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ABSTRACT

Dye removal from textile industrial wastewater through conventional methods is a critical task
over the last few decades. This article focuses on an efficient and economic biosorption technique
used to study the elimination of methylene blue (MB) from wastewater. A mixture of dried rice
husk, sugarcane bagasse and wheat bran powder (DRSWP) in equal amounts was used to prepare
a biosorbent to remove the methylene blue (MB) dye. This work discusses the impacts of different
variables such as pH, contact time, initial dye concentration and biosorbent dose during the dye
molecule elimination process and the optimal experimental conditions were also determined. As a
result, the removal percentage of MB dye was found to be 96%. The equilibrium data were studied
by Langmuir, Freundlich and Temkin isotherm models. The examined data suited well with the
Langmuir model having a maximum biosorption capacity of 39.002 mg/g of DRSWP-biosorbent
for MB. The pseudo-first-order kinetic equation effectively explained the kinetics of biosorption of
MB using DRSWP. From the reported data, it could be proved that the biosorption of MB dye by
DRSWP-biosorbent was not only cost effective but also eco-friendly. In this attempt, the concoction
of dried rice husk, sugarcane bagasse and wheat bran powder has been utilized as a biosorbent.
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1. Introduction

In recent years, the rapid growth of industrialization
leads to the release of more contaminants and pollutants
to the environment. On the other hand, many Industries
use an ample amount of water for the unit operation pro-
cess causing water scarcity and also discharging the efflu-
ent without any prior treatment. Finally, it is drained into
the aquatic ecosystem leading to disturbance in the aquatic
system. Generally, industries like paper making, printing,
dyeing, textiles, food processing, and cosmetics generate
colored effluents [1]. These colored effluents from indus-
tries, whose concentration is lesser or higher than 1 ppm
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are more visible and their metabolite causes an inhibitory
effect in the aquatic system.

Among the several dyes, methylene blue (MB) has been
chosen due to its strong biosorption property onto the solid
molecules. MB is a cationic dye molecule that has wide
applications in the textile, food, and medical industries.
On the contrary, it has several adverse effects on human
health and the environment such as shortness in breath-
ing, vomiting, delirium, diarrhea or gastritis, nausea, cause
excessive sweating if inhaled through water and also pro-
longed exposure cause permanent injuries in human and
animal eyes [2-4]. Also, artificial or synthetic dyes which
are used in food products may cause allergies, hyperactivity
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in children, and cancer [5]. To overcome the above issues
several methods such as physical, chemical, and biological
treatment are used for the decolorization of dye from the
effluent. However, physical and chemical methods such as
ion-exchange, ozonation [6], nano-membrane filtration [7],
photocatalytic degradation [8], coagulation-flocculation
[9], electrolysis [10], irradiation [11], conventional adsorp-
tion [12] and ultrasonic-assisted adsorption [13] had been
extensively studied. And these methods having substan-
tial limitations due to high energy consumption, unable
to scale up, and expensive. Above all methods, adsorption
was found to be the efficient method due to the following
advantages: ease of operation, target specificity, reliability,
wide adaptability, cost-effectiveness, and achieving a high
level of purification [14-16]. The major limitation in adsorp-
tion is adsorbent cost. The most commonly used adsorbent
is activated charcoal, which is not viable due to the fol-
lowing drawback: regeneration, expensive, and less avail-
able in nature. This results in the search for an alternative
adsorbent that can overcome the above drawback.

Many researchers used agroindustry by-products such
as rice bran, wheat husk, coconut coir, sawdust, corn straws,
pineapple bark, durian husk, hickory wood, banana peels,
peanut hull due to its application in the removal of dyes
and inexpensive [17-20]. Additionally, India is capable of
producing about 117.47 million tonnes of rice, 353.85 mil-
lion tonnes of sugarcane, and 106.21 million tonnes of
wheat, annually [21]. Similarly, due to the high consump-
tion of rice, wheat, and sugarcane, massive amounts of solid
wastes such as peel/skin and dregs have been disposed.
In the betterment utilization of these wastes, it is suggested
to make a low-cost biosorbent to eliminate the dye from
aqueous solutions.

