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Abstract

An agricultural waste and eco-friendly biosorbent i.e. rice husk has been used as a cheap adsorbent
for the removal of methylene blue dye from aqueous solutions. The physical properties of the developed
adsorbent were characterized using FTIR. The study was realized using batch experiments. The effects
of contact time, pH, initial dye concentration, biosorbent dose and temperature were investigated. The
adsorption data were evaluated by Freundlich and Langmuir isotherm models. The adsorption isotherm is
best fitted by the Freundlich model, while the adsorption kinetics is well described by the pseudo-second-
order model. Different thermodynamic parameters i.e., changes in standard free energy, enthalpy and
entropy have also been evaluated and it has been found that the dye adsorption onto rice was a spontaneous,

endothermic and physical reaction.
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1.Introduction

Color is a visible pollutant and the
presence of even a very minute amount of
coloring substance makes it undesirable due
to its appearance. The removal of color from
dye-bearing effluents is a major problem due
to the difficulty in treating such waste waters
by conventional treatment methods. The
sorption technique is proved to be an effective
and attractive process for the treatment of
these dye-bearing wastewaters [1,2]. The most
widely used and effective physical method in
industry is activated carbon, although running
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costs are expensive [3]. If the adsorbent
material used is of cheaper cost and does not
require any expensive additional pretreatment
step, this method will become inexpensive. In
recent years, some papers had reported several
kinds of agricultural by-product such as rice
husk [4-5],cereal chaff [6], giant duckweed
[7], sawdust [8] for the removal of methylene
blue from its aqueous solutions.

methods
such as biological oxidation, adsorption,

Physical and  chemical
foam flotation, electrolysis, coagulation-
flocculation, ozonation, oxidation, filtration,
membrane separation, photo catalysis and
electrochemical methods have been used
for waste water decolourisation [9-20].
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The adsorption process is one of the most
efficient methods of reactive, acidic and
direct dyes in neutral solutions removing
pollutants from wastewater and provides an
attractive alternative treatment, especially
if the biosorbent is inexpensive and readily
available [21].

The abundance and availability of
agricultural by-products make them good
sources of cheap raw materials for natural
adsorbents. Rice husk, an agricultural waste,
has been reported as a good adsorbent for
many metals and basic dyes [22-23]. Rice
husk consists of 32.2% cellulose, 21.4%
hemicelluloses and 21.3% lignin [24-25].The
cellulose, hemicellulose and lignin form a
very stable matrix structure. The inner surface
of rice husk is smooth, and may contain wax
and natural fats that provide good shelter for
the grain. On the other hand, the presence of
these impurities on the inner surface of rice
husk also affects the adsorption properties of
rice husk, both chemically and physically [26].
Scanning Electron Microscope(SEM) of rice
husk was showed the morphological features
of outer epidermis raw rice husk, which is well
organized in structure that resembles rolling
hills [27].

In the purpose of this work, adsorption
capacity of rice husk for the adsorption of
methylene blue dye from aqueous solutions
has been investigated and the obtained
experimental data were analyzed using
isotherm models namely, Langmuir and
Freundlich. Theeffectof pH, adsorbentamount,
contact time, biosorbent dose, temperature
and initial dye concentration has been studied.
Kineticexperiments have been also conducted
to determine the rate of adsorption. Methylene
blue is the most commonly used material
for dying cotton, wood and silk. Methylene
blue was chosen because of its known strong
adsorption onto solids and it serve as a model
compound for removing organic contaminants
and colored bodies.

2. Materials and methods

All chemicals and reagents were of
analytical grade. Basic dye used in this study
was methylene blue (molecular formula:
C HNCIS, A = 665nm) purchased from
Merck. The experimental solutions were
obtained by diluting the stock solution in
accurate proportions to different initial
concentrations. The rice husk was obtained
from a farm near Omidiyehcity, Khozestan
state, Iran. Rice husk was washed several
times with water followed by filtration. The
cleaned ricehusk was oven dried completely
at 70°C, then cooled and sieved to S0um size,
which was used without further treatment.

