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Abstract— Magnetic iron oxide nanoparticles (FesO4NPs) were prepared using the
co-precipitation technique successfully. The prepared nanoparticles were used to mod-
ify chitosan (CHT) to use the produced nanocomposite (CHT/ FesO4NPs) as an adsor-
bent surface for removing methyl green dye from its aqueous solution .Infrared spec-
troscopy (FT-IR), scanning electron microscopy (SEM), X-ray dispersion spectroscopy
(EDS), X-ray diffraction spectroscopy (XRD) and thermal gravimetric analysis (TGA)
were used to characterize (FesO4NPs) and (CHT/ FesO4NPs). The system of adsorption
was described by Langmuir, Freundlich and Temken models. The adsorbed dye capac-
ity increases with increasing temperature which indicates to the endothermic nature of
adsorption.

Keywords— Nanocomposite; Iron oxide; Chitosan; Adsorption; Methyl green
dye; Isotherm.

1 Introduction

The development of efficient sorbents for water treatment is currently of great inter-
est [1,2]. Several methods have recently been researched for the creation of more eco-
nomical and effective natural polysaccharide adsorbents [3,4]. The enormous quantity
of amino and hydroxyl groups in chitosan and chitin derivatives is of significant im-
portance as an organic component in the composites created for water treatment, as
adsorption processe [5-7].

Furthermore, chitosan has the following characteristic: excellent adherence to sur-
faces, a wide pH stability range, and exhibited chelating abilities. It has been shown to
be a good bioadsorbent for several organic pollutants and hazardous ions [7-9].

Dyes from wastewater are often removed by flotation, ultrafiltration, reverse osmo-
sis, chemical oxidation, ion exchange, precipitation, adsorption and other traditional
treatment processes [10-12]. With the exception of adsorption, the most of the preferred
methods have intrinsic disadvantages such as limited efficiency, the production of large
amounts of sludge, and expensive disposal [13]. Because of its effectiveness, adsorp-
tion is the most favored treatment method for removing dyes from wastewater [14]. It
offers design flexibility, high-quality, reversible treated effluents and regenerable ab-
sorbent materials [15]. Activated carbon, silica, alumina, polyaniline, titanium oxides,
zinc oxide, manganese oxides and ferric oxide nanoparticles are some of the materials
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that are employed to remove dyes from contaminated water by adsorption [16-23].
These adsorbents may be constituted of synthetic or natural substances, including bio-
sorbents and modified biosorbents, chitosan is one of these surfaces [24-26].

This work describes the preparation of the chitosan-iron nanocomposite for their use
as a biosorbent. Iron nanoparticles material was obtained by the co-precipitation
method using ammonium hydroxide as reduced agent. Adsorption properties of the ob-
tained nanocomposite were studied with respect to methyl green dye, which are com-
mon contaminants in industrial waste waters. In addition, the isotherms of methyl green
dye adsorption from their aqueous solutions on produced chitosan nanocomposite were
investigated.

2 Experimental

2.1  Chemicals

All used chemical materials; ferric chloride, ferrous sulfate heptahydrate, ammo-
nium hydroxide, chitosan/ HMW-161.2 and methyl green dye, as shown in (Figure 1)
have been purchased from Sigma-Aldrich.
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Fig.1. Chemical structure of methyl green dye.

2.2 Instruments

Electronic balance/ Sartorius-CPA22, Hotplate stirrer/ LabTech LMS-1003, Oven/
Labtech-LDO-60e, Furnace Oven/ Cole-Parmer WZ-33859-03, Shaking Water Bath/
HYSC- SWB-25, UV/VIS spectrophotometer/ Shimadzu-S8400, FT-IR spectropho-
tometer/ Shimadzu- 1800, Scanning electron microscope/ TESCAN- S8000, X-Ray dif-
fractometer/ Shimadzu-6000, Thermo gravimetric Analyzre/ STA TT-1000.

2.3 Preparation of magnetic iron oxide nanoparticles

In this study, magnetic iron oxide nanoparticles (Fes04 NPs) were prepared with co-
precipitation process [27] by preparing an aqueous ferric chloride solution
(FeCl3.6H20) with a concentration of (0.006 M) with a volume of (750 mL) in a (2000
mL) glass beaker. An aqueous ferrous chloride solution (FeCl,.4H,0) was prepared
with a concentration of (0.004 M) and a volume of (750 mL). The second solution was
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added to the first solution and the mixture was heated until its temperature reached (60
°C). Then (20 mL) of ammonium hydroxide (30%) was added drop by drop with con-
tinuous stirring and maintaining the temperature. After the end of the addition, the re-
sulting solution was left for (30 min) at the same temperature with continuous stirring.
The reaction mixture was left to cool down and the resulting precipitate was collected
then washed with hot distilled water to remove the base residue. After that, the formed
precipitate was dried in an oven at (100 °C) for (90 min). It was calcined in a furnace
oven at (500 °C) for (180 min), thus obtaining magnetic nanoparticles.

