrophotometer for the determination of the adsorbate concentration in the aqueous
phase (equilibrium concentration). This step was also performed using the textile effluent,
but the concentrations used were 20, 40, 60, 80, 100%; the contact time was 30 minutes
and the wavelength for reading was 346 nm. This wavelength was determined from the
reading of the effluent in its highest possible concentration at several wavelengths, where it
was chosen 346 as the highest absorbance result.

Rice (Oryza sativa L.) is a monocotyledon plant which belongs to the family Poaceae
and is a major food crop, with global annual production estimated at about 480 million metric
tons (expressed on a milled rice basis). It is grown today in more than 100 countries, with
China and India alone accounting for more than 50% of global rice production. The mature
rice grain is harvested in the form of rough rice (or paddy rice), in which the caryopsis (or
brown rice) is encased in a tough siliceous hull (or husk), and needs to be processed before
being consumed by humans, as only the caryopsis is edible. After cleaning of rough rice
from impurities, the hull (20% of paddy rice weight) is broken loose and separated from the
rice caryopsis [13].

The determination of the chemical composition of silica is an important parameter
because the rice husk has several substances in its structure, due to factors such as the
cropping area, the minerals present in the ground, region, climate and pesticides used [13-
14]. For extraction of the silica with higher level of purity, the acid leaching of the rice husk
was used. This process promotes the expansion of the rice husk structure and is then
exposed to calcination. The chemical composition of the ashes of the rice husk is shown in
Tab.1, which shows the percentage of the components present in the structure of the study
samples after calcination.

Samples Sio,
S1 99.2
S2 99.2
S3 99.2

Tab. 1 - Percentage of chemical composition in silica oxides obtained from extraction with hydrochloric
acid performed in triplicate

The Tab. 1 shows that the samples contain comparable contents of silica. In a similar
procedure, three different acids (citric, acetic and oxalic) were used to wash rice husk.
The samples treated with the respective acids contained around 99.7% [15]. The chemical
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composition of the ashes of the rice husk varies according to the characteristics of the
ground where the rice was cropped, the climatic conditions, the quality of the rice grain and
the fertilizer used in the crop [16].

The X-ray diffraction (XRD) analysis was performed in order to check for the
crystallinity of the obtained material. The Fig. 1 shows the XRD pattern f for the silica
obtained after calcination of the rice husks at 650°C.

Fig. 1 - X-ray diffraction of the silica obtained from the rice husks in the tests realized

The calcination process of the rice was affected by the burning time. Longer
heating seems to have conditioned the crystallographic structure of the resulting biomass,
as it is evidenced from the X-ray diffractograms. In general, however, the obtained silica
was predominantly amorphous. Other researchers also found similar results, where the
characteristic XRD patterns of silica showed overall similarities with the result found in this
work. During the process of rice husks burning, the cellulose and lignin are decomposed
and removed, the residual rice husks ash usually contains almost over 95% of amorphous
silica. Rice husk ash can be left in an amorphous form with a combustion temperature of up
to 900°C [9,17].
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Fig. 2 - Micrograph of silica at different magnifications: a-50, b-100, ¢c-500 and d-1000 times,
respectively.

The Fig. 2 shows the results for scanning electron microscopy of silica. It was
possible to observe through the results that the obtained material presented particles of
different sizes. The micrographs confirmed that the silica is porous. This is due to effect
of the hydrochloric acid during the silica extraction, as it acts as an activator, penetrating
the layers of the rice husks, forming a new network of chemical bonds and unclogging
the channels previously occupied by impurities as tars, bituminous, lignin, cellulose, being
formed in the stage of the calcination process of the husked rice [18].

In order to calculate the concentrations of adsorption isotherms, it was necessary
finding a relationship between the concentration and the absorbance. This was achieved
through the linearization of the experimental data obtained for the tests with both the
synthetic and the textile industrial effluent, according to Fig. 3.
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Fig. 3 - Standard curve: (a) synthetic effluent; (b) textile industrial effluent.