Also, these biosorbents (rice husk, sugarcane bagasse,
and wheat bran) are highly rich in lignin, cellulose, hemi-
celluloses, silica, and these materials are highly porous.
Cellulose is a common heteropolysaccharide present in the
cell wall of these biosorbent, which acts as a sorbent in the
dye removing mechanism. Due to the enhanced surface-
to-mass ratio, this combined biosorbent aided in the dye
removal and was easy to regenerate. Thus the synergis-
tic effect of these three biosorbents has been expected to
have higher biosorption capacities. So far, no researchers
have reported the MB removal using the combined effect
of rice husk, sugarcane bagasse, and wheat bran. Based
on the above facts, this is the first report to optimize the
synergistic effect of dried rice husk, sugarcane bagasse and
wheat bran powder (DRSWP)-biosorbent on MB. The main
objectives of the present study are:

e Optimization of equilibrium parameters such as the effect
of pH, effect of contact time, effect of initial dye concen-
tration, and effect of biosorbent dosage on percentage
removal of MB.

® Determination of biosorption isotherms (Langmuir,
Freundlich and Temkin isotherms) and biosorption
kinetics.

e Characterization of DRSWP-biosorbent using Fourier-
transform infrared spectroscopy (FTIR), scanning elec-
tron microscopy (SEM), Brunauer—-Emmett-Teller (BET),
and X-ray diffraction (XRD) techniques.

2. Materials and methods
2.1. Materials: adsorbate and DRSWP-biosorbent

Methylene blue was procured from Sigma-Aldrich,
India. Agricultural wastes such as rice husk, wheat bran, and
sugarcane bagasse were obtained from local mills located in
Coimbatore and rinsed thoroughly with double distilled
water 4-5 times. The stalks of the sugarcane bagasse were
cut into small pieces. All the materials were dried under
sunlight for 2 d and kept at 80°C for overnight followed by
grinding and sieving to obtain a fine powder with a particle
size range of 100-125 um. Powders of three different sources
(rice husk, sugarcane bagasse, and wheat bran) were mixed
in equal amounts to obtain biosorbent (hereafter DRSWP-
biosorbent) and stored in an airtight container until fur-
ther use. The biosorbent did not experience any physical
or chemical treatment before the biosorption experiments.

For equilibrium studies, 100 mL of different concentra-
tions of the dye solution was mixed with 0.5 g of DRSWP-
biosorbent and was kept in an orbital shaker for 1 h. The
solution was spun in a centrifuge for 15 min at 1,000 rpm
and the absorbance of the supernatant was measured at
664 nm using UV-Visible spectrophotometer. The dye
removal percentage (% R) and the capacity of biosor-
bent (Q, mg/g), were determined using the following two
equations:

%Rz(C”C;C“)xmo 1)

0

(CO _Ce)
Q=TXV 2)

where C is the initial dye concentration (ppm) and C, is the
equilibrium dye concentration (ppm), V is the volume of
the solution (mL) and m is the mass of the biosorbent (g) [22].
Various equilibrium parameters, with different con-
centrations of DRSWP-biosorbent were analyzed for the
significance of pH, contact time, initial dye concentration
and biosorbent dosage. For the evaluation of equilibrium
data, various biosorption isothermal studies viz Langmuir,
Freundlich, and Temkin isotherms were performed.

2.2. Biosorption kinetics studies

Biosorption of methylene blue by the DRSWP-biosorbent
was analyzed using different kinetics equations like
pseudo-first-order, pseudo-second-order and intraparticle
diffusion models.

