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Abstract: Wastewater from industries has been a serious issue that both manufactures
and authorities raise concerns since it brings tremendous demerits to the surrounding
environment and human well-being. Therefore, an appropriate treatment method should
be applied before being discharged into the environment. In this paper, sugarcane bagasse
was modified with citric acid and then used to load the suspension of Fe3O4 nanoparticles
to form a nanocomposite of magnetic citric acid-modified sugarcane bagasse. The
properties of prepared materials were investigated by a variety of modern methods such
as X-ray diffraction (XRD), Fourier transforms infrared spectroscopy (FT-IR), Scanning
electron microscopy (SEM), Transmission electron microscopy (TEM) and a Vibrating
sample magnetometer (VSM). The adsorptive capacity of prepared materials was
investigated with methylene blue as the typical adsorbate. The decolonization
effectiveness was increased with increasing contact time and declined with rising initial
dye concentration. The higher removal efficiency was observed for the basic medium in
comparison with the acidic medium. Additionally, the results showed that more than
12.42 mg/g (98%) of cationic yellow 51, and basic red 46 dyes were removed after 30 min.
Keywords: sugarcane bagasse; adsorption; microwave; nanocomposites; textile dyes

■

INTRODUCTION

Industrial wastewater is defined as water that has
been utilized for making commercial goods before
treatment, which consists of plenty of toxic contaminants
and ưsuch as indecomposable organic dyes and heavy
metals [1]. Annually, it is estimated that more than 80
percent of the world’s wastewater is released into the
environment without preliminary treatment or recycling
[2]. Apart from that, it is believed that most of the
industrial sectors concentrate nearby coastal areas where
sewage can be leaked into the ocean with ease and that the
exploitation of fossil fuels has recently witnessed a
dramatic increase due to global economic growth. As a
result, the water, environment from surface water to
groundwater in these areas, is investigated to be severely
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polluted. Therefore, in addition to raising the awareness
of people about environment protection, tightening the
management of the environment, finding an effective
way to eliminate pollutants has a great significance.
Among industrial sectors, textile industries have
been considered to be one of the sources of water
pollution as they consume large quantities of water and
chemicals, especially in dyeing and finishing processes
[3]. An approximation of 10–15% of the used dyes have
vanished during the dyeing processes [4-5]. Current
methods have been used for the treatment of this type of
dye-related wastewater, which comprises precipitation,
coagulation/ﬂotation, sedimentation, ﬂotation, ﬁltration,
membrane processes, electrochemical techniques,
advanced oxidation, ion exchange, biological treatment,
chemical reactions, and adsorption [6-8]. In particular,
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biological treatment methods are preferable due to their
treatment efficiency in the long run, but they also have
drawbacks such as the uncontrollable process of
ventilation, ease of smell [9]. Physical or chemical
processes are often used, but the high cost of these
processes is disadvantageous. The combination of various
methods is usually used to treat real textile wastewater
[10]. Meanwhile, among wastewater treatment methods,
adsorption is one of the most applicable techniques used
to remove pollutants from sewage because of several
reasons related to cost-efficiency, easy-to-fabricate, ecofriendliness, and the ability to recycle. It is reported that
there have various types of materials being used to remove
contaminants from wastewater, among which are activated
charcoal, chitosan, orange peels, porous materials, etc
[11-15]. One of the disadvantages that make activated
carbon less useful is the capability to recycle. From this
perspective, a cost-efficient adsorbent that derives from
agricultural residues combined with magnetic
nanoparticles is used to remove pollutants in water with
feasible recyclable ability, namely a nanocomposite of
magnetic citric acid-modified sugarcane garbage [16-18].
It is reported that microwave irradiation was used in
the chemical process due to the simple and clean method
with high-efficiency energy. Nanoparticle materials have
been prepared by microwave-assisted methods with
uniform, small, narrow size distributions and high
crystalline orders in comparison with nanoparticle
synthesized by the conventional heating method [19-21].
Acid modification of material is usually conducted under
a reflux condition with high temperature and long
reaction time under an oil bath. However, the usage of
microwave-assisted modification of materials was
reported to reduce the reaction time and high
modification efficiency.
In this research, the sugarcane bagasse is used as a
matrix in the nanocomposite, which is a by-product of the
sugar production process. The sugarcane bagasse and its
modification were used as an environmentally friendly
adsorbent for the elimination of textile dyes and heavy
metals from aqueous solutions [22-23]. With a porous
structure, sugarcane bagasse can function as a trap in
order to attract dye molecules into its matrix through
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physical and chemical interaction. There is a limitation
in terms of the small particle size of sugarcane bagasse
powders, which means that the small particle size of
bagasse powders results in the difficulty of collecting
after usage. Therefore, it is a huge attractive work to
increase the separation property of the adsorbents with
tiny size. In recent times, magnetic separation
technologies have been giving interests. Magnetic
materials can be recovered from an aqueous solution
efficiently with an external magnet. Therefore, the
magnetic nanoparticles loaded in bagasse matrix has a
promising potential to overcome this issue. In addition,
the surface of sugarcane bagasse was modified with citric
acid under microwave irradiation and also increased the
capacity of adsorbing metals and dye molecules.
■

