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Abstract—Dyes are one of the major toxic pollutants discharged in large quantities into the hydrosphere. Among vari-
ous dye removal methods, adsorption has a distinct position. In this study, wheat straw was used as a low-cost and
renewable material to prepare two economical adsorbents through the facile production method. An adsorbent was
prepared by alkaline hydrolysis of wheat straw. Then, another adsorbent was synthesized by carboxymethylation of the
first adsorbent. The prepared adsorbents were characterized by various techniques, including Fourier transform infra-
red spectroscopy (FT-IR), field-emission scanning electron microscopy (FESEM), and X-ray diffraction (XRD). A series
of adsorption experiments were conducted in a batch adsorption system to study the effect of diverse parameters, such
as solution pH, the initial dye concentration, and contact time, on the adsorption performance. Adsorption models and
kinetic results indicated that the adsorption of methylene blue onto both adsorbents was more fitted to Langmuir iso-
therm and followed second-order kinetics. The maximum monolayer adsorption capacity of methylene blue on alkaline-
modified wheat straw and carboxymethylated modified wheat straw reached 131.123 and 191.427 mg/g, respectively.
Regarding their low cost and suitable adsorption potential, they can be cost-effective and promising adsorbents for
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wastewater treatment.
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INTRODUCTION

With the increasing population and technology growth, our world
moves towards new horizons. In the contemporary period, the water
demand has dramatically increased. Saving water resources to ensure
future water security is needed now more than ever. Agricultural,
industrial, and domestic sectors generate large amounts of effluents
containing various pollutants. Dyes are one of the most important
categories of contaminations [1]. Most dyes are organic molecules
whose structural complexity makes them resistant to light, water,
detergents, and chemicals, further challenging the decolorization
of contaminated water [2]. The dyeing, textile, paper, leather tan-
ning, cosmetics, and rubber industry are the primary consumers
of synthetic dyes. Therefore, the effluents of these industries con-
tain significant amounts of dye [3,4]. These toxic chemicals have
shown carcinogenic, teratogenic, and mutagenic effects on aquat-
ics, and humans. Moreover, dyes reduce sunlight penetration and
disrupt biological metabolic processes, destroying aquatic ecosys-
tems [5,6]. In this context, the development of safe, low-cost, and
facile methods to treat dye-contaminated effluents is highly wel-
come. Several methods have been proposed to treat dye-bearing
effluents that can be divided into three general categories: chemi-
cal, physical, and biological [7]. Each of these methods has its spe-
cific advantages and disadvantages.
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Among various methods, adsorption has found a special posi-
tion in dye removal. It is a physicochemical process of wastewater
treatment involving the separation of adsorbates from an aqueous
phase to a solid phase. Adsorption has several advantages over other
wastewater treatment methods: simple operation, high efficiency,
and relatively reasonable cost [8,9]. The adsorbent is one of the most
essential factors in an adsorption system. A suitable adsorbent is
low-cost while offering a high adsorption capacity. Activated carbon
(AC), the most commonly used adsorbent, has a high adsorption
capacity, but its production cost is very high. Therefore, numer-
ous studies have recently addressed the development of a low-cost
alternative adsorbent [10]. Some agricultural wastes can serve as
low-cost and available adsorbents. However, many of these raw
materials have limited application due to their tendency to release
water-soluble organic components and the lack of suitable func-
tional groups [11,12]. Some techniques have been proposed to
overcome this problem. One of them is the carbonization of agri-
cultural by-products [13]. Biochar (BC) is a solid substance which
can be obtained by biomass carbonization. BC has more oxygen-
containing functional groups (such as C-O and C=0) than AC
[14,15]. Due to the wide availability of its initial materials, BC may
be prepared from the direct burning of its precursors, making BC
production less expensive than AC. In addition, BCs often show
much higher adsorption capacity for dyes and some other water
pollutants than the initial biomass due to their higher porosity and
increased surface area [16]. Another technique is the chemical mod-
ification and introduction of suitable functional groups on raw agri-
cultural by-products [11,12]. In recent years, difterent chemical treat-
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ments were applied to the raw plant materials such as wheat straw
[11], barley straw [17], sawdust, pine tree leaves [18], mango seeds
[19], sesame straw [20], and rice straw [21] to improve their adsorp-
tion capacity.

