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Abstract

The textile industry has been contributing to the generation of wastewater containing dyes during the dyeing process. In this sector,
Reactive Blue BB is a dye used on a large scale. One method widely applied to dyes wastewater treatment is adsorption. This
technique is inexpensive since it can apply industrial by-products as adsorbents. In this work, the adsorption of Reactive Blue BB
dye by the sugarcane bagasse, a by-product from the sugar and alcohol industry, was evaluated in batch systems. The adsorption
kinetics presented an equilibrium time of 480 minutes, obtaining the best fit to the experimental data with the pseudo-second order
model (R>=0.97). The Langmuir isotherm adequately represented the equilibrium data (R? = 0.97), obtaining a maximum adsorption
capacity of 4.21 mg g'. This study demonstrated that the sugarcane bagasse presents a capacity of adsorption for the evaluated

wastewater, and it can be applied as an alternative adsorbent.
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1. Introduction

Since water is an essential resource for life on
Earth, its contamination is a global concern (Siddiqui
et al.,, 2019). Unfortunately, a variety of industries
(textiles, dyes, paper, and plastic) has been generating
a significant amount of organic and inorganic
residues, which cause pollution and contamination
when improperly released to the environment. These
industrial wastewaters can contain artificial chemicals
that have an impact on human health and ecological
security, causing a public concern (Zhou et al., 2019a).

Dye-containing wastewater is released into the
environment in significant amounts, worldwide the
industries use approximately 10,000 different dyes,
and annually 0.7 million tons of dyes are produced
(Zhou et al., 2019b). The textile industry stands out in

the environmental scenario due to a large amount of
effluent generated, since approximately 10-15% of the
total used dyes end up as wastewater (Li et al., 2018;
Zhou et al.,, 2018). Consequently, approximately
50,000 tons of dyes are released without adequate
treatment into water bodies annually (Siddiqui and
Chaudhry, 2018).

The presence of these highly colored residues
into water bodies affects the quality parameters of
water, such as dissolved oxygen, biochemical oxygen
demand (BOD) and chemical oxygen demand (COD)
(Siddiqui and Chaudhry, 2019). Besides, the discharge
of some dyes into the environment is dangerous for
human and aquatic life due to carcinogens, hazardous
and toxic compounds they can generate (Siddiqui and
Chaudhry, 2018). Dye-containing wastewater also can
contain harmful components that cause oxygen

* Author to whom all correspondence should be addressed: e-mail: pathijuchen@gmail.com; Phone: +55 16 997142982



Piffer et al./Environmental Engineering and Management Journal 19 (2020), 6, 1017-1023

deficiency and have mutagenic properties (Valley et
al., 2019). Moreover, the effluent color can interfere
in the light transmission into the water, impairing the
photosynthetic activity of the plants in the ecosystem
(Juchen et al., 2018). Due to these problems, the
discharge of this wastewater without adequate
treatment to the environment is unacceptable.

Some techniques used to treat dyeing
wastewater are not effective because dyes are resistant
to degradation (Zhou et al., 2019b). Adsorption is
widely used for wastewater remediation because is a
technique that does not need expensive costs, does not
require  long procedures and  sophisticated
instrumentation (Chaudhry et al., 2016a; Zhou et al.,
2018). The principle of the adsorption is based on the
contact of a solid surface with a fluid. On this surface,
the molecules of the solute are accumulated due to the
unbalanced surface forces (Campos et al., 2012). For
this technology to be sustainable, it is interesting that
the adsorbent is easily prepared, has low cost, can be
applied for various pollutants, is non-toxic, has
resistance towards oxidizing and reducing agents, and
has fast adsorption kinetics (Chaudhry et al., 2016b;
Siddiqui and Chaudhry, 2018). In addition, it is
important to evaluate the adsorption conditions, since
this process is dependent on the temperature,
adsorbate concentration, and adsorbent aggregation,
the nature of the adsorbent and adsorbate, and the
interaction between them. During the past decades,
researchers have been exploring agricultural solid
wastes, along with industrial by-products as
adsorbents, due to the low cost and high availability
(Zhou et al., 2019b). A great variety of low-cost
materials from industrial or agricultural waste can be
applied as adsorbents; their application is
advantageous because its use as an adsorbent can
aggregate value to a material not valuable to the
industry. For instance, the adsorption potential of
sawdust, bark, cotton fiber, rice husk, fly ash and red
mud has already been studied (Zhou et al., 2019b).