EXPERIMENTAL SECTION

Materials

Clean sugarcane bagasse was provided from a local
sugar mill with a low grade of impurities. Then, the
sugarcane bagasse was dried in an oven at a temperature
of 105 °C for 4 h to remove the water. The resulting
material was ground into powders with a particle size of
0.5–1 mm and kept for further experiments. Reactive red
198 (RR198) (Mw = 983.5, λmax = 554 nm), Cationic
yellow 51 (CY51 Mw = 403.5, λmax = 410 nm), Basic red
46 (BS46) (Mw = 401.312, λmax = 532 nm) and Methylene
blue (MB) (Mw = 319.86, λmax = 664 nm) were provided
from Thanh Cong Textile Garment Investment Trading
Joint Stock Company. Synthetic industrial wastewater
was prepared by dissolving these dyes in distilled water.
Procedure
Sugarcane bagasse preparation
Preparation of citric acid-modified sugarcane
bagasse (CAS). Sugarcane bagasse (RS, 10 g) was

modified with 250 mL citric acid at various
concentrations, including 0.1, 0.3, and 0.5 mol L–1 under
microwave radiation for 10 min. The resulting samples
were washed by distilled water until reaching the pH
value of 7. Afterward, the washed mixture was dried in
an oven at a constant temperature of 70 °C for 12 h to
obtain dried citric acid modified sugarcane (CAS).
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Preparation of magnetic sugarcane bagasse
(MCAS). Magnetic sugarcane bagasse was fabricated by

adding the citric acid-modified sugarcane bagasse to a
suspension of Fe3O4 nanoparticles with a ratio of 9:1.
Briefly, in order to synthesize Fe3O4 nanoparticles, a given
amount of 5.41 g of FeCl3·6H2O and 1.99 g of FeCl2·4H2O
were transferred into 150 mL of distilled water under
mechanical stirrer for 30 min. Later on, 4.5 g of CAS was
added to the resulting solution and heated up at 80 °C.
Next, magnetic sugarcane bagasse was obtained by adding
a dropwise NaOH solution (0.1 mol L–1) and the pH value
of the solution was adjusted to around 11 using NaOH to
obtain nanocomposite. The obtained mixture was stirred
mechanically for 6 h. An external magnet was applied in
order to collect the nanocomposite. The final
nanocomposite was washed with water and ethanol for 5
times and dried in a vacuum oven for 24 h.
Analytical methods

Fourier transform infrared (FT-IR) analysis of the
samples was performed on Tensor 27 –Bruker, Germany
in order to determine functional groups of
nanocomposites with the scanning wave numbers
ranging 400–4000 cm−1. The structural properties of
magnetic nanocomposites were investigated using X-ray
powder diffraction (XRD) (D8 Advance–Bruker System,
Germany). Morphological examination of the
nanocomposites was evaluated by using scanning electron
microscopy (SEM) (HITACHI-S-4800, Tokyo, Japan). In
order to examine the existence of Fe3O4 nanoparticles in
the nanocomposites by characterizing the magnetic
properties of materials, a vibrating sample magnetometer
(DMS-880) was used with a magnetic field from −15k Oe
to 15k Oe at room temperature.

