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INTRODUCTION

Barium hexaferrite (BaF, BaFe,O19) can be considered
as a possible candidate for preparing a nanocomposite material.
BaF has good chemical stability and corrosion resistance in
addition to its high saturation magnetization and coercive
forces [1]. Furthermore, nanostructured BaF is a promising
material for high-capacitive memory and high-frequency micro-
wave devices [2]. The realization of such a well-organized
nanostructure will be based on the availability of high-quality
raw materials, which should constitute a magnetic domain and
anarrow distribution of particles. Several techniques have been
designed for the efficient synthesis of BaF, including the reverse
microemulsion process [3], co-participation, hydrothermal
procedure [4], sol-gel route [5,6] and sol gel-auto combustion
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This study was intended to assess the role of carboxymethyl cellulose (CMC) as a chelating agent in the synthesis of barium hexaferrite |
(BaFe,0,9:BaF). The effect of varying concentrations of CMC was studied via the sol-gel auto-combustion method following the |
requirements of green chemistry synthesis. The formation of BaF nanoparticles was confirmed using XRD, SEM, EDS, VSM, FTIR and
UV-Vis-DRS techniques. The characterized XRD peak indicates the formation of good quality crystalline samples at 6% (w/v) of CMC |
concentration. SEM analysis suggested that the synthesized BaF is spherical, with sizes ranging from 10-15 nm. The M-H hysteresis |
loops obtained for the samples showed their soft and hard magnetic behaviour. With the increasing CMC concentration, magnetism |
becoming harder and an increase in the M; value can be observed. The UV-Vis-DRS techniques revealed that the band gap energy of |
synthesized BaF increased with an increase in the concentration of CMC. |
|
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[7]. Among these methods, sol-gel auto combustion is attractive
because it requires only low temperatures for the combustion
process. The procedure involved is relatively easy and thus,
the cost of the sol-gel auto combustion is lower when compared
with other techniques. These advantages have prompted many
researchers to adopt this method for preparing BaF. There are
reports on the synthesis of BaF nanoparticles via different
methods using glycine, citric acid [8] and urea as chelating
agents [9]. It must be magnetically characterized as a mole for
a single phase and Fe:Ba ratio should be appropriate. If the
barium quantity used is less, Fe,O; would be produced during
the stoichiometry cleaning stage due to an excessive amount of
Fe and if an excess of barium is used, BaFe,O, will be generated
in the intermediate stage [10]. For the majority of BaFe»O9
impurity and intermediate powder produced, the magnetic
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properties will be poor. Temperature sintering has a significant
influence in determining the barium hexaferrite formation and
the suitable particulate size reactivity. The value of responsi-
bility is also affected by the sintering temperature [11].

Green synthesis research on nanomaterials through the
use of natural biomaterials like plants and flora is considered
as a new nanotechnology branch known as “microorganisms
in green synthesis”. The green synthesis of nanoparticles has
the advantage of being cost-effective and eco-friendly [12].
The natural plants from which biological chelating agents can
be extracted are green tea [13], lemon juice [14] and Jamun
pulp [15]. During the development stages of research on the
green synthesis of nanomaterials, Silva et al. [16] reported
the use of carboxymethyl cellulose (CMC) in the synthesis of
magnetic nanoparticles (MagNP-CMC). The results demons-
trated good size control and yielded nanoparticles of about 10
nm. Due to the presence of CMC coating on the particles, the
low saturation magnetization value (14.08 emu g™') obtained
for the sample can be linked to its high contribution mass.
Carboxymethyl cellulose-silver complex (CMC-Ag complex)
had been successfully synthesized. The result showed that the
chelation of silver to CMC is via carboxymethyl groups with
the formation of a 5-membered ring and the so produced CMC-
Ag particle is about 18-99 nm in size [17]. In addition, the
CMC has been reported as a stabilizer and a reducing agent
[18] stabilizer and immobilizer [19]. These studies suggest
that CMC can be used as a chelating agent in the green synth-
esis of barium hexaferrite nanoparticles.

In present study, barium hexaferrite (BaF) nanoparticles
are prepared by the sol-gel auto combustion method using
carboxymethyl cellulose (CMC). CMC is a cellulose derivative
with carboxymethyl groups (-CH,-COOH), which enhances
the ability of chelation and water solubility. Because of its
unique properties, CMC can also be used as a modifying agent
in the production of nanocomposite materials [20]. Different
concentrations of CMC were used for the optimization of the
material preparation process. The structural, morphological
and magnetic properties have been investigated employing
analytical methods.

EXPERIMENTAL

The starting compounds used were ammonium hydroxide
(28-30%, Baker), barium(II) nitrate, Sigma-Aldrich), iron(III)
nitrate nonahydrate (Sigma-Aldrich) and sodium carboxy-
methyl cellulose (CMC, Sigma Aldrich). All chemicals were
of analytical grade and used without further purification in all
experiments.