2.1. Batch adsorption studies

Adsorption experiments were carried out
by adding a fixed amount of rice husk to a series
of Erlenmeyerflasks filled with 25mL diluted
solutions. The Erlenmeyer flasks were shaken
at 300 rpm for 6 hour at room temperature.
After equilibration, 10 mL of the suspension
was centrifuged in a stopped tube for10 min
at 3000 rpm and 4 mL of the dye solution was
taken from the tube by a filtered syringe for
measurement. The color of dye concentrations
were measured with a PerkinElmer Lambda
25 UV/Vis Spectrometer using maximum
absorbance wave length values (A_ ) for each
dye. To determine the optimum conditions of
the several parameters such as contact time,
pH, initial dye concentration, biosorbent dose
and temperature were studied for methylene
blue dye. Using optimum conditions dye
removal capacity, equilibrium values and
kinetic studies were performed for methylene
blue dye.

The amount of methylene blue adsorption
at equilibrium,q (mg/g) was calculated from
the following equation[28]:

qp ==X (1)

w
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Where C and C(mg/L) are the initial and
equilibrium liquid phase concentration of
dye solutions, respectively,V(L) the volume
of the solution and W(g) is the mass of
adsorbent. Decolourisation of dyes sorbed by
rice husk was calculated using the following
equation[28]:

Removal percentage = % x100 @
l

3.Results and discussion

3.1. Characterization of the adsorbent

FTIR spectroscopy was used for the
characterization of rice husk. The FTIR
spectrum (Fig. 1) indicated a broad band at
3410.24 cm! representing the bonded -OH
groups. The C-H stretching vibration around
2925.16 cm™ indicates the presence of alkane
functional group. The peaks around 1648.38-
1740 cm correspond to the C=0O stretching
that may be attributed to the hemicelluloses
and lignin aromatic groups [29].The peaks
around 1514.67 cm™ indicate the presence
of C=C stretching vibrations of alkenes and
aromatic functional groups. The peaks around
1425.63 cm indicate the presence of CH,

G5+
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and CH, groups [30]. A peak at 1376.64 cm’
band may be attributed to the aromatic CH and
carboxyl-carbonate structures. The peaks in
the 1254.50-1300 cm'correspond to vibration
of C-O group in lactones.

The peaks around 1045.14, 578.92
and 46593 cm’, correspond to CHOH
stretching, Si-O-Si stretching and Si-H
groups, respectively. The presence of polar
groups on the surface is likely to provide the
considerable cation exchange capacity to the
adsorbent [30].

3.2. Effect of different parameters
3.2.1. Effect of pH

The pH was adjusted using 0.1 N NaOH
and 0.1 N HCI solutions. The pH of the dye
solution plays an important role in the whole
biosorption process and especially on the
biosorption capacity. FTIR spectrum showed
that rice husk has —OH groups. So, it seems
that the pH value can affect the adsorbent
efficiency of rice husk. The effect of pH of
the solution on the adsorption efficiency of
rice husk has been shown in Fig. 2. It can be
seen from the figure that as the solution pH
increases, the adsorption capacity increases.
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Fig.1. FTIR spectra of Rice husk.
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Increasing solution pH increases the number
of hydroxyl groups thus, increases the number
of negatively charge sites and enlarges the
attraction between dye and adsorbent surface
[31]. Generally, the net positive charge
decreases with increasing pH value lead in
the decrease in the repulsion between the
adsorbent surface and the dye thus, improving
the adsorption capacity.
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Fig. 2. Effect of pH on the removal of methylene blue
by rice husk (Contact time 6 h, biosorbent dose 0.1 g,
initial concentration of dye 12 mg/L and 30°C).
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Fig. 3. Effect of biosorbent dose on the removal of
methylene blue by rice husk (Contact time 6 h, pH 11,
initial concentration of dye 12 mg/L and 30°C).

3.2.2. Effect of biosorbent dose

In order to evaluate the maximum
biosorptioncapacity of the rice husk, the
effect of biosorbentdose was investigated.
The dose of respective biosorbent was varied
from 0.01to 0.2 g at a fixed pH, temperature
and adsorbate concentration. After 0.1 g
of the adsorbent, there was no change in
the adsorption efficiency. So, 0.1 g of the
adsorbent was chosen as an optimum amount.
Results were shown in Fig. 3.