The sugarcane bagasse is a by-product of the
alcohol and sugar industry, it is generated after the
sugarcane milling process, and lignin and cellulose
have significant amounts in its composition (Gusmao
et al.,, 2013). The use of sugarcane bagasse as an
adsorbent material is an interesting alternative since
this biomass is produced in high amounts. In this
context, the present study aims to evaluate the
adsorption of the Reactive Blue BB dye by sugarcane
bagasse.

2. Material and methods
2.1. Preparation of the adsorbent

The adsorbent utilized in the experiments was
the sugarcane bagasse, a fibrous by-product resulted
from the sugarcane milling process. It was provided
by an alcohol and sugar industry from the northwest
of Parana, Brazil. In order to prepare the adsorbent, it
was rinsed with water to remove the impurities,

1018

followed by a rinsing step with distilled water, and
after it was dried at 80°C. The dried biomass was
separated in a sieve, and the particle size of 2.8 mm (7
mesh) was used in the adsorption experiments.

2.2. Dye solution preparation

The Reactive Blue BB (Remazol Blue BB,
Reactive Blue 220, CAS:128416-19-3) commercial
dye was provided by a dyeing industry, this dye has
the molecular formula CyH5CuN4Na,O1,S;5
(Boduroglu et al., 2014). The solutions were prepared
by diluting the dye in distilled water, using a stock
solution of 500 mg L™'. The pH was adjusted using a
solution of hydrochloric acid (0.5 mol L.

2.3. Molecular absorption spectra and analytical
curve

To obtain the wavelength of maximum
absorbance of the dye, molecular absorption spectra
with a range from 350 nm to 800 nm were evaluated
(Shimadzu UV-1601). A stock solution of the dye
(1000 mg L") was prepared, and the pH was adjusted
from 1 to 10 with solutions of NaOH and HCI. The
measurements were performed in a quartz cuvette
using an aliquot of 4 mL of the dye solution.

To determine the analytical curve, dye
solutions were prepared with concentrations varying
from 10 to 200 mg L', and their absorbances were
measured. From the data linearization, the
concentration limit in which the Lambert-Beer law
was still valid was determined.

2.4. Adsorption experiments

For the adsorption experiments, the
experimental conditions were: particle size of 2.8 mm,
the temperature of 30°C, solution volume of 0.05 L,
and stirring speed of 120 rpm.

The Erlenmeyer flasks were shaken in a
mechanical incubator (Tecnal, TE-424). After the
adsorption, the adsorbent was separated from the dye
solution using a domestic sieve. Then the solution was
centrifuged to remove the fine particles.

The dye concentration was determined by a
spectrophotometer (Shimadzu, UV-1601) at a
wavelength of 610 nm. The amount of dye adsorbed
per gram of sugarcane bagasse at equilibrium (Qe, mg
g ') was determined using the mass balance equation
(Eq. 1), and the percentage of removal using the Eq.

2).

qe = [(Co = Ce) *V]/m (1
Removal (%) = [(Cy — C.)/Co] * 100 )
where: C. is the dye solution concentration at
equilibrium (mg L!); C, is the initial dye solution

concentration (mg L); V is the solution volume (L);
m is the mass of adsorbent on a dry basis (g).
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2.5. Influence of the adsorbent dosage and solution pH

The experiments related to the adsorbent
dosage and solution pH applied an initial
concentration of dye of 80 mg L. In dosage
experiments, the pH used was 2, and the biomass
concentrations varied from 2 to 20 g L'!. Based on the
best biomass dosage result, the influence of the
solution pH was evaluated analyzing the values of 2.3,
2.7,3.0,4.2, and 8.6. Eq. (1) and Eq. (2) were applied
in order to determine the dye removed by the
sugarcane bagasse.

2.6. Adsorption kinetics

The adsorption kinetics was evaluated applying
the best adsorbent dosage and pH previously
determined. This experiment is applied to obtain the
contact time necessary to the system adsorbent/dye to
reach the equilibrium. The experiment was carried out
using an initial dye solution of 110.5 mg L, and
aliquots were collected in determined time intervals
(5-960 minutes).