Adsorption experiments

To investigate the adsorption properties of the
prepared materials, batch adsorption studies were
prepared using 0.2 g of adsorbents and 50 mL various dye
solutions at a wide range of initial concentrations of MB
from 30 to 75 mg L−1. At different time intervals, the dye
solution was separated using a permanent magnet. The
dye concentration at a certain time was determined using
a UV-Vis spectrophotometer at a wavelength of 664 nm.
In addition, to examine the influence of pH medium on
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the adsorption capacity of the prepared materials, the
batch adsorption was carried at various pH values from
3 to 9 with a 50 mL MB solution (50 mg L−1). The impact
of the mass of adsorbents used (0.05, 0.1, 0.2, and 0.5 g)
was also determined by carrying out the experiments in
the 50 mL dye solution (concentration of 50 mg L−1) for
30 min. Finally, the effect of various dye structures,
including RR198, CY51, BS46 (50 mg L−1) on the
adsorption capacity of the prepared materials, was
performed in a set of 250 mL Erlenmeyer flasks
containing 0.2 g adsorbent and 50 mL various dye
solutions for 30 min. All of the adsorption experiments
were repeated triplicate for the average value and its
standard deviation. The yield of adsorption capacity was
determined by the following Eq. (1):
(1)
( C0 − C e ) / C0 × 100
where C0 and Ce are the initial and equilibrium
concentration of dye solution (mg L−1).
■

RESULTS AND DISCUSSION

Characteristic of the Materials

Fig. 1 represents the FT-IR spectra of samples RS,
CAS, and MCAS. The result showed that in three
samples, there are three typical absorption bands at 896,
1160, and 1031 cm–1, which are assigned to β-(1-4)
glycosidic bond of cellulose, C–O–C stretching, and C–O
stretching, accordingly. The absorption bands that
represent for C=O stretching were observed at 1714 and
1720 cm–1. More interesting, the intensity of these peaks
is higher in CAS and MCAS in comparison with RS. It is
feasible that the acetylation reaction of carboxylic
groups of citric acid and to the hydroxyl group of RS to
generate an ester bond could have taken place.
Meanwhile, bands at 1320 and 1370 cm–1 in the FT-IR
spectrum were attributed to the presence of C-H groups.
In addition, the lignin associated bands were also
depicted at 1511 and 1600 cm–1. Importantly, the band
at 580 cm–1 representing the Fe–O stretching was found
only in the MCAS sample, which means that magnetic
nanoparticles exist in the bagasse powders.
XRD results of MCAS and Fe3O4 nanoparticles
were revealed in Fig. 2. As a result, the diffraction
spectrum at 16 and 22° showed the existence of cellulose
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Fig 1. FTIR spectrum of the prepared materials RS, CAS, and MCAS

Fig 2. X-ray diffraction (XRD) pattern of Fe3O4 nanoparticles and MCAS
in MCAS samples. The peaks at 30, 35, 43, 53, 57, and 63°
are corresponding to Fe3O4 nanoparticles [24]. Moreover,
the TEM and SEM images in Fig. 3 confirmed that Fe3O4
nanoparticles adhered to the bagasse surface. The EDS
result of the MCAS sample was also shown in Fig. 4, which
depicted that the presence of iron was indicated by two
peaks K of about 6.4 and 7.0 keV and a peak L of 0.78 keV.
There was also the existence of other factors of sugarcane
bagasse, such as Si at 1.80 keV. Additionally, the
magnetization curve (VSM) of MCAS and Fe3O4 samples
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were revealed in Fig. 5. The VSM shows that the
magnetic saturation of MCAS (Ms = 7.26 emu/g) was
lower than that of Fe3O4 nanoparticles (Ms = 71.0
emu/g) due to the presence of nonmagnetic organic
matter of bagasse. Though Fe3O4 nanoparticles were
dispersed into the bagasse matrix, the magnetic
saturation of MCAS was still available with a smaller
value. From this result, it is believed that our materials
can be recovered from an aqueous solution with an
external magnet [12].
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concentration of citric acid 0.5 M. The crude sugarcane
bagasse gave a much lower adsorption efficiency (66%)
in comparison with citric acid-treated sugarcane bagasse
(CAS). This could be explained due to CAS containing
more –COO– groups than that of crude sugarcane
bagasse [25].
Effect of MCAS Dosage on Adsorption Efficiency of
MB

Fig 3. The TEM image of (a) Fe3O4 nanoparticles and
(b) morphological SEM image of the prepared MCAS

Fig. 7 showed how the dosage factor of MCAS
influenced the adsorption efficiency of MB. As observed,

Fig 4. EDS spectra of MCAS

Fig 6. Adsorption efficiency of MB onto various
materials (0.2 g materials; and solution volume: 50 mL
with a concentration of 50 mg L–1)

Fig 5. VSM spectra of MCAS and Fe3O4
Influence of Citric Acid Concentration on MB
Adsorption of CAS

