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ABSTRACT

A cost-efficient nanocomposite was synthesized by sol-gel production of Fe**-doped ZnO nanoparticles
(Fe-ZnO) on a base of shrimp shell. Samples were characterized using X-ray power diffraction, Fourier
transform infrared spectrometry, and scanning electron microscopy through energy-dispersive X-ray
analysis. Experimental studies on the removal of Rhodamine B (RB) from an aqueous solution in
batches revealed that the adsorption equilibrium was best represented by the Langmuir isotherm,
with a maximum monolayer capacity of 83.81 mg g for RB. Kinetic data were well described by
a pseudo-second-order kinetic model. Different thermodynamic parameters, that is, changes in
standard free energy, enthalpy, and entropy, were also evaluated. It was found that dye adsorption
into the nanocomposite was a spontaneous, exothermic, and physical reaction.
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1. Introduction

The recent rate of population growth has led to rapid
industrialization that has accelerated environmental pollu-
tion. Textile industries discharge a large volume of dyes into
water sources. Some of these dyes are known to be mutagenic
and carcinogenic to the human body [1]. Textile-dyeing efflu-
ents are characterized by three parameters: (1) pH fluctuation
with suspended particles, (2) high oxygen demand, and (3)
non-biodegradability and stability to many oxidizing agents
[2,3]. The cation dye Rhodamine B (RB) is one of the most
commonly used xanthene dyes in the textile industry, and
has been found to be potentially toxic and carcinogenic. As
a result, it has been banned from use in foods and cosmet-
ics [4,5]. The dye wastewater, if not disposed properly, can
lead to severe ecological destruction, especially if discharged
directly into the river, as is still common practice in some
low-income countries [6-8].

There has been a strong interest in inorganic—-organic
composites at nanoscale dimensions because of various
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problems resulting from different types of dye-removal
agents. In these materials, inorganic and organic compo-
nents are blended or hybridized in virtually any combina-
tion at the nanometer scale to form hybrid/nanocomposite
materials [9-13]. In addition, metal oxide nanoparticles have
wide and important applications for manufacturing commer-
cial and personal products. Different inorganic metal-oxide
nanoparticles are being synthesized; however, ZnO nanoma-
terials have attracted particular interest due to their unique
and fascinating optical, electrical, mechanical, and piezoelec-
tric properties. ZnO has many applications in fundamental
research, along with the potential for use in hydrogen stor-
age [14], field emitters [15], gas sensors [16], ultraviolet lasers
[17], solar cells [18], piezoelectric devices [19], and photocat-
alysts [20].

Coagulation, chemical oxidation, adsorption, microbial
degradation, ion-exchange [21,22], and photocatalysis are
the most common dye-removal techniques [23,24]. Of these
techniques, adsorption is more promising than other avail-
able water treatment techniques, due to its flexibility, con-
venience, low levels of pollutants, and cost-effectiveness
[25-29]. Therefore, several low-cost adsorbents such as hen
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feather [30], bottom ash [31], cannabinus fiber [32], egg shells
[33], and alginate [34,35] have been used for dye treatment.
However, the adsorption capacity of absorbents varies with
the type of dyes. Carbonaceous materials such as carbon
nanotubes [36] and activated carbon may be effective for mul-
tiple types of dyes; however, treatment may be expensive.

Metal-ion doping is the most effective approach to
improve the ability of ZnO applications to induce structural
modifications [37]. Currently, M-doped ZnO nanoparticles
are developed to use a metallic or non-metallic M fragment
for photodegradation of organic dyes [38-42]. Recently,
nanocomposites based on TiO,, BiOCl, Fe,O,, CuS, and ZnO
have been used to remove dyes and metal from wastewater
[43-46]. Nanocomposites based on biomaterial have drawn
considerable attention because of their low cost, easy pro-
cessability, high-volume application, renewable nature, and
possibility of recycling [47].

In this project, shrimp shells were used as the base for a
nanocomposite. One of the major components of shrimp shell
is chitin, which constitutes 16%—20% of raw shrimp shell [48].
Chitin, the second most abundant polysaccharide in nature
after cellulose, has a high sorption capacity that is associated
with the presence of -OH and N-acetyl groups; it has been
widely studied for the removal of various pollutants [49].
The present study aims to characterize the Fe/ZnO-shrimp
shell nanocomposite using X-ray diffraction (XRD), Fourier
transform infrared spectrometry (FTIR), and scanning
electron microscopy (SEM) through energy-dispersive
X-ray analysis (EDX) to investigate dye removal at differ-
ent adsorbent dosages, initial pH, dye initial concentration,
and contact time. Meanwhile, adsorption isotherm, kinetics,
thermodynamics, and regeneration experiments are also
evaluated.