The amount of dye adsorbed per gram of
sugarcane bagasse (Q, mg g *!) for each evaluated time
was determined according to Eq. (3).

q: = [(Co — C) *V]/m 3)

where: C; is the concentration of the dye solution (mg
L) at a specific time.

For most adsorbent/adsorbate systems, it is
common to describe the adsorption kinetics using the
pseudo-first order model (Eq. 4, Lagergren (1898))
and pseudo-second order model (Eq. 5, Ho et al.
(1996)).

qr = qe * [1 — exp(—kq * t)] “4)
Gt = qe * [(qe * k2 x ) /(1 + q * kp * 1)] ©)

where: Qe is the amount of dye adsorbed at equilibrium
(mg g!); kq is the kinetic constant of the pseudo-first
order model (min™); tis the time (min); k2 is the kinetic
constant of the pseudo-second order model (g mg’
min’").

The experimental data were fitted to the models
using the Statistica software and the nonlinear
Simplex method.

2.7. Equilibrium study

The equilibrium isotherm was obtained
applying the same experimental conditions previously
described. It was varied the initial dye concentration
(10 to 500 mg L"), and it was applied a contact time
enough to reach the system equilibrium (obtained
from the kinetic study). The amount of dye adsorbed
per gram of sugarcane bagasse at equilibrium (ge, mg
g ) was calculated using Eq. (1).

The adsorption isotherms represent the
equilibrium between the adsorbent and adsorbate.

They can be described by models such as Langmuir
(Eq. 6, Faust and Aly (1987)) and Freundlich (Eq. 7,
Mortimer (1993)).

Ge = (Gmax * kL * Ce) /(L + k% C,) (6)
Ge = kg * C"(1/ 1) (7

where: Qmax i1s the maximum adsorption capacity
related to a single layer of adsorbate (mg g'); k. is the
affinity constant (L g'); C. is the liquid phase
concentration at equilibrium (mg L!); ke and n are the
Freundlich constants.

The experimental data were fitted to the models
using the Statistica software and nonlinear Simplex
method.

3. Results and discussion

Fig. 1 represents the molecular absorption
spectra (350 — 800 nm) obtained for the Reactive Blue
BB reactive dye according to different solution pH
values (1 to 10).
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Fig. 1. Molecular absorption spectra to different pH values
of the Reactive Blue BB dye solution

The reactive dye did not show any significant
changes in the band position for the different pH
values evaluated (Fig. 1). However, a reduction of the
intensity of the band occurred with a pH of 1, 2, and
3, indicating minor changes in the energy levels of the
molecular orbitals of the dye.

The maximum molecular absorption occurred
at 610 nm. According to Niebisch (2009), this peak
corresponds to the presence of azo bonds in the dye
structure. Since there was a minor variation among the
wavelengths obtained, the wavelength of 610 nm was
employed to determine the absorbance in the
adsorption experiments. The study of Aksu and
Donmez (2003) used 600 nm to read the absorbance
of Remazol Blue dye.

The analytical curve for the Reactive Blue BB
dye (pH of 2.3) presented linearity between
absorbance and concentration, obtaining a coefficient
of determination (R?) of 0.999.
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Fig. 2 shows the dye removal according to
different dosages of the sugarcane bagasse adsorbent.
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Fig. 2. Dye removal for different biomass dosages (Co = 80
mg L', T=30°C, t= 1410 minutes, pH = 2.3, 120 rpm)
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Fig. 3. Influence of pH on dye adsorption by sugarcane
bagasse (Co=80mg L1, V=0.05L, T=30°C, 120 rpm,
t = 1410 minutes, dosage = 16 g L)

It can be observed (Fig. 2) that the dye removal
increased with the increment of the biomass dosage.
In the curve begging the adsorption efficiency
increased as the adsorbent dosage increased, due to
more available adsorption sites. However, in higher
absorbent dosages, the removal efficiency tended to a
constant value. The same effect was observed in other
industrial by-products applied as adsorbents (Garg et
al., 2003; Gong et al., 2005; Juchen et al., 2018;
Ratnamala et al., 2015).