2.4 Preparation of chitosan/iron oxide composite(CHT/ Fe304NPs)

(6g) of chitosan was weighed and dissolved in (250 mL) of an aqueous solution
acidified in acetic acid (1% v/v) with continuous shaking at (50 °C). To prepare the
composite, (0.1 g) of magnetic iron oxide nanoparticles was added to (80 mL) of the
chitosan solution previously prepared with continuous shaking to obtain (5%) of chi-
tosan/iron oxide composite. The prepared composite was dried an oven for (120 min)
at (100 °C). Thus, the material was ground and use it as a surface adsorbent.

2.5  Adsorption Isotherms

A series of aqueous solutions of methyl green dye were prepared at concentrations
(20, 25, 30, 35, 40 mg/L) and (10 mL) of each concentration were placed in a glass
flask with a capacity of (50 mL). Add to each flask a mass of (0.01 g) of (CHT/
FesO4NPs). After that, the five beakers were placed in a shaking water bath at different
temperatures (30, 40, 50 ° C) until the equilibrium time was reached, which represented
by min (90 min). Finally, the adsorbent surface was separated from the dye solution
using a centrifuge, and the absorbance was measured by Uv/ Vis spectrophotometer at
the greatest wavelength of the dye (617 nm), to calculate the amount of dye adsorbed
in (mg/g) unit by the following equation [28];

_ (Co_ce)V

Qe =— M)

m

q. is the capacity of adsorption (mg/g), C, is the concentration of dye at equilibrium
(mg/L), C, is the initial concentration of dye (mg/L), m is the mass of adsorbent (g)
and V is the volume of dye solution (L).
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3 Results and discussion

3.1 Characterization of chitosan/iron oxide composite (CHT/ FesOsNPs)

311 Fourier-transform infrared spectroscopy (FTIR)

Figure (2, a and b) shows the spectrums of the prepared magnetic iron oxide nano-
particles (FesO4NPs) and chitosan/iron oxide composite (CHT/ FesOsNPs). Where it is
observed that a many of beams appear at the frequency of (640 cm?), (698 cm™) and
(945 cm™) due to the vibration of the Fe-O bond. As for the chitosan/ magnetic iron
oxide composite (Figure 4, b), where we notice the shift of most of the Fe-O absorption
sites towards lower frequencies, which indicates an interaction between chitosan and
nanoparticles. In addition to the presence of a broad peak at the range of (3100-3500
cm?) indicating the vibration of the polymeric (O-H) hydroxyl group, as well as the
emergence of two peaks at (1651 cm™) and (1543 cm™) belonging to the amine groups,
where these peaks indicate the presence of various forms of amines due to the degree
of deacetylation And the appearance of two peaks at (1080 cm™*) and (1029 cm™) due
to the vibration of the C-O bond, and the presence of a peak at (2877 cm™) due to =C-
H.

4000 3750 3500 3250 3000 2750 2500 250 2000 1750 100 1250 1000 750 500

Fig.2. FTIR spectrum of a- (FesO4NPs) and b- (CHT/ Fe3O4NPs).
3.1.2 Scanning electron microscope (SEM)

Microscopic images of magnetic iron oxide nanoparticles (FesOsNPs) and chi-
tosan/iron oxide composite using a scanning electron microscope (SEM) were obtained
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as shown in Figures (3, a and b) with magnification (200 nm). The microscopic image
shows a high attraction between the prepared particles, taking the cubic form with di-
ameters range (20-30 nm). On the other hand, the image of the composite
(CTS/Fe304NPs) shows a close attachment of the particles to the polymer matrix with
an increase in their size within the range (30-40 nm), which may be due to the encap-
sulation of the nanoparticles with chitosan.

D1 =26.18 nm

SEM MAG: 200 kx WD: 5.70 mm 1
Det: SE SEM HV: 20.0 kv 200 nm
Date(m/dly): 03/07/23

SEM MAG: 135 kx wo: 5 n
Det: SE SEM HV: 20.0 kW
Date(midiy): 030723

Fig.3. SEM microghraph of a- (FesO4NPs) and b- (CHT/ FezO4NPs).