3.1.3. Effect of contact time

For the biosorption processes, biosorption
experiments were carried out for different
contact times with a fixed biosorbent dose 0.1
g, initial dye concentration 12 mg/L at solution
pH 11 and at 30°C (Fig. 4). It is observed that
the uptake of the dye increases with time. The
uptake of adsorbate species was rapid in the
initial stages of the contact period and became
slow near the equilibrium. The percentage of
dye removal at contact time of 60 min was
77.88%. After this time no further increase in
the adsorption was observed. This result is
expected because a large number of surface
sites are available for adsorption at the initial
stages and after a lapse of time, the remaining
surface sites are difficult to occupy because of
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Fig. 4. Effect of contact time on the removal of
methylene blue by rice husk ( Biosorbent dose 0.1g, pH
11, initial concentration of dye 12 mg/L and 30°C).
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repulsion between the solute molecules of the
solid and bulk phases [32].

3.1.4. Effect of dye concentration

Different methylene blue dye
concentrations (8-16 mg/L) were used to
determine the effect of dye concentration.
The increase in the dye concentration leads
to a decrease in the percentage of methylene
blue removal (Fig. 5).As the dye/ sorbent ratio
increases, sorption sites are saturated, resulting
in decreases in sorption efficiency [33].
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Fig.5. Effect of dye concentration on the removal of
methylene blue by rice husk (Contact time 60 min,

Biosorbent dose 0.1g, pH 11 and 30°C).

3.1.5. Effect of temperature

Biosorption experiments were carried
out at different temperatures with a constant
methylene blue concentration of 12 mg/L,
biosorbent dose 0.1 g and pH 11.The removal
percentage of methylene blue increases with
increasing temperature, indicating that the
sorption is endothermic process. This may
be a result of increase in the mobility of dye
with increasing temperature. Furthermore, the
enhancement of sorption capacity might be
due to the enhancement of sorptive interaction
between the active site of rice husk and
methylene blue or produce a swelling effect

within the internal structure of rice husk and
enabling more dye molecules diffusion [34].
The thermodynamic parameters for the
biosorption process, AH’, AS%and AG®, were
evaluated using the equation [35,36]:

W=7 ok 3)

mK = 2 2 )
R RT

G°=AH"-TAS" Q)

Where K, known as the distribution coefficient
of the adsorbate, is equal to (ge/Ce). R is the
gas constant (8.314J.mol.K') and T is the
temperature in Kelvin. The plot of InKvs. 1/T
is linear with the slope and the intercept giving
values of AH%nd AS°, respectively (Fig. 6).
These values could be used to compute AG®.
All these relations are valid when the enthalpy
change remains constant in the temperature
range. These thermodynamic parameters are
given in Tablel. Generally, the change of free
energy for physical biosorption is smaller than
that of chemical biosorption. The positive
valuer of AH° shows that the
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adsorption is endothermic process while
positive AS® value reflects the increasing
randomness at the solid/solution interface
during the adsorption. The change in free
energy for physical and chemical reactions are
between - 20 and 0 kJ.mol"! and - 80 and - 400
kJ.mol"! respectively [37].

3.3. Biosorption isotherms

The purpose of the adsorption isotherms
is to relate the adsorbate concentration in
the bulk and the adsorbed amount at the
interface [38]. Biosorption isotherms are the
most important information for analyzing
and designing a biosorption process [39,40].
Several isotherm equations are available and
two important isotherms are selected in this
study, the Langmuir and Freundlich isotherms
[41,42]. The Langmuir biosorption isotherm
assumes that adsorption takes place at specific
homogeneous sites within the biosorbent and
has found successful applications for too
many biosorption processes of monolayer
adsorption.

The expression of the Langmuir model is
given by Eq. (6) [43].
C, 1 Ce (6)

_— = —_I_ i
Qe ImKy, dm

Where q, (mg/g) is the adsorbed amount
of the dye, C, (mg/L), is the equilibrium
concentration of the dye in solution, q_
(mg/g)is the maximum adsorption capacity

and K, (L/mg) is the energy of adsorption.
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Fig. 7. Langmuir isotherm for methylene blue sorption
onto rice husk (Contact time 60 min, Biosorbent dose
0.1g, pH 11 and 30°C).