2.3. Characterization of DRSWP-biosorbent:
FTIR, SEM, BET and XRD

The functional groups in DRSWP-biosorbent before and
after biosorption were investigated using the FTIR spectros-
copy in the range of 400 to 4,000 cm™. For sample disc for-
mation, KBr powder was mixed with the dried biosorbent
mixture (1:99) and ground into fine powder. By performing
the SEM, the external surface region and morphology of the
biosorbent (before and after biosorption) were studied. The
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surface area and pore volume of the samples were calculated
by BET surface analyzer and the structural determination
and crystallinity nature of the biosorbent was analyzed using
the X-ray diffraction technique

3. Results and discussion
3.1. Equilibrium studies

3.1.1. Effect of pH in the percentage of dye removal and deter-
mination of zero point charge (ZPC) of DRSWP-biosobent

From this investigation, the influence of pH of the
solution on the biosorption of MB was analyzed by add-
ing 0.50 g of DRSWP-biosorbent in 100 mL of 60 ppm ini-
tial dye concentration at different pH values (2-10) and
34°C. 0.1 N NaOH and 0.1 N HCI solutions were used for
the adjustment of the pH of the solution. Shaking was fixed
for 3 h at a continual speed of 120 rpm. The UV-Vis spec-
trophotometer was performed for the calculation of the
absorbance of dye concentrations at 664 nm. Earlier to the
measurements, with the known concentrations of the MB
solution, the standard graph was obtained. From Fig. 1, it
was understood that the percentage removal of dye was
significantly high (>85%) in the basic medium whereas, in
an acidic medium, the dye removal capacity was as low
as 16.66%. The biosorption of methylene blue dye was the
lowest at pH 2 and improved along with the increase in
the pH up to 10 with 86% removal of MB. As the solution
pH increased, the number of hydroxyl groups in the basic
medium also increased, hence, cationic dye methylene blue
could easily get biosorbed on the biosorbent surface [23-25].
Hence, it was decided to fix the pH as 10 for further studies.

The charge, biosorption capacity of the biosorbent,
and the nature of binding sites were determined using
the method zero-point charge. The zero point charge of
the biosorbent was done using the solid addition method.
In this method, 50 mL of 0.1 M NaNO, was added to 12
different conical flasks and initial pH (pHi) was adjusted
between 1-12 either using 0.1 N HNO, or NaOH. After that
0.1 g of DRSWP-biosorbent was added and the suspen-
sion was kept in an orbital shaker at 120 rpm for 24 h. The
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Fig. 1. Effect of pH in percentage of methylene blue removal.

final pH (pHf) was noted after 24 h and ApH = pHi - pHf
was calculated. The plot of pHi vs. ApH shows that
(Fig. 2) at pH 7 DRSWP-biosorbent exhibited zero net
electrical charges and afterward, the surface of the bio-
sorbent started to gain a negative charge. Hence, due to
the electrostatic attraction force, the cationic dye (MB)
molecules were bound on the negatively charged biosor-
bent and the percentage removal of MB was increased in
alkaline pH. pH,,. results also supported the experimen-
tal outcome that the optimum pH for MB removal was
10. The high biosorption of MB at alkaline pH was sug-
gested to be due to the presence of OH- ions that attract
cationic dye molecules towards biosorption sites [26-32].

3.1.2. Effect of contact time in percentage of MB removal

To study the impact of biosorption of MB on biosor-
bent, 0.50 g of DRSWP-biosorbent was added with 100 mL
of 60 ppm initial dye concentration and shaken at 120 rpm
in an orbital shaker for varied periods (5-60 min) at the
optimum pH of 10 to obtain the equilibrium time. Fig. 3
shows a plot of the contact time vs. % removal of methy-
lene blue. Initially, when the adsorbate had contact with
the biosorbent, the biosorption rate was as high as 70%,
and the reaction attained saturation (equilibrium) at 40 min
with 86% removal efficiency. The biosorption rate increased
at the beginning of the process because of the availabil-
ity of high binding sites on the biosorbent surface. After
40 min, due to the unavailability or least binding sites on
the surface of the biosorbent, the biosorption rate became
almost constant up to 60 min [33]. Hence, it was decided
to fix the equilibration time to 40 min for further studies.