In the present work, an attempt was made to chemically mod-
ify and introduce the ionic groups onto the surface of wheat straw
(WS) to enhance its adsorption capacity toward ionic dyes. Wheat
is one of the most abundant and widely distributed grains in the
world. Wheat straw is one of the inexpensive and abundant by-
products of wheat. Hundreds of millions of tons of WS are pro-
duced annually, most of which are burned or left on agricultural
lands to decompose. However, raw WS has a low dye adsorption
capacity. WS is primarily composed of cellulose, hemicellulose, and
lignin. Its few suitable functional groups are not accessible due to
its structural complexity [11,22]. This research is aimed to provide
products with higher adsorption capacity through simple chemi-
cal modifications and partial removal of lignin, porosity enhance-
ment, making suitable functional groups accessible, and introduction
of new functional groups. In general, this article pursues several
goals: Preparation of a cost-eftective adsorbent with sufficient adsorp-
tion capacity from wheat straw waste, studying the performance of
the synthesized adsorbents in the removal of methylene blue in a
batch adsorption system, investigation of various parameters affect-
ing the adsorption performance, adopting several adsorption mod-
els to fit the experimental data.

MATERIALS AND METHODS

1. Materials

Wheat straw was collected from a wheat field in Kerman prov-
ince. After washing, it was dried in an oven at 60 °C for 24 hours,
then crushed and ground, and sieved into a 40-mesh sieve. Meth-
ylene blue (MB), NaOH, HCl, and monochloroacetic acid (MCA)
were purchased from commercial sources and used without fur-
ther purification.
2. Preparation of Adsorbents
2-1. Preparation of Modified Wheat Straw (MWS)

First, 12 g of raw wheat straw was poured into a two-liter bea-
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Scheme 1. Preparation of adsorbents.
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ker containing 800 ml NaOH 12% W/W and stirred magnetically
for 200 min at 60 °C [23]. During this time, the soluble materials
in the alkaline medium were separated from the straw and the color
of the solution turned dark brown. Finally, the water was sepa-
rated from the straws by filtration and fresh distilled water was
poured instead. Then, the pH was adjusted to 7 by adding 0.1 M
HCI. Afterward, the MWS was washed once with water and twice
with a mixture of water and ethanol (1:1). The produced MWS
was dried in the oven at 45 °C for 24 h.

2-2. Preparation of Carboxymethylated Modified Wheat Straw
(CMMWS)

To prepare CMMWS, first, 4 g of MWS was stirred in 230 ml of
3% w/w NaOH solution in a beaker at 60 °C for 1 h. Then, 10 g of
MCA was added, and the reaction was continued for another 3.5h
at the same temperature [24]. Water was filtered, fresh water was
added, and the pH was neutralized by adding 0.1 M HCL The wash-
ing and purification steps were performed similarly to the case of
MWS. The preparation process of the adsorbents is illustrated in
Scheme 1.

3. Instrumentation

The FTIR characterization of the raw WS, MWS, and CMMWS
was recorded at 4,000-400 cm ™' on a JASCO FT-IR 300E spectro-
photometer. The surface morphology of the samples was examined
by FESEM-EDX (Zeiss, Sigma, Germany). Given that the samples
lacked conductivity; they were coated with gold before use in this test.
The X-ray diffraction (XRD) pattern of the samples was obtained
using a Bruker AXS model D8 advance diffractometer with Cu-
Ko radiation in the scan range of 260=7-80" (1=1.5048 A°) at room
temperature (25 °C). The dye concentration in an aqueous solution
was measured using a UV-VIS double-beam spectrometer (SQ2810E,
UNICO, Germany) by monitoring the absorbance changes at a
wavelength of maximum absorbance (663 nm) [25].