Applying the dosage of 16 g L'!, the percentage
of removal reaches a value of around 70%, and the
dosage increase to 18 and 20 g L' did not increase the
dye removal significantly. The removal tends to
stagnate, and the increase of the adsorbent amount is
no longer advantageous, since the application of a
higher amount of adsorbent is no effective to increase
the dye removal, being not a practical application from
an economic perspective (Zhou et al., 2019b). Based
on this result, the dosage of 16 g L' was chosen for
the following adsorption experiments, as a further
increase in dosage did not improve much the dye
adsorption.
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Fig. 3 shows the results obtained from the study
of the pH influence on the amount of dye removed.
The pH condition can influence the surface charge on
the active sites of adsorbent (Huang et al., 2018). The
result showed that the adsorption of the reactive dye
was enhanced by acidic pH (Fig. 3). This effect occurs
because of the electrostatic attraction effect. At low
pH the adsorbent surface is positively charged,
resulting in a strong attraction between the biomass
surface and the dye anionic molecules, which have a
negative charge (Garg et al.,, 2003; Juchen et al.,
2018). In other words, at low pH, the process supports
the removal of anionic dyes and disfavor the
adsorption of cationic dyes (Zhou et al., 2019b).

As shown in Fig. 3, the highest dye removal
was reached with a pH of 2.3 (5.09 mg g, followed
by a pH of 2.7 with the removal of 1.90 mg g™!. This
higher removal of dye with a lower pH value requires
a significant amount of acid added to adjust the
solution pH to 2.3, which makes this procedure
unfeasible. Similar results were obtained by Honorio
et al. (2016) in the adsorption of Reactive Blue BF-5G
dye by soybean hulls. These authors chose to follow
the experiments using a pH of 2 due to the less costly
process to correct the pH. Based on the pH effect
results and aiming for an economic process, the pH
value of 2.7 was chosen for the following adsorption
experiments.

Aksu and Donmez (2003) studied the
biosorption by yeast of a similar dye, the Remazol
Blue dye, in the study the pH of 2 also showed the
maximum biosorption. According to the authors, since
the reactive dyes release anions to the solution, the
electrostatic attraction happens between the adsorbent
positively charged surface and the negatively charged
dye anions. Merci et al. (2019) also obtained the best
adsorption at pH 2 in the adsorption of Remazol
Brilliant Blue BB applying as adsorbents sugarcane
and green coconut fibers.

The experimental kinetic data of the dye
adsorption by the sugarcane bagasse and the fitted data
according to the pseudo-first and pseudo-second order
models are presented in Fig. 4.
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Fig. 4. Experimental and fitted kinetic data of Reactive
Blue BB dye adsorption (Co = 110.5 mg L', pH 2.7,
T =30 °C, 120 rpm, adsorbent dosage = 16 g L', 0.05 L of
solution)
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According to Fig. 4, it can be verified that the
equilibrium time was reached in approximately 480
minutes. Similarly, the kinetics of activated carbon
from sugarcane bagasse soot to adsorb Methylene
Blue dye achieved the equilibrium with 420 minutes
(Giusto et al., 2017).

Table 1 presents the parameters estimated by
the models and their coefficients of determination. It
can be verified from Table 1 that the pseudo-second
order model presented the best coefficient of
determination (R?=0.97) when compared to the
pseudo-first order model (R?>=0.94). However, the
pseudo-first order presented a better prediction
regarding the experimental and fitted capacities of
adsorption when compared to the pseudo-second order
model.

The pseudo-second order model was also the
best model to describe the adsorption of other dyes by
sugarcane bagasse. For instance, the Methylene Blue
adsorption by activated carbon from sugarcane
bagasse soot was best described by the pseudo-
second-order model (Giusto et al., 2017). In the study
of Ferreira et al. (2015), the adsorption kinetics of
crystal violet dye by modified sugar bagasse also
followed the pseudo-second-order model, and the rate
constant increased with increasing temperature.

Aksu and Donmez (2003) studied the
biosorption of a similar dye the Remazol Blue
Reactive by different types of dried yeasts; the
biosorption process also followed the pseudo-second
order model. Ratnamala et al. (2015) also obtained
that the adsorption kinetics was better represented by
the pseudo-second order model in the adsorption of
Remazol Brilliant Blue by acid-treated red mud.

Fig. 5 presents the equilibrium isotherms of the
Reactive Blue BB dye according to the Langmuir and
Freundlich models. The parameters estimated from the
models are shown in Table 2.

The lowest value of the objective function and
the best coefficient of determination (R? = 0.97) were
obtained from the Langmuir model when compared to
the Freundlich model (R? = 0.96). The value of the
parameter n from the Freundlich model was 4.12
(1/m=0.24).