2. Experimental setup
2.1. Materials

RB (C,H, CIN,O, molecular weight 479.01 g mol™),
dye content 95%, was procured from M/s. Sigma-Aldrich
(Malaysia) and used without further purification. All
concentrations of RB solutions were prepared from its
1,000 mg L stock solution. Zinc acetate dehydrate, absolute
ethanol, iron(Ill) nitrate (Fe(NO,) ,-9H,0), and oxalicacid were
purchased from M/s. Merck Chemical Company (Malaysia).
All chemicals were used without further purification.

2.2. Preparation of shrimp shells

First, shrimp shells were obtained from a local market,
and the exoskeletons were manually removed, washed,
dried, and ground to pass through a 60-mesh sieve.
Subsequently, the ground shrimp shells were stirred using
a magnetic stirrer; distilled water and HCI were added to
produce completely clean and white exoskeletons, which
were passed through a filter, and then placed in an oven for
24 h at 100°C to be completely dried.

2.3. Preparation of Fe/ZnO-shrimp shell nanocomposite

Fe*-doped ZnO nanoparticles (Fe-ZnO) were synthesized
by a sol-gel method using zinc acetate, oxalic acid, and iron

nitrate as initial materials. A solution of zinc acetate was made
by dissolving zinc acetate in 100 mL of alcohol, then heating
the mixture in a water bath at 65°C + 5°C under reflux for
30 min (solution A). Additionally, the oxalic acid solution was
prepared by dissolving the oxalic acid in 50 mL of alcohol
while stirring with a magnetic stirrer for 30 min (solution B).
The required amount of iron nitrate (iron content was 10.0%,
which was determined as nFe/(nFe + nZn) x 100 or ZnO-10Fe)
was dissolved in 20 mL of ethanol under ultrasonication and
added to solution A while continuously stirring. Solution B
was slowly added by drops to solution A under vigorous
magnetic stirring until a gel was formed [50,51]. The shrimp
shells (1 g) were added to the solution. The gel was continu-
ously stirred for another 60 min. The resulting gel was dried
in an oven at 80°C for 5 h, then calcined at 200°C for 2 h.

2.4. Characterization of shrimp shell and Fe/ZnO-shrimp
shell nanocomposite

FTIR spectra were recorded as pressed KBr discs using
a PerkinElmer RXI FTIR instrument. The phase composition
and the crystallite size of shrimp shell and nanocomposite
samples were determined using an XRD model D8 Advance
Bruker AXS X-ray with Cu Ka radiation (1.5406 A) in the scan
range of 20 from 20° to 80°. The morphology of the particles
was studied using a scanning electron microscope, TESCAN
Vega Model under high resolution mode, along with the EDX
system.

2.5. Batch adsorption studies

Adsorption experiments were carried out by adding a
fixed amount of nanocomposite to a series of Erlenmeyer
flasks filled with 25 mL of diluted solutions. The Erlenmeyer
flasks were shaken at room temperature for 3 h at
300 rpm. After equilibration, 10 mL of the suspension was
centrifuged in a tube stoppered at 3,000 rpm for 10 min, and
4 mL of the dye solution was taken from the tube using a
filtered syringe for measurement. The absorption of dye
concentrations was measured using a PerkinElmer model
UV/Vis spectrophotometer for maximum absorbance
wavelength values (A__ = 554 nm) for RB dye. To deter-
mine the optimum conditions, several parameters such as
contact time, pH, initial dye concentration, adsorbent dose,
and temperature were studied for RB dye. Using optimum
conditions, dye-removal capacity, equilibrium values, and
kinetic studies were performed for RB dye.

3. Results and discussion
3.1. FTIR analysis

FTIR spectroscopy was used in the characterization of
the shrimp shells, nanocomposite (before and after adsorp-
tion), and RB dye. The FTIR spectra of shrimp shells indicate
a broad band at 3,447.80 cm™ attributed to -NH, and -OH
groups’ stretching vibrations of chitin and chitosan molecules
in shrimp. The peaks at 1,657 and 1,557 cm™ are attributed
to a C=0O carbonyl group connected to amide I and amides
groups, indicating the presence of an acetyl amino group
of chitin in shrimp. The peak at 2,932 cm™ is related to -CH
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stretching vibrations, and peaks at 1,157, 1,073, and 1,026 cm™
can be attributed to C-O-C asymmetrical stretching.