3.13 X-ray dispersion spectroscopy (EDS)

X-ray scattering spectroscopy was used to know the chemical properties examined,
by determining the proportions of its constituent elements. Figure (4, a and b) shows
the EDS spectrum of (Fes04NPs) and (CTS/FesO4NPS). It is clear from Figure (4, a)
that the atomic percentages were 61.8% and 27.9% for each of iron and oxygen, respec-
tively in the prepared nanoparticles.

In Figure (4, b) the EDS spectrum of the composite (CTS/FesO4NPS), it is noted that
the elements iron and oxygen are present in addition to carbon and nitrogen, which are
among the components of chitosan, which confirms success of the composite prepara-
tion.
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Fig.4. EDS spectrum of a- (FesO4NPs) and b- (CHT/ Fe3O4NPs).
3.14 X-ray diffraction spectroscopy (XRD)

The crystal structure of (FesO4NPs) and (CTS/Fe3O4NPs) prepared using X-ray dif-
fraction spectroscopy technique, as in Figure (5, a and b), were investigated. Figure (5,
a) shows the diffraction peaks of nanoparticles prepared at 26 (31°, 43.5°,36°, 54°,
57.5°,63% which indicate the cubic shape, and it was found that the average crystal size
of the particles is (30 nm), according to the Debye Scherrer equation [29]:

0.89 1
- B cos 6 (2)

where D is the size of crystallite (hm), A is the wavelength of x-ray (nm), g is the full
width at the half maximum and 6 is the angle of diffraction.

Figure (5, b) shows the X-ray spectrum of the composite (CTS/FesO4NPs) which
indicates that diffraction patterns do not appear for nanoparticles, which is due to the
low doping percentage, with the appearance of a simple beam at (35°) 26. So, the na-
noparticles appeared to be (40 nm).
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Fig.5. XRD spectrum of a- (FesO4NPs) and b- (CHT/ FesO4NPs).
3.15 Thermal gravimetric analysis (TGA)

Thermogravimetric analysis (TGA) of chitosan (CTS) and its composite
(CTS/Fe3O4NPs) was carried out by heating them to a temperature of (1000 °C) at a
rate of (10° C/min) in an Arcon atmosphere. Figure (6, a and b) shows the loss of
chitosan (10.30%) of its weight when heated to (140° C), while the percentage loss is
(0.97%) when the heating temperature reaches (250° C). Thus, the weight loss contin-
ues until it reaches 54.99% at (450° C), and the final loss percentage is 35.26% at (450°
C). On the other hand, Figure (6, b) composite shows an increase in the stability of
chitosan compared to what it was before doping, as the loss percentage reached 8.965%
of its weight when the heating degree reached (160° C), while at (470° C) the weight
loss percentage reached 50.86%. The loss at (980° C) was 31.05%. In general, it was
observed that the loss ratio of the composite is less than that of the pure polymer, and
this confirms the effectiveness of nanoparticles in improving thermal stability.
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Fig.6. TGA analysis of a- (CHT) and b- (CHT/ Fe304NPs).

3.2 Adsorption Isotherms
3.2.1 Langmuir isotherm
The linear equation of Langmuir model [30] was applied to the practical results of

the adsorption experiments of methyl green dye in aqueous solution on the adsorbent
surface (CTS/Fe304NPs) at different temperatures (303, 313, 323 K). The values of %

versus C, were graphically plotted to find the values of each of k;, gmax of the slope
and intercept of the straight line equation, respectively, as shown in (Figure 7).

C 1 C
£ _-_- 4 € (3)
de Amax ki dmax

where g, is the amount of adsorbed dye at equilibrium (mg/g) and C, is the concentra-
tion of adsorbed dye at equilibrium (mg/L). Both g, Or k; is the experimental con-
stant.
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Fig.7. Diagrams of Langmuir isotherm for adsorption of methyl green dye on the sur-
face of composite (CHT/ FesO4NPs) at the temperature range.

Tables (1) show the values of the correlation coefficient (R?) and Langmuir con-
stants qmax and K for the adsorption of methyl green dye from its aqueous solution on
the adsorbent surface prepared in this study (FesOsNPs CTS/) in the studied tempera-

ture range.

Table 1. Experimental constants of Langmuir model for adsorption of methyl green
dye on the surface of composite (CHT/ FesO4NPs) at the temperature range.