3.1.3. Effect of initial MB concentration in percentage
of dye removal

In this effect, 0.50 g of DRSWP-biosorbent was blended
with 100 mL MB solution of varied concentrations (20, 40,
60, 80 and 100 ppm) and shaken at 120 rpm in an orbital
shaker at pH 10 for 40 min. From the graph (Fig. 4), it was
explained that the percentage degradation of MB dye was

. (9]
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Fig. 2. Zero point charge of DRSWP-biosorbent.
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Fig. 3. Effect of contact time in percentage of methylene blue
removal.

found as 95% at concentrations of 20 and 40 ppm. The exper-
imental results showed that the percentage elimination of
the dye was reduced with the increasing initial concentration
of the dye [34].

3.1.4. Effect of biosorbent dosage

The influence of DRSWP-biosorbent dosage on the bio-
sorption of MB was analyzed for different dosages such as
0.2, 0.4, 0.6, 0.8 and 1 g of DRSWP mixed with 100 mL of
40 ppm of the dye solution and agitated at 120 rpm in an
orbital shaker at the optimum pH of 10. Increased dosage
of DRSWP-biosorbent showed an increased percentage
removal as a result of the availability of high binding sites
and surface area for the methylene blue adsorbate with the
removal percentage ranging from 90%-96% (Fig. 5). Abbas
[35] and Olusegun et al. [36] also concluded that the rice
husk adsorbent showed a high removal percentage of the
methylene blue dye.

3.2. Biosorption isotherm studies

The isotherm and kinetics of the biosorbent were deter-
mined with the working volume of 100 mL containing (the
percentage removal was decreased with increasing initial
concentration of dyes) [34] various initial MB concentra-
tions (40, 60, 80, 100, 120, and 140 ppm) with 1 g of DRSWP-
biosorbent at pH 10. The absorbance of the MB solution
was measured at regular intervals at A___ (664 nm) using the
UV-Visible spectrophotometer.

3.2.1. Langmuir model

Langmuir isotherm model was used for the determi-
nation of biosorption of the dye from the liquid solution.
Langmuir model explains the process of biosorption capabil-
ity of the biosorbents. This model is based on the hypothesis
that the process of biosorption happens on a homogeneous
surface by forming a monolayer without any contact with
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Fig. 4. Effect of initial methylene blue concentration in dye
removal percentage.
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Fig. 5. Effect of biosorbent dosage in percentage of methylene
blue removal.

the adsorbate molecules. The biosorption process also
occurred with an equal adsorbate affinity in all the active
sites and the biosorption rate varied in all the biosorption
sites.

The Langmuir isotherm equation is represented as
follows:

(e
— 0 e 3
T~ 1+oC) ®
The Langmuir linear form of equation is:
it 1 @)
qe Qubce Q0
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Fig. 6. Langmuir isotherm for methylene blue on DRSWP.

where g, is the equilibrium biosorption capacity (mg/g) and
C, is the equilibrium concentration of adsorbate (mg/L),
Q, is the monolayer biosorption capacity (mg/g) and b is
the Langmuir isotherm constant (L/mg) indicating the
affinity of the biosorbent and the adsorbate.

Separation factor (R,) of Langmuir equation is expressed
as follows:

1
k= (1+ vC,) ©)

where C; denotes the initial MB dye concentration (mg/L).
If the R, value ranges between 0 to 1 it denotes positive
biosorption, the R, value higher than 1 indicates the neg-
ative biosorption and R, value equal to 1 indicates the lin-
ear biosorption and if the value of R, equal to zero then
it represents an irreversible biosorption process. The plot
of 1/q, vs. 1/C, (Fig. 6) yielded the slope (1/Q b) and inter-
cept (1/Q ) values. The calculated results were best fitted
with the Langmuir isotherm model with the regression
coefficient value of 0.999 (Table 1) for MB removal using
DRSWP-biosorbent, thereby, explaining the best depic-
tion of biosorption. The maximal monolayer biosorption
capacity of DRSWP-biosorbent for the elimination of
methylene blue was found to be 39.002 mg/g. For the var-
ied initial concentrations of MB, the separation factor (R,)
was determined, and the values were found in the range
of 0.6803-0.3781. All the calculated values of the separa-
tion factor were within the range of 0 to 1, thus, showing

Table 1

a positive biosorption of methylene blue onto DRSWP-
biosorbent [37-40].