The linear correlation coefficients show that the curves presented reasonable
adjustments, so that the linearized equations that relate Absorbance, A to Concentration, C
were used in subsequent analyzes. From the adsorption - concentration data it is possible
to verify that the shape of the adsorption isotherms and, from this, to classify whether it is
favorable or not [10]. In this work, the behavior of the adsorbent was verified for different
values of concentrations (Ce) of methylene blue (100, 200, 300, 400 and 500 mg.L"") and
industrial effluent (0, 5, 10, 15, 20, 25, 30 and 35 mg.L"). These data were obtained using
the absorbance and equations linearized for the calculation of the concentrations (Ce) and,
later, these were used in the equation (1) to verify the adsorption capacity (ge). Thus, the
graphs of the isotherms for each effluent can be verified in Fig. 4.

Fig. 4 - Format of the adsorption isotherms: (a) synthetic effluent; (b) textile industrial effluent.

Once again the linear correlation coefficient was used for analysis. In figure 4a.
where the isotherm for the methylene blue is shown, the logarithmic adjustment was slightly
better than the linear one, thus, it can be classified as favorable, since at low concentrations
the mass capacity of the synthetic effluent impregnates in the empty sites is greater when
considering the adsorption equilibrium of the liquid. In figure 4b, when analyzing the curve of
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the textile industrial effluent, whose composition is of great complexity, it verified that the best
adjustment was the linear one, with that there is proportionality between the concentration
and the adsorption capacity, thus denoting that the isotherm is not as favorable as methylene
blue.

Analyzing the experimental data of this work, according to Fig. 5 was used the
Freudlich equation for synthetic and industrial textile effluents.

Fig. 5 - Freundlich adsorption isotherm equation: (a) synthetic effluent; (b) textile industrial effluent.

Effluent K_/mg"tm (g7) LV i/n n
Synthetic 0.0462 0.9107 1.098
Textile industrial 0.1052 0.7277 1.374

Tab. 2 - Parameters of analysis of Freundlich’s isotherm.

In Tab. 2, it is possible to check the results of the analysis parameters: Freundlich
adsorption capacity constant (KF) and constant related to surface heterogeneity (1 / n).
These data were calculated by the linearizations and the interpretations of the angular and
linear coefficients expressed in “Eq. (1)”.

On what:

ge: Amount of solute adsorbed (mg g );

Ce: Equilibrium concentration in solution (mg L);

1/n: Constant related to surface heterogeneity;

K.: Constante of Freundlich adsorption capacity (mg" /" (g) -'").

The value of the Freundlich constant (KF) refers to the average adsorption energy,
so, for the evaluated experimental data, the textile industrial effluent establishes stronger
bonds with the adsorbent used. The parameter n is used to verify the surface type, if it is

greater than 1, as in this research, there are heterogeneities in the sites, so they were not
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occupied in the same way. The fact that the inverse of n is between 0 and 1 indicates that

the adsorption process is favourable.

The results obtained in the present work, it’s possible to verify that the rice husk is an
alternative source for the silica extraction. The silica obtained showed particles with different
sizes and presence of pores in their structure. The studies of the adsorption isotherms
showed a favorable behavior for the synthetic and linear effluent for the industrial textile
effluent and the adsorbent presented better adjustment in the Freundlich equation, in both
cases. The data obtained in the study of the isotherm allow us to conclude that the silica
extracted from the rice husk, besides being a natural residue, abundant, renewable and of
low cost, presents good capacity of adsorption of dyes, therefore it has a promising future in
the application in processes of effluent treatment in the textile industry.

The authors acknowledge the financial support by Fundag¢éo de Amparo a Pesquisa
do Estado de Minas Gerais (FAPEMIG).

1. Zichen Y, Yanling W, Jingshan, S (2018) Adsorption behavior of hydroxypropyl guar gum onto
montmorillonit and reducing adsorption in the reservoir. Applied Clay Science 166:123-130. https://doi.
org/10.1016/j.clay.2018.09.015

2. Anna DM, Magdalena B, Adam WM, Malgorzata S, Bogdan T (2019) Phenoxyacid pesticide
adsorption on activated carbon - Equilibrium and kinetics. Chemosphere 214: 349-360. https://doi.
org/10.1016/j.chemosphere.2018.09.088.

