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Abstract Inrecent years, cobalt ferrite nanoparticles have attracted the attention of many researchers due to
their vast industrial applications. In this regard, the current study aimed to synthesize CoFe,0O4 nanoparticles in
the presence of different amounts of honey (0, 0.5, 1, 1.5, 2, and 2.5 g) through the sol-gel auto-combustion
method. In order to investigate the microstructure as well as the structural and magnetic properties of the
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synthesized samples, XRD, DTA/TG, FTIR, FESEM, and VSM analyses were carried out. The phase analysis
confirmed that the high-purity cobalt ferrite nanoparticles were formed after the calcination process. The FTIR
results showed that the intensity of the organic bands was significantly reduced by adding honey. However, the
presence of this agent caused severe changes in the morphology of nanoparticles and also their magnetic
properties. Reducing the particle and average grain sizes of the nanoparticles by the addition of honey caused an

Honey increase in their coercivity and consequently, their magnetic parameters were enhanced to about 1580 Oe in the
sample containing 1.5 g of honey. In addition, the saturation magnetization increased in the presence of honey,
compared to the raw sample.
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1. INTRODUCTION this study primarily aimed to synthesize CoFe,O4

The spinel cobalt ferrite (CoFe,O4) is characterized by
an inverse spinel structure where the tetrahedral sites (A-
sites), as well as half of the octahedral sites (B-sites), are
occupied with Fe3* ions. In contrast, Co?" ions are
distributed over the octahedral B-sites [1]. This ferrite is
characterized by a high coercivity (Hc), large
magnetocrystalline anisotropy, moderate saturation
magnetization (M), high chemical stability, and good
mechanical hardness [2]. Hence, these magnetic
nanoparticles are used in different applications such as
the magnetic data storage [3], ferrofluids [4], sensors
[5], catalysts [5], and biomedical applications (i.e.,
hyperthermia [6]). Among the synthesis methods, the
sol-gel auto-combustion method is one of the suitable
methods for the ferrite synthesis duo to its simpler
procedure, lower annealing temperature and time,
feasibility of the synthesis of nanoparticles with high
purity, and lower cost than those of other methods. It
should be noted that different parameters (i.e., pH [7],
calcination temperature [8], dopants [10], solvent [9],
and agents [11]) can affect these properties. It has been
already acknowledged that the presence of additional
agents would improve the properties of this ferrite. In
this regard, the effects of the presence of agarose [12],
apple cider vinegar [13], urea [14], glucose [15], and
starch [16] as the additional agents were investigated.
However, the effect of honey addition on the properties
of CoFe,04 has not been investigated yet. In this regard,

nanoparticles through the auto-combustion sol-gel
method in the presence of honey.

2. MATERIALS AND METHODS

In the present study, the initial solutions were prepared
by dissolving Fe(NO3).9H,0 and (Co(NO3)),.6H>O (in
a stoichiometric ratio of 2:1) and citric acid in deionized
water at the room temperature. Different amounts of
honey (0 (A), 0.5 (B), 1 (C), 1.5 (D), 2 (E), and 2.5 (F)
g) were added to study the effect of its presence. To
adjust the pH value at 6, NH3 solution was added. The
obtained sol was then heated at 80 °C to convert it into
a viscous brown gel. Then, to start a self-propagating
combustion process, the prepared gels were heated at
120 °C for three hours. A DTA/TG analysis (STA504,
Bahr) was used to characterize the thermal behavior of
the flaky loose powder. In the next stage, the precursors
were heated at 800 °C for three hours to calcination and
to get the pure cobalt ferrite nanoparticles. For the
structural and microstructural investigations, the XRD,
FTIR, and FESEM analyses were carried out using a
Philips diffractometer (MPD-XPET model), FE-SEM
(Mira3, TESCAN), and FT-IR spectroscopy (Thermo,
Avatar), respectively. The magnetic properties were
investigated using a VSM (Meghnatis Kavir Kashan)
test.

3. RESULTS AND DISCUSSION

(https://doi.org/10.30501/jamt.2023.365599.1254).
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The XRD patterns related to the synthesized samples
are presented in Figure 1. As observed, assigned to (2 2
0),311),(222),(400),(422),(511),and (440)
planes, the prominent peaks are observed at 26 values of
30, 35, 37, 43, 53, 57, and 63°, respectively. The close
match of the observations with the standard XRD

pattern (JCPDS Card No. 96-591-0064) confirms the
formation of a cubic spinel-type lattice of CoFe;Os. In
addition, no additional peaks were observed in these
patterns, indicating the high phase purity of the
specimens.
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Figure 1. XRD patterns related to the samples (synthesized in the presence of various amounts of honey)

The magnetic parameters of the samples were
extracted from the M—H hysteresis curves and values of
M, M,, and H. and then summarized in Table 1.
According to this table, the H; and M; vary in the range
of 820-1580 Oe and 65.5-75.8 emu/g, respectively,
confirming the hard-magnetic character of the particles.
The M changes from 65.5 emu/g in the honey-free
sample to 75.8 emu/g in sample C. However, this
magnetic parameter decreases significantly with further

addition of honey. The change in M; results from the
weakening of AB-exchange interactions (cation
distribution), where A and B correspond to the Co?* and
Fe’" cations, respectively.

On the contrary, the coercivity increases from 820.5
Oe (in the honey-free sample) to 1579.4 Oe (for sample
D). However, this magnetic parameter decreases with
further addition of honey due to the alteration in the
average crystallite/grain size.

Table 1. Magnetic properties of the synthesized samples

Sample code M; (emu/g) M: (emu/g) He (Oe)
A 65.54 33.97 820.47
69.46 24.44 609.35

C 75.80 37.69 1156.42

D 68.42 36.97 1579.41

E 72.78 38.00 1410.87

F 70.10 42.12 1310.98

4. CONCLUSION

In this study, the effect of the addition of honey on the
structural and magnetic properties of the cobalt ferrite
nanoparticles synthesized through the sol-gel auto-
combustion methods was investigated. The phase
analysis confirmed the synthesis of these nanoparticles
without any impurities. The  microstructural
observations revealed that the average particle size
decreased followedby adding this agent. The results
indicated that the natural honey acted as the fuel and/or
reducing agent. The initial molecular matrix for Co*"
and Fe*" ions can be provided by the hydroxyl and
amines groups present in the honey. In addition, the
presence of honey contributes to an increase in M and
H, from 65.54 emu/g and 820.47 Oe (in the honey-free

sample) up to 68.42 emu/g and 1579.41 Oe (in the
sample containing 1.5 g honey), respectively.
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