4. Batch Adsorption Experiments

A stock solution (500 mg/L) of MB was prepared by dissolving
a precisely measured quantity of dye in distilled water. Other con-
centrations were prepared by diluting this solution with distilled
water. Fig. 1 illustrates the chemical structure of MB [26]. All ad-
sorption experiments were conducted with 0.02 g of adsorbent in
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Fig. 1. Chemical structure of methylene blue.

45 ml of adsorbate solution (5-150 mg/L) in a sealed 50 ml glass
bottle at room temperature and a known pH under stirring at 300
rpm. Noteworthy, all experiments were performed in duplicate. At
the final stage, the solution was separated from the adsorbent by
centrifugation and diluted if necessary (to obtain absorbance within
the linear calibration range). The absorption was measured by the
UV-visible spectrophotometer.
4-1. pH Effect on MB Adsorption

The eftect of MB solution pH on dye removal was explored by
preparing solutions with different pHs (3, 5, 7, and 9). The solution
pH was adjusted by 0.1 M HCI or NaOH. In this experiment, the
contact time was 160 min, and the initial dye concentration was set
to 10 mg/L. The removal efficiency (%R;) of the dye can be calcu-
lated by Eq. (1):

~(Cy—C)100

%R,
CO

@
where C,; and C, (mg/ L) are the dye concentrations at the initial
time and at the time of t, respectively.
4-2. Adsorption Isotherms and Kinetic Studies

Adsorption isotherm experiments were performed for MB solu-
tions with different concentrations (5, 10, 20, 30, 50, 75, 100, and
150 mg/L) at pH=7 and a contact time of 140 min. Kinetic experi-
ments were conducted using a dye solution with an initial concen-
tration of 100 mg/L and pH=7 at different times (20, 40, 80, 120,
and 160 min) using separate bottles. The removal efficiency (%Rp)
of the dye was determined by Eq. (1).

The amount of dye adsorbed by the unit weight of adsorbent
(g, or q, mg/ g) can be calculated via Eq. (2):

_ (CO_C)V
_T

@

where C, is the initial MB concentration (mg/L), Cdenotes dye con-
centration at any time of t or equilibrium (mg/ L), V is the volume
of solution (L), and m is the mass of adsorbent (g).
5. Desorption of MB from Adsorbents

In the first step (adsorption step), 45ml of dye solution (100
mg/L) and 0.02 g of adsorbent (MWS or CMMWS) were poured
into six glass bottles separately. They were agitated for 5h and then
the dye-loaded adsorbent was filtered off and dipped in different
solutions (HCI 0.01 M, NaCl 0.01 M, and distilled water) on the
stirrer for 5 h. Finally, the solution was separated from the adsor-
bent and the desorbed dye concentration was determined.

RESULTS AND DISCUSSION
1. Characterization of the Adsorbent

FTIR spectra of WS, MWS, and CMMWS were investigated to
compare the different modifications. As depicted in Fig. 2(a), the
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Fig. 2. (a) FTIR spectra, and (b) XRD spectra of WS, MWS, and
CMMWS.

strong peak at around 3,200-3,600 cm™ corresponds to the stretch-
ing vibration of O-H [27], while the adsorption bands at 2,918 and
1,372cm™ can be assigned to C-H stretching and bending vibra-
tions of the methylene groups [28]. The absorption band at around
1,740 cm™" in the WS can be attributed to either the acetyl and uronic
ester groups of the hemicelluloses or the ester linkage of the car-
boxylic group of the poumeric and ferulic acids of lignin and
hemicelluloses [29]. The peak at 1,642 cm™" is associated with the
carbonyl group of the carboxylic acid with an intermolecular hy-
drogen bond [28]. The asymmetric stretching vibration of C-O-C
appeared at 1,058 cm™. In the case of MWS, almost all absorption
bands are shorter than in the spectrum of WS. This decrease can
be attributed to the dissolving of compounds such as solvable organic
materials of the straw structure, hemicellulose, and lignin [28,30].
In the CMMWS spectrum, the stretching vibrations of the OH
group appear with a broader peak (3,000-3,600 cm™"), indicating
an increase in the acidic OH groups. Furthermore, the bands at
~900, 1,060, 1,300, and 1,430 cm™ can be attributed to the carboxy-
methyl groups, showing significant increases after carboxymethyl-
ation [31,32]. These results confirmed the successful carboxymeth-
ylation with mono chloroacetic acid.