3.2.2. Freundlich isotherm model

This model is used to depict the biosorption character-
istics for the heterogeneous surface as well as multilayer
biosorption.

Freundlich isotherm is represented by the following
equation:

9. =K.C" (®)
The linearized form of equation is:
1
logg, =log K, +—logC, (7)
n

where K, and n are the Freundlich isotherm constant
(mg/g (L/mg)"") and biosorption intensity, respectively. C,
denotes the equilibrium concentration of the dye (mg/L).
g, denotes the quantity of dye adsorbed per gram of
biosorbent (mg/g) at equilibrium. The graph of logg, vs.
logC, (Fig. 7) was used to predict the constants K, and 1/n
as presented in Table 1. The favorability of the biosorption
process can be indicated based on the value of 1/n.
The 1/n value below one represents a favorable biosorp-
tion. On the contrary, the value of 1/n above one indicates
a cooperative biosorption. Freundlich isotherm results
showed that the biosorption capacity of non-ideal, het-
erogeneous biosorption of DRSWP-biosorbent. Since the
obtained 1/n value was lower than one (0.86041), resulting
that MB followed a favorable biosorption. The capacity of
the DRSWP-biosorbent and the uptake of dye molecules
were explained by the K, value (0.5609) [37,38,41].

3.2.3. Temkin isotherm model

The relations between the biosorbent and the adsorbate
molecules were studied using the Temkin isotherm model.
The heat of biosorption that reduced linearly along the
surface interactions between adsorbate and the biosorbent
in the intermediate adsorbate concentrations.

The Temkin isotherm model is represented in the follow-
ing linearized form of an equation:

q,=B/In A, +B,InC, (8)

where B, = RT/b, A, and b are the equilibrium binding con-
stant (L/g) and Temkin isotherm constant, respectively.

Isotherm variables for the biosorption of methylene blue adsorbate upon DRSWP-biosorbent

Langmuir Freundlich Temkin
Q, (mg/g) 39.002 K, (mg/g (L/mg)"") 0.56087 A, (L/g) 0.54903
R, 0.6803-0.3781 1/n 0.86041 B, 4.7152
b (L/mg) 0.0118 b (J/mol) 54.315
R? 0.99902 R? 0.99782 R? 0.9895
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Fig. 7. Freundlich isotherm for methylene blue on DRSWP.

R indicates the ideal gas constant (8.314 J/mol K), T denotes
the temperature in Kelvin and b is the constant linked to
heat of biosorption (J/mol). A graph was plotted as g, vs.
InC, (Fig. 8). Constants b and A, were estimated using
the slope and intercept of the graph. Temkin isotherm
results showed that the biosorption interactions between
the adsorbate and the DRSWP-biosorbent and the maxi-
mum binding energy were found as 0.1673 L/g with a
high R? value as 0.9895. Due to the interactions, the heat
of biosorption was decreased linearly with the coverage.
The R? value of 0.9895 showed that the biosorption also
followed the Temkin model [41].

3.3. Biosorption kinetics

The biosorption process of the MB by the DRSWP-
biosorbent, controlled by various mechanisms such as
chemical reaction, mass transfer and diffusion were deter-
mined by the biosorption kinetics model. For the investi-
gation of the controlling mechanisms, the results obtained
were investigated by various kinetic models such as
pseudo-first-order, pseudo-second-order and intraparticle
diffusion models.