3. Zheng M, Hu H, Ye Z, Huang Q, Chen X (2019) Adsorption desulfurization performance and
adsorption-diffusion study of B,0O, modified Ag-CeOx/TiO,-SiO,. Journal of Hazardous Materials 362:
424-435. https://doi.org/10.1016/j.jhazmat.2018.09.037

4. Xiang H, Lanjun J, Jie C, Zhirong S (2019) Magnetic ordered mesoporous carbon materials for
adsorption of minocycline from aqueous solution: Preparation, characterization and adsorption
mechanism. Journal of Hazardous Materials 362: 1-8. https://doi.org/10.1016/j.jhazmat.2018.09.003.

5.Jing Q X, Wang Y'Y, Chai L Y, Tang C J, Huang X D, Guo H, Wang W, You W (2018). Adsorption
of copper ions on porous ceramsite prepared by diatomite and tungsten residue. Transactions of
Nonferrous Metals Society of China, 28: 1053—1060. https://doi.org/10.1016/S1003-6326(18)64731-4

6. Xinling X, Haiwu X, Youquan Z, Zhangfa T, Anping L, Zuzeng Q (2017). Preparation magnetic
cassava residue microspheres and its application for Cu(ll) adsorption. Journal of Environmental
Chemical Engineering 5: 2800-2806. https://doi.org/10.1016/j.jece.2017.05.024

Meio ambiente: Preservacao, satde e sobrevivéncia 3


https://doi.org/10.1016/j.clay.2018.09.015
https://doi.org/10.1016/j.clay.2018.09.015
https://doi.org/10.1016/j.chemosphere.2018.09.088
https://doi.org/10.1016/j.chemosphere.2018.09.088
https://doi.org/10.1016/j.jhazmat.2018.09.037
https://doi.org/10.1016/j.jhazmat.2018.09.003
https://doi.org/10.1016/S1003-6326(18)64731-4
https://doi.org/10.1016/j.jece.2017.05.024

7. Xiaomin G, Danlian H, Yunguo L, Guangming Z, Rongzhong W, Jingjing W, Chao H, Piao X, Jia
W, Chen J (2018) Pyrolysis and reutilization of plant residues after phytoremediation of heavy metals
contaminated sediments: For heavy metals stabilization and dye adsorption. Bioresource Technology
253: 64-71. https://doi.org/10.1016/j.biortech.2018.01.018

8. Bibiana KM, Talita GD, Marcela ZC, Adriana EC (2018) Methyl orange and tartrazine yellow
adsorption on activated carbon prepared from boiler residue: Kinetics, isotherms, thermodynamics
studies and material characterization. Journal of Environmental Chemical Engeneering 6: 6669-6679.
https://doi.org/10.1016/j.jece.2018.10.013

9. Zhihong J, Donying H (2019) Molecular mechanism of anionic dyes adsorption on cationized
rice husk cellulose from agricultural wastes. Journal Molecular Liquids 276: 105-114. https://doi.
org/10.1016/j.mollig.2018.11.153

10. Farook A, Lingeswarran M, Radhika T (2013) Ceria and titania incorporated silica based catalyst
prepared from rice husk: adsorption and photocatalytic studies of methylene blue. Journal of Colloid and
Interface Science 406: 209-216. http://doi.org/10.1016/j.jcis.2013.05.066

11. Md Sakinul I, Nhol K, Sati NB, Rahul G, Hyoung JC (2018) Potential aspect of rice husk biomass in
Australia for nanocrystalline cellulose production. Chinese Journal of Chemical Engineering 26: 465-
476. https://doi.org/10.1016/j.cjche.2017.07.004

12. Mohamed M, Essam AM, Ali QS, Eissa MF, Moaaz KS (2019) Experimental results and theoretical
statistical modeling of malachitegreen adsorption onto MCM—41 silica/rice husk composite modified by
beta radiation. Journal of Molecular Liquids 273: 68-82. https://doi.org/10.1016/j.molliq.2018.09.132