The FTIR spectrum of RB indicates a broad band at
1,697 cm™, which can be attributed to the presence of a
carbonyl group C=0, the peaks at 1,400-1,600 cm™ can be
attributed to aromatic rings, a broad band at 2,975 cm™ is
related to CH alkane groups, and peaks at 1,000-1,350 cm™
are attributed to the presence of a C-N bond.

FTIR spectra were recorded for the nanocomposite
before adsorption. Given that the base of the nanocomposite is
shrimp shell and abioadsorbent, the high temperature required
for calcination of Fe-ZnO had to be adjusted. Therefore, the
calcination was performed at multiple temperatures, and the
FTIR spectrum was studied. It was calcined at 150°C and 200°C
for 2 h and at 400°C for 2 h. The optimum temperature was
200°C. Significant peaks for shrimp showed no change. The
broad band at 1,628 cm™ was attributed to the carbonyl group.
The peak at 1,465 cm™ was related to Si-O in the shrimp shell,
while the peaks at 536 cm™ indicated the stretching frequency
of Zn-O and 490 cm™ related to the Fe group.

FTIR spectra were recorded for the nanocomposite after
adsorption. The broad band at 3,399 cm™ can be attributed
to -NH, and —-OH groups’ stretching vibration of chitin and
chitosan molecules in the shrimp shell, and the peaks at
1,663 cm™ are related to the C=O carbonyl group connected
to the amides I and amides groups, indicating the presence of
an acetyl amino group of chitin in the shrimp shell. The peaks
at 2,931-1,600 cm™ is attributed to —CH stretching vibration,
while the peak at 747 cm™ is related to Al-O in the shrimp
shell. The peaks at 1,000-1,350 cm™ are attributed to the N-C
bond in the RB dye, and the transmission peaks at 534 and
495 cm™ are, respectively, related to Zn-O and Fe; the peak
intensity of both peaks decreased after adsorption.

Fig. 1 shows the XRD pattern of the shrimp shell and
nanocomposite Fe/ZnO-shrimp shell. Relatively broad
diffraction peaks for shrimp shells of 20 = 10° and 206 = 20°
are related to the semicrystalline structures of chitosan [52].

The XRD spectrum of the nanocomposite Fe/ZnO-shrimp
shell shows that Fe*" is well doped by calcining at 200°C for
2 h. This pattern also showed the hexagonal structure of ZnO
nanoparticles (20 = 34.07°, 35.69°, 37.83°, 47.91°, and 57.006°)
[53]. A diffraction band of Fe-doped ZnO sample does
not show the existence of pure iron, but does indicate the
existence of Fe,O,. This can probably be attributed to good
dispersion of Fe* inside the ZnO network structure. The scan
value of 20 = 23° is related to Fe-O that has been shifted.
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Fig. 1. XRD patterns of shrimp shell (a), and nanocomposite
Fe/ZnO-shrimp shell (b).

3.2. Morphology of shrimp shells and nanoconposite

The morphology of shrimp shells and nanocomposite
was investigated using SEM/EDX (Figs. 2 and 3). Results
indicated that shrimp shell contains inorganic compounds
consisting of Al, Si, Ca, and P in addition to the organic com-
pounds chitosan and chitin.
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Fig. 2. SEM micrograph (a) and EDX spectrum (b) of shrimp
shell.
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Fig.3.SEMmicrograph (a) and EDX spectrum (b) of nanocomposite.
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The analysis of SEM/EDX data showed that the major
elements of the nanocomposite were O and Zn. The lower
amount of Fe compared with Zn indicates effective Fe coat-
ing. According to the results, phosphorus in the shrimp shells
was removed after calcination. However, chlorine remained
in the nanocomposite by adding hydrochloric acid. The SEM/
EDX was carried out on the ZnO-10.0Fe samples to deter-
mine the average (bulk) iron content. The spectra clearly
indicated the presence of iron ( ﬁ ); the atomic ratio
was found to be 10.2%. This is in good agreement with the
nominal iron concentrations in the sample [54].