XRD patterns of WS, MWS, and CMMWS are shown in Fig.
2(b). Three typical diffractions of cellulosic material at diffraction
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Fig. 3. SEM of (a) pure WS, (b) MWS, and (c) CMMWS.

angles of 15.1° and 21.9°, and 35.2° appeared in the XRD pattern
of WS confirming that the cellulose form is cell-I. The crystalline
portion led to the highest intensity peak, whereas the noise lines are
due to the amorphous fraction [31]. Comparing the XRD patterns
of WS and MWS, there is a minor change. Thus, it can be con-
cluded that the main backbone structure of WS remained stable
during alkaline hydrolysis. Whereas the carboxymethylation reac-
tion on the cellulose structure decreased the crystallinity. These
results are parallel to earlier results [33,34].

The FESEM images of the adsorbents in Fig. 3(a)-(c) exhibit
different morphological properties of the adsorbents. As can be
seen in Fig. 3(a), (b), the surface of MWS has more porosity than
pure WS, which might be due to the removal of lignin and hemi-
cellulose through alkaline hydrolysis. Fig. 3(c) shows a more sig-
nificant increase in pores and roughness, suggesting a rise in the
specific surface area, hence improving the adsorption capacity of
CMMWS compared to the other adsorbents [11,29].

2. Adsorption Property of MWS and CMMWS for MB
2-1. pH Effect

One of the most critical factors affecting the adsorption process
is the pH of the solution as the charge of the adsorbate and adsor-
bent usually depends on the solution pH [35]. In this experiment,
the effect of pH was studied at various pH levels ranging from 3 to

120

100 ‘ .

=== MWS

40 CMMWS

pHs
Fig. 4. pH effect on MB adsorption onto MWS, CMMWS (Condi-
tions: initial dye concentration=10 mg/L, contact time=160
min).
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9 (Fig. 4). The general form of the diagram shows the same dye
removal ability of two adsorbents in all pHs, except at pH=3. At
this pH, the %R; was estimated to be 66.5% for CMMWS and
38% for the MWS. The studied adsorbents are cellulose-based and
encompass hydroxy and carboxylic acid groups. These groups will
be protonated under concentrated acidic conditions. Therefore, posi-
tive sites are created on the adsorbent structure. Electrostatic repul-
sion occurs between these positive sites with MB as a cationic dye
[11]. Thus, the dye molecules cannot be well adsorbed on the ad-
sorbent at this pH. MWS has more hydroxy groups than CMMWS
because some of these groups have been converted into OCH,COOH
during the carboxylation reaction and preparation of CMMWS.
Thus, the lower %R of MWS at this pH may be due to the greater
potential of OH groups for protonation (owing to the localized
electrons of oxygen) rather than COOH [36], resulting in more
positive sites and greater electrostatic repulsion between the adsor-
bent and MB. In the following, it can be seen that for both adsor-
bents, the removal efficiency increased with pH elevation from 3
to 7 at a large slope. As hydroxy and carboxylic acid groups on
adsorbents structure were deprotonated at pH=7 or higher, the
cationic molecules of MB can be well adsorbed on an anionic ad-
sorbent. So, this process is normal and logical. Also, %R was slightly
better at pH=7 compared to pH=9. This can be explained by the
fact that at too high pH, the number of hydroxide ions in the solu-
tion is high; these ions surround the dye structure and reduce its
electrostatic attraction to the adsorbent [37]. Since the highest dye
removal occurred at pH 7.0, further studies were performed at this
pH.
2-2. Initial Concentration Effect and Adsorption Isotherm