13. Luca A, Jonathan O, Alan LK, James A (2017) Composition and protein profile analysis of rice
protein ingredients. Journal of Food Composition and Analysis 59: 18-26. https://doi.org/10.1016/j.
jfca.2016.12.026

14. lago JSS, Ana Paula SP, Maria José S (2018) Composition and estimate of daily mineral intake
from samples of Brazilian rice. Microchemical Journal 137: 131-138. https://doi.org/10.1016/j.
microc.2017.10.006

15. Fernandes L, Sabino MG (2014) Método de extrac¢ao de silica da casca do arroz. Ceramica 60: 160-
163. https://doi.org/10.1590/S0366-69132014000100022

16. Ali 10, Hassan AM, Shaaban SM, Soliman KS (2011) Synthesis and characterization of ZSM-5
zeolite from rice husk ash and their adsorption of Pb2+ onto unmodified and surfactant-modified zeolite.
Separation and Purification Technology 83: 38-44. https://www.cheric.org/research/tech/periodicals/doi.
php?art_seq=1272828

17. Lingeswarran M, Farook A, Abdul RM, Eng PN (2014) The synthesis and characterization of high
purity mixed microporous/mesoporous activated carbon from rice husk using chemical activation with
NaOH and KOH. Microporous and Mesoporous Materials 197: 316-323. https://doi.org/10.1016/j.
micromeso.2014.06.020

18. Maria CFC, Juan M, Riomary M, Po SP, Silvania L, Fabiano RP, Juan CHG, José JC, Elena RA,
Enrique RC, Conchi OA (2019) Sunlight photoactivity of rice husks-derived biogenic silica. Catalysis
Today 328: 125-135. https://doi.org/10.1016/j.cattod.2018.12.008

Meio ambiente: Preservacao, satde e sobrevivéncia 3


https://doi.org/10.1016/j.biortech.2018.01.018
https://doi.org/10.1016/j.jece.2018.10.013
https://doi.org/10.1016/j.molliq.2018.11.153
https://doi.org/10.1016/j.molliq.2018.11.153
http://doi.org/10.1016/j.jcis.2013.05.066
https://doi.org/10.1016/j.cjche.2017.07.004
https://doi.org/10.1016/j.molliq.2018.09.132
https://doi.org/10.1016/j.jfca.2016.12.026
https://doi.org/10.1016/j.jfca.2016.12.026
https://doi.org/10.1016/j.microc.2017.10.006
https://doi.org/10.1016/j.microc.2017.10.006
https://doi.org/10.1590/S0366-69132014000100022
https://www.cheric.org/research/tech/periodicals/doi.php?art_seq=1272828
https://www.cheric.org/research/tech/periodicals/doi.php?art_seq=1272828
https://doi.org/10.1016/j.micromeso.2014.06.020
https://doi.org/10.1016/j.micromeso.2014.06.020
https://doi.org/10.1016/j.cattod.2018.12.008

CLEISEANO EMANUEL DA SILVA PANIAGUA - Técnico em quimica pelo Colégio
Profissional de Uberlandia (2008), Bacharel em Quimica pela Universidade Federal de
Uberlandia (2010), Licenciado em Quimica pela Universidade de Uberaba (2011), Licenciado
em Ciéncias Bioldgicas pela Faculdade Unica (2021). Especialista em Metodologia do
Ensino de Quimica e em Docéncia do Ensino Superior pela Faculdade JK Serrana em
Brasilia (2012), Especialista em Ensino de Ciéncias e Matematica pelo Instituto Federal do
Triangulo Mineiro (2021). Mestre em Quimica (2015), Doutor em Quimica (2018) e estagio
poés-doutoral (2020-2022) pela Universidade Federal de Uberlandia (UFU). Atualmente, vem
atuando nas seguintes linhas de pesquisa: (i) desenvolvimento de novas metodologias para
tratamento e recuperagdo de residuos quimicos gerados em laboratorios de instituicdes de
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