Fig. 6 shows the influence of citric acid
concentration on the removal of MB. The results
indicated that removal efficiency increased with rising
citric acid concentration. The highest adsorption
efficiency for MB was 99% was observed for the
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Fig 7. Adsorption kinetics of MB onto MCAS at different
amounts of adsorbent (solution volume: 50 mL; time:
30 min; and MB concentration of 50 mg L–1)
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the results indicated that the higher the mass of the
adsorbent used, the greater the adsorption capacity of MB
was. Particularly, the adsorption efficiency increased from
18 to 98% for MB with an increment of the amount of
MCAS from 0.05 to 0.2 g. This could be due to the
adsorption ability is influenced by the external surface of
the prepared nanocomposite. Therefore, an increase in
the amount of the nanocomposite ascribed to an increase
in surface region and availability of adsorption sites.
Effect of Initial Concentration and Contact Time

The results showed that the rate of the MB
decolonization was faster at the initial stages of the
contact time, and then slowed down gradually before
reaching equilibrium. As observed, the adsorption
efficiency declined when the dye concentration rose.
Particularly, the adsorption efficiencies were almost 100%
for the concentration of 30 to 50 mg L−1 and decreased to
87% for the concentration of 75 mg L−1 (Fig. 8). After the
first 10 min, the adsorption efficiency was fairly high owing
to a large number of adsorption sites at the beginning.
When contact time increased gradually, the number of
MB molecules being accumulated or trapped on the surface
of the prepared nanocomposite. Consequently, there was
a decline in the adsorption rate at the later stages [26]. In
particular, the MB could be adsorbed completely onto the
MCAS surface within 15 min. Fig. 9 revealed the decrease
in the UV-Vis spectra of MB for adsorption time from

initial to 90 min. Additionally, In order to examine the
sorption isotherms, the Langmuir model was used. The
results exhibited that a very high correlation coefficient
(R2 > 0.9771) was found, representing that the isotherm
obtained for the adsorption of MB effluent followed the
Langmuir model (Fig. 8).
Effect of pH Value on the Removal of MB

The effect of initial pH on the adsorption capacity
of MB onto MCAS was carried out at various pH values
in the range of 3–9. These results expressed that at lower
pH, the existence of excess H3O+ ions resulted in a high
capacity to protonate carboxylate functional group
(–COO–) on the adsorbent to form more the protonated
form (–COOH), leading to a decline in the number of
negative charges. Therefore, there might be fewer
possibilities to favor positively charged dyes in the acidic
medium [27]. When the pH is increased, the surface area
of materials with negative charge significantly increased
so that it is more likely to attract more positively charged
dyes like MB, (Fig. 10).
Effect of Dye Structure

It has been reported that the chemical structure of
dyes also influences directly on the adsorption capacity of
the nanocomposite. Fig. 11 showed that MCAS performed
high adsorption capacity with MB, CY51, BS46 and low
adsorption capacity with RR198. It is believed that the

Fig 8. Adsorption kinetics of MB onto MCAS at different initial concentrations (0.2 g MCAS; solution volume: 50 mL)
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Fig 9. Time-dependent UV–Vis absorption spectra of MB
(0.2 g of MCAS, solution volume: 50 mL, initial MB
concentration: 75 mg L−1)
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Fig 10. Effect of initial pH on the adsorption of MB onto
MCAS (0.2 g MCAS; solution volume: 50 mL and
concentration of 50 mg L–1)
and then a novel magnetic sugarcane bagasse
nanocomposite was successfully synthesized by a simple
precipitation method. The results indicated that
12.42 mg/g (98%) of the methylene blue was removed
after 30 min. Additionally, MCAS exhibited a much better
capacity in the removal of MB in alkaline milieu than in
acidic milieu. Moreover, the higher removal capacity was
also observed for MB, CY51, and BS46 dyes in comparison
with RR198. The magnetic citric acid-modified
sugarcane bagasse showed a much better performance in
adsorbing MB than that of natural sugarcane bagasse.
■
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phenomenon could be explained due to the difference in
the structure of dye molecules. RR198 is an anionic dye
with a great number of negative charges while MB, CY51,
and BS46 are cationic dyes with the positively charged
surface. For this reason, three types of dye molecules MB,
CY51 and BS46 can be trapped to the negatively charged
surface of the nanocomposite.

■

■

CONCLUSION

In this present study, acid-treated sugarcane bagasse
was prepared with the assistance of microwave irradiation,
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