3.3.1. Pseudo-first-order kinetic model

This model follows the hypothesis that the capacity of
the biosorbent depends upon the rate of change of the dye

Table 2
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Fig. 8. Temkin isotherm for methylene blue on DRSWP.

elimination with respect to time. The equation of pseudo-
first-order kinetic is:

K
log(q, - 4,)=1og(q,) ‘( 2,363} Y

where g, is the equilibrium biosorption (mg/g), g, is the
dye biosorption at time t (mg/g), K, indicates the pseudo-
first-order rate constant (1/min) and t represents time (min).

A linear graph of log(g, — q,) vs. time (t) is repre-
sented in Fig. 9. The g, and K, values were calculated
using linear regression of the plot [42]. Pseudo-first-
order kinetics model (Table 2) showed the experimen-
tal equilibrium biosorption capacities (g, ) as 2.55,
3.825, 5.025, 6.3, 7.5, 8.625 mg/g and the  calculated
equilibrium biosorption capacities (q,.) as 2.85, 4.04,
5.35, 6.63, 7.87, and 8.93 mg/g for the varied concen-
trations of MB. The g, values were closer to g, , val-
ues attributed that the blosorptlon is well described by
the pseudo-first-order. As the concentration of the dye
increased, the biosorption capacities also increased with
the increased regression coefficient values. These results
concluded that the DRSWP-biosorbent showed a good
relationship with the adsorbate MB and also explained
that the number of free sites is considerably higher than
the number of dye molecules biosorbed [43-47].

Pseudo-first and second-order kinetics parameters for the biosorption of methylene blue adsorbate on DRSWP-biosorbent

C, (mg/L) Pseudo-first-order Pseudo-second-order
R K; (min™) G, (Mg/g) g, (mg/g) R K,(g/mgmin)  H 7, (M8/8)

40 0.990 0.0089 2.55 2.848 0.991 0.00454 0.00942 -1.44051
60 0.995 0.0053 3.83 4.041 0.9840 0.00359 0.00999 -1.66881
80 0.997 0.0051 5.03 5.348 0.8899 0.00794 0.00969 -1.10528
100 0.990 0.0047 6.30 6.629 0.9427 0.00389 0.013121 -1.8364
120 0.987 0.0036 7.50 7.865 0.9753 0.00813 0.00968 -1.09141
140 0.992 0.0029 8.63 8.933 0.9548 0.00709 0.009898 -1.18152
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Fig. 9. Pseudo-first-order kinetics of methylene blue on DRSWP.

3.3.2. Pseudo-second-order kinetic model

This model provides the biosorption characteristics
throughout the whole period of the biosorption process.
This model considers the hypothesis that the biosorption
process is related to chemisorption, which occurs between
the adsorbate and the biosorbent functional groups with
the aid of the energy from electrons. The linearized form
of the pseudo-second-order kinetic equation is expressed
as follows:

b1 ( 1J
—= —+| = |t
q; Kz (b]e) q.
where K, denotes the pseudo-second-order rate constant
(g/mg min). g, and g, represent the amount of dye biosorbed
(mg/g) at equilibrium and at any given time t [42]. The
constant values were estimated with the help of the slope
and intercept of the plots drawn as t/g, vs. time (Fig. 10).
In the pseudo-second-order kinetics model, the determined
biosorption capacities were found to be negative, which
represented no significant relation between the adsorbate
and the biosorbent. Hence, the pseudo-second-order kinetic
model failed to describe the biosorption capacity of DRSWP-
biosorbent on MB [44].