Table 1. Parameters obtained from the kinetic fitted data of
dye adsorption by sugarcane bagasse according to the
pseudo-first and pseudo-second order models

Pseudo-first order Parameter value

ki (min") 0.0126+0.0019
Qe, mod (mg g™!) 1.7620.06
Qe, exp (Mg g) 1.77£0.08
Objective function 0.32
R? 0.94

Pseudo-second order Parameter value

k2 (g mg'min) 0.0095+0.0018
Oe, mod (Mg g'l) 1.9340.07
(e, exp (mg g'l) 1.77£0.08
Objective function 0.19
R? 0.97

50
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=====Freundlich model
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Fig. 5. Reactive Blue BB adsorption isotherms
(T=30°C, 120 rpm, adsorbent dosage =16 g L'!, contact
time = 480 minutes)

Table 2. Parameters from the equilibrium data of dye
adsorption by sugarcane bagasse fitted to the Langmuir and
Freundlich models

Langmuir Value
gmax(mg g!) 4.2140.15
Qexp(mg g1) 3.9440.07

k(L g™ 0.12140.022

Objective function 0.61

R? 0.97

Freundlich Value

ke 1.2240.15

n 4.1240.45
Objective function 0.80

R? 0.96

According to Freundlich theory, when 1/n is
between 0 to 1 it indicates a favorable adsorption
process (Gusmao et al., 2013). The Langmuir model
best described the data, and this model indicates the
chemical adsorption is probably more predominant
than physical adsorption, and the adsorption was
monolayer and occurred on homogenous adsorption
sites (Giusto et al., 2017; Huang et al., 2018).

Langmuir isotherm represents better the
experimental data for a similar dye for other adsorbent
materials. For instance, in the study of Sathishkumar
et al. (2012) which evaluated the adsorption of
Remazol Brilliant Blue R by agro-industrial waste
Jatropha curcas pods. In the study of Mavinkattimath
et al. (2017), the Langmuir isotherm well fitted the
equilibrium data for simultaneous Remazol Brilliant
Blue and Disperse orange dyes adsorption by red mud.

Furthermore, the results showed a maximum
capacity of adsorption of 4.21 mg g! obtained
according to the Langmuir isotherm, a value that is
close to the one obtained experimentally (3.94 mg g™)
for the evaluated adsorbent-adsorbate system. Giusto
et al. (2017) studied the adsorption potential of
Methylene Blue by activated carbon from sugarcane
bagasse soot and achieved an adsorptive capacity of
331 mg g, much superior value than the present
study. Ferreira et al. (2015) also modified the
sugarcane bagasse to adsorb crystal violet dye and
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obtained a higher maximum adsorption capacity
equivalent to 692.1 mg g™,

Another study showed that chemical
modification of another industry by-product, the pine
sawdust, could improve the adsorption capacity of
dyes (Zhang et al., 2015). In the study of Liu et al.
(2019) the modification of straw, an agricultural
waste, also showed to increase significantly the
adsorption efficiency. The adsorption capacity for
Methyl Orange and Methylene Blue dyes by the
modified straw was 54 and 3 times higher than the
unmodified straw, respectively.

These results demonstrate that the ability to
remove several dyes can be enhanced when
agricultural waste and industrial by-products are
subjected to some biomass modification procedure.
However, this biomass modification by chemical and
thermal processes/activation adds a cost to the
adsorbent material, and consequently to the
wastewater treatment process, besides the generation
increase of liquid and gaseous waste. Therefore, the
use of the industrial byproduct, sugarcane bagasse, as
adsorbent material in its natural form it is
advantageous since it does not requires any additional
operational cost to the process. Generally, the option
of using modified or unmodified adsorbent material
requires careful technical and economic analysis in
terms of building and operation of the treatment
system.

4. Conclusions

The present study evaluated the influence of
parameters such as pH, adsorbent dosage, and contact
time on the adsorption process of the Reactive Blue
BB dye by the sugarcane bagasse. Within the visible
molecular absorption spectra, the studied dye
presented only one peak at the maximum wavelength
of 610 nm.

The adsorption process was enhanced in an
acidic pH medium, improving the adsorbent/adsorbate
interactions.

The kinetics of adsorption presented an
equilibrium time of 480 minutes, and the pseudo-
second order model best represented the experimental
kinetic data (R?>=0.97).