Synthesis and characterization of barium hexaferrite
(BaF) nanoparticles: Initially, Ba(NO;),and Fe(NO;);-9H,0O
were dissolved in deionized water at a ratio of 1:12 mol under
constant magnetic stirring. Then to the obtained homogeneous
mixture, various concentrations (0.0, 1.0, 2.0 and 6.0% w/v)
of sodium carboxymethyl cellulose (CMC) solution were added
and mixed. Ammonium hydroxide solution was added dropwise
to the mixture until the pH attained a value of 10. Then the
solution was heated and continuously stirred at 80-100 °C for
2 h to evaporate the excess solvents. A viscous brown gel was

formed, which was eventually dried. Subsequently, the temper-
ature was promptly increased to 200 °C. As a result, the dried
gel swelled up until reaching its ignition point. Within a minute,
auto-combustion occurred and has spread throughout the gel,
yielding the black powder sample. X-ray diffraction(XRD)
technique (Shimata, XD-D1) was used to identify the phase
of the obtained sample. Scanning electron microscopy (Quanta
400, SEM-Quanta) was used to observe the microstructure of
the sample. The chemical composition of the sample was anal-
yzed using energy dispersive spectroscopy (EDS) and Fourier
transform infrared (FTIR) spectroscopy techniques. The magnet-
ization curves (M-H hysteresis loop) were measured using
vibrating sample magnetometry (VSM) (Lake Shore; Model
7404). The band gap energy value of the sample was deter-
mined with the help of UV-Vis-DRS spectrophotometer (Agilent
technology, Model: AL-SYS-UV-6000-M).

RESULTS AND DISCUSSION

XRD studies: The effect of various concentrations of CMC
on the phase composition of all samples was studied by X-ray
diffraction (XRD) analysis (Philips X’PERT MPD) with Cuk
radiation (k = 1.5405) in the range of 20 = 10-90° and at a
scan rate of 1.2° per min. Fig. 1 shows the XRD patterns of all
samples of BaF powder at different CMC concentrations, which
BaFe ;O structure could crystallize. Interestingly, higher XRD
peak intensity and lower phase formations were observed upon
employing CMC as a chelating agent. As seen in Fig. 1c-d,
the BaFe ,O,y phase (represented as a red star) could be formed
at 2 and 6% (w/v) of CMC concentration. Citric acid is widely
used in the synthesis of BaFe ;O [21,22]. Thus the effect of
citric acid as a chelating agent was investigated and found
that the XRD spectra of BaFe 0 exhibited characteristic main
peaks at 20 = 35°, 57° and 64°, which confirmed the existence
of BaFe,O,y phase in the sample [23]. Increasing the CMC
concentration enhanced the formation of barium hexaferrite
phase powder. On increasing the CMC concentrations from 0
to 6%, it was observed that the content of Fe;O, goes on decre-
asing while that of BaFe,O, increases. This shows that role
of CMC is becoming increasingly beneficial for the BaFe,O,o
phase formation. The phase analysis results suggested that a
minimum of 6% (w/v) of CMC is required to produce pure
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Fig. 1. XRD patterns of the obtained samples with CMC concentrations
(@) 0% (w/v), (b) 1% (w/v), (c) 2% (w/v) and (d) 6% (w/v)
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Fig. 2. SEM image of the synthesized samples with different CMC concentrations (a) 0% (w/v), (b) 1% (w/v), (¢) 2% (w/v) and (d) 6% (W/v)

BaFe,019. The observation that BaF prepared without CMC
is phase impure, whereas BaF prepared with 6% CMC gives
the BaFe»O,9 phase, provides evidence for the result. This
fact itself indicates that the need for low fuel, similar to what
has been reported with Jamun pulp used for the synthesis of
barium hexaferrite [15].

SEM studies: The SEM images of the samples were gene-
rated in the presence of various quantities of chelating agents.
Fig. 2 displays SEM images of the obtained BaF nanoparticles
at various CMC concentrations. Fig. 2a depicts the formation
of granular nanoparticles in the prepared sample with 0%
CMC. SEM images indicates that the particles with an average
diameter of 10-15 nm are found in the samples prepared with
1, 2 and 6% of CMC concentrations (Fig. 2b-d). The morpho-
logy of the product changed from particle to thick sheet-like
upon incre-asing the concentration of CMC to 6% (w/v). The
formation of these obtained samples was according to Bagheri
et al. [24] on synthesizing barium hexaferrite nanoparticles
by auto-combustion using maleic acid as fuel. The effect of
CMC concentration on the size of the products was investi-
gated, since CMC could act as a chelating agent throughout
the combustion reaction, leading to sphere-like particles that
confirmed the crystallization of BaFe,Oy [25].