(10)

3.3.3. Intraparticle diffusion model

The biosorption of dyes upon contact with the biosor-
bent occur through the following three steps, (i) through
molecular diffusion, the adsorbate dye is transferred from
the bulk solution to the outer surface of the biosorbent,
(ii) localization of biosorbate to the inner surface of the bio-
sorbent and (iii) the biosorption of the adsorbate molecules
from the operative sites into the pores of the inner surface of
the biosorbent. The intraparticle diffusion model equation is:
q, =K t"”+C (11)
where K, _is the intraparticle diffusion constant (mg/g min®®)
and C is the thickness of boundary layer (mg/g). The con-
stant values of the intraparticle diffusion model were
determined (Fig. 11) and the values were reported in
Table 3. If the biosorption process followed the intrapar-
ticle diffusion model, the plot of g, vs. 1> would gener-
ate an origin passing straight line. The kinetic data were

100
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Fig. 10. Pseudo-second-order kinetics of methylene blue on
DRSWP.
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Fig. 11. Intraparticle diffusion of methylene blue on DRSWP.

Table 3

Intraparticle diffusion parameters
C, (mg/L) R K,, (mg/g min") C (mg/g)
40 0.986 0.2134 —0.7855
60 0.991 0.2112 -0.7593
80 0.994 0.2717 -1.0321
100 0.986 0.3121 -1.1543
120 0.978 0.2909 -1.1428
140 0.983 0.2752 -1.0595

processed to predict whether the intraparticle diffusion
was the rate determining step. From Fig. 11 it is evident
that there was no straight line passing through the origin
and indicated that the non-linearity of the graph. This
explained that, intraparticle diffusion was not only the rate
limiting step but also revealed that the biosorption pro-
cess was controlled by other kinetic models such as sur-
face biosorption and intraparticle diffusion. [39,44,48].
Table 4 describes the comparison of biosorption capacity
of biosorbents with agricultural wastes used for MB removal.
The biosorption capacity of DRSWP-biosorbent compared
with other biosorbents and found to be 39.007 mg/g which
is higher than the biosorption capacities of various low-
cost biosorbents and activated carbons for the removal of
MB such as rice husk carbon (RHC) [49], rice husk carbon
(RHC) [50], sugarcane bagasse activated carbon [51], reticu-
lated formic lignin (RFL) from sugarcane bagasse [52], CaCl,
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Table 4

Comparison of biosorption capacities of methylene blue on various agricultural wastes

Biosorbent Q, (mg/g) Reference
Rice husk, sugarcane bagasse, wheat bran (DRSWP) 39.002 Present study
Rice husk carbon (RHC) 28.5 [49]

Rice husk carbon (RHC) 37.57 [50]
Sugarcane bagasse activated carbon 6.73 [51]
Reticulated formic lignin (RFL) from sugarcane bagasse 34.20 [52]

CaCl, treated sugarcane bagasse (CSGB) 35.2113 [53]

Coir pith carbon prepared from coconut husk 5.87 [54]

Wheat shell (WHS) 21.50 [55]

Wheat straw pre-treated with 1.8 M H,SO, 20.41 [56]

treated sugarcane bagasse (CSGB) [53], coir pith carbon
prepared from coconut husk [54], wheat shell (WHS) [55],
wheat straw pre-treated with 1.8 M H,SO, [56].

3.4. Characterization of biosorbent before and after
biosorption: FTIR, SEM, BET and XRD

FTIR analysis (Fig. 12A and B) was performed to expli-
cate the functional group responsible for the removal of
MB [57]. Because of the hydrogen bonded OH vibration
of the cellulosic structure, FTIR spectrum of DRSWP- bio-
sorbent before biosorption showed stretching at 3,784.90
and 3,288.86 cm™ whereas after biosorption showed multi-
ple stretching vibrations at 3,785.41; 3,696.52; 3,657.60 and
3,278.96 cm™ [58]. The peaks at 2,891.28 cm™ before biosorp-
tion and the peaks at 2,886.16 cm™ after biosorption could be
attributed to the aliphatic (C-H) alkane groups [59].