Fig.7.shows a linear plot of C/q, versus C..
The Langmuir constants q_ and K, were
determined from the slope and intercept of the
plot and are presented in Table 2. The important
characteristic of the Langmuir isotherm can be
expressed by means of dimensionless constant
separation factor, which is calculated using the
following equation:

_ 1 (7
R, = 14Ky Cg

Where K| denotes the Langmuir constant and
C, is the initial concentration [44]. At all initial
concentrations within studied range, R; values
presented in Table 3 have been found between

Table 1: Thermodynamic parameters for biosorption of Methylene blue on rice husk at different temperatures

Temperature (K) AG’( kJ.mol ") AH® ( kJ.mol?) AS? (kJ.mol'K™)
303 -14.02 3.46 0.057
313 -14.59
323 -15.16
333 -15.79
343 -16.41

353 -16.89
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0 and unity (1), indicating thereby favorable
processes for the adsorbent. Also higher R,
values at lower dye concentrations show that
the adsorption is more favorable at lower dye
concentrations.

Table 2:Langmuir and Freundlich isotherm model
constants and correlation coefficients for adsorption of
methylene blue onto rice husk

Isotherm Parameters

Langmuir

q,, (mg.g") 13.63

K, (L.mg") 0.038

R? 0.981
Freundlich

K, 0.361

n 1.344

R? 0.998

The Freundlich isotherm [45] is an
empirical equation employed to describe

heterogeneous systems. The Freundlich
equation is expressed as:

1

1
Inge= In KF+ 5, InCe ©)

Where, K, is biosorption capacity at unit
concentration and 1/n is biosorption intensity.
1/n values indicate the type of isotherm to be
irreversible (1/n = 0), favorable(0 < 1/n < 1)
and unfavorable (1/m>1). The biosorption
capacity depends on the properties of adsorbate
and biosorbent. To determine the constants K
and n, the linear form of the equation may be
used to produce a graph of In(g,) against In(C))
(Fig. 8) All constants obtained by Freundlich
models are listed in Table 2. By comparing
the results of the values, it was found that the
Freundlich isotherm generally represent the
equilibrium sorption of methylene blue onto
rice husk.

Table 3: C_and R, values for adsorption of Methylene
blue onto rice husk

C R

0 L
8 0.615
10 0.561
12 0.516
14 0.478
16 0.444
0.4
0.3 1
¢
0.2
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=
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Fig. 8.Freundlich isotherm for methylene blue sorption
onto rice husk(Contact time 60 min, Biosorbent dose
0.1g, pH 11 and 30°C).

3.4. Adsorption kinetics
A linear form of pseudo-first-order model
was described by Lagergren [46] in the form:

log(q, —q,) =logq, — ;= (19)

A linear plot of log(g —¢,) against time
allows one to obtain the rate constant (Fig.
9). If the plot was found to be linear with
good correlation coefficient, indicating
that Lagergren’s equation is appropriate to
methylene blue sorption on rice husk. So,
the adsorption process is a pseudo-first-order
process [46,47]. The Lagergren’s first order
rate constant (k1) and g, determined from the
model are presented in Table 4 along with the
corresponding correlation coefficients. It was
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observed that the pseudo-first-order model did
not fit well. It was found that the calculated
g, value does not agree with the experimental
g, value (Table 4). This suggests that the
adsorption of methylene blue does not follow
first-order kinetics.
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Fig. 9. Pseudo-first-order sorption kinetics for
methylene blue sorption onto rice husk

The pseudo-second-order kinetics may be
expressed in a linear form as [48,49]:

t 1 t
>+ — (11)
Q: k:qgg qe

Where the equilibrium adsorption capacity
(ge), and the second order constant k, (g/mg
min) can be determined experimentally from
the slope and intercept of plot #/q, versus ¢
(Fig. 10). Thek, and ¢, determined from the
model are presented in Table 4 along with the
corresponding correlation coefficients.