3.3. Effect of different parameters
3.3.1. Effect of pH

Dye molecules mainly interact with the adsorbent
particles by electrostatic interaction, hydrophobic-
hydrophobic interaction, and hydrogen bonding. Due to
the adsorption system’s direct influence on electrostatic
interaction, the effect of pH is important. The effect of pH
of the solution on the adsorption efficiency of RB is given in
Fig. 4. RB removal was the highest at an initial pH value of 4.
As the pH value increased, the amount removed began to
decrease. At solution pH < 4.0, the RB molecules existed in
cationic and monomeric forms, forming dimer at solution
pH values > 4.0, due to RB molecules in zwitterionic form.
More RB was removed for pH > 4.0 than for the rest of the pH
range, even though RB molecules were positively charged at
pH = 4. This indicates that electronic interaction might not
be the main force in the interaction between adsorbate and
adsorbent. Furthermore, smaller amounts of monomeric RB
may diffuse into the micropores of the adsorbent particle
more easily than the dimer form [55,56].

3.3.2. Effect of adsorbent dose

To study variation in adsorption on the basis of the
amount of the adsorbent materials, various amounts from
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Fig. 4. The effect of pH on the removal of RB by the
nanocomposite (contact time 3 h, adsorbent dose 0.1 g,
concentration of dye 6 mg L™, and temperature 25°C).

0.04 to 0.25 g of adsorbent were chosen. Increasing the
amount of adsorbent dosage from 0.04 to 0.15 g led to a
gradual rise in the amount of RB dye removed until a dosage
of 0.15 g, after which an insignificant increase was observed
(Fig. 5).

This trend is due to the increase in active sites for the
adsorption of RB by increasing the adsorbent dosage.
Meanwhile, a high adsorbent dose led to little improvement
in dye adsorption. This could be due to a higher collision rate
between the adsorbent particles, resulting in fewer vacant
sites per unit mass of adsorbent available for adsorption, as
such collisions can cause active sites to overlap or aggregate
[57]. Therefore, the amount of 0.15 g was chosen as the
optimal dose of adsorbent.

3.3.3. Effect of contact time

All data from the contact time experiment was obtained
at different contact times with a fixed dose of nanocompos-
ite (0.15 g), initial dye concentration 6 mg L, solution pH
of 4, and temperature of 25°C (Fig. 6). The results showed
that the removal efficiency of RB rises rapidly with time
until it reaches equilibrium, after which it remains constant.
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Fig. 5. The effect of adsorbent dose on the removal of RB by
the nanocomposite (contact time 3 h, pH 4, initial concentration
of dye 6 mg L7, and temperature of 25°C).
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Fig. 6. The effect of contact time on the removal of RB by
the nanocomposite (adsorbent dose 0.15 g, pH 4, initial
concentration of dye 6 mg L™, and temperature 25°C).
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In addition, the contact time to reach equilibrium is equal
to 120 min at 96.31% of dye-removal percentage. This result
was expected due to the availability of a large number of sur-
face sites for adsorption at the initial stages. After a lapse of
time, the remaining surface sites are difficult to fill because
of repulsive forces between the solute molecules of the solid
and bulk phases [58].

3.3.4. Effect of dye concentration

The influence of dye concentration on the adsorption
capacity of nanocomposite is indicated in Fig. 7. The increase
of dye concentration resulted in a lower percentage of RB
removed. The dye/sorbent ratio increases as sorption sites
are saturated, leading to decreasing sorption efficiency [59].

3.3.5. Effect of temperature

Adsorption experiments were performed at different
temperatures with a constant RB concentration of 6 mg L7,
adsorbent dosage of 0.15 g, and pH 4. The percentage of RB
removed decreases with increasing temperature, showing
that sorption is an exothermic process. The thermodynamic
parameters in the adsorption process, AH®°, AS°, and AG°®,
were calculated through the following equations:

AG°=-RTInK 1

InK = AS _AH @)
R

AG® = AH® — TAS® 3)

where K, known as the distribution coefficient of
the adsorbate, is equal to (q/C). R is the gas constant
(8.314 ] mol K), and T is the temperature in kelvin. As
shown in Fig. 8, the plot of InK vs. 1/T is linear with the slope
and the intercept, giving the values of AH® and AS°. These
values can be used to calculate AG°. All these relations are
valid when the enthalpy change remains constant over the
temperature range. These thermodynamic parameters are
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Fig. 7. The effect of dye concentration on the removal of RB
by the nanocomposite (contact time 3 h, adsorbent dose 0.15 g,
pH 4, and temperature 25°C).