The adsorption capacity was assessed by varying the MB initial
concentration (5-150 mg/L). For both adsorbents, the adsorption
was increased by enhancing the dye concentration (Fig. 5(a)). At
low concentrations (5, 10, 20 mg/L), both adsorbents removed more
than 90% of the dye, showing almost the same adsorption capac-
ity. An increase in the dye concentration enhanced the difference
in adsorption capacity of the two adsorbents. Adsorption isotherms
are an essential part of describing the adsorbent-adsorbate interac-
tions [38]. For this purpose, Langmuir, Freundlich, and Temkin iso-
therm models were considered in the presented study. The linear
form of these isotherms equations is listed in Table 1. The fitted plots
of Langmuir, Freundlich and Temkin isotherm models are also pre-
sented in Fig. 5(b)-(d), while their corresponding calculated parame-
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Fig. 5. (a) Effect of initial concentration, linear fitting data for (b) Langmuir, (c) Freundlich, and (d) Temkin isotherm for MB adsorption
onto MWS and CMMWS adsorbents (Conditions: initial dye concentration=>5-150 mg/L, contact time=160 min pH=7).

Table 1. Isothermal and kinetic models used in this study

Model Linear form
Isotherm models Langmuir C, __1 N C, R 1
A Kg, q, "1+K.G,
Freundlich Inq, =K+ 1 InC,
n
Temkin q.=BInA+BInC,
Kinetic models Pseudo-first order In(q,—q,)=Inq,—k;t
Pseudo-second order t_ 1 t
U Kq G

Intraparticle diffusion

q;= Kpto'5 +C

Where C, (mg/L), q, (mg/g), K, (L/ mg), and q,, (mg/g) denote the dye concentration in equilibrium, the adsorption capacity in equilibrium,
the Langmuir constant, and the maximum capacity of the adsorption, respectively. R; is the separation factor, K; (L/mg), and n are Freundlich
constants. A and B are also Temkin constants; t (min) shows the time, while K;, K,, and K,, (mg/g min”’) are the rate constants of pseudo-
first, second-order, and intraparticle diffusion, respectively, q, (mg/g) is the adsorption capacity at the time of t.

ters are listed in Table 2. Among the employed models, the Langmuir
model was the most appropriate model to describe the adsorption
of MB on the adsorbents due to its highest R®. Langmuir model
denotes the monolayer coverage of the dye onto adsorbents (R’=
0.997 for MWS, and R*=0.995 for CMMWS) [39]. The maximum
adsorption capacity of MWS and CMMWS was 138.888, and 212.766
mg/g, respectively, which are close to the experimental value of g,
(131.123, 191.427 mg/g). The higher adsorption capacity of CMMWS
can be attributed to the excellent adsorption ability of the carbox-
ylate groups of CMMWS toward MB cationic molecules through

higher electrostatic interaction [40]. However, the larger porosity
of CMMWS that is conducive to the easier diffusion of dye mole-
cules to the interior can be considered as another reason for the
increase in the adsorption capacity of this adsorbent [41]. The val-
ues of the separation factor (R;) were calculated at different initial
concentration (0<R;<1), revealing that the MB adsorption onto
the adsorbents is favorable [42]. On the other hand, at higher con-
centration, the value of R; approached zero, indicating the irrevers-
ibility of the adsorption process. Furthermore, the Freundlich con-
stant of both adsorbents varied in 0<1/n<1, indicating a proper
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Table 2. Isotherm parameters for the adsorption of MB by MWS

and CMMWS

Isotherm models Parameters MWS CMMWS
Qo (MG/Q) 131.123 191.427
Qo cal (MG/Q) 138.888 212.766

Langmuir K, (L/mg) 0.197 0.152
R? 0.997 0.995
R 0.845 0.866
R 0.154 0.177
K; (L/mg) 24.063 27.640