The wvalues of the calculated and
experimental g are represented in Table 4. It
can be seen that there is an agreement between
g, experimental and g, calculated values for
the pseudo-second-order model. Hence, the
pseudo-second-order model better represented
the adsorption kinetics. Similar phenomenon
has been observed in the adsorption of
methylene blue by hazelnut shells and wood
sawdust [50].
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Fig. 10. Pseudo-second-order sorption kinetics for
methylene blue sorption onto rice husk

Kinetics of sorption describes the solute
uptake rate, which in turn governs the
residence time or sorption reaction. It is one
of the important characteristics in defining
the efficiency of sorption. In this study, the
kinetics of the methylene blue dye removal
was carried out to understand the behavior
of this low-cost adsorbent. The adsorption of
methylene blue dye from an aqueous solution
follows reversible second-order kinetics,
when a single species is considered on a
heterogeneous surface. The heterogeneous
equilibrium between the methylene blue dye
solution and the rice husk was represented in
the following equation.

k1

Age———*B

k2

Where k| is the forward rate constant and £,
is the backward rate constant. 4 represents
the methylene blue remaining in the aqueous
solution and B represents the methylene blue
adsorbed on the surface of the rice husk.
[51,24].

Another study of methylene blue onto
rice husk showed that Equilibrium data fitted
well into the Langmuir isotherm equation.
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The sorption kinetics was found to follow a
pseudo-second-order kinetic model [4].A
comparative case study of two models
(Thomas model and bed-depth/service time
analysis model) has shown that these models
are suitable for describing the biosorption
process of the dynamic behavior of removal
methylene blue with the rice husk. All the
results suggested that rice husk as adsorbent
to removal methylene blue from solution be
efficient, and the rate of biosorption process

be rapid [5].

Table 4. Comparison of the pseudo-first-order, pseudo-
second-order adsorption rate constants and calculated
and experimental ¢ values obtained at different initial
methylene blue concentrations

Kinetic model Parameters

Pseudo-first-order

Qe car (mg.gh) 0.169
k, (min™) 0.02
R? 0.984
Pseudo-second-order
k,(g. mg'.min™") 0.474
A (mg.gh) 1.135
h (mg.mint.g!') 0.610
R? 0.999
qe’exp(mg.g") 1.123

The value of q_ in the present work is
compared with number of recently reported
adsorbents used for the adsorption of
methylene blue in Table 5. It is evident from
Table 5 that the value of adsorption capacity
in the present work (13.63 mg/g) is higher
than some of adsorbents but lower than the
activated carbon obtained from rice husk.

4. Conclusion

The present investigation showed that rice
husk can be effectively used as adsorbent.
The amount of dye sorbed was found to vary
with initial solution pH, adsorbent dose,
temperature and contact time. Methylene blue
adsorption onto rice husk is increased with the
rise in initial pH. The maximum monolayer
adsorption capacity, qmax, at 25 °C of
Methylene blue onto rice husk was found to be
13.63. The kinetics studies indicated that the
adsorption kinetics of dye onrice husk followed
the pseudo-second order. The equilibrium
data have been analyzed. The results showed
that the methylene blue followed Freundlich
isotherm model. Thermodynamic studies
indicated that the dye adsorption onto rice
husk was a spontaneous, endothermic and
physical reaction. Rice husk is economically

Table 5. Comparison of adsorption capacity of various adsorbents reported in literature and rice husk

Adsorbents q,(mg/g)  References

Rice husk (grinded to powder) 40.58 4
Neem leaf (powder) 8.76-1961 53
Eggshell and eggshell membrane 0.8-0.24 54
Fly ash 13.42 55
Wheat shells (grinded to powder) 16.56 56
Activated date pits (500°C) 12.9 57
Activated date pits (900°C) 17.3 57
Banana peel (washed and dried) 20.8 58
Pumpkin seed hull (crushed) 141.29 59
Rice Husk (washed and dried) 4.41 60
Rice Husk’s activated carbon 441.52 61
Present work 13.63
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cheap and so regeneration is not necessary.
Furthermore, being an agriculture waste,
the rice husk is easily available and a cheap
material in agricultural countries such as Iran,
so it can be used as potential adsorbent for the
removal of MB. Given the facts that rice husk
necessitates no pretreatment; it is eco-friendly
and low-cost, and that it has a satisfying
biosorption capacity.
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