shown in Table 1. Generally, the exchange of free energy for
physical adsorption is smaller than that for chemical adsorp-
tion. The positive value of AH® indicates that the adsorption
is an endothermic process, while a positive AS° value reflects
the increasing randomness at the solid/solution interface
during adsorption. Adsorption of solute from the solution on
a solid surface is a complex phenomenon, and the entropy
within the system is determined by degrees of freedom of the
adsorbate (solute) and solvent molecules. The positive value
of entropy could be due to the affinity of the nanocomposite
for RB and the desorption of water molecules from the sur-
face of the adsorbents [60-62]. The changes in free energy for
physical and chemical reactions are between -20 and 0 k] mol™
and between -80 and —400 kJ mol™, respectively [63].

3.4. Adsorption isotherms

The purpose of the adsorption isotherms is to relate
the adsorbate concentration in the bulk and the adsorbed
amount at the interface [64]. Adsorption isotherms are the
most important information for analyzing and designing an
adsorption process [65,66]. To describe the isotherms (Fig. 9),
initially Langmuir and Freundlich models [67,68] were used
(Egs. (4) and (5)):
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Fig. 8. Plot of InK vs. 1/T for the estimation of thermodynamic
parameters.

Table 1
Thermodynamic parameters for adsorption of RB on
nanocomposite at different temperatures
Temperature AG® AH° AS°
(K) (kJ mol™) (kJ mol™) (kJ mol* K
298 -71.60 -29.02 0.142
303 -60.45
308 -52.49
313 —47.62
318 —43.88
323 -39.74
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1

qe = I<F(::T (5)

where g, (mg g') is the adsorbed amount of the dye;
C, (mg L) is the equilibrium concentration of the dye in
solution, g, (mg g') is the maximum adsorption capacity,
and K, (L mg™) is the energy of adsorption. K, is adsorption
capacity at unit concentration, and 1/n is adsorption
intensity. Correlation coefficients and other parameters
are summarized in Table 2. Generally, for the evaluation of
best fit, values of correlation coefficients (R?) of linear plots
of different models were considered [69]. Values of R? of a
linear plot of the Langmuir model were found to fit better
than those of the Freundlich model.

The maximum adsorption capacity (g, ) of the nanocom-
posite was found to be 83.81 mg g™ for RB. The maximum
monolayer adsorption capacities of RB onto various adsor-
bents are compared in Table 2. It is worth noting that the
nanocomposite prepared for this work demonstrates a rel-
atively large adsorption capacity, compared with the data
obtained from the literature in Table 3.
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Fig. 9. Adsorption isotherms of RB adsorption on nanocomposite.

Table 2

Langmuir and Freundlich isotherm model constants and
correlation coefficients for adsorption of RB adsorption on
nanocomposite

Isotherm Parameters
Langmuir

q, (mg g™) 83.81

K, (Lmg™) 0.032

R? 0.998
Freundlich

K, (mgg™) 3.07

n 1.28

R? 0.976

The important characteristic of the Langmuir isotherm
can be expressed by means of the dimensionless constant
separation factor, calculated using the following equation:

-1 ©6)
" 1+K.C,

The value of R, indicates the type of adsorption to be
unfavorable (R, > 1), linear (R, = 1), favorable (0 < R, <1),
or irreversible (R, = 0) [76]. Values of R, were found to be
favorable, and decreased from 0.45 to 0.15 for C 2-10 mg L.

3.5. Adsorption kinetics

The sorption dynamics of RB with the nanocomposite
were evaluated by adding 0.15 g of Fe/ZnO-shrimp nano-
composite to 100 mL of a mixed solution containing 2 mg L™
RB (pH 4.0) at room temperature. The concentration of RB in
solution was measured after the nanocomposite adsorption
was taken for 30, 60, 90, 120, 150, 180, and 210 min.