Freundlich 1/n 0.452 0.568
R’ 0.919 0.910
B (J/mol) 24321 38.881

Temkin A (L/mg) 3.340 2.506
R’ 0.977 0.967

“Initial dye concentration of 5.0 mg/L
*Final dye concentration of 150 mg/L

adsorption process [43]. Furthermore, the data showed a relatively
good agreement with the Temkin model, suggesting adsorbent-MB
electrostatic interaction as one of the contributing mechanisms [44].
2-3. Effects of the Contact Time and Kinetics

The effect of contact time on MB adsorption onto MWS and
CMMWS was investigated (Fig. 6(a)). Since the adsorption capac-
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ity of MWS for 100 and 150 (mg/L) concentrations were too close
to each other, to obtain a better comparison, the experiments were
continued with an initial concentration of 100 (mg/L). In the case
of CMMWS, a three-step adsorption process occurred: an initial
rapid increase (0-40 min), the subsequent slow improvement (40-
80 min), and relative balance in the adsorption capacity rate (80-
160 min). Whereas two adsorption steps can be observed in the
case of MWS: A moderate increase in adsorption capacity rate (0-
80 min) followed by slow growth (80-160 min). Indeed, no fast start
stage occurred like what happened for CMMWS. At the end of
160 minutes, the Ry of MWS and CMMWS was estimated to be
57.49% and 76.06%, respectively. Note that the adsorption capac-
ity of adsorbents after 160 minutes showed a negligible increase,
which was ignored. The study of adsorption kinetics is a common
analytical method for comprehending the adsorption mechanism.
In the present study, pseudo-first-order and pseudo-second-order,
and intraparticle diffusion models were used to fit the experimen-
tal data. The linear forms of these kinetic equations are presented
in Table 1 [42]. Based on the fitted plots (Fig. 6(b)-(d)) and the cor-
responding kinetic parameters (Table 3), the MB adsorption over
MWS and CMMWS was more adapted to the pseudo-second-
order kinetic model as the q, values calculated from this model were
dloser to the experimental q, results. Meanwhile, R” values obtained
from this kinetic model were closer to unity (R*>0.992 for both
adsorbents). Accordingly, it can be concluded that chemisorption
is the main rate-limiting step for MB adsorption onto the adsor-
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Table 3. Kinetic parameters for adsorption of MB by MWS and

CMMWS
Kinetic models Parameters MWS CMMWS
Qe (MG/Q) 129375  177.141
Q. (mg/g) 73398  80.366
P -first-
seudo-first-order 1 . T 0015 0023
R’ 0.980 0.975
q.., (mg/g) 144927  185.185
Pseudo-second-order K, (min™") 0.0419 0.0819
R? 0.992 0.998
K, (mg/g-min®’)  6.611 6.578
Intraparticle diffusion C (mg/g) 46.312 93.457
R? 0.981 0.919
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Fig. 7. Desorption rate of MB from the dye-loaded adsorbents in
different solutions (Concentration: 0.01 mol/L).

bents [40]. Furthermore, the k, values of MB adsorption onto MWS
and CMMWS were 0.0419 and 0.0819 (min™"), respectively. This
means the adsorption rate of CMMWS was nearly twice faster as
that of MWS [39]. None of the C values calculated by the intra-
particle diffusion kinetic equation were zero, suggesting that the
surface adsorption and film diffusion might affect and control the
reaction rate [44,45]. Note that raw wheat straw was tested under
optimal conditions (ie., pH=7, initial concentration of 100 mg/L,
contact time=160min) and its adsorption capacity and Ry were
58.44 mg/L and 25.97%, respectively.
3. Desorption of MB

Fig. 7 shows the effect of the different mediums (HCI, NaCl and
H,0) on the desorption rate of MB dye. The best desorption oc-
curred in the HCI solution. Moreover, the desorption was more
significant in the NaCl solution than in distilled water, reflecting
the decisive role of ion exchange and inter-ion electrostatic attrac-
tion in the adsorption mechanism of MB [20]. A 60% enhance-
ment in the desorption in the acid solution compared to the NaCl
solution can be attributed to the protonation of the hydroxy and
carboxylic acid groups on the structure of the adsorbents. An
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Scheme 2. Illustration of the possible interaction mechanism between
adsorbents and MB dye: (a) Electrostatic interactions,
(b) dipole-dipole H-bonding interactions, (c) Yoshida H-
bonding, and (d) n- 7 stacking interactions.