The Langmuir model represented the
equilibrium data with a maximum adsorption capacity
of 4.21 mg g'!. The sugarcane bagasse, obtained on a
large scale in sugar and alcohol industries, presented
an adsorptive capacity to remove the Reactive Blue
BB textile dye.

References

Aksu Z., Donmez G., (2003), A comparative study on the
biosorption characteristics of some yeasts for Remazol
Blue reactive dye, Chemosphere, 50, 1075-1083.

Boduroglu G., Kilig¢ N.K., Dénmez G., (2014), Bioremoval
of Reactive Blue 220 by Gonium sp. biomass,
Environmental Technology, 35, 2410-2415.

Campos W.K.S., Buarque F.S., Macédo R.O.J., Silva D.P.,
Ruzene D.S., (2012), Study on the main technologies

1022

for treating produced water (in Portuguese), Cadernos
de graduacéo — Ciéncias exatas e tecnologicas, 1, 141-
152.

Chaudhry S.A., Ahmed M., Siddiqui S.I., Ahmed S.,
(2016a), Fe(III)-Sn(IV) mixed binary oxide-coated
sand preparation and its use for the removal of As(III)
and As(V) from water: Application of isotherm, kinetic
and thermodynamics, Journal of Molecular Liquids,
224, 431-441.

Chaudhry S.A., Zaidi Z., Siddiqui S.I., (2016b), Isotherm,
kinetic and thermodynamics of arsenic adsorption onto
Iron-Zirconium Binary Oxide-Coated Sand (IZBOCS):
Modelling and process optimization, Journal of
Molecular Liquids, 229, 230-240.

Faust S.D., Aly O.M., (1987), Adsorption Process for Water
Treatment, Butterworth-Heinemann.

Ferreira B.C.S., Teodoro F.S., Mageste A.B., Gil L.F.,
Freitas R.P., Gurgel L.V.A., (2015), Application of a
new carboxylate-functionalized sugarcane bagasse for
adsorptive removal of crystal violet from aqueous
solution: Kinetic, equilibrium and thermodynamic
studies, Industrial Crops and Products, 65, 521-534.

Garg V.K., Gupta R., Yadav A.B., Kumar R., (2003), Dye
removal from aqueous solution by adsorption on treated
sawdust, Bioresource Technology, 89, 121-124.

Giusto L.A.R., Pissetti F.L., Castro T.S., Magalhdes F.,
(2017), Preparation of activated carbon from sugarcane
bagasse soot and methylene blue adsorption, Water,
Air, & Soil Pollution, 228, 249
https://doi.org/10.1007/s11270-017-3422-5.

Gong R., Yang C., Sun Y., Chen J., (2005), Removal of
cationic dyes from aqueous solution by adsorption on
peanut hull, Journal of Hazardous Materials, B121,
247-250.

Gusmido K.A.G., Gurgel L.V.A., Melo T.M.S., Gil L.F.,
(2013), Adsorption studies of methylene blue and
gentian violet on sugarcane bagasse modified with
EDTA dianhydride (EDTAD) in aqueous solutions:
Kinetic and equilibrium aspects, Journal of
Environmental Management, 118, 135-143.

Ho Y.S., Wase D.A.J., Forster C.F., (1996), Kinetic studies
of competitive heavy metal adsorption by sphagnum
moss peat, Environmental Technology, 17, 71-77.

Honorio J.F., Veit M.T., Gongalves G.C., Campos E.A.,
Fagundes-Klen M.R., (2016), Adsorption of reactive
blue BF-5G dye by soybean hulls: kinetics, equilibrium
and influencing factors, Water Science and Technology,
73, 1166-1174.

Huang W.,Hu Y., Li Y., Zhou Y., Niu D., Lei Z., Zhang Z.,
(2018), Citric acid-crosslinked pB-cyclodextrin for
simultaneous removal of bisphenol A, methylene blue
and copper: The roles of cavity and surface functional
groups, Journal of the Taiwan Institute of Chemical
Engineers, 82, 189-197.

Juchen P.T., Piffer H.H., Veit M.T., Gongalves G. da C.,
Palacio S.M., Zanette J.C., (2018), Biosorption of
reactive blue BF-5G dye by malt bagasse: kinetic and
equilibrium studies, Journal of Environmental
Chemical Engineering, 6, 7111-7118.