In the sample before biosorption, C-O stretching of
the carbonyl (C=0O) group in hemicellulose was observed
at 1,729.96 cm™ before biosorption. However, the carbonyl
group after biosorption was observed at 1,727.76 cm™
[58,60]. C-O-C stretching vibrational shift was noticed
at 1,061.70 cm™ in samples collected before biosorption,
whereas, C-O-C peak in samples collected after biosorption
was found at 1,076 cm™ [39]. Before biosorption, the peak was
noticed at 898.53 cm™ because of the presence of the C-O-H
group. Si-H group could be ascribed to the peaks at 606.56,

1753785.41cm-1, 164.52%T

170 3657 60cm-1, 16T DAL 1HOSTT

1604 2888.16cm-1, 148.40%T

1501

140

%T

1301 3784 00m Y, 153 48%T

2046.56cm-1, 136.47%

562.85, 532.11, 490.79, and 475.32 cm™ before biosorption
and 592.96, 533.19, and 463.69 cm™ after biosorption [61].

SEM images of DRSWP-biosorbent before biosorption
(Fig. 13A) showed the smooth longitudinal shaped com-
pounds surrounded by small fragments of compounds
whereas, after biosorption (Fig. 13B), the morphology of
the DRSWP-biosorbent was completely modified into large
flake-like structures due to their higher interactions with the
adsorbate (Fig. 13) [61].

The surface area and pore volume of the samples were
calculated by BET surface analyzer. The BET surface area, sat-
urated vapor pressure, average pore diameter and total pore
volume of the biosorbent before and after biosorption were
found to be 1.355 m?*/g, 97.99 kPa, 24.726 nm, 8.3795 cm’/g
and 7.538 m?/g, 98.024 kPa, 7.296 nm, 1.375 cm?/g respec-
tively. From the reported values, it could be seen that after
biosorption the average pore diameter and total pore volume
of the biosorbent have been reduced because of the accumu-
lation of MB molecules. From the Fig. 14A and B, it could be
seen that a shift (before and after) was occurred due to the
biosorption of MB molecules. [23,31].

The structural determination and crystallinity nature
of the biosorbent was analyzed using the X-ray diffraction
technique. A broad peak was observed (Fig. 15A) at the 20
22.145° and another peak at 26.615°. In Fig. 15B, a broad
peak was observed at the 20 22.32° and another peak at
35.01°. In both figures, the peak was observed for 20 ranging
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T
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Fig. 12. FTIR spectrum of DRSWP (B) before and (A) after biosorption with methylene blue adsorbate.
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Fig. 14. BET analysis of DRSWP-biosorbent (A) before and (B) after biosorption of methylene blue.
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Fig. 15. XRD pattern of DRSWP-biosorbent (A) before and (B) after methylene blue biosorption.

between 22° and 23° and this showed the presence of cellu-
lose I type. Also, the broad peak occurred at 20 22.145° (Fig.
15A), and 20 22.32° (Fig. 15B) revealed that the amorphous Biomaterials are auspicious biosorbents for the elimina-
nature of DRSWP-biosorbent. [31,32,62-65]. tion of cationic dyes. The elimination of methylene blue (MB)

4. Conclusion
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from the aqueous solution through DRSWP-biosorbent was
analyzed under various experimental conditions in batch
mode. The biosorption of dye was dependent on biosorbent
dosage, pH, and methylene blue concentration. The optimal
values of pH, contact time, initial dye concentration, and
biosorbent dosage were estimated as 10, 40 min, 40 mg/L,
and 1 g respectively with a removal efficiency of 96%. The
equilibrium has been found in the best correlation with the
Langmuir isotherm model and revealed that monolayer
biosorption occurred. The kinetic study revealed that the
pseudo-first-order model fitted well with the experimental
values indicating that the biosorption process was depen-
dent upon initial concentrations of MB. The result of the
intraparticle diffusion model showed that this model has
played an important role in biosorption, and it was not only
the rate-limiting step. The present investigation has shown
that DRSWP-biosorbent could be effectively used for meth-
ylene blue removal. DRSWP-biosorbent is economically
cheap, and hence, regeneration is not required.
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