Temperature (K) kL(mg/kg) Qmax R?
303 4.391 8.445 0.984
313 5.417 9.950 0.987
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| 323 | 5.211 | 12106 | 0.956 |

When comparing the results in the tables above for the adsorption system according
to Langmuir model that was examined, we notice an increase of the gmax values with
the increase in temperature, and the arithmetic average of the value of the correlation
coefficient R? is (0.963).

3.2.2 Freundlich isotherm

The practical adsorption results of methyl green dye were applied to the studied
surface at temperatures (303, 313, 323) K by using the linear equation (4) of Freundlich
model [31];

Ing, = Inks + 131 InC, 4)

where g, is the amount of adsorbed dye at equilibrium (mg/g) and C, is the concentra-
tion of adsorbed dye at equilibrium (mg/L). Both k; or n is the experimental parame-
ters

Through the graph between the values of In g, against InC,, the value of the con-
stant kg, which represents the adsorption capacity, is obtained from the intercept value
of the straight line equation, while the value of the constant n, which symbolizes the
intensity of adsorption is calculated from the slope.
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25
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Ln Ce
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Fig.8. Diagrams of Freundlich isotherm for adsorption of methyl green dye on the
surface of composite (CHT/ Fes04NPs) at the temperature range.

Tables (2) show the values of Freundlich constants kg, n and the correlation coeffi-
cient R? for the adsorption of methyl green dye from aqueous solution on the surface of
composite (CHT/ Fes04NPs) when temperatures under investigation.

Table.2 Experimental constants of Freundlich model for adsorption of methyl green
dye on the surface of composite (CHT/ Fe3sO4NPs) at the temperature range.

Temperature (K) ks (mgl/kg) n R?
303 3.338 2.731 0.975
313 3.687 2.207 0.964
323 3.763 1.838 0.963

It is noted that the adsorption process is endothermic due to the increase in the value
of Freundlich constant (kf) with the increase in temperature by reviewing the data in
the above tables. The arithmetic mean of the R? values for the studied adsorption system
was (0.967).

3.23 Temken isotherm

Experimental data were applied for the adsorption of methyl green dye from its
aqueous solutions on the prepared composite (CHT/ FesO4NPs) as an adsorbent surface
at different temperatures (303, 313, 323) K using the linear equation of Temken ad-
sorption model [32]. By plotting the value of g, against InC, (Figure 9) the Temken
constants b, and k; were extracted from the slope and cutoff values of the straight line
equation graph, respectively.

qe = Inkr + by InC, 5)

where g, is the adsorbed dye amount at equilibrium (mg/g), b; is the experimental con-
stant and C,, is the adsorbed dye concentration at equilibrium (mg/L).
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Fig.9. Diagrams of Temken isotherm for adsorption of methyl green dye on the sur-

face of composite (CHT/ FesO4NPs) at the temperature range.

The following table shows the values of Temkin constants by, k; and correlation
coefficient R? calculated for adsorption of methyl green dye on the surface of

(CTS/Fe304NPs) at a range of temperatures.

Table 3. Experimental constants of Temken model for adsorption of methyl green dye

on the surface of composite (CHT/ Fe3sO4NPs) at the temperature range.

Temperature (K) kr (L/g) by R?
303 5.327 1.840 0.961
313 4.331 2.396 0.974
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| 323 | 3.460 | 2.910 | 0.962 |

It is observed that when the temperature rises kt value decreases bt while increases,
this indicates that the process of adsorption of methyl green dye increases with the in-
crease in temperature, and the arithmetic average values of the correlation coefficient
reached (0.9663).

From all of this, it is concluded that the Langmuir model is the most suitable and
compatible with the studied adsorption system.

4 Conclusion

Magnetic iron oxide nanoparticles (FesO4NPs) and its composite (CHT/ Fe3O4NPs)
were prepared effectivelly. Infrared spectroscopy (FT-IR), scanning electron micros-
copy (SEM), X-ray dispersion spectroscopy (EDS), X-ray diffraction (XRD) and ther-
mal gravimetric analysis (TGA) were utilized to characterize (FesOsNPs) and (CHT/
Fes0.NPs). The nanocomposite was used as adsorbent surfaces to adsorb methyl green
dye from their aqueous solution at different temperatures. The adsorption isotherms
described by Freundlich, Langmuir and Temken models. It was founded that Langmuir
model is most suitable to describe the adsorption isotherm.
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