Lagergren S., (1898), About the theory of so-called
adsorption of soluble substances, Kungliga Svenska
Vetenskapsakademiens Handlingar, 24, 1-39.

LiY., ZhouY., ZhouY., LeilJ, PuS., (2018), Cyclodextrin
modified filter paper for removal of cationic dyes/Cu
ions from aqueous solutions, Water Science &
Technology, 78, 2553-2563.

LiuQ., LiY., Chen H., LuJ., Yu G., Moslang M., Zhou Y.,
(2019), Superior adsorption capacity of functionalised
straw adsorbent for dyes and heavy-metal ions, Journal



Sugarcane bagasse biomass applied to the adsorption of Reactive Blue BB dye

of Hazardous Materials, 382, 121040,
https://doi.org/10.1016/j.jhazmat.2019.121040.

Mavinkattimath R.G., Kodialbail V.S., Govindan S., (2017),
Simultaneous adsorption of Remazol brilliant blue and
disperse orange dyes on red mud and isotherms for the
mixed, Environmental Science and Pollution Research,
24, 18912-18925.

Merci A., Rezende M.I., Constantino L.V., Doi S.M.O.,
(2019), Evaluation of different factors in the removal of
remazol brilliant blue from aqueous solutions by
adsorption in sugarcane and green coconut fibers,
Matéria, 24, 3, €12437, https://doi.org/10.1590/s1517-
707620190003.0752.

Mortimer R.G., (1993), Physical Chemistry, Benjamin
Cummings Publishing Company.

Niebisch C.H., (2009), Biodegradation of textile dye
remazol blue by Lentinus crinitus, Lepista sordida and
Hydnopolyporus fimbriatus (in Portuguese), MSc
Thesis, Universidade Federal do Parana, Parana, Brazil.

Ratnamala G.M., Vidya S.K., Srinikethan G., (2015),
Isotherm, kinetics, and process optimization for
removal of Remazol Brilliant Blue dye from
contaminated water using adsorption on acid-treated
red mud, Desalination and Water Treatment, 57, 1-14.

Sathishkumar P., Arulkumarb M., Palvannan T., (2012),
Utilization of agro-industrial waste Jatropha curcas
pods as an activated carbon for the adsorption of
reactive dye Remazol Brilliant Blue R (RBBR),
Journal of Cleaner Production, 22, 67-75.

Siddiqui S.I., Chaudhry S.A., (2018), Nigella sativa plant
based nanocomposite-MnFe2O4/BC: An antibacterial

material for water purification, Journal of Cleaner
Production, 200, 996-1008.

Siddiqui S.I., Chaudhry S.A., (2019), Nanohybrid composite
Fe203-ZrO2/BC for inhibiting the growth of bacteria
and adsorptive removal of arsenic and dyes from water,
Journal of Cleaner Production, 223, 849-868.

Siddiqui S.I., Naushad M., Chaudhry S.A., (2019),
Promising prospects of nanomaterials for arsenic water
remediation: A comprehensive review, Process Safety
and Environment Protection, 126, 60-97.

Valley B., Jing B., Ferreira M., Zhu Y., (2019), Rapid and
efficient coacervate extraction of cationic industrial
dyes from wastewater, ACS Applied Materials &
Interfaces, 11, 7472-7478.

Zhang R., Zhou Y., Gu X, Lu J.,, (2015), Competitive
adsorption of methylene blue and Cu?* onto citric acid
modified pine sawdust, CLEAN — Soil, Air, Water, 43,
96-103.

ZhouY.,HuY., Huang W., Cheng G., Cui C., LuJ., (2018),
A novel amphoteric f-cyclodextrin-based adsorbent for
simultaneous removal of cationic/anionic dyes and
bisphenol A, Chemical Engineering Journal, 341, 47-
57.

Zhou Y., Cheng G., Chen K., Lu J., Lei J., Pu S., (2019a),
Adsorptive removal of bisphenol A, chloroxylenol, and
carbamazepine from water using a novel B-cyclodextrin
polymer, Ecotoxicology and Environmental Safety,
170, 278-285.

Zhou Y., Lul., Zhou Y., Liu Y., (2019b), Recent advances
for dyes removal using novel adsorbents: A review,
Environmental Pollution, 252, 352-365.

1023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