(Me)N

increment in the positive charge on the adsorbent structure can
increase the MB dye desorption efficiency due to the electrostatic
repulsion between positively charged sites on the adsorbent struc-
ture and cationic dyes [12,46].
4. Adsorption Mechanism

The adsorption mechanism of MB on the surface of the adsor-
bents is governed by different types of interactions, as shown in
Scheme 2. Electrostatic attractions can be considered as one of the
most critical attraction forces between adsorbents and MB [47,48].
Two functional groups (COOH and OH) onto MWS and CMMWS,
in solution, can lose their protons and form a potential negative
surface for the adsorption of cationic dyes (here, MB) [5]. The ad-
sorption mechanism also includes two types of hydrogen bond-
ing: H-bonding between OH and COOH groups on the adsorbents
surface with 1) oxygen and nitrogen of MB structure (dipole-dipole
H-bonding) and 2) the aromatic ring of dye (Yoshida H-bonding)
[49]. The n-7 interaction is the other one that occurs through the
delocalization of the nonbonding electron pair of the oxygen atoms
into the 7 orbital of the aromatic ring [50].
5. Comparative Study

The MB adsorption capacities of CMMWS and MWS were
compared with various adsorbents as listed in Table 4. The adsorp-
tion capacity of the dye onto the prepared adsorbents (especially
CMMWS) is higher than that of many other previously reported
adsorbents, suggesting their feasibility and applicability as a conve-
nient, low-cost, and effective adsorbent for wastewater treatment.

CONCLUSION

MWS adsorbent was prepared by alkaline hydrolysis of WS,
and CMMWS was synthesized from carboxymethylation of MWS
through reacting with monochloroacetic acid. The maximum mono-
layer adsorption capacity of MB on MWS and CMMWS reached
131.123 and 191.427 mg/g, respectively, indicating a 72% (for
CMMWS) and 58% (for MWS) improvement over the primary
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Table 4. Comparison of adsorption capacity of previously reported adsorbents for MB adsorption

Adsorbent q,, (mg/g) Reference
Cellulose-based biocomposite film 146.81 (48]
Xanthate-modified baker’s yeast 64.45 [51]
Functionalized microcrystalline cellulose 115.20 [52]
FeCl3-pretreated rice straw 52.90 [28]
Carica papaya wood 32.25 [53]
Scenedesmus dimorphus 6.00 [54]
Activated spent tea 104.20 [55]

Jute stick derived activated carbon 384.60 [56]
Tartaric acid modified wheat straw 129.87 [57]
Wheat straw biochar 62.50 (58]
Cedrela odorata L seed biochar 158.8 [59]
NaOH modified wheat straw (MWS) 131.123 Present work
Carboxymethylated modified wheat straw (CMMWS) 191.427 Present work

straw. The superior adsorption capacity of CMMWS could be at- 115616 (2021).

tributed to the ability of the carboxylate groups to adsorb dye cat-
ionic molecules through high electrostatic interaction, which also
justifies the faster dye removal rate of CMMWS compared to MWS.
The Langmuir model properly matched isotherm data, and the
pseudo-second-order kinetic model best fitted the kinetic findings.
Thus, ion exchange and chemisorption are responsible for the ad-
sorption of the dye. Regarding the availability and low cost of the
initial material and the facile production route, the CMMWS can
be a promising and effective adsorbent for wastewater treatment.
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