EDS studies: The chemical composition and purity of
BaFe,0O, samples were evaluated through energy dispersive
X-ray spectroscopy (EDS). The EDS pattern of the sample
that used 6% CMC (w/v) concentration as chelating agent is

demonstrated in Fig. 3. The presence of Ba, Fe and O compo-
nents in various amounts can be observed in the sample. As a
result, the presence of negligible residues of impurity phases
corresponding to BaNO; and Fe;0, was detected in the sample.
This was identified from the percentage composition of elements
and the ratios of Ba, Fe and O in the sample. The EDS results
were in agreement with the XRD findings.
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Fig. 3. EDS spectrum of BaFe ;09 sample containing 6% (w/v) CMC
concentrations

Magnetization: One of the most important characteristics
of magnetic nanoparticles is magnetism. In a variety of
practical applications, sufficient magnetic particles can swiftly
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be separated from the mixture. The magnetic properties of the
synthesized samples were assessed by using a vibrating sample
magnetometer (VSM) in the present study. Fig. 4 shows the
magnetic hysteresis loops of the obtained samples at different
CMC concentrations. All BaF samples with varying levels of
CMC concentrations (0, 1, 2 and 6% (w/v)) produce M-H curves
with magnetization saturation values of 3.72, 4.47, 21.09 and
27.79 emu/g, respectively. The magnetization of each product
increased with an increase in the concentration of CMC. The
fuel content might be causing the increase in magnetization
saturation. The molar fuel-to-metal-ion ratios affect the homo-
geneity of the metal-carboxymethyl complex’s distribution in
gels. This affects the gels’ combustion behaviours as well as
the phase compositions and magnetic characteristics of the
produced barium hexaferrite powders [26].

Band gap energy: UV-Vis-DRS spectrophotometer was
used to determine the sample’s band gap energy. A complex
combination of intrinsic and extrinsic features governs the
overall properties of materials. The composition mostly influe-
nces an intrinsic attribute like band gap energy. Based on the
band gap energy calculated, the absorption spectrum of the
obtained sample shows high and low absorption bands at
wavelengths in the range 200-850 nm, respectively. The band
gap energy values for all the samples were calculated using a
Kubelka-Munk transformation of the measured reflectance
according to the equation [27]:
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The optical band gap of 0, 1, 2 and 6% CMC containing
samples were calculated to be 1.55, 1.58, 1.60 and 1.62 eV,
respectively. Fig. 5 shows that the band gap energy of BaF
samples increases as the CMC concentrations rise. Several
types of band gap energy loss could occur in samples, including
extrinsic and intrinsic loss. Such an energy loss can be attri-
buted to several factors, including crystal impurities, disordered
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Fig. 5. UV-Vis spectrum of the synthesized samples with different CMC
concentrations
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Fig. 4. M-H hysteresis loops of the synthesized samples with different CMC concentrations (a) 0% (w/v), (b) 1% (w/v), (c) 2% (w/v) and (d)
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crystals and random orientation in crystalline materials [28].
The variation in their optical energy band gap with defects
and interactions between the CMC and metal is responsible
for the rise in energy gap values. This type of absorbance beha-
viour of nanocomposite samples further justifies the compl-
exation of metal with the functional groups of CMC structures
[29]. The optical energy gap’s appearance can also be utilized
to explain its existence and change.

FT-IR studies: Several characteristic bands related to CMC
and BaFe »O functional groups were observed in the FT-IR
spectra (Fig. 6). The band corresponding to O—H stretching
was visible in the CMC’s IR spectrum around 3383 cm™, while
O-H out-of-plane vibration was seen at around 899 cm™. The
C=0 asymmetric stretching peak was visible at 1600 cm™,
while the C-O bending vibration of CMC was visible at 1600
cm™ [30,31]. In BaFe ;O\, the majority of Ba and Fe active
modes of vibration appeared below 400 cm™. The wavenumber
bands in the range 603-594 cm™ correspond to metal-O
bending vibrations in a tetrahedral shape, whereas those bands
in 1175-1020 cm™ indicate the presence of Ba-O stretching
vibrations. These correlate to the development of tetrahedral
and octahedral clusters, indicating the presence of M—O stret-
ching vibrations. The peak corresponds to Ba—O stretching is
represented by the bands in the range 900-890 cm™ [32,33].
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Fig. 6. FT-IR spectra of pure CMC (a) and the synthesized samples with
different CMC concentrations (b) 0% (w/v), (¢) 1% (w/v), (d) 2%
(w/v) and (e) 6% (W/v)

Conclusion

A low-cost approach was used to synthesize novel barium
hexaferrite (BaFe »O,9:BaF) nanocomposites. The green syn-
thesis methodology was employed to synthesize BaF magnetic
nanoparticles, which are environmentally safe, easy to fabricate
and inexpensive. The structural and optical properties of the
material have been investigated. The results demonstrated that
utilizing carboxymethyl cellulose (CMC) as a chelating agent
improved the structural and optical properties of the produced
BaF sample. By increasing the concentration of CMC, the shift
in the XRD peak positions has proven the presence of BaF in
the composites.
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