A linear form of pseudo-first-order model was described
by Lagergren [77] in the form:

K, @)

log(q, —g,)=logq, - 303

A linear plot of log(g, — q,) against time allows one to
obtain the rate constant (Fig. 10). If the plot is linear with a

Table 3
Comparison of the maximum monolayer adsorption capacities
of RB on various adsorbents

References q, (mgg™) Adsorbent
[70] 71 Coconut (Cocos nucifera)
[71] 13.76 Rice husk ash
[72] 41 Cocoa (Theobroma cacao) shell
(73] 67 Perlite
[74] 111 NiO nanoparticles
[75] 128.2 ZnO-activated carbon
This work 83.81
u T T T T 1
L * 50 100 150 200 250
-0/2
-0/4

-0/8 A .
1 v-= 0.0047x - 0.0233
RI= 10,8129
12
time( min)

Fig. 10. Pseudo-first-order sorption kinetics for RB sorption
onto nanocomposite.
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Table 4

Comparison of the pseudo-first-order, pseudo-second-order
adsorption rate constants, and calculated and experimental
g, values obtained at different initial RB concentrations

Kinetic model Parameters
Pseudo-first-order

Goca (MG ) 09

k, (min™) 0.0069
R? 0.817
Pseudo-second-order

k, (g mg™ min™) 0.018
Goca (M &) 2.02

h (mg min™ g™) 0.710
R? 0.994
ooy (M ™) 1.9

good correlation coefficient, it is indicated that Lagergren’s
equation is appropriate to RB sorption on nanocomposite.
Thus, the adsorption process is a pseudo-first-order pro-
cess [77,78]. The Lagergren’s first-order rate constant (k,)
and g, determined from the model are presented in Table 4
along with the corresponding correlation coefficients. It
was observed that the pseudo-first-order model did not
fit well. It was found that the calculated g, value did not
agree with the experimental g, value. This suggests that the
adsorption of methylene blue does not follow first-order
kinetics.

The pseudo-second-order kinetics may be expressed in
a linear form as [79,80]:

t 1 t
r__*r .t 8
9 ki 4. ®

where the equilibrium adsorption capacity (g) and the
second-order constants k, (g mg™” min™') can be determined
experimentally from the slope and intercept of plot t/g, vs. t
(Fig. 11). Values for k, and g, determined from the model are
presented in Table 4 along with the corresponding correla-
tion coefficients.

The values of the calculated and experimental g, are
represented in Table 4; there is an agreement between
g, experimental and g, calculated values for the pseudo-
second-order model. Hence, the pseudo-second-order
model better represents the adsorption kinetics.

3.6. Reusability of adsorbent

The trivial characteristic feature of an adsorbent in a
practical application is its lifetime, because longer periods
of time lead to a significant reduction in the cost of the
treatment [81]. Hence, the reusability and regeneration of
nanocomposite was evaluated for four cycles of adsorption
and desorption of RB molecules. The adsorption processes
were carried out at pH 4.0, RB concentration of 2 mg L7,
nanocomposite dosage of 1.5 g L, temperature of 298 K, and
contact time of 120 min, which were the values determined to
be the optimum conditions for dye removal.

200
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160
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£ 120
C
E *
0
& 80
ey v =0/6263x+ 38/851
R* =0.971
40
0 . ; . ; s
0 50 100 150 200 250
time{min)

Fig. 11. Pseudo-second-order sorption kinetics for RB sorption
onto nanocomposite.
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Fig. 12. Regeneration cycles for adsorption of RB by
Fe/ZnO-shrimp nanocomposite.

As shown in Fig. 12, the adsorption activity of
Fe/ZnO-shrimp nanocomposite decreased slightly after the
fourth recycling, and the removal rate for RB was 79.21%
in 120 min. Compared with the first recycling (96.44%),
the removal rate of fourth only decreased 17.23% within
120 min, indicating that the Fe/ZnO-shrimp nanocomposite
is a highly efficient, stable, and reusable sorbent. In this
study, the sample was desorbed using absolute ethyl alcohol;
thus the Fe/ZnO-shrimp nanocomposite can be regenerated
simply through filtration and drying.

4, Conclusion

The present investigation showed that Fe/ZnO-shrimp
shell nanocomposite can be effectively used as an adsorbent.
To verify the performance of the prepared nanocomposite
as an adsorbent, it was employed to remove textile dye, RB,
from wastewater. Equilibrium adsorption data were fitted
using Langmuir and Freundlich isotherms. The results
revealed that the Langmuir isotherm model, with a maximum
monolayer adsorption capacity of 83.81 mg g7, fit the data.
Kinetic studies suggested that the process followed the
pseudo-second-order kinetic model. The high performance
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of the nanocomposite compared with other adsorbents
reported in the literature may be due to its porous structure.
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